;W #$%€3eB>744549Z: >6H>T>e| 2 ~ MA *c~~2* R 2003 APPROACH FOR ROUTI NG AN

I GRATED ClI RCUI PPLI CATI ONS This application is related to U S

PPovi si onal Appl |M@W@W r 60/104,872 (attorney docket nunber

50265- OL5), entit! OF VLSI LAYOUTS," filed Qctober 8MARL9§S. by

DAVI D C. CHAPMAN, andS¥%Z' 5 Provisional Application Nunmber 60/139,5

(attorney docket nunber 50265-019), entitled "ROUTI NG OF VLSI LAYQUTS

PLUS," filed June 16, 1999, by DAVID C. CHAPMAN, the contents of which are

i ncor porat ed her ei n BYPREAGHEFOR RQUENG pd¥ BSERGRATIRD SIREUTFE | NVENTI ON

10 The present invention relates to integrated circuits, and nore

speci ficall KI%EB%-%T) ApRise&HIORE routing an integrated circuit. BACKGROUND
ou

OF THE | NVE ting an integrated circuit involves determning the
pl acement of wir eShisappliesioniisreldted toddiSe Erovisiomy Appéidatoin Wumberdevi ces and

Chteor ared cpPAIEELE AR ok RRer 30T, SR RERTING BBLVESE:  who
manual |y addgANOUTS; dHed Ocroblee19,199843eBAMP C.THAPM ANSandUtS1e i nt egr at ed
circuit. Oten, . the %Ehgagﬁg}al{hggo& [ orés evices and cells to nake room for

the new wb r eSTOVIIQNR) BRIH60 (Biterpeydosket Bumben 302689t
designs, t hegﬁq&pwaahcmmm VESt MAYASUTSHLUSD® fil e 9he 18! P%gabgﬁﬂ(ﬁfu' ts
containing mllions of 20 transistors. For large Integrated ¢rfcuits,
routing i s p€ CHARMANthmmeomitends ofwhigh are incerparateddisneinibymefenenme farsalh
"router” thaé igsetsypi cally inplenmented as a software tool on a
conputer-aid aPaEs; gn system A router receives a data representation of
the integrated circuit (a "layout") and the electrical connections to be
made bet ween ' R contained in the integrated circuit

| ayout (a " ngﬁgﬁf@he rolﬁ,tﬂec%ﬁdeterm nes where to place newwres in the
i nt egrat é@ ci r cui The ayasent incentmok eclates teinteprited dirawitspand norsspedifieally,acenment
of the new wires is,i o%‘t‘tant since, the Iﬁngth and pl acement of the new

wires can ha\a}’éa%f’ra‘ilﬁhl of Tuing apinteEtated Gieelly ance of the i u~~o~~~~u~ ' 1~

s 20 MAR 2~3 integrated circuit. After the router has determ ned where to

pl ace the neﬂ#%@é}ﬁﬁ df’fﬁlﬂ'\?gﬁrr?aNt he integrated circuit layout to

reflect the

Routing an integrated circuit involves determining the placement of wires to
electrically connect integrated circuit devices and cells so that the integrated circuit
15  operates correctly. For small integrated circuits, routing can be performed by a
circuit designer who manually adds new wires to make the necessary connections in
the integrated circuit. Often, the designer repositions devices and cells to make room
for the new wires. Although manual routing can provide relatively compact designs,
the manual approach is impractical for large integrated circuits containing millions of
20 transistors.
For large integrated circuits, routing is performed automatically by a routing
mechanism known as a “router” that is typically implemented as a software tool on a
computer-aided design system. A router receives a data representation of the
integrated circuit (a “layout”) and the electrical connections to be made between
25  devices and cells contained in the integrated circuit layout (a “netlist”). The router
determines where to place new wires in the integrated circuit layout to make the
specified connections. The placement of the new wires is important since the length

and placement of the new wires can have a direct effect on the performance of the
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Routing is typically perfornmed in tw phases: global routing and detail ed
rduti*ng. 4 obal routing general ly invol ves determ ning the general

pl acenment of the new wires. Conventionally, a spanning tree is created to
determ ne which pairs of points will be connected. One par (2 & WARr 26y pe of
spanning tree is a Steiner tree, which allows for new points, referred to
as Steiner points, that were not in the original |list of connection points.
The new points provide additional flexibility in connecting the pairs of
points and cafegrarddcachifeAtiet e rohtefhdseittdrindd wikkré © p18% tht AewSkYes! @i€uci ng
signal transm ssion tinme. During the detailed routing phase, the router

i mpl ement st meuteroindates therintegrated piraulcRyHite reflectybe rew Witesaddi ng t he new

wires. ldeally, al i i Lght |ines
bet veen ¢ he spec; Ruig s el Wit v BRace T AR Rl B0 TELALET) | |

have to be benitingo Glebaldowig garlesdly invadyes ddeerintresg thegeoeral glacément béthHeayout .
In addition, the .angle between a given pair_ of in w.ll not normally be
an angl e supPEY HED, e Ty » e e iy FpreBf o dlerfline v agRE gL ¢ o

nost current pofie Wilbbe @diﬁie@t@d.abnbﬁ}aﬁicuﬁﬂw;b@f@%aﬁrﬁﬂftb&i@@@@éiﬁ@rtﬁ:ei0 ensure
that all conpaonents of the wire have a reasonable direction. Thus, various

routing appr cdieialloysforagy pomts sefered o andeipeERUNEShalsYere pet WAhe wi res. Two
of these appr, i : ] : AL a
Fouting. appr GABRAr iyl STEpHiEUbR BRI ME neb RSO, SRR bral el i
converting t lrennesbdg ﬂmﬂmw&poaﬁwdrmtrbggep*mbtaémnierlmgthbxéﬁit@ﬁ%f

one-di nensi o i r obl For a description of the channel
routing appr3@%&@%@@8*’%%@g%‘utgﬁs%ﬁﬁ?oget@?) for VLSI, First Edition (1987),
by Stephen M Tri iheimpsthe déthiledroutiag ghadecthPudiltesinglaneBotic@onndcEBi

0-89838-231-9. I n the chanpel. ut i roach, t out.er. chooses the
Shonmers i rtoiehgh fatptrainh tras e RERRE Sikies! [pallp G AERey $5eh i ch
the new wi r esydul@ue€ implemehtea lak ¥trAShiIBRE bethaen BleSspedlfiBY cotincbfi@sFoififdoi ces are
based upon the placenent of the sfandard cells in_the rows, The channel

router then JHVSHehdBe neve wikes ysuadlly heye tobmbatt tq eXpid abstadlescice. deviess andt enpt
to mnimze t 1e) | S g : . channel
routers i rrposclgﬁ%’lti&ggﬁgﬁﬁ‘n%ﬁﬁdﬁ&gﬁmﬁgﬁﬁwgﬁiﬁgﬁ%hl%g?fﬁ(g\r}tgqgws}?)trtlgI e

hori zont al spiomalinbaasangle suppoated by the moter (¢.Bdemultipls of ninstyrdegrees farach

Cororing. ar oo AssreheJodlers) SEEH a8l Bl BRI neb QB O BB B3 fr 37 P
| ayer and verdompahemts ofthe avire liavstardasonatsle directivet. IThyervaribhs routiag | ayers are
avai l abl e, the | a¥ers t¥£l cal lé al tﬁégﬁte direcgtions.,Mst co rcial

routers use SBREAFRESAORCARQAREMIZe]he Blacemmens of fsnaviwirss | BHO PEHESHg and
then conpact ipfiRackeindhdd e thittettchtingbbp@dathiad Ak AreaRbmefE AprodeRl - FIG 1
A is a block diagramof a portion of an integrated circujt |ayout 100 that
requires a channelThg ehanneh reitingsapprosgh gengsally inpplees a@viesing the Bk di agr am of
a portion of j | ' ; : Ay ' | with
four routing @g%ﬁéﬁ%ﬁ%?gﬁg{%d bﬁglsﬁgd;g%]m(]:eg%g@é?gﬁﬁ és%g%th é}lg%?laﬁ?éi E@ggﬁs pace
equi val ent t qrotieme. Four flesgription kfthe Thannst fouting appmadhi, seecoltrolectiongonel

routi ng appro | Se8bRl 1.6 {: [MaT=Y h e of 1,817 n .
flexibility. %B QroVESH, %*%%%%%ﬁ??@hPw%epksﬁﬁéﬁﬁ?%gﬁo@w%n‘iﬁﬁws
di sadvant agesPubSpiests,Bastdnl ISBIN082838+p3d+9.r out i ng approach becones
inpractical or inpossihle if there are_significgnt nupbers of ,obstac|es
extending into tﬂglnéﬁ%%f?ép?l rgpting alﬁﬂrﬂ%"_ha fdelierel é?,sltgg"%ﬂ“@disr‘\n P"i?éc_%rfl’ﬁldl e
of the routi ngwawRes tr¥el hbrizdiR4lfy AdAhe sIotsSiAWIBE hemewapirddl thavePyrtigdiges of
the region to be routed (which greatly increases the difficulty of

Y9

ic
assi gni ng t r Reeyeanhagpgly dpny phthese ehnices azg leased ypenstheiplacement ¢fdheout er ;
al so known a Wtﬁ: I b i 1 j :
progressi vel ;s t%‘éiar C |11§%§%Irog$?p PSéggggﬁg&g&ewgﬁn@eg%%%@gg hﬁ%rilzr?tn ga]bei ng
routed. |f tHhonting tracksuagn ateroptioaninimize thedienght of theachaume! RBuerethisiis NP-f i nd

the nost effigi nunber of | ocatj be..search i s very
arge (espect Tpyo o habl e AREE o ha AR LA BicH e MR Bava ol ¥
area routers single yoerigomallsyinetn a simgiercutihg tracly Whddr this bearsnaint,'eauh erhck is

count erparts, b.utgi he%/‘, nd to req%j{ re substantially nore, conputational
resources to HHEPEE eLEnE neAt £ach $lot logationusing Agrapherlorigg,algprithg,
integrated circuits, area routers can be inpractical. See "Chip Level Area
Routing," Le-Chin Eugene Liu et al., Proceedings of the 1998 International
Synposi um on Logi ¢ Design, pp. 197-204. Note that the authors split the die
into smaller regions for area routing. FIG 2 is a block diagram 200 that
illustrates how a "wave front" type search is used to establish a path 202
froma source pin 204 to a destination pin 206 around an obstacle 208. For
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routing layers, then each point in the wave front has even nore
possibilities: left, right, up, down, go to the next routing |ayer if any,
of go to the previous routing layer if any. Any sequenti al gﬂa&@r such as
the Lee Router nust also concern itself with interference b R 200

i ndi vidual wires. Conpleting one wire may well bl ock another. Because an
optimal routing order is generally not known in advance, area routers
typically nust inplenment some formof rip-up and reroute, in which sone
nunber of exi L—Ipnngltaiiwees are coutedhinvang, layerand vertinklrveirerasewnutethig & $egond pped- up
wires redrawn, Thi |ri her
erouting. 1 mHe ToREY 1ayERint Rullable, vEhRrbRRARY SRespb BB, o

f easi bl e sol utbomamefoddl radtbranist 8Sme Moﬂﬂaﬂe&t&aﬁs perfuan lderiled ragigtand to
t he basic Lee Router. r. exanpl

S | Alg f
Integrated Gt I@GiCPmEaVégfeCh%;ePﬁﬂé%@a%éﬁﬁ%éPu g F?IHS’W P%V%cr?zl éﬂg‘sl‘igﬁ
Engl and, | SBNchﬁ?li‘a‘g%%ﬁa%mdntof'aﬁ 1%éﬁ%rciﬁﬁ1ti£}%ﬁt fd?ﬁﬁ@t @&ﬁi%&%ﬁﬂﬁé are

restricted to orthogonal routi ng nostly requi're the use a coarse
routing gri d. wibrthese couting tracker IGsdB:lSradQlNk diagremmy atpostien eﬁmnmaga@edise a
channel routi n

conpl ete unr ot &8 opg\gt I%Wd;%t r%iunft‘a P‘i%{%cﬁgtrtigé‘grarpﬁgﬁi{rg&s rTyrmsit has

been built onbeeraddnqadsed(sotbatlﬁiws E;&eequvﬁhﬁmgehﬁdﬁmagwacl&xm when it
i s advant ageous to ducti on .nask |evels that nust

ni.m ze.t
be anaanealC O out ab BHEEY ik b e rinel BRbing FpRRcLS SHELIS o lER 8 | hat

could not be @gpEXpeiRGNidehna fIRRBING! Howetzar tHeURahn®] bmﬂﬁxrg%f)fdmﬁ Esoﬁthf
resource requirenments. In these situations, adding a track - MAR

2008 in a chaMAPULdisadvapiagessl Speeiigally, §h%¢h%9i§0itmmpwb@ea@a¢a
requiring that Haddd h
coﬂventi gnal El%lét rligﬁgglpr a(s‘é‘ bEe Hﬁiér.ﬁ‘%?lécf %ﬂﬁ%ﬁh&ﬂh‘%& gﬁgéisrtfgléyr out %I\M&
approach and ﬂteechanw curaﬁpimgné/ppobmﬁks arsntﬂhe mlddibiolfthqmumMieiafqnf he

geonetry around a wi e being defi ._There.are seven s, fox this
o tat on oners g ahepeRat A bun i0e o B SRS bl robid [BRR Y
inter-cell rouigésed thatdifficoneof aRigatff travksl faepingsonl y. Anot her reason is

t hat nost conventignal .routing appr Oﬁches use opsecyhﬂortho Qnal orretry for

wires and georst ry HASHIEE SadRUEEISA 7 bEF Rguieh@lseamAwn asp Mazediiefsur e do
not provide ahgsfloutes oAk Safke dtAfintd Eﬁpﬂ%ﬁe’%klﬂa sEarblﬁn?Qﬂ Tgﬂt h6&HRASbetwReh hi 1 d

reason i s that non-orthogonal wres not efficient onto a coarse
routing grid, theppit ¢fm?gﬂté|b§1iﬂ§rm'atedvaﬁitb¢rslls gWﬁﬂt%i:@@e@r’fh%ipmgtSi thedss" router.
Although_some kel g% ot s HRKEREED oS onGber SRC e WEELAL ch 3P0 ©
of routing nofn-orthogonal  wres ’hogonal rou can reduce overall
wire |length byeqplatg(a (é&{ﬁecmﬁyaﬂimdretthamomdumgnnglaybmﬂmhegiscd)esAisl aresglt,i aredbot h

area savi ngs an reducti ons. bas d on the. ne out e
omn oot ond®, ROSteR SR o el i dheit cHAPRE Tafter ftmidiaaTsy bl hey
appr oaches, a'ﬂermlbrrétﬁﬁik @BEM&Wﬂe%Hpﬁtdh@Hﬁlerﬂmﬁd&s tmbmmataﬁdafd 6t t

t hat does not suffer fromlimtations inherent in conventional routin

appr oaches i s dHitighlt jo werlemsnt. &or lagge infegyated RIrowisaarcy KAGRs carb g | ON
According to « et i GEeRP P& ogch is
provi ded for ?&?o%&%ﬁ%’#h‘%&c}gﬁtné %é ?ﬁ%@ar at eghgi&rdcl:g?{t& Acc plit o the

approach, int égﬂemaadnadﬁ’ympqswilmymlmgma?ﬂ@lgmpp 0r20dd Ndﬁaﬂiauéfeiauémrasrdét of

two or nore i i e included in the integrated
circuit. Integﬁag%g&ggF@HFfH@%W%z ﬁF%%K%ng is also received that specifies
one or nore el ectriKiGl 2doabkek idivgsarh Q00 ¢haviitistrbes hewea %h@eﬁmhegwpé&ﬁnm
circuit devices. set, of .one 0O re routin i cators that, i ca

et Cof one. or i B EesellistA Bk np S Rhet shuecs DR F OCRRRBHIRGOA R | ng
path between fanfobktagle®08e FeReadh roitRel walé froht, d@kﬂi@d%sanf)f-% b6 aheh yof
two or nmore integrated circuit devices is det er ni ned based upon the

i ntegrated ci raif 412} 6 atiagent Zridiecatioas mysihy tgsteditasee éfithey bavedeeni on dat a.
The routing p i c

cirout devi oaigaadF ShbaRs o AR, Wi o ElTRRLLAETERE 219 BB

i nt egr at ed ci rtheildcus of pmintsi edghtetat wmita ficbnt brnlreaeplndMoEeenyrunuamrscd)umhmg,

i ndi cators, wherei.n, t rqutin S S le n criteria.
el Ty, the MpeUEBdobsouRTe Piphe siiad lo (8 ol ive s GEnebng & salier oo
integrated circuit layout data that reflects the routing path between the
first and second integrated circuit deviceg. According to another aspect of
the invention, a routing strategy is enployed for each routing path that
includes a routing bias direction and a straying limt that constrains the
routing of a routing path to a specified routing region. According to

anot her aspect of the invention, one or nore changes are made to one or
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-6 2 0 MAR ~00~ checks are perforned on portions of routing paths as the
routi’ng paths are being constructed. Furthernore, |ayout object-specific
design rule checks may be enpl oyed. 2 0 MAR 2003 BRI EF DESCRI PTI ON OF THE
DRAW NGS Enbodi nents of the invention are illustrated by way »p Wﬂ'\""%e’
and not by way of limtation, in the figures of the acconpanying draw ngs
and in which like reference nunerals refer to simlar elenents and in
which: FIG |Ais a block diagramof a portion of an integrated circuit

| ayout that rgguvillassult inhpsanyahoneilodativhs teeba ouammingg, 5o tekenteFty@ically werks

bl ock di agram of a %{Iion.of I nt.egrated ol cuit layout that requires a
o ifeedbe

channel with Wq’ e\ ceiptect rouing Iy ook di agramillustrating

how a "wave front "FIGBPSAS@E BB art Blodk AihgrAneSO®&d 350, fespédtively, eHnt fhsstrdtece
pin to a destination pin_around an obstacle; FIGS. 3A and 3B are bl ock

di agrans i | | ube astedspacs indpged by theise ef 2 FentingEridyn paUIGH Sueh asen #9ei ng gri d
[ ter, . .~ ' fl
In arouter I%Hfépoxaécl?a!ﬁnﬁrrsﬁtef.gﬁ&% rvﬂ{hoﬁt %fcﬁ%% 'uug 16102094 R T1 oW

diagramillustrating an approa . rout _ ntegrate
space. As aresult, a routing grid based upon wires having contacts can waste a

significant amount of space. In FIG. 3A, wires 302 and 304, each 0.5 lambda wide
(the particular units are immaterial), have a pitch of 1.25 lambda, because of the
minimum required spacing of 0.5 lambda between contact 306 and contact 308. In
contrast, the wires 352 and 354 of FIG. 3B have a pitch of 1.0 lambda, since wires
352 and 354 do not have contacts.

It is important to note that if a Lee Router is implemented with multiple
routing layers, then each point in the wave front has even more possibilities: left,
right, up, down, go to the next routing layer if any, or go to the previous routing layer
if any. Any sequential router such as the Lee Router must also concern itself with
interference between the individual wires. Completing one wire may well block
another. Because an optimal routing order is generally not known in advance, area
routers typically must implement some form of rip-up and reroute, in which some
number of existing wires are removed, another wire drawn, and the ripped-up wires
redrawn. This may lead to still more blockages, requiring further rerouting. In the
worst case the area router might not be able to find a feasible solution for all wires.

Many enhancements have been suggested to the basic Lee Router. See, for
example, Combinatorial Algorithms for Integrated Circuit Layout, by Thomas
Lengauer, John Wiley & Sons Ltd., England, ISBN 0-471-92838-0). It is noteworthy
that these enhancements are restricted to orthogonal routing and mostly require the
use of a coarse routing grid.

Commercial integrated circuit routing tools sometimes use a channel routing
mechanism first and then an area routing mechanism to complete unroutes or to
implement small changes in the circuit after it has been built once already (i.e.
Engineering Change Orders or ECOs), when it is advantageous to minimize the
number of production mask levels that must be changed. Unroutes are typically
short sections of connecting wires that could not be completed with a channel router

due to underestimation of resource requirements. In these situations, adding a track
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“circuit according to one enbodi nent of the invention; FIGS. 4B-4D are bl ock
di agrams illustrating exanpl e spacing and extension design rules applicable
to gates; FIG 4E is a block diagramillustrating the indivi cbzlal é@gs of
a single contact join point according to an enbodi nent of the | n;
FIG 4F is a block diagramillustrating a |ine of contacts join point
according to an enbodi nent of the invention; FIG 4G is a block diagram
illustrating an array of contacts join point according to an enbodi nent of

t he i nvent i onn a chumel wouldsfogerslldeaasigion §ovanto; Heimexedappiigreguisingrthatgllst or gat e
join points %«E}a ﬁrlgx.}erllégbé[%b # enbodi ment of the invention; FIG 41 is a block
diagramillustrating an external port rectangle join point according to an
enbodi ment of the A sigaificaniiimftition whih tenventidmd touting gppuvachdspisicudingtgpth

single-layer branch join points, according ta an enbqdinent of .the )
ivent 1 on: - Fites SERnE Lo SRR G SR Y IR EPACPHGS ot PRGI S i Seen
two contacts iy baahbtrCAtRRd £ WirtMet defihbd. Teré Bredebbralicadind ool
illustrating routing a wire betweenn two contacts using corner clipping

accordi ng t o limitatigne dPnesaesoss thabmpny eqrivesiional gputers areGtnigly ipter-cell routers
that connect predefined cells only. Another reason is that most conventional routing

approaches use only orthogonal geometry for wires and geometry changes such as
clipping the corner of an enclosure do not provide a benefit unless the wire passing it
is non-orthogonal. A third reason is that non-orthogonal wires do not efficiently fit
onto a coarse routing grid, requiring either a wasteful grid size or a “gridless” router.
Although some gridless routers have been designed, none of them are capable of
routing non-orthogonal wires. Non-orthogonal routing can reduce overall wire
length by up to 7% compared to orthogonal routing, resulting in both area savings
and delay reductions.

Therefore, based on the need to route connections in integrated circuits and
the limitations in the prior approaches, an approach for antomatically routing an
integrated circuit that does not suffer from limitations inherent in conventional

routing approaches is highly desirable.



FIG 6A is a block diagramillustrating the use of a bias direction to
route a newwire froma starting join point to an ending join point
according to an enbodi nent of the invention; FIG 6B is a bl O%@ @If\ﬂg{@m
illustrating the use of a straying limt to control the routi ew
wire froma starting join point to an ending join point according to an
enbodi nent of the invention; FIG 7 is a block diagramof a portion of an
integrated circuit that illustrates using hint polygons during routing of
an int egr at e@UMMARY GRTHEGNVENDIGM enbodinment; FIG 8 is a high-I|evel
flow diagramillustrating the detai]ed, routing approach for routing new
wires in an int egASceding P one aspes) ol the mveaten A oMpBulsHiEpisBN RS APPETach he

i nvention; FI -l a ) il s | ddi | tachment s
to o n_poi niPoasd i el S RAR oh e e B TOA T s &
f 1 ow di agr amappioadh, irtegraigd gircuaip pryouicdatd isireegivadrthati defines a settofitgo o meire h
according to.an _enhodi 1 . the.i nvent.i on;. Fl LS qa, flow di agram
illustrating 1atﬁgr§1 rcgg@ﬁﬁ%vdgsetg(t% g Hb“.rl]’ﬁ%ﬁe{“ ?tgdulp Fe 0 tesqlgg:tugh Ig}gg@?g} f‘lléc ' an
eLrbodi nent  ofcotietiomistats ﬂﬁb;jreEbiGed ghai: sﬂe&ifgas bheoknﬂmgmﬁﬁcﬂl dr(])htﬁécrtﬁinh Lo}
changi ng connection points during, detailed royting within the constraints
of a set of &ﬁmdeés{%\éeea&% GiFeraipheira bﬁeﬁgxﬁ@t A oG ABIRTERNIRE ¢ he
invention; FligichersitBat nd A6k séli A8ha Bt iokdisricfeRit1B hiérhARRE ARARC18¢atibhd PPI NG
the corner of a transistor island according to an enbodi nent of the

i nvention; FIfGS rougng pafl betvegndirst andsetondiingeetasd dirduitglevises frgmadiesstafng

new wi re- acodbAhg T el BatuRIARETT etk BEE PR AR P Wi Rt A,
bl ock di agr arsydut Hats indithenntegrateiircod chnfiestion datar Mharowging path is

determined between the first and second integrated circuit devices based upon the

integrated circuit layout data, the integrated circuit connection data and the set of one
or more routing indicators, wherein the routing path satisfies specified design
criteria. Finally, the integrated circuit layout data is updated to generate updated
integrated circuit layout data that reflects the routing path between the first and
second integrated circuit devices.

According to another aspect of the invention, a routing strategy is employed
for each routing path that includes a routing bias direction and a straying limit that
constrains the routing of a routing path to a specified routing region.

According to another aspect of the invention, one or more changes are made
to one or more layout objects to accommodate the routing of the routing path. These
changes include, without limitation, moving layout objects and clipping corners of
layout objects.

According to another aspect of the invention, obstacle resolution is employed
to accommodate the routing of the routing path. Obstacle resolution includes,
without limitation, changing or adding hint polygons, changing the routing strategy
by changing the bias direction and/or adjusting straying limits, inserting one or more
layer changes, instructing the detailed router to backup and insert a bend, ripping-up
and rerouting the wire, or route the wire from the destination connection point. Also,
a tight routing approach may be employed to accommodate constructing routing
paths in tight layout areas.

According to another embodiment of the invention, “on-the-fly” design rule
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bend direction according to an enbodi nent of the invention; FIG 15 is a
bl ock’ diagramillustrating the violation of a dogbone spacing rule
attributable to an extension of a routing path according to_an enbodi nent
of the invention: g_ 2 D MAR 2003 FIG 16 is a bl ock di adMAR 2003
illustrating an approach for reducing tenporarily the enclosure around the
contact when defining a wire attachnent according to an enbodi nent of the
invention; FIGS. 17A and 17B are block diagrams illustrating the use of

appr oachi ng | Hacksareperfermed sy nosiiensy raviang Rathipstthe spntogstissabeisg t he

i nvention; FI I | dj 4| LS | ort path

i ndi cators du&ﬁ%ﬁééeéglfgﬁ& rc ﬁﬁéethggiﬁr%écgggﬁ%‘?%égs%oﬁgﬁc@ %g{ap@ﬁt of the

i nvention; Flé&apldged.s a bl ock diagramillustrating performng a routing
pat h design rul e check according to an enbodi nent of the invention; FIG 20
is a block diagramillustrating performng a routing path design rule check
according to an enbodi nent of the invention; FIG 21 is a block diagram
illustrating an approach for perform ng design rule checks between routing
pat hs and contact enclosure join points according to an enbodi nent of the
invention; FIGS. 22A-22F are block diagrans illustrating performng a tight
routing



approach according to an enbodi ment of the invention; FIG 23 is a bl ock
diagramillustrating an approach for resolving an obstacle conflict by
adding a hint polygon to an integrated circuit |ayout according to an
enmbodi ment of the invention; FIG 24 is a block diagramill Bftpagi an
approach for resolving an obstacle conflict by adjusting straying I'imts
according to an enbodi nent of the invention; FIGS. 25A and 25B are bl ock

diagranms illustrating an ag(groach for resolving an obstacle conflict by
inserting a |BWF9%¢§€‘P$ Dr@OF A§E BRAWENESdi ment of the invention; FIG

26 is a block diag | L E r-g@%}a | |l e
conflict by instr ugﬁ{yﬁgir%ﬁgaéﬁggﬂggg??ﬁgﬁfo a}:él(?g{g \gﬁz&%%ge %é’lgnggﬁtt In a
routi ng path wayof Hinitgtiom imthecfiguorel ofithe acdontpaeyingdeawingnandanovifitiClike 27 is a

bl ock di agram qf a conputer t em.upgn i ch,enbpdi nents of the invention
may be i npl enEErERFe X rals efgr Qﬁg‘ge%\é%ﬁﬂ%ﬁ WRehR PTI ON OF THE

| NVENTION I n the f ow ng descrjption, for. th urposes of .expl anati on,
specific details a?tré's]\r% 15 2P ﬁkfiﬁ‘g’éﬁ%gfaP?)"“BPB(gF’g@tggr?tﬁif’gﬂﬁhf(agﬂ%ﬁ%tt andi ng
of the invent QRiredP¥RIAEL with thteé foufidg #aBRY; ent that the invention may be
practiced without these specific detarls. In other instances, well-known

structures and devFEeslBiise blegh drageem of dperdivn @f ayigarated mrewit loyaetthato avoi d
unnecessari | ywﬁlgﬁ?y{"h@g‘hmﬁﬁ%ﬁ%ﬂ%ﬁa éj ous aspects and features of
nts o e r

exanpl e enbodi I'hventTon e described in nore detail
herei nafter in theFiGl2 pv blgclsdiagraomslustratjng how athwatd foont” e stamh is wed|

Couting: (6) BOSRRIFE Sgat Folar PR i Senrin e s abeest
i npl enent ati on NMecFEGS 3% and 3B are block diagrams illustrating the wasted space induced by

the use of a routing grid in a router, such as an area router or a channel router;

FIG. 4A is a flow diagram illustrating an approach for routing an integrated
circuit according to one embodiment of the invention;

FIGS. 4B-4D are block diagrams illustrating example spacing and extension
design rules applicable to gates;

FIG. 4E is a block diagram illustrating the individual layers of a single
contact join point according to an embodiment of the invention;

FIG. 4F is a block diagram illustrating a line of contacts join point according
to an embodiment of the invention;

FIG. 4G is a block diagram illustrating an array of contacts join point
according to an embodiment of the invention,.

