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(57) Abstract

A logic structure adapted to receive pulsed
active input signals produces a logical output with
a very small inherent switching delay. In one
particular embodiment of the present invention, a .
logic structure having PFET pullups (402, 406, and
410) and NFET pulldowns (404, 408, and 412),
receives active low pulsed input signals (A, B, and C)
and produces a logical high output signal (D) when
all the input signals are at a low level. When at least
one, but not all, of the input signals (A, B, and C)
are low, the logic structure produces a logical low
output signal (D), while sinking a DC current. When
all of the input signals (404, 408, and 412) are at
a high level, which is the default condition for this
particular embodiment, the logic structure produces
a logical low output signal (D), and no DC current
paths are switched on.,
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configuration of a static full CMOS conplex logic gate. Fig. 1 (b) shows a

| ogi ¢ synbol representing the |ogical function inplenmented by ‘H&ﬁ @(ﬁr@ It
of Fig 1(a)WOMI84§Rysi cal | ayout of these conplex logic gate R &
produces a substantial amount junction area, and thus parasitic

capaci t ance, HiSH SPEED RATIOEDICMOSULIPGIC STREUCTURES FORWARULSEDR INPUT
structures, e.g., domno |ogic, have been devel oped which reduce the anopunt
of parasitic capacitance at the output node relative to static full CMOS

l ogic structures. Domno logic refers to a circuit arrangenent in which

there are several series CO“pbgﬁkéﬂﬂLr’fd 3§mv§ﬁgbgg prechar ged out put
oupl e

nodes. An aggregation of severa erres c omno logic stages is
referred tg as dom no. bl ock. Alternatively, the dom no block is referred
to as a pi%@&ﬁ@@%@—@t is often used to inplenment pipelined
architectures i ?h?lgﬂ@sé&ﬁﬁ@e%él%b%éﬂ@rﬂﬁfﬁi i tiFguits; andhereut put node
of an i ndi vi dual gic stage is precharged to a rirst. logic |level, |logic

si gnal s ar patticatarlydpl high speed GMRS cieyibeonfigurationsfor|usg with prisedoactyei ng

i npl emented and the state of the various input signals, the output node can

be switchet!PU8S-a second | ogic level. As each dom no stage in the chain
eval uates, the output of the next dom no stage nmay be enabled to sw tch.

Since the pueg nodes "fall" in sequence, the operation has been
anal ogi zed I'ng dom noes, and hence the nane for this type of circuit

arrangenent.  Advangés i seoticonsiustercmanyfacturing techiolegies dayet allowaslit

CEPaet ur e GrauheSioBrs G AREEI8 IfernBRag RS Br Heeldlors b AHhEG 09" C
fur Llhg;mdomé!o Fot \E/a\%ah{p‘ﬁe,ahedeﬁemégrbm tiecuitsa(iQs) sovamorty indlude deverat e
por :

at is needed is a structure that provid hi peed
corbi nat or inaiflion| wsismmtempeét%%@ss'ag@n&malb i fatgs e@fﬂ‘?ﬁq&r%&?fe )
B e on 98 P eSSt 0P 38 i 1, Sl sl 4 ©
more particularly processor architecture, has gone in the direction of
emphasizing shorter and shorter cycle times. These advances in
semiconductor manufacturing and processor architecture have led designers
to consider new ways of implementing basic circuit functions.

To produce IC's with shorter cycle times typically requires increasing the
clock frequency at which these devices operate. Increasing clock frequencies
means that fewer logic gate delays are permitted within each clock cycle. Yet
modern processor acrchitecture typically requires a significant amount of
logical operations to take place as quickly as possible. As described below,
several styles of logic design have been developed to achieve high speed
operation.

Static full CMOS logic requires one p-channet field effect transistor
(PFET) for each n-channel field effect transistor (NFET). For complex logic
gates this means either an NFET stack with a PFET OR structure, or an NFET

OR structure with a PFET stack. Fig. 1(a) shows the transistor level

1



2 Summary of the Invention .
Briefly, a logic structure adapted to receive pul sed active input signals

pr oduces a‘r,bggbgﬂg output with a very small inherent sw tchipggndessme
Pul | -down transistors and conpl enentarypul | -up transistors are ratioed such

that the default |ogical output |evel remains close to nom nal even when
the | f)gi configurdtiohcofa static dull G:M{DSemnmlﬁclagm: gatt“)d. : S@he(b)témm $aagic | nput
signals are inactive, no DC cuyrrent path is enab]ed. L. . one

et ol Syl dapiRsRntios theoaialdunetenpaRIemeRtEabY thg eyt atFig Mekavi ng
PFET pul | fpl&HERRN oGt a i nput signals.
and produﬂﬁaﬁggﬁ'ﬁgﬁuﬁ‘?ﬁg‘h&%ﬁ%ufési gﬁa‘?@éﬁgﬁmﬁﬁ?ﬁg ﬁ}e%i%e:stegi gnals are at .
a | ow | evstibstatitizh amowrdjunction atea, and: thus|parasitic lvapanitances iagsatiatad e | ow,
the logic structure, produces a |ogical |ow output signal, while sinking a
DC currerﬁ’ﬁh %Q%HUQUFRSB% he input signals are at a high level,,which is the

defaul t condi thpRarhR' logit StrittifelsC el demifrriogR) have eehctivelspdd whivhe
produces a | ogical |ow output signal, and no DC current paths are sw tched
on. reduce the amount of parasiti; cagacdilasee iap theraulput pade relative ¢a static Fig.

corpl ex | Ui MDs GBE fdctres” Borfiid gt Fbis SLirdEbfuhGebhint 5 0 (e
| ogi cal fwhichitherd ard severabdeltes tbapledriogictstades-having (prcharged outpiity. 2 is
2 Schemet Agd:sho)&mnng trgeat%ér; % . isévecr(a)a fslel(’?gsrgctnln Olgdocjon'laingalgi i% sqgrrtiesn ?s logic
st age. gareg p g d

referred to as a domino block. Alternatively, the domino block is referred to as a

pipestage, since it is often used to implement pipelined architectures in high

speed CMOS logic integrated circuits. The output node of an individual logic

stage is precharged to a first logic level, logic signals are then applied such

that, depending on the logic function being implemented and the state of the

various input signals, the output node can be switched to a second logic ievel.

As each domino stage in the chain evaluates, the output of the next domino

stage may be enabled to switch. Since the precharged nodes “fall” in

sequence, the operation has been analogized to falling dominoes, and hence

the name for this fype of circuit arrangement.

