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CUSTOMER SERVICE INFORMATION
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HAYWARD, CA 94545,

LIMITED WARRANTY

COMPUPRO warrants :his computer praduct to be in good working order for a period of one (1) year {two years
CS5C. six months for gisk drives) from the date of purchase by the original end user. Should this praduct fail to be
in good working orcer at any time durirg this warranty period. COMPUPRQO will. at its ophion, repair or replace this
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Havware, Crifornea 94545, Attr . Warranty Service. If the oroduct 1s delivered by mail or common carrier. you agree
i insure the procuct or assume the risk of Inss or damage in transit, to prenay shipping charges to the warranty
service incatior [(System Center or COMPUPRO) ang 1o use the otfigina! shipoing container or equivalent. Contact
your COMPUPRO Systers Certerdealer or write to COMPUPRQ at the above address for further infarrmation.

AlLL EXPRESS AND IMPLIED WARRANTIES FOR THIS PRODUCT INCLUDING THE WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, ARE LIMITED IN DURATION TO A PERIOD
OF ONE {1} YEAR FROM THE DATE OF PURCHASE. aND NO WARRANTIES, WHETHER EXPRESS OR
IMPLIED, WILL APPLY AFTER THIS PERICD. SOME STATES DO NOT ALLOW LIMITATIONS ON HOW | ONG
AN PAPLIED WARRANTY | ASTS. 50 THRE ABOVE LIMITATIONS MAY NOT APPLY TO YOU.

5 THIS 230DUCT IS NCT IN GOOD WORKING ORDER AS WARRANTED ABOVE. YOUR SCLE REMEDY
SHALL BE REPAIR OR REPLACEMENT AS PROVIDED AROVE. IN NO CVENT W L COMPURRO BE LIABLE
TO YOU FOR ANY DAMAGES. INCLUBING ANY LOST PROFITS. LOST SAVINGS GR OTHER INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING QUT (OF THE LISE OF OR INABILITY TO USE SUCH PRODUCT. EVEN
iF COMPUPRO OR A COMPUPRO FULL SCRWICE SYSTEM CENTER HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. OR FOR ANY CLAIM BY ANY OTHFA PARTY.
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HOW TO GET YOUR CPU 86/87 UP AND RUNNING IN UNDER 5 MINUTES,

WITHOUT READING THE MANUAL

This section 1s for those of you who are running this CPU board in
a standard single user CompuPro configuration and do net intend to
deviate from that standard configuration. Yeu should bz able to
set the switches and jumpers as shcwn belnw and never have to
change them again (unless you change your system configuration).

If you want tc know all the details about what these switches and
jumpers do, you will have te read the rest of this manual.

SWITCH SETTEINGS

DIP SWITCH S1 - Turn all paddles of dip switch 51 OFF.

DIP SWITCH $2 ~— Turn all paddles of dip switch S2 OFF.

DIP SWITCH S3 - Turn paddles 1,5.6 and 8 of dip switch $3 OFF.
Turn paddles 2,3,4 and 7 of dip switch 53 ON.

DIP SWITCH 54 - Turn paddles 1 and 2 of dip switch S4 OFF.
Turn paddles 3 through L0 of dip switch S4 ON.

DIP SWITCH $5 - Turn all paddles of dip switch S5 OFF. o

JIMPERS

Make sure there is a shorting plug installed at jumper locarion J8.
J8 is located near the top left-hand cornesr of the beoard. There
should be no sherting plugs installed at jumper locations JO
through J7, which are located near the bortom left hand corner of
the board.

SWITCH SETFTINGS FOR OTHER COMPTIPRO ROARDS

Follow the switch setrtings as outlined in the software manual, with
the fellowing exception: If vou have an "F" revision DISK 1
(denoted by the part number 171F) or later, or a DISK 1A, consult
the manual for how to get the 86 only hoot. Move the shorting plug
at jumper location J17 frem the "A" pesition (which is the way it
was probably shipped from the factory) to the "B" position. J17 is
located just to the right of the EPROM,

If you have an "E" revision DISK 1 (denoted by the part number
IYIE) or earlier, contact the dealer where vou purchased the CPU
86/87 for an upgrade EPROM that contains the 8086 boot code.

I£ you are using MP/M 8~-16 with your CPU 86/87, make sure you
change the SYSTEM SUPPORT 1 board as follows. (These instructions
are also included in your MP/M 8-16 documentaticn.}



1)  Carefully pull IC U28 from its socket. {IC U28 is located
on the right hand side of the board.)

2) Bend cut pin 4 so that when the IC is replaced, pin 4 will
not make centact with the socket or anything else.

3) Replace IC U28 back in its socket and verify that every pin
except pin 4 is back in its hole.

Bring up a CP/M system and put a copy of your MP/M 8-16 disk in the
B drive, Use the MPMGEN cemmand as follows:

A>B:MPMGEN B:MPMLDRFY.86

copysys Version x.x

Destination Dirive name (or return to terminate):B
Function complete.

Destination Drive name {or return to terminate):<crd
A>

Your MP/M 8-16 disk will now have a lnader for the CPUB6/87. You
may proceed with the rest of the manual.

NOTE: If you are going to use the CPU 86/87 board, you will not he
able to run any 8 bit scftware. Therefore, the file "SW!.CMD"
should be removed from wvour system disk.

BOOTING UP THE SYSTEM

Ef all the switches aund jumpers in the system are set correctly
{make sure your drives are jumpered per the DISK 1 manual if thev
are other than CompuPro drives), vou should be ready to boot up the
system. Make sure rhat all the beards are plugged squarely into
the motherboard, replace the mainframe's cover, and turn on the
power to the computer, terminal and disk drives, The light on your
"A" drive should be flashing about twice per second. If it is not
flashing, stop! Read the DISK ! marnual'’s traubleshooting section
and correct the preblem before proceeding. If the light 1is
flashing, insert the CP/M or MP/M Disk #7 diskette into the A drive
and close the drive door. CP/M-86 or MP/M 86 should sign on. CP/M-
86 and MP/M 8-16 Disk #1 will not boot with the CPU 86/87.
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TECHNICAL MANUAL

ABOUT THE CPU 86/87

The CPH 86/87 from CompuPro is cnme of the most advanced 16 bit
processors available for the IFEE 696/S-100 Bus. Based on Intel’s
high performance 8086 16 bit processor, it also includes sockets
for the BOB7 high speed math co-processor and 80130 Operationg
System Firmware component. Through a special arrangement with
Intel, CompuPro has supplied this board with a "ROM-less'" version
of the 80130 so that the user may retaim full use of that part's
interrupt and timer capahilities without paying for scftware that
may not be needed. The CPU 86/87 has been designed to accept the
ROM part, in case you desire that feature.

