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APPLI CATI ON  This patent application is related to concurrently file ngéJ

pat ent appWacewi2es$ serial no. 09/262, 46S, titled "gate arrayCT/US00/05275
architecture, " (attorney docket 042390. P6643), by B. Possley, assigned to

t he assignee of the present i t n rpe! rporated by reference.
BACKGROUND Field The present@%{ﬁgédn}?géﬁl ?}s}%ﬁ{ﬁy)?@ integrated circuit
chips and, RBICADPEDIABRPLMIABION 0 gate array architectures for integrated
circuit chips. Background Information Gate array architectures are comonly
used for many typdys Biteptppplisaion i relatedup eonfasieniys file| W St patentappliceiiey t he

termgate arra rcyisecidre. refers to a repeated pattern o } st.ors
ermbedded | nod i AL Pty SoURBEE TP Bitelhenbapase)
Typical ly, s\@) Fakeby tlsbrdas e fsigmdel PYRthrBdentFivestich anldiHeFeH Yicofpdrded
conprises unique netallization patterns to create individual cells. Such

gate array Byetfetedceures and |ibraries ar ﬂmﬂmmmml” | oyed in connection
e i@y

wi t h conput B *g;%lgﬁ? gn (CAD) and conp nuf acturi ng (CAM
t echni ques. I‘fh(;@l gate array architecturew®t-ands in contrast to the
custom desi gi)@f the | ayout of transistors on a sem conductor or silicon
substrate, which is al so acconplished using CAD) CAM t echni ques. Use of gate
array architect urlés poéseeripvehonadebrdagentegragdicokeit clups sithmiaee f abri cati on
and t hrough put La;[lrre? | ower costs, and ease i% maki ng. fi xes or logic
changes af t BTUSUIARY n{ORAls YravAieigipres 97 Ipleemt oﬁ‘r‘iﬂ“ét‘g’(ﬂ’?' Unfortunately, gate
array archi gagkdtbesd Blfsendidye a nunber of shortcom ngs that nmake them | ess
attractive for sonme types of applications. Typically) gate arrays or gate
array architect uGate amay amohitcayrelenseymmamy ubidfoe mappwypes obintagnped anguitand
of fer | ower ,perfor ce than ,customcircuits desi &?ed usi n? a‘%t ernatjive

4y e

d
appr oaches. I BedT PIREPRFD} HCATTTLgaLe LY AACYieblTe, 103 R PR Phat

addresses t j8a8sibisErhddded i a sSHYMNRYCEY duskirte, subh aC£QliddN st h one
enbodi ment of the invention, an integrated circuit includes: a gate array

ar chi t ect ur €ypithky,gackeamhiejuras ohemployed by isiog adbbragt’ th@asmptisesunigue 2 9

1 I>~
J Ul 2003 r%e?alﬁ%nsoh psaﬁcrns to create individual cells. Such gate array architectures and

libraries are commonly employed in connection with computer-aided design (CAD) and
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 agvantage 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
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PCT/ US(?0/ 05275 one base site, the at (east one base site being thre?BJUL 2003
tracks wide and including four N-type transistors and four P-type

transi stor &0 ®rizesd y, in accordance with anot her enbodi nent rafraisoeos27s
invention) a method of fabricating an integrated circuit chip includes:
processing a s%m' conduc

b 1 . hi f
bR SR e e e 0B el ne it et Dt pi BefHETAIA0S ar 1 east

transistors 1n

one base si ?\ﬂtﬁ@h%si&ﬁ&?%d’%@ﬁﬁ?@t%si@ﬁ%,i ncluding four N-type transistors
and four P-typé transistors. Briefly, in accordance with still another

enbodi nent of t hdriaflyemtacoordamae waith arcdiigeriembbdisieesy ofihs tpreagen,madéthod of he