FIG. 4H is a block diagram illustrating two transistor gate join points
according to an embodiment of the invention;

FIG. 41 is a block diagram illustrating an external port rectangle join point
according to an embodiment of the invention;

FIG. 4] is a block diagram illustrating single-layer branch join points
according to an embodiment of the invention,;

FIG. 5A is a block diagram illustrating routing a wire between two contacts
without comer clipping;

FIG. 5B is a block diagram illustrating routing a wire between two contacts

using corner clipping according to an embodiment of the invention;



1. I NTRODUCTI ON A conputer-inpl enmented approach for routing an integrated
circuit using non-orthogonal routing is described. The approach is
applicable to both intra-cell and inter-cell applications andiﬂ@jhﬁe
adapted for use with orthogonal routing when the process design ﬁ gm?or
routing and contact |ayers beconme too difficult to nanage using
conventional routers. In general, routing is acconplished during two

phases: a gl obal routing phase and a detailed routing phase, During gl obal
routing, hint pol V¥en@Ads bloghdipgram ilfustpiingheseef abiag directionyogeutaad
strategy lis ; b ok i id Boi The hint

pol ygons andhg‘?sglfeeggﬁﬁr st_sqgﬂgﬁggggtﬂﬁﬁ%&éﬁ%@tla??lgﬁa(:r%out| tgogt}lo aidin

pl aci ng t he embodimens of the iovatiasj e conflicts or insufficient space problens

prevent the detai ut | f,.a _ne ire hen bst acl.e..resol uti on
portion of gl obal Iﬁgu@? Ay? Bg)cggg‘@r%l }&Bﬁl%ﬁlfﬁée %ﬁﬁ’é’?’@ lugiiste pertreln g/ or
provi de addi thdating pRE few Witd o fgtiag fn pbin€td dn dndiRUbird oiftitLerdidte new
Wi res. Thus, nmjor &ganges re generally nade during global routing to
sinmplify theteasgnp mﬁé}h?f%ﬁ}n‘?ﬂt‘%NCTI ONAL OVERVI EW The approach for
routing an integr #iGty & 4 Glétk dAEREK A APoliBn 3y RRATRALiPHal Iftgent | on
is illustrated in a flow diagram 400 of FIG 4A Aiter starting in step
402, in stepudidg hint pohitgens dpnagovtiagiof an ditegrated nirayt ancexding tocan t  and
connecti on d%@oﬁfgﬁzmﬁecei ved. The data representation specifies the devices
and cells co I I'n the -11 2 0 MAR 2003 integrated circuit and is
usual I'y provided [FGa8is ahiphrlaved dlos diagratn i$ystidiagitise degiled rétiéng sypreashi on
data specifi e%s | ocations .in.the.int e%rat ed fi rcuit that are to be

el ectrical | y TR/ HERS BEY WIFFSJR @R 1IeRFatcq cHEH 1avgRtacheydime tBéPFBMH?C@OSbaI
routing, as 4esgivkkes;in nore detail below, involves creating a node graph
and join points, changing the |ayout geonetry in preparation for routing
and generating a J86 8is dhlockdiagmma iljustrating a npﬁwmpggv@msnémmmrm@gy
lists to aid,j : Mires during detailed routing.

G obal routi r?g&)aﬁglg t?h@%ﬁ%gﬁ%%ﬁfgﬁgﬁlﬁgéﬂgﬁi acle resolution when an

obstacl e conflict HG. 104u$ & flowediagrspatiestpating @ntepproheh foo genargting a poutiey wi r e
during detail grd éout i ﬁﬁ{gt' n stg)ﬁ 408 flﬁlt ailed routing is performed which
general |y i nvBEFRECHERTE LD Ap FrRRamont of ths Taventon, o' bet ween the connect i on
points. In step 4¥G. 0B 64 #flowdiadram illgstratielg anlpproech for Briehding @ ré@idgd not
be routed becausg of an obstacl e confl igﬁ or insufficient space. If the new

wire coul d ndfrelst 2peRy ing tp g% embadingnt 9f é’,“_"?‘ﬁ@ﬁ control returns to gl obal
routing in step 4G§G, W% £bRER ifghen fIRARhHZ gﬁggﬁg%ﬁﬂé&fiﬂﬁﬁoﬁ@s dgy ve the

obstacl e conflict and/or provide additional etoroute the newwre. |f
in step 410, detailed soutingawitlyn thescangiraintsfta sgbelzpplerblodesignyulesaceerdpigde ed
wi t hout an ohst . f lelact - jasufficient space problem then in step
412, the dat %iregﬁogggﬁﬁgﬁlgénm%mtoﬁé integrated circuit is updated to
reflect the new wKIGs 12dkztlock diagkam ilhstratiregarf approach fored ippargsthe ThmepobHcess

is conplete in step 414. . The steps in flow di agram 400 provide a high-Ievel
under st andi nd %@S{sﬁ)_él m?ccpxécﬁ?g galh%l?%_g@ﬁ%aﬁg}_’%vﬂmmnecessari ly reflect
al | possibl e scenaGss 13Kahda3B ethlodid dibgrafe $ihisktheng AfastigifMBisem ey not
be resolvable in glagbal routing in step 406, In this situation, globhal

routing woul OBIFEMRFIR CPYtagiPlacament todrgommodaiedhe ERING Of & MY TS #FCOFHRE a
desi gner coultgajlieﬁ‘bgbﬁnémgpm%ﬁggl ly. As another exanple, sonme designers
prefer to fix a relatively small nunber of unrouted wires manually rather
than wait a very IEGS.1#Ael4tbearehlodidiagrems dllustnating an sppreashyfbedetdrminingthese

situations, iéena%kg%@;ﬁlﬁﬁéﬁ%t% éf’x?l%d?ﬁ%ﬁcotfq}?é l%v&ﬂ{og,shol d be enployed to

al l ow a user 10 Speci- mati1c rout1ng sho be halted. -12 20
MAR 20b3 3. APPLI (AL ESRRh MldcRIdifgram illustrating the violation of a dogbone spacing rule

attributable to an extension of a routing path according to an embodiment of the

=

invention;



Several principles are applicable to the approach for routing an int egrat ed
circuit described herein. An understanding of these principles will provide
a better understanding of gl obal routi ng and detailed routin, 9 These
principles include join points, routing reference points and (poMA 12003
clipping which are each described in nore detail hereinafter. a. Join
Points As is typical in standard industry practice, each node (net) to be
routed in the integrated circuit is represented by a bipartite graph, in
whi ch nodes repres Iﬁllrﬁgséblﬂ@bdtﬂg@amﬂéltﬁfrﬁbng)ﬂn aprpaddy fopsgducing tameora@rlned by
an arbltrary r as "j
oin poi nte. ¢ Atefignds ofEHETe TicERRBERLRG AR HELRHERLLAAR B 05, |
is inplenent eelmb@dmxgnoddjthe:hwemtlcent ed technol ogy, neaning it has a

procedural int erfagf %olgg) Q/. all.jo 0i nt es. ach 0| nt is

i G Hetop ook ety e g oF b St
thus responsible f d '858F bipe odsis & all
applicable w drdtbatosehtnﬁ%%ﬁnﬁgaccaﬂﬁngﬂpérpeﬂt&mm@hmthér ﬁiv%nﬁ‘&)ﬂ ows local join
poi nt -speci fic des ul e checks to _be enpl oyed which provides

i
consi derabl e fl exi B?CTH k8is & blpck slizesemaliesirating Hetusg 68 shartpath ardieatorsghuing
routing appro for all
integrated ci r%&@fﬂﬁwmec Rgégéréé “g%%{ g’i‘;‘}’?. Ca?f‘of&lbﬁmﬁgﬁ%&e si tuations
where it is desi raBI(é k%as lalbidokmwgraxp 1khnsurapng per-fsrpmnghlroutd@ayhndemgmmle For
exanpl e, therelé % H 2 |m§cﬁ ﬁﬂf@n t he.nunber of routing |ayers that
may be connect®F<PRCEVELNHYFRENEY BHVSPEO%t r ucture. Also, the design
rules for a particBIGr2qieablqkidkgramyliedangg penfermihy aroltageshthl Aedigh Rde st at e

of attached routgr;g For exa Bd cert n de3|8n rules mght require that a
connect i on er}Pﬁc $qrding)ta gu.pFpe 1H9€P%1‘P Blf!a"eflﬂ Bd | ayer of netal (and t hus

containing two "stagdfer" 1s§%ﬁc§%a§rmﬁ@ﬁu&@ﬁtlhgﬁnﬁﬁp&% f&'tﬁ@ffbrrh'tﬁg rule
extra-large netal enclosure on the second |ayer of netal, ofte erred to
as a | andi ng plkagks betwess rauting paths and contact eilsloatl‘tsa@lh@dlltt%a@mdlffgl&@types of
design rul es Lehdgd to as "landing zone" rules. As another
exanpl e, the %%g?\&g{ggpg%%efn%te?@nél stor gate are defined to extend far
enough past the di FIGSi22A- leyarebﬂds&tdmgmnexlﬂtsnmmgtpdmngng atight routigt . When
awreisto be ade owever, tbhg ee_ﬁg&y ortenedto allow the wire
to bend soonefPPT CPprdmg tp anjembodimeni g e‘ﬂ‘ée Pension rule {as well as
any spacing requir enGn3 batbmrdmgrtxﬁuﬂumnagdn gpmgﬂt PorRedoyihg b @bstadie! | be
nmet even if the wire is bent ~ ~ N AR 200 mredlately after |eaving

the join poi neonfieidy adding 4}H§EPQ§Y&‘§1 ‘8)@&%‘1@87 Ycr%f layapt agqozdiag dp adesi gn
rules applica % ion region 420 includes a contact 421.

Pol ysi | icon gg%lgo%zzﬁg&f%ﬁgpeﬁ d’ignd di ffusion region 420 by gate extension
amount 423, e.g., Fio. Z‘hmadaégckt agamulelmyratme agapproesh fmgesolving e obstacle

Pol ysilicon gat i aci ng
Pol o1 52", SehAR A ERESFEaR Ml Pl B SRBol R fRa P REs

4C, polysilicon gaFK}SZSAexﬁdeZﬂEax’eQﬂwkdildgrﬁxﬁm$1I11£straflﬁgm®ap15¥86c}bﬁorg@s‘o@vmg
extensi on anmount 4 gp£0t h .ends. %‘XSI | i con te 427 extends
beyond di ff us@BRP ?@“3?6 ?@Ydﬁseﬂﬂ%gﬁ %ac g @%F’é‘ PEHCanount
423. Ordinari kpenfi®d;ysi | i con gate 427 vvoul d not satisfy the gate extension
rul e since polysilicon gate 427 does not extend beyond di ffusion region 428
on the bottom by g&tl@. isarhledkdiegramitlusirating g gepwiach riesolyipg paiobsiaels gat e
427 is ponnecg&?lF&ﬁMFﬁ&I g%t%taﬂbc‘? tinB% 8&‘6 P%%gh%én‘dhﬁ a% uflé‘ﬁath

pol ysilicon-to- Ion spdcing rules~are sa by gate ex

anount 423 andccsqnémgmtgammnhmdnmeﬁmfthewenmmehy Al t hough a gener al - pur pose
design rul e check gﬁ%e hese prgbl ens t hout eci.al dIJn

can require relati @Z{}’y ragbtl%‘\li(a(ﬁ% ‘tqbarf;é)mﬂ | SEREMY ;f?av&lggb %fizks
at the join pehdinvertion maybaigipterpédted:i ent and al | ows a general desr gn rule
check to exclude these checks within the join point. Join points are
described in nore detail hereinafter in the context of types of j oin
points and attributes of j oin points. i. Types of Join Points According to
one enbodi nent of the invention, six types of join points are used. These

i nclude single contacts, a line of contacts, an array of contacts, a

transi stor gate, an external port rectangle (possibly with one or nore
contacts underneath) and single-layer branches. Exanpl es of each of these
six types of join points are illustrated in FIGS. 4E-4J. FIG A4E
illustrates the individual |ayers of a si4«l@te contact join point that

i ncl udes single contact join point 430 on an upper routing |layer such as a
netal |ayer and a single contact join point 432 on a |ower routing |ayer
such as polysilicon. FIG 4F illustrates an exanple line of contacts join
pornt 434 that |ncludes three contacts, |dent|f|ed by reference nunerals

AN o A NN R AA N /NN ™1 7~ o,




FIG 4J illustrates exanple single-layer branch join points 460, 462, 464,
466, 468 and 470. ii. Attributes of Join Points Each join point has an
associ ated nunmber of attributes. According to one enbodi nent f yape2063

i nvention, each join point has an upper routing |ayer index, a [ower
routing layer index, a join type, a list of router reference points, and a
set of layer descriptors. Each layer within the join point, e.g., a routing
| ayer or a contact |ayer, has a pol y}gon representing the geonetry for that

| ayer. Addi t DETHILED PESCREYION OF STHEUNVENTION of coners clipped (four,

one for each diag |, ~di i - Qf _at e (RVAeY] L

ei ght, one for eag‘ﬂgill if%{;’ﬁfﬁéﬁ?%gﬁfé@ﬂ?g uglgoﬁg%gpﬁg]%?{elgﬁ’bsyeéé[lolrcre%%#?ll}%/mer
and stored watelsetfonthrie orier ecpriooide aztherough andérsihiding dfithelirvgition. alwveverjt i ng
length fields. A join point on a single |ayer, e ,g,, a.transistor te join
ol nt. has. | derilideqePupBaRa g gtkeT maubF Aerchinidl Listod shestonec o deRite o
contact | ayely ofs¥CiaRtbnded) walakfowh Stridt@Rs And BeVicRUrdEshicRE th biRRAiagk@Ht | NG

| ayers can be added or renoved at any tinme, though doing so nay cause ot her
changes to t femyigprdeido avad unpeogssenly otlpoeringthgdoyrationch as an increase in
contact encl osurex; I S . [ - [ rule
check agai nst thevgﬁtr}‘?%ﬁﬁg?t%gﬁd;%?‘n]gﬁéf %g@ §feea‘%‘§qdﬁ’ée‘§t§t8§g‘{%‘8%‘g@ﬁ ﬁqgj oin
poi nts, such desribediyl recrealetadldieseinaftbr dmriid folowingmseatimst (1Qnatrodutions (Wse al |

ei ght routing di.recti ons becaus ute angl e | d resul Transi stor gate
and branch | "}?“BB%SHEV%”}FA‘(»Z?}@?@F%PBHHQP?‘%@%%OPB&&@%Qe q?fie routing
may attach o %\Min?s)(@) BBst&iél andins@ffidfin€ spHted résoRitRAC Ehd @) dapicnfghtdiiont he
pl anni ng phase of .the detailed nuter to provide a specific connection

orientation. nﬁcmﬁiﬂﬁmy not be attached unless it has a valid orientation
and the attachnment does not create acute angles in the routing polygon.
According to _one enbodi nent of the invention, only a single attached wire
is allowed fdr eadNIBPEGNN and a 1ist of allowabl e attachnent
directions is maint 'nr;tﬁﬂle_- LGhed A @l JqNHs as
transi stor gates hma(\?;de thgif?ﬁiéirgﬁ{n?ar)l%ti%%@?ggfoﬁgﬁ?ﬁg?ﬁg ggr?{%l/&\lfgll{l?glg

di rections. Theorthogamal xonting isdescribedi (The apprashh is spplicabde tabotbrinioatcetbnt as

ot her approacgh r J _Fo | e, desi r . may be
per or mod ¢ o 2o st AnEHosBBRE il Fan S doabiR TR, e ol R BB iolipe Sk "W o
w dt h and edgse precegs Hesigretulks far rbueing and adntaetdayens bedometbe diffiegited | oi n
points by allowng a deterninafion t o, be made whet her "dgg?gge".or wi de

met al spaci nGARABESIEANyenyenal toufers. In grneralrgRting 1§ aceumplished dugng te e
spacing is aphwiie¥el glbbd Fndinghase mﬁp@&étﬁﬁ%dx'éhﬁm% BhGE. Dugfng!diébdl %lﬂin%, of the
pol ygon edgeS in violation is |less than a specified anmount, e.g., the

| engt h of ond&inpglygens axc addnd te thvintegrated pircwitlayeut apd girategy distsa¥@ci ng desi gn
rul es may requi it d : n i i.fied
Wdth, 2t tr Bnaredtihd AR IR BB SRR T Aol iths EXFERAoSy BRI
situations, iused durthggietasliotl eouting|to mid intplavimgithie newuwviresy If obstacla cdeflicts or
assigned to highsresistance.routing | rs..such..as polysilicqp. The routing
angth 1 el d ipgien sEteR BEGhIRRS hrehnt Y AERUERTOLBE o R N WisEdPen # g how
much routi ng obstacla réblueion potioni of ghebag enllingGsitidedgo k@phie. theeBbitadlatomfiicnodes
carry no curreg}, i.e,, they drive, ogl y polysil|icon gat es, and so can use
hi gh-r esi st afB&OF BIVIdegdfiipaplsppes inthe Bitsarpted sirguit javppide raBigdhe Bay r y
current only wWdsht ji I 3 eV , As
oottt i s Ihud rRAGCANER dro pEn Rl RE: EISLBIXORIRED SAPELRE

wi th mnor ndlgtadled xting. nodes carry current for significant distances
across the chip and therefore may not use high-resistance routing |ayers
except to connect to-rgates within a cell. For power nodes the connecting

wires are typicall FIONABOYERVABEWr edefined within a | ayout synthesis
systen), layer ch : 0 M@ﬁ 1 Nl -cﬁ‘?ﬁt rays
of contacts are u?g%%ﬁgﬁégt}lﬁoég?utbn ween rgéc??lgcgﬂ%?g?r S. Rgdg%réﬂ]g!h% gﬁtone
enmbodi ment ofoftiecinventientis diustratad n afidw diagram 400pd AAGt 4Ab WA fteratartieg in steg | on,

m nor, major,, Qr. power that specifies haw nuch utin be assi.gned to
i ghe 7 esi st a0l AR 404 § dorarePretsntaion ! An tRepaled fraiban Fannssion Ao e
tasks of a rGuieved. SThe@athaepreBnmaidapetifits MReIeQict® asPEIRConfhimVin'the € t 0 a
join point. According to one enbodi nent, routing reference points are
provided with join points to aid routing. The global router chooses which
reference point that a wire is directed tigwards, and the detailed router
determ nes where the wire is connected based on design rules, |egal
connection directions, and external geonetry which nmay interfere. Referring
to FIG 4E, single contact join point 430 includes a single, centrally
positioned routing reference point 472. Simlarly, in FIG 4J, single |ayer

A NS o A — o~ o




Corner clipping is an approach for changing the geonetry of an integrated
circuit layout to allow a wire to approach nore closely to the geonetry,
t.hereby providing a snmaller |ayout. Corner clipping involves renoving
geonetry froma square corner such that a forty-five degre&&rh@lRezm
created. FIGS. SA and SB illustrate the use and advantages of corner
clipping. FIG SA is a block diagram 500 that illustrates routing a wire
between two contacts w thout corner clipping. Specifically, a wire 502
rout ed bet weiiegraied eipenibandgs s@mllarmow@f Emsm indegratgd nirewit synthesis2o@. (R 2003

orthogonal jo . ge AT el I SV he

m ni mum spac?cﬁlé‘g&eoglu(ia}%%g#g? %%%géﬁ%@%gé%ﬁﬁ%?g%%gulmﬁ{e%gﬁgéﬁge thnﬁgl[l IS
exanpl e of reufinedtgdwi t hout corner clipping, the size of the |ayout, as
measured fromthe |eft of contact 504 to the right edge of contact
506, is indicat edI’bifel_? @Q%%@}%qumﬂggsapergrgl_ed.lzp@hbaég)q%@gaa eserbediBgr am 520
that illustrahesidiftbdlne, Aveives cREENES RodYBrapl Bh R i pdidtshamBinaqhe C! 1 PPI NQ.
Specifically, a wre 522°is routed bétween two contacts 524 and 526.

Cont acts 524lasout gepBetrsidihprencratian £¢1 nopbin awst graeratiag ajsptofoanced ntoye indfidr ence
nunmeral s 528 LY: . ' ntacts 524
and 526 usi n}g‘,“?’g&ﬁggg’bﬁ"ﬁ%gg%g? ‘ﬁj?ﬂgéo \?\}f\q 1?12h§$]|§ﬁn§%xg;3 ?{s"?g}%&“&gﬁ“ﬁ% spaci ng
requi rement &agiledioutingl Givbal wotihgalss ivdlvandrbAfing@bbiacielresvbdion votser

t oget her (horizontall . providing a smaller |ayout. Specifically, the size
of “the'| ayouth Sodediial AR Spae pretipus BF Fbine e nesirre atiieg (| gh
edge of Contwﬁi]%uﬁﬁ% i ndi cated by reference nuneral 532, is snaller than
size S 10 in FIG _SA Thus, corner, clipping contacts 524 and 526 all ows the
|l ayout to be snal Iestep 408 detailad Foutingria perjormed ayltsh pengrally lavelvedensi ty. One
di sadvant age [ (Mol ! i  1L0C e mask
feature coungge\ﬁ?lgh%ggﬁdgﬁgﬁai&g“?%gBgﬁﬁ%;\%ﬁ%ﬁggﬂ%oﬁ #Il% (I:I}}Ft rnan én’l%greduce
circuit yi el detewninatimnis agads whetheoa nemowie cguldnioybe wiutdd eserse od ah absace

Therefore, accqi.din on odi nt orner,scl i pping. j nly used when
T eou oo rosidl R hRadaR <SR Te I e, GRE JSlia o} REISed Br iy redbES, &0
the corner ctheppbimgolremimans ghotl Aming 30 step #06,vkgrP bbstadlatabitioné gri d unit

of contacts 524 and 526, respectivyely._.Ho er, qQn sone routing |ayers nore
t han one gri Herﬁ?fl’legé%ﬁesﬁb’eéﬁ‘?d?ﬁ‘?c.e 1 T PR ﬂfi@%ﬂgsn?ﬁ%%ew i ment,
a clipping agpuyply wgestored for each corner of each routing layer to
indicate the clipped amount, if any. O her_ exanples of corner clipping
include in FIG 4HEingtepi4lfpedetopninptianis tdeshaigictailed mouting wasicompleted 432
and in FIG é‘vﬁho@%' JoRRER c%ﬁhf&%f fHaerfiht E}E)Ac%?&kl?xﬂf ﬂﬂ@girﬁﬁé‘p 4{5}&% dpyer
routing layer and Upper routing [ayer, respectively’ rnert cl'’"pping i s not
appl i cabl e f mpresditatigpefthefintegrptedtcigeiinetpdatedSpeaefidct thel ey, wiressatklied tor
gates, ports ng branch.structures.,.may not.have.cotners ihped. As

' scussed homaRh RGP P tIsS THEHiPFS® i Shmia S5t afdi Bl Semdihe

pol ysilicon @awaiidiain 4009redae a bight RecldindetifinGihgsfitdfdvel Tduinp BpSroattayer of
each port is t%gi cally defined by _a user and nust neet requirenents of
convent i onal %mtcrtqcfssmlla reflect gl prpsiblggenapgs.o Far em&’gﬁ})@ﬁ?@%ﬂ@t én

| over routi ”?rdb?e)fﬁhﬁg(dgft bé REYIVALR iR GHA #o?:iiﬁ% In 58y 456 i thidRfdatid, gﬁa'bhbh

branch structures ar efined to beTeither straight or bent at a forty five
degr ee angl eraniing wondd evasmtuadlytbs hatted end thei preblemdflentifisdisa vhaainidesignerhe

pol ygon for i i i i e L,Ng
Payer T ol i Gplg e ptdbiah nidlRE At Bt REtBle, S8R pRrE R, ¢
made i ndepensdgativety smaly nahbergegunnauded tvires hmnwallyi ratheb éaneenit 4 vérp 1qary tihs .

Mai nt ai ni ng si ngl e. non-over.l appi o] on f.or .each.routing.l ayer can
reduce the ¢ %ug%aﬁ TORURE1O %go%q%e@hg%S%ﬁl%BO?so;}ﬁs PRt thab%/H%?P have
to exclude deggedible ﬁi@sﬁ[@ﬁi‘&nbﬁg&@&l sllewa u@&ltuw WHendaukehygic rogtigglded or
removed, the ﬁwgons for the other layers may al so need to be nodified,

dependi ng onS$ ebaligd- rul es. The invention is not limted to single
pol ygon routing |layers. Routing layers for join points may be built from
mul tipl e polygons. 4. G.OBAL ROUTI NG

-12-



d obal routing generally involves evaluating the integrated circuit |ayout
to be routed to identify problemareas that can be besting handl ed during
gl obal routing using the high | evel know edge of the integrated circuit

| ayout available to global routing to generate an effective evadi MAR 2003
strategy. For exanple, the know edge of diffusion island placenent
avai l able to global routing allows adj ustnments to be made prior to detail
routing. This approach pronotes algorithmc sinplicity and execution speed
by relievingthe HBPHCF‘Q@LE&RINICIBEE%M ng | ayer changes or routing around

obj ects. The res ention.
According to one%%%%?%ﬁ#lﬁwﬁlﬁc%ggﬁg ﬁp{oﬁ%ﬁ?r%u |ng 5%&1% s the
routi ng of nawutidessibed heareis Ahandcretandmgroéﬂmsepnmmlos mlkpmwdem betgoi nt s as
previously descri bed wever. ur.i n

et ai |ed T ot g e o re g Ao st lRe P Pgn St E P @ darfe itar vau i o
Wi re noves a;ﬁcﬁnt@ef@)ﬁfm%ﬁferbﬂcd@ﬁﬁts dad ebmehelipingewhieh atdeabh desteiball iphofOUt i NQ
section. To acconplish these objectives, according to one enbodi ment of the
i nventi on, g hereigatietng i nvol ves generating strategy |ists and generating
hi nt pol ygons Strategy lists and hint polygons are applicable to new wires
bei ng routed betwen aIBInPMHﬁ‘s of join points and are described in nore
detail hereinafter. -19 MAR 2003 a. Strategy Lists Strategy lists

hel p guide the ro#sistypical ln@&andmdesd@mwylmgctwetwhed@émt)utnge. rgwedimdthag t o

one enbodi ne t St e e . each new
w re and spe@gﬁg?z{etg&gl 41{5}%?%%%% Cd%d' abl%st a%‘Ja] l?l m‘?’@ﬁggg g?sﬁﬁ %g routing
i ndi cat or (ftagpctidnadpinobr SWP&MS“)Iabmjoﬁﬁsddfy amtarhﬂtmgyndml&tr&fad@sdamerl bed
in nore detail hereinaft D.recti.on,A bias directio s use

specify a gefrapge %SFECRE?%TthtHQFreHI B HEMARIRIF G AerGRE LT

routing to rgeeiveatisReat jcﬁdp@iﬂdisrimm@héhtémnmg Mjecsnoaleﬁﬁa%d‘lmalbgglt artl ng
join point. According to one enbodinent of the invention, the bias

direction speemlnest haﬁapr%ed»ﬁablr%w&mowwetaﬂdoeumneltyneéf £agl join point  as
vi ewed from is a
bl ock di agr afr% otnbeﬂzi {ngs:féra gt aés%lgr%é;goﬁwg&gné@ tgftﬁg%‘?lg %lr11 E%’Fglcrag@t e a
new wre from@.hstelffsmmgg,j apdrenplosure rules.afhisrntiows Igcel inpprintsprciferdtsigy t o an

enbodi nent of ew Wi from a
ctarting | of MRk BT ePax RBRRSPRE o bR Aty B st oppden s a
gener alei)i stA ﬁclﬂlagfﬂg?d)@hbbﬂg@nhbﬁﬁhrsﬁtmg apr?godchemwnmloﬁageﬁmmvdigﬁ@uleol n
poi nt eft. bias indicates that the new wr starti j oi n poi nt
602 to endi nfsehi ?ff"d@i" B‘ﬁmé%ﬂl“lwlbt&‘?@’i“&?r}’yslwlg%i‘ye TP a‘lm ¥ he | eft
of line 606 {heRapRidRbiGablER inPlémalt§einPsidtis geaﬁ@aes@l Rl @htFobeRampigdi cat es
that the newwre fromstarting join paint to ending join point 604
shoul d gener Biermight e adizit placeden the nupber phiopting laypﬁéhgmam w@gwle as
:jnd' cat ed byld 4 &f 1?1‘9tac]$d(]i” ﬁﬁ{a@yétﬁgtdré Maso’t tdreﬁéﬁ Plgég {oﬂa a{'tﬁu
eflneareglon a new wre mail ute onnec astartlng
j oin point tpoiatohagchaneg qver time diased whonithgstatetodattadhed caittingg Fof bxampla,

straying limt restrain etailed.routin t he.e nt t st acl es
are gncgunt ef’?ﬁ?’ ﬁ ? @?F%‘rﬁg?%azfﬂﬂneiﬂo’é?‘f’m?\g{s}/ é(erp%t?rﬂegag %4 t enpt ed
to route arotiifl lhi?a dfb@ettﬂqhﬁi think GontafRingtwid BtaeRED HongcRNdDEh {0paif the

illustrates the use of a straying limt to contr(i t he rout| of a new

wire froma SHEPUsAEN FErariasse met spclpyirg An dhiierend 18y st o el wrééw% ng
to an enbodi gad, Hﬁdﬁlggya& rlﬂﬁéHs'aﬁ'ExteB?i-]WﬂHls bREIHA tPR O ThesedPplrdRligh OUt i Ng

region (for non-ortho éeorretry efined between starting join-point
652 and endi ngeqmmommqmiy arredRousi “tepdinggionn” BES. i s defl ned by routing

o9 On <20 s O YRRAREAS0a W, Ao SPBR SRR b0 okl dlihe REEGLA N0 1O

one enbodi nent of SPECI
Manhat t an di $irenoegh pdst mardiffnslbmgxyaathatthaextenisibndasign anclisanet. tmhen mmrfeor

h t of ,dist tside of .th fined bet
Che 'start | ng SPeaHaRhONGTH: B SHCLmADE SRHERT! 9 AUPH theisge bE SaRhpl 0.
routing regi @hcéafe wite thetiabRs, e extSRAM rilet@s %nayuwsﬂabiﬁlgtrewpéﬁk@ﬁt an

di stance) from rout| ng regi on 656. Thus, the_routing new wre to
connect st ar beiwgep diffusin ard mg%ﬁﬂobfﬁ’dlﬁw@) Widh be 188, erYPn !ﬁbﬁ wargrisbenixt end
beyond routing region 658 that is defined by the specified straying limt.
iii. Sinple Routing Indicator It is not unconmon for changes to be required
to | ayout geonetry to successfully route-18-new wire, typically by making
enough roomto route the new wire. However, these changes can cause adverse
effects on the resulting integrated circuit. For exanple, clipping the
corner of a contact enclosure makes the contact enclosure nore sensitive to
m sal | gnrrent and may reduce fabr| catl on y| eI d S| m I arI Y, cI | pp| ng the

o o o, . a S



indicator is used generally to control whether changes are nade to
surroundi ng geonetry during detailed routing of a newwre. According to
one enbodi nent of the invention, a sinple routing indicator is created and
asserted (by default) for each new wire during global routing?0dsh 3mg! e

| ayout changes during detailed routing. If, during global routing, existing
wires in a particular area need to be noved to allow the routing of a new
wire, the sinple routing flag is cleared for_each routing stretch of the

af fect ed wi r semedigtelyrasten teaving thaloin peist. 1163 #Briflusteaties example spagingtandt ch i s
defined herej t] . Al ' tdne - he |Gl LOLS,

bet ween a | O%ﬂe%gqnﬂqeg%dh %Q ﬁ?@feﬁtﬁ%% %@%%@@@b’%@ﬁﬁg‘ rzté);qﬁ%}??%aspﬁ ?ﬁﬁbttbet ween
two hint pol #2jorBolydilicangatadd2agdtends beydridndiffusibe regiorpd 20 by ghte rgtensidhcat or i s
exam ned to determ.pe whether it is set. If so, then dur] detaile

