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The Harris CDP6805/68HCO05 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 6805 8-bit architecture. The entire
family is built using CMOS technology and offers:

¢ Low Power Drain - with pA dissipations and operation
down to 2 volts, the Harris CDP68HCO5 family is a natural
choice for battery operated systems, battery backed-up
systems, and systems in which heat generation is a pri-
mary concern.

Ld

High Noise Immunity and Wide Operating Tempera-
ture Range (up to -55°C to +125°C) - 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.

CDP6805/CDP68HCO5 Microcontrollers and
Microprocessors

The CDP6805 (‘05) and CDP68HCO05 (‘HCO5) families pro-
vide a selection of 8-bit microcontrollers and microproces-
sors. The ‘HCO5 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 480ns.

A common base instruction set and CPU register
architecture, is shared by all members of the ‘05 and ‘HC05
families. The ‘HCO5 instruction set has been extended
with the addition of an 8 x 8 unsigned multiply opcode
(MUL). The complete set of instructions is detailed in Section
4 of this book.

The CDP68HC05C4, CDP68HCO5C8, CDP68HCO05D2,
CDP68HCO05J3, and HIP7030A2 are microcontroller mem-
bers of the 1.5 micron, ‘HC05 family. Each is a self contained
MCU with varying implementations of on-chip ROM, RAM,
timer, port, and 1/O functions. The CDP68EMO05C4,
CDP68EMO05D2, and HIP7030A0 are microprocessor mem-
bers of the ‘HCO5 family. Each shares the same RAM and
/0 features as the equivalent MCU type, and provides
address and data interface lines for connection to up to 8K of
external ROM.

The CDP6805F2 and CDP6805G2 are microcontroller mem-
bers of the 3 micron, ‘05 family. Each is a self contained
MCU with on-chip ROM, RAM, timer, and I/O functions. The
CDP6805E2 and CDP6805E3 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 CDP6805E2 can access up
to 8K of memory, while the CDPE805E3 can access up to
64K of memory.

Product Overview

All of the microcontrollers 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 68HCO5 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 (MOQs) 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 MOQ). 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 ‘05 and
‘HCO5 microcontrollers. Technical data on the microproces-
sor products is presented in Section 3. Note that the
HIP7030A0 and HIP7030A2 are featured in the Harris intelli-
gent Power ICs data book.

CDP6805/CDP68HCO05 Peripheral Devices

Section 5 and Section 6 contain detailed information on the
extensive selection of peripherals designed specifically for
use with the ‘05 and ‘HCO05 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-6805 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
HIP0080/81 quad power drivers, the HIP7010 J1850 multi-
plex wiring interface, and the HIP9020 engine knock sensor.

Packaging Options

All of 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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Product 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 data 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 ‘05 and ‘HCO05 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.
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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, CDP68HCLO05C4, CDP68HSC05C4
- 176 Bytes of RAM
- 4160 Bytes of User ROM
- CDP68HC05C8, CDP68HCLO05C8, CDP68HSC05C8
- 176 Bytes of RAM
- 7744 Bytes of User ROM

24 Bidirectional VO Lines and 7 Input-Only Lines
Internal 16-Bit Timer
Serial Communications Interface (SCI) System

.

Serial Peripheral Interface (SPI) System
Self-Check Mode
External, Timer, SCI, and SPI Interrupts

¢ Master Reset and Power-On Reset
¢ On-Chip Oscillator with RC or Crystal Mask Options

¢ 40 Lead Dual-In-Line, 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, CDP68HCL0O5C8

- Lower Supply Current, Ipp 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)

.

SOFTWARE FEATURES
¢ Similar to MC6800
8 x 8 Unsigned Multiply Instruction

Efficient Use of Program Space

L]

Versatile Interrupt Handling

¢ True Bit Manipulation

Addressing Modes with Indexed Addressing for Table
Efficient Instruction Set

* Memory Mapped /O

* Two Power-Saving Standby Modes

* Upward Software Compatible with the CDP6805
CMOS Family

.

L]

Description

The CDP68HC05C4 HCMOS Microcomputer is a member of
the CDP68HCO05 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 CDP68HCO05CS8 is similar to the CDP68HC05C4 except
for the size of on-chip ROM. The CDP68HCO05C8 has 7744
bytes of on-chip user ROM. All information pertaining to the
CDP68HC05C4 MCU applies to the CDP68HCO05C8 with
the exception of the memory description.

The CDP68HCL0O5C4 and CDP68HCL05C8 MCU devices
are low-power versions of the CDP68HC05C4 and
CDP68HCO05C8, respectively. They contain all the features
of the CDP68HC05C4 and CDP68HCO05C8 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 CDP68HSC05C8 MCU devices
are high-speed versions of the CDP68HC05C4 and
CDP68HCO05C8, respectively. They also contain all the fea-
tures of the CDP68HC05C4 and CDP68HCO05C8 with the
additional capability of higher frequency operation at
8.0MHz.

1 Pin number references throughout this specification refer to the 40
lead DIP. See pinouts for cross reference.

MICRO-
CONTROLLERS

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8

Pinouts

D SUFFIX (SBDIP), E SUFFIX (DIP)

H
L]

N SUFFIX (PLCC)
TOP VIEW

sooph s58%,

TOP VIEW

RESET [1] ~ [45] Voo

Ra [2] 3] osct
Ne [3] 38] 0sC2
PA7 37] TCAP pas Cf7
pas [5] [36] PD7 PA4 s
PAS [6] 35| TCMP PA3
PA4 % PDE/SS PAZ
PA1
PA3 [B] [33] PO&/SCK PAD
PA2 [7] [33] POa/MOSI PBO
PA1 [10] [31] Po2iMISO PB1 |
PA0 [} [33] POITDO : z
PBO [12] 25] PDO/RDI PB4
pB1 [13] 28] PCo
PB2 [13] 27] Pe1
PB3 [15] 26] Pc2
PB4 [i6] 28] PC3
PB5 2] PCa
PBé [T8] 23] Pes
PB7 [9] 23] Pes
Vss [20] :23 PC7
Q SUFFIX (MQFP)
TOP VIEW

THIHLE

Fe
Pas O 1%2“ E‘ L 3 38 ”@ El’;; T Teme
PAS [T—]| 2 32|[T"T7] PDS/SS
PAA T |8 31|[T) Po4/sCK
pas CT—]| + 30|17 PoamoOs!
paz CT—]| 5 20|17 P2MISO
PAI CT | & 28|["T) pO1TDO
PAO LT[ 7 27|~ PooRDI
peoCT—]| 8 26|17 Pco
pBICT ]| 9 28| pet
PB2 T ]|10 24—T17pc2
PB3CT "2 13 14 15 16 17 18 19 20 21 25 |—1 PC3

fggsesbggse

18 19 26 25 24 23 22 21 20 27 28

2EBE SNBSS

Bs2p8e88988




CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8

Microcomputer Block Diagram

iteratively for any value of Ta.

0sCt  0SC2
TCMP INTERNAL l 39 438
35 PROCESSOR |+ INTERNAL PROCESSOR CLOCK 4
a7 cLock OSCILLATOR RESET
TCAP TIMER SYSTEM AND +2 2 o
PAO 4%- —1 1 25 pco
PA1 «—> le—> PC1
PAZ ACCUMULATOR =2 s PC2
PORTA | oo 8 1 PORT | DATA | 8 CPU DATA | PORT L2, bes ;gRTC
2 9 pas T A oI INDEX CONTROLY 1 BB | rea |35~ Pos [ Lines
PAS "—’: REG G 8 REGISTER X l—=—> PCS
PAS 4> CONDITION CODE > PCE
PA7 et 5 REGISTER cc cPU le—> PC7
12 STACK 36
::: 5 [ POINTER S +— PORT D le— PD7
14 PROGRAM COUNTER 2 ool (PDO)
porte | P22 475°] port | DATA 5 HIGH PCH ALU ¢ scisystem [0 100 (PDY)
PB3 +—» EIN
unes | PBe o] pea | mes [ PROGRAM 452> Miso (PD2)
17 8 COUNTERLOW PCL
PBS +5) T7| smsvsrem [zss MOS (P09
PB6 < ? 1 [a” sck(Pog)
PB7 +— 4160t x 8 55 (P08)
ROM 176 x 8 BAUD RATE
STATIC RAM GENERATOR
240x8 T
SELF-CHECK INTERNAL PROCESSOR
cLocK
t 7744 bytes of ROM for: CDP68HC05C8, CDP68HCLO5C8, CDP68HSCO5CS.
Power Considerations
The average chip-junction temperature, Ty, in °C can be PINS I R1 [ R2 I c
obtained from:
Ty=Ta+(Pp*6yn) (EQ.1) |Voo=45V
Where: T, =Ambient Temperature, °C PA0-7, PB0-7, PCO-7, PD6 3.26kQ | 2.38kQ | 50pF
6,a = Package Thermal Resistance,
- " 9kQ | 2.26kQ | 200pF
Junction-to-Ambient, °C/W PD1-4 19 P
Pp =Pit+Pyo Vpp = 3.0V
PNt =loc X Vee, Watts - Chip Internal Power
Pyo = Power Dissipation on Input and Output PA0-7, PBO-7, PCO-7, PD6 10.19kQ | 6.32kQ | 50pF
Pins - User Determined
PD1-4 6kQ 6kQ 200pF
For most applications P, < P)yt and can be neglected.
An approximate relationship between Pp and T, (if Pyg is
neglected) is: Voo
. Pp=K+(Ty+273°C) (EQ. 2) j[ a
1’ 12
Solving Equation 1 and Equation 2 for K gives: TEST _ bt
POINT
K=Ppe(Ta+ 273°C) + 644 ¢ Pp2 (EQ. 3) = C 2Ry
<
Where K is a constant pertaining to the particular part. K can
be determined from Equation 3 by measuring Py (at equilib- =
rium) for a known Ty. Using this value of K the values of Pp
and T, can be obtained by solving Equation 1 and Equation 2 EQUIVALENT TEST LOAD
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Specifications CDP68HC05C4, CDP68HC05C8

Absolute Maximum Ratings Voltages Referenced to Vg~ Thermal Information

Supply Voltage, Vpp. « « v v evveniieniiieneeinnn. -0.5Vto +7V  Thermal Resistance 6)a
Input Voltage, ViN. ..o vveeninenn... Vgs - 0.3V to Vpp + 0.3V Ceramic Duak-In-Line.................oooiiii, 50°C/W
Self-Check Mode (IRQ Pin Only), Vjy . .Vsg - 0.3V to 2 x Vpp + 0.3V Plastic Duakin-Line ...........oooiiiiin s, 100°C/W
Current Drain Per Pin Excluding Vppand Vgg, | . .......... 25mA PlasticChipCarrier ..........ccovvieeiinnnienn. 70°CW
Operating Temperature Range, Ta Metric Plastic Quad FlatPack . ................... 120°C/W

CDP68HC05C4, CDP68HCO05C8. ........... -40°C to +125°C

CDP68HCL05C4, CDP68HCLOSCS. . ........... 0°C to +70°C

CDP68HSCO05C4, CDP68HSCO5CS ... ........ 0°C to +70°C
Storage Temperature Range, Terg -+« .« vcxvo- -65°C to +150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

DC Electrical Specifications Vpp = 5V £10%, Vgg = 0V, T = -40°C to +125°C, Unless Otherwise Specified.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Qutput Voltage VoL lLoap < 10pA - - 0.1 \
VoH Vpp -0.1 - - \
Output High Voltage
PAQ-7, PBO-7, PCO-7, TCMP VoH lLoap =-0.8mA Vpp -0.8 - - \
PD1-4 VOH ILOAD =-1.6mA VDD -0.8 - - v
Output Low Voltage VoL ILoap = 1.6mA - - 0.4 v
PA0-7, PB0-7, PCO-7, PD1-4, TCMP
Input High Voltage, PAQ-7, PB0-7, PC0-7, PDO-5, Vi 0.7Vpp R Voo \'
PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PA0-7, PB0-7, PC0-7, PD0-5, Vi Vss . 0.2eVpp \'%
PD7, TCAP, IRQ, RESET, OSC1
Data Retention Mode Vam Ta=0°Cto+70°C 2 - - v
Supply Current (See Notes)
Run oo - 3.5 7 mA
WAIT Iop - 1.6 4 mA
STOP lop Tp=25°C - 2 50 HA
’ T = 0°C to +70°C - - 140 pA
Ta = -40°C to +85°C - - 180 HA
T =-40°C to +125°C - - 250 HA
I/O Ports Hi-Z Leakage Current M - - 10 HA
PA0-7, PB0-7, PCO-7, PD1-4
Input Current ™ - - +1 HA
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 :
Capacitance Ports (As Input or Output) Cout - - 12 pF
RESET, IRQ, TCAP, OSC1, PDO0-5, PD7 Cn * - - ) oF

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 Vjy and Vour be constrained to the range Vgg<(Viy or Vout)<Vpp. Reliability of operation is
enhanced if unused inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vgg or Vpp).

. All values shown reflect average measurement.
. Typical values at midpoint of voltage range, 25°C only.
. WAIT Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

. Run (Operating) Ipp, WAIT Ipp: Measured using external square-wave clock source (fosc = 4.2MHz), all inputs 0.2V from rail, no DC
loads, less than 50pF on all outputs, C|_ = 20pF on OSC2.

. WAIT, STOP Ipp: All ports configured as inputs, V_ = 0.2V, V) = Vpp -0.2V.
. STOP Ipp measured with OSC1 = Vgs. ,
8. WAIT Ipp is affected linearly by the OSC2 capacitance.

o~ W N
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Specifications CDP68HC05C4, CDP68HC05C8

DC Electrical Specifications Vpp = 3.3V £10%, Vgg = 0V, T = -40°C to +125°C, Unless Otherwise Specified.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Output Voltage VoL ILoap < 10pA - - 0.1 \
VoH Vpp -0.1 - - \"
Output High Voltage
PA0-7, PB0-7, PCO-7, TCMP VoH lLoap =-0.2mA Vpp -0.3 - -
PD1-4 VoH ILoap = -0.4mA Vpp -0.3 - -
Output Low Voltage VoL lLoap = 0.4mA - - 0.3
PA0-7, PB0-7, PCO-7, PD1-4, TCMP
Input High Voltage, PA0-7, PB0-7, PCO-7, PDO-5, ViH 0.7Vpp . Voo v
PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PA0-7, PBO-7, PCO0-7, PDO-5, ViL Vss . 0.2+Vpp \"
PD7, TCAP, IRQ, RESET, OSC1
Data Retention Mode Vam Ta = 0°C to +70°C 2 - - v
Supply Current (See Notes)
Run oo - 1 25 mA
WAIT Ioo - 05 1.4 mA
STOP Ioo Ta=25°C - 1 30 pA
Ta = 0°C to +70°C - - 80 pA
T = -40°C to +85°C - - 120 pA
Ta =-40°C to +125°C - - 175 HA
I/O Ports Hi-Z Leakage Current e - - +10 HA
PA0-7, PBO-7, PCO-7, PD1-4
Input Current ™ - - +1 HA
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7
Capacitance Ports (As Input or Output) Cout - - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-5, PD7
CIN - - 8 pF

NOTES:
. All values shown reflect average measurement.

-

»> WON

. Typical values at midpoint of voltage range, 25°C only.
. WAIT Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.
. Run (Operating) Ipp, WAIT Ipp: Measured using external square-wave clock source (fosc = 4.2MHz), all inputs 0.2V from rail, no DC

loads, less than 50pF on all outputs, C, = 20pF on OSC2.

(4]

6. STOP Ipp measured with OSC1 = Vgg.

7. WAIT Ipp is affected linearly by the OSC2 capacitance.

. WAIT, STOP Ipp: All ports configured as inputs, Vi = 0.2V, Vi = Vpp -0.2V.

2-7

MICRO-
CONTROLLERS




Specifications CDP68HC05C4, CDP68HC05C8

Control Timing Vpp = 5V £10%, Vgg = 0V, T, = -40°C to +125°C, Unless Otherwise Specified.

PARAMETER SYMBOL MIN MAX UNITS

Frequency Of Operation

Crystal Option fosc - 4.2 MHz

External Clock Option fosc DC 4.2 MHz
Internal Operating Frequency

Crystal (fosc + 2) fop - 2.1 MHz

External Clock (fosc + 2) fop DC 241 MHz

| Cycle Time (See Figure 11) teve 480 - ns

Crystal Oscillator Start-up Time for AT-cut Crystal (See Figure 11) toxov - 100 ms
Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (See Figure 1) YiLcH - 100 ms
RESET Pulse Width (See Figure 11) tRL 1.5 - teye
Timer

Resolution (Note 2) tRes 4 - teye

Input Capture Pulse Width (See Figure 2) iy trL 125 - ns

Input Capture Pulse Period (See Figure 2) T (Note 3) - teve
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) tiun 125 - ns
Interrupt Pulse Period (See Figure 14) tuH (Note 1) - teye
OSCt Pulse Width ton toL 90 - ns

NOTES:

1. The minimum period i, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 tcyc.
2. Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the timer resolution.
3. The minimum period ty 1 should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 teyc.

Control Timing Vpp = 3.3V £10%, Vgg = 0V, Ty = -40°C to +125°C, Unless Otherwise Specified.

PARAMETER SYMBOL MIN MAX UNITS

Frequency Of Operation

Crystal Option fosc - 2.0 MHz

External Clock Option fosc DC 2.0 MHz
Internal Operating Frequency

Crystal (fogc +2) fop - 1.0 MHz

External Clock (fosc + 2) fop DC 1.0 MHz
Cycle Time (See Figure 11) teye 1000 - ns
Crystal Oscillator Start-up Time for AT-cut Crystal (See Figure 11) toxov - 100 ms
Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (See Figure 1) tiLcH - 100 ms
RESET Pulse Width (See Figure 11) taL 15 - tove
Timer

Resolution (Note 2) tREs 4 - love

Input Capture Pulse Width (See Figure 2) trHs 250 - ns

Input Capture Pulse Period (See Figure 2) triTL (Note 3) - teve
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) LT 250 - ns
Interrupt Pulse Period (See Figure 14) LT (Note 1) - teve
OSC1 Pulse Width ton: toL 200 - ns

NOTES:

1. The minimum period t ;. should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 toyc.
2. Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the timer resolution.
3. The minimum period ty 1 should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 tcyc.
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Specifications CDP68HC05C4, CDP68HC05C8

Serial Peripheral Interface (SPI) Timing (See Figure 3) Vpp =5V £10%, Vgg = OV, T4 = -40°C to +125°C

Unless Otherwise Specified.
NUMBER PARAMETER SYMBOL MIN MAX UNITS
Operating Frequency

Master fopow) DC 0.5 fop (Note 3)

Slave fop(s) DC 21 MHz
1 Cycle Time

Master teycm) 2.0 - teye

Slave teves) 480 - ns
2 Enable Lead Time

Master YLEAD(M) (Note 1) - -

Slave tLEAD(S) 240 - ns
3 Enable Lag Time

Master tLagm) (Note 1) - -

Slave tLag(s) 240 - ns
4 Clock (SCK) High Time

Master , tw(sckHM 340 - ns

Slave tw(sckH)s 190 - ns
5 Clock (SCK) Low Time

Master twsckum 340 - ns

Slave twisckL)s 190 - ns
6 Data Setup Time (Inputs)

Master tsum) 100 - ns

Slave tsu(s) 100 - ns
7 Data Hold Time (Inputs)

Master tHm) 100 - ns

Slave th(s) 100 - ns
8 Access Time (Time to Data Active from High Impedance State)

Slave ta 0 120 ns
9 Disable Time (Hold Time to High Impedance State)

Slave tois - 240 ns
10 Data Valid Time

Master (Before Capture Edge) tvom) 0.25 - tovem)

Slave (After Enable Edge) (Note 2) ty(s) - 240 ns
11 Data Hold Time (Outputs)

Master (After Capture Edge) tHom) 0.25 - tovem)

Slave (After Enable Edge) ) tho(s) 0 - ns
12 Rise Time (Vpp = 20% to 70%, C_ = 200pF)

SPI Outputs (SCK, MOSI, MISO) tagw) - 100 ns

SPI Inputs (SCK, MOSI, MISO, SS) tas) - 2.0 us
13 Fall Time (Vpp = 20% to 70%, C, = 200pF)

SP1 Outputs (SCK, MOSI, MISO) trm) - 100 ns

SPI Inputs (SCK, MOSI, MISO, SS) trs) - 2.0 us

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 SP! bus is capable of
running at one-half of the devices’s internal operating frequency, therefore 1.05MHz maximum.
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Specifications CDP68HC05C4, CDP68HC05C8

Serial Peripheral Interface (SPI) Timing (See Figure 3) Vpp = 3.3V £10%, Vgg = 0V, T4 = -40°C to +125°C
Unless Otherwise Specified.

NUMBER PARAMETER SYMBOL MIN MAX UNITS
’ Operating Frequency [

Master fopm) DC 0.5 fop (Note 3)

Slave fop(s) DC 1.0 MHz
1 Cycle Time

Master toycm) 2.0 - teye

Slave teves) 1.0 - us
2 Enable Lead Time

Master tLEAD(M) (Note 1) - -

Slave tLeaD(s) 500 - ns
3 Enable Lag Time o

Master tLagm) (Note 1) - -

Slave YaG(s) 500 - ns
4 Clock (SCK) High Time

Master twisckHM 720 - ns

Slave tw(sckH)s 400 - ns
5 Clock (SCK) Low Time

Master tw(sckum 720 - ns

Slave twscky)s 400 - ns
6 Data Setup Time (Inputs)

Master tsum) 200 - ns

Slave tsu(s) 200 - ns
7 Data Hold Time (Inputs) .

Master tHm) 200 - ns

Slave this) 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 tois - 500 ns
10 Data Valid Time

Master (Before Capture Edge) tyom) 0.25 - tovom

Slave (After Enable Edge) (Note 2) tv(s) - 500 ns
1 Data Hold Time (Outputs)

Master (After Capture Edge) thom 0.25 . tevem

Slave (After Enable Edge) tHos) 0 - ns
12 Rise Time (Vpp = 20% to 70%, C_ = 200pF)

SP! Outputs (SCK, MOSI, MISO) tam) - 200 ns

SPI Inputs (SCK, MOSI, MISO, SS) tas) - 2.0 ps
13 Fall Time (Vpp = 20% to 70%, C, = 200pF)

SPI Outputs (SCK, MOSI, MISO) trm) - 200 ns

SPI Inputs (SCK, MOSI, MISO, SS) tes) - 20 ps

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 internal operating frequency, therefore 0.05MHz maximum. -
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Specifications CDP68HCL05C4, CDP68HCL0O5C8

DC Electrical Specifications Vpp =5V $10%, Vgg = 0V, T = 0°C to +70°C, Unless Otherwise Specified.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Output Voltage Vou ILoap <10pA - - 0.1 v
VoH Vpp -0.1 - - v
Output High Voltage
PA0-7, PBO-7, PCO-7, TCMP VOH 'LOAD =-0.8mA VDD -0.8 - -
PD1-4 VoH 'LOAD =-1.6mA Vpp -0.8 - -
Output Low Voltage VoL lLoap = 1.6mA - - 0.4
PA0-7, PB0-7, PCO-7, PD1-4, TCMP
Input High Voltage, PA0-7, PB0-7, PC0-7, PDO-5, ViH 0.7*Vpp . Voo v
PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PA0-7, PB0-7, PC0-7, PDO-5, ViL Vss R 0.2+Vpp \
PD7, TCAP, IRQ, RESET, OSC1
Data Retention Mode VRm Ta = 0°C to +70°C 2 - - v
Supply Current (See Notes)
Run Ipp - - 5 mA
WAIT loo - - 2.75 mA
STOP oo Ta =25°C - - 15 HA
Ta =0°C to +70°C - - 25 HA
1/O Ports Hi-Z Leakage Current he - - +1 pA
PA0-7, PB0-7, PCO-7, PD1-4
Input Current N - - +1 HA
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7
Capacitance Ports (As Input or Output) Coutr - - 12 pF
RESET, IRQ, TCAP, OSC1, PDO0-5, 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 Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.
4

. Run (Operating) Ipp, WAIT Ipp: Measured using external square-wave clock source (fosc = 4.2MHz), all inputs 0.2V from rail, no DC
loads, less than 50pF on ali outputs, C; = 20pF on OSC2.

o o

. STOP Ipp measured with OSC1 = Vgg.

7. WAIT Ipp is affected linearly by the OSC2 capacitance.

. WAIT, STOP Ipp: All ports configured as inputs, Vy_ = 0.2V, Vi = Vpp - 0.2V.
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Specifications CDP68HCL05C4, CDP68HCL05C8

DC Electrical Specifications vpp =2.4V - 3.6V, Vgg = 0V, T, = 0°C to +70°C, Unless Otherwise Specified.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Output Voltage Vou lLoap S 10pA - - 0.1
Von Vpp -0.1 - -
Output High Voltage N
PAQ-7, PBO-7, PC0-7, TCMP Vou  |lLoap =-0.2mA Vpp 0.3 - -
PD1-4 Vo |lLoap=-0.4mA Vpp 0.3 - -
Output Low Voltage ) VoL ILoap = 0.4mA - - 0.3 v
PAQ-7, PBO-7, PCO-7, PD1-4, TCMP
Input High Voltage, PAO-7, PBO-7, PCO-7, PDO-5, Vin 0.7Vpp . Voo v
PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PA0-7, PBO-7, PC0-7, PDO-5, | V. Vss . 02Vpp | V
PD7, TCAP, IRQ, RESET, OSC1
Data Retention Mode Vam Ta=0°C to +70°C 2 - - v
Supply Current (3.6Vpc at fogc = 2MH2)
Run Ibp - - 1.75 mA
WAIT Iop - - 900 pA
STOP bp |Ta=25°C - - 5 pA
Ta =0°C to +70°C - - 10 pA
Supply Current (2.4Vpc at fosc = 1MHz2)
Run oo - - 750 HA
WAIT Iop - - 400 pA
STOP oo |Ta=25°C - - 2.0 pA
Ta = 0°C to +70°C - - 5.0 pA
I/O Ports Hi-Z Leakage Current e - - 11 HA
PA0-7, PB0-7, PCO-7, PD1-4
Input Current ™ - - +1 HA
RESET, IRQ, TCAP, OSC1, PD0, PD5, PD7
Capacitance Ports (As Input or Output) Cour - - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-5, PD7 Cm " " 8 oF "

NOTES:

1. All values shown reflect average measurement.

2. Typical values at midpoint of voltage range, 25°C only.
3. WAIT Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.
4. Run (Operating) Ipp, WAIT Ipp: Measured using external square-wave clock source, all inputs 0.2V from rail, no DC loads, less than 50pF

on all outputs, C_ = 20pF on OSC2.

