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.invention relates generally to f¥®esield of mcroel ectronics. Mor

particularly, the present invention is directed to an integrated CII‘CUI'[
bus grid WAPBA4%] res Wi t hjm, ’Emﬂmwﬂm E variabl e wi dt hsPC"%ﬁ% BROUND ART -
4 APR 2006 A |l arge portion ”ﬂ nductor industry is presently
devoted to the design and nanufacture of application specific integrated
circuit chips, or ASIC chips, which are used in nany diverse applications,

such as | ces contai ni d t devi ces

I ncl ude Igﬁﬁﬁﬁ%fé ; C&ﬁﬂﬁ&lﬂ@i@bﬁg@a \&ﬁgs %ﬁ"%@-ﬁﬁ@?%ﬁb | evi si ons,
radi os, ¢RpeSEIE Hinces, e.g., digital mcrowave ovens, dishwashers,
clothes dryers and the |ike, autonobiles, digital manufacturing, testing
and di agnostic equipnent and virtually every other digital device for
consuner use. Frequently, ASICs designed for different
applicafp%hghﬁgﬁﬁgjhi#any of the same basic logic, nenory and 1/0 el enents,
or cells, as one another. However, for different applications these cells
may be present in different nunbers arranged differently and have

di fferent i ntEhequesaridayentioyrelaisgeneralniorthelfieldof @n@reglec@nmpme of cells

i ncl ude non

ot hers. @%@éﬂfgghf%gqgﬁ“H%h%r%;mofr ?&%]% ggtgépe%&gés rea %ﬁnémgew %\SI Cs,
manuf actwﬁlﬁep&-sehaoé&vmubﬂdwidtﬁsr aries of cells. Wen-designing a new ASIC,
the manufacturer nmay then retrieve the necessary cells fromthe library
and corrbi ne themw th one another, and perhaps with customdesigned cells,
in the gb hgpr a partlcul ar application. Inportant purposes of
creati ng I braries containing standard cells are to reduce the cost of

desi gni ng and

A large portion of the semiconductor industry 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.
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manuf acturing ASIC chips and sinplify the process of designing ASICs. 1
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. effort to reduce costs and sinplify the design process, nmanufacturers often

conplenment their cell libraries by standardi zi ng ot her f ASIC
chips. FOYOBYB#Y e, rmanufacturers often standardize th&%%}ééﬁ%ﬁog
arrangenent of electrical contacts, i.e., power, ground and 1/0 contacts,

for interfacing a conpleted chip with packaging and standardi ze the power
and ground buses that provide, respectively, power and grounding to the

m croel ectroni c.devi ces,, e.9., transi [ t ha u [ cells.
FIGS 1, 1A DH3H e%“cfg%'\%’%‘Q‘B%P?ﬁtsc%ﬁ%ié?‘f‘@‘%s%ef%?‘tgg52"?%% Badl “\zg‘rgfslf%gnent of
el ect i ¢ainplefiRAt M6t Sl aRWs stan A& AT BesBiRSs 6MASIOUMERT Foredkdpte, an

exenplary ASIC die 10. Referring to FIG |IA ASIC die 10 includes at its
sur f ace manufactiress pltsnatandardizgibuype ang-asepngenend pEelegtrignd fRptacipo A aBP¥ETL2 (e. g.

VDD, VDDx nd oun tacts . ) . ' : as
comr i sitigara B EPh HiBebd siPullered Hp i FrekasnfhE RN T
f1i p- chippwef@ne&indwbubes thit ppfovidep agpisttieelf ives hodgrpundixsg tonke skilled in the
art will readily appreciate, electrical connectivity of power and ground
cont act dnigHopiscEONiGdqVicss %w%stoaa,fbémaﬁ%ﬁhyvml@&?ﬁ% usi ng anot her
techni que, such as wire bonding. Also shown is a rectangular area array of
1/0 contacts 16 interposed with power contacts 12 and ground contacts 14.
Such area ar FiyS. lol Ac?and3 showl 2 partiaylarlybusaful standwiicediassangemaent of elegifiedde i n
the X-Y plane the necessary, cells, e.g.. RAMcell .18, .cells 20, and
communi C9HRGH QWCEQPC&IOQ ,bu%&dé)ggercgaggﬁ &8 CEHRIAY A_L%}/ngd%ﬁét hat the
cells ar@f&hmgb@maem,t)\sm Fie RO oludRs & itsharfagvenhteosed re@iigaticafeh. FI G 2
shows an el ectrical bus 11 cou Iln\gpggwer contacts 12 with_a device |ayer
e

