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INTRODUCTION

EoE T A —.

Most comranies exrerience exronential srowth in the cost of desisning

Verwy Larde Scale Intesration (VLSI) circuits as the number of
transistors per chir increases (Fisure 1), VLSI describes circuits
consisting of aare than 50,000 transistors on 3 single chie. Regulars
structured design stwles decrease design time and cost. To reduce

further the rise in desisn costr» we turn over to comruters the task of
smanading the information associated with intedrated circuits.

Current techniques for srecifvind lavout deonmetries are analodous to
machine landuade coding in the earluy days of comruters. Most current
lawout tools deal in absolute coordinatesy with 1little or no
rarameterization. The Chir Assemblerr 8 new chir desisn toolr deals with
function blocks that sre prositionallvy-inderendent lavout structures. The
Chirp Assembler can assemble these blocks todgether to hierarchicallw fore
a8 chie., :

For the same reason that assemblers» comrilers, orersting swsteamss and
structured codindg conventions arrearedr so0 are chirp asseablersy silicon
compilers, and regularly structured desidgn stules arpesring todaw. The
averade number of lines of aicrocode produced in one man wear is about
1000, The numbers for Assembler arid FORTRAN codind are also about 1000,
But 1000 lines of a hish level landuade does more than 1000 lines of a
low level landuasge.

What we are trwing to do is rrovide the chir designer with @ higher
level landuade. Lavout designers currently draw about 1000 sates rer
$ear, They diditize 1lagouts and circuit schematics with little or no
Farameterizatinn. If instead of 1000 sates rer wear: they put together
1000 dataraths rer wears then they would be auch more productive. The
Chir Assembler offers a hisher-level landuade to wmalke such productivity
FOssible.

For examrle if wou wanted ¢to connect two 1lists of 16 connectors
todether on a srarhic workstation» wou would have to individually route
the 16 wires from one list to the other (Fisure 0). This mav take 100

or more commands. In the Chip Asseabler one cosmand rperforms ¢this
function. In addition to routings the Chir Assembler can also perform
tyre checking on the connections it made. This support wvields a3 wmuch

hisher level of productivitw.



REGULAR STRUCTURED DESIGN

Structured designs are those in which the rhusical hierarchw is the same

as the structural hierarchy. The erhysical hierarchy represents the
deometric sumbol nestind as shown in Fidures 2-S. The structural
hierarchy rould also be called the functional hierarchy and contains
such items as Allsy Ihataraths» Frodrammable Lodgic Arraws (FLAs): and
Redister Files (Fidgure &). A rhirp is structured when these two
hierarchies are identical.

Since the hierarchies are identicals well defined interfaces can be
inrosed between interacting blocks., This simrplifies the design and
conveniently partitions it so that different engineerind teamns can work
inderendently on different sections of the desidn. The Chir Assembler
surrorts structured VLSI desidgn by takind zdvantade of the fact that the
phusical and structural hierarchies are identical. It intedrates the
structural and ephusical data for & function block into one database.
This solves the rroblems that arise when wou have ¢two databases that

describe the same chir. One problem is verifwing that the phusical
database rerresents the same chir that the structural database
describes. Arnother rroblem is deazlind with two discreet databases

instead of one! creater urdater delete orerations become more comrlex,.

In redular designsy the ratio of rplaced transistors to drawn transistors
is very hidh. Thus a resular chir of 100,000 transistors maw only have
59000 drawn transistors: 2 ratio of 20:!1. We are currently trwindg to
achieve ratios between 50!1 and 75!1. By followingd some duidelines» we
can achieve ratios in this rande. We £lan the wiring statesy first,
then desidn the lodic beneath the wires., We reserve low resist mask
lavers 1like metal for data» controly and rpower buses? and run these
orthodonal to each other. We use structures like FLAs and finite state
machirness which are highly rarameterized and can be computer generated.
A FLA is a prodrammable lodic array consisting of an AND rlane and an OR

rlane. Comruter erodrams translate 1logic eauations into FPLA lawout
deometries. KRereated deometries like Redister Files or wide dataraths
also increase this ratio. Finallyy we use microcode stored in ROMs to

surply the necessarw control functions.