Fout 1 ng. newapisa2dredy A Bodkdn s s e et aler B afFoneaig 22

obst acl es; or jsSphidea apahit FOnOEGRBIoh Yedith 20 BPshakimitimotiie 824 & SiRfsfy fienation is
made during gl obal routing whether | ayout changes are allowed "during

det ai | ed r oubP¢ligjlicarpto-diffnsign gparingouie. In KiGn4Crnlysibeen gate 42ppxtendsh for
routing an i : O [ a1 0 S routing
i ndi cat ors, tr}%‘-,}f%g??%ﬁg%@ {?giégi‘l%g?)grcg%{convgﬁﬁéﬁ‘{éﬁ;dggﬁiﬁ?‘ﬁtﬁc’%}ﬁggoﬁgﬂat o aid
in the pl acedbnpolydilicangatd 4255exdends bgyatet diffusidn region 428 oM\tearmdbmaecteal one

enbodi nent of the inventi.on, hint polygons, ar nerated,to identify

ocati ons. i neRhey et EieaShenpid e B DBRRR G BEEEE P A" PautTRY 12 11 kel y
to be parti cudtidfy the ghfelexembion nile kine¥ polkiticol pitk 4pDdyenns okfayd Yegontsed to
identify a ti% t, spot. gﬁﬁéﬁee contacts where iit is not qbvious that room
exists to roBERsQnIERioR R on thedotiom bigale sXiERYoR BMAWH 2Ry HowRyepIsssed t o
make [00M ASoBRbdPEare AR Gnndtidlito ROYOALS, UERYiHE SakitRikrdson! HiRNd e t NE
end of an obstacle to reduce the anpunt of searching required during

det ai | ed r oupolygjlicen-ta-didfusion sparingulesrarosatisfied by gale satenbiog amwuahé2hand

enbodi ment O%pa%ﬁ%a#ﬁb‘(ﬁ?h%%@esp@&%l 'oI ygons are used to sinplify the

detail ed routing®algorit or exanpl e, hint polygons may be used to avoid
t he need for U tuAhoudgh a2 peneckdipatgosel desigd rubgchdck @an detectthesetpreblemsas a

transi stor gate has restricted attachnment .directions. . anagt her exanpl e,
it pol ygon eyt BeiARueiE 1 G S TFBUNEY Gire AOTVHIE Pt HEPHREE out od
at a |ater t isggn MECEHAkNE thejopoifteosliigRidte effictdnand MBswd #PenepadasiBhnt
pol ygon has a direction attribute so that the hint IpoI ygons can be

[

appr oached f FeaFhask t9 exgiude these chgeks vithia the jorupqint orgpoints aredegsribed ot i ng
t hat sonme co ' [A4L ' il 4n the
s oo FERERBYBLc NS B o ek B SR ST Bt Y i

undesi rabl e pegtsons of the layout. The use of two parallel fences can guide
the router through a tight spot if the router has already chosen to
approach it, but as .a finite size they may interfere with
routing of later %?@Q‘%&é@?ﬁgﬁ%w, fences do not force wires to go

t hrough them but awrterdogistoneembbdimesiedfthk dvention,six typeosibffjoir paihsese t o use

t he | ayout region.near e fences, Thus fepce Xe_a negative constraint
g e ol Sk orrasingtad? singlkoRagtt d Fint G EoHlac S 2Ry B OMEREH et am of @
portion of afrahdiét6iOFAé,26 ekichtulipbrt f&Parigl@fpobdiblySiitlabmSor M6revedntRtLs

enbodi nents just described for using hint polygons during routing of an

i ntegrated crpéapeath) apdsyels-loyerhrancies. Framplgs plieach of these sixdnpescfiions 702
and 704. Int 16 Rt sy 1 ncl udes polysilicon regions 706 and
708 on di ffuggglﬁg%&eigfdgﬁﬁ%ggngn 'gc?lsflys'i licon regions 710 and 712 on

di ffusi on regi on Fi& 4Billustratestherindjvidnaliayers nfa singls cootachintin pdintitha? 16 and

718. Diffusi [ 704 i nckude tacts 720 .7 nd 724. 2 20
VAR 2003 A hiRESFRls el P S8R LR Foper RoyebRSe T o fapBimvef s cui
700 to aid i and heingirdontgt in poined32 ond losved edwlgriayhielc asspoldsilieo] 716

al ong a path defi .dashed |ine 728. H.nt polygon .726 ] ncludes a

di rection indi cat fg%lﬂ\wgtﬁ%ﬁ‘f Ve ?gg%ﬂ#%ﬂlt%&}éﬁ‘ %91}‘5%4 tthﬁ%tlpquaﬁq cates
the gener al | Yhrigg eéiithidt S ddélitifies bl 9e¥eleNod nimbmRisU3 6\ 3Larkd w3y d approach to fit
bet ween contacts 714 and 716. A hint pol ygon 732 s generated and i ncl uded
inintegrated circuit 700 to aid in the routing of a netal wire around

di ffusion island 704 and contact 720. Specifically, hint polygon 732

i ndi cates the end of the obstacle defined by contact 720 and thereby the
point at which a netal wire can be bent ddound contact 720, in the
direction indicated by direction indicator 734 and arrow 736. Hint polygon
732 limts the anount of searching for the end of contact 720 that nust be
performed during detailed routing, thereby sinplifying detailed routing.

Hi nt pol ygons 738 and 740 are U-turn avoi dance type hint polygons that are

e T —~ o~ . .



-23 2 0 MAR 2003 According to another enbodi nrent of the invention, a
design rule check is run on hint polygons as they are generated during

gl obal routing to ensure routing feasibility during detail ?f routing.
Because of the small size and generally |imted nunber of BtMAR 290§ ons,
this can provide substantial performance benefits over the approach of
performng a detailed routing for feasibility tests. According to one
enbodi mrent of the invention, a "short path" indicator is asserted when a
routi ng path bet weEh 4Gvilusipates goéxaiplé srrsooSdumtdcts joat pdilteddOndulthisvi ol at e
spacing rules, i.e., th re very c . toget her ox even ahutting. This is
¢ b accombdatliiamy  etifelit bt SRbi REAS bs SRk Petns RHEH acc

Det ai | ed r ou{]j3Qate@BPretbictcd MupdrER41Sear ching for sets of valid points in
the integrated circult | ayout upon which to place the new wires to nmake the
speci f ed connect Finstthaiuiisaas (v exammlen of transigior gatedoin poingh-geacwilyf | ow

di agr am 890 4l i r i ] hng new
wres Tn an FREEEA N RIEahE RIS HRoPRIE AT R ad Rk D

i nvention. Feal idtladg apol@filicqr wgionekioggatey that ovenlapt a tiiféusiet @iglomdt48athisti ng
process and each of Be steps,are descr,i hed, j r.e detail rei nafter.

A Cer ot arti A ok RRaSas RelofuieiaG fady fud. BT e ron B8R et 1 o
detail ed roufichgles gite ex@84164 portivnd 149 WHee thelgolngilivbn Rgtin A ERAIE and
establishing join point targets to whi s are attached. In step 806,

nt | hich wire >
the first w peyond thedifugion region 448 sofusionpsgion fidgds shawn for puslratipt her any
more wires n reuhigd ' iJe is
routed. If n§ﬁltlgrf)’%éeg 0\%’?}; e% need itogpg@o?%[})? gléﬁéﬂrgr%xl?? I_jﬁgﬁ%nt%%‘@?ﬁ%yreea\rlr!aﬁr ni ng
Wi res can bepravideddhatiaze aloo notquaftiafdiapsistos gategointposnts 44k 48focess is conplete
in step 810. If t r j t . inter Lon is
required, as in cgm'eﬁﬁlg%gfe%%g%épgﬁ e%ﬁeg}?%/l Pﬁoﬁ%tg'gélgi‘lé?gmé‘?“ég%ﬁ ed
1[0|u|ti ng acgg!irfﬂlm_s hmupptseremﬁmgilammso;‘?;dmritrmuﬁig?hm 4&6tep@awmiﬁscl@y{aed as
ol | ows: addi re attachnents, routi argets,. rquting a new wire, |
o1 n poi nt dedPbnt PAKBRAELIY NP CABIATUaBRABErR BT 4hb U PBROGRIE gn r ul e
checking, shafchRfhhdir@ oA Y srelaBlbwe®sh i top 18/ef. hFGMh&ﬂeelHéUﬁh%&h@s%t h
design rule checking and tight routing situations. -24 2 0 MAR 2Q03 a.
Addi ng Wre Attacheienbdirectipnesre genepily pef used pad pieretervedeiar the, intercerlroutes
one of the first Sraps Dpimi@SRRgd e At BHRERIGR LR sl R REHERY
join points db8eat#7®knd of an edge. | n conventional routing approaches that
use orthogonal routing and a coarse routing grid, every pin locationis a
sinmple rectangle witfi i.ts C r a grid point. Wre centers are also on
this grid, so each" p#lﬁ-ﬂ?}nlgess og%ﬁrlz/o l{;&lsn‘i ted nunber of possible
_re{)r es e[lt gt ions. ;Eachojoéﬂ'g_@insh?s ﬂ%wm;ﬁgagmmh? d?n?gmekl Aoc:c;r_dmgttbmmeant
integrated circuit according t.o an enbodi.nent o e invention supports
non- or t hogon SMEPEIAST, 8F A HntioR <ark IR BAE PSR YARGE TQUENE LoYSE dkRnibs

necessary to jgydéra6iting 1apér ihdex) Q?dln&)ﬁienhﬁsﬂ ¥ rButdPRTrenéd ¥dints Nad 4 & o€ ENt er
lines of the wires do not_pass through the centers of the j oin points.
Thi s provi dedayendsscripipss. tBachdayes withinghedoingointj e.gi, p reingtlayes oy adentasby many

oeati on. P e ok R0l Ro B ShoPln el WA Ry TRIET, LaGRE

attachnent s tlayepsohavepdishofcomarsclipped (fairsoneciob eathrkagone! ditdetion);adist obHn.

D agram 900 incl.udes_a contact. 902 and anpther..inf,eqrated circuit | ayout
obi act 00, PR AR RERRG] kighl onBdts BB ASfiory BPUeR ey s s tadens¥E,,
wire, the posbine@umber ad stéred vithepwizs direatibrn) andivire Widtly cdgsleaghh| s 906,
is to be attached to-a _contact, K 908 at a nop-orthogonal angle, i.e.,. at an
angl e ot her t%‘éfﬁ‘%#ﬁ‘%ﬁﬁeggg i PARLQS ﬂ?‘ﬁgﬂ”)}?y‘?rne- -h?éraE%ngg@?J‘?lﬁé’oé‘Ent er
line 910 of wjg f‘de%@@al'uﬁ;t)é}%dwéi‘}b intde! ahd) Bosqidk Rive 4 shtftt Fay. coNt act
908. To allow wre 906°to be attached to contact 908, the original

encl osure of Exseptdor gaieand brepeleivimpeaidtshydditionad raingilayerogan be addeddrfi ed to
i nclude a sng| ' . Wi it a I j i ch the new
wre 906 canrmrsllém{r?ée‘g%?df’gElgl\r?dﬁ’l%gé%??l?gasf)?‘g%}h%gségél?lﬁ%hagé‘%ﬁﬁ%%%ﬁg (i ng. That
is, attaching the newwre 906 to routing target 916 ensures that the
applicable design rules will be satisfied. The use of routing targets to
aid in detailed routing is discussed in nore detail hereinafter. An exanple
of adding wire attachnments to an array ofjscontact join point is




illustrated in FIG 4F. To allow a newwire (not illustrated) to be
attached to line of contacts join point 434, the original enclosure of
contact 439, represented by a dashed line 486, is nodified to include a
smal| piece of wire with a routing target 487, to which the2ne W can be
readily attached during detailed routing. -25 2 0 MAR 2003 Attaching the
new wire to routing target 487 ensures that applicable design rules are
satisfied. b. Routing Targets Routing targets are used according to the
routing appr gabtypodesuchiadsan iteease in tantadt@ntlosurde Taus, acchangd magt satcassfliyv r es
by specifying a design rule valid.location and approach direction to route
2 new vi o t 5T aicktignrile Shock agaivst Ga SHTOMMLES BERTREY BHORIEMEAHEE'ED FI G
9, routing target 4] RiPYIiARSsIRhES Single dottRtAld %W&ixﬁx@&idxﬁ?&b&l&n for
wire 906. According to one embodiment of the invention, routing targets are
gener at ed on Yyserh ejpbi ruting direpttansdbeeavae agite anglepwanlstrseplt ol mansistongate ng
targets wll LSEN: i i I | F
routing tar geﬁﬁgtbh%gxéﬁg Q’thgéagir% rg%étggggg%@eﬁt gg%@%ﬁ%&%f ox}ngx'gr#l %o?t% S 430
and 432, respmaiy tovthe yndslof aFgat® andlG branch isndpfined betle pl&thiagphat® dbf dree pr ovi ded
on two sides Lﬁ.ﬁrra]%i otf cont act 'o%'n oi nt 440. tFIG 4J .11 ustr;tes
various exanpic@iEd CEPTIRPTIIRC § SRACTHGCAREEIILOTIRALOR, 1/ MITEFRAY B Dl ch j oi n
poi nts 4b0, 4fdchedtfhiesd fithas 468lia0tertdflon A thBiaBachiRdht dBes FdtReda@d AMey branch
join points 460, 462, 464, 466, 468 and 470 have routing targets 492 on
their ends, imelesin the rpviing pRjygon: ghacording tagnegraodimentrf themyention, palyjzi n

poi nt. Conseo%@ b : : Sl ] ite.
Si ngl e-1 ayer br a%l%%aﬁh%?ﬁwsglg?ﬁ@%? eé%%ﬁ@%ﬁl,&?gé ,aqifggpg%ﬁvaﬁéoé a CE%IE%By
have routi ng direcgensss agntained . hBurtherindess resiidtedj ovmpointsvaick antramsistor garisder

wi res attached. Rouf.ng .l ar 4 na . at.ed wher e. al.ong. th i des
of single-|I a?@?’ © EFegrnlé%g‘]lﬁ%fZ%SE%fl}??@efg& paégg%éﬁ?s-i%mﬁ%‘ﬁ“’éﬂgn tﬂgnﬁ%d?ar e

t he desi gn rubelsis pagicalt embodithenf\ss dthérugipraiches 218 alsb Gosdble. Eaﬁbxamgﬂé,iang
target 492 ingludes, a, direct Lon i.ndi cator that indicates thtgﬁvali )
connect i on di FSERTBYT cBrck HaY PeREToIPadiP GompatEPIOgosed,irglo the surrepidingg
targets gui degegﬁﬁt@_etailed routing of a wire to a join point to ensure that
t he connection satisfies applicable design rules. For exanple, referring to
FIG 4J, single-|alkawhe apdieAgplsngth tgﬁé@s P exigenad design e chackingtdr get s
492 and 496. A w I }fgpa[‘ t Ie i Nd»» om
t he i ndicat edéglmoélgts ;Kgﬁllgﬁl sa@?%g%thgl tg%llﬁ%dgb@%ers?g#dr}%l tgg%%%{ar,

si ngl e- 1 ayer dpacing mlpoapplpoAnis welB understoodin theait,edoghonerspading)iy 4 waiget s i n

the region identified r.ef erence, nuner 493 .si nce connectin wre to
il o2 ayer B Adral pakBE A B Ei e DerTh DR HETT SESh bT Boioh i on
rul e spaci ng lesatad @?sniﬁed&‘dnmun@rd.g, the &gt of Gyedidboansingle@onitapodnlosurdb 2

0 MAR 2003 47Q.includes a region 494 withqut routing targets since
connecting a Widemes g?aﬁ@eé\egs%ermlsﬁ BRY AeqBTe R ionel sage agoup maresdaton woul d

al so vi ol ate &cegha §PeciitdsviaaaitAbutife ¥ heAithritifs inReate fdcésiigv Wre The
routing of a new wre generally involves generating one or nor€ routing

stretches, i.e., parsomsmsituationshis indssirabledo liput hese muchgowing for agodeis endi ng
join point, bgt: t E I W] I Q) I en two
hi nt pol ygonsﬁ%gﬁﬁg‘g%%‘ag%ﬁésg*ﬁ"%? 0‘%81%}6 %%@ﬁlﬂ:@?}éﬁ%b %‘g ﬁ?xg?f%&%h& llrglﬁémﬁhus,
the end of a fiedof tip jeinpeinthaidssthe igidbel romtdriim tetenhininghdwW mush roautingekty or

t he ending joi.n point. The.last. routi tretch in a wire al S t.erm nates
at the. endi ngBiTet RPYdE AR SschRUHPE e NN AR ey HOGHTeT O Lar HEH | 1 an
integrated cidgdw dnly pySuillicés fies Ghd 66 can B8PRibh-Hésatbt@ rOlithiih thpers fdathvely

maki ng), the use of .non-orthogonal geonetry and support for advanced design

. ! : P
rul es such asfredpginernodasicarryen anlyspilinagingle eell gy betweaen eslls verat
design rule ¢ e ] e Jobhd §
construct ed. gg%&gggnﬁﬂg _iés)fééﬁﬂ’rrggté}%ﬁéc gtrglti}% [ ngyﬁg%ﬁ s&%gﬁ?isﬁ%ﬁpr ovi des
sever al i npor distancésevigi minor npiiess tMajohsodesoaanty cufrent for sigaifidantedistanceser f or m

design rule ¢ i I ced, :Si i re._caonstructed
o be desi gn Pive Berhafe Eidutemey AHGRE md RERAEE g aRiffeflind
conflicts thatommacitotgates withiroh veltl Botrpovweraetied thedonmeting grive drenypicale

resol ved durin l.Qbal,. routjng. ,Starti fromthe starting join point for a
new wire, theV%VrQ"élge Qﬁﬁnl%de@?’fe‘é% n %P"g’ﬂ%ﬁﬂ’é}&s}sﬁyﬁte ’rlé?"djﬁga?geﬁémc owar ds
the end of the routing stretch until the routing stretch either reaches an
edge of the allowed routing region or an ggstacle. The routing stretch is
then bent appropriately. If the bias direction is such that a direct
extension of the routing stretch would cause the routing stretch to foll ow
the wong side of the routing region, then a bend is added as soon as is
feasible. If, during the routing of a routing stretch, an edge of the

o R o I T -




2 D MAR 2003 apparent way to successfully route a routing stretch around an
obstacle or that a Uurn would be required, no matter which bend direction
i.s tried, then detailed routing of the wire stops. The current end point is
provided to global routing and a determination is made how t20pMAR @a03. |t
is worth noting that in a conventional maze router, all possible |ocations
are ' tested, even those off a direct path between the starting and endi ng
points. Thus if there are no obstacl es between the starting and endi ng

poi nts, many minimizcdand lavgsardays of cantaogdrd ised to Sommecttesmesn roliting ReeRr esent

enbodi ment, a, seaf.ch off the direct.path is initiated only when an obstacle
i s encounter e@‘fcoé‘iiﬂg {heneyl QS\?F‘F%" qféﬁwwamé% Féqtt’arfqd\?gP?a@me@&‘PgufefOfno

obvi ous path t [Pr=g i : ; vi des
ssi ot anee 1o P e e AP o Bley o RS B

t he anount oftoddghpresistanosidutingdayerses required to route a wire is
significantly reduced. According to one enbodi nent of the invention,

detailed routing wil bl.. the original end of the wire is
reached, but no f%t%@%%ﬁgggé@gracki ng, if any, nust be perforned
during gl obal routOngof thetaskx afipiaitertin¢o déteinahe exactly wheeytolmakéat aakewt 0 t he
previous bend so that it. can be.chan ed,ﬁg&a Si n? t‘ge vm'%e t o approach the
obstacle at aVBF % 21%nPOR,AECHFHRE RS FReadifient SO UM THISHRRCa PP Fons
possi bl e. G ogaVide® whithrjginBoits tRhid ol TheOFlEbA router dhobsddtwiie B&Bsce! O
direct the search of detail.ed routi ndgS around the obstacle. FIGS. 10A and

f

10B are fl ow RAiBgh#AsVIresudisetedignardsy eudioe deipded routes determings whgredthan
approach for genera _e@bése%hp%sigfllrr%%\ghg@t@emg&laipecﬁang%fag@féh { of the

invention. Referring first to F er starting in'step 2, in
step 1004, a gromsinywhich oayiisterfange Ruferringrto FEe. 45 singlacontacejoimpoigt 430 t he
edge of the r i .0i 0 o [ 06.. .t QUt] .S tch
is redirect ed%&g&gsg%gslgg%é&en#aﬁ%ﬁ 8§1Hégefd3rl?f[u ﬁﬁ%%g?rf: e(?ec%dngliggg tuﬁgarzbgdlé%g “the
routing regi odl, sinpledbygp b8 joihlpeirnts 46@M52, 464, 466, 468hd BF0dadlsinclatieam ned.

In step 1010, a.determ nati.on, i.s de. whe r e determ ned dist eis
greater than TOHERFEEERCEPR! "t’l’ﬂ?e @%“@ftoﬁg' ‘?’Iitaﬁ‘c“ler? Coniggtyipin P‘nggg,]‘ft hen in
step 1012, t hﬁcﬁ@&ﬁdﬂiﬁgﬁeﬁﬂeﬁ&@ﬁ&ﬁtskﬁﬂiﬁM&ﬂtefr@f K&RR:tS %6, 498 kA3 r et ch

within the routing region. In step 1014, the routing path is extended as
far as possi bfEay sentaels aye geaerajly used o erangetilarge pewprayres togpther andftherefee t o

FIG 10B. -28 W { : det L 0akid | th
t he determ neﬁe&?osv?%nce tl\%\ggﬁlgg‘{hogbggréf?{e? ﬁ%ﬁ?}ggeﬁ{rﬁi@%gﬁfg?@{%ngw&y s
achi eved, t he4Gj arraytafgof@ts joia poatteddiindndaa rostimgitferowvetpoart 4762 rout i ng
T Step 1020 the FORETEGTL Rt pEaRUATY olbhf YAt SRR ppn i "
routing stretggan. Gonexamplé,refertigt 1 FIG, Yo, HtangistdDPhe oo peintdei2dindt4aacee t 0

the next bend is, determined. If Iin ste 16 .t det er m ned. di st gnce has
not been achi%‘\?@ﬂl,egt“ﬂ@rf“llﬂgg gef?rgn%ﬁ,p%&é%agdﬂg&trﬁg)eg‘g‘gpl)éﬁabpmeg ® F1022, a
det er m nat i OnydiSsiNBSIEreMdRl 4 st h Wikd aPbecoriidbted & §tr5§i’s\f§oxb%9a%‘atec¥t|ﬂ€#é{ded-

If all feasi b?e redirects have not been exhausted, then control proceeds to
step 1026, whethkoth peds: dodthiagiteation: pelysidicer gate 4d6 sscrvaildhleas 2 hedyouting .
Control then xr%,%ws to step 1008 where the distance to the next bend is
determned. ATedirect is invalid if the redirect ainms the routing path one
hundred eighty ( 180) degrees away fromthe end of the routing stretch,
i.e., requires a Ut Gomeafilippingrd, or if the end of the routing path is

tside th ti i . Kj h I i t.. Lf. J t
Cbbs. 2 1 "F ol cBobP BBt I TRELRS $hBREE M S SR ek 7
conflict canneifcuitclay@rad uktcw arvwird tocappicavhInore $loselymd egpebmesiyctherk824. | n

this situation, ohstacle resolution is _perforned in global routing to
attenpt to reBOMMANE AMale:Iavqut CoFar cbping nvalYesFAviRg EeometRb BAA | ng

stretch is co ) | edBated PIEP 510444 sgeferring
to FIG 10B, gﬂﬁ%ﬁaﬁ?@ﬁ%%é@fﬁﬁ?f@féﬁ%ﬁ g?rgacfﬁgr%%ihtseﬁr?di rzg}ra
ting

routing str et hiskatedheinsepndaduantegasedicamer clippingieFiGhidnisiadiockadiagramst
in step 1052, 4.0; L.04 1.1 2l 3 : nt to
extend the roh a?lr%g'lts{s:r?tre %?(gﬁi %qxélg?g%tlhlﬁeseﬁégj) Hﬁg?ét%mﬁgoﬁtghwgent anount
may be set toSpecfieadlyl a sdre/H2ueutetlbesvern t4@3OntactsS 04 and 50§ nuist @inedin ias

extended by the current anount.
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In step 1058, a design rule check is perfornmed on the extended routing
stretch to deternine whether the applicable design rules are satisfied. In
step 1060, a determination is nmade whether the design rule check was
successful. If the design rule check was not successful, th2Q yaRIpmp 1062,
a determnation is made whether the sinple routing indicator is asserted
for the routing path. If the sinple routing indicator is asserted, then no
changes can be made to the surroundi ng | ayout -29 2 ~ MAR 2003 geonetry
and control porhegnais] jog te getphrblfd covtaste Sehandcildrehile satinfying ihe mmitnead by a

specified anmount. Then, in st 66, .a determ pon .S nmade whet her the
current ampunfPicggfgrenqnt ﬂﬁﬁgaﬁ‘;t]?rq?yeﬁ?fer%ﬂ?ﬁ EHFIGFBQ %hgt E‘k h?%?xaf%ﬁ OEE%‘?IF’% I
returns to st @athd@bmaepeBpEing NBe KR bF 1he 1Hiouetas Mdasured HRRHIGE 18@8igL oft hi s
time by the reduced current anpunt established in step 1064. If Tin step
1062, the si mppriastSQd ity theiright edgesi contaploi06aisdadicetad by mefsranae sumpral 653,
changes are nmde t H gg].]@(ﬂ : M . at

resol ve the desi gnﬁ%]h% (%%lgbig&? r. orﬂétfgrﬁr%f%s ré‘slﬁl%gg'rul%bgeeg‘ggégr%@n,
corner cli ppi contaety usieg eoqpeoglipping:. Spesificaltys/adviaé S2Xismbuted bamweed tivo provi de

addi tional roomfaor e i stretch. step 107 a.determnation. is
nmade whet her Pﬂ%ta%tﬁé%gé%‘{%eegﬁ%cé%@r ?ﬂd.gzlrgfe %Eavc?}ﬁa {pped gamet, A dndicated
successful, thoRefeRfcEmiherals 28RHAB30,SesRotvS Wird $12 ispaged tirgugnount in
step 1064. Then, the determnation is pade jn step 1066 whether the current
amount i s zer §ontpgts pRband prouingdBeRorthegonakjog drile st satisymemminemyr ns t o
step 1056 wherg, & i r I %g%(?]ge If in
step 1060 thes %%%ﬁagﬁ%%ﬁggkgllﬁé%lgggggﬁstgﬁggg%?@ %dst?:%eﬂ{% t erchanges
made to the stogethenthongontalyeproyviding e emshier lhyout.eSpeoificallyhthedizsi afithe ul e

check error, [ rrent I r en th ocess
is conplete i :i{yé’l%l g@&%@#@{&%ﬁ}f{%&g‘ {dﬁeto Rg&gg@tg% ?%ﬁn%vé)%xg égg%%ftcﬁ?%%{ess i's
conpl et ed bec306gastihdicated by rdferengelimimersl 5321 3,smallar thae piz2 366 in FIGISA.he
routing stret coul d not .be exten ithin th | i cabl e design.rul es
Lot rodirecti dRuSOpIes CaPOIRE poTiHaY S TP opogns BYpula e Smaer Boa | o
| f the currenthoapsially, irtrébsii@tinchit dessstyt han the initial value, step 1016 of
Figure 10A will note that the determ ned distance was not achi eved, and
step 1022 will be &usdisaduantage ¢fivoimes eliping isghat the tschuigne ingregsesthpmaskt he
final designr k i by Dhe ] .
obst acl e avoi é‘%ﬂ%@g%ﬁlﬁ@égﬁcﬁgﬁaﬂﬁg(%é?]gﬁ]ﬁg&:g@hglgogégﬁgggl?ﬁ@%gﬁ% c%lﬁgtclﬂgl\%nti on,
the routing ofyidd mben nontects do petrgroperbcalign witteromting éayersofThpesforeaicaogdiag
"routing path.” As dﬁf'.nedt her ei{h a r.out#n pa h itngflr ?ﬁents.a connection
between two j ¢f APHYPRUMER SORRFT EIPRHELS R dg& Iwi’%? THEHYY 18" T4 Shanges.
| f a determ ngircaindersitypde during global routing that the width of a wire
is to be changed, then a branch.joi oint is.inserted with na_side
connections to all ﬁmwapw@‘oﬁﬁ&r{b"- Qﬁr etcan}qégl_éppéngﬂegfcg}sgg% a%aéﬁﬁ_r?‘ﬁ%YF t he
out goi ng W r e-appl%Qim?tgl anM%Rd%Qﬂ%f Eﬁﬁhb’ts sglgend 524, Ii‘&tpﬁ@t%lﬂ[]ﬁ%e((ér; én the

a pa

one created during glo routing) has a routing . _Each routing path
has a | ayer n$ameroutinglpyass wiosk than ane prd unit can baew @ifle sThesefgre, ecepydiag to

detailed routi gg% r r I i ng
for the wire. gtegilﬂ céx r&ﬁdﬁl{%ﬂxﬁa&%%rgg%%gﬁ??%rﬁ%e}l{ﬁgg%ﬁ%aé%g la«-i(fgg or
even bot h enddnditate e dippedmhotntpifiaope end fails to reach the other (the

stretch in between J referred . .to herein as “u ute" and routing.from
ot h onds. reduces. (HB° SHOPIFGE COMS: HHRRRR ARG TISh 415 3S0PPRLEoMmP TR ¢lg | ¢
to be conpl et eghgle édifladt fsth Poin® 49D endRl BIGOAF P@iclippédesih@dt8sneld clippddodriér