5. WAIT, STOP Ipp: All ports configured as inputs, V_= 0.2V, Vy; = Vpp -0.2V.

6. STOP Ipp measured with OSC1 = Vgg.

7. WAIT Ipp is affected linearly by the OSC2 capacitance.
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Specifications CDP68HCL05C4, CDP68HCL05C8

Control Timing Vpp = 5V £10%, Vgg = OV, Tx = 0°C to +70°C, Unless Otherwise Specified.

PARAMETER SYMBOL MIN MAX UNITS

Frequency Of Operation

Crystal Option fosc - 4.2 MHz

External Clock Option fosc DC 4.2 MHz
Internal Operating Frequency

Crystal (fosc +2) fop - 2.1 MHz

External Clock(fosc + 2) fop DC 2.1 MHz
Cycle Time (See Figure 11) teve 480 - ns
Crystal Oscillator Start-up Time for AT-cut Crystal (See Figure 11) toxov - 100 ms
Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (See Figure 1) tiLcH - 100 ms
RESET Pulse Width (See Figure 11) taL 1.5 - teve
Timer

Resolution (Note 2) tres 4 - love

Input Capture Pulse Width (See Figure 2) tris trL 125 - ns

Input Capture Pulse Period (See Figure 2) e (Note 3) - teve
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) b 125 - ns
Interrupt Pulse Period (See Figure 14) tuH (Note 1) - teve
OSC1 Pulse Width tor toL 90 - ns

NOTES:

1. The minimum period t; ;. should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 teyc.
2. Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the timer resolution.
3. The minimum period t 1 should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 tcyc.

Control Timing Vpp = 2.4V -3.6V, Vgg = 0V, T = 0°C to +70°C, Unless Otherwise Specified.

3.6Vpe 2.4Vpe
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX

Frequency Of Operation

Crystal Option fosc - 2.0 - 1.0 MHz

External Clock Option fosc DC 2.0 DC 1.0 MHz
Internal Operating Frequency

Crystal (fosc +2) fop - 1.0 - 0.5 MHz

External Clock (fosc +2) fop DC 1.0 DC 0.5 MHz
Cycle Time (See Figure 11) teve 1000 - 2000 - ns
Crystal Oscillator Start-up Time for AT-cut Crystal (See Figure 11) toxov - - 100 - 100 ms
Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (See Figure 1) tieH - 100 - 100 ms
[RESET Pulse Width (See Figure 1) tL 15 . 15 X tove
Timer

Resolution (Note 2) tRes 4.0 - 4.0 - teve

Input Capture Pulse Width (See Figure 2) s trL 250 - 500 - ns

Input Capture Pulse Period (See Figure 2) L (Note 3) - (Note 3) - teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) tuH 250 - 500 - ns
Interrupt Pulse Period (See Figure 14) tuH (Note 1) - (Note 1) - teye
OSC1 Pulse Width ton: toL 200 - 400 - ns

NOTES:

1. The minimum period t; should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 tcoyc.
2. Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the timer resolution.
3. The minimum period tr 1| should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 toyc.
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Specifications CDP68HCL05C4, CDP68HCL05C8

Serial Peripheral Interface (SPI) Timing (See Figure 3) Vpp =5V $10%, Vgg = 0V, Ty = 0°C to +70°C

Unless Otherwise Specified.
NUMBER PARAMETER SYMBOL MIN MAX UNITS
Operating Frequency

Master form) DC 0.5 fop (Note 3)

Slave for(s) DC 2.1 MHz
1 Cycle Time

Master teycm) 20 - teve

Slave teve(s) 480 .- ns
2 Enable Lead Time

Master tLeaD(M) (Note 1) - -

Slave tLeAD(S) 240 - ns
3 Enable Lag Time

Master tLagm) (Note 1) - -

Slave tLag(s) 240 - ns
4 Clock (SCK) High Time

Master tw(sckHM 340 - ns

Slave tw(sckH)s 190 - ns
5 Clock (SCK) Low Time

Master twisckLm 340 - ns

Slave twisckus 190 - ns
6 Data Setup Time (Inputs)

Master tsum) 100 - ns

Slave ) 100 - ns
7 Data Hold Time (Inputs)

Master tHm) 100 - ns

Slave thes) 100 - ns
8 Access Time (Time to Data Active from High Impedance State)

Slave ta 0 120 ns
9 Disable Time (Hold Time to High Impedance State)

Slave : tois - 240 ns
10 Data Valid Time

Master (Before Capture Edge) tvow 0.25 - tovem)

Slave (After Enable Edge)(Note 2) ty(s) - 240 ns
11 Data Hold Time (Outputs)

Master (After Capture Edge) tHoMm) 0.25 - teycm)

Slave (After Enable Edge) tHo(s) 0 - ns
12 Rise Time (Vpp = 20% to 70%, C, = 200pF)

SPI Outputs (SCK, MOSI, MISO) trm) - 100 ns

SPI Inputs (SCK, MOSI, MISO, SS) tr(s) - 2.0 us
13 Fall Time (Vpp = 20% to 70%, C; = 200pF)

SPI Outputs (SCK, MOSI, MISO) trom) - 100 ns

SPI Inputs (SCK, MOSI, MISO, SS) tes) - 2.0 us

NOTES:
1. Signal Production depends on software.
2. Assumes 200pF load on all SP! 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 internal operating frequency, therefore 1.05MHz maximum.
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Specifications CDP68HCL05C4, CDP68HCL05C8

Serial Peripheral Interface (SPI) Timing (See Figure 3) Vpp =2.4V -3.6Vpg, Vgg = 0V, Ty = 0°C to +70°C

Unless Otherwise Specified.
3.6Vpc 2.4Vpe
NUMBER PARAMETER SYMBOL | MIN MAX MIN MAX UNITS
Operating Frequency
Master 'OP(M) DC 0.5 DC 0.5 fop
(Note 3)
Slave 'OP(S) DC 1.0 DC 0.5 MHz
1 Cycle Time
Master tevem) 2.0 - 2.0 - teye
Slave teves) 1.0 - 2.0 - us
2 Enable Lead Time
Master t.eapmy | (Note 1) - (Note 1) - -
Slave YLEAD(S) 500 - TBD - ns
3 Enable Lag Time
Master tLagm) | (Note 1) - (Note 1) - -
Slave tLag(s) 500 - 8D - ns
4 Clock (SCK) High Time
Master twisckrm| 720 - 8D - ns
Slave twisckH)s | 400 - TBD - ns
5 Clock (SCK) Low Time
Master twisckym | 720 - T8D - ns
Slave twisckys | 400 - TBD - ns
6 Data Setup Time (Inputs)
Master tsum) 200 - T8D - ns
Slave tsu(s) 200 - TBD - ns
7 Data Hold Time (Inputs)
Master vy 200 - TBD - ns
Slave ths) 200 - TBD - ns
8 Access Time (Time to Data Active from High Impedance State)
Slave ta 0 250 0 T8D ns
9 Disable Time (Hold Time to High Impedance State)
Slave tois - 500 - TBD ns
10 Data Valid Time
Master (Before Capture Edge) tyomy 0.25 - TBD - teyemm)
Slave (After Enable Edge) (Note 2) ty(s) - 500 - - ns
11 Data Hold Time (Outputs)
Master (After Capture Edge) tHo(m) 0.25 - TBD - tovem)
Slave (After Enable Edge) thos) 0 - 0 - ns
12 Rise Time (Vpp = 20% to 70%, C|_ = 200pF)
SPI Outputs (SCK, MOSI, MISO) tagm) - 200 - TBD ns
SPI Inputs (SCK, MOSI, MISO, SS) tr(s) - 2.0 - TBD us
13 Fall Time (Vpp = 20% to 70%, Cy = 200pF)
SPI Outputs (SCK, MOSI, MISO) trom) - 200 - TBD ns
SP! Inputs (SCK, MOSI, MISO, SS) tr(s) - 2.0 - TBD us
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 SP! bus is capable of
running at one-half of the devices's internal operating frequency.
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Specifications CDP68HSC05C4, CDP68HSC05C8

DC Electrical Specifications vpp =5V £10%, Vgg = 0V, Ta = 0°C to +70°C, Unless Otherwise Specified.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Output Voitage VoL lLoap S10pA - - 0.1 v
Von Vpp -0.1 - - v
Output High Voltage
PA0-7, PB0-7, PC0-7, TCMP Vou |lLoap=-0.8mA Vpp 0.8 - - v
PD1-4 Vou |lLoap=-1.6mA Vpp -0.8 - - v
Output Low Voitage Vou ILoap = 1.6mA - - - 04 v
PA0-7, PB0-7, PC0-7, PD1-4, TCMP
Input High Voltage, PA0-7, PB0-7, PC0-7, PDO-5, Vi 0.7+Vpp . Voo \
PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PA0-7, PB0-7, PC0-7, PDO-5, Vi Vss . 0.2+Vpp v
PD7, TCAP, IRQ, RESET, OSC1
Data Retention Mode Vim Ta=0°C to +70°C 2 - - v
Supply Current (See Notes)
Run Ibp - 6.7 13.3 mA
WAIT loo - 3.0 7.6 mA
STOP o |Ta=25°C - 2.0 50 pA
T = 0°C to +70°C - - 140 A
I/O Ports Hi-Z Leakage Current e - - 10 HA
PA0-7, PB0-7, PCO-7, PD1-4
Input Current ) ™ - - +1 HA

RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7

Capacitance Ports (As Input or Output) Cour - - 12 pF

RESET, IRQ, TCAP, OSC1, PD0-5, PD7

C|N - - 8 pF

NOTES:
1. All values shown reflect average measurement.
2. Typical values at midpoint of voltage range, 25°C only.
3. WAIT Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCl active (SPE = TE = RE = 1) add 10% current draw.
4

. Run (Operating) Ipp, WAIT Ipp: Measured using external square-wave clock source (fogc = 8.0MHz), all inputs 0.2V from rail, no DC
loads, less than 50pF on all outputs, C = 20pF on OSC2.

5. WAIT, STOP Ipp: All ports configured as inputs, Vy_ = 0.2V, V) = Vpp - 0.2V.
. STOP Ipp measured with OSC1 = Vgg.
7. WAIT Ipp is affected linearly by the OSC2 capacitance.

o
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Specifications CDP68HSC05C4, CDP68HSC05C8

DC Electrical Specifications Vpp = 3.3V £10%, Vgg = 0V, Ty = 0°C to +70°C, Unless Otherwise Specified.

NOTES:

1. All values shown reflect average measurement.

2. Typical values at midpoint of voltage range, 25°C only.
3. WAIT Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

4. Run (Operating) Ipp, WAIT Ipp: Measured using external square-wave clock source (fosc = 2.0MHz), all inputs 0.2V from rail, no DC
loads, less than 50pF on all outputs, C|_ = 20pF on OSC2.

5. WAIT, STOP Ipp: All ports configured as inputs, Vy_ = 0.2V, Vi = Vpp - 0.2V.

o

. STOP Ipp measured with OSC1 = Vgg.

7. WAIT Ipp is affected linearly by the OSC2 capacitance.
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Output Voltage VoL ILoap S10pA - - 0.1 v
VoH Vpp -0.1 - - v
Output High Voltage
PAQ-7, PBO-7, PCO-7, TCMP Vo  |loap=-0.8mA Vpp -0.3 - .
PD1-4 Vou |lLoap=-1.6mA Vpp -0.3 - - \Y
Output Low Voltage VoL loap = 1.6mA - - 0.3
PA0-7, PB0-7, PCO-7, PD1-4, TCMP
input High Voltage, PAO-7, PB0-7, PCO-7, PDO-5, ViH 0.7Vpp . Voo v
PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PAQ-7, PBO-7, PCO-7, PDO-5, Vi Vss . 0.2Vpp v
PD7, TCAP, IRQ, RESET, OSC1
Data Retention Mode Vam Ta =0°C to +70°C 2 - - \ g
w
Supply Current (See Notes) 6 j
- ©
Run Ioo 1.0 25 mA S g
WAIT [ . 05 1.4 mA = z
STOP oo |Ta=25°C - 1.0 30 pA o
Ta =0°C to +70°C - - 80 uA
1/O Ports Hi-Z Leakage Current L - - +10 pA
PAO-7, PBO-7, PCO-7, PD1-4
Input Current (™ - - 1
RESET, IRQ, TCAP, OSCH1, PDO, PD5, PD7
Capacitance Ports (As input or Output) Cour - - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-5, PD7
C|N - - 8 pF



Specifications CDP68HSC05C4, CDP68HSC05C8

Control Timing Vpp = 5V £10%, Vgg = 0V, T, = 0°C to +70°C, Unless Otherwise Specified.

PARAMETER SYMBOL MIN MAX UNITS
Frequency Of Operation

Crystal Option fosc - 8.0 MHz

External Clock Option fosc DC 8.0 MHz
Internal Operating Frequency

Crystal (fogc +2) fop - 4.0 MHz

External Clock (fosc +2) fop DC 4.0 MHz
Cycle Time (See Figure 11) teye 250 - ns
Crystal Osciilator Start-up Time for AT-cut Crystal (See Figure 11) toxov - 100 ms
Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (See Figure 1) tiLcH - 100 ms
RESET Pulse Width (See Figure 11) taL 15 - teve
Timer

Resolution (Note 2) tes 4 - teve

Input Capture Pulse Width (See Figure 2) s tre 63 - ns

Input Capture Pulse Period (See Figure 2) triTe (Note 3) - teve
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) UK 63 - ns
Interrupt Pulse Period (See Figure 14) tiun (Note 1) - teve
OSC1 Pulse Width tom: oL 45 - ns

NOTES:

1. The minimum period t,,should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 tcyc.
2. Since a 2-bit prescaler in the timer must count four internal cycles (tcyg), this is the limiting minimum factor in determining the timer resolution.
3. The minimum period ty 1| should not be less than the number of cycle imes it takes to execute the capture interrupt service routine plus 24 toyc.

Control Timing  Vpp = 3.3V £10%, Vgg = 0V, T4 = 0°C to +70°C, Unless Otherwise Specified.

PARAMETER SYMBOL MIN MAX UNITS
Frequency Of Operation
Crystal Option fosc - 2.0 MHz
External Clock Option fosc DC 2.0 MHz
Internal Operating Frequency
Crystal (fosc +2) fop - 1.0 MHz
External Clock (fosc +2) fop DC 1.0 MHz
Cycle Time (See Figure 11) teve 1000 - ns
Crystal Oscillator Start-up Time for AT-cut Crystal (See Figure 11) toxov - - 100 ms
Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (See Figure 1) ticH - 100 ms
'RESET Pulse Width (See Figure 11) L 15 . tove
Timer
Resolution (Note 2) tRes 4 - feve
Input Capture Pulse Width (See Figure 2) trhs L 250 - ns
Input Capture Pulse Period (See Figure 2) trore (Note 3) - eve
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) tuH 250 - ns
Interrupt Pulse Period (See Figure 14) tun (Note 1) - teve
OSCH1 Pulse Width tons toL 200 - ns

NOTES:

1. The minimum period t;|_should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 tcyc.
2. Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the timer resolution.
3. The minimum period t 1, should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 toyc.
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Specifications CDP68HSC05C4, CDP68HSC0O5C8

Serial Peripheral Interface (SPI) Timing (See Figure 3) Vpp =5V £10%, Vgg = OV, Ty = 0°C to +70°C
Unless Otherwise Specified.
NUMBER PARAMETER SYMBOL MIN MAX UNITS
Operating Frequency
Master fopw) DC 0.5 fop (Note 3)
Slave for(s) DC 4.0 MHz
1 Cycle Time
Master toyem) 2.0 - teye
Slave teves) 250 - ns
2 Enable Lead Time
Master tLeaD(M) (Note 1) - -
Slave tLeAD(S) T8D - ns
3 Enable Lag Time
Master tLagm) (Note 1) - -
Slave tLag(s) TBD - ns
4 Clock (SCK) High Time @
Master twsckHM TBD - ns & E',.
Slave tw(sCKH)S TBD - ns T 6
5 Clock (SCK) Low Time % £
Master twisckLM TBD - ns g
Slave twisckus T8D - ns (3]
6 Data Setup Time (Inputs)
Master tsum) TBD - ns
Slave tsu(s) TBD - ns
7 Data Hold Time (Inputs)
Master tHm) T8D - ns
Slave th(s) TBD - ns
8 Access Time (Time to Data Active from High Impedance State)
Slave ta 0 78D ns
9 Disable Time (Hold Time to High Impedance State)
Slave tois - TBD ns
10 Data Valid Time
Master (Before Capture Edge) tviwy TBD - tovem)
Slave (After Enable Edge) (Note 2) tw(s) - TBD ns
1 Data Hold Time (Outputs)
Master (After Capture Edge) tHom) TBD - toyem)
Slave (After Enable Edge) tHo(s) 0 - ns
12 Rise Time (Vpp = 20% to 70%, C, = 200pF)
SPI Outputs (SCK, MOSI, MISO) tagvy - TBD ns
SPI Inputs (SCK, MOSI, MISO, SS) () - TBD us
13 Fall Time (Vpp = 20% to 70%, C = 200pF)
SPI Outputs (SCK, MOSI, MISO) te(my - TBD ns
SPI Inputs (SCK, MOSI, MISO, §8) trs) - T8D us
NOTES:
1. Signal Production depends on software.
2. Assumes 200pF load on all SP! 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 internal operating frequency, therefore 2.0MHz maximum.
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Specifications CDP68HSC05C4, CDP68HSCO05C8

Serial Peripheral Interface (SPI) Timing

(See Figure 3) Vpp = 3.3V £10%, Vgg = 0V, Ty = 0°C to +70°C

Unless Otherwise Specified.
NUMBER PARAMETER SYMBOL MIN MAX UNITS
Operating Frequency

Master fopm) DC 0.5 fop (Note 3)

Slave fop(s) DC 1.0 MHz
1 Cycle Time

Master teycm) 20 - teye

Slave teves) 1.0 - ps
2 Enable Lead Time

Master tLEAD(M) (Note 1) - -

Slave tLEAD(S) 500 - ns
3 Enable Lag Time

Master tLagm) (Note 1) - -

Slave tLages) 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 twisckLM 720 - ns

Slave twisckys 400 - ns
6 Data Setup Time (Inputs)

Master tsumy 200 - ns

Slave tsy(s) 200 - ns
7 Data Hold Time (Inputs)

Master LT 200 - ns

Slave thes) 200 - ns
8 Access Time (Time to Data Active from High Impedance State)

Slave ta 0 250 ns
9 Disable Time (Holid Time to High Impedance State)

Slave tpis - 500 ns
10 Data Valid Time

Master (Before Capture Edge) vy 0.25 - teycmm)

Slave (After Enable Edge) (Note 2) tvis) - 500 ns
11 Data Hold Time (Outputs)

Master (After Capture Edge) tHoMm) 0.25 - tovem

Slave (After Enable Edge) tHo(s) 0 - ns
12 Rise Time (Vpp = 20% to 70%, C| = 200pF)

SPI Outputs (SCK, MOSI, MISO) tRv) - 200 ns

SPI Inputs (SCK, MOSI, MISO, SS) ) - 20 ps
13 Fall Time (Vpp = 20% to 70%, C_ = 200pF)

SPI Qutputs (SCK, MOSI, MISO) trom - 200 ns

SPI Inputs (SCK, MOSI, MISO, SS) te() - 20 us

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 internal operating frequency, therefore 500kHz maximum.
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CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8

Control Timing Diagrams (All Types)
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NOTES: RESET OR INTERRUPT
1. Represents the internal gating of the OSC1 pin. VECTOR FETCH

2. TRQ pin edge-sensitive mask option.
3. IRQ pin level and edge-sensitive mask option.

FIGURE 1. STOP RECOVERY TIMING DIAGRAM
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Serial Peripheral Interface (SPI) Timing Diagrams (All Types)
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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)
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FIGURE 3D. SPIMASTER TIMING CPOL =1, CPHA =0
FIGURE 3. TIMING DIAGRAMS (Continued)

NOTE: Measurement points are Vg, Vo, Vi and Vi
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CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8

Serial Peripheral Interface (SPI) Timing Diagrams (All Types) (Continued)
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CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSCO05C4, C8

Serial Peripheral Interface (SPI) Timing Diagrams (All Types) (Continued)
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FIGURE 3H. SPI SLAVE TIMING CPOL = 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
Vpp and Vgg \

Power is supplied to the MCU using these two pins. Vpp is
power and Vgg 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 ty 4, 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 Vpp 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.

0SC1, 0SC2

The CDP68HCO05C4 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 (fosc)-

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 fogc in Control Timing. 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 Vpp
specifications.

Ceramic Resonator

A ceramic resonator may be used in place of the crystal in cost-
sensitive applications. The circuit in Figure 4B 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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CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8

RC

If the RC oscillator option is selected, then a resistor is con-
nected to the oscillator pins as shown in Figure 4D.

External Clock

An external clock should be applied to the OSC1 input with
the OSC2 input not connected, as shown in Figure 4E. An
external clock may be used with either the RC or crystal
oscillator option. The toxov or ty o specifications do not
apply when using an external clock input. The equivalent
specification of the external clock source should be used in
lieu of toxov Or tiLch:

PAO - PA7

These eight I/O lines 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. Refer to Input/Output
Programming paragraph for a detailed description of I/O
programming.

PBO - PB7

These eight lines comprise port B. The state of any pin is
software programmable and all port B lines are configured
as input during power-on or reset. Refer to Input/Output
Programming paragraph for a detailed description of /O
programming.

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 reset. Refer to Input/Output
Programming paragraph for a detailed description of 1/O
programming.

PDO - PDS, PD7

These seven lines comprise port D, a fixed input port that is
enabled during power-on. All enabled special functions (SPI
and SCI) affect the pins on this port. Four of these lines,
PD2/MISO, PD3/MOSI, PD4/SCK, and PD5/SS, are used in

MICRO-
CONTROLLERS

FIGURE 4B. CRYSTAL OSCILLATOR CONNECTIONS
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Mcu
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39| |38

FIGURE 4D. RC OSCILLATOR CONNECTIONS

CRYSTAL CERAMIC RESONATOR
2MHz 4MHz UNITS 2MHz - 4MHz UNITS
Rsmax 400 75 Q Rs (Typical) 10 Q
Co 5 7 pF Co 40 pF
Cy 0.008 0.012 pF Cy 43 pF
Cosci 15-40 15-30 pF Cosct 30 pF
. Coscz 15-30 15-25 pF COSCZ 30 pF
Re 10 10 MQ Rp 1-10 MQ
Q 30 40 K Q 1250 -
FIGURE 4A. CRYSTAL/CERAMIC RESONATOR PARAMETERS
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FIGURE 4C. EQUIVALENT CRYSTAL CIRCUIT
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FIGURE 4E. EXTERNAL CLOCK SOURCE CONNECTIONS
FIGURE 4. OSCILLATOR CONNECTIONS




CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8

the serial peripheral interface (SPI). Two of these lines,
PDO/RDI and PD1/TDO, 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. 1/O PIN FUNCTIONS

serial data output/input (MOSI), system clock (SCK), and
slave select (SS) respectively. Refer to Serial Communica-
tions Interface and Serial Peripheral Interface for a more
detailed discussion.

(]

Z DATA

g | ] oRREa

8 BIT

2

<] LATCHED OUTPUT Vo

S 1 —| ourpur PIN
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FIGURE 5A.
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PORT DATA

ECHON |DDR7|DDR6|DDFI5|DDR4|DDR3IDDR2|DDR1|DDRO|
REGISTER (——————

.4 I I
EEEERE

PORT
REGISTER

NOTE: RMW 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: Itis recommended that all unused inputs, except OSC2, and
1/0 ports (configured as inputs) be tied to an appropriate logic level
(e.g. either VDD 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 (PDO - 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 input/output (MISO),

(NOTE)
R/W DDR 1O PIN FUNCTION PIN P7 P6 Ps P4 P3 P2 P1 PO
0 0 The /O pin is in input mode. Data is
written into the output data latch. FIGURE 5B.
0 1 Data is written into the output data latch
and output to the 1/0O pin. v,
DD
1 0 The state of the I/O pin is read. PORT DATA
D—| B (NOTE 1)
1 1 The I/O pin is in an output mode. The PORT DRR PAD
output data latch is read.

@TOTE 1)

INTERNAL LOGIC 4

NOTES:
1. Denotes devices have same physical size, and are enhancement
type.
2. IP = Input Protection
3. Latch-up protection not shown.

FIGURE 5C.
FIGURE 5. TYPICAL PARALLEL PORT VO 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 (SCl); 48 bytes of user ROM, and

2-26




CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4, C8

$0000

MICRO-
CONTROLLERS

0000 0000 PORT A DATA REGISTER $00
PORTS 01
Vo s 7 BYTES PORT B DATA REGISTER
S2BYTE PORT C DATA REGISTER $02
PORT D FIXED INPUT REGISTER $03
$001F 0031 UNUSED so4
$0020 - 0032 3BYTES PORT A DATA DIRECTION REGISTER
“;%E,: \ PORT B DATA DIRECTION REGISTER $05
48 BYTES \ PORT C DATA DIRECTION REGISTER $06
N SERIAL
$004F o PERIPHERAL UNUSED so7
$0050 . INTERFACE UNUSED $08
R 3BYTES
. UNUSED $09
RAM A SERIAL PERIPHERAL CONTROL REGISTER $0A
176 BYTES ) SERIAL 508
. COMMUNICATIONS SERIAL PERIPHERAL STATUS REGISTER
Y INTERFACE SERIAL PERIPHERAL DATA /O REGISTER $oc
$00BF 0191 5 BYTES
$00CO [ - -~ cx -1 0192 SERIAL COMMUNICATIONS BAUD RATE REGISTER | $0D
STA .