Carver Mead prioneered redular structured desidgn rphilosorhw at the
California Institute of Technoloswy (Caltech). Researchers at Caltech
develored tools to surrort this design srhilosorhwe LAP is a3 prodram
that allows users to srecifu mask gseometries by placing SIMULA code into
the LAP rrodram. The swntax of the SIMULA code reauired to define the

mnasks is simple enoush that non-prodrammers can write it. Since SIMULA
is a Hhigsh 1level erprogramminsg landuaser exrerienced users familiar with
SIMULA were able to construct parameterized cells and lawout.

Simultsneouslys Dave Johannsen develored a Silicon Compiler called Bristle
Blocks. Bristle BRlocks takes a high level descrirtion of a datarath and
corntrolling FPLA and automatically sererates a correct mask lawout for the
chirp. These tools and ideas paved the waw for the Chir Asseabler.



CURRENT STATUS

-—— - - - —— -

The current version of the Chir Assembler resembles a2 small disk based
orerating svystem. Oreratini sustems perform orerations on disk files like
CREATE» AFPENDy DELETE», COFYs» RENAMEs LIST @ file on the terminals HELP»
and list a DIRECTORY of files. The Chir Asseabler does the same for
function blocks. It 3llows wou to createy definer arPrPends corws listy
and list directories of function blocks., It 3lso has an extensive
built-in HELF facilitu,

The function block is the basic building block of the Chir Asseabler. A
function bloeck is @ rectandgular block that is either am assembly of other
function blocksy or an atom. Atoms are blocks that cannot be broken
douwn into smaller Parts. These could either be comruter deneratedr, hand
drawns or comracted from 3 sumbolic lavout databsse. The Chir Assembler
translates data formats from other tools like Arprlicon and Calaa sgrarhic
stations into its internal deometric rerresentation.

The Chir Assembler is written in SIMULA, 3 high level obJect oriented
prodramming landusade based on ALGOL &0. It runs on 8 DECSYSTEM 20
comrputer wunder the TOFS-20 oreratind suystem. The Chir Asseabler will be
converted to run on VAX-11 comruters under VUMS.

Desidners run the Chir Assembler at a 1low cost Desidgner Workstation
consistindg of a8 VT52 video terminal cornnected to a DECSYSIEM 20
timesharing computer. The terminal line has a3 PDP 11/04 computer and
Hewlett-Packard 4 pen »lotter connected in series bhetween the VT52 and
the DECSYSTEM 20 comruter (Fidure 7). The PDP 11/04 serves as the
grarhic processor to the color monitor. HKoth the HF plotter and the PDP
11/04 scan terminal conmunications for their srecial PLOTON character
seaquence., Until thew receive their FLOTON instructionr they transamit
characters through themselves behaving 1like a wire. Once thew receive
their PLOTON instruction» thevy interrret all ASCII characters as sgrasphic
rlotting instructions wuntil they receive their PLOTOFF conmmand. This
station provides the desigrier with immediate wvisual feedback which is
essential for efficient lavout designing.,

The Chir» Assembler pProduces a variety of outrut., Textuallw-annotated
plote of the decowmetry a3re displaved on the color raster scan wmonitor or
hardcorw pren rlotter (Fisure B8). These dive the desigsners a3 medium
throush which to discuss the chiry as well a3s 3 means of seeing the chimr‘s
deomnetric characteristics early in the desisgn.

In addition to deometric eprlotsey the Chir Assemnbler 8lso Plots tree
grarhs showindg the chir’s functional and rhuysical hierarchy (Figsure 9).
This @aids the desidner by showing which function blocks are subblocks of
other function blocks.

Also produced are Chir Assembler databacse files recordind the function
block’s data. When desiredy» a2 CIF 2.0 (Caltech Intermediate Form) file
is rroduced and converted to CALMA database format., From the CALMA
databaser wou can run Desisn Rules Checkers» Pattern Gerieration
prodramsy and rlotting prodgrams that drive lardge bed plotters.



