;e3e9/ 9,IF6T M-1 Z 2 AP R 2002 POLYGON REPRESENTATI ON | N AN | NTEGRATED
CI RCU T LAY HE | NVENTI ON The invention relates to the design
of i nt egrat S(ﬂwz lmﬁmmm nd nore specifically, to a nmethod and appar at us

or representing in an integrated circuit |ayout. BACKGROUND OF
THE I NVENTI ON S Ih 't%:e context of integrated circuit (1C) design, a
“layout” is a set of geonetric patterns-ltypically in the formpf ArRR 282ns,
whi ch specify the size and |l ocation of different types of material used to
create sem conductor devices and el ectrical connections between the devices
during the fabrPOAYGAONREBRESENTAFIOMAHNINTEGRATERI@RCMIAdaW ONTan | C
may be represented in a | ayout by one or nore polygons whi ch are

i nterpret e@ImD@ﬁ@ﬁgﬁ\ajEm(jnm lity 10 to nmean "diffusion |ayer
geonetry." Oher layers of nater and features, such as cont acéts and

vias, may be si %F&%‘Iey“%fﬁl%%ﬁ?tdéﬂd‘?smm@’la SireuitsTaRd MOrapEHEcally, a1 ¢
| ayout nusmeRtadd &t \pparatis f@:frepkesergng pulygend ah iftegrare sironiblaybm, si zes for
certain types of materi aI as wel | as m ni mum spaci ng requi renents between

di fferent ty ﬁl{ng f design rules also specifies size
and spaci n%Ar brrent or oth 1gl)out features such as contacts. 1 S
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P e o ed e, pas AP ek Brsel 1€ Svoud desighups 1S Bivt besh Gvaldreo Do
conpact i onatanhts theegmmxon@lﬁmwyedtsl mrtypemﬂl@rogedestghauolsmqhaieabife;ell
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di fferent cisio r aw ese new
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netlist that specifies the size of trang gg@ prs and the el ectrical

connect i onSIMHBRRETK A PagG DEWEL: RAIYEON o ¢ c%{npa(gy%ts selstimes Povidadiyfigbes
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eor dat ng e SEsisns Moyt 5 Par @l ciaci G b BT anE I e
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but they can still gener more conpact.  ayouts t unterparts
that only QEiephts ofdssis Wéeslt%&é‘ﬁ‘t"éet W‘gp@lf?%y%‘ifp“ﬁﬁlb@ﬁefi%@fEffa@@‘ﬂ rate an
internal representation of the polygons 15 contained in a layout. Two
approaches for representing polygons in an IC |ayout include the general

pol ygon approach and the wire or path approach. ﬂmmmmmﬂ | ygon
approach uses a single list of points that repres es or
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trapezoi ds used to construct the polygons contained in an I C | ayout. Each
r-ectangl e or trapezoid has parallel sides with the sane orientation and is
defined by four points. Conplex 20 polygons are represented by pl acing

mul tiple trapezoi ds adjacent to each other. The general pol ygon approach is
arbitrary and provides the erxibiIity to represent any |ayout gf&;@%gﬁ
There is no preferred orientation or V\;?dlng direction” in the m@s
That is, a trapezoid is not referenced Wrth respect to a particul ar corner
and the sides of a trapezoid are not ordered e.g. with respect to current
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t he caréni @ama I} pagme lrmiemp@tmlqm@fmq ganepsd bylygen epproded rspreend theoinyigedesign
determ nation is made as to whether the space in between the first polygon
and the second polygon satisfies a set of predeterm ned spacing criteria.

I f the spacing between the first polygon and the second pol ygon does not
satisfy the set of predeterm ned spacing criteria, then the second pol ygon
is noved with respect to the -4 2 2 AP R 2002 first polygon in a
direction that is opposite fromthe direction of the two sides of the first
pol ygon that are closest to the second pol ygon.



BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the invention are

i I'Tustrated by way of exanple, and not by way of limtation, in the figures
of the acconpanying drawi ngs and in which Iike reference nunerals refer to
simlar elements and in which: Figure 1 illustrates a canonical orientation
according to an enbodi nent of the invention; Figure 2 illustrates a
directed line segnent and adj acent point according to an 10 enbggiﬁﬂ?tm?f
the invention; Figure 3 illustrates a wi®e accordi ng to an enbodi nent "0
the invention; Figure 4Aillustrates a point data structure according to an

embodi rent of the_ ipnvention; Figure 4B illustrates,a directed |ine segnent
Lo Sty vorsares HELaE Y e rdet GoriBen nuKEoHr v Eih SdieAsht T RobiePh spat fea
i |1 ustrat exequivdsmeors dgtaemtepakastat the fayottur e accordi ng to an enbodi nent of the

i nvention; Figur | ] [CE Ur : ' -
enbodi nent of gt h@)e‘f‘ﬁ]&éelr)\l{éla Zlﬁlgﬁpggécll—jﬁswf Ee%}l%?%l??%tsstu%g%ésC%%t%ggﬁéy%odr}g%(g? %&wa.dth
structure dorescllipogtplpngithesairilizent hosimpisity af diut $RPmaCFi1©@ﬁ’Sg}' gpplemented in
i1 1ustrat e%@u@&i@m 1 QA tAnSiy Yol et G 6 Hithdot R8s AR IHERA Ot he

i nventi on; gure 4G i1l lustrates a, si de byranchi nq data structure according
to an enbodPHistARCeAT nHh o hergint fadirlated. glost 1ayeyt |gamptay 6an be 15ptegipd without
const r uct ectohtQBAAMIng Svifes GBI atiERTRKNG dach athe Bhd i @iproah i§ hediinwenti on;

U0 S iy YA 1 P ot AR SR BOE R B,
7 ill ustr atmakes itsesonablohlr ygoe coopkek shapescduth eswatigon-sheperestntactse cosgtiang t o
an enbqg m&ﬂ&pecg diffi§ioh fE‘fﬁ'&E,i o ires that vary in width.
In view of the need to represent polygons in IC layout synthesis tools and the
limitations in existing approaches, an alternative approach for representing polygons in an IC
layout is highly desirable.

SUMMARY OF THE INVENTION

15 According to one aspect of the invention, an approach is provided for generating a data
representation of an IC layout. The computer system comprises a memory and one or more
processors coupled to the memory. The memory contains a set of instructions which, when
executed by the one or more processors, cause the one or more processors to perform several
steps. First, polygon data associated with a polygon that represents a set of IC devices to be

20  represented by the IC layout is generated, where the polygon is represented by one or more
wires. Then, wire data is generated that both represents the one or more wires and contains at
least one reference to the polygon data, where each wire is represented by one or more wire
segments. Wire segment data is generated that both represents the one or more wire segments
for each wire and contains at least one reference to the wire data. At least one reference in the

25  polygon data is generated that references the wire data. Finally, at least one reference in the
wire data is generated that references the wire segment data.

