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MC6801

MC6803
Microcontroller/Microprocessor (MCU/MPU)

The MCE801 is an 8-bit single-chip ricrocontroller unit (MCUY which significantly enhances the
capabilities of the MB300 Family of parts. It includes an upgraded M6800 microprocessor uril
[MFU) with upward-source and abject-code compatibilty. Execuation times of key instructions have
been improved and several new instructions have been added including an unsigned multiply. The
MCU can function as a monaolithic microcontroller or can be expanded to a 64K byte address space.
Itis TTL compatible and requires one - S-volt power supply. On-chip resources include 2048 bytes
ol ROM, 128 bytes of RAM, a serial communications interface (SCI, paraliel | O, and a three-func-
tion programmable timer, The MCEG203 can be considered as an MCBB01 operating in modes 2 or 3.
An EPROM version of the MCB801, the MCBE8701 microcontroller, is available for systems develop-
ment, The MCE8701 is pin and code compatible with the MCE801 MCB303 and can be used 10 emu-
late the MCEE0T MCB303 The MCB5701 is described in a separate Advanced information
publication.

& Ephanced MCBB00 Instruction Set
8 - & Multiply Instruction
Serial Communications interface (SCI)
Upward Souree and Object Code Compatibility with the MB800
16-Bit Three-Function Programmable Timer
Single-Chip aor Expanded Operation o 64K Byle Address Space
Bus Compatibility with the ME800 Family
2048 Bytes of ROM IMCE301 Only}
128 Bytes of RAM
64 Bytes of RAM Retanable During Powerdown
29 Parallel | O and Two Handshake Conirol Lines
Internal Clock Generator with Divide-by-Four Qutput
40 to 85 C Temperature Range

This documenl contains information on a new product. Specifications and informanon herein ara subject 1o change without notice,
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MCe801/8803

FIGURE 1 — MGB01 MICROCOMPUTER FAMILY BLOCK DIAGRAM
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NOTE. Mo funcuioning ROM in MCGR03
POWER CONSIDERATIONS
The average chip-junction temperature, T ), in °C can be obtained from:
TJ=TA+(PD°3JAI 1]
where:
Ta = Ambient Temperature, "C
AT = Package Thermal Resistance, Junction-to-Ambient, *C/W
Pp = Pyt +PPORT i
PINT  =lgox Voo, Watts — Chip Intemal Power

PpogT = Port Power Dissipation, Watts — User Determined

For most applications Ppgr1 < PiNyT and can be neglected. PpORT may become significant if the device is configured
to drive Darlington bases or sink LED loads.
An approximate relationship between Pp and T [if Ppogy is neglected) is:

Pp=K~+{Tj+273C} {2}
Soiving equations {1} and {2) for K gives:

K=Pp{Tp+273°Ct+ 6ga'Pp? {3}
where K is a constant pertaining to the particular part. K can be determined from equation (3} by measuring Pp (at
equilibrium) for a known Ta. Using this value of K, the values of P and T can be obtained by solving equations
{1} and {2) iteratively for any value of Tp

MOTOROLA MICROPROCESSOR DATA
3-93




MCE801/6803

MAXIMUM RATINGS

1 T H P This device contains circuilry to protect the

Rating [S\rrnbol Value Unit | INputs against damags due to high static volt-

Supply Valtage Ve -03t0 - 7.0 v ! ages or electnc fields; however, it is advised
that normal precautions be taken to aveid

Input Voltage Yin ~03® -70 v apphication of any vollage higher than max-
Operating Termperature Range Ta T 1o TH - mum rated voltages to this high-impedance
MCE801, MCEB03 0ta 7O circuit For proper gperation it 15 recom-
MCE801C, MCEB03C —_40to + 85 mended the Vjp and Vg be constramned o
the range Vag = [Vin or Vgurh © Voo Input

Storage Temperature Aange Tsig | -5t ~150 c protection is enhanced by connecling un-

used inputs Lo either Vpp or Vgs.

THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit

Thermal Resistance LAY cw
Plastic S0
_ Cerdip 3 50

CONTROL TIMING (vic- 5.0 v + 5%, Vgg - 01

Characteristi Symbo MC6801 MC6501-1 MCE3Bo1 Uait !
3 sractenstic Y Min | Max | Min | Max | Min | Max =

Frequency of Operation 1Y 05 1.0 0.5 1.25 9.5 20 | MHz
Crystal Frequency XTAL 20 4.0 2.0 5.0 20 80 MHz |
External Oscillator Freguency 4fg 20 4. 2.0 50 24 80 i MHz i
Crystal Oscilator Start Up Time [ — . 100 — 100 — 100 . ms :
Processor Contral Setup Time wes | 200 — 170 - Yo | — s

OC ELECTRICAL CHARACTERISTICS (Voo - 5.0 Vds =5%, Vg5 =0, Ta - T to T, unless otherwise noted)
| MC6E01 MCE301C ,

Characteristic Symbal | MC6803 MCE803C ! Unit
o i I min . Max Min Max | .
Input High Voltage RESET| vin | Vas-40 . Veo Vgg-40 | Ve Vo
Other Inputs Vgs-20 [ Veo Vgg-2.2 Voo | i
Input Low Voltage All Inputs ] ¥y Vgg-03 | ¥gs-08 | Vgg-03 | Vgg-08 I Voo
input Load Current Pornd| Ilip — 0.5 — 08 D mA
WVip =0 to 24 V) 3C1 — 08 - 1.0 i
Input Leakage Current [ [TEN i
Win = 0 10 5.25 V) NMI, TRQ, RESET - 25 — 50 ,
Hi-Z {Off State! Input Current : !
C Wip =05 e 2.4 Wt Ports 1.2, and 3| IT5) — 0 — 20 wA i
Outpul High Yaoltage Vo v

Lpag - - 65 A Vg = Ming” Port 4, 5C1, 5C2 vag-24 - Vgg-2.4 —

lLpad = - 100 pA, Yoo = Mint Qther Quiputs vgg - 24 — Vg -24 _ | ;
Output Low Vollage VoL v
| gad = 2.0 mA, Vig -Ming All outputs — Vg -05 —_ V55 -06 | .
Derlinglon Drive Currenl (Vg - 1.5 Vi Port 1| lon 10 a0 1.0 50 | ma
Internal Power Dissipation PinT —_ 1200 — 1500 r mw
[Measured a1 Ta = T in Steady-State Operation) i .
Input Capacitance Port3, Portd, 8¢t Cin § — 125 - 125 | pF .
Win-0.74-25C, fg=1.0MHz| Other Inputs — 10 — 10 |
Ve Standby Powerdown | Ysgg ap | 5728 4.0 525 v |
Powerup | YsB 4.75 5.25 475 | 525 | .
Standby Current Fowerdown | ISBE - 6.0 — 3.0 I; ma

*Negoliable to - 100 pA {for further informatwn contact the factory)
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PERIPHERAL PORT TIMWG (Refer to Figures 2-5}

MCe801 MCE801-1 MCE3B01
Characteristic Symbol | MCE803 MCE803-1 MCGEBO3 | Uit
Min | Max | Min | Max | Min | Max
Peripheral Data Setup Time tppsy | 200 — 200 - 100 - ns
Peripheral Data Hold Time tPOH | 200 — 200 — 100 - ns
Delay Time, Enable Positive Transition to OS3 Negative tasD — 350 — 350 — 250 ]
Transition
Delay Time, Enable Positive Transition to OS3 Positive toson2 — 350 - 350 - 250 ns
Transition
Delay Time. Enable Negative Transition to Peripheral Data Valid | tpwp — 350 — 350 — 250 ns
Delay Time, Enabie Negative Transition to Peripheral tcMos | — 2.0 - 2.0 — 2.0 fres
CMOS Data Valid
Input Strobe Pulse Width tpwis | 200 - 200 - 100 — ns
Input Data Hold Time UH 50 —_ 50 — 30 - ns
Input Data Setup Time 15 20 — 20 — 0 - ns

FIGURE 2 — DATA SETUP AND HOLD TIMES
{MPU READ}

r MPU Read

E _F—1
IPOSU ] - ;l -

IFOH
P10-P17 , N
P20-P24 :x X
P40-P4T ! Data Vand _,i
Inputs o tPDH
PDSY e
P30-P37 ¢
Inputs* Data Valid ){

* Port 3 non-latched operation {LATCH ENABLE= O

FIGURE 4 — POAT 3 QUTPUT STROBE TIMING
(MCEB0T SINGLE-CHIP MODE)

r MPU access ol Port 3*

4 T

A to0e X X
> pioso 10502
(9351

* Access malches ounpul strobe select (058 =0, a readq;
055=1, a writa}

P3)-P37

FIGURE 3 — DATA SETUP AND HOLD TIMES
{MPU WRITE)

r MPU White
E J

WCMOS
wwo L v
,
A Data ¥
Part Culpuls Xt Data Valid

NOTES
10k pullup resistor required for podt 2 to reach 0 7 v
2, Not applicatie to P21,
3. Port 4 cannot be pulled above Vi

FIGURE 5 — PORT 3 LATCH TIMING
{MCEB01 SINGLE-CHIP MODE|

L0

Inputs Drata vand

NOTE: Tirming rmeasurements sre referenced 1o and Irom a low voltage of 0.8 valts and a figh voltage of 2.0 vols, unless otherwise noted
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BUS TIMING (Sce Notes 1 and 20

\dent MCE801 | MCBB0T-1 | MCE8B0) 1
Numbar Characteristics Symbol | MCE803 MCB503-1 { MCE3B03 - Uit !
Min | Max | Min | Max | Min | Max :
1 Cycle Time tove 1.0 2.0 08 2.0 5 20 . ns
2 Pulse Width, E Low Pive 430 100 360 1000 210 1000 ng
3 Pulsg Width, E High PWep | 450 | 1000 | 360 | 1000 | 220 | 1000 . ns
4 Clock Rise and Fall Time k. 15 — 25 - 25 - 20 ns
9 Address Hold Time 14H 20 — 20 — - 10 —~ ¢ ns
12 Naon-Muxed Address Valid Time to E* AV 200 — 150 — 70 — ng
17 Read Data Setup Time IDSR g0 — 70 — . 40 — - ns
18 Read Data Hold Time {DHR 10 — 10 — 10 — ns
13 Write Data Delay Time toDwW — 225 — 200 |, - 120 ns
2 Write Dala Hold Time DHw 20 - 20 — . 19 —  ns
22 Muxed Address Valid Time to E Rise® LAYM , 200 — 150 -, 80 - ns
29 Muxed Address Valid Time io AS Fail* tasL | 60 — 50 — ., - ns
25 Muxed Address Hold Tirne LAHL 0 — — 1t — ns
26 Delay tme, E to AS Rise” tash | 90** I — 7 — , 4a5** I — - ns
7 Pulse Width, 45 High* PWaSH| 220 | — |, 170 L s
28 Delay Time, AS to E Rige* taSED | 90 i — 70 -, % , — .o
75 |Usable Access Time* acc | 595 | — | 465 | — 120 1 — | ng

“Al specified cycle time.
*"agp parameters listed assume external TTL clock drive with 50°: — 5% duty cycle Devices driven by an external TTL clock with
S0°; - 1% duty eycle or which use a eryatal have the fallowing tasp specifications: 100 nanoseconds minimum (1.0 MHz devices!,
80 nanoseconds minmum {1.25 MHz device}, 50 nanoseconds minimum (2 0 MHz devicas),

FIGURE 6 — BUS TIMING
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NOTES ®_’

1 Vohtage levels shown are V| 506V, V=24 V. unless otherwise specified

2 Measurement points shown are 0 BV and 2 0 ¥, unfess otherwise speciiied.

3 Usable access ime s computed by 124317+ 4

4 Memory devices should be enabled only during € hegh 1o avord port 3 bus contentron
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FIGURE 7 — CMOS LOAD

Test Pont o—-‘-
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FIGURE 8 — TIMING TEST LOAD PORTS 1, 2.3, 4

Yoe
R 1.8k

Test Pomnit MMDETE0

or Equivalent

A b D 7000
or Equivalent

C=90pF for P30-P37, PaD-PA7.E. S0V 502
=30 pf for P10-P17, P20-P24

R =37 ki for Pa-P47. 501, 5C2
=24 kit for F10-P17, P20-F24
=24 kf) for P30-P3/. E

INTRODUCTION

The MCB821 is an 8-bit manoalithic migrocomputar which
can be configured 1o function in & wide variety of applica-
tions The facility which provides this extraordinary flexitlity
is its ability 1o be hardware programrmed into erght ditfferem
operating modes. The operating mode controls Lhe con-
figuration ol 18 ol the 40 MCU pins. available on-chip
resources, mernaory map, location {internat or externall of in-
terupl vectors, and type of external bus. The configuration
af the remaming 22 pins is not dependent on the operating
mode.