Connection Points of Wres pPuring Detailed Routing As previously described

g
herein, routi rff4r & &lQYREEOHHEIRXT And UPPSTPVIME IBYEToIFsPREUVERY. 1 out i ng of new
wires to join point § | foRlafl t FeAidu e connect ed
only to the routi.ngé?rgf er@gcr%q%)giéﬁdtpg%{)bgf 0fi:laan gﬁe&coon ec{tgg%r%%rbgt her
| ocat i ons, as Siscidicaily)dunsisior gajesi ors, and branghistryctures Gayimot havecdshensk

diagram that ilJJustr S i onnect i i:nt.s i taile outing
wi thin the concytppgé' n@é gg?‘?sg&gg%r&gf g?%bﬁ??r gcigé&ﬁlel% agrﬁﬁﬁ{ﬁﬁhgrgexg%@bwféaét 0 an
enbodi ment of pdigsilicoviciatd gast thArdge sfaie diffisivntpatygon) dhe ypperlaydridiRattnpértides
four contacts,, idenq&i fﬁd CEgyreference nuneral s 110%, 104, 110?, and ﬁlOS.
Theor et i cal | y, 8 YRIFALY defipehBy apest apg mist prectSRATLEAIRTS O comyentipmal iotgs-cs
array of contacts j oin point 1100. However, design rules [imt the
specific locations and/or angles or directjgons fromwhich a wre nmay be
connected to array of contacts join point 1 100. For exanple, wires 1110
and 1112 can be connected to array of contacts j oin point 600 wthout
viol ating any design rule spacing requirenments. However, wire 1114 cannot
be connected to contact 1104 fromthe illustrated direction since this

o, o N o . A A A A B Y o e



-31 2 0 MAR 2003 As anot her exanple, suppose a wire (not illustrated) is
to bé connected to a routing target 1126 on contact 1108. Gven a wire

wi dth indicated by arrows 1128 and mi ni hum spaci ng requirenents indicated
by arrows 1130, a test area 1132 is defined for relocating RepmaR @adurl ng
detailed routing. If any geometry of the join point extends into the test
area, the routing target site is illegal. During detailed routing, the
integrated circuit |ayout may be changed and join points may be m)ved to
al | ow a wi r e reuerbealthgagheeorner py lowaireeting lgysra (i theyvtareadded; latepdnax be o an

ending join t sign
rul es. Accorgﬁéfggdt ﬁ)arlt %odﬁ%ﬁeﬁggﬁgﬁ{&n@tggtﬁ%ﬂﬁh%kﬁ%pbtb/tge%ghg Iq'if:hanges
are all owed |fwcldagitengnglbppbrr ng the comer of a contact enclosure, clipping
the corner of a transi.stor |sladan n int. .Clipping the
corner of a cont al\CRHIHIEIQQPE ® 8‘1‘8?3"8%"5 \5‘%&&34’ tﬁ%ﬁ@?’%’é&’rﬁég&?g

General |y, cosyeeis modifipd wgen@eﬂo@cdxﬁémth mﬁﬁrrgtagér Retifpdd & Dwite ihmidetite
extended again. |If no further progress .is made, then t he change i s undone

and the wire theropiing layer. Jehiv shapgeiisimadedpdensadent of aey ehangrs Badelmthe 12 is a
bl ock di agra r f er of
= transi stor afg B it pHRk; Mataliing BRI e iR PR e for Atk

pur poses of twtmgdmpmredacq)ﬂlbyempleadn ofidesign b cheskpsinegyjoax peintseld mdtong a
route 1203 b o] ysiLi a tor island
conprised of %tﬁ%gtl%f u&d%ﬁ%@f %ugena{%ﬁg%tﬁgelﬁo@% ?}@gh g%tlgy%éggé e% ?
source/drain rmoﬂeﬂctheb@%onﬁfundm dther layers mamaiseqieed aﬂbesmdlfmg,

di ffusion and ?ol srllci) uld not be s?ti.séled in tB, on i ndi cated by
ref erence nufBrif depigpgules. %FWSW“?E‘Z@?% et £Q 8pgls PP @PBH BEaYLSy enpved,
formng a ne\Rdiihﬁé &b%f'eﬁsrfofj%ﬁhﬁﬁml@ bhilk Zbth iliBiplsAslyEéises the diffusion
source/drai n extension rul e, i ndi cated by reference nuneral 1216.
Clipping the corner of a cont act encl osure or a transistor island can occur
only if per mﬁted@yﬁ?%%@g IN@bl e design rules. Mving a join point,
within the constr &gg& ﬁ‘?gbéh be
performed during ta| Ire o%tlr&ﬂuy%hrﬁ)msggahﬁt ol gﬂ@?:b&ﬁlch‘d{rxg\?}a OG% . e.
is not a trasirsuted t@d@ﬂlfmpr%blmrateas amlcdnabe bastmg hemdleri dentigglobal rputmgN r es
are not ripp scri bed,
an attenpt | SR Hsh e EARUNGE Jr P Rl BN R BT Lo
to the endi ngoutirigitopehertteaneifiettiveewayvion etmagmol?ommtqpt}mtlanhwladg of because

of an obstacl g_.t hat t be C|r ent.e t hen stagle resolution.is
ot aueq dur bR e gat XA joed) FO PR AR ISR [ e ade
i nvention, WieRrto3detail l?euﬂnwﬂnaQpﬁmacwroﬁl&@mgamﬁamsyﬁ@ﬁ@ﬁ bhd ¥xdc@tbed

froma starting join paoint to an ending join point during detailed routing,
then an errorsp riebC\ﬁng)thedi@tmlpérgtt@mﬂm#l@m ef ¢hangesoidputingaound reason
why the routi 0 e, the error
code m ght dg cgstgl}% gﬁ‘gﬁ“‘? EEJHEQ/P% at| on t ‘g?‘hﬁﬁé occur if the

wire were ext endedkcam;dlmgrtutdmremb&dsmm ofithetiyypantion, global rputing dineststheone
t ransi st or

appropriate qnl ayout s theS| S e is o adjust

2b0r oo drai n outhe Ry e B R g kR Al el mRG A  ho-gat o
optim zer. Flge&iousBAdesorbebhdieiar Blobieoerk tid xagésaﬁay bésioved Qudhg déteiladlj usti ng
transi stor source/drain contact pl cerrent cc rln"roc%atpﬁ the routi ng of a
new wre accd'PEF?rfﬁgsqlen%ﬂs %?rf%‘ﬁtnﬁé( nstrﬁ%"t rﬁ%@ﬁ’cﬂ &Pt vRHd ®iips mees ar

transi stor i egdibed 30 Mhord\@éthilR&eRaibd hyRd @étaﬂﬁ%oﬁﬂné?&?mﬁ”d a polysilicon
gate 1304 routed between source/drain contact join points 1306 and 1308

that each i ncl ude &p acspmplishithesesgbiectives, seearfingite eng gmbodimenpofiber out ed

beteen sout Sl WEQH1 g 14, AUk AT SORR SR LR R D 1311

However, this canno
met al -t o- net aiolmmasr Sgaueg;qui;ts emthihspolpasi dré applicablevid newlzﬁic& beirlg routed| at e
the m ni num C nent .indi cated by reference .nuneral, 1312 and

wi 1 ot ual | yPORERER o YRt s inss el desatibetl S gt dste Retsbidfier. 1308 at

| ocation | 314. Accordlng to an enbodi nent of the invention, the routing of
wire | 310 between source/drain contact join points 1306 and 1308 is
achieved as illustrated in FIG 13B by noving source/drain contact join

poi nts 1306 and 1308 apart, as indicated by arrows 1316 and | 318,
respectively, so that the netal -to-nmetal m nimum spacing requirenents are
satisfied, as indicated by arrows 1320 ark9-1322. Note that the coners of
source/drain contact join points 1306 and 1308 closest to wire 13 x 0 could
al so be clipped to provide additional space to route wire 1310. Mwving a
contact join point in the manner just described can increase the

sourcel drain resrstance of the transrstor Therefore accordlng to one

I Y L Y b1 . o, o o o Y T



2 D MAR 2003 are costly changes and are preferably perforned during gl obal
routing because they require that existing wiring be ripped up. ii. Change
Lists Change lists are used to record changes nade to integrated circuit
geonetry while routing new wires during detail ed routing. Aggquﬁg to one
enbodi nent of the invention, two change lists are generated for new
wire. One of the change |ists records changes made (in order) to the
integrated circuit |ayout geonetry as a new wire is extended fromthe
starting join poir Strategydisiidi ng j oi n point. The other change list records
changes made (in s the
new wire is exten$tg§#$' s?st}%%féh@.% %%&?ﬁgégﬁ%%lrésﬁgﬂét ar ?%‘”r‘f{% n point.
Recal | that aAWochngr&yoﬂmeembmhmdntfofam trivemm:ﬁlatstraggy disinis jgenerhtet dovogadls t he
endrng j oin point, omt n n poi nt tomar s the startlng join
ot br botiew Wit 2nb SRS o rahion iy s an] BsypleaRing |

conpl et ng t*’tﬁd&%f%ﬂ%} ER@of tAEseRAMHARR DS %&egyhﬁétgﬁre' de3tSheRNif ntaERRd.
According to one e ment of the invention, one of the change lists is
appended ont cher¢iBaftsther in reverse order so that all changes are in
sequence when read fromthe specified end towards the other. According to
one enbodi nent of it Re.dpPYedidon. each change is characterized by a change

type, an object p0|nter any paraneters required for the change operation
(such as a corner A(bwtdlmm)ton mnded tvespet:ﬁy agenrfrat dheectlbpehat apvireoshould t he

change (e.g [ unt cli |, e _enclo
e o B (follSwahFg e Fotag Rt rénsh BRpRTed B8 RN p8R hER L Pectted
successful |y ﬂﬁﬂhgfblﬂ‘pﬁi’mt af\becrrdﬁigltbbhegnme?mﬁns of)ﬂ'lean‘fldﬁmﬂm tﬁé blasidireaivh or a
join point or by, a | int Qut,o , then the new wi.re is
bent. Bec auseSpFﬁ‘g‘e%\ﬁfaEgWéretf‘g‘f’t%%éﬂ’\éﬁaédh%&b Ok Figith 28 Mg we feony e fatipg ¢ he
design rul e vial @ikas tl@éiéhdih@g ﬁmhp et %nmsraqaléa@dlageﬁ%ooerﬁatbmnstrates the
di rections for obst acl e avoi dance. The canonical direction is determ ned by
the design rubse ofRdias diksetion insguierh Rave piredBun §fstarting jolwpoint-igranesuding jein
according to i I

( . e&ﬁﬁt a%%%ﬂtg”{tB%g eﬂfb %ﬂtﬁedt benhgﬂﬂ‘t% @tgﬁoé’é d rgevf%% 1%

directed wire segments, erre recti ermne
descri bed herwutedffteen awstarting J@irepcancéoz o dnl B8ingljéin doiht 60dotlene 64 rdpt'teelttend

directions here are, determun steps 1022 a 26 of FLG 1 -34
VAR 5003 As 1§ ETerally el siehtng o ne e R oo 02 s Sufthe lain b ity Kne

end of a routjerdbifdhdicdtéOthat thedizwobivt HOhEstdrin r)bﬁu péintd0d tb efdihg j6if point

i ndi cat ed by arrow 1404, then the only allowabl e bend direction for routlng

path 1400 is 0 sheuld gsnerally bsmputsd as far&%tlwat@%ef iipe pPe:as pogsible, ag indigated
forty-five deﬁgﬁﬁem% HVbeE ttetca@esrtﬁatmeﬂewt@frsﬁ%%an%nt@ Mnt6db @i ch
woul d require e routin to be backed up and 't er bend
inserted. As a:xtdmgjtonap@ut 6011 simid g.em@rallb'fbetrhetedanﬁant@dte rghtefline 06 aHm t he
end of routin 4 1402 is up and left, as indicated by
arrow 1406, ﬁ%%%# a} %& %ﬂﬁpﬁ (Fbend direction for routlng path 1400 is
up and to the right, as |IIustrated in FIG 14D, e.g., a forty-five degree
bend. As illustrat ﬂdStrayiEgGimME, if the canonical di recti on fromthe end

of routing path 14Q0 to. ohst.acle 1402 is u th as directiop is
Oxam ned Lol det or mieering L fuRed 1o Fetre Anckiokrrinin Wiich AReR Mit ey Bet § on
i's towards thgukdlth.cohtiRPa sﬁ&mg Jloﬂ'ﬁﬁdlﬁi@Qnd%n&ﬂn@goxh‘iﬁmtr@ﬂh Agtafjad h 1400 is
bent to the |eft w th a_ninet the left. If the bias

direction is tqsmagd?g%ésm@ng lmtlh@»’ﬁ%/ralé@ qcfetsetqdarpeterlgwthr e/eniztrat routing
path 1400 is Bescidsrd Qﬁ‘co’hhﬂ:?éd al6ndla préfedrdd Fath LA hY a&HEBR R8N0 m?

right. If routing path 1400 cannot be extended i n the preferred direction
due to furt heto obistagewskthe obgfaddeuse routing path 1400 has reached the edge

of a valid region, | i verse
direction is atte f%’ﬁﬁ%lesf%tflgé?al gfl %6&2@1 %@g%n%@gthed&ggﬁ%@&n%pgm&egr ee
Eeng 1408 E FI Contiol e ﬂoﬁtm%ef ﬁnass vdferﬁmhimamagbcﬁfltpoﬁndﬂtcr [ﬁf éndingtjb‘(ﬂjxy degree
end 1410 (FIG. 1 e bi as tion is ri As.illustrated in FIG
130 11 the cBABHASLIcarREL BrEmRAHREREOIG en o RAG TR HORAE | 8 an
obstacl e 1412qgnd Bhifing fafh (ff&%ite&ﬁtdgﬁﬁargwde&g) Qéﬁﬁﬁw&n%rﬁn%f&@ i's
backed up and a bend to the up and ri is inserted, as_illustrated by

ref erence nunpiat 652 and errdrnaaroyémnt 6549 h%oﬂblgéﬁﬂlopl%ﬁtls defingd hytroutingregiony| | v
circunvent obstacle 1412, then a right bend is inserted in routing path
1400 as illustrated by reference nuneral P16. As illustrated in FIG 14H,
if the canonical direction fromthe end of routing path 1400 to obstacle
1412 is right, then the detailed routing of routing path 1400 is backed up
and a bend to the up and left is inserted, as illustrated by reference
nuneral 1418. If a bend to the up and Ieft does not successfully ci rcunvent

I T A A AN o a Y 1 A AN o




2 0 MAR 2003 d. Join Point Design Rule Checking According to an enbodi nent
of the invention, each |ayout ,polygon is tagged with identifying
i.nformation, such as a type code and obj ect indices, so thaf desi gzn rul es
may be checked effectively during detailed routing. For exan%loe AR, 2003
transi stor gate polygon has a type transistor island geonetry (that it is a
transistor is known fromthe layer it is on) and indices denoting which
island contains the transistor gate and the | ocation of the transistor gate

within the i sPhend aspeadied sEaymaglimete Afcarding Brangabodifent ofithasinygption,

di ffusi on pol : gL aded {+QI~0_ PN o) ve
type join poi %%ggﬁcéﬁ%ﬁﬁfa?gdséq%%?ifah%&éﬁgﬁteaﬁg{ﬁ%@rg (g(r?]llgﬁp??)?f r??' B?ﬁﬁ%%egl\%mﬁf%l n the
graph repr esemd ong urhteumisd eachRaittaf destangehoyssily gbihe oetambrauyipg regian idafingsiat h,

an i ndex for e node nunpber .and. an index fqr t dge,nunber wi t hi.n the
graph. Cther é’%&'ﬁ%‘f ,spagg&an Sen\%gll%ljgl,n P?"%Faﬁ‘?%?rgﬁ’&@p?@‘hﬁo%sj%}h%’f“%m&
peri met er (botbutinggogiobydiedsfineltyda spesificdanayingdinit (Mantgatiay @&3arRBYfrbAIS .
Thus when a desi,gn rul e ﬁﬁ{( i unsucce%ssful ,.the two affected pol ygons
are used to JERUEPETEON Peb- Ny W FRUINGOIF RSPV IS I crInGeN Stardee joHR IPeHE Nt

hi gh-1evel avgsgancadild Bifin%s4cahnd AL %e¥6rfd Buftd ¥pidd G €
approaches the diffusion polygon of a transistor island,” detailed routing
woul d stop andefitted byithe speciied woaying bmik et urned to the gl obal router, which
then either increases the straying limt for the routing stretch, generates
hi nt pol ygons to gy j the transistor island, changes the
routing layer to oﬁléd%ﬁ—lfpg &ngglg??lgl{ggtg{)ver a transistor island, or backs off

and tries anot her &iispettuncommandar cliangestto berequereddaliayent gexfmdthyetoi nvent i on,

two types of desi ul e, checks. are perforned: a joi,n point design rule
check and a r 8‘&&°F%§‘1%&PH‘*’&&Wg‘P{“F’JV%‘@%‘h/e@&Fna%?& e]nh\lﬂ‘ ‘Eﬁ’g’frh{}’ raggq t}j‘ FY e
check eval uat @gret MR vaRON iy cltingss ¢ dAufPidverseletdets @8 B testiting Mtegrated

surroundi ng | ayout ]%Eomatr . .The routing path design rule check eval uates
the geometry S¥CH! TRATEKAGPISAPPIEthe camER plmcaniast eerlpsuiy mikepliseontach t he
surroundi ng | gyqudur@R@REehYitivéR HRAGEIREH ahd rr[EgerdLQ@tfﬁ"dﬁcaﬂ@ﬁ giemf ter.
Because geonetry is always added to a region that nmeets design rules, any

i dentified deSimitertychipring thesomer ofa transistor iskaod lor adjiistinigea smaincd/drpinucontact
geonetry, eveng.l i I r ted | ayout
geonetry el en@ﬁkéaﬁé%%ﬁgﬁéﬁgf%,&gt?ﬁ?seﬁggﬁl&g@%vﬁg%“ﬁ%a%gﬁﬁjfﬁ%n of a join

poi nt or routing pahtrefaeesordingdgbosnembpdiaientof the inveatibe, asimpld dting| G 15

is a block diagram 1500 .illustratin h i ol.ati on of ogbone spaci ng
ul 6 atir but dieergs Sirdgentiaty B eaatol wheler EnERHE madadp SHADGBE ncl Udes
a newly ext en@@&nétﬁ’_@ﬁ&lﬁiﬂzg defiiled ReutRRIdT alie@Pwie] AeEsinpQo©RBleAbbdRR&GIt@EUT €S
1504 and - 36 ~ ~ 'MAR 2003, 1506. For purposes of explanation, a typical

spaci ng requi enBventionya sisgly roeting wdinataids ereated and assexted Gry defpdp)der eash
bet ween conta LN . 4 i [di . : 1¢AN
exception to tﬁ \;v?ﬂféeqw F%ir%b:\a? %ﬁléﬁgﬁ%&)sgg@gé I gg%gg déﬂ]é%y dﬁ?ﬁﬂéﬁ%ﬁﬁtﬁ@ It
provi des for dnriegglopalironting exisengwirasnin aparticulan arpanéadgo bequivedte atlownd

al l ows contact, encl.osures 1 4.an . 1 e . together. so.long as
ei ther contac eerﬁii{u&%ﬁaeﬁelwggg, tg§s%%§%gg§%ha%tls§f§8%ﬁgoép s%uir?et Sttt of
one o:‘ it_sf edge&;ealﬂfeateté?idsggcgﬂﬂtd‘e&fbyl?yﬁnﬁs&éfﬁmﬂgd. Kh'toﬁtiztlg' gtrdtilcleispr esegt
exanple, if rquLing pa re not present and cqntac ncl osur.es

S04 and 1 80_63%6{3%3‘33&1"@8 aﬁﬁPP‘ﬁ’é’P\rl‘\’?&ml,‘t“’cﬂw‘gve egn {r oo 801%%@%1@?8&181“
spaci ng requi bsm@aﬁdagg%pgr?gw(&eédb%ameﬁéﬂ@amgepﬁ&w%&?amhﬂﬂg?jll ¥Ryer, the

amount of the | ower ec ~contact enclosure 1 S04 that is cent to
routing path Dsgmg detaped sautingdthe gingpde equsingdndigater islexamipeddo detenings t he

speci fied ano ; e t . : . j uses a
spaci ng vi ol a%ﬁh etlﬁlseéet'nﬁtegﬁbﬁhg{% g&ﬁ%@%‘?‘ 2%‘?‘ g%g%%é g‘)n‘ggi‘ﬁ%%q?ﬁgi%“% not
exi st prior tobsthdes nsteadiodallovingabsiacigs pasirabnding gedmetrgno be modifiedact

enclosure 1 SQ4. It.shoul d. be noted that | ogser inition of edge |ength
Chat consi der 4 ihid A isionds BR4 Surink HePy B RGO frfiged 5 e o
spaci ng error allblvégdeing ddtailed ro@tmRt i mes preferable to performa worst case
eval uation. An exanple of a join point design rule check inplenmented in
pseudo code according to an enbodi nent of the invention includes the
foll owi ng steps: for each layer in the join point do for each attached wre
on the Layer do if the "approach"” flag for the wire end is not set then add
the routing path polygon for the wiring e2d-to an exclusion list endif if
the "short path" flag for the graph edge of the wire is set then add all
pol ygons for the join point at the other end of the edge to an excl usion
list endif en d # each attached wire for each polygon near the join point
pol ygon do # on all |ayers conpute the spacing between the two pol ygons

b N o




2 0 MAR 20p3 if a spacing does apply then if the polygons are too close
together then # including definite dogbone error return that error endif #
too close if the nearby polygon is on this |ayer and the nearby polygon is
part of a join point and the pol ygons m ght be too close togﬁﬁpﬁa and #
I.e. mght violate dogbone errors are being accunul ated then®re RiZdB t he
nearby join point endif endif # spacing applies conpute the encl osure

bet ween the two pol ygons according to the types of polygon, the |ayer
nunbers, and the @eﬁ%@thmg@ﬁ if an encl osure does apply and the pol ygons

do not meet the ruhg a@é&?@cﬁ f’&r%ﬁl}&g‘%&ngéﬁi-dﬂéd &?%iiJ de3Bibed HRAGH iRl deg R end #

each layer if errors e accumnu nearby joln paints may violate a
dogbone r ul e usérefrobiting amlidatqgressidnleyd ty hedeat fon gomeardnge poihingymilygonds to

aid in the placement of new wires during detailed routing. According to one
embodiment of the invention, hint polygons are generated to identify locations in the
integrated circuit layout where detailed routing is likely to be particularly difficult.
For example, hint polygons may be used to identify a tight spot between contacts
where it is not obvious that room exists to route a new wire, e.g,., if enclosure corners
must be clipped to make room. As another example, hint polygons may be used to
identify the end of an obstacle to reduce the amount of searching required duﬁﬁg
detailed routing to find the end of an obstacle. According to another embodiment of
the invention, hint polygons are used to simplify the detailed routing algorithm. For
example, hint polygons may be used to avoid the need for U-turns during detailed
routing if a join point such as a transistor gate has restricted attachment directions.
As another example, hint polygons may be used to “reserve” locations for new wires
to be routed at a later time. According to one embodiment of the invention, each hint
polygon has a direction attribute so that the hint polygons can be approached from
the proper end during detailed routing.

It is worth noting that some conventional routers, e.g., the interactive maze
router in the MAGIC layout tool, use “fences” to prevent the router from using
undesirable regions of the layout. The use of two parallel fences can guide the router
through a tight spot if the router has already chosen to approach it, but as these have
a finite size they may interfere with routing of later wires. Additionally, fences do
not force wires to go through them but only constrain the detailed router should it
choose to use the layout region near the fences. Thus fences are a negative constraint
and hint polygons are a positive constraint.

FIG. 7 is a block diagram of a portion of an integrated circuit 700 that
illustrates the various embodiments just described for using hint polygons during
routing of an integrated circuit. Integrated circuit 700 includes diffusion regions 702
and 704. Integrated circuit 700 also includes polysilicon regions 706 and 708 on
diffusion region 702 and polysilicon regions 710 and 712 on diffusion regibn 704.
Diffusion region 702 includes contacts 714, 716 and 718. Diffusion region 704
includes contacts 720, 722 and 724.
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run g join point DRC around that join point wthout accumulating further
errors if a violation was found then return that violation # even though it
nmay not refer to the new geonetry endif end # each possibly violating join
poi nt endif # may have viol ated The conputations required t02¢hﬂ§5
correctness of spacing or enclosure, perforned by an object passed to a
generic spacing or enclosure checking routine, depend upon the design

rul es, the | ayer nunbers, the polygon 'Egi/pes the wire width -38 2 ~ MAR
2003 of each pol ygh mttmb/geaaéé IepefeRat m@a}@nluged ngiptegratedicivavit 198rto ride

pol ygon near i i f the
near by pol yg oﬁr%q?e iouﬁmgggglrngéftj IVﬁré %gf\‘rﬁéfn ?ﬁgn %zgﬁ%dga@ﬁalm{:gg R rggrrﬁﬂrlle[% r%

| ar ger than ndashed hnm’!%&ssHmhpolyggen@anglddema da‘bctloaasdhcainenﬁ visluallywo

pol ygons is | ess tha t he do en her
custom rul e BICEEHT ?\Ssa"a‘?réo"gggél 15‘%8%%&\?&%”” YIBPF do%&%&ﬂ% @é“q ngt h
requi rement s Vit WRRIM Wbpreschob ﬂ%%’(WéenVUod{aBts@M&Hd%Gra spaci ng between

pol ysilicon interconnect and transistor_ source/drain contacts. According to

one enbodi ment of ARELNNNENI7SR Is generatad ard inclided gringagrased; pipual 1080 akl
dent i 11 ed, a5 lefRiil BEY niblol SARCAbAE ARIsloRlibn® Y6 artdrify gt ance ¢ he

new data nust be noved in or er to fix the violation. us each viol ation
f ound woul d bSpecifivgly duntpalyganii2andicates thecmdtof thenebstacte definsd by catatti on

o nt ral ayer Do pero R uRk gt RREE RGET W cer BF oA SPolekt AT RE anc

interlayer entthbq&wﬁmh&mk&dbyrdlxeeuimaﬁidxdawresa andl oW 736€ Higd polypinm32 | f
the two polygl re on th sane uting er and the nearby p on isin

t he excl usio “F‘l%f e gRPUBHEFeIEFh: OFé*!,ee‘\dfO {CABtAFH{ 29 tbﬁlrﬂ‘t‘“béll’?’é@iﬁ‘%/q on a
contact |ayerqafig debflcaeautig, m&eb@%nbﬁfylﬁgaaw%wﬁg on list, e.g., part

of the sanme join point, then encl osure applies. S aIIows the join
point to reduce t eFbpabigoys YMH%@QKHW emidancmymwamlymmhmm ni ng

a wre attac %@%@Iat d‘i’h‘&%&q c{‘i%tng{egf‘atgd‘é e 709 r;%;dleﬁnﬁﬁgvéciggﬁgﬁgu%ﬁ' be met

as soon as the Fout I ng pa BPock
di agram 1600 ncgmn 7IOI8It0| polyatliesn tdgorap 0. ol polygpedidS angl H4Orapepatichlyrly he

encl osure aroun ct when a wre .attachne ] m 1600
"ol udes:a coltt i igRBufiPh A8 A fEridtonius. RpbuEh: BETTE o8t 2 AV

i ndi cat ed by festiefedeachitém ditectidd4 Spebitical Jf , Bt AV d19sitiedn BB 1o The
enclosure rule re wrements . are satisfied when_a_routing path 1608 is

attached to ciffeseed efibAdmustepangss stirightupto pabsdicanaegiens Yikend8di ment
of the 'nve”tb@ﬁ% ﬁ£1tt8fdﬂ*u gﬂm‘é%§ afi096K an %IJgg H’zﬁba%&éi‘ggﬁ %gae poi nt s

t hat m ght pos yV|oae rules are| nt| ered. For
exanpl e, t hi sditestion éndigaters 742 aud dhé, respectingymoandicite themirgfetred sagingccur r ed

S 2B ) B bkl KPR B Bl 955 Fh4 Lt = o 2

identified i nm@hranel Notecmbﬁn\ﬂnsexammcpmdswasrmddee bf polysilieorciegivns 768
performed late r that int. to see . if the total ength in
viol ation exct¥y i‘%t FFép?)"éQJFB'nh?Yﬂp‘%ee shpqtene%avhegt e targets were d%%nec!l

described herein.

