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I. In tr od uc t ion-- ... -- ..._---

• 1 -

In thi5 report an inter.ctive desiGn 5ystel for integrated
circuits <IDS) is outlinec. The .,ste. is presentl, under
(;onstruction within a software project in which participate the
researchgroup ES of the departlent of EE and the computing
centre of the THE. The following persons are active within this
project:

J. Jess (E5)
K. Delhlj ([5. student far .aster degree'
L.R.A. Kessener (Coap.Centre)
Tb. van Doyen (E5. student far laster degree)
x. Ti ••ermans ([5. student for .aster degree)
M. van der Woude (Ca.p.Centre)
The design systel has to te as portable as possible

between sIroo and PDPI1T60. it has to be usable for Ie-design
for the planned 'IC-production unit' at the THE. The 51st •• is
to be part of the 'hElSIS·-syst •• (II in which co-oper~te the
tutch Universities of Technology of Delft. Eindhoven and
lwente. The designs produced with this ~~stel hawe to be
portable to facilities of tbe N.V. Philips. preferable at each
stage of the design. Therefore • ~Ulb.r of Its requirements are
given. Further it is intended to co·operate within this project
with Philips Physical labor.tory. so I nu.te~ of the described
reQuirelents Jre the result frol discussions with Philips.

kithin the NElSIS-project it has b.en agreed to eefine in
the ne3r future standardized design description l.nguages. We
distinguish:

- ~etwork Description language (NDl)
- 5~mboli~ tl~out description language (SlOl)
- GeOlietric layout description language UilDL)

These languages. stilt to be defined. will serwe as input
languages for IDS. besides Interactive input with graphics
terlinals.

At the THE within the group ES there is a project going.
in which a network silutator is designed based on
piecewise-linear Modelling £2]. The ail is a .ixed-Iode
lixed-level si.ulator. which can siaulate integrated circuits
frol cir~uit level to logfc tevel and to b8h5vioural level.
This PWl sillulator witl becoa. in future part of IDS. However
it witt not be discussed h8re~ in this report we will
concentrate on t_. design Bnd verification of I.C. layouts.
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z. Design O.~rtptlon languages
._---- ~--.------- ----_._--

A global sketch of the design process of an integrated
cir~uit is given in fig. 1. Aoug~t~ four stages can be
distinguished. In general the design process wilt be iterative.
both top dewn and botto. up. The four global st~ges are:

- behavioural specification
Usually this is not done in a forlat way. To for.atiz8 this
behavioural specification one needs a -Behaviourat Specifi­
cation language- (BOll. Existing ell.ptes are: IS'S £31.
behavioural section of HDl (4J. Froe tbe behavioural
specification. forlalized or not it hiS to be possible:

• to oerive functior.al tests
• to verify siaulation rEsults

- networ~ definition
Ihe network is foraatly described in a Network Description
language (NDl). Existing exaaples of a NOl are SPICE. HOl
and IEGJS. from the HDl description of a network it has to
be possible:

• to siaut~te the circuit
• to design testpatterns
• to design and verify tte la~out

- la,out desi gn
The layout design Nftl be distinguished into two levels:

• syltbolic layout design C·STICI(S-level-) described in
stel (Sy.bolic layout eesig" language)

• geo.etric layout design (Iask-level) described in GlDl
(Geo.etrtc Layout Destgn language)

An exa,aple of an existing SlOL is ICDl. lSI. exa.ples of
existiftg GlDl's are elf [6] Ind CIRCUITMASK (1]. The latter
is used within the Philips concern. Fro. SlDL there is a
tf'anslation possible to GUll. but not conversely. since in
Gtot .ore exoti~ geo.etries of layout co.ponents are
per.itted.

We will concentrate In this report on SLDL and GlOL.
discuss relations with ~Dl and teave BDl for the future. Also
we will not ply attention to tlsting .testability and test
pattern generation though these subiects have to be carried in
lind during all 5tag8s of the design. The following
reQuire.ents are desired for ttDl. SlDl 'nd GlDl:

- a gr ea d 5 tandar d s
- hierarcbical structuring and sepa~ltion

- sa.e hierarchical structure for one design
as far as possible

The benefits are:
- eesign sharing due to portability of textfites
- facility sharing
- design editing with t8xtaditors is possible
- 5iaple design verification by lipping hierarchical
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structures onto each other
if dOlain overlap of different cells is restricted to a
tiaited nuaber of special cases layout verification with
the circu1t description and with the designrutes Cin be
do". per co.pound cell" i.e. the required co.puting
resources i ncr ease linear ... it h t he length of the
de scr i pt i on •

finall~ standard design languages are a necessar, but not
sufficient Condition for portlbte softw.re.

