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5BACKGROUND [0001] A push for higher performance and smaller die size
drives the sem conductor industry to reduce circuit chi]ip area b

appr oxi mat ey BYHEILry two years. The chip area reduct W%P‘B(P%ﬁé’é an

econom c benefit for mgrating to newer 1t echnol ogi es. The 50% chi p area
reduction is achieved by r | ' ween 25% and 30%
The 10 reduction in featggg%zag%ngﬁﬁgﬁﬁ%%‘sg nts in

manuf act uri ng equi pment ricte pdevel Layout architegture, cnent in the

| 'i t hographi c process has enabl ed smal{ghvduegt Ure sizes to be achieved,

whi l e i nprovenent in chem cal nmechani ¢al polishing (CVMP) has in-part

enabl ed a hi gher number of interconreettT] fIs. [0002] In the evolution of

Iithograghy, as the mni wmfeaturWached t he 15 wavel engt h of
the light source used to expose th apes, unintended interactions

~occurred betjpsan Angishhehigher bedntafice ambosAMIeN I SNEQad e CsetlidRGuchdre
approachi ng .45 nm (nanoneters), while the wavel ength of the |ight source

used in t he HHSTHI TedgCHPHY ChipP ke b aprprimaielui0% gxrery twie yepre The thipareace
bet th Ay aat i : | i i th
et ween t he rZiupidRiTb§i8al M BorinhEbHRB: ﬁpﬁﬁggﬁ@ttﬁ sTete] t%&.n&bggg. ng%izso b}iﬁﬁe e

phot ol i t hography process is defined as 10gr aphic ¢

| i t hogr aphi @regagdugtionds aeleved dyoreduding theafsaturd sizss bftwedne29% tehd GO%p ihe
process ;decr e AN . I r. [.S. h_shape on
Phe kO nt SRERR: in U A0 Blbleh JhRRCBenE 1f 1BEEHERURY Al 108

nei ghbor i ng ntemalss Fonmxampet improvesentust theditbografdst process ies i entided emalitee. | n
t he case of . i | r ence. unwant ed shapes may he. 25

| nadvert ent (R SERSh oY Beliplel VATERE RO BonB R enfLtE WP e
shapes may Ibes infpaderatieid Highar emmbe df inkarcamnedidayesase, a particul ar shape is

printed in Lfferent ner an i.ntended, .possihly causing a device
failure. Ooi?@gi I“o en%‘ioﬁg{éﬂlgg{hggg,ra@ﬂc i 3@3 BBE‘FB’QT ??%‘Hﬁisiﬁet %P%%F}Feélcﬁht?on
(OPC), abt empveléttpoenie Gight svarck Mpacio agwmmefegmmﬁa, silakffkdandrabReisf y the

mask such that th rinted._sha is fabricated as desired. The quality of
t he occurred geteleen nelglbogng ?eatures. Toc{ay n?immum feature sizes are approaching 45 Y

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 geomefries shrink and as the light
. interactions become more complex.
[0004] In view of the foregoing, a solution is needed for managing lithographic gap issues

as technology continues to progress toward smaller semiconductor device features sizes.




30 light interaction prediction is declining as process geonetries shrink
and as the light interactions becone nore conplex. [0004] In view of the
foregoing, a solution is needed for managi ng |ithographic gap issues as
technol ogy continues to progress toward snall er sem conductor device
features siwe009/1Y46802009/ 114680Pa/ US2009/ 036937 2 SUMVERY/USBOYBI69I7n one
embodi ment, a cross-coupled transistor gonfiguration within a sem conductor
chip is disclosed. The cross-coupl ed transi stor configuration includes a
first P channel transistor having a BUMMARX(e el ectrode defined in a gate

| evel of th ip. The - GO ( Sj C { at | S
i ncl udes a ﬁ?@?l R'N %’%aner%&{ﬂ?ez‘ﬁs%s?%éﬁ%gﬁlﬁg g%ggogng%ﬂ iéhrug{l eg"?trhg}deg
defined in téricgainetol ehipls didclostie Tohenpss-chpled bawsintbr ganfeguedtion incbides ofust he

first N chapnel transistqr is ctrigall > iLr e
el ectrode o?’ '@ﬁ%ﬂeg f"?fS?%%@W&%ﬁ rsett‘%'a en‘%%sﬁoé? 5%@%?%%@%‘%3%? %‘8 cf' lfpagg% st or
confi gur at i @fbsé-thuplee rtransistbrictesigarati@c doul ineludesaun fiedt N clansd] stagsisthakavig @ t hi rd

gate el ectrode defined in.the gate |eyel aof the i p. ) 1 he

cross- coupl é?FOf“g & ngt@lde QY)‘ﬂ?"fl 8’[:‘5%8?‘8 Y?VFJT{’&IﬂEFQ%@' gﬂ% ge@%rﬁlcﬁa%" %‘?‘Fg’ﬂ aee?f the
transi stor gy iNghadndl ddhdidtords tReteibAB doattedab itheshsi gatd Eect@dt of tirvieit Fof the
chip. The fourth gate el ectrode of the second N ¢chapnel transistor i

s
el ectri cal | ghawelieasigar (15° CHES-PHPIY FRTEORIEUEIEHRN B! ¢rHactudss grigepddhannel
transistor. .anh nngsiEtHﬁthh{gSJ thf?d R RRErode’RARddSTH We dgaiid led] olitebapI Also,

n

transi stor, second P channel transistor, and second N channel transistor
has a rd@pedhs aress-caupledi fangistop ponfigrrsfieminclidescs secend N hapalfeapsislgr baying £ omon

node. Al so, f(ﬁ%&;a%];clé[cggdé &e}[ﬁﬁ&d inth& gzﬂg levbIeith ch dhl MthhhaBR&udLGithodes

corresponds rtron of a respective gate ['evel feature defined within
a gat e | evelsedordMNiclenhel yousistoh énelediricaliy onnggted th dhe thifdegatay plectroge défththed

withinits gate,level feature | u a Iy W u i I cting
anot her gat gecIoEQ/ I cﬁaélﬁflu %ns%fgof‘i %%c \%\f i ﬁggr? ad] o@n#ﬁgggjz’t g?ske%ecﬁ%tggt ure
| ayout chanmahsistoarQsdcORDB [chimmebimmsia ol cobid reecuing M cianeeltrapeisipt bab 4 resprstivg or

| ayout is disglosed. T r.oss-coupl ed transistor Jl.ayout ipcludes a,first P
channel or af¥] PBF“WH\?P%&"%&" Vfﬁne%gfté’ aeﬁ°8ﬁqnd’8§e'&é? § ﬁaecé Okﬁleﬁsg’aﬁe%oﬁdével of
tEe Ch: p. Thgrd &mﬁﬁpgﬂé eldottgdansiribonds a.ymml i‘ﬂidcﬁ'mdriemhwgegateaeid featurd\ ovel

channel transistor having a_second gate el ectrode defined i te | eve

of the chi pdefined vabEyheptgsyd f‘?i“%%?"?g‘ﬂéﬁ%m]t ﬁ%"hfgapsl?"eﬁxlke ‘r‘fé"rfﬁgf’é’{aﬁﬁﬁ tor is
el ectrical | y;GaRNRGLCMahR faliéut RBnrel Witho@tapisiRAIBC borien@ fanéther Bdte SdveP

channel transistor. The croSs-coupled transistor |ayout further includes a

second P chéentyat defingthwithingn adigipingeats level foatupdpoubrigtislode defined in the
gate | evgl hooklts 61U Bubddicith, hMFoklbiied BURIRA Al Hlselosdsa el lerdsae! udes

a secon ] “transistor having a fourth gate el ectrode defined in the
gate | evel obuplddgrapsistpr layous incdudes h figeh Pechammst trawsiptor dpvipg 8 ¥ gatectladredfannel

LSt oLt ST} ARl RSB0 oo By heghicisner
N channel t Nastisd eansisedaniig B setond pele dectrodd defioed incthel gate teyadofNhe blipnel
N e b e
el ectrodes Gpdi RS RARESId 6f the RSP Olandél teankied et orass-gapded teansistof egbut e
defined wit ri!'tin'ir:]ht.e;;al ingl%;[igs aI s%\égr{d Ilc St?aglgél etralls?gégr%avﬁlrg]%ntﬁi% gatclaE gl%gro%%tdgﬁned 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 electrically connected to the
30 third gate clectrode of the second P channel tramsistor. Each of the first P channel
transistor, first N channel transistor, second P channel transistor, and second N channel
{ransistor 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



WO 2009/ 114680PCT/ US2009/ 036937 3 |level feature is defined wwthin its gate
| evel feature | ayout channel w thout physically contacting another gate

| evel feature defined within an adjoining gate |evel feature |ayout

channel . [0007] In another enbodinent, a sem conductor chip is disclosed.
The chip i nWOZ8WE1K8% | rst 5 P channel transistor defi ne¥CHYS280998%Lspondi ng
gate electrode. The chip also includes g first N channel transistor defined
by a corres [ J e [ | SQ.1.NnC second P
channel tr aﬁg&gtf%rgmggé ?ﬁ@&g%{ﬂgggtgr% gesgjg%dlﬁ ﬁtg}egfa%?(&ed?ec:hec%f (v)%le“.’&'lﬁlgs%ﬂliyp al so
i ncl udes a seofactthgdnothemgatd levelfeatinstdefinalicithie dn byjomingogateclepd ichiture layaitte

el ectrode. Each of the gate electrodes of the first P channel, first N
channel , seccﬁ?ﬂi]eg channel, and second N 10 channel transistors is defined

Wi thin a gat[e007¢¥einotifer thbodihim, asvchitomdedteradhip is distiysedoTiRagieidcludesa RSN

di ffusion nqde. The gate electrode of the first P chappel. transistor is
l ectri odi 1 G Bt oA BEACoRFRoR T BYEHE eIt e priR B dRpledes o
transi stor. fitheN gabhee] elarbdiorandll by DevreesRbihe Bae RROMRIe. THAMY Sdmcldes
el ectrically connected to the gatg el ectrode of .the second channel

transi stor. 2ESeMdof changek frangistor JebiRadcby # EPREPONINE ¥R cleRtreslat Eberkipaisgdes

corresponds jddude a deddfdl N MamR ndndiRGRRERIMS, Q@&r%sﬁ&&ﬁ% gh@lddfr&aed §hdnzd
within a gate |level feature |ayout channel.” Al so,” eac %ate | evel feature
C

y
i s defined Whasgathelpatpdepaidhg Bkl chanael, fisst Ngpaunel, seaend 8 cheineh aud sgspysNcal | y
cont act i{ig : | L4 hia. L&, L e
ovel 1 0t ufRpEn R b 0o Wl B1E L 0F e U andisARitR APERLE |\
i nventi on wialcompwodiiffusromede Jiba geteteletirede afites 6t B iahwalimagpistetiaclka@deally
descri ption, ' ' e} ' [ draw
illustrati ng°°%‘§lé‘§£§d {c?)l]l3 %ggaerrpﬁédet etﬁ%?&&%a?‘%\?/g%gni %ﬁwﬁgﬁf’gﬁm OF
THE DRAW NGSedend)ffrohannel siaistor danelSRAddllpicbnieetetl te the gaieteleciradeanfahy slaoaieNWi t h
the prior ari: 25Figure S the S bjt |1, of Figure A with the
i nverters efédé’ﬁfzilet ! t°F’elJ<?§éPpg’ﬁ b ?%%@2%‘7%3“‘?%‘?@ FaF ekegg?n‘%ﬁ gpiggeponds
confi gunat : @d;s,poﬁmn&ﬁ@few wité Reveinfatprd @ufined Eﬁéthin a gat_Eilﬁﬂdl’ &aﬁrﬁ%?%ﬁ a
cross-coupl ed transistor configuration, in accardance wth one enbodi nment
of the pres éh%“nFan‘%ﬂt‘? ,gatitpe@’&]rgfgatérﬁ 1%%%8%&8%&#&‘13 evGt Iegiredayqubehapd e
tracks defi Rgflowy prpbiBatty@nfaBSiy drotiRe o RO 1831 Ratuby @dfinbdWAMin A hHikigs Lee, i n

accordance with one enbodi nent” of the present invention; Fi gure 3B
shows t he el¥gbicEnse layout shaprckd gate | evel |ayout architecture of Figure 3A

with a nunbggoogf oﬁfé@%& ¥ndOidv BnthgRY BF the Gl GOt R AmbRUpFAEnt thokh the

accordance W th one enbodi nent of the present invention;
20 following detailed description, taken in conjunction with the accompanying drawings,

iflustrating 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;
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WO 2009/ 114680PCT/ US2009/ 036937 4 Figure 4 shows diffusion and gate

| evel |ayouts of a cross-coupled transistor configuration, in accordance

wi th one enbodi nent of the present invention; Figure 5 shows a
variation of the cross-coupled transistor configuration of Figure 4 in

whi ch the cwossmwaougl ed transi stor configuration is defAcragzmmoisharee gate
el ectrode tracks 5with crossing gate el gctrode connecti ons; Figure 6
shows a variation of the cross-coupled transistor configuratiqn of, Figure 4

in which the croSigweotshews dHisensidr stlonteh et o 3 j§f°d%'F‘?'%RE¢& BHSEBUr gate
el ectrode tIaedSriloh In GERRBMACNIEASR RIbBGIHRLT tRqRERRlihRRARn; Figure 7
shows a variation of the cross-_cougl ed transistor _conflguratl on of Figure 4
10 i n whi ch t he Eigaiss’ hewpp sariationasihs cess-einted dignastoineniiguration of Figuesrt t wo
gate electr b85S A i 1P LTlol 8l e COPREALI OIS rack

Figure 8 shglgmghfgﬁ\?}%lrﬁfoasg\%%%%gfmtﬁﬁgaﬁéogs -couplFe transige?%r conf?b;uarcasti on of
Fi gur e 45i nwithicedssing gate plegtende oompkdtbns;r ansi st or configuration is defined on
three gate el ect g L r.OSS] : : i pns;
15Fi gure & showsk g4 hEF 8 xR HheE ARELARA TG foRehRRIRIRAIRRRL 70, o
of Fi gur e 4 in which ¢z cedys-obweplal temsistoo apifiguratiorais sieSted rondowmf gatpualatrpdatracks
defined on four (%ate % ctr%de tr%cks_ W t hout crossing gate el ectrode
connect i ons Vit CIOSSINE & éﬁ?‘%" 16°CRGWE>a nul ti-1evel layout including a
cross-coupl ed t rBigaieFtshows ® Ririagioth af the Brodstdupked tamsidtbireafigaitbnelf Epurcade
tracks wth crossing gate el ectrode 20Q. connectjions, in accordance wth one
enbodi méft & Wik ﬂﬁrcé%sé'ﬁ?“ﬂ?‘?ﬁ/"éqﬁ’f‘f“’@ﬁ ?on%g“rahorﬁsél:ﬁg'ée%lof R HREC eéecﬁﬂ‘%t tfa\-é%%vel

| ayout i ncl yginht cis§ihPaste Si0dtRME Bordnkativgk;St or confi guration defined on four
gate el ectrode tracks with crossing gate el ectrode connections, |

. 0S, in
accordance with BigweShews a¥srtation of the croswequpled transisier cgpfiguration of Figpred,r o 12
shows a mul g 5/ é/-%{{pléd%héiﬁbm 51%Ss GPA 66 ihk AR McRbdedPacks
configurati or_lwglg%mﬁéégon wo gate el ectrode tracks without crossing gate
el ect r ode cwithewicrassing gatpeloeitod? epnediont;t h one enbodi nent of the present
invention; ELgr ke trh AR col gorel 4
cross-cggpl ed tr%lﬁ{él]gs%tsg?‘%%%ﬁ éﬁ?%‘%ﬂg#" e‘#q?lﬁgg on %? rcg{é a.&gjhg?g rGOde
tracks wi t hautvhich tesirassregala teinsistor culégeretionss defined onifonrgeteeliataodedragks h one
enbodi ment of .t he pr.esent liﬂr\égnti .on'ic%QFi gure 14A shows a generalized
mul ti pl exer "ePPEGTEPHBRFIRATOLE POPEH S 0ss- coupl ed

Figure 10 shows a multi-level layout including a cross-coupled transistor

configuration defined 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 2 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 common node, in accordance with
one enbodi nent of the present invention; W 2009/114680PCT1US2009/036937 5
Figure 14B shows an exenplary inplenentation of the multiplexer circuit of
Figure 14A with a detailed view of the pull up logic, and the pull down
logic, in a¥O3PUAME with one enbodi ment of the presentPGTAURAO03437

Fi gure 14C shows a nulti-level layout ofs the nultiplexer circuit of Figure
14B 5 i npl enent eg; Msi i : it ect:
cross-coupled tr gl SI s?‘g? %Fg‘sszhl?,&Fﬁﬁgﬁg@dgﬁ@tﬁhﬁpglﬁeﬁgﬁ fg ‘ign%dr%ﬁoo t he
present invéiguwod4A with aFilegjailed visw efhthaspullhep dedic.i gidetherpudi dewn fogid, ifi gur e

14A in whic -CO i . [h directly connected to the
comon node?c%%%n%ﬁaﬁ?ﬁ%&%#é@%g%gﬁ%gﬁgﬁﬁ%i stors are positioned

out si de t he pul | Figprel b} shoawsch pulti-ledeiviaydubgf the toltipkgereditduitaf\FigurelldBi ve t o
the co n no i.n.a rdance, Wt ne odinent of the present .
ventron. iaptemeiith 3558 AR Ll 0% TIRRC bIReuRE (b BleTal Binsisor

mul ti pl exer Lgouig n decarfiarice gith end &dbodithént af the peesére thventéon; of the pull up logic

~and the pull down. | ogjge, in agcordance wi.th, one_enbodj ment of the present
i nvention; 15Fig rells%gh%% Wﬁﬁ‘?ié}?re?}ﬁ:l“‘tl‘g%‘ﬁ?moﬂﬁ A Whighy t49 08y

circuit of ChgedetrdiBtordrpngife AiredlyUcinigitel foeb ldofifn®t AleC atdeMeivhicRYRYT

architecture cross-coupled transistor, | ayout, in accordance with one

t [ :
enbodi ment  GIOSHHRAPISH JEREOrn e mEpigARed outside theipylrep Jogic aMbpWl! doweiRgiGal i zed
mul tipl gyer (Ghéchivdly, feltivitd hel SRnRsPASHS A RBRIahdARTh Dhe ehbdlifehOs@et €d to
formtwo transm ssion gates to the common node, in 20 accordance wth one
enbodi ment @FESYREVEREOSent | nventi on; Figure 16B shows an exenpl ary
i npl ement ati on of; ke | j ' QT i Al leed
view of the dri v?l gl}é.l %ﬂgéﬁdﬁngg?g%@fg?ﬁgféﬁ%&{lﬁaggg cgn%gﬁp%uéﬂ?x egfcqﬁ?g oI|gr esent
i nventi on; Figure 15APwijlua detgifg vdvooitheputlivn logicandthelpull down difgic, meacpertlaricpl exer

circuit of Ej . i BRI j.,ng a restricted gate | evel |ayout
architectur Q%%ggg@ggﬁ%%ég%Fgg%%s%ﬁdgyout, in accordance with one
enbodi mkfit of t hEigmeelS€hshowa\eemtiltblayel layout Bf thermultipléxehomsit af Fégner 5B zed
mul tiplexer.ci.rcuit,in which 1 transistors of,.the four cross-coup| ed
(ranst st o s TR EREh aBpEd fOmE A 05k 808 Fimteffire e FER3 FSRR oce,
i n accor dantgow infacaidamesivith bnedrtbodimdnbof the presunit invamidaf i on; 30Fi gure 17B
shows an exenpl algiéurle n%Ae %Qi}sa; Iggnréra?ifze& %%lu%c*!xtell iL'(gl)i(te{n v%ini:l? Ltlglct crggs-coupled

transistors are connected to form two transmission gates to the common node, in

20  accordance with one embodiment of the present inventton;

