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MANHATTAN ROUTI NG WTH M NI M ZED DI STANCE TO
DESTI NATI ON PO NTS Techni cal Field The present
wonvensien rel ates generally to routing technobPogws2@ndi4697
nmore particularly tgneH{TAS IROUTYiNG WP center poi nt
W th mini m zegmmhad bETANCENRBESTINATICNPOINTS

application in integrated circuit wring. Background
of the Invention Prior amtchnialtfiey schemes such as
th 0 %‘Eﬁi pt?%grg glﬁ %g?rﬂ'el?tgso E? rllk'?o rgqﬁfnc Qc}%ﬂgo %l oxte gmiaﬁar@to routing points

to aroe@tﬁr@em Wit rdriigg/ M@h@@eﬁﬂme 8>r plagpla Pnpélgﬁ“@’r in fésBrated circuit wiring.
Such equal i zed delay is advantageous for mnim zing

skew of a signal reachin egch oint. Fig. I A shows an
integrated circuit 1%5—%‘—%9&8¥%F?E\y of points Pl
P2 Pri23st rautigh sBrémbsuches hbsg basad @argammetgingivhibg dgocithmasa aelghted center
algorﬁﬂnﬁ)&llfv % &Rﬁllz Jrgg ecﬁmb% ea g@yplpxgﬁt{ﬂ&f%mgs' SLP lge uﬁéed c@ﬁgls
ndi cate |ocations o es of the Int egra%
advamae@ﬁ fog mmzxpaﬁésm ?f.amgmtl F?échli‘éﬁ"r?bPPnéi ock signal.
Refrgl 1A dhgwd uEdg@tted LiBuit 102 amlﬁe pREGHRE Foints mmzcm B P4 to receive a

com:ﬁoggllgél %uc%%s a r? ock sF_.angl ;§r81 ggaﬁ?[ét guc 4%mt% Iélg g%g@ S?g(? %"Elﬁ aﬁ?gc\g\gtliogs of nodes of
the indageien cipmit \b@enputtmthﬂ@ames tlogkgigndl.s P3 and P4 In

ad‘i'efe}rlﬂgto F% fﬁ] llrf tge g%@x%‘f&ﬁatcﬂg alkﬁlﬂgd‘ At s@@ﬂe}ﬁ\ﬁ@mmhﬁ% between two
olnts of the segnents 104 and 106. Such segmnent 2?
g} g In addition,

neareifo’&mgfé) &7d P27d 4 #580m et 06 ihirp g S e R ReATest Reinty
a thirPbegmbiR Jostsdra»amémBéh theMe-paﬁmmn ssgngﬁtalomam toapped into a

p Ol mh s%:xl'nlgntsa Og,?lg?ﬁ X uICO dlcge n?gnﬁejf)g:el% otlncPsI']l:rlel?)J%’%ﬁ aﬂdq)él The common
SIgnapr@ tanmeé i} 3 poimzl 10pRng faﬂ@rmgmqﬁbm e nequal delay fram pushgpdint 110 to each

of th@;tonftm Iszeth& ﬂ&%xaﬁfﬁﬁ,{ 1§-Q§Ie§gﬂf‘ofﬁﬂ 'sk%lnentst o Ehdtlb@ar@@iuﬁtthen the point
110 is' the point of the se

110 R midre §1 S%%fme%S (OeRt e B RlS g fhﬁ e %a’ls 6%‘5%? Rigng the length of
the ségenagtl 1D wafil thehistaaedgroantie pbihO1 10 Albagd thd sagnedi 130 andoee dfithe Negtnkyes 104 and 106
S nt 110 and one of the
s eq&?%opéacg&%fgéfgtggl E?%& a|g(g]me§qual for each of the points
Pl As Peesultpig the gopemopignalis ingutpeithe gofnt 140f the geammer vigpskicagheg pagh of the points

P1, PoSp3l A BE wid eqtla{'l‘l%edﬂl@lhﬁatnd M%lﬂixﬂﬁn&@cgﬂf%ﬂ e gﬁtiﬂart foﬁ&@h@fémes such as the
an W

geongglg g&"}tg%’?é?lgfﬂﬁ’g e\ﬁﬁ'n? Helghteﬁlc?ﬁtei %IEQ%WVG -ﬁcheguaéﬁe eqxl/'luar#gtdz stance to the points
of the¢ iptagratertrirsGhiemésnos sndve tarsinintive tigerdning fangth tortietpoinis nfjthe integrated circuit.
HowaJeIQsﬁrsbglélﬂae%g&edtcﬁ}ammn. HLed ne @%gfen%l 876k Entya}t;nt rﬁo}/&a&lﬁe minimizing
equalize the wring distance to t poi nt's th
the wiiripe gt maxtbedrrost for R BRI B f‘%ilalrﬁe}“’ry A Brtggped ciruit.
wiring length to the points of the integrated circuit.
However, in sone int egr at ed rgw ttsh m n| m zing the
Wi ring Iength may be
i diceprdingtyga mltreahtwarpplmg islrereg tide qm Poiat Wltlrrrmmmam distagge, according to

asped® S LZLAGnRERR, conplexity, and signal delay of the
Integrated circuit. Summary of the Invention