Twenty-ning pins are organized as three S-tit ports and
one 5-hit port. Each port consists ol a1t least a data register
and a write-only data direction register. The data direction
register is used to defina whether corresponding bits in the
data register are configured as an input {cCleart or output
Iset).

The term “porl,” by itself, refers to all of the hardware
associaled with the port. When the port 1S used as a "data
port” or A0 port,” itis controlled by the port dala direction
register and the programmer has dirgCl access 1o the port
pins using the port data regisier Port pins are labeted as Pi)
where i idenlifies one of four ports and | indicales the par-
ticular bit.

The microprocessor unit [MPUI is an enhanced M6800
MPU with addilional capabilities and greater throughput. I is
upward source ang object code compauble wath the
MCEE0D. The programming madel is depicted w1 Figure B,
wherg accumulator s a concatenation of accurmnuiators &
and B. A hst of new operations added Lo the MB300 instruc-
ton sel are showr an Table 1.

The MCBES03 can be considered an MCE801 that operates
in Modes 2 and 3 only.
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FIGURE 9 — PROGRAMMING MODEL
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OPERATING MODES

The MCBB01 prowides eight diflerent operating modes (0
through 7} and the MCE803 provides two operating modes (2
and 3). The operating modes are hardware selectable and
determing the device memory map, the configuration of por
3, port4, 8C1, 5C2, and \he physical location of the inter-
rupt vectors.

FUNDAMENTAL MODES

The gight operating modes can be groupaed into three fun-
damenlal modes which refer 10 the type of bus it supports:
single chip, expanded non-muitiplexed, and expanded
multiplexed. Single-chip modes include 4 and 7, expanded
non-mulliplexed mode is 9, and the remaining five modes are

expanded multiplaxed modes Table 2 summanzes the char-
actenstics ol the opersting modes.

MCB801 Single-Chip Modes (4, 7|

In the single-chip mode. the four MCU ports are con-
figured as parallel input/output data ports. as shown in
Figure 10 The MCU functions as a monglithic microcom-
puter in thess two modes without external address or data
buses. A maximum of 29 170 iines and two port 3 control
lines are provided. Peripherals or another MCU can be inter-
faced to port 3:1n 2 loossly coupled dual processor configura-
tion, as shown in Figure 11.

TABLE 1 — NEW INSTRUCTIONS

Instruction Desgcription
=2 Unsigned addition of accumulator B 10 index register
ADDD Adds twnthout carryl the double accumulator 1o memory and lesves the sum in the double accumulator
ASLD or LSLD | Shifts the double accumulator left (towards MSBI one bit; 1he LSB is cleared and the MSB is shifted into the C bit

BHS Branch il higher or same; unsigned conditional branch tsame as BCCH

BLO Branch if |ower, unsignad conditionzl branch isame as BCS)

BRN Branch never

JSR Additional addrassing mode; dwect

LDD Loads double accumulator from memory

L5L Shifts memory or accumulator left (towards MSB) one b the LSB s cleared and the MSB is shifled into the © b

isame as ASL)

L3RD Shiits the double accumulator right (towards LSBI one bit; the MSB s cleared and the LSB is shifled inta the € bit
MUL Unsigned multiply: mulliplies the two accumulalors and leaves the product i the double acoumulaior

PSHX Pushes the ndex register to stack

PLILX Pulls the index register from stack

STD Stores the double accumulator 1o memory

SUBD Subiracts mamory tram the double accumulator ang leaves the diflerence in the double acoumutbator

CPX Internal processing modified to permit its use with any conditisnal branch instruction
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In single-¢chip test mode (41, the RAM respands to $X X80
through $XXFF and the ROM is removed from the internal
address map. A test program must first be loaded in1o the
RAM using modes 0, 1. 2, or & tf the MCL) 15 reset and then
programmed into mode 4, gxecution will begin at
$XXFE:XXFF. Mode b can berreversibly entered from mode
4 without asserting AESET by setling bit 5 of the port 2 data
register. This mode is used primanly 1o test ports 3and 4 in
the single-chip and non-multiplexed modes.

MCE801 Expanded Non-Muttiplexed Mode (5)

A modest amount of externgl memory space is provided in
the expanded non-muitiplexed mode while significant on-
chip resources are retained. Port 3 functions as an 8-tut

pidirectional data bus and port 4 is configursd initially as an
input data port. Any combinalion of the eight least-signifi
cant address lines may be obtained by wriling to the pon 4
data direction register. Stated allernatvely, any combination
of A0 to A7 may be provided while retaining the remainder as
input data lines. Internal pullup resistors pull the port 4 ines
high unul the port is conligured.

Figure 12 illustrates a Wypicat system configoeration in the
expanded non-muliplesed mode. The MCLU interlaces
directly with MB80C Famiby parts ang can access 256 byles of
extermal address space at $100 through $1FF. 105 provides
an address decode of external memgry (3100-51FF} and can
be used 3z a memory-page select or chip-select line

TABLE 2 — SUMMARY OF MCBB01/03 OPERATING MODES

Common to all Modes:
Reservad Regisier Area
Far 1
For 2
Frogrammabie Timer
Serial Communicanans Imerface
Singe Chip Mods 7
128 byles ol AAM,; 2048 Lytes of ROM
Port 3 is a paraliel 1/ Q port with two control hnes
Post 415 a parallet 170 pon
SC1 s Input Strobe 3 (753)
SC2 18 Duipul Sirobe 3 {053
Exparcdied Hon-Muttiplenad Mode S
128 bytes of RAM, 2048 bytes of ROM
256 by1es of external memory space
Port 3 15 an 8Dit date bus
Pon 4 is an nput poctf address bus
SC1 is Input/Qutpn Select (103}
SC2 is Read/Wrie (/W)
Expanded Multiplexed Modes §, 2, 3, 6
Four memory space options (54K address spacel:
{1} Mo nlernal RAM or ROM IMode 3
{12) Internal RAM, no ROM (Mode 21
13} Intermal RAM and ACOM (Mode 1)
14} Internal RAKM, ROM wilh partial address bus {Mode 6}
Porl 315 8 muliplened address/data bus
Port 4 13 an address bus linpuls/ address @ Mode 6)
S{1 s Address Strobe 1AS)
SC2 is Pead/Wrile IR/ Wi
Test Modes 0 snd 4
Eapanded Multplexed Test Mode O
May be used 10 tes1 RAM and ROM
Single Chip and Non-Multplexed Test Mode 4
{1} May be changed 1o Mode 5 withow! gong thiough Aeset
{2} May be used to test Pons 3 and 4 as 1/0 parts

* The MCBB03 operatgs only in modes 2 and 3.
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Expanded-Multiplex Modes {0, 1. 2, 3, Bl

A B4AK byte memory space 15 provided in the ex-
panded-multiplex modes. In each of the expanded-mul-
tiplexed modes port 3 functions as a time multiplexed
address'data bus with address valid on the negative
edge of address strobe (AS), and data valid while E is
high. In modes 0 to 3, port 4 provides address ines AB
to A15. In mode 6, however, port 4 initially is configured
at RESET as an input data port. The port 4 data direction
register can then be changed to prowide any combi-
nation of address lines, A8 10 A15. Stated alternatively,
any subset of AS to A15 can be provided while retaining
the remaining port 4 lines as input data lines. Internal
puliup resistors pull the port 4 lines high until software
canfigures the port.

In mode 0, the raset vector is external for the first two
E cycles after the positive edge of RESET, and internal
thereafter. In addition, the internal and external data
buses are connected so there must be no memory map
overlap in order 10 avoid potential bus conflicts. Mode
0 is used primarily to verify the ROM pattern and mon-
itor the internal data bus with the automated test equip-
ment,

Only the MCB801 can operate in each of the ex-
panded-mulliplesed modes. The MC8803 operaltes only
in modes 2 and 3.

Figure 13 depicts a typical configuration for the ex-
panded-rmultiplexed modes. Address strobe can be used
to control a transparent D-type latch to capiure ad-
dresses AQ-A7, as shown in Figure 14. This allows port
3 to function as a data bus when E is high.

PROGRAMMING THE MODE

The gperating mode is determined at RESET by the
tevels asserted on P22, P21, and P20. These levels are
lalched into PC2, PC1, and PCO of the program controi
regisier on the positive edge of RESET, The operating
mode may be rgad from the port 2 data register as
shown below, and programming levels and nming must
be met as shown in Figure 15. A bnef outline of the
operating modes is shown in Table 3. Note that if diodes
are used to pragram the mode, the diode forward volt-
age drop must not exceed the VippD minimum.

PORT 2 DATA REGISTER

7 G 4 2 1 a

| pC2 p2a ] P23 | P22 | P21 | P20 l 50003

PC | PCO

Circuntry to provide the programming levetls is de-
pendent primanly on the normal system usage of the
thrae pins. H conhigured as outputs, the circunl shawn
in Figure 16 may be used, otherwise, three-state bulfers
can be used to provide isalation while programming
the mode,

TABLE 3 — MODE SELECTION SUMMARY

P22 P21 P20 Interrupt Bus Qperating
Modat PC2 PC1 PCO ROM RAM Vectors Made Mode
7 H H H | | | 1 Sangle Chap
[ H H L | 1 | MuUx'S. B | Multplexed Parial Decode
g H L H | 1 | NMUXIS. B Nor-Muluplexed Parhal Decode
4 H L L [ied L | | Single Chip Test
3 L H H E E E MUY | Mulhiplexed No AAM or RGK
z L H L E 1 E MUK | Mulnplened RAR
1 L L H | | E MU | Muluplexed RAS and ROM
o L L L | 1 [ 4 | Muluptexeg Test
Legend: NOTES:
1 = Internal 11} internal RAR s addressed at $XX80
E — Extamal 12} Intarnak AOM s disabled.

MUX = Multiplexed
NMUX — Non-Mulnplexad
L - Logic Zefo

H — Logic One

1,2, and 3

139 AESET vecior 15 external for two cycles after RESET goes bagh
14) Addresses associated with ports 3 and 4 are considered exlernal in medes 0.

(51 Addresses associatad with porl 3 are considered external in modes 5 ang 6

{6+ Part 4 defaull v ussr data nput address culput s Gplional Dy wnling 1o port 4
daa direction register

* The MOBB03 operates only in modes 2 and 3
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FIGURE 13 — EXPANDED MULTIPLEXED CONFIGURATION
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NOTE To awmd data bus [port 3F contention in the expanded rmulipkezed modes, memony devices shoulg be enabled only during € tigh time

FIGURE 14 — TYPICAL LATCH ARRANGEMENT
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FIGURE 16 — MODE PROGRAMMING TIMING

See Figure 16
for Dvode Arcangement
YIMPDD

= VMPL
-

IF20, P21, P2 -
e T Mode Lach
EseT Leve!

Yeaapp Min

Mode Inpuns

(PX). P21, P22} VAP Max

MODE PROGRAMMING (Refer to Figure 15)

Characteristic Symbal Min Max  Unit

Maode Programming Input Voltage Low* (for Ta =010 70 C) VMPL — . 1.7 v
Mode Frogramming Input Yoltage High . ¥paPH 4.0 — vV
Mode Programming Diode Differential {If Diodes are Used) ifor Ta - 010 70 C) | VMPDD 04 . = - W
RESET Low Pulse Width PWgreT . 3.0 — . ECycles
Mode Programming Setup Time iMps . 20 — |, ECycles
Mode Programming Hold Time tPH - © — ns

HAESET Rise Time=1 ps we . —

RESET Rise Time~1 ps

Note: For Ta - - 40 to 85°C, Maximum YpqpL = 17, and Minimum ¥pppo - 0.4,

FIGURE 16 — TYPICAL MODE PROGRAMMING CIRCUIT

Yeo

H2$ Fig Ay R}§
¢
2]
> 5 AESET
P P20 1PCOH
9
P21 P21 IRCTY
10
P12, P22 IPCD
Muode
NOTES: Contro MEB301
1. Mode 7 as shown Switches MCE803
2. Rz« { - Resel hme constant

. Rq1=10 k {typicall
. D=IN914, IN40D1 in the 010 70 C range o¥ oY DY

D-1N270. MBD201 inthe -401to 35 C range
. Diode V| should not exceed Vpappp min.

o B

c

<

MEMORY MAPS

The MBB0O1 Family can provide up 10 64K byte address
space depending on the operating mode. A memory
map for each operating mode is shown in Figure 17,
The first 32 locations of each map are reserved for the
inlernal registar area, as shown in Table 4, with excep-
tions as indicated.
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FIGURE 17 — MCES01/03 MEMORY MAPS (Sheet 1 of 3

MCERH

Muluplexed- Test Mode Made

0

(1}
$Q000t 1Y B / Intarnat Registers
001F
External Memoiy Space
0080

b tnternal famM
$OOFF

b External Memary Space

$FBCO 4
/// b Internal ROM

SFFFFIZ!