While domino circuits do tend to reduce both input capacitance and
output capacitance as compared to static full CMOS logic structures, domino
circuits require reset (i.e., precharge) circuitry, and further domino circuits are
sensitive to charge sharing induced noise porblems.

What is needed is a structure that provides high speed combinatorial
logic functions, consumes a small amount of chip area, presents less input
and output capacitance than static full CMOS logic structures, and is insensitive

to charge sharing problems.



Fig. 3 is:a schematic showing the circuit configuration of a domno |ogic
stage having dom no conpatible inputs, a half-keeper, and a reset device.
Fig. 4(a) iwodesgssisnati c of a symmetric rati oed CMOS | 0gi ¢ StRCRUSSL7443

accordance with the present invention. Fig. 4(b) is a schematic of
an asymretric ratioed CMOS | ogi ¢ struct rg in accordance with the present
i nventi on. Fig. 5is a DAY thedayepHiathow ng an enbodi nent  of

the present | Miy?3 lbge! sthlichreilten 6 9ceivd BufRaSetvBnpi SiGHaR’ N2

sour ces.
Det ai-l ed Dewodigrs ardogical output withranveryesraath intierent switching detaye Seull-down

[ ti de i bed bel . the i f clarit I t
of an act ulERSRIPEERA sPTRISTEntAy pUT AR e iRt acS dided sudtihating o0 11 °
of course bRAGPIRIAGRGDIthek! remale @Iegé!t@agaghapéveawéﬂml%@ gial

§
enbodi ment, numerous inpl enmentation- specifi eci sions nust be nade to
achi eve t hstuwiuresinks or spuisesiaDosunents Whenthequiiped inppd signals are

systemrel at a ' - Lol straints, which will vary from one-
I mpl ement at'f‘%ﬁ""?aﬂ‘g%‘?ﬁ@ﬁgﬁfﬁ@d@g‘g"ﬁ%m Il be appreciated that such a
devel opnent ef f gplorel grtichiar eaTidditnenndf thePres 6ATIEVETtItH, alodic\Wictire
neverthel ess be a routine undertaking for those of ordinary skill in the

art havi ng hawngBREiRullosps and NitstPulldewns, respives; agiive low pulsasbinpvént s of
o oL e SRR B P 1 oEl§ ePL BLARe AN i Uil e
present i nvatr loanievel 'When iatldasgbneshuturdt afi eof thairputsignalalarae lowahe ddgipul | -
structure produces a logical low output signal, while sinking a DC current. When
all of the input signals are at a high level, which is the default condition for this
particular embodiment, the logic structure produces a logical low output signal,
and no DC current paths are switched on.

Brief Description of the Drawings

Fig. 1(a) shows the transistor level configuration of a static full CMOS
complex logic gate.

Fig. 1(b) shows a logic symbol representing the logical function
implemented by the circuit of Fig. 1(a).

Fig. 2 is a schematic showing the circuit configuration of a basic domino
logic stage. |

Fig. 3 is a schematic showing the circuit configuration of a domino logic
stage having domino compatible inputs, a half-keeper, and a reset device.

Fig. 4(a) is a schematic of a symmetric ratioed CMOS logic structure in
accordance with the present invention'.

Fig. 4(b) is a schematic of an asymmetric ratioed CMOS logic structure in
accordance with the present invention. _

Fig. 5 is a schematic diagram showing an embodiment of the present

~ invention inctuding domino logic stages as the pulsed signal sources.
3



up pat hways and pul | -down pathways. In a further aspect of the present

I nvention, asymmetric |logic structures have an unequal nunber of pull-up
pat hways amggb ggddsradown pat hways, with the nunber of pul |- dowrtgdossmyms
exceedi ng the nunber of pull-up pathways in a typical enbodi nent. These

| ogic structures may also be referred to as | ogic gates. Exenpl ary
circuits in accordance with the present invention have a plurality of PFET
and NFET pairs where the gates of each PFET and NFET pair are coupled in
common to a signal source havi nPetailed Destriptional that is normally in a

| ogi cal high stat and havi.n he_ability to produce a pul sed | ow out put

st at e. h‘ﬁ-@?@tlg? ﬂ&&?ﬁ'@‘%%%@&?@& Bkinyeption Ree gesstberd balpati on are
parti cul an ' : | pYala) t hit; ' Jaqic circuits.

Pl sed dony e Ritoiest SPGBt pll SRpELNT driRcttel IMdIGRERGOREE ) (oi'cal

hi gh st at desatbegkirethis speécificationi. vié wilk bbcourpelbeeappreeiatacthat ipthie si gnal s

controlling the dom eval yat e . , . 4
pat h(s) eﬁgxﬁgpmfﬁ‘ﬁ??%s‘ﬂ%’ 3?‘&5@_!18.’"*’9#8?%"& KlUmerqus HmPfFé"%'Pttat'ﬁﬁvi ng the .
benefit ostbbmctdwéabmmdytrb@ Madelto dcpi@Nihecddviidpetaspetific gasfsur es

havi ng eval uate paths constructed with PFETs general 'y producé a high |evel
out put whékchias coppliarce withssysiemrielatedgant businessdelated constraistss pat h( s)

S e ol VAo e i o, b gl ol &
dom no st agppreciatedithat steh hajsveldprmentusifort wmightdle cmples sidimecont rol  NFETSs

that create a path fromthe donjno output node to ground. The terns p-type
domi no, p-CONgUIING, RUtvould meyeg ﬁlﬁﬁﬁif’ee@ﬁﬁﬁleeuﬁféﬁrgﬁk’@ fortBesg of o a doni no

stage in WmBng 86 iR e att Habitg the!Berdhbs HRHIRRIRLAGE control PFETs

Overview
Embodiments of the present invention provide area efﬁcient,' high speed
circuits for achieving combinatorial logic with pulsed inputs. In one aspect of
the present invention, symm_etric logic structures have an equal number of puil-
up pathways and pull-down pathways. In a further aspect of the present
invention, asymmetric logic structures have an unequal number of pull-up
pathways and pull-down pathways, with the number of pull-down pathways
exceeding the number of pull-up pathwayé in a typical embodiment. These
logic structures may also be referred to as logic gates.
' Exempilary circuits in accordance with the present invention have a
“plurality of PFET and NFET pairs where the gates of each PFET and NFET pair
are coupled in common to a sighal source having an output signal that is
normally in a logical high state, and having the ability to produce a puised low
output state. '
Logic structures in accordance with the present invention are particularly
useful when used in conjunction with domino logic circuits. Pulsed domino
circuits typically have outputs that default to a logical' high state and generate
low active, short puises when the input4signals controlling the domino evaluate



that create a path fromthe output node to a positive voltage supply. Those
skilled in the art will understand that dom no circuit stages can be

i npl emrent edwei%934318y sui t abl e conponents and not only field eRGHEPIS27443
transi stors. Eval uate, as used herein with respect to dom no stages,
refers to the dom no output node going to an active state. This active
state is- apathfs) edablecsanductionto aneund.c Thase sHilletddn dhe art havingithe benefit

