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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 conjunction with the
Next Address Register.) :

Another possible enhancement is the use of the currently
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 normalizationgwm“””

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 the final product, this is probably not the
best way to proceed.

Harris Semiconductor, as the potential industry leader for
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-oriented 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 ehcourage
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. : S :

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 coming 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.
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9. PROBLEMS ENCOUNTERED IN THE DESIGN PROCESS

As may be expected, several problems were encountered in
transferring the CPU/32 design from a discrete implementation to
a semi-custom chip 1mp1ementat10n. The following sections
- 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 din. transferrlng the. technology to,rhumtﬁn

the Ch1p 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 generate a Chlp 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 1mplementatlon, stack memory addresses are valid a
few gate delays after the rising edge of CLOCK, so the
asynchronous RAM begins its access period near the beginning of
" the high CLOCK period. Depending on the operating frequency and
RAM speed, the stack data output is available for readlng at or
shortly after the falling edge of CLOCK.

’ ‘With synchronous RAM, the high CLOCK period must be used as
the chip enable signal, so the access delay does not begin until
after the falling edge of CLOCK, essentially addlng the entire
access delay into the critical path. As seen in earlier :
sections, 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 would have reduced the design changes
‘necessary  (and therefore reduced risk,) .and would have produced a
faster component for the first pass. :

9.2 Untested L1brary Macros ‘ ‘

_ ‘During the simulation of 'the Chip 1mplementatlon, it was
discovered that the SN74181 macro-cells did not work at all.
This was not a case of a single missed test vector when the
macro-cells were developed; they had clearly never been tested at
all. Furthermore, when a corrected version was entered into the

system, there was still an error that was only caught by an added B

last-minute set of test vectors.

Requests for a 100% coverage test vector set for the '181
‘macro were never satisfied. While it 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
guaranteed without a 1181 test vector set to incorporate into
'HARRIS. BIN., It 1s poss1b1e that some. comblnatlon of 1nput 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 test vectors. Also,

~ how can Harris be sure that fabricated silicon has no defects,
'especiallyfin-the-ALUls,wthatfwillmonlyvbe.uncovered”whenmthe o

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 e
A problem that was uncovered only after the end of the

‘summer consulting period was the fact that the SDA software was
producing an incomplete test vector output file without any

noticeable warnings. This situation was apparently due to an
input command that did not allocate enough disk space for some -

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. ' o ‘ S ‘ :

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
by manually checking to ensure all output vectors are in the
"store.out” file. Potentially, this could have lead to a non-
functional chip. . ' S - S

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 1mp1ementatlon 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 llmltatlon of system speed is the unavallablllty of
“asynchronous RAM for ‘use in the stacks.-  Even so, successful--
‘simulation runs indicate that the Chip set will functlon
correctly at approximately 10 MHz.

Once the first set of chips is fabricated, studies should be
made to determine optimum stack memory and microcode memory sizes
and implementations for future versions of the chip. The -
development of a self- -booting stand-alone version of the Chip
~with a partially ROM'ed microcoded instruction set 1s a worthy
goal for the second 1mp1ementatlon cycle. :
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INPUTS:

APPENDIX A. SIGNAL DESCRIPTIONS FOR LUMPED SYSTEM

‘The Lumped System is a conceptuai 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 Chlp set as
it appears to the outside world. :
" The. Lumped- System has 101 pins ‘plus power and ground

DVOSC Divided oscillator input. 1 in slave mode

NCYCL = NOT-Cycle clock. (single step in slave ‘mode)
. NDMA NOT-DMA transfer mode .

‘NDMIR . NOT-Dest MIR

NDSRV - - NOT-Dest service reguest reglster

NMAST ~ NOT-Master mode

'NPRTY . NOT-Parity error input

NSMIR' =  NOT-Source MIR

BIDIRECTIONALS: |

BUS0:31 System data bus

‘RD0:31 RAM Data bus

OUTPUTS: -

NDRB NOT-Data bus dest is ram(byte)

NDRW NOT-Data bus dest is ram(word) '

NSINT = NOT-Interrupt to host (status reg has changed)
- NRAM . NOT-Enable RAM to/from RD bus

"NSFLG ~ NOT-Data bus source is flag reglster

"'NSPC : NOT-Data bus source is PC 1nterface

RADO:22 Ram Address 0-8Mbytes
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APPENDIX B. SIGNAL DESCRIPTIONS

