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DESIGN AUTOMATION AT STANFORD
An Overview of Design Automation at Stanford University

W. M. vancleemput

TENCHICAL REPORT NO. 178

July 1979

COMPUTER SYSTEMS LABORATCRY
Departments of Electrical Engineering and Computer Science

Stanford University
Stanford, California 94305

ABSTRACT

This report contains a copy of the visual aids used by the
authors during the presentation oftheirwork at the First Workshop
on Design Automation at Stanford, held on July 3 - 4, 1979.

The topics covered range from circuit level simulation and
integrated circuit process modelling to high level languages and
design techniques. The presentations are a survey of the activi-
ties in design automation at Stanford University.
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Overvlcw  of Drslgrr Automation at Stanford
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lhc SCALI)  Dcsiqn  Sys ten\
( T .  MrWillianls)

THE S-l (SCALD) DESIGN SYSTEM

ll¶ COMPUTER AIDED LOGIC DESIGN VERSUS COMPUTER AIDED

I

PROGRAM DESIGN ii3
S-l Dosign  System Programming System

THE GOAL ia

l To substantially reduce the large and
growing design-cycle costs and time-lags .
for high-performance computers.

CONVENTIONAL LOGIC DESIGN

l Designers use one oi a few fixed levels of ebstraction.

l Gates, flip-flops, and other available devices.

w

l Computer-aided layout and wire-listing is often available.

l Computer-assisted drawing is sometimes available.

l Large-computer developments typically cost >lOO  man-years
in the design stage.

I Simulated or
rctusl  hardware

l Amdahl
l Burroughs
8 CDC
l IBM

0 Design costs hrve usually been small fractions of total
product cost (high volume systems).

l Economic penalty is in technological obsolescence of
marketed systems.

l ties become stiff only recently (LSI revolution).
l industry is beginning to automate logic design.

SCALD: THE FUNDAMENTAL DIFFERENCE H

0 SCALD is a high-level hardware-language compiler.

l Closely analogous to a high-level software-language
compiler.

l Inputs a high-level description.
l Outputs hardware.

l Arbitrary modules are designed,

l each in terms of a few other modules,
l relatively independently,
l to communicate through well-defined Interfaces.

l SCALD edvantages are:

l Increased understandability of resulting design.
l Reducing design time.
l Enhancmg design correctness.

l Facilitation of final documentation.

l Increased changeability of design.

l Increased computer-verifiability of design.

SCALD OVERVIEW /!lJ

l Consists of 30,000 lines of Pascal source code.

l Accepts high-level graphics input.

l Automatically produces

l design-aid documentation
0 automatic implcmcntation tapes
8 iniplcmentation -tIcbug files

I
l maintenance documentation
l diagnostics

Numerical results

EXAMPLE SCALD MACRO DEFINITION-SIMPLE P’ROCESSOR u

I
EXAMPLE SCALl? MACRO DEFINITION-PROCESSOR CONTROL w

,ARAMLW”
REO  *cm)0 9
ML0  WRITE  LruJc1vop

@ Is largely technology  illdcpcndent.

l Is transportable.

l Is cxtcndal~lc.
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S-1 DCSIGN SYSTEM STRUCTURE u

MOClUl~ Input Ourput

SUDS (Drawing Systomj Keyboard Text description of drawings
-m-m -----.M------

M (Macro Expander) Text  description of drawings Macro call  structure
\ Hand layout Macro definition listing

Signal cross reference

Connection list
w - - - m - - - - - - w

R (Router) Chip definitions Run list

Hand routes Summaries and statistics

Connection list Board state

Previous machine state
-$m.w”“” ---w-m

EC0  (Change Generator) Previous board state Unwrap list

Current board state Wrap  list
-----m-v -w-m

TRL  (Run Simulator) Selected run descriptions Graphical waveforms

s-1 DESIGN SYSTEM STATISTICS M

Programming language used

SUDS E R+ECOTRL

FAIL PASCAL PASCAL PASCAL

Program sizes (lines) 30K 10K 15K 2K

Programming time (man-months) Unknown 5 6 2

30 hn
Compute time per signal run, total 28 64 1000

msec. (IBM 370/168) (DEC KL-10)

S-l MARK I DESIGN STATISTICS E

Object machine size

Low level drrrrvinp
(architecture-independent)

High level drawings
(technology-independent)

Design  time (man-months)

Layout time (men-months)

5500 13.pin  DIPS; 20K signal runs

130

150

24

3



' HIDRIS, An Intersctlve IC Design System
(E. Slutz)

HIERARCHICAL  D E S I G N  S T R A T E G Y

C U R R E N T  IC D E S I G N
TOP-DOWN DESIGN

B O T T O M - U P  IMPLEMENTION
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LOW-VOLUEIE : t44STERSLICE O R  R O W  B A S E D P O T E N T I A L  ADVANlAGES .

HlNlMAL U S E  O F  C I R C U I T  SlHULATlON

L I T T L E  O R  N O  H I G H - L E V E L  V E R I F I C A T I O N
CORRECTNESS

SPEED

C O M P L E X  ic’S (lo-50K G A T E S )

SYSTEH  CHARACTERISTICS

T O T A L  D E S I G N  E N V I R O N M E N T
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I N T E R A C T I V E  G R A P H I C S  E S S E N T I A L
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-.(DDL, TESTAID, SPICE, MOTIS, ETC,)
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CRAPHI  cs COrw?mS )MNlJAL LAYOUT PROCEDURE

CONSTRUCTIVE:

PLACE
B U I L D

tl0~lFY

DELETE

CONNECT

TRANSLAT  I OtJ :

now
ROTATE

hRROR

ALGORITHMIC:

VIEWIIJG: ADJUST

ZOOM tlEASURflE~T  :

LAYERS

R U L E R I!EASURE

IABEL

AUTOHATEIJ D E S I G N  ALGORITWS

P L A C E M E N T  A N D  ROUTING  O F  A R B I T R A R Y  R E C T A N G L E S

A R E A  E S T I M A T I O N  F O R  OPTIMAL SHAPE  D E T E R M I N A T I O N

ti8ClRCUlT  O U T P U T  I:( SDL T O  BDL, TESTAID, f%TIS,  SPICE

q  ic l
Elb

PHASE 1:

1 E S T I M A T E  S I Z E  A T  EVERY LEVEL

2  INITIAL P L A C E M E N T

3  D E T E R M I N E  S H A P E S  F O R  D E N S E  P A C K I N G

4  2  t 3  F O R  E A C H  C O M P O N E N T  A T  T H I S  L E V E L

5  DO F O R  A L L  L E V E L S  D O W N

6  R E I T E R A T E  W I T H  N E W  S I Z E  E S T I M A T E S ’

P H A S E  2:

B O T T O M  U P  IHPLEHENT I O N

A N D  O P T I O N A L L Y

C E L L  HODIFIC~TION

C U R R E N T  S T A T U S  ’

SUIWSTENS IHPLEMENTED:

S D L  C O H P I L E R  / HACRO E X P A N D E R

I N T E R F A C E  T O  TCSTAlD
1c L A Y O U T  N U C L E U S

AUTOIMTED L O G I C  DIAGRLMS

D D L  C O H P I L E R  / S I M U L A T O R

UNDER  D E V E L O P M E N T  :

I N T E R A C T I V E  D E S I G N  S P E C I F I C A T I O N

A U T O H A T E D  1c L A Y O U T  Al.GORITMHS

I N T E R A C T I V E  C O L O R  G R A P H I C S



Automatic Pdrtltlonlng  Algorithms
(T. Pdyne)

PflRfITlONING  RLGORITHnS

-,Usad  to assign conponents t o  moduleo’

- Can apply at several tevsls

- Ulll  look at components on boards

jypds  of Algorithms

Constructive

-8cquentlal

-Parr\  IO\

Improvement .

-Itarotlve

-Interact ive

Sequentlrl  Constructive

Rssuc~s t h a t :  .

A complete logic  dlagrm  axldts
A connection Ilmlt  exlrtr

A bpace  llnlt  exists

It l tteapts to minimize  the number of boards.

It asslgns  cocponsnts  to a board until the
board IllIs  then starts  the next board.

It asrlgnr  components when they

are heaut\y  connected
*

a n d

add aininal\y  to conrtrainto.

An  laplementatlon

Start with board 1.

1. Select a seed component.

- Random

- User input

2, Asrign  the component to the board,

3, Updete the external  connection  llrt.

4. Update possible component Ilrt,

6, Select  the next component.

- Connectlono  added

- Space l dd,ad

- Board full?
- LIbt  l np ty?

Seed 9 2

External connectIons  - B , C 8 f . Ii

Posslbls next components * 1 , 4 , 5

Results

- System wlth about lg00  ECL gates

- 100 connectlons per board tlmlt

L----------------L--_---L------L-----------------------------

i x3 f
fnanua  I

(lco/board  1 i
sequent’al I
(lcsjboard  1 !---------------------~---~--~----~---~-------------------

I 18 I 1 7 I 15 I
-----------------L-------------o------------------------
I 65  1 3 3 1 17 l
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

-  Easy t o  lmplcmont

-  Aluays flndr  a  feasible  partltlon

Paral le l  Construct lvr

Adrumes  t h a t :

A cornplate  logic dlngram exlstr

A  r o n n e c t l o n  llmlt  exists

A space llmlt  exists

I t  attcmota  t o  find  a  v a l i d  prrtltion  o n t o  I given’
numtcr of boards.

It constructs aI1 tho boards In a parallel manner
so assi nment decisions can be nado based on
lnforma & Ion in a l l  b o a r d s  instead  o f  Just  ono board.



An lap1ementatlon Interactlvc Improvement

Phase 1
1. Se lect  a  target  number  o f .  b o a r d s .

g. Seed each board.