64 BYTES i SERIAL COMMUNICATIONS CONTROL REGISTER1 | $0E
$OOFF 0255 TIMER oF
$0100 0256 10 BYTES SERIAL COMMUNICATIONS CONTROL REGISTER2 | §

USER , SERIAL COMMUNICATIONS STATUS REGISTER | $10
ROM . SERIAL COMMUNICATIONS DATA REGISTER $1
. UNUSED
4096 BYTES \
. 4 BYTES TIMER CONTROL REGISTER §12
$10FF 4351 \
§1100 4352 , 0031 TIMER STATUS REGISTER §13
\ $14
UNUSED : INPUT CAPTURE HIGH REGISTER
3584 BYTES i INPUT CAPTURE LOW REGISTER $15
S1EFF 7935 \ OUTPUT COMPARE HIGH REGISTER §16
$1F00 7936 .
. OUTPUT COMPARE LOW REGISTER $17
B COUNTER HIGH REGISTER $18
SELF CHECK R
. COUNTER LOW REGISTER §19
$1FDF ', ALTERNATE COUNTER HIGH REGISTER S1A
$IFEQ [----~--=-=--"-"- > 256 BYTES |
. ALTERNATE COUNTER LOW REGISTER $1B
SELF CHECK R
VECTORS | UNUSED s1C
S1FEF 8175 B UNUSED $1D
$1FF0 USER 8176 . UNUSED S1E
VECTORS !
S1FFF 16 BYTES 8191 R UNUSED $1F
FIGURE 6. ADDRESS MAP FOR CDP68HC05C4, CDP68HCL05C4 AND CDP68HSC05C4
176 bytes of RAM. The next 4096 bytes complete the user age. Figure 7 illustrates the memory map for

ROM. The self-check ROM (224 bytes) and self-check vec-
tors (16 bytes) are contained in memory locations $1F00
through $1FEF. 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-

CDP68HC05C8, CDP68HCL0O5C8 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 $1EFF.

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 0000 od00” " ° PORT A DATA REGISTER $00
PORTS
vo 78YTES PORT B DATA REGISTER $01
32 BYTES PORT C DATA REGISTER $02
PORT D FIXED INPUT REGISTER $03
$001F 0031 UNUSED
0020 0032 3 BYTES PORT A DATA DIRECTION REGISTER $04
USER B PORT B DATA DIRECTION REGISTER $05
ROM \ PORT C DATA DIRECTION REGISTER $06
48 BYTES \
0080
$0050 ‘ 3 BYTES UNUSED $08
| UNUSED $09
RAM \ SERIAL PERIPHERAL CONTROL REGISTER $0A
176 BYTES \ SERIAL SERIAL PERIPHERAL STATUS REGISTER $o0B
. COMMUNICATIONS
S00BF o191 B INTERFACE SERIAL PERIPHERAL DATA /O REGISTER soC
sooco [ — — — o ote2 SBYTES SERIAL COMMUNICATIONS BAUD RATE REGISTER | $0D
;Tx].xss Y SERIAL COMMUNICATIONS CONTROL REGISTER 1 | $OE
TIMER
00FF 0255
:m 00 0256 10 BYTES SERIAL COMMUNICATIONS CONTROL REGISTER 2 | $OF
'\ SERIAL COMMUNICATIONS STATUS REGISTER $10
USER . SERIAL COMMUNICATIONS DATA REGISTER 1
ROM \ UNUSED
7680 BYTES \ 4 BYTES TIMER CONTROL REGISTER $12
! 0031 TIMER STATUS REGISTER $13
R INPUT CAPTURE HIGH REGISTER $14
INPUT CAPTURE LOW REGISTER $15
S1EFF 7935 \ OUTPUT COMPARE HIGH REGISTER $16
3 s
$1Fo0 7938 ', OUTPUT COMPARE LOW REGISTER $17
\ COUNTER HIGH REGISTER §18
SELF CHECK
COUNTER LOW REGISTER $19
', $1A
:: :g: Fo— - — — > 256 BYTES 3 ALTERNATE COUNTER HIGH REGISTER
’ ALTERNATE COUNTER LOW REGISTER $18
SELF CHECK X
VECTORS . UNUSED $1c
$1FEF 8175 Y UNUSED $1D
$1FFO USER 8176 Y UNUSED S1E
VECTORS .
S1FFF 16 BYTES 8191 '\ UNUSED $IF
FIGURE 7. ADDRESS MAP FOR CDP68HC05C8, CDP68HCL05C8 AND CDP68HSC05C8
7 0
[ & ] accumuaron ; o STACK
7 ]
1 CONDITION CODE REG o
12 0 w a ACCUMULATOR (A) 25
E 5132
| PC | PROGRAM COUNTER g g E INDEX REGISTER (X) Elu ;
[}
2 ? : E <|= [o] o] o| PrOGRAMCOUNTERHIGH | E|& o
[ofofoJoJo 11 sp ] sTACK POINTER g z|ag
2 co ° g PROGRAM COUNTER LOW =
IH I i l N l z I Cc I CONDITION CODE REG UNSTACK
| L carrv/BORROW
E‘EE';‘:TNE NOTE: Since the Stack Pointer decrements during pushes, the PCL
INTERRUPT MASK is stacked (f;rst, followed by PCH, efc. Pulling from the stack is in the
HALF CARRY reverse order.

FIGURE 8. PROGRAMMING MODEL

FIGURE 9. STACKING ORDER
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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 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 $00FF to $00CO. 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 (SO0FF). 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 (S00FF), 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 (l)

When the | bit is set, all interrupts are disabled. Clearing this
bit enables the interrupts. If an external interrupt occurs
while the | bit is set, the interrupt is latched and processed
after the | bit is next cleared; therefore, no interrupts are lost
because of the | bit being set. An internal interrupt can be
lost if it is cleared while the | 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 (2)

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 entered by applying a 9V
input (through a 4.7kQ resistor) to the IRQ pin (2) and 5V
input (through a 4.7kQ 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:

1/0 - Functionally exercises ports A, B and C
RAM - Counter test for each RAM byte
Timer - Tracks counter register and checks OCF flags

SCI - Transmission Test; checks for RDRF, TDRE,
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 | PC1 | PCO REMARKS

Bad I/O

Bad RAM

Bad Timer

Bad SCI

Bad ROM

Bad SPI

G UG R PG Y Y N
e e el e K= K= =)
al walolo| 2] =|o
a|lo|l wlol w|lo] =

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 $1FOE. 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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oV RESET
47K RESET [1 -
10K 1 1.0pF
2| IRQ L =
2N3904 S 10K
"y = —{3]|Ne Voo E———]—+5V 200F
mETT
+———7| TCAP < =
S1M 3 aMHz
38l T ] 20pF
4] A7 — " (SEE NOTE)'
—{5| PA6 PD7 [3g] =
= TCMP v
;__s_ " D5/SS i:’i— - 4.7K
{Tjpas  POSSS s '
—{8]rPas  PDUSCKILAM-— g0k
[ PA2 PD3/MOSI (32] = M 2N3904
L 1
Kl
A\ , v
—— AN +5
3 7 3
10K 2 13 << 47K [

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 = 0.

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 $1F93 with RAM location $0053 equal to $01 and
A =0. 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 = 0. If the test passed, A = 0. 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 (RESET) 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 tcyc. 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 Vpp. 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 internal cir-
cuits, but not necessarily in order of occurrence (X indicates
that the condition occurs for the particular reset).
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NOTES:
1. Internal signal and bus information is not available externally.
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2. OSCH1 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
POWER-
RESET ON
CONDITION PIN RESET
Timer Prescaler reset to zero state X X
Timer counter configured to $FFFC X X
Timer output compare (TCMP) bit reset to zero X X
All timer interrupt enable bits cleared (ICIE, X X
OCIE, and TOIE) to disable timer interrupts.
The OLVL timer bit is also cleared by reset.
All data direction registers cleared to zero X X
(input)
Configure stack pointer to $00FF X X
Force internal address bus to restart vector X X
(See Table 4)
Set | bitin condition code register to a logic one X X
Clear STOP latch X (Note) X
Clear external interrupt latch X X
Clear WAIT latch X X
Disable SCI (serial control bits TE = 0 and X X

RE = 0). Other SCI bits cleared by reset
include: TIE, TCIE, RIE, ILIE, RWU, SBK,
RDREF, IDLE, OR, NF, and FE.

Disable SPI (serial output enable control bit X X
SPE = 0). Other SPI bits cleared by reset
include: SPIE, MSTR, SPIF WCOL, and

MODF.

Set serial status bits TDRE and TC X X
Clear all serial interrupt enable bits (SPIE, X X
TIE and TCIE)

Place SPI system in slave mode (MSTR = 0) X X
Clear SCI prescaler rate control bits X

SCPO - SCP1

NOTE: Timeout still occurs.

INTERRUPTS

Systems often require that normal processing be interrupted
so that some external event may be serviced. The
CDP88HC05C4 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 return 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 stack 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 CPU INTERRUPT VECTOR ADDRESS
N/A N/A Reset RESET $1FFE - $1FFF
N/A N/A Software Swi $1FFC - $1FFD
N/A N/A External Interrupt IRQ $1FFA - $1FFB
Timer Status ICF Input Capture Timer $1FF8 - $1FF9

OCF Output Compare
TOF Timer Overflow
SClI Status TDRE Transmit Buffer Empty o] $1FF6 - $1FF7
TC Transmit Complete
RDRF Receiver Buffer Ful
IDLE Idie Line Detect
OR Overrun
SPI Status SPIF Transfer Complete SPI $1FF4 - $1FF5
MODF 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 $1FFE and $1FFF. The
| 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 “rest” 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 $1FFC and $1FFD.

External Interrupt

If the interrupt mask (1 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 | 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 $1FFA 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 diagram 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 t; and serviced as soon as the | bit is
cleared.
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FIGURE 12. HARDWARE INTERRUPT FLOW DIAGRAM
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FIGURE 13. STOP/WAIT FLOW DIAGRAM
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LEVEL-SENSITIVE TRIGGER

" "MASK OPTION
Voo
1p Q EXTERNAL
INTERRUPT
REQUEST
>c 1BIT (CC)
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INTERRUPT POWER-ON RESET
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BEING SERVICED
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FIGURE 14A. EXTERNAL INTERRUPT FUNCTION DIAGRAM
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(MCU) l
NOTE:

Edge-Sensitive Trigger Condition - The minimum pulse width (t ;)
is either 125ns (Vpp = 5V) or 250ns (Vpp = 3V). The period
should be less than the number of toyc cycles it takes to execute
the interrupt service routine plus 21 tgyg 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
($1FF8 - $1FF9).

All interrupt flags have corresponding enable bits (ICIE,
OCIE, and TOIE) 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 | 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 | 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 $1FF8 and
$1FF9. 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 | 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 | 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 $1FF6
and $1FF7 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
SCl 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 $0B) is set, provided the | bit in the con-
dition code register is clear and the enable bit in the serial
peripheral control register (location $0A) is enabled. When
the interrupt is recognized, the current state of the machine
is pushed onto the stack and the | 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 $1FF4 and $1FF5
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 | 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 $1FFA and $IFFB or $1FFE and $1FFF 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 | bit in the condition code register is cleared to enable all
interrupts. 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 vectors to the memory location ($1FF4
through $1FFF) 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

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 | 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 $1A, and
Alternate Counter Low Register location $1B.

P) MCU INTERNAL BUS P
INTERNAL
PROCESSOR
cLoCcK
HIGH [ LOW HIGH HIGH| Low
BYTE| BYTE| 4
| BYTE BYTE| BYTE
s16] outpur 16-BIT FREE | ¢1g INPUT ] 514
s17] compare RUNNING CAPTURE | ¢¢5
REGISTER COUNTER | $19 REGISTER
COUNTER | ¢1a
ALTERNATE
REGISTER | $1B
Y
3 3 1
OUTPUT OVERFLOW EDGE
COMPARE DETECT DETECT
CIRCUIT CIRCUIT CIRCUIT
——— 1
D a
OUTPUT CLK
TIMER 4 LEVEL REG.
sTaTus | ICF | ocF| ToF | $13 — [
REG. T
| icie] ocie] Toie| iEDG] oLvi] RESET
] ] TIMER
| ] CONTROL
INTERRUPT Ty OUTPUT EDGE
CIRCUIT LEVEL INPUT
T (TCMP  (TCAP

PIN35) PIN 37)

FIGURE 15. PROGRAMMABLE TIMER BLOCK DIAGRAM
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COUNTER (16 - BIT) SFFFC X $FFFD X $FFFE X SFFFF

RESET (EXTERNAL OR END OF POR) m

NQTE:
1. The Counter Register and the Timer Control Register are the only ones affected by RESET.
FIGURE 16. TIMER STATE DIAGRAM FOR RESET
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COUNTER (16 - BIT) SFFEBX $FFEC X . $FFED X $FFEE X $FFEF
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”a:;.e ‘»"t’! a af :
(SEE NOTE) \ .
INTERNAL CAPTURE LATCH f 7 ? yi \
INPUT CAPTURE REGISTER $272? S$FFED
INPUT CAPTURE FLAG /

NOTE:
1. If the input edge occurs In the shaded area from one timer state T10 to the next, the input capture flag is set during the next T11.
FIGURE 17. TIMER STATE DIAGRAM FOR INPUT CAPTURE
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INTERNAL PROCESSOR CLOCK Ill|||IIII|IIIII|I|I|I||II|I|I|
- [ [1 [ [

w1 M I M
INTERNAL TIMER < o I_I I_I r_l n
S M M n_

COUNTER (16 - BIT) SFFEB X SFFEC X SFFED X SFFEE X SFFEF

(NOTE1) ——
\J
COMPARE REGISTER CPU WRITES $FFED X $FFED
COMPARE REGISTER (NOTE 2) 4
LATCH N/
OUTPUT COMPARE NOTE 3
FLAG (OCF) AND ( 4 \ /
TCMP (PIN 35)

NOTES:
1. The CPU write to the Compare Register may take place at any time, but a compare only occurs at timer state TO1. 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 TO1.
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 |IIIIIIIIIlllllllllllllllllllll
o0 [ [ [ [

S I T
— [ [1 I
w__ 11 n I M

TIMER OVERFLOW
FLAG (TOF)

INTERNAL TIMER J

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 2.0us 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 (TOIE).

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 OCMPH; INHIBIT OUTPUT COMPARE
B613 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 (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 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 puise 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 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 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.

7 6 5 4 3 2 1 0
ICIE |OCIE|TOIE| 0 0 0 |IEDG |OLVL| $t2

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.

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.

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

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.

0 = negative edge

1 = positive edge

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.

0 = 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:

B6, OCIE

B5, TOIE

B1, IEDG

BO, OLVL

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. Afree 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.

7 6 5 4 3 2 1

ICF | OCF | TOF | 0 0 0 0 0 $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 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.

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.

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.

B6, OCF

BS, TOF

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 $1B 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 state; 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.

SCI Two 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.

3

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)

¢ l|dle 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 (TDO).

DATA FORMAT

Receive data in (RDI) or transmit data out (TDO) is the serial
data which is presented between the internal data bus and
the output pin (TDO), 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. Astart 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.

CONTROL BIT ‘M’
SELECTS 8 OR 9
BIT DATA

]
oeone | [T T T T TTTTIrL [

-“0P-0
VOO —+
-“0p-n

1 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 SAMPLING CLOCK

RT CLOCK EDGES (FOR ALL THREE EXAMPLES) ; 2 ,3; A R B ; :
T T T T T T T T
RD11
STARTI
11 1 1 1 1 1 1 1 1 o 0 (] 0
_ ~ ~ -
START START EDGE VERIFICATION SAMPLES
QUALIFIERS
IDLE NOISE
RD12 Lsun'r I—-I
11 1 1 1 1 1 1 1 1 o 0 1 ]
RD1a _IDLE NOISE
I I Isum
11 1 1 0 1 1 1 1 1 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
8RT, 9RT, and 10RT (1RT 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 NEXT BIT
RDI [ vV VvV Vv |
16 1 8 9 10 6 1
R R R R R R R
TOT TTOT TT

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 8-bit format or 11 zeros for 9-bit format), the circuit
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 bit will
be accepted no sooner than it is anticipated.

H

MICRO-
CONTROLLERS

EXPECTED ARTIFICIAL
~< DATA ”l“' STOP EDGE
RECEIVE .-
DATA IN | " stanter|
M < oaTA =
DATA SAMPLES
FIGURE 23A. CASE 1, RECEIVE LINE LOW DURING ARTIFICIAL
EDGE
~ DATA—>}<— EXEECTED | V START EDGE
RECEIVE
DATA IN I START BIT
MA |- paTa =
DATA SAMPLES
FIGURE 23B. 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
- BREAK

VALID START EDGE

RECEIVE .M
PATAIN 4 M W M
X START START EDGE

QUALI- VERIFICATION

DATA SAMPLES FIER  SAMPLER

FIGURE 24. SCI START BIT FOLLOWING A BREAK
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SCI INTERRUPT INTERNAL BUS >
PN
SOF
SCCR2
TRANSMIT
"\ reateten ,325@, T b "(gii)
TCIE
RIE
_»TDO
(PD1, ILIE
PIN 30
) ’—— TE
TRANSMIT rry RECEIVE
|| Dama | para
SHIFT W pp— SHIFT ‘]
REGISTER REGISTER
1t ki RDI
(PDO,
A PIN 29)
SCSR
FE | NF | OR | IDLE JRORF] TC | TDRE
llllillllllllllsw ‘
WAKE
: up
UNIT
“
SBK TE 17
TRANSMIT] | FLAG RECEIVE
| controL [ ] conTroL || conTROL
T 7
INTERNAL
| RATE GENERATOR }= Processor
cLock
BAUD
soD |- | - |scpi]scpo] - [scrz] scri|scro] RATE
REGISTER
SE Jpe |78 ] - | m Jwake] - | - ] - ] scem

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

FIGURE 25. SERIAL COMMUNICATIONS INTERFACE BLOCK DIAGRAM

scl REGISTERS

TRANSMIT o . . . i
CLOCK (Tx) There are five different registers used in the serial communi-

cations interface (SCl) and the internal configuration of
these registers is discussed in the following paragraphs. A
+16 block diagram of the SCI system is shown in Figure 25.

OSCILLATOR
FREQUENCY .
Serial Communications Data Register (SCDAT)
SCRO - SCR2
SCPO - SCP1
SCI SELECT scl 7 6 5 4 3 2 1 I 0
prscaten || SOSRECT | ) et [elsfef3]2]
=N CoNTROL CLOCK (RT) Serial Communications Data Register $11

FIGURE 26. RATE GENERATOR DIVISION
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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 internal 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)

7 6 5 4 3 2 1 0
R8 T8 - M | WAKE - - - | $0E

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.

B7, R8 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.

B6, T8 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.

B4, M 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

B3, 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

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.
WAKE M METHOD OF RECEIVER “WAKE-UP”
0 X Detection of an idle line allows the next
data byte received to cause the receive
data register to fill and produce an
RDRF flag.
1 0 Detection of a received one in the

eighth data bit allows an RDRF flag and
associated error flags.

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)

7 6 5 4 3 2 1 0

TIE |TCIE| RIE | ILIE | TE | RE |RWU| SBK | $0F

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.)

B7, TIE When the transmit interrupt enable bit is set, the
SClI interrupt occurs provided TDRE is set (see
Figure 25). When TIE is clear, the TDRE interrupt

is disabled. Reset clears the TIE bit.

B6, 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.

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.

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.

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

BS, RIE

B4, ILIE

B3, TE
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B2, RE

B1, RWU

B0, SBK

cleared state. If a transmission is in progress,
and TE is written to a zero, then the transmitter
will wait until after the present byte has been
transmitted before placing the TDO 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 TDRE 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 TDRE, indicat- -

ing the data has been transferred into the shit
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 enabled. When RE is clear, the receiver is dis-
abled and all of the status bit associated with the
receiver (RDRF, IDLE, OR, NF, and FE) are
inhibited. Reset clears the RE bit.

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 RDRF flag will
then be set and the address byte will be stored
in the receiver data register. Reset clears the
RWU bit.

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 10(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 the 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)

7

6

5 4 3 2 1 0

TDRE

TC

RDRF|IDLE| OR | NF | FE - $10

The serial communications status register (SCSR) 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 SCSR.

B7, TDRE

Be, TC

B5, RDRF

B4, IDLE

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 TDRE 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 TDRE bit is cleared by accessing the
serial communications status register (with
TDRE 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 TDRE
flag bit. Reset sets the TDRE bit.

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

1. TE =1, TDRE = 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-
ister. It does not inhibit the transmitter function in
any way. Reset sets the TC bit.

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 any one received
word, the NF, FE, and RDRF bits will be affected
as appropriate during the same clock cycle. The
RDRF bit is cleared when the serial communica-
tions status register is accessed (with RDRF set)
followed by a read of the serial communications
data register. Reset clears the RDRF bit.

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 RDRF 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 When the overrun error bit is set, it 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.

B2, NF

B1, FE 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 “lost”
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

7 6 5 4 3 2 1 0
SCP1|SCPO| - |SCR2|SCR1|SCRO| $0D

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.

BS, SCP1, These two bits in the baud rate register are used

B4, SCP0O as a prescaler to increase the range of standard
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
SCP1 SCPO CLOCK DIVIDE BY
0 0 1
0 1 3
1 0 4
1 1 13

B2, SCR2, These three bits in the baud rate register are
B1, SCR1, used to select the baud rates of both the trans-

B0, SCRO mitter and receiver. A table of baud rates versus %
bit levels is shown below. Reset does not affect s Ej
the SCR2 - SCRO bits. g
(@]
O
PRESCALER OUTPUT = 'E
SCR2 SCR1 SCRO DIVIDE BY o)
0 0 0 1 i
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

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

SCP BIT (NOTE 1) CRYSTAL FREQUENCY MHz
CLOCK
1 0 DIVIDED BY | (NOTE2)8.0 | 4.194304 4.0 2.4576 2.0 1.8432
0 0 1 250.000kHz | 131.072kHz | 125.000kHz 76.80kHz 62.50kHz 57.60kHz
0 1 3 83.332kHz 43.691kHz 41.666kHz 25.60kHz 20.833kHz 19.20kHz
1 0 4 62.500kHz 32.768kHz 31.250kHz 19.20kHz 15.625kHz 14.40kHz
1 1 13 19.200kHz 10.082kHz 9600Hz 5.907kHz 4800Hz 4430Hz
NOTES:

1. The clock in the “CLOCK DIVIDED BY" column is the internal processor clock.

2. CDP68HSCO05C4 and CDP68HSCO05CS8 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 [} DIVIDE BY |250.000kHz | 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 | 38.40kHz 9600Hz 4800Hz
0 1 0 4 62.500kHz | 32.678kHz | 8.192kHz 19.20kHz 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 CDP68HSCO05CS 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.

Serial Peripheral Interface (SPI)
INTRODUCTION AND FEATURES
Introduction

The serial peripheral interface (SP1) 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 furnished as a separate signal. An
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.

Features
¢ Full Duplex, Three-Wire Synchronous Transfers
* Master or Slave Operation

* Master Bit Frequency

- 1.05MHz Maximum (CDP68HCO05C4, CDP68HCO05C8,
and CDP68HCLO05C4, CDP68HCLO5C8)

- 2.0MHz Maximum (CDP68HSC05C4, CDP68HSC05C8)

Slave Bit Frequency

- 2.1MHz Maximum (CDP68HC05C4, CDP68HCO05CS,
and CDP68HCL05C4, CDP68HCLO5CS)

- 4.0MHz Maximum (CDP68HSC05C4, CDP68HSCO05C8)
¢ 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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FIGURE 27. MASTER-SLAVE SYSTEM CONFIGURATION (SINGLE MASTER, FOUR SLAVES)
SIGNAL DESCRIPTION on this line; most significant bit first, least significant bit last.

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: Both 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 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 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, location $0A).
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

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 device(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 $0B)
is used to signify that the /O operation is complete.

In the master device, the MSTR control bit in the serial
peripheral control register (SPCR, location $0A) 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.

Serlal 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. 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 its relationship to data
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FIGURE 28. DATA CLOCK TIMING DIAGRAM

are controlled by the CPOL and CPHA bits in the Serial
Peripheral Control Register (SPCR, location $0A) 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 (SS)

The slave select (SS) pin is a fixed input, which receives an
active low signal to enable slave device(s) to transfer data. A
high level SS signal forces the MISO line to the high-imped-
ance state. Also, SCK 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 SS go
high between SPI data transfers whenever CPHA = 0.

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 $0A). 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 $0B) 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 “take-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 intenal 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-bit shift register
from the internal data bus and then shifted out serially to the
MISO pin for application to the master device.
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NOTES:

The SS, SCK, MOSI and MISO are external pins which provide the following functions:
1. MOSI - Provides serial output to slave unit(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 SS
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 . SLAVE

3-BITSHIFT] . MISO MISO.

REGISTER [ ™| ReGiSTER
. .
] 'MOSI  MOSI+
: .
SPI . .
cLOCK :scx scn(:
GENERATOR S8 SS.
45V Qv =

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 $0A), serial peripheral status register
(SPSR, location $0B), and serial peripheral data 1/O register
(SPDR, location $0C) are described below.

Serial Peripheral Control Register (SPCR)

7 6 5 4 3 2 1 0
SPIE| SPE| - {MSTR| CPOL |CPHA |SPR1|SPRO

$0A

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 flag 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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B4, MSTR

B3, CPOL

B2, CPHA

B1, SPR1
BO, SPRO

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.

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.

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.

These two serial peripheral rate bits select one
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 SPR1 and SPRO bits are not
affected by reset.

