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PARALLEL PROCESSING SYSTEM (PPS)\
DATA SHEET

PPS4/1 One-Chip - MM78

Single power supply operation (~15 volts +6%)

Low power (7S milliwatts typical, 125 milliwatts max)

Powerful development aids:

— SYSTEM 65 with built-in mini-floppy disks and PP34/1 P
Personality subsystem ek

— XPO-1 Evaluation Microcomputer Module

— Development Circuit (P/N A7899) provides address and
data lines so that Program Memary can be in external
PROM or RAM for emulation purposes

— Scheduled and Special Training Courses

— lInternational Applications Engineering Support

Microcomputer Family
one-chip microcomputer system ‘
I
'
R
SUMMARY ep 1 42301709 .
A [ 2 41 ot/08 N
The Rockwell MM78 microcomputer is a complete, 4-bit paraliel ‘E:;'é:_'r(g 3 ;: :Sg:;g; -
processing system. lts large instruction set is sugmented by power- ve — ; asowos ) :
ful multi-function instructions. 31 1/O ports further identify the voo ] 6 a7owvos. "
Power of this system. Serial 1/0 capability, which can be clocked vss 7 36o1/03 i -
simultaneously or externally controlled, extend their power. NG - ] 8 3s{Io1/02 -
o vss (]9 3s o041 ;=
On a single LSI chip, the MM78 provides a complete 4-bit paraltel fi4  qrw0 33 o1/00 . o
processing system — Central Processing Unit (CPU), Program PI8 CIN 323INT : q
Memory (ROM), Data Memory (RAM), Program Counter (P), P3O 'g 31 ::gm’ro -
Instruction Decode, two Program Save registers, Data Address ::; E : 4 :: :)g'::lr_z:) s
register (B), 10 1/O discrete drivers/recelvers, two 4-bit parallel P12 His 28 cLock e
/O channels, two 4-bit parallel input channels, a serial input/ P15 e 2785 a104 : C
output port, jnterrupt and control logic, and a self-contained voo CF17 26[R103 :
four-phase clock generator circuit. Py fumm L 25 JR102 -
PO g 24[R101 - C
— tn addition to stand-alone system applications, this microcom- RIOS (120 23f3RI08 ’ c-
puter can be directly interfaced with other multi-chip systems as RlO6 21 22[RI07 ; !
dedicated slave controllers or for other purposes. Also, two or B C
more MM78 systems can be directly combined to perform parallel PPS—4/1 MM78 Pin Configuration . -<-
processing or control operations. C -
The MM78 may be ordered with combinations of the following . E
teatures {not every combination is available). oo
. FEATURES C-
Operating Temperature 1
0°C 10 +60°C {Consumer) ¢ 2048 8-bit bytes of program memory and 128 4-bit data words ; ;
0°C 10 +70°C {Commercial) ® Clocked simultaneous serial input/output capability P
Maximum Negative Voltage ) $xtec:nally controlled serial i;{pgt/thut capability . “
_ . e Two interrupt request input lines :
v o o e ¢ TTL o compate .
e Arithmetic logic unit and six working registers : “
o Two-level subroutine nesting ‘
e 31 input/output ports ;o=
e Easy circuit level testing by user : IT
o Large instruction set — over 60 instructions E
e Multifunction instructions increase throughput i -
. :
*
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EUNCTIONAL DESCRIPTION
PROGRAM §6UN'1"éﬁ (P, A HEGISTER, AND §8 REGISTER

; ,foqranli Counter contalns the ROM address of the next pro-

Instruction. The address In the P Register is automatically
incrémented each cycle timé during normal operation to address
thé néxt Instruction. In addition, instructions are dvailable to alter
id dddréds in the P Regliter as necessary to fetch an Instruction
from any éddress in program memory. After PO reset, the pro-
grem counter contains address hex 3C0. This location must con-
taln a NOP instruction.

Thé SA Reglster is 8 “'save” register which saves the incremented
value of current address in the P Register during subroutine execu-
tlon. This provides a means of returning from a subroutine
diréctly to the next instruction sfter the subroutine call.

Thé SB Register provides a second hardware stack register so that
two fevels of subroutines may be nested in the microcomputer.

PROGRAM MEMORY — READ ONLY MEMORY (ROM)

The ROM provides 2048 bytes of storage for Inttructions and con-
stants required to operate the microcomputer. Under contro! of
the Program Counter the ROM will read out the addressed instruc-
tion which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instructions
pulled from ROM to provideé control for data transfers, arithmetic
operations, other processing functions and input/output operations.

NATA ADDRESS REGISTER (B)

N Data Address Register is 7 bits in length and is made up of
two segments, B Upper (BU) and B Lower {BL). Data focations in
RAM are addressed by all 7 bits and the discrete input/output
ports are addressed by the 4 bits in BL when the velue in BU is
between O and 3. :

A number of multifunction instructions simultaneously modify
8 Upper and cause B Lower to be automatically incremented
or decremented and tested for overflow or underflow.

ACCUMULATOR AND ARITHMETIC LOGIC UNIT
(A, ALU,AND C)

The Primary working register in the MM78 is the Accumiulator
(A). 1t is the Accumulator which ties with the Arithmetic Logic
Unit (ALU) and the Carry flip-flop (C) to perform binary arith-
metic. By means of software routines, decimal arithmetic can be
performed. Constants may be loaded into the Accumulator from
the read only memory or variable data may be loaded from, or
exchanged with the random access memory (RAM} under controt
of the Data Address Register (B). The Accumulator is also thé
primary path for 4-bit parallel or serial input or output data.

A BUFFER

The contents of the Accumulator may be output for control, dis-
play, or data transfer functions through the A Buffer. The A Buf-
fer holds the data for output until new data is received from the
Accumulator or until the power is turned off.

¥ BUFFER

w_'¢ X Buffer comprises four latches which will output the last
- bit pattern loaded until either a new Output X Register command
is executed or power is turned off.

X REGISTER
The X Register is an suxiliary register which inay be used as tem-
porary storage for 4 bits of data without reference to data mem-

ory. The X Register is also used as # data path to the X Buffer
output register and from receiver inputs. .

CHANNEL 1 INPUT PORTS (PI1 through Pi4)

The parallel input port P11 through P14 will be added to the con-
tents of the Accumulator upon command. The receiversare TTL
compatible and are synchronized (phase 1 time) so that asyn-
chronous input signals may be used.

CHANNEL 2 INPUT PORTS (P15 through PI8)

The inverted state of the inputs at parallel input ports PIS thru PI8
will be loaded into the Accumulator upon command. The receiv-
ers are TTL compatible and are synchronized {phase 3 time) so
that asynchronous input signals may be used.

CHANNEL A /0 PORTS (R101 through R104}

The contents of the Accumulator may be output for control or
data transfer purposes through the A Buffer. The A Buffer
will hold the data output until new data is output or power
is turned off.

CHANNEL X 1/0 PORTS (R105 through R108)

The four parallel inputioutput ports of Channel X function as
described in X Buffer and X Register paragraphs.

CONDITIONAL INTERRUPTS (INTO end INT1)

The conditional interrupts INTO and INT1 may be used to detect
external signals and set internal control flip-flops. The receivers
are TTL compatible and synchronized with INTO sampled at
phase 3 and INT1 sampled st phase 1.

DISCRETE INPUT/OUTPUT PORTS (Dt/O0 through D1/09)

There are ten discrete input or output lines each of which can be
controlled individuatly under program control. The receivers are
fully synchronized so that asynchronous input signals may be used.

CLOCK CONTROL (VC, CLKIN, EXCLK, AND OSCILLATORI

The internal Oscillator and Clock circuit generates 8 four Phase A
and B clock signal used for ail internal logic functions. The A
and B terms are also brought out so external fogic can be synch-
ronized. The clock frequency is a nominal 90 kHz +40%. When
precise timing is required, a reference frequency may be input at
CLKIN.

DATA MEMORY (RAM)

The Random Access Memory {RAM) used for data memory con-
tains 128 4-bit characters. Data memory can be used to buffer
input or output values, hotd intermediate results, or be used as
a register for timers, counters, comparators, etc., when the MM78
is used as a universal logic element.

S REGISTER — SERIAL INPUT/OUTPUT — SHIFT COUNTER

The S Register is a 4-bit serial-in/serial-out, parallet exchange,
register which is used as either an auxiliary storage register or
buffer for the simultaneous serial input/output functions. The
shift rate can be controlled either internally or externally.
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PPS-4/1 MM78 INSTRUCTION SET

RAM Addressing Instructions

XA8 Exchange A with BL

LBA Load BL from A

Le Load BL,BU + O

€08 Exciusive OR BU

LeL Load 8 Long

INCB increment 8

DEC8 Decrement 8

SAG Special Address Generation

Bn Manipulation lnstructions
Set Bit

Ra Reset Bit

SK8F Skip on Bit False

Regist« to Register Instructions
LX Load X from A
XAS Exchange A and S
XAX Exchange A and X

Arithmetic Instructions

A Add Memory to A

AC Add Memory with Carry to A

ACSK Add Memory with Carry to A and Skip on Carry-out
OC Decimal Correction

[ole] V] Complement A

RC Reset Carry

sC Set Carry

SKNC Skip on No Carry

LAl Load A with Immediate Field

AISK Add immediate and Skip on No Carry-out

ROM Addressing Instructions

AT Return from Subroutine

RTSK Return and Skip

T Transfer on Page

NOP No Operation

TL Transfer Long

TLB Transfer Long Banked

™ Transter and Mark

TML Transfer and Mark Long

T™MLS8 Transfer and Mark t ong Banked

Logical Comparison lastructions

SKMEA Skip if Memory Equals A

SKBE! Skip If BL Equats iImmaediste Fletld
SKAE!L Skip If A Equals Immediate Field
TAB Table Look Up

lnpu(/Output {nstructions
Set Qutput Selected

ROS Reset Output Selected

SKISL Skip on Input Selected Low

[ .4 tnput X from R{O 6-8

ox Output X to RIO 6-8

10A input A Receivers to A and ou(put A to RIO 14
10S Serial input/Output

118K tnput Channel 1. Add to A, Skip if No Carry
12C input Channel 2 and Complement

INTIL Skip If INT1 laputis Low

INTOH Skip If INTO Inputis High

Conditional Transfer Instructions
TC Transfer on Carry Set

TNC Transfer on No Carry Set

TLC Transfer Long on Carry Set

TLNC Transfer Long on No Carry Set

T8F Transfer on Bit in Memory False

TeT Transfer on Bit in Memory True
TLBF Transfer Long on Bit in Memory False
TL8T Transfer Long on Bit in Memory True
TE Transfer on A = Memory

TNE Transter on A ¥ Memory

TLE Transfer Long on A = Memory

TLNE -YTranster Long on A ¥ Memory

TIH Transfer if input High

TIiL Transfer if input Low

TLIH Transfer Long If input High

TLIL Transter Long If (nput Low

Roglst« Memory {nstructions
tLoad A from Memory

x Exchange A snd Memory

XDSK Exchange A with Memory. Decrement BL and Skip if
8L Counts to 15

XNSK Exchange A with Memory. Incrgment BL and Skip If

8L Counts to 0

10 DISCRETE
INPUTS/OUTPUTS
INTO N —— A -~
focccmeemmnans 4
Vs -—].——Q |
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1
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1
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PPS-4/1 MM78 System Block Diagram



SPECIFICATIONS
OPERATING CHARACTERISTICS

Supply Voltage
Vpp =-16 Volts £6%

(Logic ““1* = most negative voltage V| and Vo .}

Vss = 0 Volts {(Gnd)

{Logic “0" = most positive voltage ViH and Voi.)

System Operating Frequencies:
90 kHz £40% with external resistor
Device Power Consumption:

Open Drain Driver Leakege (R OFF):
<10 pa at -30 Volts

Operating Ambient Temperature (T ):
0°C to 70°C (Commercial) '
0°C to 50°C (Consumer)

Storage Temperature:
-65°C 10 120°C

76 mw, typical ABSOLUTE MAXIMUM VOLTAGE RATINGS
{nput Capacitance: {with respect to VSS)
<6 pf ’
lnput Leakage: Maximum negative voltage on eny pin -30 Volts
<10 pa Maximum positive voltags on any pin +0.3 Volt
TEST CONDITIONS: Vpp = -16V 6%, TA®= 0-70°C
LIMITS (VSS = 0) LIMITS (VSS = +6V) TIMING
(SAMPLE/ TEST
FUNCTION SYMBOL MIN TYP MAX MIN Ve MAX G000) CONODITIONS
Suppty Current { Average) 100 Sme S ma Smea Sma
{for VOO
Olacrete 1/0°s Vin -1.0v 4.0V P
0110 G-D10 9 L7 4.2v +0.qv
AON 500 ohme 600 ohms] o4 3.0 ma rmex.
Channel 1 input Viy 1.6V 3.8V po
Pi1Pia Ve 4.2v +0.8v
Chennel 2 Input Vin E¥ Y 3.6V PH
ris-P18 Vi -4.2v 08V
1/0 Chennet A Vin L6V +3.8V P
RI/01-R1/04 Vi 4.2V 0.0V
RON " 600 ohrme 800 ohend ¢4+ 3.0 me mex.
/0 Channel X Vin LoV +4.0V Not syac.
R1/05-R1/08 vie “a2v +0.8v m”:‘
o end 2.
AON 600 ohmm 600 ohmd  #4° 3.0 ma men.
DATA Y Vin -t.ov *4.0V 0
Ve -4.2v +0.8v
DATA © RON Y
INTO Vin EX 2.8V 3
Vi 4.2v 0.8V
INT1 Vin a6V 3.6V p
Voo aav 10.8v
Clock Vou 1.0V +4.0V CL ~ 80 o7 TmaxT]
A 8e, () VoL -10.0v : s.0v
EXCLK Vi 1.8V 2.8V STAAP F mex = 80 kHz
Vi 2.0v a 2.0v
CLK IN Vin KX +4.0V
Vi -10.0v 5.0v
Shift Clock Vi 1.0V +4.0v 34
Clock Vi -4.2v +0.8v
AON 600 ohma 600 oheme] ¢4°7 ~ 4.0 ma max,
veess Vin 66K £ 6%
Vi
*0 Vin -2.0v +d.ov Speciat clrcuit
Vi 6.0V -1.0vV
* State od by #2 {mini f durlng ¢ 4).
©* Seme a4 sbove except $4 minimum at €2 of next cycle,
*°*Connect VC to VOO through « 66K reststar for B0 kHa,

ELECTRONIC DEVICES DIVISION REGIONAL ROCKWELL SALES OFFICES

{ HOME OFFICE

Electronic Devices Division
Electronic Devices Division Rockwell Internationat

Rockwell Internationa!

10700 West Higgins Rd., Suite 102

Etectronic Devices Division

Rockwel! International

Heathrow House, Bath Rd.
Cranford, Hounstow,
Middlesex, England
(01)759-9911

Y YOUR LOCAL REPRESENTATIVE

kTe!ex' 73-307

3310 Miraloma Avenue Rosemant. Hlinols 60018

£.0. Box 3669 (312)297-8862

Anaheim, Calitornia 92603 TWX: 910 233-0179 (Rt MED ROSM)
(714) 632-3729 Electronic Devices Division

TWX: 910 591-1698

UNITED STATES
Electronic Devices Division

~ Rockwell internatlonal

Rockwell Internationat
50018 Greentree
Executive Campus, R1. 73
Marlion, New Jersey 08053

1842 Reynolds (609) 596-009
Irvine, California 92626 TWX:710940-1377
(714)632.3710 EUROPE

DDD (714) 545-6227

Etectronic Devices Division
Rockwell tnternationalt

921 Bowser Road
Richardson, Texas 75060
(214)996-6500

Electronic Devices Division
Rockwell International GmbH
Fraunholerstrasse 11

D-8033 Munchen-Martinsried
Germany

{089) 859-9575
Telex: 0521/2650

Telex: 851-25463
FAR EAST

Electronic Devices Division

Rockwell International Overseas Corp.

ttohpia Hirakawa-cho Bldg
7-6, 2-chome, Hirakawa-cho
Chiyoda-ku, Tokyo 102, Japan
(03) 265-8606

Telex: J22198
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4-bit microprocessor, PMOS

e
Rockwell international Microelectronic Devices
PPS-4’ PPS-47/2 P.O. Box 3669
Anahelm, CA 92803
Alternate sources: AEG Telefunken. (714) 632-3729
Forming either a three or two-chip processor, the PPS-4 and PPS-4/2 central processor
chips provide over 50 instructions and 12 dedicated /O lines. The 4/2 CPU is a newer
version of the 4 and can operate with an inexpensive 3.58 MHz crystal. The PPS-4
requires an external clock. Both processors, though, are totally instruction compatible
and have 8-bit instruction/data buses and 11-bit address buses. The one major difference
is that the PPS-4/2 CPU automatically floats all output lines when power is turned on;
the PPS-4 doesn't. And, the 4/2 can directly drive low-power LED display segments.
::S‘&IGZOCPU PPS-4 BUS g . . o .
: modification in addition to the basic data transter
V’«io Vis Po rﬂjh vaiock ELIERMATE instruction, and software controliable interrupts.
- — l_ — 200 a1z 1 l ~ Hardware support for the PPS-4 and 4/2 starts with
[ o a0k e EaaBLE/ : simple CPU modules designed to plug into the PPS
| | w 1/2 m” MP Universal Assemulator. Other modules available
| stanparo “———t i as plug-ins include memory boards, /O boards and
| peh i prototyping modules.

