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FOREWORD

‘
—

This operating guide provides general and detailed descriptions of the
basic MPS Microprocessor Development System, its hardware and software systems,
and the optional modules and equipment available. Also included is the informa-
tion necessary for the user to install, program, and operate the system. Refer-
ences are made throughout this guide to detailed supporting software and hardware
documentation. For specific applications information not contained within this

guide, contact your'local DIGITAL sales representative.
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CHAPTER 1

INTRODUCTION

1.1 GENERAL

The Microprocessor Series (MPS) Development System is comﬁosed of a general pur-
pose, programmable processor module and standard and optional plug-in modules with asso-
ciated mounting hardware and accessories. The MPS Development System can be assembled
and programmed by the user to perform a wide range of process monitor and ‘control, data
acquisition, or decision-making functions. The microprocessor module performs the data
manipulation and controls the input/output and memory modules. The modular construction
allows a basic system developed for a specific application to be easily expanded to meet
future requirements. Operating programs for the MPS can be developed using the basic
MPS components and additional modules and hardware, or using most existing PDP-8 proces-

~

sSor systems.

Each MPS Development System is capable of receiving a maximum of five 8-bit par-
allel data words from external sources and providing a maximum of six 8-bit parallel data
words for the control of external devices. The input interfaces accept TTL-compatible
signals, and the output interfaces provide open collector output drivers for TTL loads

or indicators and relays.

Serial data, in ASCII format, can be transferred between the processor and a tele-

tfpewriter or similar device over a 20 mA current loop line.

The memory can be expanded from 2K'words to a total capacity of 16K words using

available read/write memory (RAM) modules or programmable read-only memory (PROM) modules.

A monitor/control panel is available as an option to provide on-line control and
program diagnostic capability. The panel contains switches to load address and data in-—

formation into the system and indicators to display machine states and register contents.

A complete line of mounting boxes and panels, cable assemblies, and accessories

are made available with the system to facilitate installation.
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Power to the system can be provided from a DIGITAL power supply or by a recom-~

mended power supply purchased by the user.

1.2 APPLICATIONS

Systems assembled from the MPS elements can serve as communication controllers,
central processors in intelligent terminals, machine and process controllers, laboratory
instrument control, and data acquisition devices. Figure 1-1 shows a typical configura-

tion operating with input sense signals and output control signals.

QUTPUT SIGNALS
STEPPER MOTORS
—> FOR MACHI
INPUT SIGNALS 0L CONTROL
TEMPERATURE-

CONTROL DEVICES — o
(FIRE DETECTORS, POWER
THERMOSTATS, =T ol INTERRUPT
THERMOCOUPLES) FAIL FACILITY

——e- CONTROL WORD DEVICES

— PLOTTER DRIVES

OPERATOR'S INPUT
DEVICES .

PARALLEL CENTRAL PARALLEL
(LIMIT SWITCHES: INPUT PROCESSOR OUTPUT > _
S NTROLS INTERFACES UNIT INTERFACES | | —e DISPLAY DEVICES
PLOTTER LIMIT |

SWITCHES) l l - —a~ PRINTERS

—» TAPE DRIVES

STATUS WORD MEMORY ’ MEMORY
DEVICES (2K RAM) {IK PROM)

(VIDEO TERMINALS,
TAPE DRIVES)

— ALARM DEVICES

RELAYS FOR HEATING,
L COOLING SYSTEM
MOTORS, PUMPS

Figure 1-1. Typical MPS Development System Applicatioms

1.3 REFERENCED DOCUMENTS

The publications listed in Table 1-1 provide additional detailed information re-
lated to the operafion and interfacing of MPS Development System modules, options, and
hardware. The documents referenced, but not supplied with the MPS system, may be or-
dered through a local DIGITAL Sales Office or by contacting:

Digital Equipment Corporation
Components Group

One Iron Way
Marlborough, Massachusetts 01752

Attn: Program Manager - Microprocessors
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Table 1-1

MPS Referenced Documents

*M7341 Processor Module Data Sheet

*M7344-YA, -YB, -YC Read/Write Memory Module Data Sheet
*M7345 Programmable Read-Only Memory Module Data Sheet
*M7346 External Event Detection Module Data Shget
*M7347 Paper Tape Reader-Run Module Data Sheet

*M7328 Evoke Decoder Module Data Sheet

*#M1501 Bus Input Interface Module Data Sheet

*M1502 Bus Output Interface Modplé Data Sheet

MR873 Microprocessor ROM Programmer Product Bulletin

General Interfacing Techniques for the M7341 Micro-
processor Module Application Note

Interfacing the TU60 to the MPS M7341 Microprocessor
Application Note

4
\

*MPS Microprocessor Series User's Handbook

*MPS User's Handbook Change Notice
*Communicating with DIGITAL's MPS Microprocessor
*MPS Microprocessor Series Pocket Reference Card
**MPS Resident Software Checkout Procedure

*MPS Development System Logic Prints

1975-76 DIGITAL Logic Handbook

Hardware/Accessories Catalog

*Supplied with Development System.

**Supplied with QY500-AB Software Package.

1.4 EQUIPMENT LIST

Table 1-2 lists and describes the basic hardware and software items which com-
prise the MPS Development System and the optional hardware and equipment available from
DIGITAL. This list can be used to check the items received by the customer or to order

additional items when required.

1.5 EQUIPMENT SPECIFICATIONS

The general mechanical, electrical, and environmental specifications.for the MPS
Development System are listed on page 1-5. Detailed data on specific items available or

supplied is provided in the related documents listed in Table 1-1.
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Table 1-2
MPS Equipment List

Item Part Description
1 M7341 Processor Module
2 M7345 4Kx 8 kead-Only (PROM) Memory Module (with MDP preprogrammed and
installed in 1K)
3 M7345 4K x 8 Read-Only (PROM) Memory Module (user programmed)
4 M7344-YA 1K x 8 Read/Write (RAM) Memory Module
5 M7344-YB 2K x 8 Read/Write (RAM) Memory Module
6 M7344~YC 4K x 8 Read/Write (RAM) Memory Module
7 M1501 Bus Input Interface Module
8 M1502 Bus Output Interface Module
9 M7328 Evoke Decoder Module
10 M7347 Paper Tape Reader-Run Module
11 M7346 External Event Detection Module
12 M111 Inverter Module
13 G772 Power Connector Module
14 G720 Bus Terminator Module
15 KMPO2 System Unit, Prewire&
16 BCO7A Device Cable Assembly; H856 Connector to open end, 20-conductor
twisted pair
13 BCO7D Device Cable Assemblyi H856 Connector to open end, two 20-
conductor ribbon
18 BCOS5Y Power Cable Assembly used on KC341-B; G772 Connector to
Faston tabs
19 BCOSW Signal Cable Assembly used on KC341-B
20 H909-A Mounting Enclosure (KMPQ2 and power supply mounting)
21 H909-BA Mounting Enclosure (includes H755 Power Supply and BCOSH
Line Set) i
22 KC341-B Monitor/Control Panel
23 25-140T Adapter Plate with mounting screws
24 HO14 19" Rack Mounting Panel
25 12-11041 Pushbutton switch, momentary contact
26 BCO5H Line Set, 115 Vac with 7 A circuit breaker
27 BCO5J Line Set, 230 Vac with 3 A circuit breaker
28 QY500-AB Resident Software Package for MPS Programming System
29 QF500-AB Resident Software Package for MPS using PDP-8 Processor
(except PDP-8/S)
30 BCO8R-1 I/0 Test Cable Assembly

1-4



Environmental

Temperature:
Storage
Operating

Relative Humidity

Word Size
Data
/Peripheral Data
Power Fail/Stop
1/0 Interrupt/Start

Communication Lines

Serial I/O

Baud Rate (with inter-
nal clock)

Baud Rate (with exter-
nal clock)

Mounting Area
Panel Mounted#*

- H909-A, H909-BA
Enclosure

Monitor/Control Panel

-40°C to 66°C (-40°F to 150°F)
5°C to 50°C (41°F to 122°F)

10% to 95% non-condensing

8 bit word

8 bits

8 bits multiplexed
8 bits

Two 20 mA current loops—-one for receive, one for
transmit; active or passive

110 baud (1.76 KHz)

9600 baud (153.6 KHz) maximum (TTL)
4800 baud (76.8 KHz) maximum (20 mA current loop)

5.19 in. (13.18 cm) H x 19.00 in. (48.26 cm) W
x 11.25 in. (28.57 cm) D

5.25 in. (13.34 cm) H x 17.38 in. (26.38 cm) W
x 20 in. (50.80 cm) D .

10 in. (25.4 cm) H x 16.5 in. (41.9 cm) W
x 4.75 in. (11.06 cm) D

*Power supply not included in dimensions.
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CHAPTER 2 J

/ /

GENERAL DESCRIPTION ,

The MPS Development Sysﬁem consists of a processor configuration used to perform
the data acquisition and process control functions and a programming configuration used
to develop the operating programs. The programming system can be composed of modules
. and hardware from the processor system, together with additional moduies and inpdt/out—
put devices., A special software package consisting of paper tapes, operating instruc-

~

tions, and forms are also available for use with the programming system.

Operating programs can also be developed on existing PDP-8 proéessor systems (ex—
cept for the PDP-8/S), using a separate software package ayailable from DIGITAL.

N

2.1 PROCESSOR SYSTEM’ COMPONENTS

The basic processor is supplied with eleven system modules, two power connector

modules, and a bus terminator module as listed in Table 2-1. The modules plug into the

)
KMP02 System Unit, and the customer input and output devices connect to the modules

via BCO7D I/0 data cables.

{ 3
The M7345 module supplied with the basic processor system contains four PROM cir-
cuits which are preprogrammed with the MicroprocessSor Debugging Program (MDP). This
program enables the user to read, modify, and write processor programs through the LT33-

DC Téletypewriter or equivalent terminal:

The memory capaéity of the processor system can be expanded. to 16K words by the
addition of M7345 and/or M7344 modules. The system will accept a total of four memory
modules in any RAM 6r PROM combinations.

’ The basic input and output capability can be expanded by wiring the blank slots
in the KMP02 and by including two additional M1501 modules and one additional M1502 )

module.

‘ ) “



Table 2-1

Processor System Components

R Basic System
Hardware/Accessories
Modules (supplied with basic system)
1 - M7341 Processor Module 1 - KMPO2 System Unit
1 - M7344-YA RAM Memory Module (1K) )
1 - M7345 PROM Memory Module (with 1K
MDP supplied)
1 - M7346 External Event Detection Module
*3 - ML501 Bus Input Interface Modules
%2 — M1502 Bus Output Interface Modules
1 - M7328 Evoke Decoder Module
1 - M11l1l Inverter Module
2 - G772 Power Connector Modules
1 - G720 Terminator Module
Options Available
Modules Hardware/Accessories
M7345 PROM Memory Module (4K) BCO7D-10 Cable (two 20-conductor flat
M7344-YA RAM Memory Module (1K) ribbon cables) )
M7344-YB RAM Memory Module (2K) H909-A System Unit Drawer
M7344-YC RAM Memory Module (4K) H909-BA System Unit Drawer (includes
M1501 Bus Input Interface Module H755 Power Supply and BCOS5H Line Set)
M1502 Bus Qutput Interface Module *| HOl4 19" Rack Mounting Panel
12-11040 Start Switch
BCO8R-1 Test Cable
Mounting Plate for "25-140T Power Supply

*System prewired to accept total of five M1501 and three M1502 modules.

