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instructions of opcode pages containing short macro-instruction 

implementations. For example, the last six micro-instructions of 

U* could occupy off sets 2 through 7 in the same page as the DUP 

opcode, since DUP only.uses offsets 0 and 1. This· technique 

could give an estimated 10% to 20% compaction of microcode. 

Another useful technique (if efficiently supported by the 

RAM compiler) would be to populate the first 64 to 128 opcodes 

with only two micro-instruction RAM words per page, the·second 64 

·to 128 opcodes with only four micro-instruction RAM per 

page, and the remaining MRAM locations with the full eight micro­

instruction RAM words per page. This scheme takes advantage of 

the fact that approximately 25% of opcodes written to date 

require only two micro-instruction words and 25% of opcodes 

written require three or four micro-instruction RAM words. 

8.3.2 RAM Vs. ROM 
A more straightforward way to reduce MRAM space requirements 

is to ROM part of the MRAM contents. Many opcodes such as DUP, 

SWAP, and U* will never change, and are applicable to many 

language environments. These words can and should be ROM'ed in 

the second or subsequent chip versions. 

In some dedicated application versions of the chip, the 

entire instruction set can be ROM'ed after development.with a 

RAM-based version of the chip. Except for dedicated 

applications, however, it is important that some amount of RAM­

based Microcode be left on-chip to accommodate software changes 

and allow for users to obtain significant speed increases by 

microcoding frequently used subroutines. minimum amount of 

RAM that should always be left on chip is subject to debate, but 

probably should exceed 64 opcodes (512 words). 

8.4 Ji Stand-alone Processor/Single Chip Version 

A potentially important version of the Chip implementation 

is a processor version. This version of the Chip 

implementation will need to either have control circuitry on-chip 

to perform initialization and microcode loading from non-volatile 

memory at power-up time, or will need to have EEPROM or 6ther 

non-volatile programmable microcode memory. A modest amount of 

support circuitry should allow booting up from a ROM-based 

program memory in a stand-alone mode. 

If a stand-alone single-chip processors is created, a 

significant number of pins may be saved by eliminating the 32-bit 

system Data Bus from the pinout. This will necessitate 

- memory-mapped I/O to communicate with the outside 

world, or will require the addition of serial ·communications 

control circuitry and a serial-I/O pin to the chip. · 

An important consideration for the second-pass version of 

the design 1 is the availability of a full 32-bit RAM Address Bus. 

Such a bus should allow un-paged linear data memory accessing 

over 4 gigabytes, and paged program memory addressing in 8 or 16 
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megabyte page increments. This can be accomplished by bringing 

all 32 bits of the RAM Address bus out onto pina, and by 
expanding the RAM Address Latch to a full 32-bit width (and 

therefore using the Page Register only in ccinjunction with the 

Next Address Register.) . . 
Another possible enhancement is the use of the c~rrently 

unused micro-condition codes 5 and 6 to test external status pins 

or internal data bits. A particularly interesting possibility is 

using a condition code to test the highest bit of. the DLO 

register for 32-bit floating point normalization._ 

8.5 Uniform Software Environment for FORCE/WISC 
The software environment for the CPU/32 is in a'well-tested 

but preliminary state. While the current software could be 
polished for use with th~ final product, this is probably not the 

best way to proceed. 
Harris Semiconductor, as the potential industry leader ~or 

Forth~related business, should make an attempt to standardize its 

own Forth-related products. In particular, the language and 

support tools for FORCE should have the same "feel" as the 
language and support tools for the WISC product when executing a 

Forth environment. This. will reduce the burden on Harris 

employees by controlling the proliferation of multiple software 

environments for support of the chips, and will give the 
impression of having a family of stack-ori~ntea processors - both 

16-bit and 32-bit. 
This does not mean that Harris should necessarily develop 

identical compilers for both products on its own. What it does 

mean is that Harris should make every attempt to encourage 
software developers to make available consistent software for 

both systems. This means that screen editors for both systems 

should use the same keystrokes to accomplish similar actions, the 

supported instruction sets should both make the same assumptions 

about things like how division and PICK work (Forth-79 vs. Forth-

83), and at least one dialect of Forth should be available in 

highly consistent form on both machines. Harris and WISC should 

work together to create a consistent software environment on both 

machines. 
As an observation: whether Harris Semiconductor wants to 

become involved or not, and regardless.of any Forth "standard" 

efforts, the software tools used on the FORCE and WISC chips will 

probably play a large role in setting the de facto standard for 
Forth software in the corning years. This will happen because · 

engineers out in the "real world" who are not steeped in the 
politics and traditions of the Forth community will use whatever 

software tools are most convenient to get their systems employing 

the FORCE and WISC chips to operate. Harris should take 
advantage of. this opportunity to make life easy for software 
suppliers and its own support engineers by encouraging the 

development of a consistent, useful software environment. 



47 

9. PROBLEMS ENCOUNTERED IN THE DESIGN PROCESS 

As ma~ be expected, several problems w~re encountered in 
transferring the CPU/32 design from a discrete imple~entation to 
a semi-custom chip implementation. The following ~ections 
discuss only the major problems that had or could have had a 
large impact on the effort. 