A hint polygon 752 has been generated and included in integrated circuit 700
to reserve a polysilicon routing area.

Hint polygons may also be placed along a suggested path and the feasibility
of the suggested path determined during detailed routing. For example, hint polygon
726 placed between contacts 714 and 716 (source/drain contact join points) may
cause the clipping of enclosure corners 754 and 756 during detailed routing,.
Alternatively, hint polygon 726 may cause contacts 714 and 716 to be separated

during detailed routing to make room for a metal wire as it is routed.
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2 0 MAR 2003 avoid infinite recursion, this join point design rule check
does not identify nearby j oin points that m ght also violate the design
rules. Rather, it is performed only because a single join point DRC does
not consider all conbinations of spacings, but only those th2t0 MARegNCe
the join point under test. e. Approaching Indicators for Design Rule
Checking It is necessary to ensure that routing paths do not cone too
close, i.e., violate spacing rules, to portions of join points other than

routing targets. THecefdiigto aqeher ehbefimeniordheinyetiore ardegign rie cheskeidtion,
each end of a [ i at. D] indi . flag).
When t he apprgggl#ﬁggigﬁg% %a‘?gfa@%‘*gé@%?t@%‘ﬁg ggo??f@gﬁﬁgﬂggés@ ?écﬁ)ﬁgﬁéegd, '? %en
t he routing pd¢dsiblility dudhg dethileemating Bbeaupoofthpemall semednd ganéraliy lihdtedeen

the routin at h.and. t.he join int may.be checked, especially.locatjons
b her Ot han’t haumbat S Saos i en Brid bR RE bR rRe hendi RV aEE ot

violate a Spa%hﬂﬁaéW&Pp&%nﬁlgP@détai%rbﬁtﬁ@ fok FeaBilRty téter than the routing
target. Note that the design rule checks associated with join points ensure

that routing targetArcPuingioransisadpodimans ofihenpyentipaa ‘shaegialn ipdicatoris
known that . Fou T ne apiftietill Guel d i Ahe IOl BaBBwollED, 11,
Ei he jOi{] goi _rll_tgjolattl:aﬁpmmg' mmt_ hi.mgtglﬁyldieaa:rpt clogaouggfther ql;mt ?ﬁgumiag{]_'l‘hts its to :
eassert ed. en_the.routing pa s n o abu e routing target on
the join poi nta,ccoﬂmogzﬁﬁg%s e?}t?ﬁfﬁ ?%ﬁﬁﬁtpﬁ% excl ude the join point
routing polygons fromconsideration. FIGS. 17A and 17B illustrate the use
of approachi' ng. i ndiDETAINERROVTING to an enbodi ment of the invention. In
FIG 17A, a routin aeg 1700 is bein xtendeg.t war ds faagﬁnt act, encl osure
join point 1702 an_g) ali JPRoRg $RFgey ! Vfg‘lﬁs spgropie Jonsis A SOHEHIHBENI ng

i ndi cator for ifesaiddGiRak faybiPehdnSyviRes &) pleck BB Qe hareRe ke thd Qfechmiqeen
routing path 1700 and routing target 1704 checked agai nst applicabl e design
rul es. | n Fl GCOmFRLORhCtWPHt IOHLPING. i ndi cator for routing path 1700 is
deasserted (cleare a 115 € Vi I i nat h
1700 and cont act e(rﬁ:lpbggsr%ﬁ gﬁ%&ég(@%{ﬁtdlié}‘g% 8?)?5{&%? %ﬁ%&%ﬁ?d{t?ﬂ'@%ﬂpﬂ&ath

| ndi cat or s f orappeaclyfor RoltengGlescwireginl an istegeteai ¢ircaitilaywt according tmgn pat h
connects two join ggi nt it i.n &%rti rl ar,. cont%eog Ieosure join iﬁlgli nts, that
are cl ose enolgRofBReRoh thsiRymipy, Eo&gﬁgraai_ TOVUIEY AR REET I35 W& ni ngf ul
design rul e chiaikledtodtihg prévess n@ dagh bf fhearpb atd\@espritiddanmeste dtaili | arly, the

close proximty of the join points causes a desi %g_rul e .check of either
join point to hesxanafies tHEETSERBEG St 8HGoMsSter$04, s JgtrRANGS grsprgBatst forrhe

wire between t{agifeiPoutigh THA é&%rﬁm'finﬁﬁﬁ/es GhiRY Watfa?%mts@ﬁ& Q8L KA

w der than nornmal to avoid "notc violations as well. For exanple, in FIG

18, two cont ajeingeintdangets t9 whichpuirestaze agwbedind 1802 are connected by a

routi ng path 1804. i .80 180 act
encl osure join poi nlﬁgtég?&gg)g’ gl%gi@gége lgrr@gg%c% S@ﬁ‘ﬁ’??@%ﬁﬁﬁ@éﬁ%@? t he

cl ose proxi m twhetlieraanphaee wires hesito dejronted faonthsn iBGEp 806l thSHektwiod Bt es a
m ni mum spaci ng rule.for contact enc]osur i ndicated by reference
numer sl 1610, Thaelin e e ek ised R RCEIEE b Bent of B cFBeg Fisks BTt s
1800 and 1802 r@fitel Aué tosificieni sHade, tHEH A6 biderss is cOmBlehein iép K. IFRlee @
single join point integrates two contacts for, cqonnecting two non-adj acent

! ) t1ng
routing | ayer Jouingcannpy bessorppletad, mapat interyentionds reqiivedy as i comientierd cannot
be placed diregghleys. ON top of each other. In these situations, the close
proximty of the contacts prevents a neaningful design rule check from
bei ng perfornmed. ReFkervanoeys agpects of detiled rouding according tean embodimenvof taeanpl e,

routing path 1806.could be.on .a fir netal..laver, . .routi 1h.1804 on a
Cecond netal HEYGORAE PO BRGRek et FnebE Sl VP pubchtien raBkd ek 1T

si tuaéI i on, ?:olnbaﬁﬁg £aew adty, foii Pbint afﬁigﬁi rul i cking| abpcmhmgtinﬂhmﬁ fost and )
second neta ers an qQnt act encl.osure join poin 802. wou connect the
second and thi ‘f%I%P{ifl C?‘F‘gﬂ’égéﬁoqt R? ilEﬂi?/c%}Prgtfﬂédﬁg?}‘i“i%‘?}ﬁF BEIOUERE Path

associ ated w tdbsiégrrmegp@agng%ﬁ%}gr@@{ﬂgssitlagﬁ&g_en join points, according to
an enbodi ment of the invention, these types of short paths are identified
by a short path indicator. Wien the short path indicator for a routing path
is asserted, then the routing path is a short routing path and the
conventional routing path and join point design rule checks are not
performed. Instead, the routing path and epfanected join points nust be
"correct by construction."” g. Routing Path Design Rule Checking An exanple
of a routing path design rule check inplenented in pseudo code according to
an enbodi ment of the invention is provided hereinafter. The design rule
check of a routing path is simlar to the design rule check of a join point



2 0 BAR 2003 that the routing path has only a single |ayer and precisely
two end join points, as opposed to an arbitrary nunber of attached edges.
build a Test Polygon fromthe routing path polygon if the "ngroaCh" flag
for the first end is not set then add all polygons in the j rM/éR)iZBDB at the
first end to an exclusion list for each other routing path attached to the
first join point do if the other routing path is an the sane | ayer as the
current routing path and the "approach” flag for this end of the other
routing path is reotAdding WienAtiehhments near portion of the other routing path

pol ygon to an ex sion.list if.th r. routin af h. has.t he. "short path”
PP oet then addviieh & Rip pRionls T Fralerdf nk Hichokede WirtEr FAPErs of e

ot her routi ngc@didg tb@anambedizhens oDthelihventiondink of tisd st sty oF deadie réutdip same
| ayer end # all ot her Ea hs endif if the "approach” flag_éf or the second end
i s not set tiféhadibir 84aGIBIPEIALO RODHEALcEP eslRtAn edge Hecawention nd to an
excl usi on | 'ﬁhtiﬁ@ép&@&dﬂe%ﬁﬁ&seroﬁ%gé}ﬁl Rﬂiti*fiﬁ%& achede E&ltinﬁegrﬁl%@éc}g FhrP' n

point do if the other routing path“is on the sane |ayer as the rent
routing pat hlogaipntihe sinagiprestansle witlals eentertani asgradhpoiot. Whis centees are glspiotg pat h

| the sire Hags e oiot. W |
to. an. excl usHirETs 8 otf g s ) Rl cBlonbiber B PRk Iieblong el B0 YOV

set then add all Aopregimuslyidesdribed; theapprpaiinfor adutingenatiegratedneronit t he ot her
ndi f # short path dif end. # ot her

routing path to .an exclusiqgn list.e n 1

bat hsand 1 J6PEER HOTIGGHTSH B HEHEveRiCh SHPHOSH QB RGLona ROUrE. [Wifbr s - 42
2 d MAR 2003,¢06mtgendlt6utsita & orh@ini@aiecédi gyttt il WS jacsifts igat 0 t he
types of polygon, the |layer nunbers, and the design rules’if "a spacing does

appl y then iMaRnes syl thaldhe cante linsy of the sarasslgeaio passithiongh therentass althgef i nit e
dogbone err Gfn points. This provides many ways to attach a wire to a join point, and thereby

many ways to represent the join point polygon, without an implicit attachment

location.

FIG. 9 is a block diagram 900 that illustrates adding wire attachments to join
points according to an embodiment of the invention. Diagram 900 includes a contact
902 and another integrated circuit layout object 904, for which the type is not
important for this example. A new wire, the position of which is represented on FIG.
9 by dashed lines 906, is to be attached to a contact 908 at a non-orthogonal angle,
i.e., at an angle other than ninety degrees. Accordingly, in this example, the center
line 910 of wire 906 is not coincident with the center line 912 of contact 908. To
allow wire 906 to be attached to contact 908, the original enclosure of contact 908,
represented by a dashed line 914, is modified to include a small piece of wire with a
routing target 916 to which the new wire 906 can be readily and legally attached
during detailed routing. That is, attaching the new wire 906 to routing target 916
ensures that the applicable design rules will be satisfied. The use of routing targets
to aid in detailed routing is discussed in more detail hereinafter.

An example of adding wire attachments to an array of contact join point is
illustrated in FIG. 4F. To allow a new wire (not illustrated) to be attached to line of
contacts join point 434, the original enclosure of contact 439, represented by a
dashed line 486, is modified to include a small piece of wire with a routing target

487, to which the new wire can be readily attached during detailed routing.
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return that error endif # too close if the nearby polygon is on this |ayer
and the nearby polygon is part of a join point and the pol ygons m ght be
t.oo close together and # i.e. mght violate dogbone errors are being
accunul ated then remenber the nearby join point endif endif #?Q)Wn@ofoes
apply conpute the encl osure between the two pol ygons accordi ng h ypes
of polygon, the layer nunbers, and the design rules if an encl osure does
apply and the polygons do not neet the rule then return that error endif
end # each poAygdhiing thearewowie veerontiag targetl 437 edswanasithat spiiicableidesign ruiesameny

vi ol ate a dogbon ule then for each possibly violating nearby join point
do run a join“@ﬁﬁﬂi DRC around that join point wthout accunul ating further
errors if a violation was found then return that violation # even though it
may not refer to theReguh@Eargetsry endif end # each possibly violating join
point endif # may have violated -43 2 .~ MAR 2003 The test pol ygon .

conpri ses enough oRoutes tasgats #rg used secpEdipgyiorthe sowing Appraash desoriped bowein
creat ed dogbope,:yi [+ 3 7. s ol t |

el udes. ad1 oy @RASoRIE AERAT LR by RREI A adien IR R I0ARAHARA

t he existing wppreadhhditection tit routeamsnevawitedng jois poim. doghyovieusiy desdribadiith
limt. This value |.S epnj ned t eed.to tect.a bone_ .spaci ng

vi ol ation caugeg egé,e tfoﬁ;ghf P,:%)P ?%F%geg]@ ?gﬁg rmew%exstae%eg} nmle&:ag@%aPﬁ%CtIP one
enbodi ment of ldchton forevitd 906, Adverding io eng emtiddigenedfithgniveaion, Beutingaangsd

for the routin at h desi.gn rul e check, .although thi be. .
conput at i onal F%%Q%ng%gmfp({‘?\té t¢ g hhabwies '%m\‘?%tlea t%é?“?‘?ﬂ“é%@éﬁr‘ﬁ’lne in

a in a chipl eyfsfy spffiRable hEsi'Fz rfl&d) qﬂ'cﬁflclxxmﬁlé%ﬁl FILG. 4B, ediftinQarloBR U8R and 489

(relatively) small piece of e routing path and "nove" i1t along the

routing path Beimgvidethen pigelecontarhion pejuisrdsl ang 432 rigspestivelyndn BEGr4G, are
conputed int 4 Lo ' ' . I n,
the exol st on T LE gtEdoRtnd 351 i 0B BN RSO RBEEbI OOR o
reporting of 4@l ati ons between the routing path and the join points at

each end. If the aggéo%cgiun ﬁi ndi.cat or is1 rP%t .aSSs @t eq.fqr an end of a

routing path, the t PYUTERE YREOUS P aRs 1Q5shep ’S’F?H%P@ e PRt to

RPN vy gy Ak el o
) | | X

t h)é design ru az(ggh@g% ﬁ)?n points 460, 462,8464, /?6%, 42@ arrl)c? 495 havcsroutmg targetsu 92 on

their ends, where the routing targets are as wide as the body of the join point.

Consequently, routing targets 492 have only a single valid site. Single-layer branch
join points 460, 462, 464, 466, 468 and 470 also may have routing targets 496 on
their sides, which may have smaller or wider wires attached. Routing targets 496
may be located anywhere along the sides of single-layer branch join points 460, 462,
464, 466, 468 and 470 where the design rules are satisfied.

As illustrated on FIG. 4J, each routing target 492 includes a direction
indicator that indicates the valid connection direction of the routing targets 492 to a
wire. The routing targets guide the detailed routing of a wire to a join point to ensure
that the connection satisfies applicable design rules. For example, referring to FIG.
4], single-layer branch join point 468 includes four routing targets 492 and 496. A
wire may be connected to any of these routing targets from the indicated direction
and satisfy the applicable design rules. However, single-layer branch join point 468
does not include any routing targets in the region identified by reference numeral 493
since connecting a wire to single-layer branch join point 468 at this location would

violate a design rule spacing requirement. Similarly, single-layer branch join point
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FIG 19 is a block diagram 1900 that illustrates this situation. Routing
pat hs 1902 and 1904 connect to contact enclosure j oin point 190b. In this
situation, a design rule mninmum spacing requirenent is violated by the
proximty of routing paths 1902 and 1904, as indicated by arggv,ﬂ]&@%na
Simlarly, routing paths 1910, 1912 and 1914 connect to a branch jorn point
1916. In this situation, a design rule mninmmspacing requirenent is
violated by the proximty of routing paths 1910 and 1912, as indicated by
arrow 191 8. i inelidenp eegien H¥swithout gpEing targelasingsaonpertingquvire tresingles

vi ol ated by - L 9 : i ndi.cated by
arrow 1920. grr@%g%ﬂégéa%%g{%{ﬁ%ﬁlg%ﬁ%%gﬁarj{%on B%Fli?é%n nvéén |(%1(rf1l,g a final
Wi re segnent regiiiredrentr out i ng path is not checked against the final wire
segnents of the other routing paths attached to the sane join point. This
excludes only fal se_err.ors,pe se wire segnents are convex and the final
W re segnent nust cbgog{mg% Cg}éjrel ong as the spacing rule. For exanple, in
FIG 20, a routinTheadutingQPQ rle@Piré Sémt@ally P olvéd genctatthg NG of Gibte SAGIBNT S
2002 and 2004 and a routi.ng path 2006 conprising wire segnents 2008, 2010
and 2012 ar estgteheshisdh RAstiNsfithapew e, Beiyieen fhy staripg and opding joip peiNHi ng t o

an enbodi men i I; : 1 t ween

W re segnent ge%géﬂ%n%ﬁgg%&ﬁ 01\}\1281265% Hgl[gggﬁ%gﬁ’clﬁg‘gi@qgﬁ é}ﬁ %tgﬁl%gd%g,g& bet ween
wi re segment be®E4n amintywolygos egdtiet endG8in R0 T, the tad ok neutimglsyretcBpaci ng
checks are perf.or . ] e 0 Al i n 2002 and
2004, Al so, " SsafehE bk BRVEH AL G RaP TR he Bl AP Ht ST RRROUES o i r e
segnent s 2003tretcld ir?d e alaya temnihategatiihe bndihg joihedint.o a | oin point at an
end of the first utin th has the short path indicator asserted, then
Chere may be fal sdMEBUERRETAALIRR, FERSngBY etion faa SR ERGRP R atth and
the second j @iuBjdRPidHd smdil &aw%gg fid Fynhiakesaking, GRMUke st n@N6HRSEHNEG] j Oi N

poi nts 2100 and 21 02 connecte y a routing path 2104. A routing path 2106
i s connect ed geemetanandsuppart fersadvangedidesigairples suahes “daghaies and metal a

design rule - | : J %SO& Ly, t

spacing err og&%ﬁ&&%&ta\%@gﬂ&l&oﬁt&ﬁ%@gp ﬁ'ts&f% 6 al‘ng ﬂgﬁﬁgﬁﬂdﬁ fé’qgégaéég’%é rror
2110 bet ween as ous corgtrpeted PardGmengl dgssgmnpo cimcke d@dng detaitaddionting provives
e LR R T e L
occur betwee t 6 d ] , fox
exanmpl e, by ahédkwigig g@ﬁder}Cﬁfdhaéd;lshﬂ@ﬁéw@ﬁr@dtjrﬁé@ﬁﬁjdctb@td@@ﬂedi%i fuld)oi Nt s.
o1 Nt At { achEATES: SECUHCHIL HES BEEIy BRI PBIF I eoP kDA R RN bk
poi nt attach : _ _ - _ back
a1 gl e- cont aoy g Bt L e b e her 11 for
exa?rpl e a connejct iséar?ins from m%mmpjpimmipbfdygme%we,ﬂbe firpb rqutingstraigh

| ayer in the _fj | QJ i i e I he second
metal |ayer ie%fe@ﬁéed iggic%rr?yfjt Ql}lﬁ%ré{ 9‘%’??&7 ma{rt%g%ﬁﬁé%t%ﬂ @ﬁg ﬂ?él 1?55?%19? oin

poi nt on t he sfretch eithertredchesiyreedgemflthe atdveedvontng segiorf el @vobstapleatThens

reported to the.se OPFS‘Q. in.pojnt. On again,.the additio f new geonetry
to" Che rout i Atk reHgy ef bB ARpronateis. FEine bise Aredion s 5o Bped el i <.
so it is necesgasivnboPtiedButiny strabet Wouldeaugthe vdiRingaeteh t6 sl g1 vroAg nd
these j oin points in qgrder ;to determ ne whet her any, doghone_vi ol ations are

now present . sidenf thorogtingregior then a bangdis addngiassgompd isfessile. Hnduringthe

si tuations Welt i I e is

i nsuffici en\t,\,{}?%tglr%t qigd ﬂg?tt]%g £a&)ért%}%it%ln %ggepgﬁ?gfr g@ﬁ‘%ﬂgﬁ}? %ie;eg%\ﬁbgtebse}fgiﬁ Elrﬁul e check.
For exanpl e, obbiaslepthen the rahtng stvatclj isibeniploi ditest the goyting stegtchitowpndstheer apart

t han the spagj rt tta I.r i rai t hat
the ends of tHa%<iibF iyt bl 1 BEREH ARRARLR L Enchik RENSRE R, |
pol ygon is plobstadlevereaciddpadetision ij made poionthioh bambdihestiohs are fasiigoBach
because of a restricted routi.n enviroqneqé.. t hese, situa i?ﬂs"<§e ail ed
routing ni ghtPeRBAITERHARGS tested ip SpgicaceDRIREe desHiad Tuima ¥ sppPedy{ isducdydes ch.
Therefore, aGeRkAkifg ah® cRBAAURERARAGIBRAY stpdich Bkl (AY 8dEd SMthelrbutidiregionlornce to
be routed is less than a specified muftiple of the wre wdth,~ e, g., four
times, a spedingthepobsienieisireaphedr Guee adeteppingtion is wadpbat ¢ither thesa swot t he
routing stretch (or routing path) in one step, with no gaps between the
routing path and the join points or hint polygons at its ends. Then a
routing path design rule check is perfora®t on the routing path with the
approaching indicators deasserted to identify any design rule violations.
If a design rule violation is detected sonewhere al ong the constructed
routing path, then an attached wire or hint polygon may be noved to cure
the design rule violation. In certain situations, e.g., a one hundred
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-46 2 0 MAR 2003 The tight routing approach is also useful when a wire
attached to a join point is offset all the way to a corner. In this
situation, the routing path may be bent before the spacing rule is net
because no notch woul d be forned between it and the join PG F Myally
the routing path nust travel far enough fromthe join point (:M

spaci ng rul e before bending. However, if another routing path is attached
near the location of the bend a violation will be created. For exanple, in
FI G ﬁZD a :apparbmgz;@aﬁotsuao?sft?lfunpmgmehsotaincg@frétahhrcfmdlaﬁmmecue@k maw@itntz 22216
to a hint po on t is.offset from.,contac}t enclosur o| n .pai nt 16 in
a cor ner. %%@O%Eer%ﬂwrsmon@a%t@@%% aonsdeed, shondesslearenting 1
the tight rO'éHHégwﬁ‘é’E’tbﬁﬁc'bhe &ﬁ%@@ﬁ@p&hﬂffs PW&&QB%I%%?%@HQ a§334 The tight
routi ng approach is also useful when a urn nmust be nmade or exanple, to
connect two dd]eanmtlogmlea@mvtmoseﬂday be used even though detail ed
routlng stops whe Ir I e FI G
22F illustrates t Etel% #&hu’?&t%%héﬁg% coxr?gen{n?rﬁzg ngzt/z% %utglx %ﬁé’%%sé‘??sﬁ%‘t%@ ogs %outi ng
pat h 2226 t hadstezl) eveacthesd mﬁaslmtmattgbétweg:rmha stagtiny ald}aaﬂmgqmlntaz J8us ot e

t hat since other routi,n hs attached. to oin point on t same | ayer
e el udeq ThF A AT BB A g HE i ans AoibE PG EIAN Tort Bcalobt, | (he

bornt unl ess Fhoarn 2?‘2‘”%*%%%?*3“2??2‘2%%5"3&‘ O ST IR el L
AND | NSUFFI Cipetiris grfieied Reborhen anehstrclerie easpantereds and thevgesrsh isteroinated rout ed
because of ABlRPURARitISHLIC LR e aRRLR: oLRT i kERBE e QG 1

i nt egrated cirowter ﬂteh@ymudestassmtannwezotthmdmﬁed rovtecsr thatig nay wadae thebodi nent ,
a0y, nunber OLeSELE! Ay RARL BREUES A oS A Peo bRl SRl AP RS AR egent |1 ot
pol ygons, chahgifigntipeedueed.i ng strategy, inserting one or nore Iayer
changes, instructipg the detailed router to backup bend,

I nsert
ri ppi ng-up and r erdtOrHES Bhencormbrstimeniaf é&em&?ntwautttwgedﬂﬁehww 1packdin he
destination t e
e T e B e e
change or addni musthelpesiorsed durang global goutingt %gemme,athoalnbahwutﬁssmml e
during deta|I z Q MAR
2D03 il ust rat(?i gigtlfag% E}b%%fkl n 8%114 %gtg%tqt g&ﬁg%?’%eﬁ%a%g%%tt %Srcégnfl i ct
accordi ng t o approanh di obstucleadt atdlnﬂemmwngta that mBumppkesdi flarend benddirguiohs needs

to be routed between,cpntact enclosure join 0| nt 302 and 2 . An
Dhstac! o D30 @OTibEaTIebAiang gk alsp Tased ohe PomOrShift PRSOIB AR ABRBE ur o
join points %%}Zh%mdetaﬁ&ﬂrouhﬂg%fbuﬁdmta%le detailed routing may not have
been able to determ ne a desi Bn rul e correct route between encl osure join

poi nts 2302 and 23d%S. 1fAzad JPBAve Howi disgrams ARbMAEN0, tsspackizelynthdht i on, a
hi nt pol ygon t S at h
bet ween encl 6@%@%% %‘t‘ ?Hg%rltltfsgr géﬂogaqm?gﬁgg@?at&&é]gﬁt& oﬁ{nl %ﬁ St rS‘?g’g
d obal routirihe nezynt;cbmﬂ?gpéemng firstho FHg. KA, aftersartiog imstppd 002; im step r1604,|a19

pat h by chan A ng
"rits or bycpmiafioh it Rty Wbinsl eo bt uBlon sp AERIRL M dniiinbih
Ilag can p(rj OMf skg, rth«stdjntsttn}ma()06$ﬂfe(reutlu)g aietMr@llmwedmAxgddmgteleaﬂWthegeonetry
o be noved or cha pi ng cor.ners justing, e.g.,

i ncreasi ng, tfﬂ@t%&?g‘?‘;&h@m@mqe SP%Q‘%FBE&%@B& h can allow a routing path
to be routed ar ounﬁts@? TR, Al distarfiditd Bilel deslt Sdnday Hétermhin8d.t b 418y 108, equi r ed
in conjunction with di ng one or nore hint pol ygons, dependi ng_upon the

| ocation of tdeéermanationgs nade yhsthsr theglearmingd distanseis,grenter thag the ¢istaged igi nal

routing regi f 0 ough
now i nt. pol s 635 SN R bR B DA% TR Fo Bt iiied @il 8010
routi ng pat h redyaeddn keemthegouteng stretchpwitiin shex80tngregid®304, t he routing
cannot be acconplished withqut increasin a Lim t o g

