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CAUTION

FAILURE TO OBSERVE THESE IMPORTANT PRECAUTIONS WILL VOID WARRANTY

Read all material before beginning construction.
Use ONLY electronic quality rosin core solder.

Use extreme care with static-sensitive chips to prevent static discharge damage. {These
chips are inserted in black conductive foam material in your kit.)

Do NOT plug or unplug boards while power is on.

Do NOT apply power to any board or circuit before checking each component and
each trace.

Do NOT insert chips in socket before all soldering on the board is completed.
Do NOT use nonstandard parts such as fuses of a higher current rating.

Do NOT leave out any construction step.

Use only specified AC power.

Prevent flat cable end from touching areas of the system that may be carrying
current.

Clean unit with soap and water or isopropyl alcoho! only to prevent damage to plastic
components.

Some repair operations are quite demanding. Do not attempt repairs beyond your
level of skill to prevent damage to the board or the components.

Use ONLY a 25 watt electronic soldering iron for assembly of your IMSAI kit.
Do NOT perform any solder work on a board while power is applied.

Do NOT plug or unplug a chip from a socket while power is applied.

Check power supply voltages BEFORE inserting any boards into chassis.

For all assembled units, read USER GUIDE section for jumpering instructions.

To register your kit for warranty protection, fill out warranty cards and mail to
IMSALI. Kits without warranty cards on file are NOT covered by warranty.
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ERRATA INFORMATION

Errata information will be found immediately preceeding the section to which the in-
formation applies and should be used for clarification and/or correction of the section
indicated.

CAUTION: FAILURE TO OBSERVE PERTINENT INFORMATION WHICH IS INCLUDED
WILL VOID WARRANTY.
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CUSTOMER SERVICE
REPLACEMENT PARTS

If you need a replacement part, use only standard parts from commercial sources. Use of surplus or second-run parts
will void warranty. If you have trouble locating a part, write IMSAI and inciude:

o Part number and description as shown in the parts list.

o Serial number of cabinet or board name and revision number.

e Date of purchase.

o Nature of defect.
Note: Parts damaged through carelessness or misuse will not be replaced under warranty.
TECHNICAL CONSULTATION

Need help with your kit or system?

We encourage you to cail or write IMSAI for assistance with any technical problems {except program debugging and
“customizing” of hardware for special application, which we will not handle).

The effectiveness of our technical assi depends on the information you furnish. Be sure to include:

Serial number of cabinet and/or board name and revision number.

Date of purchase.

Exact description of problem.

Everything you have done in attempting to correct the problem.

All switch positions, connections to other equipment, system configuration, operation procedure, voitage
readings and any other information that you think might be useful.

Note: Telephone traffic is lightest at midweek . . . please be sure your manual and all notes are on hand at time of
all.

REPAIR SERVICE
Service facilities are available for both warranty and non-warranty repair work. If this service is desired, send IMSAI:

Name and address.

Date of purchase.

Coapies of all correspondence and notes relevant to the problem.

A complete description of the problem.

Autharization to return your kit C.0.D. for service (IF ANY) and shipping charges.
The equipment to be repaired should be sent to IMSAI well packed.

The original packing slip number.
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IMSAI 8080 System
Introduction

INTRODUCTION

The documentation for the IMSAI 8080 Microcomputer System
consists of several books. This volume, the IMSAI 8080
Microcomputer System User Manual, contains a detailed
description of the features and configuration of the com-
puter as a complete system. It also describes the printed
circuit boards that form the system building blocks. The
chapter format begins with a functional description of the
system or board, including brief notes about all the fea-
tures. The actual operation of the system or board is then
described in a theory of operations section. The physical
and electronic arrangement of the system or board are next
shown with a photograph and a schematic.  Assembly of the
board from a kit is described by assembly drawings or
photos, a complete parts list, and assembly instructions
in each chapter. Finally, the information that tells the
user how to use the design features of the board to imple-
ment various functional options is contained in a user
guide section for each board.

Operation of the computer as a system is documented in the
IMSAI 8080 Microcomputer System User Manual in the chapter
General Assembly and Test Instructions and also in the chapter
on the CP-A (Front Panel Control Board). The software supplied
with the basic unit, consisting of a resident monitor,
assembler and text editor is described in the last chapter

of the IMSAI 8080 Microcomputer System User Manual. This
chapter includes both a description of the software and

a complete object listing.

Supporting documentation is provided by a copy of the Intel
8080 Microcomputer System Users Manual, supplied in every
system kit to give IMSAT users the primary source of
detailed information about the function and instruction set
of the logic implemented by the intergrated circuit chip
set used in the IMSAI 8080. A handy reference card, the
Intel 8080 Assembly Language Reference Card, is supplied to
summarize much useful information from this manual.

To assist users in gaining a full perspective on the design
and use of microprocessor~based computer systems, IMSAI
includes a basic text, An Introduction to Microcomputers.

IMSAI is currently working intensively on both additional
hardware (more peripheral systems, the Shared Memory Facility,
etc.) and system software. Full documentation of these addi-
tions will be made available to IMSAI owners as it is produced,

12
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IMSAI 8080 System
System Features

IMSAI 8080 MICROCOMPUTER SYSTEM FEATURES

The IMSAI 8080 is a high quality microprocessor based
computer system offering outstanding capability and
flexibility at low cost.

Designed to facilitate simple modular expansion, the
system has both the power and the versatility to handle
a broad range of data processing needs.

The IMSAI 8080 is currently supported by a broad range of
peripheral devices and interfaces, and comes with a basic
resident monitor, assembler, and text editor, free of charge.
A broad range of high level system software is now under
development, and will be available soon in both source and
object form to registered IMSAI 8080 owners,

The IMSAI 8080 is available in kit or assembled form. While
primarily designed as a commercial computer, the unit

is configured to facilitate construction by any careful
assembler. High grade industrial quality design and com-
ponents are used in both kits and assembled units.

Complete documentation is provided with each system, including:

IMSAT 8080 Microcomputer System User Manual (this book) .

Intel 8080 Microcomputer Systems User's Manual, completely
describing the integrated circuits used, .
and the instruction set.

An Introduction to Microcomputers, a fundamental textbook
on the use of microcomputer systems.

a 90 day warranty on the system is provided. Full factory
service is available at a cost commensurate with the work
required.

13



IMSAI 8080 System
Functional Description
SYSTEM FUNCTIONAL DESCRIPTION
The IMSAI 8080 Microcomputer System is a full-scale general
purpose digital computer. Although small in size and low in
cost, the system is exceedingly versatile and capable of

data processing in the complete spectrum of practical applica-
tions.

The IMSAI 8080 used an 8080A microprocessor LSI chip to
perform the central processing function. The instruction
set provided by the 8080A is described fully in Chapter 4 of
8080 Microcomputer System User's Manual, provided as part

of the IMSAI 8080 documentation package.

The IMSAI 8080 system is capable of unlimited expansion, due

to the bus structure and IMSAI's exclusive shared memory facility,
which permits parallel processing. The computing power that can
be made available with the IMSAI 8080 system building blocks
exceeds that of any currently available minicomputer. -

The operation of the IMSAI 8080 is described in the manual
chapters titled "General Assembly and Test Instructions" and
in the CP-A Front Panel Control Board chapter. Input/output
features are described in the I/0 board chapters including

SIO (Serial Input/Output board), PIO (Parallel Input/Output )
board) and UCRI (Cassette Recorder Interface board). \u

IMSAI 8080 SOFTWARE FEATURES

Basic system software (resident monitor, text editor and
assembler) distributed in object form, with listing,
and free of charge.

Future software releases are:
4K BASIC - upward compatible to DEC standard SUPER-BASIC
8K BASIC - Upward compatible to DEC standard SUPER-BASIC
12K BASIC - DEC standard SUPER-BASIC compatible
Floppy Disk Operating System

Linkage Editor
Macro-Assembler with relocatable code generation

12K FORTRAN compiler ‘\-)

14




IMSAI 8080 System
Hardware Features

IMSAI 8080 HARDWARE FEATURES

Flat cable interconnection used throughout.

Absolute minimum point-to-point wiring.

Front panel has programmed output port with LED indicators.

Front panel has large easy-to-use paddle handle switches.

Front panel legends are produced photographically and mounted
behind acrylic panel for protection.

Front panel has filler to increase contrast of LED indicators.

Long-life LEDs used throughout.

Front panel circuit designed so that one-shot timing links
are non-critical.

No point-to-point wiring to connect or disconnect front panel
to or from system. ,

Attractive custom designed cabinet and panel.

Rackmount cabinet available as special option.

Cabinet designed to facilitate customizing front panel.

Sturdy card cage construction.

Room for 22 cards.

Power supply subchassis with high-current transformer and
computer-grade electrolytic capacitors.

Heavy duty power supply supplies power sufficient for a full
complement of cards (28 amps, up to 500 watts).

Straight-through back plane wiring. No special purpose slots.

Front panel plugs into any slot to operate machine.

Double-sided printed circuit boards with plated-through holes
and solder mask.

All board contact fingers are gold-plated over nickel.

PC board material is glass-fiber-reinforced epoxy laminate.

On-board power regulation. Power is regulated by integrated
circuit regulators with thermal current limits.

Tantalum board decoupling capacitors. Ample .luf disk ceramic
power decoupling capacitors.

Designed with latest LSI and MSI components. Package count
minimized.

Heavy current tri-state bus drivers used throughout the system.

System designed from initial concept for multi-processor, shared
memory options.

15




IMSAI 8080
Microcomputer System
Specifications

MICROCOMPUTER SYSTEM SPECIFICATIONS
Processor: 8080A microcomputer chip

Directly Accessible Memory: 65,536 words

Word Size: 1 byte (8 bits)

Register Instruétion Cycle Time: 2 microseconds

Basic Machine Cycle Time: 0.5 microseconds

Directly Accessible Input and Output Ports: 256

Machine Instruction Set Size: 78 basic instructions
(181 instructions with variants)

Nested Subroutine Call Capability: Limited only by memory
size

Interrupt Capability: 8 hardware levels

Registers: 6, plus stack pointer, program counter and
accumulator

Memory Type: Semiconductor (1024xl format chips)
Cabinet: Custom aluminum case with acrylic front panel

Dimensions: 19%" x 17" x 7"
Weight: 40 pounds

Front Panel Switch Type: Paddle
Color: 1IBM blue and grey

Power: 28 amp unregulated power supply with onboard regulators

Power Requirement: Under 50 watts for basic system
Maximum Power Capability: Up to 500 watts
Power Type: 115 VAC, 60 hz. single phase

Connections: Mounting space for 10 EIA-type 25-pin connectors
on the back panel. Opening and cable clamp provided for
flat cables to exit from the cabinet. 3M flat cable
system used throughout.

16
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IMSAI 8080 System
General Assembly and
Test Instructions

INTRODUCTION

This chapter contains the following sections:

1. Kit Unpacking Instructions

2. Construction Hints - general notes on how to build your kit.

3. Recommended Overall Order of Assembly (includes cross-reference
to chapters where specific assembly instructions for the variou
submodules will be found).

4. Mainframe Assembly - assembly instructions for integrating
Chassis with Power Supply, Mother board and Front Panel, and

instructions for testing the Power Supply.

5. System Functional Test - how to check out your overall system.

s
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KIT UNPACKING INSTRUCTIONS

1.

IMSAI 8080 System
General Assembly and
Test Instructions

\~

Remove all packages from the outer box. For a standard
IMSAI 8080 kit, these will consist of:

a. Documentation Set (Manual plus two books)

b. Cabinet Base Plate .

c. Table Top Cover {(or Rackmount cover and Rackmount
painted pieces)

d. Two large inner boxes

e. Two small inner boxes.

Largest inner box contains flat parts such as pc boards,
small sheet metal parts, two plastic panels and a mailing
tube containing the front panel mask and paper backing sheet
(latter is deleted if an OEM machine has been ordered) .

The next smaller size inner box contains plastic sacks of
components. (There will be a plastic sack with a parts list
corresponding to each pc board, plus sacks for the chassis
and rackmount hardware and a sack containing the paper tape
for the IMSAI Self-Contained System software.

One of the two small boxes contains the large components for
the Power Supply (transformer, capacitors, etc.).

The second small box is either empty (serving as a spacer b$§“
for packaging purposes) or contains overflow from the sack
parts box.

Unpack plastic sacks only when you are ready to begin assembly
of that particular module. If any parts are missing, contact
IMSAI Customer Service for immediate replacement.

Be careful in handling the painted sheet metal parts, the
plastic parts and the film negative to avoid scratching.

PC boards should not be stacked without protective material
between to avoid destroying or shorting traces.




IMSAI 8080 System
General Assembly Notes

CONSTRUCTION HINTS
GENERAL

The IMSAI 8080 microcomputer is a complex piece of electronic
equipment. This section covers a number of items, each of
which must be followed to insure a working system at the
completion of assembly. This entire section must be read
completely before beginning assembly, and the builder must
refer back to the notes in this section often enough to in-
sure that no components are installed incorrectly. While
each assembly step is easy to do correctly, there are many
steps and it is also easy to do one or more incorrectly;

and much more time will be spent solving a problem than would
have been needed to prevent it.

There may be items about which you are not completely sure
during assembly. Should this occdur, DO NOT CONTINUE. Study
the manual to see if you can resolve your question, or seek
the help of someone more knowledgeable in digital electronics.
If you feel your guestion is not resolved by further study or
asking whoever is available to you, call IMSAI. This will
enable you to do a better construction job, and it will enable
us to revise the manual so that it will be of more assistance
to you. We recognize that some builders will have had very
little experience in assembling electronic kits, and it is

our intention to continually revise the manual based on
comments by users, so that even the most inexperienced build-
er can achieve the best unit available with a minimum of
effort. No question is too simple to call about if you're
not sure about it.

TOOLS AND WORKPLACE

It is next to impossible for even an experienced builder to
produce a good machine unless proper tools and an adequate
workspace are available. Thekit does not require much space
to work in, but enough table surface should be available for
the piece being worked on, all the tools needed for that
piece, and an orderly arrangement of the components which will
be used in assembling that piece. The work area should be
very well-lit, with no shadows. If the entire room is not
well-1lit by ceiling or window light, then at least two bright
lamps should be used, preferably one on either side and
slightly behind the chair to help eliminate shadows. You
may want to protect the table surface with cardboard or
newspaper.

19
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IMSAI 8080 System
General Assembly Notes

The most important single item in assembly is the solder-
ing iron. It is critical enough that a separate part of
this section is devoted to it. Other tools which are ab-
solutely necessary to do an adequate assembly job are screw-
drivers to fit the screws used in the kit (both straight
slot and phillips), a small pair of diagonal cutters (pre-
ferably a 4" pair, flush-cutting), small needle-nosed pliers,
and a wire stripper. A 1/4" nut driverwill make cabinet
assembly very much easier, as the sheet-metal screws used
are designed primarily to use a nut-driver. A voltmeter
should be available for testing. BAny inexpensive meter (VOM)
with DC voltage scales between 5 and 30 volts should do.

Do not attempt to assemble the kit until you have the tools
necessary; damaged parts cannot be replaced under warranty.

SOLDERING

Almost every problem with an assembled kit is a soldering
problem. If you have never soldered before, or if you
have done some soldering but do not yet have facility in
making good soldering joints both gquickly and every time,
practice before beginning assembly on the IMSAI 8080 boards.
Obtain some extra #20 hook-up wire and solder locally and
solder pieces together until you feel comfortably able to
quickly make a good joint. The importance of good solder
joints is just too great to convey adequately here; but
don't be scared off, because once you get the hang of it,
they're very easy to do.

Soldering Irons

There are a great many tools available with the name "solder-
ing iron". Two thirds of these are not appropriate to small
electronics assembly and if used are almost certain to damage
both parts and boards. The problem with most of these are
that they are too big and too hot. Note that most every
soldering "gun" is in the too big, too hot class. Proper
soldering irons are easily available at any local hobbyist
electronics outlet, and they are not expensive. Use a 30-40
watt iron with a small tip, such as an Ungar 776 with a 7155
tip. If you wish to invest in a top-quality tool, a temper-
ature-controlled tip model such asthe Weller W-TCP with a
small 700°F tip is well worth the extra cost. Many irons

are available with either unplated copper tips or plated
tips. Though slightly more expensive, the plated tips

last very much longer and give superior service.
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IMSAI 8080 System
Genergl Assembly Notes

Solder

Using the proper solder is as important as using the proper
iron, and there are many solders to choose among. In normal
electronics assembly, separate paste or liquid flux is not
used. Rather, .a solder with a "core" of rosin (or resin)
base flux is used. This flux (contained in the hollow center
of the solder) should be sufficient. Absolutely avoid any
solders using an acid flux. (Or any cans of acid flux -
unless a can of flux says"rosin" you may safely assume it

is an acid flux. Acid fluxes are used for mechanical sold-
ering where the surfaces are not as clean as those in elec-
tronic assembly. They are corrosive and will typically
damage a printed circuit.

Also very important is the ratio of tin to lead used in the
solder. Best to use is 63% tin, 37% lead, called 63/37 or
eutectic. Much more common is 60/40, which is still a very
good solder. Avoid using 50/50 or 40/60, even though they're
a little cheaper. The higher-~lead ratios solidify gradually,
while the 63/37 solidifies almost instantaneously, making
"cold solder joints" very much less likely.

Also important is the gauge (or diameter) of the solder.

For fine electronics work a fine gauge should be used,

such as #20 (from #19 to $#22 is OK). Again, the correct
solder is easy to obtain from any local hobbyist electronics
outlet or TV repair shop. ERSIN Multicore or KESTER are two
brands you can count on for good results. The solder in-
cluded in the kit should be sufficient. If for some reason
it is not, and you cannot obtain the proper solder locally,
DO NOT USE any substitutes. More solder of the proper type
can be dotained from IMSAI.

Soldering Technique

For a joint to solder correctly, enough heat must be applied
so that both pieces of metal get hot enough to melt the solder.
The tip of the iron should be applied so that it touches both
the wire and the foil pad on the board. The end of the
solder should then be touched to the junction of the iron,
lead, and pad, so that a small amount melts and "wets" the
joint (flows smoothly on. both the lead and pad). As soon

as the joint has wet, the iron can be removed, and the joint
inspected immediately. Careful inspection of each joint is
the key to successful soldering. While the solder is being
applied, watch the joint carefully. You should be able to
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IMSAI 8080 System
General Assembly Notes

see the solder flow onto the two surfaces. It should flow
around the lead, and if you see that the solder has flowed
only on one side of the lead, the iron should be re-applied
(while watching the joint) to heat the joint enough for the
solder to flow. (The typical reason for solder to flow
only half-way around a lead is that not enough heat was
applied.) For the normal joint, only a small amount of
solder is needed (approximately 1/8" of 20 gauge solder
wire) for it to flow all the way around the lead. Aalso,
for the normal joint, only 2 to 4 seconds of heat applied
from the iron is necessary. More heat and solder will be
needed for some joints with larger leads and holes or large
foil areas, but if more heat or solder is needed on typical
component leads (like IC's), it is an indication that some-
thing is not right.

Since nearly all the holes in IMSAI printed circuit boards
are plated-through (the inside walls of the hole have a
metal surface, connecting the pads on the opposite sides
and providing greater area for solder to adhere to) some
solder will typically wick through and be visible on the -
top side of the board. This is normal. If small drops

of solder appear on the top side, it is an indication that
too much solder is being applied, along with more than suf-
ficient heat. These balls of solder can easily short to
neighboring pins and must be avoided. If the correct amount
of heat or less than the correct amount was used along with
too much solder, the solder remains on the bottom of the
board (the side the solder is always applied from) and

forms a blob which can easily short to neighboring pads or
traces. If one of the small gaps between foil pads or traces
has been shorted with too much solder, it can often be un-
shorted by running the hot iron lightly down the shorted
trace, re-melting the solder at the shorted point and pulling
it away with the iron. Do not leave iron on traces or pads
too long when soldering or fixing a short, as overheated
traces easily come off the board. As a result, very special
care must be exercised for any component removal operation.

The tip of the iron must be kept clean to work well. Most
stores that carry irons also carry small sponges in holders
designed for cleaning hot tips. The tip is simply wiped
on the wet sponge quickly. A damp rag will serve as well
though less convenient. The tip must be kept adequately
tinned at all times to avoid an oxide coating forming. It
should appear bright and shiny. A small amount of solder |
should be melted onto the tip each time it is cleaned unlesg\i
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IMSAI 8080 System
General Assembly Notes

a joint is to be made immediately. If a tip becomes oxidized,
dipping it in a can of rosin flux is usually sufficient to
enable solder to flow on it again. They may be cleaned of
oxide by fine steel wool or other abrasive, but a plated tip
should never be filed.

The tip of the iron should never have enough solder on it

that it could drip off. If you find that solder tends to
drip off the tip, you are undoubtedly using too much solder.

A solder drip on a P.C. board is often extremely difficult

to see, since it is the same color as the traces, and it is
sure to short several traces and cause trouble or damage
components when the board is operated. Inspect your boards
very carefully for any such solder drips, shorts near soldered
leads, incompletely soldered leads, and unsoldered leads. A
100% inspection of soldering should catch 99% of all problems
before the board is even turned on. When soldering components
with long leads (resistors, etc) we suggest clipping the leads
after soldering so that lead clipping gives you an easy and
positive way to check all the joints on those components. A
completed unit will typically run when first turned on if the
soldering was done correctly.

MOS IC HANDLING

Some of the chips in the kit are MOS type chips (such as
the 8080A, 8111 and 8251). MOS chips are sensitive to
static electricity and other large transient voltages. In
order to prevent damaging these, some precautions should
be followed. They all relate to avoiding the discharge of
static through the pins on one of these chips.

Avoid working in a room with very low humidity. Wearing
cotton fabric or other non-static forming fabrics will

help. Air directly from a heater vent is typically ex-
tremely low in humidity and should be avoided in the work

area. Keeping everything involved (chip, board, iron, tools,
boxes, chip containers, work surfaces and you) at the same
potential is required, and the biggest step in achieving

this is continuous physical contact between them. For example,
before removing a chip from a box and setting it on the table,
the box should be set on the table, you should touch the

table, and only then pick up the chip to place it on the table.
Try to handle the chip from the ends rather than the pins as

23
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General assembly Notes
v

much as possible, and always touch the chip's container or
surface which it is touching before picking up the chip.
Also touch a surface or container before placing the chip
back in it. Touch a PC board before inserting the chip.
Touch the soldering iron to the work surface or to a small
piece of metal foil on the work surface before touching it
to the PC board for soldering. 1In general, make sure the
chip is not the path for any static discharge. Save MOS IC
insertion as the last steps in assembly to avoid unnecessary
exposure.

POLARITY

Many electronic components will not work if they are connected
backwards. Any component which it is important to insert one
way only will have a mark of some sort to indicate which way
is which. The board where they go will have some sort of
corresponding mark at each place, or an indication that all
such components go the same way as a marked "typical" one.

I.C.'s \“

All I.C.'s must be inserted with pPin 1 in the correct location
to avoid damaging the I.C. Pin 1 is indicated on the chips

by several different marks. The most common is a rounded or
square notch in the center of the end nearPin 1. Another
common one is a slightly depressed or raised dot in the

corner of the chip next to Pin 1. One or both of these will
always be present to indicate Pin 1. Sometimes there are
other circular markings on the centerline of the chip, usually
towards one or both ends; these should be ignored. Often there
is some kind of Pin 1 mark on the bottom of the chip also.
(Note: Many I.C.'s have a code for date of manufacture which
is a 4 digit code. e.g. 7425 would indicate manufacture in
the 25th week of 1974. Do not confuse these with the device
number. The code will be alone, the device number will have

is a 7404 type chip. On the PC board, some Pin 1 indication
will be found, such as a square pad, a dot, an arrow showing
Pin 1 direction with the note "typical" (indicating all chips
on the board face the same way), or similar mark.




IMSAI 8080 System
General Assembly Notes

The board or the chip is very likely to be damaged if there
is a need to unsolder a chip that was soldered in with Pin 1

in the wrong direction. Unless you are completely sure
you are capable of unsoldering an integrated circuit without
damage to the circuit or the board, you should send the
board back to the factory to have the work done for you.
Remember that on these boards with plated-through holes,
pins are not only soldered on the top where you see the
visible bead of solder, but is soldered inside the hole
which makes it much more difficult to remove.

Diodes

Diodes will typically have a band around the body, next to
the cathode end. This corresponds to the bar on the typical
diode symbol. The same is true for Zener diodes. A diode
symbol should be found on the board or assembly diagram to
indicate the proper mounting direction.

Capacitors

Some capacitors have a plus and minus lead; among them the
tantalum and power supply electrolytic capacitors. Some
mark on the body of the capacitor will indicate the plus
lead, typically a + sign near it. There will be a mark
(typically a + sign) on the board or assembly diagram to
indicate the proper direction to mount the capacitors. A
capacitor of this type is usually destroyed very quickly

if power is applied to it in the reverse direction, so check
your assembly carefully.

Transistors
Most transistors have a flat side or a small tab to indicate
the lead orientation. If this indication is oriented accord-

ing to the assembly diagram the leads should fit in the holes
with little bending and no crossing.

25
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MOUNTING COMPONENTS
Integrated Circuit Chips (IC's)

Some of the chips come in a little plastic rectangle with

an open bottom and top. These can be used as inserters by
setting the carrier with the chips on a piece of felt or
similar material on a table top and pushing lightly with a
pencil eraser or small object that will fit .in the top of
the carrier, until the chip has slid down with the leads
resting against the table. Now, because of the material,
the leads will be sticking out beyond the carrier a little
bit. If you then pick up the carrier and the chip and set
it on the board, you can line up the little protruding tips
of the IC's ends into the holes into which they are supposed
to go, and while you are holding the carrier, push the chip
the rest of the way into the board again with a pencil eraser
or with an object that will fit inside of the carrier.

For the chips that do not come in a carrier, after you insert
the ones that did come in a carrier, you could use those
carriers to insert the others also, by turning the carrier‘
upside down and setting one of the other chips on the carrier
and pushing it into the carrier and then just continuing the
same process described above, to insert it in its location.

For chips with no such inserter aid available, the pins should
be bent inwards far enough to line up with the holes in the
board. Bend the pins on each side equally. The whole row

of pins on one side can be pent in uniformly if they are all
pressed against a flat surface to bend them. after putting
the chip in the board, two diagonally opposite pins can be

-
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bent slightly to hold the I.C. in the board while soldering.

Take special care on each and every chip to observe the
following points:

1. That Pin one is in the correct direction. Refer to
marking on the board or assembly instructions to de-
termine which direction Pin one belongs.

2. After inserting the chip and before soldering, chéck
that every pin went through the hole properly. Some-
times a pin will catch on edge of a hole and bend under
the chip instead of going through. Care should be taken
to avoid this happening and to check before soldering
to make sure it has not happened.

After inserting one or two chips, get a feel for how much
pressure is needed to push it out of the carrier. Any
chips that seem to take more pressure indicate that perhaps
one or more pins are not lined up with the holes properly.
Most chips after insertion, will stay in thel board securely
due to the fact that the leads are normally bent outward
somewhat and will hold the chip by pushing outward against
the holes. Some chips, however, will be loose after inserted.
Extra care should be taken to see that these are properly
against the board when they are soldered. The board can
either be set flat against the table or other surface that
will hold the chips against the board or two diagonally
opposite ends may be bent slightly to prevent the chip from
dropping out.

Power Regulators

The 7805 regulators for the +5 volts are supplied with a

heat sink and mounting hardware. The three leads must be

bent down at the proper lengths to match the solder pads,

and this should be done with the needle-nose pliers. The

lead should come straight out and bend sharply down, rather
than slope gradually towards the hole. After the leads are
bent, the regulator can be fastened to the board along with
the heat sink, using the short 6-32 screw down from the top,
with the lockwasher and nut on the back. The regulator should
be held to prevent turning while the nut is tightened firmly.
The nut should be tight enough to insure good heat conductivity
between the regulator and heat sink and board. Heat sink
grease may be used if desired.
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Discrete Components

Resistors and diodes can be installed most neatly using a
lead bender to bend the leads consistantly. Most pads for
this sort of component are .5" apart.

Disc ceramic capacitors often have the dipped insulation
extending down the leads a short distance, preventing these
from being pulled down all the way to the board. This in-
sulation may be broken off by squeezing it in the pliers.
Take it off until the bare wire comes up to the level of
the bottom of the capacitor.

All discrete components should be held in their desired
final position while being soldered.Normally this means
holding them against the board by putting a slight bend

in the lead behind the board so the component cannot lift
from the board. (See the sketch for a way of bending the
leads we find works better than simply finger-bending them
slightly.) Components not held in place look sloppy and
it is much harder to move them once they are soldered. 1In
some cases, a little extra lead is needed, such as to lay
the disc capacitors down on top of the chips on the front
panel board. 1In these cases the solution is again to hold

them in their final position during the soldering operation.

This insures that the leads are left the proper length.

Pull sideways %"
é Grip with pliers
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RECOMMENDED ORDER OF ASSEMBLY

Step Description Described In
1 Assemble MPU and RAM boards. Check care- MPU Chapter
fully. RAM Chapter
2 Assemble CP-A including switches and CP-A Chapter
flat cable. Check carefully.
3 Assemble electronic components on Power PS-C Chapter
Supply. Check carefully.
4 Assemble Mother board(s). Check carefully Mother Board Chapter
5 Assemble Chassis sheet metal: . Cabinet Assembly
a. Install required number of card guides Chapter
on card frames.
b. Install fan (if supplied) on back frame.
Install line cord through grommet.
c. Bolt together sheet metal parts. Install
rubber feet.
6 Install Power Supply Board in chassis. Mainframe Assembly
Section
a. Bolt board in place.
b. Bolt transformer in place.
c. Cut wires to length and crimp on (or
solder on) lugs. .
d. Connect up Power Supply except for
wires to Mother board(s).
7 (Connect Mother boards together and) in- Mainframe Assembly
stall Mother Board(s) in chassis. Section
8 Connect wires to Mother board. Check Mainframe Assembly
carefully. Section
9 Prepare front plastic panel assembly. CP-A Chapter

10 Plug CP-A board into Mother board. Mainframe Assembly
Connect wires to CP-A board. Install
front panel assembly. Hold CP-A DIP
cable out of way.

11 Check complete assembly carefully before General Assembly
applying power. Plug in machine and turn and Test Instruc-
on. Test Power Supply voltages. tions

12 Plug in MPU board and RAM board(s) and General Assembly
test system. and Test Instruc-

tions

13 Assemble other individual boards. Check (Individual board
carefully. chapters)

14 Install individual boards.

15 Install required cables. Install Cable Cabinet Assembly
Clamp. Section

16 Install Switch escutcheon and cover and/ Cabinet Assembly

or Rackmount parts.

Section
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MAINFRAME ASSEMBLY

Assembly of the mainframe consists of the following steps:
*Power supply installation
*Mother board installation
-Connection between power supply and mother board
Installation of CP-A panel.

-Connection of power supply and front panel

POWER SUPPLY INSTALLATION

Remove #8 hardware from transformer on Power Supply p.c. board.
Take care to not let the transformer damage the p.c. board. Put
the five #8 screws in the cabinet bottom and secure with the 8-32
threaded spacers. Install the four %"-20 nuts and spacers for the
transformer similarly. Carefully lower the Power Supply Assembly
onto the mounting screws so all the screws extend through the board
Fasten with washers and nuts. See Figure 1. Complete the power \U
supply by attaching the capacitor brace plate to the bases of the
large capacitors with the adhesive backed foam tape on one side of
the brace plate.

MOTHER BOARD INSTALLATION

Attach the Mother board to the cabinet base with the hardware sup-
plied with the Mother board as shown in Figure 2. The front 100-
pin connector should be located in fromt of the sheet metal front
frame to accomodate the CP-A assembly.

CONNECTION BETWEEN POWER SUPPLY AND MOTHER BOARD

See the wiring drawing in the Power Supply chapter. Connect the
following wires between the Power Supply and the system:

a) 1 or 2 #18 gauge wire from holes at edge of -16 volt plane
to -16 volt trace on Mother board.

b) 1 or 2 #18 gaugewire from holes at edge of +16 volt plane
to +16 volt trace on Mother board.

c) 2 or 3 #14 or #12 gauge wire from +8 volt plane to +8 volt
bus on Mother board.
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MOTHERBOARD MOUNTING SYSTEM

/— 6-32x%" NYLON SCREW

’/- 6-32 NUT

e MOTHERBOARD

WASHER 6x.062" THICK— FIBER— SHOULDER

<= THREADED SPACER 6-32x.250" HIGH
HEX OR ROUND

TS = BASEPLATE

4 PER EXP—4

8 PER EXP—6
24 PER EXP-22

MAINFRAME ASSEMBLY
o FIGURE 2
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d) 2 or 3 #14 or #12 gauge wires from ground plane to ground
bus on Mother board.

e) 2 #18 gauge wires from External Switch pads to power switch
on CP-A or on back panel.

f) 2 wires (#18 or #20 gauge) from switched AC pads to fan (if
fan installed) install insulated tubing over fan terminals.

g) 3 wires from power cord to terminals W, G, and B on PS-C.
- Make sure the power cord wire colors match the label on
the panel .

INSTALLATION OF CP-A PANEL AND CONNECTION TO POWER SUPPLY

Plug the completed CP-A panel into the front 100 pin connector on
the Mother board. 1Install the eight Allen head screws into the

PEM nuts on the sheet metal front frame. Solder the two #18 gauge
wires from the External Switch pads on the Power Supply assembly to
the power switch pads on the CP-A panel. Provide as much clearance
as possible between the connections on the CP-A board and the sheet
metal front frame. Be careful not to damage the acrylic panels
with the soldering iron.

CHECK OUT OF POWER SUPPLY

Before plugging in circuit boards except the CP-A board,
the unit should be plugged into the AC power supply and
the power supply turned on by depressing the front panel
rocker switch. The voltages at the outputs should then
be measured (any DC volt meter with a full scale voltage
of 20 to 50 volts will do) and the voltages should read
approximately 18 volts on the +18 and -18 volt outputs,
and 10 volts on the +8 volt output. If the voltage does
not come to these values, a check should be made that

the positive and negative terminals of the capacitors are
connected properly and the diodes are mounted properly.
If there is a problem with any of these items a wiring
error has probably been made and the wiring should be re-
checked carefully. If the wiring is checked and no error
is found, assistance should be sought from a person know-
ledgeable in electronics or from the factory.

When the voltage of the capacitors has been checked out
to be satisfactory, the unit may be turned off. A 10
minute wait will permit the capacitors to discharge.
While there is considerable energy stored in the power
supply fiiter capacitors when they are fully charged, the
voltage levels are not high enough to present a danger.
Some care should be taken, however, not to discharge the
capacitors by shorting them with a tool or other metallic
object.
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With the Power Supply checked out and operating
properly, the rest of the system is ready to

be tested. The MPU board should be inserted in the
slot behind the front panel with the flat cable
inserted into the socket in the upper right hand
corner of the MPU board before the board is fully
seated.

The memory board should then be inserted in the
third slot. While it is not necessary that the
first memory board be addressed beginning at po-
sition 0, it is normally expected and the rest of
this section will assume that the memory board
jumpers were wired according to the directions

in the User Guide section of the RAM-4A board for
addressing the board at 0.

The slots in the Mother board are not unique and
if a larger version (e.g., 22 slot) was ordered
with more edge connectors, the boards need not be
plugged into the second and third slot as directed
but may be plugged into any slots.

SYSTEM FUNCTIONAL TEST

When the boards are installed, the machine is
ready to test. Turn the power on with the front
panel rocker switch and depress the RUN/STOP
switch momentarily to STOP position and release.
The WAIT light should be on and the RUN and HOLD
lights should be off, with the other lights in
various states at this time. Raise the RESET
switch momentarily to the RESET position and
release. All the lights on the bottom row in

the ADDRESS BUS section should be indica-
ting that the program counter is set to loca-
tion 0. The WAIT light should still be on with
the RUN and HOLD lights off. The DATA BUS lights
may show various random bits on and the STATUS
byte_should have three lights on: MEMR, M1,

and WO. With all 16 ADDRESS switches in the down
or 0 position, the EXAMINE/EXAMINE NEXT switch

\
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should be raised momentarily to the EXAMINE position and
released. Check that the lights after this operation are
exactly the same as described for after the RESET switch
was operated.

