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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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DESIGN AUTOMATION AT STANI ORD

Overvicw OF Design Automation at Stanford
(W.M.vanClcemput)
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The SCALD Desiap sys tem
(T. McWilliams)

THE S-lI (SCALD) DESIGN SYSTEM

(o

THE GOAL LL

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

CONVENTIONAL _LOGIC DESIGN E

o Designers use one or a few fixed levels of akstraction.

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

Computer-aided layout and wire-listing is often available.
e Computer-assisted drawing is sometimes available.

e Large-computer developments typically cost =100 man-years
in the design stage.

e Amdahl

e Burroughs
® CDC

e [BM

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

e Economic penalty is in technological obsolescence of
marketed systems.

e Has become stiff only recently {LS! revolution).
e industry is beginning to automate logic design.

SCALD: THE FUNDAMENTAL DIFFERENCE !

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

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

e Inputs a high-level description.

e Outputs hardware.

e Arbitrary modules are designed,

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

o SCALD edvantages are:

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

e Facilitation of final documentation.
e Increased changeability of design.

e Increased computer-verifiability of design.

SCALD OVERVIEW \f

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

Accepts high-level graphics input.
o Automatically produces

o design-aid documentation

© automatic implcmentation tapes
© implementation -debug files

e maintenance documentation

o diagnostics

® |s largely technology independent,
o Is transportable.

¢ Is extendable,

COMPUTER AIDED LOGIC DESIGN VERSUS COMPUTER AIDED
PROGRAM DESIGN u

S-l Design System Programming System

Grophics

console Keyboard

Graphics
editor

‘Graphics
display

Syntactic Syntactic
Wiring errors Machine  ©Frors
fist code
Simulator
Debugger
Semantic
errors errors
Simulated or ‘Numerical results
actual hardware om
EXAMPLE SCALD MACRO DEFINITION-SIMPLE PROCESSOR L’

Xy OUTPUTDOUTIUT SIGN

EXT OUTPUT®:35): C OUT M-3: 2-8

RE!
ot T 03D

0|
CONTROL
REG ADR
REGWRITE
ALUCTL|

T

DECLARE OUTPUT SIGN

ALY CTL(0:5)

MACRO: SIMPLE PROCESIOR

EXAMPLE SCALD MACRO DEFINITION-PROCESSOR CONTROL L:
PARAMETER
REG ADRTD D
REG WAITE L
ALUCTLO®
£XT LOAD CS$ DATAD:22 250 pAM
: “:m MICRO INSTR(®-22 M
Awe cs
[
IBITCIN
SR ADR®. N M 10018
cx
cLock nre

BRANCM NEG M)

MICROINGIRIOIP A mrcaneny py

4|
OUTPUT SIGN
)

MICRO INSTRA /M RLTWTEL P
MACRO: PROCESSOR CONTROL MICRO INSTA/1S 20 /M ALUCTLO D P
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$1 DESIGN_SYSTEM STRUCTURE 0}

Module Input Output
SUDS (Drawing System) Keyboard Text description of drawings
M (Macro Expander) Teat description of drawings Macro ¢#ll 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

e - ——- - -

ECO (Change Generator) Previous board state Unwrap list
Current board state Wiap list

TRL (Run Simulator) Selected run descriptions Graphical waveforms

§1 DESIGN SYSTEM STATISTICS

sis M TRLO
Programming language used FAIL PASCAL PASCAL PASCAL
Program sizes (lines) 30K 10K 15K 2K
Programming time (man-months) Unknown 5 6 2
30 hrs
Compute time per signal run, total 28 64 1000
msec. (ism  370/168) (DEC KL-10)
S-I MARK | DESIGN STATISTICS u
Object machine size 5500 13-pin DIPS; 20K signal runs
Low level drawings 130
(architecture-independent)
High level drawings 150
(technology-independent)
Design time (man-months) 24

Layout time (men-months) 3



' RIDRIS, An Interactive IC Design System

(E. Slutz)

”IE;!ARCHICAL DESIGN STRATEGY

i YOP-DOWN DLSIGN

CURRENT DEsIGN
BOTTOM-UP IMPLEMENTION

OFTEN NO INTEGRATED SYSTEM
HAND LAYOUT/DIGITIZING

HIGH-VOLUME
LOW-VOLUEIE : MASTERSLICE OR ROW BASED POTENTIAL ADVANTAGES .
MINIMAL USE OF CIRCUIT SIMULATION
LITTLE OR NO HIGH-LEVEL VERIFICATION  CORRECTNESS

SPEED

compLex IC's (10-50K caTes)

SYSTEMCHARACTERISTICS

TOTAL DESIGN ENVIRONMENT
Low & HIGH VOLUME

ALLOW COMBINATION OF MANUAL AND AUTOMATIC LAYOUT
-DYNAMIC DESIGN RULE VERIFICATION

DYNAMIC CHECK OF CONNECTIVITY

FUNCTIONAL VERIFICATION BY LOGIC & CIRCUIT SIMULATION
TECHNOLOGY  INDEPENDENT

INTERACTIVE GRAPHICS ESSENTIAL

INTERFACE TO EXISTING PROGRAMS

~-(DDL, TESTAID, SPICE, MOTIS, Evc.)

DESIGNER AT 1 LEVEL OF ABSTRACTION AT A TIME
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[ [ . R’ SCRALO
L e ny oy )
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technology
file
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library
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N level simulation

gate level
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circuit level

[ simulation

] 1C layout

automatic logic
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GRAPHI cs COMMANDS

CONSTRUCTIVE: TRANSLAT | OH:
PLACE Move
BuiLo RoTATE
Hopi1Fy MiRROR
DeLeve
ConnecT ALGORITHMIC:
VIEWIHG: Aosust
Z00M MEASURMENT :
Lavers
RULER HEASURE
LABEL

AUTOMATED Desicn ALGORITHMS

PLACEMENT AnD ROUTING oF ARsITRARY RECTANGLES
AReA EsTimaTion For OPTIMAL SHAPE DeTerumiNATION
SuncireuIToutpuT 18 SDL 1o DDL, TESTAID, MOTIS, SPICE

J5/)0

=i

MANUAL LAYOUT PROCEDURE

Prase 1:

lesTIMATE size AT EVERY LEVEL

2 INITIAL pLacEMENT

3 DETERMINE SHAPES FOR DENSE PACKING

4 2 &3 FOR EACH COMPONENT AT THIS LEVEL
5 Do FOR ALL LEVELS DOWN

6 REITERATE WITH NEW SIZE ESTIMATES’

PHASE 2.

BoTtTom up IMPLEMENT ion
AND OPTIONALLY
CELL MODIFICATION

CURRENT STATUS

SUBSYSTEMS 1MPLEMENTED:

SDL cowpiLer / MACRO EXPANDER
iNTERFACE To TESTAID

1C LavouT nucLEus

AUTOMATED LoGIC DIAGRAMS

DDL coupiLer / simuLaTOR
UNDCR DeveLopmenT :
INTERACTIVE DESIGN SPECIFICATION

AUTOHATED 1€ LAYOUT ALGORITHMS

INTERACTIVE COLOR GRAPHICS



Automatic Partitioning Algorithms

(T. Pdyne)

PARTITIONING ALGORITHMS

= Used %o assign componenis to modules'
-Canapplyatseve ra. | tevels

- Will leok at components on boards

"l'ype's of Algorithms

Constructive
~Sequentiatl
~Paratlel

Improvement .
~Iterative

-Interactive

Sequentiasl Constructive

Assumes that:
A complete logic diagram exisis
A connection limit exists

A space limit exists

it @ tteapts to minimtze the number of boards.

It ass{qns cormponents to a board until the
board fills then starts the next board.

It assighs components when they
are heavily connected
’
and

add aminioally to conatraints.

An implementation

Start with board 1.
1. Select a seed component.

- Random

- User daput
2. Asaign the component to the board,
3. Update Lhe extornal connection tist.
4. Update possible component list.
6. Select the next component.

= Connections added

- sae @ ddad

- Board tull?

Liat9 B0MA

¢

I— 1]

qt{n
r_]

Seed = 2
External connections =g , €, F . H

Possible next components * 1 , 4, §

Results

- System with about 1890 ECL gates
- 180 connectlons per board limit

| space | manua | ! sequential
! (ics) i (ics/board) | (icssboard )
|18 | 17 | 15
1.8 . L 33 ... Lo A
Advantages
= Fast

- Essy to 4mplement
- Always finds a feasible partition

Parallel Constructlvr

Assumes that:
A complote logic dingram exists
A ronnectlon limit exists
A space limit exists

It attemots to find a valid partition onto a given’
numtcr of boards.

It constructs all tho boards in a parallel manner
S0 lsssgnmenl decisions can be nado bzsed on
information {n all boards instead of just ono board.



An implementation

Phase 1

4. Select a target number of. boards.

8. Seed each board.
« Random
= Urcr Input

3. Pick a new component for each board.
= Much like sequential selection

=« Do not place any components that
connect t0 more than one board

4. Repeat until no more components can be placeds

Phase i?

the remaining components were not placed because

- They connect to components on more than
ona board

« They do not fi% on the board they connect to

« they do not connect to any placed component

Place the remaining comﬁonents by finding
the board it fits on the best.