"gate" i I ext I Li d i t i bi

Dt egr at ed O I iracini hetéin Wi réfibride i otint Yy ¥ives Hihe pEghte” "9
real i zi ng atRg BobhstRicted QairRFETEYEnerallybdude efhigh iebél aapitwhenfthe | ogic
gate. Gate refers to the insulated gate ternm nal of a three term nal FET

when used iimputtsignalsmontrollsyg theaREEJt demina evaluateopath{s)renabie copduetiamyh a
FET can be yie . our term nal device when the sem conductor
substrate itéac%@sgﬁ“gezygga,é%or the purpose of describing illustrative
enbodi nents of the present invention, the FET will be described using the

traditional_gate-drain-source, three termnal nodel. Pul se refers
to a signalTermipologVasserted for a short duration. Typically, a pulse is

gL 11 COTHEITR Ayt poADSY SR ddnber LRGN Shatyl et pot

deasserted i ndependen e clock signha Vbreover, rati
pul se, i.e.all tefer focagiomind stages in which the Ipgicakinpsitsatos that eldmine stagesr al | vy

hor t | ati I k i od. t,, | he field of digi I
ol reui t -t ecaRmiab By el cheate Rupathdrar th Hging Sulpts ok © Souis TR
| ogi cal | oWenRlk e domIMRY Prstakik UBIiRE PATd plchafndPaldaterSath, &l #6fer th €set

refers to bringi'nd an output node to the "non-eval uate" state. That is, a
doni no st aga domino gtage in whichnibe legiealiinpatsta thaidomine stage soatreli GhETevel |

DUt o o™ "Rl A i g ARG B AR bl 0 T84 2
havi ng at ongliéd fethes hitamilltundefitandrthat deijno sietlit sgestdangbe dmblemerited
sometimes with any suitable components and not only field effect transistors. .

Evaiuate, as used herein with respect to domino stages, refers to the
domino output node going to an active state. This active state is a level different
from the precharged state.

The term “gate” is context sensitive and can be used in two ways when
describing integrated circuits. As used herein, gate refers to a circuit for
realizing an arbitrary logical function when used in the context of a logic gate.
Gate refers to the insulated gate terminal of a three terminal FET when used -in
the context of transistor circuit configuration. Although a FET can be viewed as
a four terminal device when the semiconductor substrate is considered, for the
purpose of describing iliustrative embodiments of the present invention, the
FET will be described using the traditional gate-drain-source, three terminal
model.

Pulse refers to a signal that is asserted for a short duration. Typically, a
pulse is asserted in conjunction with a transition in a clock signal, and

deasserted independently of the clock signal. Moreover, the duration of the



referred to as self-termnating. Al these terns refer to dom np stages
having circuits that initiate precharging of the dom no stage output node,
when t he oovQee34stile eval uates. Zi pper dom no refers tpCERUSISIZ7I3L
configuration having a plurality of dom no stages connected in series,
where the dom no stages are alternately n- channel eval uate path stages,
and p- chaphige, éealthatengthiof tinethat the pOisecisiassered] igugenierally shot  Si nce -

enbodi nmen f sent_jnvention are particularly useful in conjunction
with dom k%'aﬁ%i;&?é%% @?rocd.]i ts, sone basic information describing dom no
circuits is pr®esdednhnb Reidof dighsf @rcaneschmblbhP§endraly, rB!Péiﬁ%%ﬁgbir@d In

the art will recognize that there are many circult variations an
nodi f i cat @FraHtPYLRodR P dogieaidowi enzeror Hiowever withdesremty asdonlinwi no

circuit desi; f [ oY 1.hQ.l.0ogicC

it cui t s, RHISEEae, ol (Efts o bRng R bip P ols SRR Yl

accor danc@hat is) a demjncestage havirgnan orctimmetl evaluatecpath will resetffota hghshows a
conventi onal “gglegentation 3{ a 2-ingut NAND gate 210 in dom no logic.
NAND gat e I&¥Rb R A Apauno sagehaving 2 pschannel evaluate; pathawillreset to alowi- st ack)
bet ween afgyt put node 218 and ground, and a PFET 214 coupl ed between a
vol tage supply and output node 218. The gate of PFET 214 is coupled to the
gate of NFET 2Skelfreseltnghdomiresstagesiare sometimes ceferredgoads having

6 CLK Data.i B and haw | ed he. f NFET
212 and 2 POTILI5eE PG ASupivel ShFréerito SBHears Rameline? v ccharge

phase and r@fean!edafo&aébéwernﬁhé@fgﬂ.ax\il\tﬁeéeefémwsf-r@ferttb%ﬁmwih%tﬂé@éﬁéviﬂ e the
precharge period and the eval uation period, respectively. Inh the pFecharge

phase, outyeuits thas inligtecpracharging ofithe deminoystageisstpudinedes when thecause NFET.
211 is of fcsutput node evaluates. ' -

Zipper domino refers to a circuit configuration having a plurality of
domino stages connected in series, where the domino stages are alternately n-
channel evaluate path stages, and p-channel evaluate path stages.

| 7N
Circuit Configuration ( \;

Since embodiments of the present invention are particularly \‘!useful in:
conjunction with domino type logic circuits, some basic information describing
domino circuits is provided below with reference to Figs. 2-3. Those skilled in
the art will recognize that there are many circuit variations and modifications that
can be made within the general category of domino circuit designs. After the
brief description of exemplary domino logic circuits, specific embodiments of
ratioed CMOS logic structures in accordance with the present invention are
described.