INSTRUCTION/

|
|
[ _ l DATA BUS L:t‘)m
[ x| | 7 ROM/RAK/ 10 . -
LZE— : { cue Specifications
NG ] ' oS i Data word size: 4 bits
l I 1 sus Address bus size: 12 bits
DRNER ¢ ' spo (1) I Direct addressing range: 4096 words
o0 Y L l ‘ Instruction word size: 8 bits
-l — — : Number of basic instructions: 50
I Shortest instruction/time
W o 4BITSOUT 4 BITS N (Transfer): 5 us
18] (ooal (o1a) Longest instruction/time
. {Load B long): 10 ps
Clock frequency (min/max): 199 kHz
The straightforward architecture of the PPS-4 and Clock phases/voltage swing: 412 v
4/2 revolves around the 4-bit accumutator and the (PPS-4); Inter-
three four-bit 1O buses. All lines are designed for nal (PP'S-4/2)
direct MOS-level interfaces so to connect to other . . Py
logic families buffer circuits must be used. The Dedicated I/O control lines: 2 0
PPS-4 requires an external clock while the 4/2 just Package: 42-pin QUIL
needs an external crystal. Power requirements: 17 V/26 mA
Comments H
ardware
The instruction set contains a total of 50 commands
that can be grouped as follows: 10 arithmetic and . Model Description Price
logic, 24 data transfer, six transfer, five skip, four (100 qty)
I/0 and one special address generation instruction. PPS-4 cPU $18.15°
Software support for the PPS-4 and 4/2 includes fg%g/z g:;lék generator 1-?25?
a Fortran IV simulator and cross assembler for use 10738 Bus interface 4'50
on in-house computer systems and time-share 11049 interval timer 8.50
N\— networks as well as resident assemblers, super- 10696 General purpose /O 8.50
visors, text editors and debug routines for use on 10930 Serial da‘: gontroller 15'00
the PPS MP Universal Assemulator hardware and _ a ’
software development system. *Price as of Oct. 1. Peripheral chip
; . i Iso cut on Oct. 1.
Special features of the software inciude the prices were a
capability to perform an automatic memory address Consult distributors for current cost
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4-bit microcomputer, PMOS

PPS-4/1 family

Alternate sources: AEG Telefunken.

Rockwell International
P.0.Box 3669
Anaheim, CA 92803
(714) 632-3729

A family of 4-bit, single-chip, microcomputers, the PPS-4/1 Models MM75, 76,77 and 78
include CPU, RAM, ROM, I/O and clock circuitry on a single chip. On-board ROM ranges
from 640 to 2048 bytes and on-chip RAM spans 48 to 128 4-bit words. Three special
versions of the MM76 are also available—the E version with an expanded ROM, the D
version with an a/d converter and the C model with a high-speed counter.

The architecture of the PPS-4/1 devices resembles
that of a complete minicomputer—all the necessary
circuits are included on a single chip. All chips
except the MM77 and 78 have 2 48 X 4 biton-board
RAM. The 77 and 78 contain 96 X 4 and 128 X 4
RAMs, respectively. All chips have one 8-bit bidirec-
tional port as well as two conditional interrupt lines,
except for the MM75 which has only one interrupt.

Comments

The instruction set of the PPS-4/1 processors is
divided into nine basic categories—RAM address-
ing commands, bit-manipulation directions, regis-
ter-to-register operations, arithmetic instructions,
ROM addressing commands, logic comparison in-
structions, 1/O directions, conditional transter oper-
ations and register/memory instructions.

Software support for the PPS-4/1 family consists of
a Fortran IV cross assembler available either for
direct purchase or on time-sharing networks (GE
and Tymshare). Also available is the PPS MP Univer-
sal Assemulator that contains supervisors, as-
semblers, and a text editor as well as debug rou-
tines.

Software features include specialized instructions
for the software controliable converter and counter
in the MM76D and C versions, as well as a large
number of general-purpose /O commands.

Hardware support for the PPS-4/1 family consists
of various processor modules that plug into the PPS
MP Universal Assemulator—the complete resident
development system for the family. There are also

a wide number of support modules for the As-
semulator—memory, /O, personality and prototyp-
ing cards are available.

Specifications
Data word size: 4 bits
Address bus size: internal
Direct addressing range: internal
Instruction word size: 8 bits
Number of basic instructions: 67 to 69
Shortest instruction/time
{Most): 12.5 usS
Clock frequency (min/max): 40/120 kHz
Ciock phasesivoltage swing: fnternal
Dedicated lfO control lines: 22 10 39
Package: 28 pin DIP or
42 and 52-
pin QuiLs
Power requirements: 15 VIS mA
, Hardware
Modei Description Price
(1000 qty)
MM75 CPU with 640 bytes
of ROM $6.10
MM76 CPU with 640 bytes
of ROM 8.00
MM76C | CPU with counter
MM76D | CPU with a/d converter
MM76E | CPU (expanded MM76)
MM77 CPU with 1344 bytes
of ROM 9.50
MM78 CPU with 2048 bytes
of ROM 10.75




DJ/JONAA

PARALLEL PROCESSING SYSTEM (PPS))
DATA SHEET

PPS-4/1 One-Chip
Microcomputer Family

SUMMARY

The Rockwell MM78L microcomputer is a complete 4-bit parallel
processing system. The MM78L is a tow voltage (6.5 to 11 volt
range), very low power (16 mifliwatts typical) version of the well
known PPS-4/1 onechip microcomputer. All of the microcom-
puters in the family of PPS-4/1 microcomputers fit the needs of
Equipment Designers seeking fow-<cost systéms capable of per-
forming functions in the range of médium complexity. However,
the MM78L is especially desirable where low-cost battery opera-
tion as the primary or backup power source is required, or where
power consumption or heat dissipation is a consideration or where
portability is required. The entire PPS-4/1 family of microcom-
putérs is distinguished from competitive microprocessors by
superior 1/O capability, and by other functional features identified
on this page.

On a single LS! chip the MM78L provides a complete system con-
sisting of a versatile Central Processing Unit (CPU}, lnstruction
Decode, two Program Save Registers, Program Memory (ROM),
Data Memory {RAM), Program Counter {P), Data Address Regis-
ter (B}, 10 1/O discrete Drivers/Receivers, two 4-bit paralfel 1/O
channels, two 4-bit parsllel input channels, a Serial 1/0 port,
N {nterrupt and Control logic, and a self-contained four-phase Clock
Generator circuit.

{n addition to stand-alone applications, the MM78L can be directly
included in other multi-chip systems as a dedicated controller or
in other functions. Also two or more MM78L microcomputers
can be directly combined to perform parallel processing or control
operations. In the design of families of end-products, a total range
of features _an be designed so that increasingly higher fevels of
performance can be produced by low-cost wiring changes and chip
additions, minimizing design costs and production inventories.

The MM78L may be ordered with combinations of the following
features {not every combination is available}.

Operating Temperature

0°C to +50°C (Consumer)

0°C 10470°C  (Commercial)

-40°C to +85°C  (Industrial)
Maximum Negative 1/0 Voltage

-11 Volts (Standard)

-30 Volts (Vacuum Fiuorescent Drive)
Nominat Internal Clock Frequency

100 kHz (£30%) with VC to VDD

ELECTRICAL FEATURES

Battery Compatible {-6.5 to -11.0 volt operation)
Low Power 15 milliwatts nominal @ -8.5 volts
4 Clock Modes including external crystal
Low Impedance Drivers
D1/O tess than 100 ohm @ 10 ma
R10 less than 250 ohm @ 6 ma
Mask Programmed pull-down Resistors on Outputs
Mask Programmed Enhancement FET pull-downs on Inputs

low-voltage, low power
one-chip microcomputer system

MM78L

sf 11 400V/08
A 32 3asfoi/08
xTLouT .43 380107
xTtun T4 37p30/06
ve s 36f101/08
vpp CJ6 3s[owoa
vss C}7 34 0D1/03
TESTC]8 3330102
P14l 32Jovoi
P18 10 31 ovoo
P31 30[JINTY
P17 12 29 INTO
ei6 CJ13 28f DATAI
P12 14 271 DATAO
PIS 15 26{1 cLoOCK
p11 16 251 Rt04
ro CJ17 241 RI103
rios T 18 237 R1O2
Ri06 C1 19 223 RtO1
aio7 T 20 213 Ri08

MM78L Pin Configuration

FUNCTIONAL FEATURES

Standard 40-pin Dual-In-Line {DIP) package

MM78L — 2048 8-bit bytes of program memory

128 4-bit words (512 bits} of data memory

Serial input/output capability

Two interrupt request input lines

TTL and CMOS compatible

Six working registers

31 input/output ports

Large instruction set — over 60 instructions

Multifunction instructions increase throughput

Single power supply operation (-8.5 volts, -2.5, +2.0 volts)

Low power {15 milliwatts typical)

Powerful development aids:

— SYSTEM 65 with built-in mini-floppy disks and PPS-4/1
Personality subsystem

— XPO-1 Evaluation Microcomputer module

~— Development Circuit (P/N 87899) provides address and
data lines so that Program Memory can be in external
PROM or RAM for emutation purposes

— Scheduled and Special Training Courses

— International Applications Engineering Support

/

©Rockwell international Corporation 1981
All Rights Reserved
Printed in 1J.S A

Specifications subject 10
change without notice
Document No. 29000 D57
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PPS-4/1 MM78L INSTRUCTION SET

RAM Addressing {nstructions

XAB
LBA
L8
EOB
LBL
INC8
DECSB
SAG

Exchange A with BL

Load BL from A

Load BL.BU + O
Exclusive OR BU

Loed 8 Long

increment B

Decrement B

Speclal Address Generation

Bct Manipulation Instructions

RB
SKB8F

Set Bit
Reset Bit
Skip on Bit False

Register to Register lnstructions

LXA
XAS
XAX

Load X from A
Exchange A and S
Exchange A and X

Arithmetic Instructions

SC
SKNC
LAI
AlISK

Add Memory to A

Add Memory with Carry to A

Add Memory with Carry to A nnd Skip on Carry-out
Decimat Correction

Complement A

Reset Carry

Set Carry

Skip on No Carry

Load A with Immediate Fleld

Add immaediate snd Skip on No Carry-out

ROM Addressing Instructions

/T
RTSK
T
NOP
TL
TLS
™
TML
T™LB

Return from Subroutine

Return end Skip

Transfer on Page

No Operstion

Transfer Long

Transfer Long Banked

Transfer and Mark

Transfer and Mark Long
Transfor snd Merk Long Banked

Logical Comparison In:u'ucuons

SKMEA Skip If Memary Equals A )
SKB8EI Skip If BL Equals immediate Fileld
SKAE! Skip It A Equals immadiate Fiesld
TASB Table Look Up
lnputhutput {astructions k
Set Output Selected
ﬁOS Reset Output Selected
SKISL Skip on input Selected Low
1X input X from R(O 5-8
ox Output X to RIO 68
10A tnput A Receivers to A and output A to R1O 14
10S Serisl input/Output
11SK lnput Channel 1. Add to A, Skip If No Carry
12C tnput Channel 2 snd Complement
INTIL Skip If INT1 inputis Low
INTOH Skip If INTO Input is High

Condl(lond Transfer instructions
Transfer on Carry Set

TNC Transfer on No Carry Set

TLC Transfer Long on Carry Set

TLNC Transfer Long on No Carry Set

TOF Transfer on Blt In Memory Felse

T8T Transfer on Bit ln Memory True
TLBF Transfer Long on Bit in Memory False
TL8T Transfer Long on Bit in Memory True
TE Transfer on A = Memory-

TNE Transfer on A ¥ Memory

TLE Transfer Long on A = Memory

TLNE Transfer Long on A ¥ Memory

TiH Transter if input High

TIL Transfer If input Low

TLIH Transfer Long If Input High

TLIL Teranster Long if input Low

Rogister Memory {astructions
[N Load A from Memory
X Exchange A and Memory

XDSK Exchenge A with Memory. Decrement BL and Skip if
8L Counts to 16
XNSK Exchange A with Memory. Increment BL and Skip it

8L Counts to 0
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PROGRAM COUNTER (P}, SA REGISTER AND SB REGISTER

The Program Counter contains the ROM_adciress of the next pro-
gram instruction, The address in the P Register i$ automatically
Incremeéntéd each cycle time during normal operation to address
the next instruction. {n addition, instructions are available to
alter the address in the P Register as necessary to fetch an instruc-

\/ tion from any address in program memory. After PO reset, the

program counter contains address hex 3C0O. This location must
contain 8 NOP instruction.

The SA Register is a “save” register which ssves the incremented
value of current address in the P Register during subroutine exe-
cution. This provides a means of returning from a subroutine
directly to the next instruction after the subroutine cafl.

The SB Register provides a second hardware stack register so that
two levels of subroutines may be nested in the microcomputer.

PROGRAM MEMORY — READ ONLY MEMORY (ROM)

The ROM provides 2048 bytes of storage for instructions and
constants required to operate the microcomputer. Under con-
trol of the Program Counter the ROM will read out the addressed
instruction which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instructions
pulled from ROM to provide control for data transfers, arith-

operations.

DATA ADDRESS REGISTER (8)

The Data Address Register is 7 bits in length and is made up of
two segments, B Upper (BU) and B Lower (BL). Data locations in
RAM are addressed by afl 7 bits and the discrete input/output
ports are addressed by the 4 bits in BL when the value in BU is
between 0 and 3.

ACCUMULATOR and ARITHMETIC LOGIC UNIT
(A, ALU, AND C)

. The Primary working register in the MM78L is the Accumulator

(A). 1tis the Accumulator which ties with the Arithmetic Logic
Unit (ALU) and the Carry flip-flop (C) to perform binary arith-
metic. By means of software routines, decimal arithmetic can be
performed. Constants may be loaded into the accumulator from
the read only memory or variable data may be loaded from, or
exchanged with the random access memory {RAM) under control
of the Data Address Register (B). The Accumulator is also the
primary path for 4-bit paralle! or serial input or output data.

DATA MEMORY (RAM}

The Random Access Memory {RAM) used for data memory con-
tains 128 (MM78L) 4.-bit words. The Data Memory can be used to
butfer input or output values, hold intermediate results, or be used
as a register for timers, counters, comparators, etc.

CLOCK CONTROL (VC, XTLIN, XTLOUT, A, and BP)

The internal Oscillator and Clock circuit generates a four-phase A
BP clock signal used for alt internal logic functions. The A and BP
clock terms are also brought out so external logic can be synchro-
nized. The clock for the MM78L can be selected to operate in
one of four modes as shown by the table below. These options

are selected by control voltages applied to the VC and XTLIN
pins.

A BUFFER

The contents of the Accumulator may be output for control,ﬁdisr-
play, or data transfer functions through the A Buffer. The A Buf-

fer holds the data for output until new data is received from the .

Accumulator or untit the power is turned off.

X BUFFER

The X Buffer is a 4-bit latch that will output the last bit pattern
loaded until either a new Output X Register command is executed
or power is turned off.