The CPU R6/87 includes circuiktry that allows it to handle 8 and 16
bit memory and I/0 devices that conform to the IEEE 696/5-100
pretocol for B8 and 16 bit transfers. Both 8 and 16 bit types may
be mixed in a system, the CPU B86/87 will dynamically adjust itgelf
to the proper bus width., The CPU 86787 is fully compatible with
DMA devices that adhere to the IEEE 696/5~100 standard protocols
(like the DISK 1A, DISK 2, DISK3 etc.).

The CPU 88/87 currently operates at 8 and 10 MHz clock speeds, but
was designed to accommodate faster clecks as faster CPls are
introduced,

A special clack switching circuit allows the use of specially
designed alave processors to share the hus with the CPU 86/87. 1Use
of an B bit slave CPU would provide equivalent operation to our CPU
8085/88 dual processor bhoard, thus providing a simple way to
execute libraries of existing 8 bit software, as well as CompuPre's
excluaive MP/M 8-16.

The CPU 86/87 includes power—on-jump capabilities that allow if to
begin preogram execution on any 4K boundary in the lower 1 megabyte
cf address gpace.

When wyou couple high speed operatien with the power of the
808678087 pair, the CPU 86/87 1is truly a processor board for
advanced computing systems of the eightiss. Thank you for choosing
a CompuPro product.

SWITCH SETTINGS AND OPTION SELECTION

This section gives you a detailed description of all the switch and
jumper settings for the CPU 86/87. To set the board up for use in a
standard CompuPro system configuration, refer to your CompuPro
"CP/M-86 Technical Manual and Installation Procedures®.



DIPF SWITCH S1

Use dip switch 81 to select the memory address for the ROM internal
to the 80120 chip. Since this beard is supplied with a "ROM-less”
part, the setting of these switches is unimportant until you want
to use an 80130 with some code in it. The ROM space sccupies 16K
bytes and the CPU B86/87 allews it to reside on any 16K boundary in
the 16 megabyte address space avallable on the IEEE 696/S-100 bus.
Select the address with dip switch S1 as followsa:

Paddle # Address Bit
I+ & & v o & . . A23

2 0 a e s e n . . A22
30 h e . .. A21
& . . 0 . . . . - A20 oN = "0
30 e n .. . ALG
B v v & . o= - . AlB
4 QFF = "1™
B . .+« - - ~ - Al6
9 . . . - - s . . AlS
10 . - . - Al&

Toe minlmize power dissipation, turn all these paddles OFF. Note:
There is also a master memory enable switch (paddle 1 of dip switch
53) which should be turned OFF teo keep this address from
interfering with system memory. ~

DIP SWITCH S2 (and part of S4)

Use all the paddles of dip switch 52 and two of the paddles from
dip switch S4 to select the I/0 address where the 80130 component
resides. The 80130 I/0 registers nccupy a blaock of 16 port
addresses out of the possible 65,536 1/0 port locations that the
8086 can address. The CPU 86/87 allows the part to be addressed to
any 16 port boundary In the 65,3536 port locations addressahle. Sat

this address with dip switeh 52 and part of dip switch S$4 as
follows:

S4 Paddle # Address Bit
1 & & 4 & & & . AlS
2 . 4 - - . . . Ald

32 Paddle #

1. s - . - Al3

2 . aoe e - oo AL2Z

3. - 5 ON = "0~
4 . s s onow o 810

5 . - ¥ | OFF = "1°
6 . s m o2 s oo A8

7. A n . .. A7

8 . Ab

% . . . . . . . AS
10 . v & -« o « . AA

A,
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The standard port address {or this part s FFFO-F hex. To set the
standard port address, turn all paddlsas of 32 and paddles 1 and 2
of 84 OFF, Note: Thure is a master 1/0 enahle switeh for this part
(paddle 2 of 83) and this should ba sot accordingly.

DIF SWITCH 53

Use dip switch S3 to select somae of the wvarious aptions on the CPU
86/87 board. The ivndividual paddle's Tunctions aro:

Paddle 1 - Memory Enable: When this npaddle is turned ON, the
16K byte memory space (selected by dip switch 81) used by
the 80130 1s enabled. When this paddle is turned OFF, the
memory space 1s Alsahled. Since this board is supplied
with a "ROM-lass' version of the 83130, leave this paddla
OFF.

Paddle 2 - I/0 Enable: When this paddlie is turned ON, the 16
byte [/ address space (salected by dip switches S2 and
S4) used by the 80130 1s enablad. When this paddle is
turned OFF, the I/0 address space 1s disabled. Currently
any interrupt driven CompuPro software uses the system
support board to arbitrate interrupts. Thus, this paddle
should be turned ON so rthat the operating system will
program the 80130 into a repressed and passive state,

Paddle 3 ~ Wait State Enable: When this paddle is turned ON,
the on-board wait state generator is enabled. One wait
state will be inserted into every LI/0 cvcle, or every
memory and T/0 cycle, depending on the setting of paddle 4
(I/0 Wait Only Enable). When this paddle is turned OFF,
ne on-board walt states will he generated. Note: Turning
this paddle on or off during program execution may cause a
program crash.

Paddle 4 - I/0 Wait Only Enable: When this paddle is turned ON
in conjunction with paddle 3 (Wait State Enable) ON, one
walt state will be insevted into everv T/0 cycle. When
this paddle is turned OFF in conjunction with paddle 3
(Wait State Enable) ON, one wait states will be inserted
into every CPU cycle, memoryv and 1/0. TIf paddle 3 (Wait
State Enable) is OFF, paddle 4 will have no effect, {no
wait states will be generated). Note: murning this paddle
on cr off during program execution may cause a program

crash.

