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Product Overview 

The Harris CDP6805l68HCOS family of high speed CMOS 
microcontrollers, microprocessors, and peripherals provides 
a cost efficient solution for diverse automotive, consumer, 
industrial, telecom, and military applications. The family is 
based on the established 680S 8-bit architecture. The entire 
family is built using CMOS technology and offers: 

• Low Power Drain - with IIA dissipations and operation 
down to 2 volts, the Harris CDP6BHCOS family is a natural 
choice for battery operated systems, battery backed-up 
systems, and systems in which heat generation is a pri­
mary concem. 

• High Noise Immunity and Wide Operating Tempera­
ture Range (up to -5SoC to +12S0C) - allows these 
CMOS devices to be used in the most demanding auto­
motive and industrial applications. 

• Wide Operating Voltage Range - reduces the need for 
expensive regulated power supplies and allows the design 
engineer to concentrate on other aspects of the system. 

CDP6805lCDP68HCOS Mlcrocontrollers and 
Microprocessors 

The CDP6BOS (,OS) and CDP6BHCOS (,HC05) families pro­
vide a selection of B-bit microcontrolJers and microproces­
sors. The 'HC05 family is built using a 1.5 micron, CMOS 
technology which features CPU cycle times down to 200ns. 
The '05 family is built using a 3 micron, CMOS technology 
which provides CPU cycle times down to 4BOns. 

A common base instruction set and CPU register 
architecture, is shared by all members of the '05 and 'HC05 
families. The 'HC05 instruction set has been extended 
with the addition of an B x B unsigned multiply opcode 
(MUL). The complete set of instructions is detailed in Section 
4 of this book. 

The CDP6BHC05C4, CDP6BHC05CB, CDP6BHC05D2, 
CDP6BHC05J3, and HIP7030A2 are microcontroller mem­
bers of the 1.S micron, 'HC05 family. Each is a self contained 
MCU with varying implementations of on-Chip ROM, RAM, 
timer, port, and I/O functions. The CDP6BEMOSC4, 
CDP6BEM05D2, and HIP7030AO are microprocessor mem­
bers of the 'HCOS family. Each shares the same RAM and 
I/O features as the equivalent MCU type, and provides 
address and data interface lines for connection to up to BK of 
extemal ROM. 

The CDP6B05F2 and CDP6B05G2 are microcontroller mem­
bers of the 3 micron, '05 family. Each is a self contained 
MCU with on-Chip ROM, RAM, timer, and 1/0 functions. The 
CDP6B05E2 and CDP6B05E3 are microprocessor members 
of the '05 family. They contain internal RAM, timer, and port 
logic, and feature address and data interface lines for con­
nection to external memory. The CDP6B05E2 can access up 
to BK of memory, while the CDP6BOSE3 can access up to 
64K of memory. 

All of the microcontrolJers speCified in this data book are 
masked ROM devices. The ROM code is Inserted via 
photomasking techniques during the manufacture of the 
microcontrollers. This method of implementing code results 
in the lowest possible cost per device. Semiconductor 
manufacturing is based on batch processing. A single batch 
of 6BHCOS microcontrollers typically produces 10,000 
devices. Any device which Harris does not sell to the owner 
of the ROM code has no value. As a result minimum order 
quantities (MOOs) are established for all masked ROM 
devices. The low piece price generally makes masked ROM 
devices suitable for production runs of 5,000+ pieces 
(I.e. - .5 x MOO). For lower volume designs, microprocessor 
equivalents should be considered. Contact your Harris sales 
representative for details on specific microcontrollers. 

Section 2 provides complete technical data on the 'OS and 
'HC05 microcontrollers. Technical data on the microproces­
sor products is presented in Section 3. Note that the 
HIP7030AO and HIP7030A2 are featured in the Harris Intelli­
gent Power ICs data book. 

CDP6805lCDP68HCOS Peripheral Devices 

Section 5 and Section 6 contain detailed information on the 
extensive selection of peripherals deSigned specifically for 
use with the 'OS and 'HCOS families of processors. 

The 8-bit bus peripherals, contained in Section 5, are 
intended for use with microprocessors which have external 
address and data bus signals. These devices are also useful 
with many non-680S processors. 

The serial peripheral interface (SPI) devices, detailed in 
Section 6, are designed to work on the SPI bus of the 'HC05 
family of controllers (see Section 2 for Information on the SPI 
bus). In addition to the peripherals contained in this data 
book, other SPI compatible devices are offered by Harris. in 
particular, the Intelligent Power ICs data book contains spec­
ifications of the CA3282 octal solenoid driver, the 
HIPOOBO/B1 quad power drivers, the HIP7010 J1B50 multi­
plex wiring interface, and the HIP9020 engine knock sensor. 

Packaging Options 

All 01 the devices featured in this data book are offered in 
PDIP (dual-in-line plastic) packages for through-hole assem­
blies. The majority of devices is also offered in surface 
mount (SMD) versions. Three types of packages are used to 
satisfy customers' SMD needs: PLCC (plastic leaded chip 
carrier); SOIC (small outline integrated circuit package); and 
MPQFP (metriC plastic quad flatpack). Many of the 3 micron 
devices are also available in ceramic, dual-in-line, metal 
seal, packages for applications which require ceramic 
through-hole assembly. 

Section 7 provides detailed information on all of the 
packaging options. 
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Pr()duct Overview 

Ordering Masked ROM Devices 

Manufacturing a masked ROM microcontroller requires that 
the customer's code be translated to a topological represen­
tation on a photomask. Section 8 covers the means by which 
a customer can provide ROM mask information to Harris. 
Ordering of masked ROM microcontrollers must be coordi­
nated through a Harris sales representative. The information 
specified in Section 8 must be provided to allow proper gen­
eration of the photomask. 

Harris AnswerFAX - Automated FAX Response System 

The current version of daIS sheets for Harris products can 
be obtained via the Harris AnswerFAX system. Section 9 
provides information on accessing the AnswerFAX system. 

Application Notes 

Application Notes covering the 'OS and 'HC05 family of 
MCUs, CPUs, and peripherals can be obtained via the Har­
ris AnswerFAX system. Section 9 provides a listing of the 
currently available documents. 

Hi 
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Features 
The following are some of the hardware and software 
highlights of the CDP68HC05C4 family of HCMOS Micro­
computers. 

HARDWARE FEATURES (All Types) 

• HCMOS Technology 

• 8-Bit Architecture 

• Power-Saving STOP, WAIT and Data Retention Modes 

• Fully Static Operation 

• On-Chip Memory 

- CDP68HC05C4, CDP68HCL05C4, CDP68HSC05C4 
- 176 Bytes of RAM 
- 4160 Bytes of User ROM 

- CDP68HC05C8, CDP68HCL05C8, CDP68HSC05C8 
- 176 Bytes of RAM 
- 7744 Bytes of User ROM 

• 24 Bidirectional 110 Lines and 7 Input-Only Lines 

• Internal 16-Blt Timer 

• Serial Communications Interface (SCI) System 

• Serial Peripheral Interface (SPI) System 

• Self-Check Mode 

• External, Timer, SCI, and SPllnterrupts 

• Master Reset and Power-On Reset 

• On-Chip Oscillator with RC or Crystal Mask Options 

• 40 Lead Dual-ln-L1ne, 44 Leadt Plastic Chip Carrier, 
and 44 Lead Metric Plastic Quad Flatpack Packages 

• CDP68HC05C4, CDP68HC05C8 

- 4.2MHz Operating Frequency (2.1 MHz Internal Bus 
Frequency) at 5V; 2.0MHz (1.0MHz Internal Bus) at 
3.0V 

- Single 3.0V to 6.0V Supply (2.0V Data Retention 
Mode) 

• CDP68HCL05C4, CDP68HCL05C8 

- Lower Supply Current, IDD In RUN, WAIT and STOP 
Modes at 5.5V, 3.6V and 2.4V 

- Single 2.4V to 6.0V Supply (2V Data Retention 
Mode) 

• CDP68HSC05C4, CDP68HSC05C8 

- 8.0MHz Operating Frequency (4.0MHz Internal Bus 
Frequency) 

• Single 3.0V to 6.0V Supply (2.0V Data Retention Mode) 

CDP6BHC05C4, CB 
CDP6BHCL05C4, CB 
CDP6BHSC05C4, CB 

a-Bit Microcontroller Series 

SOFTWARE FEATURES 

• Similar to MC6800 

• 8 x 8 Unsigned Multiply Instruction 

• Efficient Use of Program Space 

• Versatile Interrupt Handling 

• True Bit Manipulation 

• Addressing Modes with Indexed Addressing for Table 

• Efficient Instruction Set 

• Memory Mapped 110 

• Two Power-Saving Standby Modes 

• Upward Software Compatible with the CDP6805 
CMOS Family 

Description 

The CDP6BHC05C4 HCMOS Microcomputer is a member of 
the CDP6BHC05 family of low·cost single chip microcomput· 
ers. This 8-bit microcomputer unit (MCU) contains an on­
chip oscillator, CPU, 176 bytes of RAM, 4160 bytes of user 
ROM, 1/0, two serial interface systems, and timer. The fully 
static design allows operation at frequencies down to DC, 
further reducing its already low-power consumption. 

The CDP68HC05CB is similar to the CDP6BHC05C4 except 
for the size of on-chip ROM. The CDP6BHC05CB has 7744 
bytes of on-chip user ROM. All information pertaining to the 
CDP6BHC05C4 MCU applies to the CDP6BHC05CB with 
the exception of the memory description. 

The CDP6BHCL05C4 and CDP68HCL05CB MCU devices 
are low-power versions of the CDP6BHC05C4 and 
CDP6BHC05CB, respectively. They contain all the features 
of the CDP68HC05C4 and CDP6BHC05CB with additional 
features of lower power consumption in the RUN, WAIT and 
STOP modes; and low voltage operation down to 2.4V. 

The CDP68HSC05C4 and CDP6BHSC05CB MCU devices 
are high-speed versions of the CDP6BHC05C4 and 
CDP6BHC05CB, respectively. They also contain all the fea­
tures of the CDP6BHC05C4 and CDP6BHC05CB with the 
additional capability of higher frequency operation at 
B.OMHz. 

t Pin number references throughout this specification refer to the 40 
lead 01 P. See pinouts for cross reference. 

CAUTION: These devices are sensitive to electroslatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2748.1 
Copyright @ Harris Corporation 1994 2-3 



CDP68HC05C4, CS, CDP68HCL05C4, CS, CDP68HSC05C4, CS 

Pinouts 
o SUFFIX (SBDIP), E SUFFIX (DIP) N SUFFIX (PLCC) 

TOP VIEW TOP VIEW 

Jm1'i' VDO li!ll~IIJliR~¥ om 2 0$C1 

PM PD7 
PAl PM TeMP 

PM pDS/Il 
pDSIR PAl PD4ISCI( 

PA1 PD3IMOSI 
PAO P~SO 

PDWOSI P80 PD11TDO 
PD2IMISO P81 PDOIRDI 

PD1ITOQ 
P~' PCO 
PII3 P(l1 
P84 PC2 

l'l'lIl1l14aslllal20~1I 
P(l1 

PC2 

PC3 
fIll!i!~i~2~~2 

Pc. 

Q SUFFIX (MQFP) 
TOP VIEW 

ifillillfllfllJlilfti 

PAl TOMP 
PAS pOI/D 
PM PD4ISCK 
PAll P~I 

PAl ~SO 

PA1 PD1ITDO 
PAO PDOIRDI 
PBO 1'00 
PB1 P(l1 

PB2 PC2 
PII3 PC3 

iflifll~~2~~¥ 
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CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8 

Microcomputer Block Diagram 

OSC1 OSC2 

TCMP INTERNAL l- t38 
TCAP 

PAO 

3St PROCESSOR 
CLOCK ~'------

1 
37 OSCIUATOR 

llMER SYSTEM L 

AND+2 11 2 I r 
11 28 

? 27-' 
~ 

PCO 

PA1 

PA2 
PORTA PA3 I/O 

LINES PA4 
PAS 
PAS 
PA7 

? ACCUMULATOR 
~ ~ PORT DATA 8 A CPU DATA PORT ~ .;.. A DlR INDEX CONTROL r- DlR C 

REG REG 8 REGISTER X REG REG ~ ~ ~ + CONDITION CODE ~ ..!... & REGISTER cc 
CPU ~ 

PC1 
pca 
PC3 

PORTC 
I/O 

PC4 LINES 
PCS 
pea 
PC7 

PBO 
PB1 
PB2 

PORTB PB3 
I/O 

liNES PB4 
PBS 
PBS 

12 STACK 

? 
8 POINTER S 

~ PORTD ~ 
PROGRAM COUNTER 21 ? PORT DATA 5 HIGH PCH ALII ~ SCI SYSTEM ~ ? B OIR PROGRAM ~ 

~ REG REG 8 COUNTER lOW PCl ~ 
~ ~ 

SPISYSTEM ~ ? ~ 111 

PD7 

PB7 4180tx 8 
ROM 

240x8 

I 17 .. 8 I STAllCRAM 
BAUD RATE 
GENERATOR 

RD! (PDO) 
TOO (PD1) 
MISO(PD2) 
MOSI(PD3) 
SCK(PD4) 
SS(POS) 

SELF-CHECK INTERNAL :ROCESSOR ROM 
CLOCK 

t 7744 bytes of ROM for: COP68HC05CS. COP6SHCL05CS, COP6SHSC05CS. 

Power Considerations 

The average chip-junction temperature. T J. in °C can be 
obtained from: 

TJ = TA + (Po· 6JA) (Ea. 1) 

Where: TA = Ambient Temperature. °C 
6JA = Package Thermal Resistance, 

Junction-to-Ambient. °CIW 
Po = PINT + PlIO 

PINT = Icc x Vee. Watts - Chip Internal Power 
PVQ = Power Dissipation on Input and Output 

Pins - User Determined 

For most applications Pvc < PINT and can be neglected. 

An approximate relationship between Po and TJ (if Pvc is 
neglected) is: 

Po = K + (TJ + 273°C) (Ea. 2) 

Solving Equation 1 and Equation 2 for K gives: 

K = Po • (TA + 273°C) + 6JA • Po2 (Ea. 3) 

Where K is a constant pertaining to the particular part. K can 
be determined from Equation 3 by measuring Po (at equilib­
rium) for a known TA. Using this value of K the values of Po 
and TJ can be obtained by solving Equation 1 and Equation 2 
iteratively for any value of TA. 
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PINS Rt R2 

Voo= 4.5V 

PAO-7. PBO-7. PCD-7. P06 3.26kn 2.3SkO 

P01-4 1.9kO 2.261<0 

Voo=3.0V 

PAD-7. PBO-7, PCD-7. P06 10.19kn 6.32kO 

P01-4 6kn akO 

VDD 

-dR2 

TEST 
POINT 

C RI 

-=-
EQUIVALENT TEST LOAD 

C 

50pF 

200pF 

50pF 

200pF 



Specifications·CDP6BHC05C4, CDP6BHC05CB. 

Absolute Maximum Ratings Vottages Referenced to Vss Thermal Information 

Supply Voltage, Voo ........................... -o.SV to +7V Thermal Resistance 9JA 
Input Voltage, VIN .................... Vss - 0.3V to Voo + 0.3V 
SeH-Check Mode (IRQ Pin Only), VIN •• Vss - 0.3V to 2 x Voo + 0.3V 
Current Drain Per Pin Excluding Voo and Vss, I ..••••••••• 2SmA 
Operating Temperature Range, TA 

Ceramic Dual-In-Une •••••••••••••••••••••••••••• sri'CIW 
Plastic Dual-In-Une • • • • • • • • • • • • • • • • • • • • • • • • • • •• l00"CiW 
Plastic Chip Carrier ............................ • 7ri'Cm 
Metric Plastic Quad Flat Pack. • • • • • • • • • • • • • • • • • •• 12r1'C1W 

CDP68HCOSC4, CDP6BHC05CB •••••.•••••• -4ri'C to +12SoC 
CDP6BHCL05C4, CDP68HCL05CB ••••••••••••• 0oC to +70oC 
COP6BHSC05C4, CDP68HSC05CB ••.••••••••• ri'C to +70oC 

Storage Temperature Range, TSTG ••.••.•••••. ~65°C to +lS0oC 

CAUTION: Stresses above those/isted in "Abso/ute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
0" the device at these or any other conditions above those indicated in the oper800na/ sections of this specification Is not imp/led. 

DC Electrical Specifications voo = SV ±10%, vss = OV, TA = -40°C to +12SOC, Unless Otherwise Specified. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voltage VOl 'LOAO < 10jJ.A - - 0.1 V 

VOH Voo -0.1 - - V 

Output High Voltage 
PAO-7, PBO-7, PCO-7, TCMP VOH 'LOAD = -O.BmA Voo-O.B - - V 

PDl-4 VOH 'LOAO = -1.6mA Voo-O.B - - V 

Output Low Voltage VOL 'LOAO = 1.6mA - - 0.4 V 
PAO-7, PBO-7, PCO-7, PDl-4, TCMP 

Input High Voltage, PAO-7, PBG-7, PCG-7, PDO-S, VIH 0.7.Voo Voo V 
PD7, TCAP, IRQ, RESET, OSCl 

Input Low Voltage, PAG-7, PBO-7, PCO-7, PDO-S, VIL Vss 0.2·Voo V 
PD7, TCAP, IRQ, RESET, OSCl 

Data Retention Mode VRM T A = OoC to +70oC 2 - - V 

Supply Current (See Notes) 
Run 100 - 3.S 7 rnA 

WAIT 100 - 1.6 4 rnA 

STOP 100 TA = 2SoC - 2 SO JlA 
TA = OOC to +70oC - - 140 JlA 
T A = -4ri'C to +8SoC - - 180 JlA 
TA = -4ri'C to +12SoC - - 250 JlA 

110 Ports Hi-Z Leakage Current 'lL - - ±10 JlA 
PAO-7, PBO-7, PCO-7, PDl-4 

Input Current 'iN . - ±1 JlA 
RESET, IRQ, TCAP, OSC1, PD~, PDS, PD7 

Capacitance Ports (As Input or Output) COLrr - - 12 pF 
RESET, IRQ, TCAP, OSC1, PDO-S, PD7 

CIN - - B pF 

NOTES: 

1. This device contains circuitry to protect the inputs against damage due to h"igh static voltages of electric fields; however, it Is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high Impedance circuit For 
proper operation It Is recommended that VIN and VOLrr be constrained to the range VSS«VIN or VOLrr)<Voo, Reliability of operation Is 
enhanced n unused inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vss or Voo). 

2. All values shown rellect average measurement 

3. Typical values at midpoint of voltage range, 2SoC only. 

4. WAIT 100: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

S. Run (Operating) 100, WAIT 100: Measured using external square-wave clock source (fose = 4.2MHz), all Inputs 0.2V from rail, no DC 
loads, less than 50pF on all outputs, CL = 20pF on OSC2. 

6. WAIT, STOP 100: All ports configured as Inputs, VIL = 0.2V, VIH = Voo -0.2V. 

7. STOP 100 measured with OSCl = Vss. 

B. WAIT 100 Is affected linearly by the OSC2 capacitance. 

2-6 



Specifications CDP6BHC05C4, CDP6BHC05CB 

DC Electrical Specifications voo = 3.3V ±I 0%, Vss = OV, TA = -4O"C to +125"0, Unless Otherwise Specified. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voltage VOl. ILOAO S 101lA - - 0.1 V 

VOH Voo-Q·I - - V 

Output High Voltage 

PAQ-7, PSO-7, PCQ-7, TCMP VOH ILOAO = -0.2rnA Voo-Q·3 - - V 

POI-4 VOH ILOAO = -0.4mA Voo-0.3 - - V 

Output Low Voltage VOl. ILOAO = O.4mA - - 0.3 V 
PAO-7, PSQ-7, PCO-7, PDI-4, TCMP 

Input High Vo~e, PAQ-7, PSQ-7, PCO-7, PDO-5, VIH 0.7·Voo - Voo V 
P07, TCAP,IRQ, RESET, OSCI 

Input Low Voltage, PAQ-7, PBO-7, PCO-7, PDO-5, VIL Vss - 0.2·Voo V 
PD7, TCAP, IRQ, RESET, OSCI 

Data Retention Mode VAM TA = O"c to +70"C 2 - - V 

Supply Current (See Notes) 

Run 100 - I 2.5 rnA 

WAIT 100 - 0.5 1.4 rnA 

STOP 100 TA = 25°C - I 30 IIA 

TA = O"c to +70"C - - 80 IIA 

T A = -40"C to +85OC - - 120 IIA 

T A = -40"C to + 125°C - - 175 IIA 

1/0 Ports Hi-Z Leakage Current IlL - - ±10 IIA 
PAO-7, PSQ-7, PCO-7, PDI-4 

Input Current liN - - ±1 IIA 
RESE~IRQ,TCAP,OSC1,PDO,PD5,PD7 

Capacitance Ports (As Input or Output) COLIT - - 12 pF 
RESET,IRQ, TCAP, OSC1, PDO-5, PD7 

CIN - - 8 pF 

NOTES: 

1. All values shown reflect average measurement 

2. Typical values at midpoint of voltage range, 25°C only. 

3. WAIT 100: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) 100 , WAIT 100: Measured using external square-wave clock source (fosc = 4.2MHz), all inpulS 0.2V from rail, no DC 
loads, less than 50pF on all outpulS, CL = 20pF on OSC2. 

5. WAIT, STOP 100: All ports configured as InpulS, VIL = 0.2V, VIH = Voo -Q.2V. 

6. STOP 100 measured with asCI = Vss. 

7. WAIT 100 is affected linearly by the OSC2 capacitance. 
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Specifications CDP68HC05C4, CDP68HC05C8 

Control Timing voo = 5V ±10%. vss = OV. TA = -40"C to +1250C. Unless Otherwise Specified. 

PARAMETER SYMBOL MIN MAX UNITS 

Frequency Of Operation 
Crystal Option lose - 4.2 MHz 

Extemal Clock Option losc DC 4.2 MHz 

Internal Operating Frequency 

Crystal (Iosc + 2) lop - 2.1 MHz 

External Clock (lose + 2) lop DC 2.1 MHz 

, Cycle lime (See Figure 11) !evc 480 - ns 

Crystal Oscillator Start-up lime lor AT -cut Crystal (See Figure 11) Ioxov - 100 ms 

Stop Recovery Start-up lime (AT-cut Crystal Oscillator) (See Figure 1) ~LCH - 100 ms 

RESET Pulse Width (See Figure 11) tRL 1.5 · !evc 

Timer 
Resolution (Note 2) tRES 4 - !evc 

Input Capture Pulse Width (See Figure 2) tTH. tTL 125 - ns 

Input Capture Pulse Period (See Figure 2) trLTL (Note 3) - !evc 

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) ItLIH 125 - ns 

Interrupt Pulse Period (See Figure 14) ~LIH (Note 1) - !evc 

OSCl Pulse Width IoH.IoL 90 - ns 

NOTES: 
1. The minimum period "UL should not be less than the number 01 cycle times It takes to execute the interrupt service routine plus 21!evc. 
2. Since a 2-bit prescaler In the llmer must count lour internal cycles (!evc). this is the Iimttlng minimum factor In determining the timer resolution. 
3. The minimum period tTLTL should not be less than the number 01 cycle times it takes to BXecute the capture interrupt service routine plus 24!evc. 

Control Timing voo = 3.3V ±10%. vss = OV. TA = -4ooC to +1250 C. Unless Otherwise Specified. 

PARAMETER SYMBOL MIN MAX UNITS 

Frequency Of Operation 
Crystal Option lose - 2.0 MHz 

External Clock Option lose DC 2.0 MHz 

Internal Operating Frequency 

Crystal (lose + 2) lop . 1.0 MHz 

External Clock (lose + 2) lop DC 1.0 MHz 

Cycle lime (See Figure 11) !evc 1000 · ns 

Crystal Oscillator Start-up lime lor AT-cut Crystal (See Figure 11) Ioxov - 100 ms 

Stop Recovery Start-up Ttme (AT-cut Crystal Oscillator) (See Figure 1) ItLCH . 100 ms 

RESET Pulse Width (See Figure 11) ~L 1.5 · !evc 

Ttmer 
Resolution (Note 2) ~ES 4 - !evc 

Input Capture Pulse Width (See Figure 2) tTH' tTL 250 - ns 

Input Capture Pulse Period (See Figure 2) tTLTL (Note 3) - !evc 

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) ItLIH 250 - ns 

Interrupt Pulse Period (See Figure 14) ItUH (Note 1) - !evc 

OSCl Pulse Width IoH.IoL 200 · ns 

NOTES: 
1. The minimum period "LlL should not be less than the number 01 cycle times it takes to execute the Interrupt service routine plus ,21 !evc. 
2. Since a 2-bit prescaler in the timer must count lour internal cycles (!evc). this is the limiting minimum factor in determining the timer resolution. 
3. The minimum period tTLTL should not be less than the number 01 cycle times it takes to BXecute the capture interrupt service routine plus 24!evc. 
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Specifications CDP6BHCOSC4, CDP6BHCOSCB 

Serial Peripheral Interface (SPI) Timing (See Figure 3) Voo = 5V ±10%, Vss = OV, TA = -400C to +1250C 
Unless Otherwise Specified. 

NUMBER PARAMETER SYMBOL MIN MAX 

Operating Frequency 
Master fOP(M) DC 0.5 

Slave foP(s) DC 2.1 

1 Cycle Time 
Master !eYC(M) 2.0 · 
Slave !eyc(s) 480 · 

2 Enable Lead Time 
Master It.EAD(M) (Note 1) · 
Slave lu:AD(S) 240 · 

3 Enable Lag Time 
Master It.AG(M) (Note 1) · 
Slave It.AG(S) 240 · 

4 Clock (SCK) High Time 
Master tW(SCKH)M 340 · 
Slave tW(SCKH)S 190 · 

5 Clock (SCK) Low Time 
Master tW(SCKL)M 340 · 
Slave tW(SCKL)S 190 · 

6 Data Setup Time (Inputs) 
Master lsU(M) 100 · 
Slave lsu(s) 100 · 

7 Data Hold Time (Inputs) 
Master !ti(M) 100 · 
Slave !ti(S) 100 · 

8 Access Time (Time to Data Active from High Impedance State) 
Slave tA 0 120 

9 Disable Time (Hold Time to High Impedance State) 
Slave tOIS · 240 

10 Data Valid Time 
Master (Before Capture Edge) tV(M) 0.25 · 
Slave (After Enable Edge) (Note 2) tV(S) · 240 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) tHO(M) 0.25 · 
Slave (After Enable Edge) !tio(S) 0 · 

12 Rise Time (Voo = 20% to 70%, CL = 2oopF) 
SPI Outputs (SCK, MOSI, MISO) IA(M) · 100 

SPllnputs (SCK, MOSI, MISO, SS) IA(S) · 2.0 

13 Fall Time (Voo = 20% to 70%, CL = 200pF) 
SPI Outputs (SCK, MOSI, MISO) ~(M) · 100 

SPllnputs (SCK, MOSI, MISO, SS) ~(S) · 2.0 

NOTES: 

1. Signal Production depends on software. 

2. Assumes 200pF load on all SPI pins. 

UNITS 

fOp (Note 3) 

MHz 

!eyc 

ns 

. 

ns 

. 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

!eYC(M) 

ns 

!eYC(M) 

ns 

ns 

I1S 

ns 

I1S 

3. Note that the units this specification uses is fop (internal operating frequency), not MHzl In the master mode the SPI bus Is capable of 
running at one·half of the devices's internal operating frequency, therefore 1.05MHz maximum. 
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Specifications CDP6SHC05C4, CDP6SHC05CS 

Serial Peripheral Interface (SPI) Timing (See Figure 3) Voo = 3.3V ±10%, Vss = OV, TA = -40°C to +125°C 
Unless Otherwise Specified. 

NUMBER PARAMETER SYMBOL MIN MAX UNITS 

Operating Frequency 
Master fOP(M) DC 0.5 fop (Note 3) 

Slave fOP(S) DC 1.0 MHz 

1 Cycle Time 
Master !eVC(M) 2.0 · !evc 

Slave !eVC(S) 1.0 · lIS 

2 Enable Lead Time 
Master It.EAO(M) (Note 1) · . 
Slave WO(S) 500 · ns 

3 Enable Lag Time 
Master tLAG(M) (Note 1) · . 

Slave tLAG(S) 500 · ns 

4 Clock (SCK) High Time 
Master tW(SCKH)M 720 · ns 

Slave tW(SCKH)S 400 · ns 

5 Clock (SCK) Low Time 
Master tW(SCKL)M 720 · ns 

Slave tW(SCKL)S 400 · ns 

6 Data Setup Time (Inputs) 
Master lsu(M) 200 · ns 

Slave Isu(s) 200 · ns 

7 Data Hold Time (Inputs) 
Master Iti(M) 200 · ns 

Slave Iti(S) 200 · ns 

8 Access Time (Time to Data Active from High Impedance State) 
Slave tA 0 250 ns 

9 Disable Time (Hold Time to High Impedance State) 
Slave loiS · 500 ns 

10 Data Valid Time 
Master (Before Capture Edge) tV(M) 025 · !eVC(M) 

Slave (After Enable Edge) (Note 2) tV(S) · 500 ns 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) tHO(M) 0.25 · !eVC(M) 

Slave (After Enable Edge) Itio(S) 0 · ns 

12 Rise Time (Voo = 20% to 70%, CL = 200pF) 
SPI Outputs (SCK, MOSI, MISO) IR(M) · 200 ns 

SPI Inputs (SCK, MOSI, MISO, SS) IR(S) · 2.0 lIS 

13 Fall Time (Voo = 20% to 70%, CL = 200pF) 
SPI Outputs (SCI<, MOSI, MISO) I,:(M) · 200 ns 

SPI Inputs (SCK, MOSI, MISO, SS) I,:(S) · 2.0 lIS 

NOTES: 

1. Signal Production depends on software. 

2. Assumes 200pF load on all SPI pins. 

3. Note that the units this specification uses is fop (Internal operating frequency), not MHz! In the master mode the SPI bus is capable of 
running at one-half of the devices's intemal operating frequency, therefore 0.05MHz maximum. 
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Specifications CDP6BHCL05C4, CDP6BHCL05CB 

DC Electrical Specifications voo = 5V ±IO%, vss = OV, TA = O"C to +70"C, Unless Otherwise Specified. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voltage VOl ILOAO SI 01lA - - 0.1 V 

VOH Voo-G·I - - V 

Output High Voltage 

PA0-7, PBO-7, PC0-7, TCMP VOH ILOAO = -0.8mA Voo-0.8 - - V 

PDI-4 VOH ILOAO = -1.6mA Voo-G·8 - - V 

Output Low Voltage VOL ILOAO = I.SmA - - 0.4 V 
PAO-7, PBO-7, PCO-7, PDI-4, TCMP 

Input High Vo~e, PA0-7, PBO-7, PCO-7, PDO-5, VIH 0.7oVoo Voo V 
PD7, TCAP,IRO, RESET, OSCI 

Input Low Vo~e, PA0-7, PBO-7, PCO-7, PDO-5, VIL Vss 0.2oVoo V 
PD7, TCAP, IRO, RESET, OSCI 

Data Retention Mode VRM TA = OOC to +70oC 2 - - V 

Supply Current (Sl3e Notes) 

Run 100 - - 5 mA 

WAIT 100 - - 2.75 mA 

STOP 100 TA=25OC - - 15 IlA 
TA = O"C to +70"C - 25 IlA 

VO Ports Hi-Z Leakage Current IlL - - ±I IIA 
PA0-7, PB0-7, PCO-7, PDI-4 

Input Current liN - - ±I IlA 
RESET,IRO,TCAP,OSC1,PDO,PD5,PD7 

Capacitance Ports (As Input or Output) COUT - - 12 pF 
RESET,IRO, TCAP, OSCI, PDO-5, PD7 

CIN 8 pF - -
NOTES: 

I. All values shown reflect average measurement. 

2. Typical values at midpoint 01 voltage range, 2SOC only. 

3. WAIT 100: Only timer system active (SPE = TE = RE = 0). II SPI, SCI active (SPE = TE = RE = I) add 10% current draw. 

4. Run (Operating) 100, WAIT 100: Measured using external square-wave clock source (lose = 42MHz), all inputs 0.2V lrom rail, no DC 
loads, less than 50pF on all outputs, CL = 20pF on OSC2. 

5. WAIT, STOP 100: All ports configured as inputs, VIL = 0.2V, VIH = Voo - 0.2V. 

6. STOP 100 measured with OSCI = Vss. 

7. WAIT 100 is affected linearly by the OSC2 capacitance. 
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Specifications CDP68HCL05C4, CDP68HCL()5CIJ 

DC Electrical Specifications vpo" 2.4V· 3.6V, Vas" OV, TA .. O"C to +7c:PC, Unless OtherwIse Specified. 

PARAMETER SYMeoL CONDITIONS MIN TYP ~ UNff$ 

Output Voltage VOL II.OAQ S 101iA · · 0.1 V 

VQH VDI) -0.1 · · V 

Output High Voltage 

PAQ-7, PBO-7, PCQ-7, TCMP VQH ILOAO .. -o.2rnA Voo -o·3 · · V 

P01-4 VQH ILOAO .. -o.4mA Voo-o·3 · · V 

OutPUt Low Voltage 
PAQ-7, PBO-7, PCQ-7, P01-4, TCMP 

VOL ILOAO .. 0.4mA · · 0.3 V 

Input High V0.!!!2e, PAO·7, PBO-7, PCO·7, POO-5, VIH 0.7·VDD · Voo V 
P07, TCAP, IRQ, RESeT, OSC1 

Input LowVo!!!!!.e, PAQ-7, PBO-7, PCO·7, Poe-5, 
P07, TCAP, IRQ, RESeT, OSCI 

VIL Vas · O.2·VDD V 

Data Retention Mode VRM T A .. c:PO to +7c:PC 2 · · V 

Supply Current (3.6Voo at fose = 2M Hz) 

Run 100 · · 1.75 rnA 

WAIT 100 · · 900 IiA 
STOP 100 TA .. 25"0 · · 5 IiA 

TA" c:PC.to +70"C · · 10 IiA 
Supply Current (2.4Voo at fose .. 1 MHz) 

Run 100 · · 750 IiA 
WAIT 100 · · 400 IiA 
STOP lop TA .. 25"0 · · 2.0 IiA 

T A .. c:PC to +7c:PC · · 5.0 IiA 
VO Ports Hi·Z Leakllge Current IlL · · ±1 IiA 
PAQ-7, PBQ-7, PCQ-7, P01-4 

Input Ecurrent liN · 
RES T, iRQ, TCAP, OSC1, POO, P05, P07 

· ±1 IiA 

caPaclt8!!£! Ports (As Input or Output) Cour · · 12 pF 
R SeT, IRQ, TCAP, OSC1, POQ-5, P07 

CIN 8 pF · · 
NOTES: 

1. AQ values shown renect average meesurement. 

2. Typical values at midpoint of voltage range, 2SOC only. 

3. WAIT 100: Only timer $YStem active (SPE .. TE .. RE" 0). If SPI, SCI active (SPE .. TE .. RE .. 1) add 10% current draw. 

4. Run (Op$ratlng) lOp. WAIT 100: Measured using external square-wave clock source, allinputa 0.2V from raJl, no DC loads, less then 50pF 
on all outputa, CL .. 20pF on OSC2. 

5. WAIT, STOP 100: All ports configured ss Inputa, VIL" O.2V, VIH" VDD -o.2V. 

8. STOP 100 measured with OSC1 "VSS' 
7. WAIT 100 is affected linearly by the OSC2 capacitance. 
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Specifications CDP6BHCL05C4, CDP6BHCL05CB 

Control Timing voo = 5V ±10%. vss = OV. TA = O"C to +7O"C. Unless Otherwise Specilied. 

PARAMETER SYMBOL MIN MAX UNITS 

Frequency 01 Operation 

Crystal Option lose - 4.2 MHz 

Extemal Clock Option lose DC 4.2 MHz 

Internal Operating Frequency 

Crystal (lose + 2) lop - 2.1 MHz 

External Clock(losc + 2) lop DC 2.1 MHz 

Cycle Time (See Figure 11) !evc 480 - ns 

Crystal Oscillator Start-up Time lor AT-cut Crystal (See Figure 11) Ioxov - 100 ms 

Stop Recovery Start-up Time (AT -cut Crystal Oscillator) (See Figure 1) tlLcH - 100 ms 

RESET Pulse Width (See Figure 11i IRL 1.5 - !evc 

Timer 
Resolution (Note 2) tREs 4 - !evc 

Input Capture Pulse Width (See Figure 2) tTH. tTL 125 - ns 

Input Capture Pulse Period (See Figure 2) tTLTL (Note 3) - !evc 

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) tlLIH 125 - ns 

Interrupt Pulse Period (See Figure 14) ~LlH (Note 1) - !evc 

OSC1 Pulse Width IoH.IoL 90 - ns 

NOTES: 
1. The minimum period tlLIL should not be less than the number 01 cycle times It takes to execute the Interrupt service routine plus 21 !evc. 
2. Since a 2-bit prescaler In the timer must count lour internal cycles (!evel. this Is the limiting minimum factor In determining the timer resolution. 
3. The minimum period tTLTL should not be less than the number 01 cycle times tt takes to execute the capture Interrupt service routine plus 24 !evc. 

Control Timing voo = 2.4V -3.6V. Vss = OV. TA = OOC to +70oC. Unless Otherwise Specified. 

PARAMETER SYMBOL 
3.6Voc 2.4Voc 

UNITS 
MIN MAX MIN MAX 

Frequency 01 Operation 
Crystal Option lose - 2.0 - 1.0 MHz 

External Clock Option lose DC 2.0 DC 1.0 MHz 

Internal Operating Frequency 

Crystal (lose + 2) lop - 1.0 - 0.5 MHz 

External Clock (lose + 2) lop DC 1.0 DC 0.5 MHz 

Cycle Time (See Figure 11) !evc 1000 - 2000 - ns 

Crystal Oscillator Start-up Time lor AT -cut Crystal (See Figure 11) Ioxov - 100 - 100 rns 

Stop Recovery Start-up Time (AT -cut Crystal Oscillator) (See Figure 1) ~LCH - 100 - 100 rns 

RESET Pulse Width (See Figure 11) tAl 1.5 - 1.5 - !evc 

Timer 

Resolution (Note 2) tRES 4.0 - 4.0 - !evc 

Input Capture Pulse Width (See Figure 2) tTH. tTL 250 - 500 - ns 

Input Capture Pulse Period (See Figure 2) trLTL (Note 3) - (Note 3) - levc 

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) ~LIH 250 - 500 - ns 

Interrupt Pulse Period (See Figure 14) tlLIH (Note 1) - (Note 1) - !evc 

OSC1 Pulse Width IoH.IoL 200 - 400 - ns 

NOTES: 
1. The minimum period ~LlL shOUld not be less than the number 01 cycle times It takes to execute the interrupt service routine plus 21 !evc. 
2. Since a 2-btt prescaler In the timer must count lour internal cycles (level. this Is the limiting minimum lactor In determining the timer resolution. 
3. The minimum period trLTL should not be less than the number 01 cycle times it takes to execute the capture interrupt service routine plus 24 !evc. 
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Specifications CDP6BHCL05C4, CDP6BHCL05CB 

Serial Peripheral Interface (SPI) Timing (See Figure 3) voo = 5V ±10%, vss = OV, T" = oOC to +700C 

Unless Otherwise Specified. 

NUMBER PARAMETER SYMBOL MIN MAX 

Operating Frequency 

Master fOP(M) DC 0.5 

Slave foP(s) DC 2.1 

1 Cycle TIme 

Master !eVC(M) 2.0 -
Slave !eVC(S) 480 -

2 Enable Lead Time 

Master tLEAO(M) (Note 1) -
Slave It.EAO(S) 240 -

3 Enable Lag Time 

Master It.AG(M) (Note 1) -
Slave It.AG(S) 240 -

4 Clock (SCK) High TIme 

Master tW(SCKH)M 340 -
Slave tW(SCKH)S 190 -

5 Clock (SCK) Low TIme 

Master tW(SCKL)M 340 -
Slave tW(SCKL)S 190 -

6 Data Setup Time (Inputs) 

Master tSU(M) 100 -
Slave tsU(S) 100 -

7 Data Hold TIme (Inputs) 

Master It-i(M) 100 -
Slave It-i(S) 100 -

8 Access TIme (Time to Data Active from High Impedance State) 
Slave tA 0 120 

9 Disable TIme (Hold TIme to High Impedance State) 

Slave tOIS - 240 

10 Data Valid Time 

Master (Before Capture Edge) tV(M) 0.25 -
Slave (After Enable Edge)(Note 2) tV(S) - 240 

11 Data Hold TIme (Outputs) 

Master (After Capture Edge) tHO(M) 0.25 -
Slave (After Enable Edge) It-iO(S) 0 -

12 Rise TIme (Voo = 20% to 70%, CL = 200pF) 

SPI Outputs (SCK, MOSI, MISO) tR(M) - 100 

SPllnputs (SCK, MOSI, MISO, SS) tR(S) - 2.0 

13 Fall TIme (VOO = 20% to 70%, CL = 200pF) 
SPI Outputs (SCK, MOSI, MISO) q,(M) - 100 

SPllnputs (SCK, MOSI, MISO, SS) tF(S) - 2.0 

NOTES: 

1. Signal Production depends on software. 

2. Assumes 200pF load on all SPI pins. 

UNITS 

fOp (Note 3) 

MHz 

!eVC 

ns 

-
ns 

-
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

!eVC(M) 

ns 

!eVC(M) 

ns 

ns 

I1S 

ns 

I1S 

3. Note that the units this specification uses is fop (intemal operating frequency), not MHzlin the master mode the SPI bus is capable of 
running at one-half of the devices's Internal operating frequency, therefore 1.05MHz maximum. 
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Specifications CDP6BHCL05C4, CDP6BHCL05CB 

Serial Peripheral Interface (SPI) Timing (See Figure 3) Voo = 2.4V -3.6Voc, Vss = OV, TA = O"C to +70"C 
Unless Otherwise Specified. 

3.6Voc 2.4Voc 

NUMBER PARAMETER SYMBOL MIN MAX MIN MAX 

Operating Frequency 
Master fOP(M) DC 0.5 DC 0.5 

Slave foP(s) DC t.O DC 0.5 

1 Cycle Time 
Master IeVC(M) 2.0 - 2.0 -
Slave IeVC(S) 1.0 - 2.0 -

2 Enable Lead Time 
Master It.EAD(M) (Note 1) - (Note 1) -
Slave It.EAO(S) 500 - TBD -

3 Enable Lag Time 
Master UG(M) (Note 1) - (Note 1) -
Slave UG(S) 500 - TBD -

4 Clock (SCK) High Time 
Master tW(SCKH)M 720 - TBD -
Slave Iw(SCKH)S 400 - TBD -

5 Clock (SCK) Low Time 
Master tW(SCKL)M 720 - TBD -
Slave Iw(SCKL)S 400 - TBD -

6 Data Setup Time (Inputs) 
Master tSU(M) 200 - TBD -
Slave tSU(S) 200 - TBD -

7 Data Hold Time (Inputs) 
Master tH(M) 200 - TBD -
Slave !tiCS) 200 - TBD -

8 Access Time (Time to Data Active from High Impedance State) 
Slave t,. 0 250 0 TBD 

9 Disable Time (Hold Time to High Impedance State) 
Slave loiS - 500 - TBD 

10 Data Valid Time 
Master (Before Capture Edge) tV(M) 0.25 - TBD -
Slave (After Enable Edge) (Note 2) tV(S) - 500 - -

11 Data Hold Time (Outputs) 
Master (After Capture Edge) tHO(M) 0.25 - TBD -
Slave (After Enable Edge) tHO(S) 0 - 0 -

12 Rise Time (Voo = 20% to 70%, CL = 200pF) 
SPI Outputs (SCK, MOSI, MISO) tR(M) - 200 - TBD 

SPllnputs (SCK, MOSI, MISO, SS) tR(S) - 2.0 - TBD 

13 Fall Time (Voo = 20% to 70%, CL = 2oopF) 
SPI Outputs (SCK, MOSI, MISO) tF(M) - 200 - TBD 

SPllnputs (SCK, MOSI, MISO, SS) tF(S) - 2.0 - TBD 

NOTES: 

1. Signal Production depends on software. 
2. Assumes 200pF load on all SPI pins. 

UNITS 

fop 
(Note 3) 

MHz 

levc 
lIS 

-
ns 

-
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

IeVC(MJ 

ns 

IeVC(M) 

ns 

ns 

lIS 

ns 

lIS 

3. Note that the units this specification uses is fop (Intemal operating frequency), not MHz! In the master mode the SPI bus is capable of 
running at one-half of the devices's internal operating frequency. 
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Specifications CDP6BHSC05C4, CDP6BHSC05CB 

DC Electrical Specifications Voo" SV ±10%, Vss = OV, TA = ooc to +7000, Unless Otherwise Specified. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voitege VOL 'LOAO SlOj1A - - 0.1 V 

VDH Voo-O.l - - V 

Output High Voltage 

PAQ-7, PBO-7, PCQ-7, TCMP VDH ILOAO = -0.8mA Voo -o·8 - - V 

PDl-4 VDH ILOAO = -1.6mA Voo-o·8 - - V 

Output Low Voltege VOL 'LOAO = 1.6mA - - 0.4 V 
PAQ-7, PBQ-7, PCO-7, PDl-4, TCMP 

Input High Vo.!!!!!!e, PAQ-7, PBO-7, PCQ-7, PD0-5, VIH 0.7.Voo - Voo V 
PD7, TCAP,IRQ, RESET, OSCl 

Input Lowv~~e, PAQ-7, PBO-7, PCQ-7, PDQ-S, VIL Vss O.2·Voo V 
PD7, TCAP,IR ,RESET, OSCl 

Date Retention Mode VRM T ... = OoC to +7ooC 2 - - V 

Supply Current (See Notes) 

Run 100 - 6.7 13.3 mA 

WAIT 100 - 3.0 7.6 mA 

STOP 100 TA=2Soo - 2.0 50 JIA 

TA = ooC to +7ooC - - 140 JIA 

110 Ports HI-Z Leakage Current IlL - - ±to JIA 
PAO-7, PBQ-7, PCQ-7, PDl-4 

Input Current liN - - ±1 JIA 
RESET,IRQ,TCAP,OSC1,PDO,PDS,PD7 

ca~acitance Ports (As Input or Output) COllT - - 12 pF 
RE ET, iRQ, TCAP, OSC1, PDO-S, PD7 

CIN - - 8 pF 

NOTES: 

1. All values shown reflect average measurement 

2. typical values at midpoint of voltege range, 2SoC only. 

3. WAIT 100: Only timer system active (SPE = TE = RE = 0). "SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) '00, WAIT 100: Measured using extemal square-wave clock source (fose = 8.0MHz), all Inputs 0.2V from rail, no DC 
loads, less than SOpF on all outputs, CL = 20pF on OSC2. 

S. WAIT, STOP 'OD: All ports configured as Inputs, VIL = 0.2V, VIH = VOO - 0.2V. 

6. STOP 100 measured with OSCl = Vss. 

7. WAIT 100 is affected linearly by the OSC2 capacitence. 
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Specifications CDP6BHSC05C4, CDP6BHSC05CB 

DC Electrical Specifications VOO" 3.3V ±10%, Vss" OV, TA .. ooc to +7ooC, Unless Otherwise Specified: 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voltage VOL ILOAO S1011A · · 0.1 V 

VOH Voo-o·1 · · V 

Output High Voltage 

PAO-7, PBO-7, PCO-7, TeMP VOH ILOAO = ·O.SmA Voo-o·3 · · V 

PD1-4 VOH ILOAO .. -1.8mA Voo-o·3 · · V 

Output Low Voltage VOL ILOAO .. 1.8mA · · 0.3 V 
PAO-7, PBO-7, PCO-7, PD1-4, TCMP 

Input High v~~e, PM-7, PBO-7, PCa-1, PD0-5, 
PD7, TCAP, IR ,REm, OSC1 

VIH 0.7·Voo VOO V 

Input Low V0!!!ae, PAa-7, PBO-7. PeO-7. PDo-S. 
PD7. TCAP. IRQ. RESET. OSC1 

V1L Vas · Oo2-Voo V 

Dsta Retention Mode VRM TA = ooC to +7000 2 · · V 

Supply Current (See Notes) 

Run 100 · 1.0 2.S mA 

WAIT 100 · O.S 1.4 mA 

STOP 100 TA=2SoC · 1.0 30 IIA 

TA .. OOC to +7ooC · · SO IIA 

VO Ports HI·Z Leakage Current IlL · · ±10 IIA 
PAO-7, PBa-7. PCa-7, PD1-4 

Input Current 
RESET,iliIQ,TCAP,08C1,PDO,PDS,PD7 

liN · · ±1 IIA 

Capacitance Ports (As Input or Output) 
RESET, iFiQ, TCAP, O8C1, PDO-5, PD7 

CoUT · · 12 pF 

CIN · · S pF 

NOTES: 

1. All values shown reflect average measurement. 

2. TyPIcal values at midpoint of voltage range, 2Soo only. 

3. WAlT 100: Only timer system active (SPE = TE .. RE .. 0).11 SPI, SCI actiVe (SPE = TE = RE .. 1) add 10% current draw. 
4. Run (Operating) 100, WAIT 100: Measured using external square-wave clock source (lose .. 2.0MHz), all inputs 0.2V lrom rail, no DC 

loads, less than 50pF On all outputs, CL .. 20pF on O8C2. 

S. WAIT, STOP 100: All ports configured as inputs, VIL. O.2V, VIH = VOO· 0.2V. 

6. STOP 100 measured with OSC1 .. Vss. 
7. WAIT 100 is affected linearly by the O8C2 capacitance. 

2-17 



Specifications CDP6BHSC05C4, CDP6BHSC05CB 

Control Timing Voo = 5V ±10%. vss = OV. TA = O"C to +70<>C. Unless Otherwise Specified. 

PARAMETER SYMBOL MIN MAX UNITS 

Frequency Of Operation 
Crystal Option lose - 8.0 MHz 

Extemal Clock Option lose DC 8.0 MHz 

Intemal Operating Frequency 
Crystal (lose + 2) lop - 4.0 MHz 

Extemal Clock (lose + 2) lop DC 4.0 MHz 

Cycle Time (See Figura 11) !cvc 250 - ns 

Crystal Oscillator Start-up Time for AT-cut Crystal (See Figure 11) Ioxov - 100 ms 

Stop Recovery S1art-up Time (AT-cut Crystal Oscillator) (See Figure 1) ~LCH - 100 ms 

RESET Pulse Width (See Figure 11) IRL 1.5 - !cvc 

Timer 
Resolution (Note 2) IRes 4 - !cvc 

Input Capture Pulse Width (See Figure 2) tTH. tTL 63 - ns 

Input Capture Pulse Period (See Figure 2) tTLTL (Note 3) - !cvc 

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) ~LlH 63 - ns 

Interrupt Pulse Period (See Figure 14) ~LlH (Note 1) - !cvc 

OSCl Pulse Width IoH.IoL 45 - ns 

NOTES: 
1. The minimum period tlLIL should not be less than the number 01 cycle times It takes to execute the interrupt service routine plus 21 !cvc. 
2. Since a 2-bit prescaler In the timer must count lour Internal cycles (!Cvc). this Is the limiting minimum factor In determining the timer resolution. 
3. The minimum period tTLTL should not be less than the number 01 cycle times it takes to execute the capture interrupt service routine plus 24!cvc. 

Control Timing voo = 3.3V ±10%. vss = OV. TA = oOC to +700C. Unless Otherwise Specified. 

PARAMETER SYMBOL MIN MAX UNITS 

Frequency 01 Operation 
Crystal Option lose - 2.0 MHz 

External Clock Option losc DC 2.0 MHz 

Internal Operating Frequency 

Crystal (lose + 2) lop - 1.0 MHz 

External Clock (lose + 2) lop DC 1.0 MHz 

Cycle Time (See Figure 11) !cvc 1000 - ns 

Crystal Oscillator Start-up Time lor AT-cut Crystal (See Figure 11) Ioxov - ·100 ms 

Stop Recovery S1art-up Time (AT -cut Crystal Oscillator) (See Figure 1) ~LCH - 100 ms 

RESET Pulse Width (See Figure 11) IRL 1.5 - !cvc 

Timer 
Resolution (Note 2) IRes 4 - !cvc 

Input Capture Pulse Width (See Figure 2) tTH. trL 250 - ns 

Input Capture Pulse Period (See Figure 2) trLTL (Note 3) - !cvc 

Interrupt Pulse Width Low (Edge-Triggered) (See FIgure 14) ~LlH 250 - ns 

Interrupt Pulse Period (See Figure 14) ~UH (Note 1) - !cvc 

OSCl Pulse Width IoH.IoL 200 - ns 

NOTES: 
1. The minimum period ~LlL should not be less than the number 01 cycle times It takes to execute the Interrupt service routine plus 21 !cvc. 
2. Since a 2-bit prescaler In the timer must count lour internal cycles (!Cvc). this is the limiting minimum factor In determining the timer resolution. 
3. The minimum period tTLTL should not be less than the number 01 cycle times it takes to execute the capture interrupt service routine plus 24!cvc. 
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Specifications CDP6BHSC05C4, CDP6BHSC05CB 

Serial Peripheral Interface (SPI) Timing (See Rgure 3) Voo = 5V ±1 0%, Vss = OV, TA = OOC to +700 C 
Unless Otherwise SpecHied. 

NUMBER PARAMETER SYMBOL MIN MAX 

Operating Frequency 
Master fOP(M) DC 0.5 

Slave foP(s) DC 4.0 

1 Cycle TIme 
Master IeVC(M) 2.0 -
Slave IeVC(S) 250 -

2 Enable Lead TIme 
Master It.EAO(M) (Note 1) -
Slave ItEAO(S) TBD -

3 Enable Lag Time 
Master UG(M) (Note 1) -
Slave UG(S) TBD -

4 Clock (SCK) High TIme 

Master tW(SCKH)M TBD -
Slave tW(SCKH)S TBD -

5 Clock (SCK) Low TIme 
Master tW(SCKL)M TBD -
Slave tW(SCKL)S TBD -

6 Data Setup Time (Inputs) 
Master IsU(M) TBD -
Slave IsU(s) TBD -

7 Data Hold TIme (Inputs) 
Master IH(M) TBD -
Slave IH(S) TBD -

8 Access TIme (TIme to Data Active from High Impedance State) 
Slave tA 0 TBD 

9 Disable TIme (Hold TIme to High Impedance State) 
Slave tOIS - TBD 

10 Data Valid Time 

Master (Before Capture Edge) tV(M) TBD -
Slave (After Enable Edge) (Note 2) tV(S) - TBD 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) tHO(M) TBD -
Slave (After Enable Edge) IHO(S) 0 -

12 Rise TIme (VOO = 20% to 70%, CL = 200pF) 
SPI Outputs (SCK, MOSI, MISO) IA(M) - TBD 

SPllnputs (SCK, MOSI, MISO, SS) IA(S) - TBD 

13 Fall TIme (Voo = 20% to 70%, CL = 200pF) 
SPI Outputs (SCK, MOSI, MISO) "'(M) - TBD 

SPllnputs (SCK, MOSI, MISO, SS) "'(S) - TBD 

NOTES: 

1. Signal Production depends on software. 

2. Assumes 200pF load on all SPI pins. 

UNITS 

fop (Note 3) 

MHz 

levc 

ns 

-
ns 

-
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

IevC(M) 

ns 

IeVC(M) 

ns 

ns 

IJ.S 

ns 

IJ.S 

3. Note that the units this specification uses is fop (Internal operating frequency), not MHz! In the master mode the SPI bus is capable of 
running at one-half of the devices's internal operating frequency, therefore 2.0MHz maximum. 
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Specifications CDP6BHSC05C4, CDP6BHSC05CB 

Serial Peripheral Interface (SPI) Timing (See Figure 3) Voo= 3.3V±10%, Vas = OV, TA = OOC to +70"C 
Unless Otherwise SpecHied. 

NUMBER PARAMETER SYMBOL MIN MAX 

Operating Frequency 
Master fOP(M) DC 0.5 

Slave fOP(S) DC 1.0 

1 Cycle Time 
Master !evc(M) 2.0 -
Slave !eVC(S) 1.0 -

2 Enable Lead Time 
Master It.EAO(M) (Note 1) -
Slave It.EAO(S) 500 -

3 Enable Lag Time 
Master UG(M) (Note 1) -
Slave UG(S) 500 -

4 Clock (SCK) High Time 
Master tW(SCKH)M 720 -
Slave tW(SCKH)S 400 -

5 Clock (SCK) Low Time 
Master tW(SCKL)M 720 -
Slave tW(SCKL)S 400 -

6 Data Setup Time (Inputs) 
Master lsu(M) 200 -
Slave Isu(s) 200 -

7 Data Hold Time (Inputs) 
Master tH(M) 200 -
Slave tH(S) 200 

8 Access Time (Time to Data Active from High Impedance State) 
Slave tA 0 250 

9 Disable Time (Hold Time to High Impedance State) 
Slave loIS - 500 

10 Data Valid Time 
Master (Before Capture Edge) tV(M) 0.25 -
Slave (After Enable Edge) (Note 2) tV(S) - 500 

11 Data Hold Time (OUtputs) 
MaSter (After Capture Edge) ItiO(M) 0.25 -
Slave (After Enable Edge) 1ti00S) 0 -

12 Rise Time (Voo = 20% to 70%, CL = 200pF) 

SPI Outputs (SCK, MOSI, MISO) IA(M) - 200 

SPllnputs (SCI<, MOSI, MISO, SS) IA(S) - 2.0 

13 Fall Time (Voo = 20% to 70%, CL = 200pF) 
SPI Outputs (SCK, MOSI, MISO) If(M) - 200 

SPllnputs (SCI<, MOSI, MISO, SS) If(s) - 2.0 

NOTES: 

1. Signal Production depends on software. 

2. Assumes 200pF load on all SPI pins. 

UNITS 

fOp (Note 3) 

MHz 

!evc 

lIS 

-
ns 

-
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

!eVC(M) 

ns 

!eVC(M) 

ns 

ns 

lIS 

ns 

lIS 

3. Note that the units this specification uses is fop (internal operating frequency), not MHzlin the master mode the SPI bus Is capable of 
running at one-half of the devices's internal operating frequency, therefore 500kHz maximum. 
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CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8 

Control Timing Diagrams (All Types) 

... 
OSCl 

(NOTE 1) 

... 
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IRQ 
(NOTE 2) 

_--tRL --

__ tILlH __ -
~ 

.. tlLcH 4064tcyc _ 

IRQ 
(NOTE 3) 

INTERNAL 
CLOCK 

-.... 

NOTES: 
1. Represents the internal gating of the OSC1 pin. 
2. IRQ pin edge-sensitive mask opHon. 
3. IRQ pin level and edge-sensiHve mask option. 

FIGURE 1. STOP RECOVERY TIMING DIAGRAM 

EXTERNAL (TCAP PIN 37) _____________ ..... 

FIGURE 2. TIMER RELATIONSHIPS 

Serial Peripheral Interface (SPI) Timing Diagrams (All Types) 

SS (INPUT) 

SCK (OUTPUT) 

MISO (INPUT) 

MOSI (OUTPUT) 

HELD HIGH ON MASTER 

060 :x 
FIGURE 3A. SPI MASTER TIMING CPOL = 0, CPHA = 1 

FIGURE 3. TIMING DIAGRAMS 
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CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8 

Serial Peripheral Interface (SPI) Timing Diagrams (All Types) (Continued) 

Si(lNPUT) 

SCK (OUTPUT) 

MISO (INPUT) 

MOSI (OUTPUT) 

SS(INPUT) 

SCK (OUTPUT) 

MISO(lNPUT) 

MOSI (OUTPUT) 

Si(lNPUT) 

SCK (OUTPUT) 

MISO (INPUT) 

MOSI (OUTPUT) 

HELD HIGH ON MASTER 

(1) 

(12)~ 
r(13) , , 

i\ 
(5) (4) 

~""""'.:'''''''''''''''.i\('l.lI 071 K~ : X 001 ~ ?\I 
ty (7) 

)( 070 K 060 :x 000 X 
(10) (11) 

I--- NOTE: Measurement poinls are VOL- VQH. V1L and V1H 

FIGURE 3B. SPI MASTER TIMING CPOL .. 1, CPHA • 1 

HELD HIGH ON MASTER 

(1) 

FIGURE 3C. SPI MASTER TIMING CPOL .. 0, CPHA = 0 

HELD HIGH ON MASTER 

(1) 

(13) (12) 

(5) (4) 

'-~--~====><~D_O_I _____ ~ 

D60 ====><,--000 __ ><= 
NOTE: Measurement poinls are VOL. VOH. VIL and V1H 

FIGURE 3~. SPI MASTER TIMING CPOL = 1, CPHA .. 0 

FIGURE 3. TIMING DIAGRAMS (Continued) 
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CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8 

Serial Peripheral Interface (SPI) Timing Diagrams (All Types) (Continued) 

SS (INPUT) 

SCK(lNPUT) 

MISO (OUTPUT) 

MOSI (INPUT) 

SS (INPUT) 

SCK(lNPUT) 

MISO (OUTPUT) 

MOSI(lNPUT) 

ss 
(INPUT) 

SCK 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

(2) 

FIGURE 3E. SPI SLAVE TIMING CPOL .. 0, CPHA .. 1 

FIGURE 3F. SPI SLAVE TIMING CPOL = " CPHA = 1 

FIGURE 3G. SPI SLAVE TIMING CPOL .. 0, CPHA .. 0 

FIGURE 3. TIMING DIAGRAMS (Continued) 
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CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8 

Serial Peripheral Interface (SPI) Timing Diagrams (All Types) (COntinued) 

is 
(INPUn 

SCK 
(INPUn 

MISO -----+-<1 
(OUTPUn 

MOS! 
(INPUn 

~~~~Qg 

D6I 

NOTE: Measurement points are VOL, VOH, VIL and V1H 

FIGURE 3H. SPI SLAVE TIMING cpoi. = 1, CPHA = 0 

FIGURE 3. TIMING DIAGRAMS (Continued) 

Functional Pin Description, Input/Output 
Programming, Memory, CPU Registers, 
and Self-Check 
This section provides a description of the functional pins, 
input/output programming, memory, CPU registers, and self­
check. 

FUNCTIONAL PIN DESCRIPTION 

VooandVss 

Power is supplied to the MCU using these two pins. Von is 
power and V ss is ground. 

IRQ (Maskable Interrupt Request) 

IRQ is a programmable option which provides two different 
choices of interrupt triggering sensitivity. These options are: 
1.) Negative edge-sensitive triggering only, or 2.) Both nega­
tive edge-sensitive and level-sensitive triggering. In the latter 
case, either type of input to the IRQ pin will produce the 
interrupt. The MCU completes the current instruction before 
it responds to the interrupt request. When the IRQ pin goes 
low for at least one tlLIH, a logic one is latched internally to 
signify an interrupt has been requested. When the MCU 
completes its current instruction, the interrupt latch is tested. 
If the interrupt latch contains a logic one, and the interrupt 
mask bit (I bit) in the condition code register is clear, the 
MCU then begins the interrupt sequence. 

If the option is selected to include level-sensitive triggering, 
then the IRQ input requires an external resistor to Voo for 
·wire-OR" operation. See INTERRUPTS for more detail con­
cerning interrupts. 

RESET 

The RESET input is not required for startup but can be used to 
reset the MCU internal state and provide an orderly software 
startup procedure. Refer to RESETS for a detailed description. 

TCAP 

The TCAP input controls the input capture feature for the on­
chip programmable timer system. Refer to Input Capture 
Register for additional information. 

TCMP 

The TCMP pin (35) provides an output for the output com­
pare feature of the on-chip timer system. Refer to Output 
Compare Register for additional information. 

OSC1,OSC2 

The CDP68HC05C4 family of MCUs can be configured to 
accept either a crystal input or an RC network to control the 
internal oscillator. The internal clocks are derived by a 
divide-by-two of the internal oscillator frequency (fose>. 

Crystal 

The circuit shown in Figure 4B is recommended when using 
a crystal. The internal oscillator is designed to interface with 
an AT-cut parallel resonant quartz-crystal resonator in the 
frequency range specified for fosc in Control liming. Use of 
an external CMOS oscillator is recommended when crystals 
outside the specified ranges are to be used. The crystal and 
components should be mounted as close as possible to the 
input pins to minimize output distortion and startup stabiliza­
tion time. Refer to DC Electrical Specifications for Voo 
specifications. 

Ceramic Resonstor 

A ceramic resonator may be used in place of the crystal in cost­
sensitive applications. The circuit in Figure 48 is recommended 
when using a ceramic resonator. Figure 4A lists the recom­
mended capacitance and feedback resistance values. The 
manufacturer of the particular ceramic resonator being consid­
ered should be consulted for specific information. 
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RC PBO·PB7 

If the RC oscillator option Is selected, then a resistor is con- These eight lines comprise port B. The state of any pin is 
nected to the oscillator pins as shown in Figure 40. software programmable and all port B lines are configured 

External Clock 
as input during power-on or reset. Refer to Input/Output 
Programming paragraph for a detailed description of 1/0 

An external clock should be applied to the OSCl input with programming. 
the OSC2 input not connected, as shown in Figure 4E. An 

PCO·PC7 
external clock may be used with either the RC or crystal 
oscillator option. The toxov or tlLCH specifications do not These eight lines comprise port C. The state of any pin is 
apply when using an extemal clock input. The equivalent software programmable and all port C lines are configured 
specification of the external clock source should be used in as input during power-on reset. Refer to Input/Output 
lieu of toxov or tILCH' Programming paragraph for a detailed description of I/O 

PAO·PA7 programming. 

These eight I/O lines comprise port A. The state of any pin is 
PD~ • PD5. PD7 

software programmable and all port A lines are configured These seven lines comprise port 0, a fixed Input port that is 
as input during power-on or reset. Refer to Input/Output enabled during power·on. All enabled special functions (SPI 
Programming paragraph for a detailed description of I/O and SCI) affect the pins on this port. Four of these lines, 
programming. PD2IMISO, PD3IMOSI, PD4ISCK, and PD5/SS, are used in 

CRYSTAL CERAMIC RESONATOR 

2MHZ 4MHz UNITS 2MHz-4MHz UNITS 

RSMAX 400 75 n Rs (Typical) 10 n 
Co 5 7 pF Co 40 pF 

C1 0.008 0.012 pF C1 4.3 pF 

COsel 15-40 15-30 pF COSC1 30 pF 

COSC2 15-30 15-25 pF COSC2 30 pF 

Rp 10 10 Mn Rp 1 -10 Mn 
Q 30 40 K Q 1250 -

FIGURE 4A. CRYSTAUCERAUIC RESONATOR PARAMETERS 

I MCU I L C1 Rs 
OSC1 0502 ":'C::J OSCl 

39 
39 Rp 38 

f--i01- Co 
Cosel .:::!=- .:::!=-COSC2 38 

101 
39 

FIGURE 4B. CRYSTAL OSCILLATOR CONNECTIONS FIGURE 4C. EQUIVALENT CRYSTAL CIRCUIT 

I MCU I 
10SCl 

MCU I OSCI OSC2 
OSC2 

139 ! 38 39L 138 

R UNCONNECTED 
EXTERNAL CLOCK 

FIGURE 40. RC OSCILLATOR CONNECTIONS FIGURE 4E. EXTERNAL CLOCK SOURCE CONNECTIONS 

FIGURE 4. OSCILLATOR CONNECTIONS 
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the serial peripheral interface (SPI). Two of these lines. 
PDO/RDI and PD1ITDO. are used in the serial communica­
tions interface (SCI). Refer to INPUT/OUTPUT PROGRAM­
MING for a detailed description of I/O programming. 

INPUT/OUTPUT PROGRAMMING 

Parallel Ports 

Ports A. B. and C may be programmed as an input or an out­
put under software control. The direction of the pins is deter­
mined by the state of the corresponding bit in the port data 
direction register (DDR). Each 8-bit port has an associated 
8-bit data direction register. Any port A. port B. or port C pin 
is configured as an output if its corresponding DDR bit is set 
to a logic one. A pin is configured as an input if its corre­
sponding DDR bit is cleared to a logic zero. At power-on or 
reset. all DDRs are cleared. which configure all port A. B. 
and C pins as inputs. The data direction registers are capa­
ble of being written to or read by the processor. Refer to Fig­
ure 5 and Table 1. During the programmed output state. a 
read of the data register actually reads the value of the out­
put data latch and not the I/O pin. 

TABLE 1. 110 PIN FUNCTIONS 

(NOTE) 
RiW DDR 110 PIN FUNCTION 

0 0 The 110 pin is in input mode. Data is 
written into the output data latch. 

0 1 Data is written into the output data latch 
and output to the 110 pin. 

1 0 The state of the 110 pin is read. 

1 1 The 110 pin is in an output mode. The 
output data latch Is read. 

NOTE: PJW is an internal signal. 

Fixed Port 

Port D is a 7-bit fixed input port (PDO - PD5. PD7) that con­
tinually monitors the external pins whenever the SPI or SCI 
systems are disabled. During power-on reset or external 
reset all seven bits become valid input ports because all 
special function output drivers are disabled. For example. 
with the serial peripheral interface (SPI) system disabled 
(SPE = 0) PD2 through PD5 will read the state of the pin at 
the time of the read operation. No data register is associated 
with the port when it is used as an input. 

NOTE: It is recommended that all unused Inputs. except OSC2. and 
110 ports (configured as Inputs) be tied to an appropriate logic level 
(e.g. either Voo or Vss). 

Serial Port (SCI and SPI) 

The serial communications interface (SCI) and serial periph­
eral interface (SPI) use the port D pins for their functions. 
The SCI function requires two of the pins (PDQ - PD1) for its 
receive data input (RDI) and transmit data output (TDO) 
respectively. whereas the SPI function requires four of the 
pins (PD2 - PD5) for its serial data inpuVoutput (MISO). 

serial data o~uVinput (MOSI). system clock (SCK). and 
slave select (SS) respectively. Refer to Serial Communica­
tions Interface and Serial Peripheral Interface for a more 
detailed discussion. 

TYPICAL 
PORT DATA 
DIRECTION 
REGISTER 

TYPICAL 
PORT 

REGISTER 

PIN 

DATA 
DIRREG 

BIT 

6 

P7 P6 

PORT DATA 

PORTDRR V 
INTERNAL LOGIC 

NOTES: 

FIGURE SA. 

5 4 3 2 0 

P5 P4 P3 P2 P1 PO 

FIGURESB. 

VDD 

1. Denotes devices have same physical size. and are enhancement 
type. 

2. IP = Input Protection 

3. Latch-up protection not shown. 

FIGURESC. 

FIGURE S. TYPICAL PARALLEL PORT 110 CIRCUITRY 

MEMORY 

As shown in Figure 6. the CDP68HC05C4. CDP68HCL05C4 
and CDP68HSC05C4 MCUs are capable of addressing 
8192 bytes of memory and I/O registers with its program 
counter. The MCUs have implemented 4601 bytes of these 
locations. The first 256 bytes of memory (page zero) 
include 25 bytes of I/O features such as data ports. the port 
DDRs. timer. serial peripheral interface (SPI). and serial 
communication interface (SCI); 48 bytes of user ROM. and 
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--------$0000 0000 0000 PORT A DATA REGISTER $00 

$OO1F 
$0020 

$OO4F 
$0050 

$OOBF 
$OOCO 

$OOFF 
$0100 

110 
32 BYTES 

USER 
ROM 

48 BYTES 

RAM 
176 BYTES 

--T- ~:i~~~ 

USER 
ROM 

4096 BYTES 

0031 
0032 

0078 
0080 

0181 
0192 

0255 
0256 

PORTS 
7 BYTES 

UNUSED 
3 BYTES 

SERIAL 
PERIPHERAL 
INTERFACE 

3 BYTES 

SERIAL 
COMMUNICATIONS 

INTERFACE 
5 BYTES 

TIMER 
10 BYTES 

UNUSED 
4 BYTES 

PORT B DATA REGISTER $01 

PORT C DATA REGISTER $02 

PORT 0 FIXED INPUT REGISnER $03 

PORT A DATA DIRECTION REGISTER $04 

PORT B DATA DIREcnON REGISTER $06 

PORT C DATA DIRECTION REGISTER $06 

UNUSED $07 

UNUSED $08 

UNUSED $09 

SERIAL PERIPHERAL CONTROL REGISTER $OA 

SERIAL PERIPHERAL STATUS REGISTER SOB 

SERIAL PERIPHERAL DATA 110 REGISnER SOC 

SERIAL COMMUNICATIONS BAUD RATE REGISTER $00 

SERIAL COMMUNICATIONS CONTROL REGISTER 1 $OE 

SERIAL COMMUNICATIONS CONTROL REGISTER 2 $OF 

SERIAL COMMUNICATIONS STATUS REGISTER $10 

SERIAL COMMUNICATIONS DATA REGISTER $11 

TIMER CONTROL REGISTER $12 
$10FF 
$1100 

4351 
4352 0031 TIMER STATUS REGISTER $13 

$1EFF 
$1FOO 

$1FDF 
$1FEO 

$1FEF 
$1FFO 

$1FFF 

UNUSED 
3584 BYTES 

SELF CHECK 

...................... 
SELF CHECK 

VECTORS 

USER 
VECTORS 
16 BYTES 

7835 
7936 

8175 
8176 

8191 

INPUT CAPTURE HIGH REGISTER $14 

INPUT CAPTURE LOW REGISTER $15 

OUTPUT COMPARE HIGH REGISTER $16 

OUTPUT COMPARE LOW REGISTER $17 

COUNTER HIGH REGISTER $18 

COUNTER LOW REGISTER $18 

ALTERNATE COUNTER HIGH REGISTER $1A 
256 BYTES 

ALTERNATE COUNTER LOW REGISTER $1B 

UNUSED $1C 

UNUSED $10 

UNUSED $1E 

UNUSED $1F 

FIGURE 6. ADDRESS MAP FOR CDP68HC05C4, CDP68HCL05C4 AND CDP68HSCOSC4 

176 bytes of RAM. The next 4096 bytes complete the user 
ROM. The self-check ROM (224 bytes) and self-check vec­
tors (16 bytes) are contained in memory locations $1FOO 
through $1 FEF. The 16 highest address bytes contain the 
user defined reset and the interrupt vectors. Seven bytes of 
the lowest 32 memory locations are unused and the 176 
bytes of user RAM include up to 64 bytes for the stack. 
Since most programs use only a small part of the allocated 
stack locations for interrupts and/or subroutine stacking pur­
poses, the unused bytes are usable for program data stor-

age. Figure 7 illustrates the memory map for 
CDP68HC05C8, CDP68HCL05C8 and CDP68HSC05C8 
MCUs. It is similar to the memory map in Figure 6, except for 
3584 bytes of additional user ROM at memory locations 
$1100 through $1 EFF. 

CPU REGISTER 

The CPU contains five registers, as shown in the program­
ming model of Figure 8. The interrupt stacking order is 
shown in Figure 9. 
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$0000 

$001F 
$0020 

$OO4F 
$0050 

$OOBF 
SOOCO 

$OOFF 
$0100 

$1EFF 
$1FOO 

$1FDF 
$1FEO 

$1FEF 
$1FFO 

$1FFF 

110 
32 BYTES 

USER 
ROM 

48 BYTES 

RAM 
176 BYTES 

-r--STACK 
64 BYTES 

USER 
ROM 

7680 BYTES 

SELF CHECK 

- - --
SELF CHECK 

VECTORS 

USER 
VECTORS 
16 BYTES 

............... 
0000 

0031 
0032 

0079 
0080 

0191 
0192 

0255 
0256 

7935 
7936 

. 

PORTS 
7 BYTES 

UNUSED 
3 BYTES 

SERIAL PERIPHI!RA 
INTERFACE 

3 BYTES 

SERIAL 
COMMUNICATIONS 

INTERFACE 
5 BYTES 

TIMER 
10 BYTES 

UNUSED 
4 BYTES 

256 BYTES 

8175 
8176 

8191 

.. ......... .. 
0000 

0031 

PORT A DATA REGISTER 

PORT B DATA REGISTER 

PORT C DATA REGISTER 

PORT D FIXED INPUT REGISTER 

PORT A DATA DIRECTION REGISTER 

PORT B DATA DIRECTION REGISTER 

PORT C DATA DIRECTION REGISTER 

UNUSED 

UNUSED 

UNUSED 

SERIAL PERIPHERAL CONTROL REGISTER 

SERIAL PERIPHERAL STATUS REGISTER 

SERIAL PERIPHERAL DATA 110 REGISTER 

SERIAL COMMUNICATIONS BAUD RATE REGISTER 

SERIAL COMMUNICATIONS CONTROL REGISTER 1 

SERIAL COMMUNICATIONS CONTROL REGISTER 2 

SERIAL COMMUNICATIONS STATUS REGISTER 

SERIAL COMMUNICATIONS DATA REGISTER 

TIMER CONTROL REGISTER 

TIMER STATUS REGISTER 

INPUT CAPTURE HIGH REGISTER 

INPUT CAPTURE LOW REGISTER 

OUTPUT COMPARE HIGH REGISTER 

OUTPUT COMPARE LOW REGISTER 

COUNTER HIGH REGISTER 

COUNTER LOW REGISTER 

ALTERNATE COUNTER HIGH REGISTER 

ALTERNATE COUNTER LOW REGISTER 

UNUSED 

UNUSED 

UNUSED 

UNUSED 

$00 

$01 

$02 

$03 

$04 

$05 

$06 

$07 

$08 

$09 

$OA 

SOB 

SOC 

$00 

$OE 

$OF 

$10 

$11 

$12 

$13 

$14 

$15 

$16 

$17 

$18 

$19 

$1A 

$1B 

$1C 

$10 

$1E 

$1F 

FIGURE 7. ADDRESS MAP FOR CDP68HC05C8, CDP68HCL05C8 AND CDP68HSCOSC8 

12 

7 o 
A 1 ACCUMULATOR 

~------------~O 

...... ___ x ___ -:'I INDEX REGISTER 

o 
1 PC 1 PROGRAM COUNTER 

12 7 0 

1 0 I 0 1 0 I 0 1 0 11 11 I SP 1 STACK POINTE:R 

4 CC 0 

~
I N Z C CONDITION CODE REG 

CARRYIBORROW 
ZERO 
NEGATIVE 
INTERRUPT MASK 
HALF CARRY 

FIGURE 8. PROGRAMMING MODEL 

7 a STACK 

1 11 11 1 CONDITION CODE REG 

ACCUMULATOR (A) 

INDEX REGISTER (X) 

o I 0 I 0 I PROGRAM COUNTER HIGH 

PROGRAM COUNTER LOW 

UNSTACK 

NOTE: Since the Stack Pointer decrements during pushes, the PCL 
is slacked first, followed by PCH, etc. Pulling from the stack Is in the 
reverse order. 

FIGURE 9. STACKING ORDER 
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Accumulator (A) 

The accumulator is an a-bit general purpose register used to 
hold operands, results of the arithmetic calculations, and 
data manipulations. 

Index Register (X) 

The X register is an a-bit register which is used during the 
indexed modes of addressing. It provides an a-bit value 
which is used to create an effective address. The index reg­
ister is also used for data manipulations with the read-mod­
ify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 

Program Counter (PC) 

The program counter is a 13-bit register that contains the 
address of the next instruction to be executed by the processor. 

Stack Pointer (SP) 

The stack pointer is a 13-bit register containing the address of 
the next free locations on the push-down/pop-up stack. When 
accessing memory, the most significant bits are permanently 
configured to 0000011. These bits are appended to the six 
least significant register bits to produce an address within the 
range of $OOFF to $OOCO. The stack area of RAM is used to 
store the return address on subroutine calls and the machine 
state during interrupts. During external or power-on reset, and 
during a reset stack pointer (RSP) instruction, the stack 
pointer is set to its upper limit ($OOFF). Nested interrupt andlor 
subroutines may use up to 64 (decimal) locations. When the 
64 locations are exceeded, the stack pOinter wraps around 
and points to its upper limit ($DOFF), thus, losing the previ­
ously stored information. A subroutine call occupies two RAM 
bytes on the stack, while an interrupt uses five RAM bytes. 

Condition Code Register (CC) 

The condition code register is a 5-bit register which indicates 
the results of the instruction just executed as well as the 
state of the processor. These bits can be individually tested 
by a program and specified action taken as a result of their 
state. Each bit is explained in the following paragraphs. 

Half Carry Bit (H) 

The H bit is set to a one when a carry occurs between bits 3 
and 4 of the AlU during an ADD or ADC instruction. The H 
bit is useful in binary coded decimal subroutines. 

Interrupt Mask Bit (I) 

When the I bit is set, all interrupts are disabled. Clearing this 
bit enables the interrupts. If an external interrupt occurs 
while the I bit is set, the interrupt is latched and processed 
after the I bit is next cleared; therefore, no interrupts are lost 
because of the I bit being set. An internal interrupt can be 
lost if it is cleared while the I bit is set (refer to Programmable 
Timer, Serial Communications Interface, and Serial Periph­
eral Interface Sections for more information). 

Negative (N) 

When set, this bit indicates that the result of the last arith­
metic, logical, or data manipulation is negative (bit 7 in the 
result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last arith­
metic, logical, or data manipulation is zero. 

Carry/Borrow (C) 

Indicates that a carry or borrow out of the arithmetic logiC 
unit (AlU) occurred during the last arithmetic operation. This 
bit is also affected during bit test and branch instructions, 
shifts, and rotates. 

SELF-CHECK 

The self-check capability of the CDP68HC05C4 MCU pro­
vides an internal check to determine if the device is functional. 
Self-check is performed using the circuit shown in the sche­
matic diagram of Figure 10. As shown in the diagram, port C 
pins PCO - PC3 are monitored (light emitting diodes are 
shown but other devices could be used) for the self-check 
results. The self-check mode is entere~ applying a 9V 
input (through a 4.7kn resistor) to the IRQ pin (2) and 5V 
input (through a 4.7kn resistor) to the TCAP pin (37) and then 
depressing the reset switch to execute a reset. After reset, the 
following seven tests are performed automatically: 

I/O - Functionally exercises ports A, Band C 

RAM - Counter test for each RAM byte 

Timer - Tracks counter register and checks OCF flags 

SCI- Transmission Test; checks for RDRF, TORE, 
TC, and FE flags 

ROM - Exclusive OR with odd ones parity result 

SPI - Transmission test with check for SPIF, 
WCOl, and MODF flags 

INTERRUPTS - Tests external, timer, SCI, and SPI interrupts 

Self-check results (using the lEDs as monitors) are shown 
in Table 2. The following subroutines are available to user 
programs and do not require any external hardware. 

TABLE 2. SELF-CHECK RESULTS 

PC3 PC2 PCl pca REMARKS 

1 a 0 1 Bad I/O 

1 0 1 0 Bad RAM 

1 0 1 1 Bad TImer 

1 1 0 0 Bad SCI 

1 1 0 1 Bad ROM 

1 1 1 0 BadSPI 

1 1 1 1 Bad Interrupts or IRQ Request 

Flashing Good Device 

All Others Bad Device, Bad Port C, etc. 

NOTE: 0 Indicates LED on; 1 Indicates LED IS off. 

TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. 

This subroutine is called at location $1 FOE. The output com­
pare register is first set to the current timer state. Because 
the timer is free running and has only a divide-by-four pres-
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FIGURE 10. SELF-CHECK CIRCUIT SCHEMATIC DIAGRAM 

caler, each timer count cannot be tested. The test tracks the 
counter until the timer wraps around, triggering the output 
compare flag in the timer status register. RAM locations 
$0050 and $0051 are overwritten. Upon return to the user's 
program, X = 40. If the test passed, A = O. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is called 
at location $1 F93 with RAM location $0053 equal to $01 and 
A = O. A short routine is set up and executed in RAM to com· 
pute a checksum of the entire ROM pattern. Upon return to 
the user's program, X = O. If the test passed, A = O. RAM 
locations $0050 through $0053 are overwritten. 

Resets, Interrupts, and Low Power Modes 

RESETS 

The MCU has two reset modes: an active low external reset 
pin (RESEn and a power-on reset function; refer to Figure 11. 

RESET Pin 

The RESET input pin is used to reset the MCU to provide an 
orderly software startup procedure. When using the external 
reset mode, the RESET pin must stay low for a minimum of 
one and one half !evc. The RESET pin contains an internal 
Schmitt Trigger as part of its input to improve noise immunity. 

Power-On Reset 

The power-on reset occurs when a positive transition is 
detected on Voo. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply Voltage. There is no proviSion 
for a power-down reset. The power-on circuitry provides for 
a 4064 tCYC delay from the time that the oscillator becomes 
active. If the external RESET pin is low at the end of the 
4064 tCYC time out, the processor remains in the reset condi­
tion until RESET goes high. 

Table 3 shows the actions of the two resets on intemal cir­
cuits, but not necessarily in order of occurrence (X indicates 
that the condition occurs for the particular reset). 
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OSCl 
(NOTE 21 

INTERNAL 
PROCESSOR 

CLOCK (NOTE 11 
INTERNAL 

ADDRESS BUS 
(NOTE 11 

INTERNAL 
DATA BUS 

(NOTE 31 

RESET 

NOTES: 
1. Internal signal and bus information is not available externally. 
2. OSC1 Is not meant to represent frequency. It is only meant to represent time. 
3. The next rising edge of the internal processor clock fOllowing the rising edge of RESET initiates the reset sequence. 

FIGURE 11. POWER-ON RESET AND RESET 

TABLE 3. RESET ACTION ON INTERNAL CIRCUIT INTERRUPTS 

CONDITION 

TImer Prescaler reset to zero slate 

TImer counter configured to $FFFC 

TImer output compare (TCMP) bit reset to zero 

All timer interrupt enable bits cleared (ICIE, 
OCIE, and TOlE) to disable timer Interrupts. 
The OLVL timer bit is also cleared by reset. 

All data direction registers cleared to zero 
(input) 

Configure stack pointer to $OOFF 

Force internal address bus to reslart vector 
(See Table 4) 

Set I bit in condition code register to a logic one 

Clear STOP latch 

Clear external interrupt latch 

Clear WAIT latch 

Disable SCI (serial control bits TE '" 0 and 
RE '" 0). Other SCI bits cleared by reset 
include: TIE, TCIE, RIE, ILlE, RWU, SBK, 
RDRF, IDLE, OR, NF, and FE. 

Disable SPI (serial output enable control bit 
SPE '" 0). Other SPI bits cleared by reset 
include: SPIE, MSTR, SPIF WCOl, and 
MODF. 

Set serial slatus bits TORE and TC 

Clear all serial interrupt enable bits (SPIE, 
TIE and TCIE) 

Place SPI system in slave mode (MSTR '" 0) 

Clear SCI prescaler rate control bits 
SCPO-SCP1 

NOTE: TImeout still occurs. 

RESET 
PIN 

X 

X 

X 

X 

X 

X 

X 

X 

X (Note) 

X 

X 

X 

X 

X 

X 

X 

X 

POWER-
ON 

RESET 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Systems often require that normal processing be interrupted 
so that some external event may be serviced. The 
CDP68HC05C4 may be interrupted by one of five different 
methods: either one of four maskable hardware interrupts 
(IRQ, SPI, SCI, or Timer) and one nOn-maskable software 
interrupt (SWI). Interrupts such as Timer, SPI, and SCI have 
several flags which will cause the interrupt. Generally, inter­
rupt flags are located in read-only status registers, whereas 
their equivalent enable bits are located in associated control 
registers. The interrupt flags and enable bits are never con­
tained in the same register. If the enable bit is a logic zero it 
blocks the interrupt from occurring but does not inhibit the 
flag from being set. Reset clears all enable bits to preclude 
interrupts during the reset procedure. 

The general sequence for clearing an interrupt is a software 
sequence of first accessing the status register while the 
interrupt flag is set, followed by a read or write of an associ­
ated register. When any of these interrupts occur, and if the 
enable bit is a logic one, normal processing is suspended at 
the end of the current instruction execution. Interrupts cause 
the processor registers to be saved on the stack (see 
Figure 9) and the interrupt mask (I bit) set to prevent addi­
tional interrupts. The appropriate interrupt vector then points 
to the starting address of the interrupt service routine (refer 
to Figure 6 for vector location). Upon completion of the inter­
rupt service routine, the RTI instruction (which is normally a 
part of the service routine) causes the register contents to be 
recovered from the stack followed by a retum to normal pro­
cessing. The stack order is shown in Figure 9. 

NOTE: The Interrupt mask bit (I bit) will be cleared If and only If the 
corresponding bit stored in the slack is zero. 

A discussion of interrupts, plus a table listing vector 
addresses for all interrupts including reset, in the MCU is 
provided in Table 4. 
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TABLE 4. VECTOR ADDRESS FOR INTERRUPTS AND RESET 

REGISTER FLAG NAME INTERRUPTS 

NlA NlA Reset 

NlA NlA Software 

NlA NlA Extemallnterrupt 

Timer Status ICF Input Capture 
OCF Output Compare 
TOF TImer Overflow 

SCI Status TORE Transmit Buffer Empty 
TC Transmit Complete 

RoRF Receiver Buffer Ful 
IDLE Idle Une Detect 
OR Overrun 

SPI Status SPIF Transfer Complete 
MOoF Mode Fault 

Hardware Controlled Interrupt Sequence 

The following three functions (RESET, STOP, and WAIT) are 
not in the strictest sense an interrupt; however, they are 
acted upon in a similar manner. Flowcharts for hardware 
interrupts are shown in Figure 12, and for STOP and WAIT 
are provided in Figure 13. A discussion is provided below. 

(a) A low input on the RESET input pin causes the program 
to vector to its starting address which is specified by the 
contents of memory locations $1 FFE and $1 FFF. The 
I bit in the condition code register is also set. Much of the 
MCU is configured to a known state during this type of 
reset as previously described in RESETS paragraph. 

(b) STOP - The STOP instruction causes the oscillator to be 
turned off and the processor to ·sleep" until an external 
interrupt (IRQ) or reset occurs. 

(c) WAIT - The WAIT instruction causes all processor clocks 
to stop, but leaves the Timer, SCI, and SPI clocks run­
ning. This "resf' state of the processor can be cleared by 
reset, an external interrupt (IRQ), Timer interrupt, SPI 
interrupt, or SCI interrupt. 

Software Interrupt (SWI) 

The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware inter­
rupts. The SWI is executed regardless of the state of the 
interrupt mask (I bit) in the condition code register. The inter­
rupt service routine address is specified by the contents of 
memory location $1 FFC and $1 FFD. 

CPU INTERRUPT VECTOR ADDRESS 

RESET $1FFE - $1FFF 

SWI $1 FFC - $1 FFo 

IRQ $1FFA-$1FFB 

Timer $1FF8 - $1FF9> 

SCI $1FFS-$1FF7 

SPI $1FF4-$1FF5 

External Interrupt 

If the interrupt mask (I bit) of the condition code register has 
been cleared and the external interrupt pin (IRQ) has gone 
low, then the external interrupt is recognized. When the 
interrupt is recognized, the current state of the CPU is 
pushed onto the stack and I bit is set. This masks further 
interrupts until the present one is serviced. The interrupt ser­
vice routine address is specified by the contents of memory 
location $1 FFA and $1FFB. Either a level-sensitive and neg­
ative edge-sensitive trigger, or a negative edge-sensitive 
only trigger are available as a mask option. Figure 14 shows 
both a functional and mode timing diagram for the interrupt 
line. The timing di~m shows two different treatments of 
the interrupt line (IRQ) to the processor. The first method 
shows single pulses on the interrupt line spaced far enough 
apart to be serviced. The minimum time between pulses is a 
function of the number of cycles required to execute the 
interrupt service routine plus 21 cycles. Once a pulse 
occurs, the next pulse should not occur until the MCU soft­
ware has exited the routine (an RTI occurs). The second 
configuration shows several interrupt lines "wire-ORed" to 
form the interrupts at the processor. Thus, if after servicing 
one interrupt the interrupt line remains low, then the next 
interrupt is recognized. 

NOTE: The internal interrupt latch is cleared in the first part of the 
service routine; therefore, one (and only one) external interrupt pulse 
could be latched during ~UL and serviced as soon as the I bit is 
cleared. 
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LEVEL-SENSITIVE TRIGGER 

INTERRUPT 
PIN 

EXTERNAL 
INTERRUPT 
REQUEST 

POWER-ON RESET 

EXTERNAL RESET 

EXTERNAL INTERRUPT 
BEING SERVICED 
(READ OF VECTORS) 

FIGURE 14A. EXTERNAL INTERRUPT FUNCTION DIAGRAM 

1-01 E ....... ---tlllL---..... ..,1 

IRQ1~ "'---1 : r:=tIL1H----"1 

IRQn ________ ~ r___ ~~~~~~~ 

L-__________ ~ ~~~E~~ 

IRQ 
(MCU) --, ... _____ ~r___ 

NOTE: 

Edge-Sensitive Trigger Condition - The minimum pulse width (~LlH) 
is either 12Sns (Voo = SV) or 2S0ns (Voo = 3V). The period ~LlL 
should be less than the number of Icyc cycles It takes to execute 
the Interrupt service rouijne plus 21 Icyc cycles. 
Level-Sensitive Trigger Condition - If after servicing an Interrupt the 
IRQ remains low, then the next Interrupt Is recognized. 

FIGURE 14B. EXTERNAL INTERRUPT MODE DIAGRAM 

FIGURE 14. 

Timer Interrupt 

There are three different timer interrupt flags that will cause 
a timer interrupt whenever they are set and enabled. These 
three interrupt flags are found in the three most significant 
bits of the timer status register (TSR, location $13) and all 
three will vector to the same interrupt service routine 
($1 FFB - $1 FF9). 

All interrupt flags have corresponding enable bits (I,CIE, 
OCIE, and TOlE) in the timer control register (TCR, location 
$12). Reset clears all enable bits, thus preventing an inter­
rupt from occurring during the reset time period. The actual 
processor interrupt is generated only if the I bit in the condi­
tion code register is also cleared. When the interrupt is rec­
ognized, the current machine state is pushed onto the stack 
and I bit is set. This masks further interrupts until the present 
one is serviced. The interrupt service routine address is 
specified by the contents of memory location $lFFB and 
$1 FF9. The general sequence for clearing an interrupt is a 
software sequence of accessing the status register while the 
flag is set, followed by a read or write of an associated regis­
ter. Refer to Programmable Timer for additional information 
about the timer circuitry. 

Serial Communications Interface (SCI) Interrupts 

An interrupt in the serial communications interface (SCI) 
occurs when one of the interrupt flag bits in the serial 
communications status register is set, provided the I bit in 
the condition code register is clear and the enable bit in the 
serial communications control register 2 (locations $OF) is 
enabled. When the interrupt is recognized, the current state 
of the machine is pushed onto the stack and the I bit in the 
condition code register is set. This masks further interrupts 
until the present one is serviced. The SCI interrupt causes 
the program counter to vector to memory location $lFF6 
and $1 FF7 which contains the starting address of the 
interrupt service routine. Software in the serial interrupt 
service routine must determine the priority and cause of the 
SCI interrupt by examining the interrupt flags and the status 
bits located in the serial communications status register 
(location $10). The general sequence for clearing an 
interrupt is a software sequence of accessing the serial 
communications status register while the flag is set followed 
by a read or write of an associated register. Refer to Serial 
Communications Interface for a description of the SCI 
system and its interrupts. 

Serial Peripheral Interface (SPI) Interrupts 

An interrupt in the serial peripheral interface (SPI) occurs 
when one of the interrupt flag bits in the serial peripheral sta­
tus register (location $OB) is set, provided the I bit in the con­
dition code register is clear and the enable bit in the serial 
peripheral control register (location $OA) is enabled. When 
the interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the condition code 
register is set. This masks further interrupts until the present 
one is serviced. The SPI interrupt causes the program 
counter to vector to memory location $1 FF4 and $1 FF5 
which contain the starting address of the interrupt service 
routine. Software in the serial peripheral interrupt service 
routine must determine the priority and cause of the SPI 
interrupt by examining the interrupt flag bits located in the 
SPI status register. The general sequence for clearing an 
interrupt is a software sequence of accessing the status reg­
ister while the flag is set, followed by a read or write of an 
associated register. Refer to Serial Peripheral Interface for 
a description of the SPI system and its interrupts. 

LOW POWER MODES 

STOP Instruction 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode the internal oscillator 
is turned off, causing all internal processing to be halted; 
refer to Figure 13. During the STOP mode, the I bit in the 
condition code register is cleared to enable external inter­
rupts. All other registers and memory remain unaltered and 
all input/output lines remain unchanged. This continues until 
an external interrupt (IRQ) or reset is sensed at which time 
the internal oscillator is turned on. The external interrupt or 
reset causes the program counter to vector to memory loca­
tion $1 FFA and $IFFB or $1 FFE and $1 FFF which contains 
the starting address of the interrupt or reset service routine 
respectively. 
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WAIT Instruction 

The WAIT instruction places the MCU in a low power con­
sumption mode, but the WAIT mode consumes somewhat 
more power than the STOP mode. In the WAIT mode, the 
internal clock remains active, and all CPU processing is 
stopped; however, the programmable timer, serial peripheral 
interface, and serial communications interface systems 
remain active. Refer to Figure 13. During the WAIT mode, 
the I bit in the condition code register is cleared to enable all 
interrupts. All other registers and memory remain unaltered 
and all parallel inpuVoutput lines remain unchanged. This 
continues until any interrupt or reset is sensed. At this time 
the program counter vectors to the memory location ($1 FF4 
through $IFFF) which contains the starting address of the 
interrupt or reset service routine. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained at sup­
ply voltages as low as 2V. This is referred to as the DATA 
RETENTION mode, where the data is held, but the device is 
not guaranteed to operate. 

Programmable Timer 
INTRODUCTION 

The programmable timer, which is preceded by a fixed 
divide-by-four prescaler, can be used for many purposes, 
including input waveform measurements while simulta­
neously generating an output waveform. Pulse widths can 

HIGH LOW 
BYTE BYTE 

$16 
$17 

INTERNAL 
PROCESSOR 

CLOCK 

vary from several microseconds to many seconds. A block 
diagram of the timer is shown in Figure 15 and timing dia­
grams are shown in Figure 16 through Figure 19. 

Because the timer has a 16-bit architecture, each specific 
functional segment (capability) is represented by two regis­
ters. These registers contain the high and low byte of that 
functional segment. Generally, acceSSing the low byte of a 
specific timer function allows full control of that function; 
however, an access of the high byte inhibits that specific 
timer function until the low byte is also accessed. 

NOTE: The I bit in the condition code register should be set while ma­
nipulating both the high and low byte register of a specific timer function 
to ensure that an interrupt does not occur. This prevents Interrupts from 
occurring between the time that the high and low bytes are accessed. 

The programmable timer capabilities are provided by using 
the following ten addressable 8-bit registers (note the high 
and low represent the significance of the byte). A description 
of each register is provided below. 

Timer Control Register (TCR) locations $12, 
Timer Status Register (TSR) location $13, 
Input Capture High Register location $14, 
Input Capture Low Register location $15, 
Output Compare High Register location $16, 
Output Compare Low Register location $17, 
Counter High Register location $18, 
Counter Low Register location $19, 
Alternate Counter High Register location $IA, and 
Alternate Counter Low Register location $1 B. 

HIGH LOW 
BYTE BYTE 

$14 
$15 

OUTPUT EDGE 
LEVEL INPUT 
(TCMP (TCAP 
PIN 35) PIN 37) 

FIGURE 15. PROGRAMMABLE TIMER BLOCK DIAGRAM 
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INTERNAL PROCESSOR CL,OCK 

(INTERNAL RESET) !\! ' 
: ~.~: ~~~~~~-----------------------------

TOO JlJlJ1J1 I n n , 

n T01_----__ .. n n 
INTERNAL TIMER CLOCKS n ~O _______ ~-____ ~ n n 

n n rL 
CDUNTER (18 • BIT) X $FFFD X $FFFE X SFFFF 

mn (EXTERNAL OR END OF PORI ll!ll!l 
NOTE: 

1. The Counter Regl$ter and the llmer Control ReglstCll' are the only ones affected by RESET. 

NOTE: 

FIGURE 16. TIMER STATE DIAGRAM FOR RESET 

INTERNAL PROCESSOR 
CI.OCK 

TOO ___ .... n ... ___ ... n 
INTERNAL TIMER 

CLOCKS 
n T01 Jl""'__ __ ..... n ... __ ___' 

n ~o__ll""'__ ____ ..... n~ ____ ___' 
n ~1 ____ ..... n~ ____ ~n~ ____ ---' 

COUNTER (16· BIT) 3 .... _ ... $_FF_E_C ___ X· SFFED X 

n r 
n 

n 
rL 

$/'FEE X $FFEF 

INPUT EDGE ----,~~1'""'~"!l"':~~~~".,..,..~~i --------
~,- \i\l:fr , _______ _ INTERNAL CAPTURE LATCH 

INPUT CAPTURE REGISTER _____ ._?_?? ... ? ____ JX,, _______ $_F .. FE_D ___ ~---

INPUT CAPTURE FLAG I ------' 
1. If the Input edge occurs In the shaded area fl'om one timer 81ate Tl0 to the next, the Input capture flag Is aet during the next TIl. 

FIGURE 17. TIMER STATE DIAGRAM FOR INPUT CAPTURE 
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INTERNAL PROCESSOR CLOCK 

TOO 
~ __ ~n~ ____ ~n~ ____ ~r n 

T01...I1 n n n 
INTERNAL TIMER 

T10~ n n n 
T11 n n n~ ____ ~ rL 

COUNTER (16 - BIT) 3 $FFEC X $FFED X SFFEE X $FFEF 

(NOTE 1) 

COMPARE REGISTER CPU WRITES $FFED ~X'--__________ _ • _ $FFED 

NOTES: 

COMPARE REGISTER 
LATCH 

OUTPUT COMPARE 
FLAG (OCF) AND 

TCMP (PIN 35) 

(NOTE2),g 

(NOTE3)~1 

\'-----

1. The CPU write to the Compare Register may take place at any time, but a compare only occurs at timer state T01. Thus a 4 cycle differ­
ence may exist between the write to the Compare Register and the actual compare. 

2. Internal compare takes place during timer state T01. 
3. OCF is set at the timer state T11 which follows the comparison match ($FFED in this example). 

FIGURE 18. TIMER STATE DIAGRAM FOR OUTPUT COMPARE 

INTERNAL PROCESSOR CLOCK 

TOO n n n r 
T01--Il n n n 

INTERNAL TIMER 

T10~ n n n 
T11 n n n rL 

COUNTER(16-BIT) 3 $FFFF X $0000 X $0001 X $0002 

TIMER OVERFLOW I FLAG (TOF) 

NOTE: 

1. The TOF bit is set at timer state T11 (transition of the counter from $FFFF to $0000). It is cleared by a read of the Timer Status Register 
during the internal processor clock high time followed by a read of the Counter Low Register. 

FIGURE 19. TIMER STATE DIAGRAM FOR TIMER OVERFLOW 
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COUNTER 

The key element in the programmable timer is a 16-bit free 
running counter, or counter register, preceded by a prescaler 
which divides the internal processor clock by four. The pres­
caler gives the timer a resolution of 2.0~s if the internal pro­
cessor clock is 2.0MHz. The counter is clocked to increasing 
values during the low portion of the internal processor clock. 
Software can read the counter at any time without affecting 
its value. 

The double byte free running counter can be read from 
either of two locations $18 - $19 (called counter register at 
this location), or $1A - $1B (counter alternate register at this 
location). If a read sequence containing only a read of the 
least significant byte of the free running counter or counter 
alternate register first addresses the most significant byte 
($18, $1A) it causes the least significant byte ($19, $1B) to 
be transferred to a buffer. This buffer value remains fixed 
after the first most significant byte "read" even if the user 
reads the most significant byte several times. This buffer is 
accessed when reading the free running counter or counter 
alternate register, if the most significant byte is read, the 
least significant byte must also be read in order to complete 
the sequence. 

The free running counter is configured to $FFFC during 
reset and is always a read-only register. During a power-on­
reset (POR), the counter is also configured to $FFFC and 
begins running after the oscillator startup delay. Because the 
free running counter is 16 bits preceded by a fixed divide-by­
four prescaler, the value in the free running counter repeats 
every 262,144 MPU internal processor clock cycles. When 
the counter rolls over from $FFFF to $0000, the timer over­
flow flag (TOF) bit is set. An interrupt can also be enabled 
when counter rollover occurs by setting its interrupt enable 
bit (TOlE). 

OUTPUT COMPARE REGISTER 

The output compare register is a 16-bit register, which is 
made up of two 8-bit registers at locations $16 (most signifi­
cant byte) and $17 (least significant byte). The output com­
pare register can be used for several purposes such as, 
controlling an output waveform or indicating when a period 
of time has elapsed. The output compare register is unique 
in that all bits are readable and writable and are not altered 
by the timer hardware. Reset does not affect the contents of 
this register and if the compare function is not utilized, the 
two bytes of the output compare register can be used as 
storage locations. The contents of the output compare regis­
ter are compared with the contents of the free running 
counter once during every four internal processor clocks. If a 
match is found, the corresponding output compare flag 
(OCF) bit is set and the corresponding output level (OLVL) 
bit is clocked (by the output compare circuit pulse) to an out­
put level register. The values in the output compare register 
and the output level bit should be changed after each suc­
cessful comparison in order to control an output waveform or 
establish a new elapsed timeout. An interrupt Can also 
accompany a successful output compare provided the corre­
sponding interrupt enable bit, OCIE, is set. 

After a processor write cycle to the output compare register 
containing the most significant byte ($16), the output com­
pare function is inhibited until the least signifICant byte ($17) 
is also written. The user must write both bytes (locations) if 
the most significant byte is written first. A write made only to 
the least significant byte ($17) will not inhibit the compare 
function. The free running counter is updated every four 
internal processor clock cycles due to the internal prescaler. 
The minimum time required to update the output compare 
register is a function of the software program rather than the 
internal hardware. 

A processor write may be made to either byte of the output 
compare register without affecting the other byte. The output 
level (OLVL) bit is clocked to the output level register regard­
less of whether the output compare flag (OCF) is set or clear. 

Because neither the output compare flag (OCF bit) or output 
compare register is affected by reset, care must be exer­
cised when initializing the output compare function with soft­
ware. The following procedure is recommended: 

1. Write the high byte of the output compare register to inhibit 
further compares until the low byte is written. 

2. Read the timer status register to arm the OCF if it is al­
ready set. 

3. Write the output compare register low byte to enable the 
output compare function with the flag clear. 

The advantage of this procedure is to prevent the OCF bit 
from being set between the time it is read and the write to 
the output compare register. A software example is shown 
below. 

B716 STA OCMPHI; INHIBIT OUTPUT COMPARE 

8613 LDA TSTAT; ARM OCF BIT IF SET 

BF17 STX OCMPLO; READY FOR NEXT COMPARE 

INPUT CAPTURE REGISTER 

The two 8-bit registers which make up the 16-bit input cap­
ture register are read-only and are used to latch the value of 
the free running counter after a defined transition is sensed 
by the corresponding input capture edge detector. The level 
transition which triggers the counter transfer is defined by 
the corresponding input edge bit (IEOO). Reset does not 
affect the contents of the input capture register. 

The result obtained by an input capture will be one more 
than the value of the free running counter on-the rising edge 
of the internal processor clock preceding the external transi­
tion (refer to timing diagram shown in Figure 17). This delay 
is required for intemal synchronization. Resolution is 
affected by the prescaler allowing the timer to only increment 
every four internal processor clock cycles. 

After a read of the most significant byte of the input capture 
register ($14), counter transfer is inhibited until the least sig­
nificant byte ($15) of the input capture register is also read. 
This characteristic forces the minimum pulse period attain­
able to be determined by the time used in the capture soft­
ware routine and its interaction with the main program. The 
free running counter increments every four internal proces­
sor clock cycles due to the prescaler. 
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A read of the least significant byte ($15) of the input capture 
register does not inhibit the free running counter transfer. 
Again, minimum pulse periods are ones which allow soft­
ware to read the least significant byte ($15) and perform 
needed operations. There is no conflict between the read of 
the input capture register and the free running counter trans­
fer since they occur on opposite edges of the intemal pro­
cessor clock. 

TIMER CONTROL REGISTER (TCR) 

The timer control register (TCR, location $12) is an 8-bit 
read/write register which contains five control bits. Three of 
these bits control interrupts associated with each of the three 
flag bits found in the timer status register (discussed below). 
The other two bits control: 1) which edge is Significant to 
the capture edge detector (i.e., negative or positive), and 
2) the next value to be clocked to the output level register in 
response to a successful output compare. The timer control 
register and the free running counter are the only sections of 
the timer affected by reset. The TCMP pin is forced low dur­
ing external reset and stays low until a valid compare 
changes it to a high. The timer control register is illustrated 
below followed be a definition of each bit. 

$12 

87, ICIE If the input capture interrupt enable (ICIE) bit is 
set, a timer interrupt is enabled when the ICF 
status flag (in the timer status register) is set. If 
the ICIE bit is clear, the interrupt is inhibited. The 
ICIE bit is cleared by reset. 

86, OCIE If the output compare interrupt enable (OCIE) bit 
is set, a timer interrupt is enabled whenever the 
OCF status flag is set. If the OCIE bit is clear, 
the interrupt is inhibited. The OCIE bit is cleared 
by reset. 

85, TOlE If the timer overflow interrupt enable (TOlE) bit is 
set, a timer interrupt is enabled whenever the 
TOF status flag (in the timer status register) is 
set. If the TOlE bit is clear, the interrupt is inhib­
ited. The TOlE bit is cleared by reset. 

81, IEDG The value of the input edge (IEDG) bit determines 
which level transition on pin 37 will trigger a free 
running counter transfer to the input capture 
register. Reset does not affect the IEDG bit. 
o = negative edge 
1 = positive edge 

80, OLVL The value of the output level (OLVL) bit is 
clocked into the output level register by the next 
successful output compare and will appear at 
pin 35. This bit and the output level register are 
cleared by reset. 
o = low output 
1 = high output 

TIMER STATUS REGISTER (TSR) 

The timer status register (TSR) is an 8-bit register of which 
the three most significant bits contain read-only status infor­
mation. These three bits indicate the following: 

1. A proper transition has taken place at pin 37 with an ac­
companying transfer of the free running counter contents 
to the input capture register, 

2. A match has been found between the free running counter 
and the output compare register, and 

3. A free running counter transition from $FFFF to $0000 has 
been sensed (timer overflow). 

The timer status register is illustrated below followed by a 
definition of each bit. Refer to timing diagrams shown in Fig­
ures 16, 17, and 18 for timing relationship to the timer status 
register bits. 

I'~F I ~F I T~F I ~ I : I ~ I 0 I ~ I $13 

87, ICF The input capture flag (ICF) is set when a proper 
edge has been sensed by the input capture 
edge detector. It is cleared by a processor 
access of the timer status register (with ICF set) 
followed by accessing the low byte ($15) of the 
input capture register. Reset does not affect the 
input compare flag. 

86, OCF The output compare flag (OCF) is set when the 
output compare register contents match the 
contents of the free running counter. The OCF is 
cleared by accessing the timer status register 
(with OCF set) and then acceSSing the low byte 
($17) of the output compare register. Reset does 
not affect the output compare flag. 

85, TOF The timer overflow flag (TOF) bit is set by a tran­
sition of the free running counter from $FFFF to 
$0000. It is cleared by accessing the timer status 
register (with TOF set) followed by an access of 
the free running counter least significant byte 
($19). Reset does not affect the TOF bit. 

Accessing the timer status register satisfies the first condi­
tion required to clear any status bits which happen to be set 
during the access. The only remaining step is to provide an 
access of the register which is associated with the status bit. 
Typically, this presents no problem for the input capture and 
output compare functions. 

A problem can occur when using the timer overflow function 
and reading the free running counter at random times to mea­
sure an elapsed time. Without incorporating the proper pre­
cautions into software, the timer overflow flag could 
unintentionally be cleared if: 1) the timer status register is 
read or written when TOF is set, and 2) the least significant 
byte of the free running counter is read but not for the purpose 
of servicing the flag. The counter alternate register at address 
$1A and $18 contains the same value as the free running 
counter (at address $18 and $19); therefore, this alternate 
register can be read at any time without affecting the timer 
overflow flag in the timer status register. 

During STOP and WAIT instructions, the programmable timer 
functions as follows: during the wait mode, the timer continues 
to operate normally and may generate an interrupt to trigger the 
CPU out of the wait Slate; during the stop mode, the timer holds 
at its current state, retaining all data, and resumes operation 
from this point when an extemal interrupt is received. 
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Serial Communications Interface (SCI) 
INTRODUCTION 

A full-duplex asynchronous serial communications interface 
(SCI) is provided with a standard NRZ format and a variety 
of baud rates. The SCI transmitter and receiver are function­
ally independent, but use the same data format and bit rate. 
The serial data format is standard mark/space (NRZ) which 
provides one start bit, eight or nine data bits, and one stop 
bit. "Baud" and "bit rate" are used synonymously in the fol­
lowing description. 

SCllINo Wire System Features 

• Standard NRZ (mark/space) format 

• Advanced error detection method includes noise detection 
for noise duration of up to 1/16 bit time. 

• Full-duplex operation (simultaneous transmit and receive) 

• Software programmable for one of 32 different baud rates 

• Software selectable word length (eight or nine bit words) 

• Separate transmitter and receiver enable bits. 

• SCI may be interrupt driven 

• Four separate enable bits available for interrupt control 

SCI Receiver Features 

• Receiver wake-up function (idle or address bit) 

• Idle line detect 

• Framing error detect 

• Noise detect 

• Overrun detect 

• Receiver data register full flag 

SCI Transmitter Features 

• Transmit data register empty flag 

• Transmit complete flag 

• Break send 

Any SCI two-wired system requires receive data in (RDI) 
and transmit data out (TOO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out (TOO) is the serial 
data which is presented between the internal data bus and 
the output pin (TOO), and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the NRZ in 
Figure 20 and must meet the following criteria: 

1. A high level indicates a logic one and a low level indicates 
a logic zero. 

2. The idle line is in a high (logic one) state prior to transmis­
sion/reception of a message. 

3. A start bit (logiC zero) is transmitted/received indicating the 
start of a message. 

4. The data is transmitted and received least-significant-bit first. 

5. A stop bit (high in the tenth or eleventh bit position) indi­
cates the byte is complete. 

6. A break is defined as the transmission or reception of a 
low (logic zero) for some multiple of the data format. 

IDLE LINE 

o 1 

CONTROL BIT 'M' 
SELECTS 8 OR 9 

BIT DATA 

~ 
2345678 0 

~~~~~I~I~~ltLJ: 
s s s 
T T T 
A 0 A 
R P R 
T T 

t Stop bit is always high. 

FIGURE 20. DATA FORMAT 

WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software protocol 
will usually identify the addressee(s) at the beginning of the 
message. In order to permit uninterested MPUs to ignore the 
remainder of the message, a wake-up feature is included 
whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line returns to the idle 
state. An SCI receiver is re-enabled by an idle string of at 
least ten (or eleven) consecutive ones. Software for the 
transmitter must provide for the required idle string between 
consecutive messages and prevent it from occurring within 
messages. 

The user is allowed a second method of providing the wake­
up feature in lieu of the idle string discussed above. This 
method allows the user to insert a logic one in the most sig­
nificant bit of the transmit data word which needs to be 
received by all ·sleeping" processors. 

RECEIVE DATA IN 

Receive data In is the serial data which is presented from the 
input pin via the SCI to the internal data bus. While waiting 
for a start bit, the receiver samples the input at a rate which 
is 16 times higher than the set baud rate. This 16 times 
higher-than-baud rate is referred to as the RT rate in Figures 
21 and 22, and as the receiver clock in Figure 26. When the 
input (idle) line is detected low, it is tested for three more 
sample times (referred to as the start edge verification sam­
ples in Figure 21). If at least two of these three verification 
samples detect a logic low, a valid start bit is assumed to 
have been detected (by a logic low following the three start 
qualifiers) as shown in Figure 21; however, if in two or more 
of the verification samples a logic high is detected, the line is 
assumed to be idle. (A noise flag is set if one of the three 
verification sample detects a logic high, thus a valid start bit 
could be assumed and a noise flag still set.) The receiver 
clock generator is controlled by the baud rate register (see 
Figures 25 and 26); however, the serial communications 
interface is synchronized by the start bit (independent of the 
transmitter). 
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16x INTERNAL SAMPUNG CLOCK 

RT CLOCK EDGES (FOR ALL THREE EXAMPLES) 1 2 3 4 5 8 7 8 
R R R R R R R R 
T T T T T T T T 

RD11 

START' 

0 0 0 0 
---v------ v 

START START EDGE VERIFICATION SAMPLES 
QUALIFIERS 

IDLE NOISE 
RD12 START n· 

0 0 0 

RD13 
IDLE NOISE 

U START 

0 0 0 0 0 

FIGURE 21. EXAMPLES OF START BIT SAMPLING TECHNIQUE 

Once a valid start bit is detected, the start bit, each data bit, 
and the stop bit are sampled three times at RT intervals of 
SRT, 9RT, and 10RT (IRT is the position where the bit is 
expected to start as shown in Figure 22. The value of the bit 
is determined by voting logic which takes the value of the 
majority of samples (two or three out of three). A noise flag is 
set when all three samples on a valid start bit or a data bit or 
the stop bit do not agree. (As discussed above, a noise flag 
is also set when the start bit verification samples do not 
agree). 

PREVIOUS BIT PRESENT BIT SAMPLES 

RDI V V V 
16 1 
R R 
T T 

8 9 10 
R R R 
T T T 

NEXT BIT 

16 1 
R R 
T T 

FIGURE 22. SAMPLING TECHNIQUE USED ON ALL BITS 

START BIT DETECTION FOLLOWING A 
FRAMING ERROR 

If there has been a framing error without detection of a break 
(10 zeros for a-bit format or 11 zeros for 9-bit format), the circuk 
continues to operate as if there actually were a stop bit and the 
start edge will be placed artificially. The last bit received in the 
data shift register is inverted to a logic one, and the three logic 
one start qualifiers (shown in Figure 21) are forced into the 
sample shift register during the interval when detection of a 
start bit is antiCipated (see Figure 23); therefore the start bk will 
be accepted no sooner than it is anticipated. 

__ DATA __ 1_ EXPECTED ,I ARTIFICIAL 
STOP --J/ EDGE 

R~;i~~= ---1r"--"" . -- : StART BIT .. ,---

JiL !-DATA-

DATA SAMPLES 

FIGURE 23A. CASE 1, RECEIVE LINE LOW DURING ARTIFICIAL 
EDGE 

__ DATA . 1_ EXPECTED . I / START EDGE 
--t STOP--J 

R;;i~~= ---1 .. --... Ur--..... 1 START BIT r,---
H+ !--DATA--.,..... 

DATA SAMPLES 

FIGURE 238. CASE 2, RECEIVE LINE HIGH DURING EXPECTED 
START EDGE 

FIGURE 23. SCI ARTIFICIAL START FOLLOWING A FRAMING 
ERROR 

If the receiver detects that a break (RDRF = 1, FE = 1, 
receiver data register = $00) produced the framing error, the 
start bit will not be artificially induced and the receiver must 
actually receive a logic one bit before start. See Figure 24. 

EXPECTED~ DETECTED AS 
-- STOP VAUD START EDGE 

_BREAK _---..., / 
RECEIVE I , START BITr 

DATA IN '''''It"rl'H-''"Tt":'l''H - tH m+ Ht ........ ........ ........-.,.....-.,..... 
4 L ~ STAAT START EDGE 

QUAIJ. VERIFICATION 
flEA SAMPLER 

DATA SAMPLES 

FIGURE 24. SCI START BIT FOLLOWING A BREAK 

2·41 

til a: 
o~ a:..J 
0 0 _a: 
::&1-z o o 



CDP6BHC05C4, CB, CDP6BHCL05C4, CB, CDP68HSC05C4, CB 

$11 

TOO 
(PD1, 

PIN 30) 

TRANSMIT 
DATA 
SHIFT 

REGISTER 

INTERNAL 
PROCESSOR 
CLOCK 

NOTE: The Serial Communications Data Register (SCDAT) is controlled by the internal RIW signal. It is the transmit data register when writ­
ten and receive data register when read. 

FIGURE 25. SERIAL COMMUNICATIONS INTERFACE BLOCK DIAGRAM 

OSCILLATOR 
FREQUENCY 

SCPO-SCP1 
PRESCALER 

CONTROL 
+N 

SCRO-SCR2 
SCI SELECT 

RATE 
CONTROL 

+M 

FIGURE 26. RATE GENERATOR DIVISION 

REGISTERS 

There are five different registers used in the serial communi­
cations interface (SCI) and the internal configuration of 
these registers is discussed in the following paragraphs. A 
block diagram of the SCI system is shown in Figure 25. 

Serial Communications Data Register (SCDAT) 

$11 
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The serial communications data register performs two func­
tions in the serial communications interface; i.e. it acts as the 
receive data register when it is read and as the transmit data 
register when it is written. Figure 25 shows the register as two 
separate registers, namely: the receive data register (RDR) 
and the transmit data register (TDR). As shown in Figure 25, 
the TDR (transmit data register) provides the parallel interface 
from the intemal data bus to the transmit shift register and the 
receive data register (RDR) provides the interface from the 
receive shift register to the internal data bus. 

When SCDAT is read, it becomes the receive data register 
and contains the last byte of data received. The receive data 
register, represented above, is a read-only register contain­
ing the last byte of data received from the shift register for 
the internal data bus. The RDRF bit (receive data register 
full bit in the serial communications status register) is set to 
indicate that a byte has been transferred from the input 
serial shift register to the serial communications data regis­
ter. The transfer is synchronized with the receiver bit rate 
clock (from the receive control) as shown in Figure 25. All 
data is received least-significant-bit first. 

When SCDAT is written. it becomes the transmit data regis­
ter and contains the next byte of data to be transmitted. The 
transmit data register, also represented above, is a write­
only register containing the next byte of data to be applied to 
the transmit shift register"from the internal data bus. As long 
as the transmitter is enabled, data stored in the serial com­
munications data register is transferred to the transmit shift 
register (after the current byte in the shift register has been 
transmitted). The transfer from the SCDAT to the transmit 
shift register is synchronized with the bit rate clock (from the 
transmit control) as shown in Figure 25. All data is transmit­
ted least-significant-bit first. 

Serial Communications Control Register 1 (SCCR1) 

The serial communications control register 1 (SCCR1) pro­
vides the control bits which: 1) determine the word length 
(either 8 or 9 bits), and 2) selects the method used for the 
wake-up feature. Bits 6 and 7 provide a location for storing 
the ninth bit for longer bytes. 

67, R8 

66, T8 

64,M 

If the M bit is a one, then this bit provides a stor­
age location for the ninth bit in the receive data 
byte. Reset does not affect this bit. 

If the M bit is one, then this bit provides a stor­
age locations for the ninth bit in the transmit data 
byte. Reset does not affect this bit. 

The option of the word length is selected by the 
configuration of this bit and is shown below. 
Reset does not affect this bit. 0 = 1 start bit, 8 
data bits. 1 stop bit 1 = 1 start bit, 9 data bits, 1 
stop bit 

63, WAKE This bit allows the user to select the method for 
receiver "wake up". If the WAKE bit is a logic 
zero, an idle line condition will "wake up" the 

WAKE 

0 

1 

1 

receiver. If the WAKE bit is set to a logic one, the 
system acknowledges an address bit (most sig­
nificant bit). The address bit is dependent on 
both the WAKE bit and the M bit level (table 
shown below). (Additionally, the receiver does 
not use the wake-up feature unless the RWU 
control bit in serial communications control reg­
ister 2 is set as discussed below.) Reset does 
not affect this bit. 

M METHOD OF RECEtVER "WAKE-UP" 

X Detection of an idle line allows the next 
data byte received to cause the receive 
data register to fill and produce an 
RDRFflag. 

0 Detection of a received one In the 
eighth data bit allows an RDRF flag and 
associated error flags. 

1 Detection of a received one In the ninth 
data bit allows an RDRF flag and asso-
ciated error flags. 

Serial Communications Control Register 2 (SCCR2) 

$OF 

The serial communications control register 2 (SCCR2) pro­
vides the control bits which: individually enable/disable the 
transmitter or receiver, enable the system interrupts, and 
provide the wake-up enable bit and a "send break code" bit. 
Each of these bits is described below. (The individual flags 
are discussed in the Serial Communications Status Reg­
Ister Section.) 

67, TIE When the transmit interrupt enable bH is set, the 
SCI interrupt occurs provided TDRE is set (see 
Figure 25). When TIE is clear, the TDRE interrupt 
is disabled. Reset clears the TIE bit. 

66, TCIE When the transmission complete interrupt 
enable bit is set, the SCI interrupt occurs pro­
vided TC is set (see Figure 25). When TCIE is 
clear, the TC interrupt is disabled. Reset clears 
the TCIE bit. 

65, RIE When the receive interrupt enable bit is set, the 
SCI interrupt occurs provided OR is set or 
RDRF is set (see Figure 25). When RIE is clear, 
the OR and RDRF interrupts are disabled. Reset 
clears the RIE bit. 

64,ILlE When the idle line interrupt enable bit is set, the 
SCI interrupt occurs provided IDLE is set (see 
Figure 25). When ILiE is clear, the IDLE interrupt 
is disabled. Reset clears the ILiE bit. 

63, TE When the transmit enable bit is set, the transmit 
shift register output is applied to the TDO line. 
Depending on the state of control bit M in serial 
communications control register 1, a preamble 
of 10(M = 0) or 11 (M = 1) consecutive ones is 
transmitted when software sets the TE bit from a 
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82, RE 

cleared'state. If a transmission is in progress, 
and TE Is written to a ~ero, then the transmitter 
will wait until after the present byte has been 
transmitted before placing the TOO pin in the 
idle high-impedance state. If the TE pin has 
been written to a zero and then set to a one 
before the current byte is transmitted, the trans­
mitter will wait until that byte is transmitted and 
will then initiate transmission of a new preamble. 
After the preamble is transmitted, and provided 
the TORE bit is set (no new data to transmit), 
the line remains idle (driven high while TE .. 1); 
otherwise, normal transmission occurs. This 
function allows the user to "neatly" terminate a 
transmission sequence. After loading the last 
byte in the serial communications data register 
and receiving the interrupt from TORE, indicat- ' 
ing the data has been transferred into the shift 
register, the user should clear TE. The last byte 
will then be transmitted and the line will go idle 
(high impedance). Reset clears the TE bit. 

When the receive enable bit is set, the receiver 
is enabied. When RE is clear, the receiver is dis­
abled and all of the status bit associated with the 
receiver (RORF, IDLE, OR, NF, and FE) are 
inhibited. Reset clears the RE bit. 

81, RWU When the receiver wake-up bit is set, it enables 
the "wake up" function. The type of "wake up" 
mode for the receiver is determined by the 
WAKE bit discussed above (in the SCCR1). 
When the RWU bit is set, no status flags will be 
set. Flags which were set previously will not be 
cleared when RWU is set. If the WAKE bit is 
cleared, RWU is cleared after receiving 10(M = 
0) or 11 (M = 1) consecutive ones. Under these 
conditions, RWU cannot be set if the line is idle. 
If the WAKE bit is set, RWU is cleared after 
receiving an address bit. The RORF flag will 
then be set and the address byte will be stored 
In the receiver data register. Reset clears the 
RWUbit. 

BO, SBK When the send break bit is set the transmitter 
sends zeros in some number equal to a multiple 
of the data format bits. If the SBK bit is toggled 
set and clear, the transmitter sends 1 O(M = 0) or 
11 (M = 1) zeros and then reverts to idle or send­
ing data. The actual number of zeros sent when 
SBK is toggled depends on the data format set 
by the M bit in the serial communications control 
register 1; therefore, the break code will be syn­
chronous with respect to the data stream. At the 
completion of lhe break code, the transmitter 
sends at least one high bit to guarantee recogni­
tion of a valid start bit. Reset clears the SBK bit. 

Serial Communications Status Register (SCSR) 

17161514131211101 
ITOREI TC IRORFllDLEToRT NF 1 FE 1 - 1 $10 

The serial communications status register (seSR) provides 
inputs to the interrupt logic circuits for generation of the SCI 
system interrupt~ In addition, a noise flag bit and a framing 
error bit are also contained in the seSR. 

B7, TORE The transmit data register empty bit is set to 
Indicate that the contents of the serial communi­
cations data register have been transferred to 
the transmit serial shift register. If the TORE bit 
is clear, it indicates that the transfer has not yet 
occurred and a write to the serial communica­
tions data register will overwrite the previous 
value. The TORE, bit is cleared by accessing the 
serial communications status register (with 
TORE set), followed by writing to the serial com­
munication data register. Data can not be trans­
mitted unless the serial communications status 
register is accessed before writing to the serial 
communications data register to clear the TORE 
flag bit. Reset sets the TORE bit. 

B6, TC The transmit complete bit is set at the end of a 
data frame, preamble, or break condition if: 

1. TE = 1, TORE = 1, and no pending data, pre­
amble, or break is to be transmitted; or 

2. TE = 0, and the data, preamble, or break (in the 
transmit shift register) has been transmitted. 

The TC bit is a status flag which indicates that 
one of the above conditions has occurred. The 
TC bit is cleared by accessing the serial commu­
nications status register (with TC set), followed 
by writing to the serial communications data reg­
isler. It does not inhibit the transmitter fUnction in 
any way. Reset sets the TC bit. 

B5, RORF When the receive data register full bit is set, it indi­
cates that the receiver serial shift register is trans­
ferred to the serial communications data register. If 
multiple errors are detected in anyone received 
word, the NF, FE, and RORF bits will be affected 
as appropriate during the same clock cycle. The 
RORF bit is cleared when the serial communica­
tions status register is accassed (with RORF set) 
followed by a read of the serial communications 
data register. Reset clears the RORF bit. 

B4, IDLE When the idle line detect bit is set, it indicates 
that a receiver idle line is detected (receipt of a 
minimum number of ones to constitute the num­
ber of bits in the byte format). The minimum 
number of ones needed will be 10(M = 0) or 
11 (M = 1). This allows a receiver that is not in 
the wake-up mode to detect the end of a mes­
sage, detect the preamble of a new message, or 
to resynchronize with the transmitter. The IDLE 
bit is cleared by accessing the serial communi­
cations status register (with IDLE set) followed 
by a read of the serial communications data reg­
ister. The IDLE bit will not be set again until after 
an RORF has been set; i.e., a new idle line 
occurs. The IDLE bit is not set by an Idle line 
when the receiver "wakes up" from the wake-up 
mode. Reset clears the IDLE bit. 
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B3,OR 

B2,NF 

B1, FE 

When the overrun error bit is set, H indicates that 
the next byte is ready to be transferred from the 
receive shift register to the serial communications 
data register when it is already full (RDRF bit is 
set). Data transfer is then inhibited until the RDRF 
bit is cleared. Data in the serial communications 
data register is valid in this case, but additional 
data received during an overrun condition (includ­
ing the byte causing the overrun) will be lost. The 
OR bit is cleared when the serial communications 
status register is accessed (with OR set), fol­
lowed by a read of the serial communications 
data register. Reset clears the OR bit. 

The noise flag bit is set if there is noise on a 
"valid" start bit or if there is noise on any of the 
data bits or if there is noise on the stop bit. It is 
not set by noise on the idle line nor by invalid 
(false) start bits. If there is noise, the NF bit is 
not set until the RDRF flag is set. Each data bit 
is sampled three times as described above in 
RECEIVE DATA IN and shown in Figure 22. The 
NF bit represents the status of the byte in the 
serial communications data register. For the 
byte being received (shifted in) there will also be 
a "working" noise flag the value of which will be 
transferred to the NF bit when the serial data is 
loaded into the serial communications data reg­
ister. The NF bit does not generate an interrupt 
because the RDRF bit gets set with NF and can 
be used to generate the interrupt. The NF bit is 
cleared when the serial communications status 
register is accessed (with NF set), followed by a 
read of the serial communications data register. 
Reset clears the NF bit. 

The framing error bit is set when the byte bound­
aries in the bit stream are not synchronized with 
the receiver bit counter (generated by a "Iosf 
stop bit). The byte is transferred to the serial com­
munications data register and the RDRF bit is 
set. The FE bit does not generate an interrupt 
because the RDRF bit is set at the same time as 
FE and can be used to generate the interrupt. 
Note that if the byte received causes a framing 
error and it will also cause an overrun if trans­
ferred to the serial communications data register, 
then the overrun bit will be set, but not the fram­
ing error bit, and the byte will not be transferred to 
the serial communications data register. The FE 
bit is cleared when the serial communications 
status register is accessed (with FE set) followed 
by a read of the serial communications data reg­
ister. Reset clears the FE bit. 

Baud Rate Register 

The baud rate register provides the means for selecting dif­
ferent baud rates which may be used as the rate control for 
the transmitter and receiver. The SCPO - SCP1 bits function 

as a prescaler for the SCRO - SCR2 bits. Together, these five 
bits provide multiple, baud rate combinations for a given 
crystal frequency. 

B5, SCP1, These two bits in the baud rate register are used 
B4, SCPO as a prescaler to increase the range of standard 

SCPl 

0 

0 

1 

1 

baud rates controlled by the SCRO - SCR2 bits. 
A table of the prescaler internal processor clock 
division versus bit levels is provided below. 
Reset clears SCP1 - SCPO bits (divide-by-one). 

INTERNAL PROCESSOR 
SCPO CLOCK DIVIDE BY 

0 1 

1 3 

0 4 

1 13 

B2, SCR2, These three bits in the baud rate register are 
Bl, SCR1, used to select the baud rates of both the trans­
BO, SCRO miller and receiver. A table of baud rates versus 

SCR2 

0 

0 

0 

0 

1 

1 

1 

1 

bit levels is shown below. Reset does not affect 
the SCR2 - SCRO bits. 

PRESCALER OUTPUT 
SCRl SCRO DIVIDE BY 

0 0 1 

0 1 2 

1 0 4 

1 1 8 

0 0 16 

0 1 32 

1 0 64 

1 1 128 

The diagram of Figure 26 and Tables 5 and 6 illustrate the 
divided chain used to obtain the baud rate clock (transmit 
clock). Note that there is a fixed rate divide-by-16 between 
the receive clock (RT) and the transmit clock (Tx). The 
actual divider chain is controlled by the combined 
SCPO - SCP1 and SCRO - SCR2 bits in the baud rate regis­
ter as illustrated. All divided frequencies shown in the first 
table represent the final transmit clock (the actual baud rate) 
resulting from the internal processor clock division shown in 
the "divide-by" column only (prescaler division only). The 
second table illustrates how the prescaler output can be fur­
ther divided by action of the SCI select bits (SCRO - SCR2). 
For example, assume that a 9600Hz baud rate is required 
with a 2.4576MHz external crystal. In this case the prescaler 
bits (SCPO - SCP1) could be configured as a divide-by-one 
or a divide-by-four. If a divide-by-four prescaler is used, then 
the SCRO - SCR2 bits must be configured as a divide-by­
two. This results in a divide-by-128 of the internal processor 
clock to produce a 9600Hz baud rate clock. Using the same 
crystal, the 9600 baud rate can be obtained with a prescaler 
divide-by-one and the SCRO - SCR2 bits configured for a 
divide-by-eight. 

NOTE: The crystal frequency is internally divided-by-two to generate 
the internal processor clock. 
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TABLE 5. PRESCALER HIGHEST BAUD RATE FREQUENCY OUTPUTT 

SCPBIT (NOTE 1) CRYSTAL FREQUENCY MHz 
CLOCK 

1 0 DIVIDED BY (NOTE 2) 8.0 4.194304 4.0 2.4576 2.0 1.8432 

0 0 1 250.000kHz 131.072kHz 125.0ookHz 76.80kHz 62.50kHz 57.60kHz 

0 1 3 83.332kHz 43.691 kHz 41.666kHz 25.60kHz 20.833kHz 19.2OkHz 

1 0 4 62.5OOkHz 32.768kHz 31.250kHz 19.20kHz 15.625kHz 14.4OkHz 

1 1 13 19.2ookHz 10.082kHz 9600Hz 5.907kHz 4800Hz 4430Hz 

NOTES: 
1. The clock in the ·CLOCK DIVIDED BY· column Is the intemal processor clock. 
2. CDP68HSC05C4 and CDP68HSC05C8 types. 
3. The divided frequencies shown in Table 5 represent baud rates which are the highest transmit baud rate (Tx) that can be obtained by a 

specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing a further division using 
the SCI rate select bits as shown below for some representative prescaler outputs. 

TABLE 6. TRANSMIT BAUD RATE OUTPUT FOR A GIVEN PRESCALER OUTPUT 

SCR BITS REPRESENTATIVE HIGHEST PRESCALER BAUD RATE OUTPUT 

(NOTE 1) 
2 1 0 DIVIDE BY 250.0ookHz 131.072kHz 32.768kHz 76.80kHz 19.20kHz 9600Hz 

0 0 0 1 . 131.072kHz 32.768kHz 76.80kHz 19.20kHz 9600Hz 

0 0 1 2 125.000kHz 65.536kHz 16.384kHz 38.4OkHz 9600Hz 4800Hz 

0 1 0 4 62.5OOkHz 32.678kHz 8.192kHz 1920kHz 4800Hz 2400Hz 

0 1 1 8 31.250kHz 16.384kHz 4.096kHz 9600Hz 2400Hz 1200Hz 

1 0 0 16 15.625kHz 8.192kHz 2.048kHz 4800Hz 1200Hz 600Hz 

1 0 1 32 7.813kHz 4.096kHz 1.024kHz 2400Hz 600Hz 300Hz 

1 1 0 64 3.906kHz 2.048kHz 512Hz 1200Hz 300Hz 150Hz 

1 1 1 128 1.953kHz 1.024kHz 256Hz 600Hz 150Hz 75Hz 

NOTES: 

1. CDP68HSC05C4 and CDP68HSC05C8 types. 
2. Table 6 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler output 

frequency. The five examples are only representative samples. In all cases. the baud rates shown are transmit baud rates (transmit clock) 
and the receiver clock Is 16 times higher in frequency than the actual baud rate. 

Features Serial Peripheral Interface (SPI) 

INTRODUCTION AND FEATURES 

Introduction 

• Full Duplex. Three-Wire Synchronous Transfers 

The serial peripheral interface (SPI) is an interface built into 
the MCU which allows several MCUs. or one MCU plus 
peripheral devices. to be interconnected within a single "black 
box" or on the same printed circuit board. In a serial peripheral 
interface (SPI). separate wires (signals) are required for data 
and clock. In the SPI format. the clock is not included in the 
data stream and must be fumished as a separate signal. All 
SPI system may be configured as one containing one master 
MCU and several slave MCUs. or in a system in which an 
MCU is capable of being either a master or a slave. 

Figure 27 illustrates a typical multicomputer system configu­
ration. Figure 27 represents a system of five different MCUs 
in which there are one master and four slave (0. 1. 2. 3). In 
this system four basic line (signals) are required for the 
MOSI (master out slave in). MISO (master in slave out). 
SCK serial clock. and SS (slave select) lines. 

• Master or Slave Operation 

• Master Bit Frequency 

- 1.05MHz Maximum (CDP68HC05C4. CDP68HC05C8. 
and CDP68HCL05C4. CDP68HCL05C8) 
2.0MHz Maximum (CDP68HSC05C4. CDP68HSC05C8) 

• Slave Bit Frequency 

- 2.1 MHz Maximum (CDP68HC05C4. CDP68HC05C8. 
and CDP68HCL05C4. CDP68HCL05C8) 

4.0MHz Maximum (CDP68HSC05C4. CDP68HSC05C8) 

• Four Programmable Master Bit Rates 

• Programmable Clock Polarity and Phase 

• End of Transmission Interrupt Flag 

• Write Collision Flag Protection 

• Master-Master Mode Fault Protection Capability 
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CDP88HCOSC4 SLAVE 0 

MISO 

l MOSI I MISO MOSI SCK SS 
SCK 

CDP6BHCOSCB SS I-- VDD I MASTER 0 
1 

PORT 2 
3 

I I 
IMiSO MOSI SCK SS I MlSO MOSI SCK IS I MISO MOSI SCK SS 

CDP6BHC05C4 SLAVE 3 CDP6BHC05C4 SLAVE 2 CDP6BHC05C4 SLAVE 1 

FIGURE 27. MASTER-SLAVE SYSTEM CONFIGURATION (SINGLE MASTER, FOUR SLAVES) 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, SS) discussed 
above are described in the following paragraphs. Each sig­
nal function is described for both the master and slave 
mode. 

Master Out Slave In (MOSI) 

The MOSI pin is configured as a data output in a master 
(mode) device and as a data input in a slave (mode) device. 
In this manner data is transferred serially from a master to a 
slave on this line; most significant bit first, least significant bit 
last. The timing diagrams of Figure 28 summarize the SPI 
timing and show the relationship between data and clock 
(SCK). As shown in Figure 28, four possible timing relation­
ships may be chosen by using control bits CPOL and CPHA. 
The master device always allows data to be applied on the 
MOSI line a half-cycle before the clock edge (SCK) in order 
for the slave device to latch the data. 

NOTE: Bolh Ihe slave device(s) and a masler device muSt be pro­
grammed 10 similar timing modes for proper data transfer. 

When the master device transmits data to a second (slave) 
device via the MOSI line, the slave device responds by send­
ing data to the master device via the MISO line. This implies 
full duplex transmission wkh both data out and data in syn­
chronized with the same clock signal (one which is provided 
by the master device). Thus, the byte transmkted is replaced 
by the byte received and eliminates the need for separate 
transmit-empty and receiver-full status bits. A single status bit 
(SPIF) is used to signify that the I/O operation is complete. 

Configuration of the MOSI pin is a function of the MSTR bit 
in the serial peripheral control register (SPCR, location $OA). 
When a device is operating as a master, the MOSI pin is an 
output because the program in firmware sets the MSTR bit 
to a logic one. 

Master In Slave Out (MISO) 

The MISO pin is configured as an input in a master (mode) 
device and as an output in a slave (mode) device. In this 
manner data is transferred serially from a slave to a master 

on this line; most significant bit first, least Significant bit last. 
The MISO pin of a slave device is placed in the high-imped­
ance state if it is not selected by the master; i.e., its SS pin is 
a logic one. The timing diagram of Figure 28 shows the rela­
tionship between data and clock (SCK). As shown In Figure 
28, four possible timing relationships may be chosen by 
using control bits CPOL and CPHA. The master device 
always allows data to be applied on the MOSI line a half­
cycle before the clock edge (SCK) in order for the slave 
device to latch the data. 

NOTE: The slave devlce{s) and a master device must be program­
med to similar timing modes for proper data transfer. 

When the master device transmits data to a slave device via 
the MOSI line, the slave device responds by sending data to 
the master device via the MISO line. This implies full duplex 
transmission with both data out and data in synchronized 
with the same clock signal (one which is provided by the 
master device). Thus, the byte transmitted is replaced by the 
byte received and eliminates the need for separate transmit­
empty and receiver-full status bits. A single status bit (SPIF) 
in the serial peripheral status register (SPSR, location SOB) 
is used to signify that the VO operation is complete. 

In the master device, the MSTR control bit in the serial 
peripheral control register (SPCR, location $OA) is set to a 
logic one (by the program) to allow the master device to 
receive data on its MISO pin. In the slave device, its MISO 
pin is enable by the logic level of the SS pin; i.e., if SS = 1 
then the MISO pin is placed in the high-impedance state, 
whereas, if SS = 0 the MISO pin is an output for the slave 
device. 

Serial Clock (SCI<) 

The serial clock is used to synchronize the movement of data 
both in and out of the device through ks MOSI and MISO pins. 
The master and slave devices are capable of exchanging a 
data byte of information during a sequence of eight clock 
pulses. The SCK is generated by the master device, is an 
input on all slave devices, and synchronizes master/slave 
data transfers. The type of clock and ks relationship to data 
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SCK (CPOL = 0, CPHA = 0) 

SCK (CPOL = 0, CPHA = 1) 

SCK (CPOL = 1, CPHA = 0) 

SCK (CPOL = 1, CPHA = 1) 

1 

I 
INTERNAL STROBE FOR DATA CAPTURE (ALL MODES) 

FIGURE 28. DATA CLOCK TIMING DIAGRAM 

are controlled by the CPOl and CPHA bits in the Serial 
Peripheral Control Register (SPCR, location $OA) discussed 
below. Refer to Figure 28 for timing. 

The master device generates the SCK through a circuit 
driven by the internal processor clock. Two bits (SPRO and 
SPR1) in the SPCR of the master device select the clock 
rate. The master device uses the SCK to latch incoming 
slave device data on the MISO line and shifts out data to the 
slave device on the MOSI line. Both master and slave 
devices must be operated in the same timing mode as con­
trolled by the CPOl and CPHA bits in the SPCR. In slave 
devices, SPRO, SPR1 have no effect on the operation of the 
SPI. Timing is shown in Figure 28. 

Slave Select (55) 

The slave select (SS) pin is a fixed input, which receives an 
active low ~nal to enable slave device(s) to transfer data. A 
high level SS signal forces the MISO line to the high-imped­
ance state. Also~CK and MOSI are ignored by a slave 
device when its SS signal is high. The SS signal must be 
driven low prior to the first SCK and must remain low 
throughout a transfer. The SS input on a Master must be 
held high at all times (see description of MODF under Serial 
Peripheral Status Register for more details). 

As shown in Figure 28, with CPHA = 0, the first bit of data 
must be applied to the MISO line prior to the first transition of 
the SCK. In this case, SS going low is used to provide the 
first clock edge of a transfer. A device is prevented from writ­
ing to its SPI data register while SS is low and CPHA = 0 
(see description of WCOl under Serial Peripheral Status 
Register for more details). These facts require that 55 go 
high between SPI data transfers whenever CPHA = O. 