Internal fnterrupt Vectars! 2!

NOTES:

11 Excludes the following adoresses which may be
used externally: $04, $05, $06, 307, and $0F.

2y Addresses SFFFE and $FFFF are conmsidered

external il accessed willin \wo cycles after a

positive edge of RESET and internal at all other

timas,

Alter two MPLU cycles, there must be no ovar-

lapping of witernal and external memory spaces

o avoid driving the data bus with mare than one

dewvice,

4} This mode 15 the only mode which may be used
to examing \he interrupt vectors in internal RO
uzing an external RESET vecior

3

MCBE01
hMode

Multiplexed: RaM and ROM

$O000 :
e Internal Aegisters
$D01F
Extermal Memary Space
S0080 7 €
/, /,/// Inkernal R
$00FF ‘s
b Exteral Mergny Space
$FB00 | T L.
//// r Internal ROM
$FFEF o
SEFFO } Extermal Interrugt Yactofrs
SFFFF
NOTES

H Excludes lhe following addresses which may be
used externally: $04, 506, 506, 507 and 30F

21 Intermal ROM addresses $FFFD to $FFFF are not
usabke
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MCE801/03 INTERRUPTS between them to prevent supplying power to Voo during
powerdown operation. Vo standby should be tied 10
The MBB01 Family supports two types of interrupt re- ground in mode 3.

quests: maskable and non-raskable. A non-maskable inter-
rupt {NMI} 15 atways recogmized and acted upon at the com-
pletion of the current instruction. Maskakls nterrupts are
controiled by the condition code register | bit and by in-
dividual enable bits. The | bit controls all maskable inter-

TABLE 4 — INTEANAL AEGISTER AREA

rupts. Of the maskable interrupts, there are two types: IRG1 T T H“""T'f'." Ag:"m
and IRG2. The programmable timer and senal communica- Pgrt 2 D:t: D:rzzt:zn Hzg:;:r' s o
tions interface use an internal IRQ2 interrupl Iine, as shown Port 1 Data Fegister - 5
in Figure 1. External dewices {and 153} use IRQT. An IRO1T 4n- Port 2 Data Regster 23
terrupt is serviced before TRG?Z it both are pending. Fori 3 Data O B ey av
All IRQZ interrupts use hardware prioritized vactors The pg:: a D::: D::EEI:E: nig:zlg' = 05"
single SCtinterrupt and thres timer inlerrupts are serviced in Part 3 Data Register =9 o6
a prioritized order and each is vectored [0 2 separate loca- Part 4 Data Regsler a7e-
won. Al interrupt vecior locahons are shown in Table 5.
The wterrupt fiowchart s demicted in Figure 18 and 13 Tiner Centrol and Status Register 98
) . Counter {High Byie! (¥
common 10 every interrupt excluding reset. Dunng interrupt Counter {Low Byle! oA
servicing the program counter, index register, & accumy- Output Compare Register tHigh Bytel I8
lator, B accumulator, and condition code register arg pushed Gulpul Compare Regeter iLaw Bviel o
to the stack. The | bit is set to nhitnt maskable interrupts and mpft Capture Heguiﬁr thugh Byl 50
a vegtor i3 felched conespopdmg to the current highest Input Capture Register <Low Bytel i
pnority interrupt. The vector is transterred to the program Port 2 Control and Staius Register oee
counter and instruction execution is resurmed  Interrupt and
RESET timing are illustrated 11 Figures 19 and 20. Rate and Mode Conuol Regster 9
Transrrut: Recave Contred and Slatus Pegeter Tt
Receve Dala Regisier 12
FUNCTIONAL PIN DESCRIPTIONS Transmi Das Aegister i
Rant Control Regester i
Voo AND Vs Reserved 15 1F

* Eulernal addresses :rmmodes £ 1. 2 3 5% and B carro! be az-
cetsed in mode § 1no FOS!
* " External addresses nomodes 0 1, 2 ano 2
] = Duipin, = Input

Voo and Wgg provide power to a largs portion of the
MCLU The power supply should prowde + 5 wols { £ 5% 1o
Ve, and Wgg should be tied to ground. Total power
dissipation lincluding Ve standby!, will not exceed Pp

miliwwatts.
Yoo STANDBY TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS
Vo standby provides power to the standby portion (530
through $BF of the RAM and the STBY PWR and RAME MSB | LSE Interrupt
bits of the RAM control register. Voltage requirements de- FFFE FEFF RESET
pend on whether the device is in 3 powerup o powerdown FFFC FFFD NI
slate. In the powerup state, the power supply should prowde FFFa FFFR Soltware Interrupl 15W.
+5 volts { £ 5%} and must reach Vgp volts before RESE FFFA FFFO EO1 (o 153
reaches 4.0 vSIts. During}powerdown,:’cc steér;)db;;n'tuﬂst re‘:-| FFFE FFE7 ICF (nput Capture *
main above Vgpp tmind 10 sustan the standby an TFra TrFE GCF 0 c =
STBY PWR bit. While in powerdown operation. the standby 2 Stput Danture)
current will not exceed ISER. FFF2 | FFF3 TOF (Tumer Qverfiow
It is typical to power both Vo and Ve standby from the FFFO ) FFF1 | SCIRDRF+ ORFE - TORE:*
same source during normal operation. A diode must be used *IRO2Z Interrupt

e
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XTAL AND EXTAL

These two inpul pins interface either a crystal or TTL-
compatible clock to the MCU internal clock generator,
Bivide-by-four circuitry is included which allows use of
the inexpensive 3.58 MHz or 4.4335 MHz Color Burst TV
crystals. A 20 pF capacitor should be tied from each
crystal pin to ground to ensure reliable startup and op-
eration. Alternatively, EXTAL rmay be driver by an ex:
ternal TTL-compatible clock at 4f, with a duty cycle of
5075 { = 5%} with XTAL connected to ground.

The intzrnal oscillaior is designed 1o interface with an AT
cul quartz crystal resonator operated in parallel rgsonance
mode in the Irequency range specified for fxTa . The
crystal should be mounted as close as possible 10 the inpul
pins 1o minimize autpul chstortion and startup stabilization
ume.* The MCU is compatible with mast commercially
available crystals. Norminal crystal parameters arg shown in
Figure 21

RESET

This input 15 used to reset the inlernal state of 1he dewice
and provide an orderly startup procedure. Dunng powerup,
AESET must be heid below 0.8 volts {13 al least 1R alter
Ve reaches 4 75 vols in order to provide sulficient vme for
lhe clock generator 1o stabilize, and (21 untl Yoo standby
reaches 4. 75 valts. RESET must be heid low at least three E
cycles of asserted dunng powerup operation

E {(ENABLE)

This 1s an putput clock used primarily for bus synchroniza-
won 1t iz TTL compatible and is the shightiy skewed drade-
by-four result of the device input clock fraquency 1t will
drive one Schottky TTL Ioad and 90 pF. and all data given in
cycles s referenced 1o this clock unless otherwise noted.

NON-MASKABLE INTERRUPT (NMD)

An NMI negative edge requests an MCU intarrupt se
quence, but the corrent instruction will be complelad before
it responds to the request. The MCU will 1hen begio an inter-
rupl sequence. Finally, a vector s fetched from SFFFC and
$FFFD, transferred to the program counter and instruction
execution s resumed. WM typically requires a 33 ki
(nomingll remstar to Yoo, There is no inlernal NMI pullup
resistor. NMI must be held low for at least ong E cycle to be
recoghized under all conditions

MASKABLE INTERRUPT REQUEST 1 {iRQT)

TRQ1 15 a {evel-sensitive input which can be used to re-
fquest an interrupt sequence. The MPLU will complete the cur-
rent instruction before it responds to the request. If the inter-
rupl mask Bitil bity in the condition code register s clear, the
MCL wall begin an interrupt sequenca. A vector is letched
from $FFF8 and $FFFS, transferred to the program countar,
and instruction exatution it resumed.

WO typically requires an extarnal 2.3 k@ inominalt
resistor 1o Ve for wire-OR applications. TRQT has no inter-
nal pullup resistor.

STROBE CONTROL 1 AND 2 (SC1 AND SC2)

The function of SCY and SC2 depends on the operating
mode SC1 is configured as an outpul in all modes excapt
single-chip mode, whereas SC2 is always an output. SC1
and 5C2 can drive one Schotiky load and 20 pF.

SC1 and SC2 In Single-Chip Mode

In single-chip mode, SC1 and SC2 are configured as an
input and output, respectively, and both lunction as port 3
control lines. 5C1 functions as 153 and can be used 10 indi-
cate that port 3 input data is ready of output data has been
accepied. Three oplions assocated with 153 are controlled
by port 3 control and status regisler and are discussed in the
PORT 3 (P30-P37). It unused. 153 can remain unconnecied

SCZ is configured as 0S3 and can be used (o strobe out-
put data or acknowledge input data |t is controlled by oul-
put strobe select 10SS) in the port 3 control and status
regrster The strobe is generated by a read (0SS = O} or write
{055 = 1) to the port 3 data register 033 timing 1§ shown in
Figure 4.

SC1 and $C2 In Expanded Non-Multipiexed Mode

in the expanded non-multiplexed mode, both SCY and
SC7 are conhgured as outputs. SC1 funcuons as input. out-
put select DS and 15 asserted only when 30100 through
SOIFF 15 sensed on the internal address bus

SC2 is conhgured as read wrig and s used (o conttgl the
direction of data bus transfers. An MPU read is enabled
when readswrite and E are high.

§C1 and $C2 In Expanded-Multiplexed Mode

In the expanded- multiplexed mods, both SC1 and SC2 are
conhgured as cutputs. SC1 funclions as address strobe and
can be used 1o demultiplex the eighl least-significant ad-
dresses and the data bus. A laich controlled by addiess
strobe capiures address on the negalive edge, as shownan
Figure 14

502 15 configured as read/ write and 15 used to conirat the
direcuon ol data bus translers. An MPU read is enabled
when read/wnte and E are high.

FORT 1 (P10-P17I

Port 1 is a mode independent 8-t 110 port wath sach ling
an input ar oulput a3 defined by the porl 1 data diecuon
register. The TTL compatible three-state output buifers can
drive one Schottky TTL load ang 30 pF, Darhngton tran-
wstors, of CMOS devices using external pullup resistars. s
configured as a data input port by RESET Unused lines can
femain unconnected.

PORT 2 (F20-P24)

PORT 2 DATA REGISTER

|PC2IPC\|PCO|P24|P23| Pzzlel | on] 50003

Port 2 is a mode-independent, 5bit. multi-purpose 1/0
port The voltage levels present on P20, P21, and P22 on the
nsing edge of RESET determine the operating mode of the
ML The entire pon is then configured as s dats input port
The port 2 lines can ba selectively cordfigured as data output
lines by seting the appropnate bits in the port 2 data direc-
uon register. The port 2 data register 15 used 1o move data
thrgugh the port. However, of F21 .13 configured as an out-
put, it will be tied 10 the timer pulpul compare functon and
cannot be used 1o provide output from the port 2 data
registar

* Devices made with masks subseguent to MSG, MBD, and THF incorparate an advanced ¢lock with improved startup characlensoes
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FIGURE 21 — MEB01 FAMILY OSCILLATOR CHARACTERISTICS

MC6801/6803

|a} Nominai Recommended Crystal Pararmetens

MNominal Crystal Paramaters®

3.58 MHz 4.00 MHz 5.0 MHz 6.0 MHz B.0 MHz

Rg 6010 500 3500 30-5¢ 0 20-40 9

Co 35 pF 6.5 pF 46 pF 4.6 pF 4-6 pF

<4 o m5 pF 0026 pf Oo-002 pF a9 0.0 02 pF 001002 pF

o] =40 K =30 K =20 K =K > 20K

*NOTE: Thase are reprasentative AT-cul orystal parametars anly. Crystals of other types of cut may also
be used.
MOEB01
2 3 2 :D: 3

Ly . |C1E Rs
CL CL E § —
T T y
= = [AS
Co

CL=20pF trymcall
Equivatant Circuit

NOTE
TTL-compatible oscilators may be
obrained from:

Motorola Companent Products
Attn. Dala Clock Sales

2653 N Edgington Sr
Franklin Park, iL 60131
Tel 312-451-1000
Telex: 433-0067

{b Oscikatar Stabilization Time (tpch

S F
/‘4 BY

vee

IRC =
Dacllator
Swabilization
Time. IR
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Fort 2 can alse be used lo provide an irterface for the
senal communications inlerface and the timer input edge
function. These configurations are described in PROGRAM-
MABLE TIMER and SERIAL COMMUNICATIONS INTER-
FACE {SCD.