24.  El eveyy dfaoweieonisstih? (68s } and greundreontagss 1fte.g4 GNE: Vaefked wit h
I nsul at '\»r/}gcﬂ AL St As]cb{n%rising solder balls for controlled collapse chip connection (C4), or
flip-chip, connectivity with a package (not shown). As one skilled in the art will readily

appreciate, electrical connectivity 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 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, /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, 11-17.
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
corresponding insulating layers may be provided. Ground contacts 14, /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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One skilled in the art will appreciate that the nunber of netal |ayers and
I nsulating |layers shown is for illustrative purposes only. Mire Or-t’reAWrZUUB
. than seven netal |ayers and corresponding insulating |ayers nay be

provi ded. G ound contacts 14, 1/0 contacts 16 of FIG 1??: %’ gciat ed
wiring ar¥Of3034kown for clarity. However, one skilled i T?ﬁ 2)2?5? will
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 wll
under stand, that 1/0O,contacts 111 _be electricall.ydn onnected 2 - 4
APR ZOOGW%d?)‘g?%%i@% a&@ﬁpﬁgﬁ%ﬁg@g@w%wfﬁﬁ05?/9&6@55@5 necessary for
the particular arrangenent of I/Ocells 20. FIG 3 shows netal |ayers M

and M7 as form ng, in plan view, a rectangular bus grid 26 congri si.ng
conduct i ve st¥IGpd shays metaldayersM63md Mt esstopming infplan dewkp isetangular bpsigid y of

cont act <25t oG SBF otk T B bRRALL Tl B ABURLATTOR o

wi res 30cdhdigeousReziGiaBe defiféd sy thagectingulanatdhatay dRpbeer dongresd®. to FIGS. 2 and
3, netal_layer Mo contains wires 28 extending in the Y-direction and netal
| ayer MAIRROFEBHY, ¥itgs 2§ Bavedhesams Hidths as an¢ prother gng wires Yhhavgthesame 33dths ¢ ot o
directly : ' power
cont act o2 5 Sabel R AERNRE FION 2 30% 3 BB 10 Pork IR LOR Sing, P ee 0
i n et al inl they ¥rditebtiar and nedtaldayer M doptatmsrwiesst IOdxtending iwthe 30 directiomt Wiresayer M7

by net al uds, 36 at .each | ocatign. that i res. 28 cros der wires 30. As
one. skt 1 FElacitRd sy pieaih povin pordgies | Zire sl R ZGpaPRctREro Y Peer PR s | v
to net al by A¥AT uddB4atbniigbfongPMEahthglbRY TE SWirée 8 if iawar laydr MGare W r es 38
of netal |layer ML are cl oselal spaced froim one another so that each device

i n devi cele¢trgadly capnected éo wires 30 ingretpllayes AhEby matal siadsctnt epghdosalipnhahr ea
arrays of,. Ccont . Wev ' round
ari ds” i RERE bRt e ol DL GRE NRIIBTh B G ot Bbrtt BN NSRS BTG
buses prMirare $imilar toanggaligyersid7 aad M6 b colteingeogressivebyfarer wirbu sWireh28 gbwer

and gr ourrggtai) ﬁ?{gr%\d Faa.% c?o%ely spaced from one another so that each device in device layer may

y—

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
M?7 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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standardi zed, in large part elimnating the need to custom design these
buses for each new ASIC design. Presently, ASIC designers typically. PR 2005
. arrange the wires within the same netal layer in a uniformpattern a[hé

typically Brow de the wires within the sane netal Iayeraﬁr@rjﬁs& samne
3

wi dt hs. P8P %% F‘r‘ﬁle wires 28 of netal |ayer M6 may be shown,
and each wire will have the same width as the other wires 28 in netal
| ayer M6. Simlarly, wires 30 of netal |ayer M/ may be arranged as shown,
and each wire will have the sane wwdth as the other wires 30 in netal

| ayer 1 IS ge t. .maxi mum
possi bl eOt(]:ngjrwr?sevﬂng} fé’]%lt %@r%é’%gﬁéc’}ﬁ“‘g' 2@% ‘%%3‘3‘5“&5% FH?Jﬂagleslg?ﬁF uni form
wi dt hs fnetal kapers mrmtg&al(ﬁndm@w&amtiﬁgtcaxh regBiy€iin ABET Bésighento prodilie first two
rret al ‘ﬁ nmetal |ayers, and Ms in the ex%of FIGS. 2 and
3, | rmed nfﬂ%%ﬂdmrﬁ@awwnd%ebl@rmwlarlaé#%@txsst st r, wastes netal
and takes up val uable space that an ASIC designer could 3 - 4 APR 2006 WO
03/ 034497 PCT/ US02/ 33505 ot herwi se use for signal and /O wre routing. The
limted BHRSLOSUREOF ENRINYENEION the netal |ayers for signal and 110 wire
routing can require an ASIC designer to provide additional netal |ayers
that are undesirable, particularly froma cost standpoint. D SCLOSURE OF
THE I NVENTION In one aspect, the present invention is directed to an
integrated circuit conprising a plurality of cells and an electrical bus
in electri calh@@ﬁmmﬂcﬁnplpme%lnwnnhemphmctaﬂ tq 3n ipfegraedd aircuit Threpadiega ri cal

of "t he BB i 28 o ol st Bl o R B Bt BB G

first nmeTid elécmy@l busGR tesigried @sing aRbitem! distybubion middsled pribEto @b MEnDEf the a
first dlreajilon Each of the plurality of first wires has a first wdth at

| east pallPyali of cpllye %&l%mom li”r’f‘tq‘?@PF‘é‘?jl agggionrprd 3 firss metql l:ﬁ}’ﬁfscoﬂail‘yn&% a
functi Onplﬁlfahtyt&?uﬁ‘%feﬁ Rk te n%fdthgfs ctibfl. BAR Ji%he nﬁlﬁﬂ]ﬁgof ffr ‘ﬁﬁseg't

invention is'directed to a ayl ng out a ctric us grid for
an i nt egiirst widtlvatilenst partiellyilocatesl within allla tegionf ThefjisowilthsTvaey ast ﬂmnchon of