« Place heavily connected components first
« Look at

= Connections added

= Space ecdded

= Board fullness

= If a component wtll not fit anywhere then the
partitioning has failed

Results

- System ulth about {880 ECL gates

= 100 connections per board timit

t | parsllel

space ! manua
{ (E:a) | (ics/£01rd) ! (ics/board)
[ o] s
| 55 I 33 ! 1?
Advantagos

= Easy to implemenl

~ Each fteration is fart
Disadvantages

= Ray not succeed

Improvement Algorithms

Assume thadt
= Some initial partitioning ® xistr
= Random
= Constructive
= Manual
= A connoctlon limit ®  xirtr
=A ® pacolimit exists

Attempt to improve the pariiiieninq by
rerrranglng components ia some manner.

Interactlvc Improvement

(In initial partition 4s formed using
constructive algorithm

= The user removes components inkeractively

~ Limits are checked

The user can replace these components by hand
= again limits are checked

~ The components can be rcplaced automaticall
using the last phase of the parallel algory ha

Palrwlse Interchange

{. Pick two components

2. Test to see if interchanging them will
dmprove the partitioning

3. If yes then interchange them
4. Repeat 1-3 unbil

= Time limit

= Interchange limit

User lots of time

Problems

= Reliabt lity
= Testability
= Use of standard Or repeated boards

future Work

= Use of hierarchical design iafermation
- Interactive program

= Bit slicing

- Logic structure,recognition

Hisrarchical Logical Description Tres

= Functional grouping

®= Structural Information

Physical Treo

System
Racks
Boards
Chips
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SDL. A Structural

(D. Coelho)

E@ e | T e

SU0s-11 LDITOR

SOL PESCRIPTIONS

! { . !

sP1CE TESTAID ROT1S

STRUCTURE
(COMMECTIVITY)
{BLOCK DIAGRANZ)

BEHAYIOR

(FUNCTIONAL ZPECIFICATION)
(SIMULATION MOBEL)

PROBLEM :
MULTIPLE REPRESEMTATIONFOR
STRUCTURE HMD BEHAVIOR

RESULT :

DESIGNER HAS TO RECODE DESCRIPTION
TO SAYE TIME,DO HOT USE SOME TOOL S

Description Tool

THE GORL:
A SINGLE LANGUAGE FOR STRUCTURE’: SDL

A SINGLE LANGUAGE F 0 R REHAYIOR: ADLIB

ROVANTAGES

A SINGLE NOTATION

-SAYES TIME

-ALLOWS USE OF LARGE NUMBER OF TOOLS
-PROMOTES EA3Y DES I 6M IMTERCHANGE
-ALLOWS CONS | STEMCY CHECKS

=“HAYE AUTOMATED HMAPP I MG THRU MACRD-
EXPRAMSION

ETRUCTURAL DEEZCRIPTION

1
Vv
z
r
—
(2}
D
z
=)
e
[
[
2]
1§
[2]

ARCHITECTURE
REGISTER
LOGIC DESIGN
CIRCUIT
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NAND
MLT4 v
— - A
. M1/MULTY -p NV
PITP
— 1 0
N/TN
B
R
|
[
r(‘EMEs:’m_ NAND CIRCUIT DESCRIPTION %)
PURPOSE : I(:DESIGN'
AL LEVEL:TRANS;
B (X EXTERNAL CONNECTOR INFORMATION %)
A8 A ' 0 EXTIEC:A,B, 0, ,GND;
2 > po INPUTS:EC.<R,B>;
s GUMND G2/ o\ g OuTPUTS: Ec 0'
L 14 (X COMPONENT TYPES AND COMPONENT DECLARATIONS FOLLOW %)
T B
3 .
X CLr y G 1P: PRIPB‘
(X CONNECTIVITY OF CIRCUIT FOLLOWS %)
RN
»NA.
USER: *UMUC* ; N%’E‘é D, PB g,ng D,EC.0;
(*Nf-?"IENfEﬂRAL CIRCUIT INFORMATION FOLLOWS X} sg-EC:U,Pé.S:gé‘S;
PORBOSE £ 10hESTEN; N‘GIEC'B'PE:%;”B'G’
LEVEL:CHIP; ENDNETS;
(X DESCRIPTION OF EXTERNAL CONNECTORS FOLLOW X) ] C:
EXTIECIAL, 62, A4,A8, B, CLK, CLE, Preomm v, G6ND;
INPUTSSEC. <AL, A2, A4,A8, B, CLX, CLRY
OUTPUTS: EC PRODUC EURPE“’T STQTUS
(X DECLARATION OF THE PRIMITIVE COMPONENT TYPES FOLLOWS X) ’
TYPES :MULT1, NAND, INV; e e e e e e
(x DECLARATION OF COMPONZNTS AND THEIR TYPES FOLLOWS X}
BULTLERCE:9>) COMPILER/SYNTAY CHECKER OPERATI ONAL ON
NaND:G1 DEC 29 SYSTEM
END; I15M 378,168
HP 3098
HP 1608
COMPONENTS FOLLOWS IN TERM OF NETS X)
KETSEOnENT, /TY BETWEEN INTERFACES BUILT TO
Ni=EC.Al, neLd. A}
Na-EC. gi fp‘ggg o SPICE (CIRCUIT RANALYSIS)
NASEC.AB GT A, TESTAID (LOGIC SIMULATOR,FAULT,
oE
NS:=EC.B,G1.B, ﬁ<1 3>.8; EST GEMERATION
NG=N<1) P, EC,PRODUCT;
S RO TEI ggg; I NTERFACES PLOMNED :
NI=MCID. PP <3 .P
NlB-I"I(E).PP f1(3)
Ni1-G1.0,62 1 ’, NOTIS (MDS TIMING SIMULATOR)
Ktz (Sgs? NENR CALKEOS (1 C LAYDUT )
ENDC; SICLOPS (IC LEYOUT )
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DDL-P, an RTL Behavioral Description Language

(W. Cory)

DDL-P: DICITRL DESIGN LANGUAGE

A behavioral descr ptfon language
for igital systems

~Finite state machine notation
-Parallelism ) )
-Language design considerations

References:

D.L. Dietmeyer and J R, Duley, Reglater Transfer
Languages and Their Trnns latio in DIGITAL
SYSTEM DESIGN AUTOMATION: LANGUMFS,
SIMULATION AND DATA EASE. Computer Science
Press, Inc., 1975, pp. 117-218.,

U.E. Cory, J.R. Duley, a.x A lMvaanfN\'nnrput, "o

INTROBUCTION TO THE DDL-P LANGUAGE. Stanford
University, CSL, March 1979, 97 pp.

W.E. Cot-y, J.R. Dulus. ana’ WY,M. vanCleemput, DDL-P

CONNRND LANGUAGE MANUAL. Stanford University,
CSL, March 1979, 39 pp.

Brief history of DDL

-Formulated by Jim Duley, U. Wisconsin 1967

Some work by Jim Dutey, Don Dxetneqer,
. L. Arndt, L.E.R.Socares at U. Uisconsin

—Lar e subset implemented at H.P. Labs in 1971-73
glm Duley, Becky Clark, and John Uelsch

~Rewritten in Pascal at Stanford by Warren Cory
in 1978

DDL SYNTAX

COMMENTS enclosed in quotes
* THIS IS A COMMENT. *
* COMMENT TO END OF LINE
. (NO TRAILING QUOTE REQUIRED)

IDENTIFIERS
-start with a letter
-up to 132 alphanumeric characters

]

REG
HamesCanBeQuitelong

CONSTANTS

Length-Base-Ualue
iB1 1
6D 010110
81101 00000101
eB101 01
1602321 0000020010111001
1101367 61011110111
6H3C 111100
8B.101 10100000
2B.101 10
10H.74 0111019800

100 000R000001100100

OVERVIEW ~ DDL Description has following

sections:
REGISTER Synchronous flip-flops
MEMORY Asynchronous latches

TERMINAL Combinational networks

OPERATION Define transfers which may occur,
optional timing information

CONTROL Finite state machine controlling

use of previously defined
facilities

MEMORY/REGISTER DECLARATIONS
s/ REGISTER

) A B, C,
\ NEMORY

I:/)CS: 103, ECi6:0],

FC101, ‘equivalent to FLCi:101"
GL0:1023,15:0]

END

TERMINAL DECLARATIONS
TERMINAL

*Inputs, function not specified *
H, 1053201, J{0:10,5:03,

*Inputs, function specified’
ONEC1: 8] = 8B1,

XL17 = X117,

SUMXYL1: 18] = X(+)Y TAIL 16,

“‘Some 1npul’s uinspecifie
SUN(X,Y)EI $127 = (1eD0 CON X(+)Y) TAIL 12

END

BOOLEAN EXPRESSIONS - FACILITY REFERENCES

*assume dec larauon

’ R'E’UISTER A B 103, EC16:01, FC107,

.1éa3 1 o
‘TERMINAL SmﬁX,YNA 1a1 x<nv1n1L12 END
f
pL6l
EC10:7]
Cr1000, 141 GL10021C14]
6r1,15:3] GCi2C15:3]
GLasl
SUM(E,6LDT)

CGEDCCcoNnDtBI(+)22, F 1 EC4:01 1



BOOLEAN EXPRESSIONS - OPERATORS
'almost® dn order of precedencet

Addition and subtraction

iB1 (+) 4B10114 . . 5B01100
ARLLIL (#) 4B » GB1t110
iB1 (+) 1BO . 2801
iB1 (~) 4B1011 . OBi0o110
4B1111 (-) 431111 = SBo00Oe
iBi (-) 1BO = 2BO1
180 (-) 3B110@ * 4B1010
(=) 38110 « 3p01e
(-) 3B001 . 3Bi14