- Random

- Urcr lnput

3. Pick a new component for each board.

- Ruth  like scqucntlal  s e l e c t i o n

- Do not ptacc any components that
connect to more than one board

4. Repeat until no more components can be placed.

Phase i?

t h e  remaining  c o m p o n e n t s  w e r e  n o t  p l a c e d  b e c a u s e

to components on more  than

- They do not tit  on the board they connect to

- they do not connect to any placed component

Place the  r e m a i n i n g  components  by  finding
the board it fits on the best.

- Place heavily connected components firat

- Look at

- Connections added
- Space &died
- Board ful\ness

- If a component wilt  not
par t i t ion ing  has  fai led

fit anywhere then the

Reau Ito

- System ulth about 1000 ECL gates

- 100 connections per board \lmlt

----__------------_-------------------------------------
I x3 I

m a n u a  \
(icr/borrd) i

parellel
(icr/board) i

- - - - - - - - - - - - - - - - - - - - - --------------------____________^___
I 18 I 17 I 15 I
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I 55 I 33 I 17 I
------------------_-------------------------------

Rdvantagor

- Easy to lmplsnent

- Each lteretlon  is fart
Dloadvantages

- Ray not Ouccccd

Inprovcmcnt  Cllgorlthmr

Assume thstr

- Some inltl8l  partltlonlng  l xlstr

- Random

- Constructive

- tlanual

- A connoctlon limit  l xlrtr

- A l paco llmlt  exlrtr

Attempt to lmprovo the
rerrranglng components

prrtltlonln~  by
rn born0  msr.ncr.

- ( I n  lnltlal  partltlon  1s
constructlvs  algorlthm

f o r m e d uslsg a

- The user removes components lnteructlvely

- Limits  are  checked

- The user can replace these components by hand

- again limits a r e  checked

- The components can be r c
using tno last phase of e

laced autoastlcall
he  para l le l  algorL  hmt!

Palrwlse Interchange

1. Pick two components

2. iest  to SEC if interchanging them will
Improvo the  par t i t ion ing

3. If yes then interchange them

4. Repeat 1-3 until

- tlmc  limit

- Interchange limit

User  lots  o f  tire

Problems

- Rellabl  llty

- Testabilfty

- Use of standard or repeated  boards

future Work

- lJz.8  o f  hlcrarchlcal  des ign  lnformatlon

- Interactive  program

- Bit  sllclng

- Logic rtructurc,rccognltlon

tilorarchloa\  Log ica l  Dkscrlptlon  Trto

P
- Functional  grouping

- Structural lnformation

Physlcrl  T r e o

Syatcm

Racks

Boards

Chips
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SDL. A Structural Description Tool
(D. Coelho)

STRUCTIJRE
[ CrJNNECTIV  ITY 1
[BLOCI!:  DZRGRfX’iSl

BEHFlVIOR
(FUNCTIONRL  SPECIFICFtTIONl
(SIMULI-lT.ION  MODEL)

PROBLEM :

M U L T I P L E  REPRESENTQTION F O R
STRUCTURE FIbID I~EHI~VIOR

RESULT :

D E S I G N E R  HRS T O  RECODE  DESCRIPTION

TO SRVE TIME,DO  NOT USE SOME  T O O L S

Ft SINGLE LQNGURGE F O R  S T R U C T U R E ’:  S D L

FI SINGLE LF9NGlJRGE  F O R  BEH63VIOR: RDLIB

-FI S I N G L E  NOTFITION
-SUVES TIME
-F)LLOU:S USE OF LRRGE NUMBER OF TOOLS
-PROMOTES EFISY DES I GN Il4TERCHRNGE
-FILLOWS  CONS I STEHCY  CHECKS
-tlR’/E PllJ-<OPiRTED  t4;IRFP  L NG TPIRU MRCRO-

EXPI~NS I ON

- SII~SYSTEMS  (ELRCI: ‘BOXES 1
->COMPONENTS

- EXTERNFLL CONHECT  I ONS
->EX-fERNRL CONNECTORS

- CONNECT1  ONS RETWEEM  SUBSYSTEMS
->NETS  FIND BUSSES

FIRCHITECTURE
REGISTER

LOGIC DESIGN
CIRCUIT
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.

USER:‘Wf’lUC’*#

(1:  GENERAL CIRCUIT INFORflATION  FOLLOWS XI
NA?lE:MIJLT4-
PUR?OSE:ICbESIGN;
LEUEL:CHIP;

-I

(X DESCRIPTION OF EXTERNAL CONNECTORS FOLLOW t)
EXT:EC:Al,AZ,A4,A8,B,CLK,CLR,PRODUCT,U,GND;
INPUTS:EC.(Al,A2,A4,A8,B,CLK,CLR>;
OUT?UTS:EC.PRODUCT;

(t DECLARfiTION  OF THE PRIMITIVE COflPONENT  TYPES FOLLOWS X)
TYPES:MULTl,Nkl+D,INU;

(1:  DECLARATION OF COMPONfNTS  AND THEIR TYPES FOLLOWS t)

(1:  CONNECTIVITY BETWEEN
NETSEGflENT;
Nl=EC.Al,fl<l>.Aj
N2=EC.A2,11<2>.A;
N3=EC.A4,fl<3>.Aj
N4=EC.fi8,Gl.A.
NS=EC.B,Cl.B,h<l:3>.B;
NG=Il<l>.P,EC.PRODUCT;
Ni’=EC.C.K,11<1j3>.CLK;
N8~EC,CLR,ll(l  r3>.CLRj
NS*M<l>.FP,tl<3>.P
NlB*Fl<ii>  .PP,M<3>.b;
Nll*Gl.O,C2.S
Nl2=G2.O,fl3.Pb;
END:tETSj
ENDC;

COMPONENTS FOLLOWS IN TERM OF NETS Xl

A

B

I
c

V

MY

P/lP

@

0

N/TN

(t  mt  twa  CIRCUIT DESCRIPTIOF~  x)
NAMEtNAND-
PURPOSE:ICDESIGN;
LEUELlTRANS;

(t EXTERNAL CONNECTOR INFORflATION  $1
EXTrEC:A,R,O,U,GND;
INPUTS:EC.<A,B>;
0UTPUTS:EC.O;

(d  COf’lPONEtlT  TYPES AND COIIPONENT DECLARATIONS FOLLOW X1
;;+‘;;:;;,TN;

TP:PA:PB;

(X CONNECTIVITY
NETSEGZENfa
Nl=EC.A,PA:G,NA.
Na=PA.D,PB.D,NA.
N3=EC.GND,NB.S.
N4*EC.U,PR.S,Ph.
NS=EC.B,PB.C,NB.
NS=NA.S,NB.D~
ENDNETS;
ENDC;
0

OF CIRCUIT FOLLOWS

!iEC.O;

s;
G;

%I

.-111----------------

COW I LER/SYWTRK CHECKER  OPERFlTI ObIFIL ON
DEC 29 SYSTEMI
IEPI 370/168
HP 3888
HP 1808

INTERFfJCES EUILT TO

I MTERFFtCES PL0MNED :

I’IOTIS [MOS TT.MTblG  SIMULATOR)
CRLHOS  ( I c Lr!YOUT  I
SICLOPS (IC Lf~lYOUT 1
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DDL-P, an RTL Uchavioral  Description Language
(W.  Cot-y)

DDL-P: DICITRL DESIGN LANGUAGE- - - - -  c------  - - - - - -  - - - - - - - -

p t f o n  l a n g u a g e
s y s t e m s

A behavior-a\  descr
f o r  d i g i t a l

-Flnlte  state  m a c h i n e  n o t a t i o n
-Parallelism
- L a n g u a g e  d e s i g n  c o n s i d e r a t i o n s

R e f e r e n c e s :

D . L .  DIetmeyer  a n d  .I.k. Dulet
t a n  u a g e s  a n d  vl‘hc:~r  T r n n s

f,  yResi;ie;;,z;;;;fer
atlon

SYS?Em DESIGN  fiUT@ilATION:  L&NGUfKES
SIMULATION GND DATA EASE.  Compute r  icience
h-c-a,  I n c . ,  1975,  p p .  117-218.

W.E.  Core a n d  W II vanClp-m  ut A N
INTRO&I&i&i  ?s'%  DDL-P'L~NGIJAGE:~  gta;ford
U n i v e r s i t y ,  C S L ,  rlarch  1 9 7 9 ,  9 7  p p .

W . E .  C o t - y ,  J . R .  Dulct a n d  W.M. vanclcemput,  D D L - P
COf'lMfA;VD  LRNGURCE  &tJUnL.  S t a n f o r d  University,
C S L ,  M a r c h  19-i/9,  3 9  p p .

B r i e f  h i s t o r y  o f  D D L- - - - -  ----_--  _- - - -

- F o r m u l a t e d  b y  J i m  D u l e y ,  U. W i s c o n s i n  1 9 6 7

- S o m e  w o r k  b y  J i m  Dutcy,  D o n  Dietmeyer,
R . L .  nrndt,  L.E.R.  Soares  a t  U. Ulsconsin

-tar  e s u b s e t  i m p l e m e n t e d  a t  H . P .  L a b s  i n  1 9 7 1 - 7 3
bg bairn  Duley, B e c k y  C l a r k , a n d  J o h n  Welsch

-f;w;;fken  i n  P a s c a l  a t  S t a n f o r d  b y  W a r r e n  C o r y

DDL SYNTAX- - -  ---e-w

COMMENTS e n c l o s e d  i n  q u o t e s

' T H I S  I S  A  COrlrlErlT.  '

: COIIMENT  T O  E N D  O F  L I N E . . .
(NO TRfiILING  QUOTE REQUIRED)

IDENTIFIERS
- s t a r t  with a  letter
- u p  t o  1 3 2  a l p h a n u m e r i c  c h a r a c t e r s

i
REG
NamesCanRuOulteLong

CONSTIINTS

L e n g t h - B a s e - U a l u e

1Bl 1
e10110
00000101

88.101
en.101 :rBBBBO
1011,74 0111019800

100 006006W01100108

OUCRUIEW  - D D L  D e s c r i p t i o n  h a s  fo\\owing
s e c t i o n s :

REGISTER S y n c h r o n o u s  f l i p - f l o p s

MEMORY bynchronous  l a t c h e s
.

