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COMPUPRO PRODUCT FROM GODBOUT ELECTRONICS
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HOW TO GET YOUR CPU 8085/88 TO RUN
IN UNDER 5 MINUTES
WITHOUT READING THE MANUAL

This section is for those of you who are
so anxious to see if your new CPU board works
that you can't wait long enough to read the
manual. This section will tell you how to set
the switches up so that the CPU 8085/88 will
look most like your older CPU board.

Dip switch 2 is located between U25 and
U26 and is used to set the power-on-jump
address. If you don't need power-on-jump, you
should have set Dip Switch 1, position 8 to
OFF, and you can skip this section.
DIP SWITCH 2

LABELED

HOW TO SET IT

1

ADDR 8

2

ADDR 9

3

ADDR 10

4

ADDR 11

8085 ONLY

5

ADDR 12

If your CPU 8085/88 was factory assembled,
or you are using a version that contains both
CPUs, don't read this section. Skip to the
next section. This section is for those of you
who purchased an 8085 only version, UNKIT.
You will need to install two jumpers, J3
and J4. (If you followed the assembly
instructions carefully, you should have already
installed them.) J3 is located above and to
the right of U17 and J4 is located above and to
the right of U23.
Use a piece of component lead for the
jumpers and leave about a 1/4 inch loop above
the board so that they may be easily cut when
you want to add an 8088.

6

ADDR 13

7

ADDR 14

8

ADDR 15

ON to match addr.
bit 8.
ON to match addr.
bit 9.
ON to match addr.
bit 10.
ON to match addr.
bi t II.
ON to match addr.
bi t 12.
ON to match addr.
bit 13.
ON to match addr.
bit 14.
ON to match addr.
bit 15.

WE S'lR(K;LY RECXnUX) THAT YOO RELAX, AND

READ THE MANUAL!! If, afterreading and
following the directions in this section, your
system doesn't work, DON'T CALL!!! READ THE
MANUAL FIRST!!!

SWITCH POSITICl'J

-----------------------------------------------

Dip swi tch 3 is used to set the I/O port
that is used by the Memory Manager and swapping
processors. The Compupro 'standard' is port
address FD hex, and here's how to set it:

DIP SWITCH 3

SWITCH POSITION
SWITCH SETTINGS

Dip switch 1 is located between U6 and U7.
It is used to select various operational modes
of the CPU 8085/88.
DIP SWITCH 1

SWITCH POSITICl'J
1

LABELED

HOW TO SET IT

XA3

OFF.
OFF.
OFF.

2

XPC

3
4
5
6
7

IOW
5RS
8RS
JOR
MW

8

Pill

C»iI.

ON.
C»iI.

OFF if you have
a front panel,
Cl'J otherwise.
ON if you need
power-on-jump,
OFF otherwise.

1

2
3
4

5
6
7
8

LABELED
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR

0
1
2
3
4
5
6
7

HOW TO SET IT
OFF
CN

OFF
OFF
OFF
OFF
OFF
OFF

Switch 4 is located in the upper right
hand corner of the board and is the large
swi tch wi th the red paddle. It is used to
select either 2 or 5 Mhz operation for the
8085.
TURN THIS SWITCH SO THAT THE PADDLE IS IN
THE LEFT-MOST POSITION. This will select 2 Mhz
operation, which is a good place to start.
If you have a IMSAI-type front panel, plug
the cable into J2.
J2 is a 16 pin socket
located in the upper right hand corner of the
board. You will also want to turn posi tion 7
of Dip Swi tch 1 (MW) , OFF.
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ABOUT THE CPU 8085/88

Congratulations on your purchase of the
CPU 8085/88 -an advanced processor board
designed specifically for full electrical and
mechanical compatibil i ty wi th the IEEE 8-100
bus standard.
The 8-100 bus is the
professional level choice for commercial,
industrial and scientific applications. This
bus provides for ready expansion and
modification as the state of the art improves.
We believe that this board, with the rest of
the CompuPro family, is one of the best boards
available for that bus.

Features such as 5 Mhz operation, 24 bits
of extended addressing, power-on jump, and the
ability to have 16 bit power in an S-lOO system
at a reasonable price, make the CPU 8085/88
another proud member of the OampuPro family.
Thank you for choosing a CompuPro
product •••• welcome to the club!

TECHNICAL OVERVIEW

The CPU 8085/88 Dual Processor board was
specifically designed to make it easy for the
8-100 Bus user to get into the world of 16 bi t
micros, while at the same time preserving
comptitiblity with existing hardware and
software.
We accomplished this goal by choosing the
Intel 8088 16 bit CPU, (an 8 bit bus version of
the 8086), and the 8085A 8 bit cpu. The 8085
provides both hardware and software
compatibility with the current crop of 8-100
peripherals, and the 8088 provides for greatly
enhanced software capability while maintaining
an 8 bit external bus for hardware
compatibility.
The user may switch back and forth between
the two processors with a simple software
command. For example, this allows the user to
let the 8085 run his currently available (and
familiar) disk operating system while letting
the 8088 run the more advanced applications
software. O1e processor would then "call" the
other to handle the task most sui ted to it.
This environment is also extremely
effective when trying to develop new software
for the 8088. O1e may use tools available that
run under the 8085 (such as CP/M and
Microsoft's 8086/88 Macro Cross-Assembler that
runs under CP/M) to write the new code and then
simply switch over to the 8088 to try it out.
PROM's need not be burned and erased and
systems pulled apart to transfer the code to
the 8088 system.
Both processors currently run at 5 Mhz
which maximizes bus throughput. A switch is
provided to slow the 8085 down to 2 Mhz for
software dependent timing loops that want to
run at that speed and are not easily changed.
Intel says that an 8 Mhz 8088 and faster 8085's
are on the way, and this board was designed
with the faster chips in mind. By merely
changing a crystal you may upgrade the board to
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use a faster processor when they become
available. Current state of the art in UART's
(used in serial I/O boards) is barely able to
cope with this 5 Mhz bus rate, so a switch is
provided on the CPU 8085/88 to add one wait
state to every I/O cycle.
Power-on-jump circuitry is provided that
allows the CPU to begin it's execution at any
256 byte boundary (within the lower 64K). A
swi tch is provided to disable this feature. A
switch is also provided to allow the power-onjump circuitry to be active at power-on only,
or to work at power-on and every ti me a RESET
occurs (jump-on- reset).
The 8085 can directly address 64K bytes of
memory, but our built-in Memory Manager scheme
allows access to the full 16 megabytes
available per the IEEE 8-100 standard. The
8088 can directly address 1 megabyte, but our
Memory Manager is smart enough to know which
processor is in control. Thus the 8088 uses
only the upper four bits of the Memory Manager
so it too can access the 16 megabyte address
space. This will be described in greater
deta il later.
The CPU 8085/88 rigidly adheres to the
IEEE 8-100 standard to insure compatibility
with future 8-100 components, but should also
work qui te well wi th most well designed preIEEE hardware. For example, provision is made
to use the IM8AI front panel even though it
doesn't exactly fi t into the new standard.
Many long hours of thought and revision
went into this product and we at Compupro are
confident that it will provide years of solid
service. We sincerely hope that you will enjoy
it.
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SWITCH SETTINGS AND OPTION SELECTION