FOR DATA CHIP

The Data Chip has 66 pins plUS power
are connected to pins of the same name on

‘do not go elsewhere (except the data BUS,

to the external host interface.)

and ground. »All’pins 

‘the Control Chip, and
which is also connected

INPUTS:
DVOSC Divided oscillator input. 1 in slave mode
MADO:10 Microcode memory address
NCYCL .NOT-Cycle clock (single step in slave mode)
NMAST NOT-Master mode ‘
NMRCE NOT-MRAM chip enable
NMROE NOT-MRAM output enable
MRXDR MRAM xceiver direction control
NDDP NOT-Data bus dest is DP '
- NDDS - NOT-Data bus dest. is DS
NDIV NOT-Division select
NDMIR NOT-Dest MIR _
NMRXE NOT-MRAM xceiver enable
NMULT NOT-Multiplication select
NSDHI NOT-Data bus source is DHI
NSDLO  NOT-Data bus source is DLO
NSDP - NOT-Data bus source is DP
NSDS NOT-Data bus source is DS
-NSMIR Not-Data bus source is MIR
NWMRA NOT-Write:  MRAM
BIDIRECTIONALS:
BUSO:31 System data bus
~ OUTPUTS:
ALU31 . Sign bit of ALU output
DLOLO Lowest bit of DLO register
NACOT NOT-ALU carry-out bit
NALUO NOT-ALU output equal to 0 condition bit
NDPER

NOT-DP error (underflow/overflow)




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 - Sign bit of ALU output
* DLOLO Lowest bit of DLO register .
DVOSC  Divided oscillator input. 1 in master mode
. NACOT . NOT-ALU carry-out bit o
- NALUO NOT-ALU output=0 bit , . ‘
NCYCL NOT-Cycle clock (single step in slave mode)
NDMA NOT-DMA transfer mode
NDMIR  NOT-Dest MIR
- NDPER NOT-DP error (underflow/overflow)
NDSRV  NOT-Dest service request register
NMAST NOT-Master mode
NPRTY NOT-Parity error input
 NSMIR - NOT-Source MIR
BIDIRECTIONALS:

BUSO:31 System data bus
RDO:31 RAM Data bus




OUTPUTS:

MADO0:10
MRXDR
NDDP
NDDS
NDIV
NDRB-
NDRW
NMRCE
NMROE
NMRXE
NMULT
NRAM
NSDHI
NSDLO -
NSDP
NSDS
NSFLG
NSINT
NSPC
NWMRA
RADO: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
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APPENDIX D. CHANGES TO WISC CPU/32 DOCUMENTATION

‘The following pages ére'important changes to the WISC CPU/32

Preliminary Documentation. Each page should be directly

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 mi4::r“(:;—x:3pcr"‘tmﬁ.3
'vmuﬁt alwaya'accur in the next-to-last micro-instruction executed
within a microcoded word. During the DECO cycle, the interrupt
flag registers are examined for pending interrupts, and the MPC
is clocked with the value of the Instruction Latch (ILJ. I+ &
non-masked interrupt is pending, the MPC value is forced to 1
netead of the IL value, causing an interrupt service word to
start emecutionn

e Thie - DECL cycle, denoted by the END micro-assembler word,

must alwavs occur in the last micro—-instruction executed within a
microcoded word. During the DECL cycle, the ADDRESGS-COUNTER is
1nrrﬁmmnt@d to form a subroutine return address pointing to the
®t sequential word. If a subroutine call or unconditicnal
_branch is specified by the instruction in the IL, the NAR outputs

- are enabled to drive the RAM address bus. If a subroutine call

is being processed, then an INCIRFI is avtomatically performed.
If a subroutine exit is being processed, then the ADDREES-LATOH
’is 1Qaded from the RS, and the ADDRESS-LATCH outputs are used to
drive the RAM address bus The END micro-assemblsr word forces a
ARF=000 micro-operation LQ ensure that the Oth offset micro-
instruction is the {xreL micro-instruction executed by the next
cpoode. o :