Ac &% gj:pqﬁﬁ psyect g ﬂﬁﬁ PRt glye?thﬁ thwnﬁst age grglp?ddm é{fsp[ealvgset disposed within
cach G40 fe@f ord QbadfantWhid} aleddt ¢He SRE: ﬂ)[rﬂ?st andaditiona&ciopothit 13 §lahi@ttan routed to any

other%%gtel*%gigg ao rtumtmrlll% I\?Ma?ta n&stalncr:]evwelﬁ}mla rectangle defined by each point and the center point,

to result in at least one initial end point in a quadrant having at least one of the points.

In a further aspect of the present invention, the at least one initial end point in a quadrant is Manhattan
routed together to result in a final end point that is closest to the center point.

In one embodiment of the present invention, such steps are performed for each quadrant for determining
a respective final end point for each quadrant having at least one of the points. For example, such steps are
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In a general aspect of the present invention, the
points are grouped into a respective set disposed
waoizblsia7sach of at |east one quadrant having aPCraasi06/014697

perfc%gé‘%lh&%aréug%rf%%hm e at 1dst BQLAdQN. €ach point s

tan routed to any other point having a m ni mum

Vardh#tadtiongljagned AEBe RAPSEH foiention: each mpngttive et 4uA eeintyManhaitan routed to
the cp@drp&lmand the center point, to result in at |east one

It Eléxg zIb%Flﬁaf o o?xﬁlerg o?tb gr? Hla%.rség %mgf;}gelfi Eogtlr&déséag%f{g determme% for routing
together i@t lpasirpne injtial ead poling msitquagregt andiot foating @avtl regwrtive finaherd point to the center
poindUadrant is Manhattan routed together to result in a

final end point that is closest to the center point.

| n 1708 SBPAJERFRIAEHE PIETntiHEAtipR. 8 SRRTOGFOT 1 BRmOnsIRURe ag wpskto automate
suchab@cd@@fﬁammdagﬁﬁ rfouﬂ@cdﬂ the| BaAls Bie céndk peiRL er m ni ng a

|r 22‘@? Ig:rgoslﬁrgt ?na/ nltlfr)]ra‘may e use? % par}_xcourlar %dvgrﬁaﬁf fog %}ngm% ﬁlq}:l {ngﬁra egl grcu& In that
case,gach9€thé pyintsela neweqyafr rklé eithetindzrated cheuisfand fieceater Hoiis b logatien of a signal
sourdd lﬁﬁ'@fe{i}fﬂégrateh Bird it ﬂ(@g:bér' tfylﬁésen@-ﬁ%ﬁgn n% akd u@erd?ﬁ%{%r applications desiring

i nvention, each respective final end point is

routipgARHR} SEFAPRGIE YRR d¥4%%r point. In a further
e _ntmd;e marzo_theﬁéanird’s enc_maeaaag& of thw;emnt Dgntich vvil'l B tead ufidetstoodigy
consﬁ%rglg ?1@ goﬁlg\!vflg ge?aglg{ chﬁﬁgg optﬁe 1£\%1lilt r\}vglcltn g? th IlEe a"iﬁched drawings.
routi ng each respective f [ naI end p0| nt to the center

poi nt. In one enbodpfBHescsi tlgmt@mmﬂ s I nvention, a
used to

data pro sqQr and a nenor ce are
au %&%ﬁﬁf’* “‘g’fF “SHatE)g‘S%e:Qg‘%m%‘f‘X‘ﬂ %?Q PpEep 8?5‘3‘?"&@‘@8‘? to a plurality
of poliritsewith@iualized deday da@rdierit e prpoamnt . The present invention

”alﬁlgb:?sh&% Cfldcoﬁl td? §§s¥efn%& taiﬁg Q&Ya}%cgsgo% tﬂ‘aﬁﬂ'erf&ng %]%g fdr R)uﬁ{é a plurality of

I nt egr ate eac
points o aaerﬁeé spctth mewéw@ﬁcet Rerdingtiegreabedimest ofthg |pfesenfamnﬁ°n

t h @1gC35‘§M)@§'a RO BArt dfSter pbrRBAddib the Qta FrodisBinbR Fig SO 6:8ind ©lan
ated ci rcudt However, the present invention

r
em"‘i‘?ﬁgf (1?&'8&65 MISEYRSPY ot her appl i cations desiring
r odrigs.AgS, PO, fitasd & ifusirate mprtreentapoitivg ofwhd flurgtityaf ppigtedith each other and finally
to th@e&t:r%@ﬁ?dumﬂ%%ﬁ?of%%o@ t:ﬁlﬁ of If"lg %t &Ecﬁ(‘ﬁn@g gn %XM&@Q% p‘PJsent invention.