TERMINAL C o m b i n a t i o n a l  n e t w o r k s

OPERATION D e f i n e  t r a n s f e r s  w h i c h  m a y
optlona1  t i m i n g  i n f o r m a t i o n

o c c u r ,

CONTROL F i n i t e  s t a t e  m a c h i n e  contro\\ing
u s e  o f  p r e v i o u s l y  defined
Cncilitles

MEMORY/REGISTER  DECLARATIONS

/ REGISTER \
( 1 A, B,  C,
\ PIEMORY  /

DC5:  103 ,  ECl6:03,

FCl07, ' e q u i v a l e n t  t o  FC1:103’

GC0:10Z3,15:03

END

TERIIINAL  DECLARATIONS

TERflINAL

;rfn&03,  JC0:10,S:03,
f u n c t i o n  n o t  s p e c i f i e d  '

tftnEFY%  j
fu;;;iion  s p e c i f i e d '

XL17 = X<l?,  '
sunxYc1:163 = Xt+)Y  T A I L  1 6 ,

‘S o m e  i n  uts u n s p e c i f i e d ’
' slJrl(x,&:12~ = (10DO  C O N  X(+)Y)  T A I L  1 2

E N D

BOOLEAN  EXPRESSIONS - FACIL ITY REFERtllCES

:assume  dec~nrntion
R E G I S T E R  A ,  B ,  C ,  DTS:103,  EC16:O.J,  F C 1 0 7 ,. GCO:lBi!3,15:0.1  END

' T E R M I N A L  SUM(X,Y~C1:123  = X(+)Y  TAIL  1 2  END

n
DC62

:c10173
tiCl000,143 GClO003C143
GK1,15:33 ccl~c15:33
(X253

SUI’I  ( E,  GtD3  )

C C II C C CON D t B (t)  2 3 , f. 8 EC4:03  3
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OPfX#l’ION  ACTIONS

Assignment <- Del{){  c d  s t o r e
. I m m r  late s t o r eil

.

BOOLEfiN tXPRESSIONS  - OPERnTORS

‘almost’  In o r d e r  o f  precedewar

Addltlon  and  s u b t r a c t i o n

181 (+) 481011 . l 5881100
IPllll (t)  4 B l l l l = 5BllllB
1Bl Ct)  lB0 l 2B01
1Bl C-1 4Rl011 l 5Bl0110
IBllll (-)  IBllll
lB1 (-)  lB0 : ;;;y
yl; y~B110

tr) 3BO01
: gy
l 3Blll

Arithmetic  rclatlonal  o p e r a t o r s

Unsl ned ar  uments  assumed
Resu  t  i s  1  1  ( t r u e )  or  l B O  (Ca1sc)9 ?I

2Bl0 > 16Dl
10Dl 8 1Bl
yrl ;= 1 8D3

- 23.3

l lB1 t r u e

: :;;
;f: )jsI:n+  equf  1’

cqua  1
- 180 fal5e

Substring  o p e r a t o r s

3Bl0i EXT 3 = 9B101101101
BB1101@110  H E R D  4  = 4Bll01
8B11010110  TRIL  2 = 2Bl0

