; We3er chr " Lb| 6Th=@ GATE ARRAY ARCHI ED APPLI CATI ON Thi s pat ent
application is related to concurrent I M | patent application serial
no. 09/ 26WOoAB&2788i t|l ed "gate array architecture, " (attorney PaFakS80/05275

042390. P6643), by B. Possl ey, assigned t St e assi gnee of the present

i nvention and herein incorp PR A rsﬁm %%EROJND Field The
present invention is relat egjit?gﬁg‘ht egl}:{\g Cl I’C(l:.llt chi ps and, nore

parti cul ar RELABEDARPIACASNION chitectures for integrated circuit chips.
Background I nf o;[[@%i on Gate array architectures are conmmonly used for many
types of integr AdeHPHEHARPYCaYER isfglated tg copgusrenty fidsV.S. patent aaphicfiane arr ay
architectugg. e r epeat b i N

sem conduc :S %rl dl E’fgb so'? {%t@’e‘f% 8’3 S@ E&‘aga%a%}{ iﬁg@he%{suﬁ%s(?gg#ng;’ aEf?/(pel? W Eiqs56 i 2%

ar chi t ect ubg$. Rossleyypbogred tbyhelsssipaeesof the presdny inviehddn anhiprein étcorporaide

metal lization fpatter ns to create individual cells. Such gate array

ar chi t ect uP¥ECISF®<¢-i brari es are comonly enpl oyed in connection with
conputer-ahq,ggll( } CAD) and conput er-ai ded manuf acturing (CAM

t echni ques. mﬁ?ﬁ‘%ﬁ% gate array architecture stands in contrast to the
custom desiFjgdidof the | ayout of transistors on a sem conductor or silicon
substrate, which is also acconplished using CAD/ CAM t echni ques. Use of gate
array archit ect UNePIeseRigpyention inrplated WJatesrateg sircnt chips asgnewsr f abri cati on
and t hroug i, e, .0 .oaking fixes or |ogic
changes af ae‘?'l&éla@hin% %‘éﬁ%ﬁ% a}%(glzttegﬁufegg yﬁgeégaﬁe%%%lﬁecthg’c?: Unfortunately, gate
array ar chBackdroigdInfbstiopave a nunber of shortcom ngs that nmake them | ess
attractive for sonme types of applications. Typically, gate arrays or gate
array ar chit ect rasearsgyearplytectisescpsn sanmealyausad éfrananydyrss of dntsgratedicomuit and

of fer | ower f i R esigned usin | t ernat.i ve
appr oaches d eﬁg nségé %g %grrl%*}gglgq‘%e{ﬁ ga{gs 8‘?%’?&‘15513%%? uergé Fr§$° ar Ft%gfegf?ﬁ?@ 0(fhat
addr esses thgsigots dimbedtiédinsa seblibdARY 0B R {rhig, such aga RicdaBawstiatel h one

enbodi nent _of the invention, an integrated circuit includes: a gate array
ar chi t ect udpicaily syeh architeciiresgre §mpteyed by usingladidsryt thaeepseprisesonigoe WO

00/ 52758 PCT/ USO e > git t | east _one .base site bein
Dhr oo 0y aoRERgod ptemE REcrRRE fdlt it IS Slor S8k AR R S 8o Ty po
transi st or gbraBiek @fe domrhonifesPladad GEcotinbEti @it esmpRBOSIBE Bdsi@f (AA) and

invention, a method of _ ,
computer-aided manufacturing (CAM) techniques. Employing a gate array architecture

stands in contrast to the custom design of the layout of transistors on a semiconductor
or silicon substrate, which is also accomplished using CAD/CAM techniques. Use of
gate array architectures offers the advantage of quicker or shorter fabrication and
through put time, lower costs, and ease in making fixes or logic changes after a chip
design has already been completed. Unfortunately, gate array architectures also have a
number of shortcomings that make them less attractive for some types of applications.
Typically, gate arrays or gate array architectures are not as dense, have higher power
consumption, and offer lower performance than custom circuits designed using
alternative approaches. A need, therefore exists for a gate array architecture that
addresses these limitations.
SUMMARY

Briefly, in accordance with one embodiment of the invention, an integrated

circuit includes: a gate array architecture. The gate array architecture includes at least

