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DYNAM C- STATI C PSEUDO- NMOS LOd C C
ARRAY 5 T | Field The inve to CMOS The
i nventi oﬁwgﬁg@l?fgl ates to vertical ultr&h"n body transistor S?Jzzlo%yﬁ

invention further relates to nonotonic dynam c static pseudo- NM3S | ogic
circuits. Background Art CMOS technology is used for digital integrated

circuits due to | ow power dissi patﬁ&m&ﬁm ty of integration, and | ow

cost of fabrication. CMOS technolo ed for anal og integrated

Circuits. APREGRITONECIPNANACRTAAE B UDU- Nmem@@r@: DIRSHAT ARD

t el ecommuni cations |5 4B YF FU(}?M N@&'L(SGRF dE RARNL, autonotive
alize |ntegrat

" electronics, etc., reqU|re nore and nore specl ed circuits.
The conti nui ng devel opnent in sem conductors has led to use of gate arrays
and st anglartechfichE Fidda modern and i nexpensive way to produce Application
Specific Integrated GCrcuits (ASI Cs]gI An ASICis an inte rated Ci rcwt t hat
can place on a él;l}‘?g}‘%(e’é‘mnpr%lﬁte%ﬁPl? Qgy gpiEnERYsa 28e ginetiopatlso delajes to

per f or m ng \RatcaPliditdh Boli@krandiibrsal BR ARHRE HHAG RS 10 GIMtALd BYfandé-e
used in ASIC design. A CMOS gate array can be described as a matrix of

pr emanuf actstatisdps¢edgNMQIidasi¢ eltvitseel | s that only requires the addition of
the final netal and contact nmasks to define a new circuit function. Gate
array technol ogy can thus quickly respond to custoner requirenents in a | ow
cost ando2BakpioundnArtranner. Gate arrays can be inplenmented usi ng a

variety of circuit d ess t echnol o i ncl udi st at

b ol ar o ¢t er UG etABIER s SBRADy SHIEY HFEHALrb By PHELS HOHoRDY Fhi ¢
dynani c- st aﬁgsqpm@ﬂdﬁrg}{l\/@&lélg%@ B0 grhfi6h] hnd TB® EEWASOMNLEicdBAM MDAt i C
pseudo-NMOS T ogic circuit includes a dynamc | ogic circuit having a clock

i nput and Hesinedpganis alspusedc émf anplogethtesyalsd @graitehar ged hi gh when a | ow
clock signal is Vi oni tic
pseudo: NCB | ogi P HEHS iRt bRt R bom QiR UROR EIcLOmATRRRELR, ©
cl ock bas idgpiimangdindagiriag cantrol tiuipment) faugamediet eiebteoxpcseeha,rgaqdue moe

02/ 071611 2 PCT/ US02/ 03512 | ow when a high value of the conpl ement of, the
cl ock si gndind Yrospedalized tiRtegrbik CH&P‘ﬁsnnge F‘?l“té‘h‘ém&sgg logmeppgin

| nvention, dhfechlifbiofs hadid & heeilok daRS afta} OB slaRRMA EQUPACH hgtidkheyut put
of the dynamc logic circuit. In another aspect of the s invention, the
dynani c | ogn@(mnslw|wayh1asplaodlugglﬁq3plmpmn (Spaq:lflednt&gratth@ wapat(AéiCs)heAmt atic
| ogi c circu'é L n g . qlf. }ha |nvgnt|on %1 ogl ctemrcwt

i ncl udes a‘é) ]ici/bsem” %’ia ?“%é‘i/ g 40 RJnes B B ﬁ“é% r H’ea'aéa‘flllrne’l WG the & ock
i nput ang @Satapﬁhmnglpeefdrm@g net bﬁlgrvuagthlabmohltsag@ammphynmd t he out put

of the dynamc logic circuit. e dynam c circuit furth
conprises | ogi c @RETIERIC OseH Pbgrség d%ﬁgﬂef4 rg\%g% gate array can be described

as a matrix of premanufactured (e.g., identical) cells that only requires the addition
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of the final metal and contact masks to define a new circuit function. Gate array
technology can thus quickly respond to customer requirements in a low cost and
25 efficient manner. Gate arrays can be implemented using a variety of circuit and

process technologies including static CMOS and bipolar emitter coupled logic.

Summary
The invention provides a monotonic dynamic-static pseudo-NMOS logic

30 circuit. The monotonic dynamic-static pseudo-NMOS logic circuit includes a
dynamic logic circuit having a clock input and having an output configured to be
pre-charged high when a low clock signal is provided to the clock input. The
monotonic dynamic-static pseudo-NMOS logic circuit further includes a static logic

circuit having a clock bar input and having an output configured to be precharged
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| ogi ¢ function, coupled between a | ow voltage and the output configured to
be precharged high. In another aspect of the invention, the static logic
circuit I p-type transistor having a control ele ef,j ni ng

t he cIochﬁﬁgﬂﬁ%éﬁd having a channel Is extending betmeenpéfﬁgﬁtggéls uppl y
and the output of the static logic circupt. The static logic circuit
further conprises Iogic circuitry configured to define a logic function
coupl ed between, a I age, and the out onfi gur o) be

low. Anot hé®™ a‘é’lﬁ%rbfi L 931?5 COMPI a%fsﬁla loglf 1%’3[ & I; coc?rp |sr ng
a 20 pluraldbak pir ﬁtrcal uItrathrn transrstors coupl ed together ‘Bri ef
Description of the awi ngs Preferred enbodi nents of the invention are

" descri bed bel ow Wi PReraspesient dhe dnamtionolthewially dRetorpawyilng arlagicngaut 25

Fig. 1is i C al I
cirouit. PR L (RETRER gkt RN B L R I pBOIRRPSR 95855 o
" CMOS | ogisc mvasn:twnt th&idgnadid g drauitubds zsctd)@mlmn shuplbidniy thehowtbus kéwhdNAND
of the nmonotonic CMXS |l.ogic circuit. 30 Fig. 4 is a circuit schematic of a
pseudo- Nl\/wt%ttcafqgéc PG circuit. Fig. 5is a circuit schematic of a
zi pper - CMOS | ogi ) 6hé Gdpdot dfi he i@véritiod, Ghé @&hém&cfb%ﬂiﬁi;ﬂr&nﬁ RRMARY 2 pypan
portion of monotonic dynam c-static pseudo- ic circuit. WB
02/ 071611 era@mojsmarrx@gsmomgl elractrgdta defiping th%éhéhmlp@t awbliahg shamnel i ¢
portion of the ni ¢ dyn u g 8
is a bl ock GI'& r1 agn reevﬁ?eélsentoa S%éﬁﬁl ?:edogl?er gﬁtﬂ@ Il—lr%g!.iﬁg%éﬁgéltcgmrl:cgﬂa
bl ock dimgrane ﬂ?ﬁﬁxﬁﬁ:elﬂgﬁt ¢1mmtofurt}m infpeises 16fic Figuitd, conffgired . toldefing @
circuit schematic illustrating multiple circuits OL the type shown in Figs.
6 and 7 coulBid w@@phépuplpﬂgbemeq 8 lgwp@l%a;fécttl@é gioiPe canfigred dRdbet or
waf er iIIusﬁg@ﬂ&Egi§h§ps in a process for manufacturing transistors for the
circuits of E Fig. 7. Fig. 12 is a front elevational view of the
waf er of Fig. 111n amotﬁeg aspE8t jof the fimvention) ﬁmattabhéCIglw|cew1t)ﬁn¢1¢®swat)dwp©f
Fig. 12 after_a. su seguent  pr e a front eIevatr na
Vi ow of ¢ netiRgut B g corlfol #fERoR? RisERis, Bifinds el Aag g BYJLES
a front gl eyaéndin@hbemieRW Oholtdpe wpbBraaf tifd gu PM dftherstaicslopsagrant The
processing step. Fig. 16 is a top plan view of a wafer affer a step

subsequent ¥@atig lagigprisaneh fershemeompidses Ipgist isaudlgys ponfigyredi so defige altoslg a
front elevapional oy OJet‘fléE‘?l m&"vo%gvargi theGo téﬁ’t %%%%url\égdt%s’oc r@;&@' ng

Qut the Invention an osur e of ention ows a pr
static CMOSlowogi ¢ CII‘CUIt 10 A problemwi th static CMOS logic circuits is

t hat h i t d f. t f
tr?msiegtC orI 2?\3 t%@ 8% eaSB‘FCt 3 Iikﬁrsln\t/vr%%&? 8Ylgegi ﬁp[}tglcggatgr I%i?@g an’t’élémﬁea

20 plurality of vertical ultrathin transistors coupled together.