It 1s recommended that paddles 3 and 4 botrh be turned ON to cause a
wait state to be inserted into everv I/0 cvele. This will minimize
problems with slow I/0 boards. After svstem operation is verified,
paddle 3 may be turned off, bhut if the system then becomes "flaky™,
turn paddle 3 on again. Note that running the system with 1/0 wait
states usually will not measurably degrade the system's perfor-
mance.



Paddleg 5 and 6 - Unused. These paddles are not used and

should be turned OFF.

Paddle 7 — MWRT Enable: When this paddle is turned ON it

enabies the 5-100 bus signal MWRT to be generated E;ﬁthe
CPU 86/87. When this paddle is turned OFF, the MWRT
signal 18 not generated by the CPYU 86/87. The MWRT signal
should then be generated elsewhere in the system. 1In a
normal CompuPro single user system configuration, this
paddle should be turned ON.

Paddle 8 - 4DSB* Enable: When this paddle is turned ON, it

allows the master bus clock {(4) to bhe disableéﬂfy a
temporary bus master asserting the dDSB* signal on bus
line 21. When this paddle is turned DFF, this feature is
disabled. This new 5-100 bus line has been defined by
CompuPro for use with our slave processor boards or
special DMA peripherals. For now, leave this paddle OFF.
The mannal supplied with a board that utilizes this line
will instruct you to turn on the paddle. For a descrip-
tion of how the &DSB* line 1s implemented, see the Theory

0f Operation Section of this manual.
e

DIP SWITCH S4 .

Use paddles 1 and 2 of this dip switch (io conjunction with dip
switeh 82) to select the 1/0 address of the 80130,
description of paddles 1 and 2, see the section on dip switch §2

above.

Use the remaining paddles to select the 1/0 part address for the
The lower byte of the port address is "hard-wired”
to FD hex, but the upper byte is selectable by this dip switch as

memory manager.

shown below:

The CompuPro standard port address for the memory manager is OOFD
To set dip switch 54 for this standard address, turn paddles

hex.

Paddle # Address Bit
3 e« s a o~ o~ AlS
4 n oa - o« . AlA
5 4w n s e e - o Al3 o8N = "o°
6 -~ o - = W oo o« ALZ
7 + v & &« . . . All
8 s = a » AlOD OFF = 1"
9 W e e oa oA - AD
0 ~ n oA s s o - AB

3 through 10 ON.

For a descripticon of what the memory manager does,

the Memory Manager” section of thisz manual.

For a

see the "Using



DIF SWITCH 55

Use dip swiich 85 to select rhe power-on-jump/jump~—on-reset options
of the CPUI 86/87. Select the address where the 8086 will jump to
at power-on and reset with paddles 1 through 8. Paddle 9 selects
whether the 8086 doss a jump at power-on anly, or with every RESET
in addition to power-on. Paddle 10 enables or disahles the power-
on—jump feature,

The 8086 normally begins execution at address OFFFF0O hex, but the
power—on—jump feature allows executicn to begin at any 4K address
boundary in the lower 1 megabyte of address space by "jamming™ a
long jump instruction into the processor. Select the address with
paddles 1 through B of dip switch 85 asg shown below:

Paddle # Address Rit
. AlgG
. AlS
. Al7 oN = "o
Alé P
INE
. K14 OFF = "M"
. Al3
A12

CO~J1 O wn b L p)

Paddle 9 - Jump-On-Reset Enable: When this paddle 1is turned ON in
conjunction with paddle 10 {Power-On-Jump Enable) ON, the
power-on—jump sequence is executed at power-cn and every time
a RESET occurs on the bus {usually caused by pushing the RESET
button). When this paddle is turned OFF in conjunction with
paddle 10 (Power-On-Jump Enable) ON, the power—on-jump
sequence will only be executed at powg?lon, A RESET occurring
en the bus will cause the normal 8086 reset operation
{execution at OFFFFD hex) to occur. If paddle 10 (Power-0On-
Jump Enable) is turmed OFF, the setting of paddle 9 will have
no effect. T

Paddle 10 - Power-On—Jump Enable: When this paddle is turned ON,
the power—on—jump cigcuitry is enabled. When this paddle is
turned OFF, the power~on—jump circuitfry will be disabled and a

normal 8086 reset sequence will occur.

The standard CompuPro system configuraticn does not require the use
aof the power—on-jump feature of the CPUY 86/87, so all paddles of
dip switch 85 should be turned OFF if this board is being used in
the standard configuration. T

JUMPERS

Jumpers J0 through J7 are located near the lower left—hand corner
of the board and are used to select the varicus 1nterrupt configur-
ations possible with the CPU 86/87. They are arranged as shown in
the diagram following:



Left~hand Side Right—hand Side

$-100 vi7% (pin 11) <{—=—=— o (J7) o=——mmm- < 8087 Interrupt Output
§~100 vié* (pin 10) <~—-——- o (J&) o———-m—- < §-100 INT* (pin 73)
§-100 VI3* (pip 9) {—m——m o (J5) o--—-—r < 8G130 Interrupt Output
5-100 VI4* (pin 8) <{-—-—-—- o (J4) o————— < 80130 "pelay" Output
S-100 Vi3* (pin 7) <————- o (J3) - < 80130 "Baud” Gutput
5~-100 VI2* {pin 6) <-———— o (J2) o=—m———n < B0130 "Systick' Qutput
5-100 VII* {pin 5} <{-————m o (J1)} o——m-v < 5-100 INT* (pin 73)
5-100 VI0* (pin 4) <emmm—o o (J0) o—————~ < 8087 Interrupt Output

These jumpers have hesn arranged to provide the "most standard”
interrupt configurations by the use of shorting plugs. The 8087
interrupt output is positioned se that it may be easily hooked up
as the lowest (VI7*) or the highest (VIO¥) vectored interrupt
priority by installing a shorting plug at jumper locations J7 or IO
respectively. If no interrupt controller is to be used {not
recommended), the 8087 interrupt ocutput may be hooked directly to
the 5-100 master interrupt line INT* by installing a shorting plug
between the right-hand sides of J7 and J6, or Jl and JO. If a
vectored interrupt other than VI7* or VIO* is desired, select it by
hooking wire-wrap wire from the right-hand side of either J7 or JO
to the left—hand side of any of jumpers J6-1.