Fig. 2 shows a conventional implementation of a 2-input NAND gate 210
in domino logic. NAND gate 210 comprises NFETs 211-213 coupled in series
(i.e., an n-stack) between an output node 218 and ground, and a PFET 214
coupled between a voltage supply and output node 218. The gate of PFET 214

is coupled to the gate of NFET 211 and both gates receive input clock signal
6



thus there is np conduction path to ground from output node 218 and at the
sane tinme PFET 214 is on, thus creating a conduction path from voltage
supply Vcc wo ®nusist node 218. For proper operation, signhals BRCEHUSIER7a43
expected to becone stable prior to CLK going high. [‘'n the eval uate phase,
CLK goes high thus turning off PFET 214 and turning on NFET 211. Wth NFET
211 turned CkK. Datadnputs|B and A arenshawn couplediofthe gates pUNFETS21218nd 0

25, Sy e ke ok S e
output willg Jﬂiﬁé;ﬁ(ﬂageh Al%&hanweérm@ﬁﬁ tﬁ’éﬁé’ﬂﬁo Pﬁd&e@&ﬁe tHe aféché g&harged

through the n-sta uring the eval uate phase, that output node
"floating" perigd amd the evaloation eevipd resoestwglyscﬂn the prenlngcgejphasaamgput 0SS

Qut put  nodd 28 BRfarle 7 Bidh BUR HABRGLK Iy BRragkb HpEY 271 iwbnc

dom no Stagﬁasémereqetrm e6ndutctidarpth tofdﬁ@)hcﬁfrangémpu&hbﬂe(zqspér&ﬂabthé/\/ay of a
static invertin %IC stage such as inverter 220. AthOUhZIDF |
E@IPPYO

i npl ement at$aAS B‘Fe G Tnd14 dg e, hwsccreating acsansigtion paths frapy wo
_ have n-st acl ‘[‘2 u?h@ggiﬁoﬁrﬁgo?@ﬁ éyg fafiSn Y 9ﬁ£l§tA 5{\ 2{5{% éﬂ?eét

structures. rangerrent ecause e N-S m'no O t put
nodes a{e ]pb@cdmet h@ﬁblecﬁmrmg}m guinig, hsghennm@eevbﬂatrgphasmecmcgoﬁsrlﬁgfwl y to
an |npu (0] ano er n-Ss om no sta resu n erron
di schar ged thysitueing QﬁeD Féﬁ@éé%ma 'ﬁﬁ%ﬁigﬂﬂ vy\éth '\H:pé F 2411 att-‘ﬁ"eqqﬁu‘g‘ﬂ

t i
i nverting | gaie ﬁbkl“é Héﬁ&ucﬁ{oh‘?atﬁ %gtﬁdiﬁﬁ’ﬁ%g}%?&%nﬁ' uﬁBBﬁ-ﬁ%gﬁgfesQS?”

dom no stages r exa cal I ons can
Fig. 3 illuand®& are Iaghoﬁlihab is, abhathNANPD iBpOtsiarechigh, theroutpa:qomﬂegnbge in an

st a0 ek ohdse RiRSRHLe WY ADIA.Een Amilhohe NALSHal o0 Y
variously when output node 218 is not discharged through the’n-stack during &g i gur l ng
t he NFETs coupl ed between dom no output 318 and ground. In the
evaluate phase, that output node 218 is “floating” high and its voltage will be
subject to change due charge loss or gain though leakage currents and
capacitive coupling to other signails. Output node 218 is coupled to the input of
an inverter 220.

When domino stages are coupled in series, they are generally coupled
by way of a static inverting logic stage such as inverter 220. Although zipper
implementations of domino logic have been devised, it is more typical to have
n-stack domino stages coupled in series by static inverting logic structures.

This arrangement is useful because the n-stack domino output nodes are
precharged to a high level, therefore being connected directly to an input of
another n-stack domino stage could result in an erroneously discharged
domino stage. Those skilled in the art will appreciate that inverting logic
structures other than an inverter may be disposed between domino stages. For
example, logical NAND and NOR functions can be used. -

“Fig. 3 illustrates a domino logic stage 300 used to form a pipestage in
an illustrative embodiment of the present invention. As will be understood by

those skilled in the art, various logic functions can be implemented by variously
7



exanple illustrated in Fig. 3, two parallel, two high AND stacks are. used.
A first AND stack is made by coupling NFETs 302, 304 in series between

dom no outg}q\?lgé;f§3and ground as shown in Fig. 3. A second ARCTRISS8R7443 nade
by coupling s 306, 308 in series between dom no, output 318 and ground
as shown in Fig. 3. Two PFETs 314, 316, are coupled in parallel between a
power supgdnfigunidgdheiNFE bsicpupled itweea topiino iatitput318and greund; eln thed

B b g | PRI 5 id- b gt Pasal WathiBH AN sidcke Bl oS, 1
320. PFETAREPsaRR i€ ntitiecby t3upliid NFETs0302, 304 in Serlessitétwaienrddminbn
enbodi nents of the present invention_at |east one of the dom no stages

i npl enent eutput 318-ansground @scshawn in Fignd. 4 seeand ANR:siaskis Badedye |
i npl t | i Ketie [ﬂg‘q | GEDFE ' f

Ingn' ﬁ??oé?@'&ﬁa@gﬁsﬂié%@d@g%sr nvertegr 'ga &Ikﬁé | nputahg;&fﬂrjlegratger 310
e gt e o eyt 2t 310ttt per L FEET 314 ol onant the.
the gate o .. Inverte er., Wi e e
hal f gkeepéHPH"M @@d; gamino output %ngggﬁg ﬁ}?WEJPSSE%Y‘Qe-rﬁ'%gPQVI%%%Fput of
| nverter g@gg@gge;ecﬁéa% @Rskn ddHRinbQutetk 318reat & I 16Vt AMigh lsves on PFET

314 so th uctive pat bet ween the power supply and dom no out put

318 exi st Pominotdutputwode 31Brisgtoupled & an dnpitiof inveria 320. FINERK316Uhas@ 318

by the hal f-k ., W ] t 3 | t put of
Dy e ik 558 Ty SRS e o W B M bt Pt
gate 312 ef, JRRER at16adtoori oftHY 8dmirky stageSThpleMénts 2 Self-reskttrid cincult, no
conductive path exists between the power supply and d?m no outguh,n:%l&

Wien gat e abizatdeastrane doming stageaimuiamestscn seffdaorsd locked fase €and a
Thi's ey, Nomarpe FisToR Brifeiinb1Gale WEle SPEMOiyALY of Hchr MO TNE k516
returns t gnputhif@iverter 910 islveuplediotdariinbroutputdd183 T0he) output ofinvedas 8d@ent | v
T oL a0 o BH P T Tk Mo Vo BE8S) G et et PreT o1
8 implement the half keeper function. : |
When domino oUtbut 318 is high, the output of inverter 310 goes low, and
the low on the gate of PFET 314 turns on PFET 314 so that a conductive path
between the power supbly and domino output 318 exists. In this way, a high
level is maintained at domino output 318 by the half-keeper. When domino
output 318 evaluates low, the output of inverter 310 goes high, and
consequently PFET 314 turns off.
When gate 312 of PFET 316 is at a high level, PFET 316 is turned off and
no conductive path exists between the power supply and domino output 318.
When gate 312 of PFET 316 is at a low level, PFET 316 is turned on and a
conductive path exists between the power supply and domino output 318. In
this way, domino output 318 is reset to a high level. As domino output 318
returns to a high level, the output of inverter 310 goes low, consequently PFET
314 turns on. T_ypically PFETs 314, 316, are sized such that PFET 314 has a

greater on-resistance than PFET 316.



