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INTRODUCTION TO VLSI SYSTEMS DESIGN 

INSTRUCTORS: 

Douglas f<Jlrbairn is Manager of VLSI Engineering at VLSI Technology, Inc. Mr. Fairbairn left the 
Xerox Palo Alto Researc h Center In January 1980 to Join VTI. While at Xerox. he participated in a 
wide variety of systems and IC design projects. The systems projects included an office Information 
system based on high-resolution video terminals and a distributed nelwork of minicomputers. Mr. 
Fairbairn was also chief architect and project manager of a program which developed a 
sophisticated portable computer. Since 1976. he has been Involved in a variety of activities relating 
to custom Integrated circuit design. lhese include orchltectlng and laying out two custom 
integrated circuits and aiding in the design and coding of an interactive graphics program for IC 
design. Mr. Fairbairn has taught IC design at both Xerox and Colifornia Institute of Technology. He Is 
co-founder and publisher of o new integrated circuit design magazine. VLSI Design. 

Or. Robert Mathews and Or. John Newkirk ore Acting Assistant Professors at Stanford University. 
where they co-teach the VLSI Systems course. They are engaged In VLSI research and the 
Information Systems Laboratory. Their interests include applying compiling and statistical 
techniques to VLSI problems and developing algorithms and computational building b locks 
suitable to VLSI. Dr. Mathews' previous research in.volved speech processing and psychophysical 
testing for an auditory prosthesis. while Dr. Newkirlt's centered on computational aspects of fast 
algorithms for system identification. Both have broad programming backgrounds. including 
experience in industry over the post 15 years. 



INTRODUCTION TO VLSI SYSTEMS DESIGN: A VIDEOTAPE COURSE 

VLSI design education is a c ritical Issue in on increasing number of high-technology electronics 
companies. As complete systems move onto single chips, It is vitally importa nt that all those 
involved In the system design process have intimate fomlllority with VLSI design techniques and 
trade-Offs. It was in answer to this need for system engineers, managers, and CAD programmers to 
gain a first-hand knowledge of VLSI design that VLSI Technology, Inc. created the video-tape 
course "Introduction to VlSI Systems Design." 

Primarily aimed at those who l.\.Qnt to become involved in the design process. the course 
emphasizes the importance of the "learn by doing" approach. There ore homework and project 
assignments which ore Important ports of the learning process. Students start by designing simple 
functional blocks such as decoders and parity generators and progress to the design of complete 
subsystems with complexities on the order of several thousand transistors. Each student or pair of 
students goes through the complete design cycle from systems architecture to "stick diagrams" 
( logic design) and final layout. 

The Importance of developing architectures appropriate to VLSI is very strongly emphasized. 
Appropriate architectures combined with very careful chip ''1100< planning" and regularized 
structures ore the key elements of the design methodology presented in this video-tape course. 
The combination of these techniques help ensure the best trode-0ffs in system performance, chip 
size, and design time. 

Examples and homework given In the course ore based upon nMOS technology. This technology 
was c hosen because It Is relatively easy to design with and Is widely available. However, most of 
the basic course materials apply to other MOS technologies as well. Many of the concepts ore 
even applicable to bipolar design. 

"Introduction to VLSI Systems Design" is specifically aimed at individuals with a hardware or 
software design background who ore interested In applying their design or management skills In 
the VlSI domain. No previous IC design experience Is assumed. In contrast to most VLSI seminars or 
tutorials, this course focuses on getting you involved in the design process. The course is not a 
survey of what others ore doing, but rather teaches a perspective and a set of design skills which 
will a llow you to make critical decisions about how best to include VLSI In your company's future 
plans. The perspective offered by the course will allow you to better pion and execute a VLSI 
design or design automation program within your company. Even If you do not intend to do VLSI 
design in-house, the knowledge gained in this course will allow you to make better decisions 
about outside integrated circuit design and fabrication vendors. 
This video tape course l.\.QS prepared for Hewlett-Pl:::ickard, and is now being used by HP on a 
regular basis. The course is based on similar courses developed by Professor Carver Mead of 
Caltech and Lynn Conl.\.QV of Xerox while teaching at M.l.T. The principle instructors for this 
course ore Douglas Fairbairn, Director of VLSI Activities at VLSI Technology, Inc .. and Professors John 
Newkirk and Robert Mathews of Stanford University. Guest lecturers include Professor CaNer Mead 
of California Institute of Technology, Lynn Conway of Xerox, Professor Richard Newton of U.C. 
Berkeley, and Gunnar Wetlesen, Vice President of VLSI Technology, Inc. The course 
consists of 27 tapes containing 21 hours of lecture. 
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The course text Is Introduction to VLSI Systems by Mead and Conway (Addison-Wesley. 1980). In 
addition to the text. VLSI Technology. Inc. offers this complete set of lecture notes that Include all 
the visual aids used during the lectures. as well as a set of homework assignments. The course Is 
greatly enhanced If the students have access to CAD tools and fast-turnaround chip fabrication. 
Any general-purpose computer can serve as a powerful VLSI design system. Appropriate software 
and p lotting capabllltles a re the only special resources required. 