INTERNAL PROCESSOR
SPR1 SPRO CLOCK DIVIDE BY
0 0 2
0 1 4
1 0 16
1 1 32

Serial Peripheral Status Register (SPSR)

7

6 5 4 3 2 1 0

SPIF

wcoL| -

MODF| - - - - $0B

The status flags which generate a serial peripheral interface
(SP1) 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 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 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 coliision 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 register 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 1/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 VO Register (SPDR)

7|6|5|4|3|2|1|o

Serial Peripheral Data I/O Register $0C

The serial peripheral data 1/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 1/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 I/O 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/O 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/O 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/O 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/O 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 CDP68HCO5 family device as the
master and four CDP68HCO5 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 CDP68HCO05 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 one
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 /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 I/O 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 1/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 external 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
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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 halted 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 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 oper-
ate. 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 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 (TDO, 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,
SCl, 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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CDP68HCO5D2

November 1994 8-Bit Microcontroller
F:ea{ures ‘ dual-in-line plastic package (E suffix), a 44 lead plastic chip
* Typical Power » Operating ................ 17.5mW  carrier (N suffix), and a 44 lead metric plastic quad flatpack

»WAIT L 8mW (Q suffix).
P STOP iiiiiiiiiiiciinnnes 10.0uW . . ..
« Fully Static Operation Functional Pin Descriptions
eON-ChipRAM . ........ciiiiiiiiiicnnnnnann 96 Bytes Vpp and Vgg
® On-ChipROM......... erereaeeieea, 2176 Bytes  power is supplied to the MCU using these two pins. VDD is
® /0 Lines power and VSS is ground.
> Bidirectionall/OLines ........cccvveeinenannnns 28 N.C
> InputOnlyLines....ccocviiiiiicniinnncaenenans 3 DN .
o Programmable Open Drain Output Lines. ......... 12 The pin labelled N.C. should be left disconnected.

* On-Chip Oscillator for Timer

¢ Internal 16-Bit Timer

e Serial Peripheral Interface (SPI)

 External (IRQ), Timer, Port B and Serial Interrupts

e 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 1/0

General

The CDP68HCO5D2 Microcontroller Unit (MCU) belongs to
the CDP6805 Family of Microcontrollers. This 8-bit MCU
contains on-chip oscillator, CPU, RAM, ROM, I/0O, 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 telecommunications, consumer, automo-
tive and industrial markets where very low power consump-
tion constitutes an important factor.

The CDP68HCO05D?2 is supplied in a 40 lead hermetic dual-
in-line sidebrazed ceramic package (D suffix), a 40 lead

‘IRQ (Maskable Interrupt Request)
TRQ 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 TRQ 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 t_|H, 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 Vpp 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.

Pinouts 40 LEAD CERAMIC SIDEBRAZE DIP
40 LEAD PLASTIC DIP

TOP VIEW

44 LEAD PLASTIC CHIP CARRIER
TOP VIEW
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NOTE: 44 LEAD METRIC PLASTIC QUAD FLATPACK TBD

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 1557.2

File Number
Copyright © Harris Corporation 1994
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Fig. 1 — CDP68HC05D2 CMOS microcomputer block diagram.
TCAP CERAMIC RESONATOR (CRYSTAL OPTION*)

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.

0SC1, 0SC2

The CDP68HCO05D2 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

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 manufacturer of the 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
tiLcH 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 I/O input comprise port A. The state of any pin is
software programmabile 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 Q RS (typlcal) 10 Q
Co 5 7 pF Co 40 pF
C4 0.008 | 0.012 uF Cy 4.3 pF
Cosci 15-40 | 15-30 | pF Cosc 30 pF
Coscz 15-30 | 15-25 | pF gmz 13:’0 ;';
o -
Re 10 10 MQ Q 1250 —
Q 30 40 K
(a) Crystal/Ceramic Resonator Parameters
SR,
e AN
DP68HC LA}
COPeBHCO3D2 osc 2 . 0sC |
38 3
osct 0sc2 —254 L.
39 38 Co
—VN—s It
R
P
38 Nt 39
LEN
¢ ID (c) Equivalent Crystal Circuit
c = Cc
0SC1 ‘E I 0scC2.
(b) Crystal Oscillator Connections
CDPEBHCOSD2 CDP68HCO5D2
0SC1 0sC2 0SC1 0scC2
39 38
39 38
MV
R UNCONNECTED
< EX A
(d) RC Oscillator Connections € c[gg.? -

(e) External Clock Source Connections

92CsS-39366

Fig. 2 — Oscillator Connections
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PBO0-PB7

These eight lines comprise port B. The state of any pin is
software programmable and all port B lines are configured
as input during power-on or reset. These lines may be
configured to generate interrupts. Refer to port B interrupt
section. Refer to INPUT/OQUTPUT PROGRAMMING par-
agraph below for a detailed description of 1/0 program-
ming.

PCO0-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 1/O programming.

PDO-PD5, PD7

These seven lines comprise Port D. Four pins (PD2-PD5)
are individually programmable as either inputs or outputs.
PD7is always an inputline. PDO-PD5 lines are set as inputs
on power-on or reset. The enabled Timer and SPI special
functions listed below affect the pins on this port. PD0-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: Itisrecommended that all unused inputs (except OSC2) and
1/0 ports configured as inputs be tied to an appropriate logic level
(e.g. either Vpp or Vss).

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, B, 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 avalue of “0”. The register assignment may be found
in Table II.

Input/Output Programming

Parallel Ports

Ports A, B, 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 B, or
port C pin is configured as an output if its corresponding
DDR bitis setto alogic one. A pinis 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 configure all
port A, B, 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 |. 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 (PA0-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) bitin 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-
tional lines (PD2-PD5) and three input lines (PDO, PD1, and
PD7). The direction of the four bi-directional lines 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 I/0O lines and the corresponding DDR bits determine
whether the lines are inputs or outputs. Lines PD0 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.

Note: When using the Serial Peripheral Interface (SP1), bit 5 of Port
D is dedicated as the Slave Select (SS) input when the SPI system is
enabled. In SPI Slave Mode, DDR bit 5 has no meaning or effect. In
SP| 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 be aninput, it willbe an input
regardless of the state of the DDR bit. If the SPI is enabled
and expects the bit to 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
$00FF and it is decremented as data is pushed on 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 allocated stack locations for interrupts and/or 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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/
DATA DIRECTION
p—— REGISTER
BIT
INTERNAL LATCHED , ‘
COP68HCOSD2 | —{  OUTPUT DATA outPUT
CONNECTIONS BIT l/
iNPUT ‘
REG
BIT
L e, J

N

92Cs ~-39367

TYPICAL PORT 7
DATADIRECTION | ppR 7 [pDR 6 |DDR 'S |[DDR 4 [DDR 3 |DDOR 2] DDR1[DDRO]

e s s s
rrr b

PORT DATA E |

PORT DDR

NOTES:
1. *DENOTES DEVICES HAVE SAME

PHYSICAL SIZE, AND ARE
ENHANCEMENT TYPE

2. IP = INPUT PROTECTION
3. LATCH-UP pﬁotsénﬁm Not tmevm

92€5-42289

Fig. 3 - Typical Parallel Port I/O Circuitry

INTERNAL
LOGIC

Table | - I/0 Pin Functions

170
PIN

R/W* | DDR 1/0 Pin Function
0 0 The:l/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 |/0 pin.
1 0 The state of the I/0 pin is read. A

The I/0 pin is in an output mode. The output data latch is read

Y
e

*R/W is an internal signal.
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$0000 0000 0000 Port A Data Register $00
Ports
1/0 8 Bytes Port B Data Register $01
32 Bytes Port C Data Register $02
SO0TE Port D Data Register $03
0031 Unused
50020 0032 2 Bytes Port A Data Direction Register $04
:‘Jgt:; \ Port B Data Direction Register $05
128 Bytes \ Port C Data Direction Register $06
\
:ggi; g:gg Serial Peripheral Port D Data Direction Register $07
Interface
\ 3 Bytes Unused $08
RAM \ Unused $09
96 Bytes Senal Peripheral Control Register $0A
\ Unused Serial Peripheral Status Register 30B
z(ég(B:g e — - - — T g:g; \ 5 Bytes Senal Peripheral Data I/O Register $0C
Stack Unused $0D
64 Bytes
$SOOFF 0255 \ Timer Unused $0E
$0100 056\ 10 Bytes Unused SOF 2
User \ a8 Unused $10
ROM nusex ytes
Unused $1
2048 Bytes [72)
\ Special Port Control/ Timer Control Register $12 [+
$0BFF 2303 \ Stat Register i w
$0900 2304 Timer Status Register $13 d :I'
Input Capture High Register $14 5 (o]
Unused
5632 Bytes \ Unused . Input Capture Low Register $15 E E
S1EFF 7935 1 Byte Output Compare High Register $16 g
$1F00 7936 ) 0031 Output Compare Low Register $17 (&)
Self Check \ Counter High Register $18
elf Checl
\ Counter Low Register $19
S1FDF L _____ \\ Alternate Counter High Register S1A
$1FEO
Self-Check 256 Bytes \ Alternate Counter Low Register $1B
Vectors \ Unused $1C
SIFEF 8175 \ Unused $1D
$1FFO ster 8176 \ Special Port Control/Stat Register $1E
ectors
\
16 Unused $1F
STFFF Bytes 8191 J

92CS-38118R2
Fig. 4 - Address Map

Table Il — CDP68HCO05D2 1/0 Registers

ADDRESS DATA DATA
$001F 7 6 5 a 2 1 o 7 6 5 4 3 2 1 0

00 Port A Data 10 Unused — - — — — — — —
01 Port B Data 11 Unused — — - — — - - -
02 Port C Data N 12 Timer Control | ICIE | OCIE | TOIE | EOE | ECC — |EDG | OLVL
03 Port D Data " 13 Timer Status ICF | OCF | TOF — — — — —
04 Port A DDR 14 Capture High

05 Port B DDR 15 Capture Low

06 Port C DDR 16 Compare High

07 Port D DDR — — — — 17 Compare Low

08 Unused — — — — — — - — 18 Counter High

09 Unused — — — — — — - — | 19 Counter Low

0A SPI Control | SPIE | SPE |DWOM|MSTR | CPOL |CPHA | SPR1 | SPRO | 1A Dual TM High

0B SPI Status SPIF |WCOL| — |[MODF| — - - — 1B Dual TM Low

0C SPI Data 1C Unused - - - - - — - -
0D Unused — .- — — — — - — | 1D Unused - - - — - — — -
OE Unused — — — — — — — — 1E Special Port PBIF — — —_ — DLY | PBIE |PAOD
OF Unused — 1 -1 - [ =1 -1 -=1=1=11 cnwstar
* = dedicated as TCMP output | 1F Unused - - - - - = = l

— = unused bits
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12
[ PC

12 , 6
lofofofofo[s]1] s
ce
HlI[N]Z

._.|° | _Jol_lol__Jjo

Accumulator
Index Register
Program Counter

Stack Pointer

Condition Code Register

TUECUVR—

C

L. Carry/Borrow
Zero

Negative
Interrupt Mask
Half Carry

Fig. § - Programming model.

7 0 Stack
1] 1] 1 [Condition Code Register |
R Accumulator T
Increasing Memory | T Index Register E | Decreasing Memory
Addr U 9 2 Addresses

Rlofofo] PCH u

N P

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. 6 - Stacking order.

CPU

The CDP88HC05D2 CPU contains five registers, as shown
in the programming model of Fig. 5. The interrupt stacking
order is shown in Fig. 6.

Accumulater (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
register is also used for data manipulations with the read-

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

Pregram Ceunter (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 (9P)

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 seven most significant bits
are permanently configured to 0000011. These seven bits
are appended to the six least significant register bits to
produce an address within the range of $600FF to $00C0. 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 ($00FF). 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 ($00FF), 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
their 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.

INTERRUPT MASK BIT (I).

When the | bit is set, all interrupts are disabled. Clearing this
bit enables the interrupts. If an external interrupt occurs
while the | bitis set, the interruptislatched and is processed
after the I bitis next cleared; therefore, no interrupts are lost
because of the | bit being set. An internal interrupt can be
lost if it is cleared while the | 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 (2).
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 instruc-
tions, shifts, and rotates.

+9V
RESET
4.7k CDP68HCO5D2
®live RESET [ I‘ﬂ
TRG
10 K 2N 3904 e
ok =
+aV = 3 e, vop 2 +5V
20pF
10K 39
0scC 1 (—j_
37 -
Tcap 10M _l_ 4 MHz
20pF
2l par osc 2 2 J—= 1
5 ( =
pAG SEE NOTE)
6 PAS PD7 36 +5V
35 =
LA PV Tomp 22— 7K
8 -
L% eas pos/55 22 ™
21 paz PD4/SCK —”—fv\/\;—:_
= 10K
0 pas pD3/MOSI 22 AN 2N3904
1 31 Iﬁ_
PAO PD2/MISO L
30 I0K
PDI/TOSC2 F—AAA—QO +5V
29
PDO/TOSC1 AN 5y
12 28 47K ?
PBO PCO prvan |
27 '
Bl pei pc4 S
10k \a 26 S 47K
PB2 PC2 [1-—"\\/\/\,—‘
== 5 25 T 4.7 K
PB3 PC3 1,1—'\/\/\,-——
'€} paa pca |22
71 ees pes 2
22
8 ese PCE
\s 21
PB7 v pPCc?
ss
_l_2° 92CM-39369

NOT!

E:
THE RC OSCILLATOR OPTION MAYALSO BE USED IN THIS CIRCUIT

Fig. 7 - Self-Check Circuit Schematic Diagram
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Self-Check

The CDP68HCO05D2 contains in mask ROM address loca-
tions $1F00 to $1FEF, a program designed to check the
part’s integrity with a minimum of support hardware. The
self-check capability of the CDP68HC05D2 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 applying a 9Vdc
input (through a 4.7 kilohm resistor) to the | pin (2), a
5Vdc 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:

1/0 — 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 B and SPI

interrupts.

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

Table Ill. Self-Check Resuits

PC3|PC2|PC1|PCO Remarks

11001 |Badl/O

1101 1| 0 | Bad RAM

1 0|1 1 | Bad Timer

1 1 0 | 0 { Bad Port D and/or Timer Oscillator

1 110 ]| 1 |BadROM

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.

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 $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 $00A0 and $00A1 are over-
written. Upon return to the user’s program, X=40. If the test
passed, A=0.

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 $1F93 with RAM location $00A3 equal to
$01and A=0. Ashort routine is setup and executed in RAM
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to compute a checksum of the entire ROM pattern. Upon
return to the user’s program, X=0. If the test passed, A=0.
RAM locations $00A0 through $00A3 are overwritten.

RESETS

The CDP68HC05D2 has two reset modes: an active low
external reset pin (RESET) and a power-on reset function;
refer to Fig. 8.

RESET Pin
The RESET 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 foraminimum
of one and one-half tcyc. The RESET pin containsaninternal
Schmitt Trigger as part of its input to improve noise immuni-
ty.

Power-On-Reset
The power-on reset occurs when a positive transition is
detected on Vpp. 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
optionin the D2 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 tcyc 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
(DLY) of the Special Port Control/Status Register (memory
location $001E), 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
CDP68HC05D2 may be interrupted by one of five different
methods: either one of four maskable hardware interrupts
(IRQ, SPI, PBINT, or Timer) and one non-maskable soft-
ware interrupt (SWI). Interrupts such as Timer 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 interruptis a software
sequence of first accessing the status register while the
interrupt flag is set, followed by a read 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 (| bit) set to prevent
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Fig. 8 - Power-On Reset and RESET

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 TOIE) 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 $00FF

Force internal address bus to restart vector ($1FFE-$1FFF)

Set | 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=0). 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=0)

External timer oscillator disabled and 3-stated

CPU oscillator connected to timer

Reset Port B interrupt enable

DWOM bit reset

PAOD bit reset

Reset DLY 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 RTl instruction (which is nor-
mally a 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.

Note: 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 CDP68HCO05D?2 is provided in
Table V.

Table V. Vector Address for Interrupts and Reset

Flag CPU Vector
Register Name Interrupts Interrupt Address
N/A N/A Reset RESET $1FFE-$1FFF
N/A N/A Software Swi $1FFC-$1FFD
N/A N/A External Interrupt IRQ $1FFA-$1FFB
Timer Status ICF Input Capture TIMER $1FF8-$1FF9
OCF Output Compare
TOF Timer Overflow
SPI Status SPIF Transfer Complete SPI $1FF4-$1FF5
MODF Mode Fault
Special
Port c/s PBIF Port B PB $1FF2-$1FF3

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 discussion is provided below:

+ Alowinputonthe RESET input pin causes the program to
vector to its starting address which is specified by the
contents of memory locations $1FFE and $1FFF. The | 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 oscillator to be
turned off and the processor to “sleep” until an external
interrupt (TRQ), Port B interrupt, Timer interrupt (if using
an external timer clock), or RESET 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 (TRQ), 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 $1FFC and $1FFD.

External Interrupt
If the interrupt mask (1 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 | bitis 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 $1FFA and $1FFB. 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 diagram shows two different
treatments of the interrupt line (IRQ) to the processor. The
first method shows single pulses on the interrupt line
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spaced far enough apart to be serviced. The minimum time
between pulses is a function of the number of cycles re-
quired to execute the interrupt service routine plus 21 cy-
ctes. Once a pulse occurs, the next pulse should not occur
until the MCU software has exited the routine (an RT| oc-
curs). The second configuration shows several interrupt
lines “wire-ORed” to form the interrupts at the processor.

FROM
RESET

Thus, if after servicing one interrupt the interrupt line re-
mains 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 ti. and serviced as soon as the | bitis
cleared.

INTERNAL
INTERRUPT

PORT B
WTERNAL
INTERRUPT

NO

Y

FETCH
NEXT
INSTRUCTION

EXECUTE
INSTRUCTION

V 0
EXTERNAL %IEEQASEISEP
INTERRUPT LATCH

|
STACK
PC, X, A, CC
TIMER Y|
INTERNAL ES
INTERRUPT SET
IBIT
!
SP| YES AD PC FROM

: $1FFA-$1FFB
THMER: $1FF8-$1FF9
PB: $1FF2-$1FF3
SPI: $1FF4-$1FF5

COMPLETE
INTERRUPT
ROUTINE
AND EXECUTE
RTI

92CM~-3938%5

Fig. 9 - Hardware Interrupt Flowchart
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Fig. 10 - STOP/WAIT Flowcharts

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
($1FF8-$1FF9Q). The three timer interrupt conditions are
timer overflow, output compare, and input capture.

All interrupt flags have corresponding enable bits (ICIE,
OCIE, and TOIE) 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 interruptis generated only if the | bitin the condi-
tion code register is also cleared. When the interrupt is
recognized, the current machine state is pushed onto the
stack and | 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 $1FF8

and $1FF9. 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 the PROGRAMMABLE TIMER
section for additional information about the timer circuitry.

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
status register (Location $0B) is set, provided the I bitin the
condition code register is clear and the enable bit in the
serial peripheral control register (location $0A) is enabled.
When the interrupt is recognized, the current state of the
machine is pushed onto the stack and the | 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 $1FF4 and
$1FF5 which contains the starting address of the interrupt
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(a) Interrupt Function Diagram
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(b) Interrupt Mode Diagram

Fig. 11 - External 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
register while the flag is set, followed by a read or write of an
associated register. Refer to SERIAL PERIPHERAL INTER-
FACE section for a description of the SPI system and its
interrupts.

Port B Interrupt

A Port B interrupt will occur when any one 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 $001E) is enabled. Before enabling Port B inter-
rupts, PBO through PB7 should be programmed as inputs,
i.e., their corresponding DDR bits must be 0.
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A Port B interrupt will set the Port B interrupt flag (PBIF)
located in the Special Port Control/Status 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 $1FF2 and $1FF3 which contain
the starting address of the interrupt service routine. Toclear
a Port B interrupt, the user must read the Special Port
Control/Status 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 $1FF2, $1FF3.

— +
PORT 4b»-
A 3 i N N XX OPEN DRAIN
2l N NN N [SOFTWARE
b i N NNF PROGRAMMABLE
¢ N NN OUTPUTS
o> NN~
I
PORT
B 1
2«
1<
KEYBOARD || O«
INTERRUPT 92Cs-37512RI

Fig. 12 - Keyboard interface.

STOP Instruction

The STOP instruction places the CDP68HCO05D2 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; refer to Fig. 10. During the STOP mode, the | bitin
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 (TRQ), 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 ($1FFA and $1FFB, $1FF2
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 | bit in the condition
code register is cleared 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 ($1FF2 through
$1FFF) 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 of the 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 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 | 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
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 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,
Qutput Compare Low Register location $17,
Counter High Register location $18,

Counter Low Register location $19,

Alternate Counter High Register location $1A, and
Alternate Counter L.ow Register location $1B.

External Timer Qsclllator

In addition ta clocking the CDPE8HCOED2's internal 16-bit
timer with the GPU clock, a separate oacillator circuit 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 fiwsc 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 oscillator has been enabled, PD1 will become an out-
put only line until the processor is reset.

The EOE (External Oscillator Enable bit4) 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 oscillating. 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 Oscillator Connections

(a) RC Oscillator Connections

COP6BHCO5D2
TOSC! TOSC2
29 30
CDP6BHCO502 Ic COP68HCO5D2
TOSCI TOSC2 = Toscl TOSC2
29 30 29 30
Cour
R¢ Ry¢ ,( 39PF
L
LAY
oMQ oM L
R ;lOOK
Cin 0_—-ll:“_—-—-‘iou'r ’__lnl-— 150
15 pF o= =120pF e L ¢ == 0FF
4 92CS-39464
4 . —_ L

(b) Crystal Oscillator connections for crystal speeds above
approx. 400 KHz. The Ci, and Cou values may vary depend-
ing upon crystal manufacturer.

EXTERNAL
0SC ENABLE

92Cs-39368

(c) Crystal Oscillator connections for crystal speeds below
approx. 400 KHz. The Ci,, Cy and Ry values shown work well
for most 32.768 KHz crystals; however, sizes may vary de-
pending upon crystal frequency and manufacturer.

- - -
|
INTERNAL |
osc
1 |
EXTERNAL CLOCK |
CONNECT
TO TIMER
INPUT

Fig. 14 - External Timer Oscillator Controls
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Fig. 15 - Programmable Timer Block Diagram
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THE COUNTER REGISTER AND TIMER CONTROL REGISTER ARE THE ONLY ONES
AFFECTED BY RESET.

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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EXISTBETWEEN 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
(SFFED IN THIS EXAMPLE).

Fig. 18 - Timer State Timing Diagram For Output Compare
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Fig. 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 prescaler gives 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-$1B (counter alternate register at this
location). A read sequence containing only a read of the
least significant byte of the free-running counter ($19, $1B)
will receive the count value at the time of the read. If a read
of the free-running counter or counter alternate register
firstaddresses 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 $1B), 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 least signifi-
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 (TOF) bit is set. An interrupt
can also be enabled when counter rollover occurs by set-
ting its interrupt enable bit (TOIE).

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 orindicating when a period
of time has elapsed. The output compare register is unique
inthat 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. Ifamatch is found, the
corresponding output compare flag (OCF) bitis setand 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.

Afteraprocessor 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. The free-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.

(8) 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 INHIBIT OUTPUT COMPARE
B6 13 LDA TSTAT ARM OCF BIT IF SET
BF 17 STX OCMPLD 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 aread 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,
LDA, 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 ($15) 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 ($15) 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 (i.e., 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. The timer control register is illustrated below followed
by a definition of each bit.

7 6 5 4 3 2 1 0

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 35. This bit and the output level register are
cleared by reset.

0 = 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. Amatch 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 for timing relationship to the timer status
register bits.

7 6 5. 4 3 2 1 0

{icFloce|ToF| o [ o Jo ] o] o |si3

[1cie [ocie|ToIE[EOE [ECC] 0 [IEDG [OLVL] $12

B7, ICIE Iftheinputcaptureinterruptenable (ICIE) bitis
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.

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 interruptisinhibited. The OCIE bitis cleared
by reset.

B6, OCIE

B5, TOIE If the timer overflow interrupt enable (TOIE) bit
is set, a timer interrupt is enabled whenever the
TOF status flag (in the timer status register) is
set. If the TOIE bitis clear, the interruptisinhib-

ited. The TOIE bit is cleared by reset.

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.

B4, EOE

B3, ECC If the external clock connect (ECC) 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.

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.

0 = negative edge
-1 = positive edge

B1, IEDG
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B7,ICF  Theinputcapture flag (ICF) is set when a proper
edge has been sensed by the input capture edge
detector. Itis cleared by a processor read of the
timer status register (with ICF set) followed by
reading the low byte ($15) of the input capture
register. Reset does not affect the input com-
pare flag.

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.

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 register which is associated with the status bit.
Typically, this presents no problem for the input capture
and output compare functions.

B6, OCF

B5, TOF

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-
teris read 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 $1B contains the same value as the free-
running counter (at address $18 and $19); therefore, this



CDP68HCO05D2

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 aslave MCU or peripheral
device such asan LCD display driver oran A/D converter.
Adiagram of the control, status, and data registers may be
found in the section labelled “Registers”. The SPI system
registers are found at addresses $000A-$000C. 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 for the 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

e 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 SS) 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 as a data inputin aslave (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. 21summarize 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 MOSI line, 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 1/O operation is complete.

Configuration of the MOSI pin is a function of the MSTR
bit in the serial peripheral control register (SPCR, loction
$0A). Setting the MSTR bit will place the device in the
Master mode and cause the MOSI pin to be an output.

Note: The Port D Data Direction Register bit 3 must be set for the
MOSI pin to transfer data in the Master mode.

Master In Slave Out (MISO) B

The MISO pinis 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 CPOL and CPHA. The master
device always allows data to be applied on the MOSl line 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
single status bit (SPIF) in the serial peripheral status regis-
ter (SPSR, location $0B) is used to signify that the 1/O
operation is complete.

In the master device, the MSTR control bit in the serial
peripheral control register (SPCR, location $0A) issettoa
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 S55=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.

Note: The Port D Data Direction Register bit 2 must be set for the
MISO pin to transfer data in the slave mode.

MICRO-
CONTROLLERS
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Fig. 20 - Master-Slave System Configuration
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Fig. 21 - Data Clock Timing Diagram
Slave Select ('S_S-) flag bitin the serial peripheral status register (location $0B)

In the slave mode the slave select (S—S') pinis 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 SSsignal line must be a logic low prior to occurrence 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 SSis 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 =0the slave device is prevent-
ed from writing to its data register. Refer to the WCOL status
flag in the serial peripheral status register (location $0B)
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 D bit 5 is cleared. See Note.
The master device will become a slave device any time its
S5 signalis detected low. This ensures thatthere is onlyone
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 $0A). Also, con-
trol bit SPE in the serial peripheral control register is
cleared which causes the serial peripheral interface (SPI) to
be disabled (port D SPI pins become inputs). The MODF

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.