Brief Description of the Drawings

Preferred embodiments of the invention are described below with reference
to the following accompanying drawings.
25 Fig. 1 is a circuit schematic showing a conventional static CMOS logic circuit.
Fig. 2 is a circuit schematic showing a low skew NAND of monotonic CMOS
logic circuit.
Fig. 3 is a circuit schematic showing a high skew NAND of the monotonic
CMOS logic circuit.
30 Fig. 4 is a circuit schematic of a pseudo-NMOS static logic circuit.
Fig. 5 is a circuit schematic of a zipper-CMOS logic circuit.
Fig. 6 is a circuit schematic showing a dynamic portion of monotonic

dynamic-static pseudo-NMOS logic circuit.



and 18, and input 14 drives gates 20 and 22. This results in a |large area
for static 25 CMOS circuits and a | arge nunber of netal wiring | evels nust
be utili | ow i nterconnections. Another problem w i.c.,CMOS

; : 0 ; X \ 3
| ogi c ci fvgﬁl %@71?151 that in the PMOS transistor the hole np ﬁ/lﬁ%@dﬁlzabout
three tines ower than the nobility of eEectrons if the transistors have
conpar abl e si zes. Because of this, switching transients are 30 very
asynmetrical. The charg . i . it I Ln i mpl e
Cvercer takes FOEMongd, Pell 3feRlle ol FARAE bblifon 38tk LnBpSidR
conpensat e,dyhlvaicRiViis psarsSMOS lapie cioédien fabricated with a large width or

size to provide trical. switching. However, this increases the stray
" capacitive Ioadsﬁé'rqg‘?f‘ és pfl’s%l}algr% rgprsseniation of the girewt of ﬁ:gg-(ﬁs'rcui ts, and

very inefficientpiar s WthlbiiZ AlagPiin reprdii2fiGl L8 Hle 4irRETLPIRZ/AB512 Figs. 2
and 3 show nonotonic static CIVBS logic circuits (logic gates) 24 and 40.
" The circéit 24 iHgall dnesieswiddchemite dlustrating muliiplg deonits exf thhitype shownsi zed

so t hat themIIngi ciéguit 1’248 pas a fast fall delay at the expense of a slow
rise delay. PTHE & FRLI CUB % 98N skewed 1 ogic circuit designed to
provide a fast mufl 1Ups aSpdispective Gk of. # sétaRohdiREdrSwaRr dldstPing THéps! MPUt
26 drives gates 30 and 32 and the input 28 drives gates 34 and %6. The
circuit 40 haLcpspipr smanuiaciyring trapgigtors, fer theocipruity &f et @ orAlgahd 48 and
the input 44 driptes : I i i§ provided to a
gate 40 of the cl?igca??g gifnggdé%g(t:%rar%]l éﬁgnﬁgﬁ? ‘?:Effg{:l? Si 'nlgl' CLK BAR i s
provi dedot o a gdfie. Ebiooéd ftdme eddvatonal Wy offfiee wafdl ofsFigol? afthea sDbsquentt of
the logic circuit 24 is precharged to a logic 1 and the output of the logic
circuit 40 H'8°$MB8R5Pged to a logic 0. During the eval uation phase of CLK,
the output of thEgl 0fiCa Fidik WldvaBénilidw Qif tthefvafeM dfChigl 1DAEtdr b QubseQhesitemai N
at the precharged value. Simlarly, the output of the logic circuit 40 wll
ei ther swi tRIRCHHBESEER 0 1 or remmin at the precharged val ue. A path of
nonot oni ¢ stati Gyl ogd ¢ i reui i s i gh
skewed | ogi c ci ?P(:}%I ?%?S isffogf\}veg é&g% I o%\?’%lf::tﬁ% (%i?e? égr |lgég9\agﬂ§%(g\rllﬁg eg\(/l\glgh
| ogi ¢ cils cyrbeeasidg \stepe ver sa. Monotonic static CMOS logic circuits are

known in the art_and are di sgussed, for exanple, in T. Thor G Yee and C.
S " oot orFie 5 3 R Spai S of S Iva T A Sl DsgDseq REl tasgriter SHtPons:

El ect roni cs;sad daRSiliBratedn BFigge;. 16 20 17 Aug. 1999, pp 1S1-15S. In the
circuit 24, the large charge up time through the PMOS devices is avoided by
prechar gi ng out gtig. Abdeadsonteleptiopyl vinw efshegrafenef dlimclé, CLK. When the
clock CLKis low, the PMOS transistor 40 will be on and the output | oad
capacitance will be precharged to VDD. Simlarly, in the conplenentary

| ogi ¢ ci2o cuBdst Modds injgeO ¢ dnvemitmnyamd Dasclosnrd af dn@ioBAR 2s wi | |

(n ) g Ntig jclasnl
be high and the Qutpui S4 precharge | ow volt or. ground. . The .
out puts of the: 138 £ SheWe plRrET ATk A3 CMOS PR SGEID: nhgHoBEBt it 3t down
circuit 24)Co0d Rd EigduiR iPUht-diRhGhpeis afd@)14 Bid dI8RCEVS Bled, 9B Gal sfCUI L S
either stay with that output value or switch to the other during

eval uat i on.onPhNMQS tranpistoy andnide Fate obanBMIQSY tragsistoex Snipit el2 duives gatep 16
possi ble o t L ; | 30,fowh: | 0gi i reu e .0, 1
to 1, and (L)l}nIta (L)‘f Si.a%"?ﬁ?ﬁs)ﬁ% gﬁ?lﬁ&%%ﬁ%re ggtb Eltnc%; %%gu grl%glélgst |ﬁlc‘rl %@%agar Eogisit%c in
whi ch ans outMOS ciacuipsearfdoa dargaynuaiber nd rhexal pwinpglevelansudt ibenstilizZdd Gp dltow,
0-1, and 1-0, The logic circuits 24 and 40 are cascaded with one of the
first type,mieﬁ“ecﬁ’nSﬁté‘%ﬁf the second type, then one of the first type, etc.
WO 02/ (171611 SARGRENFI8HIAr WithMata@icP@MOS Uloalc! Yircdilte id @BALCIICIthe WNIO4 1S
a | ow skew NAND Wien CLK is low, logic circuit 24 is precharged high.

Eval uat i on transistarciliethode; mobility inaleid thFeentimexlawer theh theTmebidit plielegigons

* switches fr; r [ ] ogi jreuid 40 j . hi w. NAND.
when OLK 1 & o R REERAFE hBprablE 200 BhIGAS oil] yhelind SbgREIAN
Eval uat ison veny asymmietrich. t Theshptgecep WharsiditKofi thehcgpncitGleKld34Rn 8 dimple. The

" output 54 switches fr(t)mOto or _repmi,ns the sane.
inverter takes far longer than the discharge transient. To attempt to compensate,

the PMOS transistors are often fabricated with a large width or size to provide
symmetrical switching. However, this increases the stray capacitive loads and results

in an even larger area for the circuits, and very inefficient area utilization.



By an appropriate logic optim zation of the inputs and arrangenent of the
circuits, the circuits can be placed so as to mnimze signal del ays

t hr ough it and mnimze power consunption. This l,e
because Rﬂg EC:/!){I‘]gﬂlt nodes are precharged prior to any of %@/99@%3{)1 d ta
becom ng high and a nonotonic |ogic evaI&latl on of these inputs to the
circuit. The sizes of the devi ces can be optim zed to quickly discharge the

char ged nodes a |c charge the disc nodes.. A 1.5 tines speed
i mpr ovenent and Sa %é]é ‘%P@&OF%E@F‘B%ﬁgqu%r?“dé’ﬁ%ﬂ%‘ﬁ&taé‘ﬁ) dfend

conventional, stgé 'cﬁcm 150016 skéweld Toich &WHa\Ilng a&m&e@hﬁh aartlg 4281 &
optlmzatlon attention is directed towards T. Thorp, Yee and C. Sechen,
* " Monot oni ¢ tHtathieclogivOsiremt 2buws aviasTédhdolay-at, thelfmpcnssynf aLdow Pusgedelay.

Srirel oM PRI R ARl Sk I falh St PRy R T B rapped

" to a netyork thateddigsuinol HaeHh@RItH %rﬁrﬂrﬁ@dl'ﬂieeldpﬂ‘v&ﬁsdrﬁl% gafdie3Rand egpoval
of i nternmedi ate inverters within a |logic network can be acconplished by

gener at i ng 2A4dRaiwPwt s deeatt gaieodf pod Sphelheetityitd0 bas BRukped? ardydd.r heogi c
duplicatio C e o) i ne e

oi gnal - phadiigy S RALELE SRCanP ARSIl MR RAlE P REl Spoan Ui
gener at ed, itphe GeKwerjrogaed be argpieedD tob ttrermntcum 24 ahdtd coapemegadre clacki ng,
for exarrple rrent two scolori g d techngl o mappi.ng .al gqrithm
to mor e’ a gk EERCBAGE B mroibisd nvertie i) e iGHE Snt &bt GLKoR AGYS R

pat tern ;of du@ymtsdqueqagtcmrgbnszhetwr@@tasgeaatoe§ 10%'?@ @ ahd theOslputGof fReogRNd C.
Sechen, "Domino |ogic synthesis using conplex static ag tes," | EEE/ACM Int.
Conf. On Ccyrrﬁuttét&mg mgsi g, a ppsic M2 Durmg g0 gvalmatéor @hhmpﬁgiLK the

t wo- col ori i £ Y d._Sechen as

bei ng usef u fT?l? 18&3e§|&‘r€1e1‘d§3€% eltﬂ%{‘ %%\E/\t/%fs?kéé%/{vm fetoa(\?mdr reﬁnam A3 the

pul | - down qmédhatgudgeﬂuéha&nalaulyethes pepiut iofdthkei laigic anﬂnﬁ hathﬂa&imdmghtcﬁkew
gate will have non_pul | pat h Ion‘%er than a user specified limtg: V1 O