Arithmetic relational operators

Unsigned arguments assumed
Result is 1Bl (true) orIBO (false)

2816 > 16D1 . 181 true
ieD1 8 1Bt .~ iBe ‘3’ is ‘not equa 1’
8D2 (=) 8D3 - 1B@ ‘(=) is ‘cqual’
1Bl >= 223 = {BO false

Substring operators

3B1014 EXT 3 = 9B101101101
8B11610116 HERD 4 =4B1101
8811010110 TAIL 2 =» 2B10

Concatenation

4B1161 CON 6B1 . 1@Bi101000¢01
4B1 CON 6B.1 = 10BOV?11€0009

One'5 complement

~ 1Bi « IBO
- 6B110101 - 6B001010
- 1081473 = 10B0011000100

Binary logical operators

SB16119 X 5Bopi101 = 5DB00109 AND
5B10110 [+] 5B920101 = 51318011 XOR
6B10110 t 5B29101 = 5B1d111 OR
6B16110 ¥ 7B1111111 = 7B0010110 XUARNINGX

Reduction operators

+ R E D 5Beee1o = 1Bt
R E D 5B11111 = 1B}
[+J RED 5800101 = 1B®
(+) RED 5B11181 = 16R0000000000220108

Parentheses may be used freely in expressions
to alter the order of operators:

(A cON B) C+1 (C + D)

Conditional expression

CASE selector DO value if selectorsi
DO value if sclector=2
DO valve ;Li\erulsa
ENDCASE

A selector avalue if selector=i;
value if selector=2 ;

[
value otherwise .

IF selector THEN value if selector=i

LSE value otherwise

ENDIF
CASE J CON K DO 180 DO 1Bl
DO -0 po Q
ENDCASE

I F A THEN Y[13
ELSE IF B THEN YI23 ELSE YL3] ENDIF
ENDIF
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OPERATION ACTIONS

Assignment <~ Deluycd store
Immd iatwe store

A*B, B*A willnot sup values
M-B, BS~R will swap valles

Left hand side concatenatlon
B = expreas

0
ncxxa1 con BLy: J . 8810101160
1: . J3Biot,

HL! 53 . 5301160
A€ equivalent t 0 ‘A=1B1’

TINE expression gives length of current

operation

INPUT, OUTPUT actions avai lable
INPUT(1,PORTL11),
OUTPUT( 6, POR'C2.3

Conditional syntax used in Booleanexpresstons

also available for operations, along with
labels, goto’s

OPERATION DECLARATION
' Operationis named sequence of actions®
OPERATION
INIT = [ = 8B0,
LABEL:: l1[nDDRJ = 880
ADDR = RDDP(+)1 TAIL 8,
| F ADDR:® THEN -> LABEL
ENDIF
1,
GETSTROBE = LCINPUT(1,STROBE)],
GETSUM(X,Y) = CREGL1:121 <~ SUM(X,Y)1]
END

CONTROL DECLARATION

Example

. DDL-P specification for previous example .

REGISTER $5SRLO:13 END
TERMINAL A,B ©£HD
OPEHRTION SETSSR(N) » [LS5R(~NJ END
CONTROL P(2Bo1): ->G/
Q(2B11): IF A THEM ->§
ELSE IF B THEN ->R
€o1F  ENoIFs ¢
" /
R(2B10): 1 F B E'{H‘(N SETSGRLZR10)
SE SETSSR(2E@0 ) ENDIF/
gr(‘glz%)! SETSSR(2B0O1)/ v

States inuvoke operations to carry out desired
data transfers

Alloperations in stato executed in parallel

Dolayed siores finished just before next siate
is entered

OPERATION
> s [RC-S, 5¢-RI, . . |
CONTROL » 5¢RI,

Pl viy SUAP L., =)0/



ADLIB/SABLE, a Multilcvcl functional Stmulator

(. HiN)

SABLE
STRUCTURT  AWD BEMAVIOR  LINKING ENV EROYMENT

DWIGHYD. HIL L
WILLEM VANCLEEMPUT

STANFORD UNIVERSITY

INTRODUCT 10N

USEFULNESS OF SIMULATION
PROBLEMS WITH EXISTING SIMULATORS
NARROW PHASE OF DESIGN
FLAT STRUCTURE = HIGH COMPUTATION LOADS
FRAGMENTATION OF DESIGH
COMPATIBILITY CHECKING DIFFICULT

GOALS OF SABLE PROJECT
USEFUL FROM CONCEPTION THROUGH MAINTENANCE
CAPTURE DESIGNEAQLY
MERGE STRUCTURE WITH BEHAVIOR
ACCURATE MODEL

OHMIT HOTHING IMPORTANT
INTRODUCE NO ARTIFACTS
SUPPORT ALL LEVELS OF ABSTRACTION
ALLOW MIXINGO F LEVELS
REASONABLY EFFICIENT
EASY TO LEARN, USE, READ

APPROACH
VERY GENERAL MODEL
N 0 STRUCTURE COiSTRAINTS
GENERAL PURPOSE HIGH LEVEL LANGUAGE
N0 LEVEL SPECIFIC FATRES
EXTENDABLE

SABLE MODEL OF COMPUTER SYSTEMS
MANY [NDEPENDENT PPOCESSES
INTERCONNECTED WITH “NETS”
SYNCHRONOUS OR ASYACHRO4OUS
CLOCK DRIVIR
STIMULAY 10:4 DRIVEN

SENSE_HMULT BYS- PORT
( sznsorzr
|- ] 1
L]
I
" ' -
PR}
o
iz

NETS CARRY DATA AND CONTROL
ARBITRARY TIME SCALE

USER INTERFACE
STRUCTURE

SDL = “STRUCTURAL D E S 1 G N LANGUAGE”

GRAPHICAL EDITOR
BENAVIOR

PASCAL  BASED LANGUAGE

STRUCTUKE EDTOR @ SUDS I
RUNS ON TEK 4014
MANIPULATE POLYGOIS,LINES ANDTEXT

*PUSH® AND “POP™ OPLRATIONS
HIERARCHICAL DESIGH
MACRO EXPANSION

6INERATES SDL

WORKS WITH OTHER B.A. TOOLS

"ADLJB" - A DESIGN LANGUAGE FOR INDICATING BEHAVIOR

CONTAINS PASCAL (ALMOST)
USER DEFINEDTYPES
TYPE CHECKING ENFORCED
FLEXIBLE  CONTROL STRUCTURE
SMALL LANGUAGE

ADDED FEATURES
COMMUNICATING VIA NETS
COROUT 1 1K5

FORMAT OF AN ADLIB PROGRAM
GLOBAL INFORMAT JON SHARE!, BE TWEEN COMPONENTS
NET TYPE DCFINITIONS
CLOCK DEFIMITIONS
TYPES, CONSTANYS, VARIABLES,ROUTINES
COMPONENT TY PE DEFINITIONS
KO *MAIN BODY”

NET TYPEDEFINITIONS (NETTYPES)
DATA STRUCTURE + INTERPRETATION
INTERFACE BCTWEER COMPORENTS
LEVLL OF COMPONENT « LEVEL OF NETTYPES
COMPACT APPROXIMATION = HIGH L E VE L
BOOLEAN / MULY 1-VALUED
CHAR 7 SET OF BITS



ADLIB CONTROL PRIMITIVES

ASSIGN ASSION REGA ¢ REGB TO BUS SYNC CLK PHASE 2

ASSIGN RISING TO OUT DELAY 3,0C-10
WAITFOR WAITFOR INTERRUPT S Y N C
WAITFOR ENABLE CHECK ENABLE

BEGIN
WHILE TRUE DO CASE CNTRLOF
PATH1: BEGIN
PERMITCCHANNEL_A);
YAITFOR CNTRL PATHL CHECK CHTRL;
INHIBITC(CHANNEL_A) s
. END;
PATH2 : BEGIN
PERMIT(CHAINEL_B);
WAITFOR CHTRL PATH2 CHECK CNTRL;
INHIBIT(CHAUNEL_B);
END;
END; (° OF CASE *)
END;

NETTYPE

BYTE-BUS wSET OF (BIT1,BIT2,BIT3,BITH, BITS,BIT6,BITZ,BITE);
SELECTOR_NET = (PATHI, PATH2) ;

BOOLNET = BOOLEAN;

COMPTYPE MULT IPLEXOR;
INPUT

DATA], DATA2 . BYTE_BUS:
CNTRL : SELECTOR-NET;
ouTPuT

DATA-0UT : BYTE_BUS;

SURPPIALSS
CHANNEL_A © TRANSMIT DATAL T0 DATA QUTDELAY 10 . 0 ;
CHANNEL_B : TRANSMIT DATAZ TO DATA-OUT DELAY 13.0;

SUBPROCESSES (CONT)
EACH HAS NAME
CONTROLLED WITH “INHIBIT” AND “PERMIT”
RUN INDEPENDEATLY OF RAIN BODY
NON - PROCEDURAL

4_—‘BUS_PO RT
P

TRANSLATOR  SPLITTER:
INPUT

BUS : BYTE-BUS;

ouTPUT

QUT, OUT2, OUT3, OUT4, OUTS, OUTE, OUT7, OUTS: BOOLNET;