Figure 16B 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 resiricted 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-coupled 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;
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Figure 17Awith a detailed view of the driving logic, in accordance with
one enbodi nent of the present invention; W) 2009/114680PCT1US20091036937 6
Figure 17C shows a multi-level |ayout of the nultiplexer circuit of Figure
17B inpl enented using a restricted gate |level |ayout architecture

cross- couplwd zbmwanssst or | ayout, in accordance w th one@cCaszed/ms? of the
present invention; Figure 18A shows a ggneralized latch circuit inplenented

using the cross-coupled 5 transistor confjguratiaqn, in accordance w.th one
embodi ment of ¢ nEePedCrihamh o avel Tevout i tauend (SRE" ah B Hiehry

i mpl enent at iilgﬂez%ntéd’ﬁsihétacfbsﬁcfeﬁ U%'afte QfvelFlagoiitCardBfcttte Bross-clapiil | tedsitbew of
the pull up driver logic, the pull down driver logic, the pull up feedback

logi ¢, and fdyeutpiniapcaidanae Pitk aprerbadarantof thaPTEREHRYEe® wi th one enbodi ment
of the present 'ﬁg&@tl'sﬁ%o%%' &p&&zé@&cﬁmﬁmt fnplthdnled! B8 thd RY¥Qlebuiéd t he
I g 18B | %‘p d I

| atch circuit of ure 18B emented using a restricted gate |evel

| ayout af chiremsistercenfiguosiondo aesoedaneer witisensregiboflimgat af the mesgaldByealioie wi th one
enbodi nent of t ' ol WP ' 9 Wit R ik Al BA
circuit of Fi gu@gﬁéi%ﬁ%he%?%ﬁ%\{%ﬁg %né)sl?nééglt%:dggfh ghr%‘??gt or S rleglurrai n
directly comithct dethiled vidwe of therpatl upodtiver ogik, the willi downt dobver fagies theopnhl wd 15
transi stors .are si.tioned outside the . | ver L.C . down
driver | ogi é‘?ﬁd‘f’aégg%é%i 'gﬁﬁ?,puﬂe gpff%egﬂ%cg%%% lﬁgcﬁ%%dr?}{ %ovéfg?&;‘enmgﬂégg]?%gh{:e with
one enbodi mgRtprétntibentisresent i nventi on; Figure 19B shows an exenpl ary

I npl ementation of the latch circuit. of FEigure.l9A w,th.a.detal.led Mmgew of
the pul 10up dri V@guqeobi}(g,s PR %BT“I“"E%%E&&? vef Jleeoéqt?:t‘, CfrHat SEIaITLIngB ’\Zlg@e

feedback | oghflemaiiéh Ly RUIdstridRuNgalee atbiaRloltogtititecturt a0ssadotlpled arankittbr one
enbodi ment of the present invention; Fii)'pgur e | 9C shows a nmulti-|evel

| ayout of t loutgina@pcardangevith ge qoatpdiment offihe pRsBLBN¢WASySi ng a restri cted

gate |evel | ayowigﬂe%& Sifi Be GHOS SrGAUSE Bigure! BIAS irS vlich | 18 Witbss-cbiipled
accordance with one enbodi ment of the present invention; 25Figure 20A shows

the |atch cimusistars tpaf ¢recly aamneqted iaiecaonigs nofe $ad HopFieyo cross-couple
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 pull up driver logic, the pull down driver logic, the pull 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 commeon 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; 30Figure 20B shows
an exenpl arYOi2A{1&¢Eht ati on of the latch circuit of Fi RFEUZOMGBTH a
detailed view of the pull up driver logi7c, the pull down driver |ogic, the
pul | up feedback gggzi he Rukliedp gk OL; Gomeig | ce

wi th one enbodi mlgit o?‘(}(t:ﬁéehqgtrs_egent g %ve\r?%%ﬁ;%qb@\o el Rifeuit! B Pt %ﬂ
20091114680 Rapiewsned 3DE 60 3Rtrikted gate HpvpliiayoR0 @chitesivre acrossicoupldde uradsistary out

of the latc | | LG FIQI l.ng.a.restricted gate

| evel Iayou?a)}é{rl%ﬁﬁcé(g?%nrcgh%ﬁgsg%gg%dp e&%?rﬂlgkgeg%#%‘g é@(‘)ut, i n accordance

wi th one enbodi nBigtrecl At shewp b @ereendlizediatohtciron in which crofsi@upled fimkisshoms a
generalized latch circuit in which cross-goupled transistors are,

connect ed t §°FEHH ?%omlg'ﬁs‘ﬁqnﬁ?}sﬁlﬂn &3&6%30 fhg ct%ﬂ"ém@ n™ f§EREACH YR WP dance
W th one enepdodimeht dihepheseptrigdatién;i nventi on; Figure 21B shows an
exenpl ary inplengntation of the latch circuit, of Figure 21A with a_detailed
view of the dri U?wgreﬂdgﬁséoaﬁanﬁwe B YRRt YRS tiaalgh cBPERANIEBHE 2hione
enbodi ment  @fitht@t1c@ SR of Y IALIn@Nogid At BidrfeedBidk 1BHIOVS RcdTiirct wih\bak

| ayout of the latch circuit of Figure 21B inplenented using a restricted
gate |evel Pabedimerif fomaestriaveliys- coupl ed transistor layout, in
accordagge with pagerNOKEREta Muilii&eP 1828 or! BY ARkh Qlicuit of, Figurd pEBI € 22A
shows a generalized latch circuit in which two transistors of the four
cross- coupl éuplemenried gsivg ¢ msictedngme tlevg! dayopo prehitechureysnsi-celipbad gansistaro t he
common nodey, L1 ; r ] Bg@g . L.he present invention;
Figure 22B %ﬁfg&é$§ﬁ9§§%ﬁ%%@§n¥%&gﬁﬂéﬁt§?@ggfc h}rgﬁtfotgich circuit of Figure
22A with a det ai Figare\i2dushofvs tahgenetaiized dafch oigéudt, intwidchpnd transisfoeeefithe kourogi c,

and the pull_down dback | ogi ' r . Wi one, e | ment .of the
resent | nyEer el TR ad Y hrecled (SR Il Bn R T SAPRORAL R
circuit 19f &icgridarcedith & embplerandfabl presentingentiest ri ct ed gate | evel | ayout

oL oo, ST OB LA S s R B RER S35

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 mulii-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 to
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 all of
these specific 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 transistors 100 and 104, The



[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. | nwotzo®rdsences, well known process oper ati orcTizseenssv3heen
described in detail in order not to unngcessarily obscure the present
invention. 100101 SRAM Bit Cel |, Confi |€g t| on 30 HOllip Figure | A shovvs an
SRAM (St at i @Wﬁd’?ﬂﬁ Apeasier N@folsy§onpedted; dpfwegs (2 biteline; H3ae0b2qa8te 107 t h t he
prior art. sﬁ%Mng%oﬁﬁhé mhtguﬁ'IQQE%HIW&H%&n@@;blm{;ﬁﬂmzw&ﬁﬁﬁfrt%r iP6 and

102. SpeC|f| cal an out put 106B of inverter 106 i s connected to an input
102A of i nvdhe §M@§?ﬂsﬁﬁén%°folﬁ4pl§t coppertedobetyvprpep thilrlineo 05 andepmadcd bl to an
i nput 106A %Imég irle% bofGhe JiiBut IO oPidverf 1b2 haH hB&H fut TRlAUSHE Sy cl0y IMOS
pass transistor and 104. The WO 2009/114680PCT1US2009/ 036937 8 NMOS
pass trafsi e tht(wipr:@lvé aaine of MY (Wepase eransistass 100 andel OfGize eash cenngefaet0109
correspondi t 02A of
i nverter % rér%npqp/&&ﬁgggg{n?%%g?cggﬁm % s C@%ﬁég?’éﬁ{%‘ ?‘\?\quﬂrf{aa -line
105 and a nmdn’szgtdrimmmdewpdﬁnh Sig!\M(bltb:etl requines hmdtrptmonalo’@fse ofhi¢haems that 102
and the inpu A of n.ve fer 6 e e.93t f NI\/DS
pass transi é‘fthS? q A hl éggﬁmgo@%e%tﬁ ng ‘\%%éry a1 ﬁte&fB Swhi ch
controls aCQﬂ@esstdidd li}hﬂm&%\/]ldﬂ in thelatt thitraologic msﬂuf@smussmmucsm @s 100
and 104. The SRAM hit cell requires hi-di rel%i o(rg‘ll1 wite, which nmeans that
when bi 0] H@“li‘ﬁ%ﬂdl"éaa?rfl?flgﬁ‘aﬁ%aﬁnanﬁ?r Ynofles driven | ow, vice-versa.

I't should b@omgA aedsHaws tHROSTEABIKbit Eedichfi Migiré @ Aawith the diivedters 406 and 162 e
stored in the S bit cell is 10 nui ntal ned in conpl epent ary rranagr
nodes 109 afpanded to[repebiherrirgpeive mtsmal Eanpigier eopbigbtIprs, pocgidanee gyt

with the 'n‘(l%r#:ﬁf&t #ﬁl@l@eﬂeﬂi@anﬁmeawbmm{sﬁtmhs &taednrmasnﬁﬁglgt&emnternal |
transi stor co guratl ons, in accordance with }grl or art. The inverter

106 i ncl ude The PasiRative gatesi of s PMOS and FMOS Nw@stqw Lhyil43 gie conmpeted fagether
respect i¥e qakgs «f inblici o8NS NSl anzh 3 PiDSAR NIDE BhEsRNSCt ed

t oget her ormthe 1 nput I nverter 106. Al so, eac MOS and
NMOS  t ran5| d1Dhave bS of theid rmmvgmmmalswh@mcteﬂéwém foferm drerdutnar $0Bophect ed

toget her Lo, 4oL LB, RYLRULBORRIRL Jr¥iAbkarand B, 1fy jEERRRLIS EpghaA O

PMOS transi I's conne a power su Fenal ni ng
term nal of mlt’]f aNsersiioing tdrthinad ocfdﬂr[@ﬁtmﬁsismrdl@nsmnmepmd emtai grourld1 9.

Ther ef or e, N t ted in a20

conpl enent aP?‘e ”g? ﬁ@ﬁ? qﬁf@% 39@%& °§S r}ﬁg pn/farft agtiyated A& 106A
of the Izovee&xﬁﬁlerﬁ&ﬁaryhﬁﬂdnéﬂﬁ%ﬁ zf] mas lbc%iocstatdﬁﬁrds&t huhm?xﬂutdmﬁamdﬂicm&eﬁéios
transistor 115 js turned o ere w loglc state t

generat ed af0%beMODBEnsitor: Ha 1 @’ra@lo%‘g P%éﬁ angigen 11346 ?dg?tg' i's
present at hﬂ?ebkf 'a;msfn JaQ@ve\ksgic $th6 td B/ @Rhédled 30uput m@ﬁﬁ\mﬁe iﬂvamuecs Whehl3 is
turned of f and transistor 115 is turned on her eby causing a high

| ogi ¢ stat eai@v10@cb:§zt@§mgqsmt@athafnpamq%ofﬂyfalg\'@“fer11%therWﬂSéfanglger1 Boo13]
The inver t Sy ¢ ng«]‘l ag@tﬂe%)s Bra st 4GB tid &.ﬁledraa,nﬂn%b aukiRY 8 10gi0 State TE

i nverter transistor 121 and an NMOS transistor 123. The
respect iZS'e geh@n@ated ftoutput 106B of the inverter 106.

{0013] The inverter 102 is defined in an identical manner to inverter 106. The inverter 102

include 2 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 termina! of PMOS transistor 121 is connected to the power supply 117. A
remaining terminal of NMOS transistor 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
connect ed tBO2AWAEESEr supply 117. A renmining ter m nal PFYUSRBR S ansi st or
123 is connected to the ground potential® 119. Therefore, PMOS and NMOS

transi stors \ibs wdis@f 9286 vl idd e PIOS §ARALE YZI”EWBHed OYiaﬁﬂsre% hi gh

| ogic state is _present at the input 102A of the inverter
2009/ 114680 FerngSpbuoleeiaateriodegvmsated ah@t@ttdﬂzﬁzéthesn‘tamenw S¥heanpdowhe

PMOS transi SEQE edielis T%f%“o? anft 1058574 9%’61%@%%5 fle '%F%ﬁst§$ g%se to be

gener at ed at ‘out put he®* 1 nverter I"'ow T ogl C eis
present at tthreed @@md the PMQ$ trammrri%nsmmecm& thedaly Mmgtadmgislpgmmatejt% i s

turned ofcf M&Rnhf | turned on, thereby causing a high
| ogi c stfgt eabtgg @p‘-b%éagen @%0?@% n\ge%% iO?OZB of the inverter 102. [0014]
Cr oss- Coupl 40D13} grss-€ . L '6}015] F| gure 2 shows a
cross- coupl iﬂqlts Si s# r conf| uratig % dance with ‘?ne enpodi ment
of the pres \%Wt owsﬁlﬁro R gff‘Bf AT, N AGTRFdagts Hith SRe
i ncl udes f owmbbdiment «ftthe preseat RVESionr 'ammssqrouﬁaedummmgmmnﬁawes 405, a
PMOS transi %tur transcl)s:%ors a 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 riode 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 2118, 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 connection 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) a2 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 transi stor 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.
The PMOS t raogietionsrd03 has one term nal connected to pdlrfusapobasgi’c 209B,
and its other term nal connected to the ommn node 495 The 15 NMOS

t ransi st or e term nal conngec ogic 211B, .and its
b hor torm A AR 4B e DRmeBotie 593 RoBideruiib deort e gareoind | he
PMOS transi &hﬁﬁstdl-%n@gwaﬂohef%ﬂransr stor 407 are both connected to a

gate node 491. Resectlve gat g oft e N o_- trnS|stor 405 and the PMOS
transi stor Et?éﬂ Jiffegence, Be Ml orp e pd A ransg o h

and 493 are @19p1t§1?6utdree\ﬂadb@toa§ﬂﬁpﬂﬁé sahmad@at tﬁﬁr;gt@actAﬂ-:ﬁﬁdoe%QoraaaMI vely.

Mor eover, each of the common node 495, the gate node 491, and the gate node
493 can be Fieperoupled trgnsigorpengusttion; Maarticgien dicsbpwd ba gudersiapd th&tgls% Cross-

respectively p[teQO gnﬁés‘?% R tIﬁEEtH@SRgM Bfi'%cl? h&ﬁr%r %&H&Lrﬁ%f s stor

configurati ontincludes four transistors transistor, 2) a
first NMOS cmmuphdr‘tra@)st@ sedignutionzs discusssil gbcmea thanwsswmmle,dewmtowwos

transistor. il Ner vl gfres tﬂ:ft etdOoTIRE RP hﬁr@xs&&ré‘ﬂ%‘ 3%% ¥ 1t$] ?enﬁ&[gﬁ e&?ﬁi@&ﬂ;?”

i ncl udes three reqU|r rical connectlons
t ransi st or scédmscteite tba‘sante:commormmw Fhis doesewt extut io tle A bitashion node, 2)

gates of on Si st or tra rar.e onnected to .
O e st tgor Do e @ Ine 3R Bt B b Bt BlrafRlF o EIOSTERRRE Sf oo
NMOS t ranSl $IS)ﬁncﬁNM(hB)hmmneetae@cdzmcaecBagand fabde M dut & th@Hdalq of t
shoul d be under st ood thzt [0SS- coug%5 ed trans tor confr(? ﬁgt' n of

a

Figure 2 repM{imnsister ) | FARSSOT by BF "‘&‘P‘Bg T gttt npge: ts. In

ot her enbodkﬁéemmy,qﬂéitetmﬁtaalofcmgs'ﬁmls@pwaaﬁ@woamdaas@pmnmtaednto any
node within the cross- couE@ed transi stor configuration of Figure

Nor eover, i FRIBEGt ogehedt fput LO6B qfitherigyerter p@sprnegted imibe saft &f @ghobe

i nserte sbegtg@ha@aét ft\ﬁ S 08 tRhsidthe1 28! SRShEOUR! SondtlcaRRked Qﬂﬁ)ﬂ( 401, WO
2009/ 114680 /[ US2009/ 036937 10 405, 403, 407) and the comon node 495,

wi t hout depthettérminals f AMGS ﬁéﬁ%-lébm EMQSE%IS@F &23. prnefcgwmfrw&lt Fl gure

écmg?ga?at:)ognfs&r?ﬁ(ﬁg%ﬁet shou E[%ig&bstood t hat %P%EA%VEP?Q% of

Fi gur es 1A- feBnthale sommtteil nagethdeataa @mmmqube@omcmlﬁmsk@vﬁ higeallat i on. |

D ParLi cul Bhes ridrodios 1@% HOPRLSARS ol flor bBFrARRRR GO R Slerilo NG 7 "

Cross- cooipl fgardtis BighieX. or " configuration. As discussed above, the
cross- coupl e‘ﬁg nslsto clcnf uratt on requires that each of the four
transi st or s[44% ically connected to the sane

comon nodepgify ﬂaeg@s%mnﬁtenasc ihiplérferiid reSinol ghtt 161 Jayout @rchﬁ&?&% withinh
reference to the S

Mbit cell in_Figure 1B, theter naI aﬁ]gn
transi stor 2psrtignal armEcandager cipg For! QgﬁF@"Elohﬁ%‘E?%(? ¢hé®¥e 1009,
but the tergifak o etteﬁmoésra@ay@ttormés%lpma M ]He@@?é fetaredita?as %t

connected together at node 111. "More specifically, the termnals of PMOS
transi s€dr qig@rodndramkmstmangresﬂssﬁ tp1ipdexh placement ©f gt pleeiradey of yarioust the

out put 10685{%15&0'?&&! g out i ohOBY &ﬁlﬁgltfjlﬂt h 160 Hrfsil ﬁﬂes%ﬁjﬁ felfm e P

t ransi st or nsi st or 3 an ere ore are not connected to
bot h of thegite retqcmra:lestr@ks RMOS:fined by %pwemlaarsﬁametebetwsﬁs toral 1(23