R
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fabricating an integrated circuit chip includes: processing a sem conductor
substrate to forma gate array architecture of transistors in the
substrat e WOH¥SZj88 e array architecture gncludes at | east oneRCHHS®/S2T5e
being three tracks wide and including four N-type transistors and four
PLyPe LT aNSleHhOl Site, el o dake orlebaBE GRMIANARre 015 bidel anARAARRe fiTRROI ENt  Of
the invention, an article 1ncludes: a storage nedi um the storage nmedi um
havi ng i nstXugie tensissdroamtifouhBrigmanrarisiseors.nst r uct i ons, when execut ed,
resulting in the capability to design the |ayout of an integrated circuit
chip for fabri ca@ﬁ"’éffb& i %OFW@@WE{PéHO[BFfreéﬂl‘?qd}l/@ﬁfitﬁfﬁ?detWQ, amgthad ofr r ay
architecturg,.. . . archi. . Lncl udi . e se site
bei ng ¢ hr ed proaiie A eRale iRl Dhp REOAE, bR Prclicordiblor SISARSE,
P-type trarsifhqat dBRlyRcHieSGH 6ol s@rs thHie RRAMERICEhd lReteaiiiay afchitB&hiEer
regarded as the invention is particularly pointed out and distinctly

cl ai med i n in¢ladesci dsasidonedaposita baingpthraeHeackpwiderandangleding fors N-tpent i on,
however, b i.zatd on. nmet hod of operation, together with

obj ect s, fgéﬁqﬁgg’g% gnaér)l@ggg'\}g%t%%{eg%s?qq iereof, may best be understood by
reference to thepdigfly, @hdegrdiatawlte otildl esethérdmbvaiméie bf (iRadvatibhn, ih&ticle
acconpanying drawings in which: FIG 1 is a diagramof a plan view of an
enmbodi nent ip¢ludesyasoragemagdiymchie swerggmeedivmderiog deshrietionststored thepeans Bist

i tion; .FIL.G .2 j di f | i ew.of a typj.cal gat b
vont! O chbepnd Safa AN Sl BB R AR FhuEh BBt Y o
noni nver t i Netegtskdd ditc@x @hip fBR hbik&iond tHeSinR gfetdiedituit €h i idQlnaigial dausikat | ng

the layout of netallization for the circurt of FIG usi ng 't he enbodi nent
of a gate arehalgcare ithe gate yray athipc@re inclyding atedstone byise site beinig thyeeam

illustratin n_enbodi.nent. of. an.inverter: and Fl 6 1S a schematic

i agram i 1 16T SRR R ing Gl NP s RU R BnSsREL ¢ of FI G 5
usi ng the e PESCROITIONOFETRE DRAWINGSt ecture of FIG 1; FIG 7 is a
circuit diagramilTustrating an enbodinment of a NOR gate; FIG 8 is a

circuit di agr amTHelsubjeetamptier regerdedoasdhervventadn ia papiplaglapeinted Wb apd/ 52758

PCT/ US00/ 05275 FIG 9 .1s a schematic diagrami.l.lustrgting the |ayout of
et al 11 2at om0y CleffaeimBe PR e borfiol o e aBbsibeAtRBodmanecniina. gat e
array ar chigoReley 8olfasfrd Gxgahization and method of operation, together with objects,

features, and advantages thereof, may best be understood by reference to the following
detailed description when read with the accompanying drawings in which:

FIG. 1 is a diagram of a plan view of an embodiment of a gate array architecture
in accordance with the present invention;

FIG. 2 is a diagram of a plan view of a typical gate array base layout;

FIG. 3 is a diagram of an embodiment of a unbuffered or noninverting
multiplexer; and

FIG. 4 is a schematic diagram illustrating the layout of metallization for the
circuit of FIG. 3 using the embodiment of a gate array architecture of FIG. 1;

FIG. 5 is a circuit diagram illustrating an embodiment of an inverter; and

FIG. 6 is a schematic diagram illustrating the layout of metallization for the
circuit of FIG. 5 using the embodiment of a gate array architecture of FIG. 1,

FIG. 7 is a circuit diagram illustrating an embodiment of a NOR gate;

FIG. 8 is a circuit diagram illustrating an embodiment of an AND gate;