The machine is now ready to enter a small test program. For
complete description of program operation in computers, read
An Introduction To Microputers. For the initial machine test,
the following program should be entered:

TEST PROGRAM 1

ADDRESS HEX BINARY OCTAL

0 DB 1101 1011 333 INPUT

1 FF 1111 11N 377 ADDRESS

2 D3 1101 0011 323 OUTPUT

3 FF 1111 11N 377 ADDRESS

4 c3 1100 0011 303 JUMP

5 00 0000 0000 000 LOW ADDRESS
6 00 0000 0000 000 HIGH ADDRESS

TEST PROGRAM 2

ADDRESS HEX BINARY OCTAL

0 DB 1101 101 333 INPUT

1 FF 1111 111 377 ADDRESS

2 2F 0010 1111 057 COMPLEMENT DATA
3 D3 1101 0011 323 OUTPUT

4 FF 1111 111 377 ADDRESS

5 c3 1100 0011 303 JUMP

6 00 0000 0000 000 LOW ADDRESS

7 00 0000 0000 000 HIGH ADDRESS
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The address is now at Q0 as indicated by the ljights labelled
ADDRESS BUS. 1Into position 0 we wish to put an input
instruction.

The bit pattern .for the input instruction must be set in the
center group of switches labelled ADDRESS-DATA. Switches 7,
6, 4, 3, 1 and 0 should be placed in the up position. Com-
pare these switch positions with the binary representation of
the input instruction listed on the first line of test pro-
gram 1. We wish now to deposit this bit pattern in memory
position 0. Raise the DEPOSIT/DEPOSIT NEXT switch up momentar-
ily to the DEPOSIT position and release. The address bus
should still show 0 (no lights 1lit) and the data bus should
now show the bit pattern set in the switches (bits 7, 6, 4,
3, 1 and 0 lit and bits 5 and 2 off).

Next, the bit pattern for the address of the input port should
be written in position 1. This can be done by setting all
eight ADDRESS-DATA switches up, corresponding with the address
listed on line 2 of Test Program One, and the DEPOSIT/DEPOSIT
NEXT switch depressed momentarily to the DEPOSIT NEXT positio
and released. n\u

Now the address bus light should show position 1 (address bus
light 0 on and all other address bus lights off). The data
bus should show all eight lights lit corresponding to the bit
pattern written here. Similarly, the next five lines of Test
Program One should be set intb ‘the ADDRESS-DATA switches and
deposited by operating the DEPOSIT NEXT switch, each time
checking to make sure that the data bus lights correspond
with the settings of the ADDRESS-DATA switches and that the
address is correct indicating that no steps have been skipped
or done twice.

When the last byte has been deposited in address position 6,
then all 16 address switches should be returned to the 0
position (down) and the EXAMINE switch operated. This should
reset the address bus lights to 0, and display the contents

of the bottom word in memory on the data bus lights. (This
should still be the binary pattern listed in line 1 of the Test
Program). The EXAMINE NEXT switch can then be operated and

the address bus lights should indicate address 1 (bit 0 on

and all other bits off). The Data Bus should show the contents
now of memory location one which should correspond to the sec-
ond line of Test Program One listing (all ones).

The EXAMINE NEXT switch can be repeatedly operated, each time
checking that the data located in the consecutive memory loca-
tion corresponds exactly to the listing for Test Program One.
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The EXAMINE switch can again be raised momentarily with the

address switches all down, to return the machine to position
0, once it has been determined that all lines listed in Test
Program One are stored correctly in the memory.

Now we can single-step through this program and watch the
operation of the machine. With the -machine sitting at 0

with the correct instruction on the data bus, and the MEMR,
Ml and WO lights 1lit in the status byte, the processor is
reading the first instruction out of memory into the proces-
sor for execution. If the SINGLE-STEP switch is either de-
pressed or raised once, it will permit the processor to
complete its cycle and begin the next cycle. The address bus
lights will show position 1, the data bus will show all ones
corresponding to the bit pattern in the Test Program, and the
status byte will show MEMORY READ and WO. The lack of an MI
light in a status byte indicates that the processor is no
longer fetching an instruction to execute, but rather this
cycle it is fetching the address for the instruction which

it has already stored internally.

If the SINGLE-STEP switch is operated once again, the address
bus lights will all be lit. The status byte will show INP and
WO and the data bus will at first show no lights on. If one
or more switches in the left hand group of eight switches is
now raised or lowered, the corresponding light on the data bus
indicators will turn on or off. The processor is now execut-
ing the first instruction which was an input data from address
FF hex (377 octal) which is the address for the programmed
input port on the front panel. By means of this instruction
with this address the processor is able to read the position of
the eight switches in the left hand group. (The address being
read is indicated by the lights in the address bus and, on
input or output instructions, the address appears in both
groups of eight lights on the address bus. Thus, for this
address, all the lights in the address bus are 1lit.)

The switches in the left hand group should be left in the
position of some up and some down to provide a recognizable
pattern before continuing. With the pattern left in the
left hand group of switches, the single step switch can be
operated once more permitting the processor to complete the
execution of the input instruction, and begin the next cycle.
Having completed the input instruction, the next cycle will be
a fetch cycle during which the processor reads the next
instruction to be executed, which it will find in memory
address position 2. The address bus lights should now show
positon 2 (bit 1 on and all others off), and the data bus
should indicate the bit pattern listed on line 3 of Test
Program' 1 for address position 2. This is the output
instruction.
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The Status Byte will again have MEMR,Ml, and WO lights <
lit and the others off. When the single step switch is
operated once again, the processor is permitted to
complete the cycle during which it reads in the output
instruction and begin the next cycle during which it will
read the address of the output device. Since it is reading
this address from the next memory position, (memory
position 3), the address bus will have bits one and 0-on
and the others off. The Data Bus. will have all lights on
indicating the bit pattern we stored in memory position 3.
The status bit will show MEMORY READ and WRITE OUT lights
on, and the M1l light is off at this time, indicating that
this is not an instruction fetch cycle, but rather it is
one of the cycles required to execute the last instruction
fetched-in this case, reading the address to which the
data will be output. When the SINGLE STEP switch is
operated once again, the processor is permitted to
complete the cycle of reading the output address in and
begin the next cycle which is the output operation.

The output operation looks similar to the input in that &-

the address of the output device appears in both the
upper and lower half of the Address Bus, (again in this
case lighting all the lights), and the data being output
appears ini.the Data Blus, which should show the pattern
previously set in the left hand group of switches.

Since the data is being output from the accumulator in
the processor where it was previously stored in the input
instruction, it will not be affected by moving the
switches in the left hand group at this time. The
Status Byte shows the MEMR light off at this time and
shows the out light on indicating that the processor

is executing an output instruction. The WO light is

off indicating that the processor's WRITE strobe is
active. If the SINGLE STEP switch is operated once more,
it will permit the processor to complete the WRITE
operation and begin the next cycle. At this time, the
PROGRAMMED OUTPUT lights at the top left of the panel,
should be 1lit according to the complement of the pattern
that was set in the switches. That is, for each switch
that was set in the up position, the light will be out,
and each switch that was set in the down position, the
corresponding light will be on.

Since the processor has completed the output instruction

the next cycle is used to fetch the next instruction to \u

be executed, which it will read from memory position 4.
In memory position 4 we had stored the jump instruction
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which should now appear on the lights on the data bus
indicators. As the SINGLE STEP switch is operated again,
permitting the processor to complete the fetch of the
jump instruction, and start the next cycle of executing
that jump instruction, we find that the processor is
reading the low half of the address from memory position
5. The status byte shows the MEMR and WO lights lit,

and the M1 light 1is off at this time.

If the SINGLE STEP switch is operated once again, it will
be seen that the processor is reading the high address
byte previously stored in memory location 6.

The next operation of the SINGLE STEP switch permits

the processor to complete the execution of that jump
instruction, which is instructing the processor to

take its next instruction to be executed not from memory
position 7 but from memory position 0 as was stored in
the two bytes following the jump instruction.

The Address Bus lights should now be all off indicating
that the processor is indeed fetching the next

instruction from memory location 0. The Data Bus should
show the pattern that we wrote in memory position 0 as

the input instruction. We have now completed one cycle

of the loop in Test Program 1. Further operations of the
SINGLE STEP switch will let the processor step through the
execution of the loop additional times and each time
through the loop it is possible to set a different

pattern in the left hand group of switches to be read in
and later to be written out to the PROGRAMMED OUTPUT lights.
The RUN/STOP switch can be momentarily raised to the RUN
position and released. This will permit the processor to
run at the full clock speed which will result in the loop
being executed roughly 50,000 times every second. Thus,
as any of the switches in the left hand group of eight are
moved while the program is running, the machine reads

the new position essentially instantly and displays it

in the PROGRAMMED OUTPUT port above.

It may have been puzzling that the lights in the PROGRAMMED
OUTPUT port seem to indicate the opposite of what might
have been expected when a bit was read in as a 1 and output
to the PROGRAMMED OUTPUT port. This will serve as an
example of the way logic design has been affected by

the appearance of large scale integration and micro-
processors. While it would have been entirely possible
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and easy to provide a circuit modification such that

when the data was put out as a 1 the light would be

1it rather that turned off, such as addition to the
circuit would have cost you more that the cost for

byte of memory. The same function as the added circuit
can be accomplished by adding one instruction to the loop
which complements the data, that is, changes all ones to
0's and all 0's to l's. Test Program 2 is exactly the
same as Test Program 1 with the addition of one instruction
between the input instruction and the output instruction,
which will complement the data read in from the switches
before it is output. If the machine is stopped and reset,
Test Program 2 may be entered exactly the same way as Test
Program 1 was and checked and then run through one or

more cycles with the operation of the machine and to
double-check that the program truly has been entered
correctly. Then the RUN switch may be actuated to

permit the loop to run at high speed.

With this change in the program, the |PROGRAMMED. QUTPUT,
port will show a light lit when the switch is positioned
up to enter a 1 bit. Not only is this a less expensive
way to achieve the function of causing the lights to
turn on when the bit is entered as a 1, but it is a
much more versatile solution since the operator can
change his mind at & later date and either remove the
complement instruction or change it to yet another
instruction for a different result.

When single stepping through Test Program 2, the compli~
ment data instruction is seen to use up only one cycle of
the processor. We are able to see it being fetched to be
executed, and when the SINGLE STEP switch is operated
again, we are immediately fetching the next instruction.
This will be true of any instructions which operate

only on data which is already stored within the processor.
Additional cycles are only necessary if additional
information must be read in or out of the program
processor itself.

After either loop is running, the RUN/STOP switch may
be depressed to STOP at any time and the operation
processor will stop during the fetch of the negt
instruction. Due to the speed at which the processor
operates, it is impossible to tell beforehand at what
point in the loop the processor will be at the exact
instant that the RUN/STOP switch is moved to STOP, sO
that the processor will stop at different places in the
loop for different times when the switch is actuated.

9
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The switch may be raised to the RUN position starting at
any point in the luvop and the processor will continue

to run ‘at high speed beginning at the point. The
flip-flop set by the RUN/STOP switch simply instructs
the processor to wait at each cycle for a pulse which is
generated by the SINGLE STEP switch to be received
before executing the next cycle, and apart from waiting
for this pulse, the processor executes exactly the

same whether it is in the single run mode or stop mode.

The definition of a computer involves both the ability

to execute in saquence of instructions which is stored
inside the machine, also the ability to make a decision
between on the value of data and as a result of that
decision, choose between alternate possible paths of
program step sequences to execute. Test programs 1 and 2
involve only the execution of a sequence of stored program
steps and do not involve any decisions. Program 3 will
illustrate the use of decisions in a computer program .
and should provide some interesting entertainment as well.
It is a game program using the INPUT switches and the
PROGRAMMED OUTPUT lights on the IMSAI 8080 front panel.

A pattern of lights in the PROGRAMMED OUTPUT ports is
moved to the left one bit at a time, and the left hand
bit which is "pushed off" the end of the programmed

I/0 register re-appears at the right end of the register.
The rate at which the bit pattern is shifted to the left
can be chosen by the binary number set in the front
panel switches when the program is first started or when
the machine is reset to start again. When a higher
binary number is entered in these switches and program
restarted, the bit pattern will shift to the left at

a higher rate of speed. Initially, switches should be
set for 2, that is all switches down except PROGRAMMED
INPUT switch bit 1.on, in order that the bit pattern
will be shifted slowly encugh to 2asily see what the

game program is doing. Once the program has been started,
the rate at which the bit pattern is shifted to the left
is not affected by any further movement of the front
panel switches. From this time on, any time any one

of the eight switches in the PROGRAMMED I/0 crour is
changed, then the bit in the PROGRAMMED OUTPUT port

which is directly above that switch at the momert is was
moved, will change. If it was off before, it will turn
on; and if it was on before it will turn cff. The
direction of travel of the switch is not significant--only
that its position was changed. After a switch change is
detected, and the light above it turned on or off as
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appropriate, no further switch movements will affect
the condition of any of the lights until the next shift
to the left has occurred. This was done to give the
switches time to stop bouncing and stay closed as the
processor in this machine is quite fast enough to see
the slight bouncing of the switch contact when it
initially closes.

By waiting for the next data shift before recognizing
any more switch changes, we are prevented from falsely
interpreting a bouncing contact as a switch which was
repeatedly opened and closed. The object of the game can
be either to turn out all the lights in the shifting

bit pattern by moving a switch when the bits are passing
directly over it, or alternately to turn on all the

bits in the shifting bit pattern by moving a switch when
a bit which is off is directly over it. Any time the
shifting bit pattern is all 0's or all 1l's, no movement
will be seen in the PROGRAMMED OUTPUT port but by

moving any switch, one of the lights will be changed

so that the motion is again apparent.

Players can compete for the shortest time to go from

all 0's to all 1l's, or the other way - from all 1l's

to all 0's. When the game has been mastered at one
rotation speed, the switches can be set for a higher
binary number and the system reset to cause the processor
to go back to memory location 0 and begin execution

of the program again, and a new switch setting will

be read to result in a higher rate of rotation, which
makes it harder to move a switch at the exact instant

the bit desired to be changed is directly above it.

If there were only a single light on,:circulating across .
the ocutput port, and the player, (in attempting to turn
it off by moving the switch when the bit was directly
over that switch) was too slow, then the bit will have
shifted away so that it is now over the next switch

to the left, not only will that bit not be turned off,
but the bit behind will be turned on so that now there
are two bits circulating across the register and the
player is further away from achieving all bits turned off.

Knowledge of some of the internal structure of the 8080
processor will be necessary to understand the game pro-
gram. The Intel data book contains complete information
and functional specifications on the internal structure
of the 8080 processor, but only the basic aspects of

the structure need be known to understand the program
operation.

.
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Figure 1 shows the structural blocks in the processor
which are important to the programmer. Central to the
processor's operation is the register named the
ACCUMULATOR. This register and all the others is like
one eight bit position in memory or a small "blackboard"
with room for only eight bits of either 1's or 0's to be
written. When the input instruction was executed during
programs 1 and 2, the pattern from the switches on the
front panel was read into the ACCUMULATOR register,

and when the OUTPUT instruction was given it was again
the contents of the ACCUMULATOR which was output to the
PROGRAMMED OUTPUT port on the front panel. All arithmetic
is done in the ACCUMULATOR and, except for special
instructions, (to permit other registers to be read to
or from memory) all programmed input/output from either
memory or input/out interfaces goes to and from the
ACCUMULATOR. The INSTRUCTION register is another
"blackboard" with room to store the address where

it last read a program byte from memory so that when it
finished the execution of that step, it can increment that
address by one and use it to determine where to get

the next instruction.

The STATUS BITS are 5 bits that are set to 1 or O,
according to the results of the last data operation
performed in the ACCUMULATOR. One of the STATUS BITS

or condition flags is the Z bit (zero bit) which is turned
on when the last operation in the ACCUMULATOR resulted
in the ACCUMULATOR being left all 0's. Otherwise, this
bit is turned off. The second condition flag is the

sign bit. If the most significant bit of the result of
the last operation in the ACCUMULATOR has the value 1,
this flag is set to 1, otherwise it is reset to 0.

Three other condition flags are the sign parity and the
auxilary carry, and their functions are described in

the Intel Data Book on page 4-2. The fifth condition
flag is a carry flag which is turned on if the last
arithmetic operation produced an overflow. An overflow
is produced, for example, when two numbers are added
together and their sum is too large to be contained in
the register into which it is put. For instance, if

the ACCUMULATOR contained eight 1's and another number
was added which contained the value 6, the correct answer
would be the combination of the value 5 and a bit

turned on in the 9th position. Since the ACCUMULATOR
has only eight positions, the carry bit would be turned on.

43




IMSAI 8080

General Assembly and

Test Instructions

Some of the STATUS BITS are affected by the operations

in other registers than the ACCUMULATOR. ' For instance

the carry bit is affected by additions made in the H

and L registers by using the double add instructions.

Use is made of this in the game program. There are

five other registers in the processor, each of which

is 16 bits long, and some of which are divided in

half so that operations may be done with only 1/2 at a

time. The ADDRESS REGISTER is a 16 bit register over

which the programmer has no dontrol. It is simply

used to output either the memory address or the input/

output address necessary to execute the next cycle. The
other four 16 bit registers can all be used by the programmer.
There are many instructions in the 8080A processor's instruc-
tion set whose function is to move data from any register to
any other register, to permit arithmetic operations between
a register and the ACCUMULATOR (with the result always being
left in the ACCUMULATOR), and some special instructions to
permit direct transfer of data from memory to a register,

or vice versa.

The B, C, D, and E half registers are all general purpose
registers. The H and L register pair and the STACK
POINTER register pair both have special functions in
addition to being usable for general purposes. The

game program does not make use of these special functions.

With the basic structure of the processor in mind, we
can now look at the operation of the game program.
Larger programs cannot be readily understood or written
by working directly on the list of machine instructions,
such as we did for Test Programs 1 and 2. A flow
diagram is essential to quickly follow the sequence of
the instructions and understand how they work together
to achieve the desired result.

Figure 2 shows a flow diagram for Program 2. Each
program function is briefly described in a separate
box, and the flow of the executive of the program

is indicated by the lines. Test Program 2 was a simple
loop with no decisions so that after executing the
short sequence of instructions, the flow of the program
is back to the beginning of the loop to begin again.
Figure 3 shows the flow diagram for the game program.
Although it need not be understood to execute the game
program, a thorough understanding of how this flow
diagram achieves the operation of the game will be a
useful step towards writing your own programs.
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General Assembly and{

Test Instructions
GAME PROGRAM LISTING
OCTAL HEX " ) .
ADD. INST. ADD. INST. MNEMONIC DESCRIPTION
000 000 257 0000 AF XRA, A Exclusive OR A to itself (put zeroin A)
001 147 ‘ 01 67 MOV H, A Move A to H (put zero in H)
002 333 02 DB INP Input data
003 377 03 FF ) from front panel switches
004 157 04 6F MOV L A Move A to L
005 3n 05 F9 SPHL Put H&L reg. into SP
006 257 06 AF XRA, A Exclusive OR A to itself (put zero in A)
007 201 07 81 ADD C Put C in A, affecting flag bits
010 302 08 c2 JNZ Jump if not zero
011 023 09 13 (skip switch test for debounce after a switch change)
012 000 0A 00
IF NORMAL, CONTINUE
013 123 oB 53 MOVD,E Mo EtD
014 333 oc DB INP Input data
015 377 oD FF from front panel switches \_) :
016 137 0E 5F MOV E,A Moe At E
017 252 OF AA XRA, D Exclusive OR D to A
020 302 10 c2 JNZ . Jump if result not all O's
021 041 11 21 (change display if switch position changed from last time)
022 000 12 00
IF SWITCHES UNCHANGED, CONTINUE
023 071 13 39 DAD sP Add SP to HL
024 322 14 D2 JNC Jump if no carry results
025 006 15 06 (return to read switch loop if no carry yet)
026 000 16 00
IF CARRY, CONTINUE
027 w0 17 78 MOVA B  wowsioa
030 007 18 07 RLC Rotate left 1
031 107 19 47 MOV B, A Store A in B
032 323 1A D3 out Output A W
033 377 1B FF in front panel lights
034 257 1C AF XRA, A Exclusive OR A to itself (put zero in A)
035 117 1D 4F MOV C, A  Move AtoC (Reset debounce indicator)
Yo ©1975 IMS Assoc|INC




OCTAL
ADD. INST.
036 303
037 006
040 000
041 250
042 107
043 323
044 377
045 257
046 147
047 057
050 117
051 303
052 006
053 000

IMSAI 8080 .
General Assembly and

GAME PROGRAM LISTING (CONT.) Test Instructions

HEX
ADD. INST. MNEMONIC DESCRIPTION
1E c3 JMP Jump
1F 06 (to read loop)
20 00

CHANGE DISPLAY IF SWITCH DIFFERENT

21 A8 XRA, B Exclusive OR B with A
22 47 MOV B, A Store A in B
23 D3 ouT Output A
24 FF in front panel lights
25 AF XRA, A Exclusive OR a with itself A (put zeroin A)
26 67 MOV H, A" Move AtoH (set counter to insure enough delay for debounce)
27 2F CMA Complement A {to all I’s)
28 4F MOV C, A Move AtoC (set C to debounce)
29 c3 JMP Jump
2A 06 (to read loop)
2B 00

NOTE:

Exclusive OR of two switch patterns results in I’s in
positions which were changed, with ali 0's eisewhere,

B=DISPLAY BYTE STORAGE

C=SWITCH DEBOUNCE INDICATOR
I=DEBOUNCE 0=NORMAL OPERATION

D=LAST SWITCH SETTINGS

E=CURRENT SWITCH SETTINGS

H,L=DELAY COUNTER

SP=INCREMENT FOR DELAY COUNTER

©) 1975 IMS Assoc Inc
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CABINET ASSEMBLY INSTRUCTIONS

Begin by installing the correct number of plastic card guides on

the chassis part C's. The card guides should be placed from the
front backwards, an equal number on each piece C, taking care that
the wedge - shaped opening of the slot is positioned upwards. Note
that the two ends of piece C aremt symmetrical. The end with the
wider space between the last small hole for mounting the card guide
and the end flange is placed toward the back of the cabinet, so

that the guides will line up with the connectors on the Mother board.

The card guides should be assembled starting from the front end
(with card guide mounting holes placed closer to the end flange).
Make sure you place the card guide so as to form a left hand and a
right hand mounting-rail piece. If this is not done, then the card
guides will be upside down on one of the two piece 'C's when they
are mounted into the cabinet. The card guides are most easily
mounted using a small press and placing the tab of each card guide
in position started into the hole and pressing them into place un-
til the mounting tabs snap through. A drill press with a large
flat - headed screw mounted in the chuck works well with this op-
eration. (Alternately, the card guides may be installed very care-
fully using needle nosed pliers). Care should be taken that the
tabs are started into the hole when beginning to press the guide

(_/ into place, otherwise one or both may be bent out flat and broken
off. One end of the guide at a time should be inserted rather than
trying to press both ends in simultaneously.

If a fan is to be installed in the chassis, it should be assembled
on the back frame piece Al at this time using the hardware in the

fan kit. The fan terminals should be towards the top and towards

the Mother board side of the chassis.

Next, the power cord should be inserted using the special grommet
in the hole provided on the back panel. 4 to 6 inches of the power
cord should be left on the inside of the cabinet. If the power
cord grommet is squeezed together with a pair of pliers before in-
sertion into the cabinet back, it will ease the job of inserting
this tight fitting grommet. To insert the grommet, the power cord
should be pulled through the hole nearly to the point where the
grommet has been placed around the power cord, then the outer edge
of the grommet can be grasped with a pair of pliers and squeezed
slightly and inserted in the hole and worked in while slight tension
is also being put on the cord from the back side to assist. Work-
ing this grommet in by rocking it back and forth works better than
just pushing harder.

The front and back frames can now be screwed to the base plate using

6-32x5/16" machine screws. Note that the back frame fits under the

base plate and the front frame fits on top of the base plate, set
(-// back about 1" from the front edge of the base plate. Next, install
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the two card frames between the front and back frames. Use two
6-32x5/16" machine screws at each end of each card frame. The front
and back frames have slotted holes allowing the card frames to be
adjusted slightly when the Mother board is installed on the base
plate and boards are inserted in the card frames.

The self-adhesive rubber feet can then be separated from each other,
the protective backing removed, and placed on the bottom of the
cabinet spaced 3 inches along the left hand and right hand edge of
the bottom, to support the cabinet weight (see page 1 - 9).

BASE PLATE HOLE IDENTIFICATION

The base plate currently being shipped is a universal base plate,
with extra holes for accomodating two styles of mother board mount-
ing systems and two styles of power supplies. For the power supply
and mother board systems shipped with your kit:

1. Place the Power Supply p.c. board in the base plate cavity
and line up the holes in the p.c. board with the correspon-
ding holes in the base plate and mark (e.g., with a felt-
tip pen) which holes are to be used.

2. The mother board mounting system uses the two rows of 12
holes each on the left side of the base plate. \-)

SWITCH ESCUTCHEON INSTALLATION

When the CP-A Front Panel Assembly has been mounted, the Switch
Escutcheon (piece A2B) can be installed on the base plate at the
front of the computer using four 6-32x5/16" Phillips pan head machine

screws. Note that the Escutcheon should fit under the base
plate.

CABLE CLAMP INSTALLATION

Cables that do not fit the connector holes on the back frame of the
chassis may be clamped for strain relief at the top of the back
frame using the L - shaped aluminum bar, piece K. Install using
two 6-32x%" Phillips pan head machine screws. Depending on the
thickness of the cables being clamped, either of the two sides of
the angle may be used.

TABLE TOP COVER INSTALLATION

To install the table top cover, slide the cover carefully over the
chassis frame and hold in place with four 6-32x%" Phillips pan head
machine screws.

Refer to Appendices for an exploded view of the chassis cabinet.

\J
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RACK MOUNT SYSTEM ASSEMBLY INSTRUCTIONS

For the rack mount system, begin by installing the rack mount cover
on the chassis. Use five 6-32x5/16" Phillips pan head machine screws.
Next install the left and right side plates to the chassis with the
front flanges pointing outwards. Use four 6-32x%" Phillips pan head
machine screws on each side plate. The forward holes in each pattern
on the side plates should be used.

Next mount. the assembly in the rack using two screws on each side

of the front flanges. Hardware requirements for mounting the assem-
bly into the rack will vary according to the individual rack. It

is suggested that the rear of the assembly also be supported in the
rack. Finally, mount the front face panel onto the side plate
flanges using four #10 round head screws and clips.

NOTE: for installations without slides where easy removal of the
computer is desired, the side plates can be mounted directly in the
rack and the computer can be slid on its rubber feet on the bottom
flanges of the side plates. The rear of the side plates in this
case should be fastened securely to the back of the rack cabinet.







ITEM

Screw
Screw
Screw
Screw

Nut

8080 Rack Mount
Parts List

Rack Mount Front Panel Rev. C
Rack Mount Left Slide Rev. C
Rack Mount Right Slide Rev. O
Rack Mount Cover Rev. B

6-32x5/16" Phillips Pan Head
6-32x%" Phillips Pan Head

#10x3/4" Flat Head Type B
Self-Tapping Sheet Metal Screw

#10x3/4" Button Head Type B
Self-Tapping Sheet Metal Screw

IMSAI
PART # QUANTITY DESCRIPTION
93-3010008 1
93-3070001 1
93-3070002 1
93-3010012 1
20-3302001 5
Machine Screw
20-3502001 8
Machine Screw
20-5707001 4
20—5708061 4
21-5650001 8

.

Speed Nut, Tinnerman C 9031-10Z-~1




PARTS LIST

ITEM
Screw
Screw
Screw

Nut
Lockwasher
Feet
Guard
Label
Frame
Frame
Frame
Clamp

Base Plate

IMSAI

8080 CHASSIS
Parts List

PART # QUANTITY DESCRIPTION

20-3302001
20-3502001
20~3702001
21-3120001
21-3350001
28-0400001
34-0200001
93-0000002
93-3010001
93-3010002
93-3010003
93-3010013

93-4010004

21

6

4

31

6-32x5/16" Phillips Pan Head Machine

6-32x%" Phillips Pan Head Machine

6-32x3/4" Phillips Pan Head Machine

6-32 Hex

#6 Internal Star
Rubber Feet

Plastic Fan Guard
8080 "Danger" Sticker
Front Frame Rev. D
Card Frame Rev. C
Back Frame Rev. C
Cable Clamp Rev. A

8080 Chassis Base Plate Rev. C
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Mother Board
Functional Description

MOTHER BOARD
FUNCTIONAL DESCRIPTION

The IMSAI 8080 system Mother boards are available in three different
length sections varying from a minimum of 4 printed circuit card
connector positions. The basic system includes a Mother board with
six connector positions on it. One is used for the front panel and
the other five are available for the MPU and any combination of
memory or I/0 cards.

The card-to-card spacing on the Mother board is 3/4 inch except for
the front position which is reserved for the front panel board or
the parallel I/0 board for the dedicated processor to accommodate
mounting the card in the special front position in the cabinet.

Additional sections of Mother board are available with positions
for 4 connectors. These may be added to the system at a later date,
and connected to the previous Mother board sections by jumpers be-
tween the sections soldered into provided holes. No jumper wire
soldering is required if the full-length board is purchased.

The Mother board is 1/16 inch printed circuit board with double-—

sided plated-through holes. Each of the connector pins is connected
by traces on both sides of the board. Heavy power traces are provided
to handle the very large currents involved in a fully-loaded back
plane. The two connectors supplied with the IMSAI system are high-
quality gold-plated-contact connectors, for reliable contacts and

long life.

Trace spacing is tightly controlled on the board to avoid any close
spots where shorts from solder bridges might tend to occur. The
traces on Mother board are plated for better appearance and more
reliable solder connections. A solder mask is provided on both
sides of the Mother board.
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EXP-4
ITEM

PC Board
Washer
Spacer
Nut

Screw

EXP-6
PC Board
Washer
Spacer
Nut

Screw

EXP-22
PC éoard
Wahser
Spac;r
Nut

Screw

Mother Board
Parts List

;iiﬁl# QUANTITY DESCRIPTION/IDENTIFYING MARKS
92-0000004 1 4-Slot Printed Circuit Board
21-3330001 8 #6 Sholder Fiber Washer

. 21-4600001 4 6~-32x%" Threaded Spacer
21-3120001 4 6-32 Nut
20-3701002 4 6-32x3/4" Nylon Screw
92-0000005 1 6-Slot Printed Circuit Board
21-3330001 16 #6 Shoulder Fiber Washer
21-4600001 8 6~32x4%" Threaded Spacer
21-3120001 8 6~32 Nut
20-3701002 8 6-32x3/4" Nylon Screw
92-0000006 1 22-slot Printed Circuit Board
21-3330001 48 #6 Shoulder Fiber Washer
21-4600001 24 6-32x%" Threadéd spacer
21-3120001 24 6~-32 Nut
20~3701002 24 6~32x3/4" Nylon screw
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MOTHER BOARD
ASSEMBLY INSTRUCTIONS

The Mother board appears to be the simplest of all the boards to
assemble. The solder mask minimizes the chances of shorting ad-
jacent traces. However, it is imperative that extra care be taken
during assembly to avoid excess solder shorting adjacent pins.
Because a short on the Mother board is extremely hard to locate
and correct when it is between the board and the connector, it is
worth the builder's time to give special attention to making
certain that no such shorts occur. Use only as much solder as re-
quired for a good joint. If too much solder is used, either the
pool of solder can short to an adjacent pin on the top side or the
solder can leak through and form a ball on the backside which can
also short to an adjacent pin.

The bozrd should be checked with an ohmmeter carefully both before
and after assembly to insure that it will operate properly. While
the chance that incomplete etching during manufacture left two
traces shorted is extremely slight, the ohmmeter check before as-
sembly is worth while simply because it would be so difficult to
correct such a problem after a socket is soldered in place over it.

To test the board, either a simple ohmmeter or a battery connecte&aﬂ
to a buzzer or a light bulb and test leads are all that is required.
Each pair of adjacent traces should be checked with the continuity
tester to be sure that there is no connection between them. Should
any adjacent traces. be found to be electtically connected during

- this pre-assembly check, careful inspection of the board should
reveal the short. Any imcompletely-etched copper or other metallic
path between the two traces shold be removed with a sharp knife,
such as an X-acto knife. . )

After each connector is solderedin, the continuity check should be
made again to make certain that during assembly no shorts were
created. If any are discovered, steps should be taken to remove
them before further assembly. In most cases, this short will have
been caused by too much solder having been applied and may be re-
moved simply by removing the excess solder. If an Extender board
is available, a simple tester may be made from it by temporarily
connecting all the pins on the front side, except pin 1, together,
connecting all the pins on the back side, except pin 100, together
and then connecting the continuity tester between the two sides of
the Extender board. If this extender board is inserted in the
socket as it is being soldered, the continuity tester will indicate
immediately any short between any two adjacent traces.
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SOCKET INSERTION

The 100 pin edge connectors are symmetrical so that they may be
inserted either way. The connector stands off the board slightly
supported by raised feed at each end. Each connector should be
checked during assembly to make sure that it is seated properly and
that the Mother board near the center of the connector is neither
pushed further toward the connector nor lifted away before the
connector is soldered in place to prevent the Mother board from
bowing.

The Mother board is not completely symmetrical and the connectors
must be inserted from the top side. The top side is the side on
which the +8 volt foil is broken every 2 connectors to allow the

2 traces for + and -16 volts to extend from the 16 volt bus at the
end of the board into the connector pins. The back side of the
board has both the very heavy ground bus and the 1 inch wide 8 volt
foil area continuous for the full length of the board. The +16
volt trace is the .2 inch trace on the edge of the board alongside
the +8 volt bus on the front side, that is, the side where the +8
is broken to allow for the pairs of +16 volt traces to extend into
the pins. The -16 volt bus is the .2 inch wide trace along the
edge of the board on the back side underneath the +16 volt bus.
NOTE: Before mounting any connectors, locate the front of the
Mother board. The connector for the front panel (CPA board) needs
to be mounted in the first position at the front of the Mother
board. Notice that the spacing between the first and second
positions at the front of the Mother ‘board is wider than the
spacing between any two of the other connector positions.

The suggested procedure for inserting and soldering a connector is
to insert the connector in place, seat the two ends firmly against
the feet and solder the two pins on each end.

Next, the position of the center of the Mother board next to the
connector should be checked and either pushed further toward the
connector or pulled away so that the gap between the connector and
the Mother board is uniform all the way across. Then the two pins
in the center of the connector should be soldered.

One final check should be made to make sure that the gap is uniform
all the way across the connector and the remaining pins in the
connector- should be soldered.

Care should be taken to check each connector after solder to make
sure that every pin was soldered because it is easy to miss a pin
and not see it during a quick inspection., After the last con-

nector is soldered inplace and the board checked you are ready to
install the power connections and mount the board in the cabinet.

See MAINFRAME ASSEMBLY section for connecting the Mother board to
the Power Supply and mounting the Mother board in the chassis.
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Mother Board

USER GUIDE

With the proper care taken during assembly, the Mother board should
be the most reliable board in the system. The only attention the
user will typically put on the Mother board, is when he desires to
add more card slot positions. Either 4 slot extension Mother Boards
may be added to the original 6 slot Mother Board, or the 6 slot board
may be replaced by a new 22 slot board.

If 4 slot extension(s) are used, the extension(s) should be assembled
according to instructions for assembling the original Mother board.
Then the original Mother board must be removed from the cabinet and
jumpered to the new section by the use of short wire jumpers between
the connection points provided in each trace.

The power buses should be connected with a much heavier wire. The
two boards can then be reassembled into the cabinet.

Care should be taken when inserting jumpers that each goes between
the corresponding lines on the two sections of Mother board.

i
{
|
|
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b IMSAI 8080 BUS SIGNAL LIST

1 +8y. 1 8y
2 +16v 52 J16v
; XRDY 53 [ SOWDSB |
4 54 EXTCLR |
[ 8§45 *
6 p. 56
7 57
8 [ 58
9 59
10 V |60
11 61
12
13 63
4 4
5 5
66
7 67
8 STATUS DSBL__| [ MWRITE
g CCDEBE 69 FTIT]
20 ok 70 ok ek
21 SS 71 RUN
22 —_ADDR DSBL 2 PRDY
23 73
24 2 74 “PHOLD
p 01 75 vxsz'\l(zss'r
26 PHLDA 76 PSYN
27 PWAIT 77 PWR
28 PINTE 78 PDBIN
L/ 29 AS 79 AD
30 Ad 780 AT
31 A3 1 A2
32 A5 p A6
33 A2 3 A7
3 A9 A8
35 DO1 85 A13
36 DO D 86 Al4
37 A 10 7 A1l
38 DO 4 8 DO 2
39 05 9 D03
40 6 0 DO 7
41 DI 2 DI 4
47 DI 3 2 D15
43 DI 7 3 DI €
34 SMI 94 D
45 SOUT 95 DI §
46 SINP 96 SINTA
47 SMEMR 97 SWO
48 SHLTA 98 SSTACK
49 2 MHz 99 C
50 GND 100 GND

* reserved for chassis ground

** reserved for memory unprotect
*** reserved for memory protect
**+* reserved for protect status

C
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IMSAI 8080 SYSTEM BUS STRUCTURE

The IMSAI 8080 system bus structure consists of 100 lines.
These are arranged 50 on each side of the plug-in boards,
with pins 1 through 50 on the component side and pins 51
through 100 on the back side. As the board is viewed right-
side up (components up, 100 pin connector towards you) pin
#1 is on the left end on the top and pin 51 is on the back
side directly opposite pin #1.

