Cross- Coupl ed Transistor Layouts in Restricted Gate Level Layout
Architecture by inventor Scott T. Becker BACKGROUND [ 0001] A push for

hi gher performance and snaller die size drives the sem conductor industry
to reduce circuit chip area by approximately 50% every two years. The chip
area reduction provides an econom c benefit for mgrating to newer

technol ogi es. The 50% chi p area reductidn i s achieved by reducing the
feature sizes between 25%@ness30buplkTiAnsistbrdiayrutsinf eature size is
enabl ed by i nprovenent s Réstriefet @it Tievel EaybaiAchiegiyat eri al s.  For
exanpl e, inprovenent in the |ithographic prodocess has enabl ed smaller
feature sizes to be achieved, while ibyinepsmrent in cheni cal nechani cal
polishing (CMP) has in-part enabl edsﬁotpjrgﬁ'e% rnurrber of interconnect |ayers.
[0002] In the evolution of |ithography, @as e mninmumfeature size

approached the 15 wavel ength of theBAt%(ﬁm:ﬁ ce used to expose the feature
shapes, unintended interactions occurre et ween nei ghbori ng features.

Today ni ni mifAlikAatersk for Righerpefamprisaend soalles dinvsien drivesetherssiiconfictor t he
wavel engt h gfgubiierol bgiRE cﬁagl; mﬁgtg%gﬂ}&ﬂﬁmgﬁﬁd% Lydio go&c?'g 3 9‘59 ?lﬁé%re%eml ns

at 193 nm The difference _ m nimum feature size an
wavel engt h ofduptiogiprovidasdn ieepnohiec femefitdbr mbppagingpinyewr tecbsdogies. Thé 50% chips t he

lith hi : : [ | . th | ut,i

capabi |y adapiuefih &5 sl o) OBIAR g MAGLLEeptd 55 Spd ol dPence
patt er n19ccwdsctam ipafehtushapeisomableé byeisiprdvementadh snanifabutie edpiighént ahble

i nterference

{ f i ghbor h t ti
destruct | vereRrasy EVE metbi, Hipteeiect B Gl POESH et e uater '

unwant ed shéagse sirgs tb e Aéhidveddvidletigptdvemesitda thahicdl indchic salishing fEFPy UCE | Ve
interferenCﬁés.desi reagi he}m rr‘:}a% be jnadvert?ntly renoved. In elther case,
a particul a Qﬂ“gf)rée‘? %r"“i Vi beéoﬁinfef‘é’bné?ﬁ MEfner than intended, possibly
causing a dgoozielnf k! dvoR1io VT IBRddrRhyTRE IR BLRAIGHLAS fealilds Riz8 SapPRiabited ! the

proximty correction (OPC), attenpt to predict the inpact from neighboring
shapes &hd HWatalngth ofdheight severn usaddp cxpree ihe tsptuty shpppseimintendsd interastisgs as

desired. ThgccHad bétWeddf ndidiBorst felidtes! 'ﬂ;cﬁg%ﬁﬂﬁﬁ'ﬂl Rakr §ids QR ép%rcg.aﬁhé Ring as
process geonetries shrink and as the Iight
: nm (nanometers), while the wavelength of the light source used in the photolithography
process remains at 193 nm. The difference between the minimum feature size and the
wavelength of light used in the photolithography process is defined as the lithographic gap.
20 - As the lithographic gap grows, the resolution capability of the lithographic process
decreases.
[0003] An interference pattern occurs as each shape on the mask interacts with the light.
. The interference patterns from neighboring shapes can create constructive or destructive
interference. In the case of constructive interference, unwanted shapes may be
25  inadvertently created. In the case of destructive interference, desired shapes may be
inadvertently removed. In either case, a particular shape is printed in a different manner
than intended, possibly causing a device failure. Correction methodologies, such as optical
proximity correction (OPC), attempt to predict the impact from neighboring shapes and
modify the mask such that the printed shape is fabricated as desired. The quality of the
30  light interaction prediction is declining as process geometries shrink and as the light
- interactions become more complex.
{0004] In view of the foregoing, a selution is needed for managing lithographic gap issues

as technology continues to progress toward smaller semiconductor device features sizes.
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interactions becone nore conplex. [0004] In view of the foregoing, a
solution is needed for nmanagi ng |ithographic gap issues as technol ogy
continues to progress toward small er sem conductor device features sizes.
2 SUWARY [0005] In one enbodi nent, a cross-coupled transistor
configuration within a sem conductor chip is disclosed. The cross-coupl ed
transistor configuration includes a fir%t P channel transistor having a
first gate electrode defined in a ga%ﬁ_“g@ of the chip. The 5
cross-coupl ed transi stor configurati SO i ncludes a first N channel
transi stor pEp0sm: corsecanddigrie el erdéssodeldef rasitor n confgugéive mathiel f t he
chip. The second gate.electrod the first. N chann transi st.or LS

el ectricall ﬁe’E‘S?ﬁﬁlg?:tf’reﬁnq g%{&ﬁ@seﬁ ?é? Crﬁ%ffcé’u%lf:‘ig?‘rfsg 3 08‘%5”?30? imrcgutdeﬁﬁI fci:rﬁtannel
transi stor. pldpgniel @&Sistn bpvieg a tirangtesdl@irododéfingd ik igata 1éwet bhhe chipcThedes a
second P _channel transistor having a. thjr at trode defined.in the
gate | evel EROSTHUPEA;EINSIRPLS ,“%5;‘53 el ng‘g oﬁhgfsghie ¢ 5i@?§5§t°r213?ﬁﬂg®rati on
includes a sqemNghd\bIChABOgGirkd H RS Eét@[ev@l&ifit}fb@hip. frRsIscbbhdgaatesl @hreed sraste
defined in the gate |l evel of the chip. The fourth gate el ectrode of the

second N chéird chepnghsrusisor is sleirigaliyrqompactey te ierfiek s electiode of edustFat e
el ectrode szl?s&m n%ﬁlﬁaﬁﬁ The CRRANARLIk tARSESE &fnﬁgﬁﬁ@tﬁx RfindNBeifdes Stseldngpannel
t cha P ch |

transistor, firs ‘channel” transistor, second annel transistor, and
second N chalmuet! tansister lswing athisd gate elspfeasieidpfinedin thei gatelsyd of thechipnalso,
electrically conn . 0, | : ond,
Third dfd TEGTeRoouTE ditaler SERaRar feiulletuer SN bbb ShairBSEOT0,
gate |l evel feahyne ettefrodeattfined inithe gatgirve of heathipt dhe fuethigalgslectrodeanitlel . Each

gate |l evel feat i S fined wthin t.ts gate.level .featur hannel
wi t hout phy§‘?°8’é¢l?‘§°}@8’ﬁ$ R gn%?%"‘iﬁh é:f”g’ef’tggé? \ﬁ%eg't“g?%l dglr' @gg\%‘tﬂ% n an
adj oi ni ng gadcBnd @V ehanhid afransietol. ag@t oft tenfist P 20nAE Ofgnsistor,ofisst drvbatinalent , a
cross-coupl ed transi sto ayout is discglose The gr.oss-, coupl ed transi stor
| ayout i ncl GeRsesiop, ?eF‘i’%dtlg @%ﬁlmﬁéﬁlﬂf’%éﬁéi%‘?&g%w{ﬁé tpnpipip Easgaafeépeg{“éect rode
definedikn @if8aioR tdn@MBl elQiridallf coibdled BRoRHRATOEO WHoSEhch bAMS ifigdt Becdndy Out
also includes a first N channel transi stor hayving a second tgﬁte Fl ectrode
é‘&?rfg BEkie

defined i n thi, gpetfeuthogats elegtrodpsecopgppendsing ro aJeiPEctar &8 B¢ he
first N Chap&kﬂfgﬁvﬁﬂﬁ% Sbvdl Tealhr Gt €Rdrind, E@%@U@m feRutdi8 def2Rdfithif gate

el ectrode o Irst™ P channel ttransistor. cross-coupl ed transj stor
| ayout furt iergafenlevalideaiurs lapmib shiarmek withens| phiypiasily; eangacting gnetheragaihiavel gat e

el ectrode d?Ja.{u?g?eﬁ:ngnhc{/l&@mgﬁ‘ﬁﬁoi'nﬁ%%teﬁ%vgﬁﬂ@tu&haﬁm Alagl, the cross-coupled

transi stor [ayou es a-“sec annel ‘transistor having a fourth
gat e el eot r o6l dmecembadithéng, garms-ceupddd tansistoe leyoup is Hiselogedudhn copise

el ectrode of t secagnd N cha Sj .S I ed to
Che. 30°t hi ¢ PEAEN Ot PR SRfUEr o FLER B! whdiefor Reyihg A bl WREELSC 0
first P chagemled iif agat Rivelrof td ohitt The closscvablet transstertlayopt slscippiddd® acfirsinnel
transi stor, and second N_channel transistor.h a, respective, diffusion
terninal el %&WEFPV‘S&SHWQB% adesegd §at8c?§ﬁ?§?lden%§‘5§d %@g,gatgéeérﬁi (gilft{l? ﬁlgpﬂ rst,
second, thi iy ;AR fA8EIbdroBabLEIRE IN Bidasc] GRndkRGNo BRBtrtAllyecoRmdctddan tiaf a

respective gate |evel feature defined within ate |l evel, feature | ayout
ch aﬁna 25 Eqfirt Gate @lectrode of the first P channel tran.?lstor. %g cross—coup?ed transistor ?ayogty

further includes a second P channel transistor having a third gate electrode defined in the
gate level of the chip. Also, the cross-coupled transistor layout includes a second N
channel transistor having a fourth gate electrode defined in the gate level of the chip. The
fourth gate electrode of the second N channel transistor is electricalty cotmected to the
30 third gate electrode of the second P channel transistor. Each of the first P channel
transistor, first N channel transistor, second P channel transistor, and second N channel
transistor has a respective diffusion terminal electrically connected to a common node.
Also, each of the first, second, third, and fourth gate electrodes corresponds to a portion of

a respective gate level feature defined within a gate level feature layout channel. Each gate



3 level feature is defned wthin its gate |level feature |ayout channel

wi t hout physically contacting another gate |evel feature defined within an
adjoining gate |level feature |ayout channel. [0007] In another enbodi nent,
a sem conductor chip is disclosed. The chip includes a first 5 P channel
transi stor defined by a corresponding gate el ectrode. The chip al so
includes a first N channel transistor défined by a correspondi ng gate

el ectrode. Tdvel €aiupe & Sefined cithite #s aeeclevsl deue Hayoue Ichimahwitséud rphgledatiped by
a correspondi ng . gate el ectrode., The .chip al.so ing¢l.udes secqn channel
Fransi ot or " GuRttia any e Tels IPES Serht AG R ot PR el %S Fne sjeifc

el ectrodes @fanhble first P channel, first N channel, second P channel, and

second N 10 channel transistors is defined thin a e level of the chip
and is el ecf¥U0Zhin apothspemaadupent sgmacoRaRsEPr W fig disgpsefo ."h*Ph‘E“l@‘geFéf“St

el ectrodg ofp dhienel irhidistd? SRAGIBY a lcbABPbRLiIRY gits cRE®SHe! TEALHY akOHMIed t O

the gate electrode of the first N channel transistor. The q%ate el ectrode of

the second [first Nathaencl ransisiqr seGnediby adogetnoneing pite elseirsie: By dhip alspdngjudes
el ectrode o ste&%dsfeﬁﬂﬁﬂell\!rzﬁlgﬁ%g%ﬁﬁeﬁad}sé §$r?ésporl§§?g?goa‘?€g eleb¥odk! Tﬁcto%:hiﬁa ekend,

third, and fourth gate el ectrodes corresponds a portion

respective imivdes @sasbnd Nephenme! daisiskos detinaditiyn eorgsnoading gete elegtedgr Bachapfout
channel . Al g0, l.ev. ﬁlﬂﬁ“ egl | Lk B el
feature Iaygﬁtgacaeg%rtfg s\;eﬂft oﬁf“fo ySlI écla{illlsgs/Ngg%nggg ?cﬁ%& gﬁgﬂgf; ga egonldg\\;el
f eat ur e 10ef chmndelianfistorsandefipdvithing gtetlevel ef/ibk chip atdiseldctigally cophentadeb .

[ 0008] O her aspects..and advant ages, of 1he..l bon will .beco por.e

appar ent fr8r‘f?‘f1ﬁ'8n2‘§ﬁ‘15{9flln8 ‘nd® & 8@@#(92%%{1% %m%%‘ésﬁ? rﬁsgegct‘ﬁlﬁhgtion |
W th the aceefpasyiofe @ghe\wicd@sde dflthaifist Bt dhinghebyraisyor OTheegaaglectroibief fheesent
i nvention. BRIE SCRI PTI ON OF THE W NGS., Figure | A sh an M bi t
ol TGl 1 cui Bo00MhP SERB LSO kRl PEcist 2 g sl odiet oL SRAM
bit cell of chingalrieinkifioliBabh b i Ecbids tsapanRdrth @ate RURRSdeE Boirdsponds
respective internal transistor configurations, in accordance with the prior

art; 15 Figapertonofgwesngctiveotate levelfeatnre delined within & &aie dqygh Setueslaveu
accordance WhihhelORRo SERPSitERILI Bfrurk NEddlneS Rithiniid AR tdveNMeatiicdbfoRt dndIows an

exanpl e of gate el ectrode tracks defined within the restricted 30 gate
| evel | ayoutvithewmbysieallyreontaptinganetheri gaie deval feptursdefiapd withine: adimining gatpr esent
i nvention;

level feature layout channel.
0008} Other aspects and advantages of the invention will become more apparent from the
20 following detailed description, taken in comnjunction with the accompanying drawings,

illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A shows an SRAM bit cell circuit, in accordance with the prior art;
25 Figure 1B shows the SRAM bit cell of Figure 1A with the inverters expanded to
reveal their respective internal transistor configurations, in accordance with the prior art;
Figure 2 shows a cross-coupled transistor configuration, in accordance with one
embodiment of the present invention;
Figure 3A shows an example of gate electrode tracks defined within the restricted
30  gate level layout architecture, in accordance with one embodiment of the present invention;
Figure 3B shows the exemplary restricted gate level layout architecture of Figure
3A with a number of exemplary gate level features defined therein, in accordance with one

embodiment of the present invention;



e hm el s o el

Figure 3B shows the exenplary restricted gate |evel |ayout architecture of
Figure 3A with a nunber of exenplary gate |evel features defined therein,
in accordance with one enbodi nent of the present invention; 4 Fi gure
4 shows diffusion and gate | evel |ayouts of a cross-coupled transistor
configuration, in accordance with one enbodi rent of the present invention;
Figure 5 shows a variation of the crossqcoupl ed transistor configuration of

O ool CPighes GhO9S ufRRR M EROShA! oGl Mr SUALIAHIdsSuiiliobed on

three gate el ectr tra ssing gate el ectrode onne I ons
Fi gure 6 shoonfiguralign,iinadcordande Wlﬂeomreu&redlmmf@u: nrmsamtsn‘embmn configuration of

Figure 4 in whic r - tron i efi ped on
four gate el ectr(p;lg[hjgt%rsglc \Ymgr?arﬁglér%gtshércﬁogﬂ% { h°é“3?|1"d e;‘{1
Figure 7 shan/\mh:ah ﬂmmrmtunmlaﬂfﬁahhﬂomoﬂﬁgmmmmph eaﬁnred amshr&tghte denbdgudcks i on of
Figure 4 'ﬂ t e1 %ﬁ@ss CO%EJ ed transistor configuration is defined
on two g?itewé &Qts?"é%l%a??g f'crossing gate el ectrode connections;
Figure 8 shows aFigakicahbwia edriatibe o£he S eupled trahdiddrdos igiirataiti Fguread i on of
Figure 4 in whjch the cros -couHI ed transrstorggonfr uration is_defjned on

three gate & With fgerassg 80t cqufigwationgs defined onde: rgatr@l%wiretacrens

15Fi gure 9 &E}ﬁ\éﬁ)sﬁn%{lgd’té a&u@aeggmga@ngross coupl ed transi stor configuration
of Figure 4 in which the cross-cou | ed transrstor configuration is defined

on four gate el SUEHBdshoWHE Karialiph plthe croporoypled trgnsistorep ame of Bigheck i ons;
Figure 1§ SB%cﬁth%Hsk-c&ﬁ)Yﬁl tralnﬁytgyﬁon'ﬁgﬁjaﬁ@ 19 Qefined' ﬂst'ﬁ'o(‘ggllépéke%ﬁio&er IR Stor

configuration defined on three gate electrode tracks w t'h crossing gate
el ect r ode 2mth@rtn@eamg)ga§eelmodemmmn% wi th one enbodi nent of the present

i nvention; RRhdws i?tb?ﬂﬁo@oﬁﬂé (t,IJOS(‘.jJ c?l\ﬂﬁll ed {rgﬁ{s chils H%f re 4

Cross- coupl ed tra Istor configuration our & 'elec rode
tracks wit hnmluésuhﬂgro@ttmpbﬂ@ﬁtm&bmte:enﬁgmﬂmnumeﬁned on thoee @att aieceodei ttabksone
enbodi ment of, t he resent i nv&ntr an; Figure 12 shows a nulti-Ievel

| ayout i ncl ‘dﬂr‘%“& S&’F%%aéee%cgﬁ e%?"fl?%lﬁgﬁ *stor 25 configuration defined on two
gate el ggtrode tHigek9 shewswibriaiorosfthégogaiotpled eadstsas eonipirgioh pr@Ireim

accordance wt e enbodi pent of the esent nti.on; ure 13
shows a nul HWIPIQV@F CTOéVWP@W%ﬁ?fr@HQ pipads é%ﬁ}.sgea fouyr gefe FLQP‘B?‘J Tracks

confi gur at i RiihdietlobRth Gk didviBg @ah&tighect rode tracks without crossing gate
el ectrode connections, in accordance with one enbodi nent of the present

i nvention; 30Fi dugue 140n spwie? antjédeyeh | lipul hgnding | % cEqss-coursdi {rapsistohi ch
al'l four Cr&%ﬁgﬁ%ﬂ{ Qdfined on three gate electrode tracks with crossing gate electrode

20  connections, in accordance with one embodiment of the present invention;

Figure 11 shows a multi-level layout including a cross-coupled transistor
configuration defined on four gate electrode tracks with crossing gate electrode
connections, in accordance with one embodiment of the present invention;

Figure 12 shows a multi-level layout including a cross-coupled transistor

25 configuration defined on two gate electrode tracks without crossing gate electrode
connections, in accordance with one embodiment of the present invention;

Figure 13 shows a multi-level layout including a cross-coupled transistor
configuration defined on three gate electrode tracks without crossing gate electrode
connections, in accordance with one embodiment of the present invention;

30 Figure 14A shows a generalized multiplexer circuit in which all four cross-coupled
transistors are directly connected to the common node, in accordance with one

embodiment of the present invention;



transistors are directly connected to the comon node, in accordance with
one enbodi nent of the present invention; 5 Fi gure 14B shows an
exenplary inplenmentation of the nultiplexer circuit of Figure 14A with a
detailed view of the pull up logic, and the pull down |logic, in accordance
wi th one enbodi rent of the present invention; Fi gure 14C shows a
multi-level |ayout of the multiplexer ciFrcuit of Figure 14B 5 inpl enented
usi ng a restri ct Egugat4B |shoved ai Fypemplagyr pilereentation ofr hs suetiplpkes deitcniandi st or

| ayout, in cor ce. Wi th odi o] prasgnt.. kN bR,
Figure 155 SO PRc e fesfied oo ot B btk SR, b AR 1R, in

Cr 0ss- coupl actotdantrswish aresmbedinient ofi theptsont inoemtient ed to t he common nod; and
in which two cross-co d transjsiors_ar sitioned outsid he | up

| ogi ¢ and pul | dEigHe] 431 @‘,"Wfo"‘ P&kbﬁ?&?‘?‘%‘é‘i“@?%’eﬁ mploplexr iy °§§Lﬁ%‘?ﬁ%de, in
accordange whplbmenel ashgdi resmictedl gdtddeviel enenl alchietiré @fuss-coupledFirgisiseor 15B
shows an exenplary inplenmentation of the multiplexer.circuit of Figure 15A
with a det al4y8d Hiasgerdance wuh gpg smbpsimery PERS RS IVEIHI down | ogic, in

accordance Wi th pBgreer0dhdNtheOhukipRx@ Sf@itofl Fiy@Bl 140 in WKW dRC shows
a multi-level |ayout of the multiplexer circuit of Figure 15B inpl enented

using a reseupdadetangistors resyaln diresjleqonnectad; loelde rpBImMORJdiec Bpinewhich 4W8) st or
layout, in BeCOLARNRASWikDrsORe pBNROINRMidOhe i Y ﬁ)%ﬁ:\rl‘\%r}dcﬁﬂf‘ﬁ%\h&)%gic,

Fi gure 16A shows a generalized nultiplexer circuit in )

cr oss- copl edpactivelyi wlative tathe coormcpeds, b ageerdanconyith oan smbadiment eofathes to
t he common B%g&tj{ivgn@og' accordance with one enbodi nent of the present

i nvention; I'gure’” 16B shows an exenpl ary inplenentation of the

mul ti pl exer ci r cEigtreof5B-iskipwsearn Greraplady npdenentdtion ofi thev nafltipiber chiicwit rod

| ogic, in agcor Ce. W . . ermbadi f. t r knventl on:

Fi gure 16C }%f/%dﬁg‘w ?:ﬂé}?lge@&le%f %@gﬁﬁg’%p{% S atr'}mfh?ipgﬁg%? I](%Ycr’ gﬂl u%c? &ngmc&i gure
16B 25 i rrp: wgmmhednptsiimgltlaftheﬁasemhxﬁﬂmgme level | ﬁyout architecture ]
cross-coupl ed transi st ayout , . i cordapce wi t.h one.embodijrent t he
present ?f ISlventi gure ist 'ﬁoﬁéraemﬁl e‘é‘ﬁﬁ@@“ﬁ"@@ﬁ&'&‘h”f&i %}q%ioglﬂﬁlé‘? lgér cuit
in which t Wanjiera@féd usihs OfestiorRdl Qi 8D $Goa0Nphiedinte aRBs-6dupled Rirkistor
connected to forma transni ssion gate to gthhe common node, in accordance

wi th one enfyertnigRecasfancnEth pREIFROMMAE AL 1B RESHHIVERICE: 17B shows an
exenpl ary i npl engpiAt i6aN sifwst ) GerBibd nikiiplexet bkt inOkvhich the cross-coupled

transistors are connected to form two transmission gates to the common node, in
20  accordance with one embodiment of the present invention;

Figure 168 shows an exemplary implementation of the multiplexer circuit of
Figure 16A with a detailed view of the driving logic, in accordance with one embodiment
of the present invention;

Figure 16C shows a multi-level layout of the multiplexer circuit of Figure 16B

25 implemented using a restricted gate level layout architecture cross-coupled transistor
layout, in accordance with one embodiment of the present invention;

Figure 17A shows a generalized multiplexer circuit in which two transistors of the
four cross-coupied transistors are connected to form a transmission gate to the common
node, in accordance with one embodiment of the present invention;

30 Figure 17B shows an exemplary implementation of the multiplexer circuit of
Figure 17A with a detailed view of the driving logic, in accordance with one embodiment

of the present invention;