FIG 10 is a schematic diagramillustrating the layout of metallization for
the circuit of FIG 8 using the enbodi nent of a gate array architecture of
FIG 1; aMP#/%75811 is a schematic diagramillustrating an RGHASWOMEITS of an
integrated circuit (I1C in accordance wth the present invention that may
be incorporatedd . ri et . D | PT, In the
fol | owi ng det ai Fag: gég%%l‘f%ﬁt"?’{é%flﬁgrﬁg’le‘?’%‘%‘gg@geﬂé‘%ﬁ@hté"gt"?ﬁ?ﬁgg%‘r%‘ tjSE?PJ“H‘ orth in
order to peirwnicdef BIG.[Mousiniothe embediniecancli ngat® hrrdharchitdcaiit oORIG. However, it
wi Il be understood by those skilled in the art that the present invention
may be practi ced i {haa schemmatic diggamyiilastepsingitheslayeui o megallizationfac s,
vel | - known HELDBARIG. I RERAUE ERpoRRIRPAC e ARE SLEIRILS JRKS DahqPeen

e pr ntion.

described i'n d‘g all 'so as’ not to obscure esent 1 nve radi tional
gate array ar chifi@ct Lisesschemhiydingrain illasteanEan leyhbo@ingnt 6flat thtégated " sea of
transistors” or a "sea of gates" architecture. This neans that the gate
array base cewpflC3 éivaccordageg with yhe prpseat invgntina thatripayobe ingaiperaledinto® gr ouped
transi stors, ié-ti?\(/)'gn{gd 1%njnglrge nunber of generic transistors is desirable so

t hat any ond"% p érge ‘nunber of possible logic functions may be

i npl enent eghFAR K DESORIBTIGNE netal | i zati on above the array. A drawback of
this approach is that by offering only a sinple, generic transistor
pattern, the redutheifejowing detdiledidesesiption.inymenens specifadolptls awlsct forthdnns of
certain techpical issue such_as densit power. angd/ or performance. More
recent exal%c{éégo Brfovbd;etaet%grroluﬁ};%u%‘?%ﬂ?‘fcg’&% ﬁér/tgg "évteflé%t PB’e‘é%dVévég Y hese issues
by using auf@mbed bY@sRe Skillv€ intthe af IRR theShraenfBVEnGd May BBbrattiégs and
configurations of transistors. Wiile this may achieve inproved results in
terms of devidionythesepspeeifigdptads. Intotheryinsthunss.rvegdt-knewn histhods,yproteesies, and

| ayout flexibility because the CAD CAMtools are.restricted to ysing
exact 1y t nEumaphiss BRTATHRGs bk ¥ Doy dsr B Tn JEE1 56 o 80 G ostit fiepe
descri bed itpfbsgﬂ}riﬁvéj@%ﬁ_il bel ow, an enbodi ment of the present invention
addresses this limtation by providing a conplex base architecture that
of fers the fl exilwadiional ghtearmap axcbitedtanes Emygkoyevhat issgonraedy refkirbdtesasid |
al l ow ng degsigns ta achieve superioy density, .power, performnce and
Fout abi 11 tySeat! U4aUSIY (o Aesea dhieateinpichiecyty didneds taitid Ao rowinse 4

mai nt ai ni NngompHse réflady R%%lat%grbah@ﬁ\t ofqmﬁ'ﬁfuﬁﬁoﬂ%&hpe\dﬂ tfsBRF) J¥hpesi s and

aut omat ed pl ace and route | ayout tools. FI 2 is atypical gate
array ar chiargetumberZg@epgridtransisprofs desipatde smdrauanyomsiof adarghinumber eind P- t ype
transi stors. Thi articul ar exanple sho three. sites 230, and 240,
w th each ST Ineg ke e LR RIFmEn SRy L GRE B mefffruta e o
P-type transd st S\ dRwdashosthistyppidach Banst lﬁ'g{fﬁdﬂngtdﬂg/ A sigfplle, RRAdriON
indicates the N-type material and the dark or shaded portion indicates the
P-type mat &repsistor pritein.dhe wsulting lesioineplemeantatiormayrba subeptims] imisoms port  NAND
gate or ot her .C?|}1 01;1 ieﬂlUisV?xlﬁnstdcoﬂgl %&e} 4 I—Ir()\/\éeryenrn,a échi s base has sone of
the Iim taff6HE FEPRICALISHES SHEY & IhELY POY'ef fOHIPEITTaBH ¢ ransi stor si ze
avai l able. It | a6k secedi &xfantpidstoftp@tel Atfa achitB@Gtes tahempt fof ARsS tHRESiskwesf orm a
cell without using routing layers typically reserved for cell-to-cell