Conventions:
SYMBOLS: "P" prefix indicates a processor
command or control signal

"s" prefix indicates a processor
status signal

LOADING: All inputs to a card should be
loaded with a maximum of 1 TTL low
power load

LEVELS: All bus signals except the power
supply are TTL. All Data and Ad-
dress lines are positive TRUE
(ground = 0 bit)

BUS DEFINITION

Front Side

No. SYMBOL NAME FUNCTION

1 +8v +8 volts Unregulated input to
S5v regulators

2 +16V +16 volts Positive unregulated
voltage

3 XRDY External Ready Used by Front Panel:

Pulling this line
low will cause the
processor to enter a
WAIT state and allows
the status of the
normal Ready Line
(PRDY) to be ex-
amined.

4 V10 Vectored Interrupt
Line #0

2 - 10
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BUS DEFINITION

Front Side

No. SYMBOL NAME FUNCTION
5 Vil Vectored Interrupt
Line # 1
6 V12 Vectored Interrupt
Line #2
7 VI3 Vectored Interrupt
Line #3
8 V14 Vectored Interrupt
Line #4
9 V15 Vectored Interrupt
Line #5
10 V1eé Vectored Interrupt
Line 6
11 V17 Vectored Interrupt
Line #7
12
to UNUSED
17
18 STATUS DSBL STATUS DISABLE Allows the buffers
for the 8 status
lines to be tri-
stated
19 CC DSB COMMAND CONTROL Allows the buffers
DISABLE for the 6 output
command/control lines
to be tri-stated
20 UNPROT UNPROTECT Reserved for input
to the memory pro-
tect flip-flop on a
given memory board
21 Ss SINGLE STEP Used by Front Panel

to disable input buf-
fer while panel drives
bidirectional data

bus

2 - 11




BUS DEFINITION

Front Side

No. SYMBOL
22 ADDR DSBL
23 DO DSBL
24 g2

25 g1

26 PHLDA

27 PWAIT

28 PINTE

2 - 12

NAME

ADDRESS DISABLE

DATA OUT DISABLE

Phase 2 Clock
Phase 1 Clock

Hold Acknowledge

WAIT

INTERRUPT ENABLE

Mother Board
User Guide

FUNCTION

Allows the buffers
for the 16 address
lines to be tri-
stated

Allows the bidirec-
tional data bus
drivers for the 8
data lines to be tri-
stated for both in-
put and output data
buses

Processor control
output signal which
appears in response
to the HOLD signal;
indicates that the
data and address bus
will go to the high
impedance state on
the 8080. Note:

ADDBR DSBL and DO DSBL
must be driven to
~i-state the system
bus

Processor control
output signal which
acknowledges that the
processor is in a
WAIT state

Processor control out-
put signal indicating
interrupts are en-
abled: may be set or
reset by EI and DI
instruction and inhib-
its interrupts from
being accepted by the
CPU if it is reset
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C

BUS DEFINITION

Front Side
No. SYMBOL NAME FUNCTION
29 A5 Address Line #5
30 A4 Address Line #4
31 A3 Address Line #3
32 AlS Address Line #15
33 Al2 Address Line #12
34 A9 Address Line #9
35 DO Data Out Line #1
36 D00 Data Out Line #0
37 AlQ Address Line #10
38 DO4 ‘Data Out Line #4
( 39 DOS5 Data Out Line #5
40 DO6 Data Out Line #6
41 D12 Data In Line #2
42 D13 Data In Line #3
43 D17 Data In Line #7
44 sM1 M1 Status output signal
that indicates that
the processor is in
the fetch cycle for
the first byte of an
instruction
45 souT ouT Status output signal

which indicates that
the address bus con-
tains the address of

- an output device and
the data bus will con-
tain the output data
when PWR is active

2 - 13




BUS DEFINITION

Front Side
No. SYMBOL
46 SNIP
47 SMEMR
48 SHLTA
49 CLOCK
50 GND
Back Side
No. SYMBOL
51 +8V
52 -16V
53 SSW DSB
54 EXT CLR

2 - 14

NAME

INP

MEMR

HLTA

CLOCK

GROUND

NAME

+8 volts

-16 volts

SENSE SWITCH
DISABLE

EXTERNAL CLEAR

Mother Board
User Guide

FUNCTION

Status output signal
which indicates that
that the address- bus
contains the address
of an input device
and the input data
should be placed on
the data bus when
PDBIN is active

Status output signal
which indicates that
the data bus will be
used for memory read
data

Status output signal
which acknowledges a
HALT instruction

2 MHz clock signal

FUNCTION

Unregulated input to
5v regulators

Negative unregulated
voltage

Disables the data in-
put buffers so the
input from the sense
switches may be
strobed onto the bi-
directional data bus

Clear signal for I/O
devices (front panel
switch closure to
ground)

\J’
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BUS DEFINITION

Back Side
No.

55

56
to
67

68

69

70

71

72

SYMBOL

CGND

UNUSED

MWRT

PROT

RUN

PRDY

NAME

CHASSIS GROUND

MEMORY WRITE

PROTECT STATUS

PROTECT

RUN

READY

Mother Board
User Guide

FUNCTION

From the Front Panel
indicates that the
current data on the
Data Out Bus is to
be written into the
memory location cur-
rently on the ad-
dress bus

Reserved to indicate
the status of the
memory protect flip-
flop on the memory
board currently ad-
dressed

Reserved for input

to the memory protect
flip-flop on the
memory board current-
ly addressed

Indicates that the
RUN/STOP flip~flop
is set to run on the
front panel

Processor command/
control input that
controls the run
state of the pro-
cessor; if the line
is pulled low the
processor will enter
a wait state until
the line is released

2 - 15




BUS DEFINITION

Back Side
No. SYMBOL
73 PINT
74 PHOLD
75 - PRESET
76 PSYNC
77 PWR

2 - 16

NAME

INTERRUPT
REQUEST

HOLD

RESET

SYNC

WRITE

Mother Board
User Guide

FUNCTION

The processor recog-
nizes an interrupt
request on this line
at the end of the
current instruction
or while halted. If
the processor is in
the HOLD state or
the Ihterrupt Enable
flip~flop is reset,
it will not honor
the request

Processor command

input signal which
requests the proces-

sor to enter the

HOLD state; allows

an external device - ‘
to gain control of k~M
address and data

buses as soon as the
processor has com-
pleted its use of

these buses for the
current machine cycle

Processor command
input; while activa-
ted the content of
the program counter
is cleared and the
instruction register
is set to 0

Processor control
output provides a
signal to indicate
the beginning of each
machine cycle

Processor control

output used for mem-

ory write or I/O out-

put control; coh- \_V
tinued next page.
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(_/ BUS DEFINITION
Back Side
No. SYMBOL NAME FUNCTION
77 PWR WRITE Con't.: data on the
data bus is stable
while the PWR is
active
78 PDBIN DATA BUS IN Processor control
output signal indi-
cates to external
circuits that the
data bus is in the
input mode
79 AQ Address Line #0
80 Al Address Line #1
81 A2 Address Line #2
82 A6 Address Line #6
( ’ 83 A7 Address Line #7
84 A8 Address Line #8
85 Al3 Address Line #13
86 Al4 Address Line #14
87 All Address Line #11
88 D02 Data Out Line #2
89 DO3 .bata Out Line #3
90 DO7 Data Out LIne #7
91 D14 Data In Line #4
92 D15 Data In Line #5
93 Dlé Data In Line #6
. 94 D17 Data In Line #1
95 D10 Data In Line #0

2 - 17




BUS DEFINITION

Back Side
No. SYMBOL
96 SINTA
97 SWO

98 SSTACK

99 POC
100 GND

2 - 18

NAME

INTA

WO

STACK

Power-0On Clear

‘GROUND

Mother Board
User Guide

J-

FUNCTION

Status output signal
to acknowledge sig-
nal for INTERRUPT
request

Status output signal
indicates that the
operation in the .
current machine cy-
cle will be a WRITE
memory or output
function

Status output signal
indicates that the
address bus holds:

the pushdown stack
address from the

Stack Pointer M‘Q










POWER SUPPLY PS-28U
Functional Description
Revision 1

POWER SUPPLY PS-28U

FUNCTIONAL DESCRIPTION--——- S —

The IMSAI PS-28U is a modular, unregulated power
supply for the IMSAI 8080 System. It provides the
basic unregulated +8, +16, and -16 system supply
voltages and can be configured for the following
AC input voltages at either 50 or 60 Hz: 92,
103.5, 115, 126.5, 184, 207, 230, and 253 VAC
single phase input.

A power switch location is provided on the PS-28U
for use when a front panel is not installed in the
system. There is also a line filter and 50/60 Hz
switched and unswitched terminals for connecting
auxillary power outlets on the back panel.

Physically, the PS-28U measures 16.5" x 5.75" x
5.5" (42 x 15 x 14 cm) and weighs 16 pounds (7.3 kg).

SPECIFICATIONS PS-28U SUPPLY-- --

Power Requirements:

Input Voltages: 92, 103.5, 115, 126.5, 184,
207, 230, and 253 volts,
single phase, 500 watts (max)

No Load Voltages: 115 VAC, 60 Hz input, nominal
taps .#6 and #9 in parallel
with taps #1 and #4

+ 8v. supply: + 9.7 volts
+1l6v. supply: +18.0 volts
-16v. supply: -18.0 volts

Current Supplied:

At 115 VAC, 60 Hz, resistive load:

28.0 amperes at 7.0 volts ripple valley
4.5 amperes at +13.5 volts ripple valley
4.5 amperes at -13.5 volts ripple valley




POWER SUPPLY PS-28U
Theory of Operation
Revision 1

At 100 VAC, 50 Hz, resistive load:

25.0 amperes at +7.0 volts ripple valley
4.0 amperes at +13.5 volts ripple valley
4.0 amperes at -~13.5 volts ripple valley

THEORY OF OPERATION

The PS-28U is an unregulated power supply that
provides the basic +8, +16, and -16 voltages for
the 8080 system. It is comprised of four major
component assemblies: line filter, transformer,
rectifiers, and filters.

Line Filter: The line filter is a triple PI L-C
filter designed to remove high frequency noise
present on the AC line. This filter attenuates
line noise above 1MHz in frequency.

Transformer: The transformer is primarily designed
for a number of AC input voltages: 92, 103.5, 115,
126.5, 184, 207, 230, and 253 VAC, 50/60 Hz,

single phase input. The transformer secondary is
connected as three series windings with a center
tap. Four MR 1121 diodes full-wave rectify the

+8 volts, while a full-wave bridge of four MR 501
diodes rectify the + 16 volts.

Filtering: The +16 volt supplies are each filtered
By a 10K uF capacitor to ground, providing *15
average volts at 4.0 amps. The +8 volts is filtered
by two 95K uF capacitors to ground, providing
7.3 average volts at the 28 amp rated current.

.1 uF capacitors high frequency bypass each voltage
supply and bleeder resistors discharge the filter
capacitors when power is turned off.
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Ps-28U0

Parts List
BOARD: “PS~C
IMSAI
ITEM PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
Solder 15-0000001 5' Rosin Core

- Heat Sink  16-0100006 1 Wakefield 690-220-P, Modified

Screw 20-3402001 4 6-32x3/8" Phillips Pan Head Machine

Screw 20-3702001 4 6~32x3/4" Phillips Pan Head Machine

Serew 20-~4401001 3 8-32%3/8" Binding Head Machine

Screw 20-4901001 5 8-32x1%" Binding Head Machine

Screw 20-5402000 8 10-32x3/8" Binding Head Machine

Screw 20-~6901001 4 %-20x1%" Binding Head Machine

Nut 21-3120001 8 6-32 Cad Hex Nut

Lockwasher 21-3350001 8 #6 Internal Tooth

Nut 21-4120001 5 8-32 Cad Hex Nut'

Lockwasher 21-4350001 5 #8 Internal Star

Spacer 21-4600002 5 8-32x}" Nylon Threaded

Nut 21-5120001 4 10-32 Cad Hex Nut

Lockwasherv 21-5320001 4 #10 Cad Split Ring

Lockwasher 21-5350001 8 #10 Internal Star

Nut 21-6120001 4 %-20 Cad Hex Nut

Washer 21-6310001 4 %"x1/16" Cad Flat Washer

Lockwasher 21-6320001 4 %" Split Ring

Washer 21-6390001 4  Y%"x1/16" Nylon Washer

Spacer 21-6600001 4 %~-20x)%" Nylon Internal Thread

Wire 22-1014001 48" 14 AWG, White, Alpha 1559, 14~41/30 PVC

Wire 22-1014002 60" 14 AWG, Black, Alpha 1559, 14-41/30 PVC
2 -3




Ps-28U0

Parts List
IMSAI . \u-)
ITEM PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
Wire 22-1018001 60" 18 AWG, Orange, Gavitt 8522
Wire 22-1018002 60" 18 AWG, Yellow, Gavitt 8522
Wire 22-5018001 i2" Twisted Pair, 18 AWG, Yellow/orange,

Stranded and Insulated

Line Cord 22~-6000001 1 Belden 17239

Grommet 24-0600001 1 Strain Relief Bushing Grommet

Terminal 25-0100001 5 Panduit PV-14-10LF (Vinyl)

Lug

Terminals 25-0100002 10 Solderless, %", Vaco # D 18304
Transformer 29-0100010 1 Tranex 4-3819-1 Dual Primary

Inductor 29-0200001 3 8uH, 5 Amp, Airco Speer 025834-001K
Resistor 30-3470462 1 470 Ohm, % Watt/Yellow, Violet, Brown
Resistor  30-4100462 2 1K Ohm, % Watt/Brown, Black, Red \J)
Capacitor  32-2004010 6 .04uF, 500 V Disk Ceramic (.0luF, 1000 V)
Capacitor  32-2010010 3 .1uF, 30 V Disk Ceramic

Capacitor  32-2510060 2 10KuF, 25 V Electrolytic

Capacitor  32-2595060 2 95KuF, 15 V Electrolytic

Fuse 33-0100003 1 Bussman Fusetron MTH 5, 5 Amp

Fuse ‘ 33-0100004 1 Bussman Fusetron AGC 2%, 2% Amp

Fuse Clip  33-0200001 2 # 102068

Fan Guard  34-0200001 1 Rotron 476042

Rectifier 35-1000002 4 MOT MR 1121
Diode 35-1000003 4 MOT MR 501 (Alt: 30S1)
PC Bogrd 92-0000024 1 PS~-C Rev. 1

Label Plate 93-0000001 1 Voltage/Frequency Label Plate \ :>




POWER SUPPLY PS-28U
Assembly Instructions

ASSEMBLY INSTRUCTIONS

( ) 1. Unpack your board and check all parts against the
parts lists enclosed in the package.

COMPONENT INSTALLATION

() 2. Insert and solder each of the two 1K Ohm, % watt
resistors (brown, black, red) at locations Rl
and R2 as shown on the Assembly Diagram.

() 3. Insert and solder the one 470 Ohm, % watt resis-
tor (yellow, violet, brown) at location R3 as
shown on the Assembly Diagram.

() 4. Insert and solder each of the three .luF capacitors
at locations C5, C6 and C4 as shown on the Assembly
Diagram.

() 5. Next, bend each of the cathode leads on each of
the four rectifier diodes CR4, CR5, CR6 and CR7
as shown in Figure 2. Insert the anode end of
of the diodes down as shown in Figure 2 and solder.
NOTE: See Assembly Diagram for diode mounting
position.

() 6. Insert and solder each of the six .04 uF capacitors
at locations C7 through Cl2 as shown on the
Assembly Diagram.

() 7. Insert and solder each of the three AC filter in-
ductors at locations L1, L2 and L3 as shown on the
Assembly Diagram.

() 8. Insert and solder each of the two fuse clips in
the appropriate locations as shown on the Assembly
Diagram. Snap in the appropriate fuse.

TRANSFORMER WIRING
NOTE: There are five pages of diagrams following the
the Assembly Instructions. Refer to them when wiring

the transformer.

() 9. Transformer terminals are designated and used as
follows:




POWER SUPPLY PS-28U
Assembly Instructions

J

Prima A Primary B
Pin 1 Common Pin 6 Common
Pin 2 20% Lo Line Pin 7 20% Lo Line
Pin 3 10% Lo Line Pin 8 10% Lo Line
Pin 4 Nominal Pin 9 Nominal
(115/230 VAC) (115/230 VAC)

Pin 5 10% Hi Line Pin 10 10% Hi Line

Secondary (8080 Chassis)

Pin 13 AC Phase 1 to 8V Rect Pin 11 AC Phase 1 to 16V Rect
Pin 15 AC Phase 2 to 8V Rect Pin 17 AC Phase 2 to 16V Rect
Pin 14 Ground Pin 12 tie to Pin 13

Pin 16 tie to Pin 15

Primary Wiring Configurations

Input Strap these Connect input VAC

VAC 50/60 Hz Primary lugs wires to these lugs
92 VAC lto6, 2 to 7 6 and 7

103.5 VAC 1 to 6, 3 to 8 6 and 8

115 VAC l to 6, 4 to 9 6 and 9 \-y
126.5 VAC 1l to 6, 5 to 10 6 and 10

184 VAC 6 to 2 1 and

207 VAC 6 to 3 1 and 8

230 VAC 6 to 4 1 and

253 VAC 6 to 5 1 and 10

Again, be sure to refer to the accompanying diagrams
when wiring the transformer.

( ) 10. Solder a %" solderless terminal to one end of two 9"
yellow wires. Then solder the other ends to the pads
at CR4 - CR7. These wires then go to lugs #l1 and
#17 on the secondary of the transformer.

( ) 11. The other secondary is wired as follows: Lugs #12
and #13 are wired together, and lugs #15 and #16
are wired together. - Again, use the %" solderless
terminals for the connections to lugs #12 and #16;
use black wire 5 inches long (#14 or larger). The
connection to lugs #13 and #15 are made with the B
crimp terminals. \_p




POWER SUPPLY PS-28U
Assembly Instructions

(‘// () 12. Attach a crimp terminal to a 3 inch piece of #14
black wire. Solder one end to the ground trace
below lug #14 and then attach the crimp terminal
to lug #14.

() 13. Note: the AC input lines should be twisted together
to avoid radiation.
When operating between 92 VAC and 126 VAC, both
COMMONs are tied together, the nearest applicable
voltage taps selected and jumpered together, and
the AC applied between COMMONs and the taps,
essentially paralleling the primaries. It may
be desirable to select the next lower taps when
operating on 50 Hz line, or when using a fully-
loaded chassis.

() l4. For AC inputs between 184 VAC and 253 VAC, the
primaries should be series connected. This entails
selecting the taps as previously described. Now,
the AC input goes between the COMMON of one pri-
mary and the selected tap of the other primary.

A jumper is used between the selected tap of the

first primary and the COMMON of the second pri-

mary to complete the series circuit. The same

considerations regarding 50 Hz and full chassis
(-/ , apply here alsc as in the 115 VAC case preceeding.

/ For 230 VAC operation, the AC line fuse should be
changed to one-~half the value recommended for
115 VAC to maintain the same overload protection.

() 15. The fan (optional) leads always should be connected
to lugs #6 and #9 or #1 and #4 to supply 115 VAC
to the fan. This wiring is standard for all input
AC wiring configurations.

HEAT SINK INSTALLATION

NOTE: Keep all wiring as short as possible, an extra two inches
of #14 wire will reduce the current capacity of the Power

Supply.

() 16. Insert the four 1121 rectifier diodes CRO through
CR3 through the heat sink (only two are shown in
Figures 1 and 3). Solder a 4 inch wire between the
anodes of CRO and CR1 and solder a 4 inch wire
between the anodes of CR2 and CR3. The wire used
should be #14 or larger (the black wire).




POWER SUPPLY PS-~28U
Assembly Instructions

(<) 17. Attach a crimp terminal to the wire from CRO and
CRl. Connect it to terminal #15 of the transformer.

() 18. Repeat above (#17) procedure for black wire from
CR2 and CR3 and connect it to terminal #13 of the
transformer.

() 19. Install and bolt heat sink (and diodes) onto the
PSC board.

NOTE: WARNING!!! OBSERVE POLARITY

The 4 large capacitors will be destroyed if power is applied
while they are installed backwards.

On the two large capacitors CO and Cl, the negative side
of the capacitor bolts to the DC ground plane of the PSC
board. The positive end of capacitors CO and Cl bolts to
the unregulated 8 volt plane of the PSC board.

( ) 20. Place lockwashers on four 10-32x3/8" screws, insert
them from the underside of the board and mount
capacitors CO and Cl.

() 21. In a similar manner, mount C3 with the negative
terminal bolted to the ground plane and positive
terminal bolted to the +16 volt plane.

() 22. To install capacitor C2, bolt the positive ter-
minal to the DC ground plane and the negative
terminal to the negative (-16 volt) plane.

FAN INSTALLATION (OPTIONAL)

() 23. Attach the fan leads to lugs #6 and #9 or #1
and #4 to supply 115 VAC to the fan. This
wiring is standard for all input AC wiring
configurations.

SEE MAINFRAME ASSEMBLY SECTION TO INSTALL POWER SUPPLY IN
CHASSIS AND CONNECT TO MOTHER BOARD.
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POWER SUPPLY PS~-28U

User Guide
Rev. 1

USER GUIDE -~~~ - - —_——

The PS-28U User's only option is the selection of a trans-
former primary tap. The transformer provides primary taps
which allow selection at AC input voltages ranging from

92 - 126.5 and 184 - 253 VAC at 50/60 Hz.

As the PS-28U is an unregulated supply, the supply vol-
tages are dependent on the load conditions. The user may
adjust his/her loaded voltage by picking an appropriate
primary tap, but should be careful that the no load vol-
tages do not exceed +1l1, +18 and -18 volts. These maxi-~
mums are selected so that the power dissipated in the
system's voltage regulators and zener diodes does not
exceed the device ratings. Similarly, the user should

not allow the +8 supply to fall below 7.0 volts, the point
at which the 7805 regulators cease to regulate.

It may be desirable when operating at 50 Hz or with a
fully loaded chassis to select the next lower primary taps.
This will increase the amount of current available. But,

in all cases, the load voltages should not exceed the above

levels. Also, the +8 supply should not fall below 7.0
volts.

Large currents require extremely low resistance paths

from the power supply to the motherboard. It is suggested
that #14 wire in multiple lengths be used to connect the
power supply to the motherboard, and that all wires be
only as long as necessary. Special care is required to
insure low resistance solder connections; the +8 and
ground leads are especially critical in this regard.

Any significant loss in the supply wiring reduces the
power available at the motherboard.

The power switch leads may be connected to the pads pro-
vided, or the user may mount a switch directly on the PSC
board. Unswitched (marked US) and switched (marked SW)
AC pads allow the connection of external equipment.
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IMPORTANT

When using the RAM-16, 32 or 65 boards in systems containing
an IMSAI CPA board of Rev. 4 or earlier, make the changes

described ECN 77-0039 which may be found in the Appendix of
this chapter.







CP-A, Rev. 4
Errata
ECO 77-0098
9/1/77

ERRATA

Reason for Change:
These modifications should be made to prevent the spurious
triggering of one-shots on the CP-A while in RUN mode, causing
unpredictable program execution.

Nature of Change:

This modification will disable one-shots (3 74123 Dual
Monostable Multivibrators) during RUN.

Instructions:
On the component side:
1) Cut the trace between U23, Pin 11 and R60.
On the solder side:
2) Cut the trace between Ul7, Pin 2 and feed through.
3) Cut the trace between U20, Pin 11 and Ulg, Pin 8.
4) Connect U20, Pin 1l to U22, Pin 6.
5) Connect Ul19, Pin 8 to load side of R60.

6) Connect Ul7, Pin 2 to Ul7, Pin 3.

Refer to the following diagrams for clarification.
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March 5,1977

CPA REV 4 MODIFICATION

Modification to cause front panel to always come up in
"stop" mode at power-up time. .

1) Cut (comp. side) U-22 pin 11 free. (U-22 pin 11
was connected to U-22 pin 4 (ground) by a heavy
trace under the chip.)

2) Connect (solder side) U-18 pin 13 to U-16 pins 11
and 12. Connect wire at the pads.

3) Connect (solder side) U-16 pin 13 to U-22 pin 11.
Connect wire at the pads.
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OPTIONAL MODIFICATION OF CP-A REVISION 4 OR EARLIER CP-A BOARDS -

TO CHANGE POWER SWITCH TO WRITE PROTECT/UNPROTECT SWITCHE FOR USE
WITHE RAM 4A BOARDS. ’

REMOVE CP-A FROM CHASSIS

a.

Remove AC leads from pads A & B on CP-A, route to miniature
toggle switch (e.g., CsK type - 7101) mounted in %" hole (pro-
vided) in rear of chassis. Connect to center and bottom
terminals of switch.

Carefully suck solder away from terminals of Power switch on
CP-A using a solder sucker or pieces of copper braid. Use
enough heat to melt solder, but do not overheat board. Un-~
screw the Power switch from the bracket and heat all 3 term~
inals simultaneously. (Use 3 irons, or "timeshare" one--mov-
ing between the terminals.) When all 3 terminals are hot
enough, the switch will easily lift out. DO NOT PULL. Pull-
ing will damage the pads.

Cut the following traces (refer to diagram) :

Between center and upper AC Power switch terminal (front
side),

ground lead going to HOLD light (back side),

trace to resistor on HOLD light (after feed through) (back-
side), : ’

trace to Mother board connector pin 20 (after feed through)
(backside),

trace to Mother board connector Pin 70 (after feed through)
(front side).

Re-install a 3-position momentary switch in old AC Power switch
position.

Install two 470 Ohm} % watt resistors between ground and the
heavy traces from the switch (or to U24 pins 12 & 14).

Install the following jumpers:
From +5 to resistor from old HOLD light (other end than LED)
From U22 pin 6 to switch center terminal

. From pin 15 to pin 1 on U24

From the heavy trace (to the bottom AC Power switch terminal)
to U24 pin 14

From the heavy trace (to the top AC power switch terminal)
to U24 pin 12

From U24 pin 13 to the pad connected to pin 70




OPTIONAL MODIFICATION OF CP-A (Continued)

From U24 pin 11 to the pad connected to pin 20

From the bottom terminal cf the HOLD light (cut from
ground) to pin 69 (solder to the top 1/16" of finger only)

Insert labels to change HOLD (for light) to MEM. PROTECT and to
change POWER OM/POWER OFF to PROTECT/UNPROTECT.

Re-assemble CP-A to chassis

The right-hand switch now serves to change the protect .status of
the currently addressed block of memory when the machine is not
in run mode. The LED which previously showed HOLD status now is
lit when the currently addressed block of memory. is protected.
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CPA

Functional Description

FUNCTIONAL DESCRIPTION

The CP-A board is the operator's panel for the IMSAT
8080 System. It includes operator switches, indicator
lights and all logic necessary to operate the IMSAI
8080 System.

The panel is completely self-contained and plugs into
the back plane's 100 pin edge connector. With this
design it is not necessary to mount the CP-A at the
front of the cabinet. 1Instead, the board can be plugged
(via an extender card) into any available slot in the
back plane.*

A full set of 16 address switches and 6 control function
switches accept operator control and input. LED in-
dicators are provided for the 16 bit address bus, the

8 bit data bus, the 8 bit status bvte (control indicators
for INTERRUPTS, ENABLED, RUN, WAIT and 8 bits of
programmed output.

The CP-A board contains the logic necessary to drive
the 8 programmed output indicators and the logic needed
to read an 8-bit input byte from the high-order address
switches. The DATA BUS indicators are run from the
bi-directional portion of the data bus (via a flat
cable to the MPU board) and show data either being

read or written by the 8080 processor,

The indicators on the panel are wide-angle-view light
emitting diodes mounted behind a contrast-enhancing
acrylic panel assembly. All indicators and switches
are explicitly marked. The photographically produced
labels are very clear, protected by clear acrylic, and
can never wear off. Bit positions are numbered, and

_binary bit values are labeled for both hexadecimal

*The switches are included on the front panel whether
it is mounted in the front of the panel or not.
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and octal formats. Special labels may be easily inserted
to identify special functions for the programmed output
port. Switches on the panel are high-quality paddle
switches, and are color-coded for easy and error free use.

For situations in which it is not desired to locate the
operator's panel at the cabinet front (such as use of

the IMSAI 8080 as a dedicated controller), the CP-A

front panel may be inserted (via extender card) into

any back plane slot. 1In this arrangement, programs

may be easily tested and debugged without time-consuming
mounting and un-mounting of the front panel. For these
applications, the front slot of the machine can be re-
served for the parallel I/O board with its LED indicators
showing through the front panel mask.




CP-A
Theory of Operations

THEORY OF OPERATIONS

The CP-A front panel assembly provides machine status
indicators, user controlled switches, and control
functions to the IMSAI 8080 operator. The CP-A board
communicates with the MPU-A microprocessor and other
boards through the 8080 back plane and, additionally,
connects (via 16 conductor flat cable) to the bi-
directional data bus of the 8080 microprocessor.

The CP-A panel uses 44 Light Emitting Diodes as front
panel indicators. Many of these indicators directly
correspond to signal levels on the IMSAI 8080 back
plane, \and are driven directly from the bus with no
intervening logic. Indicators in this group are the

16 Address Bus LED's, the 8 STATUS byte LED's, the
INTERRUPT ENABLED LED, the WAIT LED, and the HOLD LED.

The 8080 microprocessor chips bi-directional data bus
levels (provided by a l6-conductor cable) are displayed
on the DATA bus indicators via the 74LS04 (low power
schottky hex inverter) sections. Also driven from the
bi-directional bus is the 8212 8 bit latch used to drive
the PROGRAMMED OUTPUT indicators. The RUN indicator is
driven directly from the run/stop flip-flop (74107) on
the CP-A Board.

The 16 ADDRESS-PROGRAMMED INPUT and ADDRESS-DATA switches
allow the operator to place desired value (program, data,
addresses) on the 8080's bi-directional bus.

As shown on the schematic, these switches connect 7405
(open collector) inverters to the bus in a wired- AND
configuration.

Pullup resistors on the MPU Board ensure that the bus
levels are all high unless any inverter on any one of
the bus lines goes low. Thus, if an inverter goes low,
(this condition will be discussed shortly) the address
switch can be used to put either a high or low value
on that 1line.

The function switches provide the operator with direct
control of the microprocessor. The RUN/STOP switch
controls the X-READY line via the RUN/STOP flip-flop.




CP-A
Theory of Operations

If the switch is set to RUN, on the next falling edge
of the Phase II clock, the RUN and X~READY lines are
set high. If the switch is set to STOP, the high STOP
value and the Phase II clock are NANDed (Ul6) and this
value NANDed with the DATA OUT 5 bit (fetch/status) and
the PROCESSOR SYNC line.

Thus, when the processor is fetching a new instruction,
the RUN/STOP flip-flop will be reset, the processor
X~-READY line goes low, and the processor stops.

Several CP-A function switches operate by providing the
8080 with an instruction, executing the instruction, and
then stopping the processor on the next cycle. The open
collector 7405's and support gating put these instructions
on the 8080's bi-directional bus. The EXAMINE function
uses’ a jump instruction (hex C3) followed by two bytes

of the address selected on the front panel switches.

This operation causes the processor to jump to the
selected address and, then, the processor is stopped
during the next cycle. When stopped, the processor

was reading the selected byte from memory as if it
were going to execute it. Therefore, the processor
stops with the desired address displayed on the address
bus and the contents of that address is displayed on
the data bus.

If the RUN switch is operated at this time, the processor
will continue to pull the selected byte from memory and
execute it.

The EXAMINE NEXT and DEPOSIT NEXT switches use similar
schemes and the NO-OP (hex 00 or octal 000) instruction
to increment. the address.

Much of the remaining logic of the CP-A is used to se-
guence these commands to provide the desired functions.
The RUN/STOP flip-flop line, the SINGLE STEP line, the
EXAMINE line, and the EXAMINE NEXT.line are all input
to an OR-gate controllihg the X-READY line. (The X~
READY line must be high for the processor to run. Its

J

J
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function is identical to the P-READY line used by the
memory and I/0 boards. The X-READY line is reserved
for use of the front panel to avoid conflicts of two
gates driving the same backplane line). During each
of these functions, the processor is permitted to
execute an instruction, and then is stopped in the
next cycle in a manner similar to the RUN/STOP flip-
flop cycle described earlier.

For the SINGLE STEP function, a one-shot, triggered by
the SINGLE-STEP switch, is used to produce a pulse and
the trailing edge of that pulse is used to set a flip-
flop which controls the SINGLE STEP line. This permits
the processor to execute the present instruction. The
SINGLE STEP flip-flop is reset by the occurrence of the
sync pulse on the following instruction, thus causing
the SINGLE STEP level to be removed, and the processor
to stop on the following cycle.

The EXAMINE-NEXT flip-flop is similarly controlled by
the leading edge of a pulse from a one-shot driven by
either the DEPOSIT NEXT or EXAMINE NEXT switch. The
output of the flip-flop is used both to put the NO-OP
(hex 00 or octal 000) onto the bi-directional data bus,
and also to provide the READY signal so that the pro-
cessor will execute the instruction. It is reset by
the sync pulse on the following cycle, thus stopping
the processor again.

The EXAMINE function involves a 4-step sequence produced
by two flip-flops arranged as a counter. The pulse pro-
duced by the EXAMINE switch's one~shot starts the
counter and on the first count, the jump instruction

is inserted on the data bus. On successive counts of
the two bit counter, the lower and upper address byte
are inserted on the data bus in turn, and on the 4th
count (that is, when the counter istack to 0), the
processor is again stopped by the removal of the READY
line. Thus, the EXAMINE logic provides the processor
with the jump instruction and the two address bytes
that the processor expects after a jump instruction and
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stops the processor during the fetch of the designated
memory byte.

Similarly, the DEPOSIT switch, when operated, produces
a pulse from the DEPOSIT one-shot which is buffered

to the MEMORY WRITE line on the backplane. The leading
edge of this pulse also starts a second one-shot with
a much longer period which puts the data from the data
switches on to the data bus for the duration of the
longer pulse. The DEPOSIT one-shots are triggered
either by the operation of the DEPOSIT switch or by
the trailing edge of the DEPOSIT NEXT one-shot so that
the DEPOSIT function will operate at the end of the
EXAMINE NEXT cycle.

The 7427 gate in Ul5.5 is used to insure that during
the time the front panel is inserting any information
on the bi-directional .data bus, the MPU-A board's bi-
directional data bus driver is not also trying to drive
the bus at the same time.

The inputs to this gate are the DATA-ON line, the EXAMINE
NEXT line and the EXAMINE line. These are the three
functions during which the front panel is transferring
data or instructions to the bus.

The inputs to the 7405 open-collector inverter bus )
drivers are the lines NO~OP, C3, HAD, and LAD. These
levels are ANDed with the PDBIN signal so that the
information appears on the bus during the time the
processor is expecting to see it there.

The input port from the high order address switches is

implemented simply by decoding the address FF

and ANDing it with the DBIN signal so that gwitch

values appear on the data bus during the time that the
" processor is expecting information from the port FF.

The same address decode signal is ANDed with the STATUS
OUT line to enable the 8212 8 bit latch which drives
the PROGRAMMED OUTPUT indicators. The information on
the bi-directional data bus is then latched onto the
output port at the time of the processor write strobe.
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The STATUS WORD DISABLE line (SSWDSB, Pin 53 backplane)

is gated to insure that no conflicts are created between
the bi-directional bus drivers on the MPU and CP-A boards.
This signal is controlled by the same gating that places
the high order address switch values on the data bus

for a front panel (address hex FF) read.

The STATUS WORD DISABLE line, Pin 53 in the backplane,
is also run by the signal which puts the high order
address switches onto the data bus for the port FF read
instruction so that the bi-directional data bus is not
being driven by the bi-directional drivers on the MPU
board at the same time that the front panel is insert-
ing the switch information on the data bus.

The RESET switch directly grounds the RESET line on the
backplane which is detected by the MPU board and pro-
cessed to form a RESET pulse which re-appears on the
backplane as a Power On Clear.