Figure 17Awith a detailed view of the driving logic, in accordance with
one enbodi nent of the present invention;, 6 Figure 17C shows a

mul ti-level layout of the multiplexer circuit of Figure 17B inpl enented
using a restricted gate | evel layout architecture cross-coupled transistor
| ayout, in accordance with one enbodi nent of the present invention; Figure
18A shows a generalized latch circuit igplemented using the cross-coupled 5

transi stor confi ty ARGRL A9 oW LAHRNE lgﬁg@lg@m Pkiel 7y esent
i nventi on; ﬁgﬁéulr@nsmges hows gn e%eorrpl ary |$rp enent atlgn lg?&t he | atch

circuit of ﬁngjanalthAsmg tehregtrigted agate dpvel tayowf arghitectyra progpcadpled dranigigr ¢, t he
P oo™ Sy ¥, inlaB8 fancd B B Lmtbih GEORAC frel AinfensBRT T he PUL | oW

f eedback | og P accordance Wt ment o t’he present invention;
10Fi gure 18C shoEugma 188! shows agaierahagd)latchcafrcmhmxglmentedcnsmgmlnf:t cross-cPued e 18B

| npl e_rrent[.sedr bsucgcm? e?@ég,ﬁtaggcgﬂﬁ et\ﬁl oneem%é&i enforth ecRr s[%%t%\?en{;rqss coupl ed

transi st one e ment Pedent
i nventi on; F@ngllISB shdws ahﬁmmtakgmrﬂqﬂémémtmbn oflitie lath &ioyit roéFi@ﬁ 184 whi ch

tWwo cross-cou nS|s IS r tl ected t n node,
and in whi cH? vﬂoeéﬁl é"eé"’o&%hﬁd’u Vﬁ’hb H%"sp (8) Vtefgq%d%t? “imé’e t he
pul | up dri y@RabdcR Wgic, andthepull ddwﬁl‘eddbac‘kﬂégxb afla€oordaRED®ER bivednybodingthnabf ve to
the common node, in accordance with one enbodi nent of the present

i nvention; thepfeserﬁ“@’ﬁﬁ@“lQB shows an exenpl ary inplenentation of the |atch

circuit Qf Fi gur goddAr st tehows qaehﬁ‘i'lti eV 1a5¥0t0b1 e 1 loirbtBt GF ipiglire | 38 C, the
pul | domn driver Togic, the pull up 20 feéedback logic, and the pull domn

f eedback | ogiplementedaseing @amt@ctﬁﬂtgﬁt%l?é(elehbj@ﬂl relitectare emes-qovpled iransisioent i on;
Fi gure 19C ghoNs:dc e WY 6 én‘?%ﬁHrlrlen%titﬁ edeflf Tallenfibh,cui t of Figure 19B

i npl ement ed TSI Ihg a restricted gate |eve ayout architecture cross-coupl ed
transi stor | ayoUEIgumril%cde{sahcéawh ticuitnef BigtrediSde it whichttive queseseunled

nvention:  gafddb Rnall iRk Sonhlifed ' bofinidhHobie,8hd il HEFwb DS BolNL T WO

Cross- coupl
15  transistors are positioned outside the pull up driver logic and pull down driver logic,

respectively, relative to the common node, in accordance with one embodiment of the
present invention;

Figure 19B shows an exemplary implementation of the latch circuit of Figure 19A
with a detailed view of the puil up driver logic, the pull down driver logic, the puil up

20 feedback logic, and the pull down feedback logic, in accordance with one embodiment of
the present invention,

Figure 19C shows a multi-level layout of the latch circuit of Figure 19B
implemented using a restricted gate level layout architecture cross-coupled transistor
layout, in accordance with one embodiment of the present invention;

25 Figure 20A shows the latch circuit of Figure 18A in which two cross-coupled
transistors remain directly connected to the common node, and in which two cross-coupled
transistors are positioned outside the pull up feedback logic and pull down feedback logic,
respectively, relative to the common node, in accordance with one embodiment of the
present invention;

30 Figure 20B shows an exemplary implementation of the latch circuit of Figure 20A
with a detailed view of the pull up driver logic, the pull down driver logic, the pull up
feedback logic, and the pull down feedback logic, in accordance with one embodiment of

the present invention,



transistors remain directly connected to the common node, and in which two
cross-coupled transistors are positioned outside the pull up feedback | ogic
and pull down feedback |ogic, respectively, relative to the conmon node, in
accordance with one enbodi nent of the present invention; 30Fi gure 20B shows
an exenplary inplementation of the latch circuit of Figure 20A with a

detailed view of the pull up driver |ogic, the pull down driver logic, the
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with a detailed view of the driving logic, the pull up feedback logic, and the pull down
feedback logic, in accordance with one embodiment of the present invention; and

Figure 22C shows a multi-level layout of the latch circuit of Figure 22B

20 implemented using a restricted gate level layout architecture cross-coupled transistor

layout, in accordance with one embodiment of the present invention,

DETAILED DESCRIPTION
[0009} In the following description, numerous specific details are set forth in order fo
25  provide a thorough understanding of the present invention. It will be apparent, however, to
one skilled in the art that the present invention may be practiced without some or ail of
these speéiﬁc details. In other instances, well known process operations have not been
described in detail in order not to unnecessarily obscure the present invention.
[0010] SRAM Bit Cell Configuration
30  [0011] Figure 1A shows an SRAM (Static Random Access Memory) bit cell circuit, in
accordance with the prior art. The SRAM bit cell includes two cross-coupled inverters 106
and 102. Specifically, an output 106B of inverter 106 is connected to an input 102A of
inverter 102, and an output 102B of inverter 102 is connected to an input 106A. of inverter
106. The SRAM bit cell further includes two NMOS pass fransistors 100 and 104. The
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[0009] In the foll ow ng description, numerous specific details are set
forth in order to 25 provide a thorough understandi ng of the present
invention. It will be apparent, however, to one skilled in the art that the
present invention nmay be practiced without some or all of these specific
details. In other instances, well known process operations have not been

described in detail in order not to unngcessarily obscure the present
i nvention. I é:géﬂr Oy 1a2F ows an
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driven high, bit-1ine diiven | 0w, vice-versa. It should be
under st ood Bp12hiigee IR showsl thienSRAM kit eelltof Figuae Lagrvish Beanvertes dPednd H02 he
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ina 20 co ementary manner . en a high logic state is present at the
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the PMXS trags 'tﬁtﬂpdstléfg éotr%@%gmﬁéd o&?ﬂrﬁ% aﬁsgst@rh@wf hagicofst ate to
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[0013] The inverter 102 is defined in an identical manner to inverter 106. The inverter 102

include a PMOS transistor 121 and an NMOS transistor 123. The respective gates of the
PMOS and NMOS transistors 121, 123 are connected together to form the input 102A of
inverter 102, Also, each of PMOS and NMOS transistors 121, 123 have one of their
30 respective terminals connected together to form the output 102B of inverter 102. A
remaining terminal of PMOS fransistor 121 is connected to the power supply 117. A
remaining terminal of NMOS {ransistor 123 is connected to the ground potential 119,
Therefore, PMOS and NMOS transistors 121, 123 are activated in a complementary
manner. When a high logic state is present at the input 102A of the inverter 102, the



PMOS and NMOS transistors 121, 123 are connected together to formthe input
102A of inverter 102. Also, each of PMOS and NMOS transistors 121, 123 have
one of their 30 respective term nals connected together to formthe output
102B of inverter 102. A remaining termnal of PMOS transistor 121 is
connected to the power supply 117. A remaining term nal of NMOS transistor
123 is connected to the ground potentialg 119. Therefore, PMOS and NMOS
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The cross-c EPRE o SRS CROSRIUBIGH JENHHOT pROfigiaton. gy acqordanss withoge
PMOS transi inBbdith@dt ofae plkdat invaitohSTRY crd@oufledRididraRafifilriion48Fudes

four transistors: 2 PMOS transistor 401, an NMOS transistor 405, a PMOS transistor 403,

10 and an NMOS transistor 407. The PMOS transistor 401 has one terminal connected to pull
up logic 209A, and its other terminal connected to a common node 495. The NMOS
transistor 405 has one terminal connected to pull down logic 211A, and its other terminal
connected to the common node 495. The PMOS transistor 403 has one terminal connected
to pull up logic 209B, and its other terminal connected to the common node 495. The

15 NMOS transistor 407 has one terminal connected to pull down logic 211B, and its other
terminal connected to the common node 495. Respective gates of the PMOS transistor 401
and the NMOS transistor 407 are both connected to a gate node 491, Respective gates of
the NMOS transistor 405 and the PMOS transistor 403 are both connected to a gate node
493, The gate nodes 491 and 493 are also referred to as control nodes 491 and 493,

20  respectively. Moreover, each of the common node 495, the gate node 491, and the gate
node 493 can be referred to as an electrical comection 495, 491, 493, respectively.

[0016] Based on the foregoing, the cross-coupled transistor configuration includes four
transistors: 1) a first PMOS transistor, 2) a first NMOS transistor, 3) a second PMOS
transistor, and 4) a second NMOS transistor. Furthermore, the cross-coupled transistor

25  configuration includes three required electrical connections: 1) each of the four transistors
has one of its terminals connected to a same common node, 2) gates of one PMOS
transistor and one NMOS transistor are both connected to a first gate node, and 3) gates of
the other PMOS transistor and the other NMOS transistor are both connected to a second
gate node.

30 [0017] It should be understood that the cross-coupled transistor configuration of Figure 2
represents a basic configuration of cross-coupled transistors. In other embodiments,
additional circuitry components can be connected to any node within the cross-coupled
transistor configuration of Figure 2. Moreover, in other embodiments, additional circuitry

components can be inserted between any one or more of the cross-coupled transistors (401,



10 and an NMOS transistor 407. The PMOS transistor 401 has one term nal
connected to pull up logic 209A, and its other term nal connected to a
common node 495. The NMOS transi stor 405 has one term nal connected to pull
down | ogic 211A, and its other term nal connected to the comon node 495.
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gate electrode pitch.
[0023] Figure 3A shows an example of gate electrode tracks 301A-301E defined within

the restricted gate level layout architecture, in accordance with one embodiment of the

present invention. Gate electrode tracks 301A-301E are formed by parallel virtual lines



[ 0022] The present invention inplenents a restricted gate |evel |ayout
architecture within a portion of a sem conductor chip. For the gate |evel,
a nunber of parallel virtual lines are defined to extend across the |ayout.
These parallel virtual lines are referred to as gate 25 el ectrode tracks,
as they are used to index placenment of gate el ectrodes of various
transistors within the |ayout. In one odi nent, the parallel virtual
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el ectrode track. For exanple, gate | evel feature | ayout
15 adjacent to an edge of a prescribed layout space, e.g., adjacént to a cell boundary, the
corresponding gate level feature layout channel extends as if there were a. virtual gate
electrode track outside the prescribed layout space, as illustrated by gate level feature
layout channels 301A-1 and 301E-1. It should be further understood that each gate level
- feature layout channel is defined to extend along an entire length of its corresponding gate
20  electrode track. Thus, each gate level feature layout channel is defined fo extend across the
gate level layout within the portion of the chip to which the gate level layout is associated.
[0025] Within the restricted gate level layout architecture, gate level features associated
with a given gate electrode track are defined within the gate level feature layout channel
associated with the given gate electrode track. A cqntiguous gate level feature can include
25  both a portion which defines a gate electrode of a transistor, and a portion that does not
define a gate electrode of a transistor. Thus, a contiguous gate level feature can extend over
both a diffusion region and a dielectric region of an underlying chip level. In one
embodiment, each portion of a gate level feature that forms a gate electrode of a transistor
is positioned to be substantially centered upon a given gate electrode track. Furthermore, in
30  this embodiment, portions of the gate level feature that do not form a gate electrode of a
transistor can be positioned within the gate level feature layout channel associated with the
given gate electrode track. Therefore, a given gate level feature can be defined essentially
anywhere within a given gate level feature layout channel, so long as gate electrode

portions of the given gate level feature are centered upon the gate electrode track
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channel s 301A-1 through 301E-1 are defned about gate el ectrode tracks 301A
t hrough 301E, respectively. It should be understood that each gate

el ectrode track has a corresponding gate | evel feature |ayout channel.

Al so, for gate electrode tracks positioned 15 adjacent to an edge of a
prescri bed | ayout space, e.g., adjacent to a cell boundary, the
correspondi ng gate | evel feature | ayout yzhannel extends as if there were a

11 st r at o B eGEPIAFE, bt Bt pitk BVATHRE ARECRAMRE nd Y BHL A8RRGGn Bhc, |
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extend acr Oshet\ﬁdamggaﬁ@ell feamies Hﬁ?ﬁdlin it level fdahee P@oHtichannelk thanere@bdopiate® Whi ch
the gate_evel |ayo IS [0025] Wthin the restricted gate
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el ectrode t rjeade} algarete stwi m%ﬂmple&?@esﬂﬁ&ﬂ daevelel lgattsehileamRUSf maRBNE
associated with the gjven el eciﬁ’{ode track. A contltiuous gate Tevel
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transistor, amthne cRBbditneht &flf;@tpr&eﬁsm&aﬁmﬂ ahi BRe Rvot8ul306 I RAReitifn
transistor. Thus, a contiguous gate | evel feature can extend over
the gate level feature layout channel 301A-1 assoctated with gate electrode track 301A.

10 The gate electrode poritons of gate level feature 309 are substantially centered upon the
gate electrode track 301A. Also, the non-gate electrode portions of gate level feature 309
maintain design rule spacing requirements with gate level features 311 and 313 defined
within adjacent gate level feature layout channel 301B-1. Similarly, gate level features
311-323 are defined within their respective gate level feature layout channel, and have

15 their gate electrode portions substantially centered upon the gate electrode track
corresponding fo their respective gate level feature layout channel. Also, it should be
appreciated that each of gate level features 311-323 maintains design rule spacing
requirements with gate level features defined within adjacent gate level feature layout
channels, and avoids physical contact with any another gate level feature defined within

20 adjacent gate level feature layout channels.

[0027] A gate electrode corresponds to a portion of a respective gate level feature that
extends over a diffusion region, wherein the respective gate level feature is defined in its
entirety within a gate level feature layout channel. Each gate level feature is defined within
its gate level feature layout channel without physically contacting another gate level

25 feature defined within an adjoining gate level feature layout channel. As illustrated by the
example gate level feature layout channels 301A-1 through 301B-1 of Figure 3B, each gate
level feature layout channel is associated with a given gate electrode track and corresponds
to a layout region that extends along the given gate electrode track and perpendicularly
outward in each opposing direction from the given gate electrode track to a closest of

30 either an adjacent gate electrode track or a virtual gate electrode track outside a layout
boundary.

[0028] Some gate level features may have one or more contact head portions defined at
any number of locations along their length. A contact head portion of a given gate level

feature is defined as a segment of the gate level feature having a height and a width of



both a diffusion region and a dielectric region of an underlying chip

| evel . I n one enbodi nent, each portion of a gate |level feature that forns a
gate electrode of a transistor is positioned to be substantially centered
upon a given gate electrode track. Furthernore, in 30 this enbodi nent,
portions of the gate level feature that, do not forma gate el ectrode of a
transi stor can be positioned within thel:’gat e |level feature |ayout channel
associ at ed wiffibienthezeyfovieceivras gatelcentactotimeturea sihercithbridthd e defmed iavioss Hhat e

feature | ay SRR A EAAgfeor@RRl B il ARUOTEE: Mok bOn8 ¥ e en”
gate | evel faaireirand avhererethefgh€tlis dpfimedt doepsg tecsubitmet inaddirecti@cparallkP o the

corresponding tp th ive ate | evel ature lLayqut channe nd so | on

o e ot ve Ry eatede el BE B Bin i breL B3 e SRR i PrpE G bef fgortaer O
requi r engnt Scddedfal gavelevel foithes whdi dew&yfbmibatd) cabbd defdil 8¢ @fentgllyany evel

| ayout channel s.  Addi tiopnally, physical con%lact iscprohi I ted between gate
| evel feat u}agguto%ﬁﬂ%@&lqdwgg%tg@aﬁ?e et Ter@ngle AlsP-SFBERImEh KePY reqifemants
associ at ed 3\ diRvRdbREGE BloiveA bonta)h BEddpefRNlor 3 GlS levbDRAGe nflyd iRy 3B mReWs t he

exenplary restricted gate |level |ayout architecture of Figure BAwth a
nunber of e&wprentyct gefined thageaboyeeat ur es 309- 323 defined therein, in

accordance yjohh 8 tqumgﬂﬁ%%mﬁis éﬂ%@djﬁ{eﬁé%:igc%o'b&i/ﬂ?éih WefihBfasiPleliribiSy €|

feature 309 1s defined wwthin the gate | evel feature | ayout channel 301A-1

associ at@d ewte hevghtae discussed ebve: Perak o8 the/gate] (pvalnksatyees doral ede elsdigodsoiofi ons
f gate | t 0 tj.all t
or gate evﬁ‘LnsF(s?cg Oqé;&r?ceg.\l gﬁtﬁ{’s? R? L&Pes fte@él afafcd %éle ﬂ)dﬂp%d{laﬁ/]p g%gﬁgntf ovel

el ectrode trac 0, e nor-gate electrode portions o
f eat ur e 309extendinghatwebadivg pointd witlip dei gatp leeduhisemtirsofithe patg &tvel featuek

features 311 and 313 defined, within .adj n l,ev f ur.e .l t
Chamer - 3o1hes 5° wi Rl v fin fsbott b ARERLE Mo APhEr BN h R BapBEKT |

t hei r respettai the egeli 6f theymt 1dveifeatures,| ragmditssalf dimvtiby, iadefided veexténd foiss gat e
el ectrode portions substantially.centere on.the gate_el ectrode.track
Corr eenifl s e TPy MhaBis Bopdtvs e vl BRoR it SRS yithen SRR Al <o,
it shoul d bgondRBhE Gitidd eghtd Nevdel embepﬁewewitEVﬁ]liacéﬁaga& @eveB Hatu¥@ Jayoat Nt ai ns
design rule spacing requirenents with gate | evel features defined within

adj acent gathndye| feature | ayout channel s, and avoi ds physical contact
with any anfjohg mIat emb&MBknt! @8 EE RverbatiRE adidefihdd to provide a finite number of

- controlled layout shape-to-shape lithographic interactions which can be accurately
20 predicted and optimized for in manufacturing and design processes. In this embodiment,
the gate level features are defined to avoid layout shape-to-shape spatial relationships
which would introduce adverse lithographic interaction within the layout that cannot be
accurately predicted and miﬁgated with high probability. However, it should be understood
that changes in direction of gate level features within their gate level layout channels are

25  accepiable when corresponding lithographic interactions are predictable and manageable.
[0031] Ii should be understood that each of the gate level features, regardiess of function,
is defined such that no gate level feature along a given gate electrode track is configured to
connect directly within the gate level to another gate level feature defined along a different
gate electrode track without utilizing a non-gate level feature. Moreover, each connection
30 between gate level features that are placed within different gate level layout channels
associated with different gate electrode tracks is made through one or more non-gate level
features, which may be defined in higher interconnect levels, i.e., through one or more
interconnect levels above the gate level, or by way of local interconnect features at or

below the gate level.
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20 adj acent gate level feature layout channels. [0027] A gate el ectrode
corresponds to a portion of a respective gate |evel feature that extends
over a diffusion region, wherein the respective gate |level feature is
defined in its entirety within a gate | evel feature |ayout channel. Each
gate level feature is defined within its gate |level feature |ayout channel
w t hout physically contacting another ghte |evel 25 feature defined within
an adj oi ni nge@a} Brds€BhplbLBNIG Ao channel . As illustrated by the
exanpl e gate | evel feature Tayout Cchannels 301A-1 through 301E-1 of Figure
3B, each gal®3pkHe|digcusged raboyaydat cresieanded trpnggen epuficuemtion tincladeyi foan gat e
electrode it PHOLERRIAR: kR ANNOPHInS/RH) R Validhs SXSoRRRAARO N
gi ven gate electrode track and perpendicularly outward 1 n each opposi ng

di recti on f present heveglions rgatratlectrdes tefodéd in rRaeitdance avithl the astiriatdd 8dc déveher an
adj acent .ga | eGt: 1L¥1ual I . ectrack | de a
ayout bountieg. STuHHF b Hsbehlve kbl o Bamitl o ANt 5 B6GsBRL
cont act headapistdricongueion igduatigare4 showb diffusionland gbte davsl layamigoftanedss-

| ength. A cont act heag porFii on, of .a aﬂi v&n é;at.ﬁl | evel , f eat ur e I,s defiped as
a segnment of°UPHRE FAEISIOr Lppfisyration, i ageardanee With, png, pmbodiment, ot thg pypsent 3

3 u; fi Cijent &ivéﬁidrr]lo megabss&oaplga&m%@m RObutSH Biguker g_,inwlﬁdh"setiha ﬁl’ﬁd HMUS | S
efined across. the trate in i rection perpendicular to the gate

el ectrode tFé‘b“kSt%fﬂ'OfH%t%&fi 83 gggtegec E&%ﬁ)lﬁﬁf%&‘ég a{éﬁﬁlam@P@Pﬁ‘Pdeﬁ@Pﬁ%o' is
def i ned1@cr gsSoveP & pIpRSlifiaich defioR 480, TRE tit-0 NMES fhdshitor 407 sRRAGRAIE La@ct r 0de
track of the given 9ate | evel Teature. It should be appreciated that a

contact 5 helggirede 4074 sxiendipg along d-gaifr dectphe Hack Eiferndiavenimpiire, diffesome
def med by ege_%ﬁﬂt 1€y | DheBldcdind PHOY 3RS 407% HEkRg By SR Slefode ARt angl e.