CHANNEL 1 INPUT PORTS (Pi1 through P14)

The parallel input port Pl1 through P4 will be loaded into the
contents of the Accumulator upon command. The receivers are
TTL compatible and are synchronized (phase 1 time} so that
asynchronous input signals may be used.

CHANNEL 2 INPUT PORTS (P15 through PI8)

The inverted state of the inputs at parallel input ports PIS thru
P18 will be loaded into the Accumulator upon command. The
receivers are TTL compatible and are synchronized {phase 3 time)
$0 that asynchronous input signals may be used.

CHANNEL A 1/0 PORTS (RIO1 through RI04)
The contents of the Accumulator may be output for control or
data transfer purposes through the A Buffer, The A Buffer will

hold the data output until new data is output or power is turned
off.

CHANNEL X 1/0 PORTS (RI0S through R108)

The four paralle! iaput/output ports of Channet X function as
described in X Buffer and X Register paragraphs.

CONDITIONAL INTERRUPTS (INTO and INT1)

The conditional interrupts INTO and INT1 may be used to detect
external signals and set internal control flip-flops. The receivers
are TTL compatible and synchronized.

DISCRETE INPUT/OUTPUT PORTS (D1/00 through D1/09)

There are ten discrete input or output lines each of which can be
controlled individually under program control. The receivers are
fully synchronized to that asynchronous input signals may be
used.

X REGISTER

The X Register is an auxiliary register which may be used as tem-
porary storage for 4 bits of data without reference to data mem-
ory. The X Register is also used as a data path to the X Buffer
output register and from receiver inputs.

S REGISTER — SERIAL INPUT/OUTPUT — SHIFT COUNTER

The S register is a 4-bit serial-infserial-out, parallel exchange,
register which is used as either an auxiliary storage register or
buffer for the simultaneous serial input/output functions. The
shift rate can be controlled either internally or externally.

Pins
Mode vC XTLIN XTLOUT A BP Frequency

INTERNAL “VC VSsS - ouT ouT 100 kHz +30% @ 8.5V
EXTERNAL VSS CLOCK - ouT ouT 400 —~ 800 kH2z @ -8.0V
CRYSTAL** VSS XTAL XTAL ouT ouT 800 kHz @ 8.0V

SLAVE VDD VDD - IN IN 50 kHz — 100 kHz @ 8.5V

“Can be adjusted to vary frequency — Normally set to V
* *Suggest Murata part number CSB800A4 with 2-120 pF shunt capacitors.

-
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OPERATING CHARACTERISTICS

Supply Voltage:
Vpo = -8.5 Volts, -1.5, +2.0 Volts (MM78L-1)
Vpp = -8.5 Volts, -2.5, +2.0 Volts {(MM78L)
{Logic “1"* = most negative voltage Vy_ and Vo .}
Vgs = 0 Volts (Gnd)
{Logic “0” = most positive voltage Vi dnd VoH.)
Systerh Operating Frequencies: )
(1) Internsl: 100 kHz Nominal st Vpp = -85V
{2) External 800 kHz Crystal: 100 kHz
Device Power Consumption: 15 mw, typicel

INpuT Lapacitance: < Pt
Input Leakage: <10 pa
Open Drain Driver Leakage (R OFF): <10 pa at -30 Volts
Opersting Ambient Temperature {Ta):
0°C to +70°C (Commercial}: MM78L
0°C to +50°C (Consumer}): MM78L-1
-40°C to +85°C {Industrial): MM78L-2
Storage Temperature: -5§5°C to 125°C

ABSOLUTE MAXIMUM VOLTAGE RATINGS
{with respect to VSS)

Maximum negative voltage on any pin -30 Volts
Maximum positive voltage on any pin +0.3 Volts

TEST CONDITIONS: Vpp = -85V, T = 0-70°C

LIMITS (VSS = 0 LTS (VES = +5V) TIMING
. . (SAMPLE/ TEST
INPUTIOUTPUT | SYMBOL | M Tve MAX MIN TV MAX G000} CONDITIONS
Supoly Current 100 135me e 137:«- Jme Snterned Clock
{Averagel for VOO 30me_ Gema .Ome @ ma eve
Ducrete i/0's Vin oV BV X2
01/0 09 Vit -4.2v 0.8V
- RON 100 ohma 100 ohme o4 10.0 me erax.
Channel 1 Input Vi -1.5Vv 435V o
P11-P4 Vi _Av 0.8V
Chennet 2 tnput Vin -1.8v QsV &
e15-Pi8 Vi ~4.2v +«0.8v
170 Channal A Vi EY] 139 Py
RIO1-R(04 ViL 4.2V 0.8V
RON 250 ohms Z50 ohmm (1S 8.0 ma man.
VO Cheneet 8 Vin 18V G137 Py
AI05-RI08 Vi -4.2v +0.8V
AON 250 ohem 250 oherw Y 6.0 me max.
DATAI Vint 10V oV o
viL -4.2v +08v
DATAO RON 500 oherw $00 ohrms o4 3.0 me mex.
NTO Viu 1SV X3 Py
| ve ~4.2v +0.8v
INTA Vi 1.5V 35V P
Vi -.2v 0.8V
€L = 80 of { ]
A 8P VYou o3V “4v e Evtor XTL.
Vor, AV «03v Clock
A, 8° Vim 0.6V v
Vi 44v w06V Steve Clock
XTUIN Vin aov sV -
viL 80V -ov o
€LOCK Vi -1.0v 4.0V o3, ot
Vi 4.2V +0.8V ) )
RON $00 ohwre 500 ohms @4a-e 2.0 me mex.
ve Vir V= 110V max.
ViL
) Vin 28V 25V Soecial cincuit
viL S0V ov
*State isved by 2 (mini during 441,
**Same a1 sbove except $4 minimum at $2 of next eycle.

NOTES:

MASK PROGRAMMED PULL-DOWN RESISTORS
ON OUTPUTS

Resistor pull-downs are available as an option on all RIO, CLOCK,
DATAO and DI/O outputs. These pull-downs are connected to
Vpp. The following values $50% are available: 8K, 10K, 25K, or
Open Circuit. The 5K ohm option is not available on the clock or
DATAO outputs.

PULL-DOWNS ON INPUTS

MOS FET pull-downs are also available as an option on the Pl,
INT, and DATAI inputs. The output current is 50 pa £35 pa
with the input grounded and Vpp at -8.5 volts.
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PPS-4/1 SUPPORTING DOCUMENTATION

N
The following documents provide additional PPS-4/1 design information for aiding in the implementa-
tion of this device in your system:

e PPS-4/1 Programming Manual — Document #29410N38
e PPS-4/1 Prototyping using the PROM Evaluation Module — Document #29410N20
e PPS-4/1 Operator’s Manual for Universal Assemulator — Document #29400N37
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PPS-4/1 MM77, MM78 SINGLE CIRCUIT
MICROCOMPUTER SYSTEMS

J

INTRODUCTION

The PPS-4/1 MM77 and MM78 are members of a family of
single-circuit microcomputers from Rockwell International.
The circuits contain a read only memory for the program
memory functions, a random access memory for data,
parameter and working storage, and a sophisticated input/
output capability which provides a high degree of flexibility
for microcomputer and controller applications. The
combination of these functions provide the most powerful
one chip microprocessors available to date.

The PPS-4/1 MM77 and MM78 are designed to supplement
the PPS-4/2, the PPS-4, the PPS-8, and the PPS-8/2 micro-
computer systems by providing a low-cost, stand-alone
capability for less complex systems or to provide peripheral
control functions to directly augment the larger PPS family
systems.

PPS-4/1 systems may be operated in tandem to perform
parallel processing functions in multi-computer
configurations.

FEATURES

.

o MM77 - 1344 8-bit bytes of program memory (10752 bits)
e MM78 - 2048 8-bit bytes of program memory (16384 bits)

e MM77 - 96 4-bit data words (384 bits)
o MM78 - 128 4-bit data words (512 bits)
e Table look up instruction
Automatic address modification
e Two 4-bit input channels
e Two 4-bit input/output channels
e 10 discrete input/output lines
e Clocked simultaneous serial input/output capability
e Pulse output capability
e Two interrupt request input fines
o TTL and CMOS compatible
e Arithmetic logic unit and 5 working registers

e On-chip resistor controlled 80 kHz (nominal) clock
operator which may be externally synchronized

e One clock cycle execution (nominal 12.5 micro-
seconds) for most instructions

e Easy circuit level testing by user

Large instruction set — over 50 instructions

e Multifunction instructions increase throughput
e Single power supply operation (15 volts +5%)

e Two-level subroutine nesting

e Compact quad-in-line 42-pin package

e Sophisticated development aids

- General Electric Software Assembler

- Development Circuit with PROM Module for
Program Memory

- PPS Universal Assemulator with PPS-4/1 Personality
Board for Program and Hardware Development

-~ XPO-1 Development Microcomputer

- Scheduled and Special Training Courses

- International Applications Engineering Support

e Low power (75 milliwatts typical, 125 milliwatts max)

SYSTEM DESCRIPTION .

The PPS-4/1 MM77, MM78 circuits have been designed to
provide low-cost flexible, circuit elements which may be
used by themselves, in conjunction with other PPS-4/1
circuits, or in conjunction with other PPS families of circuits
(PPS-4/2, PPS-4, or PPS-8). The PPS-4/1 MM77 and
MM78 may each be used as as compact stand-alone micro-
computer, as a low-cost special controller, as a program=
mable peripheral controller for one of the larger PPS
systems, or as a universal logic element. The PPS-4/1
MM77 or MM78 as a universal logic element can
economically perform functions such as counting, time
delays, comparisons, sequencing, function generation, etc.
to control a set of output lines based upon conditions
presented on a set of input lines.

A block diagram of the PPS-4/1 MM77 or MM78 is shown
in Figure 1.

ACCUMULATOR AND ARITHMETIC LOGIC UNIT
(A, ALU, AND C}

The primary working register in the PPS-4/1 MM77, MM78
is the Accumulator (A Register). It is the Accumulator
which ties with the Arithmetic Logic Unit (ALU) and the
carry flip-flop (C) to perform either bimary of decimal
arithmetic. Constants may be loaded into the Accumulator
by appropriate instructions from the read only memory or
variable data may be loaded from, or exchanged with the
random access memory (RAM) under control of the Data
Address Register (B). The Accumulator is also the primary
path for 4-bit parallel or serial input or output data
although either the X or S Registers may also be involved.

A BUFFER

The contents of the Accumulator may be output for control
or data transfer purposes through the A Buffer. The A
Buffer consists of four latched open drain circuits which
will hold the data output until new data is output or power
is turned off,
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Note: The development circuits for the PPS-4/1 are identical to the PPS-4/1 MM77, MM78 production circuits
except that, in place of the ROM, terminals are brought out to an external memory and control system.

Figure 1. BLOCK DIAGRAM OF PPS-4/1 MM77, MM78 MICROCOMPUTERS

DRIVER AND RECEIVER CIRCUITS

The outputs of each of the latches in the A Buffer, X Buffer
and discrete input/output flip-flops are through open drain
drivers which drive to either the VSS logic level or float.
When power is applied, the power on reset circuit (PO)
causes all of the outputs to be automatically set to a float

condition. (All output flip-flops are reset. )

Input signals share the same lines as outputs for the A and
X Register (RIO 1-8) lines and the discrete input/output
lines. To use one of these lines as an input, it is necessary
to set the output on that line into a float condition. The
external signal may then either take the line high to VSS

or to the appropriate low logic level. The input command,
in effect, somples the logic level on the pin and inputs it
appropriately.

If the external circuit is designed so that it may be
connected to VSS, the mechanization of the PPS-4/1 MM77
and MM78 allow a software masked input capability. To
mosk out any input bits, the output in that bit position is
set to the VSS level rather than the float situation. The
external input in that position will always be input on the
VSS leve! while other bits, input through the floating lines,
will be at logic one or zero levels as determined by the
external system. This is in effect a logical AND between
the buffer latches and the input signoi.

¢



X REGISTER

“he X Register is an auxiliary register which may be used
N temporary storage for 4 bits of data without reference to
data memory. The X Register is also used as a data path
to the X Buffer output register and from receiver inputs as
discussed above and in the Electrical Interface Section of
this document.

X BUFFER

The X Buffer comprises four latches which will output the
last bit pattern loaded until either a new Output X Register
command is executed or power is turned off. The power

on reset signal resets all of the latches so the outputs

float.

S REGISTER - SERIAL INPUT/OUTPUT - SHIFT COUNTER

The S Register is a 4-bit parallel-in/parallel-out, serial
shift register which is used as either an auxiliary storage
register or a buffer for the simultaneous serial-in/serial-
out capabilities in the microcomputer. The 4 bits to be
serially output are loaded into the S Register by
exchanging the contents of the Accumulator and the
S Register. The state of the serial output line is
immediately set by the contents of the most significant bit
position. When an Input/Output Serial instruction is
xecuted, or an external shift clock input is provided
\—the four bit contents of the S Register are shifted out
_.“(most significant bit first). The data shift rate is under the
control of the Shift Counter and is one half the rate of the
internal clock frequency when the 1OS instruction is used.
The Input/Output Serial instruction also causes the Shift
Counter to provide four shift clock signals to the external
system. Under external shift control by a signal on the
same shift clock line, the shift rate may be any value at or
below the clock frequency. Both the serial data and shift
clock outputs are open drain drivers which are set to the
float state when power is turned on.

At the same time that the 4-bit data is being shifted out
through the serial output line, 4 bits of data are shifted

into the S Register from the serial input line. An exchange
of the Accumulator and S Register brings the 4 bits of serial
input data into the Accumulator where it can be processed
or Stored. The S Register may be simultaneously reloaded if
more than 4 bits of data are being transmitted.

When the external clocking mode is used it may be
necessary for the system designer to establish a handshake
protocol to establish when data is to be moved and when
the move is completed.

OISCRETE INPUT/OUTPUT PORTS
‘- (DI/00 THROUGH D1/09)

There are ten discrete input or output lines and two special
sets of request interrupt input lines. Buffer flip-flops

associated with all 12 of these channels may be individually
set, or reset under program control. They are all reset when
power is applied. There is a buffer flip-flop associated
with each of these channels which is selected by the least
significant 4 bits of the Data Address Register. A Set
Output Selected instruction causes the selected output to

be at the VSS level and a Reset Output Selected instruction
causes it to float. When the output is floating, an input
signal level on that port may be tested by a Skip On lnput
Selected Low instruction. When the buffer flip-flops are
not used specifically for input/output functions, they may
be used as one bit status registers. In this case external
pull up resistors connected fo VDD must be used.

CONDITIONAL INTERRUPTS (INTO AND INTI)

The conditional interrupt request lines may be used ina
aumber of different ways. In some respect these ports are
similar to the discrete input/outplit chaanel in that they
may be addressed by the B Lower portion of the B Register
(BL = decimal 11 selects INTO and BL = decimal 10 selects
INT1) to set or reset the selected flip-flop.

However, they differ in several respects. The Skip On
Input Selected Low instruction tests the state of the flip-
flop and not the state of the input line. To test the state
of the signal on the input line it is not necessary to set the
flip-flop to any predetermined state as there is no output
driver on these signal lines. The level on these two lines
may be tested directly by an INTOH or INT1L instruction
for INTO and INT1 inputs respectively without any pre-
conditioning. This gives a pseudo interrupt capability by
allowing a direct test of the input signal. The INTOH
irstruction causes the next instruction to be skipped if the
input on INTO is high and the INTIL instruction will cause
it to skip if the signal on the INT1 line is low.

Another difference in these two signals is that they may
be used to detect a pulse input of a duratioa longer than
one clock cycle. In this case, the associated flip-flop is
preset to the set state so that an incoming high signal
(positive pulse) on INTO or an incoming low signal
(negative pulse) on INT1 which lasts longer than a clock
cycle will reset the flip-flop. The state of the flip-flop
may then be tested by addressing it with BL and executing
a Skip On Input Selected Low instruction.

CHANNEL 1

Channel 1 is a 4-bit input port which automatically adds
the input value to the contents of the Accumulator and skips
the next instruction if no carry is generated. Many times



a microcomputer is called upon to react to a specific value
when it is input. This input channel may be used to input
and test the value in a single cycle time. If it is desired to
just input the value, the Accumulator can be loaded with
zero and then when the Input Channel 1 instruction is
executed it will load the input value into the Accumulator.

