
































one and one half. When "internal wait states are used, the 74LS125 
(UI0) generates. WI or W2 into the counter (UI4). At the end· of 
S TART * , CO goes lo.w and genera tes CWAIT* to the 32201 through U2 T. 
When the counter finishes (reaches 15), CO goes back high and the 
cycle ends. External wait states are generated by RDY*. Note that 
XRDY* is no.t accepted: by the CPU 32016. This is not a problem in 
CompuPro systems as no CompuPro boards assert this signal. 

When no slave asserts SIXTN*,. SET-TWO* is asserted to indicate that 
a byte serialized transfer is necessary. On the rising edge of bus 
Q at the trailing edge of pSYNC, U27 generates TWO-CYCLE*. As soon 
as U27 recognizes that a byte serialized transfer is necessary, the 
32016 is put in a wait state by CWAIT* to give the state machine 
time to make two S,-100. bus cycles. With no other wait states, a 
total of 7 (instead of 4) clock cycles are needed to get the data. 
When neither RDY* nor CO are asserted requesting wait states during 
the first bus cycle, USTBINH* is as.serted. Two CTTL clocks later 
(through U13), STBINH* causes the strobes to go unasserted for one 
clock cycle synchronous to CTTL. ASSERT-AO and pSYNC are asserted on 
the next rising edge of CTTL* after the strobe falls. The second 
cycle finishes when the 32201 finishes its wait states and RDY* is 
not asserted. Internal wait states are controlled during the first 
S-100 bus cycle by counter U14, and by the WI and W2 inputs to the 
32201 during the second bus cycle. 

The data bus is buffered, multiplexed and latched (depending on what 
is required) by 0:18, 19, 30·, and. 31. The control of these buffers 
and latches is performed by a. 10L8 PAL 200P-l (U20). DDIN* 
determines the direction of data (read or write) and goes to the 
direction inputs of the the main data bus buffers (U18 andU31). The 
signal DBE* coming from the 32201 determilles when. data can be put on 
the CPU 32016's internal bus or the S-100's data bus. The rest of 
the inputs to the PAL control which of the various buffers are 
enabled. The LAO and DDIN* signals control the basic 16 bit cycles,. 
while ASSERT-AO and pDBIN signals control the buffers during a byte 
serial transfer •. At the trailing edge of the first pDBIN in a byte 
serialized read, the low data is latched off the DI bus by U19. The 
address is incremented for the second cycle by ASSERT-AO, and a 
second strobe is generated. The data is read by the 32016. through 
U31 and from U19 toward the end of the second pDBIN. A write cycle 
is similar except da.ta is. passed through U18 to the DO bus for the 
first pWR*, then passed through U30 for the second pWR*. 

The S-100 status lines are generated by a 16L8 PAL 200P-4. As the 
ST1-ST3 lines can change immediately at the beginning of T4, S-100 
status lines are latched in the PAL by the signal START*. SDSB* 
tri-states all of the outputs. The statuses are arranged. as such:· 
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Signal ST3-ST1 DDIN* 1/0* 

sHLTA 000 x x 
sINTA 010 0 1 
sMl 100 0 1 
sMEMR 1xx 0 1 
sINP 101 0 0 
sOUT 101 1 0 
sWO* 101 1 x 

The on-board EPROM ~ockets (U11 and U12) are decoded by PAL U24 
(200P-2). PROMSEL* is asserted from memory addresses FFOOOOh to 
FF7FFFh, a 32K window. While PROMSEL* is asserted, the external S-
100 buffers (U18~ U19, U30, U31) are not enabled. Jumpers J9 and 
J10 choose the proper pinout for the devices. 2716s require Vcc to 
pin 23 of the socket, and 27128s require LA14 to pin 26 of the 
socket. Note that WR* can be brought to pin 23 of the socket by J11 
so 6116 type RAMs can be used. It is not possible to make byte 
writes to the sockets, though, so care should be taken to make only 
word or double word writes on even bounda~ies to the on board RAMs. 

PAL U24 divides memory up into the leu space (FFF800h to FFFFFFh), 
PROM space (FFOOOOh to FF7FFFh and BOOT*), I/O space (FEOOOOh to 
FFEFFFh), and the rest (memory space). The final output of the PAL 
is 1/0+* which controls the internal wait state generator. The wait 
state selector (J1 with U10) is set up so that a given number of 
wait states are inserted when 1/0+* is asserted, and a different 
number is inserted when 1/0+* is not asserted. In the factory PAL, 
1/0+* is asserted from FEOOOOh to FFFFFFh (I/O, ICU, and PROM), and 
from Oh to 7FFh (often an external BOOT EPROM). Under the CompuPro 
suggested jumper setting, this would mean that fast system memory 
(800h to FDFFFFh) would receive no wait states, where the other 
sections (I/O, PROM, ICU, and low memory) would receive 1. Of 
course, a new PAL could be burned with an appropriate PAL 
programmmer to place 1/0+*, PROMSEL*, or 1/0* anywhere .in the 16 
Megabyte memory map. 