8085 Only OPERATION

If you purchased the 8085-only version of
this board you will need to install two
jumpers. If you have the assembled and tested
or esc versions, these jumpers are installed
for you already.
One is labeled J3 and is located above and
slightly to the right of U17. The other is
labeled J4 and is located above and slightly to
the right of U23.
Use a small piece of wire, such as that
left over from a component lead. Be sure and
leave enough of a loop (about 1/4 inch) so that
it may be easily cut when upgrading to the
8088. Solder the jumpers on the solder side of
the board and trim off the excess leads.
If you are providing your own 8088 and
8284, do not install J3 and J4!
SWITCH S1

Switch Sl is located between U6 and U7 and
is used to select the various options and
operational modes of the CPU 8085/88.
EXTENDED ADDRESS OPTIONS

The first two posi tions of Sl are used to
control how the upper 8 address bi ts (A16-23)
respond to certain system operations.
Switch position 1 is labeled XA3 and is
used to control whether or not A16-23 will be
tri-stated when ADSBL* is asserted on the S-IOO
Bus. ADSBL* is used to tri-state the system
address bus, usually during a DMA.
Newer DMA devices that meet the IEEE S-IOO
specs are required to provide the full 24 bit
address to the bus during a DMA, but most of
the older devices do not.
If you have a device that provides all 24
address bits then turn switch position 1 ON.
Otherwise turn switch position 1 OFF.
Switch position 2 is labeled XAC and is
used to control whether or not the extended
address bi ts (A16-23) are cleared when RESET*
is asserted on the S-IOO Bus.
The extended address register will always
be cleared on a power-up, but after your
program sets it's value you may not want it to
be cleared (set to 0) each time a RESET occurs.
If you desire the bits to be cleared on
RESET* then turn switch posi tion 2 ON. If you
want to leave the register unchanged after a
RESET* then turn switch position 2 OFF.

I/O WAIT STATE SELECTION
S~vi tch posi tion 83 is labeled lOW and is
used to control whether or not a wait state
will be inserted into every I/O cycle.
This is particularly useful when running
at 5 Mhz and beyond. Older design I/O boards
may have trouble running at 5 Mhz, especially
those with UARTs. To deal wi th this problem
the CPU 8085/88 allows automatic insertion of
one wait state to each I/O cycle.
To allow wait state generation turn switch
position 3 ON. To inhibit automatic wait state
generation turn switch position ,3 OFF.

PROCESSOR INITIALIZATION AFTER SWAP OPTIONS

The CPU 8085/88 contains circuitry that
handles orderly change-overs between the 8085
and the 8088.
Part of this circuitry
determines what state the respective processor
will be in when it comes "on line".
One mode of operation will cause a RESET
to be issued to the processor as it comes on
line. This will cause the 8085 to go through a
power-on-jump sequence (if enabled) or to begin
execution at address 0000 hex. The 8088 will
begin execution at FFFFO hex.
Otherwise, when each processor comes on
line it will begin it's execution at the place
where it went off line. In other words, it
just picks up where it left off.
If you desi re the 8085 to al ways be reset
when it comes on line then turn switch position
4 ON (labeled 5RS for 8085-Reset-On-8wap). If
yoU-want the 8085 to resume operations in place
when coming on line, then turn switch position
4 OFF.
I f you desi re the 8088 to al ways be reset
when it comes on line then turn switch position
5 ON (labeled 8RS for 8088-Reset-On-8wap). If
yoU-want the 8088 to resume operations in place
when coming on line, then turn switch position
5 OFF.
NOTE: When both processors come on line
the first time they will go through their
normal power-up sequence regardless of the
settings of these two switches.
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JUMP-ON-RESET

DIP SWITCH 2
POWER-ON-JUMP ADDRESS

The CPU 8085/88 contains a "power-on-jump"
circui t that allows the 8085 to begin it's
execution at any 256 byte page boundary. In
the strictest sense of the definition, a poweron-jump circuit should only be active at power
on. But sometimes it is convenient to perform
the jump each time a RESET* occurs. We have
provided this option for you.
Swi tch posi tion 6 is labeled JOR and is
used to determine whether or not the 8085 will
jump on reset or only on power on. If you
desire a jump sequence to occur for resets then
turn switch position 6 ON. If you want the
jump to occur at power on-C>nly then turn switch
position 6 OFF.