Note: In the master mode Port D DDR bit 5 determines whether Port
D bit 5 (§8) is an error detect input to the SPI (DDR bit 5 clear) ora
general-purpose 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 $0A) 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
$0A) 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 D 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, datais 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 53 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-siave
interconnections. Note that in Fig. 23 the master §S pin is
tied to a logic high and the slave 53 pinis a logic low. Fig. |
21a provides a larger system connection for these same
pins. Note that in Fig. 20(a), 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.
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% | recisTern  FUtY F:__
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CONTROL > STATE
ey, BITS CONTROLLER
S0A
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SP.
/)
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/<
7
NOTES:

THE §8, SCK, MOSI, AND MISO ARE EXTERNAL PINS WHICH PROVIDE THE

FOLLOWING FUNCTIONS:

(a) MOSI-PROVIDES SERIAL QUTPUT TO SLAVE UNIT(S) WHEN DEVICE IS
CONFIGURED AS A MASTER. RECEIVES SERIAL INPUT FROM MASTER
UNIT WHEN DEVICE IS CONFIGURED AS 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 SLAVE UNIT.

(c) 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) S

-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
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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 $0A), serial peripheral status regis-
ter (SPSR, location $0B), and serial peripheral data 1/0
register (SPDR, location $0C) 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)
7 6 5 4 3 2 1 0
|sPiE[sPE [pwoM|MSTR [cPOL [CPHA [SPR1[SPRo| $0A

The serial peripheral control register bits are defined as
follows:
B7,SPIE  When the serial peripheral interrupt enable bit
is high, itallows 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.

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=0, the
four Port D output buffers operate as normal
CMOS outputs. DWOM is cleared by reset.

B5, DWOM

B4, MSTR The master bit determines whether the device
is a master or a slave. If the MSTR bit is a logic
zero itindicates 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.

B3, 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
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 of the master device when data is not being
transferred. The CPOL bit is not affected by
reset. Refer to Fig. 21.

B2, CPHA The clock phase bit controls the relationship
between the data on the MISO and MOSI pins
and the clock produced or received atthe 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 bitin 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.

B1, SPR1
B0, SPRO

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
SPR1 SPRO Clock Divide By
0 0 2
0 1 4
1 0 16
1 1 32

Serial Peripheral Status Register (SPSR)

7 6

5 4 3 2 1 0

[spiFjwcoL| — ImobF| — | — | — | — |soB

The status flags which generate a serial peripheral interface
(SPI) interrupt will not be blocked by the SPIE control bitin
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

B6, WCOL

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 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 by ‘a
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 until the 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.

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 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) aread 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-
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 onthe SS pinis
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 register after its SS pin has been pulled
low. The SS pin of the slave device freezes the
data in its serial peripheral data register and
does notallow itto be altered if the CPHA bitis
alogic 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 priorto the latch
of the first data transfer. This first clock edge
will freeze the data in the slave device /O reg-
ister 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/0O 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 transition for
CPHA=0) at the same time the slave device
CPU is writing to its serial peripheral interface
dataregister. In this case itis assumed that the
data byte written (in the slave device serial
peripheral 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
ocgurred.

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.

Bit 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
if SPIE=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.

Serial Peripheral Data 1/0 Register (SPDR)

7 6 5 4 3 2 1 0
l Serial Peripheral Data 1/0O Register

| soc

The serial peripheral data 1/0 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 is set in both the master and slave devices. A write
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or read of the serial peripheral data 1/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
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
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 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 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 1/0 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 1/0O register.

Serial Peripheral Interface (SPI)
System Considerations

There are two types of SPI systems: single master system
and muiti-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 paraliel port to control the four 5§
pins of the slave devices. A slave device is selected when the
master device pulls its S5 pin low. The SS 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 one
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 1/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 & 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 of this type is shown inFigure 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 MODF bit in the serial peripheral status register.

Note that the DWOM 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 stop mode is by receipt of an external interrupt
(logic lowon pin), an external timer oscillator interrupt,
a Port Binterrupt or by the detection of a reset (logic low on

ET pin‘or a power-on reset). The effects of the stop
mode on each of the MCU systems (Timer and SPI) are
described 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 TRQ 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
atthe 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 dataaction 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 IRQ 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 TRQ 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 (TDO, 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 and
SPI systems remain active. In fact an interrupt from the
timer or SPI (in addition to alogic low on the TRQ or RESET
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 Voo -0.5to +7.0 Vv
Input Voltage Vin Vss -0.5 to Vpp +0.5 \'
Current Drain Per Pin Excluding Voo and Vss | 25 mA
Operating Temperature Range Ta _40 to +125 o
Storage Temperature Range Tstg -65 to +150 °C

THERMAL CHARACTERISTICS

This device contains circuitry to protect the inputs against

Charach.arlstlcs Symbol | Value | Unit damage due to high static voltages of electric fields; how-
Thermal Resistance ever, itis advised that normal precautions be taken to avoid
Ceramic 6JA 50 | °C/W application of any voltage higher than maximum rated volt-
Plastic . 100 ages to this high impedance circuit. For proper operation it
Plastic Chip Carrier 70 is recommended that Vi, and Vou be constrained to the
range Vss< (Vin Or Vout)<Vopp. Reliability of operation is en-
hanced if unused inputs except OSC2 are connected to an
appropriate logic voltage level (e.g., either Vss or Vpp).
VDD =45V VDD
Pins R1 R2 [
PAO-PA7, | 3.26 kQ | 2.38 kQ | 50 pF R2
PBO-PB7,
PCO-PC7, (SEE TABLE)
PD6
PD1-PD4 | 1.9kQ [2.26 kQ | 200 pF TEST
POINT O l
Voo =3.0V (gEE RI
PAO-PA7, [10.91kQ | 6.32kQ | 50 pF
PBO-PB7,
PCO0-PC7, =
PD6 92Cs-39387
PD1-PD4 6 kQ 6 kQ 200 pF

Fig. 24 - Equivalent Test Load

Power Considerations
The average chip-junction temperature, T,, in °C can be
obtained from:
Ts=Ta+ (Po* 6sa) (1)
Where:
Ta = Ambient Temperature, °C
6,n = Package Thermal Resistance, Junction-
to-Ambient, °C/W
Po = Pint + Pio
P vt = lce X Vee, Watts — Chip Internal Power
Pjo = Power Dissipation on Input and Output
Pins — User Determined

For most applications Py,o < Pinr and can be neglected.

An approximate relationship between Pp and T, (if Po is
neglected is:

Po =K+ (T, + 273°C) 2)
Solving equations 1 and 2 for K gives:
K = Pp*(Ta + 273°C) + 6,a*Pp2 (3)

Where K is a constant pertaining to the particular part. K can
be determined from equation 3 by measuring Pp (atequilibri-
um) for a known Ta. Using this value of K the values of Pp
and T, can be obtained by solving equations (1) and (2)
iteratively for any value of Ta.
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DC ELECTRICAL CHARACTERISTICS (Voo = 6.0 Vdc & 10%, Vss = 0 Vdc,

Ta =-40°C to +125°C unless otherwise noted)

Limits
Characteristic Symbol . Min Typ Max Unit
Output Voltage, lioap < 10.0 uA Vo — —_ 0.1 v
VOH VDD'0.1 - - V
Output High Voltage
(loaa = 0.8 mA) PAO-PA7, PB0-PB7, PCO-PC7, TCMP Von Vpo-0.8 — — \Y
(lLoaa = 1.6 mA) PD1-PD4 Von Vpp-0.8 — — \'
Output Low Voltage ’
(load = 1.6 MA) PAO-PA7, PB0-PB7, PC0-PC7, PD2-PD5, TCMP Vo — — 0.4 Vv
Input High Voltage
PA0-PA7, PB0-PB7, PC0-PC7, PD0O-PDS5, PD7, TCAP, IRQ, RESET, OSC1 Vin 0.7 x Voo — Voo \'%
Input Low Voltage
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, RESET, OSC1 Vie Vss — 0.2 x Voo \Y
Total Supply Current (C. = 50 pF on Ports, no dc Loads, teye = 500 ns,
(Vie=0.2V, Vin = Vpp - 0.2V) No external timer oscillator.
RUN loo — 35 7 mA
WAIT (See Note) loo — 1.6 4 mA
STOP (See Note) lop — 2 250 HA
Total Supply Current (C. = 50 pF on Ports, no dc Loads, teye = 500 ns,
(Vie=0.2V, Vin = Vpp - 0.2V) 32.768 KHz external timer
crystal oscillator for circuit as shown in Fig. 13(c).
RUN oo —_ 4 8 mA
WAIT (See Note) oo — 21 5.5 mA
STOP (See Note) loo —_— 0.5 1 mA
1/0 Ports Hi-Z Leakage Current
PAO-PA7, PB0-PB7, PCO-PC7, PD1-PD5 I — — +10 UA
Input Current
T, IRQ, TCAP, OSC1, PDO, PD7 lin — — +1 uA
Capacitance
E%%:H_as input or output) Cout — — 12 pF
, IRQ, TCAP, OSC1, PD0-PD5, PD7 Cin — — 8 pF

NOTE: Measured under the following conditions:
1. All ports are configured as input, Vi =0.2 V, Vin = Vop - 0.2 V.
2. No load on TCMP, C. = 20 pF on OSC2.
3. OSC1 is a square wave with Vi, =0.2 V, Viu = Vpp - 0.2 V
4.SPE=0 _
5. Typical values at midpoint of voltage range, +259C only.
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DC ELECTRICAL CHARACTERISTICS (Voo = 3.3 Vdc + 10%, Vss = 0 Vdc,

Ta = -40°C to +125°C unless otherwise noted)

Limits
Characteristic Symbol Min Typ Max Unit
Output Voltage, lLoao < 10.0 A Voo — — 0.1 Vv
Vo Vpp-0.1 — — \Y
Output High Voltage
(loas = 0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP, PD5 Von Voo-0.3 — — v
(lLoas = 0.4 mA) PD1-PD4 Von Vpp-0.3 — — \
Output Low Voltage
(l.oaa = 0.4 mA) PAQ-PA7, PBO-PB7, PCO-PC7, PD2-PD5, TCMP Vou — — 0.3 \
Input High Voltage
PAO-PA7, PB0-PB7, PCO-PC7, PD0-PDS5, PD7, TCAP, TRQ, RESET, OSC1 Vin 0.7 x Voo — Voo \
Input Low Voltage _
PAO-PA7, PB0-PB7, PC0-PC7, PD0O-PD5, PD7, TCAP, IRQ, RESET, OSC1 Vi Vss — 0.2 x Voo Y
Total Supply Current (C. = 50 pF on Ports, no dc Loads, tc,c = 1000 ns,
(Vic = 0.2V, Vin = Vpp - 0.2V) No external timer oscillator.
RUN loo - 1 25 mA
WAIT (See Note) oo - 05 1.4 mA
STOP (See Note) [ — 1 175 LA
Total Supply Current (C. = 50 pF on Ports, no dc Loads, tc,c = 1000 ns,
(Vie=10.2V, Vin = Vopp - 0.2V) 32.768 KHz external timer
crystal oscillator circuit as shown in Fig. 13(c).
RUN loo — 1.1 275 mA
WAIT (See Note) loo e 0.6 1.8 mA
STOP (See Note) loo — 100 275 HA
1/0 Ports Hi-Z Leakage Current
PAO-PA7, PB0O-PB7, PC0-PC7, PD1-PD5 I — — +10 HA
Input Current
RESET, iRQ, TCAP, OSC1, PDO, PD7 lin — — +1 pA
Capacitance
Ports %as input or output) Cout — - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-PDS5, PD7 Cin — — 8 pF

NOTE: Measured under the following conditions:
1. All ports are configured as input, Vic =0.2 V, Vis = Vpp - 0.2 V.
2. No load on TCMP, C. = 20 pF on OSC2.
3. OSC1 is a square wave with Vi, = 0.2V, Viy=Vpp - 0.2 V.
4.SPE=0

5. Typical values at midpoint of voltage range, +25°C only.
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CONTROL TIMING (Voo = 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 (fosc +~ 2) fop — 2.1 MHz

External Clock (fosc + 2) fop dc 2.1 MHz
Cycle Time (See Figure 8) teye 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) ticH — 100 ms
RESET Pulse Width (See Figure 9) taL 1.5 — toye
Timer

Resolution** tresL 4.0 - teye

Input Capture Pulse Width (See Figure 26) tru, tro 125 — ns

Input Capture Pulse Period (See Figure 26) trn e — toye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) tiun 125 — ns
Interrupt Pulse Period (See Figure 11) tiu * — teye
OSC1 Pulse Width ton, toL 90 — ns
External Timer Oscillator frequency of operation frose — fosc — 4 fosc

*The minimum period tiLi. should not be less than the number of cycle times it takes to execute the interrupt service
routine plus 21 teyc.

**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in
determining the timer resolution.

***The minimum period tr.r should not be less than the number of cycle times it takes to execute the capture interrupt
service routine plus 24 teyc.

N N T

e tRL—

EEET‘__-\K /I

ot | |y —

== ax 7
IRQ

tHLCH 4064 'cyc
a3 J N‘\

INTERNAL
CLOCK

1FFE X\FFEX 1ered )

INTERNAL
ADDRESS
BUS
e —
NOTES: RESET OR INTERUPT
1. REPRESENTS THE INTERNAL GATING OF THE OSC1 PIN. v
2. IRQ PIN EDGE-SENSITIVE MASK OPTION. ECTOR FETCH
3. IRQ PIN LEVEL AND EDGE-SENSITIVE MASK OPTION.
4. RESET VECTOR ADDRESS SHOWN FOR TIMING EXAMPLE.
92CM-39375

Fig. 25 - Stop Recovery Timing Diagram
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CONTROL TIMING (Voo = 3.0 Vdc + 10%, Vss =0 Vdc, Ta = -40°C to +125°C)

Limits
Characteristic Symbol Min Max Unit

Frequency of Operation

Crystal Option fosc — 2.0 MHz

External Clock Option fosc dc 2.0 MHz
Internal Operating Frequency

Crystal (fosc + 2) fop — 1.0 MHz

External Clock (fosc + 2) fop dc 1.0 MHz
Cycle Time (See Figure 8) teye 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) tiLcH — 100 ms
RESET Pulse Width - Excluding Power-Up (See Figure 8) taL 1.5 — teye
Timer

Resolution** tresL 4.0 — teye

Input Capture Pulse Width (See Figure 26) tru, tro 250 — ns

Input Capture Pulse Period (See Figure 26) trore o — teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) tium 250 — ns
Interrupt Pulse Period (See Figure 11) ti * — teye
OSC1 Pulse Width ton, toL 200 — ns
External timer oscillator frequency of operation frosc — fosc +~ 4 fosc

*The minimum period tiLi. 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 (teyc), this is the limiting minimum factor in

determining the timer resolution.

***The minimum period tr.r. should not be less than the number of cycle times it takes to execute the capture interrupt

service routine plus 24 teye.

EXTERNAL

jt——TLT L— —

tTH

SIGNAL [
(TCAP |
PIN37)

Fig. 26 - Timer Relationships
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29)
(Voo = 5.0 Vdc + 10%, Vss = 0 Vdc, Ta=-40°C to +125°C)

} Limits
Num. Characteristic Symbol Min Max Unit
Operating Frequency .

Master foptm) dc 0.5 fop

Slave fop(s) dc 2.1 MHz
1 Cycle Time

Master teyem 2.0 —_ teye

Slave teycts) 480 — ns
2 Enable Lead Time

Master tiead(m) * —

Slave tieadis) 240 — ns
3 Enable Lag Time

Master tiagm) * —

Slave tiag(s) 240 — ns
4 Clock (SCK) High Time

Master twisckHim 340 — ns

Slave twisckris 190 — ns
5 Clock (SCK) Low Time .

Master twisckuim 340 — ns

Slave twisckus 190 —_ ns
6 Data Setup Time (Inputs)

Master tsuim 100 — ns

Slave tsuis) 100 — ns
7 Data Hold Time (Inputs) ‘

Master thim 100 — ns

Slave this) 100 — ns
8 Access Time (Time to data active from high impedance state)

Slave ta 0 120 ns
9 Disable Time (Hold Time to High-Impedance State)

Slave tais — 240 ns
10 Data Valid

Master (Before Capture Edge) ) 0.25 - teycim)

Slave (After Enable Edge)** tuis) — 240 ns
11 Data Hold Time (Outputs)

Master (After Capture Edge) thotm 0.25 — teycm

Slave (After Enable Edge) thots) 0 — ns
12 Rise Time (20% Voo to 70% Voo, CL = 200 pF)

SPI Outputs (SCK, MOSI, MISO) tim — 100 ns

SPI Inputs (SCK, MOSI, MISO, §8) trs — 2.0 us
13 Fall Time (70% Voo to 20% Vpp, CL = 200 pF)

SPI Outputs (SCK, MOSI, MISO) ttm — 100 ns

SPI Inputs (SCK, MOSI, MISO, SS) ts — 2.0 us

*Signal production depends on software.
**Assumes 200 pF load on all SPI pins.

***Note that the unit this specification uses is fop (internal operating frequency), not MHz! In the master
mode the SPI busis capable of running at one-half of the device’s internal operating frequency, therefore

1.05 MHz maximum.
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29)
(Voo = 3.3 Vdc £ 10%, Vss = 0 Vdc, Ta = -40°C to +125°C)

*Signal production depends on software.
**Assumes 200 pF load on all SPI pins.
***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 of the device’s internal operating frequency, therefore
0.5 MHz maximum.
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Limits
Num. Characteristic Symbol Min Max Unit
Operating Frequency ee
Master fopim dc 0.5 fop
Slave fopter dc 1.0 MHz
1 Cycle Time
Master tcyc(m) 2.0 - tcyc
Slave teycis) 1.0 — MuS
2 Enable Lead Time
Master tieadtm) * -
Slave tiead(s) 500 — ns
3 Enable Lag Time
Master tiagim * —_
Slave tiagis) 500 — ns
4 Clock (SCK) High Time
Master twisckHim 720 — us 7))
Slave twisckHs 400 — ns E
5 | Clock (SCK) Low Time o
Master twisckuim 720 — us g [e]
Slave twisckus 400 — ns s E
6 Data Setup Time (Inputs) %
Master tsutm) 200 — ns (3]
Slave tsuis) 200 — ns
7 Data Hold Time (Inputs)
Master thim 200 - ns
Slave ths) 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 tais — 500 ns
10 Data Valid
Master (Before Capture Edge) toim 0.25 — teycim
Slave (After Enable Edge)** tus) — 500 ns
1 Data Hold Time (Outputs)
Master (After Capture Edge) thotm 0.25 — teyetm
Slave (After Enable Edge) thots) 0 — ns
12 Rise Time (20% Voo to 70% Voo, CL = 200 pF)
SPI Outputs (SCK, MOSI, MISO tm — 200 ns
SPI Inputs (SCK, MOSI, MISO, SS) trs — 2.0 us
13 Fall Time (70% Voo to 20% Vop, CL = 200 pF)
SPI Outputs (SCK, MOSI, MISO) tim — 200 ns
SPI Inputs (SCK, MOSI, MISO, 53) trs — 2.0 us
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CDP68HC05J3

8-Bit Microcontroller Series

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-Chip Memory

- 2,352 bytes of ROM

- 128 bytes of RAM

12 Bidirectional VO Lines

- 8 Software Programmable as Open Drain

- 4 Interruptible Inputs

Internal 16-Bit Timer

- Output Compare

- Input Capture

- Separate Timer Oscillator Allows:
- Timing During Power Saving Mode
- Counting of External Events

Self-Check Mode

External, Timer, and Port B Interrupts

* Master Reset and f’ower-On Reset

¢ On-Chip Oscillator with RC or Crystal Mask Options

CDP68HC05J3

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

- Single 3.0V to 8.0V Supply (2.0V Data Retention)

CDP68HCL05J3

- Lower Supply Current, Ipp in RUN, WAIT and STOP
Modes at 5.5V, 3.6V and 2.4V

- Single 2.4V to 6.0V Supply (2V Data Retention)
CDP68HSCO05J3

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

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

SOFTWARE FEATURES

¢ Supports Full CDP68HCO5 Instruction Set
* 8 x 8 Unsigned Multiply Instruction

¢ True Bit-Manipulation

* Two Power Saving Standby Modes
Efficient Use of Program Space

¢ Memory Mapped VO

L]

L]

L]

Description

The CDP68HC05J3 HCMOS Microcomputer is a member of
the CDP68HCO5 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 /O
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 CDP68HCO05J3 with lower power consumption in the
RUN, WAIT, and STOP modes; and low voltage operation
down to 2.4V.

The CDP68HSCO05J3 MCU device is a high-speed version
of the CDP68HC05J3 with up to 8.0MHz operation.

The CDP68HC05J3 family supports the full CDP68HC05
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

File Number 2757.2

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994 2.94 .



CDPG68HC05J3

Block Diagram
osct 0sc2
TCMP/TOSC2 nggggggn ) 1 INTERNAL
1 CLOCK OSCILLATOR | PROCESSOR
TcapTosct — TIMER SYSTEM AND + 2 cLock RESET
PAO «—») —1 I iRQ
8| PAte—s
Z | paze—s ACCUMULATOR
o) pase—s] poRT DATA cPu
A DIR - TNDEX CONTROL
< PA4 «—]
= | pas REG REG 8 REGISTER X
§ PA6 «—> CONDITION CODE
PA7 «—») 5 REGISTER cC cPU
STACK
@ 6 POINTER SP
5[ P80 PORT DATA PROGRAM
Q] PB1 «— B DIR |4 |4 COUNTERHIGH pCH
o | PB2 «— REG REG PROGRAM ALU
g PB3 8 COUNTERLOW PCL
a o Py
1 ]
2112x8
128x8
ROM STATIC RAM
240x8
SELF-CHECK
ROM
Power Considerations
The average chip-junction temperature, T, in °C can be PINS R1 R2 c
obtained from:
Vpp = 4.5V: PAO-7, PB0-3 3.26Q | 2.38Q 50pF
TJ = TA + (PD . eJA) (EQ 1)
Where: T, = Ambient Temperature, oc Vpp = 3.0V: PAO-7, PB0-3 10.19Q | 6.32Q 50pF
64a = Package Thermal Resistance,
Junction-to-Ambient, °C/W
Pp =Pt +Pio Voo
Pint = lcc X Vee, Watts - Chip Internal Power j[
Pyo = Power Dissipation on Input and Output SR
Pins - User Determined TEST { (SEETABLE)
POINT
For most applications Pyo < Piyt and can be neglected. Cc = b3 (Rsies TABLE)
SEE )
An approximate relationship between Pp and T, (if Py is TABLE)
neglected) is: =
- 0
Po =K+ (T, +273°C) (EQ.2) EQUIVALENT TEST LOAD
Solving Equation 1 and Equation 2 for K gives:
K= PD . (TA + 27300) + OJA *Pp2 (EQ. 3)

Where K is a constant pertaining to the particular part. K can
be determined from Equation 3 by measuring Pp (at equilib-
rium) for a known T,. Using this value of K the values of Pp
and T, can be obtained by solving Equation 1 and Equation 2
iteratively for any value of Ty.
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Specifications CDP68HC05J3

Absolute Maximum Ratings Thermal Information
Supply Voltage (Vpp) + .+« cvvvvnnvvennenennen. -0.5Vto +7.0V  Thermal Resistance 0ja
Input Voltage (VIN) .+« vvvvnevvvinnnnnns Vgs -0.3V to Vpp +0.3V Plastic DIPPackage ...........ccovveveinannnnnn. 60°C/W
Self-Check Mode (V) Plastic SOIC Package . .. ......vvvreeennnnnnnnn. 75°C/W
IRQPINOnly. .......ccovvveinnn.. Vgs-0.3V102xVpp +0.3V  Junction Temperature . .............coovviinnnannn. +150°C
Current Drain Per Pin (1)
ExcludingVppand Vgg. ... ..oovveiinniininnenn., . 25mA
Storage Temperature Range (Tgtg). -« covvvvve -65°C to +150°C
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the op / of this specification is not implied.
Operating Conditions
Operating Temperature Range (Ta) . ........... -40°C to +125°C  InputHighVoltage. .........c.ovvvueennennn. (0.8Vpp) to Vpp
LOWPOWET .o tttiiinteneannerenanneennns 0°C to +70°C
HighSpeed.........oovvviiiiniiiniiananns 0°C to +70°C

DC Electrical Specifications Vpp =5V +10%, Vgg = 0V, Ty = -40°C to +125°C, Unless Otherwise Specified.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Output Voltage VoL lLoap <10pA - - 0.1 \"
Von Vpp -0.1 - - v

Output High Voltage: PA0-7, PB0-3, TCMP Vou |loap=-08mA | Vpp-0.8 . - v

Output Low Voltage: PA0-7, PB0-3, TCMP Vo. |lLoap=1.6mA - - 0.4 v

Input High Voltage: PA0-7, PB0-3,0SC1, TCAP/|  Viy - 0.5Vpp | 0.7%Vpp v

TOSC1

Input High Voltage: RESET, IRQ ViH - 0.5*Vpp 35 v

Input Low Voltage: PAO-7, PB0-3, OSC1, TCAP/| V. 0.3Vpp | 0.5Vpp -

TOSC1

Input Low Voltage: RESET, IRQ Vi 0.8 0.3Vpp - v

Input Hysteresis Voltage: RESET, IRQ Vhys 0.5 1.0 - \Y

Data Retention Voltage VRM 0°C to +70°C 2 - - v

Supply Current (Notes 1, 2)

RUN IRUN . - 2.0 4.0 mA
WAIT IWAIT - 0.8 1.6 mA
STOP Istop | Ta =-40°C to +125°C - 20 40 pA

I/O Ports Hi-Z Leakage Current: PA0-7, PB0-3 I . - - £10 uA
Input Current: RESET, IRQ, TCAP/TOSCH, In - - +1 HA
0sC1

Capacitance: (Note 2) Cour - - 12 pF
RESET, IRQ, TCAP/TOSC1, OSC1, PA0-7, 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 V5 and Vot be constrained to the range Vgg < (Vi or Vour) < Vpp. Reliability of operation is
enhanced if unused inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vgg or Vpp).