2.2 PROGRAMMING SYSTEM COMPONENTS

Table 2-2 lists the modules and hardware necessary for program development and
the items included in each of the resident software packages. Refer to Table 2-1 for

optional hardware and accessory items available.

Programs can be developed using the same M7341 Processor Module and KMP0O2 Back-
plane supplied with the processor system. Two M7344-YC 4K memory modules, an M7347 Paper
Tape Reader-Run Module, the KC341-B Monitor/Control Panel, and an LT33-DC Teletypewriter

are also required.

2.3 SOFTWARE PACKAGES

Two software packages are available with the MPS Development System, as listed in

Table 2-2 and described below. The QY500-AB provides the paper tapes and supporting

)
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Table 2-2

Programming System Components

Modules Hardware/Accessories

Software Package

M7341 Processor Module 1 -~ KMP0O2 System Unit
2 - M7344-YC RAM Memory Modules (4K) *]1 - LT33-DC Teletypewriter

1 - M7347 Reper Tape Reader-Run 1 - KC341-B Monitor/Control Panel
Module . with a BCO5W Signal Cable and
1 - G772 Power Connector Module BCOS5Y Power Cable

*] - Power Supply and Mounting
Accessories

QY500-AB:
1 - MLA Paper Tape

1 - MLE Paper Tape
-1 - MDP Paper Tape

Checkout Procedures

Software Reporting Foim

Software Registration Form

MPS Microprocessor Series User's

Handbook and Errata Sheets

PDP-8 computer system (with Teletype facility
including paper tape punch and reader)

QF500-AB:

1

[ S

MLA Paper Tape
MLE Paper Tape
MDP Paper Tape
MRP'Paper Tape
MHL Paper Tape
MTD Paper Tape

*Optional




forms and documents for developing programs on the MPS Programming System. The QFS500-AB
allows MPS operating programs to be developed using an existing PDP-8 Processor System
except for the PDP-8/S. Refer to the MPS Microprocessor Series User's Handbook for de-

tailed information on the paper tape programs. -

Software Package QY500-AB contains:

1 - Microprocessor Language Assembler (MLA) Paper Tape
1 - Microprocessor Language Editor (MLE) Paper Tape

1 - Microprocessor Debugging Program (MDP) Paper Tape

Checkout Procedures

Software Reporting Form

Software Registration Form :

MPS Microprocessor Series User's Handbook and Errata Sheets

Software Package QF500-AB contains:

1 - Microprocessor Language Assembler (MLA) Paper Tape
(Runs on PDP-8%)

1 - Microprocessor Language Editor (MLE) Paper Tape
(Runs on PDP-8%)

1 - Microprocessor Debugging Program (MDP) Paper Tape
(Runs on MPS)

1 - Microprocessor ROM Programmer (MRP) Paper Tape
(Runs on PDP-8%)

1 - Microprocessor Host Loader Program (MHL) Paper Tape
(Runs on PDP-8%)

1 - Master Tape Duplicator Program (MID) Paper Tape
(Runs on PDP-8%)

*Except PDP-8/S.

Additional programs are currently available through DECUS (DEC Users Society) and
include floating point packages, trigonometric function packages, and exponential func-
tion packages. Contact the nearest DIGITAL Sales Office or DECUS (at the address below)
for a list of the latest MPS programs available.

Digital Equipment Computer Users Soc1ety (DECUS)

146 Main Street, PK3-1/E55 -
Maynard, Massachusetts 01754

2.4 MODULES AND HARDWARE FUNCTIONS

The function of each of the modules, cables, and hardware is described in the
following paragraphs. Refer to Table 1-1 for documents supplied or available which pro-

vide more detailed information.
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2.4.1 M7341 Processor Module

The M7341 Processor Module operates as an 8-bit parallel processor in the MPS
Development System. The M7341 occupies four slots of the KMP02 System Unit and contains
an MOS/LSI microprocessor chip, together with the I/0 control and memory addressing
logic that performs the memory addressing and input/output operations. The processor
includes a serial, asynchronous transmitter/receiver and optical couplers to enable the
M7341 to be connected to an LT33-DC Teletypewriter, VTS50 DECscope Video Display, LA36
DECwriter II Data Terminal, or any compatible DIGITAL device. 'When the KC341-B Monitor/
Control Panel is used with the system, a cable from the panel attaches‘to a 50-pin con-

nector mounted on the edge of the processor module.

For detailed operating information and specifications on the M7341 Processor Mod-
ule, refer to the 1975-76 DIGITAL Logic Handbook, the MPS Microprocessor Series User's
Handbook, and the M7341 Processor Module data sheet.

2.4.2 M7345 Programmable Read-Only (PROM) Module

The M7345 PROM module supplied with the MPS processor configuration contains four

~
preprogrammed 1702A PROMs and mounting sockets for 12 additional PROMs.: The module

'occupies four slots of the KMP02 System Unit. Each PROM socket provides mounting for a

256 x 8-bit word MOS semiconductor memory for a total memory capacity of 4096 8-bit
words in the 16 sockets included with the M7345 module. Extra PROM circuits are avail-
able from DIGITAL and can be electrically programmed at DIGITAL or by a user with a

PDP-8 computer system and an MR873-A Microprocessor ROM Programmer.

In addition to memory storage, the module contains an address buffer, address and
control decoding logic, and an output gating network. Specific memory locations are se-

lected by the 16 address bits from the M7341 Processor Module.

The four preprogrammed PROM circuits occupy 1K x 8-bit word locations and are

used when operating the Microprocessor Debugging Program (MDP).

Refer to the 1975-76 DIGITAL Logic Handbook, the M7345 Programmable Read-Only Mem—
ory Module data sheet, or the MPS Microprocessor Series User's Handbook for detailed

operating information and specifications.

2.4.3 M7344-YA, -YB, -YC Read/Write Memory (RAM) Module

The M7344 Random Access Memory is available in three memory capacity configura-

tions:
M7344-YA. . . . . . . 1K x 8-bit words
M7344-YB. . . . . . . 2K x 8-bit words .
M7344-YC. . . . . . . 4K x 8-bit words

One M7344-YC module is supplied with each MPS Development System and occupies
four slots of the KMP0O2 System Unit. Additional modules can be added to the system for
a total RAM or PROM memory configuration of 16K x 8-bit words.
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In addition to the memory circuits, each read/write memory module has a buffer
register, decoding logic, input data register, output data gates, and timing and control
logic. Specific memory locations are selected by the 14 address bits from the M7341

Processor Module.

For detailed data on the M7344 series modules, refer to the 1975-76 DIGITAL Logic
Handbook, the M7344-YA, -YB, -YC Read/Write Memory Module data sheet, and the MPS Micro-

processor Series User's Handbook.

“2.4.4 M7346 Exte}nal Event Detection Module

The M7346 module is capable of monitoring up to six individual interrupt request
signals, an ac and dc power fail signal produced by a low ac or dc system voltage, and
-a Halt and Auto Restart signal. The arbitration logic on the M7346 assigns priority to
the detected signals and provides an encoded output to the processor to initiate a sub-

routine in honor of the specified request.

The processor Halt function has the highest priority, and the ac or dc power fail
has the highest arbitrated priority. Each of the six interrupt request signals, gener-
\
ated when an external device requests an input data transfer, is assigned a priority

level dependent upon the location of the M1501 module in the KMP02 System Unit.

Two Fastoncﬁbterminals, mounted near the edge of the module, facilitate the con-
nection of leads from a 6.3 Vac source. The input ac voltage is used by the ac power
fail detection logic and to generate an ac sync signal used for real-time processor
applications. All other input and output signals and voltages are through the KMP02

backplane wiring. The M7346 occupies one slot in the KMP0O2 backplane.

For detailed information on the M7346 module, refer to the MPS Microprocessor
Series User's Handbook, the 1975-76 DIGITAL Logic Handbook, and the M7346 External Event

Detection Module data sheet.

2.4.5 M7328 Evoke Decoder Module

The M7328 mo&ule functions as a device selector and decodes thé five address bits
on the M7341 Processor Module data/address bus to select one of eight input devices or
one of 24 output devices for data transfer. The module contains a 5-line to 32-line de-
coder and an input gating logic configuration to enable the decoding logic. Each of the
32 outputs from the decoder enables a specific input/output interface to, perform a data
transfer to or from an external device. The M7328'module‘occupies two slots in the

KMPO2 System Unit.

'

For detailed information on the M7328 module, refer to the 1975-76 DIGITAL Logic
Handbook, the M7328 Evoke Decoder Module data sheet, and the General Interfacing Tech-

niques for the M7341 Processor Module application note.
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2.4.6 M1501 Bus Input Interface Module

Egch M1501 module transfers one 8-bit parallel data input from an external device
to the M7341 processor input bus when/enabled by a device address from the processor.
The MPS Development System has facilities for mounting up to five M1501 modules. The
M1501 module includes the logic for genmerating control signals between the device and
interface and for initiating an interrupt request signal to the processor. A 40-pin
connector, mounted near the edge of the module, allows data and control signals to be
transferred through a BCO7D ribbon cable or BCO4Z flat shielded cable. The input inter-

face module occupies one slot in the KMP0O2 System Unit.

For detailed information on the M1501 module, refer to the 1975-76 DIGITAL Logic
Handbook and the M1501 Bus Input Interface Module data sheet.

2.4.7 M1502 Bus Output Interface Module

The M1502 module is a buffered output interface which transfers two 8-bit parallel
data words from the data/address bus of the MPS system to the external device. Up to
three M1502 modules can be mounted on the KMP02 System Unit, providing a total of six
data output words. The M1502 module includes control logic for sequencing the data
transfers and interrupt request logic to enable the external device to initiate a data

transfer. The M1502 module occupies two slots in the KMP02 System Unit.

A 40-pin connector, mounted near the edge of the module, allows the data and con-

trol signals to be transferred through a BCO7D ribbon cable or BCO4Z flat ribbon cable.

For detailed information on the M1502 module, refer to the 1975-76 DIGITAL Logic
Handbook and the M1502 Bus Output Interface Module data sheet.

2.4.8 M111 Logic Inverter Module

The M111l module provides necessary circuits to invert the TTL logic levels within
the MPS Development System. The M111l inverts the device selector output levels from the
M7328 Evoke Decoder Module and the interrupt request signals from an input device through

the bus interfaces. The module occupies one slot in the KMP02 System Unit.

The 16 inverter circuits on the M11l module will allow the MPS system expansion

to five M1501 Bus Input Interface Modules and three M1502 Bus Output Interface Modules.

For detailed information on the M11l module, refer to the 1975-76 DIGITAL Logic
Handbook.

2.4,9 M7347 Paper Tape Reader—-Run Module

N -
The M7347 module controls the operafion of the paper tape reader on the teletype-

writer when used with the MPS programming system. The M7347 transfers the serial data

 between the M7341 Processor Module and the LT33-DC Teletypewriter or an equivalent



terminal. The module provides four control lines to activate or disable the reader be-
fore and after data transfers. The module connects to the M7341 module by an attached
cable and mating comnector. The teletypewriter cable mates with the connector mounted

on the edge of the M7347. The module occupies one slot in the KMP02 System Unit.

For detailed information, refer to the M7347 Paper Tape Reader-Run Module data

sheet.

2.4.10 G720 Bus Terminator Module

The G720 module consists of fifteen 470-ohm pull-up resistors which connect to

" the +5 Vdc system power. The G720 is an impedance matching device anq connects to each
of the memory/device address and data lines in the processor system. The module is re-
quired when more than two M1502 Bus Output Interface Modules are included in the system.