Dip switch 2 is located between U25 and
U26 and it is used to set the address that the
CPU 8085/88 will jump to on power-on i f
enabled.
The CPU 8085/88 can jump to any 256 byte
page boundary in the lower 64K of address
space. Switch 2 is set to correspond to the
bit pattern of A8-l5 of the page you want to
jump to. When a swi tch is ON it represents a
"one" and conversly when aswitch is OFF it
represents a "zero".
SWITCH 2

Swi tch Posi tion

Address Bit

1 ••••••••••••••••••••••••• AB
MWRITE ENABLE

Switch position 7 is labeled MW and is
used to determine if the CPU 8085/88 will
generate the S-IOO signal MWRITE.
The IEEE S-IOO standard states that MWRITE
shall be generated only in one place in a given
system. Some systems, notably those with front
panels (ie:IMSAI 8080), have circuitry that
generate MWRITE. This circuitry is not easily
disabled. Some systems do not have an MWRITE
generator, so it is up to the CPU to provide
MWRITE to the bus.
The important point here is that you only
want one MWRITE generator in your system. If
your current system has an MWRITE generator in
it, you will want to turn switch position 7
OFF. If your current system has no MWRITE
generator in it (or if you are about to remove
your old CPU card that generated it) you will
want to turn switch position 7 ON.
Tb sumarize, turning switch position 7 ON
will allow the CPU 8085/88 to generate MWRITE
and turning switch position 7 OFF will inhibit
generation of MWRITE by the CPU 8085/88.
POWER-ON-JUMP ENABLE

Switch position 8 is labeled POJ and is
used to enable or disable the power-on-jump
feature of the CPU 8085/88.
If you desire to have the power-on-jump
feature active then turn swi tch position 8 ON.
If you don't want the power-on-jump feature to
be active then turn switch position 8 OFF.
If the power-on-jump feature is not
utilised then the 8085 will begin it's
execution at 0000 hex, which is it's normal
mode of operation.
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2 •••.•.••••••••••••••••••. A9
3 ••••••••••••••••••••••••• AlO
4 ••••••••••••••••••••••••• All

CN

= "I"

5 .•..•...•.••..••••.••.•.. Al2

6 ••••••••••••••••••••••••• Al3
7 ••••••••••••••••••••••••• A14

OFF

= "0"

8 ••••• •••••••••••••••••••• AlS

For example, i f you want to jump to EOOO
you would turn switch positions 1 through 5 OFF
and switch positions 6 through 8 CN.
-

DIP SWITCH 3
MEMORY MANAGER/PROCESSOR SWAP PORT ADDRESS

Dip switch 3 is located between U33 and
U34 and is used to set the address of the I/O
port that is used to control the memory manager
(output) and to swap processors back and forth
(input).
One port address is used by the CPU
8085/88 and it is determined by setting the
positions of dip switch 3 to correspond to the
lower 8 address bits (AO-7) of the desired port
address.
When a switch is turned CN it represents a
"zero" and conversly when a switch is turned
OFF it represents a "one". Note that this is
the opposi te of swi tch 2.

COMPUPRO PRODUCT FROM GODBOUT ELECTRONICS • BLDG 725, OAKLAND AIRPORT, CA 94614

USING THE MEMORY MANAGER

SWITCH 3

Switch Position

Address Bit

The Compupro Memory Manager scheme works
as follows:

1 •••••••••••••••••••••••••• AD
2 •••••••••••••••••••••••••• Al

3 •••••••••••••••••••••••••• A2 ON

= "0"

4 •••••••••••••••••••••••••• A3
5 •••••••••••••••••••••••••• A4

6 •••••••••••••••••••••••••• A5

OFF

= "I"

7 •••••••••••••••••••••••••• A6
8 •••• ., ••••••••••••••••••• •• A7

The "standard" port address is FD he~
Any software that is provided by Compupro will
assume that this switch is set for port ED. To
set the swi tch for port ED turn swi tch posi tion
2 ON and all other switch positions OFF.

2 OR 5 MHz OPERATION
SWITCH 4

Switch 4 is used to select whether the
8085 will run at 2 Mhz or 5 Mhz. In some older
systems, with slower memory, it may be
necessary to run at 2 Mhz. Some older
generation hardware will not operate correctly
or reliably at 5 Mhz (such as the IMSAI front
panel). Also some software has timing loops
that depend on a 2 Mhz processor. If possible
these loops should be modified, but some are
undocumented making them hard to find and
therefore change. If this is the case, you
will probably want to run at 2 Mhz.
Switch 4 is located at the upper right
hand corner of the board and is the large
paddle switch with the red handle.
Putting the switch in the left-most
postion will cause the 8085 to run at 2 Mhz.
Putting Switch 4 in the right-most position
will cause the 8085 to run at 5 Mhz.
This switch is not designed to be changed
while runnin;J. It may work while running, but
your program may also bomb. We make no
guarantees!
only.

Note that this switch affects the 8085
The 8088 always runs at 5 Mhz.

A standard 8 bi t microprocessor (such as
the 8085) can only directly address 64K bytes
of memory. That takes a 16 bit address bus.
But the new IEEE 8-100 standard provides for 24
bits of address bus which allows addressin;J of
16 megabytes. The problem is how to allow a
processor wi th only 16 bi ts of address to
appear to have 24 bi ts.
What we have done is to take an eight bi t
output port and latch any data byte that is
written to it. This latched information is
then bufferred and placed on the upper 8
address lines on the 8-100 bus (A16-23). Now
an 8 bit processor has access to 16 megabytes
instead of it's usual 64K bytes.
Those that are familiar wi th bank select
schemes will appreciate that this is quite
similar, but instead of having the po~t
duplicated on every memory board, it appears in
only one place in the system. The biggest
advantage that this has over bank select
schemes is that the physical memory boards are
standardized because of the IEEE defined
address lines.
So when using the 8085 one just writes an
8 bit word out to the output port that is
selected by the setting of Dip Switch 3 and
then by the begining of the next cycle that
address will appear on Al6-23.
But things are a bit different when using
the 8088. The 8088 has 20 address bits so it
can directly address I megabyte of memory. The
Memory Manager is smart enough to know if the
8088 is in control of the bus. If the 8088 is
in control, only the upper four bits of the
memory manager port are used and the lower four
come direct from the 8088. In other terms, AO19 come from the 8088 and A20-23 come from the
Memory Manager latch.
As with the 8085, the 8088 will write a
full byte to the port, but only the upper four
bits will ever see the bus. The full byte is
latched, however, and all eight bits will
appear on the bus when the 8085 comes back on
line.