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:



conprises in sequence the followng steps. First, at least a plurality of
first wires, of a first netal |ayer are arranged in at |east one of the

. plurality of regions, wherein each of the plurality of first wres hasARR 2006
first wdth. Then, a current distribution is determ ned anong at |east the
pluralityW80334%: wires, and at least the first widths P&T’qﬁyﬁapﬁrality of
first wires are varied as a function of the current distribution. Then, a
plurality of cells is arranged to form at |east a portion of the

integrated circuit. BRI EF DESCRI PTI ON OF THE DRAW NGS For the purpose of

illustrating i.nvention, the drawngs. a formof the invention that
is presently %[g:#ésr?%c&?m%%\%rqfap?&g‘ggfﬁ’ E{@\g{w&gF@%G V’teWacftJatpr?én%' esent

i nvent i 08f thédie@howingiah eferhlafyHeraRfcaein® 6f Fwed QUG J@NEbntREnd T, al i ti es
shown in the draw ngs, wherein: 4 - 4 APR 2006 WO 03/034497 PCT/US02/ 33505
FIG 1 iBenoyamdlQ ¢edlsyi ew of an ASIC die; FIG 1A is an enlarged view of a
portion of the die showi ng an exenplary arrangenent of power, ground and
I/ O contacts and logic, mnenory and I1/Ocells; FIG 2 is an partial

Cross-sect i orFG. @lisatipartidl @tosysestiond] eisvakSialvigwaf ah QSTO dieBhbwingandlal and
insulating |ayers formng a _prior art power bus; FIG 3 is a partial plan
vi ew of flatifiglayers formngA prios 9 DOWRIDUShd M6 of the prior art power bus of
FIG 2; FIG 4 is a schematic view of a device incorporating an ASIC chip
of the present invention; FIG 5 is a partial plan view show ng a

repeat abl e sddG. 8iis apartilileplayoview of thedviass it metal Ager€ Mhar MK ofiheiprioFiG. 4,
FIG 6 is_a F}arthglb 9-' an view of a power grid illustrating the repeatable
section BYVEPE © T

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



S repeated in four regions defined by an area array of nine power contacts;
FIG 7 is a schematic diagramof one of the regions of FIG 6 showi ngl'?ﬁR 2006
- quadrant used to determ ne the power bus wire widths in accordance w

the present invention; FIG 8 is an exenplary graph of r éfrength
versus di%Q4HB44%¥r om a power contact in the X-di rectioﬁ’%&pﬁp#gg uadr ant

shown in FIG 7; FIG 9 is an exenplary graph of current strength versus
di stance froma power contact in the Y-direction of the quadrant shown in
FIG 7. BEST MODE FOR CARRYING OQUT THE INVENTION 5 - 4 APR 2006 WD

03/ 034497 PCREERL Bn o HEetRYibbd GnBiall 1A duiRr Al AHCAESixe WIRLSL TG B°

nuneral s i ndi cate enent’s; Ws 1 n accordance
present showeint dcoordanceevithctbe preként inviestiapendavide| whidk isodeaekally dérloeed byun@r al  100.

Devi 100 di gital_ device, such as an enbedded system
devi ce. ‘E%&%B@@GB?%%W gy %f‘efeﬂ'y s 9#&931@@5%%%@@?-9 ergbedded sysigm

tel ephOrﬂéyicRDmeﬁﬁlé%tT%hEl?QHevicéiﬁblﬁ&é §&&ﬂputéx?§li:é?1u(ljaﬁi . abh&, lhi it

aut onobi | e and digital nmanufacturing, testing an gnosti ¢ “equl pnent,

anong ottplevigion/xedior dimestig applianée; eutdMObitroandatigital oraeufactunimg, estingiarelyr at ed

[ it { chi ps. such as lication specifjc integrated circuit (ASIC)
glhlr Swlozd,(‘ A éﬁﬁ: eﬁgvmcef}ﬁtagﬁoﬂg 8tﬁil’€‘t%nt§88?r&m§!?'\ng?‘”%% cynmg PBPTBPGVi di ng power
to the lifteglated cirbNE(ICS Bhhibd, 86kh 43 Applcatioh spbdific MRIRFRL HcBit S&@b) !cﬁigqrog,er to
understand the present inventionit is not necessary to describe the
gener al ¥ fdmayicopfaingnongpgrg pewer supply 10 fordweviding poverttovhe I8echiys| @e chi p