st orage nedi_.ym having.instructions stored thereon, the instructions, when
executed, r é&ﬂc?il%a'i’ W“’cﬂﬁ%‘e‘gé’ﬁ%i ¢Hip Pclugle s PEGFS NG @ SERNAONELB T WRSFHE &Yr at ed
circuit chi i i it i i t~chip, | i gate
array archi ? %ﬁ%é@%ﬁg%ﬁ%l%ﬁb g;ﬂagérlgg{sﬁﬁe&%&gg&fﬂn%l E}%‘l %‘*3“ é.r?%{ %gg{l g[c%ﬁee base
site being tiuedstar kekonebds: dwrdeingahiediragkshaide ald in¢pling ROsNsdype s and four
P-type transistors BRI EF DESCRI PTI ON OF THE DRAW NGS The subject matter
regarded as VeRESIPRAAIPYT-1XPey@nEisoms- ar |y pointed out and distinctly

laimed in th I : _ nted out and dis _
hoever) ot h as o aRedaAecuriyl SRuRERbOUERNL Ml MEALEYERENM: |

obj ects, feaidides: a aodgaeheaindgRssibReE arliiunBaviRe FlsirbRion s et tBedom)he
reference to the follow ng detail ed description when read with the

acconpanyi nisyNeN®ighemexteRier; repuling in the capabiily radasien the [ilyawt ofizaw of an

enbodi nent of a te array archi.tecture.in accordance wth,.the present

i nventi on; ﬂlﬁré‘ggimsrc‘a[c ’éé?ra%grd?a%gnp‘lhﬁhm?ngrgﬁﬁSfrc‘ﬁp%w’éﬂd'%f gﬁgta\;rg)g, base
| ayout; Fl GarcBitkdiure, Ge 3@leaa9fardie QUROHEITBING 20fcadt JABBUef P BRin@lthree
noninverting nultiplexer; and FIG 4 is a schematic diagramillustrating

the | ayout ORcksevideiang mcjusing ur Mhipe irpesisiars gnd UGP-Bpegerigsiedse enbodi ment

of a gate akf } . 5is acircuit diagram
illustrati n%ﬂp% LapoN IQH-H%S’RAJW (f’sgand FIG 6 is a schematic

di agram i | | ust r atrhBgujé e eafded BBt ihventibh @NpdroculiMepdinfedwut arf FIG 5
usi ng the enbodi nent. of a gate array architecture of FIG 1, FIG 7 is a

circuit di agisHnstiy ¢leigieddr thegcomnlvdingmprimnaf tee speciioRiemt Ehe mveRtion, j s a
circuit di aﬂé\%r\}eir,l l&o"fﬁ by %tc;rg%i%ﬂiog%8%eql?o%tof%];)elaa%onp‘,wggquér%ilh osze(gs,‘] U 2003
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 Jayout of metallization for the
circuit of FIG. 5 using the embodiment of a gate array architecture of FIG. I;
FIG. 7 is a circuit diagram jllustrating an embodiment of a NOR gate;

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



WO 00/2 i~S PCT/USOO'tJ~3'~ 3 FIG 9 is a schematic diagramillustraggng| 700
t he | ayout (r)O]; 2L$| lization for the circuit of FIG 7 using_the ennggi ment
of a gate % %&Eé chitecture of FIG 1; FIG [0 is a schenatpﬁgﬂﬁpﬂé(ﬁr'zim

illustrating the layout of netallizati ondfor the circuit of FIG 8 usi ng
the embodi ment ofFj@. 9&d £sdkmaMc @fa@ﬂ%ﬁ%_’s#&ﬁgqg? fal Gt oF me dilofProrkte 1 S @

schematic diagramillustrating an enbodi nent” of an integrated circuit (10

i n accor danciecwii ohFIthe pargsbaembndigreni oha ghatraparciseciuncof Bidr.at ed i nto a
variety of pl at;gﬁgs ODETA}]LED. SCRIPTI ON In th]e follow ng detailed
description, nu ul0 SetneraiGdegiis ! 4tEatag e 1ayqus of mekilieaion Hriioyi de a
t hor ough un ek oot j IO I ' nger st ood by
t hose skill gﬁ&lﬁf’] t he 'grltgjl}t"htgtg e?ﬁg&g{rel’e]ggfn% é’%?%‘%r‘éﬁﬁ:gﬁnl&ﬁyf %fe]b%:‘r' gb?ﬁced