When CPHA = 1, the SS of a slave can be held low through­
out a series of SPI transfers and in a single slave system 
can even be permanently wired low. 

When a device is a master, it constantly monitors its SS sig­
nal input for a logic low. The master device will become a 
slave device any time its SS signal input is detected low. 

This ensures that there is only one master controlling the SS 
line for a particular system. When the SS line is detected 
low, it clears the MSTR control bit (serial peripheral control 
register, location $OA). Also, control bit SPE in the serial 
peripheral control register is cleared which causes the serial 
peripheral interface (SPI) to be disabled. The MODF flag bit 
in the serial peripheral status register (location $OB) is also 
set to indicate to the master device that another device is 
attempting to become a master. Two devices attempting to 
be outputs are normally the result of a software error; how­
ever, a system could be configured which would contain a 
default master which would automatically '1ake-over" and 
restart the system. 

FUNCTIONAL DESCRIPTION 

A block diagram of the serial peripheral interface (SPI) is 
shown in Figure 29. In a master configuration, the master 
start logiC receives an input from the CPU (in the form of a 
write to the SPI rate generator) and originates the system 
clock (SCK) based on the internal processor clock. This 
clock is also used internally to control the state controller as 
well as the 8-bit shift register. As a master device, data is 
parallel loaded into the 8-bit shift register (from the internal 
bus) during a write cycle, data is applied serially from a slave 
device via the MISO pin to the 8-bit shift register. After the 
8-bit shift register is loaded, its data is parallel transferred to 
the read buffer and then is made available to the internal 
data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives a logic 
low (from a master device) at the SS pin and a system clock 
input (from the same master device) at the SCK pin. Thus, the 
slave is synchronized with the master. Data from the master is 
received serially at the slave MOSI pin and loads the 8-bit 
shift register. After the 8-bit shift register is loaded, its data is 
parallel transferred to the read buffer and then is made avail­
able to the internal data bus during a CPU read cycle. During 
a write cycle, data is parallel loaded into the 8-b~ shift register 
from the intemal data bus and then shifted out serially to the 
MISO pin for application to the master device. 
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The SS, SCK, MOSI and MISO are external pins which provide the following functions: 

1. MOSI - Provides serial output to slave unlt(s) when device is configured as a master. Receives serial Input from master unit when device 
is configured as a slave unit. 

2. MISO - Receives serial Input from slave unit(s) when device is configured as a master. Provides serial output to master when device Is 
configured as a slave unit. 

3. SCK - Provides system clock when device Is configured as a master unit. Receives system clock when device Is configured as a slave unit. 
4. SS - Provides a logic low to select device for a transfer with a master device. 

FIGURE 29. SERIAL PRIPHERAL INTERFACE BLOCK DIAGRAM 

Figure 30 illustrates the MOSI, MISO, and SCK master­
slave interconnections. Note that in Figure 30 the master S8 
pin is tied to a logic high and the slave SS pin is a logic low. 
Figure 27 provides a larger system connection for these 
same pins. Note that in Figure 27, all SS pins are connected 
to a port pin of a master/slave device. In this case any of the 
devices can be a slave. 

MASTER 

:MISO 

'MOSI 

'SCK 

: ss 
:- +5V 

MISO: 

, 
MOSI' 

SCK' 

ss: 
ov -; 

SLAVE 

FIGURE 30. SERIAL PERIPHERAL INTERFACE MASTER­
SLAVE INTERCONNECTION 

REGISTERS 

There are three register in the serial parallel interface which 
provide control, status, and data storage functions. These 
registers which include the serial peripheral control register 
(SPCR, location $OA), serial peripheral status register 
(SPSR, location $OB), and serial peripheral data I/O register 
(SPDR, location $OC) are described below. 

Serial PerIpheral Control Register (SPCR) 

SOA 

The serial peripheral control register bits are defined as 
follows: 

B7, SPIE When the serial peripheral interrupt enable is 
high, it allows the occurrence of a processor 
interrupt, and forces the proper vector to be 
loaded into the program counter if the serial 
peripheral status register fiag bit (SPIF and/or 
MODE) is set to a logic one. It does not inhibit 
the setting of a status bit. The SPIE bit is cleared 
by reset. 

B6, SPE When the serial peripheral output enable control 
bit Is set, all output drive is applied to the 
external pins and the system is enabled. When 
the SPE bit is set, it enables the SPI system by 
connecting it to the external pins thus allowing it 
to interface with the external SPI bus. The pins 
that are defined as output depend on which 
mode (master or slave) the device is in. 
Because the SPE bit is cleared by reset, the SPI 
system is not connected to the external pins 
upon reset. 
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84, MSTR The master bit determines whether the device is 
a master or a slave. If the MSTR bit is a logic 
zero it indicates a slave device and a logic one 
denotes a master device. If the master mode is 
selected, the function of the SCK pin changes 
from an input to an output and the function of the 
MISO and MOSI pins are reversed. This allows 
the user to wire device pins MISO to MISO, and 
MOSI to MOSI, and SCK to SCK without inci­
dent. The MSTR bit is cleared by reset; there­
fore, the device is always placed in the slave 
mode during reset. 

83, CPOl The clock polarity bit controls the normal or 
steady state value of the clock when data is not 
being transferred. The CPOl bit affects both the 
master and slave modes. It must be used in con­
junction with the clock phase control bit (CPHA) 
to produce the wanted clock-data relationship 
between a master and a slave device. When the 
CPOl bit is a logic zero, it produces a steady 
state low value at the SCK pin of the master 
device. If the CPOl bit is a logic one, a high value 
is produced at the SCK pin of the master device 
when data is not being transferred. The CPOl bit 
is not affected by reset. Refer to Figure 28. 

82, CPHA The clock phase bit controls the relationship 
between the data on the MISO and MOSI pins 
and the clock produced or received at the SCK 
pin. This control has effect in both the master and 
slave modes. It must be used in conjunction with 
the clock polarity control bit (CPOl) to produce 
the wanted clock-data relation. The CPHA bit in 
general selects the clock edge which captures 
data and allows it to change states. It has its 
greatest impact on the first bit transmitted (MSB) 
in that it does or does not allow a clock transition 
before the first data capture edge. The CPHA bit 
is not affected by reset. Refer to Figure 28. 

Bl, SPRI These two serial peripheral rate bits select one 
BO, SPRO of four baud rates to used as SCK if the device 

is a master; however they have no effect in the 
slave mode. The slave device is capable of shift­
ing data in and out at a maximum rate which is 
equal to the CPU clock. A rate table is given 
below for the generation of the SCK from the 
master. The SPRI and SPRO bits are not 
affected by reset. 

INTERNAL PROCESSOR 
SPRI SPRO CLOCK DIVIDE BY 

0 0 2 

0 1 4 

1 0 16 

1 1 32 

Serial Peripheral Status Register (SPSR) 

I S;IF IW~OLI ~ IM~DFI ~ I 2 I I 0 I SOB 

The status flags which generate a serial peripheral interface 
(SPI) interrupt may be blocked by the SPIE control bit in the 
serial peripheral control register. The WCOl bit does not 
cause an interrupt. The serial peripheral status register bits 
are defined as follows: 

B7, SPIF The serial peripheral data transfer flag bit noti­
fies the user that a data transfer between the 
device and an external device has been com­
pleted. With the completion of the data transfer, 
SPIF is set, and if SPIE is set, a serial peripheral 
interrupt (SPI) is generated. During the clock 
cycle that SPIF is being set, a copy of the 
received data byte in the shift register is moved 
to a buffer. When the data register is read, it is 
the buffer that is read. During an overrun condi­
tion, when the master device has sent several 
bytes of data and the slave device has not 
responded to the first SPIF, only the first byte 
sent is contained in the receiver buffer and all 
other bytes are lost. 

The transfer of data Is initiated by the master 
device writing its serial peripheral data register. 

Clearing the SPIF bit is accomplished by a soft­
ware sequence of accessing the serial periph­
eral status register while SPIF is set and 
followed by a write to or a read of the serial 
peripheral data register. While SPIF is set, all 
writes to the serial peripheral data register are 
inhibited until the serial peripheral status register 
Is read. This occurs in the master device. In the 
slave device, SPIF can be cleared (using a simi­
lar sequence) during a second transmission; 
however, it must be cleared before the second 
SPIF in order to prevent an overrun condition. 
The SPIF bit is cleared by reset. 

B6, WCOl The function of the write collision status bit is to 
notify the user that an attempt was made to write 
the serial peripheral data register while a data 
transfer was taking place with an extemal 
device. The transfer continues uninterrupted; 
therefore, a write will be unsuccessful. A "read 
collision" will never occur since the received 
data byte is placed in a buffer in which access is 
always synchronous with the MCU operation. If 
a "write collision" occurs, WCOl is set but no 
SPI interrupt is generated. The WCOl bit is a 
status flag only. 

Clearing the WCOl bit is accomplished by a 
software sequence of accessing the serial 
peripheral status register while WCOl Is set, fol­
lowed by 1) a read of the serial peripheral data 
register prior to the SPIF bit being set, or 2) a 
read or write of the serial peripheral data regis-
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ter after the SPIF bit is set. A write to the serial 
peripheral data register (SPDR) prior to the 
SPIF bit being set, will result in generation of 
another WCOl status flag. Both the SPIF and 
WCOl bits will be cleared in the same 
sequence. If a second transfer has started while 
trying to clear (the previously set) SPIF and 
WCOl bits with a clearing sequence containing 
a write to the serial peripheral data register, only 
the SPIF bit will be cleared. 

A collision of a write to the serial peripheral data 
register while an external data transfer is taking 
place can occur in both the master mode and 
the slave mode, although with proper program­
ming the master device should have sufficient 
information to preclude this collision. 

Collision in the master device is defined as a 
write of the serial peripheral data register while 
the internal rate clock (SCK) is in the process of 
transfer. The signal on the SS pin is always high 
on the master device. 

A collision in a slave device is defined in two 
separate modes. One problem arises in a slave 
device when the CPHA control bit is a logic zero. 
When CPHA is a logic zero, data is latched with 
the occurrence of the first clock transition. The 
slave device does not have any way of knowing 
when that transition will occur; therefore, the 
slave device collision occurs when it attempts to 
write the serial peripheral data re~er after its 
SS pin has been pulled low. The SS pin of the 
slave device freezes the data in its serial periph­
eral data register and does not allow it to be 
altered if the CPHA bit is a logic zero. The mas­
ter device must raise the SS pin of the slave 
device high between each byte it transfers to the 
slave device. 

The second collision mode is defined for the 
state of the CPHA control bit being a logic one. 
With the CPHA bit set, the slave device will be 
receiving a clock (SCK) edge prior to the latch of 
the first data transfer. This first clock edge will 
freeze the data in the slave device I/O register 
and allow the MSB onto the external MISO pin 
of the slave device. The SS pin low state 
enables the slave device but the drive onto the 
MISO pin does not take place until the first data 
transfer clock edge. The WCOl bit will only be 
set if the I/O register is accessed while a transfer 
is taking place. By definition of the second colli­
sion mode, a master device might hold a slave 
device SS pin low during a transfer of several 
bytes of data without a problem. 

A special case of WCOl occurs in the slave 
device. This happens when the master device 
starts a transfer sequence (an edge on SCK for 
CPHA = 1; or an active SS transition for CPHA = 
0) at the same time the slave device CPU is writ­
ing to its serial peripheral interface data register. 

In this case it is assumed that the data byte writ­
ten (in the slave device serial peripheral inter­
face) is lost and the contents of the slave device 
read buffer becomes the byte that is transferred. 
Because the master device receives back the 
last byte transmitted, the master device can 
detect that a fatal WCOl occurred. 

Since the slave device is operating asynchro­
nously with the master device, the WCOl bit 
may be used as an indicator of a collision occur­
rence. This helps alleviate the user from a strict 
real-time programming effort. The WCOl bit is 
cleared by reset. 

B4, MODF The function of the mode fault flag is defined for 
the master mode (device). If the device is a 
slave device the MODF bit will be prevented 
from toggling from a logic zero to a logic one; 
however, this does not prevent the device from 
being in the slave mode with the MODF bit set. 
The MODF bit is normally a logic zero and is set 
only when the master device has its SS pin 
pulled low. Toggling the MODF bit to a logic one 
affects the internal serial peripheral interface 
(SPI) system in the following ways: 

1. MODF is set and SPI interrupt is generated if 
SPIE = 1. 

2. The SPE bit is forced to a logic zero. This 
blocks all output drive from the device, dis­
ables the SPI system. 

3. The MSTR bit is forced to a logic zero, thus 
forcing the device into the slave mode. 

Clearing the MODF is accomplished by a soft­
ware sequence of accessing the serial periph­
eral status register while MODF is set followed 
by a write to the serial peripheral control regis­
ter. Control bit SPE and MSTR may be restored 
to their original set state during this cleared 
sequence or after the MODF bit has been 
cleared. Hardware does not allow the user to set 
the SPE and MSTR bit while MODF is a logiC 
one unless it is during the proper clearing 
sequence. The MODF flag bit indicates that 
there might have been a multi-master conflict for 
system control and allows a proper exit from 
system operation to a reset or default system 
state. The MODF bit is cleared by reset. 

Serial Peripheral Data va Register (SPDR) 

1 7 1 6 1 5 141 3 121 1 1 0 1 
I Serial Peripheral Data va Register J SOC 

The serial peripheral data I/O register is used to transmit and 
receive data on the serial bus. Only a write to this register 
will initiate transmission/reception of another byte and this 
will only occur in the master device. A slave device writing to 
its data I/O register will not initiate a transmission. At the 
completion of transmitting a byte of data, the SPIF status bit 
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is set in both the master and slave devices. A write or read of 
the serial peripheral data 1/0 register, after accessing the 
serial peripheral status register with SPIF set, will clear SPIF. 

During the clock cycle that the SPIF bit is being set, a copy 
of the received data byte in the shift register is being moved 
to a buffer. When the user reads the serial peripheral data 
1/0 register, the buffer is actually being read. During an over­
run condition, when the master device has sent several 
bytes of data and the slave device has not internally 
responded to clear the first SPIF, only the first byte is con­
tained in the receive buffer of the slave device; all others are 
lost. The user may read the buffer at any time. The first SPIF 
must be cleared by the time a second transfer of data from 
the shift register to the read buffer is initiated or an overrun 
condition will exist. 

A write to the serial peripheral data 1/0 register is not buff­
ered and places data directly into the shift register for trans­
mission. 

The ability to access the serial peripheral data 1/0 register is 
limited when a transmission is taking place. It is important to 
read the discussion defining the WCOL and SPIF status bit 
to understand the limits on using the serial peripheral data 
1/0 register. 

SERIAL PERIPHERAL INTERFACE (SPI) 
SYSTEM CONSIDERATIONS 

There are two types of SPI systems; single master system 
and multi-master systems. Figure 27 illustrates a single 
master system and a discussion of both is provided below. 

Figure 27 illustrates how a typical single master system may 
be configured, using a CDP68HC05 family device as the 
master and four CDP68HC05 family devices as slaves. As 
shown, the MOSI, MISO, and SCK pins are all wired to 
equivalent pins on each of the five devices. The master 
device generates the SCK clock, the slave devices all 
receive it. Since the CDP68HC05 master device is the bus 
master, it internally controls the function of its MOSI and 
MISO lines, thus writing data to the slave devices on the 
MOSI and reading data from the slave devices on the MISO 
lines. The master device selects the individual slave devices 
by using four pins of a parallel port to control the four SS 
pins of the slave devices. A slave device is selected when 
the master device pulls its SS pin low. The SS pins are 
pulled high during reset since the master device ports will be 
forced to be inputs at that time, thus disabling the slave 
devices. Note that the slave devices do not have to be 
enabled in a mutually exclusive fashion except to prevent 
bus contention on the MISO line. For example, three slave 
devices, enabled for a transfer, are permissible if only orle 
has the capability of being read by the master. An example 
of this is a write to several display drivers to clear a display 
with a single I/O operation. To ensure that proper data trans­
mission is occurring between the master device and a slave 
device, the master device may have the slave device 
respond with a previously received data byte (this data byte 
could be inverted or at least be a byte that is different from 
the last one sent by the master device). The master device 

will always receive the previous byte back from the slave 
device if all MISO and MOSI lines are connected and the 
slave has not written its data 1/0 register. Other transmission 
security methods might be defined using ports for hand­
shake lines or data bytes with command fields. 

A multi-master system may ,also be configured by the user. 
An exchange of master control could be implemented using 
a handshake method through the I/O ports or by an 
exchange of code messages through the serial peripheral 
interface system. The major device control that plays a part 
in this system is the MSTR bit in the serial peripheral control 
register and the MODF bit in the serial peripheral status 
register. 

Effects of Stop and Wait Modes on the 
Timer and Serial Systems 
INTRODUCTION 

The STOP and WAIT instructions have different effects on 
the programmable timer, serial communications interface 
(SCI), and serial peripheral interface (SPI) systems. These 
different effects are discussed separately below. 

STOP MODE 

When the processor executes the STOP instruction, the 
internal oscillator is turned off. This halts all internal CPU 
processing including the operation of the programmable 
timer, serial communications interface, and serial peripheral 
interface. The only way for the MCU to "wake up" from the 
stop mode Is by receipt of an external interrupt (logic low on 
IRQ pin) or by the detection of a reset (logic low on RESET 
pin or a power-on reset). The effects of the stop mode on 
each of the MCU systems (Timer, SCI, and SPI) are 
described separately. ' 

Timer During Stop Mode 

When the MCU enters the stop mode, the timer counter 
stops counting (the internal processor is stopped) and 
remains at that particular count value until the stop mode is 
exited by an interrupt (if exited by reset the counter is forced 
to $FFFC). If the stop mode is exited by an extemal low on 
the IRQ pin, then the counter resumes from its stopped 
value as if nothing had happened. Another feature of the 
programmable timer, in the stop mode, is that if at least one 
valid Input capture edge occurs at the TCAP pin, the input 
capture detect Circuitry is armed. This action does not set 
any timer flags or "wake up" the MCU, but when the MCU 
does "wake up" there will be an active input capture flag (and 
data) from that first valid edge which occurred during the 
stop mode. If the stop mode is exited by an external reset 
(logic low on RESET pin), then no such Input capture flag or 
data action takes place even if there was a valid input cap­
ture edge (at the TCAP pin) during the MCU stop mode. 

SCI During Stop Mode 

When the MCU enters the stop mode, the baud rate genera­
tor which drives the receiver and transmitter is shut down. 
This essentially stops all SCI activity. The receiver is unable 

2-52 



CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8 

to receive and transmitter is unable to transmit. If the STOP 
instruction is executed during a transmitter transfer, that 
transfer is halted. When the stop mode is exited, that partic­
ular transmission resumes (if the exit is the result of a low 
input to the IRQ pin). Since the previous transmission 
resumes after an IRQ interrupt stop mode exit, the user 
should ensure that the SCI transmitter is in the idle state 
when the STOP instruction is executed. If the receiver is 
receiving data when the STOP instruction is executed, 
received data sampling is stopped (baud rate generator 
stops) and the rest of the data is lost. For the above reasons, 
all SCI transactions should be in the idle state when the 
STOP instruction is executed. 

SPI During Stop Mode 

When the MCU enters the stop mode, the baud rate generator 
which drives the SPI shuts down. This essentially stops all 
master mode SPI operation, thus the master SPI is unable to 
transmit or receive any data. If the STOP instruction is exe­
cuted during an SPI transfer, that transfer is ha~ed until the 
MCU exits the stop mode (provided it is an exit resulting from 
a logic low on the IRQ pin). If the stop mode is exited by a 
reset, then the appropriate controVstatus b~s are cleared and 
the SPI is disabled. If the device is in the slave mode when 
the STOP instruction is executed, the slave SPI will still oper­
ate. It can still accept data and clock information in add~ion to 
transmitting its own data back to a master device. 

At the end of a possible transmission with a slave SPI in the 
stop mode, no flags are set until a logic low IRQ input results 
in an MCU ·wake up". Caution should be observed when 

operating the SPI (as a slave) during the stop mode because 
none of the protection circuitry (write collision, mode fault, 
etc.) is active. 

It should also be noted that when the MCU enters the stop 
mode all enabled output drivers (TOO, TCMP, MISO, MOSI, 
and SCK ports) remain active and any sourcing currents 
from these outputs will be part of the total supply current 
required by the device. 

WAIT MODE 

When the MCU enters the wait mode, the CPU clock is 
halted. All CPU action is suspended; however, the timer, 
SCI, and SPI systems remain active. In fact an interrupt from 
the timer, SCI, or SPI (in addition to a logic low on the IRQ or 
RESET pins) causes the processor to exit the wait mode. 
Since the three systems mentioned above operate as they 
do in the normal mode, only a general discussion of the wait 
mode is provided below. 

The wait mode power consumption depends on how many 
systems are active. The power consumption will be highest 
when all the systems (timer, TCMP, SCI, and SPI) are active. 
The power consumption will be the least when the SCI and 
SPI systems are disabled (timer operation cannot be dis­
abled in the wait mode). If a non-reset exit from the wait 
mode is performed (i.e., timer overflow interrupt exit), the 
state of the remaining systems will be unchanged. If a reset 
exit from the wait mode is performed all the systems revert 
to the disabled reset state. 
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(I) HARRIS CDP68HC05D2 
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Features 
-Typical Power ~ Operating •••••••••••••••• 17.5mW 

~ WAIT ••••••••••••••••••••••• BmW 
~ STOP ••••••••••••••••••••• 10.0flW 

- Fully Static Operation 
- On-Chip RAM ••••••••••••••••••••••••••••• 96 Bytes 
- On-Chip ROM •••••••••.••••••••••••••••• 2176 Bytes 
-I/O Lines 

~ BidirectionalI/O Lines ••••••••••••••••••••••••• 28 
~ Input Only Lines •••••••••••••••••••••••••• , ••••• 3 

- Programmable-open Drain Output Lines •••••••••• 12 
- On-Chip Oscillator for Timer 
- Internal 16-Bit Timer 
- Serial Peripheral Interface (SPI) 
- External (IRQ), Timer, Port B and Serial Interrupts 
- Self Check Mode 
- Single 2.5V to 6V Supply (2V Data Retention Mode) 
- RC or Crystal On-Chip Oscillator 
-8x8 Multiply Instruction 
- True Bit Manipulation 
- Indexed Addressing for Tables 
- Memory Mapped I/O 

General 
The CDP68HC05D2 Microcontroller Unit (MCU) belongs to 
the CDP6805 Family of Microcontrollers. This 8-bit MCU 
contains on-chip oscillator, CPU, RAM, ROM, I/O, and Timer. 
The full"y static design allows operation at frequencies down 
to DC, further reducing its already low power consumption. It 
is a low power processor designed for low end to mid range 
applications in the telecommunications, consumer, automo­
tive and industrial markets where very low power consump­
tion constitutes an important factor. 

The CDP68HC05D2 is supplied in a 40 lead hermetic dual­
in-line sldebrazed ceramic package (D suffix), a 40 lead 

Pinouts 40 LEAD CERAMIC SIDEBRAZE DIP 
40 LEAD PLASTIC DIP 

TOP VIEW 
-"E-SET-~g-'''---'v 
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BPD~ 
~ PD4J8Q( 
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~131 PD""'" 
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PDO/T08C1 

~PCO 

I: 
I: 
F.1PC1 

8-Bit Microcontroller 

dual-in-Iine plastiC package (E suffix), a 44 lead plastic chip 
carrier (N suffix), and a 44 lead metric plastic quad fiatpack 
(Q suffix). 

Functional Pin Descriptions 
vDD and VSS 

Power is supplied to the MCU using these two pins. VDO is 
power and VSS is ground. 

N.C. 
The pin labelled N.C. should be left disconnected. 

IRQ (Maskable Interrupt Request) 
IRQ is a programmable option which provides two different 
choices of interrupt triggering sensitivity. These options are: 

1. Negative edge sensitive triggering only, or 

2. Both negative edge sensitive and level sensitive 
triggering. 

In the latter case, either type of input to the IRQ pin will prod­
uce the Interrupt. The MCU completes the current instruction 
before it responds to the interrupt request When the IRQ pin 
goes low for at least one tlLlH, a logiC one is latched internally 
to signify that an interrupt has been requested. When the 
MCU completes its current instruction, the interrupt latch is 
tested. If the interrupt latch contains a logic one, and the inter­
rupt mask bit (1 bit) in the condition code register is clear, the 
MCU then begins the interrupt sequence. If the option is se­
lected to include level sensitive triggering, then the IRQ input 
requires an external resistor to VDD for "wire-OR" operation. 
See the INTERRUPTS information for more detail. 

RESET 
The RESET input is not required for startup but can be used 
to reset thE! MCU internal state and provide an orderly soft­
ware startup procedure. Refer to the RESETs information for 
a detailed description. 

44 LEAD PLASTIC CHIP CARRIER 
TOP VIEW 

Iii; u!l Go 
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NOTE: 44 LEAD METRIC PLASTIC QUAD FLATPACK TBD 

CAUTION: These devices are sensitive 10 electrostatic discharge. Users should follOW proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1994 

File Number 1557.2 
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Fig. 1 - CDP68HC05D2 CMOS microcomputer block diagram. 

TCAP 
The TCAP input controls the input capture feature for the 
on-chip programmable timer system. Refer to the INPUT 
CAPTURE REGISTER section for additional information. 

TCMP 
The TCMP pin (35) provides an output for the output com­
pare feature of the on-Chip timer system. Refer to the OUT­
PUT COMPARE REGISTER section for additional informa­
tion. 

OSC1,OSC2 
The CDP68HC05D2 can be configured to accept either a 
crystal input or an RC network to control the internal oscil­
lator. This option is mask selectable. The internal clocks are 
derived by a divide-by-two of the internal oscillator fre­
quency (fosc). 

CRYSTAL. (CRYSTAL OPTION·) 

The circuit shown in Fig. 2(b) is recommended when using 
a crystal. The internal oscillator is designed to interface 
with an AT-cut parallel resonant quartz crystal resonator in 
the frequency range specified for fosc in the control timing 
charts. Use of an external CMOS oscillator is recommended 
when crystals outside the specified ranges are to be used. 
The crystal and components should be mounted as close as 
possible to the input pins to minimize output distortion and 
startup stabilization time. Refer to the Electrical Character­
istics Table. 

* Internal oscillator Input mask options 

CERAMIC RESONATOR (CRYSTAL OPTION·) 
A ceramic resonator may be used in place of the crystal in 
cost-sensitive applications. The circuit in Fig. 2(b) is 
recommended when using a ceramic resonator. Fig. 2(a) 
lists the recommended capacitance and feedback resistance 
values. The manufacturerofthe particular ceramic resonator 
being considered should be consulted for specific in­
formation. 

RC. (RESISTOR OPTION·) 
If the RC oscillator option is selected, then a resistor is 
connected to the oscillator pins as shown in Fig. 2(d). 

EXTERNAL CLOCK. 

An external clock should be applied to the OSC1 input with 
the OSC2 input not connected, as shown in Fig. 2(e). An 
external clock may be used with either the RC or crystal oscil­
lator option, however, the crystal option is recommended to 
reduce loading on the external clock source. The toxov or 
tlLCH specifications do not apply when using an external 
clock Input. The equivalent specification of the external clock 
should be used in lieu of toxov or tILCH' 

PAO-PA7 
These eight VO Input comprise port A. The state of any pin is 
software programmable and all port A lines are configured as 
input during power-on or reset. These lines are open drain 
software programmable. Refer' to INPUT/OUTPUT PRO­
GRAMMABLE information below for a detailed description of 
I/O programming. 
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Crystal Ceramic Resonator 

2MHz 4 MHz Units 
2-4 MHz Units 

RSMAX 400 75 0 Rs (typical) 10 0 
Co 5 7 pF Co 40 pF 
C, 0.008 0.012 pF C, 4.3 pF 

Cosc, 15-40 15-30 pF COSC1 30 pF 

COSC2 15-30 15-25 pF 

Rp 10 10 MO 

Cosc. 30 pF 
Rp 1-10 MO 
Q 1250 -

Q 30 40 K 

(a) Crystal/Ceramic Resonator Parameters 

COP68HCOS02 

OSC1 OSC2 

39 38 

....... ---101----

(b) Crystal Oscillator Connections 

CO P68HC05 02 

R 

(d) RC Oscillator Connections 

OSC 2 
38 

L 

OSC I 
39 

-38------~U~1 _________ 3_9 
(c) Equivalent Crystal Circuit 

COP68HC0502 

OSC1 OSC2 

39 638 

UNCONNECTED 
~----------~/,EXTERNAL 

CLOCK 

(e) External Clock Source Connections 

92CS-39366 

Fig. 2 - Oscillator Connections 
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PBO-PB7 
These eight lines comprise port S. The state of any pin is 
software programmable and all port S lines are configured 
as input during power-on or reset. These lines may be 
configured to generate interrupts. Refer to port S interrupt 
section. Refer to INPUTIOUTPUT PROGRAMMING par­
agraph below for a detailed description of I/O program­
ming. 

PCO-PC7 
These eight lines comprise port C. The state of any pin is 
software programmable and all port C lines are configured 
as input during power-on or reset. Refer to INPUT/OUT­
PUT PROGRAMMING paragraph below for. a detailed de­
scription of I/O programming. 

PDO-PD5, PD7 
These seven lines comprise Port D. Four pins (PD2-PD5) 
are individually programmable as either inputs or outputs. 
PD7 is always an input line. PDO-PD5Iines are setas inputs 
on power-on or reset. The enabled Timer and SPI special 
functions listed below affect the pins on this port. PDO-PD1 
(referred to as TOSC1, TOSC2) are used to control the 
oscillator for the timer in the external clock mode. If the 
external clock mode is not used, these pins are configured 
as inputs only. See sections EXTERNAL TIMER OSCILLA­
TOR and SPECIAL PURPOSE PORT. MOSI is the SPI Serial 
Data Output (in Master Mode) MISO is the SPI Serial Data 
Input (in Master Mode). SCK is the clock for the SPI (con­
figured as output in the Master Mode). SS is the Slave Select 
input for the SPI. 

Note: It Is recommended that all unused Inputs (except OSC2) and 
I/O ports configured as inputs be tied to an appropriate logic level 
(e.g. either VDD or V •• ). 

Parallel 1/0 
The 1/0 register section is found in the first 32 bytes of 
memory and includes the following: 
• Three programmable parallel ports (Ports A, S, and C) . 
• One port (Port D) with three input lines and four pro­

grammable lines which share its external pins with Serial 
Peripheral Interface (SPI) and Timer functions. 

The general memory arrangement for each system has a 
control register, followed by a status register, followed by a 
data register. A CPU read of any undefined/unused bits will 
obtain a value of "0". The register assignment may be found 
in Table II. 

InpuVOutput Programming 

Parallel Ports 
Ports A, S, and C may be programmed as an input or an 
output under software control. The direction of the pins is 
determined by the state of the corresponding bit in the port 
data direction register (DDR). Each 8-bit port has an asso­
ciated 8-bit data direction register. Any port A, 'port S, or 
port C pin is configured as an output if its corresponding 
DDR bit is set to alogicone. A pin is configured asan input if 
its corresponding DDR bit is cleared to a logic zero. At 
power-on or reset all DDRs are cleared, which configure all 
port A, S, and C pins as inputs. The data direction registers 
are capable of being written to or read by the processor. 

Refer to Fig. 3 and Table I. During the programmed output 
state, a read of the data register actually reads the value of 
the output data latch and not the 1/0 pin. 

As an option for Port A, the eight Port A outputs (PAO-PA7) 
can be programmed to be open drain outputs when bit 0 in 
the Special Port Control/Status register is set and their DDR 
bits are set. Also, the setting of the "Wired-OR" Mode 
(WOM) bit in the SPI Control Register will cause Port D lines 
2-5 (when programmed as outputs) to be open drain. 

SPECIAL PURPOSE PORT 
Port D contains four individually programmable bi-direc­
tionallines (PD2-PD5) and three input lines (PDO, PD1, and 
PD7). The direction of the four bi-directionallines is deter­
mined by the state of the data direction register (DDR). 
Each of these four lines has an associated DDR bit. The 
validity of a port bit is determined by whether the SPI sys­
tem and external timer oscillator are enabled or disabled. 
When the SPI system is disabled, lines PD2-PD5 behave as 
normal 110 lines and the corresponding DDR bits determine 
whether the lines are inputs or outputs. Lines PDO and PD1 
are inputs when the external timer oscillator is not used. 
However, once the external timer oscillator has been 
enabled, PD1 will become an output-only line until the 
processor is reset. 

A write to bits 0, 1, 6, and 7 of the Port D Data Direction 
Register will have no effect. A read of DDR bits 0, 1,6, and 7 
will always return zeros. 

Nole: When using the Serial Peripheral Interface (SPI), bit 5 of Port 
D is dedicated as the Slave Select (SS) input when the SPI system is 
enabled. In SPI Slave Mode, DDR bit5 has no meaning or effect. In 
SPI Master Mode, DDR bit 5 determines whether Port D bit 5 is an 
error detect input to the SPI (DDR bit clear) or a general purpose 
output line (DDR bit set). 

For bits 2, 3, and 4 (MISO, MOSI, and SCK), if the SPI is 
enabled and expects the bitto bean input, it will bean input 
regardless of the state of the DDR bit. If the SPI is enabled 
and expects the bitto be an output, it will be an output ONLY 
if the DDR bit is set. 

Memory 
The CDP68HC05D2 has a total address space of 8192 bytes. 
The address map is shown in Fig. 4. The CDP68HC05D2 has 
implemented 2550 bytes of the address locations. 

The first 256 bytes of memory (page zero) is comprised of 
the 1/0 port locations, timer locations, 128 bytes of ROM 
and 96 bytes of RAM. The next 2048 bytes comprise the user 
ROM. The 16 highest address bytes contain the reset and 
interrupt vectors. 

The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts and 
subroutine calls. At power-up, the stack pointer is set to 
$OOFF and it is decremented as data is pushed on the stack. 
When data is removed from the stack, the stack pOinter is 
incremented. A maxi mum of 64 bytes of RAM is avai lable for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts andlor subrou­
tine stacking purposes, the unused bytes are usable for 
program data storage. See Fig. 4 for details on stacking 
order. 
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INTERNAL 
CDP68HCOSD2 

CONNECTIONS 

R/W· 

0 
0 
1 

1 

CDP68HC05D2 

DATA DIRECTION 
REGISTER 

BIT 

LATCHED 
OUTPUT DATA 

BIT 

~u,,~ 
PORT ooR 

I 
~.~1~~0TE8 Dl!YICH flAV~ ~ 

PHYSICAL Sill. AliI:! AilE 
ENHANCeMENT 1'rii£. 

INTERNAL 
LOGIC 

2. IP' INPUT PROT.eTlaN, ' 
3. LATeH·U' phOTii:1'MSN MOT llI01iIit. 

Fig. 3 - Typical Parallel Port I/O CirCuitry 

Table I • I/O Pin Functions 

DDR I/O Pin Function 

0 TheVO pin Is in input mode. Data is written into the output data latch. 

1 Data is written into the output data latch a,nd outp;ut to the, 110 pin. 

0 The state of the I/O pin is read. 

1 The I/O pin is in an output mode. The output data latch is read. 

'R/W is an internal signal. 
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PIN 



$0000 

$00lF 
$0020 

$009F 
$OOAO 

$OOBF 
$OOCO 

$OOFF 
$0100 

$08FF 
$0900 

$lEFF 
$lFOO 

$lFDF 
$lFEO 

$lFEF 
$lFFO 

IIFFF 

1/0 
32 Bytes 

User 
ROM 

126 Bytes 

RAM 
96 Bytes 

------i Stack 
64 Bytes 

User 
ROM 

2048 Bytes 

Unused 
5632 Bytes 

Self Check 

1------

Self-Check 
Vectors 

User 
Vectors 
16 Bytes 

0000 

0031 
0032 

\ 

\ 

Ot59 
0160 

0191 
0192 

0255 
256 0 

\ 

2303 
2304 

7 
7 

935 
936 

B 
8 

8 

175 
176 

191 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

256 Bytes 

CDP68HC05D2 

Ports 
8 Bytes 

Unused 
2 Bytes 

Serial Peripheral 
Interface 
3 Bytes 

Unused 
5 Bytes 

Timer 
10 Bytes 

Unused 2 Bytes 

Special Port Controll 
Stat Register 

Unused 

1 Byte 

0000 

0031 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

Fig. 4 - Address Map 

Port A Data Register 

Port B Data Register 

Port C Data Register 

Port 0 Data Register 

Port A Data Direction Register 

Port B Data DirectIOn Register 

Port C Data DIrectIon Register 

Port 0 Data Direction Register 

Unused 

Unused 

Senal Peripheral Control Register 

Serral Peripheral Status Register 

Senal Peripheral Data 1/0 Register 

Unused 

Unused 

Unused 

Unused 

Unused 

Timer Control Register 

Timer Status Register 

Input Capture High Register 

Input Capture Low Register 

Output Compare HIgh Register 

Output Compare Low Register 

Counter High Register 

Counter Low Register 

Alternate Counter High Register 

Alternate Counter Low Register 

Unused 

Unused 

Special Port Cantrall Slat Register 

\ Unused 

92CS-381 t8R2 

Table II - CDP68HCOSD2 I/O Registers 

DATA 
5 • 

DATA 
7 

f--t--+--+---t--f--t--+-~ ~~ ~~~: 

f--t--:-+--+---t--f--t--+-~ ~:;:::~~:~~~' '~: ~~: ~~: EOE ECC 

100 

$01 

102 

103 

104 

IDE 

106 

107 

$08 

$09 

lOA 

SOB 

SOC 

SOD 

10E 

$OF 

110 

III 

112 

$13 

$14 

115 

116 

$17 

$18 

119 

I1A 

$18 

I1C 

$10 

lIE 

I1F 

IEDG OLVL 

f--t--+--+---t--f--t--+-~ 14 Capture High 
r-_+-_-r_-+_~ __ r-_+-_-r_-;15CaptureLow 

ADDRESS 
$OCIOO-$OO1 F 

00 PortA Data 

01 Port BOata 

02 Port C Oata 

03 PortO Data 

04 Port A OOR 

os Port S DDR 

06 PortCDDA 

07 PortO oDR 

08 Unused 

r--+--+--+-~--r--+--+--; 16 Compare High r--+--+--+-~-----1r--+--+-~ 
r--+---r--+-~--r--+---r--; 17 Compare Low f--t--+--+---t--If--t--+---j 

09 UnuSed r--+--+--+-~--r--+--+--; ~: ~:~~::~ :~~ 
~: ::: :~~:' :::: :~~L DWOM ~~~~ CPOL CPHA SPA1 SPRO ~: ~~:: ~~ :~~ r--+--+--+-~-~I--+---r-~ 
OC $PI Data 1 C Unused 

00 Unused 

OE Unused 
1DUnu~d ~~+-__ + __ -+ __ ~ ____ ~~~~~~~ f----t--+--+---!--t---t--+-~ 1 E Special Port PBIF DLY PBIE PAOD 

OF Unused 

• = dedicated as TeMP output 
- = unused bits 

Cntl/STAT 

1F Unused 
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7 

I 
7 

I 
12 

1 PC 

12 6 

1 01 0 1 0 1 0 1 0 11 11 1 

0 

A I 
X 

0 

I 
0 

I 
0 

I 

Accumulator 

Index Register 

Proll'ram Counter 

Stack Pointer 

Condition Code Register 
Carry/Borrow 

Zero 

Negative 

Interrupt Mask 
'--_____ Half Carry 

Fig. 5 - '-regt&mmln, m(H/tt/. 

7 
1 J1J 1 JCondition Code Register 

o Stack 
I 
N 

II Accumulator T 
E 
R 
R 

Increasing Memory 
Addresses 

Index Register Decreasing Memory 
Addresses 

U 
P 
T 

010 101 PCH 

PCl 

Unstack 

Nole: Since the Stack Pointer decrements during pushes, the PCl 
is stacked first, loll owed by PCH, etc. Pulling from the stack is in the 
reverse order. 

Fig. 6 - Stacking order. 

CfIIU ......... 
The CDP68HC05D2 CPU contains fiv~ registers, as Shown 
in the programming model of Fig. 5. The interNtDt staokinfj 
order is shown in Fig. 6. 

Accum .... t ... (A) 
The accumulator is an 8-bit general-purpose register used 
to hold operands, results of the arithmetic calculations, and 
data manipulations, 

mdex Retister (X) 
The x register is an 8-bit register which is used during the 
indexed modes of addressing. It provides an 8-bit value 
which is used to create an effective address. The index 
register is also used for data manipulations wi1+! the read-

modify-write type of instructions and as a \<efTtIDorary stor­
age register when not performing addressing operations. 

II,. ..... e........, (PC) 
The program counter is a 13-bit register that contains the 
address of the next instruction to be executed by the 
processor. 

Itaek, ...... (~ 
The stack pointer is a 13-bit register containing the a<Jaress 
of the next free locations on the ji>lJsl'1-down/pop-up stack. 
When accessing memory; the selien most silJAificant bits 
are permanently configufed to 0000011. Tl'lese seven bits 
are appended to the six least significant register bits to 
prOduce an a{l(jress within the rar1~ of $OOfF to $OOCO. The 
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stack area of RAM is used to store the return address on 
subroutine calls and the machine state during interrupts. 
During external or power-on reset, and during a reset stack 
pOinter (RSP), instruction, the stack pOinter is set to its 
upper limit ($OOFF). Nested interrupt and/or subroutines 
may use up to 64 (decimal) locations. When the 64 locations 
are exceeded, the stack pointer wraps around and points to 
its upper limit ($OOFF),losing the previously stored informa­
tion. A subroutine call occupies two RAM bytes on the 
stack, while an interrupt uses five RAM bytes. 

Condition Code Register (CC) 
The condition code register is a 5-bit register which indi­
cates the results of the instruction just executed as well as 
the state of the processor. These bits can be individually 
tested by a program and specified action taken as a result of 
thei r state. Each bit is explained in the following para­
graphs. 

HALF CARRY BIT (H). 
The H bit is set to a one when a carry occurs between bits 3 
and 4 of the ALU during an ADD or ADC instruction. The H 
bit is useful in binary-coded decimal subroutines. 

+9V 

INTERRUPT MASK BIT (I). 
When the I bit is set, all interrupts are disabled. Clearing this 
bit enables the interrupts. If an external interrupt occurs 
while the I bit is set, the interrupt is latched and is processed 
after the I bit is next cleared; therefore, no interrupts are lost 
because of the I bit being set An internal interrupt can be 
lost if it is cleared while the I bit is set (refer to PROGRAM­
MABLE TIMER, SERIAL PERIPHERAL INTERFACE, and 
PORT B INTERRUPT sections for more information. 

NEGATIVE (N). 
When set, this bit indicates that the result of the last arith­
metic, logical, or data manipulation is negative (bit 7 in the 
result is a logic one). 

ZERO (Z). 
When set, this bit indicates that the result of the last arith­
metic, logical, or data manipulation is zero. 

CARRY IBORROW (C). 
Indicates that a carry or borrow out of the arithmetic logic 
unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instruc­
tions, shifts, and rotates. 
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Fig. 7 - Self-Check Circuit Schematic Diagram 
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Self-Check 
The CDP68HCOSD2 contains in mask ROM address loca­
tions $1 FOO to $1 FEF, a program designed to check the 
part's integrity with a minimum of support hardware. The 
self-check capability of the CDP68HCOSD2 MCU provides 
an internal check to determine if the device is functional. 
Self-check is performed using the circuit shown in the 
schematic diagram of Fig. 7. As shown in the diagram, port 
C pins PCO-PC3 are monitored (light-emitting diodes are 
shown but other devices could be used) for the self-check 
results. The self-check mode is entered by aP..E.!Ying a 9Vdc 
input (through a 4.7 kilohm resistor) to the TRQ pin (2), a 
SVdc input (through a 10-kilohm resistor) to the TCAP pin 
(37), a 5Vdc input (through a 10K resistor) to Port B, bit 2 
(pin 14), and then depressing the reset switch to execute a 
reset. After reset, the following six tests are performed au­
tomatically: 

I/O - Functionally exercises ports A, B, and C 
RAM - Counter test for each RAM byte 
Timer - Tracks counter register and checks OCF flag 
ROM - Exclusive OR with odd ones parity result 
SPI - Transmission test with check for SPIF, WCOl, 

and MODF flags 
INTERRUPTS - Tests external, timer, Port Band SPI 

interrupts. 

Self-check results (using lEDs as monitors) are shown in 
Table III. The following subroutines are available to user 
programs and do not require any external hardware. 

Table III. Self-Check Results 

PC3 PC2 PC1 PCO Remarks 

1 0 0 1 Bad I/O 

1 0 1 0 Bad RAM 

1 0 1 1 Bad Timer 

1 1 0 0 Bad Port 0 and/or Timer Oscillator 

1 1 0 1 Bad ROM 

1 1 1 0 Bad SPI 

1 1 1 1 Bad Interrupts or IRQ Request 

Flashing Good Device 

All Others Bad Device, Bad Port C, etc. 

o indicates lED on; 1 indicates lED is off. 

TIMER TEST SUBROUTINE 
This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is 
called at location $1FOE. The output compare register is 
first set to the current timer state. Because the timer is 
free-running and has only a divide-by-four prescaler, each 
timer count cannot be tested. The test reads the timer once 
every 10 counts (40 cycles) and checks for correct count­
ing. The test tracks the counter until the timer wraps 
around, triggering the output compare flag in the timer 
status register. RAM locations $OOAO and $OOA 1 are over­
written. Upon return to the user's program, X=40. Ifthe test 
passed, A=O. 

ROM CHECKSUM SUBROUTINE 
This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is 
called at location $1 F93 with RAM location $00A3 equal to 
$01 and A = o. A short routine is set up and executed in RAM 

to compute a checksum of the entire ROM pattern. Upon 
return to the user's program, X=O. If the test passed, A=O. 
RAM locations $OOAO through $00A3 are overwritten. 

RESETS 
The CDP68HCOSD2 has two reset modes: an active low 
external reset pin (RESET) and a power-on reset function; 
refer to Fig. 8. 

RESET Pin 
The"RES"E'f input pin is used to reset the MCU to provide an 
orderly software startup procedure. When using the exter­
nal reset mode, the ~ pin must stay low for a minimum 
of one and one-half teye. The RESET pin contains an internal 
Schmitt Trigger as part of its inputto improve noise immuni­
ty. 

Power-On-Reset 
The power-on reset occurs when a positive transition is 
detected on VOD• The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for power-down reset. The power-on circuitry provides for a 
delay from the time that the oscillator becomes active upon 
power-up or when exiting the STOP mode. 

Associated with the mask programmable CPU oscillator 
option in the 02 is a mask option for controlling the timeout 
which occurs at power-on or when exiting the STOP mode. 
The user has a mask option of selecting a 4064 teye delay 
(which is required for the on-chip crystal oscillator) or a 2 cy­
cle timeout permitting faster startups with the RC oscillator 
mask option or external oscillator. 

To permit use of an external oscillator with crystal mask 
option and a two cycle delay when exiting from STOP, bit 2 
(Dl V) ofthe Special Port Control/Status Register (memory 
location $001 E), when set, will override the 4064 cycle 
mask-programmable delay and force a two cycle timeout. 
Since this bit is reset at power-on, the power-on delay will 
remain as mask-programmed. 

If the external RESET pin is low at the end of the delay 
timeout, the processor remains in the reset condition until 
the RESET goes high. Table IV shows the actions of the two 
resets on internal circuits, but not necessarily in order of 
occurrence. 

Interrupts 
Systems often require that normal processing be interrupt­
ed so that some external event may be serviced. The 
CDP68HCOSD2 may be interrupted by one of five different 
methods: either one of four maskable hardware interrupts 
(!Fro, SPI, PBINi, or Timer) and one non-maskable soft­
ware i nterru pt (SWI). I nterrupts such as Ti mer and SPI have 
several flags which will cause the interrupt. Generally, inter­
rupt flags are located in read-only status registers, while 
their equivalent enable bits are located in associated con­
trol registers. If the enable bit is a logic zero it blocks the 
interrupt from occurring but does not inhibit the flag from 
being set. Reset clears all enable bits to preclude interrupts 
during the reset procedure. 

The general sequence for clearing an interrupt is a software 
sequence of first accessing the status register while the 
interrupt flag is set, followed by a rea'd or write of an asso­
ciated register. When any of these interrupts occur, and if 
the enable bit is a logic one, normal processing is sus­
pended at the end of the current instruction execution. 
Interrupts cause the processor registers to be saved on the 
stack (see Fig. 6) and the Interrupt mask (I bit) set to prevent 
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INTERNAL 
PROCESSOR 

CLOCK * 

INTERNAL 
ADDRESS 

BUS * 

INTERNAL 
DATA __ ~ 

BUS* 

RES~ ________________________ ~.+:=tRL~ ~ ________________________ __ 

~**~-¥ 
* INTERNAL TIMING SIGNAL AND BUS INFORMATION NOT AVAILABLE EXTERNALLY. 92CM-39377 

** OSCI LINE IS NOT MEANT TO REPRESENT FREQUENCY. IT IS ONLY USED TO REPRESENT 
TIME. 

*** THE NEXT RISING EDGE OFTHE INTERNAL PROCESSOR CLOCK FOLLOWING THE RISING 
EDGE OF RESET INITIATES THE RESET SEQUENCE. 

**** DELAY IS MASK PROGRAMMABLE. (REFER TO THE SECTION DESCRIBING POWER-ON-RESET IN THE RESETS 
INFORMATION OF THIS DATA SHEET). 

Fig. 8 - Power-On Reset and RESIT 

Table IV. Reset Action on Internal Circuit 

Condition 

Timer Prescaler reset to zero state 
Timer counter configured to $FFFC 
Timer output compare (TCMP) bit reset to zero 
All timer interrupt enable bits cleared (ICIE. OCIE. and TOlE) to disable timer interrupts. 

The OlVl timer bit is also cleared by reset 
All data direction registers cleared to zero (input) 
Configure stack pointer to $OOFF 
Force internal address bus to restart vector ($1 FFE-$1 FFF) 
Set I bit in condition code register to a logic one 
Clear STOP latch' 
Clear external interrupt latch 
Clear WAIT latch 
Disable SPI (serial output enable control bit SPE=O). Other SPI bits cleared by reset include: 

SPIE. MSTR. SPIF. WCOl. and MODF. 
Clear serial interrupt enable bit 
Place SPI system in slave mode (MSTR=O) 
External timer oscillator disabled and 3-stated 
CPU oscillator connected to timer 
Reset Port B interrupt enable 
DWOM bit reset 
PAOD' bit reset 
Reset Dl Y bit in special control/status register 

'Indicates that timeout still occurs with RESET pin 
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additional interrupts. The appropriate interrupt vector then 
points to the starting address of the interrupt service routine 
(refer to Fig. 4 for vector location). Upon completion of the 
interrupt service routine, the RTI i"nstruction (which is nor­
mallya part of the service routine) causes the register con­
tents to be recovered from the stack followed by a return to 
normal processing. The stack order is shown in Fig. 6. 

Nole: The interrupt mask bit (I bit) will be cleared upon returning 
from the interrupt if and only if,the corresponding bit stored in the 
stack is zero. The priority of the various interrupts is as follows 
(highest priority to lowest priority: 

RESET - ' - EXT INT -: TIMER - SPI - Port B 

'is any instruction or the SWI service routine. 

A discussion of interrupts. plus a table listing vector addresses for 
all interrupts including reset, in the CDP68HC05D2 is provided in 
TableV. 

Table V. Vector Address for Interrupts and Reset 

Flag CPU Vector 
Register Name Interrupts Interrupt Address 

N/A N/A Reset RESET $1 FFE-$1 FFF 
N/A N/A Software SWI $1 FFC-$1 FFD 
N/A N/A External Interrupt IRQ $1 FFA-$1 FFB 

$1 FF8-$1 FF9 Timer Status ICF Input Capture TIMER 
OCF Output Compare 
TOF Timer Overflow 

SPI Status SPIF Transfer Complete SPI $1 FF4-$1 FF5 
MODF Mode Fault 

Special 
Port cis PBIF Port B 

Hardware Controlled Interrupt Sequence 
The following three functions (RESET, STOP, and WAIT) 
are not in the strictest sense an interrupt; however, they are 
acted upon in a similar manner. Flowcharts for hardware 
interrupts are shown in Fig. 9, and for STOP and WAIT are 
provided in Fig. 10. A disc;ussion is provided below: 

• A low input on the ~ input pin causes the program to 
vector to its starting address which is specified by the 
contents of memory locations $1 FFE and $1 FFF. The I bit 
in the condition code register is also set. Much of the 
MCU is configured to a known state during this type of 
reset as previously described in the RESET paragraph. 

• STOP - The STOP instruction causes the oscillatorto be 
turned off and the processor to "sleep" until an external 
interrupt (IRO), Port B interrupt, T+mer interrupt (if using 
an external timer clock), or RESE occurs. 

• WAIT - The WAIT instruction causes all processor 
clocks to stop, but leaves the Timer and SPI clocks run­
ning. This "rest" state of the processor can be cleared by 
reset, an external interrupt (IRO), Timer interrupt, SPI 
interrupt, or Port B interrupt. There are no special wait 
vectors for these individual interrupts. 
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Software Interrupt (SWI) 
The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware 
interrupts. The SWI is executed regardless of the state of 
the interrupt mask (I bit) in the condition code register. The 
interrupt service routine address is specified by the con­
tents of memory location $1 FFC and $1 FFD. 

External Interrupt 
If the interrupt mask (I bit) of the condition code register has 
been cleared and the external interrupt pin (iRel) has gone 
low, then the external interrupt is recognized. When the 
interrupt is recognized, the current state of the CPU is 
pushed onto the stack and the I bit is set. This masks further 
interrupts until the present one is serviced. The interrupt 
service routine address is specified by the content of memo­
ry location $1 FFA and $1 FFB. Either a level-sensitive and 
negative edge-sensitive trigger, or a negative edge-sensi­
tive only trigger are available as a mask option. Fig. 11 
shows both a functional and mode timing diagram for the 
interrupt line. The timing dia~ shows two different 
treatments of the interrupt line (IRQ) to the processor. The 
first method shows single pulses on the interrupt line 



I14NCH far enoogh apart to be serviced. The minimum time 
_tween pulses is a function of the number of cycles re­
q,uired 10 eX8Cu.le the interrupt service routine plus 21 cy­
ctfi. Once a pulse occurs, t-he next pulse should not occur 
until the MCU software has exited the routine (an RTI oc­
curs). The second configuration shows several interrupt 
lines "wire-ORed" to form the interrupts at the processor. 

FI'IOM 
RESiT 

Thus, if after servicing one interrupt the interrupt line re­
mains low, then the next interrupt is recognized. 

.... : The Internal interrupt latch is cleared in the first part of the 
service routine, therefore, one (and only one) external interrupt 
pulse could be latched during t.L.L and serviced as soon as the I bit is 
cleared. 

CI.EARrRI 
REQUEST 

I.ATCH 

NO 

Fig. 9 - Hardwar. Interrupt Flowchart 
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ROUTINE 
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ROUTINE 
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Fig. 10 - STOP/WAIT Flowcharts 

Timer Interrupt 
There are three differenttimer interrupt flags that will cause 
a timer interrupt whenever they are set and enabled. These 
three interrupt flags are found in the three most significant 
bits of the timer status register (TSR, location $13) and all 
three will vector to the same interrupt service routine 
($1 FF8-$1 FF9). The three timer interrupt conditions are 
timer overflow, output compare, and input capture. 

All interrupt flags have corresponding enable bits (ICIE, 
OCIE, and TOlE) in the timer control register (TCR, loca­
tion $12). Reset clears all enable bits, thus preventing an 
interrupt from occurring during the reset period. The actual 
processor interrupt is generated only ifthe I bit in the condi­
tion code register is also cleared. When the interrupt is 
recognized, the current machine state is pushed onto the 
stack and I bit is set. This masks further interrupts until the 
present one is serviced. The interrupt service routine ad­
dress is specified by the contents of memory location $1 FF8 

and $1 FF9. The general sequence for clearing an interrupt 
is a software seq uence of accessi ng the status reg ister 
while the flag is set, followed by a read or write of an 
associated register. Referto the PROGRAMMABLE TIMER 
section for additional information about the timer circuitry. 

Serial Peripherallnlerface (SPI) Interrupts 
An interrupt in the serial peripheral interface (SPI) occurs 
when one of the interrupt flag bits in the serial peripheral 
status register (Location $OB) is set, provided the I bit in the 
condition code register is clear and the enable bit in the 
serial peripheral control register (location $OA) is enabled. 
When the interrupt is recognized, the current state of the 
machine is pushed onto the stack and the I bit in the condi­
tion code register is set. This masks further interrupts until 
the present one is serviced. The SPI interrupt causes the 
program counter to vector to memory location $1 FF4 and 
$1 FF5 which contains the starting address of the interrupt 
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Edge-Sensitive Trigger Condition 
The minimum pulse width (t'LIH) is 
either 125 ns (Voo=5 V) or250 ns (Voo 
= 3 V). The period t'LIL should not be 
less than the number of tcyc cycles it 
takes to execute the interrupt service 
routine plus 21 tcyC cycles. 

Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRQ 
remains low. then the next interrupt is 
recognized. 

(b) Interrupt Mode Diagram 

Fig. 11 - External Interrupt 

service routine. Software in the serial peripheral interrupt 
service routine must Ilietermirw the priority and cause ofthe 
SPI interrupt by examining the interrupt flag bits located in 
the SPI status register. The general sequence for clearing 
an interrupt is a software sequence of accessing the status 
register while the ffag is set. followed by a read or write of an 
associated register. Referto SERIAL PERIPHERALINTER­
FACE secti·on for a description of the SPI system and its 
interrupts. 
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Port B Interrupt 

A Port B interrupt will occur when anyone of the eight port 
lines (PBO-PB7) is pulled to a low level, provided the inter­
rupt mask bit of the condition code register is clear and the 
enable bit (Bit 1) in the Special Port control register (Memo­
ry location $001 E) is enabled. Before enabling Port B inter­
rupts, PBO through PB7 should be programmed as inputs. 
i.e .• their corresponding DDR bits must be O . 
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A Port B interrupt will set the Port B interrupt flag (PBIF) 
located in the Special Port ControllStatus register (bit 7), 
cause the current state of the machine to be pushed onto 
the stack, and set the I-bit in the condition code register. 
This masks further interrupts until the present one is ser­
viced. The Port B interrupt causes the Program Counter to 
vector to memory locations $1 FF2 and $1 FF3 which contain 
the starting address ofthe interrupt service routine. To clear 
a Port B interrl,Jpt, the user must read the Special Port 
ControllStatus register followed by a read of Port B. 

The purpose of this interrupt is to provide easy use of the 
PBO-PB7 lines as sensor inputs, such as in keyboard scan­
ning. For systems where the keyboard response is not inter­
rupt driven, this interrupt can be disabled. Programming 
any of these lines as outputs inhibits them from generating 
an interrupt. 

Port B interrupts will cause an exit from the stop mode 
provided that the Port B interrupt enable bit is set. Port B 
interrupt vector is located at $1 FF2, $1 FF3. 
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Fig. 12 - Keyboerd interface. 

STOll Instructlen 
The STOP Instruction places the CDP68HC05D2 in its low­
est power consumption mode. In the STOP mode the inte­
nal oscillator is turned off, causing all internal processing to 
be halted; reter to Fig. 10. During the STOP mode, the I bit In 
the condition code register is cleared to enable external 
interrupts. All other registers and memory remain unaltered 
and all input/output lines remain unchanged. This con­
tinues until an external interrupt (mo), port B interrupt, 
external timer oscillator interrupt, or reset is sensed, at 
which time the internal oscillator is turned on. These inter­
rupts cause the program counter to vector to their respec­
tive interrupt vector locations ($1 FFA and $1 FFB, $1 FF2 
and $1FF3, $1FF8 and $1FF9, and $1FFE and $1FFF, re­
spectively) which contain the starting addresses of the in­
terrupt service routines. 

WAIT Instruction 
The WAIT instruction places the CDP68HC05D2 in a low 
power consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock remains active, and all CPU pro­
ceSSing is stopped; however, the programmable timer and 
serial peripheral interface systems remain active. Refer to 
Fig. 10. During the WAIT mode, the I bit in the condition 
code register is clearecl to enable all interrupts. All other 
registers and memory remain unaltered and all parallel in­
put/output lines remain unchanged. This continues until 
any interrupt or reset is sensed. At this time the program 
counter vectors to the memory location ($1 FF;1 through 
$1 FFF) which contains the starting address of the interrupt 
or reset service routine. 

Data Retention Mode 
The contents of RAM and CPU registers are retained at 
supply voltages as low as 2 Vdc. This is referred to as the 
data retention mode, where the data is held, but the device 
is not guaranteed to operate. 

PROGRAMMABLE TIMER 
The programmable timer, which is preceded by a fixed 
divide-by-four prescaler, can be used for many purposes, 
including input waveform measurements while simultane­
ously generating an output waveform. Pulse widths can 
vary from several microseconds to many seconds. A block 
diagram ofthe timer is shown in Fig. 15 and timing diagrams 
are shown in Figs. 16 through 19. 

Because the timer has a 16-bit architecture, each specific 
functional segment (capability) is represented by two regis­
ters. These registers contain the high and low byte of that 
functional segment. Generally, accessing th~ low byte of a 
specific timer function allows full control of that function; 
however, an access of the high byte inhlbns that 'Peclfic 
timer function until the low byte Is alsO accessed .. 

".ot.: The I bit In the oonditlon oode re91~ter shaul\:! be set while 
manipulating both the high and low byte reg later of II specific timer 
function to ensure that an Interrupt does not oocur. This prevents 
Interrupts from occurring b.tween the time thllt the hlQh anq low 
bytaa lire accessed. 

The programmable timer capabilities are provided by using 
the following ten addressable a-bit registers (note the high 
arid low represent the significance of the byte). A descrip­
tion of each register is provided in the following pages. 

Timer Control Register (TCR) location $12, 
Timer Status Register (TSR) location $13, 
Input Capture High Register location $14, 
Input Capture Low Register location $15, 
Output Compare High Register location $16, 
OUtput 90mpare Low Register location $17, 
Counter High Regl!!ter location $18, 
Counter Low Regls~er location $19, 
Alternate OQul1t~r High R,glster locaUon $1A, E1nd 
A/t~rn~t!ll CpJ.H"It,rI.Qw REtgl,ter locallon $113. 

'~t.rnl' TIIl1.r P,clllitor 
I" .l1dlth:1O to clooklng t~. CPP68HC05P2'a Inlernal18·blt 
tlmQr with th. OPU o'oC~, ••• par8t. PllclillUor clroult may 
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be used by connecting an RC or crystal circuit to pins 29 
and 30 (TOSC1 and TOSC2). The circuits shown in Figs. 
13(b) and 13(c) are recommended when using a crystal. 
This oscillator is designed to interface with an AT-cut paral­
lel resonant quartz crystal resonator in the frequency range 
specified for ftoac in the Control Timing Tables at the end of 
this specification. See Fig. 13(a) for the RC circuit. 

When not using the external timer oscillator feature these 
pins function as input lines. However, once the external 
timer osciilator has been enabled, PD1 will become an out­
put only line until the processor is reset. 

The EOE (External Oscillator Enable bit 4) and ECC (Exter­
nal Clock Connect bit 3) bits in the Timer Control Register 
control the external timer oscillator. If bit 3 (ECC) in the 
timer control register is set, the internal clock input to the 
timer is disabled and the clock to the timer is connected to 
the external timer oscillator. This clock can be either a 
crystal or RC oscillator. Since this mode of operation per­
mits the timer to continue running when the CPU is in the 
stop mode, timer interrupts, if enabled, will still occur and 
can be used to exit from the stop mode. Fig. 14 shows the 
timer oscillator controls. The frequency of the external os­
cillator must be less than one-quarter the CPU oscillator 
frequency. 

The procedures for using this circuit are: 

• Crystal Oscillator Operation - First set the EOE bit to 
start the crystal osciilating. When oscillation has stabi­
lized, the ECC bit can be set to begin clocking the timer 
with the external timer oscillator. This time delay may 
vary depending upon crystal frequency and manufac­
turer. 

• RC Oscillator Operation - When it is desired to clock the 
timer from an RC timer oscillator, set both the EOE and 
the ECC bits at the same time in order to keep power 
consumption minimal. 

• No external timer oscillator being used -If the EOE bit is 
never set, the oscillator will remain in its high impedance 
state allowing its pins to be used as PDO and PD1 input 
lines. In this case, these pins function as normal inputs 
and should not be left floating. 

• Timer Oscillator used for event counting - Set both the 
EOE and ECC bits and drive the timer oscillator input pin 
with the event signal which is to be counted. If EOE 
remains reset and only ECC is set, the event signal can be 
connected to the timer oscillator output pin, and the input 
can be used as a Port D input line. 

Fig. 13 - External Timer Oscll/ator Connections 

(a) RC Oscillator Connections 
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(b) Crystal Oscillator connections for crystal speeds above 
approx. 400 KHz. The C;n and Cout values may vary depend­
ing upon crystal manufacturer. 

(c) Crystal Oscillator connections for crystal speeds below 
approx. 400 KHz. The C;n, C, and R, values shown work well 
for most 32.768 KHz crystals; however, sizes may vary de­
pending upon crystal frequency and manufacturer. 
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Fig. 14 - External Timer Oscll/ator Controls 
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Fig. 15 - Programmable Timer Block Diagram 
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Fig. 16 - Timer State Timing Diagram For Reset 
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Fig. 17 - Timer State Timing Diagram For Input Capture 
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Fig. 18 - Timer State Timing Diagram For Output Compare 
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Counter 
The key element in the programmable timer is a 16-bit 
free-running counter, or counter register, preceded by a 
prescaler which divides the internal processor clock by 
four. The prescalergives the timer a resolution of 2.0 micro­
seconds if the internal processor clock is 2.0 MHz. The 
counter is clocked to increasing values during the low por­
tion of the internal processor clock. Software can read the 
counter at any time without affecting its value. 

The double-byte free-running counter can be read from 
either of two locations $18-$19 (called counter register at 
this location), or $1A-$1 B (counter alternate register at this 
location). A read sequence containing only a read of the 
least significant byte of the free-running counter ($19, $1 B) 
will receive the count value at the time of the read. If a read 
of the free-running counter or counter alternate register 
first addresses the most significant byte ($18, $1A) it causes 
the least significant byte ($19, $1B) to be transferred to a 
buffer. This buffer value remains fixed after the first most 
significant byte "read" even if the user reads the most signif­
icant byte several times. This buffer is accessed when read­
ing the free-running counter or counter alternate register 
least significant byte ($19 or $1 B), and thus completes a 
read sequence of the total counter value. Note that in read­
ing either the free-running counter or counter alternate 
register, if the most significant byte is read, the leastsignifi­
cant byte must also be read in order to complete the se­
quence. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power-on­
reset (POR), the counter is also configured to $FFFC and 
begins running after the oscillator startup delay. Because 
the free-running counter is 16 bits preceded by a fixed 
divide-by-four prescaler, the value in the free-running 
counter repeats every 262,144 MPU internal processor 
clock cycles. When the counter rolls over from $FFFF to 
$0000, the timer overflow flag (TO F) bit is set. An interrupt 
can also be enabled when counter rollover occurs by set­
ting its interrupt enable bit (TOlE). 

Output Compare Register 
The output compare register is a 16-bit register, which is 
made up of two 8-bit registers at locations $16 (most signifi­
cant byte) and $17 (least significant byte). The output com­
pare register can be used for several purposes, such as, 
controlling an output waveform or indicating when a period 
of time has elapsed. The output compare register is unique 
in that all bits are readable and writeable and are not altered 
by the timer hardware. Reset does not affect the contents of 
this register and if the compare function is not utilized, the 
two bytes of the output compare register can be used as 
storage locations. 

The contents of the output compare register are compared 
with the contents of the free-running counter once during 
every four internal processor clocks. If a match is found, the 
corresponding output compare flag (OCF) bit is set and the 
corresponding output level (OLVL) bit is clocked (by the 
output compare circuit pulse) to an output level register. 
The values in the output compare register and the output 
level bit should be changed after each successful compari­
son in order to control an output waveform or establish a 
new elapsed timeout. An interrupt can also accompany a 
successful output compare provided the corresponding in­
terrupt enable bit, OCIE, is set. 

After a processor write cycle to the output compare register 
containing the most significant byte ($16), the output com-

pare function is inhibited until the least significant byte 
($17) is also written. The user must write both bytes (loca­
tions) if the most significant byte is written first. A write 
made only to the least significant byte ($17) will not inhibit 
the compare function. Thefree-running counter is updated 
every four internal processor clock cycles due to the inter­
nal prescaler. The minimum time required to update the 
output compare register is a function of the software pro­
gram rather than the internal program. 

A processor write may be made to either byte of the output 
compare register without affecting the other byte. The out­
put level (OLVL) bit is clocked to the output level register 
regardless of whether the output compare flag (OCF) is set 
or clear. 

Because neither the output compare flag (OCF bit) nor 
output compare register is affected by reset, care must be 
exercised when initializing the output compare function 
with software. The following procedure is recommended: 

(1) Write the high byte of the output compare register to 
inhibit further compares until the low byte is written. 

(2) Read the timer status register to arm the OCF if it is 
already set. 

(3) Write the output compare register low byte to enable 
the output compare function with the flag clear. 

The advantage of this procedure is to prevent the OCF bit 
from being set between the time it is read and the write to 
the output compare register. A software example is shown 
below. 

B7 16 STA OCMPHI 
B6 13 LDA TSTAT 
BF 17 STX OCMPLD 

INHIBIT OUTPUT COMPARE 
ARM OCF BIT IF SET 
READY FOR NEXT COMPARE 

Input Capture Register 
The two 8-bit registers which make up the 16-bit input 
capture register are read-only and are used to latch the 
value of the free-running counter after a defined transition 
is sensed by the corresponding input capture edge detec­
tor. The level transition which triggers the counter transfer 
is defined by the corresponding input edge bit (IEDG). 
Reset does not affect the contents of the input capture 
register. 

The result obtained by an input capture will be one more 
than the value of the free-running counter on the rising 
edge of the internal processor clock preceding the external 
transition (refer to timing diagram shown in Fig. 17). This 
delay is required for external synchronization. Resolution is 
affected by the prescaler allowing the timer to only incre­
ment every four internal processor clock cycles. 

The free-running counter contents are transferred to the 
input capture register on each proper signal transition re­
gardless of whether the input capture flag (ICF) is set or 
clear. The input capture register always contains the free­
running counter value which corresponds to the most re­
cent input capture. 

After a read of the most significant byte of the input capture 
register ($14), counter transfer is inhibited until the least 
significant byte ($15) of the input capture register is also 
read. This characteristic forces the minimum pulse period 
attainable to be determined by the time used in the capture 
,software routine and its interaction with the main program. 
A polling routine using instructions such as BRSET, BRA, 
LOA, STA, INCX, CMPX, and BEG might take 34 machine 
cycles to complete. The free-running counter increments 
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every four internal processor clock cycles due to the pre­
scaler. A read of the least significant byte ($1S) of the input 
capture register does not inhibit the free-running counter 
transfer. Again, minimum pulse periods are ones which 
allow software to read the least significant byte ($1S) and 
perform the needed operations. There is no conflict be­
tween the read of the input capture register and the free­
running counter since they occur on opposite edges of the 
internal processor clock. 

Timer Control Register (TCR) 
The timer control register (TCR, location $12) is an 8-bit 
read/write register which contains seven control bits. Three 
of these bits control interrupts associated with each of the 
three flag bits found in the timer status register (discussed 
below). The other four bits control: 1) which edge is signifi­
cant to the input capture edge detector (Le., negative or 
positive), 2) the next value to be clocked to the output level 
register in response to a successful output compare, 3) the 
source of the timer clock, and 4) whether the external timer 
oscillator is enabled. The timer control register and the 
free-running counter are the only sections of the timer af­
fected by reset. The TCMP pin is forced low during external 
reset and stays low until a valid compare changes it to a 
high. Thetimer control register is illustrated below followed 
by a definition of each bit. 

7 6 S 4 3 2 a 

87, ICIE If the input capture interrupt enable (ICIE) bit is 
set, a timer interrupt is enabled when the ICF 
status flag (in the timer status register) is set. If 
the ICIE bit is clear, the interrupt is inhibited. 
The ICIE bit is cleared by reset. 

86,OCIE If the output compare interrupt enable (OCIE) 
bit is set, a timer interrupt is enabled whenever 
the OCF status flag is set. If the OCIE bit is clear, 
the interrupt is inhibited. The OCIE bit is cleared 
by reset. 

8S, TOlE If the timer overflow interrupt enable (TOlE) bit 
is set, a timer interrupt is enabled whenever the 
TOF status flag (in the timer status register) is 
set. If the TOlE bit is clear, the interrupt is inhib­
ited. The TOlE bit is cleared by reset. 

84, EOE External Oscillator Enable - If set, the external 
timer oscillator is enabled. If it is then cleared, 
the inverter between pins 29 and 30 is prevented 
from switching and cannot be used in a crystal 
or RC oscillator. This bit is cleared by reset 
which configures both TOSC1 and TOSC2 as 
inputs. 

83, ECC If the external clock connect (ECG) is set, the 
internal clock input to the timer is disabled and 
the timer oscillator is connected to the input to 
the timer. It is cleared by reset. Accuracy of the 
timer count is not guaranteed while this bit is 
switched. 

81,IEDG The value of the input edge (IEDG) bit deter­
mines which level transition on pin 37 will 
trigger a free-running counter transfer to the 
input capture register. Reset clears the IEDG 
bit. 

a = negative edge 
1 = positive edge 
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80,OLVL The value of the output level (OLVL) bit is 
clocked into the output level register by the next 
successful output compare and will appear at 
pin 3S. This bit and the output level register are 
cleared by reset. 

a = low output 
1 = high output 

Timer Status Register (TSR) 
The timer status register (TSR) is an 8-bit register of which 
the three most significant bits contain read-only status in­
formation. These three bits indicate the following: 

1. A proper transition has taken place at pin 37 with an 
accompanying transfer of the free-running counter con-
tents to the intput capture register, • 

2. A match has been found between the free-running coun­
ter and the output compare register, and 

3. A free-running counter transition from $FFFF to $0000 
has been sensed (timer overflow) 

The timer status register is illustrated below followed by a 
definition of each bit. Refer to timing diagrams shown in 
Fig. 16, 17, and 18 fortiming relationship to the timer status 
register bits. 

7 6 S 4 3 2 a 

ICF I OCF I TOF I a a o a o I $13 

87, ICF The input capture flag (ICF) is set when a proper 
edge has been sensed by the input captu re edge 
detector. It is cleared by a processor read of the 
timer status register (with ICF set) followed by 
reading the low byte ($1S) of the input capture 
register. Reset does not affect the input com­
pare flag. 

86, OCF The output compare flag (OCF) is set when the 
output compare register contents matches the 
contents of the free-running counter. The OCF 
is cleared by reading the timer status register 
(with the OCF set) and then writing to the low 
byte ($17) of the output compare register. Reset 
does not affect the output compare flag. 

8S, TOF The timer overflow flag (TOF) bit is set by a 
transition of the free-running counter from 
$FFFF to $0000. It is cleared by reading the 
timer status register (with TOF set) followed by 
a read of the free-running counter least signifi­
cant byte ($19). Reset does not affect the TOF 
bit. 

Reading the timer status register satisfies the first condition 
required to clear any status bits which happened to be set 
during the access. The only remaining step is to provide an 
access of the reg ister wh ich is associated with the status bit. 
Typically, this presents no problem for the input capture 
and output compare functions. 

A problem can occur when using the timer overflow func­
tion and reading the free-running counter at random times 
to measure an elapsed time. Without incorporating the 
proper precautions into software, the timer overflow flag 
could unintentionally be cleared if: 1) the timer status regis­
ter is read when TOF is set, and 2) the ieast significant byte 
of the free-running counter is read but not for the purpose 
of servicing the flag. The counter alternate register at 
address $1 A and $18 contains the same value as the free­
running counter (at address $18 and $19); therefore, this 
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alternate register can be read at any time without affecting 
the timer overflow flag in the timer status register. 

During STOP and WAIT instructions, the programmable 
timer functions as follows if using the CPU clock: during the 
wait mode, the timer continues to operate normally and may 
generate an interrupt to trigger the CPU out of the wait 

state; during the stop mode, the timer holds at its current 
state, retaining all data, and resumes operation from this 
point when an external interrupt is received. If using an 
external timer oscillator the timer will continue to count and 
generate interrupts. 

Serial Peripheral Interface (SPI) 
The Serial Peripheral Interface (SPI) is a four wire syn­
chronous serial communication system with separate 
wires for input data, output data, clock and slave select. A 
master MCU, which produces the clocking signal, initiates 
the exchange of data bytes with a slave MCU or peripheral 
device such as an LCD display driver or an A/D converter. 
A diagram of the control, status, and data registers may be 
found in the section labelled "Registers". The SPI system 
registers are found at addresses $OOOA-$OOOC. The SPI 
output drivers may be switched off to allow the user ac­
cess to external pins for use as parallel inputs to Port D. 
Upon power-up or reset the SPI output drivers will be 
initialized in the off state. The serial system enable bit 
which controls the output drivers and other functional 
inhibits is the SPE bit found in the serial control register. 

Fig. 20 illustrates two different system configurations. Fig. 
20a represents a system of five different MCUs in which 
there are one master and four slaves (0, 1,2, 3). In this 
system four basic lines (signals) are required forthe MOSI 
(master out, slave in), MISO (master in, slave out), SCK 
(serial clock), and ~ (slave select) lines. Fig. 20b repre­
sents a system of three MCUs in which each MCU is 
capable of being a master or a slave. The SPI interface is 
well-suited for multiprocessor communications. 

Features 
• Full duplex, three-wire synchronous transfers 
• Master or slave operation 
• 1.05 MHz (maximum) master bit frequency 
• 2.1 MHz (maximum) slave bit frequency 
• Four programmable master bit rates 
• Programmable clock polarity and phase 
• End of transmission interrupt flag 
• Write collision flag protection 
• Master-Master mode fault protection capability 

Signal Description 
The four basic signals (MOSI, MISO, SCK, and ~) dis­
cussed above are described in the following paragraphs. 
Each signal function is described for both the master and 
slave mode. 

Master Out Slave In (MOSI) 
The MOSI pin is configured as a data output in a master 
(mode) device and asa data input in a slave (mode) device. 
In this manner data is transferred serially from a master to 
a slave on this line; most significant bit first, least signifi­
cant bit last. The timing diagrams of Fig. 21 summarize the 
SPI timing diagram and show the relationship between 
data and clock (SCK). As shown in Fig. 21 four possible 
timing relationships may be chosen by using control bits 
CPOL and CPHA. The master device always allows data to 
be applied on the MOSI line a half-cycle before the clock 
edge (SCK) in order for the slave device to latch the data. 

Note: Both the slave device(s) and a master device must be pro­
grammed to similar timing modes for proper data transfer. 
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When the master device transmits data to a second (slave) 
device via the MOSlline, the slave device responds by send­
ing data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in syn­
chronized with the same clock signal (one which Is provided 
by the master device). Thus, the byte transmitted is replaced 
by the byte received and eliminates the need for separate 
transmit-empty and receiver-full status bits. A single status 
bit (SPIF) is used to signify that the I/O operation is complete. 

Configuration of the MOSI pin is a function of the MSTR 
bit in the serial peripheral control register (SPCR, loction 
$OA). Setting the MSTR bit will place the device in the 
Master mode and cause the MOSI pin to be an output. 

Note: The Port 0 Data Direction Register bit 3 must be set for the 
MOSI pin to transfer data in the Master mode. 

Master In Slave Out (MISO) 
The MISO pin is configured as an input in a master (mode) 
device and as an output in a slave (mode) device. In this 
manner data is transferred serially from a slave to a master 
on this line; most significant bit first, least significant bit 
last. The MISO pin of a slave device is placed in the high­
impedance state if it is not selected by the master; i.e., its 
SS pin is a logic one. The timing diagram of Fig. 21 shows 
the relationship between data and clock (SCK). As shown 
in Fig. 21,. four possible timing relationships may be 
chosen by using control bits CPOLand CPHA. The master 
device always allows data to be applied on the MOSIline a 
half-cycle before the clock edge (SCK) in order for the 
slave device to latch the data. 

Note: The slave device (s) and a master device must be pro­
grammed to similar timing modes for proper data transfer. 

When the master device transmits data to a slave device 
via the MOSI line, the slave device responds by sending 
data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in 
synchronized with the same clock signal (one which is 
provided by the master device). Thus, the byte transmitted 
is replaced by the byte received and eliminates the need 
for separate transmit-empty and receiver-full status bits. A 
singlestatus bit (SPIF) in the serial peripheral status regis­
ter (SPSR, location $OB) is used to signify that the I/O 
operation is complete. 

In the master device, the MSTR control bit in the serial 
peripheral control register (SPCR, location $OA) is set to a 
logic one (by the program) to allow the master device to 
receive data on its MISO pin. In the slave device, its MISO 
pin is enabled by the logiC level of the SS pin; i.e., if ~=1 
then the MISO pin is placed in the high-impedance state, 
whereas, if SS=O the MISO pin is an output for the slave 
device. 

Note: The Port 0 Data Direction Register bit 2 must be setforthe 
MISO pin to transfer data in the slave mode. 



CDP68HC05D2 

CD&8HCOSD2 SLAVE 0 

MISO 

MOSI MISO SCK.I 

SCK MOSI 1§' 

fS -:--- VDD 

CD68HC05~ 
MASTE~ 

P 
0 

0 
1 R 

T 
2 

3 '--

I I rl NlOSI IS II MOSI is MOSI 55 
ISO SCK MISO SCK ISO SCK 

CD68HCOSD2 SLAVE 3 CDS8HC05D2 SLAVE 2 COIIHC8SD2SLAV1! 1 

MASTER 
No.1 

M ISO I--t-+-f-. .. 

MOSI t-t-t-... 

SCKI-­
sS~ 

CDP680SD2 

(a) Single Master, Four Slaves 

MASTER 
No.2 

MlSO 1------. 

MO .. t---.... 

SCKI-­
SS r-

CDP61OSD2 

(b) Multimaster System 

MASTER 
No.3 

MtMl------­
MOSlt---..., 

SCK­
SS-

CDP688SD2 

92CS-37494 

Fig. 20 .., Master-Slave System Configuration 

2·76 



CDP68HC05D2 

ss l ~ ____________________________________________________________________ ..J~ 

SCK 

(CPOl -0, CPHA- 0) 

S CK 

(CPOl - 0, CPHA -I) 

SCK 

(CPOl- I, CPHA-O 

SCK 

(CPOl- I,CPHA-I) 

M ISOI ~ MOSI 

MSB 6 5 4 3 2 lSB 

INTERNAL STROBE FOR DATA CAPTURE (All MODES) 

92CM- 39376 

Fig. 21 - Data Clock Timing Diagram 

Slave Select (55) 
In the slave mode the slave select (SS) pin is an input (PD5, 
pin 34), which receives an active low signal that is generated 
by the master device to enable slave device(s) to accept 
data. To ensure that data will be accepted by a slave device, 
the~ signal line must bea logic low priortooccurrenoe of 
SCK (system clock) and must remain low until after the last 
(eighth) SCK cycle. Fig. 21 illustrates the relationship be­
tween SCK and the data for two different level combinations 
of CPHA, when SS is pulled low. These are: 1) with CPHA=1 
of 0, the first bit of data is applied to the MISO line for 
transfer, and 2) when CPHA = 0 the slave device is prevent­
ed from writing to its data register. Refer to the WCOl status 
flag in the serial peripheral status register (location $08) 
description for further information on the effects that the SS 
input and CPHA control bit have on the I/O data register. A 
high level SS signal forces the MISO (master in, slave out) 
line to the high-impedance state. Also, SCK and the MOSI 
(master out, slave in) line are ignored by a slave device 
when its SS signal is high. 

When a device is a master, it monitors its SS signal for a 
logic low, provided that Port 0 bit 5 is cleared. See Note. 
The master device will become a slave device any time its 
SS signal is detected low. Thisensuresthatthere is only one 
master controlling the SS line for a particular system. When 
the SS line is detected low, it clears the MSTR control bit 
(serial peripheral control register, location $OA). Also, con­
trol bit SPE in the serial peripheral control register is 
cleared which causes the serial peripheral interface (SPI) to 
be disabled (port 0 SPI pins become inputs). The MODF 

flag bit in the serial peripheral status register (location $08) 
is also set to indicate to the master device that another 
device is attempting to become a master. Two devices at­
tempting to be outputs are normally the result of a software 
error; however, a system could be configured which would 
contain a default master which would automatically "take 
over" and restart the system. 

Nole: I n the master mode Port D DDR bit 5 determines whether Port 
D bit 5 (!rn) is an error detect input to the SPI (DDR bit 5 clear) or a 
general-pu.!:E.0se output line (DDR bit 5 set), that can be used to 
strobe the SS lines of slaves. 

Serial Clock (SCK) 
The serial clock is used to synchronize the movement of 
data both in and out of the device through its MOSI and 
MISO pins. The master and slave devices are capable of 
exchanging a data byte of information during a sequence of 
eight clock pulses. Since the SCK is generated by the mas­
ter device, the SCK line becomes an input on all slave 
devices and synchronizes slave data transfer. The type of 
clock and its relationship to data are controlled by the 
CPOl and CPHA bits in the serial peripheral control regis­
ter (location $OA) discussed below. Refer to Fig. 21 for 
timing. 

The master device generates the SCK through a circuit 
driven by the internal processor clock. Two bits (SPRO and 
SPR1) in the serial peripheral control register (location 
$OA) of the master device select the clock rate. The master 
device uses the SCK to latch incoming slave device data on 
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the MISO line and shifts out data to the slave on the MOSI 
line. Both master and slave devices must be operated in the 
same timing mode as controlled by the CPOL and CPHA bit 
in the serial peripheral control register. In the slave device, 
SPRO and SPR1 have no effect on the operation of the Serial 
Peripheral Interface. Timing is shown in Fig. 21. 

Note: The Port 0 Data Direction Register bit 4 must be set for the 
SCK pin to generate (output) a SCK signal. 

Functional Description 
A block diagram of the serial peripheral interface (SPI) is 
shown In Fig. 22. In a master configuration the master start 
logic receives an input from the CPU (in the form of a write 
to the SPI rate generator) and originates the system clock 
(SCK) based on the internal processor clock. This clock is 
also used internally to control the state controller as well as 
the 8-bit shift register. As a master device, data is parallel 
loaded into the 8-bit shift register (from the internal bus) 
during a write cycle and then shifted out serially to the 
MOSI pin for application to the slave device(s). During a 
read cycle, data is applied serially from a slave device via the 
MISO pin to the 8-bit shift register. After the 8-bit shift 

INTERNAL 
PROCESSOR 

CLOCK 

33 

register is loaded, its data is parallel transferred to the read 
buffer and then is made available to the internal data bus 
during a CPU read cycle. 

In a slave configuration, the slave start logic receives a logic 
low (from a master device) at the SS pin and a system clock 
input (from the same master device) at the SCK pin. Thus, 
the slave is synchronized with the master. Data from the 
master is received serially at the slave MOSI pin and loads 
the 8-bit shift register. After the 8-bit shift register is loaded, 
its data is parallel transferred to the read buffer and then is 
made available to the internal data bus during a CPU read 
cycle. During a write cycle, data is parallel loaded into the 
8-bit shift register from the internal data bus and then shift­
ed out serially to the MISO pin for application to the master 
device. 

Fig. 23 Illustrates the MOSI, MISO, and SCK master-slave 
interconnections. Note that in Fig. 23 the master ~ pin is 
tied to a logic high and the slave 'SS pin is a logic low. Fig. , 
21a provides a larger system connection for these same 
pins. Note that in Fig. 20(a), all ~. pins are connected to a 
port pin of a master/slave device. In this case any of the 
devices can be a slave. 

see NOTE 

SPCR l~~=-J::~===========:::t~~~~J SOA 

NOTES: 
THE ii, SCK, MOSI, AND MISO ARE EXTERNAL PINS WHICH PROVIDE THE 
FOLLOWING FUNCTIONS: 
(a) MO$I·PROVIDES SERIAL OUTPUT TO SLAVE UNIT(S) WHEN DEVICE IS 

CONFIGURED AS A MASTER. AECEIVES SERIAL INPUT FROM MASTER 
UNIT WHEN DEVICE IS CONFIGURED A~ A SLAVE UNIT. 

(b) MISO-RECEIVES SERIAL INPUT FROM SLAVE UNIT(S} WHEN DEVICE IS 
CONFIGURED AS A MASTER. PROVIDES SERIAL OUTPUT TO MASTER 
WHEN DEVICE IS CONFIGURED AS A SLAYE UNIT. 

(e) SCK -PROVIDES SYSTEM CLOCK WHEN DEVICE IS CONFIGURED AS A 
MASTER UNIT. RECEIVES SYSTEM CLOCK WHEN DEVICE IS CON­
FIGURED AS A SLAVE UNIT. 

(d) SS -PROVIDES A LOGIC LOW TO SELECT A SLAVE DEVICE FOR A 
TRANSFER WITH A MASTER DEVICE. 

92CM-39390 

Fig. 22 - Serial Peripheral Interface Block Diagram 

2-78 



CDP68HC05D2 

MASTER 
SLAVE 

rl 8-BIT SHIFT REGISTER r I MISO MISol 
~ 8-BIT SHIFT REGISTER f.----, I 

I I 
I I 
I MOSI MOSI' 

I 

I I 
I I 

SPI 
, SCK SCK I 

CLOCK GENERATOR 
ISS ~ 
i+5V OV~ 

92CS-39389 

Fig. 23 - Serial Peripheral Interface Master-Slave Interconnection 

Registers 
There are three registers in the serial parallel interface 
which provide control, status, and data storage functions. 
These registers, which include the serial peripheral control 
register (SPCR,location $OA), serial peripheral status regis­
ter (SPSR, location $OB), and serial peripheral data 1/0 
register (SPDR, location $OC) are described below. 

Note: In addition, the Port D Data Direction Register (DDR) must be 
properly configured. See note in the section labelled "Input/Output 
Programming-Special-Purpose Port". 

Serial Peripheral Control Register (SPCR) 
76543210 

ISPI E I SPE IDWOM I MSTR ICPOL ICPHA ISPR11sPRO I $OA 

The serial peripheral control register bits are defined as 
follows: 

B7, SPIE When the serial peripheral interrupt enable bit 
is high, it allows the occurrence of a processor 
interrupt, and forces the proper vector to be 
loaded into the program counter if the serial 
peripheral status register flag bit (SPIF and/or 
MODF) is set to a logic one. It does not inhibit 
the setting of a status bit. The SPIE bit is 
cleared by reset. 

B6, SPE When the serial peripheral output enable con­
trol bit is set, all output drive is applied to the 
external pins and the system is enabled. When 
the SPE bit is set, it enables the SPI system by 
connecting it to the external pins thus allowing 
it to interface with the external SPI bus. The 
pins that are defined as output depend on 
which mode (master or slave) the device is in. 
Because the SPE bit is cleared by reset, the 
SPI system is not connected to the external 
pins upon reset. 

B5, DWOM The Port D Wire-OR Mode bit controls the 
output buffers for Port D bits 2 through 5. If 
DWOM=1, the four Port D output buffers be­
have as open-drain outputs. If DWOM=O, the 
four Port D output buffers operate as normal 
CMOS outputs. DWOM is cleared by reset. 

B4, MSTR 

B3, CPOL 

B2, CPHA 

B1, SPR1 
BO, SPRO 
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The master bit determines whether the device 
is a master or a slave. If the MSTR bit is a logic 
zero it indicates a slave device and a logic one 
denotes a master device. If the master mode is 
selected, the function of the SCK pin changes 
from an input to an output and the function of 
the MISO and MOSI pins are reversed. This 
allows the user to wire device pins MISO to 
MISO, and MOSI to MOSI and SCK to SCK 
without incident. The MSTR bit is cleared by 
reset; therefore, the device is always placed in 
the slave mode during reset. 

The clock polarity bit controls the normal or 
steady state value olthe clock when data is not 
being transferred. The CPOL bit affects both 
the master and slave modes. It must be used in 
conjunction with the clock phase control bit 
(CPHA) to produce the wanted clock-data re­
lationship between a master and a slave de­
vice. When the CPOL bit is a logic zero, it 
produces a steady state low value at the SCK 
pin of the master device. If the CPOL bit is a 
logic one, a high value is produced at the SCK 
pin olthe masterdevicewhen data is not being 
transferred. The CPOL bit is not affected by 
reset. Refer to Fig. 21. 

The clock phase bit controls the relationship 
between the data on the MISO and MOSI pins 
and the clock produced or received at the SCK 
pin. This control has effect in both the master 
and slave modes. It must be used in conjunc­
tion with the clock polarity control bit (CPOL) 
to produce the wanted clock-data relation. 
The CPHA bit in general selects the clock edge 
which captures data and allows it to change 
states. It has its greatest impact on the first bit 
transmitted (MSB) in that it does or does not 
allow a clock transition before the first data 
capture edge. The CPHA bit is not affected by 
reset. Refer to Fig. 21. 

These two serial peripheral rate bits select one 
of four baud rates to be used as SCK if the 
device is a master; however, they have no ef­
fect in the slave mode. The slave device is 
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capable of shifting data in and out at a maxi­
mum rate which is equal to the CPU clock 
(maximum = 2.1 MHz). A rate table is given 
below for the generation of the SCK from the 
master. The SPR1 and SPRO bits are not af­
fected by reset. 

Internal Processor 
SPRO Clock Divide By 

0 2 
1 4 
0 16 
1 32 

Serial Peripheral Status Register (SPSR) 

76543210 

ISPIF IWCOll - IMODFI - I - I - I - I $OB 

The status flags which generate a serial peripheral interface 
(SPI) interrupt will not be blocked bytheSPIE control bit in 
the serial peripheral control register; however, the interrupt 
will be blocked. The WCOl bit does not cause an interrupt. 
The serial peripheral status register bits are defined as 
follows: 

B7, SPIF Theserial peripheral data transfer flag bit noti­
fies the user that a data transfer between the 
device and an external device has been com­
pleted. With the completion of the data 
transfer, SPIF is set, and if SPIE is set, a serial 
peripheral interrupt (SPI) is generated. During 
the clock cycle that SPIF is being set, a copy of 
the received data byte in the shift register is 
moved to a buffer. When the data register is 
read, it is the buffer that is read. During an 
overrun condition, when the master device has 
sent several bytes of data and the slave device 
has not responded to the first SPIF, only the 
first byte sent is contained in the receiver 
buffer and all other bytes are lost. 

The transfer of data is initiated by the master 
device writing its serial peripheral data 
register. 

Clearing the SPIF bit is accomplished bya 
software sequence of accessing the serial pe­
ripheral status register while SPIF is set and 
followed by a write to or a read of the serial 
peripheral data register. While SPIF is set, all 
writes to the serial peripheral data register are 
inhibited untilthe proper clearing sequence is 
followed. This occurs in the master device. In 
the slave device, SPIF can be cleared (using a 
similar sequence) during a second transmis­
sion; however, it must be cleared before the 
second SPIF in order to prevent an overrun 
condition. The SPIF bit is cleared by reset. 

B6, WCOl The function of the write collision status bit is 
to notify the user that an attem pt was made to 
write the serial peripheral data register while a 
data transfer was taking place with an external 
device. The transfer continues uninterrupted; 
therefore, a write will be unsuccessful. A "read 
collision" will never occur since the received 
data byte is placed in a buffer in which access 
is always synchronous with the MCU opera-
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tion. If a "write collision" occurs, WCOl is set 
but no SPI interrupt is generated. The WCOl 
bit is a status flag only. 

Clearing the WCOl bit is accomplished by a 
software sequence of accessing the serial pe­
ripheral status register while WCOl is set, fol­
lowed by 1) a read of the serial peripheral data 
register prior to the SPIF bit being set, or 2) a 
read or write ofthe serial peripheral data regis­
ter after the SPIF bit is set. A write to the serial 
peripheral data register (SPDR) prior to the 
SPIF bit being set, will result in generation of 
another WCOl status flag. Both the SPIF and 
WCOl bits will be cleared in the same se­
quence. If a second transfer has started while 
trying to clear (the previously set) SPIF and 
WCOl bits with a clearing sequence contain­
ing a write to the serial peripheral data regis­
ter, only the SPIF bit will be cleared. 

A collision of a write to the serial peripheral 
data register while an external data transfer is 
taking place can occur in both the master 
mode and the slave mode, although with the 
proper programming the master device should 
have sufficient information to preclude this 
collision. 

Collision in the master device is defined as a 
write of the serial peripheral data register 
while the internal rate clock (SCK) is in the 
process of transfer. The signal on the SS pin is 
always high on the master device. 

A collision in a slave device is defined in two 
separate modes. One problem arises in a slave 
device when the CPHA control bit is a logic 
zero. When CPHA is a logic zero, data is 
latched with the occurrence of the first clock 
transition. The slave device does not have any 
way of knowing when thattransition will occur; 
therefore, the slave device collision occurs 
when it attempts to write the serial peripheral 
data register after its SS pin has been pulled 
low. The ~ pi n of the slave device freezes the 
data in its serial peripheral data register and 
does not allow it to be altered if the CPHA bit is 
a logic zero. The master device must raise the 
SS pin of the slave device high between each 
byte it transfers to the slave device. 

The second collision mode is defined for the 
state of CPHA control bit being a logic one. 
With the CPHA bit set, the slave device will be 
receiving a clock (SCK) edge prior to the latch 
of the first data transfer. This first clock edge 
will freeze the data in the slave device I/O reg­
ister and allow the MSB onto the external 
MISO pin of the slave device. The 55 pin low 
state enables the slave device but the drive 
onto the MISO pin does not take place until the 
first data transfer clock edge. The WCOl bit 
will only be set if the I/O register is accessed 
while a transfer is taking place. By definition of 
the second collision mode, a master device 
might hold a slave device SS pin low during 
a transfer of several bytes of data without a 
problem. 

A special case of WCOl occurs in the slave 
device. This happens when the master device 
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starts a transfer sequence (an edge of SCK for 
CPHA=1; or an active S'S transition for 
CPHA=O) at the same time the slave device 
CPU is writing to its serial peripheral interface 
data register. In this case it is assumed thatthe 
data byte written (in the slave device serial 
peri pheral interface) is lost and the contents of 
the slave device read buffer become the byte 
that is transferred. Because the master device 
receives back the last byte transmitted, the 
master device can detect that a fatal WCOL 
occurred. 

Because the slave device is operating asynch­
ronously with the master device, the WCOL bit 
may be used as an indicator of a collision oc­
currence. This helps alleviate the user from a 
strict real-time programming effort. The 
WCOL bit is cleared by reset. 

liIi·t 4 MODF The function of the mode fault flag (MODF) is 
defined for the master mode device. If the de­
vice is a slave device, the MODF bit will be 
prevented from toggling from a logic zero to a 
logic one; however, this does not prevent the 
device from being in the slave mode with the 
MODF bit set. The MODF bit is normally a 
logic zero and is set only when the master 
device has its SS pin pulled low. Toggling the 
MODF bit to a logic one affects the internal 
serial peripheral interface (SPI) system In the 
following ways: 

1. MODF is set and SPI interrupt is generated 
ifSPIE=1. 

2. The SPE bit is forced to a logiC zero. This 
blocks all output drive from the device, dis­
abled the SPI system. 

3 .The MSTR bit is forced to a logic zero, thus 
forcing the device into the slave mode. 

Clearing the MODF is accomplished by a 
software sequence of accessing the serial pe­
ripheral status register while MODF is set fol­
lowed by a write to the serial peripheral control 
register. Control bits SPE and MSTR may be 
restored to their original set state during this 
clearing sequence or after the MODF bit has 
been cleared. Hardware does not allow the 
user to set the SPE and MSTR bit while MODF 
is a logiC one unless it is during the proper 
clearing sequence. The MODF flag bit indi­
cates that there might have been a multi-mas­
ter conflict for system control and allows a 
proper exit from system operation to a reset or 
default system state. The MODF bit is cleared 
by reset. 

...... ....,'118' ...... 1/0 "egister (SfII.JIl) 

7 6 5 4 3 2 o 
Serial Peripheral Data 110 Register I $OC 

The serial peripheral data I/O register is used to transmit 
and receive data on the serial bus. Only a write to this 
r8tJister will Initiate transmission/reception of another byte 
and this will only occur in the master device. A slave device 
writing to its data I/O register will not initiate a transmission. 
M the completion of transmitting a byte of data, the SPIF 
status bit is set in both the master and slave devices. A write 
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or read of the serial peripheral data I/O register, after ac­
cessing the serial peripheral status register with SPIF set, 
will clear SPIF. 

During the clock cycle that the SPIF bit is being set, a copy 
olthe received data byte in the shift register is being moved 
to a buffer. When the user reads the serial peripheral data 
I/O register, the buffer is actually being read. During an 
overrun condition, when the master device has sent several 
bytes of data and the slave device has not internally re­
sponded to clear the first SPIF, only the first byte is con­
tained in the receive buffer of the slave device; all others are 
lost. The user may read the buffer at anytime. The first SPIF 
must be cleared by the time a second transfer of data from 
the shift register to the read buffer is initiated or an overrun 
condition will exist. 

A write to the serial peripheral data I/O register is not buf­
fered and places data directly into the shift register for 
transmission. 

The ability to access the serial peripheral data I/O register is 
limited when a transmission is taking place. It is important 
to read the discussion defining the WCOL and SPIF status 
bits to understand the limits on uSing the Serial peripheral 
data I/O register. 

Ser~ Peripheral Interface (SPI) 
System Considerations 

There are two types of SPI systems: single master system 
and multi-master systems. Figure20 illustrates both of 
these systems and a discussion of each is provided below. 

Figure20a illustrates how a typical single master system 
may be configured, using a CDP6805 CMOS Family device 
as the master and four CDP6805 CMOS Family devices as 
slaves. As shown, the MOSI, MISO, and SCK pins are all 
wired to equivalent pins on each of the five devices. The 
master device generates the SCK clock, the slave devices all 
receive it. Because the CDP6805 CMOS master device Is the 
bus master, it internally controls the function of its MOSI 
and MISO lines, thus writing data to the slave devices on the 
MOSI and reading data from the slave devices on the MISO 
lines. The master device selects the individual slave devices 
by using four pins of a parallel port to control the four S'S 
pins of the slave devices. A slave device is selected when the 
master device pulls its'SS' pin low. The S'S pins are pulled 
high during reset because the master device ports will be 
forced to be inputs at that time, thus disabling the slave 
devices. Notice that the slave devices do not have to be 
enabled in a mutually exclusive faShion except to prevent 
bus contention on the MISO line. For example, three slave 
devices enabled for a transfer are permissible if only ona 
has the capability of being read by the master. An example 
of this is a write to several display drivers to clear a display 
with a single I/O operation. To ensure that proper data 
transmission is occurring between the master device and a 
slave device, the master device may have the slave device 
respond with a previously received data byte (thiS data byte 
could be inverted or at least be A byte that is different from 
the last one sent by the master device). The master device 
will always receive the previous byte back from the slave 
device if all MISO and MOSI lines are connected and the 
slave has not written to its data I/O register. Other transmis­
sion security methods might be defined using ports for 
handshake lines or data bytes with command fields. 

A multi-master system may also be configured by the user. 
A system ofthis type is shOwn in Figure 20b. An exchange of 
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master control could be implemented by an exchange of 
code messages through the serial peripheral interface sys­
tem. The major device control that plays a part in this sys­
tem is the MSTR bit in the serial peripheral control register 
and the MOOF bit in the serial peripheral status register. 

Note that the OWOM bit would also be set to prevent bus 
contention. For additional information on this configura­
tion and SPI in general, refer to RCA Application Note ICAN 
7264 entitled "Versatile Serial Protocol for a Microcom­
puter-Peripheral Interface." 

Effects of Stop and Wait Modes on the 
Timer and Serial System 

The STOP and WAIT instructions have different effects on 
the programmable timer and serial peripheral interface 
(SPI) system. These different effects are discussed sepa­
rately below. 

Stop Mode 
When the processor executes the STOP instruction, the 
internal oscillator is turned off. This halts all internal CPU 
processing and the serial peripheral interface. The pro­
grammable timer will only continue to count if an external 
timer oscillator is used. The only way for the MCU to "wake 
up" from the ~ mode is by receipt of an external interrupt 
(logic low on fRO pin), an external timer oscillator interrupt, 
a Port B interrupt or by the detection of a reset (logiC low on 
~ pin 'or a 'power-on reset). The effects of the stop 
mode on each of the MCU systems (Timer and SPI) are 
descri bed separately. 

Timer During Stop Mode 
When the MCU enters the STOP mode, the timer will con­
tinue to count and generate interrupts if using an external 
timer oscillator. If using the CPU clock to clock the timer, 
the timer counter stops counting (the internal processor 
clock is stopped) and remains at that particular count value 
until the stop mode is exited by an interrupt (if exited by 
reset the counter is forced to $FFFC). If the stop mode is 
exited by an external low on the IR'O pin, then the counter 
resumes from its stopped value as if nothing had happened. 
Another feature of the programmable timer, in the stop 
mode, is that if at least one valid input capture edge occ,urs 
at the TCAP pin, the input capture detect circuitry is armed. 
This action does not set any timer flags or "wake up" the 
MCU, but when the MCU does "wake up" there will be an 
active input capture flag (and data) from that first valid edge 
which occurred during the stop mode. If the stop mode is 
exited by an external reset (logic low on RESET pin), then 
no such input capture flag or data action takes place even if 
there was a valid input capture edge (at the TCAP pin) 
during the MCU stop mode. 

SPI During Stop Mode 
When the MCU enters the stop mode, the baud rate gener­
ator which drives the SPI shuts down. This essentially stops 

all master mode SPI operation, thus the master SPI is un­
able to transmit or receive any data. If the STOP instruction 
is executed during an SPI transfer, that transfer is halted 
until the MCU exits the stop mode (provided it is an exit 
resulting from a logic low on the rna pin). If the stop mode 
is exited by a reset, then the. appropriate control/status bits 
are cleared and the SPI is disabled. If the device is in the 
slave mode when the STOP instruction is executed, the 
slave SPI will still operate. It can still accept data and clock 
information in addition to transmitting its own data back to 
a master device. 

. At the end of a possible transmission with a slave SPI in the 
STOP mode, no flags are set until a logic low TR<':l input 
results in an MCU "wake up". Caution should be observed 
when operating the SPI (as a slave) during the stop mode 
because none of the protection circuitry (write collision, 
mode fault, etc.) is active. 

It should also be noted that when the MCU enters the stop 
mode all enabled output drivers (TOO, TeMP, MISO, MOSI, 
and SCK ports) remain active and any sourcing currents 
from these outputs will be part of the tetal supply current 
required by the device. 

Wait Mode 
When the MCU enters the wait mode, the CPU clock is 
halted. All CPU action is suspended; however, the timer and 
SPI systems remain active. In fact an interrupt from the 
timer or SPI (in addition to a logiC low on the rno or ~ 
pins or a Port B interrupt, if enabled) causes the processor 
to exit the wait mode. Since the three systems mentioned 
above operate as they do in the normal mode, only a general 
discussion of the wait mode is provided below. 

The wait mode power consumption depends on how many 
systems are active. The power consumption will be highest 
when all the systems (timer, TCMP and SPI) are active. The 
power consumption will be the least when the SPI system is 
disabled (timer operation cannot be disabled in the wait 
mode). If a non-reset exit from the wait mode is performed 
(i.e., timer overflow interrupt exit), the state of the remain­
ing systems will be unchanged. If a reset exit from the wait 
mode is performed all the systems revert to the disabled 
reset state. . 
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DEVICE CHARACTERISTICS 

MAXIMUM RATINGS (Voltages Referenced to Vss) 

Ratings Symbol Value Unit 

Supply Voltage 

Input Voltage 

Current Drain Per Pin Excluding Voo and Vss 

Operating Temperature Range 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics Symbol Value Unit 

Thermal Resistance 
Ceramic 8JA 50 °C/W 
Plastic 100 
Plastic Chip Carrier 70 

Voo = 4.5 V 

Pins R1 R2 C 

PAD-PA7, 3.26 kO 2.38 kO 50 pF 
PBO-PB7, 
PCO-PC7, 
PD6 

PD1-PD4 1.9 kO 2.26 kO 200 pF 

Voo=3.0V 

Pins R1 R2 C 

PAO-PA7, 10.91 kO 6.32 kO 50 pF 
PBO-PB7, 
PCO-PC7, 
PD6 

PD1-PD4 6kO 6 kO 200 pF 

TEST 
POINT 

Voo -0.5 to +7.0 V 

Vin Vss -0.5 to Voo +0.5 V 

I 25 mA 

TA 
-40 to +125 °C 

Tstg -65 to +150 °C 

This device contains circuitry to protect the inputs against 
damage due to high static voltages of electric fields; how­
ever, it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated volt­
ages to this high impedance circuit. For proper operation it 
is recommended that V'n and Vou• be constrained to the 
range Vss:5, (V'n or Vou.):5,Voo. Reliability of operation is en-
hanced if unused inputs except OSC2 are connected to an 
appropriate logic voltage level (e.g., either Vss or Voo). 

R2 
(SEE TABLE) 

RI 
(SEE TABLE) 

92CS-39387 

Fig. 24 - Equivalent Test Load 

Power Considerations 
The average chip-junction temperature, TJ, in °C can be 
obtained from: 

TJ = TA + (Po" 8JA) (1) 
Where: 

TA = Ambient Temperature, °C 
8JA = Package Thermal Resistance, Junction­
to-Ambient, °C/W 
Po = P,NT + PIjO 
P,NT = Icc x Vee, Watts - Chip Internal Power 
P'iO = Power Dissipation on Input and Output 
Pins - User Determined 

For most applications P'iO < P,NT and can be neglected. 

An approximate relationship between Po and TJ (if P'iO is 
neglected is: 

Po = K + (TJ + 273°C) (2) 

Solving equations 1 and 2 for K gives: 
K = Po-ITA + 273°C) + 8JA-Po2 (3) 

Where K is a constant pertaining to the particular part. K can 
be determined from equation 3 by measuring Po (atequilibri­
um) for a known T A. Using this value of K the values of Po 
and TJ can be obtained by solving equations (1) and (2) 
iteratively for any value of T A. 
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DC ELECTRICAL CHARACTERISTICS (Voo = 5.0 Vdc ± 10%, Vss = 0 Vdc, 
T. = -40°C to +125°C unless otherwise noted) 

Characteristic Symbol. 

Output Voltage. icOAO $ 10.0 IlA VOL 
VOH 

Output High Voltage 
(ILoad = 0.8 mAl PAO-PA7, PBO-PB7, PCO-PC7. TCMP VOH 
(IL .... = 1.6 mAl P01-P04 VOH 

Output Low Voltage 
(ILoad = 1.6 mAl PAO-PA7, PBO-PB7, PCO-PC7, P02-P05, TCMP VOL 

Input High Voltage 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, mo, FfESE'i', OSC1 V'H 

Input Low Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, rm:!, ~, OSC1 V'L 

Total Supply Current (CL = 50 pF on Ports, no dc Loads, tCYC = 500 ns, 
(V'L = 0.2 V, V'H = Voe - 0.2V) No external timer oscillator. 

RUN loe 
WAIT (See Note) . 100 

STOP (See Note) 100 

Total Supply Current (CL = 50 pF on Ports, no dc Loads, tcyc = 500 ns, 
(V'L = 0.2 V, V'N = Voo - 0.2V) 32.768 KHz external timer 
crystal oscillator for circuit as shown in Fig. 13(c). 

RUN 100 

WAIT (See Note) 100 

STOP (See Note) 100 

I/O Ports Hi-Z Leakage Current 
PAD-PA7, PBO-PB7, PCO-PC7, P01-P05 I'L 

Input Current 
~, rm:!, TCAP, OSC1, POO, P07 Ion 

CapaCitance 

~E~Eta~~ut or output) Cout 

,I ,TCAP, OSC1, POO-P05, P07 Cin 

NOTE: Measured under the following conditions: 
1. All ports are configured as input, V'L = 0.2 V, V'H = Voo - 0.2 V. 
2. No load on TCMP, CL = 20 pF on OSC2. 
3. OSC1 is a square wave with V'L = 0.2 V, V'H = Voe - 0.2 V. 
4. SPE=O 
5. Typical values at midpoint of voltage range, +250 C only. 
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Limits 

Min Typ Max Unit 

- - 0.1 V 
Veo-0.1 - - V 

Voo-0.8 - - V 
Veo-0.8 - - V 

- - 0.4 V 

0.7 x Voo - Voo V 

Vss - 0.2 X Voo V 

- 3.5 7 mA 
- 1.6 4 mA 
- 2 250 IlA 

- 4 8 mA 
- 2.1 5.5 mA 
- 0.5 1 mA 

- - ±10 IlA 

- - ±1 IlA 

- - 12 pF 
- - 8 pF 



CDP68HC05D2 

DC ELECTRICAL CHARACTERISTICS (Voo = 3.3 Vde ± 10%, Vss = 0 Vde, 
TA = -40°C to +125°C unless otherwise noted) 

Characteristic Symbol 
Output Voltage, !cOAo ~ 10.0 pA VOL 

VOH 

Output High Voltage 
(I Loa• = 0.2 mAl PAD-PA7, PBO-PB7, PCO-PC7, TCMP, P05 VOH 
(!coa. = 0.4 mAl P01-P04 VOH 

Output Low Voltage 
(!coa. = 0.4 mAl PAO-PA7, PBO-PB7, PCO-PC7, P02-P05, TCMP VOL 

Input High Voltage 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, nm, l'iESEi, OSC1 V'H 

Input Low Voltage 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, RESET, OSC1 V'L 

Total Supply Current (CL = 50 pF on Ports, no de Loads, tc,c = 1000 ns, 
(V'L = 0.2 V, V'H = Voo - 0.2V) No external timer oscillator. 

RUN 100 

WAIT (See Note) 100 

STOP (See Note) 100 

Total Supply Current (CL = 50 pF on Ports, no de Loads, tc,c = 1000 ns, 
(V'L = 0.2 V. V'H = Voo - 0.2V) 32.768 KHz external timer 
crystal oscillator circuit as shown in Fig. 13(c). 

RUN 100 

WAIT (See Note) 100 

STOP (See Note) 100 

1/0 Ports Hi-Z Leakage Current 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P05 I'L 

In~~s1Trent 
, iRQ, TCAP, OSC1, POO, P07 I,n 

Capacitance 
po~s tas input or output) Cout 

RE E ,rm:i, TCAP, OSC1, POO-P05, P07 C,n 

NOTE: Measured under the following conditions: 
1. All ports are configured as input, V'L = 0.2 V, V'H = Voo - 0.2 V. 
2. No load on TCMP, CL = 20 pF on OSC2. 
3. OSC1 is a square wave with V'L = 0.2 V, V'H = Voo - 0.2 V. 
4. SPE = 0 
5. Typical values at midpoint of voltage range, +250 C only. 
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limits 
Min Typ Max Unit 

- - 0.1 V 
Voo-0.1 - - V 

Voo-0.3 - - V 
Voo-0.3 - - V 

- - 0.3 V 

0.7 x Voo - Voo V 

Vss - 0.2 X Voo V 

2.5 - 1 mA 
- 0.5 1.4 mA 
- 1 175 pA 

- 1.1 2.75 mA 
- 0.6 1.8 mA 
- 100 275 pA 

- - ±10 pA 

- - ±1 pA 

- - 12 pF 
- - 8 pF 



CDP68HC05D2 

CONTROL TIMING (VDD = 5.0 Vdc ± 10%, Vss = 0 Vdc, TA = -40°C to +125°C) 

Limits 

Characteristic Symbol Min Max Unit 

Frequency of Operation 
Crystal Option fosc - 4.2 MHz 
External Clock Option fosc dc 4.2 MHz 

Internal Operating Frequency 
Crystal (fooe + 2) fop - 2.1 MHz 
External Clock (fooe + 2) fop dc 2.1 MHz 

Cycle Time (See Figure 8) tCYC 480 - ns 
Crystal Oscillator Startup Time for At-Cut Crystal (See Figure 8) toxov - 100 ms 
Stop Recovery Startup Time (At-Cut Crystal Oscillator) (See Figure 25) t'lCH - 100 ms 

RESET Pulse Width (See Figure 9) tRl 1.5 - tCYC 

Timer 
Resolution** tRESl 4.0 - tcyC 

Input Capture Pulse Width (See Figure 26) hH,hL 125 - ns 
Input Capture Pulse Period (See Figure 26) hLTl *** - teye 

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) t'LiH 125 - ns 

Interrupt Pulse Period (See Figure 11) t'LiL * - tCYC 

OSC1 Pulse Width tOH. tOL 90 - ns 

External Timer Oscillator frequency of operation f tosc - fosc + 4 fosc 

*The minimum period t'LiL should not be less than the number of cycle times it takes to execute the interrupt service 
routine plus 21 teye. 

**Since a 2-bit prescaler in the timer must count four internal cycles (teye), this is the limiting minimum factor in 
determining the timer resolution. 

***The minimum period hLTLshould not be less than the numberof cycle times it takes to execute the capture interrupt 
service routine plus 24 teye. 

'''''~/T~A 
'RL 

INTERNAL 
CLOCK 

.... -----'ILCH 

NOTES: 
I. REPRESENTS THE INTERNAL GATING OF THE OSCI PIN. 
2. iiiQ PIN EDGE·SENSITIVE MASK OPTION. 
3. iiiQ PIN LEVEL AND EDGE·SENSITIVE MASK OPTION. 
4. RESET VECTOR ADDRESS SHOWN FOR TIMING EXAMPLE. 

Fig. 25 - Stop Recovery Timing Diagram 
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CDP68HC05D2 

CONTROL TIMING (Voo = 3.0 Vdc ± 10%, Vss = 0 Vdc, TA = -40°C to +125°C) 

Limits 

Characteristic Symbol Min Max Unil 

Frequency of Operation 
Crystal Option fose - 2.0 MHz 
External Clock Option fose dc 2.0 MHz 

Internal Operating Frequency 
Crystal (fose 7 2) fop - 1.0 MHz 
External Clock (fose 7 2) fop dc 1.0 MHz 

Cycle Time (See Figure 8) tCYC 1000 - ns 

Crystal Oscillator Startup Time for At-Cut Crystal (See Figure 8) toxov - 100 ms 

Stop Recovery Startup Time (At-Cut Crystal Oscillator) (See Figure 25) t'lCH - 100 ms 

RESET Pulse Width - Excluding Power-Up (See Figure 8) tRl 1.5 - tcyC 

Timer 
Resolution"" tRESL 4.0 - tcye 
Input Capture Pulse Width (See Figure 26) hH, hL 250 - ns 
Input Capture Pulse Period (See Figure 26) hlTL """ - tcyc 

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) tlLIH 250 - ns 

Interrupt Pulse Period (See Figure 11) t'LiL " - tcyc 

OSC1 Pulse Width tOH, taL 200 - ns 

External timer oscillator frequency of operation ftosc - fose 7 4 fose 

"The minimum period t'Lil should not be less than the number of cycle times it takes to execute the interrupt service 
routine plus 21 teye. 

""Since a 2-bit prescaler in the timer must count four internal cycles (teye), this is the limiting minimum factor in 
determining the timer resolution. 

"""The minimum period hLTLshould not be less than the number of cycle times it takes to execute the capture interrupt 
service routine plus 24 teye. 