Al so, dependi'ng on |ayout requirements and circuit sign, a given contact
head porti oexterfding dengcthe ggte lelepedelrack A8 awst oveny privee difsomregionet82obheact

def med t her ) { hAUS [ i.scl osed
horoin i dERPRLIMOS Bl 07 Beh Y st Qb AN RRIAR IR LR B S
of the @&t eeleaxdt trickadS0rand ofwanmgyicalifisentregioe484of transi st or devi ces.

petwoon twolWAHRTE §4 AEr e 0k oif gL oTFCRRY BN wSGME IO A9, o7

feat ures mayMIBS ReRisiod 40T, irespadtively! dte eRstHedlly dotmdctt eg thatiie galemodd 491 so

operation. It should he understood that the each of the gate ] eyel
features, r%’b@r?ﬂl %‘Qgsegft" ?Lﬁ‘fﬁﬁt'ﬁm&ﬁﬁy R fﬁ%taee{im&i%t‘@hageagf‘ﬁ‘&fyi etgﬁ‘ff gate
llevel withigedthaiy 4025RRAT4068 BRHR bval PMOE walsidiay 908 afdasgal SNMOshout
physically contacting other gate | eve] features defined with adjacent gate

| evel f &4t urensistey 4R, Tesmasivelysare ploggeqlly canasiied &b arcardeate pofe 4gaseat Byel
features arg, defobaied 4 SuifANiiNCeRivhiei fRe RIsHRRE \F?)ita%eg 1§60 lch@0of RY Qe

shape-t o-shape 11 thogra}phl C Interactions which can accurately
transistors 401, 403, 405, 407 has a respective diffusion terminal electrically connected to

the common output node 495.
[0035] The cross-coupled transistor layout can be implemented in a number of different
25  ways within the restricted gate level layout architecture. In the exemplary embodiment of
Figure 4, the gate electrodes 401A and 405A of the first PMOS transistor 401 and second
-~ NMOS transistor 405 are positioned along the same gate electrode track 450. Similarly, the
gate electrodes 403A and 407A of the second PMOS transistor 403 and second NMOS
transistor 407 are positioned along the same gate ¢lectrode track 456. Thus, the particular
30 embodiment of Figure 4 can be characterized as a cross-coupled transistor configuration
defined on two gate electrode tracks with crossing gate electrode connections.
{0036] Figure 5 shows a variation of the cross-coupled transistor configuration of Figure 4
in which the cross-coupled transistor configuration is defined on three gate electrode tracks

with crossing gate electrode connections. Specifically, the gate electrode 401A of the first
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20 predicted and optim zed for in manufacturing and design processes. In
this enbodinent, the gate |level features are defined to avoid | ayout
shape-to-shape spatial rel ationships which would introduce adverse

l'i thographic interaction within the |Iayout that cannot be accurately
predicted and mtigated with high probability. However, it should be
under st ood that changes in direction ofljate | evel features within their
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utilizing acRewrodddack h43/ Thud arlpafiRulaMahBENRERt of BiirLD B IchAaciadzeRas ween
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one or nore REbradlde cheslionseat ures, which may be defined in higher

i nt er connect | evels, i.e., through one or nore interconnect |evels above
t he gate | elMB7] Bguigyp shays avarnagen pf ihacrseerupiedtiransisior gonfguration of féguead t he

gate level. , dd.f ﬁg%?clss.%@@ér&mggﬂg%ﬁr 8br fs Yo VAR %aw&&%lopé:gacks
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| ayout. Figure i ffusi nd gat ev | ayout f a cross:goupled
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along a gate el ectrode track 456 and over an n-type diffusion regi on 486.
The second BMEeettrodsspmneefona0s3 s defined by a gate el ectrode 403A

ext endi ng ahtpagj %g@ggﬁhﬁww%s GhrlabtiBsBf the fdKs-GrPlAMInGMUE coRfiRirktidRCrdidutd's1 ON

regi on 482. transistor 405 I's defined by a gate electrode
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20 transi st gite 6RErodeCHPAGH ItheierondPERIOS teumbkisior 403 j5 dufinabon aak gate élbgrodecond
gate node 493 sq_a be exposed t ubst ially equiyal.ent e
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out put node 495. [0035] The cross-coupled transistaor |ayout can be

i npl ement edeherrcieriaghbep css-gpypiedy anststor caaliartion iefned, et (fwe tgafeceletrogat e

level | ayout,Rt GRhif ctodtifs sdidelbdiods ¥aiHRLRIY, embodi ment of Figure 4, the
gate el ectrodes 401A and 4%5A of the first PMOS transistor 401 and second

NMOS t r ansi 0391 Bigse §showosvatiationeel the eiess-¢cyaled fppsigierconbgusetionod Figurert k 450.
Simlarly, . D AVOSY i stor
403 and s ec%%ﬁmcﬁ%iﬁ%?g g‘?’“ﬁ%@é’?ﬁe‘é{%&;ﬁ génﬁg E‘bg‘? %%c%a%eéfs ameet %%F i
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407A of the first NMOS transistor 407 is also defined on a gate electrode track 450. The

gate electrode 403A of the second PMOS transistor 403 is defined on the gate electrode

track 454. And, the gate electrode 405A of the second NMOS transistor 405 is defined ona




[0036] Figure 5 shows a variation of the cross-coupled transistor
configuration of Figure 4 in which the cross-coupled transistor
configuration is defined on three gate el ectrode tracks with crossing gate
el ectrode connections. Specifically, the gate el ectrode 401A of the first
15 PMOS transistor 401 is defined on the gate el ectrode track 450. The gate
el ectrode 403A of the second PMOS transistor 403 is defined on the gate

el ectrode tragk:a4a8de 748 8Bal el {ESLIR f alab @RSl St or
407 is defi n%d on a E(izjate e?ecturo eﬁtr(gg %%ém&/imyﬁtl#éégg e el aet enzg(ei 405A
of the secorfd aNFES-covpipk irgnsistor 408 igusatide fdefieed corthme gateeeldstredeicdcko dithdut ack

448. Thus, c?@ss@gﬁﬁth%éhﬂde%ﬁ%%gﬁdﬁ@m of Figure 5 can be characterized as a

Cross- coupled t SI'S I'guration defined on three gate el ectrode
tracks with [6048§ Siguee Sgsl'tows elvanatrond:é ﬂmmcbumn‘dstran[u@tﬁﬁadnﬁgmgwreof@xgiﬂ@ms a
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el ectrode 407A NMOS transistor 407 is defined on a gate

t
el ectrode t rgé‘@l? S@P ‘}Qﬂé °ftﬂr‘F‘eﬁ’d%1W® Eeasiston 407 3i&lined emhe safe clsplepdrviask
transistor 495 Ami, #8fhRetcbic409A0e uk%e%nemeéﬁaﬁsﬁs@&&oé‘%eﬁ%&l& a

particul ar enbodi nent of Fi gure 6 can haracteri zed as a cross- %oupl ed
transi stor ElsAredgdragk Thé‘f, ihecnartisular erubodga@@ of Figurerdouia bcnheumenmdhsa

Cr0sSiNg_9alRsblabloiOif iR NRahEMITn LORRE) o kil g%rteeegh&m  Froa@Tyhen ©f

t he cross-coupl ed transi stor co Igurati
cross- coupl ewssirggatd Jectode ombedionsat i on i s defined on two gate el ectrode

tacks 20 w i onnect i on S l.ly, . .the

gate el ectr Ed&fewtl%%g&%?b?g@gﬁa%dﬁh%ﬁéégﬁa %frgfsécrouﬁ]@‘i trf";ésg)sg‘gf f*bﬂggog 0%he gate |

el ectrodé t AOTkf Higlres Heeargddpiciel ediaving ehekOohvh Rbpettive diffiSén Mé@%ﬂ argg) stor |

407 is al so fLpe trode track 450. The ectrode 403A

of the secoﬁgfﬁk%é“??%‘{glﬁs? ‘?’eﬁ’%@&f@mﬁm HEbEe G FOpHEROPS R g’példgg’ls‘r"ad"egl?“r ack |

456. And, t e FOS0S trehsistirs Q0iLartiODA, afd/drheilises s chiMPR- PSSt fegh@Tor S al SO |
defined 25 rode track 456, Thus, the particul ar embodi ment ‘

ate el
of Figure 7%3’5(318 g‘é“ x g@é a7d 4%y Mazeoyep, alfhaush dhg pample iapanis ploFigures 4-9
confi gur at i gepisleld pigfe SiffulivPregRhe48 ﬁﬁh@@% eridcalts E@B&Eu&r ﬁ§l§duﬂﬂ)eg ate

el ectrode connections. [0039] Figure 8 shows a variation of

cr oss- c8¥pl Befersiopdhal thsp- benfitisioaresms g0 prgtiZemay net hmieﬁwalbh@rgned in
Cr 0ss- coupl gflert GRARRINMR! SHAREY IMiBhMP e eRarfiSiE 166 O Flghfe§ - Ial R fhEgL T 0de

tracks
type diffusion regions 484 and 486 in a vertically aligned position, it should be understood

that the n-type diffusion regions 484 and 486 may not be vertically aligned in other
embodiments.

25  [0042] In Figures 4-9, the gate electrode connections are electrically represented by lines
491 and 493, and the common node electrical connection is represented by line 495. It
should be understood that in layout space each of the gate electrode electrical connections
491, 493, and the common node electrical connection 495 can be structurally defined by a
number of layout shapes extending through multiple chip levels. Figures 10-13 show

30 examples of how the gate electrode electrical connections 491, 493, and the common node
electrical connection 495 can be defined in different embodiments. It should be understood
that the example layouts of Figures 10-13 are provided by way of example and in no way

represent an exhaustive set of possible multi-level connections that can be utilized for the



30 without crossing gate el ectrode connections. Specifically, the gate

el ectrode 401A of the first PMOS transistor 401 is defined on the gate

el ectrode track 450. The gate el ectrode 407A of the first NMOS transi stor
407 is also defined on a gate electrode track 450. The gate el ectrode 403A
of the second PMOS transistor 403 is defined on the gate el ectrode track
454. And, the gate el ectrode 405A of t h&’ second NMOS transistor 405 is

defi ned on ®atekBcirodet dectricabeanpentions 423k 49% @nd Thewsmmohmopaelbdtdedl esnnestondi nent
of Figure 8 n be characterized as a cross-coupl ed transistor
configuration defined on three gate el ectrode tracks w thout crossing gate
el ectrode c@@H8LFigores.10[ 8d4G] aFimglti-levd Rigomts iiudingi at e@ss-edupled € transistor

cross-coupl ed transis onfiguration of Fiqure 4.5 in which the

cr oss- coupl 88’11%%3? s‘%eg‘ﬂl}’e‘go?ﬁ s fing aﬁateoﬁlel"g(’%e%?ﬂ@dw FOFnEy 2P g]F‘é?fﬂdFode
tracks wst hootinections,sinngedgddnee a/ith Ohe eadodiMBmest th® psenbRfehiidnC The ayodtRE gate
el ectrode 4Q1A of the first PMOS transi ?tor 401 1 s defined on the gate

el ectrode t r#Ke igo?ep‘ieﬁ@“bé‘f‘ee’éqn@éﬁt‘? owlemsaiatign 9fh tes sroshepuplobciransisiosi st or

403 i s defi p@Bodimehtte Fbakes. Ghe eleitaeR chiirbtion ¥ bethi2en ARlcRe U RELIBEA P 7A Of
the first NMOS transistor 4 is defined on a gate electrode track 10 452

07 .
And, the gafhs EpEMEOS Fansistns A0h and the 2afe elspiepdREBA of the Sirsf NBVOS gBnsistordbT | ned
on a gate eleqlhed ey hamkiiiRfl EU%H&tiloﬁ gtﬁatpﬁfctddey la8 Lt AR R 1, Of é@%ogur e 9

can be characterized as a cross-coupled transistor configuration defined on

four gat@ eflimsnpionrd) metakk strogterh dQP3,cangd Ssgaty) cqpiack 180% Jihe sthstrivalneantctions .
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respective ditfaisi40FA 06 teorcotis (YMQAS 2ransiBdr, 40586 formed pe atmute-lavel o

enbodi nent s Llize a cont} .type di.ffusi reqi for, P

t ransi st or sthgg%mfglﬁ%f %1633? c%'?\%f? g?&;g Rﬁﬁ"’g%‘ %%%k)ila%%lhlg&wcﬁ’gepg&&? f"?dtf’sg’g%
region for &Gt tIoAhsTist outputdfdicaclectd@l .cobimctan dp5 ialforamd gy &hauleXawp! e

| ayouts_pf Figures 4-9 depict_the p-type. diffusion regions 480 and 482 in a
verticalMy %ﬂ"?‘&‘f’l’é’a %é?&'i‘ adqu “sé‘ﬁg‘iﬂ“\édpcbé&?@atiﬁ'ﬂ’éﬁhgieﬁ eradgetal h gt pe

di ffusion reglisonairfmSion asithact BE 7TV@A d\diffuddén somtei mabl y aligned in ot her

enbodi ments, Simlarl i/ al t hough the exanpl e | ayouts of Figures 4-9 depict
the n-type HOMIJSewR 1bghans agnultirlevehglayquh inclydingi & ofTPss-caPplech SEROSSIST t i on,

it should b_&mlﬁgdx%ﬁ&i QReAnd@h F4iR Baté YAEuBUE | Rkd Wikl Trifig 484te IbHAEE MRy
not be vertically aligned in other enbodi nents. 25[0042] I'n Figures 4-9,

the gate el exnesigns, dbasrotdaneswith pre embedinens #f the pressatcissention. Bie layove of
20 Figure 11 represents an exemplary implementation of the cross-coupled transistor

embodiment of Figure 6. The electrical connection 491 between the gate clectrode 401A of
the first PMOS transistor 401 and the gate electrode 407A of the first NMOS transistor 407
is formed by a multi-level connection that includes a gate contact 1101, a (two-
dimensional) metal-1 structure 1103, and a gate contact 1105. The electrical connection .
25 493 between the gate electrode 403A of the second PMOS fransistor 403 and the gate
electrode 405A of the second NMOS transistor 405 is formed by a multi-level connection
that includes a gate contact 1107, a {one-dimensional) metal-1 structure 1109, a via 1111, a
(one-dimensional} metal-2 structure 1113, a via 1115, a (one-dimensional) metal-1
structure 1117, and a gate contact 1119. The output node electrical connection 495 is
30 formed by a multi-level connection that includes a diffusion contact 1121, a (two-
dimensional) metal-1 structure 1123, a diffusion contact 1125, and a diffusion contact
1127,
[0045] Figure 12 shows a multi-level layout including a cross-coupled transistor

configuration defined on two gate electrode tracks without crossing gate electrode
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491 and 493, and the common node el ectrical connection is represented by
line 495. It should be understood that in | ayout space each of the gate

el ectrode el ectrical connections 491, 493, and the common node el ectri cal
connection 495 can be structurally defnmed by a nunber of |ayout shapes
extendi ng through nultiple chip | evels. Figures 10-13 show 30 exanpl es of
how t he gate el ectrode el ectrical connet8ions 491, 493, and the conmon node

el ectrical CRARREbIOM AI5rdeaR »hﬁl SiRf SRR dinndbf e &)F‘éaént %%Uéﬂf#&m& %ayal!.t OPfS houl d
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transi stor 4&:’bnaBMOSﬂtﬁargﬁtoe4@ fdtseane mms\trais@t&iaoﬁ Jrbspbet MRSt famed sy or 407
is formed by a connectta(gn th i ncl udes a gate contact 1001, a

CEvos 10t heRelBiois E i SSRBES b hooeete slfgirode gt 45 harfora0bs. The

el ectriqal cRBIFRALdARCASS 408 HYURREN tﬂaegaﬂ@électﬁ,hé‘scamﬁmﬂ@% Qf m &%&%ﬁ?“d
PMOS transi stor 403 and the gate el ectrode 405A of the second

transi stor X3%in Ge gy levg! Yongthgsingle gato ddectredmimeckt456nThereuput ﬁ@(llfudﬂﬁmal gat e
contact 100Zenietfdnvysdis rrsmd%a& lndme%r JonRbdiidf o %&glg?. &@&1& g:%%a%t
i's torned by a

contact 1011. The output node "el ectrical connection
mul ti -1 evel 1205, a {one-dimensional) metal-l structure 1207, and a diffusion contact 1209,

[0046] Further with regard to Figure 12, it should be noted that when the gate electrodes
15 401A and 407A of the first PMOS transistor 401 and first NMOS transistor 407,
respectively, are formed by a contiguous gate level structure, and when the gate electrodes
403A and 405A of the second PMOS transistor 403 and second NMOS transistor 405,

respectively, are formed by a contiguous gate level structure, the corresponding cross-
coupled transistor layout may include electrical connections between diffusion regions
20  associated with the four cross-coupled transistors 401, 407, 403, 405, that cross in layout
space without electrical communication therebetween. For example, diffusion region 1220
of PMOS transistor 403 is electrically connected to diffusion region 1222 of NMOS
transistor 407 as indicated by electrical connection 1224, and diffusion region 1230 of
PMOS transistor 401 is electrically connected to diffusion region 1232 of NMOS transistor
25 405 as indicated by electrical connection 1234, wherein electrical connections 1224 and
1234 cross in layout space without electrical communication therebetween,
[0047] Figure 13 shows a multi-level layout including a cross-coupled transistor
configuration defined on three gate electrode tracks without crossing gate electrode
connections, in accordance with one embodiment of the present invention. The layout of
30 Figure 13 represents an exemplary implementation of the cross-coupled transistor
embodiment of Figure 8. The gate electrodes 401 A and 407A of the first PMOS transistor
401 and first NMOS transistor 407, respectively, are formed by a contiguous gate level
structure placed on the gate electrode track 450. Therefore, the electrical connection 491
between the gate electrodes 401A and 407A is made directly within the gate level along



15 connection that includes a diffusion contact 1013, a (two-di nensional)
metal -1 structure 1015, a diffusion contact 1017, and a diffusion contact
1019. [0044] Figure 11 shows a nulti-level layout including a cross-coupled
transi stor configuration defined on four gate el ectrode tracks with
crossing gate el ectrode connections, in accordance with one enbodi nent of
the present invention. The | ayout of 201%i gure 11 represents an exenplary
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Cr ansi stor TGS OOR Y by SEMT PR R BafuE £ BHaRY Brid e i s, s

is formed byecandeG)S Iuemﬂwmmmeﬁbmm& Hyhamu!mlekrud:eﬁneaugat}ﬁt gnndact gét&Ol a

(two- di mensi onal ) 1 struct re 3, and contact 1105.
el ectri cal ?IR‘?F &Sﬁﬁ‘ ?ge’gf%nf’)@i‘ aigéﬁlﬁ'f’é lgpg ﬁ@d@tﬁé‘?gﬁ%fmphé{%econd
PMOS trapsi siupiit a8 clefitlcdl Ben@aicn 4h5ectonaetEbyDhtitiokvdl benreeiiaNHat MEFes a

transistor 405 is formed by a nulti-Ilevel connectign that includes a gate
contact 110%ifiugiop goptachil i a (s-dimensiana) metall siyeqtyre d 313, gud a diffusign santact 5
(one-di mensiygykal ) netal -2 structure 1113, a via 1115, a (one-di nensional)
metal -1 structure 1117, and a giate contact 1119. The output node el ectrical
connect i on 1948} s am ehodiernsclectrigal cpumeesian of-ba iusiamnregions of el udss a

diffusion c t )
i 11 usi on canpeg b & U R ERSIENT, kal Bt ik b BRLIOF s el
shows al@rul inter¢asmedt cpagnsms flefinked @t pybelow s gate davpl ibsdlft mmament may
confi guratl ate
el ectrode gg&r}ﬂrx{g@?o cgﬂlgié%ﬁg %t(t: ggl?d %{%H’ %ﬁ hﬁaglgé%e}#b%gﬁ) ‘EEES ?Vﬁe %r esent
i nvention. 'g"ahelelvdybmmpbf dénguns«andfdr weqanamkatis e@ntnexle:npﬂmhqn ofithe diffesiérat i on
of the cross-coup %ﬁ’d transi [ enbog gnt of Flﬁ 4§ ate el ectrodes
401A and 407RF ° Re FPY %‘E“ f‘Ftaﬁ P ?ﬁ%‘&d“ {1 BERESt or
407, r especémbalinients rcendvativeeplativy used Go Ridcgicallis cgmbe thewidfusion skdisttdfrtke pl aced
on the te el ectrp(ge tr.ack 45% Ther ef or BE el ectrjcal connection 491
bet ween hecrﬁ%i‘fcé’“%l diangeies ok ‘éﬂ?&fn%?ﬂ 4 11?51!81‘33 VIOWEPRTSH ¥R gat e
| evel al ongesbéiftiaBy N ReadF IR BLGIrERASA td RGHHAGEe ﬁoﬁhﬁgiédwmntf&%élﬁﬁﬁ
el ectrodes 403A and 405A of the second PMOS transistor 403 and second NMOS
transistor K849 z?ﬂé%r;te@ppldéaefppra%teﬁ Sratrberapsp the wbmeiapd adweqaffesmwepns
structure placadsionyt mget Enf bBGhiLdR Mﬁ%ﬁﬁ@oﬂ TS TF She KRS PMDS
el ectri cal connectl on between the gate el ectrodés 403A and 405A 1s nade
directly witransistorsel tgep@ss- Jed d1apsigionstven bp physicaljy separaie @nd bepauserthe k- 456.
The out put

B! BRI ARLGE Hd i@ for RRBHNIOR iterbsd of i g@qs Bt M&:&h&&b&%&d be

connect1on es a i sion contact I'mensional )
metal -1 st rmlwsimlbr sep@Tte, Anciparsitiiefih ystiaus endotiaents 1@ G8ve e{aeli)éﬁ]heﬂ"umdms with

regard to be e en th es 15
401A and 40 B{eg t'f]aﬁsm?l r s{b%% ggé'l is%tc%) 56&%HEY?I r s a(’g}g st or
407, respecThevefbry, ualess hearessidtel)ybia ekrotmicalgpatoemaateorl eshef labﬁuﬁziﬂuéxﬁ:mgand

wh th t | ectrod 403 405A of th { 403
angnsecgnga“lﬁ%ﬁ% ’?ﬁgé{§| e %ls%nfg? E’E?’i?éﬁ gp%p gr%Fn%?tﬂ‘EN(?’S (I;%é] %}Sﬂﬂlg&hous

gate | eyl Iﬁ&srcuswrexmﬁﬂyao e@dhraﬁaQﬂmmy&n OsBhoughiib&tioh bﬁﬂﬁzl i cBds@lcodplagout may

include electrjical connectiops_ between diffusion, region
transistors within a prescribed proximity to each other is ng precluded and may be

desirable in certain circuit layouts.

[0050] In the exemplary embodiments disclosed herein, it should be understood that

diffusion regions are not restricted in size. In other words, any given diffusion region can
30  be sized in an arbitrary manner as required to satisfy electrical and/or layout requirements.

Additionally, any given diffusion region can be shaped in an arbitrary manner as required

to satisfy electrical and/or layout requirements. Also, it should be understood that the four

transistors of the cross-coupled transistor configuration, as defined in accordance with the

restricted gate level layout architecture, are not required to be the same size. In different



20 associated with the four cross-coupled transistors 401, 407, 403, 405,
that cross in |ayout space wi thout electrical comrunication therebetween.
For exanple, diffusion region 1220 of PMOS transistor 403 is electrically
connected to diffusion region 1222 of NMOS transistor 407 as indicated by
el ectrical connection 1224, and diffusion region 1230 of PMOS transistor

401 is electrically connected to diffus2bn region 1232 of NMOS transistor

25 405 as i ngliveditRelsbifie ThiRGlahiisiads &w&egstc%aplé@%msvﬂmﬁﬁ fofChh bﬁl%'

connections 1224 and 1234 cross in | ayout space wi t hout ectrical
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connection 49%od 18yduPspTREz46n Feqiitbrhémd. €vel connection that includes a
di ffusion cont act 1311, a (one-dinensional) netal-1 structure 1313, and a
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the diffusi %hésﬁ‘gidﬂﬁsla%utst ﬁﬁ)léfﬂéﬂﬁﬁ using the restricted gate level layout architecture, as

15 described with regard to Figures 2-13, and/or variants thereof, can be used to form many
different electrical circuits. For example, a portion of a modem semiconductor chip is
likely to include a number of multiplexer circuits and/or latch circuits. Such multiplexer
and/or latch circuits can be defined using cross-coupled transistor configurations and
corresponding layouts based on the restricted gate level layout architecture, as disclosed

20 herein. Example multiplexer embodiments implemented using the restricted gate level
layout architecture and corresponding cross-coupled transistor configurations are described
with regard to Figures 14A-17C. Example latch embodiments implemented using the
restricted gate level layout architecture and corresponding cross-coupled fransistor
configurations are described with regard to Figures 18A-22C. It should be understood that

25  the muitiplexer and latch embodiments described with regard to Figures 14A-22C are
provided by way of example and do not represent an exhaustive set of possible multiplexer
and latch embodiments.