100 The et By BEVAL BHOBR ekl BF @uRElry EUTREDRNS iR R e general
ar r angensessarpo dtiseritbths peneral fmcfibi585IC eldp 10 aior i@ dethit 6F Iww e WBICTRY have
14 “ana R BEARE N g SihpLE LA SR ofter iPonerisgn shovavey dnbveiBoven
insulating |ayers ML-M/' (FIG 2) and seven netal layers 11-17" (FIG 2)
The general arrangement of 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 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 each metal layer M1-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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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 i nsul-at APR2006
layers 11 --17' and seven netal layers ML'-M/', it may r fewer
su)éh | ay ¥ OUBBEdi ng upon a particul ar desi gn. In addi [}?zéﬁlsgzgﬁgosgkl lled in
the art will understand that power contacts 12'. ground contacts 14' and
I/ O contacts 16' nay be arranged differently, such as in parallel ogram
area arrays. However, unlike die 10, wherein each nmetal layer M-M

cont ai n%@bgﬁ{g 'ZC@AchlEHr?tal 1%§Tvgmm%§ 55 0%6’Pr8§id1(n':|v%s 28 36ty - having

t he sanme as one ano , C es at [ éast one netal

| ayer t ldifferemtovidibe sabgrsatlyi nedmehm/anmnﬂbf meﬂabmede/d ot tie.podsr amdiggouridoed bel ow,
it is neraII st benefi ci al provi different width wires in the
coar sesﬁ’ USSr d7 n 71 PR Fresy r\?ﬁhﬂg t&l‘qeﬁ&cané‘lsﬁ provide mpeh BAE or two

met al P&fe%ﬁ&ﬁér puPﬁdééé SRheis @fgam%a YONRE Fouhng b‘é’cdugénﬁ{'(ﬁweﬁ'%}i%%é i{@r\l}\% 'Cﬁr ge.

[Ilustratively, shows uppernost nmetal Tayers ,

COr r espanefe wiess tqalpﬂeacnmmodat@in 4 giyey spadd7assuding @o chahgaBRwHOtacing. 03/ 034497
PCT/ US02/ 33505 M6 of FIG 2, each containing varying wwdth wires 30", 28.
Providing wires 28'. 30" with different wdths can greatly reduce the

amount of etrG. Hareed rbfatableesridoMBIof aHEwer KLNds ¢ §ndn|1g‘toaﬂ6bf|0n

providing wires 28, 30 W|th different widths can a rovide nmuch nore

space f &Pﬂ‘éﬁq"?éﬁ resiangYataegions 34 thek isglefned by:ieur pover \ﬁPm@Ctﬁ? it Repgatablecgids e
nar r oweryg

nasun ng Oai SRS Flibe 2B ol ofs MR o VARG R URAELE Byt MHERERDEE o &
power buse sho®nae lfmmmg)md:mggﬂlar arrse:m:s{s pattsan thag iseymmeaivabreitivéto thegi ons

32" that is defined. by four paowe , tacts ‘.. Repeatable grid 106 is

f or med g‘ ﬁ%frcé?“@g"trég ne skifled jnt Uﬁlt et‘f@?"ap‘"f"%l‘ﬂ?ér M7" .
Wres Z&mes 30", 30} fshﬂmoﬁe&&rgmaﬁ&lsacra@%ﬁaatﬂuaﬁ afh *Jaite?r{ @asadpatd ern t hat
S symTetrlcaI relative to the principal "axes of rectangular region 32'.

As one $rrallplegrapyshaped megiongromrespensingto segionsiAPheQue skilled in the art will also
appreciate that wires 28’, 30’ may also be arranged asymmetrically with respect to the

principal axes 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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wires 28, 30" may forma non-rectangular Cris-cross pattern, such as a
pattern that defines parallelogramshaped regions corresponding to regions
. 32. One skilled inthe art will also appreciate that wires 28, 30" mhyAPR 2006

-al so be arranged asymmetrically with respect to the prifgi s of
regi on 3VO R4S cussed bel ow, the width of each wire 2‘3%[@%!2/3%35 be

based upon a current distribution nodeled prior to the placenent of cells
in the device layer. Since the current distribution nodel nmay vary
dependi ng upon the general layout of ASIC chip 102, e.g., certain segnents

of regions, 32' may be generally targetedq f receiving certain ‘types of -

cells ha\)‘?q‘?éy'l?ﬁ Eﬁ“&%t ehrelleRdecs wr?\@ﬁ@ﬁgi‘? CHIR ORI H D56 o5 28 | 30

may var Yfankf Lo ] | lb$kr i bution
el - habbrall TRR, faRk s et Bl AR b B el b e cent or
of regi ogeng@lly apifeindywdistributesldiet the entira sievinelayerskithat eellsimayt tegeadily wi | |

readi |l y under st and I 5 shows only,. repeata rid 106 for wer bus
108 1 of . PR g Sesired i st P Bt b deRepab o BRI o PEhel BFBund bus
may al sofdafresREOprestRindi® p@séiR invesiandi ng ground contacts 14' (FIG 1). As
mentioned above, it is desirable to reduce the costs of designing and