Concatenation

~~~‘01  p/ 6;“; l 10Bll01000001
. - 10B00011e0000

O n e ’5  c o m p l e m e n t  .

- 1Bl n lBO
- GB110101  = 6B001010
- 1 0 8 1 4 7 3 = 10B0011000100

Binary  \ogfcal  o p e r a t o r s

5Bl0110  1: 5B00101  = 5B00100 fiND
5Bl0110  C+3  5BO0101  = 5 1 3 1 8 0 1 1 XOR
5B10110  t 5BO0101  = 5BlOlll
5B10110  t ?Blllllll = 7B0010110  &RiWNCX

R e d u c t i o n  o p e r a t o r s

:
R E D  5B00010  = lB1
R E D  SBlllll = lB1

t+J  R E D  5 8 0 0 1 0 1  = lB0
.(+I  R E D  SBlll01 = 16R0000000000000100

P a r e n t h e s e s  m a y  b e  u s e d  f r e e l y  in e x p r e s s i o n s
t o  a l t e r  t h e  order  o f  o p e r a t o r s :

t(r CON B)  C+3 (C + D)

Conditional  e x p r e s s i o n

CFISE  satcctor  D O  v a l u e  it s e lector=l
D O  value  if s c lcctor*2

. . .
D O  value otherwlsc
ENDCASE

A  s e l e c t o r  A v a l u e  lf selector=1  j
v a l u e  If selector=2  ;

v a l u e  0tic;w;sc .

I F  solcctor  THEfS  v a l u e  lr selector=1
~t;~l..Fva\ue  o t h e r w i s e

CCISE  3 C O N  K DO lB0
DO -0 ii:  iol
EHDCOSE

I F  Cc TIIEN YE13
Eh;MFIF  B  TM-N  YC23 E L S E  YE33  ENDIF

fi=B,  B=A will n o t  sua
M - B ,  B<-FI  wll\  s w a p  VI u e sP

v a l u e s

LeCt,h;;i  ;ldu  c o n c a t e n a t i o n :
- cxora.l.-7lon

fiElr3.7  CO/i  Btl:!iJ  l 8B10101100
- - >  Ml:33  l  3El01,

BCl:53 l SB01100

I C)Q equlvalcnt  t o  ‘A=lBl’

I T I N E  e x p r e s s i o n glues  l e n g t h  o f  c u r r e n t
o p e r a t i o n

I N P U T ,  OUTPLJT  a c t i o n s  auai  lable
II1PlIT(l,POt?TC1~),
OlJTPUT(  6, POR’iC2.3 1

Condltiomt  syntax  used  In Boolean  e x p r e s s t o n s
81~0  avallablu  f o r  o p e r a t i o n s ,  a l o n g  w i t h
l a b e l s ,  goto’s

OPERATION DECLARATION

’ Operation  i s  n a m e d  s e q u e n c e  o f  actions  ’

OPERATION

INIT  = C A D D R  = 8B0,
LABEI::  lW&DRJ = 880,

= FIDDR(+)l  T A I L  8 ,
I F  ADDRZ0  WdF->  LnBEL

3,

GETSTROBE = CJHPlIT(l,STROBE)3,

CETSUM(X,Y)  = CREGtl:127  <- SUR(X,Y)3

END

CONTROL DECLARATION

I Examp  1e

I l D D L - P  specification  for  p r e v i o u s  e x a m p l e  .

REGISTER tSSRC0:13  END
TEHRIEIAL  A,B  CflD
OPEHRTION SETS%?(N)  8 CSSR<-NJ  END
CONTROL P(2D911:  ->O/

o(2Bii): IF fi mm ->s
E L S E  I F  B  TtIEPI  ->R

ELSE ->Q
EIiDIF/

R(2Bl0):  I F  B  :I:!?SETSSP(?C10)
ELSC SETSSK(~B~O  J criuIF/

;;;B00H  SETSSHf2D01)/

!%ntos lnuoke  operations  to carry  out  desired
d a t a  t r a n s f e r s

I Al1  o p e r a t l o n s  i n  s t a t o  executed  i n  parallel

Do\aljcd  storrs  flnlshcd  Just  berot-e  next  state
Is entered

OPER~;;;N

CONT&L
- CRC-S,  5<-RJ,  .  .  ,
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ADLJWSAOLE,  a Multilcvcl Functional S$mulator
(D. Hill)

S A B L E

STRUCTUK  AilD BEHlVJOS LINKING fNVlRO’~flENT

DWIGHT  D.  H I L L

YlLLElr  VANCLEE!IPUI

S T A N F O R D  U N I V E R S I T Y

INTRODUCT  13N

U S E F U L N E S S  O F  S I M U L A T I O N

PROBLEHS  W I T H  E X I S T I N G  SIMULATo?s

N A R R O W  P H A S E  O F  DESIGN

F L A T  S T R U C T U R E  - HIGH  COi’lPUTATlO!t  L O A D S

F R A G M E N T A T I O N  O F  DCSIG:J

COflPATlBlLITY  C H E C K I N G  D I F F I C U L T

6OALS  O F  S A B L E  P R O J E C T

U S E F U L  FRDI’I  COyCEPT!OiJ  T H R O U G H  H~INTENA,YCE

CAPTURE  DESIG$t  E A Q L Y

IIERGE  S T R U C T U R E  W I T H  B E H A V I O R

ACCURATE !nDEL

OMIT  WI)THING  I M P O R T A N T

I N T R O D U C E  N O  A R T I F A C T S

S U P P O R T  A L L  L E V E L S  O F  ABSTR4CTIoN

ALLOW  MIXING  O F  LEVE1.S

REASC#BLY  EFFICIE:tT

WY  T O  L E A R N ,  U S E ,  R E A D

APt'KOACH
V E R Y  GENER4L  M O D E L

N O  STRUCTUQF  COiISTQ4lNTS

CENERAL  P U R P O S E  HIGH  L E V E L  L A N G U A G E

No LEVEL SPECIFIC FEATURES

EXTEND.IBLE

S A B L E  MDDEL  O F  CO?lPUTEQ  SYSTEm

hh\Y  INDEPENDEIT  P P O C E S S E S

INTERCO:iNECTED  W I T H  “ N E T S ”

S Y N C H R O N O U S  O R  ASY!tCHRO’IOUS

C L O C K  DRIVEN

STlMUL4T  103  D R I V E N

N E T S  C A R R Y  D414  AUD CO:jTROL

A R B I T R A R Y  T I M E  S C A L E

U S E R  INT’RFACE

S T R U C T U R E

S D L  - ‘STRUCTURIL  D E S I G N  LANGU\GE’

G R A P H I C A L  E D I T O R

EEIIAVIOR

PASCAL BASED LAiIGUAGE

STRUCTUM  EDITOR l SUDS II’

R U N S  O N  T E K  4 0 1 4

MWIPL’LATE  POLYCO’JS,  L I N E S  4ND  T E X T

‘PUSH’ A N D  ‘P O P ”  DI’CRAT104S

HICR~RCHICAI.  DCSIM

h4CRO  tX~A:IS1311

6fNtR4TES  S D L

WQKS  W I T H  OitlEQ  B . A .  T O O L S

SENSOU0
~;T-i-0B U S - P O R T

'ADLJB' - A  DESIGN  L A N G U A G E  F O R  I N D I C A T I N G  BEH4VIOR

CONlAlNS  PASC4L  (AWOST)

USER DEFIUED  TYPCS

TYPE CHtCKlNG  E N F O R C E D

FLEXIBLE CONTROL STRUCTURE

Sl’L4LL  L A N G U A G E

A D D E D  F E A T U R E S

COM’%JNICPTING  V I A  N E T S

COROUT  IN I Ni

FOWZAT OF AY  ADLIB PROGRAR

G L O B A L  INFOQP14T  IO1 S H A R E ! ,  Rt  TWEEN  COllPOItENTS

N E T  T Y P E  DCFlNlTlOflS

C L O C K  DEFINITIONS

TYPES, CO:dST4lilS,  VARl4BLES,  ROUTINES

COMPONINT  T Y P E  DEFINITIO:JS

NO ‘MAIN  BOUY”

N E T  TYI’E  DEFlNll  I O N S  (NETTYPES)

MTA  SlRUCTURE  + INTEQPRElATION

INlFHFACf  RflWEEfl  Co!vo:~L:trs

Lfv[L  of COflt’O~fNl  - LCVtL  Of  NETTYPES .

COMPACT  APPROXIMTION  - Hlr,tl  L E V E L

BOOLlAN  / HULl  I-VALUE1

CK4R / S E T  O F  B I T S
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.

ADLIB  COtiTROL  PRlfllTlVES

A S S I G N ASSICI  RCGA  l R E G B  T O  B U S  S Y N C  C L K  PtL4SE  2

ASSIGY  R I S I N G  T O  O U T  DELAY  3.OC-10

KAITFOR WAITFOR  IYTEREUPT  S Y N C

~~AJTFOR fault  CHECK  EMBLE

B E G I N

HllLE  T R U E  JIO  ClSE  CIITRL  O F

PATtU  :  B E G I N

PMlIT~CH4NYELJ\);

KAITFOQ  C N T R L  PATH1  C H E C K  CUTRL;

INHIRIT(CHINNEU\);

ENDI

PATH; I BEGlW
ffftt'tlT(Ct@i:t~fL~)~

Y41lFOR  CIITRL  P A T H 2  C H E C K  CNTRLJ

INHIBlT(Ctl4:14EL~~;

ERDJ

LM)J (’ (bF CASE ‘1

ENDJ

NETTYPE

B Y T E - B U S  - S E T  O F  (BIT1,BlT2,BIT3,BIT4,BITS,BlT6,BlT7,BlT~;

SfLECTORJET  = (PATHl,  P4TH2)  ;

BDOLNET  - B O O L E A N ;

CU4PTYPE  tlULT  IPLEXORJ

INPUT

DATAI,  D A T A 2  :  BYTE-BUS:

CNTRL  :  S E L E C T O R - N E T ;

OUTPUl

D A T A - O U T  :  BYTEBUSJ

SUitPRruSS

Ctt$,aEL_l\  :  lP.MtlIT  D4TAl  TO DATI\-OUT  DEL4Y  1 0 . 0 ;

CfiWiEL_B  :  TRAWlIT  3ATA2  T O  D A T A - O U T  D E L A Y  13.0;

S U B P R O C E S S E S  (COxT)

E A C H  H4S  !ME

COI(TROLLED  WITH  ‘I N H I B I T ’ A N D  ‘PER’llT

R U N  INDEPENDE:ITLY  O F  R A I N  BO3Y

WN  - PROCEDUR4L

SENSOR17

T R A N S L A T O R  S P L I T T E R :

INPUT

B U S  :  B Y T E - B U S ;

OUTWT

OUTI,  OUTZ,  OUT38  OUT4,  OUTS,  OUT6,  OUT7,  OUT8:  BOOLNETJ

B E G I N

MllLE  TRUC Do  BEGIti

A S S I G N  (RI11  I N  B U S )  T O  OUTl;

A S S I G N  CSli2  I N  R!IS)  T O  OUT~‘J

A S S I G N  (BIT3  I N  B U S )  1 0  O U T 3 ;

A S S I G N  (BIT4  I N  B U S )  T O  OUT4;

ASSJG!l  (BITS  I N  B U S )  T O  O U T 5 1

A S S I G N  (0176  I N  B U S )  T O  oUT6,

A S S I G N  ( B I T 7  I N  B U S )  T O  OUT~J

A S S I G N  ( B I T 8  It1 B U S )  1 0  OUTS)

WAITFOR  C H E C K  B U S :

E N D ;

E N D ;

TRANSL4TORS

SAM  FORM  A S  COf?PTYPES

T R A N S L A T E  BEMEN  NETTYPES