CHANNEL 2

Channel 2 is a 4-bit input port which on command replaces
the contents of the Accumulator with the complement of the
value on the input lines. If the input value is from TTL or
CMOS logic, the inversion causes the equivalent volue to
appear in the Accumulator,

PROGRAM COUNTER (P)

The 11-bit Program Counter is set to a specific initial
value (hexadecimal address 3C0) when power is applied
to the microcomputer. The contents of the Program
Counter address read-only memory to ideatify the specific
instruction to be executed. Then, unless the instruction
is a transfer instruction, the contents of the Program
Counter are incremented so that the next instruction may
be selected. This process repeats until a transfer or
transfer and mark instruction is executed. The transfer
instruction may set a specific location into the least
significant 6 bits (T), the least significant 10 bits (TL)
while setting bit 11 to zero, or the least significant 10 bits
with bit 11 set to one (TLB).

Similar alternatives are available for the transfer and mark
instructions which are used to call subroutines. The TM
instruction selects one of 64 locations in o specific areq,
the TML and TMLB sets the least significant 10 bits and
sets the most significant bit as above. These instructions,
however, mark a return location so that the subroutines
may return to the next instruction location after the one
that called it. This is accomplished by incrementing the
Program Counter prior to setting the new value into it,

and saving the incremented value in the SA Register,

1

SA REGISTER

When a subroutine call is executed by one of the transfer
and mark instructions, the contents of the SA Register are
pushed into the SB Register ond are then replaced by the
incremented value of the Program Counter.

When a return instruction is executed in the subroutine,

the contents of the SA Register are popped into the Program
Counter and the SA Register contents are replaced by the
contents of the SB Register.

SB REGISTER

The SB Register provides a second hardware stack register
so that two levels of subroutines may be nested in the
microcomputer. Software techniques discussed later show

how to extend the number of levels of subroutines,

READ ONLY MEMORY (ROM)

The Read Only Memory {(ROM) provides the storage for
instructions and constants (as immediate field portions of
instructions) for the microcomputer. 1t is controlled by
the Program Counter to read out each instruction fo be
executed. The MM77 contains 1344 instruction bytes and
the MM78 contains 2048 instruction bytes.

INSTRUCTION DECODE

The instructions are decoded in the Instruction Decode
circuits which then issue control signals to all appropriate
portions of the microcomputer as necessary to perform the
desired operations,

DATA ADDRESS REGISTER (BU AND BL)

The Data Address Register is 7 bits in length and is made
up of two segments, B Upper (BU) ond B Lower (BL). Data
memory in RAM is addressed by all 7 bits and discrete
input/output ports are addressed by the 4 bits in BL when
the most significant bit of B Upper is zero.

The BL portion is also an up~down counter which may be
automatically incremented or decremented and tested for
overflow or underflow by the Exchange Increment and Skip,
Exchange Decrement and Skip, Increment B, or Decrement
B instructioris.

DATA MEMORY (RAM)

The Random Access Memory (RAM) is used for data memory
words of 4 bits each. This memory is used to buffer input
or output values, hold intermediate results and also may
be used as registers used for timers, counters, comparators,
etc. when the microcomputer is used as a universal logic
element. The MM77 RAM contains 96 words and the
MM78 RAM contains 128 words.

CLOCK CONTROL (VC, CLKIN, EXCLK, AND
OSCILLATOR)

The microcomputer may be driven by either its internal
clock or an external clock source. Regardless of the source,
a resistor must be connected between the VC input and
VDD. The resistor value may be used to slightly vary the
operating frequency; typical values are 56K ohms for

80 kHz and 47K ohms for 100 kHz.

The nominal 80 kHz internal clock may be used to drive
the microcomputer in systems where precise timing is not
required. The internal clock is selected by tying the
CLKIN pin to VDD ond the EXCLK pin to VSS. The A
and B clock terms are brought out so external logic can
be synchronized.

An external frequency reference in the range 40 kHz to
100 kHz may be used in systems when precise timing is
required. When the EXCLK pin is tied to VDD, the
microcomputer will be driven by on external square wave
oscillator input through the CLKIN pin.

\
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A specific definition of the clock waveforms is discussed
in the section on Electrical Interface.

\_3-4/1 TESTABILITY (TEST)

Another advantage of the PPS-4/1 microcomputer family is
testability both at the factory and user levels. When a
test state is indicated by the test input line, the PPS-4/1
goes into a fest mode which tests ROM and allows testing
of the RAM and instruction logic.

POWER SUPPLY

When inputs and outputs interface with other PMOS
devices, or CMOS devices, V5SS = GND and VDD =
=15V £5% provide proper interface levels. When inter-
facing with TTL devices, VSS should be +5 and VDD at
-10 volts.

POWER ON RESET (PO)

The PO signol is derived from an external resistor, diode,
and capacitor pulse shaping network which is tied to the
power supply as shown in Figure 1. When power comes on,
this circuit automatically sets the Program Counter to a
fixed starting focation and all outputs are set to a “float"
(-V) state. The Program Counter then initiates the first
instruction (which must be a Set Carry, Reset Carry or
NOP instruction) to be read from the read only memory
(ROM) into the instruction decode logic. After executing
the first instruction the Program Counter increments so

that the second and subsequent instructions may be recalled
from memory and executed.

PPS-4/1 MM77, MM78 INSTRUCTIONS

The PPS-4/1 MM77 and MM78 have an extremely
sophisticated instruction set which is summarized in Table 1.

Table 1. MM77, MM78 INSTRUCTION SET

Description

Op Code Bytes Cycles
RAM Addressing Instructions
XAB 1 1
~r

LBA 1 1
*LB** 1 1
*EOB** 1 i
THBL** 2 2
t*INCB 2 2
1*DECB 2 2
SAG ] 1

Exchange Accumulator with B Lower (least significant 4 bits)
Load B Lower from Accumulator

Load B Upper with zero and B Lower with immediate field
Exclusive OR B Upper with three bit immediate field

Load B Register Long with 7 bit (4 bits 1st byte, 3 bits 2nd byte)
immediate field. This instruction should not be skipped.

Increment B Lower and modify B Upper with 2 bit immediate field;
Skip if BL counts to 0. This instruction should not be skipped.

Decrement B Lower and modify B Upper with 2 bit immediate field;
Skip if BL counts to 15. This instruction should not be skipped.

Special address generation. Uses 011 for B Upper and actual value
of B Lower for addressing memory or Discrete 1/O for next cycle
only. Does not change B Upper in the register.

Bit Manipulation Instructions

*Sg 1 ]
*RB 1 !
" +SKBF | 1

Set Bit in word in memory. Specific bit designated by 2 bit
immediate field and specific word addressed by B Register.

Reset Bit in word in memory. Specific bit designated by 2 bit
immediate field and specific word addressed by B Register.”

Skip on designated Bit in addressed Memory when bit is false (zero).
Bit is selected by 2 bit immediate field.




Table 1. MM77, MM78 INSTRUCTION SET (continued)

Op Code Bytes Cycles Description
Register to Register Instructions
XA 1 1 Load X Register from Accumulator
XAX 1 1 Exchange Accumulator and X Register contents
XAS 1 1 Exchange Accumulator and S Register contents
Register Memory Instructions
*L 1 1 Load Accumulator from Memory and modify B Upper with 2-bit
immediate field
*X 1 1 Exchange Accumulator with Memory and modify 8 Upper with 2-bit
immediate field
*XDSK 1 1 Exchange Accumulator with Memory and modify B Upper with 2-bit
immediate field; Decrement B Lower and Skip if BL counts to 15
*XNSK 1 1 Exchange Accumulator with Memory and modify B Upper with 2-bit
immediate field; Increment B Lower and Skip if BL counts to zero
Arithmetic Instructions
A 1 1 Add Memory to Accumulator (carry not used or set)
AC 1 1 Add Memory and Carry to Accumulator; form sum and carry
ACSK 1 1 Add Memory and Carry to Accumulator; Skip if resulting Carry
: equals “one"
DC 1 1 Decimal Correct (Add 6 with no carry in or out and no skip)
COM 1 1 Complement Accumulator
RC 1 1 Reset Carry
sC L ! Set Carry
SKNC 1 1 Skip on No Carry
*LAL*** 1 1 Load Accumulator with contents of immediate field
*AISK 1 i Add Accumulotor and Immediate field; Skip on No Overflow. No
Carry is set or used. (AISK 6 = DC so no skip occurs)
ROM Addressing Instructions
RT 1 2 Return from Subroutine
RTSK 1 3 Return from Subroutine and Skip first instruction. All transfer bytes
may be skipped. Only macro instructions marked t may not be skipped.
T 1 2 Transfer on-page to 6 bit immediate field location
NOP 1 1 No Operation




Table 1. MM77, MM78 INSTRUCTION SET (continued)

fo——

Op Code Bytes Cycles Description
s

I ROM Addressing Instructions (continued)

TL 2 3 Transfer Long off-page to pages O through 15 (addresses #000
theu #3FF)

TiB 3 4 Transfer Long Banked to pages 16 through 29 (addresses $400
theu #77F)

™ 1 2 Transfer and Mark to special subroutine page SRO (addresses #7CcO
thru #7FF)

™L 2 3 Transfer and Mark Long to subroutine on pages O through 15

(addresses #000 through f3FF)

TMLB 3 4 Transfer and Mark Long Banked to subroutine on pages 16 through 29
. {addresses ¥400 thry #77F)

Logical Comparison lnstructions

SKMEA 1 1 Skip on Memory Equals Accumulator

*SKBEI 2 2 Skip on B Lower Equals Immediate field

*SKAE! 2 2 Skip on Accumulator Equals Immediate field (SKAEI #15 is not valid)

TAB i 3+N Table Look Up. Based upon value in Accumulator (N), execute 1
~ instruction byte, then skip next N+ 1 instruction bytes before

executing next instruction,

Input/Output Instructions

SOS i 1 Set Output, bit selected by B Lower to VSS
ROS 1 1 Reset Output, bit selected by 8 Lower, to -V
SKISL i 1 Skip on Input Selected Low (-V) on bit selected by B Lower. Bit
| sampled during prior cycle.
IX 1 1 Iaput to X Register from RIO lines 5 thru 8
OX i 1 Output from X Register to RIO lines 5 thru 8
10A 1 1 Input A Receivers to Accumulator and Output A to A Buffer to RIO
lines 1 thru 4 (mask option to also output X to X Buffer)
10S 1 1 Serial Input and Output from S — shifting takes 8 cycles concurrent
' with other instruction operations :
115K 1 1 Input Channel 1, Add to A and Skip if No Carry is generated
12C 1 1 Input Channel 2 to A and complement
INTIL 1 1 Skip on INT1 equals -V
—_ INTOH 1 i Skip on INTO equals VSS




ruondnysul (S 1Y 10 1Y) uingaa ayy Buynoaxa oy sorid (0ysS) °bod Asjua ay4 o4 (1 ¥S) obod uoisuayxa ayy
woyy 13j5unyy © Aq pamojjo} a0 Aayj vaym [3y3S 10 [IGNS uD 33ndaxa jou Aow W) O ,(q pajjpd auynoIgns iy 17 330N

*(di4s 0} 53)242 omy saxoy 11 "B "3) uoyonyysuy paddpys ayy ut sajhq
40 1oquinu Yy o jonaba s) paisinbai $8)245 Jo Jaqunu ayy (paloubl ‘-3 1) paddids s) UOIONIYSUL UD 1BABUBYM (| DION

'SJSqUJﬂU IDI.U!DQPDXGL' 31D 4 /(q papaoa)d s;aqumN #

“jaw jou si J3jsupnliy 10§ UOH}IpuUOd 31‘" USLIM SQ'DKD jo Jaqwnu $940J1pUl Jaq\unu puooas pun jaw
S} UOIJIPUOD Uaym sap/(s jo )aqwnu soo21puy umnloo 53'31(3 |y} vy Jaqumu J54t4 Gl“ 'SUO“O{U;SU! 13jsunyy lDUO!]!pUOD
3y} Joj 'd!)ls D $3JNDOIXI l'D!LlM uotjoNiysul o Kq pOPBDBJd 2q jou jsnw LlD!I.iM SUOONJISUL oldoDw ”D alo asalul

*paioubl aq | im Builys ayj ul suoYONIYSUY [y BY4 JO 1BPUIDWAS BY |
"PainNoaxa 2q ||1m PIIFJUNOOUS UOHDIALSUL [T 15114 By AJuo 0DUanbas UL SINDDO UOLDAIISUL Y] SUO UDLY S30W USYM ., 4

‘paindIXa .aq OSID “!M uoljonijsul g pajndaxa uo 1a}io gOJ is11) 3Yy le“ ;daoxa pa.louﬁg aq “!M aosuanbas
2y} ul suoijdoniysul 197 40 403 'g] aq; 30 puUiInwdY al.ll ‘pPaindoxa aq "!M watp josuo 1511,-;1{4 A'UO SUOLIDN IS
197 Puo gO3 ‘g1 0 seinyxiw Jo g7 Jo gO3J ‘gl 4o Buiys o so aduanbas u) apaddo suolonisutl 147 10 4OT ‘81 YRYMas

"$)1q § S PJo1) 2401PIWL DYy ISIMIBY0 patj1dads
Jou JI  'UOIIdNNSUL J1G-G B} JO §i0d SD PIPN|OUL BID YOIYM SHIG XIS 10 N0} ‘2a1y} ‘omy st (J]) PjoY 2ipipawwl ay}),

MOT pa3o2jog induj uo Buoy soysupi} £~ 14 1L}
Y61y paso9)as induj uo Buoq 1ajsuosy £~y I HITL1}
MO 51 19m0] g Aq payda)ag jnduj j1 abod unjiim saysuosy £~y € 1L
ybiy st Jomoy g /(q paisajag ynduj 51 a6pd URJIM JDJSUDS) -t Z Hil}
Kiowsyy jonb3 joN| v uo Buoy sajsunay c-y £ INIL}
Aiowapy jonb3 vy uo Buoy saysubsy £-5 4 314
Arowayy jonb3 joN v vo abod uyyim 1aysubs) Z-¢ z INLE
Arowayy |onb3 v uo abod ulyjim 1ajsuosy £ ¢ 31}
an) Aiowapy Ut 41g uo Buoy sajsups} - £ 9L
as)oy Asowapy uy J1g vo Buog 1ajsuos) £-G ¥ 49714
an1} Aiowopy vl jig uo 9bod Uiy IM JBjsUDS} Z-¢ Z 1814
354 Asowayy vl Jig uo abod uiyyim Jajsuosy -y € 4814
195 Aup") ONj uo Buoy Jaysunsy €-6 4 ON1L}
19§ A1D7) uo Buoy 13)suos) c-¥ € o1
135 A107) opN uo abod uyiim Jaysuos) c-v £ DML
135 K110 uo 960d ulYjIm 13§5uDS | A4 b4 . D14
V ”;sugép;uslq ;qsum 1 iouompuo:)
uoijdiissag 531245 sajhg apon) do

(p2nunuod) 135 NOITIDNYISNI 8/ZWW “ZZWW  °L 3jqo)



MULTIFUNCTION INSTRUCTIONS

Much of the power of the MM77, MM78 instruction set
:omes from a group of multifunction instructions which in
, —addition to performing a basic function such as load or
exchange also set up the next address and perhaps test to
see if the function is complete so a computational loop
may be terminated automatically.

To understand these instructions it is necessary to under-
stand the operation of the Data Address Register B. The
B Register has two segments, 8 Upper and B Lower.

B Lower is four bits in capacity and B Upper is three as
shown in Figure 2. The bits in the B Register may be

modified in groups of 2, 3, 4 or 7 bits as shown in Table 2.

It can be seen from the data memory map (Figure 3), that
B Upper addresses a row and B Lower selects the column
within that row.