When the RESET switch is thrown to EXTERNAL CLEAR, the
switch directly grounds the EXTERNAL SWITCH line on the
backplane. There is a diode between the RESET line and
the EXTERNAL CLEAR line so that during a reset operation
an EXTERNAL CLEAR is also generated.
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REVISIONS
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1

LTR DESCRIPTION DATE APPROVED
[+] ORIGINAL 12475
1 ECN76--0051 & ECO77—0039 11/76 & 4477
2 ECO77-0098 8177
U1 LOO
u3 THRU
U4 7405 LO7
us LAD
u7 THRU
DATA LA15
u2 HEADER  LDO
SOCKET  THRU
Us 821 LD7 LED'S
o8 2 LSO
J 741504 THRU
U1s e
U9 741830 e
u10 7404 LHD
un 74LS10 LRN
u12 7410 LwT
u13 J
7402
L”f . R1 270K %W
u1 R2
025 ] 7400 R2
U155 7427 R7
u17 R10
u20 74123 R11 1K %W
w3 | R13
u18 THRU
u19 ] 74107 R15
uz22 Réo
u21 7430 R3
U24 8797 ;g
Re 47K %W
c1
R9
c2
R12
c5
e | R16
L uF THRU 22 %W
Y R59
c11
THRU
c22
c3
ca 001 uF
c4 01uF
co
c10 33 uF
CR1 1N914

TOLERANCES UNLESS
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BOARD: CP-A

ITEM
Solder
Heat Sink

Screw

Screw
Screw
Screw

Nut

Lockwasher

Spacer
(\,/SPacer
Switch
Switch
Switch
Switch
Switch
Resistor
Resistor
Resistor
Resistor
Capacitor

Capacitor

(\_/Capacitor

IMSAI
PART #

15-0000001
16-0100002

20-2203001

20-3203001
20-3302001
20-3916002
21-3120001
21-3350001
21-3600001
21-3600002
26-1500001
26-1500002
26-1500003
26-1500004
26-1600001
30-3220362
30-4100362
30-5470362
30-6270362
32-2000110
32-2001010

32-2010010

10!

1

22

17

CP-A, Rev. 4
Parts List

QUANTITY DESCRIPTION/IDENTIFYING MARKS

Thermalloy/6106B-14

4x%" Slotted Hex Head, Self-Tapping,
Type A Sheet Metal

#6x% Self-Tapping Sheet Metal

6-32x5/16" Phillips Pan Head Machine

6-32x1%" Button Head Allen Machine, Black

6=32 Hex

#6 Internal Star Lockwasher

#6x%" White Nylon

7/16" White Nylon

Blue Paddle Switch, on/none/on

Red Paddle Switch, on/none/on

Red Paddle Switch, momentary

Blue Paddle Switch, momentary

Red Rocker Swiﬁch, on/none/on

220 Ohm, % Watt/red, red, brown

IK Ohm, % Watt/brown, black, red
47X Ohm, % Watt/yellow, violet, black
270K Ohm, % Watt/red, viclet, yellow
.00luF Disk Ceramic

.0luF Disk Ceramic

.1uF Disk Ceramic
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ITEM

Capacitor
Diode
LED
8197
7400
7402
7404
741504
7405
7410
74LS10
7427
7430
74LS30
7805
8212
74107

74123

Cable Assembly
PC Boara
Plastic Panel
Plastic Panel
Bracket

éhoto Mask

Paper Backing

16

CP-A, Rev. 4

U

Parts List
IMSAI
PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
32-2233070C 2 33uF Tantalum
35-1000006 1 Signal Diode/1N914
35-3000001 44 Light Emitting Diode/red
36-0089701 1 Hex Tri-State Buffer/N8ST97B
36~0740001 2 Quad 2 Input NAND/SN7400N
36-0740201 2 Quad 2 Input NOR/SN7402N
36-0740401 1 Hex Inverter/SN7404N
36-~0740402 2 Hex Inverter (Low Power Schottky)/SN74LS04N
36-0740501 5 Hex Inverter Open Collector/SN7405N
36-0741001 1 Triple 3 Input NAND/SN7410N
36-0741002 1 Triple 3 Input NAND (LPS)/SN74LS10N
36-0742701 1 riple 3 Input NOR/SN7427N
36-0743001 1 8 Input NAND/SN7430N
36~0743002 -1 8 Input NAND (LPS)/SN74LS30N
36-0780501 1 5V Positive Volt Regulator/MC7305CP
36-08212011 1 I/0 Port/P8212/51002
36-7410701 3 bual J-K Flip Fiop With Clear/SN74107N
36-7412301 3 Dual Monostable Multivibrator, Retriggeraﬁle
with Clear/SN74123N
91-0400001 1 Cable K Assembly
92-0000002 1 CP-A, Rev. 4
93-3010006 1 Clear Plastic Panel
93-3010007 1 Red Plastic Panel
93-3010011 1 Switch Bracket "
93-3010015 1
93-3010016 1
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CP-A Rev. 4
Assembly Instructions

CP-A Rev. 4

ASSEMBLY INSTRUCTIONS

1)

2)

LED

-3)

Unpack your board and check all parts against the parts lists
enclosed in the package.

If gold contacts on the edge connector appear to be corroded,
use pencil eraser to remove any oxidation. NOTE: Do not use
Scotchbright or any abrasive material as it will remove the
gold plating.

INSTALLATION

For a professional appearing finished CP-A Board two items in
the assembly are important: first, the mounting of the LED
indicator lamps, and second, the mounting of the paddle
switches. Care is necessary in the mounting of both of these
items to insure evenly spaced, straight line rows of compon-
ents. If they are assembled carefully, the panel will have

a professional appearance second to none. If these two items
are assembled haphazardly, the panel will function; however,
it will have a distinctly less than workmanlike appearance.

For maximum ease in uniform assembling, the LED indicator lamps
should be installed on the board first, before any other compon-
ents have been installed. They should not be pushed fully
against the board, but, rather, should be set up approximately
1/8 inch to place them closer behind the acrylic panel mask;
this provides for a greater viewing angle during panel operation.
A small easy-to-make jig is extremely useful in accurste pos-
itioning of the LED indicators. This mounting aid consists

of 1/8 inch thick material. A piece of 1/8 inch plastic, al-
uminum or masonite, or two pieces of 1/16 inch material such

as vector board or old printed circuit board make ideal jigs.

A 3/4 square inch piece of the 1/8 inch material, or two of
the 1/16 inch material should be cut and a narrow slot, such
as would be produced by a hacksaw or coping saw blade, cut
into one side a little bit past the center. As each light-
emitting diode is installed in the board, leads can be inserted
through the short slot cut into this piece and then through
the board and the LED should be pushed up hard against the 1/8
inch piece so that its base sits flat and it will be held
accurately 1/8 inch away from the surface of the front panel
board. The lead should be soldered from the back while some-
one is holding the LED against the mounting aid from the front.
The mounting aid can then be slipped out from under the LED.

Take care that every LED is mounted in the correct direction
with the cathode down towards the 100 pin edge connector at

A ~ 17
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- the bottom of the board. The cathode can be recognized by its
proximity to the flat side on the base of the light emitting diode.

4) 1Insert and solder each of the forty-four red LED's at locations:
- LO0 through LO7
LAO through LAlS
LDO through LD7
LSO through LS7

LIE, LHD, LRN, LWT

wEUE T USA

Al rights reserved, worldwigy

RESISTOR INSTALLATION

5) 1Insert and solder each of the forty-four 220 ohm % watt resistors
(red/red/brown) R16 through R59. See Assembly Diagram for location

6) Insert and solder each of the six 47K ohm % watt resistors (yellow/
violet/orange) R3, R4, R5, R8, R9, and R12. See Assembly Diagram
for location.

7) Insert and solder one 270K ohm % watt resistors (red/vioclet/ye] 5]
Rl. See Assembly Diagram for location.

8) Insert and solder each of the nine 1K ohm % watt resistors (brown/
black/red) R2, R6, R7, R1Q, R11l, R13| through R15, and R60. ‘See
Assembly Diagram for location.

IC INSTALLATION

9) 1Insert and solder each of the two 7400 IC's at locations Ul4 and
u2s.

10) Insert and solder each of the two 7402 IC's at locations Ul3 and
Uls.

11) Insert and solder the one 7404 IC at location Ul0.

12) Insert and solder each of the two 74LS04 IC's at locations U8 and
Uls.

13) Insert and solder each of the five 7405 IC's at locations Ul, U3,
U4, U6, and U7.

14) 1Insert and solder the one 7410 IC at location Ul2.
15) 1Insert and solder the one 74LS10 IC at location Ull. ')

16) Insert and solder the one 7427 IC at location U15.5.
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(_/ 17)  Insert and solder'the one 7430 IC at location U21.
18) 1Insert and solder one 74LS30 IC at location U9.

19) 1Insert and solder each of the three 74107 IC's
at locations Ul8, Ul9, and U22.

20) Insert and solder each of the three 74123 IC's at
locations Ul7, U20, and U23.

21) Insert and solder the one 8T97 IC at location U24.
22) Insert and sélder the one 8212 IC at location US.
DISCRETE COMPONENT INSTALLAIION

NOTE: Lead allowance on all capacitors must be long
enough to allow them to be flattened (or laid down) flush
on the board or chip to facilitate front panel mounting.

23) 1Insert and solder each of the seventeen .luf capaci-
tors at locations Cl, €2, C5, C6, C7, and Cll through
c22.

( c2, C3, C5, C6, and C7 should be laid down.

24) Insert and solder each of the two .00l uf capaci-
tors at locations C3 and C8.

25)  Insert and solder the one .0l uf capacitor at location
C4.

26) Insert and solder the two 33 mf 25 volt tantalum
capacitors at locations C9 and Cl0. NOTE: Observe
polarity as marked on board.

27) 1Insert and solder the 1N914 diode at position CR1.
REGULATOR AND HEAT SINK

28) Before installing heat sink bend all the heat sink
fins horizontally (outward) to facilitate front
panel mounting. The middle fin located on the right
hand side of the board (when mounted) should be
broken off or bent inward in order to allow space
for the INTERRUPT/ENABLE LED (LIE) to be seen through
the front panel.

(~/ 4 - 19
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30)

‘as described above.

CP-A Rev. 4
Assembly Instructions

To install the regulator and heat sink first bend
the 7805 regulator leads at 90 degree angles to a
length which allows their insertion into the hole
pattern of the CP-A board. Then place heat sink

as shown in Assembly Diagram and insert regulator
Use a #6 screw on the component
side of the board and lockwasher and nut on the
solder side of the board. Tighten the screw care-
fully to insure proper alignment of the heat

sink to prevent shorting to adjacent traces.

TO MPU-A INSTALLATION

Using the 16 conductor ribbon cable with 16 pin

3M dual inline connector, insert one end into the
hole pattern U2 from the back side of the CP-A board
so that it can be soldered from the front (component
side) of the CP-A board. The cable should be mounted
so that it extends upward from the top of the chassis

when the board is mounted.

SWITCH INSTALLATION

NQTE:

There are three types of switches included for

installation on the front panel (disregarding color).
They include:

31)

4 -

A. One 2 position red rocker switch. This is the

AC power switch.

5 momentary 3 position with spring return to
center paddle switches = identified by the lack
of a Nipple (raised portion) on the front of

the switch mounting tab.

B.

C. 16 2 position no spring return paddle switches.

NOTE: Temporarily plug a 100 pin edge connector
on the CP-A Board while switches are being

soldered to help insure proper spacing between
the PC Board and switch bracket.

The last step is the assembly of the switches and

the switch mounting bracket. Note that the front
panel includes switches whether mounted in the front
of the cabinet or not. The POWER/ON/OFF Rocker Switch
mounts at the extreme right switch position. The
Paddle Switches are provided in both two-position

and center-off spring return types. The two-position
switches are used for the ADDRESS-DATA and ADDRESS
PROGRAMMED INPUT location while the center off-

spring return are used for the Control Functions.

20
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(./ Both the Photographic mask and the paper backup sheet
should be trimmed to size after assembly. Marks are.
provided on both, and they should be cut out carefully
using a straight edge and a very sharp knife against
a wooden cutting board. Scissors may be used if a quide
line is first drawn on the sheets. The 8 holes for the
assembly screws should be cut out on the mask and the
paper sheet as indicated in the diagram. Then the
protective paper may be removed from the two acrylic
sheets and the sandwich assembled carefully. Avoid
getting dush caught in between any of the pieces. A
soft lint-free rag very slightly moistened can be an
aid in cleaning any dust off plastic or file surfaces.

When the acrylic pieces, film and paper have been
assembled, eight 7/16 inch spacers may be slipped over
the screws and then the whole assembly inserted through
the mounting holes on the CP-A board. Take care that
there is no interference from any component standing too
high and that the acrylic panels sit down completely on
the 7/16 inch spacers against the board.

Eight % inch spacers can then be slipped over the screws
behind the CP-A board and eight #6 nuts and lockwashers
can be put pn to hold the sandwich together. .

The panel board should now be ready to plug in and use.
If the board is going to be assembled in the front
location of a cabinet, to serve as a permanent front
panel, the eight nuts should be removed at this time.
Install the cap screws in the PEM nuts in the front panel
sheet metal.
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32) When the entire row has been spaced accurately, the
board should be turned over and a center switch
should be .soldered in place taking care that the
board is not bowed towards or away from the switches.
When the board is positioned correctly, there will
be a small space approximately 3/64 inch or slightly
under 1/16 inch between the bottom of the switch
and the front of the front panel board. The two
end switches should be similarly checked to make
sure that the spacing to the board is correct and
soldered in place, and then one switch each at the
% positions checked as to spacing from the board
and soldered into place. Then the remainder of the
switches can be soldered. Examine visually for
solder splash or bent/unsoldered pins.

PANEL ASSEMBLY

Refer to the diagram to see how the clear front acrylic
piece, the photograph mask, the die cut paper backup and
the red acrylic panel are assembled in sequence with the
6/32 x 1% inch button head screws.

I— SWITCHES

»r—— BUTTON HEAD SCREWS ?\

] CLEAR ACRYLIC

I l

FILM MASK

I I . RED ACRYLIC

L L /" \

7/16° SPACERS

CPA —
= = 7

BOARD ~ ooy

%"SPACERS

-.___.._f_ .__.._____._..f___.....___..__, cHassis
PEM NUT PEM NUT SiEcE

WHITE PAPER MASK WITH CUTOU
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USER GUIDE

The CP-A board contains no user option jumpers or any
other special connections that must be made to use the
board. If the panel is mounted in the IMSA 8080
cabinet then the power on/off switch should be con-
nected using a separate wire to the power supply section
as described in the Power Supply documentation. If the
panel board is not going to be mounted in the cabinet,
then the power switch should not be connected. 1In this
case, the power switch on the inside or on the back of
the cabinet would be used for controlling power to the
IMSAI 8080.

Panel installation requires a backplane slot. The panel
may be plugged directly into the front slot of the mother
board (with the mounting screws from the acrylic face
plate assembly extending through the metal panel immed-
iately behind and secured with lock washers and nuts)

or plugged on an extender card into any location in the
back plane.* The 16 pin DIP plug on the end of the flat
cable must also be inserted into the corresponding socket

L_/ in the upper right hand corner of the MPU-A board.

Only one front panel should be plugged into the bus at
any time to avoid conflicts between multiple driving
sources on the same signal lines for some of the control
lines between the  front panel and the system bus. The
front panel is now ready to operate.

The 16 ADDRESS-DATA and ADDRESS-PROGRAMMER INPUT switches
are 2 position paddle switches and represent a 0 in the
down position and a 1 in the up position. The switches
are provided in two colors, and can be arranged either

in color groups of four to assist programming in hexa-
decimal or color groups of 3, 3 and 2, to aid in octal
programming.

The low order byte of address switches, serve to enter
into memory either data or program instructions. These
switches are labeled ADDRESS~-DATA 0 through 7. Each
byte of data or program that is to be entered from the
front panel is set into these switches after the approp-
riate address has been selected and entered. The switch

*Switches should be included whether the front panel
is mounted in the front of the cabinet or not.

C
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positions are not indicated on the indicator lights
until the information is deposited in memory. At that
time the information from these switches appears on the
data bus. The high order byte of address switches is
labeled ADDRESS~-PROGRAMMED INPUT and these switches

can be read bv the program as input port position hex

FF or octal 377. The additional labels 0 through 7

are provided above these switches to assist in inter-
preting the switch positions when being used as an input
port. The position of these switches does not appear in
the indicators until the input instruction from position
FF is executed, during which execution time the switch
positions appear on the data bus as it is being read
into the 8080 processor.

The six control switches are grouped at the right end

of the panel. They are center-off two-position spring-
return switches with the exception of the POWER ON/OFF

switch, which is a rocker type to eliminate accidental
powerdowns. The function switches are provided in \J)
alternating colors for easy identification and to

reduce operator error.

The RUN/STOP switch controls program execution. When
the switch is pushed to the RUN position, a control
signal is sent to the processor board and enables it
to start or continue executing program instruction
beginning in- the location indicated at that time in
the address bus lights. When the address switch is
depressed to the STOP position, this enable signal is
removed from the processor board at the beginning of
the next instruction cycle so that the processor will
stop executing during the fetch cycle for that follow-
ing instruction.

When the processor is enabled to RUN, the RUN light

above the RUN/STOP switch will be lit. When the

processor has been stopped, the WAIT light to the.right

of the RUN light will be lit. During normal operation,
the RUN light will be on full and the WAIT light will

be on partially, the exact amount depending on how

many wait cycles are required by the memory and peripheral
devices being run by the processor at the moment.

4 - 24




VOO OIWIVSIG I8l

CP-A
User Guide

The front panel must be holding the processor in the
stopped condition for the SINGLE STEP switch, the
DEPOSIT/DEPOSIT NEXT switch, or the EXAMINE/EXAMINE
NEXT switch to operate.

The EXAMINE/EXAMINE NEXT switch provides the facility
for observing what is stored in memory in any location
or for setting the program counter to any desired
location to initialize program execution there.

When examining the contents of a location in memory,
the 16 address switches are used to enter the 16 bit
address. This 16 bit address is normally said to be
divided into two 8-bit sections labeled high order and
low order. The high order address is on the left hand
side of the panel, and the low order address is in the
center. The low order byte contains bits 0 through 7
and the high order byte contains bits 8 through 15.
When only a small amount of memory is being used the
high order bits are normally 0 and the switches must be
in down position, unless the address jumper selection
on the memory board is wired otherwise.

When the EXAMINE switch is actuated, the processor jumps
to the address location set in the 16 address switches
and is stopped during the fetch cycle out of that
memory location. At that time, the address bus in-
dicators will show the address set in the 16 address
switches and the data bus indicators will show the
contents of that memory location. Any additional
locations in memory may be observed by setting the 16
address switches to that desired address and actuating
the EXAMINE switch again. When the EXAMINE NEXT switch
is actuated, the address shown in the address bus in-
dicators is incremented by 1 and the contents of that
following memory location are displayed on the data bus
lights. Thus, a program or data would normally be check-
ed by setting the first address in the address switches
and actuating the EXAMINE switch to see the fimt byte,
and thereafter actuating the EXAMINE NEXT position to
observe each succeeding byte of data or program.
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The DEPOSIT/DEPOSIT NEXT switch is similar in its
operation but provides for changing the data or program
stored ‘'in the memory. When the switch is actuated to

the DEPOSIT position, the values of the lower address
byte switches, that is, bits 0 through 7 labeled Address-
Data, are deposited into the address currently being
indicated on the 16 address bus indicators. After the
DEPOSIT switch is actuated, the data will appear on the
data bus indicators. If the data was incorrect because
the switches were set wrong, the switches can be changed,
the DEPOSIT switch actuated again, and the new values
will be deposited to memory in that same location.

When the DEPOSIT NEXT position is actuated, the address
currently appearing in the 16 address bus indicators is
first incremented by .1 and the data entered into the
ADDRESS/DATA switches is deposited in that following
location and will appear in the data bus. The DEPOSIT
NEXT position functions exactly the same as depressing
EXAMINE NEXT to increment the address bus by 1 and then
actuating DEPOSIT to deposit the ADDRESS-DATA switch
positions into that location.

When the processor is stopped, instructions may be ex-
ecuted one at a time through the use of the SINGLE STEP
switch to the right of the RUN/STOP switch. If this
switch is depressed or raised, the processor board is
permitted to run one instruction, and it will stop when
it is in the fetch cycle in the following instruction.
Thus repeated operations of this switch permit the pro-
grammer to step through his program one instruction at
a time and follow what the machine is doing, noticing
on the data bus what the fetched instruction is, and
on the address bus the location from which that in-
struction is being fetched. For instructions requiring
multiple memory accesses, for instance those with an
address following in the second or third byte, each
operation of the SINGLE STEP switch advances through
only one part of the instruction. Thus, each byte of
the instruction being read in and each byte of data
being read in or out may be observed on the panel.
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The RESET/EXTERNAL CLEAR switch provides the system
reset functions. When depressed to the EXTERNAL CLEAR
position the CLEAR signal is given to all external input/
output interface cards which are wired to be reset by
this signal. When raised to the RESET position, the
8080 processor is reset. This sets the program counter
to location 0 and then returns control to the processor.
If the front panel is permitting the processor to run
when the RESET switch is actuated, upon release of the
RESET switch the processor continues execution starting
at position 0. If the front panel was holding the pro-
cessor in a stopped state, during the time the RESET
switch was actuated, then the program counter will be
set to 0. When the RESET switch is released, the pro-
cessor will remain stopped and will be positioned at
memory location 0.

The 8-BIT PROGRAMMED OQUTPUT INDICATOR lights can be
controlled by the program through the use of the out-
put instruction to port location hex FF or octal 377.
When 0 bits are output into this port, the indicator .
lights will be turned on and when 1 bits are output into
this port, indicator lights will be turned off.

The STATUS BYTE INDICATOR LIGHTS display the condition
of the status byte during the execution of that in-
struction. The 8 status bits included in the status
byte are the Memory Read Bit, the Input Instruction

Bit, the Instruction Fetch Bit M1, the Qutput Instruction
Bit, the Halt/Acknowledge Bit, the Stack Operation Bit,
the Write Output Complement Bit, and the Interrupt
Acknowledge Bit. 1In normal front panel operation, when-
ever the machine is -stopped and the EXAMINE, DEPOSIT,
EXAMINE NEXT or DEPOSIT NEXT switches are being used,
the MEMORY READ, the M1 INSTRUCTION FETCH, and the

WRITE OUT COMPLEMENT STATUS lights should be on.

While single-stepping through a program, either these

or other status lights will be on as appropriate to the
instruction function being executed at that moment.
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For a more complete description of the functions of
the status bits, reference should be made to the Intel
8080 Micro Computer Systems User's Manual. The INTER-
RUPT ENABLED indicator is turned on whenever the
interrupts are enabled into the 8080 processor by the
INTERRUPT ENABLE INSTRUCTION. This light is turned
off either by an interrupt occurring and the processor
acknowledging it, or by the instruction to disable
interrupts. The HOLD indicator light is lit whenever
a special-purpose input/output card is holding the
processor so as to gain direct access to the memory

on the system bus.

4 - 28
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APPENDIX

CP-A'Modifications for Dynamic RAM







1.

2.

3.

4

.5

ERRATA FOR CPA REV. 4 AND EARLIER
ECN 77-0039

The following modification must be made to the CPA Rev. 4 or earlier
Rev.'s if it is to be used with the RAM-16, RAM-32 or RAM-65 memory
boards. This change makes the signal on backplane line 71 (RUN) agree
with the bus definition. The change does not affect the CPA's
compatability with other IMSAI products.

Refer to Figure 1 and make the following cut on the component side of
the board.

(a) Cut the trace extending down from U24 pin 9.
Refer to Figure 2 and make the following cuts on the solder side of the
board.

(a) Cut the trace from U24 pin 10 between this pin and feed through

(b) Cut the trace from feed through B near the spare IC location.

(¢) Remove the entire pad of the feed through connected to edge
connector pin 71,

Refer to Figure 2 and install the following jumpers on the solder side of

the board.

(a) From U22 pin 5 to U24 pin 10.

(b) From edge connector pin 71 to U24 pin 9.

(¢) From feed through A to feed through B.

Correct the schematic as shown in Figure 3.
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MPU
Functional Description

MPU-A
FUNCTIONAL DESCRIPTION

The MPU-A board is the processor board for the IMSAI 8080
Microcomputer System. It is designed using the 8080 micro-
processor chip. The bus arrangement and board connector has
been chosen to be 100% compatible with the MITS Altair M8800 .
Microcomputer system so that all boards are 100% interchange~-
able between the Altair system and the IMSATI 8080 system.

Every effort has been made to keep the design simple and
straight-forward to maximize reliability and ease of main-
tenance. MSI and LSI are used where appropriate, and dis-
crete components are held to a minimum for greater circuit
reliability and ease of assembly.

The 8224 clock driver chip and an 18 Megahertz crystal are
used to generate the 2-phase, 2 Mehagertz non-overlapping
clock for the 8080A. An 8212 is used as a latch for the
status signals and two 8216 tri-state bi-directional bus

(-/ drivers are used to interface the 8080A with the IMSAI 8080
input and output data buses. All other address, status,
and control lines are driven by tri-state bus drivers.

Unregulated +16, ~16, +8 volts, and ground must be supplied
to the bus. On-board regulation is used to arrive .at the
power supply levels needed to run the chips. Integrated
circuit power regulators with overload protection are used.
The board is supplied with ample bypass filtering using both
disc ceramic and tantalum capacitors. )

The board connector is a 100 pin edge connector on .125

inch centers 50 pins on each side. Dimensions are 5 inches
by 10 inches, using 2 sided glass reinforced epoxy laminate,
with plated feed-through holes to eliminate the need for any
circuit jumpers. The contact fingers are gold-plated over
nickel for reliable contact and long life. All other cir-
cuitry is tin-icad plated for better appearance and more
reliable solder connections.

Power-on reset is included on this board along with pull
up resistors for all inputs required so that with the front
panel removed from the INSAI 8080 machine, the power-on reset
will start the program at position 0 out of a ROM. All other
(_/ necessary conditions are met so that the system will run
without the front panel attached, for use in dedicated con-
troller applications where no operator-processor interaction
is desires.
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THEORY OF OPERATION

The IMSAI MPU-A board is structured around the 8080A
microprocessor chip, and much of the MPU-A board is wired

to support the 8080A device. The MPU-A board provides
interfacing between the 8080A chip and the data and address
busses, clock and synchronization signals, and the voltage
regulation necessary for the 8080A and other chips. The
internal functioning of the 8080A is thoroughly described in
the Intel 8080 Microcomputer System User's Manual. Reference
should be made to this manual for information concerning

the operation and use of the 8080A.

The address lines from the 8080A drive the address bus on

the back plane through 8T97 tri-state buffer drivers. These
drivers may be disabled through the ADDRESS DISABLE line on

pin 22 of the back plane. The 8216 bi-directional bus

drivers connect the 8080's bi-directional DATA IN and DATA

OUT busses. The direction of data transmission is determined

by the DIRECTION ENABLE line. The DIRECTION ENABLE line is

in turn controlled by the front panel and the processor f
status signals DATA BUS IN and HALT ACKNOWLEDGE. ' The 8216 \JD
can be disabled by the DATA OUT DISABLE line on pin 23 of

the back plane.

is also connected to the

The 8080A's bi-directional data bus
byte latch. The data bus

data bus socket and the 8212 status
socket is used to connect the front panel to the bi-directional
bus, while the 8212 latch transfers the status byte to the

back plane via 8T97 drivers. These drivers are disabled by

the STATUS DISABLE line on pin 18 of the back plane. The

8212 is latched up by the STATUS STROBE signal of the 8224
clock chip to store the status information for each in-

struction cycle.

One K pullup resistors to +5 volts are connected to all
the bi-directional bus lines to ensure that during the
time the bus is not driven, the 8080A reads all 1l's.

The 8224 clock chip and crystal oscillator provide the
two-phase non-overlapping 2 megacycle system clock for
the 8080A. These clocks are also driven onto the back
plane through 8T97 tri-state buffered drivers.




MPU-A
Theory of Operation

The CLOCK line on the back plane is driven from the TTL
Phase II clock line through a delay so that the phase
relation of the clock signal to the Phase II and Phase I
back plane signals, is nearly identical to that produced
by the MITS Altair 8800 system. Six sections of a 7404
are used for this delay to provide greater simplicity and
higher reliability than a one~-shot. The 8224 chip also
provides the power-on reset function through use of a
4.7K resistor and 33 uf capacitor connected to the reset
input of the 8224. The power-on reset is applied to the
8080A and is applied to the POWER ON CLEAR line, pin 99
on the back plane.

The two BACK PLANE READY signals are ANDed and connected
to the 8224 for synchronization with the Phase II clock
before being connected to the 8080A chip. The INTERRUPT
line is connected directly to the 8080A, while the HOLD
REQUEST line is synchronized with the Phase II clock and
then connected to the 8080A.

The six processor status signals (SYNC WRITE, STROBE DATA
BIT IN, - INTERRUPT ENABLED, HOLD ACKNOWLEDGED,
and WAIT ACKNOWLEDGE) are all driven onto the back plane
through 8T97 tri-state buffered drivers. These drivers
may be disabled by the CONTROL DISABLE line, pin 19 on

the back plane. -
The +5 volts is reqgulated from the +8 volts by a 7805
integrated circuit regulator, while the -5 volts is
regulated by a 5 volt zener and a 470 ohm resistor from
the 16 volt bus, The +12 volts is regulated by a 12 volt
Zener and connected to the +16 volt line by two 82 ohm

% watt resistors in parallel. All voltages are filtered
with .33 microfarad tantalum and disc ceramic capacitors.
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ITEM
Solder
Heat Sink
Screw
Nut
Lockwasher
Socket
Socket
Resistor
Resistor
Resistor
Capacitor
Capacitor
Capacitor
Diode
Diode

Crystal

8T97
74Ls00
74Ls02
74LS04
7474

7805

IMSAL

MPU-A Rev. 4
Parts List

PART # QUANTITY DESCRIPTION

15-0000001
16-0100002
20-3302001
21-3120001
21-3350001
23-0800001
23-0800004
30-3470462
30-4100362
30-4470362
32-0239010
32-2010010
32-2233070
35-1000005
35-1000006

35-5000003

36-0089701
36-0740002
36-0740202
36-0740402
36-0747401

36-0780501

51

1

19

10

Thermalloy Heat Sink, 6106B-14
6~32x5/16" Phillips Pan Head Machine
6-32 Hex, CAD

#6 Internal Star Lockwasher

16 Pin, Solder Tail, IC Socket

40 Pin, Solder Tail, IC Socket

470 Ohﬁ, % Watt (yellow, violet, brown)
IX Ohm, % Watt (brown, black, red)
4.7K Ohm, % Watt (yellow, violet, red)
39pF Disk Ceramic

. 1uF Disk Ceramic

33uF, 25V Tantalum

IN751A Diode

IN914 Silicon

18.00 MHz, Series Resonant, HC-18 Case,
Cut AT, Fundamental Mode, .02% Tolerance

Hex Tri-State Driver

Quad 2 Input NAND (Low Power Schottky)
Quad 2 Input NOR (LPS)

Hex Inverter (LPS)

Dual D Flip Flop

5V Positive Voltage Regulator
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Parts List i)

IMSAI
ITEM PART # QUANTITY DESCRIPTION
78L12 36-0781202 1 12V Regqulator
8080A 36-0808001 1 Microprocessor
8212 36-0821201 1 Input/Output Port
8216 36-0821601 2 Bi-Directional Bus Driver
8224 36-0822401 1l Clock Generator and Driver
Chapter v81—0000031 1 MPU-A (for separate orders only)
PC Board 92-0000011 1 MPU-A Rev. 4
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Assembly Instructions
Editicn 1

APU-A ASSEMBLY INSTRUCTIONS

1) Unpack your board and check all parts against the parts lists
enclosed in the package.

2) If gold contacts on the edge connector appear to be corroded,
use pencil eraser to remove any oxidation. NOTE: Do not use
Scotchbright or any abrasive material as it will remove the
gold plating. .

RESISTOR INSTALLATION
3) Insert and solder nineteen 1K ohm 1/4 watt resistors (brown/

black/red) Rl through R13, R15 through R17, R19, R20 and R21.
See Assembly Diagram for location. )

dGUIOIN IVSHI 268,

4) Insert and solder ten 4.7K ohm l1/4 watt resistors (vellow/violet/
red) R14, R18, and R25 through R32. See Assembly Diagram for
location.

5) Insert and solder one 470 ohm 1/2 watt resistor (vellow/violet/
brown) R22., See Assembly Diagram for location.

IC INSTALILATION

NOTE: All IC pin l's point in the direction of the edge connector
unless otherwise indicated on the_board.

6) Insert and solder the one 741500 in locatien A2.
7) Insert and solder the one 74LS02 at location A3, .

8) Insert and solder each of the two 74LS04's at locaticn B3 and
AS,

9) 1Insert and solder the one 7474 at lccation A4.
10) Insert and solder the one 8224 at location Al.

11) 1Insert and solder each of the six 8T97's at locations B2, B4,
85, 36, B7, and BlO.

12) Insert and solder each of the two 8216's at locations B8 and 39.
13) Insert and solder the one 8212 a* location Alo.
ﬁSCRETE COMPCONENT INSTALLATION

14) Idsert and solder the 1§ pin IC socket at location A9,




15)

16)

17)

18)

19)

20)

21)

MPU-A Rev. 4

Assembly Instructions "

Insert and solder the 40 pin IC socket at location A7.
(Do not install the 8080 at this time.)

Insert and solder the one 1N914 diode (CR1l) as shown in
the Assembly Diagram. NOTE: Observe polarity as indi-
cated on the board.

Insert and solder the one 5.1 volt diode 1N751 (Z1) as
shown on the Assembly Diagram. NOTE: Observe polarity
as indicated on the board.

Insert and solder the one 18 MHz crystal (Y1) as shown
on the Assembly Diagram.

Insert and solder the one 39 pF disk capacitor (C2) as
shown on the Assembly Diagram.

Insert and solder each of the nine .l uF disk capacitors
at locations C§6, C8, Cll through C16, and C18.

Insert and solder each of the five 33 uF tantalum capa-
citors at locations Cl, C5, C7, C9 and Cl0 as shown on
the Assembly Diagram. NOTE: Observe polarity as marked
on the board.

REGULATOR AND HEAT SINK INSTALLATION

22)

23)

24)

25)

Insert and solder the one 78L12, -12 volt regulator
observing orientation as shown on the Assembly Diagram
and on the board.

Bend the leads of the 7805 regulator at 90 degree angles
approximately %" from the bottom edge of the regulator
to facilitate insertion on top of the heat sink.

Insert the #6 screw through the regulator and heat sink
and attach washer and nut from the back side of the board.
NOTE: Be sure to hold the heat sink in proper vertical
position while tightening the screw in order to prevent
shorting to adjacent traces. Solder in the 7805 leads.

Before Installing the 8080 Chip

If possible before plugging in the 8080A chip, the board
should be inserted in a chassis, the power turned on, and
the voltage levels checked on the 40 pin socket. Pin 2
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Assembly Instructions

should be ground and pin 11 should be -5 volts. Pin 20
should be +5 volts and pin 28 should be +12 volts. TIf
one of these three voltages is not correct, ascertain the
cause and correct it before plugging in the 8080a chip.
When these voltages measure correctly, the 8080A chip
should be inserted carefully into the 40 pin socket (with
the board removed and the power off!)

Finally, insert the 8080A microprocessor chip in the 40

pin IC socket at A7. Orient pin 1 as indicated on the
board.

NOTE: The 16 pin IC socket located at A9 is where the
front panel data bus cable plugs into the MPU-A board.

5 - 13
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User Guide

USER GUIDE

The IMSAI MPU-A bcard reguires no jumpers or user optiens
for its use. The board is ready.to functicn after con-
nectiocn tc the back plane and the bi-directicnal Dbus.

™ha bi-directicnal bus linass ars provided by 2 l§-con-
ductor cable from the CPA beard, coanected via a l6-pin
DIP plug in location A-10. Verily proper insertion of

this plug (i.e., pin 1 to pin 1) kefore use of the boazrd.

Tha clock crystal frequency is 18 megahertz, and the

§224 device derives from this 18 MHz signal the necessary

2 MHz two-phase non-overlapping system clock. These

2 MBz clocks are brought out onto the back plane for use
by other system boards. The board must be used with an
8080A chip as the 8030 chip is not compatible with the
8224 clock genesrator. Information on the timing of the
logic signals ané the description of the 808CA instructicen
set can be found in the Iatel 8080 Micro Computer Svstems
User's tlanual.