Each G720 can match impedance for up to 30 M1502 modules.

Refer to the General Interfacing Techniques for M7341 Processor Module applica-

tion note for additional informationm.

2.4.11 G772 Power Connector Module

The G772 module is used to connect the dc power from a power supply to the KMP02
System Unit. Three solder terminals are mounted on the module to connect the leads from
the power supply. The G772 module occupies one slot in the KMP02 System Unit, and the
dc power to the system modules is distributed by the KMP02 backplane.

Refer to the Installation Section of this manual for additional information on

the G772 module connections.

2.4.12 KC341-B Monitor/Control Panel

The KC341-B panel is used with the programming system to enter address informa-
tion and data into the processor and to monitor the processor status and register con-
tents. The control panel connects to the M7341 Processor Module by a cable and receives \

power from the G772 Power Connector Module.

Refer to the MPS Microprocessor Series User's Handbook for detailed control

panel functions.

2.4.13 KMP02 System Unit

The KMP02 System Unit provides mounting for the MPS Development System modules
and consists of six H803 Connector Blocks and three H8030 Connector Blocks mounted onto
an HO34 Double System Unit Mounting Frame. The KMP02 provides 54 slots for the MPS
plug-in logic modules, cable connectors, bus terminators, and user-specified modules.
The KMPO2 has a prewired backplane capable of accepting all modules for the basic pro-

cessor system and recommended expansion. Fourteen spare slots are available for the
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user to mount additional plug-in modules. These slots are bused for M Series modules
power and ground connections and can be wire wrapped for signal distribution by the user.
The KMP0O2 is provided with four standoff posts for mounting to a panel and with pre-

tapped holes in the mounting frame for installation in the H909-A or H909-BA enclosure.

For detailed information on the KMP0O2 connector blocks and mounting frame, refer

to the DIGITAL Hardware/Accéssories Catalog.

2.4.14 H909-A and H909-BA Mounting Box Enclosures

The H909-A and H909-BA are enclosures designed to provide mounting for the KMPO2
System Unit and power supply. These enclosures can be installed in a standard 19-inch
(48.26 cm) rack or cabinet or positioned as a free-standing table-top unit. Chassis

slides are available for mounting to the H909-A or H909-BA.

The H909-A also includes space for mounting the DIGITAL recommended 25-140T
Powertec power supply and associated mounting plate or other suitable power supplies se-
lected by the customer. The H909-BA includes a DIGITAL H755 Power Supply and an ac
power cord with a BCO5H (115 Vac) or BCO5J (230 Vac) Line Set.

Refer to the 1975-76 DIGITAL Logic Handbook and the DIGITAL Hardware/Accessories
Catalog for detailed descriptions of the H909-A and H909-BA and items included with

these enclosures.

N

'
'

2.4.15 BCOS5W, BCO5Y, and BCO7D Cables : -

The BCO5W and BCO5Y cable assemblies transfer signals and power, respectively,
to the KC341-B Monitor/Control Panel from the programming system. The BCO5W is a 4-foot,
50-conductor, shielded cable with identical 50-pin connectors attached on each end. The
BCO5Y cable consists of three leads terminating at a G772 Power Connector Module. The
opposite end has three Faston(i>

the KC341-B control panel.

female terminals that mate with the power terminals on

The BCO7D cables transfer control signals and data between the customer devices
and the interface modules.: The BCO7D consists of two 20-conductor, flat ribbon cables
with H856 Comnector mounted on one end. The opposite cable end is not terminated. Other

types of interfacing cables available from DIGITAL include the following:

Cable* Description

BC042Z2-XX ~ 40-Conductor, flat cable
(H856 to open end)

BCO7A-XX ' 20-Conductor twisted pair

(H856 to open end)

)

*-XX indicates desired cable length in feet.
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2.5 PROCESSOR SYSTEM OPERATION

. General operation of an MPS Processor System involves receiving input data from
a user's device, performing specified programmed operations on the data, and providing
appropriate outputs to external devices as a result of the processor decisions. Figure
2-1 shows the data, address, and control signal paths between the modules of ‘a basic and

expanded MPS Processor System.

2.5.1 1Input Data Transfers

Input data transfers from an external device to the processor system are con-
trolled by interrupts initiated by a device or by input instructions from the processor

program.

During interrupt controlled transfers, the device should place an 8-bit word and
a Data Ready control signal on the interface cable to the M1501 Bus Input Interface Mod-
ule. The. Data Ready signal produces an interrupt request signal from the M1501 module.
The interrupt signal, inverted by the M11ll module, is applied to the‘M7346 External Event
Detection Module where the interrupt priority is determined. When the interrupt request
is recognized, the M7346 produces an 8-bit octal code that interrupts the current pro-
cessor program and jumps to one of eight dedicated memory locations. The processor theny
initijates a service routine stored at the address specified by the selected memory loca-
tion. Under program control, when an INP instruction is executed, the address of the
device requesting service is transferred from memory to memory/device address and data
bus. The M7328 decodes the device address énd produces a Data In signal to the appro-
Priate M1501 module. The Data In signal gates the input data into the M7341 Processor
Module and to the accumulator through the Data In bus, and clears the Data Ready flag
in the M1501 module.

During a noninterrupt data transfer, the address of the specified devicé from mem-
ory is decoded by the M7328 module to produce a Data In signal. Any existing data from
a device at the M1501 input interface will be transferred to the M7341 Processor Module
and will appear in the accumulator.

2.5.2 Input Interface Timing

Figure 2-2 shows the relationship of the input data and control signals used to
transfer the 8-bit parallel data into the processor. The input data must be stable on
the lines a minimum of 50 ns prior to the Data Ready signal generated by the exte;nal
device. The Data Ready signal is a positive transition and must remain high for a mini-
mum of 50 ns. This signal sets the Interrupt Request flag in the M1501, which is reset

when the data is transferred by the decoded Data In signal from the processor.
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2.5.3 Output Data Transfers

Data transfers from the processor system to a peripheral device are controlled by
the M7341 Processor Module during output instructions. During an output instruction,
the address of the device to which the data will be transferred is placed on the memory/
device address and data bus from memory. The M7328 module decodes the address and pro-
duces a Data Out signal on one of the six assigned Data Out lines. The signal is in-
verted by the MI1ll module and applied to the proper M1502 Bus Output Interface Module to
enable the output data transfer and to generate a Data Ready signal to the device. The
output data from memory is transferred to the buffer register in the selected M1502 mod-
ule. When the output device accepts the data stored in the M1502 module, it resets the

Data Ready control line to inform the processor that the output data has been received.

During serial output data transfers from the M7341 to current loop devices, the
serial data is transferred through a special line from the asynchronous transmitter/re-
ceiver on the M7341 module. The address information for serial data is not decoded by

the M7328 module.

2.5.4 Output Interface Timing

The relationship of the output interface timing and control signals is shown on
Figure 2-3. The 8-bit parallel output data is stable 50 ns before the positive transi-
tion of the decoded Data Out pulse from the processor. The Data Ready signal to the de-
vice occurs at the trailing edge of the Data Out signal. The Data Accepted signal, gen-
erated by the device when data is received, must be a positive transition for a minimum

of 50 ns. ~

2.5.5 Serial I/0 Data Transfer

The M7341 Processor Module contains a universal asynchronous receiver/transmitter
Ve

(UART) to interface with serial I/O devices requiring a 20 mA current loop or w%th TTL
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Figure 2-3. Output Data and Control Signal Timing

devices. The maximum data transfer rate is 9600 baud for TTL lines and 4800 baud for
current loop lines. Data transfers to and from the UART are controlled by input/output

instructions.

Refer to the MPS Microprocessor Series User's Handbook for a complete description

of UART operations and instructions.

2.6 PROGRAMMING SYSTEM OPERATION

Figure 2-4 shows the data and contro; signal paths between the modules. The pro-
gramming syétem of the MPS Deve%opment System is designed to produce operating programs
for the processor system. The programming system enables the user to assemble and edit
the source programs that are used to efficiently perform the functions required. The

source programs on paper tape are entered into the processor memory through the paper

tape reader under control of the teletypewriter keyboard.

LT33DC SERIAL DATA
TELETYPEWRITER | & CONTROL || READER RUN SERIAL_DATA
L i MODULE
PAPER TAPE (M7347) READER PAﬁgSSESOR
PUNCH/READER CONTROL | (M7341) | —
N—
d
£ 5
§ [a]
>
2 o
MONITOR/CONTROL g 0
PANEL 4K RAM =
{KC341-B) MEMORY L~—'=
MODULE N—1_,
(M7344-YC) 3
o)
=
L
w
&
4K RAM - 2
' MEMORY
\ MODULE < |
(M7344-YC)

Figure 2-4. Programming System Block and Signal Flow Diagram

‘ 2-13







CHAPTER 3

'

ASSEMBLY AND INSTALLATION -

The MPS Development System components are easily assembled and can be conveniently
installed within existing or recommended enclosures or on mounting panels. Power for the
system can be provided from a DIGITAL supply, from a DIGITAL recommended power supply, or

from a customer system supply.

3.1 UNPACKING/INSPECTION

Carefully inspect all components shipped as part of the Development System to
check for conformance to the items ordered and to insure that no damage has been incurred
during shipment. Notify the nearest DIGITAL sales office immediately if items are miss-

ing, or the carrier if damage to the items is evident.

3.2 KMP0O2 SYSTEM UNIT MOUNTING

The KMP0O2 System Unit is supplied with four standoff posts to facilitate attach-
ment to a chassis or panel. Three tapped holes in the H034 Mounting Frame of the KMP02
allow the system unit to be secured in the DIGITAL H909-A or H909-BA enclosure or other
suitable customer-supplied enclosure. The H034 Mounting Frame also contains a series of

tapped and nontapped holes to allow the user to mount the KMP0O2 in any suitable unit.

-

Refer to the DIGITAL Hardware/Accessories Catalog for detailed hole sizes and

dimensions.

3.2.1 Panel Installation

The KMP02 System Unit can be mounted to any HOl4 panel or to a similar panel or
chassis by drilling four holes in alignment with the standoff post provided with.the
KMPO2. Refer to Figure 3-1 for the mounting hole dimensions. The HOl4 panel permits

the unit to be installed in a 19-inch (48.26 cm) rack or cabinet.
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Figure 3-1.

ITEM
1
2
3
4
.

KMPO?2
SYSTEM UNIT

DESCRIPTION DIGITAL NO.

TAPPED SPACER 1.25in(317cm)} 90-09603

SCREW 8-32x1 (2 54cm) $0-6043-1
SCREW 8-32x1/4 (.635cm.) 90-6035-1
PANEL HO14

SUPPLIED WITH KMPO?2
OPTIONAL FOR 19.0in. RACK MOUNTING

KMPO2 Panel Mounting and Hole Dimensions

NO. REQ.
4+
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3.2.2 H909-A and H909-BA Enclosure Installation

The KMPO2 System Unit is designed for mounting within the H909-A or H909-~BA en-
closure. The metal frame (HO034) of the KMP02 is provided with three tapped holes that
align with three predrilled holes in the base of the H909-A or H909-BA enclosure and twg
tapped holes on the edge of the frame that align with the two mounting brackets in the
enclosure. Refer to Figure 3-2 for the position of the KMPO2 within the enclosure and
for the hardware required. Prior to mounting the KMPQ2 System Unit in the H909-A or

H909-BA, remove the four standoff posts mounted in the KMP02 métal frame.

