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PCT/'US02/ 33505 | MEGR’ATEWWIM{ mmﬁ GRI D HAVI NG WRES W TH PRE- SEFEA%EZ@]B
*VARI ABLE W DTHS TECHNI CAL m esent invention relates generall'y "t
the field of mcroelectronics. I\/bre particularly, the present invention is
directed t8C4H% W egrated circlftbus grid having wires PERAUROPESsel ected
vari abl e wi dt hs. BACKGROUND ART A | arge portion of the sem conductor

industry is presently devoted to the design and nanufacture of application
specific integrated circuit chips, or ASIC chips, which are used in nany

di.verse evi ces _contain enbedded systens. Exanples -
of such T@ﬂ?b@?ﬁﬁ@ﬁ%&ﬁ%@@?? WQW@ESM% RBRHE=¥L ) thin

clients, watyis ®fsTygadi os, donestic appliances, e.g., digital nicrowave
ovens, di shwashers, Irot hes dr yers and the like, autonobiles, digital
manuf acturi ng, testing and di agnostic equi pnent and virtually every other
digital | for_consumer or industrial use. Frequently, ASICs designed
for diffﬁwcﬁpﬁﬁg tions contain many of the sane basic |ogic, nmenory
and 1/ O elenents, or cells, as one another. However, for different

applications these cells. may be present in different nunbers, arranged
di fferently ahbe praseat oivérftoneeibtes gmexraﬂpmmeﬁbldiotfymcx@ahagorﬁctshanoﬁi fferences.

Exanpl es f cells |ncI ude RA adder , , latches and

conmmuni cg?‘i%&hmg% PP %Wd%""&’f’% cémtgﬁl ez ‘B@B‘iat géé‘f’b‘ﬁg RavingWiised

r epeat edwthipﬁe_gmm@gam@wld{@@, manuf acturers have built l'ibraries of
cells. \Wen designing a new ASIC, the nmanufacturer may then retrieve the:
~necessary cells fromthe library and conbi ne themw th one another, and
per haps B’Atdk g nfgsi gned cells, in the manner needed for a parti cul ar
a|dpl ication. | rrportant purposes of creating libraries containing standard
cells are to reduce the cost of deS| gning and nmanufacturing ASIC chi ps. and

sinplify the process .of ASI * 00
rrp y R large portion oP the s co uctor in ustxycl?presently devoted to the design and

manufacture of application specific integrated circuit chips, or ASIC chips, which are used in
many diverse applications, such as devices containing embedded systems. Examples of such
devices include computers, cellular telephones, PDAs, thin clients, televisi_ons, radios,
domestic appliances, e.g., digital microwave ovens, dishwashers, clothes dryers and the like,
automobiles, digital manufacturing, testing and diagnostic equipment and viﬁu'a]ly'every
other digital device for consumer or industrial use. Frequently, ASICs designed for different
appl.ications contain many of the same basic logic, memory and IO elements, or cells, as one
another. However, for different applications these cells may be presént in different numbers,
arranged differently and have different interconnectivity, among other differences. Examples

of cells include RAM, /O, adder, clock, latches and communication ports, among others.

Since cell designs are often used repeatedly in creating new ASICs, manufacturers
have built libraries of cells. When designing a new ASIC, the manufacturer may then retrieve
the necessary cells 'from the library and combine them with one another, and perhaps with |
custom-designed cells, in the manner needed for a particular application. Important purposes
of creating libraries containing standard cells are to reduce the cost of designing and

manufacturing ASIC chips and simplify the process of designing ASICs.
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- 4 APR 2006 WO 03/034497 PCT/US02/33505 In a further effort to reduce-
costs, and sinplify the design process, manufacturers often conpl emalr;t PR 2008
«their cell libraries by standardi zing other features-of ASIC chips. oe
exanpl e, . _manufacturers often standardi ze the type and arrangenent of

el ectri caWbP4dts, i.e., power, ground and 1/0 cont ac‘f%T/U%&PﬁO?\t er f aci ng
a conpleted chip with packagi ng and standardi ze the power and ground buses
that provide, respectively, power and grounding to the mcroelectronic
devices, e.g., transistors, that nmake up the various cells. FIGS. 1, 1A 2

and 3 show a g\rﬂéi cul arly -usef ul sta_darg' zed arrangenent of electrical
contacts and 13 \ fhers OBF%[FﬁH"&diQété@n‘ipﬂ”@ h’ﬁgecfi‘?séﬁ’i‘ G, FHNBRENFTAPYETASI C
die 10. cJRehehbditit @1bfried by stﬁ%aﬁiﬂ?fot%@r feAlGlYOEASRE clibs f%%ieﬂ@%%tm

i nterposed rectangul ar area arrays of power contacts 12" (e.qg., VDDX)
and gr oumdnufecitmctodtet 4tagéardize thENDe avd efrjngemettiof klcariealshotarts as.,power,i Si ng

sol der balls,fo ontroll ed collapse chip connection (C4), or _flip-chip,
connect | PPY HIELHS Somuirdh S AN et heE RAT ko piny o emerciee b |
readily p@RRRLAELRLAY b@e@fhtafp@ﬁhg,Q%@&%lfy‘,’béWer%d BRRIn@RftLground cont act s
wi th a package may be alternatively effected using another technique, such

as W re bemoklentroninldsvicesh ogn transistors,ithat teakg up the variews &ils.ay of 1/0 contacts 16
interposed with power contacts 12 and ground contacts 14. Such area arrays
of contacts 12, 14, 16 allow ASIC designers to place in the X-Y plane the

necessary celFISS. €.13\,.2 AN stew la g&ﬁiculylgbus‘&hIs&maﬁdjza@ﬁrﬁ@mio@ekb@i@alpor t.
cells 22, wherever desired on die 10 such that the cells are al ways

rel ati vetoptastsar PRVEr IHEIpEbYisS imtanectionvd iy aneremplary, ASIGHBWL: an

(efectric | 5l it ' 24.

B eot 11 coprefit® RGP AN IRONRCIERRGPR Suttée o ihefboddiclifadi St
i nsul at i @itpyk af/povesr cordtadty 12 (e@neVBRj VDED) aml grbendaeontanis| 1M (app G, dfref)t hat t he
nunber of, netal .l ayers and.insyl ating | ayer shown j.s for ill rative
DUt poses i o st &8 Forpitring iR Yor s it PUGHEF <nid aectivn Eeai ng

-1 nsul at i Mig-dhay esmettyitybittpd packaRAnotGhowmd Axwne aRilled ikhe 4 Wit eatidgt s 16 of

FIG |A and associated wiring are not shown for clarity. However, one
skill ed IPRYSCHES glret;mﬁfllclonnccnw of power and ground contacts with a package may be

alternatively effected using another technique, such as wire bonding. Also shown is a
rectangular area array of I/O contacts 16 intérposed with power contacts 12 émd ground
contacts 14. Such area arrays of contacts 12, 14, 16 -allow ASIC designers to place in the X-Y
plane the necessary cells, e.g., RAM cell 18, /O cells 20, and communicétion port cells 22,
wherever desired on die 10 such that the cells are always relatively proximate the appropriate

contact(s).