i nt er connedyusing 2 complexanse stseatern ¢omayising ahanyelifi¢rentsazas and apefigwsatians FI G 1

is a schematic diagr dllustrating an _enbedi nent 100 of .a gate array

ar chi t ect uP g hf”ﬁ“ﬁ%’%bs’g?g?]ec%mvﬁl?)f'uacthhe “OPBEES rersﬁg% Rt ieERs OEI‘?]eélsg%itfg,r array

ar chi t ect Uggarhslel i hsStaldtredridsoaiiRticart 48 1a/dut NEABNR Bétagéd dyi t chi p. For
this particul agleelrrbmggi ment, three sites ar e@gl so il Iﬁfst rated, 120, 130, and
140, each $1AIYOFeVingols aregestricted ke usinglexacythis peadeterminet uafix rod diféaxentasey pe

t i st . d f P-t : i . | th .he | ti i t
[ ted 1 nSugogs Tl et ben i BOrAdiEpesPy. o Hbdepbol e A enboai ment
i n contrasiyWhiith Qﬁfrgslglﬁ’{ Gl{h?%’lirﬁft&tmnttﬁ%rl%ﬁir?g@cddlﬁlk!ﬁ biRtaechileBukd Rat Stferk e

| arge transistors o are replaced wth two smaller transistors.

shal | be déscfléxietityi of aronatmiondbgae hrripebasey, whils gilpalowidg deagnsuniachiewd
advantages. In addition, the enbodinent il|Justrated in FIG .1 also includes
t wo commnSbPﬂrSPéﬂF‘?sé‘an%%frPﬁ&@?%ﬁ‘ﬁr@“@gﬁ%cﬁiaﬁ‘f%“lgPEFﬁ?ﬁhésr‘%‘hﬁwecti ons,
such as 110, for the N-type transistors and the P-type transistors in each
of the three sites. This is in contrast to the gate array architecture
illustrated in FIG 2 in which the polysilicon overlay structures for the
N-type transistors and the P-type transistors are not connected.
Furthernore, as shall be described in nore detail l|ater, each of the base
sites in this particular enbodinent is synmetrical about its m ddle track.
The enbodi nent of a gate array architecture in accordance with the
invention of FIG 1 takes up substantially the sane area as the gate array
architecture of FIG 2) despite the presence of a separation between the
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transistors per site, the enbodinment illustrated in FIG 1 splits them so
that each site includes a total of eight transistors, four small N-type
transi st o¥Q O}A¥58 our smal | P-type transistors. Therefore, PETAURP0L05275
particul ar enmbodi ment, the small trans#stors are approximately half the
size of t ; L l i J [\S: S
approach ihfgal'lt‘n ﬁ%’?hgﬁeg‘ra g' i&égﬁggﬁ? ﬁ%tﬁgﬁagégie@la‘?l%%zggﬂmg%%%ﬁ%"ﬁg?téﬁgesi red,
the two " gihcedndtroaedAPR) dayomatpolse j oi ned using a metal lization

i nt er connect, H%i ed to overlay the qate array, to formthe desired | arge
transi stors. &ris afypical gBig AT Atchiteqtirer400vath fomvsmf cepeating f er s

addi ti onal - b C . rchi .2 by
provi di ng “e‘fcgﬁ{f’l"g h&aﬂt t&p ?g%{‘ﬁgsyéeﬂganngggﬁ?ar%rg gx%c;ﬁfrﬁg%)gﬁﬁsél %rggaibsetlrl:]l'%asétés’si te,
whi ch al | @20, R3flaaden0amithreact sienbeimrgthidearaells oidenamd hadig twigNtigpe &t one

mul tiplexes in a single site, rather than the one and one-half sites that
woul d be M9 IoOmg tragpistopuingach site: 15 phediagrame the ligbt portiapndicases tha Nefyge 2. 1 n
this cont : : | j i.pl s.refers to the
cirout t i 1TEeTRARARE Tk onidhadklipinith iRAPABLAE'R. O Milerlap Bk’ 2

t wo- t 0- onetherefdre phexiasplementta tolo iaputipovta¥ ANIUgdeei6f @hert deftofeguidhle)t provi des

t he out put si qnal has been omtted. Having the capability to inplement this
parti cul arcosmmerdtyuriowayendhis bass kasisemg 9f thej limitaions diseussed pleovehbgcapse it