02/ 071611 6"PR Jcbubre 1029 210 rehaggRd | elper o mithg! anqnedenie dkatict logifer sal
of a netnorckechitd Al dierAfePWi ol sihhkdPhSH EAS 8w dOfogfd! Il Bl s, NOAGolyhat

are not mnulti-output nodes predecessor node=current node s predecessor with
s a) the grskewaklogi sxtrant:érlﬁ¢somhaglpskqmriylogwmncuarmd Yice ewsak ties, b) the

fewest nunber of, tr nsi st I Lf e r.ede ode an
current mode. satAGORIsTRAICCMRS Rl Brab «FE kAT «LhEEE PR ahe el
updat e nodéof ekamise, EIESO|Tltﬁ)rpoGOI’Yc£‘aOIﬁdl i@t Séchend“Ploae ek StﬁiﬂCl\ﬂOSl’tﬁt‘&’S a
pseudo NMOS static logic circuit 58. The circuit 58 shown in Fi

i ncl udes cileakik JTeghyiolagy, ninigSumy bey & omisn diledrenisgandeDesign.cy ﬁlelgf’yl@'g is
15 used,} o jgef. t i

i mpl ener%% edld I %Qg%ge 015@%% sH:tﬁ 2{? |e C@ﬁc&%%@??? c&gé %ﬂ%@&gj Hfh%dlgl\?(':ﬂdc,qu sﬁlgct as
| oad devi cd§\4061®hlcles lma'asd@tbp}' etaCbmrgmgjeuﬂpoadod@ﬁS ¢esVDP bnthe use of the

ool g 1 A STReadaR e bR P ok i o TR sl RE R on
Static DC pawecsut@ansuaat tij”acﬂ‘aﬂcd)@vlﬂv‘@d: qﬁdclba/rgaalﬁmgvmm eﬁhﬂdﬂsjecﬂﬂeﬂmtel al
dynamic logic famlies |jke domi ng CMOS or NORA (no race} dynam c | ogi

a conbi nat |°8H1PtFFn"d‘9?‘f%{anSICaiW“§t49tGFég I3dg¥b@ copMencrippCelpek vel |%stch| ude
zi pper GHOSiANL fRAUGRI Al bitpE 99 kpslpateell @ok16ipbaNEg bOgkangl Teui LS. Fig.

5 shows a zi pper | ogi c |rcu 60.” The circuit es logic 2s
circuitry 62, GIheaﬂdtp@& defitherlogic [cognits ﬁ:mptasohipredlhﬁeg@i)r bight (f60 ahpasll-
i nputs 68, 70, 72

zi pper  ONOSOPG! %hgl%% LﬂrqO%zgftort ?11?%%?%2%%??13 L{b;;%?gg?‘?%\?mgﬁgglﬁgﬁﬁ%%ﬁﬁ%%K i's
|l ow (the cactayl e ibhat@dipBAFhlue or switch to the other during evaluation. This is called
‘ monotonic behavior. For example, the only possible output transitions for a pull-
30 down logic circuit are 0 to 0, 1 to 1, and 0 to 1. This is in contrast to regular
static CMOS circuits, in which an output can perform any of the following

transitions: 0-0, 1-1, 0-1, and 1-0. The logic circuits 24 and 40 are cascaded with

one of the first type, then one of the second type, then one of the first type, etc.



is high). Evaluation occurs when the clock, CLK goes |low The signals and
| ogi ¢ deci sions propagate through a chain defined by |ogic C|rCU|try 62,
64, and N Me(ﬁo a mechani cal zi pper closing, hence the iﬂ Epr CMOS.
Zi pper , “pseudo NMOS, and domino logic circuits are descrl% &

exanple, in the followng U S patents, n§11 of which are |ncorporated
herein by reference: 6,108,805 to Rajsu 6,107,835 to Blongren et al.

5,973,514 to Kug,et al 917.ta _Chappel |

Sprague: 5,867, 098¢ Baﬁﬁﬂgﬁ&aﬁi olsifr i 14 i 7 1?%%‘?7"&2@)@%03‘@ C§~K79% 938

to Hei kes qbwalogw 51&3&52282 tr&h&%agugh CtE@lluation, MG 124 Pakle¥ PlaceOwhap, 916

to Gu et al.; 4,797,580 to unter 69,032 to Lee. Figs. 6 and 7 show

" nonot oni ¢ s¢BKiig h(E\t{)SThégiuéP‘tﬁ%Scwli@e% érom dgioc) @atre@aII@elese loﬁlco@k@lt #t
stages) 10 n 0 rd a n The

circuit 10% %aglgﬂioécl '(\ZW(I;I@%%%I t?ﬂ% ?Ltﬁ;lé)ﬁ] ’I gggchfggd gghtqé:&rctétcﬁ i%S

" inputs 184, pr&ﬂﬁl;ﬂ&md)wlOBvalGhﬂimuirt tiycudo i itgitsesiadeowhet OD/KMisaliiyh QGEI&OBAR

mul tiple possible fupctions could be substituted for the logic
circuitry fﬁ)iow}rhé"h&%awt Sﬁéﬁltﬁ}eédcr‘i’lﬁcq (R dsORIENYBK thenfAe-110 coupled to a
source of a clo
dynam c circui tO%yml ch'r's %rec r‘??géﬁ% O%L%%e &ﬁgﬁ?h&%}a&‘ %ngrtl:t: ?Eﬁlﬁ 100
i's prechar gmtuits,gtheatcuchles can rh@t plm_id sdhes to nummlzd_(}s&ﬂmasieﬂaygltdnr@uglnmet ry
113. The il|. ustr at ed1 .04 C %er C%I t&rx 113 S gl 1%64 1]186 and. 11%.
Greuitry BN G YEIESRINE HORRRIE of ’IS 015?1 © RFSaTS5) 18 |cggiE modes
functi ons mul;ded&ergddbpmmt td ey aSthdiﬁ ut d@taCbeofind high ahli3a nfon@foni® 1end 7
show t hree |nID NOR | ogic circuitry for cwcwt;ré 103 and 113, but other
numbers 1s S He{a@é tB?SedﬁPPWertbermreaﬁ bEhg ﬁlﬁ% Peedevisps gan bg optaizedr ent
nunber of t 2o FHeC reui I
i ncl udes a t%?@ﬂbﬁ?ﬁ%ﬁc%h O’t]{:eotﬂﬂtré%d '31 gg% gg%é% Ia? r%hetﬁg %?:cllggéegng(?dc&K of
Fig. 6, an AnpGt titr22 spaepl éadprm)/emﬂltcambl emﬁtn(lﬁsKalBAR)echicttdle hak oeden
circuit 102 is precharged | ow

i | d
th gtn ﬁe out p‘%f“ofﬁ%ateg O‘fa—e’rrr] gcé’%‘r']%l gflgaBF 3’11%[3%?}%% ed bl ock di agram

representati ons Witht Repdek k6 uyﬂtﬁesié)&cﬁ icLlOFmIZBEHE Gl deBbY is §iréet towazdeh as
the circuits 100 and 102 are confl o to be cou-led_ t ogether in sequence

in an al t erhaflhegpsf 45hY6s; awd §--, Se RO MO8 _gud Pualc Mo yi t
100 I t,
one. 251 ow eaDBBEGEHF, Sk kbt 1t E&ﬁ%ﬁgﬁ 94 Ul BLEGPEACLELT S
100 and 1021999,eppr]édl¢ié§g§tﬂat/vlaem1¢ Imdmites:l«thﬂ_fﬁonstdnm/vldgidﬁe sanivertigt aifd K

BAR is hig Fol | ow n the sone or gll of the ipputs 10 106,
S5, 114 Cphit OF BRbReR 1o g g ahls daes T o bIB LB Ee ot BRERISor e

i nput wizh! femper Bpﬁﬂeﬁnbmatmwbegfscwﬁhfncul1b§1cmw@ﬂkdca}p8e a%@oﬁl{Pﬁsleutwts
112 and 124 of the logic circuits are preset (precharged) high

pul | - down SonETAtERS (aeugatelo@;)rea@maﬁpes r tior achuededyhicbwnprreguire- ipgic
circuits ( (M 0 | tain
t hat out putdtgmf:%tg&% Becgpg%gép%ﬁ%wg%qc cg't%s ﬁo bo hé%titlg/ea?uagﬂgﬁa&&% Sleglgéa?ﬂ E) S|eon.
This i s nonmahphe mebééthvmdter d%emaaepltebmthnbsthasbage gemardt}eﬂathecmiwdrk ben next
stage is statl C d t he eval uat V\D 02/071611 PCT/ UsS02/ 03~12
phase, a ci mappef gﬁquﬁﬂlﬁdFaﬁ’{; iBRLEs W8 A0 PHRIS gepeurrent two-
appr opr iat eloforigd %hﬁ%ch@ol@?y @n%ﬁo%ﬂg‘oﬂijﬁﬁ@%%ﬁg@ h CuR3 € UROw SIS nofs 1S
the case with nonotonic static | ogic, the inputs and arrangenent of

t he circui tigverjos swertipos nt,taranb@teeimtame@tqr@ afilew mﬁ(zwe 28{l gieh skew! lagis gatrsough

the s circud, vapg,0 d“{"ée aﬁﬁ éP?’&ﬁerfmﬁ b' 188k 5ihBds BYRL RERIoFex stat
technl gues kKnown in*the a Yee
and ' C. Secgueds,” IBEEM(DM IntSCahf @ﬂmaﬁllﬁnelr Pidld Ms@reqjjndhw '19981 . Tlf@/m
* Low Power ectronl cs and Desi gn, San Diego, 16-17 %cg (g 151- 755
(see above)" ollgfing {wo-fRJeuPy DA BRRNEE %IE%“@F‘? b iRdigad §ya "é" 5‘? shgeds
_pr ior tapany;@f uidt@ WARKE: daldirleaniiaach 14y Righ géﬁdwxﬁlrlha% tPpdl- H&Oﬁ)tp‘aﬂi c

| ogi ¢ eval uation of these inputs to the circuit.” I n one errbodl ment ,

devi ce si zdongarethaptad niez egpecificddinuk lagd dhatc haohghigh fskew fgategwell have non pull-

up path longer than a user specified limit:




nodes and qui ckly charge the di scharged nodes. In a nonotonic

dynam c-static pseudo-NMOS including circuits 100 and 102, the second stage
is statig, i t he eval uati on phase and uses NMOS devi l.s 5t he