All eight bits will always be cleared (set
to 0) on power up. See the Option Selection
section of this manual for more options
concernin;J the Memory Manager. (Dip Switch 1,
positions 1 and 2, and Dip Switch 3J
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SWAPPING PROCESSORS

On power-up, the 8085 will always be in
control of the bus and the 8088 will be asleep,
just as if it was never turned on. To change
over to the 8088, and to subsequently change
back and forth, all that need be done is a
simple INPUT instruction from the Processor
Swap Port.
This port is shared with the memory
manager port in that they share the same
address space. Hence they are both set with
dip switch 3. The memory manager uses the
output side, and the swap function uses the
input side. The "standard" port address is FD
hex. See the Option Selection section of this
manual to find out how to set this address.
When the 8088 comes on line for the first
time, it will go through it's normal
initialization sequence, which is that it will
begin to execute code at address FFFFO (OFFFFO
if you take the Memory Manager into account).
After that first time it comes on line there
are two optional ways for it to come on line
thereafter.
One is just like the first, in that a
RESET will be issued to the 8088 before any
execution can ensue. This will cause it to
again begin to execute code at FFFFO.
The other mode is one where the 8088 just
''sleeps'' in place until it is reawakened, when
it picks up where it left off as if nothing had
happenned.
Either mode can be useful depending on the
application. The RESET mode may be useful in a
developement atmosphere, but the sleep mode may
be more practical in a real-time environment.
The 8085 can work in just the same way as
the 8088. It will either do a normal power-on
sequence (where it executes at 0000) or it can
do a power-on-jump if enabled, when the system
is ?,wered up.
Ater the 8088 gains control, by the 8085
doing an IN to the processor swap port, you
have the same options for when it comes back on
line as you do with the 8088.
You may have the 8088 in one mode and the
8085 in the other or both the same. See the
Option Selection section of this manual (Dip
Switch 1, locations 4 and 5) to determine how
to select the modes you desire.
Note that if you elect the RESET mode for
the 8085 and the power-on-jump is enabled, the
8085 will do a ?,wer-on-jump sequence each time
it comes on line.
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Since the command to swap processors is an
IN instruction, and the purpose is not really
to read any information from the input port, FF
hex will be returned in the A register. This
means that any previous contents will be lost.
So if the contents of the A register are
important to you, be sure to store it somewhere
first ( a PUSH instruction would be the most
likely) •
The following is an example of a typical
program flow using both processors, assume
sleep mode for both:

Computer Powers Up
8085 does a power-on-jump
Program begins to execute
Time to swap processors
Load in object aodule for 8088
Set up jump to 8088 code at FFFFO hex
Push A register
Do an IN from port m hex
(on boaId haIdware puts 8085 to sleep
and wakes up 8088)
8088 now on line
8088 begins execution at FFFFO hex
JUDlp to object aodule
Perform task
Time to swap processors
(ie: need something from disk)
Put info to be passed in RAM
(ie: task info: drive number, sector
etc.)
Push A register
Do an - IN frOID port FD hex
8085 back on line
Pop A register
Perform task
Push A register
Do an IN from port m hex
8088 back on line
etc.
The last obvious consideration is that one
processor should generally not modify the
execution or stack areas of the other
processor. This requires careful planning on
the part of the programmer.
The complete software picture would
require an entire book in itself and maybe
someone out there would like to write one, but
this manual will not attempt to delve into it
any further.
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CPU 8085/88 TIMING
8088 @ 5mhz
tcy = 200 ns

BS1

BS2

BSW

BS3

8085 READ/WRITE CYCLE TIMING
BASED a. IEEE S-100 TIMING PARAMETERS
(see timing dia9ram Eor meaning of signal mnemonics)

IN NSECS
8085
2MHZ 5MHZ

IEEE SPEC
MIN

pSYNC

G~
;j.~I'"
\~

Ai

_ _ _ _---J

I SYST __ :

MAX

I

tcr

r;I PERIOD •••••••••••••••••••••••••••••••••• 500
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CIRCUIT DESCRIPTION