The master interrupt ocutput freom the 82130 would pormally be hooked
to the 8-100 master interrupt line INT* by installing a shorting
plug between the right-hand side of jumpers .J5 and J6.

The timer outputs from the 80130 {Delay, Baud and Systick) are
arranged to be jumpered to vectored interrupt limes VI4* through
VI2% respectively by the use of shorting plugs. If other
arrangements are desired, *hey may be "scrambhle-wired" with the use
of wire-wrap wire. Hook the right-hand side of the timer output
jumper to the desired VI¥ line available at the left-hand side of
the jumpers.

The standard CompuPro system configuration requires no jumpers on
JO through J7.

Jumper J8 is located near the top left-hand corner of the hoard., A
sherting plug should be installed at rhis location if there is ne
8087 on the board. The shorting plug should be removed if an 8087
1s installed,

* % ok % % INSTALLING AN 8087 MATH CO-PROCESSOR * % % % % %

The CPU 86/87 is designed to accept an 8087 math co-processer
chip made by Intel. Currently, the fastest 8087 available runs
at 5 MHz. This means that the 8086 must alsc run at 5 MHz. CPU
86/87 boards are shipped from CompuPro running at either 8 or 10
Mhz depending on the version you ordered. If you ordered the CPU
86/87 from CompuPro with an 8087 installed, we shipped your board



running at 5 Mhz, and we verifled that rthe 8087 was operational.
If you ordered the CPU 86/87 without the 8087 chip, but now would
like it installed, you may return the board to CompuPro for an
upgrade. This is the recommended procedure, as it ensures that
the hardware will be working correctly. If you want te install
your own BOB87, be aware that yvou will have to unusolder some
components and solder in scme new oneg. If you do this badly, it
will void vour warraonty. Also, even if you do the job neatly,
but 1t doesn™t work when yvoure finished, we are golng te charge
you to find the problem. Don"t expect help over the phone,
either.

For the brave among you, here 1s the procedure: Carefully
unsolder capacitors G2 and Cl10, crysral Xl and Iinductor LI.
Replace crystal X! with a 15 MHz crystal. Replace capacitor C%
with a 220 pfd silver mica capacitor. Replace capacitor C10 with
a 12C pfd silver mica capacitor. Replace inductor Ll with a 1 uH
inductor. Carefully plug the math chip Into socket Ul9. Remove
Jjumper JB. Hope that it works.

Again, we strongly suggest that you return the CPU 86/87 to the
factery for an B087 upgrade.

A k K K& Kk k X % Kk %k %k k £ Kk * ¥ k£ k& k %k * % k * k *k % %k k% X%

OSING THE MEMORY MANAGER

The memory manager on the CPU 86/87 is a simple 4 bit parallel port
that allows control of the uvpper four extended address lines (A23-
20) on the 5-100 Bus.

The data appearing in the upper four data bits of an I/0 write to
the memory manager’s port address will be present on the addrese
lines at the next CPU cycle. The lower four data bits will bhe
ignored.

The uge of the port seems deceptively simple. Imn fact, there are
several things to watch out for. The first is that the page
running the code that bumps the memory manager will vanish as soom
as the write occurs. This means that the new page must contain
known code go that the 8086 can continue.- How do you get it there?
It”"s like the chicken and the egg. The CPU cannct put the code
there itself. However, you can nge the DISKLI to read a sector (ot
more} there directly, since it can transfer to the full 24 bir
range. 0Or the MPX-1 cav be used to put or move code to the

extended page. The standard MPX-1 ROM code has a function to move
data between extended pages.

Secondly, since the B086 is pipe—lined machine, the actual write to
the memory manager port may occur after the next several
instructions are fetched. This can cause problems if the 8 or so
bytes fellowing the output instruction are not identical in both
pages. Make sure they are!



BRIEF SUMMARY OF RIMNING
THE 8086/80130 WITH VECTORED INTERRUPTS

1)

2)

3)

i)

5)

Decide who is geing te control your interrupts. You have
the option of using the 80130 in the 8086 board or the B259s
in the System Support board. Whenever both boards are
present, the unused contreller(s) must be put in a benign
state (all 8 or 16 interrupts masked) since the interrupt
chips come up in undefined states - mest likely ready to
interrupt in some obscure manner.

If you use the System Support board as your interrupt
contreller it may be easiest to just remove the 80130 chip
from the 8086 board. 1In this case, do not jumper JO-I7
since the interrupt line drivers (U44) with open inputs will
have active inverted outputs that will activate rthe
interrupt lines.

Using the timers and/or baud rate gemerator of the 80130
chip to drive the System Support interrupts requires
programming the 80130's interrupt controller inte a dermant
state. Here the 8086 board 1/0 select switch (Switch 13
paddle 2) must be on for software access to the 80130, In
jumpering J0-J7 be careful not to jumper te the 80133's
interrupt output {(right side of JI3).

Although the following 1is for using 80130 to control
interrupte, it is for the most part applicable to the 8259s.

There are two physical censiderations — turn Switch 3 paddle
2 on - again this allows you to select the 80130. Also
jumper the right sides of J5 and J& together. This connects
the INT output of the 80130 to S-100 bus pin 73 (INT*) and
thus to the INT input of the B084.

Next you have to program the 80130, Read the following
section as it does much to clarify an inherently obtuse
situation. The comments on the 8259 in the System Support
manual are also useful. Wote that Initialization Contrel
Word 2 (ICW2) sets the base address of your vector table.
808 gives a starting address of 200H,

Operational Control Word 1 (OCW1) must be given to enable
(unmask) as many of the 8 interrupts as you want, OO0H
enables all eight vectored interrupts.