7 6 5 4 3 2 1

| LI A 1] ¥

B UPPER 8 LOWER

1 i 1 1 1

A\ ~v— s
GROUP 2 GROUP 1

\ v

~—

GROUP 3

Figure 2. ADDRESS REGISTER ORGANIZATION

Suppose that a number is in a register, REGISTER 1, which
occupies Row 2, Columns 0 through 5. The program to
initially set the B Register address to Row 2, Column 5, and
then shift the contents of the register left 1 decimal place
with a zero loaded into the vacated position is as follows:

ONE  LBL #25
TWO  LAI 0
LSFT  XDSK O
FOUR T LSFT

Instruction ONE sets the B Register to hexadecimal 25 (the
# symbol indicates a hexadecimal number rather thon a
decimal number). Instruction TWO loads zero into the
Accumulator. The instruction in location LSFT (XDSK)
causes the contents of the Accumulator to be exchanged
with the addressed memory cell (initially #25), decrements
the B Lower address to point to #24 and leaves the B Upper
register alone since 0 Exclusively ORed with anything
leaves it unchanged. |

The XDSK instruction also tests to see if the complete
register has been shifted by checking the decremented

8 Lower. If B Lower decrements from zero to #F, then the
next instruction will be skipped. Since, after completion
of the Ist XDSK instruction, B Lower is 4, no skip occurs,
Consequently the transfer instruction is not skipped and the
process is repeated. The prior contents of #25 which are
in the Accumulator are exchanged with 24 and the address
is decremented and tested again. Subsequently the

N
Table 2. DATA ADDRESS MODIFICATION
Instruction Address Bits Modified Coadition to
Actomatically
Group 3 Group 2 Group 1 Terminate
Op Code Immediate Field All Bits of BU 2 LSBs of BU BL Process
XAB* —_ — —_ Exchanged with A -
LBA - - - Replaced with A -
LBL Upper/Lower Replaced (2nd) — Replaced (first) -
LB Lower Zero - Replaced -
EOSB Upper Exclusive OR - No Change -
INCB* 2 bit Upper - Exclusive OR Increment and Test for O BL counts to 0
DECB* 2 bit Upper - Exclusive OR Decrement and Test for #F | BL counts to #F
L 2 bit Upper - Exclusive OR No Change -
X 2 bit Upper — Exclusive OR No Change -
XDSK* 2 bit Upper - Exclusive OR Decrement and Test for #F | BL counts to #F
XNSK* 2 bit Upper - Exclusive OR Increment and Test for O BL counts to 0
SAG - Unchanged but - —_ -
effectively 011
for 1 cycle
1 *In the cycle immediately following these instructions, the contents of BU and BL registers are correct as modified.,
' However, in the cycle immediately following the address modification instruction, instructions which oddress memory
will have B Upper modifications completed but the old value of BL will be used in forming the effective memory address.
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contents of #24 are moved to 723, 123 to 122, 722 to 121
and 721 to #20. Mote that when this last operation is
performed the B Lower register will decrement from 0 to fr
causing the transfer instruction to be skipped and the
process terminated.

Suppose that the contents of REGISTER 1 are to be comple-
mented and moved to the register called REGISTER 2 in
Row 3. The progrom to do this follows:

ONE 8L 125  Point to hex 25

TwWo 1 Load and point to hex 35
THREE COM Complement

FOUR XDSK 1 Exchange, Point to 24, test
FIVE T TWO  Not thru, repeat

The Exclusive OR function between 01 from the immediate
field of instruction TWO (L 1) and 10 in bits 6 and 5 of the
B Register converts the B Register address to 011 0101 (¥35)
as well os loading the Accumulator.  Similarly the 01 in

the immediate field of the instruction in location FOUR
causes the 11 bits in locations 6 and 5 to be converted to

10 (2) and the B Lower is also decremented and tested in
addition to performing the exchange. Consequently, the

B Register at the conclusion of this instruction is 010 0100
(724) which is pointing at the next data to be complemented.

The process is repeated again until the complemented

value of memory cell #20 is stored in 730 and then the
process automatically terminates because B Lower will
decrement from 0 to TF after the exchange.
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APPLICASLE TO THE MM77 ONLY

* ADDRESSES #48-*4F AND *58-*SF
ADDRESS THE SAME MEMORY CELLS
AS ADDRESSES *40-747

*+ ADDRESSES *68-16F AND #78-47F
ADORESS THE SAME MEMORY CELLS
AS ADDRESSES 460-%67

Figure 3. DATA MEMORY MAP FOR PPS-4/1 MM77, MM78

A program to move the data from REGISTER 1 to REGISTER 2

is as follows:

LBL 125
MOVE L 1

XDSK 1

T MOVE

The same program will move 16 four-bit words if the
process is started ot #2F instead of #25:

8L Ix
MOVE L 1

XDSK 1

T MOVE

The PPS-4/1 is particularly efficient for using subroutines
which may operate for different lengths of data registers

in memory. For instance if it is desired to use one
subroutine with two entry points to either move 6 characters
or 16 characters respectively, the following progrom may
be used:

™ MOVF subroutine call to
RETN  [NEXT INSTR]  move 16 characters
MOVF  LBL t2r
MOVé6  LBL 125
MOVE L 1

XDSK 1

T MOVE

RT

The PPS-4/1 ignores LBL instructions in a string except for
the first one executed. Consequently, for this example,
the B Register is loaded with #2F and the LBL 725 is
ignored so 16 bytes will be moved. A TM MOV$
instruction would load the B Register with #25 so that

6 characters would be moved. After moving the 16 or 6
charocters the T MOVE instruction will be ignored and
the RT instruction causes the program counter to return to
the next instruction after the TM MOVF or TM MOVé
instruction so that the main program can continue from that
point. If more than one subroutine call is used in the
program (the usual case for subroutines) the program will
always continue with the next instruction after the specific
one which called the subroutine when the subroutine has
completed its process.

Since the MM77 may oddress 128 data memory cells and
there are actually 96 memory cells, the MM77 has two
groups of eight memory cells which have three addresses.
The remaining 80 memory cells each have unique
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addressing. By this triple addressing technique system
designers using the MM77 have the option of considering
‘~ta memory to be six 16-character rows or four 16~ '
_sracter rows and four 8-character rows or a combination
o both. Thus the system designers can use the addressing
scheme which optimizes the MM77 to their specific design.

There are three types of unconditional transfer instructions
(T, T, and TLB) and three types of transfer and mark
instructions (TM, TML, and TMLB). The ROM Map Table
(Table 3) will help explain their usage.

There are 64 program memory bytes on a page. An
unconditional transfer to another location on the same
page requires a one byte T instruction which contains as
part of the instruction the specific location for the next
instruction be be executed. If the next instruction is not
on the same page and is not in pages 16 through 29, then
a two byte instruction TL is used. If the next instruction
is in pages 16 through 29, then a TLB instruction is used.

The subroutine call instructions TML and TMLB are similar.
However, the TML instruction is used when the first
instruction of the subroutine is on any of the general pro-
gram area pages (even if it is the same page) and TMLB is
used to call a subroutine on pages 16 through 29.

The TM instruction operates differently. The TM instruction
is one byte long and always transfers to a subroutine on
page SRO of the primitive subroutine area. The primitive
subroutine area (SRO and SR1) is special in that it comprises
two 64 byte sections, 31 and 30 respectively. One byte
transfers are used to go between the two sections. This area
is intended for easy access to primitive subroutines which
are often used and do not call other subroutines. Two levels
nested subroutines can be accommodated in the hardware
Stack Registers, SA and SB.

The subroutine may be self-contained within that area or
the subroutine may perform an unconditional transfer to
anywhere in memory via a TL or TLB instruction. In this
latter case the subroutine may call another subroutine.

The PPS-4/1 conserves ROM by allowing these simplified
one byte subroutine calls to be used for the high usage
subroutines. This is a unique capability in the PPS
family which effectively increases the amount of ROM
available for other functions.

A capability provided in the MM?77, MM78 versions of the
PPS-4/1 is a table look-up instruction designated (TAB).
The TAB instruction uses the initial contents of the
Accumulator to select one of up to 16 alternatives. The
alternatives may be code conversion, program jump tables
or combinations of both,

Table 3. ROM MAP

N
Page No, Program Memory (ROM) Allocation
0 64 bytes general program area - Not used MM77 W W
1 64 bytes general program area
2 64 bytes general program area
3 64 bytes general program area
4 64 bytes general program area
5 64 bytes general program area on page transfers
6 64 bytes general program area (T) — one byte TML
7 64 b e | program area L L
ytes general progr r Subroutine area
8 64 bytes general program area - Not used MM77 off page transfers T
9 64 bytes general program area (TL) — two bytes
10 64 bytes general program area
11 64 bytes general program area
12 64 bytes general program area
13 64 bytes general program area
14 64 bytes general program area
15 byte 0 = power on location - remainder general area J J
16-24 44 bytes banked program area - Not used MM77 ) on page teansfers
25 64 bytes banked program area (T) — one byte
26 64 bytes banked program area L TMLB
27 64 bytes banked program area .off page transfers to Subroutine area
28 64 bytes banked program area page in this area
29 64 bytes banked program area J  (TLB) — three bytes
31(SR0) TM address area (1 byte subroutine calls start here and extend to page SR1 (30) or to other
sections of memory)
o 30(SR1) Extension of primitive subroutine area from page SRO(31)
' Note: The development circuit for the PPS-4/1 MM77 (Part No. A7799) can use all 2048 addressable bytes for
developing programs. Consequently pages 0, 8 and 16-24 may be used as necessary during the development
and the final programs condensed to the addresses shown above for the production program.




A more complete description of programming techniques is

‘n the PPS-4/1 Programming and Applications Manual,
\_-eatures of the assembly, editing, and emulation capabilities
on the PPS Universal Assemulator development hardware

are discussed in the PPS-4/1 Operators Manual for Universal
Assemulator. An assembly capability for the MM77, MM78
is also available in FORTRAN IV and on the General
Electric Information Services system. That assembler is
described in the PPS-4/1 Single Circuit Microcomputer
Series Programming Manual,

DECIMAL ADDITION
EXAMPLE

To further illustrate the flexibility ond efficiency of the
PPS-4/1 MM77, MM78 instruction set, a decimal addition
subroutine which has multiple entry points will be discussed.
These different entry points allow the contents of different
memory registers to be added together and the resulting sum
left in the designated one of the two registers involved in
the oddition and also illustrate decimal addition with
differing numbers of decimal digits. In the PPS-4/1 system
the same subroutine may be used for both types of functions.
This decimal add subroutine is as follows:

ADIO 8 #09 Entry to Add 10 digit register
pair 1*
AD12 1BL 138  Entry to Add 12 digit Register
o —
Pair 2* :
ADS5 LsL #44  Entry to Add 5 digit Register
Pair 3*
DADD RC Reset carry for initial digit add
LOOP L 1 Load digit from 1st register and
point to 2nd
DC Decimal correct (add 6)
ACSK Add digit from 2nd register, skip
if carry is generated
AISK 10 Recorréct if no carry (add 10 with
no carry — skip if a carry from
prior instruction
XDsk 1 Store answer digit, point to next
digit in first register, skip if BL=15
T LOOP Repeat until last digit added
RT Through so return from subroutine
to next location after subroutine
call

*Register pair 1 adds Register #00-#09 to #10-#19 and puts
answer in #10-719.

Register pair 2 adds Register #30-#38 to #20-28 and puts
answer in £20-28.

Register pair 3 adds Register #40-744 to #50-#54 and puts
answer in #50-#54.

DADD is a general subroutine entry which may be used to
add from 1 to 16 decimal digits inrows Oto 1, 1to 0, 2 to
3 and 3 to 2, or from 1 to 8 decimal digits in rows 4 to 5,
Sto4d, 61to 7 0or7 to b The specific registers and the
number of decimol digits to be added are dependent upon
the initial value in the B Register.

ELECTRICAL INTERFACE

This section ond Table 4 define the electrical
specifications. -

The power supply for the PPS-4/1 microcomputer requires
a 15 volts £5% supply. This may be obtained by a single
15 volt or +10, 0, =5 volt supply when the input/output
system is interfacing with CMOS as shown in Figure 4 or
may be obtained from +5, 0, =10 volt supply when inter-
facing with TTL circuits as shown in Figure 5.

SYSTEM
vss COMM—T_N *+10V Y vicc, voo, ETC.
=10V
PPS 4/1 ov
PMOS voAb——— GND, VsS, ETC.
DEVICE
sv =5 CMOS
VDD | CIRCUIT

NOTE: The PPS-4/1 VSS must be connected to most
positive CMOS terminal.

The PPS-4/1 requires a 15 volt supply.
CMOS operates with an 8V to 15V input.
(If CMOS is only receiving PMOS inputs,
the input can range from 3V to 15V.)

Figure 4. TYPICAL PMOS TO CMOS POWER INTERFACE

SYSTEM
COMMON  +5V
VSS _L vCce
=V
PPS 4/1 ov
PMOS VDA E———- GND
DEVICE = 10v -
-10v
vDD "——]- CIRCUIT
NOTE: The PPS-4/1 requires a 15 volt supply.

TTL uses a 5 volt supply.

Figure 5. TYPICAL PMOS TO TTL POWER INTERFACE

DISCRETE 1/0 PORTS

The ten discrete 1/O ports (D1/O 0 thruy D1/O 9) are
selected by setting bit 7 of the B Register to zero and

B Lower to the appropriate value (i.e., #OI, ] 1, #21, or
#31 will select DI/O 1). Issuing a set output selected
(SOS) instruction will connect the output port to VSS
through 500 ohms moximum, lssuing a reset output selected
(ROS) instruction will couse the output to float, ollowing
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an external resistance to pull the output to a -V level.
The output will be stable by §2 of the following instruction.
‘Ainimum impedance is reached after F4. The output circuit
«_~ capable of sinking 3 ma maximum when all circuits are in
"use. To use as an input, the port must be selected by BL and
the Skip on Input Selected Low instruction issued. A skip
will be produced if the input is more negative, relative to
VSS, than -4. 2 volts. The inputs are fully synchronized so
that an asynchronous input signal may be used. The sam-
ling occurs during phase 3 (see Figure 9). The technique for
interfacing with TTL logic is shown in Figures 6 and 7.

PARALLEL 1/0 PORTS (RIO1-RI04)

The data in the parallel input/output ports RIO1 through
R1O4 will be exchanged with the Accumulator upon issuing
an Input/Output A (I0A) command. When used as an
output @ “1* in any bit position in the Accumulator will
cause the corresponding output bit to float, while a “0" in
the Accumulator will cause the output to be connected to
VSS through 500 ohms maximum. The outputs will be stable
by the following P2 time and the impedance to VSS when
the output is in the high state will be less than 500 ohms
after §4. The outputs are buffered through a register such
that any state will be held until another exchange is
executed. The output drivers will sink 3 milli-amperes
when all circuits are sinking current.

+0.3

L
1ov 1

VSS(15V)

4_0v——{—-’——
\ v
B YV L s——
NOTE I
1 1 DIODE DROP (CLAMP) 0.8V
MAX (-22V)
.F—-—--
! vssein

PROTECTIVE

1 outeul Device
DRIVER VI

{ l bind

1

]

INPUT/OUTPUT
PN

Tt
INFU

P

1NPUT
RECEIVER

V) VDA

A MEGOHM)

PPS~-4/1
CIRCUIT

NOITES:

1. Monitnum voltage which moy be applied to any input/output
pin is =30 volts relative to VSS.

2, Only an Open Collectar Deiver requires the Pull-Up Resistor,

Figure 6. TTL TO PPS-4/1 SYNCHRONIZED
INPUT RECEIVER INTERFACE

!
1
1
1 (INPUT IMPEDACE
i
[
t

VOH +0, 3v
VSS (+5V) —
+3. 4v ' \

VDA (TTL GND, OV) ——N

-f L oro0e DROP (CLAMP)=0, 8V
TYPICAL MOS OUTPUT TO TTL

Q@) MAX (-22v)

MOS
OEVICE § TTL

VSS (+5V)

R ON = 500 OHMS

{
|
{
{
|
3.0 MAMAX t

@

oureut
ONE TTL GATE

VvSs

NOTES:

1. Moximum voltage which may be applied 1o any
input/output pin is =30V relative to VSS.

2. SOS command causes gate output to be low.
“1* in A or X causes the gate output to be high.

Figure 7. PPS-4/1 OUTPUT DRIVER TO TTL INTERFACE

In order to use any bit position as an input, the corresponding
bit of the output buffer must be loaded with a *1* before
the exchange is performed so that the output driver will be
floated and may be set high or low by the external signal
to be input. By outputting zeros on any of the bit positions
prior to interpreting an input the bits input from those
positions will automatically be masked so that independent
of their state, zeros will be input. The inputs are fully
synchronized (sampled at @3 time) and will recognize a
voltage more negative than -4. 2 volts (related to VSS) as a
“1* and a voltage between +0.3 and -1, 5 asa "0". The
outputs will be initialized to the float state with power on.