Similar VLSI design courses based on the same text and design methodology are now being 
taught at over 100 different universities in the U.S. and abroad. including Stanford. Caltech. U.C. 
Berl<eley, M.l.T .. University of Illinois. and many others. In addition. the course has been taught for 
IBM. Xerox. Bell Labs. Hewlett-Packard. DEC. Varian Associates. Boeing Aerospace. and others. 
VLSI Technology. Inc .. was fooned In 1979 to support the design and implementation ot VLSI 
c ircuits. In addition to comprehensive educatlonal courses and design tools. the company wtll 
offer e lectronic network access to a high-technology semiconductor fabrication facility built specif­
ically to address the needs of the VLSI system designer. This facility will provide turnaround as short 
as three weeks from design input to finished chips. 
For more infOfmatlon on how to overcome the VLSI education and design barrier in your company, 
complete and mall the postcard In the back of the book °' write to VLSI Activities. D. HungerfOfd at 
VLSI Technology, P.O. Box 4788. Santa Clara, CA 95054-0788. 
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SYNOPSES OF VIDEO TAPES 
Lecture 1.1 - Overview 
Douglas Fairbairn (20 mins.) 

This lecture prov!des on oveNiew of the tcp;cs to be covered in 
the course "Introduction to VLSI Systems Design." Specttic topics 
include the Introduction of the ir'lstructors. on outline of the 
course material. and a d iscussion of the machontcs of the 
covrse. The strvcl\Jred design methodology used throughout the 
coorse is introduced . 

The purpose of the course is to teach software and hardware 
designer> with no previous integrated c ircuit design background 
to architect. design, and layout fully·custom integrated circuits 
in the nMOS technology. The course is supporte<I by lhe lext 
Introduction lo VLSI Systems by Garver Mead and Lynn Ccrrwaf, 
and by o set of lecture notes and homework assignments. 
Home'N'Ork and IC design projects are important parts of the 
lnstructlonol p-ocess. 

Lecture 1.2 - VLSI Design: A Perspective 
Professor CaNer Mead ( 4 7 m ins.) 

In this introductcxy lecture Dr. Corvec Mead first takes a look at 
the history of integra ted cilcuits. and uses that historv to establish 
a perspective on wt.ere the field is today. He re\!iews the scaling 
tows. which he helped develop in the early 1970's. and makes 
soma ptojections of where the technologyw;u eventually lead us. 
Or. Mead paints out. however. thOt in order to eNectively use this 
technology we Ylill have to solve the very real problem s ot 
designing complex chips. 

Throughout the lectute. Dt. Mead develops the arguments which 
suppcrt the adoption ot the basic design p-lncfple• used In this 
course os the best solution to the VLSI design dilemma. 

lecture 1.3 Port 1 - nMOS Logic 
Prolessa< Robert Mathews (45 mins.) 
This progrom. together with lecture 1.3 port 2. covers the basic 
nctton• of nMOS design: stick diog1oms. $Witch logic and gote 
k>gic . Ratio rules o re explained qualitatively, using a very simple 
transistor model. ANe< this lecture. the student hos 011 the 
information needed to begin designing k>gic in nMOS. 

Lecture 1.3 Port 2 - nMOS Logic 
Profess0< Robert Mathews (24 m ins.) 