Referring.to Fig. 4(a), a three-input, symetric, ratioed CMOS logic
structure in accordance with the present invention is" described. As shown
in the figuwevwBEHIs 402, 406, 410 are coupl ed source-t o- dr ai FCHUSINIM3a
first power supply node and an output node 414. In this way, PFETs 402,
406, 410 form sw tchabl e conductive paths between the first power suppl y
node and out put Refersingto Fighdfa)i 8 threedopudt syinmetrias tatived MO Slogic 414 and

vor tage apBieurs §F BrkofanEe i BRAtsrhE ieflion S s85iomt, AS s, 12°

are coupl eehglfigire, FRETOU02 408 44 aredddiipled @@d&é@d@ﬂbétvﬁé&ﬂﬁ@h@pmr -
supply node. In this vva;; NFETs 404, 408, 412 form sw_tchabl e conductive

pat hs_ bet weewessupRly and anpuipuheode gddd Ik e wayy FFETS 40 Oﬁw& Os, a
conductiveg an be
swi t ched on&?}\%\"ﬁ)‘?b&%y contro '?%i nﬁﬁ%%oﬁ@%gﬂgggp@éﬁpg&&he ga

NFETs 404, oﬂﬂﬂ;tn@ﬁéﬂ'ﬂoi‘baslsi IaIcmhduntWehpattrbethm@dmbadehelfrstf the

t eachi ngs herein, preci ate,tha aItH g the s abI e conductlve :
baths 11 uDowar duphly BodE BRE RS EITEL0f ABAGIERY OGO RS e Neltagk Bapietc
and a fi rstto%%%sm WPt*réa@zsuaeldwoc#@FEwaaa 508 tﬂwg}eec&méal%%me

pat hs can 'enented W th Series connected circuit elenents suc
field effedo-soussebstween output noderdtd ayqb.a(sgcondmogvmgmplpnpde hén thisst

node i o or ot NAELS ABac 80 412k, ORI RRRa BV PEna TRMERR Aliutomon 1o

an active Irfpde #14 aAd the iseBohd pewet ubplynddd Thatlifea ¢ahatctile patk! 406 and
NFET 408 are coupled in comon to an active |ow, pulsed, signal source

| abel | ed B. bemeeg:m@@ 414 ppdthe secand Rawer supplynede 6ap ibesswitchashem@ndo an

active | Py Bfollh Yk ORISE bl 6 e BFNEET, T g 00 12

are sized suc one € current provr by two of

t he PFETs tThdseosidliédin mecmh,dumnmglmeabdnamloftthe teschingsiréringiwittd noni nal
| ow | evel at output. n rr|n it can

be seen thaﬁpRKﬁE'ﬁt%m ttﬁ'@‘%'gh the Q“Btﬁhablﬁﬁ%’ﬁﬁ‘ Mp P2 tﬁ'H ?rgfedA'('e‘%?‘" and C,
are in a highwhadifgle!traisistsf Béﬁwémmééétfhﬁnoﬁé"éﬁheﬂﬁé? of's@eBAd tv'aitegah

NFETs 404, 408, 4127 and PFETs 402, 40 are off, here 1's no
current patsupply notler thesevswitchable chaductiverathswanphg smule_mented with
9 series connected circuit elements such as field effect transistors.
In a typical implementation, the first power supply node is a positive
voltage supply and the second power supply node is ground. The gates of
PFET 402 and NFET 404 are coupled in common to an active low, pulsed,
signal source labelled A. The gates of PFET 406 and NFET 408 are coupled in
common to an active low, puised, signal source labelled B. The gates of PFET
410 and NFET 412 are coupled in common to an active low, puised, signal
source labelled C. Each of NFETs 404, 408, 412 are sized such that any one of
them can sink the current provided by two of the PFETSs that are fully conducting
and maintain a predetermined nominal low level at output node 414.
Stilt referring to Fig. 4(a), it can be seen that when all the active low,
pulsed input signals, A, B, and C, are in a high state, that output node 414 is
coupled to ground through NFETs 404, 408, 412 and PFETs 402, 406, 410 are

off, so there is no DC current path. Similarly, when all the active low, pulsed
9



I nput signals, A B, and C, are in a | ow state, ‘out put node 414, goes .hi gh
qui ckly, because the path to ground through the NFETs has been turned off

~and all thrpgoskdsls 402, 406, 410 are turned on, in parall elpcrrosossrisasi ng
out put node 414 hi gh. However, when one or two of the active |ow pul sed

input signals go |ow and at |east one of the active |ow pul sed input .
si gnal s r gRBUfsSighaishA, 8/ aRYIC, "é?éﬁin‘b%wr SHER, Botp it ModaSpay. E§8e§t ﬂfgthl\i Yar e
S

sized to sink substantlally all the current fromthe PF ‘ur ned

on. It is ledausedthemath to grausndithrough theaNFﬁTscbaslbeemturm pffandsall. Wil e

avount of DREPFETRAGE 488, B0 REHPEG o 48 PaIIBE ahd g Sne soliies | ogi o
structure #14 high. PHowevér, whembhe or nno by thecattive lonepulsed! irpu Rigriad gbhe
active | ow puI ses of the input si gg? ve short_tinme durations and

t her ef or e 1PMeamstat inast one pfithe asty sqdompyhasnatsl reEaing highs @utryti ng
speed obt ahgidl 4 Gehidine |duPQdéE:ag:§éltﬁé wméﬁﬁga 16 Ynk S SELaRERE 4IPS' ons

despite the extra power consuned as conpare
st ruct ur esthe current fikah @he PRE Tsdhat are ta(ried om ' itlis ealyi dyring, thissgondition c,

o 00 O b3 PGt e, SRR AR 5 B U e '

source-to- Shvstas fbfédtﬁ:b tREVMHhoSitRdT powElfisSip sk 414.
In this vva§§§ E?Eé%s ‘P’E,rm , form svm(t)chablbeb condﬁctlsgr?oy;taﬁ?% t\/\ggn t he

first powetiraithe ratived GMOSD lagitstruetuee afithe prasentiisyentionda typicallye pat h

by cont  of PRriatesh 0k M she By e Y bR cind B ShARE eyl SO GeRE Ze ©'
404, 408, 4idsitions ahauhéféfowmeracwmm pathseonie exist Erutiortiiies 4 Theand a

second power supply node. his way, NFETs 404, 408, 412 form sw tchable
conduct i ves‘ﬁﬁﬁmggmﬁée@@@?ﬁtﬁo’ﬁdtﬁ Ipgic strirtunecisuseiivifopbigh srReash v node.