9.1 Synchronous Stack Memory 
.... The most severe problem in.transferring .. the .technology J;:o 

the Chip.implementation is the lack of an asynchronous RAM 
compiler for stack memory. The·use of synchronous RAM instead of 
the asynchronous RAM used in the Board implementation entailed 
making several design changes to ~enerate a chip enable signal 
for the synchronous RAM macros. 

The worst problem with using synchronous RAM is that it 
lengthens the critical paths of the Chip implementation by up to 
the access time of the RAM array·(25 ns.) This happens because 
in the Board implementation, stac){ memory add;resses are valid a 

. few gate delays after the rising edge of CLOCK, so the 
asynchronous RAM begins its access period near the beginning of 
t}1e high CLOCK p.eriod. Depending on the operati.ng frequency and. 
:RAM speed~ the stack data output is available for reading at or 
shortly after the falling ~dge of .CLOCK. _ 

With-synchronous RAM, the high CLOCK period must be used as 
the chip enable signal, so the acce~s delay does not b~~in until 
after the falling edge of ·CLOCK, essentially adding the entire 
access delay into the critical path. As seen in earlier 
sectioris,.this delay affects both the data flow critical path· (RS 
and DS through the ALU) and the program meMory access critical 
path (RS to RAD. for subroutine exits.) While some work-arounds 
are suggested in section 8.1.1, the availability of an 
asynchronous RAM. compiler w9uld have reduced the design changes 

. nece~sary (and therefore reduced risk,1 .and would have produced a 
faster component £or the .first p~s~. · 

9 • .2 Untes·ted Library Macros 
. During the si~ulation of 'the Chip implementation, it was 
discovered that the SN74181 macro-cells did not work at all. 
This was not a ·c~se oi a single missed test vettor when the 
macro-cells were developed; they had clearly riever been tested at 
all. Furthermore, when a corrected.version was entered into the 
system·, there. was still an error .that was only ca\,lght by an added 
lait-minute set of test vec~ors. . · 

Requests for a 100% coverage test vector set for the '181 
macro were never satlsfied~ While ft is likely that the test 
vectors supplied. in the file HARRIS.BIN prove correct · 
functionality for the macros used for.the ALU; this can not be 
guatanteed without a 1 181.test vector set to incorporate ihto· 

.HARRIS.BIN.· It ·is possible that some. combination.of input data 
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and functions will not produce correct results. 

It is even more possible, and perhaps probable, that the 

test vectors in HARRIS.BIN will not find some manufacturing 

defects that may occur in the ALU area, since the current tests 

are aimed at proving functionality, not aimed at testing gates. 

The issues to be resolved are: how can Harris be sure that 

there are no latent bugs in other macros in this and other 

designs that weren't caught by the CPU/32 te~t vectors. Also, 

how can Harris be sure that fabricated silicon has no defects, 

especially-in the~ALU's,~that will only be uncovered when the 

user runs real data in real programs? While total 100% test 

coverage of the chip may not be practical (although with the 

CPU/32 design, it should be relatively easy) , starting with one 

or more unproven macros and progressing to a test environment 

where fault coverage is computed after the fact (as opposed to 

set as a goal at design time) is a scary prospect. 

9.3 Simulator Failing to Produce Complete Output Lists 

A problem that was uncovered only after the end of the 

summer consulting period was fhe fact that the SDA software was 

producing an incomplete test vector output file without any 

noticeable warnings. This situation was apparently due to an 

iriput command that did hot allocate enough disk space for some 

- f step of the simulation process. This problem was further 

compounded by the fact that the SILOS-CHECK automatic test vector 

output checking program did not flag the fact that there were 

fewer output vectors in the simulation run file than were 

expected. 
These problems together led to a situation where the 

simulation appeared to be working correctly, but actually had 

problems in the second half of the output vector file. 

Fortunately, this problem was caught and is now being corrected 

b~ manually checking to ensure all output vectors are in the 

"store.out" file. Potentially, this could have lead to a non-

functional chip. · 

The recommended corrective action is to get the CAD.tools 

fixed so that they produce error messages on the screen when 

running out of disk space or when the test vector simulation file 

is shorter than the expected result file. 
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10. CONCLUSIONS 

The effort to convert the discrete Board implementation of 
the CPU/32 to a semi-custom Chip implementation appears to be a 
success. The combination of hard work by Harris employees and a 
set of CAD tools for the implementation effort which behaved 
reasonably well enabled the project to go "from 0 to 32 bits in 
31 days." 

A major limitation of system speed is the unavailability of 
asynchronous- RAM ·for use in the stacks. -Even so, successful 
simulation runs indicate that the Chip set will function 
correctly at approximately 10 MHz. -

Once the first set of chips is fabricated, studies should be 
made to determine optimum stack memory and microcode memdry sizes 
and implementations for future versions of the chip. The 
development of a self-booting stand-alone v~rsion of the Chip 
with a ·partially .ROM 1 ed microcoded instruction set is a worthy 
goal for the second implementation cycle. 
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APPENDIX A. SIGNAL DESCRIPTIONS FOR LUMPED SYSTEM 

The Lumped System is a conceptual package containing both 
the Data. and Control chips as a single entity.. This would be the 
result of mounting both chips in the same package or integrating 
the logic from both chips into a single piece of silicon. For 
the two-chip implementation, the Lumped System is the chip set as 
it appears to the outside world. 