EXTERNAL ~tTL TL~ 
~~~~~~r----.il I I ...... _~ 

~ tTH ~ ~ tTL ~ 
~ r-----tl I II '---' I L 

92CS-39382 
Fig. 26 - Timer Relationships 
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CDP68HCQ5D2 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29) 
(Vee = 5.0 Vdc ± 10%, Vss = 0 Vdc, TA = -40°C to +125°C) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to data active from high impedance state) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)" 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% Vee to 70% Vee, CL = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, SS) 

13 Fall Time (70% Vee to 20% Vpe, CL = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, SS) 

'Signal production depends on software. 
"Assumes 200 pF load on all SPI pins. 

Limits 

Symbol Min Max 

fOPlml dc 0.5 
fapls) dc 2.1 

tcyclml 2.0 -
teyelS) 480 -

tleadlml 
. -

tlaadlS) 240 -

tlag1ml 
. -

tlaglS) 240 -

tw(SCKHlm 340 -
tw(SCKHls 190 -

tw(SCKLlm 340 -
tw(SCKUs 190 -

tsu1ml 100 -
tsu(s) 100 -

thlml 100 -
thiS) 100 -

t. 0 120 

tdis - 240 

tv1ml 0.25 -
ty(s) - 240 

thoCml 0.25 -
thols) 0 -

t,m - 100 
Irs - 2.0 

tfm - 100 
tf. - 2.0 

"'Note that the unit this specification uses Is fop (internal operating frequency), not MHzl In the master 
mode the SPI bus is capable of running at one-half of the device's internal operating frequency, therefore 
1.05 MHz maximum. 
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Unit 

f ... op 
MHz 

tCYC 

ns 

ns 

ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 

ns 

tCYClml 

ns 

tCYClm) 

ns 

ns 
/1S 

ns 
/1S 



CDP68HC05D2 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29) 
(Voe = 3.3 Vdc ± 10%, Vss = 0 Vdc, TA = -40°C to +125°C) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to data active from high impedance state) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Maste( (Before Capture Edge) 
Slave (After Enable Edge)"" 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% Vee to 70% Vee, Cl = 200 pF) 
SPI Outputs (SCK, MOSI, MISO~ 
SPI Inputs (SCK, MOSI, MISO, ) 

13 Fall Time (70% Vee to 20% Vee, Cl = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPllnputs (SCK, MOSI, MISO, SS) 

"Signal production depends on software. 
""Assumes 200 pF load on all SPI pins. 

Symbol 

fop<m. 
fopes' 

tCYClmJ 

teYelS) 

tleadlml 

t'ead(S) 

tlaglml 

tlag(S) 

twlSCKHlm 

tw(SCKHls 

tw(SCKLlm 

twlSCKLle 

tsuCml 

tau(s) 

them) 

thIS) 

t. 

t.,. 

tvlml 

tves) 

tholml 

tho(s) 

t ..... 
t .. 

tim 
tis 

Limits 

Min Max Unit 

dc 0.5 f **'* op 
dc 1.0 MHz 

2.0 - tCYC 

1.0 - ps 

" -
500 - ns 

" -
500 - ns 

720 - ps 
400 - ns 

720 - ps 
400 - ns 

200 - ns 
200 - ns 

200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - tcyccml 

- 500 ns 

0.25 - tcyC(ml 

0 - ns 

- 200 ns 
- 2.0 ps 

- 200 ns 
- 2.0 ps 

"""Note that the unit this specification uses is fop (internal operating frequency), not MHz! In the master 
mode the SPI bus is capable of running at one-half ofthedevlce's internal operating frequency, therefore 
0.5 MHz maximum. 
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SS 
IINPUT) 

SCK 
10UTPUT) 

MISO 
IINPUT) 

MOSI 
10UTPUT) 

SS 
IINPUT) 

SCK 
(OUTPUT) 

MISO 
(INPUT) 

MOS,. 
(OUTPUT) 

CDP68HC05D2 

HELD HIGH ON MASTER 

(a) SPI Master Timing CPOL = 0, CPHA = 1 

HELD HIGH ON MASTER 

(b) SPI Master Timing CPOL = 1, CPHA = 1 

NOTE: MEASUREMENT POINTS ARE VOL,VOH,V,L 'V,H 

Fig. 27 - Timing Diagrams 
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51 
!INPUT) 

SCK 
(OUTPUT) 

MISO 

(INPUT) 

MOSI 
(OUTPUT) 

SCK 
(OUTPUT) 

MISO 

IINPUT) 

MOSI 

(OUTPUT) 

CDP68HC05D2 

HE LD HIGH ON MASTER 

(c) SPI Master Timing CPOL = 0, CPHA = 0 92CM-39372 

(d) SPI Master Timing CPOL = 1, CPHA = 0 
92CM- 39372 

Fig. 27 - Timing Diagrams (Continued) 
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55 
(t NPUT) 

SCK 
(INPUT) 

MOSI 

55 
(INPUT) 

SC K 
(INPUT) 

MISO 
I OUTPUT) 

MOS I 
(INPUT) 

CDP68HC05D2 

001 

92CM-39372 

(e) SPI Slave Timing CPOL = 0, CPHA = 1 

(f) SPI Slave Timing CPOL = 1, CPHA = 1 
92CM- 39372 

Fig. 27 - Timing Diagrams (Continued) 
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SS 
(INPUT) 

SCK 
( INPUT) 

(OUTOUT) 

M 0 SI 
(INPUT) 

55 
(INPUT) 

SCK 
( INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

~'-"'-~ 

CDP68HC05D2 

(g) SPI Slave Timing CPOL = 0, CPHA = 0 

(h) SPI Slave Timing CPOL = 1, CPHA = 0 

NOTE: MEASUREMENT POINTS ARE VOL,VOH'VILANDVIH 

Fig. 27 - Timing Diagrams (Concluded) 
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CDP68HC05J3 
December 1994 

Features 

The following are some of the hardware and software highlights 
of the CDP68HC05J3 family of HCMOS Microcomputers. 

HARDWARE FEATURES 

• HCMOS Technology 

• 8-Bit Architecture 

• Power-Saving STOP, WAIT, and Data Retention Modes 

• Fully Static Operation 

• On-Chlp Memory 
- 2,3S2 bytes of ROM 
- 128 bytes of RAM 

• 12 Bidirectional 110 Lines 
- 8 Software Programmable as Open Drain 
- 4 Interruptible Inputs 

• Internal 16-Blt l1mer 
- Output Compare 
- Input Capture 
- Separate l1mer Oscillator Allows: 

- l1mlng During Power Saving Mode 
- Counting of External Events 

• Self-Check Mode 

• External, Timer, and Port B Interrupts 

• Master Reset and Power-On Reset 

• On-Chip Oscillator with RC or Crystal Mask Options 

• CDP68HC05J3 
- 4.2MHz Operating Frequency (2.1 MHz Internal Bus 

Frequency) at SVi 2.0MHz at 3.0V 
- Single 3.0V to 8.0V Supply (2.0V Data Retention) 

• CDP68HCLOSJ3 
- Lower Supply Current, IDD In RUN, WAIT and STOP 

Modes at S.5V, 3.6V and 2.4V 
- Single 2.4V to 6.0V Supply (2V Data Retention) 

• CDP68HSCOSJ3 
- 8.0MHz Operating Frequency (4.0MHZ Internal Bus 

Frequency) 
- Single 3.0V to 6.0V Supply (2.0V Data Retention) 

SOFTWARE FEATURES 

• Supports Full CDP68HCOS Instruction Set 

• 8 x 8 Unsigned Multiply Instruction 

• True Bit-Manipulation 

• Two Power Saving Standby Modes 

• Efficient Use of Program Spece 

• Memory Mapped 110 

8-Bit Microcontroller Series 

Description 

The CDP68HC05J3 HCMOS Microcomputer is a member of 
the CDP68HC05 family of single chip microcomputers. This 8· 
bit microcomputer unit (MCU) contains a CPU, 128 bytes of 
RAM, 2,352 bytes of masked ROM, a flexible 16-bit timer with 
input .capture and output compare features, 12 bidirectional 110 
lines (eight programmable as open drain outputs and four pro­
grammable as interruptible inputs), an on-chip oscillator, and 
an optional, independent oscillator for the 16-bit timer. The fully 
static design allows operation at frequencies down to DC, fur· 
ther reducing the already low, power consumption. 

The timer can be used for pulse width measurements, timing, or 
event counting. Optionally, the timer can run off an oscillator that 
is independent of (and typically at a lower frequency than) the 
CPU oscillator. The dedicated timer oscillator allows timekeeping 
functions to be maintained during the low power STOP mode. 

In conjunction with the open drain outputs, the four Interrupt­
ible Port B lines can be used for switch scanning. 

The interruptible port lines provide additional interrupts and 
can be used to exit the power down modes. 

The CDP68HCL05J3 MCU device is a low-power version of 
the CDP68HC05J3 with lower power consumption in the 
RUN, WAIT, and STOP modes; and low voRage operation 
down to 2.4V. 

The CDP68HSCOSJ3 MCU device is a high-speed version 
of the CDP68HC05J3 with up to 8.0MHz operation. 

The CDP68HC05J3 family supports the full CDP68HCOS 
instruction set. Development can be performed with tools 
supplied by Harris or offered by numerous third party ven­
dors. Available tools include assemblers, C compilers, and 
ICE systems. 

The CDP68HC05J3 is supplied in a 20 lead dual-in-line plas­
tic package (E suffix) and in a 20 lead small outline plastic 
package (M suffix). 

Pinout 
CDP68HC05J3 (SOIC, PDIP) 

TOP VIEW 

vDD 

1 OBC1 

17 TCAPITOSC1 

Vss 

CAUTION: These devices are sensHive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2757.2 
Copyright @ Harris Corporation 1994 
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Block Diagram 

TCMPITOSC2 

t 
TCAPITOSC1 nMERSYSTEM 

'" 

PAO 
PAl 
PA2 
PA3 
PM 
PAS 
PAS 
PA7 

~{ PBO g PBl 
ID PB2 

~ PB3 ... 

.... ----:::: -
+--I 

+--I 

+--I 

+--I 

PORT 
A 

REG 

PORT 
B 

REG 

Power Considerations 

DATA 
DlR 
REG 

DATA 
DlR 
REG 

CDP68HC05J3 

OSCl OSC2 
INTERNAL l t PROCESSOR INTERNAL 

CLOCK 
I ooaUMOR 1=;1--L I AND + 2 CLOCK 

1 ~ 
ACCUMULATOR 

8 A CPU 

r- INDEX CONTROL 

• REGISTER X 
CONDITION CODE 

& REGISTER CC CPU 
STACK 

& POINTER SP 
PROGRAM 

f- 4 COUNTER HIGH PCH 
ALU PROGRAM 

8 COUNTER LOW Pel 

2112x8 128 x8 ROM STATIC RAM 
240x8 

SELF'(:HECK 
ROM 

The average chip-junction temperature, TJ, in °C can be 
obtained from: 

PINS R1 

TJ=TA+(Po-OJAl 

Where: TA = Ambient Temperature, °C 
OJA = Package Thermal Resistance, 

Junction-to-Amblent, °CIW 
Po = PINT + PlIO 

(EQ.1) 
Voo = 4.5V: PAD-7, PBO-3 3.260 

Voo = 3.0V: PAD-7, PBD-3 10.190 

R2 

R2 

2.380 

6.320 

PINT = Icc x Vcc, Watts - Chip Internal Power 
Pua = Power Dissipation on Input and Output 

Pins - User Determined TEST 
POINT 

(SEE TABLE) 

For most applications Puc < PINT and can be neglected. Rl C 
(SEE 

TABLE) 
(SEE TABLE) 

An approximate relationship between Po and TJ (if Puc is 
neglected) Is: 

Po = K+ (TJ + 273°C) (EQ.2) 

Solving Equation 1 and Equation 2 for K gives: 

K = po· (TA + 273OC) + OJA - P02 (EQ.3) 

Where K is a constant pertaining to the particular part. K can 
be determined from Equation 3 by measuring Po (at equilib­
rium) for a known TA. Using this value of K the values of Po 
and TJ can be obtained by solving Equation 1 and Equation 2 
iteratively for any value of TA. 
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EQUIVALENT TEST LOAD 
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50pF 

50pF 

8! 
o~ 
a:....I 
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Specifications CDP68HC05J3 

Absolute Maximum Ratings Thermal Information 
Supply Voltage (Voo) ••••••••••••••••••••••••• -O.5V to +7.0V Thermal Resistance 0JA 
Input Voltage (VIN) .................... Vss -O.3V to Voo +O.3V Plastic DIP Package ............................ 600CNJ 
Self-Check Mode (VIN) Plastic SOIC Package ........................... 75°CNJ 

IRQ Pin Only •••••••••••••••••••• Vss -O.3V to 2 x Voo +O.3V 
Current DrBln Per Pin (I) 

Junction Temperature ............................. + 150°C 

Excluding Voo and Vss.. .. • • • • • .. • .. • • .. • .. • • • • .... 25mA 
Storage Temperature Range (T STO)' ••••••••••• -65°C to +1 SOOC 

CALIT/ON: SInIss .. &bow those listed In "Absolute Maximum Ratings" may cause petmllnent damage to thfJ device. This is a straaa only rating and operation 
of thfJ device at these or any other conditions &bow those indicated In thfJ operational sections of this specification is not implied. 

Operating Conditions 
Operating Temperature Range (TA) •••••••••••• -40"C to +12SoC Input High Voltage ••••••.•••••••..•••••.•.•• (0.8oVoo) to Voo 

Low Power ................................ OOC to +700C 
High Speed ................................ OOC to +700C 

DC Electrical Specifications voo = SV±lO%, vss = OV, TA = -400C to +125°C, Unless Otherwise Specified. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voltage VOL ILOAO <10jJA - - 0.1 V 

VOH Voo-O.l - - V 

Output High Voltage: PAO-7, PBO-3, TCMP VOH ILOAO = -O.SmA Voo-0.8 - V 

Output Low Voltage: PAQ-7, PBO-3, TCMP VOl. ILOAO = 1.6mA - - 0.4 V 

Input High Voltage: PAQ-7, PBO-3, OSC1, TCAP/ VIH - O.50Voo 0.7oVoo V 
TOSCl 

Input High Voltage: RESET, IRQ VIH - O.SoVoo 3.S V 

Input Low Voltage: PAQ-7, PB0-3, O5Cl, TCAP/ VIL O.30Voo O.SoVoo - V 
TOSCl 

Input Low Voltage: RESET, IRQ VIL 0.8 0.3oVoo - V 

Input Hysteresis Voltage: RESET, IRQ VHYs O.S 1.0 - V 

Data Retention Voltage VRM OOC to+700C 2 - - V 

Supply Current (Notes 1, 2) 

RUN IRUN - 2.0 4.0 mA 

WAIT IWAIT - 0.8 1.6 mA 

STOP ISTOP T A = -4OOC to + 125°C - 20 40 jJA 

VO Ports HI-Z Leakage Current: PAO-7, PBO-3 IlL - - ±10 jJA 

Input Current RESET, IRQ, TCAP/TOSC1, liN - - ±1 jJA 
OSCl 

Capacitance: (Note 2) COUT - - 12 pF 

RESET,IRQ, TCAP/TOSC1, O5Cl, PAQ-7, PB0-3 CIN - - 8 pF 

NOTES: 

1. This device contains circuitry to protect the Inputs against damage due to high static voltages of electric fields; however, It Is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For 
proper operation It Is recommended that VIN and VOUT be constrained to the range Vss < (VIN or VOUT) < Voo. Reliability of operalion is 
enhanced H unused inputs except OSC2 are connectad to an appropriate logic voltage level (e.g., either Vss or Voo). 

2. Includes Ports used as InputlOutput Pins, Ports used as Input only Pins; Ports used as Output only Pins. 
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DC Electrical Specifications voo = 3.3Vec ±10%, Vss = oVec, TA = -4()OC to +125°0, Unless Otherwise Specified. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voltage VOL ILOAD <1011A - - 0.1 V 

VOH Voo-O.l - - V 

Output High Voltage: PAO-7, PBO-3, TOMP VOH ILOAO = -0.2mA Voo -0.3 - - V 

Output Low Voltage: PAO-7, PBO-3, TCMP VOL ILOAD = 0.4mA - - 0.3 V 

Input High VoHage: PAQ-7, PBo-3, OSOI, TOAPI VIH - O.50Voo 0.7oVoo V 
TOSCI 

Input High Voltage: RESET, IRQ VIH - O.50Voo 2.5 V 

Input Low Voltage: PAQ-7, PB0-3, OSC1, TCAPI VIL O.2oVoo 0.5oVoo - V 
TOSCI 

Input Low Voltage: RESET, IRQ VIL 0.5 0.3oVoo - V 

Input Hysteresis Voltage: RESET, IRQ VHYs 0.3 0.6 - V 

Data Retention Voltage VRM O"C to +70"C 2 - - V 

Supply Current (Notes I, 2) 

RUN IRuN - 1.2 2.4 rnA 

WAIT IWAIT - 0.5 1.0 rnA 

STOP ISTOP T A = -40"0 to + 125°C - 10 20 IIA 

I/O Ports HI-Z Leakage Current: PAO-7, PBO-3 IlL - - ±10 IIA 

Input Current RESET, iRQ, TCAP/TOSC1, liN - - ±1 IIA 
OSCI 

Capacitance: (Note 2) Cour - - 12 pF 

RESET,IRQ, TCAP/TOSC1, OSC1, PAO-7, PBO- CIN - - 8 pF 
3 

NOTES: 

1. This device contains circuitry to protect the Inputs against damage due to high static voltages 01 electric fields; however, it is advised that 
normal precautions be taken to avoid application 01 any voltage higher than maximum rated voltages to this high Impedance circuit. For 
proper operation it is recommended that VIN and Vour be constrained to the range Vss < (VIN or Vour) < Voo. Reliability 01 operation is 
enhanced if unused Inputs except OSC2 are connected to an appropriate logic voHage level (e.g., either Vss or VOO). 

2. Includes Ports used as Input/Output Pins, Ports used as Input only Pins; Ports used as Output only Pins. 

Control Timing voo = 5V ±10%, Vss = OV, TA = -4000 to +1250 C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Frequency 01 Operation 
Crystal Option lose - - 4.2 MHz 

External Clock Option lose DC - 4.2 MHz 

Internal Operating Frequency 

Crystal (lose + 2) fop - - 2.1 MHz 

External Clock (lose + 2) fop DC - 2.1 MHz 

Cycle Time !eve 480 - - ns 

Crystal Oscillator Start-Up Time for AT-Cut Crystal toxov - - 100 ms 
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Control Timing voo = 5V ±100/0. Vss = OV. TA = -4OOC to +125"C (Continued) 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Stop Recovery Start-Up Time (AT -Cut Crystal ~LCH - - 100 ms 
Oscillator) 

RESET Pulse Width IRL 1.5 - - !eyc 

Timer 
Resolution (Note 1) IRES 4.0 - - !eyc 

Input Capture Pulse Width tTH. tTL 125 - - ns 

Input Capture Pulse Period tTLTL (Note 2) - - !eyC 

Interrupt Pulse Width Low (Edge-Triggered) ~LIH 125 - - ns 

Interrupt Pulse Period tlLIH (Note 3) - - !evc 

OSCl Pulse WId1h toH. toL 90 - - ns 

NOTES: 

1. Since a 2-bit prescaler In the timer must count lour Internal cycles (!evel. this is the limiting minimum factor In determining the timer resolution. 

2. The minimum period tn. n. should not be less than the number 01 cycle times It takes to execute the capture Interrupt service routine plus 
24!evc· 

3. The minimum period ~UL should not be less than the number 01 cycle times it takes io execute the Interrupt service routine plus 21 !evc. 

Control Timing voo = 3.3V ±1 0%. Vss = OV. TA = -40"C to +1250C 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Frequency Of Operation 

Crystal Option lose - - 2.0 MHz 

Extemal Clock Option lose DC - 2.0 MHz 

Internal Operating Frequency 

Crystal (Iosc + 2) lop - - 1.0 MHz 

External Clock (fosc + 2) fop DC - 1.0 MHz 

Cycle Time Icvc 1000 - - ns 

Crystal OSCillator Start-up Time for AT -cut Crystal toxov - - 100 ms 

Stop Recovery Start-up Time (AT -cut Crystal tlLCH - - 100 ms 
Oscillator) 

RESET Pulse Width IRL 1.5 - - !eyc 

Timer 

Resolution (Note 1) ~s 4.0 - - !evc 

Input Capture Pulse Width tTH. tn. 250 - - ns 

Input Capture Pulse Period tn.TL (Note 2) - - !eve 

Interrupt Pulse Width Low (Edge-Triggered) ~LIH 250 - - ns 

Interrupt Pulse Period ~UH (Note 3) - - !eye 

OSCl Pulse Width toH. toL 200 - - ns 

NOTES: 

1. Since a 2-blt prescaler in the timer must count four internal cycles (!evc). this is the limiting minimum factor In determining the timer resolution. 

2. The minimum period tn.TL should not be less than the number of cycle times It takes to execute the capture Interrupt service routine plus 
24!evc· 

3. The minimum period ~UL should not be less than the number of cycle times It takes to execute the Interrupt service routine plus 21 !eye. 
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Control Timing Diagrams 
... 

OSC1 
(NOTE 11 

.... 
~ .tJI!!!' '~/,~.I'." ",;'''''?JI# ~,;. /"'.,,? .; '.,,? "".I' ",,' ... ,1/ "".1' ,/?".!I';' -If" ",,? ",,"" -!to!' .",.r- ., .. ';' .. .r ",," .l" ./ """7.; .. ~ ",,/" .,,/ ",,"'" .,1/i!"jt ."io 

~; ""'",,~/ .. /.,,.; ""/Jf/"";f!'"";:""'"" ... f!'"";f!'''''';~/i/""/""/""tF'",,.;'f!',,,,;f!'''''/.i.r#' .. i'',,,,·.rf!',,,, ... '';;"'"",;"""/J/~:';f!' ... "".11>.;"",.';.i "".If"'"""".i~ 

.RESET 

IRQ 
(NOTE 21 

IRQ 
(NOTE 31 

INTERNAL 
CLOCK 

INTERNAL 
ADDRESS 

BUS 

_ 4-tRL-'-

4- tILlH-.--
..... IILCH 4064tcyC _ 

'" 

NOTES: 
1. Represents the internal gating of the OSC 1 pin. 
2. IRQ pin edge-sensitive mask option. 
3. IRQ pin level and edge-sensitive mask option. 

FIGURE 1. STOP RECOVERY TIMING DIAGRAM 

EXTERNAL SIGNAL 
(TCAP PIN 171 ________ -' 

FIGURE 2. TIMER RELATIONSHIPS 
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Functional Pin Description, Input/Output 
Programming, Memory, CPU Registers, 
and Self .. Check 

This section provides a description of the functional pins, 
input/output programming, memory, CPU registers, and self· 
check features of the CDP68HC05J3. 

FUNCTIONAL PIN DESCRIPTION 

VDD and Vss 

Power is supplied to the MCU using these two pins. Voo is a 
positive voltage with respect to Vss (ground). 

IRQ (Maskable Interrupt Request) 

iRQ is a programmable option which provides two different 
choices of interrupt triggering sensitivity. These options are: 

1. negative edge·sensitive triggering only, or 

2. both negative edge-sensitive and level·sensitive trigger· 
ing. 

In the latter case, either type of input to the iRa pin will pro· 
duce an interrupt. The MCU completes the current instruc· 
tion before it responds to the interrupt request. When the 
iRQ pin goes low for at least one t'LlH' a logic one is latched 
internally to signify an interrupt has been requested. When 
the MCU completes its current instruction, the interrupt latch 
is tested. If the interrupt latch contains a logic one, and the 
interrupt mask bit (I bit) in the condition code register is clear, 
the MCU then begins the interrupt sequence. 

If the option is selected to include level'sensitive triggering, 
then the IRQ input can be connected to VDO via an external 
resistor to permit "wire ORed" operation. See INTERRUPTS 
for more detail concerning IRQ interrupts. 

RESET 

The RESET input is not required for start·up but can be used 
to reset the MCU internal state and provide an orderly soft· 
ware start·up procedure. Refer to RESETS for a detailed 
description. 

TCAPITOSCIN 

The TCAP input controls the input capture feature for the on­
chip programmable timer system. Refer to Input Capture 
Register for additional information. If bit 3 of the Oscillator 
Control Register (OCR) is set, then TOSCIN is used as the 
clock source for the internal timer. If bit 4 of the OCR is set 
then TOSCIN together with TOSCOUT can be used to cre­
ate a crystal oscillator. 

TCMPrrOSCOUT 

The TCMP pin providEls an output for the output compare 
feature of the on-chip timer system. Refer to Output Com­
pere Register for additional information. If bit 4 of the Oscil­
lator Control Register (OCR) is set, then TOSCOUT is used 
together with TOSCIN to create a crystal oscillator circuit. 

OSCIN.OSCOUT 

The CDP68HC05J3 family of MCUs can be configured, dur­
ing device manufacturing, to accept either a crystal or an RC 
network to control the internal oscillator. The internal clocks 
are derived by a divide-by-two of the external oscillator fre­
quency (fosd. 

Crystal 

The circuit shown in Figure 3C Is recommended when using 
a crystal. The internal oscillator is designed to interface with 
an AT-Cut parallel resonant quartz crystal resonator in the 
frequency range speCified for fose in Control liming. Use of 
an external CMOS oscillator is recommended when crystals 
outside the specified ranges are to be used. The crystal and 
components should be mounted as close as possible to the 
input pins to minimize output distortion and start-up stabiliza­
tion time. Refer to ELECTRICAL SPECIFICATIONS for Voo 
specifications. 

2MHz 4MHz UNITS 

Rs(Max) 400 75 a 

Co 5 7 pF 

C1 0.008 0.012 pF 

COSC1 15-40 15-30 pF 

COSC2 15-30 15-25 pF 

Rp 10 10 MO 

a 30 40 K 

FIGURE SA. CRYSTAL RESONATOR PARAMETERS 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal in 
cost sensitive applications. The circuit in Figure 3C is recom· 
mended when using a ceramic resonator. Figure 38 lists the 
recommended capacitance and feedback resistance values. 
The manufacturer of the particular ceramic resonator being 
considered should be consulted for specific information. 

2MHz·4MHz UNITS 

As (TypIcaQ 10 a 

Co 40 pF 

C1 4.3 pF 

COSC1 30 pF 

Coscz 30 pF 

Rp 1-10 MO 

Q 1250 -
FIGURE 3B. CRYSTAL RESONATOR PARAMETERS 
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MCU 
OSC1 OSC2 

Rp 

COCS1.::!:-
FIGURE SC. CRYSTAL OSCILLATOR CONNECTIONS 

L c1 Rs 

~C:ClT 
18 l[jl 111 

FIGURE SO. EQUIVALENT CRYSTAL CIRCUIT 

R 

FIGURE SE. RC OSCILLATOR CONNECTIONS 

FIGURE SF. EXTERNAL CLOCK SOURCE CONNECTIONS 

FIGURE S. OSCILLATOR CONNECTIONS 

RC 

If the RC oscillator option is selected, then a resistor is con· 
nected to the oscillator pins as shown in Figure 3E. 

External Clock 

An extemal clock should be applied to the OSCIN input w~h the 
OSCOUT output not connected, as shown in Figure 3F. An 
extemal clock may be used with e~r the RC or crystal oscHlator 
option. The toxov or tllcH specifications do not apply when 
using an extemal clock input. The equivalent specification of the 
extemal clock source should be used in lieu of toxov or ta.CH. 

PAO·PA7 

These eight I/O lines comprise port A. The function of any 
pin is software programmable to be an input, an output, or 
an open drain output. All port A lines are configured as 
inputs during power·on or reset. Refer to Input/Output Pro­
gramming for a detailed description of I/O programming. 

PBO-PB3 

These four lines comprise port B. The function of any pin is 
software programmable to be an input or an output. Addition· 
ally, each pin can be individually programmed to generate an 
interrupt when the pin is low. All port B lines are conflQured as 
inputs during power-on or reset. Refer to InputlOutput Pro­
gramming for a detailed description of 1/0 programming. 

INPUT/OUTPUT PROGRAMMING 

Parallel Porta 

The 12 I/O lines associated with Ports A and B may be indio 
vidually programmed as an input or an output. The direction of 
each pin is determined by the state of the corresponding bit in 
the port data direction register (DDR). A port pin is configured 
as an output if its corresponding DDR bit is set to a logic one. 
A pin is configured as an input if its corresponding DDR bit is 
cleared to a logic zero. At power·on or RESET, all DDRs are 
cleared, which configures all port A and B pins as inputs. The 
data direction registers are capable of being written to or read 
by the processor. Refer to Figure 4, Figure 5 and Table 1. Dur­
ing the programmed output state, a read of the data register 
actually reads the value of the output latch and not the I/O pin. 
As an example, if a port bit is set to be a high output and it is 
pulled low by an extemal load, reading the port will provide a 
high reading for that bit. 

I 
I 

TYPICAL 
PORT DATA 
DIRECTION 
REGISTER 

TYPICAL 
PORT 

REGISTER 

PIN 

7 6 

P7 PI 

PORT NOT OPEN DRAIN 

FIGURE4A. 

5 4 

P5 P4 

FIGURE4B. 

PORT DATA ==~==1==[: """'Of 
INTERNAL 

LOGIC_---< 

NOTES: 

3 2 

P3 P2 P1 

1. Denotes devices have same physical size, and are 
enhancement type. 

2. IP = Input Protection. 
3. Latch-up protection not shown. 

FIGURE4C. 

FIGURE 4. TYPICAL PARALLEL 110 CIRCUITRY 

PO 
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TABLE 1. PORT A TRUTH TABLE 

(NO~I) 
RIW DDR I/O PIN FUNcnON 

0 0 The I/O pin Is In Input mode. 
Data Is written Into the output data latch 

0 1 Data Is written Into the output data latch 
and output to the I/O pin. 

1 0 The slata of the va pin Is read. 

1 1 The va pin Is In output mode. 
The output data latch Is read. 

NOTE: 
1. RiW is an Internal signal. 

PortAG-A7 

The Port A Data Register (DR) Is located at $000 and the 
Port A Data Direction Register (DDR) is located at $002. In 
addition to data direction control provided by the Port A 
DDR. Port A VO pins can be Individually configured as open· 
drain N·FETs. Setting a bit in the Port A Open Drain Register 
(ODR. location $004). configures the corresponding Port A 
output pin as an open drain. if the pin is set as an output in 
the Port A DDA. Setting a bit In the Port A ODR has no effect 
on pins that are programmed as Inputs In the DDR. unless 
the pin is subsequently programmed as an output. A pin that 
is open drain will be high impedance when the Port A DR bit 
is high and it will be active low when the Port A DR bit is low. 

All bits In the Port A DDR and ODR are cleared by power·on 
and RESET. Bits in the Port A DR are unaffected by power· 
on and RESET. 

PORTB 
IfOPIN 

UET 

r--- 0 Q 

IFR 

r CLOCK 

RESET 

PortBG-B3 

The Port B Dala Register (DR) is located at $001 and the 
Port B Data Direction Register (DDR) is located at $003. In 
addition to data direction control provided by the Port B 
DDR. Port B VO pins can be individually configured as low 
level sensitive interrupt inputs. Associated with each of the 
four pins of Port B is a bit in the Port B Interrupt Enable Reg· 
Ister (IER. location $005) and the Port B Interrupt Flag Reg· 
ister (IFR. location $006). 

Whenever a Port B pin Is brought low (either pulled low by 
an external source. when the pin is programmed as an input. 
or set low in the Port B DR. when the pin is programmed as 
an output) the associated flag in the Port B IFR will be set. 
Even when the pin returns to a high level the IFR bit will 
remain set. The IFR bits can only be cleared by RESET or 
by explicitly writing a 0 to the bit in the IFA. 

When interrupts are not enabled the IFR can be used to "cap­
ture" low going pulses on the Port B pins for later processing. 
Since even a narrow low pulse will set the IFR bit. the user 
can be assured not to miss a low event if the IFR is examined. 
Once the Port B DR bit returns high. the IFR bit should be 
cleared to "rearm" the IFR to capture the next pulse. 

If a bit in the IFR is set. a Port B interrupt will be generated if 
the associated bit in the Port BIER Is set and the CPU has 
enabled interrupts by clearing the I mask bit. See INTER· 
RUPTS for more information. Generally the user will want to 
clear the appropriate IFR bit(s) before setting the Port BIER 
bit(s). This will insure only future events will trigger interrupts 
and not a past event which was "captured" by the IFA. 

_
TO INTERNAL BUS 
FORREAOING 

. INTERNAL 
I BIT IN cc INTERRUPT 

~LOGIC 

L CPU RESET 

WRITE TO 
L...-___ PORT B IFR 

($006) 

t-----I 0 

IER 
WRITE TO 

PORT BIER - CLOCK 
($005) RESET 

Q t-..... -- TO INTERNAL BUS 
FOR READING 

INTERNAL 
-OATABUS 

L CPURESET 

FIGURE 5. PORT B INTERRUPT LOGIC FUNCTIONAL DIAGRAM 
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$0000 

$001F 
$0020 

$OO4F 
$0050 

$007F 
$0080 

$OOBF 
SOOCO 

$OOFF 
$0100 

S08FF 
$01100 

$OEFF 
$OFOO 

$OFDF 
$OFEO 

$OFEF 
SOFFO 

$OFFF 

110 
32 BYTES 

USERROU 
48 BYTES 

UNUSED 
48 BYTES 

RAM 
128 BYTES 

-f-~;A~;---
64 BYTES 

USER ROM 
2048 BYTES 

UNUSED 

SELF-CHECK 
ROM 

224 BYTES 

SELFoCHECK 
VECTORS 
1GBYTES 

USER 
VECTORS 

BYTES 

-----_ ..... -
0000 

0031 
0032 • 

0078 
0080 

0127 
0128 

01111 
01112 

02S5 
02S5 

2303 
2304 

: $OFFO 

38311 SOFF. 
3840 

, som 
4063 ' 
4064 : , SOFFA 

40711' 
SOFFC 4080' 

$OFFE 
4095 -------

PORTS 0000 
7 BYTES 

UNUSED 
11 BYTES 

TIMER 
10 BYTES 

UNUSED 
4 BYTES 

0031 

UNUSED 
GBYTES 

PORTB 
VECTOR 

TIMER 
VECTOR 

ma 
VECTOR 

SWI 
VECTOR 

RESET 
VECTOR 

PORT A DATA REGISTER 

PORT B DATA REGISTER 

PORT A DATA DIRECTION REGISTER 

PORT B DATA DIRECTION REGISTER 

PORT A OPEN DRAIN REGISTER 

PORT B INTERRUPT ENABLE REGISTER 

PORT B INTERRUPT FLAG REGISTER 

UNUSED 
10 BYTES 

OSCILLATOR CONTROL REGISTER 

TIMER CONTROL REGISTER 

TIMER STATUS REGISTER 

INPUT CAPTURE HIGH REGISTER 

INPUT CAPTURE LOW REGISTER 

OUTPUT COMPARE HIGH REGISTER 

OUTPUT COMPARE LOW REGISTER 

COUNTER HIGH REGISTER 

COUNTER LOW REGISTER 

ALTERNATE COUNTER HIGH REGISTER 

ALTERNATE COUNTER LOW REGISTER 

$00 

$01 

$02 

$03 

$04 

$05 

$06 

$07 

$ 10 

$11 

$12 

$13 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

~ UNUSED $ 

14 

15 

16 

17 

18 

19 

1A 

1B 

1C 

~r, .. _____ 4_B_YT_ES ____ ...... r$1F 

FIGURE 6. ADDRESS MAP 

7 ° 
1 A 1 ACCUMULATOR 
7 o 
1 x 1 INDEX REGISTER 

11 ° 
1 PC L,----__ ....,;,~----~I PROGRAM COUNTER 
tl 7 0 

.... 10 .... 1_0 ..... 1_0 .... 1 0 ........ 11 .... 1""'1 ..... 1 ___ s_p_---'1 STACK POINTER 

CC 

~
I N Z C CONDITION CODE REG 

CARRYIBORROW 
ZERO 
NEGATIVE 
INTERRUPT MASK 
HALF CARRY 

FIGURE 7. PROGRAMMING MODEL 

DECREASING 
MEMORY 

ADDRESSES 

I~ 
~7r-r-r-~~~ __ ~~ __ ~0~STACK 

1 11 11 1 CONDITION CODE REGISTER 

ACCUMULATOR 

INDEX REGISTER 

° I ° I ° I 0 I PROGRAM COUNTER HIGH 

UNSTACK '--__ PR_OG_R_A_M_CO_U_NT_E_R_L_O_W __ ....... 

INCREASING 
MEMORY 
ADDRESS 
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A Port B interrupt can be cleared by clearing the enable bit in 
the IER or by resetting the corresponding bit in the IFR low. 
In the first case, since the IFR has not been cleared, setting 
the IER bit high, at any future time, will cause a Port B inter­
rupt, unless the IFR bit is first cleared. In the second case, if 
the source of the interrupt is still exerting a low on the Port B 
pin, a new interrupt will immediately be forced, unless the 
IER bit was also cleared, prior to the IFR bit. 

All bits In the Port B IFR, IER, and DDR are cleared by 
power-up and RESET. The Port B DR Is unaffected by pow­
erup and RESET. All unused bits In the Port B registers are 
read as O's. 

MEMORY 

Figure 6 illustrates the address map of the J3. As shown the 
memory consists of 128 bytes of RAM between $080 and 
$OFF. The upper 64 bytes of RAM is used for a system stack 
which grows from higher addresses towards lower 
addresses. Locations $100 through $900 contain 2048 bytes 
of ROM for user code. A 240 byte "SelfCheck" routine is 
located from $FOO through $FFO (see Selfcheck). 

CPU REGISTER MODEL 

The CPU contains five registers. as shown in the programing 
model of Figure 7. The interrupt stacking order is shown in 
Figure 8. 

NOTE: Since the Stack Pointer decrements during pushes. the PCl 
Is stacked first. followed by PCH. etc. Pulling from the stack Is in the 
reverse order. 

Accumulator (A) 

The accumulator is an 8-bit general purpose register used to 
hold operands. results of the arithmetic calculations. and 
data manipulations. 

Index Register (X) 

The X register is an 8-bit register which is used during the 
indexed modes of addressing. It provides an 8-bit value 
which is used to create an effective address. The index reg­
ister Is also used for data manipulations with the read-mod­
Ify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 

Program Counter (PC) 

The program counter is a 12-bit register that contains the 
address of the next instruction to be executed by the prooessor. 

Stack Pointer (SP) 

The stack pointer is a 12-bit register containing the address 
of the next free location on the pushdown/popup stack. 
When accessing memory. the most significant bits are per­
manently configured to 000011. These bits are appended to 
the six least Significant register bits to produce an address 
within the range of $OFF to $OCO. The stack area of RAM Is 
used to store the return address on subroutine calls and the 
machine state during interrupts. During external or power-on 
reset. and during a reset stack pointer (RSP) instruction. the 
stack pointer is set to its upper limit ($OFF). Nested interrupt 
and/or subroutines may use up to 64 (decimal) locations. 
When the 64 locations are exceeded, the stack pointer 
wraps around and points to its upper limit ($OFF). thus. over-

writing the previously stored information. A subroutine call 
occupies two RAM bytes on the stack. while an interrupt 
uses five RAM bytes. 

Condition Code Register (CC) 

The condition code register is a S-bit register which indicates 
the results of the Instruction just executed as well as the 
state of the processor. These bits can be individually tested 
by a program and specified action taken as a result of their 
state. Each bit is explained in the following paragraphs. 

Half Carry Bit (H) 

The H bit is set to a one when a carry occurs between bits 3 
and 4 of the ALU during an ADD or ADC instruction. The H 
bit is useful in binary coded decimal subroutines. 

Interrupt Mask Bit (I) 

When the I bit is set. all interrupts are disabled. Clearing this 
bit enables the interrupts. If an external interrupt occurs 
while the I bit is set, the interrupt is latched and processed 
after the I bit is next cleared; therefore. no interrupts are lost 
because of the I bit being set. An internal interrupt can be 
lost if it is cleared while the I bit is set (refer to Programma­
ble nmer Section for more information). 

Negative (N) 

When set. this bit Indicates that the result of the last arith­
metic. logical. or data manipulation is negative (bit 7 in the 
result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last arith­
metic, logical. or data manipulation is zero. 

Carry/Borrow (e) 

Indicates that a carry or borrow out of the arithmetic logic 
unit (ALU) occurred during the last arithmetic operation. This 
bit is also affected during bit test and branch instructions. 
shifts, and rotates. 

SELFeHEeK 

The selfcheck capability of the CDP6~HC05J3 MCU pro­
vides an internal check to determine if the device is func­
tional. Selfcheck Is performed using the circuit shown in the 
schematic diagram of Figure 9. As shown in the diagram. 
Port A pins PAO-PA3 are connected to light emitting diodes 
which display the result of the test. The selfcheck mode is 
entere~ applying a 9Voc input (through a 4.7kO resistor) 
to the IRQ pin (2) and a SVoc input (through a 4.7kO resis­
tor) to the TCAP pin (17) and then depressing the reset 
switch to execute a reset. After reset. the PAO pin is first 
tested for a logic 1 (supplied by the LED) then the following 
seven tests are performed automatically: 

IfOTes! 

Functionally exercises ports A and B. 

RAM Test 

Tests each RAM byte by incrementing from $00 to $FF then 
Incrementing twice more to $01. The value in the RAM loca­
tion is tested after each increment. 
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10kn 

10kn 

+5V 

300ll LEO. 

FIGURE 9. SELFCHECK CIRCUIT SCHEMATIC DIAGRAM 

V~ ~~----------------------------------------------------------­, 

OSC1 
(NOTE 2) 

INTERNAL 
PROCESSOR 

CLOCK (NOTE 1) 

INTERNAL 
ADDRESS BUS 

(NOTE 1) 

INTERNAL 
DATA BUS 

(NOTE 1) 

NOTES: 

,;...,..bt3?ZZZZ2ZZZ222Z2ZZZZZ2222ZZZZ22ZZ2Z2Z2222ZZZ222i 
, , , 
I I 4064 , 

: toxov' Icvc ' tcvc I 
........ : ... :_ a 

1. Internal timing signal and bus Inlormatlon Is not available extemally. 
2. OSC1 line Is not meant to rapresent frequency. It is only meant to represent lime. 
3. The next rlsJng edge of the Internal processor clock following the rising edge of RESET initiates the reset sequence. 

FIGURE 10. POWER"()N RESET AND RESET 
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Port B Interrupt Tests 

Tests for proper operation of interrupts on each of the four, 
Port B inputs. 

llmerTest 

Verifies counter register is properly advancing and checks 
OCFflags. 

Externalllmer Clock Test 

Verifies proper counting via the external oscillator pin (17). 

ROM Test 

Exclusive OR of all ROM locations with odd one's parity 
result. 

Interrupts Test 

Tests SWI, external, timer, and Port B interrupts. 

Selfcheck results (using the LEOs as monitors) are shown in 
Table 2. The following subroutines are available to user pro­
grams and do not require any external hardware. 

TABLE 2. SELFCHECK RESULTS 

PA3 PA2 PAl PAO REMARKS 

1 0 1 0 Failed RAM Test 

1 0 1 1 Failed Port B Interrupt Tests 

1 1 0 0 Failed l6-blt Timer Tests 

1 1 0 1 Bad External Timer Oscillator 

1 1 1 0 Failed ROM Checksum Test 

1 1 1 1 Failed Interrupt Tests 

Flashing Good Device 

All Others Bad port A or B or Unknown Failure 

o Indicates LED is On; 1 Indicates LED Is Off 

llmer Test Subroutine 

This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is called 
at location $FBC. The output compare register is first set to 
the current timer state. Because the timer is free running and 
has only a divide-by-four prescaler, each timer count cannot 
be tested. The test tracks the counter until the timer wraps 
around, triggering the output compare flag in the timer status 
register. RAM locations $080 and $081 are overwritten. 
Upon return to the user's program, X = 40. If the test passed, 
A=OandZ= 1. 

Rom Checksum Test Subroutine 

This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is 
called at location $F86 with RAM location $083 equal to 
$01 and A = O. A short routine is set up and executed in 
RAM to compute a checksum of the entire ROM pattern. 
Upon return to the user's program, X = o. If the test passed, 
A = 0 and Z = 1. RAM locations $080 through $083 are 
overwritten. 

Resets, Interrupts, and Low Power Modes 
RESETS 

The MeU has two reset modes: an active low extemal reset pin 
(RESET) and a power-on reset function; refer to Figure 10. 

RESET Pin 

The RESET input pin is used to reset the MCU to provide an 
orderly software start-up procedure. When using the exter­
nal reset mode, the RESET pin must stay low for a minimum 
of one and one half !evc. The RESET pin contains an inter­
nal Schmitt Trigger as part of its input to improve noise 
immunity. 

Power-On Reset 

The power-on reset occurs when a positive transition is 
detected on Voo. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down reset. 

If the crystal oscillator option is chosen, the power-on cir­
cuitry provides for a 4064 !evc delay from the time that the 
oscillator becomes active. If the external RESET pin is low at 
the end of the 4064 tcvc time out, the processor remains in 
the reset condition until RESET goes high. 

If the RC oscillator option is chosen, the power-on circuitry 
provides a 2 tcvc delay from the time that the oscillator 
becomes active. If the external RESET pin is low at the end 
of the 2 !eve time out, the processor remains in the reset 
condition until RESET goes high. Table 3 shows the actions 
of the two resets on internal circuits, but not necessarily in 
order of occurrence (X indicates that the condition occurs for 
the particular reset). 

INTERRUPTS 

Systems often require that normal processing be interrupted 
so that some external event may be serviced. The 
COP68HC05J3 may be interrupted by one of four different 
methods: either one of three maskable hardware interrupts 
(IRQ, Port B, or Timer) and one non-maskable software 
interrupt (SWI). Interrupts such as Timer and Port B have 
several flag and status bits which control the interrupt. Gen­
erally, interrupt flags are located in read-only status register, 
whereas their equivalent enable bits are located in associ­
ated control registers. The interrupt flags and enable bits are 
never contained in the same register. If the enable bit is a 
logic zero it blocks the interrupt from occurring but does not 
inhibit the flag from being set. Reset clears all enable bits to 
preclude interrupts during the reset procedure. 

Generally, interrupt flags are located in read-only status reg­
ister, whereas their equivalent enable bits are located in 
associated control registers. The interrupt flags and enable 
bits are never contained in the same register. If the enable 
bit is a logic zero it blocks the interrupt from occurring but 
does not inhibit the flag from being set. Reset clears all 
enable bits to preclude interrupts during the reset procedure. 

The general sequence for clearing an interrupt is a software 
sequence of first accessing the status register while the 
interrupt flag is set, followed by a read or write of an associ-
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ated register. When any of these interrupts occur, and if the 
enable bit is a logic 1, normal processing is suspended at 
the end of the current instruction execution. Interrupts cause 
the processor registers to be saved on the stack (see Figure 
8) and the interrupt mask (I bit) set to prevent additional 
interrupts. The appropriate interrupt vector then points to the 
starting address of the interrupt service routine (refer to Fig­
ure 6for vector location). Upon completion of the interrupt 
service routine, the RTI instruction (which is normally a part 
of the service routine) causes the register contents to be 
recovered from the stack followed by a retum to normal pre­
cessing. The stack order is shown in Figure 8. 

A discussion of interrupts, plus a table listing vector 
addresses for all interrupts, including RESET, of the MCU is 
provided in Table 4. 

Hardware Controlled Interrupt Sequence 

The following three functions (RESET. STOP, and WAIT) are 
not in the strictest sense an interrupt; however, they are 
acted upon in a similar manner. Flowcharts for hardware 
interrupts are shown in Figure 11, and for STOP and WAIT 
are provided in Figure 12. A discussion is provided below. 

(a) RESET - A low input on the RESET input pin causes the 
program to vector to its starting address which is speci­
fied by the contents of memory locations $FFE and 
$FFF. The I bit in the condition code register is also set. 
Much of the MCU is configured to a known state during 
this type of reset as previously described in RESETS 
paragraph. 

(b) STOP - The STOP instruction causes the OSCillator to 
be tumed off and the processor to ·sleep" until an exter­
nal Interrupt (IRQ or Port B interrupt) or a RESET or a 
TIMER interrupt occurs. Note that TIMER interrupts can 
only be generated if the extemal clock for the TIMER is 
enabled. 

(c) WAIT - The WAIT instruction causes all processor clocks 
to stop, but leaves the Timer running. This ·resr state of 
the processor can be cleared by RESET, an extemal 
interrupt (IRQ), Timer interrupt, or Port B interrupt. 

TABLE 3. RESET ACTION ON INTERNAL CIRCUIT 

POWER-ON 
CONDITION RESET PIN RESET 

Oscillator Start-Up Delay Sello 4064lcvc (8128 Oscillator Cycles) Nolet X 

TImer Prescaler Resello Zero Stale X X 

TImer Counler Configured 10 $FFFC X X 

TImer Output Compare (TCMP) BII Resello Zero X X 

All TImer Inlerrupl Enable Bits Cleared (ICIE, OCIE, and TOlE) to Disable TImer Interrupts X X 

TImer OLVL Bit is Cleared to Zero X X 

All Oscillator Control Register Bits (EC, EOE, and NOEL) Cleared to Zero X X 

Both Port A and Port B Data Direction Registers Cleared to Zero Configuring All Port Pins as X X 
Inputs 

Port A Open Drain Register Cleared to Zero X X 

All Port B Interrupt Enable Register Bits Cleared 10 Zero to Disable Interrupts X X 

All Port B Inlerrupt Flag Register Bits Cleared (If a Pin Is Low ifs Bit Will Immediately Be Sel) X X 

Configure Stack Pointer to $OFF X X 

Force Intemal Address to the RESET Vector ($FFE) X X 

Set Bit in Condition Code Register to a Logic One 10 Disable All Interrupts Except SWI X X 

Clear External Interrupt Latch X X 

Clear WAIT Latch X X 

Clear Stop Lalch X X 
(Nole 2) 

NOTES: 
1. A delay of 2lcvc (4 oscillator cycles) is introduced when restarting wllh RESET, except from STOP mode. 

2. 4064lcvc oscillator start-up time-out occurs. 
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FROM RESET 

STOP 

STOP OSCILLATOR 
AND ALL CLOCKS 

CLEAR I BIT 

TURN ON OSCILLATOR 
WAIT FOR TIME 

DELAY TO STABIUZE 

(1) FETCH RESET VECTOR OR . 
(2) SERVICE INTERRUPT 

A. STACK 
B. SETIBIT 
C. VECTOR TO INTERRUPT 

ROUTINE 

Y 

Y 

Y 
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CLEAR iIiQ 
REQUEST 

LATCH 

FIGURE 11. HARDWARE INTERRUPT FLOWCHART 

WAIT 

OSCILLATOR ACTIVE 
TIMER CLOCK ACTIVE 

PROCESSOR CLOCKS STOPPED 

(1) FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 

A. STACK 
B. SET I BIT 
C. VECTOR TO INTERRUPT 

ROUTINE 

FIGURE 12. STOPIWAIT Fl.OWCHARTS 
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TABLE 4. VECTOR ADDRESSES FOR INTERRUPTS AND 
RESET . 

FLAG INTER- CPU VECTOR 
REGISTER NAME RUPTS INTERRUPT ADDRESS 

NlA NlA Reset RESET $FFE-$FFF 

NlA NlA Software SWI $FFC-$FFD 

NlA NlA External IRO $FFA-$FFB 
Interrupt 

Timer ICF Input TIMER $FFB -$FF9 
Status OCF Capture 
(TCR) TOF Output 

Compare 
Timer 

Overflow 

PortB Bit 0-3 Port B()'3 Port BO-B3 $FF6-$FF7 
Interrupt Interrupt 

Flag 
Register 

(IRF) 

There are no special ·WAIT' or "STOP" vectors for the inter­
rupts. When the processor is released from the WAIT or 
STOP state, the same RESET and interrupt vectors are 
used as at all other times. The processor provides no indica­
tion that a WAIT or STOP state has been exited. 

Software Interrupt (SWI) 

The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware inter­
rupts. The SWI is executed regardless of the state of the 
interrupt mask (I bit) in the condition code register. The inter­
rupt service routine address is specified by the contents of 
memory location $FFC and $FFD. 

External Interrupt 

If the interrupt mask (I bit) of the condition code register has 
been cleared and the external interrupt pin (IRQ) has gone 
low, then the external interrupt is recognized. When the 
interrupt is recognized, the current state of the CPU is 
pushed onto the stack and the I bit is set. This masks further 
interrupts until the present one is serviced. The interrupt ser­
vice routine address is specified by the contents of memory 
location $FFA and $FFB. Either a level-sensitive and nega­
tive edge-sensitive trigger, or a negative edge sensitive only 
trigger are available as a mask option. Figure 13 shows both 
a functional and mode timing diagram for the interrupt line. 
The timing di~m shows two different treatments of the 
interrupt line (IRQ) to the processor. The first method shows 
single pulses on the interrupt line spaced far enough apart to 
be serviced. The minimum time between pulses is a function 
of the number of cycles required to execute the interrupt ser­
vice routine plus 21 cycles. Once a pulse occurs, the next 
pulse should not occur until the MCU software has exited the 
routine (an RTI occurs). The second configuration shows 
several interrupt lines ·wire-ORed" to form the interrupts at 
the processor. Thus, if after serviCing one Interrupt the inter­
rupt line remains low, then the next interrupt is recognized. 

NOTE: The internal interrupt latch is cleared in the first part of the ser­
vice routine; therefore, one (and only one) external interrupt pulse 
could be latched during ~UL and serviced as soon as the I bH is cleared. 

LEVEL - SENSITIVE TRIGGER 

INTERRUPT 
PIN 

EXTERNAL 
INTERRUPT 
REQUEST 

POWER-oN RESET 

EXTERNAL RESET 

EXTERNAL INTERRUPT 
BEING SERVICED 
(READ OF VECTORS) 

FIGURE 13A. EXTERNAL INTERRUPT FUNCTION DIAGRAM 

IIIRQ 

~"---'~tILlH 

I.. t,L,L---... ·~1 
IIIRQl -:l:::::tIL1H=:=J I 
tlRQn ----..,"' ______ .. 1 [f;;~J~~D 

CONNECTION 

IIRQ --, r--
(MCU) I 

NOTE: 
Edge-Sensitive Trigger Condition - The minimum pulse width (tILIH) 
is either 125ns (Voo = 5V) or 250ns (Voo = 3V). The period ~LIL 
should be less than the number of leve cycles It takes to execute 
the Interrupt service routine plus 21 levc cycles. 
Level-Sensitive Trigger Condition - If after servicing an interrupt the 
IIIRO remains low, then the next interrupt is recognized. 

FIGURE 13B. EXTERNAL INTERRUPT MODE DtAGRAM 

FIGURE 13. 

T1mer Interrupt 

There are three different timer interrupt flags that will cause 
a timer interrupt whenever they are set and enabled. These 
three interrupt flags are found in the three most significant 
bits of the timer status register (TSR, location $13) and all 
three will vector to the same interrupt service routine ($FFB -
$FF9). All interrupt flags have corresponding enable bits 
(ICE, OCIE, and TOlE) in the timer centrol register (TeR, 
location $12). Reset clears all enable bits, thus preventing 
an interrupt from occurring during the reset time period. The 
actual processor interrupt is generated only if the I bit in the 
cendition cede register is also cleared. When the interrupt is 
recegnized, the current machine slate is pushed onto the 
stack and I bit is set. This masks further interrupts until the 
present one is serviced. 

The interrupt service routine address is specified by the con­
tents of memory locations $FFB and $FF9. The general 
sequence for clearing an interrupt is a software sequence of 
accessing the status register while the flag is set, followed 
by a read or write of an associated register. Refer to Pro­
grammable T1mer for additional information about the timer 
circuitry. 
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FIGURE 14. PROGRAMMABLE TIMER BLOCK DIAGRAM 
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INTERNAL PROCESSOR CLOCK 

(INTERNAL RESET) 

TOO JlJlJ1J1 n n 
n T01 _______ ...... n n 

INTERNAL TIMER CLOCKS n T10 ______ ~---~ n n 
n n rL 

COUNTER (16 • BIT) X $FFFD X $FFFE X $FFFF 

mE'f(EXTERNAL OR END OF PORI 111111/' 
NOTE: 

1. The Counter Register and the Timer Control Register are the only ones affected by RESET. 

FIGURE 15. TIMER STATE DIAGRAM FOR RESET 

INTERNAL PROCESSOR 
CLOCK 

TOO n n n r 
INTERNAL TIMER T01 .-fl n n n 

CLOCKS 

T10--11 n n n 
T11 n n n rL 

COUNTER (16. BIT) 3: $FFEC X $FFED X $FFEE X $FFEF 

INPUT EDGE ---..,~~:z.,.".®.,..,I"'l~""~,... '1"".,,,..,.,...;;---------------

~ .. ,~ y'y,?y \'---------INTERNAL CAPTURE LATCH 

INPUT CAPTURE REGISTER ___________ $_?_??_? ________ ..../X'-______________ $F_F_E_D ____________ _ 

INPUT CAPTURE FLAG / ____ ---i 

NOTE: 

1. If the input edge occurs in the shaded area from one timer state T1 0 to the other timer state T1 0 the input capture flag is set during the 
next state T11. 

FIGURE 16. TIMER STATE TIMING DIAGRAM FOR tNPUT CAPTURE 
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INTERNAL PROCESSOR CLOCK 

TOO n '---____ n n r 
T01-'1 n n n 

INTERNAL TIMER 

T10--11 n n n 
111 n n n ___ .....1 rL 

COUNTER (16 - BIT) 3 $FFEC X $FFED X $FFEE X $FFEF 

(NOTE 1) 

COMPARE REGISTER CPU WRITES $FFED ===\\x"--_____ _ • _ $FFED 

NOTES: 

COMPARE REGISTER 
LATCH 

OUTPUT COMPARE 
FLAG (OCF) AND 

TCMP (PIN 16) 

(NOTE2),tl \"'---
(NOTE 3) ,I 

1. The CPU write to the Compare Register may take place at any time, but a compare only occurs at timer state T01. Thus a 4 cycle differ­
ence may exist between the write to the Compare Register and the actual compare. 

2. Internal compare takes place during timer state T01. 
3. OCF Is set at the timer state T11 which follows the comparison match ($FFED in this example). 

FIGURE 17. TIMER STATE TIMING DIAGRAM FOR OUTPUT COMPARE 

INTERNAL PROCESSOR CLOCK 

TOO n n n r 
T01-'1 n n n 

INTERNAL TIMER CLOCKS 

Tl0--11 n n n 
111 n n n rL 

COUNTER (16 - BIT) 3 $FFFF X $0000 X $0001 X $0002 

TIMER OVERFLOW I FLAG (TOF) 

NOTE: 
1. The TOF bit is set at timer state T11 (transition of the counter from $FFFF to $0000). It is cleared by a read of the Timer Status Register 

during the internal processor clock high time followed by a read of the Counter Low Register. 

FIGURE 18. TIMER STATE DIAGRAM FOR TIMER OVERFLOW 
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Port B Interrupts 

The four lines of the Port B can be used as level-sensitive 
interrupt inputs. The four lines share a common interrupt 
vector ($FFS-$FF7). To allow identification of the source of 
the interrupt, the Port B Interrupt Flag Register (IFR) is pro­
vided. The flag register contains a bit corresponding to each 
bit of Port B. The flags are set by applying a low level to the 
associated Port B pin. The source of the low level can either 
be external, when the pin is programmed as an input in the 
Port B DDR, or internal, when the pin is programmed as an 
output and the bit is set low in the Port B Data Register. The 
flags can only be cleared by explicitiy writing to the IFR or by 
RESET or power-on. The flags are valid whether Port B 
interrupts are enabled or not. 

Enabling Port 8 interrupts can be done for individual pins by 
setting the appropriate bit in the Port B Interrupt Enable Reg­
ister (lER) high. If a Port B line has been enabled to gener­
ate interrupts and the interrupt mask (I bit) is clear, whenever 
the IFR flag goes high, an interrupt will be generated. The 
interrupt can be removed by clearing the IER bit or by clear­
ing the IFR bit. After clearing the IFR bit, if the low is still 
present on the Port B pin, the interrupt will be immediately 
regenerated since the Port B interrupts are level-sensitive. 
For more information refer to Figure 5. 

Low-Power Modes 

STOP Instruction 

The STOP instruction places the MCU in its loWest power con­
sumption mode. In the STOP mode the internal oscillator is 
tumed off, causing all intemal processing to be halted' refer to 
Figure 12. During the STOP mode, the I bit in the condition 
code register is cleared to enable extemal interrupts (Port 8 
interrupts must be enabled by setting the appropriate bits in the 
IER prior to entering STOP). All other registers and memory 
remain unaltered and all input/output lines remain unchanged. 
This continues until an extemal interrupt (IRQ or Port 8) or a 
RESET is sensed, at which time the Intemal oscillator is tumed 
on. If the external clock for the TIMER is enabled then TIMER 
overflow or compare interrupts can also release the CPU from 
STOP mode. The extemal interrupt or RESET causes the pro­
gram counter to load a vector from memory locations $FF6-
FF7, $FF8-FF9, $FFA-FFB, or $FFE-FFF which contain the 
starting address of the interrupt or RESET service routine. 

WAIT Instruction 

The WAIT instruction places the MCU in a low power consump­
tion mode, but the WAIT mode consumes somewhat more 
power than the STOP mode. In the WAIT mode, the Intemal 
clock remains active, and all CPU processing is stopped; how­
ever, the programmable timer system remains active. Refer to 
Figure 12. During the WAIT mode, the I bit in the condition code 
register is cleared to enable all interrupts (Port Band llmer 
interrupts must be enabled by setting the appropriate bits in the 
IER or TCR prior to entering WAIT). All other registers and 
memory remain unaltered and all parallel Input/output lines 
remain unchanged. This continues until any interrupt or RESET 
is sensed. At this time the program counter loads a vector from 
the memory location ($FFS through $FFF) which contains the 
starting address of the interrupt or RESET service routine. 

Data Retention Mode 

The contents of RAM and CPU registers are retained at sup­
ply voltages as low as 2Voc. This is referred to as the Data 
Retention mode, where the data is held, but the device Is not 
guaranteed to operate. 

Programmable Timer 

INTRODUCTION 

The programmable timer, which is preceded by a fixed 
divide-by-four prescaier, can be used for many purposes, 
Including Input waveform measurements while simulta­
neously generating an output waveform. Pulse widths can 
vary from several microseconds to many seconds. A block 
diagram of the timer is shown in Figure 14 and timing dia­
grams are shown in Figures 15 through 18. 

Because the timer has a 16-bit architecture, each specific 
functional segment (capability) is represented by two regis­
ters. These registers contain the high and low byte of that 
functional segment. Generally, acceSSing the low byte of a 
speCific timer function allows full control of that function; 
however, an access of the high byte inhibits that specific 
timer function until the low byte is also accessed. 

NOTE: The I bit in the condition code register should be set while 
manipulating both the high and low byte register of a specific timer 
function to ensure that an Interrupt does not occur. This prevents in­
terrupts from occurring between the time that the high and low byte 
are accessed. 
The programmable timer capabilities are provided by using 
the following ten addressable 8-bit registers (note the high 
and low represent the significance of the byte). A description 
of each register Is provided below. 

Timer Control Register (TCR) location $12, 

Timer Status Register (TSR) location $13, 

Input Capture High Register location $14, 
Input Capture Low Register location $15, 

Output Compare High Register localion $1S, 

Output Compare Low Register location $17, 

Counter High Register location $18, 
Counter Low Register location $19, 

Alternate Counter High Register location $1A, and 

Alternate Counter Low Register location $1 B. 

COUNTER 

The key element in the programmable timer is a 16-bit free 
running counter, or counter register, preceded by a prescaler 
which divides the internal processor clock by four. The pres­
caler gives the timer a resolution of 2.0~s if the internal pro­
cessor clock is 2.0MHz. The counter is clocked to increasing 
values during the low portion of the internal processor clock. 
Software can read the counter at any time without affecting 
Its value. 

The double byte free running counter can be read from either 
of two locations $18 - $19 (called counter register at this loca­
tion), or $1A - $1 B (counter alternate register at this location). 
If a read sequence containing only a read of the least signifi-
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cant byte of the free running counter or counter alternate reg­
ister first addresses the most significant byte ($18, $lA) it 
causes the least significant byte ($19, $lB) to be transferred 
to a buffer. This buffer value remains fixed after the first most 
signifICant byte "read" even if the user reads the most signifi­
cant byte several times. This buffer is accassed when reading 
the free running counter or cOunter altemate register, if the 
most significant byte is read, the least signifICant byte must 
also be read in order to complete the sequence. 

The free running counter is configured to $FFFC during 
reset and is always a read-only register. During a power-on­
reset (POR), the counter is also configured to $FFFC and 
begins running after the oscillator start-up delay. Because 
the free running counter is 16 bits preceded by a fixed 
divide-by-four prescaler, the value in the free running 
counter repeats every 262,144 MPU ,internal processor clock 
cycles. When the counter rolls over from $FFFF to $0000, 
the timer overflow flag (TOF) bit is set. An interrupt can also 
be enabled when counter rollover occurs by setting its inter­
rupt enable bit (TOlE). 

OUTPUT COMPARE REGISTER 

The output compare register is a 16-bit register, which is made 
up of two 8-bit registers at locations $16 (most significant byte) 
and $17 (least significant byte). The output compare register 
can be used for several purposes such as, controlling an output 
waveform or indicating when a period of time has elapsed. The 
output compare register is unique in that all bits are readable 
and writable and are not altered by the timer hardware. Reset 
does not affect the contents of this register and if the compare 
function Is not utilized, the two bytes of the output compare reg­
ister can be used as storage locations. 

The contents of the output compare register are compared 
with the contents of the free running counter once during 
every four internal processor clocks. If a match is found, the 
corresponding output compare flag (OCF) bit is set and the 
corresponding output level (OLVL) bit is clocked (by the out­
put compare circuit pulse) to an output level register. The 
values in the output compare register and the output level bit 
should be changed after each successful comparison in 
order to control an output waveform or establish a new 
elapsed time-out. An interrupt can also accompany a suc­
cessful output compare provided the corresponding interrupt 
enable bit, OCIE, is set. 

After a processor write cycle to the output compare register 
containing the most significant byte ($16), the output com­
pare function is inhibited until the least significant byte ($17) 
is also written. The user must write both byte (locations) if 
the most significant byte is written first. A write made only to 
the least significant byte ($17) will not inhibit the compare 
function. The free running counter is updated every four 
internal processor clock cycles due to the internal prescaler. 
The minimum time required to update the output compare 
register is a function of the software program rather than the 
internal hardware. A processor write may be made to either 
byte of the output compare register without affecting the 
other byte. The output level (OLVL) bit is clocked to the out­
put level register regardless of whether the output compare 
flag (OCF) is set or clear. 

Because neither the output comp!lre flag (OCF bit) nor the 
output compare register is affected by RESET, care must be 
exercised when initializing the output compare function with 
software. The following procedure is recommended: 

(1) Write the high byte of the output compare register to 
inhibit further compares until the low byte is written. 

(2) Read the timer status register to arm the OCF if It Is 
already set. 

(3) Write the output compare register low byte to enable the 
output compare function with the flag clear. 

The advantage of this procedure Is that it prevents the OCF 
bit from being set between the time it is read and the write to 
the output compare register. A software example is shown 
below. 

B716 STA 
B613 LDA 
BF17 STX 

OCMPHI; 
TSTAT; 
OCMPLO; 

INHIBIT OUTPUT COMPARE 
ARM OCF BIT IF SET 
READY FOR NEXT COMPARE 

INPUT CAPTURE REGISTER 

The two 8-bit registers which make up the 16-bit input cap­
ture register are read-only and are used to latch the value of 
the free running counter after a defined transition is sensed 
by the corresponding input capture edge detector. The level 
transition which triggers the counter transfer is defined by 
the corresponding input edge bit (IEDG). Reset does not 
affect the contents of the input capture register. 

The result obtained by an input capture will be one more 
than the value of the free running counter on the rising edge 
of the internal processor clock preceding the external transi­
tion (refer to timing diagram shown in Figure 16). This delay 
is required for internal synchronization. Resolution is 
affected by the prescaler allowing the timer to only increment 
every four internal processor clock cycles. 

After a read of the most significant byte of 'the input capture 
register ($14), counter transfer is inhibited until the least sig­
nificant byte ($15) of the input capture register is also read. 
This characteristic forces the minimum pulse period attain­
able to be determined by the time used in the capture soft­
ware routine and its interaction with the main program. The 
free running counter increments every four internal proces­
sor clock cycles due to the prescaler. 

A read of the least significant byte ($15) of the input capture 
register does not inhibit the free running counter transfer. 
Again, minimum pulse periods are ones which allow soft­
ware to read the least 'Iignificant byte ($15) and perform 
needed operations. There is no conflict between the read of 
the input capture register and the free running counter trans­
fer since they occur on opposite edges of the internal pro­
cessor clock. 

TIMER CONTROL REGISTER (TCR) 

The timer control register (TCR, location $12) is an 8-bit read! 
write register which contains five control bits. Three of these 
bits control interrupts associated with each of the three flag 
bits found in the timer status register (discussed below). The 
other two bits control: 1) which edge is significant to the cap­
ture edge detector (i.e., negative or positive), and 2) the next 
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value to be clocked to the output level register in response to 
a successful output compare. The timer control register and 
the free running counter are the only sections of the timer 
affected by RESET. The TCMP pin is forced low during exter­
nal reset and stays low until a valid compare changes it to a 
high. The timer control register is illustrated below followed by 
a definition of each bit. 

TCR (LOCATION $12) 

B7, ICIE If the input capture interrupt enable (ICIE) bit is 
set, a timer interrupt is enabled when the ICF 
status flag (in the timer status register) is set. If 
the ICIE bit is clear, the interrupt is inhibited. 
The ICIE bit is cleared by RESET. 

B6, OCIE If the output compare interrupt enable (OCIE) 
bit is set, a timer interrupt is enabled whenever 
the OCF status flag is set. If the OCIE bit is 
clear, the interrupt is inhibited. The OCIE bit is 
cleared by RESET. 

B5, TOlE If the timer overflow interrupt enable (TOlE) bit 
is set, a timer interrupt is enabled whenever 
the TOF status flag (in the timer status regis­
ter) is set. If the TOlE bit is clear, the interrupt 
is inhibited. The TOlE bit is cleared by RESET. 

B1,IEDG The value of the input edge (IEDG) bit deter­
mines which level transition on pin 1 will trigger 
a free running counter transfer to the input 
capture register. Reset does not affect the 
IEDGbit. 

o = negative edge 

1 = positive edge 

BO, OLVL The value of the output level (OLVL) bit is 
clocked into the output level register by the 
next successful output compare and will 
appear at pin 2. This bit and the output level 
register are cleared by RESET. 

o = low output 

1 = high output 

TIMER STATUS REGISTER (TSR) 

The timer status register (TSR) is an 8-bit register of which 
the three most significant bits contain read-only status infor­
mation. These three bits indicate the following: 

1. A proper transition has taken place at the TCAP pin with 
an accompanying transfer of the free running counter 
contents to the input capture register, 

2. A match has been found between the free running 
counter and the output compare register, and 

3. A free running counter transition from $FFFF to $0000 
has been sensed (timer overflow). 

The timer status register is illustrated below followed by a def­
inition of each bit. Refer to timing diagrams shown in Figures 
16, 17, and 18 for timing relationship to the timer status regis­
ter bits. 

2 o 
o o o 

TSR (LOCATION $13) 

B7,ICF The input capture flag (ICF) is set when a 
proper edge has been sensed by the input 
capture edge detector. It is cleared by a pro­
cessor access of the timer status register (with 
ICF set) followed by accessing the low byte 
($15) of the input capture register. Reset does 
not affect the input compare flag. 

B6, OCF The output compare flag (OCF) is set when the 
output compare register contents match the 
contents of the free running counter. The OCF 
is cleared by accessing the timer status regis­
ter (with OCF set) and then accessing the low 
byte ($17) of the output compare register. 
Reset does not affect the output compare flag. 

B5, TOF The timer overflow flag (TOF) bit is set by a 
transition of the free "running counter from 
$FFFF to $0000. It is cleared by accessing the 
timer status register (with TOF set) followed by 
an access of the free running counter least sig­
nificant byte ($19). Reset does not affect the 
TOFbit. 

Accessing the timer status register satisfies the first condi­
tion required to clear any status bits which happen to be set 
during the access. The only remaining step is to provide an 
access of the register which is associated with the status bit. 
Typically, this presents no problem for the input capture and 
output compare functions. 

A problem can occur when using the timer overflow function 
and reading the free running counter at random times to mea­
sure an elapsed time. Without incorporating the proper pre­
cautions into software, the timer overflow flag could 
unintentionally be cleared if: 1) the timer status register is read 
or written when TOF is set, and 2) the least Significant byte of 
the free running counter is read but not for the purpose of ser­
vicing the flag. The counter atternate register at address $1A 
and $1 B contains the same value as the free running counter 
(at address $18 and $19); therefore, this altemate register can 
be read at any time without affecting the timer overflow flag in 
the timer status register. 

During STOP and WAIT instructions, the programmable 
timer functions as follows: during the wait mode, the timer 
continues to operate normally and may generate an interrupt 
to trigger the CPU out of the wait state; during the stop 
mode, the timer holds at its current state, retaining all data, 
and resumes operation from this point when an external 
interrupt is received. 
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OSCILLATOR CONTROL REGISTER (OCR) 

The Oscillator Control Register (OCR, location $11) is an 8-
bit register which contains three functional bits. The bits con­
trol the source of the limer input and the main CPU oscilla­
tor start-up delay following a STOP instruction. The 
operation of each bit is as described below: 

7 6 

o o 

84, EOE 

o 
o 

OCR (LOCATION $11) 

Setting the EOE bit high configures the 
TCAPITOSC1 and TCMPITOSC2 as an 
oscillator amplifier. A crystal or ceramic 
resonator network can be connected 
across the two pins to form an oscillator. 
For accurate counting, after the EOE bit is 
set to configure the TCAPITOSC1 and 
TCMPITOSC2 as an oscillator amplifier 
and a crystal or resonator is connected 
across the two pins, the user should delay 
setting the ECC bit until the oscillator has 
stabilized (typically 2-5ms). RESET and 
power-up clear the EOE bit. 
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83, ECC 

82, NOEL 

Setting the ECC bit high connects the 
input of the limer to the TCAPITOSC1 
pad. The signal at the TCAPITOSC1 pin is 
divided by four and then applied to the 
limer. This allows counting external 
events with a resolution of four, or use of a 
frequency different than the main CPU 
time base. An external clock source can 
be used, or the EOE bit can be set to 
allow use of a crystal or resonator. If the 
EOE bit is set to configure the TCAPI 
TOSC1 and TCMPITOSC2 as an oscilla­
tor amplifier and a crystal or resonator is 
connected across the two pins, the user 
should delay setting the ECC bit until the 
OSCillator has stabilized (typically 2-5ms). 
RESET and power-up clear the ECC bit. 

Setting the NOEL bit high overrides the 
normal 4064 !eve· delay which is intro­
duced when exiting from STOP mode via 
an interrupt (RESET will clear the NOEL 
bit). Instead a 2 teve delay will be intro­
duced. When the RC oscillator mask 
option has been chosen, the deiay is 
always 2 teve and the NOEL bit has no 
effect. NOEL is cleared by RESET and 
power-up. 
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CMOS High Performance Silicon Gate 
8-Bit Microcontroller 

Hardware Features Pinout 
• Typical Full Speed Operatin9 Power @ 5V ..•..•............. 10mW PACKAGE TYPES D AND E 

• Typical WAIT Mode Power ........•..•.••.•••.••..••••••••••• 3mW TOP VIEW 

• Typical STOP Mode Power .................•.........•........ 51lW RESET 

• 64 Bytes of On-Chip RAM rIW 

• 1089 Bytes of On-Chip ROM NUM 

• 16 Bidirectional 1/0 Lines 
• 4 Input-Only Lines 

OSCI 

OSC2 

PAO 
• Internal 8-Bit Timer With Software Programmable 7-Bit Prescaler PAt 

• External Timer Input 
• External and Timer Interrupts 
• Master Reset and Power-On Reset 
• Single 3V to 6V Supply 
• On-Chip Oscillator 
• 11ls Cycle Time 

Description 
The CDP6805F2 Microcomputer Unit (MCU) belongs to the 
CDP6805 Family of CMOS Microcomputers. This 8-bit MCU 
contains on-chip oscillator, CPU, RAM, ROM, I/O, and Timer. 
Fully static design allows operation at frequencies down to 

PA2 

PA3 

PA4 

PAS 

PA6 
PA7 

vSS 

Software Features 
• Versatile Interrupt Handling 
• True Bit Manipulation 
• 10 Addressing Modes 
• Efficient Instruction Set 

• Memory-Mapped I/O 

4 

5 

6 

7 

8 

" 10 

II 

12 

13 

14 

• User-Callable Self-Check Routines 

28 

27 

26 

25 

24 

23 

22 

21 

20 

I" 
18 

17 

16 

15 

DC, further reducing its already low-power consumption. It is 
a low-power processor designed for low-end to mid-range 
applications in the consumer, automotive, industrial, and 
communications markets where very low power consumption 
constitutes an important factor. 

• Two Power-Saving Standby Modes 

Block Diagram 

PAD 

Port PAl Port Data 

A PA2 A IfectlO 

1/0 PA3 Register Register 

Lines ~~~ 
PA6 
PA7 

8 

Accumulator 
A 

Index 
Register 

X 
Condition 

Code 
Register CC 

Stack 
Pomter 

Program 
Counter 

HIgh PCH 

Program 
Counter 

low PCl 

1089 x 8 
ROM 

Self-Check 
ROM 

CPU 

CPU 
Control 

AlU 

CDP6805F2 CMOS MICROCOMPUTER 

Data Port 
Direction B 
Register Register 

92CS...J7994 

voo 
TIMER 

PCO 

PCt 

PC2 

PC3 

P80 

P8t 

PB2 

P83 

P84 

P85 

PB6 

PB7 

PBO 

~~i Port 
PB3 B 
PB4 1/0 
PB5 Lines 
PB6 
PB7 

CAUTION: Thase devices are sensitive to electrostatic discharge. Users should follow propsr I.C. Handling Procedures. 

Copyright © Harris Corporation 1994 
File Number 1369.2 
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The COP6805F2 and COP6805F2C devices are available in 
a 28-lead dual-in~line plastic package (E suffix), in a 28-lead 

dual-in-line ceramic package (0 suffix), and in a 28-lead 
plastic chip-carrier package (N suffix). 

« 
2.5 E 
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"" ~ 
!z 2.0 
w 
a: a: 
:> 
0 
Cl 
Z 

~ a: w 
D.. 
0 
~ « 
0 
ii: 
> 
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MAXIMUM RATINGS (Voltages Referenced to Vss) 

Ratings 

Supply Voltage 

All Input Voltages Except OSCl 

Current Drain per Pin Excluding VDD and VSS 

Operating Temperature Range 

CDP6805F2 
CDP6805F2C 

Storage Temperature Range 

ILoad -

Symbol 

VDD 

Vin 

I 

TA 

Tstg 

Value 

-0.3 to +8 

VSS-0.5 to VDD+0.5 

10 

TL to TH 

o to 70 
-40 to +85 

-55 to + 150 

VDD=4.5V 

4.27 k 

Test Point o----4~-4~-1I'11~t_-..... 

50 pF=:= 20.5 k 

Unit 

V 

V 

mA 

°C 

°C 

92C5-37995 

Fig. 2 - Equivalent test load. 

INTERNAL FREQUENCY (1/t.,c)-MHz 

Fig. 3 - Typical operating current vs. internal frequency. 
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5V 
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DC ELECTRICAL CHARACTERISTICS (VOO - 5 Vdc ± 10% VSS - 0 Vdc T A - TL to TH unless otherwise noted I (See Note 11 - - -
Characteristics 

Output Voltage, ILoadS 10.0 fiA 

Output High Voltage ((Load - - 200 fiAI PAD·PA7, PBO·PB7 

Output Low Voltage, ((Load = 800 fiAI PAO·PA7, PBO·PB7 

Input High Voltage 
Ports PAO·PA7, PBO·PB7, PCO·PC3 
TIMER, TIm, RESET 
OSCl 

Input Low Voltage, All Inputs 

Total Supply Current (CL - 50 pF on Ports, No dc Loads, tcyc-1 fisl 
RUN (Measured Ouring Self·Check, VIL =0.2 V, VIH = VOO - 0.2 VI 
WAIT (See Note 21 
STOP (See Note 21 

1/0 POrlS Input Leakage - PAO·PA7, PBO·PB7 

Input Current - ~,TIm, TIMER, OSC1, PCO·PC3 

Output Capacitance - Ports A and B 

Input Capacitance - RESET, IRQ, TIMER, OSC1, PCO·PC3 

NOTES: 
1. Electrical Characteristics for VOO = 3 V available soon. 
2. Test Conditions for 100 are as follows: 

All ports programmed as inputs 
VIL =0.2 V (PAO·PA7, PBO·P87, PCQ·PC31 
VIH=VOO-0.2 V for RESET, TFiQ, TIMER 
OSCl input is a square wave from 0.2 V to VOO-0.2 V 
OSC2 output load=20 pF (WAIT 100 is affected linearly by the OSC2 capacitancel 

Symbol 

VOL 
VOH 

VOH 

VOL 

VIH 

VIL 

100 

IlL 

lin 
Cout 

Cin 

Min Max 
- 0.1 

VOO-O.l -
4.1 -
- 0.4 

VOO-2 VOO 
VOO-0.8 VOO 
VOO-l.5 VOO 

VSS 0.8 

- 4 
- 1.5 
- 150 
- ±10 
- ±1 
- 12 
- 8 

TABLE 1 - CONTROL TIMING CHARACTERISTICS (VOO=5 Vdc ± 10%, VSS=O, TA = Tl to TH, fosc=4 MHz, tcyc= 1 "sl 

Characteristics Symbol Min Max 

Crystal Oscillator Startup Time (See Figure 51 tOXOV - 100 

Stop Recovery Startup Time - Crystal Oscillator (See Figure 61 tilCH - 100 

Timer Pulse Width (See Figure 41 tTH, tTL 0.5 -
Reset Pulse Width (See Figure 51 tRl 1.5 -
Timer Period (See Figure 41 tTLTl 1 

Interrupt Pulse Width (See Figure 151 tlLlH 1 -
Interrupt Pulse Period (See Figure 151 tlLlL * 
OSCl Pulse Width (See Figure 71 tOH, tOl 100 

Cycle Time tcyc 1000 -

Frequency of Operation 
Crystal fosc - 4 
External Clock de 4 

Unit 

V 

V 

V 

V 

V 

rnA 
rnA 
fiA 

"A 
fiA 
pF 

pF 

Unit 

ms 

ms 

tcyc 

tcvc 
tcyc 

tcyc 

tcyc 
ns 

ns 

MHz 

*The minimum period, 1(Lll, should not be less than the number of tcyc cycles it takes to execute the interrupt service routines plus 20 tcyc 
cycles. 

oscz 

PAO 

PAl 

PA2 

PA3 

PA4 

PAS 

TERMINAL ASSIGNMENT 

PINI~ 6 

7 

8---t-
9 TOP VIEW 

10 

co ..... U1.... CD If) .... 

~4(/)mG)m(D 
CL Q.. > 11. G. 0.. a. 

PCI 

pcz 

PC3 

PBO 

PBI 

PB2 

PB3 

92CS-40952 

28-Lead Plastic Chip-Carrier Package 
(N Suffix) 
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III 

~ 

External 
Clock 

VOO 

OSC1 

4>2* 

Internal 
Address 

Bus * 

Internal 
Data 
Bus* 

RESET 

I , 

( Timer) 
Pin 27 

f.-tTLTL~ ~ tTH I-- -..J tTL ~ 

92C~7997 

Fig. ", - Timer relationships. 

Yr~---------------------------------------

I I 
i ~~I~~~~~~ITn~~~~~~~~~~ 
-l ~l\\\\~~\\\ \\\\\\\\\ \\ \\\\\~\\ \&\\\\ \\\ ~\\\\\\\\ ~\\~\\ 

I , 
I , 1920tcyc I 
I ,0( ., 
" I -' ~toxOV i tcye I 

f= "'=} --I' 92CS-37998 

* Internal timing signal not available externally, 

Fig. 5 - Power-on RESET and ifESEf. 
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OSC2** -----~ ---r7 V' 

~ 11111111111 ; III 

vI'-tllll-_____ tlLCH -------..... I.r---1920tCyC ------:l.-tl 
~~---------------------------------------~------

~2* ----------------------------------~ 
* Internal timing Signals not available externally. 92CS-37999 

** Represents the Internal gating of the OSC1 Input pin 

Fig. 6 - Stop recovery. 

FUNCTIONAL PIN DESCRIPTION 

VDD and VSS 
Power is supplied to the MCU using these two pins. VDD 

is power and VSS is ground. 

IRQ (MASKABLE INTERRUPT REQUEST) 
rna is photomask option selectable with the choice of in­

terrupt sensitivity being both level and negative edge or 
negative edge only. The MCU completes the current instruC­
tion before it responds to the request. If iRQis low and the 
interrupt mask bit (I bit) in the condition code register is 
clear. the MCU begins an interrupt sequence at the end of 
the current instruction. 

If the photomask option is selected to include level sen­
sitivity. then the IRQ input requires an external resistor to 
VDD for "wire-OR" operation. See the Interrupt section for 
more detail. 

RE'SE'F 
The RESET input is not required for start-up but can be 

used to reset the MCU's internal state and provide an order­
ly software start-up procedure. Refer to the Resets section 
for a detailed description. 

TIMER 
The TIMER input may be used as an external clock for the 

on-chip timer. Refer to the Timer section for a detailed 
description. 

NUM (NON-USER MODE) 
This pin is intended for use in self-check only. User ap­

plications should leave this pin connected to ground through 
a 10 kilohm resistor. 
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OSC1.0SC2 
The CDP6805F2 can be configured to accept either a 

crystal input or an RC network. Additionally. the internal 
clocks can be derived from either a divide-by-two or divide­
by-four of the external frequency (foscl. Both of these op­
tions are photomask selectable. 

RC - If the RC oscillator option is selected. then a resistor 
is connected to the oscillator pins as shown in Figure 71 bl. 
The relationship between Rand fosc is shown in Figure 8. 

CRYSTAL - The circuit shown in Figure 7(a) is recom­
mended when using a crystal. The internal oscillator is 
designed to interface with an AT-cut parallel resonant quartz 
crystal resonator in the frequency range specified for fosc in 
the electical characteristics table. Using an external CMOS 
oscillator is suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. Crystal fre­
quency limits are also affected by VDD. Refer to Table 1. 
Control Timing Characteristics. for limits. 

EXTERNAL CLOCK - An external clock should be ap­
plied to the OSC1 input with the OSC2 input not connected. 
as shown in Figure 7(c). An external clock may be used with 
either the RC or crystal oscillator mask option. toxOV or 
tlLCH do not apply when using an external clock input. 

PAO-PA7 
These eight I/O lines comprise Port A. The state of any pin 

is software programmable. Refer to the Input/Output Pro­
gramming section for a detailed description. 
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Crystal Parameters Oscillator Waveform 

1 MHz 4MHz Units 

RSMAX 400 75 Il 

Co 5 7 pF 

C, 0.008 0.012 /L F 

COSCl 15-40 15-30 pF 

COSCZ 15-30 15-25 pF 

Rp 10 10 Mil 
Q 30k 40k -

la) Crystal Oscillator Connections and Equivalent Crystal Circuit 

CDP6805F2 

OSCl OSC2 

4 Rp 5 

-5------1101 t-___ 4 

COSCl "J" COSC2 

Ib) RC Oscillator Connection Ie) External Clock Source Connections 

CDP6805F2 CDP6805F2 

OSCl OSC2 OSCl 05C2 

4 !5 
R Unconnected 

.... _--<c External Clock 

Fig. 7 - Oscll/ator connections. 92CS-38OOO 
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PBO-PB7 
These eight lines comprise Port B. The state of any pin is 

software programmable. Refer to the Input/Output Pro­
gramming section for a detailed description. 

peO-PC3 

These four lines comprise Port C, a fixed input port. When 
Port C is read, the four most-significant bits on the data bus 
are "1s" . There is no data direction register associated with 
Port C. 

INPUT/OUTPUT PROGRAMMING 

2 
10 100 1000 

Any Port A or B pin may be software programmed as an 
input or output by the state of the corresponding bit in the 
port data direction register IDDRI. A pin is configured as an 
output if its corresponding DDR bit is set to a logic "1". A 
pin is configured as an input if its corresponding DDR bit is 
cleared to a logic "0". At reset, all DDRs are cleared, which 
configures all port pins as inputs. A port pin configured as an 
output will output the data in the corresponding bit of its 
port data latch. Refer to Figure 9 and Table 2. 

RES! STANCE (K.n) 92CS-42274 

R (kO) 

Fig. 8 - Typical frequency vs. resistance 
for RC oscillator option only. 

Internal 
CDP6805F2 
Connections 

Typical Port 
Data Direction 

Register 

Typical Port 
Register 

Pin P-7 

(a) 

Ib) 

P-6 P-5 P-4 P-3 

Fig. 9 - Typical 110 port circuitry. 

TABLE 2 - I/O PIN FUNCTIONS 

R/W DDR I/O Pin Function 

P-2 P-1 p-o 

92CS-38001 

0 0 The I/O ptn IS 10 Input mode. Data IS written Into the output data latch. 

0 1 Data IS written tnto the output data latch and output to the I/O pin 

I 0 The state of the I/O pin IS read 

1 1 The I/O ptn IS In an output mode The output data latch IS read 
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SELF-CHECK 

The CDP6805F2 self-check is performed uSing the circuit 
in Figure 10. Self-check is initiated by tying NUM and TIMER 
pins to a logic "1" then executing a reset. After reset, the 
following five tests are executed automatically: 

I/O - Functionally Exercise Ports A, B, C 

RAM - Walking Bit Test 

ROM - Exclusive OR with ODD "1s" Parity Result 

Timer - Functionally Exercise Timer 

Interrupts - Functionally EXercise External and Timer In" 
terrupts 

Self-check results are shown in Table 3. The following 
subroutines are available to user programs and do not re­
quire any external hardware. 

TABLE 3 - SELF"CHECK RESULTS 

PB3 PB2 PBl PBO Remarks 
1 a 1 1 Bad Timer 
1 1 a a Bad RAM 
1 1 a 1 Bad ROM 
1 1 1 0 Bad Interrupt or Request Flag 

All Cycling Good Part 
All Others Bad Part 

RAM SELF-CHECK SUBROUTINE 

Returns With the Z bit clear if any error is detected; other­
wise, the Z bit is set. 

+5V+5V 

10 k • ~ . > 
10 k : >-

1 
RESET 

'" :.L 
2 

IRQ 
0 ---1. NUM 

XTAL..! OSCl - XTAL.2 - OSC2 

~ PAO 
7 

The RAM test must be called with the stack pointer at $7F 
and the accumulator zeroed. When run, the test checks 
every RAM cell except for $7F and $7E which are assumed to 
contain the return address. 

A and X are modified. All RAM locations except the top 2 
are modified. (Enter at location $78B.1 

ROM CHECKSUM SUBROUTINE 

Returns With Z bit cleared if any error was found; other­
wise Z= 1, X=Q on return, and A is zero it the test passed. 
RAM locations $41-$44 are overwritten. (Enter at location 
$7A4.1 

TIMER TEST SUBROUTINE 

Return with Z bit cleared if any error was found; otherwise 
Z=1. 

This routine runs a simple test on the timer. In order to 
work correctly as a user subroutine, the internal clock must 
be the clocking source and interrupts must be disabled. 
Also, on exit, the clock will be running and the interrupt 
mask will not be set, so the caller must protect himself from 
interrupts if neCessary. 

A and X register contents are lost; this routine countS how 
many times the clock counts in 128 cycles. The number ot 
counts should be a power of two since the prescaler is a 
power of two. If not, the timer probably is not counting cor­
rectly. The routine also detects if the timer is running at all. 
(Enter at location $7BE.1 

+5V +5V 

~1O k 

VDD ~ 
TIMER 27 

PCO ~ 
PCl ~ -
PC2 24 

PC3 23 

~ PAl 
CDP6805F2 

PBO 
8 ~ PA2 PBl t-
9 

PA3 PB2 20 

J.2 PA4 PB3 19 

L-...ll PA5 PB4 18 

12 
PA6 PB5 17 

13 
PA7 PB6 

16 

GND~ VSS PB7 
15 

Fig. 10 - Self-check pinout configuration. 
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MEMORY 

The CDP6805F2 has a total address space of 2048 bytes 
of memory and 1/0 registers. The address space is shown in 
Figure 11. 

The first 128 bytes of memory (first half of page zero) is 
comprised of the I/O port locations, timer locations, and 64 
bytes of RAM. The next 1079 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and interrupt 
vectors. 

Access 
Via 

Page 0 
Direct 

Addressing 

{ 
User 

Defined 
Interrupt 
Vectors 

(~ 
256 

1206 
1207 

1279 
1280 

1919 
1920 

2037 

2038 

2047 

110 Ports 
Timer 
RAM 

1079 Bytes 
User ROM 

73 Bytes 
Self· Check ROM 

640 Bytes 
Unused * 

118 Bytes 
Self·Check ROM 

1-------------
Timer Interrupt From Walt State Only 
~----------

Timer Interrupt 
~---

External Interrupt 
~---

SWI 
~---

RESET 

* Reads of unused locations undefined 

The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts and 
subroutine calls. At power-up, the stack pointer is set to $7F 
and it is decremented as data is pushed on the stack. When 
data is removed from the stack, the stack pointer is in­
cremented. A maximum of 32 bytes of RAM are available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts and/ or subroutine 
stacking purposes, the unused bytes are available for pro­
gram data storage. 

$0000 0 

$007F 2 

$0080 3 
I 

4 $OOFF 
$0100 5 

6 

7 

8 

9 

$04B6 10 

$04B7 

$04FF 
$0500 63 

64 

$077F 
$0780 95 ~ 

96 
$07F5 

$07F6 $07F7 , 
$07F8 $07F9 

$07FA$07FB , 
$07FC $07FD 

$07FE $07FF 
./ v 
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Port A Data Register 

Port B Data Register 

1 1 1 1 I Port C 

Unused * 

Port A Data Direction Register 

Port B Data Direction Register 

Unused * 

Unused * 

Timer Data Register 

Timer Control Register 

54 Bytes 
Unused* 

RAM 
(64 Bytesl 

/7 

" ,-
/ 

/ ,-
./ 

/ 

./ ./ Stack (32 Bytes Maxi 

./ 

• 
92C5-38OO3 

$0000 

$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

$oooA 

$003F 
$0040 

$OO5F 
$0060 

$007F 

Fig. 11 - Address map. 
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REGISTERS 

The CDP6805F2 contains five registers as shown in the 
programming model (Figure 12l. The interrupt stacking order 
is shown in Figure 13. 

ACCUMULATOR (AI 
This accumulator is an B-bit general purpose register used 

to hold operands and results of the arithmetic calculations 
and data manipulations. 

INDEX REGISTER (XI 
The X register is an 8-bit register which is used during the 

indexed modes of addressing. It provides the B-bit operand 
which is used to create an effective address. The index 
register is also used for data manipulations with the read­
modify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 

7 

I A 

7 

I X 

10 
I PC 

10 5 4 

10 1010 I 01 11 I SP 

PROGRAM COUNTER (PCI 
The program counter is an 11-bit register that contains the 

address of the next instruction to be executed by the pro­
cessor. 

STACK POINTER (SP). 
The stack pointer is an 11-bit register containing the ad­

dress of the next free location on the stack. When acceSSing 
memory, the six most-significant bits are appended to the 
five least-significant register bits to produce an address 
within the range of $7F to $60. The stack area of RAM is 
used to store the return address on subroutine calls and the 
machine state during interrupts. During external or power-on 
reset, and during a "reset stack pointer" instruction, the 
stack pointer is set to its upper limit ($7Fl. Nested interrupts 
and/ or subroutines may use up to 32 (decimal) loCations 
beyond which the stack pointer "wraps around" and points 
to its upper limit thereby lOSing the previously stored infor­
mation. A subroutine call occupies two RAM bytes on the 
stack, while an interrupt uses five bytes. 

0 
I 
0 
I 
0 
I 
0 
1 

Accumulator 

Index Register 

Program Counter 

Stack Pointer 

Condition Code Register 

Carry/Borrow 

Zero 

~--- Negative 

~---- Interrupt Mask 

~------ Half Carry 
92CS-38004 

Fig. 12 - Programming model. 

o Stack 

1 1 1 1 1 1 Condition Code Register 

Accumulator 
Increasing Memory 

Addresses 
Index Register ! 1 

DecreaSing Memory 
Addresses 

010)010101 PCH 

PCl T 
Unstack 

NOTE: Since the Stack POinter decrements during pushes, the PCl IS 
stacked first, followed by PCH, etc. Pulling frQm the stack IS In 
the reverse order. 

Fig. 13 - Stacking order. 
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CONDITION CODE REGISTER (CC) 
The condition code register is a 5-bit register which in­

dicates the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac­
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 

HALF CARRY BIT (H) - The H bit is set to a "1" when a 
carry occurs between bits 3 and 4 of the ALU during an ADD 
or ADC instruction. The H bit is useful in binary coded 
decimal subroutines. 

INTERRUPT MASK BIT (I) - When the I bit is set, both 
the external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an interrupt 
occurs while the I bit is set, the interrupt is latched and is 
processed when the I bit is next cleared: 

NEGATIVE IN) - Indicates that the result of the last 
arithmetic, logical, or data manipulation is negative (bit 7 in 
the result is a logical "1 "J. 

ZERO (Z) - Indicates that the result of the last arithmetic, 
logical, or data manipulation is zero. 

CARRY/BORROW (C) - Indicates that a carry or borrow 
out of the arithmetic logic unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during bit 
test and branch instructions, shifts, and rotates. 

RESETS 

The CDP6805F2 has two reset modes: an active low ex­
ternal reset pin (RESET) and a power-on reset function; refer 
to Figure 5. 

RESET 
The RESET input pin is used to reset the MCU to provide 

an orderly software start-up procedure. When using the ex­
ternal reset mode, the RESET pin must stay low for a 
minimum of one tRL. The RESET pin is provided with a 
Schmitt Trigger input to improve its noise immunity. 

POWER-ON RESET 
The power-on reset occurs when a positive transition is 

detected on VDD. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
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for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay from the time of the first oscillator opera­
tion. If the external RESET pin is low at the end of the 1920 
time out, the processor remains in the reset condition. 

Either of the two types of reset conditions causes the 
following to occur: 

• Timer control register interrupt request bit (TCR7) is 
cleared to a "0". 

• Timer control register interrupt mask bit (TCR6) is set 
to a "1". 

• All data direction register bits are cleared to a "0". All 
ports are defined as inputs. 

• Stack pOinter is set to $7F. 
• The internal address bus is forced to the reset vector 

($7FE, $7FF). 
• Condition code register interrupt mask bit (I) is set to a 

"1". 
• STOP and WAIT latches are reset. 
• External interrupt latch is reset. 
All other functions, such as other registers (including out­

put ports), the timer, etc., are not cleared by the reset condi­
tions. 

INTERRUPTS 

Systems often require that normal processing be inter­
rupted so that some external event may be serviced. The 
CDP6805F2 may be interrupted by one of three different 
methods, either one of two maskable interrupts (external in­
put or timer) or a non-maskable software interrupt (SWIJ. 

Interrupts cause the processor registers to be saved on the 
stack and the interrupt mask set to prevent additional inter­
rupts. The RTI instruction causes the register contents to be 
recovered from the stack and return to normal processing. 
The stacking order is shown in Figure 13. 

Unlike RESET, hardware interrupts do not cause the cur­
rent instruction execution to be halted, but are considered 
pending until the current instruction execution is complete. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in­
struction is fetched and executed. Note that masked inter­
rupts are latched for later interrupt service. 

If both an external interrupt and a timer interrupt are pend­
ing at the end of an instruction execution, the external in­
terrupt is serviced first. The SWI is executed as any other in­
struction. Refer to Figure 14 for the interrupt and instruction 
processing sequence. 
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TIMER INTERRUPT 
Each time the timer decrements to zero I transitions from 

$01 to $00), the timer interrupt request bit ITCR7) is set. The 
processor is interrupted only if the timer mask bit ITCR6) and 
interrupt mask bit (I bit) are both cleared. When the interrupt 
is recognized, the current state of the machine is pushed on­
to the stack and the interrupt mask bit in the condition code 
register is set. This mask prevents further interrupts until the 
present one is serviced. The processor now vectors to the 

1-1 BIt (in CCR) 
07F-SP 
O-DDRs 

CLR IRO Logic 
FF-Timer 

7F-Prescaler 
7F-TCR 

Put 7FE on 
Address Bus 

Load PC 
from 

7FE17FF 

Fetch 
Instruction 

Execute All 
Instruction 

Cycles 

timer interrupt service routine. The address for this service 
routine is specified by the contents of $7F8 and $7F9 unless 
the processor is in a WAIT mode, in which case the contents 
of $7F6 and $7F7 specify the timer service routine address. 
Software must be used to clear the timer interrupt request 
bit (TCR7). At the end of the timer interrupt service routine, 
the software normally executes an RTI instruction which 
restores the machine state and starts executing the inter­
rupted program. 

lear 
IRO 

Request 
Latch 

Timer 

PC-PC+ 1 ~.;.SW~I..., 

Stack 
PC,X,A,CC 

Load PC From: 
SWI: 7FC17FD 
IRO: 7FA17FB 

TIMER: 7FB17F9 
TImer Wait: 7F617F7 

92C&-38006 

Fig. 14 - RESET and INTERRUPT processing flowchart. 
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EXTERNAL INTERRUPT 
Either level- and edge-sensitive or edge.sensitive only in­

puts are available as mask options. If the interrupt mask bit 
of the condition code register is cleared and the external in­
terrupt pin (iml) is "low" or a negative edge has set the in­
ternal interrupt flip-flop, then the external interrupt occurs. 
The action of the external interrupt is identical to the timer 
except that the service routine address is specified by the 
contents of $7FA and $7FB. Figure 15 shows both a func­
tional diagram and timing for the interrupt line. The timing 
diagram shows two different treatments of the interrupt line 
(iml) to the processor. The first method is single pulses on 
the interrupt line spaced far enough apart to be serviced. The 
minimum time between pulses is a function of the length of 
the interrupt service routine. Once a pulse occurs, the next 
pulse should not occur until the MPU software has exited the 
routine (an RTI occurs!. This time (tILlL) is obtained byad­
ding 20 instruction cycles (tcyc) to the total number of cycles 
it takes to complete the service routine including the RTI in-

struction; refer to Figure 15. The second configuration 
shows many interrupt lines "wire ORed" to form the inter­
rupts at the processor. Thus, if after servicing an interrupt 
the iRO remains low, then the next interrupt is recognized. 

SOFTWARE INTERRUPT (SWI) 

The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware inter­
rupts. The SWI is executed regardless of the state of the in­
terrupt mask in the condition code register. The service 
routine address is specified by the contents of memory loca­
tions $7FC and $7FD. 

The following three functions are not strictly interrupts, 
however, they are tied very closely to the interrupts. These 
functions are RESET, STOP, and WAIT. 

RESET - The RESET input pin and the internal power-on 
reset function each cause the program to vector to an in­
itialization program. This vector is specified by the contents 

la) Interrupt Functional Diagram 

Level Sensitive 

Mask Dption 

VDD 

D O~-------t __ ~ 

Interrupt Pin -----4J---....qC 

o 

(bl Interrupt Mode Diagram 

III 

~IMPUI-----'L-__________________________ ~ 

121 

• 
• 

IROn 

Fig. 15 - External interrupt. 
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I Bit ICCR) 

Power-On Reset 

Externa) Reset 

External Interrupt 
Bemg Serviced 

External 
Interrupt 
Request 

Edge Condition 
The minimum pulse width ItlLiHI is one 
tcyc. The period tlLlL should not be less 
than the number of teye cycles it takes to 
execute the interrupt service routine plus 
20 tcyc cycles. 

Mask Optional Level Sensitive 
If after servicing an interrupt the IRO re­
mains low, then the next interrupt IS 

recognized. 

92C5-38007 
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of memory locations $7FE and $7FF. The interrupt mask of 
the condition code register is also set. See preceding section 
on Reset for details. 

STOP - The STOP instruction places the CDP6805F2 in 
its lowest power consumption mode. In the STOP function, 
the internal oscillator is turned off causing all internal pro­
cessing and the timer to be halted; refer to Figure 16. 

During the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pending timer interrupt re­
quests and to disable any further timing interrupts. External 
interrupts are enabled in the condition code register. All 
other registers and memory remain unaltered. All I/O lines 
remain unchanged. The processor can only be brought out 
of the STOP mode by an external IRQ or RESET. 

Yes 

Stop 

S top Oscillator 
And All Clocks 
TCR Bit 7-0 

Clear I Mask 

T urn on Oscillator 

92CS-3800B 

Fig. 16 - Stop function flowchart. 

WAIT - The WAIT instruction places the CDP6805F2 in 
a low-power consumption mode, but the WAIT mode con­
sumes somewhat" more power than the STOP mode. In the 
WAIT mode, the internal clock is disabled from all internal 
circuitry except the timer circuit; refer to Figure 17. Thus, all 
internal processing is halted, however, the timer continues 
to count normally. 

During the WAIT mode, the I bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled by software prior to entering the WAIT 
mode to allow a periodic exit from the WAIT mode. If an ex­
ternal and a timer interrupt occur at the same time, the exter­
nal interrupt is serviced first; then, if the timer interrupt re­
quest is not cleared in the external interrupt routine, the nor­
mal timer interrupt (not the timer WAIT interrupt) is serviced 
since the MCU is no longer in the WAIT mode. 

TIMER 

The MCU timer contains an B-bit software programmable 
counter with a 7-bit software selectable prescaler. Figure 18 
contains a block diagram of the timer. The counter may be 
preset under program control and decrements towards zero. 
When the counter decrements to zero, the timer interrupt re­
quest bit (i.e., bit 7 of the timer control register nCR)) is set. 
Then, if the timer interrupt is not masked (j.e., bit 6 of the 
TCR and the I bit in the condition code register are both 
cleared) the processor receives an interrupt. After comple­
tion of the current instruction, the processor proceeds to 
store the appropriate registers on the stack and then fetches 
the timer vector address from locations $7F8 and $7F9 (or 
$7F6 and $7F7 if in the WAIT mode) in order to begin servic­
ing. 

The counter continues to count after it reaches zero allow­
ing the software to determine the number of internal or ex­
ternal input clocks since the timer interrupt request bit was 
set. The counter may be read at any time by the processor 
without disturbing the count. The contents of the counter 
become stable, prior to the read portion of a cycle, and do 
not change during the read. The timer interrupt request bit 
remains set until cleared by the software. TCR7 may also be 
used as a scanned status bit in a non-interrupt mode of 
operation (TCR6= 11. 

The prescaler is a 7 -bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output within the range of .,. 1 to .,. 128 which is used as the 
counter input. The processor cannot write into or read from 
the prescaler, however, its contents are cleared to all "Os" by 
the write operation into TCR when bit 3 of the written data 
equals one. This allows for truncation-free counting. 

The timer input can be configured for three different 
operating modes plus a disable mode depending on the value 
written to the TCR4 and TCR5 control bits. Refer to the 
Timer Control Register section. 

TIMER INPUT MODE 1 

If TCR5 and TCR4 are both programmed to a "0", the in­
put to the timer is from an internal clock and the TIMER in­
put pin is disabled. The internal clock mode can be used for 
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Oscillator Active 
Clear I-B.t 

Timer Clock Active 
All Other Clocks 

Stop 

Fetch External 
Interrupt, Reset, 

or T.mer Interrupt 
Vector (from Wait 

Mode onlyl 

No 

No 

92CS-38009 

Fig. 17 - WAIT function flowchart. 

periodic interrupt generation as well as a reference in fre­
quency and event measurement. The internal clock is the in­
struction cycle clock. During a WAIT instruction, the internal 
clock to the timer continues to run at its normal rate. 

TIMER INPUT MODE 2 
With TCR5=O and TCR4=1, the internal clock and the 

TIMER input pin are ANDed to form the timer input signal. 
This mode can be used to measure external pulse widths. 
The external timer input pulse simply turns on the internal 
clock for the duration of the pulse. The resolution of the 
count in this mode is ± one internal clock and therefore, ac­
curacy improves with longer input pulse widths. 
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TIMER INPUT MODE 3 
If TCR5= 1 and TCR4=O, all inputs to the timer are dis­

abled. 

TIMER INPUT MODE 4 
If TCR5= 1 and TCR4= 1, the internal clock input to the 

timer is disabled and the TIMER input pin.becomes the input 
to the timer. The timer can, in this mode, be used to count 
external events as well as external frequencies for generating 
periodic interrupts. The counter is clocked on the falling 
edge of the external signal. 

Figure 18 shows a block diagram of the timer subsystem. 
Power-on reset and the STOP instruction invalidate the con­
tents of the counter. 
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Timer 
(Pin 37) 

Internal 
Clock 

EnableJDriiDIi 

~L __________________________ ~ __________________ ~I 

- I 
Software FUnctions 

NOTES: 
1. Prese"ler and a-bit counter .re clocked falling edge of the 'nternal clock (AS) or external 

Input. 
2. Counter is written to during Data Strobe (OS) and counts down Qontlnuoul!y. 

92CM- n054Rl 

Fig. 18 - Programmable timer/counter block dll/.grem. 

TIMER CONTROL REGISTER (TCRI 

76543210 

I TCR71TCR61TCR51TCR41TCR31 TCR21 TCR,I TCRO I 
All bits in this register except bit 3 are read/write bits. 

TCR7 - Timer interrupt request bit: bit used to indicate 
the timer interrupt when it is logic "'" 

1 - Set whenever the counter decrements to zero or 
under program control. 

o - Cleared on external mET, power-on reset, STOP 
instruction, or program control. 

TCR6 - Timer interrupt mask bit: when this bit is a logic 
"1", it inhibits the timer interrupt to the processor. 

1 - Set on external RtS'ET, power-on reset, STOP in­
struction, or program control. 

o - Cleared under program control. 

TCRS - External or internal bit: selects the input clock 
source to be either the external timer pin or the internal 
clock. (Unaffected by REm.) 

1 -- Select external clock source. 
o - Select internal clock source. 

TCR4 - External enable bit: control bit used to enable the 
external TIMER pin. (Unaffected by ~.) 

1 - Enable external TIMER pin. 
o - Disable external TIMER pin. 

TCRS TCR4 
0 0 Internal Clock to Timer 

0 1 AND of Internal Clock and TIMER 
Pin to Timer 

1 0 Inputs to Timer Disabled 
1 1 TIMER Pin to Timer 
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TCR3 - Timer Prescaler Reset bit: writing a "'" to this bit 
resets the prescaler to lero. A read of this location always in­
dicates "0". (Unaffected by'R'£'m'.l 

TCR2, TCR1, TCRO - Prescaler select bitl\: decoded to 
select one of eight outputs On the prescaler. (Unaffected by 
TfE'S"ET.1 

Prescaler 

TCR2 TCR1 TCRO Result 

0 0 0 ... , 
0 0 , +2 
0 , 0 +4 

0 1 , +8 

1 0 0 ...16 

1 0 1 +32 

1 1 0 +64 , 1 1 +'28 
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Features 

CDP6805G2 
CDP6805G2C 

CMOS High Performance Silicon Gate 
a-Bit Microcontroller 

Pinout 
• Typical Full Speed Operating Power at 5V .••.••••••••••.••••••••••••• 12mW 

PACKAGE TYPES D AND E 
TOP VIEW 

• Typical WAIT Mode Power ••.•..•••.•••.•.•.•..••••••.•..•••••••••.••. 4mW 
• Typical STOP Mode Power •...••.••••••••••••••••••••••••••••••••••.••. 5/lW 
• Fully Static Operation 
• On-Chip RAM .•••••••••••••••••••••••••••••••••••••••••••••••••• 112 Bytes iilm' .0 VOO 

m '0 ascI 
• On-Chip ROM ••.•••.••.•••.••••.•••••••••••••.•••••••.•.••••••• 2106 Bytes NU. '0 osc, 

PA? TIMEA 

• Bidirectional I/O Lines •.•••..•.••••.••• , •.•••.••.••.• " .••••.•.••••.•.••• 32 ... P07 
PA' PD. 

• High Current Drive PA' P" 
PA' PO. 

• Internal 8-Bit Timer With Software Programmable 7-Blt Prescaler .. , PO> 
PAl P02 

• External Timer Input PAD P", 
POD POD 

• External Interrupts And Timer Interrupts P", PCO 
PO, PCI 

• Self Check Mode PO, PC' 
PO' PC, 

• Master Reset And Power On/Reset PO, PC' 
PO. PC. 

• Single 3V to 6V Supply 
• On-Chip Oscillator With RC or Crystal Mask Options 

P07 PC. 
Vss PC7 

• True Bit Manipulation 
• Addressing Modes With Indexed Addressing for Tables 

Description 
The CDP6805G2 Microcomputer Unit (MCU) belongs to the 
CDP6805 Family of Microcomputers. This 8-bit MCU con­
tains on chip oscillator, CPU, RAM, ROM, I/O, and Timer. 
The fully static design allows operation at frequencies down 
to DC, further reducing its already low power consumption. 
It is a low power processor designed for low end to mid 

range applications in the consumer, automotive, industrial 
and communications markets where very low power 
consumption constitutes an important factor. The 
CDP6805G2 and CDP6805G2C are available in a 40 lead 
dual-in-line plastic package (E suffix) and in a 40 lead 
dual-in-line sldebrazed ceramic package (D suffix). 

Block Diagram 

TIMER 

PBO 
PBI 

Pori PB2 
B PB3 Port Dow 

110 PB4 B Oor 

Lines rB5 Reg RCiJ 

PB6 
PB7 

PAD 
PAl 

Port PA2 Pori Data 
A PA3 A Dir 

lID PA4 Reg Reg 
Lines PA5 

PA6 
PA7 

8 

8 

5 

6 

8 

Accumulator 
A 

Index 
Register 

X 

C(II11lltIOll 

Code 
Register CC 

Slack 
POIllIUI S 
Program 
Counter 

High PCH 

Program 
Counler 

low PCl 

196xB 
Self-Check 

ROM 

CPU Data 
Control Oor 

Reg 

CPU 

Data 
ALU Oir 

Reg 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.0. Handling Procedures. 
Copyright © Harris Corporation 1994 
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PCO 
PCI Port 

Port PC2 C 
C PC3 110 

Rfl9 PC4 Lines 
PC5 
PC6 
PC7 

POD 
POI Port 

Port P02 
0 

0 P03 
110 

Reg P04 
Lmes 

P05 
P06 
P07 

File Number 1364.2 
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MAXIMUM RATINGS (Voltages Referenced to VSS) 

Ratings Symbol 
Supply Voltage VOP 
All Input Voltages Except OSC1 Vin 
Current Drain Per Pin Excluding VOO and VSS I 
Operating Temperature Range 

COP6805G2 
COP6805G2C 

Storage Temperature Range 
Current Drain Total (P04-P07 only) 

THERMAL CHARACTERISTICS 
Characteristics 

Thermal Resistance 
Plastic 

Ceramic 

Port 
Band C 

A. PDO-PD3 

. PD4-PD7 

a 
~ 
c 
~ 
" u 
Ol 
c: . ., 
~ 
Q) 
a. 
0 

~ a. 
>-r-

ImA) 
5.0 

4.0 

3.0 

2.0 

1.0 

R, 

24.3 kO 

1.21 kO 

3000 

R2 
4.32 kO 

3.1 kO 

1.64 kll 

TA 

TotcI 
10H 

Symbol Value Unit 

100 
8JA 50 °C/W 

Test Point 

Fig. 2 - Equivalent test load. 

Internal Frequency 11/tcyc) 

Value Unit 
-0.3 to +8 V 

VSS-o.5 to VOO+O.5 V 
10 mA 

TL TH 
Oto +70 ·C 

-40 to +85 
-55 to +150 ·C 

40 mA 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages of electric fields; however. it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im­
pedance circuit. For proper operation it is 
recommended that Yin and Vout be con­
strained to the range VSS s IVin or 
Vout)SVDD. Reliability of operation is 
enhanced if unused inputs except OSC2 and 
NUM are tied to an appropriate logic voltage 
level le.g., either VSS or VDDI. 

ILoad -
50 pF 

VDD~4.5V 

R2 

VDD~6V 

VDD~5V 

Fig. 3 - Typical operating currant va. internal frequency. 
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DC ELECTRICAL CHARACTERISTICS (VOO=3 Vde VSs=O Vde T A=TL to TH, unless otherwise noted) 

Characterlstica Svmbol Min Max Unit 

Output Voltage I Load S 1 pA VOL 0.1 V 

VOH VOO-O.l - V 

Output High Voltage 

(lLoad= - 50 pA) PBO-PB1, PCO-PCl VOH 1.4 - V 

(lLoad= -0.5 mA)PAO-PA1, POO-P03 VOH 1.4 V 

(lLoad- -2 rnA) PD4-POl VOH 1.4 V 

Output Low Voltage 
(I Load = 300 pA) All Ports VOL - 0.3 V 
PAO-PA1, PBO-PB1, PCO-PC1, POO-POl 

Input High Voltage 
Ports PAO-PA1, PBO-PB1, PCO-PC1, POO-POl VIH 2.1 VOO V 

TIMER, IRO, RESET VIH 2.7 VOO V 

ascI VIH p VOO V 

Input Low Voltage All Inputs VIL VSS 0.3 V 

Total Supply Current (no de Loads, tcyc=5 /J5) 

RUN (measured during self-check, VIL =0.1 V, VIH=VOO-O.l V) 100 - 0.5 rnA 

WAIT (See Note) 100 200 JIA 
STOP (See Note) 100 - 100 .JI,A 

1/0 Ports Input Leakage 
PAO-PA1, PBO- PB1, PCO-PC1, POO-POl IlL - 5 p.A 

Input Curr~ 
RESET, IRO. TIMER, ascI lin - ±1 p.A 

Capacitance 
Ports COUI - 12 pF 

RESET, IRO, TIMER. ascI Cin - 8 pF 
-_. 

DC ELECTRICAL CHARACTERISTICS (VOO=5 Vdc ± 10%, VSs=O Vdc, T A=TL to TH, unless otherwise noted) 

Characteristics Svmbol Min Max Unit 
Output Voltage ILoads 10.p.A VOL 0.1 V 

VOH VOD-O.l - V 

Output High Voltage 

(I Load = -l00p.A) PBO-PB1, PCO-PCl VOH 2.4 - V 

(I Load = -2 rnA) PAO-PA1, POO-P03 VOH 2.4 - V 

(lLoad- -8 rnA) P04-POl VOH 2.4 V 

Output Low Voltage 
(I Load = 800 p.A) All Ports VOL - 0.4 V 
PAO-PA1, PBO-PB1, PCO-PC1, POO-POl 

Input High Voltage 
Ports PAO-PA1, PBO-PB1, PCO-PC1, POO-PD7 VIH VOD-2 VOO V 
TIMER, IRO, RESET, ascI VIH VOO 0.8 VOO V _. 

Input Low Voltage All Inputs VIL VSS 0.8 V 
Total Supply Current (CL = 50 pF 

on Ports, no dc Loads, tcyc = 1 p.s) 
RUN Imeasured dUring selt-check, 
~L=Q2V,~H=VOO-Q2~ 100 - 4 rnA 

WAIT (See Note) 100 1.5 rnA 
STOP (See Note) 100 - 150 J'!. 

1/0 Ports Input Leakage 
P AO-PA7, PBO- PB7, PCO-PCl, POO-PD7 IlL - ±10 p.A 

Input Current 
RESET, IRO, TIMER, ascI lin - ±1 p.A 

Capacitance 
Ports CnUI - 12 pF 

RESET; IRO, TIMER, ascI Cin 8 pF 

NOTE: . Test conditions for 100 are as follows: 
All ports programmed as inputs 

VIH = VOO-0.2 V for RESET, IRO, TIMER 
ascI input is a squarewave from 0.2 V to VOO-0.2 V 

VIL = 0.2 V (PAO-PA1, PBO-PB7, PCO-PC7, POO-P07) OSC2 output load = 20 pF (wait 100 is affected linearly by the 

OSC2 capacitance). 
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TABLE 1 - CONTROL TIMING 

(VDD=5 Vde ± 10%, VSS=O. TA=TL to TH. lose=4 MHz) 

Characteristics Symbol Min Max Unit 

Crystal Oscillator Startup Time (Figure '5) toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (Figure 6) tlLCH - 100 ms 

Timer Pulse Width (Figure 4) tTH. tTL 0.5 - teye 

Reset Pulse Width (Figure 5) IRL 1.5 - leye 

Timer Period (Figure 4) ITLTL 1 - leye 

Interrupt Pulse Width Low (Figure 15) IILlH 1 .. - teye 

Interrupt Pulse Period (Figure 15) 'ILIl * - leye 

OSCI Pulse Width tOH. tOl 100 - ns 

Cycle Time leye' 1000 - ns 

Frequency of Operation 
fose Crystal - 4 MHz 

External Clock lose DC MHz 

'The minimum period 'ILIL should not be less than the number of leye cycles it takes 10 execute the interrupl service routines plus 20 teye cycles. 

External 
Clock 

( Timer) 
Pin 37 

OSCl ltJ1 

toxOV 

INTERNAL 
ADDRESS 

BUS * 

INTERNAL 
DATA 
BUS* 

Fig. 4 - Timer re/etionships. 

I 

~~-------------------------------------------

~1t777ZZZZZ777ZZlZZZZZZlZZZZZlZlZZZll7ZZZZZ77717ZZZZZZZZZZZ/ 
I I I 
1 I 1 I" "j" "I 1920 te,e 
I I ite,e, 
rLJ 

I--tRL --I 
iiESE'f 

~f 
*INTERNAL TIMING SIGNAL AND BUS INFORMATION NOT AVAILABLE ExTERNALLY 

III10SCI LINE IS NOT MEANT TO REPRESENT FREQUENCY. 92CM-38103 
IT IS ONLY USED TO REPRESENT TIME. 

Fig. 5 - Power-on RESET and REm. 
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</>2* -----------..... 

*" INTERNAL TIMING SIGNALS NOT AVAILABLE EXTERNALLY. 

** REPRESENTS THE INTERNAL GATING OF THE OSCI INPUT PIN. 

92CS-3BIOI 

Fig. 6 - Stop recovery and power-on RESET. 

FUNCTIONAL _~I~p_a;~C?!lIPTION 
VOO and VSS 

Power is supplied to the MCU using these two pins. VDD 
is power and VSS is ground. 

OOI (MASKABLE INTERRUPT REQUEST) 

iRTI is mask option selectable with the choice of interrupt 
sensitivity being both level- and negative-edge or negative­
edge only. The MCU completes the current instruction 
before it responds to the request. If iRTI is low and the inter­
rupt mask bit (I bit) in the condition code register is clear, the 
MCU begins an interrupt sequence at the end of the current 
instruction. 

If the mask option is selected to include level sensitivity, 
then the iRTI input requires an external resistor to VDD for 
"wire-OR" operation. See the Interrupt section for more 
detail. 

RESET 
The RESET input is not required for start-up but can be 

used to reset the MCU's internal state and provide an orderly 
software start-up procedure. Refer to the Reset section for a 
detailed description. 

TIMER 

The TIMER input may be used as an external clock for the 
on-chip timer. Refer to Timer section for a detailed descrip­
tion. 

NUM - NON-USER MODE 

This pin is intended for use in self-check only. User ap­
plications should connect this pin to ground through a 10 kO 
resistor. 

OSC1,OSC2 

The CDP6805G2 can be configured to accept either a 
crystal input or an RC network. Additionally, the In~ernal 
clocks can be derived by either a divide-bY-two or dlvlde­
by-four of the external frequency (fOSC). Both of these 
options are mask selectable. 

RC - If the R C oscillator option is selected, then a resistor 
is connected to the oscillator pins as shown in Figure 7(b)' 
The relationship between Rand fosc is shown in Figure 8. 

CRYSTAL - The circuit shown in Figure 7(a) is recom­
mended when using a crystal. The internal oscillator is 
designed to interface with an AT-cut parallel resonant quartz 
crystal resonator in the frequency range specified for fose in 
the electrical characteristics table. Using an external CMOS 
oscillator is suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. Crystal fre­
quency limits are also affected by VDD. Refer to Control 
Timing Characteristics for limits. See Table 1. 

EXTERNAL CLOCK - An external clock should be ap­
plied to the OSC1 input with the OSC2 input not connected, 
as shown in Figure 7(c). An external clock may be used with 
either the RC or crystal oscillator mask option. tOXOV or 
tlLCH do not apply when using an external clock input. 
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1 MHz 4 MHz Unitll 
RSMAX 400 75 0 
Co 5 7 pF 

C1 0.008 0.012 p.F 

COSCl 15-40 15--30 pF 

CQS.C2 15--30 15--25 pF 
Rp 10 10 MO 
0 30 40 

Cry$tal Parameters 

CDP6805G2 

OSC1 OSC2 

39 Rp 38 ~SC2 C;:Yl As OSCl 

38 39 

Co 

~ COSC2 _3~8 ____ ~IDrl ______ 39 

Cry$tal Oscillator Connections Equivalent Crystal Circuit 

(a) 

CDP6805G2 CDP6805G2 

OSC1 OSC2 OSC1 OSC2 

139 138 39 
!38 

R Unconnected 

..... --<-( External Clock 

(b) RC Oscillator Connection (c) External Clock Source ConnectiOI\$ 

Fig. 7 - Oscillato, connect/ana. 

IDa 

• 
I 

4 r 
2 

t; f"'.,: 
Ii I 
:> 8 

i 6 
4 

'I'.. II 2 
Ie I"-. ~O.18 
8 8 

4 

2 

0.01 
• • • • • • • ... 10 100 1000 

RESiSTANCE (kill .2Os.I"02 

Fig. 8 - Typical f,equency VB. , .. /stance fa' RC oscll/ator option only. 
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PAO-PA7 
These eight I/O lines comprise Port A. The state of any 

pin is software programmable. Refer to Input/Output Pro­
gramming section for a detailed description. 

PBO-PB7 
These eight lines comprise Port B. The state of any pin is 

software programmable. Refer to Input/Output Program­
ming section for a detailed description. 

peo-PC7 
These eight lines comprise Port C. The state of any pin is 

software programmable. Refer to the Input/Output Pro­
gramming section for a detailed description. 

Internal 
CDP6B05G2 
Connections 

Typical Port 
Data Direction 

Register 

TYPIcal Port 
Register 

Pin 

7 6 

P-7 P-6 

(a) 

5 

P-5 

Ibl 

PDQ-P07 
These eight lines comprise Port D. PD4-PD7 also are 

capable of driving LED's directly. The state of any pin is soft­
ware programmable. Refer to the Input/Output Programing 
section for a detailed description. 

INPUT/OUTPUT PROGRAMMING 
Any port pin may be software programmed as an input or 

output by the state of the corresponding bit in the port Data 
Direction Register (DDR)' A pin is configured as an output if 
its corresponding DDR bit is set to a logic '1.' A pin is con­
figured as an input if its corresponding DDR bit is cleared to 
a logic '0.' At reset, all DDRs are cleared, which configures 
all port pins as inputs. A port pin configured as an output 
will output the data in the corresponding bit of its port data 
latch. Refer to Figure 9 and Table 2. 

P-4 P-3 P-2 P-l P-O 

Fig. 9 - Typical port I/O circuitry. 

TABLE 2 - 1/0 PIN FUNCTIONS 

R/W DDR 1/0 Pin Function 

0 0 The 1/0 pin IS In Input mode. Data IS written into the output data latch. 
0 1 Data is written Into the output data latch and output to the 1/0 pin. 

1 0 The state of the 1/0 pin IS read. 

1 1 The 1/0 pIn IS In an output mode. The output data latch IS read. 
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,S,jLF-CHECK 
The CDP6805G2 self-check is performed using the circuit 

in Figure 10. Self-check is initiated by tying NUM and 
TIMER pins to a logic 1 then executing a reset. After reset. 
five subroutines are called that execute the fOllowing tests: 

1/0- Functionally exercise port A. B. C. 6 
RAM-Walking bit test 
ROM-Exclusive OR with odd l's parity result 
Timer- Functionally exercise timer 
Interrupts- Functionally exercise external and timer inter· 

r\lpts 
Self-check results are Shown in Table 3. The following 

subroutines are available to user progrCjms and do not re­
quire any external hardware. 

RAM SELF·CHECK SUBROUTINE 
Returns with the Z-bit clear if any error is detected; other­

wise the Z-bit is set. 
The RAM test must be called with the st;lck pointer at 

$07F. When run. the test checks every RAM cell except for 
$07F and $07E which are assumed to contain the return ad­
dress. 

A and X arli! modified. All RAM locations except the 
top 2 are modified. (Enter at location $1 F80.) 

CDP6805G2 

4 

~ 
PA7 

....-r-s PA6 

PA5 
7 

PA4 

~ PA3 
9 

PA2 
10 

PAl 
11 

. PAD 

~ PBO 
13 

PBl 
14 

PB2 
15 

PB3 

~ PB4 

PB5 
18 

PB6 
19 

PB7 

VSS 

120 

ROM CHECKSUM SUBROUTINE 
Returns with Z-blt cleared if any error was found. 

otherwise Z = 1. X = 0 on return. and A is zero If the test 
passed. RAM locations $040-$043 are overwritten. 
(Enter at location $1 F9B.) 

TIMER TEST SUBROUTINE 
Return with Z·bit cleared if any error was found; otherwise 

Z",l. 
This routine runs a simple test on the timer. In order to 

work correctly as a user subroutine. the internal clock must 
be the clocking source and interrupts must be disabled. 
Also. on exit. the clock will be running and the interrupt 
mask not set so the caller must protect himself from inter­
rupts if necessary 

A and X register contents are lost; this routine counts 
how many times the clock counts in 128 cycles. The 
number of counts should be a power of two since the 
prescaler is a power of two. If not. the timer probably is 
not counting correctly. The routine also detects if the 
timer is running at all. (Enter at location $1 FB5.) 

MEMORY 
The CDP6805G2 has a total address space of 8192 bytes 

of memory and 1/0 regist!:lrs. The address space is shown in 
Figure 11. 

r-----<l 

RfS'IT 1 

40 
10kll VOO 

3710 kll 
TIMER 5V 

NUM 
3 10 kIl 

39 
OSC1 

10MIl ~ 4M 

T 

I iF 
Hz 

OSC2 
38 

iRa 2 

P07 ~ 
P06 35 

P05 34 

P04 33 

PD3 32 

P02 31 

POl 30 

PD~ 29 

PCO 1L. 
PCl 27 

PC2 26 

PC3 25 

PC4 ~ 
PC5 23 

PC6 22 

PC7 21 

NOTE: 

20 pF 

~ 

) ,-
In 

t Status 
dication 

The RC Os cillator Option 
May Be Us ed In This Circuit. 

Fig. 10 - Self-check circuit. 
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TABLE 3 - SELF-CHECK RESULTS 

PD3 P02 POl PDO Remarks 

1 0 1 0 Bad 1/0 

1 0 1 1 Bad Timer 

1 1 0 0 Bad RAM 

1 1 0 1 Bad ROM 

1 1 1 0 Bad Interrupt or Request Flag 

All Cycling Good Part 
All Others Bad !"'art 

0 

Access 
Via 

Page 0 fm Direct 12B 
Addressing 

255 
256 

1/0 Ports 
Timer 
,RAM 

2096 Bytes 
User ROM 

$0000 0 

1 
$007F 

2 
$0080 

I 3 

$ooFF 4 
$0100 6 

\ 6 

Port A Data 

Port B Data 

Port C Data 

Port 0 Data 

Port A Data Direction 

Port B Data Direction 

Port C Data Direction 
2223 
2224 

80 Bytes 

$08AF 7 
$08BO 

8 
Port 0 Data Direction 

Timer Data 

2303 Self-Check ROM 9 
$08FF Timer Control 

2304 $0900 10 

5760 Bytes 6 Bytes 

Unused" Unused* 

15 
16 t--

RAM 

(112 Bytes) 

B063 $1F7F 
B064 

f 

81Bl 
B1B2 

User 
Defined 
Interrupt 
Vectors 

B191 

l1B Bytes 

Self-Check ROM 1-------------
Timer Interrupt From Wait State Only 
I----------~ I- _ _ TImer Interrupt 

External Interrupt 
1----

SWI 
1-----

RESET 

$lF80 63 
64 

$1FF5 

$1 FF6- $1 FF7 
I 

$1FFB-$1Ff9 

$1FFA-$1FFB 
I 

$1FFC-$1FFD , 
$1 FFE-$1 FFF 

127 

t- ,,';' 
". 

". 

" " ". 

" " ;' .... Stack (64 Bytes Maxi 

;' 

• .... 
1/ 

*Reads of unused locatIons undefIned 

Flg_ 11 - Address map_ 
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$0000 

$0001 

$0002 

$0003 

$0004 

$0006 

$0006 

$0007 

$0008 

$0009 

$oooA 

$oooF 
$0010 

$003F 
$0040 

$007F 

II! 

i~ 
~~ 
:liZ 
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The first 128 bytes of memory (first half of page zero) is 
comprised of the I/O port locations, timer locations, and 112 
bytes of RAM. The next 2096 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and interrupt 
vectors. 

The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts and sub­
routine calls. At power-up, the stack pointer is set to $OO7F 
and it is decremented as data is pushed on the stack. When 
data is removed from the stack, the stack pointer is incre­
mented. A maximum of 64 bytes of RAM is available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts and/or 
subroutine stacking purposes, the unused bytes are usable 
for program data storage. 

REGISTER£; 

The CDP6805G2 contains five registers as shown in the 
programming model in Figure 12. The interrupt stacking 
order is shown in Figure 13. 

7 

7 

12 

PC 

12 6 5 

A 

x 

ACCUMULATOR (A) 
This accumulator is an B-bit general purpose register used 

for arithmetic calculations an(J data manipulations. 

INDEX REGISTER (X) 
The X register is an 8-bit register which is used during the 

indexed modes of addressing. It provides an 8-bit operand 
which is used to create an effective address. The index 
register is also .used for data manipulations with the 
read/modify/write type of instructions and as a temporary 
storage register when not performing addressing operations. 

PROGRAM COUNTER (PC) 
The program counter is a 13-bit register that contains the 

address of the next instruction to be executed by the pro­
cessor. 

STACK POINTER (SP) 
The stack pointer is a 13-bit register containing the 

address of the next free location on the stack. When access­
ing memory, the seven most-significant bits are permanently 
set to 0000001. These seven bits are appended to the six 
least-significant register bits to produce an address within 
the range of $OO7F to $0040. The stack area of RAM is used 
to store the return address on subroutine calls and the 

° I Accumulator 

° I Index Register 

° I Program Counter 

° 
I ° I ° I ° I ° 1 ° 1 ° 11 I SP I Stack Pointer 

IncreaSing Memory 
Addresses 

7 

'-,..&..,....II-,-.L..,,...L.,..I Condition Code Register 

Carry I Borrow 

Zero 

L-___ Negative 

'-----Interrupt Mask 

'-------Half Carry 

Fig. 12 - Programming Model. 

1 1 1 11 1 Condition Code Register 

Accumulator 

Index Register 

° Stack 

DecreaSing Memory 
Addresses 

010101 PCH ! r PCl T 
Unstack 

NOTE: Since the Stack Pointer decrements during pushes, the PCl IS 
stacked first, followed by PCH, etc. Pulling from the stack is In 
the reverse order. 

Fig. 13 - Stacking order, 
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machine state during interrupts. During external or power­
on reset, and during a "reset stack pointer" instruction, the 
stack pointer is set to its upper limit 1$007FI. Nested inter­
rupts and/or subroutines may use up to 64 Idecimal! loca­
tions, beyond which the stack pointer "wraps around" and 
points to its upper limit thereby losing the previously stored 
information. A subroutine call occupies two RAM bytes on 
the stack, while an interrupt uses five bytes. 

CONDITION CODE REGISTER (CC) 
The condition code register is a 5-bit register which in­

dicates the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac­
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 

HALF CARRY BITS (H) - The H-bit is set to a one when 
a carry occurs between bits 3 and 4 of the ALU during an 
ADD or ADC instruction. The H-bit is useful in binary coded 
decimal subroutines. 

INTERRUPT MASK BIT (I) - When the I-bit is set, both 
the external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an interrupt 
occurs while the I-bit is set, the interrupt is latched and is 
processed when the I-bit is next cleared. 

NEGATIVE (N) - Indicates that the result of the last 
arithmetic, logical, or data manipulation is negative (bit 7 in 
the result is a logical onel. 

ZERO (Z) - Indicates that the result of the last arithmetic, 
logical, or data manipulation is zero. 

CARRY/BORROW (C) - Indicates that a carry or borrow 
out of the arithmetic logic unit (ALUI occurred during the 
last arithmetic operation. This bit is also affected during bit 
test and branch instructions, shifts, and rotates. 

RESETS 
The CDP6805G2 has two reset modes: an active low 

external reset pin (RESET) and a power-on reset function; 
refer to Figure S. 

RESET 
The i'fESE'f input pin is used to reset the MCU to provide 

an orderly software sta!!:.!:!E..f!rocedure. When using the ex­
ternal reset mode, the RESET pin must stay low for a mini­
mum of one tcyc. The RESET pin is provided with a Schmitt 
Trigger input to improve ItS nOise Immunity. 

POWER-ON RESET 
The power-on reset occurs when a positive transition is 

detected on VDD. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay from the time of the first oscillator opera­
tion. If the external RESET pin is low at the end of the 1920 
tcyc time out, the procesSor remains in the reset condition. 

* Any current instruction including SWI. 
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Either of the two types of reset conditions causes the 
following to occur: 

- Timer control register interrupt request bit TCR7 is 
cleared to a "0." 

- Timer control register interrupt mask bit TCR6 is set to a 
"1." 

- All data direction register bits are cleared to a "0." All 
ports are defined as inputs. 

- Stack pointer is set to $OO7F. 
- The internal address bus is forced to the reset vector 

($1 FFE, $1 FFFI. 
- Condition code register interrupt mask bit (II is set to a 

"1." 
- STOP and WAIT latches are reset. 
- External interrupt latch is reset. 

All other functions, such as other registers (including out­
put portsl, the timer, etc., are not cleared by the reset condi­
tions. 

INTERRUPTS 
The CDP680SG2 may be interrupted by one of three 

different methods: either one of two maskable hardware 
interrupts (external input or timer) or a nonmaskable 
software interrupt (SWI). Systems often require that 
normal processing be interrupted so that some external 
event may be serviced. 

I nterrupts cause the processor registers to be saved 
on the stack and the interrupt mask (I bit) setto prevent 
additional interrupts. The RTI instruction causes the 
register contents to be recovered from the stack 
followed by a return to normal processing. The stack 
order is shown in Figure 13. 

Unlike Fi"ESE'f, hardware interrupts do not cause the 
current instruction execution to be halted, but are 
considered pending until the current instruction 
execution is complete. 

Note 
The cummt instruction is considered to be the one 

already fetched and being operated on. 

When the current instruction is complete, the 
processor checks all pending hardware interrupts and 
if unmasked (I bit clear), proceeds with interrupt 
processing; otherwise, the next instruction is fetched 
and executed. Note that masked interrupts are latched 
for later interrupt service. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is execljted 
the same as any other instruction and as such takes 
precedence over hardware interrupts only if the I bit is 
set (hardware interrupts masked). Refer to Figure 14 for 
the interrupt and instruction processing sequ~ 

Table 4 shows the execution priority of the RESET, 
IRQ and timer interrupts, and instructions (inclUding 
the software interrupts, SWI). Two conditions are 
shown one with the I bit set and the other with I bit 
clear; however, in either case RESET has the highest 
priority of execution. If the I bit is set as per Table 4(a), 
the second highest priority is assigned to any instruction 
including SWI~is is illustrated in Figure 14 which 
shows thatthe IRQ or Timer interrupts are not executed 
when the I bit is set. If the I bit is cleared as per Table 
4(b), the priorities change in that the next instruction 
~I or other instruction) is not fetched until after the 
IRQ and Timer interrupts have been recognized (and 
serviced). Also, when the I bit is clear.JLboth lRQ and 
Timer interrupts are pending, the IRQ interrupt is 
always serviced before the Timer interrupt. 
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LoaII PC From' 
SWt I FFCllFFD 
lIIU,IFFAI1FFB 

TIMER: IFFtlIFFI 
TI_, Willi: IFFtlIFFT 

Fig. 14· if€SET and INTERRUPT processing flowchart. 

TABLE 4 ·INTERRUPTIINSTRUCTION EXECUTION PRIORITY AND VECTOR ADDRESS 

(a) 181t Set 

Vector 

Interrupt/Instruction Priority Addre .. 

---RESET 1 $1 FFE-$1 FFF 

SWI (or Other Instruction) 2 $1FFC~1FFD 

NOTE:'iJ!rei and Timer Interrupts are not executed when the I bit is set; therefore, they 
are not shown. 

(b) I 81t Clear 

Vector 

Intarrupt/lnllructlon Priority Addre .. 

REsET 1 $1 FFE-$1 FFF 

IRQ 2 $1FFA~1FFB 

Timer 3 $1FF8-$1FF9 

$1 FF6-$1 FF7* 

SWI (or other lristrl-lction) 4 $1FFC~1FFO 

• The Timer vector address from the WAIT mode is $1 FF6-$1 FF1. 
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Note 

Processing is such that at the end of the cu rrent 
instruction execution, the I bit is tested and if set the 
next instruction (including SWI) is fetched. If the I bit is 
cleared, the hardware interrupt latches are tested, and 
if no hardware interrupt is pending, the program falls 
through and the next instruction is fetched. 

TIMER INTERRUPT 

Ifthe timer interrupt mask bit (TCR6) is cleared, then 
each time the timer decrements to zero (transitions 
from $01 to $00) an interrupt request is generated. The 
actual processor interrupt is generated only if the 
interrupt mask bit of the condition code register is also 
cleared. When the interrupt IS recognized, the current 
state of the machine is pushed onto the stack and the 
interrupt mask bit in the condition code register is set. 
This masks further interrupts until the present one is 
serviced. The processor now vectors to the timer 
interrupt service routine. The address for this service 
routine is specified by the contents of $1 FF8 and $1 FF9 
unless the processor is in a WAIT mode in which case 
the contents of $1 FF6 and $1 FF7 specify the timer 
service routine address. Software must be used to clear 
the timer interrupt request bit (TCR7). Atthe end of the 
timer interrupt service routine, the software normally 
executes an RTI instruction which restores the machine 
state and starts executing the interrupted program. 

EXTERNAL INTERRUPT 

Ifthe interrupt mask bit of the condition ~ register 
is cleared and the external interrupt pin (IRQ) is low, 

then the external interrupt occurs. The action of the 
external interrupt is identical to the timer interrupt with 
the exception that the service routine address Is 
specified by the contents of $1 FFA and $1 FFB. Either a 
level- and edge-sensitive trigger (or edge-sensitive 
only) are available as mask options. Figure 15 shows 
both a functional diagram and timing for the interrupt 
line. Thetiming diagram shows twodifferenttreatments 
of the interrupt line (IRQ) to the processor. The first 
method is single pulses on the interrupt line spaced far 
enough apart to be serviced. The minimum time between 
pulses is a function of the length of the interrupt service 
routine. Once a pulse occurs, the next pulse should not 
occu r until the MPU software has exited the routine (an 
RTI occurs). This time (tlLld is obtained by adding 20 
instruction cycles (leve) to the total number of cycles is 
takes to complete the service routine including the RTI 
instruction; refer to Figure 15. The second configuration 
shows many interrupt lines "wire-ORed" to form the 
interrupts at the processor. Thus, if after servicing an 
interrupt the iRQ remains low, then the next interrupt is 
recognized. 

SOFTWARE INTERRUPT (SWI) 

The software interrupt is an executable instruction .. 
The action of the SWI instruction is similar to the 
hardware interrupts. TheSWI is executed regardless of 
the state of the interrupt mask in the condition code 
register. The service routine address is specified by the 
contents of memory locations $1 FFC and $1 FFD. See 
Figure 14 for interrupt and instruction processing 
flowchart. 

(a) Interrupt Functional Diagram 
Level Sensitive 

(11 

(2! 

Mask Option 

VOO ,......--.., 

o Ol------L_/ 

Interrupt P,n ----.... ---qc 

o 

(bi interrupt Mode Diagram 

IRO~tILlH U 
~ tILlL~1 

IRQ(MPU!~L ___________________ ~ 

IR.Q1~ tLlH==--' 
• 
• 

IROn 

I Bit (CCR! 

Power-On Reset 

External Reset 

External Interrupt 
Being Serviced 

External 
Interrupt 
Request 

Edge Condition 
IThe minimum pulse width (tILlH IS one 
tcyc· The penod tlLlL should not be 
less than the number of tcyc cycles it 
takes to execute the Interrupt service rou­
tine plus 20 tcyc cycles.! 

Mask Optional Level Sensitive 

(If after servicing an interrupt the iiffi re­
mains low. then the next interrupt is re­
cognized! 

Fig. 15 - External interrupt. 
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STOP 
The STOP instruction places the CDP6805G2 in its 

lowest power consumption mode. In the STOP function the 
internal oscillator is turned off, causing all internal process­
ing and the timer to be halted; refer to Figure 16. 

During the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pending timer interrupt re­
quests and to disable any .further timer interrupts. The timer 
prescaler is cleared. External interrupts are enabled in the 
condition code register. All other registers and memory re­
main unaltered. All 1/0 lines remain unchanged. 

WAIT 

Yes 

Stop Oscillator 
And All Clocks 
TCR Bit 7-0 

Bit6-1 
Clear I Mask 

Fig. 16 - Stop function flowchart. 

The WAIT instruction places the CDP6805G2 in a low 
power consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is diabled from all internal circuitry 
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except the timer circuit; refer to Figure 17. Thus, all internal 
processing is halted; however, the timer continues to count 
normally. 

During the Wait mode, the I-bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and liD lines remain in their last state. The timer 
may be enabled to allow a periodic exit from the Wait mode. 
If an external and a timer interrupt occur at the same time, 
the external interrupt is serviced first; then, if the timer inter­
rupt request is not cleared in the external interrupt 
routine, the normal timer interrupt (not the timer Wait inter­
rupt) is serviced since the MCU is no longer in the WAIT 
mode. 

TIMER 

The MCU timer contains a B-bit software programmable 
counter with7-bit software selectable prescaler. The counter 
may be present under program control and decrements 
towards zero. When the counter decrements to zero, the 
timer interrupt request bit, i.e., bit 7 of the timer control 
register (TRC), is set. Then, if the timer interrupt is not 
masked, i.e., bit 6 of the TCR and the I-bit in the condition 
code register are both cleared, the processor receives an in­
terrupt. After completion of the current instruction, the pro­
cessor proceeds to store the appropriate registers on the 
stack, and then fetches the timer vector address from loca­
tions $1 FF8 and $1 FF9 (or $1 FF6 and $1 FF7 if in the WAIT 
mode) in order to beging servicing. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer in\errupt request bit 
was set. The counter may be read at any time by the pro­
cessor without disturbing the count. The contents of the 
counter becomes stable prior to the read portion of a cycle 
and does not change during the read. The timer interrupt re­
quest bit remains set until cleared by the software. If a read 
occurs before the timer interrupt is serviced, the interrupt is 
lost. TCR7 may also be used as a scanned status bit in a non­
interrupt mode of operation (TCR6= 1). 

The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which is used as the counter input. The processor 
cannot write into or read from the prescaler; however, its 
contents are clearedto all "o's" by the write operation into 
TCR when bit 3 of the written data equals 1. This allows for 
truncation-free· counting. 

The timer input can be configured for three different 
operating modes, plus a disable mode depending on the 
value written to the TCR4, TCR5 control bits. Refer to the 
Timer Control Register section. 

TIMER INPUT MODE 1 
If TCR4 and TCR5 are both programmed to a "0," the in­

put to the timer is from an internal clock and the TIMER in­
put pin is disabled. The internal clock mode can be used for 
periodic interrupt generation, as well as a reference in fre­
quency and event measurement. The internal clock is the in­
struction cycle clock. During a WAIT instruction, the inter­
nal clock to the timer continues to run at its normal rate. 
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Oscillator Active 
Clear I-Bit 

Timer Clock Active 
All Other Clocks 

Stop 

Fetch External 
Interrupt Reset. 

or Timer Interrupt 
Vector Ifrom Wait 

Mode onlyl 

No 

No 

Fig. 17 - Wait function flowchart. 

TIMER INPUT MODE 2 
With TCR4= 1 and TCR5= 0, the internal clock and the 

TIMER input pin are ANDed together to form the timer input 
signal.. This mode can be used to measure external pulse 
widthS. The external pulse simply turns on the internal clock 
for the duration of the pulse. The resolution of the count in 
this mode is ± 1 clock and, therefore, accuracy improves 
with longer input pulse widths. 

TIMER INPUT MODE 3 
If TCR4=0 and TCR5= 1, then all inputs to the Timer are 

disabled. 
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TIMER INPUT MODE 4 
If TCR4= 1 and TCR5= 1, the internal clock input to the 

Timer is disabled and the TIMER input pin becomes the in­
put to the Timer. The timer can, in this mode, be used to 
count external events as well as external frequencies for 
generating periodic interrupts. The counter is clocked on the 
falling edge of the external signal: 

Figure 18 shows a block diagram of the Timer subsystem. 
Power-on Reset and the STOP instruction cause the counter 
to be set to $FO. 

en 
II: 
W 

'..J 
O..J 
11:0 
011: 
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:::ii z 
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Timer 
(Pin 37) 

Internal 
Clock 

Write Aead Interrupt 

\-
, _________________ ~----------~I 

Software Functions 

N~:E~~scaler and 8.bit counter are clocked falling edge of the internal clock (AS) or external 

2. ci~~~t~r is written to during Data Strobe (OS) and counts down continuously. 

92CM- 38034R1 

Fig. 18 - Simplified timer control logic block diagram. 

Timer Control Register (TCR) 

76543210 

ITCR71TCR61TCR51TCR41TCR31TCR21TCR11TCROI 

All bits in this register except bit 3 are Read/Write bits. 

TCR7 - Timer interrupt request bit: bit used to indicate 
the timer interrupt when it is logic "'" 

1 - Set whenever the counter decrements to zero, or un­
der prograrn control. 

o - Cleared on extemal reset, power-on reset, STOP in­
struction, or program control. 

TCR6 - Timer interrupt mask bit: when this bit is a logic 
",., it inhibits the timer interrupt to the processor. 

1 - Set on external reset, power-on reset, STOP instruc­
tion, or program control. 

D - Cleared under program control. 

TCRS - External or internal bit: selects the input clock 
source to be either the external timer pin or the internal 
clock. (Unaffected by RESET,) 

I - Select external clock source. 
o - Select internal clock source (AS), 

TCR4 - External enable bit: control bit used to enable the 
external timer pin. (U naffected by i'i"ESIT.) 

1 - Enable external timer pin. 
o - Disable external timer pin. 
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TCR5 TCR4 

o 1 AND of intemal clock and TIMER 
;]

0 Internal clock to Timer 

pin to Timer 
1 0 Inputs to Timer disabled 

1 1 TIMER pin to Timer 

Refer to Figure 18 for Logic Representation. 

TCR3 - Timer Prescaler Reset bit: writing a "'" to this bit 
resets the prescaler to zero. A read of this location always in­
dicates a "0". (Unaffected by RESET.) 

TCR2, TCR1; TCRO - Prescaler select bits: decoded to 
select one of eight taps on the prescaler. (Unaffected by 
RESET.) 

Prescaler 

TCR2 TCR1 TCRO Result 

0 0 0 +1 

0 0 1 +2 

0 1 0 +4 

0 1 1 +8 

1 0 0 +16 

1 0 1 +32 

1 1 0 +64 
1 1 1 +128 
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• HARRIS CDP68EM05C4 
CDP68EM05C4N 

January 1991 

CMOS High Performance Silicon Gate 
8-Bit Microcontroller Emulator 

Features 

• CDP68HC05C4IC8 Mlcrocontroller Emulation 

~ All CDP68HC05C4ICB Hardware and Softwear 
Features, Except as Noted In this Data Sheet 

• Full 8K Byte Address Space Available, (7984 Bytes 
Available Externally) 

• 176 Bytes of On-Chip RAM, No ROM 

• Also Can be U$ed for CDP68HCOSC8 Emulation 

• Un-Multiplexed External Addres$ and Data Lines 

• Available in Two Package Types: 

~ CDP68EMOSC4 - 40 Lead Piggyback Package with 
2764 EPROM Socket Capability 

~ CDP68EMOSC4N - 68 Lead Plastic Chip Carrier (PLCC) 

Description 
The CDP68EM05C4 and CDP68EM05C4N Emulator devices 
are functionally equivalent to the CDP68HC05C4 
microcomputer, and are designed to permit prototype develop­
ment and preproduction of systems for mask programmed 
applications. Data bus, address bus and control signals are 
externally available to provide off chip address capability. 

In addition to this feature, the Emulator devices differ from the 
CDP68HC05C4 microcomputer as follows: 1) Memory 
locations which are occupied as ROM on the CDP68HC05C4 
are accessed as external locations with the Emulators. 
2) Mask-programmable options available on the 
microcomputer (i.e., CPU oscillator type and external interrupt 
sense) are fixed in hardware in the Emulator devices, and are 
available as separate Emulator types Identified with suffix 
letters EC, ELC, ER or ELR. The corresponding option for each 
suffix letter is shown below: 

a) CPU oscillator type: C = crystal/ceramic 
resonator; R = resistor. 

b) External interrupt sense: EL = negative 
edge and level sensitive; E = edge only 
sensitive. 

The CDP68EM05C4 and CDP68EM05C4N represent two 
package types. The CDP68EM05C4 is available in a piggy­
back package having the footprint of the 40 lead dual-in-line 
package of the CDP68HC05C4 microcomputer. The top of the 
piggyback package has socket capability for a 28 lead 
EPROM. The CDP68EM05C4N is available in a 68 lead Plastic 
Chip Carrier (PLCC). 

Copyright @ Harris Corporation 1991 
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Pinouts 

~ 
'iR'O 

NC 
PA7 
PA6 
PA5 
PA4 
PA3 
PA2 
PAl 
PAO 
PBO 
PBl 
PB2. 
PB3 
PB4 
PB5 
PB6 
PB7 

VSS 

CDP68EM05C4 
40 LEAD PIGGYBACK PACKAGE 

TOP VIEW 

1 40 
2 (1 ) 39 
3 1 2.8 38 Vp 

2. (2) 27 VCC 37 4 A12 26 ~ :I A7 
j 

25 VCC 
36 

6 4 35 
A6 2764 

2.4 ~~ 7 
A5 

5 EPROM 34 
6 

A4 
6 23 All 33 

9 A3 7 22. OE 32 
10 

A2 
8 2.1 Al0 31 

11 9 30 
Al 10 

20 CE 
12 AO- 19 DB7 29 
13 

DEW..!.!. 10 OB6 28 
14 DB 1 12 17 0B5 27 
15 DB2. 13 16 DB4 26 
16 25 
17 

GND 14 15 DB3 
24 

18 23 
19 CDP68EM05C4 22 

EM ULATOR 2.1 

CDP68EM05C4N 
68 LEAD PLASTIC CHIP CARRIER 

TOP VIEW 

VOO 
OSCl 
OSC2 
TCAP 
P07 
TCMP 
PD5 
PD4 
PD3 
PD2 
POI 
PDO 
PCO 
PCl 
PC2 
PC3 
PC4 
PC5 
PC6 
PC7 

60 PD3 
59 PD2 
58 POI 
57 POD 
~PCO 
~LpCl 
54 PC2 
5LpC3 
52 PC4 
51 PC5 
50 PC6 
49 PC7 
'!.!!-DS 

~~-WE 
45-:;~ 

144 RD 
:"~~~~-r~~~'~~~' 

File Number 2754 

til a: 
6 0 
a:~ 
(.,)W 
-(.,) 
::&0 

a: 
Q. 
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Block Diagram 

PAO 
PAl 

PORT PA2 
A PA3 

1/0 
LINES PA4 

PA5 
PA6 
PA7 

PBO 
PBl 

PORT PB2 
B PB3 

1/0 PB4 
LINES PB5 

PBB 
PB7 

CE 
iifi 

·WE 
• OS 
• FS 

DATA 
DIR 
REG 

DATA 
DIR 
REG 

BUS 
CONTROL 

*Not available In the Piggyback package 

Memory 

ACCUMULATOR 

8 A 

8 

5 

B 

5 

8 

INDEX 
REGISTER 

CONDITION 
CODE 

X 

REGISTER CC 

STACK 
POINTER 

S 
PROGRAM 
COUNTER 

HIGH PCH 

PROGRAM 
COUNTER 

LOW PCL 

O_N(I)..,IOCO .... 
IDIDIDmCDCDCDIIJ 
CCCQQQQQ 

DATA BUS 

The CDP68EM05C4 and CDP68EM05C4N Emulators 
each have a total address space of 8192 bytes. The 
Emulators have implemented 208 bytes of the address 
locations for I/O and internal RAM. The remainder is 
available for external memory. The first 256 bytes of 
memory (page zero) are comprised of the 110 port locations, 
timer locations, 48 bytes of external address space and 176 
bytes of RAM. The next 7936 bytes are available to address 
external memory. The address map Is shown In Figure 1. A 
description of the remaining internal addressable functions 
can be found in the CDP68HC05C4 data sheet, File No. 
2748, see Section 2 of this Data Book. 

Signal Descriptions 
The following list includes only those additional signals that 
are not available on the CDP68HC05C4 microcomputer. 
See the CDP68HC05C4 data sheet for a description of the 
remaining signals which are common to the Emulators and 
the CDP68HC05C4 microcomputer. 

AO-A12 - Address lines 0 through 12. 

DBO-DB7 - Bldlrectional8-blt non-multiplexed data bus 
with TTL inputs. 

CE, (OE*) - Chip Enable: An output signal used for 
selecting external memory or I/O. A low level 
indicates when external RAM or I/O is being 
accessed. The Chip Enable signal will not go 
true, however, when addressing the 7 
unused locations in the 32 bytes of I/O 
space even though the address lines will be 
valid. 

INTERNAL 
PROCESSOR 

.-_~C.=;LO~C:::K!-__ ---!,-1 RESET 
.-_____ ~2 IRQ 

CPU 
CONTROL 

CPU 

DATA 
DIR 
REG 

PCO 
PCl 
PC2 
PC3 
PC4 
PC5 
PCB 
PC7 

PORT 
C 

1/0 
LINES 

PORTO r-~~~~r----PD7 

SCI 
SYSTEM 

ALU 

RDI (PDO) 
TOO (POI) 

1-----l.2!'--~ MISO (PD2) 
SPI 

SYSTEM 

BAUD RATE 
GENERATOR 

~:c~~~~~~~~~~s 
ADDRESS BUS 

MOSI (PD3) 
SCK (P04) 
SS(PD5) 

**Pin numbers are for PLCC 
package 

RD, (CE*) - Read: A status output which indicates 
direction of data flow with respect to external 
or internal memory (a low level indicates a 
read from memory space). A read from 
internal memory or I/O will place data on the 
external data bus. 

WE** - Write Enable: An active low strobe pulse 
output for use in writing data to external 
RAM memory. A low level indicates valid 
data on the data bus. 

DS** - Data Strobe: An output signal for use as a 
strobe pulse when address and data are 
valid. Th is output is used to transfer data 
to or from a peripheral or memory and 
occurs any time the Emulator reads or 
writes. DS is a continuous signal at fosc + 2 
when the Emulator is not in the WAIT or 
STOP mode. 

FS** - Fetch Status: An output which indicates an 
op code fetch cycle 

• CE and AD are used as OE (Output Enable) and CE (Chip E:nable) signals, 
respectively in the Piggyback package. 

•• Not available in the Piggyback package. 
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$0000 

$001F 
$0020 

$004F 
$0050 

$OOBF 
$OOCO 

'OOFF 
$0100 

$1FEF 
$1FFO 

$1FFF 

1/0 
32 BYTES 

EXTERNAL ADDRESS 
SPACE 

48 BYTES 

RAM 
178 BYTES 

-------r STACK 64 BYTES 

EXTERNAL ADDRESS 
SPACE 

7938 BYTES 

f-------

i SPACE FOR 
USER VECTORS 

1SBYTES 

0000---

0031 
0032 

\ 

, 
0079 
00~0 

\ 
\ 
\ 
\ 

~::! \ 
0255 
0256 

8175 
8178 

8191 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

PORTS 
7 BYTES 

UNUSED 
3 BYTES 

SERIAL PERIPHERAL 
INTERFACE 

3 BYTES 

SERIAL 
COMMUNICATIONS 

INTERFACE 
5 BYTES 

TIMER 
10 BYTES 

UNUSED 
4 BYTES 

0031 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ , 

PORT A DATA REGISTER $00 

PORT B DATA REGISTER S01 

PORT C DATA REGISTER $02 

PORT D FIXED INPUT REGISTER $03 

PORT A DATA DIRECTION REGISTER $04 

PORT B DATA DIRECTION REGISTER $05 

PORTC DATA DIRECTION REGISTER $08 

UNUSED $07 

UNUSED '08 
UNUSED 109 

SERIAL PERIPHERAL CONTROL REGISTER lOA 

SERIAL PERIPHERAL STATUS REGISTER $OB 

SERIAL PERIPHERAL DATA I/O REGISTER 'OC 

SERIAL COMMUNICATIONS BAUD RATE REGISTER 'OD 

SERIAL COMMUNICATIONS CONTROL REGISTER 1 $OE 

SERIAL COMMUNICATIONS CONTROL REGISTER 2 $OF 

SERIAL COMMUNICATIONS STATUS REGISTER "0 

SERIAL COMMUNICATIONS DATA REGISTER '" 
TIMER CONTROL REGISTER "2 

TIMER STATUS REGISTER $13 

INPUT CAPTURE HIGH REGISTER $14 

INPUT CAPTURE LOW REGISTER $15 

OUTPUT COMPARE HIGH REGISTER $18 

OUTPUT COMPARE LOW REGISTER $17 

COUNTER HIGH REGISTER ',8 

COUNTER LOW REGISTER $19 

ALTERNATE COUNTER HIGH REGISTER ,'A 

ALTERNATE COUNTER LOW REGISTER "B 

UNUSED a1C 

UNUSED .,0 
UNUSED ,'E 

UNUSED .,F 

FIGURE 1. ADDRESS MAP. 

IRQ (Maskable Interrupt Request) 
Interrupt input trigger sensitivity is available as either 
1) negative edge-sensitive only, or 2) both negative edge­
sensitive and level-sensitive triggering. In the latter case, 
either type of input to the IRQ pin will produce the Interrupt. 
The Emulator completes the current instruction before it 
responds to the interrupt request. When the IRQ pin goes 
low for at least one tlLlH as defined in the COP68HC05C4 
data sheet, a logic one is latched internally to signify that an 
interrupt has been requested. When the Emulator 
completes it's current instruction, the interrupt latch is 
tested. If the interrupt latch contains a logiC one, and the 
interrupt mask bit (I bit) in the condition code register is 
clear, the Emulator then begins the interrupt sequence. The 
IRQ input requires an external resistor to VOD for 
"wire-OR" operation. 

OSC1,OSC2 
Oscillator (fOSC) connections. Depending on the Emulator 
CPU oscillator type, which is fixed in hardware, the pins can 
be configured for either a crystal or ceramic resonator 
oscillator, or for an RC oscillator. Alternatively, with either 
CPU oscillator type*, an external clock may be used by 
applying the external clock Signal to the OSC1 input with 
the OSC2 pin not connected. The Internal clocks are 
derived by a divide-by-2 of the oscillator frequency (fOSC). 

.. The crystal/ceramic resonator CPU oscillator type Is recommended to 
reduce loading on the external clock source. 
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Specifications CDP68EM05C4 

READ CYCLE TIMING CDP68EMOSC4 (Piggyback Emulator) 
VDD = S.OV ± 10%, VSS = OV, TA = 2SOC 

PARAMETER 

Extemallnput Oscillator Pulse Width, Low or High 

Read Cycle 

Address Before OE 

Access Time From OE 

Access Time From Stable Address 

Access Time From CE 

Data Bus Driven From OE 

Address Hold Time After OE 

Data Hold Time After Address 

Data Hold Time After OE 

OE High to Data Bus not Driven 

OSC' 

OSC21 

CYCLE 

ADDR 

OE 

Cit 

BUS DRIVERS DATA VALID 
TURN ON 

FIGURE 2. TYPICAL CYCLE TIMING FOR THE 
CDP68EMOSC4 EMULATOR. 

TCPL,TCPH 

TRC 

TOA 

TAO 

TAA 

TAA 

TEX 

TAH 

TOH 

TDH 

THZ 

3-6 

LIMITS 

MIN MAX UNITS 

90 - ns 

476 - ns 

SO - ns 

- 200 ns 

- 350 ns 

- 350 ns 

0 - ns 

0 - ns 

0 - ns 

0 - ns 

0 60 ns 

i-TCPL-j 
csc, 

READ CYCLE 

AO-A12 

OE 
TAH 

CE 

FIGURE 3. CONTROL TIMING DIAGRAM FOR 
THE CDP88EMOSC4 EMULATOR. 



Specifications CDP68EM05C4N 

READ CYCLE TIMING CDP68EM05C4N (PLCC Emulator) 
VDD; 5.0V ± 10%, VSS ; OV, TA ; 250 C 

PARAMETER 

External Input Oscillator Pulse Width, Low or High 

Read Cycle 

Address Before Chip Enable 

Access Time From Chip Enable 

Access Time From Address 

Access Time From RD 

Data Bus Driven From CE 

Address Hold Time After CE 

Data Hold Time After Address 

Data Hold Time After CE 

CE High to Data Bus Not Driven 

WRITE CYCLE TIMING CDP68EM05C4N (PLCC Emulator) 
VDD; 5.0V ± 10%, VSS ; OV, TA ; 250 C 

PARAMETER 

External Input Oscillator Pulse Width, Low or High 

Write Cycle 

Address Before CE, WE 

DS, WE Pulse Width 

WE ; L to CPU Driving Bus 

Data Set-Up Time 

Data Hold Time After WE 

Address Valid After WE 

WE High to Bus Not Driven 

MIN 

TCPL,TCPH 90 

TAC 476 

TCA 50 

TAC -

TM -
TM -

TEX 0 

TAH 0 

TOH 0 

TDH 0 

THZ 0 

MIN 

TCPL,TCPH 90 

TWC 476 

TAS 50 

TDSP,TWP 200 

TWHZ 0 

TDS 150 

TDH 50 

TWR 50 

TDOZ 50 

LIMITS 

MAX 

-

-
-

200 

350 

350 

-

-

-

-

60 

LIMITS 

MAX 

-

-

-

-
-
-

-

-
-

i'NTERNAliFETCHi WRITE 

BUS DRIVERS DATA VALID 
TURN ON 

FIGURE 4. CDP68EM05C4N EMULATOR TYPICAL CYCLE TIMING 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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-I TCPl I- --I. TC~ 1-
OSCl -, I I I L- WRITE CYCLE 

I" TWC "I 
READ CYCLE I' TRC "I AO·A12 ::x C 

==j TAS r iTWR=:J AO-A12 

==1 x::: 
TCA r ir-TAH CE I m ,--

I CE 

I 
\\\ rr- liD 

~ '--
iffi J I Ir TAS~ ~ 

TWp 

I I L Wi! \\\ III 
I I-TDSP I I os 

I. ~~AC :1 ~~F~~: os "\ 'J L-TDOZ 

I iK. TD:ATA VALID TDH~ D80-0B7 (DRIVER'S TURN ONX DATA VALID >-- DBo-OB7 

.--1 TEX I:::: -l I-THZ 
--lI=TWHZ 

FIGURE 5. CDP68EM05C4N EMULATOR CONTROL TIMING DIAGRAMS. 

"~' ~rl1!rn 
J SERIAL RAM ~ I I SERIAL AID I 

PORT CDP68HC6BR1 CONVERTER 
'I CDPSSHC8SR. CDPlBHC88A1 

CDP88EM05C4 f f 
f T I I AD CE 

SCI( 

MOS1 CE OE MISO 
PORT 2764 • 

PORT 1 CDP68EM05C4N EPROM 

• J • EMULATOR H REALTIME I l. Leo DRIVER 

CPU .. 
PORT CLOCK AO-A12 ADDR 

Cr>P88HCII8T1 r .u. A .. I LCD DISPLAy 
DIIO-DB7 DATA 

FIGURE 6. SERIAL PERIPHERAL INTERFACE (SPI) FIGURE 7. CDP68EM05C4N EMULATOR INTERFACED 
BUS SYSTEM. WITH 2764 EPROM. 

Customer Ordering Information 
The four available variations should be ordered by the fol-
lowing part number designations: 

CDP68EM05C4EC - Edge only sensitive interrupts with CDP68EM05C4ER - Edge only sensitive interrupts, 
CDP68EM05C4NEC crystal or ceramic resonator oscil- CDP68EM05C4NER resistor oscillator network. 

lator network. 
CDP68EM05C4ELR - Edge and level sensitive interrupts, 

CDP68EM05C4ELC - Edge and level sensitive Interrupts CDP68EM05C4NELR resistor oscillator network. 
CDP68i::M05C4NELC with crystal or ceramic resonator 

oscillator network. 
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m HARRIS CDP68EM05D2 
CDP68EM05D2N 

January 1991 

CMOS High Performance Silicon Gate 
8-Bit Microcontroller Emulator 

Features 
• CDP68HC05D2 Mlcrocontroller Emulation 

~ All CDP68HC05D2 Hardware and Software Features, 
Except as Noted In this Data Sheet 

• Full 8K Byte Address Space Available (8064 Bytes 
Available Externally) 

• 96 Bytes of On Chip RAM, No ROM 

• Un-Multiplexed External Address and Data Lines 

• Available In Two Package Types 

~ CDP68EM05D2 - 40 Lead Piggyback Package with 
2764 EPROM Socket Capability 

~ CDP68EM05D2N - 68 Lead Plastic Chip Carrier (PLCC) 

Description 
The CDP68EM05D2 and CDP68EM05D2N Emulator devices 
are functionally equivalent to the CDP68HC05D2 
microcomputer, and are designed to permit prototype develop­
ment and preproduction of systems for mask programmed 
applications. Data bus, address bus and control signals are 
externally available to provide off chip address 
capability. 

In addition to this feature, the Emulator devices differ from the 
CDP68HC05D2 microcomputer as follows: 1) Memory 
locations which are occupied as ROM on the CDP68HC05D2 
are accessed as external locations with the Emulators. 
2) Mask programmable options available on the 
microcomputer (i.e., CPU oscillator type, external interrupt 
sense and timeout delay for power on Reset or exit from STOP 
mode) are fixed in hardware in the Emulator devices, and are 
available as separate Emulator types identified with suffix 
letters. See "Customer Ordering Information" in this data sheet 
for a description of available emulator types. 

The CDP68EM05D2 and CDP68EM05D2N represent two 
different package types. The CDP68EM05D2 is available in a 
piggyback package having the footprint of the 40 lead dual-in­
line package of the CDP68HC05D2 microcomputer. The top of 
the piggyback package has socket capability for a 28 lead 
EPROM. The CDP68EM05D2N Is available in a 68 lead Plastic 
Chip Carrier (PLCC). 

Copyright © Harris Corporation 1991 

3-9 

Pinouts 

CDP68EM05D2 
40 LEAD PIGGYBACK PACKAGE 

TOP VIEW 

RES ET 1 11) 
40 

VOO 
j"R"Q 2 39 

OSCI 
3 38 

NC Vp (2) Vce 37 
OSC2 

PA7 4 Al rsm;; TCAP 
PA6 ~ A7 Vee 

36 P07 
6 3~ 

PA~ A6 A8 TCMP 
PA4 

7 All A9 34 PO!! 
PA3 8 A4 

33 PO'! A II 32 
PA2 9 A3 2764 DE P03 
PAl 

10 
A2 EPROM AIO 

31 
P02 

PAD 
II Al CE 

30 POI 
PBO 12 AO- OB7 

29 POD 
PBl OBO- OB6 

28 PCO 
PB2 OBI DB!! 27 PCI 
PB3 DB2 OB4 26 pe2 

25 
PB4 ONO DB3 24 

PC3 
PBS 

23 
PC4 

PB6 PCS CDP68EM0502 22 
PB7 EM ULATOR 21 

PC6 

VSS PC7 

CDP68EM05D2N 
68 LEAD PLASTIC CHIP CARRIER 

TOP VIEW 

PAl 60 P03 
PAD 59 P02 
PBO 

58 POI 
PBI 57 POO 
PB2 56 PCO 
PB3 

55 PCl 
PB4 54 PC2 
PBS 53 PC3 
PB6 52 PC4 
PB7 51 PC5 
VSS 

50 PC6 49 
OB7 48 PC7 
OB6 OS 47 WE OBS 46 OB4 

~S 
CE 

OB3 44 FS 
OB2 Fm 

File Number 2755 

UJ 
a: 

.0 
OUJ 
a:UJ 
(,)W 
-(,) 
:::EO 

a: 
Do 



CDP68EM05D2, CDP68EM05D2N 

TCMP FROM OSCl OSC2 

PAO 
PAl 

PORT PA2 
A PA3 

I/O PM 
LINES PA5 

DATA 
DIR 
REG 

PA6 
PA7 

PBO 
PBl 

PORT PB2 
B PB3 

1/0 PB4 
LINES PB5 

DATA 
DIR 
REG 

PB6 
PB7 

CE 
Ro 

'WE 
BUS 

CONTROL 
'Os 
, FS 

'NOT AVAILABLE IN PIGGYBACK 
PACKAGE. 

Memory 

PO:) 

INTERNAL 
PROCESSOR CLOCK 

ACCUMULATOR 

8 A 

INDEX 
REGISTER 

8 X 

CONDITION 
CODE 

5 REGISTER CC 

STACK 
POINTER 

6 S 
PROGRAM 
COUNTER 

5 HIGH PCH 

PROGRAM 
COUNTER 

8 LOW PCL 

The CDP68EM05D2 and CDP68EM05D2N Emulators 
each have a total address space of 8192 bytes. The 
Emulators have Implemented 128 bytes of the address 
locations for I/O and Internal RAM. The remainder is 
available for external memory. The first 256 bytes of 
memory (page zero) are comprised of the I/O port locations, 
timer locations, 128 bytes of external address space and 96 
bytes of RAM. The next 7936 bytes are available to address 
external memory. The address map Is shown in Figure 1. A 
description of the remaining internal addressable functions 
can be found in the CDP68HC05D2 data sheet, File No. 
1557.1, see Section 2 of this Data Book. 

Signal Descriptions 
The following list includes only those additional signals that 
are not available on the CDP68HC05D2 microcomputer. 
See the CDP68HC05D2 data sheet for a description of the 
remaining signals which are common to the Emulators and 
the CDP68HC05D2 microcomputer. 

AO-A12 - Address lines o through 12. 

DBO-DB7 - Bidirectional8-bit non-multiplexed data bus 
with TTL inputs. 

CE, (OE*) - Chip Enable: An output signal used for 
selecting external memory or I/O. A low level 
indicates when external RAM or I/O is being 
accessed. The Chip Enable signal will not go 
true, however, when addressing the 10 
unused locations in the 32 bytes of I/p 
space even though the address lines will be 
valid. 

CPU 

INTERNAL 
PROCESSOR CLOCK 

.----------------~ 
,--------------IRQ 

PCO 
PCl 

CONTROL DATA PORT PC2 
PORT 

DIR C PC3 C 
REG REG PC4 I/O 

PC5 LINES 

PC6 
PC7 

CPU TO TIMER SYSTEM 

PD7' 

ALU 

DATA PORT 
TOSCl IPOO) ! TIMER 

DIR D 
TOSC2 (PD1) OSCILLATOR 

REG REG MISO (PD2) ! 
MOSl (PD3) SPI 
~K (PD4) SYSTEM 
SS(PD5) 

SPI 
SYSTEM 

RD, (CE*) - Read: A status output which indicates 
direction of data flow with respect to external 
or internal memory (a low level indicates a 
read from memory space). A read from 
internal memory or I/O will place data on the 
external data bus. 

WE** - Write Enable: An active low strobe pulse 
output for use in writing data to external 
RAM memory. A low level indicates valid 
data on the data bus. 

DS** - Data Strobe: An output signal for use as a 
strobe pulse when address and data are 
valid. Th is output is used to transfer data 
to or from a peripheral or memory and 
occurs any time the Emulator reads or 
writes. DS is a continuous signal at fosc + 2 
when the Emu.lator is not in the WAIT or 
STOP mode. 

FS** - Fetch Status: An output whiCh indicates an 
op code fetch cycle 

• CE and RD are used as Of (Output Enable) and CE (Chip Enable) Signals, 
respectively in the Piggyback package. 

•• Not available in the Piggyback package. 
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CDP68EM05D~CDP68EM05D2N 

SOOOO 

SOOIF 
S0020 

$009F 
SOOAO 

,OOBF 
SOOCO 

SOOFF 
$0100 

$IFEF 
$IFFO 

$IFFF 

110 
32 BYTES 

EXTERNAL 
ADDRESS SPACE 

128 BYTES 

RAM 
98 BYTES 

-------1 STACK 
84 BYTES 

EXTERNAL 
ADDRESS SPACE 

7938 BYTES 

1-------r SPACE FOR 
USER VECTORS 

16 BYTES 

0000--

0031 
0032 

\ 

0159 
0180 

\ 
\ 
\ 
\ 

g~:~ \ 
\ 

0255 \ 
0256 \ 

\ 

8175 
8176 

8191 

\ 
\ 

PORTS 
8 BYTES 

UNUSED 
2 BYTES 

SERIAL PERIPHERAL 
INTERFACE 

3 BYTES 

UNUSED 
5 BYTES 

TIMER 
10 BYTES 

UNUSED 2 BYTES 

SPECIAL PORT 
CONTROLJ 

STAT REGISTER 

UNUSED 
1 BYTE 

0000---

0031 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

PORT A DATA REGISTER SOO 

PORT B DATA REGISTER $01 

PORT C DATA REGISTER $02 

PORT D DATA REGISTER $03 

PORT A DATA DIRECTION REGISTER SD4 

PORT B DATA DIRECTION REGISTER $05 

PORT C DATA DIRECTION REGISTER $08 

PORT D DATA DIRECTION REGISTER $07 

UNUSED SOB 

UNUSED SOli 

SERIAL PERIPHERAL CONTROL REGISTER lOA 

SERIAL PERIPHERAL STATUS REGISTER SOB 

SERIAL PERIPHERAL DATA 1/0 REGISTER soc 
UNUSED SOD 

UNUSED SOE 

UNUSED SOF 

UNUSED $10 

UNUSED '11 

TIMER CONTROL REGISTER $12 

TIMER STATUS REGISTER $13 

INPUT CAPTURE HIGH REGISTER $14 

INPUT CAPTURE LOW REGISTER $15 

OUTPUT COMPARE HIGH REGISTER $16 

OUTPUT COMPARE LOW REGISTER $17 

COUNTER HIGH REGISTER $18 

COUNTER LOW REGISTER $19 

ALTERNATE COUNTER HIGH REGISTER $IA 

ALTERNATE COUNTER LOW RE.(lISTER $IB 

UNUSED SIC 

UNUSED $10 

SPECIAL PORT CONTROLJSTAT REGISTER $IE 

UNUSED ,IF 

FIGURE 1. ADDRESS MAP. 

IRQ (Maskable Interrupt Request) 

Interrupt input trigger sensitivity is available as either 
1) negative edge sensitive only, or 2) both negative edge 
sensitive and level sensitive triggering. In the latter case, 
either type of input to the IRQ pin will produce the interrupt. 
The Emulator completes the current instruction before it 
responds to the interrupt request. When the IRQ pin goes 
low for at least one tlLlH as defined in the CDP68HC05D2 
data sheet, a logic one is latched internally to signify that an 
interrupt has been requested. When the Emulator 
completes it's current instruction, the interrupt latch is 
tested. If the interrupt latch contains a logic one, and the 
interrupt mask bit (I bit) in the condition code register is 
clear, the Emulator then begins the interrupt sequence. The 
IRQ input requires an external resistor to VDD for 
"wire-OR" operation. 

OSC1,OSC2 
Oscillator (fOSC) connections. Depending on the Emulator 
CPU oscillator type, which is fixed in hardware, the pins can 
be configured for either a crystal or ceramic resonator 
oscillator, or for an RC oscillator. Alternatively, with either 
CPU oscillator type*, an external clock may be used by 
applying the external clock signal to the OSCl input with 
the OSC2 pin not connected. The internal clocks are 
derived by a divide by 2 of the oscillator frequency (fOSC). 

* The crystal/ceramic resonator CPU oscillator type Is recommended to 
reduce loading on the external clock source. 
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Specifications CDP68EM05D2 

READ CYCLE TIMING CDP68EM05D2 (Piggyback Emulator) 
VDD = 5JJV:I: 10%, VSS = OV, TA = 250 C 

PARAMETER 

Extemallnput Oscillator Pulse Width, Low or High 

Read Cycle 

Address Before OE 

Access Time From OE 

Access Time From Stable Address 

Access Time From CE 

Data Bus Driven From OE 

Address Hold Time After OE 

Data Hold Time After Address 

Data Hold Time After OE 

OE High to Data Bus not Driven 

OSCI 

TCPL,TCPH 

TRC 

TOA 

TAO 

TM 

TM 

TEX 

TAH 

TOH 

TDH 

THZ 

OSC 1 

LIMITS 

MIN MAX UNITS 

90 - ns 

476 - ns 

50 - ns 

- 200 ns 

- 350 ns 

- 350 ns 

0 - ns 

0 - ns 

0 - ns 

0 - ns 

0 60 ns 

ADDR ~~ __ ~~ __ ~ ____ -A ____ ~ ____ ~ ____ ~ ____ ~ __ READ CYCLE 

BUS DRIVERS 
TURN ON 

FIGURE 2. TYPICAL CYCLE TIMING FOR THE 
CDP68EM05D2 EMULATOR. 
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AO¥A12 =t:=========::::;Jk:== 

FIGURE 3. CONTROL TIMING DIAGRAM FOR 
THE CDP68EM05D2 EMULATOR. 



Spec/fications CDP68EM05D2N 

READ CYCLE TIMING CDP68EM05D2N (PLCC Emulator) 
VDD = 5.0V ± 10%, VSS = OV, TA = 250C 

PARAMETER 

External Input Oscillator Pulse Width, Low or High 

Read Cycle 

Address Before Chip Enable 

Access Time From Chip Enable 

Access Time From Address 

Access Time From RD 

Data Bus Driven From CE 

Address Hold Time After CE 

Data Hold Time After Address 

Data Hold Time After CE 

CE High to Data Bus Not Driven 

WRITE CYCLE TIMING CDP68EM05D2N (PLCC Emulator) 
VDD = 5.0V ± 10%, VSS = OV, TA = 250C 

PARAMETER 

Extemallnput Oscillator Pulse Width, Low or High 

Write Cycle 

Address Before CE, WE 

OS, WE Pulse Width 

WE = L to CPU Driving Bus 

Data Set-Up Time 

Data Hold Time After WE 

Address Valid After WE 

WE High to Bus Not Driven 

MIN 

TCPL,TCPH 90 

TRC 476 

TCA 50 

TAC -
TAA -

TAA -

TEX 0 

TAH 0 

TOH 0 

TDH 0 

THZ 0 

MIN 

TCPL,TCPH 90 

TWC 476 

TAS 50 

TDSP,TWP 200 

TWHZ 0 

TDS 150 

TDH 50 

TWR 50 

TDOZ 50 
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LIMITS 

MAX 

-
-
-

200 

350 

350 

-
-
-
-
60 

LIMITS 

MAX 

-
-
-
-
-

-
-
-
-

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CDP68EM05D~CDP68EM05D2N 

OSCl S1J 
I 

I FETCH I READ I'N~~~~All WRITE I FETCH I READ 

ADDR I~~ ____ ~ ____ ~ ____ -A ____ -J~ __ ~~ ____ ~ ____ ~ __ ~I 

CE i I 
RD I I 
~~I ----------------~~ 

OS I 
FS 

DBo-oB7 I 

BUS DRIVERS DATA VALID 
TURN ON 

FIGURE 4. CDP68EMOSD2N EMULATOR TYPICAL CYCLE TIMING. 

REAO CYCLE 

OSCl 

AO-A12 

WRITE CYCLE ~I .~--------TWC----------·~I 

~~ __________________ ~C= 
--I TAS r- r-TWR-----l 

I ,,\ 1'-
-=i TAS ~TWP~ 
----~\~\, /~77r-------

I I-TDSP I ·1 
\'-----.:..-I:j~1 LTDOZ~ 

T OS ---------I-=- T DH-::11 
((( DATA VALID r---

j ~TWHZ 

AQ-A12 

I' TRC "I 

:=::x c= 
--jTCA r irTAH 

I ,\\ T 
J i I [ 

~A ===1 l-j r-TOH 
TAC ----j r-TOH 

(DRIVER'S TURN ONX DATA VALID }--

--J TEX c.: --4 I--THZ 

DBC-DB7 

OS 

I. OS 

DBC-oB7 

FIGURE S. CDP68EMOSD2N EMULATOR CONTROL TIMING DIAGRAMS. 
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CDP68EM05D2, CDP68EM05D2N 

ANALOG SIGNALS 

ss 
PORTI------t 

CDP88EM05D2 

~KI:===+~~=tt==+~~J MOS1 

MISO~==tt+===~=tt=====~ PORTt-
roRTI---+-+-+----~ 

PORT 

FIGURE 6. SERIAL PERIPHERAL INTERFACE 
(SPI) BUS SYSTEM. 

-
'"---
r--

PORT 
4 A 
3 
2 
1 
0 

-
--
-PORT 

~ 

> ,. 
~ 

> 

d 3 

'-+--

KEYBOARD 1 
INTERRUPT 

> 
~ 

> 
~ 

" 

" > ,. > 

" > 
~ ~ 

>- > 

iii) CE 

CE OE 
2764 

CDP68EM05D2N 
EMULATOR 

EPROM 

CPU 

AO-A12 ADDR 

A " DBD-DB7 DATA 

FIGURE 7. CDP68EM05D2N EMULATOR CONTROL 
TIMING DIAGRAMS. 

+ 

]

OPEN DRAIN 
SOFTWARE 
PROGRAMMABLE 
OUTPUTS 

FIGURE 8. KEYBOARD INTERFACE TO ILLUSTRATE USE OF OPEN DRAIN OUTPUT PORT. 

Customer Ordering Information 
The eight available variations should be ordered by the 
following part number designations: 

CDP68EM05D2EC, 
CDP68EM05D2NEC 

Edge only sensitive interrupts with 
crystal or ceramic resonator oscil­
lator network. 

CDP68EM05D2ECF, Edge only sensitive interrupts with 
CDP68EM05D2NECF external clock source, 2 Tcycle 

startup delay. 

CDP68EM05D2ELC, Edge and level sensitive interrupts 
CDP68EM05D2NELC with crystal or ceramic resonator 

oscillator network. 

CDP68EM05D2ER, 
CDP68EM05D2NER 

Edge only sensitive interrupts with 
resistor oscillator network. 

CDP68EM05D2ERF, Edge only sensitive interrupts with 
CDP68EM05D2NERF resistor oscillator, 2 Tcycle startup 

delay. 

CDP68EM05D2LCF, Edge and level sensitive interrupts 
CDP68EM05D2NLCF with external clock source, 2 

Tcycle startup delay. 

CDP68EM05D2LR, 
CDP68EM05D2NLR 

Edge and level sensitive interrupts 
with resistor oscillator network. 

CDP68EM05D2LRF, Edge and level sensitive interrupts 
CDP68EM05D2NLRF with resistor oscillator, 2 Tcycle 

startup delay. 
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EHARRIS 

November 1994 

Hardware Features 
• Typical Full Speed Operating Power @ 5V ••••. 35mW 

• Typical WAIT Mode Power .••••••••••••••••••••• 5mW 

• Typical STOP Mode Power ..••••.••••••••••••••• 251lW 

• 112 Bytes of On-Chip RAM 

• 16 Bidirectional I/O Lines on COP 6805E2 

• 13 Bidirectional I/O Lines on CDP6805E3 

• Internal 8-Blt Timer with Software Programmable 
7-Blt Prescaler 

• External Timer Input 

• Full External and Timer Interrupts 

• Multiplexed Address/Data Bus 

• Master Reset and Power-On Reset 

• CDP6805E2 Is Capable of A,ddressing up to 8K Bytes 
of External Memory 

• CDP6805E3 is Capable of Addressing up to 64K Bytes 
of External Memory 

• Single 3V to 6V Supply 

• On-Chip Oscillator 

• 40 Pin Dual-In-Llne Package (E Suffix) 

• 44 Le~_ Plastic Chip Carrier Package (0 Suffix) 

• -400 C to +850 C Operation With CDP6805E2C and 
CDP6805E3C 

Software Features 
• Efficient Use of Program Space 

• Versatile Interrupt Handling 

• True Bit Manipulation 

• Addressing Modes With Indexed Addressing for 
Tables 

• Efficient Instruction Set 

• Memory Mapped I/O 

• Two Power Saving Standby Modes 

Description 
The CDP6805E2 and CDP6805E3 Microprocessors Unit 
(MPUs) belong to the CDP6805 Family of CMOS Micro­
computers. These 8-bit fully static and expandable 
microprocessors contain a CPU, on-chip RAM, I/O and Timer. 
They are low power, low cost processors designed for mid­
range applications in the consumer, automotive, industrial and 
communications markets where very low power consumption 
constitutes an important factor. The major features of 
the CDP6805E2 and CDP6805E3 MPUs are listed under 
"Hardware Features" and "Software Features". 

CDP6805E2,2C 
CDP6805E3, 3C 

CMOS 8-Blt Microprocessor 

Pinouts 
CDP6805E2 40 LEAD DIP CDP6805E3 40 LEAD DIP 

iliEs'ET 
fiiQ 

LI 
DS 

RiW 
AS 

* PA7 
• PAl 
• PAS 

PAl 
PAS 
PAZ 
PAl 
PAO 
A12 
A11 
Al0 

A9 
A8 

VSS 

TOP VIEW TOP VIEW 

40 
3. 
38 

• 37 

• 3. 

• 3. 
7 34 
8 33 
9 3. 

10 31 
11 30 ,. 2. 
13 .B 
14 27 ,. 

26 ,. •• 17 2. 
18 23 

" 22 
.0 21 

VDD mn 
OSC1 mI 
OSC2 " TIMER " POD ,v. 
P81 AS 

P8, ." P83 0414 - • PB. '" PB. ... 
PB8 '" P07 
80 

PO, 
" 

81 
B' m " 83 

" 84 "0 " B. AO 
B. u 
87 'so 

CDP6805E2 44 PLCC 
TOP VIEW 

.0 ,. 

" .. 
H .. .. 
" " .. 
n .. 
" 
" .. 

'00 
0"" 
OSC2 
'!'IMER 

'00 

."' 
'02 
'1> , .. , .. ... 
PI? 
eo ., .. .. .. .. -. 
" 

AS 39 P81 

PA7 38 paz 
PAl PB' 

PA~ 10 PB4 

PA4 11 PBS 

PA3 12-----~- __ 34 pea 
PAZ 13 pa7 

.Al " 
PAa IS 

NC 16 

BO ., 
B' 

Ne 17 29 83 

AS .,. .,. 
A" 
PA. 

PA> 

P •• 

P" 

P •• 

Ne 

Ne 

,. 

18 19 20 21 i22 23 24 2~ 26 27 28 

CDP6805E3 44 PLCC 
TOP VIEW 

6 II .. 3 2 1 4443 42 41 40 

cD :: 
..~ S1 

PI" 1ID!:NT , 56 ::----t----:: 
15 11 

14 52 

i5 5t 

« ~ 

17 2. 

11 19 20 21 22 n 24 25 Z6 27 28 

PI1 

PB2 

'1> .a. .a. 
.ae 
paT 

a. ., 
a. 
I> 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2746.2 
Copyright © Harris Corporation t994 
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CDP6805E~CDP6805E2C,CDP6805E~CDP6805E3C 

PA;O 
BO 

PAl Accumulator 

Port Do,. A CPU Mu, BI 
PAl Control 

Port A D« Index Bus B2 Multlpfe)ced 
A PA3 Reg Reg RegISter X Drive B3 Addressl 

110 PM Data 
lines ConditIOn B4 Bus PA5 Code 

PM 
Register CPU 

B5 

Stack B6 
PA7 

POIRter SP B7 
rogram 

Counter 

PBO H h PCH ALU AS rogram 
Address PBI Counter A9 Address 

Port Do,. Low P Dnve Bus 
PB2 B 0" 

AID 
Port 

B PB3 R •• Reg An 
110 PB4 A12 

L,noo 
PB5 

PBS 
AS Address Strobe 

PB7 112><8 Bus 
RAM Control 

OS Data Strobe '.2) 12 R/W Read/Write 

0 0 
I2OS"15 5f3 

Fig. 1a - CDPtlB05E2 block diagram. -u 
:&0 

a: 
A. 

BO 

PAO Mu, Bl 

Bus B2 Multiplexed 
Port PAl Accumulator Dnve 

Pon Data B A CPU B3 Address! 
A PA2 Control Data 

1/0 A Dor Index B4 Bus 
Lines PA3 Reg Reg Register 

X B5 
PM 

Condmon B6 
Code 

Register CC CPU B7 

Slack 
POinter Sp 19 AS 
rogram lB A9 Address Counter 
H'gh PCH 17 Al0 Bus 

PBO Program 
AlU 

16 Address All 
PBl Counter Dnve 15 Port Data 8 low PCl A12 

PorI 
P82 B Dor 

Reg A13 
B PB3 Reg 

8 
1/0 A14 

Lines 
/,84 

A1S 
PBS 

PB6 
AS Address Strobe 

PB7 112x8 Bus OS RAM Control Dala Strobe '4>21 

R/W Read/wrrte 

92CS·37185R1 

Fig. 1b - CDP6B05E3 block diagram. 
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CDP6805E~CDP6805E2~CDP6805E~CDP6805E3C 

MAXIMUM RATINGS (voltages referenced to VSS) 

Ratings Symbol Value Unit 

Supply Voltage VOO -0.3 to +8.0 V 

All Input Voltages Except OSCl Yin VSS-0.5 to VOO+0.5 V 

Current Orain Per Pin Excluding VOO and VSS I 10 rnA 

Operating Temperature Range TL to TH 
COP6805E2,CDP6805E3 TA o to 70 °c 
COP6805E2C,CDP6805E3C -40 to 85 

Storage Temperature Range Tstg -55 to + 150 °c 

DC ELECTRICAL CHARACTERISTICS 3.0 V (VDD"3 Vdc, VSS"O. T A"TL to THo unless otherwise noted) 

Characteristics 

Output Voltage ILOAOS 10.0 p.A 

Total Supply Current (CL =50 pF - no OC loads I tcyc=5 p.S 

Run (VLL =0.2 V, VIH=VOO-0.2 VI 

Wait (Test Conditions - See Note Belowl 

Stop (Test Conditions - See Note Below) 

Output High Voltage 

(I LOAD = 0.25 mAl A8-A15, BO-B7 

IIJ.oA.D=O.l rnA) PAO-PA7, PBO-PB7 

llLOAO=O.25 mAl OS, AS, R/W 
Output Low Voltage 

(ILOAD = 0.25 mAl AS-A 15, Bo-B7 

IILOAO=0.25 mAl PAD-PA7, PBO-PB7 

IILOAO=0.25 mAl OS, AS, R/W 
Input High Voltage 

PAD-PA7, PBD-PB7, BO-B7 

TIMER, "iRQ, RESET 

OSCl 

Input Low Voltage (All inputsl 

Frequency of Operation 

Crystal 

External Clock 

Input Current 

RESET, "iRQ, Timer, OSCl 

Three-State Output Leakage 

PAO-PA7,PBO-PB7,Bo-B7 

Capacitance 

RESET, iRQ, Timer 

Capacitance 

OS, AS, RiW, A8-A15, PAD-PA7, PBO-PB7, B!l-B7 

NOTE: Test conditions for Quiescent Current Values are: 
Port A and B programmed as inputs. 
VIL =0.2 V for PAD-PA7, PBD-PB7, and BO-B7. 
VIH=VOO - 0.2 V for REm, TIm, and Timer. 
OSCl input is a squarewave from VSS+0.2 V to VOO - 0.2 V. 
OSC2 output load (including tester) is 35 pF maximum. 
Wait mode 100 is affected linearly by this capacitance. 
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Symbol Min Max Unit 

VOL - 0.1 
V 

VOH VOO-O.l -

100 - 1.3 mA 

IDD - 200 p.A 

100 - 100 p.A 

VOH 2.7 - V 

VOH 2.7 - V 

VOH 2.7 - V 

VOL - 0.3 V 

VOL - 0.3 V 

VOL - 0.3 V 

VIH 2.1 - V 

VIH 2.5 - V 

VII-L 2.1 - V 

VIL - 0.5 V 

fOSC 0.032 1.0 MHz 

fOSC OC 1.0 MHz 

lin - ±1 ,.A 

ITSL - ±10 ,.A 

Cin - 8.0 pF 

Cout - 12.0 pF 

NOTE: References to PA5-7 pertain to CDP6805E2 and 
references to A13-l5 pertain to CDP6805E3. 



CDP6805E~CDP6805E2~ CDP6805E~CDP6805E3C 

OC ELECTRICAL CHARACTERISTICS 5.0 V (VOO=5 Vdc ± 10%, VSS=O, T A=TL to TH, unless otherwise noted) 

Characteristics 

Output Voltage ILOAO s 10.0 /iA 

Total Supply Current (CL -130 pF - On Bus, CL - 50 pF - On Ports, 
No OC Loads, tcyc= 1.0 /is 

Run (VIL - 0.2 V, VIH - VOO - 0.2 V) 

Walt (Test Conditions - See Note Below) 

Stop (Test Conditions - See Note Below) 

Output High Voltage 

(ILOAD = 1.6 mAl A8-A15, 80-87 

IiLOAO=0.36 mAl PAO-PAl, PBO-PB7 

IILOAO= 16 mAl OS, AS, R/W 

Output Low Voltage 

(lLOAD = 1.6 mAl A8-A15, 80-87 

(ILOAO = 1.6 mAl PAO-PA7, PBO-PB7 

IiLOAO = 1.6 mAl OS, AS, R/W 

Input High Voltage 

PAO-PA7, PBO-PB7, BO-B7 

TIMER, IRQ, RESET 

OSCl 

Input Low Voltage IAII Inputs) 

Frequency of Operation 

Crystal 

External Clock 

Input CurrAnt 

RESET, IRQ, Timer, OSC1 

Three-State Output Leakage 

PAO-PA7, PBO-PB7, BO-B7 

Capacitance 

RESET, IRQ, Timer 

Capacitance 

OS AS RJW A8-A15 PAO-PA7, PBD-P87, BO-B7 

NOTE: Test conditions for QUiescent Current Values are: 
Port A and B programmed as Inputs 
VIL =0.2 V for PAO-PA7, PBO-PB7, and BO-B7. 
VIH = VOO - 0.2 V for RESET, iRQ, and Timer. 

NOTE: References to PA5-7 pertain to CDP6805E2 and 
references to A13-15 pertain to CDP6805E3. 
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Symbol Min Max Unit 

VOL - 0.1 V 

VOH VOO-Ol - V 

100 - 10 mA 

100 - 1.5 mA 

100 - 200 jJ.A 

VOH 4.1 - V 

VOH 4.1 - V 

VOH 4.1 V 

VOL - 0.4 V 

VOL - 0.4 V 

VOL - 0.4 V 

VIH VDO-2.0 - V 

VIH VOO-OB - V 

VIH VOD-l.5 - V 

VIL - O.B V 

fOSt. 0.032 5.0 MHz 

fOSC OC 5.0 MHz 

lin - ±1 I'A 

ITS I - ±1O I'A 

C,n - B.O pF 

Cout - 12.0 pF 

OSCllnput IS a squarewave from VSS+0.2 V to VOO - 0.2 V. 
OSC2 output load Iinciuding tester) IS 35 pF maximum. 
Walt mode (1001 IS affected linearly by this capacitance. 
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CDP6805E2, CDP6805E2C, CDP6805E3, CDP6805E3C 

TABLE 1 - CONTROL TIMING (VSs=O. TA=TL to TH) 

VOO~3 V VOO=5V ± 10% 
fOSC=1 MHz fOSC=5,MHz 

Characteristics Symbol Min Typ Mex Min Typ Max Unit 
110 Port Timing - Input Setup Time (Figure 3) tPVASL 500 - - 250 - - "s 
Input Hold Time (Figure 3) tASLPX 100 - - 100 - - ns 
Output Delay Time (Figure 3) tASLPV - - 0 - - 0 ns 
Interrupt Setup Time (Figure 6) tlLASL 2 - - 0.4 - - Jlcs 
Crystal Oscillator Startup Time (Figure 5) toxov - 30 300 - 15 100 ms 
Wait Recovery Startup Time (Figure 7) IiVASH - - 10 - - 2 "s 
Stop Recovery Startup Time (Crystal Oscillator) (Figure S) tlLASH - 30 300 - 15 100 ms 
Required Interrupt Release (Figure 6) tOSLIH - - 5 - - 1.0 ~ 
Timer Pulse Width (Figure 7) tTH. tTL 0,5 - - 0,5 - - teye 
Reset Pulse Width (Figure 5) tRL 5,2 - - 1.05 - - ,.S 
Timer Period (Figure 7) tTLTL 1,0 - - 1,0 - - teye 
Interrupt Pulse Width Low (Figure 16) tlLlH 1,0 - - 1,0 - - teye 
Interrupt Pulse Period (Figure 16) tlLlL '" - - '" - - teye 
Oscillator Cycle Period (115 of teye) tOLOL 1000 - - 200 - ms 
OSCI Pulse Width High tOH 350 - - 75 - - ns 
OSCI Pulse Width Low tOL 350 - - 75 - - ns 

'" The minimum period tlLlL should not be less than the number of teye cycles it takes to execute the interrupt service routine plus 20 teye 
cycles, 

TTL Equivalent 

Test 
Point 

C 'i' Rl 

~ 

-= 
Pin RI 

PAO-PA7. PBO-PB7 11.3 k 

SO-S7. AS-A 15, 
2,5 k RIW.DS AS 

I 

, 

-= 
R2 

2.1 k 

2 k 

Voo=4.5 V-

R2 

C 

50 pF 

130 pF 

CMOS Equivalent 

Test Point 1 

r 
C=50 pF. PAO-PA7. PBO-PB7 

= 130 pF. AS-AI2. BO-B7. OS. AS. !l/W 
withVOo=5V ±10% 

9208-38018 

Fig. 2 - Equivalent tsst-Ioad cIrcuits. 
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Num 

1 

'L 

3 

4 

8 

9 

11 
16 
17 

18 

19 

21 

23 

24 

25 
26 

27 

28 

CDP6805E~CDP6805E2~CDP6805E~CDP6805E3C 

Address 
Strobe 

IVLOW=0.8 V, VHIGH=VOO-2 V, Vj)O=5 ± lQ% 
Temp=Oo to 70°C, CL on Port=50 pF, fOSC=5 MHzl 

Port 
Input -----<. 

14----tPVASL----~~--tASLPX--.._.j 

Port 
Output 

*The address strobe of the first cycle of the next instruction as shown In Table 11. 

Fig. 3 -110 port timing waveforms. 

TABLE 2 - BUS TIMING (TA~TL toTH, VS~O V) See Figure 4 

fOSC=1 MHz, 
Characteristics Symbol VOO=3 V 

50 pF Load 

Min Max 
Cycle Time tcyc 5000 OC 
I'ulse Width, u::; Low ",WEL 2800 
Pulse Width, OS High or RD, WI\, Low PWEH 1800 -
Clock Transition 1r-1t - 100 
R/W Hold tRWH 10 -
Non-Muxed Address Hold tAH 800 -
R/W Delay from OS Fall tAD - 500 
Non-Muxed Address Delay from AS Rise tADH 0 200 
MpU Read Data Setup tOSR 200 -
Read Data Hold tnHR 0 1000 
MPU Data Delay, Write tDDW - 0 
Write Data Hold tDHW 800 -
Muxed Address Delay from AS Rise tBHO 0 250 
Muxed Address Valid to AS Fall tASL 600 -
Muxed Address Hold !AHL 250 750 
Delay OS Fall to AS Rise lA£D 800 -
Pulse Width, AS Hiah PWASH B50 -
Delay, AS Fall to OS Rise tASED 800 -

3-21 
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fOSC=5 MHz 
VOO=5 V ± 10%, 

1 TTL 
and 130 pF Load 

Min Max 

1000 DC 
560 
375 -
- . 30 
10 -
100 -
- 300 
0 100 

115 -
0 160 

- 120 

55 -
0 120 

55 -
60 180 
160 -
175 -
160 -

Unit 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 



Ul 
I 

I\) 
I\) 

AS 

OS 

R/W 

AB-A15 

80-87 
MPU Write 

80-87 
MPU Read 

It--@ --.i\VHIGH * 

VLOW 

0+l~ o 0-+l~ 

~@ ~@-
o 0--~ 

f:Ji® II II Icm-.t[® 
f. ® ~ ................... -h Ir--=---++---"'~ r-rr+'*-r-TT-""" 

Valid 
Write 

~®+lrtiJJr. ® 
Oata ----

~® ~ r @==31 r® -1 ~ 
J 1\ 1\ 

Valid Addr If Valid Read Data \ II 
I~ 

• VH1GH = -2 V. VLOW = 0.5 V for VDD = 3 V 92CS-38018R 1 

VHIGH = VDD -2 V. VLOW = 0.8 V for VDD = 5 V ± 10 % 

Fig. 4 - Bus timing waveforms. 
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c.l 
I 
~ 
c.l 

IIfl/1/l//IIIJ/T/lJ//Tfl//Il/IIl/TJ//VJZlI/I177II/IIIlIl/i !IIII01///Ifl//////T//JlI/IIZ; VDD ill/'~(~~ZZ~ZZ~Z~71~I!:Z:7Z=Z=7Z_/_11_7_Iz_7 _______ <l---tRl=7 ~-L=7ZZlUt.LLZ21.L2L1.!! .... !l~Z~7L_____ L- _ OSCl '" 

RESET tOXOV 1920 tcyc I 

AS ___ --' 

DS _____ --' 

Unmux 

Ad:;!1~us IF(FF) IF(F.!lJ( IF(FF) XNew PCH X X 'X....X.!!:.~ IF(FF) X IF(FF) X IF(FF) ~~ 

Mux BO-B7 
FE (FE) FF(FF) FIrst InstructIon New PCH New_PCl 

Address/Data J..' .Li...<'...L1...J...I...l..i..!~~I..L.i..J...I...~.J'<,.J...I...IA,r''-'~':---::,-;:'.'-~----.I'=c:,¥--''---J'-...J\. __ -''-..J''--_-''-J'-_~~'':-''~.LU''-'',"-,<...L-J:~'-~~ __ '~J_'---J':-...J\..,-t-J'-..J'~ 
Bus FE (FE) FE (FE) New PCH New PCl FE (FE) FE (FE) FE (FE) FF(FF) First Instruction 

R/W Z!IIlZZ!!// \ 'I:J 

OscIllator Waveform 

~tOl---b=:1-0H 
OSCl P,n J 

I4---- tOlOL 

Crystal OscIllator Connections 

CDP6805E2 

10 MO 
38~39 

OSC2L-inw OSCl 

ICOSC2 I COSCl 

Fig. 5 - Power-on reset and'reset timing waveforms. 

MICRO­
PROCESSORS 

Crystal Parameters Representative Frequencies 

5 MHz 4 MHz 1 MHz 
RS max 500 750 4000 

CO 8 pF 7 pF 5 pF 
Cl 0.02 pF 0.012 pF 0.008 pF 
Q 50k 40 k 30 k 

COSCl 15-30 pF 15-30 pF 15-40 pF 

COSC2 1~5p~ 15-25 pF 15-30 pF 

Crystal CirCUI! 

38 ~C~ 39 

0~~1 

0~C2 1m O:Cl 

92CS-38019 
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(0) 
I 

~ 

I---n --..:t--n+ 1--!-- n+2-+-n +3 --+-n + 4--1----n + 5--+-0 +6-+--n+ 7 -+-n+8--1-- n+9..-j 

AS --..Il n n n n n n n n----.n ~ n r 
DS---+-J 

lInmux 
AS-A15 --A I " \ Address 8us" ..• ~_ ~-;;:~iii-ii'~~3i~3i.:;;-S;--s',------------------------L{-2·!:· J..-~r':l'~" .r I'T, " f ~ I {\I... ____ _ 

IAQ or TCA7 

Mux BO.B7 SP SP-l SP-2 SP-3 SP-4 
Address/Data PCl PCH X A 

Bus Next Op Code <-- ~- ~-~-

I \ ~ A/IN /lU \L ____________ ~ 

92cs.38020 

"tOSUH - The interrupting deVice must release the lAO line within tillS time to prevent subsequent recognition of the same Interrupt. 

Fig. 6 - iRa and TCR71nterrupt timing waveforms. 

Ttmer 

'".-",~". 
i---I-tTl ICounter = SOOj.-tTL Tl --I 

Clock -

I-----\-tTH 
TCAb7 

t---tIVASH --i!!- n --+--= n + l---!---n + 2 ---I--=-n + 3~" + 4--1--= n + 5---i-=n + 6--+--=n ... 7--1 

AS-Il n n.. n n n n n n n n rL , 
oS __ _ 

..... ",Co"'" ~ AS-A15 " "" ,. "., 
Address8us Addr+l SP SP-l SP-2 . SP-~ "D_A = J:7 ~ux BO-B7 'Il7lVllllJ// III: 

Address/Data W 0 C d New PCH New PCl 1st Op Code Ant . 
Bus alt poe " OUbne 

A/W 'T1!TIIITIIIIl i \ I 

92C!H8021 

Fig, 7 - Timer interrupt after WAIT instruction timing walle/orms. 

B 
~ 
~ 
~ , 

~ 
~ 
~ 
~ 

B 
j 
~ , 

~ 
~ 
~ 
(') 



Co) 
I 

'" 01 

OSC2 * I)Jflfl7/fllll/flfl//1 \ ,-, i 2// z/ZvrI////lJ1/7Ii~f!lJ/// lIT!II!I/IflIIIIIIIllll/lflfffllfllfl//d// l//flflfflTl/ l1/li/11 III !II 
I~ \ t_tIL_A_SH_~ ____ 19_20_tc_YC_~* ___ ~r-__________________________________________ ___ 

AS 

os 

Op Code Address 
In! Routjne 

Starting Addr 
~-,-.------,---..\ 

Unmux 
AB-A15 

Address Bus ---fi ~/ "~. . .. ~ -. ~ / 11"'{t"t"J " U' \ ........ , "-+I--
Mux BO-B7 

Address/Data 
Bus 

Rfw 

*: Represents the internal gating of the OSCl input pin. 
leye is one instruction cycle (for fOSC=5 MHz, teye= 1 ,,5) 

Fig. B - Interrupt recovery from STOP instruction timing waveforms. 
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lSI Op Code 
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CDP6805E~CDP6805E2~CDP6805E~CDP6805E3C 

Functional Pin Description 
VDD and VSS - VOO and VSS provide power to the chip. 
VOO provides power and Vss is ground. 

IRQ (Maskable Interrupt Request) - IRQ is a level 
sensitive and edge sensitive input which can be used to 
request an interrupt sequence. The MPU completes the 
current instruction before it responds to the request If IRQ 
is low and the interrupt mask bit (I-bit) In the Condition 
Code Register is clear, the MPU begins an interrupt 
sequence at the end of the current instruction. The Interrupt 
circuit recognizes both a "Wire ORed" level as well as 
pulses on the IRQ line (see Interrupt Section for more 
details). IRQ req'uires an external resistor to VOO for "Wire 
OR" operation. 

RESET - The RESET input is not required for start up but 
can be used to reset the MPU's internal state and provide an 
orderly software start up procedure. Refer to the RESET 
section for a detailed description. 

TIMER - The TIMER Input Is used for clocking the on chip 
timer. Refer to TIMER section for a detailed description. 

AS (Address Strobe) - Address Strobe (AS) is an output 
strobe used to indicate the presence of an address on the 
8-bit multiplexed bus. The AS line Is used to demultiplex the 
eight least significant address bits from the data bus. A 
latch controlled by Address Strobe should capture 
addresses on the negative edge. This output is capable of 
driving one standard TIL load and 130pF and is available at 
fOSC + 5 when the MPU is not in the WAIT or STOP states. 

DS (Data Strobe) - This output Is used to transfer data to 
or from a peripheral or memory. OS occurs anytime the 
MPU does a data read or write. OS also occurs when the 
MPU does a data transfer to or from the MPU's Internal 
memory. Refer to Table 2 and Figure 4 for timing character­
istics. This output is capable of drivin9 one standard TIL 

ascI 

AS 

OS 

R/Vii 

80-87 
MPU Read ----of 

load and 130pF. DS is a continuous signal at fOSC + 5 
when the MPU is not in WAIT or STOP state. Some bus 
cycles are redundant reads of op code bytes, 

R/W (Read/Wrlte) - The R/W output is used to Indicate the 
direction of data transfer for both intemal memory and I/O 
registers, and external peripheral devices and memories. 
This output Is used to indicate to a selected peripheral 
whether the MPU Is going to read or write data on the next 
Data Strobe (R/W low = processor write; Rffl high = pro­
cessor read). The R/W output Is. capable of driving one 
standard TTL load and 130pF. The normal standby state is 
Read (high). 

A8-A15 (High Order Address Lines) - The A8-A15 
output lines constitute the higher order non-multiplexed 
addresses. Each output line is capable of driving one 
standard TIL load and 130pF. 

BO-B7 (Address/Data Bus) - The 60-67 bidirectional 
lines constitute the lower order addresses and data. These 
lines are multiplexed, with address present at Address 
Strobe time and data present at Data Strobe time. When In 
the data mode, these lines are bidirectional, transferring 
data to and from memory and peripheral devices as 
indicated by the Rm pin. As outputs in either the data or 
address modes, these lines are capable of driving one 
standard TTL load and 130pF. 

OSC1, OSC2 - The CDP6805E2/3 provides for two types 
of oscillator Inputs - crystal circuit or external clock. The 
two oscillator pins are used to Interface to a crystal circuit, 
as shown in Figure 5. If an external clock is used, it must be 
conected to OSC1. The input at these pins is divided by five 
to form the cycle rate seen on the AS and OS pins. The 
frequency range is specified by fOSC. The OSC1 to bus 
transitions relationships are provided In Figure 9 for system 
designs using oscillators slower than 5 MHz. 

80-87 ----ir-------1f,/---------------i}--
MPU Write ____ ~--M-U-X-. _A_dd_r_-I''--____ M_p_U_W_rit_e_O_a_ta ______ -"1r'-_ 

• Read data '"latched'" on OS fall. 

92CS-38023Rl 
Fig. 9 - OSC1 to bus transitions timing waveforms 
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CDP6805E2, CDP6805E2C, CDP6805E3, CDP6805E3C 

Crystal - The circuit shown in Figure 5 is recom­
mended when using a crystal. The internal OSCillator IS 
designed to interface with an AT-cut parallel resonant 
quartz crystal resonator in the frequency range 
specified for fOSC in the electrical characteristics 
table. An external CMOS oscillator is recommended 
when crystals outside the specified ranges are to be 
used. The crystal and components should be mounted 
as close as possible to the input pins to minimize out­
put distortion and start-up stabilization time. 

External Clock - An external clock should be ap­
plied to the OSC1 input with the OSC2 input not con­
nected, as shown in Figure 10. 

OSCl 39 

OSC2 38 
No 

Connection 
(NC) 

CDP6805E2 

Fig. 10 - External clock connection. 

Data Direction 
Register 

PortA 
Register 

LI (Load Instruction) - This output IS used to Indicate that 
a fetch of the next opcode IS in progress. LI remains low dur 
ing an External or Timer Interrupt. The LI output is only used 
for certain debugging and test systems. For normal opera­
tions this pin is not connected. The LI output is capable of 
driving one standard TTL load and 50 pF. This signal 
overlaps Data Strobe. 

PAO-PA7 - These eight pins constitute Input/Output 
Port A. Each line is individually programmed to be either an 
input or output under software control via its Data Direction 
Register as shown below. An I/O pin is programmed as an 
output wheri the corresponding DDR bit IS set to a "1," and 
as an input when it is set to a "0". In the output mode the 
bits are latched and appear on the corresponding output 
pins. An MPU read of the port bits programmed as outputs 
reflect the last value written to that location. When program­
med as an input, the input data bit(s) are not latched. An 
M PU read of the port bits programmed as inputs reflects the 
current status of the corresponding input pins. The 
Read/Write port timing is shown in Figure 3. See typical I/O 
Port Circuitry in Figure 11. During a Power-On Reset or ex­
ternal RESET all lines are configured as inputs Izero in Data 
Direction Register). The output port register IS not initialized 
by reset. The TTL compatible three-state output buffers are 
capable of driVing one standard TTL load and 50 pF. The 
DDR IS a read/write register. 

PBO-PB7 - These eight pins interface to Input/ Output 
Port B. Refer to PAO-PA7 description for details of opera­
tion. 

$0004 

$0000 

Pin PA7 PA6 PA5 PA4 PA3 PA 1 PA 1 PAO 

Data Direction 
Register 

Port B 
Register 

Pin PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO 
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CDP6805E2, CDP6805E2C, CDP6805E3, CDP6805E3C 

To 
And 
From 
CPU 

Fig. 11 - Typical I/O pert circuitry 

TABLE 3 1/0 PIN FUNCTIONS 

R/W DDR VO PIN FUNCTIONS 

0 0 The I/O pin Is In Input mode. Data Is written 
into the output data latch. 

0 , Data is wrltsen Into the output data latch 
and output to the VO pin. , 0 The state of the I/O pin is read , 1 The I/O pin is In an output mode. The output 
data latch is read. 

Functional Description 
Throughout the following sections references to 
CDP6805E2 Imply both the CDP6805E2 and the 
CDP6805E3. Values In parenthesis refer to the 
CDP6805E3. 

Memory Addressing 
The CDP6805E2 Is capable of addressing 8192 (65,536) 
bytes of memory and I/O registers. The address space is 
divided Into Internal memory space and external memory 
space, as shown In Figure 12. 

The Internal memory space Is located within the first 128 
bytes of memory (first half of page tero) and Is comprised 
of the I/O port locations, timer locations, and 112 bytes of 
RAM. The MPU can read from or write to any of these 
locations. A program write to on chip locations Is repeated 
on the external bus to permit off chip memory to duplicate 
the content of on chip memory. Program reads to on chip 
loacatlons also appear on the external bus, but the MPU 
accepts data only from the addressed on chip location. Any 
read data appearing on the input bus Is ignored. 

The stack pointer is used to address data stored on the 
stack. Data Is stored on the stack during Interrupts and 

subroutine calls. At power up, the stack pointer is set to $7F 
and it is decremented as data is pushed onto the stack. 
When data is removed from the stack, the stack pointer is 
incremented. A maximum of 64 bytes of RAM is available 
for stack usage. Since most programs use only a small part 
of the allotted stack locations for interrupts and/or 
subroutine stacking purposes, the unused bytes are usable 
for program data storage. 

All memory locations above location $OO7F are part of the 
external memory map. In addition, ten locations in the I/O 
portion of the lower 128 bytes of memory space, as shown 
in Figure 12, are part of the external memory map. All of the 
external memory space is user definable except the highest 
10 locations. Locations $1 FF6 to $1 FFF ($FFF6 to $FFFF) 
of the external address space are reserved for interrupt and 
reset vectors (see Figure 12). 

Registers 

The CDP6805E2 contains five registers as shown in the 
programming model in Figure 13. The interrupt stacking 
order is shown in Figure 14. 

Accumulator (A) - This Accumulator is an 8-bit general 
purpose register used for arithmetic calculations and data 
manipulations. 

Index Register (X) - The X register is an 8-bit register 
which is used during the Indexed modes of addressing. 
It provides an 8-bit operand which is used to create an 
effective address. The index register is also used for 
data manipulations with the Read/Modify/Write type of 
instructions and as a temporary storage register when not 
performing addressing operations. 

Program Counter (PC) - The program counter is a 13-bit 
(16-bit) register that contains the address of the next 
instruction to be executed by the processor. 
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Acce,s{ 
Via • 

Page a 
Direct 
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Fig. 13 - Programming model. 
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R Addresser 
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NOTE: Since the Stack Pointer decrements during pushes, the PCl is stacked 
first, followed by PCH, etc. Pulling from the stack Is in the reverse order. 

Fig. 14 - Stacking order. 

STACK POINTER (SP) - The stack pointer is a 13-bit 
(15-bit) register containing the address of the next free 
location on the stack. When accessing memory, the seven 
most significant bits are permanently set to 0000001 

, (0000000001). They are appended to the six least-signifi­
cant register bits to produce an address within the range of 
$007F to $0040. The stack area of RAM is used to store the 
return address on subroutine calls and the machine state 
during interrupts. During external or power-on reset, and 
during a "reset stack pointer" instruction, the stack pointer 
is set to its upper limit ($007F). Nested interrupts and/or 
subroutines may use up to 54 (decimal) locations, beyond 
which the stack pointer "wraps around" and points to its 
upper limit thereby losing the previously stored information. 
A subroutine call occupies two RAM bytes on the stack, 
while an interrupt uses five bytes. 

CONDITION CODE REGISTER (CC) - The condition 
code register is a 5-blt register in which each bit,is used to 
indicate the results of the instruction just executed. These 

bits can be Individually tested by a program and specifiC 
action taken as a result of their state. Each of the five bits is , 
explained below. 

Half Carry Bit (H) - The H-bit is set to a one when a carry 
occurs between bits 3 and 4 of the ALU during an ADD or 
ADC instruction. The H-bit Is useful in Binary Coded 
Decimal addition subroutines. 

Interrupt Mask Bit (I) - When the I-bit is set, both the 
external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above Interrupts. If an interrupt 
occurs while the I-bit is set, the interrupt is latched and will 
be processed when the I-bit Is next cleared. 

Negative Bit (N) - When set, this bit indicates that the 
result of the last arithmetic, logical, or data manipulation 
was negative (bit 7 in the result is a logical one). 

Zero Bit (Z) - When set, this bit Indicates that the result 
of the last arlthmetic,loglcal, or data manipulation was zero. 
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Carry Bit (C) - The C-bit is set when a carry or a borrow out 
of the ALU occurs during an arithmetic instruction. The 
C-bit is also modified during bit test, shift, rotate, and 
branch types of instruction. 

Resets 
The CDP6805E2 has two reset modes: an active low 
external reset pin (RESET) and a Power On Reset function; 
refer to Figure 5. 

RESET (Pin #1) - The RESET input pin is used to resetthe 
MPU and provide an orderly software start up procedure. 
When using the external reset mode, the RESET pin must 
stay low for a minimum of one !eyc. The RESET Pin IS 

provided with a Schmitt Trigger to improve its noise 
immunity capability. 

Power On Reset - The Power On Reset occurs when a 
positive transition is detected on VDD. The Power On Reset 
is used strictly for power turn on conditions and should not 
be used to detect any drops in the power supply voltage. 
There is no provision for a power down reset. The power on 
circuitry provides for a 1920 tcyc delay from the time of the 
first oscillator operation. If the external reset pin is low at the 
end of the 1 920 tcyc ti me out, the processor remains in the 
reset condition. 

Either of the two types of reset conditions causes the 
following to occur: 

• Timer control register interrupt request bit (bit 7) is 
cleared to a "0". 

• Timer control register interrupt mask bit (bit 6) is set to 
a "1". 

• All data direction register bits are cleared to a "0" (in­
puts). 

• Stack pointer is set to $007F 
• The address bus is forced to the reset vector ($1 FFE, 

$lFFF ($FFFE, $FFFF) 
• Condition code register interrupt mask bit (I) is set to a "1" 
• STOP and WAIT latches are reset. 
• External interrupt latch is reset. 

All other functions, such as other registers (including output 
ports) the timer, etc., are not cleared by the reset conditions. 

Interrupts 
The CDP6805E2 is capable of operation with three different 
interrupts, two hardware (timer interrupt and external inter­
rupt) and one software (SWI). When any of these interrupts 
occur, normal processing is suspended at the end of the 
current instruction execution. All of the program registers 
(the machine state) are pushed onto the stack; refer to 
Figure 14 for stacking order. The appropriate vector point­
ing to the starting address of the interrupt service routine is 
then fetched; refer to Figure 15 for the interrupt sequence. 

The priority of the various interrupts from highest to lowest 
is as follows: 

RESET -+ * -+ External Interrupt -+ Timer Interrupt 

Timer Interrupt - If the timer mask bit (TCR6) is cleared, 
then each time the timer decrements to zero (transitions 

*Any current instruction including SWI 

from $01 to $00) an interrupt request is generated. The 
actual processor interrupt is generated only if the interrupt 
mask bit of the codition code register is also cleared. When 
the interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I-bit in the condition code 
register is set. This masks further interrupts until the present 
one is serviced. The processor now vectors to the timer 
interrupts service routine. The address for this service 
routine is specified by the contents of $1 FF8 and $1 FF9 
($FFF8 and $FFF9). The contents of $1 FF6 and $1 FF7 
($FFF6 and $FFF7) specify the service routine. Also, soft­
ware must be used to clear the timer interrupt request bit 
(TCR7). At the end of the time interrupt service routine, the 
software normally executes an RTI instruction which 
restores the machine state and starts executing the 
interrupted program. 

External Interrupt - If the interrupt mask bit of the condi­
tion code register is cleared and the external interrupt pin 
IRQ is "low", then the external interrupt occurs. The action 
of the external interrupt is identical to the timer interrupt with 
the exception that the service routine add res is specified by 
the contents of $1 FFA and $1 FFB ($FFFA and $FFFB). The 
interrupt logic recognizes both a "wire ORed" level and 
pulses on the external interrupt line. Figure 16 shows both a 
functional diagram and timing for the interrupt line. The tim­
ing diagram shows two different treatments of the interrupt 
line (IRQ) to the processor. The first configuration shows 
many interrupt lines "wire ORed" to form the interrupts at 
the processor. Thus, if after servicing an interrupt the IRQ 
remains low, then the next interrupt is recognized. The 
second method is single pulses on the interrupt line spaced 
far enough apart to be serviced. The minimum time between 
pulses is a function of the length of the interrupt service 
routine. Once a pulse occurs, the next pulse should not 
occur until the MPU software has exited the routine (an RTI 
occurs). This time (tluLl is obtained by adding 20 instruc­
tion cycles (one cycle tcyc = 5ffOSC) to the total number of 
cycles it takes to complete the service routine including the 
RTI instruction; refer to Figure 6. 

Software Interrupt (SWI) - The software interrupt is an 
executable instruction. The action of the SWI instruction is 
similar to the hardware interrupts. The SWI is executed 
regardless of the state of the interrupt mask in the condition 
code register. The service routine address is specified by 
the contents of memory locations $1 FFC and $1 FFD 
($FFFC and $FFFD). See Figure 15 for interrupt and 
instruction Processing Flowchart. 

The following three functions are not strictly interrupts; 
however, they are tied very closely to the interrupts. These 
functions are RESET, STOP, WAIT. 

RESET - The RESET input pin and the internal Power On 
Reset function each cause the program to vector to an 
initialization program. This vector is specified by the 
contents of memory locations $1 FFE and $1 FFF ($FFFE 
and $FFFF). The interrupt mask of the condition code 
register is also set. Refer to RESET section for details. 
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Force Interrupt 
Execution, Set 
Interrupt Mask, 

Fetch Timer 

Vector * Note 

* NOTE: The clear of TeA bit 7 must be accomplished with software. 

Force Interrupt 
Execution, Set 
Interrupt Mask, 

Fetch Ext I nt 
Vector, Reset 
Interrupt Latch 

Fig, 15 -Interrupt and instruction processing flowchart, 
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Fig. 16 - External interrupt. 
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STOP - The STOP Instruction places the CDP6805E2 in a 
low power consumption mode. In the STOP function the 
internal oscillator Is turned off, causing all internal process­
ing and the timer to be halted; refer to Fi~re 17. The DS 
and AS lines go to a low state and the R/W line goes to a 
high state. The multiplexed address/data bus goes to the 
data Input state. The high order address lines remain at the 
address of the next instruction. The MPU remains in the 
STOP mode until an external interrupt or reset occurs; refer 
to Figure 8 and 17. 

Ves 

Stop Oscillator 
And All Clocks 
TCR Bit 7-0 

Bit 6-1 
Clear I Mask 

Fig. 17 - Stop function flowchart 

During the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pending timer interrupt 
requests and to disable any further timer interrupts. External 
Interrupts are enabled In the condition code register. All 
other registers and memory remain unaltered. All I/O lines 
remain unchanged. 

WAIT - The WAIT instruction places the CDP6805E2 In 
a low power consumption mode, but the WAIT mode 
consumes somewhat more power than the STOP mode; 
refer to Table 1. In the WAIT function, the internal clock is 
disabled from all internal circuitry except the Timer circuit, 
refer to Agure 18. Thus, all internal processing is halted 

except the Timer, which is allowed to count in a normal 
sequence. The R/W line goes to a high state, the multi­
plexed address/data bus goes to the data input state, and 
the DS and AS lines go to the low state. The high order 
address lines remain at the address of the next instruction. 
The MPU remains in this state until an external interrupt, 
timer Interrupt, or a· reset occurs; refer to Figures 7 and 18. 

During the WAIT mode, the I-bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. If an external and a timer interrupt occur at the same 
time, the external interrupt is serviced first; then, if the timer 
Interrupt request is not cleared in the external interrupt 
routine, the normal timer interrupt (not the timer WAIT 
Interrupt) Is serviced since the MCU is no longer in the WAIT 
mode. 

Timer 
The MPU timer contains a single 8-bit software program­
mable counter with 7-bit software selectable prescaler. The 
counter may be preset under program control and decre­
ments towards zero. When the counter decrements to zero, 
the timer interrupt request bit, i.e., bit 7 of the Timer Control 
Register (TCR) is set. Then if the timer interrupt is not 
masked, i.e., bit 6 of the TCR and the I-bit in the Condition 
Code Register are both cleared, the processor receives an 
interrupt. After completion of the current instruction, the 
processor proceeds to the store the appropriate registers 
on the stack, and then fetches the timer vector address from 
locations $1 FF8 and $1 FF9 ($FFF8 and $FFF9) in order to 
begin servicing the interrupt, unless It was in locations 
$1 FF6 and $1 FF7 ($FFF6 and $FFF7) the WAIT mode. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer interrupt request bit 
was set. The counter may be read at any time by the 
processor without dlstrubing the count. The contents of the 
counter becomes stable prior to the read portion of a cycle 
and does not change during the read. The timer interrupt 
request bit remains set until cleared by the software. If this 
happens before the timer interrupt Is serviced, the interrupt 
is lost. TCR7 may also be used as a scanned status bit in a 
non-interrupt mode of operation (TCR = 1). 

The prescaler Is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which is used as the counter Input. The processor 
cannot write into or read from the prescaler; however, its 
contents are cleared to all "O's" by the write operation into 
TCR when bit 3 of the written data equals 1, which allows 
for trul1catlon free counting. 

The Timer input can be configured for three different 
operating modes, plus a disable mode depending on the 
value written to the TCR4, TCR5 control bits. Refer to the 
Timer Control Register section. 

Timer Input Mode 1 - If TCR4 and TCR5 are both 
programmed to a "0", the Input to the Timer is from an inter­
nal clock and the Timer input is disabled. The internal clock 
mode can be used for periodic interrupt generation, as well 
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Walt 

Oscillator Active 
Clear I-Bit 

Timer Clock Active 
All Other Clocks 

Stop 

Fetch External Interrupt 
Reset, or Timer Interrupt 
(from WAIT Mode only) 

No 

No 

920$-38033 

Fig. 18 - Walt function flowchart. 

as a reference in frequency and event measurement. The in­
ternal clock is the instruction cycle clock and is coincident 
with Address Strobe (AS) except during a WAIT instruction. 
During a WAIT instruction the AS pin goes to a low state but 
the internal clock to the Timer continues to run at its normal 
rate. 

Timer Input Mode 2 - With TCR4= 1 and TCR5=O, the 
internal clock and the TIMER input pin are ANDed together 
to form the Timer input signal. This mode can be used to 
measure external pulse widths. The external pulse simply 
turns on the internal clock for the duration of the pulse. The 
resolution of the count in this mode is ± 1 clock and 
therefore accuracy improves with longer input pulse widths. 

Timer Input Mode 3 - If TCR4=O and TCR5= 1, then all 
inputs to the Timer are disabled. 

Timer Input Mode 4 - If TCR4= 1 and TCR5= 1, the in­
ternal clock input to the Timer is disabled and the TIMER in­
put pin becomes the input to the Timer. The external Timer 
pin can, in this mode, be used to count external events 
as well as external frequencies for generating periodic inter­
rupts. 

Figure 19 shows a block diagram of the Timer subsystem. 
Power-on Reset and the STOP instruction cause the counter 
to be set to $FO. 
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Internal 
Clock 

Enable/Disable 

Write Read Interrupt 

~~-------------------------.------------------~I 
Software Functions 

NOTES: 
1. Presea.ler and B-blt counter are clocked falling edge of the interna' clock (AS) or external 

input. 
2. Counter is written to during Data Strobe (OS) and counts down continuously. 

92CM- 38034R1 

Fig. 19 - Timer block diagram. 

Timer Control Register ITCR) 

76543210 

ITCR7ITCR6/TCR5/TCR4/TCR3/TCR2/TCR1ITCROI 

All bits in this register excep't bit 3 are Read/Write bits. 

TCR7 - Timer Interrupt request bit: bit used to Indicate 
the timer Interrupt when It IS logic" 1" . 

1 - Set whenever the counter decrements to zero, or un­
der prograll1 control. 

o - Cleared on external reset, power-on reset, STOP in­
struction, or program control. 

TCR6 - Timer Interrupt mask bit: when thiS bit IS a logiC 
"1" It inhibits the timer interrupt to the processor. 

1 - Set on external reset, power-on reset, STOP instruc­
tion, or program control. 

o - Cleared under program control. 

TCR5 - External or Internal bit: selects the Input clock 
source to be either the external timer pin or the Internal 
clock. IUnaffected by RES'ET.) 

1 - Select external clock source. 
o - Select Internal clock source (ASI. 

TCR4 - External enable bit: control bit used to enable the 
external timer pin. (Unaffected by RESET.) 

1 - Enable external timer Pin. 
o - Disable external timer pin. 
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TCR5 TCR4 mo Internal clock (AS) to Timer 
o 1 AND of internal clock (AS) and TIMER 

Pin to Timer 
1 0 Inputs to Timer disabled 
1 1 TIMER pin to Timer 

Refer to Figure 19 for LogiC Representation. 

TCR3 - Timer Prescaler Reset bit: writing a "1" to this bit 
resets the prescaler to zero. A read of this location always io­
dicates a "0." IUnaffected by RESET.) 

TCR2, TCR1, TCRO - Prescaler address bits: decoded to 
select one of eight taps on the prescaler. (Unaffected by 
RESET.) 

Prescaler 
TCR2 TCR1 TCRO Result 

0 0 0 +1 

0 0 1 +2 
0 1 0 +4 
0 1 1 +8 
1 0 0 +16 
1 0 1 +32 
1 1 0 +64 
1 1 1 +128 
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SYSTEM CONFIGURATION 

Figures 20 through 24 show in general terms how the 
CDP6805E2 bus structure may be utilized. Specified inter­
face details vary with the various peripheral and memory 
devices employed. 

A8-A12~ ___ ...J 

CDP6805E2 
CMOS 

Microprocessor 

Chip 
Enable 

TYPical CMOS 
Penpheral 

BO-B7 AddresslData Bus ADO-AD7 

AS 1--_---'-A.:.:d:,::d"'re""s"'-s..::S:.::tr"'o"'b"-e --4~ AS 

DS Data Strobe DS 

R/W Read/Wnte R/W 

TRi5 Interrupt TRi5 

OSC1 ~19~~ CKOUT 

RESET RESET 

Fig. 20 - Connection to CMOS peripherals. 
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CDP6805E2 

Chip 
Select 

DS ~ __ ~D::.'ia~ta~S!!.tr",ob",e,--_~ E 

Peripherals 

R/W Read/Write R/W 

IRO Interrupt IRO 

RESET RESET 

NOTE: In some cases, puliup resistors or other level 

shifting techniques may be required on signals 
gOing from NMOS to CMOS parts. 

Fig. 21 - Connection to peripherals. 

Address/Data Bus 

CDP6805E2 

Address A8-A12 
1--------, 

Readl 
R/W Write Read 

Data Strobe 
DSr---------~ ______ ~ 

Address 
AS Strobe 

A8 

Output 
Enable S 

Chip 
Enable E 

CMOS 
Non-Muxed 

ROM or 
EPROM 

Fig. 22 - Connection to latch non-multiplaxed CMOS ROM or EPROM. 
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CDP6805E2 

CMos 
Microprocessor 

OS 1--1'-------1 
Read/ 
Wnte 

R/W 

DO-D7 

A8 
A9 

r-------t E 

CMOS 
Static 
RAMs 

Fig. 23 - Connection to static CMOS RAMs. 

Address/Data Bus Data 00-07 

CDP6805E2 
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AS-A12 Address AS 

Data Output 

Strobe Enable 
OS S 

Read/ 

R/W 
Write Wrii8 
Address 

AS 
Strobe 

Chip 
Enable 

E 

Fig. 24 - Connection to latched non-multiplexed CMOS RAM. 
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Table 4 provides a detailed description of the information 
present on the Bus, the Read/Write (R!W) pin and the Load 
Instruction (U) pin during each cycle for each instruction. 

peeted results during debug of both software and hardware 
as the control program is executed. The information is 
categorized in groups according to addressing mode and 
number of cycles per instruction. This information is useful in comparing actual with ex-

TABLE 4 - SUMMARY OF CYCLE BY CYCLE OPERATION 

Address Mode 
Cycles Cycle # Addres Bus 

R/W LI 
Data BUB 

Instructions Pin Pin 

Inherent 

lSR I.,Sl 
ASR NEG 1 Op Code Address 1 1 Op Code 
ClR ROl 3 2 Op Code Address + 1 1 0 Op Code Next Instruction 
COM ROR 3 Op Code Address + 1 1 0 Op Code Next Instruction 
DEC INC TST 

TAX ClC SEC 
1 Op Code Address 1 1 Op Code 

STOP CLI SEI 2 
RSP WAIT NOP TXA 2 Op Code Address + 1 1 0 Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

RTS 6 3 Stack Pointer 1 0 Irrelevant Data 
4 Stack Pointer + 1 1 0 Irrelevant Data 
5 Stack Pointer + 2 1 0 Irrelevant Data 
6 New Op Code Address 1 0 New Op Code 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Stack Pointer 0 0 Return Address (lO Byte) 
4 Stack Pointer - 1 0 0 Return Address (HI Byte) 

SWI 10 
5 Stack Pointer - 2 0 0 Contents of Index Register 
6 Stack Pointer - 3 0 0 Contents of Accumulator 
7 Stack Pointer - 4 0 0 Contents of CC Register 
8 Vector Address 1 FFC (FFFC) (Hex) 1 0 Address of Int. Routine (HI Byte) 
9 Vector Address 1 FFD (FFFD) (Hex) 1 0 Address of Int. Routine (lO Byte 
10 Interrupt Routine Starting Address 1 0 Interrupt Routine First Opcode 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Stack Pointer 1 0 Irrelevant Data 
4 Stack Pointer + 1 1 0 Irrelevant Data 

RTI 9 5 Stack Pointer + 2 1 0 Irrelevant Data 
6 Stack Pointer + 3 1 0 Irrelevant Data 
7 Siack Pointer + 4 1 0 Irrelevant Data 
ii Stack Pointer + 5 1 0 Irrelevant Data 
9 New Op Code Address 1 0 New Op Code 

Immediate 

ADC EOR CPX 
ADD lDA lOX 

2 
1 Op Code Address 1 1 Op Code 

AND ORA BIT 2 Op Code Address + 1 1 0 Operand Data 
SBC CMB SUB 

Bit Set! Clear 

1 Op Code Address 1 1 Op Code 

BSET n 
2 Op Code Address + 1 1 0 Address of Operand 

BClR n 
5 3 Address of Operand 1 0 Operand Data 

4 Address of Operand 1 0 Operand Data 
5 Address of Operand 0 0 Manipulated Data 

Bit Test and Branch 

1 Op Code Address 1 1 Op Code 

BRSET n 
2 Op Code Address + 1 1 0 Address of Operand 

BRClR n 
5 3 Address of Operand 1 0 Operand Data 

4 Op Code Address + 2 1 0 Branch Offset 
5 Op Code Address + 2 1 0 Branch Offset 

Relative 

BCC BHI BNE BEQ 
1 Op Code Address 1 1 Op Code 

BCS BPl BHCC BlS 
Bil BMC BRN BHCS 3 2 Op Code Address + 1 1 0 Branch Offset 

BIH BMI BMS BRA 3 Op Code Address + 1 1 0 Branch Offset 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Branch Offset 

BSR 6 3 Op Code Address + 1 1 0 Branch Offset 
4 Subroutine Starting Address 1 0 First Subroutine Op Code 
5 Stack Pointer 0 0 Return Address (lO Byte) 
6 Stack Pointer - 1 0 0 Return Address (HI Byte) 



Address Mode 
Instructions 

Direct 

JMP 

ADC EOR CPX 
ADD LOA LOX 
AND ORA BIT 
SBC CMP SUB 

TST 

STA 
STX 

LSL LSR DEC 
ASR NEG INC 
CLR ROL 
COM ROR 

JSR 

Extended 

JMP 

ADC BIT ORA 
ADD CMP LOX 
AND EOR SBC 
CPX LOA SUB 

STA 
STX 

JSR 

Indexed, No-Offset 

JMP 

ADC EOR CPX 
ADD LOA LOX 
AND ORA BIT 
SBC CMP SUB 

TST 

STA 
STX 

LSL LSR DEC 
ASR NEG INC 
CLR ROL 
COM ROR 

JSR 

CDP6805EZCDP6805E2~CDP6805E~CDP6805E3C 

TABLE 4 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 

Cycle. Cycles , Address Bus 
R/W LI 

Data Bus Pin Pin 

2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Jump Address 

1 Op Code Address 1 1 Op Code 
3 2 Op Code Address + 1 1 a Address of Operand 

3 Address of Operand 1 a Operand Data 

1 Op Code Address 1 1 Op Code 

4 
2 Op Code Address + 1 1 a Address of Operand 
3 Address of Operand 1 a Operand Data 
4 Op Code Address + 2 1 a Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 

4 2 Op Code Adrress + 1 1 a Address of Operand 
3 Op Code Address + 1 1 a Address of Operand 
4 Address of Operand a a Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Address of Operand 

5 3 Operand Address 1 a Current Operand Data 
4 Operand Address 1 a Current Operand Data 
5 Operand Address a a New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Subroutine Address (LO Byte) 

5 3 Subroutine Starting Address 1 a 1 st Subroutine Op Code 
4 Stack Pointer a a Return Address I LO Byte) 
5 Stack Pointer - 1 a a Return Address IHI Byte) 

1 Op Code Address 1 1 Op Code 
3 2 Op Code Address + 1 1 a Jump Address IHI Byte) 

3 Op Code Address + 2 1 a Jump Address ILO Byte) 

1 Op Code Address 1 1 Op Code 

4 
2 Op Code Address + 1 1 a Address Operand IHI Byte) 
3 Op Code Address + 2 1 a Address Operand I LO Byte) 
4 Address of Operand 1 a Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Address of Operand IHI Byte) 

5 3 Op Code Address + 2 1 a Address of Operand I LO Byte) 
4 Op Code Address + 2 1 a Address of Operand ILO Byte) 
5 Address of Operand a a Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Address of Subroutine IHI Byte) 

6 
3 Op Code Address + 2 1 a Address of Subroutine ILO Byte) 
4 Subroutine Starting Address 1 a 1st Subroutine Op Code 
5 Stack POinter a a Return Address ILO Byte) 
6 Stack POinter - 1 a a Return Address IHI Byte) 

2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
3 2 Op Code Address + 1 1 a Op Code Next Instruction 

3 Index Register 1 a Operand Data 

1 Op Code Address 1 J Op Code 

4 2 Op Code Address + 1 1 a Op Code Next Instruction 
3 Index Register 1 a Operand Data 
4 Op Code Address + 1 1 a Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 

4 2 Op Code Address + 1 1 a Op Code Next Instruction 
3 Op Code Address + 1 1 a Op Code Next Instruction 
4 IndEfx Register a 0 Operand Data ----
1 Op Code Add ress 1 1 Op Code 
2 Op Code Address + 1 1 a Op Code Next Instrucllon 

5 3 Index Register 1 a Current Operand Data 
4 Index Register 1 a Current Operand Data 
5 Index Register a a New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Op Code Next Instruction 

5 3 Index Register 1 a 1st Subroullne Op Code 
4 Stack POinter 0 a Return Address ILO Byte) 
5 Stack POinter - 1 a a Return Address IHI By tel 
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CDP6805E4CDP6805E2~CDP6805E~CDP6805E3C 

TABLE 4 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 

Addr_Mode .1 Cycles Cycles # Address Bus 
R/W LI 

Data Bus Instructions Pin Pin 

Indexed 8-BIt Offset 
1 Op Code Address 1 1 Op Code 

JMP 3 2 Op Code Address + 1 1 0 Offset 
3 Op Code Address + 1 1 0 Offset 

ADC EOR CPX 1 Op Code Address 1 1 Op Code 
ADD LOA LOX 4 2 Op Code Address + 1 1 0 Offset 
AND ORA CMP 3 Op Code Address + 1 1 0 Offset 
SUB BIT SBC 4 Index Register + Offset 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

STA 
2 Op Code Address + 1 1 0 Offset 

STX 
5 3 Op Code Address + 1 1 0 Offset 

4 Op Code Address + 1 1 0 Offset 
5 Index Register + Offset 0 0 Operand Data 

1 Op Code Add ress 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset 

TST 5 3 Op Code Address + 1 1 0 Offset 
4 Index Register + Offset 1 0 Operand Data 
5 Op Code Address + 2 1 0 Op Code Next Instruction 

LSL LSR 1 Op Code Address 1 1 Op Code 

ASR NEG 2 Op Code Address + 1 1 0 Offset 

! CLR ROL 6 
3 Op Code Address + 1 1 0 Offset 

i COM ROR 
4 Index Register + Offset 1 0 Current Operand Data 
5 Index Register + Offset 1 0 Current Operand Data 

DEC INC 6 Index Register + Offset 0 0 New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset 

JSR 6 3 Op Code Address + 1 1 0 Offset 
4 Index Register + Offset 1 0 1 st Subroutine Op Code 
5 Stack Pointer 0 0 Return Address LO Byte 
6 Stack Pointer - 1 0 0 Return Address HI Byte 

Indexed. 18-BIt Offset 
1 Op Code Address 1 1 Op Code 

JMP 4 2 Op Code Address + 1 1 0 Offset (HI Byte) 
3 Op Code Address + 2 1 0 Offset (LO Byte) 
4 Op Code Address + 2 1 0 Offset (LO Byte) 

ADC CMP SUB 1 Op Code Address 1 1 Op Code 
ADD EOR SBC 2 Op Code Address + 1 1 0 Offset (HI Byte) 
AND ORA 5 3 Op Code Address + 2 1 0 Offset (LO Byte) 
CPX LOA 4 Op Code Address + 2 1 0 Offset (LO Byte) 
BIT LOX 5 Index Register + Offset 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset (HI Byte) 

STA 
6 3 Op Code Address + 2 1 0 Offset (LO Byte) 

STX 4 Op Code Address + 2 1 0 Offset (LO Byte) 
5 Op Code Address + 2 1 0 Offset (LO Byte) 
6 Index Register + Offset 0 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset (HI Byte) 
3 Op Code Address + 2 1 0 Offset (LO Byte) 

JSR 7 4 Op Code Address + 2 1 0 Offset (LO Byte) 
5 Index Register + Offset 1 0 1 st Subroutine Op Code 
6 Stack Pointer 0 0 Return Address (LO Byte) 
7 Stack Pointer - 1 0 0 Return Address (HO Byte) 
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CDP6805E2, CDP6805E2C, CDP6805E3, CDP6805E3C 

TABLE 4 - SUMMARY OF CYCLE BY CYCLE OPERATION ICONTINUED) 

--
RtW 

Instructions Cycles Cycles # Address Bus 
RESET LI 

Date BUB Pin Pin Pin 

Other Functions 
$1 FFE ($FFFE) 0 1 0 Irrelevant Data 
$1 FFE ($FFFE) 0 1 0 I rrelevant Data 

1 $1 FFE ($FFFE) 1 1 0 Irrelevant Data 

Hardware RESET 5 2 $1 FFE ($FFFE) 1 1 0 Irrelevant Data 

3 $1 FFE ($FFFE) 1 1 0 Vector High 

4 $1 FFF ($FFFF) 1 1 0 Vector Low 

5 Reset Vector 1 1 0 Op Code 

1 $1 FFE ($FFFE) 1 1 0 Irrelevant Data 

• • • • • • 
• • • • • • 
• • • • • • 

Power on Reset 1922 
1919 $1 FFE ($FFFE) 1 1 0 Irrelevant Data 

1920 $1 FFE ($FFFE) 1 1 0 Vector High 

1921 $1 FFF ($FFFF) 1 1 0 Vector Low 

1922 Reset Vector 1 1 0 Op Code 

Instruction Cycles Cycles # Address Bus 
iim R/W LI Date Bus 
Pin Pin Pin 

I 
Last Cycle of Previous 

0 X 0 X 
Instruction 

1 Next Op Code Address 0 1 0 Irrelevant Data 

2 Next Op Code Address X 1 0 Irrelevant Data 

3 SP X 0 0 Return Addrass (LO aytel 

IRQ Interrupt 
10 

4 SP-1 X 0 0 Return Address (HI ayte) 

(Timer Vector $1 FF8. $1 FF9) 5 SP-2 X 0 0 Contents Index Reg 

6 SP-3 X 0 0 Contents Accumulator 

7 SP-4 X 0 0 Contents CC Register 

8 $1 FFA ($FFFA) X 1 0 Vector High 

9 $1 FFB ($FFFB) X 1 0 Vector Low 

10 iRCi Vector X 1 0 Int Routine First 
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CDP6805/CDP68HC05 Instruction Set 

Instruction Set 

All members of the CDP6805 and CDP68HC05 families of 
MCUs share an identical register set with variations only in 
the width of the program counter (PC) and stack pointer 
(SP), and variations in memory and I/O facilities. Since alii/ 
o is memory mapped, no special instructions are needed to 
handle the differences between devices. 

A common set of 61 basic instructions are used, by all 
CDP6805 and CDP68HC05 MCUs, to operate on the regis­
ters and memory. In addition to the shared set, all 
CDP68HC05 MCUs have one additional instruction - Multi­
ply (MUL). 

The instruction set can be divided into five different 
types: register/memory, read-modify-write, branch, bit 
manipulation, and control. The following paragraphs briefly 
explain each type. All the instructions within a given type are 
presented in individual tables. 

Register/Memory Instructions 

Most of these instructions use two operands. The first oper­
and is either the accumulator or the index register. The sec­
ond operand is obtained from memory using one of the 
addressing modes. The operand for the jump unconditional 
(JMP) and jump to subroutine (JSR) instructions is the pro­
gram counter. Refer to Table 1. 

Read-Modify-Write Instructions 

These instructions read a memory location or a register, mod­
ify or test its contents, and write the modified value back to 
memory or to the register. The test for negative or zero (TST) 
instruction is an exception to the read-modify-write sequence 
since it does not modify the value. Refer to Table 2. 
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IMMEDIATE 

OP NO. NO. OP 
FUNCTION MNEM CODE BYTES CYCLES CODE 

Load A from LOA A6 2 2 86 
Memory 

Load X from LOX AE 2 2 8E 
Memory 

Store A STA - - - 87 
in Memory 

Store X STX - - BF 
in Memory 

Add Memory ADD A8 2 2 8B 
toA 

Add Memory ADC A9 2 2 89 
and Carry to A 

Subtract SUB AO 2 2 80 
Memory 

.$>. 
c:, Subtract SBC A2 2 2 B2 

Memory From A 
with Borrow 

AND Memory AND A4 2 2 B4 
toA 

OR Memory ORA AA 2 2 8A 
with A 

Exclusive OR EOR A8 2 2 B8 
Memory with A 

Arithmetic CMP A1 2 2 81 
Compare 
A with Memory 

Arithmetic CPX A3 2 2 83 
Compare X 
with Memory 

Bit Test Memory BIT A5 2 2 B5 
with A (Logical 
Compare) 

Jump JMP - - BC 
Unconditional 

Jump to JSR - - - BO 
Subroutine 

TABLE 1. REGISTERIMEMORY INSTRUCTIONS 

DIRECT 

NO. NO. 
BYTES CYCLES 

2 3 

2 3 

2 4 

2 4 

2 3 

2 3 

2 3 

2 3 

2 3 

2 3 

2 3 

2 3 

2 3 

2 3 

2 2 

2 2 

ADDRESSING MODES 

EXTENDED 

OP NO. NO. 
CODE BYTES CYCLES 

C6 3 4 

CE 3 4 

C7 3 5 

CF 3 5 

CB 3 4 

C9 3 4 

CO 3 4 

C2 3 4 

C4 3 4 

CA 3 4 

C8 3 4 

C1 3 4 

C3 3 4 

C5 3 4 

CC 3 3 

CD 3 3 

INSTRUCTION 
SET 

INDEXED 
(NOOFFSEn 

OP NO. NO. 
CODE BYTES CYCLES 

F6 1 3 

FE 1 3 

F7 1 4 

FF 1 4 

FB 1 3 

F9 1 3 

FO 1 3 

F2 1 3 

F4 1 3 

FA 1 3 

F8 1 3 

F1 1 3 

F3 1 3 

F5 1 3 

FC 1 2 

FO 1 5 

INDEXED 
(B-BIT OFFSET) 

OP NO. NO. 
CODE BYTES CYCLES 

E6 2 4 

EE 2 4 

E7 2 5 

EF 2 5 

EB 2 4 

E9 2 4 

EO 2 4 

E2 2 4 

E4 2 4 

EA 2 4 

E8 2 4 

E1 2 4 

E3 2 4 

E5 2 4 

EC 2 3 

ED 2 6 

-

INDEXED 
(16-BIT OFFSET) 

OP NO. NO. 
CODE BYTES CYCLES 

06 3 5 

DE 3 5 

07 3 6 

OF 3 6 

DB 3 5 

09 3 5 

DO 3 5 

02 3 5 

04 3 5 

OA 3 5 

08 3 5 

01 3 5 

03 3 5 

05 3 5 

DC 3 4 

DO 3 7 

~ 
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TABLE 2. READ-MODIFY-WRITE INSTRUCTIONS 

ADDRESSING MODES 

INHERENT (A) INHERENT ex) DIRECT 

OP NO. NO. OP NO. NO. .OP NO. NO. 
FUNCTION MNEM CODE BYTES CYCLES CODE BYTES CYCLES CODE BYTES CYCLES 

Increment INC 4C 1 3 5C 1 3 3C. 2 5 

Decrement DEC 4A 1 3 5A 1 3 3A 2 5 

Clear ClR 4F 1 3 5F 1 3 3F 2 5 

Complement COM 43 1 3 53 1 3 33 2 5 

Negate NEG 40 1 3 50 1 3 30 2 5 
(2'5 Complement) 

t Rotate left Thru ROl 49 1 3 59 1 3 39 2 5 
Carry 

Rotate Right Thru ROR 46 1 3 56 1 3 36 2 5 
Carry 

Logical Shift left LSl 48 1 3 58 1 3 38 2 5 

logical Shift RIght LSR 44 1 3 54 1 3 34 2 5 

Arithmetic ASR 47 1 3 57 1 3 37 2 5 
Shift RIght 

Test for Negative or TST 40 1 3 50 1 3 30 2 4 
Zero 

Multiplyt MUlt 42 1 11 - - - - - -
t Multiply (MUl) is only available on He versions of the 6805 

INDEXED 
(NO OFFSET) 

OP NO. NO. 
CODE BYTES CYCLES 

7C 1 5 

7A 1 5 

7F 1 5 

73 1 5 

70 1 5 

79 1 5 

76 1 5 

78 1 5 

74 1 5 

n 1 5 

70 1 4 

- - -

INDEXED 
8-BIT OFFSET) 

OP NO. NO. 
CODE BYTES CYCLES 

6C 2 6 

6A 2 6 

6F 2 6 

63 2 6 

60 2 6 

69 2 6 

66 2 6 

68 2 6 

64 2 6 

67 2 6 

60 2 5 

- - -

1 
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CDP680SICDP68HCOSInstruction Set 

Branch Instructions 

Most branch instructions test the state of the condition code 
register and if certain criteria are met, a branch is executed. 
This adds an offset between -127 and +128 to the current 
program counter. Refer to Table 3. 

TABLE 3. BRANCH INSTRUCTIONS 

RELATIVE ADDRESSING 
MODE 

OP NO. NO. 
FUNCTION MNEM CODE BYTES CYCLES 

Branch Always BRA 20 2 3 

Branch Never BRN 21 2 3 

Branch IFF Higher BHI 22 2 3 

Branch I FF Lower or BLS 23 2 3 
Same 

Branch IFF Carry BCC 24 2 3 
Clear 

(Branch IFF Higher or (BHS) 24 2 3 
Same) 

Branch IFF Carry Set BCS 25 2 3 

(Branch IFF Lower) (BLO) 25 2 3 

Branch IFF Not Equal BNE 26 2 3 

Branch IFF Equal BEQ 27 2 3 

Branch IFF Half Carry BHCC 28 2 3 
Clear 

Branch I FF Half Carry BHCS 29 2 3 
Set 

Branch IFF Plus BPL 2A 2 3 

Branch IFF Minus BMI 2B 2 3 

Branch IFF Interrupt BMC 2C 2 3 
Mask Bit is Clear 

Branch IFF Interrupt BMS 2D 2 3 
Mask Bit is Set 

Branch I FF Interrupt BIL 2E 2 3 
Line is Low 

Branch IFF Interrupt BIH 2F 2 3 
Line Is High 

Branch to Subroutinel BSR AD 2 6 

Bit Manipulation Instructions 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space except for 
ROM, port 0 data location ($03), serial peripheral status reg­
ister ($OB), serial communications status register (10), timer 
status register ($13), and timer input capture register ($14-
$15). All port registers, port OORs, timer, two serial systems, 
on-Chip RAM, and 48 bytes of ROM reside in the first 256 
bytes (page zero). An additional feature allows the software 
to test and branch on the state of any bit within the first 256 
locations. The bit set, bit clear, and bit test and branch func­
tions are all implemented with a single instruction. For the 
test and branch instructions, the value of the bit tested is 
automatically placed in the carry bit of the condition code 
register. Refer to Table 4. 

TABLE 4A. BIT SETICLEAR INSTRUCTIONS 

OP NO. NO. 
FUNCTION MNEM CODE BYTES CYCLES 

SetBltn BSET 10 + 2"" 2 5 
n(n=O ... 7) 

Clear Bit n BCLR 11 +2"" 2 5 
n(n=O ... 7) 

TABLE 4B. BIT TEST AND BRANCH INSTRUCTIONS 

OP NO. NO. 
FUNCTION MNEM CODe BYTES CYCLES 

Branch IFF BRSET 2"" 3 5 
Bit n Is Set n (n=O ... 7) 

Branch IFF BRCLR 01 +2"" 3 5 
Bit n Is Clear n (n=O ... 7) 
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Control. Instructions 

These instructions are register reference Instructions and 
are used to control processor operation during program exe­
cution. Refer to Table 5. 

TABLE5. CONTROLINSTRUCTK>NS 

INHERENT 

OP NO. NO. 
FUNCTION MNEM COOE BYTES CYCLES 

Transfer A to X TAX 97 1 2 

Transfer X to A TXA 9F 1 2 

Set Carry Bit SEC 99 1 2 

Clear Carry Bit CLC 98 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear Interrupt Mask CLI 9A 1 2 
Bit 

Software Interrupt SWI 83 1 10 

Rerum from Subroutine RTS 81 1 6 

Return from Interrupt ATI 80 1 9 

Aeset Stack Pointer ASP 9C 1 2 

No-Operation NOP 90 1 2 

Stop STOP 8E 1 2 

Wait WAIT 8F 1 2 

Alphabetical Usting 

The complete instruction set is given In alphabetical order in 
Table 6. 

OpcodeMap 

Table 7 is an opcode map lor the Instructions used on the 
MCU. 

Addressing Modes 

The MCU uses ten different addressing modes to provide the 
programmer with an opportunity to optimize the code to all situ­
ations. The various indexed addressing modes make it possi­
ble to locate data tables, code conversion tables, and scaling 
tables anywhere In the memory space. Short Indexed accesses 
are single byte Instructions, while the longest Instructions (three 
bytes) pennit accessing tables throughout memory. Short abs0-
lute (direct) and long absolute (extended) addreSSing are also 
included. One and two byte direct addressing instructions 
access all data bytes in most applications. Extended address­
ing pennits jump instructions to reach all memory. Table 7 
shows the addressing modes for each instruction, with the 
effects each instruction has on the condition code register. 

The tenn "effective address" (EA) is used in describing the vari­
ous addressing modes, and is delined as the byte address to or 
from which the argument lor an instruction is fetched or stored. 
The ten addressing modes of the processor are described 
below. Parentheses are used to Indicate "contents of' the loca­
tion or register referred to; e.g., (PC) indicates the contents of 
the location pointed to by the PC. All arrow indicates "is 
replaced by", and a colon Indicates concatenation of two bytes. 

Inherent 

In inherent instructions, all the inlonnation necessary to exe­
cute the instruction is contained in the opcode. Operations 
specifying only the index register or accumulator, and no 
other arguments, are included in this mode. 

Immediate 

In immediate addressing, the operand is contained In the byte 
immediately following the opcode. Immediate addressing is 
used to access constants which do not change during program 
execution (e.g., a constant used to Initialize a loop counter). 

EA=PC+1;PC~PC+2 

Direct 

In the direct addressing mode, the effective address of the 
argument is contained in a single byte following the opcode 
byte. Direct addressing allows the user to directly address the 
lowest 256 bytes In memory with a single two byte Instruction. 
This Includes most on-chip RAM and all I/O registers. Direct 
addreSSing Is efficient in both memory and time. 

EA= (PC +1); PC ~ PC+2 

Address Bus High 0; Address Bus Low ~ (PC + 1) 

Extended 

In the extended addressing mode, the effective address 01 
the argument is contained in the two bytes following the 
opcode. Instructions with extended addressing modes are 
capable of referencing arguments anywhere in memory with 
a Single three-byte instruction. 

EA= (PC + 1): (PC +2); PC~PC+3 

Address Bus High ~ (PC + 1); Address Bus Low ~ (PC + 2) 
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TABLE 6. INSTRUCTION SET 

CONDITION 
ADDRESSING MODES CODES 

INDEXED BITTEST 
(NO INDEXED INDEXED BITSETI AND 

MNEM INHERENT IMMEDIATE DIRECT EXTENDED RELATIVE OFFSET) (8-BI18) (l8-BlTS) CLEAR BRANCH H I N Z C 

ADC X X X X X X A · A A A 

ADD X X X X X X A · A A A 

AND X X X X X X · · A · A 

ASl X X X X · · A A A 

ASR X X X X · · A A A 

BCC X · · · · · 
BClR X · · · · · 
BCS X · · · · · 
BEQ X · · · · · 

BHCC X · · · · · 
BHCS X · · · · · 
BHI X · · · · · 
BHS X · · · · · 
BIH X · · · · · 
Bil X · · · · · 
BIT X X X X X X · · A A · 
BlO X · · · · · 
BLS X · · · · · 
BMC X · · · · · 
BMI X · · · · · 
BMS X · · · · · 
BNE X · · · · · 
BPl X · · · · · 
BRA X · · · · · 
BRN X · · · · · 

BRClR X · · · · A 

BRSET X · · · · A 

BSET X · · · · · 
BSR X · · · · · 
ClC X · · · · 0 

CLI X · 0 · · · 
ClR X X X X · · 0 1 · 
CMP X X X X X X · · A A A 

COM X X X X · · A A 1 

CPX X x x x x x · · A A 
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MNEM INHERENT IMMEDIATE 

DEC X 

EOR X 

INC X 

JMP 

JSR 

LOA X 

LOX X 

LSL X 

LSR X 

MULt X 

NEG X 

NOP X 

ORA X 

ROL X 

ROR X 

RSP X 

RTI X 

RTS X 

SBC X 

SEC X 

SEI X 

STA 

STOP X 

STX 

SUB X 

SWI X 

TAX X 

TST X 

TXA X 

WAIT X 

Condition Code Symbols: 

H = Half Carry (from Bit 3) 

I = Interrupt Mask 

N = Negate (Sign Bit) 

Z = Zero 0 = Cleared 

CDP68051CDP68HC05 Instruction Set 

DIRECT 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

TABLE 6. INSTRUCTION SET (Continued) 

ADDRESSING MODES 

INDEXED 
(NO INDEXED 

EXTENDED RELATIVE OFFSET) (II-BITS) 

X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X 

X X 

X X 

X X X 

X X 

X X 

X X X 

X X X 

X X X 

X X X 

X X 

A = Test and Set if True Cleared Otherwise 

• = Not Affected 

? = Load CC Register From Stack 

C = Carry/Borrow 1 = Set 
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INDEXED 
(16-BITS) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

CONDITION 
CODES 

BITTEST 
BITSETI AND 
CLEAR BRANCH H I N Z C 

· · A A • 

· · A A • 

· · A A • 

· · · · · 
· · · · · 
· · A A • 

· · A A · 
· · A A A 

· · 0 A A 

0 · · · 0 

· · A A A 

· · · · · 
· · A A • 

· · A A A 

· · A A A 

· · · · · 
? ? ? ? ? 

· · · · · 
· · A A A 

· · · · 1 

· 1 · · · 
· · A A • 

· 0 · · · 
· · A A • 

· · A A A 

· 1 · · · 
· · · · · 
· · A A • 

· · · · · 
· 0 · · · 



BIT 
MANIPULATION BRANCH 

BTB BSC REL 

HI 0 1 2 
LOW 0000 0001 0010 

0 
5 5 3 

0000 
BRSETO BSETO BRA 

3 BTB 2 BSC 2 REL 2 

1 5 5 3 
BRCLRO BCLRO BRN 

0001 
3 BTB 2 BSC 2 REL 

2 
5 5 3 

0010 
BRSET1 BSETl BHI 

3 BTB 2 BSC 2 REL 

3 
5 5 3 

0010 
BRCLRl BCLRl BLS 
3 BTB 2 BSC 2 REL 2 

T-
eo 

4 
5 5 3 

0100 
BRSET2 BSET2 BCC 
3 BTB 2 BSC 2 REL 2 

5 
5 5 3 

0100 
BRCLR2 BCLR2 ses 
3 BTB 2 BSC 2 REL 

6 
5 5 3 

0110 
BRSET3 BSET3 BNE 
3 BTB 2 BSC 2 REL 2 

7 5 5 3 

0111 
BRCLR3 BCLR3 BEQ 
3 BTB 2 Bse 2 REL 2 

8 5 5 3 

1000 
BRSET4 BSET4 BHCC 
3 BTB 2 Bse 2 REL 2 

9 5 5 3 

1001 
BRCLR4 BCLR4 BHCS 
3 BTB 2 BSC 2 REL 2 

A 
5 5 3 

1010 
BRSET5 BSET5 BPL 
3 BTB 2 BSC 2 REL 2 

TABLE 7. INSTRUCTION SET OPCODE MAP 

READIMODIFYIWRITE CONTROL 

DIR INH INH 

3 4 5 
0011 0100 0101 

5 3 3 
NEG NEGA NEGX 

DIR 1 INH 1 NH 2 

11 
MULt 

1 INH 

5 3 3 
COM COMA COMX 

DIR 1 INH 1 INH 2 

5 3 3 
LSR LSRA LSRX 

DTR 1 INH 1 INH 2 

5 3 3 
ROR RORA RORX 

DIR 1 INHY 1 INH 2 

5 3 3 
ASR ASRA ASRX 

DIR 1 INH 1 INH 2 

5 3 3 
LSL LSLA LSLX 

DIR llNH 1 INH 2 

5 3 3 
ROL ROLA ROLX 

DIR 1 INH 1 INH 2 

5 3 3 
DEC DECA DECX 

DIR 1 INH 1 INH 2 

IXl IX INH 

6 7 8 
0110 0111 1000 

6 5 9 
NEG NEG RTI 

IXl 1 IX 1 INH 

6 
RTS 

1 INH 

6 5 10 
COM COM SWI 

IXl 1 IX 1 INH 

6 5 
LSR LSR 

IXl 1 IX 

6 5 
ROR ROR 

IXl 1 IX 

6 5 
ASR ASR 

IXl 1 IX 

6 5 
LSL LSL 

IXl 1 IX 

6 5 
ROL ROL 

IXl 1 IX 

6 5 
DEC DEC 

IXl 1 IX 

INSTRUCTION 
SET 

INH 

9 
1001 

2 

2 

2 

2 

2 

2 

2 

2 
TAX 

1 INH 

2 
CLC 

1 INH 2 

2 
SEC 

1 INH 2 

2 
CLI 

1 INH 2 

IMM DlR 

A B 
1010 1011 

2 3 
SUB SUB 

IMM 2 DIR 3 

2 3 
CMP CMP 

IMM 2 DIR 3 

2 3 
SBC SBe 

IMM 2 DIR 3 

2 3 
CPX CPX 

IMM 2 DIR 3 

2 3 
AND AND 

IMM 2 DIR 3 

2 3 
BIT BIT 

IMM 2 DIR 3 

2 3 
LDA LDA 

IMM 2 DIR 3 

4 
STA 

2 DIR 3 

2 3 
EOR EOR 

IMM 2 DIR 3 

2 3 
ADC ADC 

IMM 2 DIR 3 

2 3 
ORA ORA 

IMM 2 DIR 3 

REGISTERIMEMORY 

EXT IX2 IXl 

C 0 E 
1100 1101 1110 

4 5 4 
SUB SUB SUB 

EXT 3 1X2 2 IXl 1 

4 5 4 
CMP CMP CMP 

EXT 3 1X2 2 IXl 1 

4 5 4 
SBC sse SBe 

EXT 3 IX2 2 IXl 1 

4 5 4 
CPX CPX CPX 

EXT 3 1X2 2 IXl 1 

4 5 4 
AND AND AND 

EXT 3 1X2 2 IXl 1 

4 5 4 
BIT BIT BIT 

EXT 3 1X2 2 IXl 1 

4 5 4 
LDA LDA LDA 

EXT 3 1X2 2 IXl 1 

5 6 5 
STA STA STA 

EXT 3 1X2 2 IXl 1 

4 5 4 
EOR EOR EOR 

EXT 3 1X2 2 IXl 1 

4 5 4 
ADC ADC ADC 

EXT 3 1X2 2 IXl 1 

4 5 4 
ORA ORA ORA 

EXT 3 1X2 2 IXl 1 

IX 

F 
1111 

3 
SUB 

IX 

3 
CMP 

IX 

3 
SBC 

IX 

3 
CPX 

IX 

3 
AND 

IX 

3 
BIT 

IX 

3 
LDA 

IX 

4 
STA 

IX 

3 
EOR 

IX 

3 
ADC 

IX 

3 
ORA 

IX 

I 

! 

HI I 
I 

LOW I 

o I 

0000 I 

i 

1 
0001 , 

i 

0010 2 I 

3 
0010 

4 
0100 

5 
0100 

6 
0110 

7 
0111 

8 
1000 

9 
1001 

A 
1010 

~ 
m o 
~ 
('1 

~ m 
~ 
:;-
UI 
=t 
~ .... o· 
::l 
C/) 
CD -



HI 
LOW 

B 
1011 

C 
1100 

D 
1101 

E 

! 1110 
o 

F 
1111 

,~--

TABLE 7. INSTRUCTION SET OPCOOE MAP (Continued) 

BIT 
MANIPULATION BRANCH REAOIMOOIFYIWRITE 

BTB BSC REL OIR INH INH IX1 

0 1 2 3 4 5 6 
0000 0001 0010 0011 0100 0101 0110 

5 5 3 
BRCLR5 BCLR5 BMI 
3 BTB 2 BSC 2 REL 

5 5 3 5 3 3 6 
BRSET6 BSET6 BMC INC INCA INCX INC 
3 BTB 2 BSC 2 REL 2 OIR 1 INH 1 INH 2 IX1 1 

5 5 3 4 3 3 5 
BRCLR6 BCLR6 BMS TST TSTA TSTX TST 
3 BTB 2 BSC 2 REL 2 OIR 1 INH 1 INH 2 IX1 1 

5 5 3 
BRSET7 BSET7 BIL 
3 BTB 2 BSC 2 REL 

5 5 3 5 3 3 6 
BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR 

3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IX1 1 
'------

t MuHiply (MULl is only available on HC versions of the 6805 

Abbreviations for Address Modes: 
INH = Inherent 

A = Accumulator 
X = Index Register 

IMM = Immediate 
DlR=Direct 
EXT = Extended 
REL = Relative 
BSC = Bit Set/Clear 
BTB = Bit Test and Branch 

IX 

7 
0111 

INC 

TST 

CLR 

CONTROL 

INH INH 

8 9 
1000 1001 

2 
SEI 

1 INH 2 

5 2 
RSP 

IX 1 INH 

4 2 
Nap 

IX 1 INH 2 

2 
STOP 

1 INH 2 

5 2 2 
WAIT TXA 

IX 1 INH 1 INH 

REGISTERIMEMORY 

IMM OIR EXT IX2 IX1 IX 

A B C 0 E F 
1010 1011 1100 1101 1110 1111 

2 3 4 5 4 3 
ADD ADD ADD ADD ADD ADD 

IMM 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 

2 3 4 3 2 
JMP JMP JMP JMP JMP 

2 DIR 3 EXT 3 1X2 2 IX1 1 IX 

6 5 6 7 6 5 
BSR JSR JSR JSR JSR JSR 

REL 2 DIR 3 EXT 3 1X2 2 IX1 1 IX 

2 3 4 5 4 3 
LDX LDX LDX LDX LOX LDX 

IMM 2DIR 3 EXT 3 1X2 2 IXl 1 IX 

4 5 6 5 4 
STX STX STX STX STX 

2 DIR 3 EXT 3 1X2 2 IX1 1 IX 

LEGEND 

F .. OPCODEIN 
1111 7HEXADECIMAL 

P OPCODEIN 

MNEMONIC J" :p~o BINARY 
BYTES 1 IX 0000 

L-. 
CYCLES ADDRESS MODE 

HI 
LOW 

B 
1011 

C 
1100 

D 
1101 

E 
1110 

F 
1111 

o 
~ 
~ 
Q 

~ 
('1 

~ 
~ 

~ 
:;-
(I) 
::;-
~ 
g' 
~ 



CDP680S/CDP68HCOS Instruction Set 

Indexed, No Offset 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index regis­
ter. Thus, this addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is used to move a pointer through a table or 
to address a frequently referenced RAM or I/O location. 

EA = X; PC f- PC + 1 

Address Bus High f- 0; Address Bus Low f- X 

Indexed, 8-Bit Offset 

Here the EA is obtained by adding the contents of the byte 
following the opcode to that of the index register; therefore, 
the operand is located anywhere within the lowest 511 mem­
ory locations. For example, this mode of addressing is useful 
for selecting the mth element in a n element table. All 
instructions are two bytes. The content of the index register 
(S) is not changed. The content of (PC + 1) is an unsigned 8-
bit integer. One byte offset indexing permits look-up tables to 
be easily accessed in either RAM or ROM. 

EA = X + (PC + 1); PC f- PC + 2 

Address Bus High f- K; Address Bus Low f- X + (PC + 1) 

where: K = the carry from the addition of x + (PC + 1). 

Indexed, 16-Blt Offset 

In the indexed, 16-bit offset addressing mode, the effective 
address is the sum of the contents of the unsigned 8-bit index 
register and the two unsigned bytes following the opcode. 
This addressing mode can be used in a manner similar to 
indexed 8-bit offset, except that this three byte instruction 
allows tables to be anywhere in memory (e.g., jump tables in 
ROM). The content of the index register is not changed. 

EA = X + [(PC + 1) : (PC + 2)); PC f- PC + 3 

Address Bus High f- (PC + 1) + K 

Address Bus Low f- X + (PC + 2) 

where: K = The carry from the addition of X + (PC + 2). 

Relative 

Relative addressing is only used in branch instructions. In 
relative addressing, the content of the 8-bit signed byte fol­
lowing the opcode (the offset) is added to the PC if and only 
if the branch ::ondition is true. Otherwise, control proceeds to 

the next instruction. The span of relative addressing is lim­
ited to the range of -126 to +129 bytes from the branch 
instruction opcode location. 

EA = PC + 2 + (PC + 1); PC f- EA if branch taken; 

otherwise, EA = PC f- PC + 2. 

Bit Set/Clear 

Direct addressing and bit addressing are combined in 
instructions which set and clear individual memory and I/O 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address in the location following the opcode. The 
first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified in the first three bits 
of the opcode. The bit set and clear instructions occupy two 
bytes, one for the opcode (including the bit number) and the 
other to address the byte which contains the bit of interest. 

EA = (PC + 1); PC f- PC + 2 

Address Bus High f- 0; Address Bus Low f- (PC + 1). 

Bit Test and Branch 

Bit test and branch is a combination of direct addressing, bit 
seVclear addressing, and relative addressing. The actual bit to 
be tested, within the byte, is specified within the low order nib­
ble of the opcode. The address of the data byte to be tested is 
located via a direct address in the location following the 
opcode byte (EA1). The signed relative 8-bit offset is in the 
third byte (EA2) and is added to the PC if the specified bit is 
set or cleared in the specified memory location. This single 
three byte instruction allows the program to branch based on 
the condition of any bit in the first 256 locations of memory. 

EA1 = (PC +1) 

Address Bus High Q 0; Address Bus Low f- (PC + 1) 

EA2 = PC + 3 + (PC + 2); PC f- EA2 if branch taken; 

otherwise, PC f- PC + 3. 

Multiply Instruction 

The MUL instruction performs an 8-b~ multiplication of the con­
tents of the A and X registers. The 16-bit result is stored back 
into the same register pair. The A register holds the lower 8-bits 
of the product and the X register holds the upper 8-bits of the 
product. MUL is only available on CDP68HC05 processors. 
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Features 

• Low Power CMOS Circuitry •••••••••• 7.5mW (Typ) at 
3.2MHz (Max Freq.) at VDD = 5V 

• Baud Rate 

• DC to 200K Bltala (Max) at. • • • • • • • • • • • •• 5V, 85°C 

• DC to 400K Bltala (Max) at •••••••••••••• 10V, 85°C 

• 4V to 10.5 Operation 

• Automatic Data formatting and Statua Generation 

• Fully Programmable with Externally Selectable Word 
Len"" (5 • 8 BIta), Parity Inhibit, Even/Odd Parity, and 
1, 1 12, or 2 Stop Blta 

• Operating Temperature Range 
• CDP6402D, CD ••••••••••••••••• -SSOC to +125°C 
• CDP6402E, CE •••••••••••••••••• -40°C to +850 C 

• Replacea Induatry Typea 1M6402 and HD6402 

Ordering Information 

TEMPERATURE 

CDP6402 
CDP6402C 

CMOS Universal Asynchronous 
ReceiverlTransmitter (UART) 

Description 

The CDP6402 and CDP6402C are silicon gate CMOS 
Universal Asynchronous ReceiverfTransmitter (UART) 
circuits for interfaCing computers or microprocessors to 
asynchronous serial data channels. They are designed to 
provide the necessary formatting and control for interfacing 
between serial and parallel data channels. The receiver 
converts serial start, data, parity, and stop bits to parallel 
data verifying proper code transmission, parity and stop bits. 
The transmitter converts parallel data into serial form and 
automatically adds start parity and stop bits. 

The data word can be 5, 6, 7 or 8 bits in length. Parity may 
be odd, even or inhibited. Stop bits can be 1, 1' /2, or 2 (when 
transmitting 5 bit code). 

The CDP6402 and CDP6402C can be used in a wide range 
of applications including modems, printers, peripherals, 
video terminals, remote data acquiSition systems, and serial 
data links for distributed processing systems. 

The CDP6402 and CDP6402C are functionally identical. 
They differ in that the CDP6402 has a recommended 
operating voltage range of 4V to 10.5V, and the CDP6402C 
has a recommended operating voltage range of 4V to 6.5V. 
Both types are supplied in 40 lead dual·in-line ceramic pack­
ages (D suffix), and 40 lead dual-in-line plastiC packages 
(Esuffix). 

Pinout 
CDP6402,CDP6402C 

TOP VIEW 
PACKAGE RANGE 5V!.200KBAUD 10Vl400K BAUD 

Villi IT 
NC~ 

Plastic DIP -40"C to +85°C CDP6402CE 

Bum-In CDP6402CEX 

Ceramic DIP -40"C to +85OC CDP6402CD 

Bum-In CDP6402CDX 

CDP6402E 

-
CDP6402D 

CDP6402DX 

GND ~ 
RRD ~ 

RBRe ~ 
RBR7 ~ 

RBRe ~ 
RBRS a 

RBR4 ;; 

RBR3 ~ 
RBR2 ~ 
RBR1 ~ 

PE @ 
FE ~ 
OE~ 

SFD i!! 
RRC rg 
Diiii~ 

:~ 
CAUTION: These devices are sensRlve to eleclroetatic discharge. Users should Iollow proper I.C. Handling Procedures. 
Ccpyrlght @ Harris Corporation 1992 

5-3 

~ TRC 

~ EPE 

~ CLS1 

~ CLS2 

'iii SBS 

~ PI 

Iii CRL 

~ TBRa 

~ TBR7 

~ TBRe 

~~: 
~ TBR2 
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CDP6402, CDP6402C 

TRE 

TRC 

TRO 

CLSI S8S 

CLS2 EPE 

CRL PI 

MR 

RRI 

RRC 

ORR 

SFD' f-----------~--RRD 

DR OE TBRE FE PE RBRe (MSB) RBRI (LSB) 

Fig. 1 - Functional Block Diagram 
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Specifications CDP6402, CDP6402C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE AANGE, (VDD) 
(Voltage referenced to VSS Terminal) 

CDP6402 ....................................................................................... -o.5to+11V 
CDP6402C .................................................•.•..••.•..•......••••..•...•.•.••.••• -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ..................•......•......••..••....•.•.....•...•• -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................. ± 100pA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60' C (PACKAGE TYPE E .............................................................. 500 mW 
For TA = +60 to +85' C (PACKAGE TYPE E) ............................... Derate Lineary at 12 mWI"C to 200 mW 
For T A = -55 to 100' C (PACKAGE TYPE 0) ...........•..........•...•....•••....••.••...••.••.•••••••.. 500 mW 
For TA = + 100 to +125'C (PACKAGE TYPE D) ............................ Derate Lineary at 12 mW/'Cto 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) •.••..•••.•.••.•.....••••.••••.•• 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE 0 .............................................................................. -55to+125'C 
PACKAGE TYPE E ................................................................................ -40 to +85'C 

STORAGE TEMPERATURE RANGE (T stg) .......................................................... -65 to +150' C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1132 inch (1.59 ± 0.79 mm) from case for 10 small. ..................................... +265'C 

OPERATING CONDITIONS at TA = Full Package-Temperatura Range. For maxImum rallablllty, operating condItion. 
should be selected so that operation Is always within the following rano .. : 

LIMITS 
CHARACTERISTIC CDPi40aC UNITS 

Min. Mall. MIn. Max. 
DC Operating Voltage Range 4 10.5 4 6.5 V 
Input Voltage Range vss voo VSS VOD 

STATIC ELECTRICAL CHARACTERISTICS at TA"-40 to +85'C, VDO ±101lfo, Except .. noted 

. CONDITIONS .LIMITS . 
CHARACTERISTIC 

I~ ~~~ ~~p DPI402 UNITS 
Min. Typ.- Max. MIn. Typ.- Max. 

Quiescent Device 0,5 5 0.01 i~o 0.02 200 pA 
Current 100 - o 10 10 - 1 - - -

Output LOW urlve 0.4 0,5 
1~ ~ 

4 1.2 2.4 
(Sink) Current lo! 0.5 o 10 7 - - - - mA 

Output High Drive 4.6 0,5 5 -0.55 -1.1 -0.55 -1.1 
(Source) Current IOH 9.5 o 10 10 -1.3 -2.6 - - - -

Output Voltage 0,5 5 0 0.1 - 0 0.1 
Low-Level VOL:!: - 0,10 10 - 0 0.1 - - -

uutput vOltage 
VOH:!: 

0,5 
150 

4.11 
1~ 

4.11 ° 
Hiah Level - o 10 9.9 - - - - V 

Input Low 0.5,4.5 
1°0 - O.~~O 

U.II 
Voltage Vil 0.5,9.5 - - - - - -

Input Mlgn U.O, 4.0 0 VDD-2 WDO-2 
Voltaee VIH 0,59.5 - 10 7 - - - - -

Input Leakage Any 0,5 5 ±1 .... ±1 ±1 
Current liN Input o 10 10 - ±10-4 ±2 - - - pA 

3-State Output Leakage 0,5 0,5 5 - ±10'""! ±1 ±10"4 ±1 
Current lOUT 0, 10 0, 10 10 - ±10-4 ±10 - - -

Operating Current, 1001:1: ~',Oo ,°0 
1.0 1.0 mA - 10 - - - -

Input Capacitance CIN - 5 7.5 - 5 7.5 pF 
Output CapaCitance COUT - - - 10 15 10 15 

-TYPical values are for TA=25'C and nominal VOO. :l:IOL=IOH=l pA. 
#Operating current is measured at 200 ' kHz or VOO = 5 V and 400 kHz for VOO = 10 V, with open outputs (worst-case 

frequencies for COP1802A system operating at maximum speed of 3.2 MHz). , . 
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CDP6402, CDP6402C 

DESCRIPTION OF OPERATION 

Initialization and Controls 

A positive pulse on the MASTER RESET (MR) input resets 
the control, status, and receiver buffer registers, and sets 
the serial output (TRO) High. Timing is generated from the 
clock inputs RRC and TRC ata frequency equal to 16times 
the serial data bit rate. The RRC and TRC inputs may be 
driven by a common clock. or may be driven independently 
by two different clocks. The CONTROL REGISTER LOAD 
(CRL) input is strobed to load control bits for PARITY 
INHIBIT (PI), EVEN pARITY ENABLE (EPE). STOP BIT 
SELECTS (SBS), and CHARACTER LENGTH SELECTS 
(CLS1 and CLS2). These inputs may be hand wired to VSS 
or VDD with CRL to VDD. When the initialization is 
completed. the UART is ready for receiver andlor transmitter 
operations. 

Transmitter Operation 

The transmitter section accepts parallel data, formats it, 
and transmits it in serial form (Fig. 2) on the TRO terminal. 

5-8 DATA BITS I,H/20R 2 STOP BITS 
I -L-

STARTBIT,,\ 'I ------'------'1 I I 

1\ !LSB! !MSB! ~LLL 
*1 F ENABLED PARITY ' 

92CS-34554 

Fig. 2 - Serial data format. 

Transmittertiming is shown in Fig. 3. (A) Data is loaded into 
the transmitter buffer register from the inputs TBR1 through 
TBR8 by a logic low on the"i'B'RI input. Valid data must be 
present at least tOT prior to. and tTD following. the rising 
edge of Tmrr:. If words less than 8 bits are used. only the 
least significant bits are used. The character is right 
justified into the least significant bit. TBR1. (B) The rising 
edge of TBRL clears TBRE. 'h to 1 'h cycles later. depending 
on when the TBRL pulse occurs with respect to TRC. data is 
transferred to the transmitter register and TRE is cleared. 
TBRE is set to a logic High one cycle after that. 

Output data is clocked by TRC. The clock rate is 16 times 
the data rate. (C) A second pulse on fBR[ loads data into 
the transmitter buffer register. Data transfer to the 
transmitter register is delayed until transmission of the 
current character is complete. (D) Data is automatically 
transferred to the transmitter register and transmission of 
that character begins. 

92CS-38054R1 

Fig. 3 - Transmitter timing waveforms. 

Receiver Operation 

Data is received in serial form at the RRI input. When no 
data is being received. RRI input must remain high. The 
data is clocked through the RRC. The clock rate is 16 times 
the data rate. Receiver timing is shown in Fig. 4. 

::i • V2 TO 91/2 8EGINNING OF FIRST STOP BIT" i---CLOCK CYCLES 

RR I 

R8RI-8 ,0£ 

DR 

FE ,PE 

I DATA I I 

J~ 
I 

A - :---1/2CLOC 
C CYCLE 

92C8 -M55'R2 

Fig. 4 - Receiver timing waveforms. 

K 

(A) A low level on 5R'R clears the DR line. (B) During the 
first stop bit data is transferred from the receiver register to 
the RBRegister. If the word is less than 8 bits. the unused 
most significant bits will be a logic low. The output 
character is right justified to the least significant bit RBR1. A 
logic high on OE indicates overruns. An overrun occurs 
when DR has not been cleared before the present character 
was transferred to the RBA. (C) 1/2 clock cycle later DR is 
set to a logic high and FE is evaluated. A logic high on FE 
indicates an invalid stop bit was received. A logic high on 
PE indicates a parity error. 

Start Bit Detection 

The receiver uses a 16X clock for timing (Fig. 5). The start 
bit could have occurred as much as one clock cycle before it 
was detected. as indicated by the shaded portion. The 
center of the start bit is defined as clock count 7 1/2. If the 
receiver clock is a symmetrical square wave. the center of 
the start bit will be located within ±1/2 clock cycle, ±1/32 bit 
or ±3.125%. The receiver begins searching for the next start 
bit at 9 clocks into the first stop bit. 

CLOCK 

COUNT 7 1/2 
DEFINED CENTER 
OF START BIT 

RRI INPUT-m START 

I .. I.. 7 1/2CLOC~ 14-- CYCLES 
8 1/2 CLOCK 

CYCLES 

92CS- 34eea 

Fig. 5 - Start bit timing waveforms. 
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CDP6402, CDP6402C 

Table I - Control Word Function 

IIInlOn 

CLS2 CLS1 PI I; PI; 

L L L L 
L L L L 
L L L H 
L L L H 
L L H X 
L L H X 
L H L L 
L H L L 
L H L H 
L H L H 
L H H X 
L H H X 
H L L L 
H L L L 
H L L H 
H L L H 
H L H X 
H L H X 
H H L L 
H H L L 
H H L H 
H H L H 
H H H X 
H H H X 

X = Don't Care 

Table II - Function Pin Definition 

PIN 
1 
2 
3 
4 

5 

6 
7 
8 
9 
10 
11 
12 
13 

14 

SYMBOL 
VDD 
N/C 
GND 
RRD 

RBR8 

RBR7 
RBR6 
RBR5 
RBR4 
RBR3 
RBR2 
RBRl 

PE 

FE 

DESCRIPTION 
Positive Power Supply 
No Connection 
Ground (VSS) 
A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding 
register ouputs RBR1-RBR8 to a high 
impedance state. 
The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs. Word formats less than 8 'I"': ~~ :;:h:~:;t;'d to RBR1 

A high level on PARITY ERROR 
indicates that the received parity does 
not match parity programmed by control 
bits. The output is active until parity 
matches on a succeeding character. 
When parity is inhibited, this output 
is low. 
A high level on FRAMING ERROR 
indicates the'first stop bit was invalid. 
FE will stay active until the next valid 
character's stop bit is received. 

SRS 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

PIN 

15 

16 

17 

18 

19 

20 

21 

22 
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DATABITA PARITY BIT ATOP BITtS\ 
5 ODD 1 
5 ODD 1.5 
5 EVEN 1 
5 EVEN 1.5 
5 DISABLED 1 
5 DISABLED 1.5 
6 ODD 1 
6 ODD 2 
6 EVEN 1 
6 EVEN 2 
6 DISABLED 1 
6 DISABLED 2 
7 ODD 1 
7 ODD 2 
7 EVEN 1 
7 EVEN 2 
7 DISABLED 1 
7 DISABLED 2 
8 ODD 1 
8 ODD 2 
8 EVEN 1 
8 EVEN 2 
8 DISABLED 1 
8 DISABLED 2 

SYMBOL DESCRIPTION 

DE A high level on OVERRUN ERROR 
indicates the data received flag was not 
cleared before the last character was 
transferred to the receiver buffer 
register. The Error is reset at the next 
character's stop bit if ORR has been 
performed (Le., ORR; active low). 

SFD A high level on STATUS FLAGS 
DISABLE forces the outputs PE, FE, DE, 
DR, TBRE to a high impedance state. 

RRC The RECEIVER REGISTER CLOCK is 
16X·the receiver data rate. 

riR1f' A low level on DATA RECEIVED RESET 
clears the data received output (DR), to 
a low level. 

DR A high level on DATA RECEIVED 
indicates a character has been received 
and transferred to the receiver buffer 
register. 

RRI Serial data on RECEIVER REGISTER 
INPUT is clocked into the receiver 
register. 

MR ,A high level on MASTER RESET (MR) 
clears PE, FE, DE and DR, and sets TRE, 
TBRE, and TRO. TRE is actually set on 
the first rising edge of TRC after MR 
goes high. MR should be strobed after 
power-up. 

TBRE A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the 
transmitter buffer register has 
transferred its data to the transmitter 
register and is ready for new data. 

U) 
U)...I 
:::IcC 
mffi 
t::z:: 
m!!: 
alia: w a.. 



CDP6402, CDP6402C 

Table II • Function Pin Deflnilion (Cont'd) 

PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION 
23 TBRL A low level on TRANSMITTER BUFFER 

REGISTER LOAD transfers data from 
inputs TBR1-TBR8 into the transmitter 
buffer register. A low to high transition 
on TBRL requests data transfer to the 
transmitter register. If the transmitter 
register is busy, transfer is automatically 
delayed so that the two characters are 
transmitted end to end. 

24 TRE A high level on TRANSMITTER 
REGISTER EMPTY indicates completed 
transmission of a character including 
stop bits. 

25 TRO Character data, start data and stop bits 

34 CRL A high level on CONTROL REGISTER 
LOAD loads the control register. 

35 PI" A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low. 

36 SBS" A high level on STOP BIT SELECT 
selects 1.5 stop bits for a 5 character 
format and 2 stop bits for other lengths. 

37 CLS2" These inputs program the CHARACTER 
LENGTH SELECTED. (CLS1 low CLS2 
low 5-bits) (CLS1 high CLS210w 6-bits) 
(CLS110w CLS2 high 7-bits) (CLS1 high 
CLS2 high 8-bits). 

38 CLS1" See Pin 37 - CLS2 
appear serially at the TRANSMITTER 
REGISTER OUTPUT. 

26 TBR1 Character data is loaded into the 
TRANSMITTER BUFFER REGISTER via 
inputs TBR1-TBR8. For character 

39 EPE" When PI is low, a high level on EVEN 
PARITY ENABLE generates and checks 
even parity. A low level selects odd 
parity. 

40 TRC The TRANSMITTER REGISTER 
formats less than 8-bits, the TBR8, 7, CLOCK is 16X the transmit data rate. 
and 6 Inputs are ignored corresponding 
to the programmed word length. 

27 TBR2 

1 
28 TBR3 
29 TBR4 
30 TBR5 See Pin 26 - TBR1 
31 TBR6 
32 TBR7 
33 TBR8 

"See Table I (Control Word Function) 
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Specifications CDP6402, CDP6402C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +850 C, VDD ± 5%, t" tf = 20 nl, 

V,H = 0.7 VDD, V,L = 0.3 VDD, CL = 100 pF 

LIMITS 

CDP6402 CDP6402C 

CHARACTERISTIC t VDD 
Typ.·1 TYP.·/ (V) Max.t. 

System Timing (See Fig. 6) 

Minimum Pulse Width: 5 50 150 50 
CRL tCRL 10 40 100 -

Minimum Setup Time 5 20 50 20 
Control Word to CRL tcwc 10 0 40 -, 

Minimum Hold Time 5 40 60 40 
Control Word after CRL tccw 10 20 30 -

Propagation Delay Time 5 130 200 130 
SFD High to SOD tSFDH 10 100 150 -

SFD Low to SOD tSFDL 5 130 200 130 
10 40 60 -

RRD High to Receiver Register 5 80 150 80 
High Impedance tRRDH 10 40 70 -

RRD Low to Receiver Register 5 80 150 80 
Active tRRDL 10 40 70 -

Minimum Pulse Width: 5 200 400 200 

MR 10 100 200 -

-Typical values for T A = 250 C and nominal VDD. 

t.Maximum limits of minimum characteristics are the values above which all devices function. 

t All measurements are made at the 50% point of the transition except tri-state measurements. 

CONTROL INPUT WORD TIMING 

Max.t. 

150 
-
50 
-
60 
-

200 
-

200 
-

150 
-
150 
-

400 

-

CONTROL WORD------'r--------~~~~~~~~------------~I.r_--------
INPUT CONTROL WORD BYTE 

~-----------------'CWC ., .. tccw 

CRL jr----------""'\\--_____ _ 
-------------~,..I .. O---------'CRL -----.. ""11 

STATUS OUTPUT TIMING t§90"lo 70"lo~ 
STATUS ______________ ~~----;-----------------------_=~~~ OUTPUTS 

'SFDH _I 10"10 ~% 'SFDL 

r--------.n-------, S FD ___________ --J 

RECEIVER REGI~TER DI~CDNNECT TIMING 

: :~: ~ ____ ---,.--'~'" 90 "10 70% ~~ __ _ 

'RRDH _I ~10"lo --I 30% r-'RROL 

RRO ____ ~~I--~--------------;R~----'I~-----------

Fig. 6 - System timing waveforms. 
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Specifications CDP6402, CDP6402C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +850 C. VDD ± SOfa. tr• tl = 20 ns. 
VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF 

LIMITS 

CHARACTERISTIC t 
CDP6402 I CDP6402C 

~~? Tm, - 1 Max.a I Typ.- I 
Transmitter Timing (See Fig. 7) 

Minimum Clock Period (TRC) tcc 5 250 310 250 
10 125 155 -

Minimum Pulse Width: 5 100 125 100 
Clock low level tCl 10 75 100 -

Clock High level tCH 5 100 125 100 
10 75 100 -

l'BRt tTHTH 5 80 200 80 
10 40 100 -

Minimum Setup Time: 5 175 275 175 
TBRl to Clock tTHC 10 90 150 -

Data to Tii'R"[" .Jfr tOT 5 20 50 20 
10 0 40 -

Minimum Hold Time: 5 40 60 40 
Data after TBAl / tTD 10 20 30 -

Propagation Delay Time: 5 300 450 300 
Clock to Data Start Bit tCD 10 150 225 -

Clock to TBRE tCT 5 330 400 330 
10 100 150 -

TBAl to TBRE tTTHR 5 200 300 200 
10 100 150 -

Clock to TRE tTTS 5 330 400 330 
10 100 150 -

-Typical values for T A = 250 C and nominal VDD. 

aMaximum limits of minimum characteristics are the values above which all devices function. 
tAli measurements are made at the 50% pOint of the transition except tri-state measurements. 

** TRANSMITTER SHIFT 
REGISTER LOADED 

TRC I 

Max.a 

310 
-
125 
-

125 
-

200 
-

275 
-
50 
-
60 
-

450 
-

400 
-

300 
-

400 
-

I I I I 
I j..j- I I 

TBRL-----, rl~I~I~I--------------------1R~--------~--------
~---!. I I II : 
I-ITHTH-! 1--1 ~ICD --I !..-.CD 

TRO ------------.... 1 --1:-..;11 ) I : I~I ___________ ~R------L~IS-T~D~AT~A~B~IT 
ITTH~ ~ --.l !--ICT 

T::: ___________ -+!_~~I~~r'T-T-S~~-------~R~-----------

: ~I--------------------~R~---------------­
_~IDT~'TD~ 

+ :~~~-------~DATA' : 

If THE HDLDING REGISTER IS LOADED DN THE TRAILING EDGE DF Tl!lIL 92CM-34556 * * THE TRANSMITTER SHIFT REGISTER,IF EMPTY,IS LOADED ON THE FIRST HIGH-TO-LOW TRAN¥I!lIeN OF THE 