Therefore, the d s
and two Nl\/@ecltiﬁsﬁéa eagé]tr %g eChoggae@ % Pfaa%'&eﬂg néares ec?{ghnec gﬁ (h{e er at a
sane corrm)neteaﬁlﬂl . e trﬁ‘ﬂdssaeqewnmdsy? tHehapediRAiViats ¢leatelit pitiche $n m&ﬂteeb smhd;}dmenﬂ ncl uge
a cross-coupl ed t sto con rati. scribed wit regar
o oo ) Bt slp et P fR pecl & ptdis pRE e ERs R e st shecftiea

gate electrode pttch

[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 ar eWO2011458) ndex pl acenent of gate el ectrodes REFT/GRPI9GBE437
transistors within the |ayout. In one empbodi nent, the parallel virtual

| i nes whi ch r | ect e C re.define . pendi cul ar
spaci ng theﬁe?e%ﬂfégﬁacg%chgtggféa_feg%elca‘%“?egé S%t gmg’l te"rzi:tprﬂg gﬁﬁﬁlgﬁ& %Wgellfl%f ore,
pl acenent ofhegheioveeh equal dder seagifiedt mtonletthmlegritch Hi7e &br diistritivacisposes,

corresponds eChd I ect.r i . .l n..another. e L ment 30
the gate el 80@?1%@%%&61@%&%{?5%30@8 %1‘1 %Hayra?lgbﬁ%é@%ilflrchﬁ egapkezﬂ éﬂ‘P‘ﬁ?‘ﬂéﬁ or
equal to a spdecstéadatiatgid diffesiec tegivde 303 treh305] DO2Fnedinghe difRbion Norebbaow
exanple of gate el ectrode. tra 301A-.30 defined.w thin e restricted
oate’l ovdl PR IeE ARG hitid Bp indiusd et e i feeiof o0 TS  ne
present i nvernividad by Galyeofakaapl ade it haehy rédsdnt3Hinttgioh o MEushn Paeal | el

virtual lines 20%?4{1}4680PCT/ US%gOQ 036937. 11 that extend across the

gate |evel PESSHPeIF Placemont Withit 198 eretistative ighe resfictadaatedeteheen
equal to a spe@iatdnaec@dt e el ectrode pitch 307. For illustrative purposes,

conpl enent a%édi ffusion regions 303 and 305 are shown in Figure 3A It
shoul d be ulfftkWithin theestiisfed gpterlgest Jayouk grebietup3a gale 1svd Teatwredatauhed i n

the di figsi ginhQYEderined B¥uPy %ig%aﬁnhgé %%ééx%ﬁglrack@o 2910 éa&enﬁ Boveeh ?ﬁe H%%Pét ood

that the diffusion regions 3 are provided by way of exanple and

in no way r tprkeadiaceni iy thei givenagate plegirpdditfapki sy rexarape.ogntss lexel, fesshegplayoutind/ or

pl acement w4t hi gi ' } ' ' | evel

ayout  ar chiFabd s0fad i A PR gl bl o JdBoIERAC TR HRHE:

archi t ect ur 3)1Ea wgteetiteivelt shoaklube undynstovd 1ibatc bavhngdte | dectiolie nedk dizoud a
de t

given gate electr C € et ween t | ectrode. tracks
adj acent t o“TH&P oéﬁgl\flgrga%a?‘gei zﬁ%teugislragget c?%‘%gﬁ A q“ﬁ’of"@ %?%% cg'? eg%%cks P%%“e eature
| ayout thanadheni301A ddgeufauprascabddElalowr spackekign addjaadinud agrilcboahdiy, rihsle
tracks 301A through 30 respectively. 1t shoul d he _understood that each
Gate ol oot r RIERIEDE SR leyelCRRRE s chiymh et i i 185 B 4 Stk Ahannel
Al so, for gab@rodkacbk 0dRide Ae bfes@ided tlhyneepats Rdjlasenld 610za8 18D &aple a
prescri bed Iayo;i] space, .e.g.,. adjacent to a cell undary,

cor r espondi 1yow hennels 301 Atland 3041, “@W&rﬂﬁ’é‘i‘“é‘?&gﬂﬂ@ that ?atF{‘lt?c”hférl‘é’eb\ere a

virtual gat ﬁaﬁf@ﬁ%&l@@ﬁ‘ﬂ:}h&l%&eiﬂx’é& & Q@a&l%n@raﬁ%ﬁﬁ&@(ﬁ%tﬂ MREbrSPasdn %‘ée
illustrated bxwga e level feature |ayout channels 301A-1 and 301|:£1 ot
¢

shoul d B f eledtrede tragkeEhus eash satgdevebleatreayaut Phapusl i defined © oxtopd aerowsitbnel i s
defined to extf0M 180N\RiudR R Potlof of BRIHHD 10 Which IO 165D BT s8R fed.

[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 chanmel, so long as gate electrode

portions of the given gate level feature are centered upon the gate electrode track



20 el ectrode track. Thus, each gate |level feature |ayout channel is defined
to extend across the gate |level |layout within the portion of the chip to
which the gate | evel layout is associated. [0025] Wthin the restricted
gate level layout architecture, gate |level features associated with a given
gat e el ect rodeodsriamko are defined within the gate | evel Hogaisasenlsasfout
channel associated with the given gate &ectrode track. A contiguous gate

| evel feature can include 25 both a portion which defnes a gate el ectrode
of a transi stosesPordiag i e Sivep gate fryel Ipwont harnchang sg long agfhegivepdateof a

transi stor. I Seanie ‘é@:ﬂfnﬂi&%ﬂﬁd&?gﬁa%ie%ﬁ‘din% RAkNRnEAR1AY RNGhVEEe ReAD a
di ffusion nglon and a dielectric reglon of an underlying chip Tevel. In

one enbodi nelftures cadigsenteptsievst lagouy shanpls\Additiengtly; pBysigeh contast weprehitiigde

el ectrode of i i Jobi I @] upon a
gi ven gate etfeg“ééte%%g% l%%ﬁtﬁﬁgrt egrup n%d?%i{eb‘?rfp%géFﬁﬁg%g#gg%it%é%%%gggﬁons of
t he gat e 3 evwith 4@gagentizatetcleatrodddrankst f orm a gate el ectrode of a transistor

can be posity WL T b ture j.at ed
W th the gi VROl 7 Bndn B Y St SR AL B SRR BERBRET, U7
can be defi radwéb s anmber df gxanmyiavi grte laviel featnrea 309-92hdgfiat®therire in dceatiance

| ayout channe.

l., so long as te el ectraode.portions, of t i n gat.e |evel
o o e Nt e oo s o A SePuriEhGRET 238 kil SR Bl 200 ¥ defRec i
f2009/ 114|680 R@'@iﬂﬁ?@@ﬂfe@ﬁf&fjﬁﬂ%ﬁﬁér Hﬂp@ﬂdksﬂgaﬁs@ “ﬁtlhegagsji alamrlog?hecld el
eature ] ayqut channel, and so J ong ag the giyven te ve eature
conpl i est%i ¢ Fhe gats; ool gor?g%sc?f{@te?’@ﬁ%if?aéws?wg apeeittrpially aerﬁ%rﬁippﬁla@s | evel
features in agd &able GakS0lAYARIso) @AY Abi-gab dRARIIE poliddi bi @Ralchyl feddit¥ Sogal
contact is prohibited between gate | evel features define ate |evel

din
feature | aydtrinigRalsrien suie seacingrequisawsets aritysate gvel-feaarendth Ifmfb A deinedt r ode
tracks. [ 0U%fn Byakhe of8 1380 Warkd Gy St CHRLAI YOTEP! Siifalf) S RovliOnel aY 0L

architectur Fi'gure”3A with a nufrtber of exenplary gate |evel features
309- 323 def i31&323 larer ddfined withinctheir despectivaigats lovrd fesitye déyepihehanselt and favesent

Feature Tayor G0l pETM Sty SROftelh BT HARE BB 10

The gate el eotrespomlimpid theivsegpectymt gatd tevell fehfomt ayeut 308nngt. eAlsy s slamdd b | y
centered upan the el ectrode .tr 301 L h n-gate el ectrode
portions of aﬁgﬁegatf:‘g%?% ?aégt‘iﬁ %S%déveﬁg%(wfr% ?1 ldé‘%sls 3’?\‘”' J‘ﬁse %E%%‘gi“ﬁ‘g Spadiig
requi r ement Segireieigftngthl gve levélefehiures defidd &ithinitipicele fgarelveli fedrire laghuacent
gate level feature |layout chanpel 301B-1. Simlarly, te |level fegtures
g1 205 ar e hitr ot oHs Abva) Forpiel pabiiny angpagr betetoe! T OB agBie
channel ,20andighicetega®levalgdinre Blyeuteh@sklode portions substantially centered
upon the gate electrode track coréqeﬁspondi ng to their respective gate |evel

feature | ayd®827t Aagate plectiyds Gorrpspordsd | agPskom, P EBPEriXe 8RR AEVeb eI Hthahat e

| evel feat uregRndlovess dithHBioR rélidhs wihesindfle Fesh&1iSH 3t RVl RIS AEIHeS idMied h gat e
| evel features defined within adjacent gate |evel feature |ayout channels,
and avoi ds phijsiyceithine gate tevelipaiere sayputahannek Eagugate low) &atureisdgfived gdthimed
within 20 adj e, | e f : :

el ectrode cg{rS ragg%g%ﬁggﬁﬁdeaﬁ J(’)‘ftt‘?%{rllﬁég)?n g‘g?{‘g@p}’é%?%g&{éiﬁé %gétg%r é%%vr% 1e t hat
ext ends 26v e featurel idéfingd ivothinr angidmmingvpate &ivel fedturerleyopechained Apadlustiated dly theeat ur e

is defined ipn its eniir gl r.e channel . Each
gate | evel FEAPRIF %"ﬁ? %v?ﬁ%a}{ur{glc?%&t{l H?nr?g?:sgl%ﬂgﬁgo}lé\ﬁlﬁfieﬁ@gﬁ%fgﬁ}gag%annel '
wi t hout phy dévebdehturedpyutetianmd isanaiciatd wihtcsiven\pate eBotrbdeatack end@iiespeddsM t hi n
an adj oi nin te | evel ature |layoyt channel . As.i]lustrated t he
exanpl e gat g" gg@’@}“ geglgmflﬁ ef“:ff}‘gslﬂlo%gng‘ﬁ 8 BB 1hechogs, Cklfg"’ﬁ’ds"@ﬁr-‘@&g?&}ﬁ gure
3B, each gatbgiwal Bl edck@dppdstng dieotion abmnielgives gagsdeiralietack foha alogsven gat e
el ectrode track and. correspe%r‘}ds to | ayout regiqn that extengéséal ong the

gi ven gafe &MBEERGdizce gate clagtOdroFark i T Uirtiph §AtoTlesiart track e & 3¥8ul ng

direction frgfduie 0i ven gate el ectrode track to a closest of 30 either an
adj acent gate el éctrode track or a virtual gate electrode track outside a

| ayout bound®¥2§l Sqron ey leselnfatyees anay sy oRGer mpreCoRas hrad eogipes dfinpbrte
contact head,pRihihe? 38 iddGidnS @fbn@lheir 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

=t




any nunber of |ocations along their length. A contact head portion of a
given gate level feature is defined as a segnent of the gate |evel feature
having a height and a width of WO 2009/ 114680PCT/ US2009/ 036937 13
sufficient size to receive a gate contact structure, wherein "wdth" is
defined acrW930PH#MBLbstrate in a direction perpendi cul RET/gS3000l85987at e

el ectrode track of the given gate |evel (feature, and wherein "height" is

defi ned acraqs .substrate in a djre parallgl..t.q.the te el ectrode
rack of ‘t naudielh s ghREFEYEr PeotlbC Stk Kt Svighf ot droril adier e
contact 5 healsktraf ia agafeend,rep@beﬁdmtaummevgzwelwmataw ofmha ok, gataBvdie

A <o, depondrooRaHE I I ATER it e SEHTEe ot gRionPaNELIP Dnt act

head porti Oigat‘éfcle’étr&&t @ck%‘f’ ﬁie glmtgafeqemx%aaﬁe moﬂmtbefh@y@matea oL a COMAACT
e level of the various_enbodi nents

defi ned thereabove. gr’ n’]@
di scl osed hdgadh of 4 gatq lewel ﬁU@sw e1} Wsved HppbeYes Gat Be defined by geseatially 9% ed
above. Some ighut mpgaﬁ&uduegls |sqv.fa?@&1“£ Retah@le M B8t @epeﬁcﬁﬁg 60 B8t Abqlifemasi St OF

devices. O hers of the gate |evel features can ormconductlve segnent s
ext endi ng béﬂﬁb\i@éwittdﬁwp@me@ coptadh hepdinegiopad @ gpie el fepuepgnaygir ey siodfave he

gate level feaf ‘éﬁﬁﬁt ég fdinctional with respect to integrated
circuit operation. i Gt?égé)%g under stood that the each of the gate |evel

features, r é@mhl‘\@@ lg'f'el olithetvianeus atimdmtqntsetzlsct%eciem:mb @aﬁm@dsas al_ﬁsmbtedgat e

| evel hi a es, out
physi cal P g%t%pg‘%:e |aﬁ3d§%tﬁ?ﬁsé¢ \ég%"fgegﬁ%‘%/z’m %a?ﬁegél Lférm jé%a(l:é%n? gate
| evel feat utrendisigroddviecha Otielrs of thd @3] level fnammnmdfarmanndhd:tareg@aeﬂnevel

features are de r QVi init of co o l.e

e to- ohERind feutd RO P wihih o drfe RHToRIo IGO0 e erp (s
p:rgdij cted anﬁytbsmmrﬁmeﬂoﬂaomm espeu ¢ mfergtuddm@cmndpaﬂamm shivulCiRsadsstobd t hi s
e (0] |rrent

Chape {o- shishearh ol (o SMatah RIS RS AR pe ied o epross

l'i t hogr aphi gnel datetlbas iwifih thkit Rdspectibe gét@l/@blltfeﬁtﬁ@tl I_%ﬁﬂ&%né)@wﬁﬁ&iﬂ bﬁjt'sﬁ:la}ly
predicted and mtigated with high probabil X wever, it should be

under st ood ETHACHES AilE S84t levict é%attwrs%] dsﬁne&a’tvé | adjasentt gate Jpveh Toatwmi lavaubei
gate level |[@yput channels are 25 acceptabl e when correspondi ng
| i t hographic interactions are predictable and manageable. [0031] It shoul d

be under st o#30httone gmhodimenthhe g@ﬁe develfpaipres argtdgfiead to pexyidealfisis nghbar ofict i on,

i's defined §¢+§J§11&J‘3£¥dﬁ9 Bab ol HRRhULE PIARMoR WG BRYE Slagldpde

track is configured to connect directlry Re gate I evel fo anot her
gate | egel pediciedendepiimizdd &rongnanuficfufieg end d@@@r@te@@s rlodhis emhodiment; hout

utilizing a,non e en
o111 09, O s OB 1o RS AL AR Y
channel s aswhithatontl istiobucdi :idira‘seehﬂmgmplac dterattiondeittin dekRyous thmdambhb@ug h
one or nore non-gate, level f ur.es ) defined in higher
i nt er connec & %redlf:t.eé and ‘E‘ﬁ’r@aﬁ& i % ?‘ﬁ’t""&’@oﬁ %E’é‘idhee‘\?gﬁt"%‘bove
the gate | eingd chafgeshly divedtionfof lgpreatvel famiEds OFitRC thefrgateUses labuthabiglsaie t he
gate level. WO 20091114680P /lrJ 2009{'1036937
25  acceptable when corresponding lithographic interactions are predictable and manageable.
[0031] It should be understood that each of the gate level features, regardless 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.



14 [0032] Cross-Coupl ed Transistor Layouts [0033] As discussed above, the
cross-coupl ed transistor configuration includes four transistors (2 PMOS
transistors and 2 NMOS transistors). In various enbodi nents of the present
i nvention, gate el ectrodes defined in accordance with the restricted gate
| evel 5 | anpghogdfifdgse ecture are respectively used to fecmustmsbasear

transi stors of a cross-coupled transi stor configuration |layout. Figure 4
shows diffusion and gate | evel |ayouts of a cross-coupled transistor

confi gur at i ¢#32] Grose-bavplehbranglenayelds enbodi ment of the present invention.
The cross-c ty t feofmd IS, biNG tibRSnélidest folMOS

t ransi st or mbﬁg?l(%%g§§6§ %Bégﬁéeg%r%%tcpo%gyiggiﬁgﬂ;tgn_ Ing al ong a gate

el ectrode t traosistats (2 PMQindgangistors and?2 NYQS garfsistess)ol yagsosmbedone s r st
NMOS transi stor . 407 . i : : i ng a
gate e oot r Biree SegliGisciile Bcolle BeriRl iy SERIAPE Sidh \hE SRR IO 16t
second PHOSidypanacliteciuredd respeativblynsell oy foamthe éove [trapsistord f 2032ssepumedli ng

| th te.el ectrode. t k. 456 . D- i i i 482.
The Second- Risteranatisn K. FRlpal ol HpRioh b Bt k] BB ofEgbar
ext endi Nng akoupled Hensgbdrecohfig@hiet riodecdrdamed Wil omn dmbudimestnof they present

diffusion region 484. [0034] .The gate el ectrodes 40Q01A and 407A o first
PMOS t ransi $tVGhtiokg ié‘ﬁn o?sl‘cPk]fle‘RW@%“ t?raﬁ’é'f”étt %fg%ff ergglﬁgeét %e@st Ebg/frd(}e

el ectri cal | Y haidiel @eficd byhegald didtro@adie Anaeadihg hlong agsteteclaicarapldsll to a
substantiall'y equival ent,_gate el ec{trode vol a(gg. Si. m |4%§1k%d twaéﬂ%

el ectrod@s 40BaveaAR- RSN ortwgogéé%ﬁaeﬁ@&% Hapsist gy efinef Wetsiiy Nvos
20 transi st %%cé&éw;oﬁﬁs&%ﬁing%ldﬁg PR ab&flds naal b5t SRINGRE ked-ty diffesigecond
gate node 4 SO as to be exposéed to a substanti al Ie’/ equi val ent _gat.e

el ectrode vetgiends6. Allwosccend PMIPS tresifieiuA0 indslingdoby a4gre clegisodesHBA 407
has ar espe%%ﬂg%ﬁn?gé%?fe%tetﬂcﬁbﬁp&acﬁ l4§g hﬁd 67 aYp-6p4 BRERIBA rdgfont 482. TREMTON

out put node e Cross-coup transistor |ayout can bhe
i mpl ement ed stoond NMOD transistor dD$ fsalebned D5 getg/eleaniofn 1954 prdendingalongtbaieait e

gat o ol dbir clsae Rt trdouk AT S REIRE TR0 70 81 and seco

ransi stor 401 and second
NMOS transi §0034] 305 gate eldotadet i40h& cind |40y afhibe SiaarPMAS drapdigion 4Gdand fisstk 450.