‘ ‘The DECZ cycle occurs during execution of the first micro-
Cinstruction of the word that was held in the IL dwing the DECO
cycle.  During the DECR cycle, if an interrupt is not being
processed, the ADDRESS-COUNTER is loaded from whatever value is
present on the RAM address bus, and the IL and NAR are loaded
with whatever value is on the program RAM data bus. All these
lpads occur at the end of the clock cycle. Additionally, if an
unconditional branch is being processed, the NAR is used to drive
the RAM address bus. I a subroutine call is being processed,
the NAR is used to drive the RAM address bus and the RS is
“written with the contents of the ADDRESS~COUNTER. I a
subroutine exit is being processed, then the contents of the
ADDRESE-LATCH register are used to drive the RAM address bus and
the RF is incremented. - :

B Each microcoded instruction must be at least two clock
cycles 1ung"' Since the IL is a transparent latch that contains
wvalid data before the end of a clock cycle, the opcode may be
raad frcm RaM, during the DECZ cycle and clocked into the MPC in
the same clock cycle if desired. This means that the DECZ cycle
- of one instruction may ocour simultaneously with the DECO cycle
o thé mevt inmtruction. : ‘

In thﬁ 1nhtruutjon d@amdlng proces the,gggg 1nctrucL1on to

 ;;5e (=3 ecutad is b91ng ]Daded 1ntD NQR and Il as the first mlcrm—'
- USE of
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the micro-operation DEST=DECODE allows changing the contents of

the MAR, 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 MYF-FORTH/32 word OBRANCH and
other words exploit this fact.

There are some micro-operations that, while prohibited under
most c1rcum5tanLe%q are sssential for efficient program sxecution
for speci Be very careful when u“plazt1ng these special
T cases, and do not rely on & single test to ensure corvect T T T
pperations, since some viclations of usage rules manifest
themselves as relatively infreguent random failuwres:

al

1) SOURCE=ADDREGE-COUNTER may be used during the DECE cycle to
Fetch the contents about to be saved on the RE if the instruction
being executed is guearantesd to be a subroutine call. This is
accomplished by having a special compiling wnrd for the
microcoded word in the Forth kernel.

E: SOURCE=RS, DEBT=RE, SOURIE=RF, DEST=RE may ail e uwsed during
the DECZ cyala it the 1n5tru:t1mn being executed is guaranteed to

be an unconditional Jjump. This is accomplished by denoting the
microcoded word as SFECIAL with the micro-assembler.

Micro-Instruction
Each CPU/ZR opcode is implemented as & series of two or more

micro-instructions. Each opcode starts on the MRAM page numbear
corresponding to the opocode number 0-8511. Each opcocode may take
one to sixtesn consecutive MRAM pages as regquired.

Within each page, the order of the m1LFD"1F”tYUCLJDHE i
unimportant, except that the first micro-instruction on the
opcode s first page must be located at offset 0. The micro-
assembler assumes that instructions are to be processed in
sequential order (i.e. 0,1,2,2,4,5,6,7) unless instructed
"ptherwise with the JMP=xkx micro-instruction.

The JHF M mi cro-instruction, where the Tuuu " may be
Fpplared 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 seguences:

I s ALU=A+1 DEST=DHI g3 A
4 33 ALU=A+L DEST=DHI JMF=110 ;;
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kodinterrupt regi%tér at falling cloock edge
interrupt, then clocok MPOC with value 1
ElLSE clock MPC with Il value ERDIF

DECL Inecrement address counter on rising clock edge
Eriable next address register outputs to RADMx
IF EXIT, then clock Ram Address Latch from RE.
' and enable RAL outputs instead of
Mext Addr Reg ENDIF
IF  CALL then decremsent RF ENDIF

DEDZ (MNote: DECZ from one instruction may ocowr simul-
taneously with DECO of the next instruction)
Friable Mext Addr Feg oubputs bto RADHx
IF- EXIT, then snable RAL outputs and increment RP
» ENDIF :
IF  Call, then write address cournter to RE on
rising clock edge ENDIF
Clock next address register and instruction latoh
from RD bus contents.
Clock address counter from address bus
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INTERRUPT HANDLING ALTIONS

If an interrupt occcurs, then the MPC is loaded with a
reference to instruction # 1 (interrupt handler) on DECO.  The
interrupt handling microcode at opcode 1 is expected to save the
contents of the address counter during the DECZ cycle, which wWill
point to the word AFTER the restart word for returning from the
interrupt. Opcode 1 is also expected to save the contents of the
MEE/IL (specifically, the CALL and EXIT bits) and to sat the
~winterrupt~ma5hmbitwmmIHPORTQNT;”TME,interﬁupt,haﬁdliﬁg.WDfdmmHSt,,
wait one clock cycle after setting the interrupt mask before
doing its own DECODE!'!! ‘ o

Since CALL and EXIT functions are allowed to proceed during
an interrupt, the interrupt handling high level code mnust un—do
the return stack pointer actions caused by aborted CAlls arnd
EXITS.