manuf acturing ASICs. One nethod of reducing these costs is to design power

bus 106 and . it Q. defi he
arrangement oiCE frdl s B it 8o SR ehid 1Pl rial B U6 Wohiipael By 07, o,
to desi gnd8yet hpsunibes efrecthhglarations3 X dssigd il by Cpldaigt thesiepéntidlel power
and ground_ bus lay-outs that may be_generally used regardless of the 7 - 4
APR 200625# eaTesRonng W%%W%@ﬁ%%é?qt%gﬁ]@r KeioRfgl Aeiteddhatce| | s needed

to provi AR 1R 4 b EwifSRA hdsHRE Ll ' ipsitiRee
f eat uresﬁgy stgaQFII%%rjo:?i ?gﬁvﬁa\/\ge}egng groun%ﬁ%ﬁsiess a%ng&trg ?\ég%ﬁc%ﬂte%éet lffilgéaneral ly
uni f or ni firstitvet metalitapers oneedintely betow the leiel ¢antaining eontants 12du', 36 Thisiago be

Comonent @b SRRt AR e AAtal i nd SRt AR B BLE ESERCARY o
FIG 6 iinlthestldless Hdwdver, bhe sieBddriathe dreRBbippRdcitcithhichn} @6 themyetdl@ayefsed t o

form power bus & ) . ) ) . .
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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108 over any nunber of rectangul ar regions 32' desired sinply by "placing"
the repeatable grid a corresponding nunber of tines at different

- rectangular regions. It is noted that providing wires 28, 30" with -4 APR 2006
di fferent_w enerally has the nost significant inp first
two net a|WW£%g S'7igrrm=3di ately below the | evel containi ngaéé%rn a%@%ﬁiz' , 14",
16'. This is so because of the magnitudes of the current and the
corresponding relatively large wires 28, 30" in these |ayers. However,
one skilled in the art will appreciate that any of the nmetal |ayers nmay

contain w . of di X ] in_ac dan with the present. igvention.
To il us?arC acﬁ'gmglﬁe%ngygrﬁ%?ﬁ"Oafé'\%rg%@?m%eﬁegaﬁ%ﬁc Ugfbl%u 1R glﬂé:aglfﬁtoﬁge %’ res of
power  busis 4f8ocated iA et (FBLMI TMakidiark Baced B6®IUne iadtBEby®8.4 thidorsOl | owi ng
exanple is presented with reference to FIGS. 7-9. For a rectangul ar area

array of (jpeARMied eepierde centendi Ar¢osdingly, bowises 30¢ gre previdediin reppaishie grid 106Ls. 1, 5
and 6, and a symetrical arrangenent of wires simlar to wres 28, 30
shown in FIG 5, the analysis for determning the current strength in the
vari ous ' w r e%o detgrninee thewpireritiiecachyf mide28')80'g tiwi pogtions of thdseamires] 4 (el G 7)
of one of contiguous, rectangular regions 32" defined by power contacts

Vo 1 Soastes R s (B GhO R RIS Detiec Bicrb faoR ALty e PR SBiREInFG

por ti ons waks, N6aleR 8 hRddrR Y ¢ Ak Yachld i 2"siflftiof A7 GEReR |

portions ofstv\éerrut gal ly ort hoggnal Oglegsﬁgfregs}sﬁngmst@gﬂﬂﬁg tri i ﬁh%ge
present txdetgsine théreurtking intthe eorkéspordinggonims ob wires £8"1 30'a This typevef cont act
12"b, and f.r.om power .cont.act 12"d, to power contact 12" i s 432 mcrons.
The di ot DRSS B AERRIFRS Khoyftiadbe S5 BH1E bodBRaR e dbtertiie o eniedt ; om
pover cogteagth it Zix6d-nadtA MR bus&UT RO riok ArtD Thins a86AilEH des@ijftion \OF 188 ag8"
parallel to the Y-axis are |ocated in netal |evel M" and are spaced from
one anot REEr Hpwa, modslingaad simulgion teghaigyessis natrequiredy Fi@Ht&andiSshewrther) . 8 -
4 APR 20Q6,1WRfY Jose; YO%_ géa fn : ' ’?ﬁ"

provi ded i%\é?)epeaét}%gfbg&éfi 106'%(.“;3%\/%?(25 'ﬁg'gfggls?egfl@%mﬁ?? - é)%%égare

| ocat ed Pyit isstenl thatdhecuridnt steemgthdn avirep 88’6 80 desraasasdoganitdinhieallybyit!86. 4 ni cr ons

e gt istyBoc0h Bover (SRR £1-A9bYta pbihud ok 2 g2ipns BF Ficky B4ndE7 1"

appear below in Tables I and I1.

From Tables I and II 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 um? This is a saving of ((65.76 - 44.47)/65.76)x100 = 32%. Similarly, for wires
30" extending in the X-direction (Table I), the material saving in quadrant 110 is (18.24-
8.84)x216 = 2,030.40 um? 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

-9.