eval uat i &SH# ﬂglli s in contrast, for exanple, to zi pper-m[]%/eogézm\/m
devices are used in the second stage. Thg use of NMOS devices in
applicant's nonotonic dynam c-static psetdo-NMOS results in a faster

swi t chi ng speed,idt hough at the expense of sone DC power dissipation. The
monot oni ¢ dydBRYE™¢ ati ¢ pseudo- NMOS incl uding circuits 100 and 102 uses
far fewer devi C%ileny&kbrlnﬁﬁ a®P&fordéP 1AREksAUENa R &ForW I G tiRABuGarg no
static-CMOS | ogic configurations. Wile full rail CMOS voltages, such as 5
" volts and ground, coubt abepradesgssons géfcitrrent hedahithft aaedot aanliiohtipefesoddsn

ot her enbodi nents, different,valtages, ar sed as will be readily apparent
to one of ordinary skill ipr{e??lcgssgf-t%.c’%ﬁarcgreréﬁtn% @?SR%‘% ?sgoraﬂv%gl volts coul d
" be used o define the high)ahdgtaatesydist@geSron @gaasid whput; andyd bieal 125,
above a certain threshold could be considered high and anyt hi ng bel ow a
certain threshol d coul d be)cbfsePHestambag, Ofo?ra'bs‘%‘é@dﬂisx‘?éle%ol tage could be
used for the | ow voltage : | I I : as
the high and | ow vol tagesqgaﬁﬁ%éﬁgitpgﬁeggﬁ?g%gg@% gmgyﬁgﬂa%gﬁg?tl'ﬁtﬁm
sufficient limeiks ability for the specific application, any voltages can be
used to define the high and | ow voltages. 30 Process Technol ogy Enbodi nents
The continuous scaling of N%Féﬁeﬁgﬁcﬂ{gg‘i"’&fﬁ?rt‘ﬂﬂ} SR hnel | engths to,
for exanple, the deep sub-yigatORodegblers; Wwhere channel lengths are | ess than
0.1 mcron, 100 nm or 1000A causes siH.ni ficant problems in the
conventional transistor '@lgerop1EenligtspCT/ US02/ 03512 struct ures.
Junction dept%ﬁ g&gg& cpe nuch Iess than the channel length. This inplies
junction depths a few hundred Angstrons for channel |engths of 1000
Angstronms. Such Epaltlshows anpdeudm NMIOS siafit ilogit tcifcoit 58 nThy dweniteid slomval

i npl antatiqn and diffysion techniques. Exirengly . hig eve|l s of chapnel

dopi ng. ar ¢ 8 Biodipduden ey oosIiiis Foloaimbmturt SOy TS Gbr efparh s

i nduced ;banfb@ho | RWRE i aN8vo Idpue NIOND, \RHERAE 168¢ kuRtibns 8Rfld BebiERshRhd
conduction. Sub-threshold conduction is particularly problemati'c in dynam c
circui ts tdotmpsagy BMOQNstetic tlogiediredt thhdMAardpyioss eetagselondtdeniced rmug¢hne on
capaci tor des. ; These extr | v _high_donpi | evel 5 _resul t..i.nd ncreased

| eakage angﬁ(re et u%eé)éee%oélr}r%f)g? ?‘g“@b‘iy‘ivﬂ‘ieg.m Thet 21 %%Ggfenfﬁgp IF %OI? %]\r/lg)&esganc 08lc

per f or manceideuitrakitinghghheiriah apmplexih o bighificanthegainesl, RydiFfootyy i€ @fithi Ritic
nmobility. What is required, then, are transistors with ultra-thin bodies,

or transi stidFsPRr eORSHBIPUART avlatie JAk PLYPAr WESHBRLh ca Deedvaidtth PEsussither
transi stor GhdeaststRHE HyBaf@MboidRAIniiBg 1IRE dBHiN RMORES NEIER! Godtale)
contact regi ons above or below the 15 channel allows contacts to be nmede by
convent i onalynagdbriogisesor & rcommnetibpdéfrdprambiroandi siati¢ degicl 1-Other seisivlii con

sem conduct.or, substrate 202 |s fjkist_provided,.. Th upstr at 2 be any
of "three di PO (e APrblEMOS, arll SRR SfosReD 3L A SR el
convent i onalirca@gmer ci al silicon on insulator substrates (e.g. SIMOX); or
(tii) islands of_silicon on jinsulator farnmed by techniques such as t hose
described in U. FispatBAs RoziPBereSMI3dogie cpspiti®s, The clrFyb 68t BaluAet Mge by
ref erence. epar.aty : t i j tdengpa

i gh dose o gon Paad 68 detinibplIOBE SHetaMaDThe SN, B0 has b AS] 0
substrate. 78, §db3equehi/8.2endonipats 89,632, famdn®t. a b whé eppox i OSalogic fFincuithe

substrate. After the anneal ste dj ti.onal .| ayer of i taxj il con
o sl 1y Qi ptefeRS i i, 5Ben I ARk 0RO 100G RmalfRb L EPR AR oh
to forma dewigs. PvAuditdy aéRrPwhes thdbeRf CBK] igsonionn TRS Wigialy archlvgie

« formed, for exanple, by directionally etching a silicon substrate, to form

a plural it ylesiionsepropagatp dhirueh sehpnodslingdnty agiG eisenitp i, Sfoppd Mg hke
silicon pityide,SabiYndheisdild 6R20cd Qs ﬁétﬁ@ggr@M@%rtV\/ay down t he sides
~of the tﬂench%s;@sot%%%i caﬁlyfg’et cﬁ;i( ng ?%e trenches, to partially undercut
the silicon rowsZipgad G408; psemdo N ON)band aloeiing dodie kirguitsnater daseriede for
silicon r ng{hmple, in the following U.S. patents, all of which are incorporated herein by
reference: 6,108,805 to Rajsuman; 6,107,835 to Blomgren et al.; 5,973,514 to Kuo

et al.; 5,942,917 to Chappell et al.; 5,828,234 to Sprague; 5,867,036 to Rajsuman;



WO 02/ 071611 1~ PCT/US02/ 03512 In the enbodi mrent shown in Figs. 11-15, the
substrate 202 is of p-type material. An ultrathin body transistor 200 is
fabri cat ggly ByoAxi1di zi ng the silicon seniconductor substrage.,202,.83d then
etching pillars of oxide 204 into the substrate s 202. The oxi di zed wafers
previously had a layer of doped polysiligon deposited on the oxide. Layers
of oxide and silicon nitride are deposited to act as an etch mask for

formng th lahar tar, tch_ st i odi. own
in Figs. 1?’?&8@58 llq%geégr é‘IZ%B @(?%%dg%r]ag%geﬁg{.,e#,?g},gﬁ g‘{;@yorﬁg&i‘% or med
of p+ mat ero dbu etayerF92660 andudty; aFa0j08? ftorired on the substrate, for

exanmpl e, by ion_inplantation or epitaxial growh. Layer 210 is oxide. Upper
" layers 212 are ffo5neEu2Bf hshowmraenaipnicasietic) GMOS| logier sironits (arelopisr geigs.of p+

materi al . C ri i r el 1€ .

pat ont No. ero 7585 5aRbENe apd PR UF B f Al Bubhn

" Nobl e ets alThe duotit 100 hakilogic aireuitnyck®3pdFlet dlisthatedilogibyircefreri@ddeputs 104
shown in Figs. 13-15, transistors wiith ultra-thin bodjes are formed al ong
si de of reégé’c?’?iéagﬁ(Ta]éc'ﬂYrV!CQPég%g.tol Herl%—‘?r& 2y onf oty Tp{tRls possiye  legic
deposi t ed @wedtiduRecduld Ive0sutRtikkdH Sfof Ohe ARG  bir &ty OTmRl | Yhet Ghast 16 Lrave
the lightly doped p-type material on the SidewallS of the pillars. At this
poi nt, anoftdidesesHpelyinpued 1€ apupled sonal opeet ¢fseelork gignauFLKpand an output

i sot ropi cal yisil i . f SO f the.sid |1s.218 and
220 and |e§\l‘% SE ygfrpﬁf:ggb6§|ayhgrg“r}‘8§é°§r§?{ﬁev&1§% 19 P %‘&eggﬂg%fa?ﬁ%r?uﬁ?‘fﬁ ar
as requia ed12.orTheacirduiulG0 iscpmrethagedhighnst thBhewtpuf €& Fig. 15) the wafer is
heat ed at about _550C to %Egjut 700C and the polysilicon will recrystallize
and lateral epi t:&%i AICUldUZPasiasie CreytEWiA- wHid ilbpiateddagic irepisni 113 hes

i ndi cat ed BypAs 19%s 12@6a@d 1828¢ir ey byst @lrkil L led toneh Qg Wil
seed this ??pyst al grow ?1. and an hrl t rg}fhilﬁﬂ%rryspgl ?éirtf]%ﬁ??lng\ovﬁel ?f P@?W?n
each pil | apossiie tlogie fenrgiiope coglddbasnbistitnteddomtie logicaciMBBEETL r Higsi 6tand. | f

he filmi ' f the pill , |lizati
w11 procedd ey R G NAIGHE PrutilTo bRl il st o chi e ehfEbes 12 on