I N S E R T E D  T O  PR3DUCE  ilULTI  -* L E V E L  SI’IUL4TIOY

SENSOQl‘?->

clS E N S O R 2

E X P E R I E N C E

U S E R S  K N F W  P4SCAL

B A S I C  lDCAS  GQlSPLD  Q U I C K L Y

I N T E R A C T  It::  COfS:r.uL:~TS  WIltI  P R A C T I C E

F A S T  IHTEQACT  IO:{  APPRtC  IA1 E D

P R E P R O C E S S O R  WII?,LLU,S

IACK  O F  B;I  H4NIPtiL4TIO’i  FllCILlTlES

CONCLUS IO:1S

BASIC  P R I N C I P L E S  S O U N D

JtU’LEMENlATlrJ;~  AD.:I)UATE,  B U T

BElTER  DI’MISTICS

PRLIEF  IfrED  B I T  tWlPULATIO:I

JNlCGQATED  T E S T I N G  PACK4GE

F U T U R E  M Y  INCLU3E  NQ:I  - SlRuLATIO:I  S U P P O R T

SYHBOLIC  EXECUTIO’I

A N A L Y S I S  AYD REIIQITING

DCSIGN  QUl  E CtlCCKlllG

KRIFlCATlOil
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SUDS-L,
(W. Wolf)

An Intcractlvc Design Spcclflcation  Tool

IDSPEC,  IC DEZSIGN S’r’;STEPl

Interactive desic,n specification,
simulation and layout of
integrated circuits.

SUDS-II Edi tcw

+GENERFIL
SPORTRBLE. (PRSCQLI
+CRPTURES  CONNECTIVITY  FlND

D E S C R I P T I O N  INFORMt7TION

s

OB

D
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- _ . . .

1
-bATA  Et&W 4

CltLOC.C66) CZ~LOC**lz~

,cr0cr a _ ,c~oct  a .
OUT

I” a
7491(16  PIN  DIP. II PEEWED)

USER  : “i;l!‘4’,  E S Q .  I’;

NAftE:!:STL”. I
PURPOSE:  TEST;
L E V E L :  CfiTr:;
EXT:Cfll:f~:.c,R,Q,O_~.\~,CL~;
TYPES: ‘1104,  7410;
7 4 0 4 :  12,  1 1 ;
7 4 1 0 :  c2,  Gli
END;
NETSEG)‘C!lf;
C L K =  Cl.?,  C2.:r, . CLK:
a= .c, ci.fl, G?.A; -
Q-R&it= .L! II:.?,  G2.0,  c1.c;
R =  I?.SPYO~O3,  .i;f
k,RkK=‘CZ.C,  i?.$i’Y3002;
s= 11~~!~.;0001, .S’
S,!lA!l= C l .  A ,  Il.  ~Phooo;
ENDC;
CENI);



* 3 rrain problems

1) state nssip,nment

2 )  niinimizatlon

3) partitioning in maapping

Ex.

DDL FlACIlT;~I,  blODEL- -  .-__.  ---_-

I -.--------__ 7
! OPBMTION  !

FINI'l'E  STAT2  klAC!IINl*;
signals

FF

Inputs
Qualifier:

i

BLACKJACK IWXIME 5 QUALIFIERS
10 CONTBOL  SIGNALS

- -_.-- --- -_-- -------_--_- .__- -_-
I

- .--- .---_ ----IJe?::t-state
Fwction 1 output

Function

_---..._

l ;

outputs-?
Instructions
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,a I3 L A C H J it C K II  A c I I I fd  f-:  , ”

RL-‘r)ICiTI:I~ !;cc’i:l*[~jJ,  CAf?L!1:1Jf.  C’jl,  I:r:.
TEI(N  I NAI. Ii1  I, I:t;l  )i<L, 6 r,wl?  I

WLUL: K 1 : Y I -- I P.iPU  I’ ( 1 I \‘,V-Uf:  ) 0
YCf?D  ” INi’Ll  (1,  YClID),
Y L 1 7  &I SCCatC  ::l 7, YLX! - SCOIIEG’r?~
NACE = CARDi?IJf’ttl.

OPERATION
TI’T  n CCIA2L)IIIJF _ 5D101,  TtlT  - CCARDCIJF ._ 51)231,
TVC m. CC,i!;l!31Jir VkLUl  : J 9 IIiI’F  = CHI r-tll13,
ISTD *f [:;~,Wl,=l~l 3 ,  Il;i::\  = IBI:OW~lBi  3,
CLB  = CSCOUCY  _ 5DU1,  AI!D-CSCfIi<E ~(ECOfK(  ~)CAfIDI3UI’)TAIL  51,
HFF  = CFF-1003,  J F F  = CFF _ 1Ul I

CONlROL
A: C L S ,  KFF,  ->B/
B: IHIY,  TVC,  “YCRD’ ->CI  ->B.  /
c : “YCHD” --Xi  -;D.  /
D: ADD, ?#+I:E+FF”  ->F , -)E.  /
E: Jt-F, TPT,  ->D/
I=: hYL1-7”.  ->D;  -3s. /
G: ^YL22”  ->K,  ->H.  /
H: Kt-F,  T M T ,  ‘FF“  ->D;  ->J .  /

J.
ii;

I DRK, “YCHD”  ->A;  ->J.  /

ISTD. *YCiiDh ->Ai  -:aK.  /.  $
4 4 4 4 4 4 4  I$*+

CONTtWL
A: C L S ,  HFF,  ->B/
B: IHIT,  1VC.  “YCRD“  --SC;  ->B.  /
c : “YCRD.4 --:>Ci -)D /
D: ADD. “:<,?f~F:+FF.^.  ->F ; -->E.  /
E: J F F .  TPT. -‘I?/
F : -'YL17" -:aBi "YL.22" ->.Ji<; .‘FF”  ->D.  , KFF. YMT. . /
JK: *YL22* is‘rD;  IBRK. , “YCA1>’ ->A;  ->J’A.  / S

~;Tt\‘l’lS  A!;:; 1 G’JJINJ’P,,.....-,--.L.--..-

1. d.ctctm:nc  # o f  8 tat0  vi:ri;Iblc3

* f-01’ r tlf;Rtxxl,

(10~~ r) 5 n 3 r

* r tltdtf33

n ntnto varinblca

# o f  3t;ate a3signmcnts  =01
(2"-r)  1

# of distinct state assignments =I (L!;2~j~)~,, -’ -
(S-R,J-K,T  f l ip-f lops)

(For D flip-flops, the complcmentation of the

state variables results in a new state

assignment  9

r n

1 0
2 1

2
2
2

_

5 3
z

87 3

9 i--

2. assign the codes

l requirement

1) correct : e a c h  s t a t e  m u s t  b e  unique

2) race-free : asynchronous qualifiers

3) minimurn hardware

l method

1)  m a n u a l

2) semi-automatic : interactive

3) full-automatic

l algorithm

1) consider the entire  machine

a. Dolotta’ 3 method

b .  SRR-procedure

2) state-by-ctatc

a. Mlnirnuln sta tc locus

state locuo  : tho sum of all the bit

di3tanccs  of all the cxlt  paths in

a  s t a t e  mnchlnc

b. Rcducad dcpc:ndcncy

. connider  tho cffcct  of’ qunlifiors

SELECTIOIJ  0;” E‘F’S

D, JK, T

*Excitation Tablc

1. JK FF’s tend to give  a smaller hardware  if used

with conventional  combinational notwork, but

2. nocd twlcc  a number  of’ noxt state functions.

. e00d for f 1nflinC: 0. rtlcc-frco

stat0 assl~:nmont
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M1NIM.C%A'l'lGN-.-----

1 .  QUINE-McCLUYKY  Method

* generato  all prime implicunts and then  obt:lin

a minlnlnl  covering

* gunrsntec an optimum solution

l c o stly  : storngo and time

2. Heuristic  Algorithm

* # of products is lmportnnt

3 the cost function 1s simplified by

assigning equal weight to every implic:lnt

M.

* requirement

I) simple

Ii) f a s t

iii) use less storage

iv)*haznrd  free

MAPPING

1 .  Fnrtitioning

2. YLA or PAL

multiple  input

yrograrnnable  AND
array

I OR

multiple input

=) several sin&e out;;ts

Output functions do net

share product terms

(
programaable AND

array
f i x e d  O R >

PRO(;RAM

.l.-
I;";";(

state flow table
. . 2. qualifiers

3. intermediate output eq's.
- - --w N.+---.--'I I

. dots not accept the
ldcntical  code  for two
diffcrcnt  states

cA):r”
CIIB

L
C

TS E L  -p-j

k

T

D --.

2. check the bit distances

generate  unusc:cl  codes TERMINAL

,--A 7
Generate output eq's.---. - - - - -I

c-. --
Gencrate FF cq's

m - m - 1
- - T - . - - - - - -- ..-.-, --- -_, 1
clSY’Ol- .-

HOdUl.0  3/4 countrtr- - - -

c'k

SEL, ZJ, z4

CONTROL

A : /

B : $

c: AASi7LA. ,' D ; z3 e, - - > A . /

D : %'b  @ , - , A . / .  $
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l;‘lA’l E TI:r1NS  I r IL)N *I*

1. C/D = 5El.
2: C / A  - -93s

1 b W A R N I N G  : tWi?E TtiAf4 1 V A R  IA:ll,E CHANL’ES  IN A  TI?AN!i I  T I O N

1. 2 VARIAl3LES
2. 2 VAR I A:iLES

2)  UNUSED COD23 FOR STATE ASSIGNMENT

1.
2.

1.
2.
3.
4.

1.
2.

1.
2.

NONE

C OUTPUT EQUATIONS >

7.3 a -02-m 1 G--SEL
24 = Q2!*-Ql

C JK F F  EOUAT  I O N S  >

Jl = -Q2a-Ql  + d(O2aQl  + -Q;!sQla(-SEL)  + --G2eQlsSEL) &---C3Z
K !  = -Q2’~@la(-SEL)  + -G2aQlr!‘;EL  + d(-Q2r-01  + Q’s+-01) -QL
Jz = -02*-G1 + -Q2*Ql+SEL + d(Q2-~Q! + Q2+-01) 2 -QI f TEL
K2 = QZ+Ql  + 02*-Ql  * d(-Q2+-Ql + -fXZ*Ql+(-XL)  + -Q2+Ql*SEL)

e1
C D F F  EOVATIONS  >

Dl c -02+-QI + Q2uQI
Da = -Q::r-91  + -(Q!#Qlr:;EL

< T  F F  EQUATIONS  ,s

Tl = -Q2+-Ql  + -Q2aQl*(-SEL)  + -OZ*Q?*SEL
T2 = -Q.%-Ql  + Q2-ActI  + -O;AQ~*SEL  + lj2s-Ql

.LtCRIlAL TERilItd4T IX!

ik STATEtlE:IT 5% W .  M A I N .  A T  L E V E L  0

FASGOL ST4TISTIt:j StJiltMRY-
IS58 fl.3. E X E C U T I O N  TI:lE
1342 ETATEIIENTS EXECUTED
293 S rkTEtlENl’S  FAILED

5 RL:CENERAI’IONS  Cir DYNAM:C STORASE
101 1 MiCRtiSECO’JDS  AVG. P E R  STI+TE;IEN’i

” I N T E L  8 0 0 8  ”

CONTROL
;IlTl
MlT;?
l+ilTW
tllT3

HIT4

MIT5

M2T 1

M2T2

M2TtJ

tl2T3

t13i3
II‘iTr,

Il.?1 5

ttS1,  PCLGVT, ‘,ItlT*‘, ti90, CLC’f, SIFFi INCPCL, C I F F .  /
HSO, gJ’) I, pC)ii’ilT, I b!Ct=Cti,  ItJTC/