To determine the current in each of wires 28", 30", the portions of these
wires, and the corresponding studs (not shown) extendi ng between netal

. layers M7", M" containing these wres, located in quadrant 110 are- &3a@R 2006
nodel ed as a resistor. Sinmulation is then performed to deternine the
current YOPHY4Gr respondi ng portions of wires 28", 30" PCFAIS23¥He of

nodel i ng and sinulation is known in,the art and is cormmonly used to

determ ne the current strength in fixed-width wire buses of the prior art.
Thus, a detailed description of this, and other kKnown, nodeling and

simul ati ni gques. i ot,.required. .FIGS. 8, ,and 9 show the results of
the si rru@% |t§§1th ogegg)gﬁ(fég;}ortth%p&eér%‘qw{ﬂs’r%@quldr‘é?é?)%’é‘tjisﬁﬁkﬂndmm FI GS.
8 and  Owiring. LSmB@ESbrédIR iy ity GosteMproti bk Wit s winl jsdecr eases
| ogarithm cgl‘ |y V\A@tﬁﬁ) igr}git}éﬁasi %gé%li s?aprﬁg‘gﬂi??g?n&lggl\%wléﬁltag%%’ wﬁ&al.s Dat a

poi nts fHPERSE. gr aphs of FIGS. 8 and 9 appear below in Tables | and H
From Tables | and Il it is seen that providing different wwdth wires 28",
30" results in significant savings in netal required to fabricate power

bus 108. For Initeqsesdfit' exaiph) thie@idth” of dv@dr¥nidi 1086 tHeORL d{rd@inGs 26 uhhe
mat eri al Saﬁ/l na% in quadrant 110 is ;(<65. 76-44.47)x432 = 9,197. 28}l m. This is
a savi ng"yfh {@BBIoEENately thesota} gmount i spaee avalgile fipaveriusy grofut busi sigsal 30"

ext endi [ = el ' iy o i.al saying in quadrant
P10 T's (hg70,vitbel s SR ks 1R Sy dGiR e i RS PP pinfer B3

8. 84) 118nd4gyoundGvires 5B%qualdo ope arofier and ard Oidated Blteth&inglywith baSAidther,"F&NT | ON
can resyft in avi.ngs_of Eore than 2.5x 105 n?2 of netal in the uppernost
net al Iabeésfg?nsg%"g wi "R/g‘méﬂﬁ RABL0r 4T PRYER Fnd SFoung bk wiss Word9ceupyt he anmount
of et alappeRiialely arx GIPEE 15LAmId e ARG/l WamSPRERRARTINY (HioMRTk g ori d
(not shown), the present invention significantly i'ncreases e "~ 'space

avai | abl X0t % phhe totalwidtly of the quadegnt. Fhueythe erytbspondity gusosity én uadidned by t he

avai | abiflipty a %J'o?l?dllﬁsnﬂ)ﬁ% 9@1‘7%%%{903i ty," for such wiring. The

"porosity” of a pmst a (?iagyer 'S equal he proportion of netal available
for signal and I/Owring to the maxi num anount of 9 - 4 APR 2006 WD
03/ 034497 . . . .
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 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 pum 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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PCT/ US02/ 33505 netal that can be provided for the power grid wires,
grounding grid wires and signal and 1/O wring. Limted porosity typicall

. results in providing addi tional wiring layers, which is expensive. I'r(' APRa}/UUﬁ
present exanple, the "w dth" of quadrant 110 in the X-direction is 216 pm
which is \Xﬁﬁ?@%ﬁ?f’atel y the total anount of space avail adif@/¥Y#3H8her bus,
ground bus, signal and I/Owring in this quadrant. In this exanple, it is
assumed that the widths of power bus and ground wires are equal to one
anot her and are located alternatingly vvith one anot her. For these constant
w dth wires o the priqr,.art owe 1d _ground bus wires would occup

appr oxi mat el y Wﬁv%sgo?g‘fferei‘?ﬂ“ W&FSS gli"BPrEWPE ’@F‘éﬂu% the power *H’Gﬁ‘?lmﬁ‘t 110,
or (131/ 8d¥irss wdll ozeup} Mpstbxitdafely 23! 4vui#&; A widfhis. the
correspondl ng porosity’ in quadrant 110 or a c Fror art would be
100% 61 vgesirantondle68/432) x HIOH%e Ahuspttetporasity eﬁmﬁﬁl lagér Mhtinppuadmant 110

t i NB" I d
wppr oxi mould e 00 2 06%, dronie sl hg‘%r%o%o" B dcatHnes i ant
110, or HR8er?4ivédion, ﬂmlﬂ@roveﬂéﬂﬁﬁfpofogﬁy $0héhl 1 accor d}lﬁ' Be 86131035} Thus,

t he por05|ty of netal layer Ms" in quadrant 1 ng to the present
| nvent| oftPnd redative teargBothe improxergemis @P2pxd00 d=|4ﬂ’g 4 expected; thevpdot of thes 28"

