LONM VOLTAGE CMOS SW TCH W TH NOVEL CLOCK BOOSTI NG
SCHEME BACKGROUND Rel at ed Applications [0000] This
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Field [0001] The present invention relates to
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have advanced to the point [ transistors are
becom ng progressively Sﬁéﬁﬁé& rmfactor. For
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ansi stors an I'ssue enera
NEVE3S) demices.t he use of | ower supply voltages for
‘integrated circuits incorporating sub-mcron CMOS
Bakefcimd For instance, too high a regular supply
voltage will result in higher currents and a resulting
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elicate structures of these ultra-s transi stors,
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among other advantage, the capability to place more functions on a single die, decreased
power requirements, and increased operating frequencies of the integrated circuit
device. The increased frequencies are due in part to the smaller gate capacitances

associated with the sub-micron transistors as well as a lower supply voltage swing.

[0003] Power dissipation limitations of the transistors and other reliability issues
generally necessitate the use of lower supply voltages for integrated circuits
incorporating sub-micron CMOS processes. For instance, too high a regular supply
voltage will result in higher currents and a resulting energy dissipation that will, over
time, tax the delicate structures of these ultra-small transistors, and eventually result in a
degradation of functionality. Consequently, circuit designers generally rely on low
supply voltages (LSV) in performing analog and digital integrated circuit design for

circuits using sub-micron MOS processes.

[0004] The use of LSV presents a significant benefit for the operation of digital
integrated circuits due to, among other advantages, the lower power dissipation
associated with using lower voltages, and the preservation of the structural integrity of

the transistors. The use of LSV in connection with analog circuits designed in a sub-
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[0905 S e nAse eixAnfiplé bSthis Problegh . reprefentedl FGHGS! § 28d BAFIG. 3 depicts
exanple of a CMOS switch including NMOS transi stor 301
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for the CMOS switch to pass the signal Vin to the
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I'n goes fro or vice versa.
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amplitude of Vin may exist wherein the output of the switch cannot conduct and the

signal cannot be sampled. For example, where the supply voltage Vpp is less than the

sum of the threshold voltages of NMOS transistor 300 and PMOS transistor 302 —
namely, QV,,,, pl +V,,1’") -- sampling of Vout cannot be achieved through the full signal
swing of Vin. This situation represents a major shortcoming of CMOS analog

integrated circuits using sub-micron fabrication processes, particularly in switched-

capacitor and other analog applications.

[0007] FIG. 1 is a graphic illustration of the conductances of NMOS, PMOS, and
CMOS switches as a function of the input voltage Vin (see FIG. 3). Plot 100 represents
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conduct ance gds as shown in plo [ 0Q09] As Vi

B DMb Grieisasd ppoghass kel hall Guitale oy dieshygbcrehsing the
source vol tage of NMOS transistor 300 approaches the

draie SHHtTY tlvguglag@ﬂsw% 390 angl sendsiange Guea¥ihey Min éea&h%ﬁ gvalue of
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VDD as shown in %I ot 100 of FIG 1. [0010] Plot 110 of
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is off. As Vin reaches the threshold value V,, , of PMOS transistor 302, then transistor

302 begins to turn on, a drain current flows through transistor 302, and the conductance

g, of transistor 302 begins to increase. The conductance g, of transistor 302 reaches

its maximum value when Vin = Vpp, because the gate to source voltage of the PMOS

transistor 302 is at its maximum.

[0011] Plot 112 of FIG. 1 represents the collective behavior of the CMOS switch in
FIG. 3. Plot 112 is a superimposition of plots 100 and 110. From the illustration of plot
112, the problems associated with using LSV in analog circuit design become evident.
In particular, a region of operation exists (represented by vertical dashed lines 115 and

116) wherein the CMOS switch is off, and the Vin signal cannot be sampled at the
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PMOS transi stor 302, then transistor 302 begins to
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and the conductance gds of 4ransistor 302 begins to

i ncrease. The conductance gds of transi stor 302

reaches its maxi num val ue when Vin = VDD because the
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Plot 112 is a superinposition of plots 100 and 110.
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afhtedgrmérmtectinigueybowevelr,3V thed vie ﬂwetanm obtdas switch vames widely as a

e b el ctotTRee i ey o 5 2 Vi herefor,

'ﬁ{é‘&fﬁﬁft réSG e G ehd PanksRtd? BESImdshR paitaft MQV‘iﬁi gﬁﬁoth@f déddvantage
Vin. Using the former technique, only one boosting