CHIP ASSEMBLER IN DETAIL

The Chir» Assembler is an interactiver menu-driven dats collection
prosram that a3ssists the desidner in srecifuing the levout and electrical
prorerties of a chirp. The desidner srpecifies all details of a chir in »
simrle suntay comrosed of coamon English words. The Chier Asseabler
collects and stores this data for the designer in its dastabase.

To desisn a3 chipr the desidner specifies rectandular blocks and then
gssembles these together to form larger blocks. The desisner srecifies
the order of assemblw and the orientation of placement. Blocks are
rlaced in one of the followind directions?! Norths Essty Southr or West.
In any of the directions» there are two eddes on which to line ur the
blocks. For North and South assembliess wou can line ur the East or West
eddes of the blocks? for East and West asseamabliesr wou can line ur the
North or South eddges of the blocks.

After the designer has instructed the Chir Assembler to assemble the
blocksy the Chir Assembler connects each block-rair todetherr» creatins
the new lawout and electrical data for the assemblw. The Chir Assesbler
checks the bristles on each pair of eddes that are to be connected. I
the bristles abutsy then the Chir Assembler rhusically abuts the blocks.
Otherwises the Chir Assembhler river routes between the two interfaces
(Fidgure 10).

When abutting blocksy the Chir Assembler rperforms a3 tyre check on each
bristle pair Joined. It verifies that the bristles are on the same nmask
laver and of comratible tures. It rerorts errors such as connecting two
inputs togethers ar routing FOWER to GROUND.

When routind occurs durind block asseablur the Chir Assembler insists that
all bristles be of the same mask laver. This constraint arises froa the
fact that ¢the river routing algorithm works on only one lawer. It and
when this chandes: we will remove this restriction. Howeverrs in our
designsy this is not 8 difficult constraint to satisfuw. The Chir
Asseabler also checks that the mask laver it is routing on is a3 wvalid
routing laver. This prohibits routind on @ contact cut or imrplant lawver.

After vou have assembled a blocks wou can look at anuy or all of its data.
You can a2lso view the block on either the color monitor disrlavw or the HP
color eplotter. When wviewing a8 blockr» wou can specifw preciselv which
branches of the subblock tree wou with to view. So if wou have a3 block
comrPosed of & left side and a3 right sidey wou can have the risht side
only show wou its exteriory while the 1left side erlots itself in full
detail. This can save much time when viewing arraws of blocks.



FUNCTION BLOCKS

The function block is the basic entitw of the Chir Assembler. Each block
surprlies one chip function and contains the following data !¢

1) name

2) transistor count

3) 1list of subblocks

4) list of dgeometric shares (CIF 2,0)

5) list of circuit simulstor primitives

4) rower consumption data

7) Northy Eastr South» and West bristle lists

The four bristle lists contain the block’s interfaces. Each bristle list
contains any number of °®bristles®. Each bristle has the following data!

1) name

2) ture and direction

3) color (mask laver)

4) width

S) carpacitance

6) delaus (estimastedr minimum/maximum accertedr computed ...)

This data is analosdnus to the dats a sorhisticated comriler keers about
variables and procedures. The SIMULA comriler that we use does ture
checkindg on all variabhles and eprocedures» even across EXTERNAL files and
rrocedures. This saves much debusgdging time. Usuallyy when the prosram
comrilesy it runs. The Chir Assembler does an snalodous task when it
assembles blocks tosgether., 1t rerforms ture checking for each bristle
Ppair that it connerts todether. As we add more data to bristlesy the Chir
Assemnbler can rerform more checks and thus verify that chir is srecified
correctlw.,

Designers inrput function blocks from the terminales command files or
CALMA or AFPFLICON databases. You can also asrrpend data to an already

existing function block. The Chir Assembler allows wou to disrlaw anw
rpart of 3 function block’s dater or it can store/retrieve function
blocks from database files. Once wou have 3 fully described function

blockes wou can denerate a3 1list of the nodes with their connections:
circuit simulator input filess and CIF 2.0 mask descrirtions.



WORK TO BE DONE

Much work has vet to be comrleted in the Chip Assemblers but a3 sound
foundation exists. Most of this work will be done during the suamer
months and comprleted for evaluation in Serpteaber. The areas of

investisation include!