acco orosity of
ot ol | oS fwehildh ik P A BRER o) BUER B et R EIORR v e ! <
(20/ 39) husl 08’ cariythénosicoirbmrahy, thérbfore, véqdird theQlredidsaidng. 110 in the
X-direction is 432 pm which is approxinmately the total anount of space

avai |l abl e for power bus, ground bus, signal and I/O wiring in this

-quadrant. Agawhile e ﬂréseﬁﬁﬁ’v'éﬁ%@n thQ@lSeeL Iagsc‘f%ng 1'3%: BWIP% ?tglrrg&' nd bus

wires are equal to one another and are ocate er na gly wth one
anot her . e1pbedimbaisit wilb he tnderstoad thattit isinots lnﬁltddqd)xptrhemontmry it ipdnteridednnsl gr ound

Cotal v AL b SR, RO e oGy g et wfinthe Sl #hdot ¢ he

quadr ant scopé ufsthe idventixsr Bdefiyed in thdiapemiet cldfs.f or a chip of prior art would
be 100% 8%92%
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-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 w res4 WP“U%
occupy approximtely 2 x 8.84 = 17.68 pmof the 432 pmtotal wdth i
“quadrant, or (17. 68/ 432)" X 100 = 4% Thus, the poros of rret aI | ayer Mr"
in quadrant 110 woul d be" 100%- 4% = 96% By provid mjlgtﬂ(JE
wires 30" in accordance with the present invention, e |rrprove t
‘porosity of netal |ayer M/" would be 96% - 92% = 4% 3%@%“4
the inmprovenent is (4/92) x 100 = 4% As expected, the |rrpact 0

present invention is nost dramatic for netal |ayer M5, where the individual
wires of power bus 108" carry the nost current and, therefore, require the
greatest widths. Wile the present inventi o8B dockerno BYRI26ED0H
connection with a preferred enbodinent, it will be understood that it is

. not solimted. On the contrary, it is intended to cover all alternatives,
nodi fi cations and equi valents as nay be included within the spirit and
scope of the invention as defined in the appended clains. - 4 APR 2006 PONS
02/ 335Mhat isldiditia@c ket No. BUR920010061 What is clainmed: ti 4. An integrated
circuit according to claim 16, wherein said corresponding widths of said
first wires (28') decrease logarithmcally toward said axis of symetry. |

- 4 APR 2006 PCT/ US02/ 3505

4. An integrated circuit according to claim 16, wherein said corresponding widths

of said first wires (28') decrease logarithmically toward said axis of symmaetry.



1 PEA/US 03 FEB 2004 | BM Docket No. BUR920010061 7. An int egrat ed circuit
according to claim 16 wherein said region has a second axis of synz)r%ﬁ)m%
and further conprises a second netal |ayer containing a plurality

second wires (30') parallel to said second axi s of try and
electrically coupled to said plurality of first wpaf)&é

plurality of second wires (30) having a second w e@s% %g%
| ocated within said region, and said second corresp le
second wires (30') decreasing toward said second axis of symetry. 8. An

integrated circuit according to claim7, wherein said corresponding widths
of said first wires (28) decrease |logarithmcally toward said first axis

of symmetry and said corresponding w dt I‘mlwboaﬁbmg@@ﬁgzdu{g%% (30")
decrease logarithmcally toward said second axis of synmetry. @ A et hod

of laying out an electrical bus grid of an integrated circuit having a
plurality of regions, conprising in sequence the steps of- Arrangi ng at

| east a plurality of first wires (28') of a first metal layer in at |east
one of the plurality of regions (32'), each of said plurality of first
wires (28') having a correspondi ng wi dth; AVENDED SHEEN - 4 APR 2006

PCT/ US02/ 33505 i'EAAI'S 03 FEB 2004 | BM Docket No. BUR920010061 det ermni ni ng
a current distribution anong at |east said plurality of first wires (26');
varying at |east Sone of said corresponding wi dths of said plurality of
first wwres (28') .as a function of said current distribution; and
arranging a plurality of cells (19, 20.22) to at least partially formthe
integrated circuit.

7. | An integrated circuit according 10 claim 16 wherein said region has a second
axis of symmetry and further comprises a second metal layer containing a
| plurality of second wires (30') parallel to said second axis of symmetry and
electrically coupled to sald plurality of first wires (28') , each of said plurality of
second wires (30') having a second width at least partially located within said
region, and said second corresponding widths of said second wires (30"
decreasing toward said second axis of symmetry.

8. An inregrated circvit according to claim 7, wherein said comresponding widths of said
first wires (28') decrease Jogarithmically 1oward said first axis of symmetry and said
corresponding widths of said second wires (30') decrease logarithmically toward said

second axis of symmetry.

9. A method of laying out an electrical bus grid of an inwegrated cirenit 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", cach of said plurality of first wires (28') having a
corresponding width;

|3
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f 10. A nethod according to claim9. wherein the step of arranging said
plurality of first wres (28) includes selecting a pattern of said
plurality of first wires (28') and repeating said pattern for at @NRZBDB
sone-of the plurality of regions (32'). 11. A rrethm[‘iéd ng to cIa|m9
wherein the step of determning current distributi 5
sai d plurality of Wi res (28) as resistors, 12. A cn@?&q ﬁla m
‘9. wherein said step of varying said correspondl ng 0
decreasing said corresponding widths logarithmcally toward said axis of

symetry.