present 1 nvention wl bett er under st ood
c 0 Ff§‘f parep rofsrredia hereip g éwrgfoaféw of dystgiepd H¢ 1% PFcasfan%yr@éawn to scale.
Elemkeiy/1@Kihg @8sab efdenbeufbed 5ds 1012, 4,18, ¢, M, @kl b a6 @Cblements having similar
Stmcg‘{ea\/\%%&%. Brief Description of the Drawi ngs Figs. 1A
and" Ptustrate the geonetric matching al gorithm for
coupling a common signal to a plurality of points with

equal i zed del ay, accor dpfighich®edcRfuiddr i OF art; Fig. 2
shows a conputer systemncluding a data processo

{ hAPIeTBE e eSeraper P 2B ey 2SR Aetios Y 156 8 (1A piegsor 206 fo
perfokBinga mfﬁrmg Qﬂ‘ocm hcﬁdirdMg folan ey ik 6fihc€br&érﬁ @ tior Qodndytigvice and a data
procgg??')a 131\121 comﬁ ef %I‘G- %dl Qa?l%l g:%;gwsl gogo:‘n of?)r/éngry s%ﬂiuhtgé agtaotf é;iectronics.

pr éceesdingrio menﬁvdynen@f ﬂa@mﬁnwgtmdhwn@mﬁ@ﬁw%ﬁ has grfquenpps of
mstrtﬁﬁ&ﬁ fhkd t'h&é’o%r(‘lh R Borm %f]éjsoﬁ\bzge?appﬂcatloﬁ for@xamzlle) %uclﬁﬁgft\gare application may

trate |n§reg‘§nta routin urallt

S 0
be G B BP it S P CHape ST AP oL e Spaopss g msctions
storedl burthengms ty@pgce@b4 tiyhiee dala piveesdoads cafesfieglata BrocessoC206 eh fetforn@he steps of

the ﬂ%—cﬁ%?ﬁig.%&trougﬁg J;ﬁlﬁaﬂ?}; o%%gﬂtg toiaqgn?é? E)J)L&n )

Referring to Figs. 2 and 3, the data processor 206 inputs a data file of points disposed on a

predetermined grid having a predetermined center point (step 212 of Fig. 3). Referring to Fig. 4, the data file may
be generated from an image of an integratéd circuit 230. In that case, a plurality of points P1, P2, P3, P4, P5, P6,
-
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The figures referred to herein are drawn for clarity
of illustration and are not necessarily drawn to
weceealea37dah ement s havi ng the sane reference nunBer/uSm06/014697

P7, P%' A&Po erresgnt ngﬁes & fthe%ﬁegﬁated Zvrcug %06‘51{3 ttg c&ﬁ:‘Jr E(ént@ncﬁéa{%yﬁmaﬁon of a signal

having simlar structure an uncti on.
sourcpoche cpyptef! torfudkapdst Phitedritseriadiclionit230.-a conput er syst em 202
| n (I‘hcugi‘ﬁ%ftiﬂe HRFFEYcid@VI30 8 d?;%d 8y 1dy-aut dcaztstﬂnﬁromeﬁ&@fated?&@uu 230. For

examg ﬁb"é’ gt%%l rarp nrglg a tﬁqu);[ ou?&% tﬁ% ﬁ%% cgcucf 9%{ nrgré/ bg cons%- med to be disposed

e present
paralghid sugh giids af tpqqgtegggmrcqlq'%@ Agmqlpgﬂtl@; 23§y¢gct telmlmn@l 11ne 234 are example grids

lnthélglgée\érgyﬁegrytemg;bo one of ordinary skill |n the art
of el ectronics., According to an enbodi nent of

p} Beferipe © Figadt 3-8 > E‘lﬁ%atarPé?fﬁsfs%f 2Pthmciatentngs f?&fs‘lug‘féﬁﬁé%c%?g Q3, and Q4

from @He ithdgs b t]hbﬁiitég@mﬁ chtud RBXstedEr OFig. B). IRefehring foRig s Gif Y-&is 242 and an X-axis

