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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 varlous

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.
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IMSAI 8080 System
General Assembly and.
Test Instructions

KIT UNPACKING INSTRUCTIONS

1.

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

Documentation Set (Manual plus two books)

Cabinet Base Plate N

Table Top Cover (or Rackmount cover and Rackmount
painted pieces)

Two large inner boxes -

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
for

One
the

The
for

rackmount hardware and a sack containing the paper tape
the IMSAI Self-Contained System software.

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

second small box is either empty (serving as a spacer box
packaging purposes) or contains overflow from the sack

paxrts 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.
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General Assembly Notes

CONSTRUCTION HINTS

GENERAL

The IMSATI 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 occur, 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 question 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-1lit, with ano 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.
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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-
sclutely 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 drivervill 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. Any 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 quickly 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 as the 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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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 cbtain the proper solder locally,
DO NOT USE any substitutes. More solder of the proper type
can be dtained 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 ironm,
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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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. Also,
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 (thé 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 unless
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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. 1In
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
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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. In 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 pin 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
manufacturer-dependent suffixes and prefixes. e.g., SN7404N
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.
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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
dicde 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.
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MOUNTING COMPONENTS
Integrated Circuit Chip$,(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 thosg
carriers to insert the others alsoc, by turning the carrier
upside down and setting one of the other chips on Fhe_carrler
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 pigs 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 bent in uniformly if they are all

pressed against a flat surface to bend them: Af?er 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, check
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. aAny
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 the! 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 hoard 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 requlator 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 1lift
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. In
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 %"
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. 1Install 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 beocards. 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/
or Rackmount parts.

Cabinet Assembly
Section

29
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MAINFRAME ASSEMBLY

Assembly of the mainframe consists of the fdllowing steps:
‘Power supply installation
*Mother board installation
-Connection between power supply and mother bogrd
*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. 1Install 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
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 front 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 gauge wire 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

S =™— MOTHERBOARD

WASHER 6x.062" THICX~— FIBER-~ SHOULDER

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

B/ gasLI1115010114 E, 77T -=— BASEPLATE

4 PER EXP-4

8 PER EXP-8
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.

£) 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 filter 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 unigue and
if a larger version (e.g., 22 slot) was ordered
with more edge connectors, the boards need not be v
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 momentérily 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 111 111 377 ADDRESS

2 D3 1101 0011 323 OUTPUT

3 FF 111 1111 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
DB 1701 1011 333 INPUT’
FF 1111 11 377 ADDRESS
2F 0010 1111 057 COMPLEMENT DATA
D3 1101 0011 323 OUTPUT
FF 1Mo 377 ADDRESS
c3 1100 0011 ' 303 JUMP
00 0000 0000 000 LOW ADDRESS

N O W N - O

00 0000 0000 000 HIGH ADDRESS
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The address is now at 0 as indicated by the lights labelled
ADDRESS BUS. Into 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 lit) and the data bus should
now show the bit pattern set in the switches (bits 7, 6, 4,
3, 1 and 0 1lit and bits 5 and 2 off).

Next, the bit pattern for the address of the input port should
be written in position 1. This c¢an 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 position
and released.

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 into ‘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 cperated 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.

37



38

IMSAI 8080
General Assembly and’
Test Instructions

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 ocutput 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 Ml 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 in,.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 lit 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
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 1lit,
and the M1 light is 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 processorxr 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 additioconal 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 light
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 PROGRAMME
OUTPUT port seem to indicate the opposite of what might
have been expected when a bit was read in as a 1 and outpu
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

lit 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 1l'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, OUTPUT
port will show a light 1lit when the switch is positioned
up to enter a 1 bit. Not only is this a less expemsive
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
instructipn 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.
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The switch may be raised to the RUN position starting at
any point in the louop 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 prccessor executes exactly the

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

The definition of a computer involves both the ability

to execute in sequence 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 preograms 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 QUTPUT 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
tpe machine is reset to star:t 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
I§PUT switch bit 1l.on, in order that the bit pattern.
will be shifted slowly enough 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
1s 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/6 gronr is
chgnged, then the bit in the PROGRAMMED OUTRUT 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 1'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 toall 1's, or the other way - from all 1'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 thexe- were only a single light on,:circulating across -
the output 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 0,
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 wvalue 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. 2An 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.
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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 &ontrol. 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
permlt direct transfer of data from memory to a register,

or vice versa.

The B, C, D, and E half registers are,Ké 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 floWw
diagram achieves the operation of the game will be a
useful step towards writing your own programs.
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OCTAL
ADD. INST. ADD.

000 000 257 ' 0000
001 147 01
002 333 02
003 377 03
004 157 04
005 3n 05
006 257 06
007 201 07
010 302 08
011 023 09
012 000 0A
013 123 0B
014 333 oc
015 377 oD -
016 137 0E
017 252 OF
020 302 10
021 041 1
022 000 12
023 071 13
024 322 14
025 006 15
026 000 . 16
027 170 17
030 007 18
031 107
032 323 1A
033 377 1B
034 257 ic
035 117 1D

19 -

HEX
INST.
AF
67 -
DB
FF
6F
F9
AF
81
c2
13
00

53
DB
FF
5F
AA
c2
21
00

39
D2
06
00

78
07
47
D3
FF
AF
aF

General Assembly and
Test Instructions

GAME PROGRAM LISTING

MNEMONIC DESCRIPTION

XRA, A
MOVH, A

INP

MOV L A
SPHL
XRA, A
ADDC
JNZ

MOV D, E
INP

MOV E,'A
XRA, D
JNZ

DAD SP
JNC

MOV A, B .

RLC
MOV B, A
out

XRA, A
MOV C, A

Exclusive OR A to itself (putzeroin A)
Move A to H {put zeroin H)

Input data

from front pane) switches

Move A to L

Put H&L reg. into SP

Exclusive OR A to itself (put zeroin A)
Put C in A, affecting flag bits

Jump if not zero

{skip switch test for debounce after a switch change)

IF NORMAL, CONTINUE

Move E 1o D

. Input data

from front panel switches
Move A to E

Exclusive OR D to A
Jump if result not all O's

{change display if switch position changed from last time)

IF SWITCHES UNCHANGED, CONTINUE
Add SP to HL
Jump if no carry results

{return to read switch loop if no carry yet)

IF CARRY, CONTINUE
Move B to A

Rotate left 1

Store Ain B

Output A

in front p:;nel lights -

Exclusive OR A to itself (put zero in A)

Move A to C {Reset debounce indicator)

~ameme amem



General Aséembly and

Test 1 i
GAME PROGRAM LISTING (CONT.) est Instructions

OCTAL HEX
ADD. INST. ADD. INST. MNEMONIC DESCRIPTION
036 303 1E c3 JMP Jump
037 006 1F 06 (to read loop)
040 006 20 0o
CHANGE DISPLAY IF SWITCH DIFFERENT
o4 250 21 A8 XRA, B Exclusive OR B with A
042 107 22 47 MOVB,A  swrAing
043 323 23 D3 ouT Output A
044 377 24  FF in front panel lights
045 257 25 AF XRA, A Exclusive OR a with itself A (put zero in A)
046 147 26 - 67 MOV H, A Mave A to H (set counter to insure enough delay for debounce)
047 057 27 2F CMA Complement A [to all I's)
050 117 28 4F MOVC A Move A to C (set C to debounce)
051 303 29 C3 Jmp Jump
052 006 2A 06 (10 read foop})
053 000 28 00
NOTE:

Exclusive OR of two switch patterns results in I's in
positions which were changed, with all 0’s elsewhere.

B=DISPLAY BYTE STORAGE

C=SWITCH DEBOUNCE INDICATOR
1=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

LY
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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 are mt 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 easiliy
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.

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.



IMSATI 8080 System
Cabinet Assembly Instructions

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.






8080 Rack Mount

Parts List
IMSAT
ITEM PART # QUANTITY DESCRIPTION
93-3010008 1 Rack Mount Front Panel Rev. C
93-3070001 1 Rack Mount Left Slide Rev. C
93-3070002 1 Rack Mount Right Slide Rev. O
93-3010012 1 Réck Mount Cover Rev. B
Screw - 20-3302001 5 6~-32x5/16" Phillips Pan Head
Machine Screw ’
Screw 20-3502001 8 6-32x%" Phillips Pan Head
: Machine Screw .
Screw 20-5707001 4 #10x3/4" FPlat Head Type B
Self-Tapping Sheet Metal Screw
Screw 20-5708001 4 #10x3/4" Button Head Type B
Self-Tapping Sheet Metal Screw
Nut 21-5650001 8 Speed Nut, Tinnerman C 9031-10Z-1



IMSAT
ITEM PART #

———

8080 Chassis
Parts List

QUANTITY DESCRIPTION/IDENTIFYING MARKS

Back Frame 93-3010003
Front Piece 93-3010010
Cabinet Base 93-4010004
Front Frame  93-3010001
Card Frame 93-3010002
Cable Clamp 93-3010013
"DANGER" Label

Rubber Feet  28-0400001
Screw 20~-3302001
Screw 20-3502001

Capacitor 91-0300001
Brace
Cover 93-401.0005

Screws 20-3502001

1

1

Back Frame "Al"

Painted Front Piece "A2B"

Cabinet Base "A3"

Front Frame "B”

Card Frames "C"

Cable Clamp "K"“

"DANGER" Label on right card frame
Adhesive backed rubber feet

6-~32x5/16" Phillips pan head machine screws
6-32x4” Phillips pan head machine screws

Capacitor Braces with foam backing

‘Table Top Cabinet Top

6-32%" Phillips Pan Head Machine
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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
soldexing is regquired 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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Mother Board
Parts List

;ﬁiﬁl# QUANTITY DESCRIPTION/IDENTIFYING MARXS
92-0000004 1 4-Slot Printed Circuit Board
21-3330001 8 #6 Shglder 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
2i¥3330001 16 . #6 Shoulder Fiber Washer
21-4600001 8 -6-32x&" Threaded Spacer
21-3120001 8 6~32 Nut | -
20-3701002 8 '6~32x3/4" Nylop Screw
'92-0000006 1 22-Slot Printed Circuit Board
.21—3330001 48 #é Shoulder Fiber Washer
21-4600001 24 6~32x%" Threadéd spacer
21-3120001 24 6-32 NutA
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 sclder 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 chmmeter or a battery connected
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 electfically 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.



IMSAI 8080 BUS SIGNAL LIST

1 +8y L3 +8v
2 +16v 52 -16v
3 XRDY 53
4 Vio 54 EXT CLR
5 Y 55 *
6 VI 2 56
7 VI 7
8 Vi4 8
9 v [< Q
10 vié
11 Vi1 61
12
13 63
14 64
5 63
|66
7 67
8 STATUS DSBE | 68 MWRITE
Q m 69 EE T LY
zc L1 ] 70 EL 2
2 5 71 RUN
22 ADDRDSBL___| 72 PRDY
3 73
24 ¥ 74
75 7 yE ESET.
26 PHLDA 76 PSYNC
27 PWVAIT 77 TRR
23 PINTE 78 PDBIN
29 A3 79 ApD
30 Ad 80 AT
37 A A2
32 A5 2 A6
33 A2 83 A7
34 A9 84 A8
35 DO 1 85 A13
36 DO O 86 Ala
37 A 10 7 All
38 DO 4 38 D0 2
39 DO 5 9 D03
40 D06 90 DO 7
31 DI 2 91 DI
EY. Di 3 97 DI 5
43 DI 7 93 D1 6
44 SMl 94 D1 1
45 SOUT 95 DI
46 SINP 96 SINTA
a7 SMEMR 97 SWO
, 48 SHLTA 98 SSTACK
L 49 CLOCR (2 MHz) 99
[ 350 GND 700 GND

* reserved for chassis ground

** reserved for memory unprotect
*** reserved for memory protect
*%% reserved for protect status







BUS DEFINITION

Front Side

No-

5

10

11

12
to
17

18

19

20

21

STATUS DSBL

NAME

SYMBOL
vil Vectored
Line # 1
v12 Vectored
Line #2
v1i3 Vecteored
Line #3
V14 Vectored
Line #4
v1s Vectored
Line #5
V1eée Vectored
Line #6
v17 Vectored
Line #7
UNUSED

CC DSB

UNPROT

SS

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

STATUS DISABLE

COMMAND CONTROL
DISABLE

UNPROTECT

SINGLE STEP

Mother Board
User Guide

FUNCTION

Allows the buffers
for the 8 status
lines to be tri-
stated

Allows the buffers
for the 6 output
command/control lines
to be tri-stated

Reserved for input
to the memory pro-
tect flip-flop on a
given memory board

Used by Front Panel

to disable input buf-
fer while panel drives
bidirectional data

bus

2 - 11



BUS DEFINITION

Front Side

No. SYMBOL NAME

22 ADDR DSBL. ADDRESS DISABLE
23 DO DSBL DATA OUT DISABLE
24 g2 Phase 2 Clock

25 g1 Phase 1 Clock

26 PHLDA Hold Acknowledge
27 PWAIT  WAIT

28 PINTE INTERRUPT ENABLE

2 - 12

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:

ADDR 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



BUS DEFINITION

Front Side
No. SYMBOL NAME
29 A5
30 A4
31 A3
32 Als
33 Al2
34 A9
35 DO Datai
36 DOO Data
37 Alo
38 DO4 ‘Data
39 DO5 Data
40 D06 Data
41 D12 Data
42 D13 Data
43 D17 Data
44 SM1l M1
45 souT ouT

Address Line #5

Address Line #4

Address Line #3

Address Line #15

Address Line #12

Address Line #9

Out Line #1

out Line #0

Address Line #10

Oout Line #4
Out Line #5
Out Line #6
In Line #2
In Line #3

In Line #7

Mother Board
User Guide

FUNCTION

Status output signal
that indicates that

the processor is in

the fetch cycle for

the first byte of an
instruction

Status ocutput 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 NAME
46 SNIP INP
47 SMEMR MEMR
48 SHLTA HLTA
49 "CLOCK CLOCK
50 GND GROUND
Back Side
No. SYMBOL NAME
51 +8v +8 volts
52 -l6v -16 volts
53 SSW DSB SENSE SWITCH
DISABLE
54 -EXT CLR EXTERNAL CLEAR

2 - 14

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

FPUNCTION

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)



BUS DEFINITION

Back Side
No.

55

56
to
67

68

69

70

71

72

SYMBOL NAME
CGND CHASSIS GROUND
UNUSED
MWRT MEMORY WRITE
PS PROTECT STATUS
PROT PROTECT
RUN RUN
PRDY 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 bpbrotect
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.

73

74

75

76

77

2 - 16

SYMBOL NAME
PINT INTERRUPT
- REQUEST
PHOLD HOLD
PRESET RESET
PSYNC SYNC
PWR 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 orx
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
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/0 out-
put control; coh-
tinued next pacge.
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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 . Data QOut Line #3

90 DO7 Data Out LIne #7

91 D14 Data In Line #4

92 D15 Data In Line #5

93 D16 Data In Line $#6

94 D17 Data In Line #1

95 D10 Data In Line #0

2 - 17



BUS DEFINITION

NAME

Back Side
No. SYMBOL
96 SINTA
97 SWO

98 SSTACK

29 POC

100 GND

2 - 18

INTA

WO

STACK

Power-0On Clear

GROUND

Mother Board
User Guide

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
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Punctional Description
Revision 1

POWER SUPPLY PS-280

FUNCTIONAL DESCRIPTION - e —————————

The IMSAI PS-28U is a modular, unrequlated 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
3.5" (42 x 15 x 14 cm) and weighs 16 pounds (7.3 kg).

SPECIFICATIONS PS—28U SUPPLY-~=—~——————c—an—————

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
+16v. supply: +18.0 volts
-16v. supply: -18.0 volts

Current Supplied:

At 115 VvAC, 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
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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

THEQORY. OF OPERATION - ————- -=

The PS-280 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 fregquency 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.



BOARD: PS-C

ITEM
Solder
Heat Sink
Screw
Screw
Screw
Screw
Screw
Screw

Nut
Lockwasher
Nut
Lockwasher
Spacer
Nut
Lockwasher
Lockwasher
Nut
Washer
Lockwasher
Washer
Spacer
Wire

Wire

PsS-28U

Parts List
IMSAI '
PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
15~0000001 5! Rosin Core
16-0100006 1 Wakefield 690-220~P, Modified
20~3402001 4 6-32x3/8" Phillips Pan Head Machine
20~3702001 4 6-32x3/4" Phillips Pan Head Machine
20-4401001 3 8~32x3/8" Binding Head Machine-
20-4901001 5 8-32x1%" Binding Heaa Machine
20-5402000 8 10-32x3/8" Binding Head Machine
26—6901001 4 3-20x1%" Binding Head Machine
21-3120001 - 8 6-32 Ca& Hex Nut
21-3350001 8 #6 Intermal Tooth
21-4120001 5  8-32 Cad Hex Nut
21-4350001 5 #8 Internal Star
21-4600002 5 8~32xX%" Nylon Threaded
21j5120001 4 10-32 Cad Hex Nut
A21~5320001 4 #10 Cad Split Ring
21-5350001 8 #10 Internal Star
21-6120001 4 %~20 Cad Hex Nut
21-6310001 4 %"x1/16" Cad Flat Washer
21-6320001 4 %" Split Ring
21-6390001 4  %"x1/16" Nylon Washer
21-6600001 4 }-20x%" Nylon Internal Thread
22-1014001 48" 14 AWG, White, Alpha 1559, 14-41/30 PVC
22-1014002 60" 14 AWG, Black, Alpha 1559, 14-41/30 PVC



PS-28U

Parts List
IMSAI ,
ITEM PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
Wire l22-1018001 60" 18 AWG, Orange, Gavitt 8522
Wire 22-1018002 60" 18 AWG, Yellow, Gavitt 8522
Wire 22-5018001 12" Twisted Pair, 18 AWG, Yellow/orange,
Stranded and Insulated
Line Cord 22-6000001 i 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
Capacitor  32~2004010 6 .04uF, 500 V Disk Ceramic (.01uF, 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 h 33-0100004 1 Bussman Fusetron AGC 2%, 2% Amp

Fuse Clip 33~0200001 2 # 102068

Fan Guard 34-02b0001 1 Rotron 476042

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

Label Plate 93-0000001 1 Voltage/Frequency Label Plate
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ASSEMBLY INSTRUCTIONS —=———=—~ Refeteteiatateieieiedeiieh bt

{

)

1.

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

COMPONENT INSTALLATION

¢

}

2.

5.

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.

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

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

Next, bend each of the cathode leads on each of
the four rectifier diodes CR4, CR5, CR6 and CR?

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.

Insert and solder each of the six .04 uF capacitors
at locations C7 through Cl2 as shown on the

. Assembly Diagram.

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

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 diagramé following the

the Assembly Instructions. Refer to them when wiring
the transformer.

(

)

9.

Transformer terminals are designated and used as
follows:



POWER SUPPLY PS-280
Assembly Instructions

Primary 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 l1to6, 2 to 7 6 and 7
103.5 VAC 1 to6, 3 to 8 6 and 8
115 VaAC lto6, 4 to 9 6 and 9
126.5 VAC l1 to 6, 5 to 10 6 and 10
184 vac . 6 to 2 1 and 7
207 vac 6 to 3 1 and 8
230 VAC 6 to 4 1 and 9
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 #11 and
#17 on the secondary of the transformer.

() 11l. 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
-crimp terminals.



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 1lug #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.

( ) 14. For AC inputs between 184 VAC and 253 VAC, the
primaries should be series connected. This entails
selécting 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 also 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 49 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 CR1l 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
CR1l. Connect it to terminal #15 of the transformer.

( ) 18. Repeat above (#17) ?rocedure for black wire from

CR2 and CR3 and connect it to terminal #13 of the
transfprmer.

{ ) 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 C0 ‘and Cl bolts to
the unregulated 8 volt plane of the PSC board.

( Y 20. Place lockwashers on four 10-32x3/8" screws, insert
them from the underside of the board and mount
capacitors C0O and Cl.

() 21. In a 51m11ar nmanner, 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~-280
User Guide
Rev. 1

USER GUIDE ~==m-meecmm e mmmemm e - e

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 +11, +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 1is 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 motherbcard.

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 egquipment.

2 - 29






PS-28D
Functional Description

POWER SUPPL3Y
FUNCTIONAL DESCRIPTION

The IMSAI PS-28D Assembly is a modular unregqulated power. supply
for the IMSAI 8080 System. It provides the basic unregulated
+8, +16, and -16 system supply voltages. The PS-28D requires

a 117 volt AC single-phase line input, and includes a line noise
filter. 117 volt terminals, both switched and unswitched, are
available for line powered options such as the ventilating fan
and auxiliary power outlets on the back panel. A power switch
location is provided on the PS-28D for use when a front panel

is not installed in the system.

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

SPECIFICATIONS: PS-28D SUPPLY
Power Requirements: |
110-120 volts AC, single phase, 500 wWatts (maximum)
No load voltages - 117 V input, nominal taps (0, #3):
9.7 volts +18.0 volts -18.0 volts
Current Supplied. - 117 volt input, 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



PS-28D
Theory of Operation

THEORY OF OPERATION

The PS-28D Assembly is an. unregulated power supply that pro-
vides the basic +8, +16, and -16 voltages for the 8080 sys-—
tem. It is comprised of four major component assemblies:
line filter, transformer, rectifiers, and filters.

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 1 MHz in frequency.

The transformer primary is designed for a nominal 117 volt
line, and 0, -10%, and +10% taps allow for adjustment to
line voltage variations. The transformer secondary 'is con-
nected as three series winding with a center tap. Four

MR 1121 diodes full-wave rectify the +8 volts, while a full-
wave bridge of four MR601 diodes rectify the *16 volts.