: RETURN STACK FOINTER ERROR :

& HOST SERVICE REGUEST (HOST WROTE TO SBERVICE REG RED)
27 DYNAMIC RAM FARITY ERROR (UNIMPLEMENTED)

28 Coftware interrupt #2

249 Software interrupt #1

KA Software intarrupt #0

A1 INTERRUFT MASBE (1=ENARLE 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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EHARRI S STANDARD CELL DEVELOPMENT GROUP

" PACKAGE

Wisc Processor Control Chip 'Pin_ List

P IQOT

| maﬁf

B

 BUFFER TYPE

. PIN NAME _
e o PIN # ,
_ RAD[0:8] 19 | SC7200 - OUTPUT 100fp/10ns
VSS 0 SC7900 - DOUBLE VSS PAD
RAD[9:20] - 11:22 ' - SC7200 - OUTPUT 100fp/10ns
~VSs 23 SC7900 - DOUBLE VSS PAD = -
~ RAD[1I: 221 2425 SC7200 - OUTPUT 100fp/10ns
CRD[09] 2635 SC7270 - BIDIRECTIONAL TTL INPUT W/PD .
“vbbp 7736 SC7910 - DOUBLE VDD PAD .
VSS 3T SC7900 - DOUBLE VSS PAD
RD[10:21] 38:49 SC7270 - BIDIRECTIONAL TTL INPUT W/PD
VS 80 SC7900 - DOUBLE VSS PAD
'RD[22:31] ~ 51:60 SC7270 - BIDIRECTIONAL TTL INPUT W/PD
ONDIV. 6L SC7200 - OUTPUT 100fp/10ns
NDDS 62 SC7200 - OUTPUT 100fp/10ns

NDDP .63 . SC7200 - OUTPUT 100fp/10ns

NMROE 64 SC7200 - OUTPUT 100fp/10ns
MRXDR 65 .. SC7200 - OUTPUT 100fp/10ns
vVSST 66 SC7900 - DOUBLE VSS PAD
CNSMIR 67 SC7150 - TTL INPUT
NPRTY 68 SC7150 - TTL INPUT
- NMAST , 69 SC7150 - TTL INPUT
NDSRV 70 SC7150 - TTL INPUT
NDPER 70 . 'SC7150 - TTL INPUT
VDD . 72 SC7910 - DOUBLE VDD PAD
 NDMIR . oo T3 SC7150 - TTL INPUT
NDMA 74 'SC7150. - TTL INPUT
NCYCL . 75 SC7150 - TTL INPUT
NALUO 76 SC7150 - TTL INPUT
_NACOT 77 SC7150 - TTL INPUT
DVOSC 18 SC7150 - TTL INPUT
.. DLOLO 19 SC7150 - TTL INPUT
ALU3I1 80 SC7150 - TTL INPUT
~ BUS[0:9] ' 81:90 SC7250 - BIDIRECTIONAL TTL INPUT
vss o e SC7900 - DOUBLE VSS PAD
BUS[10:19] . 92:101 SC7250 - BIDIRECTIONAL TTL INPUT
VSS T 102 SC7900 - DOUBLE VSS PAD
BUS[20:24] . 103:107 SC7250 - BIDIRECTIONAL TTL INPUT
VDD 108 SC7910 = DOUBLE VDD PAD '
VsS= NP