C

Errata

2/4/77

RAM 4A-4

NOTE: The RAM 4A Chapter applies to both RAM 4A-4
Rev. 2 and RAM 4A-4, Rev. 3.
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RAM 4A
Functional Description

RAM 4A BOARD
FUNCTIONAL DESCRIPTION

The IMSAI RAM 4A board provides up to 4K bytes of static
random access memory. The board is implemented with
2102-style memory chips that each have the capacity to
store 1024 words of one bit for each word. Thus eight
chips are used to store one block of 1024 eight~bit words.
Up to four sets of eight-chip units can be used on the
board, giving a maximum capacity of 4096 eight-bit words.

Each eight-chip unit has the circuitry to allow or prevent
the ability to write information into their memory storage
space. This "write-protect" feature can be controlled
either by software commands or from the computer front
panel. Software commands can both affect the write pro-
tect and test the status of the write protect. If the
program attempts to write into a write-protect block of
memory, an interrupt will be generated. (This feature

may be disabled if desired.) Four red LED's are provided’
to indicate the protect status of each of the 1K blocks

of memory. Four green LED's are also provided which illu-
minate when their respective block of memory is addressed.

The RAM 4A board will support a front panel write protect
switch. If the machine is stopped, the 1024 word block
at which the machine address is pointing will have its
memory write protect status affected through the use of

a PROTECT/UNPROTECT switch on the front panel. Attempts
to write into this section of the memory will, of course,
not succeed.

The RAM 4A board is designed to allow the user to provide
battery backup power. Trickle-charging facilities to
allow the battery to be charged while the computer is
running may also be installed on the board by the user.

The 8080A microprocessor can address up to 65,536 words
of memory, thus allowing up to 16 4096 word RAM 4A~4
boards to be installed in one IMSAT 8080 system.
(Additional memory can be accessed by using IMSAI's
Shared Memory Facility.)




ved, worldwide

All 1ights Teserved, weran J-5-A-
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Theory of Operation

\J)

RAM 4A BOARD

THEORY OF OPERATION

The memory circuits used on the IMSAI RAM 4A memory board are 2102-
style integrated circuits housed in six teen pin DIP packages. Their
organization is 1024 words, each of which is one bit wide. Ten
address inputs are used to select the desired word and there is a
chip enable to select the chip. There is a read/write input. One
input is provided for data in, and one output is provided for data
out. To implement the storage of data words that are eight bits
wide, eight of the above described chips are used to store 1024
words. Three more of these eight chip groups can be used to give
the IMSAI RAM 4A memory board a maximum storage capacity of 4096
eight bit words. '

Bits A9, A8, A7, A6, A5, A4, A3, A2, Al, and A0 of the address bus
come onto the memory board and go directly to the appropriate
address pins on each memory chips. Bits All and Al0 are decoded by
a section of the 74LS156 at location D8 to select the desired 1024
word block by assertion of the chip enable signal for only those
eight memory chips comprising the desired 1024 word block.

Bits Al5, Al4, Al3, and Al2 of the address bus are used to give
each memory board on the bus a unique address. These bits first 3&&)
through (if the memory board is involved in the utilization of its%
memory function through a memory-read operation, or memory write
operation) the 74LS157 data selector at lccation D5. The direct
output, and the complement of the direct output (obtained through
the 74LS04 inverters at location C6) of the four output pins of

the 74LS157 at location D5 go to DIP jumper provision at location
C5. Provision is made so that either the equivalant polarity, or
its complement, of the above mentioned four address bits can be
implemented through the correct use of jumpers at location CS5.

When the polarity of the above-mentioned four address bits are in
such an arrangement that they satisfy the address requirements of

a particular memory board the four input pins of a section of the
74LS20 at location C4 will be high. This effects the selection of
an individual memory board. Thus, only one board should respond

in this manner for each of the sixteen different polarity arrange-
ments of these four address bits.

Each 1024 word block of memory has its own circuitry to implement
the write-protect feature. This feature is manipulated in two

ways. One is from the "pROTECT/UNPROTECT" switch on the front panel.
The other is from program commands contained in software.

There are four flip/flops whose two states enable or prevent the
changing of the contents of their respective 1024 word blocks when
a memory write is received. Each of these four flip/flops is a i
section of a 74LS74 at location Cl0 and at location C9. Memory
block 0 is controlled by half of C9, memory block 2 is controlled
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by the other half of Cl0, and the other half of C9 controls memory
block 3. The individual status of these four flip/flops is indica-
ted by the desigated red light-emitting diodes located in the upper
left hand corner of the board. TIf the red LED for a block is illu-
minated then that block is protected and writing into that block
cannot Occur. NOTE: A system reset will unprotect all Blocks of
memory. '

If a 1024 word block of memory is selected by its chip enable being
decoded by the 74LS156 at location D8, and its respective write
protect flip/flop at locations Cl0 or C9 are not in the protect
state, then the section or the 74LS02 at location C8 associated with
this block will have a high output. This high output, seen at the
input of the 7425 at location C7, will cause the output of C7 to

go low and this will assert one of the chip enable pins (pin 157

of the 74LS156 at location D10. The second chip enable of D10 is
asserted on the PWR bus line; the second is an assertion on the
MWRITE bus line. D10 will decode address bus bits All and Al0 (as
.2t D8) and issue a write pulse only to the selected 1024 word block.

The four write protect flip/flops at locations Cl0 and C9, as des-
cribed earlier, are set and reset under the control of two sets of
decoders whose outputs are wired ORed. One set, a section of the

4LS156 at location D10 that is used to set the flip/flops, and a
section of the 74LS156 at location D8 that is used to clear (or re-
set) the flip/flops, is utilized when the protect/unprotect switch
controls the assertion of the protect and the unprotect bus lines
whose assertion is utilized via the chip enable input (pin 1) of D10
and D8. The other chip enable (pin 2) of both D10 and D8 is con-
nected to the BDENA signal generated by the output (pin 8) of the
74LS20 at location C4. The two input lines to D10 and D8 that will
be decoded to one of four output assertions are the address bus lines
All and AlO.

The other set of decoders are both sections of the 74LS156 at loca-
tion D9. These are utilized when the four write protect flip/flops
are going to have their status changed by programmed commands in

the software. The command used is an output command, one of 256
available. The board is created to use output command FE, and only
this one command is used for all (2 maximum of 16) RAM 4A memory
boards on a bus. The necessary board selection, and block selection,
is done by putting board address (the same one as is used for board
selections from the address bus~this feature is provided by the 74LS157
data selector at location D5), the two bits used to select one-of-
four blocks of memory, and the two bits that are decoded to perform
one-of-three actions, out on the system data bus at the time an FE
output command bus is used. Two of the actions decodedtby the 74LS139
it location D4 are the setting or the clearing (resetting) of +the
rite protect flip/flop of the memory block as decoded from DO 3 and
DO 2 by the 74LS156 one-of-four decoder at location D9.

The third action decoded from DO 1 and DO ¢ by the 74LS139 one-of-




Alf rights rnolv-fl.";:&;v';ugf‘k

RAM 4A
Theory of Operation

J-

four decoder at location D4 is the setting of the board select
flip/flop, a section of the 74LS74 at location D2, which is used
to select that board which puts data on the DATA IN (DI) bus

when a data input FE command is issued so that the protect status
can be read by the microprocessor. DI 0, DI 1, DI 2, and DI 3
carry the status of the write protect flip/flops for memory
blocks 0, 1, 2 and 3. This status information is gated onto

the DI bus through the 8T97 at location D3. The remaining four
bits of the DATA IN bus, DI 4, DT 5, DT 6, and DI 7, carry the
board address as set by the jumpers at location C5.

There is a flip/flop, a section of a 74LS74 at location D2, that
becomes set if a write operation is attempted into a block of
memory that is write protected. This flip/flop drives a transistor
whose open collector output can be jumper connected to the

INTERRUPT REQUEST (PINTJ bus line pin 73, or to one of the
vectored interrupt lines on Bus pins 4 thArough 11. This interrupt
notifies the user that a write has Been attempted in a protected

‘block of memory. The user may handle this interrupt with an
interrupt routine.
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NOTE: THESE ARE USER DEFINED RESISTORS
SEE USER GUIDE SECTION FOR EXPLANATION
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BOARD: RAM 4A

IMSAI
ITEM PART #
Solder 15-0000001

Heat Sink  16-0100003
Heat Sink  16~0100004
Screw 20-3302001
Nut 21-3120001
Lockwasher 21-3350001
Header 23-0400001
Socket 23-0800001
Resistor 30-3100362
Resistor 30-3220362
Resistor 31-4100362

Capacitor  32-2010010

Capacitor 32-2233070

Diode 35-1000005
Diode 35~1000007
LED 35-3000001
LED | 35-3000002
8T97 36-0089701
8T98 36-0089801

RAM 4A
Parts List

QUANTITY DESCRIPTION/IDENTIFYING MARKS

10’

1

.10

18

15
34

Solder

3-Prong Heat Sink

6-Prong Thermalloy Heat Sink
6-32x5/16" Phillips Pan Head Machine
6-32 Hex Nut

#6 Internal Star Lockwashers

16 Pin IC Header

16 Pin Solder Tail Socket

100 Ohm, % Watt/brown, black, brown
220 Ohm, % Watt/red, red, brown

1K Ohm, % Watt/brown, black, red

(For 1K) .luF Disk Ceramic
(For 4K)

33-25 Tantalum (or 22-25)
1IN751~A Diode
1N4002 Rectifier Diode

(For 1K) Red LED
(For 4K)

(For 1K) Green LED
(For 4K)

Hex Tri-State Buffer/N8T97B

Hex Tri-State Buffer/NS8T98B

6

11
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RAM 4A

Parts List
IMSAI
ITEM PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
2102 36-0210201 8 (For 1K) 1Kxl1 Organization Static Memory
Chip/P2101AL4
32 (For 4K)
7402 36-0740201 1 Quad 2 Input NOR/DM7402N
7404 36-0740401 2 Hex Inverter/7404-N
74LS20 36~0472002 1 Dual 4 Input NAND (Low Power Schottky)/
SN74LS20N
7425 36-0742501 1 Dual 4 Input NOR with Strobe/SN7425N
7430 v36-0743001 1 8 Input'NAND/SN7430N
7432 36-0743201 1 Quad 2 Input OR/SN7432N
741874 36-0747402 3 Dual D Flip-Flop Preset and Clear
(LPS)/SN74LS74
7805 36-0780501 3 5V Positive Volt Regulator/MC7805CP
74LS139 36-7413902 1 Dual 2 to 4 Line Decoder (LPS)/
SN74LS139N
74LS156 36-7415602 3 Open Collector (LPS)/ SN74156N
74L8157 36-7415702 1 Quad 2 to 1 Line Data Selector (LPS)/
SN74157N
PC Board 92-0000017 1 RAM 4A, Rev. 3
- 12
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RAM 4A
Assembly Instructions

RAM 4A-4 Assembly Instructions

Unpack your board and check all parts against the parts lists
enclosed in the package.

If gold contacts on the edge connector appear to be corroded, use
pencil eraser to remove any oxidation. NOTE: Do not use Scotch-~
bright or any abrasive material as it will remove the gold plating.

RESISTOR INSTALLATION
Insert and solder each of the eighteen 1K ohm 1/4 watt resistors
(brown/black/red) Rl through R1S8, See Assembly Diagram for
location.

Insert and solder each of the ten 220 ohm 1/4 watt resistors (red/
red/brown) R19 through R28 . See Assembly Diagram for location.

Insert and solder the one 100 ohm 1/4 watt resistor (brown/black/
brown) R29. See Assembly Diagram for location.

Insert and solder each of six 1N4002 diodes, CRl through CR6,

as shown in the Assembly Diagram. NOTE: Observe polarity marks
as indicated on board.

Insert and solder one 1N751A zener diode, 21 observing polarity
marks as shown on the board.

IC INSTALLATION

NOTE: 2All IC pin 1's point in the direction of the edge connector as
indicated with the square solder pad in each hole pattern.

Insert and solder each of the three 74L874 at locations C10, C9, a
and D2.

Insert and solder each of the three 74LS156 at locations D8, D9,
and D10.

Insert and solder each of the three 8T97 at locations C2, €3, and
D3.

Insert and solder one 8T98 at location Dl.
Insert and solder one 7402 at locatien Cc8.

Insert and solder one 74LS20 in loecation C4.

Insert and solder one 7425 at location C7,

Insert and solder two 7404 at location C6 and D7.

6 - 13
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16) Insert and solder one 7430 at location D6.
17) 1Insert and solder one 74LS157 at location D5.
18) 1Insert and solder one 74LS139 at location D4.
19) 1Insert and solder one 7432 at location Cl.

20) Insert and solder each of the eight 2101 memory
chips at locations A9 through Al6 for 1K RAM Board
and each of the thirty-two 2102 memory chips at
locations Bl through B1l6 for 4K RAM Board.

DISCRETE COMPONENT INSTALLATION

21) Insert and solder the 16 pin IC socket located at
C5 and plug in the 16 pin jumper header. (This
jumper header is used for board addressing).

22) Insert and solder one 2N3904 transistor at loca-
tion Q1 as shown on the Assembly Diagram. NOTE:
Observe orientation as shown on the Assembly Diagram.

23) Insert and solder each of the fifteen .luF capaci-
tors at locations C7 through Cl13 and C27 through
C34 for 1K RAM Board and each of thr thirty-four
.1uF capacitors at location Cl through C34 for
4K RAM Board as shown on the Assembly Diagram.

24) 1Insert and solder each of the three 33uF 25 volt
tantalum capacitors at locations C35 through C37 as
shown on the Assembly Diagram. NOTE: Observe
polarity as shown on board.

25) 1Insert and solder one red LED at location PO for
1K RAM Board and each of the four red LED's at
locations PO through P3 for 4K RAM Board as shown
on the Assembly Diagram.

26) 1Insert and solder one green LED at location EO for
1K RAM Board and each of the four green LED's at
location EO0 through E3 for 4K RAM Board as shown on
the Assembly Diagram. NOTE: The LED's should be
positioned so that the flat side of the cathode
is to the right.

REGULATOR AND HEAT SINK INSTALLATION
27) Take each of the three 7805 regulators and bend
the leads at 90 degree angles approximately %"

from the bottom edge of the regulator to facilitate
insertion on top of the heat sink.

6 - 14




28)

29)

30)

31)

RAM 4A
Assembly Instructions

The smallest heat sink is used near the bottom of

the board, closest to the edge connector. Insert

the #6 screw and lockwasher through the regulator

and heat sink and tighten with the nut on the back
side of the board. Repeat this procedure with the
two remaining heat sinks and solder each of the regu-
lator leads.in place. NOTE: Be sure to hold the
screw in order to prevent shorting to adjacent traces.

Add jumper wires for desired address onto the jumper
header. (See User Guide Section). This indicates
the address of the board.

JUMPER OPTIONS

A) Using clipped resistor leads (or bus wire) to
select 0 wait states, jumper hole (C) to
hole (0).

B) For one wait state, jumper hole (C) to hole
(1) . These holes are located on the board
directly below locations D2 and D3.

The select interrupt jumper may be installed after

reading the User Guide Section and after determining
which vectored interrupt is desired.
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USER GUIDE
Board Selection

In memory read or memory write operation (as well as responding
to the output or input commands of FE] the IMSAI RAM 4A memory
board is designed to be selected as one out of a maximum poss-
ible of sixteen RAM 4A memory boards present on the bus.  To
achieve this one-of-sixteen selection, the top four address
lines-=Al5, Al4, Al3 and Al2 in the case of a memory read or
memory write operation (or the top four data out lines (DO 7,
DO 6, DO 5 and DO 4} in the case of an output or input FE in-
struction)~-are decoded on the board via the positioning of

the jumpers installed at location C5 to give each memory board
its unique address. These jumpers are Implemented so as to
route the logic 1 polarity of the above described four lines,
or the complements of their polarities, in such a manner that
when a board's unique address is present on the above described
lines the four inputs to the 74LS20 four input NAND gate at C4
will all be high.

This will make the output (pin 8] go low and will assert the board
enable (BDENA] line on tRe board. TIf the logic 1 polarity is

desired then the jumper for tHat Bit should route tRe output of ;
the 74LS157 at location D5 direct to the Input of the 74LS20 at \_)
location C6, associated with that Bit sHall be routed to the input

of the 74LS20 at location C4.

" RABLE 1
ADDRESS BIT DIP POSITION C5 JUMPERING
Pin 9 Pin 8 Place jumper between pins 9 and
8 if the board is to be selected
when this bit is high.
AlS
Pin 10 Pin 7 Place jumper between pins 10 and
7 if the board is to be selected :
when the above bit is low.
Pin 11 Pin 6 Place jumper between pins 11 and
: 6 if the board is to be selected
when this bit is high, ‘
Al4 :
Pin 12 Pin 5 Place jumper between pins 12 and
5 if the board is to be selected
when the bit is low.
Pin 13 Pin 4 Place jumper between pins 13 an b
4 if the board is to be selecte
when this bit is high.
Al3
6 16 Pin 14 Pin 3 Place jumper between pins 14 and
|
|
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3 if the board is to be selected
when the above bit is low.

Pin 15 Pin 2 Place jumper between pins 15 and
2 if the board is to be selected
when this bit is high.
Al2
Pin 16 Pin 1 Place jumper between pins 16 and
1l if the board is to be selected
when this bit is low.

Hardware Write Protect

If memory PROTECT/UNPROTECT from a switch (located on the front
panel or elsewhere] is to be used, jumper D8 pin 1 to I/O pin 20.
In cases where a switch will not be used and I/0 pin 20 is driven
high (such as in the IMSAI CP~A Revision 4 or earlier front panel
assembly), D8 pin 1 should be jumpered to ground. Jumper pads are
provided to accomodate either case. Refer to Figure 1 for details.

Memory is protected in 1K Blocks. With thHe computer front panel
) in the stop mode, the switch will affect whichever Block contains
(_/ the address being displayed. To protect or unprotect any block,
examine any word in that block and actuate the switchA. The memory
protect light on the front panel will fndicate the protect status
of the addressed block.

A system reset will unprotect all Blocks of memory. .

If the Hardware Write Protect Feature is not used, tie the Pro-
tect Line (pin 70 on the edge connector) to ground. This will pre-
vent noise on the Protect Line from triggering an unwanted protect
. state.
£

D8 7415158

For No SwitehFor Memory Protect Switch

"”M K

FIGURE 1
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Software Write Protect

1K blocks of memory may be write protected or unpretected with
an OUT command to port FE*. Selection of memory Board and

block is selected with the high~order 6 Bits in the output data
word. Bits 0 and 1 select the function (Protect, Unprotect,
Select Board for Status or Clear Interrupt]. Bits 2 through 7
should be the same as bits 10 through 15 of the memory address
of the desired 1K block. Bits 4 through 7 select the memory
board and bits 2 and 3 select the 1K block on that board. Refer
to Table 2 for bit functions.

TABRE 2
Output
Data
Bit
7 ‘ 15
6 Board Same as 14
5 Select Memory Address 13
4 Bits for desired 12
3 1K Block 1K Block 11
2 Select ) 10
1 Function
0 Select
Bit 0 Bit 1
0 0 Clear Interrupt
1 0 Unprotect Addressed Block
0 1 Protect Addressed Block
1 : 1 Select Board for Status Read

A - 18

The output command to select a board for status read must be
issued before each status read. This enables the selected

board to respond with status to the next INP command from port
FE. The board automatically deselects after responding to the
INP command. Care should be taken not to select more than one
board before reading the status or the boards will interfer:with
each other. Refer to Table 3 for the meaning of the status data
bits.

* This address may be changed if desired by using the inverters
in C7 (pins 1, 2, 3, 4). Cut the trace to the desired input
Pins to D6 and solder jumpers to the spare inverter. The in-
verter line A8 may similarly be removed and placed in another

bit. Be sure to reconnect bit AS8.

J
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TABLE~3

STATUS READ

Data
Bit
7 15
6 Same as 14
5 Address Bits 13
4 (Board Address] 12
3 Block 3
2 Block 2 l=Unprotected
1 Block 1 0=Protected
0 Block 0

The Interrupt Request flip/flop is set by an attempt to write into
a protected location. (The data in memory will not be affected,)
In addition to requesting an interrupt (if jumpered appropriatelyl
the Interrupt Request flip/flop enables the board to respond to

the next Status Read (INP PE]. The bit definitions are the same

as a normal status read, which iIndicates what board is affected and
which 1K blocks on that board are protected. The Interrupt Request
flip/flop is reset by the appropriate output command. See Table 3.

Because of the possible conflict during a status read if the Interrupt
Request flip/flop is set between a board select and the following
Status Read, it is suggested that all status reads be performed by

a subroutine which disables interrupts, selects a board, reads its
status, enables interrupts and returns.

To obtain the Interrupt Request feature, a jumper must be installed
to connect the RAM 4A to the desired Priority Interrupt line on the
back plane. Figure 2 illustrates the placement of this jumper.
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Direct Interrupt Request |

ONLY For Use Withodt |
PIC 8 Priority Interrupt/Boa |

FIGURE 2
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If it is desired to prevent the Interrupt Request flip/flop from
being set (e.g., to avoid conflict with status reads if interrupts
are not being used), cut the flip/flop line between the two pads
to the left of D2 on the solder side (see Figure 3).

Cut trace between Q
2 pads on solder side <-

FIGURE 3

Wait Cycle Selection

No wait cycle is required for the memory chips supplied with the
RAM 4A board. One wait cycle may be required if slower memory
chips are substituted. Selection of the wait cvcle option (zero
or one wait cvcle) is illustrated in Figure 4.

Jumper for 0 Wait Cycles

T (one jumper only)
Jumper for 1 Wait Cycle, \\
/———/_;—\—f@
%2,
{ \ )
\
FIGURE 4 '
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Battery Backup Operation

For operating your RAM 4A board with battery backup, simply con-
nect your battery to the board at the location indicated on the
Battery Hookup Diagram.

The battery should deliver 3 to 5 volts DC and should supply 300
milliamps of current.

A user defined resistor may be installed on the board to facilitate
recharging the batterv while the computer is turned on. (See
Assembly Diagram for location.)

As an example for picking the value resistor that should be used
to supply the trickle charge to your battery:

For a back plane voltage of (+8V) ' I=E/R
and a battery voltage of - (+3V} =5V/220 ohms
(+5V) =,0227 Amps

A resistor of 220 Ohms will supply approximately
20 ma. current as trickle charge to your battery. b

It is also recommended that if you do not intend to use battery
back-up, remove the three diodes in the input circuit of the

three regulators and replace them with jumper wires. This will
allow the board to function with a Mother board voltage of 7 volts
DC rather than 7.7 volts DC.

System Features Test

The special functions of this memory Board far exceeds the functions
of any other memory board on the market today and, because of this,
is going to take a little time for the user to understand all its
capabilities. A NOTE OF CAUTION: One common mistake that is made
when using this board is protecting a block of memory where you may
have placed your stack.

A simple test program for testing some of the special features of
your new RAM 4A board follows:

Address Instruction : Description
00 DB INPUT
0l FF FROM FRONT PANEL SWITCHES
02 D3 OUTPUT ;
03 FE TO MEMORY BOARD
04 DB INPUT \-y
05 FE FROM MEMORY BOARD
06 D3 OUTPUT
07 FF TO FRONT PANEL LIGHTS
08 C3 JUMP
09 00 TO

6 - 22 O0A 00 0
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This simple test program allows the operator to output protect
and unprotect commands to the memory board under test when the
memory board is addressed at location 00 hex, by using the sense
switches on the front panel (high address switches). The program
resides in the first 1K block of memory of the board that is
actually under test.

The interrupt feature of the board may be tested by inserting a
store accumulator (32 hex) instruction before the jump to 00 hex.
By locating the address of where the data is to be stored in
various 1K blocks of memory, an interrupt will be generated when
that particular 1K block is given a protected status either from
front panel switches or from software. NOTE: Interrupts should
be enabled in your program.
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RAM 4A BATTERY HOOKUP DIAGRAM : ’

HEAVY TRACE TO LED'S

/Y BACK OF REGULATOR PADS-

o

o

o © l |

Coﬁnections for battery hookup L - J

can be made at either Pads B, C, or D.

You should cut this trace ONLY

if attaching the battery at Pads B or C
and you wish your battery to back up
only the Memory chips on the board.
This is recommended, as the support
chips do not need the battery back up.

EDGE OF PCH |
CIRCUIT $ID§

TO BATTERY

/

—% 100 PIN CONNECTOR ) i )

fa = w4
©1976
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Board Tester

The 4K board tester is at PROM location 0400H. The 1K
tester is at 0500H.

TO USE:

1. Jumper the board to be tested to respond to addresses
FxxxH.

2. Insert the board in an 8080 with CPU-A, CP-A and PROM
containing the test routine.

3. Power the 8080 up. Set the switches to 0400H, press
EXAMINE and press RUN.

4. The test routine will run, "Messages" are displayed in
the 8 LED's labelled "programmed output” in the upper
left corner of CpP-A.

MESSAGES:

LED Display Meaning

(Hex) (Binary)

01 00000001 Running Phase I test - no errors yet
02 00000010 Running Phase II test - no errors yet
03 00000011 Running Phase III test - no errors yet
Fl 11110001 Error in Phase I: data will follow

F2 11110010 Error in Phase II: data will follow
F3 11110011 Error in Phase III: data will follow
FF 11111111 Test completed without errors: change

any "programmed input" switch (#'s 8-15)
to start test over.

ERROR PROCESSING:

When an error occurs, a "message" of Fl;, F2, or F3 will be
displayed on the LED's. To get information on the errors:

1. Change one of switches 8-15.

2. The LED's will display the high 8 bits of the address
at the location that failed.

3. Change one of switches 8-15.

4. The LED's will display the low 8 bits of the address.

5. Change one of switches 8-15.

6. The LED's will display the data that the location is
supposed to contain.

7. Change one of switches 8-15.

8. The LED's will display the data the location actually
contains.

9. Change one of switches 8-15.

10. The test will start over with Phase I.
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INTERPRETATION OF ERRORS:

Phase I simply verifies that every location in RAM will
correctly preserve data. The Procedure is:

l. Write '00' in location F000.

2. Read location F000 and ensure that it is '0Q'.

3. Repeat 1-2 using values '01', '02',....'0F"' and
'10', '11',....7FF',

4. Repeat 1~3 on F00l, F002,....FFFF.

If an error occurs in Phase I, it indicates one of two
hardware problems: a) a bad chip on the RaM board, or

b) a bad data line (D0-D7) from the CPU to the RAM chip.
The chip and a data line involved can be determined from
the error data. Generally, case (b) will affect all loca-
tions in a chip or on the entire board, while case (a)
will affect one locaiton or all locations on the chip.

The cases can be distinguished by pPlaying with DEPOSIT/
EXAMINE and chip replacement.

Phases II and III are actually two parts of the same test.
Phase I has already determined that location "n» (FO00/n/

FFFF) can hold data correctly (at least for a few micro- ‘ ’

Seconds). However, we have not yet proved that "n" refer-
ences a unique location. DPhases IT and III verify this
(and, in passing, prove that the RAM can hold a value for
at least a few milliseconds).

Consider a RAM board in which address line is messed up
in such a way that RAM always sees it as 0, regardless of
its true state. Then RaM addressing will look like this:

True location F000 &~ Referencing F000 will access this location
" - " L] L

" FOOL ™ " FOOl "
n " F 0 L ” " L "
" " F 8 0 g t n gg g§ " " ” "
Voo ) v R yoood
True location FFFE §—Referencing FFFE will access this location
" n FFFF 'L " FFFF " " n n

Phase II will not detect this error.

It will write 00 through FF into F000 which it thinks is loca-
tion F00l. Since this actually accesses F000, the data will
be read back correctly. So Phase I will succeed. Now comes
Phase III. This starts by writing the low 8 bits of the
address of each location into that location, i.e., 00 into
FD20, 01 into F001,...., FF into FFFF. Then it goes back

and reads this data, verifying it. Let's watch what happens
with our bad address line.

J
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TRUE LOC. CONTENTS RESPONDS TO:
F000 00 F000, FOOL Step l: Write 00 into F000
FOOl ? nothing
F000 01 F000, F0O1 Step 2: Write 01 into F001
F0O1 ? nothing
E000 1 F000, FOO1 Step 4097: Read F000,
FOO1l ? expecting nothing - and detect an error.

Thus, Phase III detects our error. Now for some observations
on how to f£ind the error.

1. Between steps 1 and 4097, several milliseconds pass
without accessing location F000. If RAM is volatile,
the data in F000 could go away and generate a Phase III
error. This can be found by DEPOSITing into the bad
location and EXAMINEing it to see if it changes. The
reason Phase I doesn't catch this is that it reads
3.5 ps after it writes, so the data doesn't have time
to deteriorate.

2. If address line 0 were stuck at 1, the same results
4 would appear in Phase III. (Try it.) You can't tell
(_/' from this test what the line is stuck at. i

3. If Phase II or III fails, the bad address bits are the
ones where the "supposed to be" data and the "read back"
data differ. If the error was Phase II, these represent
the high 8 bits of address. If the error was Phase III,
these represent the low 8 bits.
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IMSAl 808@ DEBUGGER 34/85/76

#0400 ,04FF;
@48¢ F3 3E
ga1@ c2 29
G428 23 AF
8438 €2 29
3448 92 21
2as@ 21 8@
da68 7a 21
2478 75 94
488 3E F2
8496 @4 C3
248 @4 21
@4B3 FF FF
84C3 FF FF
@4D8 FF FF
@4E@ FF FF
@4F8 FF FF
*3580 ,35FF;

@58¢ F3 3E
@51@ G2 @9
3526 FO 74
253@ 25 23
@548 23 7C
@558 7C FE
9568 3E F1
3578 €3 99
2588 @5 EB
259¢ 4B 3E
25Aa¢ DB FF
gsB8 @0 23
@5C8 FF FF
@spD8 FF FF
@5E@ FF FF
@5F8 FF FF

*

FE
24
B4
a4
aa

FF
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PROM-4
FUNCTIONAL DESCRIPTION

The IMSAI PROM-4 board provides up to 4K bytes of non-
volatile read-only assembly. Designed to utilize the
Intel 1702 or 8702 read-only memory devices, the PROM-4
board may be flexibly configured to contain up to 4K bytes
in 256 increments. The board address can be switch or
jumper-selected to any 4K block of the computer's 64K
memory space. Tri-state bus drivers and fully-decoupled
on-card voltage regulators provide plug-in compatibility
with either the IMSAI 8080 or the Altair computer system.

The PROM-4 board provides sockets for 16 1702 or 8702
PROMS. The socket locations are marked for easy selection
of PROM addresses. A user-selectable memory read delay
feature allows efficient use of fast or slow PROM devices.
(Please consult the User's Guide for additional information
about this feature). Two on-card regulators provide the

+5 and -9 volts required by the 8702-1702 chips.

Physically, the PROM-4 board is G-10 equivalent, 1/16"

thick glass fiber reinforced laminate. Plated through-
holes eliminate jumpers, and the edge connector contact
fingers are gold plate over nickel for reliable contact

and long life. The board measures 5" x 10", and uses the
standard 100 pin edge connectors (dual 50 pin on .125"
centers) for electrical connections to the back plane.
Discrete components are of the highestqQuality, with tantalum
by-pass and ceramic de-coupling capacitors. Both on-card
voltage regulators are fully protected atainst short-circuits
and thermal overloads.
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PIO

TUNCTIONAL DESCRIPTION

The PIO board provides for up to four input and four output
ports of elght bits each parallel input and parallel output.
Each input and each output port has its own latch and both
input and output latches are provided with hand-shaking
logic for conventional elght bit parallel transfers.

Connection to the input or output ports 1s made through
board edge connectors at the top of the board on .10 inch
centers and the fingers will accept the 3M flat cable edge
connectors as well as most other .1 inch center-to-center
board edge connectors.

The handshake logic on any input or output port will generate
an interrupt. The priority level of the interrupt is sel-
ectable. The address of the four ports is four sequential
addresses, and this block of four addresses may be jumper-
selected to be any block of four sequential addresses in
the 256 I/0 address space. The board may also be addressed
with memory-mapped I/0, in which case normal memory read

or write instructions are used to read or write data to the
Input/Output ports. When using memory-mapped 1/0, board
addressing is done by selectable Jumpers for the lower byte
of address and the upper byte of address is hex FF or octal
377.

Provision is made for each of the four output ports to drive
eight LED's for a total of 32 on-board LED's.

This feature can be used to provide program-controlled
output for dedicated processor applications of the IMSAI
8080 in which case this PIO board would be plugged in where
the front panel would normally be mounted and a special
photographic mask made to put in front of it with the
appropriate labels for the specific purpose the controller
is to be used. The front panel can still be used during
development by plugging i1t into an extender card in another
slot.
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The board is double-sided glass-epoxy-laminate Gl0-type

and all holes are plated through to eliminate the need for

any circuit jumpers. The power regulator is provided with

a heat sink and has current limiting for protection in case
of an overload. The I/0O ports utilize the Intel 8212 8-bit
lateh. -

The +5 and ground pins on the input or output port connectors
can be used to provide 5 volt power at up to 200 or 300 milli-
amperes total from the full board. In addition, approxi-
mately 100 additional milliamperes of +5 volt power would

be available for each 8212 input or output port which 1s

not installed in the PIO board. For example, if four input
ports were installed, but only two output ports were in-
stalled, the 5 volt power that could be drawn from the
connectors would raise from 300 milliamperes to 500 milli-
amperes.
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SIO0 2 Board
FUNCTIONAL DESCRIPTION

The SIO Board provides a serial input/output capability
for the IMSAI 8080 System. It contains two serial I/0
ports, providing two complete RS232 full duplex data lines
with all control signals. Data lines for both channels
are provided in RS 232, TTL Level and current loop formats.
Asynchronous or synchronous lines utilizing full or half
duplex can be run with this board at any rate up to 9600 .
baud in the Asynchronous mode and 56,000 baud in the
Synchronous mode.

The SIO Board may be jumper-selected to respond either to
input and output instructions from the IMSAI 8080 System or
to memory reference instructions for memory-mapped I1/0.

Operation of the board requires 16 I/O port or address
locations, which are selected by address bits 0 through

3. When the board is used with input and output instruc-
tions, address bits 4 through 7 form the remainder of the
board address and are jumper selectable. When the board
is used as memory-mapped I/0, the lower byte of address

is jumper selected exactly the same as an I/0 port address
and the upper byte of address is hex FE or octal 376.

The SIO Board is structured around a pair of Intel 8251
USART (Universal Synchronous-Asynchronous Receiver-
Transmitter) devices.

The 8251 chips provide for extensive program control of

the input/output functions including the RS232 Control

Line and sync character selection in the Synchronous mode
and error condition sense and recovery. The board provides
interrupt generation for received characters, empty trans-
mitter buffers, and sync characters detected with provision
for jumper selecting the priority of the interrupt. The
interrupt works in conjunction with the Priority Interrupt/
Clock board (PIC-8).

All functions may also be program controlled so that the
full capability of the board is available to the machine
without the use of interrupts. All RS232 level drivers
and receivers necessary for two complete RS232 lines are
included on the board.
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Control lines included are DSR, DTR, RTS, CTS, and Carrier
Detect. RS232 level drivers and receivers are also pro-
vided for receive and transmit clocks for use in Synchronous
Mode. Jumper options permit the SIO board to be used either
as the receiving (terminal) end of an RS232 line, or as the
originating (computer) end.

Jumper options are available so that the two serial I/0
ports may be used together so that the control lines
are connected together on the two ports and the data
lines are received and originated by the 8251 USARTS.

This configuration permits breaking an existing RS232 line
and inserting the IMSAI 8080 System between the ends so

that the control signals pass straight through and the IMSAI
8080 System intercepts, processes, and retransmits the data.
This configuration is extremely useful where format adapt-
ation or other changes must be made to data travelling on
RS232 Systems.

Jumper-selectable baud rates are provided on the board \-)
for standard asynchronous and synchronous rates up to

9600 baud asynchronous and up to 38,400 baud synchronous.

Other rates may be obtained through the use of the SIOC

board which contains a jumper-programmable divider which

mounts directly onto the SIO Board.

The two output connectors on the top of the board are
designed to use the 3M flat cable system to connect directly
to 25 pin EIA connectors so that no hand wiring is required
to either receive or originate an RS232 line.

TTL and current loop serial input and output are connected
to unused pins on the input/output connector. TTL levels
are available on the connector for DTR, DATAIN, and DATAOQUT,
to provide maximum flexibility and utility. A current
source is available on the connector for use with current
loops. Current loop driving is done through opto-isolators
for complete isolation of current loop lines.