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, pro-
viding 7.3 average volts at the 28 amp rated current.

-1luF capacitors bypass each voltage supply, and bleeder

resistors discharge the filter capacitors when power is
turned off.
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BOARD: PS-C

ITEM
Solder
Heat Sink
Screw
Screw
Screw
Screw
Screw

Nut
Lockwasher
Nut
Lockwasher
Spacer

Nut
Lockwasher
Lockwasher
Nut
Washer
Lockwasher
Washer
Spacer
Wire

Wire

Wire

PS-~28D

Parts List

iziér# QUANTITY DESCRIPTION/IDENTIFYING MARKS
15-0000001 5'

16-0100006 1 Wakefield, 690-220-P (Modified)
20-3402001 4 6-32x3/8" Phil{ips Pan Head CAD Machine
20-3702001 4 6-32x3/4" Phillips Pan Head CAD Machine
20-4901001 5  8-32x1%" Binding Head CAD Machine
20-5402000 8 10-32x3/8" Binding Head CAD Machine
20-6901001 & }-20x1%" Binding Head CAD Machine
21-3120001 8 6~32 CAD Hex Nut

21-3350001 8 #6 CAD Intermal Star Lockwasher
21-4120001 5 8~32 CAD Hex Nut
© 21-4350001 5 #8 CAD Internal Star Lockwasher
21-4600002 5 8-32x)" Nylon Threaded Spacer, H H Smith
21-5120001 4 10-32 CAD Hex Nut

21-5320001 4 #10 CAD Split Ring Lockwaéher
21-5350001 8 #10 CAD Internal Star Lockwasher
- 21-6120001 4 %~20 CAD Hex Nut

21-6310001 4 }"x1/16" CAD Flat Washer

21-6320001 4 1" CAD Split Ring Lockwasher

21-6390001 4 }"x1/16" Nylon Washer, H H Smith 2664
21-6600001 4 %~20x%" Nylon Internal Thread Spacér
22-1014001 48" 14 AWG, White, Alpha 1559 14-41/30 PVC
22-1014002 48" 14 AWG, Black, Alpha 1559 14-41/30 PVC
22-1018001 60" 18 AWG, Orange, Gavitt 8522

i3
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ITEM

Wire

Wire

Cord
Bushing
Tfansformer
Inductor
Resistor
Resistor
Capacitor
Capacitor
Capacitor
Capacitor
Fuse

Fuse Clip
Fan Guard
Rectifier
Diode

PC Board

Label

14

PS-28p

Parts List
IMSAI
PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
22-1018002 60" 18 AWG, Yellow, Gavitt 8522
22-5018001 12" 18 AWG, Twisted Pair, Yellow/Orange,

Stranded and Insulated

22-6000001 1 Line Cord, Belden 17239
24-0600001 1 Strain Relief Bushing Grommet
29-0100001 1 Tranex 4-3751 or Equiv.
29-0200001 3 8uH, 5 Amp, Airco Speer 025834-001K
30-3470462 1 470 Ohm, % Watt/yellow, violet, brown
30-4100462 2 1K Obm, ! Watt/brown, black, red
32-2004010 6 .04uF, 500V Disk Ceramic (or .0luF, 1000V)
32-2010010 3 .1uF, 30V Disk Ceramic
32-2510060 2 10K uF, 25V Electrolytic
32-2595060 2 95K uF, 15V Electrolytic
33-0100003 1 Bussman Fusetron MTH 5 5 Amp
33-0200001 2 Fuse Clip, 102068
34—0290001 1
35-1000002 4 MOT MR 1121
35-1000003 4  MOT MR 501
92-0000024 1 PS-C Rev. 1
93-0000001 1 Voltage/Frequency Label Plate



PS~28D
Assembly Instructions

General

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 resis-
tors (brown/black/red) at locations Rl and R2 as shown
on the Assembly Diagram.

3) Insert and solder the cne 470 ohm, % watt resistor
(yellow/violet/brown) at location R3 as shown in the
Assembly Diagram.

4) Insert and solder each of the three .luP 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 3. 1Insert the anode end of the diodes down as
shown in Figure 3 and solder.

NOTE: See Assembly Diagram for diode mounting position.

6) Insert and solder each of the six .04uF capacitors C7

through Cl2 in the locations shown on the Assembly Dia-
gram. :

7) Insert and solder each of the three AC filter inductors

L1, L2 and L3 'in locations as shown on the Assembly Dia-
gram.

8) Insert and solder each of the two fuse clips in locations
as shown on the Assembly Diagram. See Figure 1 for cla-
rification. Snap in the fuse.

Transformer Wiring

9) Scolder a yellow and an orange wire to the transformer
lugs numbers 1 and 3 for AC. Wires should be twisted

together. Solder twisted pair ends to the PSC board as
shown in Figure 1. -

10) Attach an orange wire between lugs 6 and 7 and a yellow

wire between lugs 10 and 9. Solder the wire at terminals
6 and 10 only. -

3 - 15



PS~28D
Assembly Instructions

11) ©Next connect a yellow and an orange #18 wire to terminal
numbers 5 and 11 respectively. Twist and run the wires
across the transformer to the anode pads of the CR4 and
CR7. Solder.

12) Temporarily install the transformer with %" hardware.
Terminals 1, 2, 3 and 4 should face towards the fuse
end of the PSC board.

NOTE: Scrape or sand lugs 7, 8, and 9 of the transformer
to facilitate solder connections of #14 wires.

13) Take a short, black wire {(#14 or larger) and solder
to terminal 8 on the transformer.

14) Solder‘the other end of the short wire used above to the
ground trace below terminal number 8 (see Figure 1 for
clarification).

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. '

13) Cut a 4%" length of $14 (black) wire. Strip 1" of
insulation from one end and %" of insulation from the
other, 1Insert the 1" bare wire end through the anode
terminals of diodes CRO and CR1. Then solder the anode
terminals CRO and CRl. Crimp the remaining end of this
lead to transformer -terminal 9. Reference the board
photos to verify correct orientation.

16) Cut a 34" length of #14 (black) wire. Strip 1" of
insulation from one end and %" of insulation from the
other. Insert the 1" bare wire end through the anode
terminals of diodes CR2 and CR3. Then solder the anode
terminals CR2 and CR3. Crimp the remaining end of this
lead to transformer terminal 7. Reference the board
photos to verify correct orientation.

17) Solder transformer terminal 9, which should now support
the black wire from CRO-CRl and the vyellow wire from
7 terminal 10. Solder transformer terminal 7, which

should now support the black wire from CR2-CR3 and the
orange wire from terminal 6.

3 - 16



PS-28D
Assembly Instructions

18) Install and bolt heat sink (and dlodes) onto the PSC
board.

NOTE: The schematic of the PSC shows the CRO-CRl wire and-
the CR2-CR3 wire going to transformer terminals 7 and 9
respectively. While this configuration is acceptable, the
configuration resulting from steps 15-17 provides for
shorter lead lengths and should be adhered to whenever
‘possible.

NOTE!! . WARNING!! ‘OBSERVE POLARITY

The lafge capacitor will be destroyed when power is applied
-if they are installed backwards. ,

On the two large capacitors CO0 and Cl, the negative side of
the capacitor bolts to the DC ground plane of the PSC board.
“The positive end of the capacitors CO0 and Cl bolts to the un-
regulated 8 volts plane of the PSC board. :

19) Place lockwashers of four 10-32x3/8". screws. = Insert
them from the underside of the board and mount capa-
citors C0 and C1.

20) 1In a 51m11ar manner, mount C3 with the negatlve termlnal
bolted to the ground plane and positive terminal bolted
to the +16 volt plane. -

21) To install capacitor €2, bolt the positive terminal to
the DC ground plane and the negative terminal to the
negative (-16 volt) plane.

22) Attach the capacitor brace plates to the bases of the’

large capacitors with the adhesive backed foam tope
located on one side of the brace plate.

SEE MAINFRAME ASSEMBLY SECTION TO INSTALL POWER SUPPLY IN THE
CHASSIS AND TO CONNECT TO THE MOTHER BOARD.

3 - 17
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CP-A
Functional Description
Revision 1

CP-A:
FUNCTIONAL DESCRIPTION

The CP-A board is the operator's panel for the IMSAIL
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. Instead, 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 dicdes 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 o6f 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. In 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/0 board with its LED indicators
showing through the front panel mask. :
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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 f£lat 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 cohnect 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 line.

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.
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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 (U1l6) 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-
quence 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 controlli¥ng the X-READY line. (The X-
READY line must be high for the processor to run. Its
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function is identical to the P-READY line used by the
memory and I/O 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 preduce 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 stopplng
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 islack 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 sgwitch
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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BOARD: CP-A

ITEM

Solder
Heat Sink

Screw

Screw
Screw
Screw
Nut
Lockwasher
épacer
Spacer
VSwitch
Switch
Switch
Switch
Switch
Resistor
Resistox
Resistor
Resistor
Capacitbr
Capacitor

Capacitor

IMSAT
PART #

15-0000001
16-0100002

20~2203001

20~3203001
20-3302001
20-3916002
21-3120001
21-3350001
21-3600001
21-3600002

26-1500001

26-15000G2

26~1500003
26-1500004
26~1600001
30-3220362
30-4100362
30~5470362
30-6270362
32-2000110
32-2001010

32-2010010

QUANTITY

CP-A, Rev. 4
Parts List

DESCRIPTION/IDENTIFYING MARKS

10’

1

22

17

Thermalloy/§106B~14

4xk4" 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, momentarf

Red Rocker Switch, on/none/on

220 Ohm, % Watt/red, red, brown

1K Ohm, % Watt/brown, black, red
47K Ohm, % Watt/yellow, violet, black
270K Ohm, % Watt/red, violet, yellow
.001lufF Disk Ceramic

-0luF Disk Ceramic

.1uF Disk Ceramic
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ITEM

Capacitor
Diode
LED
81797
7400
7402
7404
74L504
7405
7410
74Ls10
7427
7430
74Ls30
7805
8212
74107

74123

Cable Assembly

PC Board

Plastic Panel

Plastic Panel

Bracket

Photo Mask

Paper Backing

16

CP-A' ReV. 4

Parts List
IMSAI
PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
32-2233070C 2 33uF Tantalum
35-1000006 1 SignalVDiode/1N914
35-3000001 44 Light Emitting Diode/red
36-0089701 1 Hex Tri-State Buffer/NST97B
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 .l 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/SN743ON»
36-0743002 1 8 Input NAND (LPS)/SN74LS30N
36-0780501 1 5V Positive Volt Regulator/MC7305CP
36-0821201 » 1 I/0 Port/P8212/51002
36-7410701 3 Dual J-K Flip Flop With Clear/SN74107N
36-7412301 3 Dual Monostable Multivibrator, Retriggerable
with Clear/SN74123N
91-0400001 1l 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

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.

LED INSTALLATION

-3) 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 te 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 accurate 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 ¢ut 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 awav 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. .

Tgke 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-
Insert and solder each of the forty-four red LED's at locations:

LOO through LO7

LAO through LAlS5

LDO through LD7

LS00 through LS7

LIE, LHU,- LRN, LWT

RESISTOR INSTALLATION

5)

6)

7)

8)

Insert and solder each of the forty-four 220 ohm % watt~resistor§ A
(red/red/brown) R1l6 through R59. See Assembly Diagram for location.

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.

Insert and solder one 270K ohm % watt resistors (red/violet/yellc
Rl. See Assembly Diagram for location.

Insert and solder each of the nine 1K ohm % watt res1stors (brown/

black/red) R2, R6, R7, R10, R11l, R13| through R15, and R60. See
Assembly Dlagram for location.,

IC INSTALLATION

9)

10)

11)
12)

13)

14)
15)

16)

4 - 18

Insert and solder each of ths two 7400 IC's at locations Ul4 and
U25.

Insert and solder each of the two 7402 IC's at locations Ul3 and
Ule. :

Insert and solder the one 7404 IC at location Ul0.

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

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

Insert and solder the one 7410 IC at location Ul2.
Insert and solder the one 74LS10 IC at location Ull.

Insert and solder the one 7427 IC at location U15.5.



17)
18)
19)

20)

21)
22)
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. Insert and solder the one 7430 IC at location U2l.

Insert and solder one 74LS30 IC at location U9.

Insert and solder each of the three 74107 IC's
at lccations Ul8, Ul%, and U22.

Insert and solder each of the three 74123 IC's at
locations Ul7, U020, and U23.

Insert and solder the one 8T97 IC at location U24.

Insert and solder the one 8212 IC at location US.

DISCRETE COMPONENT INSTALLATION

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)

24)

25) -

26)

27)

Insert and solder each of the seventeen .luf capaci-
tors at locations Cl, C2, C5, C6, C7, and Cll through
c22.

€2, C3, C5, C6, and C7 should be laid down.

Insert and solder each of the two .001 uf capaci-
tors at lecations C3 and C8.

Insert and solder the one .01 uf capacitor at location
c4.

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

Insert and solder the 1N914 diode at position CRI.

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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29) 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
‘as described above. 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.

CP-A TO MPU-A INSTALLATION

30) 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

NOTE: There are three types of switches included for
_installation on the front panel (disregarding colox).
They include:

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

B. 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.

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.

31) 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.

4 - 20
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32) Wwhen 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.

s—— BUTTON HEAD SCREWS —— r SWITCHES

1 l o I l CLEAR ACRYLIC

FILM MASK

WRITE PAPER MASK WITH CUTGUT

TJLA , J[ i RED ACRYLIC

{j 7116 SPACERS [

cPA 1
3 [ - L - — » |

BOARD ‘JA Tuo
: [[]j %"SPACERS
e e e I ———

PEMNUT _ e CHASSIS

PIECE B

— ———

4 - 21



CP-A Rev. 4
Assembly Instructions

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 guide
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 agalnst 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 on 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.

4 - 22
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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 8G80

- cabinet then the power on/off switch should be con-
nected using a separate wire to the power supply sectiocn
as described in the Power Supply documentation. 1If 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
in the upper right hand corner of the MPU-A bearxd.

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 cclors, 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,

?he 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

T e e e et et e

*$witches should be included whether the front panel
1s mounted in the front of the cabinet oxr not.
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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 bvy 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
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 BUN, 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
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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 ke
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 dquring 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.



CP-A
User Guide
Revision 1

The DEPOSIT/DEPOSIT NEXT switch is similar in its
operation but provides for changing the data or program
stored 'in the memory. Wwhen 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 contraol 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 positiocned at
memory location 0,

The 8-BIT PROGRAMMED OUTPUT 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-
ROPT 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. ' )
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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.

v
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FROM 118 pp U6 \I13 i
PIN i3 1| 7402 / K
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ERRATA FOR CPA REV-4 AND EARLIER |
The following modification must be made to the CPA REV-4 or earlier REV'S
if it i§ to be used with the RAM-16, RAM-32 or RAM-65 memory boards. i
This change makes the signal on backplane line 71 (RUN) agree with the bus
definition. The change does not affect the éPA's compétabilify with other
IHSAL products. ’ )
Refer to Fig 1 and make the following cut on ihe component side of the
board: A
(a) Cut the trace extending down from U24 pin 9.
Refer to Fig 2 and make the following cuts on the solder side of tﬁe
board, _ _
{a) Cut the trace from U24 pin 10 between this pin and feed through A.
(b) Cut the trace from feed through B near the spare IC location.
(c) Remove the entire pad of the feed through connected to edge

connector pin 71.

" Refer to Fig 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

{c) From feed through A to feed through B.

Correct the schematic as shown in Fig 3. .
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MODIFICATION TO CPA REV. 4 & EARLIER






OPTIONAL MODIFICATION OF CP-A REVISION 4 OR EARLIER CP-A BOARDS -

TO CHANGE POWER SWITCH TO WRITE PROTECT/UNPROTECT SWITCH FOR USE
WITH 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., C&K 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 llght (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) -
(£xront 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 followingAjumpers:
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 connecteé to pin 70



OPTIONAL MCODIFICATION OF CP-A (Continued)

From U24 pin 11 to the pad connected to pin 20

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

nsert labels to change ROLD (for light) to MEM. PROTECT and to
hange POWER ON/POWER OFF to PROTECT/UNPROTECT.

e—-assemble CP-A to chassis

he right-hand switch now serves to change the protect status of
fle currently addressed block of memory when the machine is not
n run mode. The LED which previously showed HOLD status now is
it when the currently addressed block of memory. is protected.
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Jumper to U22 Pin 6
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CP-A FRONT PANEL FOR REVISIONS 3 & 4
FOR USE WITH NON-IMSAI MEMORY BOARDS
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This modification should be made to your front panel
board using two additional sections of the 7400 that is
located directly above S-2 and S-3. This will keep your
unit from writing into memory during an output. '

February 3, 1976
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MPU-A
FUNCTIONAL DESCRIPTION

The MPU-A board is the processor board for the IMSAT 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 IMSAI 8080 systemn.

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-leag 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
Recessary 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
1s 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
status signals DATA BUS IN and HALT ACKNOWLEDGE. - The 8216
can be disabled by the DATA OUT DISABLE line on pin 23 of
the back plane.

The 8080A's bi-directional data bus is also connected to the
data bus socket and the 8212 status byte latch. The data bus
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 8797 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
t@e bi-directional bus lines to ensure that during the
time the bus is not driven, the 8080A reads all 1'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.
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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, - o - 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. - e
The +5 volts is regulated 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.






ITEM

74LS00

741502
741504
7474

7805

23080A
8212
8216
8224
Diode

8197

Capacitor

Capacitor
Capacitor
Heat Sink
78L12
Inductor
Resistor
Resistor
Resistor

Socket

MPU-A Rev. &

Parts List
IMSAI
PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
36-0740002 1 ‘Quad 2 Input NAND (Low Power Schottky)/
- SN74LSOON -
36=-0740202 1 bQuad 2 Input NOR (LPS)/SN74LSO2N
36-0740402 2 Hex Inverter/SN74LSO04N
36-0747401 1 Dﬁal D Flip Flop/SN7474N
36-0780501 1 5V Positive Voltage Regulator/
MC7805CP
36-0808001 1 Microprocessor/C8080A
36-0821201 1 Inpu;/Output Port/P8212/81002
36-0821601 2 Bi-Directional Bus Driver/D8216
36-0822501 1 Clock Generater and Driver/D8224
35-1000006 1 Silicon Diode 1N914/blue, biaCk
36~0089701 6 Hex Tri-State D?iver/N8T97B
32-0239010 1 39 pF Disk Ceramic
32-0256010 1 536 pF Disk Ceramic
32-2010010 10 .1uF Disk Ceramic
16~0100002 1 Thermalloy Heat Sink/61063-14
' 36~0781202 1 12V Regulator/MC78L12CP
29-~400001 1 1 uH Inductor/WEE 1.0
30-3470462 1 470 Ohm, % Watt/yellow, violet, browm
30-4100362 19 IK Ohm, % Watt/brown, black, red
30-4470362 10 4,7K Ohm, ¥ Watt/yellow, violet, red
23-0800001 1 16 Pin Solder Tail Socket
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ITEM

Socket
Capacitor
Crystal
Diode
Screw

Nut
Lockwasher

Solder

MPU-A Rev. 4
Parts List

;ﬁigl# QUANTITY DESCRIPTION/IDENTIFYING MARKS
23-0800004 1 40 Pin Solder Tail Socket
32-2233070 5 33~25 Tantalum Capacitdr

35~5000001 1 18.00 MHz Crystal

35-1000005 1 IN751A Zener Diode

20~3402001 1 6-32x3/8" Phillips Pan Head Machine
21-3120001 1 6-32 Hex Nut

21-3350001 1 #6 Internal Star Lockwasher
15~0000001 5'
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MPU-A ASSEMBLY INSTRUCTIONS

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

2) 1If 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 w111 remove the
gold plating.

RESISTOR INSTALLATION

3) 1Insert 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.

4) Insert and solder ten 4. 7K ohm 1/4 watt resistors (vellow/violet/
red) R14, R18, and R25 through R32. See Assembly Diagram for
location.

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

IC INSTALLATION

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

6) Insert and solder the one 74LS00 in location AZ.
7) Insert and solder the one 74LS02 at location A3.

8) 1Insert and solder e~ach of the two 74LS04's at location B3 and
AS.

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

11} Insert and solder each of the six 8T97's at locations B2, B4,
B5, B6, B7, and BlO.

12) Insert and solder each of the two 8216's at locations B8 and B9.
13) Insert and solder the one 8212 at location AlO.
JISCRETE COMPONENT INSTALLATION

14) Idsert and solder the 16 pin IC socket at location;,AQ.
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15) Insert and solder the 40 pin IC socket at location A7. (Do
not install 8080 at this time.)

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

17) Insert and solder the one 5.1 volt zener diode 1N751 (Z1l) as
shown on the Assembly Diagram. NOTE: Cbserve polarity as indi-
cated on the board.

18) Insert and solder the one 18 MHz crystal (Yl) as shown cn the
Assembly Diagram.

19) Insert and solder.the one luH inducteor (L1l) as shown cn the
Assembly Diagram.

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

21) Insert and solder the one 56 pf disk capacitor (Cl7) as shown on
the Assembly Diagram.

22) Insert and solder each of the tsn .1 uf disk capacitors at loca-
tions C4, C6, C8 and Cll through <16, and C18.

23) Insert and solder each of the five 33 uf tantalum capacitors Cl1,
C3, C7, C9 and Cl0 as shown on the Assembly Diagram. NOTE: Observe
polarity as marked on the board.