1) desisgsn of prpads and srecialized/deneralized routing reauired for
thes

2) desigsn of a deneral purrose rparameterized PLA and/or finite state
machine in our current NMUS srocess

3) comrlex routind between distant blocks on the chis
4) snother look at stretchable cells - we have tearorasrilv put this
function aside a3s our lawout desidgners prefer to asatch all

pitches by hand to achieve maxinum densitw

S5) include interconnect verificstion in the Chir» Asseabler and/or
interfaces to existindg interconnect verification prodrams

4) collect and rroduce lodgic simulator data files
7) define other VLSI building blocks

8) erroduce comrosite chir documentation from brief textual
descrirtions of each function block



Althoush we are currently using a3 serecific chir to drive the design of
the Chir» Assembler» 1 foresee manw uses for it. The most exciting ares is

custom arrlicstion endgines. Custom arrplication endines are not dgeneral
purrose CFUsy» but a srpecial piece of silicon that imrlements a
customized function. These endines perform their tasks orders of

magnitude faster than deneral purrose comruters.

As chirs and chir sets sdHet more exrpensive ¢to designy can we really
afford to continue buildingd exrpensive deneral rpurrose machines to be
exrensively prodrammed at a later time? Ferhars 23 better auestion is
*Do we really want to?°. b & our foal is to increase the
price/rerformance of our machines» how can we best do this? Should we
build an entire mainframe computer on a sindle chie? 1 don’t think so. I
think we can dget an order of madnitude increase in rerformance without
desidningd 3 faster wmodel of an existind machine. By desidning an
arrlication driven machine to do the task we want and nothind more» we can
remove all the levels of interpretation that an arrplication rprodram does
througsh in its execution on a8 deneral epurrose computer. ANnd we can
desidn specisl harduware to accomrlish the task with more rarallelism.,

Today we are already seeind the first deneration of these custons
aprlicatinn chips. There are A/D converters» aultirlierss FFT» a LISP
machiner and draphic Pprocessors on 8 chir, We would like to see these
chirs perform the function of some of our londest runnind prodraams. For
examrler researchers are imrlementing FC board routing in VLSI. Mawbe we
could design a chip to do DRC checkindy Differential Eauation solving,
or FORTRAN comrilation.

By doind this router we are no londer limited to a machine that executes
instructions seauentiallyy or even a tree/matrix machine that does so.
With VLSI we can do exactlw what we want: in the manner that is best
suited to the data. This is much the same reason why we wuse an obdJect
oriented prosramming languasde like SIMULA.

One imadge processing task I ran across reauired the summation of two
imades. To perform thisr wou add the 40946 intesers that represent one
imsde’s intensity (one integer eper prixel) to the second imade’s 4096
inteders. With VLSI we can afford to desisn a chir(s) with 4096 adders
to do this in one machine cucle instead of 4094 or more cwcles.

In arplications 1like imade summationr where we need to manirulate 4096
integers, we run into pin out Pproblees if we try to Put 4094 adders on &
chi» and feed them data from a2 main memorw. A better apeproach is to
take a bit slice arproach and desigdn a8 chir that handles 8 intesgers
comrletely - it not only stores the datar» but 2lso performs orerations
on it. This means that we need 512 of these chips for the total ensgine.
This chir would contain both the memorwy and processor combined» and thus
eliminate the Ppin out problem.



VLSI arrlication machines reauire °Smart Memories®s which are memorijes
combined with local rrocessors. The data msust be verw close to the data
manirulator, If this is not the casesr communication severely limits the
performance of the machiner both in sreed and wirind comrlexitw.

Arrlication machines recauire custom chirs that are currently very
expensive to desisn. With the advent of tools like the Chir Asseabler,
the desigsn of these chirs can be done auickly and chearlw. Since the
chirs are designed ramridlyy thew are not as dense as if they were
totallw hand drawn. But thewy need rot be maximum densitw. We can gladly
sacrifice chipr area for time and cost of desisdn, With & dramatic
reduction in cost of custom chirpsy a whole new market is created for
VLSI.
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(from Gordon Moore, CALTECH CONFERENCE ON VLSI, January 1979)
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