Tha port 2 bigh-impedance TTL-compatble oulput bufers
are capable of driving one Schottky TTL load and 30 oF, or
CMOS devices using exlernal pullup resistors,

PORT 3 (P30-P37)

Port 3 can be configured as an IY0 pon, a bidirectional
B.tt data bus, or a mulbplexed address/ data bus dependg
on \he operatng mode The TTL.compalible high-
impedance output buflfers can drve one Schottky THL toad
and ¥ pF Unused lines can remain unconnectad

Port 3 In Single-Chip Mode

Fort 315 an 8:bi1 1/ O porton the single-chug mode. wath
each hne canfiguied by the port 3 data direction register
There are also two hnes, 152 and OS3. which can be used to
control gort 3 data transfers.

Three port 3 gptions are controlled by 1he pon 2 cantrol
and stalus register and are available only in single-chig
mode {1t port 3 input data can be latched using 153 as a
control signal, 12t 053 can be generated by either an MPL
read O write 10 the porl 3 data register. and 3t an IR T in-
terrupt ¢an be enabled by an 153 neqative edoge Port 3 latch
timung is shown n Figure §

PORT 3 CONTRAOL AND STATUS REGISTER
7 & 5 4 3 2 1 4

153
1R X
E nable]

153 SOCF

Flag

Q55 |Lawh] X ® x

Enabig

Bt -2
Gt 3

Mot used.

LATCH EMABLE. This it comtrols the
inpul latch for port 3. 1t set, input data
15 latched by an 153 negative edge. The
latch is Wwansparent after a read ol the
port 3 daa register. LATOH EMNABLE
it cleared dunng reset.

Q55 10utput Strabe Select) This hit
deterrmines  whether 0S3  wall be
generated by aread or wnte of the port
3 data register. When clear, the strobe
15 generated by a read; when sel, it s
generated by a wite. 055 15 cleared
during reset.

Mot used.

1S3 IRC ENABLE. When set, an IRG1T
interrupt will be anabled whenever |53
FLAG 15 321 when Clear, the interfopt
isanhitnted  This Bt 15 cleared dunng
resel.

152 FLAG This read-only slatus Sit s
sel by an IS2 negative edge. It s
cleared by a read of 1the port 3 coniral
and status register fwith IS3FLAG set)
followed by a read or wine 10 the port
3 data regester o during resel

Bit4

Bit &
Bit &

Bit 7

Port 3 In Expanded Non-Multiplexed Mode

Port 215 conhigured as a bndirechonal data bus 1D7-000 in
the expanded non-multplexed mode. The direction ol data
transfers 15 controlled by readswrite i15C2 Data s clocked
by E {enablet

Port 3 In Expanded-Multiplexed Mode

Porl 315 conligured as a time mulbplexed address 1AD- A7
and dala bus {D7-000 in 1the expanded-mulnplexed mones,
where address strobe (AS) can be used 10 demulliplex the
1wo buses Port 3. held in & high-impedance 5131 Delween
vahd address and data to prevent bus conthicts

PORT 4 (PA(-P47}

FPart 415 configured as an 8-bit | O port. as address oul-
puts, of & data inputs depending on the speraling mode,
Part 4 can dnve ane Schottks TTL inad and 90 pF and s the
anly port with internal pullug resistors. Lrused ines can re-
main unconnected.

Port 4 In Single-Chip Mode

In mingle-chip mode, pon 4 tunehons 33 an 8-t | O pon
with gach hne configured by the port 4 data direction
register Internal pullup resistors aliow the porl to directly
interface with CROS a1 % voll levels, Exlernal pullup resisiars
1o mofe 1han 5 volts, however, cannot be used

Port 4 In Expanded Non-Multiplexed Mode

FPort 4 1s conhgored from reset as an 8-bit input port,
where the port 4 data drrection remister can be written 10 pro-
wide any or all of eight address lines, AQ to A7 Internal
pullup resistors pull the ines high untd the porl 4 data direc-
tinn register 15 configured

Port 4 In Expanded-Multiplexed Made

In all expanded-multiplexsd modes except made §, port 4
functions as half of the address bus and provides 43 to A15
In mode & the port 13 conligured from reset as an 3-bat
pardllel wnput port, where the port 4 data direction reqister
can be wntlen 10 provide any or all of upper address hnes A3
1 A5, Internal pullop resistors pull the hines fugh until the
port 4 data direction reqister s configured, where it § con-
Irols A8

RESIDENT MEMORY

The MCBS0 prowvdes 2048 bytes of on-chup ROM and 128
bytas of on-chip RAM.

Cne hatt of the RAM s powered through the v ¢ standby
pin and is mantainable during Vo powerdown This stand-
iy portion of the RAM consists ol 84 byies located from $20
through $BF.

Power must be supplied to Voo standby f the internal
RAM is to be used regardless of whether standby power
QEEraluan 15 anticipated

The RAM is controlled by the RAM coniral register

RAM CONTROL REGISTER (814}

The RAM canirol reqister includes two bits which can be
wsed 10 contral RAM accesses and determine the adequacy
of the standby power source during powerdown operation
Itis intended that RAME be cleared and STBY PWR Le set
as parl of a powerdown procedure.
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AAM CONTROL REGISTER

7 8 5 4 a 2 1
STBY|RAME| X X x * X
PWR
Bit O-5 Mot used.
Bit 6 RAME RAM Enable This read/write bit can

Bil 7 STBY PWR

pe used to remove the entire RAM
from the internal memory map. RAME
is set {enabledl duning reset prowvided
standby power is available on the pos-
tive edge of RESET. If RAME s clear,
any access 1o a RAM address is exter-
nal. If RAME is set and not in mode 3,
the RAM iz included 1n the internal
map

Stangby Power. This it 15 a
read/ writé  status bit which, when
once sel, remains set as long as V¢
standby remains above Vgpp (mini-
mum}. As long as this it s set follow-
ing a period of standby operalion, the
slandby power supply has adequalely
preserved the dala in the standby
RAM. If thus tit is cleared dunng a
period of standby operation, & md-
catas that Voo standby had failen to a
level sufficiently below Vggg (mime-
muml to suspect that data n the

standby RAM 15 not vahd. This bit can
be set only by software and is not af-
fected during reset.

PROGRAMMAGBLE TIMER

The programmabie timer can be used to perform input
waveform measurements while independently gengrating an
oulput wavelorm. Puise widths can vary from several micro-
seconds 10 many seconds. A block chagram of the timer s
shown in Figure 22,

COUNTER {$09:0A)}

The key limer element 1s a 16-bil free-runming counter
which is incrermenlted by E lenablel 1115 cleared dunng reset
and is read-only with one exception a wnite (o the counter
(4080 wall preset it 1o SFFFE This feature, intended for
lesting, can dislurb senal operations because the counter
prowides the SCIintarnal bt rate clock  TOF 15 set whenever
the counter contams all ones

CUTFUT COMPARE REGISTER ($0B:0C)

The putpot comparg reqister 15 a 18-t read wnte register
used to control an output wavelarm or provide an arbmirary
timeout llag 1115 compared with the free-running counter gn
zach E cycle, Whan a match oceurs, OCF s seland OLVL s
claocked 10 an outpul level register [E port 2, it 1, 15 con-
figured as an outpul, CLYL will appear at P21 and the outpul
compate register and OLYL ean then be changed for the na

FIGURE 22 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER

vy MCB801/ MCBH3 Internal Bus >

00 DE

Qutpul Compare
Reagister

Fres Aunming
16-But Counter

Inpur Capiure
Register

Cutput Compare

Overliow Deiec

Edge Detec

t

‘
— ] o
Timer w* * b [l Q Comar
Convral [ce Jocr ] rof [ eici feoc]erol]ensoun] Lever
And J Regisies
Status .
Register PB‘;' 2
308 DDH
r - —
[Li{eH] |
Cuwipur Cornmpare Pulse a ¥
Qutpur inpws
Level Edge
Bl B g

Por 2 Port 2

MOTOROLA MICROPROCESSOR DATA

3-113




MC6801/6803

compare. The funclich is inhibited for one cycle after a write
o 1ts high byls (5081 10 ensure a vahd compare. The output
compare reqister 15 sel 1o SFFFF a3t RESET.

INPUT CAPTURE REGISTER 150D:0E)

The input capture reqster is a 16-hil read-only register
used to store the free-running counter when a "praper” in-
put transition occurs a3 defined by IEDG. Port 2, kit O shauld
be configured as an input, but the edge detect circuil always
sensas P20 even when configured as an owput. An input
capture can occur wndependently of ICF the ragister always
contains the rmost current walue. Counter transfec 15 n-
hibited, however, batween accesses of a double byte MPL
read The input pulse width must be at least two E cycles 1o
ensure an input capture under all conditions

TIMER CONTROL AND STATUS REGISTER ($08)

The tirmer cantral and s1atus regester (TCSRE s an S-bal
register of which all bits are readable, while only bits 0-4 can
be wnittenr The three most-significant tits prowide the tmer
stalus and inchcate of

® a proper level lransilion has been detected,

® a match has occurred between the free-runming

counter and the eutput compare register, and

® the free-running counter has overflowed.

Each of the three events can generate an TRQZ interrupt
and i5 controlled by an individual enablsy bit in the TCSR.

TIMER CONTROL AND STATUS REGISTER {TCSR}
7 & & a4 3 3 1 g
I IcF | OCF | T0F | EICH IEOCIlETOI |IEDG|OLVL| 50008

Bit D OLVL Dutput Level OLVL is clocked 10 the
output level register by a successful
outpul compare and will appear at P21
i1 kit 1 ol the port 2 data direction
register s set. 1t1s cleared during reset
input Edge 1EDG s cleared during
reset and controls whach level transk
tion will tngger a counter transfar to
the input capture register;

IEDG = 0 Transfer on a negative-edge
DG =1 Transfer on a posiuve-edge.
Enable Timer Owverfliow Intsrrupt
When set, an IRGZ interrupt 1s enabled
for a timer overflow, when clear, the
interrupt is nhitnted. 1t is cleared dur-
IRg reset.

Enable Dutput Comparg  Interrupt
When set, an {RQZ interrupt 1s enablad
for an outpul cormpare; when clear,
the interrapt 15 inhited. It is clearcd
dunng reset.

Enabie input Capturg Interrupt When
561, an TRQZ interrupt 1s enabled for an
input capturg; when clear, the nter-
rupt i3 inhibited. It 15 cleared durmg
reset.

Bit 1 EIDG

Bit 2 ETOH

B 3 ECCI

Bit 4 EICI

Bt & TOF Twner Cverflow Flag., TOF 15 zet when
the counter cgntang all ones. M s
cleared by reading the TCSR {with
TOF seth then reading the counter high

byta (5090, or during reset.

Outpn Compare Flag OCF is set
when the output compare ragister
maiches the Free-running counter. 11
cleared by reading the TCSR [with
OCF set! and then wrihng to the out-
put compare register {308 ar $0CH, or
duning resel

Input Capture Flag. ICF 15 set w0 n-
dicale a proper devel transition; il as
cleared by reading the TCSR {with ICF
set! and then the input capture register
fugh byte [S0D}, or during reset.

B8it 6 OCF

Bit 7 ICF

SERIAL COMMURNICATIONS INTERFACE (SCH

A full-duplex asynchronpus senal communications inter-
face 1SCHhs prowided with two dals formats and a vanety ol
rates. The SCI transmitier and recerver are functionalty 1n-
dependent, bul use the same data format and bit rate Senal
data formals nclude standard mark/space INRZ] and Bi-
phase and both provide one stan bit, eight data bits, and one
stop tit. "Baud’ and Dt rate”’ arg used synonymously in
the follpwing descriphion.

WAKE-UP FEATURE

In a typical serial loop multi-processor configuration,
the software protocel will usually identify the addres-
seels) at the beginning of the message. in arder 10 per-
mit uninterested MPU's 1o ignore the remainder of the
message, a wake-up feature is included whereby all fur-
ther SCI receiver flag {and interrupt] processing can be
inhibited until its data fine goes idle. An SCl receiver is
ra-enabled by an idle string of eleven consecutive ones
or during reset. Software must provide for the required
idle string between consecutive messages and prevent
it within messages.