244 areo rtwvr\ﬁﬁr?ugﬁl BR cen%r %om? e. Eﬁerg' aﬂP Lb{o)ugh cel'l]ter po%p%}es\é\i@nétﬁa}ned to be parallel

asSI Ste
to ther‘@r.ﬁml eiid Lo 832 @dttheéhaXfSéM @we&hﬁhe@ent@@ettﬁ is epstegined th e parallel to the
honzg&ggmg@gy,@f instructions stored in the nenory device

e data processor 206 causes e .dat
gc’b% %‘Era‘ﬁ 159 p WP e of rEh gtaé‘bi‘&é‘iﬂ‘} gﬁ’és :fa"l“oaﬁﬂ Bifgqnf quadrant Q2 is
to theafppdi_*lle@ of Sicl Vaxiy 230 bundr ¥Gaxds 294. 8 imlldrtyya twifd qogirant Q3 i ® tige lower left of such Y-
axis 349 Qﬁd%f a)Hs(E4gz]8%d ﬁglt.r@)rq[uidpagt épls !c:)lﬂ:gﬁowe??&p& s§c’h Yt JC?I{% 2%@%?—&&%5} 244.

processor ose

a E}aeeca@tpaewqqé% rcgrqyag,qlq,@més B R2gR%: Ezp b ﬂ’éOW 28RdP9 into a respective
set dibpobed twithif tRP o2eduithantsiQl; QB N3, AREHLIsleh TG of Big. F3l). Refedring idWg. 5, the point

data. file may b eper at ed an | 0 n .
P ofsioch St eporet e 6 B adiie 0, P Bekus P2 85, i p 3t eog st disposea
withip e secend Rhadraf®Z)2. PBs poRAPS ¥mgs a Brd B disfe8ed vathid tHeShind @padesteédt The points
Pe, Pa%ea%d 95 fowgfohms%s%s%wﬁé%&m g’aQranﬂﬂfj the center

oint Cindicates a location of a %gnal source to be
c oﬁ?ﬂ ead apagragteing b liessons Pt tharoints il iy Bt BH PeiTO R §8: 295, the data
proceﬂﬂﬁ%@ Magha®fn rbild® ehch bﬁ@rt(ﬁztnﬁ dthéi‘lpbﬁﬂhaﬁmgﬁﬁnﬁrﬁmdlaﬁﬁaaineﬁtab@é within a

rectan, ?eydegrreg by eaE)St ! ngtthe c?]nter tgou% (stepg?ﬁgof ?‘ ﬂ RPyr v%lr'lxrlclg::ﬁn%lefmtc{gﬁa?ed circuit 230

is consml@g foete edalbl o d@ iXt-aXE 3¢ athy Yraxis @6)31 §tu¢16p1nleglp4ﬁrblelb@the X-axis 244 or the Y-

axis ﬁb %9&&?@ td24 r‘ﬁ!idhﬁ{an IoQtn%u the glfrﬂ 61”% Z}Q't)utﬂlg @stﬁuﬂé ﬁagarllatt@lﬂe X-axis 244 and/or
circuit 230. A vertical line hori zontal 1l.ine

the Yopgig 240 ipr e@?%(jrfﬁ Pe Myrliatian disfngey eM?nnl?’%{B’éd‘Effm‘f e FapRlgfatugp distance.
Manl@itdnGatitihg 243 Mantzedh @fstahdd Gre tirdividug]y knadun tSone anddifary dkilién Wladreof integrated
Circu%rgocessor 206 then determ nes four quadrants Q, @,
, and 4 fromthe inmage of the integrated circuit
2 3Befersingty Fizg. 4 apd 6, for gpch 8itep eindier 3. 9ephobh@oints B3, P23P3, P4, PS5, P6, P7, P8,

and PY- aﬁa@héce&é%oﬁ{@de@iﬂes&r e %éngya@ o&iru@mtﬁ DERY GRS ¥, 6. 1f any points
center point C. The axis 242 through the center

are dispepadewittinits TSR Fegt e or P oish ot i ot e e Represhpoint within
that reptangle.l 1 ne 232, and the X-axis 244 through the center

po krﬂke f(ﬂ: t g?adr%gtr@t antl{éxe%g&g vxﬁﬁ? Bg Fe%Jmlx drt %m[ lhl Thus ust the point P1

hori zon
remajugigs agy jtierend quh it the fistauadraaiQl 122112 sea«mé qy@daixq @&, lzmher Ryt is within

the re@taﬁ;%@ @n Q%ﬂy@dlsﬁ Bdd Fe2 Thu‘é Jﬁ@th& f)lﬁntémplﬁ_‘f arld@f4trenﬁfn a® hlﬁlbl end points within
e s G o AR PR G natERPAR 0 g SR . Thus, o