R[iYE, i+D’,‘” FETtTb4, STOiR, RTORB, ->MiT3;  ->MlTW.  /
HS2, RDi’C  s IbIi-E, ’ K’R+ROT  AXA. ,
“f+ST^ PUSH,  CLPitk  ,
e,HLT” HSi, .‘.It;T’ --::tllTl,  -itllT:l.  ;

r.i;i 2 A -X211 t ‘RCF-  -:>MlTl.  i
HS2, 1431, HSG, “!YSG’ SSSRB ,  ‘~INi?+DcRh DDDRA.  ,>
‘RTG’ PC?. , ‘951.‘. RhPCIi , “LMR”. ->M?Tl. /
H32, H’jG. ‘.LpR”’ HF,‘IDijP,,
*.hPR’, C\LUQf’. ,’ ’ ’

c If x *. ItJi?/c’tiD ,
‘.POT”. R&R;+

“.GCR” DCRSUR. ,
‘RST” Rf*Bf’CL. , -> MlT1/

HSI, ‘+lt? I ’ LOUT, ~‘~INP+UJl-” ;tQUTi
PCLWJT, r I FF. tiS@, rt.ck*i Irk-xx.  .  .  /

HSG, “T-lP~‘~~ “Lll;” SPCCli F;f’tR , tK)lJTi

“ItdP+OUT’, PIIOIJT, SP C!!, rwwr, INCPCH. 1
RDYE,  ‘RDY’. ‘LtlP^~ FI!WJT; ‘- - O U T ” I - E T C H ,  STORB.  .  ,  ->MZTSs

->MXTIJ /
tlS2. RDYC, -APM+tV  I AR4 ,
* 113”. -.m3 I’ 1 , pLt’iR+OIJT”~  --::I:1  TI. /
ti!ii?,  tiS1,  tiS3, ‘,Itli’ I-f-‘!WT  /
HSZ, HSC), *Lrw Lb!  I IaCiiDD  , “kPl’i+AP 1”. ALUQP.  ,
“,INf’“. RIM , -:dIlTl/
ti’il,. “LMJ L.OiJfe  PCLCVT,  ^il-Fr,  /I:;(?,  CL.CYI 7NCPCL.  /
t I3G, ’ i-i4 i ’ ~;rl.J.

y rmY*, ~I.tir *
tfr,:i;‘r; sy,yf*, PCtibJT, *i NCl‘Cfi /

itli‘lx. i(l? O:)l’, I-;’ icti. Lil ij>l\.  0 -3t13T3r
--;,M:4TIJ /

liW* F DYC, y/,[.‘;(tB  - P&! t , ‘I.l4I+.ICF” ->NlTl.  /
tk?:.?.  I I.‘1 tl’?  i~l~i’r’fi/., , .? ,
t1:;2, 11:;2, Il:;Pc:L  , ‘-;4, 7 l/  s
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TlEllllt  VERlF!CATlChY  I N  THC  S C A L D  SYSTEFl

- CHECKS ALL Ylnl~O CCNSTRAINTS  IN LAnfx O~GITAL SYsTttis,  TAKING INTO ACCOUNT:

- cORPONEtIT TINING PROPCRTIES

- PROPAGATION SPLAYS
- SCTUP AND HOLD COfI:TRAINTS
- hNlRUH PULSE WIUTH CONSTRAINTS

- WIRE DLLAYS
- USLR-SPECIFItD  LIPIllS
- CALCULATED VALUES WED ON ROUTING, CAPACITANCE, AND TRANSMISSJON  LINE CHARACTERISTICS

- ADDITIONAL  rmmm-sPCcIfifD  CONSTRAINTS

TlfllNC  V E R I F I E R  - S I G N A L  V A L U E S

YALE tltAUG

0 FALSE

:
TRUE
SlABLE

C CHANGING

F”
RISING Eccc
FALLING EiGt

U UNDEFIKED  ( I N I T I A L  VALUE )

PR%
18136 11-JlM-79  11:31/

ral32[tw,  Sl)

ORFlLEI  BY: ,I ^ Pnr,F  I OF
I

W-IBER t .

[wmo!JE0  BY: c+. vcmd PPOJECT  :
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WHPLE  SICIIALS

WE  *Cl-2  L  L  A l
XYZ .cw  UN
CUTRDL  .Vl-1.5,~~4.5

EXAMI'LE  SCALOMACI\Ol~EFINITION-SIMI'LEI'nOCESSOn
- - - - - --mm-L1

EVALIJATIOI~  DIRECTIV'ES

,:
CHECK  THAT OTMCR  INPUTS ARE STABLE WtlEN CLOCK Is ASSERTED
CMECK  THAT OT H E R  IhpuTs  A R E  STABLE WHEN CLOCK  I S  NOT  A S S E R T E D

IGNORE OTHER INPUTS, JUST USE CLOCK
EVAUUTE OTHER  I N P U T S  W I T H  C L O C K
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Data Rase Considerations  for VLSI Design
(L.  Scheffer)

D a t a  B a s e  Conrldcratlons  f o r  V L S I  Oeslgn

1) N e e d  f o r  a d d i t i o n a l  d a t a

2) A  posr1blr  s t r u c t u r e  f o r  t h e  d a t a  b a s e

5) A  ncu  r t t h b d o l o g y  f o r  design

4) P l a n s  f o r  r e s e a r c h

-The  magnitude  o f  t h e  p r o b l e m

1) E x a m p l e  - T y p i c a l  chip  i n  p r o d u c t i o n  t o d a y

a) S m a l l e s t  l e g i b l e  p l o t  Cs 3  m e t e r s  o n  a  s i d e

b) 6  m i c r o n  g e o m e t r i e s , 5 0 0 0  m i c r o n s  (200  mile)  o n  a  s i d e

c) 1 6 0 0 0  t r a n s i s t o r s ,  a b o u t  l/2  r a n d o m

d)  T o o k  5  m a n - y e a r s  t o  d e v e l o p

S u p p o s e  we  h a d  a  d e s i g n  s y s t e m  t h a t  encorporated  a l l  f e a t u r e s  ue

h a v e  seen a t  this  m e e t i n g , s o  t h a t  g i v e n  a  c h i p  o f  t h i s  s i z e :

1) Ronday, d o  rlgorlthnic, f u n c t i o n a l  a n d  l o g i c a l  desfgn

2) T u e s d a y , ue d o  circurt  d e s i g n

3) Y e d n e t d a y , we  do the l rtuork

4) T h u r s d a y , urite  t e s t  s e q u e n c e s

5) F r i d a y ,  d e b u g  i t

T h i s  4s r o u g h l y  a  2 5 0  t i m e s  i m p r o v e m e n t  o v e r  c u r r e n t  m e t h o d s

How  l o n g  d o e s  i t  t a k e  t o  d e s i g n  a U L S I  chip?

zoo  ywo  !

W h y  C o n s i d e r  a  Unified  D a t a  B a t e ?

XC’s h a v e  b e e n  detlgned  f o r  yeara  ulth  s e p a r a t e  d a t a  b a s e s :

1) S c h e m a t i c s  1 I n  N o t e b o o k )

2) Circuit  Simulator  I n p u t

3) Logic  D i a g r a m s

4) f u n c t i o n a l  Siaulat~on  P r o g r a m s

5) T e s t  V e c t o r s

6) A r t w o r k
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What Jr0 thr problems uith  this l rrar~gsmrnt?

1) N o  consistancy

2) N o  e r r o r  c h e c k i n g

3) No “MACRO” CJpJbility

4) N o t  i n  o n e  p l a c e

I) N o  c o h e s i v e  c o m m e n t s

F u r t h e r m o r e , p r o b l e m s  w i l l  g e t  uorse  a s  V L S I  c o n t i n u e s

1) N o  p l o t s  o f  c h i p s

2) N o  conptete  schenat~cs

3) Hierarchicat  f o r m  uill  b e  t h e  o n l y  u s e f u l  ( p o s s i b l e )  f o r m

What  d e m a n d s  ulll  ue m a k e  o f  t h e  dJtJ  bare?

1) E d i t  a l l  I n f o r m a t i o n

2) Allou  a c c e s s  b y  v e r i f i c a t i o n  p r o g r a m s

3) E x p a n d  a n y  s u b p i e c e ,  o n  a n y  t y p e  d i a g r a m

4) A s k  h i s t o r i c a l  q u e s t i o n s

Y h o  l a s t  m o d i f i e d  t h i s  a n d  u h y ?

5) Security

6) S i m p l i f y  - -  t h i s  i s  t h e  o n l y  uay design  c a n  b e  a c c o m p l i s h e d

Yhat  d o  ue n e e d  f o r  e a c h  m o d u l e

1) O n e  o r  m o r e  J r t u o r k  r e p r e s e n t a t i o n s

a) m u l t i p l e  t e c h n o l o g i e s

b) d e s i g n  r u l e  c h e c k i n g

c) rultlple  f o r m  f a c t o r s

2) S c h e m a t i c s , o n  s e v e r a l  l e v e l s

4) LOQiC, severa l  forms

b)  C i r c u i t  l e v e l

c) R e g i s t e r  t r a n s f e r

3) T e x t

a) F u n c t i o n a l  d e s i g n

b) Consents

c) l e s t  v e c t o r s  f o r  i n d i v i d u a l  p i e c e s

4) H+story

5) A  P r o c e d u r e ,  perhsps  n u l l ( p r o c e d u r a l  JttJchmcntI

W h y  a p r o c e d u r e  u i t h  e a c h  m o d u l e ?

1) Allous gcnerslitation,  uhich  c u t s  d o w n  w o r k

49. N - b i t  a d d e r s ,  s h i f t e r s ,  etc

2) R e l a t e d  c o n c e p t s

a) N - b i t  devices  ( S - 1  d e s i g n  s y s t e m )

b)  S t r e t c h a b l e  C e l l s

C) Auto-layout

d) * ‘S i l i c o n  c o m p i l e r s ”
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Mou  doas  u s i n g  a p r o c e d u r e  i n s t e a d  o f  J n y  o f  t h e s e  o t h e r  c o n c e p t s  h e l p ?

A l l  o f  t h e s e  c o n c e p t s  c a n  b e  i m p r o v e d

1) N - b l t  a d d e r  c o u l d  d o  l o o k a h e a d  c o r r e c t l y

2) S t r e t c h a b l e  c e l l s  c o u l d  f o l d  a s  slres g o t  b i g g e r ,  m a k e s  t h e m  m o r e

JppliCJbte

3) A u t o - r o u t l n g . NMOS  i s  n o t  u s e d  u i t h  a u t o - r o u t i n g  s c h e m e s  s i n c e

D C  p o w e r  i s  t o o  g r e a t . U s i n g  this  technique,  ue c a n

a) R o u t e  usfng  s t a n d a r d  cctts

b)  Calcu~atc  d r i v e n  c a p a c i t a n c e

c) R e d u c e  p o w e r  and  cell  s i z e  (and  c h a n g e  t o p o l o g i e s )