Simlarly, the gate el ectrodes.403A and AQ7A of cond i stor
403 and sec Moglmlit‘?ra@téi ’é‘?fp(‘}f’uvfgli e ( °B8§‘?¥ ?Ogﬁ%‘%&g? ﬁgﬁ%@%ﬁggﬁ

el ectrode t raekpdafosdiesa subbantdly teijeivdlen 3R dechods wiltape. dimfarhytle gatcan be
characterized as a cross-coupl ed fransi tPg\lrlgﬁonfi. ur%h%on defi ne t wo

gate el ect r Gietredes A03AWINGL 4834 ©F  thy serep tIFABEEOL S R f S ]

Figure gos N QMRsiGor Va5 Rlpettives), aleRfocticRBEconfttRddasl tersadumtl phte modo4t3isgus & i on of
Fi gure in Ich the cross-coupl ed_transistor co‘gfi guratio ig defi ned on
three gate deesprsodido prsybstantiaily pawiyabnt igaly elpsiradeoyoliags- o’é‘ﬁahﬁ theofqur

gg 8 g'/ ]:I_IZI_Z?SI'B l)%‘é‘ﬁ%%%ﬁ 8@% %g%g%ﬁm ﬁ%sﬁe(ﬁfve WitRisioh idtninalectrical ly comnected to

the common output node 4935.
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[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 elecirode 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



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 track 456. The gate el ectrode 407A of the first NMOS transi stor
407 is defined on a gate electrode track 456. And, the gate el ectrode 405A
of the secoW@28MEIBT ansi stor 405 is defined on a gate BCTASRMWOHI t r ack
448. Thus, the particul ar enbodi nent of {£igure 5 can be characterized as a

cross-coupl I:SL.0fn G L guratd o fl.ned te. el ectrode

Cr acks wi b TGS BRI SERLAR SR OB BLLNGE o8l 1L e B6 SISRERIERS
vari ati on ofofttinesecorsisBMOSUpdnsigtot #éh &i diffioed omtifel gt elbdtode ahck-d ) e 4aten

whi ch the cross-coypl.e r ansi confi atian i s defined on four,_gate
oot ode +eematiPardhd ABRNMAY wiRBarl & dled n ke PhRec Rk mrdonr
t he galte el eﬂaidmﬁegaﬁeoaléctﬂfdeTt;bsAfdfrmé lsdBMESNMd (aﬁom' ﬂ?r %hsi@ﬁﬁhﬁgdﬂ;ﬁ/%aé@n t he
ate electrode trac ) e gate ectrqde A of the second,

?ransist r P t&@ké‘ﬁé%ﬁqg &e %@FF@%%&“&%@CWP aelerizedes a

el ectrode 4Q{As-eduplddardnkiket coiifpratiérdeTinsd 64 tt&QJngt&elQ&;fohaﬁdd@ Rvith G&sRe
el ectrode track 458, And, .the gate el ectrode 405A of the second NMOS

transi stor 400 clestroflefConrsgtiong: a gate 15 el ectrode track 454. Thus, the

par t1 cul ar qaiafkiEaRls Howthabisiof of if AR EOMAALALLRE hofiudiicl ASTagOUP! o

transistor configuration defined on four gate el ectrode tracks w

crossi ng gatiewhich thersers-ceuerbEansisios conffpuzgpn S dyfined an Bhogate eleqirode tiadkon of
the crosg- cQlpl ] i canf i at] ' ' '

Cross- cggpl e tc‘r?%rsllglé ?’?’% reﬁtgg%ci cgglfrlégtg%h #ésemcfg?yl ﬁ%eegé%ﬁelg%%ﬁagﬁég gf E(%1(9: Fde
tracks 20 wPM{d% tramsistm Si0hgs dedined eh Ewt gatsddeatode Badki 490s TheSgate plectoal MO3At he

gate electrq 401 A fi. ransi stor. 401 i ef.i ned.on the gate
el ectrode tlpg ¢ sﬁ%ﬂd%éggﬁ selgtérlt ‘édgaivl?csgl en%%ﬁlgfga%ehegecﬁoﬁes% 'ﬁ%ﬁ%tf’st or
407 i s al sockekodecid7Arnf shegiseNBIOSCransdor H0A skieibal ol gate aleetrale axatk o5k 403A
of the second,P ransi st 403 i s defj th e el ectrode track
256, and. s Mooy Pl BeioR Abs o it sepd S uiabtia P dn SrER T P A 5o
definedi25 eRctéodgatack 54 Thigde dattRaler 4hbodithbrtSf Fidie: PantbeGliirasteeaslh ment
of Figure 7 can be characterized as r 0Ss-.cou Ie(il tg’gﬁr;géc tor

confi gurat i SsHeRIPled drapsistpr,epndgration ge foyr & MYE oSG at e

el ectrode cenpertid@Reonddf3R] Figure 8 shows a variation of the
cross-coupl ed transi stor conf i_zguration of Figure 4 in which the

cr oss- coupl 938} Bigutest hewe a mariajon af the srasseeppiod twasigar eopfigwatipnof Figuar ¢ r ode
tracks 30 w r0ssi . ' £ ] t he
Gt ol ot r arth R/ A0S cDEIAAR R EoIRIRIER MR A ORPmvo PRECRA e LN C at o
el ectrode t withkut4sGsing igategiactodd exnnectidns. SpFoficallys the shierelactrpde 1ty effibe st or

407 is al Soﬁ%?fPW tr2kiFor 9 §s ﬁéfﬁ‘fé& '3Y%fe %étg%ﬁcé&g'trazﬁ @50. The gate electrode
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 456. And, the gate electrode 405A of the second NMOS transistor 405 is also defined

25 on a gate electrode track 456. Thus, the particular embodiment of Figure 7 can be
characterized as a cross-coupled transistor configuration defined on two gate electrode
tracks without crossing gate electrode connections.

[0039] Figure 8 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

30  without crossing gate electrode connections. Specifically, the gate electrode 401 A of the
first PMOS transistor 401 is defined on the gate electrode track 450. The gate electrode
407A of the first NMOS transistor 407 is also defined on a gate electrode frack 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 on a
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gate el ectrode 403A of the second PMOS transistor 403 is defined on the
gate electrode track 454. And, the gate el ectrode 405A of the second NMOS
transi stor 405 is defined on a WD 2009/ 114680PCT/ US2009/ 036937 16 gate
el ectrode track 456. Thus, the particul ar enbodi nent of Figure 8 can be
char act eri z@@ 20®/184680 0SS- coupl ed transi stor confi gur at ira/wedopmsas’on t hr ee
gate el ectrode tracks w thout crossing ate el ectrode connections. 100401
Figure 9 shows a variation of the cross-coupled transistor configuration of
Figure 4 5 igtogecands ek @osBusdhppatcnls gpbpdimst of Sigurgdipaticsharedienrsd i ned
on four gat €6l &6kIBG8ed ﬁéﬁl&ﬁx%ﬁf%&ﬁﬁoﬁ [ORRIa 1BRE Gak|cREtrbRAPckORRRGK T ONS.
Specifically, the gate el ectrode 1A of the first PMOS transistor 401 is
defined on tawmssigagete eleeitadesaeneettamek 450. The gate el ectrode 403A of the

second PNVOS b6 Satd sitQd olvariflth il QO LOGIGA R BLPELTAUSIM] dfadod . The

gate electr of the first transistor ef1ned oh a gate
el ectrodé t rimwhichGhelddss-canpled trimsistpa cenfigustivn sdisflingboh fir gaeelsxodea tfadkih/OS

transi stor 405 | i n t 6 WS ;40
o 11 cul ar Stibsu et AR B0 B et SRUR O At edtBiCsoilErae | o
transi st or cRsfENOS atangstod4(fli isadfimed doothe gaatelecebdectiachdg(.t Tiacdsse wieditodet

a1 Chough ¢nd0ak ol BSOS drefSeead 5 giey gg heygud 8drodB Ragt 48, i ec 4. o
are depi ct eGarseldtavdd 7N the SROINMOD eaisiswe 407 i definanod £ gitoRled@lle 1SR, 484,
T usi o r 5ot e epRtSlscrpas 9P St s Seippd ANOS Gemsisorcios s drmed gnd B
conti guous Rideiter tehck i1 iMhbs, HRGlaATbufa® EmbBRRert @ PRt Oah 14 QRarANEH AR s a

Mor eover, al though the exanple layouts of Figures 4-9 depict the p-type
di ffusi on r stssABIPEEOtransistor goonfiguratiqre defined| o1y fouri gate ¢losade fragks withoyhoul d

be 20 “nder%f-d%&lﬂ%gﬂé‘&e&d%ﬁeeﬁrﬁ-%@ﬁsggi ffusion regions 480 and 482 may not be
enbo

vertically align In other e Iments. Simlarly, although the exanple
| ayout s of oAl Eshauld belepprediatedhbatalthppgh e tlogs¢aupled dghdviers 481 WAMUS86 in a

O calld : o y : .
611 ue AR 27 8RERyRR L b0 enitiba 81N 6 HOF SESROA ailfbn Hdfon b,
enbodi ment s .4825(864ptctivelyi-oifareabodingnistoiny ujlitea @indgtous péypeainiftesamiregisn ar e

| ectricall t.ed i 49 493 d th J d
ol oct 11 oal  SorEDS GRS A LR deter) s 2 Sons @00l St AR BB PL 000
that in | ayoNOSs paedstemcios ahd BOE Madeeves| Athbughte ekagile lagalts oORipant idons 491,

o o s et peype dinon Fegions b0 SRS T O8ickly afi e Bosilon, HShSMiFhe ¥

20  understood that the p-type diffusion regions 480 and 482 may not be vertically aligned in

other embodiments. Similarly, although the example layouts of Figures 4-9 depict the n-
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



nunber of |ayout shapes extending through nultiple chip levels. Figures
10- 13 show 30 exanples of how the gate el ectrode el ectrical connections
491, 493, and the comon node el ectrical connection 495 can be defred in
di fferent enbodi nments. It should be understood that the exanple |ayouts of

Fi gures 10-W928pP8146fbvi ded by way of exanple and in no REHUREI0IENt an
exhaustive set of possible nulti-level ggnnections that can be utilized for

the WO 200 09/.0369 ate el ectrod | ectrical .
connect i ons gglié]léég 8%%%#0‘3 §? goe"%gglr?%ggln (Q)‘ §3é %5% g’&"ﬂ"&’é’?’ n(?g‘?l %8?‘???36 femggion) 0043]
Figure 10 sH®&ws a multi-level layout including a cross-coupled transistor
configurati i ned .an three gate electrode tracks wth crossing gate

el ectrode S?Q%‘ﬁﬁkﬁ’feor}@, S}for‘ivsaéc%'ruhﬁ}%%l YOH Eﬂ‘i’b‘déprgb&d Cresfieougted; H'énsﬁg‘%sent
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of the cross-coupl ed transistor_enbodingent of_ Figure 5. The electrical
connect i 6n &WEB&%’&?"?‘H ange tifhqng embgefmenioafdhe, prepeng invieptian. BheoByeytadsi st or
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by a nulti-Ilevel connection that includes a gate contact 1 , -a (two- 10
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PMOS transistor 403 and the gate el €ctrode 405A of the secon

transi st or #05ormed il gemuliileselneAnppctionyvibpt instdec i gate tdoatact A6 degtvwa- gat e
cont act {400%; il e NsLAna! oo elad! 5 9..8Nd a gat.e

cont act 1011%111%%5%}3;{11%@%”? %gge ell)ggt’rl ?aal éaé%%%@%%ﬁggskgig ellesc cglr??é'gc%lﬁna
mul ti -1 evel 42% betweemihet gateneledicade i403A ddbe secdind PMEISO rarsistdratdB 2h0 1B gate

(two-di nensi - I 101 di f.f usion contact. 1017,. and a
di f f usi on cgng aéige 4%@&%0%%%? ngruﬂ%rs‘ﬁogv\lg fc&“‘ﬁ%?{’ F-“i“@(’i‘i?"e\ coppstion
i ncl udi ng athat dskhdesow gite dorttaca 1607 aqtwosdifehgotaf)t hasl- Oghicies 1009, ild gaat e
el ectrode track ' Crossin at.e el ectrode caonpectjons, in accordance
Wi th one. enbathdi o REBE Hafin Sl FomRton AG i edchy & mul leve

15 connection that includes a diffusion contact 1013, a (two-dimensional) metal-1 structure

1015, a diffusion contact 1017, and a diffusion contact 1019.
[0044] 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. The layout of
20  Figure 11 represents an exemplary implementaﬁon of the cross-coupled transistor
embodiment of Figure 6. 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 comtact 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 transistor 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 muiti-level layout including a cross-coupled tramsistor

configuration defined on two gate clectrode tracks without crossing gate electrode



20 Figure 11 represents an exenplary inplenentation of the cross-coupl ed
transi stor enbodi nent of Figure 6. The electrical connection 491 between
the gate el ectrode 401A of the first PMOS transistor 401 and the gate

el ectrode 407A of the first NMOS transistor 407 is fornmed by a nmulti-|evel
connecti on wbateshngkudes a gate contact 1101, a (two- diregruscwmmedeys7net al - 1
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transistor LApRids iaNsidtdiCA0i0R8 Qdcidally GoAncERANE Chinah Refoween? difffmeison
regions 20 associated wth the four cross-coupled transistors 401, 407,
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connections, in accordance with one embodiment of the present invention. The layouf of
30 Figure 13 represents an exemplary implementation of the cross-coupled transistor
embodiment of Figure 8. The gate electrodes 401A 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. Thercfore, the electrical connection 491
between the gate electrodes 401A and 407A is made directly within the gate level along



configuration defined on three gate el ectrode tracks w thout crossing gate
el ectrode connections, in accordance with one enbodi nent of the present

i nvention. The layout of 30 Figure 13 represents an exenplary

i mpl enentation of the cross-coupled transistor enbodi nent of ure 8. The
gate el ect r BRSO and 407A of the first PMOS transi s'f(HVUS&meg‘%I" first
NMOS transi stor 407, respectively, are i®9rned by a conti guous gate |evel

structure plgegg fengét@%leaﬁts& &A&cawdﬁ,et él@&hcﬁ%gm%ﬁﬁ{ %B@rb%nwéegeth@' Gt rical

connection 491 bet ween the gate el ectrodes 401A and 407A i s made di rectly

wi thin the gictodeediBA aﬂ @ng%@@@@mammmm@%@mwdqm%ef thengl e

gate electr ate
el ectrode 4§g%ngfha'tﬁ?g4§g§gﬁgg%el\k§%ﬁa [ sﬁgl?ﬁ]g%él %ﬁﬂeﬁ)ﬁ \t{% %f,i
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di ffusion cgg{gct 1311, a (one-dinensional) netal-1 structure 1313, and a
di ffusion c ct 1315. [0048] In one enbodi nent, electrical connection of
the diffusi (WMBPQi aﬂnﬁexﬁﬁodixhancae&ﬁcal@emwb@& bf &ﬁ%lﬁtxﬁéﬁrégmnﬁfb@tﬁ@ﬂfﬁm node
495 can be ‘ﬂg usi n one oy nore |oc é i nt. erconnect conductors defined
at or bel ow® SF‘E'\‘/é‘P the seppon fe % %‘d’ﬂﬂ Yeempdei§ing (088 & gRpenecal ocal

inter conoectint@xe&ﬂluat&h&ucmré BefRAdYGE BEISwI the BatONG/1 1RV TRis(ARRYE D RaPat €
| evel ) by way of contacts and/or vias to nake the electrical connection of

the diffusi 8l cegbrdosst intoreonmpescondusinss adthiondictoss by Bighes levels Gbavroe node
495. Addi ti gnahdyy b Qvax of éd?hh%ts%ﬁ@;‘&f”nﬁ?ﬂtlﬁake?&r@ﬁﬁ: tricaV&nRELDS oHRE ﬁlf@ﬁon

electrlcally connéc e diffusion regions of the 15 cross-couple
t ransi st or s regiers eé thesmrsorRiiiransisiorsn threcosunomentie 95 + Additéane by, év warious

Coraton 1 oFPPHARERS ShalchGy BNE o8, b RUER LnERTRIRARKE ARbRYHE

the n-type amds- qznupgcpetrmsisfoms iteo rther eghmnns mﬂe 49hyesinclad ldyfiredptar trhverscamar
because t he ffusd ons_f P transi s ,of the
or oss- coup! St IR afkiret & GEEE AT a% poepmuatly atatiog M EedathEehe n:
[0049] Also, it should be appreciated that because the n-type and p-type diffusion regions
are physically separate, and because the p-type diffusion regions for the two PMOS

transistors of the cross-coupled transistors can be physically separate, and because the n-
20  type diffusion regions for the two NMOS transistors of the cross-coupled transistors can be
physically separate, it is possible in various embodiments to have each of the four cross-
coupled transistors disposed at arbitrary locations in the layout relative to each other.
Therefore, unless necessitated by electrical performance or other layout influencing
conditions, it is not required that the four cross-coupled transistors be located within a
25  prescribed proximity to each other in the layout. Although, location of the cross-coupled
transistors within a prescribed proximity to each other is not precluded, and may be
desirable in certain circuit layouts.
[0056] 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
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20 type diffusion regions for the two NMOS transistors of the cross-coupl ed
transi stors can be physically separate, it is possible in various

enbodi ments to have each of the four cross-coupled transistors di sposed at
arbitrary locations in the layout relative to each other. Therefore, unless
necessi t at edolyooahased ri cal performance or ot her | ayout BOTUSO@H03HIY
conditions, it is not required that theyfour cross-coupled transistors be
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A though | Stipdnfsrg Rat (el 3h st RnERE Rt ot itaiop o8l b oo
proxi m tly t Qagds bi[z@(mgistbﬁwm ornf@ﬁbt:dﬂgﬁh Ieﬁn%ﬁ)ddfﬂayvd)Qe ddeﬁé s{iﬁ)ﬂgaeiﬁdlng:&it ain
circuit layouts. [005 Int xe ary enbodi nents di scl ose erein, it
shoul d be uﬂ?féﬁpglﬂ‘@g]&e?%%‘%tﬁ“%ﬁgV%n?ﬁq@ﬁ BES- ar e not restricted in size. In
ot her wor ds [po&1y ABdiERu1IS] # ChtRl DR fifigsiod @@ te Folarmkigef dfthddoRlBibiEdr Y
manner as required to satisfy electrical and/qr |ayout, requirenents.

Addi ti ondl | {FAnsSir ORI GRT SPAUTES FLPP @wda@c@%weamw @ fechy pfhorel y
manner as I egintShelcRslP plad by inShoffe lefibbdineRR N1fe sb&yﬂ!ﬁ]%,rb%%'sé &R Rns Al SO,

it should be Undérstood that the four transistors of the cross-coupled

transi stor bemeeytheatrinsistornof dlest Proesccoupled despsisten eenfigutation san begpedechied gat e

| evel | ayou ' t . . ' .t : '

ditrerent VG O6MEE s R BB R s R e R iR drhe

transi st or s fofr trdmsistorso o -tho wpisecoupkednamsistor wofigurgiimmatdlative ctaneaght dtber. vary
In size,tr I stor W ar .Lransi.stor _ga I t r. have e sane size,
dependi Aé O%T@ﬂ‘ghh%p ?@égafeung (sétg (ﬂh@gg pz‘inc'#"& O?g&%o{(}%r &%ndshsl%gsé %ﬂ’tesc.ms[s'OOSl)
Addi ti onal | youpidd tsdneigloel claefiguration stayolsk pdvatned e cértaini embadimestt by clatrichhe
cross-coupl ed. 5 trapsistor, confiquration are not required to be placed in
cl ose proxi AYSF IEUERTIZat0R FYYG ey may be closely placed in sone

enbodi ment s oSy B shosiei bd @ppredlated aRAUGE BOBREEIIED RansiedVedIfightaBods! aqisi st or s
of the cross-coupled transi sﬁor conf ] gugatio_n gan ge made by routing
through as FRHSPOTME IRYRYRSMPISHEBICE JiEE dhe Teatigted BatRdeve! fayoyt dsdhifsriienas

pl acement Ofjedkfibed A rehirdns FihRs 2-Bf atdA§ aHRRS tHeRYD lcBEbd LRA3d FeAY many
configuration relative to each other. 10 Al though, it should be understood

that a proxdifierept electripl dirgiits. Fprmemple spestion pba erassr wamdertar dis isst or
conf i gur at | QR PRy inBRad9 ¥RRBEof Hufifibkd | oftofRRALM RS S84 fbfiflex@d/ of
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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 transistor
configurations are described with regard to Figures 18A-22C, It should be understood that
25 the multiplexer 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 conmected 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



100521 It should be appreciated that the cross-coupl ed transistor
configurations and correspondi ng | ayouts inplenented using the restricted
gate level layout architecture, as 15 described with regard to Figures

2-13, and/ variants thereof, can be used to formmany different
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transi stor 403 and secon \ transistor 405 are electrica connect ed,
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terminal 1417 of the second PMOS transistor 403 opposite the common node 495. The pull
down logic 1407 is defined by an NMOS transistor 1407A connected between a ground
potential (GND) and a terminal 1419 of the first NMOS transistor 407 opposite the
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 uvsing 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 electrical connection 493 between the gate electrode 403A of
the second PMOS transistor 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



5 opposite the common node 495. Pull down | ogic 1407 is electrically
connected to the first NMOS transistor 407 at a term nal opposite the
common node 495. [00551 Figure 148 shows an exenplary inplenentation of
the multiplexer circuit of Figure 14A with a detailed view of the pull up
| ogi ¢ 1401 wWERIWAEHB0 and t he pull down | ogic 1403 and MOAS240/03EFor dance
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mul ti pl exer w%'l“’%ég? fw %? r%%-égoﬁlﬁeeg%rﬁ% I%t(r’ﬁg):ﬁg?ren é‘? t%%dﬁldgﬁér(gls’?t%l?%& (Laéop ugatfpe | evel
| ayout ar chidgict49s end poB dowo lqgie tHQ7r aospdcitaly, klatrautp, the pormeaonekEndds, i t h one

enbodi ment of the present inyventign..The electrical c ectjon 4 bet ween
The gat o el Sepide” 458 Aot BHaeopr BecaSeRl oty AL TR o 85 Rt <
el ectroqs 4@iéariodliyt doandctoiBetNRShd sxbsd PMDS #8kisics 408 rae dhdyoraméihbde- | evel
connection that jncl u?e_s a 2at? cont act 1%{‘1@, a étwo-di%%i onal tal -1
structure 1497 Pulldervi logie WOZ dyilaciically gapneetqibebyeen,tig firs ESES Y3

bet ween t he,galie shkabk 388 498 AWath iHBCexeaRRAdofPMpShilidnalys ikt PRIOEAIM@Rd t he
gate el ectrode 405A of the second NMOS transistor 405 is formed by a

nul ti -1 evel trewsistase #9340 7 apiide; of dheirgad] up/dosmdogin A#Qét407 adativeo the comimon
node 495, the circuit of Figure 15A is the same as the circuit of Figure 14A.