3.3 POWER SUPPLY INSTALLATION

Two power supplies are recommended for use with the MPS Development System. The
H909-BA enclosure, available from DIGITAL, is equipped with an H755 Power Supply which
provides the required voltages and current for the complete MPS system configuration.
The 25-140T power supply can be purchased by the customer from Powertec, Inc. or a
Powertec distributor, and mounted within an H909-A enclosure or on a suitable panel or
chassis. When the 2S-140T is mounted within the H909-A enclosure, a special mounting'
plate adapter is available from DIGITAL to compensate for the mounting hole locatiomns

on the supply and enclosure.

In addition to these power supplies, the customer may use dc power available from
an existing system or from other purchased supplies, provided the specified current cap-

acity and voltage regulations are maintained.

\
3.3.1 Power Supply Selection -

The following power supply specifications are required for the dc power to the

-MPS system:
Voltage/Current: 45 Vdc @ 15.0 A, -15 Vdc @ 1.5 A
Regulation: +5 Vde (+5%), -15 Vde (+2%)
Ripple: +5 Vde (50 mV P-P), -15 Vdc (5 mV P-P)

Overvoltage.Protection: +5 Vdc

The current requirements of the basic and expanded processor system are listed in
Table 3-1. The H909-BA enclosure with the H755 Power Supply is recommended for expanded
systems using all available I/0 interface modules aqd more than a total of 8K words of

PROM or RAM memory.

When using the Powertec 2S-140T supply, the Powertec OVP-1 overvoltage protection
module must be wired to the +5 Vdc output.



COVER PANEL

KMPO2 SYSTEM UNIT

POWER SUPPLY

MOUNTING AREA

BCOS5H (115V)

OR
BCOS5J (230V)

H909A OR
H909 BA
ENCLOSURE

MOUNTING SCREW
{PAN HD 8-32x1/2")

MOUNTING SCREWS

32x3/4")

(PAN HD 8

KMP02 Mounting in H909-A or H909-BA Enclosure

Figure 3-2.




System Module Power Requirements

Table 3-1

Module Type +5 Vdc -15 Vdc 6.3 Vac

Basic Processor System

M7341 1.6 A 150 mA

M7345 (1K PROM) 49 A 300 mA

M7344-YB 1.5 A

M7346 .25 A 50 mA

M7328 .30 A

M111 .08 A

M1501 (3) .90 A

M1502 (2) 1.5 A

G720 A5 A

Total 6.77 A 450 mA 50 mA
Expansion Modules

Additional 3K on M7345 .51 A 700 mA

Full complement of M7344-YC 6.6 A

M1501 (2) .6 A

M1502 (1) .75 A

Total 8.46 A 700 mA ~
Total Power (Basic and Expansiqn) 15.23 A 1145 mA 50 mA
M7347 (used 'with programming 140 A 13 mA

system only)

Power Supply Mounting

When the MPS Development System is not installed within the H909-A or H909—BA,

available.

The 2S-140T Powertec power supply can be installed in the H909-A enclosure

Refer to the DIGITAL Hardware/Accessories Catalog for the hardware

3.3.2.1 2S-140T Power Supply Mounting in H909-A

3-5

using the mounting plate adapter and screws supplied by DIGITAL.

the power supply can be attached to any one of several mounting panels or frames avail-
able from DIGITAL.

The mounting plate is

secured to the enclosure in the position shown on Figure 3-3, using the specified hard-




BCOSH {115V}
BCO5) [230V)
LINE SET

HP09A ENCLOSURE

*SUPPLIED WITH ITEM 3

NO.
DESCRIPTION PART NO REQ
1 10-32 KEPNUTS 90-06565 4
2 SPACER, HEX 90-06822 4
\ 3 MOUNTING PLATE 1

4 FLT HD SCREW 10-32x7/8 90/-09422-2 4
s PAN HD SCREW 8-32x1 90-06043-1 4

Figure 3~3. -2S-140T Power Supply Mounting in H909-A Enclosure
v
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3.3.3 AC Power Wiring

The input ac power can be supplied from an existing system power controller or
from an external ac outlet. In addition to supplying voltage to the power supply, ac is
also required for the power supply cooling fans and for the ac power fail -detection cir-
cuit of the M7346 External Event Detection Module. When the Powertec 25-140T power sup-
ply is used, a 115 Vac cord and fused terminal board must be supplied by the customer.
If the 25-140T is to be mounted within the H909-A enclosure, the BCOS5H (115 Vac) Line
Set is available from DIGITAL and includes an, external six-foot, 115 Vac cord with a
three-prong male plug and a 7 A circuit breaker. The BCO5H Line Set mounts in the open-—
ing provided in the rear of the H909-A enclosure. The H909-BA enclosure includes either
a BCO5H (115 Vac) or BCO5J (230 Vac) Line Set, as required by the user. Figure 3-4 is
a typical ac wiring schematic for the MPS Development System using the H909-A.

When‘the ac power fail function of the M7346 module is desired, a 6.3 Vac trans-
former is required. The input ac to the 6.3 Vac transformer can be supplied from the

fused output of the BCO5H Line Set or from g separate 115 V line input.

3.3.4 DC Power Wiring

The dc power from the power supply is distributed to the KMP02 System Unit through
a power cable and G772 Power Connector Module. The G772 module plugs inté one of the
two designated slots in the KMPO2, énd power is distributed to the modules through bus-
ing strips presoldered to the pins of the KMP0O2 backplane. The cable from the power sup-
ply is attached to thé G772 by soldering the leads to the lugs, as shown on Figure 3-5.

'

Use the wire size specified for each of the dc connections:

+5 V. .. . . #12 gauée (red)
-15 V. . . . . #16 gauge (blue)
GND . . . . . #10 gauge (black)

Figure 3-5 also lists the voltage distributed by each pin on the G772 connector module.

3.4 -~ KC341-B MONITOR/CONTROL PANEL MOUNTING

The KC341-B unit has rubber bumpers attached to the back of the panel to allow
the unit to be positioned horizontally on a table. When the bumpers are removedJ the
panel can be easily mounted to a panel for vertical installation into a cabinet or rack.
Figure 3-6 shows the dimensions and hole locations for paﬁel mounting. The four 6-32
screws that secure the rubber bumpers to the KC341-B can also be used to attach the unit

to a mounting panel.
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Figure 354, H909-A Enclosure Typical AC Wiring Diagram ;




PIN Al SHOWN (PIN A2 OPPOSITE SIDE)

PIN POWER | Pl POWER

Al -15V L1 -15v

A2 +5V L2 +5V

B1 -15V M1 -15vV
. B2 -15v M2 +5V . ‘
Cl -5V N1 ‘GND - ) )
C2 « GND P1 GND /
D1 -15V R1 GND :
D2 GND S1 GND - -
E1 -15v T1 GND

E2 GND ult GND

Fl -5V Vi GND

F2 GND -
H1 L =15V

H2 +5V

J1 -15v

J2 +5V

K1 <15V

K2 +5V

Figure 3-5. G772 Module Power Lead Connections
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Figure 3-6. KC341-B Mounting Panel Hole Dimensions
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3.5 MODULE AND CONNECTOR INSTALLATION

The modules and connectors provided with the programming or processor system in-
sert into specific slots of the KMP0O2 System Unit. After the KMP02 is properly mounted
in the H909-A or H909-BA enclosure or on a mounting chassis or panel, perform the follow-

ing adjustments and insert the modules into the appropriate slots.

3.5.1 KMP0O2 Slot Designations

Each location within the KMP0O2 is assigned a row and slot designation. Figure 3-7

shows the position of the modules and connectors in a fully configured KMP02 System Unit.

Each of the connector blocks mounted to the HO34 frame has a module keying ridge
in the center and on one end of the block. To properly orient the KMP0O2 System Unit for
module insertion, the connector block ridge closest to the H034 mounting frame is desig-
nated the F row, as shown on Figure 3-7. The opposité end, without a connector block
ridge close to the frame, is designated row A, as shown. After the KMP0O2 is properly
oriented, the slot designations from 1 to 9 are assigned as indicated.

3.5.2 Connector Pin Assignments

The wire wrap connector pins on the backplane of the KMP0O2 are marked and identi-

fied as shown on"Figure 3-8. Each connector slot has 36 wire wrap pins that are assigned

a row, slot, and pin designation. Once the row and slot have been determined, the pin
is specified by an alphanumeric character (S2, Bl, etc.).

N

3.5.3 Start Switch Wiring :

/7

The external start switch can be installed on the same panel used to mount the
MPS Development System or at any convenient location. A 5/16-inch clearance hole is re-
qyired to install the switch. The associated)wires are soldered at the switch and can
be wire wrapped or soldered to slip on terminals which connect to the designated pins on
the backplane of the KMP0O2 System Unit. One of the wires from the switch connects to
wire wrap pin FO3 D2. The remaining wire connects to pin D05 C2 or any equivalent sig-

nal ground on the backplane.

3.5.4 DC Power Checkout Procedure

After the ac wiring to the power supply has been implemented and the dc cable is
connected to the G772 module, perform the following prScedures to insure the proper dis-
tribution of poﬁer to the KMPO2.

NOTE
Do not insert any modules in KMP0O2 before the
checkout procedures have been performed. A

VIVM or digital voltmeter is required.
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a. Apply ac power to the power supply.

b. Measure the dc output voltages of the power supply at the appropri-

ate terminals.

N

c. Measure the dc output voltages at the appropriate terminals of the
G772 connector. Refer to Figure 3-5 for pin designations and voltage
values. Reference all voltages to the ground connections on the G772

connector module.
d. Remove the ac voltage from the inpuf to the power supply.
e. Insert the G772 connector module into slot AO03 of the KMPO2.

f. Apply the input ac voltage to the power supply and monitor the volt-
age present on the following pins of all slots in the KMP02 (Table 3-2).

Table 3-2

DC Voltage/Pin Designation

Module Height
Voltage Single Double Quad
+5 V A2 A2 AA2, BA2, CA2, DA2
-15V . AB2
GND c2, T1 c2, 11 AC2, ACl, BC2, BC1,
cc2, c¢c1, pC2, DC1

3.5.5 Module Installation_

Table 3-3 lists the modules that are available with the MPS system and identifies
the location of the module in the KMP0O2 System Unit. Fifteen of the 54 slots are avail-
able for customer-supplied modules. These slots are prebused for power and ground, but
must be wire wrapped for signal transfer. When modules are installed in spare slots of

the KMPO2, the total current capacity of the power supply must not be exceeded.

Figure 3-~7 shows the orientation of a quad-height module for insertion into the
KMP0O2. With the KMP02 in the position shown, the components on the module will be lo-
cated on the opposite §ide.
CAUTION

Before inserting any module in the KMPO2, be sure that the ridges

on the connector blocks are properly aligned with the deepest sec-

tion of the cutout slots in the module. Do not use excessive force

to insert the modules. When properly aligned, the modules can be

inserted with nominal pressure.
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S Table 3-3
KMP0O2 Module Locations

Module Type Slots/Module Slot Designations

G720 1 BO3

G772 1 A03

G772 1 A08

M111 1 BO6

M1501 1 BO7

M1501 1 BO8

M1501 1 EO3
*M1501 1 co3

*M1501 1 D03

M1502 2 €02, DO2

M1502 2 C04, DO4
*M1502 2 E02, FO2

M7328 2 E04, FO4

M7341 4 €05, D05, EO5, FO5
M7344 or M7345 (12-16K) 4 c09, D09, E09, FO9
*M7344 or M7345 (8-12K) 4 c08, D08, EO08, FO08
*M7344 or M7345 (4-8K): 4 ~ - €07, D07, EO7, FO7
M7344 (0-4K) 4 c06, D06, E06, FO6
Spare A0l, BO1l, €01, DO1l, EOI,

FOl, AO2, B02, AO4, BO4,
AO5, A06, AO7, A09, B09

*Optional modules.