[0053] Example Multiplexer Embodiments
[0054] Figure 14A shows a generalized multiplexer circuit in which all four cross-coupled

30 transistors 401, 405, 403, 407 are directly connected to the common node 495, in
accordance with one embodiment of the present invention. As previously discussed, gates
of the first PMOS transistor 401 and first NMOS transistor 407 are electrically connected,
as shown by electrical connection 491. Also, gates of the second PMOS transistor 403 and

second NMOS transistor 405 are electrically connected, as shown by electrical connection



coupled transistors to the common node 495 can be nmade using one or nore

| ocal 10 interconnect conductors defined at or below the gate | evel itself
Thi s enbodi mrent may al so conbi ne | ocal interconnect conductors with
conductors in higher |evels (above the gate |level) by way of contacts
and/or vias to make the electrical connection of the diffusion regions of
the cross-coupled transistors to the cokhon node 495. Additionally, in
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20 common node 495. Respective gates of the PMOS transistor 1405A and NMOS transistor
1407A are connected together at a node 1421. It should be understood that the
implementations of pull up logic 1401, 1405 and pull down logic 1403, 1407 as shown in
Figure 14B are exemplary. In other embodiments, logic different than that shown in Figure
14B can be used to implement the pull up logic 1401, 1405 and the pull down logic 1403,
25  1407.
[0056] Figure 14C shows a multi-level layout of the multiplexer circuit of Figure 14B
implemented using a restricted gate level layout architecture cross-coupled transistor
layout, in accordance with one embodiment of the present invention. The electrical
connection 491 between the gate electrode 401A of the first PMOS transistor 401 and the
30 gate electrode 407A of the first NMOS transistor 407 is formed by a multi-level
connection that includes a gate contact 1445, a (two-dimensional) metal-1 structure 1447,
and a gate contact 1449, The elecirical connection 493 between the gate electrode 403A of
the second PMOS ftransistor 403 and the gate electrode 405A of the second NMOS

transistor 405 is formed by a multi-level connection that includes a gate contact 1431, a



[ 0051] Additionally, it should be understood that the four transistors of
the cross-coupled 5 transistor configuration are not required to be placed
in close proximty to each, although they may be closely placed in sone
enbodi mrents. More specifically, because connections between the transistors
of the cross-coupled transistor configuration can be nade by routing

t hrough as | east one higher interconnec |evel, there is freedomin
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generali zed tiplexer.circuit in ich al Qur .Cross. | ed 30

transi stor 54% i’}‘h B?)‘Sl,l %5531,40269735%@3@??0@8?&%}4 %eﬁﬁééﬁeeﬁc)fsmgr AR hode
495, in accayddaRceomhbh node 465 uihnmet exoéptioh eofprepssitidninigh denPMAS/NMOS
previously discussed, gates of the fir P r I stqr.401 and first NMOS
transi stor E@’F‘S@F%“g’}/"égt"r‘#sédél qf)?heérdfﬂé@?%&nl\(%c g-ﬁ@ﬂ\ﬁo%&@?"é’é? fhecsmmon
connect i on AQik-49A\ tBSsirclAbEBighle 15885 8 sanchsPAd Birclift 8fFik&t 284403 and second

NMOS transi stor 405 are electrically connected, as_shown by el ectrical
connect 2&n [0058] Figure 15B shows an exemplary implementation of the multiplexer circuit of

Figure 15A with a detailed view of the pull up logic 1401 and 1405, and the pull down
logic 1403 and 1407, in accordance with one embodiment of the present invention. As
previously discussed with regard to Figure 14B, the pull up logic 1401 is defined by the
PMOS transistor 1401 A connected between VDD and the terminal 1411 of the first PMOS
25  transistor 401 opposite the common node 495. Also, the pull down logic 1403 is defined by
NMOS transistor 1403A connected between GND and the terminal 1413 of the second
NMOS transistor 405 opposite the common node 495. Respective gates of the PMOS
transistor 1401A and NMOS transistor 1403A are connected together at the node 1415,
The pull up logic 1405 is defined by the PMOS fransistor 1405A connected between the
30 second PMOS transistor 403 and the common node 495. The pull down logic 1407 is
defined by the NMOS transistor 1407A connected between the first NMOS transistor 407
and the common node 495. Respective gates of the PMOS transistor 1405A and NMOS
transistor 1407A are connected together at the node 1421. It should be understood that the
implementations of pull up logic 1401, 1405 and pull down logic 1403, 1407 as shown in



21 493. Pull up logic 1401 is electrically connected to the first PMOS
transistor 401 at a term nal opposite the common node 495. Pull down | ogic
1403 is electrically connected to the second NMOS transi stor 405 at a
term nal opposite the conmmon node 495. Also, pull up logic 1405 is

el ectrically connected to the second PMOS transistor 403 at a termnal 5
opposite the comon node 495. Pull down?3 ogic 1407 is electrically

connect ed t Figuhel5H are exdiyiBBy t Inattet emhbedikeifs, dgiadiffeseni thal theqyhowh reFikiae

comon node 5, 00 . Fi.gure 148 shqws e lary | enent.ati on of

the nmul ti pl éééfﬁ%?%%&ﬁ??g ﬁp]‘%?ﬁ’ﬁF}}f %H&Pa?@ﬁ?@ldi‘f‘ﬁ)@gdxwﬂw%ﬂ leig Iﬁ%’l up

| ogi ¢ 1401 a#al.1405, and the pull down | ogic 1403 and 1407, in accordance

with one e [ hent of e presept.inuvention. The 10 pull up logic 1401 is

defined by nﬁﬁgﬁgﬁﬂﬁéﬁt 510&2 3 m&B’I];RV‘IL]dWPé‘EPEEFeb‘EF\R@]@ﬁ“amﬁBW Faguss) [ SB (VDD)

and a tesm paplethdntdd abing Qerésﬁfc&ﬁoéé\m%f 2YBIS huhitetRike QRROSbupSedl G&sﬁﬁg’mn
is

node 495. The pull down |ogic 14 defrmed by an NMOS transistor 1403A
connect ed b&EYNEein Fc¢rdpe) Wit eng embodingegt) ohie presest inveation Jilw electricad

second NVOScd#advin o9 hethden %%Q%i éi%n%Nﬁlv%tSﬂ%mﬂe RAAPMERD 861 Lﬁaethg ates

of the PMOS transistor 1401A an transi st or 140 are connect ed
t oget her at g3e ridestrode #§7A Tofe theufirst INMOSgirensising 5407s isd &frined dbyby  mulBNEBE!

t ransi st or ‘ p geAtlele) ] | nal
1417 of  ne SaoAel WARRIEE: Dok Gafhc) 01 POURE aphiiRioki) NERLL SR L8BT 70
pul | dowWh | vigi 50149 Toriesliniesisianal)l MgtalestiivDE: fl 5QH si Wik dI509,40 Theaimemohayl
between a ¢ nt Lal an rag nal 1419 of th | r.st W)S
transi st or ﬁ’g%ﬂgﬁ octéllg? tég ﬁh%’g %IE%%C@%%?}]%]&%%@uﬁggf%@ﬁt\%%a%t’e@'e T he
PMOS t r ansi gdteeledididb A0RNdf tiEEsohd BNOSstramsistbd @0 endrtie gannelentodd 405006etther at a
node 1421. It s e underst.oad that the .inplenentations, of pull up
ogtc 1401, oIS BenssRacen F Smed By gLmoighe ST G Prr e R s ar e
exenpl ary. ¢dnt#t hers, anbadiigRidional) @etic] diridhee @517, tlhan dahadonBldPYSI9l Thd-i gur e
148 can_be used to jinplenment the pull, Eq%alssgg' c 1401, 1405 and the_ pull down
| ogi ¢ 1kd3, corsopprode eiseiEig! coprsaion 494 ds %2 Fgltickevel gomnectionthat inclides he

mul ti pl exer ; @iffusieh tcombct isPH S ord@intcARbRITERERO Sdicife 3578 9tWid £4280, tipke | evel
| ayout architecture cross-coupled transistor |ayout, in accordance with one
enbodi nent @éimensienahr melal? strpsiEratlisdh. a Tisel S2Pet (oriechimensingal arstdrl ot ween

the gate el pahr difiof? Lokt 1533 HesflMR b1& Y 1RE P bl at e
el ectrode 485;8A’ 0 %ﬁg éiorst NMVOS traersllg)i st o% 407 tﬁs ?Aﬁ%gﬂ%&régﬁluf%(ﬂl evel
connect i on NMQS fransistot d903A geet econnostechtst the aede 141 X byve -gdtencomtaco hEl5) Afset al - 1
structue 11%ép7ective gates of the PMOS transistor 1405A and NMOS transistor 1407A are connected

to the node 1421 by a gate contact 1539,

[0060] Figure 16A shows a generalized multiplexer circuit in which the cross-coupled
transistors (401, 403, 405, 407) are connected to form two transmission gates 1602, 1604
to the common node 493, in accordance with one embodiment of the present invention. As
25  previously discussed, gates of the first PMOS transistor 401 and first NMOS transistor 407
are electrically connected, as shown by electrical connection 491. Also, gates of the second
PMOS transistor 403 and second NMOS ftransistor 405 are electrically connected, as
shown by electrical connection 493. The first PMOS transistor 401 and second NMOS
transistor 405 are connected to form a first transmission gate 1602 to the common node
30  495. The second PMOS transistor 403 and first NMOS transistor 407 are connected to
form a second transmission gate 1604 to the common node 495. Driving logic 1601 is
electrically connected to both the first PMOS transistor 401 and second NMOS transistor
405 at a terminal opposite the common node 495. Driving logic 1603 is electrically



and a gate contact 1449. The el ectrical connection 493 between the gate
el ectrode 403A of the second PMOS transi stor 403 and the gate el ectrode
405A of the second NMOS transistor 405 is formed by a nmulti-Ievel
connection that includes a gate contact 1431, a 22 (one-dinensional)
metal -1 structure 1433, a via 1435, a (one-dinensional) nmetal-2 structure
1436, a via 1437, a (one-di nensional) nbial 1 structure 1439, and a gate

contact 144%,,TheqORHMN 99&%"@%3 & OM%H'fQEt ¥iod ti%{g%foggﬂ’? BYa2

multi-Ilevel connection t I nc fu3| on contact
(one- di mensitamang omlmﬂlqccgnmmmdeel91453 a via 5 1455, a (one-di nensional)

netal -2 str 5 [ ) -1. ture
1461, and a*@fﬁﬁ ??l %n@%%%‘%‘g%a%}g%n pl%g/( H‘Qﬁ?‘?%“?lggt@sqﬁ%fm@ﬁ@%@%?‘g %ﬁm stor
1401A and NWBr¢ t@h wiithtaodetailtd Ikvaokthe driving legic 1@ 1tdnd 1003 dn h&bbdange witigat e
contact 1443. Al S tive gates. of the P tra 0 405A.and NMOS
t ransi sté %ﬂ%71}&§%drméleﬁ§00%§lgc?re%en€1nv?xﬁxgnn%;dtg ©¥ 3‘1%&“&3 i@%}t efiviags 10
[ 0057] Fi gur!@clmlablda&neﬁhg' aintérfel @EEIA aid; mldnvefg lEglgulﬁe3 isddfingd whieh the
two cross- co i stors nd 405 r in direc connected to the
conmon node dléh%&nﬁo%veﬁﬁt @HB dﬁiﬁd‘“é?rétg UBI FF’%P%W%’F&@‘? dpangnd 407
are positi on@qb 1601 Shal e603hean Bélhéﬁrié@ by g} 16g1&4|%u&0 Qudhlsk la 1RO Mpul Ngkf‘gaé%)?
respecti vel é‘f’ relative to the commn nod , i n accordance with one

enbodi nent  5¥° thRE B Eate, ANPQR legic, %W%gllcr?@l‘@gi’%ﬁs bywanofsxamplei cal | y
connect g b@jmpl gﬁﬂaem‘@ﬁ%% -V ANSodt 6F e A3u1aREkd: R c@P Pﬁﬁ&u&oﬂ% 495.

Pul' | down | ogic 07 is electrically connected between the
transistor Homlemetied neing gnresticied deatesdrel Tayewt arphiteeturse prossorpupled rtepsistot | oni ng

the PNOS/ NVESiobt 305bh8inee 40 0 AULaRER 6 e BHenPbbotih dRlgale,

1405/ 1407 ative to the common nod e clrrcul ure
sane as t hecmnp@wnt49bﬂneiﬁieguﬂ1e gawm]em@de[maaéf e @parWﬂ)SBrashsimsMHmnd)ﬂmrpl ary

oo 8, Phorble aBA {4OE* Bl NYOH barllyol | BT Sl SnlRGL ST

vi ew of the he puI
1407, in5ac cmmelmunehammcﬂndeme gatrbathard 619, mf(tvtdqdamnmt)tmetﬂweﬂmmbmfh 162¢,

R S RIS C TR AT ST U ENTNET N SR
1411 of t hetli $e8dndPMABS2 harsistonsi0St aid melgawpae&roue 4058 SFOBRBcoRd aMERS .
Also, the puI 'sm?o?‘ﬁ"&s llso%lx'l%e(il' ﬁl}({) g nllu ti- e%];ll Qo%gectlon that includes a gate contact 1603, a
{one-dimensional) metal-1 structure 1607, a via 1609, a (one-dimensional) metal-2
20 structure 1611, a via 1613, a (one-dimensional) metal-1 structure 1615, and a gate contact
1617. The common node elecirical connection 495 is formed by a multi-level connection
that includes a diffusion contact 1625, a (one-dimensional) metal-1 structure 1627, a via
1629, a (one-dimensional} metal-2 structure 1631, a via 1633, a {one-dimensional} metal-1
structure 1635, and a diffision confact 1637. Transistors which form the inverter 1601 A
25  are shown within the region bounded by the dashed line 1601 AL. Transistors which form
the inverter 1603 A are shown within the region bounded by the dashed line 1603AL.
[0063] Figure 17A shows a generalized multiplexer circuit in which two transistors (403,
407) of the four cross-coupled transistors are connected to form a transmission gate 1702
to the common node 495, in accordance with one embodiment of the present invention. As
30  previously discussed, gates of the first PMOS transistor 401 and first NMOS transistor 407
are electrically connected, as shown by electrical connection 491. Also, gates of the second
PMOS transistor 403 and second NMOS transistor 405 are electrically connected, as
shown by electrical connection 493. The second PMOS transistor 403 and first NMOS

transistor 407 are connected fo form the fransmission gate 1702 to the common node 495.



NMOS transi stor 1403A connected between GND and the term nal 1413 of the
second NMOS transi stor 405 opposite the commbn node 495. Respective gates
of the PMOS transistor 1401A and NMOS transi stor 1403A are connect ed

toget her at the node 1415. The pull up logic 1405 is defined by the PMOS
transi stor 1405A connected between the 30 second PMOS transistor 403 and
t he comon node 495. The pull down Iogi@ 1407 is defined by the NMOS

transi st or Ddiging legin h @l s dtldotricalbe connbased fortwth tikESond FMVDS trensist® A0Amod t he

comon node:4 Y t t P ransi star and .NMOS
Cranststor 170 SN BRIy 8 - il opPor * MRLHBAE! S0 0%, PalyE B
under st ood tdgiat170Bés éleanicaliy ndmketted® thé it PMOFtrdnegioc 40Ua T tertat it oppuditpul |
down logic 1403, 1407.a A 23 Fi.qur e, ar xenpl ary. t her
enbodi mant s TBRTOARAYS Aty puldp iR fofic 705 A e BB Enberpl Byt o

i npl emens  t ol NMQSrdnsigiof 40540 4 terhdfdbopvdeitd the canthdn flienss.ogi ¢ 1403, 1407.

[ 0059] Figur 5C sho mul ti-level layout of th I'tiplexer circyit of
Fi gure |5B @%P ‘E‘Wérﬁvﬁda@ﬁsnﬂ’ & Wi‘E%’B’G“e&@P%‘_’ Iog\}ggf-lnfué T SHEHT Pecture
cross- coupl piufer 1FASHHH 9 Hethi®dOHéw of the AFHCME UGS €70 1T0308K1 EABOEiac8Rdaned t he
present invention. The electrical connection 491 between the gate el ectrode

401A of t heWith og¢ emhesimenta{<he propent gnventin- (The dgung legie d7¢loldlelurAOm t he
first NWOS o 19004, THe/puliSug @iviReliogie FoTls Ubfide@'65!a PRSI 1 A

includes a gate contact 1501, a (one-dinmensional) fretal -1 structure 1503, a
10 vi a 1&05conaeqiesineetu¢ensisP and (the finst BMOS tmgigior dvle Theoyll dawyidbving dezic a

(one-di nensi - ﬁ“psc 0, e

el ectrical %@%ﬁg?ﬁ%ﬁ%ié be m%%ﬁ]?ﬁ%%é%ﬁ&%g@g?%&e%@%ﬁg dgtﬁeég’egg%d;nd
PMOS t r ansi BMSIS 4@8sigord 49T Regpective| gatss rafdthe AM8BS ofransisor SIFOBA caniIMIBIOS
transi stor 405.1s med b | t5-1 eyel on th W nel gate
contact . 1518miskf § (AR cthefie Ntz & ncBBTAE 1 ROy B8 nd Ribot R B
contact 151hplebhemtations of driving logic 1701, 1703, and 1705, as shown in Figure 17B are

15 exemplary. In other embodiments, logic different than that shown in Figure 17B can be

used to implement the driving logic 1701, 1703, and 1705.
[0065] Figure 17C shows a multi-level layout of the multiplexer circuit of Figure 17B
implemented using a restricted gate level layout architecture cross-coupled transistor
layout, in accordance with one embodiment of the present invention. The electrical
20  connection 491 between the gate electrode 401 A of the first PMOS transistor 401 and the
gate electrode 407A of the first NMOS transistor 407 is formed by a multi-level
connection that includes a gate contact 1723, a (two-dimensional) metal-1 structure 1725,
and a gate contact 1727. The electrical connection 493 between the gate electrode 403A of
the second PMOS transistor 403 and the gate electrode 405A of the second NMOS
25  ftransistor 405 is formed by a multi-level connection that includes a gate contact 1709, a
(one-dimensional) metal-1 structure 1711, a via 1713, a (one-dimensional) metal-2
structure 1715, a via 1717, a (one-dimensional) metal-1 structure 1719, and a gate contact
1721. The common node electrical connection 495 is formed by a multi-level connection
that includes a diffusion contact 1729, a (one-dimensional} metal-1 structure 1731, a via
30 1733, a (one~dimensional) metal-2 structure 1735, a via 1737, a (one-dimensional) metal-1
structure 1739, and a diffusion contact 1741, Transistors which form the inverter 1701 A
are shown within the region bovunded by the dashed line 1701AL. Respective gates of the
PMOS transistor 1703A and NMOS transistor 1705A are connected to the node 1707 by a
gate contact 1743.




15 common node el ectrical connection 495 is fornmed by a nulti-|evel
connection that includes a diffusion contact 1521, a (one-di nensional)
metal -1 structure 1523, a via 1525, a (one-di nensional) metal -2 structure
1527, a via 1529, a (one-dinmensional) netal-1 structure 1531, and a

di ffusion contact 1533. Respective gates of the PMOS transistor 1401A and
NMOS transi stor 1403A are connected to 26he node 1415 by a gate contact
1535. Al so, [dtfde] BSREAd | Meh BRb&Emets t he PMOS transistor 1405A and NMOS
transi stor {407A are connected to the node 1421 by a gate contact 1539.

[ 0060] Fi gui®6TbRigumsdRd hoyenapueralizedilafeh cirpyst mpdemaenteddiging thecrogsicobplethe
cross- coupl %sﬂ&&%ﬁh@%ﬂfﬁn(iﬁg&mﬁﬁ o with Bne é}{?@dgﬁ-&ﬁ SEEB@ B?ééérﬁ%vtegncfn%ﬂé two
transm ssi on gates e conmon node in accordance wth
one enbodi rrgatt@s of thEhﬁerPk@,SqtranSlﬁmrﬂﬂl omd fixst NHIQF éransinier] 407dirs clesizally gat es
of thef rs tra t n r [

el ectri cal I %/ Igb%ri%é {s %ﬁ;b@sﬁ’% eﬁg&lc@ g%r{ne I}’ll %&n ct;g%ﬁ{%%?gmﬁ?ﬁos gat es
of the seconensMDF08 raad se®nd™NMOS tansists:e@ﬂjrm”e NS cslbacsnedttal, aglSlowar gy

el ectrically, _cannected as, ctrical ct| n 493. . The |rst
PGS | r ansi SEBROBGPISOR do3nd el 6 9it] o SORl FAbAaEs ALt clsaEulY or m
first trans B&r&l&ttaiato?iab eorkfd nbde 49%e HCMOUA be B destoed #ﬁﬁtheEhﬁmﬁe@ﬁstFyvos |
transi stor 403 an irst N tr stor, 407, are conpecte 0 secon
tr anem o ofF T A OIS JoUhdn dimitbh G a0 Bl g B i AlsSerD

el ectriggl | YormeRaR® tRtbebsndTMOS trh@iskdr463 atNeXmihdl dpSdsaé the céihon AsiespEONd

NMOS transi stor 405 at _a_ term nal aPOSI te the common node 495. Driving
| ogi ¢ 1603 Pull gqngb{lrlweggygpcyl 807 is electricaily connected to the first NMOS transistor 407 at a

terminal opposite the common node 495. Pull up feedback logic 1809 is electrically

connected to the first PMOS transistor 401 at a terminal opposite the common node 495.
Pull down feedback logic 1811 is electrically connected 1o the second NMOS transistor

15 405 af a terminal opposite the common node 495. Additionally, the common node 495 is
connected to an input of an inverter 1801. An output of the inverter 1801 is electrically
connected to a feedback node 1803. It should be understood that in other embodiments the
inverter 1801 can be replaced by any logic function, such as a two input NOR gate, a two
input NAND gate, among others, or any complex logic function.

20 [0068] Figure 18B shows an exemplary implementation of the latch circuit of Figure 18A
with a detailed view of the pull up driver logic 1805, the pull down driver logic 1807, the
pull up feedback logic 1809, and the pull down feedback logic 1811, in accordance with
one embodiment of the present invention. The pull up driver logic 1805 is defined by a
PMOS transistor 1805A connected between VDD and the second PMOS transistor 403

25  opposite the common node 495. The pull down driver logic 1807 is defined by an NMOS
transistor 1807A connected between GND and the first NMOS transistor 407 opposite the
common node 495, Respective gates of the PMOS fransistor 1805A and NMOS transistor
1807A are connected together at a node 1804. The pull up feedback logic 1809 is defined
by a PMOS transistor 1809A connected between VDD and the first PMOS transistor 401

30 opposite the common node 495. The pull down feedback logic 1811 is defined by an
NMOS transistor 1811A connected between GND and the second NMOS transistor 405
opposite the common node 495. Respective gaies of the PMOS transistor 1809A and
NMOS transistor 1811A are connected together at the feedback node 1803. It should be

understood that the implementations of pull up driver logic 1805, pull down driver logic



24 connected to both the second PMOS transistor 403 and first NMOS

transi stor 407 at a term nal opposite the conmon node 495. [0061] Figure
1613 shows an exenplary inplenentation of the nultiplexer circuit of Figure
16A with a detailed view of the driving logic 1601 and 1603, in accordance
with 5 one enbodinent of the present invention. In the enbodiment of Figure
1613, the driving logic 1601 is defineddy an inverter 1601A and, the
driving | 0gil807] p@Bup feedigick it Iﬂﬂ9ﬁdndlpnﬂelbwﬁlfeeﬂm,40gidrﬂ)&\ﬂvasrshowﬁ m§h@nbd be
under st ood in ot er ,enho t he .dri d1 can
o def i nad OB AHAEBHIRD 16 AR BRooi doeis etgsnY pad B eatind e T8 1 ou
NAND gate, EdbéiRedl @Ointplerhdt /&mlﬂqui aweamgmglsosmé gull E&wﬂ\/ﬁﬁvé}ﬁogé(m e. 10

100621 Fi gure 16C shaows_a nul t evel | ayout of the nmultiplexer circuit of

Figure 16B |W“gﬁﬁlﬁft°€€?°5%‘?ﬁ?gls§9raé’§tﬂi‘ﬂ&1 W afﬁqgl pdvesic 18lout architecture

cross- cogipl ﬁﬂ)@fﬁ@ﬁksi&‘ shawOUW mulilIAEIC MyIaN 6L i UficlP NEre@MRAdRZRRL 148 t he
present 1 nvention. The electrical connection 491 between the gate el ectrode

401A of theimplementelyvesing maresiristed rgatr levah lnypwearghitestueg arosy-eI@led Otyamsisior ¢ he
first NMXS iagéﬁts D Olordbde 'w%thf gﬁe”@ﬂb&gm BntTo¢ HHe ﬁéfeﬁl &énﬁ&{‘ ARt LiQidahat

i ncl udes a t e cont act nMensi ona -1 structure 1621,
and a gate g@wptamn 4262@%%&!6@@@@0&@@ 40 drefdbe ﬁtshPM@S mmemltmgat e

el ectr ode 4936 Slerbdie 487ROA7URVRS: 299D8! bt UraNd ey 951 £ BURSHPde

405A of the®secon transrs orne a multr-
connect i®n tdmtction dthat theBides ggetecoptat HIB, ﬂ@@&ﬂwn@omé} uetakhstnehad )819¢4 al -

structure 1607 via 1609, .a {(Q n 20 structure, 1611,
a via 1613, 4 ‘(‘%ﬂe &‘?nﬁe @F’ghoé' r’}Fgﬁl% rp% gltref 3@1 raewig%lz O&wéh'&eé]ts@nﬁz)nt act
1617. The cmmnmsﬂnnﬂ&e @823 tuiid £ gdte commuee L8250 Theddeetrical éamnmdnbys Betwedntihe | evel
connection that di ffi cont ac 5 a.( sl aI)
metal -1 str%‘fﬁlfe‘ér %8383%8 @‘Féccfﬁéw FATRS oY 39% %tﬁa?@g‘l’% Tture
1631, a Vi agekeRBNMDY @Ristirmoess aitdled byel abtilledd] cbeicttich th&SRclu@iRth gate

di ffusion contact 1637. TransistqQrs which formthe inverter 1601A 25 are

shown wi? hi fPiask 1827 R divardimeationahmetalal sxuohae 125 and geeatengontast I3 Thoyr

whi ch form E&ﬁnbmﬁfo%fe}%eméﬁ%&eeﬁ& @JSQH%M&WQmmﬂe{}&%ﬂﬁcthﬂl{M%%ms the
dashed Iine 1603AL. [0063&° 8ure 17A shows generalized nul tipl exer
St

circuit in adifBiionwontegtds n@dmsommmytam steyedure 835, @ rvins L83 ow fAned
transi stor Sdlﬁ{eﬁm&& NGELES s &ﬁct&%%h@ &gﬁ”ﬁm Sp! t% @&E&:&Zﬁ%néta 1t &ﬁxcﬁl?é“m”

node 495, in accor ance Wit h one ertbodi nent o the present 1 nvention. 30
previ ousl y tB48¢asisediffugian esntadt 184S FramsitorPNBiSht forom ghesinverten 080 1aard showmst NI\/DS
transi stor 4 re electri.call n s shown by el ectrical

connect é) 811111 rg%onéa@ggﬂ&%?ﬁ%ﬂ%gfé%en OIL?IDS transi stor 403 and second
NMOS t ranS| P00} Eifre am shvwecthe ilaetl bxycuamfrmguredisA ais whith e two @bmebupled|

connecti on 493. Th nS| st 4 a S tra st or
407 are con'i'i@(‘f“tsﬁ’ﬁs gaﬂgfﬁ‘ﬁ@“{q t@gﬁeem‘?% igt5h@l os) ﬁsdﬁode
495. 25 Elfvsrchtra@-cb@;ged:uaﬂs&iors 3033111&104071 arabbsiuma Raridedhd pulbgs Britendogiecond

PMOS transi stor 403 _and first N ransi stor 407 at _a term nal osite
the comon H9g&nd euil dpyp driyes IWM?WE; r‘FSBEﬁ“(Ye lystetiye toofhe commen npde ’g%pﬁbct ed

to the g4r Sztccg’rmcet\ﬁaﬂéﬁ&&ﬁﬁodﬂﬁ&u JF ti hredei BRbntRAPPE b dHber BgRNIBDS Rode
495. Al so, pull down driving %c 1705 is electrically connected to the 5

second Nwosﬂ@qnam&wpmecwé@eaweea PR PMSSpBagsistort 493 408 the ForRvBee nadss
495. Pull down driver logic 1807 is electrically connected between the first NMOS

transistor 407 and the common node 495. With the exception of repositioning the

PMOS/NMOS transistors 403/407 outside of their pull up/down driver logic 1805/1807
30 relative to the common node 493, the circuit of Figure 19A is the same as the circnit of

Figure 18A.