20 [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 ddwn
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 1401 A and NMOS ftransistor 1403A are connected together at the node 1415.
The pull up logic 1405 is defined by the PMOS transistor 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 puil down logic 1403, 1407 as shown in



WO 20091114680PCT/ US2009/ 036937 22 (one-di nensional) netal -1 structure
1433, a via 1435, a (one-dinensional) netal -2 structure 1436, a via 1437, a
(one-di nensional) netal-1 structure 1439, and a gate contact 1441. The
common node_el ectrical connection 495 is formed by a nmulti-level connection

that incl ud¥92¥%4i4#lsi on contact 1451, a (one-di nensi JHATYS2R03937

structure 1453, a via 5 1455, a (one-di2%nsional) netal -2 structure 1457, a

via 1459, apf rsﬁﬁs%ﬁm ) In BRlePbmbodbh et 1abi Cdifd ' '
cont act 1463.@%3§§ctive_ gates of the PMOS té%nsi st%%th%%%h%%fnﬁl\gg

transi stor 13B3a0 bg esed yhiveienaqnt the puH epriegie 14041 1405yend theapudl dovmtlagic 140843,
Al'so, respegigve gates of the PMOS transistor 1405A and NMOS transi st or

1407A are connected to the node 1421 by a gate contact 1465. 10 [0057]
Fi gure 15A §M5%EFighre 16l stiopls exmliclevel ditoubbf Hegmmitiplensk dirpuipiol Figurdi &SR wo

cross- coupl | Sk ..and_40 | jrectly connected to the
conmon ngde%é@ag%ddﬁ%lﬁé %n}%g%w?ﬁega?%\gc%fo gﬁc%ﬁ%&é@# FERSFOPSF 4850 nd 407
are positi olwydutpin sicebedanbe vothl bna pmbodjment140 hheapdsent lihvedtion Thagélectded07,
respectivel rel atj to the ¢ 0 49 l.n dance with ope
Crba ment rsioR o) Befhfen 16,5 R 0BT Alg oo e PRASEERE5Re Ml ShathE . 1y
connect ed bgiteedrtrbdie 4924 o6ft tHEMESt INMOS| Girdistod 0 7and fdrfied A3MRDAURAER] 495.
Pull down | ogic 1407 lskﬁl ectrical Icﬁb@?nn c%_%d bet ween t[;}e1 first NMOS

transi stor eclion tiah IClgRs B At eRpe resignalbpetab hsigretre h¥8i 4 i oni ng

t he PMOGH NMag 150818 i(SleQlimertdhl) Qleta sihldir®fi S6Na via N8bY, & RindAhensREAIT
1405/ 1407 relative to the commbon node 495, the circuit of Flvgure 15A is the

same as t hemetakd girgetige 1§ lganda gatpcontagt [ 035Ee decginabeopsestion 49& betveatbarp| ar y

i npl ement at pAdciedirddd 808A bt iR 5&¥RA PRICSCiInkisRf 483 S ife géfemutohe fosdesand ed
view of the pull up logic 1401 and 1405, and the pulT down | ogic 1403 and

1407, in actseibNMOSransistnet08 i dumee by aonultiHeved cernsation hatcinelidas.a gate
previously di 1L t i ' lis
defined by ﬁnﬁ"‘%ﬁ@d? md;?@t%gé&%l Oﬁll,%\tglcgg%%g% é?%@?&%gﬁa&?ﬁgnﬁgﬂf%éi’%& m nal
1411 of 1§ hecdmmest nddkEScRiSaltconmesticn 495 isiPimepiposinuli-level comertinn th deludes .

oo S Db R 5o A VR 82 SR 4% e,
405 opposi t dinchdomi)nmetal-7 etfectui® 3 52'Res piacls29.ea (ateaimerdsidnal DI struanisd St or
The pul | up\TBoPH AAEHRE U o By HER Yran VL Fenpige ARRGh b od
bet ween t heNMOS transistor 1403A are connected to the node 1415 by a gate contact 1535. Also,
20  respective gates of the PMOS fransistor 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 495, 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
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30 second PMOS transi stor 403 and the common node 495. The pull down | ogic
1407 is defined by the NMOS transi stor 1407A connected between the first
NMOS transi stor 407 and the common node 495. Respective gates of the PMOS
transi stor 1405A and NMOS transi stor 1407A are connected together at the
node 1421. Wb 28¢0udeeb be understood that the inplement atBans2PApas1 up

| ogi ¢ 1401, 1405 and pull down I ogic 14?@ 1407 as shown in WO

2009/ 114680PCT1US 00 937 2 npl a I n, ot her
enbodi nent s, “OPSIe %f’g’e & e A)M(g#é’tan%ﬂ?f |*H1dF‘§ (X%Emlfb?FP’b’W&%éd to

i mpl ement  t hamfisd! bppiitd e comhéh hodeld85 and t he puII down | ogi c 1403, 1407.
[ 0059] Figure 5C sho a nmulti-| eve{awl ayout of the nultiplexer circuit of
Figure 158 409 SH@W%&“a""F’é‘B ERrigmepdation) ofybp mt&ﬁ@meraqi@wr todct ur e

cross- coupl émlvaw détaxeautiew bihB EFPMMI ANGE 19811 $hdO%83 SARCIARBL whh the
present inven The el ectrical connection 491 between the gate el ectrode

401A of fhe ong regrbom qfr i, Bresanb fnvarsiong the lsmbedimenteyfdigure d6B AT Arivibg t he
first NMOS tisanshdt QlaeAfeh 1 armc, 1BU Aol dr}v%i’gﬁfggﬁ %Q%tae% Eg&ri
al r 503, a

i ncludes a gate contact 15 nené i on StTuct
10 vi a 1505, imgrienld34i Hews\reanasl)ouldézeamd@fstsod dxat uur(ﬁhewﬁfbpdxmenus,athaﬁﬂﬁng a

(one-di nensi ate N tact

el ectrical lcgd)ﬁnecotllrgga @é(glbagtbg gﬁeﬂr%&f%%él?%%gm Ctel?: POt %\mgflt %ﬁé %@c%nd
PMOS transi swoinpdOSANDRatd) ANFROR legie OR-AND I@QﬁﬁamrfngtoﬁﬁrssbﬁtwmﬁioNY@Sple
transi st for b vel nect.i.on that .in¢cludes gate
cont act 1?513'%&‘? géﬁj@l}%‘f o%g'lugu't%?lglf‘yoi‘t g?ﬁﬁc’?‘(‘]‘? e’i%ﬁ““’&ﬂgll: @
contact 1519mplEhentdd vsinpTorestivetd ghetdvel tabutCHORiRGH o Broé@&;ub&dﬂ%n@i@t@r by a
mul ti-Ievel connection. that i ncl ude di f&u& on contact 1521, a

(one- di mensildRib yin Ageordange Syifh, opg, o ‘i mant of {hepresspt; invantiany dhg; dlestrigabnal )

metal -2 st r Wghnebionlfo2 betwree tik ghRfectrddd ANA- S (R RS majs)udﬁﬁaﬁi 401 Slanhet ur e
1531, and a diffusign contact 1533. Respective ‘g)at es of the PMOS transi stor

1401A and N®ES ¢lpciinds A0, ol Omalisgt NMORnEEsister 497t isefompek by4a snj-leyehat e
contact 1353 3annAkiiR; th&%cﬂﬁﬁ?%“g&ﬂe\é@ntgétl‘é@ %f(t&@wmaﬁ)rlﬁaa' BhRerddipA and

NMOS transi stor 1407A are connected to the node 1421 ‘by a gate cont act
1539. [ 0060pnd gate eonfwAl &Ko hbe deaiearbecanection 4M bativpindhegate ¢leatoide 403A ohi ch

the cross- cqupleghd pRits g&%ﬁc)fgﬁgglanddﬂg’ gaftBlecttd4)208A Cof RENEEIINADS O M

two transm ssion gates
transistor 405 is formed by a multi-level connection that includes a gate contact 1605, 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 1613, and a gate contact
1617. The common node electrical 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 diffusion contact 1637. Transistors which form the inverter 1601 A
25  are shown within the region bounded by the dashed line 1601AL. 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 clectrically connected, as
shown by elecirical connection 493. The second PMOS transistor 403 and first NMOS

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



to the common node 495, in accordance with one enbodi mrent of the present

I nvention. As 25 previously discussed, gates of the first PMOS transistor
401 and first NMOS transistor 407 are electrically connected, as shown by
el ectrical connection 491. Also, gates of the second PMOS transi stor 403

and second YR2HUH4HS| st or 405 are el ectrically connect®d/UBYI8HEHN by

el ectrical connection 493. The first PM3& transistor 401 and second NMOS

transi stor ﬁ?ﬁil%rlggﬁqw&te%g%%%ﬁb&eﬂorﬁh {h'é%gc%%?]’gjl %M%&O the

common node 30 495, The seco > transi stor 403 a I rst
transi st or Zicsy NBM@S ¢renviden € at @ temmingl oppesitoiies comamymasiei496. Balt wp 4601zt 0 t he

common node JRY | ' i cal ectl.ed aot.h the
irst pnos: IERnOg b BnecB o fof of BRACS el SALASGRA BpRi,
opposi t e t hthecommon nedel$954 dso, Pell dowrydiivog beikd085 isscleitriatly camebtyd tolh:

2009/ 114680 onnected to.,both the nd PMOS

transi stgr an |é§'§§%ﬁ/&¥$éﬁhﬂsﬁmsaf%?poﬂ h%&ném?%?cfgzﬁgg opposite the
comon nodej0068] Fige6lVB Bhoysr &n e6dnpiirgvisplementadom lodrtye imadligemnteatiipef of t he

mul tiplexer_circui,t of Eigure.l6A.with a detailed yiew he driying |ogic
Too1 g 1oB8ere Al p g iny o e dieribiit tlint 1y sl Bebipdane
i nvention. {ithloRe eRBEIIREREST the brefing iventldhB The Revielg i1dia 974 1081 defindiOdy b
defined by an in\lﬁg&}tégr 160 and,. tg)gidw vi_ngeéj%gl c 1603 is defined by an
i nverter 16B3RLT efte ! Whirtviee ingicHderis Bk PMOSolrangiston df&dt ment s,
the dri yh ngcdnaediss JeddendNOD L8A ARt BRIOSOEdnsSdr BY1. 3RY phP Abem de%iﬁ?g 'I(%a such
as a two input NOR gate, a _two input NAND gate, ANDdg | ogi c, = A | ogi c,
anong ot her 7050y defined gy aadiMiGISetransistor 1705A connected between GND and the second

NMOS transistor 405. Respective gates of the PMOS transistor 1703A and NMOS

transistor 1705A are connected together at the node 1707. Tt should be understood that the

implementations 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 1703,
[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  transistor 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 1701A
are shown within the region bounded 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.




10 100621 Figure 16C shows a nmulti-level layout of the nultiplexer circuit
of Figure | 6B inplenented using a restricted gate | evel |ayout
architecture cross-coupled transistor layout, in accordance with one
enbodi ment of the present invention. The el ectrical connection 491 between
the gate elwotn®dessdd1A of the first PMOS transi stor 40CTarsdoodhissiyat e

el ectrode 407A of the first NMOS transigtor 407 is formed by a nulti-|evel
15 connectign t hat incw e ate contact 1619, a (two-di nensional)

metal -1 strm}M%—&gﬂﬁgg%%&cont act 1623. The electrical connection
493 bet ween j40g9] Bigh@ 18K6BbWO 6 @erftPdbedlatchREcseigiendiMadsing aRsirsds@oueS and
the gate el ectrode 405A of the second NMOS trgns%’(stj)?r 405 is fornmed by a

mul ti -1 evel Uewsitsconsgion: injareardnnes with gag em thg @Esseny invention. The

(one-di mensignaly wrehal plcY Ebsistdresol 64, 8t MMOS §aistér {@Mae didzriaional )
metal -2 20 gt ructure 1611, a via 1613, a (one-dinensional) netal-1

structuré 16amectethdasashyameby srctical sgmyctionhddle dbgorrtesorie the) seond BMOS
connection N r (AN ' ' TeT=1]

i TTusi on cORPLT 88 el IS ey RUCISRE SRS oA IO S IBR . |,
1629, a (onelechriognenoertib) 4981 Eeclp of tthe) dowrr wossG8upledh tranustarg 38s elpctrically

(one-di nensi_onal al - r i j 7.
Transi stors C(\)/\%e%'%ud ggttrhﬁ]c?%]en%l}l r?\g(g% %gef I%%g@l bggﬁi' g%gggi%ﬁh\%i%? ﬁ?ﬁh?ﬁge %%Si on
bounded by &kérecsdashembrdge medd 6 theAlatchTeimnii Bilbng driverc logicol805tikeldcieaiyt er

1603A are shown withjn th Lon bou d by t.ne dashed |ine 160

0063) B gupempsra iisecaii b SrnaRt M5 At it BRI et ol AR 55 o

transi st or s pGH@8wn 46ver 16dic 1817 if eledtricallp sonmecteptoatle firsaNMQS busistor 40T atrmect ed -

to forma transni ssion gate 1702 to t nmo de 495, .n .accordance with

one enbodi m&TRINBE OPH?é‘t‘i)%?s%‘?Wm?%%Sﬁ f‘gfu “%Seeagaé;giIB%Ivogi%fffgé‘@%& gat es

of the firstyRM® tof B Fist PMIOFH Rdnstie 401 64 1B dpposite! thE BmMO nédeal9s.

el ectrical I%/? connected, as shown_ b | ectrical connection 498js Al so, gates
d

. as . |
of the secoRull Ans feedhseilegien Skii wgmé}éx&s?fawm e gficrd POYIOR gneister
el ectrigall ¥i0§W%%ﬁjgﬂa)p?&iéW&nﬁﬂoxﬁﬁ&%k@i%&dhﬁiﬁﬁﬂﬁ%& QinrASB3nodthes gecond

PMOS transistor 4 nd'first NMX transistor 407 are connected to formthe
transm ssi onongatted W7@Pinpy aftra invared h8Hoda cugmit of e inverter 1801 is electrically

2009/ 114680PCH\ISPA09 036934, 25 1o4hla bOBrstobR sy ShEShoileh e

connected t§ transistor 403 and Tirs transi stor
407 at a t etnvienal 180 pmshetrepladed by anyringinfbodionofich Ryt twasnperNQR getel oigioc 1703

is electricall nected to.the first P t istor 401 at a term nal
opposi t e thé“pé% %ged@nwtﬁ%’QB?nypcﬁmpMﬁ%J%B&@hg logic 1705 is

el ect _ritqalt Lyﬂﬂﬁ@pﬁgﬁ%ﬂdgtsnmgﬂgm) &gglgwm4l ‘F_ﬂwmﬁtatinnénﬁihsﬂmh AR6it af F'lmutcelISﬂi nal
opposite e .co ode ) i gur sho . exer

i npl enent at Mol "%Paﬂﬁg“ﬁ’ﬁ'loﬁlﬁﬁ %‘iléﬁp dé’ivFrclﬂ%f lg?élz—t?eg‘ﬂllrﬁe&gswzﬂ\ﬁrﬁﬂgg 1@@%&?% ed

view of thepgi hﬁiféwbdcﬁg(bgic 19091 andL{h0 pull Aoen IHAGack iIeEIA TR dosmeerdice witine
enbodi nent of the present inventjon., The driving.logic¢ Fggl IS dgfbi ned by
an i nvert er o emirdingns of fhel PregsniGRY AR Thsgull °f Laife O &y define PRIOS
ransi stor H{RSARIEANRESA S RBRIBARNDPDIN e skidnd (PMRYSGahdnsic! or
401. The pu own driving logic 1705 is defined b NMOS transi st or

1705A c8fineepmditbibe weemoanpisdi. Thapaldeomdirgiosicr 3/ Peiehredkysn MMOSoct | ve
tes of th i ' - ; ted
gates o %F.EM %g‘?@%@é&ﬁ ﬂ%ﬁ%ﬁﬁ%@% a{}ﬁ/ﬁﬁﬁr&m{)yﬁﬁsﬁﬂ%,oﬁn%& ieginect e

toget her at € no e understood that the inplenentations
of driving kaginon G195 IRSBcctian gatds7aBhe BMOSHransiston1§054and NIVIGS fraesisiey

175 can be JBU #5 erREnBnsE s 4R, facd! fGhBp el gk 180 Ak BES)
Figure 17C $hawpES Watsistor|180%A cormycted bafredneDMand ithel fxtePMOB imusigtorof01Fi gur e
178 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 gates of the PMOS ftransistor 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



| npl emented using a restricted gate |level |ayout architecture cross-coupled
transi stor |ayout, in accordance with one enbodi nent of the present

i nvention. The electrical 20 connection 491 between the gate el ectrode 401A
of the first PMOS transistor 401 and the gate el ectrode 407A of the first
NMOS transiwoaevAtissa s fornmed by a nulti-I|evel connectiraTaiskaw/oigsd udes a
gate contact 1723, a (two-dinensional) setal-1 structure 1725, and a gate

contact 172 The. el ectrical .c ect.ion 493 .b n.t ate el ect.rode 403A
of the secoﬁﬁmp U ‘feﬁh% cg??ﬁc %\Q) %\%‘}d’“ﬂﬁ%‘”ﬂg‘fé@@gﬁ‘? E@ég”ﬁé&v’b’f"‘%ﬁ‘é‘asecond
NMOS 25 't ransBatmxeﬂa@ﬁq'E.Snbmﬂadbdwmmtﬂkbgid dﬂfiem{ the® FHAe stiowain tHiake 181 udes
a gate contact, 1709, a (.one-di nensi opa netal -1 structure 1711, a via
1713, a (on_é%‘i"'rﬂéﬁ‘?g i"%H%Hl?m?Pét%%ﬂ P v diiyet [nete 1893cthe gul) dgvm fiver ggic 1807,
(one-di Wensu@%hhpm&ti@dcklogéIm}%%ﬁiﬂ&o@%&a&%gc@@mact 1721. The
common node el ectrical connection 495 is formed by a multi-Ievel connection

