WO 03/ 034497 PCT/ US02/ 33505 | NTEGRATED CI RCU T BUS GRI D HAVI NG WRES W TH
PRE- SELECTED VARI ABLE W DTHS TECHNI CAL FI ELD The present invention rel ates
gener al | ywomswobhaoti el d of mcroel ectronics. Mdire particulpamriusp2/sises pr esent
invention is directed to an integrated circuit bus grid having wires wth
pre-sel ected variable w dths. BACKGROUND ART A | arge portion of the
sem conductor industry is presently devoted to the design and manufacture
of application specific integrated circuit chips, or ASIC chips, which are
used i n INFEGR ATEPrEA8 AN B GRGRIDSHAYING WIRBS WHES PRESELECTEDebedded
systens.. Exanpl es. of such devices include conputers, cellular tel ephones,
PDAs, t AR ERWIDTRY evi si ons, radios, domestic appliances, e.g., digital
m crowave ovens, di shwashers, clothes dryers and the |ike, autonobiles,
di gital manufacturing, testing and diagnostic equipnent and virtually every
ot her diITHCKRNIOALIRELDOr consuner or industrial use. Frequently, ASICs
designed for different applications contain many of the sane basic | ogic,
menory and I/ O el enents, or cells, as one another. However, for different
applications l-% | \ ]? I [ Lif er r.sS, ranged
differently ajth %ﬁ%\c}%ﬁg%@t@gﬁ %%ﬁ%&%@\tﬁe@% ﬁ\?lldtoﬁ ,ﬁg%%gggﬁﬁ%rhdg?% ferences.
Exanpl egart@l#Bl, it présehtid eerfRdis ﬂi/r@t@cﬁt@dﬁrinte]@ﬂaﬁﬁl@irchﬂTbﬁb 85d 88dng wires
communi cation ports, anmong others. Since cell designs are often used
r epeat edvih prig-selestedivagale widkBs.Cs, nmanufacturers have built libraries of
cells. Wen designing a new ASIC, the manufacturer may then retrieve the
necessary cells fromthe library and conbi ne themw th one another, and
per haps phtRGROSNDTARESI gned cells, in the manner needed for a particul ar
application. Inportant purposes of creating |ibraries containing standard
cells are to reduce the cost of designing and nanufacturing ASIC chips and
sinplify the AR 'i;‘:t(%(g:éa ggrtigrfl 09 fiR's r@ﬁc%%d&%r%dus-tr%/ is 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, televisions, radios,
domestic appliances, e.g., digital microwave ovens, dishwashers, clothes dryers and the like,
automobiles, digital manufacturing, testing and diagnostic equipment and virtually every
other digital device for consumer or industrial use. Frequently, ASICs designed for different
applications contain many of the same basic logic, memory and I/O elements, or cells, as one
another. However, for different applications these cells may be present in different numbers,
arranged differently and have different interconnectivity, among other differences. Examples

of cells include RAM, I/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.



WO 03/ 034497 PCT/ US02/ 33505 In a further effort to reduce costs and
sinplify the design process, manufacturers often conplenent their cell

| i brari eswby3gsantar di zi ng ot her features of ASIC chips. PoT/tSezsshe,

manuf acturers often standardi ze the type and arrangenent of el ectrical
contacts, i.e., power, ground and I/O contacts, for interfacing a
conpleted chip with packagi ng and standardi ze the power and ground buses
t hat provide, respectively, power and grounding to the mcroelectronic
devi ces, e. g.In atfoshgiefioorts reducatosiminal simptifyethe designiproceds| mandfhcBersloftebA, 2

and 3 show a particul arly useful standardized arrangenent  of el ectrical
cont act LORRFRieL; 3 s dyistrodarding oihFlea e %%S?Eghlréxsﬁb?wlm C
di e 10. i 1A, j i J rfa

inter posﬂel r%&%ﬂgﬁg)tﬁegrsag%g%at?%ga‘g# %B%%giﬁl@g{oﬁ%@ %‘5‘?%&% IEV?}%BHA?/DD()
and gr owpoureaiddd sortdet§, foginterfading avdordpleted whip withepaek sdiogundsaciangize theng
sol der balls for controlled coll apse c,hif) connection (C4), or flip-chinp,
connect iRPWey and ground Baser sipd Provéde. &aspsgiyvelyaROBeraAndigrounding t theve art wil |

readily nApRi&eak egﬁlesg%téé,irtﬁagl%isf&ﬁq%gﬁag(%ﬁlé éﬁ’é vilBEEeANd ground contacts

wi th a package may It Ive usi ng anot her techni que, such
as wire bonding. Also shown is a rectangular area array of 1/O contacts 16
i nterposed with power contacts 12 and ground contacts 14. Such _area arrays

of contacts HIGS1k 146 ad Hehorse padedlpgy Bpedul standpedized; apran gaanont of elgetaigal t he

necessar I [0 cell.s 20 i.cation port
cells 22?}6 n&%ea?lg §‘r”g%%nsdﬁ$b"gl€ﬁ (gér)]&sgl}gi ?LO%I ngcl}lc ‘J{lgha ?’Wgﬁbgaerﬁ%s@igmée al'ways
rel ati vatefeingxd FRG .61 A, heSIandie 0pinchides aERN§Recé Syo ifdrbosed réianslaArea