top of theopiihpars @D4n invenet ltasi BeSnpleBdentdacbpidsiry aadigfeeOMenembet N
crystallization wi|l |eave a grain_boundary near the center on top of the
pillar 2042 RHsOEs {oeiRFHIGYdE3 ard WP The cirduit He% also drrledesinrlgole nrMssi2Pi bed
(in connecthgfledtish NudishhE st HAPAbUCEE i 5 B Sl 13
Pl anari zed UI?I?? a-thin SBody Sotlhlgd&Pr%\aglgh%B? %Izgxc?-f E@ﬁ%g , %PEEE%SQ%CI to
Resear ch Cthrdf complemeat (CEE, BAR)eof200Gloghpsignal VLI 2f (F7d. 65 land lanP&TpWISO24L U3S12
67-68, and.dn P. Kalavade et al,.A el Sub-1.0nm Transi stor, |EEE Device
Resear ch CSJ#F.C,HCB‘éﬁi r's %Eﬁlaf%ﬁﬁieloﬁvogg?hepﬁl.‘tpﬁ-lg"f. The drain and source
regi onszof a tr &gl Stad Aee dimplifed Gkt didramerdpaéRhiatonfbp Bt Likkigidewal |
of each pillar 204. A gate insulator is grown or deposited on 5 this thin
filmand ePPhdP2are3BeGt¥6lt al or vertical gate structure is fornmed in the
trench beside te.Rik | Qkn 204 L&t Egﬁ# truc r e W
vertical pillar trar%si st orZ% }al}é;%ggglggpilgg ) gpﬁeiﬂgm%#g@ﬁ&frt\%g%pgﬁgﬁlg% U S.
Pat ent No. tagetls0,i682quanchiohlag dtersdtingofashionik.8, oRathéglt pyphirce atrcain (Sgr,i al
No. 09/ 596, 266. frhed Jupe 16,,2000.nan ng as.j.nventors | ~Tobl e,. Forbes, and
i GEort 3pba&’ e%’ehfé?”ePﬁécBVgF eq’uéclugln@eg." %’ &Pf fist prechates diife Cfif es

Ahn, and incorp
used i nzsal 1ev padchupectibam, MAt o §sdeheref Bige10Y i ThBAilcaRNted a8ati®2 are
structures of deposited polisilicon, as described in U S. Patent No

6, 150, 687 PEaRses sthen) the ¢lppk GbKi isolopaltheepomplomant GhKeB&R ethighls, a
iati D 5Q, i i L o- t.ent
bar ot Lon 20Utk RlFaait, Syt AF L leRGRLERS 1o . 1FRLAR! s 122

vertical gatre chingecitarcesndasiatiesmi¢ peduatiorl)oS thdaientwillobe pefdinaDBytthe Nobl e

et al. Figs. .16 an 7 il rate the inplenentation of a | ogic gate using
Certical g ERdiR 100 and Y5

30 The outputs 112 and 124 of the logic circuits are preset (precharged) high

for pull-down circuits (e.g. 100) and preset (precharged) low for pull-up circuits (e.g.
102). Therefore the logic circuits 100 and 102 either retain that output value (0 or
1) or switch to the other value during evaluation. This is monotonic behavior.

Because the first stage is dynamic and the next stage is static during the evaluation



20 The logic gate inplenented in Figs. 16 and 17 is a dynam c three-input
NOR gate, simlar to the circuit 100 of Fig. 6 (except w thout the

capaci tor, i pecifically illustrated). However, it w r ily
appar ent Wﬁgé/ﬂ'g‘r(i;l | ogic gate can be inpl enented using ver%yg 02@§€1§ces. The

configuration shown in Figs. 16 includesgcontacts 230, 232, 234, and 236 2s
defining inputs 104 {or A, 106 (or B), §08 (or ©, and 110 (or CLK),
respectively of Fig. 6. Contacts 238 and 240 are coupled together to define
the out put phase, acpRiuic famameudinascurel 08 4 | ol aEY, APPRESHES i@%ﬁ"é?t%i on

shown in FitS-as]Jnﬁd%k&ﬂ@%gﬁé&hfé%tﬁfceﬁéuagﬂvMé@, 246; thick oxide areas 248
and 250, n+ areas 206, and 212, an area 252 of poly, areas 254 30 and 256

"~ of silicon , andkgattbe@xm*eithm&moz@ac si@tie NIOSHegidi theanpuwic end Betangementhe

il lustrated . npl enent atj,on t he, i ncorporated pr.ior. patents and

appl i cat i orffi @Bt%’é@uﬁﬁﬁbb aé’)‘g?ﬂ)g T8 R%&“&Pg?f{;?"s Pﬂﬁl%%ee 515521[ ﬁé}a PPl Rear 1 s
of a pilkarc®Red; afines hghintid IS @RsUBPHGE vdingl syA kLS Pechhidued Rn MO and
NMOS vertical devices in the array, Three different types of gate VWO
02/ 071611 2t pudt/desgeokdop examplet Ut e5- Rhow, féeX ctlasd ri-peerhenn ican

be utilized;on g;wgr% ghéfﬁgsﬁ%d*'rgaln%%@%;t XRESsyRAL. EH@%&@%PE&&&?&”&&J‘E
gate arrays. - requi renments in [ogic gates result
in small er Dedgsnbin &iego,nehid? ohsg.0f9Whepsiiutilines abwie) ncThidad possible
transi stors. Conventi.onal cLeanar s transj stor structures are.difficult to

scal e to de¥sFPEGb GrYH Redesare Apehazent PHAS 1 ABY iod e JaPY dap Beeamdisst or s

Wi th ul tpathim Badhes 1d)aCRBAGEAICORM &1da2Bh Cofite Alpudy to tHdIRIRENANEAGES
of smaller dimensions for higher density and higher perfornmance are both
real i zed i reneogmbodjateat.atheadeyidgysizaspitgydpigmized ttocauicly tdisgharas theaghargador s

inlogic gggo%eg_ra;]gyﬁ%@g CB%fgg\@égﬁiﬁ%égﬁ%%&-n]o%egAl M5 PCT/US02/113s12 1. A

nonot oni ¢ dynam c-s 0Qgi'C Clrcuit conprising: a dynamc
| ogi ¢ circuit haw fgnanotdde dynapictstaitdpseao-NMOS iociuging doofts 406 eddslOBp be

pre-charged, hi gh when a | ow clock signal is provided to t ock. i nput;
and a stat ite|5gmd Rpe ds Sl ANEEat |Seluafigh H?ﬁmn%ﬂae%gﬁ\#ﬁé ’CSEIE%t

configurgd &g QanliRmNangedid pveyhieiaidt Sniit Ue ShptheMOSRLIRTENEMES t he

clock signal is provided to the clock bar input, the static logic circuit
havi ng a | odfivices rpatuseduipl dg tegondetagat plibe ofset dfe NdMA8 ndeviceoghcappilicent’s . 10

2. i c dynamic-stati. . | Qgi.C ChI Uit . in i th
ciaim 1 whabBTHOt ROy Rt ggR e MR per O aCho g shytRoB PSRt TRG"

having a coft el eglepeé rafdeonle DI pgvdrheissipetikni NPhé mogotdaik dyrcdiienedtic
extendi ng between_a volta and the output of the, dynam.c_ | ogi

orrcurt 01 Spsauaon MRS e dinayAanits 101 ans d0R SeclaT KRS dBiSEL TR She
accor dange sqt fueh 3k WirdBeh&h dohlifo WHMRMMOSORle &ntighidtiohkll ther conpri ses
logic circurtry, configured to define a logic function, coupled between a
| ow vol t age and Whdedullpail QARSI ritageds, tsuclbes prvodth andextomdytrould be used to
define the high and low voltages, in other embodiments, different voltages are used
as will be readily apparent to one of ordinary skill in the art. For example, 4 volts
and 1 volts could be used to define the high and low voltages, respectfully; anything
25 above a certain threshold could be considered high and anything below a certain
threshold could be considered low, or a negative voltage could be used for the low
voltage or for both the high and low voltages. As long as the high and low
voltages can be distinguished from one another with sufficient reliability for the
specific application, any voltages can be used to define the high and low voltages.
30
Process Technology Embodiments
The continuous scaling of MOSFET technology to reduce channel lengths to,
for example, the deep sub-micron region where channel lengths are less than 0.1

micron, 100 nm, or 1000A causes significant problems in the conventional transistor



20 4. A nonotonic dynam c-static pseudo-NMOS logic circuit in accordance
with claim3 wherein the logic circuitry configured to define a logic

function j.ses a plurality of n-type transistors. 25 ptoni c
dynami c-é’?(g@@lggeudo- NMOS logic circuit in accordance w ?%T/@F‘gﬁﬁ?% wherein

the n-type transistors have respective ggtes which define inputs of the
nonot oni ¢ dynam c-static pseudo-NMOS logic circuit. 6. A nonotonic

dynam c-static. pseudo- | .Qgi c..cCi Lt o] it ai i3
wherei n ¢ natRES I RBbNT yeBBr e sk RS ARARTES, cRphbl o TS | (o
a pluralitymglied faRebhtddpshs bhe fewahnditOrsngironieidoghannel lagihisr yf 1000
configured to define a logic function consisting essentially of n-type

: : yp
" transi st or Angsiygme?/ §rekcishallovpgyn¢isony @38 19 HCulA tohefBnbt @prsRiieret atic
pseudo- N | ogi ¢ Cl Iteed : erw I3 1 h =
P ansi st or ST AL R e b e R RIS BhiBobSortnd YRS
T circuitry. rbq@iredAtornoppress shati-olemine} stfatts cupk ewddraMiBidcedi rder tawetringn

accordance wt | ai m 4 erein at |eas ne of the transistors i .