BEGIN

WILE TRUE DO BEGIN
ASSIGN (BIT1IN BUS) TO OUTL;
ASSIGN (8112 IN BUS) TO QUT2;
ASSIGN (BIT3 N BUS) 10 0UT3;
ASSIGN (BIT4 IN BUS) TO OUTY;
ASSIGH (BITS 1N BUS) TO 0UTS!
ASSIGN (BIT6 IN BUS) TO OUTE;
ASSIGN (BIT7 IN BUS) TO OUT7;
ASSIGN (BIT8 INBUS) 10 OUTS;
WAITFOR CHECK BUS:
END;

END;

TRANSLATORS
SAME FORMA S COMPTYPES
TRANSLATE BETWEEN NETTYPES
INSERTED TO PRODUCE MULTI- LEVEL SIMULATION

.|
2
QSJ’ORY
l SENSOR2

EXPERIENCE
USERS KNFW PASCAL
BASIC IDCAS 6RASPED QUICKLY
INTERACT IR COMPOAENTS WITH PRACTICE
FAST INTERACT 104 APPREC TATED
PREPROCESSOR PROBLEMS
LACK 0 F  BiTMANIPULATIONFACILITIES

SN

CONCLUS 104S
BASIC PRINCIPLES SOUND
IMPLEMENTAT 10N ADAGUATE, B U T
BEVTER DIAGNOSTICS
PREDEF INEDB | T MANIPULATION
INTEGRATED TESTING PACKAGE

FUTURE MY INCLUDE NON - SIMULATION SUPPORT
SYMBOLIC EXECUTION
ANALYSIS AND PEWRITING
DESIGN RUL £ CHECKING
VERIF [CAT 10N
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SUDS-L, An Intcractive Design §
(N. wolF)

IDSPEC IC DESIGN SYSTEM

Interactive desicn specification,
simulation and layout of

pecification Tool

integrated circuits, . ¢
SUDS-II Edi tor »
*GENERAL
*PORTARLE - (PASCAL)
*CARPTURES CONNECTIVITY AND
DESCRIPTION INFORMATION
°
[% OLOAD
]
0
OUTNET
s
. [ l
2]
AINNET
1]
$
s ¢
1]
INETY

" |

CLLECT CTPY CELETE INTERPRET MAGNIFY MOVE POP PUSH EXIT
1M€ STRUCTURE BOX DRAYING DISK_F IGURE

FQSERAIRS DISK.FIGUTE,

s

__J‘
I

dotonndabeliyt

LKL MONE BOK KIT COMPOMENT EXTIRNAL_CONTACT CONMENT

POME COTPONINT_NATE COMPORENT.TYPE NET_MARE PIN_MARE OUTPUT_INDIC EXT.COMNLMARE EXT_PINNARE EXT_OUTPUT_INDIC COMPENTS

FF2 fFl
3 $
— I
[}
CLE 7400 C cLe {7400 C
7400 Cp 7408 C
- o3aR 03AR
R Li
b LY

(1% 4



.
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DITH]S 1S THE ENABLE LINE FOR DOTH OF THESE 7491 SHIFY REGISTERS)

C3(L0C=C26)

cuxx(}ﬂgi

O

[CLOCK  a

ou

Flh ERASLE

C2(L0C-A12)

—e

CLXCK  a

pATA <>°‘—"——

v
7491416 PIN DIP, TI PREFERRED)

7401(3 BIT SYNCMRONOUS SHIFT REGISTER)

T404

it -@»——-— s "20 ""0 >
e t, & .
R o 2 o e oh
RSFF RSFE RSFF.
T404
LK G3 ]
e T3 FFE [FF7 | 8
s s op——s o> o> s @ Q
—CK K ~—{CcK ~—CK =9
R ] 2 e [ R
KSFF RSFF | <7 PSFF. REFE
Fﬂ s.hem
. X
t<> l/'
n ¢
7404
“0 R !\ R.2:2 o-pee
l/'
12
(21 4
ax O
USER ¢ "ully, e50. ")
. NAMESRSFY;
gfsgfrzzgfﬁso."; PURPOSE: TEST
PUSPOSE: THST; EXT1 ORI S, By Q_D AR, CLK)
LEVEL: GAT; TYPES: 7104, 74105
' ! " Soe 1
EXT:CONNIS,?,0,Q_ "M, CLK:  7404: 12,11 !
:zg:g - 7410: G2, 61
END;
\T::;f NETSEGHENT,
:S;ngcvwnﬂ CLK= 61.8.G2.1, .CL%}
TUETSCNSHT Q= .C, G1.0, G2.A;
EXDC; Q_BAR= .0 BAR._GZ.0, G1.C}
END R™ = . 12.8PN0003,.73

R_BAR= G2.C, J2.5PN2002;
S= 11.5FH0001, W%
S_BARN=CI. A, T1.6$P30000;
ENDC;

CEND;
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AUTOMATED RANDMANE SYSTHESLS
FHROit
A DDL-P DESCHIPTION

SULGHO KANO

DG

_DDL MACHTE MODEL

[mrm e s o 7

{ OPERATION |

et (Mewory, \
== Reglslcers K~-—T

! OATY, ote.)

e e e - - -

'
3

.

CONTROL  |m—m— —

qualifiers |_..._____| control signals
FINITE STATE MACHINE
(cowrnoLy  (opimarion)
. Ex.
[STATE ASSIGNEENT |
IBRK
YCRD _ASTD | prguTs
lGEHERATB FF EQN'S | IHIT
MINIHIZE EQN'S KFF
CONTROL JFF
UNIT FF
PIA'S
ADD| CLS| |YL1?7|YL22
1
# 3 main problems . , FE‘;C’
F:ARD BUF l r SCORE _J
1) state assignment )
2) minimization BLACKJACKMACHINE 5 QUALIFIERS
10 CONTROL SIGNALS
3) partitioning in mapping
STATE MACHINE
—mNext-ézatc
Function
Inputs | | . T outputs
Qualifiers Transform lemory Transform|~——§ — .
[ Instructions
1 state
time

l

Qualifiers

Network

Combinational {=

Instryctions
oyl
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"BLACKIACK Hoactii i NE " SPALI ARG L GHilND
REQISTER  GCURULY), CARDRUR {57, EF.
TERMINAL WLV, BROKE, STAND,

VALULL1:9) - 18PUT (L vALLE), 1. deternine f of & tate veriables
YCRD = INPUI (1, YCHD),
YL17 ®w SCCRE 2y 7, YL22 = Seorecaa, ¢ for r states,
NACE = CARDRUF 1.

OPERATION (logp ry ¢ ng¢r
TPT = [(CARLBUBUF _ D101, THT = [CARDLDUF _ SD22),
TVUC ~ [CARDOUF _ VALUL I, THIT = CHI T=1812, # 1 gtates
ISTD = (STAND=101 3 , ILRX = [BROKE=1B1 1,
CLS = (SCORE _ SDOY, ADD={SCORE _(SCORE( »ICARDBUFITAIL I, n ntnto varinblca
UFF = (FF_10D0Y,J F F = (FF _ 1Dt

CONTROL o f state assignments = 2M
A: CLS, KFF,->n/ (2n.p)i
B: IHIY, TV, “YCRD™ =>C; ->B. /
c: AYCRD™N -8 =3D. / # of distinct state assignments
D:  ADD, “MACE+FF~ -3F , =M, /
E:  JFF, TPT., ->D/ (s-R,J-K,T flip-flops)
F:  AYLI7™ =583 =>6. /7
G YL22N -DKi =DH. / (For D flip-flops, the complcmentation of the
H: KFFe TM T, “FF~=DdDi->J. /
Ji o IBRK, “YCRD™ =DA; ->J. / state variables results in a new state
K:  I8TD., “YCRD® -dAi ~DK. /. &

4444444 na% assignment = gz")[ )
-r)in!

CONTROL r n
Al CLS, KFF,=>B/
B:  IHIT, TVC, AYCRD™ ~»Ci -DB. / 1|0 1
c:  A~YCRD™ -xC;i -2D / 2 1 1
D:  ADD. ~NACE+FF™ =3F ; -=3£./
E. JFF. YPT, -2B/ 2 3
F: oavbL17n -5B; "YL. 22" =>Jk; ~FF~ =>D. , KFF. TMT. . / 2 2 3
JR: AYLZ2™ ISTD IBRK. , “YCRD™ =DAi -DJX. / &
513 140
65| 3 420
713 840
PROBLEM = 813 840
State om?m‘-m?a,od‘?m 9 | % |10,810,800
2. assign the codes
e requirement
1) correct : each state must be unique
2) race-free : asynchronous qualifiers
3) minimun hardware
SELECTIGi! O F¥'S
« method D JK, T
1) manual
2) semi-automatic : interactive
) O;Q;..DIJKIT”SR
3) full-automatic o o o o 4 o 0 a
o algorithm 0o 1 1 1 a 1 1 0
1) consider the entire machine 10 o a1 1 0 1
a. Dolotta'3 method 11 1 a o0 0 a o

b. SHR-procedure *Excitation Tablc
2) state-by-ctatc
a. Minimun sta tc | .
n ocus 1. JK FF's tend to give a smaller hardware if used

1 . tho sum of all the bit . . .
state locua with conventional combinational network, but

distances of all the exit paths in
a state machine 2. nced twice a number of” noxt state functions.
b. Rcducad dependency
connider tho effect of” qualifiers
good for f inding & racc-free

state assignment
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1. QUINE-McCLUSKY Mcthod

* generate all prime implicunts and then obtain
a minimal covering
# gunrsntec an optimum solution

e costly = storngo and time
2. Heuristic Algorithm

* # of products is important
5 the cost function is simplified by

assigning equal weight to every implicant

<]
]

#* requirement

XY + X¥z2 + XYZ
XY + X2 + YZ

MAPPING
1. Partitioning

2. PIA or PAL

multiple input

) =2 tultiple output
PLA : programmable AND )
( array

' OR

cd

multiple input

3 several sin&e outzits

(Output functions do nct)

share product terms

programnable AND
( ] array)
1) simple A fixed OR
11) fast
iii) use less storage
iv)*hazard free
PROGRAM
Hodulo 3/4 counter
Prompt for input
file
aa—
,[__ -1, state flow table SEL % COUNTER 23
I ——>
INTERPRET 2. qualifiers T 2
T ck

identical code for two

/1. does not accept the
different states

State assignment

\3. mencrate unuscd codes

Generate output eq' s]

Gencrate FF cq's
L.oa-m -

3. intermediate output eq's.