FUNCTIONAL

TEST
/

BEHAVIOURAL

SPECIFICATION

BDL

(ISPS)

NETWORK

DESIGN

TEST PATTERN

GENERATION NETWORK

DEFINITION

SIMULATION

NOL

(SPICE,TEGAS)

LAYOUT

DESIGN
I

LAYOUT

IC-MASKS

LAYOUT

VERIFICATION

SLDL (ICDL)

GLDL

(CIF, CIRCUIT­

MASK)

"

TEST

CHIP

MANUFACTURE

fig. 1 Design process of an integrated circuit.
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3. Hi er ar chi c :I l 0 e s i 9 n 0 a t a S t rue t ur e •

he have seen in the previous section that it is
advantageous to make designs of integrated circuits in a
hierarchical way. In fact~ when circuits are very targe~ it .ay
be the only way of desigr within reasonable tile and within
reasonable use of (collputer ard human) resources. However we
have to pay for these advantages by:

area~ due to necessary- soae loss in efficiency of chip
do.ain separation fBJ

- restricted freedom in design
- 1I0re conservative design rules

boundaries
espec ialty at dOIa i n

In fig. 2 we give a SChematic eKaMple of a chip layout
with a hierarchical structure. In fig 3. the g,.aph representing
this hierarchical structure is given- _ (directed) edge in this
graph corresponds with an instant catl of a cell~ a node
corresponcs with a cOllpo~nd or leaf cell defi~ition.

Note:The graph is not a tree and it is acyclic.

CHIP

jREG ~ I
lADDER ~ I

REG

Fig. 2 [xa.ple of hierarChical chip layout.
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It wHl be clear that it is possible to bave the salle
hierarchical structure for a design in NOl. SlOl and GlOl.
towever since the a.aunt of detail ir.cre_ses when the eesign
proceeds. it ally be useful or necesslry in practise to have
.ore than one SlOl-version of one NOl co.pound. or to hawe lore
than one GlOl-yersl0n of one SlDl coapourd. It even can occur
that hie~archies differ tn the lowest hlerirchicat echelons.
tow ever this has ilptications for network verification. To
store descriptions into a database we can use the same
structure for NOL. SlOl and GlOl. As details lay differ we wilt
describe in section 5 the intErnal datastructure for SLOl.

Fig. 3 Graph repf"esentir.g hieriJrchical structtwe of chip
of fig. 2.
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4. The symbotic layout editor of IDS

The purpose of symbolic layout design is to deliver the
designer fro. the evil of superfluous detail. Therefore the
geometry in a 5y_bolic layout design environ.ent is represe~ted

in a sy.bolic way. lhe advantcges of symbolic desisn are
well-known:

- design rule check 5i.pltfied by the use of sylbclic
des ign rules

- incremental design rute check is possible
- computer-tools such as compactor and router are easy .ade

avail~b1.e

- increase in design speed. in 114J Black and Hardage
repo.-t a reduction in design tille of about a 'factor 10

These advantages have to be paid for by sOllie loss in area
efficiency due to sOllie restrictiens in design freedoll. However
by la~ing building blocks defined in GLDl accessabte. this 1055
can be overcalle to a great extent. It is expected that the only
feasible way to design layouts of Yl51 size witl be by 5y.bolic
means.

It is important that the symbolic pictu~es lOOk like the
geoletric ones. The designer sust be able to predict from the
symbolic layout how the ultimate Mask layout witl lOOk tike.
Ya~icus ways of sy.bolic drawi~g have teen proposed [91. [10l.
£11] ~ith topological or virtual grids. However as in [121. and
[131 we prefer a geo.etric g~id for representing 5y.bolic
layouts# to .eet the atove .entioned requirement of
pre die t ab it it y • 0n e 9" i dun i t (t all bd a ) will be a cit ar act er i 5 tic
minimat distance of the design rules. e.g. a half _inimal
line .. idth.

The basic building bricks or teave cetls in the 5y.botic
l~yout environment are catted STICKs. We distinguish the
fotlowing types of STICKs:

linepieces of various types. e.g. cetal,polysilicon and
diffusion. Since a linepiece is only in one layer and is
atwa~s rectangular it can be defined by instantiation. All
other STICK cells except fa~ text strings hiVe to be
defined before they can be pLaced.

- Vjas to go from one Layer tc another.
- Contacts or pins of different Layers to indic3te locations

on the boundaries of co.pound cells were connections to
the outside world can be made.