Before inserting the M7341 Processor Module and the M7346 External Event Detec-—
tion Module, insure that the following specified adjustments have been made to conform

to the operating system.

3.5.5.1 M7341 Processor Module Switch Selection

The M7341 module is equipped with a switch bank consisting of eight duwal-in-
line (DIP) rocker switches used to select the characteristic serial 1/0 interfdce. The
switch bank occupies one IC socket and is located in either of the two positions shown
on Figure 3-9, depending on the module revision. When shipped, the DIP switches are pre-

set for the serial I/O configuration listed in Table 3-4.
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Table 3-4

M7341 Serial I/0 Switch Settings

Switch/Position Function Selected
S1/0N Receiver ;lock Internal, 110 baud
S2/0N Transmitter clock Internal, 110 baud
S3/0FF |Stop bits Sava cenemiosion sord
S4/OFF Mode Active mode for re~
S5/0FF ceive and transmit
$6/0N zz;zz‘t’eié ;i“smitter Enabled
S7/0ON Test , Normal operation
S8 Not Used

The MPS Development System is designed to operate with the switches set to the indicated
positions. Operation of the system with other functions selected is not specified. Re-

fer to the M7341 Processor Module data sheet for additiomal I/O configurations available.

CAUTION
If serial I/0 communications problems are evident with the‘MPS system,
visually check the switches to insure proper settings. To change switch
positions, remove the clear plastic cover over switches and set switches
S1 through S7. Switch S8 is not used. Replace plastic cover over switches:

after adjustment.

3.5.5.2 M7346 Power Fail Detector Timing

The ac power fail detection circuit on the M7346 module generates a 5 ms pulse,
35 ms after a low ac voltage condition is detected. Both the 35 ms delay and the 5 ms

output pulse width are produced by one-shots mounted on the module.

Timing can be varied by changing the value of capacitance controlling the one-
shot circuits. Capacitor Cl2 (Figure 3-10) on the M7346 board is the timing capacitor
for the 35 ms one-shot, and Cll times the 5 ms one-shot. To change the timing, remove
Cll and/or Cl2 and solder the replacement capacitors across the appropriate split lug
pairs, noting that the positive (+) side of the capacitors are to be soldered to the
plus (+) lugs. The value of the replacement timing capacitor to produce a given pulse
width is determined by the following formula. For detailed information on the M7346,

refer to the 1975-76 DIGITAL Logic Handbook listed in Table 1-1.
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Figure 3-10. M7346 Timing Capacitor Locations

_ ) 0.7
Tpw = 0.32 RTCEXT(l +——RT ) \
Where: Tpw = selected pulse width in nanoseconds
' RT = resistance in kilohms (RT = 20K when com-
puting Cll value. R, = 33K when computing
T
) Cl12 value).
CEXT = required capacitance in picofarads (pF)

3.5.5.3 Memory Configuration

The M7344 and M7345 memory modules are inserted into adjacent slot locations on

the KMP02 System Unit. The slot locations are indicated on Figure 3-7 and are assigned

as follows:

1st 4K Slot 9, Row C~-F
2nd 4K Slot 8, Row C-F ) : N
3rd 4K Slot 7, Row C-F
4th 4K Slot 6, Row C~F

All memory modules included with a system are inserted into the KMP02 starting with the
lowest position indicated (0 - 4K) and proceeding to the next highest (4K - 6K), etc. When
a memory module contains less than 4K and another memory module is also used, the vacant

memory address locations must be considered in the programming opefation.
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3.5.5.4 M1501 Interrupt Priority Assignment

Each of the designated slots in the KMP0O2 System Unit for the M1501 Bus Input
Interface Modules has an associated interrupt request priority level assignment. When
a peripheral device is cabled to the module, the priority of the interrupt request will

be granted- as follows. Refer to Figure 3-7 for the M1501 slot locationms.

KMP02 Slot Priority
Designation Assignment
1 (not wired)
D03 2 (highest)
c03 3
EO03 4
BO7 5
B08 6 (lowest)

3.6 SIGNAL DISTRIBUTION

All signal transfers within the processor system or programming s&stem are imple-
mented by the prewired backplane of the KMP02 System Unit. Signal transfers between the
input and output devices, KC341-B Monitor/Control Panel, and LT33-DC Teiepypewriter are
through cables supplied with the MPS Development System or available from DIGITAL.

Figure 3-11 is a cabling diagram which locates and identifies all the necessar&
cables used with the system. Additional cable assemblies are available from DIGITAL in
lengths specified by the customer. Refer to the 1975-76 DIGITAL Logic Handbook or the
DIGITAL Hardware/Accessories Catalog listed in Table 1-1 for cable types available.

3.6.1 Processor System Cables

The basic processor system requires five BCO7D-04 cabies that are used to connect
three input devices to the M1501 modules and two output devices to the M1502 modules.
One cable end mates with the 40-pin connector mounted on the module edge and the other
end can be terminated at the customer's device. Tables 3-5 and 3-6 list the signals and
pin designations associated with the M1501 and M1502 interface modules. Figure 3-12 is

a pin layout diagram for the cable and module input/output connectors.

3.6.2 Programming System Cables

The cables required with the programming system are supplied with the associated

I/0 devices. Refer to Figure 3-12 for the cable designations and connections.
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MPS Development System Cable Location Diagram
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Table 3-5

M1501 Input Connector Pin Assignments

- Pin¥ Signal (TTL Ii?naidtir;‘goads)

Y GROUND
\

A DATA ACC H OUT** 8k
W GROUND \
X DATA RDY H IN 1
cc GROUND
DD BIT 7 MSB IN 1
EE GROUND
FF BIT 6 IN 1
HH GROUND
17 " BIT 5 IN 1
KK GROUND
LL BIT 4 IN 1
MM GROUND
NN BIT 3 IN 1
PP . GROUND ’
RR BIT 2 IN 1
ss GROUND
TT BIT 1 IN 1
uw GROUND
v BIT O LSB IN 1

*Pins A through V, Y, Z, and pins AA and BB are not used.

**Drive capability of output signal to device.
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Table 3-6

M1502 butput Connector Pin Assignments

A GROUND

B BIT 7 MSB OUT 20

c GROUND

D BIT 6 OUT 20

E GROUND

F BIT 5 OUT 20
. H GROUND

J BIT 4 OUT 20

K GROUND

L . BIT 3 OUT 20

M GROUND

N BIT 2 OUT 20

2 GROUND

R BIT 1 OUT .. 20 -

S . GROUND

T BIT 0 LSB OUT 26

Y GROUND

v NOT USED

W GROUND

X - DATA RDY OUT 30

Y GROUND

z DATA ACC IN* - T

AA GROUND

BB ' NOT USED

cc GROUND

DD BIT 7 MSB OUT 20

*Input signal from device to processor.
(Continued)
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Table 3-6 (Continued)

M1502 Output Connector Pin Assignments

EE GROUND

FF \ BIT 6 OUT o 20
HH GROUND '
JJ R 5 OUT 20
KK 5 GROUND

LL BIT 4 OUT 20
o GROUND

NN BIT 3 OUT 20
PP GROUND -

RR BIT 2 OUT 20
sS * GROUND

TT : BIT 1 OUT 20
uy GROUND

v BIT 0 LSB OUT 20

©M1501 OR

MISO2 INTERFACE MODULE

UPPER ROW OF PINS B DF J L NR T V X Z BBDDFFJILLNNRRTTVV

71777777777 777774,
S

A e

{

/:I/II/ /1//// /////1 VA S s /I/

LOWER ROWOFPINS AC El
! 1
II §
)

~
>
~

HKMP S UWYA

HB856 CONNECTOR C

[SHOWN WITH CABLE
INSTALLED)

Figure 3-12. Input/Output Conmnector Pin Layout
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3.6.3 KC341-B Control Panel Cables

Data and control signals are transferred between the KC341-B control panel and

cable is supplied with the panel and has mating 50-pin connectors on each end. \

) The dc power and ground to the KC341-B is supplied by a BCO5Y cable. Power is
derived from the KMP02 System Unit through the G772 power connector.

3.6.4 LT33-DC Teletypewriter Connections -

the M7341 Processor Module through the BCO5W, 50-conductor, flat ribbon cable. The

|
The LT33-DC signal cable attaches to the mating connector mounted on the M7347

|

Paper Tape Reader-Run Module. The M7347 is provided with an attached cable and connec-

tor which mates with the serial I/O cable on the M7341 Processor Module.

When an ASR33 Teletype terminal (or equivalent) is used with the MPS system, an
ASR Teletype Conversion Kit is availaﬁle from DIGITAL to interface the unit to the M7347

module. Refer to Appendix for interfacing information.
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CHAPTER 4 o

OPERATION AND PROGRAMMING

Operating programs for the processor system are developed using the programminé
system and the QY500-AB Software Package or with a PDP-8 computer system and the QF§OO—AB
Software Package. This section contains the information necessary to test thé operation
and functions of both the processor and programming systems and to produce basic data
storage and control programs for customer applications. References to detailed program-

,ming information contained in other MPS documents are also included.

4.1 KC341-B MONITOR/CONTROL PANEL OPERATION

The KC341-B Monitor/Control Panel provides on-line control and program diagnostic

capability for the programming system. The KC341-B performs the following functions:

* Enter Address Data + Display Operating Data
* Enter Operating Data + Display Processor Status -
* Display Address Data + Control Processor Status

4.1.1 Control Panel Switches and Indicators

Figure 4-1 shows the switches and indicators on the front panel of the unit. The
vertical row of indicators displays the machine states and status of the proéessor. The
upper horizontal row of switches and indicators is used to enter memory addresses or data
bytes and to display the contents of the specified address. The lower row of switches
provides control of the processor operations. Table 4-1 lists the function of the switches

and indicators on the panel.
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microprocessor series

monitor /control panel

Figure 4-1.

Switch/Indicator

KC341-B Panel, Switches, and Indicators

Table 4-1
KC341-B Switches and Indicators

Function

0-13 (Data/Address
Switches)

Two position switches of the panel switch register used to
enter data and address information when the processor is

in the HALT state.

Offset Address: Switches 0~ 7 enter three address octal

digits 000 - 377

8 (0 = low order, 7 = high order)

Block Address: Switches 8 - 13 enter two address octal

digits 00-—778 (8 = low order, 13 = high order)

Data: Switches 0-7 enter data (0 = low order, 7 = high

order)

0 - 13 (Data/Address
Indicators)

Displays the current 1l4-bit octal address when the proces-
sor module is in the RUN state, or displays 8-bit memory
data when using the EXAM or DISP DATA switches. Logical

one's are indicated when LED's are lighted. A

Offset Address: Indicators 0- 7 display offset address

000-—3778.

Block Address: Indicators 8- 13 display block address

00 - 778.