The Lumped System has·101 pins plus power and ground. 

INPUTS: 

DVOSC 
NCYCL 
NDMA 
NDMIR 
NDSRV 
NMAST 

.NPRTY 
NSMIR 

Divided oscillator input. 1 in slave mode 
NOT-Cycle clock (single step in slave mode) 
NOT-DMA transfer mode · 
NOT-Dest MIR 
NOT-Dest service request register 
NOT-Master mode 
NOT-Parity error input 
NOT'."""Source MIR 

BIDIRECTIONALS: 

BUS0:31 
RDO :31. 

OUTPUTS: 

NDRB 
NDRW 
NS INT 
NRAM 

· NSFLG 
NSPC 
RAD0:22 

System data bus 
RAM Data bus 

NOT-Data bus dest is ram(byte) 
NOT-Data bus dest is ram(word) 
NOT-Interrupt to host (status reg has changed) 
NOT-Enable RAM to/from RD bus 
NOT-Data bus source is flag register 
NOT-Data bus source is PC interface 
Ram Address 0-8Mbytes 
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APPENDIX B. SIGNAL DESCRIPTIONS FOR DATA CHIP 

The Data Chip has 66 pins plus power and ground. All pins 
are connected to pins of the same name on the Control Chip, and 
do not go elsewhere (except the data BUS, which is also connected 
to the external host interface.) 

INPUTS: 

DVOSC 
MADO:lO 
NCYCL 
NMAST 
NMRCE 
NM ROE 
MRXDR 
NDDP 
NDDS 
NDIV 
NDMIR 
NMRXE 
NM ULT 
NS DH I 
NSDLO 
NSDP 
NSDS 
NSMIR 
NWMRA 

Divided oscillator input. 1 in slave mode 
Microcode memory address 
NOT-Cycle clock (single step in slave mode) 
NOT-Master mode 
NOT-MRAM chip enable 
NOT.-MRAM output enable 
MRAM xceiver direction control 
NOT-Data bus dest is DP 
NOT-Data bus dest is DS 
NOT-Division select 
NOT-Dest MIR 
NOT-MRAM xceiver enable 
NOT-Multiplication select 
NOT-Data bus source is DHI 
NOT-Data bus source is DLO 
NOT-Data bus source is DP 
NOT-Data bus source is DS 
Not-Data bus source is MIR 
NOT-Write·MRAM 

BIDIRECTIONALS: 

BUS0:31 

OUTPUTS: 

ALU31 
DLOLO 
NACOT 
NALUO 
NDPER 

System data bus 

Sign bit of ALU output 
Lowest bit of DLO register 
NOT-ALU carry-out bit 
NOT-ALU output equal to 0 condition bit 
NOT-DP error (underflow/overflow) 
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APPENDIX C. SIGNAL DESCRIPTIONS FOR CONTROL CHIP 

The Control Chip has 130 pins plus power and ground. The 

control chip may be thought of as the "main" chip, since it 

controls all interfacing with the outside world. 

INPUTS: 

ALU31· 
, DLOLO 

DVOSC 
, NACOT 
· NALUO 

NCYCL 
NDMA 
NDMIR 
ND PER 
NDSRV 
NMAST 
NPRTY 
NSMIR 

Sign bit of ALU output 
Lowest bit of DLO register 
Divided oscillator input. 1 in master mode 

NOT-ALU carry-out bit 
NOT-ALU output=O bit 
NOT-Cycle clock (single step in slave mode) 

NOT-DMA transfer mode 
NOT-Dest MIR 
NOT-DP error (underflow/overflow) 
NOT-Dest service request register 
NOT-Master mode 
NOT-Parity error input 
NOT-Source MIR 

BIDIRECTIONALS: 

BUS0:31 
RD0:31 

System data bus 
RAM Data bus 



OUTPUTS: 

MADO :10 
MRXDR 
NDDP 
NDDS 
NDIV 
NDRB 
NDRW · 
NMRCE 
NMROE 
NMRXE 
NM ULT 
NRAM 
NS DH I 
NSDLO 
NSDP 
NSDS 
NSFLG 
NS INT 
NSPC 
NWMRA 
RAD0:22 

Microcode memory address 
MRAM xceiver direction control 
NOT-Data bus dest is DP 
NOT-Data bus dest is DS 
NOT-Division select 
NOT-Data bus dest is ram(byte) 
NOT-Data bus dest is ram(word) 
NOT-MRAM chip enable 
NOT-MRAM output enable 
NOT-MRAM xceiver enable 
NOT-Multiplication select 
NOT-Enable RAM to/from RD bus 
NOT-Data bus source is DHI 
NOT-Data bus source is DLO 
NOT-Data bus source is DP 
NOT-Data bus source is DS 
NOT-Data bus source is flag register 
NOT-Interrupt to host (status reg has changed) 
NOT-Data bus source is PC interface 
NOT-Write MRAM 
Ram Address 0-8Mbytes 