2. Includes Ports used as Input/Output Pins, Ports used as Input only Pins; Ports used as Output only Pins.
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Specifications CDP68HC05J3

DC Electrical Specifications Vpp = 3.3Vpg $10%, Vgg = 0Vpg, Ta = -40°C to +125°C, Unless Otherwise Specified.

3

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Output Voltage VoL lLoap <10pA - - 0.1 \
VoH Vpp -0.1 - - v

Output High Voltage: PA0-7, PB0-3, TCMP Vou |loap=-02mA Vpp -0.3 - - v
Output Low Voltage: PA0-7, PB0-3, TCMP Vo  |loap=0.4mA - - 0.3 v
Input High Voltage: PA0-7, PB0-3, OSC1, TCAP/ Vi - 0.5Vpp | 0.7*Vpp \
TOSC1
Input High Voltage: RESET, IRQ ViH - 0.5Vpp 25 \
Input Low Voltage: PAQ-7, PB0-3, OSC1, TCAP/ Vi 0.2¢Vpp | 0.5Vpp -
TOSC1
Input Low Voltage: RESET, RQ ViL 0.5 0.3*Vpp - \
Input Hysteresis Voltage: RESET, IRQ Viys 0.3 0.6 - v
Data Retention Voltage Vam 0°C to +70°C 2 - - \
Supply Current (Notes 1, 2)

RUN IRUN . 1.2 24 mA

WAIT IWAIT - 0.5 1.0 mA

STOP lstop | Ta=-40°C to +125°C - 10 20 pA
I/O Ports Hi-Z Leakage Current: PAO-7, PB0-3 I - - +10 HA
Input Current: RESET, IRQ, TCAP/TOSCH, In - - +1 pA
OsC1
Capacitance: (Note 2) Cour - - 12 pF
RESET, IRQ, TCAP/TOSC1, OSC1, PAO-7, PBO- 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 V;y and Vgyr be constrained to the range Vg < (Viy or Vourt) < Vpp. Reliability of operation is
enhanced if unused inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vgg or Vpp).

2. Includes Ports used as Input/Output Pins, Ports used as Input only Pins; Ports used as Output only Pins.

Control Timing Vpp = 5V +10%, Vgg = 0V, Ty = ~40°C to +125°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Frequency Of Operation

Crystal Option fosc - - 4.2 MHz

External Clock Option fosc DC - 4.2 MHz
Internal Operating Frequency

Crystal (fosc + 2) for - - 2.1 MHz

External Clock (fogc +2) for DC - 241 MHz
Cycle Time teye 480 - - ns
Crystal Oscillator Start-Up Time for AT-Cut Crystal toxov - - 100 ms

H

MICRO-
CONTROLLERS




Specifications CDP68HC05J3

Control Timing Vpp =5V +10%, Vgs = 0V, Ty = -40°C to +125°C (Continued)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Stop Recovery Start-Up Time (AT-Cut Crystal tiLcH - - 100 ms
Oscillator)
RESET Pulse Width taL 1.5 - - teve
Timer

Resolution (Note 1) tres 4.0 - - tove

Input Capture Pulse Width i 1L 125 - - ns

Input Capture Pulse Period i (Note 2) - - teye
Interrupt Pulse Width Low (Edge-Triggered) tiuH 125 - - ns
Interrupt Pulse Period tuH (Note 3) - - teye
OSCH1 Pulse Width tor toL 90 - - ns

NOTES:

1. Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the timer resolution.
2. The minimum period tr 1 should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus

24 tove.

3. The minimum period t;;; should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 toyc.

Control Timing Vpp = 3.3V £10%, Vgg = 0V, T, = -40°C to +125°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Frequency Of Operation

Crystal Option fosc - - 2.0 MHz

‘External Clock Option fosc DC - 2.0 MHz
Internal Operating Frequency

Crystal (fosc +2) fop - - 1.0 MHz

External Clock (fogc + 2) fop DC - 1.0 MHz
Cycle Time teve 1000 - - ns
Crystal Oscillator Start-up Time for AT-cut Crystal toxov - - 100 ms
Stop Recovery Start-up Time (AT-cut Crystal tich - - 100 ms
Oscillator)
RESET Pulse Width taL 1.5 - - teve
Timer

Resolution (Note 1) tres 4.0 - - teve

Input Capture Pulse Width i, tr 250 - - ns

Input Capture Pulse Period e (Note 2) - - teye
Interrupt Pulse Width Low (Edge-Triggered) tiun 250 - - ns
Interrupt Pulse Period tiuH (Note 3) - - teve
OSC1 Pulse Width tons toL 200 - - ns

NOTES:

1. Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the timer resolution.
2. The minimum period tr_ 1. should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus

24 tove.

3. The minimum period ty;_should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 toyc.
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CDP68HC05J3

Control Timing Diagrams

osct
(NOTE 1)

o A R AT T R TIIT AT
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NOTES: RESET OR INTERRUPT
1. Represents the internal gating of the OSC1 pin. VECTOR FETCH
2.1RQ pin edge-sensitive mask option. ’
3.1RQ pin level and edge-sensitive mask option.

FIGURE 1. STOP RECOVERY TIMING DIAGRAM

trure tr|

|

EXTERNAL SIGNAL
(TCAP PIN 17)

FIGURE 2. TIMER RELATIONSHIPS
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CDP68HC05J3

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 CDP68HCO05J3.

FUNCTIONAL PIN DESCRIPTION
Vpp and Vgg

Power is supplied to the MCU using these two pins. Vpp is a
positive voltage with respect to Vgg (ground).

iRQ (Maskable Interrupt Request)

TRQ 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 TRQ pin will pro-
duce an interrupt. The MCU completes the current instruc-
tion before it responds to the interrupt request. When the
TRQ pin goes low for at least one t, 4, 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 Vpp 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.

TCAP/TOSCIN

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.

TCMP/TOSCOUT

The TCMP pin provides an output for the output compare
feature of the on-chip timer system. Refer to Output Com-
pare 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 (fosc)-

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 fogc in Control Timing. 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 Vpp
specifications.

2MHz 4MHz UNITS

Rg (Max) 400 75 Q

Co 5 7 pF
Cy 0.008 0.012 pF
Cosct 15-40 15-30 pF
Coscz2 15-30 15-25 pF
Rp 10 10 MQ
Q 30 40 K

FIGURE 3A. 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 3B lists the
recommended capacitance and feedback resistance values.
The manufacturer of the particular ceramic resonator being
considered should be consuilted for specific information.

2MHz - 4MHz UNITS

Rg (Typical) 10 Q

Co 40 pF
Cy 43 pF
Cosc1 30 pF
Coscz 30 pF
Rp 1-10 MQ
Q 1250 -

FIGURE 3B. CRYSTAL RESONATOR PARAMETERS
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CDP68HC05J3

icm
FIGURE 3C. CRYSTAL OSCILLATOR CONNECTIONS
L Cy Rs

oscz [ "MW\ osc
18 | 1 19

18 i D ' 19
FIGURE 3D. EQUIVALENT CRYSTAL CIRCUIT
MCU
0oscCt 0sc2
19 I I 18
R

FIGURE 3E. RC OSCILLATOR CONNECTIONS

MCU
0sC1 osc2

19 lu

UNCONNECTED
EXTERNAL CLOCK

FIGURE 3F. EXTERNAL CLOCK SOURCE CONNECTIONS
FIGURE 3. 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 external clock should be applied to the OSCIN input with the
OSCOUT output not connected, as shown in Figure 3F. An
extemal clock may be used with either the RC or crystal oscillator
option. The toxov or tycn specifications do not apply when
using an extemal clock input. The equivalent specification of the
extemal clock source should be used in lieu of toxoy or ty cH-

PAO-PA7

These eight 1/0 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 /O programming.

PB0-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 configured as
inputs during power-on or reset. Refer to Input/Output Pro-
gramming for a detailed description of I/O programming.

INPUT/OUTPUT PROGRAMMING
Parallel Ports

The 12 /O lines associated with Ports A and B may be indi-
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 1/O pin.
As an example, if a port bit is set to be a high output and it is
pulled low by an external load, reading the port will provide a
high reading for that bit.

']

z DATA

£ DIR REG

8 BIT

r4

§ LATCHED OUTPUT N Vo
—| ourpur PIN

3 DATA BIT

4

[ 4

E JV‘INPUT )

FIGURE 4A.

TveicaL 7 6 S 4 3 2 1 0
PORT DaTA |oon 7| DOR sioon 5‘ DDR ionn s] DDR 21DDR 1ﬁ>n3|
REGISTER
[ T [ [ [ T ]

A
R R

PIN P7 Ps PS P4 P3 P2 P1 PO

FIGURE 4B.
PORT NOT OPEN DRAIN
PORT DATA
PORT DRR
| PAD
INTERNAL
LOGIC « 4
NOTES: '
1. Denotes devices have same physical size, and are
enhancement type.

2. IP = Input Protection.
3. Latch-up protection not shown.

FIGURE 4C.
FIGURE 4. TYPICAL PARALLEL VO CIRCUITRY
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CDP68HC05J3

TABLE 1. PORT A TRUTH TABLE Port B0-B3
(NOTE 1) The Port B Data Register (DR) is located at $001 and the
RW DDR VO PIN FUNCTION Port B Data Direction Register (DDR) is located at $003. In
addition to data direction control provided by the Port B
0 0 | The l/O pin is in input mode. DDR, Port B I/O pins can be individually configured as low
Data is written into the outputdatalatch | 501 sensitive interrupt inputs. Associated with each of the
0 1 Data is written into the output data latch four pins of Port B is a bit in the Port B Interrupt Enable Reg-
and output to the 1/O pin. ister (IER, location $005) and the Port B Interrupt Flag Reg-

ister (IFR, location $006).

1 0 The state of the I/O pin is read.

Whenever a Port B pin is brought low (either pulled low by
1 1 The I/O pin is in output mode. an external source, when the pin is programmed as an input,
The output data latch is read. or set low in the Port B DR, when the pin is programmed as
NOTE: an output) the associated flag in the Port B IFR will be set.

__ Even when the pin retumns to a high level the IFR bit will
1. RW is an internal signal. remain set. The IFR bits can only be cleared by RESET or
Port A0-A7 by explicitly writing a 0 to the bit in the IFR.

The Port A Data Register (DR) is located at $000 and the When interrupts are not enabled the IFR can be used to “cap-
Port A Data Direction Register (DDR) is located at $002. In  ture” low going pulses on the Port B pins for later processing.
addition to data direction control provided by the Port A Since even a narrow low pulse will set the IFR .blt. the user
DDR, Port A /O pins can be individually configured as open- ~ an be assured not to miss a low event if the IFR is examined.
drain N-FETs. Setting a bit in the Port A Open Drain Register Once the Port B DR bit retums high, the IFR bit should be
(ODR, location $004), configures the corresponding Port A cleared to “rearm” the IFR to capture the next pulse.

output pin as an open drain, if the pin is set as an output in |t g pit in the IFR is set, a Port B interrupt will be generated if
the Port A DDR. Setting a bit in the Port A ODR has no effect  thg associated bit in the Port B IER is set and the CPU has
on pins that are programmed as inputs in the DDR, unless  gnapled interrupts by clearing the | mask bit. See INTER-
the pin is subsequently programmed as an output. A pin that  RypTS for more information. Generally the user will want to
is open drain will be high impedance when the Port ADR bit  ¢jaar the appropriate IFR bit(s) before setting the Port B IER
is high and it will be active low when the Port ADR bitis low.  bjt(s). This will insure only future events will trigger interrupts

All bits in the Port A DDR and ODR are cleared by power-on and not a past event which was “captured” by the IFR.

and RESET. Bits in the Port A DR are unaffected by power-
on and RESET.

PORT B TO INTERNAL BUS
VO PIN _‘! FOR READING
INTERNAL
# SET INTERRUPT
IBITINCC LOGIC
D Q
IFR
CLOCK
RESET
L cpuReseT
WRITE TO
PORT B IFR
($006)
D a _ TOINTERNAL BUS
FOR READING
IER
WRITE TO
PORT B IER —] CLOCK
($005)
RESET
INTERNAL |
—— DATABUS CPU RESET

FIGURE 5. PORT B INTERRUPT LOGIC FUNCTIONAL DIAGRAM
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FIGURE 6. ADDRESS MAP
7 0
[ A ] accumuar
o 5 ACCUMULATOR DECREASING
MEMORY
[ ioexreaister ADDRESSES
n 0 7 0_sTACK
| PC | pROGRAM counTER 1]1]1] CONDITION CODE REGISTER |
1 7 ° g ACCUMULATOR s
[oToJo o1 1] sp | stack poiNTER E INDEX REGISTER &
w
ce % [o] o] o] o[PrOGRAM COUNTERHIGH | E
[FTTINTZ]<] conpmon cooe rea PROGRAM COUNTER LOW -
UNSTACK
l L—— carrvoRROW
ZERO INCREASING
NEGATIVE MEMORY
INTERRUPT MASK ADDRESS
HALF CARRY

FIGURE 7. PROGRAMMING MODEL

FIGURE 8. STACKING ORDER

$0000 o o000 PORTS 0000 PORT A DATA REGISTER $00
32 BYTES 7 BYTES PORT B DATA REGISTER $01
$001F 0031 UNUSED
$0020 0032 . 11 BYTES PORT A DATA DIRECTION REGISTER | $02
USER ROM . PORT B DATA DIRECTION REGISTER | $03
48 BYTES . TIMER
S004F o0 . 10 BYTES PORT A OPEN DRAIN REGISTER 04
$0050 A 0080 . UNUSED PORT B INTERRUPT ENABLE REGISTER | $05
48 BYTES K 4 BYTES 0031 PORT B INTERRUPT FLAG REGISTER | $06
$007F 0127 Y 07
$0080 0128 " X UNUSED i :
RAM 3 10 BYTES 10
128 BYTES \
OSCILLATOR CONTROL REGISTE
$00C0 gty 0192 \ TIMER CONTROL REGISTER $12
64 BYTES . TIMER STATUS REGISTER $13
SOOFF 0255 | INPUT CAPTURE HIGH REGISTER $14
$0100 0256 \
USER ROM ' INPUT CAPTURE LOW REGISTER $15
SOBFF 2048 BVTES 2303 | OUTPUT COMPARE HIGH REGISTER | $16
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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 $FO00 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 processor.

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 $0CO. 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 (SOFF). 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 ($0FF), 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 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 (1)

When the | bit is set, all interrupts are disabled. Clearing this
bit enables the interrupts. If an external interrupt occurs
while the | bit is set, the interrupt is latched and processed
after the | bit is next cleared; therefore, no interrupts are lost
because of the | bit being set. An internal interrupt can be
lost if it is cleared while the | bit is set (refer to Programma-
ble Timer 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 (2)

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.

SELFCHECK

The selfcheck capability of the CDP68HC05J3 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
entered by applying a 9Vp¢ input (through a 4.7kQ resistor)
to the IRQ pin (2) and a 5Vp input (through a 4.7kQ resis-
tor) to the TCAP pin (17) and then depressing the reset
switch to execute a reset. After reset, the PAQ pin is first
tested for a logic 1 (supplied by the LED) then the following
seven tests are performed automatically:

VO Test
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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Voo

10kQ

FIGURE 9. SELFCHECK CIRCUIT SCHEMATIC DIAGRAM
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INTERNAL
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RESET
\ (NOTE 3) {
NOTES:

1. Internal timing signal and bus information is not available externally.
2. OSCt line 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 10. POWER-ON 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.

Timer Test

Verifies counter register is properly advancing and checks
OCF flags.

External Timer 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 LEDs 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 | PA1 | PAO REMARKS

1 0 1 0 | Failed RAM Test

1 0 1 1 | Failed Port B Interrupt Tests

1 1 0 0 |Failed 16-bit 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

0 Indicates LED is 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 $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=0andZ=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 = 0. 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 = 0. If the test passed,
A =0 and Z = 1. RAM locations $080 through $083 are
overwritten.

Resets, Interrupts, and Low Power Modes

RESETS

The MCU has two reset modes: an active low external 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 tcyc. 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 Vpp. 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 tcyc delay from the time that the
oscillator becomes active. If the external RESET pin is low at
the end of the 4064 tcy 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 tcyc delay from the time that the oscillator
becomes active. If the external RESET pin is low at the end
of the 2 tcyc 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
CDP68HC05J3 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 return to normal pro-
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 | 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 exter-
nal interrupt (JRQ or Port B interrupt) or a RESET or a
TIMER interrupt occurs. Note that TIMER interrupts can
only be generated if the external clock for the TIMER is
enabled.

(c) WAIT - The WAIT instruction causes all processor clocks
to stop, but leaves the Timer running. This “rest” state of
the processor can be cleared by RESET, an external
interrupt (IRQ), Timer interrupt, or Port B interrupt.

TABLE 3. RESET ACTION ON INTERNAL CIRCUIT

CONDITION

POWER-ON

RESET PIN RESET

Oscillator Start-Up Delay Set to 4064 tcyc (8128 Oscillator Cycles)

Note 1 X

Timer Prescaler Reset to Zero State

Timer Counter Configured to $FFFC

Timer Output Compare (TCMP) Bit Resst to Zero

All Timer Interrupt Enable Bits Cleared (ICIE, OCIE, and TOIE) to Disable Timer Interrupts

Timer OLVL Bit is Cleared to Zero

All Oscillator Control Register Bits (EC, EOE, and NDEL) Cleared to Zero

Inputs

Both Port A and Port B Data Direction Registers Cleared to Zero Configuring All Port Pins as

X| X1 X| X| X| X
X| X| X]| X| X| x| %

Port A Open Drain Register Cleared to Zero

All Port B Interrupt Enable Register Bits Cleared to Zero to Disable Interrupts

All Port B Interrupt Flag Register Bits Cleared (If a Pin is Low it's Bit Will Inmediately Be Set)

Configure Stack Pointer to $0FF

Force Internal Address to the RESET Vector ($FFE)

Set Bit in Condition Code Register to a Logic One to Disable All Interrupts Except SWI

Clear External Interrupt Latch

Clear WAIT Latch

X1 X X X X| X] X} %

Clear Stop Latch

X1 X| X} X| X| X| x| x| %

X
(Note 2)

NOTES:

1. A delay of 2 toyc (4 oscillator cycles) is introduced when restarting with RESET, except from STOP mode.

2. 4064 toyc oscillator start-up time-out occurs.
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CLEAR iRQ :
REQUEST STACK
LATCH PC, X, A, CC

SET
I BIT

i

LOAD PC FROM
IRQ: $FFA - SFFB
TIMER: $FF8 - $FF9
PORT B: $FF6 - $FF7

!

COMPLETE
ETCH INTERRUPT
ROUTINE
INSTRUCTION AND EXECUTE
RTI

EXECUTE
INSTRUCTION l

FIGURE 11. HARDWARE INTERRUPT FLOWCHART
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FIGURE 12. STOP/WAIT FLOWCHARTS
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TABLE 4. VECTOR ADDRESSES FOR INTERRUPTS AND

RESET
FLAG INTER- CPU VECTOR
REGISTER | NAME | RUPTS | INTERRUPT | ADDRESS
N/A N/A Reset RESET $FFE-$FFF
N/A N/A Software Swi $FFC - $FFD
N/A N/A External IRQ $FFA - $FFB
Interrupt
Timer ICF Input TIMER $FF8 - $FF9
Status OCF Capture
(TCR) TOF Output
Compare
Timer
Overflow
PortB Bit 0-3 | Port B0O-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 (1 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 | 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 diagram 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 ;. and serviced as soon as the | bitis cleared.

LEVEL - SENSITIVE TRIGGER

MASK OPTION
Voo
p Q EXTERNAL
INTERRUPT
REQUEST
> ¢ 1BIT (CC)
g #a
POWER-ON RESET
INTERRUPT
PIN EXTERNAL RESET
EXTERNAL INTERRUPT
BEING SERVICED
(READ OF VECTORS)

FIGURE 13A. EXTERNAL INTERRUPT FUNCTION DIAGRAM

#IRQ :‘_I(_ — U

I tiu |
#IRQ1
. AL IH——=
.
M NORMALLY
#IRQn USED WITH
WIRE - ORED
CONNECTION

#IRQ

(MCU) I
NOTE:
Edge-Sensitive Trigger Condition - The minimum pulse width (t )
is either 125ns (Vpp = 5V) or 250ns (Vpp = 3V). The period t_
should be less than the number of toyg cycles it takes to execute
the interrupt service routine plus 21 toyc cycles.
Level-Sensitive Trigger Condition - If after servicing an interrupt the
#IRQ remains low, then the next interrupt is recognized.

FIGURE 13B. EXTERNAL INTERRUPT MODE DIAGRAM
FIGURE 13.

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 $13) and all
three will vector to the same interrupt service routine ($FF8 -
$FF9). All interrupt flags have corresponding enable bits
(ICE, OCIE, and TOIE) in the timer control register (TCR,
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 | bit in the
condition code register is also cleared. When the interrupt is
recognized, the current machine state is pushed onto the
stack and | 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 $FF8 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 Timer for additional information about the timer
circuitry.
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P MCU INTERNAL BUS P4
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FIGURE 14. PROGRAMMABLE TIMER BLOCK DIAGRAM
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INTERNAL TIMER CLOCKS ¢ ] Lo

M [ [
| [ [ M

COUNTER (16 - BIT) SFFFC X $FFFD X SFFFE X SFFFF

RESET (EXTERNAL OR END OF POR) dzzzzzv

NOTE:
1. The Counter Register and the Timer Control Register are the only ones affected by RESET.
FIGURE 15. TIMER STATE DIAGRAM FOR RESET

o2 | MU UL
0 [ [1 I [

J 11 [1 [ [

mo— 11 = [ I

w__ NN n_
COUNTER (16 - BIT) SFFEBX SFFEC K SFFED X SFFEE X SFFEF

INTERNAL TIMER
CLOCKS

INPUT EDGE 3 e gy
AN A
(SEE NOTE) .
INTERNAL CAPTURE LATCH " ? ? y: \
INPUT CAPTURE REGISTER $2277 X SFFED
INPUT CAPTURE FLAG /

NOTE:

1. If the input edge occurs in the shaded area from one timer state T10 to the other timer state T10 the input capture flag is set during the
next state T11.

FIGURE 16. TIMER STATE TIMING DIAGRAM FOR INPUT CAPTURE
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INTERNAL PROCESSOR CLOCK IIIIII'I'I'IIIIIII'I|I|||I|I|II
0 [ [ [ [

w1 I I M
INTERNAL TIMER < o r| |_.| r.I rI
w1 n M n_

COUNTER (16 - BIT) SFFEB x $FFEC X $FFED X SFFEE X SFFEF

(NOTE 1) __\;
COMPARE REGISTER CPU WRITES $FFED X SFFED
COMPARE REGISTER (NOTE 2)
LATCH \
OUTPUT COMPARE NOTE 3
FLAG (OCF) AND ¢ ) \ /
TCMP (PIN 16)

NOTES:
1. The CPU write to the Compare Register may take place at any time, but a compare only occurs at timer state TO1. 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 TO1.
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 |I|IlllllllllllIlIIIIIIllIIIIlI
- [ [ [ [

o I I T

N » B I I

m___ ] I I n_
COUNTER (16 - BIT)  SFFFE X SFFFF X $0000 X $0001 X $0002

TIMER OVERFLOW
FLAG (TOF)

INTERNAL TIMER CLOCKS <

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 ($FF6-$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 explicitly writing to the IFR or by
RESET or power-on. The flags are valid whether Port B
interrupts are enabled or not.

Enabling Port B interrupts can be done for individual pins by
setting the appropriate bit in the Port B Interrupt Enable Reg-
ister (IER) high. If a Port B line has been enabled to gener-
ate interrupts and the interrupt mask (| 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
turned off, causing all internal processing to be halted' refer to
Figure 12. During the STOP mode, the | bit in the condition
code register is cleared to enable extemal interrupts (Port B
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 B) or a
RESET is sensed, at which time the internal oscillator is turned
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 external 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 internal
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 | bit in the condition code
register is cleared to enable all interrupts (Port Band Timer
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 ($FF6 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 2Vpc. 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
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 | 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 location $16,
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 $1B.

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 2.0us 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 - $1B (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, $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 signifi-
cant 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 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 (TOIE).

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 compare 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 OCMPHI;  INHIBIT OUTPUT COMPARE
B613 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 (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 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 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.

7 6 5 4 3 2 1 0
ICIE | OCIE | TOIE 0 0 IEDG | OLVL
TCR (LOCATION $12)

B7,ICIE [f 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.

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.

If the timer overflow interrupt enable (TOIE) bit
is set, a timer interrupt is enabled whenever
the TOF status flag (in the timer status regis-
ter) is set. If the TOIE bit is clear, the interrupt
is inhibited. The TOIE bit is cleared by RESET.

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
IEDG bit.

0 = negative edge
1 = positive edge
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.

B6, OCIE

BS, TOIE

B1, IEDG

BO, OLVL

0 = 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.

7 6 5 4 3

ICF | OCF | TOF 0 0 0 0 0
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.

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.

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
TOF bit.

B6, OCF

BS, TOF

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 alternate register at address $1A
and $1B 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 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 Timer input and the main CPU oscilla-
tor start-up delay following a STOP instruction. The
operation of each bit is as described below:

B4, EOE

4 3 2
EOE | ECC |NDEL| ©
OCR (LOCATION $11)

Setting the EOE bit high configures the
TCAP/TOSC1 and TCMP/TOSC2 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 TCAP/TOSC1 and
TCMP/TOSC2 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.