L ot hoshds BRRASR sl BELAERC 1t Rl GRIR bbbl Pt barfRigd and”"

as | at ches, , exers, ‘exclusiv : and
ful I adder o fdfhe e @EI0WethoyussiEViolGn©RGerd dydicaly rasdpasifostdiPid @l an unbuf f er ed
or noninverting nmultiplexes iInplenented on an integrated circuit chip, the
overal | chnisrepnaectiogy. eh pedsecond laspeef metalizpyon mdgboxej s a schemati ¢

di agr am of thelgﬁi‘lj dj t of. Fl 1...show ng metal.lizatlon interconnections
t hat woul d be errp'gﬁge &ﬁqa&é} dﬁ@f‘?ﬂ’ Iﬂlhksgrg tll%g? ?{P{é?dég’ﬁﬂtefcqo \i"egﬁttey?rﬁad' the gate
array ar chirtififeetiir@in £cofah@ Witk tHeliResehf @uédtionl IMistghe! RehyiafcHite&uredis The
reference nunerals of FIG 3 are provided in FIG 4 to show the

cor r espond8ngteatesbas pehpdigdeonearn intagraterl elgrustrahim dbariais gartisular eapodimsini.t ect ur e

poi nt to O SRR YediPapiure 13 dapriB 4oL 6t R Bl ot ReRAR B o o

the gate afer@inaiidiig fRGINFyperiAsidiofeHd fobPREYdel thabistord, aRAGighttRE s 370 and
380, are unused or not connected. This is also illustrated Iin the circuit

di agr am ofingngionds nettlimisedyigiseapa indhis refpsctp dhereferedin thistpedicant of a gate
array archit.ect r QV.i . i 2V nd al so
deseri bed TRRaHER, B AN By HALLRRRRLIE0S ISR BRTT RS, thefie
t ransi st organdiseriiof Flak 2uad tepleephatado sAdithesnsathranna@RalDbe ddscab&ipodi ment
in accordance with the invention relates to inproved power and perfornmance.
Pover is rasepieicdetailbelow) this rigvidaea awmber af adrantagesr i adqgitioh thfave a smal | er
capaci t anc Q@P ful].-si [ i r | QQlig, t hat
t oggl es fr%&%en Fr&}hﬁg!&%&@gqfépogésﬁ%ﬁf&gﬁgﬁgﬁ@ﬂoﬁ J’r% ])ésilgcrr%llog',gh%r for nodes
that have grukiufé t@thettidrgron attefcanneatibns, bidtei 190, fop e Nrppessistors agd oved
relative to a conventional gate array architecture, such as illustrated in
FIG 2, bebafs¥peansistorsin eachd dhe hiresiteqnbhis ihigconast o thegate arpd | s
reduced. For, .ex he. | - ' i I d data
arcthetcélqphﬁl’str&teg gd ngltznlgﬁﬁﬁ@ fh%g)%glsﬁfcog okfgrl:I s%?lc&]tr%lcllég fd

pi ns may be cut appr oxi mate use equi val ent Sized

transi st orQ-tpRytrdiRistare aiethe Paggéaaﬂmtbmraba\mnnwem QFtibeihere] avshadk | er
transistors, output drive capability is not dimnished, however. As

previ ous| ydeseribeddn mase detaddaier caghmidhe basesHes iartbis @arrisatar embadimeat isd in FI G

2 is the layout .of the .eight.,small transistors with the polysilicon

i nt erconnesé%f%ﬁg,calsahg‘ﬁt lggsrg%f& %W58ve. This provides a "built-in" _

i nterconnect, tadefBodiRentes TRl QYestrdyoirchitetuid iudcteidagceowith eHel ifiveition v

mul tiplexer illustrated in FI 4 FIG 4 illustrates, these polysilicon

| andi ngs aFIE. driptes wpdubsasinlydloe sampesarehag thagatedumay arahitestuiseofddGodpl | shed by
a nmetallization interconnect overlying a,conventjonal gat a

ar chi t ect ufssPiterilie presep atsr‘fgariaﬂ?’é%ﬂﬁ'lge’? WtﬁW@ef {cf?"sésﬁ?/gé'hﬁle}?bgnurrber of
cells that may be inplenented using this particular gate array architecture
to be conpleted exclusively in the first layer of netal. In contrast, other
gate array architectures, such as the one illustrated in FIG 2, use a
second | ayer of nmetal, and sonetines even a third |ayer of netal, when