W t hout these sp&iGf1isdedcherhstic diagrathidinstiatiag anesbdodiveht ekaoimegraeddhods,
procedures) conpgnents and circuits have not been described in detail so as
not to obscEraitfe) pr eserancevEhtheorresert Wgpntiantant man ke iasemgraeddnPEect ur es
enpl oy what ] eferred to as a "sea of transistors" or a "sea of
gates" ar chi e%?gfgﬂm‘?ﬁflg nmeans that the gate array base conprises a

regul arly r DETAILED DESCRIPTION i ndi vi dual or grouped transistors. Having a
| ar ge nunber of %gneri Cc transistors is desirable so that any one of a |arge
number of possi bifethedgllewmgletailsa deseaiption NumsrarsRtaic egraidsare 6tifonhig t he
metal 11 zat | on.ARONS v Id1S ABIAMn whidLANNREK: BL;dRhSoAPRESARN | Saf hat BY
offering only a sinple, genefic transistor pattern, t he resuf”flng Logi c

i npl ement at ingderstByd b tsdsbeitiedrdd the Britigdt e BrEseaeinbvaniibnlBHBe frattidegsues, such
as density) power and/or performance. Mdre recent exanples of gate array

ar chi t ect ur éthgetbesstspeeiligdaredssin abydnstangsvalyknesimgedods ppicesurpas e
structure c risi ' rent si .and confi gurations of

transi st ors‘%:s\ﬁ? eé]psﬁﬂragcq%ﬁgg é%: |n3’\‘/ée%nrf%‘r§%\l/bec ”r’g%tﬂ'llf‘ga? ﬂmt(%f’ﬁ%cu{)cflh%ensi ty)
for exanpl eprekénti@en8Bbso restrict both synthesis and layout flexibility
because the CAD/CAM tools are restricted to using exactly this

predet er ni ned ni Xrashtienal gaie @rey prhdecpreeempiey vahsicopunandy eaferrddoizha nor e
detail bel ol Lvent .of ¢ nt . invent i SS t N

i at i on e SETARAE S & ofen LEsB B AR P Pl R ! BRAER Y Beee

f 1 exibilitycsthprises @nygulbil prepkatitRauemrafindiaigiaal oMprdiuges triahdistalsl Glaiving adesi gns
to achi eve superior density) power, performance and routability. It

acconpl i shelargemunbgiof @enerig’ toangisigry isZg8mblgs HAEYH8e PET ) waspenes 275 4

mai nt ai ni ng o . pat ] oW : si s and
it omat od prosI gt ARKORIE &, bRknARES B EfReing th RbPhBudy pRET
array ar chi theciray e A28@wbhdkofrthisappfoatiegahitibyep fitfia g omiytd e pN; tanedcand P-type
transistors. This particul ar exanple shows three sjtes, 220, 230, and 240,
With each s/ERSINERRYCThARTEEHEBK O] TP CTAFNI2ERNPAYDE WPORITYPA &Y o wo
P-type transi st I i ; i i.ght portion

i ndicates t éﬁ {eg%%gﬂg?%??'gk&gﬁsdacpﬁﬁeﬁggg"ﬁﬁgiﬁgspﬁaehgﬁn%{g?ti on indicates the
P-type materi al . Mca€ feceht examiphsrof foee@yrapaschitapbegemimpa b wddhesyatiesepands NAND
gate or other cell of equivalent conplexity. However, this base has sone of
the 1imtatPORENYR SEHPEEP2EHUHSIITHELBRRLENE RS TEAER) SBaR2RT SRTISURBPNSS| ze
avallabl e, b iudicflis Ovllifelihis hdy RN DLARGOBORSE L BaSEdraRALiRt fis Lo form
cell w thout using routing 1Iay rs typically reserve or cell’-to-cell

i Nt er connecéxantyde, istan aBs rasusa@doridsynaieeis anl layetefldxizity weamedheaabove. FIG 1

is a schematic diﬁz\gr amillustrating an enbodi nent 100 of a gate array
ar chi t ect ur eAHCAE (R ABaesiieRd ihesing @eeHY hinpeatiponnedaux gheiferspybase