of usmg thei formerdadmiqus it dedekishalityassuputhabill mgule sivenithas twice the

or ad t.a t [ e
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Brdakidleivh O tigf sitRiddad erah@steOsthtury®| Tageaditidhy e h1gh gate voltage
specifically, VGS = 2VDD - Vin; therefore, the ou
mesi osnseridlegifablchaurrantsreiflomoss Besdhelsionud hinsine taﬁ SuhSHate of the
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teshnighes Voo = (Vw &sVid) re¥ill £ ¥pof dPiaraissi disadnantageeof the latter
S&l ?ner ie‘ fhaP fa l;o%gtmg circuit is required for each floating switch on the analog

portion of the integrated circuit chip. Such a technique would require a substantial
increase in both total power consumption and the area of the die as numerous boosting

circuits would have to be designed onto the chip.

[0015] Accordingly, a demand in the art exists for a reliable switching mechanism
in LSV analog circuit applications like switched capacitor circuits that has the capability
to cover rail-to-rail (e.g., power to ground) voltage swings using low supply voltages,
while not causing unacceptable substrate or other leakage, not unduly increasing circuit

complexity, and not introducing reliability problems.



transi stor. [0014] Using the latter techni que has
consequently been preferred because a substantially
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[0018] In still another aspect of the present invention, a boosting circuit used in

integrated circuits designed in sub-micron CMOS technology, the boosting circuit
including an output, a node, three gate inputs, and the integrated circuit using a power
source of Vpp and Vgnp, includes  a first PMOS transistor coupled to Vpp, the output,
and a first input of the three gate inputs, a first NMOS transistor coupled to Vgnp,
the output, and a second of the three gate inputs, a first capacitor coupled to the output
and to Vgnp, a second capacitor coupled to the output and to the node, a second PMOS
transistor coupled to the node, Vpp, and a second of the three gate inputs, and a second

NMOS transistor coupled to the node, Vgnp, and the second of the three gate inputs.

[0019] In yet another aspect of the present invention, a method for boosting gate

voltages of a CMOS switch, the CMOS switch coupled to a signal path comprising Vin



signal path including an input and an output, a CMOS

swtch coupled to the signal path between the input
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of the CMOS switch, the boosting circuit including a
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022]  Aspects of the present invention are illustrated by way of example, and not

by way of limitation, in the accompanying drawings, wherein:

[0023] FIG. 1 is a graphic illustration of the conductances of NMOS, PMOS, and
CMOS switches as a function of the input voltage Vin.



PMOS boosting neans for decreasing a second vol tage at
the PMOS gate from VG\ND to a value of VAG\D - (k x VDD)

w0 2@nd2es6pl i ng neans at the Vout node for sanpdtT/DsRoD$e32064
Vin signal over the range fTom VG\D to VDD- [0021] It
I's understood that other enbodi ments of the present
invention wll becone readily apparent to those
pi024] ed B0y hig aagrhpifit Mustfagod of wntdgdueiands|#NMOS, PMOS, and
description, wherein it is shown and described only )
@B aswikthss cisnenfuscign ofi ethe nipgRt iveHagsy MiRyinopccordance with an
i rati B realized, the invention is
ellni)g%l?nen% ?fo tglf: é%erw 1111468?&%

capable er and erent enbodi nents and its

al detgi.ls are c of. .modi ficati on i NWafd Ou :
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RACIS @APSarplidd @pRdiRsent i nvention. Accordingly, the
drawi ngs and detail ed description are to be regarded
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exanpl e, and not by way of limtation, in the
B0 parsIicngs ds awibogstingMoiewt rfor [0 PABPS Firdasistori 8sed in an LSV
graphic illustration of the conductances of NMDS
AVEENMERHINageRTdanger Eifean gRbedimefitnpEpent fyeptighit
vol t age Vi n%0024] FIG 2 is a graphic illustration of )
10028t ondiIEx: dnises seff oNNIDSE PiggEmuHESEMIE Sk MpREsiodle poosting

functi ' AR It .
st incie d A PP i BbRaBRARAAZFR My bgntion.
' a ransi stor .circuit .incluyding.