- Sharec buses to denote areas where co.pound cells .~y

over lap.
- Depletion type MaS transistors.
- Enhance.e~t type "OS transisters.
- Other elements to be defined ~hen necess~ry, e.g. bipolar

devices.
- Text strings to be plotted as co.ment on screen or .ask.
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Each of these basic building bricks is represented on the
screen in a S1.bolie way. In fig. 4 so •• STICK-represe~tations

ar e !i i v en •
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OIFF

fig. 4 Sy.bols and layout of soa. SliCK celts.

Note:
A linepiece is indicated by its centerline ,the physical
dimensions can be ottained by blowing it up (see fiS. 4)
b~ a distance of half its width. If no color graphics is
available distinction of linetypes can be Made by vaTious
ways of dashing. The line~idth cannot be read fro. such a
s ~ mb 0 lie r e pr e 5 e n t at ion.
lhe s~mbols of visp pin ano transistor indicate their
ch~r!cteristic length and width. The exact geo.etric
representation .a~ be obtained either by specifying it via
a GlDl description or In a aeflutt way by the editor, see
be to w.

As a coap05ite buitdi~g trick we use the (co.pound) celt
or shortly coapound. Such a cell is buitt up of other cells and
STIC~s. It may be represented on different hierarchical levels.
The hierarchic~t level kitl te Indicat~d by J figure called
level nUllber. ranging from 0 upw8f'ds. The higher this level
r.umber the more detail. If • cOIPound is drawn on level 0 then
its surrounding rectangle. its pins and its fl.ae are drawn. On
level 1 in a1dition its STIC~s Jnd all instantiated co.pound
cells are drawn on level Op and the nale is suppressed. etc.
khen a compound cell defined within GlDl is instantiatecp its
GLDl nale (which lay differ frol its SLOl na.e)~ surrounding
rectangle and pins (naaes and locations) have to be providec to
the editor. Of course there is only one level of drawing
possible in this case.
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The co.position of symbolic l.~outs i$ gouverned by ~ set
of s~.boL ic destgn ,.utes. To 1ceep the design hierarchical we
have to take care that interaction of STICK and cOlpound cells
occurs onL~ in In at lowed way. i.e. b~ leans of pins and shared
buses (II). The following symtotic design rules are proposed:

- Cell boundaries ellcept shned buses are separued frol
lasks by a distance la.tda.such that l • talbda is
sufficient separation between fisures of any ta~er. OnLy
at pins and shared buses, (inepieces of the outside world
may overtap the cell boundary. these linepieces have to
approach the cell perpendicuLar to its boundary. The
overlap in case of pins has to be half the width of the
pin, in case of shared buses ovef'Lap lay be onLy on the
shared buses.

- Separation of STICKs Is 90~verned by the physical design
rules. A table with design rules has to be available
within the editor.

- linepieces may be counected to each other b~ co.plete
abut lent or by co.plete overlap at at .ost one of the ends
(s ee fig. ., l

COMPLETE
ABUTMENT

I~COMPLErE
AauTMeNT

(OMPLET E
OvERLAP

------1-

I NCOMPLETF
OVERLAP

COMPLETE
oVEluAP

.-- ALLOWED

NOT
ALLOW

-eo

------
COM PLE TEo \Ie R. L4P
BUT NOT AT E:ND

Fig. 5 Interconnection of tinepieces.
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There ~re two ways of ~iving the ma5k information of a
SIICM cetl. One way is by having it generated by the
sysbolic editor.In this case the characteristic geo.etry.
together with the set of design rules is used to derive
the layout. Another way is to provide a description of the
STICK layout in GlCL. In this case the GlCl nalle. the type
and the surrounding rEctangle of the STICK have to be
provided to the editor. \e will refer to these two cases
respectively by "default STICK" and "GlDl STICK-.

The editor has a nUlIber of graphics operations available:

- Input via meno (co••ands and nu.ters), keyboard (na.es),
an d dig it it er •

- ~anipulation coemand~ such as .odify. place. delete and
un do.

- Drawing co ••ands with hierarchicat level number. looe-in
an d zoo.- 0 u t f ac it it ie s •

- Expansion of any compound cell in a drawing to one
hi er ar chi cal level dee pe r •

- Unpack i.e. replace a compound cell instance in the
database by its contents.

- translate an internal sy.bolic description of a design to
a GtDt description

- Plot a drawing on one of the available plotters.

To aale these operations possible ~ll design data have to
be stored in a hierarchical design database which has to be
well org~niled in order to enable:

- Quick access~ necessary for interactive work
- future extensions easy to be iapte.ented
- co.pitation of a design described in SLOL to the internal

database.

In the following section we give an outline of the
J;roposed database.
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5. Internal Datastructu.re of the SYlllbolic Design-Database.