architecturg is ..l . e | n i nt.eck i it. chip. For
this parti cﬁi%‘i'r Aéﬁ%%@?)%@%ﬁ%ﬂb?%}ne@?%ﬁegagl %?%\ga?ns%?q%l”ﬁéﬁégg ll’eJdIS;dEJgféb 130, and
140, each sinhvenisi 2@ rdRELBistiracdtonWydRdvibitg, 2 ddfBex bd3e httdiB@urieakdt offedsy pe
transi stors and four P-type transistors) although the invention is not
linmited i n hedpaitimytdiiaconespionel galtharaftese, while stilliafloparg designato &hisyeli ment )
in contrast wth 9ate arre% arﬂchi tecture 200..il1 ustratfgfi n, Fl gﬁl 2, the

| arge t ransiUREHPEIGEE REWES REFIOTNANE 208 GoRRH 1 bahRPEhes s ndh &t or 5. As
shal |l be described in greater detail below this provides a nunber of
advantages. In addition, the enbodinent illustrated in FIG 1 also includes
two conmon pol ysilicon overlay structure connections or interconnections,
such as 1 10, 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 enbodinment is symretrical about its m ddle track.
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Wi le the traditional gate array illustrated in FIG 2 includes four?gangeg0ol
tcansi stor&og)g/rs,) %t e) the enbodinent illustrated in FIG 1 zc%‘lgijts t hem so
that each site TncCludes a total of eight transistors, four S?OOIIQP‘t’i/pe
transistors and four small P-type trans#istors. Therefore, in this

particul ar gahedhingnt gaid heaysileh thh@psiatk Ve Ao AR By RAds B8l ididg t he

size of the regular or full-sized transistors. One advantage of this

appr oach i sple¢tagndaesree(APROdav@Nntdodnal gate array base approach is desired,

the two "split"” i stors .may be joined usi .a nmetallization

i nt er connect , apg{cﬁg%lstaoty%%rgla eyarfaﬁércﬁﬁ‘fcé”rﬁlabggv,”%tri?)wf 8% KPeHEEdesi red | arge
transi st or synddawgiyes N-tyjie 28 b& B iMsistdrd. URE AGEL Ak xEIn e sho@k GES si

addi tional flexi bli lity ){bbgfond e ge?!tserarrelly%archi te’%t glree 8f fSII:rI%(% Slﬂssby
provi di ng eihe36.rmidl240; atitherach hiambdingthrdearagks, wide pangli lavimg swpéN-thpasedsi t e,

whi ch all ows ingplenentation of an glgbut{éer ed ?lr noni nverting two-to-one

mul ti pl exest™O YRS RIS Neeach st dp thafliperaRethe HeN U Hiadicales thg Nawpe hat
woul d be e I hj [ ol r in FIG 2. In
Fhi's cont ont ol e e e S b e oo L PP A S 015 (5 the
circuit il lthetefatedagohplmmtnicaivoinpn pdotGIASD ghlti s otiger eflf etdquvediaht a
two-to-one nul tipl eggs in whjch an inverti n?_ buffer that usually provides
the out put SOMRISHDhAIOWEER 1B Rasehes spme Phie finutadapradipqusted abeve. MsFaiseHt thi s
particul ar I [.S: [ e.be (e structure that i.s
frequently %gﬁgytgﬂﬁqé%&fsgoﬁégf Zat%lﬁab%' fl@;ﬁlsaﬁ ogﬁ]fiﬁﬁu;'n ?on’%gerc:/égp ?Cé?t}csg ragséf[Prss) such
as | at ches,toffbinp afcblopathotubsinptoRKeg &)erexg?tdasyvacr@d gsicen-1o-0all f - adders and
ful | adders., Therefore) by saving one half of a base site for an unbuffered
or noni nverPIERPIREFIEANS| Bikhas B pAoafdareRf remiallirationeagebaved circuit chip) the

overall chip ar V- ifleally, F 4.1 h tic
di agram of the g@bdgﬁilF’rgE%l{eg'?aq'l%ﬁ%gr%ﬂ@ﬁ%%ﬁ%ganr%qbgbﬁ‘cznét]?@ﬂla? %%%(rg%g%necti ons