REGULATOR AND HEAT SINK INSTALLATION

24) Insert and solder the one 78L12 -12 volt regulator cbserving
orientation as shown on the Assembly Diagram and on the board.

25) Bend the leads of the 7805 regulator at 90-degree angles.approk-
imately %" from the bottom edge of the regulator to facilitate
insertion on top of the heat sink.

26) 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.

5 - 12
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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
the voltage levels checked on the 40 pin socket. Pin 2 should
be ground and pin 11 should be -5 volts. Pin 20 should be +5
volts and pin 28 should be +12 volts. If one of these three
voltages is not correcxz, 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!)

27) Finally insert the 8080A Microprocessor chip in the 40 pin IC
socket located 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. :



Edition 1

CSER GUIDE

The IMSAI MPU-A bcard requires nc jumpers or user optioms
for its use. The board is ready.to functicn after con-
nection tc the back plane arnd the bi-directional bus.
The bi-directional bus liness are provided by 2 lé-con-
ductor cable from the CPA bcard, connected via a lé-pin
DIP plug in location A-10. Verify proper insertion of
this plug (i.e., pin 1 to pin 1) kefore use of the boaxd.

The clock crystal frequency is 18 megahertz, and the

§224 device derivesg 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 generator. Information on the timing of the
icgic signals and the description of the 8080A instruction
set can be found in the Intal 8080 Micro Ccmputer Systems
User's Manual.
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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 IMSAI 8080 system.
(Additional memory can be accessed by using IMSAI's
Shared Memory Facility.)
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RAM 4A BOARD ~,
THEORY OF OPERATION

The memory circuits used on the IMSAI RAM 4A memory board are 2102- 7
style integrated circuits housed in sixteen 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. K

Bits A9, A8, A7, A6, A5, A4, A3, A2, Al, and AO0 of the address bus
come onto the memory board and go directly to the appropriate
address pins on each memory chips. Bits All and AlQ 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 go
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 location D5. The direct g
output, and the complement of the direct output (obtained through £
the 741804 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 CS.

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 beocard 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
section of a 74LS74 at location Cl10 and at location C9. Memory
block 0 is controlled by half of C9, memory block 2 is controlled
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RAM 4A
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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. If 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 flips/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 15]

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 AlQ0 (as
at D8) and issue a write pulse only to the selected 1024 word block.

The four write protect flip/flops at locations Cl0 and C39, 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
74LS156 at location D10 that is used to set the flip/flops, and a
section of the 7418156 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 Al0.

Tpe 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
avgilable. The board is created to use output command FE, and only
this one command is used for all (a 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 frem 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 decodediby the 74LS139
at location D4 are the setting or the clearing (resetting) of -the
write protect flip/flop of the memory block as decoded from DO 3 and
D0 2 by the 74LS156 one-of-four decoder at location D9.

The third action decoded from DO 1 and DO 0 by the 74LS139 one-of-




four decéder 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, DI 5, DI 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 (PINT) bus line pin 73, or to one of the

- vectored interrupt lines on Bus pins 4 through 11, This interrupt

notifies the user that a write has Been attempted in a protected

'plockvof memory. The user may handle this interrupt with an
interrupt routine.

p
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Parts List

QUANTITY DESCRIPTION/IDENTIFYING MARKS

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

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; 1 Watt/brown, black, brown
220 Ohm, % Watt/red, red, brown |
1X Ohm, % Watt/brown, black, red

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

33-25 Tantalum (or 22-25)
1N751-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/N8T98B

6 - 11




ITEM

2102

7402
7404

74L820

7425
7430
7432

74L574

7805

7415139

7418156

7418157

PC Board

-6 - 12

RAM 4A

Parts List
IMSAI
PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS Ty
36-0210201 8 (For 1K) 1Kx1 Organization Static Memory '
Chip/P2101AL4
32 (For 4K)
36-0740201 1 Quad 2 Input NOR/DM7402N
36-0740401 2 Hex Inverter/7404-N
36-0472002 1 Dual 4 Input NAND (Low Power Schottky)/
SN74LS20N
36-0742501 1 Dual 4 Input NOR with Strobe/SN7425N
36-0743001 1 8 Input NAND/SN7430N
36-0743201 1 Quad 2 Input OR/SN7432N
36-0747402 3 Dual D Flip-Flop Preset and Clear
(LPS) /SN74LS74
36-0780501 3 5V Positive Volt Regulator/MC7805CP
36-7413902 1 Dual 2 to 4 Line becoder (LPS)/
SN74LS139N
36-7415602 3 Open Collector (LPS)/ SN74156N
36-7415702 1 Quad 2 to 1 Line Data Selector (LPS)/
SN74157N
92-0000017 1 RAM 4A, Rev, 3
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Assembly Instructions

' RAM 4A~4 Assembly Instructions

1)

2)

3)

4)

5)

7)

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 R18, 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, CR1 through CR6,
as shown in the Assembly Diagram. NOTE: Observe polarity marks
as indicated on board.

' Insert and solder one 1H751A zener diode,'zl observing polarity

marks as shown on the board.

IC INSTALLATION

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

8)
9)
10)

11)
*2)
13)
" 4)
15)

Insert and solder each of the three 74LS74 at locations Cl10, C9, a
and D2.

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

Igsert and solder each of the three 8T97 at locations C2, C3, and
D3. .

Insert and solder one 8T98 at location D1.
Insert and solder one 7402 at locaticn C8.

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.
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16)
17)
18)
19)
20)

21)
22)

23)

24)

25)

26)

27)

6 - 14

Xésembly Instructions
Insert and solder one 7430 at location D6.
Insert and solder one 74LS157 at location D5.
Insert and solder one 74LS139 at location DA4.
Insert and solder one 7432 at location Cl.

Insert and solder each of the eight 2101 memoxry
¢chips at locations A9 through Al6 for 1K RAM Board
and each of the thirty-two 2102 memory chips at
locations Bl through Bl6 for 4K RAM Board.

DISCRETE COMPONENT INSTALLATION

Insert and solder the 16 p1n IC socket located at
C5 and plug in the 16 pin jumper header. (This
jumper header is used for board addressing).

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.

Insert and solder each of the fifteen .luF capaci-
tors at locations C7 through €13 and C27 through
C34 for 1K RAM Board and each of thr thirty-four
.1uF capacitors at location C1 through C34 for

4K RAM Board as shown on the Assembly Diagram.

Insert 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.

Insert and solder ocne red LED at location PO for
1X 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.

Insert and solder one green LED at location EO for
1K RAM Board and each of the four green LED's at
location E0 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

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.



28)

29)

30)

31)

RAM 4A
Assembly Instructlons

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 1n order to prevent shortlng 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

4) 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.

6 ~ 15




USER GUIDE

Board Selection

WAL a4
User Guide

In memory read or memory write operation (as well as resporiding
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—--215, Al4, Al3 and Al2 in the case of a memory read or
memory write operation (or the top four data out lines (D0 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
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

its .unique address.

‘will all be high.

'~ This will make the output (pin 8] go low and will assert the hoard

enable (BDENA} line on tHe board.

If the logic 1 polarity is

desired then the jumper for that Bit sHould route the output of
the 7418157 at location D5 direct to the input of. tHe 741520 at
location C6, associated with that bit shall Be routed to the input
of the 74LS20 at location C4.

- JUMPERING

" PABLE 1
ADDRESS BIT DIP POSITION C5 .
Pin 9 Pin 8
AlS
Pin 10 Pin 7
Pin 11 Pin 6
Al4
Pin 12° Pin 5
Pin 13 Pin 4
Al3
Pin 14 Pin 3

6 - 16

Place jumper between pins 9 and
8 if the board is to be selected
when this bit is high.

Place jumper between pins 10 and
7 if the board is to be selected
when the above bit is low.

Place Jjumper between pins 11 and
6 if the board is to be selected
when this bit is high. ‘

Piace jumper between pins 12 and
5 if the board is to be selected
when the bit is low.

Place jumper between ?ins 13 and
4 if the board is to be selected
when this bit is high.

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
1 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/O pin 20 is driven
high (such as in the IMSAYI 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 the 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 switch. The memory
protect light on the front panel will Indfcate the protect status
of the addressed block.

A system reset will unprotect all Blocks of memory.

D8 74L5156

FuNo&ﬁuﬁ’tif“‘ﬁﬁ‘é“ﬁxMumxyhmwnSwhm

FIGURE 1 .
6 - 17




RAM 4A
User Guide

Software Write Protect

1K blocks of memory may be write protected or unpratected with
an OUT command to port FE*. Selection of memory board and
block is selected with the higR~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
1l Function
0] Select
Bit O Bit 1
0 0 Clear Interrupt
1 0 Unprotect Addressed Block
0 1 Protect Addressed Block
1 . § Select Board for Status Read

6 - 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.
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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 1=Unprotected
1 Block 1 0=Protected
0 Block O .

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)J. The bit definitions are the same

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

Because of the possible conflict during a status read if the Intexrupt
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 bhe installed

to ‘connect the RAM 4A to the desired Priority Interrupt line-on the
back plane. Figure 2 illustrates the placement of this jumper.

6 - 19
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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 (;:)
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 cycle option (zero
or one wait cvycle) is illustrated in Figure 4.

. (Jumper for 0 Wait Cycles
{one jumper only)
Jumper for 1 Wait Cycle, \ \
75N 5
: 0 /=9
— © ‘
\1 |
FIGURE 4 '
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Battéry Backup Operation

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

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

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

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

For a back plane voltage of (+8V) o I=E/R
and a battery voltage of - (+3V] =5V/220 ohms
(35V) =,0227 Amps

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

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 bBoard far exceeds the functions
of any other memory beoard 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 speéial 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
05 FE FROM MEMORY BOARD
06 D3 OuUTPUT
07 FFP TO FRONT PANEL LIGHTS
08 C3 JUMP
0% 00 TO

6 - 22 OA 00 0




RAM 4A
User Guide

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
/

4
A“ BACK OF REGULATOR PADS-

_

Connections for battery hookup
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 PCB
CIRCUIT SIDE

TO BATTERY

/ - -
# 100 PIN CONNECTOR Q
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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. 1Insert 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 CP-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 : Brror 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 Fl1, 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.

6 — 25
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RAM 4A :
Board Tester

INTERPRETATION OF ERRORS:

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

1. Write '00' in location FO000.

2. Read location F000 and ensure that it is '00°.

3. Repeat 1-2 using values '01', '02',....'0F' and
'10', '11',....'FF'.

4. Repeat 1-3 on FO00l, 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) frem the CPU to the RAM chip.
The c¢hip 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 playing 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" (F000/n/
FFFF) can hold data correctly (at least for a few micro-
seconds) . - However, we have not yet proved that "n" refer-
ences a unlque location. Phases II 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 g::Referencing'FOOO will access this location

" FOOl " FooOol " " " "
n »'l FO O 2 " Fo 0 2 . n n n ”n
" " F003 ﬁ:: " F003 " » " "
N ¥ NI 4 N3 N
True location FFFE 4——Referen01ng FFFE will access thlS locatlon
" FFFF — " FFFF "

Phase II will not detect this error.

It will write 00 through FF into F000 which.it thinks is loca-
tion F0Ql. 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 FO00l,...., FF into FFFF. Then it goes back

and reads this data, verifying it. Let's watch what happens
with our bad address line. :

ot




RAM 4A
Board Tester

F000, FOO1l Step 1: Write 00 into F000
F000, FOO1 Step 2: Write 01 into F0O01

F000, FOOl Step 4097: Read F000,

TRUE LOC. CONTENTS RESPONDS TO:
FO00 00
FOO1 ? nothing
F00O 01
FOOl ? nothing
E000 1
F0O1 ?

expecting nothing - and detect an error.

Thus, Phase II1 detects our error. Now for some observations
on how to £find 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 111

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 us after it writes, so the data doesn't have time

error.

to deteriorate.

2, If address line 0 were stuck at 1, the same results
would appear in Phase III. (Try it.) You can't tell
from this test what the line is stuck at. ‘

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.
the high 8 kits of address. If the error was Phase III,
these represent the low 8 bits.

'If the error was Phase II, these represent

6 = 21
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x

:DBUG
*@438,TAFF;
2400 F3 3E
2413 c2 29
a429 23 AF
a439 c2 29
3440 g4 21
3453 21 249
3469 7A 21
2473 75 44
g43@ 3E F2
2490 34 C3
33480 g4 21
24843 FF FF
34C3 FF FF
84D8 FF FF
JAED FF FF
34F93 FF FF
*@3538,85FF>
gs9a2 F3 3E
3510 C2 @9
2528 F3 74
35393 25 23
3543 23 7C
3559 7C FE
2562 3E Fl
3576 C3 99
3580- 35 EB
34593 48 3E
35A9 DB FF
25892 20 243
.85Co FF FF
2500 FF FF
BSES FF FF
3SF3 FF FF

FE
24
By
aa
1%
24
67
Cc3
21
94
18
FF
FF
FF
FF
FF

FE
a5
23

7C
FE
Fa
c3
25
82
F3
aAC
39
FF
FF
FF
FF

D3

23

c2
3E
F@
Cc3
a3
94.
63
24
FC
FF
FF

FF~

FF
FF

D3
23
7C
FE
Fa

3E .

99
79
47
21
ca
E%
FF
FF
FF
FF

FF
B4
iF
FC
7B
94
c3
24
24
2F
23
FF
FF
FF
FF
FF

FF
7C
FE
Fa
cz
FF
a5
21
4A
65
AD
FF
FF
FF
FF
FF

21
c2
a4
D3
95
aa
94
78
c3
D3
AF
FF
FF
FF
FF
FF

21
FE
F4
g2
3F
21
7A
7A
3E
as
Bs
FF
FF
FF
FF
FF

23
a8
21

FF
c2
EB
34
21

94
FF
B4
FF
FF
FF
FF
FF

54"
Fa
c2
2C

2s .

23
21
25
F2
C3
21
FF
FF
FF
FF

FF

Fo
24
L)
21
88
aF

aa

F9
c2
FF

FF
FF

F3

G2

21
as

21

a5
6C
C3
21
99
18
FF
FF
FF
FF

FF

AF

3E

Fg
23
24
21
21

aa

DB
Al
FF
FF
FF
FF
FF

AF
28
as
3E
ag

‘G3

a5
99
65
as
FC
FF
FF
FF
FF
FF

77
FD
7E

Fo

23
63
6E

83
FF
24
FF¥
FF
FF
FF
FF

17
a5
21
FC
F2
$9

c3¥

25
as
2F
23
FF
FF
FF
FF

46
D3
94
75
B4
g4
g4
94

47

67
21

FF
FF
FF
FF
FF

36
3E
29
D3

a5
99
78
Cc3
D3
AF
FF
FF
FF
FF
FF

B8
FF

cz2

23

3E
c3
23
4B
DB
20
FF
FF

FF.

FF

B3
FD
Fa
FF
95
EB
as
21

99
FF
BA
FF
FF
FF
FF
FF

ca
21
7C
AF

44
¥l

-

94

3E
FF
2a
FF
FF
FF
FF
FF

c2
D3
7E
21
c2
aF
7B

a5
F9
ca
FF
FF
FF
FF
FF

56

24
B4
a4

c3-
24

82
F3
aAC
39
FF

FF.

FF
FF
FF

58
FF
94
a9
3D
21

21

25

EB.

DB

(A9

FF
FF

FF

FF
FF

3C
74°
B4
3a
FF
3a
21
4A

68

98

FF
FF
FF

FF

3¢
29
81

75
23
25
a5
99
47
67
21

FF
FF
FF
FF
FF

ENTRY:

4K RAM TEST

0400

1K RAM TEST

ENTRY:

0500
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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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PROM-4, Rev. 3
‘tneory of Operation

THEORY OF OPERATION

The PROM~4 board provides up to 4K of addressable Read-
Only-Memory, utilizing the Intel 8702-1702 PROM devices.
The board contains 256 bytes of memory for each 8702-1702
chip installed.

Address lines A0 through A7 are run directly to all PROM
positions to select one of the 256 internal byte positions,
while address lines A8 through All are used to select and
enable one particular PROM position through 8205 decoders.
Address lines Al2 through Al5 are jumper-selected to de-
termine the board's enabling address.

The board is enabled when the 74LS30 NAND. (Cl) inputs are
all high, namely when the selected address appears on the
address bus, and the Status line SMEMR is high. The Pro-
cessor Ready line is controlled by a 74195 shift register
via an 8T97. The 74195 provides a user-selected memory
read delay, selectable with jumpers in the delay select
socket. The 74195 shift register is reset on the rising
edge of the inverted Bocard Enable (BDENA) signal.

When addressed and enabled, an 8702-1702 PROM puts out its
data on the DO through D7 lines. The data output lines of
all PROMS are tied to these lines, and these lines are
buffered via 8T97 sections to the DIQ through DI7 back
plane bus lines.

Power for the card logic is provided by a +5 volt regulator
and a -5 volt regulator-4 volt zener combination to yield
+5 and -9 volts. Tantalum and disc ceramic by-pass capaci-
tors eliminate noise from the powea distribution busses. .



PROM-4, Rev. 3
Functional Description

FUNCTIONAL DESCRIPTION

The IMSAI PROM~4 Board supports up to 4K bytes on non-
volatile, read-only memory. Designed to utilize the

Intel 1702 oxr 8702 read-only memory devices, the PROM-4
board may be flexibly configured to contain up to 4K

bytes in 256 byte 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-de-
coupled on-card voltage regulators provide reliable plug-
in compatibility with the IMSAI 8080 (S100).

The PROM~4 board provides sockets for 16 1702 or 8702’
PROMs. The socket locations are marked for easy selec-
tion of PROM addresses. A user-selectable memory read
delay allows efficient use of fast or slow PROM devices.
(Please consult the User's Guide for additional informa-
tion about this feature.) Two on-card regulators pro-
vide the +5 and -9 volts required by the 1702-8702 chips.

The PROM 4-4 board contains a full 4K block of PROM (8702
or 1702). PROM 4-512 contains 512 bytes of PROM (two
8702's or 1702's) which may be expanded through the use
of an expansion module MM702-5. Each expansion module
provides an additional 512 bytes of PROM capability. .

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 connections to the back plane.
Discrete components are of the highest quality with tan-~
talum by-pass and ceramic de-coupling capacitors. Both
on-card voltage regulators are fully protected against
short circuits and thermal overloads.
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30ARD: PROM 4
IMSAI
ITEM PART #
Solder 15-0000001
Heat Sink 16~-0100002
Screw 20-3402001
_ Nut 21-3120001
Lockwasher  21-3350001
Header 23-0400001
Socket 23-0800001
Socket 23-0800002
Resistor 30-4100362
Capacitor 32-2010010
Capacitor 32-2233070
Diode 35-1000004
8T97 36-0089701
74LS04 36-0740402
74LS30 36-0743002
7805 36-0780501
7905 36-0790501
8205 36-0820501
1702a 36-0870201
74195 36-7419501
PC Board 92-0000014

QUANTITY

Parts List

DESCRIPTION/IDENTIFYING MARKS

10’

16

15

1

2

(for 4-4) 1¢

(for 4512)

Thermalloy Heat Sink/6106B-14

6-32x3/8" Phillips Pan Head Machine Screw
6-32 Hex Nut ‘

#6 Internal Star Lockwasher

16 Pin IC Header

16 Pin Solder Tail Socket

24 Pin Solder Tail Socket

ix Oh&, LWatt Resistor/brown, black, red

.luf Disk Capacitor

33-25 Tantalum Capacitor (oxr 22-25)

Zener Diode (brown, violet)/1N748

Hex Tri-State Buffer/N8T97B

Hex Inverter (Low Power Schottky)/SN74LS04N
8 Input NAﬁD (Low Power Schottky)/SN74LS30N
5 V. Positive Voltage Regulator/MCfSOSCP

5 V. Negative Voltage Regulator/MC7905CP
Binary Decoder/8205

Programmable Read.Only Memory (256x8)/White.
and Gold- Chip /C8702A

4-Bit Parallel I/O Shift Register/SN74195N

Printed Circuit Board/PROM 4






PROM 4 Rev. 3
Assembly Instructions

ASSEMBLY INSTRUCTIONS

() 1.

() 2.

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

If gold contacts on the edge connector appear to

be corroded, use pencil eraser to remove any oxi-
dation. NOTE: Do not use Scotchbright or any
abrasive material as it will remove the gold plating.

RESISTOR INSTALLATION

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.

Insert and solder the 3.9 volt zener diode (brown/
violet) at location Z1l as shown on the Assembly
Diagram. ’

DISCRETE COMPONENT INSTALLATION
Insert and soldexr each of the two 16 pin IC sockets

at locations C2 and C9 as shown on the Assembly
Diagram. Plug in the jumper headers. See User

Guide section for jumper wire connections(s).

Insert and solder each of the fifteen .1lu¥F capa-
citors at locations Cl and C6 through Cl1l9 as shown -
on the Assembly Diagram. IR

Insert and solder each of the three 33uF capacitors
at locations C2 through C5 as shown on the Assembly
Diagram.

NOTE: Observe polarity (+ to +) as shown on the
board. -

IC INSTALLATION -

NOTE: All IC Pin 1's point toward the upper left hand corner
as noted on the board.

() 8.
() 9.
() 1o.
() 1L

Insert and solder the one 74LS04 at location C3.
Insert and solder the one 74LS30 at location Cl.
Insert and solder the one 74195 at location C8.

Insert and solder the two 8205's at locations C4
and CS5.



PROM 4, Rev. 3
Assembly Instructions

() 12. 1Insert and solder the two 8T97's at locations
C6 and C7 as shown on the Assembly Diagram.