Spoci 1 cal Ty, for Pueh g Heluh SR i Futnie & BR% REsIE i Bercribagiin

encl osur e | oi Mofxididil Raedaftedwiih rdfefefteo@IG2B0, the straying limts are

i ncreased as indicated by reference nuneral 2312. For the second stretch of
t he new routing path between hint polygon 2308 and encl osure join point
2304, the straying limts are increased as indicated by reference nuneral
2314. FIG 24 is a block diagram 2400 thapgillustrates another exanple of
increasing straying limts to avoid an obstacle according to an enbodi nent
of the invention. Suppose a routing path is to be generated between

encl osure join points 2402 and 2404. An obstacle 2406 prevents the routing
of a stral ght path between encI osure 10| n p0| nts 2402 and 2404. A rout| ng
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2 0 MAFt 2003 zero. The intended routing path is represented by |ine 24l 2.
According to an enbodi nent of the invention, the straying limt is

i ncreased to provided a | arger routing region 2414 which allows routing
path 2408 to be extended axound obstacle 2406 and connect toefﬁ act

encl osure join point 2404. G obal routing may al so change th i 2003
direction for a routing path so that when it is routed, or ripped up and
rerouted, if avoi dfq@g%wéagﬁeggss{,ble araqarheﬁ?hﬂ?elgﬁed for use by anot her
routing path. This RANPTS S ARGAGGY. theodeperomsed Eotanexaapl e, it
may be desiralidifeved. TfaHE Be@rmiabd disRNES e hlGed open regi on,
rat her than tqri]eet n‘i,ddtl_e,. t%dgr%;hd&hsepaggs%%?edggb%ﬁlfglcsﬁeq j)?ﬁg’]ﬁoi nt to be

i nserted | at efcteRENINgtionds madp svhgthemhe goltingestre@hang bser@ dalysikted O U tha Jo

insert one orgimoes ) aVR GHAR rQu routi.ng path over or under an
obstacl e. FI ngn 25A anog 2 |€I%I?§§°w%§t5p ;ﬁz(gﬁ]ﬂ)er{?%ﬂg F@?t‘:}éiﬁcfl@éﬁr%e@wv@b@t acl e
by inserting thaendof thereutingystretchh @e@as! then Faurns téste® NG RAL

under an obsttﬁgl e abccgrdé ng t.o dzm enbodi nent of the}S)i nven??‘%ﬁheﬁl\é&éf;%{o 25A,
a routing pat HEPEXLOSIALS debeimiRedset ween contact encl osure join points 2500
and 2S02. Al t houghifi@step 191 PN ISteARRAd A xtended from contact
encl osure joi oi nts 2500 and 25602, an o s?gg ’g&%%gagv%v n&?"tthFéeﬂso%’ti ng
from bei ng co‘?%?aékéﬂ.thq VWay-pig Iz, 10282 determeinatiarsis meadie eiHetiR@ialltfeas2fid0 and
o provi do. a T onais ERRTEES Bdifed P Tt soiree bt o Yesp exhamtadniven.
obstacl e 25?830%'91 preseedy bestem 1026, whagsdtse reitind s2etH id ﬁ:dlﬁré%@ ]glto%nﬁwe(:t
contact encl q5ydfL1el %d%gglg%s 251 atn &@(1)2 For (%xanp e, I f contact

encl osure join polnts Retinss & step, L0Q where the disfgpcestodhe nextthedd im a
first metal |deymmindgdhen contact enclosure join points 2510 and 2512 can
provi de a connecti n{%{% a second netal |ayer, which can include routing
stretch 2514 to pd§§e Btrlsb‘b‘éaﬁa_clf@emaméﬂ@m@ﬂbagthathsmalhsndmﬁmig'mﬁbl eto
Tho. et ai | od Rout o2t o Backaoathe B oL e ol B el also
resol ve an olfdiearard, arghtheiead obthei rosting wath isputdide the rautirprefiomidfied nfaRingackup
and insert atﬂ@gﬁcffﬁderﬁfe%t around an obstacle. FIG 26 is a block diagram
2600 t hat iIIustre}%e.s the Use of this approach to avoid an obstacle. A
routing path 2602 If,sn btep A022atlefeabitile tedivests havbedA Gk Ashstad FheR G 4,

whi ch in thi 3 ﬁﬁ%tc 2 tf6!|7 MA?I} %{)03 tgxarrpl e is a contact ehcleog{ljgébsj%%q?\

poi nt. An obSPRCICECHBORCLFE/ e d the Prasessis eomplsteanssicpriO2dadnitiy endi ng |
0i N poi nt 26B#tuatidhs obstidkgreStutidn RIFREFHAR Y b ' | Lobal .routing
instructs det ilﬁd rofgti ng to bac%p to a sggecaltl?@é@gﬁggg%@gtntogﬁ%?%% ut e
routing path® Fia gean £ f er ent path, indicated by reference nuneral 2608.
e. Rip-Up and Rer ofisteh 0y, toBtii i ng, may also rip, up and
reroute one Qr nore ro%li ng pat ﬁgu%(%gt?eg%ho Sggﬁé}l&%;&qeggb%p%’ﬁﬁﬁ1?89mp¥9%ul d
gl obal routi MyStePp02b a routing path for strategic reasons, the changes are

renoved fromthe i e ope an e effects of each change are
undone if possi blgé%qug {edxletnGEllg,ﬁ,?th d@%ﬁmgtﬂ%@#&%@ﬁéneapwh faas clipped,
the corner i sxteadingaeduting sttctchaittstdingab af *HEAIREMN Qﬁﬁlie%eﬁx%ﬁ alek

vi ol ati ons (Ist%}_ter L out i i ve taken advantage of the clipped corner

i m ght h [
as wel ). 1f 4 W&'BS[R 1@3?3}“ EPtliogﬂWlmtﬁbwumf the gluyentiapzmint haexgersd
required for thereutig @redecis ieblRRDY dong: i ous| scribed
herein, clipping.t hgé comer of aﬁggntﬁg-c_e?{a@ﬁyosur gﬁ?ﬂﬂéﬁ{dﬁ}i&@#’g&%e
circuit prodtREHE Yplus dnstepdQ56.ithe ropting stieteh ixkxtonied by thmgurrent akdast, i ON
properly, and cli ppé .S ol odds that this may occur), so
it is perforned onl‘tltgﬂm}lgsr?’%glg% sg"%gﬁ%ﬁiﬁﬁé’%}g%grog ?ﬁ’&eﬂ‘%ﬁ‘s‘m‘ ngseetehl y in
crowded ar ealf detrminewhetbe the applicable design rilppare@atistras T @p 108hand cor ners

or adj usting Lol i ontacts; the transistor source/drain resistance
may increasegagﬁ%%}og{%ggﬁ?%tvﬂ?ﬁﬁ Mcﬁlggpplg FGK Wasnscessiud. Hghe desjgmat h i s
ri pped up t orulekleck sagnbosucaeflahein' ®on F042. 2 HefelBinkQb ;R LU

transi stor island changneqi f or, thaterout ipng pat heaﬁglnhﬁéoﬁgﬁé %@@g‘?fﬁb%.

Rout i ng addet™Pit Wtpg fndicaier is aseeriechfoy thetraytingpathhf thésingsls rowtinga. desi gn
rul e check ningicah® i a3e t @ err.or.is found, the
change is | eft behind. f%g’r*??p@%éwnég‘??%%h°‘?‘%ﬁ@3%“? Iég]r"i'é{Wétr routing,
so when all routing is conplete the transistor island and join point
corners are exam ned again to see if any2%orner clips can be restored. f.
Route Wre From Destination Connection Point The gl obal nmuter may al so
attenpt to draw the routing path fromthe other end; the length of the
unrout abl e section can then be used to help determine the strategy to
apply. For exanple, if the length is very short, e.g., not nuch nore than

oy v




2 Q MAR 2003 substantial fraction of the m ni mum possible routing path

| ength, then the routing path will probably need to use a different |ayer.
This is because the cost of renoving all of the intervening geonetry on the
current layer is likely to be high. 7. | MPLEMENTATI ON MECHAR (BMaRT:

approach for routing integrated circuits described herein is applicable to
any type of integrated circuit design systemand is independent of the
particul ar design rules enployed by a particular system Furthernore, the

approach nma i { i hi: i stem
pp y @&?égﬁpérﬁ%ﬂiﬁﬁpl%éee%% stﬁ{) 1864 WRERIhAL Gerft at&ﬁ)kigf is 968188 b§3d/

or as a stand-al offe routing nechanismthat interacts w Integrate
circuit desi gspssifsedeamounte Thenytin sigp PGS, catsternunationhematie méicthenthe duerent

i npl enented i n har. re«ehrcuifry, | Q r f i.pation
of hardware 8&?3&@?@03%@}%%%% teagmsu *fsv\rl{agr? gérgﬁhgng QX@%@% t§|s%§k%3?agr am
that ill ustr ather the ecnmingisaetch yséxeended QQainpthis tivhe b tikeredubrdbunient arburithe

i nvention may éﬁ bgg)l errent&gf Comput er system 2700 includes a bus 2702 or
ot her conmmunHaRYs We%??a m for communi cating information, and a
processor 2704 coyphQekpWiokh, e Sindpl® fouftRiz iRdiASSBINdY adsefted, TRdd iarktepGUHBUL er
system 2700 al so includes a main nmenory 2706, such as a random access
nmenory ( RAM) changes aremadgria thecsusiopndins layout seometblinl ancktteapb tasresqlue theor
storing infor i i reGt | 4. Main
reory 2706 S il i shSh Y haliBic. 3 BB AEHG-ES, Dbl ARRAOa 7 O

i nt er medi at e empfoyedat a sourde/drairgcantat nidved t@providet additidnahsotrofop ¢heevoadng ed by
processor 2704. .Conputer system 2700 further includes a read only nenory
(ROVW) 2708 OrStr'E‘}PIHer static storage device coupled to bus 2702 for storing
static informatiofn sepl 107G lardécdrindidgioh @€ madOGASHer the ¢Banged vir@fit@ess@dyi ce
2710, such as t%aq magneti c di sk or gptical_ disk, is provided and coupled to
bus 2702 for 1EheFhanges Wers il shensssin thendhs crereng agrourigapedused By fieem 2700 may
be coupl ed vi St 1Pstdp o 2 te2EfAtidA i@ma t ube
(CRT), for disgegP}elba ng 1 nf o? ?Pat?on ?%)énéa%(?)dr?put er lusérl.n ,éb\énmi)ﬁ%uwé@fevi ce 2714,
i ncl udi ng al pthathgnthe currgnicaraoung is 2eey.sIf the curoand bwgunio's patze2ggher ooentrol
communi cati ng_| i : r [ 04. Anot her
fype of user e B 0% ARG HERRARLRFLEN o Sihdd B tEERE BRaRle”
trackball, or cur 3bih stepr G0 therddsegterulocheck issniotesaful iy idistep 070 the ¢Haagesat i on
moversnt on drh G epTeindhg oot sucatsslb rssaind B gsign il hockos 1
has two degr egsm fép 1 06FHE Gufrént laduAKR Zerad tHdnlthé ?@&b@ i§ Boipletein stépll @2second
axis (e.qg., )ﬁ that allows the device to specity positions in a plane. The
i nvention is Nai¢ Hiebin the sifyationgdess the prigneseis complaen beaguss e chent agepunt

| ntegrat ed Cig g via B 10661 igh the rlne SRR BRI be bREnd Y GRhAOR, N

routing of integrated circuits I's pro by conputer system in
response to pEppaabloiesignoules aedradincfiamer globalwowingag ussictodrivto resmdvathenor e

i nstructions tained in 1 N noyr 706,  Su I NSt 1.0 read
nto mai n nefargeh A B RBpHE Ete i e PUE o 0] Yasriie 126 &
storage devi Gégutd 10A vidllanud thanthe idefehfined distare vas ot achiewed] arissere 008221 ned
in main nmenory, 2706 cau rocessor 2704 top performthe proces t eps
descr | bed: herblle cEpats Thahebe feudle srQiech2oRtbe: fecueL Brg as ttgEnent
may al so be gt ANREd IPstexX £626 B defemBROUE BB &ACcIOhvoilaideWitecifle contai ned in
mai n menory 2706. |In alternative enbodi nents, hardwired circuitry nmay be
used in place of ofc¢ardingnepnaembedimienhobibe inigntion, 1B raysing of 8 new Witpisenent
the inventio : ' : k i,QQ -Aar L4 e . gny
specific congjlehfgw%dnmgppg%{rt%&ge@%r?%%% rf&ﬁgﬁ%bg{gf t \‘f\\grdg.ﬁhﬁfé%ﬁelf %rélﬁm%

" conput er - r e gathingleedity atomectisr tetveer two jaih pomits a3 sawire opdisingle kryer

participates i.n providgdi insiructions . to.processor 2704 fof. execution.
Bich & hed: anvidP BB ety biaetermiitads RERE ASRte BopR plfing aEthe
non-vol ati | e width ¢fa Wizt & tolbe chieilied, thafd brirhgoinywiris Meited winowdleat i | e
medi a i ncl udes, for exanple, optical or nmagnetic disks, SII!lCh as staqrage
devi ce 2710. PBRSPRS oAl lAthe HAcHRIBS vasEfadeke aaHETGt vidinthay thequigoragor y
2706. Transmggdon nedia includes coaxial cables, copper wire and fiber
optics, including the wires that conprise bus 2702. Transm ssion nedia can
al so take the formof acoustic or |ight waves, such as those generated
during radio wave and infrared data conmuni cati ons. Common forns of

conput er -r eadabl e nedi a include, for exanple, a floppy disk, a flexible

di sk, hard di sk, nmagnetic tape, or any ofher nmagnetic nedium a CDROM any
ot her optical nedium punch cards, paper tape, any other physical nedium
with patterns of holes, a RAM a PROM and EPROM a FLASH EPROM any ot her
menory chip or cartridge, a carrier wave as described hereinafter, or any
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2"~ MAR 2003 conputer. The renote conputer can |load the instructions into
its dynamc nmenory and send the instructions over a tel ephone line using a
nmodem A nodem | ocal to conputer system 2700 can receive the data on the
tel ephone line and use an infrared transmtter to convert thepgppa @g
infrared signal. An infrared detector coupled to bus 2702 can recei t he
data carned in the infrared signal and place the data on bus 2702. Bus 2702

carnes the data to main nmenory 2706, from which &éocessor 2704 retrieves
and executes the EVﬁetrctg@tmm?snodméanhr{s@rtbepn@ﬁ@ curing glabal reatingheasdr y

2706 may op r after
execution bgbl%p?cﬂe%}égga%aﬁ%{%%gé ystem %’768&’2 %eﬂg@ﬁ% Eg tQFJt&E&I&
comuni cat i amsed ot gideadatai RATBu G Iuideshet ay tiyo poRE0As t}ﬁt)rﬂpmmemahe actualnt er f ace
2718 provides a two-way. data ni cation co to a rk l'i nk 2720
Chat | condBudor BeMrb P afigt TRieE Sy Proga st <R GEi e aron
interface 27&;&6&}1&& Hihe Rtextpt R ob@End RES tdlie@th e oliRiriekstrelchBR) card or
a nodemto provide a data conmuni cation connection to a correspondr ng type

of t el ephondehyasd.is rerzgtothereil Rufp | WIovE nARMIQHNE Siom hetbrondeeednqes the may be

a local areg t ection
fo o compar EIE: PRRE e SRhioh, sOmBRles Hhoinbdt ® RATHIIESS, WDuSRIRCC. |

i npl enent at |omnpotxgrmmmatmmed émt. erface 2718 sends and receives electrical,
el ectromagnetic or optical signals that carry digital data streans
representing vari.o . I typically
provi des data comﬁ?ﬁﬁ?@ﬁ%%?ggé{t@%%ﬁ&“ B:ﬁtn% etté\mkk%&%%%ot her data

devi ces. For exampd Eevioaslydescribed khei2hiy Qoutimg rpf@mdé@omtsmr]ﬂmldmtotguimm

| ocal netvvor a hast conputer r, to data equi gqnent o rat ed by

24
an Internet ’F%’r“B% °gP8‘WVd’é“F 19 JapPORS, g everpelsss, g1Te g R %Kﬁdd% dat a

communi cat i %nﬁ&tédd‘rﬁﬁtd t!h&%tﬂl’ngh@f&r%e'ﬂélﬂté ®at @ﬂpﬂf@éorﬂéétéd fPGmpNI cati on
network now conmonly referred to as the "lInternet"” 2728. Local network 2722

and | nt er netlogatipgs, @étdhtetr@@eé dugng detailed wpdpgs BrﬁgHerﬁradﬂ@ﬁk Gpgrrathatsi gnal s
that carry I wor ks
and the si gqh sutagér? c‘ri}glﬁ%g E6lﬁﬁeﬁ°l§g(ggts ng r?r%téllﬁjlg{itg) nr&égﬁ éo(%lﬁ? n?g{rsf ace
2718, whi ch afarsetoft dpplicable desigroo e acoondhrg tbraormdmdputrelof thesineent@n00, are
exenplary fornms of_carr es. tran r on nput e
system 2700 can W%%Q%&E@Ya)%‘ Pt W H@ggeshjlgﬂf:'f‘ﬁ%cﬁsg éﬁ%&?gﬁycode
t hrough t he reftenee lspbralnEI0201 k04,1186 aﬂ&mamdrmmmlp,atwrwma@?ue 2 0 MAR
In the Int rnet exa a server 273 t transmt

2003 interfacge 27

a request ed % aglﬁr“%e"é‘iﬁiptﬁa@& ?BHOP B é)h"f ﬁ?‘H&ﬁﬁJqlﬁPéﬁnﬁgloozgggwe‘f%P
2726, | ocal dé@f‘gYi%l'és fdna cm&i&ﬁtah@/&r hﬂél% bPGi%echibnd frgm Wlﬁlcﬁlﬁ%féjance
with the invention, one such downl oaded application provides for the
routing of imexbs eanagcied ixarayofponthstsdpinneinidio8i For Wﬁénplé,c\em?ﬁehl 1@(?@@ may
be executed st orage
devi ce 2710, lq%i%%%‘?ﬁgégﬁ%ﬁ%ég aﬁrﬁ)(e %@?%g%ﬂ*%&g S er ‘%&‘ééﬁ }ét(?;r?‘g b“ﬂ’n this
manner, corrpielsgn m&spmn@i@ﬁxramyntsbi—hxwevmpM1recbltlr4manm1dae connddeal toor m of a

Gar ner wave. vel approach described. herein ting an integrated
cirou t " pr ovioatiet LEYEoR RSP ot Snte afts el el e ae e
advant age i Spehédn Wies 1 914 dnd S eentadBvidsoineT IOV ¥6AdioMe@ By @Rb®CL1- ISPGCI fic
basis. This provides_i ncre sed f exibility during verificatlon qunﬁ

y is

integrated cVhichmoulbuplpte F‘P%?WW“F%@%@%H’ wiresd 48 _
that it all %O%ﬂtbe%ﬁ&éciédcto%%y%@c61':l5&§ dif geﬁn@rrﬁé saﬁ exanple, in
phase-shift masking applications t0 reduce : Anot enefrt of
t he i ncr easedolatiend. bihat tS,fcmletch@g wiried 148 of gfrrerltm@éo ARy aﬁgormtsjomrpcant
obj ect may c V& ent e plied to
ot her obj ectg%:aﬂgéﬁq % m’fﬁja{séq?'gﬁggr w81xlgrc{3.ﬁse aé(’)s?é}'aére ﬁ%ﬁl gupporti ng

"1 andi ng zorteqmwhaﬁ wd?auo:rbe@aﬁserotfmltcea@tamm heta;raaxbmreqmm&l ng20,00m f or
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nodi fyi ng obpfoactapectivkly. enough to allow a wire to approach, nore roomis
left to add wires on the other side. Thus the routing for the i nt egrated
circuit generated in accordance with the present invention can be nmade nore
dense than is possible with a coarse-grid or orthogonal router. The

conmbi nati on of an obstacl e-noving detailed router and an obstacl eavoi di ng
gl obal router pronotes algorithmc sinpl-Btity, execution speed, and nuter
capability. The gl obal router need not set up strategies for individual
routing paths until an obstacle is found, neaning that a |arge fraction of
wires may be routed w thout intervention. Once an obstacle is found, the

gI obal rout er can use |ts hi ghl evel knova edge of ITB.] or obstacl es, e.g.,

o o o, o e I




In the foregoing specification, the invention has been described with
reference to specific enbodi nents thereof. However, various nodifications
and changes nay be nmade thereto wi thout departing fromthe broader spirit
and scope of the invention. The specification and draw ngs a@d MAR 2003
accordingly, to be regarded in an illustrative sense rather than a
restrictive sense. -55 2 0 MAR 2003 CLAIMS What is clained is: 1. A

nmet hod for autonati cal ltﬁ routing an integrated circuit, the nethod

2

conprising the corféeRthrngXEpian SeERPOSE 8 parednot duarajedids forheepnaeded t9 % cui t
| ayout data .tmaﬂg%%aqaz@oﬁggn@& 1108, Hived %iﬂe%&tﬂﬁﬁ&i@&e@é{&%%vsﬁ%kCes to
be included int It egrate t

circuit: recelving I ntegrated circui
connecti on daiml minamusyspacig esquirements indicated by atrowe 413G, artes etdadris2tio be

de bet i, it ted circuit devices: deternjni b 1 th
"t ograt ed.oi SR gttt s O SRR AR O Pl B at o,
a set of one psinf@iehds bl thGtesinaes dhdfoutihpairgdtRile Ballegad set of one or nore

preferable internediate royting |ocations far,a routi ng path between, first
58

and second i nt egr aPBENE Apiailed rouinedhs tegated sEcwblayoit mybeshaggedand join

I nt egrated ci | | . 1 Rt ' L elrcuit
| ayout dat a, ?ﬁgism@’%%? Zec:id %ﬁér“?m Qé%g%gg?%ggssggggogﬁg f{d%sg%?ﬁ@ogine or
more routing poidi toanendingjhin poduts onotheraitise dsateaessaryttd satisfy applzablesiesignd

e O G USSR oG RN ShedRE '

gener at e updajlisivédiheladigadipping the corner of a contact enclosure, clipping the comer of a
transistor island and moving a join point. Clipping the corner of a contact enclosure
has been previously described herein. Generally, corner clipping is performed
whenever possible and the wire extended again. If no further progress is made, then
the change is undone and the wire is bent as described in more detail hereinafter.

FIG. 12 is a block diagram 1200 that illustrates an approach for clipping the
comner of a transistor island according to an embodiment of the invention. For
purposes of this example, a polysilicon wire 1202 is being extended along a route
1203 between an obstacle on polysilicon 1204 and a transistor island comprised of a
diffusion region 1206, a polysilicon gate 1208 and a source/drain contact 1209.

Since the minimum required spacing between diffusion and polysilicon would not be
satisfied in the region indicated by reference numeral 1210, a portion 1212 of
diffusion region 1206 is removed, forming a new diffusion region boundary 1214
that satisfies the diffusion source/drain extension rule, as indicated by reference
numeral 1216.

Clipping the comer of a contact enclosure or a transistor island can occur
only if permitted by the applicable design rules. Moving a join point, within the
constraints specified by the applicable design rules, can be performed during detailed
routing only if the join point is movable, i.e., is not a transistor gate or a port, and has
no wires attached to it. Wires are not ripped up during detailed routing. Rather, as
previously described, an attempt is made to generate a complete wire from the
starting join point to the ending join point and if the wire cannot be completed, e.g.,
because of an obstacle that cannot be circumvented, then obstacle resolution is

pursued during global routing. According to one embodiment of the invention, when
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circuit layout data that reflects the routing path between the first and
second integrated circuit devices. 2. The nethod as recited in daim1,
wherein determning the routing path includes determ ning, based upon the
integrated circuit |layout data, the integrated circuit congqpmhﬁqmﬂata,
bias direction criteria and straying limt criteria, the routing path
between the first and second integrated circuit devices, wherein the bias
direction criteria specifies a preferred routing direction for a routing
pat h bet weea witercanneirhd sseesssfully ravdert fiomd startivg)join gewi tean éndomg jolrepsiet  of

t i nt Lrcuit devi nd the straving: limt .Cki i
defines o r Qi gPipIetraRte, Hmedeioh S50 S RerhiSestibietil fuithls bt o0
second i nt efifeat®&@nGiiyctlit toutiagicoals noe¥e B cdsftBtompiée. Far OxdmpAE tRO03 3. The

nethod as recited in Claim1, wherein determnni naﬁéhe routi n% pat h bet ween
the first apdoLwdsmpehtindigptgrdtesienulgicheckayolatien st wanldogeyeiths Witiy one or

nor e obst aclges &hal eH'aHﬁ'ﬁ:ﬁﬂéﬁ routing path, determ ning) based upon the
integrated circurt layout data, the integrated circuit connection data and

the one or nore dbspeaiel wps objedn peintmpke, audiapproprate ool torigdayomtisyathosis, and
det er i ni g, based (AN LGRLE AL OGS LG olauaUl: ARy d fid nt ear at ed

circuit conirecti’on d e Se one of nore routing Indi ors and the
one or nor ecslddated diydhe paebptigizen dFIGE. d84,antiNé B antblowk diaglanisehateen t he

first and sgfond iﬁg}eﬁrahed.%l rcuit devices. A} The met hod as recited in
Caim1, whBETAfedIUSHRg HPRRIStOTROUTAS(ATsIR GO P ldempBLTe aoremmadate tBiy second
i ntegrated gdutingidf adRW WS adddedibel BSar SEBYdit¥At T I RveRtidID IR FIBS13&] £5 t hat
bl ock the routing path, changing specified strgélgqr;‘? lim¢t criteria that

B

defines a r&ansistar slagidA0Q mcliies a diffusiongggiond 3 pelysidigor gatefl3Pdt and
second i nt egpal el Wikce/drain contact join points 1306 and 1308 that each include a

top metal layer. A metal wire 1310 is to be routed between source/drain contact join

points 1306 and 1308 along a path 1311. However, this cannot be accomplished

without violating minimum metal-to-metal spacing requirements. Specifically, wire

1310 will violate the minimum spacing requirement indicated by reference numeral

1312 and will actually make contact with source/drain contact join point 1308 at

location 1314.

According to an embodiment of the invention, the routing of wire 1310
between source/drain contact join points 1306 and 1308 is achieved as illustrated in
FIG. 13B by moving source/drain contact join points 1306 and 1308 apart, as
indicated by arrows 1316 and 1318, respectively, so that the metal-to-metal
minimum spacing requirements are satisfied, as indicated by arrows 1320 and 1322.
Note that the comers of source/drain contact join points 1306 and 1308 closest to
wire 1310 could also be clipped to provide additional space to route wire 1310.

Moving a contact join point in the manner just described can increase the
source/drain resistance of the transistor. Therefore, according to one embodiment of
the invention, if further progress is not possible after moving a join point, the join
point is moved back to its original location and the wire is bent instead. If progress
is made, the change is stored in the change list for the wire being extended, as
described in more detail hereinafter.

As previously described, transistors can be spread apart within a single

transistor island or entire transistor islands spread apart during global routing. These
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devices may be placed to generate changed specified straying limt criteria
t hat' defines a nodified routing region, and determ ning, based upon the
integrated circuit layout data, the integrated circuit connection data, the
set of one or nore routing indicators and the changed specif2 ggy ii ng
limt criteria, the routing path between the first and second in eg@ ted
circuit devices. 5. The nethod as recited in Caim1, wherein determning
the routing path between the first and second integrated circuit devices

i ncl udes i demntd dogilyghamges and are peefedblyqerfosmeddoring glokaltrhetinpbdansy hay h,
determning a set .of ong or.nore l.ayer changes to allow the routing path to
avoi d the onéequlbrlﬁég%ﬁéltsgﬁgé{ln%ﬁﬁnﬁgeﬁeqpm ni ng, based upon the integrated
circuit layout data, the integrated circuit connection data, the set of one
or nore routing indiChhge Bisand the set of one or nore | ayer changes, the
routing path between the first and second integrated circuit devices. -57

2 0 MAR 2003 6. THh&2pg] Egyargdispdio reerrdichanges made to filegraied CHEWE BRPREWY ¢ he

routing path Jefweghd fe Mressau&rgidéﬁ%aneuﬁxtr% e&é&f‘r&ﬁﬁ% bEUEDbOEIREST

i ncludes identifying one or nore obstacles at bl ock the routing path,
det er m ni ng dhsiavemsionoivo ehangehists prergpnerateddor parkl nestewire.n Onlgef theehange pat h
to lists records changes made (in order) to the integrated circuit layout geometry as a
new wire is extended from the starting join point to the ending join point. The other
change list records changes made (in order) to the integrated circuit layout geometry
as the new wire is extended from the ending join point to the starting join point.
Recall that a wire may be routed from the starting join point towards the ending join
point, from the ending join point towards the starting join point, or both. In the event
that the two wires meet, successfully completing the routing, then the polygons and
change lists are combined. According to one embodiment of the invention, one of
the change lists is appended onto the other in reverse order so that all changes are in
sequence when read from the specified end towards the other.

According to one embodiment of the invention, each change is characterized
by a change type, an object pointer, any parameters required for the change operation
(such as a comer location), and the status of the object prior to the change (e.g. the

previous amount of clipping, since enclosures can be clipped a bit at a time).

ili. Bending Wires

If a wire cannot be successfully routed even after clipping comers of a
transistor island or a join point or by moving a join point out of the way, then the
new wire is bent. Because the wire is being extended at a known end, the nature of
the design rule violation can be used to determine the preferred bend directions for
obstacle avoidance. The canonical direction is determined by the design rule check
performed in step 1060 of FIG. 10B. For example, according to one embodiment of
the invention using a wire comprising directed wire segments, the preferred bend
direction is determined as described hereinafter with reference to FIGS. 14A-14H.
Note that the bend directions here are determined for steps 1022 and 1026 of FIG,
10A.
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avoi d the one nore obstacles, and determ ning, based upon the integrated
circuit layout data, the integrated circuit connection data, the set of one
or nore routing indicators and the set of one or nore bends, the routing
path between the first and second integrated circuit devices. 20 MAR 2808t hod
as recited in Caim1l, wherein determning the routing path between the
first and second integrated circuit devices includes identifying one or
nore obstacles that block the routing path, determning one or nore

portions of the régtllwdragdiin FG WA Biscanopicaiireeden froadthe snd oflaratinigni ng,
based upon t [ [ ot . : | t ' It
connection d ?t z}il,lqpﬁgg %ﬁa‘?&é@%ﬁtﬁ‘z&? ﬁéﬁghﬁgﬁ%ﬁn&ﬁ‘%ﬁ%ﬁ %?’g{“’g lgﬁéﬁ%ﬁ JI{:{gﬂlgne or
nmor e porti onsnhfaliohabledend dyeqmnifotr mubiag pathpkidOupupand tethe bt feds illukeatedut i ng

pat h between.t first an econd integrated circyit devicesg. 8., .The nethod
as recited i ﬂpé%hil ?‘gmﬂg})%?" v W&%%Fﬁgxf‘ﬁQh\ﬂba‘tr?ﬁbo“p‘ﬁ?‘ﬁaﬁ%st%%ﬁ he
first and se¢@adyhié ReHIATrEshi the Hiuting Pt R0 th bk BaEkddNg] Mfiem Seiavehai ng

one or nore portions of one or nore other routing paths to be ripped up and
rerouted, andusgéedrni ni ng, based upon the integrated circuit |ayout data,

the integrated ci @;%Hilﬁstx%%ﬂﬁ%é?ﬂ@ﬁ?g}e étaﬁ&ﬁéﬁtdiﬁf:ti&{‘grtoﬁ{ tthg%gg ofr“lf%}égigggup

I ndi cators, the one or nore portions erouting p
and r er out ed pathd 400 ¢o obetacds 1402rie up end lefh sis afdicates] bynarrow 1406 cthen theronlyut i ng

Pecond i nt eqPlPRabie P ifeclgh frlliind 3in 1960 ik B33 REHETR: hilSwaad B *'
recited in CrRGMAD, ehed firty-fikes dugidgtend. t he routing path between the first

and second integrated circuit_devic further .includes identifying one or
mor e obst acl es tg h&s iﬁp%@kedtulﬁgI&OME,ﬁgthﬁé:@ﬁgrﬁcal direction from the end gf ro%.ting

path 1400 to obstacle 1402 is up, then the bias direction is examined to determine the
preferred bend direction. If the bias direction is towards the left, then, as illustrated
in FIG. 14E, routing path 1400 is bent to the left, e.g., with a ninety degree bend to
the left. If the bias direction is towards the right, then, as illustrated in FIG. 14F,
routing path 1400 is bent to the right, e.g., with a ninety degree bend to the right.