As you set up the table, remember the order of the bytes 1is
low Instruction Pointer, high TP, low Code Segment, high CS.
Don't assume what CS will be - copy it from the processor at
run time.
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6) After you have received an interrupt, you have to do two
things if you ever wani to get another. One thing is, yan
have to execute an epnable interrupts instruction. The ather
is to send out the specific OCWZ to acknowledge ta the 80130
that the iaterrupt has been handled.

USING THE 80130 INTERRIPTS AND INTERVAL TIMERS

The 80130 supplied with the CPU 86/87 board contains no ROM code,
but you can still use the iarerrupt controller and interval timers
built into the part. The CP/M-86 software supplied by CompuPra for
the CPU 86/87 contains special code to initialize the Interrupt
controeller to a benign state (all interrupts masked). Thig
section of the manual zssumes that you are familiar with interrupts
and interval timers. If not, we refer vou to the Intel Data
Catalog - read the sectiocns on the 82594 and the 8253/54, Also,
the 8086 Family Handbook has an exceptional application note on the
82594 and interrupts In general {it"s AP-59). If vou happen to
have a CompuPro System Support Manuzl, much of the data and
conceplts are covered there ag well. This section is only intended
o give you the raw data about the internals of the 80130, and is
not a tuterial. The followlng i3 not a complete deseription, buk
1s Intended to be as guidelines.

INTERRUPT CONTROLLER INTERMALS

As mentioned above, this sectjon is uot golng to attempt to explaln
how interrupts work. The interrupt csection of the 80130 1s very
similar to the 825394 when operating in the 8086 mode. The 80130
accepts two types of command weords to set its wvarilous operational
modes. RBetweer three and six of these words must be sent to the
chip before it may be used. These are called “"Initialization
Command Words™ or abbreviated ICWs. Once the initial ICW sequence
s sent, it need not be sent again. After the ICW sequence, two
"Operaticnal Command Words™ {OCWs) must he sent to complete the
initial programming seguence. O0CWs are wused during wnormal
interrupt operation for things such as interrupt masking, end-of-
interrupt and reading the Iaterrupt statns. OCWs may be sent any
time after the ICWs are sent.

NOTE: The followlng examples assume that the 80130 is addressed at
I/Q port locations FFFO through FPFF hex.

Interrupt Initialization

Whenever a command is written to address FFFOH with D4=1, the data
i1s interpreted by the B0I30 as Initrialization Command Werd 1

(ICW1). ICW! starts an internal initialization sequence during
which the following events auromatically occur:
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a} The edge sense circuits are reset, which means that
following the Initiaiization sequence, an interrupt request
(IR) imput must make a low—to-high trapssition (high-to-low
on the 5-100 Bus) te generate an interrupt, vantil the IR
input is programmed as level sensitive input (which it must
be to meet the S-100 vectored interrupt specs).

b The interrupt mask register is cleared, meaning that all IR
inputs are enabled.

c) Status read is set to allow reading of the Interrupt Request
Register (IRR).

d) The Interrupt Acknowledge circuitry is reser and prepared
for the first INTA cvcle.

ICHs 1 and 2

Tssuing ICW1, ICW2 and ICW4 is the minimum amount of programming
needed by the 80130 priority interrupt controller (PIC). ICWI1
contatns bits that {ndicate whether the 80130 can expect to see
ICW3, ICW5 and ICW6A sent or not. Once ICW1 has been written, the
following writes to I/0 address FFF2H must be the sequence of ICW2,
ICW3, ICW4, TCW5 and ICW6 (unlzss ICW3, ICW5 and ICW6& are not
needed, as specified In ICW1). The 80130 is ready to accept inter-—
rupts after the last TCW i3 sent. Note that TCW3, ICW5 and ICWG
are never sent In the implementation of the 80130 on the CPU 86/87.

ICW2 contains the bits T7-3 of the vector supplied to the 8086
during the second INTA cycle. The remalning bits (T2-0) are detexr-
mined by the interrupt level being acknowledged and are suppliled
autnmartically by the 80130.

ICwWl:

ICWl {is specified by writing to I/0 port address FFFOH with D4 set
to “1". The meaning of the bits of ICW1l are as follows:

Bits 7 and 6: Unused and may be aay value.

Bit 5: Should always be set toa "0". This tells the 80130
not to expect TCW6.

Bit 4: Should always be "1". Indentifies TCWI.
Bits 3 and 2: These bits should always be sent with bit 3 =
"1" and bit 2 = "0". This tells the §0130 that all the IR

inputs are level sensitive (toc be compatible with the $~100
bus spec), and not te expect TCWS.

12



Bit 1: Should always be set to "1". This tells the 80130
that there are no other slave interrupt controllers on the
board.

Bit 0: Should alwavys be "1",

These really don't leave you leave you much chelce as to what value
to send for ICWl, does it? The value to send is: 1BH.

ICw2Z:

ICW2 1s specified by writing to I/0 port address FFF2H lmmediately
after writing I[CW]l above. The meaning of the hits in ICW2 are as
follows:,

Bits 7 through 3: These bits specify the five most signifi=-
cant bits of the vector byte supplied by the 80130 to the CPU
during an INTA cycle. Bit 7 is the most significant and Bit 3
ts the least significant. These are equivalent to bits T7-3
as referred to in the 82594 and B80B6 documentation.

In brief, here is how the bits specify an address:

The 8086 responds to interrupts by sending out two INTA cycles. The
first is a “dummy" cvcle, but one byte of vector information is
read by the 8084 during the second INTA cycle. Bits TV~3 are sent
during this time on D7-3. T2-0 (D2-0) are dependent upon the IR
level being acknowledged, which the 80130 supplies.

The 8086 takes this byte and multiplies it by &4 (shifts left twice)

giving a 10 bit '"vecter" with the twn least significant bits = "0O",
This vector is used to point to a memory location, with all higher
address bits = "0". S8ince the lower two bits are 0", this address

will point to any one of 258 four byte blocks starting at physical
address 0. The B086 picks up IP and C8 bytes from these faur
lacations and hranches te the interrupt service routine,

Yence, T7-T3 may be thought of as corresponding to address bits A9-
3. Address bits A4-2 ara supplied by the 80130 and Al and AD
always = "0".