PARALLEL 1/0 PORTS (RI05-RI08)

The parallel input/output ports RIO5 through RIO8 work
through the X Register by means of two commands. The
output X (OX) command will cause the X Register to be
copied into the output X Buffer Register and held after 2
of the next instruction until another load instruction is
executed. A “1" in the X Buffer will cause the output
port to float. (An alternate version of the 10P instruction,
output X and A (OXA) is available as a mask option. This
alternate instruction causes a simultaneous execution of
an [OA and an OX instruction to occur so that 8 bits may
be output with a single command. )



Table 4. MM77, MM78 ELECTRICAL SPECIFICATIONS

u OPERATING CHARACTERISTICS

Supply Voltage:
VDD = 15 Volts 5%
(Logic “1" = most negative voltage VIL and VOL.)
VSS = 0 Volts (Gnd. )
(Logic "0* = most positive voltage Vi and VOH-)
System Operating Frequencies:
80 kHz £50% with external resistor

Device Power Consumption:
75 mw, typical

Input Capacitance:
<5 pf

Input Leakage:

Open Drain Driver Leakage (R OFF):
< 10 pa at ~30 Volts

Operating Ambient Temperature (TA):
0°C to 70°PC (TA = 25°C unless otherwise specified)

Storage Temperature:

-55°C to 120°C

ABSOLUTE MAXIMUM VOLTAGE RATINGS
(with respect to VSS)

Maximum negative voltage on any pin -30 volts.

<10 pa Maximum positive voltage on any pin +0. 3 volts.
Limits (VSS=0) Limits (VSS = +5V) Timing
(Sompte/ Test
Function Symbol | Min  Typ Max Min  Typ Max Good) Conditions
Supply Current (Average) | IDD 5ma B8ma S5ma 8ma VDD = -15.75V
for VDD T =25°C
Discrete 1/0's VIH [|-1lov +4,0V
DI/O0-DI/O9 ViL -4.2V +0.8V g3 8 g4
RON 500 ohms 500 ohms a2+ 3. 0 ma max.
Channel 1 Input VIH -1.5v +3.5V M
- PI11-PI4 VIL -4,2V +0.8V
Channe! 2 Input VIH -1.5v +3.5V 7
PI5-PI8 ViIL ~4,2V +0.8V
1/0O Channel A VIH -1.5Vv +3.5V 3
RI/O1-RI/O4 VIL -4.2Vv +0.8V g
RON 500 ohms 500 ohms g2* 3.0 ma max.
1/O Channel X VIH -1L.ov +4.0V Not sync.
RI/O5-RI/O8 VIL -4,2v +0.8V Must be
stable ot
g1 and 2,
_ RON 500 ohms 500 ohms g2+ 3. 0 ma max.
DATAI ViH |-lov +4.0V g4
N VIL -4.2Vv +0.8V
[ DATAO RON gar+
INTO - VIH -1.5V +3.5V g3
VIL -4,2V +0.8V
INT VIH -1.5vV +3.5V g
- B VIL -4.2V +0.8V
Clock _ VOH [-1.0V +4.0V CL = 50 pf (max)
A, BP, (B) vOL -10.0V -5.0V
EXCLK VIH -1.5V +3.5V STRAP
VIL -7.0V -2.0V F max=80 kHz
CLK IN VIH =1.ov +4.0V
VIL -10.0v -5.0V
Shift Clock Vv -1.0v +4.0V '
Clock N 4.2V gy | B
. RON 500 ohms 500 ohms gar+ 2. 0 ma max.
ve VIH 56K +5%
ViL
PO ViH -2.0V +3.0V coeciol circui
ViL ~6.0V -1.0V pecial circuit

*Stote established by #2 (minimum impedance after g4).
**Same as above except 4 minimum at §2 of next cycle.

s+ *Connect VC to VDD through a resistor: 56KQ for 80 kHz or 47KQ for 100 kHz.
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The Input X (IX) command will cause the state of the port
to be copied into the X Register. These inputs are not
synchronized so that they must be used for straps, signals
which cannot change at the time sampling occurs, or
signals which have been exterrally synchronized. Any
change in state of the external signals must occur during
phase 3 or 4 so that the input is stable during phases 1

and 2. Aan input signal more negative than -4.2 volts will
be a logic 1 and +0.5 to -1, 0 volts will be a fogic 0.

PARALLEL INPUT PORTS (Pll.-PM]

The parallel input ports PI1 through P14 will be added to
the contents of the Accumulator upon execution of an 115K
instruction and the next instruction will be skipped if no
carry is generated. The inputs are fully synchronized
during phase 1 and are TTL compatible. An input signal
more negative than -4. 2 volts will be a logic 1 and a

“0* range is from +0.3 to -1.5 volts.

PARALLEL INPUT PORTS (PI5-PI8)

The inverted state of the parallel inputs PI5 through PI8
will be copied into the Accumulator upon receipt of an 12C
instruction. The inputs are synchornized during phase 3
and are TTL compatible.

CONDITIONAL INTERRUPTS (INTO AND INTI)

The conditional interrupt ports may be utilized in two
different ways. The first way is that the input logic level
can be tested directly by means of the conditional
interrupt 0 or conditional interrupt 1 instructions, INTOH
or INTIL. A skip will be produced when the INTO signal
is at Vs and when the INT1 signal is at -V.

The second way of using the conditional interrupt capa-
bility is to test the state of a flip-flop associated with
each input in a manner similar to the discrete 1/0 ports.
The flip-flops are selected by BL (BL = decimal 11 for INTO
and decimal 10 for INT1) and may be set or reset by the
discrete 1/O instructions (SOS or ROS). If the flip-flop
for INTO is placed in the set state and a transition occurs
on the input from the -V state to the Vsg state for one bit
time or more, the flip-flop will be reset. Consequently,
the signal to activate a conditional interrupt need only be
a pulse, as long as it is at least one clock period long.
The state of the flip-flop may then be tested and will
indicate that a -V to Vg level pulse did occur even
though the Vs level has gone away.

The INT1 signal performs in the same manner except that a
transition from a Vss level to a =V level for one bit time
will cause the flip-flop to be reset. (The development
circuit is supplied os described above. )

However, in production circuits there are options available
to make both inputs reset when either positive pulses (-V to
Vs to =V) or negative pulses (VSS to -V to VsS) occur by
means of mask changes. An additional feature which may
be included as a mask option will cause the pulse transition
on the INT1 port to reset the flip-flop associated with
D1/O0 and thus cause the discrete output to float so that
an automatic echo signal may be provided. The inputs are
sompled at phase 1 for INT1 and phase 3 for INTO and are
TTL fevel compatible as shown in Figure 6.

SERIAL 1/0

A register is built into the circuit which may be used as a
serial IN/OUT buffer and may also be used for parallel
exchange with the Accumulator. Data to be output is
loaded into the Accumulator and transferred to the Sesial
Register by the Exchange A and S (XAS) command. The
serial 1/0 (105) command couses the data to be shifted out
along with a clock for clocking external devices. Each bit
of data is presented at the output for two bit times and the
clock will make the negative to positive transition in the
middle of this time so as to be compatible with CMOS
clocking requirements. Data may be input at the same time
and then transferred to the Accumulator. .

The data and clock outputs are 500 ohm maximum open
ended devices capable of sinking 3 milli-ampcres maximum
and are TTL compatible as shown in Figure 7. The serial
input is sompled during phase 4 and TTL compatible as
shown in Figure 6.

Data may also be shifted into or out of the S Register unde:
external shift clock control. A shift clock signal may be
applied to the CLOCK signal ine to cause the internal

S Register to shift and perform a serial input/output
function at the PPS-4/1 clock rate. If shift rates lower
than this are desired, the shifting must be done in synchro-
nism with the A clock signal for the particular shift pulse.
The shift clock input is sampled at #4 time and is TTL
compatibie as shown in Figure 6.

The basic timing for the serial input/output capability is
shown in Figure 8.

The pin connections for the MM77, MM78 microcomputers
are summarized in Table 5. The pin connections for the
A7799 and A7899 personality module development circuits
are shown in Table 6. The pin connections for the A7798
and A7898 development circuits, used. for customer proto-
typing with external memory, are shown in Table 7. The
basic timing for the PPS-4/1 is summarized in Figure 9.
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S REGISTER Figure 8a. INTERNALLY CONTROLLED SERIAL INPUT/OUTPUT
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DATA .
CLOCK  Vpp 1
2
DATA OUT
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Figure 8. TIMING OF SERIAL INPUT/QUTPUT

—11.5 ls—], 3 —otw-2 7 - 1.9 le— 2.4 —f=—2_ 4
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Figure 9. TYPICAL CLOCK WAVEFORMS WITH EXTERNAL 56K OHM RESISTOR
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Table 5. PPS-4/1 MM77, MM78 SIGNALS (Part No. A77XX and A78XX)

Pin No. Signal Name Function
1 Bp B8 Prime System Clock
2 A A System Clock
CLKIN External Clock square wave input (VSS when
not used)
4 EXCLK External Clock selection (VDD = External
VSS = Internal)
5 vC Resistor frequency control R to VDD
6 vDD -15 Volt Supply (Ist pin)
7 VSS V'SS Positive Power Supply Terminal
8 -
9 TEST Commands Test Mode (VSS normal operation)
10 Pl4 Channel 1 bit 4
[} Pi8 Channel 2 most significant bit (4)
12 PI3 Channel 1 bit 3 ‘
13 P17 Channel 2 bit 3
14 Pl Channe! 2 bit 2
15 P12 Channel 1 bit 2
16 PIS Chanenel 2 bit 1
17 VDD =15 Volt Supply (2nd pin)
18 PI1 Channel 1 bit 1
19 PO Power On reset input
20 RIOS X 1/0 Channel Least Significant Bit (1)
21 RIOS X I/O Channel bit 2
22 R1O7 X 1/0 Channel bit 3
23 RIO8 X /O Channel bit 4
24 RIO1 A 1/0O Channel bit 1
25 RIO2 A 1/0 Channel bit 2
26 RIO3 A 1/O Channel bit 3
27 RIO4 A 1/0 Channel bit 4
28 CLOCK Shift Clock Output or Input (VDD if serial register
29 DATAO Serial Output signal not used)
30 DATAI Serial Input signal
31 INTO Interrupt O input
32 INT1 Intercupt 1 input
33 DI/OO0 Discrete 1/0 line 0
34 D1/O1 Discrete 1/0 line 1
35 DI/0O2 Discrete 1/0 line 2
36 DI/O3 Discrete 1/0O line 3
37 DI/O4 Discrete 1/0 line 4
38 D1/O5 Discrete 1/O line 5
39 DI/O6 Discrete 1/0 line 6
40 Di/O7 Discrete 1/0O line 7
41 D1/0O8 Discrete 1/0 line 8
42 DI/O9 Discrete 1/0 line 9




Toble 6. PPS-4/1 MM77, MM78 PERSONALITY MODULE DEVELOPMENT CIRCUIT SIGNALS

(Part No. A7799 and A7899)

E\/No. Signal Name Function Pin No. Signal Name Function
1 - 33 (P583) PC bit 5, BL bit 3
2 RIOS Some as A77XX 34 (P4B2) PC bit 4, BL bit 2
3 RIO7 Same as A77XX 35 (P3B1) - PC bit 3, 8L bit 1
4 RIOS Same as A77XX 36 CLKIN Same as A77XX
5 RIO1 Same as A77XX 37 EXCLK Same as A77XX
6 RIO2 Same as A77XX 38 (18) Instruction bit 8
7 - 39 (17) {nstruction bit 7
8 RIO3 Same as A77XX 40 -
9 RIO4 Same as A77XX 41 vC Same as A77XX
10 CLOCK Same as A77XX 42 vDbD Same as A77XX
n DATAO Same as A77XX 43 (P1187) PC bit 11, BUbit 7
12 DATAI Same as A77XX 44 (P814) PC bit 8, Inst bit 4
13 (P212) PC bit 2, Inst bit 2 45 (P916) PC bit 9, Inst bit 6
14 (P6B4) PC bit 6, BL bit 4 46 (P1015) PC bit 10, Inst bit §
15 INTO Same as A77XX 47 (P713) PC bit 7, Inst bit 3
16 INTI Same as A77XX 48 TEST Same as A77XX
V7 DI/O 0 Same as A77XX 49 P4 Same as A77XX
v|8 DI/O 1 Same as A77XX 50 PI8 Same as A77XX
19 DI/O 2 Same as A77XX 51 PI3 Same as A77XX
20 DI/0O 3 Same as A77XX 52 P17 Same as A77XX
21 D1/O 4 Same as A77XX 53 Plé Same as A77XX
22 DI/O 5 Same as A77XX 54 PI2 Same as A77XX
23 - 55 P15 Same as A77XX
24 P PC bit 1, Inst bit 1 56 Pl Same os A7T7XX
25 - ' 57 PO Some as A77XX
26 DI/O 6 ‘- Same as A77XX 58 (B5) BU bit 5
27 DI/O 7 Same as A77XX 59 (86) BU bit 6
28 AAN Same as A77XX 60 (SKIP) Skip indicator
29 DI/O 8 Same as A77XX 61 -
30 DI/O 9 Same as A77XX 62 -
31 BP Same as A77XX 63 -
32 A Same as A77XX 64 RI/O 5 Same as A77XX

PC outputs during phose 2 in complement form. (0=-V, 1= VSsS)
B outputs during phase 4 in complement form. (0=-V, 1= VSS)
Inst inputs at end of phase 4 in true form. (0= VSS, 1=-=V)

Skip output is -V during B4 if next instruction is to be skipped.

N
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Table 7. PPS-4/1 MM77, MM78 DEVELOPMENT CIRCUIT SIGNALS

(Part No. A7798, and A7898)

Pin No. Signal Name Function Pin No. Signal Name Function
1 DI/O1 Same as A77XX 27 Pl4 Same as A77XX
2 D1/O2 Same as A77XX 28 pig Same as A77XX
3 DI/O3 Same as A77XX 29 PI3 Same as A77XX
4 DI/O4 Same as A77XX 30 P17 Same as A77XX
5 (Pi) PC bit 1, Inst bit 1 31 Pi6 Same as A77XX
6 DI/O5 Same as A77XX 32 P12 Same as A77XX
7 DI/O6 Same as A77XX 33 PI5 Same as A77XX
8 DI/O7 Same as A77XX 34 Pl Same as A77XX
9 - DI/O8 Same as A77XX 35 PO Same as A77XX
10 DI/O9 Same as A77XX 36 (P6B4) " PC bit 6, BL bit 4
11 BP Same as A77XX 37 (P212) PC bit 2, Inst bit 2
12 A Same as A77XX 38 VSS Same as A77XX
13 (P5B3) PC bit 5, BL bit 3 39 RIO5 Same as A77XX
14 (P4B2) PC bit 4, BL bit 2 40 RIOG Same as A77XX
15 (P381) PC bit 3, 8L bit 1 41 RIO7 Same as A77XX
16 CLKIN Same as A77XX 42 RIOS8 Same as A77XX
17 EXCLK Same as A77XX 43 RION Same as A77XX
18 (18) Inst bit 8 44 RIO2 Same as A77XX
19 (17) lnst bit 7 45 R103 Same as A77XX
20 vC Same as A77XX 46 RIOA4 Same as A77XX
2i vDDb Same as A77XX 47 CLOCK Same as A77XX
22 (P11B7) PC bit 11, BUbit 7 48 DATAO Same as A77XX
23 (P814) PC bit 8, Inst bit 4 49 DATAI Same as A77XX
24 (P916) PC bit 9, Inst bit 6 50 INTO Same as A77XX
25 (P1015) PC bit 10, Inst bit 5 51 INT1 Same as A77XX
26 (P713) PC bit 7, Inst bit 3 52 D1/O0 Same as A77XX

PC outputs during phase 2 in complement form. (0=-V, 1= VvSS)
B outputs during phase 4 in complement form. (0 =-V, 1= VSS)
Inst inputs at end of phase 4 in true form. (0=VSS, 1=-V)




IASK OPTIONS

rell offers several mask options for the MM77 series
h—-crocomputers. These options are selected by the
ustomer at ROM order time, and may be used to simplify
particular application

NOTE

The mask options are not incorporated
into the MM77 development circuits,
30 customers requiring these options in
their production devices may wish to
simulate them during development with
either external circuitry or program
modifications.