BT > YRGS 7 o T 88 st Sl Bl e i Row of the
EMDS 4witeh 8f PR St velidhs Ghd @phivoltage ¥im MNVBordhmdeSHist & embodiment
used in an LSV environnent in accordance with an
eftbe@irgsenitingdntione present invention. [0027] FIG 5 is

a boosting circuit for a PMOS transistor used in an
[(®30EnviFionBasnt graphmebwpoaeatian ¢ofithampstbodioutpettwafeforms in the
t.he present invention. [0028] FlG I.Ss.a set of .
fipi Eﬁnﬂpa@da%eﬁqqrﬁﬁt@%ffgﬂﬁ e, ﬂﬁmtsmglzﬁtlﬂ giccordance with an
BRBSAh: 6f the BidssntAhveitiGS. 4 and 5 in accordance with

an enbodi nent “of the present invention. [0029] FIGS.

7a and 7b are graphical representations of the

resi stance RON of the

DETAILED DESCRIPTION

[0031]  The detailed description set forth below in connection with the appended
drawings is intended as a description of various embodiments of the present invention
and is not intended to represent the only embodiments in which the present invention
may be practiced. Each embodiment described in this disclosure is provided merely as
an example or illustration of the present invention, and should not necessarily be
construed as preferred or advantageous over other embodiments. The detailed
description includes specific details for the purpose of providing a thorough
understanding of the present invention. However, it will be apparent to those skilled in
the art that the present invention may be practiced without these specific details. In
some instances, well-known structures and devices are shown in block diagram form in

order to avoid obscuring the concepts of the present invention. Acronyms and other



CMOS switch of FIG 3 versus the input voltage Vin in
accordance with an enbodi nent of the present

wo pwenrd2ed. [ 0030] FIG 8 is a graphical repreBenUs1008082064
of the input and output waveforns in the tinme domain
and the Fourier transformof the output signal in
accordance with an enbodi nent of the present
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description set forth below in connection with the

mppend blimitabg rgee PSEARERERY as a description of

vari ous enbodi nents of the present invention and is

[0982] nt endew dackr lmsfe@&mhemﬁes Uﬁtqﬂué?ﬁ)b@fﬂﬁe‘ﬁ]@@h icijcumscribes the

édlj%‘&h th e P (rg g@ g %E B%CE‘V% ﬁgst - Qf‘a %;%gﬁﬂbgr?e‘grvgﬁ?g ?%?ular CMOS

ff@r[sﬁhé/m@}ﬁgea@s B AR irokits. |Th¢5‘dch@hd: ﬁ{ay(b‘e dppBedpioeseitiety of analog
i nventi on, and shoul d not necessari | be construed as

DMOSFMESopr EHRAN iniemdad cisgit. dyaerdivmioghe ReRtiRlces ofibe present
DAL e ORFLPL! RE ohid§ [ ARIORP RS Gre dET AU R B  Mignitude

0 i ng ®a thorough under st

pifeisient toieANSIB AINIOS siv@MBVcEd}peratb prapetly lneing Bi5aF. e$1tmlady, the voltage
those skilled in the art that t(£e present inv
Alaifie tgates o AVIOS L aisistst s H97Eaeeds By @ PRENiyde &P Glerf fp enable the

W@mwtﬁﬁ ka)[P ch%regg\?r&peﬁ@/o Tioyct glrer Se %Bgstgda\(lbﬁ%?g%s 3h&y be low

ramfor in or to avoid
elsighy hmge\tehetomnmemectmg atfhevayd dsanintd ayewtipndiode and to avoid

I A oL e 0SSP Lt L IRLIEY B B g o

gwﬁmglgtrg&lgtbﬂg]t the scope of the invention. [0032] A
new cl ock boosting schene is introduced herein which

@“5‘%”5 ! Jﬁ%‘%ﬂ%ﬁlﬁnﬁ {h%?&@gﬂtaggr ¥ uomftsg 1hRGRBF AUBSintained

e conbi ne
bEtaRsr thsnmluegal\/@g amd &¥igh og ooy 2 tSimlrﬁﬁy, slchepe walyjage of a

be appl i .ed varj ety of . ana

Porogp ol POS (Tmsistnte GRAges BeMMAEn shs N Jempfind (Vo —

Vhﬁgg?r §5E BbodthEIH dalvortaBEs MQhisaHSRE El'i‘lﬁts%lf ¢sm@ling of an input
transistofs is increased by a rragnltu e

sighdlitiioegh 2 fdll eigadllswisg (4365 fswn Maiptio Vopeewndopsuppht Yojtages that

usi ng LSV. SlmlarVy t he voltage at the gates of PMOS

arealwutbardhgqu@tﬂmﬂ As’éﬂzn y a magni tude sufficient to

enable the MOS switch to operate properly using LSV.