PROGRAMMABLE OPTIONS

The fallowing features of the SCI| are programmabis;

® formal standard mark/ space INRZ) or Bi-phase

® clock. external or internal it rate clock

® Baud. one of four per E clock frequency, or external
clock | = B desired baud)

® wake-up feature anabled or disabled

® interropt requests: enabled individuatly for transmitter
and receiver

# ciock outpul: internal b rate clock enabled or disabled
o P22

SERIAL COMMUNICATIONS REGISTERS

The serial communications interface includes our ad-
dressable registers as depicted in Figure 23, 11 is controlled
by \he rate and mode control register and the transmit/
recewve control and s1atus register Data is ransmitted and
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received utilizing a write-only transmut register and a read-
only receive register. The shift registers are nol accessible to
soltware,

Rate and Mode Control Registers {RMCR) ($10}

The rate and maode control register controls the SCI it
rate, format, clock source, and under certain conditions, the
configuration of P22. The reqister consists of four wnte-only
bits which are cleared during reésst The two least-signihicant
bits control the bit rate of the internal clock and the remain-
ing two bits contral the format and clock source

RATE AND MODE CONTROL REGISTER (RMCR)
7 & 5 4 3 2 1
I x ] X | X | X ICC]ICCO'SS'I'SSOI 010

Eat :BH O 551:550 Speed Seiect. These two
bis selecl the baud rate when using
the internal clock. Four rales may be
selected which are a function of the
MEL input trequency. Table & hits bit

FIGURE Z3 — SCI REGISTERS

Bit?

time and rates for three selected MCU
fraquencies

Bit 2:Bit 2 CC1:CCO Clock Control and Format
Select These two bils control 1he {or-
mat and select the senat clock scurce
11 CC1 s set, the DDR value for P22 s
forced 1o the camplement of CCO and
canngt be altered untl CC1 s cleared.
11 CC1 is cleared after having been set.
its DDR value « unchanged Table 7
dehines the formals, clock source, and
use ol F22.

If both CC1 and CCO are set, an external TTL-compatble
clock must be connected 10 P22 a1 sight times (8X) the
desired bit rate, but not greater than E. with a duty cycle of
509% [ £ 10%). {f CC1:CCO= 10, the internal bit rate clock 1§
prowded at P22 regardless of the values for TE or RE

NOTE: The source of SCI imternal bit rate clock is the timer
free-running counter. An MPL write to the counter
can disturb serial operations.

Fate and Mode Control Register Bt

I ol ICCO] 551 ISSU] $15

Transmit/ Receve Control and S1alus Register

[HDRF lORFEITDHElRIEl RE lTIEI TE |WU|‘31I

Receive Data Requster

L1

[ [ [ ] ]
INDT Addressatie

Pare 2
Rx 1
Bit 4——-17 Aeceive Shult Register |
3 3
Clock 10 But Aats
let Ganeratcr fo———— F
y (No1 Addressable
I Transrmit Shitt Aegister ‘J'_‘
T= 12 |
Bt
4
| | [ 1 1 J»

Transrit Data Reqister

MOTOROLA MICROPROCESSOR DATA

3115



MC6801/6803

Transmit/ Receive Controi And Status Register
{TRCSR] {811}

The transmut/recerve control and stalus register controls

RDRF and/or ORFE 135 sel, when clear,
the interrupt 15 inhibited. RIE s cleared
during reset

the transmitter, recever, waka-up feature, and two in- 8115 TORE Transmit Crata Register Emphy, TORE
dividual interrupts and monitors the status of senal opera: is 3&1 when the ransmit data regisler 3
uons. All gight bits are readable while bits 0 10 4 are also transferred to the outpul sernal shufl
writabla, The register is initialized to $20 by RESET rengisler or Junng reset. 1t is clearad by
reading the TRCSR Iwith TORE sen
TRANSMIT/RECEIVE CONTRQL AND STATUS and then wnling 1o the transmit data
REGISTER (TRCSR} register Addeional data will be
7 5 E 4 3 2 1 transrmitted only fF TDRE has beer
|RDRF|ORFE1TDHE| RIE | RE | TIE l TE ‘ Wi | 30011 cleared
Bit & OIRFE Owerrun Franung Error 1! set, ORFE In-
dicates esther an Sverrun or framing er-
Bil 0 WU “Wake-up” on |dle Line. When set, 10r AR gverrun s a new byle rsady 1o
WU enables the wake-up function; ransfer 10 the (ecerver data reqister
it is cleared by eleven consecutive wath RORF stll set & rececer framing
ones of during reset, WU will not ercor has accuired when the bile
set if the line 15 idle. boundanes ol the il stream are no!
. synchromzed 1o the it counter. An
Bit1 TE Transmit Enatile When set. P24 DOR averrun can be disinguished tom 3
tas sat, cannot be changed, and wall iraming errof by the s1ate of RDRF
remain set l TE s subsequently RORF 15 set. then an ovefrun has oc-
cleared. When TE s changed irom curred; otherwise a framing ercor has
clear to sel. the transmitler 15 con’ been detected Datla 13 not transferred
nected 10 P24 and a preamble of nne 10 the recerve data register in an aver-
consecutive ones is transmitted TE 15 run condion Unframed data causing
cleared duning resst. a frameng error s transferred 10 the
Bit 2 TIE Transmit Interrupt Enable. When set, recelve data register Howsever, subse-
an fRQZ interrupt is enabled when quent data transfer s blocked until the
TORE is set; when clear, the inlerrupl trarming error flag 1s cleared * QORFE
is inhubited. TE 15 cleared dunng reset cleared by reading the TRCSR twith
8it 2 RE Receive Enable. When ser, the P22 ORFE setl then the recaive data
DDR bit is cleared, cannot be chang- remister, or during resel.
ed, and will remann clear if RE 15 subse- B ? RGRF Recene Data Register Full RDRF s
quently cheared VWhile RE 13 s21, the set when the inpul serial stift register
SCI recever 15 enabled. RE 15 cleared 15 transferred to the receve data
dunng reset. register 105 cleared by reading the
Bi 4 RIE Recever Interrupt Enable When set, TRCSHA lwath RDRF selt, and then the
an |[RO2 nterrupt 15 enabled when receive data register, of dunng reset
TABLE 6 — SCI BIT TIMES AND RATES
$51:550 afy— 24576 MH 4.0 MHz 4.9152 MHz
. E 614.4 kHz 1.0 MHz 1.2288 MHz
O ¢ - 16 26 psi 32 400 Raud 16 ps/62 500 Baud 130 us/ 76,6800 Baud
4] 1 -~ 128 208 k54,800 Baud 128 a5/ 78125 Baud 104 2 us/3,600 Baud
1 ¢] - 1024 %.67 ms/ 500 Baud 1.024 ms/976.6 Baud B33.3 ps/1,200 Baud
1 1 - 4096 6 67 ms/ 150 Baud 4 096 ms/244.1 Baud 3.33 ms/ 300 Baud
* External (P22) 13 0 s/ 76,800 Baud 8.0 us 125,000 Baud 8.5 ps/ 153,600 Bava

*Using maxwmum clock rare

TABLE 7 — SCI FORMAT AND CLOCK SOURCE CONTAQL

Clack Fort 2

cci:cce Format Source Bit 2
ol Bi-Prase | Internal | Not Used
o NRZ Irternal | Not Used

0 NRZ nrernal Cuiput

n MAZ Emrarnal Input

* Dennces made with mask number M5G, M20, and TSP do not transfer unframed Qata to the recere data register,
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SERIAL OPERATIONS

The SCI s initighzed by wriling control bvtes first to the
rate and mode control register and then to the transmit/
receive control and stalus register. When TE is sel, the out-
put of the transmil serial shift ragistar is connected to P24
and serial output is initiated by transmitting a 9-bit prearmble
of onas,

At this poinl one of two situations exist: 11 if the transmit
data register i= empty ITDRE=1}, & continuous string of
anes will be sent indicating an idle line, or 2V if a byte has
besn written to the transmit-data register (TORE=0F, 1 will
be transferred to the outpul serial shift regester (synchromiz-
&d with the bit rate clockl, TDRE will be set, and transmis-
sion wall begin.

The start bit (03, eight data bits ibeginning with bit O and a
stop il 11}, will be transmitled. |F TDRE is still set when the
next byte transfer should occur, ones will be sent until more
data is provided. In Brrphase format, the gulput toggles at
the start of each bit and at half-bit time when a ane is sent
Receive pperation s controlled by RE which configures P23
as an input and anables the recerver. SCI data formats are -
lustrated in Figure 24

INSTRUCTION SET

The MCEB01/03 is upward source and object code com
patible with the MCEE00. Execution bmes of key instructions
have been reduced and several new instructions have been
added. including a hardware multiply. A st of new opera-
ligns added 10 the MCB800 wnstructon set 1 shown in Table
1

|1 addiian, two new spemal opcodes, 4E and 5E, are pro-
vided for test purposes These opcodes force the program
counter to increment like a 16-bit counter, causing address
lines used n 1he expanded modes to ncrement untd the
device it resel. These opoodes have no mnemonics

The coding of the first [or onlyt byte corresponding to an

executable instruction is sufficient 1o identify the instruction
and the addressing mods The hexadscimal equivaients ot
the binary codes, which result from the translalion of the 82
instructions in all valid modes of addressing, are shown n
Tabte B. There are 220 vahd machine codes. 34 unassigned
codes, and 2 codes reserved for test purposes

PROGRAMMING MODEL

A programming modet for the MCE331/03 15 shown in
Figure 10 Accurnulator A can be concatenaled with ac-
curmulaior B and (ointly relerred to as accumulator D where
415 the most-significant byle Any operation which modihies
the double accumulator wiil alsp modify accumulator A
andsor B. Other reqisters are detined as follows:

Program Counter — The program counter 13 & 16-bal
register which ahways ponts 1o the nexl instroclion

Stack Pointer — The stack pownter s 3 16-bit regsier
which contans the address of the next available [ocatpnin 3
pushdown/ pullup {LIFQ! gqueue The stack resides inoran-
dom access memory at a localion defined by the program-
mer.

Index Register — The index register 15 @ 16-bit register
which can be used to store data or provide an address for 1he
mndesed mode of addressing

Accumulators — The MPU contains two B-vt accurm:
lators, & and B, which are used to store operands and results
Iram the arithmetc lome umt (ALUY, They can also be con-
catenated and referred 10 3s the D (doubiel accumulator

Condition Code Registers - The condition code register
indicates the results of an nstruction and includes Lthe
following five condition s, negative TH zera 121, overflow
WY, earrys borrow From 81SB (0, and halb carry drom ba 3
tH1  These tars are teslable by ke condiional branch -
structons. Bt 4s the interrupt mask o bl and mhdiis all
maskable interrupts when et The two unused ods, BE and
B7. are read 45 ones

FIGURE 24 — $C1 DATA FORMATS

Qutput
Clack

NRZ 1
Format ,

Bi-Phase
Format

Idie Siart
Data: 1001101 (5400

MOTOROLA MICROPROCESSOR DATA

3117




MC6801/6803

ADDRESSING MODES

Six addressing rnodes can be used to reference mem-
ory. A summary of addressing modes for all instructions
is present in Takles 9through 12, where execution times
are provided in E cycles. Instruction execution times are
summarized in Table 13. With an input frequency of 4
MHz, E cycles are equivalent to microseconds. A cycle-
by-cycle description of bus activity for each instruction
is provided in Table 14 and a description of selectad
nstructions is shown in Figure 25.

Immediate Addressing — The aperand or “immediate
bytels)” is contained in the following byte(s) of the in-
struction where the number of bytes matches the size
of the register. These are two or three byte instructions.

Direct Addressing — The |east-sigmificant byte of the
aperand address is contained in the se¢ond byte of the
instructicn and the most-significant byte is assurned to
be $00. Direct addressing allows the user to access $00
through $FF using two byte instructions and execution
time s reduced by eliminating the additional memory
access. In most applications, the 256-byte area is re-
served for frequently referenced data.

Extended Addressing — The second and third bytes
of the instruction contain the absoiute address of the
operand. These are three byte instructions,

Indexed Addressing — The unsigned offset conlained
in the second byte of the instruction is added with carry
to the index register and used to reference memory
without changing the index register. These are two byle
instructions.