t hat woul d dpehierpirojrestcordahdrewietiel grésemtiheamiiont Ehegnaseiy svigtdcyirags t he gate
array architecture to inplenent the circujt illustrated in FIG 3. The
reference rlhBraAs&asHMipqdisd ap a ivtegraika it chipFIFe this pasticpagigmbegiment,
correspond t. I } } . t r rchitecture
wth oo e e BEERe MR 110, 130 A0 TR th bR BB Pl bl
PCTNSOO 052Ziére, Angheding {6 Noeypehs@iviets and fourB-gperbashiore iithbsgh that two of the
transistors of the gate array architecture engodi ment, specifically

t ransi st or SPEFGICRAUN GOV 1B sGAREsiBADISFesERSE. ThRpet: dythismardcula g) so

il lustrated. idq Ci T G a0k - Ik a i
particul ar qéﬁnd:)bgh?grrje[hjtn Cgo?' "%“"3"3’?’@"@%’2{7 agérh(?ﬁlmtﬁ recc"torgr]’é&ﬁ;ra%@iqgg@'tTietﬁgitf\i/%fnt ages
descri bed prasyisousbyFIEhQ ad splaed etthhbedshelleiinalitiers, Adakpll be dedveibkdnt t hat

in this enbodi nent . transi stors are no ct uallﬁnea@l.o ed. Anot her
2 Bﬂ%/'i‘g"n

advant age ¥ CRMIAN N PTPH IS BIERER CLad 2P RS Th relates to

i mproved pewHodAnchiRREARLIBAGES, PN ncluded GAHCRIN Y pdlbdilidd di@nbpe smal |
transi stors, which have a smaller capacitance than {)he large or” full-sized
t ransi st or sirufre ¢ogectidriat integgirestiémsemak as [ 30, feubh Nagpe iracskston pod
signals, for exanple) or for nodes that, ha\a_e_a limted internal fan out.

Li kewi se, p&f ?&’E’Fa‘ﬁ%'%‘%“FWB\P@H‘Cr‘E'F%f'i‘Ve 6 18 ITCEHRVEHIP HIS82'92 % ar r ay

ar chi tecture,.; i &d.. Ln: k] : |

capaci tancg,%hé%gﬁtkt ﬁ@?g%%éjgfﬁﬁiﬁﬂ? k‘{hbégci&l g&%g@ﬁo@éﬁ?ﬁpﬁﬁd&d{;%ﬁgfh% he i nput
capaci t anceN-ofpefitangisidropndcihe Fkiyphidamdistas pienst conyiehed.Chirtteppoex ansttallbe i n
hal f. Because equival ent full-sized transistors pay be created, as

descri bed A&§8R7Ebed iy massBeiail frjen Grsh ofdhe base Piea sihiRIFECLIE SEPRLIaE Ve
capability -G i ver. As previously alluded to, another
aspect of tsk@nge? %agiaﬁlédr}féi lfaglsep?aa ed in FIG 2 is the |ayout of the eight
smal | transi st orkhevirhbodifentdlaysid irR9archné@ieomaeotdantsyits tedinasntich®fabove.
This provides a "built-in" interconnect, that may be enployed for the
unbuf f er ed FTI6. hoakienupstbsantially thosameareaias thesgateaareay ar¢hiestare of Fis 2F1 G 4

illustrates, t.hese polysil.icon |andings e enployed as.cqn ti,ons that
woul d nor mderR/ &S 58%58 19f §ﬁ§83r5‘3‘/°"gbe1‘?g?°§%"r %"pﬁéﬁxf’%tgf&%ﬁﬁgﬁ@ “dverlying a
conventional gate array architecture. This allows the internal routing for
any one of a nunber of cells that nmay be inplenented using this particul ar
gate array architecture to be conpleted exclusively in the first |ayer of
metal. In contrast, other gate array architectures, such as the one
illustrated in FIG 2, use a second | ayer of netal, and sonetines even a
third layer of netal) 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