Jumper J3 controls the divider to generate the 2MHz clock. LOAD is 
asserted to the 74LS163 whenever the output is 6. The next FCLK 
loads a new value (0 thru 7), toggles2MCLK, and r~starts the 
counter. By choosing the right value to load, any CPU speed between" 
2MHz and 14MHz can generate the 2MCLK. Make sure that this 2MHz is 
indeed being generated because the ICU requires the 2M Hz clock for 
its counters. 

The power fail circuit (U33) causes a poe* 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* to be asserted, but the power doesn't actually go 
away. 

Typical S-100 bus timing specifications for the CPU 32016 board are 
given below. They are representative of a typical board only, and 
are not intended to present either minimum or maximum ratings. 
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Definitions of the nomenclature is given in the IEEE Std 696-1983, 
obtainable from the Institute of Electronic and Electrical 
Engineers. All specifications are in nano-seconds and are for a 
board running at 6 MHz. 

Specification 

tCY 
tCYH 
tCYL 
t~SY 
tSY 
tST*~ 
tST 
tST* 
tAST* 

tSST* 
tDB 
tST*DB 
tDB*SY 

tDB*AS 
tACC 
tWR* 
tST*WR* 
tWRSY 

tDWR* 
tWRASD 
tWR*MR 
tRDY~ 

t~RDY 
tSYST* 
tA~ 
tST*~ 

AO 
A1-A15 

A16-A23 

8 Bit 
16 Bit 

8 Bit 
16 Bit 

RDY 
SIXTN 

Typical Value 

166 
88 
72 
13 
156 
115 
515 
150 
70 
90 
110 
80 
350 
60 
80 
240 
160 
305 
250 
135 
80 
240 
70 
160 
23 
20 
30 
10 
34 
180 
200 

Description 

Clock cycle time. 
Clock high time. 
Clock low time. 
From bus ~ to pSYNC. 
pSYNC width. 
pSTVAL to bus ~. 
pSTVAL high. 
pSTVAL low. 
Address set up 
prior to pSTVAL. 

Status set before pSTVAL. 
pDBIN width. 
pSTVAL to pDBIN. 
End pDBIN to pSYNC. 

Address, Status hold. 
pSTVAL to data req'd. 
pWR* width. 
pSTVAL to pWR*. 
End pWR* to pSYNC. 

DO valid to pWR*. 
Address, Status, DO hold. 
pWR* to MWRT. 
Calculated minimum set up 
time accepted by cpu. 
Calculated hold req'd. 
pSYNC to pSTVAL. 
Address to ~. 
Status to ~ 

This completes the Theory of Operation section of this manual. 
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HARDWARE DESCRIPTION 
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PARTS LIST 
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PARTS LIST 

Integrated Circuits 

QTY 

2 
1 
2 
2 
2 
2 
1 
3 
3 
1 
3 

1 
1 
1 
1 
1 

1 
1 
1 
I 
2 
3 

Description 

74LSOO 
74LS02 
74F04 
74LS74 
74LS125A 
74LS163 
74LS175 
74LS244 
74LS245 
74LS367A 
74LS373 

32202 
32082 
32016 
32201 
32081 

IOL8 
14L4 
16R4 
16L8 
2716/128 
7805 

Quad 2 input NAND (U9,U16) 
Quad 2 input NOR (U21) 
Hex Inverter, fast (U15,U23) 
Dual D Flip-flop (U26,U33) 
Quad tri-state buffer (U10,U17) 
Four bit counter (U8,U14) 
Quad latch (U13) 
Octal tri-state buffer (U25,U28,U29) 
Octal Transceiver (U18,U30,U31) 
Hex tri-state buffer (U22) 
Octal transparent latch (U6,U7,U19) 

Interrupt Control Unit (U1) 
Memory Management Unit (U2) 
Central Processing Unit (U3) 
Timing Control Unit (U4) 
Floating Point Unit (U5) 

10 In, 8 Out PAL (U20/200P-1) 
14 In, 4 Out PAL (U24/200P-2) 
8 In, 8 Out Registered PAL (U27/200P-3) 
8 In, 8 Out Tri-State PAL (U32/200P-4) 
2K to 16K.x8 EPROM (U11,U12) (Optional) 
Positive 5 volt regulator (U34,U35,U36) 

Other Electrical Components 

3 
1 
1 
3 
1 
1 
1 

6 
1 
1 
1 
1 
31 
1 
1 

Sip Resistor 1.5K ohms (SR1,SR2,SR3) 
270 ohm resistor 
510 ohm re,sistor 
560 ohm resistor 
1.5K ohm resistor 
2.7K ohm resistor 
S.lK ohm resistor 