C-2 



( 

D-1 

APPENDIX D. CHANGES TO WISC CPU/32 DOCUMENTATION 

The following pages are important changes to the WISC CPU/32 
Preliminary Documentation. Each page should be direct~ 
substituted for the existing page in the document. These changes 
reflect hardware engineering changes made to the discrete Board 
implementation, and therefore to the functionality of the Chip. 
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The DECO cycle, initiated by the DECODE micro-operation~ 
must .:11 ways oc:cLu~ in the nE·>; t-to-1 ast mi cro-·i nstn..i.c:ti on executed 
within a microcoded word. During the DECO cycle, the interrupt 
flag registers are examined fer p~nding interrupts, ~nd the MPC 
is clocked with the value of the Inst~uction Latch <IL>. ·If a 
nan-masked interrupt is pending, the MPC value is forced to 1 
instead cif the tL value, causi~g ~n interrupt service word to 
i:;tart ~~:-:ecut:i.on. 

· ---------------The - DEC :I. -.c::ycLE"~ ,---dEmoted--by-tbe--EWD____f(1i.cr:o:---assemb lei-: .. .wo1r:..d, ___ _: ____ _ 
must al~ays 6ccur in the last micro-instruction e:-:ecuted within a 
microcoded word. During the DEC1 cycle, the ADDRESS-COUNTER is 
incremented to form a subroutine return ~ddress pointing to the 
next sequential word. If a subroutine call or ~nccnditional 
.branch is specified by the instruction in the IL, the NAR outputs 
are enabled to driv~ the RAM addres~ bus. If a subroutine call · 
is h~ing processed, th~n an INC[RPJ is a~tomatically performed. 
If a subroutine exit is being processed, then the ADDRESS-LATCH 
is loaded from the RS, ahd the ADDRESS-LATCH outputs are used ta 
.drive the RAM address bus. The END micro-assembler ~ord forces a 

;JMP==OOO micro"-operatj.an ta ensure that the Oth offset micrc:i­
instruction .is the first mic~o-instruction e:-:ecuted by the hext. 
opcode. · 

The DEC2 cycle occurs during executioh of the first micro-
instn.tction of. the word that was held in the IL during the DECO 
cycle. Durin~ the DEC2 cycle, if an interrupt is not being 
processed, the ADDRESS-COUNTER is 1 oaded f·r<:)m whatever value is 
pre~ent on the RAM .address bus, and the IL and NAR are loaded 
with whatever value is on the program RAM data bus. All these 
lo,ads occur at the end of the clock cycle •. Additionally, if an 
unconditional branch i~ being processed, the NAR.is used to drive 
the RAM addn?ss bus. If. a subroutine cal 1 is being pr·otessed ~· 
t.:he NAR j_ ~ used to drive the RAM address bus and the RS is 
writ ten with the. contents of the ADDRESS..:·COUNTE:H. . If a 
subrciLtti ne. e>( it is being processed, then the contents of the 
0DDRESS·-L.ATCH register are used to clri ve the RAM address bus and 
the RP is incremented. 

Each microcoded iMstruc~ion must be at least two clock 
cycles long. Sin~e the IL is a transparent latch that contains 
v~lid data before the end of .a clock cycle, the. op~ode may be 
~ead ~ram RAM du~ing the DEC2 cycle and clocked into the MPC in 
t.fre same clock cycle if des3.red. This means tha.t the DEC2 cycle 
o-fi one instruction may occur simultaneciusly with the DECO cycle 
of the ne>(t inst1~uct:i.on. · · 

. ·.,·Ir~ th.e 

b~ e>:e~!..lted 
'insti~LlCt ion deCt:•d f ng p~oce$s, the !J§lli; i n{;:;truct i Or1 to . 

~eirig 1oade~ into NAR arid IL"~~ the ~irst mi~~o~. 
the Sl:.:!!:!:§D:t' ·i1:1struC:ti on •.. is cif 
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the micro-operation DEST=DECODE allows changing the contents of 
the NAR, IL., and subroutine control bits during the middle of a 
microcoded word, just as if those registers had been loaded with 
the normal decoding sequence~ The MVF'-FORTH/32 word OBRANCH and 
other words exploit this fact. 

There are some micro-operations that, while prohibited under 
most circumstances, are essential for efficient program execution 
for special cahes. Be very careful when exploiting these special 

- --i::aS:es-; <::•.rid dC:i 6i-.::·-E--,~:1:01·;--r~i1:·1 i::\-i'~,ilci·;ile-t:t"::!~st -tci f:~h~';t:\r~:? c:or-r-ect 
operations, since some violations of usage rules manifest 
themselves as relatively infrequent random failures~ 

:I.) SOURCE=ADDRESS-COUNTER may be used during the DEC2 cycle to 
·fetch the contents about to be saved on the RS if the instruction 
being executed is g~§C§Dt~£0 to be a subroutine call. This is 
accompli~,ed by having a special compiling word for the 
microcoded word in the Forth kernel. 

2) SOURCE=RS? DEST=RS, SOURCE=RP, DEST=RP may all be used duri~g 
the DEC2 cycle if the instruction being e~ecuted is g~~c~nt§§~ to 
be an unconditional jump. This is accomplished by denoting the 
microcoded word as SPECIAL with the micro-assembler. 