() 13. PROM 4-4:
: Insert and solder the 16 24-pin sockets at
locations Al through A8 and Bl through BS.
Insert the 1702A's (or 8702A's) into their
appropriate locations. See the User Guide
section, Table 1 for these locations.

PROM 4-512:
Determine the appropriate locations for the

" 512 bytes of PROM by consulting the User
Guide (Table 1). Then insert and solder the
two 24-pin sockets into the selected locations.
Finally, insert the two 1702A's (or 8702A's)
into their respective sockets.

REGULATOR AND HEAT SINK INSTALLATION

CAUTION NOTE: The 7805 and 7905 regulators are physically
similar. The identifying number is located immediately
below the center hole. Be certain you are using the cor-
rect device in each location!

() 14. Before installing the heat sink and regulator,
bend the 7805 regulator leads at .90 degree
angles to facilitate mounting on the heat
sink. I

( ) 15. Insert the #6 screw through the 7805 regulator

’ and heat sink on the component side of the board
and attach through the lockwasher and nut on the
circuit side of the board. Tighten the screw
carefully to insure proper alignment of the heat
sink to prevent shorting to adjacent traces.
Solder in the 7805 leads.

() 16. In a similar manner install the 7905 regulator
and its heat sink, following instructions 14
and 15 above.

7 - 10
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PROM-4, Rev. 3
User Guide

USER GUIDE

The PROM-4 board uses Intel 8702 or 1702 ROM chips which
are structured 256 x 8 bits so that the minimum incre-
ment possible in memory space is 256 bytes or 1 8702-
1702 chip. The board is designed to contain up to 16
8702-1702 devices, which is the full 4K of PROM. Each of
the 16 PROM sockets has its own unique address, and each
PROM operates independently of any other PROM. Thus,

the user may structure his/her memory space in any way
desired merely by placing his/her PROM(s) in the desired
location(s).

The PROM~4 board is structured so that the memory address
corresponds to a physical location on the board. The PROM
sockets are arranged in a 2 x 8 rectangular array, and a
particular PROM socket is addressed by address bits A8,
A9, Al0 and All. A particular byte in the selected PROM
is addressed by address bits A0 through A7. The sockets
are labelled LOW 0 through 7 and HIGH 0 through 7. Table
1 should clarify the relationship between address and se-
lected socket.

TABLE 1
ADDRESS SOCRET
All Al0 A9 A8 ADDRESSING

0 0 0 0 Lo
0 0 0 1 Ll
0 0 1 0 L2 -
o 0 1 1 L3
0 1 0 0 L4
0 1 0 1 L5
0 1 1 0 L6
0 1 1 1 L7
1 0 0 0 HO
1 0 0 1 H1
1 0 1 0 H2
1 g 1 1 H3
1 1 0 0 H4
1 1 ] 1 s
1 1 1 0 H6
1 1 1 1 H7

7 - 11
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- DELAY SELECTION SOCKET

1.0us 1 waiTCyers) ’SWMWWWf
3 ‘ P ——————
1.5 us (2WAIT CYCLES), / |

2.0 us {3 WAIT CYCLES)

25 us {3 WAIT CYCLES)

P

The delay jumper socket (C9) of the PROM-4 board allows
the selection of one of four possible memory read cycle
delays. The available delay times are 1, 2, 3, or 4
machine ¢ycles, which translates to 1000, 1500, 2000

and 2500 nancseconds. This read cycle delay is neces-
sary to insure the data from PROM is correct before
transmission to the data bus. Most 1702-8702 chips
available are either 1000 or 1500 nanosecond access
time chips. The chips provided by IMSAI with the PROM-4
board are 1000 ns access time devices. After determining
the access time of the slowest PROM on the board, the
user should jumper the delay socket to produce that
necessary delay. ’

Table 2 lists jumper pin numbers for the possible delays.
In all cases, jumper the selected pin to pin 16.

TABLE 2
Délay (ns) Pin #
1000 1
1500 2
2000 3
2500 4

The example at the top of the page is jumpered for a
1500 ns delay.

7 - 12



Board Addressing

An example jumper for the Address Block beginning
with the’Address—C hex:

>—

A2

Al3

VIV
|

Al4

AlS

1YY

The board address select jumper location is C2. It
permits any one of the 16 possible 4K blocks of memory
space to be jumpered to form the board enable.

The jumper ‘location accepts a standard 16 pin IC socket
-—and ' the jumpers can he soldered on to a header which can
be plugged into the socket and changed easily without

any resoldering from the board.

After selacting a board address, the user must properly
jumper the socket. Very simply, to enable the board, all
address inputs to the NAND gate must be high. Therefore,
any address bit not a 1 at the selected address should be
inverted befors connection to the NAND input.

Address bits 12, 13, 14 and 15 are available on pins 1,
3, 5 and 7 and their respective complements on pins 2, 4,
6 and 8. These signals should be jumpered to the input
of the board select circuitry which appears on pins 9
through 16. An 8 position DIP switch similar to that
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User Guide

used for write enable may be inserted into this lo-

_cation should very frequent changes of address be de-

sired. For a board whose address is expected to re-
main the same, jumpers may be inserted directly on
the board. .

It is suggested that pins 9, 11, 13 and 15 be used
to input as desired either a 0 or a 1 from the
address bits so that for any address bits desired to
be 0, the jumper will extend directly across the
header and for any address bits desired to be 1, the
jumper will extend diagonally across the header.

For instance, if Al6 were to be 1, the jumper would
extend from pin 7 to pin 9. This makes it easy to
visually tell what address the board is jumpered for.
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Funcéiogél—Description
FUNCTIONAL DESCRIPTION

The PIO 4 board provides for up to four input and four out-
put ports of eight 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 eight bit parallel transfers.

Connection to the input or output ports is 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 .l inch center-to-center
board edge connectors.

The handshake logic on any input or output port will gener-
ate an interrupt. The priority level of the interrupt is
selectable. The address of the four ports is four sequen-
tial 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 I/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 out-
put 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 photo-
graphic 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 it into an extender card in another slot.

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/0 ports utilize the Intel
8212 8-bit latch.




PIO 4, Rev. 2
Functional Description

The +5 and ground pins on the input or output port con-
nectors can be used to provide 5 volt power at up to 200

or 300 milliamperes total from the £full board. In addition,
approximately 100 additional milliamperes of +5 volt power
would be available for each 8212 input or output port which
is not installed in the PIO 4 board. For example, if four
input ports were installed, but only two output ports were
installed, the 5 volt power that could be drawn from the
connectors would raise from 300 milliamperes to 500 milli-
amperes. -

W
it




PIO 4, Rev. 2
Theory of Operation

THEORY OF OPERATION

The board enable is the output of the 74LS30 in position
C9. Input to this 8 input NAND gate is the true or com-
plement address bits 2 through 6, according to how they
are jumpered. The input and output status bits are logically
ORed and the output or its complement is also jumpered

to the NAND gate in position C9. These two are used for
I/0 reference instructions or these two inputs to the NAND
gate are taken from the complement of the status input ox
output instruction and the high address line which comes
from the 74L830 in position C6. This NAND gate in posi-
tion C6 is active when all the high order of address bits
8 through 15 are true, that is, high. Address 0 and 1 and
their complements are fed into a one-ocf-4 decoder con-
sisting of the 7427 in position and part of the 7402 in
position Cll along with one inverter.

Also as a condition in this one-of-four decoder is the
board enable. The outputs of this one~of-four decoder
are fed directly to the enable pins on the respective
8212 input or output ports. The DATAIN bus on the IMSAI
8080 system is driven directly from the output of the
four input latches.,  This is a tri-state output and is
enabled only when the chip is selected by the one-of-four
decoder.

The DATA OUTPUT bus in the IMSAI 8080 goes directly to the
four. 8212 cutput ports. The second enable line on each of
the input ports is connected to the PROCESSOR DATA BUS-IN
signal such that the data is placed on the IMSAI 8080 bus
during the time that the processor wishes to read it. The
other device select line in output port 8212's is driven
by the ORed condition of the PROCESSOR WRITE STROBE or’
FRONT PANEL WRITE STROBE, these coming from pins 77 and 68
on the IMSAI 8080 back plane respectively. The PROCESSOR

DATA BUS-IN signal appears on pin 78 of the IMSAI 8080
back plane.

Handling the interrupt levels from the four input and four
output ports requires only the interrupt select jumper
socket in position 2 so that the appropriate interrupt
levels which are already originated by the 8212 chips

can be connected as desired to the proper priority interrupt
line on the IMSAI 8080 back plane. The remainder of the
interrupt function is affected by the PIC-8 board, the
Priority Interrupt/Clock board.




PIO 4, Rev. 2
Theory of Operation

The LED's on the output ports are driven through the current-
limiting resistor to +5 volts, so that when the output bit

is low the LED is on. This orientation was chosen because
the 8212's have a greater ability to sink current than

they do to source current. ‘

The strobe line into each 8212 input or output port is tied
through a 1K resistor to +5 volts so that if the strobe line
is not used, it will remain high and noise will not triggexr
signals on the input or output ports or the interrupt lines.
All of the input lines have a 1K resistor to +5 volts, so

" that when the lines are not connected they exist in a de-
fined state. "

Vit
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BOARD: PIO 4

ITEM

Solder
Heat Sink
Screw

Nut
Lockwasher
Header
Socket

Resistor

Resistor
Capacitor
Capacitor

LED

7402

74Ls802

7404
741504
7427
74LS30

7805
8212

PC Board

PIO 4, Rev. 2
Parts List

;ﬁi;l# QUANTITY DESCRIPTION/IDENTIFYING MARKS
15-0000001 10’
16-0100002 1 Thermalloy Heat Sink/6106B-14
20-3303001 1 6-32x3/8" Phillips Pan Head Machine
21-3120001 1 6~32 Hex Nut
21-3350001 1l #6 Internal Star Lockwasher
23-0400001 3 16 Pin IC Header
23-0800001 3 16 Pin Solder Tail Socket
30-3220362 é (For PIO 4-~1) 220 Ohm, % Watt/
32 (For PIQ 4-4) Red, red, brown
30-4100362 41 1K Ohm, % Watt/brown, black, red
32-2010010 12 .1luF Disk Ceramic
32-2233070 2 33-25 Tantalum
35-3000001 8 (For PIO 4-1) Red Light Emitting Diode
32 (For PIO 4-4)
36—-0740201 1 Quad 2 Input NOR/SN7402N
36-0740202 1 Quad 2 Input NOR (Low Power Schottky)/
SN74LS02N
36-0740401 2 Hex Inverter/SN7404N
36—-0740402 2 Hex Inverter (LPS)/SN74LS04N
36-0742701 1 Triple 3 Input NOR/SN7427N
36~O743002> 2 8 Input NAND (LPS)/SN74LS30N
36-0780501 1 5 Volt Positive Voltage Regulator/
MC7805CP
36-0821201 2 (For PIO 4-1) 8 Bit I/O Port/D8212
8 (For PIO 4-4)
92-0000013 1 PIO 4, Rev. 2
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P10 4, Rev. 2
Assembly Instructions

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 oxi-
dation. NOTE: Do not use Scotchbright or any
abrasive material as it will remove the gold plating.

RESISTOR INSTALLATION

() 3. Insert and solder the thirty-six 1K ohm, % watt
resistors (brown, black, red) at locations R38
through R73 in the upper right hand corner of the
board as shown on the Assembly Diagram for PIO 4-4
and the 9 1K, % watt resistors at locations R38
through R46 for PIO 4-1.

() 4. Insert and solder the other five 1lX chm, % watt
resistors at locations R1l, R2, R1ll, R20 and R29
above the output port locations as shown on the

" Assembly Diagram for PIO 4-4; and the other two
1R ohm, % watt resistors at locations Rl and R2
at output port location as shown on the PIO 4-1
Assembly Diagram.

IC INSTALLATION

NOTE: All Pin 1's are toward the upper left hand edge and
away from the 100 pin connector.

() 5. Insert and solder the one 7402 at location Cl1.
() 6. Insert and solder the one 74LS02 at location Cl10.

() 7. Insert and solder the two 7404's at locations B8
and B10O.

() 8. Insert and solder the two 74LS04's at locations
B7 and C7.

() 9. Insert and soldexr the one 7426 at location Bl1.

( ) 10. Insert and solder the two 74LS20's at locations
C6 and C9.

() 11. Insert and solder the eight 8212's at locations

Al through A8 for PI0 4-4; the two 8212's at loca-
tions Al and A5 for PIO 4-1. NOTE: If fewer than
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Assembly Instructions

4 output or 4 input ports are being installed, they
would normally be installed from left to right as
the address of the output ports; for instance:
address 0 for position A3 and address 3 for posi-
tion A4. The input port chips are arranged in a
similar fashion from low to high address left to
right, starting with position A5 and going to
position A8. The choice of positions to be filled
first can be made according to which addresses
desired on the input or output ports.

( ) 12. Insert and solder the twelve .luF capacitors at
locations Cl through C6 and C9 through Cl4 as
shown on the Assembly Diagram. Be sure the capa-
citors are pulled in close to the board. 1In
applications where the PIO0 board will be used in
place of a front panel for programmed output in
dedicated processor uses, care should be taken to
lay the .1 disk ceramic bypass capacitors below
the lowest LED position. This is to insure that
nothing in the upper half of the board extends
higher off the board than the LED's. If LED's
are to be mounted, they can be mounted at this
time.

( ) 13. Insert and solder the two 33uF tantalum capacitors
. at locations C7 and C8 as shown on the Assembly
Diagram. NOTE: Observe polarity (+ to +) as shown
on the board.

{ ) 14. Insert and solder the 32 LED's at locations L10
through L17, L20 through L27, L30 through L37, and
L40 through L47 as shown on the Assembly Diagram
for PI0 4-4; the 7 LED's.at locations L10 through
L17 for PIO 4-1 as shown on the Assembly Diagram.
Take a piece of cardboard, plastic or aluminum
and cut it to approximately 3/8" wide for a strip
about 3/4 inches long and then cut up the center.
Don't cut all the way, so that the center saw cut
can be placed on either side of the LED's leads,
and the LED's can then be pushed into the holes
and against the 1/8 inch spacer and soldered. The
tool is then removed, and the LED should have a
uniform spacing of 1/8 inch above the board. The
220 ohm or 230 ohm LED resistors should also be
installed at this time if the LED's are installed.
These are user supplied resistors and are not pro-
vided by IMSAI.
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Assembly Instructions

( ) 15. Insert and solder the 3 16 pin solder tail sockets
at locations B9 and C8, to provide for addressing
jumpers, and at location C2 to provide for priority
interrupt jumpers.

REGULATOR AND HEAT SINK INSTALLATION

( ) 16. Before installing the regulator and heat sink, bend
the 7805 regulator leads at 90 degree angles to
facilitate mounting on the heat sink.

( ) 17. Insert the #6 screw through the regulator and heat
sink on the component side of the board and attach
through the lockwasher and nut on the circuit side.
Tighten the screw carefully to insure proper align-
ment of the heat sink. Solder the 7805 leads.
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User Guide

USER GUIDE

The PIO 4 Board has four input ports and four output porxts.
Each port has an eight bit latch associated with it. These
ports may be addressed in one of two different ways: First,
addressed as an input/output port with input or output in-
structions; second, they may be addressed with memory refer--
ence instructions. The type of addressing is selectable by
jumpers and the board cannot have both types of addressing
at the same time. The four input ports form a block of
addresses that are four sequential addresses and the four
output ports form a block of four sequential addresses which
are the same four addresses as the input port. In other
words, the same address used with an input instruction to
input on port number 0 is the same address used to output on
port number 0.

When the board is being used with memory-mapped I/0, any 8080
instruction which either reads or writes a byte from memory
can be used to either read or write respectively a byte from
an input or output port on the I/O0 board. That is, a load
accumulator, from the address that this board is jumper-
selected to respond to, will load the accumulator with the
data from the input port addressed. Each of the four input
and each of the four output latches are equipped with data
strobe lines. Each port has both an interrupt line and a
strobe line which can be used as hand-shake signals for
conventional parallel data transfers. In the case of the
output ports, a low pulse on the strobe line will set the
interrupt line low. The interrupt lina changes on the
falling edge cof the strobe line and the strobe line would
normally be kept high.

The interrupt line is made high again upon the trailing
edge of the WRITE strobe of the processor which is writing
a new eight bits of data into the output port. Thus, the
strobe line would be the input hand-shaking line and the
interrupt line would be the output hand-shaking line. The
interrupt line may also be jumpered to one of the IMSAI
8080 priority interrupt lines on the back plane to effect
an interrupt to the processor when it goes low, that is,
when the strobe line has been pulsed low to indicate it has
been taken by the peripheral device.

If it is not desired to use hand-shaking lines, it is not
necessary to jumper them or take any other action. Success-
ive bits may be put out to the output ports with no further
action by any other device. 1In this case, the strobe line
would remain high from. the on-board. pull-up resistor and.
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the interrupt line would remain high for lack of any
strobe signal to affect it.

The input ports also have one strobe line and one inter-
rupt line each. Each of the strobe lines for the input
ports also has an on-board pull-up resistor. If the strobe
line is not connected or if it is driven high, the data

in the latch will follow the input lines. The program

can read input from the input lines. The program can read
input from the input lines and it will read the data that
is present at the instant that the input instruction is
executed. When the strobe line is made low the data that
is present on the input lines at the falling edge of the
strobe lines is latched into the input latch and remains
there as long as the strobe line is held low. As soon as
the strobe line is raised, the data in the latch will again
follow the input lines. On the falling edge of the strobe
lines the interrupt line will change from high to low.

This can be jumpered to the IMSAI 8080 priority interrupt
lines to create an interrupt to the processor, and/or it
may be used as an indication that the processor has not
yet read the latched data. 1I£, while the strobe line is
being held low, the processor reads data from the input
port, then the interrupt line will return high at the
trailing edge of the read strobe, thus indicating to the
peripheral device that the processor has read that data and
the latch is available for latching the next data byte’
into it. Each input and each output port has its own strobe
and interrupt line. They may be driven together or sepa-
rately.

All four of the output port strobe, interrupt and data lines
appear on the 50 pin connector on the upper left edge of

the board, and all four of the input port strobe, interrupt
and data lines appear on the 50 pin connector on the upper
right hand edge of the board.

Also appearing on these connectors is ground and +5 volts.
See the schematic diagram for pin numbers.

Both the input and the output connectors are designed to
accept 3M-type flat cable board edge connectors. The

flat cable may be run directly from the peripheral in
through the flat cable clamp at the top back of the IMSAI
8080 Cabinet and directly to the edge connector which slips
onto the top of the PIO 4 board.

s
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Each of the data input lines on the input ports is tigd to
+5. volts through a 1K resistor so that unused lines will
be read as high data level or true data level.

As an alternative, two EIA type connectors, 25 pins each,
may be connected by way of flat cable and the 3M flat
cable system to the board, so that the board connections
can be taken to the EIA connectors with no hand wiring.
This is true of the input port connector and the output
port connector.

The connectors are arranged so that if the EIA 25 pin
connectors are used, either two output ports or two input
ports appear on the pins of the EIA connector along

with both ground and +5 volts. If there are two devices,
each needing only one output port, they may be connected
without hand wiring both to the EIA 25 pin connectors by
passing the flat cable through the first connector into
a second so that two 25 pin connectors can be connected
to the same flat cable; then only . one port would be used
in the first connector and the other port would be used
in the other connector. This would permit separate plugs
from separate peripheral devices without requiring any
hand wiring of cables. The same, of course, is true for
the input ports.

If desired for custom program display front panel-type use
or just debugging use, the user can assemble the output
ports with 8 LED's and current limiting resistors of
either 220 or 330 ohms, so that the user has a visual
indication fo the status of the output bits.

If the PIO 4 board is to be used in place of the front panel
for custom program output, care should be taken during
assembly to make sure that the disk ceramic bypass capa-
citors are not stood up but rather are laid over on top of

‘the resistors they are next to so that they do not extend
higher than the LED's.

The LED's on the output ports are turned on when the data
bit is written as a 0. This was done because it was felt
it was a more cost-effective solution for the user to put
a complement instruction in his/her firmware than it was
for IMSAI to put inverters in the hardware.

The +5 and ground pins on the input and output port con-
nectors can be used to provide 5 volt power at up to 200 or
300 milliamperes total from the full board. In addition,
approximately 100 additional milliamperes of +5 volt

power would be available for each 8212 input or output port
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which is not installed in the PIO 4 board. For example, if
four input ports were installed, the 5 volt power that could
be drawn from the connectors would raise from 300 to 500
milliamperes. .

INTERRUPT SELECT JUMPER SOCKET

Position C2 on the PIO 4 board is the interrupt select jum-
per socket. Appearing at the pins of this socket are all
eight of the priority interrupt lines for the IMSAI 8080, ,
the four input interrupt lines and the four output interrupt
lines of the PIO 4 board. Thus, any interrupt line desired

to be used may be jumpered from the appropriate pin as noted
on the diagram below.

If an interrupt is desired to be used, the jumper may be
put between the interrupt line from the desired input or
output port to the desired priority interrupt on the IMSAI
8080 back plane. The IMSAI PIC-8 board must be used to
monitor these interrupt lines and originate the interrupt
to the processor according to which line is requesting an
interrupt. If more than one line is requesting an lnterrupt
at the same time, the higher priority line rules. B2An
example is shown below for connecting the interrupt line
from input port 2 to level 5 priority and the intexrupt
line from output port 2 to level 2 priority interrupt.