13. A nethod according to claim9, wherein the step of arranging

at least a plurality of first wres (28") further I ncl udes arrangi ng a
plurality of second wires (30) of a second er said at | east
one of the plurality of regions (32'), each gﬁ’fe %?Lﬁ%??%?’&f’siecond
wires (30') having a correspondi ng w dth, the step of determ ning a current
distribution anong at least a plurality of first wires (28) includes

det er m ni ngctmumgemtxrrcrdldmﬁbl hbﬁé .Of idplurality
ulidh arfidhgARAM <Al p iugﬁglof%‘?ﬂ‘%w%é 62%‘)3

of first vv|

urality of sec W res ; and the step

(2
of varying gfys ?%%2%'598% f"‘%gﬂ'ﬁsﬁ,‘ﬁﬁt“ég‘ﬂ@mfﬁgd PWiralityef firke veiesisq2g) ural ity of
first w resrs@Iﬁkuomcﬂuﬁmwﬁrdﬂ[mugﬁ.rﬂdcorrespondr ng wdths of said
plurality of first wires (28 ) and said correspondi ng wi dt hs of said
plurality of second wires (30) as a function of said current di stribution

AVENDED St&fenging AIRRIA0AGRATA UB02ARR00. Rl Kool BB, 3004 | B Docket

No. BUR920010061 14. A nethod accor ing to

WEMl At | east

one of the plurality of regions (32') has an axis of symetry parallel to
,sai d pour ala mythed adcoididg wWielaf® o (Wiskrain ﬁa'SQmF Q?ﬂ%ﬁiﬂg said plurality of first

11.

12.

13.

wires (28°) includes selecting a patiern of said plurality of first wires (28') and repeating
said pattern for at least some of the plurality of regions (32').

A method according to claim 9, wherein the step of determining current diswribution
includes modeling said plurality of wires (28" as resistors.

A method according to claim 9, whercin said step of varying said corresponding widths
includes decreasing said corresponding widths logarithmically toward said axis of
symmetry.

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
disinbution among at lcast a plurality of first wires (28" includes determining a current
distribution among at least some of said plurality of first wires (28°) and s4id plurality
of second wires (30°), and the step of varyihg at least some of said corresponding
Wwidths 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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of varying at |east said corresponding widths of said first wires (28)
I ncl udes decreasing said corresponding wdths logarithmcally toward i?gg
‘axis of symmetry. 15. A nmethod according to claim 13, wherein said % Al @p

- .one. of the plurality of regions (32') has an aprgF’ % Baszﬁl I
said plurality of second wires (30') and the step,0f vary S a| d
. correspondi ng wi dths of said second wires (30') mMS 63 FER"Y(R4 d
* corresponding widths of said second wires (30) logarithm caI ly toward said
axis of symretry. 16. An integrated circuit conprising- a plurality of
cells (18, 20, 22); an electrical bus (108) in electrical conmunication
with said plurality of cells (18, 20, 22). said electrical bus (108)
desi gned using a current distribution nodéMDopkétd¥o.tBURS2003098Ment of said
plurality of cells (18, 20, 22), said electrical bus (108) conprising; a
region (32') having a rectangul ar shape and a first axis of symetry: and a
first metal layer containing a plurality of first wires (23') extending in
a first direction, each of said plurality of first wires (28 ) having a

firsjqw dphnediod &éﬁ'ﬁmgi’éél'ﬁiﬁlis}’w&:@ﬁ@hn@%M&bﬁibﬁlﬁ'ﬂur%ﬁ@'o?& glod?' ) and being
‘parallel to said first axis d f h

r erein sai I rst widths of
sai d pl ur @R b3s Braxjs qféxmmpﬁnem'bg!%sau@iwa&ef firghpeireg (28 @dfhesiop axi s of

Symmet ry. ofvaFying at least said corresponding widths of said first wires (28") includes

decreasing said corresponding widths logarithmically toward said axis of symmetry.

15. A method according to claim 13, wherein said at Jeast onc 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 symmeury.

16.  An integrated circuit comprising:
a plurality of cells (18, 20, 22);
an elecurical bus (108) in elecirical communication with said plurality of cells (] 8, 20,
22). said ¢Jectrical bus (108) designed using a current distribution modeled prior to
arrangement of said plurality of cells (18, 20, 22), said electrical bus (108) comprising:
a region (32') having a rectangular shape and a first axis of symmctr}; and
a first metal layer containing a plurality of first wires (28") extending in & first
direction, each of sajd plurality of first wires (28’) having a first width at least partially
Jocated within said region (32') and being parallel to said first axis of symmetry;
wherein said first widths of said plurality of first wires (28") dccrcgsc toward said first

axis of symmetry.
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