The CPU 8085/88 contains four basic
sections of circuitry. They are: The Processor
and Bus Interface Circuitry, the Processor Swap
Circuitry, the Memory Manager Circuitry and the
Power-on-Jump Circuitry. We will discuss each
section individually.
The processor and S-IOO Bus interface
circuitry performs the necessary primitive
functions such as providing clocks to the CPUs,
signal buffering and timing conversion to fit
the S-IOO IEEE standard. Some signals are
"synthesized" for the S-IOO bus since neither
CPU generates those signals directly.
The 8085 has a built-in clock generator
which the CPU 8085/88 takes advantage of when
running at 5 Mhz. A crystal that is two times
the desired frequency is hooked across the
appropriate pin~ In this case the crystal is
X3 and is 10 Mhz which gives us the desired 5
Mhz operating frequency.
But in-between the crystal and the 8085 is
a SPDT swi tch, S4.
S4 allows either the
crystal to be hooked up directly to the CPU or
allows insertion of a 4 Mhz clock signal (more
about that signal later). This causes the CPU
to run at 2 Mhz.
The 8088 requires a completely different
clock circuit. It requires a clock frequency
three times the desired operating frequency and
it must have a 63/33 % duty cycle. For this we
use the Intel 8284 IC, a clock generator
designed specifically for the 8088/86. The 15
Mhz crystal, X2 is hooked up to the 8284 which
then provides the necessary division by three
and the proper duty cycle. No provision has
been made, other than by changing the crystal,
to alter the 8088's operating frequency.
The S-IOO bus requires a 2 Mhz clock
signal on pin 49 regardless of the operating
frequency of the processor. This is provided
by an oscillator comprised of three sections of
U8 and Xl, a 4 Mhz crystal. The 4 Mhz output
of the oscillator is used above to run the 8085
at 2 Mhz. The 4 Mhz signal is also divided by
a flip-flop to 2 Mhz, is buffered and goes out
to the bus.
Both processors have a bi-directional data
bus. Both are tied together (one is always
tri-stated).
The resultant data bus is
buffered by U37 and then goes out onto the DO
bus.
U37 can be tr i-stated by the DODSB*
signal on the S-IOO Bus. The DI bus is
buffered by U38 and U38's outputs are tied to
the internal data bus. Those outputs are
enabled by the DB IN signal, but will be
disabled by the POJ* signal or the RUN line on
the S-IOO bus. RJN is used by IMSAI-type front
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panels to force data into the CPU over the 16
pin cable (J2) so the or buffer should be
turned off. A pull-up resistor is provided on
the RUN line so that systems not utilising this
1 ine will still work. Note that RUN is no
longer a specified signal on the S-IOO Bus.
Both the 8085 and the 8088 put the lower 8
address bits on the data bus during the first
part of the cycle. The ALE signal from both
processors is used to latch this information.
Both ALE signals are ORed by a section of U23
to generate the SYSALE signal. We now have a
common ALE signal for the whole card that will
represent the 8085 ALE when it is in control
and the 8088 ALE when it is in control.
The data bus is tied to the inputs of of
U35, a 74LS373 transparent latch. The latch
control is hooked to the SYSALE signal. This
latches the address information from the data
bus. The outputs of U35 become AO-A7 on the S100 Bus.
A8-15 from both processors are tied
together (one is always tri-stated) and are
buffered by U36 and go out onto the S-lOO bus.
Both U35 and U36 may be tri-stated by the ADSB*
signal.
The 8085 has three lines; SO, Sl, and
IO/M* from which all of the possible states of
operation (status) may be decoded. The 8088
has three similar lines; SSO, IO/M* and DT/R*.
The code on the two sets of lines is completely
different. All the lines from the 8088 are
tri-stated during a HOLD, but SO and Sl from
the 8085 are not. Two sections of U40 allow
these two signals to be tri-stated, being
contolled by the HLDA signal from the 8085.
The two sets of three lines may now be
tied together. These are fed into a bipolar
PROM, U30, that decodes the signals into the S100 status signals. But the codes on the two
lines are different. The CPU 8085/88 has a
signal called 8/5* that is high when the 8088
is in control and low when the 8085 is in
control. This signal is used to select between
two sets of data inside the PROM so that the
three lines are decoded differently depending
on which processor is driving the lines.
The status signals are buffered by U39 and
then go out to the S-IOO bus. The outputs of
U39 may be tri-stated by the SDSB* signal.
The processor control signals on the S-lOO
Bus, pSYNC and the like, are the most difficult
to synthesize, so we will discuss each $ignal
seperately.
The signal pSYNC is used to signify the
begining of each machine cycle. The SYSALE
signal occurs at the begining of each machine
cycle so it makes sense to use that for pSYNC.
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It cannot be used directly because it does not
have the proper relationship to the bus clock.
5Y5ALE sets a flip-flop by clocking in a
"I" as it rises. The output of the flip-flop
is connected to the D input of another flipflop. The second flip-flop is clocked by the
system clock so that after the next rising edge
of the clock it's output will go high. This is
the pSYNC signal.
When the inverting output of the second
flop goes low it clears the first flip-flop
which makes the D input to flop 2 go low. On
the next rising edge of the system clock this
low will be clocked out ending the p5YNC
signal.
The first flip-flop is needed because ALE
is not guaranteed to be stable during that
first rising edge of the clock.
The signal p5TVAL* goes low to signify
that the address and status bus are stable and
contain valid information. This signal is
generated by NANDing pSYNC with inverted system
clock.
The signal pDBIN is used to signify that
the CPU wants to read data on the DI bus. It
is the read strobe for the 5-100 bus. The 5100 bus specification states that pDBIN should
go high during a memory read, input or
interrupt acknowledge cycle.
The RD* signals from the CPUs will go low
for a memory or I/O cycle, but not for an
interrupt acknowledge cycle. The INTA* signal
goes low for interrupt acknowledge cycles.
50 to synthesize the pDBIN signal the
INTA* signals from both CPUs are tied together,
as are the RD* signals. (As with the data bus,
only one is ever active). The composite RD*
and INTA* signals go into the inputs of a NAND
gate which provides inversion and an OR
function at the same time. 50 either RD* or
INTA* can cause pDBIN.
The output of this gate is the DBIN signal
used on-board, but occurs too early to meet the
5-100 Bus spec. Therefore the DBIN signal is
gated by the inversion of p5YNC so that pDBIN
cannot start until pSYNC is low. The resultant
signal is inverted and becomes pDBIN.
The signal pWR* is used to signify that
valid data is on the DO bus to be wri tten into
a memory or I/O device. It is the generalized
write strobe for the 5-100 bus.
Both WR* lines from the CPUs are tied
together (one is always tri-stated).
The
signal direction is OK for the 5-100 bus, but
the timing is not. The 5-100 Bus spec states
that data must be valid before the leading edge
of the write strobe and after the trailing edge
of the write strobe.

The 8085 and 8088 guarantee data to be
valid after the trailing edge, but not before
the leading edge. Therefore we must delay the
leading edge of pWR*. Delaying pWR* until the
next p:>sitive clock edge will meet the timing
requirements nicely, so we do just that.
The write strobe is presented
simultaneously to one input of an OR gate and
the D input of a flip-flop. The clock input to
the flip-flop is the system clock which has
been clocking in a high from the inactive write
strobe, so the output of the flop will be high.
The output of the flop is connected to the
other input of the OR gate.
50 when the write strobe is inactive
(high), both inputs to the OR gate will be high
making the output high. When the write strobe
goes low, one input to the OR gate will go low
but the output will remain high. After the
next rising edge of the clock the output of the
flip-flop will go low making the other input to
the OR gate low. The two lows will cause the
output of the OR gate to go low making our PWR*
signal. When the write strobe returns high, so
will the output of the OR gate ending pWR* at
the right time.
The pHLDA signal is used to signify that
the processor has relinqushed the bus to
another temp:>rary master, usually a DMA device.
The generation of this signal will be covered
under the section concerning the processor swap
circuitry.
All of these signals are buffered by U27
and go out to the 5-100 Bus. U27 may be tristated by assertion of the CD5B* signal.
The two RDY signals on the 5-100 Bus are
used to extend the current bus cycle for slow
memory, single stepping etc. They are ANDed
together along with the on-board I/O Wait state
generator. The resultant output is then
connected directly to the 8085 RDY input, but
is synchronized to the clock by a flip-flop for
the 8088. The output of the flip-flop goes to
the ready input of the 8284 and then to the
8088 itself. The flip-flop is necessary
because of a timing idiosyncracy in the 8284.
The on-board wait state generator is a
flip-flop whose D input is an extended ALE
derived from the p5YNC generator. This is
clocked in and out by the system clock, causing
one wait state to be generated. The CLR input
to the flip-flop is tied to the IO/M line from
both processors which is low during memory
cycles. This will cause the flip-flop to be
inactive during memory cycles so that wait
states will only be generated during I/O
cycles.
7/80
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The output of the flip-flop is
connected/disconnected from the ROY circuits by
a dip switch.
The interrupt lines, NMI* and pINT* are
inverted and then gated by some AND gates that
are turned on and off by the 8/5* line and it's
inversion. This logic is used to steer the
interrupt inputs to the processor currently on
line.
The MWRT signal is the memory write strobe
for the S-IOO bus and is generated by NORing
pWR* and the status line sOUTo MWRT may be
disconnected from the bus by a dip switch.
MWRT is bufferes by a section of U31.
The power-on-clear circuitry is used to
initialize on board logic and also to generate
the poe* signal for the S-100 Bus. Tri-state
buffers are enabled by the POe* signal to also
drive RESET* and SLVCLR* low at power-on, per
the S-100 bus spec.
A simple RC time constant is formed by RlS
and C9 which is buffered by a section of U40
acting as a schmitt trigger.
This completes the description of the
Processor and Bus Interface Circuitry. Next we
will describe how the Processor Swap Circuitry
operates.