KIP OPTIONS

hese options effect skip instructions DINO and DINI.
1 the development circuits, these instructions perform as
sllows:

o DINO — The flip-flop associated with DINO will
be reset with a positive-going pulse at the input.
Upon testing, the skip will occur if the flip-flop
is reset,

DINIT — Same as DINO, except that the flip-flop
«_ is reset with a negative-going pulse at the input.

Aask options are available which will invert these inputs
s shown below.

Standard Option 1

I —
L L I

‘he skip on level test is unaffected by these options.

Option 2

)INO Reset F/F

)INI Reset F/F

:CHO BACK OPTION

n the standard devices, the D1OO flip-flop is independent
»f the DINI input and the DIN1 flip-flop. The Echo Back
»ption causes the DIOO flip-flop to be reset when the
lip-flop associated with DINT1 is reset if both flip-flops
ave been set by the program. A transition on the DINI
nput causes the reset of the DIN1 flip-flop.

3-BIT PARALLEL OPTION

‘e standard devices the contents of the accumulator are
sxchanged with RIO1 through RIO4 upon execution of the

[OA instruction. The contents of the X Register are output
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on R105 through RIO8 by a separate instruction, OX. An
option is availoble which causes both of these operations
to occur upon execution of the IOA instruction. In this
case, the Output X instruction (OX) has no effect. The
Input X instruction (IX) remains unaltered.

Instruction Standard 8-Bit Option
10A A—RIO1-4 A—RIO1-4
X—RIO5-8

OX X—RIOS5-8 -

SYSTEM DEVELOPMENT AIDS
ASSEMULATOR

A sophisticated Universal Assemulator (assembler and
emulator unit)is available for PPS-4/1 systems development.
A personality module which is compatible with all members
of the PPS-4/1 family connects the Universal Assemulator
to a functioning PPS-4/1 microcomputer with very flexible
development aids. This unit converts a program written

in an easy to use assembler language fo the machine
language code which is interpreted by a special evaluation
version of the PPS-4/1 circuit. The Assemulator also has
flexible editing capabilities for modifying the assembly
language progrom and sophisticated debugging capabilities
for aiding in checking out the computer program and
integrating the microcomputer into the final system
configuration.

XPO-1

The XPO-1 is a complete microprocessor system with key-
board and display on a single printed circuit board. XPO-1
is an effective system development tool for the PPS-4/1
microcomputers. XPO-1 provides o cost effective method
of familiarizing personnel with thé operation, programming,
and capabilities of the PPS-4/1 microcomputers. It can be
used to develop and debug the software program including
ossembly, and it can then be used to exercise the program
in real-time in prototype equipment.

DEVELOPMENT CIRCUIT AND EVALUATION MODULES

The special development versions of the PPS-4/1 MM77,
MM?78 circuits are identical to the production version of
the MM77, MM78 microcomputers except that there is no
read only memory. In place of the read only memory area
on the circuit chip, address and memory output bonding
points are provided so that leads are brought out to an
external memory interface. This allows the program for the
PPS-4/1 development circuit to be stored in an externol
PROM or RAM memory. The external memory may be as
large os 2048 bytes. Consequently, the program may be
loaded, debugged and modified as necessary to perform the



desired functions for each specific system application until
a final program for that application is satisfactory. The
program may then be formed in ROM on the production
circuit.

The development PPS-4/1 A7798 or A7898 circuit is
available on a module for development and evaluation
which may be incorporated directly into the user's equip-
ment for demonstration, product evaluation etc.

SOFTWARE AND TRAINING

Other system support will include application and
programming services software packages and training
programs to facilitate easy introduction of the PPS-4/1
microcomputer into the user's system. PPS-4/1 programs
may be assembled using FORTRAN {V. The FORTRAN IV
program is also available on the General Electric
Information Services timesharing system,

THE ULTIMATE LOWEST COST SYSTEM

Rockwell is the microcomputer company which has a full
spectrum of microcomputer capabilities ranging from custom

circuits at one end of the spectrum to the extremely flexible,

almost minicomputer capability of the PPS-8 system.
Rockwell is the microcomputer company which has the
broad spectrum and the applications staff to assist its
customers in obtaining the lowest cost total system to do
each specific total system requirements. Rockwell makes
use of sophisticated microcomputer architecture using the
lowest cost technology so that whatever the complexity of
the application, a specific Rockwell system will always be
the lowest cost.

THE PPS-4/1 APPLICATION AREAS

The PPS-4/1 family of single circuit microcomputers fits
the spectrum of microcomputer application requirements by
forming a bridge between the custom circuits at one end of
its application area and the PPS-4/2 family of circuits at
the other end. The PPS-4/1 family fills in an application
niche between the more sophisticated microcomputer
families and the less costly custom circuits specifically
tailored to specific applications.

The PPS~4/1 allows new low cost products to be conceived,
developed, and put into production in moderate quantities.
Thereby it meets a specific need in the marketplace for
low cost, readily tailorable controller systems.

The PPS-4/1 also provides an opportunity for low cost
market evaluation of products which may have a potential
of very large production quantities. In these cases, the
PPS-4/1 provides a low cost stepping stone to establish
demand prior to initiating a custom design for a still more
lower cost production custom circuit. The system cost is
minimized because the custom circuit can strip away any
uneeded capabilities in the PPS-4/1 system to provide

the lowest cost most competitive ultimate product and may
also have the input output modified to incorporate some of
the external hardware in the production version. The final
production system development cost is also reduced because

the final custom microcomputer can still make use of all of
the software developed on the trial production unit.

The PPS-4/1 also provides a capability for a low cost
version of a'product which may be available in systems
having more features and more flexibility when imple~
mented in the larger scale PPS-4/2 or PPS-4 families.

POTENTIAL APPLICATIONS

The PPS-4/1 microcomputer fomily is designed to facilitate
integration with a variety of different kinds of systems
ranging from general purpose monitoring and control
functions through peripheral equipment coatroller and multi
PPS-4/1 microcomputer systems.

The specific selection of which member of the PPS-4/1
microcomputer family may be used for any specific
application is a function of the computational complexity
for the specific application. The input/output capabilities
of all of the current members of the family are basically
identical so that the differences in special features and the
software to perform the associated functions are the deter-
mining factors. For this reason, the applications defined in
the following examples are unspecific as to which member
of the PPS-4/1 family should be used. A few of these
applications are discussed in this section.

GENERAL PURPOSE MONITOR/CONTROLLER

A block diagram of the general purpose monitor/coatroller
is shown in Figure 10. This controller makes use of the
extensive input and output capabilities of the PPS-4/1
microcomputer circuit and illustrates a possible hierarchy

in the assignments of primary and secondary control
functions and primary and secondary status inputs.
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Figure 10. PPS-4/1 GENERAL PURPOSE
MONITOR/CONTROLLER



ut Examples

‘nals lobeled interrupt inputs are the highest
w_.y inputs and these could be used in control systems
ere virtually immediate action is called for by the
srocomputer.

» next level of inputs are the primary inputs that in this
ample have been assigned to discrete 1/O lines of 4
ough 7. These would be inputs that require a response
m the system but perhaps not as quick a response as the
errupt inputs would.

16 control switch matrix such as the one shown in the
ek diagram could be used to detect momentary switch
ntacts, limit switches, etc. where not more than one
ntact would be closed at a time.

e last type of input is illustrated in the general purpose
wnitor/controller as miscellaneous inputs that feed in
rough input latches which are enabled from one of the
screte output lines to a serial shift register which is
ifted in to be processed on demand.

utput Examples

the example general purpose monitor/controller, the
imary control functions are obtained from the buffered
itput from the X Register and the Accumulator, and the
e~ndary control functions are output from discrete input/
' lines (in this particular example, lines 2 and 3).
—
more control functions are required, a serial shift
gister which is loaded from the serial output from the
>5-4/1 may be used. A discrete 1/0 line is used to
ansfer the contents from the serial to the parallel
cternal register latches so that they may be held
ationary until it is time to change the control functions
\ some way.

)f course, in a real system application with differing ratios
f input to output requirements, the input and output
snctions of the discrete input/output lines could be
ompletely reassigned. An indefinite number of
iiscellaneous inputs and miscellaneous outputs may be
btained by adding external parallel-to-serial or serial-to-
arallel shift registers as required to get the desired

umber of input or output parameter signals.

MICROWAVE OVEN CONTROLLER

\ microwave oven controller example of a PPS-4/1
nicrocomputer application is illustrated in Figure 11. In
his case, one interrupt line is used to provide real time
slock inputs so that cooking time may be accurately
neasured. The other interrupt is used as an interlock input
i~ that if the microwave oven door is opened a signal is

ided to the controller which indicates that cooking is
ot proceeding. Opening the door will automatically cut
>ff power to the oven without action from the micro-
computer; consequently a time out situation exists. Since
the real time, 50 or 60 cycles input frequency has a

possibility of two values, the discrete input/output line
zero identifies to the controller which frequency is actually
being applied. For instance, if the oven is being shipped
to a country that has 50-cycle power, the selector line
could be set to VSS and if it is being sold in a country
which has 60-cycle power, the input line could be set to
the VDD voltage.

In this controller it is assumed that input parameters are
entered by means of a 28-key keyboord. These parameters
include: (1) time settings, (2) indications of the type of
food being cooked so that cooking rate can be established,
(3) whether or not the food placed in the oven is frozen,
(4) the desired degree of doneness, etc.

In this example, it is assumed that time information and
perhaps other status information is to be displayed in a

6 digit, seven segment decimal display and status indice-
fion in 8 status indicator lights. The strobe lines for the
key matrix, the 6-digit display and the indicator lights
are obtained from one set of seven discrete output lines
(DI/O 1-7). The four-bit parallel input to channel one
is used for the return lines from the key matrix.

The buffered outputs from the Accumulator and the

X Register are used as segment drivers for the digit and
indicator light sections and also are used as an input to
an 8-bit latch circuit which is enabled by the discrete
input/output 8 line fo provide control signals to the
magnitron, browner, light, fon, stirrer and audible alarm
devices.

In this specific example, no requirements are specifically
identified for the use of the serial input/output capability;
however, if there is a requirement for further controls or

if the timing function which is available in the circuit is
used to control other devices such as a conventional oven
or surface cooking units, the shift register outputs may be
used as desired.
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MATRIX PRINTER CONTROLLER

The next potential application shows the use of a PPS-4/1
microcomputer coupled to an external read only memory
for character generation for a matrix printer. This is
illustrated in Figure 12,

In this case 8-bit data comes to the PPS-4/1 controller
over the channel 1 and channel 2 input ports and any
necessary handshaking is accomplished through the discrete
input/output lines signifying that the printer is ready or
that the data is available to be input to the printer
controller system.

Control lines to the printer come from discrete input/output
lines 5 through 9 and the status and timing information
comes back from the printer over the interrupt 0 and
interrupt 1 lines. The 8 lines out from the buffered
Accumulator and X Register outputs are used to supply a
character code to the external ROM and discrete input/
output lines zero through 2 are used to identify the

vertical column through the character that is to be output
to control the matrix solencid drivers directly from the
character generator ROM,

This same general technique could be used any time that
there is some type of code conversion and, when, necessary,
the output from the read only memory could be loaded

back into the PPS-4/1 through the serial input port.
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Figure 1z. PPS-4/1 MATRIX PRINTER CONTROLLER
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COPIER CONTROLLER

Figure 13 shows another potential application of a PPS-4/1
microcomputer circuit as the primary control element in

a copier. Functionally, this block diagram resembles

that of the microwave oven controller (Figure 11).

The major differences are the use of an external clock,

the number of keys in the keyboard, and the number of
seven segment displays and status lamps. Of course, the
controller program and the significance of each of the
input/output lines is tailored specifically to the copier
control functions.

In this system, the discrete input/output lines O through 5
are used as strobe lines to a 24-key keyboard and four
displays and as many as 16 status lamps. The four return
lines from the keyboard return to the channel 1 input

and the outputs from both the Accumulator and the X
Register are used for selection of the segment and the status
lines. These two buffered outputs also provide the input
to an 8-bit latch circuit when enabled by the discrete
input/output line 6 signal. Preliminary status inputs come
in through channel 2 and the primary control functions are
output from the 8-bit latch circuit. Another input comes
in through discrete input/output line 8 and the motor
on/off control is a discrete output from discrete input/
output 7. An interrupt line is used as an interlock that
will inhibit operafion of the system when a cabinet door

is opened.

This example illustrates the use of an external square wave
oscillator to provide clock signals to the controller so that
instruction operation time is precisely controlled. Internal
timing functions may be accomplished to a precision
equivalent to the precise clock cycle time by counting
instruction cycles and adjusting appropriate internal
counters as required.
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REDIT CHECKING TERMINAL

k diagram of a PPS-4/1 microcomputer circuit
pried to a credit checking terminal is shown in Figure 14,
1e functions of this terminal are to accept information
om a 48-key matrix which inputs the customer identifica-
on number and amount of purchase, to display this
Wformation on a 6-digit display and to transmit this
formation through a UART and a modem over a telephone
ne fo a central credit agency. The controller then is
nplemented to receive credit verification information
ver a telephone line through a modem back to the UART
nd to display the results of that verification on indicator
ights associated with the display.

fost of the techniques used with this application have
een discussed in earlier examples with one exception.

he DS signal going from the PPS-4/1 to the UART is
lerived from the serial output channel using that output as
in additional discrete output. The status of the most
ignificant bit in the S Register is always available on the
erial output channel so that when the serial output
:apability is not required that line may be used as an
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- Figure 14. PPS-4/1 CREDIT CHECKING TERMINAL
(PARALLEL INTERFACE)
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additional discrete. Note that the serial output capability
can also be used as a pulse output which is 2or 4 or 6
clock cycles wide. This is accomplished by outputting

a serial four bit word with one of the following bit
patterns: 0100, or 0110 or o1l

The error indication on discrete input/output line 7 is
derived from an OR gate which combines the three classes
of error indications provided by the UART. 1f more
detoiled information is required, then the serial input/
output capability could be used for providing the control
and status information between the UART and the PP5-4/1
circuit,

ANALOG INTERFACE

A PPS-4/1 system may also be used in applications which
have a primary interface which is analog. There are many
digital to analog and analog to digital converters available
which may be interfaced with o PPS-4/1. A PPS-4/1

may provide this interface directly when coupled with an
appropriate network. A block diagram for such a system is
shown in Figure 15.

In this example, the buffered outputs from the Accumulator
and X Register are used to drive a resistor network. This
network ratios the voltage reference into the network as
controlled by the bit pattern supplied from the Accumulator
and X Register. The voltage generated is applied to an
operational amplifier. The resulting voltage is directly
proportional to the 8-bit number output.
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Figure 15. PPS-4/1 ANALOG INTERFACE



A similar network is driven from discrete input/output lines
zero through 7 through an operational amplifier to o
comparator to provide a DC voltage analog to digital
conversion capability. In this case, the unknown analog
voltage is compared with the voltage derived from the
resistor network. The output of the comparator provides
up or down control signals through discrete input/output
lines 8 or 9. The software in the PPS-4/1 then modifies
the number output to the resistor network in a successive
approximation technique until the voltage derived from
the network matches the unknown analog input. When
the match occurs, the digital number output through the
discrete channels is identical to the representation of the
analog input.

If the DC voltage analog output is driving a servo motor
and its shaft provides an incremental feedback as the
shaft rotates, the interrupt zero (INTO) line may be used
to provide continuous updating to the PPS-4/1 system so
that the servo can be controlled by an internally stored
profile of error magnitude versus output voltage control
signal desired. Since the motor may be driven in either
direction, an output from the serial output is used to
indicate direction. The remaining input/outputs from the
serial 1/0 are used in this example as status inputs,
command inputs and control outputs. The control outputs
may be controlling an external analog multiplexer and
sample and hold circuits so that the digital to analog
conversion and the analog to digital conversion networks
shown may be multiplied over several channels.