/ZOT' !7C

mHARRIS STANDARD CELL DEVELOPMENT GROUP

Pl Wisc Processor Control Chlp Pm Llst corgtin'ued
PIN NAME T PA‘CK‘AGE* S ":”BUFFER .TYPE
R © |
BUS[25 29] 109 113 © 5C7250 - BIDIRECTIONAL TTL INPUT
. Vss - 14 R SC7900 - DOUBLE VSS PAD
| B’”ffspo 311 105116 . SC7250 - BIDIRECTIONAL TTL INPUT
. NMRCE our - SC7200 - OUTPUT 100fp/10ns -
: - NWMRA s - 8C7200 - OUTPUT 100fp/10ns -
~———f>Nspc R | | 'SC7200 - OUTPUT 100fp/10ns
’ ~ NSFLG o120 - SC7200 - OUTPUT 100fp/10ns
_NSDS a1 ~ SC7200 - OUTPUT 100fp/10ns
" NSDP 122. SC7200 - OUTPUT 100fp/10ns
NSDLO 123 SC7200 - OUTPUT 100fp/10ns
NSDHI 124 SC7200 - OUTPUT 100fp/10ns
NMULT. ... . 125 .. - SC7200 - OUTPUT 100fp/10ns
NMRXE - 126 SC7200 - OUTPUT 100fp/10ns
XSS i A QT SC7900 - DOUBLE VSS PAD
NSINT o128 - SC7200 - OUTPUT 100fp/10ns
NRAM . 129 ’ SC7200 - OUTPUT 100fp/10ns
| NDRW 130 SC7200 - OUTPUT 100fp/10ns
NDRB. 13l SC7200 - OUTPUT 100fp/10ns
“"MADI[10:3] 132:139 | SC7200 - OUTPUT 100fp/10ns
vVss . 140 SC7900 - DOUBLE VSS PAD
" MAD[20] 14l 1143 : SC7200 - OUTPUT 100fp/10ns
VDD 144 SC7910 - DOUBLE VDD PAD

vss= eNI
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'NDDS .- 4 :
NDDP._. 15
. NMROE _
~ NCYCL. - |
NDMIR
NMAST
BBy
CBUSGT]
VDD
CBussis]
_BUS{16:23]
VDD -
| BUS[24:31]
vss
VDD
MAB

\/SS

33
34

43

63

(mﬂ

SR scnso TTL INPU’I';‘_ :
~SC7150 - TTL INPUT
. SC7150 - TTL INPUT -
" SC7150 - TTL INPUT = -
~'SC7150 - TTL INPUT'_'_
~SC7150 - TTL INPUT
- SC7150 - TTL INPUT
- 'SC7150 - TTL INPUT

- 8C7150 - TTL INPUT

- SC7150 - TTL INPUT
, sc7910 DOUBLE VDD PAD

4451

P

T
55162

T 6572

s SC7900 DOUBLE VSS PAD
'SC7150 - TTL INPUT
~SC7150 - TTL INPUT
SC7150 - TTL INPUT

' SC7150 - TTL INPUT .
SC7150 - TTL INPUT
'SC7150 - TTL INPUT

SC7150 - TTL INPUT
SC7150 - TTL INPUT

SC7910 - DOUBLE VDD PAD
SC7900 - DOUBLE VSS PAD e
- SC7250 - BIDIRECTIONAL TTL INPUT i
5C7910 - DOUBLE VDD PAD

SC7250 - DOUBLE VSS PAD e
SC7250 - BIDIRECTIONAL TTL INPUT
SC7900 - DOUBLE VSS PAD |
5C7250 - BIDIRECTIONAL TTL INPUT
SC7900 - DOUBLE VSS PAD' |
SC7910 - DOUBLE VDD PAD

- 8C7250 - BIDIRECTIONAL TTL INPUT; :
'SC7900 - DOUBLE VSS PAD :
. SC7910 - DOUBLE VDD PAD

. SC7160 CMOS INPUT '




@HARRIS STANDARD CELL DEVELOPMENT GROUP T
 Wisc Processor Data Chip Pin List continued

PINNAME  PACKAGE  BUFFER TYPE
| » PIN # : D |
- \Vss““*~~~*73 S SC7900 - DOUBLE VSS..PAD
MADI8] 4 SC7160 - CMOS INPUT
N s | e B

VDD 16 , ' SC7910 - DOUBLE VDD PAD
MAD{9:10] 77:78 -~ SC7160 - CMOS INPUT
NDPER . SC7200 - OUTPUT 100pf/10ns
NALUO 80 | ~ SC7200 - OUTPUT 100pf/10ns
NACOT 81 - | 'SC7200 - OUTPUT 100pf/10ns
,boo & SC7200 - OUTPUT 100pf/10ns
"ALU3I 83 ~ SC7200 - OUTPUT 100pf/10ns
VSs 84 . SC7900 - DOUBLE VSS PAD

V$5= MY
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