PROCESSOR SWAP CIRCUITRY

It is the job of the processor swap
circuitry to handle the orderly change-over
between the two CPUs on the CPU 8085/88.
The basic theory is this: One processor is
"put to sleep" by pulling it's HOLD line high.
This line is normally used for DMA. We are told
by the CPU that it has gone to sleep
(relinquished the bus by tr i-stating it's
outputs and suspending all internal operations)
by the ~ line that is active high.
What the processor swap circuitry does is
to alternatively make the HOLD line to each
processor high and low to control which one is
on line. Since the HOLD line is also normally
used for DMA, some logic must be provided to
steer the pHOLD* line from the S-100 bus to the
processor on line, and to arbitrate between a
hold from the bus and an internal hold.
There must also be a "command" signal that
tells the circuitry to change processors. This
is done by decoding an I/O port and making a
command pulse each time an access is done.
This port address is shared with the Memory
Manager circuitry (described later).
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At power-on, the signal 8SHOLD from the
output of flip-flop UIO will be low, and the
signal 88HOLD from the output of filp-flop U9
will be high. This means that the 8085 will
come up running and the 8088 will be held. Also
a signal named 8/5* will be low signifying that
the 8085 is in control. This signal originates
from flip-flop US.
The I/O port is decoded by the 2SLS2S21
eight bi t comparator, U34. The output of U34
is inverted and applied to one input of U3, a
three input NAND gate. The other two inputs
are tied to pDBIN and sINP. When all three
signals are high the output of U3 will go low.
This is inverted and used to clock a flip-flop,
U2. The flip-flop's D input is tied high
making the non-inverting output of the flop go
high. The non-inverting output is tied,
through two inverters for delay, to the clear
input of the flop. So after two gate dealys
the flip-flop will be cleared. This produces a
short pulse at it's outputs. This signal is
called PORTPULSE*, and is the swap command
pulse we need.

When PORTPULSE* occurs, it sets the output
of UIOa to a one. Assuming there is no DMA
request from the bus PH OLD (an internal board
inversion of the bus pHOLD*) will be low. This
allows the high from UIOa to pass through the
OR gate U23, presenting a high to the D input
of UIOb. On the next positive transition of
the 8085 clock, the output of UIOb (8SHOLD)
will go high. This causes a hold request to be
issued to the 8085.
When the 8085 is done with the current
cycle or cycles it will raise it's HLDA line,
SHLDA. This indicates that the 8085 outputs
are tri-stated and internal operations have
been suspended. When SHI.DA rises it will clock
a low out of flip-flop U9a. This low will pass
through OR gate U23 and appear at the D input
to U9b. After the next rising edge of the 8088
clock, the output of U9b (88HOLD) will go low.
This will allow the 8088 to begin operations.
On the next occurence of PORTPULSE* the
whole process will be reversed.
PORTPULSE* will also clock U4b which is
set up as a divide by two toggle. U4b's output
will be low at power-on. This output is tied
to the D input of USa. The output of USa
(8/5*) will also be low at power-on. The clock
input of USa will be clocked by either S~ or
8HLDA going low, signifying a processor coming
on line.
So when PORTPULSE* occurs U4b will change
states, and when a processor comes on line the
state of U4b will be clocked through USa,
changing the state of the 8/5* line. This lets
the on-board circuitry know which processor is
in control.
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The signal that clocks USa (signifying a
CPU coming out of a hold state) also clocks
U4a.
U4a then produces a pulse called
HOLDOVER*. The signal that clocks USa and U4a
is inverted (which means it now signifies a CPU
going into the hold state) and used to clock
U12b. The D input of U12b is the PHOLD signal
which will be low if there is no bus DMA
request.
The output of U12b is BHLDA, which after
being buffered becomes pHLDA on the S-IOO Bus.
So if there is no bus hold request (PHOID low),
when U12b is clocked, BHLDA will remain low.
This is exactly what we want- we don't want the
bus to see the internal hold operations.
But if PHOLD is high, BHLDA will go high.
When the HOLDOVER* pulse occurs, at the end of
the DMA, U12b will be reset causing BHLDA to
return low.
Some arbitration is needed to hold off a
hold request from the S-IOO Bus during a
processor swap. This is accomplished with
flip-flop U2b and a NOR gate U14.
The pHOID* signal from the S-IOO Bus goes
to one input of the NOR gate. The other input
comes from the output of U2b. This output is
normally low, allowing the pHOLD* signal
through the gate (with inversion). The output
of the gate becomes PHOLD. When PORTPULSE*
occurs, a high will appear at the output of U2b
which will inhibit pHOLD* from going through
the NOR gate. The HOLDOVER* pulse will clear
U2b allowing pHOLD* through the gate again.
PHOLD is allowed to ripple through the
sections of U9 and UIO because of OR gate U23.
This allows the hold request to get to the
processors, unless it is held off by the
previously discussed circuitry.
When the processor changes, so must the
system clock. This is accomplished with a
flip-flop, U12a, and some tri-state buffers
from U24.
The flip-flop is constantly being clocked
by the current system clock. The non-inverting
output is hooked to the tri-state control of
one section of U24 (U24b) and the inverting
output is hooked to the tri-state control of
another section of U24, U24a. The D input to
the flop is hooked to the 8/5* line.
The input to U24b is the clock from the
8085 and the input to U24a is the clock from
the 8088. Since the tri-state inputs are
connected to opposite outputs of U12a, only one
section of U24 will be turned on at a time.
When 8/5* changes, the change will be
reflected in the outputs of U12a which will
turn on the appropriate section of U24 allowing
the correct clock to become the system clock.