[hRaf Dagshe duklhADESHFYBR, 1he\iRIRYA'FIGN e ELentd e CMOS
v0| injecting a ftor laSIntoaJunCtlon di ode

awilch ® whioh dhe concepts of the present invention will be applied. Specifically, the
value of ®npos 1S boosted in one embodiment using the boosting circuit of FIG. 4.
Likewise, the value of ®pyos is decreased using the boosting circuit of FIG. 5. FIG. 6
represents graphs of the inputs to the boosting circuits in accordance with an

embodiment of the present invention.

[0035] Prior to describing embodiments of the boosting circuits in FIGS. 4 and 5,
we illustrate in FIG. 2 the advantages associated with application of the boosting
technique of the present invention.  Note that, while in some instances in this
specification we assume Vgnp = 0, this assumption is made for simplicity and clarity as

Vgnp may be another value.

[0036]  Plot 200 shows a graph of the conductance of NMOS switch 300 as a
function of the input voltage Vin (301). Unlike the plot of the switch’s behavior as



the introduction of reliability issues traditionally
associated with high gate voltages on sub-m cron

wo e@esesors. [ 0033] In one enbodi ment, the gaPE@I/US2005/032064
vol tage of an NMOS transist®r is maintai ned between
the values VDD and (VDD + VDDY2). Simlarly, the gate
vol tage of a corresponding PMOS transistor is
ppreiefted U FIE@t Welengdth @yl ukbthe WEMDSaswdtch\HENThas BéBiRyeased to a

The boosting of gate vqltages ip this nner permits
fVélpe%prﬁngc %1Vpah fh%?ﬁctogi ay B? ﬁE‘aﬁﬁaﬁ%&ﬁ R thediagieyiar process
TS S B e B G e L ® YR btanee of switch 300
I af 29 Bdhkirhimt Weeri Minst Vato.v lawevier,gundekei ionplot hB0 of FIG. 1, the
circuit in FI, represents t e@ﬁs iich whi ¢h
eordueBReept %“EG?P 3(%9&6 QH*EIUY‘?]{}%W& “‘?/\?V% {’mb%k’gﬁlb f gﬂl. = Vpp +
fihcally, vakue Np@_i b L P
gpnggvd?]) ﬁ{/’"’ﬂjsﬁﬁg\% t hel\}tbjbgoﬂgz(]lc Eg_ Cl rcgf”t’ o§ Fl ga Hsdlﬁ&e?’oo turns off.
. \Y MPSo rea -
SoSEARE pidt R0l 152 ( PIPR0 BF 496, 2R spAre biafihe boostng
ofhehfeenabipsithe NMOShavihd@0ito etain condicsanica faadongkapesod of time.
wi th an enbodi nent of the present invention. [0035]
0391 t cPlde 202 irbprognesTiedbehamnios o fPVIDS haesdtdm@02 when the gate

circuits in FIG. 4 and 5, we illustrate in FIG, 2 the
yeliage: Rywes 48 deerraseddo wi YareafpY eraart bR Vo)t Herapwes $04ystarts to

LESQL ey O LG, PLESEOL ) M8HEARES o Bt atueWhdnyrig = Vo,

I'nstances SpecitTicatl on we assune
. e : . ol Loi t .
Solerbfl AAGRAIERD A5 R 118 O RCTR! Ghlp Bt boosin
stewR chableaie RNIOShevich 302 of beptrecafdublifigataiotvehinBoOvadiage.

a function of the input voltage Vin (301). Unlike the

pooF8] of THrSsupwtitBbsifiod 6Nalvis@00aRH PR 6 BIG eXrdstlt i $lot 204, which
the gate FNI\‘%S o? t he NI\/%S switch here has been

sheyeheagsuling condugtanse of/Bp CMQS ypityh defiprd by diapsistrrs 300 and
gﬁé’ t(ge% %ﬂg)sg ag) %Sﬁlqlcﬁgn 4 elgglﬂ: %(%I?ag%.arA? ' Q685 seeh ﬁrhlglhblot 204,

€ requitrenents pose i11Ty 1ssues.
giatdgouaneaanie sHWICE BAY oSV, thd swinshxisnalwayshern Xk result, the
VG\D - However, unlike in plot 100 of FIG 1, the, .
signalubeu it eapseiten QdcsandscamplediusingyB4 vt faevalpoah ¥in. In addition,

he o Yhdhgza YOR e staré)ciose YadGanal path
A Pl e 3 b thinggy o Mirtergl tuablkicee Gyt pah or
tfadilitateabine dfieerpiesiretcipluittbeBGonf It Bhdald Be hiodgktobd 10 thefboosting
FI G d1 it.is aﬁParent t.hat .t he boois.t i.ng oy .
method according to the present invention is not Iimited to a switch incorporating a

|9 4]

simple PMOS and NMOS transistor. Rather, the boosting scheme as described herein
may be equally applicable to more elaborate switching mechanisms and analog circuits,

while remaining within the scope of the present invention.