~~~~~:'~~~3~~~ss:IN~~1 ~~u'k~Of/%~'I<Dp~~Tb'8 ~~~~l.mRTRAILlNG EDGE OF AND 

Fig. 7 - Transmitter timing waveforms. 
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Specifications CDP6402, CDP6402C 

DYNAMIC ELECTRICAL CHARACTERISTICS al T A = -4010 +850 C. VDD ± 5%. Ir• If = 20 ns. 

VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF 

UIoIITS 

CHARACTERISTIC t 
CDP6402 CDP6402C 

~~r TVD.- Mall. A TVD.-
"ecelver liming (see Fig. 8) 

Minimum Clock Period (RRC) tcc 5 250 310 250 
...1ll 125 155 

Minimum Pulse Width: 5 100 125 100 
Clock Low Level !Cl 10 75 100 -
Clock High Level tCH 5 100 125 100 

10 75 1nn 

DATA RECEIVED RESET tDD 5 ;~ 75 50 
...1ll 4n 

I Minimum Setup Time: 5 100 150 100 
Data Start Bit to Clock tnr. 10 50 75 -

I propaaa Ion e a;t Ime: 
DA TA RECEIVED RESET to tDDA 5 150 250 150 
Data Received 10 75 125 -
Clock to Data Valid tCDV 5 275 400 275 

10 110 175 -
Clock to DR 

5 275 400 275 tCDA 
10 110 175 -

Clock to Overrun Error tCOE 5 275 400 275 
10 100 150 -

Clock to Parity Error tCPE 5 240 375 240 
10 120 175 

Clock to Framing Error tCFE 5 200 300 200 
10 100 150 -

-TYPical values for T A = 250 C and nominal VDD. 

AMaximum limits of minimum characteristics are the values above which all devices function. 
tAli measurements are made at the 50% point of the transition except tri-state measurements. 

:lJ: 'CC CLOCK 71/2. 
SAMPLE 

'CH H-i-'CL \,. 
RRC~R 

-J j+'DC* 
RRI START BIT PARITY 

CLOCK 71/2 LOAD 
HOLDING REGISTER 

M8II.A 

310 

125 
-
125 

75 

150 
-
250 
-

400 
-

400 
-
400 
-

375 

300 
-

R BUSO-----------------------------------------------------~~~~~ 
R BUS 7 

DR --------------~::::::::::::::::::::::::::::::::::::~~----­
-j j-.'DDA 

DRR-------------r-------------r-------------------------rt------

I--- · 00---1 
OE **---------------------------------------------------f~----

PE------------------------------------------------~~---

FE --------------------------------------------~'--92-C-M--~34-5-55L---

* IF A STAAT BIT OCCURS AT A TIME LESS THAN toe BEFORE A HIOHM TO-LOW TRANSITION 
OF THE CLOCK, THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO­
LOW TRANSITION OF THE CLOCK. THE START BIT MAY BE COMPLETELY ASYNCHRONOUS 
WITH THE CLOCK. 

** IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVEA HOLDING 
REGISTER BY THE TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING 
REGISTER, THE OE SIGNAL WILL COME TRUE. 

Fig. 8 - Receiver timing waveforms. 
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EHARRIS CDP65C51 
CDP65C51A 

January 1991 

CMOS Asynchronous Communications 
Interface Adapter {ACIA} 

Features Pinout 
• Compatible With 8-Bit Microprocessors 
• Full Duplex Operation With Buffered Receiver and Transmitter 

PACKAGE TYPES D, E AND M 
TOP VIEW 

• Data Set/Modem Control Functions 
• Internal Baud Rate Generator With 15 Programmable Baud Rates 

(50 to 19,200) 
Vss - I 281-- R/W 

CSO- 2 271-- +2 

• Program Selectable Internally or Externally Controlled Receiver 
Rate 

CSI - 3 261-- Il!ll 
RES- 4 251-- 07 

RXC- 5 241-- 06 
• Operates at Baud Rates Up To 250,000 Via Proper Crystal or Clock 

Selection 
XTLI- 6 231-- 05 

XTLC>-- 7 22 I-- 04 

• Programmable Word Lengths, Number of Stop Bits and Parity Bit RTS- 8 21 I-- 03 
~- 9 2QI-- 02 Generation and Detection 

• Programmable Interrupt Control 
TXO - 10 19 I-- 0' 
OTR- II 181-- DO 

• Program Reset RXO - 12 171-- !iSlf 

• Program Selectable Serial Echo Mode 
• Two Chip Selects 

RSO- 13 161-- DCD 

RSI -..,1:::4:-::-:=::-'5.J1-- VOO 
TOP VIEW 

• 4MHz, 2MHz or 1MHz Operation (CDP65C51 and CDP65C51A-4, 
-2, -1 Types, Respectively) 

• Single 3V to 6V Power Supply 
• Full TTL Compatibility 
• Synchronous CTS Operation 

Description 
The CDP65C51 and CDP65C51A Asynchronous Commu­
nications Interface Adapters (ACIA) provide an easily 
implemented, program controlled interface between 8-bit 
microprocessor based systems and serial' communication 
data sets and modems. The CDP65C51A is identical to the 
CDP65C51 except for the implementation of the CTS func­
tion. If a not-clear-to-send signal is received during the 
transmission of a character, the CDP65C51A will first allow 
completion of that transmission, and then disable the 
transm itter. 

The CDP65C51 and CDP65C51A have an internal baud 
rate generator. This feature eliminates the need for multiple 
component support circuits, a crystal being the only other 
part required. The Transmitter baud rate can be selected 
under program control to be either 1 of 15 different rates 
from 50 to 19,200 baud, or 1/16 times an external clock 
rate. The receiver baud rate may be selected under prog ram 
control to be either the transmitter rate, or at 1/16 times an 
external clock rate. The CDP65C51 and CDP65C51A have 
programmable word lengths of 5, 6, 7 or 8 bits; even, odd or 
no parity; 1, 1'1. or 2 stop bits. 

The CDP65C51 and CDP65C51A are designed for maxi­
mum programmed control from the CPU, to simplify 
hardware implementation. Three separate registers permit 

Copyright @) Harris Corporation 1991 

the CPU to easily select the CDP65C51A operating modes 
and data-checking parameters and determine operational 
status. 

The Command Register controls parity, reciever echo 
mode, transmitter Interrupt control, the state of the RTS line, 
receiver Interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, 
word length, receiver clock source and baud rate. 

The Status Register indicates the states of the IRQ, DSR 
and DCD lines, transmitter and receiver data registers, and 
overrun, framing and parity error conditions. 

The transmitter and receiver data registers are used for tem­
porary data storage by the CDP65C51A transmit and re­
ceive circuits. 

The CDP65C51 and CDP65C51A-1, -2 and -4 types are 
capable of interfacing with microprocessors with cycle 
tImes of 1 MHz, 2MHz and 4MHz, respectively. 

The CDP65C51 and CDP65C51A are supplied in 28 lead 
hermetic dual-in-line sidebrazed ceramic packages (0 suf­
fix), in 28 lead dual-in-line plastic packages (E suffix) and in 
28 lead dual-in-line small outline (SO) packages (M) suffix. 

File Number 2747 
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CDP65C51,CDP65C51A 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to Vss terminal) ..............•...........................•............•............ -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS .•................................................••....... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................••................••.............. ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

ForTA =-40 to +60°C (PACKAGE TYPE E) .............................................................. 500mW 
For TA = +60 to +85°C (PACKAGE TYPE E) ................................. Derate Linearly at 8 mW/oC to 300 mW 
For T A = -55 to +100° C (PACKAGE TYPE D) ............................................................. 500 mW 
For TA == +100 to +125°C (PACKAGE TYPE D) .......•.................•..... Derate Linearly at 8 mW/oC to 300 mW 
For TA = -40 to +85°C (PACKAGE TYPE M)* ............................................................. 425 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE 0 •..........•...........•....•........................•...............•......... -55 to +125°C 
PACKAGE TYPE E and M .......................................................................... -40 to +85°C 

STORAGE-TEMPERATURE RANGE (T SIg) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s maximum .................................... +265°C 

• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick Gl0 epoxy glass. or equivalent. 

RECOMMENDED OPERATING CONDITIONS at T A = -400 to +8S0 C 
For maximum reilablllty, nominal operating conditions should "be selected so that operation Is always 
within the following ranges: 

CHARACTERISTIC 
LIMITS 

Min. Max. 
DC Operating Voltage Range 3 6 
Input Voltage Range Vss Voo 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40· to +8So C, Voo = SV ± S% 

CHARACTERISTIC 
LIMITS 

Min. Typ. Max. 
Quiescent Device Current 100 - 50 200 
Output Low Current (Sinking): VOL = 0.4 V IOL 

1.6 
(00-07, TxD, RxC, RTS, DTR, IRQ 

- -
Output High Current (Sourcing): VOH - 4.6 V IOH -1.6 - -(00-07, TxD, RxC, R'i'S, DTR) 
Output Low Voltage: iLOAO = 1.6 mA VOL - 0.4 
(00-07, TxD, RxC, RTS, OTR, IRQ) -

Output High Voltage: ILOAO = -1.6 mA VOH 4.6 -(DO-07,TxD, Rxc,RTS, DTR) 
-

Input Low Voltage VIL Vss - 0.8 
Input High Voltage VIH 
(Except XTLI and XTLO) 2 - Voo 
(XTLI and XTLO) 3 - Voo 

Input,Leakage Current: VIN = 0 to 5 V liN 
±1 

(t{l2,R/W, RES, CSO, CS1, RSO, RS1, CTS, RxO, DCD, DSR) 
- -

Input Leakage Current for High Impedance State (00-07) iTsl - - ±1.2 
Output Leakage Current (off state): VOUT = 5 V (IRQ) 10FF - - 2 
Input Capacitance (except XTLI and XTLO) CIN - - 10 
Output Capacitance COUT - - 10 
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CDP65C51,CDP65C51A 

CDP65C51/51A INTERFACE REQUIREMENTS 

This is a description of the interface requirements for the 
CDP65C51 and CDP65C51A. Fig. 1 Is the Interface Diagram 
and the Terminal Diagram shows the pinout configuration for 
the CDP65C51A. 

00·07 

92CM-36860 

Fig. 1 - CDP65C51/51A Interface diagram 

MICROPROCESSOR INTERFACE 
SIGNAL DESCRIPTION 

RES (Reset) (4) 

CTs 

TxO 

6Cii 

6SiI 

RxC 
XTLI 
XTLO 

During system initialization a low on the RES input will 
cause a hardware reset to occur. The Command Register 
and the Control Register will be cleared. The Status 
Registerwill be cleared with the exception ofthe indications 
of Data Set Ready arid Data Carri.er Detect, which are 
externally controlled by the DSR and i5CD lines, and the 
transmitter Empty bit, which will be set. A hardware reset is 
required after power-up. 

1/J2 (Input Clock) (27) 

The input clock is the system 1/J2 clock and is used to clock 
all data transfers between the system microprocessor and 
the CDP65C51/51A. 

R/W (Read/Wrlte) (28) 

The R/W input, generated by the microprocessor, is used to 
control the direction of data transfers. A high on the R/W pin 
allows the processor to read the data supplied by the 
CDP65C51/51A, a low allows a write to the CDP65C51/51A. 

IRQ (Interrupt Request) (26) 

The IRQ pin is an interrupt output from the interrupt control 
logic. It is an open drain output~mitting several devices 
to be connected to the common TRa microprocessor input. 
Normally at high level, iRa goes low when an interrupt 
occurs. 

00-07 (Data Bus)(18-25) 
The DO-D7 pins are the eight data lines used to transfer data 
between the processor and the CDP65C51/51A. These lines 
are bidirectional and are normally high impedance except dur­
ing Read cycles when the CDP65C51/51A are selected. 

CSO, CS1 (Chip Selects) (2, 3) 

The two chip select inputs are normally connected to the pro­
cessor address lines either directly or through decoders. The 
CDP65C51/51A are selected when CSO is high and CS1 Is 
low. 

RSO, RSl (Register Selects) (13, 14) 

The two register select lines are normally connected to the pro­
cessor address lines to allow the processor to select the vari­
ous CDP65C51/51A intemal registers. The following table 
shows the internal register select coding. 

TABLE I 

RSl RSO Write Read 
0 0 Transmit Data Receiver Data 

Register Register 

0 1 Programmed Reset Status Register 
(Data is "Don't 

Care") 

1 0 Command Register 
1 1 Control Register 

Only the Command and Control registers are read/write. 
The Programmed Reset operation does not cause any data 
transfer, but is used to clear bits 4 through 0 in the 
Command Register and bit 2 in the Status Register. The 
Control Register is unchanged by a Programmed Reset. It 
should be noted that the Programmed Reset is slightly 
different from the Hardware Reset (RES); these differences 
are shown in Figs. 3, 4 and 5. 

ACIA/MODEM INTERFACE 
SIGNAL DESCRIPTION 

XTLI, XTLO (Crystal Pins) (6, 7) 

These pins are normally directly connected to the external 
crystal (1.8432 MHz) used to derive the various baud rates 
(see "Generation of Non-Standard Baud Rates"). Alterna­
tively, an externally generated clock may be used to drive 
theXTLI pin, in which casetheXTLO pin must float. XTLI is 
the input pin for the transmit clock. 

TxD (Transmit Data) (10) 

The TxD output line is used" to transfer serial NRZ 
(nonreturn-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first data 
bit transmitted and the rate of data transmission is 
determined by the baud rate selected or under control of an 
external clock. This selection is made by programming the 
Control Register. 

RxD (Receive Data) (12) 

The RxD input line is used to transfer serial NRZ data into 
the ACIA from the modem, LSB first. The receiver data rate 
is either the programmed baud rate or under the control of 
an externally generated receiver clock. The selection is 
made by programming the Control Register. 

5-14 



CDP65C51,CDP65C51A 

CDP65C51/51A INTERFACE REQUIREMENTS (Cont'd) 

RxC (Receive Clock) (5) 

The RxC is a bidirectional pin which serves as either the 
receiver 16X clock input or the receiver 16X clock output. 
The latter mode results if the internal baud-rate generator is 
selected for receiver data clocking. 

RTS (Request to Send) (8) 

The RTS output pin is used to control the modem from the 
processor. The state of the RTS pin is determined by the 
contents of the Command Register. 

CTi (Clear to Send) (9) 

The CTS input pin is used to control the transmitter 
operation. The enable state is with CTS low. The transmitter 
is automatically disabled if CTS is high. 

DTR (Data Terminal Ready) (11) 

This output pin is used to indicate the status of the CDP65C51 / 
51A to the modem. A low on DTR indicates the CDP65C51/ 
51A is enabled, a high indicates it is disabled. The processor 
controls this pin via bit 0 of the Command Register. 

DSR (Data Set Ready) (17) 

The DSR Input pin is used to indicate to the CDP65C51/51A 
the status of the modem. A low indicates the "ready" state and 
a high, "not ready". 

DCD (Data Carrier Detect) (16) 

The DCD input pin is used to indicate to the CDP65C51/51A 
the status of the carrier detect output of the modem. A low indi­
cates that the modem carrier signal is present and a high, that it 
is not. 

CDP65C51 AND CDP65C51A INTERNAL ORGANIZATION 

This is a functional description ofthe CDP65C51/51A. A block 
diagram of the CDP65C51/51A is presented in Rg. 2. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the in­
temal data bus. The Data Bus Buffer is bi-directional. When the 
R/W line is high an the chip is selected, the Data Bus Buffer 
passes the Data to the system data lines from the CDP65C511 
51 A internal data bus. When the R/W line is low and. the chip is 
selected, the Data Bus Buffer writes the data from the system 
data bus to the Internal data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the 
microprocessor to go low when conditions are met that 

DO-D7 

RlW 
CSO 

cs:r 
RBO 

RS1 

4>2 

RES 

can cause an interrupt will set bit 7 and the appropriate bit of 
bits 3 through 6 in the Status Register if enabled. Bits5 and 6 
correspond to the Data Carrier Detect (DCD) logic and the 
Data Set Ready (DSR) logiC. Bits 3 and 4 correspond to the 
Receiver Data Registerfull and the Transmitter Data Register 
empty conditions. These conditions can cause an interrupt 
request if enabled by the Command Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal 
registers in preparation for a data transfer on the internal 
data bus and the direction of the transfer to or from the 
register. 

The registers are selected by the Register Select and Chip 
Select and Read/Write lines as described in Table I, 
previously. 

TxD 

DCc 
DSR 

RxC 

XTLI 

XTLO 

DTR 

RTS 

RxD 

Fig. 2 - Internal organization. 92CM-36890RJ 
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CDP65C51,CDP65C51A 

CDP65C51/51A INTERNAL ORGANIZATION (Cont'd) 

TIMING AND CONTROL Receiver Data Register Full (Bit 3) 

The Timing and Control logic controls the timing of data 
transfers on the internal data bus and the registers, the Data 
Bus Buffer, and the microprocessor data bus, and the 
hardware reset features. 