Inherent Addressing — The operandis| are registers
and no memaory reference is required. These are single
byte instructions,

Relative Addressing — Relative addressing 1s used
only for branch instructions. |f the branch condition is
true, the program counter is overwritteén with the sum
of a signed single byte displacement in the second byte
of the instruction and the current program counter, This
provides a branch range of 126 t0 - 129 bytes from
the first byte of the instruction. These are two byte in-
structions.

TABLE 8 — CPU INSTRUCTION MAP

OF  MNEM MODE - ¥ |OF MNEM MODE - s ]|oP  mmEm mMODE - 4| GP MNEM MODE - # | OF  MMEM MODE - 7
. | ooes heeA 3 e ase wowp & 2ec cee SE 5 i suBa oo B
ol NDR mNHER 2 1| aR Tag A o ey R &  2|en LR & |3 cwmee -
[~ A ®  FhHo RN TR 134 e sfw o Lus a o] R
o - el [T % [ B3] . -3 - wH EY P K] B <
4 LERD a1 ]¥ o euLa At er s £ | as HuBa wIFD o4 | D4 T
0 ASLD a1 |m oA R E- RN & zfa cwea K 4 |0 302
[ Y] 7 1| mpe 3o |eE ame 1 oz|ar sEca 4 il 2
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no SEA R ET S 1T 1o |w an 6 3|ac cex 6 e SLBR wDam 4 7
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moo. al . g BITA Tz |es  apca 4 3|En  =TD - -
- 5. #  LDan : iz)les oRas 4 3 |ee iD= ¥ [
1+ Ll ud LLmg s LI -2 . £8 appa 4 3| EF T4 IND = n
U BARA RAEI 3 z|®  1sRB roo1 e euha r z)ec cex & 3|f2 suBE ExTND @ 3
21 BAN A ERE - 20 AQCA :ozlee usm 6 3|Fm cmee 4 4 3
T 3 7 |%  RoRe » 0 faa oman r o rlee oS £ x|f2 zmce a3
m BN s 1 ]sr ases i Qs aonse ¥z :ler sts extwp s i |F3 acos € 3
M A K b ] etk N 1 fac CRa IMRIED a4 a|<o LUBE  MMED T F|Fa ANDE 4 3
PR : THY 3 2| Atas 2 1 e BSH REL 6 2|t cwmPE 4 N N N 4 3
® 0 BENE RN TS 141 > e wps mamEn 3 3 )cr seCa x oz |Fe  LDag a3
PRI T34 R T EL L3 ADGD 4 3 |r7 sTaB a3
M ave 32| wiA o1 W suves DR 3 z|ca znom s s eoRm 4 3
FO I EREN I 21 o cmre 3 r|us meTB 2 |re apca a3
6 BRI LR L 4 @y GRCA 1oz |ee Loae I aRAR a3
AWM s 2 |sF wawA wHes 0 1 lar suBD s ifrro. 40DA a3
»  BGE 302 ee wEG mDEn 6 2 W anpa 3 s |oe gaee H f{=I= ¢ 3
P T 3 2 fer e *® BTA LA Tt H TG £ 3
T k J ER 2 ® 1psa 1 i |va cRag z Lo L I
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MNOTES 1. Addressing Modes

INHER mInherznt INDXD mindexed

HEL = Felatve

IMMED = Immediate
EXTND = Extended [HR = Direcy

2. Unassigned opcodes sre ndicated by 77 and should not ba execuled
3. Codes marked by 77 torce the PC 1o tunclion as a 16-bi counter,
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

Condition Codes
Immed Direcy Index Extne Inhatant ; Sjajlaj2jr]o
Pohntar DOeratone MMEM |Op| -| F|Op| -] F|Ooj~| #|Op] - | #|Op] - # Asithmatic Dparation Hll|N]Z|V]|C
Corrpare Index Ragster ex [ec|a| 3lec|s |7 [acls]| 2[ecls | 3 M- IR
Dacramant lndex Fegrter DEX mlal 1 ]=z-1—u s|+]+]17+]=
Decrement Siack Fonter DES M(3|1]|5P-1—5F BB EREE
Incremani Index Regisier IN% 08|31 |x-1=x o[ s{T]=]=
Incramant Stack Foniar INS EEN N L il (e[|
Load Index Register o |ce[3| z|oela [z [ee]s] 2]rels ]2 W= g M- L K| o[ T]T]5 [«
Load Stack Pomter vos lae 3] 3]ae (4| 2 [ae]s] 2]6e]sT3 M == 5P M - 1= 5P BEHBERD
Store Indes Regisier 51X pr(a| 2ler|s] z]FF]ls ]| 3 Mg = s e | T[TER]»
Store Stack Pomnter BE [BEREEBEEE S, = MLGF =i DEHIUEE
Irdex Aeg — Swck Pownter TiS FmlAajr|x-1=—3F s |e]ele]e]e
Stack Prtr — index Regester T5X |31 [3F-1—x BB EE
Bkl ABX, walal i [B-x—a s [e[o o= |
Push Daa PSHA EE EN R N RD
A=t tdep SF - 1=—=%P
Pull Data PLULX Bl |SF = EP Mg, e+ ]s]]+
SR 1 5P Mgp =,

TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS iSheet 1 of 2}

Condingn Codes
Accumulator and Irenect | Oirset Index | Extend Inher Book s [aJalzT1]e
Mamory Cperalinns MMNEM|Op |~ | | Op|- | ¥ |Op|-| ¥ [Op]~-}* |0p]|~-]? Expression H|t|N]Z[V¥]E
Add Accurmulalors ABA eIz |1 |ct-B—a T1- 1111 808
Adg B 19 X AR aalalrforeen—=x s e[ [=[*]~
Add wath Carry spcafes |2 |z2]em|a]z|as]s] zfea]a]s At (=>4 Tl]1]T]111
ance|calz [z|ooka [z [ee]a] 2 [re]a]3 B-M-C—B Fl-TTq0[E]
Aag aopales |2 [ 2]emia |z |eslalzBala]s A —a A EREA RN
) soon [ce|z | 2[oBiz |z |ee]e] 2 lFe]a ] B- W= IIEREIE
Add Double EIEIDBEAHE DB EAE EEET T e JE[T[T]T
And anDalsa [z (2| ]2 |2 [Aa]a] 2 ]sa]a]3 L — I EE
anod [cafz [2]pafaz]eaa ]z fra]a ] B — 3 BB
Shill Leit. Anthmete ASL HAHEECIAE -— [ TTT]T]T
ASLA s [0 010 — GO Ta
ASLE sez | © : e [FIETR]T
Shill Lelt Doutle 45D K [TV
Shily Right. Aribrme i AER a7 |e |2 |77 (6 {3 —_ . =
i Lo S
ASAB 5715 | : - e |-
Bat Test EiTA (B&E |2 |2 1ws |32 |aBla |2 |BS]a 13 A . | ER S
mire jou|z [2]es[3fzes]a]2]fa]a |3 B B = [
Lompare Accumulalors CHA Lp2 | B = JTIT]T [T
Clest CLR oF |6 |2 |7F |5 |2 . — 41 « [« e [e]7]"
CLA& g > 1 o= a + |+ |P (2] |R
CLRE o |2 |1 Je—s o [+ {F [s]7|F
Compare CrPa 8112 [2]or [3[2 [ai|afalat]4]3 3 M = e |1 ]!
caee fee 2 [2feifafelen]a]afri]a ] B « [ |1 1]
s Comelement Coe 52 16 |2 |72 |6 |3 = . |+ F =
COMA ai |z | A== + 1+ rls
COMB s3]z [ le—e v [ B
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS iSheet 2 of 2)

Condition Codes
Accumlator and immed |  Direct inden | Extend bt Booiean sTalzlz]]o
Mamary Operations [MNEMOp] —1 # [ 00| =] 7 [00] = ] # [0n] ~[ 7 |Os] = | 7 £ i H 1N [
Decimal Agyust, & Daa 12| 2] 1 lag bnary sum to BCD .| 1
Crecrement DEC 6algl2|7ale] 3 L et *le -
CECa a2z a1 == el .
DECR a2l v|e r—8 .| . ol
Exclusive DR EoRalma| 2] z|o] al2]asla| z]ea]4a] = AB M= L Al
EORBICal 2] 2|oaf 2| 2| e8] a| 2| rBla] 3 BEM—E L Rl =
Incretnent INC G| 6| Ip2C{G] 3 R+ 1=} hal bl
INCA AC| 2]t jAarT— A |+ ]
INCB SC| 2| 1 B+ 1~—B L s *
Load Accurnulalors LDaAlas]) 2| 2|o6] 2| 2|as) 4] 7ieela]a M=a + | R} =
Loag|Csl 2] 2| D6 lEalaf z|Fs)a] 2 =B ol il Al
Load Doubie LoD |ec| 3y ajog] a] z|ec])s)zyrc] ] 3 MM+ [ —0D bl B4 i I
Lagical Shii, Lefy LSL GElef2]lmle|a -
LSLA w2l *
LSLE S|z |-
L5LD [ R L 4
Shidt Rughl. Logwcal LSR Bile|2]M|6] 3 «l=lR
LERA |21 «le| R
LSAB sal 2| K
L 3RO LGN *|*| R
Ml tiply hUL 0[] |anB—D bl 0 L LN
s Complament ¢hegale! MEG &le 21|63 00— =k L K
HNEGA 4321 |oo-a—an .|
NEGR 2] j00-a—~h v
Mo Oparaton NOP |21 |PCr1—PC = e ]|e]e]
Inclusive OR oRsalgal 2] 2laal 3| 2Taala [2lBala 3 Av M= A4 IR
orsglcal 2] 2|oal 3] 2]eala T2 ra 4] 2 B+ b= p SO HARE
Push Dala PSHA EAE D bl il B A B
FSHB 37|31 1 |8 =Stlack a-l=]*]|w]|=]"
Pull Dala PULA 221a|t |siack —a el simln]e
PULE F(a]1 |Sack =g 4 LERNERENES
Rgiale Lelt REL 626 |2])7e(6 |2 — I
=205 @~ -8
ROLB FEIHE o7 o [ L]
Retate Right ROHA GEf6 2|76 |6 |3 —_— -
FORA sl | OO0 -
RORE selz]1 v b0 . |-
Subnract Acumubator SB4 |2 |1 ja-B—A A
Subtract with Carry SECATRR| z | |g|a|2|az|la|z2|B2]a]la AW - = * |
secelc2|z| z]ozfa2|ex]al2]rz]alz B-h=C=p Ll
Slewe Accumulaters STah 13| z]a?t42]ar]a]a A== - |- B|=
5TAB C? 3l 2ie7[a|z2]|F7la ] B—+M * | H|+
STD CDja]2ED|S |2 ]|rofs )3 O—=hi M+ | + |- A|e
Swubtrace SUEA TS0 2 3|2 |anja (2|aala]z A= 4 - |-
supe |Co|z |z o0ja |z |eofa)2lrmlafs B-M—8 il
Subliact Downle sueD|s3|a]3|93|6|2]|a3]ls |2 (eals]|a C- M+ 1==[1 L R
Transter Accurmulator T&E w21 |aA—a L kg R |+
TEA 1712 |1 |a—a L L Rl=
Test. Zedo or Minus TST B0 6 (2|6 {3 A - OO - | AR
T5TA anlz | |a- o0 * | R|R
15TE sojz v |a-o0 L R| R

The condinen rode regisier notes are hsted alter Table 12
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TABLE 11 — JUMP AND BAANCH INSTRUCTIONS