[0039] The boosting scheme according to the present invention may result in a
substantially less complicated integrated circuit than in previous bootstrapped switches
wherein each individual switch requires its own independent circuitry to function
properly. The architecture proposed herein, however, may need in most cases to be

designed only once for each of the clock cycles.

[0040] FIG. 4 is a boosting circuit 410 for an NMOS transistor used in an LSV
environment in accordance with an embodiment of the present invention. The function

of boosting circuit 410 is to boost the value of ®nmos to a value of Vpp + (k X Vpp) as



schenme enables the NMOS switch 300 to retain

conductance for a longer period of tine. [0037] Pl ot
wQomsnzRsesent s t he behavi or of PMOS transi st oPCB022005/032064

when the gate voltage FPMO®is decreased to a val ue of

VGND - QX VDD)- Transistor 302 starts to conduct when

Vin = Vth p -Q x VDD)), and reaches a nmaxi num val ue

p&efbu\ﬂ rﬂescﬁﬂaa(bmbamodegbﬁh&tm 20G. afméy B cAurflal pd e nbll® Onwos,
of FIG. 1, it is apparent that %he boostjn

éwbbwg theh éatf:amﬁsr@mwrﬁoﬁaz 6. Bocite e QL FR g Aiclydes NMOS
?ngtoﬂﬁ rl@% WO%Q%%?E?OEWO(?E&R?&OM@ éaBQd?to\?\iClR and c2n.

2°1n resu ot 2
S“héJ bettdh @lat@eﬁ,ktdpaa:lg)rﬁimdﬂ couriedtoo¥ grph enct)b%oﬁ:mmt ke of capacitor

defi ned transi stors 300 and 30 e FIG as. a
fiaﬁclﬁuceﬁp%ﬁ tP 1B SOWSP 1 o gEansikor ‘ﬁiﬁz Bfg’ Gt flraft Sﬁztw&swr 408. In
é‘\?\n(ﬂ?g?i I}Pé)ga Olterblfifild GNERIOS tr\é{hﬁstors\éld’iDaﬁdo4OéDQetcjaﬁpled t0 Vo,

ways on. As a result, the signal Vout at
edjlachd mur&:Otérmmalsmf ROS! teajlsmmerO(FmChﬂO@m;e apaipled tofVpp. The

Vin. In add|t n, the.,s tches 00 302 ¢

A ey 400 sauplto, & il el Erala R B B e gate of
%néiﬁ&‘ A0 RicBuSed At hpht QF&U e sl ghatEE wint ﬂﬁrg%Yésfo trabistors 406
shoul d be understood that the boostln%hnet od

aot 403 amg:oupled e ap i signehdasignagd PL_bnothe Inmﬂt sgnalpPq_b, O2,

h, i neor ratl ng. a si
@I\ﬁ\gﬁ) rgtn%ar Ea}e %sor%eg%rgﬁ dri: é%ggsé 1ta1. 18%18 circuits or
B?@@ﬁ@mﬁﬁykﬂﬁwﬁgﬂ@kbﬁ appllcable to nore elaborate
swi tchi ng nmechani snms and analog circuits, while

E !)nl NgTAM 4 hi lg(nﬁtlﬁ%‘%%m@fﬂb h6r RIS rhi¥@6E 1A in an LSV
003 The boosting schene according to the present

emmmnemh imargordesed with anzmbebisncat of el predeasimvention. The function

li.cated ratdC|rutth r
60 Bbst Rt Sh R Bl B ot B v BPRYPoia oo of Voo
L Q! Vi ?? ad pRvROlyl ded@RRadertie fode @i ok Yn FIGfSJﬁﬁtylbél’boupled to the
proper he architecture proposed herein, howeve

nage et iandrhsnee dhesEaies of BanseR et BHFy3.oride firsuit in FIG. 5
Z;Ifc?%dﬁﬁ :Nl\aqs t@g?gﬂ&s m SrdaSgglﬁ/R%S l:rhlﬁgésetcélrs 500 %ng %g@t :lnr&Q:apamtors