Each CF'U/32 opcode is implemented as a series of two or more 
micro-instructions. Each opcode starts on the MRAM page number 
corresponding to the opcode number 0-5:1.:l.. Each opcode may take 
one to sixteen consecutive MRAM pages as required. 

Within each page, the order of the micro-instructions is 
unimportant? except that the first micro-instruction on the 
opcode's f1rst page must be located at offset 0. The micro­
as;st~mb 1 er·· a.ssumes th.~~t i n~-:;t1,··uct j_ ons ar·e ·to bE~ pt·-c)cessf?d in 
sequential order (i.e. o,:t,2,3,4,5,6,7) unless instructed 
otherwise with the JMP=xxx micro-instruction. 

The Jl'--"IF':::r.:<:-::-: rnic1~0-inE=.t1~uct:i.on, ~'JhE:t·-e the 11 :-:x:-: 11 roa.y be 
replaced with a large variety of binary bit patterns, allows non­
sequential conditional branching within and between micro-program 
memory pages. As an example, consider the microcode sequence: 

3 :: ALU=A+l DEST=DHI g; 
4 ·· ALU=A+:l. DEST=DHI JMP=110 ;; 
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GY[b~ 
DECO 

DECl 

DEC2 

B[I!QU 
Clock interrupt register at falling clock edge 
IF interrupt, then clock MPC with value 1 

ELSE clock MPC with IL value ENDIF 

Increment address counter on rising clock edge 
Enable next address register outputs to RADxx 
IF ~EXIT, then clock Ram Address Latch from RS 

and enable RAL outputs in~tead of 
Next Addr Reg ENDIF 

IF CALL then decrement RP ENDIF 

<Note: DEC2 from one instruction may occur simul­
taneously with DECO of the next instruction) 

Enable Next Addr Reg outputs to RADxx 
IF EXIT, then enable RAL outputs and increment RP 

END IF 
IF CALL, then write address counter to RS on 

rising clock edge ENDIF 
Clock next address register and instruction latch 

from RD bus contents. 
Clock address counter from address bus 

51 
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If an interrupt occurs, then the MPC is loaded with a 

reference to instruction # 1 <interrupt handler) on DECO. The 

c::-.-, 
.J.1::. 

:i. nte:·r·r··upt handling mi cr-cic:oc:IE· e:«t opc:oc:l.E· l. i !:; E·:-:pecti:~·cl to SC:•.VE' the. 

contents cif the address counter during the DEC2 cycle, which will 

point to the word AFTER the restart word for returning from the 

interrupt. Opcode 1 is also expected to save the contents. of the 

MPC/IL <specifically, the CALL and EXIT bits) and to set the 

intel'0rupt m<:•.sk bit •.. IMPOl::;:TANT: The inter-l'"Upt. hi:!UJC:lling \AJcn-dmt..ts"t, 

wait one clock cycle after setting the interrupt mask before 

doing its own DECODE!!! · 
Since CALL and EXIT functions are allowed to proceed during 

an interru~t, the interrupt handling high level code must un-do 

~he return stack pointer actions caused by aborted CALLs and 

EXITS. 

IHI · h:Qt~I!~UI§ 
24 DATA STACK POINTER ERROR 
25 RETURN STACK POINTER ERROR 
26 HOST SERVICE REQUEST CHOST WROTE TO SERVICE REQ REG> 

27 DYNAMIC RAM PARITY ERROR <UNIMPLEMENTED> 
28 Software interrupt #2 
29 Software interrupt #1 
30 Software interrupt #0 
31 . INTERRUPT MASK Cl=ENABLE O=MASK> 
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APPENDIX E. SCHEMATICS FOR A PROTOTYPE TEST BOARD --- --
The following pages are schematics for designing a prototype 

test board for evaluation of the first Chip implementation. The 
WISC Chip set is not included in the schematics, since the pinout 
is unknown. The WISC chip pins should be connected to all 
signals with identical names in these schematics. 
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· f~ t·iEMl·~ 
. f~MEMF: 

mm-~ ... ~ rm.J 
MIOF.'. 1<e;i IOR 

Nf.:'cm::: i~ DA1):::: 
PUIRG! f~' . DF.'.I;.!:=: 

r1···1-·t.·· 1 1.;;;j .i..-H-·f"··-
r ;~i DF.'.G! 1 

t·1i:::·EF ,;!!-! ,.., .... C"'·'n "'.. ·::i1f .L.:H _.t· .. .:. 
'1ti CLK 
~ IPG!7 
~ IF.:G!6 
~ IR05 
~ IRG!4 

I-~ IR1}3 
·-,. DACK2 

PCTC ·-· T.····c 
ALE ._; ALE 

. ~· +51.,J 
:111 o::;c. I I r-.H IL L'T1nr:·MAN IF.· l!!------1 GMD r ' , ... - _,, , ·- ..• 

. HOST EDGE CONNECTO~'. 