hode can baCSBfY Sekifio 6 BB AU ca Bt s o aRe AR T SRR ORI LY e
gat es of NEHEuUstuwiesl, 408, 412. In a't ypi cal inplenmentation, the first power
SUPPL Y, node |5 BB B U TP Rk e RARCHES g v noce
structure in accordance with the present invention is described. As shown in
the figure, PFETs 402, 406, are coupled source-to-drain between a first power
supply node and an output node 414. In this way, PFETs 402, 406, form
switchable conductive paths between the first power supply node and output
node 414. That is, a conductive path between node 414 and the first power
supply node can be switched on and off by controlling the voltage applied to the
gates of PFETs 402, 406. NFETs 404, 408, 412 are coupled drain-to-source
between output node 414 and a second power supply node. In this way, NFETs
404, 408, 412 form switchable conductive paths between output node 414 and
the second power supply node. That is, a conductive path between node 414
and the second power supply node can be switched on and off by controlling
the voltage applied to the gates of NFETs 404, 408, 412. In a typical
implementation, the first power supply node is a positive voltage supply and the
second power supply node is ground. The gates of PFET 402 and NFET 404

are coupled in common to an active low, pulsed, signal source labelied A. The
10



are coupled in eommon to an actlve | ow, puI sed, signal source |abelled A
The 10 gates of PFET 406
and NFET 40808984913upl ed in common to an active |ow, pul sed, RCHHSS 243 ce
| abel | ed B. The gate of NFET 412 is coupled to an active Iow pul sed,
signal source | abelled C Each _of NFETs 404, 408, 412 are sized such that
any one ofgatasef Ritich486iandNGES #0& are counied incemmamto %‘P@@tIY%!Pbe t he

o oo mftba, diahal SANCK fipeign B0 thdladib, oFNIFE Piad 23 ROBHRAA g™ "

| ow | evel r|C|rrp erren atl

parasitic |pun(phlsyd (stgrmtlsbamaalabeued Q olEaphiof INFEETS 404, 408, mam sized
I npl enent at i

rrin o Fiqg. an ciyr t enbodi nrent 500 of
the pr esen?U‘PMW@ﬁtaF‘Mrmes“ftESW\ V\a)%swﬁ&fe&%&qn ‘ﬂ"@ﬁdb CHUePBBTQY“iQQa B¥s as

t he sourc f

5, a sel f-etrh%s%‘t:terﬁgﬁ%\t éfe é@ymeﬁghi %neégggﬁﬁrg uceg %‘E\;F\flﬂactlve ptﬁfse at
out put nodleV\B[é?elAabouipnqbmdeﬁﬁ:aﬁbemsymargarﬁplghen&tml had lessa
self-resetting.n-stack donin sta C4 504 éS%ﬁ?a | ow acti,ve pul se at

out put nodBak iiC DAY ?'hﬁﬁP§°' fyhe symmetia, "oy enpl ary

ratioed CMatplepteritaiibhuct ure |ncI udes a PFET 506, coupled source-to-drain
bet ween a positive vol tag_._g supply. node and_out put node 514, an NFET 508,
coupl ed dr ai n- t Befarringdo wé»ean siiewt embodiment500, of theopiesentinventios i,

NPET 12 cotrBavif spfiTeasifa MRk e MR e G HBUCEIERY SR e
gates of PEEIEeEQﬁJtﬁnﬂslblﬁEIE 548 can deemugdertint Blgoﬁt RWelfredetting3n-gtackom no

| ogi ¢ stage 502 ates of PFET 510 and NFET 512 are coupled to out put
node 505 ofioHWAR ﬁt?g%g% PEPAYRESSR Jow Jetive Pyise at %ﬁ'tﬁ‘ﬂﬁngﬁ%ﬁ naben iNRWR si nk

Lo’ SEPIEALSA) B JOWRRY, SHUEST 4l cSeRr e L fpob s 2o
out put si gpaddynesda towl astive pujse: ampusmddaﬁflﬁhehemlnm&si sigvats Coand D
go high.
An exemplary ratioed CMOS logic structure mcludes a PFET 506,
coupled source-to-drain between a positive voltage supply node and output
node 514, an NFET 508, coupled drain-to-source between output node 514 and
ground, a PFET 510, coupled between the positive supply voltage and output
node 514, and an NFET 512 coupled drain-to-source between output node 514
and ground. The gates-of PFET 506 and NFET 508 are coupled to output node
503 of domino logic stage §02. The gates of PFET 510 and NFET 512 are
coupled to output node 505 of domino logic stage 504. NFET 508,is sized such
that it can sink the current of a fully turned on PFET 510. Similarly, NFET 512, is
sized such that it can sink the current of a fully turned on PFET 506.
The output signal produced at output node 514 by the ratioed CMOS logic
structure shown in Fig. 5, is typically coupled to another domino logic stage 516
as shown in the figure. The output at node 514 is the logical AND of signals A,
B, C, and D. Those skiiled in the art, having the benefits of the teaching herein,
will appreciated that other logical functions can be similarly implemented.