According to another aspect of the invention, an approach for performing a validity
check of the polygon data is provided. First, a first polygon and a second polygon are selected
from one or more polygons to be checked. Then, the canonical direction from the first

30  polygon to the second polygon is determined. Finally, based upon the canonical direction
from the first polygon to the second polygon, a determination is made as to whether the space
in between the first polygon and the second polygon satisfies a set of predetermined spacing
criteria. If the spacing between the first polygon and the second polygon does not satisfy the
set of predetermined spacing criteria, then the second polygon is moved with respect to the



Figure 8 illustrates a diffusion island constructed fromw re segnents
according to an enbodi nent of the invention; Figure 9Aillustrates a
directed line segnent and an orientation key according to an 35 enbodi nent
of the invention; -5 2 2 APR 2002 Figure 9B illustrates a wire segnent
and an orientation key according to an enbodi nent of the invention; Figure
10 illustrates a portion of an IC |ayout constructed using wire &ég&%ﬂ&ﬂZ

according to an enbodi ment of the inventieh; Figure 11 illustrates the use
of an exclusion zone to deternine polygon spacing according to an
enbodi nent of the invention; Figure 12 is a flow chart that illustrates a

met hod for pust peligengna difrstpmihas eapposies femmihodirsrgensf Hecwp gidegof tedist

enbodi nent 0501%@, thVE@E Elo9dkt tﬁhggéte,na%elyr%hustrat es a wire constructed
using wire segnents according to an 1 odi ment of the invention; Figure

O ot R O NIRN SRR gl he e of Foure 1A
di agram of a coanmebdimtsemtbmimvbﬁtwm aotihdiraed by vody dffegarhple paridi ran bysyayld

i mpl enent ed DETAl LE T THE FE A_.novel
appr oach forl“Pgﬁtﬂ%‘sé’}# %&QfE& 1 §EhE Acgl\lm%n IP%Bd‘r@Eo%S Eri)n E@@cr Il%gggrqnﬁgpw@erals
fol I owi ng destaritpsinotar efeorentstemdpumbodes of epr anatl on specific details

are set forth in Bl HRRREYA nolidal0FOHAN Q&rdg@ga%%b%ms Bof the

i nvention. However, it e appar ent ntion nmay be practiced
wi t hout these speC| fi cINERLANs. | n ot her i nst ances wel | - known 20

structures and dewigaRS) ANSiratePh alreded Hndbdetentia0s hiQfomtiaBcdidero k@ avoi d
unnecessgrily obscurl n%ﬁ CEH’FRVWSLI on. FUNCTI ONAL ERVI EW General | y,

according to an enbodi f HUERYSN, the pol ygons of an IC 1 ayout
25 are represent eBighye Dﬂﬁs@ﬁtemm&re\ﬂccmﬂirtﬂahnamo&'mﬂm ofthe ésentied by one or

more wire segment ﬁl&{} a&g éma ntdafﬁl gt[l a%cogd?ngtg aR%H&o?Fme%'né

i ne segnents. Pareh oVl ? a|n|ng
dat a t hat represents thle'emores WI re segnents and directed |line segnents.

Igfl gf‘t a z L;gﬁg“g%x%llﬁ@ RP éﬁﬁéfrétés MR AU WTorh &t BV c RYEI B Ry fo%pPer for m
y embodlment of the invention;

Figure 4C illustrates a wire segment data structure according to an embodiment of the
invention;
Figure 4D illustrates a wire data structure according to an embodiment of the
invention;
20 Figure 4E illustrates a polygon data structure according to an embodiment of the
invention,
Figure 4F illustrates a branching data structure according to an embodiment of the
invention;
Figure 4G illustrates a side branching data structure according to ar embodiment of the
25 invention;
Figure 5 illustrates a polygon constructed from wire segments according to an
embodiment of the invention;
Figures 6A — 6E illustrate a set of data structures associated with the polygon of Figure
5 according to an embodiment of the invention;
30 Figure 7 illustrates a second polygon constructed from wire segments according to an
embodiment of the invention;
Figure 8 illustrates a diffusion island constructed from wire segments according to an
embodiment of the invention;
Figure 9A illustrates a directed line segment and an orientation key according to an
35 embodiment of the invention;



30 DETAI LED DESCRI PTION 1) Canonical Oientation. As illustrated in Figure
|, canonical orientation refers generally to the direction of 1C 1 |avout
geonetrv with respect to a predeterm ned orientation key 100. According to
one ~1~~'" ~ ~~~ -6 enbodi nent of the invention, 1C |ayout geonetry may be
oriented in one of eight canonical orientations, each canonical orientation
representing a multiple of 45. Starting at the top of orienta 2APK&P 100
and proceedi ng cl ockwi se, the canonical orientations include (up), (up,
right), (right), (down, right), (down), (down) left), (left) and (up,

left). 5 In aggitl : I r I L Ny anoni cal
orientation, %gh%&ég?gﬁlﬁghgﬁiawgéej{e\%%gﬁ% %a%b&g?ggkﬁ%gg?lggé so descri bed
in ternms of a canoﬁinéa‘limtﬁle@E@lFmenF@F; exanple, as illustrated in Figure 2,
a line segrrentFi%QQm Aludehtes 2 doRivn T dn POIlRout edidtradied déidg wheGeglentd to an

enbodi nent of the invec?tl %n the%cfanonifcgl .orientation of |ine segnment 200
i s based upon the BEOTYNBH &t CRPRAESPIRL BHIVERIIM: r espect to the end point
202. TFhus, |i igutd]sdhweaes HeQse of an exehiséch zuhe dd deenede polygesgasing ri ght)
direction, as indi %&fﬁﬁﬂf‘gy"gi &g%&i%@n@é{t%\q&géﬁonmere are no restrictions
on the direction in I'ch a [rne segnent may pol nt. For exanple, if end
point 204 is Fegue aisch flew chat thehdlusioatas a aethodtfpreper fommingamepacinglcheck
orientation of I|i n‘BemgﬁrsP?Ptg‘Q%w&o‘?%P{mméﬁw)hze dgﬁ\mﬁﬁ?ﬁl tion, point

206 is positioned to the . i ne segnent I'e point 208 is
posi ti oned up Fagwae 1A ilfustrateg BiVipagonsirucied Ysipg WITE Segra@bhanserding Yo Thi s
zzaggrq)ggh i's use](‘)gl ei‘n@bdi]?ffbh%mheiixﬂ&n?&%t hgr the spgci ng between |ine segment

and poi nt iLsfies a set o redet.ernined.s .n iterig. as
descr i bed her 9t T8 ITUSREs P BgR joFraeP iR BHe 1irg Syt oty GErai e
represented by oneanembodienent ofthe amnvbndasendi re i s represented by one or
nore W re segrent C | R ] of I ¢ i.on, ch wre
segnent has f(%@tﬁéb rg%ﬁs‘safl% ‘\g/\jﬁ/t)&g%%}e}j %c%?’?‘ﬂ%ﬁ%ﬂc? nr‘lL}gElt] %ﬁl‘éﬁ%e&% @nd 20
faces (first and sé&wendin mEhde nglenfeateds are represented by a pair of

directed edges that are oriented substantially in the sane direction, but
which are not required to be parallel or have coincident endpoints.

Acconging to one pHTOUEMEDESCRIPTRON ODFETHEFRERERREB EMBODIMENT faces nust
each be at a nultiple of 45 anql.e vmtlh reigec](tﬁho eta}gg ot.ge({, t the end
faces may be dt NN AREGHCE T PRI O EROIYES TS I A 1 ¥t iegerdhed I e ang
faces wi Ifblldeingideszriptida,ifpr the phrpbSesadf e2plahiteone xpodredietnld sradet fdrth iniarderwbi | e
vt X ) : , :

I nterna v;{&%% IIh%fo%I%lﬁrﬁgﬁgrptg.}-‘é?ig%?)?%qugén%onfa‘ﬁow&a',l R béglggﬁ\%tﬁhat% €

segmsnts?ﬁ% _ _ I 1on as previously’descri reference
t o Fi gur énventigg 0wy &k practieeowiheblanse spesifiodettile [p ptheninstncesavellgaprwns on a