Data: Indicators 0- 7 display data.
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Switch/Indicator

Table 4-1 (Continued)

KC341-B Switches and Indicators

Function

LOAD ADDR (Load Ad-
dress Switch)

A momentary-action switch which loads the 14-bit address
entered by the Data/Address switches 0-13 into the pro-
cessor memory address buffer register. The next operation,
initiated by the processor, willlbe executed using the mem-—

ory address selected.

STRT (Start Switch)

A momentary-action switch which starts normal processor
operation when the HALT switch is in the run-enable (down)
position. Program execution starts .at the current memory
address. The-HALT indicator turns off and the RUN indica-
tor is lighted, indicating the Run mode. The Run mode
continues until the HALT switch is again raised or until

a HLT instruction is executed.

SING CYCLE (Single
Cycle Switch)

l (

CONT (Continue Switch)

The SING CYCLE and CONT switches enable program execution
on the processor module's memory address bus on a cycle~
by-cycle basis. The SING CYCLE switch must be in the down
(single cycle) position and the HALT switch must be in the
down (run-enable) position. Each'cycle is then initiated
by pressing the momentary-action CONT switch, causing pro-
cessor time state TS3 to be entered. The processor then
executes the cycle and stops, as indicated by lighting the

WAIT indicator. The 14-bit address of the next memory

. byte is displayed and the PCI, PCW, PCR, or PCC indicator

displays the identity of the next machine cycle to be exe-
cuted. The 8-bit contents of the addressed location may
be displayed by pressing the DISP DATA switch. The up

position of the SING CYCLE switch selects normal operatjon.
)

DEP (Deposit Switch)

A momentary-action switch which is raised to load switch
register data into the memory location currently addressed
by the processor memory address buffer. Sequential memory
locations may be loaded by entering new data into the
switch regigter for the next location to be loaded and
raising the DEP switch. - Thé memory address is automatic-
ally incremented to the next address for successive DEP
switch operations. (See the DISP DATA and DISP ADDR switch

descriptions.)
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Table 4-1 (Continued)
RC341—B Switches and Indicators

Switch/Indicator Function

EXAM (Examine Switch) A momentary-action switch which is pressed to examine
(read) the contents of the location currently addressed by
the processor memory address buffer. The memory data ob-
tained is displayed on the Data/Address indicators 0-7.
The memory address is automatically incremented to the
next address for successive EXAM switch operations. Cur-
rently displayed data méy be altered by entering the de-
sired data into the Data/Address switches and by raising
the DEP switch. The new data is loaded into the same mem-
ory location where the altered data was obtained. Press-
ing EXAM will then cause the new data (at the same loca-
tion) to be displayed. The next location is then examined
by simply pressing EXAM. (See the DISP ADDR switch de-

scription.)

\ HALT (Switch) Selects the run-enable Halt mode of the processor. In the
' up position, the processor is in the Halt mode, and the
| HALT indicator is lighted. When in this position, the
switch enables the LOAD ADDR, EXAM, DEP, and switch regis-
ter functions. In the down position, the processor is in
the run-enable mode. The HALT indicator is turned off when
- the program execution is started until the processor is
halted by the HALT switch or by executing a HLT instrqc—
tion. When in the run-enable position, the switch enables

the STRT, SING CYCLE, and CONT switches, and the Address/

Data indicators display the current memory address.

DISP DATA (Display A momentary-action switch which is pressed to examine the

Data Switch
) contents of the current location when using the DEP or

DISP ADDR (Display A momentary-action switch which is pressed to display the
Address Switch)

current address when using the DEP or EXAM switch functions.

RUN (Indicator) Lights to indicate a program is being executed in the pro-

cessor. (Refer to STRT switch function.)

l SING CYCLE switch functions.
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Switch/Indicator

Table 4-1 (Continued)

KC341-B Switches and Indicators

Function

HALT (Indicator)

Lights to indicate that the processor is in the Halt mode.

(Refer to HALT switch function.)

WAIT (Indicator)

Lights to indicate that the processor is in a Wait condi-
tion between machine cycles TS2 and TS3. (Refer to SING
CYCLE and CONT switch functioms.)

PCI (Indicator)

Lights during'the first cycle of each instruction.

PCW (Indicator)

Lights during the processor cycle when memory is addressed

and data is written into the addressed location.

PCR (Indicator)

Lights during the retrieval of data from memory.

PCC (Indicator)

Lights during an I/0 instruction when a device is addressed

and data is transferred.

91, ¢2' (Phase
Indicators)

Light to indicate the presence of two-phase clock signals

in the processor module.

SYNC (Indicator)

Lights to indicate the processor SYNC signal is being

generated.

RDY (Ready Indicator)

Lights to indicate the RDY H signal is true, enabling pro-
cessor module operation. When the RDY H signal is false,
the processor module remains in the Wait state until the

signal is again asserted.

INTR (Interrupt
Indicator)

Lights to indicate that the INTR H signal is in the true
state during an interrupt request at the processor. If
interrupts are enabled, the processor will service the

request.
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4.1.2 Address Notation and Operating Data Selection

Both address notation and operating data entered or monitored by the Data/Address
switches and indicators on the KC341-B Monitor/Control Panel are represented in octal

notation. Figure 4-2 shows the octal assigmments for address information and data.

Switches 0 - 7 select the desired offset for the address information and also the
complete 8-bit data byte from 000-—3778. Switches 8 - 13 are used to select the desired

block number of the address. Block numbers may range from OO-—778.

4.1.3 Control Panel Functions

Load Address — The load address function permits the manual insertion of a 1l4-bit
memory address through the switch register to deposit data in the location accessed or

examine its contents. Once an address has been loaded, it is displayed automatically.

Deposit — The deposit function permits an 8-bit data byte to be written into the -
memory location by setting switches 0~ 7 and raising the deposit switch. The data is

automatically displayed in indicators 0-7.

Examine - The examine function permits the examination of the contents of that
location accessed by the MPS address bus. The contents of this location are displayed

in the Address/Data display by pressing the EXAM switch.

Start - The start function permits the execution of a program at any location
within that program by inserting the address of the desired memory location in the switch
register and pressing the STRT switch. This address may be, for example, the starting

location of the bootstrap routine contained in the front panel PROM residgnt memory.

Single Cycle and Continue - These functions permit the examination, on a cycle-

.by-cycle basis, of the MPS memory address bus and the bidirectional data port contents.
Pressing the SING CYCLE switch grounds the RDY (ready) line to the MPS, causing the pro-

cessor to enter the Wait state and the WAIT indicator to light.

Halt - The halt function permits a user to halt operations of the processor mod-
ule by a single-switch action. The HALT switch must be operated to perform such panel

functions as load, address, examine, or deposit.

Display Data - The display data function is used while operatingléhe MPS in the
Single Cycle mode. Each pressing of the CONT switch steps the program in a cycle-by-
cycle manner. At the end of each cycle, the control panel lights display the memory lo-

cation currently being addressed.

Display Address - The address currently being examined under an examine function

can be displayed by pressing the DISP ADDR switch. The address location is displayed

on panel indicator lights 0- 13, where the switch is held down.
)
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Figure 4-2. KC341-B Data/Address Switch Selections

4.2 LT33-DC TELETYPEWRITER OPERATION

'The LT33-DC terminal contains a paper tape reader and punch used to read the as-
sembler and editor progfams on paper tape in the QY500-AB Software Package into the M?S
programming system. The user programs are punched on paper tape for loading into the
processor system., Detailed information on the LT33-DC operétion is contained in the MPS
Microprocessor Series User's Handbook. The LT33-DC is interfaced to the ﬁrogramming sys-—

tem thrpugh the M7347 Paper Tape Reader-Run Module.

4.3 PROM PROGRAMMING

The M7345 Programmable Read-Only Memory-Module is supplied with PROM circuits to
be programmed by the user. Each PROM circuit is equipped with a seaied, transparent
quartz lid which permits erasure, using an ultraviolet light source, prior to reprogram-
ming. PROM programming is éccomplished through the use of a ROM (read-only memory) pro-
grammer which is run on a PDP-8 processor. The user interested in PROM programming
should consult the MPS Microprocessor Series User's Handbook supplied with the system.
4.4 ’ PROCESSOR SYSTEM CHECKOUT

Prior to entering the user programs into the processor system, the following
checks will ensure the proper operation of the hardware and modules. An LT33-DC Tele-
typewriter or an equivalent terminal must be conunected to the serial line input on the
M7341 Processor Module. Refer to the terminal interconnection information in the Appen~

dix of this guide for proper interfacing of the teletypewriter to the processor system.

4.4.1 Teletypewriter Check
1. Apply power to the processor system. '

2. Set the teletypewriter switch to LINE (refer to MPS Microprocessor

Series User's Handbook).
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3. Check the RUN light on the M7341 module for an "ON" condition.

4. To verify the Run condition, press the STRT switch on the mount-

ing panel or press the '"C" key on the teletypewriter keyboard.

5. If the system is running, an asterisk (*) will be printed by the

teletypewriter.

The system is now under control of the MDP program permanently written into the M7345
Programmable Read-Only Memofy Module. MDP will allow the folldéwing actions to be per-

formed:

1. Open specified memory locations so that the contents may be ex-—
amined, verified, and modified, if necessary. The previous, cur-

rent, and next locations may be opened, displayed, and closed.
2. Allow a program segment to execute for test purposes.
3.. Specify breakpoint locations for test program execution.
4. Load specified memory locationg with a constant value.

5. Display the contents of program addresses, status flip-flops, and

index registers via the terminal.

6. Read and punch paper tape on the terminal.

The most basic application of MDP is in loading a basic sample program. Complete~details

on MDP are defined in Chapter 8 of the MPS Microprocessor Series User's Handbook.

4.4.2 2K Read/Write Memory Test

This test is performed after the teletypewriter check and 1s capable of detecting
faults which may occur during system operation as a result of a hardware error. Addi-
tional cheéks on'peripheral devices may be required for a more complete system test. The
program is entered by the Microprocessor Debugging Program (MDP) stored in the M7345 4K
PROM module.

The program runs in block 20, starting at address 20#0. When started, the program
loads zeros (000) in memory locations 116 through 377 of block 20. We then recycle
through the block just written and compare each location to zero to check that the data
was written correctly. If no errors are detected, the process is repeated in the next
block. After all blocks (20- 278) have been written with zeros, the program is repeated
with all ones (3778) being written in each location. At the end of the second pass or
on an error, control returns to MDP. If the test was successful, register C should con-
tain 0. If register C contains 376 or 377, it indicates that an error occurred during
pass one or pass two, respectively. Registers H, L will contain the address of the loca-

tion in error.

/




Proceed as directed below:

1.

2.

Apply system power.
Turn terminal on. (Set teletype switch to LINE.)

System should be in a Run condition as indicated by the RUN light
on the M7341 CPU module being 1lit.

Verify Run condition by:
a. pressing switch button on HOl4 Mounting Panel; or
b. pressing the CTRL and C keys simultaneously on the terminal keyboard.

If the system is running, an asterisk will be printed’or displaféd

by the terminal.
Enter the program as follows:
a. Type 20#0/.

b. MDP will respond with 3 digits indicating the current contents

of location 20#0 and a space.
c. Type 026 <LF>.

d. MDP will respond by typing a carriage return, line feed, and
20 001/xxx.

e.  Type 376 <LF>.

f. MDP will respond with a carriage return, line feed, and
N .
20 002/xxx.

g. Continue in this manner until you get to the last location,
20 071.

h. Type 020 <CR>.
i. MDP responds with carriage return, line feed, and an asterisk (¥*).

j. The program may be listed by typing the following command:
D 20#0; 20#71 <CR> ’

k. MDP will list the contents of each location and finish with

a <CR>, <LF>, *.