FIG. 2 shows an electrical bus 11 coupling power contacts 12 with a device layer 24.
Electrical bus comprises seven metal layers, M1-M7, interleaved with insulating layers, I1-17.
One skilled in the art will appreciate that the number of metal layers and insulating layers
shown is for illustrative purposes only. More or fewer than seven metal layers and
correspoqding insulating layers may be provided. Ground contacts 14, I/O contacts 16 of
FIG. 1A and associated wiring are not shown for clafity. However, one skilled in the art will
understand that the electrical interconnection between ground contacts 14 and device layer 24
may be similar to the interconnection of power contacts 12 with device layer 24. Similarly,

one skilled in the art will understand that /O contacts 16 will be electrically interconnected
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understand that the electrical interconnection between ground contacts 14
and ‘device layer 24 nmay be simlar to the interconnection of power :
.contacts 12 with device layer 24. Simlarly, one skilled in the art'[WiAW
understand that 1/0 contacts 16 will be electrically interconnected -2 -
APR 2006 W@'H8He%34497 PCTI US02/ 33505 with device | ayer P4TASOHBEWSssary for
the particular arrangenent of 1/0 cells 20. FIG 3 shows netal |ayers M
and M7 as formng, in plan view, a rectangular bus grid 26 conprising
conductive strips, or wires 28, 30, present within each of a plurality of
conti guous, r(?%i ons 32 defined hy the rectangul ar area arrzzy of power

cont act s “ii¥h devigs daven st asneceisarg dorshe patielarprangsmentpid{PsellsOone anot her and
wires 30 have the same widths as one another. Referring nowto FIGS. 2 and.
3, netal layer Mo contains wires 28 extending in the Y-direction and netal
| ayer M7 cont FIGS3 shions sneB 1xisavi6l amdMi7ras fdiming; 8 pleg vieona redlab@dar 30 ghidcat ed
directly l%eneat_h power contacts 12 are electrically connected to the power
cont act s 2O9MREIEE cdyelvesrins erakiss g 2hPeseN withinfashiohgPlughigr of17. Wres 28
in netal Ve [ I i Lhyretal |ayer M7
by net al Cgrt?%‘c’glgu%%g%? ?gggﬁﬁ{eg?g?}ec%at agh? %&Sgg?p%f‘éﬂoé@ ggégﬁclrtlﬂléqr' wires 30. As
one ski | [Imgortantlyneiresr28 hatvé theappe eddths &, onerhatherlaay evises B6 hhwe thdiangerweidgismi | ar

to nmetal |ayers M/ and M6 but in.progressively finer wires. Wres 38
of rmetal®P § ARG g?fgﬂ{}lﬁdlggfﬂg%g%%?e@df%r 8‘%{3@ éeréﬁéfﬁ%t?‘%&“%_ A Eevi ce
in devi cén tRKEHiréfYn aREmBlaChlér MALbMaiGORRECIEEk 1dndRzSh Phe XAV tdhNViRdea -
arrays of power and ground contacts and providing uniform power and ground
grids in 3PhecatpgtdirectiyBraeath pewericoniets il g aesrelectrivallngonmgeted tpethppavest camdctgr ound
buses prigr._ .5 ' . 0. t.he deyi. aver. . Thus,.the power
‘and ar oulrll)_g “Bcbaté‘g@%@%ﬁ%ﬁﬁ”&%ﬁ?@ﬁ@% }r?y -ré[?'gyl%grz % l%ﬁc%l lr% IM% *he need to
cust om dekcygiallhemeediedsio wvifea 30 diatletahyer MBbCndas swgds 3dPateacibtation AR C-

desi gners .typjcal l rran the w within the sane netal, layer in a .
ot o Seited B £l BREST0. ASom dkiBath et il Sppen el Pal layer
with thessaeRinidd tdietalRyer® XANRIAM6 Wht' BatadSorOfredtBleh) filed Wotes. MY irZRY8 Q?

arranged as 'shown, and _
metal layer M1 are closely spaced from one another so that each device in device layer may

2006
4 .

be electrically connected thereto.

Providing area arrays of power and ground contacts and providing uniform powef and
ground grids in the metal layers permit designers to lay out the power and ground buses prior
to arranging the cells in the device layer. Thus, the power and ground buses may Be
standardized, in large part eliminating the need to custom design these buses for each new
ASIC design. Presently, ASIC designérs typically arrange the wires within the same metal
layer in a uniform pattern and typically provide the wires within the same fnetal layer with
the same widths. For example, wires 28 of metal layer M6 may be arranged as shown, and
each wire will have the same width as the other wires 28 in metal layer M6. Similarly, wires
30 of metal layer M7 may be arranged as shown, and each wire will have the same width as
the other wires 30 in metal layér M7. The width of the wires is generally based upon the
maximum possible current in the corresponding metal layer. Providing such uniform widths
for the wires of the same metal layer, particularly the first two metal layers, e.g., metal layers
M7 and M6 in the example of FIGS. 2 and 3, immediately below the power and ground

contacts, however, wastes metal and takes up valuable space that an ASIC designer could
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each wire will have the sanme wwdth as the other wires 28 in netal |ayer
Simlarly, wires 30 of nmetal layer M/ may be arranged as shown, and. ag %ZUUB
wire will have the same width as the other wires 30 in netal |ayer

wi dth of t¥eoyes i S generally based upon the maxi mum PEﬁ/%'sp){ﬁs&“”e”t in
the corresponding netal l|ayer. Providing such uniformw dt or the wires

of the sanme netal |ayer, partlcul arly the first two netal l|ayers, e.g.,
netal layers M and M6 in the exanple of FIGS. 2 and 3, imredi ately bel ow
t he power and ground contacts, however, wastes netal and takes up val uable

space t hatthamisdSkeForl§ghgnaa VOMkShoud ﬁheﬁﬁﬁt%om ' |
PCT/ US02/ 33505 ot herwi se use for si g?\gal and UO w Flgygag%é‘%ﬁ%qun thF imted

anount sﬁ%&t%l axras fopgipeal ppd VQevirawsuting ¢8ayeqmrefaorA3§Cglaﬁgnamcdpﬂobﬁevm re routing
can requiygi I i [t rovi de gy ional netal layers that are
undesi rabl e, %H%yr%&t%tlj a?sltgﬁtghr < ur’ﬂ%gP ag) pﬂlﬁ'ﬂ?f oii[“?ﬁ‘“oﬁls?@ﬁ@PJRE OF THE