This program. togetherwfth 1.3 part 1. covers the basic nctlonsol 
nMOS design: stick diagrams. switch logic ond gate logic. Rotto 
rules o re explained quolltotlvely, using o very simple tron~ste< 
model. After this lecture, the student has all the intormotion 
needed to begin designing logic In nMOS. 

Lecture 2 .1 - Registers and Two-l'hase Clocklng 
Professor John Newfdrk (56 m ins.) 
This p-ogrom intrOducesa simple, robust c locking and synchroniz· 
otlon scheme: synchronous, tv.to--phose. non-overtopping c locks 
with st0toge registers separated by combinotional logic. FolSO'w­
lng a discussion ol the p-opertles ond Implication• ot this 
methodology, seveiol simple register subsystems o re developed, 
As o flnol exercise. these examples o re used to construct o first-In. 
first-out stock. 

Lecture 22 - PLA's and Fintte State Machines 
Pro fessor Robert Mathews ( 40 mins.) 

Pl.A's providG a v.taV to mochonlze sets of a rbitrOtY Booteon 
equations in o geometrically and conceptualtv reguklr way. 
Moreover. with the oc:fdttlon of clocking, they become finite 
State rvtochines.. This lecture covers how to convert sets o f 
equations Into PlA's ond hOW to desctibe and Implement FSM's. 
A traffic light controller is used as a n example. 

lecture 3.1 Port 1 - Subsystems and Aoor Plans 
Doug las Fairbairn (47 m ins.) 

The opening segment of this lecfUfe dese<lbe• the SOiutions to 
problems 2. 3 ond 4 al the second homeWO!k ossignmoot. The 
main body of the lecture Introduces the student to some basic 
building blocks wtiich ore useful in nMOS design, Topics covered 
Include p-echOrglng. function b locks. ond the ALU cell used In 
the OM doto path chip . 
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lecture 3.1 Port 2 - Subsystems and Floor Plans 
DouglO$ Fairbairn ( 38 m ins.) 

This lecture isa contlnvotion of the lecture on subsystem buiJding 
blocks ond chip floor planning. The OM barrel Shifter Is described. 
fcilowed by a d iscussion of flOOf planning and how to choose the 
oppropriote lovers for routing power, clocks. ond Signets. The 
lech.Jra concludes with o corefu1 description of the third 
homework assignment. which allows the sl\Jdent to opply the 
building block• ond the flOOf plonning ideas discussed in this 
lecture. 

Lecture 32 - nMOS Processing and Design Rules 
Prolessa< John Newkirk (52 mins.) 

The objective ol this lecture Is to define o set of design rules: 
geometric constraints on line width, Une separation, etc .. rhot 
cha racterize the fobrlcotion proces.s from the designe(s per. 
spective. A blief overview of the fobncotion p-ocess Is p-esente<I. 
fcilowed by o mo<e detailed development of the patterning 
process and of the patterning sequence used In fobricoting 
nMOS devices. Several physical constraints arising from this 
process ore briefly examined ond used to develop ond justify o 
set of design rutes. 

lecfure 4.1 - Chip Planning and layout 
Professor Robert Mathews ( 44 mins.) 

tn this lecture, case studies ore P<esented exploring the planning 
and layout of seve<ol subsystems, inc luding o shift-register array 
ond a memav based on 3·tronslste< cells. Among me rop;cs 
d iscussed o re how ro assign Javers fa d ifferent purposes, how to 
count ratios In gates. and how to OPPIY the nMOS design rules. 
The lotter is ilfustroted by walking through o layout. 

Lecture 42 - Tlmlng, Delays and Power Dissipation 
Professor Robert Math ews(50 m ins.) 

Adequate power b ussing is essential If o design Is to WOt'k. Deloy 
colcuiotions o re important it a design is to meet speed 
specifications. This lecture covers resistonce ond current colculo· 
tions, melol-mlgrotion limits. capacitance calculations. and 
dekJy estimates. Calculations o re expressed in normalized units 
wherever possibte. 

Lecfure 4.3 - nMOS Scaling and tts Design and 
Process Implications 
Douglas Fairbairn, Gunnor Wetlesen (57 m ins.) 

This lecture is divided into two segments. The first Is done by 
Douglas folrbolm ond describes the details of scaling nMOS 
c ircuits and the benefi ts that occrve from this scaling. Scaling of 
nMOS circuits coHs fOt reducing all the d imensions ot the 
transistors o s well a s o ther phySICOI pacomete<s such os the 
doping densities. The problems associated Ylith the scaling of 
interconnect os well os tronsist0ts o re also covececl. The first 
segment of this lecture generollY treats scaling from on idoo1 
pcint of view. 