1. When the program has been verified, type the following command:
G 20#0 <CR>

m. The program will begin execution and return control to MDP
(indicated by a <CR>, <LF>, %) on completion of the test or

an error condition.

n. Type X <CR>.
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o. MDP will respond with .20 111/xxx (contents of register A).
p- Type <LF>.
q. MDP will respond with 20 112/xxx (contents of register B).
r. Type <LF>.
s. MDP will respond with 20 113/xxx (contents of register C).

t. The contents of 20 113 should be 0 if the test was a success.
If xxx is equal to 376 or 377, it means that an error was de-
tected. Type <LF> twice to get the address of the location
in error. MDP will respond with:

20 114/xxx (block)
20 115/xxx (offset)

The contents of 20 114 is the block number and 20 115 is the

offset number.

Block
20 Machine Symbolic
Instruction Instruction
Offset or Data or Data Remarks
0 026 BEG, LCI 376 /initial pass switch
1 376
2 036 LDI A /initial offset
3 116 '
4 056 I, LHI At /initial block number
5 020 .
6 364 LLD /set initial offset
7 016 G, LBI O /initial data
10 000
11 371 B, 1LMB /load memory
12 060 INL /increment offset
13 110 JFZ B /loop till end of current block
14 011
15 020
16 364 LLD /reset offset
17 301 LAB /load accumulator with data
20 277 c, CPM /compare with memory
21 110 JFZ MDP /exit to MDP on error
22 077
23 000
24 060 INL /increment offset
25 110 JFzZ C /loop till end of current block
26 020
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Block
‘ 20 Inb:‘:szzzion
Offset or Data
N 27 ( 020
30 056
31 020
32 066
33 005
. 34 006
35 027
36 277
o 37 110
40 062
: ‘ 41 020
‘ 42 076
43 - 020
44 066
45 003
46 076
47 116
50 066
‘ ‘ 51 010
“ 52 020
53 372
54 150
55 077
56 000
57 104
60 , 002
. 61 020
' 62 347
63 040
. 64 374
65 036
66 000
) 67 104
70 004
71 020

Symbolic
Instruction

or Data

LHI I+1+4

LLYT T+l

CPM
JFZ D

LLI BEG+3

LLI G+l
INC

JTZ MDP

LEM
INE

ILDI O

4-11

Remarks

/end of memory?

/set block number address in H, L
/load accumulator with last biock #
/compare with current block #

/not equal, continue pass

/pass complete, reset block #
/reset offset

/to protect scratch area

/reset data

/end of second pass?

/yes, exit to MDP

/no, do pass two

/increment block #

/reset offset

/continue pass



4,4,3 Sample I/0 Program

Eight input interface instructions and ten output interface instructions are '
available to control the transfer of serial and parallel data to and from the processor
system. Two sample programs are included for checking the I/O operations. The programs

can be entered into memory by the LT33-DC Teletypewriter keyboard.

Tnput Interface Instructions - The following list shows the address, instruction,
and function of each input instruction. When the processor receives an instruction, the

data on tlie selected input is read into the processor accumulator.

Device .
Address Instruction Function -
INO 0 INP O Read serial data (from UART)
INO 1 INP 1 Read status (from UART)
INO 2 INP 2 Read data from M1501 slot D03 . .
INO 3 INP 3 Read data from M1501 slot CO3
INO 4 INP 4 Read data from M1501 slot EO3
INO 5% INP 5 Read data from M1501 slot BO7
INO 6% INP 6

Read data from M1501 slot BOS8

*0Optional M1501.

Example Input Program - The following program will input a ten-word block of data

to memory. The starting address of the memory location for the block is 20 230.

N

Memory Word Instruction
Block Address or Data Instruction Label Comments
#20#200
20 200 056 LHI BLK+ /load address of
020 /block to H and
/L regs
20 202 066 LLI BLK '
230
20 204 0lé LBI 12 /set count to 10
012 u .
20 206 105 © , AGIN, INP2 /read A data word
20 207 . 370 LMA /store it in block
20 210 060 INL /increment pointer i
20 211 011 DCB /decrement pointer
20 212 110 JFZ AGIN /if not done, go back
/ 206
020
20 215 000 HLT
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Memory - Word Instruction
Block Address or Data Instruction Label Comments

. #20#230

20 230 000 BLK BLOCK 12

000 '
000
000
000
000
000
000

N 000
000

Qutput Interface Instructions - The following list shows the address, instruction,

and function of each output instruction. When the processor receives the instruction,

data is transferred from the processor accumulator.

‘ Device

Address Instruction Function

OUT 00 OUT 0 ‘ Load data out to UART

0oUT 01 ION Enable interrupts

ouT 02 I0F Disable interrupts

OUT 03 ouT 3 Load M1502 slot EF02 (low byte)

OUT 04 OUT 4 Load M1502 slot EF02 (high byte)
. OUT 05 OUT 5 Load M1502 slot CD0O2 (low by‘te)

OUT 06  OUT 6 Load M1502 slot CDO2 (high byte)

OuT 07% ouT 7 Load M1502 slot CD0O4 (low byte)

QUT 10%* ouT 10 Load M1502 slot CD04 (high byte)

*0Optional M1502.

AN

Example Output Program - The following program will output a ten-word block of

. data from memory location 20 230 to 20 241.
Memory Word Instruction :
Block Address or Data Instruction Label - Comments
*20#300
20 300 ' 056 LHI BLK+ /load address of
. 020 /block to H and
/L regs
20 302 066 LLI i BLK
230
\ 20 304 016 LBI ( 12 /set count to 107q
012
20 306 307 NEXT, LAM /load register from
/memory

‘ | |
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Memory
Block

20
20
20
20
20
20
20
20
20

Word Instruction

Address or Data Instruction Label Comments

307 131 OUT 5 /load output register
310 060 INL /increment pointer
311 011 DCB /decrement counter
312 110 JFZ NEXT _/if not done, go back
313 306

314 020

315 104 JMP 20#300 . /load block again

316 300

317 020

4.4,4 Input/Output Interface Test

|
The following program tests the operation of the input (M1501) and output (M1502)

interface modules by cycling data stored in memory through an output interface and into

an input interface. The binary value of the data returned is compared with the data ini-

tially loaded into memory,and any errors are indicated by a teletypewriter printout. To

execute the test, perform the following procedure:

1.

Block
20

Offset

200
201
202
203
204
205

Connect the test cable BCO8R-1 between the output connector of-the
M1502 module in slots C02, D02 and the input connector of the M1501

module in slot DO3.

Using the teletypewriter, preload the following program into memory
starting at block 20#200. Enter a ten—word block of test data in
the desired configuration starting at block 20#230.

Type "G" 20#200 on the keyboard to execute the program. When pro-
gram stops, type D 20#242; 20#253 <CR>. The input data received by
the system and stored in memory will be printed on the teletypewriter.
The value of the printed data should equal the value of the ten-word
block of data stored in location 20#230 through location 20#241.

Machine Symbolic
Instruction Instruction
or Data or Data Remarks
*20#200 /initialize origin
056 LHI OBLK# /initial H register
020 :
) 026 LCI OBLK /ini;ial C register to, OUT data
230
036 LDI IBLK . /initial D register to IN data
242
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Block

201 Inzigzzgion
Offset or Data
206 016
207 012
210 362
211 307
212 131
213 363
214 105
215 370
216 020
217 030
220 011
221 110
222 210
223 020
224 104
225 ' 100
226 000
227 000
230 . XXX
231 XXX
232 XXX
233 XXX
234 XXX
235 XXX
236 XXX
237 XXX
240 XXX
241 XXX
242 XXX
243 XXX
244 XXX
245 XXX
246 XXX
247 XXX
250 XXX
251 XXX
252 XXX
253 XXX

254

Symbolic
Instruction
or Data

LBI 12

NEXT, LLC
LAM
oUT5
LLD
INP2
LMA
INC
IND
DCB
JFZ NEXT

f

JMP 100

HLT
OBLK, BLOCK 12

IBLK, BLOCK 12

4-15

Remarks

/set counter for ten words

/set pointer to OUT data
/load data into accumulator
/output data to M1502

/set pointer to IN data
/read data from M1502
/store in IN data block

/increment pointers

/decrement counter

/if not zero, get next word

/if zero, return to MDP

/dunmy statement
/ten-word block for output data

{
/to be entered at run time

/ten-word block for input data
/should equal data entered

/in OBLK after execution

/end-of-program indicator




4.4.5 Sample Arithmetic Program

This program performs a mu%tiplication of two binary numbers from. specified mem-
ory locations and stores the result in a separate memory location. The two numbers are
loaded into general registers B and C, and register D is used to temporarily store re-
sults during the computation. Register E performs a count operation. The binary num-

bers are multiplied by a series of additions and shift operations.
\ .
The program is loaded into read/write memory starting at location 10000 (block 20

offset 0) using MDP (refer to the following listing). The first location is opened to
enter the assembled code followed by a line feed. MDP will automatically open the next
location. After the last location (block 20 offset 40) is entered, a carriage return is
typed to return control to MDP. To rum this program for different values, enter the mul-
tiplicand and the multiplier in locations block 20, offset 41 and 42. Program execution
may be initiated by typing the GO command, G 20 0 <CR>. When the asterisk appears in

the left margin, the operation is complete and the result will be found in location

block 20 offset 43.

Block
20 Machine Symbolic
Instruction Instruction
Offset or Data or Data Remarks.

0 056 LHI ABLE+ /get data in registers

1 020
/ 2 066 LLI ABLE /for ease of operation

3 041

4 317 LBM /store lst number in B

5 060 INL

6 327 LCM /store 2nd number in C

7 250 XRA /clear accumulator and carry

10 330 LDA /clear product

11 046 LEI -10 /set counter to —810

12 370

13 , 301 MOl, LAB /load 1lst number into accumulator
14 032 RAR /rotate accumulator one bit right
15 310 LBA /save rotated number in B )
16 303 LAD /load product into accumulator
17 100 JFC M02 /carry set?

20 024

21 020 ,

22 240 NDA /yes, clear carry

23 202 ADC ) /add 2nd number

24 032 MO2, RAR " /rotate product right ome bit
25 330 . LDA /save product in D
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Block
20

‘ Offset

26
27
30
31
32
33
34
35
36
37
40

4.5

Machine Symbolic
Instruction Instruction

or Data or Data ' Remarks
040 ’ INE ! /increment counter
110 -JFZ MO1 /are we done? _
013 o '
020 .
301 LAB /yes, get register B
032 RAR / /rotate if one bit to the right
060 INL 4 /increment memory pointer
370 LMA /save result
104 JMP MDP /return to MDP
077
000

PROGRAMMING SYSTEM CHECKOUT

After the KC341-B has been properly connected to the programming system, perform

the following checkout procedures.

4.5.1 Control Panel Operation Test

This test verifies the correct operation of the 32-word, 8-bit read/write memory

and the 256-word, 8-bit read-only memory located in the control panel (containing the

Microprocessor Loader Program) have been verified.

" 1.

10.

Ensure that switches labeled 0- 13 are off (down) and all function

switches are up excépt DEP, which is normally dowm.

Observe that indicators ¢1, ¢2, SYNé and PCI are on (¢1, ¢2, and

SYNC remain on).
Set switches 0, 2, 4, 6, 8, 10, and 12 up.
Press the LOAD ADDR switch.