[0071] Figure 19B shows an exemplary implementation of the latch circuit of Figure 19A

with a detailed view of the pull up driver logic 1805, pull down driver logic 1807, pull up

feedback logic 1809, and pull down feedback logic 1811, in accordance with one
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100641 Figure 17B shows an exenplary inplenentation of the nultiplexer
circuit of Figure 17Awth a detailed view of the driving logic 1701, 1703,
and 1705, in accordance with one enbodi nent of the present invention. The
driving logic 1701 is defined by an inverter 1701A. The pull up driving
logic 1703 is defined by a PMOS transistor 1703A 10 connected between VDD
and the first PMOS transi stor 401. The ull down driving logic 1705 is

defi ned by ] cond
NS ' ransi SEPB GRSl il AliER APBBAG Y BB R il BB O o
transi st or 1He0pAl ap efeedbmkebgeoﬂw%getdhﬁmedaby thecPMOSetrab¥isior 189945 honnectede

s shown | n RNt SDRARR ROt bR Wik ot Shifhs Pishmbit baad 45 pfitle T 0%

di fferent t palhdbwmifeedimonogia 1 §lilgs ﬂ&in]aa ByGMOBeransamk 181 1 Anphissored beitwlzen

AN N e e R

restricted gabﬁoﬂstwﬁgtoﬁrwaraﬁ@ NM@ES BaREtr ¢OUM £6 cérndied dE@herlayout ,
i n accordance with one enbodi ment of the present .ipvention.  The el ectrical

20 connecti 8¢ a@ramqﬂeéﬁﬂ% Hée gul 8p épéfartl?%a &80p0's Aetied by dhe PMOS trapgisior
transistor 4@@5@&%&&1&1 gétvee;ﬁih@%édoa@e»ms? RrafistdrN@3fdnti She NYRRod haesdost or 407

is formed by a nmulti-level connection that includes a gate contact 1723, a

(t wo- di mensilénarl dewnariver logicyk80irie defpped byathg NMEatteansisigr 489741 yorpectqthe
el ectri ggl B&%&P%g‘ﬁan M 9 GLYRER 4‘)?%(9@(%%019&@855&@@54@&@\3&% Lhes c?ﬁf% nd

PMOS transi stor e gate el ectrode 405A of the second
transi st or BBEOS garsistor déﬁﬁ&)yndaNMQS fransistas| 18050 n@cqonmtedﬁagethenet thdegda gate

contact 170 n 7

(one-di rrens? 461155% elfi%lferﬁggesr trg‘gt]oi{hére i%g’%mg&@ﬂggﬁf?@%&g&% éd?gr(r)éhéﬁonal)
metal -1 str dewn deivel Tdgk 1807dpall gafeedhmhﬂ@m 1809 24nd p‘ﬁﬂeiowrfn@haqkddgc éBHctri cal
connect | on tohat

t 49 f
comnecton 458,k GS5ABY 58 b S SURESR, PIRCo OB,
?0 1733 154 (;mﬂ@ﬁ F@t&mlgmah)ae aRdad nﬁ;l&hem &ietpnﬂ up aﬁ&}r lagivi 805 1tH37ull d?ow;n41
one- di mensi gnal ) .net a usi pn,.c
Tr ansi st or s G¥Er &8 ]cﬁoﬁatpﬁ@ﬂf ‘g?‘ié’éa‘llf %ﬁ\oga @ﬁB%ﬁ]d‘WQ qui’aciﬁn]té' elail

bounded by 20Aighed19¢ Novkd QL mdli-16R8IS RSt ¥E tigAalAeh @frcdlh%fm@etfwlSI stor
1703A and Nlr(/m {irghr}gl stor 1705A are con%gct ed to the node 1707 by a gate

contact 1748uplemeitgogeg acseatipted geip levelclayoi aerieehure] gogrouped dagsifioB A
shows a gen@% t Z8%cdimbe WifhChid ellé\gﬁlﬁgfﬁnﬁfeﬁlle Ustbdafh tREntfohOThe CRiRlcad

transistor C iguration, in accordance wi th one enbodi ment of the present
i nventi 6. Trmeqmndl detwebrthpigeaiseleoimls 404 Arnf |ﬂsetﬁ¥|5t DS drsgsistpr 41X apitis

transistor g& e%c?roc?t! %6%&'&&{ eyﬁrst NMOS transistor 407 is formed by a multi-level

connection that includes a gate contact 1901, a (one-dimensional) metal-1 structure 1903, a

via 1905, a (one-dimensional) metal-2 structure 1907, a via 1909, a (one-dimensional}
metal-1 structure 1911, and a gate contact 1913. The electrical connection 493 between the
25  pate electrode 403 A of the second PMOS transistor 403 and the gate electrode 405A of the
second NMOS ftransistor 405 is formed by a multi-level connection that includes a gate
contact 1915, a (two-dimensional) metal-1 structure 1917, and a gate contact 1919. The
common node electrical connection 495 is formed by a multi-level connection that includes
a diffusion contact 1921, a (one-dimensional) metal-1 structure 1923, a via 1925, a (one-
30 dimensional) metal-2 structure 1927, a via 1929, a (two-dimensional) metal-1 structure
1931, and a diffusion contact 1933. Transistors which form the inverter 1801 are shown
within the region bounded by the dashed line 1801L.
[0073] Figure 20A shows the latch circuit of Figure 18A in which the two cross-coupled
transistors 403 and 407 remain directly connected to the output node 495, and in which the



5 connected, as shown by electrical connection 491. The gates of the second
. PMOS transi stor 403 and second NMOS transistor 405 are electrically
connected, as shown by electrical connection 493. Each of the four
cross-coupled transistors are electrically connected to the conmon node
495. It should be understood that the commobn node 495 serves as a storage
node in the latch circuit. Pull up driveg |ogic 1805 is electrically 10

connected t 5408 ar 40 i t.e the

conmon node?wggg %%%ﬁﬁgom %rrlg\%@f; do{:?lgc g %?%daoe ‘T%IQHF{/)P"%%’ ﬂ‘g‘{??&d to

the first NVEE® andanéll dovor feddbdckalog 8¢t mespabtnmpzpoaative tch the cﬁﬁmmoﬂ@d% 495,

T D, e RS Sl R SEARRLE 2L 45

f eedback | Ogsl elecixﬂﬂﬂly bmneétabbetwa@ltheyﬁﬁome)sttﬁﬁimkter wlemaﬂfembdmm& 5g91Si st or
ode 495, Additionally the commn

ﬁgdgofwg i SPB %88{‘?’@?? teﬁggf Hf W"I v Equgsted Befyveen th eoﬁﬁcﬁ’t’ﬁf NMO$

i nverter 18Qansh§orehoaschﬁd AR lcymmen nasde ebst ovith fRe dapko @ GedRMBninkt ths hOU' d
be understoQd that in other enbodinments the inverter 1801 can be repl aced

by any | ogi EMQMEMQEntrangistors 4(4/495 ogiside o theirmuoft ugidpwn fopdbagk 19%?)&%09&&”:) gate,
anong ot her gatk téhé &aﬂ%n%dlqus CthE WG &rmg&@ 20845 &le sﬁmggs%elﬁéuﬁg?m an

exenpl ary inpl ementation of the l'atch circuit of Figure 1 etailed
vi ew of theFigure188p driver logic 1805, the pull down driver logic 1807, the

pul | up eeﬂm K %&gl ﬂﬁ, QA AGK Iglz% n
accorda#?:e W tﬁl% Zggcj)sgl ment oan) !S‘riéanslent Fﬁ@g‘%ﬁl one' O%F%ﬁ%%elﬁoﬁldrl ver
| ogi c 1805 wihdakiaredivioy of tirNIDE wprdiver beiorl 8088A downdeuerddgib ¢80v pull MDD and
t he second r r.4 5 e, the. c n_nade 495 h uII

vor FrACk AR08 gt buf P IRkl beC AT By GG

down driver |ne
bet ween G\IDemmﬂtmém o1’f |thespresdh(ﬁventmns'[‘lﬁ puil @Yeedtmpbmgﬁcemmas demmrb rtﬁde 495.

Respective te | St or t tor 1807A are
connect ed t 0y ntéﬂrn sig ggdr?g@s %E% eHFEn Bﬁ%t@mﬁfﬁ% 4bg i%@m?%
def i ned1py ﬁodel\@s AK6yiBé pilDdowkBREdbacoDERCISE U iNENEEy NH‘@)saﬁ&imishﬁ 18imst PMOS
transi stor 401 30 ?? &’om ttg t he cog{g&&§ node 495. The ﬁ’ﬁ down feedback
| ogi ¢ 1811 ¥meRled e i SRR j Tpgston 0§ pando Hige EPMBRION diofle 4Y5GND and
the second RBP&tive afdsSbOhAPMOS transistor 1809A and NMOS transistor 1811A are
- connected together at the feedback node 1803, The pull up driver logic 1805 is defined by
the PMOS transistor 1805A connected between VDD and the second PMOS transistor 403.
20 The pull down driver logic 1807 is defined by the NMOS transistor 1807A connected
between GND and the first NMOS transistor 407. Respective gates of the PMOS transistor
1805A and NMOS transistor 1807A are connected together at the node 1804. It should be
understood that the implementations of pull up driver logic 1805, pull down driver logic

1807, pull up feedback logic 18G9, and pull down feedback logic 1811 as shown in Figure
25  20B are exemplary. In other embodiments, logic different than that shown in Figure 20B
can be used to implement the pull up driver logic 1805, the pull down driver logic 1807,
the pull up feedback logic 1809, and the pull down feedback logic 1811.
[0075] Figure 20C shows a multi-level layout of the latch circuit of Figure 20B
implemented using a restricted gate level layout architecture cross-coupled transistor
30 layout, in accordance with one embodiment of the present invention. The electrical
connection 491 between the gate electrode 401A of the first PMOS transistor 401 and the
gate electrode 407A of the first NMOS transistor 407 is formed by a multi-level
connection that includes a gate contact 2001, a (one-dimensional) metal-1 structure 2003, a
via 2005, a (one-dimensional) metal-2 structure 2007, a via 2009, 2 (one-dimensional)
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opposite the comon node 495. Respective gates of the PMOS transi stor 1809A
and NMOS transistor 1811A are connected together at the feedback node 1803.
It should be understood that the inplenentations of pull up driver |ogic
1805, pull down driver logic 27 1807, pull up feedback |ogic 1809, and

pul | down feedback | ogic 1811 as shown in Figure 18B are exenplary. In

ot her enbodi nents, |ogic different tha ¢ hat shown in Flgure 18B can be

used to inplenment the pull up driver 5, drlv | ogi c
1807, the pmlqtaldpm@wﬁaék ang g igplc gt 8gfri’ol Tﬁ%@%ﬁ%"" %‘g‘ﬁﬂw%’e e“"’ © g‘éu c
1811. 5[ 0069 Fhibde 4b8& oF fRWecond PMAS trhrisedr 40Rpaithe gt elmroldaucfm cﬁthe: uit of

Figure 18B i'nplenented using a restricted gate | evel itecture
cross- coupl eecond AAEOS trepsister, i is Prned ot B b]t?"%‘:PPPCS{H‘@%/@%E‘ﬁ ﬁr? BB the

present inven GRANEGlrh@hre 4917, bl vegie tdifacgat®. ghect r ode
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via 1817, a( nS|ona cture 1819, a via 1821,
(one-di rren5|ceﬁta¢t)202ﬁt Etmélststsrwhabh:rfmmmvm B0y are sk &/@@nlwgeg%e

el ectrical con n 4 the gate el ectrode 403A of the second
PMOS t ransi s8¢t eaggﬂﬁﬁi&a}eﬂg eﬂel ectrode 405A of the second NMOS

transi stor 4676 $1gf.1£HZIBdshbWsagm&atilzed Intoh | circwihinedti¢hothe tioss-coupist! traessstgs gat e
15 cont act 1827 a i mensi onal,) tal-1 stru r te
cont act W83X40HE3c H N8 SORpeEtEt rtPgﬁ beg, gy %%0%45%615821% erpédﬁbtg@

mul ti-level LARRACIIIEMOSNAE adcBhttdewitin ot feﬁibﬁdhmantcmmﬂmcmest%mvermon As
(one-di mensional ) netal - 1 structure 18 a.via 83 . -di men nal )
metal -2 st r weeviquslyBmossed; sgienokihe first ngiFAEHT; ﬁéﬁl %@ifra?ng({r?hgt ure
1843, and a g él%ﬁdaﬁ? c&ﬂl@&t@&ras%byB[e%ﬂﬁbﬁioﬁﬁ&hWﬂlhAfs@Igﬁtdsh:éthersmhdl er
1801 are shown i ne 1 Ol1L.

thé regi on bounded, by l
[0070] Fi gurlﬁd@SAra&hm 403161141 second AYMPS; ¢ a“é‘FtoFl‘*Qﬁraée a%ﬁ“F‘ﬂ TnFPREF etdhfa‘t"st WO
Cross-cq pI egg‘%rrl 0% {r%ls Q%Q%cuﬁﬂ%foﬁwr SIRPINCY h8kkloy 400RAEEEOAd NMOSE
Wal

out put e two cross-coupled transistors 403 and 407
are posi t i orteaﬁlsmtut $05dae tohumepted Ito Eypmay fixsk ranspussion EB52 198 do His OIRARTOGR | ver

001 ¢ 1807, LeSRECLINE] FdELARIKE b8 ohd B SWBY RHR0A 1 abroRcaagor dance

w th one enb resent 1nventio driver logic 1805 is
electricall yfoﬁ@rarsa@hedramlmngmmm()éaoammmm nodar@ﬁs’f@ﬂba&béo%%ame"ﬁé

common node 495, Pul | v f%{g%)

bet ween t he ff?cp?ﬁllme‘it\?q&?q? @‘F H’ﬁ%%%%%%%gt‘%ém& %éggﬁd %Eﬁ t he

Thor T pull UL dhn AL et “Hg“mﬁ“/“”‘lm°807“§ﬁ?2?“§“§ ‘ngmwzze

495, the ci resunectedfto hofythe seR dp tragsisipr 43 40 rét' t " of Fl gur e

[F007 1] Tg ou I SR oS PAHS 1R R0 RbEY 405 ARdiR6MINY,Ahd eomradn fdde 4DRischnmitedui t  of
e to the input of the inverter 1801. The output of the inverter 1801 is electrically connected

10 a feedback node 2101. It should be understood that in other embodiments the inverter
25 1801 can be replaced by any logic function, such as a two input NOR gate, a two mput

NAND gate, among others, or any complex logic function.

[0077] Figure 21B shows an exemplary implementation of the latch circuit of Figure 21A

with a detailed view of the driving logic 2107 and feedback logic 2109, in accordance with

one embodiment of the present invention. The driving logic 2107 is defined by an inverter
30  2107A. Similarly, the feedback logic 2109 is defined by an inverter 2109A. It should be

understood that in other embodiments, the driving logic 2107 and/or 2109 can be defined

by logic other than an inverter.

[0078] Figure 21C shows a multi-level layout of the latch circuit of Figure 21B

jimplemented using a restricted gate level layout architecture cross-coupled transistor



with a detailed view of the pull up driver logic 1805, pull down driver

| ogi ¢ 1807, pull up feedback | ogic 1809, and pull down feedback |ogic 1811,
i n accordance with one 28 enbodi nent of the present invention. As

previ ously discussed with regard to Figure 18B, the pull up feedback |ogic

1809 is defined by the PMOS transi stor 1809A connected between VDD and the

first PMOS transistor 401 opposite the gomon node 495 Al so, the pull down

feedback | o 1 ined AN |stor d bet ween 5
D and « ho b, 1 bekadc w18oRY oRRhE B2 i Blesd? da4enfi e Siaca
Respecti ve gatestionf491 hetweMDBctgatredicetde 4{!180@ﬂﬂthaﬁfhtﬂwm trmﬁ&iranpamﬂzﬁélA are
connected tq et t feedbac 803. T ul.l up driver Iogl c 1805
i s defined B%° eﬁ %b?‘ga?fﬁ?t ﬁ?’gf@gég %ﬁtﬁﬁg’étﬁe}@ gqelf%@gﬁ Phe mRlidRE PVos
transi stor d&deaind tmdamcaﬂasmgmmmcﬂml 4 (MRedithdnsdaYWMmetal-Y SfudnRg £131807 i's
10 between the first NMOS

defi ned y t he si stor, 1807A connect
transi st 7213%)5 t(‘FPé’ ‘E‘Bﬁ‘?ﬁﬂ? al) dpsda 295“’“"?9@% ﬁzld:%lwag?éﬂ%sa Gmerdifgensionsd)
transi st or HRABA sturbYOS , b PO gt Edkacl BRBATRY ae&;%n@&ﬁa%omg%a@éeﬂhe t he

node 1804. It shoul d be understood that the i | enent ati ons of

driver | ogi8"4glegrodgdfIA gbtha sesond BMQSdansistopéds angihe ga!mﬂﬂé@dbé@ mfd@«p c

1809, and p s esdhas
exenpl ary. lI‘t"lr‘ibrtl)étjher geﬁbo Inléqr?ékgghcc{}g%?%} a?i?l}l@pg% cﬁilhaeﬁﬁ %@ﬁdﬁa ate

Fi gure 1913canast BE2Sy gdiva-iviepponahanetal hstrystiure 2037, dind mata @gta@t m%rhe he

pul | doym d A nd.t.he pull
down fe!awdba%iny’ﬁérbélo?g %ﬁ'ﬁg 08%6752? r%%ﬁgsdsr g’%éﬁﬁggﬂlﬁﬁl e cﬁﬁﬁ?%\}% cgﬁ‘}out of
the latch cidifusionebnthit@ldh 210a8dimepsionadetdl-lisinmgira 21 3% nvic2d, gédne- | evel

| ayout archj rapsi 0 Ln_accar.dance wi th one
enbodi nent %%n%ﬁi&{a réétgﬁ Slﬁcﬁr)\c\lélg%\?’q%ii {F% ﬁg?ect(tr‘%cdi'inb%n @ﬁﬁ%‘?}% Qﬂ‘cﬁ'{ﬁ

bet ween t he2igidf anded diffusiond eond@d 21 43f TtangistbisrveticlPhBE the mnates 00783 skiveh t he

gate electro 07A .of . th j rst N Ar i r 407 ig.fornmed hy a

o T 51 ool Vi e ee S obied by daeT ihe AN Manstiom it g the Wveter
(one- di menstignal a}e sHeiva hwithirSthe wgtdarbauﬂ&%y i dakled HAO 3109 T( msi%méwnal )
netal -2 structure 1907, a vi 1909, . a. (one-di nensi onal nmetal -1 structure

1911, and aloFahs pYHREL 801 ey UWITWéthE'ItE’E{eﬁF‘B pundsd ki theidashed dige b@clheen the 25
gate el ect rfgd@ 1493 QiA%ﬁ}ﬂvsﬁae%ﬂ&QIfMd{ é@ﬁﬁ'ﬁ%ﬁfch%@trﬁ:&%t&r@@logai@? of

el ectrode 405A of "the second NMOS transi stor 405 is forned ti-1evel
connect i on hadeuricrep-gerniedatraaisorscyn catected 165 form ¢ frapsmissipangateold )to thet al -

structure 1SuhaP Rl usiRte SRR nifliShe SREEATIRE ROIRGK SR o

connection 495 i or ned evel connection t
di f f usi¥h coedewrsly Chs:zised,aga(eenétbdif'm%rl?M%aar)msm#al and st NMIQR teangig@s407a vi a