| NVENTI ON I n one aspect, the present invention is directed to an integrated
circuit urality of cells and an electrical bus in : :
el ectri Cjﬁ%g?ﬁ@ﬁ&%‘f"@ﬁ ﬁﬁ@l plurality of cells. The electrical bus
is designed using a current distribution nodeled prior to arrangenment of
the plurality of cells. The electrical bus conprises a region and a first
netal |ayer containing a plurality of first wires extending in a first

direction. Each of thﬁdﬁ:lura“t of first wires has a first width at | east
partial l'y | ocat ¥ ARTHiF RIFREL BYpion isdiectedita an intasrated sieouit campaisifigiact i on of

t he curr @hiralily 6f ¢ellDuhd AeledtcBOL i'f&eéiec?rﬁﬁfect ol C%uB{é %v?t%%e ?gﬁ} of e S

(directed to a nmethod of laying out an
Ui nt egr at d8€ é’iC?t@ﬁalthM\Aeﬁgn@l usingradurtent chsmbmgmommaempelorreidmdgexﬁmf ikses in

Fi r st I ff t f
A firar Phudiey O CBY P SLEIL ki ebtapi o iR S Brs et gl miming aof o

regi ons, Pmmilt)eoﬁfn‘emilnestﬁudnhtﬁg i i dirtationf Eﬁwc&tthé/\gglﬁﬁ‘aﬁdﬁfﬁrﬁ &Ms% dt h.
Then, | éast the pl urallty of

a rlb ion i s determ ned anpn
first wi rﬁreséw‘cghat é{lﬁylpﬁaée %tglt“%@g’fﬁ’ﬁ dhe flfﬁéwpithﬂrm@%/a@hctianczﬂ wires

are -the current dlStI‘lbUtlon.

In another aspect, the preseﬁt invention is directed to a method of laying out an
electrical bus grid for an integrated circuit having a plurality of regions. The method
comprises in sequence the following steps. First, at least a plurality of first wires of a first
metal layer are arranged in at least one of the plurality of regions, w.herein each of the
plurality of first wires has a first width. Then, a current distribution is determined among at
least the plurality of first wires, and at least the first widths of the plurality of first wires are
varied as a function of the current distribution. Then, a plurality of cells is arranged to form

at least a portion of the integrated circuit.
BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention, the drawings show a form of the
invention that is presently preferred. However, it should be understood that the present
invention is not limited to the precise arrangements and instrumentalities shown in the

drawings, wherein:



varied as a function of the current distribution. Then, a plurality of -
cells.is arranged to form at |east a portion of the |ntegrated circuit

BRI EF DESCRI PTI ON OF THE DRAW NGS For the purpose of illustrating the 4 APR 2006
invention,wohgodigwi ngs show a formof the invention thacrjgepsssent!y
preferred. However, it should be understood that the present invention is

not limted to the precise arrangenents and instrunmentalities shown in the
drawi ngs, wherein: -4 - 4 APR 2006 WD 03/034497 PCT/ US02/33505 FIG 1 is a
schematic view of an ASIC die; FIG 1A is an enlarged view of a portion of

the die showi rigGamlmmhatﬁywawroaagwsmmem@qm&aneﬁlgxlgl@&ivé%f%/ Giefognt act s
and logic, nmenmory and I/Ocells; FIG 2 is an partial "cross-sectional

el evat i on¥] h"v?hé\ﬁ“ﬁ’f’m&ﬁn NQT@IW@%WQRQ&WL gahd apd H0l canniacty ahdiogics

form ng anphbor Ng/b ggver bus; FIG 3 is a partial plan view of the wires
in netal layers M6 of the prior art power bus of FIG 2; FIG 4 is
a schematic VI ew of a device incorporating an AS IC chip of the present

i nvention; ? 5 is a partial plan view showi ng a repeatabl e section of
the power gri 161 2 {57@ parzyl erostipgstionad wie vatipnl d@ew of aFABIC die iskovengaretal ad pl an

vi ew of gnReNek | G;S%Hulngggﬁ%%gggg&,&eo epeatabl e section of FIG 5

repeated in four regl ons y an area array of nine power contacts;
FIG 7 is a schematic diagramof one of the regions of FIG 6 showi ng a

quadrant used {go determne the p 1ga)lwer bus wire widths in accordance with
the present invani Parpart fﬁr‘ aAngIgwE o Weé‘ﬁ@ﬁﬁ!’aﬁ@]1@Yeé§)M7c?mdMﬁ¢féhﬁpmrmetngth |
ver sus di;@m@ﬂm dfram 2 power contact in the X-direction of the- quadrant
(shown in FIG 7;FIG 9 is an exenpl ary graph of current

FIG. 4 is a schematic view of a device incorporating an ASIC chip of the present

invention;

FIG. 5 is a partial plan view showing a repeatable section of the power grid of the
ASIC chip shown in FIG. 4;

FIG. 6 is a partial plan view of a power grid illustrating the repeatable section of FIG.

5 repeated in four regions defined by an area array of nine power contacts;

FIG. 7 is a schematic diagram of one of the regions of FIG. 6 showing a quadrant used

to determine the power bus wire widths in accordance with the present invention;

FIG. 8 is an exemplary graph of current strength versus distance from a power contact
in the X-direction of the quadrant shown in FIG. 7:FIG. 9 is an exemplary graph of current

strength versus distance from a power contact in the Y-direction of the quadrant shown in
FIG. 7.

BEST MODE FOR CARRYING OUT THE INVENTION



[ i i - di tion of the
strength versus distance froma power contact in the Y-direc
quadrant shown in FIG 7. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON ~'45APR %0_6
“APR 2006 WD 03/ 034497 PCT/ US02/ 33505 Referring now to the draw ngs,

wherein |i npral s indicate like elements, FIG 4 shgws in accordance
with the Bﬁzggﬁgg?nvention a device, which is generally deno%e& %& t he

nuneral 100. Device 100 naybe any type of digital device, such as an
enbedded system device. Exanples of such' a device include a conputer, a
. cellular telephone, PDA thin client, television, radio, donestic

i ance, aumRefsigd fovaibhe minils, WHEHHIRE YiBis ih&SHd g A0de JiFggnesti c
Zggibﬁgﬁt anpng ot hers. Accordﬁ%gﬁggldevice 1%81coﬁ%a?%%.gn%“%gﬂﬁﬁfe
i nt egr at $AO% W@geardgneewibihppresestimvertipnapiehice athicis geeeallyi denbted pg iRt ed

i i I iR 10 and may contain an onboard power supply 104 for
glr {)S:J:j;[ né@%@e%@gﬁ?ﬁ%@ f"@ IBW{%'.&“ © 2 Qiglltfje‘g’v?cﬁ' S_t“ﬁ}éasaqﬁl ebefdegsystemi at e t hat
|0 _order deaceiBienslant shites RARSHHIA WA, d deitlify AREhoACFBASAIV IR
describe the general function ASIC chip 02," nor the e'af So) OW Tt he
ASI C  chit§levitip radio domestihanpbense, auqpobiledd daitdl wateicusmgpeaaitagd ( not