Basically the internal datastructure is I mapping of the
graph representing the hierarchical logic structure (see e.g.
fj~. 3> of the design. ~e represent this ma~ping by a
bidirectionally chained list of Ya~iable length records. stored
in a fite calted SJRLCTUR£. Each record co"tains a saquaace of
words of 3t least 32 bits or 4 characters. Besides that we
maintain two directories and three lists:

- CElIHR

- NA /f£l 1ST

- HDLLIST

- Gl ell I 51

containing a directory of compound
cells and STICK definitions
containing names of cell instancesp
nets and pins
containing names of NOl celts,
tbese names .ay differ from
their SlOL counterparts
containing na~es of GlDl cells,
these names .ay differ froM
their SlDl counterparts

Any record in STRUCTURE contains:

<integer> denoting length of record in words
<integer> denotil'lQ type of record
<pointer> to previous ret:ord
<pointer> to following record
<bod y>

The <body> contains d.ti depending on the type of the
reeol'd anc! Is described below for each trpe:

tvpe 1: begin co.pound cell definition

<II ad y>~ <pointer> to end co.pound cell r BC ord
<po in tel' > to compound nallle in eEL CIR
<poi n ter > tel st art of pin section
<pointer> to st art of net section
<pointer> tel start of instant cat \ section
<4* nill > reserved fo~ futu~e use

If one section is e.ptv the corresponding <pointer> has
the value nill. If theTe is onty , GlDL description the pin
section should be fitled Pl'operly. If the pins Jre explicitly
d~fined within GlDl then this is no protle•• So it follows as a
require.ent for GLOl that it has to be possible to indicate
pins explicitly.
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type z: begin of net cell definition

<Il ad ~> : <po inter> to end net c: e II r 8 c or d
<pointer> to netna"e in "AHElISJ

<po inter> to 5ta"t of pin section of that net
<pointer) to start of net description

t)' pe 3: end C Olllp ound. ne t cr Sf ICK cell

<body.: eapty

t)'pe 4: end dat~ itructure

<tad y>: e.pty

type 5: Citt of stick or ccmpound cell
<bod,>: <position>

<pointer> to directory record in eEL.DIR
<pointer> to cell definition record ir. STRUCTURf
<pointer> to instant nalle in NAHElIST
<trafo>
<rep inf 0>

type 6: tinepiece record

<tad,>: <tayer>
<width> of linepiece
<star t poi n t >
<endpoint>
<trato>
<rep info>

t)' pe 1: t ext I' ec or d

<bod,>: <position>
<layer>
<nuaber of chars>
<char height>
<string> containing text to be displ3yed

lhe types with nu.bers of 20 an( higher Indicate definitions of
STIC~ cells. The <body> of i ~JICK celt is of the fora:

<bOdY>: <pointer>
<po in tel' >
<layer"
<poi nter >

to end SlICK cell record
to na.e of STICK in CElDI~

indicati~g layers of the STICK
to start of pin section

in use
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The following types of stICf( de fin I t ion 5 are distinguis-
hed:

t yp e 20: pin definition
type 30: shared bus definition
t yp e 40: \li~ definition
type 50: dep let ion tr ans is tor deti"i tion
t yp e 60: enh anc ellen t transistor defhition

The additional directories and lists aTe In general .uch
smatler than S1RUCTURE. The, are built up as sequential files
~ith fixed length records. The contents of the recores are
re spect iv et y:

- CELOIR

<n aile>
<lI ox >
<p 01 nt er >
<integer>
<pointer>
<p oj nt er>
<word>

- NUt£lIST

<n all e>

denoting the naa. of the co.pound cell
surrounding rectangle
to the cell definition in STPUCTU~[

denoting the n~Dber of its instances
to the cell-nale in NOLlIST
to the cell-nile in GLOlLIST
denoting the design status of the cell
(to indicate e.~. GlOl description present.
NOL description present. etc.)

of cell instance or net

- NO U 1ST (GL Oll IS f)

<n ame> of NOL (GlOl) cett
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One tool that tay be useful in co.bination with a sy.bolic
layout editor is a co.pactor. ~ compactor can shift the
ele.ents of a sYMbolic layout together in either X or Y
direction such thit the layoLt diaension in that direction
becoaes mini.al without violation of design rules.