The second segment is p-esented by Gunnor Wetlesen ond 
describes the d ffferences between ideol scoling principles and 
those actually ap plied on the p-oductlon line. Proolems In 
scaling buried contocts ond o thef structures o re also discussed. 

Lecture 5.1 - Memory Sobsystems 
Dougla s Fairbairn ( 54 m lns.) 

This lecture introduces the student to the otternotive ond trade· 
offs tor d esigning mem ory cells and memory subsystem s. 
AJtemotlve memory-cell designs o re compared in terms of area, 
powes. and design complexity. Examples al the design and use 
of ''smort memories." such as stock cells. o re a lso given. 

Lecture 52 - Project Introduction 
Douglas Foirboirn ( 54 m ins.) 

If Is assumed lhOt students toking the VLSI de~gn course will 
have the oppcrtunity ro de~gn their own integrated subsystem 
d uring the c lass. This lecture describes what size or"ld complexity 
of pr()ject Is opproprlote ond some of the p re-defined cells which 
should be a vailable to use In c lass p-ojects. These cells include 
input ond output pad s. PIA cells, and shift register cells. Otha< 
topics Include hints on chip size estimation, design pitfalls. 
testing strategies, and a reasonable design schedule. Wofe< 
d icing and poclcog lng ate olso touched on. 



Lecture 6.1 Part 1 - Signal Proceuing with VLSI 
Richard F. Lyon (37 m ins.) 

Dick Lyon provide• a very •hort introduction to the subject of 
d!gita1 signal Pfocessing. He then d iscusses the reasons behind 
hi• choiee of a sceciOl-purpose. blt-$0rial orchitecture for the 
audl<rrate, signal~p-ocessing system he hos developed. Mr Ly<>n 
has adopted a modularized opprooch wtilch ollows many 
different building blocks to be connected together eo>ity to 
pertorm special functions. Some ol the bO~c building b locks 
Include senal multipliers. delay (memory) element•. and odder/ 
subtroctcxs. The iecture deta ils the opera tion or the elements as 
well os the overall timing strategy which was adopted to ensure 
that 011 b<Jlldlng blocks would communicate reliObfY. Examples ol 
VLSI slgnal·ptooessing systems which 'Wef'e built with these build~ 
ing bk>Cks o re described. 

Lecture 6.1 Port 2 - Signal Processing with VLSI 
Richard F. Lyon (40 m ins.) 

This tape Is the second port of o two-port lecture by Dick Lyon on 
d igital signal prOC0>'1ng with custom VLSI chips. Mr. Lyon ho• 
adopted a modularized approach for this slgnat1)rocesslng 
system which allows many d ifferent building blocks to be 
connected togethe< easily to pertorm special functions. Some of 
the basic building blocks include serial multipliers. delay 
( memoiy) elements. and adder/subtroctors. The lecture details 
the operation of the elements as well os the ove1011 firring 
strategy which was adopted to ensure that all building blocks 
vvouk:j communicate reliably. Examples of VLSf Signol1)rocessing 
systems which were buill with these bvilding blocks ore 
described. 
Lecture 6.2 - What Is Silic on Co mpilation? 
Dove Johannsen (30 mins.) 

This lecture describes the concept of a silicon compiler o• well o• 
the first example of such a ptogrom. This compiler, known os 
Bn>fle Blocks. was developed bY the lecturer a t Coltech as a first 
cut at the solution to the VLSI design p roblem. Key concepts in 
the Slistle Blocks PfOQrom include regulorized orchitectvre. 
highly "poromete<lzed cells" which. when compiled. can cu•tom­
ize themselves to the applicotion. and mv ltiple representatkins 
of the $0me function ( logic drawings. layout. •imulotion code). 
These m ultiple representations enoble desigr"I. simulation. ond 
documentation of the chip to be done in a hierarchical fashion. 
and they help guarantee the correctne$S of the chip by 
construction rather than post-design onotysis. 

Lecture 7.2 - Correctness by Construction 
Profess0< carver Mead (25 min s.) 