If routing path 1400 cannot be extended in the preferred direction due to
further obstacles or because routing path 1400 has reached the edge of a valid region,
i.e., by exceeding the straying limit, then the reverse direction is attempted before
failing. For example, a right ninety degree bend 1408 (FIG. 14E) if the bias direction
is left and a left ninety degree bend 1410 (FIG. 14F) if the bias direction is right.

As illustrated in FIG. 14G, if the canonical direction from the end of routing
path 1400 to an obstacle 1412 is left, then the detailed routing of routing path 1400 is
backed up and a bend to the up and right is inserted, as illustrated by reference
numeral 1414, If a bend to the up and right does not successfully circumvent
obstacle 1412, then a right bend is inserted in routing path 1400 as illustrated by
reference numeral 1416.

As illustrated in FIG. 14H, if the canonical direction from the end of routing
path 1400 to obstacle 1412 is right, then the detailed routing of routing path 1400 is
backed up and a bend to the up and left is inserted, as illustrated by reference
numeral 1418. If a bend to the up and left does not successfully circumvent obstacle
1412, then a left bend is inserted in routing path 1400 as illustrated by reference

numeral 1420,
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determ ning one or nore portions of one or nore other routing paths to be
ri pped up and rerouted, and determ ning, based upon the integrated circuit
| ayout data, the integrated circuit connection data, the set of one or nore
routing indicators and the one or nore portions of the one @ mpezﬁgher
routing paths to be ripped up and rerouted, the routing path between the
first and second integrated circuit devices. 10. The nethod as recited in
Claim1l, wherein determining the routing path between the first and second
i ntegrated circuit. deipiRedet Desegnule Gheekingf yi ng one or nore obstacl es that

bl ock the routin IrCUIt
| ayout dat a, thegﬁ%?{)a@%néatg%nm rcu%g}go%gﬁ%ég??%m : Jr}@ ﬁélﬁg&?&‘%g %ne or
nmor e rout i ngwithddemifeing infodmbthem, socht asrtgty'pat:dsdetmﬂmat indéces,isoghatatesigaecond
integrated circuit S erein.the n I S rotedfromthe
second | nt eqrasoraypE Ehrken elipaivel i dobilen MR ot Suerer b i SR co.
11. The net hgslte%wg%ﬁlhta@ﬂtm t@naismrlslmmﬂgéoﬁiéﬂyqﬁiaert@a Drighidedieis kAhNg path

between the Tirst "and second integrated Circuit devices includes
i denti fying &8 e laysr & i9pB) and indicendanobing svhichnisland aentrigs Pattransigiar €eiei ni ng

one or nore 'ﬁ&ﬁ}e 18«%%%10&1%&{%]’&8}&1%& (%féwﬁhxhﬂf?é EEBLHOT dﬁn??é{o%?%gg/'d} ignal space

for routlngflerou ermni |nerated

ci rcuit | ayoubdntdets,ayelt ms anldtchﬁ'uabmdoh/gomlso hzmenmsttymn thantmg ]dlh@omet of one
or nore routing indicators. an or ocations to.e cor ner
ol i bt gt hEoBghR he R e oBRbeib i AgioRs E s SBnbRE A RSB o1 cui ¢
devi ces. 12. whihén thetdisth x%ire&ﬁﬁintgaﬁe hédeC Routing paith sl gions Hevetype Riutigt he

routing path b%tween t |rsé and second |({1te grated circuit devices
an index for the node number and an index for the edge number within the

i ncl udes
graph. Other geometry, such as wells, implants, supply polygons, and perimeter
(bounding) polygons would also have identifying types and tags. Thus when a
design rule check is unsuccessful, the two affected polygons are used to determine
the nature of the violation as well as implement high-level avoidance strategies. For
example, if a polysilicon wire approaches the diffusion polygon of a transistor island,
detailed routing would stop and the violation would be returned to the global router,
which then either increases the straying limit for the routing stretch, generates hint
polygons to guide routing around the transistor island, changes the routing layer to
one which may cross over a transistor island, or backs off and tries another direction.

According to one embodiment of the invention, two types of design rule
checks are performed: a join point design rule check and a routing path design rule
check. The join point design rule check evaluates the geometry of a join point with
respect to the surrounding layout geometry. The routing path design rule check
evaluates the geometry of a routing path (or a section thereof) with respect to the
surrounding layout geometry, as described in more detail hereinafter. Because
geometry is always added to a region that meets design rules, any identified design
rule errors are a direct result of the new layout geometry, even if the design rule
errors are between unrelated layout geometry elements. For example, this occurs
when the addition of a join point or routing path causes a dogbone spacing rule to be
violated. FIG. 15 is a block diagram 1500 illustrating the violation of a dogbone
spacing rule attributable to an extension of a routing path. Diagram 1500 includes a

newly extended (metal) routing path 1502 adjacent to contact enclosures 1504 and
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identifying one or nore obstacles that block the routing path, -59 20
MAR 2003 determ ning one or nore integrated circuit |ayout objects to be
noved to provide additional space for routing the routing path, and

det erm ni ng, based upon the integrated circuit |ayout data, th2{ MARYogyt ed
circuit connection data, the set of one or mare routing indicators ang
novi ng the one or nore integrated circuit |ayout objects, the routing path
bet ween the fi rstTi:?Land second integrated.circuit devices. 13. The nethod as

recited in a8 I PYRESES O SYRIRRALIPNT Rp1qah SPACHIE TeRYIT FReNH MY IREWFE # he fi r st

and second ifingahAlFdod dnitd bf sépavdtabetién 8t cBaRPBrRA 588kad 1 5, as _
i ndi cat es whet her changes can be made to one or nore | ayout objects defined

by the i nt edgnrdicetgd by pgawt 1508y dur exgaption to thisceqritrrantisthe se ealledng of the
routi ng path; b . i ndi e . .10 the one
o or e | ayoeBihel ot Wity B KA Rctth o B el AR BGD 1 10

accommodat e retperanodnt pmndjalddwd domtaco ehdlogrgsat 304 anddis06adk be gloseraogatherpsce
changes to the one, or more | ayout | ec fined by the integrated.circuit
ayout dat a, 1060 GURE PR SO BT 4304 B S0qEPde APb i tPeeioet Ao ot
data, the i ngRATesREgd ardﬁd&ﬁt t6 @N6BEF 1a9Buttidrdent! Mhus eh t1f prosat &faniplE,af
routing indicators and the one or nore changes nade to the one or nore

| ayout obj ecoyting path 1 604 Wetp Hd PresBel andcqntagieerclosyresdi3§4 gad 4 p0p evaluaiedat ed

circuit devigegeir own, they would violate the standard spacing requirement, but would satisfy
the dogbone exception. However, the amount of the lower edge of contact enclosure
1504 that is adjacent to routing path 1502, represented by reference numeral 1510,
exceeds the specified amount. As a result, the presence of routing path 1502 causes a
spacing violation between enclosure contacts 1504 and 1506 that did not exist prior
to the extension of routing path 1502 adjacent to contact enclosure 1504. It should
be noted that a looser definition of edge length that considers only two objects at a
time does not result in this type of spacing error. However, it is sometimes
preferable to perform a worst case evaluation.

An example of a join point design rule check implemented in pseudo code

according to an embodiment of the invention includes the following steps:

for each layer in the join point do
for each attached wire on the layer do
if the “approach” flag for the wire end is not set then
add the routing path polygon for the wiring end to an exclusion list
endif
if the “short path” flag for the graph edge of the wire is set then
add all polygons for the join point at the other end of the edge to an
exclusion list
endif
end # each attached wire
for each polygon near the join point polygon do # on all layers
compute the spacing between the two polygons according to the types of
polygon, the layer numbers, and the design rules
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14. The method as recited in Caim13, further conprising generating data
t hat specifies the one or nore changes nade to the one or nore | ayout
objects. 15. The nethod as recited in Claim1, wherein deternhz}ivng t he
routing path between the first and second integrated circuit MAR 2003

i ncludes determ ning a set of one or nore routing targets to which the
routing path is to be routed, and determ ning, based upon the integrated
circuit layout data, the integrated circuit connection data, the set of one
or nore routing i ndfeapaning dess apply thee 0 MAR 2003 the set of one or nore

routing targets, the, t] i . . i ted
circuit devices. 16. 'ﬁ'ﬁ% pﬁ@%ﬁﬁ%&%&gféﬁ?fgggéﬂﬁr @eg?#ﬁ@&%ﬁc?egﬁ%e@%g&nﬁa ni ng
the routing patoh between the first and second integrated circuit devices

i ncl udes perform ng one _or nore design rule checks on one or nore portions
of the routing path astt¥BWMBETPhg path is being determned. 17. The met hod
as recited in dai ml{dif rddh&bsconpri sing performng a design rule check
on the updated integrated circuit |ayout data, wherein the design rule
check does not check ibHe nsarbymodygoayson thipjagetandor evi ousl y checked during

determnaty on of, e il By Hyn U B8 o i o0 Led 1 Caim
integrated circuit devihepslygons niigg bexdecidseiggtthe andu ¥ iiegmygitt vialatspeci f i ed
anount to gendeorg%l(tmeC an extended portion of the routing path, and
errors are being accumulated then
remember the nearby join point
endif
endif # spacing applies
compute the enclosure between the two polygons according to the types of
polygon, the layer numbers, and the design rules
if an enclosure does apply and the polygons do not meet the rule then
return that error
endif
end # each polygon
end # each layer
if errors were accumulated and nearby join points may violate a dogbone rule then
for each possibly violating nearby join point do
run a join point DRC around that join point without accumulating further
errors
if a violation was found then
return that violation # even though it may not refer to the new geometry
endif
end # each possibly violating join point

endif # may have violated

The computations required to check the correctness of spacing or enclosure,
performed by an object passed to a generic spacing or enclosure checking routine,

depend upon the design rules, the layer numbers, the polygon types, the wire width
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perform ng a design rule check on only the extended portion of the routing
path. 19. The nethod as recited in Caim1, wherein all attachnent and bend
angl es defined by the updated integrated circuit |ayout data are multiples
of ninety degrees. 20. The nethod as recited in Caima1l, \/vhgroe'ggR%Iﬁi or
nore attachnent or bend angles defined by the updated integrat cui t

| ayout data are nmultiples of other than ninety degrees. 21. A nethod for

automatically verifying an integrated circuit |layout, the nethod conprising

t he conput erofieagh pehygendheedesdength pbeashwoligonrandgrhetley the padygan neaythet dat a
t hat defi 0f ' ' P
ha Ger 0 Bl PRl PR ARESTIR RIS B 0

rul e check awnuting pathuthewtijesphcifig estuirb@estahayobe Iavger dianmor@al wnlesgtthobjgect s by

eval uating the | ayout aobject ,against specified desi criterjia; ch i ng
one. or ot 193601 8% SHisFHAER obyEHE POlNERRT ek 4eas B CBPharE eEe |Gl aRat o
updat ed specddsigadufées OiRer@ustb tufs evahiRfiehdart PEsstN@RAOWEN, sath bfigoghd@eOr nore
values is performed after a specified amunt of tine has el apsed and is
made with rexigedengtipreguirp@ents hetwesy yixes obpeanal 3ridthee 2p extp sRACHIERSIWERY out
objects fro : : r ' 1.and performng a second
desi gn rul e%ﬂgﬁﬁ&gﬁn&&% a?%&g{i@%gjﬁgéf‘ycﬁﬂy&eé@g nﬁcg Faﬁtgs t he | ayout object
agai nst the updat Adcsdingité beclenibsdigrentof theinvanti@R theA'westhiddsigorule
23;83? ;Ir _C?H) ig{@@ﬁ% Ié%]l%gl?tg%eléj? %sre _ étgﬁrﬁge 1'3}5 scp%lc:}ﬁedtcg erlrg%hc Ogs t‘fl%rcrl?srtzlmsclet e the

new data must be moved in order to fix the violation. Thus each violation found

would be compared with the current worst, and the worst violation would be returned
at the end of the procedure.

The exclusion list applies to intralayer spacing checks for routing layers
within the join point and interlayer enclosure checks for contact layers within the join
point. If the two polygons are on the same routing layer and the nearby polygon is in
the exclusion list, no spacing applies. If the join point polygon is on a contact layer
and the nearby polygon is in the exclusion list, e.g., part of the same join point, then
no enclosure applies. This allows the join point to reduce temporarily the enclosure
around the contact when defining a wire attachment, knowing that the enclosure rule
requirements will be met as soon as the routing path is drawn. For example, FIG. 16
is a block diagram 1600 that illustrates the approach of reducing temporarily the
enclosure around the contact when defining a wire attachment. Diagram 1600
includes a contact enclosure join point 1602 with a reduced enclosure, indicated by
reference numeral 1604, and a routing target 1606. The enclosure rule requirements

. are satisfied when a routing path 1608 is attached to contact enclosure join point
1602,

According to one embodiment of the invention, after a design rule check is
performed, those join points that might possibly violate design rules are identified
and remembered. For example, this occurs when a dogbone spacing violation might
have occurred at a particular join point. If the nearby join point definitely violates a
dogbone spacing rule to the join point being checked, that error is identified
immediately. Otherwise, a join point design rule check is performed later for that

join point to see if the total edge length in violation exceeds the design rule limit. To
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receiving integrated circuit |layout data that defines a set of two or nore
integrated circuit devices to be included in the integrated circuit;
receiving integrated circuit connection data that specifies one or nore
el ectrical connections to be nmade between the integrated ci rczlbt’f{qﬂﬁoges;
determ ni ng, based upon the integrated circuit |ayout data and the
integrated circuit connection data, a set of two or nore join points that
are to be electrically connected; determ ning, based upon the integrated
circuit | ayouboidaifnitenecursionskis joih doit desighwule chedkndgeeindt Rlenfienearbynor e
routing paths to connect. the sef of t\.ﬁ) or re_j Qi n,poi ntts, %erei n the
one or rore IYDPPHES hakAEhtalse ¥iojate thedesignquises Rathep Af s perigrmedenlyndat i ng
the integrat gdefiss E'éih%le"@ﬂx%ﬁnt(iﬁi@ dbés AARBhARE ANCbRiHAat dis BFSRLcREEsChEC Ui T
| ayout data that refl cth the one or nore routing paths. 23. A nethod for

aut omat i cal | ynhothoseathataeference gredompasntrunder test. he net hod conpri sing the
conputer-inplenented steps of: receiving integrated circuit |ayout data

that defines a set, of r ' ' evices to be included
in the integrated e'c%rpghwpﬁ-ggg&w?kg{oﬁ/%rﬁg%%%ggéeglks/rllﬁg integrated circuit
connecti on dat a t Hais nsqessdary teeensaregthetrroning pathe do nottaimaodate] Dasviblatde

made between the in eg{at ed circuit d%
spacing rules; to portions of join pomn

J L&%rs éhan routing targets. Therefore,
according to one embodiment of the invention, each end of a routing path has an
associated approaching indicator (flag). When the approaching indicator is asserted
(set) for a particular end, then the routing path has not yet reached the join point and
spacings between the routing path and the join point may be checked, especially
locations other than the routing target. This ensures that the routing path does not
violate a spacing rule for a part of the join point other than the routing target. Note
that the design rule checks associated with join points ensure that routing targets for
attached wires do not create design rule violations, except when the routing path is
long enough to bend.

Once it is known that a routing path will not cause any design rule violations
with the join point, the approaching indicator for the routing path is deasserted. Then
the routing path is extended to abut the routing target on the join point, and
subsequent routing path DRCs exclude the join point routing polygons from
consideration.

FIGS. 17A and 17B illustrate the use of approaching indicators according to
an embodiment of the invention. In FIG. 17A, a routing path 1700 is being extended
towards a contact enclosure join point 1702 and a routing target 1704. At this point,
the approaching indicator for routing path 1700 is asserted and the spacing 1706
between routing path 1700 and routing target 1704 checked against applicable design
rules. In FIG. 17B, the approaching indicator for routing path 1700 is deasserted
(cleared) and consequently, the spacing between routing path 1700 and contact

enclosure join point 1702 is not checked.

f. Short Path Indicators for Design Rule Checking
In some situations, a routing path connects two join points, in particular

contact enclosure join points, that are close enough to each other to prevent a
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determ ni ng, based upon the integrated circuit |ayout data and the
integrated circuit connection data, a routing path between first and second
integrated circuit devices that satisfies specified design criteria,
wherein deternmining the routing path between the first and se20rMAR 2003
integrated circuit devices includes determ ning whether the distance to be
routed fox a portion of the routing path exceeds a specified distance, and
if the distance to be routed for the portion of the routing path does not

exceed the Bjsaeingfubdesigrsiigeheck ohthe reuting pajh diean being peromred: HEmMilgtlyi ng path

in a singlegst&he B0Gm 1d; ' [ | :
generate upg'%tczdc}eipnt eg?&gggtg&egg}%ﬁ?ﬂs{&gg%gt% tdggggﬁlﬁg?écr e@%@%@%@lbguti ng
pat h bet weeto exvhideithestouting pekygomdfor Hesgthartjeth rwiimtc (e wiew batwsen the.twa

bt uct: ondots Bunin e el e ey B6 4T wiFLHER TErrd o oid weliRE o
nor e sequengigativhs ag@eldr nore instructions including instructions which,

when execut ed by_one or nor rocessors, cause the one or _nore 0Ccessors
to performthe st eb%xaﬁ?l’l‘?séﬁgi‘gel& h\t/@@%t@%tcfneloﬁ%reuwn|%atl8%%@f Agef i nes

a set of tWRoAle KRG o BhGSH FRISEL. M RYbin AN A6 AIDROR AR MRl td he

integrated circuit; receive integrated cCircuit .connection data t hat
speci fi es omentaet enelosure jain ppinttl 800amddSOR onespectively. dmthds bmpderthe plose

integrated circui V] : £ d N [ circuit

| ayout dat apéor%(g‘%}t&n89?%4%%%%%%5%0?}& ggint%meﬁﬂﬁgﬁzégﬁg@s é%gré?ﬁ@g one or
mor e rout i ngpdcirghj i for sorthatenclosliregtae idicatéd B reftrenc numerel 1816f arnakinge
internediate rauti | ocat.ions for_a raqutin be n first and second
|t ograreq. it RIAEbAE A P rioSwiedobrrarg 1800 Aot LR raghihe B ¢ curt
devi ces; detigodimysractitaged upon the integrated circuit layout data, the

integrated circuit connection data and the set of one or npre routing

i ndi cators, the Imgther sittgtigpRasowgle josupeiRhinfRgrHeh B RAEGIHIOT CoRRACtAS d
second inte | .G i j , %/\/rﬁerr i t.] -sfkeS

speci fied dggggﬁgggj:a%%#?%uﬁg\éﬁ%é at’e tsﬁ%l@fa?\?%dg{hg{derg&gll’ %Ptt adf?)%clttsedat ato
gener at e updcanmetibé plaeegt dirextlycinrtopif edchyasbir. datleese bitination$,ltbetlesd he routi ng

pat h between the.first an econd. i nt egr.at ci.rcuit .devices, .25. The
conput er - r e REEBRLEY r?é&efﬁpé‘g%rpé%‘fef‘goa Pﬁ%@%ﬁ%ﬂ{i“ﬂg’n W{\%F}éﬁcﬁ 08 B¥ B8 ni ng t he
routing pat heifohadd Refeleing aghinite FIGDES el tHipsituatibe forrexamiptd, esutiigrpati t | ayout
data, the i%e ratgg circuit cgﬁgection, data., bias direction criteria and
straying | i iPP6 epuld Be P 2 firpranetal iy srgrqnaing pat 1398 oncntecond metalayesaidond

i ntegrated %Jt_ﬁié'ﬁatl_f’?&%ccﬁﬁa ﬂﬂ&‘&%@thﬂa%}? TRHAS sillAiBa! éMMack EhdiSfr@joipeci fies a
preferred rouglng direction for a routing ({)ath between first and second

i ntegrated ®oingdpP0 wevldeenngat tha fingkansesecend mgka! tayersng contaggnslasireci r cui t

the rout | nglSapabApYL BRuld dhhedtifd SEbf SR ANET AL T POLTT dovi ces

may be pl aced. 26n viEheofthepartieular prthbdmeasseclatadwath veey shartirautingipaths 24,

wherein det %[eme% ?&n points, according to an embodiment of the invention, these types of
short paths are identified by a short path indicator. When the short path indicator for
a routing path is asserted, then the routing path is a short routing path and the

' conventional routing path and join point design rule checks are not performed.

Instead, the routing path and connected join points must be “correct by construction.”

g. Routing Path Design Rule Checking
An example of a routing path design rule check implemented in pseudo code
according to an embodiment of the invention is provided hereinafter. The design

rule check of a routing path is similar to the design rule check of a join point except
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the routing path between the first and second integrated circuit devices
includes identifying one or nore obstacles that block the routing path,
determ ni ng, based upon the integrated circuit |ayout data, the integrated
circuit connection data and the one or nore obstacles, one or érﬁmz
additional routing indicators, and determ ning, based upon the i %?@?ed
circuit layout data, the integrated circuit connection data, the set of one
or nore routing indicators and the one or nore additional routing

i ndicators, thiehé %ﬁt ggamida o8t yEiapletiier hhd pecRO 158G foih PoRMS, Ak ed
circuit devices. he conputer-readabl e nediumas recited in C aim 24,
wher ei n det eQP(PPSﬁde mw&blﬁémﬁqﬁ@b%ﬁfﬁ“%@@\é&ﬁst he first and second
integrated circuit devices includes identifying one or nore obstacles that
bl ock the rou Mo ing specified straying
limt cri terltét151 a@@%l?’{)]yﬁggif%onr%g%“ ng %g nﬁ)l%ﬁﬂv\,hl ch the routing path

bet ween t he f1frth¢“zq:ptbasb’bﬂmglforrtheaﬁrsabm&hsmorcs¢1|thexdeV| ces nmay be placed to
generate changed, specified. s ria th t .def.ines a nodified
routing region,? RPLYSOPRith hr‘?d mﬂ%’é’étc?nhﬁotﬁs Fﬁ@tf’ﬁf‘gﬁ 'é?l%lllﬁtl rcuit |ayout
data, the int eglroate@al éthéravuting paheahdled t6 dtefirst join sotht df one or nore
routing indicators and the .changed sgecifi d Str&pl ng limt crifteria, the

routing path bet HdBfoharopting patfigon H‘eﬁ?ﬁfeééﬁ Sytentropting prshiands’
the “approach” flag for this end of the other routing path is not set then

add the near portion of the other routing path polygon to an exclusion list
if the other routing path has the “short path” flag set then
add all polygons in the join point at the other end of the other routing path
to
an exclusion list
endif # short path
endif # on same layer
end # all other paths
endif
if the “approach” flag for the second end is not set then
add all polygons in the join point at the second end to an exclusion list
for each other routing path attached to the second join point do
if the other routing path is on the same layer as the current routing path and
the “approach™ flag for this end of the other routing path is not set then
add the near portion of the other routing path polygon to'an exclusion list
if the other routing path has the “short path” flag set then
add all polygons in the join point at the other end of the other routing path
to
an exclusion list
endif # short path
endif
end # all other paths
endif
for each polygon near the Tested Polygon do # on all layers
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28. The conputer-readable mediumas recited in Caim24, wherein

determ ning the routing path between the first and second integrated
circuit devices includes identifying one or nore obstacles that block the
routing path, determning a set of one or nore | ayer changes to allow the
routing path to avoid the one nore obstacles, and determ ni ng?DoMARCPUMpon
the integrated circuit |ayout data, the integrated circuit connection data,
the set of one or nore routing indicators and the set of one or nore |ayer

changes, the routdrigutpaidspacihp®envdeh erd twosiolpdtmhs sespdiflg itd fRAypdsed Ci rcuit
devices. 29. A systemfor automatically routing an integrated circuit,
syst em conpr P8IY88%: a data storage mechani sm having stored therein

integrated circuiye hayQuinbeR! shd Raledsh bilgs a set of two or nore integrated
circuit devices to be included in the integrated circuit, and integrated

circuit connecti fra spating dhest apphethieni es one or nore el ectrical connections

to be made between,i;he iintegrated circuit. devices; .and out t ng _nmechani sm
comuni catively co'& &P 1¥%°“?ﬁ§“88t° osgg CHiE cﬁé‘?ﬁhé#}r?g ?ﬁ‘imtéo‘{ﬁglgﬁ@e
mechani sm beiefigr confi gured to determ ne, based upon the integrated circuit

| ayout data and the integrated circuit connection data, a set of one or
nore routing indi cafdH @ MHLTF ndi cate a set of ane or nore preferable -65

endif # too close
if the nearby polygon is on this layer and
the nearby polygon is part of a join point and
the polygons might be too close together and # i.e. might violate dogbone
errors are being accumulated then
remember the nearby join point
endif
endif # spacing does apply
compute the enclosure between the two polygons according to the types of
polygon,
the layer numbers, and the design rules
if an enclosure does apply and the polygons do not meet the rule then
return that error
endif
end # each polygon
if errors were accumulated and nearby join points may violate a dogbone rule then
for each possibly violating nearby join point do
run a join point DRC around that join point without accumulating further
errors
if a violation was found then
return that violation # even though it may not refer to the new geometry
endif
end # each possibly violating join point

endif # may have violated
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2 0 MAR 2003 internediate routing locations for a routing path between
first and second integrated circuit devices fromthe set of two or nore
integrated circuit devices, determ ne, based upon the integrated circuit

| ayout data, the integrated circuit connection data and the szt @é ope or
nore routing indicators, the routing path between the first a c? RN
integrated circuit devices, wherein the routing path satisfies specified
design criteria, and update the integrated circuit |ayout data to generate
updat ed i nt egr at efhetestpolygonaymptisebadnauplnaf theebhitfg sath pelygonto egrupathiat
between the first and cond integrated circuit _devices. 30. The system as
recited in @J};}Wﬁvﬂgcrt}%g,ﬂgghoqeﬁé&ggmﬁ e THROEY I PREF! “‘sﬁg’umf’ﬁ@ po gured to
det er mi ne t hchifes AMBF Piahbwhyextided R ting DatlPasorsbtlis & Mgt dREE 3kRilng
circuit layout data, the integrated circuit connection data, bias direction
criteria andwiethaing leasheslong ag theidagbansedge langhplipit Ahievaleels the first
and second i . I CLW I L; i J 4 i Lteria
apeci 1 o5 a Sraruakely Blenkt b & £35gRaShaL R Wbttt bk Bt O
and second i of ege axtensigi.r cuit devices fromthe set of two or nore

integrated circuit devices and {he st (ng limt criteria defines a
routing region i n%qr}éwgﬁﬁgn? Srﬂfn?cﬁa'xeaéqaﬁ/{h%&v\%@p,tt]ﬁeeerft}rf: LQutmgPatL - ond
integrated cpslgpdd nﬁy%bﬁ@ﬁ_mﬁmeb&ltmwdeﬁ%u ruldeheek SAlEHBuAE tHiSaldydd i n
Claim 29, wherein the routing nmechanismis further configured to determ ne
the routing PRPPHIBURALE FXReREIVE it the raitimestivisyerhlong: far expreplednpin asbirces by
i dentifying Bt 016 136! ieftle L QNI zm ni ng,
based upon tﬁég@% n'Pte ratse%éh(%:i I lﬁe}eg?/%ﬁ? ggétgé, htt%ﬁgl ?l ?%g?g?;eegeg?ﬁeﬁi t
connect i on deausing pathiand “mewe’cit alomgdhoteuiting peth, beingcapstraeted addi ti onal
routing indicator . rqa pin k rat clr&uit
| ayout data, the ?lﬁ% g%ggg cg%peagﬁggﬁrll e%"?%ﬁ‘g%t#gg&aéﬁg? n?ﬁ@%g@te%g Aésr{éyor nor e
routing indi grtjomspodntdiesighrule chexk MAGa() B éxetustndlisvis wsed doraicittalayemnal
routing indicators, the routin at h. bet n.the first, and second

| ntegrated cSMEtiEchgEts i ateven e keporing f P AIORhATV SR thR " ERASE S e i n
the routing WRGHMPoHNs heabkepdier configured to determine the routing path
between the first_and second integrated circuit devices by identi féi ng one

or nore obst acl esIitthaepmspesding indicptenis neyg apwerted forparmgdied agpeting path, Ber ayi ng
limt criteria, [ [ [ ' j hng..pat h
between t he [ooE Paffic) ARRtParalil i Al Btheb Mol doltify S 4RPaZL ",
gener at e chanp@dachpegihe sgue gin pginhon thersamedayere Aisa residt, ageftionest thosedi f i ed
routing region,. and.determ ni ased upon the integrated circuit |ayout
data, the i nf%ﬁ‘rnﬁtpéﬁ’sé’i’qséﬁ% ?xcg‘&?ﬂgmgﬁ%éﬁ,mﬁﬁbe%t of one or nore
routing indicator FI@nD ishadledkatigeam 900 ihdt ¢itustiatea Yhis githdtiohi Rotutibgpaths t he

routing path tween the first and second jntegrated circuit devices. 33.
The system aég&e@iq o4 chmeget Faronizct GRloreI B mhgg%ﬁfﬂawﬁém‘?tm ért her
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minimum spacing requirement is violated by the proximity of routing paths 1910 and

1912, as indicated by arrow 1918. Furthermore, a design rule minimum spacing
requirement is violated by the proximity of routing paths 1912 and 1914, as indicated
by arrow 1920.