Timing is controlled by the system cP2 clock input. Thechip 
will perform data transfers to or from the microcomputer 
data bus during the cP2 high period when selected. 

All registers will be Initialized by the Timing and Control 
Logic when the Reset (REST line goes low. Seethe individual 
register description forthestate ofthe registers following a 
hardware reset. 

TRANSMITTI:R AND RECEIVER 
DATA REGISTERS 

These registers are Used a temporary data storage for the 
CDP65C51/51A Transmit and Receive circuits. Both the 
mitter and Receiver are selected by a Register Select 0 
(RSO) and Register Select 1 (RS1) low condition. The 
Read/Write line determines which actually uses the internal 
data bus; the Transmitter Data Register is write only and the 
Receiver Data Register is read only. 

Bit 0 is the first bit to be transmitted from the Transmitter 
Data Register (least significant bit first). The higher order 
bits follow in order. Unused bits in this register are "don't 
care", 

The Receiver Data Register holds the first received data bit 
In bit 0 (least significant bit first). Unused high-order bits 
are "0". Parity bits are not contained in the Receiver Data 
Register. They are stripped off after being used for parity 
checking. 

STATUS REGISTER 

Fig. 3 Indicates the format ofthe CDP65C51/51 A Status Regi­
ster. A description of each status bit follows. 

76543210 

I I I I I I I I I 
L 

-
L.....-.-

76543210 

PARITY ERROA-
0- NO PARITY ERROR 
1 - PARITY ERROR OI:TECTED 

FRAMING ERROR· 
0- NO FRAMING ERROR 
1 - FRAMING ERROR DETECTED 

OVERRUN-
0- NO OVI:RRUN 
1 - OVERRUN HAS OCCURRED 

RECEIVER DATA REGISTER FULL 
0- NOT FULL 
1 - FULL 

TRANSMITTER DATA REGistER EMPTY 
0- NOT EMPTY 
1 - EMPTY 

DATA CARRIER DETECT (i5C5) 

~: ~ ~~ci:t(rNEJ'i~~TECTI:DI 
g~T; ~EZo':i~DE~~) 
1 - RiR HIGH (NOT READy) 

INTERRUPT (IRQ) 
0 .. NO INTERRUPT (IRQ PIN HIGH) 
1 -INTERRUP'r HAS OCCURRED (iifO PIN LOW) 

·NO INTERRUPTS OCCUR FOR 
THESE CONDITIONS 

10 1-1-1 110 1° I °loIHARDWARE RESET (RES) 
.- .-.-.-.-. a .- .-.PROGRAM RESET 

92CM·36783A1 

Fig. 3 - Status register format. 

This bit goes to a "1" when the CDP65C51/51A transfers data 
from the Receiver Shift Register to the Receiver Data 
Register, and goes to a "0" when the processor reads the 
Receiver Data Register. 

Transmitter Data Register Empty (Bit 4) 
This bit goes to a "1" when the CDP65C51/51A transfers data 
from the Transmitter Data Register to the Transmitter Shift 
Register, and goes to a "0" when the processor writes new 
data onto the Transmitter Data Register. 

Data Carrier Detect (Bit 5) and 
Data Set Ready (Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to the 
CDP65C51/51A. A "0" indicates a high (false). Whenever 
either of these inputs changes state, in immediate processor 
interrupt occurs, unless the CDP65C51/51A is disabled (bit 0 of 
the Command Register is a "0"). When the interrupt occurs, the 
status bits will indicate the levels of the inputs immediately 
after the change of state occurred. Subsequent level changes 
will not affect the status bits until the Status Register is 
interrogated by the processor. At that time, another interrupt 
will immediately occur and the status bits will reflect the 
new input levels. 

Framing Error (Bit 1), Overrun (Bit 2), and 
Parity Error (Bit 0) 

None of these bits causes a processor interrupt to occur, 
bulthey are normally cheeked althe time the Receiver Data 
Register is read so that the validity of the data can be 
verified. 

Interrupt (Bit 7) 

This bit goes to a "0" when the Status Register has been 
read by the processor, and goes to a "1" whenever any kind 
of interrupt occurs. 

CONTROL REGISTER 

The Control Register selects the desired transmitter baud 
rate, receiver clock source, word length, and the number of 
stop bits. 

Selected Baud Rate (Bits 0, 1, 2, 3) 

These bits, set by the processor, select the Transmitter 
baud rate, which can be at 1/16 an external clock rate or one 
of 15 other rates controlled by the Internal baud-rate 
generator as shown in Fig. 4. 

Receiver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A "0" 
causes the Receiver to operate at a baud rate of 1/16 an 
external clock. A "1" causes the Receiver to operate at the 
same baud rate as is selected forthe transmitter as shown in 
Fig. 4. 

Word Length (Bits 5, 6) 

These bits determine the word length to be used (5, 6, 7 orB 
bits). Fig. 4 shows the configuration for each numberof bits 
desired. 

Stop Bit Number (Bit 7) 

This bit determines the number of stop bits used. A "0" 
always indicates one stop bit. A "1" indicates 1 'h stop bits if 
the word length is 5 with no parity selected, 1 stop bit if the 
word length is 8 with parity selected, and 2 stop bits in all 
other configurations. 
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CDP65C51/51A INTERNAL ORGANIZATION (Cont'd) 

Data Terminal Ready (Bit 0) 
4 o 

I~BI~ S8R 
I S N fW[fJWijjl Res S8R3 SBR2 SBR1ISBRO 

This bit enables all selected interrupts and controls the 
state ofthe Data Terminal Ready (OTR) line. A "0" indicates 
the microcomputer system is not ready by setting the OTR 
line high. A "1" ind~tes the microcomputer system is 
ready be setting the DTRline low. When the OTR bit is setto 
a "0", the receiver and transmitter are both disabled_. __ 

L,J 
1'--___ ,. SELECTED BAUD RATE ISBR) 

31210 
'0'000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

1/18X EXTERNAL CLOCK 
50; BAUD' 
75 BAUD, 
10 ... 21 BAUD' 
134.58 I BAUD 
11101 BAUD 
300 BAUD 
800 BAUD 
1200 BAUD 
,. BAUD 
2400 BAUD 
3800 BAUD 
411001 BAUD 
7200 BAUD 
8800, BAUD 
11200 1 BAUD 

'--------- RECEIVER CLOCK SOURCE lACS) 
0- EXTERNAL RECEIVER CLOCK 
1 - BAUD RATE: 

Receiver I nterrupt Control (Bit 1) 

This bit disables the Receiver from generating an interrupt 
when set to a "1". The Receiver interrupt is enabled when 
this bit is set to a "0" and Bit 0 is set to a "1". 

Transmitter I nterrupt Control (Bits 2, 3) 

These bits control the state of the Ready to Send (RTS) line 
and the Transmitter interrupt. Fig. 5 shows the various 
configurations of the RTS line and Transmit Interrupt bit 
settings. 

Receiver Echo Mode (Bit 4) 
L-__________ WORD LENGTH IWLj 

U 
This bit enables the Receiver Echo Mode. Bits 2 and 3 must 
be zero. I n the Receiver Echo Mode, the Transmitter returns 
each transmission received by the Receiver delayed by 'h bit 
time. A "1" enables the Receiver Echo Mode. A "0" bit 
disables the mode. 

00 881TS 
017BITS 
10 SBITS 
11 5 BITS 

'-------------- STOP BIT NUMBER ISBN) 
0-18TOP81T 
1 - 2 STOP BITS 

- 1-112 STOP BITS I 
78543210 

I~I~ I~ I~ I~I~ I~I~I ~~:::~::~(RE8) 
Parity Mode Enable (Bit 5) 

FOR WL=5 AND NO PARITY 
-1 STOP BIT 

FOR WL-a AND PARITY 

92CM- 36781 

Fig. 4 - CDP65C51/51A control register. 

COMMAND REGISTER 

This bit enables parity bit generation and checking. A "0" 
disables parity bit generation by the Transmitter and parity 
bit checking by the Receiver. A "1" bit enables generation 
and checking of parity bits. 

Parity Mode Control (Bits 6, 7) 

The Command Register controls specific modes and 
functions (Fig. 5). 

These bits determine the type of parity generated by the 
Transmitter, (even, odd, mark or space) and the type of 
parity cheCk done by the Receiver (even, odd, or no check). 
Fig. 5 shows the possible bit configurations for the Parity 
Mode Control bits. 

7 6 3 

PMC PME I REM TIC IRD 10TR I 
PMCt PMea "I TICl TICO 

L,.-l L DATA TERMINAL READY (OTRI 

0- DATA TERMINAL NOT READY (OTR PIN HIGH, 
1 - DATA TERMINAL READY (DTR PIN LOW) 

- RECEIVER INTERRUPT CONTROL (IRD) 
0- RECEIVER INTERRUPT ENABLED 
1 - RECEIVER INTERRUPT DISABLED 

~----- TRANSMITTER INTERRUPT CONTROL (TIC) - See Note 
3 2 
'0 '6 R'i'S - HIGH, TRANSMIT INTERRUPT DISABLED* 
o 1 m - LOW, TRANSMIT INTERRUPT ENABLE 
1 0 m- LOW. TRANSMIT INTERRUPT DISABLED 
1 1 RTS - LOW, TRANSMIT INTERRUPT DISABLED 

TRANSMIT BREAK ON T x D 

'---------- RECEIVER ECHO MODE (REM) 
0- RECEIVER NORMAL MODE 
1 - RECEIVER eCHO MODE* 

'----------- PARITY MODE ENABLE (PME) 
0- PARITY MODE DISABLED 

NO PARITY BIT GENERATED 
PARITY CHECK DISABLED 

1 - PARITY MODE ENABLED 

~------------- PARITY MODE CONTROL (PMC) 

76543210 
101° 10 10 \0 \0 I 0 10 I HARDWARE RESET (RES) 
- - - 0 0 0 0 0 PROGRAM RESET 

!! 
o 0 ODD PARITY TRANSMITTED/RECEIVED ° 1 EVEN PARITY TRANSMITTED/RECEIVED 
1 0 MARK PARITY BIT TRANSMITTED 

PARITV CHECK DISABLED 
1 1 SPACE PARITV BIT TRANSMITTED 

PARITY CHECK DISABLED 

* BITS 2 AND 3 MUST BE ZERO FOR RECEIVER ECHO MODE. FiTs WILL BE lOW. 

Fig. 5 - CDP65C51/51A command register 92CM-36790R1 
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NOTE: When changing command register 
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CDP65C51,CDP65C51A 

CDP65C51/51A INTERNAL ORGANIZATION (Cont'd) 

TRANSMITTER AND RECEIVER ... - ..... --R.D 

Bits 0-3 of the Control Register select the divisor used to 
generate the baud rate for the Transmitter. If the Receiver 
clock is to use the same baud rate as the transmitter. then 
AxC becomes an output and can be used to slave other cir· 
cuits to the CDP65C51/51A Fig. 6 shows the Transmitter and 
Receiver layout. ...-----------R.C 

XTLI--~.----.., 

XTLO 

T.O 

92CS-36791 

Fig. 6 • Transmitter receiver clock circuits. 

CDP65C51/51A OPERATION 

TRANSMITTER AND RECEIVER OPERATION 

Contlnous Data Transmit (Fig. 7) 

In the normal operating mode, the processor Interrupt (IRQ) Is 
used to Signal when the CDP65C51/51A Is ready to accept the 
next data word to be transmitted. This interrupt occurs at the 
beginning of the Start Bit. When the processor reads the Status 
Register of the CDP65C51151A, the Interrupt Is cleared. The 

processor must then Identify that the Transmit Data Register Is 
ready to be loaded and must then load it with the next data 
word. This must occur before the end of the Stop Bit, otherwise 
a continuous "Mark" will be transmitted. 

CHAR"" CHAR#n+1 CHAR#n+2 CHAR:ln+3 
I I I I 

/ ST~ STOY STO';/ STO) 

hDl GGLGI:J I ~]~;1i] I GRJ3iJ I G"GT]g:J L 
~ART ~TART fTART fTART I 
I I I I I 
I I I I I 

iRO un UU' /LJI] un L 
r:ro;R~suS.g.R ) I l PROCESSOR MUST 
(TRANSMIT DATA LOAD NEW DATA 
REGISTER EMPTY) IN THIS TIME 

PROCESSOR READS STATUS 
REGISTER. CAUSES IRQ 

INTERVAL; OTHERWISE, 
CONTINUOUS "MARK" 
IS TRANSMITTED 

aacM-038792R1 

TO CLEAR Fig. 7 • Continuous data transmit. 

Similar to the above case, the normal mode Is to generate a 
processor Interrupt when the CDP65C51/51A has received a 
full data word. This occurs at about the 6/16 point through the 

Stop Bit The processor must read the Status Register and read 
the data word before the next interrupt, otherwise the Overrun 
condition occurs. 

CHAR #n CHAR #n+1 CHAR #n+2 CHAR #n+3 

/r--_.....JI-__ ~V I ,/ I ,/ I , 

-r-""T"--,,,,ST,,,O,,,P STOP STOP STOP 

R.D l rB;;GI:Gl:] I 83".bEJ I GG[GI:] I GTB;J~EEJ L 
START I START , START I START I 

I : : : 

iRa --.-rrr--LlIJ' t /UJ UJ L ) 1 ~:~~~~s,.°~A~~~~ ~~~: 
TIME INTERVAL; OTHERWISE, 

PROCESSOR OVERRUN OCCURS 
INTERRUPT OCCURS 
ABOUT 8118 INTO 
LAST STOP BIT. 
PARITY, OVERRUN, 
AND FRAMING ERROR 
UPDATED, ALSO 

PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 
TQCLEAR 

Fig. 8 • Continuous data receive. 
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CDP65C51/51A OPERATION (Cont'd) 

Transmit Data Register Not Loaded 
By Proce .. or (Fig. 9) 

Ifthe processor is unable to load the Transmit Data Register 
in the allocated time, then the TxD line will go to the 
"MARK" condition until the data is loaded. When the 

processor finally loads new data, a Start Bit immediately 
occurs, the data word transmission is started. and another 
interrupt is initiated. signaling for the next data word. 

CHAR #n 

/r--------~I------~, 
CONTINUOUS "MARK" CHAR#n+2 CHAR#n+1 

/r--------~I--------~'/r--------~---------
STOP STOP 

hO n ER"1~il:J I 
I START 

1TI"===::::::::=:711 

PROCESso1 INTERRUPT 
FOR DATA 
REGISTER 
EMPTY 

PROCESSOR 
READS 
STATUS 
REGISTER 

INTERRUPTS 
CONTINUE AT 
CHARACTER RATE 
EVEN THOUGH 
NO DATA IS 
TRANSMITTED 

STOP 

EE[EE] I 83]~I 
ISTART ISTART 

\ 
WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 
OCCURS, INDICATING TRANSMIT 
DATA REGISTER EMPTY 

n..----

92CM-36794RI 

Fig. 9 - Transmit data rflgistflr not loadfld by procflssor. 

Effect of CTS on CDP65C51 Transmitter (Fig. 10) 

CTS is the Clear-to-Send signal generated by the modem. 
It Is normally low (true state) but may go high In the event of 
some modem problems. When this occurs, the TxD line 
Immediately goes to the "Mark" condition. Interrupts contin­
ue at the same rate, but the Status Register does not 

CHAR#n CHAR#n+1 
I ,/ I 

TxoE[J BN I I SToplSTARTI 801 B, 
I I BN I 
--

I 
iRa 

CLEAR-TO-SEND 

indicate the Transient Data Register is empty. Since there Is 
no status bit for CTS, the processor must deduce that CTS 
has gone to the False (high) state. This is covered later. CTS 
Is a transmit control line only, and has no effect on the 
CDP65C51 Receiver Operation. 

, 
P I SToplsTARTI Bo I B, 

I 

/ 

IB2: 

CONTINUOUS "MARK" 
I 

NOT CLEAR-To-SEND 

_/ 
PROCESSOR READS 
STATUS REGISTER. 
SINCE DATA REGISTER 

CTS GOES HIGH. 
INDICATING MODEM 

:E~~~:~'f~:~x D 
IMMEDIATELY GOES 
TO "MARK" CONDITION 

NEXT 
PROCESSOR 
INTERRUPT 
AT NORMAL 
START BIT 
TIME 

IS r!Q! EMPTY. PROCESSOR 
MUST DEDUCE THAT 
mOS SOURCE OF 
INTERRUPT (THIS IS 
COVERED ELSEWHERE 
IN THIS NOTE). 

92CM-36795 

Fig. 10 - Effect of CTS on CDP65C51 transmitter 
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CDP65C51/51A OPERATION (Cont'd) 

TRANSMITTER AND RECEIVER OPERATION (Cont'd) 

Effect of CTS on CDP6SCS1A Transmitter (Fig_ 10A) 

CTS is the Clear-to-Send signal generated by the modem. II 
is normally low (true state) but may go high in the event of 
some modem problems. When this occurs, the TxD line 
goes to the "MARK" condition following the complete 
transmission of any character which is currently being 

CHAR #n CHAR #n+1 

shifted out of the Transmitter Shift Register. Since there Is 
no status bit for CTS. the processor must deduce that CTS 
has gone to the False (high) state. This Is covered later. CTS 
is a transmit control line only. and has no effect on the 
CDP6sCS1 A Receiver Operation. Normal transmission will 
resume when CTS goes low again. 

-------L!----------~'/r--~::;:::~!~::~::~::,~ 
TxDE~ I BN I p ISTOpl .. S_TA_R_T ... I_Bo_.LI_B_'~1 J BN I p ISTOPISTARTI BO I B, H_-~ I 

/ 

CONTINUOUS "MARK" 
! 

I I 
/ iRa -------11 III U 

Pm IS NOT ASSERTED 
AGAIN UNTIL en 
GOES LOW 

CLEAR-rO-SEND 

Cii GOES HIGH, 
INDICATING MODEM 
IS ~OT RE~DY TO 
RECEIVE DATA. TxD 
GOES TO "MARK" CONDITION 
AnEft COMPLETE CHARACTER 
IS TRANSMITTED. 

NOT CLEAR-To-SEND 

92CM-42327 

Fig. 10A - Effect of CTS on CDP65C51A transmitter 

Effect of Overrun on Receiver (Fig. 11) 

Ifthe processor does not read the Receiver Data Register in 
the allocated time. then. when Ihe following interrupt 
occurs. the new data word is not transferred to the Receiver 

Data Register. but the Overrun status bit is set. Thus. the 
Data Register will contain the last valid data word received 
and all following data Is lost. 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 

~ ! ~ ! ~ ! ~r--------~! ----
STOP STOP STOP STOP 

RxD n re;sr~b1:J I GGLG!EJ I G[B~[G!EJ I GT;[~ 
I~ I~ I~ I~ 

'\ / MT------

RECEIVER DATA REGISTER 
NOT UPDATED BECAUSE 
PROCESSOR DID NOT READ 
PREVIOUS DATA. OVERRUN 
BIT SET IN STATUS 
REGISTER. 

~OVERAUN BIT SET IN 
STATUS REGISTER 

92CM-36796RI 

Fig. 11 - Effect of overrun on receiver. 
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CDP65C51/51A OPERATION (Cont'd) 

TRANSMITTER AND RECEIVER OPERATION (Conl'd) 

Echo Mode Timing (Fig. 12) 

In Echo Mode, the TxD line re-transmits the data on the RxD line, delayed by 'h of the bit time. 

Fig. 12· Echo mode timing. 

Effect of CTS on Echo Mode Operation (Fig. 13) 

See "Effect of CTS on Transmitter" for the effect of CTS on 
the Transmitter. Receiver operation is unaffected by CTS, 
so, in Echo Mode, the Transmitter is affected in the same 
way as "Effect of CfS on Transmitter". I n this case however, 

the processor interrupts signify that the Receiver Data 
Register is full, so the processor has no way of knowing that 
the Transmitter has ceased to echo. 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 
~/r--------I~-------,/ I ,/ I '/r ______ ~I~------

..... ....,._TS:..:.T:::.:;OP STOP STOP 

RxD Tl GELGEJ I GGJ_:BiJ I GGLI3O:J I [1iO]::[r3: 
I~ I~ I~ I~ 

STOP 

mb LJI] LJI] LllJ Lillm---
NOT·CLEAR-T(),SEND 

I 
STOP STOP I 

TxD ~:n.l~I~~I ISNJ P .1 J eol sd 8·11 

I 

START 

L~ / ffiGDESTO 
"FALSE" CONDITION 

NORMAL -
RECEIVER DATA 
REGISTER FULL 
INTERRUPTS ,2CM-36798 

Fig. 13 - Effect of CfS'on echo mode. 
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CDP65C51/51A OPERATION (Cont'd) 

TRANSMITTER AND RECEIVER OPERATION (Confd) 

Overrun In Echo Mode (Fig. 14) 

If Overrun occurs in Echo Mode, the Receiver is affected the 
same way as described in "Effect of Overrun on Receiver". 

For the re-transmitted data, when overrun occurs, the TxD 

line goes to the "MARK" condition until the first Start Bit 
after the Receiver Data Register is read by the processor. 

CHAR #n CHAR #x CHAR .x + 1 
---...../ I" / 1 "/,-____ .1.1 __ _ 

STOP STOP STOP STOP 

RXOJ! CSOEI_E8 I GFCEEl I [%fBt"[OGEJ I GEI]3: 
I~ ~ ~ ~ 

iRO LJIJ' /Llll H Llll lJlJrT.------
! ! ,~----~----~/ 

STOP 

hO n GET I START 

PROCESSOR 
INTERRUPT 
FOR AECEIVER 
DATA REGISTER 
FULL 

PROCESSOR 
READS 
STATUS 
REGISTER 

13iJ 

1 
OVERRUN OCCURS 
TxDGOESTO 
"MARK" 
CONDITION 

PROCESSOR FINALLY 
READS RECEIVER 
DATA REGISTER, 
LAST VALID 
CHARACTER (#n) 

L-..J....--l_B..;1.J..]~ 

PROCESSOR 
INTERRUPT 
FOR CHAR #x 
IN RECEIVER 
DATA REGISTER 

92CM-36788 

Fig. 14 - Overrun In echo mode. 

Framing Error (Fig. 15) 

Framing Error is caused by the absence of Stop Bit(s) on 
received data. The status bit is set when the processor 
interrupt occurs. Subsequent data words are tested for 

RxO 
(EXPECTED) 

RxO 
(ACTUAL) 

NOTES: 
1. FRAMING ERROR DOES NOT 

INHIBIT RECEIVER OPERATION. 
2. IF NEXT DATA WORD IS OK. 

FRAMING ERROR IS CLEARED. 

Framing Error separately, so the status bit will always 
reflect the last data word received. 

PRoctSSOR 
INTERRUPT, 
FRAMING 
ERROR 
BIT SET 

92CM- 36789 

Fig. 15 - Framing error. 
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CDP65C51/51A OPERATION (Cont'd) 

TRANSMITTER AND RECEIVER OPERATION (Cont'd) 

Effect of DeD on Receiver (Fig. 16) 

DCD is a modem output used to indicate the status of the carri­
er frequency detection circuit of the modem. This line goes 
high for a loss of carrier. Normally, when this occurs, the mo­
dem will stop transmitting data (RxD on the CDP65C51/51A 
some time later). The CDP65C51/51A will cause a processor 
interrupt whenever DCD changes state and will indicate this 
condition via the Status Register. 

Once such a change of state occurs, subsequent transitions 
will not cause interrupts or changes in the Status Register until 
the first interrupt is serviced. When the Status Register is read 
by the processor, the CDP65C51/51A automatically checks 
the level of the DCD line, and if it has changed, another inter­
rupt occurs. 

-r--r--r ,--, __ ~S~T~O;P r--r __ r--r,-____ ~C~O~N~TI~N=U=OU~S~··=M~A=RK~·· ______ ~S~T~O;P STOP 

RxD Bol B,I B21 J3iJ I I Bol B,I B211 G I GGIJO~E] L 
START I ! START 

--~~~~1 1~~~~1 

DCD ------I---.....JI I I ~l --+-----~ 

LJInJI]IC' ==::;::1 ==::7j/LlU IRQ 

t 1 AS LONG AS 1 NORMAL OCD IS HIGH. 
PROCESSOR NO FURTHER 
INTERRUPT PROCESSOR INTeRRUPTS PROCESSOR 

INTERRUPT FOR RECEIVER INTERRUPT 

6~~N~C~IGH WILL OCCUR ~g~N~OW 

Fig. 16 - Effect of DeD on receiver. 

Timing with 1'/2 Stop Bits (Fig. 17) 

i III 
I III 
L __ 1U 

f 
NO INTERRUPT 
WILL OCCUR 
HERE, SINCE 
RECEIVER IS NOT 
ENABLED UNTIL 
FIRST START BIT 
DETECTED 

PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
DATA 

92CM- 36786 

It is possible to select 1 Y, Stop Bits, but this occurs only for 
5-bit data words with no parity bit. In this case, the 

processor interrupt for Receiver Data Register Full occurs 
halfway through the trailing half-Stop Bit. 

RxD 

CHAR#n 
I 

LJl] 
1 

PROCESSOR INTERRUPT 
OCCURS HALFWAY 
THROUGH THE 1/2 
STOP BIT 

Fig. 17 - Timing with 1-1/2 stop bits. 
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CDP65C51,CDP65C51A 

TRANSMITTER AND RECEIVER OPERATION (Cont'd) 

Transmit Continuous "BREAK" (Fig. 18) 

The mode III sl;Ilected via the CDP65C51/51A Command 
Regillter and caulles the Tranllmltter to lIend continuoull 
"BREAK" characterll after both the tranllmltter and tranll­
mitter-holding registerll have been emptied. 

When the Command Regillter is programmed back to nor­
mal transmit mode, a Stop Bit is generated and normal 
tranllmission continues. 

NORMAL 
INTERRUPT 

aN p STOP 

i------ooj-PERIOD DURING 
WHICH PROCIiI8OR 
SeLECTS 
CONTINUOUS 
"BREAK" MODE 

~--------~,/~-----

STOP 

~EB I r;R 
I START 

rTT""---...; 

POINTATWHI~ / 
PROCESSOR PROCESSOR 
SELECTS INTERRUPT 
NORMAL TO ,,"OAD 
TRANSMIT TRANSMIT 
MODE DATA 

92CM~367B!5 

Fig. 18 - Transmit continuous "BREAK". 

Receive Continuous "BREAK" (Fig. 19) 

In the event the modem tranllmitll continoull "BREAK" 
characterll, the CDP65C51/51A will terminate receiving. 

Reception will rellume only after a Stop Bit ill encountered 
by the CDP65C51/51A. 

--------, 
aTOP 

CONTINUOUS "BREAK" 

Rx D E~~ I 1 80 , 81 I _I 8N I P (TOP, U I I START 

------~ ~------~ 

PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
DATA REGISTER 
FULL 

PROCESSOR 
INTERRUPT 
WITH FRAMING 
ERROR (PARITY 
ANDOYERRUN 
CHECKS NORMAl.) 

/ '/r------
STOP STOP n A3~8:::J I I So I B, I 
I START I START 

~ 
NO INTERRUPT 
SINCE RECEIVER 
DISABLED UNTI~ 
FIRST STOP BIT 

92CM-36784 

rr---

NORMAL 
REelEvER 
INTERRUPT 

Fig. 19 - Receive continuous "BREAK". 
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CDP65C51,CDP65C51A 

CDP65C51/51A OPERATION (Conl'd) 

STATUS REGISTER OPERATION 

Because of the special fu nctions of the various status bits, 
there is a suggested sequence for checking them. When an 
interrupt occurs, the CDP65C51/51A should be interrogated, 
as follows: 

1. Read Status Register 

This operation automatically clears Bit 7 (IRQ). 
Subsequent transitions on DSR and DCD will cause 
another interrupt. 

2. Check IRQ Bit 

If not set, interrupt source is not the CDP65C51/51A. 

3. Check DCD and DSR 

These must be compared to their previous levels, which 
must have been saved by the processor. If they are both 
"0" (modem "on-line") and they are unchanged then the 
remaining bits must be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) 

Only if Receiver Data Register is Full. 

6. Check TDRE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above, then CTS must have gone to the 
False (high) state. 

PROGRAMMED RESET OPERATION 

A program reset occurs when the processor performs a write 
operation to the CDP65C51/51A with RSO high and RS1 
low. The program reset operates somewhat different from 
the hardware reset (RES pin) and is described as follows: 

1. I nternal registers are not completely cleared. The data 
sheet indicates the effect of a program reset on internal 
registers. 

2. The DTRline goes high immediately. 

3. Receiver and transmitter interrupts are disabled 
immediately. If IRQ is low when the reset occurs, it stays 
low unt,l serviced, unless interrupt was caused by DCD 
or DSR transition. 

4. DCD and DSR interrupts disabled immediately. If IRQ is 
low anc was caused by DCD or DSR, then it goes high, 
also DeD and DSR status bits subsequently will follow 
the input lines, although no interrupt wUI occur. 

5. Overrun cleared, if set. 

MISCELLANEOUS NOTES ON OPERATION 

1. If Echo Mode is selected, RTS goes low. 

5·25 

2. If Bit 0 of Command Register is "0" (disabled), then: 
a) All interrupts disabled, including those caused by 

DCD andL5SR transitions. 
b) Receiver disabled, but a character currently being 

received will be completed first. 
c) Transmitter is disabled after both the Transmit Data 

and Transmit Shift Registers have been emptied. 

3. Odd parity occurs when the sum of all the "1" bits in the 
data word (including the parity bit) is odd. 

4. I n the Receive Mode, the received parity bit does not go 
into the Receiver Data Register, but is used to generate 
parity error for the Status Register. 

5. Transmitter and Receiver may be in full operation 
simultaneously. This is "full-duplex" mode. 

6. If the RxD line inadvertently goes low and then high 
during the first 9 receiver clocks after a Stop Bit; a false 
Start Bit will result. 

For false Start Bit detection, the CDP65C51/51A does not 
begin to receive data, instead, only a true Start Bit initiates 
receiver operation. 

7. A precaution to consider with the crystal oscillator 
circuit is: 

The XTLI input may be used as an external clock 
input. The XTLO pin must be floating and may not be 
used for any other function. 

8. DCD and DSR transitions, although causing immediate 
processor interrupts, have no effect on transmitter 
operation. Data will continue to be sent, unless the 
processor forces transmitter to turn off. Since these are 
high-impedance inputs, they must not be permitted to 
float (un-connected). If unused, they must be terminated 
either to Gnd or Voo. 

GENERATION OF NON-STANDARD BAUD RATES 

Divisors 

The internal counter/divider circuit selects the appropriate 
divisor for the crystal frequency by means of bits 0-3 of the 
CDP65C51/51A Control Register. 

The divisors, then, are determined by bits 0-3 in the Control 
Register and their values are shown in Table II. 

Generating Other Baud Rates 

By using a different crystal, other baud rates may be 
generated. These can be determined by: 

Crystal Frequency 
Baud Rate = 

Divisor 

Furthermore, it is possible to drive the CDP65C51 /51 A with an 
off chip oscillator to achieve the same thing. In this case, XTLI 
(pin 6) must be the clock input and XTLO (pin 7) must be a no 
connect. 

en 
en..J :;:)< 
alffi 
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CONTROL 
REGISTER 

BITS 
3 2 1 0 

CDP65C51,CDP65C51A 

CDP65C51/51A OPERATION (Cont'd) 

Table II - Dlvllor Selection 

DIVISOR SELECTED 
FOR THE BAUD RATE GENERATED 

INTERNAL COUNTER WITH 1.8432 MHz 
BAUD RATE GENERATED 

WITH FREQUENCY (F) 

0 0 0 0 No Divisor Selected 1/16 of External Clock at Pin XTLI 1/16 of External Clock at Pin XTLI 
1.8432 x 10· F 

0 0 0 1 36,864 36.864 = 50 36.864 
1.8432 x 10' F 

0 0 1 0 24.576 24.576 75 24.576 
1.8432 x 10· F 

0 0 1 1 16,768 16.768 = 109.92 16.768 
1.8432 x 108 F 

0 1 0 0 13.696 13.696 = 134.58 13.696 
1.8432 x 10· F 

0 1 0 1 12,268 12.288 = 150 12.288 
1.8432 x 10· F 

0 1 1 0 6,144 6.144 =300 6.144 
1.8432 x 108 F 

0 1 1 1 3,072 3.172 = 600 3.072 
1.8432 x 10& F 

1 0 0 0 1.536 1.536 = 1200 1.536. 
1.8432 x 108 F 

1 0 0 1 1.024 1024 = 1800 
1.0~ 

1.8432 x 108 F 
1 0 1 0 768 768 = 2400 768 

1.8432 x 108 F 
1 0 1 1 512 512 = 3600 512 

1.8432 x 108 F 
1 1 0 0 384 384 = 4800 384 

1.8432 x 10· F 
1 1 0 1 256 256 = 7200 256 

1.8432 x 108 F 
1 1 1 0 192 192 = 9600 192 

1.8432 x 108 F 
1 1 1 1 96 96 = 19200 96 

QI~~~OSTIC LOOP-BACK OPERATING MODES 

A simplified block diagram for a system incorporating a CDP65C51/51A is shown In Fig. 20. 

TO DATAUNK 

Fig. 20 - Simplified system diagram. 
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CDP65C51/51A OPERATION (Cont'd) 

DIAGNOSTIC LOOP-BACK OPERATING MODES 
(Confd) 

Occasionally it may be desirable to include in the system a 
facility for "loop-back" diagnostic testing, of which there 
are two kinds: 

1. Local Loop-Back 

Loop-back from the pOint ofview ofthe processor. In this 
case, the Modem and Data Link must be effectively 
disconnected and the ACIA transmitter connected back 
to its own receiver, so that the processor can perform 
diagnostic checks on the system, excluding the actual 
data channel. 

2. Remote Loop-Back 

Loop-back from the pOint of view of the Data Link and 
Modem. In this case, the processor, itself, is disconnected 
and all received data is immediately retransmitted, so the 
system on the other end of the Data Link may operate 
independent of the local system. 

The CDP65C51/51A does not contain automatic loop back 
operating modes, but they may be implemented with the 
addition of a small amount of external circuitry. 

Rg. 21 indicates the necessary logic to be used with the 
CDP65C51/51A 

The LLB line is the positive-true signal to enable local loop­
back operation. Essentially, LLB = high does the following: 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 

3. Connects transmitter outputs to respective receiver 
inputs: 

a) TxDto RxD 

b) DTR to DCD 

c) RTS toCi'S 

LLB may be tied to a peripheral control pin to provide 
processor control of local loop-back operation. In this way, 
the processor can easily perform local loop-back diagnostic 
testing. 

Remote loop-back does not require this circuitry, so LLB 
must be set low. However, the processor must select the 
following: 

1. Control Register bit 4 must be "1", so that the transmitter 
clock = receiver clock. 

2. Command Register bit 4 must be "1" to select Echo 
Mode. 

3. Command Register bits 3 and 2 must be "1" and "0", 
respectively, to disable transmitter interrupts. 

4. Command Register bit 1 must be "0" to disable receiver. 
interrupts. 

In this way, the system retransmits received data without 
any effect on the local system. 

CDP8SCS1f61A 

I 'ATs DTii TxO RxO DCii CTs OSR I 
LLB 

+5 

SEL wJ 
2Y~ 

*'" 
STB 3Y 

COHC157 4Y 

~ 1B 1A 

2B 2A 

3B 3A 

~ 4B 4A 

'-- BEL 1Y 

2Y 

~ 
aTB 3Y 

CDHC157 4Yf--

E 
1B 1A 

2B 2A 

3B 3A r---
- 4B 4A f--

NOTES: 1. HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE. 
2. HIGH ON HC157 SELECT INPUT GATES "B" INPUTS 

TO "Y" OUTPUTS; LOW GATES "A" TO "Y". 

Fig. 21 - Loop-back circuit schematic. 
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CDP65C51,CDP65C51A 

PYI\IAMIC ELECTRICAL CHARACTERISTICS-REAP/WRITE CYCLE 

VOO ... 5V ± 5%, TA = -40oC to +850 C, CL = 75pF 

LIMITS 

CDP65C51-1 CDP65C51-2 CDP65C51-4 
CDP65C51A-1 CDP65C51A-2 CDP65C51A-4 

CHARACTERISTIC MIN MAX MIN MAX MIN MAX 

Cycle Time tCYC 1 - 0.5 - 0.25 -
<1>2 Pulse Width tc 400 - 200 - 100 -
Address Setup Time tAC 120 - 60 - 30 -
Address Hold Time tCAH 0 - 0 - 0 -
R/W Setup Time twc 120 - 60 - 30 -
R/W Hold Time tCWH 0 - 0 - 0 -
Data Bus Setup Time tDCW 120 - 60 - 35 -
Data Bus Hold Time tHW 20 - 10 - 5 -
Read Access Time (Valid Data) tCDR - 200 - 150 - 50 

Read Hold Time tHR 20 - 10 - 10 -

Bus Active Time (Invalid Data) tCDA 40 - 20 - 10 -

+2 _____ J 

R/W 

DATA BUS 

, Write-timing waveforms 

t- VIH 

'" ::t~~CDR -1 tHR I-- V
IL 

DATA BUS 6::LL2L!~/_ _ ___ ..J~::: 
tCDA 

Read-timing waveforms 
92CM-3677~ 

Fig. 22 - Timing waveforms. 
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CDP65C51,CDP65C51A 

DYNAMIC ELECTRICAL CHARACTERISTICS-TRANSMIT/RECEIVE, See Figs. 23, 24 and 2S. 

VDD = SV ±S%, TA = -400C to +8S0C 

LIMITS 

CDP6SCS1/S1A-1 CDP6SCS1/S1A-2 CDP6SCS1/S1A-4 

CHARACTERISTIC MIN MAX MIN MAX MIN MAX UNIT 

Transmit/Receive Clock Rate tCCY 400· - 325 - 250 - ns 

Transmit/Receive Clock High Time tCH 175 - 145 - 110 - ns 

Transmit/Receive Clock low Time tCl 175 - 145 - 110 - ns 

XTLI to TxD Propagalion Delay too - SOO - 410 - 315 ns 

RTS Propagation Delay IDLY - SOO - 410 - 31S ns 

IRO Propagation Delay (Clear) tiRO - SOO - 410 - 315 ns 

RES Pulse Widlh IRES 400 - 300 - 200 - ns 

(tr. If - 1 Ons 10 30ns) 
1 

• The baud rate wilh exlernal clocking is: Baud Rale = --
16 x TCCY 

+2 \ 
tcCY .... 'DLY-

XTLI -tCH----j ..--
( TRANSMITl 11 

11=-- iifR. RTS ~ CLOCK INPUT) I .!/- -
-tCl--j 

I-- tiiiQ 
too 

'l 
T1fij r-hO (CLEAR) 

NOTE: TxO RATE IS 1116 TxC RATE 92C9-3I771 
92CS-36776 

Fig. 23 - Transmit timing waveforms with external clock. Fig. 24 - Interrupt and output timing waveforms. 

,." ... , :::r:::::J 

f!O 
TRANSMITTER XTll 

t F'''=t 
CLOCK 

1.8432 MHz 

J XTlO 

CRYSTAL 
OPEN 

RxC CIRCUIT XTLO 

(INPUT) 

.I 
t cl-=+.! 

ell; '0-50 pF 
NOTE. RxO RATE IS 1/16 RxC RATE INTERNAL CLOCK EXTERNAL CLOCK 

92CS-38778 92CS-42341 

Fig. 25 - Receive external clock timing waveforms. Fig. 26 - Transmitter clock generation. 
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Features 
• Low Power, High Speed, High Density CMOS 
• Internal Time Base and Oscillator 
• Counts Seconds, Minutes and Hours of the Day 
• Counts Days of the Week, Date, Month and Year 
• 3V to 6V Operation 
• Time Base Input Options ••.•.•••••••••••••••• 4.194304MHz, 

1.048576MHz, or 32.768kHz 
• Time Base Oscillator for Parallel Resonant Crystals 
• Typical Operating Power 
~ Low Frequency Time Base •.•••••••••••••• 40llW to 200llW 
~ High Frequency Time Base •..••••••••••.• 4.0mW to 20mW 

• Binary or BCD Representation of Time, Calendar and Alarm 
• 12 or 24 Hour Clock with AM and PM In 12 Hour Mode 
• Daylight Savings Time Option 
• Automatic End of Month Recognition 
• Automatic Leap Year Compensation 
• Microprocessor Bus Compatible 
• MO:rEL Circuit for Bus Universality 
• MUltiplexed Bus for Pin Efficiency 
• Interfaced with Software as 64 RAM Locations 
• 14 Bytes of Clock and Control Registers 
• 50 Bytes of General Purpose RAM 
• Status Bit Indicates Data Integrity 
• Bus Compatible Interrupt Signals (IRQ) 
• Three Interrupts are Separately Software Maskable and 

Testable 
~ Time-of-Day Alarm, Once-Per-Second to Once-Per-Day 
~ Periodic Rates From 30.511S to 500ms 
~ End-of-Clock Update Cycle 

• Programmable Square Wave Output Signal 
• Clock Output May Be Used As Microprocessor Clock Input 
~ At Time Base Frequency +1 or +4 

• 24 Pin Dual In Line Package 

CDP6818 
CMOS Real-Time Clock 

With RAM 

Description 
The CDP6818 Real-Time Clock pluse RAM is a 
peripheral device which includes the unique 
MOTEL concept for use with many 8 bit 
microprocessors, microcomputers, and larger 
computers. This device combines three unique 
features a complete tlme-of- day clock with alarm 
and one hundred year calendar, a programmable 
periodic interrupt and square wave generator,;and 
50 bytes of low power static RAM. The CDP6818 
uses high speed CMOS technology to interface 
with 1 MHz processor buses, while consuming 
very little power. 

The Real-nme Clock plus RAM has two distinct 
uses. First, it is designed as a battery powered 
CMOS device (in an otherwise NMOSmL system) 
including all the common battery backed-up func· 
tlons such as RAM, time, and calendar. Secondly, 
the CDP6818 may be used with a CMOS 
microprocessor to relieve the software of the 
timekeeping workload and to extend the available 
RAM of an MPU such as the CDP6805E2. 

The CDP6818 is supplied In a 24 lead dual-in-line 
plastic package (E suffix) and in a 24 lead dual-in­
line sldebrazed ceramic package (D suffix). 

Pinout PACKAGE TYPES D AND E Block Diagram 
TOP VIEW 

VDD ose1 
OSC1 23 sow 

OS" 
OSC2 .. ps 
'DD 21 CK OUT 

'D, 2D CKFS 

'DZ 19 IRQ 

'D' 10 REm'" 

'D' '7 DS 

'D' ,. NC 

'D6 'D " RIW 

'D7 " ,. AS 

Vss 12 ,. ". ." 

c; REm 

"' .. 

Copyright @ Harris Corporation 1991 File Number 1375.1 
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CDP6818 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Ratings Symbol Value Unit 
Supply Voltage VDD -0.3 to +8 V 
All Input Voltages Yin VSS-0.5 to VDD+0.5 V 
Current Drain per Pin Excluding 

I 10 rnA VDD and VSS 
Operating Temperature Range TA Oto +70 °C 
Storage Temperature Range Tstg -55to +150 ·C 

DC ELECTRICAL CHARACTERISTICS (VDD = 5 Vdc ± 10% VSS = 0 Vdc T A = 0° to 70°C unless otherwise noted) 

Characteriatics Symbol Min Max Unit 

Frequency of Operation lose 32.768 4194.304 kHz 

Output Voltage VOL - 0.1 
V 

I Load < 10 /loA VOH VDD-O.l -
IDD - B~sJdle (External clock) 

CKOUT=lose, CL = 15 pF; SQW Disabled, CE=VDD-0.2; CL (OSC2)= 10 pF 
fose=4.194304 MHz IDD1 - 3 rnA 
lose = 1.048516 MHz IDD2 - 0.8 rnA 
lose = 32.768 kHz IDD3 - 50 /loA 

IDD Quiescent IDD4 50 ,.P-
fose = DC; OSCl = DC; 
All Other Inputs=VDD-0.2 V; 
No Clock 

Output High VoltaQe ADO-AD? CKOUT 
VOH 4.1 - V 

(ILoad=" -:f6 rnA, SUW, I Load = -1.0 rnA) 
.-

Output Low Voltage ADO-AD? CKOUT 
VOL - 0.4 V 

II Load = 1.6 iliA, IRQ, and SQW, I Load = 1.0 rnA) ... 

Input High Voltage CKFS, ADO-AD7, DS, AS, R/W, CE, PS VDD-2 VDD 
RESET VIH VDD-0.8 VDD V 
OSCl VDD-l VDD 

Input Low Voltage ADO-AD7, DS, AS, R/W, CE VSS 0.8 
CKFS,PS, RESET VIL VSS 0.8 V 

OSCl VSS 0.8 

Input Current All Inputs lin - ±1 /loA 
Three-State Leakage ADO-AD7 ITSL - ±10 /loA 

DC ELECTRICAL CHARACTERISTICS (Voo = 3 Vde, Vss = 0 Voe, TA = O· to 70·C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Frequency 01 Operation lose 32.768 32.768 . kHz 
Output Voltage VOL 0.1 

V 
ILOAO < lOp A VOH Voo-O.l 

100.- Bus IdJe 
CKOUT = I ... , CL = 15 pF, SOW Disabled, ~ = Voo-0.2, CL (OSC2) = 10 pF 
lose = 32.768 kHz 1000 - 50 pA 

IDD - Ouiscent 1004 - 50 pA 
lose = OS; OSC1=DC; 
All Other Inputs = Voo-0.2 V; 
No Clock 

Output High Voltage 
(LLoad = -0.25 rnA, All Outputs) VOH 2.7 - V 

uutput Low VOltage 
(!coad = 0.25 rnA, All Outputs) VOL - 0.3 V 

Input High Voltage ADO-AD7, DS, AS, WW, CE, V,H 2.1 Voo V 
~,CKFS,PS, OSCl 2.5 Voo 

Input Low Voltage (All Inputs) V,L V •• 0.5 V 
Input vurrent All Inputs . in :1:: pA 
r hree-State Leakage IRO, ADO-AD7 IrsL ±lu pA 
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CDP6818 

BUS TIMING -
Voo = 5.0 V 

± 10% 
Voo = 3.0 V 2 TTL and 

Idenl. 50 pF Load 130 pF Load 
Number Charlclerlsllcs Symbol Min MIlL' Min MIx Unll 

1 Cycle Time Ic,e 5000 - 953 dc ns 
2 Pul .. Width, DSIE Low or ROIWR High PW~L 1000 - 300 - ns 
3 Pul .. Width, DSIE High or ROIWR Low PWEH 1500 - 325 - ns 
4 nput Ri .. and Fall Time t" tf 100 30 ns 
8 R/W Hold Time tRWH 10 10 ns 

13 RIW Setup Time Before DSIE tRW8 200 - 80 ns 
14 Chip Enable Setup Time Before ASIALE Fall tcs 200 * 55 * ns 
10 IInlp t::naDle HOld lime tcH 10 0 ns 
18 Head Data Hold Time tDHR 10 1000 10 100 ns 
21 write ata Hold Time tOHW 100 0 ns 
24 Muxed Address Valid Time to ASIALE Fall IAsL 200 - 50 - ns 
25 Muxed Address Hold Time IAHL 100 - 20 - ns 
26 Delay Time DSIE to ASIALE Rise tASO 500 - 50 - ns 
27 Pulse Width, ASIALE High PWASH 600 - 135 ns 
28 Delay Time, ASIALE to DSIE Rise 1A •• 0 500 - 60 - ns 
30 Peripheral Output Data Delay Time from DSIE or RD tooR 1300 - 20 240 ns 
31 Peripheral Data Setup Time tosw 1500 - 200 - ns 

NOTE: Designations E, ALE, 1!fI5, and WR" refer to signals from alternatlv'!l microprocessor signals. 
*See Important Application Notice (refer to Fig. 23). 

Ir-----""\I VHIGH ,.---

I II----@. ~ '1 VLOW 
AS ----:-__ --'.,.r ~ _ ~ ..... +0 

r\:I 'i' 

R/W 

ADO­
AD7 

WRITE 

ADO­
AD7 

READ 

®_~ ..... r::r--0_4 ______ 0~- ~ ® 

1'~----_<3r-----i' 

.. I- @ -------hl 
________ ~~~------------~X~­

- ... 

~ \-@ 
-.. 4® 

JjJrT-"'j ~-r-r-ji \\\\\\\\ 
r-f-@ 

-@ 

------~~I~~~~~~~)C~~~----------~ 
@).-. r- -~®---{e3O)---~ ---@ 

NOTE: VHIGH~VDD-2.0 v. VLOW=0.8 V. for VDD=5.0 v ± 10% 

Fig. 2 - CDP6818 bus timing waveforms. 
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ALE (Address Latch Enable) 
(AS Pin) 

RD (Read Output Enable) 
(oS Pin) 

WR (Write Enable) 
(R/WPin) 

CE (Chip Enable) 

ADO-AD7 

CDP6818 

I~.--------------------~G)~----------------~.-I 

(Address/Data B_Us,;;,) ___________ -< Read Data 
Valid 

ALE (Address Latch Enable) 
(AS Pin) 

R5 (Read Output Enable) 
(DS Pin) 

iiiiR (Write Enable) 
(R/W Pin) 

Fig. 3 - Bus-read timing competitor multiplexed bus. 

I~.~.~--------------~G)~------------------~~-I 

CE(ChiPE~n~ab~le~) __ ~~~~~~~~~~~--~---------------------------+_~~~~=== 

ADO-AD7 
(Address/Dat~a.::B:::u~s)~ __________ _< 

NOTE: VHIGH=VOO-2.0 V, VLOW=O.8 V, for VOO=5.0 V ±10% 

I~.----~Gry~--~.-I 

Write Data 
Valid 

Fig. 4 - Bus-write timing competitor multiplexed bus. 
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CDP6818 

TABLE 1 - SWITCHING CHARACTERISTICS (VDD=5 Vdc ± 10%, VSS ... O Vdc, IA=Oo to 70°CI 

Description 

Oscillator Startup 

Reset Pulse Width 

Reset Delay Time 

Power Sense Pulse Width 

Power Sense Delay Time 

IRO Release from DS 

IRO Release from RESET 

VRT Bit Delay 

DS 
\"VLOW 

RESET 

J VHIGH " 
tlRDS 

NOTE: VHIGH=VDD-2.0 V, VLOW=0.8 V, for VDD=5.0 V ± 10% 

Test 
Point 

Vi 

All Outputs Except OSC2 (See Figure 101 

Fig. 5 - ii'fQ release delay timing waveforms. 

2k 

Fig. 6 - TTL equivalent test load. 
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Symbol Min Max 

tRC - 100 

tRWL 5 -
tRLH 5 -
tpWL 5 -
tpLH 5 -
tlRDS - 2 

IIRR - 2 
tVRTD - 2 

J .... 

tlRR 

VDD 

liRa Onlyl 

Test Point 0----.. 

Unit 

ms 

p's 

p's 

p's 

P.s 

p's 

p's 

p's 

4.02 k 
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Voo Pin 
OV __ --J/1-----~sr-s ---

• 

mEi"Pin 

CKOUT Pin ___ ~_tRC-_nJUlJl.sr_flJ1Jl 
Fig. 7 - Power-up timing waveforms. 

VDO 

rr H 
VOO Pin 

ov 

PS Pin ("we] 

1 
~ t- tvRTD 

VRT Bit II 7 
CD The VRT bit is set to a ··1·· by reading Control Register #D. The VRT Bit can only be cleared by pulling 

the PS Pin low (see REGISTER 0 ($00)). 

Fig. 8 - Conditions that clear VRT bit timing waveforms. 
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MOTEL 

The MOTEL circuit is a new concept that permits the 
COP6818 to be directly interfaced with many types of micro­
processors. No external logic is needed to adapt to the differ­
ences in bus control signals from common multiplexed bus 
microprocessors. 

Practically all microprocessors interface with one of two 
synchronous bus structures. 

The MOTEL circuit is built into peripheral and memory ICs to 
permit direct connection to either type of bus. An industry 
standard bus structure is now available. The MOTEL concept 
is shown logically in Figure 9. 

Competitor Type 
MPU Signals 

CDP6818 
Pm Signals 

MOTEL selects one of two interpretations of two pins. In the 
6805 case, OS and R/W are gated together to produce the 
internal read enable. The internal write enable is a similar 
gating of the inverse of R/W With competitor buses, the inver­
sion of AD and WR create functionally identical internal read 
and write enable signals. 

The COP6818 automatically selects thejlrocessor type by 
using ASI ALE to latch the state of the OS/ffi'i pin. Since OS is 
always low and RO is always high during AS and ALE, the latch 
automatically indicates which processor type is connected. 

Internal 
Signals 

6800 
Family Type 
MPU Signals 

AS ALE AS 

D 

n---4----1 C 

Q 
Competative Bus 

6805 
Family 

Bus 

OS, E, or <1>2 OS Read Enable 

R/W R/W Write Enable 

Fig. 9 - Functional diagram of MOTEL circuit. 

SIGNAL DESCRIPTIONS 

The block diagram in Figure 1, shows the pin connection 
with the major internal functions of the COP6818 Real-Time 
Clock piUS RAM. The following paragraphs describe the func­
tion of each pin. 

VDD,VSS 
DC power is provided to the part on these two pins, VOO 

being the most positive voltage. The minimum and max­
imum voltages are listed in the Electrical Characteristics 
tables. 

OSC1, OSC2 - TIME BASE, INPUTS 
The time base for the time functions may be an external 

signal or the crystal oscillator. External square waves at 
4.194304 MHz, 1.048576 MHz, or 32.768 kHz may be con­
nected to OSC1 as shown in Figure 10. The time-base fre­
quency to be used is chosen in Register A. 

The on-chip oscillator is designed for a parallel resonant 

AT cut crystal at 4.194304 MHz or 1.048576 MHz frequen­
cies. The crystal connections are shown in Figure 11 and the 
crystal characteristics in Figure 12. 

CKOUT - CLOCK OUT, OUTPUT 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a se­
cond crystal. The frequency of CKOUT depends upon the 
time-base frequency and the state of the CKFS pin as shown 
in Table 2. 

CKFS - CLOCK OUT FnEQUENCY SELECT, INPUT 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. CKFS tied to VOO causes CKOUT to be 
the same frequency as the time base at the OSC1 pin. When 
CKFS is at VSS, CKOUT is the OSC1 time-base frequency 
divided by four. Table 2 summarizes the effect of CKFS. 
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l VD:PliOnal 

~ (VDD-1.0 VI 

I 
I 2 

4.194304 MHz 
or 

1.048576 MHz 
or 

32.768 kHz 

• • OSC1 

3 
(Openl - OSC2 

Fig. 10 - External Time-base connection. 

r--------------.------~~~OSC1 

4.194304 MHz 
or 

1.048576 MHz 
or 

32.768 KHz 

Rf 

3 
.--~'''~.---~OSC2 

CDP6818 

Cout'T 
CDP6818 

'32 768 KHz - Consult manufacturers specification 

Fig. 11 - Crystal oscillator connection. 

Crystal Equivalent Circuit 

L1 C1 RS 

-----1" c; :J~2 
_3 ------110..--1 --

fose 4.194304 MHz 1.048576 MHz 32.768 KHz 
Rs max 750 7000 50K 
CO max 7 pF 5 pF 1.7 pF 

Cl 0.012 pF 0.008 pF 0.003 pF 
Gm/Cout 15-30 pF 15-40 pF 10-22 pF 

Q 50 k 35 k 30 k 
R - - 300-470 K 
R, 10M 10M 22M 

Fig. 12 - Crystal parameters. 
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TABLE 2 - CLOCK OUTPUT FREQUENCIES 

Time Base Clock Frequency Clock Frequency 
(OSC1) Select Pin Output Pin 

Frequency (CKFS) (CKOUT) 
4.194304 MHz High 4.194304 MHz 
4.194304 MHz Low 1.048576 MHz 
1.048576 MHz High 1.048576 MHz 
1.048576 MHz Low 262.144 kHz 

32.768 kHz High 32.768 kHz 
32.768 kHz Low 8.192 kHz 

SQW - SQUARE WAVE, OUTPUT 

The SQW pin can output a signal one of 1S of the 22 
internal-divider stages. The frequency and output enable of 
the SQW may be altered by programmiqg Register A, as shown 
in Table S. The SQW signal may be turned on and off using a bit 
in Register B. 

ADO-AD7 - MULTIPLEXED BIDIRECTIONAL 
ADDRESS/DATA BUS 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and uSing the 
same pins during the second portion for data. Address-then­
data multiplexing does not slow the access time of the 
CDP6818 since the bus reversal from address to data is oc­
curring during the internal RAM access time. 

The address must be valid just prior to the fall of AS/ ALE at 
which time the CDP6818 latches the address from ADO to 
ADS. Valid write data must be presented and held stable during 
the latter portion of the DS or WR pulses. In a read cycle, the 
CDP6818 outputs 8 bits of data during the latter portion of the 
DS or RO pulses, then ceases driving the bus (returns the 
output driv~ to three-state) when OS falls in this case of 
MOTEL or RD rises in the other case. 

AS - MULTIPLEXED ADDRESS STROBE, INPUT 

A positive going multiplexed address strobe pulse serves to 
demultiplex the bus. The falling edge of AS or ALE causes the 
address to be latched within the COP6818. The automatic 
MOTEL circuitry in the COP6818 also latches the state of the 
OS pin with the falling edge of AS or ALE. 

DS - DATA STROBE OR READ, INPUT 

The OS pin has two interpretations via the MOTEL circuit. 
When emanating from a 6800 type processor, OS is a positive 
pulse during the latter portion of the bus cycle, and is variously 
called DS (data strobe), E (enable), and rfJ2 (rfJ2 clock). Ouring 
read cycles, OS signifies the time that the RTC is to drive the 
bidirectional bus. In write cycles, the trailing edge of DS 
causes the Real-Time Clock plus RAM to latch the written 
data. _ 

The second MOTEL interpretation of OS is that of RO, 
MEMR, or IIOR emanating from a competitor type processor. 
In this case, OS identifies the time period when the real-time 
clock plus RAM drives the bus with read data. This interpreta­
tion of OS is also the same as an output-enable signal on a 
typical memory. 

The MOTEL circuit, within the COP6818, latches the state of 
the OS pin onthefalling edge of AS/ ALE. Whenthe6800 mode 
of MOTEL is desired OS must be 101'J du!ing AS/ALE, which IS 
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the case with the CDP680S family of multiPlexed bus proces­
sors. To insure the competitor mode of MOTEL, the OS pin 
must remain high during the time AS/ ALE is high. 

RiW - READ/WRITE, INPUT 

The MOTEL circuit treats the R/W pin in one of two ways. 
When a 680S type processor is connected, R/W is a .Ievel 
which indicates whether the current cycle IS a read or write. A 
read cycle is indicated with a high level on-B/W while DS is 
high, whereas a write cycle is a lo~on R/W during. DS. . 

The second interpretation of R/W is as a negative write 
pulse, W1i, MEMW, and TTOiiii from competit~ type proces­
sors. The MOTEL circuit in this mode gives R/W pin the same 
meaning as the write (wi pulse on many generic RAMs. 

CE - CHIP ENABLE, INPUT 

The chip-enable (CE) signal must be asserted (I~ for a 
bus cycle in which the COP6818 is to be accessed. CE is not 
latched and must be stable during OS and AS (in the 680S 
mode of MOTEL) and during 1m and WR (in the competitor 
mode). Bus cycles which take place without asserting IT 
cause no actions to take place within the CDP6818. When CE 
is high, the multiplexed bus output is in a high-impedance 
state. _ 

When CE is high, all address, data, OS, and R/W inputs from 
the processor are disconnected within the COP6818. This 
permits the CDP6818 to be isolated from a powered-down 
processor. When IT is held high, an unpowered device cannot 
receive power through the input pins from the real-time clock 
power source. Battery power consumption can thus be re­
duced by using a pullup resistor or active clamp on cr when 
the main power is off. 

TRQ - INTERRUPT REQUEST, OUTPUT 

The IRQ pin is an active low output of the COP68Ullhat may 
be used as an interrupt input to a processor. The IRQ output 
remains low as long as the status bit causing the interrupt is 
present and the corresponding interrupt-enable bit is set. To 
clear the I R~J~~~e processor program normally reads Reg-
ister C. The pin also clears pending Interrupts. 

When no interrupt conditions are present, the iRQ level is in 
the high-impedance state. Multiple interrupting devices may 
thus be connected to an iRa bus with one pullup at the 
processor. 

RESET - RESET, INPUT 

The RESET pin does not affect the clock, calendar, or RAM 
functions. On the powerup, the RESET pin must be held low for 
the specified time, tRLH, in order to allow the power supply to 
stabilize. Figure 13 shows a typical representation of the 
RESET pin circuit. 

When mrr is low the following occurs: 
a) Periodic Interrupt Enable (PIE) bit is cleared to zero, 
b) Alarm Interrupt Enable (AlE) bit is cleared to zero, 
c) Update ended Interrupt Enable (UIE) bit is cleared to 

zero, 
d) Update ended Interrupt Flag (UF) bit is cleared to zero, 
e) Interrupt Request status Flag (IRQF) bit is cleared to 

zero, 
f) Periodic Interrupt Flag (PF) bit is cleared to zero, 
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g) Alarm Interrupt Flag (AF) bit is cleared to zero, 
h) IRQ pin is in high-impedance state, and 
i) Square Wave output Enable (SQWE) bit is cleared to 

zero. 

01 02 
System Battery 

VOO Backup 

VOO 

03 CDP6818 

i"iESff 

I 0.0051'F Vss 

01=02=03=1N4148 or Equivalent 

Note: If the RTC is isolated from the MPU or MCU power by a 
diode drop, care must be taken to meet Yin requiremenls. 

Fig. 13 - Typical power-up delay circuit for FfES't'f. 

System 

VOO 

01 02 

VOO 2k 

PS 

COP6818 

I 
0.005 ,.F 

Vss 

01 = 02= 1 N4148 or Equivalent 

8attery 
Backup 

Fig. 14 - Typical power-up delay circuit for POWER SENSE. 

PS - POWER SENSE, INPUT 

The power-sense pin is used in the control of the valid 
RAM and time (VRT) bit in Register D. When the PS pin is low 
the VRT bit is cleared to zero. 

During powerup, the PS pin must be externally held lowfor 
the specified time, tpL. As power is applied the VTR bit re­
mains low indicating that the contents of the RAM, time 
registers, and calendar are not guaranteed. When normal 
operation commences PS should be permitted to go high 
after a powerup to allow the VRT bit to be set by a read of 
Register D. Figure 14 shows a typical circuit connection for 
the power-sense pin. 

POWER-DOWN CONSIDERATIONS 

In most systems, the CDP6818 must continue to kee'p time 
when system power is removed. In such systems, a conver­
sion from system power to an alternate power supply, usually a 
battery, must be made. During the transition from system to 
battery power, the designer of a battery backed-up RTC sys­
tem must protect data integrity, minimize power consumption, 
and ensure hardware reliability. 

The chip enable (CE) pin controls all bus inputs (R/W, DS, 
AS, ADO-AD7!. CE, when negated, disallows any unintend­
ed modification of the RTC data by the bus. CE also reduces 
power consumption by reducing the number of transitions 
seen internally. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SOW) pin. 

During and after the power source conversion, the VIN 
maximum specification must never be exceeded. Failure to 
meet the VIN maximum specification can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part. 

ADDRESS MAP 

Figure 15 shows the address map of the CDP6818. The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. AI164 bytes are directly 
readable and writable by the processor program except Regis­
ters C and D which are read only. Bit 7 of Register A and the 
high order bit of the seconds byte are also read only. Bit 7, of 
the second byte, always reads "0". The contents of the four 
control and status registers are described in the Register 
section. 

TIME, CALENDAR, AND ALARM LOCATIONS 
The processor program obtains time and calendar infor­

mation by reading the appropriate locations. The program 
may initialize the time, calendar, and alarm by writing to 
these RAM locations. The contents of the 10 time, calendar, 
and alarm byte may be either binary or binary-coded decimal 
(BCD!. 
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Before initializing the internal registers, the SET bit in 
Register B should be set to a "1" to prevent time/calendar 
updates from occurring. The program initializes the 10 loca­
tions in the selected format (binary or BCD), then indicates 
the format in the data mode (OM) bit of Register B. All 10 
time, calendar, and alarm bytes must use the same data 
mode, either binary or BCD. The SET bit may now be cleared 
to allow updates. Once initialized the real-time clock makes 
all updates in the selected data mode. The data mode cannot 
be changed without reinitializing the 10 data bytes. 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations. The 24112 bit in Register B 
establishes whether the hour locations represent 1-to-12 or 

o 

13 

14 

63 

14 
Bytes 

50 
Bytes 
User 
RAM 

$00 

OD 

OE 

$3F 

O-to-23. The 24/12 bit cannot be changed without reinitializ­
ing the hour locations. When the 12-hour format is selected 
the high-order bit of the hours byte represents PM when it is 
a "1". 

The time, calendar, and alarm bytes are not always ac­
cessable by the processor program. 'Once-per-second the 10 
bytes are switched to the update logic to be advanced by one 
second and to check for an alarm condition. If any of the 10 
bytes are read at this time, the data outputs are undefined. 
The update lockout time is 248 p's at the 4.194304 MHz and 
1.048567 MHz time bases and 1948 p's for the 32.768 kHz 
time base, The Update Cycle section shows how to accom­
modate the update cycle in the processor program. 

0 Seconds 

1 Sec Alarm 

2 Minutes 

3 Min Alarm 

4 Hours 

5 Hr Alarm 

6 Day of Wk 

7 Date of Mo 

8 Month 

9 Year 

10 Register A 

11 Register B 

12 Register C 

13 Register D 

$00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 

OB 

OC 

$OD 

Binary 
or BCD 

Contents 

Fig. 15 - Address map. 

TABLE 3 - TIME, CALENDAR, AND ALARM DATA MODES 

Address Decimal Range 
Example" 

Location 
Function 

Range Binary Data Mode BCD Data Mode 
Binary BCD 

Data Mode Data Mode 

0 Seconds 0-59 $00-$38 $00-$59 15 21 

1 Seconds Alarm 0-59 $00-$38 $00-$59 15 21 

2 Minutes 0-59 $00-$38 $00-$59 3A 58 

3 Minutes Alarm 0-59 $00-$38 $00-$59 3A 58 
Hours 

1-12 $OI-$OC (AM) and $01-$12 (AM) and 05 05 (12 Hour Mode) $81-$8C (PMI $81-$92 (PM) 
4 Hours 

(24 Hour Mode) 0-23 $00-$17 $00-$23 05 05 

Hours Alarm 
1-12 $OI-$OC (AM) and $01-$12 (AM) and 05 05 

5 
(12 Hour Mode) $81-$SC IPM) $81-$92 (PM) 

Hours Alarm 
0-23 $00-$17 $00-23 05 05 (24 Hour Mode) 

6 Day of the Week 1-7 $01-$07 $01-$07 05 05 
Sunday = 1 

7 Day of the Mo,1th 1-31 $OI-$IF $01-$31 OF 15 

8 Month 1-12 $OI-$OC $01-$12 02 02 

9 Year 0-99 $00-$63 $00-$99 4F 79 

·Example: 5:58:21 Thursday February 15 1979 (Time is A.M.) 
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The three alarm bytes may be used in two ways. When the 
program inserts an alarm time in the appropriate hours, 
minutes, and seconds alarm locations, the alarm interrupt is 
initiated at the specified time each day if the alarm enable bit 
is high. The alternate usage is to insert a "don't care" state in 
one or more of three alarm bytes. The "don't care" code is 
any hexadecimal byte from CO to FF. That is, the two most­
significant bits of each byte, when set to "1", create a "don't 
care" situation. An alarm interrupt each hour is created with 
a "don't care" code in the hours alarm location. Similarly, an 
alarm is generated every minute with "don't care" codes in 
the hours and minutes alarm bytes. The "don't care" codes 
in all three alarm bytes create an interrupt every second. 

STATIC CMOS RAM 
The 50 general purpose RAM bytes are not dedicated within 

the CDP6818. They can be used by the processor program, 
and are fully available during the update cycle. 

When time and calendar Information must use battery 
back-up, very frequently there IS other non-volatile data thaI' 
must be retained when main power is removed. The 50 user 
RAM bytes serve the need for low-power CMOS battery­
backed storage, and extend the RAM available to the pro­
gram. 

When further CMOS RAM is needed, additional CDP6818S 
may be included in the system. The time/calendar functions 
may be disabled by holding the DVO-DV2 dividers, in Register 
A, in the reset state or by setting the SET bit in CR2 Register B 
or by removing the oscillator. Holding the dividers in reset 
prevents interrupts or saw output from operating while set­
ting the SET bit allows these functions to occur. With the 
dividers clear, the available user RAM is extended to 59 bytes. 
Bit 7 of Register A, Registers C and D, and the high-order Bit of 
the seconds byte cannot effectively be used as general pur­
pose RAM. 

INTERRUPTS 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per-second 
to one-a-day. The periodic interrupt may be selected for 
rates from half-a-second to 30.517 p.s. The update-ended 
interrupt may be used to indicate to the program that an up­
date cycle IS completed. Each of these independent interrupt 
conditions are described in greater detail in other sections. 

The processor program selects which interrupts, if any, it 
wishes to receive. Three bits in Register B enable the three 
interrupts. Writing a "1" to a interrupt-enable bit permits 
that interrupt to be initiated when the event occurs. A "0" in 
the interrupt-enable bit prohibits the I RQ pin from being 
asserted due to the interrupt cause. 

If an interrupt flag is already set when the interrupt 
becomes enabled, the IRQ pin is immediately activated, 
though the interrupt initiating the event may have occurred 
much earlier. Thus, there are cases where the program 
should clear such earlier initiated interrupts before first 
enabling new interrupts. 
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When an interrupt event occurs a flag bit is set to a "1" in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent of the state 
of the corresponding enable bits in Register B. The flag bit 
may be used with or without enabling the corresponding 
enable bits. 

In the software scanned case, the program does not 
enable the interrupt. The "interrupt" flag bit becomes a 
status bit, which the software interrogates, when it wishes. 
When the software detects that the flag is set, it is an indica­
tion to software that the "interrupt" event occurred since the 
bit was last read. 

However, there is one precaution. The flag bits in Register 
C are cleared (record of the interrupt event is erased) when 
Register C is read. Double latching is included with Register 
C 50 the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held until after 
the read cycle. One, two, or three flag bits may be found to 
be set when Register C is read. The program should inspect 
all utilized flag bits every time Register C is read to insure 
that no interrupts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an interrupt-flag bit is set and the cor­
responding interrupt-enable bit is also set, the IRQ pin is 
asserted low. I RQ is asserted as long as at least one of the 
three interrupt sources has its flag and enable bits both set. 
The IRQF bit in Register C is a "1" whenever the IRQ pin is 
being driven low. 

The processor program can determine that the RTC 
initiated the interrupt by reading Register C. A "1" in bit 7 
(I RQF bit) indicates that one or more interrupts have been 
initiated by the part. The act of reading Register C clears all 
the then-active flag bits, plus the IRQF bit. When the pro­
gram finds I RQF set, it should look at each of the individual 
flag bits in the same byte which have the corresponding 
interrupt-mask bits set and service each interrupt which is 
set. Again, more than one interrupt-flag bit may be set. 

DIVIDER STAGES 

The CDP6818 has 22 binary-divider stages following the 
time base as shown in Figure 1. The output ofthe dividers is a 1 
Hz signal to the update-cycle logic. The dividers are controlled 
by three divider bits (DV2, OV1, and OVO) in Register A. 

DIVIDER CONTROL 
The divider-control bits have three uses, as shown in Table 

4. Three usable operating time bases may be selected 
(4.194304 MHz, 1.048576 MHz, or 32.768 kHz!. The divider 
chain may be held reset, which allows precision setting of 
the time. When the divider is changed from reset to an 
operating time base, the first update cycle is one second 
later. The divider-control bits are also used to facilitate 
testing the COP6818. 
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TABLE 4 - DIVIDER CONFIGURATIONS 

Time-Base Divider Bits Operation Divider Bypass First 
Frequency Register A Mode Reset N-Divider Bits 

DV2 DVl DVa 

4.194304 MHz a a 0 Yes - N=O 

1.048576 MHz 0 0 1 Yes - N=2 

32.768 kHz 0 1 0 Yes - N=7 

Any 1 1 0 No Yes -

Any 1 1 1 No Yes -

Note: Other combinations of divider bits are used for test purposes only. 

SQUARE-WAVE OUTPUT SELECTION 
Fifteen of the 22 divider taps are made available to a 

1-of-15 selector as shown in Figure 1. The first purpose of 
selecting a divider tap is to generate a square-wave output 
signal on the saw pin. Four bits in Register A establish the 
square-wave frequency as listed in Table 5. The SOW fre­
quency selection shares the 1-of-15 selector with periodic 
interrupts. 

Once the frequency is selected, the output of the SOW pin 
may be turned on and off under program control with the 
square-wave enable (SOWEl bit in Register B. Altering the 
divider, square-wave output selection bits, or the SOW 
output-enable bit may generate an asymetrical waveform at 
the time of execution. The square-wave output pin has a 
number of potential uses. For example, it can serve as a fre­
quency standard for external use, a frequency synthesizer, or 
could be used to generate one or more audio tones under 
program control. 

PERIODIC INTERRUPT SELECTION 
The periodic interrupt allows the IRO pin to be triggered 

from once every 500 ms to once every 30.517 p.s. The 
periodic interrupt is separate from the alarm interrupt which 
may be output from once-per-second to once-per-day. 

Table 5 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SOW pin 
is enabled by the SOWE bit. Similarly the periodic interrupt is 
enabled by the PIE bit in Register B. 

Periodic interrupt is usable by practically all real-time 
systems. It can be used to scan for all forms of inputs from 
contact closures to serial receive bits on bytes. It can be used 
in multiplexing displays or with software counters to 
measure inputs, create output intervals, or await the next 
needed software function. 

TABLE 5 - PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 

4.194304 or 1.048576 MHz 32.768 kHz 
Time Base Time Base 

Rate Select 
Periodic 

Control Register A Periodic 

RS3 RS2 RS1 RSa 
Interrupt Rate SQW Output Interrupt Rate SQW Output 

tpi Frequency tpi Frequency 
0 0 0 0 None None None None 
0 0 0 1 30.517 p.s 32.768 kHz 3.90625 ms 256 Hz 
0 0 1 0 61.035 p.s 16.394 kHz 7.8125 ms 128 Hz 

0 0 1 1 122.070 p's 8.192 kHz 122.070 p's 8.192 kHz 

0 1 0 0 244.141 p's 4.096 kHz 244.141 p's 4.096 kHz 

0 1 0 1 468.281 p's 2.048 kHz 468.281 p's 2.048 kHz 

0 1 1 0 976.562 p's 1.024 kHz 976.562 p'S 1.024 kHz 
0 1 1 1 1.953125 ms 512 Hz 1.953125 ms 512 Hz 
1 0 0 0 3.90625 ms 256 Hz 3.90625 ms 256 Hz 
1 0 0 1 7.8125 ms 128 Hz 7.8125 ms 128 Hz 
1 0 1 0 15.625 ms 64 Hz 15.625 ms 64 Hz 
1 0 1 1 31.25 ms 32 Hz 31.25 ms 32 Hz 
1 1 0 0 62.5 ms 16 Hz 62.5 ms 16 Hz 
1 1 0 1 125 ms 8 Hz 125 ms 8 Hz 
1 1 1 0 250 ms 4 Hz 250 ms 4 Hz 
1 1 1 1 500 ms 2 Hz 500 ms 2 Hz 
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UPDATE CYCLE 
The CDP6818 executes an update cycle once-per­

second, assuming one of the proper time bases is in place, 
the divider is not clear, and the SET bit in Register 8 is clear. 
The SET bit in the "1" state permits the program to initialize 
the time and calendar bytes by stopping an existing update 
and preventing a new one from occurring. . 

The primary function of the update cycle is to increment 
the seconds byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each 
alarm byte with the corresponding time byte and issues an 
alarm if a match or If a "don't care" code (11XXXXXX) is 
present in all three positions. 

With a 4.194304 MHz or 1.048576 MHz time base the up­
date cycle takes 248 ,.s while a 32.768 kHz time base update 
cycle takes 1984 ,.s. During the update cycle, the time, calen­
dar, and alarm bytes are not accessable by the processor 
program. The CDP6818 protects the program from reading 
transitional data. This protection is provided by switching 
the time, calendar, and alarm portion of the RAM off the 
microprocessor bus during the entire update cycle. If the 
processor reads these RAM locations before the update is 
complete the output will be undefined. The update in pro­
gress (UIP) status bit is set during the interval. 

A program which randomly accesses the time and date in­
formation finds data unavailable statistically once every 4032 
attempts. Three methods of accommodating nonavailability 
during update are usable by the program. In discussing the 
three methods it is assumed that at random pOints user pro­
grams are able to call a subroutine to obtain the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs after 
every update cycle which indicates that over 999 ms are 
available to read valid time and date information. During this 
time a display could be updated or the information could be 
transfered to continuously available RAM. Before leaving the 
interrupt service routine, the IRQF bit in Register e should be 
cleared. 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once-per-second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
high, the update cycle begins 244,.s later. Therefore, if a low 
is read on the U I P bit, the user has at least 244 ,.s before the 
time/calendar data will be changed. If a "1" is read in the 
UIP bit, the time/calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 

time needed to read valid time/ calendar data to exceed 
244 ,.s. 

The third method uses a periodiC interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
high between the setting of the PF bit on Register C (see 
Figure 16). Periodic interrupts that occur at intervals greater 
than tBue + tue allow valid time and date information to be 
read at each occurrence of the periodic interrupt. The reads 
should be completed within (Tpi +2) + tBue to insure that 
data is not read during the update cycle. To properly set the 
internal counters for Daylight Savings Time operation, the 
user must set the time at least two seconds before the 
rollover will occur. Likewise, the lime must be set at least two 
seconds before the end of the 29th or 30th day of the month. 

REGISTERS 
The CDP6818 has four registers which are accessible to the 

processor program. The four registers are also fully accessible 
during the update cycle. 

REGISTER A ($OA) 

F=-=-.--.--..,-----,---.--,--.,-'=::' Read/Write 
Register 

except UIP 

UIP - The update in progress (UIP) bit is a status flag that 
may be monitored by the program. When UIP is a "1" the 
update cycle is in progress or will soon begin. When UIP is a 
"0" the update cycle is not in progress and will not be for at 
least 244 ,.s (for all time bases!. This is detailed in Table 6. 
The time, calendar, and alarm information in RAM is fully 
available to the program when the UIP bit is zero - it is not 
in transition. The UIP bit is a read-only bit, and is not af­
fected by Reset. Writing the SET bit in Register B to a "1" 
inhibits any update cycle and then clears the UIP status bit. 

TABLE 6 - UPDATE CYCLE TIMES 

Time Base Update Cycle Time 
Minimum Time 

UIP Bit Before Update 
(OSCI) (tUC) Cycle (tBUC) 

I 4.194304 MHz 248 "s -

I 1.048576 MHz 248"s -

1 32.768 kHz 1984 "s -

0 4.194304 MHz - 244 "s 
0 1.048576 MHz - 244"s 
0 32.768 kHz - 244"s 

UIPbltin ~ 

~~:'~'"' ------------------t-B-u-c-j ....... 1t,'---t-u-c--------

Register C I ! l!!!!! 

~tPI+2 -J 
PF bit In ~)ooI~f----L...-_ -_ -_ -_ -___ t_P_' _-_-_-_ -_ -_ -_ ...:;_:: j.- tpi +2 ~nmmLLU.IIL-__ _ 

Register C -IlIIIIII _ _ . _ 
tpI=Periodic Interrupt Time Interval (500 ms, 250 ms, 125 ms, 62.5 ms, etc. per Table 5) 

tUC= Update Cycle Time (248 "s or 1984 "s) 
tBUC= Delay Time Before Update Cycle (244 ,,5) 

Fig. 16 - Update-ended and periodic interrupt relationships. 
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OV2, OV1, OVO - Three bits are used to permit the pro­
gram to select various conditions of the 22-stage divider 
chain. The divider selection bits identify which of the three 
time-base frequencies is in use. Table 4 shows that time 
bases of 4.194304 MHz. 1.048576 MHz. and 32.768 kHz may 
be used. The divider selection bits are also used to reset the 
divider chain. When the time/ calendar is first initialized. the 
program may start the divider at the precise time stored in 
the RAM. When the divider reset is removed the first update 
cycle begins one-half second later. These three read/write 
bits are not affected by mEr 

RS3, RS2, RS1, RSO - The four rate selection bits select 
one of 15 taps on the 22-stage divider, or disable the divider 
output. The tape selected may be used to generate an output 
square wave (SOW pin) and/ or a periodic interrupt. The pro­
gram may do one of the fOllowing: 1) enable the interrupt 
with the PIE bit, 2) enable the SOW output pin with the 
SOWE bit, 31 enable b<;>th at the same time at the same rate, 
or 4) enable neither. Table 5 lists the periodic interrupt rates 
and the square-wave frequencies that may be chosen with 
the RS bits. These four bits are read/write bits which are not 
affected by RESIT 
REGISTER B ($OB) 

Read/Write 
Register 

SET - When the SET bit is a "0", the update cycle func­
tions normally by advancing the counts once-per-second. 
When the SET bit is written to a "1", any update cycle in 
progress is aborted and the program may initialize the time 
and calendar bytes without an update occurring in the midst 
of initializing. SET is read/write bit which is not modified 
but RESET or internal functions of the COP6818. 

PIE - The periodic interrupt enable (PIE) bit is a read/ 
write bit which allows thjUleriodic-interrupt flag (PF) bit in 
Register C to cause the fRO pin to be driven low. A program 
writes a "1" to the PIE bit in order to receive periodic inter­
rupts at the rate specified by the RS3. RS2. RS1, and RSO bits 
in Register A. A zero in PIE blocks 11m from being initiated by 
a periodic interrupt, but the periodic flag (PF) bit is still set at 
the periodic rate. PIE is not mOdified bYRE~o/ernal COP6818 
functions, but is cleared to "0" by a . 

AlE - The alarm interrupt enable (AIEl bit is a read/write 
bit which when set to a "1" permits the alarm flag (AF) to 
assert (RO. An alarm interrupt occurs for each second that 
the three time bytes equal the three alarm bytes !including a 
"don't care" alarm code of binary 11XXXXXXI. When the 
AlE bit is a "0", the AF bit does not initiate an nm Signal. 
The RESET pin clears AlE to "0". The internal functions do 
not affect the AlE bit. 

UIE - The UIE (update-ended interrupt enable) bit is a 
read/write bit which enables the update-end flage (UF) bit to 
assert IRO. The RESET pin going low or the SET bit going 
high clears the UIE bit. 

SOWE - When the square-wave enable (SOWE) bit is set 
to a "1" by the program, a square-wave signal at the fre-
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quency specified in the rate selection bits (RS3 to RSo) ap­
pears on the SOW pin. When the SOWE bit is set to a zero 
the SOW pin is held low. The state of SOWE is cleared by 
the FfESEi' pin. SOWE is a read/write bit. 

OM - The data mode (OM) bit indicates whether time 
and calendar updates are to use binary or BCD formats. The 
OM bit is written by the processor program and may be read 
by the program, but is not modified by any internal functions 
or RESET. A "1" in DM signifies binary data, while a "0" in 
OM specifies binary-coded-decimal (BCD) data. 

24/12 - The 24/12 control bit establishes the format of 
the hours bytes as either the 24-hour mode (a "1") or the 
12-hour mode (a "0"1. This is a read/write bit, which is af­
fected only by the software. 

OSE - The daylight savings enable (oSE) bit is a 
read/write bit which allows the program to enable two 
special updates (when DSE is a "1"1. On the last Sunday in 
April the time increments from 1:59:59 AM to 3:00:00 AM. 
On the last Sunday in October when the time first reaches 
1 :59:59 AM it changes to 1 :00:00 AM. These special updates 
do not occur when the DSE bit is a "0". OSE is not changed 
by any internal operations or ~ 

REGISTER C ($OC) 
MSB LSB 

Read-Only 
Register 

IROF - The interrupt request flag OROF) is set to a "1" 
when one or more of the following are true: 

PF .. PIE="1" 
AF=AIE="1" 
UF=UIE="1" 

Le .. IROF .. PF.PIE+ AF.AIE+ UF·UIE 

Any time the IROF bit is a "1", the IRO pin is driven low. 
All flag bits are cleared after Register C is read by the pro­
gram or when the RESET pin is low. 

PF - The periodic interrupt flag (PF) is a read-only bit 
which is set to a "1" when a particular edge is detected on 
the selected tap of the divider chain. The R S3 to R SO bits 
establish the periodiC rate. PF is set to a "1" independent of 
the state of the PIE bit.PF being a "1" initiates an nm Signal 
and sets the IRQF bit when PIE is also a "1." The PF bit is 
cleared by a RESE'i'" or a software read of Register C. 

AF - A "1" in the AF (alarm interrupt flag) bit indicates 
that the current time has matched the alarm time. A "1" in 
the AF causes the iRa pin to go low, and a "1" to appear in 
the IROF bit, when the AlE bit also is a "1." A RESET or a 
read of Register C clears AF. 

UF - The update-ended interrupt flag (UF) bit is set after 
each update cycle. When the UIE bit is a ''1'', the "1" in UF 
causes the IROF bit to be a ''1'', asserting IRO. UF is cleared 
by a Register C read or a RESE'f. 

b3 TO bO - The unused bits of Status Register 1 are read 
as "O's". They can not be written. 



CDP6818 

REGISTER D ($OD) 
MSB LSB 

VRT - The valid RAM and time (VRT) bit indicates the 
condition of the contents of the RAM, provided the power 
sense (PS) pin is satisfactorily connected. A "0" appears in 
the VRT bit when the power-sense pin is low. The processor 
program can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are valid. The 
VRT is a read/only bit which is not modified by the RESET 
pin. The VRT bit can only be set by reading Register D. 

b6 TO bO - The remaining bits of Register 0 are unused. 
They cannot be written, but are always read as "a's." 

A 

K8 AddressIData Multiplexed 

'" Address Strobe 

Data Strobe {EI 

CDP6805E2 
Read/Write {R/WI 

Interrupt Request {lROI 

8/5 Address 

t V 
I 
I Address 
I Decode· 

I 
I 
I I I 
I 
I 

RESET 

I 
I 
I 

CE 

RESET 

TYPICAL INTERFACING 

The CDP6818 is best suited for use with microprocessors 
which generate an address-then-data multiplexed bus. Fig­
ures 17 and 18 show typical Interlaces to bus-compatible 
processors. These interfaces assume that the address decod­
ing can be done quickly. However, if standard metal-gate 
CMOS gates are used the Ct setup time may be violated. 
Figure 19 illustrates an alternative method of Chip selection 
which will accommodate such slower decoding. 

The CDP6818 can be interfaced to single-chip microcom­
puters (MCU) by using eleven port lines as shown in Figure 20. 
Non-multiplexed bus microprocessors can be interfaced with 
additional support. 

V 
IRO R/W DS AS ADO-AD7 

CDP6818 

..... 
8 .. 

.... 
8/5 

II' 

Other 
Peripherals 

and 
Memory 

~4.1 & MHz 

94304 
{Typl 

CKOUT CKFS SOW 

f 
L _ ---------------

"QMOS decoder 

Fig. 17 - CDP6818 interfaced to CDP6805E2 compatible multiplexed bus microprocessors. 
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A 

K8 Addressl Data 

8085 '" Address Latch Enable (ALE) 

NSC800 Read (Rl 

WritelWI 
8OC51 

Interrupt Request 
MPU 

8/4 Address 

4 U 
I 

Address 
Decode 

CDP6818 

l 

8085 6 
Only 

~ 
~ V ~ 

" 8 

" 

I\,. 

8/4 
II" 

• 

Other 
Peripherals 
and Memory 

CE IRO R/W DS AS ADO-AD7 

--L 
RESET 

RESET 

CKOUT 

----------------

CDP6818 

CKFS 

t 
SOW 

~4.194 
~MHZ 

304 
(Typl 

Fig. 18 - CDP6818 interfaced to competitor compatible multiplexed bus microprocessors_ 

Interrupt Request (lRQI 

Read/Wrlte (R/WI 

Address Strobe (AS) 

Data Strobe IDS) 

CDP6805E2 T .... 
5 Non-Multiplexed Address 5-7 Non-multiplexed address 

A I I I ~ K 8 Multiplexed Address/Data 

OSCl ~ U l DS 

... 

t A12 

I Address 

~V V I Decode 

I DS CE AS R/W IRO ADO-AD7 

I r ~ I 4.1 
CDP6818 

I RESET 3 
I CKOUT CKFS sow 
I 

I I 
I 
~------------~----

This illustrates the use of CMOS gating for address decoding. 

Fig. 19 - CDP6818 interface to CDP6805E2 CMOS multiplexed microprocessor with slow address decoding_ 
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CDP6805 
3870 
8021 
S2000 

CDP6818 

CDP6818 

Address/ Data 8 ADO-AD7 

Address Strobe 
~--------------------~AS 

Read 
1----------------------4 OS 

Write 
1----------------------4R/W 

SOW 

I 
I 

VSS I 
I 
I 
I 
I 

~n I 
~~ I 

I 
I L __ _____________________ ...J 

Fig. 20 - CDP6818 interfaced with the ports of a typical single-chip microcomputer. 

There is one method of using the multiplexed bus CDP6818 
with non-multiplexed bus processors. The interface uses 
available bus control signals to multiplex the address and data 
bus together. 

should be entered with the registers containing the following 
data: 

An example using either the 6800, 6802, 6808, or 6809 
microprocessor is shown in Figure 21. 

Figure 22 illustrates the subroutines which may be used for 
data transfers in a non-multiplexed system. The subroutines 

Accumulator A: The address of the RTC to be accessed. 
Accumulator B: Write: The data to be written 

Read: The data read from the RTC 
The RTC is mapped to two consecutive memory locations 
RTC and RTC + 1 as shown in Figure 21. 

ACTIVE HIGH CHIP SELECT -------, 

6800 
6802 

EI-.... ---i-" 
Aol-+-..... -L~ 

6~~8 R/WI--+-..... -L~ 
6809 

OS 

COP6818 

AS 

~-------~R/W 

00-07 AOO-AD7 

92CS-37724 

Fig. 21 - CDP6818 interfaced with Motorola type processors 
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FIGURE 22 - SUBROUTINE FOR READING AND WRITING 

THE CDP6818 WITH A NON·MULTIPLEXED BUS 

READ STA RTC Generate AS and Latch Data from ACCA 
LDAB RTC+l Generate DS and Get Data 
RTS 

WRITE STA RTC Generate AS and Latch Data from ACCA 
STAB RTC+l Generate OS ahd Store Data 
RTS 

IMPORtANT APPLICATION NOTICE 
The CDP6818 with a botlom brand code of 6RR requires a 

synchronization of the c-r pin with address strobe. The follow­
ing circuit will satisfy that condition and also shows a typical 

application of power down circuitry. If e'E'is grounded at all 
times (no power down required) the following circuit need not 
be used. 

4 
ADO 

ADI 
5 

+SV 

AD2 
S 

7 
MBD701 AD3 

(SCHOTTKY) * AD4 
8 

9 Bav ADS 

IN4148 .9V ADS 
(Si) AD7 

AS 

E 

R/W 

39k 20 k 

CDPSBIB 

ADO OSC2 

ADI 

AD2 
aSCI 

A03 

470 k 32.7S8kHz 
~-t--AN'v-t-......., 

STATEK 
CXIV OR 
EQUIVALEllil 

SOp¥' • 
NOTES: 

1. All unused inputs of the CD74HC373 must be grounded. 

2. If point 0 equals 12 V point ® should be equal to 4.06 V. 

If paint 0 equals 10 V point ® should be equal 

to 3,38 V with © set for 3.18 V. 
°Battery Backup Voltage 

+5V 
(SEE NOTE 11 

92CM-57725 

+12 V(>BBV) Q--'lNv-'+-"'VII'v-, 
® 

(SEE NOTE 2) 

Fig. 23 - Typical Application Circuit 
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Features 
• Low Power, High Speed CMOS 
• Internal Time Base and Oscillator 
• Counts Seconds, Minutes and Hours of the Day 
• Counts Days of the Week, Date, Month and Year 
• 3V to 6V Operation 
• Time Base Input Options: 4.194304MHz, 1.048576MHz or 

32.768kHz 
• Time Base Oscillator for Parallel Resonant Crystals 
• 40 ... W to 200 ... W Typical Operating Power at Low Frequency 

Time Base 
• 4.0mW to 20mW Typical Operating Power at High Frequency 

Time Base 
• Binary or BCD Representation of Time, Calendar and Alarm 
• 12 or 24 Hour Clock with AM and PM in 12 Hour Mode 
• Daylight Savings Time Option 
• Automatic End of Month Recognition 
• Automatic Leap Year Compensation 
• Microprocessor Bus Compatible 
• Selectable Between Motorola and Competitor Bus Timing 
• Multiplexed Bus for Pin Efficiency 
• Interfaced With Software as 64 RAM Locations 
• 14 Bytes of Clock and Control Registers 
• 50 Bytes of General Purpose RAM 
• Status Bit Indicates Data Integrity 
• Bus Compatible Interrupt Signals (IRQ) 
• Three Interrupts Are Separately Software Maskable and 

Testable 
• Time-of-Day Alarm, Once-Per-Second to Once-Per-Day 
• Periodic Rates From 30.5 ... s to 500ms 
• End-of-Clock Update Cycle 

• Programmable Square Wave Output Signal 
• Clock Output May Be Used as Microprocessor Clock Input at 

Time Base Frequency + 1 or + 4 

Pinouts 
PACKAGE TYPES D AND E 

TOP VIEW 

MOT 24 voo 
OSC' 23 SQW 

OSC2 22 PS 

ADO 4 2' CKOUT 

AD1 5 20 CKFS 

AD2 6 19 IRQ 
A03 7 18 REm 
A04 8 '7 OS 
A05 9 16 mY 
AD6 10 15 R/W 

AD7 11 14 AS 

VSS 12 13 cs 

Copyright @ Harris Corporation 1991 
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CDP6818A 
CMOS Real-Time Clock 

With RAM 

Description 
The COP68l8A Real-Time Clock plus RAM is a 
peripheral device which includes the unique 
MOTEL concept for use with various 
microprocessors, microcomputers and larger 
computers. This part combines three unique 
features: a complete time-of-day clock with alarm 
and one hundred year calendar, a programmable 
periodiC interrupt and square wave generator, and 
50 bytes of low power static RAM. The COP6818A 
uses high speed CMOS technology to interface 
with 1 MHz processor buses, while consuming 
very little power. 

The Real-Time Clock plus RAM has two distinct 
uses. First, it is designed as a battery powered 
CMOS part (in an otherwise NMOSmL system) 
including all the common battery backed-up 
functions such as RAM, time and calendar. 
Secondly, the COP6818A may be used with a 
CMOS microprocessor to relieve the software of 
the timekeeping workload and to extend the 
available RAM of an MPU such as the 
COP6805E2. 

The COP 68l8A is supplied in a 24 lead dual in 
line plastic package (E suffix), in a 24 lead dual in 
line sidebrazed ceramic package (D suffix) and in 
a 28 lead plastic chip carrier package (Qsuffix). 

PACKAGE TYPE Q 

TOP VIEW 

'" U t- ~ Q ~ U 
(I) (I) 0 Q 0 (I) 

0 0 
,. z > (I) .. 

ADO 

PIN'~ 
25 CKOUT 

AD1 24 CKFS 

A02 23 IRQ 

AD3 22 RESET 

AD4 TO·P VI EW 21 OS 

ADS 20 STBY 

N/C 19 R/W 

.. ~ 
... 

1llr! ~ Q Q (I) ... z " " z 

File Number 2041.2 
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OSC1 

OSC2 

VDD 

Vss 

DS 

R!W 

AS 

ADO-ADl 

MOT 

-
--+-

--------
W ----

TlmeBaser~~ 
Input! Osc - 4 -32 

~ 
'" DIvider 
UJ 
o: 

Control 0 
UJ 
0: 

f~ 
DVO-DV2 

Bus I Interface r;: 
~ 

Clock! 
Calendar 
Update 

BCD! 
Binary 

Increment 

J Clock 
Output 

~ ~~ 
I 

rl 
-32 +32 

~ 
+32 

j 4 

Periodic Interrupt/Square Wave Rate 
Selection 

11-01-15 Selectori 

y 
-2 ~rl Square 

Wave Out 

~ 
I 

Registers A, B, C, D 

....----::--I 
14 Bytesl 

A Clock. Alarm, 
Calendar RAM . 

110 Bytesl 

~ 
User RAM 
150 Bytesl 

~ 

. 

r1HZ 

t-r+ 

CKOUT 

CKFS 

SOW 

RESET 

PS 

Fig. 1 - Block diagram. 92CS-42692 

MAXIMUM RATINGS (Voltages referenced to Vss) 

SUPPLY VOLTAGE. Voo ......................................................................... , ................... -0.3 to +8.0 V 
ALL INPUT VOLTAGE. VON .................................................................................... Vss -0.5 to Voo +0.5 V 
CURRENT DRAIN PER PIN EXCLUDING Voo and Vss. I •••••••..••.•••• , ••.••••••••••.••••.••.•••.•••..•..•••.•••••••••••••••• 10 mA 
OPERATING TEMPERATURE RANGE. T. = TL to TH 

CDP6818A .•••.•.•••••••.••••..••••.••.•••..•••..•••••••••••••••.••.••.••••••••••••.•••.•••.•.•••••••••••••••••••••••• 0 to 70·C 
STORAGE TEMPERATURE RANGE. T ............................................................................. , •• -55 to +150·C 

THERMAL CHARACTERISTICS 

THERMAL RESISTANCE, ~A 
Plastic (E Suffix) ....................................................................................................... 120·C/w 
Ceramic (0 Suffix) •.••••..•.•.•••.••.••.••••..•...••••••••••••• , •••.•.••.•••••••••••••.•••.•••••••••••••.•••••• , •.•••••• 5O·C/w 
Chip-Carrier (N sUffix), ................................................................................................. SO·C/w 

• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G1 0 epoxy glass. or equivalent. 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electrical fields; 
however. it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high-Impedance circuit. For proper 

operation it is recommended that VIN and VOUT be 
constrained to the range Vss S; (VIN or VOUT) S; VDD• 

Reliability of operation is enhanced If unused inputs are tied 
toan appropriate logiC voltage level (e.g .• eitherVss orVoD). 
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DC ELECTRICAL CHARACTERISTICS (Voo = 3 Vdc, Vss = 0 Vdc, TA = TL to TH Unless Otherwise Noted) 

CHARACTERISTIC 
LIMITS 

MIN. MAX. 
FreQuency of Operation tOle 32.768 32.768 

Output Voltage VOL - 0.1 

ILoad < 10 uA VOH Voo-0.1 -
100 - Bus Idle 1000 

CKOUT = foBC' CL = 15 pF; SQW Disabled, STBY = 0.2 V; CL (OSC2) = 10 pF - 50 
fooc = 32.768 kHz 

100 - Quiescent 10D4 
50 

fooc = DC; OSC1 = DC; All Other Inouts = Voo-0.2 V; No Clock 
-

Output High Voltage VOH 2.7 -
(lLoad = -0.25 rnA All Outouts) 

Output Low Voltage VOL - 0.3 
ilcood = 0.25 rnA All Outputs) 

Input High Voltage VIH 
STBY. ADO-AD7, DS, AS, RIW, CS 2.1 Voo 
RESET, CKFS, PS, OSC1 2.5 Voo 
MOT Voo Voo 

Input Low Voltage VIL 
STBY, ADO-AD7, DS, AS, R/W, CS, CKFS, PS, RESET, OSC1 Vss 0.5 

MOT Vss Vss 
Input Current lin 

AS, DS, R/W - ±10 
MOT, OSC1, CE STBY FiESET, CKFS, PS - ±1 

Three-State Leakage hSL 
IRQ ADO-AD7 - ±10 

DC ELECTRICAL CHARACTERISTICS (Voo = 5 Vd~ ± 10%, Vss = 0 VdC; T A = T L to T H Unless Otherwise Noted) 

CHARACTERISTIC 
LIMITS 

MIN. MAX. 
FreQuency 01 Operation foee 32.768 4194.304 
Output Voltage VOL - 0.1 

ILoad < 10 uA VOH Voo-0.1 -
100 - Bus Idle (External Clock) 

CKOUT = fole, CL = 15 pF; SQW Disabled, STBY = 0.2 V; CL (OSC2) = 10 pF 
loae = 4.194304 MHz 1001 - 3 
Iooe = 1.048516 MHz looa - 800 
fooe = 32.768 kHz 1000 - 50 

100 - Quiescent 10D4 
50 

foae = DC; OSC1 = DC; All Other Inputs = Voo-0.2 V; No Clock 
-

Output High Voltage VOH 
(!eoad = -1.6 rnA, ADO-AD7, CKOUT) 

4.1 -
_lILoad = -1.0 rnA SQW) 

Output Low Voltage VOL 
(!eoad = 1.5 rnA, ADO-AD7, CKOUT) - 0.4 
(ILoad = 1.0 rnA IRQ and SQW) 

Input High Voltage VIH 
STBY, CFKS, ADO-AD7, DS, AS, R/W, CS, PS Voo-2.0 Voo 
RESET Voo-0.8 Voo 
OSC1 Voo-1.0 Voo 
MOT Voo Voo 

Input Low Voltage VIL 
CKFS, PS, RESET, STBY, ADO-AD7, DS, AS, R/W, cS: OSC1 Vss 0.8 
MOT Vss Vss 

Input Current lin 
AS, DS, R/W - ±10 
MOT, OSC1, CE STBY RESET, CKFS PS - ±1 

Three-State Leakage IrsL 
IRQ ADO-AD7 - ±10 
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CDP6818A 
BUS TIMING 

VOO = 3.0 V Voo = 5.0V ± 10% 
IDENT. 

CHARACTERISTIC 
50 pFLOAD 1 TTL .. 130 pF LOAD 

NO. 
MIN. MAX. MIN. MAX. 

1 CvcleTime toYc 5000 - 953 dc 
2 Pulse Width, DS/E Low or RD/WR High PWEL 1000 - 300 -
3 Pulse Width, DS/E High or RDIWR Low PWEH 1500 - 325 -
4 Input Rise and Fall Time t, t. - 100 - 30 
8 R/W Hold Time tRWH 10 - 10 -
13 RIWSetup Time Before DS/E tRWS 200 - 80 -
14 Chip Select Setup Time Before OS, WR or RD tee 200 - 25 -
15 Chip Select Hold Time teH 10 - 0 -
18 Read Data Hold Time tOHR 10 1000 10 100 
21 Write Data Hold Time tOHW 100 - 0 -
24 Muxed Address Valid Time to AS/ALE Fall lAsL 200 - 50 -
25 Muxed Address Hold Time V-HL 100 - 20 -
26 Delay Time DS/E to AS/ALE Rise tASO 500 - 50 -
27 Pulse Width, AS/ALE High PWASH 600 - 135 -
28 Delay Time AS/ALE to DS/E Rise lAsEO 500 - 60 -
30 Peripheral Output Data Delay Time from tooR 1300 20 240 

DS/E or RD 
-

31 Peripheral Data Setup Time tosw 1500 - 200 -
32 STBY Setup Time Before AS/ALE Rise taas 20 - 20 -
33 STBY Hold Time After AS/ALE Fall taaH 100 - 50 -

NOTE: Designations E, ALE, RD, and WR Refer to signals from alternative microprocessor signals. 

AS 

os 

R/W 

ADO­
AD7 

WRITE 

ADO­
AD7 

READ 

/~ 
YHIGH 

1\ YLOW 

--::;.-G) -+ ~ 1 -@ @ ...: -~ -, 

:\ 2 

--~ .. H--@ 

X 

~ r-f-

\\ \ \ \ \ \ \J\ 

1\\ 1\\\\ 
--. I-~ ®t--

lXr\ KXXY 
I~ 

®-'" - ® 
-
~ 

/ 
--+ rG 

-~ i4'" 
@ 

t3' 
~ 

\ 

1--1+ ~ 

~ 

= +~ ~ 
jllill 

3 -@-

m 
-2} 

-@ 

:Kl ---r-@ 

Note: VHIGH~ VDD-2.0 Y. VLOW~0.8 V. for VDD~5.0 Y ± 10% for outputs only. 
92CS--42693 

VHIGH~2.0 V. VLOW~0.5 Y. for YDD~3.0 V for outputs only. 

Fig. 2 - CDP6818A bus timing. 
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ALE IAddress Latch Enablel 
lAS P,nl 

Ro I Read Output Enable) 
IDS Pin) ___ J 

Wii IWnte Enable) 
IR/W Pin) 

CS I Chip Select) 

AoO-AD7 
IAddressl Data 8us) 

---'" 

ALE IAddress Latch Enablel 
lAS Pin) 

CDP6818A 

Fig. 3 • Bus read timmg competitor multlplaxeC1 /)U8. 

------..;3[" 

1m IRead Output Enable) 
IDS Pin) 

Wii IWnte Enable) 
IR/W Pin) 

CS I Chip Select) 

AOO-Ao7 
IAddress/oata 8us) ___________ ...(1 

Note: VHIGH= Voo-Z.O V. VLOW=O.8 V. for Voo=5.0 V ± 10% for outputs only. 
VHIGH=2.0 V. VLOW=O.5 V. for Voo=3.0 V for outputs only. 

Fig. 4 . Bus write timing competitor multiplexed bus. 
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TABLE 1- SWITCHING CHARACTERISTICS (Vas = 0 Vdc. TA = TL to TH) 

VDD = 3.0Vdc 
CHARACTERISTIC 

MIN. 

Oscillator Startup tRC -
Reset Pulse Width tRWL 25 

Reset Delay Time tRLH 25 

Power Sense Pulse Width lPWL 25 

Power Sense Delay Time tpLH 25 

-me Release from OS tlRDS -
iRQ Release from RESET , liRA -
VRT Bit Delay tVRTD -

os '~ vLOW 

,A. 

) VHIGH .. 

tlAOS 

NOTE: VHIGH = VOO-2,0 V, VLOW=0,8 V, for VOO= 5,0 v ± 10% 

Test 
POint 

V, 

130 pF 

All Outputs Except OSC2 (See Figure 10) 

Fig, 5 - IRQ feleasa delay. 

2k 

Fig, 6 - TTL equivalent test load, 
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VDD = 5.0 Vdc ± 10% 
UNITS 

MIN. MAX. 

- 100 ms 

5 - ps 

5 - ps 

5 - ps 

5 - ps 

- 2 ps 

- 2 ps 

- 2 ps 

y-

tlAA 
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VDD 

(iRa Only) 

Test Point 
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Voo Pin 
OV __ ---'/T-----~s~s ---

R'EsEi' Pin 

CKOUT Pin 

92CS·42698 
Fig. 7 - Power-up. 

ff 
VOD Pin 

C/) 

PS Pin' 

OV C/)...I 
::::lCC 

t"wej 
a:d:5 
I-J: 
-0.. ID_ 
cba: w 

0.. 

VRT Bit 1 
~ r- tVRTD f1 0( 

CD The VAT bit is set to a 'T' by reading Register d. The VRT bit can only be cleared by pulling the PS pin low (see REGISTER 0 ($00)) 

92CS-42699 

Fig. 8 - Conditions that clear VRT bit. 
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SIGNAL DESCRIPTIONS 

The block diagram in Figure 1, shows the pin connection 
with the major internal functions of the CDP6818A Real­
Time Clock plus RAM. The following paragraphs describe 
the function of each pin. 

Voo, Vas 

DC power is provided to the part on these two pins Voo 
being the more positive voltage. The minimum and maximum 
voltages are listed in the Electrical Characteristics tables. 

MOT-MOTEL 

The MOT pin offers flexibility when choosing bus types. 
When tied to VDD. Harris timing is used. When tied to VSS. 
competitor timing is used. The MOT pin must be hardwired 
to the Voo or Vss supply and cannot be switched during 
operation of the CDP6818A. 

OSC1, OSC2 - Time Bale, Inputl 

The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4.194304 MHz. 1.048576 MHz, or 32.768 KHz may be 
connected to OSC1 as shown in Figure 9. The internal 
time-base frequency to be used is chosen in Register A. 

The on-chip oscillator is designed for a parallel resonant AT 
cut crystal at 4.194304 MHz, 1.048576 MHz or 32.768 kHz 
frequencies. The crystal connections are shown in Figure 
10 and the crystal characteristics in Figure 11. 

CKOUT - Clock Out, Output 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a 
second crystal. The frequency of CKOUT depends upon 
the time-base frequency and the state of the CKFS pin as 
shown in Table 2. 

CKFS - Clock Out Frequency Select, Input 

When the CKFS pin is tied to Voo, it causes CKOUTto bethe 
same frequency as the time base at the OSC1 pin. When 
CKFS is tied to Vss. CKOUT is the OSC1 time-base 
frequency divided by four. Table 2 summarizes the effect of 
CKFS. 

TABLE 2 - CLOCK OUTPUT FREQUENCIES 

TIME CLOCK CLOCK 
BASE FREQUENCY FREQUENCY 

(OSC1) SELECT PIN OUTPUT PIN 
FREQUENCY (CKFS) (CKOUT) 

4.194304 MHz High 4.194304 MHz 

4.194304 MHz Low 1.048576 MHz 

1.048576 MHz High 1.048576 MHz 

1.048576 MHz Low 262.144 KHz 

32.768 kHz High 32.768 kHz 

32.768 KHz Low 8.192 KHz 
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SQW - Square Waye, Output 

The saw pin can output a signal from one of the 15 taps 
provided by the 22 internal-divider stages. The frequency of 
the saw may be altered by programming Register A, as 
shown in Table 5. The saw signal may beturned on and off 
using the SaWE bit in Register B. 

ADO-AD7 - Multiplexed Bidirectional Addre .. /Data BUI 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address­
then-data multiplexing does not slow the access time ofthe 
CDP6818A since the bus reversar from address to data is 
occurring during the internal RAM access time. 

The address must be valid just priorto thefali of AS/ALE at 
which time the CDP6818A latches the address from ADO to 
AD5. Valid write data must be presented and held stable 
during the latter portion of the OS or WR pulses. In a read 
cycle, the CDP6818A outputs eight bits of data during the 
latter portion of the OS orRo pulses, then ceases driving 
the bus (returns the output drivers to the high-impedance 
state) when OS falls in the 6800 type orRD rises in the other 
case. 

AS - Multiplexed Addr; .. Strobe, Input 

A positive going multiplexed address strobe pulse serves to 
demultiplex the bus. The falling edge of AS or ALE causes 
the address to be latched within the CDP6818A. 

DS - Data Strobe or Read, Input 

The OS pin has two interpretations via the MOTEL circuit. 
When emanating from a 6800 type processor. OS is a 
positive pulse during the latter portion ofthe bus cycle. and 
is variously called OS (data strobe). E (enable). and t/12 (t/12 
clock). During read cycles. OS signifies the time that the 
RTC is to drive the bidirectional bus. In write cycles. the 
trailing edge of OS causes the Real-Time Clock puis RAM to 
latch the written data. 

The second MOTEL interpretation of OS is that of RD, 
MEMR, or f70R emanating from the competitor type 
processor. In this case. OS identifies the time period when 
the real-time clock plus RAM drives the bus with read data. 
This interpretation of OS is also the same as an output­
enable signal on a typical memory. 

R/W - ReadIWrlte, Input 

The MOTEL circuit treats the RIW pin in one of two ways. 
When a 6800 type processor is connected, RlW is a level 
which indicates whether the current cycle is a read or write. 
A read cycle is indicated with a high level on RIW while OS is 
high. whereas a write cycle is a low on R/W during OS. 

The second interpretation of RiW is as a negative write 
pulse. WFi, MEMW, and J/OW from competitor .-!}ipe 
processors. The MOTEL circuit in this mode gives RIW pin 
the same meaning as the write (W) pulse on many generic 
RAMS. 

CS - Chip Select, Input 

The chip-select (CS) signal must be asserted (low) for a bus 
cycle in which the CDP6818A is to be accessed. CS is not 
latched and must be stable during OS and AS (6800 type of 
MOTEL) and during RD and Wi1. Bus cycles which take 
place without asserting"OS'" cause no actions to take place 
within the CDP6818A. When CS Is not used, it should be 
grounded. (See Figure 20). 



4.194304 MHz 
or 

1048576 MHz 
or 

32.766 kHz 

CDP6818A 

~
VDD 

Optional 

IVDD-1.0 VI 

I 
I 

------.... -----+1 OSC1 

3 
IOpenl" __ -I OSC2 

CDP6818A 

92CS-42700 
Fig. 9 - External time-base connection. 

r-______ .... ___ ..... -=2~ OSC1 

4.194304 MHz. 
1.048576 MHz, 

or 
32.766 kHz. 

o Rf 

3 
... 'V'V't.r4_-t OSC2 

300-470 k* 
CoutT CDP6818A 

*32.766 kHz Only - Consult Crystal Manufacturer's Specification 
92C8-42701 

Fig. 10 - Crystal oscll/ator connection. 

Crystal Equivalent Circuit 

L1 C1 RS 

---.' C~ :Jt---
-3---------------------------iI[]~I--------------9-2-CS-~-2-7~--2-

Fig. 11 - Crystal parameters. 

'ooc 4.184304 MHz 1.048578 MHz 

RS (Maximum) 75n 700n 

CO (Maximum) 7 pF 5 pF 

C1 0.012 pF 0.008 pF 

Q 50 k 35 k 

C,nlC.ut 15-30 pF 15-40 pF 

R - -
RI 10M 10M 
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IRQ - Interrupt Reque.t, Output 

The iRQ pin is an active low output of the CDP6818A that 
may be used as an interrupt input to a processor. The TRQ 
output remains low as iong as the status bit causing the 
interrupt is present and the corresponding interrupt-enable 
bit is set. To clear the IRQ pin, the processor program 
normally reads Register C. The RESET pin also clears 
pending interrupts. 

When no interrupt conditions are present, the IRQjevel is in 
the high-impedance state. Multiple interrupting devices 
may thus be connected to an IRQ bus with one pullup atthe 
processor. 

RESET - RESET, Input 

The RESET pin does not affect the clock, calendar, or RAM 
functions. On powerup, the RESET pin must beheld low for 
the specified time, tALH, in order to allow the power supply to 
stabilize. Figure 12 shows a typical representation of the 
RESET pin circuit. 

When RESET is low the following occurs: 
a) Periodic Interrupt Enable (PIE) bit is cleared to zero, 
b) Alarm Interrupt Enable (AlE) bit is cleared to zero, 
c) Alarm Interrupt Enable (AlE) bit is cleared to zero, 
d) Update ended I nterrupt Flag (UF) bit is cleared to zero, 
e) Interrupt Request status Flag (IRQF) bit is cieared to 

zero, 
f) Periodic Interrupt Flag (PF) bit is cleared to zero, 
g) The part is not accessible. 
h) Alarm Interrupt Flag (AF) bit is cleared to zero, 
i) IRQ pin is in high-impedance state, and 
j) Square Wave output Enable (SQWE) bit is cieared to 

zero. 

STBY - Stand-by 

The STBY pin, when active, prevents access to the 
CDP6818A making it ideal for battery back-up applications. 
Stand-by operation incorporates a tra!!![larent latch. After 
data strobe (OS) goes low (RO or WR rises), STBY is 
recognized as a valid signal. 

The STBY signal is totally asynchronous. Its transparent 
latch is opened by the falling edge of OS (rising edge of RD 
or WR) and clocked by the rising edge of AS (ALE). 
Therefore, for STBY to be recognized, OS and AS should 
occur in pairs. When STBY goes low before the falling edge 
of OS (rising edge of WR or RO), the current cycle is 
completed at that edge and the next cycle will not be 
executed. 

PS - Power Sense, Input 

The power-sense pin is used in the control ofthe valid RAM 
and time (VRT) bit in Register O. When the PS pin islowthe 
WRT bit is cleared to zero. 

When using the VRT feature during powerup, the PS pin 
must be externally held low for the specified tpLH time. As 
power is applied, the VRT bit remains low indicating thatthe 
contents of the RAM, time registers, and calendar are not 
guaranteed. PS must go high after powerup to allow the 
VRT bit to be set by a read of register O. 

01 02 

System Battery 

VOO 
Backup 

VOO 

03 COP6818 

RffiT 

IO.OO5!'F Vss 

01 = 02 = 03 = lN4148 or Equivalent 

Note: If the RTC IS Isolated from the MPU or MCU power by a 
diode drop, cale must be taken to meet Vin reqUirements. 
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Fig. 12 - Typical power-up delay circuit for reset. 

01 D2 

System -.1----..-----... --1 .. - Battery 
VOO Backup 

VOD 

PS 1---.... 

COP6818 

Vss I 

01 = 02 = lN4148 or Equivalent 

92C5-42704 

Fig. 13 - Typical power-up delay circuit for power sense. 
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Power-Down Considerations 

In most systems, the CDP6818A mustcontinueto keep time 
when system power is removed. In such systems, a 
conversion from system power to an alternate power 
supply, usually a battery, must be made. During the 
transition from system to battery power, the designer of a 
battery backed-up RTC system must protect data integrity, 
minimize power consumption, and ensure hardware 
reliability. 

The stand-by (STBY) pin controls all bus inputs (R/W, OS, 
AS, ADO-AD7) STBY, when negated, disallow~ 
unintended modification of the RTC data by the bus. STBY 
also reduces power consumption by reducing the number 
of transitions seen internally. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SQW) pin. 

During and after the power source conversion, the VON 

maximum specification must never be exceeded. Failure to 
meet the VON maximum specification can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part. 

Address Map 

Figure 14 shows the address map of the CDP6818A. The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are 
directly readable and writable by the processor program 
except for the following: 1) Registers C and 0 are read only, 
2) bit 7 of Register A is read only, and 3) the high-order bit of 
the seconds byte is read only. The contents of four control 
and status registers (A, B, C, and D) are described in 
REGISTERS. 

Time, Calendar, and Alarm Locations 

The processor program obtains time and calendar 
information by reading the appropriate locations. The 
program may initialize the time, calendar, and alarm by 
writing to these RAM locations. The contents of the 10 time, 

,) 

13 

14 

63 

14 
Byles 

50 
Bytes 
User 
RAM 

00 

OD 

OE 

3F 

calendar, and alarm bytes may be either binary or binary­
coded decimal (BCD). 

Before initializing the internal registers, the SET bit in 
Register B should be set to a "1" to prevent time/calendar 
updates from occuring. The program initializes the 10 
locations in the selected format (binary or BCD), then 
indicates the format in the data mode (OM) bit of Register B. 
All 10 time, calendar, and alarm bytes must use the same 
data mode, either binary or BCD. The SET bit may now be 
cleared to allow updates. Once initialized the real-time 
clock makes all updates in the selected data mode. The data 
mode cannot be changed without reinitializing the 10 data 
bytes. 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations. The 24/12 bit in Register B 
establishes whether the hour locations represent 1-to-12 or 
0-to-23. The 24/12 bit cannot be changed without 
reinitializing the hour locations. When the 12-hourformat is 
selected the high-order bit of the hours byte represent PM 
when it is a "1 "'. 

The time, calendar, and alarm bytes are not always 
accessible by the processor program. Once per second the 
1 0 bytes are switched to the update logiC to be advanced by 
one second and to check for an alarm condition. II any of 
the 10 bytes are read at this time, the data outputs are 
undefined. The update lockouttime is 2481lsatthe4.194304 
MHz and 1.048567 MHz time bases and 1948 IlS for the 
32.768 kHz time base. The Update Cycle section shows how 
to accommodate the update cycle in the processor program. 

The three alarm bytes may be used in two ways. First, when 
the program inserts an alarm time in the appropriate hours, 
minutes, and seconds alarm locations, the alarm interrupt is 
initiated at the specified time each day if the alarm enable 
bit is high. The second usage is to insert a "don't care" state 
in one or more ofthree alarm bytes. The "don't care" code is 
any hexadecimal byte from CO to FF. That is, the two most­
significant bits of each byte, when set to "1 ", create a "don't 
care" situation. An alarm interrupt each hour is created with 
a "don't care" code in the hours alarm location. Similarly, an 
alarm Is generated every minute with "don't care" codes in 
the hours and minutes alarm bytes. The "don't care" codes 
in all three alarm bytes create an interrupt every second. 

0 Seconds 

1 Seconds Alarm 

2 Minutes 

3 Minutes Alarm 

4 Hours 

5 Hours Alarm 

6 Day of Week 

7 Date of Month 

8 Month 

9 Year 

10 Register A 

11 Register B 

12 Register C 

13 Register D 
_. 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09", 

OA 

OB 

OC 

OD 

Binary 
or BCD 

Contents 

Fig. 14 - Address map. 
92C5-42705 
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TABLE 3 - TIME, CALENDAR, AND ALARM DATA MODES 

RANGE EXAMPLE • 
ADDRESS 

FUNCTION 
DECIMAL 

LOCATION RANGE BINARY BCD BINARY BCD 
DATA MODE DATA MODE DATE MODE DATA MODE 

0 Seconds 0-59 $00-$36 $00-$59 15 21 

1 Seconds Alarm 0-59 $00-$36 $00-$59 15 21 

2 Minutes 0-59 $00-$36 $00-$59 3A 58 

3 Minutes Alarm 0-59 $00-$36 $00-$59 3A 58 

Hours $01-$OC (AM) and 
1-12 

$01-$12 (AM) and 
05 05 

4 
(12 Hour Mode) $81-$8C (PM) $81-$92 (PM) 

Hours 
(24 Hour Mode) 0-23 $00-$17 $00-$23 05 05 

Hours Alarm $01-$OC (AM) and 
1-12 

$01-$12 (AM) and 
05 05 

5 
(12 Hour Mode) $81-$8C (PM) $81-$92 (PM) 

Hours Alarm 
(24 Hour Mode) 0-23 

6 
Day of the Week 

Sunday = 1 
1-7 

7 Date of the Month 1-31 

8 Month 1-12 

9 Year 0-99 

• Example: 5:58:21 Thursday 15 February 1979 (time is AM) 

Static CMOS RAM 

The 50 general purpose RAM bytes are not dedicated within 
the CDP6818A. They can be used by the processor program, 
and are fully available during the update cycle. 

When time and calendar Information must use battery back­
up very frequently there is other non-volatile data that must 
be retained when main power is removed. The 50 user RAM 
bytes serve the need for low-power CMOS battery-backed 
storage, and extend the RAM available to the program. 

When further CMOS RAM Is needed, additional CDP6818As 
may be Included In the system. The time/calendar functions 
may be disabled by holding the DVO-DV2 dividers, in 
Register A, in the reset state by setting the SET bit in 
Register 6 or by removing the oscillator. Holding the 
dividers in reset prevents interrupts or SQW output from 
operating while setting the SET bit allows these functions to 
occur. With the dividers clear, the available user RAM is 
extended to 59 bytes. The high-order bit of the seconds 
byte, bit 7 or Register A, and all bits of Register C and D 
cannot effectively be used as general purpose RAM. 

Interrupts 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per­
second to one-a-day. The periodic Interrupt may be selected 
for rates from half-a-second to 30.517 /ls. The update­
ended Interrupt may be used to indicate to the program that 
an update cycle is completed. Each of these Independent 
Interrupt conditions are described In greater detail in other 
sections. 

The processor program selects which interrupts, if any, It 
wishes to receive. Three bits in Register 6 enable the three 
Interrupts. Writing a "1" to a Interrupt-enable bit permits 

$00-$17 $00-23 05 05 

$01-$07 $01-$07 05 05 

$01-$1F $01-$31 OF 15 

$01-$OC $01-$12 02 02 

$00-$63 $00-$99 4F 79 

that interrupt to be Initiated when the event occurs. A "0" In 
the interrupt-enable bit prohibits the IRQ pin from being 
asserted due to the interrupt cause. 

If an interrupt~ is already set when the interrupt becomes 
enabled, the rm::r pin Is immediately activiated, though the 
interrupt initiating the event may have occurred much 
earlier. Thus, there are cases where the program should 
clear such earlier initiated interrupts before first enabling 
new interrupts. 

When an interrupt event occurs, a flag bit is set to a "1" in 
Register C. Each of the three interrupt sources have 
separate flag bits In Register C, which are set independent 
of the state of the corresponding enable bits in Register 6. 
The flag bit may be used with or without enabling the 
corresponding enable bits. 

In the software scanned case, the program does not enable 
the interrupt. The "Interrupt" flag bit becomes a status bit, 
which the software interrogates, when it wishes. When the 
software detects that the flag is set, it is an indication to 
software that the "interrupt" event occurred since the bit 
was last read. 

However, there is one precaution. The flag bits in Register C 
are cleared (record of the interrupt event is erased) when 
Register C is read. Double latching is included with Register 
C so the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held after the 
read cycle. One, two or three flag bits may be found to be set 
when Register C is used. The program should inspect all 
utilized flag bits every time Register C is read to insure that 
no interrupts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an Interrupt-flag bit is set and the 
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correspondin!li!!.terrupt-enable bit is also set, the IRO pin is 
asserted low. IRO is asserted as long as at least one of the 
three interrupt sources has its flag and enables bits both set. 
The IROF bit in Register C is a "1" whenever the iRQ pin is 
being driven low. 

The processor program can determine that the RTC initiated 
the interrupt by reading Register C. A "1" in bit 7 (IROF bit) 
indicates that one or more interrupts have been initiated by 
the part. The act of reading Register C clears all the then­
active flag bits, plus the IROF bit. When the program finds 
IROF set, it should look at each of the individual flag bits in 
the same byte which have the corresponding interrupt­
mask bits set and service each interrupt which is set. Again, 
more than one interrupt-flag bit may be set. 

Divider Stages 

The CDP6818A has 22 binary-divider stages following the 
time base asshown in Figure 1. The output of the dividers is 
a 1 Hz signal to the update-cycle logic. The dividers are 
controlled by three divider bits (DV2, DV1, and DVO) in 
Register A. 

Divider Control 

The divider-control bits have three uses, as shown in Table 
4. Three usable operating time bases may be selected 
(4.194304 MHz, 1.048576 MHz, or 32.768 kHz). The divider 
chain may be held at reset, which allows preciSion setting of 
the time, when the divider is changed from reset to an' 
operating time base, the first update cycle is one-half 
second later. The divider-control bits are also used to 
facilitate testing the CDP6818A. 

Square-Wave Output Selection 

Fifteen ofthe 22 divider taps are made availableto a 1-of-15 
selector as shown in Figure 1. The first purpose of selecting 
a divider tap is to generate a square-wave output signal at 
the SOW pin. The RSO-RS3 bits in Register A establish the 
square-wave frequency as listed in Table 5. The SOW 
frequency selection shares the 1-of-15 selector with periodic 
interrupts. 

Once the frequency is selected, the output of the SOW pin 
may be turned on and off under program control with the 
square-wave output selection bits, or the SOWE output­
enable bit may generate an asymmetrical waveform at the 
time of execution. The square-wave output pin has a 
number of potential uses. For example, it can serve as a 
frequency standard for external use, a frequency 
synthesizer, or could be used to generate one or more audio 
tones under program <;ontrol. 

Periodic Interrupt Selection 

The periodic interrupt allows the IRO pin to be triggered 
from once every 500 ms to once every 30.517 /ls. The 
periodic interrupt is separate from the alarm interrupt which 
may be output from once per second to once per day. 

Table 5 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SOW pin 
is enabled by the SOWE bit in Register B. Similarly the 
periodic interrupt is enabled by the PIE bit in Register B. 

Periodic interrupt is usable by practically all real-time 
systems. It can be used to scan for all forms of inputs from 
contact closures to serial receive bits or bytes. It can be 
used in multiplexing displays or with software counters to 
measure inputs, create output intervals, or await the next 
needed software function. 

Update Cycle 

The CDP6818A executes an update cycle once per second, 
assuming one of the proper time bases is in place, the 
DVO-DV2 divider is not clear, and the SET bit in Register B is 
clear. The SET bit in the "1" state permits the program to 
initialize the time and calendar bytes by stopping an 
existing update and preventing a new one from occurring. 

The primary function of the update cycle is to increment the 
second byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each 
alarm byte with the corresponding time byte and issues an 
alarm if a match or if a "don't care" code (11XXXXXX) is 
present in all three positions. 

With a4.194304 MHzor 1.048576 MHz time base the update 
cycle takes 248 /lS while a 32.768 kHz time base update 
cycle takes 1984 /ls. During the update cycle, the time, 
calendar, and alarm bytes are not accessible by the 
processor program. The CDP6818A protects the program 
from reading transitional data. This protection is provided 
by switching the time, calendar, and alarm portion of the 
RAM off the microprocessor bus during the entire update 
cycle. If the processor reads these RAM locations before 
the update is complete, the output will be undefined. The 
update in progress (UIP) status bit is set during the interval. 

A program which randomly accesses the time and date 
information finds data unavailable statistically once every 
4032 attempts. Three methods of accommodating 
nonavailability during update are usable by the program. In 
discussing the three methods, it is assumed that at random 
points user programs are able to call a subroutine to obtain 
the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs 
after every update cycle which indicates that over 999 ms 
are available to read valid time and date information. During 
this time a display could be updated or the information 
couid be transferred to continuously available RAM. Before 
leaving the interrupt service routine, the IROF bit in Register 
C should be cleared. 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once per second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
high, the update cycle begins '244 ps later. Therefore, if a 
low is read on the UIP bit, the user has at least 244ps before 
the time/calendar data will be changed. If a "1" is read in the 
UIP bit, the time/calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 
time needed to reach valid time/calendar data to exceed 
244ps. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is 
set high between the setting of the PF bit in Register C (see 
Figure 15). Periodic interrupts that occur at a rate of greater 
than taue + tue allow valid time and date information to be 
read at each occurrence of the periodic interrupt. The reads 
should be completed within (T PI + 2) + taue to ensure that 
data is not read during the update cycle. 

To properly setup the internal counters for daylight savings 
time operation, the user must set the time at least two 
seconds before the rollover will occur. Likewise, the time 
must be set at least two seconds before the end of the 29th 
or 30th day of the month. 
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TABLE 4 - DIVIDER CONFIGURATIONS 

DIVIDER BITS 
TIME-BASE REGISTER A OPERATION DIVIDER BYPASS FIRST 

FREQUENCY MODE RESET N-DIVIDER BITS 
DV2 DV1 DVO 

4.194304 MHz 0 0 0 Yes - N=O 

1.048576 MHz 0 0 1 Yes - N =2 

32.768 kHz 0 1 0 Ves - N =7 

Any 1 1 0 No Ves -
Any 1 1 1 No Ves -

Note: Other combinations of divider bits are used for test purposes only. 

TABLE 5 - PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 

SELECT BITS 4.184304 or 1.048578 MHz 32.788 kHz 

RS3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

REGISTER A TIME BASE TIME BASE 

PERIODIC SQW PERIODIC SQW 
RS2 RS1 RSO INTERRUPT RATE OUTPUT INTERRUPT RATE OUTPUT 

fp, FREQUENCY fp, FREQUENCY 

0, 0 0 None None None None 

0 0 1 30.517 pS 32.768 kHz 3.90625 ms 256 Hz 

0 1 0: 61.035pS 16.364 kHz 7.8125 ms 128Hz 

0 1 1 122.070 pS 8.192 kHz 122.070 pS 8.192 kHz 

1 0 0 244.141 pS 4.096 kHz 244.141 pS 4.096 kHz 

1 0 1 488.281 pS 2.048 kHz 488.281 pS 2.048 kHz 

1 1 0 976.562 pS 1.024 kHz 976.562pS 1.024 kHz 

1 1 1 1.953125 ms 512 Hz 1.953125 ms 512 Hz 

0 0 0 3.90625 ms 256 Hz 3.90625 ms 256 Hz 

0 0 1 7.8125 ms 128 Hz 7.8125 ms 128Hz 

0 1 0 15.625 ms 64 Hz 15.825 ms 64 Hz 

0 1 1 31.25 ms 32Hz 31.25 ms 32 Hz 

1 0 0 62.5 ms 16 Hz 62.5 ms 16 Hz 

1 0 1 125 ms 8 Hz 125 ms 8Hz 

1 1 0 250 ms 4Hz 250 ms 4 Hz 

1 1 1 500ms 2 Hz 500 ms 2 Hz 

UIP bit In r;--) 
Register A ----------------t-B-U-c-1....J{~ •• --tu-c-------

UF bit In 

Register C 

~tPI+2 --J 

~r-~-.... -_~-_~~~_t_PI_-_-_-_-_-_-_~ • ., I---- tpi +2 PF bit In . 
Register C 

tpl~ Periodic Interrupt Time Interval (500 ms, 250 ms, 125 ms, 62,5 m5, etc, per Table 5) 
tuc = Update Cycle Time (248 "s or 1964 ,,5) 
tBUC= Delay Time Before Update Cycle (244 "s) 92C5-427011 

Fig. 15 - Update-ended and parlodlc Interrupt relationship. 
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REGISTERS 

The CDP6818A has four registers which are accessible to 
the processor program. The four registers are also fully 
accessible during the update cycle. 

REGISTER A ($OA) 

MSB 

b7 b6 b5 b4 

UIP DV2 DV1 DVO 

UIP 

b3 b2 b1 

RS3 RS2 RS1 

LSB 

bO 

RSO 

Readl 
Write 

Register 
except 
UIP 

The update in progress (U IP) bit is a status flag that may be 
monitored by the program. When UIP is a "1", the update 
cycle is in progress or will soon begin. When UIP isa "0", the 
update cycle is not in progress and will not be for at least 
244 JJS (for all time bases). This is detailed in Table 6. The 
time, calendar, and alarm information in RAM is fully 
available to the program when the UIP bit is zero - it is not 
in transition. The UIP bit is read-only bit, and is I)ot affected 
by Reset. Writing the SET bit in Register B to a "1" inhibits 
any update cycle and then clears the UIP status bit. 

TABLE 6 - UPDATE CYCLE TIMES 

UPDATE MINIMUM TIME 
UIP 

TIME 
CYCLE BEFORE 

BIT 
BASE 

TIME UPDATE·CYCLE 
(OSC1) 

(tue) (laue) 

1 4.194304 MHz 248 JJS -
1 1.048576 MHz 248 JJS -
1 32.768 kHz 1984 JJS -
0 4.194304 MHz - 244 JJS 

0 1.048576 MHz - 244 JJS 

0 32.768 kHz - 244 JJS 

DV2, DV1, DVO 

Three bits are used to permit the program to select various 
conditions of the 22-stage divider chain. The divider 
selection bits identify which of the three time-base 
frequencies is in use. Table 4 shows that time bases of 
4.194304 MHz, 1.048576 MHz, and 32.768 kHz may be used. 
The divider selection bits are also used to reset the divider 
chain. When the time/calendar is first initialized, the program 
may start the divider at the precise time stored in the RAM. 
When the divider reset is removed, the first update cycle 
begins one-half sec.2!!.!!..!!ter. These three read/write bits 
are not affected by RESET. 

RS3, RS2, RS1, RSO 

The four rate selection bits select one of 15 tapes on the 
22-stage divider, or disable the divider output. The tap 
selected may be used to generate an output square wave 
(SaW pin) and/or a periodic interrupt. The program may ~o 
one ofthe following: 1) enable the interrupt with the PI E bit, 
2) enable the saw output pin with the SaWE bit, 3) enable 
both at the same time at the same rate, or4) enable neither 
Table 5 lists the periodic interrupt rates and the square­
wave frequencies that may be chosen with the RS bits. 
These four bits are read/write bits which are not affected by 
Fi'ESET. 

REGISTER B ($OB) 

MSB 

b7 b6 b5 b4 

SET PIE AlE UIE 

SET 

b3 b2 b1 

SaWE DM 24/12 

LSB 

bO 

DSE 

Readl 
Write 
Register 

When the SET bit is a "0", the update cycle functions 
normally by advancing the counts once-per-second. When 
the SET bit is written to a "1 ", any update cycle in progress is 
aborted and the program may initallzethe time and calendar 
bytes without an update occurring in the midst of initalizing. 
SET is a read/write bit which Is not modified by RESET or 
internal functions of the CDP6818A. 

PIE 

The periodic interrupt enable (PIE) bit is a read/write bit 
which allows th~eriodic-interrupt flag (PF) bit In Register 
C to cause the IRa pin to be driven low. A program writes a 
"1" to the PIE bit in order to receive periodic interrupts atthe 
rate specified by the RS3, R~S1, and RSO bits In 
Register A. Azero in PIE blocks IRa from being initiated by 
a periodic interrupt, but the periodic flag (PF) bit is still set 
at the periodic rate. PIE is not modified by an internal 
CDP6818A functions, but is cleared to "0" by a RESET. 

AlE 

The alarm interrupt enable (AlE) bit is a read/write bit which 
when set to a "1" permits the alarm flag (AF) bit in Register C 
to assert IRa. An alarm interrupt occurs for each second 
that the three times bytes equal the three alarm bytes 
(including a "don't care" alarm code by binary 11XXXm 
When theAIE bit is a "0", the AF bit does not initiate an IRa 
signal. The RESET pin clears AlE to "0". The internal 
functions do not affect the AlE bit. 

UIE 

The UIE (update-ended interrupt enable) bit is a read/write 
bit which enables the update-end flag (UF) bit in Register C 
to assert mo. The RESET pin going low or the SET bit going 
high clears the UIE bit. 

SaWE 

When the square-wave enable (SaWE) bit is set to a "1" by 
the program, a square-wave sig nal atthe freq uency specified 
in the rate selection bits (RS3 to RSO) appears on the saw 
pin. When the SaWE bit is set to a zero the saw pin is held 
low. The state of SaWE is cleared by the RESET pin. SaWE 
is a read/write bit. 

DM 

The data mode (DM) bit indicates whether ti me and calendar 
updates are to use binary or BCD formats. The DM bit is 
written by the processor program and may be read by the 
wogram, but is not modified by any internal functions or 

ESET. A "1" in DM signifies binary data, while a "0" in DM 
specifies binary-coded-decimal (BCD) data. 

24/12 

The 24/12 control bit establishes the format of the hours 
bytes as either the 24-hour mode (a "1 ") or the 12-hour 
mode (a "0"). This is a read/write bit, which is affected only 
by software. 
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DSE REGISTER D (SOD) 

The daylight savings enable (DSE) bit is a read/write bit MSB 
which allows the program to enable two special updates 
(when DSE is a "1"). On the last Sunday in April the time 
increments from 1:59:59 AM to 3:00:00 AM. On the last 
Sunday In October when the time first reaches 1 :59:59 AM it 
changes to 1 :00:00 AM. These special updates do not occur 
when the DSE bit is a "0". DSE is not changed by any 

LSB 

b7 b6 b5 b4 

VRT 0 0 0 

b3 b2 

0 0 

b1 

0 

bO 

0 

Read­
Only' 

Register 

internal operations or reset. VRT 

REGISTER C (SOC) 

MSB 

b7 b6 b5 

IRQF PF AF 

IRQF 

b4 

UF 

b3 b2 b1 

0 0 0 

LSB 

bO 

0 

Read­
Only 
Register 

The interrupt requestflag (lRQF) is setto a "1" when one or 
more of the following are true: 

PF=PIE="1" 
AF=AIE="1" 
UF=UIE="1" 

i.e., IRQF = PFePIE+AFeAIE+UFeUIE 

Any time the IRQF bit Is a "1", the IRQ pin Is driven low. All 
flag bits are cleared after Register C is read by the program 
or when the RESET pin is low. 

PF 

The periodic interrupt flag (PF) is a read-only bit which is 
set to a "1" when a particular edge Is detected on the 
selected tap of the divider chain. The RS3 to RSO bits 
establish the periodic rate. PF is set to a "1" inde~dent of 
the state of the PIE bit. PF being a "1"lnitiates an IRQ signal 
and sets the IRQF bit when PIE is also a "1". The PF bit Is 
cleared by a RESET or a software read of Register C. 

AF 

A "1" In the AF (alarm interrupt flag) bit indicates that the 
current time has matched the alarm time. A "1" in the AF 
causes the IRQ pin to go low, and a"1"tRappear in the IRQF 
bit, when the AlE bit also is a "1". A ESET or a read of 
Register C clears AF. 

UF 

The update-ended interrupt flag (UF) bit is set after each 
update cycle. When theUIE bit Isa"1", the"1" in UF causes 
the IRQF bit to be a "1", asserting TAO. UF is cleared by a 
Register C read or a RESET. 

b3 to bO 

The unused bits of Status Register 1 are read as "O's". They 
can not be written. 

The valid RAM and time (VRT) bit indicates the condition of 
the contents of the RAM, provided the power·sense (PS) pin 
is satisfactorily connected. A "0" appears in the VRT bit 
when the power-sense pin is low. The processor program 
can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are valid. The 
VRT is a read only bit which is not modified by the RESET 
pin. The VRT bit can only be set by reading Register D. 

be to bO 

The remaining bits of Register D are unused. They cannot 
be written, but are always read as "O's." 

TYPICAL INTERFACING 

The CDP6818A is best suited for use with microprocessors 
which generate an address-then-data multiplexed bus. 
Figures 16 and 17 show typical interfaces to bus-compatible 
processors. These interfaces assume that the address 
decoding can be done quickly. However, if standard 
metalgate CMOS gates are used, the CS setup time may be 
violated. Figure 18 illustrates an alternative method of chip 
selection which will accommodate such slower decoding. 

The CDP6818A can be interfaced to single-chip 
microcomputers (MCU) by using eleven port lines as shown 
in Figure 19. Non-multiplexed bus microprocessors can be 
interfaced with additional support. 

There is one method of using the multiplexed bus CDP6818A 
with non-multiplexed bus processors. The interface uses 
available bus control Signals to multiplex the address and 
data bus together. 

An example using either the MC6800, MC6802, MC6808, or 
MC6809 microprocessor is shown in Figure 20. When the 
CDP6818A is I/O mapped as shown in Figure 19and 20, the 
AS and DS Inputs should be left in a low state when the part 
Is not being accessed. Refer to the STBY pin description for 
the conditions which must be met before STBY can be 
recognized. 

Figure 21 illustrates the subroutines which may be used for' 
data transfers in a non-multiplexed system. The subroutines 
should be entered with the registers containing the following 
data: 

Accumulator A: The address of the RTC to be accessed. 
Accumulator B: Write: The data to be written. 
Read: The data read from the RTC. 