: i ' T eneral ,arrangenent of ASIC chip 102 may be
i e CSPRLE Saen AR BAIRE BEesRRG IR e i st pneasmore 3. That s,
AS| C chi pntdgedreiyculta @) dhﬁ;isemaﬁﬁﬁQppmti%%&éggfﬁtilztg??ed@fr&ﬁé’@\sﬁg) d@?@(‘g(?g, AS| C

tacts_12', grouynd contacts 14' and |/ ntacts 16'. In a
g(r)]inpac 132” Y gqi\?%‘“ & 0RbParRAYEASTRRIY Q4 for sroviding\gowet R te IQphipn@nseven net al

| ayers | 3kinédi ; L.ect 1 ting j.ndividual devycesm

Suth as traner e CuEhilFlper il Fabfi dha Lo pRITRE bl B %R il 8T “ T4
116" . Onenegepsaryed deseribhtheagenenal fuhctioncARIi chip 102ahorahd dliw:dgfbfﬁ&lf %CFKSI\)% 10i2t nﬁg
ha ven., i ing layers I1'-17" and seven netal |ayers ML'-M"', .
nave mor o B o T buy dohad s ngot s piepel pidevisedoqn. | In

- addition, one skilled in the art will understand that power contacts 12',
ground contacts 14' and 1/O contacts 16' may be arranged dlfferently, such
as in paralle Wﬁ%%ré%lgaﬁn?lﬁy§ ASIC chip 102 may be similar to the general arrangement

of die 10 shown in FIGS. 1-3. That is, ASIC chip 102 may have interposed rectangular area
_arrays of power contacts 12’, ground contacts 14’ and /O contacts 16’, In addition, ASIC chip
102 may have seven insulating layers M1-M7’ (FIG. 2) and seven metal layers I1-17" (FIG. 2)
for electrically connecting individual devices, such as transistors, in a device layer 24’ (FIG.
2) to contacts 12°, 14°, 16”. One skilled in the art will recognize that although ASIC chip 102
may have seven insulating layers I1-I7’ and seven metal layers M1-M7’, it may have more or
fewer such layers depending upon a particular design. In addition, one skilled in the. art will
understand that power contacts 12, ground contacts 14’ and I/0 contacts 16’ may be arranged

differently, such as in parallelogram area arrays.

However, unlike die 10, wheréin eéch metal layer M 1-M7 contains electrical bus
wires, e.g., wires 26, 28 (FIGS. 2 and 3), having the same width as one another, ASIC chip
102 comprises at least one metal layer that includes bus wires having different widths. As
described below, it is generally most beneficial to provide different width wires in the
coarsest portion of the power and ground bus grids, e.g., in the one or two metal layers most
proximate contacts where the wires are relatively large. Dlustratively, FIG. 5 shows

uppermost metal layers M7’ and M6’, which correspond the uppermost metal layers M7 and
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However, unlike die 10, wherein each netal |ayer ML-M contains electrical
bus wires, e.g., wires 26, 28 (FIGS. 2 and 3), having the sane vmdttjlfas
‘one another, ASIC chi p 102 conprises athl ea'sb\ts oge met gl gIgyEr that i APR 2006
i ncl udes res having different w dths escri be

general | y%g%l)dségg?\efl Ci aIg to provide different width wire § /I% (BYyﬁS coar sest
portion of the power and ground bus grids, e.g., in the ope or two netal

| ayers nost proximte contacts where the wires are rel fatlvely Iarge__.
[llustratively, FIG 5 shows uppernost netal |ayers M/’ and Ms', which

cor r espomis bNEIGIRPEERBStaiARil3/) Width Wite2dtA 286 prowdifl R 2098 3OV\91t 3/ 0344,97
PCT/ USBZ/ 33505 M6 of FIG ng g?a}{lzlﬁ@/cont ai ni ng varyil ngﬁgn él%lg wiTes 28

Provi di n§iffirens avigiys caereatiytraducditifef amasmt Oﬁ/mctalhsedralrfoguhe@b\k/M ahegtmmdt he

t t ed for the al ound, . buses. In addition,
ot ovi di g Sk BRESE nd i R G e R dRe Ssp PV &Mt EFchror ¢
space f ospat fiatottip PPHBES, sieH @l sigsal 3h@D8) w@muhﬁgobwaﬁ& JaO e \GiduRGEAHT ©
narrower widths pernit nore wires to be accommddated 1 n a given space

assuni ng TR PHENGDeiascammedaigshiaiagivenspase aBsustiogso changpimatisddpecing.i d 106 of a
power bus 108 corresponding to one of contiguous rectangul ar regions 32
that is defined by four power contacts 12'. Repeatable grid 106 is forned

by wires 28 EIGrﬁedhaWs b agpeatablaneid W06 65a pOver®hs 188 @rrebfdh8ing MW one of W F €S 28,
30" are shown as formng.,a rectangular Cris-cross pattern that is .

symmet ri S%JIUgP%‘FSafP?t@%g“ﬂ% rt&#%nsp?rzu thatip étﬁltfsé@y foyr power contpgisdR’. Regeatablggtid As
one ski | ligglisitrnied®yatitess! dr ARRNSRE M()ea.rf_lm%@svﬁo g&lrlgyfeﬁﬁf? o ref,'gg'yﬂ{ orma

non rect angul ar . Cri1 s-Ccross pattern SucC ern ‘_
paral | el Hgﬁb@f#lsh%ﬁ@@dm:g@gmmutﬁwnesmemphtmm that is eghaetsicd 2elativonetheki | [ ed in

i 3 al so be arranged
oyt r o 5 ot PRRLBTRCIEih o, ALHERBAI Bxad Sik Sprigrian toperera
di Scussedlrbsa:kaj,vﬂ,o ﬂlbﬁfommiiﬂbnoxfectﬁﬁgﬂm:\&hﬁﬂroggpattcﬁp sudhBh¥ a%@tterpﬁts?@lﬁler{}ﬁt ﬁe Gevice

Cayer BRI BiheAeriom SREBIPS i Meset Safpro diJcdispbrmt vl aigon ¢ e
gener al t@y&;ﬂte @bt MR8’ G0 Rayl Ao bEarthnge £ BLLBIMHERIVRLS L0k J §91 ONS 32' Mmay
be gener al lcYpa} eg %tf ?e%1§n03r2’ rgg (Ei"llsguls?e% b%?cfv;[f ?Ille width of each wire 28’, 30’may be

based upon a current distribution modeled prior to the placement of cells in the device layer.