. Y o o - I Y o A AN 1 o~ a r



FIGS. 7 to 10 illustrate another exanple in which the symretry of thg3hkisd003
site may be enployed to i nprove the density of the 1C where this particular
enbodi nent W 00/52259 J U L 2003 WD 00/ 2§58 PCTI US00/ 05275 a @atrasaresays
architecture is enployed. FIG 7 is a circuit diagramillustrating an

enbodi nent of ,a . three-input port NOR ~FIG .8 is a circui i agram
illustrati n@mgﬁdmg?ar‘ré TOLSRP&’YFQ\B’-ﬁth 2UPPOdAREN g hP B Ve ‘gf S:@j'i?sga

schemati ¢ dieaodThdrh iMShdedtisBshrii R H3RIRn e BYyRHEAN- i et
nmetal li zation too i rr;gllerrent tsﬁ%rcli rcuit gf Flf‘dﬁ%% (F‘NI (@@Eraglﬁggguseé%yﬁati C

di agram i | | ssparaed pglysiieomkndingsiesythanbodipmesent wwfthddbodiment d¢f FiBt &kHat zat i on
to inplenent the, ci rcuigf of FIG 8. Therefgre) as previ ousle/ descri bed) by
using the syRPRSEITALEY Af &L phissepyptien betwernidhe G2l fagsisieys 1Hal ks Re®t so t hat
they are inghgnented in three sites or nine tracks by overlapping a middle
tract: in a mddl e site of three base sites) whereas) w thout the overl ap,
the two cells wouVhiloteumyioanlrgas dray irsurbweliy F1G ragkdesifoar Rigy e, this
particular gate array architecture nmay be repeated throughout an integrated
circuit chi P2BHSCERST sYdbt yrbogynentaliystatedan FEey! ity hamtsodhailead €igent s f or
the overall ;chin. ol ef ci At (.R. & ' t hi rticular
enbodi ment | 51Tt atdS Pl aRLBl S o L e\ BO L n s B4l el £a08h 2

ot her boar dirahgittorss Thaedioepinahie fakicuar pabsdimaht, arrEpuliarnsBchards a [ ap top
or desk top conputer, although the invention is not limted in scope in

thi s respecfpprioxieaiplydalfitee sizgeftthpegulappoiplicized teansison Presrdvaniagedi ce,

such as a p r.or._cell ne,. or lternativel in onput er peripheral,
Tlst to pr oyt aeedopd(ls AR R ks bR 4 et i R BBl GENS
schematic diggnamahdidibstmaticgined uanPetet@Indatibh idi€rcBincRN apfliddtodnesydance
with the present invention. illustrated, enbodinent 11 10 is

i ncor por at ethe gpteipray. 10 formohe gasired Hpge wamsisiars eHawewmphe embodingohput er

i ph |, . ' ' i . | .at f hat, . I
Chen”an bR T ERE | Ak E el PR Sopl o &l M PR TR <Y ope

to a parti cHI@r2 beefviditeeikhr srizalbfatigeatiangodnaigal @&satS 6l pér b8#lbite, Gihidgh t hat

i ncludes an enbodi nent of a gate array architecture in accordance wth the
present i nvakeweHPlpmaRaEen of Anginduffergd opnaninyeing Wbkrensuitipleyeniddssed to
forma gate, ' LS IS, ' to the
Formati on of TEs et VERHE fhetbng hERE Shet' iyt Poshd e SHBRYEARE M EE "D o
i's one of theapai¢bidoagesiniraetdm BYG.1Y IAtigateniant dy i@mchibuéfetedree. A variety
of techni ques for processing a silicon substrate to formthe _gate_array

ar chi t ect ur BOBpEedAp W Bplexerasiersdo Bgsireyib Hlustaled pehemstigally W'Tlgaﬁ-| yhistihe

pol ysilicon QL ur : ol S. 4 ;
archi tecturgﬁgﬁwe%%%c{ngbosl n’ﬁﬁlpgllre??ﬁgtﬁ%e ]Pg%f’ﬁ%f{énﬁ %‘gﬂéal rlgg]?ées 297
Ul 2003 wotheohsgutsindl Reneasonil@d~~s Once the gate array architecture has
been fabricated, the netalljzatiaon interconnect may be forped overlying
gate array archi CEN§BE CIRIBYIEIC IBUNATNLHES BATUEHRSUNARTS ELﬂeé’fabg?TW&%’/%nt of
a gate array; j t } : i NV. IOy, as
previ ously eléslfri:(rgl %g'% tﬁ{asﬁ% hg?ﬁﬁﬁyﬁgﬁgioﬁ%%gﬁglcgéﬁ?gﬂ Sci:'glnﬁ \5«1?%15)%; dat a
file, for exdigpbech hackest N tpps.emaltipkyedr odidseet OR gaies, raifpddigscnd full-hi s
fashion) an article, such as a storage nedi um conprising, far exanple, a