maki ng such internal cell connections. By utilizing only the first |ayer of
metal for internal routing, this provides additional routing resources

avai l able for cell-to-cell connections for the APR tool. Another advantage
associated with the polysilicon interconnections of this particular

enbodi nent, such as 110 in FIG |, for exanmple, is WO 00/ 52758 ~
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a,gate array architecture is enployed. FIG 7 is a circuit diagram
illustrating an enbodi nent of a three-input port NOR gate. FIG 8 is a
circuit dWESOARATS8I | ustrati ng an enbodsnent of a two-input PETUSONMIZ2G5t €.
FIG 9 is a schematic diagramillustrating the gate array enbodi nent of
FIG 1 wit . i j i I iLt,. El 7 I 10 is a
schemati c %ng&rlglr%hi ‘I%?{sts'?l r%é%rgﬂlé’g%dr@qgg{qg ’??@@J%ﬁﬁ%tdﬁ%ﬁ‘f&btpe EF@ ?1 wth
met al | i zat érfBodithehipbRid@ENA sdparatioh betwekn eHe P=kype aBd NLhpe @fafkiStors@uelbevd ousl y
descri bed, by using the symmetry of the base site, these two cells may be
pl aced so taparatedparysakieon; Iapdingsites dlopt innatipresentinthaersbodimeat of 6K § thay
overlapping a mddle track in a mddle site of. three bas i tes, whereas,
o Ehout "t rePgBTaRY olfh thesPedr e entrd b€ efaeitimroOR el Teni Ve
tracks. Thgigbore, this particular gate array architecture my be repeated
t hroughout an integrated circuit chip and enployed to inplenment a variety
of functional eM8iigrihetrpditiond gag\aamayfillustraied in §Lé-h2 maludas tyr dargel circuit

hi | oyi hi i cul.ar,. i . hite ,
Cobcal Ty it e B e iBrEnY AR S Q. Pl BhiaBiRa S Sonal
conputer, $Ufideds tdal (ﬁl&i%lﬁﬂa%st&@%uli Qﬂalﬁ SIRPE BansifbishaH IburlARni PKgRt i on 'S

not limted in scope in this respect. Likew'se, it mght be enployed in a
communi cat iransisiersi dberefureindlss paniagler erobodimient, gheomesl] tpansisedrs erenat i vel y, in

a conputer peri.phera [,ust t rovi de ew addi tional exanpl es. For
el o. © FEORALT halgbittas ot R RRRE A T e s OB BB RERET 1110 of
an 1Cin aﬁ?@éﬁ?&“cﬁ iMHabwh&te a%ﬁ%ﬁbnél'@é%&&%as@&pﬂrhidﬁ%& BédiRd, newmpadi ment
1110 is incorporated in unit 1100, that” may cConprise a conputer, a conputer
per i pher al “spéit ttoansistirs atay e joiesd ueng @ megallization iptesphnect appli¢d weyvedayp| oy
such an enbodi nent. The int\rle tig{g of course). is also not |jmted in scope
to a parti QFIBAE FBNIG QTR hepesrehlergedransgtons PRVeYs athe §MOCAERRY chip t hat

| ncl udes afmehed PR, 10l ffhifordl fBNivaff DLYoRALM End BrBCAehfRnGE i Lh the
present invention. However, typically, a siliicon substrdte I's processed to
f.orm a gat ElGarZrtaypravilimg eghtismallofather dhrmifotolagge] marnsistors phsbasatsige,pyhichh t o t he

formation t he tallizatjon interconnect. As previously described, this
< one of iR ERATDREISTER! B bRy SAngHbiering ByS-io O FULRTE e var | ety
of techni qygsielsRE, rAHBFERAR IR afll bh&RRIf S1#SthaE)Sulll Be ERIPBYED SoidhE ga@r ray

architecture are known and may be enployed. Furthernore, ‘typically, the
pol ysi | i coarrgvachitegtuge illstrated sn Bl 2 dn ithisl contextathe terin uiimffgatdeorar r ay

hitecture for .th dinment illustrated in.FIG 1 le. . WO
00/ 52755 BT IBEII Easth e eht iiruptaetharedicnly in FEE TP afis i
fabri cat edgrrd i@ elyBl (dld-loddHel RN tip IRk &'if WHIGFAn IR¥riRg bLBENTE: QXaNY pididiedat e

array architecture. Another advantage of this particular enbodi nent of a
gat e ar r aythamaiput sighalrtesibreragrottedance with the present invention, as