el ectrical bus 11 coupli ng power contacts 12 with a device |ayer 24.
El ect ri calaypakpewsrsengels lgdo-an VI aY DD&y apd gronnd gamtagisibfd.& a0, Wreh,

i nsul ati e 11-17. . .One ,skild l.ed in rt, will .appreciat hat t he
b offich AhiBun b eoriprisind Soét S forl BobBfefidnatle dufBRERI AL @A

pur poseslipthip, cdfeetiity Wanapatime (ﬁ(ﬁ\éﬁ@w?ét@d oneAkellcel ia ek arE QI RE@ENdi ng
insulating | ayers may be provided. Gound contacts 14, 1/0 contacts 16 of
FIG 1 Aparegiass stseirigpbepnapetiviy cdipewanandsgrovnd ¢aptacey with 8 packagoepgibe one
skibled zflt@r&aﬁ%el%ré%fe&‘eé Iusing another technique, such as wire bonding. Also shownis a
rectangular area array of I/O 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 cells, e.g., RAM cell 18, I/O cells 20, and communication 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, I11-I7.
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
corresponding insulating layers may be provided. Ground contacts 14, I/O contacts 16 of
FIG. 1A and associated wiring are not shown for clarity. 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 I/O contacts 16 will be electrically interconnected
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understand that the electrical interconnection between ground contacts 14
and device layer 24 may be simlar to the interconnection of power

cont act s WO oados439tevi ce |layer 24. Simlarly, one skilledPCa/ushzm3zn: wil |
understand that 1/0 contacts 16 will be electrically interconnected -2 WO
03/ 034497 PCT/ US02/ 33505 w th device |ayer 24 as necessary for the
particul ar arrangenent of 1/Ocells 20. FIG 3 shows netal |ayers M6 and M/
as formng, in plan view, a rectangular bus grid 26 conprising conductive
strips, with d¢vieslapd, 2430 negasese fivr the phitinulenaangtmantdfdi@telisy200f  cont i guous
regions 32 defined by the rectangul ar area array of power contacts 12.

| nportantly, wires 28 have the sane wi dths as one another and wires 30 have

t he sanme w dt I | ]

| ayer W6 contach3 iy PEmeBRPhORMARRI RI7 W BRRRY, Rl to, £rdfifetor PRGN
cont ai NR6MongRisBE @xtentiergipshot Wedl 8] B0Ogmtsennwithr €sh oBA plueglay efl directly
beneat h power contacts 12 are electrically connected to the power contacts
by net alcoatigipus segieng Hafingd by (s igatangiden diea HEpy ofpewer gontagty £ 28 i n net al

| ayer r I cal i LR J; t al
studs aapraff Sifch 28 v GRARRENGL Qs W< R shd G 30 puRUBE sdffe BHaE
ski | | ed dsiont AfotBéd RéférkingPpHves IFAGS, 2 ARl 3l métaliayes M codtainMiviRk €8 skighdiag t o

metal |ayers M/ and M5 but contain progressively finer wires. Wres 38 of
met al | d)dhe Xrdigedonansisaptal lamerddd cpnigins grites 3Asxivadingdn theaX-dirgetiord eWiiee i n

devi ce | [ . lectricall e thereto.  Providing area. arrays
of pomr@ﬁ%ﬁtg(?éﬁ% %) grrlﬁa.g%Pé‘%%nc(?% tpa%%\'}ﬁ?af:ﬁ %ggﬁtﬁﬂc%’r %RHBS‘%%&%%‘S pg‘é’%‘fﬂ%ac i ds
in the rgtdétal Ay B G@ndidg GEsigl INuSating 1AyRY IO UWireh 28 RPwRfal &iyer icQsdd buses
prior . to arranging the cells in the device |ayer. Thus, the power and

ground Rlesarcallycoprectaddn ddredi3Pdr metal 1aygr Y hametabstpgy Pastieagh logationsidt t o

t om desi gn, these .b h .new . AS| C design. .P A
dosi gner Tk SR BER A0 ACBRT SR e T e b e dn fy, o
uni f or myatateedimilan@ ththl 16 pdrs MParMVdSut Bhtiih peSer¥dsivaiyfiddrevifegMvicat & ofl ayer

with the same widths. For exanple, wires 28 of netal |ayer Mo may be
ar r angednefsl layesM] aggrrdosely spaced from one another so that each device in device layer may

be electrically connected thereto.