The RTC is mapped to two consecutive memory locations 
- RTC and RTC + 1 as shown in Figure 20. 
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8049 

CDP6818A 
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K8 Addressl Data Multiplexed 

'" Address Strobe 

Data Strobe tEl 

Read/Write (R/WI 

Interrupt Request (IRQ) 

815 Address 

U 
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~ Decode" 

CS iRa R/'iJiJ OS AS 

RESET----+ RESET 

V 
ADO-AD7 

... 8 
" 

.. 
8/5 

V 

Other 
Peripherals 

and 
Memory 

VDD- MOT 
"High-Speed Silicon-

CDP6818A 
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94304 
ITypl 

Gate CMOS or TTL CKOUT CKFS STBY SOW 
Address Decoding 

--- -_:,J f r~ ------ - - VDD 
Failure 
Circuit 

Fig. 16 - CDP6818A Interfaced with Motorola compatible 
multiplexed bus microprocessors. 

k1 Addressl Data 

.... Address Latch Enable (ALEI 

Read (RI 

Wnte(WI 

Interrupt Request 

l 
8/4 Address 

U ~+ 
~~~ :J 
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Decode ~ V 

CE IRQ R/W OS AS ADO·AD7 

~ 
92C8-42707 

... 
8 
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.. 
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Other 
Peripherals 
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RESET- RISEi' il41 cr MHZ 

94304 
ITypi CDP6818A 
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~ 
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Circuit 

L..-
92C8-42708 

Fig. 17 - CDP6818A interfaced with competitor compatible 
multiplexed bus microprocessors. 
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Interrupt Request IIRQ) 

Read/Write (A/W) 

Address Strobe lAS) 

Data Strobe IDS) 

CDP6805E2 T A 
5 Non-Multiplexed Address 5-7 Non-multIplexed address 

A I I I K 8 Multiplexed Address/Data 

OSCI ~ 0 IDS 

t A12 

I Address 

I Decode V 
I DS CS AS R/W IRQ ADO-AD7 

I RESET~ ~ I CDP6818A 

I VDD_ MOT LT I CKOUT CKFS STBY SOW 
I J I 
I +1 

Power I 
'------------------- VDD 

Failure 
This Illustrates the use of CMOS gating for address decoding. CirCUit 

9205-42709 

Fig. 18 - CDP6818A Interfaced with CDP6805E2 CMOS multiplexed 
microprocessor with slow addressing decoding. 

MC3870 
CDP6805 

8021 Addressl Data 8 

CDP8818A 

ADO-AD7 

MOT VDD 

SOW 

STBY~---I 

~ 

... 

41 94304 MHz 
Typ) I 

Address Strobe Description) AS CKFS 

I 
I 
I 
L _____ _ 

Read 

Write 

Port 
Lines 

VSS 

* NOTE: CS can be controlled by a port pin lif available!. 

DS 

R/W 
CKOUT 

__..J 

9205-42710 

Fig. 19 - CDP6818A Interfaced with the ports of A typical single 
chip microcomputer. 
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Active High Chip Select-----------, 

r-----tOS 

AO~-+~_-I COP6818A 

N.C.N. 
VOO MOT 

MC6800, 
MC6802, A/W I--+~~-I 1----1 AS 
MC6808, 

or 
MC6809 

00-07 

AEAD 

WAITE 

~--------------~A/W 

VSS 

92C8-42723 

Fig. 20 - CDP6818A interfaced with Motorola Processors. 

STA 
LDAB 
ATS 

STA 
STAB 
ATS 

ATC 
ATC + 1 

ATC 
ATC + 1 

Generate AS and Latch Data from ACCA 
Generate OS and Get Data 

Generate AS and Latch Data from ACCA 
Generate OS and Store Data 

Fig. 21 - Subroutine for reading and writing the CDP6818A with a 
non-multiplexed bus. 
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Features 
• 24 Individual Programmed I/O Pins 
• MOTEL Circuit for Bus Compatibility With Many 

Microprocessors 

• Multiplexed Bus Compatible With CDP6805E2 and 
Competitive Microprocessors 

• Data Direction Registers for Ports A, Band C 
• Reset Input to Clear Interrupts and Initialize Internal 

Registers 

• Four Port C I/O Pins May Be Used as Control Lines 
~ Four Interrupt Inputs 
~ Input Byte Latch 
~ Output Pulse 
~ Handshake Activity 

• 15 Registers Addressed as Memory Locations 
• Handshake Control Logic for Input and Output Peripheral 

Operation 

• Interrupt Output Pin 

• 3V to S.SV Operating VDD 

Block Diagram 

AOO 

AD' 

AD< 

ADS 

AD6 

AD? 

""'-----1 ASf] os 
R/W Control 

REm Inpulll 

or 

VOO-----+ 

vss---. 
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PAS 

PM 

PAS 

PBO 

PBl 

PB2 

PB3 

PB4 

PBS 

P" 
P81 

PCO 

pc, 
PC3 

PC4/CAl 

PCS/CA2 

pee/cal 
PC7/CB2 
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CDP6823 
CMOS Parallel Interface 

Description 
The CDP6823 CMOS parallel interface (CPI) provides a 
universal means of interfacing external Signals with the 
CDP6805E2 CMOS microprocessor and other multi­
plexed bus microprocessors. The unique MOTEL circuit 
on chip allows direct interfacing to most industry CMOS 
microprocessors, as well as many NMOS MPUs. 

The CDP6823 CPI includes three bidirectional 8-bit 
ports or 24 VO pins. Each I/O line may be separately es­
tablished as an input or an output under program control 
via data direction registers associated with each port. 
Using the bit change and test instructions of the 
CDP6805E2, each Individual I/O pin can be separately 
accessed. All port registers are read/write bytes to 
accomodate read-modify-write Instructions. 

The CDP6823 Is supplied in a 40 lead hermetic dual-in­
line sidebrazed ceramic package (D suffix), in a 40 lead 
dual-In-line plastic package (E suffix) and in a 44 lead 
plastic chip carrier package (0 suffix). 

The CDP6823 is equivalent to and is a direct replace­
ment for the industry type MC146823. 

Pinouts PACKAGE TYPES D AND E 
TOP VIEW 

PA2 

PA3 

PA. 

PA' 
PA. 

PA7 

ADO 

AD' 

AD2 

AD. 

Ne 

PC' vDD 
PC, PC, 
PCD PC4/CA' 
PAD pe5/CAl 
PA' PC6/CS 
PA' PC7ICB2 
PA' PBD 
PA' P" 
PA5 PB2 

P., 
PH P., 
ADO P •• 

'D! P., 

AD' P., 
AD> iiiQ AD, ....." 
ADS os AD. Alii 
Aor AS 
v" CE 

PACKAGE TYPE Q 
~ N 
C C 
U U , , 
~ .. 
l;! ~ 

.S 
31 .s 

Ne 
PC1/C82 

PBO 

PB' 

11 I 35 

12-----t---- _34 
PB2 

PB3 ... n I » 
14 32 PB. ,. 
16 

11 

11 19 20 Z1 

31 pas 

30 P87 

29 ill 

~It: : IS ~ 1= ~ 
~ 92C5 -40'40 

File Number 1377.1 



CDP6823 

MAXIMUM RATINGS (Voltages reference to VSSI 

Ratings Symbol Value Unit 

Supply Voltage VDD -0.3 to +8 V 

All Input Voltages Yin VSS-0.5 to VDD+0.5 V 

Current Drain per Pin Excluding 
VDD and VSS I 10 mA 

Operating Temperature Range TA -40 to +85 °C 

Storage Temperature Range Tstg -55 to + 150 °C 

THERMAL CHARACTERISTICS 

Characteristics Symbol Value Unit 
I hermal Heslstance 

50 Ceramic Dual-In-Line 
8JA °C/W Plastic Dual-In-Line 100 

Plastic Chip-Carrier 70 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions betaken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-im­
pedance circuit. For proper operation it is 
recommended that VI. and Vau• be con­
strained to the range Vss S; (VI. or Vau.) S; 

Voo. Leakage currents are reduced and 
reliability of operation is enhanced if unused 
inputs are tied to an appropriate logic 
voltage level (e.g., either Vss or Vool. 

DC ELECTRICAL CHARACTERISTICS (VDD=5 Vdc ± 10%, VSS=O Vdc, TA=OoC to 70°C unless otherwise noted) 

Parameter Symbol Min Max 

Output Voltage II Load:S 10 p.A) VOL - 0.1 

VOH VDD-O.l -

Output High Voltage 
II Load = - 1.6 mAl ADD-AD7 VOH 4.1 VDD 
IILoad= -0.2 mAl PAO·PA7, Peo·PC7 VOH 4.1 VDD 
IILoad= -0.36 rnA) PBO-PB7 VOH 4.1 VDD 

Output Low Voltege 
IILoad= 1.6 mAl ADO-AD7, PBO-PB7 VOL VSS 0.4 
IILoad=0.8 rnA) PAO-PA7, PCO-Pel VOL VSS 0.4 
IILoad= 1 rnA) IRQ VOL VSS 0.4 

Input High Voltage, ADO-AD7, AS. DS, R/W, CE, PAD-PAl, PBD-PB7, PCO-Pel VIH VDD-2.0 VDD 
RESET VIH VDD-0.8 VDD 

Input Low Voltage (All Inputs) VIL VSS 0.8 

Quiescent Current - No dc Loads 
(All Ports Programmed as Inputs, Allinputs= VDD - 0.2 VI IDD - 160 

Total Supply Current 
(All Ports Programmed as Inputs, CE= VIL, tcyc= 1 /lSI IDD - .3 

Input CUrrent, cr, AS, R/W, DS, Rt5ET lin ±1 

Hi-Z State Leakage, ADO-AD7, PAG-PA7, PBD-PB7, pcO-Pel ITSL ±10 

VDD 
TTL Equivalent CMOS Equivalent 

TestPoint~ 

Test 
Point o--~~-~"",,-~--'" 

C 

Pin Rl R2 
ADO-AD7 2.55k 2k 

PAO-PAl, Peo-PC7 ::. ... k 4.32k 

PBO-PB7 11.5k 2.1k 

C 

130 pF 

50 pF 

50 pF 

Fig. 2 - Equivalent test loads. 
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For all outputs except IRQ J.. 
C 

C=50 pF; All Ports I 
= 130 pF; ADO-AD7 

forVDD=5V±10% -=-

4.02 k 

90pF 

Unit 

V 
V 

V 

V 

V 

V 

/lA 

rnA 

/lA 

/lA 

U) 
U)-J 
~c( 
!Dei 
~:::c -a. !D­elia: 

III a. 
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BUS TIMING (VDD=5 Vde ± 10%, VSS=O Vde, TA=Oo to 70°C, unless otherwise noted) 

Ident. 
Number Characteristics Symbol Min Max 

1 Cycle Time teye 1000 de 

2 Pulse Width, DS/E Low or JID/WR High PWEL 300 
3 Pulse Width, DS/E High or Rl5/WR Low PWEH 325 

4 Input Rise and Fall Time tr, tf - 30 
8 R/W Hold Time tRWH 10 -

13 R/W and CE Setup Time Before DS/E tRWS 25 

15 Chip Enable Hold Time tCH 0 -

18 Read Data Hold Time tDHR 10 100 

21 Write Data Hold Time tDHW 0 -
24 Muxed Address Valid Time to ASI ALE Fall tASL 25 -
25 Muxed Address Hold Time tAHL 20 -

26 Delay Time DS/E to ASI ALE Rise tASD 50 -
27 Pulse Width, ASI ALE High PWASH 170 -
28 Delay Time, ASI ALE to DS/E Rise tASED 50 -
30 Peripheral Output Data Delay Time from DS/E or RD tDDR 20 240 

31 Peripheral Data Setup Time tDSW 220 -
NOTE: DeSignations E, ALE, RD, and WR refer to sIgnals from alternative mIcroprocessor signals. 

AS 

OS 

R/W 

ADO­
AD7 

WRITE 

t+-----{311}---~ 

r--+~ k+~~~r-----------~~~~ 

ADO­
AD7 

READ 

NOTE: VHIGH=VDD-2V, VLDW=0.8V, forVDD=5V ±10% 

Fig. 3 - Bus timing diagram. 
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Write Data Valid 

Unit 

ns 

ns 

ns 

ns 

ns 

nS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



ALE (Address Latch Enablel 
(AS Pinl 

RD (Read Output Enablel 
(oS Pin) 

iiiiR (Write Enable) 
(R/VVPin) 

CE (Chip Enable) 

ADO-AD7 

CDP6823 

(Address/Data B.;us.;) ___________ -< 

ALE (Address Latch Enable) 
(AS Pin) 

1m (Read Output Enablel 
(oS Pin) 

WR (Write Enable) 
(R/W Pin) 

Fig. 4 - Bus READ timing competitor multiplexed bus. 

CE(Chip Enable) 
------~~~~~~~~~~~--------------r+.~~==~ 

ADO-AD7 
IAddress/Data~B:::u:::s) ___________ _<1 

NOTE: VHIGH=VDD-2 V. VLOW=0.8 V. for VDD=5 V ± 10% 

Fig. 5 - Bus WRITE timing competitor multiplexed bus. 
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Write Data 
Valid 

o 
0...1 
:::)c:C 
lllei 
1-:1: 
-0. 111_ 
elta:: w 

0. 
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CONTROL TIMING (VDD; 5.0Vdc:!: 10%, VSS; OVdc, TA; OOC to 700 C) 

PARAMETER SYMBOL MIN MAX UNIT 

Interrupt Response (Input Modes 1 and 3) tlRQR - 1.0 I'S 

Delay, CA1 (CB1) Active Transition to CA2 (CB2) High (Output Mode 0) tc2 - 1.0 I'S 

Delay, CA2 Transition from Positive Edge of AS (Output Modes 0 and1) tA2 - 1.0 I'S 

Delay, C02 Transition from Negative Edge of AS (Output Modes 0 and 1 ) tB2 - 1.0 I'S 

CA2/CB2 Pulse Width (Output Mode 1) tpw 0.5 1.5 I'S 

Delay, VDD Rise to RESET High tRLH 1.0 - 1'8 

Pulse Width, RESET tRW 1.0 - I's 

IRQ RESPONSE (INPUT MODES 1 AND 31 CA2/CB2 DELAY (OUTPUT MODE 11 

r Read Pl DA/Write Pl DB Cycle 

AS 

CA2/CB2 

CA2/CB2 DELAY (OUTPUT MODEOI 

CA1/CBl ~'--___________ _ -----.r tC2 

CA2/CB2 

AS 

Fig. 6 • Control timing diagrams. 
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GENERAL DESCRIPTION 
The CDP6823, CMOS parallel interface (CPI), contains 24 
individual bidirectional I/O lines configured in three 8-bit 
ports. The 15 internal registers, which control the mode of 
operation and contain the status of the port pins, are 
accessed via an 8-bit multiplexed address/data bus. The 
lower four address bits (ADO-AD3) of the multiplexed 
address bus determine which register is to be accessed (see 
Register Address Map shown below). The four address bits 
(AD4, ADS, AD6, and AD7) must be separately decoded to 
position this memory map within each 256-byte address 
space available via the 8-bit multiplexed address bus. For 
more detailed information, refer to REGISTER DESCRIP­
TION. 

o 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

o 
E 

REGISTER ADDRESS MAP 

Port A Data. Clear CA1 Interrupt 

Port A Data, Clear CA2 Interrupt 

Port A Data 

Port B Data 

Port C Data 

Not Used 

Data Direction Register for Port A 

Data Direction Register for Port B 

Data Direction Register for Port C 

Control Register for Port A 

Control Register for Port B 

Pin Function Select Register for Port C 

Port B Data, Clear CB1 Interrupt 

Port B Data, Clear CB2 Interrupt 

Handshake/Interrupt Status Register 

Handshake Over-Run Warning Register 

P1DA 

P2DA 

PDA 

PDB 

PDC 

-

DORA 

DDRB 

DDRC 

CRA 

CRB 

FSR 

P1DB 

P2DB 

HSR 

HWR 

The CPI is implemented with the MOTEL circuit which 
allows direct interface with either of the two major multi­
plexed microprocessor bus types. A detailed description of 
the MOTEL circuit is provided in the MOTEL section. 

6800 Family Competitor Type CDP6823 
MPU Signals MPU Signals Pin Signals 

AS ALE AS 

OS, E, or </>2 OS 

R/IN R/IN 

Three data direction registers (DDRs), one for each port, 
determine which pins are outputs and which are inputs. A 
logic zero on a DDR bit configures its associated pin as an 
input; and a logic one configures the pin as an output. Upon 
reset, the DDRs are cleared to logic zero to configure all 
port pins as inputs. 

Actual port data may be read or written via the port data 
registers (PDA, PDB, and PDC). Ports A and B each have 
two additional data registers (P1 DA and P2DA - P1 DB and 
P2DB) which are used to clear the associated hand­
shake/interrupt status register bits (HSA1 and HSA2 - HSB1 
and HSB2), respectively. Port A may also be configured as 
an 8-bit latch when used with CA1. Reset has no effect on 
the contents of the port data registers. Users are advised to 
initialize the port data registers before changing any port 
pin to an output. 

Four pins on port C (PC4/CA1, PC5/CA2, PC6/CB1, and 
PC7/CB2) may additionally be programmed as handshake 
lines for ports A and B via the port C function select register 
(FSR). Both ports A and B have one input-only line and one 
bidirectional handshake line each associated with them. 
The handshake lines may be programmed to perform a 
variety of tasks such as interrupt requests, setting flags, 
latching data, and data transfer requests and/or acknow­
ledgments. The handshake functions are programmed via 
control registers A and B (CRA and CRB). Additional 
information may be found in PIN DESCRIPTIONS, 
REGISTER DESCRIPTION, or HANDSHAKE OPERATION. 

MOTEL 
The MOTEL circuit is a concept that permits the CDP6823 
to be directly interfaced with different types of multiplexed 
bus microprocessors without any additional external logic. 
For a more detailed description of the multiplexed bus, see 
MULTIPLEXED BIDIRECTIONAL ADDRESS/DATA BUS 
(ADO-AD7). Most multiplexed microprocessors use one of 
two synchronous buses to interface peripherals. An industry 
standard bus structure is now available. 

The MOTEL Circuit is built into peripheral and memory ICs 
to permit direct connection to either type of bus. The 
MOTEL concept is shown logically in Fig. 7. 

The microprocessor type is automatically selected by the 
MOTEL circuit through latching the state of the DSlRQ"pin 
with AS/ALE. Since DS is always low during AS and"RO" is 
always high during ALE, the latch automatically indicates 
with which type microprocessor bus it is interfaced. 

Internal 
Competitive Bus Signals 

D Q 

C Motorola 

cr Bus 

Read Enable 

Write Enable 

Fig. 7 - Functional diagram of MOTEL circuit. 
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PIN DESCRIPTION 
The following paragraphs contain a brief description of the 
input and output pins. References (if applicable) are given 
to other paragraphs that contain more detail about the 
function being performed. 

Multiplexed Bidirectional Address/Data Bus (ADO-AD7) 
Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion of the bus cycle for 
data. Address-then-data multiplexing does not slow the 
access time of the CDP6823 since the bus reversal from 
address to data is occurring during the internal register 
access time. 

The address must be valid tASL prior to the fall of AS/ALE at 
which time the CDP6823 latches the address present on the 
ADO-AD3 pins. Valid write data must be presented and held 
stable during the latter portion of the DS orWR' pulses, In a 
read cycle, the CDP6823 outputs eight bits of data during 
the latter portion of the OS or Rij pulses, then ceases 
driving the bus (returns the output drivers to high im­
pedance) tOHR hold time after DS falls in this case of MOTEL 
or "Fib rises in the other case. 

Address Strobe (AS) 
The address strobe input pulse serves to demultiplex the 
bus. The falling edge of AS or ALE causes the addresses 
ADO-AD3 to be latched within the CDP6823. The automatic 
MOTEL circuit in the CDP6823 also latches the state of the 
DS pin with the falling edge of AS or ALE. 

Data Strobe or Read (DS) 
The DS input pin has two interpretations via the MOTEL 
circuit. When generated by a Motorola microprocessor, DS 
is a positive pulse during the latter portion of the bus cycle, 
and is variously called OS (data strobe), E (enable), or ",2 
(",2 clock). During read cycles, DS or FlO signifies the time 
that the CPI is to drive the bidirectional bus. In write cycles, 
the trailing edge of OS or rising edge of iii7R causes the 
parallel interface to latch the written data present on the 
bidirectional bus. 
The second MOTEL interpretation of OS is that of RO, 
"fiil'EMR, or17OR originating from a competitor-type micro 
processor. In this case, DS identifies the time period when 
the parallel interface drives the bus with read data. This 
interpretation of DS is also the same as an output-enable 
signal on a typical memory. 

The MOTEL circuit, within the CDP6823,Iatches the state of 
the DS pin on the falling edge of AS/ALE. When the mode of 
MOTEL is desired OS must be low during AS/ALE, which is 
the case with the multiplexed bus microprocessors. To 
insure the competitor mode of MOTEL, the DS pin must 
remain high during the time AS/ALE is high. 

Read/Write (R/W) 
The MOTEL circuit treats the R/W input pin in one of two 
ways. The microprocessor is connected, RlW is a level 
which indicates whether the current cycle isa read or write. 
A read cycle is indicated with a high level on R/W while DS is 
high, whereas a write cycle is a low on RlW while DS is high. 

The second interpretation of R/W is as a negative write 
pulse, WR, 1iifEiiifW, and TlOWfrom competitor-type micro 
processors. The MOTEL circuit in this mode gives the RiW 
pin the same meaning as the write (W) pulse on many 
generic RAMs. 

Chip Enable (~E) 
The ~input signal must be asserted (Iowl for the bus cycle 
in which the COP6823 is to be accessed. CE is not latched 
and must be stable priorto and during DS (In the 6805 mode 
of MOTEL) and prior to and during AD and WR (In the 
competitor mode of MOTEL). Bus cycles which take place 
without asserting 'Of: cause no actions to take place within 
the COP6823. When ITis high, the multiplexed bus output 
is in a high-impedance state. 

When CE is high, all data, OS, and RlW inputs from the 
microprocessor are disconnected within the COP6823. This 
permits the CDP6823 to be isolated from a powered-down 
microprocessor. 

ResetmESE't) 
The RESET input pin Is an active-low line that is used to 
restore all register bits, except the port data register bits, to 
logical zeros. After reset, all port lines are configured as 
inputs and no interrupt or handshake lines are enabled. 

Interrupt Request tJIRij 
The rna output line is an open-drain active-low signal that 
may be used to interrupt the microprocessor with a service 
request. The "open-drain" output allows this and other 
interrupt request lines to be wire ORed with a pullup 
resistor. The I'RO' line is low when bit 7 of the status register 
is high. Bit 7 (IRQF) of the handshake/interrupt status 
register (HSR) is set if any enabled handshake transition 
occurs; and Its associated control register bit is set to allow 
interrupts. Refer to INTERRUPT DESCRIPTION or HAND­
SHAKE OPERATION for additional information. 

Port A, Bidirectional I/O Line. (PAO-PA7) 
Each line of port A, PAO-PA7, is individually programmable 
as either an input or output via its data direction register 
(DORA). An I/O pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. See Fig. 8 for typical I/O circuitry and Table 1 for I/O 
operation. 

TABLE 1 - PORT DATA REGISTER ACCESSES (ALL PORTS) 

DDR 
R/W Bit Results 

0 0 The I/O pin is in input mode. Data is written into the 
output data latch. 

0 1 Data is written into the output data latch and out-
put to the I/O pin. 

1 0 The state of the I/O pin is read. 

1 1 The I/O pin is in an output mode. The output 
data latch is read. 

There are three data registers associated with port A: PDA, 
P1 DA, and P20A. P1 DA and P2DA are accessed when 
certain handshake activity is desired. See HANDSHAKE 
OPERATION for more Information. 

Data written to the port A data register, PDA, is latched into 
the port A output latch regardless of the state of the DDRA. 
Data written to P1 DA or P2DA is ignored and has no affect 
upon the output data latch or the I/O lines. An MPU read of 
port bits programmed as outputs reflect the last value 
written to the PDA register. Port A pins programmed as 
inputs may be latched via the handshake line PC4/CA 1 (see 
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To 
And 
From 
CPU 

Fig. 8 - Typical port I/O circuitry. 

HANDSHAKE OPERATION) and latched input data may be 
read via any of the three port A data registers. If the port A 
input latch feature is not enabled, an MPU read of any port A 
data register reflects the current status of the port A input 
pins if the corresponding DDRA bits equal zero. Reset has 
no effect upon the contents of the port A data register; 
however, all pins will be placed in the input mode (all DDRA 
bits forced to equal zero) and all handshake lines will be 
disabled. 

Port B Bidirectional 1/0 Lines (PBO-PB7) 
Each line of port B, PBO-PB7, Is individually programmable 
as either an input or an output via its data direction register 
(DDRB). An 1/0 pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. 

There are three data registers associated with port B: PDB, 
P1 DB, and P2DB. PDB is used for simple port B data reads 
and writes. P1 DB and P2DB are accessed when certain 
handshake activity is desired. See HANDSHAKE OPERA­
TION for more information. 

Data written to PDB or P1 DB data register is latched into the 
port B output latch regardless of the state of the DDRB. An 
MPU read of port bits programmed as outputs reflect the 
last value written to a port B data register. An MPU read of 
any port B register reflects the current status of the input 
pins whose DDRB bits equal zero. Reset has no effect upon 
the contents ofthe port B data register; however, all pins will 
be placed in the input mode (all DDRB bits forced to equal 
zero) and all handshake lines will be disabled. 

Port C, Bidirectional 1/0 Lines (PCO-PC3) 
Each line of port C, PCO-PC3, is Individually programmable 
as either an input or an output via Its data direction register 
(DDRC). An I/O pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. Port C data register (POC) is used for simple port C 
data reads and write!'l. 

Data written into PDC is latched into the port C data latch 
regardless ofthe state ofthe ODRC. An MPU read of port C 
bits programmed as outputs reflect the last value written to 
the PDC register. An MPU read ofthe port C register reflects 
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the current status of the corresponding input pins whose 
DDRC bits equal zero. Reset has no effect upon the 
contents ofthe port C data register; however, all pins will be 
placed in the input mode (all DDRC bits forced to equal 
zero) and all handshake lines will be disabled. 

Port C Bidirectional 1/0 Line or Port A Input Handshake 
Line (PC4/CA1) 
This line may be programmed as either a simple port CliO 
line or as a handshake line for port A via the port C function 
select register (FSR). If programmed as a port C I/O pin, 
PC4/CA1 performs as described in the PCO-PC3 pin 
description. If programmed as a port A handshake line, 
PC4/CA 1 performs as described in HANDSHAKE OPERA­
TION. 

Port C Bidirectional 1/0 Line or Port A Bidirectional 
Handshake Line (PC5/CA2) 
This line may be programmed as either a simple port C I/O 
line or as a handshake line for port A via the port C function 
select register (FSR). If programmed as a port CliO pin, 
PC5/CA2 performs as described in the PCO-PC3 pin 
description. If programmed as a port A handshake line, 
PC5/CA2 performs as described in HANDSHAKE OPERA­
TION. 

Port C Bidirectional 1/0 Line or Port B Input Handshake 
Line (PC6/CB1) 
This line may be programmed as either a simple port C I/O 
line oras a handshake line for port B via the port C function 
select register (FSR). If programmed as a port C I/O pin, 
PC6/CB1 performs as described in the PCO-PC3 pin 
description. If programmed as a port B handshake line, 
PC6/CB1 performs as described in HANDSHAKE OPERA­
TION. 

Port C Bidirectional 1/0 Line or Port B 
Bidirectional Handshake Line (PC7/CB2) 
This line may be programmed as either a simple port CliO 
line or as a handshake line for port B via the port C function 
select register (FSR). If programmed as a port CliO line, 
PC7/CB2 performs as described in the PCO-PC3 pin 
description. If programmed as a port B handshake line, 
PC7/CB2 performs as described in HANDSHAKE OPERA­
TION. 
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HANDSHAKE OPERATION 
Up to four port C pins can beconfigured as handshake lines 
for ports A and B (one input-only and one bidirectional line 
for each port) via the port C function select register (FSR). 
The direction of data flow for the two bidirectional hand­
shake lines (CA2 and CB2) Is determined by bits 5 and 7, 
respectively, of the port C data direction register (DDRC). 
Actual handshake operation Is defined by the appropriate 
port control register (CRA or CRB). 

The control registers allow each handshake line to be 
programmed to operate in one of four modes. CA2 and CB2 
each have four input and four output modes. For detailed 
information, see Tables 2 and 3. 

A summary of the handshake modes is given in the input 
and output sections that follow. All handshake activity is 
disabled by reset. 

Input 
Handshake lines programmed as inputs operate in any of 

four different modes as defined by the control registers (see 
Table 2). A bit In the handshake/interrupt status register 
(HSR) is set to a logic one on an active transition of any 
handshake line programmed as an input. Modes 0 and 1 
defi ne a negative transition as active; modes 2 and 3 define a 
positive transition as active. If modes 1 or 3 are selected on 
any input handshake line then the active transition of that 
line results in the IRQF bit of the H.§Bj:leing set to l!J.Qgic 
one and causes the interrupt line (IRQ) to go low. IRQ is 
released by clearing the HSR bits that are input handshake 
lines which have interrupts enabled. 

If an active transition occurs while the associated HSR bit is 
set to a logic one, the corresponding bit in the handshake 
warning register (HWR) Is set to a logic one indicating that 
service of at least one active transition was missed. An HWR 
bit is cleared to a logic zero by first accessing the appropriate 
port data register, to clear the appropriate HSR status bit, 
followed by a read of the HWR. 

TABLE 2 - INPUT HANDSHAKE MODES 

Control Active Status Bit 
Mode Register Bits* Edge In HSR iRQ Pin 

0 00 -Edge Set high on Disabled 
active edge. 

1 01 -Edge Set high on Goes low when corresponding 
active edge. status flag in H 5 R goes high. 

2 10 + Edge Set high on Disabled 
active edge. 

3 11 + Edge Set high on Goes low when corresponding 
active edlle. status flag in HSR goes high. 

* Cleared to logIC zero on reset. 

TABLE 3 - OUTPUT HANDSHAKE LINES (CA2 AND CB2 ONL V) 

Control 
Register 
CRA(B) 

Bits Defauh 
Mod. 3 and 4* Handshake Line Set High Handshake Lina Claared Low Level 

0 00 Handshake set high on active Read of P1DA or a read of P2DA High 
transition of CA 1 input. while H SA 1 is cleared. 

Handshake set high on active Write of port B P1DB or write 
transition of CBl input. of P2DB while HSBl is cleared. 

1 01 High on the first positive' Low on the first positive High 
(negative) transition of AS (negative) transition on AS fol-
while CA2 (CB2) is low. lowing a read (write) of port 

A(B) data registers P1DA(B) or 
P2DA(B). 

2 10 Never Always Low 
3 11 I Always .,Never High 

• Cleared to logIC zero on reset. 
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Input Latch 
Port A input-only handshake line (PC4/CA1) can be 
programmed to function as a latch enable for port A input 
data via CA 1 LE (bit 2 of CRA). If CA 1 LE is programmed to a 
logic one. an active transition of PC4/CA1 will latch the 
current status of the port A input pins into all three port A 
data registers (PDA. P1DA. and P2DA). When CA1 LE is 
enabled. port A and PC4/CA 1 function as an 8-bit trans­
parent latch; that is. if the HSA 1 bit in the HSR is a logic zero 
then a read of any port A register reflects the current state of 
the port A input pins and corresponding bits of the output 
data latch for port A output pins. If HSA1 is a logic one. a 
read of any port A data register reflects the state of the port 
A input pins when HSA 1 was set and the corresponding bits 
of the port A output data latch for port A output pins. 

Further transitions of PC4/CA 1 result only in setting the 
HWA1 bit in the HWR and do notrelatch data into the portA 
registers. Latched data is released only by clearing HSA1 in 
the HSR to a logic zero (HSA 1 is cleared by reading P1 DA). 

Output 
Each bidirectional handshake line programmed as an 
output by the DDRC operates in one of four modes as 
described in Table 3. Modes 2 and 3 force the output 
handshake line to reflect the state of blt4 in the appropriate 
control register. 

In modes 0 and 1. PC5/CA2 is forced low during the cycle 
following a read of P1 DA or a read of P2DA while HSA 1 is 
cleared. PC7/CB2 is forced low during the cycle following a 
write to P1DB or a write to P2DB while HSB1 is cleared. 
Because of these differences. port A is the preferred input 
port and port B is the preferred output port. 

In mode O. PC5/CA2 (PC7/CB2) is set high by an active 
transition of PC4/CA1 (PCS/CB1). In mode 1. PC5/CA2 
(PC7/CB2) is set high in the cycle following the cycle in 
which PC5/CA2 (PC7/CB2) goes low. Mode 1 forces a low­
going pulse on PC5/CA2 (PC7/CB2) following a read 
(write) of P1DA (P1 DB) or P2DA (P2DB) that is approxi­
mately one cycle time wide. 

When entering an output handshake mode for the first time 
after a reset. the handshake line outputs the default level as 
listed in Table 3. 

INTERRUPT DESCRIPTION 
The CDPS823 allows an MPU interrupt request (IRQ low) 
via the input handshake lines. The input handshake line. 
operating in modes 1 or3 as defined by the control registers 
(CRA and CRB). causes 11fQ to go low when I RQF (interrupt 
flag) in the HSR is set to a logic one.-rno is released when 
IRQF is cleared. See Handshake/lnterrupt Status Register 
under REGISTER DESCRIPTION for additional information. 

REGISTER DESCRIPTION 
The CDPS823 has 15 registers (see Fig. 1) which define the 
mode of operation and status ofthe port pins. The followl ng 
paragraphs describe these registers. 

Register Names: 
Control Register A (CRA) 
Control Register B (CRB) 

Register Addresses: 
$9 (CRA) 
$A (CRB) 

Register Bits: 

7 6 5 4 

$9 x x X 
CA2 

Mode 

$A X X X 
CB2 

Mode 

Purpose: 

3 2 o 
CAl CAl 
LE Mode 

X 
CBI 

Mode 

These two registers control the handshake and interrupt 
activity for those pins defined as handshake lines by the 
port C function select register (FSR). 

Description: 
CA2 and CB2 are programmed as inputs or outputs via the 
associated DDRC bits. Each handshake line is controlled by 
two mode bits. Bit 2 of CRA enables the Port A latch for an 
active CA 1 transition. Table 2 describes the input handshake 
modes (CA1. CB1. CA2. CB2) and Table 3 describes the 
output handshake modes for CA2 and CB2. 

Register Names: 
Port A Data Registers (PDA. P1DA. P2DA) 

Register Addresses: 
$2 (PDA). $0 (P1 DA). $1 (P2DA) 

Register Bits: 

765432 0 

I Bit 7 I Bit 6 I Bit 5 I Bit 4 I Bit 3 I Bit 2 I Bit I I Bit 0 I 

Purpose: 
These three reg isters serve different pu rposes. PDA is used 
to read input data and latch data written to the portA output 
pins. P1 DA and P2DA are used to read input data and to 
affect handshake and status activity for PC4/CA 1 and 
PC5/CA2. If enabled. port A input data may be latched into 
the three port A data registers on an active PC4/CA1 
transition as described in HANDSHAKE OPERATION. 
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Description: 
Data written into PDA is latched into the portA output latch 
(see Fig. 3) regardless of the state of DORA. Output pins, as 
defined by DORA, assume the logic levels of the cor­
responding bits In the PDA output latch. The PDA output 
latch allows the user to read the state of the port A output 
data. If the input latch is not enabled, a read of any port A 
data register reflects the current state of the port A input 
pins as defined by DORA and the contents of the output 
latch for output pins. Writes into P1DA or P2DA have no 
effect upon the output pins or the output data latch. Users 
are recommended to initialize the port A output latch before 
changing any pin to an output via the DORA. 

Purpose: 
These three registers serve different purposes. The Port B 
data registers are used to read input data and to latch data 
written to the port B output pins. Writes to PDB and P1 DB 
affect the contents of the output data latch while writes to 
P2DB do not affect the output data latch. P1 DB and P2DB 
accesses additionally affect handshake and status activity 
for PCS/CB1 and PC7ICB2. 

Description: 

MPU accesses of P1 DA or P2DA are primarily used to affect, 
handshake and status activity. A summary of the effects on 
the status and warning bits of port A data register accesses 
is given in Table 4. For more information, see HANDSHAKE 
OPERATION and Control Register A (CRA) under REG­
ISTER DESCRIPTION. Reset has no effect upon the 
contents of any port A data register. 

Data written into PDB and P1 DB port B registers is latched 
into the port B output latch (see Fig. 3) regardless of the 
state of DDRB. Output pins, as defined by DDRB, assume 
the logic levels of the corresponding bits in the port B 
output latch. Reads of any port B data registers reflect the 
contents of the output data latch for output pins and the 
current state of the input pins (as determined by DDRB). 
Users are recommended to initialize the port B output latch 
before changing any pin to an output via the DDRB. 

MPU accesses of P1DB or P2DB are primarily used to affect 
handshake and status activity. A summary of the effects on 
status and warning register bits of port B data register 
accesses is given in Table 5. For more information, see 
HANDSHAKE OPERATION or Control Register B (CRB) 
under REGISTER DESCRIPTION. Reset has no effect upon 
the contents of any port B data register. 

Register Names: 
Port B Data Registers (PDB, P1DB, P2DB) 

Register Addresses: 
$3 (PDB), $C (P1DB), $0 (P2DB) 

Register Bits: 
765432 0 

I Bit 7 I Bit 6 I Bit 5 I Bit 4 I Bit 3 I Bit 2 I Bit 1 I Bit 0 I 

TABLE 4 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS, 
AND OUTPUT LATCH BY PORT A DATA REGISTER ACCESSES 

Register Output Latch 

Accessed HSR Bit HWR Bit Handshake Reaction Read 

PDA None None None Yes 

P1DA HSAl cleared HWAl loaded CA2 goes low if output modes Yes 
to a logic into buffer o or 1 are selected in the CRA. 
zero. latch. 

P2DA HSA2 cleared HWA210aded CA2 goes low if output modes Yes 
to a logic into buffer o or 1 are selected in the CRA. 
zero. latch. 

TABLE 5 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS, 
AND OUTPUT LATCH BY PORT B DATA REGISTER ACCESSES 

Write 

Yes 

No 

No 

Register Output Lstch 

Accessed HSR Bit HWR Bit Handshake Reaction Read Write 

PDB None None None Yes Yes 

PlOB HSBl cleared HWBl loaded CB2 goes low if output modes Yes Yes 
to a logic into buffer o or 1 are selected in the CRB. 
zero. latch. 

P2DB HSB2 cleared HWA210aded CB2 goes low if output modes Yes No 
to a logic into buffer ,0 or 1 are selected in CRB. 
zero. latch. 
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Register Name: 
Port C Data Register (PDC) 

Register Address: 
$4 

Register Bits: 

765432 0 

I Bit 7 I Bit 6 I Bit 5 I Bit 4 I Bit 3 I Bit 2 I Bit 1 I Bit 0 I 
Purpose: 
The port C data register (PDC) is used to read input data 
and to latch data written to the output pins. 

Description: 
Data is written into the port C output latch (see Fig. 3) 
regardless ofthe state of DDRC. Any port C pin defined as a 
handshake line by the port C function select register (FSR) 
is not affected by PDC. Output pins, as defined by DDRC, 
assume logic levels of the corresponding bits in the port C 
output latch. A read of PDC reflects the contents of the 
output latch for output pins and the cu rrent state of the 
input pins (as reflected in the DDRC). Reset has no effect 
upon the contents of PDC. Users are recommended to 
initialize the port C output data latch before changing any 
pin to an output via the DDRC. 

Register Name: 
Data Direction Register for Port A (B) (C) 

Register Address: 
$6 ($7) ($8) 

Register Bits: 

7 6 5 4 3 2 o 
I Bit 7 I Bit 6 I Bit 5 I Bit 4 I Bit 3 I Bit 2 Bit 1 I Bit 0 I 

Purpose: 
Each of the three data direction registers (DORA, DDRB, 
and DDRC) define the direction of data flow of the port pins 
for ports A, B, and C. 

Description: 
A logic zero in a DDR bit places the corresponding port pin 
in the input mode. A logic one in a DDR bit places the 
corresponding pin in the output mode. Any port C pins 
defined as bidirectional handshake lines also use the port C 
DDR (DDRC). Input-only handshake lines are not affected 
by DDRC. Reset clears all DDR bitsto logic zero configuring 
all port pins as inputs. The DDRs have no write-inhibit 
control over the port data output latches. Data may be 
written to the port data registers even though the pins are 
configured as inputs. 

Register Name: 
Port C Pin Function Select Register (FSR) 

Register Address: 
$B 

Register Bits: 

7 6 5 4 3 2 o 
I CFB2 I CFBl I CFA21 CFAl I XX XX XX XX 
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Purpose: 
The port C pin function select register defines whether the 
multifunction port C pins areto operate as "normal" port C 
lines or as handshake lines. 

Description: 
A logic zero in any FSR bit defines the corresponding port 

C pin as a "normal" I/O pin. A logic one in any valid FSR bit 
defines the corresponding port C pin as a handshake line. 
Pins defined as handshake lines function according to the 
contents of control register A (CRA) or control register B 
(CRB). The port C data direction register (DDRC) is valid 
regardless of FSR contents for all pins except PC4/CA 1 and 
PC6/CB1. Transitions on port C pins not defined as 
handshake pi ns do not effect the handshake/interrupt 
status register. Reset clears all FSR bits to a logic zero. 
Users are recommended to initialize the data direction and 
control registers before modifying the FSR. 

Register Name: 
Handshake/Interrupt Status Register (HSR) 

Register Address: 
$E 

Register Bits: 

7 6 5 4 3 2 1 0 

IIRQF I XX XX XX I HSB2 1 HSA21 HSBl I HSAll 

Purpose: 
The handshake interrupt status register is a read-only flag 
register that may be used during a polling routine to 
determine if any enabled input handshake transition, as 
defined by the control register (CRA and CRB), has 
occurred. 

Description: 
If an enabled input handshake transition occurs then the 
apprQE!iate HSR bit (HSB2, HSA2, HSB1, or HSA1) is set. 
The TRQ flag bit (bit 7, IRQF) isset when one or more of the 
HSR bits 0-3 and their corresponding control register bits 
are set to a logic one as shown in the following equation: 

Bit 7=IRQF=[HSB2.CRB2(3)]+[HSA2.CRA2(3)] 
+[HSB1.CRB1 (O)]+[HSA 1.CRA 1 (0)] 

The numbers in ( ) indicate which bit in the control register 
enables the interrupt. 

Handshake/interrupt status register bits are cleared by 
accessing the appropriate port data register. The following 
table lists the HSR bit and the port data register that must be 
accessed to clear the bit. 

To Clear 
HSR Bit 

HSB2. 
HSA2. 
HSBl 
HSAl 

Access 
Register 

..... P2DB 
" P2DA 

.... P1DB 
" P1DA 

Reset clears all handshake/interrupt status register bits to a 
logic zero. 
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Register Name: 
Handshake Warning Register (HWR) 

Register Address: 
$F 

Register Bits: 

7 6 5 4 3 2 1 0 

Ixxlxx XX 

Purpose: 
The warning register is a read-only flag register that may be 
used to determine if a second attempt to set a hand­
shake/interrupt status register bit has been made before the 
original had been serviced. 

Description: 
Each bit in the handshake/interrupt status register, except 
IRQF, has a corresponding bit in the handshake warning 
register. If an attempt is made to set a bit in the 
handshake/interrupt status register that is already set, then 
the corresponding bit in the handshake warning register is 
also set. An attempt is the occurrence of any enabled input 
handshake transition as defined by the control registers. 

A handshake warning register bit is cleared by first reading 
the appropriate data register then reading the handshake 
warning register. Reading the data register (either P1DA, 
P2DA, P1 DB, or P2DB) loads a buffer latch with the proper 
bit in the handshake warning register (HWA1, HWA2, 
HWB1, and HWB2, respectively). The next read of the 
handshake warning register clears the appropriate bit 

CDP6818 
Real-Time Clock 

Plus RAM 

Clock I 3 a 

Bus Control 3 

",0 Mux Addr/Data a 
w'" High Addr ",ill 5 
00 me Interrupt ll.Q. 
c e 

Reset (.)~ 

Chip 
Enables 

I 
74HC138 

5 Decoder a 

without affecting the other three handshake warning 
register bits. The upper four bits, HWR4-HWR7, always read 
as logic zeros. If a port data register is not read before 
reading the handshake warning register, then the handshake 
warning register bits will remain unaffected. Reset clears all 
HWR bits to a logic zero. 

Recommended status register handling sequence: 

1. Read status (User determines which if any 
register enabled handshake transition 

occurred) 

2. Read/write port (Clears associated status bit and 
data Indicated by latches appropriate warning 
status register register bit in the buffer latch) 

3. Read warning 
register 

(Latched warning bit is cleared 
and the remaining bits are 
unaffected) 

TYPICAL INTERFACING 
The CDP6823 Is best suited fOr use with microprocessors 
which generate an address-then-data-multiplexed bus. Fig. 
9 shows the CDP6823 in a typical CMOS system that uses 
the CDP6805E2 CMOS MPU. Other multiplexed micro­
processors can be used as easily. 

A single-chip microcomputer (MCU) may be Interfaced 
with 11 port lines as shown in Fig. 10. This interface also 
requires some software overhead to gain up to 13 additional 
1/0 lines and the CDP6823 handshake lines. 

[CDP85516J 
16K ROM 

ICDP655161 
16K ROM 

ICDP6551~ 
16K ROM 

:3 a 5 3 ~ 5 3 8 5 

8 3 a 3 

CDP6823 COP6823 
CMOS Parallel Interface CMOS Parallel Interface 

a s 
An a-Chip CMOS Microprocessor System Includes: 

~a ~8 ~s 8-8it Microprocessor 
6K Bytes of ROM 
162 Bytes of RAM 
64 Parallel I/O Pins 
RTC Fu"nction 

Fig. 9 - A typical CMOS mlcroprocassor system. 

5-80. 

t8 ts ia 



CDP6823 

CDP6823 

15 8 20 

"-
ADO-AD7 Ports 

Microcomputer f----
Address Strobe 

AS CAl 
Read 

DS CBl 

" 
Write 

R/W 
"- CA2 

VSS_ CE 
CB2 

IRQ RESET 

Port 1 r Lines 

Fig. 10 - CDP6823 interfaced with the ports of a typical single-chip microprocessor. 
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mHARRIS CDP6853 
November 1994 

CMOS Asynchronous Communications 
Interface Adapter (ACIA) with MOTEL Bus 

Features 
• Compatible With 8-Bit Microprocessors 

• Multiplexed Address/Data Bus (MOTEL Bus) 

Pinout 
PACKAGE TYPES D AND E 

TOP VIEW 

• Full Duplex Operation With Buffered Receiver and Transmitter 
RtW - I 281-- Voo 

eso - 2 27t-- os 

• Data Set/Modem Control Functions 
CSt -. 261-- I1IlI 
Rn- • 201--01 

• Internal Baud Rate Generator with 15 Programmable Baud Rates (50 
to 19,200) 

RIC - 5 24r-- D6 

XTLI - 6 231-- D5 
XTLO - 221-- D4 
1m! - 211-- d. 

• Operates at Baud Rates Up to 250,000 Via Proper Crystal or Clock 
Selection 

'fTI'- 9 201--02 

TkO -- 10 19r-ADI 

l5Tl! - " lifo-- ADO 
RIID- 12 171--tmf 

• Program-Selectable Internally or Externally Controlled Receiver Rate 
CE- 13 I6l--fIl:5 

vss-~I--AS 

• Programmable Word Lengths, Number of Stop Bits, and Parity Bit 
Generation and Detection 

• Programmable Interrupt Control 

• Program Reset 

• Program-Selectable Serial Echo Mode 

• Two Chip Selects 

• One Chip Enable 

• Single 3V to 6V Power Supply 

• Full TTL Compatibility 

• 4MHz or 1MHz Operation 
(CDP6853-4, CDP6853, Respectively) 

Description 
The CDP6853 Asynchronous Communications Interface 
Adapter (ACIA) provides an easily implemented, program 
controlled interface between 8 bit microprocessor-based 
systems and serial communication data sets and 
modems. 

The CDP6853 has an internal baud rate generator. This 
feature eliminates the need for multiple component support 
circuits, a crystal being the only other part required. The 
Transmitter baud rate can be selected under program 
control to be either 1 of 15 different rates from 50 to 19,200 
baud, or at 1/16 times an external clock rate. The Receiver 
baud rate may be selected under program control to be 
either the Transmitter rate, or at 1/16 times an external 
clock rate. The CDP6853 has programmable word lengths 
of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 1'12, or 2 stop 
bits. 

The CDP6853 is designed for maximum programmed 
control from the CPU, to simplify hardware implementation. 
Three separate registers permit the CPU to easily select the 
CDP6853 operating modes and data checking parameters 
and determine operational status. 

Copyright Cl Harris Corporation 1991 

The Command Register controls parity, receiver echo 
mode, transmitter interrupt control, the state of the RTS line, 
receiver interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

The Status Register indicates the states of the IRQ, DSR, 
and DCD lines, Transmitter and Receiver Data Registers, 
and Overrun, Framing and Parity Error conditions. 

The Transmitter and Receiver Data Registers are used for 
temporary data storage by the CDP6853 Transmit and 
Receiver circuits. 

The MOTEL Bus allows interfacing to 6805 and 8085 type 
multiplexed address data bus. 

The CDP6853, CDP6853-2, and CDP6853-4 are capable 
of interfaCing with microprocessors with cycle times of 
1 MHz, 2MHz, and 4MHz, respectively. 

The CDP6853 is supplied in 28 lead, hermetic, dual-in-line 
sidebrazed ceramic (D suffix) and in 28 lead, dual-In-line 
plastic (E suffix) packages. 

File Number 1487.2 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltage referenced to V •• terminal) ..••..•••..•.••.•.........•..•••..••.••...•...••.•••••.•••••......•...•••...•••••••• -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ..•.•..•..•..........•.....•..••••....••....•.••.•••.•••...••..••.•......• -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ...•..•.•••.•.•............•......•.•.••....••.••••••.•••.•••.•••••.••...•.....•.•• ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

ForT.;-40 to +60°C (PACKAGE TYPE E) .•.•..•...••........•...................................•.......••.•.••.•••.••.. 500 mW 
For T.;+60 to +85°C (PACKAGE TYPE E) ....••...•..............•.••..•.............•.•...• Derate Linearly at 8 mW/oC to 300 mW 
ForT.;-55 to +1000 C (PACKAGE TYPE D) ................•••..••..•.•......•...•...•.••...••..•..•••••..•••••••••••.•••. 500 mW 
ForT.=+100 to 125°C (PACKAGE TYPE D) ••.•.•....................•.......•........•..•..• Derate Linearly at 8 mW/oC to 300 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T.=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ••....•....•..•...•...••.......•...••..••••••..••... 100 mW 

OPERATING-TEMPERATURE RANGE (T.): 
PACKAGE TYPE 0 ............................................................................................... -55 to +125°C 
PACKAGE TYPE E .•••.•••....•••.•••...............•.....•...••.•...••.•.•..•...•••.•...••...•...•....•..•••••••. -40 to +85°C 

STORAGE-TEMPERATURE RANGE (T ... ) •..••••...•....••.......•.......••..........••.•••.••.•.........••...•••••• -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. . .•.........•.•••.•••......•..•••.••••••••.•.•.••...• +285°C 

RECOMMENDED OPERATING CONDITIONS at TA = -40° to +85°C 

For maximum reliability, nominal operating condltlonl Ihould be nlected 10 that operation II alwaYI 
within the following rangel: 

LIMITS 
CHARACTERISTIC 

Min. Max. 
DC Operating Voltage Ranoe 3 6 
Input Voltage Ranoe Vss VDD 

STATIC ELECTRICAL CHARACTERISTICS at TA=-40° to +85°C, VDD" 5 V ± 5% 

CHARACTERISTIC 
LIMITS 

Min. Typ. Max. 
Quiescent Device Cur(ent IDD - 50 200 
Output Low Current (Sinking): VOL = 0.4 V 10L 

1.6 
(00-07, TxD, RxC, RTS, DTR, IRQ) 

- -
Output High Current (Sourcing): VOH = 4.6 V IOH 

-1.6 
(00-07, TxD, RxC, RTS, DTR) 

- -
Output Low Voltage: ILOAD = 1.6 mA VOL 

0.4 
(00-07, TxD, RxC, RTS, DTR, IRQ) 

- -
Output High Voltage: kOAD = -1.6 mA VOH 

4.6 
(00-07, TxD, RxC, RTS, DTR) 

- -
Input Low Voltage V,L Vss - 0.8 
Input High Voltage V,H 

(Except XTLI and XTLO) 2 - VDD 
(XTLI and XTLO) 3 - VDD 

Input Leakage Current: Y,N = 0 to 5 V hN 
±1 

(R/W, RES, CSO, CS1, CE, OS, AS, CTS, RxD, DCD, DSR) 
- -

Input Leakage Current for High Impedance State (00-07) hSI - - ± 1.2 
Output Leakage Current (off state): VOUT = 5 V (iff 0) 10FF - - 2 
Input Capacitance (except XTLI and XTLO) C'N - - 10 
Output Capacitance CoUT - - 10 
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CDP6853 INTERFACE REQUIREMENTS 

This section describes the interface requirements for the 
CDP6853 ACIA. Fig. 1 is the Interface Diagram and the 
Terminal Diagram shows the pin-out configuration for the 
CDP6853. 

02·07 
ADO.ADl 

I/O 
CONTROL 

82CM47024 

Fig. 1 - CDP6853 interface diagram. 

MICROPROCESSOR INTERFACE 
SIGNAL DESCRIPTION 

RES (ReHt) (4) 

TxD 

RxC 
XTLI 
XTLO 

RxD 

During system initialization a low on the RES input will 
cause a hardware reset to occur. The Command Register 
and the Control Register will be cleared. The Status 
Register will be cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are 
externally controlled by the DSR and DCD lines, and the 
transmitter Empty bit, which will be set. A hardware reset is 
required after power-up. 

R/W (R .. d/Wrlte) (1) 

The MOTEL circuit treats the R/W pin in one of two ways. 
When a 6805 type processor is connected, R/W is a level 
which indicates whether the current cycle isal!!ad or write. 
A read cycle is indicated with a high level on R/W while OS is 
high, whereas a write cycle is a low on R/W during OS. 

The secondJE'Mteretation of R/W is as a negative write 
pulse, WR, , and l70W from competitor .!}pe pro­
cessors. The MOTEL circuit in this mode gives RlW pin the 
same meaning as the write (W) pulse on many generic 
RAMs. 

IRQ (Interrupt Requelt) (28) 

The IRQ pin is an interrupt output from the interrupt control 
logic. It is an open drain output, permitting several devices 
to beconnected to the common"lR"O" microprocessor input. 
Normally a high level, "fI!m goes low when an interrupt 
occurs. 

D2-D7 (Date Bu.) (20-25) 

The 02-07 pins are the eight data lines used to transfer data 
between the processor and the CDP6853. These lines are 
bi-directional and are normally high-impedance except 
during Read cycles when the CDP6853 is selected. 

CE, CSO, Cii (Chip Selects) (2,3,13) 

The two chip select and the one chip enable inputs are 
normally connected to the processor address lines either 
directly or through decoders. The CDP6853 is selected 
when CSO is high, CS1 is low, and CE is high. 

ADO, AD1 (Multiplexed Bidirectional Addrell/Data Bits) 
(18,19) 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address­
then-data multiplexing does not slow the access time of the 
CDP6853 since the bus reversal from address to data is 
occurring during the internal RAM access time. 

The address must be valid just prior to the fall of AS/ALE at 
which time the CDP6853 latches the address from ADO to 
AD1. Valid write data must be presented and held stable 
during the latter portion of the OS or"Wifpulses. In a read 
cycle, the CDP6853 outputs 8 bits of data during the latter 
portion of the OS orRiS" pulses, then ceases driving the bus 
(returns the output drivers to three-state) when OS falls in 
this case of MOTEL or RD rises in the other case. The 
following table shows internal register select coding: 

TABLE I 

AD1 ADO Write Read 
0 0 Transmit Data Receiver Data 

Register Register 
0 1 Programmed Reset Status Register 

(Data is "Don't 
Care'.1 

1 0 Command R~ster 
1 1 Control R~ister 

Only the Command and Control registers are read/write. 
The programmed Reset operation does not cause any data 
transfer, but is used to clear bits 4 through 0 in the 
Command register and bit 2 in the Status register. The 
Control Register is unchanged by a Programmed Reset. It 
should be noted that the Progra.!!J..!!!!Sl Reset is slightly 
different from the Hardware Reset (RES); these differences 
are shown in Figs. 4, 5, and 6. 

ACIA/MODEM INTERFACE 
SIGNAL DESCRIPTION 

XTLI, XTLO (Cryltel Plnl) (8,7) 

These pins are normally directly connected to the external 
crystal (1.8432 MHz) used to derive the various baud rates 
(see "Generation of Non-Standard Baud Rates"). Alter­
natively, an externally generated clock may be used to drive 
the XTLI pin, in which case the XTLO pin must float. XTLI is 
the input pin for the transmit clock. 

TxD (Tranlmlt Data) (10) 

The TxD output line is used to transfer serial NRZ 
(nonreturn-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first data 
bit transmitted and the rate of data transmission is 
determined by the baud rate selected or under control of an 
external clock: This selection is made by programming the 
Control Register. 
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CDPl8113 INTERFACE REQUIREMENTS (Confd) 

RxD (Receive Dlte) (12) 

The RxD input line is used to transfer serial NRZ data into 
the ACIA from the modem. LSB first. The receiver data rate 
is either the programmed baud rate or under the control of 
an externally generated receiver clock. The selection Is 
made by programming the Control Register. 

RxC (Receive Clock) (5) 

The RxC is a bi-directional pin which serves as either the 
receiver 16x clock input or the receiver 16x clock output. 
The latter mode results if the Internal baud rate generator is 
selected for receiver data clocking. 

ATs ( ...... et to Send) (8) 

The RTS output pin is used to control the modem from the 
processor. The state of the ~ pin is determined by the 
contents of the Command Register. 

CTS (Cielf te S.ntt) (9) 

The CTS input pin is used to control the transmitter 
operation. The enable state is with "CTSlow. The transmitter 
Is automatically disabled if C'fS is high. 

DT .. (Dati Termlnll Reltty) (11) 

This output pin is used to indicate the status of the CDP6853 
to the modem. A low on i5i'R indicates the CDP6853 is 
enabled. a high Indicates it is disabled. The processor 
controls this pin via bit 0 of the Command Register. 

DSR (Dllta Set "eldy) (17) 

The DSR input pin is used to Indicate to the CDP6853 the 
status of the modem. A low indicates the "ready" state and a 
high. "not-ready". 

DCD (Date Cerrler Delict) (18) 
The DCD input pin is used to indicate to the CDP6853 the 
status of the carrier-detect output of the modem. A low 
indicates that the modem carrier signal is present and a 
high. that it is not. 

DS (Dlte Strebe .r .. eed) (27) 
The DS pin has two interpretations via the MOTEL circuit. 
When emanating from a 6800 type processor. DS is a 
positive pulse during the latter portion of the bus cycle. and 
Is variously called DS (data strobe). E (enable). and ",2 (",2 
clock). During read cycles. DS signifies the time that the 
ACIA is to drive the bidirectional bus. In write cycles. the 
trailing edge of DS causes the ACIA to latch the written 
data. 

6800 
FAMILY TYPE 
MPUSIGNALS 

8.85 
FAMILY TYPE 
MPUSIGNALS 

CDP88S3 
PINSIQNALS 

The second MOTEL interpretation of DS is that of RD. 
MEMR. or i70'Remanating from an 8085 type processor. In 
this case. DS identifies the time period when the real-time 
clock plus RAM drives the bus with read data. This 
interpretation of DS is also the same as an output-enable 
signal on a typical memory. 

The MOTEL circuit. within the CDP6853 latches the state of 
the DS pin on the falling edge of AS/ALE. When the 6800 
mode of MOTEL is desired DS must be lowduring AS/ALE. 
which is the case with the CDP6805 family of multiplexed 
bus processors. To insure the 8085 mode of MOTEL. the DS 
pin must remain high during the time AS/ALE is high. 

AS (Multlpl.x.d Add,. .. Strob.) (15) 

A positive-going multiplexed address strobe pulse serves to 
demultiplex ADO and AD1. The falling edge of AS or ALE 
causes the address to be latched within the CDP6853. The 
automatic MOTEL circuitry in the CDP6853 also latches the 
state of the DS pin with the falling edge of AS or ALE. 

MOTEL 
The MOTEL circuit is a new concept that permits the 
CDP6853 to be directly interfaced with many types of 
microprocessors. No external logic is needed to adapt to 
the differences in bus control signals from common 
multiplexed bus microprocessors. 

Practically all microprocessors interface with one of two 
synchronous bus structures. 

The MOTEL circuit is built into peripheral and memory ICs 
to permit direct connection to either type of bus. An 
industry-standard bus structure is now available. The 
MOTEL concept is shown logically in Fig. 2. 

MOTEL selects one oftwo interpretations oftwo pins. In the 
6805 case. DS and R/W are gated together to produce the 
internal read enable. The Internal write enable is a similar 
gating of th~nverse of R/W. With 8085 Family buses. the 
inversion of RD and WR create functionally identical internal 
read and write enable signals. 

The CDP6853 automatically selects the processor type by 
using AS/ALE to latch the state of the DS/RD pin. Since DS 
is always low andReis always high during AS and ALE. the 
latch automatically indicates which processor type is 
connected. 

. .. , 
FAMILVBUS 

D 01------, 
680S 

INTERNAL 

~ 

AS ALE AS 
FAMILY 

1---+-1 C Q I-....:..;.U"-S--, 

DS,E,or02 DS READ ENABLE 

w. WRITE ENABLE 

.ac .... 37025 

Fig. 2 - Functional diagram of MOTEL circuit. 
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CDP8853 INTERNAL ORGANIZATION 

This section provides a functional description of the 
CDP6853. A block diagram of the CDP6853 is presented in 
Fig. 3. 

02·07 
ADO,AD1 

92CM-37026R1 

CTS 

TxD 

DcD 
DSR 

Rxe 
XTLI 
XTLO 

DTR 

FITs 

RxD 

Fig. 3 - Internal organization. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the 
internal data bus. The Data Bus Buffer is bi-directional. 
When the R/Wline is high and the chip is selected, the Data 
Bus Buffer passes the data to the system data lines from the 
CDP6853 internal data bus. When the R/W line is low and 
the chip is selected, the Data Bus Buffer writes the data from 
the system data bus to the internal data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the micro­
processor to go low when conditions are met that require 
the attention of the microprocessor. The conditions which 
can cause an interrupt will set bit 7 and the appropriate bit of 
bits 3 through 6 in the Status Register if enabled. Bits 5 and 6 
correspond to the Data Carrier Detect (OeD) logic and the 
Data Set Ready (DSR) logiC. Bits 3 and 4 correspond to the 
Receiver Data Registerfull and the Transmitter Data Register 
empty conditions. These conditions can cause an interrupt 
request if enabled by the Command Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal 
registers in preparation for a data transfer on the internal 
data bus and the direction of the transfer to or from the 
register. 

The registers are selected by the Register Select and Chip 
Select and Read/Write lines as described in Table I, 
previously. 

TIMING AND CONTROL 

The Timing and Control logic controls the timing of data 
transfers on the internal data bus and the registers, the Data 
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Bus Buffer, and the microprocessor data bus, and the 
hardware reset features. 

Timing is controlled by the system 1/12 clock input. The chip 
will perform data transfers to or from the microcomputer 
data bus during the 1/12 high period when selected. 

All registers will be initialized by the Timing and Control 
Logic when the Reset (RES) line goes low. See the individual 
register description for the state of the registers following a 
hardware reset. 

TRANSMITTER AND RECEIVER 
DATA REGISTERS 

These registers are used as temporary data storage for the 
CDP6853 Transmit and Receive Circuits. Both the Trans­
mitter and Receiver are selected by a Register Select 0 
(RSO) and Register Select 1 (RS1) low condition. The 
Read/Write line determines which actually uses the internal 
data bus; the Transmitter Data Register is write only and the 
Receiver Data Register is read only. 

Bit 0 is the first bit to be transmitted from the Transmitter 
Data Register (least significant bit first). The higher order 
bits follow in order. Unused bits in this register are "don't 
care". 

The Receiver Data Register holds the first received data bit 
in bit 0 (least significant bit first). Unused high-order bits 
are "0". Parity bits are not contained in the Receiver Data 
Register. They are stripped off after being used for parity 
checking. 

STATUS REGISTER 

Fig. 4 indicates the format of the CDP6853 Status Register. 
A description of each status bit follows. 
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CDP6853 INTERNAL ORGANIZATION (Cont'd) 
76543210 

I I I I I I I I I 
L PARITY ERROR" 

PARITY ERROR a-NO 
1- PARI TV ER'ROR DETECTED 

'--- FRAMIN G ERROR" 
FRAMING ERROR 0- NO 

1- FAA MING ERROR DETECTED 

'--- OVERR UN' 
OVERRUN 0- NO 

1-0ve RRUN HAS OCCURRED 

RECEIV Eft DATA REGISTER FULL 
FULL 0- NOT 

1 - FUL L 

TRANS MITTER DATA REGISTER EMPTY 
0- NOT EMPTY 
1- EM PTY 

DATAC ARRIER DETECT (oeC) 
LOW (DETECl) o-OCo 

1-~ HIGH (NOT DETECTED) 

DATAS ETREADY(~ 

~:g:: LOW (READy) 
HIGH (NOT READY) 

INTERR UPT(IRQ} 
o· NO INTERRUPT (IRQ PIN HIGH) 
1 - INTERRUPT HAS OCCURRED (ilm PIN LOW) 

76543210 

*NO INTERRUPTS OCCUR FOR 
THESE CONDITIONS 

10 1-1-1 110 10 I 0 lalHARDWARE RESET (RES) 
.- .-.-.-.-. 0 .- .-.PROGRAM RESET 

92CM·36783R1 

Fig. 4 - Status reg/sler format. 

Receiver Data Register Full (Bit 3) 

This bit goes to a "1" when the CDP6853 transfers. data from 
the Receiver Shift Register to the Receiver Data Register, 
and goes to a "0" when the processor reads the Receiver 
Data Register. 

Transmlttar Data Register Empty (Bit 4) 

This bit goes to a "1" when the CDP6853 transfers data from 
the Transmitter Data Register to the Transmitter Shift 
Register, and goes to a "0" when the processor writes new 
data onto the Transmitter Data Register. 

Data Carrier Detect (Bit 5) and 
Data Set Ready (Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to 
the CDP6853. A "0" indicates a low level (true condition) 
and a "1" indicates a high (false). Whenever either of these 
Inputs change state, an immediate processor interrupt 
occurs, unless the CDP6853 is disabled (bit 0 of the 
Command Regi!!ter isa "0"). When the interrupt occurs, the 
status bits will indicate the levels of the inputs immediately 
after the change of state occurred. Subsequent level 
changes will not affect the status bits until the Status 
Register is interrogated by the processor. At that time, 
another interrupt will immediately occur and the status bits 
will reflect the new input levels. 

Framing Error (Bit 1), Overrun (2), and 
Parity Error (Bit 0) 

None of these bits causes a processor interrupt to occur, 
but they are normally checked at the time the Receiver Data 
Register is read so that the validity of the data can be 
verified. 

Interrupt (Bit 7) 

This bit goes to a "0" when the Status Register has been 
read by the processor, and goes to a "1" whenever any kind 
of interrupt occurs. 
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CONTROL REGISTER 

The Control Register selects the desired transmitter baud 
rate, receiver clock source, word length, and the number of 
stop bits. 

Selected Baud Rate flms 0,1,2,3) 

These bits, set by the processor, select the Transmitter 
baud rate, which can be at 1 116 an external clock rate or one 
of 15 other rates controlled by the internal baud rate 
generator as shown in Fig. 5. 

7 6 5 4 3 

I, .,~ SBR 
I saN ~ Res saRa SBR2 BBR1 SBRO 

L~ 

1<-___ SELECTED BAUD RATE (SBR) 

l,glQ 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1 DO 1 
1010 
1011 
1100 
1101 
1110 
1111 

1/16X EXTERNAL CLOCK 
50 BAUD 
75 BAUD 
109.92 BAUD 
134.58 BAUD 
150 BAUD 
300 BAUD 
600 BAUD 
1200 BAUD 
1800 BAUD 
2400 BAUD 
3600 BAUD 
4800 BAUD 
7200 BAUD 
9600 BAUD 
19200 BAUD 

RECEIVER CLOCK SOURCE (ReS) 

0- EXTERNAL RECEIVER CLOCK 
1 - BAUD RATE 

'----------- WORD LENGTH (WLj 
§§ 
00 8 BITS 
017BfTS 
10 6BITS 
11 5 BITS 

'------------- STOP BIT NUMBER (SaN) 
0-' STOP BIT 
1 - 2 STOP BITS 

- 1-1/2 STOP BITS 
FOR WL=5 AND NO PARITY 

-1 STOP BIT 
FOR WL=8 AND PARITY 

92CM- 36781 

Fig. 5 - CDP6853 control register. 

Receiver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A "0" 
causes the Receiver to operate at a baud rate of 1/16 an 
external clock. A "1" causes the Receiver to operate at the 
same baud rate as is selected for the transmitter as shown in 
Fig.5. 

Word Length (Bits 5,6) 

These bits determine the word length to be used (5,6,7 or 8 
bits). Fig. 5 shows the configuration for each numberof bits 
desired. 

Stop Bit Number (Bit 7) 

This bit determines the number of stop bits used. A "0" 
always indicates one stop bit. A "1" indicates 1 'h stop bits if 
the word length is 5 with no parity selected, 1 stop bit if the 
word length is 8 with parity selected, and 2 stop bits in all 
other configurations. 

rn 
rn...l 
::)CC 
IDffi 
.... :z:: 
-Q. ID­c:ba: w 

Q. 
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CDPU53 INTERNAL ORGANIZATION (Cont'd) 

COMMAND REGISTER 

The Command Register controls specific modes and 
functions (Fig. 6). 

Data Terminal Ready (Bit 0) 

This bit enables all selected interrupts and controls the 
state ofthe Data Terminal Ready (OTR) line. A "0" indicates 
the microcomputer system Is not ready by setting the 15fFi 
line high. A "1" indicates the microcomputer system is 
ready by setting the OTR line low. When the OTR bit is set to 
a "0", the receiver and transmitter are both disabled. 

Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver from generating an Interrupt 
when set to a "1". The Receiver Interrupt is enabled when 
this bit is set to a "0" and Bit 0 is set to a "1 ". 

Transmitter Interrupt Control (Bits 2,3) 

These bits control the state of the Ready to Send (RTS) line 
and the Transmitter interrupt. Fig. 6 shows the various 
configurations of the ~ line and Transmit Interrupt bit 
settings. 

Receiver Echo Mode (Bit 4) 

This bit enables the Receiver Echo Mode. Bits 2 and 3 must 
also be zero. In the Receiver Echo Mode, the Transmitter 
returns each transmission received by the Receiver delayed 
by'h bit time. A "1" enables the Receiver Echo Mode. A "0" 
bit disables the mode. 

Parity Mode Enable (Bit 5) 

This bit enables parity bit generation and checking. A "0" 
disables parity bit generation by the Transmitter and parity 
bit checking by the Receiver. A "1" bit enables generation 
and checking of parity bits. 

4 

PMe ~ I TIC 
'Me1 PMca PME I REN! TIC1 TlCO IRD I DTR I 

Parity Mode Control (Bits 6,7) 

These bits determine the type of parity generated by the 
Transmitter, (even, odd, mark or space) and the type of 
parity check done by the Receiver (even, odd, or no check). 
Fig. 6 shows the possible bit configurations for the Parity 
Mode Control bits. 

TRANSMITTER AND RECEIVER 

Bits 0-3 of the Control Register select divisor used to 
generate the baud rate for the Transmitter. If the Receiver 
clock is to use the same baud rate as the transmitter, then 
RxC becomes an output and can be used to slave other 
circuits to the COP6853. Fig. 7 shows the transmitter and 
Receiver layout. 

XTLI 

XTLO 

......-...,.--R.D 

t------------RxC 

92CS-36791 

Fig. 7 - Transmitter receiVflr clock circuIts. 

T.D 

L.....I L DATA TERMINAL READY (OTA) 

o· DATA TERMINAL NOT READY (DTR PIN HIGH) 
1 • DATA TERMINAL READY (li'I'R PIN lOW) 

'---- RECEIVER INTERRUPT CONTROL (IRD) 
o • RECEIVER INTERRUPT ENABLED 
1 - RECEIVER INTERRUPT DISABLED 

'-------- TRANSMITTER INTERRUPT CONTROL (TIC) 

~ A RTi - HIGH, TRANSMIT INTERRUPT DISABLED* 
o 1 m - LOW, TRANSMIT INTERRUPT ENABLE 
10m - LOW, TRANSMIT INTERRUPT OISABLED 
11m - LOW, TRANSMIT INTERRUPT OISABLED 

TRANSMIT BREAK ON, T x 0 

'--------- RECEIVER ECHO MODE (REM) 
0- RECEIVER NORMAL MODE 
1 - RECEIVER ECHO MODE* 

'---------- PARITY MODE ENABLE (PME) 
0- PARITY MODJ: DISABLED 

NO PARITY BIT GENERATED 
PARITY CHECK DISABLED 

1 - PARITY MODE ENABLED 

'------------- PARITY MODE CONTROL (PMC) 

~ S ODD PARITY TRANSMITTED/RECEIVED 
o 1 EVEN PARITY TRANSMITTED/RECEIVED 
1 0 MARK PARITV BIT TRANSMITTED 

PARITY CHECK DISABLED 
1 1 SPACE PARITV BIT TRANSMITTED 

PARITY CHECK DISABLED 

* BITS 2 AND 3 MUST BE ZERO FOR RECEIVER ECHO MODE. iiTi WILL BE LOW. 

9ZCM0.3871QA1 

Fig. 6 - CDP6853 command r8gistar. 
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CDP8853 OPERATION (Confd) 

TRANSMlnER AND RECEIVER OPERATION 

Continuous Data Transmit (Fig. 8) the Status Register of the CDP6853, the interrupt Is cleared. 
The processor must then Identify that the Transmit Data 
Register is ready to be loaded and must then load it with the 
next data word. This must occur before the end of the Stop 
Bit, otherwise a continuous "MARK" will be transmitted. 

I.!!..!t'e normal operating mode, the processor interrupt 
(IRQ) is used to signal when the CDP6853 is ready to accept 
the next data word to be transmitted. This interrupt occurs 
at the beginning of the Start Bit. When the processor reads 

/ 

CHAR#n 
I 

CHAR#n+1 CHAR#n+2 CHAR.n+3 

~ I STO~P r ______ ~I------~~ I " 

,-...,..~rST ... O,P STOP STOP 

TXDl GR]~E1 I SECGE] I GR]o£J I GGI:GJiJ L 
~TART ~TART fTART fTART I 
I I I I I 
I I I I I 

iiiO un LJU' 7LJlJ un L 
r:~Re,.SJl.g.R ) I lPROCESSOR MUST 
(TRANSMIT DATA LOAD NEW DATA 
REGISTER EMPTY) IN THIS TIME 

INTERVAL; OTHERWISE. 
CONTINUOUS "MARK" 
IS TRANSMITTED 

PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 
rOCLEAR 

Fig. 8 - Continuous data transmit. 

HCII41712R1 

Continuous Data Receive (Fig. 8) 

Similar to the above case, the normal mode is to generate a 
processor interrupt when the CDP6853 has received a full 

data word. This occurs at about the 8/16 point through the 
Stop Bit. The processor must read the Status Register and 
read the data word before the next interrupt, otherwise the 
Overrun condition occurs. 

CHAR#n CHAR#n+1 CHAR#n+2 CHAA"n+3 

/r------~I'------~~ I ,/ I ,/ I , 

..... -.---, ... STO::::;P STOP STOP STOP 

RxD l [Bora~[G1iJ I FF[~ I [;;G[~ I R3]ili L 
START 1 START I START I START : 

I : : I 

LIn' f /LIn LIn L ) I :=~~O~A~~~~ ~~~: TIME INTERVAL; OTHERWISE, 
PROCESSOR OVERRUN OCCURS 
INTERRUPT OCCURS 
ABOUT 8/16 INTO 
LAST STOP BIT. 
PARITY, OVERRUN, 
AND FRAMING ERROR 
UPDATED, ALSO 

PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 
TO CLEAR 

Fig. 9 - Continuous data raca/va. 
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CDP6853 OPI;RATION (Confd) 

TranlmH Data Regllter Not Loaded 
By Proceuor (Fig. 10) 

If the processor is unable to load the Transmit Data Register 
in the allocated time, then the TxD line will go to the 
"MARK" condition until the data Is loaded. IRQ Interrupts 

CHAR:lf:n CONTINUOUS "MARK" 
/r--____ ~I------~, 

STOP STOP 

hD n fBOFIHJ I I START 

111'===;:==::7l 

INTERRUPT 

continue to occur at the same rate as previously, except no 
data is transmitted. When the processor finally loads new 
data, a Start Bit immediately occurs, the data word 
transmission Is started, and another interrupt is initiated, 
signaling for the next data word. 

CHAR .. n+ 1 CHAR #n +2 

/~------~I~------~,/r------~I~------­

STOP 

E)::[E1:] I r¥II~ 
START rTART 

rn----

PROCESS01 

FOR DATA 
REGISTER 
EMPTY 

PROCESSOR 
READS 
STATUS 
REGISTER 

WHEN PROCESSOR FINALLY LOADS 
NEW DATA. TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 
OCCURS, INDICATING TRANSMIT 
DATA REGISTER EMPTY 

92CM-36794RJ 

Fig. 10 - Tranamlt data reglsNlr not loaded by processor. 

Effect of CT' on Tranlmltter (Fig. 11) 

CTS is the Clear-to-Send Signal generated by the modem. 
It is normally low (True State) but may go high in the event 
of some modem problems. When this occurs, the TxD line 
Immediately goes to the "MARK" condition. Interrupts 

CLEAR-To-SEND 

continue at the same rate, but the Status Register does not 
indicate that the Transmit Data Register is empty. Since 
there is no status bit for CTS, the processor must deduce 
that CTS hal!...JlQ!!e to the FALSE (high) state. This is 
covered later. C'I'Sls a transmit control line only, and has no 
effect on the CDP6853 Receiver Operation. 

/ 
ffi GOES HIGH. NEXT 
INDICATING MODEM PROCESSOR 
IS t!Sl! READY TO INTERRUPT 
RECEIVE DATA. Tx D AT NORMAL 
IMMEDIATELY GOES START BIT 
TO "MARK" CONDITION TIME 

CONTINUOUS "MARK" 
I 

NOT CLEAR-TQ-SEND 

PROCESSOR READS 
STATUS REGISTER. 
SINCE DATA REGISTER 

:UW:E':~E ~~~ESSOR 
m IS SDURCE OF 
INTERRUPT (THIS IS 
COVERED ELSEWHERE 
IN THIS NOTE). 

92CM-,6795 

Fig. 11 - Effect of CfS on transmitter. 
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CDP8853 OPERATION (Cont'd) 

Effect of Overrun on Receiver (Fig. 12) 

Ifthe processor does not read the Receiver Data Register in 
the allocated time, then, when the following interrupt 
occurs, the new data word is nottransferred to the Receiver 

Data Register, but the Overrun status bit is set. Thus, the 
Data Register will contain the last valid data word received 
and all following data is lost. 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 
I I I I 

~ 'V ,/ V 
STOP STOP STOP STOP 

RxD n GGIE>EJ I [8oI-;J]~EJ I [%GI]~EJ I ~GIH 
I~ I~ I~ I~ 

.-----t t 
PROCESSOR ::~:SSOR 
INTERRUPT STATUS 

~~~AR:~::~:R REGISTER 
FULL 

RECEIVER DATA REGISTER 
NOT UPDATED BECAUSE 
PAOCESSOR DID NOT READ 
PREVIOUS DATA. OVERRUN 
BIT seT IN STATUS 
REGISTER. 

"------.----./ ~OVERRUN BIT SET IN 

STATUS REGISTER 

rn-----

92CM-36796RI 

Fig. 12 - Effect of overrun on receiver. 

Echo Mode Timing (Fig. 13) 

In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by 'h of the bit time. 

I B, I ~-' 
\ \ \ \ 

TxD 

Fig. 13 - Echo mode timing. 
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CDP8853 OPERATION (Cont'd) 

Effect 0' CTS on Echl? Mode Operation (Fig. 14) way as "Effect of ffi on Transmitter". In this case, 
however, the processor interrupts signify that the Receiver 
Data Register is full, so the processor has no way of 
knowing that the Transmitter has ceased to echo. 

See "Effect of eTS on Transmitter" for the effect of eTS on 
the Transmitter. Receiver operation Is unaffected by eTS, 
so, in Echo Mode, the Transmitter is affected in the same 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 

~/ ' \J ' "/ ' "/r----.L'----
STOP STOP STOP STOP 

RXO]l [BOGI:GJi] I 5GI~EG I [%GlGOE] I GGrH 
I~ I~ I~ I~ 

am LJI] LllJ Ll1J lJUrn---
NOT-CLEAR-TC)-SEND 

I 

STOP STOP I 
TxO =:JL@~I I BNI P 11801 Bl1B211 

I 

START l- ) CTSGOESTO 
"FALSe" CONDITION 

NORMAL -
RECEIVER DATA 
REGISTER FULL 
INTERRUPTS 92CM-36798 

Fig. 14 - Effect of ffi' on echo mode. 

Overrun In Echo Mode (Fig. 15) For the re-transmitted data, when overrun occurs, the TxD 
line goes to the "MARK" condition until the first Start Bit 
after the Receiver Data Register is read by the processor. 

If Overrun occurs In Echo Mode, the Receiver Is affected the 
same way as described in "Effect of Overrun on Receiver". 

CHAR#n CHAR#x CHAR#x+1 

---'v '" /' v r ----L' ---
STOP STOP STOP STOP 

RXOJl [8OEJ]~EJ I ~m I [%[&;]]3iJ I GGII~ 
I~ ~ ~ ~ 

l:-l u" LlII Urn---
::. ~+~~B-N'-P-'----------~l---------'~-----------------'~---------_-_-_-_J_/4--i Bl ~~ 

I START 1 !--L_L.....L 
PROCESSOR PROCESSOR FINALLY 

PROCESSOR DOES WlJ READS RECEIVER 
INTERRUPT READ RECEIVER DATA REGISTER, 
FOR RECEIYER DATA REGISTER LAST VALID 
DATA REGISTER CHARACTER (#n) 

FULL OVERRUN OCCURS PROCESSOR 
T x D GoeS TO INTERRUPT 

PROCESSOR 
READS 
STATUS 
REGISTER 

"MARK" FOR CHAR #x 

CONDITION ~~~:~:~I~ER 
92CM-36788 

Fig. 15 - Overrun in echo mode. 
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CDPS8S3 OPERATION (Conl'd) 

Framing Error (Fig. 18) 

Framing Error is caused by the absence of Stop Bit(s) on 
received data. The status bit is set when the processor 

interrupt occurs. Subsequent data words are tested for 
Framing Error separately, so the status bit will always 
reflect the last data word received. 

RxD 
(EXPECTED) 

RxD 
(ACTUAL) 

NOTES: 
1. FRAMING ERROR DOES NOT 

INHIBIT RECEIVER OPERATION. 
2. IF NEXT DATA WORD IS OK. 

FRAMING ERROR IS CLEARED. 

Effecl of DCD on Receiver (Fig. 17) 

Fig. 16 - Framing error. 

PRoctSSOR 
INTERRUPT, 
FRAMING 
ERROR 
BIT SET 

92CM- 36789 

condition via the Status Register. 

DCD is a modem output used to indicate the status of the 
carrler-frequency-detection circuit of the modem. This line 
goes high for a loss of carrier. Normally, when this occurs, 
the modem will stop transmitting data (RxD on the CDP6853 
some time later. The CDP6853 will cause a processor 
interrupt wheneverDCo changes state and will Indicate this 

Once such a change of state occurs, subsequent transitions 
will not cause interrupts or changes in the Status Register 
until the fi rst i nterrl,lpt is serviced. When the Status Register 
is read by the proces~the CDP6853 automatically 
checks the level of the DCD line, and If it has changed, 
another interrupt occurs. 

-r-r--r '--"-T_i'ST.:.:O:::,P CONTINUOUS"MARK" STOP STOP 

RxD 8ol S1 IS21 J~~E] I 1801 B11 B2" G I GR_GJ::] L 
START I MODEM I t-MODEM 1 START r DELAY 1 I DELAY 

~ I I I ~I ---t---t--

IRQ L..m-LJ]]"=' ==::::;t:::::==:::7]/LW 
t I AS LONG AS f 

~~~E~~OR ~F~R~~G:R PROCESSOR 
INTERRUPT PROCESSOR INTERRUPTS 

INTERRUPT FOR RECEIVER INTERRUPT 
FOR DCD WILL OCCUR FOR oai 
GOING HIGH GOING LOW 

Fig. 17 - Effect of DCD on receiver. 
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PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
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CDPS853 OPERATION (Confd) 

Timing with 1'10 Stop Bill (Fig. 18) 

It Is possible to select 1'h Stop Bits, but this occurs only for 

5-bit dllta words with no parity bit. In this case, the 
processor Interrupt for Receiver Data Register Full occurs 
halfway through the trailing half-Stop Bit. 

CHAR#n 
I 

RxD 

LJI] 
i 

PROCESSOR INTERRUPT 
OCCURS HALFWAY 
THROUGH THE 1/2 
STOP BIT 

CHAR#n+1 
I 

92CM~ 36787 

L 

Fig. 18- Timing with 1-1/2stopbilS. 

Transmit Continuous "BREAK" (Fig. 19) 

This mode is selected via the CDP6853 Command Register 
and causes the Transmitter to send continuous "BREAK" 
characters after both the transmitter and transmitter-holding 
registers have been emptied. 

When the Command Register is programmed back to 
normal transmit mode, a Stop Bit is generated and normal 
transmission continues. 

STOP STOP 

TxD n rs:GT~GI:J I I BO 81, BN P STOP 

I START START 

NORMAL 
INTERRUPT 

i-------i-PERIOD DURING 
WHICH PROCESSOR 
SELECTS 
CONTINUOUS 
"BREAK" MODE 

/r------------~,/~------

STOP STOP 

I~il:J I GEl I START 

m-----; 

POINTATWHI~ / 
PROCESSOR PROCESSOR 
SELECTS INTERRUPT 
NORMAL TO LOAD 
TRANSMIT TRANSMIT 
MODE DATA 

92CM-36185 

Fig. 19 - Transmit continuous "BREAK". 

Receive Continuous "BREAK" (Fig. 20) 

In the event the modem transmits continuous "BREAK" 

characters, the CDP6853 will terminate receiving. Reception 
will resume only after a Stop Bit Is encountered by the 
CDP6853. 

------------~, 

STOP 
CONTINUOUS "BREAK" 

/ ,/~-----------

STOP STOP 

RxD E~o:EL:J I I Bo I B1 ,_, BN I P rTOj u I 

I START 

n 83~EEJ I IBoIB,I I START I START 

------; ~------; 

PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
DATA REGISTER 
FULL 

PROCESSOR 
INTERRUPT 

I- NO 
MOR 

INTERRUPTS 

WITH FRAMING 
ERROR (PARITY 
AND OVERRUN 
CHECKS NORMA4 

~. 
NO INTERRUPT 
SINCE RECEIVER 
DISABLED UNTIL 
FIRST STOP BIT 

92CM-:SS784 

Fig. 20 - Receive continuous "BREAK". 
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CDP6853 OPERATION (Cont'd) 

STATUS REGISTER OPERATION 

Because of the special functions of the various status bits, 
there is a suggested sequence for checking them. When an 
interrupt occurs, the CDP6853 should be interrogated, as 
follows: 

1. Read Status Register 

This operation automatically clears Bit 7 (IRQ). Sub­
sequenttransitions on DSR and DCD will cause another 
interrupt. 

2. Check IRQ Bit 

If not set, interrupt source is not the CDP6853. 

3. Check DCD and DSR 

These must be compared to their previous levels, which 
must have been saved by the processor. If they are both 
"0" (modem "on-line") and they are unchanged then 
the remaining bits must be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Re.Qister FUll. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) 

Only if Receiver Data Register is FUll. 

6. Check TORE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above, then CTS must have gone to the 
FALSE (high) state. 

PROGRAMMED RESET OPERATION 

A program reset occurs when the processor performs a 
write operation to the CDP6853 with ADO high and AD1 
low. The program reset operates somewhat different from 
the hardware reset (RES pin) and is described as follOWS: 

1. Internal registers are not completely cleared. The data 
sheet indicates the effect of a program reset on internal 
registers. 

2. The DTR line goes high immediately. 

3. Receiver and transmitter interrupts are disabled Immed­
iately. If TRC:i is low when the reset occurs, it st~ow 
until serviced, unless interrupt was caused by DCD or 
~ transition. 

4. DCD and DSR interrupts disabled immediately. If TAO 
is low and was caused by Deb or DSR, then it goes 
high, also ~ and D§f status bits subsequently will 
follow the input lines, although no interrupt will occur. 

5. Overrun cleared, if set. 

MISCELLANEOUS NOTES ON OPERATION 

1. If Echo Mode is selected, RTS goes low. 

2. If Bit 0 of Command Register is "0" (disabled), then: 
a) A!!..!nterrup~~isabled, including those caused by 

DCD and 0 transitions. 
b) Receiver disabled, but a character currently being 

received will be completed first. 
c) Transmitter is disabled after both the Transmit 

Data and Transmit Shift Registers have been 
emptied. 

3. Odd parity occurs when the sum of all the "1" bits in the 
data word (including the parity bit) is odd. 

4. In the receive mode, the received parity bit does not go 
into the Receiver Data Register, but is used to generate 
parity error for the Status Register. 

5. Transmitter and Receiver may be in full operation 
simultaneously. This is "full-duplex" mode. 

6. If the RxD line inadvertently goes low and then high 
during the first 9 receiver clocks after a Stop Bit; will 
result in a false Start BIt. 

For false Start Bit detection, the CDF6853 does not 
begin to receive data, instead, only a true Start Bit 
initiates receiv~r operation. 

7. Precautions to consider with the crystal oscillator 
circuit: 

The XTLI input may be used as an external clock 
input. The XTLO pin must be floating and may not 
be used for any other function. 

8. 15Cb and15SJ!f transitions, although causing immediate 
processor Interrupts, have no effect on transmitter 
operation. Data will continue to be sent, unless the 
processor forces transmitter to tu rn off. Since these are 
high-impedance inputs, they must not be permitted to 
float (un-connected).lf unused, they must beterminated 
either to GND or VDD. 

GENERATION OF NON-STANDARD BAUD RATES 

Divisors 

The internal counter/divider circuit selects the appropriate 
divisor for the crystal frequency by means of bits 0-3 of the 
CDP6853 Control Register. 

The divisors, then, are determined by bits 0-3 in the Control 
Register and their values are shown in Table II. 

Generating Other Baud Rates 

By using a different crystal, other baud rates may be 
generated. These can be determined by: 

Crystal Frequency 
Baud Rate = -------

Divisor 

Furthermore, it is possible to drive the CDP6853 with an 
off-Chip oscillator to achieve the same thing. In this case, 
XTLI (pin 6) must be the clock input and XTLO (pin 7) must 
be a no-connect. 

DIAGNOSTIC LOOP-BACK OPERATING MODES 

A simplified block diagram for a system incorporating a 
CDP6853 ACIA is shown in Fig. 21. 

Occasionally it may be desirable to Include in the system a 
facility for "loop-back" diagnostic testing, of which there 
are two kinds: 

5·95 

1. Local Loop-Back 

Loop-back from the point of view of the processor. In 
this case, the Modem and Data Link must be effectively 
disconnected and the ACIA transmitter connected 
back to Its own receiver, so that the processor can 
perform diagnostic checks on the system, excluding 
the actual data channel. 

2. Remote Loop-Back 

Loop-back from the pOint of view of the Data Link and 
Modem. In this case, the processor, itself, Is discon­
nected and all received data is immediately retrans­
mitted, so the system on the other end of the Data Link 
may operate Independent of the local system. 

o 
0..1 :;:)< 
mffi 
...::c -a.. m_ 
'II: COw 

a.. 



CDP6853 

CDPe.53 OPERATION (Confd) 

Table II • Dlv1Hr Selection 'or the CI)P8113 

CONTROL DIVISOR SELECTED JAUD RATE GENERATED BAUI) RATE GENERATED 
REGISTER FOR THE WITH 1.8432 MHz WITH A CRYSTAL 

BITS INTERNAL COUNTER CRYSTAL SF FREQUENCY (F) 
3 2 1 0 
0 0 0 0 No Divisor Selected 1/16 of External Clock at Pin XTLI 1/16 of External Clock at Pin XTLI 

1.8432 x 10" F 
0 0 0 1 36,864 36.884 = 50 38.884 

1.8432 x 10' F 
0 0 1 0 24,576 24.5,6 - 75 24.578 

1.8432 x 10' F 
0 0 1 1 16,768 18.788 = 109.92 18.788 

1.8432 x 10' F 
0 1 0 0 13,696 13.696 = 134.58 13.8A8 

1.8432 x 10" F 
0 1 0 1 12,288 12.288_ = 150 12.288 

1.8432 x 10' F 
0 1 1 0 6,144 6.144 = 300 6.144 

1.8432 x 10' F 
0 1 1 1 3,072 3.172 = SOO 3.072 

1.8432 x 10' F 
1 0 0 0 1,536 1.538 = 1200 .538 

1.8432 x 10' F 
1 0 0 1 1,024 1024 = 1800 1.024 

1.8432 x 10' F 
1 0 1 0 768 "788 = 2400 788 

1.8432 x 10' F 
1 0 1 1 512 512 " 3600 512 

1.8432 x 10' F 
1 1 0 0 384 384 =4800 384 

1.8432 x 10' F 
1 1 0 1 256 258 = 7200 258 

1.6432 x 10· F 
1 1 1 0 192 192 = 9600 192 

1.8432 x 10· F 
1 1 1 1 96 96 = 19200 96 

TO DATA LINK 

Fig. 21 - Slmpllfilld systllm diagram. 
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CDP8853 OPERATION (Cont'lI) 

l iiTi FA TxD AxD 'DcD CTs iiiii I 
L~B SE~ 1y J 

2V ..- STB 3V 

.v 
CD74HC157 RxD 

~ 
,. 11. 

DCI) 
It. 2B 

3B 3A CTS 

41. DBA 

..v- 4. 

MDDEM 

'---
TxD 

SE~ 1Y 
DTR 

2Y 

~ 
STB 3Y AT' 

4Yf--
CD74HC157 

E 
,. 11. 

92CIII-3703 
2. It. 

3B 3A r--

·5 2 

- 48 41. r--

NOTES: 1. HIGH ON ~LB SELECTS LOCAL LOOP·BACK MODE. 
2. HIGH ON CD74HC157 SELECT INPUT GATES "II"INPUTS 

TO wy" OUTPUTSj LOW GATES "A" TO "Y", 

Fig. 22 - Loop-back circuit ,chamat/c. 

The CDP6853 does not contain automatic loop-back 
operating modes, but they may be Implemented with the 
addition of a small amount of external circuitry. 

Fig. 22 indicates the necessary logic to be used with the 
CDP6853. 

The LLB line is the positive-true signal to enable local loop­
back operation. Essentially, LLB=high does the following: 

1. Disables outputs TxD, Oi'R, and Ri'S (to Modem). 

2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 

3. Connects transmitter outputs to respective receiver 
inputs: 

a) TxD to RxD 
b) i5'fR to DCD 
c) R'fs to CTS 

5-97 

LLB may be tied to a peripheral control pin to provide 
processor control of local loop-back operation. In this way, 
the processor can easily perform local loop-back diagnostic 
testing. 

Remote loop-back does not require this circuitry, so LLB 
must be set low. However, the processor must select the 
following: 

1. Control Register bit 4 must be "1", so thatthe transmitter 
clock=receiver clock. 

2. Command Register bit 4 must be "1" to select Echo 
Mode. 

3. Command Register bits 3 and 2 must be "1" and "0", 
respectively, to disable transmitter interrupts. 

4. Command Register bit 1 must be "0" to disable receiver 
interrupts. 

In this way, the system re-transmits received data without 
any effect on the local system. 
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DYNAMIC ELECTRICAL CHARACTERISTICS-BUS TIMING, Voo = 5 V de ± 5%, Vss = 0 V dc, 
T .. = -40 to +85°C, CL = 75 pF, See Flgi. 23, 24, 25. 

IDENT. 
CHARACTERISTIC ~DP8853 

NUMBER 
MIn. 

1 Cycle Time tevc 953 
2 Pulse Width, DSIE Low or Frn/WR High PWEL 300 
3 Pulse Width, DSIE High or RDlWl'I Low PWEH 325 
4 Clock Rise and Fall Time t"tf -
8 R/WHold Time tRWH 10 
13 RIW Set-up Time Before DSIE tRWS 15 
14 Chip Enable Set-up Time Before ASIALE Fall tea 55 
15 Chip Enable Hold Time toH 0 
18 Read Data Hold Time toHR 10 
21 Write Data Hold Time tOHW 0 
24 Muxed Address Valid Time to ASIALE Fall t..sL 50 
25 Muxed Address Hold Time t..HL 50 
26 Delay Time, DSIE to ASIALE Rise tASo 50 
27 Pulse Width, ASIALE High PWASH 100 
28 Delay Time, ASIALE to DSIE Rise t..sEO 90 
30 Peripheral Output Data Delay Time 

From DSIE or RD toOR 20 
31 Peripheral Data Set-up Time tosw 220 

NOTE: Designations E, ALE, RD and WR refer to signals from non-6805 type microprocessors. 

AS ---.1\ 

OS 

R/W 

CE 

ADO.ADI 
------0(1 

WRITE 

AIIO. ADI 

REAO 

NOTE: VHIGH • VOD -2.0V. VLOW .O.8V. 

Fig. 23 - BUB timing waveforms of CDP6853. 
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Max. 
DC 
-
-
30 
-
-
-
-

100 
-
-
-
-
-
-

240 
-

LIMITS 
CDP88534 
MIn. Max. 
500 DC 
125 -
145 -
- 30 
10 -
10 -
20 -
0 -
10 40 
0 -

20 -
15 -
0 -

45 -
20 -
10 70 
110 -

CDP8853-4 UNITS 
MIn. Max. 
250 DC 
90 -
70 -
- 30 
5 -
5 -
10 -
0 -
10 20 
0 

ns -
10 -
5 -
0 -

20 -
10 -

5 35 
55 -



ALE (ADDRESS LATCH ENABLE) 
(AS PIN) 

AD (READ OUTPUT ENABLE) 
(oS PIN) 

WR (WRITE ENABLE) 
(RiW PIN) 

CE CHIP (ENABL 

ADO- AD7 

CDP6853 

(ADDR ESSI DATA .:.B:.;us:,:) _________ _( I READ DATA 
VALID 

Fig. 24 - Bus-read timing waveforms of 8085 multiplexed bus. 

ALE(ADDRESS LATCH ENABLE) 
(AS PIN) 

Ro (READ OUTPUT ENABLE) 
(oS PIN) 

WR (WRITE ENABLE) 
(R/W PIN) 

CE (CHIP ENABLE) 
--~~~~~~~~ 

ADO-AD7 

(ADDRESS/~D~AT~A~B~U~S~) ________ _(I 

NOTE: VHIGH = VDD -2.V. V LOW = O.BV. FOR VDO = 5Vt 10 % 

Fig. 25 - Bus-write timing waveforms of 8085 multiplexed bus. 

DYNAMIC ELECTRICAL CHARACTERISTICS - TRANSMIT/RECEIVE, See Figs. 26, 27 and 28. 
Voo = 5 V ± 5%, TA = _40° to +85°C 

CHARACTERISTIC 

Transmit/Receive Clock Rate tCCY 
Transmit/Receive Ciock High Time tCH 
Transmit/Receive Clock Low Time tCl 
XTLI to TxD Propagation Delay too 
RTS Propagation Delay tOlY 
IRQ Propagation Delay (Clear) tiRo 
RES Pulse Width tREs 

(t,.t, = 10 to 30 ns) 
"The baud rate with external clocKIng is: Baud Rate=-:-::---=:--__ 

16 x Tccy 
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-
LIMITS 

CDP6853 CDP6853-2 
Min. Max. Min. Max. 
400' - 325 -
175 - 145 -
175 - 145 -
- 500 - 410 
- 500 - 410 
- 500 - 410 

400 - 300 -

CDP6853-4 
Min. Max. 
250 -
110 -
110 -
- 315 
- 315 
- 315 

200 -

UNITS 

ns 

I 

(/) 
(/)..J 
:;,cC 
!Dffi 
1-:1: -a.. !D-elia: w 

a.. 
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XTLI 

( TRANSMIT) 
CLOCK INPUT) 

hO 

'00--1+--00-1 

NOTE: TxO RATE IS 1/16 TxC RATE 

92C5-38776 

Fig. 28 • Transmit-timing wavafotms with axtarnal clock. 

RxC _r ~J=,,"=j 
(INPUT) \_ _.1.' ~ 

\..--'CL 

NOTE: RxO RATE IS 1/16 RxC RATE 

92CS-3&778 

Fig. 28 - Racelve extarnal clock timing waveforms. 
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D5 ____ -' 

m 
(CLEAR) 

92CS -36717RI 

Fig. 27 - Interrupt- end output-timing waveforms. 

1.8432 MHz 
CRYSTAL 

C" 10-50 pF 

INTERNAL CLOCK 

EXTERNAL 1] TRANSMITTER XTLI 
CLOCK 

OPEN 
CIRCUIT XTLO 

EXTERNA L CLOCK 
92CS-42341 

Fig. 29 - Transmitter clock generation. 
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II HARRIS CDP68HC68A2 
November 1994 

Features 
• 10-Blt Resolution 
• 8-Blt Mode for single Data Byte Transfers 
• SPI (Serial Peripheral Interface) Compatible 

CMOS Serial 10-Bit AID Converter 

Pinout 
16 LEAD PLASTIC DIP 

TOP VIEW 

• Operates Ratiometrically Referencing VDD or an External Source 
voo 

All 

AI2 

AI3 

AI4 

• 141J8 10-Bit Conversion Time 
• 8 Multiplexed Anal09 Input Channels 
• Independent Channel Select 
• Three Modes of Operation 
• On Chip Oscillator 
• Low Power CMOS Circuitry 
• Intrinsic Sample and Hold 
• 16 Lead Dual-In-Llne Plastic Package 
• 20 Lead Dual-In-Llne Small Outline Plastic Package 

Description 
The CDP68HC68A2 is a CMOS 8-bit or 10-bit successive 
approximation analog to digital converter (A/D) with a standard 
Serial Peripheral Interface (SPI) bus and eight multiplexed analog 
inputs. Voltage referencing is user selectable to be relative to 
either VDD or analog channel 0 (AIO). The analog inputs can 
range between VSS and VDD. 

The CDP68HC68A2 employs a switched capacitor, successive 
approximation AID conversion technique which provides an 
inherent sample-and-hold function. An onchip Schmitt oscillator 
provides the Internal timing for the A/D converter. The Schmitt 
input can be externally clocked or connected to a single, external 
capacitor to form an RC oscillator with a period of approximately 
10-30ns per picofarad. 

Conversion times are proportional to the oscillator period. At the 
maximum specified frequency of 1 Mhz, 1 Q-bit conversions take 
14 microseconds per channel. At the same frequency, 8-bit 
conversions consume 12 microseconds per channel. 

The versatile modes of the CDP68HC68A2 allow any combina­
tion of the eight Input channels to be enabled and anyone of 

Block Diagram 

SPI CONTROl. LOGIC 

CONTROl. LOGIC 

ADDRESS CONTROl. 
LOGIC 

STATUS CONTROl. 
REGtSTERS REGISTERS 

·USED AS VOLTAGE INPUT 
IN EXTERNAL REFERENCE 
MODE. 

AIDI 
EXT.REF. 

the selected channels to be specified as the "starting" channel. 
Conversions proceed sequentially beginning with the starting 
channel. Nonselected channels are skipped. Modes can be 
selected to: sequence from channel to channel on command; 
sequence through channels automatically, converting each 
channel one time; or sequence repeatedly through all channels. 

The results of 10-bit conversions are stored in 8-bit register 
pairs (one pair per channel). The two most significant bits 
are stored in the first register of each pair and the eight least 
significant bits are stored in the second register of the pair. To 
allow faster access, in the 8-bit mode, the results of conversions 
are stored in a single register per channel. 

A read-only STATUS register facilitates monitoring the status of 
conversions. The STATUS register can simply be polled or the 
INT pin can be enabled for interrupt driven communications. 

The CDP68HC68A2 is available in a 16 lead dual-in-line plastic 
package (E suffix) or in a 20 lead dual-in-line small outline 
plastic package (M suffix). 

ANALOG MULTIPLEXER 

REFERENCE -rs 
ANALOG INPUTS 

dri· .... ·B 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1963.2 
Copyright @ Harris Corporation 1994 
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Pinout 

INT 

MISO 

AIOI 
EXT. REF. 

VSS 1 

vee 

All 

AI2 

AI3 

NC 

NC 

AI4 

AIS 

AI6 

AI7 

20 LEAD SOP DIP (M SUFFIX) 
TOP VIEW 

Pin Descriptions (Numbers in parenthesis are pin numbers for DIP version) 

OSC (1) Oscillator (Input/Output) 

This pin is user programmable. In the "external" mode, the 
clock input for the successive approximation logic is 
applied to OSC from an external clock source. The input is 
a Schmitt trigger input which provides excellent noise 
immunity. In the "internal" mode, a capacitor is connected 
between this pin and a power supply to form a "one pin 
oscillator". The frequency of the oscillator is Inversely 
dependent on the capacitor value. Differences in period, 
from one device to another, should be antiCipated. Systems 
utilizing the internal oscillator must be tolerant of 
uncertainties in conversion times or provide trimming 
capability on the OSC capacitor. See Figure 7 for typical 
frequencies versus capaCitance. 

INT (2) Interrupt (Open Drain Output) 

INT is used to signal the completion of an AID conversion. 
This output is generally connected, in parallel with a pullup 
resistor, to the interrupt input of the controlling 
microprocessor. The open drain feature allows wire­
NOR'ing with other interrupt inputs. The inactive state of INT 
is high impedance. When active, INT is driven to a low level 
ou~put voltage. The state of INT is controlled and monitored 
by bits in the Mode Select and Status Registers. 

MISO (3) Master-In-Slave-Out (Output) 

Se'ial data is shifted out on this pin. Note: data is provided 
most significant bit first. 

MOSI (4) Master-Out-Slave-In (Input) 

Serial data is shifted in on this pin. Data must be supplied 
most significant bit first. Note: this is a CMOS input and 
must be held high or low at all times to minimize device 
current. 

SCK (5) Serial Clock (Input) 

Serial data is shifted out on MISO, synchronously, with each 
leading edge of SCK. Input data from the MOSI pin is 
latched, synchronously, with each trailing edge of SCK. 

CE (6) Chip Enable (Input) 

An active HIGH device enable. CE is used to synchronize 
communications on the SPI lines (MOSI, MiSO, and SCK). 
When CE is held in a low state, the SPI logic is placed in 
a reset mode with MISO held in a high impedance state. 
Following a transition from low to high on CE, the 
CDP68HC68A2 interprets the first byte transferred on 
the SPI lines as an address. If CE is maintained high, 
subsequent transfers are interpreted as data reads or 
writes. 

AIO/EXT REF (7) Analog Input O/External Reference 
(Input) 

This input is one of eight analog input channels. Its function 
is selectable through the Mode Select Register (MSR). If VR 
is set high in the MSR, AIO/EXT REF provides an external 
voltage reference against which all other inputs are 
measured. AIO/EXT REF must fall within the VSS and VDD 
supply rails. If VR is set low in the MSR, VDD is used as the 
reference voltage and AIO/EXT REF is treated as any other 
analog input (see AI1-7). 

AI1-7 (9-15) Analog Inputs 1-7 (Inputs) 

Together with AIO/EXT REF, these pins provide the eight 
analog inputs (channels) which are multiplexed within the 
CDP68HC68A2 to a single, high-speed, successive 
approximation, A/D converter. A11-7 must fall within the 
VSS and VDD supply railS. 

VSS (8) Negative Power Supply 

This pin provides the negative analog reference and the 
negative power supply for the CDP68HC68A2. 

VOO (16) Positive Power Supply 

This pin provides the positive power supply and, depending 
on the value of the VR bit in the MSR, the positive analog 
reference for the CDP68HC68A2. 
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Specifications CDP68HC68A2 

Maximum Ratings Absolute Maximum Values 

DC Supply Voltage Range, (VDD) ••••..••..•.•••.•. -0.5V to + 7V Device Dissipation Per Output Transistor •••••.••••••••••• 40mW 

(Voltage Referenced to VSS Terminal) TA = Full Package Temperature Range (All Package Types) 
Input Voltage Range, All Inputs ..••.•••••.••• -0.5V to VDD +0.5V Operating Temperature Range (TAl •••••••••••• -400C to +850C 
DC Input Current, Any One Input. ••.•••••.••••..•.•••.•. :1:1 OmA Storage Temperature Range (TSTG) •••.•••••• -650C to +1500C 
Power Dissipation Per Package (PO) Lead Temperature (During Soldering) ••••••.••••••.•••• +2850C 
TA = -400C to +600C (Package Type E) .............. 500mW At Distance 1/16:1: 1/32 In. (1.59:1: 0.79mm) From Case for 
TA = +600C to +850C (Package Type E) .••••• Derate Linearly at lOs Max 

12mW/OC to 200mW *Printed circuit board mount: S7mm x 57mm minimum area x 1.6mm thick 
TA = -400C to + 700C (Package Type M)' . . . . • • . • . . . •• 400mW G10 epoxy glass, or equivalent. 
TA = -700C to +850C (Package Type M)' •..•• Derate Linearly at 

6.0mW;oC to 310mW 

Recommended Operating Conditions TA = -400C to +850 C. For maximum reliability, device should always be 
operated within the following ranges: 

LIMITS 

CHARACTERISTIC MIN. MAX. UNITS 

DC Operating Voltage Range 3 I 6 V 

Electrical Characteristic TA = +250 C, VDD = 5V, except as noted. 

TEST LIMITS 

CHARACTERISTICS CONDITIONS MIN. TYP. MAX. UNITS 

ACCURACY 

Differential Linearity Error 10-BitMode :1:1.25 :1:2 LSB 

Integral Linear Error 10-BitMode :1:1.25 :1:2 LSB 

Offset Error 10-BitMode -1 3 4 LSB 

Gain Error 10-BitMode -1 1 2 LSB 

ANALOG INPUTS: AIO THRU AI7 

Input Resistance In Series With Sample Caps 85 n 
Sample CapaCitance During Sample State 400 pF 

Input Capacitance During Hold State 20 pF 

Input Current @ VIN - VREF+ During Sample +30 JlA 
During Hold or Standby State :1:1 JlA 

Input + Full Scale Range Vss VDD+·3 V 

Input Bandwidth (3dB) From Input RC Time Constant 4.68 MHz 

Input Voltage Range: AIO VR=1 3.0 - VDD V 

DIGITAL INPUTS: MOSI, SCK, CE, TA = -400C to +850C 

High Input Voltage VIH VDD =3t06V 70 %ofVDD 
Low Input Voltage VIL VDD -3t06V 30 %ofVDD 
Input Leakage :1:1 )IA 
Input Capacitance TA-+250C 10 pF 

DIGITAL OUTPUTS: MISO, I NT, TA = -400C to +850C 

High Level Output VOH,MISO ISOURCE6mA 4.25 V 

Low Level Output VOL, MISO,INT ISINK=6mA 0.4 V 

3 State Output Leakage lOUT, MISO INT :1:10 JlA 
TIMING PARAMETERS TA - -40oC to +850C 
Oscillator Frequency fSAMPLE 10-BitMode I I 1 I MHz 
Conversion Time 10-BitMode 14 Oscillator Cycles 
(Including Sample Time) 8-BitMode 12 Oscillator Cycles 

Sample Time (Pre-Encode) 8 Time Constants (8t) Required First 1.5 Oscillator ~ 8t 

Serial Clock (SCK) Frequency 1.5 MHz 

SCK Pulse Width Tp Either SCKA or SCKB 150 ns 

MOSI Setup Time TDSU Prior to Leading Edge ofTp 60 ns 

MOSI Hold Time TDH After Leading Edge of Tp 60 ns 

MISO Rise & Fall Time 200pFLoad 100 ns 
MISO Propagation Delay TDOD From Trailing SCK Edge 100 ns 

100 VDD - 5 Volts, Continuous Operation 1.4 2 rnA 

100 Voo = 3 Volts, Continuous Operation 0.7 1.2 mA 
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Notational Conventions 
Throughout this specification the following terms and 
notational conventions are used: 

A2 the CDP68HC68A2 
$xx a hexadecimal number - e.g. $3f 

Overview 
From the' programmer's perspective, the A2 is comprised 
of three control registers (Mode Select Register - MSR, 
Channel Select Register - CSR, and Starting Address 
Register - SAR), a status register (SR), an array of eight 
pairs of Data Registers, and one non-addressable, internal 
register (Channel Address Register). See Figure 2. 

The A2 contains a high speed, 10-bit, successive approxi­
mation, analog to digital converter (A to D). The input to the 
A to 0 can be anyone of the A2's eight analog inputs (AIO 
through AI7). The contents of the CAR determine which 
analog input is connected to the A to D. The result of each 
analog to digital conversion is written to the Data Register 
array. The Data Register array is also addressed by the 
contents of the CAR, providing a one to one correspond­
ence between each analog input and each Data Register 
pair. 

The contents of the CAR are also used during Data Register 
reads to address the Data Register array. The CAR is 
automatically jammed with the correct address when an 
Address/Control Byte is sent to the A2. A second means, to 
initialize the CAR, is by writing to the SAR. 

Normal procedure for programming the A2 is to first select 
the desired hardware mode by writing to the MSR. The 
"active" analog channels are then specified by writing to the 
CSR (channels not selected in the CSR are skipped during 
Conversions and burst mode reads). Finally, a write to the 
SAR initializes the CAR (designating the first channel to 
convert) and initiates the AID conversions. 

$00 

$01 

• • • 
$OE 

$OF 

$10 

$11 

$12 

$13 

= 

HIGH DATA REGISTER 0 

LOW DATA REGISTER 0 

: ~ :1= 

HIGH DATA REGISTER 7 

LOW DATA REGISTER 7 

DATA REGISTERS 

MODE SELI;CT REGISTER 

CHANNEL SELECT REGISTER 1+ 
START ADDRESS REGISTER H 

STATUS REGISTER 

CONTROL./STATUS REGISTERS 

Polling of the SR or hardware interrupts can be used to 
determine the completion of conversions. 

The converted data is read from the data registers. In eight 
bit mode, a single register is read for each channel of 
interest. In ten bit mode, two registers are read per channel. 

Serial Communications 
Hardware Interface 

All communications between the A2 and the controlling 
processor are carried out over the Serial Peripheral 
Interface (SPI) bus lines (MOSI, MISO, SCK, and CE). The 
SPI bus is directly compatible with the SPI facilities of 
Harris' 68HC05 microcontrollers. Data is transmitted over 
the MISO and MOSIlines synchronous with SCK. Transfers 
are done most significant bit first. 

The A2 acts as a "slave" device. The controlling "master" 
signals the A2 that a SPI transfer is to take place by raiSing 
CE and clocking SCK. A single shift register is used for 
transferring data in and out of the A2. Whenever CE and 
SCK are activated, data is shifted from the master to the 
A2 over the Master-Out-Slave-In (MOSI) line and, 
simultaneously, during read operations, data is shifted to 
the master from the A2 over the Master-In-Slave-Out 
(MISO) line. Note that SCK must be provided by the master 
for both reads and writes. 

To accommodate various hardware systems, the A2 can 
shift data on either the rising or falling edge of SCK. The 
"active" edge is automatically determined by the A2. At the 
moment that CE is first brought to a high level, the state of 
SCK is latched. This latched state determines the interpreta­
tion of SCK. H SCK is low when CE is activated, data is 
shifted out on MISO on each rising edge of SCK and data is 
latched from MOSI on each falling edge of SCK (see SCKa 
in Figure 3.). If SCK is high when CE is activated, data is 
shifted out on MISO on each falling edge of SCK and data is 
latched from MOSI on each riSing edge of SCK (see SCKb 
in Figure 3.). 

~ 

=1= I-- AIO 
8 I-- AI1 r--- TO I-- AI2 A IN OUT 1 
~A13 TO 

D M f-- AI4 

----- U f-- AI5 
X I-- AI6 

I-- AI7 

~~ 

CHANNEL ADDRESS REGISTER J 

FIGURE 2. A PROGRAMMER'S MODEL OF THE CDP68HC68A2 
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CE--!' \'-----

SCKa 

SCKb 

MOSI ____ ~~~4-~~~ ____ _/~ ____ _J~ ______ ~ ______ ~ ______ _/~ ____ ~~ ______ ~ ___ 

Mmo--------+~~::~K:::::::>C:::::::x:::::::><:::::::x:::::::)<:::::::><:::::::~ (READ ONLy) 

FIGURE 3. TIMING DIAGRAM FOR SERIAL PERIPHERAL INTERFACE 

Hardware Interfacing to 68HCOS Controllers 

When interfacing the A2 to 68HC05 controllers, set CPHA '" 1 
and CPOL '" (0 or 1) in the SPI control register. Note that 
SCK pulses are generated only when data is written to the 
SPI Data Register in a 68HC05. Reading data from or 
writing data to the A2 requires writing data to the SPI Data 
Register. The data will be ignored by the A2 for read 
operations. The read data is available to the 68HC05 in 
the SPI Data Register when SPIF is true in the SPI Status 
Register. 

Hardware Interfacing to Non-68HCOS Controllers 

Most popular microcontrollers have a synchronous commu· 
nications facility which can be adapted to work with the A2. 
Those that don't can be easily interfaced using port lines to 
synthesize a SPI bus. 

Software Interface 

Reading and writing to the A2 can be performed in either 
sin\ille byte or multiple byte (burst) modes. Both modes 
begin the same way: a positive transition is applied to CE (if 
CE is high, it must first be brought low, then returned high); 
an address/control byte is transferred (requires 8 clocks on 
SCK and 8 bits of data on MOSI); and the first byte of data is 
transferred (requires 8 Clocks of SCK). In the case of single 
byte mode, the transfer is complete. For multiple byte 
transfers, each series of 8 pulses on SCK produces another 
8 bit transfer (see Figure 4.) 

The format of the address/control byte is shown in Figure 5. 
The most significant bit is the R/W bit. When R/W-Is 0, read 
operations are to be performed. If R/W is 1, write operations 
are to be performed. AO through A4 specify the register to 
access. Data Registers are mapped to address $00 through 
$OF. The Control and Status Registers are at locations $10 
through $13 (see Figure 2.). 

When transferring multiple bytes of data, the type of transfer 
- read or write - is fixed by bit seven of the initial address/ 
control byte. After the initial data transfer, the address will 
automatically be adjusted for each subsequent transfer. 

When reading Data Registers in the 8 bit mode, each read 
will advance the address by two, to the next (as specified In 
the CSR) active channel's Low Data Register. In the 10 bit 
mode, following a read of a High Data Register, the address 

is advanced to the Low Data Register of the same channel. 
Reading the Low Data Register then increments the read 
address to the next (as specified in the CSR) active 
channel's High Data Register. Following a read of the last 
(closest to 7) active channel's Data Register(s), the address 
recycles to the first (closest to 0) active channel's Data 
Register(s). 

CE ------/ ,------
MOSI ~ ADDRESS BYTE I DATA BYTE ~ 

MISO ________ H~I._Z~ ______ ~(~_R~_O__')~--~H~I.~Z~-

TRANSFER CYCLE: 

PHASE: 

(4a) Single Byte Transfer. (Requires 2 SPI Transfers) 

CE ---1 
MOSI ~ ADDRESS 

BYTE 
DATA 
BYTE 

••• 

DATA ···IDATA~ 

MISO~~ 
~ ... ~ 

ADDRESS: WRITE ADDR:1 AODR1 ADDR:2 • •• ADDR:N 

TRANSfER CYCLE: 2 3 ••• N+1 

PHASE: ••• 
(4b) Multiple (N) byte Transfer. (Efficient Device Communication 

Requiring N+ 1 SPI Transfers) 

FIGURE 4. TIMING DIAGRAMS FOR (4a) SINGLE BYTE 
TRANSFER AND (4b) MULTIPLE (N) BYTE 
TRANSFER. 

When reading or writing control registers, the address will 
increment to the next register after each transfer. Once 
address $13 has been reached no more increments are 
performed. This facilitates polling of the Status Register 
(SR) which is located at address $13. If the A2 remains 
selected following a read of SR, each successive 8 bit 
transfer will read the SR again without the need for an 
address/control byte. 
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Programming the CDP68HC68A2 Registers 

Intializing the A2 

The A2 is equipped with a power on reset circuit which clears 
the MSR to all O's. This ensures that INT is In a high 
impedance state and conversions are inhibited. The contents 
of all other registers are unknown until explicitly initialized. No 
other provisions are made for resetting the A2. 

Systems which can be reset after power up must reset the A2 
by explicitly writing O's to the MSR. Designs which utilize the 
INT line must be certain that the MSR is cleared, or the A2 is 
initialized to a known state, before enabling interrupts. 

It is good practice to include code which initializes the 
A2, to a known state, at the earliest practical point. In 
systems which utilize INT, if a system reset occurs after 
power-up, A2 initialization code must be executed 
before processor interrupts are enabled. 

Address/Control Byte 

The Address/Control Byte is a dual purpose word which 
performs register addressing and read/write control. The 
Address/Control Byte is the first byte transferred to the A2 
following activation of CEo If CE is active, it must first be 
brought low, then reactivated prior to transferring an 
Address/Control Byte. 

A1 AD 

7 6 5 4 3 2 o 
FIGURE 5. ADDRESS/CONTROL BYTE 

The most significant bit (MSB) of the Address/Control byte is 
R/W. This bit is used to cntrol the flow of data during the 
subsequent SPI data transfers.lfR/W is a 0, reads take place. 
If R/W is a 1, writes take place. During read transfers, data is 
shifted out on MISO. During writes, data is shifted in on MOSI 
and MISO is held in a high impedance state. 

The least significant five bits (AO through A4) provide the read 
address. Bits 5 and 6 are not required and can be sent as 
either 0 or 1 (D's are assumed throughout this specification). 
When addressing Data Registers in 8 bit mode, AO is inter­
nally forced to a 1. Attempting to read a High Data Register in 
8 bit mode will result in a read of the Low Data Register (after 
which the address will advance to the Low Data Register of 
the next active channel). 

CAUTION: When addressing Data Registers. the user 
must ensure that the contents of the CAR match the 
address portion of the Address/Control Byte. Failure to 
do so may result in corrupted data. This condition 
is generally met in Modes 1 and 2. When running in 
Mode 3 special care must be taken to meet this 
requirement. See further explanation under SAR. SR. 
Modes, and Applications Information. 

Mode Select Register (MSR) 

Address/Control: (R/W)OO10000 - $10 
Read/Write: Yes 

EXT VR M8 

7 6 5 4 3 

IE M1 MO 

2 o 

This read/write register is used to select the various modes of 
operation of the A2. Bits 6 and 7 are "don't cares" and can be 
set as either 1 or O. The functions of bits 0 through 5 are as 
follows: 

EXT (External Oscillator): EXT is used to select between an 
external or an internal (single pin oscillator) clock source at 
pin 1 (OSC) of the A2. If EXT is low, an external clock is 
selected and the OSC pin functions as an input. If EXT is 
high, an internal clock is selected and the OSC pin functions 
as a one pin oscillator. See Figure 7 for typical frequencies of 
the internal oscillator. 

VR (Voltage Reference): VR is used to select the source of 
the voltage reference. When VR is 0, VDD is used as the full 
scale reference for the A/D converter. When VR is 1, the 
voltage at AID serves as the full scale reference for the AID 
converter. With VR = 1, the digital reading of any active 
channel which exceeds the AID reference voltage will be 
"clipped" to the full scale value of $3FF ($FF for 8 bit mode). 

M8 (Eight Bit Mode): This bit selects the 10-bit or 8~bit 
mode of operation. A low (0) in this bit enables the 10-bit 
mode, while a high (1) enables the 8-bit mode. 

IE (Interrupt Enable): IE is used to enable the INT output 
function on pin 2. A low (0) disables the interrupt function and 
maintains INT in a high impedance state. A high enables the 
interrupt function, allowing INT to be driven low at the appro­
priate times in Modes 1 and 2. 

M1, MO (Mode Select 1 and 0): These two bits are used to 
select the conversion mode of the A/D converter. The modes 
are as follows: 

M1 M2 MODE DESCRIPTION 

0 0 0 Idle 

0 1 1 Single Conversion 

1 0 2 Single Scan 

1 1 3 Continuous Scan 

FIGURE 6. CONVERSION MODES 

Channel Address Register (CAR) 

Address/Control: Not Addressable 

The CAR contains the address of the next channel to convert 
during Modes 1,2, and 3. During multiple byte reads of the 
Data Registers, the CAR contains the address of the channel 
to read and is advanced, to the next higher active channel, 
following each read. When advancing, the CAR skips any 
channel not selected in the CSR. After incrementing to the 
highest active channel, the CAR will return to the lowest 
active channel. 

The CAR is not directly accessible. It can be jammed via a 
write to the SAR or by transmitting an Address/Control Byte 
which addresses any Data Register. Note: addressing a 
Data Register to set the CAR is valid only under certain 
circumstances - see the following boxed caution. When 
jamming the CAR via the SAR, the specified channel does 
not need to be selected in the CSR. The CAR's contents are 
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read as part of the SR. See the descriptions of the SAR and 
the SR for details. 

CAUTION: When addressing Data Registers, the user 
must ensure that the contents of the CAR match the 
address portion of the Address/Control Byte. Failure 
to do so may result in corrupted data. This condition 
is generally met In Modes 1 and 2. When running in 
Mode 3 special care must be taken to meet this 
requirement. See further explanation under SAR, SR, 
Modes, and Applications Information. 

Channel Select Register (CSR) 

Address/Control: (R/W)0010ool - $11 
Read/Write: Yes 

C7 C6 C5 C4 C3 

7 6 5 4 3 

C2 Cl CO 

o 
This read/write register is used to designate the active 
analog input channels. Channels which are not active will 
be skipped during conversions and multiple byte reads, 
unless specifically selected by writing to the SAR. Setting a 
bit high in CSR selects the associated channel, while setting 
a bit low deselects the channel. Each Cn bit in the CSR 
corresponds to an Aln pin on the A2 device. Example: 
setting C7 = C4 = 1 and setting all other bits to 0 will select 
AI7 and AI4 as inputs to the A/D multiplexer. 

Starting Address Register (SAR) 

Address/Control: (R/W)0010010 - $12 
Read/Write: Yes 

I ENC I I SAE I CA2 I CAl I CAO I H/L 

7 6 5 4 3 2 o 
This register is used to enable conversions in all modes and 
to set the address of the current channel in the CAR. Prior to, 
or simultaneously with, enabling conversions, the CAR must 
be set to a known state via the SAR. Once set, the contents of 
the CAR determine the first channel to be converted when 
conversions are enabled - hence the name "Starting Address 
Register". The CAR may be jammed with the number of a 
channel which is not selected in the CSR. After the specified 
channel is converted, subsequent conversions proceed in 
ascending order, skipping channels not selected in the CSR. 
Therefore, jamming the CAR with a non-selected channel 
number will cause a conversion to be performed on that 
channel once and only once. 

After stopping a Mode 2 or 3 conversion (by setting ENC 
low), the CAR must be jammed to match the channel address 
prior to initiating Data Register reads. If an Address/Control 
Byte is sent to begin reads from a Data Register other than 
the one currently addressed by the CAR, the contents of the 
Data Register may be corrupted. H the CAR contents are 
known, single or multiple byte reads Can be properly made, 
by sending a matching Address/Control Byte. 

Bits 5 and 6 in the SAR are "don't cares" and can be set to 
either O's or l's. The functions of the remaining bits are 
as follows: 

ENC (Enable Conversions): ENC is used to, synch­
ronously, switch on and off the successive approximation A 
to 0 converter. When this bit is set high, the appropriate 
conversion operation (as defined in the MSR) is initiated. 
Setting the ENC bit low stops the conversion operation. If a 
channel Is being converted when ENC is cleared, the 
conversion of that channel will complete and further 
conversions will be Inhibited. 

SAE (Starting Address Enable): If the SAR is written to, 
with the SAE bit high, the CAR is jammed with the value 
defined by CA2, CAl, and CAO. If SAE is low, the CA2, CA 1, 
and CAO bits are ignored. 

CA2, CAl, CAO (Channel Address): When writing to the 
SAR with SAE high, CA2, CA1, and CAO form a 3 bit 
channel address which is used to set the CAR and select 
the first channel to be converted or read. Reading the SAR 
returns the previously written values for these three bits. To 
determine the contents of the CAR a read of the Status 
Register (SR) must be performed. 

Fi/L (High/Low): For most applications, the SAR should be 
written with H/L as a O. In combination with CA2, CA 1, and 
CAO, this bit is used to select a specific High or Low Data 
Register. H/L only has significance in 10-bit mode. The 10-
bit read sequence is High Data Register followed by Low 
Data Register for each channel read. When jamming the 
CAR prior to reads, Fi/L should be set low, unless the user 
specifically wants to skip the first High Data Register. When 
read, this bit, indicates whether the next Data 
Register read will access the High or Low Data Register. In 
a-bit mode, Fi/L is ignored by the A2. 

Status Register (SR) 

Address/Control: 00010011 - $13 
Read/Write: Read Only 

INT I ACe I CIP o I CA2 I CAl I CAO I 0 

7 6 5 4 3 2 o 
This is a read only register used to monitor the status of the 
A to 0 converter. If an Address/Control Byte of $13 is sent 
to the A2, the Status Register will be addressed and will 
remain addressed until the CE pin is brought low. This 
provides efficient polling of the SR by allowing multiple 
reads of the SR with only one Address/Control Byte 
transmission. 

Bits 0 and 4 of the SR are always read as lows. The 
significance of each of the other bits is: 

INT (Interrupt): In Modes 1 and 2, this bit is set high under 
the same conditions that the INT pin would be activated (see 
Conversion Modes). Once set, the INT bit can be cleared be 
reading the SR, reading any Data Register, or writing to the 
MSR or CSR. The INT bit is not affected by the state of the IE 
bit in the MSR. 

ACC (All Conversions Complete): When high, this status 
bit Indicates that conversions have been completed on all 
channels selected in the CSR. It is cleared by reading any of 
the Data Registers or by writing to the MSR or CSR.ln 10-
bit mode, ACC = 1 Implies that the DV bits of all active 
channels are true (see Data Registers). This bit is often 

6-9 

UJUJ =>....1 
IDe( 
....I a: 
e(w 
-::J: a:Q. w_ 
UJa: -w Bill. 



CDP68HC68A2 

used in Modes 2 and 3. In Mode 1, ACC will only be set if 
conversions are ellPllcltly Invoked (via writes to the SAR) for 
each channel selected in the CSR. 

CIP (ConversIon In Progress): This bit is logically high 
when a conversion is initiated and goes low when a 
conversion completes. In the scanning modes, Modes 2 
and 3, CIP will go low momentarily between successive 
channels and cannot be used In lieu of ACC in Mode 2. 

NOTE: Following a write of $00 to the SAR, to 
terminate Mode 3 conversions, CIP may remain high 
until cleared with a write to the MSR or the CSR or 
with the read of a Data Register or with a write to the 
SAR with ENC or SAE = 1. CIP = 1 is not a true 
indication of an ongoing conversion. See "Mode 3 -
Continuous Scan". 

CA2, CAl, CAO (Channel Address Register): This three 
bit binary number indicates the current contents of the CAR. 
The CAR is originally set by the user via the SAR (see SAR). 
The CAR Is automatically incremented following reads of 
Data Registers and following conversions In the scanning 
modes (Modes 2 and 3). The Status Register can be read at 
any time. Reading CA2 - CAO during Modes 2 and 3 will 
produce changing channel addresses as the conversions 
proceed. 

Data Registers 

Address/Control: OOOOOOO(H/l) to 0000111 (H/l) -
$00 to $OF 

Read/Write: Read Only 

lov IDovl 0 o o High 
H/l=O 

7 6 5 4 3 2 0 

Low 
H/l= 1 

I 07 I 06 I 05 I 04 103 I 02 I 01 I DO I 
7 6 5 4 3 2 o 

The Data Registers are used to store the results of A to 0 
conversions. There are two registers, a High Data Register 
and a low Data Register, associated with each channel. 

In a-bit mode, the High Data F'legisters are inaccessible, 
and each low Data Register holds the a-bit result of the 
most recent conversion of Its associated channel. The 
values range from $00 (Aln = VSS) to a full scale reading of 
$FF. During multiple byte Data Register reads, the address 
(hEtld in the CAR) is advanced to the low Data Register of 
the next active channel (as specified in the CSR) following 
ea,;h read. 

In 10-bit mode, bits 0 and 1 of the High Data Register 
together with the contents of the low Data Register hold the 
result of the most recent conversion to the associated 
channel. The values range from $000 (Aln = Vss) to a full 
scale reading of $3FF. During multiple byte Data Register 
reads, the address (held in the CAR) is automatically 
advanced from the High Data Register to the low Data 
Register. Following a read of the low Data Register, the 
address advances to the High Data Register of the next 
active channel (as specified in the CSR). 

Two status flags are maintained for each channel. In 10-bit 
mode these status flags are provided in the High Data 
Register. In a-bit mode they are not available to the user. 
Their functions are: 

DV (Data Valid): DV indicates whether the corresponding 
channel has been converted since it was last read. DV is set 
upon completion of a conversion on the corresponding 
channel. DV Is cleared by reading the Data Register or by a 
write to the MSR or the CSR. 

NOTE: A write to the SAR does not clear the DV flag 
for each channel. This implies that if: conversions 
are completed on all registers selected in CSR; 
conversions stopped; an incomplete read of the Data 
Registers Is performed; and conversions reinitiated 
with a write to the SAR - some OVs will still be set. In 
Mode 2, which terminates when all OVs are true (ACC 
goes true), unread channels may not be converted, 
unless CSR is written to, before setting ENC. 

DOV (Data Overrun): OOV indicates that more than one 
conversion has been performed on a channel since it was 
last read. This bit is only valid in Modes 1 and 3. OOV is 
cleared by reading the Data Register or by performing a 
write to the CSR or the MSR. 

Conversion Modes of the 
CDP68HC68A2 
Mode 0 - Idle: On power_up, the MSR is reset to all O's 
placing the A2 Into Mode o. After power_up, the user can 
effectively reset the A2 by selecting Mode 0 via the MSR. 
Setting the A2 to Mode 0, at any time. will abort any 
current conversions and force the INT pin to a high imped­
ance state. In mode 0, if EXT is high in the MSR, the one pin, 
internal oscillator is placed in a low power, shutdown mode 
and internal clocking of the A to 0 converter is Inhibited. If 
EXT is low In the MSR, internal clocking of the A to 0 
converter is inhibited. 

Mode 1 - Single Conversion: In Mode 1, conversions are 
performed on command. After setting Mode 1 in the MSR, 
a write to the SAR with ENC high will initiate a conversion 
on the channel currently selected by the CAR. Note: this 
channel does not have to be active in the CSR. When using 
the internal oscillator, the oscillator is enabled. The CIP flag 
in the SR will be set when the conversion begins. 

Upon completion of the conversion, the INT bit in the SR will 
be set, the CIP flag will be cleared, and, if IE is true In the 
MSR, the INT pin will be driven low (if all channels specified 
In the CSR have been converted since the last Data 
Register read the ACC bit in the SR will also be set). Finally, 
if it's active, the internal oscillator will be stopped. 

Another conversion can be initiated with a write to the SAR. 
However, the normal procedure is to read the results of the 
first conversion. This does two things: first it clears the INT 
flag (the INT pin Is returned to a high impedance state); 
second a conversion is automatically started on the next 
channel selected In the CSR. This read-convert pattern can 
be continued indefinitely. 

When reading Data Registers in Mode 1, the user can be 
certain that the contents of the CAR equal the channel 
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number which was just converted. Thus the Address/ 
Control Byte sent prior to the read will automatically match 
the CAR. If a read from a Data Register, other than the one 
just converted, is performed, the CAR must be set to the 
desired register prior to sending the Address/Control Byte. 
Setting CAR is done by writing the SAR with ENC = 0, 
SAE = 1, and the CA2 - CAO bits equal to the desired 
channel. 

Mode 2 - Single Scan: In Mode 2, when ENC is set in the 
SAR, conversions are performed on all channels selected in 
the CSR. Conversions begin on the channel specified by the 
CAR (this channel does not have to be active In the CSR) 
and proceed in ascending order until all channels selected 
in the CSR have been converted. If the starting channel 
is not the lowest active channel, when the highest active 
channel is done converting, the CAR advances to the lowest 
active channel and continues from that point until all 
channels have been converted once. 

When ENC is set in the SAR, the internal clock is activated 
(if selected), the CIP flag Is set in the SR, and conversions 
begin. The CIP flag doesn't remain high, as it momentarily 
goes low between each channel conversion. 

When all channels have been converted the INT and ACC 
flags In the SR are set, the INT pin is driven low (if IE is true 
in the MSR), the CIP flag is cleared, and, if active, the 
internal oscillator is disabled. 

Data Registers can safely be read after all channels have 
been converted. If the starting channel was a channel active 
in the CSR then the CAR will once again be pointing to that 
channel (providing all channels had been read or CSR or 
MSR written since the last set of conversions - see Note 
below). If a read from a Data Register, other than the one 
first converted, is performed, the CAR must be set to the 
desired register prior to sending the Address/Control Byte. 
Setting CAR is done by writing the SAR with ENC = 0, 
SAE = 1, and the CA2 - CAO bits equal to the desired 
channel. 

NOTE: a write to the SAR does not clear the DV flag 
for each channel. This implies that if: conversions 
are completed on all registers selected in CSR; 
conversions stopped; an incomplete read of the Data 
Registers is performed; and conversions reinitiated 
with a write to the SAR - some DVs will still be set. In 
Mode 2, which terminates when all DVs are true (ACC 
goes true), unread channels may not be converted 
unless CSR is written to before setting ENC. 

There are two ways to prematurely stop conversons in 
Mode 2. The first is to perform any "abort" action (see Abort 
Modes). Performing an abort, may produce spurious 
conversion values. The second, and preferred means to 
stop a Mode 2 conversion, is to clear the ENC bit by writing 
a $00 to the SAR. Clearing ENC will synchronously stop 
conversions at the end of the current conversion. When 
prematurely stopping coversions, CIP is not valid. The 
CIP flag cannot be used to determine when the current 
conversion is complete. Instead, a time delay equal to one 
conversion time must be built into the software. The 
appropriate delay will ensure the last conversion is 
complete before Data Register reads begin. 

Prematurely stopping the conversions leaves the CAR in an 
unknown state. One remaining task, before Data Registers 
are read, is to be certain the contents of the CAR match the 
address sent in the Address/Control Byte. This is done be 
jamming the CAR with a write to the SAR with ENC = 0, 
SAE = 1, and CA2 - CAO equal to the desired channel 
address. 

Mode 3 - Continuous Scan: In Mode 3, when ENC is set 
in the SAR, conversions are performed on all channels 
selected in the CSR. Conversions begin on the channel 
specified by the CAR (this channel does not have to be 
active in the CSR) and proceed in ascending order for all 
channels selected in the CSR. Each time the highest active 
channel is done converting, the CAR advances to the lowest 
active channel and continues from that point. 

When ENC is set in the SAR, the internal clock is activated 
(if selected) and conversions begin. 

When all channels have been converted one time the ACC flag 
in the SR is set. This is the only valid status flag in Mode 3. 
The CIP flag is not valid in Mode 3. The INT flag and the INT 
pin are both held in a disabled state during Mode 3. 

Data Registers cannot be read until Mode 3 conversions 
have been terminated. There are two ways to stop 
conversons in Mode 3. The first is to perform any "abort" 
action (see Abort Modes). Performing an abort, may 
produce spurious conversion values. The second, and 
preferred means to stop a Mode 3 conversion, is to clear the 
ENC bit by writing a $00 to the SAR. Clearing ENC will 
synchronously stop conversions at the end of the current 
conversion. CIP is not valid following the clearing of ENC. 
The CIP flag cannot be used to determine when the current 
conversion is complete. Instead, a time delay equal to 
one conversion time must be built into the software. The 
appropriate delay will ensure the last conversion is 
complete before Data Register reads begin. 

The Data Registers can safely be read after ENC is cleared 
and one conversion time has elapsed. One remaining task 
is to be certain the contents of the CAR match the address 
sent in the Address/Control Byte. This is done be jamming 
the CAR with a write to the SAR with ENC = 0, SAE = 1, and 
CA2 - CAO equal to the desired channel address. 

Abort Modes - Any active mode can be aborted by anyone 
of the following means: 

1. A write to the MSR 

2. A write to the CSR 

3. A write to the SAR with ENC and/or SAE = 1 

4. A read of any Data Register 

The contents of Data Registers are not guaranteed 
following an abort. Writing a $00 to the MSR is equivalent to 
a reset. 

To synchronously stop conversions in Modes 2 or 3 set the 
SAR to $00 (See Mode 2 and Mode 3). 
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Analog Inputs 
Shown In Figure 6 Is a simplified equivalent circuit repre­
senting the input to the Analog to Digital Converter through 
the multiplexer as seen from each Aln pin. 

VCC 

01 R1 C1 
SIGNAL ss.n 400pF 

INPUT 

V1 
02 2.5V 

(a) During Sample Time 

Vee 

01 

SIGNAL OPEN 
INPUT >------~------- CIRCUIT 

02 

(b) During Hold and Idle TIme 

FIGURE 6. EQUIVALENT CIRCUIT FOR SIGNAL INPUT 
(a) DURING SAMPLE TIME AND (b) DURING 
HOLD AND IDLE TIME 

Due to the nature of the switched capacitor array used by 
the successive approximation A to D, two Important points 
are noted here: 

1. A property of a capacitive input is the Intrinsic sample 
and hold function. This provides all that is necessary to 
accurately sample a pOint on an input waveform within 
the input bandwidth shown in the specifications (under 
1.5 conversion oscillator cycles). 

2. The input to the capaCitor network appears as an RC 
network with a time constant and therefore places 
constraints on the source impedance. The charging time 
and therefore the accuracy of the conversion will be 
adversely affected by increasing the source impedance. 

It Is recommended to set the conversion OSCillator frequency 
in accordance with the input impedance in order to allow 
sufficient time (the 1.5 Tosc cycles) to sample a changing 
waveform through the modeled input low pass filter network 
which includes the Input source in a series circuit with the 
internal impedance. 

The time constant ('t) for the input network is REFFCNET. 

REFF" RS'+ RNET, CNET = 4OOpF, and RNET = 500. 

't = REFFCNET = (RS + 500) 400pF. 

8't Is required during the first 1.5 sample clock cycles to 
sufficiently encode 10~blt conversion. Therefore, 1.5 TS i?: 
8't and TS i?: 5.33 REFFC. 

TS ... 1/fSAMPLE, then fSAMPLE ~ [5.33 (RS + 850) 
400pFJ~l, fSAMPLE ~ (4.688 x 1oS)/RS + 850). 

For example, If RS ... 1000, fSAMPLE must be less than 
432kHz, and TS .. 2.3IJs. This yields a 10-bit conversion 
time of 32,..s. An Intemal COSC i?: 68pF, see chart. 

The maximum frequency is limited by the device specifica­
tion (see characteristics) and by the (RS) Series Input 
resistance: 

RS S ({4.688 x 108)IfSAMPLEJ - 850. 

For example, for a 1 MHz sample clock RS max = 385n. 

The Internal Schmitt Oscillator 
Figure 8 shows a simplified model Of the Schmitt oscillator 
used to help familiarize the user with Its operation. Figure 7 
shows typical Internal oscillator frequency versus 
capaCitance at 5 volts and 250 C. 

C(pF) f(MHz) C(pF) f(MHz) 

16 1.0-3.0 218 0.148-.40 

38 0.85-2.0 318 0.111-.25 

48 0.54-1.8 409 0.107-.23 

86 0.38 -1.1 528 0.072 -.17 

118 0.26-.75 1018 0.040- .10 

FIGURE 7. TYPICAL OSCILLATOR FREQUENCY vs. 
CAPACITANCE AT VOD = 5V, TA = 250 C 

When measuring the oscillator, probe capaCitance will 
affect frequency. An alternative to direct frequency 
measurement of the oscillator Input Is to measure the 
interval between successive interrupts In modes 1 and 2. 

1. EXTERNAl. 

T~ 
I 

voo 

. ~ vss 

FIGURE s. EQUIVALENT CIRCUIT FOR OSCILLATOR INPUT 
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Applications Examples 
The following code samples are based on a CDP68HC05 
processor. The listings were generated with the Harris 
HASM5 assembler for the CDP68HC05 processor. The 
examples are based on a system which has CE of the 

A2 connected to PAO of the CDP68HC05. Some of the 
fundamental SPI communication routines called by the 
examples are shown first. 

SPI Communication Routines 

0000 

0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 

0008 

OooA 
0040 
0010 
0004 

0008 

.* •• ******.* ••• **********.*****.**.****************** •• ****** •• 
* File: 
* 
* 
* 
* Date: 

HCA2.inc 
Include file with 68HC05A2 definitions and 
common subroutines 

Mon 09-24-1990 
************************************************************.*. 
**************** •• * •• *** ••• ** •• ** •• * ••• ******* •••• ******.* ••• ** 
* Map of 68HC05 Hardware Registers 
******************** ••• ***************.***.**** •• *** •• **.****** 

Section 

PortA ds 
PortB ds 
PortC ds 
PortD ds 
DDRA ds 
DDRB ds 
DDRC ds 
DDRD ds 

_Freel ds 

SPCR ds 
64 _SPE equ 
16 _MSTR equ 
4 _CPHA equ 

SPSR ds 

2 

1 
01000000b 
00010000b 
00000100b 

Registers,$OOOO 

;PortA 

;SPI Control Register 
;SPI Enable bit 
;SPI Master Mode bit 
;SPI CPHA = 1 bit 

;SPI Status Register 
0080 = 128 
0007 7 

_SPIF equ 
__ SPIF equ 

1 
10000oo0b 
7 

;SPI Flag bit for ANDs, CMPs, etc. 
;SPI Flag bit for BRSETs & BRCLRs 

OooC SPDR ds ;SPI Data Register 
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*************************************************************** 
• A2 Constants 
****************************************************** •• _* ••••• 

0000 0 HC68A2 equ 0 ;A2 Is connected to bit 0 of Port A 

0080 = 128 A2_Write equ $80 ;Wrlte bit for A2's Address/Control Byte 

0010 16 A2_MSR equ $10 ;Mode Select Register 
0020 32 A2_notEXT equ 100000b 
0010 16 A2_VR equ 010000b 
0008 8 A2_M8 equ 001000b 
0004 4 A2_IE equ oo0100b 
0000 0 A2_ModeO equ 0 
0001 1 A2_Mode1 equ 1 
0002 2 A2_Mode2 equ 2 
0003 3 A2_Mode3 equ 3 

0011 17 A2_CSR equ $11 ;Channel Select Register 

0012 18 A2_SAR equ $12 ;Start Address Register 
0080 =128 A2_ENC equ 10000000b 
0010 16 A2_SAE equ 00010000b 

0013 19 A2_SR equ $13 ;Status Register 
0007 7 A2_INT equ 7 
0006 6 A2JCC equ 6 
0005 5 A2_CIP equ 5 
OOOE 14 A2_CARm equ 00001110b ;CA2 - CAO mask 

*************************************************************** 
* Common Subroutines 
*************************************************************** 

0400 Section Subroutines,$0400 

Set-A2_SPLMode 
0400 A654 Ida #_SPE+ _MSTR+ _CPHA ;Set SPI to Master with CPHA=1, 
0402 B70A sta SPCR ;CPOL=O 
0404 81 rts 

SPIJmit 
0405 B70C sta SPDR ;send A to SPI device 

SPLwait 
0407 OFOBFD brclr _SPIF, SPSR, SPI_walt ;walt until transmit complete 
040A B60C Ida SPDR ;read the returned value Into A 
040C 81 rts 

Select-A2 
040D 1100 bclr HC68A2,PortA ;deselect then reselect the A2 
040F 1000 bset HC68A2,PortA 
0411 81 rts 

InitializeJ2 
0412 1100 bclr HC68A2,PortA ;turn on PAO output pin to drive 
0414 1004 bset HC68A2,DDRA ;the A2's CE pin 
0416 81 rts 

6-14 



CDP68HC68A2 

Running the A2 in Mode 7 

*.,,**************************************************** •••• *.* •• 
* File: A2MODE1.S 
* Demo program for 68HC68A2 in Mode 1 

* Date: Mon 09-24-1990 
*********************************************************""***.* 
#include HCA2.inc ;common routines 

************* Main routine to set Mode 1 and read each channel 1 time 
0100 Section code,$01oo 

0100 CD0412 main jsr InitializeJ2 ;turn on PAO 
0103 CD0400 jsr SetJ2_SPI_Mode ;Setup the 68HC05 SPI control 

DoConversions 
0106 CD040D jsr SelectJ2 ;Setthe A2's CE 
0109 A690 Ida #A2_MSR+A2_Write ;Send Address/Control Byte to ... 
010B CD0405 jsr SPI_xmit ;write to the A2's MSR 

;Select Mode 1 and internal clock 
010E A629 Ida #A2-'1otEXT +A2_Mode1 +A2_M8 ;and 8-bit mode 
0110 CD0405 jsr SPI_xmit ;send to MSR (A2 increments to CSR) 
0113 A6FF Ida #$FF ;seiect all the analog inputs 
0115 CD0405 jsr SPLxmit ;send to CSR (A2 increments to SAR) 
0118 A690 Ida #A2_ENC+A2_SAE ;jam CAR to 0 and start first conversion 
011A CD0405 jsr SPLxmit ;sendtoSAR 

ReadResults 
011D AEoo Idx #0 ;set X to first channel number 

ReadLoop 
011F CD0136 jsr Mode1_poll ;wait until conversion complete 
0122 CD040D jsr SelectJ2 ;SettheA2's CE 
0125 9F txa ;get the cu rrent channel number 
0126 48 Isla ;shift it left to form Add ress/Control 
0127 CD0405 jsr SPLxmit ;Byte to read the Data Register, then .. 
012A CD0405 jsr SPLJmit ;read the Data Register and start next .. 

;conversion ~(I) 
;do something with the read data m~ 

..JO: 
Cw a::r: 
we: 

012D 5C incx ;increment the channel number (1)0: 
-w 012E 9F txa ;check if all done 5sQ, 

012F A108 cmp #8 
0131 25EC blo ReadLoop ;if not, then read another channel 

Finis 
0133 1100 bclr HC68A2,PortA ;deselect the A2 
0135 81 rts 

•• * •• ** •• "" ••• Routine to poll A2's Status Register 
Mode1_poll 

0136 CD040D jsr SelectJ2 ;deselect and select A2 
0139 A613 Ida' #A2_SR ;Send Address/Control Byte ... 
013B CD0405 jsr SPI-><mit ;to read the Status Register 

Mode1_waitloop 
013E CD0405 jsr SPI_xmit ;ReadtheSR 
0141 B507 bit #2!A2_INT 
0143 27F9 beq Mode1_waitloop ;Ioop untillNT flag in SR is true 
0145 81 rts 
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Running the A2 in Mode 2 

0100 

0100 CD0412 
0103 CD0400 

0106 CD040D 
0109 A690 
010B CD0405 

010E A62A 
0110 CD0405 
0113 A6FF 
0115 CD0405 
0118 A690 
011A CD0405 

0110 CD0133 
0120 CD040D 
0123 A600 
0125 CD0405 

0128 AE08 

012A CD0405 

0120 SA 
012E 26FA 

0130 1100 
0132 81 

0133 CD040D 
0136 A613 
0138 CD0405 

0138 CD0405 
013E 8506 
0140 27F9 
0142 81 

.*.*.*_ .•••••• -.* •••• **._ ••• **.*****._*-*.**-_.* •• *** •• *-.-•.• * 
* File: 
* 

* Date: 

A2MODE2.S 
Demo program for 68HC68A2 in Mode 2 

Mon 09-24-1990 *_. __ ._------------------------_.-------------------*--------.-
#include HCA2.inc ;common routines 

************* Main routine to set Mode 2 and read each channel 1 time 
Section code,$0100 

main jsr Initialize-A2 ;turn on PAO 
Jsr Set-A2_SPLMode ;Setup the 68HC05 SPI control 

DoConverslons 
jsr Select-A2 ;Setthe A2's CE 
Ida #A2_MSR+A2_Write ;Send Address/Control Byte to ... 
jsr SPI_xmit ;write to the A2's MSR 

;Select Mode 2 and internal clock 
Ida #A2_notEXT +A2_Mode2+A2_M8 ;and 8-bit mode 
jsr SPI-xmit ;send to MSR (A2 increments to CSR) 
Ida #$FF ;select all the analog inputs 
jsr SPLxmit ;send to CSR (A2 increments to SAR) 
Ida #A2_ENC+A2_SAE ;jam CAR to 0 and start first conversion 
jsr SPI_xmit ;sendtoSAR 

ReadResults 
jsr Mode2_poll ;wait until all conversions complete 
jsr Select-A2 ;Set the A2's CE 
Ida #0 ;send Address/Control Byte to ... 
jsr SPI-xmit ;read channel 0 

Idx #8 ;use X as loop counter 
Read Loop 

jsr SPI_xmit ;read the Data Register 
;do something with the read data 

decx ;decrement the loop counter 
bne ReadLoop ;if not done read another channel 

Finis 
bclr HC68A2,PortA ;deselect the A2 
rts 

------------- Routine to poll A2's Status Register 
Mode2_poll 

jsr Select-A2 ;deselect and select A2 
Ida #A2_SR ;Send Address/Control Byte ... 
jsr SPI_xmit ;to read the Status Register 

Mode2_waitloop 
Jsr SPI_xmit ;Read the SR 
bit #2!A2_ACC 
beq Mode2_waitloop ;Ioop until ACC flag in SR is true 
rts 
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Running the A2 in Mode 3 

"File: A2MODE3.S 
Demo program for 68HC68A2 in Mode 3 

"Date: Mon 09-24-1990 

#include HCA2.inc ;common routines 

.. ••••••• .. Main routine to set Mode 3 and read each channel 1 time 

0100 Section code,$0100 

0100 CD0412 main Isr Inltialize_A2 ;turn on PAO 
0103 CD0400 jsr Setfl_SPI_Mode ;Setup the 68HC05 SPI control 

DoConversions 
0106 CD040D Isr Select...A2 ;Set the A2's CE 
0109 A690 Ida #A2_MSR+A2_Write ;Send Address/Control Byte to ... 
010B CD0405 jsr SPUcmit ;wrlte to the A2's MSR; 

;Select Mode 3 and internal clock 
010E A62B Ida #A2_notEXT +A2_Mode3+A2_M8 ;and 8-bit mode 
0110 CD0405 jsr SPUcmit ;send to MSR (A2 increments to CSR) 
0113 A6FF Ida #$FF ;select all the analog inputs 
0115 CD0405 jsr SPUcmlt ;send to CSR (A2 increments to SAR) 
0118 A690 Ida #A2..ENC+A2_SAE ;jam CAR to 0 and start first conversion 
011A CD0405 Isr SPUcmlt ;sendto SAR 

StopConversions 
011D CD0156 jsr Mode3JlOil ;walt until all channels converted ... 

;at least one time 
0120 CD040D jsr SeIect...A2 ;Set the A2's CE 
0123 A692 Ida #A2_Write+A2_SAR ;send Address/Control Byte to ... 
0125 CD0405 jsr SPUcmit ;write to the SAR 
0126 A600 Ida #0 ;Set SAR to 00 to stop conversions 
012A CD0405 jsr SPLxmit 
012D CD0150 jsr Conversion Delay ;Wait for last conversion to finish 

JamCAR ;We don't know where the CAR stopped ... 
(f)(f) 

0130 CD040D jsr SelecCA2;so, set the A2's CE, then ... :;:)...1 

0133 A692 Ida #A2_Write+A2_SAR ;send Address/Control Byte to ... IDe( 
...I a:: 

0135 CD0405 jsr SPI_xmit ;write to the SAR e(w 
0138 A610 Ida #A2_SAE ;Jam the CAR to 0 a: if 
013A CD0405 jsr SPUcmit 

w_ 
(f)a:: 
-w 

ReadResults 3ic. 
013D CD040D jsr Selectfl ;Set the A2's CE 
0140 A600 Ida #0 ;send Address/Control Byte to ... 
0142 CD0405 jsr SPI_xmlt ;read channel 0 

0145 AE08 Idle #6 ;use X as loop counter 
ReadLoop 

0147 CD0405 jsr SPLxmit ;read the Data Register 
;do something with the read data 

014A 5A decx ;decrementthe loop counter 
014B 26FA bne Read Loop ;if not done read another channel 

Finis 
014D 1100 bclr HC68A2,PortA ;deselect the A2 
014F 81 rts 
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Running the A2 in Mode 3 (Continued) 

0150 AEOO 

0152 5A 
0153 26FD 
0155 81 

0156 CD040D 
0159 A613 
015B CD0405 

015E CD0405 
0161 8506 
0163 27F9 
0165 81 

••••••••• Routine to wait for one conversion time. This routine 
needs to be tuned to match the A2's OSC frequency· the 
following is an arbitrary delay routine 

ConverslonDelay 
Idx #0 ;sel X 10 do DelayLoop 256 times 

DelayLoop 
decx ;decrement X until it's 0 
bne DelayLoop 
rts 

•••• _... Routine to poll A2's Status Register 
Mode3J)OII 

jsr Selectfl ;deselect and select A2 
Ida #A2_SR ;Send Address/Control Byte ... 
jsr SPI_xmit ;to read the Status Register 

Mode3_waitloop 
jsr SPUcmit ;ReadtheSR 
bit #21A2_ACC 
beq Mode3_waitloop ;Ioop until ACC flag in SR is true 
rts 
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Summary of CDP68HC68A2 Registers 

Address/Control Byte 

, A/W , , - A4 A3 A2 

7 6 5 4 3 

R/W: O=read 
1 = write 

Mode Select Register (MSR) 

Address/Control: (R/W)0010000 - $10 
Read/Wrlte: Yes 

, - , , EXT , VR , MS 

7 6 5 4 3 

EXT: 0 = external oscillator 
1 = internal, one-pin oscillator 

VR: 0 = VDD is positive reference 
1 = AIO Is positive reference 

MS: 0 = 1 O-blt Mode 
1 = S-bit Mode 

2 

IE 

2 

IE: 0 = INT pin held In high impedance 
1 = INT pin is active 

M1,MO: 00 = Idle Mode 
01 = Single Conversion 
10 = Single Scan 
11 = Continuous Scan 

Channel Select Register (CSR) 

Address/Control: (R/W)OO10001 - $11 
Read/Write: Yes 

C7 C6 C5 C4 C3 C2 

7 6 5 4 3 

Starting Address Register (SAR) 

Address/Control: (R/W)0010010 - $12 
Read/Wrlte: Yes 

2 

A1 AO 

0 

M1 MO 

o 

C1 CO 

o 

, ENC , , - 'SAE' CA2 , CA1 , CAO , H/L 

7 6 5 4 

ENC: 0 = disable conversions 
1 =enable conversions 

3 

SAE: 0 = ignore CA2, CA 1, and CAO 

2 

1 = jam CAR with CA2, CA 1 , and CAO 

CA2, 3 bit number to jam Into CAR when 
CA1, SAE=1 
CAO 

H/L: Th is bit should always be set to 0 
0= High Data Register 
1 = Low Data Register 

o 

Status Register (SR) 

Address/Control: 00010011 - $13 
Read/Wrlte: Read Only 

, INT , ACC , CIP o 'CA2' CA1 , CAO , 0 

7 6 5 4 3 2 

INT: 1 = Interrupt condition has occurred 

ACC: 1 = All Conversions Complete 

CIP: 1 = Conversion In Progress 

CA2, 
CA1, 
CAO 

Value of CAR 

Data Registers 

Address/Control: OOOOOOO(H/L) to 0000111 (H/L) -
$00 to $OF 

Read/Write: Read Only 

o 

High 
H/L=O 

, DV I DOV I 0 I 0 o o I 09 IDS' 

Low 
H/L=1 
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til HARRIS CDP68HC68P1 
January 1991 

Features 

• Fully Static Operation 

• Operating Voltage Range 3-6V 

• Compatible with Harris/Motorola SPI Bus 

CMOS Serial 8-Bit Input/Output Port 

Pinout 

PACKAGE TYPES D, E AND M 
TOP VIEW 

100- ;---'~f--VDD 
10,- 2 15-0' 

• 2 External Address Pins Tied to VDD or VSS to Allow Up to 4 Devices 
to Share the Same Chip Enable 

10150- 3 ,.- 02 

M051- • 13 - 03 

• Versatile Bit-Set and Bit-Clear Capability 
5CK- 5 12:-- DO 
Ct- 6 \I f-- os 

• Accepts Either SCK Clock Polarity - SCK Voltage Level Is Latched 
When chip Enable Goes Active 

00- 1 10f-- 06 

vss- B 9 f-- 01 

• All Inputs are Schmitt-Trigger 

• 8-Blt I/O Port - Each Bit can be Individually Programmed as an Input 
or Output Via an 8-Blt Data Direction Register 

• Programmable On Board Comparator 

• Simultaneous Transfer of Compare Information to CPU During Read or 
Write - Separate Access Not Required 

Description 
The single port I/O Is a serially addressed 8 bit Input/Output 
port that allows byte or Individual bit control. It consists of 
three registers, an output buffer and control logic. Data Is 
shifted in and out of the port via a shift register that utilizes 
the SPI (Serial Peripheral Interface) bus. The I/O port data 
flow is controlled by the Data Direction Register and data is 
stored in the Data Register that outputs or senses the logic 
levels at the buffered I/O pins. All Inputs, incluc;ling the serial 
interface are Schmitt triggered. The device also features a 
compare function that compares the data register and port 

Maximum Ratings Absolute Maximum Values 

DC Supply Voltage Range, (VDD) .•.••••••••••••••• -o.SV to + 7V 
(Voltage Referenced to VSS Terminal) 

Input Voltage Range, All Inputs •...•.••••••.. -0.5V to VDD +O.SV 
DC Input Current, Any On\llnput ••..•••.•••••••••••••••• :1:1 OmA 
Power Dissipation P\lr Package (PO) 
TA '" -400C to +600C (Packag\l Type E) .............. SOOmW 
TA '" +600C to +8SoC (Package Type E) •••••• Derat\l Linearly at 

12mW/OC to 200mW 
TA '" -SSoc to +1 oooe (Package Type D) • • • • • • • • • • • •• 500mW 
TA;= +1 OOoC to +12SoC (Package Type 0) •.• Derate Unearly at 

2mW/Oe to 200mW 
TA '" -400C to +600C (Package Type M)* ............. 300mW 
TA '" +600C to +8SoC (Package Type M)* •••• Derate Linearly at 

SmW/oC to 17SmW 

pin values for 4 programmable conditions and sets a soft­
ware accessible flag if the condition is satisfied. The user 
also has the option of bit-set or bit-clear when writing to the 
data register. 

The CDP68HC68P1 is supplied in 16 lead, hermetic, dual in 
line sidebrazed ceramic (0 suffix), 16 lead dual in line 
plastic (E suffix) and 16 lead, surface mount, (small outline), 
(M suffix) packages. 

Device Dissipation Per Output Transistor. • • • • • • • • • • • • •• 100mW 
TA;= Full Package Temperature Range (All Package Types) 

Operating Temperature Range (TAl 
Package Type 0 ........................... -SSoC to +12SoC 
Package Type E, M ......................... -SSoc to +8SoC 

Storage Temperature Range (TSTG) •••••••••• -esoc to +1S00C 
Leed Temperature (During Soldering) ••••.••••••••••••• +26SoC 
At Distance 1116 :I: 1/32 In. (1.59 :I: O.79mm) From Case for 
10s Max 

*Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick Gl 0 epoxy glass. or equivalent. 

Copyright @ Harris Corporation 1991 File Number 1858.1 
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RECOMMENDED OPERATING CONDITIONS AT T" = -40· to +8S·C 
For maximum reliability. operating condltlonl Ihould be lelected 10 that operation II alwayl within the following rangel: 

CHARACTERISTIC 

DC Operating Voltage Range 

Serial Clock Frequency 

Input Voltage Range 

MOSI-----~ 

TI-------l 
SCK --------1 
101--------1 
100 

fSCK 

VDD= 3 V 

VDD= 4.5 V 

VIH 

VIL 

INPUT/OUTPUT 

LIMITS 

ALL TYPES 

MIN. MAX. 

3 6 

- 1.05 

- 2.1 

- VDD + 0.3 

-0.3 -

MISO 

00-07 92CM-40404 

Fig. 1 - Single port I/O block diagram. 

DATA IN 

DATA OUT 

CLOCK 

CDP68HC6BPI I/O PORT 

92CS-4040~ 

Fig. 2 - Single port I/O. 
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CDP68HC68P1 

STATIC ELECTRICAL CHARACTERISTICS AT T" = -40 to +85°C, Voo = 3.3 V ± 10%, Except.s Noted - --

LIMITS 

CHARACTERISTIC CONDITIONS UNITS 
MIN. TYP.- MAX. 

Standby Device Current IODS - - 1 15 pA 

Output Voltage High Level VOH IOH = -0.4 mA, Voo = 3 V 2.7 - -
Output Voltage Low Level VOL IOL = 0.4 mA, Voo = 3 V - - 0.3 

Input Voltage 

00-07 

Positive Trigger Threshold Vp - 1.85 - 2.4 

Negative Trigger Threshold VN - 0.85 - 1.35 

0.85 1.25 
V 

Hysteresis VIH - -
Input Voltage 

100,101, MOSI, SCK, CE 

Positive Trigger Threshold Vp - 1.3 - 1.9 

Negative Trigger Threshold VN - 0.8 - 1.2 

Hysteresis VIH - 0.5 - 0.95 

Input Leakage Current liN - - - ±1 

3-State Output Leakage 
±10 

pA 
- - -

Current lOUT 

Operating Device Current IOPER # VIN = VIL, VIH - 0.1 1 mA 

Input Capacitance CIN VIN = 0 V, f = 1 MHz, T A = 25° C - 4 6 pF 
-- - --- -----

- Typical values are for T A = 25° C and nominal Voo. # Outputs open circuited; cycle time = Min. tOYOle , duty = 100%. 

STATIC ELECTRICAL CHARACTERISTICS AT TA = -40 to +85°C, Voo = 5 V ± 10%, Except.s Noted 

LIMITS 
CHARACTERISTIC CONDITIONS UNITS 

MIN. TYP.- MAX. 

Standby Device Current IODS - - 1 15 pA 

Output Voltage High Level VOH IOH = -1.6 mA, Voo = 4.5 V 3.7 - -
Output Voltage Low Level VOL IOL = 1.6 mA, Voo = 4.5 V - - 0.4 

Output Voltage High Level VOH IOH :5 20 pA, Voo = 4.5 V 4.4 - -
Output Voltage Low Level VOL IOL < 20 /lA, Voo = 4.5 V - - 0.1 

Input Voltage 

00-07 

Positive Trigger Threshold Vp - 2.15 - 3.05 

Negative Trigger Threshold VN 
V - 1.35 - 2 

Hysteresis VIH - 0.8 - 1.2 

Input Voltage 

100, 101.MOSI, SCK, CE 

Positive Trigger Threshold Vp - 3.15 - 3.85 

Negative Trigger Threshold VN - 1.7 - 2.25 

Hysteresis VIH - 1.3 - 1.7 

Input Leakage Current liN - - - ±1 

3-State Output Leakage 
±10 

pA 

Current lOUT - - -
Operating Device Current IOPE~ VIN = VIL, VIH - 0.2 2 mA 

Input Capacitance CIN VIN = 0 V, f = 1 MHz, TA = 25° C - 4 6 pF 

- Typical values afe for TA = 25° C and nominal Voo. # Outputs open circuited; cycle time = Min. teyOle, duty = 100%. 
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C'E---__. 
\ 

SHIFT Imcgfj 
SCK 't-t 

(CPOLo11--UU-

C'E-----. \ 
SHU~~ 

SCK~ 
(CPOL'O) 

MOSI ~ 
M?~O~ 

92c&-40397 

NOTE: 
CPOLAND CPHA ARE BITS IN THE CDP68HC05C4 and CDP68HC05D2 
MCU CONTROL REGISTER AND DETERMINE INACTIVE CLOCK 
POLARITY AND PHASE. CPHA MUST ALWAYS EQUAL 1. 

Fig. 3 - Data transfers utilizing clock input. 

Introduction 

The single port I/O is serially accessed via a 3 wire plus chip 
enable synchronous bus. It features 8 data pins that are 
programmed as inputs or outputs. Serial access consists of 
a two-byte operation. The first byte shifted in is the control 
byte that configures the,device. The second byte transferred 
is the data byte that is read from or written to the data 
register or data direction register. This data byte can also be 
programmed to act as a mask to set or clear individual bits. 

Functional Description 

The si~gle ~ort I/O consists of three byte-wide registers, 
(data direction, data and shift) an input/output buffer and 
control logic circuitry. (See fig. 1, block diagram). Data is 
t~ansferred bet~een the I/O data and data direction registers 
via the shift register. Once the I/O port is selected, the first 
byt? shifted in to the shift register is the control byte that 
register selects, (the Data or Data direction register), 
determines data transfer direction (read or write) and sets 
the compare feature and function (mask or data) of the byte 
immediately following the control byte. the data byte. (See 
Address!ng:~e Single Port I/O) Each bit ofthe data register 
may be individually programmed as an input or output. A 
logic low in a data direction bit programs that pin as an 
input, a logic high makes it an output. A read operation of 
data register pins programmed as inputs reflects the current 
logic level present at the buffered port pins. A read operation 
of those data register pins programmed as outputs indicates 
the last value written to that location. At power-up, all port 

pins are configured as unterminated inputs. Two chip 
identify pins are used .to allow up to 4110 ports to share the 
same chip enable signal. The first two bits shifted in are 
compared with the hardwired levels at the chip identity pins 
to enable the selected I/O for serial data transfer. Note that 
when chip enable becomes true, the compare flag is latched 
for all devices sharing the same chip enable. 

Compare Function 

The value of a port pin (00-07), configured as an input, Is 
compared with the corresponding bit value (DRO-DR7) 
stored in the Data Register. Pins configured as outputs are 
assumed to have the same value as the corresponding bit 
stored in the Data Register. The compare function Is 
programmed via C01 and COO (CM1, CMO) of the Address 
Byte. The following values for CM1 and CMO will sense one 
of four separate conditions: 

CM1 CMO Condition 

0 0 - at least one non-match 
0 1 - all match 
1 0 - all are non-match 
1 1 - at least one m~tch 

The compare flag is set to one when the programmed 
condition is satisfied. Otherwise, the flag is cleared to zero. 
The compare...!!!lg is latched when the device is enabled (a 
transition of CE from "High" to "Low"). 
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Data Format 

During write operations, the data byte that follows the 
control byte is normally the data word that Is transferred to 
the data ordata direction register. Control bits 2 and 3 (DFO 

and DF1) change the interpetation of this data as listed 
below. Note that one or more bits can be set or cleared in 
either register without having to write to bits not requiring 
change. 

C03 CO2 
DF1 DFO OPERATION 

o X Data following the control word will 
be written to the selected register. 

for example, 

o Data following the control word is 
a mask. Those bits which are a 1 
will cause that register flip-flop to 
be cleared to O. Those which are 
a 0 will cause that register flip-flop 
to be unchanged. 
Data following the control word is 
a mask. Those bits which are a 1 
will cause that register flip-flop to 
be set to 1; those which are a 0 
will cause that register flip-flop 
to be unchanged. 

CONTROL DATA 

11110000 
11110000 
11110000 
00000000 

PREVIOUS 
REGISTER 

VALUE 

C07 C06 C05 1 0 X C01 COO 
C07 C06 C05 1 1 1 C01 COO 
C07 C06 C05 1 1 0 C01 COO 

, C07 C06 C05 1 1 X C01 COO 

X = Don't Care 

Addrenlng the Single Port 1/0 

10101010 
10101010 
10101010 
10101010 

NEW 
REGISTER 

VALUE 

11110000 
11111010 
00001010 
10101010 

The Serial Peripheral Interface (SPI) utilized by the I/O Port 
is a serial synchronous bus for control and data transfers. It 
consists of a SCK clock input pin that shifts data out of the 
I/O port (MISO, MASTER IN, SLAVE OUT) and latches data 
presented atthe input pin, MOSI (master out, slave in). Data 
is transferred most significant bit first There Is one SCK clock 
for each bit transferred and bits are transferred In groups of 
eight. 

When the I/O port is selected by bringing the chip enable 
pin low, the logic level at the SCK input is sampled to 
determine the internal latching and shift polarity for input 
and output signals on the SPI. (See Fig. 3). 

Ci---, 
SCK 
OR 
SCK 

MOSI C07 

MISO Z Z 

x " DON'T CARE 
Z c HIGH IMPEDANCE 
• - COMPARE FLAG 

C06 

Z 

COS C04 

C07 C06 

The first byte shifted in when the chip is selected is always 
the control byte followed by one or more bytes that become 
data or a mask for the data and data direction register. As 
the control byte is being shifted in one the MOSIline, data 
on the MOSI line shifts out. (See Fig. 4). 

C03 CO2 C01 coo INPUT 

COS C04 C03 OUTPUT 

92C5- 40400 

Fig. 4 - Control byte. 
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C07 (101), C06 (100): Chip-Identify bits 

COS (RS): Register Select. When RS is low, the data 
register is selected. When RS is high, the Direction Register 
is selected. 

C04 (R/W): Reiid/Wrlte. Low when data is to be transferred 
from the SPIIIO to the CPU (read) and high when the 110 is 
receiving data from the CPU (write). 

Read Operation 

During a read operation, the CPU transfers data from the 
110 by first sending a control byte on the MOSIline while the 

C03 (OF1), C02 (Df.O): Data Format Bits. These have 
meaning only when R/W is high. During a write operation, 
DF1 and DFO control how the byte following the control 
word is interpreted. See "DATA FORMAT". 

C01 (CM1), COO (CMO): Compare Mode Select. These bits 
select one offour events which will setthe internal Condition 
Flag. (See "COMPARE OPERATION") 

chip-selected 1/0 serids compare information followed by 
one or more data bytes on the MISO line. 

i;flL~ ____________________________ ~ ______________ ~ 

I COT 
I Z 

Write Operation 

MOSI 
MISO Z 

COS 
Z 

x ' DON'T CARE 

COS 
COT 

z, HIGH IMPEDANCE 
• '" COMPARE FLAG 

o 
C06 

C03 
COS 

C02 
o 

C01 
C03 

Fig. 5 - Read bytes. 

COO XXXXXXXX 
8·BIT DATA WORD 

92C5-40401 

The selected register will be continuously read if CE is held 
low after the first data byte is shifted out. 

During a write operation, the data byte follows the control 
byte forthe selected register. While this byte is being shifted 
in, old data from that register is shifted out. If CE remains 

low after the data byte is shifted in, MISO becomes high 
impedance and the new data is placed in the selected 
register. 