verti cal ultmeégﬂfcin"%ﬁéﬁr\f,’\ﬁa‘?’fgia§’_tdo?u.b' ?eshoﬁoﬁ%}défﬁf“&n'qy{ﬁ%ﬁ%&%Plélt ‘fod’_%ughon-
pseudo- NMOGs | a@iiSuliy GibblceRRRN inSiyihmid EheNRRTtecHRUE Bédatud it PaicBy tike
clock input and having an output configured to be pre-charged hi gh when a

| ow cl ock sthgresl stosagsr enfertéen tisna Be cpaeikor ppdas: dhase exsiramely highidoping cui t
havi ng a cl.g bar i n A o i.gured. .t o h ed
ow viben & Ry Toath ¥ dhefted RAURE: A iiBikg EAHCMEBIGY PReRIEE A"
the cl ogk hafproveduperfohearmediyi makngi thecilaaneélt stoater ng reghtedi by loweut cacdepl ed
Is to the output of the dynamic logic circuit, the static logic circuit

i ncl udi ng a{n%‘?ll‘SYpe transistor having a control electrode defining the clock
i nput and havi ngwaaf RapRlireaX LRI R0 (RELURES wAnY BlttAdEn VHRRSY of MhnbiBRrs
output of the static logic circurt. 10. A nonotonic dynam c-static
pseudo- NVOSvheargitbe chrfocé tspace elvasge degior sealepidowncasapthed tygnsistdrndipigasionsit i ¢
logic circuit, further conprises. |lagic cireujtr confi. o ' a
logic f unctsicﬁlﬁ,&ég&pkglﬁl“@e?rmé%lnéqﬁgﬁo\% )t%1 E%Itg éaét’r%a Ct? ﬁgeglgﬁ{ gﬁ?‘}ecoorn ﬁ%‘g?%ed to
be prechar gadnh@willodk. cohtdBNed baimadlybp@biventiohdlCtepsigtes: NMOS | ogic circuit
in accordance 25 with claim 10 wherein_the I&gi c circuitry configured to
define a logic flinte eMbediment showr iie Figyi k-1 ric silicor o Gonductyr Swmrqty
of n-type U@NR! fl0ifovidéd. ArEPIRIAAIE MBYNAR fe ShildCURSE WS pOOLE
circuit in accordance wth claim 11l wherein the n-type transistors have
respecti ve sphstestemhi ch define 30 inputs of the nonotonic dynam c-static
pseudo- NMOS | ogi ireuit. 13. A nonotonic dynam c-static pseudo- NMOS | ogic
circuit in accoré%ﬁ%lét?md?ﬂe%ﬁ’éﬂ'ﬁ’ﬁ’lo wherein the logic circuitry configured

to defing a | ogi@gi)fdenedrtidnaptorhmerddladilicon! @Yigulatdrciibbireese.sSSBMOX); or
plurality of transistors, the transistors of the |ogic WO 02/071611

PCT/ USU2/ 03512 clilikuslends obntilicpr o8 insulakar frmed) 8y technifises shcte dRstbors ng
essential | yde%&ril:ﬂe'dt MPE.S. Patent No. 5,691,230 to Forbes, incorporated herein by reference.

SIMOX (Separation by IMplanted Oxygen) involves implanting a high dose

of oxygen ions at a sufficiently deep level within a silicon substrate. A subsequent

25 anneal step forms a buried oxide layer in the substrate. After the anneal step, an

additional layer of epitaxial silicon is usually deposited to obtain a sufficiently thick
silicon layer on which to form a device.

A substrate of islands of silicon on insulator can be formed, for example, by

directionally etching a silicon substrate, to form a plurality of trenches between

30 protruding silicon rows; forming a silicon nitride cap on the silicon rows, extending

partway down the sides of the trenches; isotropically etching the trenches, to

partially undercut the silicon rows; and oxidizing the substrate, to fully undercut the

silicon rows.



t xansi stors. 14. A nonotonic dynam c-static pseudo-NMOS logic circuit in
accordance s with claim9 wherein the dynamc logic circuit includes a
p-type tr&ﬁ%:”% E having a control el ectrode defining the ﬁjf Fz/(bn ut and
has a cha extendi ng between a vol tage supply and the 5 @g

dynamic logic circuit. 15. A nonotonic am c-static pseudo- NMOS | ogl o
circuit in accordance 10 with claim12 ere| n at |east one of the

ynan o- St at i o e ifoRRER P e BUFEL OS8O Gbdvpe

circuit hawhigrial.cl ock |nput and having an output configured Is to be
pre-charged high when a | ow clock signal is provided to the clock input;

~and a static |oghe witraihint bedyi Hgnsaster 00 Barfabmented divd omidiaing) the gliegsut

configured . e t he
cl ock signa %1%%8%@?%9%&%% A’}@e{ﬁkﬁl etﬂékﬁﬁ‘%ﬁﬁﬁ[a& ﬁémgl‘lf@? 55%%?@%%. t

~ having as| df2c Theokidtzdpl sidrs pret/imaslpu'tanua laybr tolﬂelodym@nﬂycsllﬂcmgldepmvedwri

the static | ogic. ci CUIt inclu a ransi stor havin contr ol
el ectrode d@? .%Wg BT PB@WF tgsmwav?ﬁ/rp@deea héﬁmatedem éﬁ‘d%@“% viBa¥k a
vol tage supg} oardg!ihe ﬂHSﬂ%UQn@iatEPQS at @MPC elcR%t6p. C'Ilhcﬂll'e emBSHmBAY iRkl 091 C

circuitry, conflgure define a logic function, coupled between a | ow
vol t age andntffigs.olit pud 1@0111%?9@9@(;5 fQIHbé qfrkthaafgadl |leyer 208eis gormachef pdrgl c

{1 ansi st or SANeRFDSye:d B0 HAPRE UL OETOLERIES s Betthlly b idhr i ne

a | ogi c /buneiplanat@nst epitadalegdeil.i daysr 210 B-dxydee Uppasiaytera2hayiftigned
respective gates, one of which defines the cIock bar in t and the rest of
whi ch def i vﬁpﬁl@&er% pufb upBgf lavers €idi treyformed of prbrBetsHial dYesmPERsEnL i
pseudo- NVOR(ohe glsbifitibd if RS haGi HOU, SabddioNb 08092,90 Gl B, 2

cl ock bar input and having an output configure be prechar ge ow when a
| ow cl ock singnil U.S Patewi ded 6,5068¢ © DNoklebeir ali nlmlh ofawbich atyrinenrpodatagi c
circuit havi n%%alacl gck i nput, having an output configured to be pre-charged
hi gh when a9 Tk Ynal is provided to the clock input, having WO

02/ U7164% 16 PCTAUSRSR3IR Hga 180G Qra'nEi@t'éTrs GaHPlad-thih boEePWiPirmell Ade;
static logic circuit, and having a ge transi stor including a control

el ectrode dédq af F@P?ﬁ@ecqxéféﬂxpinﬁ{ﬁu%o"f |h’c gd L hgpdyléspar21é is depedied cyapied t o
the voltage 1]?&691%)1&5% Adachlvgg{&%gﬁy gt%ﬁ‘@c! t ie%%‘i dg";ﬁ%w%f Ingypteh&ﬁa gHL)KI”t

of the dynamc grc circult nonot oni C pseudo
| ogi ¢ circuért thenmelewailsdahde: piltats. cl ai m 17 wherein the dynam c | ogl c circuit
further conprise ured to defi tion,

coupl ed between t %I \%Bﬁ"éééﬁgénﬁ AR nf| Eﬁj’t AR WFEW“?IO g Ekge far tfed

hi gh, the |1§&k@pl§dlfycétbh rte GRlysiicBs 21 beoft @9's§mb Uhe Giddwalls 1228 haagioCa 09i.C
circuit. 19. A nonotonic dynam c-static gseu 0-NMOS logic circuit in

accor dance Mrehpelyslieam gniyher ing tidewalbgdl2 aafr &4 of gadopillagsagarisediésy ne a
I ogi ¢ functiaon.qom éﬂf?@ﬁaﬁor&' urality of n-type transistors. 1S 20. A
& ;

nonot oni ¢ nam c- s pseudo-NMOS logic circuit in accordance with claim
19 wherein the nl"heme(séer #isi1S) ahs vdaéatelsrm;bdciﬂ ylgouy &563C wbiabbud@dl°Cearidnput s

?anEP gnirrgnd‘&onl %sqéf’ %é’g’%{? ‘%I\ﬁ%%%?l\{? PEW‘%L S‘?h‘i!l Hﬁgslcef:fﬁg%ﬁé’}iuﬁ{cﬁurcl aim

18 wher ekn aemcdlnwsqnaicaféw by xrrswfzm%s@zeo e bx?ﬁaﬁmle%ic%nfd{r’cﬁé ibeftom
conprlses lurality of transistors, the transistors of | ogi c

circuitry c iNf egd rtbig qrbstdegrpwél and @guuétmtbm:@ruysiﬁlh@erfslmswﬂln@r@s@emqhamll@r of
1 EYe A 8 R & ARNALERLSONMONEES. Al B e RN ot
respective gabves sidhi2d2 cfefhiensdllamPs, shd orystadlizhtign evilf iprocsedrvertically and into
' the n+ polysilicon contact material 212 on top of the pillar 204. If both sides of
30 the pillar are covered, the crystallization will leave a grain boundary near the center
on top of the pillar 204.
These techniques are similar, in part, to techniques described (in connection

with different applications) in P Xuan et al., 60nm Planarized Ultra-thin Body Solid
Phase Epitaxy MOSFETs, IEEE Device Research Conf., Denver, CO, June 2000, pp.