the pémzPﬁ reqnils & af mitiat dnd ppika dhitikin the @d ipgdtns Bhe | ower rig ht of
o | r
?rnh ﬂ)&Rﬁr gag?agt%%zﬁg(gm%il’éﬁ%(’}s irigl%ﬁ %re dgﬁl%%ﬂﬁ%% th gc@aﬁég‘ Rf ppo%Q 99 Of such
pomtﬁsﬁ Ph gl glawqﬁ%haathP gasémha@n%?ma frem ds @eintkPt Hius refereipg to Figs. 6
and mou& h&s s AR Eed Qith MahattdBoutiad 152 pofnSbep 216 of Fig.
Ad 1t10 [y 11'1 tﬂgfoax% qllzlzlacgént 84 ofH’li']g.e@el%Ipro]igxt P7 is disposed within the rectangle for point
-3-
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Pl fornms a first set disposed within the first

guadrant @ . The points P2, P3, and P4 forma second
W9e006d13mmsed within the second quadrant 2. TRETS2006/014697
P8. ”Hﬁs r&ér% t@FI%J]B Erg 751%§nt§|7 i§m§iﬁgan%uttéa'v&h MQ&a&Jﬁ'r&uQng 254 to point P8. Since

quadr ant Q3. The points PG, P8, forma
Pomtf Bignd B2 & foulgd ?ﬁb’g"éb"nw"{‘?ﬁ PR{Dt ‘I‘ﬂéﬁnﬁ Siﬁ“ihﬁ’"’&fﬁ 5 §i AP tahe cepigppoint C is

guard@ed b dsuding of kha poin®P7 &t thd @@&ipoRNE Thiss, béifts PBnt PSarlhg longer considered
P7, P8, and P9, the data processor

as neF%rg rp%h tE)) eceI::r)1§e’r mq
55% RERR S ST BUFSs each point to any other point
haviddigonallyrinre peiphPR/brstistet Mpnheliag tistmse toietchiter peint(tbanppighs &8 and P9,
pomtgﬁ'f énﬁ @glrem{mgﬁglhal ra&& Jatntsmnma @oug@ma&am PRI R oth& h& iifhin the

on_the_integrated cjrcuit
stafies G R B A b B B 71 B g M O frth s
Q4. Y-axis 242. Such routing parallel to the X-axis 244 or

t h %ﬂ;@fé I%Fl%é}gl of Bt lJaﬁfor?J 15155 erE oﬁ?for w%{r#@lﬁv&? ﬁ[tleja[;(grllle' of the points P'1,

sSum o r out I stance
P2, P24P4* BnBY. 87, P8 wed 2] laktmsﬂﬁ af¥ig. 3, th@eéﬂ@rpf@é@sor @%anh%rm%tﬁt%ﬂqther such at

least Gﬂuﬁﬁlﬁeﬂl ey pomm%ﬂ&{aaﬂm S hARGR ManRARanAARR! Such Maﬁlﬁttﬁnlrcﬁﬁng of the at

t.ance. rou
st A G G0 RRDOAS O PO BB R PFa£CP o B emer o
C in @th quadrey (s&p 8 of FigAWi t s. Referring to Figs. 3 and 6,

f 0 ﬁiaﬁl%ﬂﬂe ﬁrstsahc?tﬂmg%édr‘lnﬁk dzlI add Q&o’haéﬁﬁt%q ﬁimtbplﬁld @9 ' r&&)&tl&) ly', as an initial

end qsm rﬁhua@ﬂla RfiRtREE afirst frelrag PW@P} for e firgh agadzast Q1 P‘I‘dl mmt P5 is a third
fmaludtpbmdaehr&%elumﬂq&dfaﬁtdél g. 6. If any points are

di ?1{) tges s%c(:jon quadrawt;],ﬂ\gzingx %&tgnlg 3w 81te 1af1ntgl eendf (?ur;ts 92 p? and P4 with
nunnw«tdmamhatttlaractlsmms deteghieed along poktéons of] r@tanglﬂﬂ aﬁhuetmmn@PZ Hjoand P4. A first

routn%] Q&{en@@ﬁ pltanhlat%m%u&p%aﬁlt t’f‘% a s&Gﬁdﬂﬁ%‘ cfid go% Ew hrﬁlta s?c%nd routing segment
just the point Pl renmains_as an initial

264 lﬁiﬁh"ﬁian WP‘FSH?OH“ }f‘hté the poeed TR SRAPAMEERS . In the sec o n d
q u &dd‘d&lﬂ&n Qzurd 1d0tinQkdpMEnt PEH Mdnhdtn stk Yolut tzhe the €6t @itk &gment 262.