Providing area arrays of power and ground contacts and providing uniform power 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 designers typically arrange the wires within the same metal
layer in a uniform pattern and typically provide the wires within the same metal 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 layer 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 wwre wll have the same width as the other wires 28 in netal |ayer M.
SSmlarly, wires 30 of netal |ayer M7 may be arranged as shown, and each
wire wllwbasesube sanme width as the other wires 30 in mPCalushzg3asns M7. The
width of the wires is generally based upon the naxi mum possible current in
t he corresponding netal |ayer. Providing such uniformwdths for the wires
of the sane netal |ayer, particularly the first two netal |ayers, e.g.,
netal layers M and M6 in the exanple of FIGS. 2 and 3, imredi ately bel ow
t he poweethervdseysedosigend and ¥Oswirtoowingr Thodistited ametuat sprnelataikbl ingheval uabl e
space that ASI.C desi gn could -3 WD 03/034497 _PCT/ US02/ 33505 ot herw se
use for gﬁetﬁﬁ CIS AF Sllgrﬁll aﬁ“fgor%? ToYgine PAR 1991 HP %&%E&Gﬂgn%raa@éwa%i lable in

the metaldidchaeigtal RiyesitBtake AR skdtR WakRulRNIRE 2CB8 srfeﬁlg binf an ASIC
designer to provide “additional netal "layers”that are undesirable,
particularly froma cost standpoint. DI SCLOSURE OF THE | NVENTION I n one
aspect, p t I i irected to an integrated circuit

conpri mﬁ&q%{“(s%@ﬁﬁzﬁﬁ &%#ﬁoﬁnd an electrical bus in electrical

comuni cation with the plurality of cells. The electrical bus is designed
using a current distribution nodeled prior to arrangenent 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 the pl ural inQregpacttag Pigsqnt invegtonis direeted toupRintegipted clxeuit pranprising &

| ocat ed VL kit J : Lk i funct i, on..of . the

cur rent Mot cefis b Bieerd R i 12 etk ShTmnte B Wil BEBRI b oS o
to a netHockleftritaApuni designedusing ectrrémalistibigidarheddar prast tb Birageaieftothe CUi t
havi ng a B}Iéarr al | tﬁ of regions. The nethod conprises in sequence the

fol | owi niJUeiigp ces.r She elgetrical hys camprisasaa regipn @nd pifirghimetply layer containing a st

met al | : Ly af: | . f e ral it regi ons
Wherei n HEpR] 6 R OAAH Y in S 000800, EMIFOPbEDRIIY of it SRR &
current filisswidtutlemn pasiatgle@atidvachinf@nggioh. The &isdt wWills RhiyfRlai thct@h Jri r st

wires, and at least the first wwdths of the plurality of first wires are
the current distribution.

In another aspect, the present 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, wherein 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 least a portion of the integrated circuit.
BRI EF DESEBIBs43 OF THE DRAW NGS For the purpose of ill ugCmraisozggsvhe

i nvention, the drawings show a formof the invention that is presently
preferred. However, it should be understood that the present invention is
not limted to the precise arrangenents and instrunentalities shown in the
drawi ngs, wherein: -4 WO 03/034497 PCT/US02/33505 FIG 1 is a schematic
vi ew of an ASFIG.diiepa sEhe@aticiview ofian ASIGdipe 1G] BAvisodn enlgprged view offa poltgordi e

show ng an.exenpl ary arrangenent of power, ground and |/O contacts and

| ogi c, ﬂ@ﬁ%é&f’%&m{g’@ sy I‘i‘F@’g"EPqné OfiPP‘%ér g‘PHPC?@F%QQ-C@B@FWS @ndflogic,

el evat i opgholy & WO cails;ASI C di e showing netal and insulating layers
forming a pricor art power bus; FIG 3 is a partial plan view of the wres

in netal layers M/ and M6 of the prior art power bus of FIG 2; FIG 4 is
a schematic vj of a device incarpaorating an ASIC chip of the present

i nvention; FIB30O-gisang troa-sgstighpl Glevariansd wiewgeany digshewigs argte)angdf

the powej, @ghiish & - chi ﬁx‘"ﬁhi” FIG 4, FIG 6 is a partial plan
vi ew of artlSpO\}ve ?%2%6%%??%??%88? e rsépeat abl e section of FIG 5

repeated in four regions defined by an area array of nine power contacts;
FIG 7 is a schematic diagramof one of the re?i ons of FIG 6 showing a
quadr ant used'Q- gaPartial Rentiey gbihemimsdn metad Iayets M4 and Mg efthe anioearii t h

t he prezweribgggpﬁ(g)ry. FIG 8 is an exenplary graph of current strength
ver sus stance froma power contact in the X-direction of the quadrant

shown in FIG 7;FIG 9 is an exenplary 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



strength versus distance froma power contact in the Y-direction of the
quadrgnt shown in FIG 7. BEST MODE FOR CARRYING QUT THE I NVENTION -5 WO
03/ 03449 WPUFH88O2/ 33505 Referring now to the draw ngs, WOEMSIN3ISIKe
nunerals indicate |like elenents, FIG 4 shows in accordance with the
present invention a device, which is generally denoted by the nuneral 100.
Devi ce 100 may be any type of digital device, such as an enbedded system
devi ce. Examples of such a device include a conmputer, a'cellular t el ephone,
PDA, thin cliRefertingngvei the drrwingsd mheregiohksstumnerals phdicate bke elatemspFIG: 4and

i i 3 i . i d_di. t.i i pnent , anong ot hers.
Acoor i napy 1RGSR 5T DGR inehhRPRAR L R Zeucny fesared tpriey
chi ps, snuherals08pmhdvicet I00MmEPRSAdy t§pd dsrtcﬁ%%fd@ﬁc&'sﬁ&vbém{éﬁkeﬁheg Ea%sge 02,

and may contai n an onboard power supply for ‘providing powe . 'he I C
chi p. OnfevicskibBxpeglas of sheh adevies intludpp repatee atchHtlar telophoher, PDo\, uhig efisiitand