VWO 02/ 071611 17 PCT/ U S02/03; 12 23. A nonotonic dynam c-static pseudo- NMOS
logic circuit conprising: a static logic circuit having a cl ock bar i nput
and havi put configured to be precharged | ow whe L gck

si gnal isa%ﬁggﬁgéd to the clock bar input; and 5 a dynan?%évg%ﬁ%ﬁégrcuit
having a cl ock input and having an outpﬁ configured to be pre-charged high
when a | ow clock signal is provided to e clock input, the dynamc |logic

circuit having a |ogic¢ input coupled.,to the _output the stat]j ogi €
circuit. 287 »ﬁ%?%ﬁ’rﬁ@@ﬁ% @&&A&%@ﬁé&ﬁiﬁ%ﬁé@ﬁ&& ?%Eﬁh ice
accor dance wistiycr!@idn, 3eMBeredN rtde26datypt 7hogi ¢ circuit further conprises
logic circuitry, configured to define a lI'ogic function, coupled between a

| ow vol t age and Theedmain pod sooreki ggioas df o heanpistor e ge dhk owystalBn@ Snatgyial

nonot oni ¢ dynamnj,c- st.at | seydo- l ogic_circuit i.n accordance with claim
24 wher ei n THE Poracuitt b REH B o BEug, hidhlop oD RG7E  Fiesttd ont

" configuredthil ien FIRCHRT @aHed @had®zonfal BNOERRAL gaNafiGust &t fotmeE eindgreNMOS
logic circuit in accordance 20 with claim?24 wherein the logic circuitry
confi gur ed teachdrepide the | ribarc2G4unElorsanial satsestsuchyrice fopyse Wethrvegtieal duliasr i ses

a plural ity ol YR aldABEL ShPESa éz-in%}n&s}ge; OLU %.g.ylmz\?;\cgﬁtcl\lﬁ.t é‘,t1'§§,687 to
pseudo- N aIog| CCCiTeuit 1 accordance W th clal m?26 wherern tRe n-type
transi st or Ndtdw et nbspdotl e Pgahe A pphitationd®dnial NQ 0¥ 961266 fded Thee dONDAWONI C

dynami c-static eudo- N |l ogi ircuit,.. 28. /A nonotonj¢c dynam c-static
o 6udo NMOBATBEE 65 SPRIT NaHEdEBPtAte Al HndtafREPSHhBPEIh OF FET0gr c
circui tny copRfigerad date dehiiBRsisk@Th GlbHeE UMBdihbss Stratthérefd?gi ¢ circuit
conprises a plurality of transistors, the transistors of the |logic 30

circuitry confi dir berizantalegitastmctused of fdgpesitednpelbisikdont jag gleserdhadt inall.§. of

n-type transji . nic.dynam c-static pseudo- NMOS | ogi c
circuit i nr%%%ng?ggn%’é%ﬁ@h%gﬁg’%% télal\('/jilnerei n the dynamc logic circuit

i ncludes a p-tyQ#) thozipsntal eeplBeamdiy gatd/\¥Dubdkés/ bGiAriatBnPe /WSO Patids N&. a
control electrode defining t | ock input ang has_a el extendin
bet ween a \ﬁo]lstoa%g’ g?ﬁﬁﬁ\’?y&hoﬂgh a5t &Hp?%?t‘Q%ge%@n%% @Vfra%g%@ fﬁFﬁE gﬂ?et.l 30. A

nonot oni;¢  dippeMift St ati c pseudo-NMIS logic circuit in accordance s wth
claim?29 wherein at |east one of the transistors is a vertical ultrathin
body transi st or.(ii1 verficalp gae osirustergh sagi @esstibgd dn pld SudttemwoNo| Gei72,289 rioui t
conpri si NGy stegta'lc l ogic circuit having a clock bar input and having an
out put confl(gjd?e ‘0 to be precharged | ow when a |l ow clock signal is

provi ded to the Kpocks bad 17ripustratt e SinpldoGentO@hiC of iar Rigid ghterishey vérgicalng
logic circuitry, configured to define a logic function, coupled between a
| ow vol t ageleHi§8s-t he output configured to be precharged |ow, the logic

ci T out Uy R i £lo bAPRAINA f FRA! fo hHRAY!OR Blnahfle uRkalifut NORCghES CUlt
including a pluralTty oP transistors, the transistors of the logic
circuitry comflamgty gt discuip 10 of Fig.ab |(exgept Mithont the capesiter beiggewseifitallyl | vy

o 1P SRR oA VP, b SRR Aphaf i SOPRSIL YR o1
implemented using vertical devices.
The configuration shown in Figs. 16 includes contacts 230, 232, 234, and 236
25 defining inputs 104 (or A), 106 (or B), 108 (or C), and 110 (or CLK), respectively
of Fig. 6. Contacts 238 and 240 are coupled together to define the output 112.
Contacts 242 and 244 are also included.
The configuration shown in Fig. 17 includes oxide areas 204, 210, 246; thick
oxide areas 248 and 250, n+ areas 206, and 212, an area 252 of poly, areas 254
30 and 256 of silicon , and gate oxide area 258.
. One of the differences between the illustrated implementation and the
incori)orated prior patents and application is the thick oxide formed along side one

of the vertical walls of a pillar 204, Another difference is the utilization of both
PMOS and NMOS vertical devices in the array. Three different types of gate



rest of which define inputs to the logic circuitry; and a dynamc |ogic
circuit having a clock input and having an output configured to be

pre- Char%ﬁgoﬂbﬂr when a low clock signal is provided to ther /ggﬁ%gﬂbnput
the 20 dynamc logic circuit having a logic input coupled to the output of
the static logic circuit. 32. A nonotonijg dynam c-static pseudo-NMOS | ogic
circuit in accordance with claim31 wherein the dynamc logic circuit

i ncl udes a BybiRes BARMRER LGN B A8 EOBL ohizfl 86 1hR0RAGEKILRAIIE

cl ock input an as a chann ext endi ng betmeen a voltage supp y an8

out put of ttpeesdyinanbiscalesgdp doomnrtbeigate 88aysA nonot oni ¢ dynami c-static

pseudo- NMOS | ogi . circu cordance wth cl |n13 inth ynam ¢
- Pogic i roui t f Uit S8t SERRby e Pears el E6h Pyt B e a
| ogi ¢ functshfifier ERHEIEShshST RSN RLBYaH lihAEEERdndifiBrsOULBiHentionhl gldh/d t O
be precharged high. WO 02/071GLl1 19 PCT/ US02/ 03s12 34. A nonotonic
" dynani c- §t dransispentkstNRERT¢ difficultite cghle fionderpeyriminsen wizeh chrplien@3has

wherein the_ | [ f 1 | |

oo ) ey SRS R bbb VUM LS SOMLbSP IO G Bac
pseudo- NMOGrtHgi cmergduahtagma@ﬂ:@mdnalcehmbﬁdioﬁd ﬂ)lmh:thdmhﬁéﬁlﬂ‘y hhé Highsmpe
transistors of the logic circuitry of the dynamc Ioglc circuit have
respect i ve REEHOERANGG are Bety rrelizethit dogif selfeamayiobh SRRl RGP EIcat Atrathin
pseudo- NMOG, | Q@ drs Gh 164k uJQH . A nonotoni c dynam c-static pseudo- NMOS
logic circuit 1n accordar%;a "claim33 wherein the logic circuitry of
the dyndfmc logic circuit conprlses a plurality of transistors consisting
essentially of n-type transistors. 37. A nonotonic dynam c-static
pseudo-NMOS logic circuit in accordance Is with claim 36 wherein the n-type
transi stors have respective gates which define inputs to the |logic
circuitry. 38. A nonotonic dynam c-static pseudo-NMOS logic circuit in
accordance with claim 36 wherein at |east one of the transistors is a
vertical ultrathin body 20 transistor. 39. A nethod conprising: coupling
the output of a dynamc logic circuit to a logic input of a static logic
circuit, the dynamc logic circuit having a clock input; the static logic
circuit 2s having a clock bar input and having an output; pre-charging high
the output of the dynamic logic circuit when a | ow cl ock signal is provided
to the clock input; and precharging | ow the output of the static logic
circuit when a high value of the conplenent of the clock signal is provided
to the clock bar input. 30 WO 02/071611 20 40. A nethod conpri sing:
PCT/ US02/ 03512



coupling the output of a static logic circuit to a logic input of a dynamc

logic circuit, the dynamc logic circuit having a clock input; the static

| ogi ¢ cirgHui ing a clock bar input and having an out pgta <

pre-char g‘&ﬁé&’ﬂﬂ%ﬁ the output of the dynamic logic circui tp(t: /gﬁozzosrlozw cl ock

signal is provided to the clock input; g precharging |ow the output of

the static logic circuit when a high value of the conplenent of the clock

signal is provided to the clock bar iUt &0 41. A logic gate array

conprising a plurality of vertical ul %‘% transi stors coupl ed together.

42. A nethod of formng a logic gate array conprising: providing a
substrate having, a generally planar ;worki ng sur . 19 oxidizing fhe

" substrate; form hg a %ifPP%ﬁtOBﬁ GHAUE & ?U#ﬁkt@fﬁ?%l"@ﬁtcgﬁmt rf&“%ﬁ’tsWe%_r dly
from the wor ki ng, ayidnfic ot clrB&it BUbRE A8k it Rinki1AkinaM Betpdt BbMigdréd y Of

sidewal | s; depositing polysilicon over the pillars; directionally etching

" the deposi ttedogpoterehidrgasbhigh hameatloviglodk sgum ds paeaded tepha erflainp] prd

phase regrowt h verti.cally to.forma_ thin.fil ef i,n fi

source/drain r egal1 5%&%” Zcfgl%mtr ?uétngfiwsl?%ra;cp%cgrb%r rlllg}ug aélgm ear‘]’?ﬂr‘igs%l{ gﬁtgrﬁpg%ﬁfg%gg hi n

film and forpé pgechafp@ticlost whed Wr Kigh elaiiel y®theocdhipletenn of ithencla2k sighal As

nmet hod in accordance with claim42 wherein providing a su{nst rate conpri ses

provi di ng aPIoviged |ty the stask haripeuts tis statie dogio gircyit hayiRg logiciapyl e%r@%d with

claim 42 wher 8l bV bEHNIddhSHPSbSialEc&@mPri ses providing a silicon on

i nsul at or subster%tg. 30 45.3‘;}1&l met ﬁéold [ ﬁ laccor dance with claim42 wherein

providing a substrate conprises providing islands of silicon on insulator.