Condion Code Reg.
Diwet Falatiee rvdex Extend Sl4jaj2j1]e
Dperations MNEM T fiop[-[*|0n] -] #lOxp]| | #¥|Op]-| # Branch Test HII|N|]Z]¥]|C
Branch Always BRA K132 Mone oo ] o] =]=
Branch Naver BRN 2113 2 None RN
Branch 1 Carry Chaat [-Tal 24032 =0 s w|wfwju]e
Branch |l Carry Set BCS w|alz el o a|e]a]s]-
Branch |1 = 2arp BEQ 23| =1 s w]w] o]
Branch || & Zaro BGE 2|32 NE& =1 wleloe]=lsfs
Branch il »Zerg 8G7T 2E123)2 Z- B wvi=0 slalele]e]+
Branch it Highwer BHI 23| 2 C+Z2=0 elw|s|[o]|=]=
Branch H Highat or Same BHS alalz C=0 e ala|e]sle
Branch W = Zero BLE 2F|alz ZemB Iz w o |s]e]e]=
Branch H Carry Set Lo 2|32 C=1 sfalw]s]=]"
Branch If Lower Or Same BLS 23|3}2 CeZwl w|elo]e|]"
Branch 0 <Zaro aLT 0|32 N Y= s v [elo]|a]e
Brarch If Minus Br B3] 2 M= w|ela|afa]e
Branch If N Equal Zero BME wl3]2 Z=1 s w|wfo]e]e
Branch 1 Overliaw Clgar BYC ml|i| W= w[u|a]|a]e |+
Branch If Overllow Set BVS |3z W=l IR ER N BN
Branch |l Plus BFL a3 | 2 Ml N ERER ENENES
franch To Subroutne BER BO|G |2 e le[+]s][=]=
Jump JMF SEfa|2|7E|2 ]2 See Speciat Operangrs-Fgure 2 v | = pe [ je |
Jumg To Subrouting JSR |eC| 5| 2 AD]B | 2 |BD|E [ 3 + e ]a ]|
Na Operation MOF w2z s foln]u]w]e
Return From Inerrupt RTI 3m | FItIr(i]y
Raturn From Sulprauline RYS 115 | 1 |See Sopia Operanons Saguie 28l v Jo [ [ [ o s
Software Interupt 3w aF [12] R ENERE
Wail Fen Inefiupt Wl 3|9 |0 a o ]e Jajeis
TABLE 12 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
Condition Code Register
Inherent 5§ 1413121110
Oparations MNEM [Op [~ | 7 |BookanOperstion [H | 1 [N [ZF V]| C
Clear Carry CLC oc |2 t g=L - . - - . R
Clear Interrupt Mask CLI OF | 2 1 0= . A | = . . .
Clear Overtlow CLY oa |z 1 o= - - - . R L
Sel Carry SEC LoD |2 1 1= o | s | & o] 5
Set Interrupt Mask SEI OF |2 i1 1= o [ S ]|e )]
Se1 Overflow SEW a8 | 2 1 1= . . . . 5] »
Accurnulator A== CCR tafP |06 |2 |1 & — LR tle ey Y]]
CCR== Accumulatar A TRA 07| 2 1 CCR—= 4 - . . . . .
LEGEND CONDITION CODE SYMBOLS

Hatf-carry from fut 3
Interrupt mask
Megative 13iga il

Op Operation Code [Hexadecimah
- Number ol MPL Cycles
Mgp Contents ol memory Iotation peinted 10 by Stack Fainter

H
1
M
# Number ot Frogram Bytes Z Zero (bytet
+ Anthmetc Plus W Qwertigw, 2's complernent
- Arithmetc Minus £ Carty/Borrow lrom MSE
* Boolean AMD R Reset Ahvays
¥ Anthmete Mulnpiy 4 Set Alwavs
+  Boolgan lnclusive OR 1 afleciea
& Boolean txclusive OR = Mot Attected
k4 Complement of M
—  Transter inlo
O Bit=Zero
00 Byte=Zero
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TABLE 13 — INSTRUCTION EXECUTION TIMES (N € CYCLES

eaneyey

A XX RN N

LA LR NN N

ey 30O.0oo2323w220344522m52.222..0...”.22222339
w
=]
Q
z 33?_.3645556060o6.4.0o066.0.4.00455546..0.03.0.
Q
z
1]
ﬁ popuary 03645556.6..604.o0.66...4...455546..0.06..0
-4
8
o e 0053444.......3.......003...344435000000000
P oc.2333..00.0.2....0..002...00002400000000o
XPRADSXLmRWWGPAHMLuLM adoy vAszawaPAATXSM
wWOIE inipn 2230 0|CEFmaLgi o]
mm&mwwwwwmwMNNOPPPPRRHRSSSSSMNHU%SSHHWWWEﬂW
L L T 0.....0.o3333333.333333333633...o.o.o.o.....
UL LT 23....232..0..o0.....0000000022222.2.2233..3
w
8
k3 PRIV | 88 T T 0T DG C OSBGOS0 oRsOROSBRRRCRTuceceeT e
o
[
@
ﬁ papusing 004464606000.0o04..O.0000000000050466060046.
-4
&
3 wneng .03353.0........3...000000000000003.500003..
SARIpeULy ..22d?_..........2.................2.4....2..

ABA
ABX
ADC
ADD
ADDD
AND
ASL

o

TN awe
SSCCmGG
dd@bada

= Wl
3 A i
ToD®DD oD

BMI
BNE
BFL
BRA
BRN
B5R
BV
BVS
cBa
cLC

CLl
CLR
CLv
CMP

Exdou «
ON&EEHOW
CLUSAOo0OWw=

INS
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SUMMARY OF CYCLE-BY-CYCLE OPERATION

Table 14 provides a detailed description of 1he information
present on the address bus, data bus, and the read/wnte
{R/W) line during =ach cycle of each instructian.

The information is uselul in comparing aclual with ex-
pected results during debug of both software and hardware
as the prograrn is executed. The information is categorized in
groups according to addressing mode and number of cycles

per instruction. In general, instructions with the same ad-
dressing mode and number of cycles execule in the same
manner. Exceptions are indicated in the table.

Mote that during MPU reads of internal locations, the
resultant value will not appear on the external data bus ex-
cept 1 mode 0. “High order’ byte refers to the mosi-
significant byte of a 16-bit value.

TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5}

Address Mode and Cyche R/W
Instructions Cyc ’ Address Bus Line Data Bus
IMMEDIATE
ADC EOR 2 1 Opcode Addrass 1 Opcode
ADD LDA& 2 | Opcode Address+ 1 1 COperand Data
AND ORA
BT S5BC
CMFP suUB
LDS 3 1 Opcode Address 1 Opcade
LDXx 2 Opeode Address + 1 1 Operand Data IHgh Order Bytet
LoD 3 Opecode Address+ 2 1 Operand Data (Low Order Byet
CPX 4 1 Opcode Address 1 Upcode
SUBLD 2 Opcode Address + 1 1 Opeeand Dala (Hgh Order Byte)
ADDD 3 | Opcode Address+ 2 1 Operand Data Low Order Byte!
4 | Address Bus FFFF 1 Low Byie ol Restan Vecior
DIRECT
ADC EQR 3 1 Opcode Address 1 Opeods
ADD LDA 2 | Opcode Address + 1 1 Address ol Operand
AND ORa& 3 | Address of Operand t Operand Data
BIT SBC
CMP suB
STA 3 1 | Opcode Address 1 | Opcode
2 | Opcode Address + 1 1 Desunation Address
3 | Destination Address 0 | Data from Accumulator
LS 4 1 Opcode Address 1 Opcode
LDX 2 [ Opcode Address + 1 1 Address of Dperand
LoD 3 | Address ol Operand 1 Qparand Data iHigh Order Bytel
4 | Operand Address + 1 1 Operand Data (Low Order Byte)
8T8 4 i Oponde Address 1 Opeode
5TX 2 | Opeode Address + 1 1 | Address of Operand
STD 3 | Address of Operand O | Register Data IHigh Order Byiet
4 | Address of Operand+ 1 0 | Regster Data [Low Order Bytet
CPX & 1 Opcode Address 1 Opcode
suenD 2 | Opcode Address + 1 1 addrass of Operand
ADOD 3 Qperand Address 1 COperang Data (High Order Bytel
4 Operand Address + 1 1 Operand Data {Low Creder Byte)
& | Address Bus FFFF 1 Low Byte ol Restart Vectlor
JSR § 1 Dpcode Address 1 Opcode
? | Dpcode Address+ 1 1 Irralgvant Cala
3 | Subrouting Addrass 1 First Subroutine Opcode
4 Stack Pointer 1) Rewrn Address (Low Order Bytet
5 Stack Pomier -1 @ | Return Address (High Ordar Bytel
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Shest 2 of 51

Address Mode and yole RIW
Instructons Cyclesrc L l Address Bus Ling Data Bus
EXTENDED
JrAP 3 1 Opocods Address 1 Cocode
2 Opcode Address + 1 1 Jurmp Address 1High Order Byt
1 | Opcode Address + 2 1 Jump Agdress 1Low Drder By el
ADC ECH 4 1 Opcode Address i Dprode
AND LA ? Dpcode Address - 1 1 Address of Operand
AND ORA 3 | Opcode Adoress - 2 1 Adaeess of Operand ruove O B0
BIT SBC 4 Address of Operard i Operand Data
CMP 5UB
5TA 4 1 Opcode Address 1 Opcoge
2 Opcode 4naress + 1 1 Destinauot Address -High Deaer .00
3 Opeode Address + £ 1 Destinaton Addiess tLaw Crde 3030
4 Cperand Destinaton Address G Crata from &cCamutaton
LDs g 1| Dpeode Adoress I | Doeode
L0 ? Opeods Address + 1 1 Address ol Operand -Hign Drges 9
LoD 3 Opoode Address = 2 1 Address ol Operand rLowe Draes 9,
4 Addiess of Operand ! Operand Data cHigh Order Sy1s
5 | Adoress o! Operand « 1 1 Qperand ata Low Chider Bk
S1S 5 1 Opeote Address 1 Cpcods
5Tx 2 Opcode &ddriss + 1 1 Address of Operandg (High Order B e
STD 3 | Dpcode Address + 2 1 Address of Operand (Low Drder 8.1
4 | Address of Cperaa 0 | Operand Crata IHigh Orger Byte.
k=3 Address of Opzrand + 1 a Operand Data 1Low Qrader Byle:
ASL L3R [ 1 Qpcode Address * Opeode
ASR MEG 2 Opcode Address + 1 ! Address of Operand cHigh Graer Bare
CLR ROL 3 Opcode Address + 2 ! Adoress of Operand tLow Order By res
COmM ROA 4 Adaress of Operand ! Currcnt Operand Data
DEC TET* 4] Address Bus FFFF ! Lovww Byle ol Restart Vecigr
INC & Address of Operand G New Operand Daa
CPx & 1 Opcooe Address 1 Opcode
SURD > Nprade &diiess + | Dparand dddress tHigh Order By te:
ADDD 2 | Opcode Address + 2 ! Operand Address (Low Oroer Byie
4 Operand Addrass ! Ciperand Cata tHigh Crder Byter
S | Qperand Address+ | 1 Operand Cata tLow Order By e
6 | Address Bus FFFF 4 Low Byie of Restart veciod
J&R ] 1 Opeode Address 1 Jpcode
Z | Opcode Address+ ! 1 Address ot Subroutng (High Order Byle
3 | Opcods Address + 2 1 Address of Subrouting (Low Ordar Byre:
4 Subrouvnne Startng Address 1 Opcode of Naxt Insiruction
g Stack Fointer U Retwrn Lddress {Low Order Byted
6 | Srack Fointer— 1 il Return Address |High Order Byvter

*TST does nel perform 1he wile cvcle dunng the seth cycle The Sisth Cyoie 15 ancdher address bus = SFFFF
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TABLE 14 — CYCLE-BY-CYCLE OPERATION {Sheet 3 of 5}

Address Mode and Cycle R/W
Instructions ICyches] # Address Bus Line Data Bus
INDEXED
JMP 3 1 Oprode Address 1 Opoade
2 Opcoda Address + 1 1 Cftset
3 Address Bus FFFF 1 Low Byte of Resiart Vecror
ADC EOR 4 1 Opcode Address 1 Opcade
ADD LD, 2 Cpcode Address + 1 1 Olfset
AND ORA 3 Address Bus FFFF 1 Low Byle of Restarl Vectar
BT SBC 4 Index Register Plus Oitset 1 (Qperand Data
CMP SUB
STA 4 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Diget
3 fddress Bus FFFF 1 Low Byte ot Restart Vector
4 | Index Registar Plus Oftset @ | Operand Data
LDS [ 1 | Opcode Address 1 Opcode
LDx 2 Qpeode Address + 1 1 Olfgel
LDD 3 Address Bus FFFF 1 Low Byte of Restan Vecior
4 | Index Register Flus Olisst + | Operand Data {High Order Bytel
5 | index Regsier Plus Oltset + ¥ 1 | Operand Data |Low Order Byte)
sTS 3 1 Opcode Address 1 Opcode
STX 2 | Opeode Address+1 1 Oftset
STOD 3 { Address Bus FFFF 1 Low Byte of Resiart Vector
4 Index Register Plus Offsel v} Operand Daa tHigh Order Byler
§ | index Register Plus Qffsel + 1 0 | Cperand Data (Low Order Byl
ASL LSA 6 1 Opcode Addrass 1 | Opcode
ASR NEG 2 Opcode Address + 1 1 Qffsel
CLA ROL 3 | Address Bus FFFF 1 Lewe Byte of Aesian vectar
COM ROR 4 Index Register Flus Olfset 1 Current Operand Daw
DEC T5T 5 Address Bus FFFF 1 Low Byte of Aestan Vectar
INC 8 | Index Register Plus Oifsel 0 | New Operand Data
CcPx [ 1 | Opcode Address 1 | Opcode
SUBD 2 | Opcode Address + 1 1 Hiset
aDD0 3 Aduress Bus FFFF 1 Low Byte of Restart Voclor
4 index Register + Oftset 1 Cperand Daa (High Order Bytes
] Index Register + Offser +1 1 Operand Data (Low Order Byied
6 | Address Bus FFFF Low Byie of Restart Veclor
JSR 3 1 Opcode Address 1 Opeoda
z Opeade Address+ 1 1 Ottsen
3 Address Bus FFFF 1 Low Byle of Aestan Vectar
4 | Index Regster + Oifset 1 First Subrounng Qpcode
5 Stack Pomter L8] Relurn Address (Low Order Byle!
B Stack Pointer— 1 0 Aeturn Address {High Order Byret