. i it . d i th ) | function
A ey RO Phaleltic Spetdhess PRERRP AL ind el nany onrane HoBae hd h pover
suppl y lddgrnte efuigheRORROACHLSrs( DRoAHKefke 36Y bGRail08ne Jifiene! al

arrangenment of ASIC chip 1 may be si t gener a arranggnent of
di e 10 Sh&&RedrirptElCyichdps, Juchtasi applid@io sphdific iegraey chavie(ASTR &

. ts 12', ground contacts 14’ and 1/0
cont act <) ERaif i PR b unsl 107 do wrayicinsthorss iiberingtimomy | ayer s
ML - M7" skifle@in e AWi158HRBEiAE HRL id GYEF © dndersahd thd fib&nt gl)varétri/o?lri(ta Qlggtrically

connecting individual devices, such as transistors, in a C ayer 24
(FIG  Zecessarydotiesstibe (R genged! funtGon ASKE chilpi 102 ebrithe ddigilsadithowi the ASECOogni ze

that although ASIC chip 102 have seven insulating layers I1'--17" and
seven metHl gfeéég‘?sswﬁﬁ ngmsqppﬁy%d IPSRFE CRBIPRNSHS (Npbomng OF Aeviesy 05
dependi ng upon a particular design. In addition, one skllledlln the art

wi Il understand that power contacts 12', ground contacts 14' and I/0O
contacts 16" Theyeeherabamranggeent afi ASIEr chiyh 102 maybh siasilar fo Pidredhdrel SEMAMMAaIEA
ATTAYS: 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 I/O contacts 16”. In addition, ASIC chip
102 may have seven insulating layers M1-M7’ (FIG. 2) and seven metal layers 1117’ (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 1117’ 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/O contacts 16 may be arranged

differently, such as in parallelogram area arrays.

However, unlike die 10, wherein eéch metal layer M1-M7 contains electrical bus
wires, €.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 M-M contains electrical
bus wres, e.g., wres 26, 28 (FIGS. 2 and 3), having the sane width as
one anot e0,03A8KE7 chip 102 conprises at |east one netal Pagarsoy/besds
includes bus wires having different widths. As described below, it is
general ly nost beneficial to provide different wielth wires in the coarsest
portion of the power and ground bus grids, e.g., in the one or two netal

| ayers m)st oxi mate contacts where the wires are rel atively | arge.

|11 ust ra¥ip iF@G Fieach epniining Va%&w@bwlmﬁﬁ’l 2%’ aPervading 'wises @8 VB0’ witthi ch

03/ 034497 PCT/ US02/ 33505
o of - Fi et RS e A FhGmon AR POt 00 pgver mdgiPbkhg wi T os

28', 30'buskd. n adiiftibar Sovidietihes mmogw&ﬁhhﬂeréﬁdﬁaﬁlsfcﬁﬁ aﬁH‘P%ﬁd@ﬁu&Fﬁ@%

needed for the power and ground buses. In additi on, providing wres
30" Wi t IFpaeerfoe pist pimp@sqassueh as sigad apd H0 vire motmgnbecausespamavet oridibs bermit

ur pose naI /JOwire routin because narrower w dths
BerPnt Smrr%lr%Lé’&1 W’S?}% %’g YEShaA° %PSE)‘%W &° Y¥iiBFRAingo change

in wire spacing. Fl G 5 shovvs a repeatable grid 106 of a power bus 108
corresponding to one of contiguous rectangular regions 32' that is deflned
by four power I@oﬁtsh@ws;an_@eatablepgeldtl@ﬁloéaqmmdrbﬂsoﬁ)&c;)nf esporElihgy ook bes 28'  of
nmet al '. Wres 28, 30" are shown

as for m%’g{l%“"r“éé‘?%ﬂ&maéfegé?ﬁss” g‘&%@ d%ﬁflffﬁﬁoeﬁa?wesc%% i Repeatableagridie t o
the pri ﬂ%ﬁ@forﬁé@%y@fne@@@t%ﬁ&hﬂﬁ\éﬁ%ﬁ@&%ﬂd Jres 395 fQﬁ'&alsllé(t ity 'V@lrésl% ao*

w || appreciate, however W res orma no Trect angu
cri s- cr asssheatnt asrfarming ehrectangulpatis eross tphmtmdl@ft usngisnmﬁﬁbﬂlrbﬁhﬁegfoaﬂb shaped

di to regi ons 32 killed in the art will also
238? oci A RCPRLEEROF gf‘gtaé‘é‘ﬂaf ;9?61 “n%??r AP gre ﬁi**éll%fir R ag “alsl@ﬁﬂ@ﬁateeh@wvr?m t hOI i
t t N G the widt
of - Bach B3 gPTBIR o ApERCAh RS parfih, HAGEIANETANCAREE o
prior t @atdﬂelqgrmehm:ﬂ r@omeddrms@ondiﬂgﬁod@b%ﬂ’a@ﬁé skill&d fc@e bhevilllldoent