Since the current distribution model may vary depending upon the general layout of ASIC

chip 102, e.g., certain segments of regions 32’ may be generally tatgeted for receiving certain

types of cells having known high current requirements, the widths of wires 28’, 30’ may vary _

in any manner required by the corresponding current distribution model. Thus, wires 28’, 30

need not necessarily decrease toward the center of region 32’ as shown. In addition, as one .

skilled in the art will readily understand, FIG. 5 shows only repeatable grid 106 for power bus

108 for clarity. A similar tepeatab]c grid (not shown) for the ground bus may also be

provided among corresponding ground contacts 14’ (FIG. 1).

As mentioned above, it is desirable to reduce the costs of designing and
manufacturing ASICs. One method of reducing these costs is to design power bus 106 and
the ground bus (not shown) without the need to define the arrangement of the logic, memory
and /O cells (see, e.g., FIG. 1) prior to designing these buses. This allows designers to create

standard power and ground bus lay-outs that may be generally used regardless of the
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types of cells having known high current requirements, the widths of wires
28, 30" may vary in any nmanner required by the correspondi ng current
“distribution nodel. Thus, wires 28, 30' need not necessarily decLeﬁfEQPRNME
toward th of region 32' as shown. In addition, a illed in
the art mﬁrﬁ%?%§%VIy understand, FIG 5 shows -only repea?ggﬁgoﬁ?F 106 for
power bus 108.for clarity. A simlar repeatable grid (not shown) for the
ground bus may al so be provided anong correspondi ng ground contacts 14

(FIG 1)." As nentioned above, it is desirable to reduce the costs of"

i gni . f i Si One .. Of duci th ts is-
o dasi ooB et BRE R SRArG A WeTGh o o SRASRER LIS bamessoad t ne- noed to

define t han@iohalngemesitabf fehtifds loP SthfdardTBNver rdfnfl 58ddl Se l(hﬁtetﬁ?'t?e’ 9., FIG
1) prior to designing these buses. This allows designers to credte .

st andar d 8s8%tely amtPrgdiodisidibbigd ovenythoentise dévate lapey Sdnéla?@ﬂen?g bcgregéidgdd .
regardl es the -7 .- PR 2006 WD .03/ 034497 .PCT/ USO2 nder | yi ng
arr angenea?ﬁagé)efd & giﬁlrsedh%]gdotﬁ%f%%' PR HE TR, Egpg:ﬁplﬁe FePBPAR gﬂ'g of g@é‘é sary
functi onatitbugs algsdseiah enef Badetif @SerRfonsSt andar di zed power and ground buses
are that- they be generally uniformly distributed over the entire device

| ayer so that cells may be readily arranged as desired, and that they

conpri se si nmphgg e o1 h t hese ures are present

' The. prosent 0 SREFLE S, HNBRAbSrate bl P ol osgt BTote BovdBal aoi o
grid 106 108 pvéreany aechbéroffrestmgpbinvedgidig 32’ cﬂeﬁﬂédﬁﬁplya)@gf)mbiﬂ?eﬂhg Ripedtatas angul ar
regions 32' desired.sinply by "placing” the repeatable_ grid a _
, co?r es porgﬂlldr"i‘d:oﬁﬁ?ﬁﬁ?éihnggﬁ'ﬂ%ﬁ‘e‘gf tiges 3 ¢ Fﬁli}@?&@ﬁ@&ﬁﬁé Iriggoted that | L i ; .
hnoted th i)Y kies 98 VA : QuicMis | tndM Lypdhas the
\'rrb'st Si gg)itr??ca%t ierrpg\(l:\% ieﬁth?ﬁféem%i rlst %WC? ngtlg% %ayer s@ﬁ%ﬁ%ﬁ@% ly el ow -
t he | evelfirgtdyie anatal fayersdmmediately below i levdl @ontaififigsontects 2", b déUSkhiaf sb he

i tud , ] ding.relatively |arge wres 28,
300 | n ohediee ot SHERRE 8 bt Bhd B ROR I P 1 ee 28 40"  ha
any of. t hethestlayers.aliewsver,nomy skidied & the Wit vEB appreclatt ek eitonthedhdisl lhyrs

ith. . the pr nt i ntion. . ) )
accor dan(%neayvc\cﬁo;[xtgmt \Dgespof%lsf erent “I;]IXQ%S tm accordance with the present invention.

To illustrate one method of determining the various widths of the wires of power
bus 108’ in accordance with the present invention, the following example is presented with
reference to FIGS. 7-9. For a rectangular area array of power contacts, similar to power
contacts 12' shown in FIGS. 1, 5 and 6, and a symmetrical arrangement of wires simila:_ to
wires 28', 30" shown in FIG. 5, the analysis for determining the current strength in the various
wires may be simplified by modeling a single quadrant 110 (FIG. 7) of one of contiguous
rectangular regions 32" defined by power contacts 12"a, 12"b, 12"c and 12"d. Quadrant 110
is defined by corresponding portions of peripheral boundary 112 of region 32" and

corresponding portions of two mutually orthogonal axes of symmetry-114, 116.

In the present example, the distance X from power contact 12"a to power contact
12"b, and from power contact 12"d to power contact 12"c, is 432 microns. The distance Y
from power contact 12"d to power contact 12"a, and from power contact 12"¢ to power
contact 12"b, is 864 microns. Wires 28" parallel to the Y-axis are located in metal level M6"

and are spaced from one another by a distance by 28.8 microns (measured cenfer to center).
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To il lustrate one nmethod of determ ning the various widths of the wires of
power, bus 108' in accordance with the present invention, the follow ng
‘exanple is presented with reference to FIGS. 7-9. For a rectangul ar -dr 48R 2006

array of Rewefoe@tacts, simlar to power contacts 12° gheyma JffElGS. 1, 5
and 6, and a symetrical arrangenent of wires-simlar to wres §§ 30

shown in FIG 5, the analysis for determning the current strength in the
various wres may be sinplified by nodeling a single quadrant 110 (FIG 7)
of one of contiguous rectangular regions 32" defined by power contacts