(v of moncroaar ARTEAHGIE, o iRy dedhiat Ehlibdiol oL e b QifPiecdiga
Transi st or sPMﬂScﬂranEmnomdﬂBl enil mmnﬁmmusmr%mewlacmqally keenmeetgil, oas _
pounes b i 355l Rinkdt s O Shord MR AP A0 bt o |
directly carmasibed)?t Qe thmected pUorm dobarzhShissiam date 3108ioahe édd@morfbde 495.
25  Driving logic 2201 is electrically connected to both the second PMOS transistor 403 and
first NMOS transistor 407 at a terminal opposite the common node 495. Pull up feedback
logic 2203 is electrically connected to the first PMOS transistor 401 at a terminal opposite
the common node 495. Also, pull down feedback logic 2205 is electrically connected to
the second NMOS transistor 405 at a terminal opposite the common node 495.
30  [0080] Figure 22B shows an exemplary implementation of the latch circuit of Figure 22A
with a detailed view of the driving logic 2201, the pull up feedback logic 2203, and the
pull down feedback logic 2205, in accordance with one embodiment of the present
invention, The driving logic 2201 is defined by an inverter 2201A. The pull up feedback
logic 2203 is defined by a PMOS transistor 2203 A connected between VDD and the first
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two cross-coupled transistors 401 and 405 are positioned outside the pul
up feedback | ogic 1809 and pull down feedback |ogic 1811, respectively,
relative to the common node 495, in accordance with one enbodi ment of the
present invention. Pull up feedback logic 1809 is electrically connected
between the first PMOS transistor 401 and the common node 495. 5 Pull down
feedback logic 1811 is electrically conpected between the second NMOS

transi stor 405 and the compn n 49 (th the C e hd | oni ng
the PMOS/ NMVBMIQS d5ansistelo QL 1Hhe) B g%BWE' gfiﬁ?%%c f19 elzﬁgpﬁl ‘?éﬁg&} gg ¥ee Sback
Ioglﬁ 1809/ %star;{eb@éw%oh&c]gehgbmm?ggmmm[ﬂﬁ s;z:tml eﬁM@&. transistoEi 4% e 20A
is the sane as the circuit _ of Figure

exenpl ary i fshrsaive 8@q3$)r‘i’fothetm a??fﬁ‘sfﬁrrjgg}?‘f‘ ?ﬂ% Ei]l\g% %ﬂg‘i\%p%g?@;%et ail ed
view of the éﬁ%ﬂ pubi, Id@thlcﬁlbb\mderhtoqi thal 80 Bthepul | up
f eedback | oﬁ?%{cli%ggoégﬂem& tlllé)%degbv(% e dback Iggl c.18 in _accord nee wth

one enbodi nmmbodlfnenfh,ethpﬂemaﬂogiorﬂ?@htc%w definad By 98t Efréléa&t?‘gdﬂ erth 91800 s
defi ned by t. Hi3 anbifob
e1tnec by OQWt hﬁe?&%dsﬁl&rniégﬁglgﬁg R, Bt ;ﬂﬂtu bicR@ogdié 2

transi stor 4 e conmon 0, pul | . down fefedback
| ogi ¢ 1811 ipslidewh fedbioy 10gid 205 cambé dafined MIdbff@@ﬁrﬂ@@t‘@&t Behown ®second
NMOS transi stor 405 and the conmobn node 495. Respective gates of the PMOS
transi stor P899A and NMOS transistor 1811A are connected together at_the
f eedback noqgoghP@iureTReCpsHowsup miuliisievel |laxgtc of 9be lpteh crirepif Biguzen &2B\os

transi stor 1805A connected bet &% 403.
20 The pé | imglcaeptes W8R8 3 §P% %‘elﬂ%oﬁa‘f’ ?Q,C?g?%ﬁ{égg%;ﬁﬁ&wg K;DS #*#’5:?2‘? %ntﬁgr 1807A
connect ed bqu&@qnqua,ﬁmet Wigh fone SSmbdiiBEnt 0 riksd stesemt 4®anﬁﬂes‘§@c?lﬁ‘?ﬁ€0%at es
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t oget her at conescHetdd I1bytween, the %%QF‘HTOB?‘%gf@F(%%%%&% v ?g&?%{eerrent ations
of pull up dpjv gfectﬁagl Eoﬂn@% th@lﬂrét NMOB dishsieer HODiic f4802, bypal mulnxpieveéedback
| ogi ¢ 1809, and pu dback Io |c 811 .as sho e g@ 0B are
exenpl ary. Iwmhm%%dﬁ%@@ coptag220% pLpnerdimpnsiqha et?gll hﬁcown in Figure

20B can U3 t@x"'M@B 4 9B 721388 Fonctdimenzidnbl) down
driver |bgic i%&f}o @H ﬁﬂﬁﬂﬁoﬁﬁfﬁﬁwb sﬁ'ﬁc & QN 86 Fonel 15

eedback | ogi c 1809 and t he || do
f eedback | ogmeta]lBQtﬂmmﬁ'mB] ki agatecopiaet Zgh%\%é‘le slepifipg! copnsetign ﬁ93§]98t&‘iee’b?m{]t he

| atch circuit of Fi ah @b hte bRerdir 105 A 0P e
| ayout ar chl%%%?I?ﬁngg%%@?s%%@&@r@rﬂg%grla{ég?%éﬂog ayogt in accordance with

one enbodi Mmegkorf NMIOS Wlﬁsﬂmmﬁ v fornedby améuéqvelcchm@,calpn dhsh isldEHh 28161

bet ween the gate el ectrode,.401A o f Qizfar[qlthe
gate el ectr o%%‘ta&b%?ﬁof‘ (todipiepaion ﬁﬁ%ﬁtlr %;ﬁlg‘}uxsef%érﬁﬁt{?da?g&é rg?gﬂr%ﬁ ©

by a
mul ti-leyel GhHnGtidde amahaeu cometticnet9s & fgated hyermelt devebepnecgion that includes
(one-dinensional) netal -1 structut.e 2003, a %%}? ( g, nal )
metal -2 str u@ﬂﬁﬁa@orwwmt&%’{ & (Q'Eﬁjéfneﬁm?nﬁpég%%i#gsnm one’a%?)ag’ ggﬁ'ﬁﬁ HEhe

dimensional) metal-2 structure 2233, a via 2235, a (two-dimensional} metal-1 structure

2237, and a diffusion contact 2239. Transistors which form the inverter 2201 A are shown
within the region bounded by the dashed line 2201AL. Transistors which form the inverier
25 1801 are shown within the region bounded by the dashed line 1801L.
[0082] Exemplary Embodiments _
[0083] In one embodiment, a cross-coupled transistor configuration is defined within a
semiconductor chip. This embodiment is illustrated in part with regard to Figure 2. In this
embodiment, a first P channel transistor (401) is defined to include a first gate electrode
30  (401A) defined in a gate leve! of the chip. Also, first N channel transistor (407) is defined
to include a second gate electrode (407A) defined in the gate level of the chip. The second
gate electrode (407A) of the first N channe] transistor (407) is electrically connected to the
first gate electrode (401A) of the first P channel transistor (401). Further, a second P
channel transistor (403) is defined to include a third gate electrode (403A) defined in the



metal -1 structure 2011, and a gate contact 2013. The el ectrical connection
493 between the gate el ectrode 403A of the second PMOS transi stor 403 and
the gate el ectrode 405A of the second NMOS transistor 405 is fornmed by a
mul ti-Ievel connection that includes a gate contact 2015, a

(one-di nensional) netal -1 structure 2017, and a gate contact 2019. The 5
common node el ectrical connection 495 ig forned by a nulti-Ilevel connection
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[ 0076] Figu hows neralized | h circult in I.ch the
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t ransni ssi oelegaide $4BA)3f tha k&mntl @ chirnet GanRr (AI3R ARIfionklly, a6chasrdianGe: ™ t h
one enbogdi ment of the presept jnyventjon., As evi ously di scussed, gates of
The tiret prind byl Dl Mttt Ehoinp s seccr b Spmmpramsigor 405,

el ectrical | ynd oRBRL NethanAdl @40 R¥0F| 106t tebidcti €0 BifRISToh QB - cldtAuy gat es
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first transm ssion gate 2103 to the common node . The secon
transi st or d@sndniepnsistos (4QNMODe: figsh N shameh ornsisier (497Ahetbe csgecand P whanngl second

transm §$i o : k.l.oglLC [
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NMOS t r ansi sapdemen@edAgs rmmbgr pfiranisistors dpgpixsily onriected omproaileh dul ¢histdStandgy i vi ng

| ogi | I ical | ] d. i.
and 1 rst NUBSATAE 6F ar BT Bl MR p el Baf BE ORISR SRR fos.

Addi t i onal | gorrespoading moreithenofihe 485 Pichamehtresis@el (400), thecfirstip vhanaél ttahestonvert er

1801. The o ut, of t inverter.18 .S electrical.ly connect ed

f oadback: ol tns Fecand . oraiel btsist Ao i e Heme PEREEE A s ¢ ne

i[\&er t e1s Z&hbaﬁhemabrkteNOAdN%pﬂ Aeattabyonnestioh ﬁﬂhﬁlﬁpﬁtﬁﬂbi@ﬂb}fs iaqbla:lmal&o forfaD | nput
gate, a two input ate, _.appong.others, or any.co ex logic

finction. [BeR7Fanstsiref thfl%gséﬁswéegﬁﬂg%&%ﬁ%ﬁ%wa}“ﬁﬁ|°é%€ﬁflgﬁ%‘58r{° GFNEYRR | at ch

circuit of JdsBslf Bivébenthtl Ror heGfleAihbhtor ew of the driving Iogic 2107 and

f eedback [ ogic 2109, in accordance with one enmbodi nent of the@gresent

i nvent i on. [PA¥SIdR iope sEbpdigient, zadhrof; e disti (AR yecand (HR7d+ dird 3403 d0me
Simlarly, § @sﬁ?g&ﬁ 1O des # HafndaSto @%ﬁ@ﬁgné%[yﬁg ag@f@& @(‘r%a%]e%é%dé t

shoul d be under st ood™t gp I n other enbodi ments, I ng "l oglc 2107

and/ or 20109rasksn sheh aef¢sprbpdiyith exgiansd ot Figuretda dite ammbervel gate eleftoniegiack gur e
21C shows b I . L CL '

i npl ement e xEl%l ?tﬁgmgset}&gg tlF ?%(thg%f tg%%%yﬁ’e%/@%& é&%’%}?&%%gﬁft’tﬂeé%ﬁ:tg G%C}I(?)sﬂéqncoupl ed
transi st or AI8G, it should be understood that each of the first (401A), second (407A), third (4034),

and fourth (405A) gate electrodes corresponds to a portion of a respective gate level

feature defined within a gate level feature layout channel. Each gate level feature is defined
25  within its gate level feature layout channel without physically contacting another gate level
feature defined within an adjoining gate level feature layout channel. Each gate level
feature layout channel is associated with a given gate elecirode track and corresponds to a
layout region that extends along the given gate electrode track and perpendicularly outward
in each opposing direction from the given gate electrode track to a closest of either an
30  adjacent gate electrode track or a virtual gate electrode track outside a layout boundary,
such as described with regard to Figure 3B.
[0086] In various implementations of the above-described embodiment, such as in the
exemplary layouts of Figures 10, 11, 14C, 15C, 16C, 17C, 18C, 19C, 20C, 21C, 22C, the
second gate electrode (407A) is electrically connected to the first gate clectrode (401A)



| ayout, in accordance with one enbodi nent of the present invention. The

el ectrical connection 491 between the gate el ectrode 401A of the first PMOS
transi stor 401 and the gate el ectrode 407A of the first NMOS transistor 407
is formed by a nmulti-Ilevel connection that includes a gate contact 2111, a
(one-di nensional) netal-1 structure 2113, a 5 via 2115, a (one-di nensional)
metal -2 structure 2117, a via 2119, a (@ne-dinmensional) netal-1 structure

2121, and a gate contact 2123. The el ectri,cal..conngct | t he
gate el ect r §@eushos Kagong ﬁ@%@&ﬁﬂg‘fﬁﬁﬁe{h?egn‘?l S %@é egﬂcfﬁ?%éﬁggﬁgﬁe
el ectrode 4954 ofyat BR 860 NMRodd I0SAY inEleetftllycohmmctaddobthe shirdugaid - | evel
connection that ‘I ncludes a gate contact ,24}25, a &t\ﬁﬁ%%i %si ngllli% 18RI al -1
structure 2eRaroder(@0H)Ghrossk ahleat ono pisgiricakfandystox 4 oY ¥y &¢t'ri cal
connection J r a multi-level connection that includes a
di ffusion céﬁ’?&igﬁn@gg%?%ﬁone-di mensional ) netal -1 Eﬁgcértrjlct ur eh2133,tha Vi a
2135, a §on¢eusThinvirons implewetptions of the ppve-doseaibed gmppdymentgich gs mine
(two- di mensi Onagé%{yf o ﬁp@&{&%& H5t8 Rl dton@idle Blesliddt YS070) 200 Micafiist Zaiet3.

m

Tr ansi st or s AT r e”Irnverter 2107A are shown wthin the .region
bounded by teleetratiz e araforBdditen a singineatetewsl feafpp 3t Selefned Bt eS8 15

1555 Uk A TR ol

Tr ansi st or s & rnverter hown™ wi thi n t he regloB
bounded by a8 diregioniragion 8l hn n[tRE7diffusiony tagion AndsthofRr ggtneediofs ed

latch circuit in whjch t transi stors.(40 'y asoupl ed
transi stldrs %) dy ﬁW@@F@ﬁ'D?%n?c@ﬁoatﬁ? ?fﬁl(rﬁfsl a%% g@%&dg’g{l(g@%{%ﬁ%#ﬁ? ?gﬁm)n
node 495, i nyAGRAEaNERT bl ditirealychiprieet othér thandhqgatslevdl. i nvention. As 20
Fransi otor A008kin veiese AP EERTYIEB LT Sl Ao LR Bl pufcsy ' et TNES
ransi st or : y eletirica

connecti on 43dpilIRronBAraianl 151015 8E PR decani @0DK) d3hafivt ggeond
Connect | on AgSiroH{a0 Bugen N ASHS ESE G S o 1 PPN EPERERE: or
407 are gonnect ed 148 SloRl aO@kicoatelflectiode thick caibvoth npde
495. 25 1%ri OFWEJ%E‘S’%?}:&EQQ%%I e g@?ﬁdgg} I ga(_:ontﬁgect ed toefbot h the1 second
PMOS t r ansi sy diffaSomregiohi and tan NV diffusien segian. Ao, both thefayrih gilg © ?%’égi te
the comon n 49 Pul i I:Se&in8 Ghie &8l feMueammect ed
to the fi rSt(ﬂgﬁﬁngmﬁgfi%agfelﬁﬂgﬁﬁgq%}?Fﬁﬁ'ﬁgigﬁgrggogi tne%t he common ngde
495. Al so, pyldefisbawitticedbmed ghtedéve! RamE: lagous|chanel hal exjends ARBE £ SEFOPY t he
second NMOS transistor 405 at .a term.nal. [ R, 495. 30

[ 0080] Fi gur&atezei@tfgitiﬁa%kaﬁe"}%’rﬁﬂ‘3?%?‘8%8%?3%“?%@0 Stgﬁiemplétch circuit of
Figure 2ZA Wobdbian $ab airbedimeite theoibotbidestribedi gae Flogfasie X2ass-coymied ansisialip

f eedback | ogic £203, and t he glgi@l down fﬁeldbaqili(1 ihggioctr%%fﬁ?s ioh bafts CORdance
with one enbreafigemionoR ¥k 1o welement A RIS MPHEE 410 UG Togi% 2201 is
defined by ag iJaMflt &lilde@bdin fHewhlkdgatdio Famedsdaid 5| bghis efbodimient, détsined by
a PMOS transistor 2203A connected between VDD and the first % B

transi stor A@hfigmatonpol pullispriogie diPde is I"G@'i“&a Q'Zﬁ%mfcéeddgof #ﬁegmgy SR
transi stor 2205 ! forCH1ADEbwin 10 gis § C40TY eIy @wnsécekion 405.
Respective g %ngisghg?'{ajtaﬁga %ql\}m%ﬁ{ﬁ an@? stor 2203A glng NN& transi st.or 5A are
connect egs t ogyet fivetr Nathanhe faseidlon (R0 oa esecond 1 configurainsy, P PY '“Ban%‘Fs(tI% t hat
in other 5 enbodi nents, L) ' 1(@03) Pghddedet i GoRfigurigh C

ot her than a e&ﬂ?@?f‘éweﬂ%@o@é %%bs oh#%h euaﬁér?l%%rstgod thgt in, otgkiljrr

enbodi nent s, of fidl-dowinllogig( tHeatmaticallupnuectAts the serond Nﬁé}ﬁmeﬁﬁﬁﬁﬁls@é@%@ack

| ogi ¢ 2205 can._hbe defined.| ogic..di [ Q@ i Fauricauwte 22B.
[ 0081] Fi gur@Oggénéﬁ%wl?l%f%}bfglﬁgb%%f%égp %gféﬂ?f]ﬂg]sr g;(eiﬁ%&g%?c%\}rt of Figure
22B 10 i npl ep@nty theitsi1001)ds deftedibyt @thigalt chanesl dtansistgo(id0khle nd Betsarand

cross-coupl ed transistor_|ayoyt, ccor, i | t he
present P vemﬂﬁﬁhfa“q’h‘éfpé‘p'@@%iﬁl%%“l hg%ﬂﬁse%tfﬁglgdqngﬁ@{fﬁrgg%g%}\e?t e%ﬁ?g’tﬁéﬁéct rode
401A of the Ridsstiveeds bf MeIhisd PichaA0dl temsistohl 40 b )eand| thied Nochenubd wansssfort he
first NMOS transistor 407 is fornmed by.a nulti-| e\éﬁl ac%%%%{ailg%qubﬁEt

incl udes a g&4@3bmaeadectroply conpepiat JOBFMSE AR iBY AL FONR FaT 1 St uctur & 2209, a
15 via 2211, e@ctfi ﬁ%ﬂhmﬁw&aﬂm firge bl figArasib OOfullrdvwAags (BH07) ia de@kd bya
(one-di nensi ona ? tal -1 structure 2217, and aqn?%@re "%8‘3?[ agt %2%{? 14(-9(;)9

el ectrical corfowitN chanugd ransistord407Ahand the secapd ¢ att uflup ORI U 0N
PMOS transi stor 403 and the gate el ectrode 405A of the second NMOS
transistor 405 is fornmed by a nulti-Ilevel connection that includes a gate
contact 2221, a (two-dinensional) netal-1 structure 2223, and a gate
contact 2225. The



20 common node el ectrical connection 495 is fornmed by a nulti-I|evel
connection that includes a diffusion contact 2227, a (one-di nensional)

metal -1 structure 2229, a via 2231, a (one-dinensional) netal-2 structure
2233, a via 2235, a (two-dinensional) netal-1 structure 2237, and a

di ffusi on contact 2239. Transistors which formthe inverter 2201A are shown
wi thin the regi on bounded by the dashed3d i ne 2201AL. Transistors which form
the invertegs d&5 . b B3 e eg.hy hgd |ine
1801L. [ 00851 ey £ S 0 kel Bl 4RO RS R or B A

cr oss- coupl eepnnelaansistosy (14041 ansh furbnNi shaedli wadistrt (#0749 srenéletmmiligt or
chip. This gghadi LS | t [ 1) ' . Figure 2. In
this enbodi ?rent , bgﬁ’gi&tﬁrﬁoéﬁ)ﬁg%ﬁ%la%tq?%ﬂglgg %c}ﬁ\é(a Z%ﬁl&ﬁ@éagg%lﬁ)a%ed to include a
first gate 08¢} Inoeks @abodigant) the eboveadtsinibed mtet eledtende crosf-chupbedcinangistodl so, a

first Ngh - ' | s defi to i.nclud d

el ot oo ( SOTRPHRE 3, T 1o il o RSt Rl ol T RS gufat i o

el ectrode (4BFA)imert it ikusfrated tin bare vdthnekartl tafigsd 07, [(40RK) enodehattd faal |y
ted to t . t | . (401A) ..of the fi P.ch |

Cranststor fomeato O et BeECanibcslelbny cobmiSred, br e %) Pl ot | ne

to include marishtord4@f £ fiek ecifigaelfion 40 pAl-dowh IR (1705} e tricdlly 38hRclk@ve! of a

chip. Al so, _a secon channel . tr stor (405).18 defined to include a
fourth gat e8| F&B‘N‘iog'egta b@A’Tﬂﬂa’é‘iﬂr %g@)ﬁi And anxg dtigng dogie (6701 He desinsallyrhe

fourth gmt ecqhessd AR $h034neP dlitmer 8RR NeEH AR tle ArkATShahe @) | S

el ectrical lé connected to the third gate el ectrode (403A) of the second P
channel tr a8kt or (403). Additionally, each of the first P 5 channel

transi stor %g@gm tiid Jx%hpﬂ&ﬁé@d&ﬁﬁ#\ed 6ﬁlﬂédr§ 498 théHirk) %oilgg'?rg{i}glsﬁ gﬁggg E@é‘%

t ransi st or e and seconda N channe t.l‘ ansi st or
di f fusi on t@rfnadelnedduyra did B channelceansigtor 61 743 4b rand thenfirse cqnfigBiation of

pull-down logic (1705) is defined by a third N channel transistor (1705A). Respective

15 gates of the third P channel transistor (1703A) and third N channe! transistor (1705A) are

electrically connected together so as to receive a substantially equivalent electrical signal.,
Also, the mux driving logic (1701) is defined by an inverter (1701A).

[0093] In one embodiment, the above-described gate electrode cross-coupled transistor

ve

configuration is used to implement a latch having no transmission gates. This embodiment
20  is illustrated in part with regard to Figures 18-20. In this embodiment, pull-up driver logic
(1803) is electrically connected to the second P channel fransistor (403), pull-down driver
logic (1807) is electrically connected to the first N channel transistor (407), pull-up
feedback logic (1809) is electrically connected to the first P channel transistor (401), and
pull-down feedback logic (1811) is electrically counected to the second N channel
25  transistor (405). Also, the latch includes an inverter (1801) having an input connected to
the common node (495) and an output connected to a feedback node (1803). Each of the
pull-up feedback logic (1809) and pull-down feedback logic (1811) is connected to the
feedback node (1803). '
[0094] In the exemplary embodiments of Figures 18B, 19B, and 20B, the pull-up driver
30  logic (1805) is defined by a third P channel transistor (1805A), and the pull-down driver
logic (1807) is defined by a third N channel transistor (1807A). Respective gates of the
third P channel transistor (1805A) and third N channel transistor (1807A) are electrically
comnected together so as to receive a substantially equivalent electrical signal.
Additionally, the pull-up feedback logic (1809) is defined by a fourth P channel transistor
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[0084] It should be understood that in some enbodi nents, one or nore of the
first P channel transistor (401), the first N channel transistor (407), the
second P channel 10 transistor (403), and the second N channel transistor
(405) can be respectively inplenented by a nunber of transistors
electrically connected in parallel. In this instance, the transistors that
are electrically connected in parallel sgan be consi dered as one device

corresponding to either of the firs ch | ..t | , first
N channel t Flgﬂ%kta&h ‘gﬁ@?{ljdo?ﬁee%%ﬁ%ng)gﬁ @%gﬁnlesl Je? 9 gdn ?&2"{ g’ﬁlﬁ?i%f)h%t}glnd t he
second N chapngtori(IaINa). RepectidOfdtes dftthe Hbrts Rehhmiebrangistde (S0BAandigerth

el ectrical connection of I ple transistors j aral | el t r Il ven
transi stor B chapeel dragasiop Itl’éﬁ 4 %{ﬁ@ﬁ“‘é‘hl& rco%eﬁ#e?gtﬁge aelr 612 t}(l:cagee%ée%wg}tnlgfk?zed to
achi eve a d?]%bﬁ)ﬁd drive strength for the given transistor. [0085] In one
enbodi nent, each of the first q$]401A), se%gnd &4 7A), third flgBﬁ%S tand
fourth (#05095kneons @rkadinal the aheverdraeibed 2ate derifods SH03>SBrra Ghber of
gate el eC”Q@ﬁﬁ tibd aigkésed%cfﬁnﬁ%méﬁssr1a&ﬁdhwmé; tW6 Ofimisgiol gitése This The
nunber of gate“electrode tracks extend across the ?ate | evel, of the chip in
a paral | el embatimentiiofllusirated i pask #ith regash hFighiged 1 IAI‘IE%)?“’P‘E&%‘PHU%‘H“%

under st ood h%(%?@ﬁq agciutiaggfcbﬁu%&ecﬁ A0 the 36088 chahéitansisial (#3) 4RQ3R9 . and

fourth (405 e’el ectrodes corresponds to a portion of a respective gate
| evel feat ufiest Gethaneed twinsibton (487 lse, lfesdbackflegie (#109) isyleptricaly sprtecteEdeh gat e
| evel feature i ef i;ned 25 wi thi NahiyS W hEndiAyrqubs)Cirannel

wi t hout %ghyg’?@éﬁ? g‘fséé’n‘?%t 'fe?ﬁrﬁnsésg%{‘tﬁgfr) agg?fégfég%ﬂehf%g%r e defi ned )vm' thin an
adj 0i ni ng gaie fuane indeies b fiest tnayrte (180 hpmwil. 2n Epohcagaeated te i copmmpmupede | ayout

channel is associated with a gi,ven gate .el ect r ds to
a | ayout reff%hanhat O\ét?t‘te“r?ﬁgecquotﬂﬁ @ﬁcg’a |{1/°ec|% (%g{ﬂi %l{eg%%drbg eiog{r% a@@?\%
p?r pendijcul %chtYkicﬁlHr‘t &@ﬁllect&m tcﬁ&fépfe&_m@ﬂﬁ inode (moe)cg::l ahe exemplirpenpiodiernyaf e y
el ectrode track to a closest of either,an adj acent gat tr trac
or a virtuaFigges 8B the dryie 1?3‘%&10%5111539‘%@6@8}' :f‘y%ﬁ?n%b%ﬁ%%é?%/@l@ caﬁlagge
descri bgq Wféeﬁbécﬁ@?i@(ﬁ%@%ﬁi SH#Ed BPa thir@ $8ker (2108AI ous i npl ement ati ons of

ed enbo

t he above-descri i ment, such as in_the exenplary |a ts of Figures
10, 11, 14C[0096Lin eCemycrignentgtse apogrdesgphed gz‘fc?le"?g’_@? Cioioieg, e
el ectrode (4 Jx%r@nfé Redid iﬁ@léxﬁénpm&ﬁ%ﬁﬂg b ddhemfskibs batgaties ehtaieade

34 t’hiough a

(401A) east one el ectrical conductor defined w{fhin.any
chip | evel a¢ filesirdtddain patiavitpaegard to Figure 22. In this embodiment, driving logic (2201) is

electrically connected to both the second P channel {ransistor (403) and the first N channel

20 tramsistor (407). Also, pull up feedback logic (2203) is electrically connected to the first P
channel transistor (401), and pull down feedback logic (2205) electrically connected to the
second N channel transistor (405). The latch further includes a first inverter (1801) having
an input connected to the common node (495} and an output connected to a feedback node
(2101). Both the pull up feedback logic (2203) and pull down feedback logic (2205) are

25  electrically connected to the feedback node (2101). In the exemplary embodiment of
Figure 22B, the driving logic (2201) is defined by a second inverter (2201A). Also, the
pull up feedback logic (2203) is defined by a third P channel transistor (2203A) electrically
connected between the first P channel transistor (401) and the feedback node (2101). The
pull down feedback logic (2205) is defined by a third N channel transistor (2205A)

30 electrically connected between the second N channel transistor (405) and the feedback
node (2101).