Integrated circuit power regulation is provided with high

quality tantalum and disc ceramic by-pass capacitors. The

board is made on GlO-type, 1/16 inch laminate with contact o
fingers gold-plated over nickel for reliable contact and \‘b
long life. The remainder of the circuitry is tin-plated

for good appearance and reliable solder connections.
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Functional Description

Plated through-holes eliminate the need for any circuit
jumpers. All jumper options are provided in 16 pin dual
in-line package patterns so that jumpers may be installed
on headers plugged into IC sockets for convenient and
quick changing.
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SIOC BOARD
FUNCTIONAL DESCRIPTION

The IMSAI SIOC Board is a small optional board used with
the Serial Interface (SIO Board). The SIOC provides user
selection of any USART clock frequency from 15 Hz to 56 KHz.

The generated clock frequency is determined by a binary
value set in two l5-pin jumper sockets. An additional
jumper socket allows selection of either the SIOC or the
standard SIO USART clocks to channels A and/or B.

Physically, the SIOC Board measures 5.2 X"272%, and piggy-
back mounts to a standard SIO Board. Mounting hardware
and decoupling capacitors are provided with the SIOC Board.:
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PIC-8
FUNCTIONAL DESCRIPTION

The PIC-8 Priority Interrupt-Programmable Clock board
provides the IMSAI 8080 Microcomputer System an eight
level Priority Interrupt capability and a software-
controlled interval clock. '

The Priority Interrupt system utilizes the Intel 8214
Priority interrupt control unit and monitors the 8 Priority
Interrupt lines on the 8080 back plane. The PIC-8 has the
capability to service either single or multiple interrupt
requests. When enabled and receiving an interrupt reguest,
the Pic-8 determines if the request priority is higher

than the software-controlled current priority, and if
necessary issues a restart instruction that directs the
8080 system to one of eight priority controlled restart
locations. For multiple interrupt requests, the 8214
determines the highest priority request, and processes it
normally. It should be noted that the system does not store
inactive requests, and that a peripheral device must hold
an interrupt reguest until it is serviced by the
microprocessor.

The current priority status register may be software set to
any value desired to prevent low priority interrupts from
being generatad until the priority status register is reset
to a lower value. The status register may be set to 0 if
it is desired for all levels of interrupt to always occur.

The PIC-8 board also includes a clock circuit which provides
programmed control at intervals ranging from .l millisecond
to 1 second. The program can select from among 3 jumper
selected interval rates, or it can turn all three off. The
3 rates are jumper-selectable to any of the following
values: .l ms, .2ms, 1l ms, 2 ms, 10 ms, 20 ms, 100 ms,

200 ms, or 1000 ms. Additionally, one bit of the DATA
OUTPUT port is connected toc a transistor and jumper pads

for a special-purpose programmer-controlled Qutput. Room

is provided on the circuit board for a small speaker or
other user-supplied circuitry. Also provided are 5 l6=-pin
IC hole patterns with power and ground decoupling for special
purpose user circuits. These hole patterns are drilled to
accept wire wrap sockets.

Power on the board is regulated by an integrated circuit

power regulator with current limiting protection. Tantalum
ceramic bypass capacitors are supplied with the board. The
board is GlO-type double-sided laminate with plated through

holgs and contact fingers are gold~plated over nickel for
reliable contact and long life,
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MIO

FUNCTIONAL DESCRIPTION

INPUT/QUTPUT VERSATILITY

The MIO, Multiple Input Output Board, is
designed to meet all Input/Output require-
ments of most 8080 System Users by pro-
viding the User with the following Input/
Output interfaces:

1. one Data Storage interface to a
standard audio cassette recorder;

2. two Parallel Input/Output (PIO)
ports; ‘

3. one Serial Input/Output port; and

4. one control port to be used for
internal and external control
functions. _

As an example of its versatility, a single
MIO Board could control a TV Typewriter,

a Line Printer, a Teletype, and a cassette
recorder.

SOFTWARE COMPATIBILITY

Board Addressing and Port Configuration
capabilities allow the MIO Board to be
Address Compatible with virtually all
Software Packages.

The Board is jumper selectable to any one
of the 64 groups of 4 Input/Output addres-
ses available with the 8080. Jumper selec-
tion further allows each port to be config-=
ured in any order within the selected

group of 4 addresses.

As an example, a TV Typewriter, which is

a parallel I/0 device, may be used with

serial I/0 software simply by configur-

ing the MIO Board so that the parallel

port for the TV Typewriter appears at
“the I/0 address where the serial data 11
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U

normally appears.

EXTERNAL CONNECTIONS

External Interface Connections are made
from the three 26-pin edge connectors at
the top of the board. These contain the
signals necessary for two identical para-
llel interfaces, and a serial I/0 inter-
face. The Current Logp or EIA options

are normally configured to provide a stan-
dard EIA Data Transmission pinout at the
connector.

INTERRUPT CAPABILITIES

Any of the Status Signals from each of

the 1/0 Ports may be used to generate

Interupts. Provision is made for jumpering \~)
these Status Signals to Vectored Interrupt

Lines, if a PIC-8 Board is present.

They may be directly jumpered to the CPU

Interrupt Line for a single level Inter-

rupt System.

SERIAL INPUT/OUTPUT PORT

The MIO Board provides for one complete
Serial 1I/0 port which is designed to re-
quire no initialization on power-up.

BOARD OPTIONS
A number of options are available and are
easily selected by the User.

1. The Baud Rate is jumper selectable
and can range from 45.5 to 9600 Baud.

2. Character Length, Parity Enable, co b
and Even/0Odd Parity selection are i ) |
jumper selectable. ]

11 - 2
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3. The Data output of the UART may
be jumpered to an EIA Driver, a
Current Loop Driver, or a TTL
Driver.

Similarly, the Data input of the
UART may be jumpered to an EIA
Receiver, a Current Loop Receiver,
or a TTL Receiver.

4. Provision is made to monitor any
of the UART Status Signals using
the Control Input Port, or the
interrupt inputs,

STATUS SIGNALS ‘ ,

The SIO Status Signals provided are as
follows: TRANSMIT READY, the negation of
TRANSMIT READY, RECEIVE READY, the negation
of RECEIVE READY, PARITY ERROR, OVERRUN ER=-
ROR, and FRAMING ERROR.

An additional Status Signal, SIOs, is
provided to assist in error checking
routines. This signal simply indicates
that one of three error conditions has
occured, (PE,FE,or OE). It may be decoded
via the Control Port to determine which
of the three signals is active. This
feature is provided to allow efficient
use of the Control Port in a case where the
complete board configuration is being used.

EXTERNAL INTERFACE CONNECTIONS

The SIO Port has available at a 26 pin
edge connector, all signals necessary
for Standard EIA, Current Loop and TTL
Serial Interfaces.

PARALLEL INPUT/OUTPUT PORTS

The MIO Board provides for 2 identical
8 bit parallel input/output ports.

BOARD OPTIONS
Board options allow the User to:

1. Use one of four types of Input
Strobes: l.positive edge, 2. negative

11 - 3
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edge, 3. positive level, and 4. neg- ‘
ative level. It is also possible \_)
to continuously gate data. into the

latch.

2. Use PIO Status Signals to generate
Interrupts or to be simply mon-
itored by the Program via the
Control Port.

STATUS SIGNALS
The PIO Status Signals which are provided
are as follows:

ODR- one Output Data Ready line for
each Parallel Output Port;

IDA- one Input Data Accepted line
for each Parallel Input Port.

As with the SIO Port, an additional sig-
nal,PIOS, is provided to enhance the
efficiency of the Control Port Input Bits.

EXTERNAL INTERFACE CONNECTIONS

The External Interface Connections for the \_}
PIO Output Ports provide for 8 Output Data

Lines and 3 Control/Handshake Lines.

Each Input Port provides for 8 Input Data
Lines and Z Control/Handshake Lines.

All signals are available at two identical

26 pin edge connectors for easy interfacing
to external parallel I/O devices.

CASSETTE INPUT/QOUTPUT PORT

The MIO Board provides for one complete
Cassette Recorder Interface.

BOARD OPTIONS
Board Options allow the User to:

1. Vary the recording rate from 500
to 62,500 bits per second.

2. Set the phase of the recorded sig- \_D

nal to provide compatibility with
most all audio cassette recorders.

11 - 4
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The CRI Port writes Biphase Encoded Data
to the tape. This can be used to generate
Byte/Lancaster or Tarbell data formats.

The Biphase encoding generates Byte/Lan-
caster data formats by sending alternating
1's and 0's when a zero bit is to be recor-
ded. It sends all 1's when a one bit is to
be recorded. In this standard, the max-
imum data rate is 30 bytes per second.

The CRI can also operate in the Tarbell
Standard, using one bit of phase encoding
per data bit. This standard allows the User
to record data at the standard rate of

187 bytes per second or faster if the rec-
order used is of sufficient quality.

The recorder section can have two cassette
recorders connected to it at one time, thus
providing the User with the basic cap-
ability for a cassette operating system.
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IMSAI 8080 SELF-CONTAINED SYSTEM

OPERATING SYSTEM

The IMSAI 8080 Self-Contained System is a software
system designed to run on the IMSAI 8080 computer.
Included in the package is an Executive to handle
memory files, an Assembler, and a line oriented Editor.

To use the system, 6K of memory must be available for
use by the system. This memory is allocated as follows:

#949 - gpCBs Operating Program
1999 - 1119 Special System RAM
111a -~ 17FF . Symbol Table (Assembler Only)

In addition, other memory must be available for source
and object files necessary for the user's program.

I/0 within the program interacts with I/0 ports ad-
dressed as follows:

PORT FUNCTION
2 TTY Data
3 TTY Status

Bit @ indicates TBE
Bit 1 indicates DAV

The system is available on three media, EPROM, paper
tape and Tarbell Format Cassette. The paper tape ver-
sion may be loaded into RAM using the IMSAI paper tape
bootstrap loader, PGM-4A (supplied with the IMSAI 8080
©on paper tape; also available on EPROM). The cassette
version may be loaded with the tape cassette loader,
PGM~-5A.

PGM-13
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Executive Commands

CONTROL~X Kill current line

ENTR Enter data to memory

DUMP Display memory data

FILE Create, assign or display file information
EXEC Execute a program

ASSM Assemble a source file to object code
LIST List file

DELT Delete lines of file

1111 Any four numeric digits enters editor
PAGE Move a page of data

BREK Set or clear break points

PROC Proceed from break point

CUST Optional user command at location 2ggg

To initialize the system, start it at @ggF. to restart the
system without initializing it, start at @ggg3.

The executive has one error message ....WHAT?.... indicating
~an improper command or an error on parameters following the i
command o )

Command Format
ENTR AAAA --- Enter data to memory

This command is used to enter data to memory starting at
address AAAA and continuing until a slash (/) followed
by a carriage return is entered. Data is entered in
hexadecimal format. Several lines of data may be entered
before the slash is typed.

Example:

ENTR 500
0 OA 30 44 FF FE/ (cr)

DUMP AAAA BBBB --- Dump contents of memory
This command is used to examine the contents of memory

The values contained in memory from locations AAAA to
BBBB are displayed in hexadecimal. Each line of display

consists of the contents of up to 16 memory locations.
If BBBB is not specified, only locations AAAA will be \‘b
displayed.

PGM-1A
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/NAME/ AAAR

This command is used to enter, examine or modify para-
meters of -files created in the system. Up to six files
can exist simultaneously with any one of the files "cur-
rent". Depending on the form of the command, the fol-
lowing functions with the following functions are per-
formed.

FILE /NAME/ AAAA Create a file with the name, NAME
starting at address AAAA and make it
current. If a file with the same
name already exists, output error
message NO NO.

FILE /NAME/ 0 Delete file with name NAME and make no
file current. NOTE: no file can start
at location 0.

FILE /NAME/ Get file NAME and make it current.
Save all parameters of existing current
file. :

FILE Display parameters of the “"current"

file in the following format with AAAA
and BBBB being the beginning of file
and end of file addresses:

NAME AAAA BBBB

FILES Display the parameters of all files
currently saved by the system.

Note that you must type a space between the word "FILE"
and the slash before the file name.

AAAA --- Execute a program

This command is used to exedute a program at address AAAA.
N --- List file

This command is used to display the lines entered by the
user into the file. The output consists of the lines in
the file starting at line number N. If N is not specified,

the display starts at the beginning of the file. The
user can terminate the display by typing CTRL-X.

PGM-1A
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DELT L1 L2 --- Delete line(s) from file

This command is used to delete lines entered by the
user from the file. All lines starting at line Ll
and continuing up to and including L2 are deleted
from the file. If L2 is not specified, only Ll is
deleted.

PAGE AAAA BBBB --- Move page of data

This command is used to move one page (256 bytes) of
data from address AAAA to BBBB.

CUST --- Optional user command at location 2000

This command allows any routine to be placed at loca-
tion 2000 by the user. If the command is terminated
by a RET and proper stack operations are used, the
system will return in an orderly manner.

BREK or BREK AAAA

This command is used to set or clear break points.
If called without the argument AAAA, all break points
are cleared.

If called with the argument AAAA, a break point is
set at location AAAA. When the break point is en-
countered in the course of execution, the break point
is cleared, all registers are saved, the A register
is displayed in the PROGRAMMED OUTPUT on the front
panel, the message "AAAA BREAK" is typed and control
returns to the executive. The registers are saved in
the following locations, and may be examined or modi-
fied using the DUMP or ENTR commands.

Location Register
1000 PSW
1001 A
1002 C
1003 B
1004 E
1005 D
1006 SP (low)
1007 SP (high)
1008 L
1009 H
100A PC (low)

PGM-1A 100B PC (high)
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Restrictions: 1) A maximum of 8 break points may

be set;

2) Break points may not be set below
location 000B; and

3) Setting a break point causes infor-
mation to be stored into locations
0008-000A, destroying any information
already there.

PROC or PROC AAAA

This command is used to proceed from a break point.

All registers are restored from the locations specified
above, and execution continues from the location speci-
fied by the PC, unless the argument AAAA is given, in
which case execution begins at location AAAA.

ASM AAAA BBBB --- Assemble a source file to object code

This command is used to assemble a source program
written by the user and located in the file area. The
assembler performs the assembly, assigning addresses to
the object code starting at AAAA. On the second pass
the object code is placed in memory starting at loca-
tion BBBB. If BBBB is not specified, it assumes the
same value as AAAA. During pass one, certain errors
are displayed, and during pass two a complete listing
is produced.

ASSME AAAA BBBB --- Assemble and list errors only
This command is the same as ASSM, except that only

lines with errors are displayed. Object code is
produced just as in ASSM.

PGM-1A
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TEXT EDITOR

Editor

The editor is a line oriented editor which enables the
user to easily create program files in the system. Each
line is prefaced by a fixed line number which provides
for stable line referencing. Since line numbers can range
from 0000 to 9999 (decimal), up to 10,000 lines can exist
in each file. As the user types lines on the input de-
vice, they are entered into the file area. The editor
places all line numbers in sequence and automatically
over-writes an existing line in the file, if a new line
with the same line number is entered by the user. a
feature of the editor is that the file area never con-
tains any wasted space.

Note: The Editor ALWAYS operates on the current file.

The editor does not automatically assign line numbers.

The user must first, when entering a line of data, enter
a decimal number which will be interpreted as being the
line number. Valid line numbers must contain four digits;
preceding zeros must be included. AaAn entry to the editor
is terminated by the carriate return key. ©No more than
80 characters may be input for one line.

All lines are ordered by the ascending numeric seqguence
of their line numbers. If the user wishes to insert
lines after the initial entry is made, it is suggested
that s/he input the original lines with line numbers at
least five units apart.

Tabs (typed as CTRL-I) may be used.

PGM-1A
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ASSEMBLER

When the Assembler is given control by the executive, it
proceeds to translate the Symbolic 8080 Assembly Language
(Source) program into 8080 machine (object) ‘code. The
Assembler is a two pass assembler which operates on the
"current" file. Features of the Assembler include:

- free format source input

- symbolic addressing, including forward
references and relative symbolic re-
ferences

- complex expressions may be used as argu-
ments

- self defining constants

-~ multiple constant forms

= up to 256 five character symbols

— reserved names for 8080 registers

= ASCII character code generation

- 6 Pseudo Operations (assembler directives)

The assembler translates those lines contained in the
current file into object code. The second character fol-
lowing the line number is considered to be the first
source code character position. Hence, the character
immediately following the line number should normally be a
tab or a space. Line numbers are not processed by the
assembler; they are merely reproduced on the listing.

The assembler will assemble a source program file com-~
posed of STATEMENTS, COMMENTS, and PSEUDO OPERATIONS.

During Pass 1, the assembler allocates all storage neces-
sary for the translated program and defines the values of
all symbols used, by creating a symbol table. The storage
allocated for the object code will begin at the byte in-
dicated by the first parameter in the original Executive
ASSM command.

During Pass 2, all expressions, symbols and ASCII constants
are evaluated to absolute values and are placed in allo-
cated memory in the appropriate locations. The listing,
also produced during Pass 2, indicates exactly what data

. is in each location of memory.

PGM-1A
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Statements

Statements may contain either symbolic 8080 machine instruc-
tions or pseudo~ops. The structure of such a statement is:

NAME OPERATION OPERAND COMMENT

The name-field, if present, must begin in assembler charac-
ter position one. The symbol in the name field can contain
as many characters as the user wants; however, only the first
5 characters are used in the symbol table to uniquely define
symbol. All symbols in this field must begin with an alpha-
betic character and may contain no special characters.

The operation field contains either a 8080 operation mne-
nomic or a system pseudo-operation code.

The operand field contains parameters pertaining to the oper-
ation in the operation field. If two arguments are present,
they must be separated by a comma.

Example: \_)

0015 FLOP MOV M,B COMMENT
0020 * COMMENT :

0025 JMP BEG
0030 CALL FLOP
0035 BEG ADI 8+6-4
0040 MOV A,B

All fields are separated and distinguished from one another
by the presence of one or more spaces or tabs.

The comment field is for explanatory remarks. It is repro-
duced on the listing without processing (see example 0015).
Comment lines must start with an asterisk (*) in character
position 1 (see example 0020).

Symbolic Names

To assign a symbolic name to a statement, one merely places

the symbol in the name field, that is, separates it from the

line number by a single space only. To leave off the name

field, the user skips two or more spaces or tabs after the

line number and begins the operation field. If a name is at-
tached to a statement, the assembler assigns it the value of

the current Location Counter. The Location Counter always \_D
holds the address of the next byte to be assembled, The only
exception to this is the EQU pseudo-op. In this case

PGM-1A
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a symbol in the name field is assigned a value which is
contained in the operand field of the EQU pseudo-op
statement.

Example}
0057 POTTS EQU 128

assigns . the value 128 to the name POTTS. This data can
then be used elsewhere in the pregram, as in ADI POTTS.

Names are defined when they appear in the name field. All
defined names may be used as symbolic arguments in the
argument field. See examples 0015, 0025, 0030 and 0035.

In addition to user defined names, the assembler has re-
served several symbols, the value of which is predeter-
mined. These names may not be used by the user except
in the operand field. They are (with their value in
parenthesis) :

A - the accumulator (7)
B - Register B (0)
C - Register C (1)
D - Register D (2)
E - Register E (3)
H - Register H (4)
L - Register L (5)
M - Memory (through H,L) (6)
P - Program Status Word (6)
S - Stack Pointer (6)

In addition to the above reserved symbols, there is the
single special character symbol ($). This symbol changes
in value as the assembly progresses. It is always equated
with the value of the program counter after the current
instruction is assembled. Tt may only be used in the
operand field.

Examples:
JMP $ means jump to the location
MOV A,B after this instruction;
that is, the MOV instruction
LDA $+5 means load the data at the
DB o] fifth location after this
DB 1 location. 1In this case,
DB 2 the data has the value 5.
b 3 PGM-13
bB 4 12 - 13
DB 5
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Relative Symbolic Addressing

If the name of a particular location is known, a nearby
location may be specified using the known name and a
numeric offset.

Example:

JMP BEG

JPE BEG+4

cc SUB

CALL $+48
BEG MOV A,B

HLT

MVI C, 'B'

INR B

In this example, the instruction JMP BEG refers to the MOV
A,B instruction. The instruction JPE BEG+4 refers to the
INR B instruction. BEG+4 means the address BEG plus four
bytes. This form of addressing can be used to locate
several bytes before or after a named location.

Constants

The Assembler allows the user to write positive or nega-
tive numbers directly in a statement. They will be regarded
as decimal constants and their binary equivalents will be
used appropriately. All unsigned numbers are considered
positive. Decimal constants can be defined using the des-
criptor "D" after the numeric value. (This is not required,
as the default is decimal.)

Hexadecimal constants may be defined using the descriptor
"H" after a numeric value; i.e., +10H, 10H, 3AH, OF4H.

Note that a hexadecimal constant cannot start with the
digits A-F. In this case, a leading 0 must be included.
This enables the assembler to differentiate between a
numeric value and a symbol.

ASCII constants may be defined by enclosing the ASCII
character within single quote marks; i.e., 'C'. For
double word constants, two characters may be defined
within one gquote string.

PGM-1A
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Expressions

An expression is a sequence of one or more symbols, constants
or other expressions separated by the arithmetic operators
plus or minus.

PAM +3
ISAB-'A'+52
LOOP+32H-5

Expressions ore calculated using 16 bit arithmetic. All
arithmetic is done modulo 65536. Single byte data cannot
contain a value greater than 255 or less than ~256. Any
value outside this range will result in an assembler error.

Pseudo-Operations

The pseudo-operations are written as ordinary statements,
but they direct the assembler to perform certain functions
which do not always develop 8080 machine code. The fol~-
lowing section describes the pseudo-ops.

ORG --- Set Program Origin
The format is
label ORG expression

where the label is optional but, if present, will be
equated to the given expression. The effect of the ORG
pseudo-op is to set the current location counter to the
value of the given expression. When present in a program,
the ORG pseudo-op overides the address given in the ASSM
or ASSME command. ’

END --~ End of Assembly

‘The pweudo-op informs the assembler that the last source
statement has been read. The assembler will then start
on pass 2 and terminate the assembly and pass control
back to the executive. This pseudo-op is not needed when
assembling from a memory file since the assembler will
stop when an end of file indicator has been reached.

PGM-1A
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EQU --- Equate Symbolic Value
The format is
label EQU expression

Where label is a symbol the value of which will be
determined from the expression, and the expression

is an expression which when evaluated will be assigned
to the symbol given in the name field.

DS -~-- Define Storage
The format is
label DS expression

The DS causes the assembler to advance the Assembly
Program Counter, effectively skipping past a given
number of memory bytes. i 0

DB --- Define Byte

The format is
label DB expression

This pseudo-op 1s used to reserve one byte of stor-
age. The content of the byte is specified in the
argument field.

DW --~ Define Word

This pseudo-op is used to define two bytes of stor-
age. The evaluated argument will be placed in the
two bytes; high order 8 bits in the low order byte,
‘and the low order 8 bits in the high order byte.
This conforms to the Intel format for two byte ad-
dresses.

PGM-1A
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The following error flags are output on the assembler
listing when the error occurs.
only output during pass 1.

POWaSRoHoO

Opcode Error
Label Error

Some of the errors are

Duplicate Label Error
Missing Label Error

Value Error

Undefined Symbol

Syntax Error

’

Register Error
Argument Error

PGM-1A
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SAVING AND RESTORING PROGRAMS

While the system has no explicit provision for saving

and

restoring.programs, it is possible to do so with an

ASR style teletype. The procedure is as follows:

1.

Make the file you want to save the current file.
Type 'LIST', but don't type the carriage return.
Turn on the paper tape punch.

Type carriage return. The program will be listed
on the teletype and simultaneously punched on the
paper tape punch.

When the 'LIST' is completed, turn off the punch.

procedure for restoring the file is as follows:

Make the file you want to restore into the current
file.

Mount the tape in the paper tape reader.

Start the paper tape reader. The program will be
automatically read in.

An analogous procedure, using the DUMP and ENTR commands,

may

be used to save and restore object code.

PGM-1A
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The IMSAI Self-Contained System is supplied on paper
tape in a blocked hexadecimal format. The data on the
tape is blocked into discrete records, each record con-
taining record length, record type, memory address and
checksum information in addition to data. A frame-by-
frame description is as follows:

Frame 0

Frames 1,2
(0-9, A-F)

Frames 3 to 6

Frames 7, 8

Frames 9 to 9+2%
(Record Length)-1

Frames 9+2* (Record
Length) to 9+2%*
(Record Length)+1

Record Mark - Signals the start of
a record. The ASCII character colon

(":", HEX 3A) is used as the record

mark.

Record Length - Two ASCII characters
representing a hexadecimal number in
the range 0 to 'FF' (0 to 255). This
is the count of actual data bytes -in
the record type or checksum. A re-
cord length of 0 indicates end-of-file.

Load Address - Four ASCII characters
that represent the initial memory lo-
cation where the data following will
be loaded. The first data byte is
stored in the location pointed to by
the load address; succeeding data
bytes are loaded into ascending ad-
dresses.

Record Type - Two ASCII characters.
Currently all records are type 0.
This field is reserved for future ex-
pansion.

Data - Each 8 bit memory word is re-
presented by two frames containing the
ASCII characters (0 to 9, A to F) to
represent a hexadecimal value 0 to
'FF'H (0 to 255).

Checksum - the checksum is the nega-
tive of the sum of all 8 bit bytes

in the record since the record mark
(":") evaluated modulus 256. That is,
if you add together all the 8 bit bytes,

PGlM~1A
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ignoring all caries out of an
8-bit sum, then add the check-
sum, the result is zero.

Example:

If memory locations 1 through 3 contain 53F8EC, the
format of the hex file produced when these locations

are punched is

:0300010053F8ECCS

PGM-1A
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Q2€D 22 NOP FPROMPT W&S EZRE IN 2EV 2
@CEY 2¢ NCP 7 .. NOBS INSERTZIL
CeET 2@ NQOP 5. TO MATCH EXISTI
eeve 2¢ nOP ;.. FROMS. FEMOVEI Wdr
2e71 22 NCP 5. A WEOLE NEW EPRCM MASTEIR NEZLZIL
Q972 CL835e¢ CALL READ FPEAD INPUT LINZ
2¢75 23 INK B
2¢7e 7% Mcv A M sFETCH FIRST CEARACTER
9g¢77 FEIL cor 971 FCOMMAND Q2 LINE NUMETZ?
2e79 TALBC4 JC LINE ;JUME IF LIME FOR FILE
@07C CTAQC1 CALL VALC ;GET COMMANT VALUES
2¢7r CcDEEel CALL coMM ;CEECK LFZAL COMMANDIS
?2g92 Cl€vee JMP TCR
1
; TEIS ROUTINE READS IN A LINE FR0M TEZ TTY ANT PLACAS
;5 IT IN AN INPUT BUFFIR.
j TEY FOLLOWING AFE SFECIAL CEARACTYFS
i cP T MINATES FR4D ROUTIMNE
; Lr NOT RECOGNIZEL 2Y PCUTINE
H CTRL-¥ DELETE CU3IRENT LINE
7 LFL DZLETE CEAPACTER
5 ALL DISTLAYABLE CE£SACTERS 2ITWEEIN ELANT & 7 AND TEZ
7 AEQVE ART RECOGNIZED 3Y TEF RYAT BROUTINI ALL OTHIRS
; ARE SYIPPEL QVER. THET FOUTINE #ILL NCT ACCIPT MCRZ
¢ CEARACTIRS THAN TEY INFUT POUFFER WILL EOLD.
1
7geg 21c61¢@ EEAD: LYI E I3WF JGET INPUT BUFEZR ALIRESS
2¢c8 227412 SFLL ADDS 7SAVE AITRISS
@¢eB 17e@2 ba'R .2 JINITIALIZY CHAZACTIR CCUNT
ge8r Crrege NEY": CALL e FREAD A LINE
Qaga 72 MCT A3
29¢1 FEL8 cPl 24 jCEECY FOR CTRL X
¢ee CAEvCe JZ Z0R
@@o€ FEED - CpI ASCR FGET AN ASCII CE
2e98 (22120 JINZ JFL
eeggz 7T MOV AL
@9oC FEC6E CPI IBUF ANT CFTEH FCZECY TOR TIRST CHAR
QOoT CAE72E JZ T0R
@gAt 2eer | MVI M ASCR  PLACE CR AT EINT OF LIMZ
Qeaz 23 INX 3
2eA4 3F21 MTT vl yPLACT ECF INLICATCE IN LINZ
20488 23 INT =
@¢aA? 3E19 MY A 2Z UMD QFTE
2et9 CDFECe CALL ¢ JCLEAR REMAINING BUFFER
@@AC 21C21¢ %1 E LF-1
ZOAF 72 rMCv M FSAVE
2% C9 RET
@eR1 YE?F LIl CPI 1 FCHECX FCP LELETE CHAFACTEF
@eR3 C2C€0@ INZ C=ZAR
2¢36 ZuCE MY A ANT 2FTFE




B-SCS1.ERN

agBe
2eBe
2a2C
Q@2ED
CCRT @B5F
¢ace CoeeQl
2¢rZ c2eree
CeCE FE2¢
2eC8 D2IZ000
CZCF FECO
2eCD c22ppe
¢2Dg FESB
2era2 raeree
22rs 47
CZNE CDeEd1
@gre g
gens 3E17
@¢rC BT
222D CAFFgO
e¢E7 22
99E1 1C
@¢T2 C3EDQ7

BD
CAeTCe

53

1D

22vs5 BD
¢Cie Ce
A¢F7? 3€22
@CES 23
@OFA C3IFEpe

¢CET
g¢TT 2%
2ere TEp2
zeT2 Co
@2¢r3 CDFroge
2@¥e FE1R
2¢ve co

ree3

¢oF2 DPE3
2¢°3 EEe2
@9FD CAFoge
¢1¢g DEg2
2122 E87F
2194 47
2125 ¢

Q126
2197

78
DE@D

CMP L

JZ NEXT

Icx 54

hlg:d I
RSFA MTI 2 8FE

CALL oure

JVE NEXT
CHAF CPI

JNC CEARY

ceI S

JNZ NIXT
CEARL: CTI ‘-1

JNC NEXT

MOV E.A

CALL ours

Mov M. 3

MTI A.IBUF+€1 &

cue L iCE

J2Z PSPA

INX B

INR 3

JMP NEXT

€2 we w0 en we oy

H
v
H
H
IN

i
i
I

D we e .

TRIS POUTINE IS USED TO RIANE CUT & POETICNM CF FEIMNCRY

LER CMP 1
RZ
MVI M.
INX R
Jup CLER
SEE IF TTY INTUT RE:
RETURN WITH ZEFO
IN TTS
M
ANT TTYDS
BNZ
CALL Ixg
CFI ‘X -409
RET

TFIS ROUTINE FEADS & BYTT OF DATS FROM 7

=N IN T8
ANT TTYTA
JZ INE
IN TTI
ANT ?FE
MOT P
RET

TFIS ROMTINT

uTa: MOV A2
STl ZDE

FCEECE FOR LEGAL CHAZACTER
FJUMP IF NOT CONTROL CHAR
7IS IT 4 Ta3?

FIGNCRE IF NCT

FECFO CHARAC

ND @TFR
ICY TCR IND OF LInz

FINCREIMENT

AL DATA
FIP CFF PAFITY

CUTPUTS & 2YTF OF DATA TO THE USAART

T CHAR

< A
IT 4 CR

i
;

Y3}

w
[
2




B+SCS1.P3N PAGE ¢

21¢9 CA2c21 JZ oUTel FEESET LINE FOSITICH IT SO
910C CE@4 ADT 2DE-QOY ;WAS IT A TAE?

¢lgT C221¢1 JeZ Qraz JCOMTINUE IF AOT

2111 CS PUSE 2 FSAVE TAB CHAR

2112 c€22 MTT B, FOUTPUT A SFECE

€114 CT2e0¢1 CUTF4: (CALL ouTe2

2117 3a1911 LDa LPCS $GET CURRENT LINE POSITICN
2114 TE27 ANT 7 ;IS IT A TAB STOB?

211C C21401 JINZ CUT24 7CUTPUT ANCTHEIX SPACE IF NGT
@11F C1 PCP 2 JRESTORE TAR CEAF

2128 C@ RET

2121 78 CUTE3. MCV A B JGEIT CEAR IN A

@122 3¢ INR 4 i1S IT & NON-ERINTING CHAR?
12z FE21 c?I o1

2125 DA2Fe1 JC QUTed fDON'T ETMP LINT PC3 XLION 17 S¢
2122 3A1511 OUT22: 1II4 LFOS ;EU e LINZ POSITION.

2128 3C INR A

212¢ 321911 CGTe1: ST LPCE

2127 D3¢z cuTSe- IN TTS FEIAT STATUS

2131 E6e1 ANT TTYTE

@133 CA2Fe1 JZ oUTag

a12€ 78 MCY 4B

2137 D3g2 eoT TT0 JTRANSMIT DATA

€129 Cs RET

TEIS FOUTI'\Ir ¥ILL OUT UT & CAFEIAGE RFTORM AND
LINE TSEL FCLLOWED 3Y T¥O [TLITEI CHARACTEIZS #XICH
PROVIDE TIME FO? PO®INT EEAD "0 RFTUPN

O3 o me wswo s

@134 ¢eeT RLT- MVI 31z ;CE
¢13¢ C27ed1 CALL orTe

C13F Q€74 LY MV1 5,1¢ F LT
2141 CIgée: CALL 0772

2144 QETT MTI B 28¢

214€ CDeee1 CALL QUTe

2149 C27€C1 JVP oUTe

TATS ROUTINE JUMPS TO 4 LOCATICN IN MEIMORY GIVEN 27
TET INPUT COMMAMD AND PEGINS IYECTTION CF SRCGRAM

111 —e s .o v we

THERE
214C D2793 XEC: CALL VCEYX FCEECT FCR FPARAMETER
€14F CIZAC1 CALL CRLF
@152 2A841¢ LELD BBUF JFETCE ADDFRESS
€155 E9 FrEL FJUME TO FRCGRAY

TFIS ROUTINE CEECXS TYE INPUT COMMAND ASAINST ALL
LICAL COMMANDS STORED IN A TA3LE. IF A LIGAL COMMAND
IS FOUND, 4 JUMP IS MADE TC TFAT ROUTINZ OTEIRWISE
AN FRROR MESSAGF IS QUTFUT T0 THI USER.

215€ 113402 comm LXI D,CTAF  jCOMMAND TAELE ATIRESS
2159 2zea4 ~TI 44 JLENGTE CF COMMANT

Q1SR 220810 v STha NCHR 7SAVE

@15E CDESeL CALL COMS§ jSEARCH TAELE

@1€1 C2f10¢ INT WEAT UME 1T ILLEGAL CCMMAND

s
3
¢1€4 F9 POEL 7BE HIRE NOW




B+SCS1.PRN

2165
a1€8
21€9
21€4
21D
e17e
2171
2174
2175
217€
o177

2178 €

2179
@174
2172
217E
217F

2158
2la1
2182
2188
712¢€
2187
@128
a21er
e1ec
2187
218E
2151
3162

(28
2104
2197
2199

247412
14
3C
CA7EC1
40510
4rF

C3€221
3C
ce

14
°E
cz2ecal
23
13
2D
C2ege
co
13
er
c2ec21
2c
ce

AF
110412
a2eec
1F

€2 %0 vt e e wr e .

c

(e e 0 no s wa e

19 e ws - e

PAGZ 5

TEIS ROUTINE CHEECXS TO ST IF & RASI CTARACTER STRIMNG
IS EQUAL 70 ANY 0T THI STRINGS CONTAINFL IN 4 TABL:
POINTED TC BY D,E. rET TABLE CONSISTS OF ANY NOMBIZ
CF CEARS WITH 2 BYTES CONTAINING VALUZS ASECCIATED
WITE IT. TEF END OF TEF TAELE IS MARKED WITE 4 -1.
THIS RQUTINE CAN BF USEL TC SEAFCF THROUGHE A GOMMANT
OR SYMEOL TABLE. oON EFTORN IT TPT ZERC FLAG IS SET
4 MATCE WAS FOUNTD; IF QT XO MATCH ¥4S FOUNL. IF

A MATCE WAS TCUND D.F POINT TQ THZ LAST 3vTE
ASSOCIATED WITF THT CEARACTER STEING 7

PCINT TC THE NEXT LCCATICN AFTFR TEE =X

oms: LELD ADTS JFETCE COMTARE ap

LIAX T JGET NEXT BYTE
INR 4 PIS IT -17?
JZ coms1 FABCRT IT SO
D4 NCER JCET LENGTE CF STRING
MOT C 4
CatL SEAR 7COMPARE STRINGS
Lhax D FTETCH VALLS
MoV La
INX D
IDAX T FFRTCE vaLuw
MOY 74
¥4
INX D JSET TO NEZXT STRING
JMp CCM3
oMSL:  IN® 4 }CLEA® ZERGC FLAG
RET

TEIS ROUTINT CRECES 70 SPE IF TWO CHARACTIE STRINGS I
MEMCEY ART Z0UAL THY STRINGS AFZ PCINTEL TIC 3Y L E
AND E.L. OM ZETURMN. THE ZEP0 FLAG SET INDICATES &
MATCE. RIG ¢ INLICATES T3 LENGTE GF THE STRINGS CON
PRIURN, THT POINTES POINT TC TUF NEXT ACDRISS AFTER
TEY CHARACTIR STRINGE.