103, . grpRal G R AR OLaY SRR gr BTaniEs SsHRpeREagE veaP Pttt od for |
recei Vi RgineRht Hef of region 32°. As discussed below, the 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 targeted 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 repeatable 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 I/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 requirenents, the widths of wires
28', 30" may vary in any manner required by the correspondi ng current

di stri butworsnmdde! . Thus, wires 28", 30' need not necess&Cirlgsozigxspease
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 simlar repeatable grid (not shown) for the
ground bus may al so be provided anong correspondi ng ground contacts 14
(FIG  1)undegynmnitiaffmeend BOYalls ﬂeéddd&ogtﬂlﬂ@hbﬁj ERipriedusth thBfelRshy O

designing and manufacturing ASICs met hod OP reduci ng these costs IS
to desi 91%1 gmmhtyb@esnableafmures hfastgmdﬁmlziect)we(rmud gedhvodibpsasi ardithat thehbe need t o
define the arran n t.h and l1s see eg, FI G
D b or SPePRARERTRA Yshinued quddhe an e SRyt 18 Hpouhehsefls iy be Feg

st andar durRRVEd aPdkdired, QB dhd? eyl YR Sink alre tﬁbteeco@xg%éﬁk' BotSG4hese
regardl ess of the -7 WO 03/ 034497 "PCT/ USO underlying arrangenent of
cel | s nelegiwtestage presanit dtethaPraSentinpentiof. wi t h t he necessary functionality.
Desirabl e features of standardi zed power and ground buses are that they be
generally uniformy distributed over the entire device |ayer so that cells
may be readi |G #iiaReea B, ﬁ}%éélfeﬁdre leE gﬁﬁ 108 SayHRRES %efoﬁh{ﬁmv%r bus
repeat abl e conponents. Both” of th ese eat res are- present he present

i nvent i oH)8 dveGanyenurhbarsif r@;itangulahB&g;onsf32d@lrecﬂasﬁmp1¢b¢épladahg? teirebedfdblemny be

used to form power ver an unber of rectangul ar real ons 32'
desired &t %QOH‘ﬁ?%EWH I g ﬁ’éﬂqsé‘bélégéﬂt EeCtaneplar EegiQsisy étslﬁé?ﬁ@ r%atnunber of
times at res
e e

the fi rfstst tvwomatet kayers ayarediatelyrbeloatibd jevbledonvaitihg comtuab 12'pM4); alG’ll This ¢O$Y act s
12", 14', 16'. This is qu&gcause of .the magnitudes of the current and the

cor r espdifafg oifetPedPi’g}’é‘i“Q & CHiFend and the comgspondipgrplaizely darse wires-BRed®r |
one ski lileghsk iy 3% wevdk | dne @glﬁ)l'ﬁ@ & ﬁ%%ﬂtmt Fé\lzla?é lihhpw Ll mef%%’ Et&érs may

contain wires er ent w S 1n accor ce W presen nventi on.
may contain wires of different widths in 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 similar 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"c 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 center to center).
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To illustrate one nmethod of determ ning the various widths of the wires of
power bus 108" in accordance with the present invention, the follow ng
exanpl e iwomBe3Ested with reference to FIGS. 7-9. For a PETtusnysdses area
array of power contacts, simlar to power contacts 12' shown in FIGS. 1, 5
and 6, and a symetrical arrangenent of wires simlar to wres 28, 30
showmn 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 oAccadinghrid6isvires @8t aregubvided myepsasabb2gridl €66 NBird\30P PuAI1clao fiiaKL S
12"a, 12"k, 13‘0 apd 12"d. adrant 110 is defined by corresponding

por t i ons®FF A5PT dnetpaydafy andare spaced from amrangthgt by 86.A arigtensi ng

present CHaniE CHRR petieRl AR HERER SRR AL st B

12"b, and from power contact 12"d to power contact 12"c, is 432 m crons.
The distance Y from power contact 12"d to power contact |2"a, and from
power cont act 19getermige thggprent Byfagh of wirep28'l, 305 6le partipames. these wzes2@1d the

par al | el Y- axi in || | N -are .spaced from
one anot %%r?esg%én%lﬁéégs;wgé%ﬁE;K@H(rinm% P 8%\;;156 ?%eiég?yeegs%g rftal\gg f%l?%}ﬂﬁlggﬁ ¢ .8
WO 03/ 034499, 16aTdUBQRAE RO 0 A€ rhdhodbied as bie¥ibtoR SSidfilatRmds Hef \eBndd

r epeat abl e ?I‘Id 106'. Wres 30" parallel to the X- axis are |ocCated in

net al | alpedelopminehe cairentdp heaqgresnardingaomtinnsios witey 286.39" nlbisdyes of( measur ed

center t er N i.nal .11 wires .30" are,proyid in repeatabl e

grid 106’91.08%{)H gdaé%ies%@ﬁ%g&ﬂ]sg& 8&??3#‘3 ﬁméidé ﬁoﬁn%f'ésgg ﬁ%g&e@@nf’t IFE58Y t i ons
of t hesestwinggsin faed-wilth wiObliRs BOtHigMbr &it Udhud, AQketa5100 WhlcripibL ORI afEt Ween
netal |ayers M/*, Ms" containing these wres, located in quadrant 110 are

each nodethegknesng modsling and sigulatipa téchniques is mehregeiréd ried. 8tand Qshewnhae t he

current | h or.respondi n ort,i ans ires 28", 30" IS e_of

rode  ngt Sy SRR B R et an B tespecti it I8 G B

det er m ng, it RYeGhACRE cuFédt SRS ihwirkX 28, B0 0addMsELlo PRIy Wi Prior art.
Thus, a detailed description of this, and other known, nDderlng and

si mul at | Werepgiag distpnes frpm proter ceefactri@da. PaigPoiis fomdhedgrsplovofties. 8 and 9
appear below in Tables I and II.