Chat i nc ud@W68} Bieve L8 phewhian stulibieydl, Tayoyio RS-ty el et Jof Eigure- 15B
structure 1igfendid 8430 o1/l GR0GeH 1508 S0RlckRPLRks ZyBichUrhiEr 1735

a via 1737, a (one-di nensional) al -1 structure 1739, ¢ usi on
cont act 174leyotty imgrerdange writhc pnef gihedimenti of, dhet preseny dnvantione T osdertivial hi n

the region g%g%ﬁﬂ 4%%&:&&@ t@ellejcﬂ'gﬁe%%(g;\ dne REPPRRIS ﬁéﬁtsigt%{ 28 %{&)i he_PMXS

transi st or and tramsi st or A are connecte e 1707
by a gate cgate adectrodet 307AVWD #6086 NGOO PEIsIger 009/ 33688Ed b§ § add6]levEk anpl e
Lat ch Epbodi nt.s 06 Fi re o) nerald ze tch cijdJ.cuit
o ey oq blTERn sl kel d SC SR 61 304 B8 aHRASE AN B00] BRER:CIASRT o
with one enbiadigi®ni (@fe-dilensipmel} emdtali2nstanturom819T hevigdB2E o{ontldindnsibad]) PMOS

transi stor 40 nd fir N transis 407 are.electri.cal 5 conpect ed,
s Shown. by eRLEAryetine Thatabe b coniset Fiasofie Bisbic| ShnisicRddetmaie

tr anﬁi st o[) é@iaelaﬁﬂbds elozmn df tbE&ohd BMS)'S&E@EistﬁQE(;mﬂh tl@df £ dléctatd msmiml Ee:}j t ed,

as shown by electiric connection 49 Each o e four cross-couple

transi st or s5%PR Mwwmrﬁ%%dﬁ?%@ﬁibywnwﬁée it R &5 @ gioul d be
under st pod Edaaict 140, 6 QRPRSnRAAaAIRIBET ViRknAs 1825 lahd a0RQefict 831 Nend at ch
circuit. Pull up driver logic 1805 is electrically 10 connected to the

second PMOScampgsiose glectsionl capnegtiqned9iisn rmedhbinamulti-leyed consaetion thabinsludes.  pul |
2 S 4 e verHT .
own driver,  @gkion %&%th'l_%sf,la%hé-mﬁ&h&bfn@gﬁﬂasﬁf Sithchie § 85 5""%?%%% edback

transistor 40/ at a termndl opposite the commpn node 495.
| ogi ¢ 1809 dimendigmb)rinetal-? yireatrad83Bd: vie 184b # (wotdimpBRneD) anstildt ruchesl at a

Lerm el onhe k4 i, A998, RSl ] S5 00, 6 1ol o,
opposi t 20 t heititiotivoegionbeind&bby theldashedlied 1891Lt he conmon node 495 is
comect o6 Ry g seuss EVAGL Bt B P SRRy B DY ShiTR 1208
that in ot hemsieshotil rad Ue5 tehmin diseerly eonnddéiltoahanounsut hedd 486eshdliy whith thogi ¢
[uneti on, el 88 SNPaRt, MR QoL o2 LU LORL D) galey, among
exenpl ary i 190k QB pLRALWA detertibgc 1 80T Respéctively! reRlivétode QorbBbn node 495, in
25  accordance with one embodiment of the present invention. Pull up driver logic 1805 is
electrically connected between the second PMOS transistor 403 and the commoﬁ node
495. Pull down driver logic 1807 is electrically comnected 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 495, the circuit of Figure 19A is the same as the circuit 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




with a detailed view of the pull up driver logic 1805, the pull down driver
| ogi ¢ 1807, the pull up feedback |ogic 1809, and the pull down feedback

| ogic 1811, in accordance with one enbodi nent of the present invention. The
pull up driver logic 1805 is defined by a PMOS transi stor 1805A connected

bet ween VDQF?nghp@mﬁecond PMOS transistor 403 25 oppogictraistdigoszesnon node

495. The pu own driver logic 1807 is defined by an NMOS transi stor 1807A
connect ed between GND and the first NVAS transistor 407 opposite the common
node 495. Resipeditienteofdghe peseof invénsiopMoepreviavaly disonsscgnbyregard tNNEgret 18Bnsi st or

1809 i o def tHedibgP SRR Pris ia2 Ml e TAIOR sty 160X Bahen T
first PMOS betwesi YDDYand@le 6t RS sianwstortid] oppasiio thecdmméd Bode4hs. plsb) thelown
bot ween GrDPM oV g e Y ndeh Y SPS b aHAL A BBl R
495. RespeciGiV® afdt@Sseedndt MIIORBMEmsistonA8s sppasitel 810 Thmaret MAIOB9S.rRuspéctivor
under st ood. S8t SkGCPYS ERBHPALIOBAS 0 RMIAY g (8 Udt o SYPEITEBBSTH | doun
driver |0gi ¢ fQb2A0RdS1468ARCHLlSE AB0LA38O 3805 is defined by the PMOS fransistor
1805A connected between the second PMOS transistor 403 and the common nodc 493.
The pull down driver logic 1807 is defined by the NMOS transistor 1807A connected
10 between the first NMOS transistor 407 and the common node 495. 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 1809, and pull down feedback logic 1811
as shown in Figure 19B are exemplary. In other embodiments, logic different than that
15 shown in Figure 19B 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.
[0072] 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. The electrical
20  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 1901, a (one-dimensional) mefal-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  gate clectrode 403A of the second PMOS transistor 403 and the gate electrode 405A of the
second NMOS fransistor 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 19235, 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



27 1807, pull up feedback |ogic 1809, and pull down feedback |ogic 1811 as
shown in Figure 18B are exenplary. In other enbodi nents, logic different
than that shown in Figure 18B can be used to inplenent the pull up driver

| ogic 1805, the pull down driver logic 1807, the pull up feedback |ogic
1809, and tvwe 2pwhilacsiown f eedback | ogic 1811. 5[ 0069] Fimmres:2dld03shows a
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one WO 200%0153\4&8% RG9S (¥86A3fe eBnected together at the node 1804, It should be

understood that the implementations of pull up driver logic 1805, pull down driver logic
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1807, pull up feedback logic 1809, 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 mulfi-level layout of the latch circuit of Figure 20B
implemented using a resiricted 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, a (one-dimensional)




AEEIL VL bl Ll

enbodi nent of the present invention. As previously 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 commn node 495. Also, the pull down feedback |ogic 1811 is
defined by { E@ psistor 1811A connected between 5 (NpraRebAK9IFECONd
NMOS transi stor Zf opposite the commng?ode 495. Respective gates of the
PMOS transi stor 1809A and NMOS transi st 1811A are connected together at
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bet ween VDD and the second PMOS transistor 403.




20 The pull down driver logic 1807 is defined by the NMOS transistor 1807A
connected between GN\D and the first NMOS transistor 407. Respective gates
of the PMOS transistor 1805A and NMOS transi stor 1807A are connected

toget her at the node 1804. It should be understood that the inplenmentations
of pull up wWoiwmnidesoi ¢ 1805, pull down driver |ogic 1&&hyusaetelosdsgy f eedback
| ogi ¢ 1809, and pull down feedback logl%’, 1811 as shown in Figure 25 20B are
exenpl ary. | n other enmbodi nents; fferent than that shown in Figure
20B can be {ayew 1§ acerstange yith gae ﬁm dimsnig pf e presit anvestion. Theeelpeiti¢al down
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second PMOS transistor 403 and t.he %Iat gﬁnl &ctrodf 405A of the second NMOS
transi st®r 2eBmpRNedselasticp\cornssiipn #9718 ti-tomel cpmectionthal dredudss gat e

contact 2013 giffusloANBatdét NS LRAE-HihREBhal mefal-V Glrdtitge 2933 a @Mm 9%&-
contact 2019. The 5 common hode el ectrical connection 495 is fornmed by a
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a1 o4kl GRS AL B3 0 BB,
node_ 495, | formcbhboindate GaSGM artshowa veﬁﬂupﬂier@mhoﬁndekiéypileahdmi lino V&O1L on. As
ProvLousty flsiingagzatohei Pho e R B R el Ty b7 NS
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NMOS transi ggn%mxff ggdea£1§5 %Lea%ggrha%%le lv%thcgr?engn(‘:l{)(?dqﬂien%sof the present invention. As
20  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 transmission gate 2105 to the common node 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 2203A conmected between VDD and the first



15 shown by el ectrical connection 493. The first PMOS transistor 401 and

second NMOS transistor 405 are connected to forma first transm ssion gate
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2135, a rﬁ(gone 9.,11 sk Oéi‘?ckr}ca Letion §§ff2*iz$idﬁe@ bf 4 tblti-Ry#cBnddii that includes

(two-di fension ructure a diffusion contact 2143.
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bounded by t} das d Li Tr @ns i r 15
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transi stgrs Iﬂbﬁﬁmtﬁréﬁém@ﬂeﬁaﬂsﬁﬂcﬁasheﬂmngaS(HIZIOS to the comon

node 495, in accordance w th one enbodi nent of the present i nvention. As
[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 level of the chip. Also, a 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 channel 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



20 previously discussed, gates of the first PMOS transistor 401 and first
NMOS transi stor 407 are electrically connected, as shown by el ectri cal
connection 491. Also, gates of the second PMOS transistor 403 and second
NMOS transi stor 405 are electrically connected, as shown by el ectrical
connecti on wa2nsfisssecond PMOS transi stor 403 and fir seCcid2B9t08@851 St Or
407 are connected to formthe transm ss;Hon gate 2105 to the conmon node

495. 25 Drivin 22 el e conn ed t oth the second
VDS L1 ans! S evsbS S MoLE SRR PR g ROL I deed e B RBBR ¢ o
the common npedeidBode BOSA) WbfidedcidHne lgale0gvel 022683 chif. The EduithCaild Me@ABECT ed
to the first PMOS transistor 401 at .a termnal opposite the conmpn node

495. Also, [HIS@bihs seeoed %eh@l%&aemz?déoﬂsw éleétE‘F?lle%SPF%P‘eédﬂ Mschedist® t he
second NMOS gfet@fifi(5030) ot @R sddond Pt&mepamgaﬂqm? EAddits al Sragendop. 30

[ 0080] Figure 22B shows an exenpl i npl enent ati on of latch circuit of
Fi gure 22A whameldrageistar (481, ﬁxsélﬂf Cbﬂnnph'éﬂl’@ﬂov (499). isergnd P zh@mel trangistot{403 )i p

enack |odhe 2880 aRlnt GuBllr ABYIASPIRELL UG hniragign e

wi th one errbodl ment o t1on I VI ng
defined by aonnemmaemr@m:mﬂc(@ﬁb pul | up feedback | ogi ¢ 2203 is defined
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and/ or pul | cslessporlinRdb afiker bpaieqrs%mamntrmsdﬁf@mdhé ﬁ@tncﬂminepm&‘stoi han
what is shown in Fi gure 22B. [0081] Flﬂure 22C shows a nmulti-I|evel |ayout

of the | at ck0d)thasepongP ehagng drapostori@0T)ndcthe sgcaed Nshagpeh transistari( e dt gat e

level | qyouk,RiLiy UG5 ol QB Sri G0 YRR idn A e IeraﬂsﬁiH?éJﬁl paldlic Gahfance
wi th one enbodi nent of present invention. The electrical connection 491
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gate el ectrgde é%&sﬁfmﬁ ﬁgﬁmw «thf ansi stor 407 is formed by a
es

mul ti -1 evel connéection a gate contact 2207, a
(one- di mens{a$83] n mtwboﬂmmnt,matlupéﬂ@m (481AB sedoad 2(2@.71”&) ﬁurd (403A) and

(one-di nens | AN ) nal )
ot al -1 ot R A0sEY g eesBbdel i et ehept sithB ik fbue Al SRRUCCE
493 bet pgentradke, goh @s deeebeddith 46347 of Fighe Séﬁmndxni%mr‘ gatar«:hacmdmrtraﬂ;ﬁs’s and
the gate el ectrode 405 r.Ime bya

5A 0 405
mul ti -1 evel SEEHASESS g[awal?ve? ﬂ%‘?‘ﬁﬁ@g %amelz?%ﬁt'gtﬁno%xfspeg?m each o

(t wo- di mensjaaait shotiid Bé uddessidodahatle@c?@2Be figsd (400 A decorIqAO D), thad3303A%he 20
common node el ectrical .connection 495 is fornmed by a.multi-| evel q Pectlon
feetapdle e e

that incl uded BughoRA)opric 6 s sopespongs 19,4 PRFUAR OF Ao Fespertivhe g2l
structure 2ggfre &ﬁﬁb@«wﬁﬁﬁa,ga@ 1&RNRatlicTBRSt SHaghdl. BWRA gite Rvel ae W RAGB3,

via 2235, a (two-dinensional) metal-1 structure 2237, and a diffusion
cont act 292391thinits gate devet atei leyout ehanaal Mathpphysieally sowacking aaother 84S 1wl hi n

the region %ggg@e&n% Wwiftfn Qﬁsaﬁ_ﬁ)ﬂuﬁ% Ste AR Aaturd témaa \n»fea]cgaté Qv t he

i nverter 25 are shown withint regi on boun y the das i ne
1801L. [ 008&ptubexleygmit shapnélipasdpaiated with p@DEB|gate wlqgmdeetrﬂg& @hdregrespagds to a

R R e e e R A

this in each opposing direction from the given gate electrode frack 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 electrode (401A)



enbodi ment, a first P channel transistor (401) is defined to include a
first gate electrode 30 (401A) defined in a gate level of the chip. Also, a
first N channel transistor (407) is defined to include a second gate

el ectrode (407A) defined in the gate |level of the chip. The second gate

el ectrode (@ggﬁ,\gﬂpjﬁsﬂt he first N channel transistor (40%cThS:2mbemb3azi cally
connected to the first gate el ectrode (4}401A) of the first P channel

transi stor (401). Further, a second P c:’hanne.l ‘transistor 0&%(33) i s defined
to include throughrat legsttome glegtsicalogadycg Jafinedsvifhie any ¢iir Jsael than the gate
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channel transrstor 0 I ne clude a fourth gate el ectrode
(405A) def i plectrdde (408A)ghtosgh eb/ishst ohe elelrieiconduries defnedt witimery ehipdevebde
(405A) of th s'?lcotrg‘d Nfe@ nnel transistor (405) is electrically connected
to the thi raﬁ’ﬁ'é B EF&LFrote (403A) of the second P channel transistor
(403). Agdi [008mpinl yarioeadhplemertitiont iof she Bbove-dedveiheebmbadimenitssugh as40the fir st
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and the Secggadty?l‘. aiIRGRA redib AR 81 R tydcARf)sicnrgion. AssNRE fouvthgutel sigtodent ed
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type diffusion region and an n type diffusion region. And, both the fourth gate electrode

(405A) and the third gate electrode (403A) are formed from a second gate level feature that

is defined within a second gate level feature layout channel that extends along a second

gate electrode track over both a p type diffusion region and an n type diffusion region.

20 [0089] In one embodiment, the above-described gate electrode cross-coupled transistor
configuration is used to implement a multiplexer having no transmission gates. This
embodiment is illustrated in part with regard to Figures 14-15. In this embodiment, a first
configuration of pull-up logic (1401) is electrically connected to the first P channet
transistor (401), a first configuration of puli-down logic (1407) electrically connected to

25 the first N channel transistor (407), a second configuration of pull-up logic (1405)
electrically cormected to the second P channel transistor (403), and a second configuration
of pull-down logic (1403) electrically connected to the second N channel transistor (405).

[0096] In the particular embodifnents of Figures 14B and 15B, the first configuration of
pull-up logic (1401) is defined by a third P channel transistor (1401A), and the second

30  configuration of pull-down logic (1403) is defined by a third N channel transistor (1403A).
Respective gates of the third P channel transistor (1401A) and third N channel transistor
(1403A) are electrically connected fogether so as to receive a substantially equivalent
electrical signal. Moreover, the first configuration of pull-down logic (1407) is defined by

a fourth N channel transistor (1407A), and the second configuration of pufl-up logic (1405)



fourth (405A) gate electrodes is defined to extend along any of a nunber of
gate el ectrode 20 tracks, such as described with regard to Figure 3. The
nunber of gate el ectrode tracks extend across the gate |level of the chip in
a parallel orientation with respect to each other. Al so, it should be
under st ood wbabosaaskn of the first (401A), second (407A)rcts20008683A), and
fourth (405A) gate el ectrodes correspo to a portion of a respective gate
| evel feature defined within gate level feature |ayout channel. Each gate

| evel feat ufeds ‘hé‘&“@SPWPW%“P’%SSS“@&(%OWVB‘PSPF@H’FLSE@“I%fytbﬁtmﬁﬁ‘a nel

Wi t hout phy%hméﬂ HaraRir3Q 1041 AP RS matteanhevm{se@tmmqe&ene&tnwattpl n an
adj oining gate | evel feature |ayout channel. Each glate | evel feature | ayout
¢

channel is aegeetp(htosethwseﬁs@@%ﬁ%ﬁt@%ﬂb@%@é@t peidsal sigeplcor r esponds to
a | ayout regi@f Inh@ﬁe fitHene Ahe B0t sl &rgaeaaec P@%tasgt!&tptéda&&s&&tj

per pendi cul arly outwa i n each opposin | rection fromthe given gate
el ectrod® tF agom ltlueesie@t ingytleragnt [pe mulfipleser haying ent t@msmnegatc obldst r ack

irt I h,
o o2 Vor ko iR ShLRES f R0k M Sitle 8 A0 ROMCBOCa UGN, TRy
t he above- destdizuhbon efipedliupelogic 808 mseleatricaliy cenmwtddatoythbaﬁmtui‘schaﬁneﬂ gur es

10, 11, 14C__15 7 19C. 2 2 cond

el ectrode (H }f}%r (%@1 i e(;:’ rglc&]}? yau((:}%r?r”tt c{?%a Jloglf'hézlﬁs %lt%éat‘f‘é 08?%%{%2‘3%
(401A) WO ﬂ@O&bdﬁMBBGMéIlEﬂ@Q&ﬁQZGBSEn@%ﬁmﬂﬁqu lagic | (@261 i®rdecaicaltyri cal
conduct defined, w.t han th te level .. And, the
fourth gélt e® %Inﬁ"g?dr ’iﬂ’de’“t&'@ ﬁg’ ‘g‘f’%rtﬁt(ﬁfubgéﬁtt? 349,%%%91‘3 HSt?[g F?I’é‘e’ttFﬂ“F‘a 0fgat e

el ectrode (@93p) through at I east one eI ect rical conductor defined within
any chip leyvel other than the ate I 008% I n _vari ous .