One of the major d ifferences between LSI design and VLSI design 
is Its sheer complexity. In this tape, carver Mead advocates the 
adoption of very caretully-delined disciplines of design which. 
when followed. help guarantee the correctness of o design. A 
•imp 1e example ol such a discipline Is the two-phase clocking 
scheme presented in this course. The price tor ignoring these 
desig n discipUnes in complex circuits is high: the clrctJts may 
never be mode to WO<k because new problems ate constantly 
found foster than old ones ore corrected. 

lecture 7.3 - Understand ing Hierarc hical Design 
Dr. Jomes A Rowson (51 m in s.) 

Hlerarchlcol design Is an otten-t..1sed term that is commonty 
misunderstood, lr"I I his lectU1e. Dr. r?owson ctorifies the meonir"IQ of 
the term and descnbes the key charoctenstlcs that a hle<­
o rchicot design system ought to hove, He afters a woy of 
mathematically proving the equivalence ol diffe<ent hier­
a rchical descriptions, and then de.sctibes some basic oom· 
po~tiOn rvies which con help guo1onree the conectne$S ol a 
hierarchical design. 
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Lectu re 7.4 - Introduction to Simulation for VLSI 
Profess0< Richard Newton ( 58 mln s.) 

This is on excellent oVEMView of the LSI/VLSI simulation problem. 
Dr. Newton defines slmutotlon. describes when It Is appropnore to 
simu1ote. ot what JeveL ond also summarizes the cost of 
~mulotiOn at the c ircuit, logic. and functional levels. He 
describes the advantages and problem s of various simulators 
$UCh o• SPICE. SPLICE. MOTISC. and SALOGS IV. and g ives 
examples of their oppltcation. This Jecture can stand alone a s a 
gene<al Introduction to the topic or ii can be U$ed in conjunction 
with the other lecture• on design automation (6.2. 7.2. 7.3 ). 
Lecture 8 .1 - Review of Sea ting: Synchronous Syslems 
Pro fessor Charles L. Seitz ( 58 mins.) 
This Is the first In a two-lecture series by D<. Seitz on system liming 
issues related to VLSt design The two lectures ore related. but not 
$0 closely that they can't be \/lawed Independently. 1n this first 
lecture, Or. Seitz describes the concept of a synchronous d~ltol 
system as well as the boc~ground and Justification 101 the two­
phase c locking •Y>fem dascnbed in the course text (Introduction 
to VLSI Systems by Mead and Conway). The •ign~icanl problem 
of c lock skew in VLSI chips and the effect further scollng of chip 
dlmeosions will hove on the problem ore a lso d iscussed. The 
lecttxe conchJd&s with o description ol. and warning abaut. the 
synchronization problem which exists between any two d igita l 
subsystems with different docks. Lecture 8.2 presents a sett -timed 
opprooch to solving the problems d iscussed in this lecture. 

Lecture 8.2 - Self-Timed Systems 
Professor Cho rt es L. Seitz ( 5 7 mins.) 
This second lecture on system timing f0< Vt.SI describes the con­
cept ot se~·limed systems. Such systems o re mode up ot 
modules wt.ich opera te a t their own inhe<ent spood and use 
special synchronizing hand-shake signals ro indicate wtien any 
porticvlor module is done computing and hos a volk:t result 
ovo110b4e. This timing methodology is on alternative to glObOlly­
synchronous systems and Is a POtentlol solution to the clock 
distribution ond synchronization probJems described in Secture 
8.1. 
Lec ture 8.3 - A VLSI Geometry Subsystem tor Computer 
Graphics 
ProlesSO< Jomes Clari< (56 mins.) 

D<. Clari< descnbes the architecture and implementa tion ol a 
VLSI system which pertarms the tronslarmatiOn. clipping, and 
scoling tunctions required in high-performance, 3-0lmenslonol 
graphics d isptoy systems. He tailored the architecture of this sys­
tem specifically f0< VLSI. The 01chilecture chOsen will allow the 
system to make use of future advances in chip scaling with no 
redesign reQuired. This architecture 0 1so o lfOws one chip to be 
used in different configurations to perform all the above func­
tions in o pipelined system. This geomelry subsystem uses mony 
of the timing concepts d iscussed in lectures 8.1 and 8,2 a nd 
Should be viewed In conJunclion with those lectures. 