Bits 2 through 0: Tnused and may be any value.

TCHW3:

ICW3 is not used in the CPU 86/87 configuration for the 80130.

ICW4 -
ICW4 1z always requirad by the 80130 and is used to select between

the Special Fully Nested and Fully Nested modes. For a complete
description of what these modes are, sce the 825%A literature
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referenced above. The 80130 as implemented on the GPU 86/87 will
normally use the fully nested mode.

ICW4 is written to I/0 address FFFZH immediacely following ICW2
above. The meaning of the wvarious bits of ICW4 are as follows:

Bits 7 through 5: Unused, but should be set to V0",

Bit 4: Used tc select between the Special Fully Nested Mede
and the Fully Nested Mode. When set te "1", selects the
Special Fully Nested Meode. When set ko 0", selects the
Fully Nested Mode. MWormal speration of the 80130 on the CPU
86/87 requires the Fully Nested Mode, so set this bit to
HUPI .

Bit 3: 8Sheuld always be set to 1", {Seilects the buffered

mode, bt is actually ignored by the 80130.)

Bit 2: BSheuld always be set to "1V, {Selects the 80130 as
the master, but i1s actually ignored by the 80130}

Bit 1: Shculd always be set to "0". (Selescts the nermal end
of interrupt mode, buf is actually ignered by the 80130.)

Bit 0: Should always be set to "1". {(Selects the 8086
made, but is actually ignored by the 80130.)

Note: The above hits that are "ignored” by the 80130 are "hard-
wired" internally to select the modes as described above. However,
they should always be written as described.

ICWS and ICW6

ICW: and ICWA are not used in the CFPU 86/87 configuration of the
£0130.

OCW1

OCW1 is used to set and clear the imterrupt mask bits in the
Interrupt Mask Register. When a bit is set to 1", it masks or
inhibits its respective IR input. When a bit is set to "0", that
IR iomput is unmasked or enabled.

0CW2 1s written to I/0 address FFF2H any time after the ICWs are
sent. The mask bit to IR input correlation is as follows:

Bit 7: 1" masks IR7, 0" ecnables IR7.
Bit 6: "I" masks IRG, "0" enables IRG.
Bit 5: 1" masks IR5, 0" enables 1IR3,
Bit 4: 1" masks TR%4, 0" cnables IR%4,
Bit 3: "1" masks TR3, "0 enables IR3.
Bit 2: "1" masks TR2, 0" eunables IR2Z.
Bit l: ™1" masks TRLI. "Q" enables IR]I.
Bit 0: "1 masks TR0, "0 enables TRJ.

14



Masking an IR channel does nct affect other channels in operation.
CCWN2

Use OCW2 to issue end of interrupt (EOL) commands to the 80130
The £0130 operates only in the specific EQL mode, which means that
each.interrupt’s gervice routine must send an EOT command to the
80130 when that routine 1s completed. The EOL sent must be the
specifie BOTL for that interrupt level,

OCW?2 is written to I/0 address FFPOH any time after the ICWs are
sent. The meaning of the bits 1n OCW2 are as follows:

Bits 7 through 5: Should always be sent with bit 7 = 0",
bit & = "1 and bit 5 = "1'". This selects the specific EQIL
mode. The 80130 actually ignores these bits, but they shoulid
be sent as described anyway.

Bits 4 and 3: Both bits should always be set te "0". This
selects OCW2Z,

Bits 2 through 0: These bits contain a binary code that
indicates which TR level gets the ENI as shown in the table

below:
Bit 2 Bit 1 Bit 0 TR level that gets EQI
0 0 IRD
0 0 I IR1
0 i 3 ir2
0 i i IR2
1 0 0 IR4
1 0 1 irR5
1 1 0 IRBH
i 1 1 IR7

Note: One point that causes a let of confusion for people writing
interrupt service routines is the need for sending an EOT. Without
the EGI, that IR level and all those of a lower priority will never
be iaterrupted agaia.

0OCW3
OCW3 is used to read two of the registers internal to the 80130.

Those registers are the Interrvupt Request Register (IRR} and the
In-Service Register (ISR).

The IRR contains 8 birs which correspend to the IR inputs that have
not yet been serviced. [t is essentially an image of the TR inputs
with bit 7 corresponding to IR7 and bit 0 corresponding to IRQ.
The bits 1in the register are "1" when an interrupt is pending.



The TSE register contains information as to which interrupt is
being serviced. Bit 7 corresponds to IR7 and it 0 corresponds to
IRO. A bit is "1" if that level is "“in-serviece.

Reading the IRR or ISR is performed by sending an OCW3 that selects
one of the two registers for reading. Any I1/0 veads following OCW3
made to I/0 address FFFOH will then yield the appropriate
register's data. Note that the 80130 "remembers' the last register
requested, so subsequent reads of the same register do not require
OCW3 to be seunt again,

OCW3 is sent by writing to I/0 address FFFOH. The meaning of the
bits of OCW3 is shown below:

Bits 7 through 5: Unused. Can be any wvalue,

sl

Bits 4 and 3: Bit 4 should always be sent as "0 and bit 3
should always be sent as "1'". This selects OCW3.

Bits 2 and l: Unused. Can be any value,

Bit 0: Used to select between the IRR and ISR, When set to
"0" selects the IRR for reading. When set to "1", selects
the TSR for reading.

RBeading Interrupt Mask Register

The interrupt mask register may be read at any time by performing
an I1/0 read to address FFF2H.

80130 Interrupt Inputs

The 80130 interrupt inputs are hard-wired to the S-100 bus vectored
tnterrupt lines as shown below:

5-100 VI7* p—ememmmmmm o > 80130 IR7
5-100 VI&* D>——m——vom—m > BO130 1IR6
5-100 VIS* D-emwesn oo > 80130 IRS
8100 VI4* de-—mmm—mmms > B0130 TR4
§-100 VI3* Do > 80130 1IR3
§-100 VIZ* >———mm—— e > 80130 1IR2
5-100 VIl* >—m—mmme > 80130 IR!
5=100 VIO* Devmmmmmmen > 20130 1RO

80130 Interrupt Cutputs

For a complete discussion of rhe 80130 interrupt outputs, see the
section of this manual entitled "Jumpers" im the "Switch Settings
and Option Selection' section.