W T € 28egRAL PR ¥nd @dviRE a6OAdHdtEETH blbék @SR oRRED SVARPulIREesBarllgn- ZEr 0
l ength and a defined direction. Figure 3 illustrates a wire 300 that is

const r uctoREeUIng MDY EHRDs egnent 302 and a wire 30 segnent 304 that is
joined to wre segnent 302 at a 45 angle according to an enbodi nent of the

i nventio " is constructed froma first directed edge 306,
t hat con&%ﬁ@g‘ﬂm}?&%‘éﬂce of wire segnent 302, and a second directed
edge 308 that @amesdly:ascemlingte anjegitiodiment ob thednveaationghepelygom. ofianrl€ laymtrent
302 So j 5i :

diredted %%?s@%@%@%%%‘%%{gﬂ%%i“ﬁf&?ﬂ?‘%ﬁ%?%ﬁ5 SRR DYTE o B Wi el
segment Joehavirsegmenitis farmed fon apoin pf direcied lingrfegments. A nevel dagp strugtyre
segment  3{datch fsgmﬁaewro%a‘mmr@ ddtd fat fpfeREdi theRela, Wird sédiflerds &Rrond
directed e%ge 16. Both dllmre t ed eduge . 314, 316 a({e, orhe]nted in the (down,
i ght)  cidheBter Ge SRS SR piA f SR BirEHESS HoeshGucined IRYPY RMtPERAR,

ri ght) dipegfolm@alidib checlsagnttaiC 34ut.ncl udes a first end face 312 that is
Coi n%'édent with the second end face of wire segnent 302, and a 5 second end

face~318. 2) Data Structures According to an enbodi nent of the invention, a
novel datRESAILED DESCRIERI®Ncture is provided for representing polygons in

alcC |aYOHtC§rr°on§Jai osthiatigd by Figures 4A - 4G

As illustrated in Figure 1, canonical orientation refers generally to the direction of IC

lavant geometry with respect to a predetermined orientation key 100. According to one



10 According to one embodi ment of the invention, each polygon in an IC

| ayout is represented by one or nore wires. Each wire is represented by one
or nore wire segnents that is each represented by a pair of directed line
segnents. Each wire segnent references the wire in which it is contained
and each wire references a polygon in which it is contained. Thus, given a
reference to a single wire segnent, an eq§|re pol ygon may be Iﬂdhﬁ@d'%ﬁd
mani pul ated. 15 Figure 4A illustrates the context of a point data structure
400 according to an enbodi ment of the invention. Point data structure 400

specifies t %&@h@{nv&tw rma}@ug% lnguly%{ e&yen%éa%'ofnxbﬁlag%t @Rdni¥tal

coor di nat es of a-polnt on an
Figure 4B iQUeniations,each pnopisal engndatign I&P@Fer“élég édelPPnlé ofdq me%t@“%taéthe top of

structure %mazi%nliaeyqooaﬂd btdaeecﬁ@gamekwﬁattﬁe ééqbﬁﬁb%r&nﬁalﬁﬁﬁﬁﬁid%l(@ﬁ) hgth a

RN b o e A A R I

specifiags a di re]mtaddmo&ﬂb REGH'ycﬂM)gemﬁetay hhmgacmmﬂed innecasegoEndrienition tyi ousl y
descri bed, ay .

or o def  ned ltoRdTP Btulech Fe TRRLF RaylBs dRALiARq h bllo B B8H RN Ellby For
dat a structaxagplel @s dlt@@at@ée@f’fgueﬂs%amhmﬁaegmeml2&@ ig defmad)byaand pamtnHeaand fz%.g

( OCTANT) . T,klgcd?&h?re ® b @ﬂbb&nﬁnmgﬁNeBh@ﬂ tlﬁé\?&hohi@ﬁh‘ &%%o%?hﬁ@ﬁe ent 200 is
directed line se nt is &1 .at_an angle that is_a nu pl e 90

while the o@saﬁppqqt&sppgmane Gpging 304y thhéasp@;s&thﬁea%pmé?%rﬂ&mdi%ct ed

l'i ne se@endegirent 0(Ei¢ logi@niRl ofdirédied & the @lp, hghtﬁ dfﬂéét’idnphsﬁlnﬁfca&? by"?ﬁ&c@%ﬁ@ﬂ fgow O
ho nor octan
b .

ore cer tﬁ&ffd?r?@i?{'%ﬁ%'ﬁﬁ% caiah iEeHoR i ke Ben g i

ot her t han éanle, 90end prant 104 is befeweinddeftref amqmsntrEQuiheemcfdaoathaig;_rmmanbn of
o 1L TeLt i BB S0 O AN Lol b SERLS RS, By Tt
speci fi es alinefegmeny20Q while p@m:i()S amp@sisiongdyint aneldgéhe( nghy fup,FRER)of dine segrhens

segnentys BOMU thgs 5§5r5a&ﬁ9%saaﬂfo$ée&hﬁmﬁﬂ ﬁeu%#gﬁe gﬁemérb%tv@ereﬁ MGe s%ﬂer&%bed

i ne segrrent at a ruct ure Wre segnent dat
structure 43 RAIRR0OFasfRs S s5t ?%Hféﬁi%ﬁ@én%%spﬁﬁég RElEriagF escglé@%ﬁ@me&@cr W RE

SEGMVENT) and theA@pﬁem&msy Mrbm@agmmyoﬁt%wow&e%ﬁsses&@\tﬁm drmdrbenwsre
form ng a doubl )élln d&oe g” f %tcroultnuroefor(t) fs
wire segment® %gme%r%%sgptre d R Sl"é’l?é? &S?%H ‘v%l eorging fypmel ng] The
wi re segnenthedoestionteack freresngment has énircides wivoside faery ifiefitand Aght) ragid tgotend one
enmbodi r@pt fﬁfceﬁt {ﬁst aﬂ}f@gédnaf' ' THe &%E&géﬂ??ﬂréseﬁéﬂ%y%}aﬁrhﬁ dﬂ%&%%ﬁé&ﬂﬁ%

val ue. ruc

inawre s@@@md %@smmlbbd@ttm pATPR dirgeilonebut avhigiare aptregwrad to s parallel @relw
does not re{§r&n&R eﬁdﬁ‘tﬁiﬁs ch&dﬁﬁ@mte enﬂoamgbma@lmmh rtmefttafndwghefaféaé a
structure 420 |s d scrib ogéext of a doubly lis a dou@ly
i nked |1 st ¢agh b ?éh‘hﬂ“ iPIS 96a 't a0 %zjﬁhmwacaﬁ%egcéw&ﬂs M@P%m
contains a atefngraagl@emtmreapmtceeuch\mhee GRAGREINT, (W &) fatdsawilldent amﬂuplbebf%‘ra

[ | i
whton i %'r o AunfiRa RnlEOEREWAR VAN b 2eDAP BRI i R, ghiith Hhe
L ouc hﬁs a Zsmxem?mmfsegmnthmayvnmm in @ny direntian las arwiousfvhbsme\ntfsre&reme to
I N
o ot ur e Rl k02 SnfBRhabad. N MTELAS o) BEAREDH R bcn may

nment s
branchi ng, Pef bsregicident dngrsurathat sach Ifaqsgna%a no-zerp dengfinandsa defmed direetinns of a

wire ?at a struct Ff é@@llus‘t%fe@ aGAte3 60 ﬂhﬁplts 'éfn%txﬂ@l@d %ﬁpé iR SefmERRON ARG R Wik a
par en on

b BRANCH NUMBER)
that i goh Uit 50D R 2SEPFHl DA e A SO B ans Ban SRR G
box (2 ngl) | t tlfetmmeﬁpmﬁesegmeht 802 thsrmnmceedsmgﬁarﬂrst di)xfecﬁe?edg\t 30, thAat bonstitliteg
OX all o 1O u | a W
ret urned by%e 1rgifet”gglc r? &g& ‘éﬁ{j’noozc \%S&Eie 88 HH?CQ%E cfegte%%é t}&aft gréstlgﬁssutg}ﬁ qggt F‘Wg
query poi nt of whemememé@aeﬁﬁrﬁ! segmeat $02 elspgsthdesa ifiest ché ficed 1 0 Ant asetiond end
one enbodi Ment 395, B diRdedH ddRBs 366 mm@ &gmh%e(@ ﬁ al%ec'u%m' BB GeaS