PORT SELECT p : PRIORITY LEVEL
OUT 4 ==y 1 1X-Y el |
OUT 3§ cstmond i §
ouT 2 5
OUT1 ———i o 4
ING  commtee —
IN3 ] 2
N2 1
INT ey 8 9 e 0
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BOARD ADDRESS SELECTION JUMPER SOCKETS

» d s

e =

=1

A o A - }
r | T

The board address is selected by jumpers or a DIP switch
in locations C8 and B9. There are two cases for which
this board may be jumpered: 1) to respond to input/out-
put instructions and 2) to respond to memory access in-
structions. The case of input/output instructions will
be treated first.

In selection location B9, pins B and 9 must be jumpered
together and pins 5 and 12 must be jumpered together.
Address bits 0 and 1 determine which of the four input or
output ports will be addressed. Port address bits 2 and 3
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are also selected on location B9 with jumpers. If, for
instance, address bit 2 is desired to be a 0 when the board
responds, then pins 4 and 13 would be jumpered together.

If address bit A2 was desired to be a 1, then either pins

3 or 13 may be jumperd together, since 13 and 14 are tied
to the common address selection input.

It is suggested, however, that when jumpers are being used,
pins 3 and 13 be connected together to provide an easy
visual indication of whether the address bit is a 1 or a

0 since that will correspond to whether the jumpers are
slanted or straight across the jumper socket. Pins 13

and 14 were tied together so that an B8 position DIP switch
can be inserted in this location and used to select the
address.

Address bits 3, 4, 5, 6 and 7 are jumpered in a similar
manner. Address bit 3 is also on location B9; address 4,
5, 6 and 7 are jumpered on position C8. See the diagram
on the previous page for pin numbers for each address bit.

If it is desired to use the board in a memory-mapped 1/0
capacity, then in position B9 the jumpers between pins

8 and 9 and 5 and 12 must be removed and two jumpers in-
serted between pins 7 and 10 and between 6 and 11. The
remaining jumpexrs for bits 2 through 7 function exactly
the same and affect the lower eight bits of the memory
address. The upper eight bits of the address will always
be all ones, that is hex FF_or octal 377.

When used as a memory-mapped I/0 board, all instructions
that normally affect the memory will operate on the I/0
ports. For example, an increment memory instruction would
read the data from the addressed input port, increment

that data by one and output it on the same address output
port.
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Revision O

TUNCTIONAL DESCRIPTION

The PIO6 Board provides the IMSAI 8080 Microcomputer System with
two sets of 24 parallel programmable I/0 lines and the capablllty
of extending its own standard I/0 bus to peripheral devices.

Bach set of 24 parallel I/0 lines is derived from Intel's 8255
programmable peripheral interface integrated circuit. The function

- of the PI06 Board is that of a general purpose I/0 component to

interface peripheral equipment to the IMSAI 8080 Microcomputer
System bus.

o The functional configuration of the PIO6 Board is controlled by the

Z?omlcroprocessor software. The twenty-four 8255 I/0 pins are pro-

?i

vsnu ‘9'

$%grammable in two groups of 12 edach and used in three basic modes of
Soperation:

o0&
; % . Mode O - Each group of 12 I/0 plns may be programmed

in sets of four to be input or output.

Mode 1 - Each group of 12 may be programmed to have
eight lines of input or output. The four
remaining lines in each group are left for
"handshaking” and interrupt control signals.

Mode 2 - Bidirectional bus mode which uses eight lines
for abldlrectlonalbus, and five lines,
borrowing one from the other group, for
“handshaklng .

The control lines of the 8255 chips are also brought to PIC6
connector pins (in J2 and J3) for additional control by the
peripheral device.

Enough microprocessor control and bus signals are brought through
the PIO6 Board connectors J2 and J3 so that the "Isolated 1/0"
technique directly from the processor can be implemented in the
peripheral device. With the addition of J4 to the PIO6 Board, the

-"Memory Mapped I/0"™ technique directly from the microprocessor can

be implemented in the peripheral device. J4 also provides interrupt
lines from the microprocessor. Pads are provided on the PI06 board

so that interrupt lines from the 8255's can be directly jumpered to

the processor's vectored interrupts.

Connection to the input or output ports is made through board edge
connectors at the top of the board on 0.10 inch centers, and the
fingers will accept 3M flat cable edge connectors as well as most

‘other 0.1 inch center to center board edge connectors.

The board uses a 7805. integrated circuit requlator for the +5 volt
power and tantalum capacitors before and after the regulator with
ample ceramic disk capacitor bypassing throughout the board.
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Revision 0
The board size is 4.7 inches by.10 inches with a 100 pin
edge connector on the bottom, dual 50's on 0.125 inch cen-
ters. On the top of the board are two 50 pin edge connectors,
dual 25's on 0.10 inch centers and a 26 pin edge connector,
dual 13's also on 0.10 inch centers.

Connector fingers on all edge connectors are gold plated over

" nickel for reliable contact and long life. The remainder of

the board c1rcu1try is tin-lead plated for appearance and re~
liable solder connections.

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 prov1ded with a heat
sink and has current limiting for protection in case of an
overload.

The +8, +18, and -18 volt lines provided at the PI0O6 Board
top edge connectors are bussed directly from the micropro-
cessor motherboard and are unregulated. Before using these
voltages, the user should requlate these lines with, for

example, a 7805 integrated circuit regulator to obtain +5
volts.
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THEORY OF OPERATION

The PIO6 Board is enabled by having its address (as jumpered
in the Address Jumper Sockets) appear on the microprocessor
address lines during an input or output instruction. When
this occurs, the outputs of the Address Jumper Socket will all
be high, causing the output of the 74LS30 at location C7 to be
low which is the true state of the board enable signal "/BDENA".
This signal is buffered by an 8T97 and passed on to connectors
J2 and J3 as "/HIADD". Also, AND'ed into the board enable
signal is the OR of the microprocessor status bits "SINP" and
"SOUT" which are the strobes used to indicate input instruc-
tion and output instruction respectively.

The board enable signal is further AND'ed with address lines
2 and 3 to create the 8255 chip selects "/CSO" and "/CSl".
This is done in three section of the 74LS32 in location C8.
To get either of the chip selects true, address line 3 must
be. low. Address line 2 low allows /CSO to be true while ad-
dress line 2 high allows /CS1 to be true.

Once an 8255 is selected, it becomes responsive to the I/0
command to transfer data to it or from it. The various func-
tions of which the 8255's are capable are selected by the ap-
propriate combination of address bits 0 and 1 which are bussed
to 8255 port address inputs A0 and Al (pins 9 and 8).

After buffering through 8T97's, the processor's read (PDBIN)
and write (/PWR) strobes are wired to the read and write lines
of the 8255's. The read signal is inverted before reaching
the 8255 to create the proper polarity read signal.

External clear (/EXT CLR) from the processor front panel
switch and power on clear (/POC) from the processor are OR'ed
together to provide the reset signal to the 8255's and the J2
and J3 connectors.

Four 8216's are utilized to provide two levels of buffering
for the data bus. The first pair buffer between the micropro-
cessor and the 8255's. The second pair buffer between the
8255's and the J2 and J3 connectors. The board enable signal
(/BDENA) allows the microprocessor data bus to be connected

to the 8255's data bus. In addition, if address line 3 (A3)

is high, the 8255 bus is connected to the J2 and J3 connectors.
The external board enable signal available to the J2 and J3
connectors (/BDEN) enables both pairs of 8216's which allow

the microprocessor data bus to be bussed to the J2 and J3
connectors.

All other processor signals brought to the J2, J3 and J4
connectors are buffered by 8T97's. The processor voltages
+8, +18 and ~18 volts and GROUND are bussed directly from the

J1 connector (which plugs into the processor motherboard) to
the J2 and J3 connectors.
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Traces from the 8255 lines "PCO" and "PC3" are brought from each
8255 to the bottom of the board where they may be jumpered to
inverters (to get the right polarity) and then jumpered to either .
the processor's "/INT" line or one of the vectored interrupts.
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Theory of Operation

TABLE 1
SIGNAL DESCRIPTION J2 & J3 CONNECTORS
Pin $ Name Description
1 GROUND
2 PBO
3 PB1
4 PB2
5 PB3 Port B lines brought directly from
6 PB4 ' 8255 to connector.
7 PB5 '
8 PB6
9 PB7
10 PCO
11 PCl
12 PC2
13 PC3 Port C lines brought directly from
14 PC4 8255 to connector.
15 PC5
16 PCo
17 PC7
18 PAO
19 PAl
20 PA2
21 PA3 Port A lines brought directly from
22 Pa4 8255 to connector. ,
23 PAS
24 pas
25 Ppa7
26 A0 Buffered low order address bits from
27 Al microprocessor.
28 A2
29 A3
30 DBO
31 DBl
32 DB2 e -
33 DB3 ‘Bidirectional data bus from micro-
34 DB4 processor buffered through two 8216's.
35 DB5 :
36 DB6
37 DB7
38 /HIADD High Address. Same as internal PIO-6

signal "/BDENA" except buffered through
an 8T97. This signal is the decode of
the PI0-6 port address. Addxess lines
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Pin Name
38 /HIADD
(Cont.)
39 /RESET
40 DBIN
41 /WR
42 GROUND
43 +8Vv
44 +8V
45 +8Vv
46 +18V
47 +18v
48 -18Vv
49 ~-18V
50 GROUND

P106
Theory of Operation

TABLE 1
Description

"A2" through "A7" are decoded. "a2"
and "A3" may be jumpered to "DON'T
CARE". .

Buffered external clear signal from
microprocessor front panel switch.

Buffered "PDBIN" signal from micro-
processor. Processor command/control
output signal indicating to external
circuits that the data bus is in the
input mode.

Buffer /PWR" from microprocessor.
Processor command/control output used
for memory write or 1/0 output con-

trol. Data on the data bus is stable
while the "/PWR" is active.

+8 volts unrequlated.

+18 volts unregulated.

~18 volts unregulated.
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Pin #

20

21

22

23

24
25

26

Name

INP

GROUND

READY

SYNC

GROUND

@2

GROUND

rivo
Theory of Operation

TABLE 2

" Description

Buffered status output signal from the

microprocessor which indicates 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.

Buffered "PRDY" signal to the micro-

processor. Processor command/control
input that controls the RUN state of

the processor. If the line is pulled
low, the processor will enter a WAIT

state until the line is released.

Buffered "PSYNC" from the microprocessor.
Processor command/control output indi-
cating the beginning of each machine
cycle.

Buffered phase 2 clock from the micro-
processor.

S
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Item
Heat Sink
Screw
Nut
Lockwasher
Wire
Header
]»i*

Socket
Socket

Capacitor
Capacitor
8T97
74LS04*
74Ls08%*
74LS30%*
74LS32%*
7805
P8216
8255

PC Board

PI0C6-3

Parts List

IMSAI .

Part # oQuantity Description/Identifying Marks
16-0100002 1 Thermalloy, 5 Prong/6106-B-14
20-3302001 1 6-32 x 5/15" Phillips Pan Head Machine
21-3120001 1 6-32 x %" (OD)
21-3350001 1 #6 Internal Star
22-0030001 1 - Wire, Wire Wrap, 30 GA., Kynar, -Blue
23-0400001 2 16 Pin |
23-0800001 2 16 Pin, Solder Tail Low-Profile IC Socket

TIN €831602

23-0800004 1 40 Pin, Solder Tail Low-Profile IC Socket

’ TIC 834002
32-2010010 7 .1uF Disk Ceramic Capacitor
32-2233070 1 33uF, 25V Tantalum Capacitor
36-0089701 3 Tri-State Buffer/N8T97B
36-0740402 2 Hex Inverter/DM74LSO4N
36-0740802 1 Quad 2 Input ANﬁ/sN74L508N
36-0743002 1 8 Input NAND/SN74LS30N
36-0743202 1 Quad 2 Input OR Gate/SN74LS32N
36-0780501 1 5 Volt Positive Voltage Regulator/7805CU
36-0821601 4 _ Bi-directional Bus Driver/uPB8216D
36-0825501 1 Programmable Peripheral Interface/C8255
92-0000038 1‘ PI06—-3

* NOTE: Regulator version of all chips is OK.

** Replaceable by 2, B-position DIP Switches.

3
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Item
Heat Sink
Screw

Nut
Lockwasher
Wire’

Header
]—**
Socket

Socket

Capacitor
Capacitor

8T97

- 74LS04*

74L508*
74LS30*
741532+
7805
P8216
8255

PC Board

PIO6-6

Parts List
IMSAT
Part # OQuantity Description/Identifying Marks
16-0100002 1 Thermalloy 5 Prong/6106-B-14
20-3302001 1 6-32 x 5/16" pPhillips Pan Head Machine
21-3120001 1 6~32 x %" (OD)
21-3350001. 1 #6 Internal Star
22-0030001 1! Wire, Wire Wrap, 30 GA., Kynar, Blue
23-0400001 2 16 Pin
23-0800001 2 16 Pin, Solder Tail Low—Prdfile IC Socket
TIN C831602
23-0800004 2 40 Pin, Solder Tail Low-Profile IC Socket
TIC 834002
32-2010010 7 .1uF Disk\Ceramic Capacitor
32-2233070 1 33uF, 25V Tantalum Cap;éitor
36-0089701 5 Hex Tri-State Buffer/NS8T97B
36-0740402 2 Hex Inverter/DM74LS04N
36-0740802 1 Quad 2 Input AND/SN74LSOSN
36-0743002 1 8 Input NAND/SN74LS30N.
36-0743202 1 Quad 2 Input OR Gate/SN74LS32N
36-0780501 1 5 Volt, Positive Voltage Regulator/7805CU
36~0821602 4 Bi-directional Bus Driver/uPB8216D
36-0825501 2 Programmable Peripheral Interface/C8255
92-0000038 1 PIO6-6

* NOTE: Regular version of all LS chips is OK.

** Replaceable by 2, 8-Position DIP Switches.
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Item

Socket

8T97

8255

IMSAI
Part #

PIO6-M
Parts List

Quantity Description/Identifying Marks

23-0800004 1

36-0089701 2

©36=-0825501 1

40 Pin, Solder Tail Low-Profile IC Socket
TIC 834002

Tri-State Buffer/N8T97B

Programmable Peripheral Interface/C8255

3 -

23







o g
o .“ﬁlO

ooy

puv

SOADLIGM DA
WS U WPV VO '

50D "DIN I

Assembly Instruction
Unpack your board and check all parts against the parts list enclosed.
If gold contacts on the edge connectors appear to be tarnished, use
pencil eraser to remove any oxidation. _
NOTE: Do not use Scotchbright or any abrasive material as it may re-
move the gold plating.

IC INSTALLATION

NOTE: Pin 1's are located toward the upper left hand edge of the printed
circuit board and the three edge connectors.

3.

10.

11.

12.

13.

14.

Insert and solder the two 74LS04's at locations C3 and C5 as shown
on the Assembly Diagram.

Insert and solder the one 741S08 at location B4 as shown on the
Assembly Diagram.

Insert and solder the cne 74ILS30 at location C7 as shown on the
Assembly Diagram. ’

Inserﬁ and solder the ‘one 74LS32 at location C8 as shown on the
Assembly Diagram. ' ’

Insert and solder the five 8T97's at locations A3, A4, A7, B3 and
C4 (three for PIO6-3 at locations A7, B3 and C4) as shown on the
Assembly Diagram.

Insert and solder the four 8216's at locations A5, A6, B5 and B6
as shown on the Assembly Diagram.

Insert and solder the two 40 pin sockets at locations Al and A8 as
shown on the Assembly Diagram (one for PIO6-3 at location Al).

Insert and solder the two 16 pin sockets at locations B7 and C6
as shown on the Assembly Diagram.

DISCRETE COMPONENT INSTALLATION

Insert and solder the one 33uF, 25V tantalum capacitor at location
Cl as shown on the Assembly Diagram.

Insert and solder the seven .luF disk ceramic capacitors at locations
C2 through C8 as shown on the Assembly Diagram.

HEAT SINK AND REGULATOR INSTALLATION

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

Place the heat sink on the board and insert the requlator leads into
the holes. Use the #6 screw and insert from the top side through the
regulator and heat sink and tighten with lockwasher and nut on back

25
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PIO6-6 Rev. 1
Assembly Instructions

side of the board. Solder the 7805 leads. NOTE: Be sure to place in
proper position to prevent shorting.

*15. Insert the two 8255's at this time into their proper sockets (one for -

PI06~3) at locations Al and AS8.
16. Insert the 16 pin headexs at this time at locations B7 and C6.

17. On the solder side of the board, cut the trace going to pin 13 of
IC-C7 (74L830). Solder an insulated jumper between pin 11 of IC-C7
(74L530) and pin 11 of B7 (address jumper select). This may be done
most easily on the back of the board (solder side).

NOTE: Step 18 is only necessary if direct interrupt to the PINT bus is

used. It is not necessary if either no interrupts from this board are
used or vectored interrupts are used.

18. Cut the trace coming from pin 28 of J1 on the component side of the
board. Solder an insulated jumper between the top of pin 73 of J1
and the pad with the large diameter hole immediately above pin 28
of J1l. This is the pad that was cut free from pin 28. Be careful
not to allow solder to flow down the edge connector at pin 73. This
jumper is on the solder side of the board.

26
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- .SER°" GUIDE

The basic purpose of the PIO6 Board is to provide the microprocessor
with two programmable 24 line parallel I/0 ports and to extend a fully
buffered microprocessor I/0 interface to a peripheral device.

The address of the PI0O6 Board is jumpered using the "Address Jumper

Select” headers in locations C6 and B7. These sockets are also shown

in Figure One. The address byte is divided in half. Location Cé

contains the four high order address bits. To make an address bit
“shigh, the odd numbered pin on the left must be jumpered to the
§§§corresponding pin on the xight. For example, the dotted lines in
g?g?igure One represent an address of:

7§2

T A7 a6 as a4

> ’;'

%gg : 0 1 o 1
<

§

> In the low order half of the address, bits 2 and 3 are selected by
location B7. These bits can be jumpered as above using pins 5, 6,
7, 8, 9, 10, 11, and 12. Bits 2 and/or 3 can be jumpered as "DON't
CARE" bits by jumpering pin 3 to 14 or 4 to 13 respectively.

When addressing the 8255's bit 3 must be low. Bit 2 high, addresses
3255-1"and bit 2 low addresses 8255-0. Address bits 0 and 1 are used
Tor addressing the particular functions within a given 8255. For
example, when writing to an 8255 with address bits 0 and 1 both

high, this causes the 8255 to interpret the incoming data byte as

a control word. A summary of the address scheme is shown in Figure
Two.

The 8255's operate completely independent of one another. The
functional configuration of the 8255's is under program control by
the software residing in the microprocessor. A control word is
output to an 8255 setting up a desired functional configuration, while
other I/0 commands operate on the particular configuration. Refer

to the Intel 8080 Microcomputer Systems User's Manual for the details
of operation of the 8255's,

Connectors J2 and J3 contain all the signals necessary for operation
of and interfacing the 8255's to peripheral devices. Both J2 and

J3 are 50 pin edge connectors which accept a 3M type flat cable edge
connector. Table One is a list and description of the signals
contained in connectors J2 and J3 (see PIO6 Theory of Operation).

By using either J2 or J3 combined with J4, the microprocessor I/0

bus can be extended to a peripheral device so the user may implement
I/0 logic direct from the microprocessor. Both Intel's "Isolated I/0"
ind "Memory Mapped I/O" techniques may be utilized. The "Isolated
I/0" technique utilizes input and output commands between a particular
ddress port and the A register. "Memory Mapped I/O" allows the user
to use any memory reference instruction for I/0. It treats I/0 ports

3 - 27
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as memory locations. For details on these techniques and the
microprocessor I/0 bus, the user is referred to Intel's user's
guide again and the microprocessor user's guide.

The J4 connector has 26 pins and also accepts the 3M type flat
cable edge connectors.

Signals to and from the 8255's are direct with no buffering.
8255 outputs have the ability to source 1 ma of current at
1.5 volts. This allows Darlington transistors to be directly

driven for appllcatlons, such as printers and high voltage
displays.

The +18, —18 and +8 volt power supplled to J2 and J3 is unre-
gulated. The +5 volts is regulated and is output from the 7805

‘on the PIO6 Board. The +5 volts supplies the card and does

not appear on any of the edge connectors.

Thé PI06 Board plugs into one slot of the microprocessor mother-

board. Cables may be run directly from the PIO6 Board or from
the PIO6 Board to 25 pin EIA connectors at the rear of the
microprocessor and from here to the peripheral device.

The PIO6 Board is available  in two configurations: PIO06-3 and
PIO6—-6. The PI06-3~“contains one 8255 and the PIO6-6 utilizes
two 8255's. J2, J3 and J4 cables are available separately for
either configuration.

The 8255 I.C.'s can be ptogrammed to generate a signal to be
used as an interrupt request (see Intel 8080 Microcomputer
Systems User's Manual for details).

These signals, PCO0 and PC3 are brought down to the bottom of

the board where they can be jumpered for use. They are labelled
"O0CO0" and "O0C3" from 8255-0 and ."1C0" and "1C3" from 8255-1.

Any two of these can be jumpered to an adjacent inverter input.
The inverter outputs labelled "3" and "0" can be jumpered to
"/INT" at the pad provided which connects to J1-73 or to the
vectored interrupt pads connecting to J1-4 through J1-11.

"/INT" is also connected to J4-2 so that an external interrupt

request may be generated and brought to either the MPU “/INT" or
the vectored interrupts.

A dual 25 card edge connector to the dual D connectors, Cable B,

" is available for prov1d1ng interface connections at the back of

the chassis.