TAP: LD&x b} JTETCE CEARACTE®
cwp M FCOVMFARI CEARACTERS
JNZ INCA
INY B
INX T
prlo] C 7DECRIMENT CEAR2CTER COUNT
INZ SZAR
EZT
NCA: INX D
ICR c
JNZ INCA
xR c FCLEAR ZERC FLAG
RET
TEIS ROCTINT 7TRQES our A 3UFFER IN MEMORY WEICE Is
TEEN USED BY OTEE® SCANNING ROUTINES
T IR A FGET A Z3ZRO
LXI 2 ARUT 12 ;RUTFIR ADPRESS
MTT 12 iBUTFER LINGTE
201 Iex T JEECFEIMENT ATTEZSS




R:SCS1 PRN

@14
€193
219¢
2197

21AQ
2183
Q12€

a1r8 ¢

@109
@1Lc

210D

21D®
21E1
g1v3
21E4
@1E7
91F8
¢1E9
21EC
Q1TF
e1ve
21F1

12
ac
20001
c9

CIa7el
DA2124
ce

21ig0ea
228C19
227€1¢
CDe321
21c51¢

117E1¢e

e N

PAGE €

STAX 2 7ZERQ BUFFIR
ICR B

INZ 2301

RET

TEIS ROUTINE CALLS ETRA TC ORTAIN TEE INPUT PARAMETER
VALUES AND CALLS AN ERPOR ROUTINT IF £V ERROR OCCURKED
IV TEAT RCUTINE

ALC- CALL ETRA JGET "INPUT TARAYETIAS
JC WHAT §JUMP I7 EERCR
RET
’
i THIS RCOUTINT EXTRACTS TEF VALUES ASSOCIATED ¥ITE 4
i COMMAND FROM TYE INPUT STREAM AND PLACES TEIM IN THE
i ASCII BUFFER ARNF IT ALSC CALLS 4 ROUTINE TC
i CONVEPT TET ASCII EEXADECTMALS TO EIMNARY AMD STORES
; THEM IN THE BINARY BOUTTER BBOT CN PETURN CARRY
i SET INDICATES AN EFPOR IN INPUT CARAMEITEES
b
ETRA LXI - JGET A ZERC
SELD PEUF-2 ;ZEIRC VALUT
SELT F3UF FSET NO FILE NAME
CALL 307 7ZERC RUFFER
X1 H,IBUF-1
VAL?: INX j:S
MOY AV JFETCE INPUT CEARACTER
[53:9 T 3LOCY FOR FIRST CIARACTER
cMe
RFNC FRETOIN IT NQ CARRY
JINZ VALL FJUME IT NOQ ELACE
SELD PNTR FSAVE BOINTER
CALL SBLX +SCAN TC FIPST TARA-ITER
cMe
BNC FJRETORN IF CR
CPI R
JINZ VALS sNO FILE NAME
17 D.FEU'T jNAME FOLLOWS FUT IN F3UF
MY € NMLEN
TAL2: INY E
MOV A M
CPI o
JZ VAL3
Ice c
Jv WEAT
STAX D FSTORE FILE NAME
INY T
JMP VAL2
VALZ: MTT A7 FGTT AN ASCII STACE
VAL4: DCR c
Jv DONE
STAX T JFILL IN WITH SFACES
INY D
JVE VAL4
ToNT: CALL S3L2
oMe
INC
TALE - LYl T ARTF




B-SCS1 PRN

@174 CDOACB
@1F7 78
@LF2 FERS
Q1FA 27
@1FB D8
e1v¢ ¢17E1g
¢1FT CD4s@2
0282 Dp8

g2e3
2296
2209
223¢C
922F
g21e
2211
€214
29217
2212
2214
2218
e21¢
@217
2222
9222
@226
e22¢
@22¢C
2227

222¢
@231
2232
@22

2234
@228
223¢
2237
2238

22r4a1¢
217E10
CIE2RS
CcD3eee
3F

Te
118219
CD2ACB
78
FEQS
IF

D8
@1e21¢
CD4r@2
re
228C10
218218
CDEZCE
E7

ce

21ggee
aL
37

33102

CALL ALES +FLACE FARAMETIR IN SUFFER
MeY A3 JGET DIGIT CCUNT

334 S jCHECK NUMBIPR (F DIGITS
cMe

RC yFETURN IF TCC MANY DIGITS
LXI B ARUF

CALL AHEY SCONTFRT VALUE

RC TLLEGAL CHARACTER

SELT 3BUF FSAVE IN 3INARY BUFFER
LXI T.ALUT

CALL NORM sNORMALIZE ASCII VAIUZ
CALL SILK FSCAN TO NEXT PARAMETER
cMe

RNC FEETURN 17 CR

LXI D ARUF-4

CALL ALPS FFLACE FARAMETER IN BUFEWP
MOV AR FGE™ DIGIT CGUNT

CEI 5 FCRECX NUMBER 0F DICITS
CMC

RC SPETURN IF TGO MANY DIGITS
LI B ABUT- 4

CALL A9EX 5CONVERT VALUS

RC yILLEGAL VALUE

SELT B3UT-2 SAVE IN 3INARY BUFFER

Lx1 E.AEUF-<

CALL NOFM 7 MOPMALIZE ASCIT VALUT

CRA A FCLEAR CARZRY

RET

TEIS ROUTINE FFTCEES DIGITS FROM TEE 3UFFIF AILR
BY B,C AND CONVERTS THE ASCII NT
A 16-BIT VAIUE Can
A EINARY ZERO IS FCUND IN

BINARY.
SCAN STQ®

TP 10
S WHEN

CECIMAL DIGITS I
E COMVIARTFD

TEE iU

1

ADEC Lx1 52 JGEP 4 1€ EIT ZFEG
ADE1 LPAX B JFETCE ASCIT LIGIT
ORA A FSET ZERO TLAG
R7 JRETUEN IFF FINISEED
hol's DE FSAVE CURRFNT VALUE
MO EL FSAVE CURITNT VALUE
DAD g FTIMES TYO0
TAL g FTIVES TWO
DAD D 7ADD IN CRIGINAL VALTZ
TAD q sTIMES TWO
SUl 48 7ASCIT BIAS
CPI 10 JCHECX FOR LEGAL VALOE
cMe
RC iRETURN IF F2ROR
MOV E A
MVI ro
DAD 2 ¢ADD IN NEXT DIZIT
INX B s INCREMENT PCINTER
JMP ADEL

TEIS EOUTINE FETCHEIS TIGITS FROM THE 3UFFEX AILFESSEL
EY B C AND CONVERTS TEE ASCII HBEXADECIMAL TIGITS INTC

BINARY.

UP TO & 1€-BIT VALUE CAN

EZ CONVIFTEL

TZZ




3:SCS1.FRN FAGE 8
i SCAN STCPS WEEN A BINARY ZERQ IS FOUND IN THE BOFFER.
r

Q@242 212¢e¢ ABEX LII Ee ;GET A 16 BIT ZTFRC

@248 ¢4 AREL: LDAX B JFETCE ASCII DIGIT

924C B? CRA A F3ET ZERC FLAG

@24T C8 RZ FPETURN IF LONE

224E 29 TAT g SLEFT SHIFT

2247 29 DaD q JLEFT SHEIFT

@25¢ 29 TAT g s LEFT SEIFT

@251 29 DAD 9 JLEFT STIFT

€282 CDSFe2 CALL ABS1 JCONVERT TO ZINARY

72€3 FE10 CPI 10H JCEECY 7FCR LEGAL VALYE

@287 IF cMe

2283 Tre RC $PETURNM IF ERRCR

@259 8% ADD L

@284 €T MOv L.a

@Z5P @3 INX B s INCREMENT PCINTER

G2%C C34B02 JMP ATRT1
;
i TEIS SUPRCUTINE CONVERTS ASCII ETX DIGITS INTC EINARY
H

@2EF DEZG LEST: SUI 43 FASCII BIAS

02€1 FEQA CPI 1e iPIGIT o-1¢

22€2 I RC

@2€4 DER7? sSUl 7 FALPEL RIAS

22€€ C9 RET
;
r
7 TFIS ROUTINE CONYEPTS A RINARY VALUE TO ASCII
7 EEXADECIMAL AND QUTFUTS THE CEARACTERS TC THE TTY.
;

2267 CTace2 FOUT: CALL BINE 7 CONVEIRT VALLUE

Q264 217410 LxI1 H HCON jCONVERSION AZEL

226D 4€ CHQT: MOV B.M JFETCH QUTEUT CHAFACTER

02€3 Creeet CALL U8 7ODTPUT CHARACTEE

2271 23 INX j2S

Q272 46 MCT B M FTETCE CHARACTIR

9273 C3pE21 JMP cuTs SCUTFUT CZAFACTIF AND RETURN
7
7 TFIS ROUTINE DOES THE SAMT AS AROVI 3UT OUTIUTS 4
5 PLANK ATTER THE LAST CHARACTER
’

927E CDE7¢2 HCTR: CALL 20T FCONVERT ANT OUTPUT
!
7 TEIS ROUTINE QUTPUTS A BLANE.

0272 0€29 éLKl: M7l B, FGET A BLANY

@273 C2eee1 Jve ouTs FOUTPUT IT AND RETURM
i
i TEIS ROUTINE CONVERTS & BINARY VALNUE TO ASCII
7 LECT¥AL DISITS AMD OUTPUTS TEE CHEAEACTERS TC THE 7TY
;

@27E CILCse2 LOoUT: CALL BIND 7CONVIRT VALUE

@281 CDE€AA2 CALL HOUT 2 CUTPUT VALUE 2 IIGITS

9284 23 INX F

@295 4€ MOV 3 M FGET LAST DIGIT

028€ (22601 JMP oTTe 5CUTPUT AND RETURN




P-SCS1 PRY FAGF ¢
THIS ROUTIH ROUTINIS TC IFCnLPMN"

EL XY QTHEF
S K\D AND CCM

IN A COM
THE Comw
CrR1V TLAG STT IVDICanS THAT
ETEN RIACEED

Z IS USE
~ET \T:AT”'G ADDFES

o
T
o

3299 24841¢ A CEY- LHLT BBUF JTETCE START ADDRES
@22C ZTASD1¢ LD4 BECF 3 ;STOF ADREISS FIGH
¢28F BC CMP :4 FCOMPARE ATTFESSES
0290 C29B¢2 INZ ACEL

@292 3a8C1¢ LA BBUF 2 jSTOF ADDRESS 1OW
229€ BD oMP L FCOMPARE ATIRESSES
€297 (29R@2 JnZ ACE1

2204 27 STC FSET CAPRY IF EIQCAL
€29F 22 ACE?: INY = s INCRIMENT STAAT ADDRESS
@29C 228A1¢ SFLD BBUF jSTCRE STAFT 4DIRZISS
@29F C9 RET

i

i

i TEIS RCUTINI QUTPUTS CHARACTERS CT i ITRIMNG
i UNTIL A CARRIAGET ?FTTVN IS FOOND.
’
S

0247 4£ CEN: Mov 3™ {FETCE CHARACTER
@241 3%¢D MYl A,13 fCAPRIAGE RETURN
2243 B8 CMP B JCHARACTIR = CE?
0244 C8 ¥4
@245 CDeeo1 CALL orTs JOUTPUT CEARACTER
2248 22 INX q FINCRIMENT ATTRESS
@249 C3:062 JMP SCRN
: i
1
7 TEIS ROUTINE CONVE®TS TEF EIMAPY VALWT IN PEG 4 INTO
i ASCIT EEXADECIVAL TIGITS ANT STORES THEM IM VIFOEY
7
924C 217410 BINF: LYy HE.HCOM  ;CONVEIRSION
@247 47 MCY 34 §SAVI VALUT
022@ 1¥F RAR
2221 17 RAR
@282 1F RAR
g2R2 1F AR
@234 CDPFe2 CALL BINL
@2e7 77 MCV M3
2282 232 INE q
@223¢ 78 MCV L3
@2BA CDEFZ2 CALL 211 iCOMVIRT TO ASCII
C¢2BD 77 Mov M,A
22PE €9 RET

G2RF FEQY Ine: ANT 2r8 yLOW 4 EITS

@201 ceze Al 42 FCOMVERD TC ASCII
@2C3 FR34 cry 22 PDIGIT 9-¢

2205 D& 3

Q2CE Cre7? $I7 7 FMCTITY IQR #-7

22¢8 ceo RET




22Cce
g2c¢e
@2CE
@2r1
2202
@2re
29208
g2re

@204
a2p¢c
@2TT
@2DF
@2%1
@2T2
Q2%3

¢2F¢
@278
¢2FA
A2FE

21741¢
Q€L
coragz
Q€CA
cDDag2
Cce3e
77

ce

627
so
D2nCe2
2¢
22

ce

44554L5¢

@2F@ 45

Q274 ¢

@Q2%€
@2F4A
a2%C
2300
ezez2
23es
2398
azec
230°¢F
ez12
7214
2218
2314
231%T
ez2¢
2324
032¢

@327
7324
AI2R
232¢%

44454054
ZICE
41535340
84¢€
56414745
49¢3
43252224
2020
425245847
Fsec
S2524F42
ATeD

b

2A7ELOD
7

caeles
)

O wa e e

3 et —e .

g e ae e e

<

Il

T=I
ASC

INT-

T=1¢8

ID1:

LIGAL

TAZ-

3
Ul
-
mn

ROTTIME CONYE®TS
e

DECIVAL PIAIT
LXI E.ECON
MVI E 14¢
cALL BIDL
MVI B 12
CALL 1Dt
ATI e’
Lokl v.A
REIT

QOMTINE CONVE™TS

MYT M@t
INR “

SU3 3

INC BIDL ?
ALT ]

INT i

Bl

COMMANT TARLE
3 LuME
W o0ME
DR “TYEC”
TV EXLEC
F CENTRC
T INTR
P FILT
bl FILE
IS LIST’
o LIST
I3 ‘TELT’
oW pTLL
® sgsv’
™ ASSM
E “PEOE”
oW Ta6y
I3 rUST
o 2g0e:
Tz “3RTZ’
DV EES T
n2 *ROC”
Ty PROC
i @TTE

(AT TALUT

;COMVIFSICN ADDFZISS

FCONVERT EUNIREL

S

IN

.TEFV N v

TIGIT

PCONVERT TENS DIGIT

JGET UNITS TIGIT
FSTCRE IN MEMORY

A VALDOE TG DECIMAL
FINITIALIZE TISIT CCUNT

JCEECY LIGIT

;TUME COMMANT
FCOMMAND ADIRES?
JEXECCTE COMMAND
FCOMMAND ALTRESS
FENTER COMMAND

IF COMMAXD
MMAND
JLIST CCMMANL
;COMMAND ADDRIS
JDELETE COMMAND
;COMMANT ALTFESS
F COvma
4ITRIST
NSFT
2

FBPEAZPOINT QMM
$COMMAND ADDPESS
3 3 TROCEED COVMAN
JCCMMANT ATIRESS

SQUTIME CHTCYS IF AN

THET Jovvarn ITF
104 ABUF
ORA A
J7 WEA
ET

RCUTINI DUMES CUT

N

FSET TLAG
JNO PARAMITER

THE CONTTATS

o33

8
&

T

KI

ey

o

R COMMAND




»

B*SCS1.FRN FAGE 11
i TEF START TO FINAL ADDRESSES GIVIN IN THE GOMMAND.
)

232F CD2703 DOMP: CALL VCEK ICK FOR FARAMETEDS

jCH
2332 CD3AG1 Luvs: CALL CRLF iSTART NEw LINT
2335 240410 NGRS LELT BBUF FFETCE MFMORY ADIRESS

2328 7E MOV A,M
2339 CI7€02 CALL EQT3B JOUTFUT VALJE
033C cDegnz - CALL ACEK FCHECK ADIRESS
@337 D8 RC JRETURN I¥ FINISHED
2340 7T MoV AL #IS_NEXT ALTRESS
0341 2E¢F ANT QFH i DIVISIELE BY 1€%7
2343 23573 JINZ oMy
034€ 33203 JMP TTMS
’
i
i TEIS ROUTINE WILL MOVE 286 BYTES FROM 1ST ADDRESS
i GIVEN IN COMMAND TQ 2ND ADDPESS IN COMMANT
’
2349 (D270 PAGE: CALL VCEE iCHEECY FOR PARAMETER
234C Fpg21¢ LA ABUF-¢ ;FETCH 2ND FARAYETER
2347 R7 ORA A FLOES 2NT PARAMETER EXISTST
0350 CAB104 JZ WHAT
9383 248410 LELT 33UF FFETCE MOVE 70 ALTRISS
2355 ¥B XCEG
2357 248C1e LELD BLF~2 FET™CF SOVE TC AITRESS
2354 @ceo MVI 2,e +SET COUNTZ®
@35C 14 PAGY: LDAX hul
@3s5D 77 MOV M. 4
@35SE 23 INX H
@357 13 INY T
23€0 @5 DCR B FDFCREMENT CCONT
23€1 c2scexd INZ PACL
@3€4 C9 RET

TEIS 20UTINE INITTALIZES THT EEGINNING CF FILE ADDRESS
AND IND OF PILE ADDFESS A4S ELL AS THY FIL: ARZ4
WEEN TEF FILE COMMANT IS USED

I1E: CALL CRLF
CFECK FCR FILE PARAMETTRS
LDA 3

27€5 CT2ag1

s ief e es mews —o e we

@3€8 37619 FBUF
0368 37 CRA A
@36C CAX@23 JZ FOOT iNO - GO LIST
@3€F CD3IFCe CALL FSZA FLOOK UP FILE
0272 EB XCEG FENTR IN IE
2273 C28483 JINZ TEST
7 NC ENTRY
Q378 ZATELQ LA ABUF iCHECK TOR PARAM
@379 37 CRA A
2374 CAR4C4 JZ WHA1 FNOZ? - IRECR
i CHFCY FOR ROOM IN DI®ECTO®Y
237D 3A7D1C LD4 FEF
e3ge 37 ORA A
2381 C29Fg3 JINZ EOOM
2384 219204 X1 A EMES1

2387 28724 JMP MESS




B:SCS1.PRN PAGE 12

; ENTRY FOUND ART THEST PARAMETEIRS

g39a 347Ele¢  TEST: LIA ABUT

238D 27 oRA A

@38 CAB223 J2 SWAFS

2391 242410 LZILL  BEGY

2294 7¢C »o¥ 3.8

@295 B3 ORA L

8396 CAP203 J2 SWAPS

2309 219724 X1 E.EMESZ ;NO-MO CAN'T DO

230C 28724 JMP MISS  ;IT - IILETE FIRST
; MOTT FILE NAME TG ELOCK PCINTED TO EY FREAD

@297 247810  ROOM: LELT  FREAT

2342 B ICHG

9323 217610 X1 R.FRUF ;FILF NAME FOINTER IN X L

8346 TS PUSE D )

0287 9105 MTI C,NMLEN jNAME LENGTE COUNT

2249 7% MeV23 MOV A M

@344 12 STAY D

gza% 12 INX D

@3AC or ICR c FTEST COUNT

@34D 22 INY E

@3LE (24003 INZ MOT23

#3F1 D1 POP T JRISTCREY ENTFY POINTEZ
; MALT FILE PCINTED TO BY D.E CURRENT

@322 212410  SWAPS- LXI T.FILEC

9385 §TED MTI C PELEN jENTRY LENGTE

2387 18 $#4AP:  LDAX T

93pe 46 MO I M

9330 77 MOT M. A JEIXCTANGE

gaBa 78 MOT 43

g32R 12 STAY T

2330 13 INX ?

3BT 23 INK i ;BUME POINTERS

¢3PF 6D DCR ¢ FTEST COUNT

@33F C2B793 INZ SWAE
; CEECT FOR 2ND PARAMFTE?

@302 3ATELO 1Da AZCF

2305 B7 CRA 3

03CE CAEAOT Jz TAOT  jNQ SECONT PARArETER
i PROCESS ZND PARAMETER

9209 24841¢ I3LL  3BUF  ;CET ADDRESS

g3cc 22291¢ SYLT  BOFP  ;SET BEGIN

@3CF 222818 SELD  EOFP  ;SET™ END

@zr2 7T MO AL 1S ADDRESS ZERO?

@303 P 0RA g .

@304 CADOG3 Jz FIL3S YIS

@207 2601 PILZE-  MVI M1 iNON-ZERO - SET ECF

83D9 AT FILIE- X°4 : AND MAY LINT #

@3DA 322D1¢ sTA MAXL

93T C3TAR3 Jvp TCOT  ;OUTPUT PARAMITERS

93F@ 3ACAL16  FOUT:  LDA TR0F+4

@3E3 FES3 crl s’ 1S CCvMANT FILIS?

93¥S OECE VI C.MAXTIL

@3E7 CAECE3 Jz FOUL

@3EA QEOL FOOT:  MVI c1
; OOTPUT THE # CF¥ ENTRIES IN C

@3Er 212416  FOUL:  IXI E.TILEZ

g3ET 79 MOT A.C
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9370
2zIF3
023F4
334
22r8
a3re
@23rA
Q3FD
Q3FE
@3FF
0422
243
0404
2405
242€
0407

2404
24038
24T
Q40E
411
2412
2413

7416
2419
g41C

@41F
@422
3423
242€
@427
@424

0423
2427
2427
242¢
0431
€432
?43E
¢42€
2427
2438
2429
2aZp

327018
EE
110509

C3ires

1
9525

CD23Re¢
CD2Eg4
Cr2aC1

11¢4e¢

@43D F1

43T

243F

F

.
’

F

T

’

s

F

.
'
!

j
H
7
H
H
H
F

INF- STA FOCNT
PUSE z
LXI D NMLEN
DAD D
rov AM
CRA
INZ Foor
INX F
ADD M
INY E
INZ Foor
INX SP
INX SF
INX LS
INX
JMP T

sSAVE COUNT

FNON ZERO CK TC OUTPUT

P FE
HAVE AN TNTEY TO OUTEUT

0CD: PCP 34 FPTR
MTT C.NMLEIN
AST: ~ov I M FLOAL CEZARACTER TC 3
CALL ouTe
DCR c
INX B
JNZ FasT ;D0 THE REST
KOW OUTEUT BZGIN END PTRS
CALL FOCL jCOTPUT BEGIN
CALL FOCL FOUTPUT END
CALL CRLY FANT C R
TEST COUNT H L POINTS FAST EOFP
FET- LXI D, FELEN~NMLEN-4
CAT L FMCVE TC NEXT ENTRY
LDA TOCNT
ICcR A FTEST COUNT
JINZ FINE FMORE TC LC
RE 7DONE!
CUTPUT NUMBE® POINTEL T0 RY £ L
CN REIT, P,L PCINT 2 WORDS LATER
COL- CALL 3Lx1 7SFACE
INY 7
hiokd AM
ICX i
PUSE E
CALL RQUT 7 OUTPUT
POP g
Mov .M
Ivx g
INX E
PUSE B
CALL 20TB sOUTFUT
PQP S FRESTORE 3 L
RIT
SEARCH TEY FILY TITECTORY FOR TET FIIT
WHOSE NAME IS IV FPUF.
RETURN IF FOUND, ZERC IS OFF. H.1 PCINT TO
ENTRY WHILE SEARCHING ON ENTRY FOUND WITE ALI®
ZERO  SFT FEF ™0 >¢ AND FREAD TO TEE ADDR OF ENTRY
SE&: XRA A
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9448 327D1¢ STA FEF $CLAIM NO FREE INTPIES
7P443% 2EQE Myl 3.MATTIL JCCUNT OF EINTRIES
9445 1124190 X1 D,FILEQ ;TARLE ADDRESS
0449 217€10Q FSE1g- LXI B FEUT
@442 QFES MyI C NMLEN
044D CDE201 CALL SEAR $TEST STRINGS
g4ase ¥S PUSE PSW 7 SAVE FLAG
2451 DS PUSE T
0452 14 LDAX D FGET 2CFF
2453 B7 CRA A FIMPTY ZINTRY?
@454 C275C4 JINZ FSEZe
2457 13 INX D STORE OTEIR WOAC
2459 14 LDAX D
g¢asSe 27 ORA A
2454 C2750¢ JINZ FSE2¢2 FNCPE-GO TEST ¥FOR MAICEH
248D EP XCEC
@45E 11FAFF IX1 D -AMMLEN-1
@461 1¢ TAT T FMOV TO 3EGINNING
@4€2 227810 SELD FREAD SSATE ADDE
2465 74 MOV Al
@46€ 327010 STA FET FSET FREE ENTRY FCUND
2469 F1 POE -4 JRESTOR INTERIM ETR
?4€A T1 POP PSW SUNJUNK STACK
; MOVE TO N¥XT ENTPY :

@4€3 11¢8¢e FSE15- LXI D FELEN NMLEN
P4€E 19 DAD D
Q4€F ER XCEG FNEXT ENTRY ADDR IN IE
2472 05 IcR2 B TEST CCUNT
9471 C8 RZ FDONE--NOPE
2472 (34204 JME ISELQ FTRY NEXT

: 3ENTRY WASN'T FREEZ. ™EST FOR MATCH
2475 T1 TSE22: POP g
2476 F1 PP pPSW
2477 C2€E24 INT FST18 ;IF ZERO CLEAR. NO MATCE

FENTRY FCONT

0474 11FBFF LXI D, ~NMLEN FBACYUP
2477 19 TAT D 7E.L POINTS TG INTRY
247F 7A Mov A D
@47T 37 ORA A JCLEAR ZEROC
@43@ CS RET JTEAT'S ALL

;
H
; OUT®UT ERRCR VMESSAGE FOR ILLICAL CCMMAMND
»

20481 CD3A01 WEAT: CALL CRLY ;CCT CPLF

2484 218T04 WHAL: LI H EMES MESSAGE ALIRESS
2487 CDAGO2 MESS: CALL SCRN

@484 CIE72C JMP TOR

;
948D 5748415400EMES: DF
0492 46554C4CQLEMES1- T3
3497 4F4F2M4F4FEMES2: DB

H

i

3 CALL POUTINE 70 ENTER TATA INTC MEMORY
i AMD CHECX FOR ERROR CN EETURN
i
i

TEIS ROUTINE IS USEL TC EINTIP TATA VALUES INTO MEMCRY
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i EACH VALUE IS ONE BYTT ANT IS WRITTEN IN EEXALECIMAL
i VALUES GRFATER THAT 285 wILL CAUSE CAIRY TO EE SET
i AND RETURN TO PR MATE TO CALLING PROGRAM
;

242D €D2703 ENTR: CALL TCER 7CHECX FOR PARAMETFRS

€442 CTag9es CALL ENTS

C24A3 DAE104 Jc WEAT

2446 33401 JVE CRLF
’
’

2027 = EEND ECU = FTFRVINATION CEAR

0449 CI3AC1 ENTS: CALL CELT

C4AC CP8520 CALL READ FREAD INFUGT DATA

C4A™ 21CF1Q L7 . IBUF SET LINE PFOINTER

24F2 220610 SHLT PNTE FSAVE PCINTER

@435 (DO301 ENTL: CALL ZRUF iCLEAP BUFFYP

2438 CL3909 CALL S3LK iCAN TO FIRST VALUE

Q4BP DAASO4 JC ENTS iJUMP IF CR FOUND

C4BE FE2F C:I ZIND

24C2 €8 RZ FPETURN CAREY IS ZTRO

24C1 CD9AOB CALL ALBS FELACE VALUT IN BUFFER

24C4 78 MOV A.B FGET TIGIT CCUNT

¢405 FEQ3 CPI 3 FCHECY NUR OF DIGITS

24C7 3IF cMe

24C8 pe RC JRETORN IF MCEZ TEAN 2 LIGITS

24C9 917%10 LXI 3,ABOF ;CONVERSION ADDRESS

94CC CT4992 CALL AREX FCONVERT VALUE

94CF D8 RC FERRCR IN HEX CPRARACTEIE

04D@ 7D MOY A.L

2401 248419 LELD BBUF FFETCE® VEMORY ADDRESS

e¢aT4 77 MOV M.A FPUT IN MEMCRY

04D5 CDSBO2 CALL ACH1 7 INCREMINT MEMORY LCCATION

2472 CZB5¢4 JMP ENTL
?
;
’
i TEIS RCUTINE IS USET TQ INTER LINES INTC TEE FILE
i AREA. TEE LINF NUMEER IS FIAST CEECYED 70 SEF IF IT IS
i A VALID NUMEER Q@@ 99S¢ . NITT IT IS CEECYED TO SIE
i IT IT IS GREATER TFAN TEE MAXIMUM CURRENT LINT NUMBER
7 IF IT IS TEE NEXT LIME IS INSTPTED AT TET EIND GF TEF
7 CURRENT FILE ANT THE MAXIMUM LINE NUMBEE IS UPDATED 4S
i WELL 4S TET END OF FILE POSITION. IINT NUMAERS TEAT
i ALRTALY EXIST ARE INSERTET INTC T3% FILE AFEA AT THZ
7 APPROPRIATE PLACE AND AKY EXTRA CEARACTARS IN THE OLD
7 LINE ARE TELETED
’

@4LB 342410 LINE- LDs FILZe FIS A FILY DIFINED? ..

34DE B7 OR4 A

2407 CA8104 JZ WHAT 7ABCRT IF NQT

C24E2 ¢FO4 MVI C 4 iNG CF TIGITS TO CEECK

@4%¢ 21C519 LXI F . I3C0F-1 FINITIALIZE ADDRESS

¢4E7 27 LICK: INx B

Z?4E2 7T MOV A M JFETCE LINE LIGIT

@¢4FQ FE3Q 33 ‘2 JCEECX FO® VALID AUMEER

04E3 LA8104 JC WHAT

24FF FE3ZA CPI ‘9-1

84F3 D28104 INC WEAT
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@473 @T neR C
d4F4 C2E704 JrZ LICK
@477 22741¢ SELT ATTS FFIND ATTRESS
g4FA 113010 LXI D.MAXL-3 $GET ADTRESS
247D CDCaes CALL covo
25A@ D2202% JINC INSR
;5 GET FERE IF N¥W LINF IS GREATER TEAN MAXIMUM LINE #
2sez 23 INX =3
0574 CDER2S CALL LOIM JGET NEW LINE NUMBER
2se? 2130190 LXI H,MAXL-3
@Z2A CILC@2S CALL STOM FMAXE IT MAXIMIM LINE KUMBZR
28er 11C510 IxI D, IFOF-1
251¢ 242B19¢ LHELT Z0FE FEND OF FILZ POSITICH
Q€13 2E21 MYI .1
9515 CDAERS CALL LMov $PLACE LINF IN FILE
2512 3eel SFOF: MVI M1 $END OF FILE INTICATCR
@514 222%1¢ SBLD EOTP FEND OF FILE ADIFESS
@S1T C2evee JMP FOR

GET EERI IT NEW LINE MUST 3E INSEPTEL INTO ALREALY
EXISTING FILE ARFA
NSP

;
;
2529 CI72es N CALL FINT FINT LINZ IN FILZ

9523 @gE02 MVI c2

9525 CA29@5 JZ FQUL .
@528 @D Ic2 [4 JNEW LN NCT ZQUAL TC SCMZI CLI LN \~‘D
2529 4€ EQUL- MeT 2.M

@524 2B ocX B

QS2E €02 MV1 M.2 FMOVE LINE INIICATCE

252D 227210 SELT INS? FINSERT LINE POSITION

@53@ 3ACS10 LTA IBUF~-1 NEW LN COUNT

2533 @D DCR C

2524 CA3EES JZ L 7NEW LN NOT = OLD LM

QE37 9@ SUB B 7COUONT TIFFERENCE

9538 CA6105 Jz ZERO SLINE LENGTES 3IQ0AL

@538 DAS5125 Je GT

7 GFT HERE IF # OF CHARS IN OLD LINE " # CF CHEARS IN
7 NEW LINE OR NEW LINE # WAS NOT EQUAL TO SOMI OLD

7 LINE #
L

@S3E 242B10 T: LELD EQF?® JEND OF FILY ADIRESS
@541 54 MOV D E
@842 €D MOV E.L
2543 CDA1QS CALL ADR FMOVF® TO ADDRESS
g54€ 222R12 SHELT TOFP FNEY ENT OF FILZ ALIFZSS
Q9542 QEQ2 MYI c,2
2543 CTAFOS CALL MOV JOPEN UP FILE AREA
@S4E C36125 JMP ZERO
7 GET BERE IF # OF CHARS IN OID LINE « # OF CEARS IN
7 NEW LINE.
. @581 2F GT: cMA
9552 3C INR A 5COUNT DIFFERENCE
9553 54 MOV TEH
9554 5D MOV E,L
¢555 CDhAles CALL ADR
@588 ¥B XCEG
23559 CDA€esS CALL LMoV ;DFLETE EXCESS CFAR IN FILE
@5EC 3601 MVI M1 }E-C-7 INTICATCR
QSSE 222F10 SELD EOFP yE-O-F ALDPFES
3 GET HEPE T0 INSERT CURRENT LINE IN”O FILE 4REZ
061 247210 ZERG: LALD INSP FINSERT ADDRES
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25€4 362D MYT M ASCER

BEE6 22 INX i

QS€7 110519 X1 D.IBUF-1 JNEW LINE ADDRESS
2564 0EC1 MYI .1 jCEECK VALUZ

2ZEC CDAEOS CALL LMoV FPLACE LINE IN FILE

Q56F C367¢0 JMP EOR

3

i

7 THIS PCUTINE IS USED T0 FIND &4 LN IN TEE FILE ARE:

i WEICE IS GREATER TEAN OR ZQUAL 7C THT CURKENT LINE »

2572 218112 FIND: LXI H,AEUF+3 FEUFFE2 ADDPRFSS
as75 227412 SHLD ADDS FSAVE ADDR2SS
2878 24291¢ FINT: LELT BCFP FBEGIN FILE ATTRESS
2578 7¢ MOV AH FJRETUBN TC MONITOR IT
¢s7C BS ORA L i TFILE IS EMPTY. ..
2S7D CAE7Q0 JZ ple):)
2529 (ToA2S FIl: CALL EO1 FCEECY FCR END OF FILE
9583 ER XCEG
@394 2474102 LELD ADDS FFETCH FIND ADIFESS
9587 ER ICHG
0888 3IrC4 MYT 4,4
2524 CDA12S CALL ADP FEUNP LINE ADIPISS
95eD CDC8o5 CALL ccme iCOMPARE LINE NUMBERS
259¢ re RC
2591 C8 7
8592 7F Fiz: MOY A.M
€S9z Craies CALL ADR #MEXT LINI ADDRESS
@596 C2re@s Jmp Fl1
1
’
i WEEN SEARCHING THROUGH THE FILE ARFL TZIS RCUTINE
i CHECFS TO SEE IF TEE CURRFM? ADDRESS IS TEZ :IND CF
i FILE
’
2599 23 EQF: INX 28
9594 3Fe1 EQ1: MYI A1l 7E-0-F INTICATOR
gsorc BE CMP M
g5er Ce RNZ
QS9F CIE79¢ JMP EOR

THIS RCUTINE IS USED TO ADD A VALUE 7C AN ADDRESS
CONTAINED IN REGISTEIR F L

Do o e we e e

25A1 85 DR: ADD L
9542 €F MoV L a
@SA3 De RNC

2544 24 INR S
9545 C9 RET

TEIS ROUTINE WILL “OVE CHARACTER STRINGS FRO: ONE
LOCATION OF MEMORY TO ANCTHER

CEARACTFRS ARE MOVED FROM LOCATION ADDRESSED EY D.F
TC LOCATION ATTRESSEL BY E.L. ADDITIONAL CEARACTERS
ARE MOVED BY BUMPING POINTERS UNTIL TET CEARACTER IN
REG C IS FETCEED.

o e e e ws we e —e —e
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0SAE 1A LMOY: LDAX D JFETCH CHARACTER

2547 13 INX T s INCREMENT FETCH ALTRESS
2548 P9 CMP c FTERMINATION CHAPACTER
25A9 C8 RZ

QSAA 77 MOV M.A 7STORE CHARACTER

@5AB 23 INX E FIMCREMENT STORE ADDRESS
@SAC C3A€gS JMP Mev

THIS RCUTINE IS SIMILAR TC ABOVE EXCEPT THAT TEER
CEARACTER ADIRESS IS DECREMENTED AFTER ZACH FETCE

xpea o wewe we e

ANT STORE
@SAF 1A MOV - LDAX D FETCH CEARACTER .
2539 13 DCX D sTECREMENT FETCZ ALIRESS
@SE1 BO CMP o TERMINATION CEARACTER
9582 (8 r2
@SB3 77 MOV M.A 7STCRE CHARACTER
@5B4 2B DCX E JDECREMENT STORE ADDRESS
@5BS C3AFeS JvP Aamov
r
;
; TEIS RCUTINE IS USED TO LOAD FOUR CHARACTERS FROM
7 MEMORY IMTO REGISTIRS
13
@SEL 48 LopM: MCV 3 M FFETCH CHAPACTER
25BQ 23 IM ):¢
25BA 4F mov C.M FJFETCE CEARACTER
@SRB 23 INY E
¢SBEC S€ MOV DM FFETCE CEARACTER
@SBL 23 INX q
@5RE 5% MOY E.M SFETCE CEAPACTER
2387 CS RET
H
’
i TEIS RCUTINE STOREFS FOUR CHARACTERS FROM TEE BEGISTERS
7 INTO MEMORY
’
asce 72 STCM: MOV v E }STCRE CHAFACTER
¢5C1 2% DCX E
@s8c2 72 vMOv D FSTORE CEARACTER
@5C3 2B oeX "
g35ce 71 mMov M.C STORE CHARACTER
@5C5 2B DCX -4
@ECS 72 ) MOV M.3 FSTORE CEARACTER
@5C7 C9 PET
’
1
5 TEIS ROUTINE IS USED TO COMFARE TWO CTARACTER STRINGS
; OF LENGTE 4 ON RETUEN ZZKC FLAG SET MEANS BOTH
7 STRINGS ARE EQUAL. CARRY FLAG ~¢ MEANS STRING ADDRESSED
; BY D E WAS GREATER TEAN OF IQUAL T0 CHARACTER STRING
7 ADDRESSED BY H.L
’
25C8 2€¢1 come- MVI B 1 yEQUAL COUNTER
0SCA AEQ4 MVl C.4 FSTRING LENGTH
25CC B7 ORA A $CL¥AR CARRY
Q25CT 1A co1- LIAX T FFETCHE CHARACTER
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9SCE 9F SEB M jCOMPARE CFARACTERS
@5CF CAL3ES J7 €02
2EDZ ¢4 INR P FINCREMENT EQUAL CCUNTER
2513 13 coz- DCX D
2SD4 2EF DX ):
95DS @D new c
@SL6 C2CTes JINZ Co1
0ED9 25 DCR B
asDA Co RET
’
i THIS ROUTINT IS SIMILAR TC THE ABCVE ROUTINE EZCEPT ON
7 BRETURN CARRY FLACG 9 VEIANS TEAT CHARACTER STRIMNG
j ATTRESSED BY [,E IS ONLY * STRING ALLFEZSSZL EY E L
’
0STB QEQe coMt- MVI C ¢ FSTRING LINGTH
25DD 14 LDAX D FTCE CEARACTER
9SDE DEeL SUI 1
05E¢ C3CECS JIMP c01-1

THIS ROUTINE WILL TAFE ASCII CHARACTERS ANT ADD ANY
NECESSARY ASCII ZERCES, SO THE RESULT IS 4 4 CEARACTER
ASCII VALTS

2 e es e e en e

@SES CDBBeS ORM: CALL LODM s LOAD CEARACTERS
OSEE AF IRA A FFETCE A ZERO
Q@SE? 28 cvp B

95E8 c8 RZ

QSES BB NCR1- cmp E

@SFA C4C2025 CNZ STOM $STCRE VALUES
@SETL Co RNZ

QSEE S MoV E.D FMORMALIZE VALUZ
@5FF 51 MOY D,C

@5F¢ 48 MOV o}

@5F1 Q€3¢ M7T 3.2

@5F3 C3E90S . Jmp NOR1

TEIS ROUTINE IS USED TO LIST TET CONTENTS OF TEE FILE
AREA STARTING AT TRF LINE NUMBER GIVEN IN THE COMMAND

¢SFE CD3A0L LIsT- CALL CRLF

Q@SF9 CI7275 CALL FIND FFIND STARTING LN

@SFC 23 LIS™@: INX H $OUTPUT LINE.