LOW COST CASH REGISTER

The fow cost cash register example shown in Figure 16
illustrates another capability which is available in the
PPS-4/1 microcomputer system. This capability allows
more than one PPS-4/1 microcomputer to be used in a

system,

Communication between PPS-4/1 microcomputers can be
accomplished over any of the input/output lines. In this
specific example, the communication is accomplished
through the serial input and output lines of both PPS-4/1
units.

Handshaking information and status information is com-
municated over the discrete input/output lines 8 and 9 in
one unit and 3 and 4 in the other unit to establish a
communications protocol between the two units, The unit
that has data ready to transmit indicates over its data
ready 1/0 line and the unit which will receive the data
indicates over its receiver ready line that communication
can now occur. The transmitting PPS-4/1 then outputs
the contents of its S Register to the receiving PPS-4/1

S Register. The clock circuits may be tied together without
interference since in a nonoperating status the clock lines
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- Figure 16. - PPS-4/1 LOW COST CASH REGISTER

float. The transmitting unit clocks the information into the
receiving unit and turns off the data ready signal. The
receiving system shifts the information into its S Register
under control of the external shift clock and turns off the
receiver ready signal until the data is removed from the

S Register. Of course, at the same time that the second
unit is shifting information in, it may be shifting informa-
tion out so that an exchange of information may be readily
accomplished at the same time.

In this particular application, one of the PPS-4/1 micro-
computers is used as the primary controller for the cash
register and handles the primary inputs and the display
functions. -The second unit provides the primary coatrol
for a print mechanism and may provide additional
computations such as tax tables.

APPLICATIONS SUMMARY

The potential applications which have been outlined are
intended to illustrate various techniques which may be
used in specific applications in any combination as
required. The examples illustrate the input/output
flexibility, expandability, and compatibility with both
analog and digital external systems. The flexibility of the
PPS-4/1 microcomputer family allows use as a complete

" controller, as a shared controller with other PPS~4/1
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microcomputers or as a peripheral control device for
working in more sophisticated computer systems.



APPENDIX A

INTRODUCTION

The MM77L and MM78L are functionally the same as the
MM77 and MM78, respectively, except that the MM77L
has a 1536x 8 ROM whereas the MM77 has a 1344 x 8 ROM.
The major electrical difference is that the MM77L and 78L
operate on any voltage between -6.5 volts and -11 volts
and require only 15 milliwatts nominal power at ~8.5 volts.
This wide voltage range and low power requirement is
compatible with standard 9-volt battery outputs making the
MM77L and 78L ideal for portable equipment or equipment
requiring a battery backup power supply.

The clock circuit has been modified to operate in any of
four modes. See the Clock Control paragraph.

Another added electrical feature is that mask programmable
pull-down resistor options are available on the inputs and
outputs. Refer to the Notes on the SPECIFICATION page
for details. The desired coding information is provided
along with the ROM coding information on the ROM Code
order form.

The major physical difference is that the MM77L and 78L
are packaged in a standard 40-pin DIP instead of 42-pin
quad package used for the MM77. This package is avail-
able with an operating range of -40°C to 85°C on special
order.

SPECIAL ELECTRICAL FEATURES

e Battery Compatible (6.5 to 11 volt operation)
o Low Power 15 milliwatts nominal @ -8.5 volts
e Four Clock Modes including external crystal
e Llow Impedance Drivers
DI/O less than 100 ohm @ 10 ma
RIO less than 250 ohm @ 6 ma

Mask Programmed Resistors on Outputs
e Mask Programmed Resistors on Inputs
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Figure A-1. MM77L AND MM78L PIN CONFICURATION

CLOCK CONTROL (VC, XTLIN, XTLOUT, A, AND BP)

The internal Oscillator and Clock circuit generates a four-
phase A BP clock signal used for all internal logic functions.
The A BP clock terms are also brought out so external logic
can be synchronized. The clock for the MM77L and 78L
can be selected to operate in one of four modes as shown by
the table below. These options are selected by control
voltages applied to the VC and XTLIN pins.

SEE CLOCK OPTION _ jum77( /781
TABLE FOR PROPER
CONNECTIONS
Vv, 0—-
c | OSCILLATOR
XTLOUT AND CLOCK

L]
L—_X:EN 1=
800 kHz

A 8¢
CRYSTAL OPTION

Figure A~2. MM77L AND MM78L CLOCK CIRCUIT

Pins
Mode VvC XTLIN XTLOUT Al/O BP 1/O Frequency
INTERNAL *VC Vss - out out 100 kHz +30% @ 8.5V
EXTERNAL GRD CLOCK - ouT ourt 400 — 800 kHz @ 8.0V
CRYSTAL GRD XTAL XTAL ouTt ouT 400 ~ 800 kHz @ 8.0V
SLAVE VDD VDD - IN IN 100 kHz — 50 kHz @ 8.5V
*Can be adjusted to vary frequency — Normally set to Vpp




{STEM DEVELOPMENT AIDS pull-down selections, and the physically different package,

the MM77 development aids cannot directly simulate the

Il of the development aids described for the MM77 are MM77L electrical interfaces. The B7898 Development
in support of MM77L ond 781 progrom development, Circuit is made specifically for the MM77L and 78L and
“~aver, due to the lower operating voltage, the optional will simulate the electrical interfaces where required.

Table A-1. MM77L AND 78L ELECTRICAL SPECIFICATIONS

OPERATING CHARACTERISTICS

Supply Voltage: Open Drain Driver Leakage (R OFF):
VDD=~8.5 Volts -2.5, +2.0 Volts 210 pa at -30 Volts
(Logic “1" = most negative voltage Vii and VOL.)
VSS = 0 Volts (GND) A Operating Ambient Temperature (TA):

0°C to 70°C (Commercial)

(Logic 0" = most positive voltage Vi and VOH. ) -40°C to +85°C (Industrial

System Operating Frequencies: .
(1) Internal: 100 kHz Nominal at VDD = -8.5V Storage Temperature:

-55°C to 120°C
(2) External 800 kHz Crystal: 100 kHz

Jevice Power Consumption:
15 mw, typical
ABSOLUTE MAXIMUM VOLTAGE RATINGS

Input Capacitance: (with respect to VSS)
<5 pf

Maximum negative voltage on any pin =30 volts.

1 Leakage:
<10 pa Maximum positive voltage on any pin +3.0 volts,

TEST CONDITIONS: VDD = 8.5V, T = 25°C

Limits (VSS = Q) Limits (VSS = +5V) Timing
- (Sample/ Test
Input/Output Symbol Min Typ Max Min Typ Max Good) Conditions
Supply Current IpD 1.75ma 3 ma 1.7Sma 3 ma
(Average) for VDD .
Discrete 1/Q's VIH -1.0V +3.0V @3, 4
DI/O0-DI/O9 | VIL -4.2Vv +0, 8V ‘
DI/O0-9 RON 100 ohms 100 ohms | @2* 10. 0 ma max.
Channe! 1 Input VIH -1.5V +3.5V 7
PII-PI14 VIL -4.2V 40,8V
Channel 2 Input VIH -1.5Vv +3.5V 73
PI5-PI8 VIL -4, 2V +0. 8V
1/0 Channel A VIH -1.5V +3.5V
RIO1-RIO4 ViL 4.2V +0.8V i
RON 250 ohms 250 ohms | @2+ 6.0 ma max.
« Channel 8 VIH -5V +3.5V g4
RIO5-RIO8 ViL -4.2V +0, 8V ‘
RON 250 ohms 250 ohms | #2* | 6.0 ma max
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Table A-1. MM77L AND 78L ELECTRICAL SPECIFICATIONS (continued)

Limits (VSS=0) Limits (VSS = +5V) Timing
— 1 (Sample/ Test
Input/Qutput Symbol Min Typ Max Min Typ Max Good) Conditions
DATAI ViH -1.0V +4.0V g4
ViL -4.2V +0, 8V
DATAO RoN 500 ohms 500 ohms g4 3. 0 ma max.
INTO VIH -1.5v +3.5V X
ViL -4, 2V +0. 8V
INTI . VIH ~-1.5V +3.5V #
ViL -4, 2V +0.8V
Clock VOH -1.0v +4. 0V -
A, BP VOL 5.0V ov CL=50pf (max)
XTLIN 1 vin |-tLov +3.5V _
VIL -6.0V -1.0v 4.0v
Shift Clock VIH -1.0V +4, 0V @3, 4
Clock ViL -4,2v +0. 8V !
RON 500 ohms 500 ohms | @g4** 2. 0 ma max.
ve ViH V=11.0V max.
VIL
PO atl -2.5V 5.0V +2.5V ov Special circuit

*State established by @2 (minimum impedance after §4).

**Same as above except P4 minimum at #2 of next cycle.

NOTES:

Mask Programmed Pull-Down Resistors on Outputs

Resistor pull-downs are available as an option on alt RIO and DI1/O outputs. These pull-downs are connected to
VDD. The following values +25% are available: 3K, 5K, 10K, 15K, 25K, and Open Circuit.

Pull-Downs on Inputs

MOS FET pull-downs are also available as an option on the P, INT, and DATAL inputs. The output current is
50 pa %25 pa with the input grounded and VDD at -8.5 volts.
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Table A-2. PPS-4/1 MM77L, MM78L SIGNALS (Part No. B77XX and B78XX)

Pin No. Signal Name Function
1 BpP B Prime System Clock
2 A A System Clock
3 XTLout Crystal Output
4 XTUIN Crystal Input
5 vC Resistor frequency control R to VOD
6 vDD -15 Volt Supply (1st pin)
7 VSS VSS Positive Power Supply Terminal
8 TEST Commands Test Mode (VSS normal operation)
9 P14 Channel 1 bit 4
10 pI8 Channel 2 most significant bit (4)
1 PI3 Channel 1bit 3
12 P17 Channel 2 bit 3
13 Pl Channel 2 bit 2
14 PI2 Channel 1 bit 2
15 PIS Channel 2 bit 1
16 Pl Channel 1 Bit 1
17 PO Power On reset input
18 RIOS X 1/O Channel Least Significant Bit (1)
19 RIO6 X 1/O Channel bit 2
20 RIO7 X 1/O Channel bit 3
21 RIOS8 X 1/O Channel bit 4
22 RIOI A 1/O Channel bit 1
23 RIO2 A 1/O Choannel bit 2
24 RIO3 A 1/0 Channel bit 3
25 RIO4 A 1/O Channel bit 4
26 CLOCK Shift Clock Output or Input (VDD if serial
register not used)
27 DATAO Serial Output signal
28 DATAI Serial Input signal
29 INTO Interrupt O input
30 INT1 Interrupt 1 input
31 ‘- D1/O0 Discrete 1/O line 0
32 ot DI/O1 Discrete 1/O line 1
33 D1/O2 Discrete 1/0 line 2
34 DI/0O3 Discrete [/O line 3
35 DI/O4 Discrete 1/O line 4
36 DI/O5 Discrete 1/O line 5
37 D1/0O6 Discrete [/O line 6
38 DI/O7 Discrete 1/O line 7
39 DI/O8 Discrete 1/O line 8
40 DI/O9 Discrete 1/O line 9




Table A-3. PPS-4/1 MM77L, MM78L PERSONALITY MODULE DEVELOPMENT CIRCUIT SIGNAL
- (Part No. B7899)

Pin No. Signal Name Function Pin No. Signal Name Function
1 - 33 (P583) PC bit 5, BL bit 3
2 RIO 6 Same as B77XX 34 (P482) PC bit 4, BL bit 2
3 RIO7 Same as B77XX 35 (P381) £C bit 3, BL bit 1
4 RIOS Same as B77XX 36 XTLOUT Same as B77XX
5 RIO1 Same as B77XX 37 XTLIN Same os|B77XX
é RIO2 Same as B77XX 38 (18) Instruction bit 8
7 - 39 (17) Instruction bit 7
8 RIO3 Same as B77XX 40 -
9 RIO4 Same as B77XX 41 vC Same as B77XX
10 .CLOCK Same as B77XX 42 vDD Same as B77XX
1 DATAO Same as B77XX 43 (P1187) - PC bit 11, BU bit 7
12 DATAI Same as B77XX 44 (8l4) PC bit 8, Inst bit 4
13 (P212) PC bit 2, Inst bit 2 45 (P916) PC bit 9, last bit 6
14 (P6B4) PC bit 6, BL bit 4 44 (P1015) PC bit 10, Inst bit 5
15 INTO Same as B77XX 47 (P713) PC bit 7, Inst bit 3
6 INT1 Same as B77XX 48 TEST Same as B77XX
17 DI/O O Same as B77XX 49 PI4 Same as B77XX
18 DI/O 1 Same as B77XX 50 pI8 Same as B77XX
19 DI/O 2 Same as B77XX 51 PI3 Same as B77XX
20 D1I/O 3 Same as B77XX 52 PI7 Same as B77XX
2} DI/O 4 Same as B77XX 53 P16 Same as B77XX
22 DI/O S Same as B77XX 54 PI2 Same as B77XX
23 - 55 PI5 Same as B77XX
24 (P111) PC bit 1, Inst bit 1 56 PIl Same as B77XX
25 - | 57 PO Same as B77XX
26 DI/O 6 Same as B77XX 58 (85) BU bit 5
27 DI/O 7 Same as B77XX 59 (86) 1 subite
28 VSS Same as B77XX 60 (SKIP) Skip indicator
29 DI/O 8 Same as B77XX 61 -
30 DI/O 9 Same as B77XX 62 -
31 BP Same as B77XX 63 -
32 A Same as B77XX 64 RI/O 5 Same as B77XX

PC outputs during phase 2 in complement form. (0=-V, 1=VSS)
B outputs during phase 4 in complement form. (0=-V, 1= VSS)
Inst inputs at end of phase 4 in true form. (0= VSS, 1=-V)

Skip output is -V during @4 if next instruction is to be skipped.
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Table A-4. PPS-4/1 MM77L, MM78L DEVELOPMENT CIRCUIT SIGNAL
(Part No. B7898) 3
~~—+¢in No. Signal Name Function Pin No. Signal Name Function
1 DI/O1 Same as B77XX 27 PI4 . Same as B77XX
2 D1/O2 Same as B77XX 28 pig Same as B77XX
3 D1/O3 Same as B77XX 29 Pi3 Same as B77XX
4 DI/O4 Same as B77XX 30 P17 Same as B77XX
5 (PHI) PC bit 1, Inst bit | 31 P16 Same as B77XX
6 D1/O5 Same as B77XX 32 P12 Same as B77XX
7 DI1/O6 Same as B77XX 33 PI5 Some as B77XX
8 D1/O7 Same as B77XX 34 P11 Same as B77XX
9 DI/O8 Same as B77XX 35 PO Same as B77XX
10 DI/O9 Same os B77XX 36 (P6B4) PC bit 6, BL bit 4
1 BP Same as B77XX 37 (P212) PC bit 2, Inst bit 2
12 A Same as B77XX 38 VSsS Same as B77XX
13 (P583) PC bit 5, BL bit 3 39 RIOS Same as B77XX
14 (P4B2) PC bit 4, BL bit 2 40 RIO6 Same as B77XX
15 (P381) PC bit 3, BL bit 1 4 RIO7 Same os B77XX
16 XTLOUT Same as B77XX 42 RIOS8 Same as B77XX
17 XTLIN Same as B77XX 43 RIOI Same as B77XX
~— 18 (18) Inst bit 8 44 R1IO2 Same as B77XX
19 (17) Inst bit 7 45 RIO3 Same as B77XX
20 vC Same as B77XX 46 RIO4 Same as B77XX
21 vDD Same as B77XX 47 CLOCK Some as B77XX
22 (P1187) PC bit 11, BUbit 7 48 DATAO Same as B77XX
23 (P814) PC bit 8, Inst bit 4 49 DATAI Same as B77XX
24 (P916) PC bit 9, Inst bit 6 50 INTO Same as B77XX
25 (1015) . | PChit 10, Inst bit 5 51 INTI Same as B77XX
26 (P713) PC bit 7, Inst bit 3 52 D1/00 ‘Same as B77XX

PC outputs during phase 2 in complement form. (0= -V, 1= VSS)
B outputs during phase 4 in complement form, (0 =-V, 1=VSS)
L— Inst inputs at end of phase 4 in true form. (0= VSS, 1 =-V)