di sk or har 8OsV ENETefRTe. By &IPSR heek of drieses titsr fon 2p Hebudisied amoninysigct i ons,
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circuit chipedueéd.fSReifRany,@G. 4 i 4 hempiy dibgahasf (eoBaBbdiBBhL OfFIGCOUr Se, the
integrated circuit chip includes a gate array architecture. The gate array
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to Wiat is clainmed is: An integrated circuit conprising: a gate arragg jy| 2003
architecture; said gate array architecture including at |east one base

site, the WO WEZSE one base site being three tracks w de anectusdoweiag four
N-type transistors and four P-type transistors; wherein two polysilicon

overlay str te ype transistors and the P-type
transi stors}.hﬂ]a%'g %Oﬁ%}lqggs{r; onenl]\kbtz(ise site. 2. The integrated circuit of

claim1, wherei nAtgenab be@asdrvafer PasembidiBehiss SRS 6 BakraAdIQbls dftise mi ddl e
track. 3. The integrated circuit of claiml , and further conprising a

net al | i zat | 8¢ PABLAIEBIREWE embéﬁllnwhgpgcaﬂ@llgataea@zprsavoaemdmwem unesedHr The

I ntegrated ¢ erei.n sai.d t er connect

coupl es at Péeté%ﬁn%%ene -ﬁ?? haésot’}]a rsalle mt ‘Hﬁcué qg%?r%f)g%g&ayp&r'b%?d?@%‘t ure to
i npl ement  aghid @@ﬁéuxﬁw@nwlnhgmldﬂaagatelamﬁa?gﬁ:h;leuﬁrﬁe%meshaé@d@nta%és each of
said at least two cells being inplemented in Iess than an intéger number of

base sites. dtt‘scrlh'eweprﬁwpequan@dlscdtscubtd bdfreiokfzdrnaespitanthe faitnhag an thiat | east two
cells conpr I nverters, metal |'i zation couples at

n said
| east some Wg?%@ef"rlé"r?s‘f@?ﬁfoés ' neb?Cd”%’dtc JRP¥dy architecture to inpl ement
sai d two invertelfohlr MVEnRES §f Bistenbddimdiien b&toﬁﬁﬁé’ct\@q}l Q}lxcrﬁ%ﬁuo frc]ﬁ!e@' m 3,

wherein said netallization Irnterconnect couples at | east sone
transi st or stoiimpsavied pgatee aad paforacde. tRectenisaretitced phelieing tise mﬂlt | pI exer in
one base site..7. The nte ratqgﬁm rcuit of c/ajm®6, wherein said

mul ti pl exesTaBHTFREICH havea frpa eaniﬁwaFéfrﬂ@dhw&%omf%&észcdgransrﬁers for
i ntegrated FB'oTcCtHhttto%’j{lesC UZhddy, s ssea&@. & LR #olrégﬁmﬁn@ LIYoPRGRORGET 1S

capabl e of ~°2 3 coupl'i ng at ast sohe o e transistors in
the gate arhawy adrmmctm(ﬁrmzrléart onu ﬂqﬂiewmnpmﬁnﬂaeesﬂsxmpmveﬂ relafNAND agat e, a NOR

gate, an inverter apd a flip lé?&F The integrated CII‘CUIt of claim 2,
wher ei n sai $PysREPNZ} S%F;’raﬁ%ﬁ‘ic'ﬂ ‘H?é”?l%asr’élﬁéé%‘%‘“l}:ﬁ s4i Recause cell input

capacitance, and, therefore, input load is reduced. For example, the input capacitance
of flip flop clock and data pins may be cut approximately in half, Because equivalent
full-sized transistors may be created, as described above, by combining two smaller
transistors, output drive capability is not diminished, however.