~~~~----------------------------~------------------

Pin DeSCription . 

100,101 

MOSI 
MISO Z 

C07 C06 C05 1 C03 C02 C01 coo 
Z Z C07 C06 COS 1 C03 

8-BIT DATA WORD 
PREVIOUS 8-BIT WORD 

Z = HIGH IMPEDANCE 
• , COMPARE FLAG. 

92C5-40403 

At the time the eighth data bit is strobed into the data pins 
(00-07) will change as indicated in Fig. 7. 

Fig. 6 - Write bytes. 

MOSI • •• I 03 I 02 I 01 I DO I .. , 
SCK ••• ~ ••• 
OO·OT PREVIOUS I NEW 

92C5-40402 

Fig. 7 - Port-pin data changes. 

MOSI 

Chip identify. pins, normally tied to VOO or Vss. The 4 
possible combinations of these pins allow 41/0s to share a 
common chip enable. When the levels at these pins match 
those of the identify bits in the control word, the serial bus is 
enabled. The chip identify pins will retain their previous 
logic state If the lines driving them become Hi-Z. 

Master-out, Slave in pin. Data bytes are shifted in at this pin 
most significant bit first. This pin will retain its previous 
logic state if its driving line becomes Hi-Z. 

SCK 

Serial clock input. This input causes serial data to be 
latched from the MOSI input and shifted out on the MISO 
output. 

MISO 

Master-in, Slave out pin. Data bytes are shifted out at this 
pin most significant bit first. When the chip enable signal is 
high. this pin is Hi-Z. 
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CDP68HC68P1 

CE 
A negative chip enable input. A high to low transition on this 
pin latches the inactive SCK polarity and compare flag and 
Indicates the start of a data transfer. The serial interface 
logic is enabled only when CE is low. This pin will retain its 
previous logic state if its driving line becomes HI-Z. 

DO-D7 

1/0 Port pins. Individual programmable inputs or outputs. 

Vooand Vss 

Positive and negative power supply line. 

All pins except the power supply lines and MISO have 
Schmitt-trigger buffered inputs. 

DYNAMIC ELECTRICAL CHARACTERISTICS - BUS TIMING Voo ± 10%, Vss = 0 V dc, TA = -40° to +85°C, CL = 200 pF. 
See Figs. 8 and 9. 

LIMITS (ALL TYPES) 

CHARACTERISTIC Voo = 3.3 V Voo=5V UNITS 

MIN. MAX. MIN. MAX. 

Chip Enable Set-Up Time tEvev 200 - 100 -
Chip Enable after Clock Hold Time tevEx 250 - 125 -
Clock Width High tWH 400 - 200 -
Ciock Width Low tWL 400 - 200 -
Data In to Clock Set-Up Time tovev 200 - 100 -
Data In after Clock Hold Time tcvox 200 - 100 -

ns 
Clock to Data Propagation Delay tcvov - 200 - 100 

Chip Disable to Output High Z tEXQZ - 200 - 100 

Output Rise Time t, "T 200 - 100 

Output Fall Time tf - 200 - 100 

Clock to Data Out Active tevQx - 200 - 100 

Clock Recovery Time tREe 200 - 200 -

MISO _____ H_I_Z ______ ~: COMPARE FLAG CE:) 06 : :t---=o;.:.o ___ GII: 
--lI--t,..t f 

MOSI --::-x--V-~C;:;O;;7-V-;:;CO;;6;--+-::C":::"05:---..r-::C":::"04:::--f ~---=C;.:;0.::.0---_'t......;:;0-,7-i,--,,-06"--_iI: DO X 

~tcvox 
t ovcv -

x 

92CM-40398 

Fig. 8 - Write cycle timing waveforms. 
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M051 __ ~X~~~~CO~7~A-~C~0~6~~C~0~5 __ ~C~0~4,~ ________________ ~X~ ________________ _ 

M 150 -------.:."'-''--------+''"''=--O'''::'=-i: COMPARE FLA G ~ ~~D~O----_,+:;.;,..:; 
tEXQZ 

5CK 

t EvCV 
92CM-40399 

Fig. 9 - Read cycle timing wavaforms. 
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mHARRIS CDP68HC68Rf 
CDP68HC68R2 

January 1991 

CMOS 128 Word (CDP68HC68R1) and 
256 Word (CDP68HC68R2) by 8-Blt Static RAMs 

Features 

• Fully Static Operation 

• Operating Voltge Range ••••••••••.•••••••••••• 3V to 5.5V 

• Typical Standby Current ••••••••••••••••••••••••••••• 11lA 

• Directly Compatible with Harris/Motorola SPI Bus 

• Separate Data Input and Three State Data Output Pins 

• Input Data and clock buffers Gated Off with Chip Enable 

• Automatic Sequencing for Fast Multiple Byte Accesses 

• Low Minimum Data Retention Voltage ••••••••••••••••• 2V 

• Wide Operating Temperature Range: -400C to +850C 

Description 

Pinout 
PACKAGE TYPE E 

TOP VIEW SCKO' vDD MISO 2 7 MOSI 

Ne 3 6 CE 

Vss 4 5 iii 

The CDP68HC68R1 and CDP68HC68R2 are 128 word 
and 256 word by 8-bit static random .access memoriel!!, 
respectively. The memories are Intended for use In systems 
utilizing a synchronous serial three wire (clock, data In, 
and data out) Interface where minimum package size, 
interconnect wiring, low power, and simplicity of use 
are desirable. These parts will interface directly with 
CDP68HC05D2, CDP68HC05C4, and CDP68HC05C8 
microcomputers (providing the CPHA bit in the micro­
computer's SPI Control Register Is set equal to 1). The 

CDP68HC68R1 and CDP68HC68R2 are also compatible 
with general purpose microcomputers, including the 
CDP1804A and CDP6805 family, by utilizing I/O bits for 
the SPI (Serial Peripheral Interface) bus. Other industry 
microcomputers such as the 80C51 can also interface to 
these serial RAMs. 

MODE CE SS 

Disabled and L X 
Reset X H 

Read or 
Write H L 

Shift H l 

The CDP68HC68R1 and CDP68HC68R2 are supplied in 8 
lead plastic Mini DIP packages. (E suffix). 

TRUTH TABLE 

SIGNAL 

SCK MOSI MISO 

Input Input 
HighZ 

Disabled Disabled 

CPOL=O, ~ Data Bit High Z During Write, 
Latch Current Data Bit 

CPOl=1, ...r During Read 

CPOL=O, ...r 
X Next Data Bit 

CPOl= 1, ~ 
NOTE: MISO remaina at a High Z until 8 bits of data are ready to be shifted out during a Read and R remains at a High Z during the entire Writ. cycle. 

The CPHA bit must be set - 1 In the Serial Peripheral control register of 6805 microcomputers In order to communicate with these devices. 

Copyright @ Harrts Corporation 19\11 File Number 1544.1 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo): 

(All voltage values referenced to Vs. terminal) ......................................................................... -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ............................................... " ......................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

ForT.=-40to +60·C (PACKAGE TYPE E) ................................................................................ 500 mW 
For TA=+60 to +85·C (PACKAGE TYPE E) .................................................. Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA=FULL PACKAGE-TEMPERATURE RANGE ........................................................................ 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE E ............................................................................................... -40· to +85·C 

STORAGE TEMPERATURE RANGE (T ... ) ............................................................................ -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59' 0.79 mm) from case for lOs max. .. ..................................................... +285°C 

OPERATING CONDITIONS at TA = _40° to +85°C 
For maximum reliability, operating conditions should be selected so that operation Is always within the following ranges: 

LIMITS 
CHARACTERISTIC ALL TYPES UNITS 

MIN. MAX. 
DC Operating Voltage Range 3 5.5 
Input Voltage Range V,H 0.7 Voo Voo +0.3 V 

V,L -0.3 0.2Voo 
Serial Clock Frequency fscK 

Voo=3 V - 1.05 
MHz 

Voo=4.5 V - 2.1 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD = 3.3 V ±10%, Except as Noted 

LIMITS 
CHARACTERISTIC CONDITIONS CDP68HC68R1 CDP68HC88R2 UNITS 

MIN. TYP.- MAX. MIN. TYP.- MAX. 
Standby Device Current - - 1 15 - 1 50 pA 

IDos 
Output Voltage High Level 

IOH=-0.4 mA, Voo=3 V 2.7 - - 2.7 - -
VOH 

Output Voltage Low Level 
V 

VOL 
10L =0.4 mA, Voo=3 V - - 0.3 - - 0.3 

Input Leakage Current, liN - - . ±1 - . ±1 
3-State Output - - - ±10 - - ±10 

p.A 
Leakage Current, lOUT 

Operating Device Current 
V,N=VU.,V'H - 5 10 - 5 10 rnA 

10PER# 
Input Capacitance, C'N V,N-O V, f=1 MHz, T.=25°C - 4 6 - 4 6 pF 

-Typical values are for T. = 25°C and nominal VoD. 
#Outputs open circuited; cycle time = Min. tCYCI., duty = 100%. 
·Typical input current values (high and low) for pins 1,5,6,7, approximately 1 00 nA dueto presence offeedback transistor. 

Pin 6 is an exception - !'n(hignJ tYPically 1 nA. 
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CDP68HC68R1,CDP68HC68R2 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ;= 5 V ±10%, Except as Noted 

LIMITS 
CHARACTERISTIC CONDITIONS CDP68HC88R1 CDP68HC88R2 UNITS 

MIN. TYP.· MAX. MIN. TYP.· MAX. 
Standby Device Current - - 1 15 - 1 50 pA 

loDS 
Output Voltage High Level 

IOH=-1.6 mA, Voo=4.5 V 3.7 - - 3.7 - -
VOH 

Output Voltage Low Level 
IOL=1.6 mA, Voo=4.5 V - - 0.4 - - 0.4 

VOL V 
Output Voltage High Level 

IOH:Sl0 pA, Voo=4.5 V 4.4 - - 4.4 - -VOH 
Output Voltage Low Level 

IOL:Sl0 pA, Voo=4.5 V - - 0.1 - - 0.1 
VOL 

Input Leakage Current, liN " ±1 " ±1 
3-State Output 

±10 - ±10 
pA - - - -Leakage Current, lOUT 

Operating Device Current 
VIN=VIL,VIH - 5 10 - 5 10 mA 

10PER/! 

Input Capacitance, CIN VIN-O V, f=l MHz, TA=25°C 4 6 4 6 pF 

-Typical values are for T A = 25° C and nominal Voo. 
'Outputs open circuited; cycle time = Min. tcyCl8, duty = 100%. 
"Typical input current values (high and low) for pins 1, 5, 6, 7, approximately 1 00 nA dueto presence offeedback transistor. 

Pin 61s an exception - ,,"(nigh) typically 1 nA. 

PIN SIGNAL DESCRIPTION 

SCK (Serial Clock Input)· - This input causes serial data to 
be latched from theMOSI input and shifted out on the-MISO 
output. 
MOSI (Ma.ter Out/Slave In)· - Data bytes are shifted in at 
this pin most significant bit (MSB) first. 
MISO (Ma.ter In/Slave Out)· - Data bytes are shifted out at 
this pin most significant bit (MSB) first. 
SS (Slave Select)· - A negative chip select input. A high 
level at this input holds the serial interface logic in a reset 
state. 
CE (Chip Enable)·· - A positive chip enable input. A low 
level at this Input holds the serial interface logic in a reset 
state. _ 
CE • SS - This is a logical function of CE and SS used 
throughout this data sheet to simplify diagrams. CE· SS = 1 
when pin 5 is low and pin 6 is high. CE • SS = 0 at all other 
times. 

"These inputs will retain their previous state if the line driving them 
goes into a HIGH-Z state. 

""The CE input has an Internal pull-down device-If the input is 
driven to a low state before going to a HIGH Z. 

FUNCTIONAL DESCRIPTION 

The Serial Peripheral Interface (SPI) utilized by the 
CDP68HC68Rl and CDP68HC68R2, is a serial synchronous 
bus for address and data transfers. The clock, which Is 
generated. by the microcomputer, is active only during 
address and data transfers. In systems using the 
CDP68HC05C4, CDP68HC05C8 or CDP68HC05D2, the 
inactive clock polarity is determined by the CPOL bit in the 
microcomputer's control register. A unique feature of the 
CDP68HC68Rl and CDP68HC68R2 is that they 
automatically determine the level of the inactive clock by 
sampling SCK when CE • SS becomes active (see Fig. 1). 
Input data (MOSI) is latched internally on the Internal 
Strobe edge and output data (MISO) is shifted out on the 

Shift edge, as defined by Fig. 1. There is one clock for each 
data bit transferred (address as well as data bits are 
transferred in groups of 8). 

ADDRESS AND DATA FORMAT 

The address and data bytes are shifted MSB first into the 
serial data input (MOSI) and out of the serial data output 
(MISO). The Address/Control byte (see Fig. 2b) contains a 
WriteJi1eiiO bit and a 7-bit address. Any transfer of data 
requires an Address/Control byte to specify a RAM location, 
followed by one or more bytes of data. Data is transferred 
out of MISO for a Read and into MOSI for a Write. 
Address/Control bytes are recognizable because they are 
the first byte transferred following a valid CE • SS (except 
for Page select bytes, see PAGE SELECTION). To transmit 
a new address, CE • SS must first go false and then true 
again. 

{

E.SS 

CPOL-I 

SCK 

_____ ... 1 SHIFT 

t 
INTERNALl 
STROBE , 

------1 SHIFT rINTERNAL-1 {

E'SS t 
CPOL'O , STROBE , 

SCK 

MOSl: -------r-::::vMSHy 
OR ~ 

Ml:SO 
92CS-37712 

Fig. 1 - Serial RAM clock (SCK) as a function of MCU clock 
polarity (CPOL). . 
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a. Page/Device Byte (CDPS8HCS8R2 Only) 

BIT 7 6 S 4 3 2 1 0 

Ixl xlxlxlx X xl~' 

b. Address/Control Byte 

BIT 7 6 S 4 3 2 1 0 

IW/R' A6' AS' A4' A3' A2' A1 , AO 

AO-AS The seven least significant RAM address bits, 
sufficient to address 128 bytes. 

W/R Read or Write data transfer control bit. 
wlR = 0 initiates one or more memory read 
cycles. wiR = 1 initiates one or more memory 
write cycles. 

c. Data Byte 

BIT 7 6 S 4 3 2 1 0 

1~1~1~1~lool~I~lool 

Fig. 2 - Serial byte format. 

CE.SS~ 

MOSI~ X x x 

* SCK CAN BE EITHER POLARITY. 

x 

PAGE SELECTION (CDP68HC68R2 Only) 

For the CDPS8HC68R2, a Page/Device byte is sent from the 
microcomputer before the Address/Control byte. Because 
the Address/Control byte is limited to 128 addresses, the 
CDPS8HCS8R2 is divided into two 128-byte pages. A page 
select is accomplished by enabling the CDPS8HCS8R2, 
transmitting the Page/Device Select byte (see Fig. 2a), and 
finally disabling the device priorto any more data transfers. 
The Page/Device byte is recognizable because it is the only 
time that a single byte is transferred to the RAM before CE' 
SS is disabled (see Fig. 3). The page select is latched and 
remains until changed or is incremented during a burst 
transfer (see next section). 

ADDRESS AND DATA 

Data transfers can occur one byte at a time (Fig. 4) or in a 
multi-byte burst mode (Fig. 5). After the chip is enabled, an 
address word is sent to select one of the 128 bytes (on the 
selected page) and specify the type of operation (i.e., Read 
or Write). For a single byte Read or Write (Fig. 4), one byte is 
transferred to or from the location specified in the 
Address/Control byte; the device is then disabled. Additional 
reading or writing requires re-enabling the RAM and 
providing a new Address/Control byte. If the RAM is not 
disabled, additional bytes can be read or written in a burst 
mode (Fig. 5). Each Read or Write cycle causes the latched 

L 

x x A7~ 

92CM-37713 

Fig. 3 - Page/Device Select byte transfer waveforms. 

CE'SS~ L 
SCK , , , , , , I I I I I I I I I I 

WRITE {MOSI ~,-,,-,,-",,-,"",,-__ A_D_D_R_ES_S_B_YT_E __ --,-____ W_R_IT_E_D_A_TA __ --,,~'-"-''-'-'-'-''-'-..................................... .. 

ADDRESS BYTE 

READ{MOSI 

MISO------------~(~ ______ R_E_A_D_D_A_~ _______ _J)_____ 
92CM-37717 

Fig. 4 - Single-byte transfer. 
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RAM address to automatically increment. Incrementing 
continues after each transfer until the device is disabled. 
After incrementing to 7FH on the CDP68HC68R1 or to FFH 
on the CDP68HC68R2, the address will recycle to OOH and 

continue. Note that incrementing past 7FH on the CDP-
68HC68R2 causes the address to go to location 80H (i.e., 
location OOH of page 1). The programmer must take care to 
keep track when crossing page boundaries. 

CE'SS~ { 
SCK IIIIIIII I II II I II 111111111: IIII IIIII 

WR ITE {MOSI '?Wda'?"'?"""""'-A-DD-RE-SS-B-YT-E-""-D-A-T-A-B-Y-T-E--""-D-A-TA-B-YT-E--:!:I:--D-AT-A-BY-T-E--"'~~"""'7'"7' 
~<:----~ 

{MOSI~WJa~AD-DRE-SS B-YTE-""~"'7"T'T"7"'''7'''7'''?''T''7''T'T'7'''r.~:~ 

READ II 
,.--------" r------"\ • ~ 

MISO---------{ 

wiff ADDRESS ADDRESS BYTE +1-----.... {
ADDRESS BYTE 

ADDRESS BYTE + (n-1I-------

Fig. 5 - Multiple-byte transfers. 

DYNAMIC ELECTRICAL CHARACTERISTICS· BUS TIMING VDD ±10%, 
VSS = 0 V dc, T A = -400 to +850 C, CL = 200 pF. See Figs. 6, 7 and 8. 

IDENT. 
NUMBER 

CHARACTERISTIC 

Q) Chip Enable Set-Up Time 

® Chip Enable after Clock Hold Time 

® Clock Width High 

@ Clock Width Low 

® Data In to Clock Set-Up Time 

® Data In after Clock Hold Time 

0 Clock to Data Propagation Delay 

(!) Chip Disable to Output High Z 

® Output Rise Time 

@ Output Fall Time 

® Clock to Data Out Active 

® Clock Recovery Time 
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tevev 

tevEX 

tWH 

tWL 

tovev 

tcvox 

tovov 

texQz 

tr 

tf 

tcVQX 

tREe 

92CM- 37718 

LIMITS (ALL TYPES) 
~DD=3.3V VDD=5V 
Min. Max. Min. Max. 

200 - 100 -

250 - 125 -

400 - 200 -

400 - 200 -

200 - 100 -

200 - 100 -

- 200 - 100 

- 200 - 100 

- 200 - 100 

- 200 - 100 

- 200 - 100 

200 - 200 -

UNITS 

ns 
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MOSI 

SCK 

92CS-37714 

Fig. 6 - Page/Device byte timing waveforms. 

DON )))))) ))) 

CE·SS 

SCK 

Fig. 7 - WRITE cycle timing waveforms. 

MOSI 

(1)(1) 
;:'....1 

Mrso lDec 
....Ill: 
ecw 
-:J: 
Il:n. w_ 

CE·SS (l)1l: 
-w 
~n. 

SCK 

·Flg. 8 - READ cycle timing waveforms. 

DATA RETENTION CHARACTERISTICS at T A = -400 to +850 C 

TEST LIMITS 
CHARACTERISTIC CONDITIONS ALL TYPES UNITS 

MIN. MAX. 
Minimum Data Retention Voltage VOR ICS~Voo -0.2 V 2 - V 

Data Retention Quiescent Current looDR 
Voo = 2 V, - 1 pA 
CE=Vss 
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Features 

• Differential Bus for Minimal EMI 

• High Common Mode Noise Rejection 

• Ideal for 1Wlsted Pair Wiring 

• Data Collision Detection 

• Bus Arbitration 

• Idle Detection 

• Programmable Clock Divider 

• Power-On Reset 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CDP68HC68S1 E -40"C to +1 OSoC 14 Lead PDIP 

CDP68HC68S1 
Serial Multiplexed Bus Interface 

Description 

The CDP68HC6SS1 Serial Bus Interface Chip (SBIC) provides 
a means of interfacing in a Small Area Network configuration, 
various microcomputers (MCU's) containing serial ports. Such 
MCU's include the family of 68HC05 microcontrollers. The SBIC 
provides a connection from an MCU's Serial Communication 
Interface (asynchronous UART type interface) or Serial Periph­
erallnterface (synchronous) to a medium speed asynchronous 
two wire differential signal bus designed to minimize electro­
magnetic interference. This two wire bus forms the network bus 
to which all MCU's are connected (through SBI chips). See Fig­
ure 1. Each MCU operates independently and may be added or 
deleted from the bus with little or no impac1 on bus operation. 
Such a bus is ideal for inter-microcomputer communication in 
hazardous elec1rical environments such as automobiles, aircraft 
or industrial control systems. 

CDP68HC68S1 M -400C to +1 osoC 20 Lead SOIC (W) 

In addition to ac1ing as bus arbitor and interface for microcom­
puter SCI port to differential bus communication, the 
CDP68HC68S1 contains all the circuitry required to convert 
and synchronize Non-Return-to-Zero (NRZ) 8-bit data received 
on the differential bus and clock the data into a microcomputer's 
SPI port. Likewise, data to be sent by a microcomputer's SPI 
port is converted to asynchronous format by appending start 
and stop bits before transmitting to other microcomputers. 

Pinouts 
CD68HC68S1 (PDIP) 

TOP VIEW 

Refer to the data sheet for the CDP68HC05C4 for additional 
information regarding CDP68HC05 microcomputers and their 
Serial Communications and Serial Peripheral Interfaces. 

The CDP68HC68S1 is supplied in a 14 lead dual-in-line plastic 
package (E suffix), and in a 20 lead small outline plastic pack­
age (M suffix). 

Operating voltage ranges from 4V to 7V and operating temper­
ature ranges from -4()'lC to + 105°C. 

Ne 
BUS+ 

CD68HC68S1 (SOIC) 
TOP VIEW 

CAUTION: These devices are sensitive to electrostatic discharge. Users should 'oHow proper I.C. Handling Procedures. File Number 1918.3 
Copyright @Harris Corporation 1 gg4 
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Specifications CDP68HC68S1 

Absolute Maximum Ratings Thermal Information 

Supply Voltage (Voo) ••.•••••••••.••.••••••••• -O.3V to +7.0V 
Input Voltage (VIN) •••.••••••••.••••• Vss -0.3V to VOo+0.3Voc 
DC Input Current (liN) .•.•.•••••••••••••••.•••••••••.••• ±10mA 

Thermal Resistance 9JA 
Plastic DIP Package ••••••••••••••••••••••••.•• • 1000C/W 
Plasllc SOIC Package •••••••••••••••••••••••••• 1200 C/W 

Storage Temperature Range (T STG) ••••••••••.• -55°C to + 12SoC 
Lead Temperature (Soldering 10s) •••••••.•••.•••••••• +26SoC 

CAUTION: stress .... above those Hsled in "Absolute MBXimum RaUngs" may cause perman",,' dsmage 10 the dsvlc6. This is a .stress only rdng and operalion 
of the devfcs al thBSe or any other conditions above those indicated in the operaUonsl sections of this specification Is nol/mp/led. 

Operating Conditions 
Operating Temperature (TA)' ••••••••••••.•.•• -40°C to +10SoC DC Opereting Voltage Range (Voo) ••••.••••••••••• +4V to +7V 

DC Electrical Specifications TA =.4QOC to +10SOC Unless Otherwise Noted. External Bias (Vo) shall be 1.8V to 3.13V Unless 
Otherwise Noted. 

PARAMETERS SYMBOLS TEST CONDITIONS MIN MAX UNITS 

SIGNAL I/O SECTION 

Output Voltage High Level VOL Open Circuit - 0.05 Voc 

OutPut Voltage Low Level VOH Open Circuit VOo-O.05 - Voc 

Input Voltage Low Level VIL - 0.3Voo Voc 

Input Voltage High Level VIH O·7Voo - Voc 

Output High Drive (Source) Current IOH VOH = 4.6V, Voo = SV -0.12 - mA 
(REC Pin) 

Output High Drive (Source) Current IOH VOH = 4.6V, VOO = SV -0.04 - rnA 
(IDLE, Control Pins) 

Output Low Drive (Sink) Current IOL VOH = 0.4V, Voo = SV 0.36 - rnA 
(IDLE, Control, REC) 

DIFFERENTIAL TRANSCEIVER (SEE FIGURE 4) TRANSMITTER 

BUS+ IAOL Vo = Vool2, RL = 1200 2.7S - rnA 

IAOH Vo = Vool2, ~ = 1200 -1.0 1.0 jIA 

BUS- IBOL Vo = Vool2, ~ = 1200 - -2.7S rnA 

IBOH Vo = Vool2, RL = 1200 -1.0 1.0 jIA 

IAOL -IBOL Match 1M Vo = Vool2, RL = 1200, - S % 
Voo = SV ±O.SV 

Output Rise Time (BUS+) tR Voo = SV, CL = 2SpF - 1.S liS 

Output Fall Time (BU5-) tF Voo = SV, CL = 2SpF - 1.S liS 

Transition match (50% Point) ~ Voo = SV, CL = 2SpF -50 SO ns 

RECEIVER 

Differential Sensitivity VIDH Vo = 2.SV, RL = 1200, Voo = SV - 120 mV 

VIOL Vo = 2.SV, RL = 1200, Voo = SV 20 - mV 

Hysteresis (Within VIOH' VIOL Umits) VH Vo = 2.SV, RL = 1200, Voo = SV 20 - mV 

Propagation Delay Ip VIOH =120mV, Voo = SV - 700 ns 

Out of Range VAX Voo=SV 3.8 - V 

VMIN Voo=SV - 1.2 V 

Quiescent Device Current 100 Voo = OV, Vo = 2.SV -10 10 jIA 

Clock Speed fop Voo = S, RL = 1200, CL = 2SpF - TBD MHz 
(Note) 

NOTE: Although 1 MHz Is generally used as an example throughout thiS datas!leal, the maximum speed timlt may be higher and depends 
upon user's noise tolerance reqUirements. 
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The Serial Bus IC offers the user thr~ possible modes of 
operation as defined by Table 1 - SCI (Note 1), SPI, and Buff­
ered SPI. Also included is a "three-state mode" entered by 
pulling the CS pin high while in the Buffered SPI mode. As 
the name implies, the SCI mode is used when communicat­
ing through the microcomputer's SCI port. In this mode, 
asynchronous NRZ data format (1 start bit, 8 data bits 'least 
significant bit first', and 1 stop bit) and baud rate remain the 
same on each "side" of the SBIC, i.e. to and from the micro 
and to and from the differential network bus. 

TABLE 1. MODE AND CHIP SELECT DEFINITION 

SBI CHIP MODE MODE PIN CSPIN 

SCI 1 1 

SPI 1 0 

Buffered SPI 0 0 

Three-State (Note 2) 0 1 

NOTES: 
1. SCI is the UART Interface of a 68HC05 MCU. The 

CDP68HC68S1 is compatable with most UART devices. 
2. The three-state mode Is only entered when using the Buffered 

SPI mode. In the three-state mode, only the XMIT, REC, and 
SCK pins are three-stated. The CONTROL and IDLE pins are al­
ways active. 

During data transmission, while a byte is being transmitted 
from the MCU through the SBI chip onto the differential bus, 
it is also reflected and simultaneously received back at the 
micro, (this is required for bus arbitration as described later). 

DIFFERENTIAL BUS 

J J I 
SBI SBI ... SBI 

~ ~ ~ ~ ~ 

... ... 7 

SPIORSCI SPi OR SCI SPI OR SCI ... 
MCU MCU MCU 

FIGURE 1. POSSIBLE NETWORKCONFIGURATION-VARIOUS 
MICROCOMPUTERS USING SBI CHIPS TO COM­
MUNICATE ALONG DIFFERENTIAL BUS. 

In addition to perfonning a framing error check in the SCI 
mode, other advantages gained by using the SBIC (in any 
mode) include greater system EMI tolerance and automatic 

bus "monitoring". The Serial BUS Interface chip handles bus 
arbitration, data collision detection, and provides short circuit 
protection. 

A 6BHCOS MCU's SPI port may instead be used for bus 
communication. Two modes of SPI operation are available 
with the SBIC - one essentially places the 68HC05 micro­
computer in the slave mode and the other allows the MCU to 
remain a master. In the nonnal SPI mode the SBIC acts as a 
master and supplies a data-synchronizing serial clock signal 
to the micro (which operates in the slave mode) for shifting 
data in or out of the micro's B-bit SPI data register. Again, 
baud rates are the same on each side of the SBIC, however, 
the user must reverse the bit order of a byte transmitted or 
received via the SPI port due to the SPl's most significant bit 
first serial data nature. In addition, since the user microcom­
puter is operating in the slave mode it must signal the SBI 
chip (by pulling the CONTROL line low) to initiate a transmis­
sion. As in the SCI mode. during a transmission. the byte 
originally in the SPI data register is replaced by the byte 
reflected from the bus. 

Transmission and reception of data in the Buffered SPI mode 
allows the user to free the micro's SPI port by allowing fast 
data communication (1M bits/second) between the SPI port 
and SBIC. For instance, if the MCU is transmitting, the SBIC 
converts the data stream from the MCU's SPI port to a 
slower speed for transmiSSion along the differential bus 
when the bus becomes idle. Data speed conversion is 
accomplished via a 2 byte (16-bit) data buffer register reSid­
ing in the serial bus chip. In this mode the MCU operates as 
a master and provides the serial clock signal to the slave 
SBIC peripheral. After fast data has been sent to or received 
from the SBIC, the micro can pull the SBIC's CS pin high 
(placing the SBIC chip in the three-state mode) and then use 
the SPI port to access other SPI peripherals. 

All transfers between the user MCU and the SBIC in the 
Buffered SPI mode consist of 2 bytes. i.e. a message con­
sists an even number of B-bit transfers. A microcomputer 
wishing to transmit loads 2 bytes into the serial bus IC data 
register and then pulls the control pin low to initiate transmis­
sion. During transmission the 2 bytes placed into the buffer 
are replaced by the two reflected bytes received from the 
bus. After every 2 byte transmission the user micro should 
transfer the two reflected bytes out of the buffer and the next 
2 bytes to be transmitted into the buffer. 

TABLE 2. CLOCK PROGRAMMING 

CLOCK INPUT 
DIVIDE FACTOR A PIN BPIN 

+1 0 0 

+2 0 1 

+4 1 0 

+10 1 1 
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Functional Pin Description 

PIN NUMBER SYMBOL IN/OUT DESCRIPTION 

1 ClK Input this Is the clock Input that shall be divided by the SBIC (as described in Table 2) and used 
as an Internal synchronizing clock. The internal clock Is then further divided by 128 to de-
termine baud rate, I.e. 128 internal clock periods constitute I-bit length. 

2,3 AandB Input Programing Inputs of the clock divider. These Inputs are tied to +Voo or Vss depending 
upon speed of external clock source. (See Table 2) 

4 Mode Input this input shall be used in conjunction with CS Input to define the mode of operation (see 
Table 1). It may be permanently wired to +Voo or Vss or driven high or low by MCU I/O 
lines. 

5,6 BUS+ Input/Output this Is the two wire differential bus I/O used to transmit and receive data to and from the 
and BUS- differential bus. BUS+.is both responsive to, or driven positive by sourcing current from 

an extemally established bias point. This sourcing current matches the BUS- II0s sinking 
current. BUS- Is both responsive to, or driven negative by sinking current from an exter-
nally established bias point. this sinking current matches the BUS+ II0s sourcing current. 

14,7 Voo and Power and ground reference are supplied to the device via these pins. Voo is power and 
Vss Vss is ground. 

8 XMIT Input In the SCI mode this data input shall coma from the microcomputer standard NRZ asyn-
chronous communications output port (68HC05 SCI port pin TxD). In the SPI modes, it 
shall come from the microcomputer's synchronous output port (68HC05 SPI port pin 
MOSI or MISO). 

9 REC Output In the SCI mode this data output shall be fed into the microcomputer asynchronous com-
munications Input port (68HC05 SCI port pin RxD). In the SPI modes it shall be fed into 
the microcomputer's synchronous input port (6805 SPI port pin MOSI or MISO). 

10 SCK Input/Output In the SCI mode, this 1/0 Is not required. In both SPI modes this pin Is connected to the 
68HC05's SPI port SCK pin. In the normal SPI mode, the SBIC shall produce shift clock 
pulses via this pin for synchronously shiftlng data into and out of the microcomputer. In 
the Buffered SPI mode this pin Is an Input and the microcomputer shall generate the shift 
clock pulses. Figure 3 shows the relationship between the serial clock Signal and other 
SBIC signals in the SPI moda. 

11 CS Input This input shall be used In conjunction with the mode input and shall be used as a chip 
select (see Table 1). It may be permanently wired to +Voo or Vss or driven high or low by 
MCU 1/0 lines. 

12 IDLE Input/Output The microcomputer shall monitor this signal to determine the bus condition and also pull 
this line low to generate a break. The IDLE signal goes low when the bus is idle (after 
sensing an End of Message condition) and high when the bus is active. On reset, this pin 
is set to a logic zero. 

13 Control Input/Output The microccmputer shall monitor this 1/0 pin in the SPI mode to handle transmission and 
reception of data. In the SCI and SPI modes, as an output, this pin will go low to indicate 
that a data byte Is currently active on the bus. In the Buffered SPI mode the control pin 
indicates whether the user microcomputer has current access to the SBI chip's internal 2 
byte buffer (signified by a logic high on the control pin). In both SPI modes the control pin 
is also effective as an input. In these modes the control pin Is pulled low by the user mi-
crocomputer to initiate a transmit operation by the SBIC. The control pin is normally high 
when the bus is Inactive. On reset, this pin Is set to a logic high. 
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Differential Transceiver Cell 

The differential transceiver is a serial interface device which 
accepts digital signals and translates this information for 
transmitting on the two wire differential bus. 

The transmitter section (shown in Figure 4), when transmit­
ting, provides matched constant current sources to the bus 
"+" and bus "-" 1/0 sourcing and sinking respectively. When 
transmitting, a logic zero at the "transmit data" input causes 
the bus "+" 1/0 to provide source current and the bus "-"1/0 
to provide a matched sink current. A logic one at the "trans­
mit data" input causes the bus "+" and bus "-" II0s to simulta­
neously provide a high impedance state. The bus depends 
on extemal resistor components for bias and termination. 
Recommended resistor sizes are shown in Figure 4 . •....•......•.•.... 

SBICHIP voo 

. •....•.....•........ 

131m 

..... - ..... +-t-_-~~~ 
120Q 

4-+ ...... + ..... -~~~ 
131m 

FIGURE 4. DIFFERENTIAL DRIVERIRECEIVER 

A zero transmitted on the bus will appear as a large voltage 
drop across the BUS+ and BUS- pins, i.e. BUS+ might typi­
cally sit at +2.BV and BUS- at +2.2V for a logic zero. For a 
logic ievel one, the SBIC actually three-states the BUS+ and 
BUS- pins and relies on external resistors to bias the bus 
lines. The lines are both biased to sit at approximately 2.5V 
with a small (perhaps 20mV) voltage drop across the two 
lines. In this condition the BUS- line actually sits at a slightly 
higher potential than the BUS+ line. See Figure 5. Thus, the 

bus actually "floats· to a logic level one, but must be driven to 
a logic level zero. Logic o-bits always dominate over logic 1-
bits on the bus. If two MCU's simultaneously transmit a zero 
and a one on the bus, the zero will override the one and the 
bus will merely appear to be transmitting a zero. The ·mark­
ing" or idle signal on the bus is a logic one. If the bus is idle 
or if a micro is sending a logic one, then a one will appear on 
the bus. 

In addition to the transmission of data, the differential data 
transceiver accepts at its bus "+" and bus "-" II0s, serial dif­
ferential data which is translated into the standard digital 
logic levels. This reception of data also occurs while trans­
mitting, thus reflecting the data seen on the bus back into the 
SBIC data register. 

2.' 
D.6V 

2.5 BUS- ----t! 
BUS+ --r--'\ 

2.2 

APPROX. 
VOLTAGE 

LOGIC 1 

LOGIC 0 
Typical voltage levels seen on BUS+ and BUS­
I/O pins for logic zero and logic 1·bitS. Notice 
that the BUS· Pin Is biased to actually sit a 
higher voltage potential than the BUS+. Values 
shown are for Voo = 5V 

FIGURES. 

The differential transceiver cell allows bus activity by other 
devices on the bus" +" and bus .... II0s when power to the 
cell is shut off. Therefore, this powered off condition places 
the transceiver outputs, BUS "+" and BUS "-", in a high 
impedance state. When the cell is either being powered up 
or down, with or without bus activity, SCR latch-up protection 
is provided such that this activity is not affected. 

IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE 
~ ~~~~~~~~~~~m 

L~B~IT __ ~D~~~~2~.:3~~4~.:5~~6~~7JrB_rr~_1~_2~_3~4~--5~6~_7~ __ '~8~_1_D:._1 __ 1 DIFFERENTIAL 
BUS 

SCK 

XMIT 

REC 

., 

6 5 4 3 2 

CONTROL (1)(3) ....,L..:..--i...------------------------.iit------------------------------~-
CONTROL (2) ~~ __________________ r.-----------------------~ 

IDLE---Jr'--~------------------------~~------------------------------~~ 

NOTES: 

1. The control signal at the transmitting node. 
2. The control signal at the receiving node. 

3. There is a delay between the control pin being pulled low and the actual beginning of the start bit. 
4. If the control pin is again puled low before the end of the stop bit, then the next start bit will begln at the end of the previous stop bit. 

FIGURE 3. SCK, CONTROL, AND IDLE SIGNALS DURING THE SPI MODE OF OPERATION 
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Receive data Is an output from the differential transceiver 
cell. It Is the output of a differential amplifier which decodes 
the bus "+" and '-" I/O. When the bus '+" and '-" has been 
driven positive and negative respectively to a differential volt­
age value greater than V1DH, the output of the differential 
amplifier is a logic one, which is inverted and considered a o­
bit from the bus. Otherwise, for level below VIOL the differen­
tial amplifier output is a logic zero, which, in tum, is inverted 
and considered a l-bit from the bus. 

lWlsted wire pair (or adjacent PC board traces) Is rec­
ommended for the two differential bus lines. 

The BREAK input, when held at a logic zero, (low) causes 
the differential transmitter driver to generate a continuous 
logic level zero on the differential bus. This action can gener­
ate a data collision which can be either used as a break or a 
request for arbitration by the system. When held at logic one, 
(high) this input has no effect on the operation of the cell. 

The out of range output is normally a logic zero but goes to a 
logic one when the common mode voltage on both differen­
tial bus inputs exceeds a voltage value greater than VMAX or 
less than VMIN (see device specifications). This output is 
used by a latch to hold the received data at the logic level it 
was before the over range signal occurred. 

Provided on chip is a power-on reset function. The transceiver 
cell's reset output is held to a logic zero on power up and 
switches to a logic one at or before Voo rises to 4.0V. This out­
put is used to ensure that other on·board logic has been prop­
erly initiated. During this reset time, the bus '+" and the bus "-" 
VOs provide a high impedance state to the bus. 

Bus Speed 

SBIC systems typically use a bus speed of 7812.5 bits/sec­
ond which is accomplished by using a 1 MHz internal clock. 
However, no restriction on any other baud rate is deSigned 
into the chip, except its upper speed limit (see device specifi­
cations). 

Bus Byte Format 

All bytes transmitted on the bus follow the standard UART 
style asynchronous non-retum-to zero data format consist­
ing oft start bit (logical zero) followed by 8 data bits (LSB 
first), and 1 stop bit (logical one). 

Bus Message Format 

All messages transmitted on the bus consist of a number of 
bytes, from 1 to N, with no restriction on length. The user must 
be aware, however, that the longer the message length, the 
greater the probability of collision with messages being trans­
mitted at random from other masters on the bus. Typical mes­
sage lengths of systems now in use range from 1 to 4 bytes. 

The actual definition of each byte sent is left for the user to 
determine, i.e. the user must define the system protocol. For 
instance, a typical (and recommended) protocol might dic­
tate that the first byte of each message sent be a unique 
addresslidentification byte. The first byte sent by a node (an 
MCU coupled with an SBI chip) might contain address infor­
mation telling where (to which node[s]) the message is tar­
geted for or where the message came from. 

Other possibilities would be to identify the type 01 message 
sent (e.g. an instruction or just inlonnation) or the length 01 
the message. The remaining bytes in each message can be 
merely data bytes that comprise the actual message. The 
user can even use the last byte as a check sum so that all 
receiving nodes can check lor errors in transmission. 

Messages are normally received by all nodes on the bus and 
may be processed by one or more micros, i.e., each MCU 
may decide, after receiving the first byte (addresS/ID byte) 
that this particular message is not needed lor its operation. 
The MCU can then Ignore the remainder 01 the message. 

Prioritization 

Since simultaneous transmission of address/iD bytes from 
several microcomputers is a possibility, a system of prioriti· 
zation should be detennined for bus arbitration. Due to the 
electrical characteristics of the differential data bus, each 
unique address/iD byte can automatically contain priority 
information used for bus arbitration. Merely use "lower" value 
10 bytes lor higher priority messages. "Lower" value, in the 
SBIC case, means an 10 byte with more zero's in its least 
significant locations. To further explain, since the differential 
bus transmits data least significant bit first and a zero over­
rides a l-bit simultaneously transmitted by different nodes, 
an 10 byte with least significant bit equal to zero will override 
an 10 byte from a micro whose least significant bit is a one. If 
this does occur on-Chip bus arbitration will automatically 
allow only one SBIC chip (with the highest priority address/ 
10 byte) to continue transmitting. In this case it is the micro 
who transmitted the O-bit. Assuming both 10 bytes contain 
identical LSBs (bit 0) then arbitration is carried on to the next 
bit (bit 1 ),and soon. 

Reflected Data 

Whenever a microcomputer sends data through the SBIC 
and onto the differential bus, it will always receive reflected 
data back. The reflected data is the data that was actually 
seen on the bus. Keep in mind that during data collisions 
between simultaneously transmitting micros, zeroes override 
ones. In addition, any noise that may have been induced on 
the bus may alter the resultant reflected byte. 

Bus Arbitration 
Bus arbitration is the attempted transmission onto the differ­
ential bus of an initial byte (preferably an addresS/ID byte) by 
one or more user microcomputers. The purpose 01 bus arbi­
tration is to enable a single microcomputer to obtain sole 
usage of the bus for the purpose of transmitting a message. 

Bus arbitration is accomplished via a combination 01 meth­
ods which include an MCU software comparison 01 transmit­
ted bytes to reflected bytes, the SBIC's collision detection 
circuit, and its start bit arbitration detector circuits. 

Collision Detection 

The SBIC's collision detector circuit compares the bits being 
sent from a user microcomputer to the reflected byte simul­
taneously received back Irom the differential bus. If the colli­
sion detector detects a difference in the data, it immediately 
bloc~s the user microcomputer's transmitted data from fur-
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ther reaching the bus. This will happen, as stated in the "Pri­
oritization" section, when a micro with a higher priority 
addressllD byte attempts "simultaneous" transmission (actu­
ally, i.e. within a time window of 1/4 bit time).That micro, with 
a higher priority 10 byte, is obviously sending a O-bit and its 
reflected byte matches the byte it is sending. Not detecting a 
collision, it continues to transmit its message, while the lower 
priority MCU is cut off from transmitting on the bus. The 
lower priority micro will be inhibited from transmitting on the 
bus until the message presently on the bus has ended 
(EOM = "End of Message" condition). 

End of Message Condition 

After transmitting the last byte of a message, the transmitting 
MCU must generate an End of Message (EOM) condition. 
An EOM condition is defined as a 10-bit length idle condi­
tion, i.e., the bus must remain idle (logic1) for a period of 10-
bit times (1280 internal clock periods). This can be done by 
merely creating a 10-bit delay in MCU software. 

Start Bit Arbitration Detection 

Arbitration, as discussed above, is only necessary when two 
or more micros attempt to transmit within 1/4 bit time (32 
internal clock periods) of each other. Otherwise, once a 
micro begins a transmission on the differential data bus, all 

REC#1 

USERII2 
XMITII2 

REC 112 

USER #3 ' 

ID BYTE FOR A MESSAGE .. 

XMITII3 ~ ::""-;:..&..::-I-"::""~r:~""'-o 1 ~ 
REC#3 (3) 

DIFFERENTIAL 
BUS 

o 0 0 1 o O. 

ALL CONTROL~(6) ,., ___ .... ...Io....,j,_.l..._ ..... ' ... rr-"'"" .... (7) 
PINS • 

other 5BI chips sense the start bit and Inhibit their microcom­
puters from transmitting (again. after a 32 clock period arbi­
tration window delay). Once the arbitration detector circuit 
has blocked an MCU's transmission. access to the bus will 
be blocked until an End of Massage condition. 

Start of Massage Delay 

In order to properly synchronize various MCU's (which may 
be using different modes of operation) for impartial arbitra­
tion, each node must delay 2-bit times (256 internal clock 
periods) after detecting the IDLE signal drop low before 
transmitting, I.e.. before the start bit of the next message 
reaches the bus. When using the SPI or Buffered 5PI 
modes. this delay Is automatically designed into the SBI 
chip. However, when using the SCI mode, the MCU must 
support this required delay. Fortunately, 68HC05 microcom­
puters using the SCI port will inherently experience a delay 
between the time that the SCI data register is loaded and the 
time that the start bit actually appears on the SCI port trans­
mit pin (TxD). At a baud rate of 7812.5 bps this delay can be 
as long as 256 SBI chip internal clock periods. If this is so, 
then the user MCU does not have to worry about providing 
this delay. 

ID BYTE FOR A DIFFERENT MESSAGE 
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.. 
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1234587BIT 
ii' i 

. . 
~~:~-""..&..~_~""""'I~~".~) 
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NOTES: 

1. USER #1 is note transmitting + marking. 

2. Point at which USER #2 loses bus arbitration. 

3. Point at which USER #3 loses bus arbitration. 

4. Point at which USER #3 loses bus arbitration. 

5. This '1' bit is not overridden by the '0' bits from users 2 and 3 because both users 2 and 3 have previ­
ously been blocked from bus access due to data collisions. 

6. The control pin on the transmitting node goes low earfler in both SPI modes Ot is pulled low by micro). 

7. The control pin remains low until the end of the last data bit of the 2 byte set when using the buffered 
SPI mode. but goes high at the middle of the last data bit in other modes: 

FIGURE 6. EXAMPLE OF THE SCI CHIP OPERATING DURING BUS ARBITRATION 
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Idle Detection 

An idle detector circuit is used to detect when the differential bus 
is in the idle condition, i.e., no user microcomputer has control of 
the bus and the bus is sitting at a mark condition (a logic one). 
The idle detector senses a received stop bit and delays for a 
short idle period of 10-bit times, during which the bus must 
remain idle. The idle output pin is then set to a logic zero (true). It 
is later set to a logic one by receiving a start bit During the 10-bit 
time delay, if a non-idle condition such as noise is detected on the 
bus, the delay period counter will be res\8rted. 

Due to the 10-bit time idle delay period, once an MCU wins 
bus arbitration, it should send the next data byte to be trans­
mitted within a period of 10-bit times (1280 internal clock 
periods). Each subsequent data byte to be sent should also 
not exceed "the interbyte maximum of 10-bit times. If this 
maximum is exceeded, all SBIC chips will have detected the 
idle condition and now pull their Idle lines low and reset their 
bus arbitration and collision detection circuits, thereby allow­
ing other SBI chips with messages to send to arbitrate for the 
bus. Figure 6 shows the detailed operation of the serial bus 
interface chip during bus arbitration. This example shows the 
arbitration of a single byte (e.g. the addressllD byte) from 
three different user microcomputers. Two full arbitration 
cycles are shown. 

Break Generator 

A request for arbitration can be generated by a node that 
needs to interrupt transmission of a long data string. This 
can be accomplished by forcing the SBIC's IDLE pin to a 
logic zero; this forces a data collision (by sending O-bits) 
after three data bytes have been transmitted, and the trans­
mitting MCU is required to detect this break condition and 
stop transmitting. It is, however, allowed to re-arbitrate for the 
bus and the interrupting mode may not generate a second 
break condition if it loses arbitration. 

Using the CDP68HC68S1 

Following are some hardware and software recommenda­
tions for using CDP68HC68S1 Serial Bus Interface Chip. 
Requirements may vary depending upon the user's system 
configuration. 

Hardware (General) 

The differential bus lines (BUS+ and BUS-) must be termi­
nated with external resistors as shown in Figure 4. This 
applies, however, only to one node (an MCu/SBIC pair) 
along the bus. Since all SBI chips are wired in parallel across 
the network bus, there is no need for additional 13K bias 
resistors at each node. The 1200 termination resistors 
should, however, be present at two nodes if the network 
does indeed contain two or more nodes. The 1200 resistor 
provides the voltage drop across which the SBI chip senses 
logic zero and logic 1-bits. If two nodes each utilize 1200 ter­
mination resistors as shown in Figure 7A, the effective resis­
tance across the BUS+ and BUS- pins drop to 600 total (due 
to the parallel wiring method). Any less resistance would not 
provide an ample voltage drop for the receiver cell op amp to 
sense. Following these guidelines, typical systems might 
look like those shown in Figure 7. 

BUS­

SBiC 

BUS+ 

131m 

131m 

MCU 

NOTE: Hardware configuration for a network consisting of two 
microcomputers. Notice that the pullup resistor is connected to 
the BUS- pin and the pulldown to BUS+. 

FlGURE7A. 

MCU MCU MCU MCU 

NOTE: Hardware configuration for a network consisting of 3 or 
more MCU's. Notice that the bus utilizes no more than 1 set of 13K 
bias resistors and no more than two 1200 tarmlnation resistors. 

FIGURE 7B. 

FIGURE 7. HARDWARE CONFIGURATION FOR A NETWORK 
OF MICROCOMPUTERS 

Software (General) 

Although each user's protocol may vary, the following gen­
eral procedure should be followed when using the SBI chip 
in any mode: 

When a microcomputer is preparing to transmit a message it 
should monitor the SBIC's IDLE pin and wait for it to go low 
(logic zero) indicating the bus is idle. Then the MCU 
attempts to transmit the first byte (preferably an AddressllD 
byte). If no other MCUs are transmitting at this time, or if this 
MCU has the highest priority ID byte, the SBI chip's collision 
detector circuit will permit transmission. 

The microcomputer must then confirm transmission by read­
ing the byte reflected back from the bus. If this byte matches 
the byte transmitted then the MCU has gained control of the 
bus and may continue to transmit the remainder of the mes­
sage (if any). 

If the reflected byte does not match the ID byte sent then the 
MCU has not gained control of the bus and may not pres­
ently transmit. It should, however, check the reflected ID 
byte to see if the incoming message (I.e. the message from 
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TRANSMIT THE NEXT MSG PROCESS THE MESSAGE. r-IDBYTE. 

! 
HAS THE BYTE BEEN G "TRANSMIT' AN END OF MESSAGE CONDITION. r-REC'D FROM THE BUS? 

.j, YES 

YES NO ABORT THIS MESSAGE 
L.....- DOES THE REC'D BYTE EQUAL TRANSMISSION t-o THE TRANSMITTED BYTE? DUE TO A COLUSION. 

FIGURE 8. GENERAL MESSAGE PROCESSING. 

the arbitration-winning MCU) is of any interest. If so, it 
should save the incoming message (the length of which may 
be specified in the ID byte) and then wait for the IDLE line to 
go high before re-attempting transmission (if still desired). 
The flowchart in Figure 8 reflects this procedure. 

The SCI Mode, Hardware 

In the SCI mode, the TxD and RxD pins on the user micro­
computer must be connected to the XMIT and REC pins on 
the SBIC chip, respectively, as shown in Figure 9. The 
MCU's SCI port should be configured for the same baud rate 
and character format as that used by the bus interface (i.e. 1 
start bit, 8 data bits and 1 stop bit). The start and stop bits 
are used to synchronize the data, a byte transfers between 
the user microcomputer and the SBI chip. When using the 
SCI mode, the SBI chip should always be properly mode and 
chip selected. This can be accomplished by either a user 
microcomputer output signal or by permanent wiring. This is 

required in order to always be able to receive messages 
from other microcomputers on the bus, which can happen at 
random. For the SCI mode, the SBI chip's MODE pin must 
be set tol and the CS pin to 1. 

SCI Mode, Software 

The procedure to follow for transmitting/receiving in the SCI 
mode is basically identical to that stated in the ·Using the 
CDP68HC68S1-Software" section above, with the following 
exception: 

Start of Message Delay 

Transmitting a byte via the 68HC05 SCI port basically requires 
loading the byte into the MCU's SCI data register (once the SCI 
port is initialized). However, after the SBIC's IDLE pin drops 
low, the user may have to create a delay before transmitting the 
FIRST byte of a message; this necessary 2-bit time (256 inter­
nal clock periods) delay is called the Start of Message (SOM) 
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delay. Fortunately, SCI ports exhibit an inherent delay between 
the loading of the transmit data buffer and the actual beginning 
of the start bit appearing on the TXD pin. This delay, at 7812.5 
Baud, can be as long as 256 SBI chip Intemal clock periods 
and can be used to synchronize SCI users with SPI and Buff­
ered SPI users to ensure impartial bus arbitration. The delay fOr 
a particular microcomputer must be determined by the user. If 
this inherent delay is less than 256 clock periods, then the user 
must delay the loading of the first byte enough to ensure that 
the total delay including the inherent delay of the SCI port Is 256 
clock periods. 

MCU SBIC 

TxD 1---1 XMIT BUS+ --0 DIFFERENTIAL 
RxD REC BUS- --0 BUS 
PAo ~ 

MODE CS 

+VDD~ 
FIGURE 9. USING THE SCI MODE 

Monitoring the IDLE Pin 

The user microcomputer must monitor the IDLE pin on the SBIC 
chip in order to determine when a message ends, when the next 
received byte is a Msg 10 byte, and when to attempt arbitration 
if the user microcomputer has a message to transmit. 

The user microcomputer must be able to both detect when 
the IDLE signal goes from high to low and sense at other 
times whether it Is either high or low. Detecting the change 
from high to low is necessary in order to know exactly when 
the bus goes idle. An MCU can then begin bus arbitration by 
attempting to transmit. Being able to sense the level of IDLE 
is necessary in order to be able to start transmitting a mes­
sage sometime after IDLE has gone low but no other user on 
the bus has had a message to transmit for a length of time. 

Instead of polling the IDLE pin via an MCU input pin, the 
user may wish to conserve CPU time by using interrupts to 
monitor bus activity. The user microcomputer's external 
interrupt pin (IRQ) can be used to edge detect the IDLE pin 
for high to low transitions. 

Using 68HCOS SCI Port Rags 

During message reception, the 68HC05 SCI port receive 
data register full flag (RDRF), and optionally its associated 
interrupt, can be used by the user microcomputer to deter­
mine when to unload the next received byte. 

The user may wish to ignore the RDRF flag and disable the 
RDRF interrupt during reception of an unwanted message. 
In this case the user can merely wait for the IDLE pin to go 
low before attempting any further actions. 

The normally available. transmit data register empty flag 
(TORE) can be used to determine when to load the next byte 
to be transmitted onto the bus. If there are no more bytes to 
be transmitted, then consider the last message as having 
been transmitted, and generate an End Of Message (EOM) 
(i.e. transmit a logic 1 for 10 contiguous bit times by creating 
a software delay). 

Framing Errors 

While in the SCI mode, the SBI chip Is capable of detecting 
incoming framing errors. It will do this even though the 
incoming signal is also echoed to the user microcomputer, 
which should also detect the framing error via its' UART. 
When a framing error is detected by the SBI chip, the gener­
ation of the SCK pulses is terminated until and End Of Mes­
sage is detected. 

The SPI Mode Hardware 
The Master Out Slave In, (MOSI), and Master In Slave Out, 
(MISO), pins on the user microcomputer are connected to 
the REC and XMIT pins of the SBI chip, respectively, as 
shown in Figure 10. The SCK pins on the user microcom­
puter and the SBI chip are connected together. Synchroniza­
tion of data transferred between the user microcomputer and 
the SBI chip Is done by using the SCK signal provided by the 
SBI chip. 

In the SPI mode of operation the SBI chip should always be 
properly mode selected. This may be accomplished either 
by a user microcomputer output signal or by permanent wir­
ing in order to guarantee that the SBI chip will always be 
able to receive messages from other microcomputers on the 
bus, which may happen at random. To select the SPI mode, 
set the MODE pin to a logic I and the CS pin to a logic O. 

MCU SBIC 

MISO I---IXMIT BUS+ --0 DlFFERENnAL 
MOSI REC BUS- --0 BUS 
SCK SCK 
Sa f-o Vas 

PAg ii5LE 
PAl 1---1 CONTROL 

MODE C!i 

+VDD 1 1 Vas 

FIGURE 10. USING THE SPI MODE 

The user microcomputer should configure Its SPI port for 
slave mode operation with SCK positive polarity and data 
transfer on SCK leading edge (i.e. CPOl = 0, CPHA = 1, for 
68HC05 microcomputers). 8-bit data transfers between the 
user microcomputer and the SBI chip occur at differential 
bus transfer speed. 

In the SPI mode, the user microcomputer operates In the 
slave mode and the SBI chip operates as the master. The 
SS pin on the user microcomputer must be wired low or 
forced low whenever the SBI chip has incoming data. It may 
be useful to connect the CONTROL pin of the SBI chip to the 
Slave Select (SS) pin of the 68HC05 microcomputer. The 
SBI chip will then control the user microcomputer's SPI port. 
The user microcomputer can request transmission of data 
onto the bus by the SBI chip by loading data Into Its SPI data 
register and then pulling the SBIC's CONTROL pin low (for 
at least 1)J.S). However, It must do so before the SBI chip has 
begun to receive data from another MCU. 
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SPI Mode, Software 

The SPI mode is similar to SCI mode in that the user micro­
computer sends/receives data to/from the S81 chip 1 byte at 
a time. In the SPI mode, however, the user microcomputer 
must reverse the bit order of transmitted and received bytes. 
When transmitting a message, each bit of a transmitted byte 
is simultaneously transmitted onto the bus and a reflected bit 
is simultaneously received from the bus. 

Monitor and Control of the CONTROL Une 

In the SPI mode, the user microcomputer monitors the CON­
TROL pin on the S81 chip in order to determine if the S81C is 
ready to accept a transmit request. Actually, a data collision 
may still occur and the user microcomputer must always be 
ready to handle it. 

The CONTROL signal is normally high and goes low when 
data is on the bus or when pulled low by the user microcom­
puter. After being pulled low by the user microcomputer, which 
signals a request to begin the transmission data, the CON­
TROL signal will latch low and stay low until the middle of the 
last data bit has been transmitted and appears on the bus. 

The CONTROL signal will also go low at the beginning of the 
first data bit, when received from the bus. It will then go high 
at the middle of the last data bit. 

When the S81 chip begins to receive a byte of data from the 
bus and the user microcomputer has not pulled the S81C's 
CONTROL line low, the S81 chip will pull CONTROL low and 
start generating the SCK clock signal. As each data bit is 
received it is clocked out of the S81 chip and into the user 
microcomputer. Any data in the user microcomputer's SPI 
data register will be transferred out and into the S81 chip. 

The CONTROL signal will go high at the midpoint of the 
eighth data bit. This will allow the user microcomputer to 
have enough time to review the just received SPI data and 
reload it, if further data is needed to be transmitted. How­
ever, it must again pull the CONTROL pin low to signal he 
S81 chip that it should begin transmitting. As a slave to he 
S81 chip, the user microcomputer must be able to and Ie the 
incoming data on the SPI port without affecting its other soft­
ware routine functions. 

Detecting IDLE via a User Microcomputer External 
Interrupt 

The user microprocessor's external interrupt should be set 
to edge detect IDLE for falling transitions, i.e. EOM detec­
tion. If pOSSible, detect CONTROL for rising transitions, for 
byte transmission/reception complete detection. 

Use of Internal User Microcomputer Flags and Interrupts 

The normally available SPI finished flag (SPIF) and optionally 
its associated interrupt may be used by the user microcomputer 
to know when a byte transmiSSion/reception of is complete. 

The user microcomputer should be ready to handle the Write 
Collision, WCOL, error flag. The WCOL flag is set when a 
collision is detected in the SPI port. This will occur when the 
user microcomputer tries to load a byte into the SPI data 
register after the S81 chip has already begun to load data 
into the SPI port. 

Sending Messages to Other Microcomputers on the Bus 

In order to send a message to other microcomputers on the 
bus while in the SPI mode the user microcomputer should: 

1. Monitor the IDLE pin and determine if the bus is currently 
busy or if a transmission may be immediately started. 

2. Monitor CONTROL to determine if it is ok to load the byte 
to be transmitted into the user microcomputer's SPI data 
register. 

3. Load the byte to be transmitted into the SPI data register. 
4. Pull the CONTROL pin low to signal the S81 chip to start 

a byte transmit cycle. 
5. Wait until the byte transmit cycle is completed as signaled 

by the SPI Finished, SPIF, flag/interrupt in the SPI port or 
by the CONTROL Signal going high. 

6. Compare the received byte with the last transmitted byte. 
7. If the received byte equals the last transmitted byte, and 

more bytes remain to be transmitted, then continue the 
cycle with step #3. If there are more messages to trans­
mit, then go to step #1. If there are no more bytes to be 
transmitted, then consider the message as having been 
transmitted, and generate an End Of Message (EOM) 
(i.e. delay for 10 contiguous bit times). Go to step #1. 

8. If the received byte does not equal the last transmitted 
byte and this is the first byte of a message, then treat the 
received byte as the first byte of a received message (i.e. 
the 10 byte). Attempt to retransmit the previous message 
after the IDLE signal has gone low again. If this happens 
during the transmission of a later message byte, other 
than the 10 byte, then consider it due to either an errone­
ous data collision on the bus or due to noise collisions on 
the bus causing the message to have to be re-transmit­
ted. Go to step #1. 

Framing Errors 

While in the SPI mode, the S81 chip is capable of detecting 
incoming framing errors. If one is detected, generation of the 
SCK pulses to the user microcomputer is terminated. The 
S81 chip essentially quits receiving data and starts looking 
for an End Of Message. Resetting of the SCK generator will 
occur upon receiving an EOM. Meanwhile, software must be 
prepared to resynchronize the micro's SPI port; this can be 
done by disabling and then reinitializing it. 

Even though the S81 chip can detect framing errors, it can 
not flag the user microcomputer that one has occurred. 
Since the previously received byte has already been trans­
ferred to the user microcomputer, the S81 chip will simply 
refuse to accept any further incoming data until an EOM 
occurs. Thus, one way that the user microcomputer may 
detect that the received data is valid, is via using a check 
sum byte imbedded within each message. Another way 
would be to compare the number of bytes received fora par­
ticular 10 to the number expected for that 10. 

Buffered SPI Mode, Hardware 

The MOSI and MISO pins on the user microcomputer should 
be connected to the XMIT and REC pins of the S81 chip 
respectively. The SCK pins on the user microcomputer and 
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the SBI chip should also be Connected together, as shown in 
Figure 11. Synchronization of the data that is transferred 
between the user microcomputer and the SBI chip is done by 
the SCK signal which is provided by the user microcomputer. 

The Slave Select (SS) pin on the user microcomputer must 
be wired high or forced high whenever the SBI chip is 
selected. 

The user microcomputer should configure its SPI port for 
master mode operation, SCK low polarity, and data transfer 
on first edge (i.e. CPOL = 0, CPHA = 1 for 6BHC05 micro­
computers). 

The SBI chip must be chip selected either by a user micro­
computer output signal or by permanent wiring of its pins. To 
select the Buffered SPI mode, set the MODE pin and the CS 
pin to logic zero. This is required in order to transfer data 
between the SBI chip and the user microcomputer. However, 
in the Buffered SPI mode, since the MCU is operating as a 
master and controls the SPI port, chip selection is only 
required during when the SPI transfers are actually occurring. 

MCU SBIC 

MOS. t----I XMIT BUs.. ---0 DIFFERENnAL 
MISO REC BUS- ---0 BUS 
SCK SCK 

SS r-<HVDD 
PAo JMl' 
PAl 1----1 CONTROL 

MODE a 
+VDD~ 

FIGURE 11. USING THE BUFFERED SPI MODE 

Buffered SPI Mode, Software 

The principle difference between the Buffered SPI mode and 
the normal SPI mode is the use of a 2 byte internal buffer. 
Also, the Buffered SPI mode allows the user microcomputer 
to operate in the master mode, instead of the slave mode, 
which allows high speed transferring of data between the 
SBI chip's buffer and the user microcomputer. 

For typical operation, the user microcomputer loads the 
SBl's 2 byte buffer, at a high speed, using its SPI interface. 
The 68HC05's SPI Finished flag (SPIF), and optionally Its 
associated interrupt, may be used by the user microcom­
puter to know when the transfer of a byte between the user 
microcomputer and the SBI chip is complete. Then it signals 
the SBI chip, by pulling its CONTROL line low, to transmit the 
data in the buffer onto the differential bus. 

The SBI chip, at a differential bus speed, then attempts to 
transmit the buffered data onto the bus. During this attempt, 
the SBI chip will receive two reflected bytes of data back 
from the bus, store them in the buffer and then disable the 
buffer from receiving further data from the differential bus 
until this received data is later unloaded by the user micro­
computer at high SPI transfer speeds. The MCU should also, 
at this time, simultaneously load the next 2 bytes of data to 
be transmitted into the buffer. 

While it Is transmitting and receiving the 2 bytes of data on 
the differential bus the SBI chip will not allow transfer of data 
to and from the user microcomputer. In fact, the SBI chip 
does not need to be chip selected during this time. 

The bus will override the user microcomputer if incoming 
data is received during the time when the user microcom­
puter is performing a data transfer, after having unloaded the 
previous 2 bytes. The data from the differential bus will be 
loaded into the SBIC buffer, while the data from the user 
microcomputer will be lost. The data that the user microcom­
puter will receive during this transfer, is undefined. The user 
microcomputer has no way of knowing its transfer has been 
aborted unless it either. monitors the CONTROL signal for a 
rising transition or by detecting that CONTROL was not high 
at completion of the BPI transfer. 

Monitoring the Control Signal 

The user microcomputer should monitor the CONTROL sig­
nal on the SBI chip, in order to determine whether it is 
actively transmitting or receiving data. The CONTROL signal 
is used to determine who has access to the 2 byte buffer. Dur­
ing data reception or transmission to the differential bus by the 
SBIC its CONTROL pin is low signifying that the differential 
bus now has access to the SBIC and the MCU is locked out 
from accessing the SBIC. Then when 2 bytes of data have 
been received from the differential bus, the SBI chip will pull its 
CONTROL line high, signaling to the MCU that the MCU can 
now access the SBIC's 2 byte buffer. The MCU may now read 
the 2 bytes received and simultaneously transmit two more 
bytes (if desired) by performing a 2 byte transfer (a swap of 
data), via the MCU SPI port, with the SBIG; then the MCU 
pulls the SBIC's CONTROL pin low to transmit the two new 
bytes. The CONTROL pin will remain latched low (by the 
SBIC) until the two new bytes are transmitted. 

The user microcomputer should also monitor the IDLE signal 
In order to accurately know when the bus is idle or when bus 
arbitration is occurring, when a received message has finished. 
and when the next bytes to be received are the beginning bytes 
of a new message. Preferably, the user microcomputer's exter­
nal interrupt should be set up to edge detect falling IDLE and 
rising CONTROL transitions. 

When the CONTROL pin goes high, it signals that the buffer is 
full and that the user microcomputer currently has access. When 
the IDLE pin goes low, it is signaling that the current message 
has been completed, and an MCU may now arbitrate for the bus. 

Size of Messages that can be Transmitted or Received 

In the Buffered SPI mode, the user microcomputer can only 
send messages in 2 byte multiples. Transmitting messages 
with an odd number of bytes, to other microcomputers on the 
bus, Is NOT supported by the SBI chip in Buffered SPI mode. 
However, reception of any number of bytes is supported. 

In the Buffered SPI mode, the user microcomputer can receive 
messages of any length. For odd length messages, the user 
microcomputer must know when the message is finished either 
from the message 10 byte or via the IDLE signal. Since the SBI 
chip will give no indication as to whether the buffer contains one 
or 2 bytes of information from the bus, the message length 
should be contained within the message data bytes. 
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When a single byte is received from the bus, followed by a 
bus idle condition, the SBI chip will, as it normally does when 
the buffer has received 2 bytes, set the CONTROL signal 
high. It will then relinquish control of the buffer for data trans­
ferral via the user microcomputer, and restrict access to the 
buffer from incoming bus data until the 2 byte data transfer 
has been completed. 

If only 1 byte is received from the bus, the user microcom­
puter will receive it first when performing the 2 byte data 
transfer. The second byte received by the user microcom­
puter, during this transfer, is undefined. A 2 byte transfer is 
still required in order to return control of the buffer back to 
the SBI chip, to gather further incoming data from the bus. 

Power On/Reset 

The SBI chip is reset internally, at power on. After reset, the 
CONTROL pin is set high and IDLE is set low. The buffer 
access is set as though 2 bytes have just been received from 
the bus. A 2 byte transfer must be performed, via the user 
microcomputer, in order to initalize the SBI chip for general 
operation. 

Sending Messages to Other Microcomputers on the Bus 

In order to send a message to other microcomputers on the 
bus, while in the Buffered SPI mode, the user microcomputer 
should: 

1. Monitor the SBIC CONTROL pin to know when it is ok to 
perform the 2 byte transfer between the user microcom­
puter and the SBI Chip. 

2. Perform the 2 byte transfer between the user microcom­
puter and the SBI chip for the first 2 bytes of the message. 

3. Pull CONTROL low to tell the SBI chip to start a 2 byte bus 
transmit cycle. 

4. Wait until CONTROL goes high again indicating that the 2 
byte transmit cycle has completed. 

5. Perform another 2 byte transfer between the user micro­
computer and the SBI chip, thus giving it the next 2 bytes 
to be transmitted and giving the user microcomputer the 
2 bytes just received. 

6. Compare the just received 2 bytes with the 2 bytes which 
were attempted to be transmitted. 

7. If the received and last transmitted bytes are equal and 
more bytes remain to be sent, then continue the cycle 
with step #3. 

8. If the received and last transmitted 2 bytes are unequal, 
then restart with step #2. 

Creating an EOM after a Message Transmission 

There must be at least a 1Q-bit interval of bus idle between 
the stop bit of the last byte of one message and the detection 
of the start bit of the first byte of the next message. This can 
be implemented by either: 

1. Including a 1Q-bit interval time out, via using a timer or 
software loop. 

2. The user microprocessor can simply wait until it senses 
IDLE going low. 

Receiving Messages from Other Microcomputers on the 
Bus 

If the user microcomputer loses arbitration, or if it has no 
message to transmit and another microcomputer begins to 
send its message onto the bus, the SBI chip will begin to 
receive a message from the bus. 

The SBIC CONTROL pin will go low at the beginning of the 
first data bit that is received from the bus. It will go high 
either whenever 2 bytes have been received, or when 1 byte 
has been received followed by the bus going idle (i.e. when 
IDLE goes lOW). 

The transition of CONTROL from low to high indicates that 
the SBI chip has 2 bytes in its internal buffer for the user 
microcomputer to retrieve. Whether the SBI chip has 
received either 1 or 2 bytes, the user microcomputer must 
perform a 2 byte transfer in order to return control of the 
buffer back to the SBI chip. 

The user microcomputer must detect CONTROL going high 
and transfer the 16-bits from the SBI chip before the begin­
ning of the first data bit of the next message or else the bus 
will be locked out of accessing the buffer until after both the 
next 16-bit transfer is complete and IDLE goes low. Thus. if 
there was further incoming data and this did occur, some of 
the incoming data may be lost. 

Framing Errors 

While in the Buffered SPI mode, the SBI chip is capable of 
detecting incoming framing errors, however it is unable to 
flag this to the user microcomputer. When the SBI chip 
detectsaframing error, anyfu rther loading of the SBI chip's 
internal buffer is terminated. The SBI chip essentially quits 
receiving data and starts looking for an End Of Message. 
Resetting of the framing error will occur upon receiving an 
EOM. 

Even though the SBI chip can detect framing errors, it can 
not flag the user microcomputer that one has occurred. 
Since the previously received byte has already been loaded 
into the SBI chip's buffer, the user microcomputer must 
determine whether this data is valid. If a framing error occurs 
during the first byte of a 2 byte reception, access to the 
buffer will be restricted from the user microcomputer until 
and EOM occurs. If a framing error occurs during the second 
byte of a 2 byte reception, the user microcomputer will be 
given access to the buffer. However, even if the user micro­
computer unloads the buffer, the SBI chip will not load any 
further data into the buffer until an EOM occurs. Basically, 
when a framing error occurs, no further data is read from the 
bus and buffer access is given to the user microcomputer 
either immediately or upon an EOM. 

One way that the user microcomputer may detect that the 
received data is valid, is by using a check sum byte imbed­
ded within each message. Another way would be to compare 
the number of bytes received for a particular 10 to the num­
ber expected for that 10. 

References 
Portions of the information contained in this document were 
taken and condensed from Chrysler Corporation's 'CCD 
USER'S MANUAL' issued April 15,1987. 
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EHARRIS 68HC68T1 
November 1994 

CMOS Serial Real-Time Clock With 
RAM and Power Sense/Control 

Features 
• SPI (Serial Peripheral Interface) 

• Full Clock Features 
~ Seconds, Minutes, Hours, (12/24, AM/FM), Day of Week, 

Date, Month, Year, (O-99), Automatic Leap Year 

• 32 Word x 8-Blt RAM 

• Seconds, Minutes, Hours Alarm 

• Automatic Power Loss Detection 

• Minimum Standby (Timekeeping) Voltages ............. 2.2V 

.' Selectable Crystal or 50/60Hz Line Input 

• Buffered Clock Output 

• Battery Input Pin That Powers Oscillator and Also Connects 
to the VDD Pin When Main Power Falls 

• Three Independent Interrupt Modes 
~ Alarm 
~ Periodic 
~ Power-Down Sense 

Description 
The CDP68HC68T1 real-time clock provides a time/calendar 
function, a 32 byte static RAM and a 3' wire serial 
peripheral interface (SPI bus). The primary function of the clock is to 
divide down a frequency input that can be supplied by the on-board 
oscillator in conjunction with an external crystal or by an external 
clock source. The clock either operates with a +32kHz, +1 MHz, 
+2MHz or +4MHz crystal or it can be driven by an external clock 
source at the same frequencies. In addition, the frequency can be 
selected to allow operation from a 50Hz or 60Hz input. The time 
registers furnish seconds, minutes and hours while the calendar 
registers offer day of week, date, month and year information. The 
data in the time/calendar registers is in BCD format. In addition, 12 or 
24 hour operation can be selected with an AM-FM indicator 
available In the 12 hour mode. The T1 has a separate clock output 
that supplies one of 7 selectable frequencies. 

Computer handshaking is established with a "wired or" 
interrupt output. The interrupt can be activated by anyone of three 
separate internal sources. The first is an alarm circuit that consists of 
seconds, minutes and hours alarm latches that trigger the interrupt 
when they are in coincidence with the value in the seconds, minutes 
and hours time counters. The second interrupt source is one of 15 
periodic signals that range from subsecond to daily intervals. The 
final interrupt source is from the power-sense circuit that is used 
with the LINE input pin to monitor power failures. Two other pins, the 
power supply enable (PSE) output and the VSYS input are used for 
external power control. The CPUR reset output pin is available for 
power-down operation and is activated under software control. 
CPiJR is also activated by a watchdog circuit that if enabled requires 
the CPU to toggle the CE pin periodically without a serial data 
transfer. ' 

The CDP68HC68T1 is available in a 16 lead hermetic dual-in-line 
ceramic package (D suffix), in a 16 lead dual-in-line plastic package 
(E suffix), and in a 20 lead small outline plastic package (M suffix). 

Pinouts 
PACKAGE TYPES D AND E 

TOP VIEW 

eLK OUT 16 Vee 
CPiiR 15 XTAL OuT 

TNT 14 XTAL IN 

SCK 4 13 VeATT 
t.<CSI 12 VSYS 
MISO 6 II LINE 

CE 7 10 POR 

VSS 8 9 PSE 

92CS-38053 

PACKAGE TYPE M 
TOP VIEW 

CLK OUT 20 v 00 
CPUR 19 XTAL OUT 

iN'i 18 XTALIN 

NC 17 Ne 
SCK 16 v BAIT 

MOSI 15 V SY5 
MISO I. NC 

CE 13 NC 
VS5 12 LINE 
P5E 10 11 POR 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1994 

File Number 1547.2 
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Maximum Ratings Absolute Maximum Values 

DC Supply Voltage Range, (VDD) ••••.••....•.•.••.. -O.5V to + 7V 
(Voltage Referenced to VSS Terminal) 

InputVoltage Range, •••.•..•.••....•..••.••• -O.5Vto VDD +O.5V 
(All Inputs Except Line), VSYS ~ VDD +1.5V 
DC Input Current, Any One Input. ••.....•.••.••••..•••.. :l:10mA 
(Line Input, -10mA) 

Power Dissipation Per Package (PO) 
TA = -400C to +600C (Package Type E) •••..••••.••••.• 500mW 
T A = +600C to +850C (Package Type E) •• . . . •• Derate Linearly at 

12mW/oC to 200mW 
TA = -55°C to +1 OOoC (Package Type D) •..••..•.•••••. 500mW 
TA = +1 OOoC to +1250C (Package Type D) .••• Derate Linearly at 

12mW/OC to 200mW 
TA = -40°C to +700C (Package Type M)* •..••••.••.•••• 400mW 
TA = +700Cto +850C (Package Type M)* ...•• DerateLineartyat 

6.0mW/oC to 310mW 

Device Dissipation Per OutputTransistor .•.......••••.•.... 40mW 
TA = Full Package Temperature Range (All Package Types) 

Operating Temperature Range (T A) 
Package Type 0 ..••..•.••.........••....... -550C to +1250C 
Package Type E, M • . . . . • • . . . • • • . . . • • • • • . • • • .• -400C to +850C 

Storage Temperature Range (TSTGl •..••••••••• -650C to +1500C 
Lead Temperature (During Soldering) ..••.•......•.....•. +2650C 
At Distance 1/16 :I: 1/32 In. (1.59 :I: 0.79mm) From Case for 
10s Max 

*Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick G1 0 epoxy glass, or equivalent. 

Operating Conditions at TA = -400C To +850C 
For maximum reliability, operating conditions should be selected so that operation Is always within the following ranges: 

CHARACTERISTICS 

DC Operating Voltage Range 

DC Standby (Timekeeping) Voltage" 

Input Voltage Range (High) 

Input Voltage Range (Low) (Except Line Input) 

Serial Clock Frequency (VDD = 4.5V) 

" Timekeeping function only, no READ/WRITE accesses 

SERIAL 
INTERFACE 

MIN 

3 

VSTBY 2.2 

VIH 0.7VDD 

VIL -0.3 

fSCK -

Figure 1 - Real-time clock functional diagram 
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LIMITS 

MAX UNITS 

6 V 

- V 

VDD+0.3 V 

0.3VDD 

2.1 MHz 
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STATIC ELECTRICAL CHARACTERISTICS at T .. = -40 to +85°C, Voo '" VBATT '" 5 V ± 5%, Except ae Noted 

LIMITS 
CHARACTERISTIC CONDITIONS CDP68HC88T1 UNITS 

MIN. TYP.- MAX. 
Quiescent Device Current 100 - - 1 10 pA 
Output Voltage High Level VOH IOH '" -1.6 mAo Voo '" 4.5 V 3.7 - -
Output Voltage Low Level VOL IOL'" 1.6 mAo Voo '" 4.5 V - - 0.4 
Output Volt/iRe High Level VOH 10H < 10 pA, Voo '" 4.5 V 4.4 - - V 

Output Voltl!ge Low Level VOL IOL < 10pA, Voo = 4.5 V - - 0.1 
Input Leakage Current ioN - - - ±1 

pA 
3-State Output Leakage Current lOUT - - - ±10 
Operating Current# 32kHz - 0.08 0.1 

(10 + I.) Voo = VB = 5 V 1 MHz - 0.5 0.6 
Crystal Operation 2 MHz - 0.7 0.84 

4 MHz - 1 1.2 
mA 

Pin 14 32kHz - 0.02 0.024 
External Clock (Squarewave)# 1 MHz - 0.1 0.12 
(10 + I.) Voo = VB = 5 V 2MHz - 0.2 0.24 

4MHz - 0.4 0.5 
Standby Current# I. 32kHz - 20 25 

VB=3V 1 MHz - 200 250 
Crystal Operation 2 MHz - 300 360 

pA 
4 MHz - 500 600 

Operating Current* 10 IB 10 IB 
Voo = 5 V, VB = 3 V 32kHz - 25 15 30 20 
Crystal Operation 1 MHz - 0.08 0.15 0.1 0.18 

2 MHz - 0.15 0.25 0.18 0.3 mA 
4 MHz - 0.3 0.4 0.36 0.5 

Standby Current# I. 
VB = 2.2V 32kHz - 10 12 pA 
Crystal Operation 

Input Capacitance CIN VIN = 0, T .. = 25°C - - 2 pF 
Maximum Rise and Fall Times tr,t! 

(Except XTAL Input and POR Pin 10) - - - 2 lIS 

Input Voltage (Line Input Pin - 0 10 12 
Only. Power-Sense Model 

VSYS> VB VI V 
(For VB Not Internally - - 0.7 -
Connected to Vool 

Power-On Reset (POR) Pulse Width 100 75 - ns 

• Typical values are for TA = 25°C and nominal VDD. 

# Clock Out (Pin 1) disabled. outputs open-circuited. No serial access cycles. 
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--
0 $00 32 

33 

34 
32 RAM LOCATIONS 

35 

36 

37 

31 $1F 38 

32 $20 39 

CLOCK/CALENDAR 40 

41 

50 $32 42 

51 $33 43 

44 

45 
13 BYTES UNUSED 

46 

47 

48 

83 $3F 49 --
85 TEST MODE $55 50 --

r = readable W = writable 
Fig. 2 - Address map. 

TABLE I - Clock/Calendar and Alarm Data Model 

ADDRESS DECIMAL 
LOCATION (H) FUNCTION RANGE 

20 Seconds 0-59 

21 Minutes 0-59 

22 • Hours 1-12 
12 Hour Mode 

Hours 0-23 
24 Hour Mode 

23 Day of the Week 1-7 
(Sunday = 1) 

24 Day of the Month 1-31 
(Date) 

25 Month 1-12 
Jan = 1, Dec = 12 

26 Years 0-99 

28 Alarm Seconds 0-59 

29 Alarm Minutes 0-59 

2A •• Alarm Hours 1-12 
12 Hour Mode 

Alarm Hours 0-23 
24 Hour Mode 

• Example: 3:49:18, Tuesday, Oct. 29,1985 . 
• Most significant Bit, 07, is "0" for 24 hours, and "1" for 12 hour mode. 

Data Bit 05 is "1" for P.M. and "0" for A.M. in 12 hour mode. 
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SECONDS r,w 

MINUTES r,w 

HOURS r, W 

DAY OF WEEK r,w 

DATE r, W 

MONTH r,w 

YEARS r,w 

NOT USED 

SEC ALARM W 

MIN ALARM W 

HRSALARM W 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

STATUS REGISTER r 

CONTROL REGISTER r,w 

INTERRUPT CONTROL REGISTER r,w 

$20 

$21 

$22 

$23 

$24 

$25 

$26 

$27 

$28 

$29 

$2A 

$2B 

$2C 

$20 

$2E 

$2F 

$30 

$31 

$32 
t2CS-38051 

BCD DATA BCD DATE. 
RANGE EXAMPLE 

00-59 18 

00-59 49 

81-92 (AM) A3 
A1-B2 (PM) 

00-23 15 

01-07 03 

01-31 29 

01-12 10 

00-99 85 

00-59 18 

00-59 49 

01-12 (AM) 23 
21-32 (PM) 

00-23 15 

•• Alarm hours, Data Bit 05 is "1" Tor P.M. and 
"0" for A.M. in 12 hour mode. 

Data Bits 07 and 06 are DON'T CARE. 
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PROGRAMMERS MODEL - CLOCK REGISTERS 

I HEX ADDRESS I 

20 

21 

22 

23 

24 

25 

26 

31 

32 

28 

29 

2A 

30 

WRITE/READ REGISTERS 

DB7 

TENS 0-5 

12 PM/AM 
HR. X TENS 0-2 
24 

X X X X 

TENS 0-3 

7 

7 

WRITE ONLY REGISTERS 

TENS 0-5 

TENS 0-5 

PM/AM 

TENS 0-2 
UNITS 0-9 

READ ONLY REGISTER 

DBO 

NAME 

SECONDS (00-59)---

DB7, 1 = 12 HR, 0 = 24 HR 
DBS = 1 PM, 0 = AM 
HOURS (01-12 OR 00-23) 

SUNDAY = 1 
DAY OF WK (01-07) ---

01-28 

(DATE) (29) 
DAY OF MONTH :~-

MONTH (01-12)- JAN = 1 _ 
DEC = 12 

YEARS (00-99) ----

CONTROL------

INTERRUPT-----

ALARM SECONDS (00-59) -

ALARM MINUTES (00-59)-

ALARM HOU~S (01-12 or 00-23) 
PLUS AM/PM IN 12 HR. MODE 
PM = 1,AM = 0 

ST~TUS 

NOTE: X = DON'T CARE WRITES ,---------""""=:!:-:-------------

X' '":E:A:~:YrE :, 1 :'1 :. r:'1 :'1 :'1 D: 1 D: 1 
HEX ADDRESS 00-1F 

IZCM·38058 
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FUNCTIONAL DESCRIPTION 

The SPI real-time clock consists of a clock/calendar and a 
32 x 8 RAM. Communications is established via the SPI 
(Serial Peripheral Interface) bus. In addition to the clocklca­
lendar data from seconds to years, and system flexibility 
provided by the 32-byte RAM, the clock features computer 
handshaking with an Interrupt output and a separate 
squarewave clock output that can be one of 7 different 
frequencies. An alarm circuit is available that compares the 
alarm latches with the seconds, minutes and hours time 
counters and activates the interrupt output when they are 
equal. The clock is specifically designed to aid in power­
down/up applications and offers several pins to aid the 
designer of battery back-up systems. 

Mode Select 

The voltage level that is present at the VSYS input pin at the 
end of power-on-reset selects the device to be in the single 
supply or battery back-up mode. 

Single-Supply Mode-If VSYS is a logic high when power­
on-reset Is completed, ClK OUT, PSE and CPUR will be 
enabled and the device will be completely operational. 
CPUR will be placed low ifthe logic level althe VSY!l!!.!:!..90es 
low. If the output signals ClK OUT, PSE and CPUR are 
disabled due to a power-down instruction, VSYS brought to a 
logic low and then to a logic high will re-enable these 
outputs. An example of the single-supply mode is where 
only one supply is available and VDD, VBATT and VSYS are tied 
together to the supply. 

Battery Back-up Mode-If VSYS is a logic low at the end of 
power-an-reset, ClK OUT, PSE and CPUR will be 
disabled (ClK OUT, PSE and CPUR low). This 
condition will be held until Vsys rises to a threshold (about 
0.7 volt) above VBATT. The outputs ClK OUT, PSE and CPUR 
will then be enabled and the device will be operational. If 
VSYS falls below a threshold above VBATT, the outputs ClK 
OUT, PSE and CPOR will be disabled. An example of 
battery back-up operation occurs if VSYS Is tied to VDD and 
VDD is not connected to a supply when a battery is 
connected to the VBATT pin. (See Pin Functions VBATT for 
Battery Back-up Operation) 

CLOCK/CALENDAR (See Figs, 1 and 2.) 

The clocklcalendar portion of this device consists of a long 
string of counters that is toggled by a 1-Hz input. The 1-Hz 
input is generated by a prescaler driven by an on-board 
oscillator that utilizes one of four possible external crystals 
or that can be driven by an external clock source. The 1-Hz 
trigger to the counters can also be supplied by a 50 or60-Hz 
input source that is connected to the LINE input pin. 

The time counters offer seconds, minutes and hours data in 
12 or 24-hour format. An AM/PM indicator is available that 
once set, toggles every 12 hours. The calendar counters 
consist of day (day of week), date (day of month), month 
and years information. Data in the counters Is in BCD 
format. The hours counter utilizes BCD for hour data plus 
bits for 12/24 hour and AM/PM. The 7 time counters are 
accessed serially at addresses 20H through 26H. (See Table 
I). 

RAM 

The real-time clock also has a static 32 x 8 RAM that is 
located at addresses 00-1 FH. Transmitting the address/con­
trol word with bit 510w selects RAM access. Bits 0 through 4 
select the RAM location. 

ALARM 

The alarm is set by accessing the three alarm latches and 
loading the required data. The alarm latches consist of 
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seconds, minutes and hours registers. When their outputs 
equal the values in the seconds, minutes and hours time 
counters, an interrupt is generated. The interrupt output 
will go low if the alarm bit in the Interrupt Control register is 
set high. The alarm interrupt bit in the Status register is set 
when the interrupt occurs.' To preclude a false Interrupt 
when loading the time counters, the alarm interrupt bit 
should be set low in the Interrupt Control register. This 
procedure is not required when the alarm time is set. 

WATCHDOG FUNCTION (See Fig. 8.) 

When bit 7 in the Interrupt Control register is set high, the 
Clock's CE (chip enable) pin must be toggled at a regular 
interval without a serial data transfer. If the CE is not 
toggled, the clock will supply a CPU reset pulse and bit 6 in 
the Status Register will be set. Typical service and reset 
times are listed below. 

50Hz 80 Hz XTAL 

Min. Max. Min, Max. Min. Max. 

Service Time - 10ms - 8.3ms - 7.8ms 

Reset Time 20 40ms 16.7 33.3ms 15.6 31.3m! 

CLOCK OUT 

The value in the 3 least significant bits of the Clock Control 
register selects one of seven possible output frequencies. 
(See Clock Control Register). This squarewave signal is 
available althe ClK OUT pi n. When Power-Down operation 
is Initiated, the output is set low. 

CONTROL REGISTERS AND STATUS REGISTERS 

The operation of the Real-Time Clock is..Qontrolied by the 
Clock Control and I nterrupt Control registers. Both registers 
are read-write registers. Another register, the Status register, 
is available to indicate the operating conditions. The Status 
register is a read-only register. 

POWER CONTROL 

Power control is composed of two operations, Power Sense 
and Power Down/Up. Two pins ar!-.l!lvolved in power 
sensing, the LINE input pin and the INT output pin. Two 
additional pins are utilized during power-down/up opera­
tion. They are the PSE (Power Supply Enable) output pin 
and VSYS input pin. 

POWER SENSING (See Fig. 3.) 

When Power SenSing is enabled (Bit 5 = 1 in Interrupt 
Control Register), AC transitions are sensed at the liNE 
input pin. Threshold detectors determine when transitions 
cease. After a delay of 2.68 to 4.64 ms pi us the external input 
circuit RC time constant, an interrupt is generated and a bit 
is set in the status register. This bit can then be sampled to 
see if system power has turned back on. See PIN 
FUNCTIONS, liNE PIN. The power-sense circuitry operates 
by senSing the level of the voltage presented at the line Input 
pin. This voltage is centered around VDD and as long as it is 
either plus or minus a threshold (about 1 volt) from VDD a 
power-sense failure will not be indicated. With an ac signal 
present, remaining in this VDD window longer than a 
minimum of 2:68 ms will activate the power-sense circuit. 
The larger the amplitude of the ac Signal, the less time it 

'See PIN FUNCTIONS, INT PIN. 
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REAL-TIME CLOCK 
VOO CDP68HC68TI 

I I I I I Iii 
STATUS REGISTER 

CPU 
COP6805D2 

92CS-31941 RJ 

Fig. 3 - Power-sensing functional diagram. 

spends in the Voo window and the less likely a power failure 
will be detected. A 60-Hz, 10 Vp-p slnewave voltage is an 
applicable signal to present at the liNE input pin to set up 
the power-sense function. 

POWER DOWN (See Fig. 4.) 

Power down Is a processor-directed operation. A bit is set in 
the Interrupt Control Register to Initiate operation. 3 pins 
are affected. The PSE (Power Supply Enable) output, 
normally high, is placed low. The ClK OUT is placed low. 
The CPUR output, connected to the processors reset input 
Is also placed low. In addition, the Serial Interface Is 
disabled. 

FROM SYSTEM 
POWER 

VSYS 

I I'I I 
INTERRUPT 
CONTROL 
REGISTER 

l 

I I 

REAl- TI ME CLOCK 
CDP68HC68TI 

I 
PSE 

I 
ClK 
OUT 

TO SYSTEM 
POWER CONTROL 

L 
L 

1----_oI0SC 

L. 1--==--_-1 RESET 

Ml.SO 

MOSl. 

CPU 
CDP680e02 
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Fig. 4 - Power-down functional diagram. 

POWER UP (See Figs. 5 and 6.) 

Two conditions will terminate the Power-Down mode. The 
first condition (See Fig. 5) requires an Interrupt. The 
interrupt can be generated by the alarm circuit, the 
programmable periodic interrupt Signal, or the power­
sense circuit. 
The second condition that releases Power Down occurs 
when the level on the V SYS pin rises about 0.7 volt above the 
level at the VBATT input, after previously falling to the level of 
VBATT (See Fig.6) in the Battery Back-up Mode or VSYS falls 
to logic low and returns high in the Single Supply Mode. 

MJ:SO 

MOSl. 

REAL-TIME CLOCK 
CDP68HC68T1 

92CS-37943RI 

Fig. 5 - Power-up functional diagram (initiated by Interrupt Signal). 

I 
I 

.....------.J" 
I 
I -=l--~ 

~ -.:..:.. VSYS PSE-l 

I SERIAL 
INTERFACE 

REAL-TIME CLOCK 
CDP68HC68TI 

WuR---t 
ClK n r-
OUT ...J L.J 

MJ:SO 

MOSl. 

92CS~3T944RI 

Fig. 6 - Power-up functional diagram (inltlatad by a rise In voltage 
on the "VIVS" pin). 
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PIN FUNCTIONS 

CLK OUT -Clock output pin. One of 7 frequencies can be 
selected (or this output can be set low) by the levels of the 
three LSB's in the clock-control register. If a frequency Is 
selected, it will toggle with a 50% duty cycle except 2 Hz In 
the 50-Hz ti mebase mode. (Ex. if 1 Hz is selected, the output 
will be high for 500 ms and lowforthesame period.) During 
power-down operation (bit 6 in Interrupt Control Register 
set to "1"), the clock-output pin will be set low. 

CPUR-CPU reset output pin. This pin functions as an 
N-channel only, open-drain output and requires an external 
pull-up resistor. 

INT-Interrupt output pin. This output is driven from a 
single NFET pull-down transistor and must be tied to an 
external pull-up resistor. The output Is activated to a low 
level when: 
1. Power-sense operation is selected (B5 = 1 in Interrupt 

Control Register) and a power failure occurs. 
2. A previously set alarm time occurs. The alarm bit in the 

status register and interrupt-out signal are delayed 30.5 
/.IS when 32-kHz operation is selected and 15.3/.1S for 
2-MHz and 7.6 /.IS for4-MHz. (See important application 
note.) 

3. A previously selected periodic interrupt signal activates. 

The status register must be read to set the Interrupt output 
high after the selected periodic interval occurs. This Is also 
true when conditions 1 and 2 activate the interrupt. If power 
down had been previously selected, the interrupt will also 
reset the power-down functions. 

SCK, MOSI, MISO-See Serial Peripheral Interface (SPI) 
section In this data sheet. 

CE-A positive chip-enable input. A low level at this Input 
holds the serial interface logic in a reset state. This pin is 
also used for the watchdog function. 

Vss-The negative power-supply pin that is connected to 
ground. 

PSE-Power-supply enable output pin. This pin Is used to 
control power to the system. The pin is set high when: 
1. VSYS rises above the VBATT voltage after VSYS was placed 

low by a system failure. 
2. An interrupt occurs. , 
3. A power-on reset (If VSYS is a logic high). 

The PSE pin is set low by writing a high into bit 6 (power­
down bit) in the Interrupt Control Register. 

POR-Power-on reset. A Schmitt-trigger input that gener­
ates a power-on Internal reset signal using an external R-C 
network. Both control registers and frequency dividers for 
the oscillator and line input are reset. The status register is 
resetexceptforthefirsttime up bit (B4), which is set. Single 
~Iy or battery back-up operation is selected at the end of 
POR. 
LINE - This input is used for two functions. When not used it 
should be connected to Voo via a 10kn resistor. The first 
function utilizes the input signal as the frequency source for 
the timekeeping counters. This function is selected by 

setting bit 6 in the Clock Control Register. The second 
function enables the line Input to sense a power failure. 
Threshold detectors operating above and below VDD sense 
an ac voltage loss. Bit 5 must be set to "1" in the Interrupt 
Control Register and crystal or external clock source 
operation is required. Bit 6 in the Clock Control Register 
must be low to select XTAL operation. 

OSCILLATOR CIRCUIT-The CDP68HC68T1 has an on­
board 150K resistor that is switched in series with Its 
internal inverter when 32-kHz is selected via the clock­
control register. Note: When first powered up the series 
resistor is not part of the oscillator circuit. (The 
CDP68HC68T1 sets up for a 4-MHz OSCillator.) 

.-----X""'T"'"A:-IL 5 - 30 p F 

IN 1------li1 ~ 
T1 22M 

10-40pF 

ALL FREQUENCYS 
RECOMMENDED OSCILLATOR CIRCUIT: 
C1. C2 VALUES CRYSTAL DEPENDENT 

*R USED FOR 32 KHz OPERATION ONLY. 
100 K - 300 K RANGE AS SPECIFIED 
BY CRYSTAL MANUFACTURER. 

92CS-42272 

Fig. 7 - Oscillator circuit. 

VSYS-This input is connected to the system voltage. After 
the CPU Initiates power down by setting bit 6 in the 
Interrupt Control Register to "1", the level on this pin will 
terminate power down if it rises about 0.7 volt above the 
level at the VBATT input pin after previously falling below 
VBATT + 0.7 volt. When power down is terminated, the PSE 
pin will return high and the Clock Output will be enabled. 
The ~ output pin will also returntdSh. The logic level 
present at this pin at the end of R determines the 
CDP68HC68T1's operating mode. 

VBATT- The oscillator power source. The positive terminal of 
the battery should be connected to this pin. When the level 
on the VSYS pin falls below VBATT +0.7 volt, the VBATT pin will 
be internally connected to the VDD pin. When the voltage on 
Vsys rises a threshold above (- 0.7 V) the voltage on VBATT, 
the connection from VBATT to the VDD pin is opened. When 
the "LINE" input is used as the frequency source, VBATT may 
be-tied to VDD or Vss. The "XTAL IN" pin must be at Vss if 
VBATT isat Vss.lfVBATT is connected to VDD, the "XTAL IN" pin 
can be tied to Vss or VDD. 

XTAL IN, XTAL OUT-These pins are connected to a 
32,768-Hz, 1.048576-MHz, 2.097152-MHz or 4.194304-MHz 
crystal. If an external clock is used, it should be connected 
to "XTAL IN" with "XTAL OUT" left open. 

VDD-The positive power-supply pin. 
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REGISTERS 

CLOCK CONTROL REGISTER (Write/Read) - Addra .. 31 H 

D7 ' De D5 D4 

START LINE XTAL XTAL 
SEL SEL 

STOP iTAL 1 0 

CLOCK CONTROL REGISTER 

START-STOP-A high written Into this bit will enable the 
counter stages of the clock circuitry. A low will hold all bits 
reset in the divider chain from 32 Hz to 1 Hz. A clock out 
selected by bits 0, 1 and 2 will not be affected by the stop 
function except the 1 and 2-Hz outputs. 

LlNE-XTAL-When this bit is set high, clock operation will 
use the 50 or 60-cycle input present at the LINE input pin. 
When the bit Is low, the crystal input will generate the 1-Hz 
time update. 

XTAL SELECT-One of 4 possible crystals Is selected by 
value In these two bits. 

o = 4.194304 MHz 2 = 1.048576 MHz 
1 = 2.097152 MHz 3 = 32,766 Hz 

50-60 Hz-50 Hz Is selected as the line input frequency 
when this bit Is set high. A low will select 60 Hz. The power­
sense bit in the Interrupt Control Register must be set low 
for line frequency operation. 

CLOCK OUT-The three bits specify one of the 7 fre­
quencies to be used as the squarewave clock output. 

o = XTAL 4 = Disable (lOW output) 
1 = XTALl2 5 = 1 Hz 
2 = XTALl4 6 = 2 Hz 
3 = XTALl8 7 = 50 or 60 Hz 

XT AL Operation = 64 Hz 

All bits are raset by a power-on raeet. Therefore, the XT AL ie 
selected as the clock output at thie time. 

D3 D2 D1 DO 

50 Hz CLKOUT CLKOUT CLKOUT 

iciHz 2 1 0 

INTERRUPT CONTROL REGISTER 

WATCHDOG":"When this bit Is set high, the watchdog 
operation will beenabled. This function requires the CPU to 
toggle the CE pin periodically without a serial-transfer 
requirement. In the event this does not occur, a CPU reset 
will be Issued. Status register must be read before re­
enabling watchdog. 

POWER DOWN-A high In this location will Initiate a power 
down. A CPU reset will occur, the CLK OUT and PSE output 
pins will be set low and the serial interface will be disabled. 

POWER SENSE-This bit is used to enable the line input 
pin to sense a power failure. It is set high for this function. 
When power sense is selected, the input to the 50/60-Hz 
prescaler is disconnected. Therefore, crystal operation is 
required when power sense Is enabled. An Interrupt 'is 
generated when a power failure Is sensed and the power 
sense and Interrupt True bit in the Status Register are set. 
When power sense is activated, a "0" must be written to this 
location followed by a "1" to re-enable power sense. 

ALARM-The output of tlie alarm comparator Is enabled 
when this bit Is set high. When a comparison occurs 
between the seconds, minutes and hours time and alarm 
counters, the Interrupt output is activated. When loading 
the time counters, this bit should be set low to avoid a false 
interrupt. This is not required wl:!.!!2 loading the alarm 
counters. See PIN FUNCTIONS, INT for explanation of 
alarm delay. 

PERIODIC SELECT-The value In these 4 bits will select 
the frequency of the periodic output. (See Table I). 

INTERRUPT CONTROL REGISTER (Write/Read) - Addra •• 32H 

D7 De D5 D4 D3 D2 D1 DO 

WATCHDOG POWER POWER ALARM 
I I I 

DOWN SENSE PERIODIC SELECT 

I I I 

All bits are reset by power-on reset. 

6-56 



CDP68HC68T1 

Table I - Periodic Intenupt Output 

FREQUENCY TIMEBASE 
DO-D3 PERIODIC-INTERRUPT 
VALUE OUTPUT FREQUENCY XTAL LINE 

0 Disable 

1 2048 Hz 

2 1024 Hz 

3 512 Hz 

4 256 Hz 

5 128 Hz 

6 64 Hz 

50 or 60 Hz 

7 32 Hz 

8 16 Hz 

9 8 Hz 

10 4 Hz 

11 2 Hz 

12 1 Hz 

13 Minute 

14 Hour 

15 Day 

STATUS REGISTER (Read Only) - Addreu 30H 

D7 D8 D5 D4 

0 WATCHDOG TEST FIRST 
MODE TIME 

UP 

WATCHDOG - If this bit is set high, the watchdog circuit 
has detected a CPU failure. 

TEST MODE - When this bit is set high, the device is in the 
TEST MODE. 

FIRST-TIME UP - Power-on reset sets this bit high. This 
signifies that data in the RAM and Clock is not valid and 
should be initialized. 

INTERRUPT TRUE - A high in this bit signifies that one of 
the three interrupts (Power Sense, Alarm, and Clock) is 
valid. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X X 

X X 

X X 

D3 D2 D1 DO 

INTERRUPT POWER ALARM CLOCK 
TRUE SENSE INTERRUPT INTERRUPT 

INTERRUPT 

POWER-SENSE INTERRUPT - This bit set high signifies 
that the power-sense circuit has generated an interrupt. 

ALARM INTERRUPT - When the seconds, minutes and 
hours time and alarm counter are equal, this bit will be set 
high. Status Register must be read before Loading Interrupt 
Control Register for valid alarm indication after alarm 
activates. 

CLOCK INTERRUPT - A periodic interrupt will set this bit 
high. 

All bits are reset by a power-on reset except the "FIRST­
TIME UP" which is set. All bits except the power-sense bit 
are reset after a read of this register. 
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SERIAL PERIPHERAL INTERFACE (SPI) 

PIN SIGNAL DESCRIPTION 

SCK (Serial Clock Input)" - This input causes serial data to 
be latched from the MOSI input and shifted out on the MISO 
output. . 

MOSI (Maater Out/Slave In)" - Data bytes, are shifted in at 
this pin, most significant bit (MSB) first. 

MISO (Master In/Slave Out) - Data bytes are shifted out at 
this pin, most signficant bit (MSB) first. 

TRUTH TABLE 

MODE 

CE (Chip Enable)"" - A positive chip-enable input. A low 
level at this input holds the serial interface logic in a reset 
state, and disables the output driver at the MISO pin. 

• These inputs will retain their previous state ilthe line driving them 
goes into a High-Z state. 

•• The CE input has as internal pull-down device-if the input is in a 
low state before going to a High Z, the input can be left in a High Z. 

SIGNAL 

CE SCK* MOSI MISO 

DISABLED L INPUT INPUT HIGHZ 
RESET DISABLED DISABLED 

WRITE H CPOL = 1 J DATA BIT HIGHZ 

~ 
LATCH 

CPOL=O 

READ H CPOL = 1 '---- X NEXT DATA 

-.f 
BIT SHIFTED 

CPOL=O OUT to 

to MISO remains at a High Z until 8 bits of data are ready to be shifted out during a READ. It remains at a High Z during 
the entire WRITE cycle . 

• When interfaCing to COP68HC05 micracontrollers, serial clock phase bft, CPHA, must be set = 1 In the microcomputer's control register. 

FUNCTIONAL DESCRIPTION 

The Serial Peripheral Interface (SPI) utilized by the 
CDP68HC68T1 is a serial synchronous bus for address and 
data transfers. The clock, which is generated by the 
microcomputer, Is active only during address and data 
transfers. In systems using the CDP68HC05C4 or 
CDP68HC05D2, the inactive clock polarity is determined by 
the CPOL bit in the microcomputer's control register. A 
unique feature of the CDP68HC68T1 is that it automatically 
determines the level of the inactive clock by sampling SCK 
when CE becomes active (see Fig. 8). Input data (MOSI) is 
latched internally on the Internal Strobe edge and output 
data (MISO) is shifted out on the Shift edge, as defined by 
Fig. 8. There is one clock for each data bit transferred 
(address as well as data bits are transferred in groups of 8). 

{

E 

CPOL= I 

SCK 

CPOL.O{E 

SCK 

MOSL ____________ ~ 

NOTE: "CPOL" IS A BIT THAT IS SET IN THE 
MICROCOMPUTER'S CONTROL REGISTER 

92CS-37945 

Fig. 8 - Serial RAM clock (SCK) as a function of MCU clock 
polarity (CPOL). 
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ADDRESS AND DATA FORMAT 

There are three types of serial transfer. 

1. Address Control - Fig. 9 
2. READ or WRITE Data - Fig. 10 
3. Watchdog Reset (actually a non-transfer) - Fig. 11 

The Address/Control and Data bytes are shifted MSB first, 
Into the serial data Input (MOSI) and out of the serial data 
output (MISO). 

Any transfer of data requires an Address/Control byte to 
specify a Write or Read operation and to select a Clock or 
RAM location, followed by one or more bytes of data. 

Data is transferred out of MISO for a Read and into MOSI for 
a Write operation. 

ADDRESS/CONTROL BYTE - Fig. 9 

It is always the first byte received after CE goes true. To 
transmit a new address, CE mustfirst go false and then true 
again. Bit 5 is used to select between Clock and RAM 
locations. 

CE ~ 

MOSI ~ wiR A4 

* SCK CAN BE EITHER POLARITY. 

A3 

0-4 

5 

8 

7 

A2 

5 4 3 2 o 

I;~~I A4 I A3 I A2 I A1 I AO I 

AO-A4 

CLOCK/RAM 

Selects 5-Bit HEX Address of 
RAM or specifies Clock Register. 
Most Significant Address Bit. 

o 

W/R 

AI 

If equal to "1", AO through A4 
selects a Clock Register. 
If equal to "0", AO through A4 
selects one of 32 RAM locations. 
Must be set to "0" when not in 
Test Mode 
W/R = "1" initiates one or more 
WRITE cycles. 
W/R = "0", initiates one or more 
READ cycles. 

AO~ 

92CM-37946 

Fig. 9 - Address/Control byte-transfer waveforms. 

READ/WRITE DATA - (See Fig. 10) 

Read/Write data follows the Address/Control byte. 
BIT 7 6 5 4 3 2 1 0 

I 07 I 08 I 05 I 04 I 03 I 02 I 01 I DO I 

CE L 

MOS:t~ 07 06 05 04 D3 02 01 

MISO~ 07 06 05 04 03 02 01 OO~ 
* SCK CAN BE EITHER POLARITY 

92CM - 3794B 

FIg. 10 - Read/Write data-transfer wavaforms. 
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WATCHDOG RESET· (S .. Fig. 11) 

When watchdog operation is selected, CE must be toggled 
periodically or a CPU reset will be outputted. 

I SERVICE I SERVIC~ 
~TIME~TIME --. 

CE __ --In n : 
SCK------------------------------------

92CS~37947 

Fig. 11 - Watchdog operation waveforms. 

CE 

SCK I I I I I I I I 

ADDRESS AND DATA 

Data transfers can occur one byte at a time (Fig. 12) or In a 
multibyte burst mode (Fig. 13). After the Real-Time Clock is 
enabled, an Address/Control word Is sent to select the 
CLOCK or RAM and select the type of operation (i.e., Read 
or Write). For a single-byte Read or Write, one byte is 
transferred to or from the clock register or RAM location 
specified in the Address/Control byte and the Real-Time 
Clock is then disabled. Write cycle cal,Jses the latched clock 
register or RAM address to automatically increment. 
Incrementing continues after each transfer until the device 
is disabled. After incrementing to 1 FH the address will 
"wrap" to OOH and continue. Therefore, when the RAM Is 
selected the address will "wrap" to OOH and when the clock 
is selected the address will "wrap" 20H. 

L 
I I I I I I I I 

WRITE { MOSI~ , ...... :..Q.. ____ A __ DD_R_E_S_S_B_YT_E __ -'-____ W_R_I_T_E_o_A_TA ___ --'~ ........... ""-"""" ......... ""-"""" .... <J.. 

ADDRESS BYTE 

READ {MOSI 

MISO---------------~(~ ______ R_EA_o __ o_A~_~ _________ J)_____ 
Fig. 12 - Single-byte transfer waveforms. 92CM- 37949 

SCK 11III111 I II II I II 111111111: I111 11111 

WRITE {MOSI "'Wla'7"7""''T"-A-o-o-RE-S-S-BY-T-E-r-D-A-T-A-BY-T-E---r--O-AT-A-BY-T-E---;!:I:--o-AT-A-B-YT-E--'~r7':'f"?"~~ 
~? 

READ {MOSI .,...,....,....~...,.........A-ooRES-S BYT--E ~~~~I:?7?-:;~1 "7"7"7"7""7"7"7"77"7"777" 

r-------I. ,...-----,. • ,.-------,. 

MISO-------__ ~ 

{
ADDRESS 

wiR' ADDRESS ADDRESS 
ADDRESS 

Fig. 13 - Multiple-byte transfer waveforms. 
92CM-37950 
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DYNAMIC CHARACTERISTICS 

DYNAMIC ELECTRICAL CHARACTERISTICS-BUS TIMING Voo ± 10"1a, Vss = 0 V dc, TA = -40·C to +lS·C, 
Cl = 200 pF, Ie. Flgt. 14 and 15 

LIMITS (ALL TYPES) 

IDENT. NO. CHARACTERISTIC Voo = 3.3 V Voo = 5 V 

Min. Max. Min. Max. 

CD Chip Enable Set-Up Time tEvev 200 - 100 -

® Chip Enable After Clock Hold Time levEl( 250 - 125 -

0 Clock Width High tWH 400 - 200 -

CD Clock Width Low tWl 400 - 200 -

® Data In to Clock Set-Up Time tovev 200 - 100 -

CD Clock to Data Propagation Delay tevov - 200 - 100 

® Chip Disable to Output High Z texaz - 200 - 100 

® Output Rise Time t, - 200 - 100 

@ Output Fall Time t. - 200 - 100 

® Data In After Clock Hold Time levox 200 - 100 -

® Clock to Data Out Active tcVQX - 200 - 100 

© Clock Recovery Time tREe 200 - 200 -

DON }))))) ))) 

CE 

SCK 

92CM-37951Rr 

Fig. 14 - WRITE-cycle tIming waveforms. 
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MOSI -r1"'H'-tolII 

MISO --------t---------~----t_--------t_~~~--~ 

CE 

SCK 

AC 
LINE 

Fig. 15 - READ-cycle timing waveforms. 

SYSTEM DIAGRAMS 

I BRIDGE I 
I REGULATOR! 

¥ 
~ 

..., e-
VOO POR ~ VOO 

TNT rRQ 

VSYS ~ 

LINE COP 

:l 
rOOf 

68HCD502 
COP68HC68T1 

>-- VBATT CPUR RESET 
CE PORT 

SCK SCK 

Mosr Mosr 

MBO MISO 
XTAL IN 

~ 
92CM-37953R2 

Example of a system in which power is always on. Clock 
circuit driven by line input frequency. 

Fig. 16 - Power-on always system diagram. 
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l[J11 

ffi 
VeATT Voot VOO 

I POR 

VSYS 

INT r--::--r;-----:::<>---ifR"Q 
COP68HC68T1 VOD COP 

68HC05D2 
IIH 

CPUR 

ClK OUT 

1---4---_--..\ RESET 

r-------i OSC 1 

1---------1 PORT(e.g.PC 

r-------i MISO 
f---------lMOSI 

CE 

MISO 

VDO MOSI 

SCK f---------lSCK 

:iI'~CM-379 54 R2 

Example of a system in which the power is controlled by an 
external source. The liNE input pin can sense when the 
switch opens by use of the POWER-SENSE INTERRUPT. 
The CDP68HC68T1 crystal drives the clock input to the 
CPU using the ClK OUT pin. On power down when VSYS < 
VeATT + 0.7 V. VeATT will power the CDP68HC68T1. A 
threshold detect activates a p-channel switch, connecting 
VeATT to Voo. VeATT always supplies power to the oscillator, 
keeping voltage frequency variation to a minimum. 

Fig. 17 - Externally-controlled power system diagram. 

A Procedure for Power-Down Operation might consist of 
the following: 

1. Set power-sense operation by writing bit 5 high in the 
Interrupt Control Register. 

2. When an interrupt occurs, the CPU reads the status 
register to determine the interrupt source. 

3. Sensing a power failure, the CPU does the necessary 
housekeeping to prepare for shutdown. 

6-63 

4. The CPU reads the status register again after several 
milliseconds to determine validity of power failure. 

5. The CPU sets power-down bit 6 and disables all 
interrupts in the Interrupt Control Register when power 
down is verified. This causes the CPU reset and clock 
out to be held low and disconnects the serial interface. 

6. When power returns and Vsys rises above VeATT, power 
down is terminated. The CPU reset is released and 
serial communication is established. 

U)U) 
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20k 

Voe RTC 

CDP68HC6871 

Voo 

PSE 

XTAL 
CPiJR RESET 

Voo 

* 
COP 

68HC0502 

LINE INT IRQ 

elK OSC1 OUT 

eE PORT 

SPI SPI 
VSS VSS 

92CM-42210RI 

Fig. 18 - Example of a system with a battery back-up. 
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CDP68HC68T1 

CLOCK ENABLED POWER 
BUTTON .3l~ ..L-

A IGNITION 

, 
-" 'A~ 

t--@ 'r'" 
~ REG 

1 ~~ r-

r r---' I .~ "T 
~ > > 

LINE VOO VSYS VOO 
? ""'VSATT Lt < 

~ 
~ 

!ii-
-I-

POR 

-'V\,,, Y PSE 

XTAL 
2MHz = 

CPUR RESET 

T1 ~ 
eLK OUT • OSC1 

COP 
68HC05C4 

TNT :IRQ 

SP:I 3 SP:I 

CE PORT 
VSS Vss 

-b ."b. 
92Ch\-42211 

Example of an automotive system. The VSYs and LINE 
inputs can be used to sense the ignition turning on and off. 
An external switch is included to activate the system 
without turning on the ignition. Also, the CMOS CPU is not 
powered down with the system Voo, but is held in a low 
power reset mode during power down. When restoring 
power the CDP68HC68T1 will enable the ClK OUT pin and 
set the PSE and CPUR high. 

Fig. 19 - Automotive system diagram. 

IMPORTANT APPLICATION NOTE: 

Those units with a code of 6PG have delayed alarm interrupts 
of 8.3ms regardless of CDP68HC68T1's operating frequency. 
(See PIN FUNCTIONS, INT.) In addition, reading the status reg­
ister before delayed alarm activates will disable alarm signal. 
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;J)HARRIS CDP68HC68W1 
January 1991 CMOS Serial Digital Pulse Width Modulator 

Features 

• Programmable Frequency and Duty Cycle Output 

• Serial Bus Input; Compatible With Motorola/Harris SPI Bus, Simple Shift-
Register Type Interface 

• S Lead Mini DIP Package 

• Schmitt Trigger Clock Input 

• 4V to 6V Operation, -400 C to +S50 C Temperature Range 

• SMHz Clock Input Frequency 

Description 

The CDP68HC68W1 modulates a clock input to supply a variable frequency and 
duty-cycle output signal. Three 8-bit registers (pulse width, frequency and control) 
are accessed serially after power is applied to initialize device operation. The value 
in the pulse width register selects the high duration of the output period. The 
frequency register byte divides the clock input frequency and determines the overall 
output clock period. The input clock can be further divided by two or a 
low power mode may be selected by the lower two bits in the control register. A 
comparator circuit allows threshold control by setting the output low if the input at 
the VT pin rises above 0.75 volt. The CDP68HC68W1 is supplied in an 8 lead mini 
DIP plastic package (E suffix). 