The last section of the processor swap
c i rcui try concerns the Reset-On-Swap option.
This circuit allows a RESET to be issued to the
processor that is just coming on line.
U7 is a 74LS221 dual one-shot. A one-shot
produces a pulse of a fixed duration in
response to an edge-triggered input.
The
duration of the pulse is set by a resistor and
capacitor.
The resistors and capacitors in this case
are R3 and 4, and C5 and CG. Their values will
produce a pulse of about two microseconds.
The trigger inputs are the HLDA signals
from the CPUs. The trigger inputs of U7 are
set up to trigger on the negative going edge.
So, for example, when 5HLDA falls (signifying
that the 8085 is about to come on line) a 2
microsecond pulse will be issued from U7. This
pulse goes to the 8085 reset input which causes
the processor to reset.
The outputs of U7
may be
connected/disconnected from operation by means
of a dip switch.
This completes the section on the
processor swap circuitry. Next we will explain
the Memory Manager.

MEMORY MANAGER CIRCUITRY

The function of the memory manager is more
clearly defined in the section enti tled USING
THE MEMORY MANAGER. Please refer to that
section for an explanation of what the memory
manager's functions are. Here we will only
explain how the circuitry works.
As explained in the previous section, the
memory manager's port address decoder is shared
with the processor swap port. The processor
swap port uses the 'input' side, while the
memory manager uses the 'output' side.
The output is decoded by the signal from
U34, sOUT and the inversion of pWR*. These
three signals are connected to the inputs of a
three input NAND gate, U3. The output of U3
will go low when all three inputs are high,
signifying an output to the selected port. The
output will return high at the end of the
output cycle, but data will still be valid.
This positive going edge is used to latch
data from the data bus into U28, a 74LS273
octal latch. The upper four outputs of the
latch go to U33, a 74LS373 octal transparent
latch. The lower four outputs of U28 go to
half the inputs of U29, a 74LS157 quad two
input multiplexer.
7/80
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The control input to the multiplexer is
the 8/5* line. When 8/5* is low, signifying
that the 8085 is in control, the four outputs
of U28 pass through the multiplexer to the
other four inputs of U33. But when the 8088 is
in control (8/5* high), the four outputs of the
multiplexer no longer represent the outputs of
U28, but instead represent A16-19 from the
8088.
SYSALE is used to latch the outputs from
U28 and U29 into U33. The outputs of U33
become the S-lOO extended address bits A16-23.
SYSALE is needed because the 8088 only puts
address info on the A16-19 lines during the
first part of the cycle (as it does with the
data/address lines). It also ensures that the
address on the bus changes at the first part of
the next cycle, instead of the last part of the
current cycle.
U28 will be cleared at power-on. It may
also be cleared by each succesive bus RESET*
depending on the position of a dip switch.
The outputs of U33 will be tri-stated by a
POe * , RESET* or ADSB*. AnSB* can be ignored by
the memory manager by setting a dip-switch.

Finally, at the next address, US will
clock it's non-inverting output low, causing
U26 to be tri-stated and the normal DI buffer
to be re-enabled. This allows the next byte to
be read from the bus, and normal execution
ensues.
The output of Ul6 (POJ*) , can be disabled
by a dip switch, which will cause the power-onjump circui try to be inactive.
The power-on-jump circuitry will activate
after a POC*, and if desired, after each
RESET*. This option is also set with a dip
switch.
This completes the circuit description of
the CPU 8085/88.

This complete~ the description of the
memory manager circuit. Next we will discuss
the operation of the power-on-jump circuit.
POWER-ON-JUMP CIRCUITRY

The power-on-jump circuitry used in the
CPU 8085/88 is designed to allow the 8085 to
begin execution of a program at some address
other than 0000. It does this by forcing a
jump op-code (C3 hex) followed by a byte of
zeroes and then an eight bit value that
contains the starting address of the page you
want to jump to.
At power-on, flip-flop USb is cleared,
setting it's non-inverting output high. This
output is connected to one input of NAND gate
U16. The other input to U16 is connected to
DBIN. When both signals are high, the output
(POJ*) will go low. This will enable the octal
buffer U26 and disable the normal DI driver,
U38.
At address 0, a C3 hex will be presented
to the inputs of U26 and thus to the 8085. C3
is the 'jump' op-code. At address 1, a byte of
zeroes will be presented to the inputs of U26.
At address 2, the setting of dip switch 2 will
be presented to the inputs of U26. The setting
of dip switch 2 should correspond to the upper
byte of the desired memory address.
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CPU 8085/88 TIMING
8085@ 5 mhz
tcy = 200 ns

8088 READ/WRITE CYCLE TIMING
BASED ON IEEE S-100 TIMING PARAMETERS
(see timing diagram for meaning of signal mnemonics)

BS1

B S2

o
tUY_

IEEE SPEC

5MHZ
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pSYNC ________

-

~

8088

J= t Sy

I

IN NSECS

1--
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--l

1

~__________~I
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tJ\CC
~__

tSTWR
~

taoIR
tWRASD
~
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t:WRMR

III PERIOD ••••••••••••••••••••••••••••••••••
III PULSE WIDTH HIGH ••••••••••••••••••••••••
III PULSE WIDTH LOW •••••••••••••••••••••••••
DELAY III HIGH TO pSYNC HIGH: •••••••••••••••
DELAY III HIGH TO pSYNC L<M