@5FT CTAc@2 CALL SCRN

Q€PP CD3AQL CALL CRLF

€23 CcDeges CALL EOF FCHECX FOR EIND OF FILE
2€06 CLEICe CALL INE ;CEECK FOR CTRL-X
Q€Q9 C2FC2Z5 JINZ LISTe jLOOP IF NO CTRL-X
2€gC Co RET

TEIS ROUTINE IS USET TO DELETE LINIS FRCM THE
FILE ARFA. TEE RIMAINING FILF AREA IS TEEN MOVED IN
MEMCRY SO TEAT TEERT IS NO EXCESS SFACE.

Q€97 CD2793 LL: CALL VCEX ;CHECY FOR PARAMETER
261@ CT722s CALL FIND FJFIND LINE IN FILE AEZA

1) we e vt wo e e

5]
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9613 227210 SELD DELP }SAVE DELETE POSITICN
261€ 2125190 LXI H ABUF-7
Q€19 7 MOv AM FCEFCK FOR 2MD FARAMETER
CE1A B7? CRA A FSET FLAGS
QELB (22106 JINZ DEL1
Q€1E 218110 LI H ABUF- 3 FUSE FIRST FARAMETER
9621 227410 DEL1: SELD ADDS FSAVE FIND ATLTRESS
€24 T3 XCEG
Q€25 212010 LYI 5 MAXL-3
¢€28 CDC8es CALL coMe FCOMPARE LINE NUMBERS
@E2D 24721¢ LELD DELP iLOAD CELETE POSITIOM
PE2E DAEFRS JC NOVR

i GET HERF IF DFLETION INVOLVES END OF FILE
2€31 22221¢ SHLT ECFP 5CHANGE E-0-F POSITION
0€34 3€01 M7I M. iSET E-C-F INDICATOR
CEZE EB XCEG
€37 2A201¢ LELT BOTFP 3GET BEGIN FILE ALIRESS
9634 EB XCEG
QE3B geer MVI B 13 iSFT SCAM SWITCE
@E3D 2P DX ):4 FCHECK FOR 207
QE3E 7D DEL2: MOV AL
@EIF 93 SUEB E
Q€40 7C MOV AE
2641 04 SEB D
@642 3JEQ@D MYT A ASCR jLCOX FGR CR
9€44 DAEEGE JC TEL4 sDECRIMENTED FAST ZCF
@€47 25 ICR B
0648 2B nex E
2649 BE cvP M FFIND NEW MAX LN
2€4A C23E0E INZ TEL2
@E4D 23 DCY B
CE4E 7T MOV AL
QE4F 93 STR E
2€5@ 7¢C Moy AH
QEE1 94 SBE T
0€52 DAE706 JC DELS
g€SS 3BE cMp M FENC OF FREVIQUS LINE
QESE 23 INX his
2€57 23 INI )il
AES8 CAECOS JZ LEIL3
@ESE 23 INX g
2€5C CDBL@S TELI: CALL LODM FLOAD NTW MAX LN
QESF 213918 LXI H.MAXL+3 iSET ADDRES
@€62 CDCOZS CALL STOM 3STORE NEW MAZ LN
€65 Ce RET
Q€ES B8 DEL4: CMP 3 JCEECK SWITCH
Q€E” EB TELS: XCEG
2€68 (25B26 INZ DEL3-1
@EEB 322D10 STA MAXL FMAVE MAX LN A4 SMALL NUMEERX
Q6EE C9 RET

i GET FFRE IF DELETION IS IN MIDDLE OF FILE AREA
@€EET CD8egs NOVR: CALL FI1 FFIND END OF DELETE 4REA
Q€72 (9228 cz F12 FNEXT LINE IF THIS LN EQUAL
JE?S TR NCVY: XCEG
2676 24721¢ LHLT TELP 3 CHAR MCVE TC POSITICN
9€79 GEQ1 MVI C,1 iMOVE TERMINATOR
Q€78 (DA62S CALL LMoY jCOVFACT FILE AZEA

OE7F 222P10 SHLD EOFP FSET EOF POSITION .
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e€egl 3€g1 MYT M1 FSET EQF INTCICATOR
Q€E3 CO RET

STARTIN® EYRE IS TET SELF ASSEMBLEP PROGRA:
TEIS PROGRAM ASSEMBLES PROGRAMS WHICE ARZ
IN THE FIIE ARER

et e ee e e

2€84 CD2703 SsM: CALL VCEK jCEECK TOR PARAMETER
9€87 3pre212 1Da ABUF-4¢ ;GET 2ND PARAMETEE
2694 B7 CRA A fCFECX FOR PARAMETEES
2ERE (20406 INZ ASMe
2EBE 248410 LELD BBUF JFETCH 1ST PARAMETER
€01 228C12 SELL BBUT-2 ;STORE INTC 2ND PARAMETER
0F94 3ACAL1Q ASMde: LDA IBUF-¢ FETCE INPUT CEARACTER
Q€97 T€45 SUI ‘E° FRESET A IF ERRORS OMLY
Q€99 322E1¢ STA AERR FSAVE ERROR FLAG
Q€9C 2EFF MVI A, QFFE  ;PUT MARXER IN SY#RBOL TABLE...
2ESF 321411 STA SYMT ’
@6A1 AF XPA A FGET A ZER0
QEA2 32G41¢ ASMZ: STA PASI 7SET PASS INTICATOR
@EAS CD2a01 CALL CALF JINDICATE START OF PasSs
2EAD 248210 . LELD BBUF JFETCH ORIGIN
QEAB 220212 SHLT ASPC FINITIALIZE PC
GEAR 272910 LELD BOFP FGET STAPT OF FILE ,
Q@631 227210 SHLD APNT
Q6F4 247210 ASMI . LELT APNT JFETCE LINE POINTER
Q€B7 31B110 LYI SP,ARZA+18
C@EBA 7E MOV A M s FETCH CEARACTEF
@ERR FEQL Cc?I o1 JEND CF FILR?
CE€BD CA2D@Q JZ FASS i JUMP IF END OF FILE
2€C? EB ICHG
2€C1 13 INX D $ INCREMENT 4DDEESS
gEC2 21R112 LXI E CBUF jBLANY STAET ADTRESS
@ECS TEC1 MVI A.IBUF-5 AN @FFE ;3LANK ENT ADLRESS
0£07 CDES@OE CALL CLER FELANT OUT EUFFEP
Q6CA CEQT MY C ASCR ;STOP CHAFACTEIR
@€CC CDAEZS CALL Mo7 yMCVE LINE INTO EUFFER
CECF 71 “ov M, C JPLACE CR IN BUFFIR
Q€T 7B ICHG
CED1 22721¢ SHLD APNT FSAVE ADDRESS
CET4 3A92102 LDA TAST FFETCH FASS INDICATOR
Q€ED? B7 ORA A FSET FLAGW
@€DN8 C2F106 JINZ ASM2 JJUMP IF FASS 2
QELB CT7ee” CALL PAS1 .
2EDE (33406 JMP ASM1
@EE1 CDCSO7? ASM2: CALL PAS2
QEE4 CDEACE CALL A00T FCUTPUT LINE
O€E7 C3B496 JMP ASM1
’
i TEIS RCUTINE IS USEL TO OUTPUT TEE LISTINZ FOR
i AN ASSEMBLY. IT CEFCXS THF FRROR S¥ITCH TC SII IF
i ALL LINES ARE TO BE PRINTEL CR JOUST THOSE WITI
i FRRO®S.
’
JETA 3A8T1C AQUT: LDA AERR i FETCE ERROR SWITCE
26ET B7 ORA S 5 SET FLAGS
@EFE C2F70€ JINZ ACTIL FOUTPUT ALL LINZS
0€F1 3AB112 LDA OBUF FFETCE ERROK INDICATOR
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@€T4 FE29 CPI ’ FCHECX FCR AN IRROR .
QEFE 8 RZ FRETURN IF NG E®RCR

@EF? 21B119 ACUL- LxI H OBUF ;OUTPUT BUFFER ALDRESS

JEFA CDAGOZ CALL SCEN FCOTPUT LINE. .

QEFT C3Z401 JvP CRLF

PASST OF ASSEMBLER. USED TO FORM SYMBOL TABLE

g eees e

270¢ Cloze1 AS1: CALL ZBUT FCLEAR BUFFER

Q703 3204192 STA PAST 7SET FCR PASSL
@70€ 21C5612 LI H,IBUF  INITIALIZE LINZ POTNTER
a7e9 Ccreigrw CALL PATCE FCHECX TOR LABEL OR COMMENT

PRCCESS LABEL

- e e

270C CDS2eR CALL SLAB #GET AND CHECX LABEL
270F TAeFaB Je CPS FERRCR IN LABEL
9712 CAEAQC JZ FRRD yDUFLICATE LABEL
@715 CD4¥Q7 CALL LCHK jCHECK CHARACTE® AFTER LABEL
2718 C20F03B INZ OPS FEPRO® IF NO ELANZ
e71B QEES MTI C LLAB ;LENGTE OF LABELS
971D 217F1¢2 LX1 E.ABUF jSET EUTFER ADDRESS
9720 7% MLARB: MGV AM FJFETCH NZIXT CEARACTER
@721 12 STAY T FSTCRE IN SYMBCL TA3SLE
2722 13 INY D
€722 23 INX H
2724 T ICR C
2725 C22g@7 JINZ MLAB
@728 E3 XCHG
9729 220012 SELD TABA iSAVE TABLE ALDRESS ¥CR G0
272C 349310 LDA ASPC-1 FETCH PC EIGE
272%F 77 MOV M4
273e 23 INT )i
@731 3ac21¢ LTA ASTC FFETCE PC 'LOW
3734 77 MoV M.A 7STORE IN TABLE
@738 23 INX g $STORE END-OF-TAPLE MARKXER
@736 3EFF MYI ™ @¢FFE
’
i FROCESS OPCODE
’
2738 (DeZa1 OPC: CALL 130F JZERC WORKING BUFFER
@738 CD3%e9 CALL SBLX iSCAN TC QFCODE
@73% LAZERB Je CERR i TOUNT CAREIAGE RETURN
2741 CDOACB CALL ALPS JPLACE OPCODE IN BUFFER
9744 FE2¢ CFI c FCHECK FOP BLANK AFTER CPCODE
9746 DAOSZA JC OPCD iCR CR TAB AFTEF CPCOILE
09749 C2360B JINZ CZRR FERROR IF NO RLANK
274C C39504 JMP C0PCL FCHECK OPCCIDE

TEIS RQUTINE CHECXS TSE CEARACTER AFTER A LABEL
FC® 4 BLANX OP A COLON.

ot ee wr er e

@74F 249618 CHK: LELD PNTR

2782 7% MOV AM JGET CHARACTER AFTEF LABEL
2753 Fr29 CPI ce FCEECK FOR A BLANX

2755 c8 RZ JRETURN IF A BLANK

Q756 Froo CPI @9E 7CEECE FOR A TAR

2788 ¢8 RZ FRETURN IF A T24B
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2759
2758
278C
275D
27€0

0781
762
8763
e7se
a6
a760
a7ec
27€E
8771
2773
8774
g77€
2777
9778
8779

0774
277D
o77F
277F
e7e2
2785
g7es
278
[acdsh

e7o¢g
@792
anes

2796
2799
279¢
979E
279F
Q742
2745
@787
2748

Q7AB
Q7AE

2733
@7B€
2787
@7BA
27BB

TE3A
Co

23
229€10
[+4]

CIL3see
14

B?
CAg€e?
FACER?
E24E07
FEQS
DAREQ?
c22ree

C3250P

CDBC2B
ZAB11Q
FE29
ce
2292190
JACS19
FE21
rs
C3FEe7

CTBCe3B
SACELD
FE21
DAC3acC
E3
2A9012
72

23

CPI
}NZ
INX g
SELD PNTR
RET
?
7 CHECX FOR LABELS
’
PATCH: INX SP
INX SP
SHLTD ENTR
deas AM
CPI c
JZ CPC
CPI 99E
JZ oPC
CPI Tw
RZ
CPI =
RZ
DCX SP
rex sp
RET
i
f
1
PSUL- CALL SBLK
LLAX L
OR4 A
Jz ORG1
JM DAT1
JEOQ EQU1
CPI g
Je PESL
JINZ FASS
i DO DW PSEUDO 0P
ACOL- MTT c,2
IPA A
JMp OCN1
7 D0 ORG PSFULO-CP
CPG1: CATL ASCN
LDa OEUF
CPI o
RNZ
SELD ASFC
LA I30F
CPI RS
RC
JMP ECUS
i DO EQU PSTUTO-OF
EQUL- CALL ASCN
LDA IBUF
CPI Coo-1
Jc FERM
200¢: XCHEG
LELT TABA
MCY M.D
INX B

"
£
«
=1

FCIECK FOR A COLON

3SAVE POINTER

OR- COMMENTS

FBUMP SP PAST RETURN ALLREISS

FSAYE POINTER

JFETCH CEARACTER

JCEECX FOR A4 BLAMNK

7JUMP IF NO LABEL

#CHECX FOR A TAB

FJUMP IF NO LAB:L

iCEECK FOR COMMENT

JPETURN TO BIGHZIR LIVEL
FALSO CHECK FOR COMMENT...

n

(]

FPOINT SP AT IMMEDIATE RETURN...

PROCESS ANY PSTULQ CPS THAT NEIIT 70 BE IN PASS 1

7SCAN TO OPIRANT
FFETCE VALUE
FSET FLAGS

7ORG OFCODE
7DATA STATEMENT
FEQU QFCODE

FRES OPCODE
FJJUMP IF END

72 BYTE INSTRUCTICN
iGET & ZERO
iADD VALUE TO FROGRAM CNTR

FGET QPERAND
JFETCE ZFRCR IANDICATOR
+CHECKX FOF AN ERRCR

FSTORE NEW ORIGIM
JGET FIRST CHARACTER
JCHEECK FOR LAZFL

7NO LABEL

FCEANGE LABEL VALUE

JGET CPERANT

JFETCE 15T CHARACTER
;CEECX FOP LABEL
FMISSING LABEL

7SYMBOL TABLE ADDRESS
JSTCRE LABEL VALUE
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278C 73 MOV M.E

978D C© RET
; LO TS PSEUDO~CP
@7BE CDBCCB RES1: CALL ASCN $GET OPERANT
44

g7Cl MoV B,E
@7C2 4L MoV cL
@7C3 31408 JMP RES21 ;4DD VALTE TO PROGRAM COUNTER
’
3 DO LR PSEUTO-CP
’
@7Cc6 C321¢9 CAT1: JuP DAT24
1
; PFRFORM PASS 2 OF THE ASSEMELER
’
27C9 21F31¢@ PAS2: LYI ¥.03UF-2 ;SET OUTPUT 3UTFER ADDRESS
@27CC 348312 LTA ASPC-1 FFETCE PC HICE
@7CF CDAFAZ CALL BINE 2 CONVERT FCR OUTEUT
2702 23 INX q
@702 249212 LIa ASPC FFETCE PC LOW
@7DS CDAFE2 CALL BINE 2  jCONVERT FOR OUTPUT
@709 23 IME E
2708 220710 SELT QINT 5SAVY QUTPUT ADTFRESS
g7dD CDS3e1 CALL ZEUF FCLEAR BOFFFE
@78¢ 21C612 LXI E.IBUF ;INITIBLIZE LINE PCINTER
@7F3 CDELB7 PAEL: CALL PATCH
@786 CTECeB CALL SLAZ FSCAN OFF LABEL
g7F9 DAESEC Je FRRL JEPRCR IN LABEL
@7FC CD&Fe? CALL LCEE ;CHECY FOR & ELANK OR COLON
Q7EF C2ES2C JINZ FRRL FERRCR IF NOT A BLANE
g7F2 33887 Jup CBC
i
i
; PROCESS PSEULO OPS FOR PASS2
Q7FS 1A PSU2: LTAX T
@7F6 E7 ORA A 7SET FLAGS
¢7F7 CAZQE8 JZ ORC2 ;OR% OPCODE
@77A FTA1E2S Jr TAT2 ;TATA CPCOIE
@7FD E22708 JPO 002 {EQUATE PSTUDE-COP
ee¢e FTECS crl ]
geg@2 DA@ERS JC RES2 }RTS OPCOLE
2805 C22D49° INZ EASS $END CPCODE
; TO TW PSEUTO-OP
0808 CDATOS ACC2: CALL S€ SGET VALTE
22¢3B C3goeev? JMP ACOL
7 DO DS PSEUDO-CP
280E CDBO9B RESZ: CALL ASBL jGET OPERAND
2811 44 MCV 3.E
0812 4D MOV c.L
2812 2A8C1¢ LELD BBUF 2 ;FETCH STORAGE COUNTZR
281€ 29 DAD 3 JATT VALUE
g817 228C190 SELD 2BUF-2
@81A AF RES21- XBRA A FGET A 7ERO
9813 (32803 JMP ocN2
; LO DB PSEUDO-QOP
@81E CICCe8 TAT2- CALL TYSS FGET CPERANT
2821 AF DAT2A: XRA A sMAXE A ZEFO
@922 9Ee1 MVI c1 sBYITE COUNT
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¢82¢ £328¢® JMP OCN1
’
i HANDLE EQUATES ON 2XD PASS.
?
@827 CDES@3B EQU2: CALL ASBL JGET OPERAND INTO EL AND

i TFALL INTO NEXT RCUTINE

STORE CONTENTS OF EL AS SEX ASCIT AT QBUF 2.
OM RETURN DE HOLDS VALUE WHICH WAS IN HL

U we e ws we

@924 EB INAD.  XCHG JPCT VALUE INTC I3
782F 212319 LI 3.0BUF-2 FPOINTEF TO ADIR IN OEUF
922% 74 MOV 4,0 iSTORE HI BYTE....
282F CDAFR2 CALL BINE-3
0832 23 INX B
223 73 MOV 4 E FSTORE LO BYTE.
2834 CDAFE2 CALL BINH-3
2837 23 INX E
€238 €9 RET
i DO ORG PSEUDO-(QP
2839 CDBOGR ORG2: CALL ASBL FGET NEW ORIGIN
Z#23C 3AB11¢ LTA OBUF yGET ERRCR INIICATO?
083F FE20 CPI o iCHECY FOR AN IR®CR
2941 Co RNZ iDON"T MODIFY PC IF FRZQOR
2842 CD2A2R CALL BINAD ;STORE NEW ADDR IN OZUF
2845 250212 LELD ASPC JFETCE FC
2848 T3 XCHG
2849 225219 SHLD ASPC FSTOPE NEW PC
284C 7T MOV AL
284D 93 SUR E iFORM DIFFFRENCE OF GRIGINS
224% SF MOV E4
@24F 7¢ MoV 384
2850 9 SEB D
2851 s7 MOV T.A
2852 228010 LELD BEUF-Z  FETCE STORAGE PCINTER
2255 19 D4&D T ;MODIFY
2838€ 22ec1¢ SHLT BBUF-2 ;SAVE
2859 co RET
’
i FROCESS 1 BYTE INSTRUCTIONS WITEOUT CPERANDS
’
2854 031409 TYP? - JMP ASTO iSTORE VALUE IN MEMOZY ANT FETURN
1
; PROCESS STAX ANT LDaX INSTRUCTIONS
1
2¢25T CIB923 TYP2: CALL ASBL FFETCHE OFERAND
2967 C4ASgC CNZ ZARR FILLEGAL REGISTTR
@8E3 7D MOV AL JGET LOW CRDER OPERAND
@864 B7 CRA A #SET FLAGS
€8€5 CA8128 JZ T731 JOPERAND = 2
29€3 7EQ2 CFPI 2 FJOFTRAND = 2
28€A C445aC CNZ ERER yILLEGAL REGISTTR
Z2€T 32108 JMP TY31
H
i PROCESS PUSE,POF,INX,DCY.DAD INSTRUCTIONS
’
2877 CDEOOER TYP3- CALL AS3L JFETCE OPERANI

2873 C4AS2¢C Nz ERRR iILLEGAL REGISTER
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@87€ 7T MOV AL sGET LOW OFETEX CPERAND
9877 QF RRC JCHECX LOW ORDER PIT
@878 DCASecC cC ERRR 7 ILLEGAL REGISTFR
2878 17 RAL }RESTORE

087C FEQ8 CPI 8

087F D4A5@C CNC ERRR FJILLEGAL REGISTER
2881 @7 TY31: RLC FMOLTIPLY EY 8

eag2 17 RAL

2883 17 RAL

2884 47 TY32: MOV B,4

2285 1A LDAX D +FETCE OPCODE BASE
2886 8@ ADD R iFORM OPCOTE

2887 FE7€ CPI 118 7 CEECX FOR MOV M,M
2229 CCAS@C cZ ERFR FILLEGAL REGISTER
088C C3SAge JMP TYPL

FPROCESS ACCUMULATOR INR ICR,MOV.RST IMSTRUCTIONS

~e e s

288F CDBS@B TYF4: CALL ASBI yFETCE OPERAND

2892 C4ASAC CNZ EFRR s ILLEGAL REGISTE?
2895 7D MOV AL FGET LOW ORDER OPERAND
2996 FEQQ CPI 2
0898 D4ASAC CNC ERRR JILLEGAL REGISTER
289 14 LDAX D FFETCH OFCODE EASE
289C FE4@ CPI €4 FCHECX FOR MOV INSTRGCTION
@89E CAaADes JZ T741
@28A1 FEC? CPI 199
28A3 7D Moy AL
0844 CAB108 JZ TY31 FRST INSRUCTION
@8A7 TAL428 JM 7732 JACCTMULATOR INSTEUCTION
@8AA 38108 JMP 31 5 INR,DCR
7 PRCCESS MOV INSTRUCTION
28AD 29 TY41- DAD 1 }MULTIPLY OPERANT EY S
@EAE 29 DAD B
g8AF 29 AT "
A8Pa 8% ATD L 3FORM QPCCDE
2eB1 12 STAX D iSAVE OFCODE
@882 CDEB2S CALL MPNT
98BS CDECaB CALL ASCN
2838 C4A50C CNZ ERRR i INCREMENT POINTZR
@8EB 7D MoV AL JFETCH LCW ORLER OPERANT
Q8R2C FEES CPI £}
29BE D4ASQC CNC ERER FILLEGAL REGISTER
28C1 Cl84¢8 JMP TY32

FROCESS IMMEDIATE INSTRUCTIONS

IMMEDIATT BYTE CAN BETWZEN -25€ AND - 255

MVI INSTRUCTICN IS 2 SPECIAL CASET ANI CCNTAINS
2 ARGUMENTS IN OPERAND

13 e we my we e

28C4 FEC6 YP5- CPI & FCHECK FOR MVI INSTRUCTIOA
98CE cCDeg . cZ 77156

2809 CD1Age CALL ASTO 7STORE OBJECT EYTE

22CC CTBOeB TYSS- CALL ASBL SGET IMMELIATE ARGUMENT
28CF 2C INR A

@2D@ FE@2 CPI 2 7CEECK OPERAND FOR RANGE
@eT2 T4BEAC CNC EREV FCPERANT QUT OF RANGE

26D5 7D MoV A.L

28TE€ C25a@8 JME TYF?
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—e e

FETCE 1ST ARG FOR MVI AND L¥I INSTRUCTIONS

;
98D9 CDE9AB TYS6: CALL ASBL JFETCE ARG

B8EDC c4ASeC CNZ ZRRR® FILLEGAL RIGISTTR

02TF 7T MOV AL FGET LOW OFTER ARGUVENT
28Y@ FEQS CPI 8

€2F2 DaaszC CNC ERRR FILLEGAL REGISTER

g8ES 29 CAD H

98F€ 29 DAD )24

28E7 29 DAD "

28E8 14 LDAX D iFETCE OPCOIZ BASE

98F9 85 ADD L ;FOR OPCODY

@8FA 5F MOV 4 FSAVE OBJECT BYTE

Q8EB 240610 MPNT: LILD PNTR FFETCE FOINTIR

CREE 7E MoV A M FFETCE CEARACTER

A8FF FEZC CPI oL FCEEICK FOR COMMA

@8F1 23 INX 24 FINCREMENT PGINTE® .
2972 22961¢ SHLD PNTR

@8FE C2AFCC JINZ ERRS FSYNTAX ERROR IF NC COMMA
29Fs 73 MOV £ E

78F9 C9 RET

FROCESS Z BYTE INSTRUCTIONS
LXI INSTRUCTION IS A SPECIAL CASE

3 ee s wo -,

¢RFA FTEQ1 YPE- CPI 1 FCHECE FOR LXI INSTRUCTION
@EFC C2¢Ad9 JINZ TY6 7JOMP IF NOT LXI
¢3FF CDDogs CALL 175€ iGET REGISTER
2022 ¥egs ANT 28R 7CHECX FOR ILLIGAL BEGISTER
0904 C4ASGC CNZ ERRR FPEGISTER ERROR
09¢7 73 MOV A.E JGET OPCODE
0908 TEF? ANI @F7H FCLTAR EIT IN ZRROR
29¢4 CD1a0e TYE: CALL ASTO 7STORE OBJECT BYTE
29erC CIBoeB Tvse- CALL ASBL JFETCHE QPERANT
49108 7D MoV A,L
2911 Sa MOV -4
9912 £D1sgg CALL ASTO FSTORE 2NT RBYTE
2915 71 MeT A,D
@81€ CZsa08 JMP TYP1
2919 c9 RET
*
i THIS ROUTINE IS USED 70 STORE OBJECT 2CDE FRODUCEL
i BY THE ASSEMBLER DNRING FASS 2 INTO MEMORY
’
2914 2a8C1e ASTC: LELT BBUF 2 ;FETCH STORAGE ADDEESS
2e1D 77 MoV M,4 iSTORE OBJECT BYTE
@91E 23 INX B FINCREMENT LOCATION
991F 228C10 SELD BBUF-2
2922 249710 LELD OIND JFETCE OGTPUT ATDRESS
29285 23 INY H
0928 CDAF@2 CALL BINE-Z ;CONVERT OEJECT EYTE
@929 229T1¢ SHLD OIND
792¢ C9 RET

GET EERE WEEN END PSEUDO-OP IS FOUND OR WAEM
END-OF-FILE OCCURS IN SOMRCE FILE. CONTROL I5 SET
FOR EITHER FASS 2 OR ASSEMBIY TE®MINATOR IF FINISEED.

i
i
i
i
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;
092D 349410 EASS: LDA PASI SFETCHE PASS INDICATOR
2o2¢ B7 ORA A ySET FLAGS
@931 C2€72¢ JINZ ECR 3JOMP I¥ FINISHRD
9934 3EZ1 MV1 4,1 7FASS INDICATOR FOR 2ND PASS
093€ C3IA20€ JrP ASM3 300 2NT PASS

THIS RCUTINE SCAMS THROUGE A CFARACTER STRING UNTIL
THE FIRST NON-BLANK CHARACTER IS FCOUNT

ON RETURN CARRY SET INDICATFS 4 CARRIAGE RETURM
AS FIRST NON-PLANX CHARACTER.

0929 2A9€10 SBLK: LELD ENTR FFETCE ADDRESS

293C 7E SBL1: MOv AM SFETCE CEAFACTER
@92D FEZ9 CFI 998 ;IS 1T A TAB?

@OZF CA4Sro J2 SBL2 FTREAT LIKE A BLANK
9942 FEZ20Q CPI o FCHECK FOR A BLANT
@044 CQ RNZ JRETURN IF NON-BLANT
2948 23 SBL2: INX -4 5 INCREMENT

0946 22G€10 SKELL PNTE iSAVE POINTER

0949 C33Cee JMP S3L1

TEIS ROUTINT IS USID TO CFECKX THE CONDITION
CODE MNEMONICS FOR CONDITICNAL JUMES. CALLS
AND RETUENS.

€2 ws s we we v ws

@94C 217710 OND: LXI H.ABUF-1

7O4F 227410 SHLD ADDS

2052 g€e2 MVI 3,2 72 CHARACTERS
@954 38004 JMP CCPC

THEE FOLLOWING IS THE CPCOLE TABLE®

O ae oo e e

Q957 4F8247 TAB: DB ‘ORG’
dotA 22 DR )
@°5B 20 DB 2
@95C 455155 T3 ‘EQU”
Q2ET 22 Dz 2
0960 21 DB 1
QO€1 4442 TR ‘T3’
@SE3 ¢ DE @
Q9€4 20 DB 2
0965 FF LE 255
@OE6 4453 DE L
9g68 @¢ DB )
9969 ¢¢ I3 4
@96A 02 DB 3
P9€B 4457 D3 ‘W
Q9€D 292 LB 2
996T @9 DF [}
QQ€TF 25 B S
097@ 454E44 D2 “IND”
Q973 20 DB 2
2974 06 DB €
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2975 2¢ b} [/
0S72 484054 I3 “HLT”
0979 76 D3 118
@974 224043 DR “RLC”
2977 07 DB 7
AC7F 525243 B ‘RRC”
8981 g¥ DR 15
2982 52414¢ DR "RAL”
aces 17 I3 23
8986 524152 DP ‘RAR’
9989 1F DR 31
C9RA 524554 IB ‘RET”
298D 9o DE 201
098E 434T41 DB cMA”
2991 2F I3 a7
7902 835443 DR ‘STC’
@905 37 DB 55
CO9€ 444141 I3 ‘TAA”
299 27 pr 3¢
€994 424D43 DB ‘eMe”
gosp 27 I3 62
299% 45¢9 DP ‘EI’
oA 00 ba)] [

2941 T3 I3 251
0942 4449 T ‘DI’
8954 @0 D3 [
2545 T3 B 243
Q98E 4F4FSe DE ‘NCP’
gc490 o0 DE [
2944 ¢ I3 [

OCAB 58434847 DR “XCHG”
GOAF E3 i)} 235
¢9B@ 5854484(C T3 ‘XTEL
@9F4 T3 DP 227
09B5 53504840 DE ‘SPEL”
Z9B9 Fo T2 249
29P4 5043484C P “PCEL”
@9RT 2o DR 233
9987 ag I3 2
29C7 53544158 P “STAX”
2904 22 DF 2
29CS 40444158 I3 “LIAX"
g9co g4 DR 10
2oCA og )] 2
29C3 50855748 boj] “PUSE”
29CF C5 D? 197
@ST¢ S24F5¢ TB ‘POP”
2903 @9 DR [
2904 C1 DB 193
@9I'5 404%52 LB “INX”
29Dp8 ag DP 2

asD9 23 DB 3
COTA 444358 T3 ‘TCX”
290D 20 DR [
Q9DF 23 DR 11
O9DF 444144 . IB ‘TAT”
29E2 @@ DE 2
@9E3 @9 DB 9
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¢oE4 20 ho:] 2
JOFE 4C4FS2 D? “INR’
gor8 24 DB 4
QQE9Q 444352 °I'B ‘ICR”
@9EC 2% DE g
@OFD 4D4FSE DB ‘MOV”
gore 40 DB €4
Q9F1 414444 e “ADD”
Q974 8¢ DB 128
POT5 414443 o] ‘ALC”
2978 88 DB 136
09F9 525542 DR ‘SUB”
2oFC o¢ I3 144
QOFD 534242 DR ‘SRR
2AB0 S8 DR 152
JAR1 414E41 T3 TANATY
2404 AQ DP 1€0
2A0S5 £85241 D3 ‘XRA°
BACR AR I3 1623
2A29 4F5241 DR “ORA”
Q4AGC B@ DR 17€
@AAD 424DE@ TB ‘CMP”
@A10 B8 DB 184
2A11 525354 I3 ‘RST”
CA14 C7 DR 199
¢A15 o€ DR 2
CA16 414449 rL? ‘AP’
QA19 CE DB i98
QA1A 414340 DB ‘ACI”
@A1T CE I3 22¢€
@AIE S2£549 DB ‘SUr”
@A21 DE D3 214
PA22 534249 D3 "SBI”
GA2S DE DR 222
GA2€ 414F4Q DB TANTC
C2A29 E€ B 220
CA2A 582249 D2 ‘XRI’
@A2D ZE DR 238
QA2F 4F5240 I3 ‘ORI”
QAZ1 TFE D2 24€
@AZ2 435249 - DB ‘CPI”
GA3S T I3 254
QA36 494E DB JINT
A28 20 I2 )
AA3S DB DB 219
BAZA 4F5554 DB ‘0UT”
2A3D I3 LB 211
@ATE 4DE649 DR MV
0A41 Q€ DB 6
2A42 @e ] 4
0A43 4A4D2¢ DB “JMP’
QA48 00 D] @
GA47 C3 I