Moreover, the ratioed CMOS logic structure shown in Fig. 5 is extensible such
11



structure shown in Fig. 5, is typically coupled to another domno |ogic
stage 516 as shown in the figure. The output at node 514 is the |ogical

AND of sigRvhsofisiz B, C. and D. Those skilled in the art, hadigsdeP%4s
benefits of the teaching herein, wll appreciated that other |ogical

functions can be simlarly inplenented. Mreover, the ratioed CM3S logic
st ruct ur e thabpvathenthanthe 3#-way AND fisndiion ilustiated, a 5-way, 6-way or more AND

11. that, rather than the 4- AND function i|llustrated, a 5-way,
6-way or r?B?‘ét'OM\E?’T &%ﬁ@ﬁdc.ﬂpﬂa@@&%ﬂagg qidhe ratinesd ClQRIagige of they |
ratioed chipBich tfid pHédart fveintiblifs Beft SBitks! I I TOBr PRETIUrefigtCKs Of

NFETs or PFETs are required. This reduces the. 1nput capacitarice and the.
out put -capequirechc @hisf reduces tihe input capacitancearndthe eutputcapavitance ofithe f ul |

CMOS | ogi c,i npl emeptation. . Concl Usi.or odi nents of the present
i nvention sﬁrpgg{raé',e%v?éﬁial ?W"?’%#’%@& M’t%M%%frﬁwemm@m-ve pul sed
active input signals and produce a |logical output  with a very small

i nherent switching delay. Pull-down transistors and conplenentary pull-up.
transi st orleoBIdsiont i oed such thatthe default |ogical output |evel remains

dose to nom nalcFrﬁKS&i Qo?'ﬂ‘?eb@eﬁt Hﬁ&ﬁlhgm@gkgf%viggg)@ﬁcs a DC current

When the pul sed inputsighals are 1 nactive, curre I s enabl ed.
An advant ajructires rddagptedt:td seceive palspd axtivg inputesignals and groduce aGbgital ogi C
structure is achjeved vvithch:t.' re%gi ri,ng, s;qaeﬁked PFETs or stacked NFETs, so
that bot h QuRUt With @ very smallipherent switchingdelay. Puldowsiansisiors amde at the

A'Turther R BeRmEMaNTRA AT IBhS thors 3rd ot Suchhat i denaBiaaicl B D
tradi ti ondevelaeinaéns Hogedo nomingl evanwinen thetibgicssteuchireexinkshens adiices lae i nput
signal's arI§Ci crtljrrterr]\ | M%%ftﬁg lptulsrg&rﬁpﬁgéaitgﬁ'als are inactive, no DC current path is
enabled. | . o
An advantage of embodiments of the present invention is that a CMOS
logic structure is achieved without requiring stacked PFETs or stacked NFETS,
so that both the input:capacitance, and pafasitic junc’tio_h capacitance at the
output node, are reduced relative to a static full CMOS logic structure.
A further advantage of embodiments of the préseént inventio_n is that,
unlike traditional ratioed logic, no DC current path is enabled when all the input
signals are in their default high state. |
The present invention may be implemented with- various changes and
substitutions to the illustrated embodiments. For example, the present
invention may be implei'nented with more or fewer input terminals. Another
alternative, is where the ratioed CMOS logic structure of the present invention is
configured to operate with a default input of a logic low ‘and a default logic high
output level. in this configuration the PFETs would be éized to source sufficient
current such that a logic high level is maintained when ,.one or more, but not all,
the input signals transition to a logic high level.
it will be readily understood by those skilled in the art that various other

changes in the details, materials, and arrangements of the parts and steps
12 '



The presept invention may be inplenmented with various changes and
substitutions to the illustrated enbodi nents. For exanple, the present

i nvention nmwo pw34st®l enented with nore or fewer input term naPET/USHRI2TAEF
alternative, is where the ratioed CMOS | ogic structure of the present
invention is configured to operate with a default input of a logic | ow and
a defaul t Mhigh havebeentdascribedaind illustrated io ondentor explain theaatieTsf thisul d be

sized to s . I Gl ent icuf. .t hat | ogi.c..high level is

mai nt ai nedwegﬁ‘og#égg%en@%g?%'ﬂf%éfe%éﬁn,g rﬂ@aﬁhﬁpﬁfn%‘%gzﬁ@ $59R%Ph8n 10 a
| ogi ¢ hi ghihwttion as expresbédethel&xbj:ﬁﬂddj IGlaiigler st ood by those skilled in
the art that various other changes In the details, materials, and
arrangenments of the parts and steps

12 whi ch have been described and illustrated in order to explain
the nature of this invention may be nade w thout departing fromthe
principles and scope of the invention as expressed in the subjoined d ains.
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What is claimed is:
1. A circuit comprising: |
a first switchable conductive path between a first node and an output node;
a second switchable conductive path between the output node and a
second node; and
a third switchable conductive path between the output node and the second
node;
wherein the first and the second switchable conductive paths are coupled to
a first signal source, the third switchable conductive path is coupled to a second
signal source, and the second and third switchable conductive paths each have an
on-resistance which is substantially less than an on-resistance of the first

switchable conductive path.

2, The circuit of Claim 1, the first node is a positive voltage supply and the the

second node is ground.

3. The circuit of Claim 1, the first switchable conductive path comprises at

least one PFET.

4, The circuit of Claim 1, the second switchable conductive path comprises at

least one NFET.

14



What is clained.is: 1. A circuit conprising: a first switchable
conductive path between a first node and an out put node; a second
swi t chabl e wowdsive path between the output node and a secBEBHUSSAT44RNd
a third switchable conductive path between the out put node and the second
node; wherein the first and the second sw tchabl e conductive paths
are coupled to a first signal source, the third swtchable conductive path
is coupled to a second signal source, and the—second—andthird-sw tchable

conductive paths each have an on-resistance mh IIy | ess
than an on-resistance of the first swtchable ﬂ “m"lf mu“m , The
circuit of daiml, the first node is a positive*voltage wsupply and the the
second node is ground.
5. A circuit comprising:
a first ratioed CMOS inverter having an input terminal, and an output terminal
coupled to an output node; and
a second ratioed CMOS inverter héving an input terminal, and an output
terminal coupled to the output node;
wherein the input terminal of the first ratioed CMOS inverter is coupled to an
output node of a first, low active, pulsed signal source, and the input terminal of the

second ratioed CMOS inverter is coupled to an output node of a second, low active,

pulsed signal source.

6. The circuit of Claim 5, wherein the first ratioed CMOS inverter comprises a
first PFET coupled source-to-drain between a first node and the output terminal,
and the first PFET having a gate coupled to the input terminal; a first NFET having a
gate coupled to the input terminal, sized to have an on-resistance substantially
less than an on-resistance of the first PFET, the first NFET coupled drain-to-source
between the output terminal and a second node; and

the second inverter comprises a second PFET coupled source-to-drain
between the first node and the output terminal, and the second PFET having a gate
coupled to the input terminal; a second NFET having a gate coupled to the input

terminal, sized to have an on-resistance substantially less than an on-resistance

15



3. The circuit of Cdaiml, the first sw tchable conductive path conprises

at | east one PFET. 4. The circuit of daim1l, the second sw tchable
conduct i ve wobii4wmpri ses at | east one NFEF— PCT/US98/27443

14 5. Acircuit co Lo ngre a first ratioed CMOS
I nverter having an input term(lmmﬁmmﬂw t termnal coupled to an
out put node; and a sec pela I nverter having an input

terminal, and an output term nal coupl ed to the output node;
wherein the input termnal of the first ratioed CMOS inverter is coupled to
an

of the second PFET, the second NFET coupled drain-to-source between the output

terminal and the second node.