12"a, 12" Recoddin ke Ak a%ﬁ' 30 ; i fihpedy; err ndi
portions of é%??%’ﬁlg?g%%b%und r%l%ﬁzlno%&?tggﬁéﬁgigg' gY\‘%‘% 3@0??&@%8%@?2%
portions afs aradpcatad irainktp] lnydrthdoanal ar@spaceddtors yamiothsr bd6.4 l&ond N t he
present exanple the distance X frompower contact 12"a to power contact
12"b, an n}egg%:dp f ' URtchL tAorordingly, 1 suass 3 onre Reavided inreppasablggridd @ons.
The distance Y from power contact 12"d to power contact 12"a, and from

power contact 12"c to power contact 12"b, is 864 microns. Wres 28"

paral | el "t ot hko deteamins the enrtentimteach ofwinest28!', J08viak pdfions Elks@hereSRAGERR T rom
- one anot . di stance by 28 .8 mcrons (neasured center to center). -8 -
4 APR 20 g’he%”@‘ﬁﬁ 6@2%6‘??@@%§?£]%%W%@68?@i layprs M71,8IGQ; qoatpinme thegee
provi ded wires| Rpsted mbjuadi@hi X 048beach WodeRd 395 rddfod i Derfoiingg ar e

| ocated i n netal Iagder M/ and are spaced ﬂom ongﬂé]rll%@ﬁté?&%@(p%%%% crons
( measur ed® delftraipe the cuEpatdn the cagesponding pyrtionslofwires28’330" afles pypewt ded i n

r epeat abl g,k Lulaf Lne the current in each of wires 28", 30",
(the porti ons of °f sgrgglagmf?r}ggcfnsgﬁ]gpfhﬁe aE‘gfsrcé’EB%‘?P&WF@ 19 drtreminedhe SBEsRR)

\ext endi ngtrbwegthvnelixedevizth Wiay busss dthe pht 'ar OTHug) dUoRdled BESBpLoM Jreiis, an@cat ed in
guadr ant %%?Ok?re each.nodel ed as a resistor. Sinulation is then perforned

"to determ fren @ifdeking and-simplationiechadgiss i nay resired. JASS of and ¢ showade | 30" .
Thi s t ypeesaits oDrde binfi@atA GorSdabh bk KManaSy- ' r is gconmonl y
used to dZt erm ne lt he tcur?er?t ?{l]lf:gllaélltdz{ Fﬁ%&%gﬁsﬁ%ﬁﬁﬁwﬁﬁfp %%%*’8 t he
prior ar : 1 higen that @_étcatiffﬂ?é_ét_f@@ﬁtmivmdsaﬁ",@" ténreasesinghritiohiodly witlown, nodel i ng
and Si W'j%&a@ﬁgtd?s%@é ﬁ'UﬁlSpolw%r_ Diad: §94! Iiﬁga po'ileltgi%r tl?c gar'g;g]s %f,MVStagg 9 '

appear below in Tables I and II.

From Tables I and I it is seen that providing different width wires 28", 30" resﬁlts in
significant savings in metal required to fabricate power bus 108. For wires 28" extending in
the Y-direction (Table I), the material saving in quadrant 110 is (65.76-44.47)x432 =
9,197.28 pm?® This is a saving of ((65.76 - 44.47)/65.76))(100 =32%. Similarly, for wires
30" extending in the X-direction (Table II), the material saving in quadrant 110 is ( 18.24_—.
8.84)x216 =2,030.40 um? Thisis a saving of ((18.24 - 8.84)/18.84)x100 = 50%. Fora

“typical 100 mm? die, the present invention can result in a savings of more than 2.5x10° pm?

of metal in the uppermost metal layers,-e._g., M7" and M6".

In addition to the savings in the amount of metal needed for power bus 108" and/or the
corresponding grounding grid (not shown), the present invention significantly increases the
space available for signal and I/O wiring. Often, modern chips are limited by the availability
of space, alsq known as “porosity,” for such wiring. The “porosity” of a metal layer is equal

to the proportion of metal available for signal and /O wiring to the maximum amount of
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results of the sinmulation for each of the X and Y-directions, respectively.
FromFIGS. 8 and 9, it is seen that the current strength in wires 28", 30"
‘decreases logarithmically with increasing distance from power contact-4l2PR2006
Dat a poin e graphs of .FIGS. 8 and 9 appear below.in Tables | . and

[1. From %g%pg@é‘fgband Il it is seen that providing di ff eFENUSRIAR wires

28", 30" results in significant savings in netal required to fabricate

power bus 108. For wires 28" extending in the Y-direction (Table 1), the
material saving in quadrant 110 is (65.76-44.47)x432 = 9,197.28 p n2. This

is a savi - )/ 65. 76)%x.100 = 32% Simlarly, for wires
30" exte nrgiaﬁlgh?t(r?(n? E%Z &-v l(ﬁifeégcgﬁlll%%m‘(ef%b S jepner O‘E“ﬁ@g?%’@é‘t‘lfeélané signd gnd HO

quadr ant Miti@gi Binfile3. 1t$ typAdaX 2 #Bufs 14, pPRRdi i S S of
((18.24 - 8.84)/18. 8%??(81%0 gty ki t@%?ﬁﬁion}{(}%ﬁ%a’gﬁé%kﬁgs’ present

i nvent i oif*Bd™*esult in a savings of nore than 2.5x 105 n2 of metal in the
uppernost netal |ayers, e.g., M/" and M6". In addition to the savings in

t he amount of netal needed for power bus 108 and/or the correspondi ng

groundi ng gri dn (hegtessitewanplef the “PldESedTiquidR N0 Mthe OMkd "Sr’flﬂtz‘lﬁ ypfiCreases
the spac .ql\r/{ailabl,e f(i)r signal and VOw ring. Oten, nodern chips are
limted 8@“‘& 8 ABRFERImRY the yotalgmaeunefespace| ayaildbtrofanperser busyrapaintybus, sfgael such

Wi ring. FRerVORGRS it i : bk ual . .to . the proportion of

met al avail abl e f%rr¥ %fsg%g@g@?%%é%ehg%f gsg?lﬁ%d Wﬁgﬁhﬁﬁr‘ﬁltgﬁﬁfﬂ%’veb*’“& 9 4 APR
2006  \WOAWBLWYEd 9 TrePET TR0 R GR5MEthmedmlard badteCArrREinPl WMiRE ahther g%r power
grid wr sewngﬁng&%g]sgri d t3/\1"ﬁres and signal and UO W ri n?. ‘Limte
cporosity typrealty™  EsTFTolithe RSPt dedigtonndhbys wiresi wiepld egpapys, which i s
‘\lexpensi vepproxintahdy Pk BST6E BN bEthe DG Vb B i By Lhe

X=di recti&? i? 216 m whi chqﬁims9 a&gr oxrrﬁgg}glﬁtlﬂéf@%@gﬁ?%érn 3{{?1@6%ce
avai | abl ¢%4 561 Foviehe ik widjh 6fithe apeesants Thesathe carrdspbhdingvpoiosicy it uadtiug

quadrant 110 for biehd A¥AGPLEwolly kG odRSWIRA shat ‘the widths of power bus and
ground wires are equal to one another and™dre |ocated alternatingly wth

one anot her. For
However, for different width wires 28" of the present invention, the power and ground
bus wires in metal layer M6" would occupy approximately 2 x 44.47 = 88.94 um of the 216
pm total width of quadfant 110, or (88.94/216) x 100 = 41% of the total width of the
quadrant. Thus, the porosity of metal layer M6" in quadrant 110 according to the present
invention would be 100% -41% = 59%. By providing different width wires 28" in
accordance with the present invention, the improvement in porosity of metal layer M6" is

59% - 39% = 20%. In relative terms, the improvement is (20/39) x 100 = 51%.