Observe that the corresponding switch indicators are 1lit (0, 2, 4,
6, 8, 10, 12).

Set switches 0, 2, 4, 6, 8, 10, and 12 down.

Repeat steps 4 and 5, substituting switches .and indicators 1, 3, 5,

7, 9, 11, and 13.
Set switches 1, 3, 5, 7, 9, 11, and 13 down.
Set switches 8- 13 up (address 77 000).

Press the LOAD ADDR switch.
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11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.
34.

35.

36.

Press the EXAM switch.

The switch indicator lights should display 00 125 Actuate the

DISP ADDR switch to observe the address 77 000. °
Repeat 11 and 12 above except observe 00 1068 and address 77 001.
Repeat 11 and 12 above except observe Q0 1428 and address 77 002.
Repeat 11 and 12 above except observe 00 0778 and a@dress_77 003.
Repeat 11 and 12 above except observe 00‘0548 and address 77 004.
Set switches 8 through 13 down.

Set switches 9 through 13 and 5 through 7 up (address 76 340).
Press the LOAD ADDR switch.

Set switches 9 through 13 and S.through 7 down.

Set switches 1 through 5 up (00 076).

Actuate the DEP switch.

Set switches 1 through 5 down.

Repeat 21 and 22 above except set switches 7, 5, 3, and 1 up (00 252).

Set switches 1, 3, 5, and 7 down.

Repeat 21 and 22 above except set switches O through 3 and 6 up (00 117).

Set switches 0, 1, 2, 3, and 6 down.
Repeat 18 and 19 above (load address 76 340).
Set HALT then SING CYCLE switches down.

Actuate STRT switch.

Observe that the INTR, RDY, WAIT, and PCI indicators are on. (¢1, ¢2,

and SYNC remain on continuously.)
/

Actuate the CONT switch.
Observe that the INTR and PCI indicators go off.

Observe that the:PCR indicator is on.

Actuate the CONT switch six more times and observe the following

(also actuate DISP DATA switch each time to observe the data):
|

(a) PCR ON (d) PCW ON, PCR OFF
(b) PCI ON, PCR OFF (e) PCI ON, PCW OFF
(c) PCR ON, PCI OFF (f) PCC ON, PCI OFF

Set HALT and SING CYCLE switches up.

4-18




37. Repeat 9 and 10 (load address 77 000).

38. Set HALT switch down. -
39. Actuate STRT switch.

40. Observe that the RUN indicator is on.

41, Set HALT switch up.

42. RUN indicator goes out.

43. End of test.

4.5.2 8K %ead/Write Memory Test

This test will establish the ability of the control panel to properly address and
deposit data in all blocks of the 8Kx 8-bit read/write memory module. The program is
entered through the KC341-B Control Panel.

The program runs in block 0, starting at address 014. When started, the program
loads zeros (000) in memory locations 110 through 377. The program is then recycled
through the block just written and compares each location to zero to check that the data
was written correctly. If no errors are detected, the process is repeated for the next
block. After all blocks (0-378) have been written with zeros, the progrém is repeated
with all ones (377) being written in each location. If no errors are detected in this
pass, the program halts at location 0#110. When an error is detected, the program halts
at location 0#013. The address of the locafion that failed is contained in the follow-
ing locations: the block number (N) is in location 0#021 and the offset is in location
N#012. Location 0#024 contains the correct data, either 000 or 377. ZLocation 0#046 con-

tains the highestlblock number to be tested. Proceed as directed below:.
1. Apply system power.
2., Set the HALT switch to the down position.
3. Set the switch register to all zeros (down). Press LOAD ADDRess.

4. Load the system checkout program by setting the switch register to
an instruction or data value for each location as specified in the
following listing, and momentarily raising the DEPosit switch. Re-—
peat this operation for each data value or instruction in the pro-
gram. The memory address is automatically incremented each time the
DEP switch is raised. If desired, the program may be examined after
it has been loaded by first repeating step 3 and then pressing EXAMine;
each time EXAM is pressed, the memory address is automatically incre-
mented. The contents of ‘the memory locations are displayed in indica-
tors 0 to 7 located above the switch register. A symbolic listing is

included, enabling a better understanding of the program operation.
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5. Run the program by starting the program at location 014, as follows:

a. Set the switch register to 0#014. Press LOAD ADDR.

b. Return the HALT switch to the run (up) position.

c. Press STRT.

The program will immediately start and then halt

at a location, as displayed on the panel indicators. The dis-

played address should be 00 110, an indication of normal oper-

ation.
00 012.

If any fault occurs, the program halts at location

The address where the error occurred ma§ be obtained

by examining the contents of location 00 021 to determine the

block number.

Location 013 of that block will contain the

offset of the address in memory that caused the failure.

The system checkout program should not be considered a system diagnostic program,

although it is capable of detecting faults which could occur during system operation if

the MPS had a persistent hardware error.

Generally, if the MPS system is properly in-

stalled and this program is run without errors, the MPS portion of the system is‘fully

operational. Additional checks on peripheral devices may be required for a more complete

assurance test.

Block ]
20 In235222§0n
Offset or Data
0 277
1 110
2 006
3 000
4 060
5 007
6 336
7 066
10 013
11 373
12 000
13 000
14 026
15 376
16 036
17 110
20 056
21 000

Symbolic
Instruction

oxr Data

CPM
JFZ E

INL
RET
E, LDL

LLI F

LMD
HLT
F, HLT
BEG, LCI 376

LDI A

I, LHI A+

4~20

Remarks

/compare memory to accumulator

/error if not zero

/increment offset
/return to location after RST
/error, save offset

/get F offset into L

/store offset of location in error
/program halts here on error

/stores offset of offending location
/initial pass switch

/initial starting offset

/initial starting block number



Block

20

Offset

22
23
24
25
26
27
30
31
32
33
34
35
36
37
40
41
42
43
44
45
46
47
50
51
52
53
54
55
56
57
60
61
62

63"

64
65
66
67

Machine
Instruction
or Data

363
016
000
371
060
“110
025
000
363
300
301

005 -

110
034
000
056
000
066
021
006
037
277
110
070
000
076
000
106
100
000
020

150 -
107

000
372
104
016
000

Symbolic
Instruction

or Data

LLD
G, LBI O

B, IMB

INL
JFZ B

LHI I+14

LLI I+1

CPM
JFZ D

CAL H

INC
JTZ K

4-21

Remarks

/load offset
/initialize data

/load memory

/increment offset

/loop till end of current block
/reset offset for comparison
/load accumulator with data

/call compare memory subroutine
/loop till end of current block
/test for end of memory

/set block number address in H, L
/load accumulator with last block
/compare with current block #
/not equal, go to D

/pass complete, reset block #

/reset starting offset

‘/end of first pass

/no !

/yes, set data to all omes

/do pass two




Block
20

Offset

70
71
72
73
74
75
76
77
100
101
102
103
104
105
106
107
110

Machine
Instruction

or Data

347
040
374
036
000
104
020
000
066 |
017
076
110
066
024
007
372
000

Symbolic

Instruction

JMP T

or Data

H, LLI BEG+H3

LMI A
LLI G+1
RET

K, LMC
A, HLT

4-22

Remarks

/increment block #

/store new block #

/reset starting offset to zero

/reset starting offset to A

/to protect program

/set memory pointer to G+l
/return to instruction after CAL

/reset data to all zeros

/halt, end of test
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APPENDIX A

SERTAL 170 TERMINAL CONNECTIONS

The M7341 Processor Module is equipped with a 20 mA current loop, full-duplex
'serial communication line operating at a rate of 110 baud. Data is transmitted to and
from a terminal over this line. Digital Equipment Corporation .terminals using serial ‘

communication lines are listed below:

LT33-DC Teletype Terminal LA36 DECwriter II Terminal
VTO5 Video Terminal RTO1 Data Entry Terminal

VI50 DECscope Video Terminal RTO02 Data Entry Terminal
) LA30 DECwriter Terminal

When an ASR-33 Teietype Console isiused, a conversion kit is available to interface

the terminal to the M7341 Processor Module: ASR-33 Teletype Kit, Part No. LT33-MB.

The communication line on the M7341 Processor Module is terminated in a female

Mate-N-Lok connector carrying the following signals:

Pin 1 - Vacant

Pin 2 - Serial out, negative (red wire)
Pin 3 - Serial in, negative (white wire)
Pin 4 - Reader enable, negative (brown wire)
Pin 5 - Serial out, positive (green wire)
Pin 6 - Reader enable, ground (blue wire)
Pin 7 - Serial in, positive (black wire) |
Pin 8 -~ Vacant
=Y |
1Jo VACANT— ReD(SERIAL OUT-)
D -
g o /WWHITE(SERIAL IN-)
2lo |_———————BROWN (READER ENABLE-}
5o | —————GREEN(SERIAL QUT +)
6lo BLUE(READER ENABLE-GND)
7 lo > ~—————BLACK{SERIAL IN +)
8 53 VACANT
O}
FEMALE MATE-N-LOK CONNECTOR - MALE MATE-N-LOK CONNECTOR

The terminal communicating with the M7341 Processor Module must be equipped with a cor-
responding male Mate-N-Lok connector and must supply at least the signals identified by

the asterisk on the connector signal list.






APPENDIX B

BLOCK-OFFSET TO OCTAL CONVERSION

This appendix can be used to convert the block-offset notation in assembly
language programs and output to octal notation. Only the first and last conver-—
sions are given for each block. To convert an offset within a given'block, add the

offset to the starting octal location in the block. For example:

. Block Offset Octal

11 0 4400

11 377 4777

To convert block 11 offset 227 to octdl, add 227 to 4400. The correct octal equiv—
alent is 4627.

Block Offset Octal Block Offset QOctal
0 000 0000 5 0 2400
0 377 0377 s . 377 2777
1 0 0400 6 0 3000
1 377 0777 | 6 377 3377
2 0 1000 7 0 3400
2 377 1377 7 377 3777
3 "0 1400 10 0 4000
3 377 1777 - 10 377 4377
4 0 2000
4 377 2377

B-1




Block

12
13

13
14

14

15

15
16

16
17
17

20

20

22

' Offset

377

377

Octal

4400

4777
5000

5377
5400

5777
6000

6377
6400

6777
7000

7377
7400

7777
10000

10377
10400

10777
11000

11377

B-2

Block

23
23
24
24
25
25
26
26
27
27
30
30

31

31
32

32
33
33

34

34

Offset

0

377

377

377

377

377

377

31

37

377

Octal

11400

11777

12000

12377
12400

12777
13000

13377
13400

13777
14000

14377
14400

14777
15000

15377
15400

15777
16000

16377
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000€C 0
LLLTT LLE
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LLETT LLE
0002¢ o,
LLLTZ LLE
oovlT. 0
LLETT LLE
*0001C 0
LLLOT LLE
00+0Z 0
LLEOT LLE
00002 0
LLLLY LLE
00vLT 0
LLELT LLE
000L1 0
LLLOT LLE
00t91 0
[0 13510

134
(44
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Block

61
61

62

62
63

63
64

65
66

66
67

67
70

70

Offset

377

377

3717

377

377

Octal

30400

30777
31000

31377
31400

31777
32000

323717
32400

327717
33000

33377
33400

33777
34000

34377

Block

71
71

72

72
73

73

74

74
75

75
76
76

71

717

Offset

377

377

377

377

377

Octal

34400

34777
35000

35377
35400

35777
36000

36377
36400

36777
37000

37377
37400

37777
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