i npl ement at [4YAE] Bh et%@maﬁmn e ftst canfigyration ofpullng legie npl ary
| ayout of F(tguz)elsh%ﬁnéaqswa R P%ﬁﬁﬂ@l gﬁtsemel(?%m%a(tﬂ@ﬁ cﬁﬁgutattsn Brrst

gate el ectrode (401A) are forned froma single gate | evel feature that is

defi ned wi t Pilhd %Imc gdp® isedelined by ghisd ll\bylaﬁeme creapister (17950) Bespsstive al ong
|
a sing ga b fesCdrid thad e &gﬁ%ﬁ%gt ?ﬁ]daAgtmgd AN Qﬁahﬁét?gﬂ! %PQ\%HAS)%EJQ an n

type di ston region. ectro
el ectri caI I ﬂe@m@pmcted togethet #1 mogmeéfeel substantidy ¢qrdauent t:lmtuc@ lmigaal. | east

one el ectri tﬁg&qy%%kgl %ﬁ(g%{%\{g elﬁhgh %ﬁ ﬁﬂéé'g {)I%FA) ot her than the gate

| evel , [0088] 1n vari ous I ons ove-"descri bed enbodi ment,
such as i n [083]dremp| carbpdineent uhs abdveRlegmribed p2te diathdd bessampled tgasistor

el ectrode ( 4%@2@? tpndls tu?e% t]; |1rrn}§1temgr%taelatch having no transmission gates. This embodiment
20  is illustrated in part with regard to Figures 18-20. In this embodiment, pull-up driver logic

(1805) is electrically connected to the second P channel transistor (403), pull-down driver
logic (1807) is electrically connected fo 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 connected 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 fo 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
connected 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



el ectrode (401A) are fornmed froma first gate level feature that is defined
within a first gate 15 |l evel feature |ayout channel that extends along a
first gate electrode track over both a p type diffusion region and an n
type diffusion region. And, both the fourth gate el ectrode (405A) and the

third gate \%b‘%&bﬁ%ﬁ) (403A) are formed froma second ggicaniseeebasbaat ur e
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pull up feedback Jogic (2203) is defined by a third P channel transistor (2203A) clectrically

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



[0093] In one enbodi nent, the above-described gate el ectrode cross-coupl ed
transistor configuration is used to inplenent a |atch having no

transni ssion gates. This enbodinent 20 is illustrated in part with regard

to Figures 18-20. In this enbodinent, pull-up driver logic (1805) is

el ectrical Iwocoemnessed to the second P channel transi strorifst@idpssopul | - down
driver logic (1807) is electrically congected to the first N channel
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feedback no®¥h ("‘J‘?S*’O%‘“"’“’l %]CW“@FI b e, 2 tssiah puhesefeawpichdbe gat e

el ectrode Ceaamn&UdRaBd getBns bﬁkpf)roﬁéﬁgﬁlg%@taino&ehﬁmﬁﬁﬁ%ﬁtﬁ‘teé Rt &80t a
| at ch having two_ transm ssi onwgates hi's enbodinment is illustrated in part

wi t h regar dPrbofthg spesiab purppse. while stilhbdeg rapable ofipperating fProge epeeid prposes
oect7a8! ARAANGH B ok A8 5 AR by ATSA B RS
el ectricall wtwgﬁq@ggt@gjﬁglged by one or more computer programns stored in the computer
memory, cache, or obtained over a network, When data is obtained over a network the data
maybe processed by other computers on the network, e.g., a cloud of computing resources.
[0099] The embodiments of the present invention can also be defined as a2 machine that
20  transforms data from one state to another state. The data may represent an article, that can
be represented as an electronic signal and electronically manipulate data. The transformed
data can, in some cases, be visually depicted on a display, representing the physical object
that results from the transformation of data. The fransformed 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 anetwork, 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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10 both the first P channel transistor (401) and the second N channel
transistor (405). The latch further includes a first inverter (1801) having
an i nput connected to the comon node (495) and an out put connected to a

f eedback node (2101). The feedback logic (2109) is electrically connected
to the feeQQﬁE&wﬁP & (2101). In the exenplary enbodi meprakdeeedse 2113,
the driving Iogrc (2107) is defined byéﬂ&second inverter (2107A), and the
15f eedback | ogic (2109) is defined by hird inverter (2109A)ém£0096] In
one enbodi mehératidnheadditious pemuiatiohs dndequivadsintsas fgbiwitkin destruscjsit @ed $oBAhsi st or
configuration,is used to inplenent a |latch having one transm ssion gate.

Thi s enbodiHgﬂ?lyﬁm??ﬁustrated in part with regard to Figure 22. In this
enbodi nent, dri vidpg: ik olgineed(i2201) is electrically connected to both the
second P channel transistor (403) and the first N channel 20 transistor
(407). Also, pull up feedback logic (2203) is electrically connected to the
first P channel transistor (401), and pull down feedback |ogic (2205)

el ectrically 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 feedback logic (2203) and pull down feedback |ogic (2205) are
25 electrically connected to the feedback node (2101). In the exenplary
enbodi nent of Figure 2213, 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

f eedback | ogic (2205) is defined by a third N channel transistor (2205A) 30
el ectrically connected between the second N channel transistor (405) and

t he feedback node (2101). [0097] It should be understood that the
cross-coupl ed transistor |ayouts inplenented within the restricted gate

| evel |ayout architecture as disclosed herein can be stored in a tangible
form such as in a digital format on a conputer readable nmedium Also, the
WO 2009/ 114680PCT/ US2009/ 036937 37 invention described herein can be
enbodi ed as conputer readabl e code on a conmputer readable nedium The
conput er readable nmediumis any data storage device that can store data

whi ch can thereafter be read by a conputer system Exanples of the conputer
readabl e medi uminclude hard drives, network attached storage (NAS)
read-only nmenory, 5 random access nenory, CD-ROVs, CD-Its, CD RWs, magnetic

" tapes, and other optical and non-optical data storage devices. The conputer

readabl e nmedi um can al so be distributed over a network of coupled conputer
systens so that the conputer readable code is stored and executed in a
distributed fashion. [0098] Any of the operations described herein that
formpart of the invention are useful 10 machi ne operations. The invention
also relates to a device or an apparatus for perform ng these operations.
The apparatus nmay be specially constructed for the required purpose, such
as a special purpose conputer. Wien defined as a special purpose conputer,
the conputer can al so perform other processing, program execution or
routines that are not part of the special purpose, while still being
capabl e of operating for the special purpose.



15 Alternatively, the operations may be processed by a general purpose
conputer selectively activated or configured by one or nore conputer
prograns stored in the conputer nenory3® cache, or obtained over a network
When data is obtained over a network the data maybe processed by ot her
conputers on the network, e.g., a clowdM$ conputing resources. [0099] The
enbodi nents of the present invention can also be defined as a machi ne that
20 transforns data fromone state to another state. The data may represent
an article, that can be represented as an el ectronic signal and

el ect r ohi cal I\ RERPRH TRPsEwoy e Beurafpwifhingenisondudlpr gl SOMPERINE 1 some cases, be

vi sual Iy depi ct t hat

results fromhtﬁ%e t?lgl?llg?%&rsﬁ’g%%drl{lgosﬁ%t &tcwgd%ﬂ%n!g?%%]g@oégfm ‘can be saved
to storage gemer &l dhdhnel Wandistr BRkulih fykéﬁndf%a{erm&h?od& baheenak! SiltibRl SARSiLICt i on
or depiction of a physical 25 and tangi ble object. In some enbodi ment's, the

mani pul ahéréim the acoliesapaildnrdawilthh YirsaNphone Satkstor isnelduicdly @nnecianp ke, firdt e
processor thus transforns the data fromone thing to another. Still

further eleqtﬂq@qfréﬁﬁ@ﬁschwﬁhb@ispr;ocessed by one or nore nachines or processors
that can be connected over a networ ach machi ne can transformdata from

one state or 28R § chagrelysisieincludigga @Eﬁi]gaéﬁ LT qF dReekin ek le‘§’aﬁfé higita to

st orage, transmt tae

t
conmuni cat e T R& PSP t{)an%isn%"t %dﬂgra\ggmggate Iflfsfgi%djf {iﬁﬁg tﬁeﬁ ks leYeﬁ\fethe[ B8n has
been degpsdiDE fdufn 2 B oPRY Sk 2eORRM PR is dideeritinly kﬂgﬁﬁ@&@%@&&% t hat

those skilled in the art upon reading the preceding specitications

st udyi Ngedirb® oflhawicsrd® chiindel rfnGi@dri @ vari ous al terations, additions,

pernut ati ons and equi val ents thereof. Therefore, it is intended that the
present i nvewhdreineacinefl thrdfs Padhhnnglubeiwsistory@ird Q0QAbIAGEMRE 5L dIBPD 0h @B 6HSHor3 8
alterations, additions, pernutations, and equivalents as fall within the
true spwﬁswowehﬁ%‘ﬁ@n%ﬁor b & resmvetivA diffavion tywing clegirieallypompegted t9-2 corgmon@pdyy NS | . A

cross-coupl ed transistor configuration wthin m conduct or chi
conpri si ng. wherein eac % 83 first, seco th?rd a.nE| fourtL gate e?ctroges corresponds to a portioh 'of an

associated gate level feature defined within a comresponding gate level feature layout channel,
wherein each gate level feature is defined within its gate level feature layout channel without physically
contacting another gate level feature defined within an adjoining gate level feature layout channel,
wherein both the first and second gate electrodes are formed from a single gate fevel feature, and
wherein the third gate electrode is electrically connected to the fourth gate electrode through at least

one electrical conductor defined within a chip level other than the gate level.

2, The cross-coupled transistor configuration within a semiconductor chip as recited in claim 1, wherein
each of the first, second, third, and fourth gaie electrodes is defined to extend along an associated gate electrode

track, wherein each gate electrode track extends across the gate level of the chip in a first direction.

3. The cross-coupled transistor configuration within a semiconductor chip as recited in claim 2, wherein
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 either an adjacent gate electrode track or a virtual gate

electrode track outside & layout boundary.




a first P channel transistor including a first gate el ectrode defined in a
gate |l evel of a chip; a first N channel transistor including a second
gate electrode defined in the gate | ewel of the chip, wherein the second
gate electrode of the first N channel transistor is electrically connected
to the first gate electrode of the first P channel transistor; a second P
channel transistor including a third gate el ectrode defined in the gate

| evel o#f. a cMhgogross-coupled tgansig@ eordigitatoh avithie l s¢origmdicwt diip dspeiteddn plgimed, barein h
gate electrode defined in the gate | evel of the chig wherein the fourth

gate el Besipgeieatolevel faus deoRmrsyon s pad yead pag eocirpdss is|defined Mishin p gaiclstthect ed
to the thir ate el ectrode of the secand P chanpel tr i.stor; and
hher or n e vl Sl e o RibaA G PR s Aot ARRORES 1 ansi st or

second P channel transistor, and second N channel transistor has a
respective diffusion termnal electrically connected to a conmon node,
wher ei nseachtrf crdsoupibd Sdnsist& @6 Gatidn Wit a s@ffoddudr thip 8 8te® inCSdith 9088her
corresponds to a portion of an associated gate |evel feature defined within
a corresqaprgdigag gate | evel feature |ayout channel, wherei n each gate
| evel feature is defined within its gate | evel feature | ayout channel

wi t hout phy s el dosfiguatirnatpuling lagiscletidqallygenrectedip die fifseBehapnel tedisiosed Wi t hi n an
adjoining gate level feature |ayout channel, wherein both the first and
second gate aftisieppfggradongf puilrdgpplagic Pipcifplly cenmpglgddo Ga et ‘g’G‘E‘Fl "RHGr e, and
wherein the thir te el ectrode .i lectrically. connecgted to t.he fourth
Gate el ect r oo e pagee Sl Pk Secio R el Lt FHRFE bt Fnlidido P 1

chip level of Qe bR odal-BownGUSd electrially IdhBectell RS EQRDN lagmkr@aﬂéét&.t or

configuration wthin a sem conductor chip as recited in claiml1, wherein
each of the first, second, third, and fourth gate electrodes is defined to
extend al ong an associ ated gate el ectrode track, wherein each gate

el ectro@e t r Askraxtogpletstraasiste Senfiglrgiog avithin b @sngtondyictot ¢hip as Indcjted) im claimf 5, whdrein
direction. 3. The cross-coupled transistor conf[?uration wthin a

seni contie frsreniighiafiongE pyllapilasisds defined pyg tirdP chapnsktepsisiasach gate | evel feature

I t ch i i d wit i N, | egtrode t k., and, .

cor TS ponds Tl pesom co g ormubadhnia S onrehy S i N Mol Bt , ode
track an di.cul 2] j LLecti . iven
Gt e BeheBEL BRI Bk ¥ bl ofF fila 3P BT ol LB Al el O ¥

track Ofpedheliolal #dceiddd SbBhOA} bRARed bioGkcaibhs) de a [ ayout boundary. 40 4.
The cross-coupled transistor configuration within a sem conductor chip as

recited in clhdrein iBs fivdeerfiRiraioh bEpuslidongl legiga tidinkdbyelfouftk Btchinsel trimaittod, ks, bot h
the first and second gate electrodes is defined within a gate |level feature
| ayout channwherdiththe seeond cordigurasipe pf iydtuh lagicps dofiprd by ja fidugth P ghanped ringistora wikrdmn  n
type diffusion re%ion. ] ) .

respective gates of the fourth P channel transistor and fourth N channel transistor are electrically connected

together so as to receive a substantially equivalent electrical signal.

7. The cross-coupled transistor configuration within a semiconductor chip as recited in claim 1, farther
comprising:

a first configuration of pull-up logic electrically conngcted to the first P channel transistor;

a first configuration of pull-down logic electrically connected to the second N channel! transistor;

mux driving logic electricaily connected to both the second P channel transistor and the first N channel

transistor.



5. The cross-coupled transistor configuration within a sem conductor chip
as recited in claiml, further conprising: a first configuration of pull-up
| ogic electrically connected to the figist P channel transistor; a first
configuration of pull-down logic electrically connected to the first N
channel gt r anghesds-coufleSLAOAS c6:BTArkIGH fndthin @RenBEonMidtot chitPaslr@@édCn BkiRCT, Wh&éh | Y
connected to the second P channel transistor; and a second configuration of
pul | - dovim fitsoghfipwetiect pillonlidgic icdfimd by etiird Behinel teedtmd N channel transistor.
6. The cross-coupled transistor configuration within a sem conductor chip
as recited i Wheginthpfist copfigapagipmofippidevnylagic s ¢ffpdybi il channgh tipnsisigh Whesgi c | s
defrmed by a third P channel transistor, . wherei.n the second

cont i guFSREFSh B8PS ALY S P BT i TAQY BT PRp ey K CRAHALY comected
transis ' ] A third P channel transistor and
third h&%t%m%%$&§%£m£$§g%§&2¥§we é@??ﬁ%ﬁﬁ yﬂbonnected together so as to
receive a SuQ&&ﬁﬁ&&ﬁﬁhﬂwﬁgu%ﬂﬁwaﬂkd%hﬁgﬁ&&ﬁal signal, wherein the first
configuration of pull-down [ogic is defined by a fourth N channel

transi stor, and wherein the second configuration of pull-up logic is
defined by a fourth P channel transistor, wherein respective gates of the
fourth P chafiredross-equpled wangjstorzefighuginnt ithiy achmiaendictar chip 84 &seitsd ingladm 1, further

el ectrically connected together so as to receive a substantially equival ent
el ectri E&IPEMgnal . 7. The cross-coupled transistor configuration within a
sem conductor .chip as recited in claimil, furifher conmprising: a first
configuratioﬁﬂ%Pdgﬁ?Fgﬁgb?%ﬁﬁgmeeg%ﬁ??%a ?§¥5%ﬁﬁ%gggg'%o thg first P
channel t rangyst,Qh arivr lgéiéééctrﬁﬁi}fcbrﬁ%&lttd 80N AblnbIgQM;| 0gi ¢ el ectrical Iy
connected to the second N channel transistor; nux driving |ogic

el ectri cal | ypgapieesatdodiOehficillychmesacondsik Pehand ehnsktbaagi st or and the
first N channel transistor. 41 8. The cross-coupl ed transistor

confi gur at i opuliwlotvin ferdbackdeiv eteotnichliy tanecetiopheascond¥ thawdl tiapsitdrizandn 7, wherei n

the first configuration of pull-up logic is defnmed by a third P channel
transi st or, aninverter having an input connected to the common node and an outpuf connected to a feedback node,

wherein the pull-up feedback logic and pull-down feedback logic are connected to the feedback node.

10. The cross-coupled transistor configuration within a semiconductor chip as recited in claim 9, wherein
the pull-up driver logic is defined by a third P channel transistor,

wherein the pull-down driver logic is defined by a third N channel transistor, wherein respective gates
of )the third P channel transistor and third N channel transistor are electrically connected together so as to receive
a substantially equivalent electrical signal,

wherein the pull-up feedback logic is defined by a fourth P channel transistor,

wherein the pull-down feedback logic is defined by a fourth N channel transistor, wherein respective
gates of the fourth P channel transistor and fourth N channel transistor are electrically connected together at the

feedback node.

11. The cross-coupled transistor configuration within a semiconductor chip as recited in claim 1, further
comprising:
driving logic electrically connected to both the second P channel transistor and the first N channel

transistor;



wherein the first configuration of pull-down logic is defined by a third N
channel transistor, wherein respective gates of the third P channel
transistor and third N channel transisizor are electrically connected
together so as to receive a substantially equivalent electrical signal
wherein the medbadiNégit dl@tribgicGnmbtedde bt del iBy P adndeN¥@Eikt6r and thS secdilEN channel
cross-coupl ed transistor configuration within a sem conductor chip as
recit edtansistet @dm 1, further conprising: pull-up driver logic electrically
connected to the second P channel transistor; pull-down driver |ogic

el ectri cal | y? Egrineaer davineqn inpat copneied 1 the efpmpee node and a7 Qryt conpseipd togpceplagback

| ogic electricall onnect.eq to the first P _channe] transistor; and
puII-doWﬁ“W@gﬁﬁgﬁémﬁﬁgﬁﬁmﬂf %?PW@&?P?mgi%%%%?gﬁﬁP%ethe second N channel
transi stor; and an inverter having an i nput connected to the conmon
node and an output connected to a feedback node, wherein the pull-up

f eedbacke, | 0girig caRfkoiidd trafl@d cdn@8EIRS KitliODieMicBi R RMP 8CAEd hQlalnh e, fmestback

node. 10. The cross-coupled transistor configuration within a

sem conthel driving laghiipdefiged becictaad invértes hrali witei®in thatfrediatkiogdidie dgfidd by u phird ivarer. | 0gi
is defmed by a third P channel transistor, wherein the pull-down
driver logic is defined by a third N channel transistor, wherein respective
gates of the_third P _channel transistqr, and third N channel, K transistor are
el ect ri Eal | yTReSHISORe THYEY ﬁ%‘?ﬁg%‘“ét“’aé”“{“ﬂ 3 SPRIEIGio © R:b*s“f’%tﬁ‘{ Ay Ly al ent
el ectrical .signal, wherein the pull-up feedback logic is defined by a
fourth P"Ch4ifhel transistor, wherein the pull-down feedback logic is

defined by agfypidhidelt MNcfrdARNEinediddD Db 4R secol Blefinf] HERRECIdd R GaLEShaRtel t he
fourth P channel transistor and fourth N channel transistor are

el ectri gakibyr: connect ed toget her at the feedback node. 11. The
cross-coupl ed transistor configuration within a sem conductor chip as
recited in cpdliupfetdbadkogicrieriricallrpmnesied gp:the first P chague] tyansigior} ogi ¢ el ectrically
connected to both the second P channel transistor and the first N channel
transi stor; pullslown feedback logic electrically connected to the second N channel transistor; and :
a first inverter having an input connected to the common node and an oufput connected to a feedback
node, wherein both the pull up feedback logic and pull down feedback logic are electrically connected to the

feedback node.