Similarly, the “width” of quadrant 110 in the X-direction is 432 pm, which is
approximately the total amount of space available for power bus, ground bus, signal And I/0
wiring in this quadrant. Again, it is assumed that the widths of power and ground bus wires
are equal to one another and are located alternatin gly with one another. For thése constant
width wires of the prior art, power and ground bus wires would occupy approximately 2 x
18.24 = 36.48 nm of the 432 um total width quadrant, or (36.48/432) x 100 = 8% of the total

width of the quadrant. Thus, the porosity in quadrant 110 for a chip of prior art would be
100% - 8% = 92%.
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these constant width wires of the prior art, power and ground bus wres

woul d. occupy approximately 2 x 65.76 = 131 mof the 216 pmtotal w dth of
‘quadrant 110, or (131/216) x 100 = 61%of the total width of the quadrtahfR 2006
Thus, the r ndi ng porosity in quadrant 110 for a I jor art

woul d be 1‘8@%/2?%2%%: 39. However, for different width W%%@S@%}S@%ﬁ} t he
present invention, the power and ground bus wires in netal |ayer M6" woul d
occupy approximately 2 x 44.47 = 88.94 pmof the 216 pmtotal w dth of
guadrant 110, or (88.94/216) x 100 = 41 %of the total width of the

guadrant. Thus ity of netal, l.ayer M6" in quadrant 110 according
to the present Ho‘?’%\% %ﬁ?f %ﬁfeﬁéh‘ivlgﬂbguiﬁd’/o‘)}l&“f pagsentayugntian. the pepvediand swund er ent

wi dth wi ries w38 wonldeea Gxithiely 2 8 sPLEFRRL, 1] ty ;| {[gr ovenent
in porosity of netal I.apngNB" isty 59%8?%3%:“%8%5%439?5% |\‘7’é ernms, the
i mpr overre(&ﬂad{f@t,@ol/@@y&) 1000 = 454.98 husSherpbmsityof thétal Iy MH"in qhadgaradn@nt 110
in the X-gj [ .S 0A3 whi ch i s roxi.mately the total anmpunt of
space ava\?{nggfﬁél or %g‘\f/l\érg@%]USB Y R YR d%% ent ﬁlgﬁ&l“&ﬁg pacceifcs githibe hi s
quadr ant . prégat inyerition] the afprdn@eknt MAHorbdM§ oMt Sayef MEOWR L dARD 8 _bus

W res arﬁgje ual to one another and aré |ocated alternatingly w h~one

anot her . ‘FBr It fskize teams thimproyesnent ini(4/82) 10100t=h4%prAsaxpented, thpdnpactafichegr ound

bus Wi r esy @Ml HlvareHRY; et e X : = 36..48 of the 432 pm
total w th.qula\élr ant P&’rg?ﬂ?&%ﬁ%ﬂ%ﬁ élrgg%alﬁayféé'}éwg’%e&‘e {“ﬂb‘"?@r&rm%mw of the
quadr ant .bu¥A08' catrh thepoosoeirtent ard, cistedoa)vequidhé preatdstaiiisof prior art woul d -
be 100%- 8% = 92% -10 - 4 APR 2006 WD 03/034497 PCT/ Us02/ 33505 However,
for different width wires 30" of the present invention, the power and
(ground bus WWEiSe the Beler Gk RYorARR HO ALY i it pr of the 432
pmtotal w_dth quad?ant, or (17.68/432) X e%%caéng%}géﬁlﬁléprtcﬁeg%g]or osity of
met al | ayf8oofiment. it willheruaderstpod thapis id mbt e lit{646 On 4% conB&d it ByinRh@ad t8i ng
di ffer enteowi A o dik rdance with the .present invention, the
i mpr ovenent in pg\frn(%gﬁsgrg 8?11“1%%{5&%&?(%/%1%%]&\915 W%ebrgd oWithypihe spirit and

_ scope of the invention as defined in the appended claims. '
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the inmpact of the present invention is nost dramatic for netal
where the individual wires of power bus 108" carry the nost current and,
therefore, require the greatest widths. Wiile the present invention has
been described in connection with a preferred enbodinent, it wll be
understood that it is not so limted. On the contrary, it is intended to
cover all alternatives, nodifications gpd equivalents as may be included
within the spirit and scope of the invention as defined in the appended
cl ai s APR 2006 12 WHAT IS CLAIMED: 1. An integrated circuit
accordlﬁgﬁ%gﬁéééﬁﬁﬁﬁi) wherein said corresponding widths of said first
wires (28') decrease logarithmcally toward said axis of symetry. 2. An
integrated circuit according to claim11l wherein said region has a second
axis of symetry and further conprises a second netal |ayer containing a
- plurality of Aseaoegtated casuit @8®rdingar alairell 11 ehe@irdsasd comespanrdisg ofidthy mireaidy
and electrically coupled to said plurality of first wres (28 ), each of
sai d pl fuseirty(281) deeragdiophrithmidaB towiid\chiatixe Geg@mkimi dt h at | east
partially located within said region, and said second corresponding w dths
of said second wires (30') decreasing toward said second axis of symmetry.
3. An integrated circuit according to claim?2, wherein said corresponding
wi dt hs of sai first w.re 28'. eas arith cal t ownar d
frst ais oriibeaeg Rl ehfddamedBragBonu et arRsegen 'St gxg hies
(30'") decrease |oga rlthnlcally toward saj d second . axis,of )
met hod MMeR Ard Siithen FoRPEETS # SefonguBCtgt fa1ch FORRNI et %g’ﬂ‘é{f‘]été{ ‘gﬁm 9514 “ﬂ%?\?i ng
(a:plurality of regions, conprising in sequence the steps of:. arranging at
1 east a3pl)upesdliet Yo efid feqost ausr essyaetyy arfd elegtiiedlty eapddd toasped plureligy of Sest
one of the plurality of regions (32'), each of said plurality of first
W res (Wies) (2Bayeah of safl plespiondf segond wires (30°) having a second width at least partially

4% In relative terns, the inprovenent is (4/92) x 100 = 4% As exgéﬁ&ﬁﬁ%

located within said region, and said second corresponding widths of said second wires (30°)

decreasing toward said second axis of symmetry.