From Tables I and IT it is seen that providing different width wires 28", 30" results 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)x100 = 32%. Similarly, for wires
30" extending in the X-direction (Table IT), the material saving in quadrant 110 is (18.24-
8.84)x216 = 2,030.40 pm>. This is a saving of ((18.24 - 8.84)/18.84)x100 = 50%. For a
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, also known as “porosity,” for such wiring. The “porosity” of a metal layer is equal

to the proportion of metal available for signal and I/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"
decr easeswbwmgas44dhmi cal |y with i ncreasing distance from poagrusovssext 12" a.
Data points for the graphs of FIGS. 8 and 9 appear below in Tables | and
1. FromTables | and Il it is seen that providing different wdth 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
mat er i al msta) ihag cambeypravidad forth@poser(ghisl Wites) 4roting 3zidwidesl:d sBPal%ad [IDI S | S
a saving of.l}g( (135"@ - 44, 4}5#8?15. 761}x100 = 32% Simlarly, for wires 30"
ext endi n§ 116 t HBYRC PTOSHY YaBUls (1 providing additignahwiriis Jayess,iwhiguisdr ant
110 i s (dBeddive 8. 84)x216 = 2,030.40 nR. This is a saving of ((18.24 -
8.84)/18.84)x100 = 50% For a typical 100 mm(err) die, the present

invention can result in a savings of nore than 2.5x105 n2 of netal in the

upper nost rretﬁllrmla ers, e.g , M and M6". In addition to the savings in
the amount of HBE RfeseiisgaaPIeothe paifh” pliguatimt 11404y be X-Hizectivnris 2&pomdi ng

gr oundi nghr@hi; L : ' i significantly increases
t he spagg&g\}g?éﬁg% lgﬁ or sit%trﬁgﬁngélnggf%c\%ﬁ%ﬁ%éi.e% pRer %d@?ﬁn‘{h‘fsp?gﬁ e
limted &d ¥Qeviengid this duatitant. ol this@gemple] 1@ dsn@ned St the Wik by powdussuch
W ring. T%'e Hrﬁrgfosnén of a netal layer is equal to the proportion of
met al  av3lY EBIE WBPs &P gaual tare apothepiand A loeatedhaltemmatinglyrw imonmanotifer - Box\D
03/ 0344 MS024 . n_be. provigded for t power grid
wires, gtzlgéé%ng grIﬁgﬁ&ﬁﬁ%ﬁghné?%{ﬁ&%%gﬁ%ndlé)raun 15 Hiyges ‘I‘_’Pﬂﬁtoéﬁlpé(orosi ty
t ypi cal | appreximiately 2 R 65176\ 8§ Ngmasdtdid 215 )ah (¥l wih bﬁy@ardﬁantm,%@(iﬁ/zlhé X
expensw]e. Ig (}he present exanple, the "width" of quadrant 110 1n t é

X- di r ect 1490 pL%2f ghetotal widthiof the quagraski Fsethy cotrespootink pansitpin giadsaace

avai | abl gof lof Fﬂg _slna and 1/Owiring in this
guadrant. In ?E@ﬁ?gﬁgﬂ%ﬁ |sfbe({)?)su§rje%‘t at the widths of power bus and
ground wires are equal to one another and are |located alternatingly with

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
um total width of quadrant 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 um, which is
approximately the total amount of space available for power bus, ground bus, signal énd 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 alternatingly with one another. For these constant
width wires of the prior art, power and ground bus wires would occupy approximately 2 x
18.24 = 36.48 um of the 432 pm 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 mtotal w dth of
guadr ant WO03/08#4971 131/ 216) x 100 = 61% of the total w dt RCofusphzssouiadr ant .
Thus, the corresponding porosity in quadrant 110 for a chip of prior art
woul d be 100% - 61% = 39. However, for different width wires 28" of the
present invention, the power and ground bus wires in netal layer M" would
occupy approxinmately 2 x 44.47 = 88.94 mof the 216 pmtotal w dth of
quadrant 110, Howey@gf@4lifant \mdﬂlﬂﬁhms 30%fahe plesertt aivahtivn, dhdp@herladl@ ground
guadrant., Thus, ﬁa porosity of netal |ayer M6" in quadr ant 110 accordi ng
to the pPESEHES WPH] OREURyAPREIRAlsly 2119@%4 2186& 1500k theg3p noviothl midtdi f f er ent

width w h r t i.n i on, f.he inprove

" por osy el or (17 8RRS LR ME- o hiC RSB ooy MR Reihad0 ¢ he
i npr oveneotldite 10R6/ 39% <9690 By ;ﬁldvﬂ‘@ng dHiferehiewidvh wirbe30WnGboragfce Griahant
110 in the X-direction is 432 m which is approximtely the total anount of