B3, ECC

B2, NDEL

Setting the ECC bit high connects the
input of the Timer to the TCAP/TOSC1
pad. The signal at the TCAP/TOSC1 pin is
divided by four and then applied to the
Timer. 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 TCAP/
TOSC1 and TCMP/TOSC2 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 NDEL bit high overrides the
normal 4064 tcyc delay which is intro-
duced when exiting from STOP mode via
an interrupt (RESET will clear the NDEL
bit). Instead a 2 tgyc delay will be intro-
duced. When the RC oscillator mask
option has been chosen, the delay is
always 2 tcyc and the NDEL bit has no
effect. NDEL is cleared by RESET and
power-up.
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CDP6805F2
CDP6805F2C

CMOS High Performance Silicon Gate
8-Bit Microcontroller

Hardware Features Pinout
* Typical Full Speed OperatingPower @ 5V .............c..... 10mw PACKAGE TYPES D AND E
® Typical WAIT Mode POWer .......cviuieiiiriinranerananennns 3mw TOP VIEW
® Typical STOPModePower .........ccviiiiiiiiiiiriniennennnn. S5uW REsET—{ 1~ 28— v
* 64 Bytes of On-Chip RAM R—2 27— TIMER
* 1089 Bytes of On-Chip ROM o’;‘c’:_‘: 22““'“1’
. ; . — e
* 16 Bidirectional 1/0 Lines 0sc2—15 24— pe2
® 4 Input-Only Lines pa0— 6 23— pe3
e Internal 8-Bit Timer With Software Programmable 7-Bit Prescaler pA1 — 7 22— PBO
e External Timer Input pA2 — 8 21 — P81
e External and Timer Interrupts PA3 —9 20|~ PB2
» Master Reset and Power-On Reset PAg —l0 19 [—Pe3
. PAS —{ 11 18 |— PB4
* Single 3V to 6V Supply pas — 12 17 |—pes
e On-Chip Oscillator PAT— |3 \6 — PB6
® 1us Cycle Time Vg — 14 15 |— P87
Description Software Features
The CDP6805F2 Microcomputer Unit (MCU) belongs to the ® Versatile Interrupt Handling
CDP6805 Family of CMOS Microcomputers. This 8-bit MCU * True Bit Manipulation
contains o.n-chlr') oscillator, CPU, I_?AM, ROM, I/O_, and Timer. o 10 Addressing Modes
Fully static deS|gn a\_llows operation at frequencies slown t-o e Efficient Instruction Set
DC, further reducing its already low-power consumption. Itis . M /o
a low-power processor designed for low-end to mid-range Memory-Mapped 1/ .
applications in the consumer, automotive, industrial, and  ® User-Callable Self-Check Routines
communications markets where very low power consumption ® Two Power-Saving Standby Modes
constitutes an important factor.
Block Diagram 0sc1 0SC2 RESET  NUM G
TIMERZZ3|  Prescaler N mer/ 4 Ts 1 3 2
7 ounter
s Timer Control Oscillator
22
le=22-PB0
Accumulator Data Port (—L-bzg) P
8 A cPU b le22p-pB2 Port
irection B (-1—9—>P B
Index Control — Register |Register (ﬁbPB«l /0
6 Register (-%bPBS Lines
PA0 2> <€ >P86
port PA1 <5 Port | Data Condition <l2>-PE7
A :‘;‘ﬁ%‘-g-’ A [Direction| Rcogf
-€ R egister
110 s <10 egister |Register}—e¢ |5 CcC cPU
Lines PAS - Stack
PA6 Pointer
PA7 <€ 5 s| Port <—-§gpco
Program C WPU
Counter Register WPQ
3 High pPcH ALU [e—=prC3
Program
Counter
8 Low  pcL
1
T
1089 x 8 64x8 925-37984
ROM RAM
Self-Check
ROM
CDP6805F2 CMOS MICROCOMPUTER
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1 369.2

Copyright © Harris Corporation 1994
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The CDP6805F2 and CDP6805F2C devices are available in dual-in-line ceramic package (D suffix), and in a 28-lead
a 28-lead dual-in-line plastic package (E suffix), in a 28-lead plastic chip-carrier package (N suffix).

MAXIMUM RATINGS (Voltages Referenced to Vgs)

Ratings Symbol Value Unit
Supply Voltage Vbp -0.3t0 +8 \
All Input Voltages Except OSC1 Vin [Vss—-056toVpp+05] V
Current Drain per Pin Excluding Vpp and Vgg [ 10 mA
Operating Temperature Range TLto TH
CDP6805F2 TA 0to 70 °C
CDP6805F2C —40to +85
Storage Temperature Range Tstg ~55 to + 150 °C
Vpp=45V
ILoad 497K
——

Test Point © 4
J— $ 205k
g 20.

4 L 92Cs-37995

Fig. 2 - Equivalent test load.

25p

TYPICAL OPERATING CURRENT (lop)—mA

|

|

|

01 . 1 \ i \ .

0 0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1.0
INTERNAL FREQUENCY (1/teyc)—MHz

92CS-37996

Fig. 3 - Typical operating current vs. internal frequency.
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DC ELECTRICAL CHARACTERISTICS (Vpp=5 Vdc +10%, Vss=0Vdc, TA=TL to TH, unless otherwise noted) (See Note 1)

Characteristics Symbol Min Max | Unit
Output Voltage, 1| gad=<10.0 pA VoL - 0.1 v
VOH Vpp-0.1 -

Output High Voltage (I gad= — 200 uA) PAO-PA7, PBO-PB7 VoH 4.1 — Vv
Output Low Voltage, (I| oad =800 uA) PAO-PA7, PBO-PB7 VoL - 04 ] V
Input High Voltage

Ports PAO-PA7, PBO-PB7, PCO-PC3 v Vpp-2 VDD v

TIMER, TRQ, RESET H | vpp-08 |VbD

0SC1 Vpbp-1.56 | VDD
Input Low Voltage, All Inputs VL Vss 0.8 \
Total Supply Current (C|_ =50 pF on Ports, No dc Loads, teyc=1ps)

RUN (Measured During Self-Check, V| =0.2 V, Vi4=Vpp-0.2 V) oD - 4 [ mA

WAIT (See Note 2) - 1.5 | mA

STOP (See Note 2) - 150 | pA
1/0 Ports Input Leakage — PAO-PA7, PBO-PB7 L — +10| pA
Input Current — RESET, TRQ, TIMER, OSC1, PCO-PC3 lin — +1 | pA
Output Capacitance — Ports A and B Cout — 12 pF
Input Capacitance — RESET, TRQ, TIMER, OSC1, PC0-PC3 Cin - 8 pF

NOTES:

1. Electrical Characteristics for Vpp =3 V available soon.
2. Test Conditions for Ipp are as follows:
All ports programmed as inputs
ViL=0.2 V (PAO-PA7, PBO-PB7, PCO-PC3)
VIH=Vpp—0.2 V for RESET, TRQ, TIMER
OSC1 input is a square wave from 0.2 V to Vpp—-0.2 V
0SC2 output load =20 pF (WAIT Ipp is affected linearly by the OSC2 capacitance)

TABLE 1 — CONTROL TIMING CHARACTERISTICS (Vpp=56 Vdc +10%, V§5=0, TA=TL to T, fosc=4 MHz, toyc=1us)

Characteristics Symbol Min Max | Unit

Crystal Oscillator Startup Time (See Figure 5) toxov — 100 [ ms
Stop Recovery Startup Time — Crystal Oscillator (See Figure 6) tILCH — 100 | ms
Timer Pulse Width (See Figure 4) tTH. tTL 0.5 - | teye
Reset Pulse Width (See Figure 5) tRL 15 — | teyc
Timer Period (See Figure 4) tTLTL 1 — | teye
Interrupt Pulse Width (See Figure 15) tHLIH 1 — | teye
Interrupt Pulse Period (See Figure 15) ULIL * - | toye
OSC1 Pulse Width (See Figure 7) tOH. tOL 100 - ns
Cycle Time teyc 1000 - ns
Frequency of Operation

Crystal fosc - 4 | MHz

External Clock dc 4

¥The minimum period, t) j, should not be less than the number of teyc cycles it takes to execute the interrupt service routines plus 20 tcyc
cycles.

TERMINAL ASSIGNMENT

-
w
0
w
[3

0sC1
NUM

o
s 2 3
>k a

/ 4 3 2 1 2827 26 )

osc2 5 25 PC1
PAO 6 q)\x 24 PC2
PAI 7 PIN 1 IDENT 23 PC3
PA2 8 - - 22 P8O
PA3 9 TOP VIEW 2t PB1
PA4 PB2

10 I 20/

12 13 14 15 16 17 18

Vss

PB7

PB6:

PBS
B

o ©~
a <
a a

92CS-40952
28-Lead Plastic Chip-Carrier Package
(N Suffix)
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CDP6805F2, CDP6805F2C

osco**

iRQ

or —\/\—{‘
RESET

N 7777777 77

$2%

ULCH S a3 1920 toye ————>
\ ”
* nternal iming signals not available externally. 92Cs-37999
*¥Represents the internal gating of the OSC1 input pin
Fig. 6 - Stop recovery.
FUNCTIONAL PIN DESCRIPTION 0SsC1, 0sc2

Vpp and Vss

Power is supplied to the MCU using these two pins. Vpp
is power and Vgsg is ground.

TRQ (MASKABLE INTERRUPT REQUEST)

RQis 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 TRQ is 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 RQ input requires an external resistor to
Vpp 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 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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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 (fysc). 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 7(b).
The relationship between R and fogc 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 fogg 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 Vpp. 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. toxQv or
tiLCH do not apply when using an external clock input.

PAO-PA7

These eight I/0 lines comprise Port A. The state of any pin
is software programmable. Refer to the Input/Output Pro-
gramming section for a detailed description.

MICRO-
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Crystal Parameters

Oscillator Waveform

[€—— 1OL ——{—— t1OH ——3

(a) Crystal Oscillator Connections and Equivalent Crystal Circuit

1 MHz 4 MHz Units
RsMAX 400 75 Q
Co 5 7 pF
Cy 0.008 0.012 uF
Cosci 15-40 15-30 pF
Cosc2 15-30 15-25 pF
Rp 10 10 MQ
Q 30 k 40k -
CDP6805F2
0SscC1t 0SC2
4 Rp 5
o—{ |——0
Cosc1 == == Cosc2

RC Oscillator Connection

CDP6805F2

0SC1 0SC2

|4 '5

R

L Cq Rs
0sC2 r—""m"l I"—W“_ 0sc1
4
5 4 —
j .50
1

=

(c) External Clock Source Connections

CDP6805F2
0SC1 0SC2
a ls
Unconnected

L——< External Clock

Fig. 7 - Oscillator connections. 92CS-38000
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10g
N
F ™
=
> \\
o g N\
H
H] N
2
I3 N
S
5 A
=01
<
3
2, ™N
@
o
0.01

100
RESISTANCE (KQ)

R (kQ)

92Cs-42274

Fig. 8 - Typical frequency vs. resistance
for RC oscillator option only.

1000

(a)

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.

PCO-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

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 (DDR). 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.

Data Direction
/ «—>»] Register
Bit
Output
Internal —_— Data Output
CDP6805F2 Latch
Connections
/lnput
Reg
Bit
+_"
\ Input
1/0
Pin
(b)
Typical Port U 6 5 4 3 2 ! 0
Data Direction | ppp7|ppR6 | DOR5 | DDR4| DDA 3| DDR 2 | DDR 1| DDRO
Register
Typical Port
Register
Pin P-7 P-6 P-5 P-4 P-3 P-2 P-1 P-0
Fig. 9 - Typical /0 port circuitry. 9205-38001
TABLE 2 — 1/0 PIN FUNCTIONS
R/W | DDR 1/0 Pin Function
0 0 The I/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 I/0 pin i1s read
1 1 The 1/0 pin 1s 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:

1/0 — 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 | PB1 | PBO Remarks
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 Part

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 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 $788B.)

ROM CHECKSUM SUBROUTINE

Returns with Z bit cleared if any error was found; other-
wise Z=1, X=0 on return, and A is zero it the test passed.
RAM locations $41-$44 are overwritten. (Enter at location
$7A4.)

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 of
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.)

XTAL
XTAL

VDD e
TIMER |

CDP6805F2

PCO p=—
PC1
PC2
PC3

PB1
PB2
PB3
PB4
PB5
PB6
PB7

16 Test Status Indication

92CS-38002

Fig. 10 - Self-check pinout configuration.
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MEMORY

The CDP6805F2 has a total address space of 2048 bytes
of memory and I/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/0 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.

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.

0 $0000 0 Port A Data Register $0000
Access 1/0 Ports -

Via Timer 1 Port B Data Register $0001
Page0 { ., RAM $007F 2 1111 |  PoncC $0002
Direct 128 ¥

Addressing $008(l) 3 Unused $0003
265 SOOFF 4 Port A Data Direction Register $0004
256 $0100 5 Port B Data Direction Register $0005
1079 Bytes *
User ROM 6 Unused $0006
7 Unused * $0007
8 Timer Data Register $0008
9 Timer Control Register $0009
1206 $04B6 10 $000A
1207 $0487
73 Bytes 34 BV‘Z;
. nuse
1279 Self-Check ROM SO4FF
1280 $0500 63 $003F
64 $0040
640 Bytes RAM
Unused (64 Bytes)
12;3 $077F
118 Bytes $0780 ) . 2%
037 | __ _ _ Selttheck AOM__ _ | so7rs e
2038 | Timer Interrupt From Wait State Only $07F6 $07F7 _ -
__________ A \
User Timer Interrupt $07F8 $07F9 s <
Defined T —E;ternal Interrupt $07FA $07'FB <
Interrupt L = i ' P ~ Stack (32 Bytes Max)
Vectors SWI $07FC $07FD P
2047 RESET sorre so7FF | 7 A $007F

127

* Reads of unused locations undefined 92C5-38003

Fig. 11 - Address map.
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REGISTERS

The CDP6805F2 contains five registers as shown in the
programming model (Figure 12). The interrupt stacking order
is shown in Figure 13.

ACCUMULATOR (A)

This accumulator is an 8-bit general purpose register used
to hold operands and 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 the 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 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 ($7F). 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.

Accumulator

Index Register

( PC

LJo L__Jo o

Program Counter

10 5 4
lofofo o] 1 ]"]

SP I Stack Pointer

H

I {NJZ|C] condition Code Register

Carry/Borrow

Zero

Negative

‘———————— Interrupt Mask

Half Carry 926 "

Fig. 12 - Programming model.

7 0 Stack
1 l 1 I 1 [ Condition Code Register ,\'j
2 Accumulator T
Increasing Memory | 1 - E Decreasing Memory
Addresses U Index Register g Addresses
Solo]o]o|o| PCH U
PCL e
92C5-38005
Unstack

NOTE: Since the Stack Pointer decrements during pushes, the PCL is
stacked first, followed by PCH, etc. Pulling from the stack 1s in

the reverse order.

Fig. 13 - Stacking order.
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CONDITION CODE REGISTER (CC)

The condition code register is a b-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 bitis setto 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 | 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 | bit is set, the interrupt is latched and is
processed when the | 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 "1").

ZERO (2) — 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 Vpp. 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 tgyc 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
toa"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 (1) is set to a
",
® 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 (SWI).

Interrupts cause the processor registers to be saved on the
stack and the interrupt mask set to prevent additional inter-
rupts. The RT| 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 SW1 is executed as any other in-
struction. Refer to Figure 14 for the interrupt and instruction
processing sequence.

H
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TIMER INTERRUPT

Each time the timer decrements to zero (transitions from
$01 to $00), the timer interrupt request bit ({TCR7) is set. The
processor is interrupted only if the timer mask bit (TCR6) and
interrupt mask bit (1 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

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 RT! instruction which
restores the machine state and starts executing the inter-
rupted program.

> N
)
Set | Bit
CRese D ’
71 Bit (in CCRI Clear Y
07F=SP =
0~—DDRs Ra -1ear Stack
CLR TRQ Logic E‘S;’e iRQ iNT PC. X, A, CC
FF—~Timer B Request
7F —Prescaler ' L__Latch | +
7F~TCR
N
1=l Bit
TCR6=0 Timer ;
And >
Put 7FE on TCR7=1 Load PC From:
Address Bus SWI: 7FC/7FD
N IRQ: 7FA/7FB
TIMER: 7F8/7F9
Timer Wait: 7F6/7F7
Fetch
Instruction
RESET }
Pin=Low AESET swi
Load PC
from
7FE/TFF
Execute All
t Instruction
Cycles

92CS-38006

Fig. 14 - RESE T 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 (TRQ) 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
(TRQ) 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 (tj L) is obtained by ad-
ding 20 instruction cycles (tcyc) to the total number of cycles
it takes to complete the service routine including the RT! 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 TRQ remains low, then the next interrupt is recognized.

SOFTWARE INTERRUPT (SWI)

The software interrupt is an executable instruction. The
action of the SW! instruction is similar to the hardware inter-
rupts. The SW1 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

(a) Interrupt Functional Diagram

Level Sensitive

Mask Option
Voo
I_ External
D Q Interrupt

Request

| Bit (CCR)

Being Serviced

Edge Condition
The minimum pulse width (tj| |H) is one
teyc. The period tiLiL should not be less
than the number of teyc cycles it takes to

Interrupt Pin c
Q
R
Power-On Reset
External Reset
External Interrupt
(b) Interrupt Mode Diagram
(1) —
IRQ  — ULIH
J—————————— | ——— ™

iRQ (MPU) |

execute the interrupt service routine plus
20 teyc cycles.

|

Mask Optional Level Sensitive

If after servicing an interrupt the iRQ re-
mains low, then the next interrupt is

@ mo1—l<—-
¢ tuH—ﬂ
]
.
IRQn |

recognized.

|

92CS-38007

Fig. 15 - External interrupt.
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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/0 lines
remain unchanged. The processor can only be brought out
of the STOP mode by an external TRQ or RESET.

Stop Osclllator
And All Clocks
TCR Bt 7-0
Bit 61
Clear | Mask

Reset?

Yes

External
Interrupt?

Turn on Oscillator
Wait for Time
Delay to Stabilize

Fetch External
Interrupt or
Reset Vector

92CS-38008

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 | bit in the condition code
register is cleared to enable interrupts. All other registers,
memory, and 1/0 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 8-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 (TCR)) is set.
Then, if the timer interrupt is not masked (i.e., bit 6 of the
TCR and the | 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=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 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 “0s’’ 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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Wait

Oscillator Active
Clear I-Bit
Timer Clock Active
All Other Clocks
Stop

Reset?

External
Interrupt?

Restart
Processor Clocks

Fetch External
Interrupt, Reset,
or Timer Interrupt
Vector (from Wait
Mode only)

Timer
Interrupt?
(TCR Bit
7=1

TCR
Bit6=0?

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=0 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 TCRB=1 and TCR4=0, all inputs to the timer are dis-
abled.

TIMER INPUT MODE 4

If TCR6=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.

H
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Timer

Timer
(Pin 37)

Enable/Disable

Internal

2-to-1
MUx

Counter
(8 Bits)

Prescaler
(7 Bits)

| { —

Interrupt
Control

nternal/External

Write Read Interrupt

—

P —

Clock  |TcR4 [TcRs|

[ e e |

Setting

TCR3 Clears

Prescaler to + 1

NOTES:

Software Functions

1. Prescaler and 8-bit counter are clocked falling edge of the internal clock (AS) or external

input.

2. Counter is written to during Data Strobe (DS) and counts down continuously.

92CM-~ 38034R1

Fig. 18 - Programmable timer/counter block diagram.

TIMER CONTROL REGISTER (TCR)
7 6 5 4 3

TCR6|TCRb TCR3

2 1
TCR1

0
TCRO

TCR7 TCR4 TCR2

Al 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"
1 — Set whenever the counter decrements to zero or
under program control.
0 — Cleared on external RESET, 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 , power-on reset, STOP in-
struction, or program control.
0 — 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. {Unaffected by RESET.)

1 —- Select external clock source.

0 — Select internal clock source.

TCR4 — External enable bit: control bit used to enable the
external TIMER pin. (Unaffected by RESET.)

1 — Enable external TIMER pin.

0 — Disable external TIMER pin.

TCR5 | 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“1" to this bit
resets the prescaler to zero. A read of this location always in-
dicates “0". (Unaffected by RESET.)

TCR2, TCR1, TCRO — Prescaler select bits: decoded to
select one of éight outputs on the prescaler. (Unaffected by
)

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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CMOS High Performance Silicon Gate
8-Bit Microcontroller

Features

* Typical Full Speed Operating Powerat5V ...........
* Typical WAIT ModePower ..........cceveevninannnnn
® Typical STOPModePower.........ccccveeeenennnnn.
« Fully Static Operation

e ON-ChipRAM .....c..iiiiiiiiiinnnnccnnctaannnanans
e ON-ChipROM ... ....iiiiiiiiiaiiieaennnncacnanans
* Bidirectionall/OLines ..........cccoieieriiinnnnenns
® High Current Drive

* Internal 8-Bit Timer With Software Programmable 7-Bit Prescaler

e External Timer Input

o External Interrupts And Timer Interrupts
* Self Check Mode

* Master Reset And Power On/Reset

® Single 3V to 6V Supply

® On-Chip Oscillator With RC or Crystal Mask Options

® True Bit Manipulation

® Addressing Modes With Indexed Addressing for Tables

............ — )

............. 112 Bytes
............ 2106 Bytes
..................... 32

Pinout

PACKAGE TYPES D AND E
TOP VIEW

1
2
3
4
5
6
7
8
9

92C5-34974

Description

The CDP8805G2 Microcomputer Unit (MCU) belongs to the
CDP6805 Family of Microcomputers. This 8-bit MCU con-
tains on chip oscillator, CPU, RAM, ROM, I/0O, 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 sidebrazed ceramic package (D suffix).

Block Diagram

0SC1 0SC2  RESET NUM  1RQ

37
TIMER —3» _ Prescaler ] Timor/ 39¢ 38? ! 8 2
7 8 Counter
Timer Control 4—[ Oseillator ]——l
¢ 12; 28

zg? 13 Accumulator <57—> PCO

< > [ <> PC1
Port  PB2 <—d> port | © CPU Data | Port [€2o— pca ”8"

B PB3 <—>» Port | Data Index Control Dir C |(€=—>pc3
/0 PB4 «—18sl B | Dir [— Register 1 feg | Reg le2>p 170
Lines P85 <—1I»f Reg | Rey 8 o9 | Reg 37 7 PCY - Lines

PB6 <€ 18! Condition 22 pC

19! Code [ <57 > PC6

PB7 <€ 5 Register CC chU € pC7

" Stack 2

PAD 5> 6 Vomu g [55—> PDO

PA1 < Program <371 > PO!
Port  pa2 <——g> Port | Data cgfme, Data | Port 4——32—> PD2 pg"
A pa3 <—> A | Dir |—o [5 High pcy ALU * Oir | D ez PD3

70 pag *-6.) Reg | Reg Program Reg | Reg (34-—) PD4

Lines  pas <—p> . Coe <> pps "

PAB <€ g Low pcL <35> PD6

PA7 €3 T j«<—> PD7

2106 x 8 112 x8
ROM RAM
198x8
Self-Check
ROM

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994

File Number 1364.2
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o CDP6805G2, CDP6805G2C
MAXIMUM RATINGS (Volt‘ages‘Ref,erenced to Vss)

Ratings “Symbol Value Unit
Supply Voltage S VbD -0.3to +8 Vv
All input Voltages Except OSC1 Vin Vgs-0.5 to Vpp+0.5 v
Current Drain Per Pin Excluding Vpp and Vss | 10 mA
Operating Temperature Range TL TH
CDP6805G2 TA 0to +70 °C
CDP6805G2C -40 to +85
Storage Temperature Range Tatg -55 to +150 °C
Current Drain Total (PD4-PD7 only) loH 40 mA
THERMAL CHARACTERISTICS
Characteristics Symbol | Value Unit This device contains circuitry to protect the
inputs against damage due to high static
Thermal Resistance voltages of electric fields; however, it is ad-
Plastic 100 vised that normal precautions be taken to
X P o avoid application of any voltage higher than
Ceramic JA 50 C/wW maximum rated voltages to this high im-
pedance circuit. For proper operation it is
recommended that Viy and Vout be con-
strained to the range Vsg=<(Vin or
Vout!SVDD. Reliability of operation is
enhanced if unused inputs except OSC2 and
NUM are tied to an appropriate logic voltage
level (e.g., either Vgg or Vpp).
Vpp=4.5V
Port R R2 ILoad R2
B and C 24.3 k02 4.32 kQ -
A, PDO-PD3 | 1.21 kQ 3.1 kQ Test Point
' PD4-PD7 300 Q 1.64 kQ
>
50 pF %; R
{mA) | 9y
50 [
Fig. 2 - Equivalent test load.
40
Vpp=6V
Vpp=5V

Typical Operating Current (Ipp)

1 Il | | |

0.2 0.3 0.4 05 0.6 0.7

Internal Frequency (1/tcyc)

0.8 09 1.0
(MHz2)

Fig. 3 - Typical operating current vs. internal frequency.
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DC ELECTRICAL CHARACTERISTICS (Vpp=3 Vdc, Vgg=0 Vdc, TA=TL to T, unless otherwise noted)

H

MICRO-
CONTROLLERS

Characteristics Symbol Min __Max Unit
Output Voltage l| gad=< 1 uA VoL - 0.1 \
VoH Vpp—0.1 - \
Output High Voltage
VOH 14 - v
(ILoad= — 50 uA) PBO-PB7, PCO-PC7
(ILoad= -0.5 mA) PAO-PA7, PDO-PD3 VOH 1.4 - v
(I oad="-2 mA) PD4-PD7 VOH 14 - \
Output Low Voltage
(I oad = 300 uA) All Ports VoL - 0.3 \
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7
Input High Voltage
Ports PAO-PA7, PB0-PB7, PCO-PC7, PDO-PD7 ViH 27 . VDD \
TIMER, IRQ, RESET Viy 2.7 VbD v
0SC1 VIH 27 Vpbb v
Input Low Voltage All Inputs ViL Vss 0.3 N
Total Supply Current (no dc Loads, toyc=5 ps)
RUN (measured during self-check, V) =0.1 V, Vj4=Vpp-0.1 V) DD - 0.5 mA
WAIT (See Note) oD Z 200 A
STOP (See Note) DD — 100 A
1/0 Ports Input Leakage
PAQ-PA7, PBO- PB7, PCO-PC7, PDO-PD7 I — 5 uA
Input Current
RESET, IRQ, TIMER, OSC1 lin - +1 #A
Capacitance
Ports Cout — 12 pF
RESET, iRQ, TIMER, OSC1 Cin - 8 pF

DC ELECTRICAL CHARACTERISTICS (Vpp=5 Vdc + 10%, Vgs=0 Vdc, TA=T|_ to T, unless otherwise noted)

Characteristics Symbol Min Max Unit
Output Voltage 1| gad =< 10pA VoL - 0.1 \
VOH Vpp—0.1 - \

Output High Voltage

{ILoag= — 100 pA) PBO-PB7, PCO-PC7 VoH 24 - v

(ILoad= —2 mA) PAO-PA7, PDO-PD3 VoH 24 - v

(L oad= —8 mAI PD4-PD7 Vou 24 - v
Output Low Voltage '

(lLoad =800 gA) All Ports VoL - 04 \

PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7
Input High Voltage

Ports PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PD7 ViH Vpp-—2 VbD \

TIMER, IRQ, RESET, 0SC1 ViH _ |VpD-08 Vpp v
Input Low Voltage All Inputs ViL Vss 0.8 \
Total Supply Current (C| =50 pF

on Ports, no dc Loads, teyc=1 us)

RUN (measured during selt-check,
ViL=0.2V, ViH=Vpp=-0.2 V) IDD - 4 mA
WAIT (See Note) DD — 1.5 mA
STOP_(See Note) DD - 150 pA
1/0 Ports Input Leakage

PA0-PA7, PBO- PB7, PCO-PC7, PDO-PD7 I - +10 pA
Input Current

RESET, IRQ, TIMER, OSC1 lin — +1 puA
Capacitance

Ports Cout - 12 pF

RESET; IRQ, TIMER, 0SC1 Cin - 8 pF

NOTE: - Test conditions for Ipp are as follows:
All ports programmed as inputs

ViL = 0.2V (PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7)

ViH = Vpp-0.2 V for RESET, TRQ, TIMER
OSC1 input is a squarewave from 0.2 V to Vpp—0.2 V
0SC2 output load = 20 pF (wait Ipp is affected linearly by the

0SC2 capacitance).
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TABLE 1 — CONTROL TIMING
(Vpp=56 Vdc +10%, V§5=0, TA=TL to T, fosc=4 MHz)

Characteristics Symbol Min Max Unit
Crystal Oscillator Startup Time (Figure 5) tOXoV — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (Figure 6) tLCH - 100 ms
Timer Pulse Width (Figure 4) 1TH, tTL 0.5 — tcye
Reset Pulse Width (Figure 5) tRL 1.5 — toye
Timer Period (Figure 4) ITLTL 1 — teye
Interrupt Pulse Width Low (Figure 15) tLIH 1. — teye
Interrupt Pulse Period (Figure 15) HULIL * — teye
0SC1 Pulse Width tOH, toL 100 — ns
Cycle Time teye 1000 — ns
Frequency of Operation
Crystal fosc - 4 MHz
External Clock fosc DC MHz

*The minimum period t|L should not be less than the number of tcyc cycles it takes to execute the interrupt service routines plus 20 tcyc cycles.