3. An integrated circuit according to claim 2, wherein said corresponding widths of said
first wires (28’) decrease logarithmically toward said first axis of symmetry and said
corresponding widths of said second wires (30’) decrease logarithmically toward said second

axis of symmetry.

4. A method of laying out an electrical bus grid of an integrated circuit having a plurality
of regions, comprising in sequence the steps of:

arranging at least a plurality of first wires (28”) of a first metal layer in at least one of
the plurality of regions (32°), each of said plurality of first wires (28’) having a corresponding
width;

determining a current distribution among at least said plurality of first wires (28’);

[RALIBK]04122.doc:mxI



wi dth; determning a current distribution anong at |east said plurality of
first wires (28'); [R\L IBK 04122.doc:nxl - 4 APR 2006 13 varythdPRyggs
| east some of said corresponding widths of said plurality of first wires
(28'") as a function of said current distribution; and arranging a
plurality of cells (18, 20, 22) to at least partially formthe integrated
circuit. 5. A nethod according to claim4, wherein the step of arranging
said plurality of first wres (28') ingludes selecting a pattern of said
plurality of first wires (28 ) and repeating said pattern for at |east
sone of the plurali of regions (32'). 6. A nethod.according.to claim4,
wherein the SuEgeat kadueri iy currenis SR IARERRy BB
said plurality of wires (28') as resistors. 7. A nethod according to claim
4, wherasiafugion aftsaid rrepiedigirikptianiadd cor r espondi ng wi dt hs i ncl udes
decreasing said corresponding widths logarithmcally toward said axis of
symmet ry. 8. afvameingacblambnrafiaels (18, 20,a020tadat ledsepatially fremsthe mitedratad cangi.ng
at least a plurality of first wres (28) further includes arranging a
plurality of second wires (30') of a second netal layer in said at |east
one of the plurality of regions (32'), each of said plurality of second

Wi res (530I ) ﬁb%étﬂ(gd %céb?&ihgst?%{ﬂﬂhﬁg, ng%{?nhth%rk?epsgfa?rrﬁgrifggtsﬁﬁrglﬂliapgéﬁg first

current ‘distribution anong~at |east’ a rality o W res

i ncl udes. det.erm nj a.cyrrent distribution.a t .1 eass, sope of . sai.

ol a1 RgECrE et Futinaa oty oL st A oD ivineS L2k S0 Farlaing By
and the step of varying _at |east sonme of said corresponding wdths of said
pl ur al iR3jtes for atlepst Gome of heplyrahity f fepaQnside i ng  sai d correspondi ng wi dt hs
(of said plurality of first wires (28') and said correspondi ng w dths of
'said plurality of second wires (30') as a function of said current
distribution. [R\L1BK]04122.doc: nxl - 4 APR 1006 14

6. A method according to claim 4, wherein the steps of determining current distribution

includes modelling said plurality of wires (28’) as resistors.

7. A method according to claim 4, wherein said step of varying said corresponding widths

includes decreasing said corresponding widths logarithmically toward said axis of symmetry.

8. A method according to claim 4, wherein the step of arranging at least a plurality of first
wires (28’) further includes arranging a plurality of second wires (30°) of a second metal layer in
said at least one of the plurality of regions (32°), each of said plurality of second wires (30°)
having a corresponding width, the step of determining a current distribution among at least a
plurality of first wires (28’) includes determining a current distribution among at least some of
said plurality of first wires (28”) and said plurality of second wires (30’), and the step of varying
at least some of said corresponding widths of said plurality of first wires (28’) includes varying
said corresponding \.vidths of said plurality of first wires (28’) and said corresponding widths of

said plurality of second wires (30”) as a function of said current distribution.

[RALIBK]04122.doc:mx|



9. A nmethod according to claim8, wherein said at | east one of the
plurality of regions (32') has an axis of symetry parallel to §€iF 2008
plurality of first wires (28') and the step of varying at |east é %
corresponding widths of said first wires (28') includes decreasing said
corresponding w dths logarithmcally toward said axis of symetry. 10. A
nmet hod according to claim8, wherein said at | east one of the plurality of
regions [I. . (32') has an axis of symgtry parallel to said plurality of
second wires (30') and the step of varying at |east said correspondi ng

wi dt hs of said second wires (30') includes decreasing said corresponding
wi dt hs of said second wires (30') logarithmcally towards said axis of
symmetry. 11. An integrated circuit conprising: a plurality of cells, (18,
20, 22)% an &t @athodagcopling (A 0By vareeen spidadt lethangi A abe iy hofsigsipns
plurality of cells (18, 20, 22), said electrical bus (108) designed using
a curr €d2’) dasar pbsdl gmmeide padllgrtd eaidtpturality @ gesrevites (28°) sad thepitep of Varyingf
cells (18, 20, 22), said electrical bus (108) conprising: a region (32")
havi ng a8 idagGhan@uteaporitap@idaichfaaidi firstwites (38 9findydoaeletitasingshid chiréspbndiagal
| ayer containing a plurality of first wires (28') extending in a first
directi ] I all; ffList wires (28') having a first

wi dt h a?ﬁ¥héé§?a%?5‘?{°?§ﬂ°3%E%{?é’a‘tsi‘vf ?’ﬂ?ﬁhggl d region (32') and being
parallel to said first axis of symetry; wherein said first widths of said

plurality of first wires (28 ) decrease toward said first axis of

symmetry. [R\LIBKJO4l 22.doc: nxl ) , . .
_ 10. A method according to claim 8, wherein said at least one of the plurality of regions

(32’) has an axis of symmetry parallel to said plurality of second wires (30’) and the step of
varying at least said corresponding widths of said second wires (30’) includes decreasing said

corresponding widths of said second wires (30’) logarithmically towards said axis of symmetry.

11. An integrated circuit comprising:

a plurality of cells (18, 20, 22):

an electrical bus (108) in electrical communication with said plurality of cells (18, 20,
22), said electrical bus (108) designed using a current distribution modeled prior to arrangement
of said plurality of cells (18, 20, 22), said electrical bus (108) comprising:

aregion (32’) having a rectangular shape and a first axis of symmetry; and

a first metal layer containing a plurality of first wires (28”) extending in a first direction,
each of said plurality of first wires (28”) having a first width at least partially located within said
region (32°) and being parallel to said first axis of symmetry;

wherein said first widths of said plurality of first wires (28”) decrease toward said first

axis of symmetry.
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