2. check the bit distances

TERMINAL
SEL, %3, z4

CONTROL
A/
B/

¢ “SEL*->D; 23 €,-->A./
D: 7 @,-,A.l. §



Ex, Modulo 3/4

“ue  GTAT C TRANG | 1 [ON swne

COUNTER

A(00)/D
Beiy/¢
Co1/v A
. D(10I/A

rUN-

FRERRB AN R R ARSI T AR R BRI R S B RGO FNRD
1 C/D = SEL
2: C/A = -SEL
A% STATE ASSICNNMUENT SUMMARY #xx
1) WARNING :

1. 2 VARIABLES CHANGCE FRDM A(0O0) 1) B(11).
2. 2 VAR T ABLES CHANGE FROM C(O1) YO D(10),

2) UNUSED CODzs FOR STATE ASSIGNMENT
NONE
C OUTPUT EQUATIONS >

1. 7.3 m —Q22GQ1%--GEL
2. 24 = Qa%-Q1

CJUKFF EQUAT IONS >

MURE THAM 1 VAR TAJLE CHANCES IM A TRANS | TION
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1. U1 = -G23-Q1 + d (02201 + -Q2%01%(-SEL) + -Q2=q1e8EL) 2 ~ @
2. K I =-G2#015% (-SEL) + -G2#QI¥GEL + d(-G2#-01 + Q2%#-01) > _ Q2
3. J2 = -Q2#-G1 + -Q2#G1#S5EL. + d(Q2#Q! + G2#-01) S ~&| ¢ seL
4. K2 = @22Q1 + Q2#-Q1 + d(-GR2-01 + -Q2*Q1%(~8EL) + -Q2%Q1*SEL)
= |
<DF F EQUATIONS >
1. D1 = -G2%-G1 + G2»Q1
2. D2 = -0R%-01 + -G2#Q1*SEL
<T F F EQUATIONS >
1. T = ~G2#-Q1 + -@2#Q1#(-SEL) + -Q2#*Q145EL
2, T2 = -Q2%-(G1 + Q23G1 + ~-QZ4QI#SEL + Q2»-Q1
HORMAL TERMINAT Ion
IN STATEMENT 553 GF . MAIN. AT LEVEL 0
FASBOL ST&TISTICS SUMMARY-
1G58 M3. EXECUTION TIME
1342 STATEMENTS EXECUTED
290 S rATEMENTS FAILED
5 RECENZRATIONS 0F DYNAMIC STORAGE
101 1 MICRUSECONDS AVG. P E R STATENENT
"INTEL 8008 "
CONTROL
M1T1 : HS1, PCLOUT, ~IMT™ HSO, CLCY, SIFF: INCPCL. C | F F . ¢
M1T2 @ HEO, 35P% I, PCHOUT, | MCPCH, INTC/
MiTW : RDYE, RDY"™ FETCH, STOIR, &TGRB, -MMIT3: -DMITW. /
MIT3 @ HE2, RDYC . IMTE, * APR+ROT ARA. ,
ARET™ PLSH, CLRPRA
AHLT~ HRL, SINT =BMITL -DMIT3.
Apas =SM3TL , SRCFS -2MATL. 7
MiT4 : HS2, HS51, KHSO, ~ES5° SESRE, ~INR+DLR™ DOLRA. , 12
SRTG POP. , ~RET™ RAPCH , “LMR™ ->M2T1. 7 22 o
MITS : H3R, H39, “LRRO.KEDDD., ~ 1R ~ INRADD , ~DCR™ DCRSUR. , A
~AAPRS ALUDE, “ROT~ ROTRA., “RST~ RHBECL. , -> MiT1/ L — 4}
M2T1 : HS1, ~MR | ' LOUT, ~INP+GUT™ AQUT: S 15 - Y _>
PCLOUT, ~1FF* H30, CLCY: INCPCL.. . /7 ¢ = o=y M ey T A
M2T2 : HEO, ~MRI~ ~LMP~ SPCW: SPCR . MHOUT) ¥ (S
~INP+OUT~ RDOUT: SPCR, PCHIUT, [NCPCH. 7/
M2TH @ RDYE, “RDY# ~LMR™ FEAUT; *--OUT” I-ETCH, STORB. . , =>MaT3; ..
=-oM2TW / 'E
M2T3 : HS2, RDYC, ~APH+AP 1 ARA

A3 =3 T, ALMRAOUTS <31 TLL /
MaTa . HG2, HSL, KBS0, ~INe FFOUT /7
MTY : HS2, HEO, ~LRM« LR 1 RROODD . “APM+aAP I~ ALUOP, |

~INES ROA =311TL/
M3T1 ;o HGL, ~LMT LOUT, PCLOUT. “IFF~ H30, CLCY: THePCL. /
M3T - HE0, fLiiT SFCW. HT; OF PCHGUT, -1 NCPCH /

MOTW  BDYE, C RDY~ ALMT Y QD OUY, FUOTCHL, 81 OR
=2M3TY /

M3TH : H32 R OYC, “CALSUR ~ PUSHE, ~LMI+UCF™~ =DMITL. /7

HITA & HRR LG, HBO AP/

M S 0 MG HEGO, RSPCL, =21 11/ 4

Ca =2M3TD
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Timing Verdfication in the SCALD System
(1. McWit)fams)

TIMING VERIFICATION IN THCSCALD SYSTEM

TIMING VERIFIER = SIGNAL VALUES
® CHECks ALL TIMING CCNSTRAINTS 1IN LARGE DIGITAL SYSTEMS, VAKING INTG ACCOUNT:
= (OMPONENT TIMING PROPLRTIES
i

YALUE  HOAUNG
= ProPAGATION DELAYS
= SETUP AND HOLD CONSTRAINTS

0 FALSE
1 TRUE
= HINIMUM PULSE WIDTH CONSTRAINTS $ StaLe
( CHANGING
= Wire DeLAYS R RisiNG  Ecce
= USER-SPECIFIED LINMITS F FALLING £osE
* CALCULATED VALUES DBASED ON ROUTING, CAPACITANCE, AND TRANSMISSION LINE cHARACTERISTICS U UNDEFIKED
» ADDITIONAL DESIGNER-SFECIFIED CONSTRAINTS

(INITIAL VALUE)

LI

[ PSP — o
S-1 10016 T11-308-29 11:30]
PROJECT | 1001 6( 12, S1]
AN BY: =) PRGE oF T NUMBER REV.
BePROED BY; o “Fov PROJEC.T: 1
r—t :’:
u___.__:"_
—f
S-1 18136 11-JUN-29 11:31
PROJECT 19132( K2, S1)
DRAAN BY: £, 0 PAGE . OF | NUMBER T
PPROVED By . USeod PROJECT: 1

PY T

.
a

S 10131
PROJECT

Ev;n-f:m: w29 roe2] ]
Sl - 10131 rwe, 1] |
pREur 7 IE N oL oF REC.
FePROED 0 - ‘*}5‘7 ; ;
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EXAMPLE SCALD MACRO DEFINITION-SIMPLE PROCESSOR (4]

EXT OUIPUTOQUTEYT §i L)

XY OUTPUTH:IB: € OUT MY 208

b
1hw HAM 1
10145A
LR}

R
CONTROL
REG ADR
REG WRITE
ALUCTL

DECLARE OUTPUT S1ON

ALUCTIO$

MACRO: $1MPLE PROCESSOR

EXANPLE SIGNALS EVALUATIOK DIRECTIVES
YALU,
HAYE.C1-21 LA | MR o
XYZ .C4-7 tAN A CHECK THAT OTHER INPUTS ARE STABLE WHEN CLOCK 13 ASSERTED
CONTROL .V1-1.5,4-4.5 N CHECK THAT OTHER INPUTS ARE STABLE WHEN CLOCK IS NOT ASSERTED
B IGNORE OTHER INPUTS, JUST USE CLOCK
E EVALAUTE OTHER INPUTS WITH cLOCK



Data Rase Considerations for VLSI Design
(L. Scheffer)

Data Base Considerations for VLSI Design
1) Need for additional data

2) A possible structure for the data base

3) A newrtthbdology for design
4) Plans for research
The magnitude of the problem
1) Example = Typical chipin production today
a) Smallest legible plot §8 3 meters on a side
b) 6 micron geometries, 5000 microns (200 mils) on a side
¢) 16000 transistors, about 1/2random Llogie¢

d) Took 5 man-years to develop

Suppose we had a design system that encorporated all features we
have seen at this meeting, so that given a chip of this size:
1) Monday, do algorithmic, functional and logical design
2) Tuesday, we do circuft design
3) Yednetday, we do the ® rtuork
&) Thursday, write test sequences
$) Friday, debug it

This §8 roughly a 250 times improvement over current methods

Mow long does it take to design &8 ULSI chip?