Various .ethods for co.paction exist. the methods depend
heavily on the sy.bolic representation. E.g- in the virtual
grid cOlIPactionllethod which is used in the MULGA system (5].
the mini.um distance between each t~o adjacent virtual grid
tines ;5 deter_ined and so the (syabolic) virtual grid layout
is converted to 3 geoMetric grid layout. A si.ilar Method h3S

been used by WilliaJs £91. In our case the compaction is
started with a geo.et~ic grid. but stitl we could use the sa ••
• ethods. ~owever if it is also aHowed to shift only a part of
the elements on one grid tine a aore optimat result .ay be
reachec. We will consider the following two .ethods:

- The constraint graph .ethod (H~euh {15J).
- Shear tine or COMpression ridge co.paction (Akers (16).

Dunlop (10).

In the constraint gra&b .ethod tl ••• nts are partitioned
into groups. [.g. with horizontal cOMpaction two elements are
in one group if they are connected ty a vertical linepiece.
(roups .~y s'lft with respect to each other. during horizontal
co~paction horizontal tinepieces are allowed to change Length.
lhe sinimul distance between two groups is deter.ined fro. the
design rules. These .ini.ua distances Ire assigned to edges of
the constraint graph. the nodes of which are the groups. The
direction of the edges corresponds with the position of the
groups. e.g. if group 1 is situated ~t the right of group 2 the
corresponding edge is directed fram l to 1.

The .jni.al (co.pacted) geo •• try can be found by
calcLlating longest paths in the constraint graph. So each
grou~ i is placed a distance to the right of ~roup 0, given by
the longest p3th in the constrained gr~p~ frcm node 0 to node i
(it is assumed that node 0 is the fixed left side of the
cOlpcund to be compacted).

The constraint graph method is of co.plelitv n••2. where n
is the "umber of layout elements 5tnce each element has to be
checled with all other elements for groupin~ 3nd constraint
det er IIi na t ion.

Note:
The results after co.paction can be re-edited because
before and after co.paction we have a symbolic layout with
geometric inforMation. When cOMpaction is conve~sion fro.
symbolic to geometric \a~out ~e-editjng with the sy.bolic
editor is not possible.
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- The first step of the cOI~action p~ocess can be usee as
design rute check.

This co.paction method .iy ta improved by jog insertion
which can be done inter~ctively or autolatically. A problem
with this method is that o~ly constraints of the ·minimal
distance- type can be handled. In practice there are also a lot
of constraints of type Wdistance between minimum and .a.imum-.
E.g. a via connecting two wires of different layers. These
liniaax constraints occur also when layouts on higher
hierarchical levels have to be coapacted. These problems have
partially ~een solved by Mostelter (1]1. however no algorithls
have been published.

The 5hear tine compaction lethods compacts layouts by
searching for wcompression ridges· which aay be ctipped out.
When fully automatic the method is tiae consuming (10J due to
the proble. of wdead alteys· khich give rise to backtracking.
It may te useful to use a combination of both .ethads with
manual interaction to overcome tong response ti.es.

A problem relJted to compaction is ·pitchmatching-. It is
often necesser, that cells pin each other by abutment. If the
~jtches of the pins on eJch of the cells differ one would like
stretching or compacting celts such that pins abut. It has to
be examined if an operation ·stretch- can be defined which is
in sOle sense the inverse of co,pact. A I.thad of pitchlJtching
has been implemented in the MtLGA s1stel (5]. The topics of
co,paction, stretching and pitch matching relain subjects for
future research.
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1. la~out Verification

Since human beings are &rror prone it is tikely that
layouts designed with a sy.bolic editor contain errors. Toots
should be available for layout verification. The layout can be
lIerified .. ith respect to:

- des. gn rules
- circuit descrjptier
- addition~l errors.

If atl requirements of hierarchical sepa~ation have been
satisfied design rule chec~ and circuit verification may be
done co.pound cell wise. 8, verifying the 5y.bolic design rules
co.pour.d cell wise (see section 5' it is ensured that .ost
physical design rules are satisfied [8J. This verification .ay
be dene in an -incre.ental- way. Design rute chect may also be
done by the co.pactor.

for circuit verification it .ay be necessary to indicate
in the database Logic equivalence of (sets of) circuit
elements. and of (sets of) signats. This and other extensions
can be .ace to the database b~ including new sections in the
defi~itions Df compound cells. There is a retation between
circuit verification and the NOL language and database in which
the ciccuit is described. This is , subject fo~ further
research.

Aoditional errors which cannot be found b, circuit and
design rule verification .ay occur. [xa.ples are:

- errors on powertine interconnect-
- errors in the network definition. especially those that

cannot be found by sfmulation. Sale of these errors .a, be
detected by test pattern generation (e.g. stuCk-at f~ults

that cannot be propagated to the output).

All the problems mentioned
verification have to be examined
the struture of the 5y.bolic design
flexable to store the required data.

above concerning lavoyt
and solved. We believe that
database is sufficiently
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