Note { thep tglI rQiting Se men§266 15 chose ove arku rJ)ultjm se ment ksﬂo mga’shed lines in Fig.
B8 el Hafnt s e e sl BRSPS

In as 1 n I
8) to the e@msil reptipgiegmrnt 209 bechuyse lhh@lrd Toirting Sugpard ?-@ﬁhas loger lﬁmsth phibe fourth

rout Egﬂﬁenﬂﬁfi Wit '§|éc5hdtﬁh§ eﬁcﬁﬁfn@l@ﬂllﬁlgs&rto ROk 3 Rt C Ty Be pduit'ssli2 P3, and
point P5 remains as an initial end point wthi

P4 “’tﬂi‘f’ée‘i"l‘ﬁ Pt Qdrant Q8. In the fourth quadrant Q4,
P O inth&Sfoltbh, quidrant @4) Maﬂﬁtteﬁfr@tiﬁﬁ ispeaatk intitl kidpotns@®6 and P7 with minimized

Mmﬁaﬁ&td?sﬂg%qmgegﬁnuﬁegl ng 1ons%re§tgfgﬂs R)lenﬁ oanQ% aF) P7. %rkﬁ‘thpﬁl’tmg segment

ance romt
272 l}fj@,hzman ootes pphlgg6 to p fofgth ﬁqa}@d peint ﬁf@ and a@m&hrgutrpg seg@@:nﬁ@ﬂ pPpnhattan routes

pointiP3 td\@@@@{htfﬁae;;@étnegpm t h Manhattan routi ng 252 to

poi nt P9, Add| |onaII t he fourt
P g ergeCmtatinst e Raereve i et by PR HPE me e o1
Q3, afhd)Q4 pepautiveR, theldutagprocesas @06 Manbatthuprokicpgch fpalandpoihts BPdiHYE, EP3, and EP4
to th«f znté?p l'b:)@é] IJ@%&@M&& &C%%Q%Zto?pl rﬁ.}t"ltédr ngédth (ﬂta processor

ol n olnts
206 defsppagpes éh@S%&lﬂé?nhﬁm Fpting Pbtm fingkeng poiais et . B HR% aqﬂ@l’ét?dhe center point

c. P9 to the center point Cis guaranteed through routing

f _the. P7 t t ' C. t
o B o RSP B o R R
distadchelntterkamplepbiipt 8 ©d 9 Additical onvtihg sygmesti 282 ehqmmmtl a Fh?ckhan;n Fig.3) is
drawh Swfﬁrthe“@m%ﬁ 9e%ve@ﬁ &l ?Q&ﬁpohéﬁtstopg ¢ BRN8 boiROEM anfEpdran

pol nts P8 and P9, points remain as Initial
enfUBERcs? wtthﬁlil%qntfl FRtipgsaEntent 2t ﬁ&fa@m fromyhe Sq%ndé“wﬂéild point EP2 to the
vertiddDiowting begmuﬂt 242 Binfil®), & REdnd AHz6fal fRfingRQInR11286 dARNAIfrAT the first final end

pomt-El('l}&J ?o  the vex%t:eﬁ routi r{gﬁseegggntqgl? PS(7$U rtgu%o?lzo%%l rmﬂmg segmen?gigi is drawn from the

nt's w adr an
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15

4. After determnation of at |east one initial end
poi nt for each quadrant having at |east one of the
Wpabmlsmah P2, P3, P4, P5, P6, P7, P8, and POPCI/US2@®p/014697
third na?ent% ﬁomt ]§3 to?ihe \Iepllg al g)@{n% sgﬁn%ﬁ‘t%%q aﬁ}og fowmgén@proﬁtﬁg Ee%ﬁlent 290 is

er such east one 1 ni ol nt 1n each

awmm&afwﬂh/ﬁnﬁlwnwwt B4t the Mﬁﬁ%hwtm Seéin%“l‘ ce. Such
VBhat fdher éﬂbﬂi drag p@flts pihez,at, P|4q35156 P71 @8, iafkd #9 i a@ikehn routed to the

point in eac rant res ect.i ve
ool bt TR O LR o5 ARGt Bkl RRd ot cach
routirg@cpimen}ikeltlg. & mépreamts @ wirh@ Gegmént. Fugh m&)mlzeEamhngo# advépeagdopy fort reducing the
area, @(ﬂl’%le gj £nq s&hﬁ@%a@%hﬁe Qegrﬁapmrg?it ﬁ@slnjoh@itrnbgc&ﬁenpwﬁﬁ reP ént invention, the

resp ectrvel , as an|n|t| oln
data qrmss?f@pﬁyerfms isteps 21§ qn[d 330 of Figgl in éqﬁ%}lelpf@i q@ﬁh oéﬁai qv.fagrlantf % Q2,Q3, and Q4
hava hi'1&abt oﬂ&ﬁ@fe@ﬂﬁlts @, P2 'CPB P4t IFBEP(Q 07,1PB, atbP4 f5r fastdr Potedsideitifal