four integers corresponding to,t ottom rlg and top coor |nat es
of the %una‘?%’@e%BW alsg Bindhe Sadecg‘frgtiiérte&tl‘%l 430 al so includes a reference
to the first wire segnent (FIRST WRE SEGVENT) and the |ast w re segnent
(LAST WRE SEGVENT) in the wire as well as a reference to a wire attached
to the first end (WRE ATTACHED TO FIRST END) and a wire attached to the
second end (WRE ATTACHED TO SECOND END). Figure 4E illustrates the
contents of a polygon data structure 440 that specifies a 30 boundi ng box
(BBX) and an array of branch numbers (ARRAY OF BRANCH NUMBERS) t hat
speC|f| es all of the rrenber WI res of a poI ygon by branch nunber ‘as

e o o I



5 when an exposed end face of a wire segnent touches a side face of another
wire. Branching data structure 450 specifies a reference to the parent wre
segnent ( PARENT WRE SEGVENT) as well as references to other wire segnents
which are attached to the first (END1L BRANCH) and second ( END2 BRANCH) ends
of the wire segnent respectively. Branching structure 450 al so includes a
reference to the first and last left brajches (FIRST left 10 BFRARGMIR 2WBT
| eft BRANCH) and first and last right branches (FIRST right BRANCH, LAST
right BRANCH) froma wire segnent. That is) these data structure el enments

reference a si dWlFHS%@ﬁl'éhﬂﬂ)@Ts rcblﬁsitthb&d\’ﬁf&rﬁ\a@rﬁ@ﬁﬁebt@&l kbdde mr&d%Q%&ﬂtdlfb@&d

other wire Whi ¢ th that, .w me ne its

si des. Acc?)‘f%?gﬂg EB(S)tkhﬂ m%cf ﬁfg(}flwla%or?%%ﬂf‘ t%"h(dsoﬁy g’ﬁﬁglé?C%Bfl "g‘}lﬁnches
may be att making wiee segaiede3(dorennéd ia the fdevwsed gieth tiredion. tWiee &@nﬁendwtamhﬂ‘es a
wire my b t r,ates
e con eng GRS PAEREE 12 pRbldccnadl At i ERoREGPALe oL BY Shila S04, Uil
to a wie swsgnénnd aoTBER W RE SEGVENT)) which is part of the branch
attached to the parent wire segnent as well as the line segment (PARENT

LI NE SEGVENT) in the parent wire segnment to which the other wire segnent is
attached. 3l de BRENIRIC eSSt ructure 20 460 al so specifies whether the other

wire segnent at E@@&Qﬁa&a ah R&1bofrens bfie Giventien Redoval dam steuchiee BRAltedtaRqsl

upon a BOOLEA br anchi n ture 460 al so
Dol udes abTog st dAs PGP TRE HADEOTS el iR d R <8 Bt BNy o
previ oud sAdeoﬂdrr@nc loné BEEMxSidﬁEoEEAN@Enndateacmpdlygnmmas I@sla)wat Is repsretdmged by

PO NT) "t nafREpbp e oAl eea SR AE o7 ke Bk Rlerioli i Bl
ot her wi r erepeepented bmatpauhaéshremhé lipe srgmpenitsatBachivdre mgmgnttrshgenpmhs mdee ibr anch
lists; tQgmiddif &tcogﬂa dRAl RhcH Wirk Fd8Rhcdsd gf’&ﬂgg%n% wrrm lpﬁrc%mam\ear ‘Thﬁ?ﬁi{‘\‘r’éﬁt

. The aforenentl one ta structures are n escri b reference
Figure 5 aAdelgreses tpgomn emwgmﬁw@%aﬂﬂﬁ@my@ﬂv@@merl%@te \We@wpwpst B and
W % 515 agcor di E&@4Aﬂlh@?ﬂé€ﬁ§:‘tﬂ@éﬁnt@{ft ofh oinﬂHﬁﬂ%ﬂrﬁﬂureE@Olﬁcéwrcglﬁ% td/\éxRE A ) RE
an si.sts.o S e Wi entifie

SEGVENT A, © s iRty Foikkted S 40D sicaelceges fefion of & poitin an
const ruct etiC ﬂmm bywpedifyiag Pednd ¥ rmeosiamptes(XsCQORINWNALE, TGO ORIAINASTE) for a
directed i oﬁxPGn(nt\’Pélagj gpcti on, as indicated by the direction arrows. WRE
SEGMENT B fS construc fromdirected |ine seg{ments b, and b, that are
both directed i HigusedB idystiptesshei¢qniants ofra direcied|Imememnent dpisaeiurd 419 1~TI RE

A at dpgeciricled M ii%fﬂaa@ stx%Etu?e 41@%@&&& Q&fﬁ'arﬁ‘r&’{ &M pomz(é’mm&py&cow
&

points d, a fromdirected |1 ne segnents
P and cs enbpom Tt ectesaonding fecesd G Femerador iR | RSt
W RE A on dtlrﬂi(ﬁﬁlteGHO|alsﬂ&p6cﬂﬁé§3mﬂlr&tloﬁT(DM@THDdiﬂfMf*dcttﬂdmla)semmt Ase, and

and wre CPaSRBRiETae, FRiR eSSt Reb s o TR el Bhe M et hrerteed
pol ygon 5061re¢tmradllhlgtratodcmElgm:)bm ment of the invention, all of the wires
in a pgkygon Sh%ﬁecfédllfhg'sG e&%ﬁ&%ﬁ%iu?é‘ﬂd: Ao ﬁ?&@m&k &n oﬁ% ﬂég]gﬁgﬂg%ct dan

pol ygon, all of % s| cal I guous, and
char act er i §¢iapsflagiQCEANThel %Bﬁ%@?ﬂ LN 5&%’@4 Aag thabindicaies whthsp g direetpd
associ at i Offipe ReEmdmRYs dlfbc%d&ﬁfaﬁlaﬁ le'th/at Qsozﬂﬂx@ﬁip%jof 9(}9 fwiftkaiPéart Magliea case of

a group of _10 r n set of wres be logjcally
grouped in Qﬁgf\&gﬁ%ﬁgbﬁt Detides Shefen et it aenth SRRIH RroRe fnee
share a si Iﬂgilﬁplla@lfyg‘b nAch@dhngX(atmd ﬁnb@ixﬁﬂnﬁdf@h@hvmtonpﬁyxsitm|t1i1eyorﬂ'[o nor octant

el ectri,gal l assom SI L.i ake ,,on di f fusion jsl and
may beI3 nclﬂééﬁare Sﬁt egﬁééctecf %%eosﬁgﬁlgg 886%1@ 24 ﬁae qs) Fe 1% Ot tl(m)an Aé or
mani pul at i 19§°.ahkt 1mfsomhexr<puh§zsmdes mrmrgaﬂeamgrpomtdriﬂﬁnmcdm corsplandomdgmttetsmf I

S The set generated to represent polygon SO0 according
to an enbo?tl &%ﬁedﬁh{et}%kﬂd%@%n“ on are illustrated in Figures 6A-6E. Figure