2L00 years
Why Consider a Unified Data Bate?
IC's have been designed for years with separate data bases:
1) Schematics ( In Notebook)
2) Circuit Simulator input
3) Logliec Diagrams
4) functional Simulation Programs
$) Test Vectors

8) Artwork
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What @re thr problems with this a rrangement?
1) N o consistancy
2) No error checking
3) No “MACRO” capability
4) Not in one place
$) No cohesive comments
Furthermore, problems will get warse as VLSI continues
1) No plots of chips
2)N o completeschematics

3) Hierarchical form willbe the only useful (possible) form

What demands will wve make of the data base?
1) Edit all Information
2) Allow access by verification programs
3) Expand any subpiece, on any type diagram
4) Ask historical questions

Yho last modified this and uhy?
5) Security
6) Simplify -- this is the only way design can be accomplished
What do we need for each module
1) One or more Jrtuork representations

8) multiple technologies

b) design rule checking
Why @& procedure uith each module?
¢) multiple form factors
1) Altlows generatlization, which cuts down work
2) Schematics, on several levels
eg. N-bit adders, shifters, ete
a) Logic, several forms
2) Related concepts
b) Circuit level
8) N-bit devices (S-1 design system)
¢) Register transfer
b) Stretchable Cells
3) Text
c¢) Auto-~layout
a) Functional design
d) *'Silicon compilers”
b) Comments

¢) lest vectors for individual pieces
4) History

$) A Procedure, perhaps null (procedural sttachment)
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How does using #® procedure instead of Jny of these other concepts help?
All of these concepts can be improved
1) N-bit adder could do lookahead correctly
2) Stretchable cells could fold as stzes got bigger, makes them more
applicable
3) Auto-routlng. NMOSis not used uith auto-routing schemes since
DC power is too great. Using this technique, we can
a) Route using standard cells
b) Calculate driven capacitance
¢) Reduce power and cell size (and change topologies)
d) Iterate this process until no improvement is obtained
4) Sllicon compilers. The attached procedure can also produce
logic diagrams, test vectors, functional specs, etc.
Applications not done nou.
Problems
A) Data Base ftself
1) Huge amounts of data
2) Fast access for commonly asked questions
3) Must offer procedural attachment
B) Language
1) Must handle text
2) Must handle numerical calculations
3)Must handle (small scale) circuit simulation
4) Rust handle artwork

5) And it must do atlof these things wellk}!

Implementation Problems
1) Commercial or Custom datsabase
2) Language
8) Standard language e library
Simula, Pascal
3) Language designed for layout
a) Ron Ayers language, Caltech
) This makes Jrtuork easy, but procedural sttachment difficult

¢Ydoes not handle tent, simutation well



Placement and Routing of Arhitriary-Sisze Rectangular Blocks

(B. Preas)

NIERARCHICAL INTEGRATED CIRCUIT

LAYOUT

M R Y LARGE SCALF INil GRATION

(100,000 TrAnsistORS)
+ HICRARCHICAL DECOMIOST TION

., T0P DOWNDISIGN/DOTIONU P IMPL EMENTATION

LAYOUT OF ONE LEVCL

ARBLTRARILY SHAPFD RrCTANGULAR Biocks
Fixe.0 CONNECTION Pos(TIONS
, Routing IN CiANNELS BLtween Brocks

, AutoMaTic PLACEMENT Aup Routine
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ROUTING

. Fino CHANNEL RouTING ORDCR
. INtTiaL Loose Rou T
Loose Rou Tt ImpROVEMENT

+ TRACK ASSIGNMENT

ONT oy
u saaaa. a ataonn
100000 100000
PR ssassa__ia satasen -
100000 190000 100004 ) 050000
AR, 8. Y Al 1650eee
106000
1050000 1060009
100000
100000 190000
sananas 2 stanes.
CUB CHANNEL VEIGHTS RADARCONTROLLER
CHANNEL INTERSECTIO: GRAPH
M M

ooty

srn o
o Time fm
I . N
f
‘_[. v
nise o '
-
]

- -~

fLECTRICAL WET RADAR CONTROLLER
LOJSE ROUTE OF ONE NET
coImgy
COMPLETE CHIP RADAR CONTROLLER

CONCLUSIONS

. HigrarchicaL Lavour is PracTicaL

AYOUT Co?vurcn AnrEa
L THOD 1ME (s@. MiLs)
MINUTES)
StakpARD a2 15,375
Ihhnucnlclu. 16 12,658
HITY)

PronLeMs

PRR( ENT
RCA

1002
8




The SPRINT System for I'C besign
(K. Stevens)

SPLINT Sts16M_SinucruRc

( mErFAL)
7“

#

; C’IIYS‘ICAL

SOL

PCPLOT
- BESIGR )
J - - FILE -~
LOADFILE FILE MWIRE

|mw(r?£] [ViaeLm
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Data Entry

—eonm- ————

Interactive schematics drawing system
Text Input vim SDL (Structural Design Language)

Posstblity 10 fntm:face to existing |
(1ecs, CDLASAR, TESTAIDD, ate,? ) 9ic simulators

Input compiler checks design for consistency

Logtcal Library

map:, pln names into pln numbers
loading data
input/ output definitions
logical equivalence data (e.g. inputs of NAND gate)
physical equivalence data (e.g. Uce on more than one pin)
synonyms (alternate component named: 7400, SN7400)
posslb(lﬂ,g to store othor data: power dissipation
reliability
cost
vendor

Board Definftion

rary
physical
exact pln coordinates

logical board space

placement obetructlon size
pad type definltion (symbolic)

vias routing obstructions

Design Fi Is

board outline

central data base for a single PC design

accessed by all programs

cornector location and characterisiics

optimized for PC design applliation

vias placement/ routing obstructiors

hierarchy of subfiles and dircctorles

pad sire definition

811k outline

can be extended casily

dcslgn rules (line widths and spacing)

PLACER

Automadic Placement Capabilities

Manual Placement Capabilities

ma jor phases:
place critical components
initial Plac:ment (ranual/ auto)
placement inprovement (auto)
manual change capability at all times

free movement between phases

hierzrchical automatic placement o f

user-dcfincd placement cells
user-defined placement restrictlons

initial placement: manual rove
P constructive algoriihnm exchange
random delete
rotate
optimization® palrwlisc Interchana zooming
P E'lrev‘(cngt minmxzailon rulers

crossing count minimization
9 editing of old designs pessible

different~size

components {including discretes)

Routing Subsystem (SPROUT)

Efficlent heuristic line-search algorithm
Based on user-defined grid

bits/
10 In

rid cel

ired 12 1
W& for heard, 56 mil grid)

kB for 10 x

Single line width In
rin censecubively

Storage
("8
a run; several widths can be

Dynanlc dcslgn rule checking

Hendles 1, 2 or 2n layers

Automatic via etiminatien for short wrong-side segments
Best-fit placement o f vias

User controls search depth, path refinement

Can use off-grid vias

Second-order eptimization

Craph  model allows global minimiration
Critical segments not moved

Lestgn rules maintained

Exanple T T2 H1
Tetal ¢ pins 610 1286 es5e8
¢ Lavers” 2 2 3
Gridsize (mil) 25 es S0
Board area (sq. in.) 24 63 143

ICs 20 43 1890
$ discrotes argj, others 3?7 £9 71
s$n. ia, per aJ IC .62 73 .81
CPU time (sec ILM 168) 17 32 75
X conplctlon 98 $E £5
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PROCIESS AMD DEVICE

STMULATION

Massimo VYanzi

OVERVIEWN

PROCESS SIMULATION (SUPREM)
DEVICE ANALYSIS (SEDAN)
RESULTS AND APPL ICAT 10MS

PROCESS SPECIFICATIONS

|
|

TON—-<IMTC

1C PROCESS  SIMULATOR
FaBrRICATION SUPREM
PROFILE Meas.,| ’
SPReADING = DoPING
RESISTANCE ProriLe

DEVICE “SimuLATOR

[—mnw. CONC,
STEP MODEL ‘e(x)

SEDAN

MeasureneNnT [
SYSTEM -HLECTRICAL
TECAP PARAMETERS

|

CircurT SiMurator
SPICE

EXARAMPLE ¢
« Boron implantation

. Oxidation
s Arscenic di f fusion

oUTPUT

(s J"

TALLE J
T ,/

CONCENIIIATICNS
LOOK-UP .