Therefore, according to an embodiment of the invention, a final wire segment
of the routing path is not checked against the final wire segments of the other routing
paths attached to the same join point. This excludes only false errors because wire
segments are convex and the final wire segment must be at least as long as the

spacing rule. For example, in FIG. 20, a routing path 2000 comprising wire
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situations, detailed routing might not be able to complete the routing path or routing
stretch.

Therefore, according to one embodiment of the invention, if the distance to
be routed is less than a specified multiple of the wire width, e.g., four times, a
special-purpose tight routing approach is used to construct the routing stretch (or
routing path) in one step, with no gaps between the routing path and the join points
or hint polygons at its ends. Then a routing path design rule check is performed on
the routing path with the approaching indicators deasserted to identify any design
rule violations. If a design rule violation is detected somewhere along the
constructed routing path, then an attached wire or hint polygon may be moved to
cure the design rule violation. In certain situations, e.g., a one hundred thirty-five
degree bend, the shape of the routing path can be changed to remedy the design rule
error, either by selecting locations for the bends or by converting ninety degree
(orthogonal) bends into separate forty-five degree (non-orthogonal) bends.

FIGS. 22A and 22B illustrate the use of the tight routing approach according
to one embodiment of the invention. Specifically, in FIGS, 22A and 22B, a routing
path is required between contact enclosure join points 2200 and 2202. In FIG. 22A,
contact enclosure join points 2200 and 2202 are connected by a jogged (non-
orthogonal) routing path 2204. In FIG. 22B, contact enclosure join points 2200 and
2202 are connected by a bent (non-orthogonal) routing path 2206.

The tight routing approach is particularly useful when an attachment direction
is constrained, e.g., at a transistor gate end, and the join point or hint polygon is
offset to the side. For example, in FIG. 22C, a bent routing path 2208, generated in
accordance with an embodiment of the invention, connects a transistor gate join point

2210 and a hint polygon (with routing direction) 2212.
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is offset all the way to a corner. In this situation, the routing path may be bent before
the spacing rule is met because no notch would be formed between it and the join
point. Normally the routing path must travel far enough from the join point to meet
the spacing rule before bending. However, if another routing path is attached near
the location of the bend a violation will be created. For example, in FIG. 22D, a
routing path 2214 connects a contact enclosure join point 2216 to a hint polygon that
is offset from contact enclosure join point 2216 in a corner. In FIG. 22E, a routing
path 2220, generated in accordance with the tight routing approach, connects hint
polygons 2222 and 2224.

The tight routing approach is also useful when a U-turn must be made, for
example, to connect two adjacent gate ends. This may be used even though detailed
routing stops when a U-turn is required to prevent excessive searches. FIG. 22F
illustrates the use of the tight routing approach to generate a routing path 2226 that
connects transistor gate join points 2228 and 2230. Note that since other routing
paths attached to the join point on the same layer are excluded from consideration in
the routing path design rule check, the tight routing approach must not request that a
wire be attached to a join point unless there are no nearby attached wires on that

layer.

6. OBSTACLE AND INSUFFICIENT SPACE RESOLUTION

In the event that a wire cannot be routed because of an obstacle or insufficient
space, then steps are taken to resolve the obstacle conflict and/or provide additional
space in the integrated circuit layout to route the wire. According to one
embodiment, any number of several approaches are employed to resolve obstacle
conflicts and/or provide additional space. These include changing or adding hint
polygons, changing the routing strategy, inserting one or more layer changes,
instructing the detailed router to backup and insert a bend, ripping-up and rerouting
one or more wires, or routing the wire from the destination connection point. Each

of these steps is described in more detail hereinafter.

a. Change or Add Hint Polygons
Global routing may change or add hint polygons to direct a routing path
around an obstacle during detailed routing. FIG. 23 is a block diagram 2300 that
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of a straight path between enclosure join points 2302 and 2304. In this example,
detailed routing may not have been able to determine a design rule correct route
between enclosure join points 2302 and 2304. In accordance with an embodiment of
the invention, a hint polygon 2308 is added to guide the detailed routing of a routing
path between enclosure join points 2302 and 2304.

b. Change Routing Strategy

Global routing may change the routing strategy for a particular routing path
by changing the simple routing indicator, by adjusting the straying limits, or by
changing the bias direction. Disabling the simple routing flag can provide additional
space by allowing surrounding layout geometry to be moved or changed, e.g., by
clipping corners.

Adjusting, e.g., increasing, the straying limit for a routing path can allow a
routing path to be routed around an obstacle. Adjusting straying limits may be
required in conjunction with adding one or more hint polygons, depending upon the
location of the new hint polygons. As illustrated in FIG. 23, the original routing
region is indicated by reference numeral 2310. Thus, even though new hint polygon
2308 has been added to guide the detailed routing of a routing path between
enclosure join points 2302 and 2304, the routing cannot be accomplished without
increasing the straying limits. Specifically, for the first stretch of the new routing
path between enclosure join point 2302 and hint polygon 2308, the straying limits are
increased as indicated by reference numeral 2312. For the second stretch of the new
routing path between hint polygon 2308 and enclosure join point 2304, the straying
limits are increased as indicated by reference numeral 2314.

FIG. 24 is a block diagram 2400 that illustrates another example of increasing
straying limits to avoid an obstacle according to an embodiment of the invention.
Suppose a routing path is to be generated between enclosure join points 2402 and
2404. An obstacle 2406 prevents the routing of a straight path between enclosure join
points 2402 and 2404. A routing path 2408 is started from enclosure join point 2402
but is stopped at boundary 2410 defined by the current straying limit, which may be
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routing region 2414 which allows routing path 2408 to be extended around obstacle
2406 and connect to contact enclosure join point 2404,

Global routing may also change the bias direction for a routing path so that
when it is routed, or ripped up and rerouted, it avoids as much as possible an area
desired for use by another routing path. This is simpler than inserting hint polygons.
For example, it may be desirable to route a path towards the left side of an open
region, rather than the middle, to provide space for a contact join point to be inserted

later.

c. Insert One or More Layer Changes '

Global routing may insert one or more layer changes to route a routing path
over or under an obstacle. FIGS. 25A and 25B illustrate an approach for avoiding an
obstacle by inserting one or more layer changes to route a routing path over or under
an obstacle according to an embodiment of the invention. In FIG. 25A, a routing
path is to be routed between contact enclosure join points 2500 and 2502. Although
routing paths 2504 and 2506 can be extended from contact enclosure join points
2500 and 2502, an obstacle 2508 prevents the routing from being completed.

In FIG. 25B, contact enclosure join points 2510 and 2512 are added and
connected to routing paths 2504 and 2506, respectively, to provide a layer change to
a different layer than the layer on which obstacle 2508 resides. Then a routing
stretch 2514 is added to connect contact enclosure join points 2510 and 2512. For
example, if contact enclosure join points 2500 and 2502 and obstacle 2508 are
located on a first metal layer, then contact enclosure join points 2510 and 2512 can
provide a connection to a second metal layer, which can include routing stretch 2514
to pass over obstacle 2508. The approach is also applicable to changing layers to

route a routing stretch under and obstacle.

d. Instruct the Detailed Route to Backup and Insert a Bend

Global routing can also resolve an obstacle conflict by instructing the detailed
routing to backup and insert a bend to route around an obstacle. FIG. 26 is a block
diagram 2600 that illustrates the use of this approach to avoid an obstacle. A routing
path 2602 is being extended towards an ending join point 2604, which in this
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and reroute routing path along a different path, indicated by reference numeral 2608.

e. Rip-Up and Reroute One or More Wires

Global routing may also rip up and reroute one or more routing paths to
resolve an obstacle conflict. Should global routing rip up a routing path for strategic
reasons, the changes are removed from the change lists one by one and the effects of
each change are undone if possible. For example, if a contact enclosure corner was
clipped, the corner is restored if it would not cause new design rule check violations
(later routing might have taken advantage of the clipped corner as well). If a wire is
only partially ripped up, only those changes required for the wire section removed
are undone.

As previously described herein, clipping the corner of a contact enclosure
may slightly reduce circuit production yield (a partially uncovered contact may not

. function properly, and clipping corners increases the odds that this may occur), so it
is performed only when necessary to increase routing density and only in crowded
areas. Similar logic applies to clipping transistor island corners or adjusting
source/drain contacts; the transistor source/drain resistance may increase, slowing
. down the circuit slightly. Thus if a routing path is ripped up to make room for

another wire, all of the join point and transistor island changes for that routing path
are undone if possible. Routing added later may have taken advantage of the
changes, so a design rule check must be run when restoring geometry. If an error is
found, the change is left behind. Later rip-up may in turn remove the newer routing,
so when all routing is complete the transistor island and join point corners are

examined again to see if any corner clips can be restored.

f. Route Wire From Destination Connection Point
The global router may also attempt to draw the routing path from the other end; the
length of the unroutable section can then be used to help determine the strategy to
apply. For example, if the length is very short, e.g., not much more than the width of
a single wire, then it may be advantageous to rip up the one or two wires intervening,

then force those wires to go over the new one. If the wire length is long, e.g., a
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path will probably need to use a different layer. This is because the cost of removing

all of the intervening geometry on the current layer is likely to be high.

7. IMPLEMENTATION MECHANISMS

The approach for routing integrated circuits described herein is applicable to
any type of integrated circuit design system and is independent of the particular
design rules employed by a particular system. Furthermore, the approach may be
implemented as part of an integrated circuit design system or as a stand-alone routing
mechanism that interacts with a integrated circuit design system. The routing
approach described herein may be implemented in hardware circuitry, in computer
software, or a combination of hardware circuitry and computer software.

Figure 27 is a block diagram that illustrates a computer system 2700 upon
which an embodiment of the invention may be implemented. Computer system 2700
includes a bus 2702 or other communication mechanism for communicating
information, and a processor 2704 coupled with bus 2702 for processing information.
Computer system 2700 also includes a main memory 2706, such as a random access
memory (RAM) or other dynamic storage device, coupled to bus 2702 for storing
information and instructions to be executed by processor 2704. Main memory 2706
also may be used for storing temporary variables or other intermediate information
during execution of instructions to be executed by processor 2704. Computer system
2700 further includes a read only memory (ROM) 2708 or other static storage device
coupled to bus 2702 for storing static information and instructions for processor 2704.
A storage device 2710, such as a magnetic disk or optical disk, is provided and coupled
to bus 2702 for storing information and instructions.

Computer system 2700 may be coupled via bus 2702 to a display 2712, such as
a cathode ray tube (CRT), for displaying information to a computer user. An input
device 2714, including alphanumeric and other keys, is coupled to bus 2702 for
communicating information and command selections to processor 2704. Another type
of user input device is cursor control 2716, such as a mouse, a trackball, or cursor
direction keys for communicating direction information and command selections to

processor 2704 and for controlling cursor movement on display 2712. This input
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The invention is related to the use of computer system 2700 for routing
integrated circuits. According to one embodiment of the invention, the routing of
integrated circuits is provided by computer system 2700 in response to processor
2704 executing one or more sequences of one or more instructions contained in main
memory 2706. Such instructions may be read into main memory 2706 from another
computer-readable medium, such as storage device 2710. Execution of the
sequences of instructions contained in main memory 2706 causes processor 2704 to
perform the process steps described herein. One or more processors in a multi-
processing arrangement may also be employed to execute the sequences of
instructions contained in main memory 2706. In alternative embodiments, hard-
wired circuitry may be used in place of or in combination with software instructions
to implement the invention. Thus, embodiments of the invention are not limited to
any specific combination of hardware circuitry and software.

The term “computer-readable medium™ as used herein refers to any medium
that participates in providing instructions to processor 2704 for execution. Such a
medium may take many forms, including but not limited to, non-volatile media,
volatile media, and transmission media. Non-volatile media includes, for example,
optical or magnetic disks, such as storage device 2710. Volatile media includes
dynamic memory, such as main memory 2706. Transmission media includes coaxial
cables, copper wire and fiber optics, including the wires that comprise bus 2702.
Transmission media can also take the form of acoustic or light waves, such as those
generated during radio wave and infrared data communications.

Common forms of computer-readable media include, for example, a floppy
disk, a flexible disk, hard disk, magnetic tape, or any other magnetic medium, a CD-
ROM, any other optical medium, punch cards, paper tape, any other physical
medium with patterns of holes, a RAM, a PROM, and EPROM, a FLASH-EPROM,
any other memory chip or cartridge, a carrier wave as described hereinafter, or any
other medium from which a computer can read.

Various forms of computer readable media may be involved in carrying one or
more sequences of one or more instructions to processor 2704 for execution. For

example, the instructions may initially be carried on a magnetic disk of a remote
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transmitter to convert the data to an infrared signal. An infrared detector coupled to
bus 2702 can recetve the data carried in the infrared signal and place the data on bus
2702. Bus 2702 carries the data to main memory 2706, from which processor 2704
retrieves and executes the instructions. The instructions received by main memory
2706 may optionally be stored on storage device 2710 either before or after execution
by processor 2704.

Computer system 2700 also includes a communication interface 2718
coupled to bus 2702. Communication interface 2718 provides a two-way data
communication coupling to a network link 2720 that is connected to a local network
2722. For example, communication interface 2718 may be an integrated services
digital network (ISDN) card or a modem to provide a data communication
connection to a corresponding type of telephone line. As another example,
communication interface 2718 may be a local area network (LAN) card to provide a
data communication connection to a compatible LAN. Wireless links may also be
implemented. In any such implementation, communication interface 2718 sends and
receives electrical, electromagnetic or optical signals that carry digital data streams
representing various types of information.

Network link 2720 typically provides data communication through one or
more networks to other data devices. For example, network link 2720 may provide a
connection through local network 2722 to a host computer 2724 or to data equipment
operated by an Internet Service Provider (ISP) 2726. ISP 2726 in turn provides data
communication services through the world wide packet data communication network
now commonly referred to as the “Internet” 2728. Local network 2722 and Internet
2728 both use electrical, electromagnetic or optical signals that carry digital data
streams. The signals through the various networks and the signals on network link
2720 and through communication interface 2718, which carry the digital data to and
from computer system 2700, are exemplary forms of carrier waves transporting the
information.

Computer system 2700 can send messages and receive data, including

program code, through the network(s), network link 2720 and communication
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interface 2718. In the Intermet example, a server 2730 might transmit a requested

code for an application program through Internet 2728, ISP 2726, local network 2722
and communication interface 2718. In accordance with the invention, one such
downloaded application provides for the routing of integrated circuits as described
herein.

The received code may be executed by processor 2704 as it is received,
and/or stored in storage device 2710, or other non-volatile storage for later execution.
In this manner, computer system 2700 may obtain application code in the form of a
carrier wave.

The novel approach described herein for routing an integrated circuit
provides several advantages over prior routing approaches. One advantage is that
design rule checks may be performed on an object-specific basis. This provides
increased flexibility during verification of an integrated circuit design. One benefit
of this increased flexibility is that it allows object-specific design rules to be
employed, for example, in phase-shift masking applications to reduce line width.
Another benefit of the increased flexibility is that the design rules for any particular
object may change over time, independent of the design rules applied to other objects
in a layout. This is particularly important for supporting “landing zone” rules.

Prior art routers are incapable of making room for new wires except by
separating cells, i.e., by adding feedthroughs in a row of cells, or transistor islands (in
an intracell router). By moving or modifying obstacles only enough to allow a wire
to approach, more room is left to add wires on the other side. Thus the routing for
the integrated circuit generated in accordance with the present invention can be made
more dense than is possible with a coarse-grid or orthogonal router.

The combination of an obstacle-moving detailed router and an obstacle-
avoiding global router promotes algorithmic simplicity, execution speed, and router
capability. The global router need not set up strategies for individual routing paths
until an obstacle is found, meaning that a large fraction of wires may be routed
without intervention. Once an obstacle is found, the global router can use its high-
level knowledge of major obstacles, e.g., transistor islands, to define an evasion
strategy. The use of hint polygons and straying limits allows an efficient, goal-
directed (*““depth first”) search mechanism without concern for the suboptimal routing

common to this type of approach as used in conventional routing approaches. The
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algorithms of the detailed router are also simpler because they do not need to

consider layer changes or expend significant effort traveling around obstacles. Major

changes are made by the global router; minor changes are made by the detailed

router. Furthermore, significant performance advantages are achieved by

partitioning tasks, e.g., design rule checks, between join points and routing tasks.

Another advantage is provided by the tight routing mechanism described herein to

handle tight routing situations.

In the foregoing specification, the invention has been described with

reference to specific embodiments thereof. However, 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 sense rather than a restrictive sense.
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CLAIMS
What is claimed is:
1. A method for automatically routing an integrated circuit, the method
comprising the computer-implemented steps of:
receiving integrated circuit layout data that defines a set of two or more
integrated circuit devices to be included in the integrated circuit;
receiving integrated circuit connection data that specifies one or more
electrical connections to be made between the integrated circuit
devices;
determining, based upon the integrated circuit layout data and the integrated
circuit connection data, a set of one or more routing indicators that
indicate a set of one or more preferable intermediate routing locations
for a routing path between first and second integrated circuit devices
from the set of two or more integrated circuit devices;
determining, based upon the integrated circuit layout data, the integrated
circuit connection data and the set of one or more routing indicators,
the routing path between the first and second integrated circuit
devices, wherein the routing path satisfies specified design criteria;
and
updating the integrated circuit layout data to generate updated integrated
circuit layout data that reflects the routing path between the first and

second integrated circuit devices.

2. The method as recited in Claim 1, wherein determining the routing path
includes determining, based upon the integrated circuit layout data, the
integrated circuit connection data, bias direction criteria and straying limit
criteria, the routing path between the first and second integrated circuit
devices, wherein the bias direction criteria specifies a preferred routing
direction for a routing path between first and second integrated circuit devices
from the set of two or more integrated circuit devices and the straying, limit
criteria defines a routing region in which the routing path between the first

and second integrated circuit devices may be placed.
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between the first and second integrated circuit devices includes

identifying one or more obstacles that block the routing path,

determining, based upon the integrated circuit layout data, the integrated
circuit connection data and the one or more obstacles, one or more
additional routing indicators, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the one or more additional routing indicators, the routing path

between the first and second integrated circuit devices.

4. The method as recited in Claim 1, wherein determining the routing path

between the first and second integrated circuit devices includes

identifying one or more obstacles that block the routing path,

changing specified straying limit criteria that defines a routing region in
which the routing path between the first and second integrated circuit
devices may be placed to generate changed specified straying limit
criteria that defines a modified routing region, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the changed specified straying limit criteria, the routing path between

the first and second integrated circuit devices.

5. The method as recited in Claim 1, wherein determining the routing path

between the first and second integrated circuit devices includes

identifying one or more obstacles that block the routing path,

determining a set of one or more layer changes to allow the routing path to
avoid the one more obstacles, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the set of one or more layer changes, the routing path between the first

and second integrated circuit devices.
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6. The method as recited in Claim 1, wherein determining the routing path

between the first and second integrated circuit devices includes

identifying one or more obstacles that block the routing path,

determining a set of one or more bends to be included in the routing path to
avoid the one more obstacles, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the set of one or more bends, the routing path between the first and

second integrated circuit devices.

7. The method as recited in Claim 1, wherein determining the routing path

between the first and second integrated circuit devices includes

identifying one or more obstacles that block the routing path,

determining one or more portions of the routing path to be ripped up and
rerouted, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the one or more portions of the routing path to be ripped up and
rerouted, the routing path between the first and second integrated

circuit devices.

8. The method as recited in Claim 7, wherein determining the routing path
between the first and second integrated circuit devices further includes
determining one or more portions of one or more other routing paths to be
ripped up and rerouted, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators, the
one or more portions of the routing path to be ripped up and rerouted
and the one or more portions of the one or more other routing paths to
be ripped up and rerouted, the routing path between the first and

second integrated circuit devices.
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between the first and second integrated circuit devices further includes
identifying one or more obstacles that block the routing path,
determining one or more portions of one or more other routing paths to be
ripped up and rerouted, and
determining, based upen the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the one or more portions of the one or more other routing paths to be
ripped up and rerouted, the routing path between the first and second

integrated circuit devices.

10.  The method as recited in Claim 1, wherein determining the routing path
between the first and second integrated circuit devices includes
identifying one or more obstacles that block the routing path, and
determining, based upon the integrated circuit layout data, the integrated
circuit connection data and the set of one or more routing indicators
and the routing path between the first and second integrated circuit
devices, wherein the routing path is routed from the second integrated

circuit device to the first integrated circuit device.

11.  The method as recited in Claim 1, wherein determining the routing path

between the first and second integrated circuit devices includes

identifying one or more obstacles that block the routing path,

determining one or more locations to employ comer clipping to provide
additional space for routing the routing path, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the one or more locations to employ corner clipping, the routing path

between the first and second integrated circuit devices.

12. The method as recited in Claim 1, wherein determining the routing path
between the first and second integrated circuit devices includes

identifying one or more obstacles that block the routing path,
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determining, based upon the integrated circuit layout data, the integrated

circuit connection data, the set of one or more routing indicators and
moving the one or more integrated circuit layout objects, the routing

path between the first and second integrated circuit devices.

13.  The method as recited in Claim 1, wherein determining the routing path
between the first and second integrated circuit devices includes
examining data that indicates whether changes can be made to one or more
layout objects defined by the integrated circuit layout data to
accommodate the routing of the routing path, and
if the data indicates that changes can be made to the one or more layout
objects defined by the integrated circuit layout data to accommodate
the routing of the routing path, then
making one or more changes to the one or more Iayoqt objects defined
by the integrated circuit layout data, and
determining, based upon the integrated circuit layout data, the
integrated circuit connection data, the set of one or more
routing indicators and the one or more changes made to the
one or more layout objects, the routing path between the first

and second integrated circuit devices.

14.  The method as recited in Claim 13, further comprising generating data that
specifies the one or more changes made to the one or more layout objects.

15.  The method as recited in Claim 1, wherein determining the routing path
between the first and second integrated circuit devices includes
determining a set of one or more routing targets to which the routing path is

to be routed, and
determining, based upon the integrated circuit layout data, the integrated

circuit connection data, the set of one or more routing indicators and
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between the first and second integrated circuit devices includes performing
one or more design rule checks on one or more portions of the routing path as

the routing path is being determined.

The method as recited in Claim 16, further comprising performing a design
rule check on the updated integrated circuit layout data, wherein the design
rule check does not check one or more layout objects previously checked

during determination of the routing path.

The method as recited in Claim 1, wherein determining the routing path

between the first and second integrated circuit devices includes

extending the routing path a specified amount to generate an extended portion
of the routing path, and

performing a design rule check on only the extended portion of the routing

path.

The method as recited in Claim 1, wherein all attachment and bend angles
defined by the updated integrated circuit layout data are multiples of ninety
degrees.

The method as recited in Claim 1, wherein one or more attachment or bend
angles defined by the updated integrated circuit layout data are multiples of

other than ninety degrees.

A method for automatically verifying an integrated circuit layout, the method
comprising the computer-implemented steps of:
receiving integrated circuit layout data that defines a set of two or more

layout objects contained in the integrated circuit layout;
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more layout objects by evaluating the layout object against specified
design criteria;

changing one or more values defined by the specified design criteria to
generate updated specified design criteria, wherein the changing of
the one or more values is performed after a specified amount of time
has elapsed and is made with respect to either the layout object or one
or more other layout objects from the set of two or more layout
objects; and

performing a second design rule check on the layout object by evaluating the

layout object against the updated specified design criteria.

22. A method for automatically routing an integrated circuit, the method

comprising the computer-implemented steps of:

receiving integrated circuit layout data that defines a set of two or more
integrated circuit devices to be included in the integrated circuit;

receiving integrated circuit connection data that specifies one or more
electrical connections to be made between the integrated circuit
devices;

determining, based upon the integrated circuit layout data and the integrated
circuit connection data, a set of two or more join points that are to be
electrically connected;

determining, based upon the integrated circuit layout data and the set of two
or more join points, one or more routing paths to connect the set of
two or more join points, wherein the one or more routing paths satisfy
specified design criteria; and

updating the integrated circuit layout data to generate updated integrated

circuit layout data that reflects the one or more routing paths.

23. A method for automatically routing an integrated circuit, the method
comprising the computer-implemented steps of:
receiving integrated circuit layout data that defines a set of two or more

integrated circuit devices to be included in the integrated circuit;
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devices;
determining, based upon the integrated circuit layout data and the integrated
circuit connection data, a routing path between first and second
integrated circuit devices that satisfies specified design criteria,
wherein determining the routing path between the first and second
integrated circuit devices includes
determining whether the distance to be routed for a portion of the
routing path exceeds a specified distance, and
if the distance to be routed for the portion of the routing path does not
exceed the specified distance, then routing the portion of the
routing path in a single step; and
updating the integrated circuit layout data to generate updated integrated
circuit layout data that reflects the routing path between the first and

second integrated circuit devices.

24. A computer-readable medium carrying one or more sequences of one or more
instructions for automatically routing an integrated circuit, the one or more
sequences of one or more instructions including instructions which, when
executed by one or more processors, cause the one or more processors to
perform the steps of:
receive integrated circuit layout data that defines a set of two or more
integrated circuit devices to be included in the integrated circuit;

receive integrated circuit connection data that specifies one or more electrical
connections to be made between the integrated circuit devices;

determine, based upon the integrated circuit layout data and the integrated
circuit connection data, a set of one or more routing indicators that
indicate a set of one or more preferable intermediate routing locations
for a routing path between first and second integrated circuit devices
from the set of two or more integrated circuit devices;

determine, based upon the integrated circuit layout data, the integrated circuit

connection data and the set of one or more routing indicators, the
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straying limit criteria, the routing path between the first and second integrated
circuit devices, wherein the bias direction criteria specifies a preferred routing
direction for a routing path between first and second integrated circuit devices
from the set of two or more integrated circuit devices and the straying limit
criteria defines a routing region in which the routing path between the first

and second integrated circuit devices may be placed.

26.  The computer-readable medium as recited in Claim 24, wherein determining
the routing path between the first and second integrated circuit devices
includes
identifying one or more obstacles that block the routing path,
determining, based upon the integrated circuit layout data, the integrated
circuit connection data and the one or more obstacles, one or more
additional routing indicators, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the one or more additional routing indicators, the routing path

between the first and second integrated circuit devices.

27.  The computer-readable medium as recited in Claim 24, wherein determining
the routing path between the first and second integrated circuit devices
includes

identifying one or more obstacles that block the routing path,
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circuit connection data, the set of one or more routing indicators and

the changed specified straying limit criteria, the routing path between

the first and second integrated circuit devices.

28.  The computer-readable medium as recited in Claim 24, wherein determining
the routing path between the first and second integrated circuit devices
includes
identifying one or more obstacles that block the routing path,
determining a set of one or more layer changes to allow the routing path to
avoid the one more obstacles, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the set of one or more layer changes, the routing path between the first

and second integrated circuit devices.

29. A system for automatically routing an integrated circuit, system comprising:
a data storage mechanism having stored therein
integrated circuit layout data that defines a set of two or more
integrated circuit devices to be included in the integrated
circuit, and
integrated circuit connection data that specifies one or more electrical
connections to be made between the integrated circuit devices;
and
a routing mechanistn communicatively coupled to the data storage
mechanism, the routing mechanism being configured to
determine, based upon the integrated circuit layout data and the
integrated circuit connection data, a set of one or more routing

indicators that indicate a set of one or more preferable
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-10% ()-Z integrated circuit layout data, the integrated circuit connection data, bias
direction criteria and straying limit criteria, the routing path between the first
and second integrated circuit devices, wherein the bias direction criteria
specifies a preferred routing direction for a routing path between first and
second integrated circuit devices from the set of two or more integrated
circuit devices and the straying limit criteria defines a routing region in which
the routing path between the first and second integrated circuit devices may

be placed.

31,  The system as recited in Claim 29, wherein the routing mechanism is further
configured to determine the routing path between the first and second
integrated circuit devices by
identifying one or more obstacles that block the routing path,
determining, based upon the integrated circuit layout data, the integrated

circuit connection data and the one or more obstacles, one or more
additional routing indicators, and
determining, based upon the integrated circuit layout data, the integrated

circuit connection data, the set of one or more routing indicators and
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integrated circuit dev1ces by

identifying one or more obstacles that block the routing path,

changing specified straying limit criteria that defines a routing region in
which the routing path between the first and second integrated circuit
devices may be placed to generate changed specified straying limit
criteria that defines a modified routing region, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the changed specified straying limit criteria, the routing path between

the first and second integrated circuit devices.

33.  The system as recited in Claim 29, wherein routing mechanism is further
configured to determine the routing path between the first and second
integrated circuit devices by
identifying one or more obstacles that block the routing path,
determining a set of one or more layer changes to allow the routing path to
avoid the one more obstacles, and

determining, based upon the integrated circuit layout data, the integrated
circuit connection data, the set of one or more routing indicators and
the set of one or more layer changes, the routing path between the first

and second integrated circuit devices.
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