6A il lustrates Figheggohugeates the contenis af spiresegme dpysHucoE 420dhstgpacifias a

structure 6&% %HEEGE)BQ& a PRy e (ﬁgﬁk EOGERbNSwiREEnMLS BSih t‘}%@%éﬂ e hERE
Bandg\s g gyéstructureﬁOalso %emfles hﬂa&vpol §0
repres tstlaﬁ flg}ﬂ‘seld fe9CR BTGNS MEtTEsied fine Fﬁ%ne&tg P ygeHu A ‘EFfse’BmBQOd%a
Wi re data structure 610 is generated for WRE A Simlarly, wire data
structures 620, 630 are generated for WRES B and C, respectively. Awre
segnent data structure 640 is generated for WRE SEGVENT A. A wire segnent
data structure 650 is generated for WRE SEGVENT B. Finally) a wire data
structure 660 is generated for WRE SEGVENT C. Simlarly, branching data
structures 660, 670 and 680 are generated for each wire segnent. In 25
addition, two si de br anch data structur es 690 and 695 are gener at ed for

e — A o VAU NP~ O~ 1 YA NP~ o~ o, VAN N ry o o T |



-11 2 2 APR 2002 of the invention and as illustrated by wire segnents 714
and 716, directed line segnents used to construct a wire segnent do not
have to be parallel or have endpoints that are coincident wth adjacent
segnents. This aspect of the invention allows a wide variety of 1C |ayout
geonmetry to be constructed using wire segnents. 5 Figure 8 illustrates an
| C layout diffusion island 800 constructgd fromw re segnments a@@oAPR202t o
an enbodi ment of the invention. Diffusion island 800 includes diffusion
areas 802 that represent diffusion geonetry. Diffusion island 800 al so

i ncl udes p%trtémté t@’[t’)”alﬁfﬁéﬁd@@é’fréf&%ﬁccﬁ@lﬂ(&%&ﬂ%tr@%é&ﬁédt'(NEP(TQWQI@@B’GMENT)
D ffusion island 800 al so i ncl udes %Iéerles of _contacts 80G. Finally

di ffusi on i28fdhgipravious wae sageent (RREVIQPVs WHRE SESIMENE) indde Wéreeg’rﬁrﬁ’ég a gpgbly
10 Di f fusi qmkeg Ihatn orh%cmrt SeghfRpf €88 Bineturd Yor! the Gest PateygPment iasatd hekifies a

irregul ar sha iffusion,. 800, one on c ntains all of .the
£ § s on o SRR RS 2 T P SRS PRuG e B e
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a single p‘}iexgﬁﬂ'e%%nérﬁ @bt rpmm&ﬁtneﬁttdﬂ“ﬁ?é dfdanRaleub6s d“e'éc&aed in the
alternativ , |ne ggﬂa e polygons. For example, if

pol ysili COFPOQWEO%%&OW Bn]f%’altft et I’EMS &%’ieﬂ@fedt he contacts on t hat
si de may be repr@seRt exﬁsiamembmwmralsmdntm@ﬁ@re\&ré@seﬂ@ﬁ pafnt fie (PARENT

(rectangl e/ etc, ta St uctur | C

Synt host s @i%ﬁﬂt%abc%al%whs SR AeRRR 5 aTher B AR S e e
descri bed alatwsnmtnee u&eﬁh 1sluerle\ragt f@nleayazat escyfnk:heﬁtlm cunemerird seghiteat taxehésa n
characteri sty Cf%u?&f Qhife 3 ‘t&@n gﬁraﬂ&t Y8Rdeo éilﬁ.{:éf a ﬁQ&%&@da&QQr&&%%%
encl osures ‘sati s et'ermn esign rules e conce canoni ca

di rection a@sctetsedrhetmaﬂ%r Bramch@galntaﬁtfp@tmeamte @@p@@@at@ﬁtomressegmt&ihm@ not

verificgati %Vgg%gﬁﬁg,lhagggr%yt@rﬁgrﬁb ze the nunber of full checks
e cont ex ayout ve tion

required in the |ayod r
check refers to Elﬁgeﬁh)ﬂ]%gatﬁ? the capignts Q?él“f‘re aépesgmafur%ﬁ%(b %Grilaﬁ ﬁtﬁmf‘k@ ﬁé@t
to anot her $biifies a edetbacaed parerit pelykén (MDBNT RGL YIGONg rae wiell ak @brénchMumber

hecki , f d f,th h
byt a0 GRANEENPNRERY Re AR vt Saft e ErBR A b ek Co a
Poi nt AccorhhungmgcboarﬁBBM)ohht wemmm%sqsm@ af theewire eergmqmps afdhe Wrre_eAhtacbltndptabmc
checks e g c{;&t glearah?ﬁ cth@aﬁcsaapmaf:@tenfﬁg 191%nfrﬁ&f‘3}aa fuggcﬁf%@y'itﬂs

segnent to an ar first half plane checkd
whet her t heVHg mnteaf i ’E)b‘i qtt’sq el%b forfae Aegry point.dhen w segmenuiy tB? wingdicgd feb¢ ed

i net seg nggﬁhecﬁéae meﬂmgx “"*{’fﬁ eﬂ#b’tﬂﬁ?&haﬁﬁme(ﬂﬂ\i@tlﬁh rﬁoungmtgtb@tk (BB@()ag bitrary
point is above o e firs e recte

Begnent - THETATTHShe U st oepponding 6 s bododt bl P neEates ofer
t he ar bi t r athy bpondifig bax.above or bel ow t he second end point of the directed

ine segent. BywaklaHAkhidfd B0 LESHchRielh rddienddVoife BAL ik B ANRRKEr ANy

anbi guity attributab | on o {var respect
to the di r MIBE JEGMESH) amathe 1gstrvememnt B-ASACWIREISE h@“)(;méxﬂmrnaewﬂs

computing the, x‘é?érer&%@&ﬂ%reoittakﬁt% 8tk ﬁfs@ér)ﬁ (RPIRE A"I"‘TSALCH? ReFEIRYT F
directed |ine segnent i ne seanent resentln oundary 0 the aIf

plane is r o‘t’HFéEla@edéQ)@ﬁtsé‘?%‘ld&éﬂ %ﬁ’é{E@rEQt diW).i s proj ect ed
into the new |i nEigsROMPMusudieiteicoemts of B0 tm BA@du i@ KR kpETTBES

whet her_ t he, ar ltrary nt is tot ),
on the ?bOounW@ Ingdyox (8%3{)6‘"{1!‘?8 aﬁ%ﬂ? g‘@f‘glt Eﬁ%ﬁév Oﬁﬁmgwggg}
hal f pl ane thatspdaifieesl! af the mﬂalp&!@xres@lfypot)dgen by bgmnhhuxhubeteasmgmusty destribed
segnment pas t e
segnment pasgﬁtﬁ%sﬁjﬁ&%gﬁre dr%eagecglﬁ?jgw 8? ét’ %glagrg@fﬁggp%e&%f%pl e,
figure 9A i pcplug@r @attestnectlms “éerlsd lmqlmsgergﬁmnpc @a@e pmspb@dmepmqe@ lpyera
first end pgi AVERDZrandydlySQrandelent fi %ﬁn&%er(ﬁ?mmﬂﬁ:{wﬁ@&t ed
line segnment 900 15 correspond to orientation key 100 of figure 1.
Specifically) area 906 defines an area that is up (up) with respect to
directed Iine segnment 900. Area 908 defines an area that is up and right
(up, right) of directed Iine segnment 900. Area 910 defines an area that is
right (right) with respect to directed |ine segnment 900. Area 912 defines
an area that is down and right (down, right) of directed |line segnent 900.
Area 914 defines an area that is down (down) with respect 20 to directed
line segment 900. Area 916 defines an area that is down and left (down,
Ieft) of dlrected I|ne segnent 900. Area 918 defines an area that is to the
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30 The second half plane check determ nes whet her point 925 is above or
bel ow first end point 902 of directed |ine segnent 900. The result of the
second hal f plane check indicates that point 925 is above first end point
9(2, neaning that point 925 cannot be Located in area 916 and nust be