Block Diagram 

FIGURE 1 

Copyright © Harris Corporation 1991 
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Pinout 

PACKAGE TYPE E 
TOP VIEW CLKG. Yoo 

CS 2 7 PWM 

VT :3 6 SCK 

Vss - 4 5 DATA 

92CS-41211 

CONTROL REGISTER 
2- STAGE S H I FT 

LOAD 

92CL-41213 

File Number 1919.1 



CDP68HC68W7 

Maximum Ratings Absolute Maximum Values 

DC Supply Voltage Range, (VDD) ..•....••..••••..• -0.5V to + 7V 
(Voltage Referenced to VSS Terminal) 

Input Voltage Range, All Inputs •••.•••..••..• -0.5V to VDD +0.5V 
DC Input Current, Any One Input. .....•.••...•.•..•....• ±1 OmA 
Power Dissipation Per Package (Po) 
T A = -400C to +600C (Package Type E) .............. 500mW 
T A = +600 C to +850 C (Package Type E) ...••. Derate Linearly at 

12mW/OC to 200mW 

Device Dissipation Per Output Transistor . • . • . . • . . • . • • •• 100mW 
TA = Full Package Temperature Range (All Package Types) 

Operating Temperature Range (T A) ......•.••.• -400C to +850C 
Storage Temperature Range (TSTG) .....•.... -650 C to +1500 C 
Lead Temperature (During Soldering) ..•.....••........ +2650C 
At Distance 1/16 ± 1/32 In. (1.59 ± 0.79mm) From Case for 
10s Max 

Recommended Operating Conditions TA = -400C to +850 C. For maximum reliability, device should always be 
operated within the following ranges: 

LIMITS 

CHARACTERISTIC SYMBOL MIN. MAX. UNITS 

DC Operating Voltage Range - 4 6 V 

Input Voltage Range (Except VT Pin) VIH 0.7VDD VDD+O.3V V 
VIL -0.3 0.3VDD 

VT Pin Output Voltage Threshold VIT 0.4 0.15VDD V 

Serial Clock Frequency, SCK (VDD = 4.5V) FSCK DC 2.1 MHz 

Clock Frequency FCLK DC 8 MHz 

Static Electrical Characteristic TA = -400 C to +850 C, Voo = 5V ± 10% 

LIMITS 

CHARACTERISTIC SYMBOL MIN. MAX. UNITS 

Device Current in "Power Down" Mode, Clock Disabled IpD - 1 iJf\ 
Low Level Output Voltage (IOL = 1.6mA) VOL - 0.4 V 

High Level Output Voltage (lOH = -1.6mA) VOH VDD-O.4V - V 

Input Leakage Current liN - ±1 iJf\ 
Operating Device Current (fCLK = 1 MHz) IOPER - 1 mA 

Clock Input Capacitance (VIN = OV, fCLK = 1 MHz, TA = +250C CIN - 10 pF 

Pin Signal Functions 

PIN PIN PIN 
NO. SIGNAL FUNCTION 

PIN1: CLK (INPUT)" CLOCK - The clock signal to be altered by the PWM circuitry. This is the source of the PWM output 
This input frequency can be internally divided by either one or two, depending on the state of the CD bit 
in the control register. 

PIN2: CS (INOUT) CHIP SELECT - A high-to-Iow (1 to 0) transition selects the chip. A low-ta-high (0 to 1) transition 
deselects the chip and transfers data from the shift registers to the data registers. 

PIN3: VT (INPUT) VOLTAGE THRESHOLD - An analog voltage greater than 0.75V (at VDD = 5V) on this pin will immedi-
ately cause the PWM output to go to logic "0". This will be the status until the VT input is returned to a 
voltage below O.4V, the W1 is deselected, and then one or more of the data registers is written to. 

An analog voltage on this pin less than 0.75V (atVDD = 5V) will allow the device to operate as specified 
by the values in the registers. 

PIN4: VSS (POWER) GROUND - Establishes the low (logic 0) voltage level. 

PIN 5: DATA (INPUT) Data input at this pin is clocked into the shift register (i.e., latched) on the rising edge of the serial clock 
(SCK), most significant bits first. 

PIN6: SCK (INPUT) SERIAL CLOCK - A rising edge on this pin will shift data available at the (DATA) pin into the shift register. 

PIN 7: PWM (OUTPUT) This pin provides the resultant output frequency and pulse width. After VDD power up, the output on 
this pin will remain a logic "0", until the chip is selected, 24 bits of information clocked in, and the chip 
deselected. 

PIN8: VDD (POWER) Establishes the high (logic 1) voltage level. 

*Schmitt trigger input. 
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Functional Description 
Introduction 

The digital pulse width modular (DPWM) divides down a 
clock signal supplied via ClK Pin 1 as specified by its 
control, frequency and pulse width data registers. The 
resultant output signal, with altered frequency and duty 
cycle, appears at PWM Pin 7. 

Serial Port 

Data are entered into the three DPWM registers serially 
through the data pin, Pin 5, accompanied by a signal 
applied to SCK Pin 6. The user can supply these serial data 
via shift register(s) or a microcomputer's serial port, such as 
the SPI port available on most 68HC05 microcomputers. 
Microcomputer I/O lines can also be used to simulate a 
serial port. 

Data are written serially, most significant bit first, in 8, 16, or 
24-bit increments. Data are sampled and shifted into the 
PWMs shift register on each riSing edge of the SCK. The 
serial clock should remain low when inactive. Therefore, 
when using a 68HC05 microcomputer's SPI port to provide 
data, program the microcomputer's SPI control register bits 
CPOl, CPHA to 0, O. 

The CDP68HC68W1 latches data words after device 
deselection. Therefore, CS must go high (inactive) following 
each write to the W1. 

Power-Up Initialization 

Upon VDD power up, the output of the PWM chip will 
remain at a low level (logic zero) until: 

1. The chip is selected (CS pin pulled low). 

2. 24 bit of information are shifted in. 

3. The chip is deselected (CS pin pulled high). 

The 24-bits of necessary information pertain to the loading 
of the three PWM 8-bit registers, in the following order: 

1. Control register 

2. Frequency register 

3. Pulse width register 

See section entitled "Pulse Width Modulator Data 
Registers" for a description of each register. Once 
initialized, the specified PWM output signal will appear until 
the device is reprogrammed or the voltage on the VT pin 
rises above the specified threshold. Reprogramming the 
device will update the PWM output after the end of the 
present output clock period. 

Reprogramming Shortcuts 

After the device has been fully programmed upon power up, 
it is only necessary to input 8 bits of information to alter the 
output pulse width, or 16 bits to alter the output frequency. 

Altering the Pulse Width: The pulse width may be 
changed by selecting the chip, inputting 8 bits,. and 

. deselecting the chip. By deselecting the chip, data from the 
first 8-bit shift register are latched into the pulse width 
register (PWM register). The frequency and control registers 
remain unchanged. The updated PWM information will 

appear at the output only after the end of the previous total 
output period. 

Altering the Frequency: The frequency can be changed 
by selecting the chip, Inputting 16-bits (frequency informa­
tion followed by pulse width information), and deselecting 
the chip. Deselection will transfer 16 bits of data from the 
shift register into the frequency register and PW register. 
The updated frequency and PW information will appear at 
the PWM output pin only after the end of the previous total 
output period. 

Altering the Control Word: Changing the clock divider 
and/or power control bit in the CDP68HC68W1 control reg­
ister requires full 24-bit programming, as described under 
Power Up Initialization. 

Pulse Width Modulator Data Registers 

Control Register r---------------, I x x x x x x PC col 
Bit 7 6 5 4 3 2 o 
X = Don't Care 

Byte One: 

Bits 7-2 

Bit 1 (PC) 

Bito(CD) 

Byte Two: 

Bits 7-0 
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Control Register 

These bits are don't care. 

Power Control Bit. If this bit is a "0", the chip 
will remain in the active state. If the bit is set 
to a "1 ", internal clocking and the voltage 
comparator (VT) circuit and voltage refer­
ence will be disabled. Thus the chip will 
enter a low current drain mode. The chip may 
only reenter the active mode by clearing 
this bit and clocking in a full 24 bits of 
information. 

Clock Divider Bit. If this bit is a "0", the chip 
will set internal clocking (ClK) at a divide­
by-one rate with respect to the (ClK). If this 
bit is set to "1 ", the internal clocking will be 
set to a divide-by-2 state. 

Frequency Data Register 

This register contains the value that will 
determine the output frequency or total 
period by: 

(N+1)(CD+1) 

Where FOUT = resultant PWM output 
frequency 

FIN" the frequency of input ClK 

n .. value in frequency register 

CD = value of clock divider bit in 
control register 

For a case of n (binary value in frequency 
register) equal to 5, and CD (clock divider) = 
o (divide-by~1), the PWM output will be a 
frequency 1/6 that of the input clock (ClK). 
Likewise, the output clock period will be 
equal to 6 input ClK periods. 
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Byte Three: Pulse Width Data Register OR: To then alter the frequency (and possibly PW): 

Bits 7-0 This register contains the value that will 
determine the pulse width or duty cycle (high 
duration) of the output PWM waveform. 

PW = (N+1) (CD +1) 

Where PW = Pulse width out as mea­
sured in number of Input 
ClK periods. 

CD = Value of clock divider bit in 
control register. 

N = Value in PW register. 

For a case of n (binary value in PW register) 
equal to 3 and CD (clock divider) = 0 
(divide-by-1), the output will be 4 Input clock 
periods of a high level followed by the 
remaining clocks of the total period which 
will be a low level. 

Assuming the frequency register contains a 
value of 5, the resultant PWM output would 
be high for 4 ClK periods, low for 2. 

1. Select chip 
2. Write to frequency register* 
3. Write to pulse width register* 
4. Deselect chip 

* All writes use a-bit words 

CDP68HC68W1 Registers 

1. Control Register: 
- Bit 0 = ClK + 2 if set ("CD bit") 
- Bit 1 = Power down if set 

2. Frequency Register: 
- A value of N written to the frequency register yields an 

output frequency of: 

ClK Frequency 
Frequency Output = (N+1) (CD+1) 

3. Pulse Width Register: 
- Determines duty cycle (high duration) of PWM output 

signal. A value of N written to the PW register yields a 
pulse width of: 

Using the CDP68HC68W1 (Summary) Pulse Width = (N+1) (CD+1) 

Programming the CDP68HC68W1 

1. Select chip 
2. Write to control register* 
3. Write to frequency register* 
4. Write to pulse width register* 
5. Deselect chip 

NEXT: To then alter the pulse width: 

1. Select chip 
2. Write to pulse width register* 
3. Deselect chip 

EXAMPLE: when CD = 0, 
frequency register = 4, pulse width 
register' = 1; output = high for 2 input ClK 
periods, low for 3: 

1. Select chip 
2. Then write (most significant bit first) to the 

control, the frequency, and pulse width regi­
sters (control = 00, frequency = 04, PW = 1) 

3. Deselect the chip 

~ (~)~~-----------------------------------------------------

SERIAL elK (SCK) 

DATA 

elK =0 
PWM·OUT=O 

I 
I 

DON'T 
CARE 
= • 

I 
I 

DON'T 
CARE 
= • 

DON'T DON'T DON'T 
CARE CARE CARE 
= • = • = • 

DON'T POWER CLOCK BIT BIT BIT BIT 
CARE CONT DIVIDE 7 • 5 • = • = • = • =0 =0 = • = • 

(~)------------------------------------------------~ 

seK 

DATA 

elK 

PWM-QUT 
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New pulse width out begins and PWM goes high when CS 
is raised after last SCK pulse (assuming no previous time­
,out). PWM then toggles on falling ClK edges. 

Resulting output waveform: Control : 00 : Divide-by-1, 
frequency: 4: 

CLK 

Frequency: 

I 
'----~·I 

TOTAL OUTPUT PERIOD = 
5 X (iNPlIT CLOCK PERIOD) 

Serial Peripheral Interface (SPI) Timing 

CS 
(INPUT) 

SCK 
(INPUn -+----''1''1 

INPClK INPClK 
: ---

(04+1){0+1) 5 

PW: 1: (1+1) (0+1): 2 ClKs high time 

INPlIT 
CLOCK(ClK) 

r OUTPUT 
\'-___ ..J, (PWM) 

Timing Characteristics VDD : 5.0 VDC ±10%', VSS: 0 VDC, TA: -400 C to +850 C 

LIMITS 

I.D.NO. CHARACTERISTICS MIN. MAX. UNITS 

Serial Clock Frequency, fSCK DC 2.1 MHz 

1 Cycle Time 480 - ns 

2 Enable Lead Time 240 - ns 

3 Enable Lag Time - 200 ns 

4 Serial Clock (SCK) High Time 190 - ns 

5 Serial Clock (SCK) Low Time 190 - ns 

6 Oata Setup Time 100 - ns 

7 Data Hold Time 100 - ns 

8 Fall Time (70% VDO to 20% VOO, CL = 200pF) - 100 ns 

9 Rise Time (20% VDO to 70% VOO, CL = 200pF) - 100 ns 
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PWM Timing 

CLK 

PWM------' 

Timing Characteristics VDD = 5.0 VDC ±10%, VSS = 0 VDC, TA = -400 C to +850 C 

LIMITS 

I.D.NO. CHARACTERISTICS MIN. MAX. UNITS 

Clock Frequency, fCLK DC 8.0 MHz 

1 Cycle Time 125 - ns 

2 Clock to PWM Out - 125 ns 

3 Clock High Time 50 - ns 

4 Clock Low Time 50 - ns 

5 Rise Time (20% VDD to 70% VDD) - 100 ns 

6 Fall time (70% VDD to 20% VDD) - 100 ns 

CDP68HC68Wl Application Example 

The following example was written for a system which has 
the CDP68HC68W1 connected to the SPI bus of a 
CDP68HC05C4 microcontroller. The program sets the Wi 
to run a divide by 200 frequency with a duty cycle of 30% by 
writing to the Control Register, the Frequency Data 

Register, and the Pulse Width Data Register. The frequency 
and pulse width are then modified. Finally the pulse width is 
modified without changing the frequency. The program was 
assembled using the Harris HASM5 assembler. 

0000 

0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 

0008 

OOOA 
0040= 64 
0010= 16 
OOOB 
0080= 128 
0007= 7 
OOOC 

*************************************************************************** 
* File: 

* Date: 

W1.S 
Example Wi routines - sets Wi to a divide by 
200 output with 30% duty cycle 

Tue 09-25-1990 
*************************************************************************** 
*************************************************************************** 

Partial Map of 68HC05C4 Hardware Registers 
*************************************************************************** 

PortA 
PortB 
PortC 
PortD 
DDRA 
DDRB 
DDRC 
DDRD 

_Free1 

SPCR 
_SPE 
_MSTR 
SPSR 
_SPIF 
_SPIF 
SPDR 

Section 

ds 
ds 
ds 
ds 
ds 
ds 
ds 
ds 

ds 

ds 
equ 
equ 
ds 
equ 
equ 
ds 

Registers,$OOOO 

;PortA 

2 

1 
01000000b 
00010000b 
1 
10000000b 
7 
1 
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;Port A Data Direction Register 

;two unused locations 

;SPI Control Register 
;SPI Enable bit 
;SPI Master Mode bit 
;SPI Status Register 
;SPI Flag bit for ANDs, CMPs, etc. 
;SPI Flag bit for BRSETs & BRCLRs 
;SPI Data Register 

en en ;:)-J 
CO< 
-Ja: <w 
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a: a.. w_ 
en a: 
-w 5ia.. 



0000= 

0002= 
0001 = 

0100 

o 
2 

CDP68HC68W1 

*********************************************************.* ••• **.* ••• **.*.* 
W1 Constants 

***.*** ••• *.****.**.*.******.***.**.***.** •• **.*.*******.***.****.********* 
equ 

equ 
equ 

o 
00000010b 
00000001b 

;W1 is connected to bit 0 of Port A 

;Power Control: 1 = power down 
;Clock Divider: 1 = divide by 2 

********************************************************* ••••• ** •• *.*.***** 
* Main Routines 
********************************************************.*****.* •••• ** •• * •• 

Section Code,$0100 

0100 CD0143 main jsr ;turn on PAO 

0103 1100 
0105 CD0138 

0108 A601 
010A CD013D 
010D A663 
010F CD013D 
0112 A61D 
0114 CD013D 

0117 1000 

0119 1100 
011B CD0138 

011E A631 
0120 CD013D 
0123 A609 
0125 CD013D 

0128 1000 

012A 1100 
012C CD0138 

012F A611 
0131 CD013D 

0134 1000 

0136 20FE 

bclr 
jsr 

Set200_30 
W1,PortA 
Set_W1_SPI_Mode 

;select W1 (CE is active low) 
;Setup the 68HC05 SPI control... 
;to talk to the W1 

*********************Set Up Control, Frequency, and Pulse Width 
SendAIiCommands 

Ida #W1_CD 
jsr SPI_xmit 
Ida #99 
jsr SPI_xmit 
Ida #29 
jsr SPI_xmit 

DeselectW1_1 
bset W1,PortA 

;set divide by two clock on W1 

;setfrequencyto divide by 200 

;set pulse width to 30% duty cycle 

;deselectthe W1 which loads registers 
;with values transmitted 

;do something else, then .... 

********************* Modify Frequency and Pulse Width 
ChangeFreq_and_ Width 

bclr W1,PortA 
jsr SeLW1_SPI_Mode 

SendCommands2 
Ida #49 
jsr SPI_xmit 
Ida #9 
jsr SPI_xmit 

DesalectW1_2 
bsat W1,PortA 

*********************Modify Pulse Width 
ChangeWidth 

bclr 
jsr 

SendCommands3 

W1,PortA 
SeLW1_SPLMode 

Ida #17 
jsr SPI_xmit 

DeselectW1_3 
bset W1,PortA 

Finis 
bra 
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;selact W1 (CE is active low) 
;Setup the 68HC05 SPI control... 
;to talk to the W1 

;set frequency to divide by 100 (the 
;divide by 2 is stili in effect) 
;set pulse width to 20% duty cycle 

;deselect the W1 which loads registers 
;with values transmitted 

;do something else, then ... 

;select W1 (CE is active low) 
;Setup the 68HC05 SPI control... 
;to talk to the W1 

;set pulse width to 38% duty cycle 

;deselectthe W1 which loads registers 
;with values transmitted 

;loOp forever 



0138 

0138 A650 
013A B70A 
013C 81 

013D B70C 

013F OFOBFD 
0142 81 

0143 1000 
0145 1004 
0147 81 

CDP68HC68W1 

*************************************************************************** .. Common Subroutines 
*************************************************************************** 

Section Subroutines," 

SeLW1_SPLMode 
Ida #_SPE+_MSTR 
sta SPCR 
rts 

SPLXmit 

;Enable SPI as a Master with ... 
;CPHA=CPOL=O, 

sta SPDR ;send A to SPI device 
SPI_wait 

brclr 
rts 

Inltlalize_W1 
bset 
bset 
rts 

__ SPIF, SPSR, SPI_wait ;wait until transmit complete 

W1,PortA 
W1,DDRA 
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;disable the W1 (CE Is active low) 
;byactivating PAO as a high 





CDP680 7 
PACKAGING INFORMATION 

PAGE 

OPERATING AND HANDLING CONSIDERATIONS. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 7-3 

CMOS INTEGRATED CiRCUiTS............................................................ 7-3 

GENERAL CONSIDERATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-3 

CMOS DESIGN CONSiDERATIONS......................................................... 7-5 

OPERATING RULES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-7 

HANDLING RULES...... .. .. ......... .. ....... .. ...... ................. .. . ... . . .. . .. .. .. 7-7 

CDP6805 PACKAGE SELECTION GUIDE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8 

DUAL-IN-LiNE PLASTIC PACKAGES (PDIP) ...................................... " . . . . . . . . .. .. 7-9 

SMALL OUTLINE PLASTIC PACKAGES (SOIC) . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 7-13 

PLASTIC LEADED CHIP CARRIER PACKAGES (PLCC) . . . .. . . . .. . . . .. . . . .. . . . . . . . . .. . . . . . . . . . . . . 7-15 

METRIC PLASTIC QUAD FLATPACK PACKAGES (MQFP) . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 7-16 

CERAMIC DUAL-IN-LiNE METAL SEAL PACKAGES (SBDIP). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-17 

7-1 





Operating And Handling Considerations 

CMOS Integrated Circuits 
This is a summary of Important operating recommendations 
and precautions which should be followed in the interest of 
maintaining the high standards of performance of solid 
state devices. 

The design flexibility provided by these devices makes pos­
sible their use in a broad range of applications and under 
many different operating conditions. When incorporating 
these devices in equipment, therefore, designers should 
anticipate the rare possibility of device failure and make 
certain that no safety hazard would result from such an oc­
currence. 

Absolute Maximum Ratings 

The published ratings of the devices are based on the Abso­
lute Maximum Rating System, which is defined by the 
following industry standard (JEDEC) statement: 

Absolute Maximum Ratings are limiting values of operating 
and environmental conditions applicable to any electron 
device of a specified type as defined by its published data, 
and should not be exceeded under the worst probable con­
ditions. 

The device manufacturer chooses these values to 
provide acceptable serviceability of the device, taking no 
responsibility for equipment variations, environmental varia­
tions, and the effects of changes in operating conditions 
due to variations in device characteristics. 

The equipment manufacturer should design so that initially 
and throughout life no absolute maximum value for the 
intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply 
voltage variation, equipment component variation, equip­
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in device charac­
teristics. 

It is recommended that equipment manufacturers consult 
their local Sales Office whenever device applications in­
volve unusual electrical, mechanical or environmental oper­
ating conditions. 

General Considerations 
In general, with any application where devices are 
operated at voltages which may be dangerous to personnel, 
suitable precautionary measures should be taken to prevent 
direct contact with these devices. 

The metal shells of some solid state devices such as the 
TO-5 style package often used for integrated circuits usual­
ly has the substrate or most negative supply voltage 
connected to the case. Therefore, consideration should be 
given to the possibility of shock hazard if the shells are to 
operate at voltages appreciably above or below ground 
potential. 

Devices should not be connected into or disconnected from 
circuits with the power on because high transient voltages 
may cause permanent damage to the devices. 

In common with many electronic components, solid state 
devices should be operated and tested in circuits which 
have reasonable values of current limiting resistance, or 

Eccosorb'" is a trademark of Emerson and Cumming, Inc. 

other forms of effective current overload protection. Failure 
to observe these precautions can cause excessive internal 
heating of the device and result in destruction and/or possi­
ble shattering of the enclosure. 

The small size of most solid state products provides obvi­
ous advantages to the designers of electronic equipment. 
However, it should be recognized that these compact 
devices usually provide only relatively small insulation area 
between adjacent leads and the device package. When 
these devices are used in moist or contaminated atmos­
pheres, therefore, supplemental protection must be provid­
ed to prevent the development of electrical conductive 
paths across the relatively small insulating surfaces. 

Thermal Considerations 

The maximum allowable power dissipation in a solid state 
device is limited by the junction temperature. An important 
factor in assuring that the junction temperature remains 
below the specified maximum value is the ability of the 
associated thermal circuit to conduct heat away from the 
device. 

When a solid state device is operated in free air, without a 
heat sink, the steady state thermal circuit is defined by the 
junction-to-free air thermal resistance given in the pub­
lished data for the device. Thermal considerations require 
that a free flow of air around the device is always present 
and that the power dissipation be maintained below the lev­
el which would cause the junction temperature to rise above 
the maximum rating at the worst case ambient temperature. 

Electrostatic Voltage Discharge Considerations 

Electrostatic voltage discharge of sufficient energy can 
damage any solid state device. These electrical potentials 
can be significantly reduced during handling or testing by 
following industry accepted practices which include: 

• Properly grounded equipment, workstations, 
operators and handlers 

• The use of air ionizers 
• Control of ambient humidity 
• Device storage and transportation in a charge 

dissipative medium such as 'Eccosorb- LD26' or 
equivalent 

Mounting 

Integrated circuits are normally supplied with tin/lead 
dipped leads to facilitate soldering into circuit boards. 

When integrated circuits are welded onto printed circuit 
boards or equipment, the presence of moisture between the 
closely spaced terminals can result in conductive paths that 
may impair device performance in high impedance applica­
tions. It is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and 
clamped between the bend and the package seal, and that 
bending be done with care to avoid damage to lead plating. 
In no case should the radius of the bend be less than the 
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diameter of the lead, or in the case of rectangular leads, 
such as those used in the 14 lead and 16 lead flat pack­
ages, less than the lead thickness. When solder dipped 
leads are formed, they must be reflowed or redipped within 
40 mils of the package body. It Is also extremely Important 
that the ends of the bent leads be straight to assure proper 
Insertion through the holes in the printed circuit board. 

Many semiconductor products are available in surface 
mounted packages which enable the user to mount these 
devices directly on the surface of a circuit board. Unlike 
conventional dual-in-line (DIP) leaded packages which 
require through holes for insertion, surface mounted pack­
ages are soldered to a series of pads on a circuit board 
using a variety of acceptable techniques such as vapor 
phase or Infrared reflow. This series of pads, commonly 
called a footprint, matches the lead or contact outline of the 
package(s) being used. 

Recommended Lead Forming Practices 

DIC Packages 

The leads on dual-in-line CERDIP or dual-in-line 
Sidebrazed packages are not intended to be bent or 
formed. No further lead forming is recommended. 

Flat Packages 
Many flat packages, including some quad flat packages, are 
provided to users with the leads in a horizontal plane. 

Since users form leads into many configurations, these rela­
tively thin leaded devices require a certain amount of care to 
avoid any handling which would affect the suitability of 
these leads. 

Taking guidance from Mil-Std-4544, the following is 
recommended when bending leads: 

a. The bend radius must exceed twice the lead thickness 

b. Always start the bending 0.015 inches or more away 
from the device body to protect body-to-Iead adher­
ence, and body hermeticity 

c. Bend leads 85 degrees maximum to provide a strong 
fixed position condition 

d. Use roller type die when forming gold plated leads to 
minimize surface scouring 

e. Provide a minimum surface contact length of 2 times the 
lead width 

f. Leads should be cleaned of any bending tool lubricants 
to enhance solderability 

Cleaning After Mounting 

A wide variety of chemicals and solvents is available for 
fluxing, degreaslng, and flux removal. Care must be 
exercised In the selection of materials, such that from a reli­
ability standpoint, there is no adverse effect on component 
life. A major contributor affecting device reliability is the 
chemical reaction of chloride with the alumInum 
metallization of the die. Eventually this etching process will 
result In electrical open circuits. The mechanism is defined 
as Electrolytic Metal Attack (EMA) and is accelerated In a 
moisture environment. Cleaning and fluxing compounds 
free of chloride will therefore maximize device life. Chloride 
Is defined as the dissociated ion, which is soluable In water, 
as contrasted to the water insoluble organic chlorine of 

compounds such as perchloroethylene and trichloroethane. 
It is, of course, impractical to evaluate the long term effect 
on semiconductor life of all chemicals which are marketed 
under a variety of brand names. 

The choice of fluxes for electronic applications should be 
restricted to rosin types R, RMA, RA and water soluble or­
ganic acid, OA, formulations. Inorganic acid fluxes should 
not be used as they can attack the internal metallization of 
the semiconductor. As stated above, it is further 
recommended, where applicable, that non halide type fluxes 
be used for improved device reliability. Some examples of 
acceptable fluxes are: 

A. Rosin Types (RA): 
- Alpha 711 
- Alpha 809 foam flux 
- Alpha 8111 foam flux 
- Alpha 815 foam flux 
- Alpha TL33M halide free 

B. Water Soluable Organic Acid (OA) Types, Halide Free: 
- Blackstone 1452 
- Kenco 183 
- Alpha 260HF and 265HF 

Since circuit boards can fall into several categories, such as 
single sided, double sided with plated through holes and 
densely populated multilayer types, it must be stressed that 
the manufacturer's recommendation be considered when 
choosing the proper flux for the process being used. 

Flux clean ing and/or degreasing is necessary to assure that 
the final soldered assembly is free of contaminating solis. 
The choice of the cleaning system Is relative to the soli be­
Ing removed. Water based cleaners are generally used to 
remove polar soils, such as rosin activators, organic acid 
residues, and finger salts. Solvent cleaners are chosen for 
removal or organic (nonpolar) contaminants, which include 
rosins, oils and greases. Cleaning methods can incorporate 
Immersion (with or without ultrasonics), brushing and spray­
ing. The choice of cleaner should be based on affinity for the 
contaminant, ability to thoroughly wet parts, and compatibil­
ity with components. It should also be safe to use. 

Solvent cleaners are generally divided into two classes: 
chlorinated and fluorinated. These can be used for cleaning 
rosin activated (RA) fluxes: The chlorinated solvents are 
more aggressive and care must be taken to assure there is 
no damage to components or substrate. This type solvent 
should not be used with Silicon encapsulated transistors as 
the solvent will tend to dissolve the plastic. The use of chlo­
rinated solvents must be closely monitored because of a 
breakdown to form acid components in the presence of 
moisture. The solvent should be checked regularly and diS­
carded when acid levels exceed manufacturer's guidelines. 
Fluorinated solvents are normally blends of 
trifluorotrlchloroethane with other solvents, such as rnetha­
nol, ethanol, isopropanol, acetone, methylene chloride, or 
chloroform. These solvents can be purchased under trade 
names as Freon TE, TE35, TP35, Frigen 113 TR-M, Haltron 
113 MOM and Flugene 113 MA. Fluorinated systems are 
milder acting and are used in vapor degreaslng systems at 
the bOiling point of the solvent mixture. 
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Operating and Handling Considerations 

The solvents may be used for a maximum of 4 hours at 
+2SoC or for a maximum of 1 hour at +SooC. 

Rosin fluxes can be removed by either solvent or aqueous 
cleaners. The water systems contain an additive that reacts 
with the rosin acids to convert the acids to a water soluable 
biodegradable soap. Water soluble organic acid fluxes may 
require the use of a neutralizer to accerate the solubility of 
the acid residues and neutralize any residues that may 
remain. Alcohols are acceptable solvents for rosin based 
flux removal; but because of flammability concerns, the 
fluorinated alcohol blends are preferred. Examples of suita­
ble alcohols are methanol, isopropanol and special 
denatured ethyl alcohols, such as SDA 1, SDA30, SDA34 
and SDA44. 

If the completed assembly is to be encapsulated, the effect 
on the molded plastic transistor must be studied from both a 
chemical and physical standpoint. 

CMOS Design Considerations 
ESD (Electrostatic Discharge) 

Since the introduction of MOS, manufacturers have 
searched for effective and safe ways of handling this volt­
age sensitive device. High input impedance of CMOS, 
coupled witl:1 gate oxide breakdown characteristics, result 
in susceptibility to electrostatic charge damage. 

Figure 1 shows a cross section ofa silicon gate MOS struc­
ture. Note the very thin oxide layer ('" 300 to SOOA) present 
under the gate material. Actual breakdown voltage for this 
insulating layer ranges from 30V to SOV. 

Handling equipment and personnel, by simply moving, can 
generate in excess of 10kV of static potential in a low hu­
midity environment. Thus, static voltages, in magnitudes 
sufficient to damage delicate MOS input gate structures, 
are generated in most handling environments. 

A failure occurs when a voltage of sufficient magnitude is 
applied across the gate oxide causing it to breakdown and 
destruct. Molten material then flows Into the void creating a 
short from the gate to the underlying silicon. Such shorts 
occur either at a discontinuity in doping concentration, or at 
a defect site in the thin oxide. If no problems appear In the 
oxide, breakdown would most likely occur at gate/source, 
or gate/drain intersection coincidence due to the doping 
concentration gradient. 

Noncatastrophic degradation may result due to 
overstressing a CMOS input. Sometimes an input may be 

SOURCE METAl DRAIN METAL 

FIGURE 1. SILICON GATE PFET STRUCTURE CROSS SECTION 
THE HEAVILY DOPED SOURCE AND DRAIN REGION IS 
SHOWN. THEY ARE SEPARATED BY A NARROW GAP OVER 

WHICH LIES A THIN GATE OXIDE AND GATE MATERIAL • 
• , A (Angstrom - , 0-8 em) 

damaged, but not shorted. Most of these failures relate to 
damage of the protection network, not the gate, and show 
up as Increased input leakage. 

Voltage Limiting Input Protection 

During the evolution of monolithic MOS, manufacturers de­
veloped various protection mechanisms that are an integral 
part of the circuit. However, several of these earlier tech­
niques have been replaced by improved methods now in 
use. The object of most of these schemes is to prevent dam­
age to input gate structures by limiting applied voltages. 

Recent CMOS designs employ a dual diode concept in their 
input protection networks. Figure 2 lIIustrates such a pro­
tection circuit. 

One characteristic of junction isolated CMOS protection cir­
cuits is the'" 2000 current limiting resistor. Cross sectional 
area of the metallization leading to the resistor, and the area 
of the resistor are, therefore, designed to absorb discharge 
energy without sustaining permanent damage. This dual di­
ode protection has proved very effective and is the most 
commonly used method in production today. 

Harris Input Gate Protection 

To protect input device gates against destructive overstress 
by static electricity accumulating during handling and inser­
tion of CMOS products, circuit protection Is provided on all 
inputs. The general configuration of this protection circuit Is 
shown in Figure 2. 

Both diodes to the VDD and VSS lines have breakdown volt­
ages averaging between 3SV and 40V. Excessive static 
charge accumulated on the input pin is thus effectively 
discharged through these diodes which limit the voltage 
applied from gate to drain and source. The 2000 resistor 

~ 200A 
POLYSIUCON 

RESISTOR 

200A 
tNPUT o---'\II/Ir--+--+ 

TO 

FIGURE 2. JUNCTION ISOLATED DUAL DIODE PROTECTION 
NETWORKS ARE MOST COMMONLY USED IN 
TODAY'S CMOS CIRCUITS 

NOTE: For CMOS. Voo is most positive; VSS is most negative 
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Operating and Handling Considerations 

provides current limiting during discharge. Depending on 
the polarity of the input static ~harge and on which of the 
supply pins are grounded, the protective diodes may either 
conduct in the forward direction or breakdown in the 
reverse direction. 

There are two trade-offs to consider when fabricating an 
input protection scheme, namely effectiveness of the 
overvoltage protection and performance of the overall cir­
cuit. It is obvious that increasing the series resistance and 
capacitance at an input limits current and this, in turn, 
increases the input protection's ability to absorb the shock 
of a static discharge. However, such an approach to protec­
tion can have a significant effect on circuit speed and input 
leakage. The input protection selected must therefore 
provide a useful performance level and adequate static 
charge protection. 

Commonly used MOS input protection circuits all have 
basic characteristics that limit their effectiveness. The zener 
diodes, or forward biased pn junctions, employed have 
finite turn on times too long to be effective for fast rise time 
conditions. A static discharge of 1.5kV into a MOS input 
may bring the gate past its breakdown level before the pro­
tection diodes or zener becomes conductive. 

Actual turn on times of zeners and pn diodes are difficult to 
determine. It is estimated that they are a few nanoseconds 
and a few tens of picoseconds, respectively. A low imped­
ance static source can easily produce rise times equal to or 
faster than thes'e turn on times. Obviously, the input time 
constant required to delay buildup of voltage at the gate 
must be much higher for zener diodes or other schemes 
having longer turn on times. 

Consider an example. Figure 3 shows a test circuit that sim­
ulates the discharge of a 1.5kV static charge into a CMOS 
input. Body capacitance and resistance of the average per­
son is represented by a 100pF capacitor through 1.5kO. 
Switch A is initially closed, charging 100pF to 1.5kV with 
switch B open. Switch A is opened, then B is closed, start­
ing the discharge. With the 1.5kO x 5pF time constant to 
limit the charge rate at the OUT input, it would take approxi­
mately 350ps to charge to 70V above VDD. Diode turn on 
time is much shorter than 350ps, hence the gate node 
would be clamped before any damage could be sustained. 

200.n. 1.Sk.o. I 
1.SkVO-O-;;~O-O I 

I 100PF : 

Vss I 
I 

SpF 

Vss 
DEVICE UNDER TEST (DUT) TEST SETUP 

4pF 

FIGURE 3. INPUT PROTECTiON NETWORK TEST SETUP 
ILLUSTRATES HOW DIODE CLAMPING PREVENTS 
EXCESSIVE VOLTAGES FROM DAMAGING THE 
CMOS DEVICE. 

The Forward Bias Phenomenon 

Monolithic CMOS integrated Circuits employ a single crys­
tal silicon wafer into which FET sources and drains are 
implanted. For complex functions many thousands of tran­
sistors may be required and each must be electrically 
isolated for proper operation. 

Junction techniques are commonly used to provide the 
required isolation each switching node operating reverse 
biased to its respective substrate material. Additionally, as 
previously mentioned, protection diodes are provided to 
prevent static charge related damage where inputs 
interface to package pins. Forward biasing any of these 
junctions with or without power applied may result in mal­
function, parametric degradation, or damage to the circuit. 

High currents resulting from an excessive forward bias can 
cause severe overheating localized to the area of a junction. 
Damage to the silicon, overlying oxide and metallization can 
result. 

Bipolar Parasitics 

Care must always be exercised not to forward bias junc­
tions from input or output pads. 

A complex and potential defect phenomenon is the interac­
tion of a npn/pnp combination a la SCR (Figure 5). Forward 
biasing the base emitter junction of either bipolar compo­
nent can cause the pair to latch up if ~npn x ~pnp ~ 1. The 
resultant low impedance between supply pins can cause 
fusing of metallization or over dissipation of the chip. 

Figure 5 shows how an SCR might be formed. The p+ diffu­
sion labeled INPUT is connected to aluminum metallization 

(NPN) 

COLLECTOR (PNP) 

INPUT 

LATERAL 
(PNP) 

VDD 

R2 

EMITTER (PNP) 

VERTICAL 
.,.--... (NPN) 

FIGURE 5. IMPROPER BIASING CAN LATCH-UP THIS SCR 
CONFIGURATiON. 

Ap+ GUARD RING IS COMMONLY USED TO KILL LATERAL pnp 
ACTION. THIS RING IS DIFFUSED INTO THE SURFACE AT THE 

JUNCTION OF p- AND n- SILICON. 
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and bonded to a package pin. Biasing this point positive 
with respect to VDD supplies base drive to the pnp through 
R2. Although gain of these lateral devices is normally very 
low, sufficient collector current may be generated to 
forward bias and supply substantial base current to the 
vertical npn parasitic. Once the pair has been activated, 
each member provides the base current required to sustain 
the other. A latched condition will be maintained until power 
is removed or circuit damage disables further operation. 

Operating Rules 
Unused Inputs 

All unused input leads must be connected to either the low 
rail (VSS, VEE or GND)orthe high rail (VCC orVDD), which­
ever is appropriate for the logic circuit involved. A floating 
input not only can result in faulty logic operation, but can 
cause the maximum rated power dissipation to be ex­
ceeded and may result in damage to the device. Inputs to 
these types, which are mounted on printed circuit boards 
that may temporarily become untermlnated, should have a 
resistor to the high or low voltage supply ralls. A useful 
range of values for such resistors is from 10 kllohms to 1 
megohm. Pins that are I/O must have a terminating resistor. 

Note: Some devices contain integrated te'l11lnatlng realstor. 

Input Signals 

Signals shall not be applied to the Inputs while the device 
power supply is off unless the Input current Is limited to a 
steady state value of less than the absolute maximum 
rating. Input currents of less than the maximum rating 
prevent device damage; however, proper operation may be 
impaired as a result of current flow through structural diode 
Junctions. 

Capacitance on a CMOS input or output will result In a 
forward bias condition when power is turned off. This 
capacitance must discharge through forward biased input 
or output to substrate Junctions as the bus voltage col­
lapses. Excessive capacitance (thousands of pF) should be 
avoided as discharging the stored energy may generate 
excessive current densities during power-down. 

Where forward biasing is inevitable, current limiting should 
be provided. Current should not be permitted to exceed 
1 mA on any package pin excluding supply pins. 

Output Short Circuits 

Shorting of outputs to the high or low supply rail can 
damage many of the higher output current CMOS types, 
such as the CD4007, CD4041, CD4049 and CD4050. In 
general, these types can all be safelY shorted for supplies 
up to 5V, but will be damaged (depending on type) at higher 
power supply voltages. For the CMOS HC/HCT /HCU types, 
outputs may be shorted to VCC (5V ± 10%) for 1 second 
maximum and only one output at a time. For cases in which 

·a short circuited load, such as the base of a pnp or an npn 
bipolar transistor, is directly driven, the device output char­
acteristics given in the published data should be consulted 
to determine the requirements for a $$fe operation below 
the device maximum rated output power. 

CMOS Power Supply Distribution 

Power distribution should be a prime consideration in all 
CMOS designs. Although DC power dissipation is very low, 

dynamic power (due to switching transients) can be high. 
High voltage and/or low temperature operation increase 
dynamic current transients. 

A low impedance power source and supply to ground 
capacitance bypass will significantly reduce noise genera­
tion on signal and power line to greatly enhance system 
reliability. I 

Decoupllng 

Higher speeds, faster edges and higher output drive 
currents cause higher frequency current transients to be 
imposed on ground and VDD rails of an IC. For LSI and high 
speed families, consideration of power supply distribution 
and decoupling become important. Before decoupling can 
be utilized for noise reduction there must be a good power 
supply distribution network. A good ground connection sys­
tem and capacitive decoupling must be employed. Testing 
has shown 0.01I1F/package to be effective in filtering noise 
generated by most CMOS circuits. 

Handling Rules 
There is no completely foolproof system of chip input pro­
tection presently in production. If static discharge is of high 
enough magnitude, or of sufficiently short rise time, some 
damage or degradation may occur. It is evident, therefore, 
that proper handling procedures should be adopted at all 
times. 

Elimination of reduction of static charge can be accom­
plished as follows: 

• Use conductive work stations. Metallic or conductive 
plastic tops on work benches connected to ground help 
eliminate static buildup. 

• Ground all handling equipment. 

• Ground all handling personnel with a conductive brace­
let through 1 MO to ground. The 1 MO resistor will 
prevent injury. 

• Smocks, clothing and especially shoes of certain inSUlat­
ing materials (notably nylon) should not be worn in areas 
where devices are handled. These materials, highly 
dielectric in nature, will hold or aid in the generation of a 
static charge. 

• Control relative humidity to as high a level as practical. A 
higher level of humidity helps bleed away any static 
charge as it collects. 

• Ionized air blowers reduce charge buildup In areas 
where grounding is not possible or desirable. 

• Devices should be in antistatic conductive carriers dur­
ing all phases of transport. If antistatic carriers are used 
the devices and carriers should be in a static shielding 
bag. 

• In automated handling equipment, the belts, chutes or 
other surfaces the leads contact should be of a conduct­
ing nature. If this is not possible, ionized air blowers may 
be a good alternative. 

All CMOS products are shipped in antistatic packaging 
materials. 
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CDP6805 Package Selection Guide 
Using the Selection Guide: 

The first character of each entry indicates the package type, while the number preceding the decimal point details the pack­
age lead count. The decimal point and succeeding numbers relate to the package body dimensions (e.g .. 6 = 600mils). The 
entire entry indicates the table containing the appropriate package dimensions (e.g. 24 lead PDIP dimension are detailed in 
Table E24.6). The index on page 7-1 lists page numbers for PDIP, MQFP, PLCC, SBDIP and SOIC tables. 

PART NUMBER PDIP SOIC PLCC MQFP SIDEBRAZE 

CDP68HC05C4 E40.6 N44.65 Q44.1Oxl0 

CDP68HCL05C4 E4O.6 N44.65 Q44.1Oxl0 

CDP68HSC05C4 E4O.6 N44.65 Q44.10xl0 

CDP68HC05C8 E4O.6 N44.65 Q44.1Oxl0 

CDP68HCL05C8 E40.6 N44.65 Q44.10xl0 

CDP68HSC05C8 E4O.6 N44.65 Q44.10xl0 

CDP68HC05J3 E20.3 M20.3 

CDP68HCL05J3 E20.3 M20.3 

CDP68HSC05J3 E20.3 M20.3 

CDP68HC05D2 E4O.6 N44.65 Q44.10xl0 

CDP6805E2 E40.6 N44.65 040.6 

CDP6805E2C E4O.6 N44.65 040.6 

CDP6805E3 E40.6 N44.65 D40.6 

CDP6805E3C E40.6 N44.65 040.6 

CDP6805F2 E28.6 

CDP6805F2C E28.6 

CDP6805G2 E4O.6 D4O.6 

CDP6805G2C E4O.6 D4O.6 

CDP6402 E4O.6 D4O.6 

CDP6402C E40.6 D4O.6 

CDP65C51 E28.6 M28.3 D28.6 

CDP6818 E24.6 D24.6 

CDP6818A E24.6 N28.45 024.6 

CDP6823 E40.6 N44.65 D40.6 

CDP6853 E28.6 028.6 

CDP68HC68A2 E16.3 M20.3 

CDP68HC68Pl E16.3 M16.15 

CDP68HC68R1 E8.3 

CDP68HC68R2 E8.3 

CDP68HC68S1 E14.3 M20.3 

CDP68HC68T1 E16.3 M20.3 D16.3 

CDP68HC68W1 E8.3 
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Package Outlines 
Dual-In-Line Plastic Packages (PDIP) 

=-CDt 
E8.3 (JEDEC M8-001·BA ISSUE D) 
8 LEAD DUAL·IN-LINE PLASTIC PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.210 5.33 4 

~~_'m 
A1 0.015 0.39 4 

A2 0.115 0.195 2.93 4.95 

SEATING\. 
B 0.014 0.022 0.356 0.558 

,,:i~ ," '~~~ 
Bl 0.045 0.070 1.15 l.n 8,10 

C 0.008 0.014 0.204 0.355 

~ e C D 0.355 0.400 9.01 10.16 5 B ~ c 
Dl 0.005 0.13 5 

f$jo.010(0.26)81 C I A IB<!> I e. 
E 0.300 0.325 7.62 8.25 6 

NOTES: E1 0.240 0.280 6.10 7.11 5 

1. Controlling Dimensions: INCH. In case of conflict between e 0.100BSC 2.54BSC 
English and Metric dimensions, the Inch dimensions control. 

eA 0.300BSC 7.62 BSC 6 
2. Dimensioning and tolerancing per ANSI YI4.5M·1982. 

ee 0.430 10.92 7 
3. Symbols are defined in the "MO Series Symbol Llsr In Section 

L 0.115 0.150 2.93 3.81 4 2.2 of Publication No. 95. 

4. Dimensions A, A 1 and L are measured with the package seated N 8 8 9 
in JEDEC seating plane gauge GS·3. Rev. 0 12193 

5. D, D1, and El dimensions do not include mold flash or protru· 
sions. Mold flash or protrusions shall not exceed 0.010 inch E14.3 (JEDEC M8-001·AA ISSUE D) 
(0.25mm). 14 LEAD DUAL·IN-LINE PLASTIC PACKAGE 

6. E and ~ are measured with the leads constrained to be per· INCHES MILLIMETERS 
pendicu ar to datum ~. 

SYMBOL MIN MAX MIN MAX NOTES 
7. ee and Be are measured at the lead tips with the leads uncon· 

strained. Be must be zero or greater. A 0.210 5.33 4 

8. Bl maximum dimensions do not Include dambar protrusions. AI 0.D15 0.39 4 
Dambar protrusions shall not exceed 0.010 Inch (O.25mm). A2 0.115 0.195 2.93 4.95 

9. N Is the maximum number of terminal positions. B 0.014 0.022 0.356 0.558 
10. Comer leads (I, N, NI2 and NI2 + 1) for E8.3, E16.3, E18.3, 

Bl 0.045 0.070 1.15 l.n 8 E28.3, E42.6 will have a Bl dimension of 0.030 • 0.045 inch 
(0.76 ·1.14mm). C 0.008 0.014 0.204 0.355 

D 0.735 0.n5 18.66 19.68 5 CJZ 
zQ 

Dl 0.005 0.13 5 at( 
E 0.300 0.325 7.62 8.25 6 cC:E 

~a: 
El 0.240 0.280 6.10 7.11 5 <.Jo 
e O.I00BSC 2.54BSC If~ 

eA 0.300BSC 7.62 BSC 6 

ee 0.430 10.92 7 

L 0.115 0.150 2.93 3.81 4 

N 14 14 9 

Rev. 0 12193 
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Package Outlines 

Dual-in-Line Plastic Packages (PDIP) (Continued) 

~~--CLJt 
E16.3 (JEDEC MSo001·BB ISSUE OJ 
16 LEAD DUAL·IN·UNE PLASTIC PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.210 5.33 4 

~~~~'m 
Al 0.D15 0.39 4 

A2 0.115 0.195 2.93 4.95 

SEATING] 8 0.014 0.022 0.356 0.558 

PLANE£ L l 81 0.045 0.070 1.15 1.77 8,10 

~ ~ 41 ~ 4~ C 0.008 0.014 0.204 0.355 

B1 e e c 0 0.735 0.775 18.66 19.68 5 
B ~ c 

01 0.005 0.13 5 f$-I 0.01 0 (o.as) e I C I 4 I B<!) I e. 
E 0.300 0.325 7.62 8.25 6 

NOTES: El 0.240 0.280 6.10 7.11 5 
1. Controlling Dimensions: INCH. In case of conflict between e 0.1008SC 2.54BSC 

English and Metric dimensions, the inch dimensions control. 
eA 0.3008SC 7.628SC 6 

2. Dimensioning and tolerancing per ANSI Y14.5M·1982. 
as 0.430 10.92 7 

3. Symbols are delined in the 'MO Series Symbol list" in Section 
L 0.115 0.150 2.93 3.81 4 2.2 01 Publication No. 95. 

4. Dimensions A, A 1 and L are measured with the pacl\age seated N 16 16 9 
in JEDEC seating plane gauge GS-3. Rev. 0 12193 

5. 0, 01, and El dimensions do not Include mold flash or protru-
sions. Mold flash or protrusion!! shall not exceed 0.010 Inch E20.3 (JEDEC MSo001-AD tSSUE OJ 
(0.25mm). 20 LEAD DUAL·IN-UNE PLASTIC PACKAGE 

6. E and ~ are measured with the leads constrained to be per- INCHES MILUMETERS 
pendlcu ar to datum ~. , 

SYMBOL MIN MAX MIN MAX NOTES 
7. es and 9c are measured at the lead tips with the leads uncon-

A 0.210 5.33 4 strained. 9c must be zero or greater. 

8. 81 maximum dimensions do not Include dambar protrusions. Al 0.D15 0.39 4 
Dambar protrusions shall not exceed 0.010 Inch (0.25mm). A2 0.115 0.195 2.93 4.95 

9. N Is the maximum number 01 terminal positions. 8 0.014 0.022 0.356 0.558 
10. Comer leads (1, N, NI2 and NI2 + 1) lor E8.3, E16.3, E18.3, 

81 0.045 0.070 1.55 1.77 8 E28.3, E42.6 will have a 81 dimension 01 0.030 - 0.045 inch 
(0.76-1.14mm). C 0.008 0.014 0.204 0.355 

0 0.980 1.060 24.69 26.9 5 

01 0.005 0.13 5 

E 0.300 0.325 7.62 8.25 6 

El 0.240 0.280 6.10 7.11 5 

e O.l00BSC 2.548SC 

eA 0.3008SC 7.628SC 6 

as I 0.430 J 10.92 7 

L 0.115 0.150 2.93 3.81 4 

N 20 20 9 

Rev. 0 12193 

7·10 



Package Outlines 

Dual-In-Line Plastic Packages (PDIP) (Continued) 

·o~--CDt 
E24.6 (JEDEC M5-011·AA ISSUE B) 
24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 

INCHES MILLIMETERS 
AREA 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.250 6.35 4 

~1MW~~'m 
AI 0.015 0.39 4 

A2 0.125 0.195 3.18 4.95 

SEATINGj 
B 0.014 0.022 0.356 0.558 

PLANE~ L t 81 0.030 0.070 0.77 1.77 8 

~ AI ~ A~ C 0.008 0.015 0.204 0.381 

B1 ~ e~ etc 0 1.150 1.290 29.3 32.7 5 
B ~ c 

01 0.005 0.13 5 ~ 0.010 (0.25)@)1 c I A I B<!) I e. 
E 0.600 0.625 15.24 15.87 6 

NOTES: El 0.485 0.580 12.32 14.73 5 
1. C:>nl'<>Iling Dimensions: INCH. In case of conflict between e O.IOOBSC 2.548SC 

English and Metric dimensions, the inch dimensions control. 
eA 0.6oo8SC 15.24BSC 6 

2. Dimensioning and tolerancing per ANSI YI4.5M·1982. 
ea 0.700 17.78 7 

3. Symbols are defined in the "MO Series Symbol Lisr in Section 
L 0.115 0.200 2.93 5.08 4 2.2 of Publication No. 95. 

4. Dimensions A, Aland L are measured with the package seated N 24 24 9 
in JEDEC seating plane gauge GS.3. Rev. 0 12193 

5. 0, 01, and El dimensions do not Include mold flash or protru· 
sions. Mold flash or protrusions shall not exceed 0.010 inch E28.6 (JEDEC MSoOll·AB ISSUE B) 
(0.25mm). 28 LEAD DUAL·tN·LlNE PLASTIC PACKAGE 

6. E and ~ are measured with the leads constrained to be per- INCHES MILLIMETERS 
pendicu ar to datum ~. 

SYMBOL . MIN MAX MIN MAX NOTES 
7. ea and ec are measured at the lead tips with the leads uncon-

strained. ec must be zero or greater. A 0250 6.35 4 

8. Bl maximum dimensions do not include dambar prolru$ions. AI 0.015 0.39 4 
Dambar protrusions shall not exceed 0.010 inch (0.25mrn). A2 0.125 0.195 3.18 4.95 

9. N Is the maximum number of terminal positions. 8 0.014 0.022 0.356 0.558 
10. Corner leads (I, N, NI2 and NI2 + 1) for EB.3, E16.3, E18.3, 

81 0.030 0.070 0.77 1.77 8 E28.3, E42.6 wiJI have a 81 dimension of 0.030 - 0.045 Inch 
(0.76 -1.14mm). C 0.008 0.015 0.204 0.381 

0 1.380 1.565 35.1 39.7 5 "Z 01 0.005 0.13 5 zQ 
E Q.6oo 0.625 15.24 15.87 6 a!cc 

cC::::E 
El 0.485 0.580 12.32 14.73 5 lIIi:a: 

00 
e 0.100 BSC 2.54BSC ~~ 

eA O.600BSC 15.24BSC 6 

ea I 0.700 I 17.78 7 

L 0.115 I 0.200 2.93 5.08 4 

N 28 28 9 

Rev. 0 12193 
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Package Outlines 

Dual-In-Line Plastic Packages (PDIP) (Continued) 

,~~--OQt 
E40.6 (JEDEC MS-Ol1-AC ISSUE B) 
40 LEAD DUAL-iN-LINE PLASTIC PACKAGE, 

~.. D "I irE=;1 
PLANE A2 A ' BASEm~fit m SEATlNG'- -

PLANE~ L I i. 

D1 ~ D1 A1 ~ A~ ~ e c 
B I- ee 

~O.010(0.2S)®ICIAIB®J ea 

NOTES: 

1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI YI4.5M-1982. 

3. Symbols are defined in the "MO Series Symbol Lisr in Section 
2.2 of Publication No. 95. 

4. Dimension~ A, Aland L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. 0, 01, and El dimensions do not include mold flash or protru­
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and re;;:J are measured with the leads constrained to be per­
pendicilliifto datum~. 

7. es and ee are measured at the lead tips with the leads uncon­
strained. ee must be zero or greater. 

8. 61 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, NI2 and Nl2 + 1) for E8.3, EI6.3, EI8.3, 
E28.3, E42.6 will have a 61 dimenSion of 0.030 - 0.045 inch 
(0.76 -1.14mm). 
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SYMBOL 

A 

AI 

A2 

6 

61 

C 

0 

01 

E 

El 

e 

eA 

es 

L 

N 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.250 6.35 

0.015 0.39 

0.125 0.195 3.18 4.95 

0.014 0.022 0.356 0.558 

0.030 0.070 0.77 1.77 

0.008 0.015 0.204 0.381 

1.980 2.095 50.3 53.2 

0.005 0.13 

0.600 0.625 15.24 15.87 

0.485 0.580 12.32 14.73 

0.1006SC 2.546SC 

0.6006SC 15.246SC 

0.700 17.78 

0.115 0.200 2.93 5.08 

40 40 

NOTES 

4 

4 

8 

5 

5 

6 

5 

6 

7 

4 

9 

Rev. 0 12193 



Package Outlines 

Small Outline Plastic Packages (SOIC) 

N~ ~ ~ F)Lfi f M16.15 (JEDEC M8-012·AC ISSUE C) 
16 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 

.~ ~.PEe:) T H 1+1 0.25(0.010) ® I B ® I INCHES MILLIMETERS 

~/ !J ~ (ijru P SYMBOL MIN MAX MIN MAX NOTES 

A 0.0532 0.0688 1.35 1.75 -
1y2y3y y L-f:1 AI 0.0040 0.0098 0.10 025 -

B 0.013 0.020 0.33 0.51 9 
SEATING PLANE C 0.0075 0.0098 0.19 0.25 -

f-IELo--J Al 1 r--hX4S0 
D 0.3859 0.3937 9.80 10.00 3 

E 0.1497 0.1574 3.80 4.00 4 

~M@Il1 /-i1- ~t e O.050BSC 1.27BSC -

e~~ ~~1 , c.1 H 0.2284 0.2440 5.80 620 -
h 0.0099 0.0196 0.25 0.50 5 

B lei 0.10(0.004>1 
L 0.016 0.050 0.40 127 6 

I$lO.25(O.010) ®I c IA®IB~I 
N 16 16 7 

(X 0- 80 00 80 -NOTES: 

1. Symbols are defined in the "MO Series Symbol Lisr In Section 
Rev. 0 12193 

2.2 of Publication Number 95. 
M20.3 (JEDEC MS-013-AC ISSUE C) 

2. Dimensioning and tolerancing per ANSI YI4.5M-19B2. 20 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 
3. Dimension "D" does not Include mold flash, protrusions or gate 

INCHES MILLIMETERS burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. SYMBOL MIN MAX MIN MAX NOTES 

4. Dimension "E" does not Include Interlead flash or protrUSions. In- A 0.0926 0.1043 2.35 2.65 -
terlead flash and protrusions shall not exceed 0.25mm (0.010 AI 0.0040 0.0118 0.10 0.30 -inch) per side. 

5. The chamfer on the body Is optional. If It is not present, a visual B 0.013 0.0200 0.33 0.51 9 

index feature must be located within the crosshatched area. C 0.0091 0.0125 0.23 0.32 -
6. "L" is the length of terminal for soldering to a substrate. D 0.4961 0.5118 12.60 13.00 3 

7. "N" is the number of terminal positions. E 0.2914 0.2992 7.40 7.60 4 
8. Terminal numbers are shown for reference only. e O.050BSC 1.27 BSC -
9. The lead width "B", as measured 0.36mm (0.014 inch) or greater H 0.394 0.419 10.00 10.65 -

above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) h 0.010 0.029 0.25 0.75 5 

10. Controlling dimension: MILLIMETER. Converted inch dimen- L O.ot6 0.050 0.40 1.27 6 
sions are not necessarily exact. N 20 20 7 

(X 0- 80 0- SO -
Rev. 0 12193 
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Package Outlines 

Small Outline Plastic Packages (SOIC) (Continued) 

M28.3 (JEDEC MS-013-AE ISSUE C) 
28 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 

NOTES: 

1. Symbols are defined in the "MO Series Symbol Lisr in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M·1982. 

3. Dimension "0" does not Include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.1Smm (0.006 inch) per side. 

4. Dimension "Eo does not include interlead flash or protrusions. In­
terlead flash and protrusions shall not exceed 0.25mm (0.010 
Inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. "L" Is the length of terminal for soldering to a substrate. 

7. "N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "B", as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen­
sions are not necessarily exact. 
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SYMBOL 

A 

A1 

B 

C 

D 

E 

e 

H 

h 

L 

N 

a 

INCHES 

MIN MAX 

0.0926 0.1043 

0.0040 0.0118 

0.013 0.0200 

0.0091 0.0125 

0.6969 0.7125 

0.2914 0.2992 

0.05BSC 

0.394 0.419 

0.01 0.029 

0.016 0.050 

28 

0° 8° 

MILLIMETERS 

MIN MAX NOTES 

2.35 2.65 

0.10 0.30 

0.33 0.51 9 

0.23 0.32 -
17.70 18.10 3 

7.40 7.60 4 

1.27BSC -
10.00 10.65 -
0.25 0.75 5 

0.40 1.27 6 

28 7 

0° SO 

Rev. 0 12/93 



Package Outlines 

Plastic Leaded Chip Carrier Packages (PLCC) 

~.:: I:::) 0.042 (1.07) 0 N28.45 (JEDEC M5-018 ISSUE A) h' ( ) 0.066 (1.42) 10 .004 (0.10) I C I 28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
PIN (1) IDENTIFIER 0.050 (1.27) TP h 0.025 (0.64) R 

\ --. I" ~ INCHES MILLIMETERS t i : I ~ ;-~ ( •• 14, SYMBOL MIN MAX MIN MAX NOTES 

1 ~~~ ITl~:' It ~ ~~ ~§ :§ :~ 
3 

i ~ ~ D21E2 02 0.191 0.219 4.86 5.56 4,5 

3 

4,5 it:! ~,. = tt VIEW "A" E~ ~::~ ~:: ~~::: ~~:: 
;::J ~ IJ~A~2. :- ~:0{0.51) ~ 0.191 28 0.219 4.86 28 5.56 

t: ,~ Rev. 0 12193 
6 

0.020 (0.51) MAX 
3PLCS 

NOTES: 

0.026 (0.66) 
0.032 (0.81) 0.013 (0.33) 

~
jO'021 (0.53) 

c:! 0.025 (0.64) 
0.045 (1.14) ~ 

MIN 
VIEW "A" TYP. 

:c:I SEATING 
....:...JPLANE 

1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 

2. Dimensions and toleranclng per ANSI YI4.5M-1982. 

3. Dimensions 01 and El do not Include mold protruSions. Allow-
able mold protrusion Is 0.010 Inch (0.25mm) per side. 

4. To be measured at seating plane ~ contact point. 

5. Centerline to be determined where center leads exit plastic body. 

6. "N' is the number of terminal positions. 

N44.65 (JEDEC M5-018 ISSUE A) 
44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.165 0.180 4.20 4.57 

A1 0.090 0.120 2.29 3.04 

o 0.685 0.695 17.40 17.65 

01 0.650 0.656 16.51 16.66 3 

02 0.291 0.319 7.40 8.10 4,5 

E 0.685 0.695 17.40 17.65 

El 0.650 0.656 16.51 16.66 3 

E2 0.291 0.319 7.40 8.10 4,5 

N 44 44 6 

Rev. 0 12193 
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Package Outlines 

Metric Plastic Quad Flatpack Packages (MQFP) 

e 

Q44.1 Ox1 0 (JEDEC M0-108AA-2 ISSUE A) 
44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.093 - 2.35 -
AI 0.004 0.010 0.10 0.25 -
A2 0.077 0.083 1.95 2.10 -
B 0.012 0.018 0.30 0.45 6 

Bl 0.012 0.016 0.30 0.40 -
0 0.510 0.530 12.95 13.45 3 

01 0.390 0.398 9.90 10.10 4,5 

E 0.510 0.530 12.95 13.45 3 

El 0.390 0.398 9.90 10.10 4,5 

L 0.026 0.037 0.65 0.95 -
N 44 44 7 

e 0.032 BSC O.80BSC -
Rev.11/94 

NOTES: 
1. Controlling dimension: MILLIMETER. Converted inch 

7-16 

dimensions are not necessarily exact. 

2. All dlmenslons and tolerances per ANSI YI4.5M-1982. 

3. Dimensions 0 and E to be determined at seating plane ~. 
4. Dimensions 01 and El to be determined at datum plane~. 
5. Dimensions 01 and El do not Include mold protrusion. 

Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not include dambar protrusion. Allowable 
darnbar protrusion shall be O.08mm (0.003 Inch) total. 

7. "N" Is the number of terminal positions. 



Package Outlines 

Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 

e1 LEAjlNISH 1 016.3 MIL-ST[)'1835 CDIP2-T16 ([)'2, CONFIGURATION C) 

.~ If. /H 
16 LEAD CERAMIC DUAL-IN-UNE METAL SEAL PACKAGE 

INCHES MILLIMETERS 
BASE (e) 

J t METAL SYMBOL MIN MAX MIN MAX NOTES 

['.l ftb1~ 
A - 0.200 - 5.08 -

~~~~Ii1~~ 
b 0.014 0.026 0.36 0.66 2 

.B- (b) 
b1 0.014 0.023 0.36 0.58 3 

RlRbbb@lc lA- B @ID~I SECTION A-A 
b2 0.045 0.065 1.14 1.65 -

,l'..':l ~~ oj ri-
b3 0.023 0.045 0.58 1.14 4 

c 0.008 0.018 0.20 0.46 2 

,,.,...'- " 14 rzll i ! I c1 0.008 0.015 0.20 0.38 3 
PLANE~ L ~' D - 0.840 - 21.34 . 

S1 d AA E 0.220 0.310 5.59 7.87 
b2 

b If- [!J ~ e .... -- e 0.100BSC 2.54BSC -
eA 0.300BSC 7.62 BSC 

l$leec~ICIA-B~ID~1 ~aaa 8ICIA.B®ID(§) 
eAl2 0.150BSC 3.81 BSC -

NOTES: 
L 0.125 0.200 3.18 5.08 -

1. Index area: A notch or a pin one Identification mark shall be locat- a 0.015 0.060 0.38 1.52 5 ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 51 0.005 - 0.13 - 6 
as a pin one identification mark. 52 0.005 - 0.13 - 7 

2. The maximum limits of lead dimensions band c or M shall be ex 90° 1050 900 1050 -
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. aaa . 0.015 - 0.38 -

3. Dimensions b1 and c1 apply to lead base metal only. Dimension bbb - 0.030 - 0.76 -
M applies to lead plating and finish thickness. cee . 0.010 - 0.25 -

4. Corner leads (I, N, Nl2, and Nl2+ 1) may be configured with a M - 0.0015 - 0.038 2 
partial lead paddle. For this configuration dimension b3 replaces 

N 16 16 8 dimension b2. 

5. Dimension a shall be measured from the seating plane to the Rev. 04194 

base plane. 

6. Measure dimension 51 at all four corners. 

7. Measure dimension 52 from the top of the ceramic body to the 
nearest metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be concave. 

10. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

11. Controlling dimension: INCH. 
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Package Outlines 

Ceramic Dual-In-Line Metal Seal Packages (SBDIP) (Continued) 

.~ p 1 LEA71NISH 1 
024.6 MIL·STD-I835 CDIP2·T24 (0-3. CONFIGURATION C) 
24 LEAD CERAMIC DUAL·IN·LINE METAL SEAL PACKAGE 

('" """" 1 11 E + [j ::ilL . (e) 

r'-l "§= ... I ~1'ltbl~L! 
.8· (b)~ 

@lbbb®I C IA.8<!>ID®1 SECTION A·A 

NOTES: 

1. Index area: A notch or a pin one identification mark shall be locat· 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one Identification mark. 

2. The maximum limits of lead dimensions band c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. . 

4. Comer leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. Dimension Q shall be measured from the seating plane to the 
base plane. 

6. Measure dimension S1 at all four corners. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be concave. 

10. Dimensioning and tolerancing per ANSI Y14.5M· 1982. 

11. Controlling dimension: INCH. 
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SYMBOL 

A 

b 

bl 

b2 

b3 

c 

c1 

D 

E 

e 

eA 

eM2 

L 

Q 

S1 

S2 

IX 

aaa 

bbb 

ccc 

M 

N 

INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES 

0.225 5.72 

0.014 0.026 0.36 0.66 2 

0.014 0.023 0.36 0.58 3 

0.045 0.065 1.14 1.65 

0.023 0.045 0.58 1.14 4 

0.008 0.018 0.20 0.46 2 

0.008 0.015 0.20 0.38 3 

1.290 32.77 

0.500 0.610 12.70 15.49 

0.100BSC 2.54BSC 

0.6ooBSC 15.24BSC 

0.300 BSC 7.62BSC 

0.120 0.200 3.05 5.08 

0.015 0.075 0.38 1.91 5 

0.005 0.13 6 

0.005 0.13 7 

90° 1050 90° 105° 

0.015 0.38 

0.030 0.76 

0.010 0.25 

0.0015 0.038 2 

24 24 8 

Rev. 04/94 



Package Outlines 

Ceramic Dual-In-Line Metal Seal Packages (SBDIP) (Continued) 

el LEAjlNISH 1 
I t] BASE (e) 

028.6 MIL-S"TD-1835 CDIP2-T28 (D-10. CONFIGURATION C) 
28 LEAD CERAMIC DUAL-IN-L1NE METAL SEAL PACKAGE 

rf~ (b) 

@'I bbb@1 C IA -B ®I D@I SECTION A-A 

'~" I I 

SA 

e--l __ 

!-$laaa <MlICIA- B@ID@ 

NOTES: 

1. Index area: A notch or a pin one identification mark shall be locat­
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's Identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions band c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. Dimension a shall be measured from the seating plane to the 
base plane. 

6. Measure dimension S1 at all four corners. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be concave. 

10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

11. Controlling dimension: INCH. 
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SYMBOL 

A 

b 

b1 

b2 

b3 

c 

c1 

0 

E 

e 

sA 
eAJ2 

L 

a 
Sl 

S2 

a 
aaa 

bbb 

cee 

M 

N 

INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES 

0.232 5.92 

0.014 0.026 0.36 0.66 2 

0.014 0.023 0.36 0.58 3 

0.045 0.065 1.14 1.65 

0.023 0.045 0.58 1.14 4 

0.008 0.018 0.20 0.46 2 

0.008 0.015 0.20 0.38 3 

1.490 37.85 

0.500 0.610 12.70 15.49 

0.100 esc 2.54BSC 

0.600BSC 15.24BSC 

0.300BSC 7.62 esc 
0.125 0.200 3.18 5.08 

0.015 0.060 0.38 1.52 5 

0.005 0.13 6 

0.005 0.13 7 

90° 105° 900 105° 

0.015 0.38 

0.030 0.76 

0.010 0.25 

0.0015 0.038 2 

28 28 8 

Rev. 0 5118194 



Package Outlines 

Ceramic Dual-In-Line Metal Seal Packages (SBDIP) (Continued) 

1 LEilNISH 1 040.6 MIL·STI).1835 CDIP2·T4O (1).5. CONFIGURATION C) 

.~ if 
40 LEAD CERAMIC DUAL·IN-LINE METAL SEAL PACKAGE 

INCHES MILLIMETERS , B BASE (e) 
I 1 METAL SYMBOL MIN MAX MIN MAX NOTES 

rIl i ftb1~ 
A · 0.225 · 5.72 · ...... 'fri b 0.014 0.026 0.36 0.66 2 

(b) 
bl 0.014 0.023 0.36 0.58 3 

@lbbb$lc IA.B (!5ID(!51 SECTION A-A 
b2 0.045 0.065 1.14 1.65 · 

'~~~ .1 r-f-i 
b3 0.023 0.045 0.58 1.14 4 

c 0.008 0.Q18 0.20 0.46 2 

~~]r .. " ~ I cl 0.008 0.015 0.20 0.38 3 

'~' D · 2.096 · 53.24 4 

.dr- [!] ~ eA E 0.510 0.620 12.95 15.75 4 

e..- ..... e 0.100 BSC 2.54BSC · 
eA O.600BSC 15.24BSC · ~eee8ICIA.B®ID®1 !*Iaas 81c1A. B®ID® 

eAJ2 0.300BSC 7.62 BSC · 
NOTES: 

L 0.125 0.200 3.18 5.08 · 
1. Index area: A notch or a pin one identification mark shall be locat· a 0.015 0.070 0.38 1.78 5 ed adjacent to pin one and shall be located within the shaded 

area shown. The manufacturer's Identification shall not be used Sl 0.005 . 0.13 . 6 
as a pin one identification mark. S2 0.005 . 0.13 . 7 

2. The maximum limits of lead dimensions band c or M shall be 
IX 900 1050 900 1050 · 

measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. aaa · 0.015 · 0.38 · 

3. Dimensions bl and cl apply to lead base metal only. Dimension bbb · 0.030 · 0.76 · 
M applies to lead plating and finish thickness. cee · 0.010 · 0.25 · 

4. Comer leads (1, N, N/2, and N/2+ 1) may be configured with a M · 0.0015 · 0.038 2 
partial lead paddle. For this configuration dimension b3 replaces 

N 40 40 8 dimension b2. 

5. Dimension a shall be measured from the seating plane to the Rev. 0 4194 

base plane. 

6. Measure dimension Sl at all four corners. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be concave. 

10. Dimensioning and tolerancing per ANSI Y14.5M • 1982. 

11. Controlling dimension: INCH. 
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Package And Ordering Information 

Packages 
CMOS microprocessor, microcontroller and peripheral inte­
grated circuits are available in one or more of the following 
package styles and are identified by the Suffix Letters indi­
cated: dual-in-line sidebrazed ceramic, dual-in-line plastic, 
small outline plastic, plastic leaded chip carrier, metric plas­
tic quad flatpack and chip form. The available package 
styles for any specific type are given in the data sheet for 
that type. 

Ordering Information 

The family of packages and electrical options are identified 
by suffix letters indicated in the following chart. When order­
ing a microprocessor, microcontroller or peripheral device it 
is important that the appropriate suffix letter be affixed to the 
type number of the device. 

PACKAGE/OPTION SUFFIX LETTER 

Dual-in-Line Sidebrazed Ceramic DIP 0 

Dual-in-Line Plastic 01 P E 

Small Ou~ine Plastic SOIC M 

Plastic Leaded Chip Carrier PLCC NlQ(Note) 

Metric Plastic Quad Flatpack MQFP Q 

Chip (when applicable) H 

Enhanced Product Screening x 
i.e., Burn-In (optional for 0, E package types) 

EleCtrical Option 1,2,4 

NOTE: Some devices use the Q suffix for identifying PLCC packag­
es. Consult your Harris sales representative for correct type number 
when placing orders. 

For example, a CDP65C51-1 in a dual·in·line plastic pack­
age wiJI be identified as the CDP65C51El. A CDP65C51El 
with enhanced product screening option will be identified as 
the CDP65C51 E1X. 

CDP65C51 

I 
FIIMILYPART 
~UMBER 

E 
T 

PACKAGE 
DESIGNATION 

1 
T 

ELECTRICAL 
OPTION 

x 
T 

ENHANCED 
PRODUCT 
OPTION 

8·3 

QSUFFIX 
METRIC PLASTtC QUAD FLATPACK PACKAGE (MQFP) 

44 LEAD VERSION 

MSUFFIX 
SMALL OUTLINE PLASTIC PACKAGE (SOIC) 

16,20 AND 28 LEAD VERSIONS 

ESUFFIX 
PLASTIC DUAL·IN·L1NE PACKAGE (PDIP) 

8,16.18,20.22.24,28 AND 40 LEAD VERSIONS 

NlQSUFFIX 
PLASTIC LEADED CHIP CARRIER (PLCC) 

28, 44, AND 68 LEAD VERSIONS 



Package and Ordering Information 

ROM Ordering Information 

Most members of the CDP68HC05 and CDP6805 families of 
microcontrollers contain mask programmed ROMs. The con­
tents of these ROMs are personalized to meet a customer's 
code requirements during manufacturing of the ICs. The 
code is programmed via photomasking techniques. Semi­
conductor manufacturing is a batch process, and all micro­
controllers manufactured in a given lot (a batch) will contain 
identical ROM code. 

Harris generates a customer's ROM mask from an ASCII 
representation of the desired ROM contents together with 
other specific information. The following pages contain 
sheets which can be used to provide the required informa­
tion when ordering a masked ROM microcontroller. 

Data Format Options 

The ROM data can be submitted in various formats. The fol­
lowing list summarizes the principal formats which Harris will 
accept. The list is in order of preference, with S-Record for­
matted data files being the preferred format. 

• S-Record Formatted Hex Data File via modem upload 

• S-Record Formatted Hex Data File on floppy disk 

• S-Record Formatted Hex Data File via email 

• 6805 Assembly Language Source File on floppy disk 

• Contents of a 27XX type EPROMlEEPROM 

Regardless of the medium used to transfer the data, con­
tents of all of the User ROM regions of the memory map of 
the particular microcontroller should be specified. This 
includes any Page 0 User ROM and User ReseVlnterrupt 
Vectors. Data should not be specified for the Self Check 
ROM space of a device. All unused locations should either 
not be specified (S-Record and source files) or specified as 
$00 (EPROM/EEPROM). 

Procedure for Submitting Data 

When submitting data via a physical medium such as a 
floppy disk or EPROM, the appropriate "Ordering Informa­
tion Shes( on the following pages must be completed and 
submitted with the data. 

When utilizing the Harris Customer Pattern Retrieval System 
(modem upload) the customer will be prompted for the same 
information as that. specified on the "Ordering Information 
Sheet". 

If the data is submitted via email, the message should 
include the same information as that specified on the "Order­
ing Information Sheet". 

Harris Customer Pattern Retrieval System 

To access the Harris Customer Pattern Retrieval System, 
you must first obtain an account ID and password from your 
Harris sales representative. The system is accessed by dial­
ing 1-908-685-6542.11 is presently set to run with baud rates 
up to 2400 baud, with 8 data bits, 1 stop bit, and no parity bit. 
The data transfer is done using text mode Kermit transfers. 
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CDP68HC05C4/C8 MCU Ordering Information Sheet 
(Use separate Information Sheets for each Microcomputer Type) 

A. Microcomputer Type (select one): 

Standard Types 

D CDP68HCOSC4 

D CDP68HCOSC8 

B. Package Type (select one): 

Low Power Versions 

D CDP68HCLOSC4 

D CDP68HCLOSC8 

D Dual-In-Line Plastic (package type E) 

D Dual-In-Line Ceramic (package type D) 

D Plastic Leaded Chip Carrier - PLCC (package type N) 

D Metric Plastic Quad Flatpack (package type Q) 

D Chip (type H) 

High Speed Versions 

D CDP68HSCOSC4 

D CDP68HSCOSC8 

C. Enhanced Product Screening (I.e. Bum-In at Additional Cost): DYES D NO 

D. Select the following microcomputer options. A manufacturing mask will be generated from this information. 
Refer to data sheet or data book instructions for submitting data for ROM pattems. 

Internal Oscillator (select one) Input Interrupt Trigger (select one) 

D CrystaVCeramic Resonator D Edge Sensitive 

D Resistor D Level and Edge Sensitive 

E. Customer Company ____________________________ _ 

Address ________________________________ _ 

City _________________________________ _ 

Phone ( __ ) Extension ________ _ 

Contact Person _____________________________ _ 

Customer Part Number ___________________________ _ 

F. Pattem Media (S-Record Formatted File Should Be Used - Unspecified locations are filled with O's) 

Floppy Disk: D 3'/2" D S'/4" MODEM Upload: D S-Record Filename _____ _ 

Medium if other than above t __________________________ _ 
Signature __________________ _ Title ___________ _ 

Date __________ _ 

t The C4 and C8 require 8K of address 

FOR HARRIS SEMICONDUCTOR USE ONLY 

Custom Selection Number ______________ _ Variant Code ________ _ 

Office Code _____________ _ 

RETURN THIS COMPLETED FORM TO 
YOUR LOCAL HARRIS SEMICONDUCTOR SALES OFFICE OR REPRESENTATIVE 
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,---- CDP68HC05D2 MCU Ordering Information Sheet-----, 
(Use separate Information Sheets for each Microcomputer Type) 

A. Package Type (select one): 

D Dual-In-Line Plastic (package type E) 

D Dual-In-Line Ceramic (package type D) 

D Plastic Leaded Chip Carrier - PLCC (package type N) 

o Metric Plastic Quad Flatpack (package type Q) 

o Chip (type H) 

B. Enhanced Product Screening (i.e. Burn-In at Additional Cost): DYES D NO 

C. Select the following microcomputer options. A manufacturing mask will be generated from this information. 
Refer to data sheet or data book instructions for submitting data for ROM patterns. 

Internal Oscillator (select one) Input Interrupt Trigger (select one) 

D CrystaVCeramic Resonator 

D Resistor 

Oscillator Startup Delay (select one) 

D Edge Sensitive 

D Level and Edge Sensitive 

D 2tcyc (Note: Use only with Resistor Oscillator Option or External Clock) 

D 4064 tCYC (Note: Required for Crystal and Ceramic Resonator Oscillator Option) 

D. Customer Company _______________________________ _ 

Address _____________________________________ ___ 

City _________________________________ _ 

Phone ( __ ) Extension __________ _ 

Contact Person ___________________________________ _ 

CustomerPartNumber ______________________________ _ 

E. Pattern Media (S-Record Formatted File Should Be Used - Unspecified locations are filled with O's) 

Floppy Disk: D 31/2" D 51/4" MODEM Upload: D S-Record Filename ______ _ 

Medium if other than above t ___________________________ _ 

Signature ____________________ _ Title ___________ _ 

Date ____________ _ 

t The D2 requires 8K of data 

FOR HARRIS SEMICONDUCTOR USE ONLY 

Custom Selection Number ______________ ___ Variant Code ________ _ 

Office Code ______________ _ 

REllJRN THIS COMPLETED FORM TO 
YOUR LOCAL HARRIS SEMICONDUCTOR SALES OFFICE OR REPRESENTATIVE 

8-7 

z 
(!JO 
Z-
-~ a:::::E 
Wa: 
~O 
Ou.. 
~ 





.---- CDP68HC05J3 MCU Ordering Information Sheet ---, 
(Use separate Information Sheets for each Microcomputer Type) 

A. Package Type (select one): 

o Dual-In-Line Plastic (package type E) 

o Dual-In-Line Ceramic (package type D) 

o Small Outline Plastic - SOIC (package type M) 

o Chip (type H) 

B. Enhanced Product Screening (i.e. Bum-In at Additional Cost): 0 YES 0 NO 

C. Select the following microcomputer options. A manufacturing mask will be generated from this information. 
Refer to data sheet or data book instructions for submitting data for ROM patterns. 

Internal Oscillator (select one) 

o CrystaVCeramic Resonator 

o Resistor 

Oscillator Stanup Delay (select one) 

Input Interrupt Trigger (select one) 

o Edge Sensitive 

o Level and Edge Sensitive 

D 2tcyc (Note: Use only with Resistor Oscillator Option or External Clock) 

o 4064 tevc (Note: Required for Crystal and Ceramic Resonator Oscillator Option) 

D. Customer Company ______________________________ _ 

Add~ss _________________________________ ___ 

City ___________________________________ _ 

Phone ( __ ) Extension _________ _ 

Contact Person _______________________________ _ 

Cu~omerPartNumber ____________________________ ___ 

E. Pattern Media (S-Record Formatted File Should Be Used - Unspecified locations are filled with O's) 

Floppy Disk: 0 31/2" 0 51/4" MODEM Upload: 0 S-Record Filename _____ _ 

Medium if other than above t ___________________________ _ 

Signature ___________________ _ Title ___________ _ 

Date ___________ _ 

t The J3 requires 4K of data 

FOR HARRIS SEMICONDUCTOR USE ONLY 

Custom Selection Number ______________ ___ Variant Code ________ _ 

Office Code 

RETURN THIS COMPLETED FORM TO 
YOUR LOCAL HARRIS SEMICONDUCTOR SALES OFFICE OR REPRESENTATIVE 
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,--- CDP6805F2 MCU Ordering Information Sheet ----, 
(Use separate Information Sheets for each Microcomputer Type) 

A. Package Type (select one): 

o Dual-In-Line Plastic (package type E) 

o Dual-In-Line Ceramic (package type D) 

o Plastic Leaded Chip Carrier - PLCC (package type N) 

o Chip (type H) 

B. Enhanced Product Screening (i.e. Bum-In at Additional Cost): 0 YES 0 NO 

C. Select the following microcomputer options. A manufacturing mask will be generated from this information. 
Refer to data sheet or data book instructions for submitting data for ROM patterns. 

Internal Oscillator (select one) 

o CrystaVCeramic Resonator 

o Resistor 

Clock Internal Divider (select one) 

o Divideby4 

o Divideby2 

Input Interrupt Trigger (select one) 

o Edge Sensitive 

o Level and Edge Sensitive 

D. Customer Company ______________________________ _ 

Address __________________________ ~ ______ _ 

City _________________________________ _ 

Phone ( __ ) Extension _________ _ 

Contact Person _______________________________ _ 

CustomerPartNumber ____________________________ ___ 

E. Pattern Media (S-Record Formatted File Should Be Used - Unspecified locations are filled with O's) 

Floppy Disk: 0 31/2" 0 51/4" MODEM Upload: 0 S-Record Filename ______ _ 

Medium if other than above t ___________________________ _ 

Signature ___________________ _ Title ___________ _ 

Date ___________ _ 

t The F2 requires 2K of data 

FOR HARRIS SEMICONDUCTOR USE ONLY 

Custom Selection Number ______________ _ Variant Code ________ _ 

Office Code ______________ _ 

RETURN THIS COMPLETED FORM TO 
YOUR LOCAL HARRIS SEMICONDUCTOR SALES OFFICE OR REPRESENTATIVE 
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....----- CDP6805G2 MCU Ordering Information Sheet ----, 
(Use separate Information Sheets for each Microcomputer Type) 

A. Package Type (select one): 

o Dual-In-Line Plastic (package type E) 

o Dual-In-Line Ceramic (package type 0) 

o Chip (type H) 

B. Enhanced Product Screening (i.e. Burn-In at Additional Cost): 0 YES 0 NO 

C. Select the following microcomputer options. A manufacturing mask will be generated from this information. 
Reier to data sheet or data book instructions for submitting data for ROM patterns. 

Internal Oscillator (select one) 

o CrystaVCeramic Resonator 

o Resistor 

Clock Internal Divider (select one) 

o Divideby4 

o Divideby2 

Input Interrupt Trigger (select one) 

o Edge Sensitive 

o Level and Edge Sensitive 

D. Customer Company ______________________________ _ 

Address _________________________________ _ 

City _________________________________ _ 

Phone ( __ ) Extension _________ _ 

Contact Person _______________________________ _ 

Cu~omerPartNumber ____________________________ ___ 

E. Pattern Media (S-Record Formatted File Should Be Used - Unspecified locations are filled with O's) 

Floppy Disk: 0 3'/2" 0 5'/4" MODEM Upload: 0 S-Record Filename ______ _ 

Medium if other than above t ___________________________ _ 
Signature ___________________ _ Title ___________ _ 

Date ___________ _ 

t The G2 requires 8K of data 

FOR HARRIS SEMICONDUCTOR USE ONLY 

Custom Selection Number ______________ _ Variant Code ________ _ 

Office Code _____________ _ 

RETURN THIS COMPLETED FORM TO 
YOUR LOCAL HARRIS SEMICONDUCTOR SALES OFFICE OR REPRESENTATIVE 
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.-----HIP7030A2 MCU Ordering Information Sheet-----, 
(Use separate Information Sheets for each Microcomputer Type) 

A. Package Type (select one): 

D Dual-In-Line Plastic (package type E) 

D Dual-In-Line Ceramic (package type D) 

D Small Outline Plastic - SOIC (package type M) 

D Chip (type H) 

B. Enhanced Product Screening (i.e. Burn-In at Additional Cost): 0 YES 0 NO 

C. Select the following microcomputer options. A manufacturing mask will be generated from this information. 
Refer to data sheet or data book instructions for submitting data for ROM patterns. 

Buffered Oscillator (OscBuff) (select one) 

DEnabled 

DDisabled 

D. Customer Company ____________________________ _ 

Address ________________________________ _ 

City _________________________________ _ 

Phone(_) Extension ________ _ 

Contact Person _____________________________ _ 

Customer Part Number ___________________________ _ 

E. Pattern Media (S-Record Formatted File Should Be Used - Unspecified locations are filled with O's) 

Floppy Disk: 0 31/{ 0 51/4" MODEM Upload: 0 S-Record Filename ______ _ 

Medium if other than above t __________________________ _ 

Signature __________________ _ Title ___________ _ 

Date __________ _ 

t The HIP7030A2 requires 8K of data 

FOR HARRIS SEMICONDUCTOR USE ONLY 

Custom Selection Number ______________ _ Variant Code ________ _ 

Office Code _____________ _ 

RETlJRN THIS COMPLETED FORM TO 
YOUR LOCAL HARRIS SEMICONDUCTOR SALES OFFICE OR REPRESENTATIVE 
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CDP680~_ ------I 9 
HOW TO USE HARRIS AnswerFAX 

What is AnswerFAX? 
AnswerFAX is Harris' automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products . 

••• 
What do I need to use AnswerFAX? 

Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week . 

••• 
How does it work? 

You call the AnswerFAX number, touch-tone your way through a series of recorded questions, 
enter the order numbers of the documents you want, and give AnswerFAX a fax number to send 
them to. You'll have the information you need in minutes. The chart on the next page shows you 
how. 

• •• 
How do I find out the order number for the publications I want? 

The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are nine catalogs: 

• New Products • Digital Signal Processing (DSP) Products • Rad Hard Products 
• LinearfTelecom Products • Discrete & Intelligent Power Products • CMOS Logic Products 
• Data Acquisition Products • Microprocessor Products • Application Notes 

Once they're faxed to you, you can call back and order the publications themselves by number . 

••• 
How do I start? 

Dial 407-724-7800. That's it. 

ANSWER mx 
Please refer to next page for a map to AnswerFAX. 

9-1 

>< 
CI)~ -a: a: w a:;: ccCl) 
::E: z 

cc 



~ 

Your Map to Harris AnswerFAX 

(ii 
ORDER 

WELCOME TO 
AnswerFAX! 

GET HELP 

DESCRIPTION OF 
AnswerFAX II 

SPECIAL CHARACTERS 

~ + [2J ENTERS "Q" 

[2J + ~ ENTERS "Z" 

. ~ + ~ ENTERS "&" 

ENTIRE CATALOG USTING 
CHOOSE OOCUMENT #10 

DOCUMENT 

ORDER 

CATALOG 

6-

o [!J BLANK SPACE ., 

G BACK-UP ONE 
CHARACTER 

G HELP 

ENTER A MORE 
DOCUMENT 
NUMBER 

DONE f#l 
(UP TO THREE) L:..J 

NEW PRODUCTS 

LINEAR AND TELECOM 
PRODUCTS 

DATA ACQUISITION 
PRODUCTS 

DIGITAL SIGNAL 
PROCESSING 

DISCRETE AND 
INTEWGENT 

POWER PRODUCTS 

MICROPROCESSOR 
PRODUCTS 

RADIATION HARDENED 
PRODUCTS 

Il......I 

ENTER 
YOUR CORRECT 
FAX NUMBER 
AND CONFIRM 

MORE [!J 
OONE [!Jl!J 

(ORDER 
UP TO 
THREE 

CATALOGS) 

-~'~ ~, PRODUCTS 8 

ORDER 
APPUCATION WXY. SOMETHING 

NOTES 9 ELSE 

CHOOSE A CATALOG 

FAX IDENTIFIER 

ENTER 
YOUR 
NAME 

VOICE 
OR PHONE IABC 

NUMBER 2 

ENTER YOUR NAME 

G GETHELP 

ENTER 

'''~" I YOUR 

REFERENCE GUIDE . 
VOICE 

FOR SPECIAL PHONE 

CHARACTERS NUMBER 

AT LEFT 
OF PAGE o DONE 

II II # I DONE 

CONRRM 



AnswerFAX 

AnswerFAX Technical Support 
CDP6805 CMOS Microcontrollers & Peripherals 

APPUCATION NOTE USTING 

DOCUMENT APPUCATION 
NUMBER NOTE TITLE 

98601 AN8601 CDP68HC05C4 Monitor and Real-Time Controller (27 pages) 

97200 AN7200 Monitor For the CDP6805G2 Microcomputer (15 pages) 

98633 AN8633 Versatile Serial Peripheral Interface (8 pages) 

98723 AN8723 Interfacing Serial EEPROMs to CDP6805 Microcomputers (8 pages) 

98759 AN8759 Low Cost Data Acquisition System Features SPI AID Converter (9 pages) 

97199 AN7199 CDP6805 CMOS Family Emulators (7 pages) 

97197 AN7197 Keyless Entry System Using the CDP6805F2 8-Bit Microcomputer Unit (10 pages) 

97364 AN7364 CDP6805 Micros: Converting Interrupts (4 pages) 

98756 AN8756 A Comparative Description of the UART - Universal Asynchronous Receiver/Transmitter 
(17 pages) 

98761 AN8761 User's Guide to the CDP68HC68T1 Real-Time Clock (14 pages) 

96525 AN6525 Guide to Better Handling and Operation of CMOS Integrated Circuits (3 pages) 

For more Information, see the AnswerFAX map on page 9-2 and choose catalog item #6, "Microprocessor Products". 

AnswerFAX Gives You the Information 
You Need. On Your Own Fax. 

• Data Sheets • Application Notes 

• New Products • Technical Briefs 

IswerFAX provides a full library of infonnation on 
llTis products at your fingertips 24 hours a day. 
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PUB • 

NUMBER 

SG103 

PSG201.21 

DB500B 

D8301B 

D8302B 

08304.1 

DB450C 

D8223B 

08220.1 

D6235B 

DB303 

08309 

Analog 
Military 

08312 

Digital 
Military 

7004 

7005 

Harris AnswerFAX Data Book Request Form - Document #19 
Data Books Available NOl 

DATA BOOK/DESCRIPTION 

CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical Information on Harri 
Semiconductor High Speed 54174 CMOS Logic Integrated Circuits for commercial, Industrial and military applications. 
covers Harris' High Speed CMOS Logic HClHCT Series, ACIACT Series, BlCMOS Interface Logic FCT Series and CMOi 
Logic CD4000B Series. 

PRODUCT SELECTION GUIDE (NEW 1994: 616pp) Key product Information on all Harris Semiconductor devicel 
Sactloned (Linear, Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Dlgill 
Microprocessors and HI-ReVMllitary and Rad Hard) for easy use and Includes cross references and alphanumeric pal 
number Index. 

LINEAR AND TELECOM ICa (1993: 1,312pp) Product specifications for: op amps, oomparators, SIH amps, differential amllt 
arrays, special analog circuits, telecom ICs, and power processing circuits. 

DATA ACQUISITION (1994: 1,104pp) Product specifications on AID converters (display, integrating, successiv 
approximation, flash); DIA converters, switches, multiplexers, and other products. 

DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dlmenslonal and two-dImensional fllten 
signal synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 

INTELLIGENT POWER ICa (1994: 946pp) This data book includes a complete set of data sheets for product specification! 
application notes with design details for specific applications of Harris products, and a description of the Harris quality an 
high reliability program. 

TRANSIENT VOLTAGE SUPPRESSION DEVICES (1994: 4OOpp) Product specifications of Harris varistors and surgecton 
Also, general Informational chapters such as: "Voltage Transients - An OVerview," "Transient Suppression - Devices an 
Principles," ·Suppression - Automotive Transients." 

POWER MOSFETa (1994: 1,328pp) This data book contains detailed technical Information Including standard POWE 
MOSFETs (the popular RF-serles types, the IRF-serles 01 Industry replacement types, and JEDEC types), MegaFETs, logic 
level power MOSFETs (L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radlatlon-hardene 
power MOSFETs. 

BIPOLAR POWER TRANSISTORS (1992: 592pp) Technlcallnlorrnatlon on over 750 power transistors lor use In a wid 
range of consumer, Industrial and military applications. 

RADIATION HARDENED (1993: 2,232pp) Harris technologies used Include dielectric isolation (01), SlIIcon-on-Sapphlr 
(SOS), and SlIIcon-on-lnsulator (SOl). The Harris radiation-hardened products Include the CD4000, HCSlHCTS and AC~ 
ACTS logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C8518OC86 microprocessor family, analo 
Switches, gate arrays, standard cells and custom devices. 

MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on CMOi 
microprocessors, peripherals, data communications, and memory ICs. 

MCTnGBTlDlODES (1994: 528pp) This data book fully describes Harris Semiconductor's line of MOS Controlled Thyrlston 
Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers. 

ANALOG MILITARY (1989: 1,264pp) This data book describes Harris' military line of Linear, Data Acquisition, an 
Telecommunications circuits. 

ANALOG MILrrARY DATA BOOK SUPPUEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined wit 
the 1989 Analog Military Product Data Book, contain detailed technical Information on the extensive line 01 Harri 
Semiconductor Linear and Data Acquisition products lor Military (MIL-STD-883, DESC SMD and JAN) applications an, 
supersedes all previously published Linear and Data Acquisition Military data books. For applications requiring Radiatio 
Hardened products, please refer to the 1993 Harris Radiation Hardened Product Data Book (document #D6235B) 

DIGITAL MILITARY (1989: 680pp) Harris CMOS digital les - microprocessors, peripherals, data communications an 
memory - are Included in this data book. 

Complete Set 01 Commercial Harris Data Books 

Complete Set 01 Commercial and Military Harris Data Books 

NAME: ______________________________________ ~-- PHON~ _______________ ___ 

MAIL STOP:, _________ -..,. _______ _ FAX: ___________________ _ 

COMPANY: __________________________________ _ 

ADDRESS: ___ ---------------------------------------

FAX FORM TO: HARRIS FULFILLMENT FAX #: 610-265-2520 ATTN: LAURIE MALANTONIO 
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CDP680~---I 10 
SALES OFFICES 

HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 

U.S. HEADQUARTERS 
Harris Semiconductor 
2401 Palm Bay Road 
Palm Bay, Florida 32905 
TEL: (407) 724-7000 

SOUTH ASIA 
Harris Semiconductor H.K. Ltd 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon Hong Kong 
TEL: (852) 723-6339 

EUROPEAN HEADQUARTERS 
Harris Semiconductor 
Mercure Centre 
100, Rue de Ia Fusee 
1130 Brussels, Belgium 
TEL: 32 2 724 21 11 

NORTH ASIA 
Harris KK. 
Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojlmachl 
Chiyoda-ku, Tokyo 102 Japan 
TEL: (81) 03-3265-7571 

HARRIS TECHNICAL ASSISTANCE AVAILABILITY: 

UNITED STATES 

INTERNATIONAL 

CALIFORNIA 

FLORIDA 

GEORGIA 

ILLINOIS 

INDIANA 

MASSACHUSETTS 

NEW JERSEY 

NEW YORK 

TEXAS 

FRANCE 

GERMANY 

HONG KONG 

ITALY 

JAPAN 

KOREA 

SINGAPORE 

TAIWAN 

UNITED KINGDOM 

Costa Mesa •.•...•.•...•••..••...•. 714-433-0600 
San Jose ................•......... 408-985-7322 

Palm Bay .......•......•.......•... 407-729-4984 

Duluth ...........................•. 404-476-2035 

Schaumburg ........................ 708-240-3480 

Carmel ......•.•....•.•....•.....•• 317-843-5180 

Burlington .......................... 617-221-1850 

Voorhees ••..........•..•....••.... 609-751-3425 

Hauppauge ........................ 516-342-0291 
Wappingers Falls .................... 914-298-1920 

Dallas .......••.•.•...••..•..•....• 214-733-0800 

Paris ....................•........ 33-1-346-54046 

Munich ............................ 49-89-63813-0 

Kowloon ........................... 852-723-6339 

Milano ............................ 39-2-262-0761 

Tokyo ......•....•................ 81-3-3265-7571 

Seoul ............................. ,~2-2-551-0931 

Singapore .••.....•.........••.•....• 65-291-0203 

Taipei .....••....•....••.•...•.... 886-2-716-9310 

Camberley •••....•..•.•••.••.••..• 44-2-766-86886 

For literature requests, please contact Harris at 1..8Q0-442-7747 (1-800-4HARRIS), 
or for immediate fax service using Harris AnswerFAX dial 407-724-7800 
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North American Sales Offices and Representatives 

Clark Hurman Associates OaslsSales 
ALABAMA Unit 14 1101 Tonne Road Harris Semiconductor 

20 Regan Road Elk Grove VDlage, IL 60007 600 Boulevard South 
Suite 103 BraR1>ton, Ontario TEL: (708) 640-1850 

HuntsVille, AL 35802 Canada L7A 1C3 FAX: 708 640 9432-

TEL:. (205) 883-2791 TEL: (905) 840-6066 
FAX: 905 840-6091 INDIANA FAX: 205 883 2861 

Harris Samlconductor 
Glestlng a Associates 308 Palladium Drive 

• 11590 N. Meridian st Suite 200 Suite 15 
Kanata, Ontario Suite 100 

4835. University Square . 
Canada K2B lAl Carmel, IN 46032 

Huntsville, AL 35816 
TEL: (613) 599-5626 TEL: (317) 843-5180 

TEL: (205) 830-4554 
FAX: 6135995707 FAX: 317 843 5191 

FAX: 205 830 4699 
Glestlng a Associates 78 Donegani, Suite 200 

ARIZONA Pointe Claire, Quebec 370 Rldgepoint Dr. 
Carmel, IN 46032 Compass Mktg. a Sales, Inc. Canada H9R 2V4 
TEL: (317) 844-5222 11801 N. Tatum Blvd. 11101 TEL: (514) 426-0453 
FAX: 317 844 5861 Phoenix, AZ 85028 FAX: 514 426 0455 

TEL: (602) 996-0635 
IOWA FAX: 802 996 0586 COLORADO Oasis Sales 

P.O. Box 65447 Compass Mktg. a Sales, Inc. 
4905 lakeside Dr., NE 5600 So. Quebec St. Tucson, AZ 85728 

Suite 3500 Suite 203 
TEL: (602) 577-0580 

Greenwood Village, CO 80111 Cedar Rapids, IA 52402 
FAX: 602 577 0581 

TEL: (303) 721-9663 TEL: (319) 377-8738 
FAX: 319 377 8803 

CALIFORNIA FAX: 303 7210195 

Harris Semiconductor KANSAS 
• 1503 So. Coast Drive CONNECTICUT Advanced Tech. Sales, Inc. 

Suite 320 Advanced Tech. Sales, Inc. 
601 North Mur-Lan, Sutte 8 

Costa Mesa, CA 92626 Westview Office Park 
Olathe, KS 86062 Bldg. 2, Suite lC TEL: (714) 433-0600 

850 N. Main Street Extension TEL: (913) 782-8702 
FAX: 714 433 0682 

Wallingford, CT 06492 FAX: 913 782 8641 
Harris Semiconductor TEL: (508) 664-0888 

• 3031 Tisch Way FAX: 203 284 8232 KENTUCKY 
1 Plaza South Glestlng a Associates 
San Jose, CA 95128 

FLORIDA 204 Pintail Court 
TEL: (408) 985-7322 Harris Semiconductor Versailles, KY 40383 
FAX: 408 985 7455 • 2401 Palm Bay Rd. TEL: (606) 873-2330 
CK Associates Palm Bay, FL 32905 FAX: 608 873 6233 
8333 Clairemont Mesa Blvd. TEL: (407) 729-4984 

MARYLAND Suite 102 FAX: 407 729 5321 
San Diego, CA 92111 Sun Marketing Group 

New Era Sales, Inc. 
890 Airport Pk. Rd, SUite 103 TEL: (619) 279-0420 1956 Dairy Rd. Glen Burnie, MD 21061 FAX: 619 279 7650 West Melbourne, FL 32904 TEl: (410) 761-4100 Ewing Foley, Inc. TEL: (407) 723-0501 FAX: 410 761-2981 185 Linden Avenue FAX: 4077233845 

Auburn, CA 95603 Sun Marketing Group MASSACHUSETTS TEL: (916) 885-6591 4175 East Bay Drive, Sutta 128 Harris Semiconductor FAX: 9168856594 Clearwater, FL 34624 • Six New England Executive Pk. 
Ewing Foley, Inc. TEL: (813) 536-5771 Burlington, MA 01803 
895 Sherwood Lane FAX: 813536 6933 TEL: (617) 221-1850 
Los Attos, CA 94022 Sun Marketing Group FAX: 617 2211866 
TEL: (415) 941-4525 600 S. Federal Hwy., Suite 218 Advanced Tech Sales, Inc. FAX: 415 9415109 Deerfield Beach, FL 33441 348 Park Street, Suite 102 
Vision Technical Sales, Inc. TEL: (305) 429-1077 Park Place West 

• 26010 Mureau Road FAX: 305 429 0019 N. Reading, MA01864 
Suite 140 TEL: (508) 684-0888 
Calabasas, CA 91302 GEORGIA FAX: 508 684 5503 
TEL: (818) 878-7955 Giestlng a Associates 
FAX: 818 8787965 • 2434 Hwy. 120, Suite 108 MICHIGAN 

Duluth, GA 30136 Harris Semiconductor 
CANADA TEL: (404) 478-0025 • 27777 Franklin Rd., Suite 460 

Blakewood Electronic FAX: 404 476 2405 Southfield, MI 48034 
Systems, Inc. TEL: (810) 746-0800 
11201 - 7382 Winston Street ILLINOIS FAX: 810 746 0516 
Burnaby, BC Harris Semiconductor Glestlng a Associates Canada V5A 2G9 • lHll Perimeter Dr., Sutte 600 34441 Eight Mile Rd., Suite 113 TEL: (604) 444-3344 Schaumburg, IL 60173 Livonia, MI 48152 FAX: 604 4443303 TEL: (708) 240-3480 TEL: (810) 478-8106 

FAX: 708 6191511 FAX: 810 477 6908 

• Field Application Assistance Available 
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Glestlng a Associates 
1279 SkyhUls N.E. 
Comstock Park, MI 49321 
TEL: (616) 784-8437 
FAX: 616 784 9438 

MINNESOTA 
Oasis Sales 
7805 Telegraph Road 
Suite 210 
Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 9415701 

MISSOURI 
Advanced Tech. Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
TEL: (314) 291-5003 
FAX: 314 2917958 

NEBRASKA 
Advanced Tech. Sales, Inc. 
601 North Mur-Lan, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 

NEW JERSEY 
Harris Semiconductor 

• Plaza 1000 at Main Street 
Suite 104 
Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 
Harris Semiconductor 
724 Route 202 
P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 
Trltek Sales, Inc. 
One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 687-0200 
FAX: 609 667 8741 

NEW MEXICO 
Compass Mktg. a Sales, Inc. 
4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX: 505 345 4848 

NEW YORK 
Harris Semiconductor 
Hampton Business Canter 
1611 Rt 9, Sutte U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 
FAX: 914 298 0425 
Harris Semiconductor 

• 490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0219 
FAX: 516 342 0295 
Foster a Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 



North American Sales Offices and Representatives (Continued) 

Foster .. Wager, Inc. 
2511 Browncroft Blvd. 
Rochester. NY 14625 
TEL: (716) 385-n44 
FAX: 716 588 1359 

Foster .. Wager, Inc. 
7696 Mountain Ash 
Liverpool. NY 13090 
TEL: (315) 457·7954 
FAX: 315 457 7076 

Trlonlc Associates, Inc. 
320 Northern Blvd. 
Great Neck. NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 

NORTH CAROLINA 
Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A. MS/2T08 
Durham. NC 2n03 
TEL: (919) 405·3600 
FAX: 919 405 3660 
New Era Ssles 
1215 Jones Franklin Road 
Suite 201 
Raleigh. NC 27606 
TEL: (919) 859-4400 
FAX: 9198596167 

OHIO 
Glestlng .. Associates 
P.O. Box 39398 
2854 Blue Rock Rd. 
Cincinnati. OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 

6324 Tamworth Ct. 
Colurrbus. OH 43017 

.TEL: (614) 752-5900 

6200 SOM Center Rd. 
Suite 0-20 
Solon. OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 

OKLAHOMA 
Nova Marketing 
8421 East 61st Street. Suite P 
Tulsa. OK 74133-1928 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 3571091 

OREGON 
Northwest Marketing Assoc. 
6975 SW Sandburg Rd. 
Suite 330 
Portland. OR 97223 
TEL: (503) 620-0441 
FAX: 503 684 2541 

PENNSYLVANIA 
Glestlng .. Associates 
471 Walnut Street 
Pittsburgh. PA 15238 
TEL: (412) 828-3553 
FAX: 412 8286160 

TEXAS 
Harris Semiconductor 

• 17000 Dallas Parkway. SuIte 205 
Dallas. TX 75248 
TEL: (214) 733-0800 
FAX: 214 733 0819 

Nova Marketing 
8310 Capitol of Texas Hwy. 
Suite 180 
Austin. TX 78731 
TEL: (512) 343-2321 
FAX: 512 343-2487 

North American Authorized Distributors and Corporate Offices 
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8350 Meadow Rd •• Suite 174 
Dallas. TX 75231 
TEL: (214) 265-4600 
FAX: 214 265 4668 

Corporate Atrium II. Suite 140 
10701 Corporate Dr. 
Stafford. TX n4n 
TEL: (713) 24()"6082 
FAX: 713 240 6094 

UTAH 
Compass Mktg ... Sales, tnc. 
5 Triad Center. Suite 320 
Salt Lake City. UT 84180 
TEL: (801) 322-0391 
FAX: 801 322-0392 

WASHINGTON 
Northwest Marketing Assoc. 
12835 BeI·Red Road 
Suite 330N 
Bellevue. WA 98005 
TEL: (206) 455-5846 
FAX: 206 451 1130 

WISCONSIN 
Oasis Sales 
1305 N. Barker Rd. 
Brookfield. WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 

Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 
Alliance Electronics Farnell Electronic Services Hamilton Hallmark Zeus Electronics, 
7550 E. Redfield Rd. (Formerly ITT Mullicomponents) 10950 W. Washington Blvd. An Arrow Company 
Scottsdale. AZ 85260 300 North Rlvermede Rd. Culver City. CA 90230 100 Midland Avenue 
TEL: (602) 483-9400 Concord. Ontario TEL: (310) 558-2000 Pt. Chester. NY 10573 
FAX: (602) 443 3898 Canada L4K 3N6 FAX: 310 558 2809 (Mil) TEL: (914) 937-7400 
ArrowJSchweber TEL: (416) 798-4884 FAX: 214 343 5988(Com) TEL: (800) 52-HI·REL 
Electronics Group FAX: 416 798 4889 Newark Electronics FAX: 914 937-2553 
25 Hub Dr. Gerber Electronics 4801 N. Ravenswood Obsolete Products: 
Melville. NY 11747 128 Camegle Row Chicago. IL 60640 
TEL: (516) 391-1300 Norwood, MA 02062 TEL: (312) 784-5100 
FAX: 516 3911644 TEL: (617) 769-6000. x156 FAX: 312 275-9596 

Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Colurrbus. OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 

FAX: 617762 8931 

North American Authorized Distributors 
ALABAMA 

ArrowJSchweber 
Huntsville 
TEL: (205) 837-6955 

Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 

Wyle Laboratories 
Huntsville 
TEL: 205) 83()..1119 

Zeus, An Arrow Company 
Huntsville 
TEL: (407) 333-3055 
TEL: (800) 52-HI·REL 

ARIZONA 
Alliance Electronics, Inc. 
Gilbert 
TEL: (602) 813-0233 

Scottsdale 
TEL: (602) 483-9400 

ArrowJSchweber 
Tempe 
TEL: (602) 431-0030 

Hamilton Hallmark 
Phoenix 
TEL: (602) 437-1200 

Wyle laboratories 
Phoenix 
TEL: (602) 437-2088 

• Field Application Assistance Available 

Wyle Laboratorlea 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara. CA 95051 
TEL: (408) 727-2500 
FAX: 408 988-2747 

Zeus, An Arrow Company 
TelllJ8 
TEL: (408) 629-4789 
TEL: (800) 52-HI·REL 

CALIFORNIA 
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Alliance Electronics, Inc. 
Santa Clarita 
TEL: (805) 297-6204 

ArrowJSchweber 
Calabasas 
TEL: (818) 88()..9686 

Fremont 
TEL: (408) 432-7171 

Irvine 
TEL: (714) 587-0404 

Rochester Electronic 
10 Malcom HOy! Drive 
Newburyport. MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 

San Diego 
TEL: (619) 565-4800 

San Jose 
TEL: (408) 441-9700 

Hamilton Hallmark 
Costa Mesa 
TEL: (714) 641-4100 

Los Angeles 
TEL: (818) 594-0404 

Sacramento 
TEL: (916) 624-9781 

San Diego 
TEL: (619) 571-7540 

San Jose 
TEL: (408) 435-3500 

U) 
W 
~ 
II. 
II. o 
U) 

~ 



North American Authorized Distributors (Continued) 

Wyle Laboratories Zeus, An Arrow Company Wyle Laboratories 
Calabasas TEL: (408) 629-4789 Addison 
TEL: (818) 880-9000 TEL: (800) 52·HI·REL TEL: (708) 620-0969 

Irvine Zeus, An Arrow Company 
TEL: (714) 8i33-9953 CONNECTICUT Itasca 

Rancho Cordova 
Alliance Electronics, Inc. TEL: (708) 250-0500 

TEL: (916) 638-5282 Shelton TEL: (800) 52-HI-REL 
TEL: (203) 926-0087 

San Diego ArrowlSchweber INDIANA TEL: (619) 565-9171 Wallingford ArrowlSchweber 
Santa Clara TEL: (203) 265-n41 Indianapolis 
TEL: (408) 727-2500 Hamilton Hallmark TEL: (317) 299-2071 
Zeus, An Arrow Company Danbury Hamilton Hallmark 
San Jose TEL: (203) 271-2844 Indianapolis 
TEL: (408) 629-4789 Zeus, An Arrow Company TEL: (317) 872·8875 
TEL: (800) 52·HI·REI. TEL: (914) 937-7400 Zeus, An Arrow Company 
Irvine TEL: (800) 52-HI-REL TEL: (708) 250-0500 
TEL: (714) 921·9000 TEL: (800) 52-HI-REL 
TEL: (800) 52·HI·REL FLORIDA 

ArrowlSchweber IOWA 
CANADA Deerfield Beach ArrowlSchweber 

ArrowlSchweber TEL: (305) 429-8200 Cedar Rapids 
Burnaby, British Columbia Lake Mary 

TEL: (319) 395-7230 
TEL: (604) 421·2333 TEL: (407) 333-9300 Hamilton Hallmark 
Dorval, Quebec Hamilton Hallmark 

Cedar Rapids 
TEL: (514) 421-7411 Mlaml TEL: (319) 362·4757 

Napan, Ontario TEL: (305) 484·5482 Zeus, An Arrow Company 
TEL: (613) 226-6903 Orlando 

TEL: (214) 380-4330 

Mississagua, Ontario TEL: (407) 657·3300 
TEL: (800) 52·HI·REL 

TEL: (905) 670-7769 Largo KANSAS 
Farnell Electronic Services TEL: (816) 541·7440 ArrowlSchweber 
Burnaby, British Columbia Wyle Laboratories Lenexa 
TEL: (604) 291·8886 Fort Lauderdale TEL: (913) 541·9542 
Calgary, Alberta TEL: (305) 420-0500 Hamilton Hallmark 
TEL: (403) 273·2780 St. Petersburg KansasCily 
Concord, Onterio TEL: (813) 576-3004 TEL: (913) 886-4747 
TEL: (416) 798-4884 Zeus, An Arrow Company Zeus, An Arrow Company 
V. St. Laurent, Quebec Lake Mary TEL: (214) 380-4330 
TEL: (514) 335·7697 TEL: (407) 333-3055 TEL: (800) 52-HI-REL 

Napean, Ontario TEL: (800) 52-HI·REL 
MARYLAND TEL: (613) 596-6980 ArrowlSchweber 

Winnipeg. Manitoba GEORGIA Columbia ArrowlSchweber 
TEL: (204) 786-2589 Duluth TEL: (301) 596-7800 

Hamilton Hallmark TEL: (404) 497-1300 Hamilton Hallmark 
Mississagua. Onterlo Hamilton Hallmark Baltimore 
TEL: (905) 564·6060 AUanta TEL: (410) 986-9800 

Montreal TEL: (404) 623-5475 Wyle Laboratories 
TEL: (514) 335·1000 Wyle Laboratories Columbia 

Ottawa Duluth TEL: (410) 312-4844 

TEL: (613) 226-1700 TEL: (404) 441·9045 Zeus, An Arrow Company 

VancoLNer. B.C. Zeus, An Arrow Company 
TEL: (914) 937·7400 

TEL: (604) 420-4101 TEL: (407) 333-3055 
TEL: (800) 52·HI·REL 

Toronto TEL: (800) 52-HI·REL 
MASSACHUSETTS 

TEL: (905) 564-6060 Alliance Electronics, Inc. 
. ILLINOIS Winchester 

COLORADO Alliance Electronics, Inc. TEL: (617) 756-1910 
ArrowlSchweber Vernon Hills 

ArrowlSchweber 
Englewood TEL: (708) 949·9890 

Wilmington 
TEL: (303) 799-0258 ArrowlSchweber TEL: (508) 658·0900 
Hamilton Hallmark Itasca 

Gerber 
Denver TEL: (708) 250-0500 

Norwood 
TEL: (303) 790-1662 Hamilton Hallmark TEL: (617) 769-6000 
Colorado Springs Chicago 

Hamilton Hallmark 
TEL: (719) 637-0055 TEL: (708) 86O-n80 

Peabody 
Wyle Laboratories Newark Electronics, Inc. TEL: (508) 532·9893 
Thornton Chicago 

Wyle Laboratories 
TEL: (303) 457·9953 TEL: (312) 907-5436 

Burlington 
(617) 272-7300 

• Field Application Assistance Available 
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Zeus, An Arrow Company 
Wilmington. MA 
TEL: (508) 658-4n6 
TEL: (800) HI·REL 

MICHIGAN 
ArrowlSchweber 
Livonia 
TEL: (313) 462-2290 

Hamilton Hallmark 
Detroit 
TEL: (313) 347·4271 

Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI·REL 

MINNESOTA 
ArrowlSchweber 
Eden Prarie 
TEL: (612) 941-5280 

Hamilton Hallmark 
Minneapolis 
TEL: (612) 881·2600 

Wyle Laboratories 
Minneapolis 
TEL: (612) 653-2280 

Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52·HI·REL 

MISSOURI 
ArrowlSchweber 
SL LOUis 
TEL: (314) 567·8888 

Hamilton Hallmark 
SL Louis 
TEL: (314) 291·5350 

Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 

NEW JERSEY 
ArrowlSchweber 
Marlton 
TEL: (609) 596-8000 

Pinebrook 
TEL: (201) 227·7880 

Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 

Parsippany 
TEL: (201) 515·1641 

Wyle Laboratories 
MI. Laurel 
TEL: (609) 439-9110 

Pine Brook 
TEL: (201) 882-8358 

Zeus, An Arrow C;ompany 
TEL: (914) 937·7400 
TEL: (800) 52·HI·REL 

NEW MEXICO 
Hamilton Hallmark 
Albuquerque 
TEL: (505) 828-1058 

Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 
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NEW YORK 
EMC ArrowJSchweber 

WISCONSIN 
Alliance Electronics, Inc. Columbus Austin ArrowJSchweber 
Binghamton TEL: (614) 299-4161 TEL: (512) 835-4180 Brookfield 
TEL: (607) 648-8833 Hamilton Hallmark Dallas TEL: (414) 792'()150 

Huntington Cleveland TEL: (214) 38()'6464 Hamilton Hallmark 
TEL: (516) 673-1930 TEL: (216) 498-1100 Houston Milwaukee 

ArrowJSchweber Columbus TEL: (713) 647-6868 TEL: (414) 780-7200 

Farmingdale Tel: (614) 888-3313 Hamilton Hallmark Wyle Laboratorlea 
TEL: (516) 293-6383 Dayton Austin Waukasha 

Hauppauge TEL: (513) 439-6735 TEL: (512) 258-8648 Tel: (414) 521-9333 

TEL: (516) 231-1000 Toledo Dallas Zeua, An Arrow Company 

Melville TEL: (419) 242-6610 TEL: (214) 553-4300 TEL: (708) 25()'0500 

TEL: (516) 391-1276 Zeus, An Arrow Company Houston TEL: (800) 52-HI-REl 

TEL: (516) 391-1300 TEL: (708) 595-9730 TEL: (713) 781-6100 
TEL: (516) 391-1633 TEL: (800) 52-HI-REl Wyte laboratories Harris Semiconductor 
Rochester Austin Chip Distributors 
TEL: (716) 427.()300 OKLAHOMA TEL: (512) 345-8853 

ArrowJSchweber Chip Supply, Inc. 
Hamilton Hallmark Tulsa 

Houston 7725 N. Orange Blossom Trail 
long Island TEL: (918) 252-7537 

TEL: (713) 879-9953 Orlando, Fl3281()'2696 
TEL: (516) 434-7400 

Hamilton Hallmark 
Rlchardscn TEL: (407) 298-7100 

Rochaster Tulsa 
TEL: (214) 235-9953 FAX: (407) 290-0164 

TEL: (716) 475-9130 TEL: (918) 254-6110 Zeua, An Arrow Company Etmo Semiconductor Corp. 

Ronkonkoma Zeua, An Arrow Company Carrollton 7590 North Glenoaks Blvd. 

TEL: (516) 737.()6()() TEL: (214) 38()'4330 TEL: (214) 380-433Q Burbank, CA 91504-1052 

Zeua, An Arrow Company TEL: (800) 52-HI-REl TEL: (800) 52-HI-REl TEL: (818) 768-7400 

PlChester 
FAX: (818) 767-7038 

TEL: (914) 937-7400 OREGON UTAH Minco Technology Labs, Inc. 

TEL: (800) 52-HI-REl AlmaclArrow 
ArrowJSchweber 1805 Ruthertord Lane 

Beaverton 
Salt lake City Austin, TX 78754 

NORTH CAROLINA TEL: (503) 629-8090 
TEL: (B01) 973-6913 TEL: (512) 834-2022 

ArrowJSchweber Hamilton Hallmark 
Hamilton Hallmark FAX: (512) 837-6285 

Raleigh PorHand Salt Lake City 
TEL: (919) 876-3132 TEL: (503) 526-6200 

TEL: (B01) 268-2022 Puerto Rican 
EMC Wyle laboratories Wyle laboratories Authorized Distributor 
Charlotte Beaverton 

Wast Valley City 
Hamilton Hallmark 

TEL: (704) 394-6195 TEL: (503) 643-7900 
TEL: (B01) 974-9953 

TEL: (B09) 731-1110 
Hamilton Hallmark Zeua, An Arrow Company 
Raleigh 

Zeus, An Arrow Company TEL: (408) 629-4789 TEL: (408) 629-4789 
TEL: (919) 872-0712 TEL: (BOO) 52-HI-REl 

TEL: (BOO) 52-HI-REl South American 
Zeus, An Arrow Company 

WASHINGTON 
Authorized Distributor 

TEL: (407) 333-3055 PENNSYLVANIA Graftec Electronic Seles Inc. 
TEL: (BOO) 52-HI-REl ArrowJSchweber 

AlmaclArrow 
One Boca Place, Suite 305 East Bellevue 

Pittsburgh TEL: (206) 643-9992 2255 Glades Road 
OHIO TEL: (412) 963-6807 Boca Raton, Florida 33431 

Alliance Electronics, Inc. Hamilton Hallmark 
Hamilton Hallmark TEL: (407) 994-0933 

Dayton Pittsburgh 
Seattle FAX: 407 994-5518 

TEL: (513) 433-nOO TEL: (412) 281-4150 
TEL: (206) 881-6697 

ArrowJSchweber Zeus, An Arrow Company 
Wyle laboratories BRASIL 

Solon Redmond Graftec Electronics 

TEL: (216) 248-3990 
TEL: (914) 937-7400 TEL: (206) 881-1150 Av. Moema 538 
TEL: (BOO) 52-HI-REl 

Zeus, An Arrow Company O4On-022 Sao Paulo - SP 
Centerville 
TEL: (513) 435-5563 TEXAS TEL: (408) 629-4789 Brasil 

TEL: 01155115722727 
Alliance Electronics, Inc. TEL: (BOO) 52-HI-REl 

FAX: 011 55 11 5757519 
Carrollton 
TEL: (214) 492-6700 

European Sales Offices and Representatives 
European Sales Headquarters til 

AUSTRIA DENMARK FINLAND W 
HarrlsS.A. Eurodls Electronics GmbH Delco AS J. Havullnna .. Son (J 
Mercure Center lamezanstrasse 10 litangade 15 Relnlkkatan Kartano u:: 
Rue de la Fusee 100 II. 

A - 1232 Viema OK - 2200 Copenhagen N SF - 51200 Kangasnleml 0 B-113O Brussels, Belgium TEL: 431 61062'() TEL: 45 35 8212 00 TEL: 358 59 432031 til TEL: 32 2 7242111 FAX: 43 1 610625 FAX: 45 35 82 1205 FAX: 358 59 432367 W 
FAX: 32 2 724 22051 ... 09 ...I 

c( 
til 

• Field Application Assistance Available 
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FRANCE Erwin W. Hildebrandt ITALY UNITED KINGDOM 
Harris Semlconducteurs SARL Nleresch32 HarrlsSRL Harris Semiconductor Ltd 

• 2-4, Avenue de l'Europe o ·48301 Nottuln·Oarup • Vlale Fulvlo Testi, 126 • Riverside Way 
F • 78941 Vellzy Cedex TEL: 492502 60 65 1·20092 Cinlsello Balsemo, Camberley 
TEL: 33 1 34 65 40 80 (Dist) FAX: 492502 18 89 (Milan) Surrey GU15 3YO 
TEL: 33 1 34 65 40 27 (Sales) F1NK Handelsvertretung TEL: 39 2 262 07 61 TEL: 44 276 666 686 
FAX: 33 1 39 46 40 54 Laurinweg,l (Oistl & OEM ROSE) FAX: 44 276 682 323 

o . 65521 Ottobrunn TEL: 39 2 240 95 01 Laser Electronics 
GERMANY TEL: 49 89 6 09 70 04 (Olstl & OEM Italy) Ballynamoney 

Harris Semiconductor GmbH FAX: 49 89 60981 70 FAX: 39 2 262 22 667 (Oisti) Greenore 
• Putzbrumerstrasse 69 Hartmut Welte 392262 22 158 (ROSE) Co. Louth, Ireland 

0·81739 MOnchen Hepbacher Strasse 11 A TEL: 353 4273165 
TEL: 49 89 63813-0 o . 68677 Markdorl NETHERLANDS FAX: 353 4273518 
FAX: 49 89 6377891 TEL: 49 7544 7 25 55 Harris Semiconductor SA Comtech House 
Harris Semiconductor GmbH FAX: 49 7544 7 25 55 Benelux OEM Sales Office Redgate Road 
Kieler Strasse 55-59 Kouterstraat 6 South Lancashire Indust Estate 
0·254510ulckbom ISRAEL NL • 5345 LX ass Ashton·ln·Makerlieid 
TEL: 49 4106 50 02~4 Aviv Electronics Ltd TEL: 31 4120 38561 Wigan WN4 8DT 
FAX: 49 4106 6 68 50 Hayetzira Street. 4 Ind. Zone FAX: 31 412034419 TEL: 44 942 274731 
Harris Semiconductor GmbH IS· 43651 Ra'anana FAX: 44 942 274732 
Wegener Strasse, 511 PO Box 2433 SPAIN Stuart Electronics Ltd. o • 71063 Sindelfingen IS· 43100 Ra'anana ElcosS.L. Phoenix House 
TEL: 49 7031 8 69 40 TEL: 972 9 983232 C/Avda. Europa, 30 1 B-A Bothwell Road 
FAX: 49 7031 873849 FAX: 972 9 916510 Spain 28224 Pozueio de Alarcon Castlehlll, Carluke 
Ecker Mlchelstadt GmbH Madrid Lanarkshire MLB 5UF 
In den Dorfwlesen 2A TEL: 34 1 3523052 TEL: 44 555 751566 
Postfach 33 44 FAX: 3413521147 FAX: 44 555 751562 
o • 64720 Mlchelstadt 
TEL: 49 6061 22 33 TURKEY 
FAX: 496061 5039 EMPA 

Besyol Londra Asfalti 
TK • 34830 Sefakoy/lstanbul 
TEL: 90 1 5993050 
FAX: 90 1 599 3059 

European Authorized Distributors 
AUSTRIA Eurodis Texim Electronics FRANCE Avnet E2000 GmbH • Avenue des Croix de 3D Harris Semiconductor 

Waidhausenstrasse 19 Guerre 116 ZI des Glaises Chip Distributors A·1140Wien B • 1120 Brussels 
TEL: 43 1 9112847 TEL: 32 2 247 49 69 

618 rue Ambroise Crolzat Edgetek/Rood Tech 
FAX: 43 1 9113853 FAX: 32 2 215 81 02 

F· 91127 Palaiseau Zai De Courtaboeuf 
TEL: 33 1 64 47 29 29 Avenue Des Andes EBV Elektronlk FAX: 33 1 64 47 00 84 91952 Les Ulls Cedex • Diefenbachgasse 3516 DENMARK Arrow Electronlque TEL: 33 1 64 46 06 50 A·1150Wien AvnetNortec 

TEL: 43 1 8941774 Transformervej, 17 73 • 79, Rue des Solels FAX: 33 1 69 28 43 96 

FAX: 431 8941775 OK • 2730 Herlev SUIc565 TWX: 600333 

Eurodis Electronics GmbH TEL: 45 42 84 2000 F • 94663 Rungls Cedex Elmo 
FAX: 45 44 92 1552 TEL: 33 1 49 78 49 78 Z. A. De La Tui/erie Lamezanstrasse 10 FAX: 33 1 497805 96 B.P.l077 A·1232Wien Dltz Schweitzer 

TEL: 43 1 610620 Vallensbaekvej 41 Avnet EMG France 78204 Mantes-La.Jolle 

FAX: 43 1 610625 Poslboks 5 • 79, Rue Pierre Semard TEL: 33 1 34 77 16 16 

Spoerle Electronic OK • 2605 Brondby F-92320 Chalilion Sous Bagneux FAX: 33 1 34 77 95 79 

TEL: 45 42 45 30 44 TEL: 33 1 49 65 25 00 TWX: 699737 
Heiligenstadter Str. 52 

FAX: 45 42 45 92 06 FAX: 33 1 4965 25 39 Hybrltech CM (HCM) A·1190Wien 
TEL: 43 1 31872700 CCI Electronlque 7, Avenue Juliot Curie 

FAX: 431 3692273 FINLAND • 12, Allee de la Vierge F· 17027 LA Rochelle Cedex 
Avnet Nortec Silic577 TEL: 33 46 451270 

BELGIUM ltalahdenkatu, 18 F • 94653 Rungis FAX: 33 46 45 04 44 

Diode Spoerle SF • 00210 Helsinki TEL: 3314180 70 00 TWX: 793034 

• Keiberg /I TEL: 358 061318250 FAX: 33 1 46 75 32 07 

Minervastraat, 141B2 FAX: 358 069 22326 EBV Elektronik EASTERN COUNTRIES 
B·193O Zaventem Bexab Parc Club de la Haute Maison HEVGmbH 

TEL: 32 2 725 46 60 Sinimaentie 10C 16, Rue Galilee Alexanderplatz 6 

FAX: 32 2 725 45 11 P.O. Box 51 Cite Descartes 0·10178 Berlin 

SF • 02630 ESPOO F • 77420 Champs·sur·Marne Postfach90 
EBV Elektronlk 

TEL: 358.0.50 23 200 TEL: 33 1 64 68 86 09 D· 10173 Berlin 
• Excelsioriaan 35 

B • 1930 Zaventem FAX: 358.0.50 23 294 FAX: 33 1 64 68 27 67 TEL: 4930 243 34 00 
FAX: 49 30 243 34 24 

TEL: 32 27160010 
FAX: 32 2 720 81 52 

• Field Application Assistance Available 
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GERMANY Lasl Elettronlca Bexab Sweden AB Mlcromark Electronics 

AvnetlE2000 Viale Fulvio Testi 280 P.O. Box 523 Boyn Valley Road 

Stahlgruberring, 12 I - 20126 Milano Kemistvagen, lOA Maidenhead 

0- 81829 MOnchen TEL: 39 266 10 1370 S - 183 25 Taby Berkshire SL6 40T 

TEL: 49 89 4511001 FAX: 39 2 66101385 TEL: 46 8 630 88 00 TEL: 44 628 76176 

FAX: 49 89 45110129 SlIverstar FAX: 46 8 732 7058 FAX: 44 628 783799 

EBV Elektronlk GmbH Viale Fulvio Testi 280 Thame Components 

• Hans-Pinsel-Strasse 4 I· 20126 Milano SWITZERLAND Thame Park Rd. 

o . 85540 Haar·bel·MOnchen TEL: 39 266 12 51 Avnet E2000 AG Thame, OXfordshire OX9 3UQ 

TEL: 49 89 45610-0 FAX: 39 2 6610 1359 Boehlrainstrasse 11 TEL: 44 844 261188 

FAX: 49 89 464488 
CH - 8801 Thalwll FAX: 44 844 261681 

Eurodla En8technlk NETHERLANDS TEL: 41 1 7221330 

Electronics GmbH 
• Aurlema Nedertand BV FAX: 4117221340 

Pascalkehre, 1 
Beatrix de Rijkweg 8 Baslx Fur Elektronlk Harris Semiconductor 

o -25451 Quickborn 
NL - 5857 EG Eindhoven Hardlurmstrasse 181 Chip Distributors 
TEL: 31 40502602 CH - 8010 ZOrich 

P.B.124O FAX: 31 40510255 TEL:4112761111 
Ole Technology Ltd. 

o -25443 Quickborn Corbrook Rd., Chadderton 
TEL: 49 4106 701-0 • Diode Spoerle FAX: 41 1 2761234 Lancashire OL9 9S0 
FAX: 49 4106 701268 Colibaan 17 EBV Elektronlk TEL: 44 61 6263827 

Indeg Industrle Elektronlk NL - 3439 NG Nieuwegeln • Vordsladtstrasse 37 FAX: 44 61 627 4321 

Emil KOmmerling Strasse 5 TEL:31340291234 CH - 8953 Oietikon TWX: 668570 

o . 66954 Pirmasens FAX: 31 3402 359 24 TEL: 41 1 7401090 Rood Technology 
Postfach 1563 Diode Spoerle FAX: 41 17415110 Test House Mill Lane, Alton 
o . 66924 Pirmasens Poslbus 7139 Eurodls Electronic AG Hampshire GU34 2QG 
TEL: 49 6331 9 40 65 NL • 5605 JC Eindhoven Bahnstrasse 58160 TEL: 44 420 88022 
FAX: 49 6331 9 40 64 TEL: 31 40545430 CH - 8105 Regensdorf FAX: 44 420 87259 

Sasco Semiconductor FAX: 31 40 53 55 40 TEL: 411 84 33 111 TWX: 21137 

GmbH EBV Elektronlk FAX: 41 1 84 33 910 

Hermann-oberth Strasse 16 • Planetenbaan, 2 Fabrlmex Spoerle 
South African o -85640 Putzbrunn-bei· NL - 3606 AK Maarssenbroek Kirchenweg 5 

MOnchen TEL: 31 3465 62353 CH - 8032 ZOrich Authorized Distributor 
TEL: 49 89 4611-0 FAX: 31 3465 642 77 TEL: 41138 68 686 TRANSVAAL 
FAX: 49 89 4611-270 FAX: 4113832379 Allied Electronic Components 
Spoerle Electronic NORWAY 10, Skletlood Street 

Max-Planck Strasse 1-3 Avnet Nortec TURKEY lsando, Ext. 3,1600 

o -63303 Dreleich-bel- Smedsvingen 4B EMPA P.O. Box 69 
Frankfurt Box 123 Besyol Londra Aslaltl lsando, 1600 

TEL: 496103 3 04·0 N • 1364 Hvalstad TK - 34830 Selakey/lstanbul TEL: 271139238041 . •. 19 
FAX: 49 6106 3 04-201 TEL: 47 66 84 6210 TEL: 90212 599 3050 FAX: 27119749625 

FAX: 47 66 84 65 45 FAX: 90 212 599 3059 FAX: 27119749683 

GREECE 
SemiconCo. PORTUGAL UNITED KINGDOM 

104 Aeolou Street Amltron-Arrow Arrow-Jermyn Electronic Asian Pacific 
GR -10564 Athens Quinta Grande, Lote 20 Vestry Industrial Estate Sales Offices and 
TEL: 30 1 32 53 626 AHragide Sevenoaks 

FAX: 30 132 16063 P - 2700 Amadora Kent TN14 5EU Representatives 
TEL: 351.1.471 48 06 TEL: 44 732 743743 NORTH ASIA 

ISRAEL FAX: 351.1.47108 02 FAX: 44 732 451251 Sales Headquarters 

Aviv Electronics AvnetEmg JAPAN 

Hayetzira Street 4, Ind. Zone SPAIN Jubilee House, Jubilee Road Harris K.K. 

IS - 43651 Ra'anana Amitron-Arrow S.A. Letchworth Kojimachi-Nakata Bldg. 4F 

PO Box 2433 Albasanz, 75 Hertfordshire SG61QH 5-3-5 Kojimachi 

IS· 43100 Ra'anana SP • 28037 Madrid TEL: 44 462 488500 Chiyoda·ku, Tokyo, 102 Japan 

TEL: 972 9 983232 TEL: 34 1 3043040 FAX: 44 462 488567 TEL: (81) 3-3265·7571 

FAX: 972 9 916510 FAX:34 1 327 24 72 Farnell Electronic 
TEL: (81) 3-3265·7572 (Sales) 

EBV Elektronik Components 
FAX: (81) 3-3265·7575 

ITALY • Calle Maria Tubau, 6 Armley Road, Leeds SOUTH ASIA 
EBV Elektronik SP • 28049 Madrid West Yorkshire LS12 2QQ Sales Head~arters 

• Via C. Frova, 34 TEL: 34 1 35886 08 TEL: 44 532 790101 
HONGKON 

I - 20092 Cinisello Balsamo (MI) FAX: 34 1 358 85 60 FAX: 44 532 633404 
HanIs Semiconductor H.K. lid. 

TEL: 39 2 660 17111 Farnell Electronic 
131F Fourseas Building 

FAX: 39 2 660 17020 SWEDEN 
208·212 Nathan Road 

Services Tsimshatsui, Kowloon 
Eurelellronica AvnetNorlec Edinburgh way. TEL: (852) 723-6339 (/) 

Via Enrico Fermi, 8 Englundavagen 7 Harlow FAX: (852) 739·8946 W 
I - 20090 Assago (MI) P.O. Box 1830 Essex CM20 20E TLX: 78043645 

(.) 

TEL: 39 2457841 S - 171 27 Solna TEL: 44 279 626777 u:: 
FAX: 39 2 488 02 75 TEL: 468 629 1400 FAX: 44 279 441687 

II. 

FAX: 48 8 627 0280 
AUSTRALIA 0 

VSI Electronics ~ lid. (/) 
Unit C 6-8 Lyon Park Road W 
North Ryde NSW 2113 oJ 

CC 
TEL: (612) 878-1299 (/) 
FAX: (612) 878-1266 

• Field Application Assistance Available 
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Asian Pacific Sales Offices and Representatives (Continued) 

INDIA 
Intersll Private Umlted 
Plot 54. SEEPZ 
Merollnliustrial Area 
AndherI (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836~ 

KOREA 
Harris Semiconductor YH 
RM"*419-1 
Korea Air Terminal Bldg. 
159-8. Sam Sung-Dong. 
Kang Nam-ku. Seoul 
135-728. Korea 
TEL: 82-2-551'()931/4 
FAX: 82-2-551-Q930 
Inhwa Company, Ltd. 
Room 11305 
Daegyo Bldg •• 51H. 
Wonhyoro - 2GA. 
Young San-Ku. 
Seoul 140-113. Korea 
Tel: 822-703-7231 
FAX: 822-703-8711 

KumOh Electric Co .. Ltd. 
203-1. Jangsa-Dong. 
Chongro-ku. Seoul 
Tel: 822-279-3614 
FAX: 822-272-8496 

PHIUPPINES 
Intergral Silicon Solution, Inc. 
6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 632-786652 
FAX: 632-786731 

SINGAPORE 
HarrIs Samlconductor Pte Ltd. 
105 BOon Keng Road 
#01-18/19 Singapore 1233 
TEL: (65) 291-0203 
FAX: (65) 293-4301 
TLX: RS36460 RCASIN 

Asian Pacific Authorized Distributors 

AUSTRAUA 
VSI Electronics Ply, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1268 

CHINA 
Means Coma Ltd. 
Room 1007. Harbour Centre 
8 Hok Cheung Street 
Hung Hom. Kowloon 
TEL: (652) 334-8188 
FAX: (852) 334-8649 
Sunnlcs Electronics Co .. Ltd. 
Flat F. 51F. Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon. 
TEL: (652) 790-8073 
FAX: (852) 763-54n 

HONG KONG 
Array Electronics Limited 
241F •• Wyler Centre 
Phase 2 
200 Tal Un Pai Road 
KwaiChung 
New Territories. H.K. 
TEL: (652) 418-3700 
FAX: (852) 481-5872 
Inchcape Industrial 
101F. Tower 2. Metroplaza 
223 Hlng Fong Road 
KwalFong 
New Territories 
Tel: (652) 41 ().6555 
FAX: (852) 401-2497 
Kingly international Co .. Ltd. 
Flat 03. 161F. Block A. 
HI-Tech Ind. Centre 
5-12 Pak 11n Par St.. 
Tsuenwan 
New Territories. H.K. 
Tel: (652) 499-3109 
FAX: (852) 417-0961 

JAPAN 
Hakuto Co., Ltd. 
1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 
Tel: 81-3-3355-7615 
FAX: 81-3-3355-7680 
Jeplco Corp. 
Shinjuku Dalichl Seimel Bldg. 
2-7-1. Nlshl-Shlnjuku 
Shinjuku-ku. Tokyo 163 
Tel: 03-3348.()611 
FAX: 03-3348-0623 
Macnlcs Inc. 
Hakusan High Tech Park 
1-22-2. Hakusan 
Mldorl-ku. YokOhama-shi. 
Kanagawa 226 
TEL: 045-939-6116 
FAX: 045-939-8117 

Micron. Inc. 
DJK Kouenji Bldg. 5F 
4-26-16. Kouenji-Mlnaml 
Suginaml-Ku. Tokyo 168 
TEL: 03-3317-9911 
FAX: 03-3317-9917 
Okura Electronics Co •• Ltd. 
Okura Shoji Bldg. 
2-3-8. Ginza Chuo-ku. 
Tokyo 104 
TEL: 03-3564-6871 
FAX: 03-3564-8870 
Takachlho Kohekl Co., Ltd. 
1-2-8. Yolsuya 
Shlnjuku-ku. Tokyo 160 
Tel: 03-3355-8896 
FAX: 03-3357-5034 

KOREA 
KumOh Electric Co .. Ltd. 
203-1. Jangsa-Dong. 
Chongro-ku. Seoul 
TEL: 822-279-3614 
FAX: 822-272-8496 

• Reid Application Assistance Available 

GS Technology Pte. Ltd. 
Block 5073 #02-1656 
Ang Mo Klo Industrial Park 2 
Singapore 2056 
TEL: (65) 483-2920 
FAX: (65) 483-2930 

TAIWAN 
Harris Semiconductor 
Room 1101. No. 142. Sac. 3 
Mlng Chuan East Road 
Taipei. Taiwan 
Tel: (866) 2-716-9310 
FAX: 866-2-715-3029 
TLX: 76525174 
Acer Sertek Inc. 
3F. No. 135. Sac. 2 
Chien Kuo N. Road 
Taipei. Taiwan 
TEL: (866) 2-501-0055 
FAX: (886) 2-501-2521 

Inhwa Company. Ltd. 
Room #305 
Daegyo Bldg •• 56-4. 
Wonhyoro - 2GA. 
Young San-Ku. 
Seoul 14()'113. Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 

NEW ZEALAND 
Components and 
Instrumentation NZ. Ltd. 
19 Pretoria Street 
Lower Hull 
P.O. Box 36-099 
Wellington 
TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 

PHILIPPINES 
Intergral Silicon Solution, Inc. 
6th Aoor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 632-786652 
FAX: 632-786731 

SINGAPORE 
B.B.S Electronics Pte, Ltd. 
1 GentingUnk 
#05-03 Perfect Indust. Bldg. 
Singapore 1334 
TEL: (65) 748-8400 
FAX: (65) 748-6468 
Device Electronics Pte, Ltd. 
605B MacPherson Road 
04-12 Citimac Ind. Complex 
Singapore 1336 
Tel: (65) 286-8455 
FAX: (65) 287-9197 
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Applied Component Tech. 
Corp. 
8F No. 233-1 
Pao-Chla Road 
Hsin llen City. Taipei Hsien. 
Taiwan. R.O.C. 
TEL: (866) 2 9170858 
FAX: 886 2 9171895 
Galaxy Far East Corporation 
8F-8. No. 390. Sec. 1 
Fu Hslng South Road 
Taipei. Taiwan 
TEL: (886) 2-705-7286 
FAX: 866-2-706-7901 
TECO Enterprise Co., Ltd. 
10FL •• No. 292 
Min-Sheng W. Rd. 
Taipei. Taiwan 
TEL: (866) 2-555-9676 
FAX: (886) 2-558-8006 

Willa. - Array Pte, Ltd. 
40 Jalan Pemimpin 
#04'()3B Tat Ann Building 
Singapore 2057 
TEL: (65) 353-3655 
FAX: (65) 353-6153 

TAIWAN 
Acer Sertek Inc. 
3F. No. 135. Sec. 2 
Chien Kuo N. Road 
Taipei. Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 
Applied Component 
Technology Corp. 
8F No. 233-1 
Pao-Chial Road 
Hsin llen City. Taipei Hsein. 
Taiwan. R.O.C. 
TEL: (02) 9170658 
FAX: (02) 9171895 

Galaxy Far East Corporation 
8F-6. No. 390. Sac. 1 
Fu HSing South Road 
Taipei. Taiwan 
TEL: (866) 2-705-7268 
FAX: 886-2-708-7901 
TECO Enterprise Co •• Ltd. 
1OFL. No. 292. Min-ShengW. Rd. 
Taipei. Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 