STEP |

INPUT SAMPLE

f”,” sm'wnl! ll'l:"l"L!) et rfr

1 THAY: b INETLA atlon
[ AT AT FE L SRR IR i taLiaatie

LOAD LUNN®22, TYr(ab INeUT FrOM 01

T IDIVeY, TNV =Y, CHIN=1S, NDU CaB, W)NDeo
SRy APIDYs BDTusks ol = Youtrur contaor

NODEL NANCoMPH1, DSXDuiU10, DSXVeLE10, ESXDedeS6 JEXT mMOVLL sricC

tvln nan TKPLRUTAT T ON
8

?
TYPE=tnlLs (LERRAS, TINC®70, CONCe1,20 T

ur.MnL-an'\.nam-lvrln ;,‘,HP ?
CTELPGULeMENY 3514 P }
->mouu.wm:‘om.-mnl i Y

vem “Yempa2s ferer s

SAVE. LUNM~2Y, TYPELB ISAVE OATA DU DIfs

PROCESS MODELS :

« Ion Implantation

. Predeposi tion

» Oxidation 7 Drive In
. Epitaxial Grouwth

« Etching

« Oxide Deposition:

ot

EMITTER-BASE

- - - N
~ (2] (] e

tog CONCENTRATION (cm™3)

-
(=]

15

[¢] 1 2
DEPTH (micions)

INPUT :

o Inpurity Frofilc (SUPREM or analytical)
» Terminal Vol Lan.ﬂ

» Brid Spec i fication

« Physical MHodel Spec i fication

» Timestep

TYPE OF DEVICE

+ HPN Bipolar Transistor
+ PN Diode
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ouTPUT

« Py Ny P (Dopendent Varicbles)
o Jn, Jp, . : 7%', o)
Terminal Current Densities (Je, Jb, Je)
+ Reta
. Junc { ion Capac i tances
. Sheet Resistances at each bias point

. Cumme) Nunhoe t-5

PHYSICRL MODELS =

~ Shockley-Rend-Hz1ll Reconbination
with constant or concentration
dependent lifetines

« AUGER Recoabination

.« Band-Gap-ilarrowing

» Hobility lconcontration and field
dxpendoent)

.BASICEQUATI OWS

Continuity :

ﬂr—-’.— .J.'_J-C—U
d¢ 7 d«
é::= a4odre oy
df 7 dx
Transport :
dw
= -\"V\E_-O- D“..__
Tuz= g ? o

Poisson

—
~
~

T2 = ~-£— P-w+ Nn—-Vi}

TITLE SEDAN I HPUT TEST

GRID NREG=1, STSZ= .02, NSTP=SH
GRID NREG=2, $TSZ=.01 , HSTP=1060
CRID HREG=3, STIZ= .04 , NSTP=50
LOAD LUMil=22

DEVICE TYPE=HPHT, BACO=1 .2
PROFILE TYPE=SUPR

B1AS VEEF=0, VBEL=.7, VDES=, -0
+ VCFL=z) yepsai ' Loeon-ly VOEFRO,
HODEL SRIE=Y, AUGE=il, BoWU=Y

PRINT HEAD=Y, PRTi=Y

EHND

'oiﬁ
10"}
(cm™)
‘o"a .
‘0'7 A
1 1]
°'g
10%)
IO»
107}
0
(cm'?) -
IOﬂ“
+ 130
10" Vge: 0OV
s 10ps Veg 100V
0}
L ts0*
Py Vae' 05V
i Veg 2.0V
(Y
10°}
0%
10’ A L L \
[} [ F] 3 3 5
x{um)
(a)
te 0"
Vye' 0.0V
Vegr 00V
1.0
Vet 05V
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Two-Dimensional Device Analysis
(C. Price)

OVERVIEY

DESCRIPTICN & HMOTIVRTION
MODELING EQUATIONS
DISCRETIZATION GRIDS
SOLUTION HETHODS

TANDEM

0o 1.

ry

i

POTENTIAL CYCLTS)
0.4

0.2

e

PUHCH THROUGH

Vds = 5.8 VOLTS

POTENTIAL RLONG PUNCH THROUGH CHANNEL

/

Vds=§

CATE CniNCIintCcE

DREETTAN

Cg = .88 pFrcnm

POISSON
CONTINUITY

TRANSPORT

BOLTZHMANN

OEE’W) =n-p-N
= %?f~-ﬁ,+ Gn-Rn
e -l . F

3 vV JIp+ Gp—-Rp
=g Hnn T e g DaVn
“q P ¥ -9 DpVp
=n; expl e (¥-¢5)/kT]
=ne exp[¢($e-¥) /kT]

DISCRETIZATION GRIDS

o
i,
3

p.8
DISTANCE (NICRCNS)

{e) Pelaned Rectangular

Rectangular

{d) Truacated Semf-re;i’er °

b,

: 7y mop e
KPR
NEONIENY AN

e

QA [/l -
N /'\‘/\‘ .
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SOLUTION METHODS

SYSTEHM OF EQUATIONS

SIMULTANEOUS = SIZE = 2mn X 3mn
QUADRATIC CONVERGENCE

ALTERNATING = SI2E = 3 ¥ (mn x mn)
LINERR CONVERGENCE

RESULTS Of- SAMPLE INPUT

RN

N

;."; 14!

MATRICES 1
RELAXATION - SOR, SLOR, SBOR
DIRECT - LU DECOMFOSITION

ITERATIVE = STONE’S METHOD
STRUCTURE RND GRID

TANDEM
STATIC SOLUTION (POISSON)
FINITE DIFFERENCE
NON-PLANRR SURFRCE
SLOR
STORAGE - 8mn VARIRBLES

EXECUTION - 180 SEC ON HP211i7F vt .
25 SEC OH DEC-28 ' ' =y . '

DOPIMG PROFILES - DIFFUSION, IMPLANT, SUPREM POTENT1 AL COHTOURS
OUTPUT = TERMINAL GRAPHICS

SURFACE POTENTIAL
SANPLE I HPUT

VITLE SHORT CHANNCL MOSFET = IMPLANTED CMANNEL - Surface Potential.
Vdsel
$TRUCTURE FILE.OUT=MOST
»

SUDSTRATE CONCCHTRATIONZIENS TYPL:P WIDTHz6 OEPTH=2.5 -

CHAMNYY PLAKCUNCE3ELR  TYPESP Y, PEAXZ0  Y.S5TORVz,2

$OURCE OIFFUSTON PFAXCOMCZIETD  TYPEzH wlnDiaza  Y.PEAK=Y

* Y. JUNCTIO0N= S X.ERMFCHN -.

ORAIN OIFFUSION PEARCONCZIFI9  TYPEZN AINDOnza Y.PEAKSO -

+ Y JUUCTION=.S X ERKFCHN

INSULATOR SOURCKF THICKNESS=z,8 X, WINOOW=A C.WIHDOwW=1
INSULATOR  GATE  TWICKNESS=.1
INSULAION  LRAIN  THICKMESS=.a4  X.WINOOW=8 C.WINDOw=1

POYCNTIAL (YOLTS)
0.5

0.0
h

ELECTIRODE  SOURCE WIDTW=)  WORF.FUNCTIONS.T
ELECTRODS  GATE  MIDTHZ3  aOwx FUICTIONZ,T
CELECTKODE DRAIM WIDTH=Z1  RORK.I UNCTION=,7

L
03s COMCENTRATIONSSELD ®
eRID XGRO.MIN=.05 XGRD.MAX=.1 X POINTS=78 L}
. YGRD.MINZ,02 Y.POLNTS=Z70 e 05 1.0 1.5
ENO OISTANCE (MICRGNS)
S0LUTTON FILE.OUT=MOS2
8148 SURSTRATF  IMPURITY POTFHTIAL=-1
81as SOURCE FLECTROVE POTFNTIAL=0
BlIAs SOURCE  TWPURITY POIENTIALZO SIMPLIFIED 2-D SIMULRTION
8IS CATE FLECTROOE POTCHTIAL=0
148 DRAIN FLECTRODE POTENTIAL=L
818 DRAIN  1MFURITY  POTELATIALZL
END
PLOY. 20 X.MIHZ0 X.MAXz6 ¥ M{Nz-_ 4@ VY.MAX=2.S5 BOUNDARY GRID
(L)
PLOT.20 X.MINZO X MAXZ6 Y MINz-.@ Y _MAX=2,S

BOMUDARY  JUNCTIONS DUPLLEDGE .
tonIoUN POTEMTIAL MIN.VALUC==~.7S MAX,VALUF=1,5 OFUL.VALUE=.2%

END
PLoOY. 1D POTENLTIAL  MHORZ .LEFI=0 MHOKZ.RIGHT=2
VERT,.LNTTOM:=]  VERT.TOP=2
:;le‘tu X MIN=D X MAR=4 ¥ M[NZ0  T,MAXZ) MAXLIMUM
{

CURRENT EFFORTS

SINGLE CRRRIER + POISSON
AUTOMATIC GRID GENERATION IMPORTANCE IN VLSI OF 1
NON-RECTANGULAR FINITE DIFFERENCE
SIMPLIFIED 2-D ANALYSIS

TWO-DIMENSIONAL DEVICE MODELING
LINKING OF PROCESS & DEVICE MODELING
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T.E.C.AP,
TRANSISTOR ELECTRICAL CHARACTERIZATION

AND ANA YSIS PROGR.M

EBRAHIM KHALILY
JULY. 1979

TECAP PRODUCES RELIABLE, THOROUGH, AND ACCURATE INFORFATION ON
BIPOLAR AND K0S TRANSISTORS TO SUBSTANTIALLY INCREASE THE IC DESIGKERS

UNDERSTANDING OF LEVICE PERFORMANCE AND CONPUTER AIDED DESIGN MODELS.