[0097] It should be understood that the cross-coupled transistor layouts implemented
within the restricted gate level layout architecture as disclosed herein can be stored in a

tangible form, such as in.a digital format on a computer readable medium. Also, the



| evel . And, the fourth gate el ectrode (405A) is electrically connected to
the third gate el ectrode (403A) through at | east one electrical conductor
defined within any chip level other than the gate |level. 5[0087] In various
i npl ement ati ons of the above-descri bed enbodi nent, such as in the exenplary
| ayout of Figure 13, both the second gate el ectrode (407A) and the first
gate electrode (401A) are forned fromagpingle gate | evel feature that is

defined wit t I t at ext ends al ong
2 s ngl e gatienfort PREAR ik bl bo SRbUEL U 10RRL, e ba g ik MiRE an
type dif f usiredablegiedinm. Axlcompueer feudatilh mgdinm ie hrgcdatzosieragdddevibe Tis) cansstore
electrically connected to the, thir ate el ctr 403A rouhat | east
one el ectri égtﬁ @3%56@ gf‘er??%tﬁ R%&e%d? itn gﬁ’?e&ﬁ er?e&ﬁ?“%%‘%@? pf“ﬁ”é gat e
| evel . [ 0088dadibie maammuﬁcludemaﬁmmeatneaﬁﬁk extachdiestRgMBEAR) Sresid- &ﬁsﬂn@ﬂib@ﬁi ment,
such as Ln the exenpl ar | a u{{ é’f c&gur@@ both the second gate

el ect rodg ﬁ@?ﬂ}"aﬁﬁeﬁs F’r’? O E’ % Bt S ABERSHCApRes§ ﬁdrfﬁlaerf"?%‘iﬁ‘a
first gate beyebnbpadalirdts bdtagh SdedRES. ekt %ﬁl it fealldbls tm@lne che dIRVEE

feature | ayqut _channel that extends al ong irst gate electrode track over

both a p typetrivted weon neyrlpaf aw&vl%cqma%éymms 6% theh thecepmpyter sgadable ot h
the fourth g@deqsgbéghﬁ@g&cﬁtépﬁ@mmtmlﬁgy rd gate el ectrode (403A) are

formed froma secon ate |level feature that is defined within a second
gate level [0098Liey pa&@wpe@mr@mmﬂw@m@morgnmpm@faws@mmgm@eful

el ectro [ t fusion
ot on 16" FABAPURkBEL TR i chiBrust Ifiipd db Gl e il R oRGfb L
Cr oss- coupl thdse eperatiogs. crhecapphriatpa maetyl e spesiallys echsnocted'rﬁbreﬁte rnequaedmhnpoqel, exer

h t | . II trated n_par ith
nav 19 10 LRSS RS, ol RBE LR b3 WhE DR Sl
pul | -up | ogtempfutetG:in aise petfenn bﬂraabioyessmgnmgmﬂ dxecition ofrlrotsinePthahaﬂ met

el octrcal | Preahie St PipSe vhie pil bt tonli oL PO SPEIE TR AP second

confi guisat i Akerdhtively, Meﬁﬁ&hﬂnﬁﬂ%bc@bdﬁdﬁyrd gehbial pieposaR6Mmptet Rldchelpecond
P channel tranS| tor éﬁﬁ%) and a second configuration of pull-down |ogic
(1403) el ec?‘}t‘i"étﬁ 1% € td &y o5 Ph&OT COMBUIRY 8W§WHEI stpred 18; B¢ SFompUigs) .

[0090] In themBAY tdchsllorbbaiBPeVr s Abvorl. Wited daRSs W Bndlel ® AdwolidiRe ddid St

configuration o puII- up logic (1401) is defined by a third P channel
transi st or WAIGDRcesssHBY pHher compyies Bohe BRVPLe- &t ¢ HlRubef qsmppu@ampurcggl c

(1403) is d@bg eﬁe%ﬁdﬁﬁgnfsdoﬂhépé?&z Vb @RSdad Lo %%%ﬁﬁ% 25 FRAPR ﬁé fn4e gates

of the thir annel transisto 01A) and thir ransi st or
(1403A) 2Qir etraistooms flafa oy angstatscipadothergate dihe §@taalslytreprmnteamwhde that can

Cont i gur at i SRR 3 cfe Rkt HER 4 A0Roni U ERNBlL dBE Hd Blngiommd

transi st or datx1GnAR, somecatekcbesasmalddepintdd qua displ@n repﬁ‘espmldg-thmphmalmb_(eizﬂOS)
35

that results from the transformation of data. The transformed data can be saved to storage
generally, or in particular formats that enable the construction or depiction of a physical
25 and tangible object. In some embodiments, the manipulation can be performed by a
processor. In such an example, the processor thus transforms the data from one thing to
another. Still further, the methods can be processed by one or more machines or
processors that can be connected over a network. Each machine can transform data from
one state or thing to another, and can also process data, save data to storage, transmit data
30  over a network, display the result, or communicate the result to another machine.
[00100} While this invention has been described in terms of several embodiments, it
will be appreciated that those skilled in the art upon reading the preceding specifications
and studying the drawings will realize various alterations, additions, permutations and

equivalents thereof. Therefore, it is intended that the present invention includes all such
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is defined by a fourth P channel transistor (1405A). Respective gates of
the fourth P channel transistor (1405A) and fourth N channel transistor
(1407A) are electrically connected together so as to receive a
substantially equivalent electrical signal. [00911 In one enbodi nent, the
above-descri bed gate el ectrode cross-coupled transistor 5 configuration is
used to inplenent a nultiplexer having gne transm ssion gate. This

enbodinent is illustrated in part with regard taq, Figure 17, j

enbodi nent , aHertignsaddisians. SERALGRS: 3P 5‘1}11‘{&-9“1?& aﬁ@} E”‘%ﬁ%sﬁ‘iei Sg{r{ellaé%%cr%})%al ly
connected tQehhe Jhést P channel transistor (401), a first configuration of
pul | - down |OgIC%2f705) electrically connected to the second N channel
transi stor (405), and nmux driving logic (1701) is electrically 10 connected
to both the second P channel transistor (403) and the first N channel
transi stor (407). [0092] In the exenplary enbodi nent of Figure 178, the
first configuration of pull-up logic (1703) is defined by a third P channel
transi stor (1703A), and the first configuration of pull-down |ogic (1705)
is defined by a third N channel transistor (1705A). Respective 15 gates of
the third P channel transistor (1703A) and third N channel transistor
(1705A) are electrically connected together so as to receive a
substantially equivalent electrical signal. Al so, the nux driving |ogic
(1701) is defined by an inverter (1701A). [0093] In one enbodinent, the
above-descri bed gate el ectrode cross-coupled transistor configuration is
used to inplenent a latch having no transm ssion gates. This enbodi nent 20
is illustrated in part with regard to Figures 18-20. In this enbodinent,
pul |l -up driver logic (1805) is electrically connected to the second P
channel transistor (403), pull-down driver logic (1807) is electrically
connected to the first N channel transistor (407), pull-up feedback |ogic
(1809) is electrically connected to the first P channel transistor (401),
and pul |l -down feedback logic (1811) is electrically connected to the second
N channel 25 transistor (405). Also, the latch includes an inverter (1801)
havi ng an i nput connected to the common node (495) and an out put connected
to a feedback node (1803). Each of the pull-up feedback | ogic (1809) and
pul | -down feedback |logic (1811) is connected to the feedback node (1803).
[0094] In the exenplary enbodi ments of Figures 188, 19B, and 208, the
pul I -up driver 30 logic (1805) is defined by a third P channel transistor
(1805A), and the pull-down driver logic (1807) is defnmed by a third N
channel transistor (1807A). Respective gates of the third P channel

transi stor (1805A) and third N channel transistor (1807A) are electrically
connected together so as to receive a substantially equivalent electrical
si gnal .



Additionally, the pull-up feedback logic (1809) is defined by a fourth P
channel transistor 36 (1809A), and the pull-down feedback logic (1811) is
defined by a fourth N channel transistor (1811A). Respective gates of the
fourth P channel transistor (1809A) and fourth N channel transistor (1811A)
are electrically connected together at the feedback node (1803). 5[0095] In
one enbodi nent, the above-described gajge el ectrode cross-coupled transistor
configuration is used to inplenent a latch having two transm ssion gates.
This enbodiment is illustrated in pgtapgd h regard to Figure 21. In this
enbodi ment, driving logic (2107) i %I‘ECT‘H cally connected to both the

second P chanrlel tna qi?tﬁ%%%?(:ﬂﬁl?t?’% r@}gm he first N channel transistor (407).

Al so, feedback Iogl C ally connected to 10 both the first
P channel trans Istt orsétoro t?}”c%ans second N channel transistor (405). The
latch further 4HEHFHY AL Y% (1801) having an input connected to

t he common nodg_ %t %t q. ﬁi‘%{‘ t nect ed to a feedback node (2101).

The feedback PIYrcraPITedy 3%ECo8f £a197¥ "y connected to the feedback node
(2101). In the exe Iarﬁ?/ \Pgbft ment .of F| ure 21B, the driving logic (2107)
i s defined by 25°C8¢ GATFTOR SBRYSRSYPSNd t he 15f eedback |ogic (2109) is

defined by a third inverter (2109A). [0096] In one enbodi nent, the

above- descri b@deipRf Fanyisteraf Jisecqnd SenyiBefR%l t r ansi stor configuration is
used to inplement a | atch havi ng% one transm ssion gate. This errbodl ment is
28

i | lustrated i fageefithefitshandesgeqnd trapsistprs pf ghefirst trqnsrﬁqar typearbichahthe figtti vi ng

| ogi c (2201) is electrically connected to both the second P channel
transi st cind(seoayd tangistase of i ﬁ% seoRnd Hegpsigpr type having a respective gate electrode

extending lengthwise in a parallel direction, the gate electrodes of the first transistor of the
first transistor type and the first transistor of the second transistor type having their
lengthwise centerlines substantially aligned to a common gate electrode track extending in
the parallel direction, the gate electrodes of the second transistor of the first transistor type
and the second transistor of the second transistor type positioned on opposite sides of the
common gate electrode track,

each of the first and second transistors of the first transistor type formed in part by a
respective diffusion region of a first diffusion type electrically connected to a common node,

each of the first and second transistors of the second transistor type formed in part by
a respective diffusion region of a second diffusion type electrically connected to the. common
node, the diffusion regions of the first diffusion type collectively separated from the diffusion
regions of the second diffusion type in the parallel direction by an inner non-diffusion region,

the gate electrodes of both the first transistor of the first transistor type and the first
transistor of the second transistor type formed by a first conductive structure so as to be
electrically connected to each other through the first conductive structure, the gate electrode
of the second transistor of the first transistor type formed by a second conductive structure,

the gate electrode of the second transistor of the second transistor type formed by a third



20 transistor (407). Also, pull up feedback logic (2203) is electrically
connected to the first P channel transistor (401), and pull down feedback
| ogi c (2205) electrically connected to the second N channel transistor
(405). The latch further includes a first inverter (1801) having an i nput
connected to the common node (495) and an out put connected to a feedback
node (2101). Both the pull up feedbacl& | ogi ¢ (2203) and pull down feedback
| ogic (2205) are 25 electrically conné@ ed to the feedback node (2101). In
t he exenpl ary enbodi nent of Figure 22B, the driving |ogic (2201) is defined
by a secditdictiyepstrestureogash of thoiuy, sqoppd, ﬁﬂ& |thiggh cencliefivec TUCHEs dn¢leding) i s
defined by a third P channel transistor (2203A) electrically connected
bet ween tRfEtidqns extendingough the inner aeisdifidien 180 and t he feedback node (2101).
The pull down feedback |ogic (2205) is defined by a third N channel
transi stor (22084 cendustiec cpitadiingystaisirre conngciodtinelbn ROHEONs ot ditd segoBhannel
transi stor (405) and the feedback node (2101). [0097] It should be
under st oomndistive stivstucs hatexteodpivetithe inmsiantdifudienmsgios; andpl enented wit hin the
restricted gate | evel layout architecture as disclosed herein can be stored
in a tangibl e af scond sochctee contatiog girbethref omnedtedotp shec porpion enf the gbliad| e
medi um Al so, the

conductive structure that extends over the inner non-diffusion region, each of the first and

second conductive contacting structures respectively defined as either a gate contact or a

local interconnect structure.

2. An integrated circuit as recited in claim 1, wherein at least one end of the
second conductive structure and at least one end of the third conductive structure are aligned

to a first common position in the parallel direction.

3. An integrated circuit as recited in claim 2, wherein at least a portion of the first
conductive contacting structure and at least a portion of the second conductive contacting

structure are aligned to a second common position in the parallel direction.

4. An integrated circuit as recited in claim 3, further comprising:

a third transistor of the first transistor type;

a third transistor of the second transistor type;

a fourth transistor of the first transistor type; and

a fourth transistor of the second transistor type,

each of the third and fourth transistors of the first transistor type and each of the third
and fourth transistors of the second transistor type having a respective gate electrode

extending lengthwise in the parallel direction,



37 invention described herein can be enbodi ed as conputer readabl e code on
a conputer readabl e nedium The conputer readable nediumis any data
storage device that can store data which can thereafter be read by a
conput er system Exanples of the conputer readable nmediuminclude hard
drives, network attached storage (NAS), read-only nenory, 5 random access
menory, CD-ROVs, CD-Rs, CD RW, nagne%hc t apes, and other optical and
non-opti cal data storage devices. The conputer readabl e nmedi umcan al so be
di stributed over a, network coupl ed_.comput er. syst.e so that the conputer
feadable. code e BHOREHOMR af Ledbif ot FiRE T SupR Bh B RS SHsBRY SFE088s Any
of the operations describe erein that. for art of the invention are
Dsef Ul 5 CoHReH REBHE Che e oot At GhOLe fropdl LRSI & TS or an
apparatus for performng these operations. The apparatus nmay be specially
const r uctReH ofBFOIF%EOWdéE%%iW@dShﬁEﬁdF?BE CUEG RIRCYEe, Q“gpeci al purpose conputer.
When defined as a special purpose conputer, the conputer can al so perform
ot her pr ocessicAd of fhediptaspcende aist thiss conduptiyigsirivdures baying linepohagtar t of the
speci al purpose, while still being capable of operating for the special
purpose. 15 Alternatively, the operations nmay be processed by a general

pur pose conputer selectively activated or configured by one or nore
conput er progans 4ndrtegtatedcirdud ag tepied arclaim dofythercgupdsingr  obt ai ned over a
networ k. When data is obtained over a network the data naybe processed by
ot her conput erms nomtradsistore lingarishaped ggate dewdl ofedtuet, wherpint eal diseayishaped .

[ 0099] The enbodi nents of the present invention can also be defined as a
machi ne tdoaduclide stransé thardordst A 1Easo mmo pae stcatradet of thedirtesecetdtteird, Bhé dat a
may represent an article, that can be represented as an el ectronic signal
and el ectfbortt ealsisyorasithe fitsatransibadraypend ther s f@ond dhicthtiad foarth tamsisase
cases, be visually depicted on a display, representing the physical object
t hat resuwftthe kécond tlassidtoranypd & paitionsd @tcotdlh@to Ahatet pihsdefined ds dmteguatan be
saved to storage generally, or in particular formats that enable the

const r UCtdeRidr-RLccHRPSpating® Medurdll iARYKSEdHAldiréGionbeiviean 6djdeat £t RG4] fednites; OME
enbodi nents, the mani pulation can be performed by a processor. In such an

exanmpl e, higcBAPAR&SOH pbipkfdidulANs it pRalld ireldion, AddORhRER thhhéBurimisfRot her .
Still further, the nmethods can be processed by one or nore nmachi nes or

Pr 0cessongel\ibpddhtes cFRANRAL S0 fYRIontd RELMRIEo teaale gl NI ne can transform
data from one s%ate or thing to another, and can al'so process data, save
data to storage, transmt data 30 over a network, display the result, or
comuni cate the result to another machine. 1001001Wile this invention has
been described i n heriffeledSG4GE Ak SR WRDL S, rbrctd bl BEAPALAGIALCD that
those skilled in the art upon reading the precéding specitications and
studying the draw,nas.. w |l reali vafl.i a rations itions.

per nut at i° ncgmraenﬁ eéeqcufc\?gﬂ’ ecﬁrtl[}se%‘taeﬂetég% .%llicﬁg(?ngp %)tivg&ituft%fésmlrﬁ%gna&ege Srﬁ%atl t he
present inven I erah%gas, addi ti ons,

N i ncl yde | h. 38 alt
per mut at ic8ﬂ%e,°h| O@‘atlee%f?fla%'fl}ﬁ%@ﬁ‘ig Caaﬁ"fg%?/\’i"feﬁ‘ioﬁmtc rue spirit and scope

7. An integrated circuit as recited in claim 6, further comprising:
a third transistor of the first transistor type;

a third transistor of the second transistor type;

a fourth transistor of the first transistor type; and

a fourth transistor of the second transistor type,



dl

of the invention. 39 CLAIMS 1.An integrated circuit, conprising: a first
transistor of a first transistor type; a first transistor of a second
transi stor type; a second transistor of the first transistor type; a second
transi stor of the second transistor type, each of the first and
second transistors of the first transistor type and each of the first and
second transistors of the second transistor type having a respective gate
el ectrode extending lengthwise in a pzﬁzal | el direction, the gate el ectrodes
of the first transistor of the first transistor type and the first,

transi stor of eatheofghetbird and Byeth srewsistery phthe Ayt fransisaitype| aad gagngidie third
centerlines substantially aligned to a cormon gate el ectrode track

ext endi nganidnfoutie tpasistorsedf ther sacond transistes fyae davhg @ FaspRSt Vo feaichdedwdend
transistor of the first transistor type and the second transistor of the
second t raxtsidsigdengthype ip dsipaiallelaliredivnppposi t e si des of the common gate

el ectrode track, each of the first and second transistors of the
first transi steath gatpeldcaoded! ile fiat, tsebynda thiels pad tiowth tarfsisteas of theedirson of a
first diffusion type electrically connected to a cormmbon node, each of
the firstuaedios ependd bf anrsirst sfcend)fthitd)and Gwth dransistosiof tlor sebyrletrdnsiswed i n
part by a respective diffusion region of a second diffusion type

el ectri cadfybé/ peSfaRat Rborlimgt bea garMEIRhn®daed tabendidulli taitepo-cagrospaciof t he
first difrusion type collectively separated fromthe diffusion regions of

t he secongeginfef Ui £Redod®P AlidetichBetRedhahdjfentd b4t ldcREdebY the NsebdHie Birection
non-di f fusi on region, the gate electrodes of both the first

~transi St OferQhdicligr bithefardifcPiiRi@dOr type and the first transistor of the

second transistor type fornmed by a first conductive structure so as to be
el ectrically connected to each other through the first conductive
structure, the gate electrode of the second transistor of the first

transistor tyne ! Oniieliied @RI kcRONMAEh YewRELiH Bf 1isPp pbiien BAhE R} eC1 T ode

of the second transisto e second transistor type by a third

40 conductive contacting structure and at least a portion of the second conductive contacting

structure are aligned to a common position in the parallel direction.

9. An integrated circuit as recited in claim 8, wherein the part of the electrical
connection that extends through the single interconnect level is formed by a linear-shaped

interconnect conductive structure.

10.  An integrated circuit as recited in claim 9, wherein each gate electrode of the
third and fourth transistors of the first transistor type and each gate electrode of the third and
fourth transistors of the second transistor type is formed as part of a corresponding linear-
shaped conductive structure, and wherein each of the first, second, and third conductive

structures is linear-shaped.

11.  Anintegrated circuit as recited in claim 1, further comprising:



conductive structure, each of the first, second, and third conductive
structures including portions extending over the inner non-diffusion
regi on; a first conductive contacting structure connected to the
portion of the second conductive structure that extends over the inner
non-di ffusi on regi on; and a second conductive contacting structure
connected to the portion of the third gonductive structure that extends
over the inner non-diffusion region, each of the first and second

ot by SOPARRNINGe! EHEIECRARRIREEbh ok oy Fike Il HOS m Bl o

contact or a OC8.| onnect rat I'rcuit
te I d t
i S SR WS, O Ll I
I dt f t t . | 1 el. di 4 geen 3. A
9003 o ECHTERMRE P BE R bt 68 By e o

first coa@gctlve contacting structure and at least a portion of the second

conduct i %ontacting structure are aligned to a second conmon position in
the parallel direction. 4. An integrated circuit as recited in claim
3, further conprising: a third transistor of the first transistor type; a
third transistor of the second transistor ty a fourth transistor of the
first transistlér tﬁﬁéﬁqﬁﬂﬁiQ“W&&?FW“?*Qﬁ#?§ﬂéfmﬁhﬂﬁﬁ@P§%@bnd transi stor
type, each of the third and fourth transistors of the first

transi stor typdhighpnsigionoighe fipsbtrangistaaty®ed fourth transistors of the second
transistor type having a respective gate el ectrode extending | engthw se in
the paral | el ~ @itliedtrangigtor ofghe second trangister yaee el ectrode of the third and
fourth transistors of the first transistor type and each gate el ectrode of
the third andaffouthttransistaneithe rsktrasbistohtyps;emdnd transi stor type fornmed as -
part of a corresponding |inear-shaped conductive structure, and each of the
first, seconda feurth ttansistdr afdheisecorideensistoutypesr es havi ng a | i near shape.
each of the third and fourth transistors of the first transistor type and each of the third
and fourth transistors of the second transistor type having a respective gate electrode
extending lengthwise in the paraliel direction,
each gate electrode of the third and fourth transistors of the first transistor type and
each gate electrode of the third and fourth transistors of the second transistor type formed as
part of a corresponding linear-shaped conductive structure, and

each of the first, second, and third conductive structures having a linear shape, and

wherein the non-transistor gate level feature is linear-shaped.