As previously alluded to, another aspect of the embodiment illustrated in FIG. 2
is the layout of the eight smal) transistors with the polysilicon interconnections, such as
110 above. This provides a “built-in” interconnect, that may be employed for the
unbuffered or noninverting multiplexer illustrated in FIG. 4. As FIG. 4 illustrates, these
polysilicon landings are employed as connections that would normally be accomplished
by a metallization interconnect overlying a conventional gate array architecture. This
allows the internal routing for any one of a number of cells that may be implemented
using this particular gate array architecture to be completed exclusively in the first layer
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. I, for example, is



integrated circuit. 10. The integrated circuit of claim9, wherein s@goym 2003
integrated circuit is incorporated in a communications device. 11. The

i nt egr at ed”&iA618 of claim 2, wherein said integrated ci chCWUlSsO/mbached
to a notherboard. 12. The integrated circuit of clains 11, wherein said

mot her boar d HeS, bR of AbRfhid Hlsﬁ‘lefértlsl% &@m?wlﬁ{mo%ﬁemmesdcﬂta?%@t ed

circuit of claim12, wherei'n said persona‘? conput er conprises one
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bei ng three tra e and | nc ud| ran5|s four

P-type tr anmesd]mnﬁ beWge‘bﬁmm whﬁﬂ&sm?uﬂg]zhtm sem conduct or substrate to form
a gate array architecture includes: foam ng two pol ysilicon overlay
structures as paft a¢diueniodhgatier adveripeess enfithes @dusrsagesithe Wboqo@hgvlsqflal con

overlay str pe transis '

east ane. bk Wy aRARRREIR ISk NG RRITE TN g B RS r T g
storage nedti myde@@rm&hsm@tnecmlbslt;@ﬁ@dnﬁleﬁfeﬁp&her&@llgi subShy MSAINIRS,  When
executed, resulting in the capability to design the |ayout of an integrated

circuit chi Ea(tdrN gdteand oAip-iow fomteqpée. thigflesibility lsrfohhch mngaraccgaye array
architectur

Site. the arereioth i Saed SR E- A enr el o st ERE FRER @ ng 1 our
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of overall tracks that it lakes 10 1mplcmcm certain functional biocks. For example, if at
Jeast 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 p]z;c.ed by the APR tool to be implemented in an intager
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 F1G. 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 Jeast 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 1C where this particular embodiment of
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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 overal] 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. 1] 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 technigue
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 10 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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10e 10eS#! 18%8fdante Rith10Eretom idvERRE, @) prel A0 desiribed SERAERRAY 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 1o 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 Jeast 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
skilicd in the art. It is, 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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1. 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;
wherein two polysilicon overlay structures connect the N-type transistors and the

P-type transistors in the at least one base site.

2. The integrated circuit of claim 1, wherein the at Jeast one base site is symmetrical about

its middle track.

3. The integrated circuit of claim 1, and further comprising a metallization interconnect

overlying said gate array architecture.

4, The integrated circuit of claim 3, 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 cells being implemented in less than an integer

number of base sites.
5. The integrated circuit of claim 4, 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.

6. The integrated circuit of claim 3, wherein said metallization interconnect couples at least

some of the transistors in said gate array architecture to implement a multiplexer in one base site.

7. The integrated circuit of claim 6, wherein said multiplexer comprises a two-to-one

unbuffered multiplexer.

8. The integrated circuit of claim 3, wherein said metallization interconnect is capable of
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integrated circuit.

10. The integrated circuit of claim 9, wherein said integrated circuit is incorporated in a

communications device,

11. The integrated circuit of claim 2, wherein said integrated circuit is attached to a
motherboard.
12. The integrated circuit of claims 11, wherein said motherboard is incorporated in a

persona] computer.

13. The integrated circuit of claim 12, wherein said personal computer comprises one of a

laptop and a desktop computer.

14. 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;

wherein processing the semiconductor substrate to form a gate array architecture
includes:

forming two polysilicon overlay structures as part of said gate array architecture, said two
polysilicon overlay structures connecting the N-type and P-type transistors in the at least one base

site.

15. 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.