APPLICATIONS:
[ T.E.C.AP
PHYSICAL MODEL DEVICE
INFORMATION PARAMETERS CHARACTERISTICS
PROCESS CIRCUIT SINULATION

T.E.C.AP,

THE INTERACTIVE 9845/HP-1B BASED SYSTEM GIVES THE USER A QUANTITATIVE

UNDERSTANDING OF THE PROCESS AND DEVICE PERFORMANCE THROUGH FOUR AREAS:

. INTERACTIVE BASIC ELECTRICAL DC/AC MEASUREMENT

[

~

. CAD MODEL PARAFETER EXTRACTION
3, MODEL/PARAMETER ANALYSIS

4, BASIC STATISTICAL DATA ANALYSIS

CLRYTTEY
compuTER

FEATURES:
 ACCURATE > onone Py
8 OFAST WP 8303 | s

3P TEST sET

LI
NETWORK
ANALYZER

ST HP . 39501 O/A

xutWity ms |
cummEnt sapuce

|p=t=l=t-

. \___.[ W l?:.cmc
_.r ~ wo ovs _J -
S— | Py BT ATy -

o] ovs

Y
CLRE Y1)

¢ INTERACTIVE

¢ MODJLAR

8 COMPATIBLE TO CAD PROGRAMS

0 EASY TO USE

8 EASY T0 PROGRAM

CIETYIYY
ovm

BCANNEN

-

#ROUT
travion

PO BACRAM OF TNE BYSIFN,

CAPABILITIES

1

~

3

4,

K0S DC MEASUREMENT
4 PARAMETER EXTRACTION
0 MODEL/PARAVETER ANALYSIS

+ BJT DC MEASUREMENT

¥ PARAMETER EXTRACTION
§ MODEL/PARANETER ANALYSIS

C-Y FEASUREMENT
§ P-N JUNCTION CAPACITANCE
PARAMETER EXTRACTION

§ M0S GATE CAPACITANCE PARAMETER

EXTRACTIO%

S-PARAMETER HMEASUREMENT
§ CONVERSION TO Y, H, Z

§ HIGH FREQUENCY MODEL PARAMETER

EXTRACTION

T C/Cmax
wanured | CM2x=5 654E-11
Cmin= 42,122E~-11 Ll
tapt N Type Substrate
Area= +3,6BBE-R3 CMa2 p
Tcx =+2,18CE+23 A
Dope= +7,849E+14 CMA-3 T
Prtractee | Cfb= +4,583E-11 L
Vfb= ~-1.808E-81Volts
Qss= +1.072E+18 CM~-2 T
Vth= ~-1.448E408Volts ks
-] «8 Volt/Dtv 8
ID#é: Dick CS-1/4
E. K
83/11,78 3:83P M
I'd veVv d MERSUREMENT
-
Vg= 7.5
>
al Vg= ?
¢
o Vg=6 .5
[ 8
8 Vg- 6
[ vg=s5 .5
Vb= B -
/ Vg= 5
/ﬁ Vg= 4.5
© P S SR Vg~ 4
] .5 V/Dtv Vdo

ID#: 2N-435 |

E.K.
11730778 1:18 PM



Gm

.QC85 Mhos/Div

Vb= B S

G m  va Vg MERSUREMENT

Vdw 3
Vdm2 .5
Vd= 2
vd=1 .5
Vd= 1
Vd= .5

Vb- @

Gds

.081 Mhos/Div

1 V/Div Vgs

ID+: 2N-43S1

E.K.
1138770 1:33pPM

Vt= 2.889 Volts

Beta= .0@14? . Mhos
Y A P— N S
[+] 1 v/Div vgs

BXTRACTION-OF. 8 AL "0 PROX DRAIN-SOURCE CONUUCTANCE,

Dato: 12781778 1:05P M

E.K.
MOS DC PLAY BACK SIHU
HERS
o .
vg= 7.5
>
a vg= 7
N\
a
- vg= 6.5
[
] vge ¢
vg= 5.5
vb= @ vgm &
vg= 4.5
® N N N , vas 4

BotaB=1.48E-D3 ;VtB=+2.90 ;Phif=8.37 ;Gamma=2.678 ;Thota=0.0!(6
Gloff=],B2E+23 ;Ecrtt=1.00E+B4 ;Utra={,@BE+85 ;Cox=!.PBE-1S
Rs= 0 ;Rd= 0 ;L=0.8018 ;XJ=2.0cece 3N Channo

Date: 12781778 1 :

18P M

SIMU
swmmmem MEAS

/’ vb= @

MOS DC PLRY BACK

E.K.
2t
2
=t
N
S |
£ |
g1
‘b
vd= .025 +
L
[}
s

1 vDiv

BotaPe! . 40E-03 t1VLD=+2.8D0 ;Phif=0.37 ;Gamma=2.677 ;Thota=D.010
Gloff=i.0rE+00 (Ccrite] [ DNE+04 sLtra=1 . QCE405 1Cox=1.CUE~1S

Fis= f ;Rd~=

O L=3.0010 ;X —y.00008 iN Channal
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A High-peiformance
Raster-Scan Graphics System

Forest Baskett and Andreas Bechtolihcim
Computer Syslems Laboratory
Stanford University

Overview

Applications
VLSI project - design automation
TEX project - wdvanced text processing
Highly interactive program cnviromnents

Initial configuration

VAX 11/780, DI"C-20, or Foonly host computer

Graphic system connccled through paraliet 1/Q port

Future configuration

Personal Compuler System (Single User)
2-8000/68000 | lost Processor

Virtual Mesmory

Hard Disk Storage

Ethernet Connection

Workstation Fornfactor

Grophics System . . . Hardware Modules

Host Processor
Parallol Port

Graphics Processor
16 Bit, 125 nsec
1k* 40 Bit uStoro

|

Frame Butter
1024°1024 Pixals

Graphics System Funclionality

High Resolution rame Buller
1074 T 1004 pixels
can bo organized 12 * 512 * 4 for color

Monochrome Display
1024 * 800 pixchs visibio aroa
Infetaced or nonanterliced monitors
1024 * 224 pixcls invisiblo area used for
characler sels, cursors, symbots, clc.

Color Display
612 * 480 puxels visible aroa
4 Bils per pixel, mapped inta 65536 cotors
color mup can bu changed dynamicaity

Graphics Processor Characteristics

1)  provides high-speed frame bulffer access & manipulation

voctor dravang rate 1 pixe! per nuciosccond

taster manmpulation rate up lo 16 pixels per microsecond

fully “soft” chi iacter sels
{ast image transformations

2) functional intetface between host computer and frame buffer
graphics processor handles all frame buficr accesses

performs address mapping and it shifting
maintains qucuce of graphics instruclions
reduces host load

Graphics Input Device

Tablet or Mouse
under control of host computer

Hardware Overviow

Two Modulog
Graptucs Processor
Frama Buffer

Graphics Processor
miGroproqrimmed, bit-shee maching
16 hit data paths, 15 nsec cyclo tmo
1k by 40 It Microstore
barrel shittor
cun control up to cight frame buffers

Framo Buffer
20 kByto dynamic FtAM (1024°1024)

64 Mbit bandwicith

programmable video controtier

Color Map with 16 entiies
6 bit Red, 6 bit Green, 4 bit Blue

Function Unit
performs raster operations (bil set, clear, xor. clc.)

In a single read modity write cyclo

Video Monitors

CPT monitor HRD 15/H
"whitc”, non inlterlaced, 8 by 10.5 inch
$900

Motorola M440a
"green*”, interlaced, 8 by 10.5 inch
$475

Hitachi HM-2019
high resotution mask
25 Mhz video bandwidth
$4100

Graphics Systein - Data Paths

Internal 16 Bit Bus

uwto

Frame Bufter
1024° 1024 Pixels

Frame |

Buflers

|

Frame Butler
512°512° 4 Pixels

Color Map

Multibus

Graphics System . . Levcls of Functionality

Host Application Program
Processor Logical Represantation of image

Pixel, Racler, Voctor Instruclions
Road. Write, Change, Copy

Graphics
Processor

Frama Butler Oparations
Bt Sot, Cloar, XOR, olc.

Frame
butter

Py ical Representalion of mage
Raster Format

« Untoad Host Proce:nor
- Significant cverlag on rosult

« Batanco bandwirdth, pe formance, and cost
= Avat Qo banidvod il deceeaw s ot Ligher kvots

“Uirdorstane frte o Framo Sigffog
tor tuture VIS gt nor,

Intermodulo Bus

Frome Hold Shiit
Butler 64) *)
Module RAM
6418
b
L Red
Video
Control [T~ Gowen
Motorola . o
M4408
greon'Monitor | |
Shin & ZNA
Graphics ?] Mask 16 Eut
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Summary

A raster scan graphics system hns becn designed that combines
. high speed graphicat opriations
. high reLolution display
« low cosl

.
Applications for this graphics system include
« highty intcractive man-mactine intertaces
« replacement of vector graphics
- computer-auded design
- advanced text processing

Yhe graphics hardware is partitioned In two modules
. the graphics processor
. the frame butfer

Possible confiqurations arg
- single o workstabons
< up Lo Cight framee bullers per Qraphics processor
- combunation colotZmonachrome displays
« divplays with additonal bt por pree!
- displiys 1or mulliple usery
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