Leclure 9 .1 Part 1 - The SCHEME-79 Arc hitecture and 
Design Me thodo logy 
Jock Holloway ( 55 min s.) 
This lecture describes the a rchttecture and design methodology 
used by Jack HollOWov and o the< reseorche<s at MIT on the 
SCHEME-79 USP mic roproceSSOf' chip, This chip directly executes 
a d ia lect of LISP known a• SCHEME. In additton to thl• lnte<preter. 
the chip contains on automatic storage allocator. an integral 
garbage collector. and on lnterrvpt system tor infelf\Jpf handlers 
written in SCHEME. The desig n tools used In the project ¥Jere 
largely LISP·bOSed and include a wmbollc. procedural layout 
language embeclded In USP. o mlc<olOnguage tor specltylng 
m icrocode in the fQr'm of o high-level 1onguoge. and o silicon 
complier fa im~menting a particular cklss of architectures. This 
two-part lectUte mu•t be viewed as a whclle. 



lecture 9.1 Port 2 - The SCHEM E-79 Atchllecture a nd 
Design Methodology 
Jock Holloway ( 43 mins.) 
lhoS ls the second port ol o "'">port tecture 00.Cn'bing the OIChl· 
teclule onct Cleslgn methodology used by Jade Hollowov and 
othe< t8'90<Cher> ot 11111 on !he SCHEME-79 USP n'liclOll<OCOS$OI' 
Chip. lh•s Chip Cfirecrly executes o cft0lecl ol USP known as 
SCHEME. In addition to this lnte<Pret01. the chip contains on 
automatic sroraoe ollocotor. on integral golboge collector. and 
on interrupt system tor lntenvpt hOndlefs written in SCHEME. The 
design tools used In tho Pfojecl were lo1gely LISP-based and 
Include o svmbOllc. P<OCE>du1011ovou1 la nguage embedded In 
LISP. o mlcrolonguoge for specifying mic rocode in the form of o 
hlgh4evel language. and o Silicon compile< for lmplemenllng o 
porllculor CIO!s of orchltoctures. lhls !wo-porl loclure must be 
viewed os o whole. 
Lec ture 10.1 Port 1 - New Methods for Implementing VLSI 
Designs 
Lynn Conwov (39 mlns.) 
Lynn Conway, coouthor of the cOLrSe text. Introduction to \/lSI 
~. OO.Cribes the 1ssves onct P<oblems =odorOCI Willi 
~ting \/lSI systems. She fiBI r9\llews such hems as the role 
ol the Cotlech lnleo uec101e Form (OF). !he starting tJotne. opt.cot 
pattern genem11on vs. etecfroo.Oeom mosla. and packaging 
IN• d1scuulon Is follOwed by o detailed de>cnplion ol lhe Mul!j­
Ptojeel Ollp (MPC) operollng system 00...10!>8d at Xefox and 
the eructot role ol JUCh o system in making VLSI tobheatlon 
oYOlloble too lorge community of de$1Qn91$ 
This two·porl lecture should be viewed as a whole This lecture 
may be shown In conJuncllon with the Ptojecl Introduction lec­
ture (S2) or 01 the end of the course asoriglnally scheduled 
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lecture 10.1 Port 2 - New Methods 101 lmplementlng VI.St 
Designs 
Lynn Conway (55 mins.) 
Thi$ " !he sec<ind porl o1 o fwO.pol1 lec!IJ'& by Lynn Conway in 
wt.ch she describes Iha Issues and l)f(lblems O<SOcioted wilh 
Implementing \/\SI Jystems. She filSI reviews suCh rtem. OS the rote 
ol 11\e Coltech Intermediate Form (OF). the starting trome. epti­
ca1 pattern generation"'· electron-beam mosl<s. ond packoing. 
This discussion is followed by o c:leladed desc~ption ot the Multi­
Pro)ect Chip (MPC) operating svstem developed a t Xerox a nd 
tho crvclol 1018 ol such a •Y•lem In moklng VI.St fabrication 
ovoilable loo lage community ot de•lgnert 
This two-port lecture should bo viewed os o whole. lhls lecture 
may be shown In conjunction with the Project Introduction tec­
lure (S.2) or at the end ot tho course os orlglnallyschoduted. 
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