7. The circuit of Claim 5, further comprising a third ratioed CMOS inverter
having an input terminal and an output terminal, wherein the input terminal is
coupled to the output node of a low active, pulsed signal source, and the output

terminal is coupled to the output node.

8. The circuit of Claim 5, further comprising a plurality of ratioed CMOS
inverters, each having an input terminal coupled to respectively to a plurality of low
active, pulsed signal sources, and the plurality of output terminais coupled in

common to the output node.

9. The circuit of Claim 6, further comprising an NFET coupled drain-to-source
between the outpﬁt node and the second node, the NFET having a gate coupled to

a low acti\)e, pulsed signal source.
1'0. The circuit of Claim 61, further comprising a plurality of NFETSs, each

coupled drain-to-source between the output node and the second node, and each

NFET having a gate coupled to a low active, pulsed signal source.

16



out put node of a first, |ow active, pulsed si gnal source, and the input
termnal of the second ratioed CMS—i-nverter—i-s—eoupted to an out put node

of a secondwdoosaesi ve, pulsed sig The cipcTrisys/ofdqas
Claimb5, wherein the first ratioed Cwmlmw:lmlﬂmﬂm}l ses a first PFET
coupl ed source-to-drain between a first mode am e output termnal, and
the first PFET having a gate coupled to the input termnal; a first NFET
having a gate coupled to the input termnal, sized to have an

on-resi stance substantially I|ess than an on-resistance of the first PFET,
the first NFET coupled drain-to-source between the output termnal and a

second node1q.andrhe circuit of BRaifif§ ONAelely tHd fifst ROHE'S a9FostiEEFAREY S
coupl ed source-to-drain bet ween the first node andq'fohe out pfﬁb teﬁ%gm

and the secpadddehd ﬁ@d’% Wgfb e coupled to the input termnal; a second
pl ed“to

NFET having a gate cou the input termnal, sized to have an
on-resi stance substantially |ess than an on-resistance
15

12.  The circuit of Claim 9, wherein the low active, pulsed signal source is a

domino logic stage.

13.  The circuit of Claim 10, wherein the low active, pulsed signal source is a

domino logic stage.

14. A circuit comprising:

a first PFET coupled source-to-drain between a first power supply node and
an output node;

a first NFET coupled drain-to-source between the output node and a second
power supply node;

a second PFET coupled source-to-drain between the first power supply
node and the output node,

a second NFET coupled drain-to-source between the output node and the
second power supply node; and

a third NFET coupled drain-to-source between the output node and the

second power supply node;

17



of the second PFET, the second NFET coupl ed drain-to-source between the

output term nal and the second no__e___,_,_Ihﬁ_.CJ_r_cwt of C ai m5,
further coRppsisagsa third ratioed CMOS i n pEPukogiBu4E nal
and an outpuf term nal, wherein the ‘mﬂ lul“eﬂmj coupl ed to the

out put node of a | ow actlve pul sed ,* nd the out put

termnal is coupled to the output node. . The circuit of Caimb,
further conprising a plurality of ratioed CIVDS i nverters, each having an
i nput termnal coupled to respectively to a plurality of Iow active,

pul sed signal sources, and the plurality of output termnals coupled in

common to the owhBrdin e of thé@first PRET ahd etgbatte@fttﬁ firstINFET #l"eté'tﬁlé.ﬂed in :
conprising an NFET coup ed dr ai n-to- source et ween t he out put node and the

233?22 Nodggminth 185 irdtaNpitSigndl Fokird) Wi sHd dfthe 3ebOY PFETSnd BYate Srihenal
second NFET are coupled in common to a second input signal source, and a gate

of the third NFET is coupled to a third input signal source.

15. The circuit of Claim 14, wherein the on-resistance of the first, second, and
third NFETs is each substantially less than the on-resistance of each of the first

and second PFETs.

16. The circuit of Claim 14, wherein the first, second and third signal sources

are active low, pulsed signals.

17. The circuit of Claim 14, further comprising a third PFET coupled source-to-

drain between the first power supply node and the output node.
18. The circuit of Claim 14, wherein each PFET and each NFET has a width and

a length, and the ratio of the width of any PFET to the width of any NFET is between

approximately 2.5 and 3.0.
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10. The circuit .of Caim6l, further conprising a plurality of NFETs, each
coupl ed drai n-to-source between the output node and the second node, and
each NFET Mey9%¥5E8 gate coupled to a | ow active, pul sed si gnBCTRISHHIEI443
16 11. The circuit of Aaim6, wherein the first node is a
positive voltage supply and the second node is ground. 12. The circuit
of Claim9, wherein the |ow active, pulsed signal source is a domno |ogic

st age. :
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13. The circuit of Caim10, wherein the |ow active, pulsed sikgnal source
is a domno |ogic stage. 14. A circuit conprising: a first PFET
coupl ed sowigo®susisdrai n between a first power supply node aRCT/USO8/I48PuUt
node; a first NFET coupl ed drain-to-source between the out put node
and a second power supply node; a second PFET coupl ed
source-to-drain between the first power supply node and the output node;

a second NFET coupl ed drai n-to-source2bet ween the out put node and the

second power supply node; and a third NFET coupl ed drain-to-source
bet ween the output node and the s&boad power sugp] p node;
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wherein a gate of the first PFET and a gate of the first NFET are coupl ed
in comon to a first input signal source, a gate of the second PFET and a
gate of thewo9984¥1d NFET are coupled in conmon to a second i rRfek/USISGFA443
source, and a gate of the third NFET is coupled to a third input signal
sour ce. 15. The circuit of Caim 14, wherein the on-resistance of the
first, second, and third NFETs is each substantially |less than the

on-resi stance of each of the first and second PFETs. 16. The circuit
of Claim14, wherein the first, second and third signal sources are active
| ow, pul sed signals. 17. The ciBBuit of Cdaim14, further conprising a
third PFET coupl ed source-to- drain between the first power supply node

and the out put node. 402
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and the ratio of the width of any PFET to the width of any

1 8. The circuit of Caim1l4, wherein each PFET and each NFET has a w dth
a |l ength,

and
NFET is bevoeesssimpproxi mately 2.5 and 3. 0.
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