| ocated in either area 918 or area 920. The third half plane chegg APR. 2002
det ermi ned whet her point 925 is above or el ow second end poi nt 4. B&g
illustrated, the second half -13-' 2 2 APR 2002 pl ane check indicates
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c. Spacing Checks 20 According to an enbodi nent of the invention, an
approach for perform ng spaci ng checks between pol ygons constructed using
wire segnents and canonical direction is provided. Figure 10 illustrates an
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-16- 2 2 APR 2002 orthogonal, the placenent of |lines 1106 and 1108 with
respect to directed |ine segments 1102 and 1104 is based upon the Cartesian
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based upon the manhattan wi dth, spacing or enclosures as specified by the
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Some pol ygon mani pul ati on processes define a maxi num nunber of pol ygon
points 25 per polygon. In this situation, the nunber of segnents that may
be traced according to this approach is limted to the maxi mum nunber of

al | owabl e pol ygons divided by four. If the nunber of wire segnents exceeds
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provi de a data communi cati on connection to a correspondi ng type of

t el ephone line. As another exanple, conmunication interface 1418 nmay be a

| ocal area network (LAN) card to provide a data communi cation connection to
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~ 2 APR 2002 1. A computer systemfor generating a data representation of
an integrated circuit (I1C layout, the conputer systemconprising: a) a
menory; and b) one or nore processors coupled to the nenory, wherein the
menory contains a set of instructions which, when executed by the one or
nore processors, cause the one or nore processors to performthe steps of
i) generating polygon data associated with a pol ygon that repregenfABR&0Ret
of 1C devices to be represented by the |1Q4kayout, wherein the polygon is
represented by one or nore wires, each of the one or nore wires is

represented by one or nore wire segnents and each of the one or nore wire
segnents is repr dsdirdedninical idreetionecheekiof pave 988 grithntespect fo)firgesnsrfacs P isi r e
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in the wireidatea 96hat locetee mathirg ©r bheopwf; evirseegmeertt 9dat a i ncl udes for each of
the one or rnore ‘”fhe%?ncﬂﬁ?a%ﬁéét[& t?orﬁ‘tﬁee&ﬁé‘&?egédegt b€ t‘é‘afb‘?tr%@tp%irgt@%b is used to

references both the cont al ne
22 2 2 APR 2z0o9ze that Tiges 2eAn906.8685944, @H?-,cﬁ?‘lc%ﬁ Fnd1978\deetoe narre i s ther@etm@

line segnentﬁdaamntaﬂfl et 9§0 {oPWire a&dindhit 9§zctnertaéésn%ﬁs&ﬁﬁeeéur&vrfehem&%é Bhgle
first coordi nates e.in sec oordi nates, and the set

i nstructi on?e?"(ﬁcf‘ﬁ%@ aﬁ-‘ﬁ&?‘lﬁg Sisr'%'F‘ttErc‘BF‘b% “whi ch, when executed by the one
or nore processors, cause the one or nore processors to performthe step of
generating direct. eddlhi e segnent data that indicates for each directed line
segnent a clfar§8 MR F¥St coordinates for a change in second coordinates.

5. The 20nputer Asbeimoio il antmdimemiod tie invanhien saxt appfoarcin §rmedfbirning spacinger
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cause the one or nore ssors tao _per eneratin ranch
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| C devices to present ed by the IC layout, wherein the polygon is
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segments is I epr esent di recte ratin
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spacing specified by the design rules, then one of the polygons 1005 or 1009 must be moved.
35  For example, if the spacing between polygon 1005 and polygon 1009 does not satisfy the



7. The conputer-readabl e nedi um of claim6, wherein the sequences of
i'nstructions include instructions for e) generating at |east one reference
in the polygon data that references the wire data, and f) generating at

| east one reference in the wire data that references the wire segnent data.
8. The conput er-readabl e nedi um of claim7, wherein the step of 8)
generating at |east one reference in the poI ygon data that ref e? ZnbRR 29%
wire data includes the step of for eact>nire represented in the wire
segnent data, generating a reference in the pol ygon data to data in the
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that represents th e irected Iine seg or each. W re se
i ndi cat es TBUDE EWVEDIP %#‘S@ébﬁd?ﬁlgré’@tleéd‘aﬁ tgmiind, the slistange that lygon
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oner 201 1o an ebaRineihaling Rttt 4 e VEiArbrr s proy oo SPleTaBRe e distancg ¢ o
segnent dab aclocat@lhydd. gedimetrynss sevidfyod spatiag rediemene r@emrﬂlthbAlaR)ﬂﬁe}i invioéves
step of e) ﬂﬁ:‘ilﬁé 'agg 4q& 1u4 W?&nggs%?l{ﬁrﬂflgo%?g&}&x#l@{ t%edeﬂ Mﬁ%mﬁﬁ'&rﬁ s%Eﬁ%tican in
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in the w ngdaba sphidhg FRRIESHPIR delih rited. €Thi®Bfbroach is not dependent upon any

25  particular data structure architecture. If a point that is part of the other geometry is within the

exclusion zone, then a spacing violation exists.

As illustrated in Figure 11, a wire segment 1100 is at least partially constructed from
two directed line segments 1102 and 1104 that meet at a point 1105. To construct the
exclusion zone, two lines 1106 and 1108 are constructed along the direction vectors of line

30 segments 1102 and 1104 at a separation from directed line segments 1102, 1104 to meet the
design rule. Lines 1106 and 1108 are formed by moving outward from point 1105 in a
direction perpendicular to the direction of directed line segments 1102 and 1104. If directed
line segments 1102 and 1104 are perpendicular to each other, then a third line 1110 is
constructed that connects lines 1106 and 1108, Lines 1106, 1108 and 1110 form an exclusion

35  zone 1112 around wire segment 1100. If directed line segments 1102 and 1104 are



the step of f) generating at |east one reference in the wre data that
references the wire segnent data includes for each of the one or nore wires
generating a reference in the wire data to both the first and last wire
segnents contained in the wire. 14. The nethod of claim 11, wherein the
tdirected line segnent data indicates for each directed |line segnent a
change in first coordinates for a changglr n second coordi nat es, 2endPR17802
met hod further includes the step of generating directed |ine segnment data
that indicates for each directed |line segnent a change in f| rst coor di nat es
for a chan f r
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direction I rst e second

pol ygon, cananhaganedistance; srunded up) &?@C@éﬁéb’éh%@stg@tmben the first pol ygon and
the second pol ygl?l@n ifl s&RL 123D Ytht BArP LR e1 19T AReueRAGhd Posttidred bbBvech Hire 38
met hod ﬁlalm relntg F‘methodfurthe mcludest? step o

def i ni ﬁ§ Ing SEEHILS 0 eﬁ%eﬁqlﬁgf’mﬁ (S doien bt EE‘@PPF&@ gnay also
separ at i on Henged fohvhedeanhebrizot pdoport Widthsaid @hiseserdchguzet of predet erm ned
spacing criteria, and the step of noving the second polygon with respect to
the first polygon in a direction that is opposite fromthe direction of the
two sides of GénerdingPolygonyyuputt hat are cl osest to the second pol ygon
further | ncl udes,ddfiind BPdmtRithes: fif ROEANM, BRI KORMINI DodoPROBELHR Lhe
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t he second polygon to be | ocated outside the exclusion zone. 20. The met hod
of claim 16, further including the step of if the spacing between the first
pol ygon and the second pol ygon does not satisfy the set of predeterm ned
spacing criteria, then changing the size of the second pol ygon to cause the
set of predeterm ned spacing criteria to be satisfied.




26 ~2 2 APR 2Q-J2 21. The method of claim 16, further including the steps
of determning a size of the first polygon based upon a canonical direction
froma first side of the first polygon to a second side of the first
polygon, and if the size of the first polygon does not satisfy a set of
Size criteria, then noving the second side of the first polygon with
respect to the first side of the first ozlygon to cause the set 202 APRz2802
criteria to be satisfied. 22. The nethod ‘60f claim 16, wherein the step of
i) selecting a first polygon and a second polygon fromthe plurality of
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embodiments; hard-wired circuitry may be used in place of or in combination with software
30 instructions to implement the invention. Thus, embodiments of the invention are not limited
to any specific combination of hardware circuitry and software.
Computer system 1400 also includes a communication interface 1418 coupled to bus
1402. Communication interface 1418 provides a two-way data communication coupling to a
network link 1420 that is connected to a local network 1422. For example, communication
35 interface 1418 may be an integrated services digital network (ISDN) card or a modem to
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U@<10% example, a server 1430 might transmit a requested code for an application program through

20 Internet 1428, ISP 1426, local network 1422 and communication interface 1418. In
accordance with the invention, one such downloaded application provides for the
representation of polygons in an IC layout as described herein.