Ln t
glaéofgrﬁ%om@s byl\x)g}{'?]f e%(a[mé)ﬁe 0:1:1]18 uI%d is nozf.l n{’e{lc{éa tocg3 %l ting. 1%1??%%&% rtqhg present
invenpqn g erRRscrib@l andhitiubtried foif witingi Iﬂws iniegradd Wnlh%ﬁot Hpwever, the present
mvenqbrﬁha@qggbé @edqﬁ‘taﬁ}r She %ll(ﬁ 1(91Qigsuﬂ% %uh%m%fto { &6kIGE Bith Rthimized

L A M L MR B T T
only, B thd prdsE2R inveatich rﬁhySEﬂsémiﬁr dn@ hifnibRihnd EpBNGS iz GdinivbRinddrinern, the present
. .out e QiLAt P4 .10 t 0.1
e e L L e e R L S
appligigmt P3 to the first routing segnent 262. Note that
t Nend JsEd ik QU iO8iRE BNPRRROn R fARARE Nailly BHd equifaQbts thbreof.
routing segnent 268 (shown in dashed lines in Fig. 8)
to the second routing segnment 264 because the third
routi ng segnent 266 has | ower |ength than the fourth
routi ng segnent 268. The second final end point EP2 is
closer to the center point C than the points P2, P3,
and P4 in the second quadrant 2. In the fourth
quadrant 4, Manhattan routing between the initial end
points P6 and P7 with mnimzed Manhattan di stance is
determ ned al ong portions of rectangles for such
points P6 and P7. A fifth routing segnment 272
Manhattan routes point P6 to a fourth final end point
EP4, and a sixth routing segnent 274 Manhattan routes
point P7 to the fourth final end point EP4. After
determination of the respective final end points EPI,
EP2, EP3, and EP4 in the quadrants Q, @@, @3, and 4,
respectively, the data processor 206 Manhattan routes
such final end points EPI, EP2, EP3, and EP4 to the
center point Cwith mnimzed Manhattan di stance (step
222 of Fig. 3). For exanple, the data processor 206
determ nes all possible Manhattan routing of the fina
end points EPl, EP2, EP3, andEP4 to the center point
C. In addition, the data processor 206 determ nes
whi ch Manhattan routing results in mnimzed Manhattan
di stance. In the exanple of Figs. 8 and 9, a vertical
routing segnent 282 (shown with a thick line in Fig.
3) is drawn along the Y-axis 242 between the
Y-conponents of the final end points EPl and EP3.

-5-
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Furthernore, a first horizontal routing segnent 284 is
drawn fromthe second final end point EP2 to the
woenteiisade4r out i ng segnent 282. Simlarly, a seeomas2006/014697
WecPa%l zontal ~routing segnent 286 is drawn fromthe first
inal end point EPlI to the vertical routi ment i
2i5n. A A puigoma b of BTG, PG T, Bo LB s point (O
compg§igwn fromthethird final end poi nt EP3 to the
T e e e G
Q4);dndurth final end point EP4 to the vertical routing
Se “El%h e § mbsBi@dnit@n &ltance within a
o8 il %ut@a%?o AL P%pogl%bmgu s Manhattan route
recangls S B ROR E ceechPt, ST 2 e VR
at leaSlofd 6 oint-0r t he application of wring in an
integrated circuit, each routing segnent in Fig. 9
represents a wiring segnent. Such mnimzed routing is
adv-aFragtolef cligr 1, s comngsicdie area, conpl exity, and

S i @nﬁdan}g@n%ﬁn@g toéeﬁl@r thel bk R b BliaCnll féthtlio 3R in fﬁhalthﬁpomt (EP1, EP2,
i ment of present

ntio

e, B B Gesens B s Lei Bise SRR PP 0% |

papafotntthg sieps B emicho abultiheregpoaiss Bt @d ghint f@Rach @Rhe i tvast @4 quadrant.

having at | east one of the points PI, P2, P3, P4 P5,

P6, P7, P8, and P9 for faster processing tine.

f 0B cHisimetiod af claim Inarhereit sieps Biapsl @arpprripred ip Hasslleh cath o theat east one
quaddaftt €nded to be linmiting. For exanple, the present

i nvention has been described and illustrated for

wiring in the integrated circuit 230. However, the

pr és@rimeihnd efietaingd) fimthsr cahgisinbe used for any ot her

ap ahh%%'raﬁ}ngi%&i égpgbavgfamtehmumﬂmcémérgoﬁ center point

m ni m zed di stance. I n addition, any nunber and
I ocatl on of points illustrated and described herein is
by s\WayhcQhettR& aitRing4, (ﬂﬂ{hyr,corﬂiﬁﬁmg he present inventi on may

lt:)ﬁ F%%%?lﬁfg %Lrgmfaﬂ%%;i roultlm f stan ¢ for rou(t)l% atto%e% t‘ﬁe at eas orQe%ap a;l Sid point in each