3 - 28
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FIGURE ONE ADDRESS SELECTION

LOCATION

0¢]

16 A4
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14 A5
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1

12 A8
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1

10 A7
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1976
IMSAL MFG, CORP.
SAN LEANDRO, CA,
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S1I0 2 Board Rev. 3
Functional Description
Edition 2

SI0O 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.
Asynéhronous or synchroncus lines utilizing full of 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 I/0.

Operation of the board requires 16 I/O0 port or address
locations, which are selected by address bits 0 through
‘3. When the beoard 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 SIOC Board is structured around a pair of Intel 8251
USART (Universal Synchroncus-Asynchronous Receiver-
Transmitter) devices.

The 8251 chips provide for extensive program control of
the input/cutput functicns 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 Intsrrupt/
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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Edition 2

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/O
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 obta ined 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 boidrd 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 DATAQUT,
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
fingers gold-plated over nickel for reliable contact and
long life. The remainder of the circuitry is tin-plated
for good appearance and reliable solder connections.




édition 2

‘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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SIO THEORY OF OPERATION

To enable the SIO board, it must be properly addressed.
In the I/0 port addressed mode, address bits A4 through
A7 are jumpered to the 74LS30 (8 input NAND) in C8.

The status bits SINP and SOUT are NORed, this inter-
mediate value inverted, and applied (via jumper on D6)
to another of the NAND inputs. Remaining NAND inputs

in this mode are jumpered (via D8) to a +5 volt level.
Thus, when the selected address appears on A4-A7, and
the MPU sends a SINP or SOUT pulse, the NAND output goes
low and the board is enabled. See schematic.

In the memory-mapped I/O mode, the jumpering in socket

C7 still selects an address. The high-order address is
interpreted in another 8 input NAND (D8), and hard-wired
to respond to the hex value FE. The jumper in socket D6
should be wired to put the inverted output of D8 into

an input of C8, and the NORed ocutput of the status bits
SINP and SOUT directly connected to the (C8) NAND's input.

The +5 volt tie line jumper in D6 should not be connected
for memory-mapped I/O. In.this mode, when the corrected
high and low order bits are on A4 through AlS5, and the
MPU does not send a SINP or SCUT pulse, the board is
enabled. See Diagram.

The SIO board has a bi-directional data bus on the board
which connects to the- 8251 chips and to the input and
output portion of the SIO board control port. The bi-
directicnal bus is connected to the DATA INand DATA OUT
busses on the IMSAI 8080 back plane through 8216 bi-
directional bus driver chips. The koard enable signal
selects these bi-directional bus driving chips and the.
processor's data bus in signal (DBIN) is used to determine
the direction of driving of the bi-directional chips.

8T97's are used to gate the control port data on the bi-
directional data bus on the board. They are enabled by

the DBIN strobe from the processor and address bit 3.

\w;d]




Theory of Operation
Edition 2

The 4 output bits of the control port on the SIO board
are latched into the 74177 which is clocked by a com-
bination of board enable and address bit 3 and the write
strobe either from the processor or from the front panel.

- The 8251 chips are selected by address-bits 1 and 2,
respectively, with address bit 0 determining whether the

chip is in control or data mode. The read and write strobes
are supplied to complete the control, enabling the chip to

read data or write data onto the bi-directional data bus on
the board.

The four control lines desired for interrupt generation
are ORed through 7425 and the resultant value supplied
to an interrupt select jumper socket (D3). The 7425 OR
gate may be disabled by two of the output port bits
(IEA or IEB) when interrupts are not desired.

The two megacycle system clock phase II is divided to
provide the standard baud rates for jumper selection to
channel A and B. It is first divided by 13 through the
use of a 7493 with external gating. This produces a
rate extremely close to 16 times 9600 baud.

Further division of two are made by 7493's to provide
most of the other standard baud rates. 110 baud for a
standard teletype is achieved by a divide by 11 from the
2400 baud line which is then divided by 2 to create a
symmetrical output and supplied to the jumper socket

for 110 baud.

The phase II clock, +5 volts and ground are also supplied
to the data rate select socket for use by the SIOC board
which connects to the SIO board through the data rate
select socket (Bll) to provide a jumper-selectable baud
rate generator for special rates.

The data and control outputs of the 8251 chips are driven
or received through 1488 or 1489 TTL to RS232 level con-
verters as appropriate to the functiocns. The TTL levels
for data and control are driven through open-collector
peripheral drivers and a 220 ohm pull-up to +5 volts. The
current loop input and output are driven through opto-
isolators and are designed to work adequately with either
20 or 60 miliampere current loops.
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BOARD: SIO 2

ITEM

Solder
Heat Sink
Screw

Nut
Lockwasher
Header
Socket
Socket
Resistor
Resistor
Resistor
Resistor
Resistor
Capacitor
Capacitor
Dicde
Diode
Transistor
Isolator
8T97

741500

74LS02

SIO 2-1 Rev. 3
Parts List

;ﬁiﬁl# QUANTITY DESCRIPTION/IDENTIFYING MARKS

15-0000001 5°

16-0100002 1 Thermalloy/6106B-14

20-3402001 1 6-32x3/8" Phillips Pan Head Machine

21-3120001 1 6-32 Hex Nut

21-3350001 1 4#6 Internal Star Lockwasher

23-0400001 7 16 Pin IC Header

23-0800001 7 16 Pin Solder Tail Socket

23—0900003 1 28 Pin Solder Tail Socket'

30-2560462 2 56 Ohm, % Watt/green. blue, black

30-3220362 3 220 Ohm, 4% Watt/red, red, brown

30-3470362 4 470 Ohm, %.Watt/yellow, violet, brown

30-4100362 4 1K Ohm, % Watt/brown, black, red

30-4470362 1 4.7K Ohm, % Watt/yeilow, violet, red

32-2010010 14 .1uF Disk Ceramic

32~-2233070 4 33-25 Tantalum Capaéitor (or 22-~25)

35-1000006 1 1N914 Zener Diode

35-1000009 2 -1N4742 Zener Diode

35-2000002 1 2N3904 Transistor

36-0042501 1 Opto Isolator/4N25

36-0089701 1 Hex Tri-State Buffer/N8T97B

36-074002 1 Quad 2 Input NAND(Low Power Schottky)/
SN741LS0O0ON

36-0740202 1 Quad 2 Input NOR (LPS)/SN74LS02N




ITEM
7404
74L504
7408
i4LSOS
7425
74LS30
7493
7805
8216

8251

74177
75188
74189v
75452

PC Board

IMSAI
PART #

36-0740401

36-0740402

-36-0740801

36-0740802

36-0742501

36~0743002

36-0749301

36-0780501

36-0821601

36-0825101

36-7417701
36-7518801
36-7418901
36-7545201

92-0000018

SIO 2-1 Rev. 3
Parts List

QUANTITY DESCRIPTION/IDENTIFYING MARKS

1

3

Hex Inverter/SN7404N

Hex Inverter (LPS)/SN74LS04A

Quad 2 Input AND/SN7408N

Quad 2 Input AND (LPS)/SN74LSO8SN

Dual 4 Input NOR Qith Strobe/SN7425N
8 Input NAND (LPS)/SN74LS30N

4 Bit Binary Counter/SN7493N

5V Positive Voltage Requlator/MC7805CP
Bi-Directional Bus Driver/D8216/S1261

Programmable Comminication Interface/
c8251 )

4 Bit Binary Counter, 35MHz/SN74177N
RD 232 Driver/SN74188

RS 232 Receiver/SN75189a

Dual Peripheral Driver/SN75452BD

SIO Rev. 3
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BOARD: SIO 2

ITEM

Solder

Heat Sink

Screw

Nut

Lockwasher

Header
Socket
Socket
Resistor
Resistor
Resistor
Resistor
Resistor.
Capacitor
Capacitor
-Diode
Diode
Transistor
Isolator
8T97

74Ls00

74L502

SI0 2-2 Rev. 3
Parts List

iiizI# QUANTITY DESCRIPTION/IDENTIFYING MARKS

15-0000001 57

16-0100002 1 Thermalloy /6106B-14

20-3402001 1 6-32x3/8" Phillips Pan Bead Machine

21-3120001 1 6-32 Hex Nut

21-3350001 1 #6 Internal Star Lockwasher

23-0400001 8 16 Pin IC Header

23-0800001 8 16 Pin Solder Tail Socket

23-0800003 2 28 Pin Solder Tail Socket

30-2560462 2 56 Chm, % Watt/green, blue. black

30-3220362 < 220 Ohm, % Watt/red, red, brown

30-3470362 8 470 Ohm, % Watt/yellow, éiolet; red

30-4100362 7 1K Ohm, % Watt/brown, black, red

30-4470362 2 4.7K Ohm, % Watt/yellow, violet, red

32-2010010 14 .1uF Disk Ceramic

32-2233070 4 33-25 Tantalum Capacitor f{or 22-25)

35-1000006 2 1N914 Zener Diode

35-1000009 2 1N4742 Zener Diode

35-2000002 2 2N3904 Transistor

36-0042501 4 Opto Isolator/4N25

36-0089701 1 Hex Tri-State Buffer/N8T97B

36-0740002 1 Quad 2 Input NAND (Low Po&er Schottky)/
SN74LSO0ON ’

36-0740202 1

Quad 2 Input NOR (LPS)/SN74LSO2N




ITEM
7404
74Ls04
7408
74L508
7425
74LS30
7493
7805
8216

8251

74177
75183
75189
75452

PC Board

IMSAIL

" PART %

36-0740401

36-0740402

36-0740801"

36-0740802
36-0742501
36-0743002
36-0749301
36-0780501
36-0821601

36-0825101

36-7417701
36-7518801
36-7518901
36~7545201

92-0000018

SIO 2-2 Rev. 3
Parts List

QUANTITY DESCRIPTION/IDENTIFYING MARKS

1 Hex Inverter/SN7404N
3 » Hex Inverter (LPS)/SN74LS04A
2 Quad 2 Input AND/SN7408N

1 Quad 2 Input AND (LPS)/SN74LS08N
1 Dual 4 Input NOR with Strobe/SN7425N
2 8 Input NAND (LPS)/SN74LS30N
4 4 Bit Binary Counter/SN7493N
1 5V Positive Voltage Regulator/MC780SCP
2 Bi-Directional Bus Driver/D8216/S1261
2 Programmable Communication Intexrface/’

c8251

1 4 Bit Binary Counter, 35 MHz/SN74177N
3 RD 232 Driver/SN75188
3 RS 232 Receiver/SN75189A
2 Dual Peripheral Driver/SN75452BD

1 SIO Rev. 3




ITEM

7408

75188

75189

75452

8251

Dicde

Isolator

Header

Transistor

Resistor

Resistor

Resistor

Resistor

Socket

Socket

Solder

SIOM-1

Parts List

IMSAT
PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
36-0740801 1 Quad 2 Input AND/SN7408N
36-7518801 1 RD 232 Driver/SN75188
36-7518901 1 RS 232 Receiver/SN75189A
36-7545201 1 Dual Peripheral Driver/SN75452ED
36-0825101 1 Programmable Communication Interface/

C8251
35-~-1000006 1 1N914 Zener Diode
36-0042501 2 ‘Opto Isolator/4N25
23-0400001 1 16 Pin IC Header
35-2000002 1 2N3904 Transistor
30-3220362 3 220 Ohm, % Watt/fed, red, brown
30-3470;62 4 470 Ohm, % Watt/yellow, violet, brown
30-4100362 3 1K Ohm, % Watt/brown, black, red
30-4470362 1 4.7K Ohm, % Watt/yellow, violet, red
23-0800001 1 16 Pin Solder Tail Socket
23-~-0800003 1 28 Pin Solder Tail Socket
15-0000001 5'







e

SIO Assembly Instructions

1)

2)

3)

4)

5)

6)

7)

Unpack your board and check all parts agalnst the parts
list encloseé 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 re-
move the gold plating.

RESISTOR INSTALLATION

Insert and solder the two 56 ohm X% watt resistors (green/
blue/black) at locations R22 and R23 as shown on the
Assembly Diagram.

Insert and solder the six 220 ohm % watt resistors (red/
red/brown) at locations R4 through R6, R1l2, R1l5, and

R16 as shown on the Assembly Diagram for SIO 2-2; or

the three 220 ohm % watt resistors (red/red/brown) R4
through R6 for SIO 2-1.

Insert and solder the eight 470 ohm % watt resistors.

(yellow/violet/brown) at locations R8 through R11l and
R18 through R21 for SIO 2-2; the four 470 ohm % watt
resistors (yellow/violet/brown) at locations R8 through
R1l1 for SIO 2-1 as shown on the Assembly Diagrams.

Insert and solder the 1X ohm % watt resistors (brown/black/red
at locations R1 through R3, R1l3, and Rl14 for SIQ 2-2; the

4 1R ohm % watt resistors R2, R3, R13 and Rl4 _for SIO 2-1

as shown on the Assémbly Diagrams. The remaining two

1K ohm resistors for the SIO 2-2 board are used as jumper
selects on A3 and B8. ~ See User Guide section.

Insert and solder the two 4.7K ohm % watt resistors
(yellow/violet/red) at locations R7 and R17 shown on the-
SI0 2-~2 Assembly Diagram; one 4.7K ohm % watt resistor
at location R7 as shown on the SIQO 2-1 Assembly Diagram.

IC INSTALLATION

All Pin 1's are toward the lower right hanad edge of the PC
board and the 100 pin connector.

8)

Insert and solder the one 74LS00 at location D5.

9 - 17
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" 9)
10)
11)
12)

13)~

14)
15)
16)
17)

18)
13)

Insert and solder
Insert and solder
Insert ané solder

Insert and solder
D7, and D11l.

the

Assembly'Inégfuctions
one 74LS00 at locaiton DS.
one 74LS02 at location C3.
one 7404 at location AlO.

three 74LS04's at locations D4,

Insert and solder the two 7408's at locations C4 and C6
on SIO 2-2; or the one 7408 at location €4 on SIO 2-1.

Insert and solder
Insert and solder
Insert and solder

Insert and solder
B12, and C12.

Insert and solder

Insert and soclder

and B9 on SIO 2-2;

. B3 on 510 2-1.

20)

21)

22)

23)

24)

25)

the
the
the

the

the

the
or

one 74LS08 at location Cll.
one 7425 at location CS.
two 74i820's at locations C3-and D8..

four 7493°'s at locations All, Al2,

one 74177 at location C9.

three 75188's at locations B2, B3,
the two 75188's at locations B2 and

Insert and solder the three 75189's at locatioﬁs Bl, B4,
and B1l0 on SIO 2-2; or the two 75189's at locations Bl

and B4. .

Insert and solder the two 754532's at lcocations A4B and
B7B on SIOQ 2-2; or the one 75452's at location A4B on
- §I0 2-1.

Insert and solder the two 8216's at locations D9 and D10.

Insert and soldexr the two 28 pin solder tail sockaets at
locations B5 and B6 on SIO 2-2; or the one 28 pin solder
tail socket at location BS5.

Insert and solder the four 4N25's at locations A4A; A6A,
ABB, and B7A for SIO 2-2; or the two 4N25's at locations
A4A and Aa6A for SI0 2-1.

Insert the one 8T97 at location C9.




Assembly Instructions

DISCRETE COMPONENT INSTALLATION

26) Insert and solder the fourteen .1 uf disk capacitors at
locations Cll through C24 as shown on the Assembly Diagram.

27) Insert and solder the four 33 uf tantalum capacitors at
locations Cl through C4 as shown on the Assembly Diagram.
NOTE: Observe polarity (+ to +) as shown on the board.

28) Insert and sclder the two 1N914 zener diodes at locations
CR1l and CR4 as shown on the Assembly Diagram.

29) Insert and solder the two 1N742 zener dicdes at locations
CR2 and CR3 as shown on the Assembly Diagram.

30) 1Insert and solder the two 2N3904 transistors at locations
Ql and Q2 as shown on the Assembly Diagram for SIO 2-2;
or the one 2N3904 transistor at location Ql as shown on
the Assembly Diagram for SIO 2-1.

31) Insert and solder the eight 16 pin sockets at locations
aAl, A3, AS, B8, Bll, D3, and D6 for SIO 2-2; or the seven
16 pin sockets at locations Al, A3, A5, Bll, D3, and D6
for SIO 2-1 as shown on the Assembly Diagram.

REGULATOR. AND HEAT SINK INSTALLATION

32): Before installing the heat sink and regulator, bend the
. 7805 regulator leads at 90 degree angles to fac111tate
mounting of the heat sink.

33) Insert the #6 screw through the 7805 regulator and heat
Sink on the component side of the board and attach through
the lockwasher and nut on the circuit side of the board.
Tighten the screw carefully to insure proper alignment
of the heat sink to prevent shorting to adjacent traces
Solder in the 7805 leads.

34) Finally, the 8251 chips should be inserted in their sockets
with Pin 1 down toward the 100 pin edge connector at the
bottom of the board. Addressing and baud rate jumpers
should be installed and other option jumpers installed
as required. The board is ready for use.

g - 19
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The IMSAI SIO 3oard provides 2 independent channels of
serial data ingut and output. Utilizing the Intel 8231
'USART devices, the SIO Board provides 2 channels of RS232,
TTL, and current loop data lines with comple;e contvol
signals. -

The SIO Board also includes all logic necessary to control
the 8251 devices from the IMSAI 8080 Back Plane.

For reference information on the programming and operation
of the 8251 chip, the user should refer to the Intel 8080
Microcomputer Systems User s Manual.

The User's Guide is lntended to cover the information
beyond that contained in the Intel Data Book necessary to
make full use of the SIO board.. ’

- Both the memory-mapped and jumper-wired I/O configurations
use the lower 4 bits of the address bytes (Al through A3)
to select and control the board's functions. Bit 4 through
7 of the board address (A4 - A7) are jumper-selected as
described on another page. If the board is jumper-selected
to run as an input and output port type board, then A0 - A7
form a complete address. If the board is jumper-selected
to respond to memory-mapped I/0, then A0 - A7 form the

lower byte of address and the upperbyt6 of addrnss is hex
FF or cctal 376.

Address bits 1L and 2 select serial I/0 channel A or channel
B respectively. That is, when address bit 1 (Al) is high,
serial I/0 channel A is enabled. When address bit 2 (a2)
is on, serial I/0 channel B is enabled.

Address bit 0 detarmines whether the I/0 channel selected
will respond to the current byte as a control byte or a
data byte. If address bit 0 is a 1, the control functions
are selected, and if address bit 0 is a 0, the byte is
assumed to be data.. Thus, to write a control byte into
serial I/O channel A, the lower 4 bits of address would
normally contain hex 3 or octal 03, while the normal address

9 - 20
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SIO BOARD ADDRESSING

Address Bit Function
C/D on 8251s 1 = CONTROL 0 = DATA
SELECT CHANNEL A 1 = SELECT
SELECT CHANNEL B 1 = SELECT
SELECT CONTROL /O 1 = SELECT

CARD ADDRESS

Jumperatie to any ons of 15 addresses

ry-slcnm;-oow-o

This oyte is 1/O port address 1o run SIO card from INP & OUT instructions.

If SIO card is to be run from memory reference instructions {memory mapped 1/O),
the aobove oyte is the low order address oyte; the high ofder address oyte

8 FEpex (3760ca) ( 1 MO o)

' SI0 CONTROL i/O BIT DEFINITIONS

8it Input Byte Qutput Byte

0 always | . Interrupt Enable chan. A
1 always 1 Carrier Detect chan. A
2 Carrier Detect chan. A non - functional

3 Clear To Send chan. A non - functional

4 always | Interrupt Enable chan. B
5 always | Carrier Detect chan B

8 Carrier Detect chan. 8 non - functional

7

Clear To Send c¢han. B non - functional

Carrier detects need option jumper to select originate/receive

Interrupts occur on TxRDY, TxEMTY, RxRDY, and SYNDET
TxROY and RxRDY interrupts are removed if the respective functions (transmit
and receive} are disanled oy software command bdyte. TxEMTY interrupt is
removed only oy filling transmit ouffer with 3 oyte, This may de dons
while the transmit function is disaoied .if desie
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for channel B control bytes would be hex 5 or octal 05.
Address bit 3 (A3) selects the board control I/0 port.
When address bit 3 (A3) is high, the control port will be
enabled. Thus, when use is being made of the control port,
the lower 4 bits of address would normally be hex 8 or
octal 10. ‘

The control I/0 byte selected by address bit 3 is divided
into the upper 4 bits and the lower 4 bits. The lower 4
bits, 0 thmugh 3, serve the channel A serial I/O circuit.
The upper four bits, 4 through 7, serve the second I/0
channel B functions. Bits 0 and 4, for channel A and B
respectively, control the interrupt enable separately for
each channel. When this bit is a 1, the interrupts are
enabled and the processor will receive and interrupt when-
ever any one of the following 4 lines are active: the
transmitter ready line, the transmitter empty line, the
receiver ready line, and the sync detect line.

If bits 0 or 4 (as appropriate to channel A or B) are made
0, then no interrupts will be generated from the affected
channel. Bits 1 and 5 serve channel A and B, respectively,
to output the carrier detect signal.- This is operative
only when the -jumper in jumper socket BJ has selected the
board to act as the originator of the carrier detect line.

Bits 2, 3, and 6, and 7 are not functional in the output
mode for the SIO control byte. When an input is read from
_the SIO control byte, bits 0, 1, 4 and 5 are not functional.
These 4 bits will always be read as a 1.

Bits 2 and 6 read the condition of the carrier detect re-
ceiver for channels A and B, respectively. The signal is
operative only when jumper socket BJ is jumpered to read
the condition of the carrier detect line.