14. The cross-coupled transistor configuration within a semiconductor chip as recited in claim 13, wherein
the driving logic is defined by a second inverter,

wherein the pull up feedback logic is defined by a third P channel transistor electrically connected
between the first P channel transistor and the feedback node,

wherein the pull down feedback logic is defined by a third N channel transistor electrically connected

between the second N channel transistor and the feedback node.

15. A cross-coupled transistor configuration within a semiconductor chip, comprising:

a first P channel transistor including a first gate electrode defined in a gate level of a chip;

a first N channel transistor including a second gate electrode defined in the gate level of the chip,
wherein the second gate electrode of the first N channel transistor is electrically connected to the first gate

electrode of the first P channel transistor;




feedback logic electrically connected to both the first P channel

transi stor and the second N channel transistor; and a first inverter
havi ng an i nput connected to the commms node and an out put connected to a
f eedback node, wherein the feedback logic is electrically connected to the
f eedback node seconliZ.chahhi traki@SrSnchding b @xhd batEdkGirsik afinedin fhie gar 13del 61A cip;t hi n a
sem conductor chip as recited in claim1l, wherein the driving logic is

defi ned by aas@owiidcliannebiraneistor isphuingia dousth igate blectrbdradifiaed ln the gatcleved ofthd ¢chixd by a

third inverter. 13. The cross-coupled transistor configuration within a

seni condtEtip the &yt sagelgcmederob the seqond Mhphapng! trangisterieglectisty cpraipeing: to the third gefe j vi ng

l ogic electricall npected to bagth the second P channel transistor and
t he fir5?&Wﬁ%ﬁ§ﬁﬁ%?ﬁ?f§ﬁ§$EF®?93 || up feedback logic electrically

connect ed toukha, tif @&&W@ﬁlﬂ Mgﬁ?ﬁ Bl ehmpyﬂ &angémeioﬁ@ggn lhggi'gtsré

el ectrically connected to the secon channel transistor;

first i ageedoBd NREMhdDGardikod AP W kes QiFuS6h feGhitahQecERINTYRBBAES, 8 J6ARR ol Put
connected to a feedback node, erein both the pull up feedback |ogic and
pul | dowmi feedback logic are electrically connected to the feedback node.
14. The cross-coupl ed transistor configuration within a sem conductor chip
as recited i whestimpash pBthe b rsedopd, i, ahdi fourth pate slgiteodésscottespends tolay pagtion ef end

i nverter, . wherein the pull up feedback lagic is defined by a third P
channel 3F%5rd g4t %W?}é?“g&?‘iﬁim’éiﬁ ‘1%’5? A Y HTROBLRESS é"["ﬂg%ﬁ““tlﬁé‘“ﬂ‘al“%‘% a channel

transi stor apgd the feedback. nad .. wher.ei h u dgwn. f eedback
ogic s der e SEIATAE Roncarini AR B iRl o o SHARRL
bet ween drhiging otk 10 FARR! defide@ kS d0kjoRRE ehtbivel RAP BEH: BRHE, ang15- A
cross-coupl ed transistor configuration within a sem conductor chip,

conpri sing: ahdrdid e fifst gaaRoRdde fsreBaditall @dnnécha ke Rgond ghit EBdtro@othQudhl aBRAst 0de
defined in a gate |level of a chip; a first N channel transistor

i ncl udi g ekcti@tendicigiadeBned Wit # chiele@bdthen then thewgateheyelgamtie | evel of the chip,
wherein the second gate el ectrode of the first N channel transistor is

el ectri cal | y"bsmnath heifistgnd sreondiPrchanng] sransisiopsae RhyifallioFraard fiomreath abthe ishnel

transi star: .
an sécond%channel fransistors.

16. The cross-coupled transistor configuration within the semiconductor chip as recited im claim 15,
wherein each of the first, second, third, and fourth gate electrodes is defined to extend along an associated gate

electrode track, wherein each gate electrode track extends across the gate level of the chip in a first direction.

17. The cross-coupled fransistor configuration within the semiconductor chip as recited in claim 16,
wherein 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 either an adjacent gate electrode track or a virtual

gate electrode track outside a layout boundary.

18. The cross-coupled transistor configuration within the semiconductor chip as recited in claim 15,
wherein each of the first, second, third, and fourth gate electrodes is defined to extend lengthwise in a
first direction, and

wherein the first and fourth gate electrodes are substantially co-aligned in the first direction.



a second P channel transistor including a third gate el ectrode defnmed in
the gate |level of a chip; a second N channel transistor including a
fourth gate electrode defined in the gate |evel of the chip, wherein the
fourth gate electrode of the second N channel transistor is electrically
connected to the third gate el ectrode of the second P channel transistor;
and wherein each of the first P channel transistor, first N channel
transi si%r, slheopdcplohuamsisr configuration miship thg sahievadiotarkhin ag teeired @l claim Basi st or
has a respective diffusion term nal electrically connected to a conmon
node, and  Whereifjipsegang andshiyd eaip elpqtrades prp sypstandiglly shalisnedip thg firsiffirgelionur t h gat e
el ectrodes corresponds to a portion of an associated gate |evel feature
defnmed within a corresponding gate | evel feature |ayout channel, and

wher ei Nygac h T (Es-%@ﬂ&ﬂ tra&s?s?o} Wnﬁ%lmiopﬁﬁﬂhpﬁgsem&&yu&ﬁicﬂiﬁ asqgutitgd 1[1 91¥iﬁl| lfS feature

| ayout channel w t hout physicalfy contacting another gate |evel feature
defined W t hizheramntha dir@ighté AetuB@tiCelbditaly domibibt © oo loate BIBARE) throadht least
wherein the first gate electrode is electrically connected to the second
gat e el ectetecde] ¢ohduotarydefiset witlia s thiploe! @hee thtr thegle leinduct or defined within a
chip level other than the gate |level, and wherein both the first and
second P channel transistors are physically separated from each of the
first and second N channel transistors. . 16. The cross-coupled. transjstor
configu?btioﬁmVP?%fﬂm§ﬁ§m§€W78 BHEROR IR Iy siPureTe R # EHST A 98™ Wher ei n
each of the firs C thir n rth,. .el. j fined to
ext end aIongwdﬁﬂéégﬁgfg?ggmﬁg?ggngﬁgﬁ%ﬁgb%?%%%%ﬁﬁﬁggg%ﬁggg%ﬁkgggg

el ectrode trgedfeifit KRS aAMiQASNe LBG o8 bxEenk S¥E! ditffent 16 if AL Brsd ditediof i I St
direction. 17. The cross-coupled transistor configuration within the

sem conductor chip as recited in claim16, wherein each gate |evel feature
| ayout channel is associated with a given gate el ectrode track and
correspdhds Heemicdndygouthip exgipoyngt hat ext ends al ong the given gate el ectrode
track and perpendicul arly outward in each opposing direction fromthe given
gat e el ect r o#l8rstf Hemel ransijtopfefucd 8y 2 Gpt sgieekgiodsan adj acent gate el ectrode
track or a vifLtual te el ectrode track outside a |ayout boundary. 18. The
cross- coupl eﬁﬁﬁsﬁﬂg&%ﬁ@?ms&%%ﬁnﬁi ¥ 47581 g\a}\ﬁe%ﬁcﬁrﬁ%’f he senmi conductor chip as
recited in CLQ&&M%§he Iﬁ%ﬁh&dgﬂﬁ?MQQM%nﬁw%k&Qﬁxmﬁecond’ third, and fourth

gate electrodes Is to exten engthwse i1n a first direction, and

wher ei n the § ikt NaRsnd @atkbr GRled bet BEiNLEeRurle substantial ly co-aligned
inthe first direction. 44 19. The cross-coupled transistor configuration

Wi thin the sehirdosdudtiertirs seqnd ird,eed foath gare etebiaiden id finadtvdthidiargatt feeel st@oNnd
and third gate el ectrodes are substantially co-aligned in the first

di r ect i ssmicopiyctorphip andripalesiricglly gseqiptadrvath ¢ camenn ditypiet 198%-at i on Wit hin the

sem conduct or chigras reciteg hn %%ain115, wherejin the third %ate el ectrode
i s el ectricalhseitBhREaEFertEpde pfdhs P dhangd ansiiop b elegially frsiighiode f¥att one
el ectrical conductar defined within a chip level other than the gate |evel.
21. Thegcross-couﬁied transistor “configuration within the sem conduct or

chip as reci gk fe ﬁir@éameﬂeémde of the second P channel transistor is efectrically connected to the fourth

gate electrode of the second N channel transistor,

wherein each of the first, second, third, and fourth gate electrodes corresponds to a portion of an
associated gate level feature defined within a corresponding gate level feature layout channel,

wherein each gate level feature is defined within its gate level feature layout channel without physically
contacting another gate level feature defined within an adjoining gate leve! feature layout channel,

wherein each of the first, second, third, and fourth gate electrodes is defined to extend lengthwise in a
first direction, and

wherein the first and fourth gate electrodes are substantiatly co-aligned in the first direction, and



wherein the first and fourth gate el ectrodes extend along different |ines
inthe first direction, and wherein the second and third gate el ectrodes
extend along different lines in the fiasst direction. 22. A sem conduct or
chip, conprising: a first P channel transistor defined by a first gate

el ectrode; awhdréisbotiNhe Rigrune becbnd Pndarsél Oknstiefsi argthyddllyase et ithmgathenf ele @iest r ode;
a second P channel transistor defined by a third gate el ectrode; and a
second Mdotramdtéthamnekmssistiror defined by a fourth gate el ectrode,

wherein each of the first, second, third, and fourth gate el ectrodes is
defined within a gate | evel of the sem conductor chip and is electrically

associ a Lt h a cqmmon.di ffusj.on .nade . erejn the fjrst t

o ectr oo of THERFFREE P mariEl < Peld tesi oo LPERRE el Siredfalle .o
the Sef:agjtqo&@tisede &G QHR g b Gssldidicaloald! Rl Ghok! hARS S bate clectrode YT €1 N
the third gate el ectrode of Fhe second P channel transistor is electrically
connect ggenliicioi@hef @ b d oORd Aipei BEfikQEectief. t he second N channel transistor,
wherein each of the first, second, third, and fourth gate el ectrodes
corresponds to a portion of an associated gate |evel feature defined within

a correzgonding gate |level feature |ayout channel, ‘wherein each gate
| evel f&at ur &he smigeridpgiaFhip; 8 figeed inglagn 23 whessis| cashegpfeyieve! feafiisUryorttramrmgl| is

i t hout physi |y tacti h te | | feat fined wthi
i or ni PPt Bt et St b FO0 o 1 50 rsion ks SR e
first, hi f . . i >
| engt hus Saogect i plpenlhol, BB 8l ol BE i Ao AR Ioftnfildy
el ect r oglgsst 8f fhes Hsfaadt daitlcledirodOnk brdRERlalighe bibtGodd a8l ouldids £BFdubdundaigd 45

25. The semiconductor chip as recited in claim 22, wherein the second and third gate electrodes are

substantially co-aligned in the first direction.

26. The semiconductor chip as recited in claim 22, wherein the first gate electrode is electrically connected
to the second gate electrode through at least one electrical conductor defined within a chip level other than the

gate level.

27. The semiconductor chip as recited in claim 22, wherein the second and third gate electrodes extend

along different lines in the first direction.
28. The semiconductor chip as recited in claim 22, wherein the third gate electrode is electrically
connected to the fourth gate electrode through at least one electrical conductor defined within a chip level other

than the gate level.

29. The semiconductor chip as recited in claim 23, wherein adjacent gate electrode tracks are separated by

a substantially equal spacing as measured in a second direction perpendicular to the first direction.

30. A semiconductor chip, comprising:



wherein both the first and second P channel transistors are physically
separated fromeach of the first and second N channel transistors. 23. The
sem conductor chip as recited in claime22, wherein each of the first,
second, third, and fourth gate electrodes is defned to extend al ong an
associ at ed gafiet tehad bochast trimitks; typllefied by £ae Ratgdéceodlafd iro dEfudisnacdioneX s ends
across the gate level of the chip in the first direction. 24. The

seni conéutdiffision fypgelasically connesthd torp commprndifBion wiey ei n each gate level feature
| ayout channel is associated with a given gate el ectrode track_and

corresponds & &rshiraugister af arSéfgpfbﬁaﬂflﬁfartWﬁf@ﬁél y awﬁl& Fhegre igate Eet rode

t Kk d. d di t f th
gat e ef BePPaB<pPiRPhie SR foraft e R PP SRR gace ol ectrode’
track of a VhidiilmalRlPolhehli iRt {yaglfeﬁeéat@la%daga& BaHke KoY QR smser.  The

sem conductor chip as recited 1n claim?22, wherein the second an

gate el pgif SRTIAREuRAbk ABldicaly e g BBthdBitkhe it di rection. 26,
The sem conductor chip as recited in claim?22, wherein the first gate

el ectrode i saaécel rangadr| of tizosaved tredistotybd defvaiCiona foyeall gate klerbdeohe af dacondigh at
| east one el ectrical conductor defined within a chip | evel other than the
gat e | edidhsion rgzjon offthescecagiliffaim e electichlbirornscigdde the epnmon diffugionpod? wherein t he

second and thjrd ga ctrodes extend a different |ines in the first
di rection. %ere‘“f‘ﬁ%} H‘}rg"c‘m'c?ﬁtt‘i‘fﬂ&?m’ge}sif“ﬁeﬁ?‘ﬁa@g‘iq“ﬁﬁe“tﬂeaﬁ‘%fl‘% 22, wherein the

third gate el pebrade )5, 8lAGLL GalLY GODORELBA L .INE Lot n gate el ectrode

t hrough at Ieas one e ec r| conduct or I'n"a’chip level other
than the gat ghdi&Yelh of %9 fusmecms@mu@%}ﬂtf&mrga@ RieBrods dofGhdn@iol IpdehoR ofNard 3,
wherein adj acent gate el ectrode tracks are separated by a substantially
equal spariaiggASlewERAWE QdinddwilRinS aaRdndig e ldvel feapergendiand,ar to the first

direction. 46 a first transistor of a first transistor type defned
by a first gahacirdadrgaredarel fatwek indefipgdsithidiit fagedevohfeategliant chinngl whthqusphysiéafly usi on
type electrically connected to a comon diffusion node; a first

transi sfWRetE angthergats #ﬂe‘tf‘?aélffsqe@’t%i’"ﬂi"gf?i’é‘dlﬂw Briglleys feaqure @&%‘hﬁ‘%’j‘é‘t e el ectrode

and a first dffu re |ffu3|ont

connected to"the" @8%%&“3?‘?%@1 %'ﬁ fﬂmgéaq Ctmdesémsrgs °¥19 rané y%‘%éll¥ he
first t med by a third gate el ectrode and a second

di ffusi %ﬁiﬂa& Eeg%ve%f?mﬁdﬁ{’l rst diffusion type electrically connected to the

comon di ff Ughdadin RO RS and second dBFuSIBCREShs lof RO BfsSdifisioR typé K€ pISSIEMN kphrbddHdrnst OF
type defined by a fourth gate el ectrode and a second diffusion region of

t he secenaltlofhieffist gideeroidyiiftisien rgibisioCtt deyond diffindpttyge. t 0 t he common di f f usi on
node, wherein the first and fourth gate el ectrodes are electrically
connected to each other, wherein the second and third gate el ectrodes are

electrically_connected t each ot he
31. yThe semiconductor Chlp as recited in clalm 30, wherein each of the first, second, third, and fourth gate

electrodes is defined to extend along an associated gate electrode track, wherein each gate electrode track

extends across the gate level of the chip in the first direciion.

32. The semiconductor chip as recited in claim 31, wherein each gate level feature layout channel is
associated with a given gate electrode track and corresponds fo a layout region that extends along the given gate
elecirode track and perpendicularly outward in each opposing direction from the given gate electrode track to a

closest of either an adjacent gate electrode track or a virtual gate electrede track outside a layout boundary.




wherein each of the first, second, third, and fourth gate el ectrodes
corresponds to a portion of an associated gate |evel feature defined within
a correspondi ng gate | evel feature |aygut channel, wherein each gate
| evel feature is defined within its gate | evel feature | ayout channel
Wi t hout 3phy s Thakhifonasett atp ishgiaotimar3ogateRin cahelf the aat, weadatikd, aidowh bt N an

adj oi ning gate |level feature | ayout channel, wherein the first,
second, eltdrodesls defimeld tb exient! fengfhvies in b Gt diredies agd wheremdipdutt Anddduyth £ ¢lestiodes ayen
physically separate gate |evel features, and wherein the first and

second #ibfantidlyseralicayi e fpgfdiedienf i r st di ffusion type are physically
separated fromeach of the first and second diffusion regions of the second
di ffusion type. 31. The seniconductor chip as recited in claim30, wherein

each of 3 .he fl‘fler s%&lcorﬁiﬁ&&%ﬂﬁ ag hécﬁt&h Padéh% f3§) u\;/]}eréuxgﬁé Sec d%& rtlﬁ]qegé eie%cpoq]ég 1€ dto

ext end al'ong an associ ated gate electrode tra erern each gate

el ectroggstgn[iﬁglgo_%@nglﬁegigtrdi}gcsioﬁ.he gate level of the chip in the first
direction. 32. The sem conductor chip as recited in claim31l, wherein each
gate |l evel feature |ayout channel is associated with a given gate el ectrode
track and corresponds to a |l ayout region that extends along the given gate
el ectrode tr Aescemipahdystor phimasireciiedain Flgimai0t whereip each of die firsh preendi thied, andrfeeth g fr om
the given gate el ectrode track to c|l osest of ejther an adjacen te

el ect r offeetrpdes isidefiied to riend lepgthwise ina %F‘é'ETCFl?Pd ardy e “&é’g igﬁ%g@“f"%y%%ﬁﬁge% to
boundary. 7 The semi.conduct or chi s.reci i n i m 30, wherein
each of X’?%‘%éﬁf) Illgraéigf feregtglé'%lr?&e fi%sﬁfhf'e t}ongln eq?%%rﬂ?eﬁecaa{ag& g’fdngb%afe%%grs(ﬂ%&s defined to
extend lengthwise in a first direction, and wherein the first and fourth
gate el ectrodes are substantially co-aligned in the first direction. 34.
The senig& ondiukd semicéididior ap bektiee th dldin Gh,aihBled Ihe g dieclrdde issiefiaeh ard t hi r d
gate electrodes are substantially co-aligned in the first direction. 35.
The sentlo@radantlmpe inclei fipst disclies tidet of the stail o B0Oth gethdecgpdes.each of the first,
second, third, and fourth gate electrodes is defined to extend | engt hw se
inafirst direction, and wherein the first gate electrode is defined to

extend glong_a different line.in.the first directjon than ea f the
cecond ahd T Sl EReET Gt ol g R AR A AP SR P8 ¢ oo
in clai - i 1. X i fdB6del O extend along a
samne Iihwgr%?ir?lfrg&ghﬁ {rﬁsﬂ{eqﬁsﬁ Erl%ctﬁngg%gggh gliﬂtﬁﬁée%n?%?ﬁ{ %gge}:g'ﬁo or fourth gat eg

el ectrodes. 37. The sem conductor chip as recited in claim35, wherein the

third gate electrode is defined to extend along a different line in the
first direction than each of the second or fourth gate el ectrodes.