(R8) 
(R1 ) 
(R3,R4,RS,R6) 

(R11) 
(R9) 
(R2,R7,R10,R12) 

greater than 1.S uF tantalum radial cap 10v (CS-C10) 
greater than 10 uF tantalum radial cap 6v (C4) 
30 pF ceramic cap (C1) 
1.0 uF tantalum radial cap (C2) 
O.OluF ceramic cap (C3) 
bypass cap (all unmarked) 
CPUx2 processor crystal (X2) 
1N914 or equivalent diode (D1) 
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Mechanical Components 

9 
S 
13 
6 
2 
1 

1 
1 
6 

4 

6 
3 
3 
3 
3 
1 
2 
1 

14 pin sockets 
16 pin socket~ 
20 pin sockets 
24 pin sockets 
28 pin sockets 
40 pin socket 

S Long Double row pins 
3 Long Double row pins 
3 Long Single row pins 
(J2,J4,J5.J8,J9,J10) 
2 Long Single row pins 
(J6,J7,J11,J12) 
Shunts 
Heatsinks 
6-32 x 3/8" screws 
6-32 hex nut 
6-32 lock washer 
PCB 11200B 
card ejectors 
technical manual 

(J1) 
(J3) 



COMPONENT LAYOUT 



LIMITED WARRANTY 

COMPUPRO warrants this computer product to be in good working order for a period of one (1) 
year, (two [2] years CSC and six [6] months for disk drives) from the date of purchase by the 
original end user. Should this product fail to be in good working order at any time during this 
warranty period, COMPUPRO will, at its option, repair or replace the product at no additional 
charge except as set forth below. Repair parts and replacement products will be furnished on an 
exchange basis and will be either reconditioned or new. All replaced parts and products become 
the property of COMPUPRO. This limited warranty does not include service to repair damage to 
the product resulting from accident, disaster, misuse, abuse, or unauthorized modification of the 
product. 

If you need assistance, or suspect an equipment failure, always contact your COMPUPRO System 
Center or dealer first. COMPUPRO System Center technicians are factory trained to provide 
prompt diagnosis and repair of equipment failures. If you prefer, or if you are not satisfied by the 
actions taken by your System Center/dealer, you may return the product to COMPUPRO for 
warranty service. Please call COMPUPRO at (415) 786-0909 to obtain a Return Material 
Authorization (RMA) number, or, write to COMPUPRO at 3481 Arden Road, Hayward, California 
94545, Attn.: RMA. Be sure to include a copy of the original bill of sale to establish purchase date. 
If the product is delivered by mail or common carrier, you agree to insure the product or assume 
the risk of loss or damage in transit, to prepay shipping charges to the warranty service location 
(System Center or COMPUPRO) and to use the original shipping container or equivalent. Contact 
your COMPUPRO System Center/dealer or write to COMPUPRO at the above address for further 
information. 

ALL 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 
PERIOD. SOME STATES DO NOT ALLOW LIMITATIONS ON HOW LONG AN IMPLIED 
WARRANTY LASTS, SO THE ABOVE LIMITATIONS MAY NOT APPLY TO YOU. 

IF THIS PRODUCT IS NOT IN GOOD WORKING ORDER AS WARRANTED ABOVE, YOUR 
SOLE REMEDY SHALL BE REPAIR OR REPLACEMENT AS PROVIDED ABOVE. IN NO EVENT 
WILL COMPUPRO BE LIABLE TO YOU FOR ANY DAMAGES, INCLUDING ANY LOST 
PROFITS, LOST SAVINGS OR OTHER INCIDENTAL OR CONSEQUENTIAL DAMAGES 
ARISING OUT OF THE USE OF OR INABILITY TO USE SUCH PRODUCT, EVEN IF 
COMPUPRO OR A COMPUPRO FULL SERVICE SYSTEM CENTER HAS BEEN ADVISED OF 
THE POSSIBILITY OF SUCH DAMAGES, OR FOR ANY CLAIM BY ANY OTHER PARTY. 

SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION OF INCIDENTAL OR 
CONSEQUENTIAL DAMAGES FOR CONSUMER PRODUCTS, SO THE ABOVE LIMITATIONS 
OR EXCLUSIONS MAY NOT APPLY TO YOU. 

THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, AND YOU MAY ALSO HAVE OTHER 
RIGHTS WHICH MAY VARY FROM STATE TO STATE. 

COMPUPRO 
3481 Arden Road 

Hayward, CA 94545 
(415) 786-0909 

Note: This warranty supersedes all previous warranties, and all other warranties are now obsolete. 

#17806 Revised 3/84 
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