Bits 3 and 7 serve channél A and B, respectively, to read
the condition of the clear-to-send (CTS) control signal.
This is provided because it is not possible to read the
condition of CTS through programmed input from the 8251.

9 - 22
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SIO BOARD /0 PIN DEFINITIONS
f :; RS232 LEVELS TTL LEVELS CURRENT LOOP
@ &
1 1 AA chasis gound
2 3 BA Trams. Data
3 5 BB Rec. Daa
4 7 CA Reqa. to Send
5 9 CB cr. 1o Send
6 11 CC Dam Set Rdy,
7. 13 AB signat gound
8 15 CF  Carrier Det
9 17 + Vv + v + Current Source
10 19
1 21 in Loop +
12 23 Qut Loop +
13 25 Out Loop -
14 2 Data Term. Rdy.
156 4 DB Tans Gk
16 -8 Dam Set Rdv.
17 8 DD Ree cik
18 10 Biaou
19 12 bETTIRT
20 14 CD Data Term. Rdy.
21 16 Current sink 1
22 18
23 20 Current sink 2
24 2
25 24

In Loop -
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RS 2_32 OPTION
BA
TRANSMIT DATA vl g ———— 16 b
w | =<
RECEIVE DATA 2 e - 15 e .
vy
¢ ) I B V) z
—— VAl
REQUEST TO SEND i 4 — e 13 L ;
CTS ca >< z
CLEAR TO SEND - | 5 e o 12 e Q
a
o
+5 <
s " — 3
- DTR cD o
DATA TERM. READY 7 = — 10 =
DSR ¢ g
DATA SET READY 8 = = 9
Jumpers shown for connection
LOCATIONS A3 CHANNEL A . ‘;“;g‘;;;:""""' end
B8 CHANNEL B * Jumper connection 3 to 14
Is always to be made.
TERMINAL ——
COMPUTER
CTS

+5

CURRENT LOQP OPTION
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SI0O RS232 INTERCHANNEL CONTROL JUMPERS
and CARRIER DETECT

FOR THROUGH CONNECTIONS FOR RS232 LINE DATA

INTERCEPTION WITHOUT

4

AFFECTING CONTROL SIGNALS

CHANNEL A CHANNEL B
CA N g CA
8 10 7 c8
cc ' ¢ '
T B | 6 cc
D
: ©____ 12 5 2
A - 8
CF
15 134~ -4 15
- [} -1 ) .
CARRIER DET._INPUT | 14 | __ L] 3 LB CARRIER DET. TNPUT
CARRIER DET. OUTPUT 15 2 B CARRIER DET. OUTPUT
+5V
V¥ e 1 ————%7
To receive carrier detect —--—---- TERM.
To originate carrier detect COMP

1




CURRENT LOOP CONNECTIONS

WITH CURRENT SQURCE

SIO BOAR
i)

+8 Volts

v

zsa/»‘a\")

470 ohms each for 20 ma. :

200 ohms each for 60 ma. R18, ms

"--on 2/7

j‘_i uf)

Receive Coil

g L
’ 20 l) Tranmsmit Contacts

R20, R21

WITHOQUT CURRENT SOURCE

SIC BOARD
ittt | 23 ~ .
[l : . — Transmit
25 Loop
>
-—=--1 21
— 2>

+iN

ouT

+N

ouT

S0 2 :
USER'S GUIDE
REVISION 1
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The TTL output levels are driven by a 75452 dual peripheral
driver, with open collector outputs, and a 220 ohm pull-up
to +5 volts. The TTL da*a inputs drive 1TTL input load
and a 1K pull-up to +5 volts.

When the TTL inputs are not baing used, théy should be
left open or held high so as not to affect data input
from other sources.

The TTL Data Input line must be left open and not held high
when the current loop inputs are used. The current loop
input drives opto-isolators and will respond to either 20
or 30 milliamperes. In applications where a significant
reverse voltage may be experienced, such as when inductive
Circuits (i.e., relays) are coupled to the data line, a
protective diocde should be put across the line such that
any reverse voltage spikes will cause the diode to conduct
and thus protect the LED in the opto-isolator from too
‘'large a reverse voltage.

The current loop output is switched by an isolated trans-
istor through an opto-isolator and is provided with a
transient-shunting diode across the output transistor so
that it may be used to drive relays without risk of damage
to the output circuit. Typical wiring connections are
diagramed on another page, both with and without the cur-~
rent source being used.

Setting the baud rate for serial I/O channels A and B is
done on the jumper select socket RJ in position Bll. The
baud rates designated on the detailed sheet for rate select
are correct when the 8251 is programmed for a 16X asyn-
chronous clock rate and a 1X synchronous clock rate.

The details of selecting the desired baud rates are located
on the schematic.
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and CARRIER DETECT

— FOR THROUGH CONNECTIONS FOR RS232 LUINE DATA
INTERCEPTION WITHOUT AFFECTING CONTROL SIGNALS

CHANNEL A Y ; CHANNEL B8
CA CA
(- 16
c8 c8
- L 15
cc cc
14
cD cp
A 13 8 »
13 <F -+12 15 i >

CARRIER DET, INPUT

CARRIER DET. QUTPUT

-

+5V

To receive carrier detect

To originare carrier detect

1 B CARRIER DET. INPUT
10 B CARRIER DET. OQUTPUT
9 “
y | )
. B
H
TERM.
comp.
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Jumpexr CJ-A or CJ-B

The jumper selection socket in A3 serves serial I/0 channel
A and the jumper selection socket in B8 serves serial I/0
circuit B. Their functions are the same for their respec-
tive channels. The function of this jumper socket is to
permit the serial I/O port RS232 levels to be wired so as
to either serve as the terminal end of a 232 line or the
computer end of a 232 line with no special cable wiring
required off the Serial I/0 board.

With pins 1, 2, 4, 5, 7 and 8 wired directly across the
jumper socket as shown in the diagram for the terminal
end, the function of the lines correspond one to one with
the names of the RS232 control lines referred to in the
8251 specifications.

The inputs and outputs are arranged as appropriate for the
SIO board to serve as the terminal end of an RS232 line.
Should it be desired for the SIO board to serve as the
computer end of a standard RS232 line, use jumpers con-=
nected as shown in the diagram. The 3 pairs of lines are
reversed so that TRANSMIT DATA is now driving what is re-
ceived data for the terminal -and RECEIVE DATA is receiving
what is transmit data from the terminal, and similarly,
REQUEST TO SEND and CLEAR TO SEND are reversed and DATA
SET READY and DATA TERMINAL READY are reversed.

Ground and +5 volts are available on the socket for pro-
viding permanent mark or space levels to any of the con-
trol lines if CLEAR TO SEND is not driven by an external
source. It should be wired to pin 6 to provide a constant
enable for the transmitter section of the USART.

Jumpe r Socket BJ

Socket BJ serves both to determine whether CARRIER DETECT
is being originated or received by the SIO board. It is
also used to jumper the control lines between channel A
and channel B for applications where the control lines
are desired to be passed through and data intercepted and
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SI0 INTERRUPT SELECT SOCKET

<

10
11
vi2
13
Vi4
vi5
Vvig

<

<

® @ P wN

03

CHANNEL B

INTERRUPT REQUEST

CHANNEL A

INTERRUPT- REQUEST

SI0 232 CLOCKS JUMPER® OPTIONS

y
CH. A D}

BAUD RATE CLOCK 1l — 16

: _o< 2:‘f::15

| = ==

cH B ‘C‘Q——-—— 4= ——113

BAUD RATE CLOCK 5 - — =1

—0<} 6F — —4dn

7| ———10

_o<]____.g]:«:: 5

.

Jauuey)

»

REC. CLOCK]
-2 v

LU

3>

3
XMIT.CLOCK

-12v

@

-
-

090

LOCATION Al

ORIGINATE CLOCK

RECIEVE CLOCK

XMIT. CLOCK

:

-12 Vv

REC. CLOCK
-12 Vv

2-15; 413

USE — FOR ASYNC

Program 8251 for x16 for asynchronous operation,

x1 for synchronous.

~

it
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handled. The four primary control lines for both channel
A and channel B appear in this jumper socket, and can be
jumper-wired straight across as desired.

It should be remembered that only one source should be
driving an RS232 line at a time. If the control lines

are jumpered straight across so that the modem and data
terminal are driving the lines, then appropriate jumpers
in jumper socket locations A3 or B8 should be removed so
that the SIO board will not be attempting to drive these
lines at the same time. If it is desired to detect the
DATA TERMINAL READY line, then a jumper needs to be placed
as shown between pins 5 and 6 for channel A, or between
pins 11 and 12 for channel B.

If it is desired to originate the CARRIER DETECT line, a
jumper should be placed instead between pins 5 and 7 for
channel A, for 10 and 12 for channel B.

Ground and +5 volts are available in this jumper socket
for providing a permanent mark or space level to any of
these control lines.

The interrupt line from channel A and channel B both
appear on the interrupt select socket in pesition D3.
All 8 of the IMSAI 8080 system priority interrupt lines
on the back plane, also appear on the interrupt select
socket. A jumper may be placed between the appropriate

~ channel's interrupt line and any one of the priority in-

terrupt system lines to provide an interrupt of the desired
priority.
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Jumper Locaticn DJ, Located in Al

The jumper select socket in Al provides facilities for
originating and receiving clock signals for receive or
transmit for use in the synchronous mode of communication.
One-half of the socket controls lines for Channel A and
the other half is dedicated to Channel B. Pins 1, 2, 3,
4, and 13, 14, 15 and 16 serve the channel A jumper
functions. The remainder of the pins have the identical
function for Channel B.

When it is desired to originate the clock signal the pins
for that channel should be jumpered straight across, as
shown in the diagram, so that the clock signal from the
SIO board is driven through converters to RS232 levels
onto the DD and DB lines.

The inputs to the data clock receive circuits are tied to
-12 volts to provide an inactive output to the OR-Gate
supplying the receive clock to the USART chip.

When it is desired instead to receive the clock from the
RS232 cable, then these jumpers are removed and the RS232
lines DD and DB are jumpered to the input of the clock-
receive circuits as shown in the diagram.

When this is done, the data rate select socket for the
appropriate channel must be jumpered so that the clock
line from this jumper select socket is held at ground or
low in order to avoid interference between the onboard
clock circuit and the incoming clock from the RS232 line.

Cata Rate Select Socket

The jumper socket in position Bll provides for selecting
different baud rates for both Channel a and Channel B from
the set of standard rates proided by the SIO board. The
pin numbers and baud rates are indicated in the diagram.

The clock lines for Channel A and Channel B are completely
independent and may be jumpered to the same rate or dif-
ferent rates.

When the chip is being used in the synchronous mode . the
chip is running at a 1X clock rate rather than 16 X rate
as in the asynchronous mode. Thus, the baud rates are 16
times as great for the same jumper location when used in
the synchronous mode.

. '."\“ »
N
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Board Address Selection Jumper Sockets

A 1 16
I - 1 "
A6 : \ .
T o 1
AS
T;>o_ 1
“A4 -
1 s 1
/0 Port mode ' c1 . }
Mem. Map modg = « =~
/
—1 16 I
o |
MM b -
D6

The board address 1s selected by jumpers or a DIP switch

in locations €7 and D6. There are two cases for which

this board may be jumpered: 1) to respond to input/cutput -.
instructions and 2) to respond toc memory access instruc-
tions. The case of input/output instructions will be

treated first.

In selection location D6 pins 8 and 9 must be jumpered
together and pins 5 and 12 must be jumpered together.

The user must jumper socket C7 so when the desired I/0
Port Address appears on the Address lines, the inputs

to the NAND gate from bits A4 through A7 are high. If,
for instance, address bit 6 is desired to be a 0 when the
board responds, then pins 4 and 13 would be jumpered to-
gether. If address bit A6 was desired to be a 1, then
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2ither pins 3 and 14 may be jumpered together or 3 and 13
may be jumpered together, since 13 and 14 are tied to the
common address selection input.

It 1s suggested, however, that when jumpers are being used,
pins 3 and 13 be connected together to provide an easy

visual indication of whether the address bit is a 1 or a 0 .
since that will correspond to whether the jumpers are slanted
or straight across the jumper socket. Pins 13 and 14 were
tied together so that an 8 position DIP swiltch can be
inserted in this location and used to select the address.
Address bilts 4, 5, and 7 are Jumpered in a2 similar manner

on position CT. , -

See the diagram on the prévious page for pin numbers for
each address bit.

If it is desired to use the board in a memory-mapped I/0
capacity, then in position D6 the jumpers between pins 8
and 9 and 5 and 12 must be removed and two jumpers inserted
tetween pins 7 and 10 and between 6 and 11. The remaining
jumpers for bits U4 through 7 function exactly the same and
affect the lower eight bits of the memdry address. The
upper eight blts of the address will always be all ones,
that is hex FE or octal 376.

When used as a memory-mapped I/0 board, all instructions
that normally affect the memory will operate on the I/0
ports. For example, an increment memory instruction would
read the data from the addressed input port, increment that
data by one and output it on the same address output port.-

9 - 34
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Example Jumpers -

To use the SIQO Board in its simplest
input/output instruction controlled,

shown.
At
i
—11 16 b
- 8 9l

RS232 or Current Loop

/
——r 1 18 {ee
nnd M
—— pret—
——q 8 [: ]
110 BAUD
D& -~
/
—d1 |8 p—
-— 5 12
—i8 9

16
15

14

—
T~

1

10

RS232 .

B11

A3 (88)

Editi

on 22

form, non-interrupted
create jumpers as

d

5
K

Current Loop

-

16

12

11

1200 BAUD

c?

16

15 o

13

17 Jom

Select appropriate address-
Shown is 0- as required by SCS

35
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Sample sequence to set up SIO for teletype and echo
from keyboard to printer:

Format used is 2 stop bits, no parity, and 7 data bits.

Reset IMSAI 8080 before runn:.ng. Address and constants
are in hexadecimal.

- - -
g

LIST

2013 MVI A, 3CAH MODE BYTE

2023 oUT 33

9332 . MVl A,27H COMMAND BYTS

@34@ - OUT @3

2353 LOOP IN 23 READ CHAN A STATUS
3353 ANI 32 “ASK OUT ALL BUT RECEIVER RZADY
9879 Jz Loo® IF NOT READY LOGOP
2033 1IN a2 'READ CHAR

209@ oUT @2 Co WRITE CHAR

3103 JM® LOOP

ASSH 3734

3733 3E CA 3313 MYL A,JCAH M0DE BYTZ

3732 D3 23 3920 OUT 43

3784 3= 27 3332 VI A,27H . CIMMAND BYTS

3735 D3 23 3043 QuT @3 ’
3738 D8 @3 4353 LOOP IN @3 READ CHAN A STATUS

37%A E3 @2 a35a ANI 22 MASK QUT ALL BUT RECEIV
374C CA @8 37 48723 JZ LQOOP IF NOT RZIADY LOQP

373F DB 32 3033 1IN 32 RZAD CHAR

3711 D3 32 3333 QUT @2 ¥RITE CHAR

3713 C3 338 37 3133 JMP LOJP ’ . .

9 - 36




IMSAI

SIOoC

Copyright © 2002
IMSAI Division
Fischer-Freitas Company
Orangevale, CA 95662
Made in the U. S. A.
All rights reserved worldwide







SIOC Board Rev. -2
Functional Description

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 15-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 2.2", and piggy-

back mounts to a standard SIO Board. Mounting hardware
and decoupling capacitors are provided with the SIOC Board.
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Theory of Operation

STOC BOARD
THEORY OF OPERATION

\
s

The SIOC board is a modulo -N clock divider, where N
is user selectable. The SIOC divides down the 2Miz

8080 @, clock to a rate appropriate for the 8251 USART
devices. '

The four 7493 counters are arranged as a 16 bit ripple
counter, clocked by the gy clock. Jumper sockets, Al
and A3 are jumpered so that when the selected binary
value N (where N is selected to produce a desired final
clock rate) is reached by the counter, the counter is
reset. The 7430's and 7402 create the reset signal,
while the 7474 is used to gate the reset pulse and create
a symmetrical square wave cutput.

The final outclock frequency can be determined by:

6 -
Outclock (Hz) =1 . _2X10 Hz
2 ' N
Where N is the binary value in jumpers Al and A3, and )

N\

the factor of 1/2 is the result of the final * 2 for -
the symmetrical output. i

Decoupling capacitors are provided to eliminate the high
frequency noise generated by the digital currents.
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BOARD: SIOC

ITEM
Solder
Washers
Screw
Nut
Spacer
Socket
Connector
Header
Resistor
Capacitor
7402

7430

7474

7493

PC Board

SICC Rev. 2
Parts List

;2221# QUANTITY DESCRIPTION/IDENTIFYING MARKS

15-0000001 5!

21-3390001 3 #6 Fiber Washers

20-3702001 3 6-32x3/4"™ Phillips Pan Head Machine

21-3120001 3 #6 Hex Nut

21-3600002 #6, 7/16" Spacer

23-0800001 3 16 Pin Solder Tail Socket

23~0400009 1 16 Pin Board Interconnection

23-0400001 3 16 Pin Integrated Circuit Header

30-4100362 17 1K Ohm, % Watt/brown, black, red

32-3010010 6 .1uF Disk Ceramic Capacitor

36-0740201 1 Quad 2 Input NOR/SN7402N

36-0743001 2 8 Input NAND/SN7430N

36-0747401 1 Dual D Flip~Flop (Preset & Clear)/
SN7474N

36—0749301 4 4 Bit Bipary Counter/SN7493AN

92-0000019 1 SI0C Rev. 2

9A - 7
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Instructions

ASSEMBLY INSTRUCTIONS

9]

2)

3)

Unpack your board and check-all parts against the pazts
list 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.

Insert and solder each of the seventeen 1K Ohm, % Watt
resistors at locations Rl through R17 as shown on the
Assembly Diagram.

IC INSTALLATION

NOTE: All IC's and 16 pin IC sockets orient pin 1 as indi-
cated by the number 1 etched on the board.

4)

5)

6)

7)

Insert and solder one 7402 IC at location A6 as shown on
the Assembly Diagram.

Insert and solder each of the two 7430 IC's at locations
A2 and A4 as shown on the Assembly Diagram ~

Insert and solder one 7474 IC at location B6 as shown
on the Assembly Diagram.

Insert and solder each of the four 7493 IC's at locations
Bl through B4 as shown on the Assembly Diagram.

DISCRETE COMPONENTS INSTALLATION

8)

9)

10)

9A - 8

Insert and solder each of the three 16 pin IC sockets
at locations Al, A3, and A5 as shown in the Assembly
Diagram. Plug in the three 16 pin headers.

Insert and solder each of the six .luF disk capacitors
at locations Cl through C6 as shown on the Assembly
Diagram.

Insert and solder on the circuit side of the board one

16 pin board interconnection header B5 as shown on
the Assembly Diagram (dotted lines).




SIOC Rev. 2
Assembly
Instructions

ASSEMBLY INSTRUCTIONS (cont.)

TO MOUNT SIOC ONTO SIC BOARD

The SIOC mounting is accomplished by placing the fiber
washers into each of the three holes in the SIOC on the
component side and each of the three holes in the SIO board
on the circuit side. Then insert the #6 screws through the
fiber washer and spacers into the fiber washer of the SIO
board. Plug in the board interconnect header during align-
ment before tightening screws.

9 - 2
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SIOC BOARD

USERS GUIDE

The SIOC board allows the selection of any USART cloek
rate between 15 Hz and 56 KHz, allowing data transfer rates
of .23 baud to 56K baud.

Designed to piggyback mount on the SIO board, the SIOC
allows the user to select either the standard clock rates
provided by the SI0 board or the user-generated SICC rate.

The SIOC may be easily mounted on the front of the SIO
board, or the user may save one card slot by mounting

the SIOC on the back of the SI1I0, and inserting the com-
bination in the last slot of the mother board. To mount
the SICC on the back of the SIO board, the board rate
select socket (B-11l) must be scldered to the back of the
SI0 board, and the SIOC's binary divisor and clock jumper
sockets should be mounted on the back of the SIOC board.

Jumper socket A-5 allows the selection of 8251 clock rates.
Either the SIO standard rates or the SIOC generated rates
may be jumpered to channels A or B. This jumper is arranged
identically with Bll on the SIO board.

2 8 110 A

10 7 150 A

Chan. B Clk 11 3) 300 A
Chan. A Clk 12 5 600 A
SI0C OUTCLK 13 4 1200 A
75 A 14| 3 2400 A
15 2 4800 A

ﬁz 16 1l 2600 A

As with socket Bll on the SIO board, jumpers should be placed

to connect the appropriate clock to the proper channel clock
input.

To select a binary divisor, determine the desired USART
clock rate, remembering that this rate may be 1, 16 or

64 times the desired final baud rate, as program selected
by the mode byte output to the USART.

9a - 10
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The binary divisor, N, can be determined by

2 x 10° uz
Clock Hz

N=1 .
2
This wvalue should be converted to binary, and the jumpers
(or switches) in Al and A3 set so that the NAND input for
every bit that should be a 1 is connected to the output
bit of the counter. All other inputs (i.e., those desired

to be a zero) should be left unconnected and pulled high.
The selected clock rate will be on pin 13 of AS5.