* 75T does not pertorm the wiite cycle dunng the sisth cycle The sinh cvcle S anather address bus = SFFFF
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
INHERENT
ABA DAL SEC| 2 1 Gpcode Address 1 Opcode
ASL DEC SEN 2 | Opcode Address + t 1 Opcode of Next Insiruchan
ASA INC S5EV
CBA LSR TaB
cLE NEG Tap
<Ll NOP 184
CLA ROL TPA
CLv ROR TST
CDOM 564
ARX 3 1 | Opcode Address 1 Opcode
2 Opeode Address + 1 1 Ieretevar Data
3 | Address Bus FFFF 1 Low Byte of Restarr Vector
ASLD 3 1 Opcode Address 1 Cocods
LSRD 2 | Opcode Address + 1 1 irielevant Dara
3 | Address Bus FFFF 1 Low Byie ol Restait Vecior
DES 3 1 DOpcode Address 1 Opcode
INS 2 | Opcode Address+ 1 1 Opcode of Naxt Instruchon
3 Previous Stack Ponter Conternis| 1 Irelevant Caia
INX 3 1 Opcode Address 1 Opcode
DEX 2 | Opcode Aadress + 1 ! Qpcode of Next Insirucuon
3 | Address Bus FFFF 1 Low Byte of Restart Vector
PEHA 3 1 Opcode Address 1 Opcode
P3HB 2 | Opeode Agdress + 1 1 Opeade of Next Nstructon
3 | Stack Pointer ¢ | Accumulalor Data
T5x 3 1 Opcode Address T Opcode
2 Opcode dddress + | 1 Opeode of Nexl Instruchon
3 | Stack Paner 1 Irtelevant Dala
TxS k) 1 Qpcode Address 1 Opcode
2 Opcode Address + 1 1 Opcode of Next Instrucuon
3 | Address Bus FFFF 1 Low Byte of Restan vacuor
PULA 4 1 Opcode Address 1 Opcode
FULE 2 | Opeooe address+ 1 1 Opcade of Next nstruction
3 | Stack Pointer 1 lirglevant Data
4 Stack Pointer+ 1 1 Operand Data iom Sack
PSHX 4 1 Cpcode Address t Cpeode
2 | Opcode Address+ 1 1 Irrelevant Data
2 Stack Pomnter il Index Aegister (Low Order Bytel
4 | Siack Pomter—1 0 | index Register (High Order Byiet
FULX 5 1 Opcode Address 1 Cpcode
2 | Opcode Andress + 1 1 Irrelevant Data
3 Siack Pomnler 1 Irrelevant Caa
4 Stack Pomiler + 1 1 Indew Fegister tHigh Order Bytel
5 | Swack Pomnler+ 2 1 Indea Reqister (Low Order Bylel
RTS 5 1 Opcode Address ' Opcode
2 | Opcode Address + 1 1 Irrelevant Data
3 Stack Poamter 1 Irrelevant Data
4 Stack Pointer + 1 1 Address of Next Instruction (High Order Byiet
5 | Stack Pointer+2 1 Address of Next Instruchon {Low Crder Bylal
WAl 9 || Qpcode Address ' | Opcode
2 Cpcode Address+ 1 | Opeade of Meut Instruchon
3 Stack Pointer L] Return Address {Low Ordar Byie)
4 | Stack Pointer - 1 | Rewrn Address (Hhigh Order Byte!
5 | Srack Painier-2 0 | Index Register (Low Order Bytel
& Stack Pointes - 3 q Indes Registar tFigh Crder Byle
7 S1ack Pointer-4 0 Contems of Accurmuiaton &
2] S1ack. Pointer -5 L] Contents of Accumulator 8
g Siack Fointer -6 { Contems ot Condingn Code Regisier
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Shest 5 of 5

Address Mode and Cycle R/W
Instructions Cycles| F Address Bus Line Data Bus
INHERENT
UL o 1 Opecode Address 1 Cpcode
2 | Opcode Address+ 1 1 Ittglevant Dala
3 | Address Bus FFFF 1 Low Byte of Restan Veclor
4 Address Bus FFFF 1 Low Byte of Restarl Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
] Address Bus FFFF 1 Lowe Byto of Restart Wector
7 Agddress Bus FFFF 1 Low Byre o Restart Vector
8 | Address Bus FFFF 1 Low Byte of Restart Vector
2 | Address Bus FFFF 1 Low Byte of Restart Vector
10 | Address Bus FFFF 1 Low Byie of Reswart Vecior
RT) 10} 1 | Opcode Address 1 Qpcode
2 Opcode Address + 1 1 Irrglevant Data
3} Siack Pointar 1 lirglevant Data
4 Siack Pointer+ 1 1 Contents ol Condition Code Regster from Slack
6 Stack Pointer+ 2 1 Contents of Accumulalor 8 trom S1ack
L] Stack Poinker+ 3 1 Contents ot Accumulator A from Stack
7 1 S1ack Pointer+4 1 | Index Register irom Siack (High Crder Byiet
8 | Stack Pointer+5 1 | index Register from Slack (Lowe Order Bytel
9 S1ack Pointer+6 1 Mext Instruciion Address irom Siack IHigh Order By
10 | Siack Pointer+ 7 1 Next Instrucuon Address trom Stack ILow Order Byle
Swi 12 1 Opcode Address 1 Opeode
2 Opeade Address+ 1 1 Irrelavant Daa
3 Sack Pownier o Return Address (Low Order Byter
4 Siack Powter=1 ] Return Address tHigh Qrder Bytei
5 | Swack Ponter-2 0 | Index Register |Low Order Byiel
6 | Swack Ponter-3 0 | Index Register IHigh Order Byte
7 Stack Poanter— 4 0 | Contents of Accumulatar &
a8 Sack Painter -5 o] Coments of Accumulator B
9 | Srack Pointer—6 0 | Coments of Condinon Code Regisier
10 | Stack Pointer— 7 1 Irrelevam Dala
11 | vector Address FFFA IHex) 1 Address of Subrouting 1High Order Bt
12 | vector Address FFFE (Hext 1 Address al Subrouting ' Lave Qrder 3y e
RELATIVE
eCC BHT BME BLO 3 1 Opeade Address 1 Cpcode
8CS BLE BPL BHS 2 | Opeode Address+ 1 1 Branch Offset
BEGQ BLS BRA BRN 3 Address Buss FFFF 1 Loww Byte of Restart Wector
BGE BLT BWVC
BGT &Ml BWS
BSR 6 1 Opcade Address 1 Cpcode
2 | Opcode Address+ 1 1 Branch Olfset
3 Address Bus FFFF T Low Byte of Restart Vector
4 | Subrgubne Starting Address | Ceeode of Neat \nsituchon
5 Siagk Poimter ul Returr Adaress (Low Order Beter
L+ Stack Pomaer—1 o] Return Address iHigh Order Boter
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ORDERING INFORMATION

The following information is required when ordering
a custom MCU. The information may be transmitted to
Motorola using the following medis:
MDOS, disk file
PC-DOS disk file (360K)
EPROM(s} 2516, 2716, MCB8701
To initiate a ROM pattern for the MCU, it is necessary
to first contact the local field service office, sales parsan,
or a Motorola representative.

FLEXIBLE DISKS

Sevaeral types of flexible digks IMDOS™ or PC-DOS
disk file} may be submitted for pattern generation. They
should be programmed with the customer’'s program,
ustng positive logic sense for address and data. The
diskette should be clearly labeled with the customer's
name, date, project or product name, and the filename
containing the pattern.

In addition to the program pattern, a file containing
the program saurce code listing ¢an be included. This
data will be kept confidential and used to expedite the
process in case of any difficulty with the pattern file.

MDOS Disk File

MDOS is Motorola's Disk Operating System available
on the EXORciser® development system. The disk me-
dia submitted must be a single-sided, single-density, 8-
inch MDOS compatible floppy diskette. The diskette must
contain the minimum set of MDOS system files in ad-
dition to the pattern fila.

The .LO output of the MB801 cross assembler should
be furnished. In addition, the file must be produced
using the ROLLOUT command, $o that it contains the
absolute image of the MEBBO1 memory. It is necessary
to include the entire memory image of both program
and data space. All unused bytes, including these in the
user space, must be set in logic zero.

PC-DOS Disk File

PL-DOS is the IBM* Personal Computer Disk Oper-
ating Systern, Disk media submitted must be standard
density {360K}, double-sided 5-1:4 inch compatible floppy
digketie. The diskette must contain the object file code
in Motorola’s S-record format. The S-record format s
a character-based object file format generated by MEB01
cross assembiers and linkers on IBM PC style machines.

EPROMS

A single ZK EPROM is necessary to contain the entire
MCEB01 program. The EPROM is programmed with the
customer program using positive logic sense for ad-
dress and data. All unused bytes, including the user’s
space, must be set to zero.

If the MC6801 MCU RCM pattern is submitted on a
single 2516 or 2716 type EPROM, memory map ad-
dressing is one-for-one, The data space ROM runs from
EPROM address $000 to $7FF. If an MCB8701 is used,
the ROM map runs from $F800 to $FFFF.

For shipment to Motorola, EFROMs should be placed
in a conductive IC carrier and packed securely. Siyro-
foam is not acceptable for shipment.

Verification Media

All original pattern media, EPROMs or floppy disks,
are filed for contractual purposes and are not returned.
A computer listing of the ROM code will be generated
and returned along with a listing verification form, The
listing should be thoroughly checked and the verifica-
tion form cempleted, signed, and returned te Motorola.
The signed verification form constitutes the contractual
agreement for the creation of the customer mask. To
ard in the verification process, Motorola will program
customer supplied blank EPROM{s) or DOS disks from
the data file used to ereste the custom mask.

ROM Verification Units {RVUs}

Ten MCUs containing the customer's ROM pattern
will be sent for praogram wverification. Thesa units will
have been made using the custom mask, but are for the
purpose of ROM verification only. For expediency, the
MCUs are unmarked, packaged in ceramic, and tested
with five volts a1 room temperature. These RWUs are
free with the mimimum order quantity, but are not pro-
duction parts. These RVUs are not guaranteed by Mo-
torola Quality Assurance.

Ordering Information

The following table provides generic information per-
taining to the package type and temperature for the
MCB801/MCE203. This MCU device is available only in
the 40-pin dual-in-line IDIP) package in the Cerdip and
Plastic packages.

MDOS is a trademark of Motorola Inc.

MS.-DOS is 8 trademark of Microsoft, Inc

EXORciser is a regisiered trademark of Motorofa Ing.
IBM 13 a registered trademark of International Business
Machines Corporaton,

GENERIC INFORMATION

Frequency | Temperature | Cerdip P, ge | Plastic Package !
{MHz) {Degrees C) [S Suffix) {P Suffix| .
10 Oto 70 MCBE80151 MCESDIP1 :
1.0 -4010 - 85| MCEBUICST MCEBICPYT |
1.25 01070 MCEB0151-1 MCB3CIP1 1
1.25 4010 - 85| MCEBDICS MCs201CP1
2.0 G 70 MCB880151 MCBEEOT1P1
1.0 Oto #0 | MCBE03S MCE303P
1.0 -40ta -85 MCB803CS MCERDICP
1.25 0to 70 MCBB035-1 MCB803P-1
1.25 -40 o ~ 85| MCABO3CS MCES03CP -1
20 010 70 MCE8B03S MLE8BO3P
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PIN ASSIGNMENT

]

vss

KTAL [Jsct
EXTAL sc2
WA P30

Vo

oo T WM & W

P21 16X
P2z 11"
P23 [ P37
P24 [l P40
P10 ] Fat
P13 [AFaz
P12 1743
P13 [dPaa
P14 [1Pas
P15 [1P46
P16 175
P17 1)4ee
Swndby
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