B-BIT PC-BUS HOST 
(FI LE: PF.'.OT16) 
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8885 
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GBGs 
G@G9 
GB® 10 
@@@ 11 

12 888 8@@ 12 

13 888989888800)808 .13 

14 888898888@88888 14 

15 888888888GS888® 15 
A B c D E F G 

PIN 
H J 

SIDE 
K L 

UP 
M N p Q 

ppoT- t7/Jr 
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EBHARRIS ·· STANDARD CELL DEVELOPMENTGROUP C2-Cf. 

Wisc Processor Control Chip Pin List 

PIN NAME PACKAGE 
PIN# 

RAD[0:8] . 1:9 

vss ~-LO--~·-------·--'-- .. 
. RAD[.9:20] 11:22 

~-~Y-~~-. ~---------~--~-:-!~•-:-- C:.o .. ---"···Z.3.. ...... c ...... ---·-- --··--- · 

RAD[2 l:22] . 24:25 
RD[0:9] 26:35 

----voD --·-----------36------------·--········· 
. vss .. 37. . .... 

·------··-,-· .. :.:..:..- ·-~ -
RD[l0:21] 38:49 
vss 50 • ·- ____ ._'.., ... -~~-~-----" "'·'··;;-•·•- ~ . -~r·-··-·-"'--•-.-...... ~._ • ...,..,. .. ~.-,. ......... ~.~· ., .. ~. -·•·'· ·~-. 

RD[22:3 l] 51 :60 
. • NDIV 

NODS 
NDDP 
NMROE 
MRXDR 
vss 
.,.NSMIR 
NPRTY 
NMAST 
NDSRV 
ND PER 
VDD 
NDMIR .. 
NOMA 
NCYCL 
NALUO 

_NACOT 
DVOSC 
_DLOLO 
ALU31 
BUS[0:9] 
vss 
BUS( I 0: .19] 
vss 
BUS[20:24] 
VDD 

61 
62 

- 6.~,_ ..... . 
64 
65 
66 
67 . ., ..... ,.,., .. .- ..... . 
68 

70 

···------···,}J ·---·-- .... 
72 

_73 .... 

74 
..... 75 

76 
77 

78 

79 
80 
81:90 

. 91'" 

92:101 
102 
103:107 . --- ... __ .. ___ ,,,, ... ---..-. 
108 

vs 5 -- (r ]'\ p 

BUFFER TYPE 

SC7200 - OUTPUT IOOfp/IOns 
SC7900 - DOUBLE VSS PAD 
SC7200 - OUTPUT IOOfp/IOns 
SC7900 "". DOUBLE VSS PAD 
SC7200 - OUTPUT 100fp/10p.s 
SC7270 - BIDIRECTIONAL TTL INPUT W/PD 
SC79 l 0 - DOUBLE vob PAD 
SC7900 - DOUBLE VSS PAD 
SC7270 - BIDIRECTIONAL TTL INPUT W /PD 
SC7900 - DOUBLE VSS PAD 
SC7270 .. BIDIRECTIONAL TTL INPUT W/PD 
SC7200 - OUTPUT IOOfp/IOns 
SC7200 - OUTPUT IOOfp/lOns 
SC7200 - OUTPUT IOOfp/IOns 
SC7200 - OUTPUT IOOfp/IOns 
SC7200 - OUTPUT I OOf p/ I Ons 
SC7900 - DOUBLE VSS PAD 
SC7150 - TTL INPUT 
SC7150 - TTL INPUT 
SC7 l 50 - TTL INPUT 
SC7 I 50. - TTL INPUT 
SC7 l 50 - TTL INPUT 
SC79 I 0 - DOUBLE VDD PAD 
SC7 l 50 - TTL INPUT 

. SC7 l 50 - TTL INPUT 
SC7 I 50 - TTL INPUT 
SC7 I 50 - TTL INPUT 
SC7 l 50 - TTL INPUT 
SC7 I 50 - TTL INPUT 
SC7 I SO - TTL INPUT 
SC7 I 50 - TTL INPUT 
SC7250 - BIDIRECTIONAL TTL INPUT 
SC7900 - DOUBLE VSS PAD 
SC7250 - BIDIRECTIONAL TTL INPUT 
SC7900 - DOUBLE VSS PAD 
SC7250 - BIDIRECTIONAL TTL INPUT 
SC7910 -;.·DOUBLE VDD PAD 
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WHARRIS STANDARD CELL DEVELOPMENT GROUP 

Wisc Processor Control Chip Pin List continued 

·PIN NAME PACKAGE 
PIN# 

BUS[25:29] 109:113 
vss . . 114 

··---:______..~~~-... ~~,--... ~-~-~~--~-.. ···--·-·...., ... .;.._~._,,~""""~,;.,.,.,:.., ....... :_.,_:_~,._ .. ,: 
BUS{30:31] 115:116 
NMRCE . 117 '--.:. .. -.--~-·~·-c·-···~·-···'-•··• --·'"~·--··-·· .. ··---··-·-.-··•• .............. . 
NWMRA 118 

--------2:N§.~C _ ............. - ......... ·-····· ....... ;... ... 119.~-···"-"··· 
NSFLG 120 
NSDS 121. . 