For example, to generate a 45 baud data rate for channel A
(with a X16 USART clock), and to use channel B for a 1200
baud data rate, do as follows:

45 Hz x 16 = 720.Hz (Desired clock rate)

N=1 . 2 x 106 Hz
2 720 Hz

N

1 = 10101101101
38910 N 01 2
(to convert a decimal number to binary, see the attached note)

The jumpers should be jumpered as:

Al A3

ML RS R L I B ‘1ol 2 9 o ofio of
16 9

16 9

1 8 1 8

T T T T T T T T

Please note that the binary number appears as:
Al A3
12345678 4
10110110 0

LSB

123 5 6
101 00

2o
Wwom

9a - 11
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Jumper socket A5 as:

9 8

10 7

Chan. B. 11 6

Chan. A lz-ﬁ\\\\u 5
SIOC OUTCLK 13::] 4 1200 A

14 3

15 2

16 1l

9a - 12
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Decimal to binary number conversion:
The simplest method to convert a number to binary is to
divide it repeatedly by 2, recording the remainder for

each step.

To convert the value 138910 to binary,

Value Value/2 Remainder
1389 694 1 18B (Least Significant Bit)
694 347 0
347 173 1l
173 86 1
86 43 0
43 ) 21 1
21 10 1
10 5 0
5 2 1
2 1 0
1 0 1 MSB (Most Significant Bit)

Note that the answer appears LSB first, thus, 1389lo = 101011011012

Check: 1 + 4 + 8 + 32 + 64 + 256 + 1024 = 1389

9A - 13
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T4

Stoc

1

12

13

14

15

16

CHANNEL B

CHANNEL A

Sioc

75A
12008

110A

150A
2400S

300A
48003

600A
9600S

1200A

19,2008

2400A
38,4008

4800A

9600A

ASYNCHRONOGUS RATES INDICATED “A”
ASSUME x16 CLOCK SELECTED IN 8251
2 SYNCHRONOUS RATES INDICATED BY "

SOCKET POSITON AS

10
1
13
13
14
19
16

= NWbHEOO®O

EXAMPLE SHOWING CHANNEL A SET TO 110 BAUD
FOR A TELETYPE, AND CHANNEL BSETTO A

NON-STANDARD RATE SET BY SIOC JUMPERS IN A, .-+ A3

BAUD RATE SELECT JUMPERS

A"
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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 request,
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 request 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 generated 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 interxrupt 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, .2 ms, 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 to a transistor and jumper pads

for a special-purpose programmer-controlled output. Room

is provided on the circuit board for a small speaker or
other user-supplied circuitry. Also provided are 5 1l6-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 Gl0-type double-sided laminate with plated through

hol?s and contact fingers are gold-plated over nickel for
reliable contact and long life.
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.PI1C-8

THEORY OF OPERATION -

Program control of the PIC-8 board is done entirely through
one output port location. The address of this ocutput port
is jumper-selected in.socket positions E4 and E5, and

forms the input to the 8 input NAND gate (741s30). The
output of this address select is ANDed with the Processor
Write Strobe and Phase II clock and provides an output
strobe which is used to latch the lower 4 bits of cutput
data into the 8214 priority interrupt chip, and the upper

4 bits into the 7475 4 bit latch.

When the 8214 is ENABLED and one of the priority request
lines is low the 8214 sets the output of a 2 GATE Flip-Flop
low to request an interrupt from the 8080 processor. When
the processor acknowledges the interrupt the Flip—-Flop
reset and 3 buffer drivers of the 8T98 are enabled to put
interrupt request address on bits 3, 4, and 5 of the DATA
IN bus. The remalnlng bits of the DATA are not driven, and
remain high via pullup resistors on the MPU Board. The
byte thus formed on the DATA IN bus is a restart instruction.
with bits 3, 4, and 5 dlsectlng the processor to one of
eight restart locators.

Further details on the theory of operation of the 8214
chip can be found in the Intel Data Book.

The PIC-8 board also includes a software controlled
interval clock. The clock circuit takes the Phase II clock
running at two megahertz and divides it by 200 using a
divide~-by-two (7474) followed by two divide-by-~10 sections
(7490) to provide the .1 millisecond interxrvals.

Four consecutive divide-by-10 7490's are then used to

produce the other interval rates up to the longest rate of
one second. Jumper selection is made from among these

rates and ANDed with the output port bits 4, 5 and 6 and

the output from the AND gate is used to drive the clock

on the other half of the 7474 D type flip-flop. This section
of the flip-flop is connected so that on successive clocks

it will shift states and thus alternately request and

remove the request for an interrupt.

When the processor system is running, and replying to the
interrupts, shortly after the request is issued, the
interrupt acknowledge line will become active in the low
state and set this flip-flop to remove the interrupt
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request so that the next time the clock line rises, the
flip flop is again reset to request another interrupt. The
interrupt request from this circuit is jumper-connected to
any one of the priority interrupt lines and is handled by
the 8214 circuitry exactly the same as any other peripheral
board requesting an interrupt through the back plane would
be.

Output bit 7 is used to drive the base of the transistor
through a 1K resistor for current limiting, and the user sup-
plied circuit to be driven is connected between the positive
voltage and the collector current limiting resistor. Should
just a voltage level be desired, as an output from this
circuit, a resistor from 220 ohms to 1K ohm can be inserted
in the collector circuit in the holes provided and a jumper
placed between pads A and C to connect the top of the
resistor to +5 volts. The output may be taken from point B
which will be low when the bit is written as a 1 and will

be high when the bit is written as a 0.

For a high impedance load, voltage swing will be nearly a
full 5 volts for the high level and .3 volts for the low
level. If a direct TTL level output is desired, it can be
obtained from solder pad E if the 1K resistor in the base
lead is removed and a jumper placed in its location and the
transistor removed so as not to provide undesired load for a
high level output.
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BOARD: PIC-8

ITEM
7400

74Ls02

74LS04
7410
74LS30

7474

74LS75
74590
7805

8214

Transistor
8T98
Capacitor
Heat Sink
Header

PC Board
Resistor
Resistor
Socket

Socket

PiC-8, Rev.
Parts List

iﬁigl# QUANTITY DESCRIPTION/IDENTIFYING MARKS

36~-0740001 1 Quad 2 Input NAND/SN7400N

36-0740202 1 Quad 2 Input NOR (Low Power Schottky)/
SN7402N

36-0740402 2 Hex Inverter (LPS)/SN74LSO4N_

36~-0741001 1 Triple 3 Input NAND/SN7410N

36-0743002 1 8 Input NAND (LPS)/SN74L330N

36~-0747401 1 Dual D Flip-Flop, Preset and Clear/
SN7474N

36-0747501 1 Quad Bistable Latch (LPS) /SN74LS75N

36-0749001 6 Decode Counter/SN74350AN

36-0780501 1 5V Positive Voltage Regulator/MC7805CP

36-0821401 1 Priority Interrupt Control Unit/
P8214/51260

35-2000002 1 NPN Transigtor/2N3904

36-0089801 1 Hex Tri-State Buffer/8T98

32-2010010 15 .1uF Disk Ceramic Capacitor

16-0100002 1 Thermalloy/6106B-14 -

23-400000; 4 . 16 Pin Integrated Circuit Header

92-0000012 i PIC-8, Rev. 1

30-3220362 1 220 Ohm, % Watt/red, red, brown

30-4100362 14 1K Ohm, % Watt/brown, black, red

23j0800001 4 16 Pin Solder Tail Socket

23-0800002 1 24 fin Solder Tail Socket

3
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ITEM

Capacitor
Screw

Nut
Lockwasher

Solder

PIC~8 Rev.
Parts List
IMSAT )
PART # QUANTITY DESCRIPTION/IDENTIFYING MARKS
32-2233070 2 33-25 Tantalum Capacitor
20-3402001 1 6-32x3/8" Phillips Pan Head Machine
21-3120001 1 6=32 Hex Nut
21-3350001 1 #6 Internal Star Lockwasher
15-0000001 5

3
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ASSEMBLY INSTRUCTIONS

1) Unpack your board and check all parts aéainst 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) Inéert and solder each of the fourteen 1K ohm 1/4 watt resistors
(brown/black/red) Rl1, R3 through R15. See Assembly Diagram for
locations.

4) Insert and solder the one 220 ohm 1/4 watt resistor (red/red/
brown) R2. See Assembly Diagram for location.

IC INSTALLATION
NOTE: When looking at component side of the board with edge connector

down, all IC pin 1's point to the right hand side of the board and are
indicated by small dots on the board.

5) Insert and solder the one 7400 at location B4.
6) Insert and solder -the one 74LS02 at location A2.

7) Insert and solder each of the two 74LS04's at location D4 and
D5.

8) 1Insert énd solder the one 7410 at location B5.

9) 1Insert and solder the one 74LS30 at location CS5.
10) Insert and solder the one 7474 at location A4.
11) Insert and solder the one 74LS75 at location AS.

12) 1Insert and solder each of the six 7490's at locations A3, B2,
B3, C2, C3, and D3. :

13) Insert and solder the one 8T98 at location E6.
DISCRETE COMPONENT INSTALLATION

14) Insert and solder each of the four 16 pin IC sockets at loca-
tions C4, D2, E4, and E5.

15) 1Insert and solder the one 24 pin IC socket at location E2.

16) Plug in each of the four 16 pin IC jumper headers in the four




17)

18)

19)

PIC 8 REV. 3
Assembly Instructions

16 pin 1IC sockets.

Insert and solder each of the fifteen .1 uf disk capacitors
C3 through Cl7. See Assembly Diagram for locations.

Insert and solder each of the two 33uf tantalum capacitors Cl
and C2. See Assembly Diagram for locations. Observe polarity
as indicated on board.

Insert and solder the one 2N3904 NPN transistor Ql, orient as
indicated on Assembly Diagram.

HEAT SINK AND REGULATOR INSTALLATION |

20) Bend the leads of the 7805 regulator at 90° angles approx1mate1y
1/4" from the bottom edge of the regulator to facilitate inser-
tion on top of the heat sink.

21) Insert the #6 screw through the regulator and heat sink and at-
tached washer and nut from back side of board. NOTE: Be sure
to hold the heat sink in proper vertical position while tight-
enlng the screw in order to prevent shorting to adjacent traces.

Solder regulator leads.

22) Finally, plug the one 8214 24 pin IC into the 24 pin IC socket

. located at E2.

NOTE: \

1) The 16 pin IC socket and header located at C4 is to be used for
interrupt interval select.

2) The 16 pin IC socket and header located at D2 is to be used for
interval priority select.

3) The two 16 pin IC sockets and header located at B4 and ES5 are

10 - 12

to be used for output port address select.
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USER GUIDE

Request for an interrupt appears at the PIC-8 board in the
form of one of the eight priority interrupt request lines
being pulled to a logic 0 level. The 8214 chip will recog-
nize that one or more interrupts are being requested and it
will determine which multiple request has the highest priority.

The eight priority levels are numbered 0 through 7, with 7
being the highest priority. The priority level of the high-
est current interrupt request is then compared against the
value stored in the current priority status register in bits
0, 1 and 2. If the currently-requested priority level is
equal to or lower than the value stored in the current
priority status register, no interrupt will be generated.

If the priority interrupt being requested is 0 and the
current priority status register contains a 0, no interrupt
will be generated. Thus, if a 5 were stored in the current
priority status register, then only interrupt levels 6 and
7 would generate an interrupt. Interrupt levels 5 and
lovier would not be acted upon at this time.

If the priority interrupt being requested is 0, and the
current priority status register contains a 0, no interrupt
would be generated as the priority level is not gregater than
that stored in the current priority status register. If

the current priority status register data bit 3 is written
as a 1, the compare to the current priority status register
is overridden, and the request for an interrupt priority O
is acted upon and an interrupt to restart position 0 is
generated. '

If other priority level interrupts are requested during the
time that data bit 3 has been written as a 1 in the current
priority status level, then the highest priority interrupt
requested will be acted upon.

At any time, if there is more than one priority level of
interrupt being requested, only the highest priority level
is acted upon, and any interrupt requests not serviced must
be held present until the system can return to them.

After each interrupt has been generated, and the processor
has responded to it, it is necessary that the current
priority status register be restored to either the same or
a different value; otherwise, no further interrupts will be
generated.
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When interrupts are initially enabled in a system, the
current priority status register should also be initialized
to insure that the interrupt generating system will

respond to an interrupt.

It should be noted that the current priority status register
inputs data bits 0, 1, and 2, are input in the complement
form. Further information on the operation of the 8214
priority interrupt and coding can be located in the Intel
Data Book. ’

The program controlled clock's functions are selected by
both user jumpers and software. After jumpers have been
installed in the interval selection and priority select
sockets, writing to the PIC-8's output port address can
enable the clock circuitry. Data bits 4, 5, and 6 control
the user-selected intervals.

In normal use, only one interval will be selected at a

time; thus, only one of the three bits, 4, 5, and 6 in the

output port will be 1 at a given time. If two or more

of these bits are written 1 at the same time, then the

different rates will interact and interrupts will not

occur continuously at the highest rate, but will occur ST
at the highest rate for only portions of the time and not i
at all during other portions of the time as determined by

the specific rates selected. For example, if both the

rates 1 millisecond and 1 second are selected at the same

time, one millisecond interrupts will be received for

1/2 of one second and then no interrupts will be received

for the second half of that second and this pattern will

repeat every second.

Should an interval interrupt not be acted upon in the time
remaining between it's occurrence and the occurrence of

the following interval interrupt request, the interrupt
request will be taken away at the following pulse, and

the request will again be asserted on the second interval
following the first. This pattern of requesting an
interrupt every other interval will continue until.the
system is able to respond to the interrupts within the time
period required.

Whenever a byte is output to select or change the selection

of the interrupt interval, it must be remembered that the

lower 4 bits of the same output byte affect the interrupt
generating circuitry, and will set it so that it is ready

to respond to the next interrupt. The desired value for

the current priority status register, must be present in

the output bytes lower 4 bits every time a bit is output N
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for any purpose, whether it is to select or change the
selection of the interrupt interval desired, or whether it
is to change the current priority status register, oxr to
output a bit 7 to the special purpose circuitry supplied
by the user. Similarly, any time the output byte is

used to set or change the current priority status level,
bits 4, 5, and 6 must be also output according to the
desired interrupt interval selected. Any bit which is
written without changing does not cause any momentary
glitches or other effects.

1in - 15
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BOARD ADDRESSING

AQ

Al

alinfinl
YIYIY]Y

A2
0 A3 T
7/
0 A4 1 16
0 AS .
¢ |
A6

L—@.

afinfinfin
YIYIYIY

E4

Positions E4 and E5 contain the user—-jumpered 1l6-pin
address selection sockets. These jumpers allow the PIC-8

board to respond to any 1 of the 256 peossible I/O0 port
addresses, ’

As shown on the schematic, to enable the CRI board it
is necessary to have all eight inputs to the 74LS30 (C5)
high. The user should select the desired address, and
then jumper the address selection soéockets so that when
that address appears on address lines A0 through A7, all
the NAND inputs are high, and the board is then enabled.

10 - 16
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Each socket contains values of 4 lines and their complements.
Socket E5 controls lines A0 through A3. Socket E4 controls
lines A4 through A7. If the user-selected address presents
-a 1 on an address line, that line should be directly

. connected to the NAND input via a short wire jumper on the
socket header. Conversely, if the user selected address
presents a 0 on an address line, the inverted address

line value should be connected to the NAND.

It is suggested that for lines jumpered to enable on

a 1 value that the jumpers be placed diagonally across

the socket (i.e., Pin 1 to Pin 15) and for lines jumpered
for a 0 value, the jumper be placed straight across the
header (i.e., Pin 2 to Pin 15). This convention allows
easy visual deteérmination of the selected address, for 1's
appear as diagonals and 0's as horizontals. An example

of a correctly jumpered socket pair for the address C4 hex
or 304 octal is shown above.

If desired, very fregquent address changes may be easily
implemented through the exchange of an 8 pole DIP switch
for each socket. :

All 8 of the NAND inputs should be jumpered to respond

to either a 1 or a 0. Wwhile any input left unconnected
will appear to act as a 1, open inputs are very susceptible
to noise pulses.
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PRIORITY SELECT FOR THE INTERVAL GENERATING CIRCUIT

In position D2, the jumper socket permits the selection
of the priority level at which the interrupts generated
by the interval clock circuit will oceur. The interrupt
request level from the interval clock circuit appears on
pin 4 of the jumper socket, and the eight available
priority levels inputs appear on pins 9 through 16 of the
jumper socket. A jumper should be placed between pin 4
and the pin corresponding to the priority level desired
for the interval clock's interrupts.

- Interrupt Priority

d

—_—T1 16 |——0

— L1

2

Interval interrupts 4 3
—_ . 4

5

— L. 6

—{8 9L 9

]

CLOCK INTERVAL SELECTION

While 3 interrupt intervals may be program selected on the
PIC-8 board, jumper selection from among the nine available
interrupt intervals must be made in the jumper socket in
position C4 to choose with three interrupt intervals the
program is capable of selecting among. As indicated in

the diagram, Pins 12, 13, and 14 on the jumper socket are
the three inputs to the interrupt generating circuitry

from among which port bits 4, 5, and 6 are used to select
one or more of the levels to be active. A high level on
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A transistor is proyided to permit bit 7 to drive small

.loads such as a speaker or relay, and space is provided

on the end of the board for such a device to be mounted.
Connections to the driving transistor are made through
solder paths available at the top of the beoard. If a
small flat speaker is attached to the board here, and
connected to the driving transistor, it will permit
program control of audio pulses or tones which, in
connection with the interrupt intervals available, allows
for precise control of such things as musical notes rather
than the empirical methods such as setting a small receiver
beside the system and trying various different loops just
to see what one gets. Since the program would have
positive control of such a speaker, the output may be
precisely calculated, and any modifications made with

the assurance of the desired results.

The maximum current drawn by this output transistor should
be held to 200 milliamperes or below. Provision is made
on the board for a resistor in series with the open
collector of this output transistor to limit the current
to-the desired value. A small speaker may be driven
audibly by inserting a 220 ohm resistor in series with the
colléctor 4nd connecting the speaKer between this resistor
and the +8 volts on the board, using solder pads B and C.
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UCRI BOARD
FUNCTIONAL DESCRIPTION

The September, 1975 "Computer Bits" column in Popular
Electronics proposed a standard for the recording on
magnetic tape of hobbyist's digital information. The
column included a description of the proposed standard
(known as the Hobbyist Interchange Tape System), circuitry
to interface the tape recorder and digital system, and a
listing of sample programs to. drive the interface. The
IMSAI UCRI Board provides the hobbyist this circuitry and
all necessary logic to control the interface from the
8080 system bus. The only additional hardware required
to read or write information is an audio-quality tape
recorder and 2 patch cords with RCA phono jacks.

Tri-state buffer drivers and low power Schottky TTL
circuits are used for completely 8080-bus-compatible
plug-in interface. The UCRIBoard requires one Mother
board slot, and occupies one I/0 port address. Jumper
options permit the user to select any one of the 256
possible addresses.

Physically, the board measures 3" x 10" and connects to
the computer with a standard 100 pin edge connector. An
on~card voltage regulator with current limiting and
high-quality tantalum by-pass capacitors are included.

For further details of the HIT Digital Recording Standard
and system, please refer to the September, 1975 Popular
Electronics, pages 57-61. You will note that our circuit
and software are slightly different than PES because we
found that theirs had a few problems.
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THEORY OF OPERATION

The UCRI board is a direct implementation of the circuit
published in the "Computer Bits" column of the September
1975 issue of Popular Electronics, with the additional
logic needed to run this circuit from the IMSAI 8080
system.

The interface circuit published uses the LM3900 Quad-Op

amp with Norton current sensitive inputs. (See the enclosed
notes). The output circuit uses one section of the LM3900
as a buffer amplifier with a gain of approximately 2/5ths
and an integrating capacitor to reduce the response to
higher frequencies, thus rounding the corners of the square
waves produced by the program through the output bits 0 and
1. The signal is then fed to the output jack to the tape
recorder through a DC blocking capacitor and stepped down
to a lower level to permit connection to a microphone input
with a resistive divider. Square waves are put out by
alternately outputting bits 0 and 1 as both 1's. Then both
O's. When the signal is stopped, bits 0 and 1 should be
written as one "l1" and one "0", to give an intermediate

output level. This gives a wave form as illustrated.
11 1] : 4

00 00

The input section of the interface uses the remaining three
sections of the LM3900. Two of the sections are used as
inverting gain-of-10 and non-inverting gain-of-10 amplifiers
to buffer the signal. With the proper input voltage levels,
one member of this amplifier pair will saturate and chip on
the positive going peak 'of the signal, and give O volts out-
put during the negative-going peak. The other member of
this pair does the same but with the opposite peaks: it also
inverts so that both outputs are positive. A diode is con-
nected from each of these sections to the input of the third
section, which is connected with positive feedback as a
Schmitt trigger, to produce approximately a square wave at
the output. .

This square wave will be high if either of the 2 previous
amplifiers' outputs are high; thus, if a tone signal is
present, the Schmitt trigger output will be high except
for the very brief moments that the signal crosses through
zero. Cl4 acts as a filter and holds the Schmitt input on
for these short periods, insuring a constant high output
from the Schmitt trigger. Of course, if the tone input

11 - 2
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ceases, Cl4 discharges and the Schmitt output falls; thus,
the input circuit produces a 1 (high) output during the
time it receives a tone input, and a 0 (low) output when
it receives a blank spot of tape.

To interface this circuit to the 8080 system, the UCRI
board's logic must recognize the proper address and
enable the board. The board is enabled when properly
addressed (74LS30 output low) and either of the signals
SINP (STATUS INPUT) or SOUT (STATUS OUTPUT) is high. The
inputs of the 74LS30 (B8) are determined by the selection
of the address jumper wiring in positions B7 and B9.

When these conditions are met, the PROCESSOR READY line
is enableu (via B4, Pin 13) and held<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>