13.  An integrated circuit as recited in claim 12, wherein each of the first and
second transistors of the first transistor type is formed in part by a shared diffusion region of
the first diffusion type, and wherein each of the first and second transistors of the second
transistor type is formed in part by a shared diffusion region of the second diffusion type, the
shared diffusion regions of the first and second diffusion types electrically connected to the

common node.



5. An integrated circuit as recited in claim4, further conprising: a
non-transi stor |inear-shaped gate | evel feature, wherein each |inear-shaped
conductive structure that forns at | east one gate el ectrode of the first,
second, third, and fourth transistors of the first transistor type and the
first, second, third, and fourth transistors of the second transistor type
is positioned according to a gate pitcg defi ned as an equal
center-to-center spacing neasured in #4*second direction between adj acent
gate level features, the second direction perpendicular to the parallel
direction, and wherein the non-transistor |inear-shaped gate |evel feature
is also positioned according to the gate pitch. . 6. An integrated
circuit as redit edAnnintsigeses gircuithasr esciied e clabR ohdd VSRl CRGhy HodfFRAPEGr e i s
electrically connected to the third conductive structure through an

el ect ri calondustine stricture ttia tformet asepst pre gate eleetdsuafiihe fisstnsgrend; ik @dthnect
level. 7. An integrated circuit as recited in claim6, further conprising:
a third tioatisiratsstroroéf théErst iransistar tenesing ther firsty preond thitd pryl foprlh Fansisars of t he
second transistor type; a fourth transistor of the first transistor type;
and a f oustt the tsécdnd itahgstorofypt lie pesitionad] atooatisg &t ergateypitsh defiged as an equabh of
the third and fourth transistors of the first transistor type and each of

t he thir deeiReltd-@utet kpating Aasiral ia acbednl dirs@ioo hbetweraadjacshtogate Iy fdagwisng a
respective gate electrode extending |l engthwise in the parallel direction,
each gat ehekaohd aiectioh pefendidul&tio tsepaalltl dirkitiod, andnehdrein thehndnrteansisot or s of
the first transistor type and of the first, second, third, and fourth
transi st OfaéhapddErafea RN fhatuf B BisS bNitidn¥dsccp@iglth diegdieaitcior ding to a gate
pitch defined as an equal center-to-center spacing neasured in a second

di rection between adjacent gate el ectrodes, the second direction
perpendi cul ar to the parallel direction. 8. An integrated circuit as

recited in clgism 7Anvml%%§!eﬁ cBluil £38dited iPQLT ) wkreld £ cdntdifie-16 RBiettihé Ve
contacting structure and at |east a portion of the second conductive

contacti na%st%ﬁc%%trgéaﬁlﬂgﬁ e Q0K C#il%c@oncﬁ’ém% ﬂ@?htteiéi’&trb&bstd’fﬁhé)ﬁfs@ah@'

di rection. n integrated circulit as recCited in claim@8, wherein

 th t of the elect : o the i
e

silapal. i n ot

near -sSs I nt erconnect conductive

structure,, 10. An.integrated clrcul S j t 1. Cleai erein
each gat ed‘étla’éc(?tarsd'ﬂﬁffs'ﬂf?é]%g’et %F‘?ﬂg dz:ii'rr?gi{1 noﬁcrt@%&t th éa%%:es@?%yls)&gféfﬁ hé;ﬁ?slt r }Si‘é[F

transi stor type and each gate el ectrode of the third and fourth transistors
of the seﬁﬁﬂé‘#?gﬁgﬁ§$ngg B&”@?“%Fﬁ@d as part of a corresponding

| i near - shaped conductive structure, and wherein each of the first, second,
and third conductive structures is |inear-shaped. 11. An integrated

circuit as recited in claiml, further.c risin
1 An integrated circuit as recited in c?al 1, Wherg’m each of the first and second

transistors of the first transistor type is formed in part by a shared diffusion region of the first
- diffusion type, and wherein each of the first and second transistors of the second transisior
type is formed in part by a shared diffusion region of the second diffusion type, the shared
diffusion regions of the first and second diffusion types electrically connected to the common

node.

17.  An integrated circuit as recited in claim 16, further comprising:
a non-transistor gate level feature positioned next to and spaced apart from multiple

diffusion regions of the first diffusion type, and the non-transistor gate level feature



43 a non-transistor gate level feature positioned next to and spaced
apart fromnultiple diffusion regions of the first diffusion type, and the
non-transi stor gate | evel feature positioned next to and spaced apart from
multiple diffusion regions of the second diffirsion type. 12. An
integrated circuit as recited in claim1l, further conprising: a third
transistor of the first transistor type; a third transistor of the second
transistor type; a fourth transistor o the first transistor type; and a
fourth transistor of the second transistor type, each of the third
and f our tpesitiongtonext tr andospacet aptt from multinksi difieniont spgiensnfithe aedond Hiffikient hi r d
and fourth transistors of the second transistor type having a respective
gate el ectyp@de extending | engthwise in the parallel direction, each
gate electrode of the third and fourth transistors of the first transistor
type and each gate electrode of the third and fourth transistors of the
second transistor type forned as part of a correspondi ng |i near-shaped
conducti ve stract uAa,inepdtedatbuiobs tdeied i Shim $EOOIREin Adsdebid ebngerRyct i ve
structures having a linear shape, and wherein the non-transistor gate |evel
feature isgrubtureRrelcdnealyl.connected td3he Miird BéRIBEREeCHruCIuFL tirdughSan’ B8étti@d 1 N
claim12, wherein each of the first and second transistors of the first

t ransi st QjonhetH6n fhét dx@LAER pad tRBEdh Dingle HtABRbctielélusi on region of the first
di ffusion type, and wherein each of the first and second transistors of the

second transistor type is formed in part by a shared di ffusion regi on of
the second diffusion type, the shared diffusion regions of the first and

second di ffusiign t XRGRedhEfLitduial hetuGPARREA S, Aifnd:I6mpOIRRN node. 44

a third transistor of the first transistor type;

a third transistor of the second transistor type;

a fourth transistor of the first transistor type;

a fourth transistor of the second transistor type,

~each of the third and fourth transistors of the first transistor type and each of the third

and fourth transistors of the second transistor type having a respective gate eclectrode
extending lengthwise in the parallel direction, |

each gate electrode of the third and fourth transistors of the first transistor type and
each gate electrode of the third and fourth transistors of the second transistor type formed as
part of a corresponding linear-shaped conductive structure, and

each of the first, second, and third conductive structures having a linear shape; and

a non-transistor linear-shaped gate level feature.

20.  An integrated circuit as recited in claim 19, wherein the part of the electrical
connection that extends through the single interconnect level is formed by a linear-shaped

interconnect conductive structure.



SHNLE FAPISE IR 5 R A !

14. An integrated circuit as recited in claim13, wherein each

| i near - shaped conductive structure that forns at | east one gate el ectrode
of the first, second, third, and fourth transistors of the first transistor
type and the first, second, third, and fourth transistors of the second
transi stor type is positioned according to a gate pitch defined as an equal
center-to-center spacing neasured in a second direction between adj acent
gate level features, the second direc#bon perpendicular to the parallel
direction, and wherein the non-transistor |inear-shaped gate |evel feature
is also posi ti2@,nedAaq,g@%Tgue@grdun ak heeiterbinelapn f clarther comprising.  An i nt egr at ed
circuit as recited in claim 14, wherein a centerline-to-centerline distance
as neasured in %Qqeéﬁﬁgﬂﬁgb 18t fevetsi agntetdcwedao flahmngstoreofehecist trgeistonyPe he
first and seco transistors of the first transistor type is substantially
equal to d%g%?a%ﬁgﬁdsrggﬁ%% Sekahbidusinstancef dr sawad diffadion typehe second
direction between the gate el ectrodes of the first and second transistors
of the second transistor type. 16. An integrated circuit as recited
inclaiml, wherein each of the first and second transistors of the first

transistor typg is fo [Egg R tas BYciRd Sh 18R i Whuginoeach egith fiek ahdhe fir st
di ffusion typ%,%' anélqnvé]le eltérqncelac agf %lhe first and second transistors of the

second transistor. type. s ' r iR natn 8¢ e Ghated ditfasionroggiodn of
t he seconﬁ?c?ﬁdfstfatﬁlglis%fy’? q%y}%eef}éﬁdgggﬁgg%gﬁdfwﬁsi &n rfe'gi ons of the first and

second diffusiop. types elegtrically.cC N oNGEe d
17. An i nfhéd-’rr%ﬁcﬁﬁ“%&nr%?’tan SWhrege%} £ %68 Oggﬂfﬁ%?%él%?&ﬁ??ﬁer cgrrpri Z?):]lg:

a non-transi stor gate |level feature i Lo PAGRR, dpart
from nul tP’ﬁ‘}S@tQHF)fP%d% °8Hedr‘é‘§ia§§¥a Earf‘ﬁg&?]lgl?@%% |n1fb ? E{s‘aisg%nlta {‘}ggﬁ and the

non-transi stor gate | evel ature 45 ed : apart
from rul t Bhsres diffpsiensicgling el 8%5“ gpd f%ggcgglg%%g‘pg@?%]ﬁé(%ﬁé%ﬁg?g%e%@%ﬁe18. An
integrated circuit as recited in claim 17, wherein the second conductive
struct ur ecosmen Beder i cal |y connected to the third conductive structure

t hrough an el ectrical connection that extends in part through a single

i nterconnect | evel. 19. An integrated circuit as recited in claim18,
further conprising: a third transistor of tIyEl(é%fi r st, tran%ri[lifnt-%r—cesm e 2

third transi st23. ofAn tegeedorguit paresitest ig clal whereip g ceperipe

ansistor of the
first transistor type; a fourth transistor of the second transistor .type,
each of t kisdnbé sscnesred muarsebond dirpetiontbgimsenthe gale "F’F‘F%q%s P‘?%ﬁ.@f%i‘ Se?‘i}l&e and
each of the third and fourth transistors of the second transistor lgﬁlpe
having a h@eaestiofcthgdirs: einsistor dxee xsubstantingy | Spglt 19wk SENFRIPTRECHETAT e
direction,

distance as measured in the second direction between the gate electrodes of the first and

second transistors of the second transistor type, the second direction perpendicular to the

parallel direction.

24.  An integrated circuit as recited in claim 23, further comprising:
a third transistor of the first transistor type;

a third transistor of the second transistor type;

a fourth transistor of the first transistor type; and

a fourth transistor of the second transistor type,



each gate electrode of the third and fourth transistors of the first

transi stor type and each gate electrode of the third and fourth transistors
of the second transistor type formed as part of a corresponding

| i near - shaped conductive structure, and each of the first, second, and
third conductive structures having a |inear shape; and a non-transistor

| i near - shaped gate | evel feature. 20. An integrated circuit as
recited in claim19, wherein the part‘gf the el ectrical connection that

ext ends through the single interconnect level is formed by a |inear-shaped
i nt er connect CaWdRidRe thid ard {puth fransistorg of the first transistoy{ypeand gaeh fdbethirdui t as
recited in claim1, further conprising: ..a gate level feature that
forms a g eforrtsdrapgistarsopl e sespngd Fapsstest typedaying & respegtis atsr elesipnde and
that extends between at |east two diffusion regions of the second diffusion
type. extendipg lengthwiisetie e paraleldirectiint as recited in claim21, wherein each
of the first and second transistors of the first transistor type is forned
in part by a shelrgste elpdtfode iobtherthigd emd fofurth trandisters tof dhef firstsiramistoy fipe aadd
wherein each of the first and second transistors of the second transistor
type i s feaehgade elactyede of the thirdherfeurtidirffsisgiroof the gicomd winsishe typedamdddisf f usi on
type, the shared diffusion regions of the first and second diffusion types
el ect ri cglattyf ¢ commpdreithgtlmesrhshagedromducticdgructure, and 23. An integrated circuit
as recited in claim?22, wherein a centerline-to-centerline distance as
measur ed in aeshade fitit @corndpandabirdvesiduétive sgadtarechRdigradihes: shhpef he first and
second transistors of the first transistor type is substantially equal to a
centerline-to-centerline distance as neasured in the second direction

bet ween the gate el ectrodes of the first and second transistors of the

second transi $50r ARfhodifoecrefmg adaydid TGk iREerRed AR Slpiking0 the parall el
direction. 24. An integrated circuit as recited in claim 23, further

conpri sing:  achdphtin o doipsiePioUefifd a lahSut ol h Hikst IrhRNRIr OF £ first WRRIstR gl rd
transi stor of the second transistor type; a fourth transistor of the first

transistor typgiratfiddhe computer to define a layout of a first transistor of a second transistor

type; -

operating the computer to define a layout of a second transistor of the first transistor
type;

operating the computer to define a layout of a second transistor of the second
transistor type,

each layout of the first and second transistors of the first transistor type and each
layout of the first and second transistors of the second transistor type having a respective gate
clectrode layout feature extending lengthwise in a parallel direction, the gate electrode layout
features of the first transistor of the first transistor type and the first transistor of the second
transistor type having their lengthwise centerlines substantially aligned to a common gate
electrode track extending in the parallel direction, the gate electrode layout features of the
second transistor of the first transistor type and the second transistor of the second transistor

type positioned on opposite sides of the common gate electrode track,



a fourth transistor of the second transistor type, 47 each of the
third and fourth transistors of the first transistor type and each of the
third and fourth transistors of the second transistor type having a
respective gate el ectrode extending | engthwise in the parallel direction,
each gate electrode of the third and fourth transistors of the first

transi stor type and each gate electrode of the third and fourth transistors
of the second transistor type formed &8 part of a corresponding

| i near - shaped conductive structure, and each of the first, second, and
third conduct iesich Bysunof treefrstandisaepnd tiansisions of eplirst tpasistop PR derYdie 2reat i ng
a layout of an integrated circuit, conprising: operating a conputer to
define a jegwoive diffusior fegidh layoansf s fict difusmnftypesto bercdevricatip eonnggied loper at i ng
the conputer to define a layout of a first transistor of a second

transi st ogopinydiod@per ati ng the conputer to define a | ayout of a second
transistor of the first transistor type; operating the conputer to

define a | ayougctohycht 5£HO fiekt hiidgsoml tinsistbrstof regecnd tratsigorsystiocludigpe,
each layout of the first and second transistors of the first transistor

type and &foe@ti\lea%%imp]fegfoﬂ%)fohf St 2 @REEEERLIGh typans bs tlectscaly cohmecedaond
transi stor type having a respective gate el ectrode |ayout feature extending

| engt hwi sg,.i A ekl Gle difuSioh i @fion iRuBabL Rl 6t ifleichaypetcollesively es of
the first transistor of the first transistor type and the first transistor

of Lhe s ?gel?)fqrgteh i 54 QTR Se1BY 1430 he |s8I064 BRNCEDE o ik paralc

al'igned to a co n gate electrode track extending in the
par al | el

transi st Ogiire[% 181%. gar}%inﬁg%oltg_ﬁﬁﬁlsﬁh Q8804 ayout features of the second

Irst transistor type and the second transistor of the

second transi sjor, { ype BOS| 1 ARGH0Br GRRAR! i 12hdas: Hind fis GABRRApat o

el ectrode trac

and the first transistor of the second transistor type formed as parts of a first conductive
structure layout feature so as to be electrically connected to each other through a conductive
structure corresponding to the first conductive structure layout feature, the gate electrode
layout feature of the second transistor of the first transistor type formed as part of a second
conductive structure layout feature, the gate electrode layout feature of the second transistor
of the second transistor type formed as part of a third conductive structure layout feature,
each of the first, second, and third conductive structure layout features including portions
extending over th_e inner non-diffusion layout region;

operating the computer to define a layout of a first conductive contacting structure
defined to connect to a portion of a conductive structure corresponding to the portion of the
second conductive structure layout feature that extends over the inner non-diffusion region;
and

operating the computer to define a layout of a second conductive contacting structure
defined to connect to a portion of a conductive structure corresponding to the portion of the

third conductive structure layout feature that extends over the inner non-diffusion region,



each layout of the first and second transistors of the first transistor
type including a respective diffusion region |layout of a first diffusion
type to be electrically connected to a conmon node, each | ayout of
the first and second transistors of the second transistor type including a
respective diffusion region |layout of a second diffusion type to be
electrically connected to the conmon de, the diffusion region | ayouts of
the first diffusion type collectively Separated fromthe diffusion region
| ayouts of the,second diffusiqn type . in the parallel direction hy an inner
non-di £ 1 FPbA PEgER A dgprshondledv Byadlns S B sevitaivans feoeT pesifr s of
both the first tran ishﬁr of the first transistor type and the first
transistd?“ﬁpmpﬂé“giFG terqonpeet LUGMI¢ype fornmed as parts of a first
conductive structure |ayout feature so as to be electrically connected to
each other through a conductive structure corresponding to the first
conductive structure | ayout feature, the gate el ectrode | ayout feature of
the second tr@fsi sPoraiaf stprge fdevise havings pEagim t ppmictinsnaigredstheeer Br a
second conductive structure |ayout feature, the gate el ectrode |ayout

f eat ure cEnerpingadaymgofandntsgrgted cirgit, eorapristgond transi stor type fornmed as
part of a third conductive structure |ayout feature, each of the first,
second, and t Ipragehine msaussionsder definingtalpour efefinst travaistor ez finskansistogtyperr t i ons
ext endi ng over the inner non-diffusion | ayout region; operating the
conput er to defdgram insiregions fafdefinihg adeyond nflal dirst wensisort afct sengndstrangistour e
defined to connect to a portion of a conductive structure corresponding to
t he portitgre; of the second conductive structure |ayout feature that extends
over the inner non-diffusion region; and operating the conputer to
define a | ayoptogtim mstsetiondfoe defthing & legont@iltaaedond grandistorcdfulicefidefinsiedr t o
connect to a portion of a conductive structure corresponding to the portion
of the thigegl conductive structure |ayout feature that extends over the

i nner non-diffusion region, 49 each of the first and second conductive
contacting st brbgtad @sstri@foRsGht Mefiningl @f lapel FSa Qbdo@iraRsiSBt Bf GRNL@BHd OF A

| ocal interconnect structure. 26. A data storage devi ce having program

i nstruct iRRssisigpL£d thereon for generating a layout of an integrated
circuit, conprisSing: programinstructions for defining a | ayout of a first

transistor of e@nflfout of HRNESE hRf sdoBREiramdisRES SR tedslsRR SyfeCdnddREA NI NY @

| ayout of a first transistor of a second transistor type; program

i nstruct il%ﬁt 1%he BT dridisBENA traRSHS oPfhe Secdff Riistdr %%ih%iﬁé a QJspéctﬁ@e ée{té st

transi st or

electrode layout feature extending lengthwise in a parallel direction, the gate electrode layout
features of the first transistor of the first transistor type and the first transistor of the second
transistor type having their lengthwise centerlines substantially aligned to a common gate
electrode track extending in the parallel direction, the gate electrode layout features of the
second transistor of the first transistor type and the second transistor of the second transistor
type positioned on opposite sides of the common gate electrode track,

each layout of the first and second transistors of the first transistor type including a
respective diffusion region layout of a first diffusion type to be electrically connected to a
common node,

each layout of the first and second transistors of the second transistor type including a

respective diffusion region layout of a second diffusion type to be electrically connected to
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type; programinstructions for defining a | ayout of a second

transi stor of the second transistor type, each |l ayout of the first
and second transistors of the first transistor type and each |ayout of the
first and second transistors of the second transistor type having a
respective gate el ectrode |l ayout feature extending | engthwi se in a parallel
direction, the gate electrode |ayout features of the first transistor of
the first transistor type and the firsf transistor of the second transistor
type having their | engthw se centerlines substantially aligned tqQ a common
gat e el ecthe dmntonawides teedififupign jrpsieth dayiouts o0f) &ie nst diffusign | typs golipstively

el ectrode | ayout features of the second transistor of the first transistor
type and depeatsd diond ther diffssion oegiarf layhes ©F dhm decondydiffusionrtypsy e thsordrallebned on
opposite sides of the compn gate el ectrode track, each [ ayout of the
first andligeg@rts dnrianes hai-diffasiof laytwd régionst t ransi stor type including a
respective diffusion region |layout of a first diffusion type to be

el ectrical ly cenggcsiedgrodelagonrdeannes ofdabe) the first tramsdstdr df thedirst tohsisthetypé r st and
second transistors of the second transistor type including a respective

di f f usi ongyegé Ginst ltayuastbr of the ss@nonensithf tpé dorntet pe pans be adirsodonilwive y
connected to 50 the commopn node, the diffusion region |ayouts of the first
di f f usi ongfyyiRe: BRI BGkiy &) 3 16 B aleatkiesllyf doamactddao dichfotiser doughgi @ndicaiyout s of
the second diffusion type in the parallel direction by an inner

non- di f f ugjoflrd ¢RYSontRG 8he first condubiBvedaiutufd Gt fek@ureatheUlatef ediedes of

both the first transistor of the first transistor type and the first

transi stog, of dffe SEHERELohd ARNirT the/ it FrARRA tyRe fOrAfel Sis ?fil't of hisécohd

conductive’structure |ayout feature so as to be electrically connected to

T
cach Ot nelonhiti Ol ducurf FIGHTEINE, b EHE Ll Fode UoRPRANM dTnd RobriPrdnskiot

conductive S'Fl{ uctur ayout teaturé&, the gaté€ electrode |ayout feature of

t he secon r ansi . ecfl I Sl o Qg a
second co?d1fdthﬁts c\%/’iégérg 'Esﬁsg{rt}}'éb fofg%cﬁ%s t;e{erg?ﬁ% Zl?n(at %Otgmg'gif Ee el ec%?aélgg@fe?;%t
feature of the second transi,sto ' d as
o iR seerdeniar bl et AEFRRCI AR IRTI el RE doRlde
second, and third c nductiv_gﬁ truEture I.al)(_out features including portions

ext endi ngEXRAIIEOREr PR IRAET IR THIR (P8 ¥'80out regi on: progr am
instructions for defining a_layqut of a first.conduct.ive contacti
structure defimedap dn%ﬁg@étfort %%lﬁmﬁc?r lyey ob fﬁ“c"SH‘ﬁﬁ@ﬁ : ?asc 1he, &1, ?uge

corresponding to the portiagn o{ t he second conductivg structure | ayout
feature tfedinedia @naect i, Portipp of #FRAAUFHE SHRIYE SPEFPPUIIER. thepfyuon o1 e - o gy am
instructions for defining a |ayout of a second conductive contacting

st ruct ur esedertd epaductiye stewstiae laypl faatprs that swteads oyer Bis duner posditiusign regier
corresponding to the portion of the third conductive structure |ayout
feature twak extends over the inner non-diffusion region, each of the first
and second conductive contacting structures respectively defined as either
a gate cont actprogram instoctions fir defongie byowtof @ eecgpéeonductive contacting structure

defined to connect to a portion of a conductive structure corresponding to the portion of the
third conductive structure layout feature that extends over the inner non-diffusion region,
each of the first and second conductive contacting structures respectively defined as either a

gate contact or a local interconnect structure.