That completes the description of the 80130 interrupt controller.

The next section describes the internals of the interval fimer
section cf the 80130,

L&



COUNTEE TIMER INTERMALS

The interval timer section of the 80130 is basically a "hard-wired"
8254 (which is wvery similar te the 8253). This section is not
intended to tell vyou everything there 1is to know about these parts
or interval timers in general, but will just tell you about the
80130 implementation of them. For more information, refer fo the
8254 and 8253 data sheets in the Intel Compomnent catalog., The 8253
data sheet is also reprinted in the System Support 1 manual, if you
happen ta have 2 copy.

DBescription of Timer Modes

Timer ¢ - is hard-wired to the Rate Generator mode (Mode 2).
llpen leoading the last byte of Timer 0's count register {CRJ),
the timer will start counting down. When it reaches zero, the
SYSTICK output will go low for one clock cycle. The CR will
automatically be reloaded and counting will start again.

Timer 1 - Timer 1 is hard-wired to the Interrupt on Terminal
Count mode {Mode 0). The DELAY output will be set low upon
initialization and will remain low until the CR is loaded.
The timer will then start counting deown, and when it reaches
zera the DELAY output will go high and will remain high until
the CR 1s reloaded.

Timer 2 - 1is hard-wired to the Square Wave Generator made (Mode
3). After the GR is lcaded the BAUD output will contain a
square wave at a frequency dependent on the count value. The

output will be low for half the value and high for the other
half.

Sending Data to Timers
Loading the CR of each timer consists of the following sequence:

1} Write the timer initialization byte te the timer control
port (FFFEH),

2) Write the LSB of the count value to the appropriate timer
data port.

3) Write the MSB of the count value to the timer data port,
Counting then starts.

There are three timer initialization bytes, one for each timer.
The timer initialization byte is always written to I/0 address

FFFEH (the timer control port). The three timer initialization
bytes are as follows:
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Timer ¢ = 00111010
Timer 1 01110000
Timer 2 i0l10110

]

The count values are sent to each timer's data port. The LSB is
always sent first, followed by the MSB. It is not possible teo
write the count value in a single 16 bit operation., The timer's
data port I/0 addresses are as follows:

Timer 0 = FFF8H
Timer 1 FFFAH
Timer 2 = FFFCH

Reading Count Valae

To read the current value of any of the count registers, it is
necegsary to send the timer a special "latch count™ command. This
does not stop the timer from counting, but stores the current count
value in a latch sc that the CPU doesn't read the counter data just
as it's changing (which could result inm erroneonus data).

Each timer has its own "latch count" command byte that is sent ta
the timer control port (FFFEH). The commands are:

Latch Count Command for Timer O = 00000000
Latech Count Command for Timer 1 01000000
Latch Count Command for Timer 2 10000000

li

After the latch count command is sent to the timer contrel port,
the latched data may be read from the appropriate timer's data port
{see above for addresses). The LSB is always read first, followed
by the MSB. After both bytes are read, the latch holding the data
will be unlatched and begin tracking the count registers again.
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THEQRY OF OPERATION

This section of the manual will explain, in general, how the
circuitry on the CPU 86/87 works. 1In the following discussion, it
will be helpful to refer to the schematic diagrams contained in the
appendix of this manual.

The CPU 86/87 is based on the Intel 8086 CPU. The clock for the
CPU is generated by the 8284A clock generater IC (U40). It uses an
external oscillator counslsting of two inverters, crystal X1,
capacitor C9 and Inductor Ll. The crystal is a third overtone
type, and is three times the desired processor frequency. For
example, to vun the CPU at 8 MHz, a 24 MHz crystal would he used.
If the crystal value is chaunged, the value of €9 must also be
changed.

The clock cutput of the 82844 is sent unbuffered to the 8086, 8087
and 80130 to keep the rise and fall times within spec. Terminating
resistors R7 and R18 minimize undershoot and reflections-
Inverters are used to provide the CLK* and CLK signals for the rest
of the board. The CLK signal is buffered by a Tri-state™ huffer to
form bus d. The Tri-state enable is driven by the inverting
ovtput of flip flop U4lb. The D and CLR inputs to this £lip-ficp
are driven by the newly defined bus line ¢PSB* on pin 21 of the S-
100 bus. This 1line will be driven low by a temporary master coin-
cident with the CDSB* eignal (which is just after the rising edge
of the clock). This will immediately cause the bus clock to be
Tri-stated. Pull-up R17 makes sure that It floats to the high
state, but the temporary master should be driving the clock now
anyway. When the temporary master relinquishes the bus, it will
drive CDSB* high and float its cleck high. Flip—flop U4lb will
then be free to enable the CPU 86/87 s clock , but not until after
the next tising edge of it. This ensures that there are no slices
on the clock line.

The BC86 (U20) and the 8087 (U19) have most of their common pins
wired together. The exceptions are the RQ/GT* lines. When theras
is no 8087 installed, J8 connects the RQ/GT* line to the 8086
directly. When the 8087 is installed, J8 is removed and the RQ/GT*
line goes through the 8087 and then to the 8086. This ensures that

DMA requests are handled carrectly if the 8087 is in control of the
bus.

The 8288 system controller IC (U36) is used ro generate the read
and write strobes, the ALE signal, and the direction and data
buffer control signals DT/R* and DEN. ALE is used to latch the
address information from the CPU into the address latehes U21,32
and 45. These also provide the buffering for the 5-100 hus address
lines. ALE is alsa used by Ul5b to generate the pSYNC signal. The
pSIVAL* signal is a function of pSYNC and CLK*.

The MRDC*, TORC* and TNTA* gignals are ANDed by a section of U38 to

form a generalijzed read strobe, which eventually becomes pDRBIN,
Similarly, the MWTC* and TOWC* signale are ANDed by a scetion of
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U25 to form a generalized write strobe, which sventually becomes
pWR™,

All these "p" signals are buffered by U37 and go out to the bus.