previously descrjibed, is that it be ,stored el ectronically.as a data
Pl Te “Tor examplevmaiies rehDtyfemppaty ot BHECWE RehiE ety Bl rs
fashion, afigf binsdafe 18N rafuchtlp FPEABE o Bicth sidlea QiBHik ShiPYin 4 Piridyanpl e, a
di sk or hard drive, may have instructions stored thereon. The instructions,

when executedld, suwwhaeb laehdsyflip flopspuelsiplegerssexnlusiye-OBrgatasi hajf-pdders andifullr esul t
in the capabjlity being, avail abl sign.the | a of an i.ntegrated

i curt - ohiieror TheRprechy SOPe TiF ke 356 Fec e an BB R ATV EHe or t ne
i nt egr at edGA ok 0 BiePhehfag] ; ; i t te array
Gt et L e g o e e R e

bei ng t hr erduceal Kyevifidell g G 46l austhematiodiaghint githe tmbnginsnooSFihd, f our
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of metal. In contrast, other gate array architectures, such as the one illustrated in

FIG. 2, use a second layer of metal, and sometimes even a third layer of metal, when
making such internal cell connections. By utilizing only the first layer of metal for
internal routing, this provides additional routing resources available for cell-to-cell
connections for the APR tool. Another advantage associated with the polysilicon

interconnections of this particular embodiment, such as 110 in FIG. 1, for example, is
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In addition to the prior advantages, another advantage of the embodiment of a
gate array architecture illustrated in FIG. 1 is that despite its more complex structure it
still provides or maintains the flexibility to implement other cells, such as a NAND
gate, a NOR gate and a flip-flop, for example. This flexibility is further enhanced by
the previously described symmetry of a site, such as 120, 130, and 140, in FIG. 1, for
example. In particular, the symmetry of the sitc may be employed to reduce the number
of overall tracks that it takes to implement certain functional blocks. For example, if at
least two cells are implemented in this particular embodiment of a gate array
architecture, each of which is implemented in less than an integer number of base sites,
the at least cells may be placed by the APR tool to be implemented in an integer
number of base sites by utilizing the symmetry of the base site so that one of the tracks
of each cell overlaps. For example, FIG. 5 is a circuit diagram illustrating an inverter
and FIG. 6 is a schematic diagram illustrating the gate array embodiment of FIG. 1 with
metallization to implement the inverter of FIG. 5. A close examination of this
embodiment reveals that it employs two of the three tracks of a site of the gate array
embodiment. Furthermore, another inverter may be formed from a mirror image of the
metallization of the left or first track applied to the right or third track, leaving the
middle track as it is in FIG. 6. This allows finer granularity in that cells that may
occupy less than an integer number of base sites may overlap, as illustrated above, and,
therefore, save a base site. Therefore, yet another advantage of this particular
embodiment is that due at least in part to the symmetry mentioned above, a integer
number of sites may be employed to form by placement adjacent, overlapping cells,
where each of the cells employs less than an integer number of base sites, therefore,
improving the density of an IC employing this gate array architecture embodiment.

FIGs. 7 to 10 illustrate another example in which the symmetry of the base site

may be employed to improve the density of the IC where this particular embodiment of
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1099} F 1 109808 1 (dent of 2t npu % 'AND gate. FIG. 9 is a schematic diagram illustrating
the gate array embodiment of FIG. 1 with metallization to implement the circuit of FIG.
7. FIG. 10 is a schematic diagram illustrating the gate array embodiment of FIG. 1 with
metallization to implement the circuit of FIG. 8. Therefore, as previously described, by
using the symmetry of the base site, these two cells may be placed so that they are
implemented in three sites or nine tracks by overlapping a middle track in a middle site
of three base sites, whereas, without the overlap, the two cells would occupy four sites
or twelve tracks.

Therefore, this particular gate array architecture may be repeated throughout an
integrated circuit chip and employed to implement a variety of functional elements for
the overall chip. Such an integrated circuit chip employing this particular embodiment
of a gate array architecture, may typically be included on a motherboard that is
incorporated in a personal computer, such as a lap top or desk top computer, although
the invention is not limited in scope in this respect. Likewise, it might be employed in
a communication device, such as a pager or cell phone, or, alternatively, in a computer
peripheral, just to provide a few additional examples. For example, FIG. 11 is a
schematic diagram illustrating an embodiment 1110 of an IC in accordance with the
present invention. As illustrated, embodiment 1110 is incorporated in unit 1100, that
may comprise a computer, a computer peripheral, a communication device, or another
platform that may employ such an embodiment.