WO 02/ 071611 21 PCT/ US02/ 03512 46. A met.hod in ance. Wi.th ¢l aim 42
wherei n forning g gat Ig?’??h?{l’tfr%yl@g%?tiaé%gs?uéilph@ﬁg?%?%? Flzr%“ﬁilé’lacfj%dépnce
structure. ifth ohifel Madrdi tRC APRAARABEW difeuit liaelald2a Wgpeitiunkioror aging gat e

S structure conprises formng. a horizontal replacenent gate structure.

48. A net hoepnitipl sdessradsrdadinipg Fhe clockninputyiist Bas af dhapnelgederihing betyasat ur e
conprises f ' i gal u A method of formng a
| ogi c gate ‘gélégggg%g%%ﬁngi %‘S:O‘g?’éﬁPg?}?\eggiﬁi‘ﬁ%sﬂt’@%f&g”ﬁavi ng a generally

pl anar working surface; formng a plurality of pillars of sem conductor

mat eri al ext endi outwardly frqm a worki ng sur f .the substrat t he
LT o havtna s Sur ard Biemgtonss SRmniflyieatRiNEGs taif PRoSbR bsPidingt
transi st or sy1aViREh i Whbreddhé AFARGIS WHE QirbiRifOrthsr cO/IPEIRSs fopidTertcwitiyhi N

one of the pillars and having a gate associated with a side of that pillar,
wher ei n onecasfigntrsl ipedafingad lagiafiBiciprepupledbawesn arlansiotess arhihaavidner of

the transistors is an ransistor. .AH .A9. As. A 9. A
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9. A monotonic dynamic-static pseudo-NMOS logic circuit comprising:
10 a dynamic logic circuit having a clock input and having an output configured
to be pre-charged high when a low clock signal is provided to the clock input; and
a static logic circuit having a clock bar input and having an output configured
to be precharged low when a high value of the complement of the clock signal is
provided to the clock bar input, the static logic circuit having a logic input coupled
15 to the output of the dynamic logic circuit, the static logic circuit including a p-type
transistor having a control electrode defining the clock input and having a channel

extending between a voltage supply and the output of the static logic circuit.

10. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
20 with claim 9 wherein the static logic circuit further comprises logic circuitry,
configured to define a logic function, coupled between a low voltage and the output

configured to be precharged low.

11. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
25 with claim 10 wherein the logic circuitry configured to define a logic function of

the static logic circuit comprises a plurality of n-type transistors.

12. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 11 wherein the n-type transistors have respective gates which define

30 inputs of the monotonic dynamic-static pseudo-NMOS logic circuit.

13. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 10 wherein the logic circuitry configured to define a logic function of

the static logic circuit comprises a plurality of transistors, the transistors of the logic
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transistor.

16. A monotonic dynamic-static pseudo-NMOS logic circuit comprising:
a dynamic logic circuit having a clock input and having an output configured
15 to be pre-charged high when a low clock signal is provided to the clock input; and
a static logic circuit having a clock bar input and having an output configured
to be precharged low when a high value of the complement of the clock signal is
provided to the clock bar input, the static logic circuit having a logic input coupled
to the output of the dynamic logic circuit, the static logic circuit including a p-type
20 transistor having a control electrode defining the clock input, having a channel
extending between a voltage supply and the output of the static logic circuit, and
having logic circuitry, configured to define a logic function, coupled between a low
voltage and the output configured to be precharged low, wherein the logic circuitry
configured to define a logic function includes a plurality of transistors, the
25 transistors of the logic circuitry configured to define a logic function consisting
essentially of n-type transistors having respective gates, one of which defines the

clock bar input and the rest of which define inputs to the logic circuitry.

17. A monotonic dynamic-static pseudo-NMOS logic circuit comprising:
30 a static logic circuit having a clock bar input and having an output configured
to be precharged low when a low clock signal is provided to the clock bar input;
and
a dynamic logic circuit having a clock input, having an output configured to

be pre-charged high when a low clock signal is provided to the clock input, having
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19. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 18 wherein the logic circuitry configured to define a logic function
comprises a plurality of n-type transistors.
15
20, A monotonic dynamic-static pseudo-NMOS logic circuit in accordance

with claim 19 wherein the n-type transistors have respective gates which define

inputs of the monotonic dynamic-static pseudo-NMOS logic circuit.

20 21. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 18 wherein the logic circuitry configured to define a logic function
comprises a plurality of transistors, the transistors of the logic circuitry configured

to define a logic function consisting essentially of n-type transistors,

25 22. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 21 wherein the n-type transistors have respective gates which define

inputs to the logic circuitry.
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10 24. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance

with claim 23 wherein the static logic circuit further comprises logic circuitry,
configured to define a logic function, coupled between a low voltage and the output

configured to be precharged low.

15 25. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 24 wherein the logic circuitry is coupled between ground and the output

configured to be precharged low

26. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
20 with claim 24 wherein the logic circuitry configured to define a logic function of

the static logic circuit comprises a plurality of n-type transistors.

27. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 26 wherein the n-type transistors have respective gates which define

25 inputs of the monotonic dynamic-static pseudo-NMOS logic circuit.

28. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 24 wherein the logic circuitry configured to define a logic function of
the static logic circuit comprises a plurality of transistors, the transistors of the logic

30 circuitry configured to define a logic function consisting essentially of n-type

transistors.

29. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance

with claim 24 wherein the dynamic logic circuit includes a p-type transistor having
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31. A monotonic dynamic-static pseudo-NMOS logic circuit comprising:
a static logic circuit having a clock bar input and having an output configured
10 to be precharged low when a low clock signal is provided to the clock bar input,
the static logic circuit further having logic circuitry, configured to define a logic
function, coupled between a low voltage and the output configured to be precharged
low, the logic circuitry configured to define a logic function of the static logic circuit
including a plurality of transistors, the transistors of the logic circuitry configured
15 to define a logic function consisting essentiafly of n-type transistors, the n-type
transistors having respective gates, one of which defines the clock bar input and the
rest of which define inputs to the logic circuitry; and
a dynamic logic circuit having a clock input and having an output configured
to be pre-charged high when a low clock signal is provided to the clock input, the
20 dynamic logic circuit having a logic input coupled to the output of the static logic

circuit.

32. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 31 wherein the dynamic logic circuit includes a p-type transistor having
25 a control electrode defining the clock input and has a channel extending between

a voltage supply and the output of the dynamic logic circuit.

33. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 32 wherein the dynamic logic circuit further comprises logic circuitry,
30 configured to define a logic function, coupled between a low voltage and the output

configured to be precharged high.
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Y1098 Q9 YdY
- tﬁﬁ%al(r& VI\{\Xregn I\Le n- type transistors of the logic circuitry of the dynamic
logic circuit have respective gates which define inputs of the monotonic dynamic-

static pseudo-NMOS logic circuit.

10 36. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 33 wherein the logic circuitry of the dynamic logic circuit comprises a

plurality of transistors consisting essentially of n-type transistors.

37. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
15 with claim 36 wherein the n-type transistors have respective gates which define

inputs to the logic circuitry.

38. A monotonic dynamic-static pseudo-NMOS logic circuit in accordance
with claim 36 wherein at least one of the transistors is a vertical ultrathin body

20 transistor.

39. A method comprising:

coupling the output of a dynamic logic circuit to a logic input of a static
logic circuit, the dynamic logic circuit having a clock input; the static logic circuit

25 having a clock bar input and having an output;

pre-charging high the output of the dynamic logic circuit when a low clock
signal is provided to the clock input; and

precharging low the output of the static logic circuit when a high value of
the complement of the clock signal is provided to the clock bar input.

30
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signal is provided to the clock input; and
precharging low the output of the static logic circuit when a high value of

the complement of the clock signal is provided to the clock bar input.

10 41. A logic gate array comprising a plurality of vertical ultrathin transistors

coupled together.

42, A method of forming a logic gate array comprising:
providing a substrate having a generally planar working surface;
15 oxidizing the substrate;
forming a pillar of semiconductor material extending outwardly from the
working surface of the substrate, the pillar hﬁving a plurality of sidewalls;
depositing polysilicon over the pillars;
directionally etching the deposited polysilicon;
20 heating to cause lateral epitaxial solid phase regrowth vertically to form a
thin film defining first and second source/drain regions of a transistor;
forming a gate insulator on the thin film; and

forming a gate structure relative to the thin film.

25 43. A method in accordance with claim 42 wherein providing a substrate

comprises providing a lightly doped p-type substrate.

44, A method in accordance with claim 42 wherein providing a substrate
comprises providing a silicon on insulator substrate.
30
45. A method in accordance with claim 42 wherein providing a substrate

comprises providing islands of silicon on insulator.
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10 49, ‘A method of forming a logic gate array comprising:

providing a substrate having a generally planar working surface;
forming a plurality of pillars of semiconductor material extending outwardly
from a working surface of the substrate, the pillar having a plurality of sides; and
forming a plurality of vertical transistors having first and second source/drain
15 regions formed within one of the pillars and having a gate associated with a side
of that pillar, wherein one of the vertical transistors is a PMOS transistor and

another of the transistors is an NMOS transistor.