space avEiepeRbIepen, WP%YF%H@U@ ipperasiBuet, metalglapdr MAGWDHIO beli6ds ngR%r= t hi s

guadr ant 4. A t yhe h wer and ground bus
wires arg g%tég?m’tege%ﬁlséageﬁo 5 ‘Sei‘?etl%%lség§ 2‘?“63?5 d‘%ﬂ ?’érﬁﬁﬁ‘?‘?tﬁg e ipant offhe
anot her . piesent itvesgorcie ifiése Atamatic dbhmefal Fé?eer/mt\k)EerQ rthc%dﬁ/&&ual %}’é@hf gf 0“ nd
bus wires woul d occupy approximtely 2 X . 48 pm o

total widshO§ueEydhe mogk cures! a1}, gpytose, n@QOIre:tI&O/grcdtestthedlﬂlst al  widt h of the
guadrant. Thus, the porosity in quadrant 110 for a chip of prior art would
be 100%- 8% = 92% -10 WO 03/ 034497 PCT/ US02/ 33505 However, for

di fferent w dWhileithiessrestt 1®Enﬁ$1€hé%r&§§Hésch’ﬂé’@fﬂtdoﬂﬁectfoﬂ%wﬁp%ﬁreﬁeqfég ground
bus wires woul d occh){) approximately 2 x pm o 32 pm
c

total widRppdigenteit avitl @ndmtpoashawz; net so0fnitedd90n THeusntridyeit poinesided toof

netal | e 100% -.4% = 96%. B rovidin
di ffer e?l(%&\%\f %fﬁlterﬂatﬂ%g flﬁgﬁe?@ﬁ B?V\@ﬁ% T A ?‘%ﬁbe H?‘;@%j@ﬁt"?’qm%@%tspﬁﬁ an{lﬁe
| Mpr ovenseope bithp @ivesitiby adefHBl # tHeAyBEndM clanpyl d be 96% - 92% =
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4% In relative terns, the inprovenent is (4/92) x 100 = 4% As expected,
the inpact of the present invention is nost dramatic for netal |ayer M,
wher e t hewpridiosd4ual wi res of power bus 108" carry the nmP€T/uS02/83p8 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 and equival ents as may be i ncl uded
Wi t hi n t WahatjsiGlaimesine: scope of the invention as defined in the appended
clainms. -11 WD 03/034497 PCT/US02/33505 What is Clainmed is: 1. An
integrated circuit, conprising: a plurality of cells (18, 20,22); an

el ectrical bus (108) in electrical comrunication with said plurality of
cells (18, 20, 22), said electrical bus (108) designed using a current

di stri but.i An imeglateddircpit, inprizings r angenent of said plurality of cells (18,
20, 22), said electrical bus (108) conprising: a region (32); and a first
nmetal |ayer containing a plurality of first wires (28) extending in a first
direction, each ' loi f first wires (28) having a

correspondi ng mfﬁ?ﬁﬁg?4f95§£@85%¥%ﬁa||y | ocated within said region (32);
wherein said corresponding widths vary as a function of said current
distribution. 2. An integrated circuit according to claim1, wherein said
region (32) is PBeleshial bis (108) isielgstricahebrhmsnigatiaxwith edid pyuratity 1of celisa@B, of

Symmetry. 3. Aan i grd SO ER o BN G hg Sruiedt SBtemape raodsier
correspondi ng wptlbh® ffang&aés o@'s&iﬂ%'h%;ﬁﬂty‘bff ckils @8, 28, 285 shid®leHEREHLA 6168)

decrease toward said axis of symetry.
comprising:

aregion (327); 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 corresponding width at

least partially located within said region (32°);

wherein said corresponding widths vary as a function of said current distribution.

2. An integrated circuit according to claim 1, wherein said region (32’) is rectangular

in shape and has an axis of symmetry, each of said plurality of first wires (28

being parallel to said axis of symmetry.

3. An integrated circuit according to claim 2, wherein said corresponding widths of

said plurality of first wires (28’) generally decrease toward said axis of symmetry.

4. An integrated circuit according to claim 3, wherein said corresponding widths of

said first wires (28’) decrease logarithmically toward said axis of symmetry.
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4. An integrated circuit according to claim 3, wherein said correspondi ng
wdths of said first wires (28) decrease |logarithmcally toward said axis
of symMmetw.03/034427 WO 03/ 034497 PCT/ US02/ 33505 5. An i nt egiP&TAH02BIS01I t
according to claim1l1, further conprising a second netal |ayer containing a
plurality of second wires (30) extending in a second direction different
fromsaid first direction, said plurality of second wires (30) electrically
coupled to said plurality of first wires (28) , each of said plurality of
second wires (30) havi ng a corresponding width at least partially |ocated
Wi thin said region saj d corresponding widths of said second wires
(30) varying ? nAﬁr"é)tﬁgﬁaﬁqchCtl% aceprdig tuelriomd, Turtber ¢omyprising a @comhmietal bgent ed

i rcuit d 32 t |
Chape and oo acPrE@int Ehy WRLEIWRE (ool ek B seun s 1 encn
of said plural idiffereft ffdrﬁsﬁld\ﬁrit(iﬁreéti’(ﬁl) séﬂ@lplnﬁamroﬁlséc%hdkﬁrﬁ%@) dibdidtal '5 Of

symetry and each of said plurality of second Wi res bei'ng parall
sai d second axi §owted tyspigplugalityzof fingt wiree@8at eablmfrsaldl plumhtymfdemdtmr&sl a| m