d) I t e r a t e  t h i s  p r o c e s s  u n t i l  n o  i m p r o v e m e n t  i s  o b t a i n e d

4) S l l i c o n  c o m p i l e r s . T h e  a t t a c h e d  p r o c e d u r e  c a n  a l s o  p r o d u c e

l o g i c  diagrams,  t e s t  v e c t o r s ,  f u n c t i o n a l  s p e c s ,  e t c .

A p p l i c a t i o n s  n o t  d o n e  n o u .

Problems

Ai)  DJtJ BJse itself

1) H u g e  a m o u n t s  o f  d a t a

2) F a s t  a c c e s s  f o r  c o m m o n l y  a s k e d  q u e s t i o n s

3) Must  o f f e r  p r o c e d u r a l  a t t a c h m e n t

8) L a n g u a g e

1) M u s t  h a n d l e  t e x t

2) RUSt  handle  numeriCJt CJ~Cu~JtiOnS

3) Rust  h a n d l e  ( s m a l l  s c a l e )  c i r c u i t  s i m u l a t i o n

4) R u s t  h a n d l e  a r t w o r k

5) A n d  i t  m u s t  d o  sll o f  t h e s e  t h i n g s  uell!!

Inplcnentstion  P r o b l e m s

1) CommcrciJl  o r  C u s t o m  dstJ  b a s e

2) L a n g u a g e

a) S t a n d a r d  tangurge  l l i b r a r y

Simul8,  PJSCJ~

3) L a n g u a g e  deslgned  f o r  l a y o u t

a) R o n  A y e r s  l a n g u a g e ,  Caltech

b) T h i s  aakes J r t u o r k  CJty,  b u t p r o c e d u r a l  JttJchment  dlfflcult

c) d o e s  n o t  h a n d l e  t e n t ,  S+mU\Jt~On  vet1
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Placcurnt i\td Routing of Arhltri\ry-Sl/r  Rrcl~~gul~r  Ulocks
(Il. Prcas)

..

IIIfRARCtIICAL  INILGRAll  D  C I R C U I T  IAYOUI

,  M R Y  LARGE  SCALT:  ItlilKiiTION
(1w,@.)o  TllANSlSlUNS)

* HICfLARCtIICAL  DLCOfWlfl  llON

,  T O P  h’M’4  DCSIGN/CUTIOfl  U P  IMPL  CMENlATION

CHIP SURFACf RRDAR COnTROLLCR

CMNHEL DEFl3lTIO;~S

PIACEAENT

. FIND CIIANNCLS  OF SEED

. INITIAL PLACEMENT

. PIACEMENT  IMPROVEMENT

. ARIITRARILV SIIAFFD  RKTANGUIAR  BIOCKS

. FIXI.D CONNCCTION  POSITIONS

, ROUTING IN CIHNNLLS  RETWCCN  BLOCKS

, AUWNATIC PLACWNT ho ROUTINO

_--_

-[Lp+-.q

b, iL-.--e  ------ -l-b’--_---- I
ul

‘I “,- -,,- l[em:ss --.--.----- E

-4Yk_-_- --.. -. =:I.-,-.-.-Y----- _-_
“I I

----__
Y

.--7-

IWfR~fDIAtf  PLOT RhDnR COWTROLLCR
Cl

sot

P A R T I A L  FL’Wtll  Ill

LAYOUl or ONE LrvcL

C H A N N E L  P3S  I T  I O N  G R A P H S

ft4tfRRLDI~Tf PLOT RADAR CONTROLLER

N E X T  P A R T I A L  PlACEl~Nl
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R O U T I N G

.  F I N D  CIWNEL  R O U T I N G  O R D C R

,  INITIAL  Loose R O U T E

.  LWSE  R O U T E  INPROVEMCNT

I T R A C K  A S S I G N M E N T

~l,fCTRICAL WET RADAR COltTROl.LfR

LOSSE  R O U T E  Or: O N E  N E T

CUB CHAWtfL  UEIGHTS RADAR CONTROLLER

C H A N N E L  IIIlERSECTIO:t  6RAPll

M M

COflPLfTf CHIP RADAR CONTROLLER

C O N C L U S I O N S

. HIEI~AR~IICAL  LAvour  is PRACTICAL

AVOIJT
LTIIOD

AflEA P Rcttlr
(so. HlLf) iRCA

STANDARD
ELL a 2 1 5 , 3 7 5 100%

111 ::‘.;;“A’
ii

1 6 12,658 82x

. PIooLf.Hs
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.

..

The SFKINI  Systctn f o r  PC IkYirjn
( K .  Stcvel,:)

Physical  Library-----------__---

exact pln coordinates

placement obetructlon size

pad type deflnltlon lsyrbollc)

via/  routlng obstructions

sltk  outline

PLACER_---mm

maJor  phases:

p;;;;atrltlcaI  components

e
lacerent  (nanual/  a u t o )

pIaccmcn laprovcmcnt  (auto1

manual change capability  at alI tlmcr

free movement between phases

Data Entryc-s-------

Intaractlve  rchcmatlcr  drawing  s y s t e m

Text Input via SDL (Structural Dcslgn Language)

Posslbllt
(TEC#S,  DLA;nR,  TESTCIID,

t o  lnta:*face  t o  exlzt:ng  ;oglc  slmuIators
. . .

Input  compiler checks daslgn  for conslstcncy

Board Deflnltlon
_---e-m- _--m--m-

physical board outline

logical  board space

cornector  location and characterlstlcs

Logfcal  Library- - - - - - - - - - - - - - -

map:, pln names into pln numbers

load ing  d a t a

Input.1 output dcflnltlons

logical  equivalence  d a t a  (e.g.  inputs  o f  NCIND  gate)

physical equlvalcncc  data (e-g.  WCC  on more than one pin)

synonyms (alternato  component named: 7400,  SN7400)

possibility  to store othor data: power dissipation
rcliab1iity
cost
vendor

Routlng Subsystem (SPROUT)----__--------------------

Elficlent  heurlstlc  Ilne-search  atgorlthm

Based on user-defined  grld

Stars  c requi red 12  bits/  arid ~~11
( %@ kB  f or  10 x  10  lnc  board ,  50 ml\  grid)

via/  p l a c e m e n t /  r o u t i n g  0bstructlor.s

pad sire deflnltlon

dcslgn rules (line  uldths  and spacing)

Design Fl Is- - - - - - - - - - -

central data base for a slnglc  PC design

accessed by all programs

optlmlzcd  for PC dcslgn  applliatlon

hlcrarchy  o f subfllss  and dlrcctorles

can be extended easily

Automatic  Placement Capabllftics Flanual  Placement Cs;abllltle3
_______--__--------------------- ------------------___ -----__-

user-dcflncd p\accncnt  cells
user-lrfrned  placcmc3’; restrlctlons

1nlt:al  placement: manual rove
;;;;;uctlvc algorithm exchange

delete
rotate

optlmlzatlonr  palrwlsc Interchange zooming
ulrclcnoth  minimlzatlon rulers
crosblng  count m?nimlzation

hlerrrchfcal  automatic  placesent  o f  different-size
cdltlng  of old designs possible

components (lncludlng  dlscrctes)

Single  line  uldth  ln a run; scvcral  widths can be
run con3ccutlvely

Dynanlc dcslgn rule checking

Handtco 1 ,  2 o r  2 n  layers

Automatic v1a ollmlnatlon  for short urong-ride  segments

Bert-lit  ptaccmcnt  o f  vlas

Uacr controls search dcPth,  path reflncmcnt

Can use off-grld viaa

Ula  Ellmlnatlon
---__----..-----

Second-order optlnlzatlon

Graph model  allows global mlnlmlratlon

Critical  asgnents  n o t  moved

hslgn  r u l e s  maintained

Exanp  \e Tl T2 HI---_------c---------__________________^_------------.
~o;;.&Nn~ 610

Y
25?6

Crlhsize (nil) 2:  *
2

2s so
io;;l a r e a  (sq.  In.1

2: -2:
:43
153

B dlscretcs  and others

3; t:AcP9L:
9’ IC 227 ,z

71
.Sl

ILR  16i?) 75
X conplctlon ii 22 63
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PROCESS  SIMULATION  tSUPl?El’ll

DEVICE  RMQLYSIS  (SEDf3>1)

RESULTS  RND RFPL ICFlT IObIS

P R O C E S S  SPECIFICATIONS

I
IC

FABRICATION

I

PROCESS SIMULATOR

PROFILE rhs.
-

R E S I S T A N C E

DEVICE  S IMULATOR

~CASURE~~ENT
- S Y S T E M  - E L E C T R I C A L

TECAP PARMETERS

EXFIMPLE  :

. Boron  implantation

. 0 x i d n t i 0 ti

. Flrscnic  di f fusion

--------- -..---------
---------

PROCESS  MODELS  :

. Ion Implantation

. Predeposi  tion

. Oxidation  1 Drive  In

. Epitaxial  Growth

. Etching

. Oxide  Deposition.

DEPTH (microns)

. Impurity Profile  (SUPREII  or analytical)

. Terminal  Vol taies

. Grid Spec  i Fication

. Fhysicnl l’lodel  Spec  i ficafion

. firnastep

TYPE OF  DEVICE  D

. tIFN  Dipolar  Transistor

. PN Diode
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1 L I I

&TCR o&
CONTACT CON IACT ,

MN0 CAP NARRO’s’.‘lNG
NO DAN0 GAP NARXOWING
MEASURCMENT

PM

lo3
. l

.

t( lo �-

�I
0)

100F

-SIMUL.
l EXP.

--I-L.LL-
lo-’ d 10” 101 I$

JC tA/CCI?l
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OIJ’I’I’UT :

’ PI n, y (Dc!pwv!snt  V~~rii:bl~s)

. Jn, Jp, b , $$*, I2

. Terminal  CurrcsnP  Densities  fJc, Jb, Jel

. Beta

. June t ion Cc7p.x  i tnnces

. S h e e t  Rcsist-wccs  at each bias point

. Gurrtncl  Nurabi!  t - 5