The received code may be executed by processor 1404 as it is received, and/or stored
in storage device 1410, or other non-volatile storage for later execution. In this manner,

25  computer system 1400 may obtain application code in the form of a carrier wave.

Although embodiments of the invention have been described in the context of IC
layouts including transistors for illustration purposes, the invention is applicable to IC layouts
including any type of integrated circuit components or devices, such as resistors, capacitors,
logic gates, or any other type of IC devices.

30 The invention provides several advantages over prior approaches for representing
polygons in an IC layout. First, even the most complex geometry can be represented using
wire segments, including octagon-shaped contact enclosures and irregular-shaped diffusion
islands. Also, representing polygons using wire segments facilitates geometrical analysis such
as spacing and enclosure checking. Wire segments are convenient for geometric analysis

35  because most of the exposed polygon edges are known and width, spacing, and enclosure
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checKs are valid only when applied to exposed polygon edges. Many of the horizontal edges

in a database of trapezoids are actually internal to the polygons, and the analysis software
must expend significant effort to find the external edges. Wire segments can also represent
many common layout shapes directly, allowing more-complex rules (such as the exclusion
5  zone) to be implemented easily. For example, a polysilicon gate might have a requirement
that its width be larger when the gate polygon is traversing at an angle. Because the gate
polygon is composed directly of wire segments, it is easy to enforce this rule on a segment-by-
segment basis by checking the line segment directions and ensuring their separation is larger
when their angles are non-orthogonal. The wire segment approach also facilitates relatively
10  easy electrical analysis such as resistance checking because the use of wire segments allows
the resistance of a wire to be calculated quickly. The wire segment approach is also well
suited for being implemented in computer software because wire segments are easily
represented in data structures. The advantage of wire segments is that they are much closer in
form to commonly-used layout structures, so many fewer of them are needed to represent
15  these structures, and it is much less likely that the shape of an object is not obvious after
inspecting only one or two data structures. With trapezoids and rectangies, a minor change to
the polygon shape can cause the trapezoid data structures to be modified all the way on the
other side of the polygon, making it difficult to work with a polygon as a unit.
In the foregoing specification, the invention has been described with reference to
20  specific embodiments thereof. It will, however, be evident that various modifications and
changes may be made thereto without departing from the broader spirit and scope of the
invention. The specification and drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense.
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i) generating polygon data associated with a polygon that represents
a set of IC devices to be represented by the IC layout, wherein the
polygon is represented by one or more wires, each of the one or more
wires is represented by one or more wire segments and each of the
one or more wire segments is represented by two directed line
segments,

ii) generating wire data that both represents the one or more wires
and contains at least one reference to the polygon data,

iii) generating wire segment data that both represents the one or
more wire segments and contains at least one reference to the wire
data, and

iv) generating directed line segment data that represents the two
directed iine segments for each wire segment and indicates a direction
of each directed line segment.

2, The computer system of claim 1, wherein the set of instructions further includes
instructions which, when executed by the one or more processors cause the one or
more processors to perform the steps of:

v) generating at least one reference in the polygon data that
references the wire data, and

vi) generating at least one reference in the wire data that references
the wire segment data.

3. The computer system of claim 2, wherein

the step of v) generating at least one reference in the polygon data that references
the wire data inciudes the step of for each wire represented in the wire segment
data, generating a reference in the polygon data that references data in the wire
data that represents that wire, and

the step of vi) generating at least one reference in the wire data that references the
wire segment data includes for each of the one or more wires generating a
reference in the wire data that references both the first and last wire segments
contained in the wire.
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the set of instructions further includes instructions which, when executed by the
one or more processors, cause the one or more processors to perform the step of
generating directed line segment data that indicates for each directed line segment
a change in first coordinates for a change in second coordinates.

5. The computer system of claim 1, wherein the set of instructions further
includes instructions which, when executed by the one or more processors, cause
the one or more processors to perform the step of generating branch data that
specifies wire segments associated with connected wires.

6. A computer-readable medium carrying sequences of instructions for
generating a data representation of an integrated circuit layout, the sequences of
instructions including instructions which, when executed by one or more
processors, cause the one or more processors to perform the steps of:

a) generating polygon data associated with a polygon that represents a
set of IC devices to be represented by the IC layout, wherein the polygon is
represented by one or more wires, each of the one or more wires is repre-
sented by one or more wire segments and each of the one or more wire
segments is represented by two directed line segments,

b) generating wire data that both represents the one or more wires and
contains at least one reference to the polygon data.

c) generating wire segment data that both represents the one or more
wire segments and contains at least one reference to the wire data, and

d) generating directed line segment data that represents the two directed
line segments for each wire segment and indicates a direction of each
directed line segment.

7. The computer-readable medium of claim 6, wherein the sequences of
instructions include instructions for

e) generating at least one reference in the polygon data that references the
wire data, and

f) generating at least one reference in the wire data that references the wire
segment data.

8. The computer-readable medium of claim 7, wherein

the step of e) generating at least one reference in the polygon data that
references the wire data includes the step of for each wire represented in the
wire segment data, generating a reference in the polygon data to data in the wire
data that represents that wire, and
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ata indicates for each directed line segment a

the sequences of instructions further include instructions for performing the
step of generating directed line segment data that indicates for each directed
line segment a change in first coordinates for a change in second coordinates.

10. The computer-readable medium of claim 6, wherein the plurality of
sequences of instructions includes instructions for performing the step of
generating branch data that specifies wire segments associated with connected
wires,

11. A method for generating a data representation of an integrated circuit (1C)
layout, the method comprising the steps of:

a) generating polygon data associated with a polygon that represents a set of
IC devices to be represented by the IC layout, wherein the polygon is
represented by one or more wires, each of the one or more wires is represented
by one or more wire segments and each of the one or more wire segments is
represented by two directed line segments,

b) generating wire data that both represents the one or more wires and contains
at least one reference to the polygon data,

c) generating wire segment data that both represents the one or more wire
segments and contains at least one reference to the wire data, and

d) generating directed line segment data that represents the two directed line
segments for each wire segment and indicates a direction of each directed line
segment.

12. The method of claim 11, further including the steps of

e) generating at least one reference in the polygon data that references the
wire data, and

f) generating at least one reference in the wire data that references the wire
segment data.
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wire segment data, generating a reference in the polygon data to data in the
wire data that represents that wire, and

the step of f) generating at least one reference in the wire data that
references the wire segment data includes for each of the one or more wires
generating a reference in the wire data to both the first and last wire
segments contained in the wire.

14, The method of claim 11, wherein

the directed line segment data indicates for each directed line segment a
change in first coordinates for a change in second coordinates, and

the method furtherincludes the step of generating directed line segment data
that indicates for each directed line segment a change in first coordinates for
a change in second coordinates.

15. The method of claim 11, further including the step of generating branch data
that specifies wire segments associated with connected wires.

16. The method of claim 11, wherein

the step of a) generating polygon data associated with a polygon that
represents a set of |IC devices to be represented by the IC layout further
comprises the step of generating polygon data associated with a plurality of
polygons that represent a set of IC devices to be represented by the IC
layout, wherein each polygon of the plurality of polygons is represented by
one or more wires, and

the method further includes the step of e) performing a validity check of the
polygon data by performing the steps of:

i) selecting a first polygon and a second polygon from the plurality
of polygons to be checked,

i) determining the canonical direction from the first polygon to the
second polygon, and

i) based upon the canonical direction from the first polygon to the
second polygon, determining whether a spacing between the first
polygon and the second polygon satisfies a set of predetermined
spacing criteria.