The invention, of course, is also not limited in scope to a particular technique
for fabricating an integrated circuit chip that includes an embodiment of a gate array
architecture in accordance with the present invention. However, typically, a silicon
substrate is processed to form a gate array architecture of transistors in the substrate
prior to the formation of the metallization interconnect. As previously described, this is
one of the advantages of employing a gate array architecture. A variety of techniques
for processing a silicon substrate to form the gate array architecture are known and may
be employed. Furthermore, typically, the polysilicon overlay structures are formed as

part of the gate array architecture for the embodiment illustrated in FIG. 1, for example.
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10--1 &M 10% - & () -G %M?ﬁﬂs@%’g&lm embodiment of a gate array architecture in
accordance with the present invention, as previously described, is that it may be stored
electronically as a data file, for example. Where the gate array architecture is employed
in this fashion, an article, such as a storage medium comprising, for example, a disk or
hard drive, may have instructions stored thereon. The instructions, when executed,
such as by a computer or similar computing platform, result in the capability being
available to design the layout of an integrated circuit chip for fabrication. In this
particular embodiment, of course, the integrated circuit chip includes a gate array
architecture. The gate array architecture includes at least one base site, the at least one
base site being three tracks wide and including four N-type transistors and four P-type
transistors. Likewise, the additional features previously described may also be
designed.

While certain features of the invention have been illustrated as described herein,
many modifications, substitutions, changes and equivalents will now occur to those
skilled in the art. Itis, therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall within the true spirit of the

invention.
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An integrated circuit comprising:

a gate array architecture;

said gate array architecture including at least one base site, the at least one base
site being three tracks wide and including four N-type transistors and four P-type
transistors.
2. The integrated circuit of claim 1, wherein two polysilicon overlay structures
connect the N-type transistors and the P-type transistors in the at least one base site.
3. The integrated circuit of claim 2, wherein the at least one base site is
symmetrical about its middle track.
4, The integrated circuit of claim 2, and further comprising a metallization
interconnect overlying said gate array architecture.
5. The integrated circuit of claim 4, wherein said metallization interconnect
couples at least some of the transistors in said gate array architecture to implement at
least two cells in an integer number of base sites, each of said at least two cellss being
implemented in less than an integer number of base sites.
6. The integrated circuit of claim 5, wherein said at least two cells comprise two
inverters, and wherein said metallization couples at least some of the transistors in said
gate array architecture to implement said two inverters in one base site.
7. The integrated circuit of claim 5, wherein said at least two cells comprise a
three-input port NOR gate and a two-input port AND gate, and wherein said
metallization couples at least some of the transistors in said gate array architecture to
implement said NOR gate and said AND gate in three base sites.
8. The integrated circuit of claim 4, wherein said metallization interconnect
couples at least some of the transistors in said gate array architecture to implement a
multiplexer in one base site.
9. The integrated circuit of claim 8, wherein said muliplexer comprises a two-to-
one unbuffered multiplexer.
10. The integrated circuit of claim 4, wherein said metallization interconnect is
capable of coupling at least some of the transistors in the gate array architecture to

implement at least one of a NAND gate, a NOR gate, an inverter and a flip-flop.
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<=>? @\BCDEBCHI JitHeNNR A ditcuit of claim 11, wherein said integrated circuit is incorporated
in a communications device.
13. The integrated circuit of claim 3, wherein said integrated circuit is attached to a
motherboard.
14.  The integrated circuit of claim 13, wherein said motherboard is incorporated in
a personal computer.
15.  The integrated circuit of claim 14, wherein said personal computer comprises
one of a laptop and a desktop computer.
16. A method of fabricating an integrated circuit chip comprising:

processing a semiconductor substrate to form a gate array architecture of

transistors in the substrate, the gate array architecture comprising at least one base site,
the at least one base site being three tracks wide and including four N-type transistors

and four P-type transistors.

17.  An article comprising: a storage medium, said storage medium having
instructions stored thereon, said instructions, when executed, resulting in the capability
to design the layout of an integrated circuit chip for fabrication, the integrated circuit
including a gate array architecture, the gate array architecture comprising at least one
base site, the at least one base site being three tracks wide and including four N-type

transistors and four P-type transistors.