-.r.•=·~·,.-.-··~·•-'d>•~•~'-' .. '·' ...;<-·~'-"'. ,.,... ••<·~", .•. , .. - • ·'••·• ••,·• ,,,._.;,_ .• ,.,. __ ,~,,< - •".'"'"~'•-•w,,,,,.., ',>''·~ 

NSDP 122 

NSDHI 124 
__ .l'{M.UL.I .... _ .......... "_ ... _., _____ .;. .. 1.25 .............. :.,.,.. 
NMRXE 126 

......... YSS.~-~-.............. -.................................. 127- .............. -· · · 
NSINT 128 

·---~RAM .... -···-·.--···--····129 ..... 
NORW 
NDRB 

.. .,.---···· .. -----···-'-·· 
MAD(lO}J 
vss 
MAD[2:0] 
VDD 

130 
......... .131-·· 

132:139 
140 

' 0 •"'',A.'""'' 'o.','o•"•"~--·- •r,~--.-.,..,.,~,~''• 

141:143 
144 

v 55-:::: G-tJJJ 

·BUFFER TYPE 

SC7250 - BIDIRECTIONAL TTL' INPUT 
SC7900 - DOUBLE VSS PAD 
SC7250 - BIDIRECTIONAL TTL INPUT 
SC7200 - OUTPUT IOOfp/ lOns 
SC7200 - OUTPUT lOOf p/ l Ons 
SC7200 ;,. OUTPUT 100fp/10ns 

. SC7200 - OUTPUT 100fp/10ns 
SC7200 - OUTPUT 100fp/10ns 
SC7200 - OUTPUT IOOfp/lOns 
SC7200 - OUTPUT 100fp/10ns 
SC7200 - .OUTPUT l OOf p/ 1 Ons 
SC7200 - OUTPUT 100f p/ 1 Ons 
SC7200 - OUTPUT .1OOfp/1 Ons 
SC7900 - DOUBLE VSS PAD 
SC7200 - OUTPUT 100fp/10ns 
SC7200 - OUTPUT 1OOfp/1 Ons 
SC7200 "'" OlJTPUT 100fp/10ns 
SC7200 - OUTPUT 100fp/10ns 
SC7200 - OUTPUT 100fp/10ns 
SC7900 - DOUBLE VSS PAD 
SC7200 - OUTPUT 100fp/10ns 
SC7910 - DOUBLE VDD PAD 

! 
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• ·: .. -:;;_. :---_-_· :· ·. · '••w;i~c;,~~~;~~~~o~.:~ata•CJ1ij, PinListO'.• •....... -:{i ···--·· 
. :· ',:,,.\;\;-.' ; . ·_·····.· i,><~,>····.··' "• .·. .,. ' ._).' 

PIN~+~ ·. ·· •,; ::.~~G:E · elJFFER TYPE ;··.· .•.... 
; \~--. ' ·'~ :·· . ." , ·_:\ .. ·,."'.. · .. · . 

. ·. · .,,_ :'•: ~KfRCE.-:;> .. h .7l~+::~·-··;::' .}: sc11so ~ rti./INPlJT . 
,· NWMRA :' ''. 2 ' E: SC7150 "".TTL INPUT: :.·: ~· . . . . 

. NSMIR,. < \ .~:.:./ ' ~l.:.;-~~,!;, .. ~'..:~_:_ > . . · 
:"·_.':-.- ... - ·' - ... , ' ."'·: .. -. __ -_-.·: 

>NSDP : , . . . )_:4 . . ·' . . . .. _ ._ .. __ _ 
Nstis .: .. < . _ s, · · .. -·,_ ·. -. ·sen so - rti· INPUT · . 

. ·".. :~N~S~-D!?_H1:-Pic~_-.,..,~~+~-": .... ~~:.~.--.;:~~";: .. --~·-~;.;: .. > ; . ' . ; ·. ' . ;.·. SC7 l 50 ~ TTL INPUT . . · . · >7 .. · ·. ·· SC7l50 ~ TTL INPUT .·.· 
·.· NMULT' .' :·.' ', . 8' ' > .· SC7l50-'- TTL -INPuT 

. · ... ; .·.·-· . 
. ; .. ". 

SC7 l 50 - TTJ:; INPUt . 
. ·sc11so. ~- rrL INPut ( · 

SC7 l 50 - TTL INPUT. I • ;~~MRX,~_~:.:~-~,, .. ::.,_.,~., ... ;;, __ ~-~---'··<·-~ : ·. 
t NDIV -· .·. 10 
i. · ··-vDD 11 

.··• SC7150 -TTL iNPUT . - ' . 
. ··:\ .. ~:· '.i·:: ;:. 

. ' . '. · .. ·· ... -~··- .. · ,,.~Q~·--c·":: .... /~~:.~:~;,, ___ :c_c_,,.:,,J.~"°'·-· .. · 
_SC79l0 - DOUBLE 'VDD PAD . 

, SC7900 ~UBLE-VSS ~AD . . . ' . y55, 13' 
:Ni>Ds··· 

. ·_Nobr:.:.c .. L.;,~--·­
i_ .. -NMROE .. 

--·-···MRXDR _· ... · 

is 
)6 . 
·-17· 

: 'O.Y:9§g __ ._,; .. , .. , .... , __ ,).8 .. ·.•"' 
· ..• NCYCL . ·- 19 
. NDM:IR _., 20. 