ESENt° THven
quadmitipvidgzt laggt e qittherpgmti jamt fanrrowing esch lawycﬂ%ﬁr@bﬂtﬂd pint [ﬁb‘il?ﬂester point,

t hgkeah c%cﬁjm%@ fs! atrés{;e@ ive 'nEHe%f]anQJQgérdtéa@Irélﬁ@Z»O)-rmﬁ wherein the center
present |nvent|on IS mted only as defined in the

pointfisy Ipiatignege tignal Sﬁ’gcezf?fdheé%fiﬁr"’\?eélcgﬂ‘fts thereof.We claim 1.
A nethod of routing a plurality of points (P, P2, P3,

P4 PghmE Tate u‘culf)@BO cox)npr I'o“rlléa center pOI nt (C)
conprl Ssin oints into a respect ive

seta mr%lmwntwf’ﬂ WQ{P%%W 86, P&{PSI RO with Q&Piepoqiu%ﬂ%aﬁt’de(oﬁhe integrated
circuf?, @B, @); and B. Manhattan routing each point to

h h o
QU AT R R TR R
quadefin@r p0| nt, toresult in at least one initial end

po lI\/[%ﬁh %g?ﬂré% tbe%é/n eg gﬁlt th gr?% rqrr;gglt I‘I?l(/mé pﬁm%kn%a%hattan

?ng Roint in a qua(g'ant having

of "c rising
dlstamwnmmﬁaqgwpﬁm@bytee@@pﬁwdwwwomr i resih 3 bt qngyiial end point i

a quaA2REt bR glegspon@gﬁhggomtsn a final end point (EP1, EP2,
EP3, EP4) that is closest to the center point in a
guadrant having at |east one of the points; and
perf Chaimtepgptaitcepst oBclamd, vlieted the@sledst ong guadrant sdpreed franefour quadrants
f j.nal
deﬁngc! %ﬁéeﬁggm%g%md aIl tfx c%ﬁ]tg 08{/\?}]% Elgfeﬁéteg‘ltnglgcgfor ﬂgﬁg&%@&;{%ﬁ@
performed in parall eI for each of the at |east one

8. The integrated circuit of claim 7, wherein the center point is a location of a signal source for the

integrated circuit.
-6-



quadrant. 4. The nmethod of claim 2, further
conprising: Manhattan routing each respective fina
wenawepoerast to the center point. 5. The nethod e€TaiSa06014697

4, further conprising: determning mnimzed routing

di stance for routing together the at |east one initia

end- pbs ipeerptefl ottt pf elpimdr Brther s0RPTITRE at | east one of the

po iMHnHatt&lﬂﬁriﬁg]fet\xre_ﬁuhei dNPaseae _hlitfaﬁéilﬂ) Pt iiN@cHduE@nt l&hﬂﬂ_g P 0dafl bne of the
pon 0 Rl Pl ot GF E £ F5 Bl 0B el B

wherein the center point is a location of a signa

S0YH Cehefliféordidd Qirdull bEMHiAY G6hthed ompHstng: 6. An integrated

circujt (550), conprising: a plurality of pgints (Pl

P2 ’Mapliga’ttawx"lngﬁgt’we%?chpeﬂ)ecgjg ’ﬁnzf;l,gl}d pwn{ tﬂ Se0r b%]ilt,n‘ifld B}éeireﬁbthe Manhattan
wiring bereeke thefat ledateoné nttielghdosd inGhdh @uHdtant hating a@R&st ond Afthe points and the
Manﬂaﬂ?rlq{ri tbet(vgn’ eacQ%es ve ﬁ%émdﬁoﬁxﬂo Ehlg %engagf)o% 3 %tﬁ:’ﬁﬁl%zeg @gugng distance.

a respective set gispose thin eac quagrant; an

Manhattan wiring (252, 254) between each point to any

ot her point having a m ni nrum Manhattan di stance within

a rectangl e defined by each point and a center point

(C toresult in at least one initial end point in a

guadrant having at |east one of the points. 7. The

integrated circuit of claim6, wherein the at | east

one quadrant is fornmed from four quadrants defined by

a predetermned grid and the center point that is

predetermned for the integrated circuit. 8. The

integrated circuit of claim7, wherein the center

point is a location of a signal source for the

integrated circuit.9. The integrated circuit of claim

6, further conprising: Manhattan w ring between the at

| east one initial end point in each quadrant having at

| east one of the points to result in a respective

final end point (EPI, EP2, EP3, EP4) that is cl osest

to the center point. 10. The integrated circuit of

claim9, further conprising: Manhattan w ring between

each respective final end point to the center point,

and wherein the Manhattan wiring between the at | east

one initial end point in each quadrant having at | east

one of the points and the Manhattan w ri ng between

each respective final end point to the center point

are with mnimzed routing distance.