The S5-100 status lines are generated by a 745288 bhipolar PROM. The
three status lines from the CPY (80%-352%) are latched by U5l. The
ountputs of U531 go to 3 of the address inputs of the PROM. The PROM
then decodes the proper status and puts it out on its data output
lines 01-7. Data output 08 is used to inhibit generation of a wait
state by flip-flop Ubb., Wait states will be allowed only if the
right cycle type is occurring (determined by the two wait state
switches conmected to the other two address inputs to the PROM).

The S8-100 status lines are buffered by U52.

The sXTRQ* line is generated by the OR of the latched BHE* signal
LBHE* and AQD. If LBHE* and A0 are low, and it's not an interrupt
acknowledge cycle, a sixteen request will be generated. If SIXTN#*
goes low, indicating that a 16 bit transfer can occur, the output
of U35 will go high, causing the ONECYCLE signal to be true. This
signal tells the CPU to complete the 16 bit tramsfer at full speed,
If the SIXTN* signal stays high, U35's output will be low causing
the ONECYCLE signal to be false, This starts a process whereby the
CPU 86/87 will halt the 8086 and read or write two bytes serially.
This is performed by the state machine consisting of U12, UI3 and
Ul4d, which generates the signals STRBINH, FORCE, and FLIP. These
are used to sequence the logic on the board teo rum the two bus
cycles.

The data bus is buffered, multiplexed and latched (depending on
what is required) by Ul6, 47, 48 and 49. The control of these
buffers and latches is performed by a 256x4 bipolar PROM {(US0).
The direction inputs of U47 and 49 (the main data bus buffers) ave
connected directly to the DT/R* line from the 8288. A section of
U35 is used to disable the PROM entirely, which gives us a few more
input termsa, All buffers will be disabled when DODSB*, or ACK*
(the signal specifying that an access to the 80130 is occurring)
is true, and DEN is false. The rest of the inputs to the PROM
control when the varicus buffers are enabled. The LAO, LBHE* and
DT/R* gignals control the basic 16 bit cycles, while the FLIP and
TWOCYCLE signals control the buffers during a byvte serial transfer,
The POJ* signal disables the buffers if the power-on-jump signal is
active. The INTAK signal routes the byte data correctly during
interrupt acknowledge cycles.

The 80130 interface is wmostly straight—forward decoding logic, with
U8, Ul0 and part of 18 providing the T0CS* signal and U7 and U8
providing the MEM(CS* signal. These are the 1/0 chip select and
Memory chip select signals, respectively. The 80130 address/data
and status lines connect to the cquivalent 8086 lines similar to
the 8087. The ACK* output signifies that an access to the 80130 is
occurring,
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The memory manager circuitry is merely a 4 bit 1/0 port whose
address is decoded by U33 and U22. 746 is a 4 bit latch whose
output passes through to U453 which keeps the address from appearing
on the bus until the next ALE and also buffers it.

The 8-100 bus uses a HOLD/BLDA protocol for DMA requests, but the
8086/87 use a RQ/GT protecol when in their max mode. U4, U5, and
U6as provide the HOLD/HLDA to RQ/GT* conversion. When HOLD* is
asserted, a pulse one clock cycle wide is issued on the RQGT* lina,
When a GT pulse is issued by the CPU on RQGT*, Uba will be set low,
causing pHLDA to be asserted, When HOLD* goes away another pulse
will be issued on RQGT* causing the processor to assume control of

the bus again. One clock cycle after the last pulse, pHLDA goes
false.

Three sections of U56, crystal X2 (4 MHz) and U4la provide a 2 MHz
clock for the 5-100 CLOCK signal on pin 49. A separate oscillator
was used so that CLOCK will always be 2 MHz independent of the CPU
frequency.

The power fail circuit causes a POC* to be issued upon the rising
edge of PWRFAIL*. This insures that the system will recover just
as if the power had come on for the first time, and prevents
problems that might occur if the power dips for a short period
causing PWRFAIL* tc be asserted, but the power doesn't really stop.
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INTEGRATED CIRCUITS -

Ul-U3
U4
Us
6
u7
U8
U9
Ul
Ull
U12
Ul3
Ula
o15
Ulh
ul7
Uulé
U198
720
uz21
U2z
u23
U24
025
1126
uz2?
u28
u29
U30
U3l
U32
U33
U3s4
1735
HE1S
37
U3s8
U39

7805
741874
741502
74L574
25L82521
7413266
25182521
7415266
74LSRB6&
74L874
7418175
741574
TALS74
74L8373
81L896/98

80130 ROM-less

8087 OPTIONAL
8086
7415373
25L82521
741832
741804
741508
741532
741504
741808
741802
7416
811L596/98
7415373
741830
74151254
741510
8288
74LS3R7A
741511
741581254

PARTS LIST

U40 8284A-1
U4l 7415874
42 7416
043 81L596/98
U44 7416
45 7418373
U46 7418175
U47 7415245
U48 7418244
49 T4LS245
Us0 748287 (G193)
us1 741875
ys2 TALS244
us3 T45288 (G192)
sS4 741874
Us5 J4L81Z25A
Us6 T4TF 04
RESISTORS
R1-R4 1.5K Ohm
RS 4,7% Ohm
RA 10K Ohm
R7 18 Ohm
k8 560 Ohm
R9-R10 10X Ohm
Ell 270 Ohm
R12 2.2K Dhm
R13 2.7 Dhm
R14-R16 1K Ohm
R17 1.5 Ohm
R18 18 Ohm
SR1-SR5 4.7 Ohm or
5.1K Ohm
SR& 1.5K Ohm
SR7 4.7 Ohm or
5.1K Ohm

y—

SR8-SR9 1.5K Ohm

CAPACETCORS

C1-Cé 10 uF

c7 .01l uF

c8 18 uF

c9 Silver Mica
31 By—pass
DIODE

D1 IN914
TRANSISTOR

Ql 2N3904
SWITCHES

51-s2 10 positioen
53 8 position
S4-55 10 position
JUMPERS

JOo-J7 8x2 position
J8 2 position
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