6 wherein said ond| aid fir t Wi I 28) .generally
decr ease towar d?%g% %%%%?&QQ?@I&W@M@F? Pt }ééﬁcate ? %gﬁ“éﬂl% wi dt hs
of said second \BT)gsaill 30} e POAGRAWidthS BESBASROLE f
symmetry. 8. An integrat ed@gl I‘C%I t1 accordi ngot o%ﬁf%ﬂ? 'lﬁﬂpglgi;o S
correspondi ng widid lsarret disfebetichi r st wi res (28) decrease | ogarl thmcally

toward said first axis of syc”metry and said corresponding wi dths of said
second wires (30) decrease logarithmcally toward said second axi s of

symmetry. 9. &\ ARuhOsaRH chravit AGofithg AIIShES Wirah sﬁﬂ%e@f)h B fg}?r at ed
circuit having a plurality of regions, conprising in sequerice e
of . in shape and has a first axis of symmetry and a second axis of symmetry, each of

said plurality of first wires (28’) being parallel to said first axis of symmetry and

each of said plurality of second wires (30°) being parallel to said second axis of

symmetry.

7. An integrated circuit according to claim 6 wherein said corresponding widths of
said first wires (28°) generally decrease toward said first axis of symmetry and said

corresponding widths of said second wires (30?) generally decrease toward said

second axis of symmetry.

8. An integrated circuit according to claim 7, 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 logarifhmically

toward said second axis of symmetry.

9. 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”) havmg a

corresponding width;
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arranging at least a plurality of first wires (28) of a first netal |ayer
in at least one of the plurality of regions (32) , each of said plurality
of first WwOre®34428) having a corresponding w dth; -13 WOPOI/UBBA3ABT5

PCT/ US02/ 33505 determning a current distribution anong at | east said
plurality of first wires (28); wvarying at |east sone of said correspondi ng
w dths 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 |east
partial |y fordetetminingtaeguehedstribiticnuamhongl i leat sad phdalig o0 fieki Reret 289 ai m 9,
said plurality of first wires (28) includes

wherein the step. of arranging s, | / ) ] ] ]
sel ecting a piyEeAt %“F‘Stsga%ﬂ Ogﬁﬁfiépv?spoaﬁmgiwéthswf paid plurgljty o first parse 428 hg
said pattern for,gt the . ality of regions (32). 11. A

met hod accor di ngastaguﬂgﬁ%?%fgjﬂa‘\%ﬂfe}%gid%&? etwsnf gl:lo& of determ ning current

di stribution includes nodeling said plurality of wires (28) as resistors.
12. A nethod according to claim9, wherein said step of varying said
correspondi ng \FAR&HAEE ARNaliE Of gells @ 8sith @2) i 2t leasi pasialbriorm dhenintierated

| ogarithm call ycgrg%@rd said axis of symetry. 13. A nethod according to
claim9, 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 netal Jayer in said at |east one of the plurality of regions (32),

each of said l§igmegthedacsprdingtiordping 9. edheraintherriap ofqrrangiogseidpburdiitypfwi dt h,

h f d 1N istributi | - li t
of firer uiros (omARE), GG O | PR SRRy o RS v BeP bRl
| east sone of saéptathgisad ptser@for at (dastsomiel Fhd ABIalidNsk 18 8ioHs ?2"*}? ality of

second wires (30), and the step of varying at |east sofe of said
corresponding widths of said plurality of first wres (28)

11. A method according to claim 9, wherein the step of determining current

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

12. A method according to claim 9, wherein said step of varying said corresponding
widths includes decreasing said corresponding widths logarithmically toward said

axis of symmetry.

13." A method according to claim 9, 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 widths 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.
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i ncl udes varying said corresponding widths of said plurality of first wires
(28) and said corresponding widths of said plurality of second wres (30)
as a funcwpDen/03@h7 said current distribution. - 14 WO 03/ 0B¢43/502/33505
PCT/ US02/ 33505 14. A nethod according to claim 13, wherein said at |east
one of the plurality of regions (32) has an axis of symetry parallel to
said plurality of first wires (28) and the step of varying at |east said
correspondi ng widths of said first wires (28) includes decreasing said
corresponding widths logarithmcally toward said axis of symmetry. 15. A

| east one of the plurality of

met hod accordipng,to claiml erein said.at . )

regi ons (32) Jiz;sAa etﬁ?(ﬁ?gccc‘i’fﬁ%%?ﬂ/?%ﬂ iR paigl gt keastpng|of the nhesplitrofsecond

wires (30) and rbdiensS(300 had aY &Y of NN L Ng Wi didis of

sai d second mﬁré% (g%)gincludés d creggfﬁéﬁggﬁg9%@%?%@%%%@%%6%GFE?% of

sai d second wi r @ad the3dgp dlogaying hieastishidl comespoddimgivldesiof safl fisstWRII(Y8") - 15
includes decreasing said corresponding widths logarithmically toward said axis of

symmetry.

15. A method according to claim 13, 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 toward said axis of symmetry.
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