H—WLTL—)‘ —>| TH |<— —| 7 e 7

External Timer I L
Clock Pin 37

Fig. 4 - Timer relationships.

|
voo A
I
0sC1%% JM’ 777 7 I L L LT Y
|

toxov +‘+_+'92° Yeye

| 1 :‘"cyc"]
o [T

INTERNAL
O o
BUS %
INTERNAL
DATA o
BUS ¥ 0b coog

jo— tR —

\ £
%*|NTERNAL TIMING SIGNAL AND BUS INFORMATION NOT AVAILABLE EXTERNALLY

¥%0SC{ LINE IS NOT MEANT TO REPRESENT FREQUENCY. 92CM-38103
IT IS ONLY USED TO REPRESENT TIME.

RESET

Fig. 5 - Power-on RESET and RESET.
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<7777

osca*¥ p—
TRG R

sE B2 Fve =
ONLY \_/

TRQ —w-\
OR t_ tieH ————t= 1920 teye—w]

RESET

pa*

Nplgluly

% INTERNAL TIMING SIGNALS NOT AVAILABLE EXTERNALLY.
%% REPRESENTS THE INTERNAL GATING OF THE 0SC| INPUT PIN.

92Cs-3810!

Fig. 6 - Stop recovery and power-on RESET.

FUNCTIONAL PIN DESCRIPTION
Vpp and Vss

Power is supplied to the MCU using these two pins. Vpp
is power and Vgg is ground.

iRQ (MASKABLE INTERRUPT REQUEST)

TRQ 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 IRQ 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 TRQ input requires an external resistor to Vpp 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 4

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 k2
resistor.

0SC1, 0sC2

The CDP6805G2 can be configured to accept either a
crystal input or an RC network. Additionally, the internal
clocks can be derived by either a divide-by-two or divide-
by-four of the external frequency (fosc). Both of these
options are mask selectable.

RC — If the RC oscillator option is selected, then a resistor
is connected to the oscillator pins as shown in Figure 7(b).
The relationship between R and fogc 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 paraliel resonant quartz
crystal resonator in the frequency range specified for fogc 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 Vpp. 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 0SC2 input not connected,
as shown in Figure 7(c). An external clock may be used with
either the RC or crystal oscillator mask option. toxQV or
tiLCH do not apply when using an external clock input.

H
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Crystal Oscillator Connections

CDP6805G2, CDP6805G2C

(a)

1 MHz 4 MHz Units
RsmAX 400 75 Q
Co 5 7 pF
Cq 0.008 0.012 uF
Cosci 15-40 15-30 pF
Cosc2 15-30 15-25 pF
Rp 10 10 MQ
Q 30 40 -
Crystal Parameters
CDP6805G2
2 L Cy Rs
OSC? 08 0sc2 }——-VW—-— 0scC1
9 Rp 38 38 39
: MA —l [
J1.Co
"‘—”:“"‘J" 11
Cosct == — Cosc2 38 Tull 39
I T {0}

Equivalent Crystal Circuit

CDP6805G2 CDP6805G2
0SC1 0SC2 0sC1 0SC2
‘ ) l 38 £ las
R Unconnected

(b) RC Oscillator Connection

Fig. 7 - Oscillator connections.

b————< External Clock

{c) External Clock Source Connections

h
P~ .
; 2 K\
‘g ~
L
3 s
h
g S
I3 N
S 2
5 ~N
o.l
=6
2 ¢
4
2
0.0 .
) 0 s 8 1000
RESISTANCE (k)

Fig. 8 - Typical frequency vs. resistance for RC oscillator option only.
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PAO-PA7

These eight 1/0 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.

PCO-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.

PDO-PD7

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.

Data Direction
/ <«—>| Register
Bit
Output
Internal —»1 Data QOutput
coPes0sG2 < Latch
Connections
Input
1/0
Pin
(a)
Typical Port 7 6 5 4 3 2 ! 0
Data Direction | ppRr7|ppR6 | DDRS | DDR 4| DDR3|DDR 2| DDR 1| DDRO
Y T T T T T T T
Typical Port
Register
Pin P7 P6 P5 P4 P3 P2 P1 PO
(b)

Fig. 9 - Typical port /0 circuitry.

TABLE 2 — 1/0 PIN FUNCTIONS

R/W | DDR 1/0 Pin Function
0 0 The 1/0 pin i1s in input mode. Data 1s written into the output data latch.
0 1 Data is written into the output data latch and output to the /0 pin.
1 0 The state of the 1/0 pin is read.
1 1 The I/0 pin 1s in an output mode. The output data latch is read.
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SELF-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, D

RAM —Walking bit test

ROM —Exclusive OR with odd 1's parity result

Timer — Functionally exercise timer

Interrupts — Functionally exercise external and timer inter-

rupts

Self-check results are shown in Table 3. The following
subroutines are available to user programs 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 stack 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 are modified. All RAM locations except the
top 2 are modified. (Enter at location $1F80.)

ROM CHECKSUM SUBROUTINE

Returns with Z-bit cleared if any error was found,
otherwise Z=1. X=0on return, and A is zero if the test
passed. RAM locations $040-$043 are overwritten.
(Enter at location $1F9B.)

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 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 $1FB5.)

MEMORY

The CDP6805G2 has a total address space of 8192 bytes
of memory and I/O registers. The address space isshown in
Figure 11.

CDP6805G2

PA7
PAB
PA5
PA4
PA3
PA2
PA1
' PAO

PBO
PB1
PB2
PB3
PB4
PBS
PB6
PB7

Vss

] , 0.1uF

W
—
o
=
o

37 10 kQ =
TIMER |——AM

RESET 1
| 40
VpD
3 10 k2
NUM AA 2pF
osct =2 .

0sC2
RQ
pp7 |38
pD6 |32
PD5 34
pD4 |38
P03 |32

pD2 |31
po1 130 >

Y

y

Test Status
Indication

PDO {22 >
pco 1.
pc1 }27
pc2 |28
pc3 |2
pca 24
pcs |23
pce |22
pc7 |21

NOTE: The RC Oscillator Option
May Be Used In This Circuit.

__L_zo

Fig. 10 - Self-check circuit.
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TABLE 3 — SELF-CHECK RESULTS

PD3 PD2 PD1 PDO Remarks
1 0 1 0 Bad I/0
1 0 1 1 Bad Timer
1 1 [o] o) Bad RAM
1 1 0 1 Bad ROM
1 1 1 0 Bad Interrupt or Request Flag
All Cycling Good Part
All Others Bad Part
0
1/0 Ports $0000 0 Port A Data $0000
A .
o Timer 1 Port B Data $0001
127 RAM $007F ‘ 4
Page 0 ~<o08¢ 2 Port C Data $0002 i
Direct 128 0080
Addressing 1 3 Port D Data $0003 2 8'
3:2 2096 Bytes :8?(;’): 4 Port A Data Direction $0004 Of
User ROM 5 Port B Data Direction $0005 =E
6 Port C Data Direction $0006 8
5553 :gg‘s\g 7 Port D Data Direction $0007
80 Bytes 8 Timer Data $0008
2303 Self-Check ROM $O8FF 9 Timer Control $0009
2304 $0900 10 $000A
5760 Bytes 6 Bytes
Unused® Unused®
15 $000F
16 $0010
RAM
(112 Bytes)
8063 $TF7F
8064 118 Bytes $1F80 63 __ = $003F
64 - $0040
Self-Check ROM $1FF5 i
8181 _ PV -
8182 | Timer Interrupt From Wait State Only | $1FF6- $1FF7 P
| Der VETTuRT ot rar »ate nly \
Usel'd Timer Interrupt $1FF8-$1FF9 - <
Define: = — y P
Interrupt I _External Interrupt SWFA'SIF.FB P " Stack (64 Bytes Max)
Vectors SWI $1FFC-$1FFD e
—_——— \ P
8191 RESET $1FFEV$1FH1:27 * $007F

#¥Reads of unused locations undefined

Fig. 11 - Address map.
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The first 128 bytes of memory (first half of page zero) is
comprised of the 1/0 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 $007F
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.

REGISTERS

The CDP6805G2 contains five registers as shown in the '
programming model in Figure 12. The interrupt stacking

order is shown in Figure 13.

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 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 $007F to $0040. The stack area of RAM is used
to store the return address on subroutine calls and the

0
I Accumulator
0

ey | r—

] Index Register

12

0

| PC

J Program Counter

0

12 6 5
[ofofofofofo] ]

SP J Stack Pointer

CcC
N ] Z | C | Condition Code Register

L-—Carry/ Borrow

Zero

Negative
Interrupt Mask
Half Carry

Fig. 12 - Programming Model.

7

0 Stack

1L1 l1 l Condition Code Register

Accumulator

Increasing Memory
Addresses

Index Register

Decreasing Memory
Addresses

ZnC—-Hm>D

ofofo]

PCH

PCL

—HvUvCIIZIM—AZ—

Unstack

NOTE: Since the Stack Pointer decrements during pushes, the PCL1s
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 ($007F). Nested inter-
rupts and/or subroutines may use up to 64 (decimal) 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 one).

ZERO (2) — 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 CDP6805G2 has two reset modes: an active low
external 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 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 Vpp. 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
teyc time out, the processor remains in the reset condition.

* Any current instruction including SWI.

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 setto a
e

— All data direction register bits are cleared to a “'0.” All
ports are defined as inputs.

— Stack pointer is set to $007F.

—The internal address bus is forced to the reset vector
($TFFE, $1FFF).

— Condition code register interrupt mask bit (1) is set to a
o

— 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

The CDP6805G2 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.

Interrupts cause the processor registers to be saved
on the stack and the interrupt mask (I bit) set to 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 RESET, 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 current 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 executed
the same as any other instruction and as such takes
precedence over hardware interrupts only if the | bit is
set (hardware interrupts masked). Refer to Figure 14 for
the interrupt and instruction processing sequence.
__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 | bit set and the other with | bit
clear; however, in either case RESET has the highest
priority of execution. If the | bit is set as per Table 4(a),
the second highest priority is assigned to any instruction
including SWI_._This is illustrated in Figure 14 which
shows thatthe IRQ or Timer interrupts are not executed
when the | bit is set. If the | bit is cleared as per Table
4(b), the priorities change in that the next instruction
(SWI or other instruction) is not fetched until after the
IRQ and Timer interrupts have been recognized (and
serviced). Also, when the | bit is clear, if both IRQ and
Timer interrupts are pending, the IRQ interrupt is
always serviced before the Timer interrupt.
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D

1~1 (In €C)

007F~8P .
cn.g-fr’é”n‘:gl Clear iRG

c iR
IRQ
;g‘: :z:g Request v k
atch PC,X, A, CC
Put IFFE on 1—1
Address Bus
Timer
SWE 1FFG/FFD
TRQ: 1FFA/1FFB
LT
imer 4
p’: SL T Fetch
ntow Instruction
N RESET
Pin=High
Is
Lo':d ':c f Fetched p—
0 nsti —PC#+1

1FFE/FFF action

an
swi
?

Execute All
Instruction
Cycles

92CM-38111

Fig. 14 - RESET and INTERRUPT processing flowchart.

TABLE 4 - INTERRUPT/INSTRUCTION EXECUTION PRIORITY AND VECTOR ADDRESS

(a) | Bit Set
Vector
Interrupt/Instruction Priority Address
RESET 1 $1FFE-$1FFF
SWI (or Other Instruction) 2 $1FFC-$1FFD

NOTE:TRQ and Timer Interrupts are not executed when the | bit is set; therefore, they
are not shown.

(b) | Bit Clear

Vector

Interrupt/instruction Priority Address
RESET 1 $1FFE-$1FFF
RQ 2 $1FFA-$1FFB
Timer 3 $1FF8-$1FF9
$1FF6-$1FF7*
~SWI (or other Instruction) 4 $1FFC-$1FFD

* The Timer vector address from the WAIT mode is $1FF6-$1FF7.
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Note

Processing is such that at the end of the current
instruction execution, the | bit is tested and if set the
nextinstruction (including SWI) is fetched. If the | bitis
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

If the 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 $1FF8 and $1FF9
unless the processor is in a WAIT mode in which case
the contents of $1FF6 and $1FF7 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 RTl instruction which restores the machine
state and starts executing the interrupted program.

EXTERNAL INTERRUPT

If the interrupt mask bit of the condition code register
is cleared and the external interrupt pin (IRQ) is low,

then the external interrupt occurs. The action of the
external interruptisidentical to the timer interrupt with
the exception that the service routine address is
specified by the contents of $1FFA and $1FFB. Eithera
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. The timing diagram shows two different treatments
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
pulsesisa function of the length of the interrupt service
routine. Once a pulise occurs, the next puise should not
occur until the MPU software has exited the routine (an
RTI occurs). This time (ti) is obtained by adding 20
instruction cycles (tcyc) to the total number of cycles is
takes to complete the service routine including the RT!
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 TRQ remains low, then the nextinterruptis
recognized.

SOFTWARE INTERRUPT (SWI1)

The software interrupt is an executable instruction. -

The action of the SWI instruction is similar to the
hardware interrupts. The SW| 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 $1FFC and $1FFD. See
Figure 14 for interrupt and instruction processing
flowchart.

(a) Interrupt Functional Diagram

Level Sensitive

Mask Option
VoD -
1
Interrupt Pin e -alc
Q
R

External
Interrupt
Request

| Bit (CCR)

/_7__"—Power-0n Reset
External Reset

(b} Interrupt Mode Diagram

(1

\_&_'L__External Interrupt

Being Serviced
Edge Condition

1RG -——’I__F-—QUH

l‘-————‘iLIL‘—‘"’

iRQ (MPU) |

(The minimum pulse width (t) |4 1s one
teyc. The period L should not be
less than the number of tcyc cycles it
takes to execute the interrupt service rou-
tine plus 20 teye cycles.)

—

2 W_F——— tLlH—»l
L]
L]

Mask Optional Level Sensitive
(If after servicing an interrupt the TRQ 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. Inthe 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 I/0 lines remain unchanged.

Stop Oscillator
And All Clocks
TCR Bit 7—0
Bit 61
Clear | Mask

Reset?

Yes

External
Interrupt?

Turn on Oscillator

Wait for Time
Delay to Stabilize

Fetch External
Interrupt or
Reset Vector

Fig. 16 - Stop function flowchart.

WAIT

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 1/0 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 8-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 $1FF8 and $1FF9 (or $1FF6 and $1FF7 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 interrupt 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 O, 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 “0'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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‘ Wait ’

Oscillator Active
Clear I-Bit
Timer Clock Active
All Other Clocks
Stop

le

External

Interrupt?

Restart
Processor Clocks

Fetch External
Interrupt Reset,
or Timer Interrupt
Vector (from Wait
Mode only)

Timer
Interrupt?
(TCR Bit
7=1)

TCR
Bit 6=0?

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.

MICRO-
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Timer Timer Prescaler Counter
(Pin 37) (7 Bits) (8 Bits)
2-to-1
MUX
Interrupt
Control
Enable/Disable I
Write Read Interrupt
nternal/External |
P e ———
Internal
clock  [toma[rers]  [rams|rere|reri|Tero|
Setting
TCR3 Clears
Prescaler to + 1
\ /
Software Functions
NOTES:

1.
input.

Prescaler and 8-bit counter are clocked falling edge of the internal clock (AS) or external

2. Counter is written to during Data Strobe (DS) and counts down continuously.

92CM-38034R1

Fig. 18 - Simplified timer control logic block diagram.

Timer Control Register (TCR)
7
TCR7

6
TCR6

5
TCRb

4
TCR4

3
TCR3

2
TCR2

1
TCR1

0
TCRO

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"
1 — Set whenever the counter decrements to zero, or un-
der prograrn control.
0 — 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.
0 — 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. (Unaffected by RESET.)

1 — Select external clock source.
0 — Select internal clock source (AS).

TCR4 — External enable bit: control bit used to enable the
external timer pin. (Unaffected by RESET.)

1 — Enable external timer pin.

0 — Disable external timer pin.

2-148

TCR6 TCR4
0 0
0 1

Internal clock to Timer

AND of internal clock and TIMER
pin to Timer

Inputs to Timer disabled

TIMER pin to Timer

1
1

0
1

Refer to Figure 18 for Logic Representation.

TCR3 — Timer Prescaler Reset bit: writinga 1" 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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CDP6SB8EMO05C4
CDP68B8EMOS5C4AN

CMOS High Performance Silicon Gate
8-Bit Microcontroller Emulator

Features
* CDP68HC05C4/C8 Microcontroller Emulation

» All CDP68HC05C4/C8 Hardware and Softwear
Features, Except as Noted in this Data Sheet

e Full 8K Byte Address Space Available (7984 Bytes
Available Externally)

® 176 Bytes of On-Chip RAM, No ROM

e Also Can be Used for CDP68HC05C8 Emulation
¢ Un-Multiplexed External Address and Data Lines
e Available in Two Package Types:

» CDP68BEMO5C4 - 40 Lead Piggyback Package with
2764 EPROM Socket Capability

» CDP68EMOS5CA4N - 68 Lead Plastic Chip Carrier (PLCC)

Description

The CDP6BEMO05C4 and CDPE8EMO5C4N 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
CDPB8HCO5C4 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 CDP68S8EMO05C4 and CDPB8EMO5C4N represent two
package types. The CDP6BEMOS5C4 is available in a piggy-
back package having the footprint of the 40 lead dual-in-line
package of the CDP68HCO05C4 microcomputer. The top of the
piggyback package has socket capability for a 28 lead
EPROM. The CDP6BEMOS5CA4N is available in a 68 lead Plastic
Chip Carrier (PLCC).

Pinouts
CDP68EMO5C4
40 LEAD PIGGYBACK PACKAGE
TOP VIEW
[ S
RESET —n ™) 149 vop
g O R,
ne —2 vee—l 5 b Vee 37 osca
pa7 —3 a1z = BGM —~—TCAP
5 o3 26 36
PA6—6 AIT '?_5VCC '—33-901
PAS ——1 AG—g| 2764 |52 a8 ro— TCMP
PA4—F1 A5 = EPROM [== a9 33~ P05
Pa3 —  a4—2 -—3—2—:\_1_1 2 P04
PAZT A3T —2—1'0E 3 PD3
PA1 1 A2—9— ?GA1O —3—0—P02
PAO ——1 A1 o Wc‘é PD1
PBO——T-B_ AO‘—1 r—]—— 0BT —ZE“'PDO
rB1 vy DHOE' '—1[.37086 'ET-PCO
PB2—f DB1 -5 e 0B5 [5¢— PC1
PBBT 082-1—4-4 —_I?DBO' -E—-PCZ
e e S [Ross B
PBE —2] 123_pes
19 CDP6BEMO5C4 22
PB7 —5g] EMULATOR o5 PCe
Vgg — < pc7
CDP68EMO5SC4N
68 LEAD PLASTIC CHIP CARRIER
TOP VIEW
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R TCMP osc1  0sc2
Block Dlayram 63 INTERNAL o INTERNAL
65 PR2°§(5;§OR oR PROCESSOR
TIMER L OSCILLAT
TCAP SYSTEM AND +2 cLock 1 RESET
s iRa
PAO 4—"—» ACCUMULATOR 2> PCO
o 8 A cPU ":: > Pt
P PAz‘_“’ PORT | DATA CONTROL DATA | PORT [€-—PC2 ooy
pAs<——> A | DIR INDEX DIR [ C 4&—P»PC3
LINES PA4<+—»| REG | REG |—¢ | FREGISTER ] ReG |-REG €22 _ppca O
PAS ¢ 5 CONDITION “'—'_':1 pcs LINES
PAG 4— 1 CODE ‘<——>4g PC6
PA7 ¢—¥f 5 REGISTER . le=2—prc7
cPU
PBO «—2p] p%fﬁ?én ¢ _PORTD le®4 —pp7
13 [ 6 S SCI
PB1 ¢— P 1-—-—RDI (PDO)
PORT PB24—:§D porT | DATA PROGRAM 17| svetem Q—-——-—DTDO(PDU
B PB3¢——=H B | DIR COUNTE <——>M|so PD2,
16 REG -—J 5 HIGH PCH ALU ( )
Lngs Tes tTry] MO | e PROGRAM 1 svarem t61 > oS! (703
::: DEETX COUNTER "“—’ SCK (PD4)
bEET N s LOW peL €52 55 (PD5)
PB7 4—| T BAUD RATE
. - GENERATOR
CE «——:j —
RD ——— BUS - INTERNAL
‘W_E‘—:a.,_ codus oL STATIC RAM pngfggﬁog
* DS ¢———
* Fs ¢—23 BUS DRIVE ‘ ADDRESS DRIVE ]
938«‘!’,”111 BEIEE l
22923298522 '3 i g **Pin numbers are for PLCC
. ’
Not available in the Piggyback package ADDRESS BUS package
Memory
The CDPBBEMO5C4 and CDPBSEMO5CAN Emulators  RD,(CE*)- Read: A status output which indicates
each have a total address space of 8192 bytes. The direction of data flow with respect to external
Emulators have implemented 208 bytes of the address or internal memory (a low level indicates a
locations for I/O and internal RAM. The remainder is read from memory space). A read from
available for external memory. The first 256 bytes of internal memory or I/O will place data on the
memory (page zero) are comprised of the I/O port locations, external data bus.
'gmer Io;:;tleMns_,T:B byt(is.’c;;%x:)ernal addres:s' sglaie ar:j?j176 WE**- Write Enable: An active low strobe pulse
y:es ol y eTnex dd ytes a]re :Va'a ! © 10 adaress output for use in writing data to external
external memory. hea. dress map is shown in Figure‘1.A RAM memory. A low level indicates valid
description of the remaining internal addressable functions data on the data bus.
can be found in the CDPB8HCO5C4 data sheet, File No. ’
2748, see Section 2 of this Data Book. DS** - Data Strobe: An output signal for use as a
: strobe pulse when address and data are
Signal Descriptions valid. This output is used to transfer data
to or from a peripheral or memory and
The following list includes only those additional signals that occurs any time the Emulator reads or
are not available on the CDP68HC05C4 microcomputer. writes. DS is a continuous signal at fosc + 2
See the CDP68HCO05C4 data sheet for a description of the when the Emulator is not in the WAIT or
remaining signals which are common to the Emulators and STOP mode.
the CDP68HCO05C4 microcomputer.
FS** - Fetch Status: An output which indicates an
A0-A12 - Address lines 0 through 12. op code fetch cycle
DB0-DB7 - Bidirectional 8-bit non-multiplexed data bus o _
with TTL inputs. * CE and RD are used as OE (Output Enable) and CE (Chip Enable) signals,

selecting external memory or 1/0. 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 1/O
space even though the address lines will be
valid.

respectively in the Piggyback package.
*Y i . s
CE, (OE*) Chip Enable: An output signal used for .. yo available in the Piggyback package.
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$0000 ©oooo 0oco PORT A DATA REGISTER $00
PORTS
32 ;’%Es 7 BYTES PORT B DATA REGISTER so1
PORT C DATA REGISTER $02
:gg; : 00312 UNUSED PORT D FIXED INPUT REGISTER $03
003 3 BYTES PORT A DATA DIRECTION REGISTER s04
EXTERNAL ADDRESS |\
SPAC| PORT B DATA DIRECTION REGISTER $05
48 BYTES \
\ PORT C DATA DIRECTION REGISTER $08
S004F 0079 SERI