PHYSICRL MUDLLS  :

.BFISI C EOURT I OWS

Continuity  :

Transport  :

Poisson  :

TITLE
GRID
GRID
GRID
m-m
DE’41  CE

SEDW  I tIPUT T E S T
NREG=l  ,
Nl?tG=2,

STFZ= .02, NSTP=58
STSZ-.GIl N.STP=  1013

NRCG-3,
LUHil-=22

s-r.sz= .04 : tjs-rpz50

?YrJE=I4Pi~T,  I!FICO=l .2

HERD=Y  , PRT 1 =Y
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Two-Oln~rt~slor~~l  Gwfcc! Ar~alysls
(C. Prlcc)

OVERVIEW

DESCRIPTICN  t NOTIVRTION

MODELING  EQURTIONS

DISCRETIZRTION  GRIDS

SOLUTION KETHODS

TFlPlDEM

PUIICH  TI4POUGH.

V d s  =  1.5 V O L T S

1
I

L-a-”
a *

V d s  = 5 . 8  V O L T S

POTENTIRL  KONG  PUNCH  THROUGH  CHRNNEL'

c9 = 5.18 pF/cm

t
I

I . ..b:.,. I . ..!. ..j

cg = 3.64 pF/cm

MODEL  EQURTIONS

DISC~?ETIZI~TION  GRIDS
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SOLUTION METHOllS

SYSTEM  OF EQURTIONS :

SIMULTFiNEOUS - SIZE - 3mn x 3mn
QWtDRt7TIC  CONVERGENCE

FILTERNFITING  - SIZE  = 3 * (mn x mn)
LINEQR  CONVERGENCE

MQTRICES  t

RELRXQTION - SORl S L O R ,  SBOR

DIRECT - L U  DECOMFOSITION

ITERRTIVE - S T O N E ’S  METHOD

TRNDEM

STFlTIC  SOLUTION (POISSON1

FINITE  DIFFERENCE

NON-PLFtNFIR  SURFRCE

SLOR

STORIRGE  - E3mn VRRIRBLES

EXECUTION  - 16'0 SEC ON HP2117F
25 S E C  OH DEC-20

DOPING  P R O F I L E S - DIFFUSION,  IMPLRNT,  SUPREM

OUTPUT - TERMINRL  GRF12HICS

1llLE

OIYUCIURE

rltClaOoE
Ilccrlcc.r~r
lLEClYOOE

01s

CR10
.

[NO

SDLIJI iON

BIAS

OlAS
BIAS

a14s

BIAS
OILS

PLO7.20
CUD

PLOT.?0
.

CONlOUR
CND

PL01.10
.
fIIRLH4
iN0

SnMPLE I t4PUT

XGao.f~l~c=.O5 XGRO.HAI:.I X.POIN7S:78
VCRD.hI,l=.OE l.POIltTS=70

2 . 5

I.PtL<:O

I.PElKrO

fILE.OUT=POSZ

SUnSIuAlF I~PURITV PO7FCTIAL=-I

SOLlRCt FI ECIAOUE P”TF1ITllLzO
soub7ct IHPUI(I7” POlC~rllAL:O

GATE ELCClUOOE PolcI4TIIL:o

ORA,‘( fLrclPOOE POlE’41 I AL-I
DRAIN I~~PUHIlI POlt~IT‘AL=*

I.H,N:O 1 .WAX=b I.LllNr-.ll v.blAXrz.5  cl0U1,D.R” CR10

R E S U L T S  O f -  SflllFLE  INPUT

S T R U C T U R E  QND GRID

1
_....8 , .“., 4 ? 4

POTENT1 FIL CC~tdTOlJRS

SURFRCE  POTENTIFtL

SIMPLIFIED  2-D SIMULRTlON

CURRENT EFFORTS

SINGLE CRRRIER + POISSON

FIUTOMRTIC  GRID GENERRTION IMPORTflNCE  IN VLSI  OF I

NON-RECTWGULRR  FINITE  DIFFERENCE TWO-DIMENSIONRL  DEVICE  MODELING
SIMPLIFIED  2-D FINJRLYSIS LINKING  O F  P R O C E S S  & DEVICE  MODCLINC
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CAPABlLlTlES
t,E.C.A,P,

TRANSISTOR  ELECTRICAL  CllARACTFRlZATlON

AND  ANA YSIS PROGR?S

EBRAtIIM KHALILY
JULY.  1979

TECAP  PRODUCES  RELIABLE,  THOROUGH,  AND ACCURATE  INFORMTION  ON

BIPOLAR AND  F0S  TRAANSISTORS  TO SUBSTANTIALLY  INCREASE  THE  IC DESIGRERS

UNDERSTANDING  OF DEVICE  PERFOTWNCE  AND COXPUTER  AIDED  DESIGN  KODELS,

APPLICATIONSI

I T.E.C,A,Ps

PHYSICAL MDEL
PARAMETERS

DEVICE
CHARACTERISTICS

T,E.C.A,P.

THE  INTERACTIVE  9845/HP-IB  BASED SYSTEM  GIVES THE  USER A OUANTITATIVE

UNDERSTANDING  OF THE  PROCESS  AND DEVICE  PERFORQNCE  THROUGH  FOUR  AREAS:

1. INTERACTIVE  BASIC ELECTRICAL  DC/AC KEASUREKENT

2. CAD llODEL PARMETER  EXTRACTION

3.  ttODEL/PAWETER  ARALYSIS

4, BASIC STATISTICAL  DATA  ANALYSIS

FEATURES  :

9 ACCURATE

t FAST

t INTERACTIVE

t MDJIAR

9 COXPATIBLE  TO CAD PROGW\;IS

t EASY  TO USE

t EASY  TO PROGRM

1, HOS DC FSASURERENT
B PARMETER  EXTRACTION

9 MODEVPARMETER  ANALYSIS

2,  BJT DC MEASUREHENT
9 PARAMETER  EXTRACTION
0 HODELlPATWiETER  ANALYSIS

3.  C-V  KEASIJRMCNT
9 P-N JUiiCTlON  CAPACITANCE

PARMETER  EXTRACTION
0 MOS  GATE  CAPACITANCE  PARMETER

EXTTMTIOR

4. S-PARAMETER  KEASURCMENT
t COWERSION  TO Y, H, Z
0 HIGH  FREQUENCY  i’,ODEL  PARMETER

E%TRACTlON

Luund I
Cmax-5.654E-ll
Cmfn-  +2.122E-11 t 1

ImpIt I
N  T y p e  S u b s t r a t e
Area- +3.t00E-03  CMh2
T c x  - +2.19P.E+03  A
Dope- +7.049E+14  CM&-3
;;b”-  +4.563E-11I -1.600E-01  V o l t s
Qss- +1.072E+10  CM^-2
Vth- -1.446E+00  V o l t s

+

Vb-  0

IDC; Dick  CS-l/4
E. K
89/11/79 3:09 P M

I d  VI V d  tlERSUREf?ENT

Vg-  6 . 5

V g -  6

vg-  5 . 5

vg- 5

.5 V/D!v Vdo

ID@:  2N-435 1
E.K.
11/30/7e  1:lS PH
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G m  vs Vg tlEfWJl?lIMCNT

.-

.

.’

0 1 V/Div vas

I D + :  2N-4351
E . K .
11/30/7c

vt- 2 . 8 8 9 V o l t s
Beta- .0014? . Mhos

V b -  0

Vd-  3

Vd-  2 . 5

Vd-  2

Vd-  1 . 5

Vd-  1

Vd-  .5

1:39 P M

Data: 12/01/78  1:05 P M
E . K .

MOS D C  P L A Y  BRCK - SIHU
- - - -  H E R S

r

vb-  0

*
+

3

. . *

va- 6 . 5

V0”

va-

VO’
Vtl’
V’J-

0 .5 V/Dfv Vds

Bata1.49E-03  ;Vt0+2.90  ;Phlf-0.37 ;Gemma-2.670  ;Thota-0.016
Gloff-l.B0E+B9  ;Ecrtt-l.OOEt04  ;Utra~l.00E+05  ;Cox-l.@BE-15
Rt- 0 ;Rd- 0 ;L-0.0010  ;xpa.seees ;N C h a n n o l

Data! 12/01/78  1 :  19 P M
E . K .

HOS  D C  P L R Y  B A C K -  SIMU
.-v--m  MEAS

6

5 . 5

5

4 . 5
4

vd- .025

3
>
P
H
ii.

ta
c¶

I vra-+2

IUcrlt-
r:s- 0 ;Rrl-
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Overview

Applications 1200 kUylo dyn;imlc IIAM  (1024’1024)
64 Mbit b.rr~dw~dtl~
programn~,lhlc  wtltio  conlrnllcr
Calor  Map wtfh 1G cnlr~cs

6 bit FM, G bll Green. 4 btl Mua
Funclton UrM

provides high.:.pc:cd  frame buffer  xccss 6 mnmpulotion
vcclo~ drav.mo r,,le  1 p!xcl per n,lclo?ccond
rcstcr ntalllpcll.lllon  ral(a up lo lc, p~xcls per nucrosecond
fully “SOlI” Cll. lr.lclcr SCIY

porlorms raster op,crotlons (bll sel.  clear. xor. clc.)
In a slnglc  rrdd modlly wrllc cyclelnltia!  configuration

Video Monitorshi image translormallons
CPT monitor t’RD 15/H

“whllc”,
Lm

non mlerlaced.  8 by 10.5 incha funcllonnl mtcrfacr  between hosl computer and frame buffer
graphics pioccxor h~wxllcs all fr,rrnr bulicr xccs~oS
pcrforrre  addrce mdpp~ng and bll shlflwg
mainlalns quccrc  of grnphrcs  mslrucl~ons
reduces hosl lo:\d

Pcrsonnl Conir(llcr  Syslf-m  (Smglc  User)
Z.8ooo/H3ooO  I losl  Processor Moloroln  M4400
Vlrlual Memory
tlard Disk  Slorng~
Ethornrl ConnclLtlon
Workslallon Formfactor

“green”.
$475

ml&aced, 8 by 10.5 Inch

Graphics  Input Device
tlilaclli  tIM.2010

high rcsolullon  mask
25 Mhr video bandwIdth
S-4100

Table1 or Mousti
under  conlrol  of host computer

Grophlcs System . . . Hardware ModutCs
Graphics Systcrn ...  Dale PovU

HOSI  Processor
PR,RllOl Port

I I
hlarnall6  Bit Bus

FrWM
sullcr
MaJuln

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

< - -

shn a 79olA
Graphka L&k 16 flll

InSlrlJC18011
Reglslcr
40 ms

I 1
Grnphlcs P~OCCSSOT
1G Bit, 125 nsec

L-J

lk’40 EM ustcro

VP 10

dOhl

Frame

8UkS

I I II . -
Extcmal  16 011 Ous

MUlllbuS bltanncdu10  Bus

Graphics Syslcm  . . Lcvcls  of Funclional~ly

Applicallon  PrOgrnm
Loptcal Rc~rcsonlalron  of lmago

Summary
PlWl. nxlor. vector  lnslrucrlons
Road. Wnlo.  Change.  CZpy

A raster SCM  (~raptrlcs system  hns been  drslgned Ihal Corl~brnCS
. high SIIW~ ~JI,I~)~II(-,I~ opr~;~l~ons
. hqh rL;olullon dtsplay
- low COSI

Frnrno Bullrr Oporatlons
IN w. Glow. XOR. OIC.

The (lr.q>hlcs hnrdwnrc IS parlllloncd In two module!
. the graydws processor
. lltc II,IIII~  bullcr

Phyr lcal ~onr~senlallorr  01 lrnaao
R~lcr Forma1
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Mountain View, CA. 94042

Alwin, V .  C .
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Palo Alto, CA 94304
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