200
65

pSYNC PULSE WIDTH HIGH ••••••••••••••••••••
pS'NAL* LOW PRIOR TIll 0 HIGH DURING pSYNC ••
pS'NAL* PULSE WIDTH LOW •••••••••••••••••••
DELAY pSYNC HIGH TO pS'NAL* L<M •••••••••••
ADDRESSES STABLE PRIOR TO pS'NAL* L<M •••••
DURING pSYNC HIGH
STATUS STABLE PRIOR TO pS'NAL* LOW ••••••••
DURING pSYNC HIGH
pDBIN PULSE WIDTH HIGH ••••••••••••••••••••
DELAY pS'NAL* LOW TO pDBIN HIGH •••••••••••
DELAY pDBIN LOW TO pSYNC HIGH ••••.••••••••
HOLD TIME FOR ADDRESSES AND STATUS AFTER ••
pDBIN LCW
DELAY pS'NAL* LOW TO DATA VALID •••••••••••
pWR* PULSE WIDTH LOW ••••••••••••••••••••••
DELAY pS'NAL* LOW TO pWR* LOW •••••••••••••
DELAY pWR* HIGH TO pSYNC HIGH •••••••••••••
SETUP TIME 00 VALID TO pWR* LOW •••••••••••
HOLD TIME ADDRESSES FRCX>1 pWR* HIGH ••••••••
HOLD TIME STATUS FRCX>1 pWR* HIGH •••••••••••
HOLD TIME 00 FRCX>1 pWR* HIGH •••••••••••••••
DELAY pWR* LOW TO MWRT HIGH; pWR* HIGH ••••
'ro MWRT LON

180
120
120
50
180

110

20

200
280
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280
180,120
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I
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I
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I
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I
1

I
I

o
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0
100
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180
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0.2tCY
180
0.2tCY
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I

I
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50

L-_________________________
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1
1---------1
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t11

~
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I
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X
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I
I
1
1
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1

IWRSY

1STWR-i--~,===-:=J
1
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DO
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.-.- Part s List _--------.
o

(1)

Circuit Board

INTEGRATED CIRCUITS (NOTE: the following
parts may have letter suffixes and prefixes
along with the key numbers given below.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

74LSOO
74LS02
74LS04
74LS05
74LS08
74LSIO
74LS32
74LS74

(2)
(1)
(4)

(1)
(3)
(1)
(1)

(9)

74LS125
74LS157
74LS221
74LS240
74LS244

(2)
(1)
(1)

(1)

quad 2 input NAND
(Ull ,16)
quad 2 input NOR
(U14)
hex inverter
(U8,13,15,32)
hex inverter O.C.
(U25)
(Ul,6,17)
quad 2 input AND
triple 3 input NAND
(U3)
(U23)
quad 2 input OR
dual D flip-flop
(U2,4,5,9,10
12,18,21,22)
quad tri-state driver
(U24,31)
quad 2 input MUX
(U29)
dual one shot
(U7)
octal inv. bus driver
(U26)
octal bus driver
(U36-39)

(4)
(1)
(2)
(2)
(1)
(1)
(1)
(2)

74LS367 hex bus driver
74LS373 octal trnsprnt latch
25LS2521 octal comparator
G165
32x8 bipolar PROM
8085A-2 5 Mhz microprocessor
7805
5 volt regulator

C7I'HER

ELECTRICAL COMPONENTS

(1)
(1)
(5)
(2)
(1)

crystal, 4 Mhz
(Xl)
(X3)
crystal, 10 Mhz
39mfd, 10v tantalum capacitor
(Cl-4,9)
.001mfd disc capacitor
(C5,6)
.Olmfd disc capacitor
(C7)
bypass, disc capacitor
270 ohm resistor
(R13)
(RS,6)
390 ohm resistor
11< ohm resistor
(R8,14)
(Rl,3,4)
4.7K ohm resistor
SIP resistor networks
(R2,7,9-l2,15)

(36)
(1)
(2)
(2)
(3)
(7)

~LSV3oc~I~~h

(U~)

(U27,40)
(U33,35)
(U34)
(U30)
(U41)
(U42,43)

MECHANICAL C(}JIPONENTS

o
o
o
o
o
o
o

(42)
(3)
(1)
(2)
(2)
(2)
(1)

low profile sockets
8 position DIP switches
paddle switch
heat sinks
sets 6-32 hardware
card ejectors
set user's manuals

(Sl-3)
(84)

ADDITIOOAL C(}JIPQNENTS FCR 8088 OPTIOO

o
o
o
o
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(1)
(1)
(1)
(1)

8088 5 Mhz 16 bit MPU
8284 clock generator
crystal, 15 Mhz
10pfd disc capacitor

(U20)
(U19)
(X2)

(C8)
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Component Layout

CUSTOMER SERVICE INFORMATION
Our paramount concern is that you be satisfied with any Godbout
CompuPro product. If this product fails to operate properly, it may be
returned to us, see warranty information below.
If you have any' questions about assembly, performance, specifications or need further information feel free to write us at:

P:O. Box 2355, Oakland Airport, CA 94614.
When writing, please be as specific as possible concerning the nature
of your query. We maintain a 24 hour a day phone, for taking orders,
(415) 562-0636. If you have problems or questions which cannot be
handled by mail, this number can be used to connect you with our technical people ONLY during normal business hours (10am-5pm Pacific
Time). Unfortunately, we cannot return calls, or accept collect calls.

LIMITED WARRANTY INFORMATION
Godbout Electronics will repair or replace, at our option, any parts
found to be defective in either materials or workmanship for a period of 1
year from date of invoice. Defective parts must be returned for replacement.
If a defective part or design error causes a Godbout Electronics product to operate improperly during the 1 year warranty period, we will
service it free (original owner only) if delivered and shipped at owner's
expense to Godbout Electronics. If improper operation is due to an error
or errors on the part of the purchaser, there may be a repair charge.
Purchaser will be n,Otified if this charge exceeds $10.00.
We are not responsible for damage caused by use of solder intended
for purposes other than electronic equipment construction, failure to
follow printed instructions, misuse or abuse, unauthorized modifications, use of our products in applications other than those intended by
Godbout Electronics, theft, fire, or accidents.
Return to purchaser of a fully functioning unit meeting all advertised
specifications in effect as of date of purchase is considered to be complete fulfillment of all warranty obligations assumed by Godbout
Electronics. This warranty covers only products marketed by Godbout
Electronics and does not cover other equipment used in conjunction
with said products. We are not responsible for incidental or consequential damages.
Prices and specifications are subject to change without notice, owing
to the volatile nature and pricing structure of the electronics industry.

CPU 8085/88 is a trademark of W.J Godbout.
TR I-STATE is a trademark of National Semiconductor Corp.
Contents of this booklet©1980 by Godbout Electronics.
reserved.

All rights

We encourage quotation for the purposes of product review

if source is credited.
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