17. The method of claim 16, wherein the step of ii) determining the canonical
direction from the first polygon to the second polygon includes the steps of

1) selecting a side of the first polygon from one or more previously
unselected sides of the first polygon,
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4) if the second polygon is on top of or is directly outside the selected
side of the first polygon, then determining a canonical direction associated
with the selected side of the first polygon,

5) if the second polygon is not on top of and is not directly outside the
selected side of the first polygon, then repeating steps 1) through 4) until all
of the one or more previously unselected sides of the first polygon have been
selected, and

6) if the second polygon is not on top of or directly outside of any of the
selected sides of the first polygon, then determining the canonical direction
from the first polygon to the second polygon using the canonical direction
from two or more of the selected sides to the second polygon.

18. The method of claim 16, further inciuding the step of, if the spacing between
the first polygon and the second polygon does not satisfy the set of
predetermined spacing criteria, then performing the step of moving the second
polygon with respect to the first polygon in a direction that is opposite from the
direction of two sides of the first polygon that are closest to the second polygon,
causing a separation to be generated between the first polygon and the second
polygon to satisfy the predetermined spacing criteria.

19. The method of ¢claim 18, wherein

the method further includes the step of defining an exclusion zone around
the first polygon that specifies a separation from the second polygon that
satisfies the set of predetermined spacing criteria, and

the step of moving the second polygon with respect to the first polygon in
a direction that is opposite from the direction of the two sides of the first
polygon that are closest to the second polygon further includes the
step of moving the second polygon with respect to the first polygon in a
direction that is opposite from the direction of the two sides of the first
polygon that are closest to the second polygon, causing the second
polygon to be located outside the exclusion zone.

20. The method of claim 16, further including the step of if the spacing
between the first polygon and the second polygon does not satisfy the set of
predetermined spacing criteria, then changing the size of the second polygon
to cause the set of predetermined spacing criteria to be satisfied.
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21. The method of claim 16, further including the steps of determining a size of
the first polygon based upon a canonical direction from a first side of the first
polygon to a second side of the first polygon, and

if the size of the first polygon does not satisfy a set of size criteria, then
moving the second side of the first polygon with respect to the first side of the first
polygon to cause the set of size criteria to be satisfied.

22. The method of claim 16, wherein

the step of i) selecting a first polygon and a second polygon from the plurality
of polygons to be checked includes the step of selecting a first wire segment
and a second wire segment from the plurality of wire segments to be
checked,

the step of ii) determining the canonical direction from the first polygon to the
second polygon includes the step of determining the canonical direction
from the first wire segment to the second wire segment, and

the step of iii) determining whether a spacing between the first polygon and
the second polygon satisfies a set of predetermined spacing criteria includes
the step of based upon the canonical direction from the first wire segment to
the second wire segment, determining whether the spacing between the first
wire segment and the second wire segment satisfies the set of
predetermined spacing criteria.

23. The method of claim 11, further comprising the step of €) based upon a first
wire segment having a left face defined by first and second endpoints and a second
wire segment having a left face defined by first and second endpoints, generating
polygon output data by performing the step of if the first endpoint of the left
face of the first wire segment is collinear with both the first and second endpoints
of the left face of the second wire segment and the second endpoint of the left
face of the first wire segment is collinear with the first endpoint of the left
face of the second wire segment, then establishing a first left polygon face having
a first endpoint defined by the first endpoint of the left face of the first wire
segment and a second endpoint defined by the second endpoint of the left face of
the second wire segment.

24. The method of claim 11, further comprising the step of e) based upon a first
wire segment having a left face defined by first and second endpoints and a
second wire segment having a left face defined by first and second endpoints,
generating polygon output data by performing the step of if the second
endpoint of the left face of the first wire segment is coincident with the first
endpoint of the left face of the second wire segment, then establishing both a
first left polygon face having a first endpoint defined by the first endpoint of the
left face of the first wire segment and a second endpoint defined by the second
endpoint of the left face of the first wire segment and a second left polygon face
having a first endpoint defined by the second endpoint of the left face of the
first wire segment and a second endpoint defined by the second endpoint of the
left face of the second wire segment.
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a) determining the location of the arbitrary point with respect to a point
on the directed line segment;

b) determining the location of the arbitrary point with respect to a first
endpoint of the directed line segment; and

c) determining the location of the arbitrary point with respect to a second
endpoint of the directed line segment; and

d) based upon the results of steps a) through c¢), assigning a canonical
direction from the directed line segment to the arbitrary point.

26. A method for generating a data representation of an integrated circuit (IC)
layout, the method comprising the steps of:

a) generating polygon data associated with a polygon that represents a set
of IC devices to be represented by the IC layout, wherein the polygon is
represented by one or more wires and the one or more wires is represented
by one or more wire segments, wherein each wire segment is represented by
four sides, and wherein none of the four sides has a preferred orientation
with respect to a reference;

b) generating wire data that both represents the one or more wires and
contains at least one reference to the polygon data; and

c) generating wire segment data that both represents the one or more wire
segments and contains at least one reference to the wire data.

27. The method as recited in claim 26, wherein for each wire segment, none of
the four sides must be parallel to any other of the four sides.

28. A computer-readable medium for determining the canonical direction from a
directed line segment to an arbitrary point in an integrated circuit layout, the
computer-readable medium carrying one or more sequences of one or more
instructions which, when executed by one or more processors, cause the one or
more processors to perform the steps of:

a) determining the location of the arbitrary point with respect to a point on
the directed line segment;

b) determining the location of the arbitrary point with respect to a first
endpoint of the directed line segment; and
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29. A computer system for determining the canonical direction from a directed
line segment to an arbitrary point in an integrated circuit layout, the computer
system comprising:

one or more processors; and

a memory communicatively coupled to the one or more processors, the
memory including one or more sequences of one or more instructions which,
when executed by the one or more processors, cause the one or more
processors to perform the steps of

a) determining the location of the arbitrary point with respect to a point
on the directed line segment,

b) determining the focation of the arbitrary point with respect to a first
endpoint of the directed line segment,

c) determining the location of the arbitrary point with respect to a second
endpoint of the directed line segment, and

d) based upon the resulis of steps a) through ¢), assigning a canonical
direction from the directed line segment to the arbitrary point.

30. A computer-readable medium for generating a data representation of an
integrated circuit (IC) layout, the computer readable medium carrying one or
more sequences of one or more instructions which, when executed by one or
more processors, cause the one or more processors to perform the steps of:

a) generating polygon data associated with a polygon that represents a
set of IC devices to be represented by the 1C layout, wherein the polygon is
represented by one or more wire more wires and the one or more wires is
represented by one or more wire segments, wherein each wire segment is
represented by four sides, and wherein none of the four sides has a preferred
orientation with respect to a reference;

b) generating wire data that both represents the one or more wires and
contains at least one reference to the polygon data; and

c) generating wire segment data that both represents the one or more
wire segments and contains at least one reference to the wire data.

31. The computer-readable medium as recited in claim 30, wherein for each wire
segment, none of the four sides must be parallel to any other of the four sides.
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is represented by one or more wire segments, wherein each wire
segment is represented by four sides, and wherein none of the four

sides has a preferred orientation with respect to a reference;

b) generating wire data that both represents the one or more wires and
contains at least one reference to the polygon data; and

c) generating wire segment data that both represents the one or more
wire segments and contains at least one reference to the wire data.

33. The computer system as recited in claim 32, wherein for each wire segment,
none of the four sides must be parallel to any other of the four sides.