·NMAST '· 2l 
· v-0:0·'. :· · 22 

vss 23 
_-·.Bv~q:J1. _,,: •..... --~>- :.~-~;~1 .......... · .. 

. · YDD . 32 
. ! · NC 33 

··VSS 34_ ·L -.· .. _,,_ .... ·-·------- .......................... · ................ .. 
.. : _· .·_ B_US[8:15]·' 35;42 

j. \'SS :.· _ .·---.· 43 
· ·· i Bl!~i6:2_3f · 

vss. 
voo·· · 

.'NC·· . , ....... ,.. 
·· · BUS[24:3I]··. 
·vss · 
VDD--•·_.· .. ... _ . -- . -~-~--~ -

·MAD[0:7]. 

.44:51 ,' 
··" ' sic"" 

'53 
··. :~:4. ;. .. -: ........ .,_,. ~ . . 

55:62' 
63_ 
64 . . 

... ' -. ·----65:72~---

. . ' . . : 

. scnso - .TTL INPUT 
. '. SC7150 - TIL INPUT 

.SC7 l SO ..; TI'L. INPuT 
SC7 l 50 ' - TIL INPUT' 
·sc11 so ... TTL INPUT . 
' . . ·-

SC7150 .:. TTL INPUT 
' . ' 

SC7 l 50 ... TTL INPUT 
SC7 l 50 - TTL INPUT· 
sc1910 - DOUBLE VDD PAD·•· 

' . 

.. SC7900 - DOUBLE VSS.PAD 
scnso·- BIDIRECTIONAL TTL INPUT'', 
SC7910 - DOUBLE VDD PAD 

scnso'"" DOUBLE ·vss .PJ\b · 
SC7250 - BIDIRECTIONAL TTL INPUT 
SC7900 - DOUBLE YSS PAD ._ .• ·. ' 
SC7250 ..,: BIDIRECTIONAL TTL INPUT· . - .. 

SC7900 - DOUBLE vss PAD . 
SC7910 .. DOUBLE VDD. PAD 

. . i_·. • · .. • . ' ::· -_ '... • ·. · .•. 

,' SC7250 - BIDIRECTIONAL TTL INPUT- . ' 
SC7900 - DOUBLE vss PAD ' . 
SC7910 ":'. DOUBLEVDD PAD . 
SC7 l 60 - CMOS INPUT 



- EeHARRIS . STANDARD CELL. DEVELOPMENT GROUP 

Wisc Processor Data Chip Pin List conti~ued _ 

PIN NAME PACKAGE 
PIN# 

--v-ss~--------'·-------------,13------------ ---
MAD£8J 74 
NC - 15 __ 
.~,__,,. .. ,,.~ ... --p·~~~ _.., __ ··-····-····~- ~ . --···-·---- -VDD _ ----:7'(,---"'·--·-
MAD[9: l O] 77:78 

NDPER _____ 7-~~------------- .. ,. . . --NALUa-·· -·--·- ~-, 80. 

NACOT 81 · 
DLOLO 82 

r -Ai:ul"i _______________ ---- -·--8"3" ________ --- - -

vss 84 

-BUFFER TYPE 

SC7900 - DOUBLE VSS PAD 
SC7160 - CMOS INPUT -

SC7910 - DOUBLE VDD PAD 
SC7160 ·"'. CMOS INPUT 
SC7200 - OUTPUT 100pf/10ns 
SC7200 - OUTPUT 100pf/10ns 
SC7200 - OUTPUT 1OOpfI1 Oris 
SC7200 - OUTPUT 100pf/10ns 
SC7200 ~OUTPUT 100pf/10ns 
SC7900 - DOUBLE VSS PAD 

--_ PJ20T !BC 
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OJ 
0-
....... 
I 

<:t 
() 
I 

r-·:1 
0 .. 
w 
1-
.::r 
Cl 

0-
....... 
l­
o 

" LL. 

.. 
w 
....I 
1-1 

LL. 

c21 
4~3 PIN 

·:-:. 
•.) 

·:5 
RAD2 l7 RAD4 ·9 
RAD6 =11 
RADS =t13 

RADW ·15 
RAD12 ~17 RAD14 · 19 
RAD16 ·21 
RAD18 :23 
R"\D'='r".'i ·--·s n i..;.i:;; I c._ 

RAfl22 ~-27 RAD24 ·29 
RAD26 :31 
RAD28 ··~:3 
RAD30 ±~:5 
tiDRB ·37 
I :3•3 

21 
4i 
~~ 

~' 
10~ 
1 ~. c· 
14 1 

16 1 

1R~ 
2~l 
~~ 
24l 
26 1 

28 1 

30l 
32 1 

34a 
36l 
~~. 
~o· 

40 1 

MF.'.AM 
RAD1 

· RAD3 
F.:AD5 
RAD7 
RAD9 
RAD11 
RADU 
RAD15 
RAD17 
RAD1'3 
RAD21 
RAD2:3 
RAD25 
RAD27 
RAD29 
RAD31 
t·mF.:~i 

I __ _ 

PH IL KOOPMAN .JF.'.. 
ADDR TO F.'.AM RII:BON CABLE 11 A11 

(FILE: PROT19) 
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