€Yl dn@TENt ThbSEIO HLkAE eﬁcapat:iﬂoram;embc:wpmartb \QfNDt hnea:l the bottom
present invention. The_ function of bgosting circui

Blate 0§ crpACEh G2t iecuRiade i fhernaures ob tféﬂ%}ﬁpﬁ S0 angrhe drain of

gra}(ggér COUrpﬁ“lellédg#&J ¥ﬁ%ﬁﬁ%&é QEMQ&S% ence t hecid%le& to Vorp:

@ﬁd tHeaso81cs lterrmﬁiﬂ@of marikistars 300 Ak 56 are woupled td-Vep. An input signal

i ncl udes NMOS tr istors 402 and 4 PMOS . .-
drsmiied BRcd FoouBg ta e, gasmzt@aaafer s ARPPu signispsignated ©3

is coupled to the gate of transistor 502. An input signal designated @1 is coupled to the
gates of transistors 506 and 508. The input signals @1, ®2_b, and ®3_b may be
generated in some embodiments by standard digital logic circuits or by software as

known in the art.

[0042] Shown in FIG. 6 is a timing diagram of the states of various input signals —
namely, @1, ®2, ®3, ®1_b, ®2_b, and ®3_b — in accordance with an embodiment of
the present invention. Each of these digital signals may be toggled from Vgnp to Vpp,
and may be generated using standard digital logic techniques, by software, or other

methods. The behavior of the exemplary NMOS clock boosting circuit of FIG. 4 and



The bottom plate of capacitor Cin is coupled to V G\D
and the bottom plate of capacitor C2n is coupled to

wo bweszaasece of transi stor 406 and the drai n of PCT/US2005/032064

transistor 408. In additionl the source term nals of

NMOS transistors 402 and 408 are coupled to V G\D ,

whil e the source termnals of PMOS transistors 400 and
#HGx8MPIEPPMES clotk WEBtingREc@abEFIE. 3 Wihadw berded@bel $n view of
coupl ed to an input signal desi %nat ed F3_b- _The gate

0 0P signes P L 4B B% Rbipiab AR ipardh G 6.

desi gnated F2. The gates of transistors 406 and 408

H0d3L ouThed CMOSiswitap f Gy Pamag i gieedeoft Aty pharging Pnvos and
input. signals Fl._ b, F2, F3 b b enerated. in

Sihes n 0B, fand 58y cwe snlyPe: Hrgrluyy ggfce ereiseSphen @2
RYacBiof (M¥Bh &n s Kft@ﬁ\%sl }e)f. NAh hetied 92 douprd kolo$to Brdufid &ia transistor

boosting circuit or a PMOS transistor used in_an
#0/a% shawroimnBletS. idrandc@ o iah cepragents the oppesdidioksianab®2, such that

' i.on. . T ' f i
5l Bhetbered¥ed>liena dEidvh BhE PLe %ok BRtscrasip oo o the
EMRHed cap¥cor @irehitsVsHOWR in these MBEYdiments) e sanplifg clock phase is
descri bed. The node FPMOS i FIG_ 5 may be_coupled tq . .

diedcd PR deEisic P hand et sBewe IR & oWhem D3 is active

. | j i L el ud
[ s BT 1 AU pR BB, s ¢ nd 5
aRRpectiapBy i drorchafged tandpS2nd Vae, hesgeotivgly.at Notwf that ®3_b is the
cit Clp i led to V G\D , th t
PG & WnphLiHESmEpS S pRaeS THEBECd i C2p (FIG.S)

| téﬁéwam VB8 HERLAve, dhRBDS b E30BWhIR®1_b is low,

source termnal’s of transistors 502 and 508 are
theupdted patey MOC2mdG. Mo and C2pe (HI6x: 5) ned swivéhed to Vpp and Venp,

transi stors, 500, and 506 ar oupl.ed to V., DD i nput
G Ehios ThRaRud PRetgitong WO GABHOR e HEtgEs 4t prorts nd Drvios
transistor 500. An input signal desi gnaH; d Fis

| edatp 5%?&%)9&%1;9%}1 B FASHS b ivﬁ@i——@ﬂ%utw@ra @l and C2

esi gnat ed s coupled to the afeé‘l,,QPf+CQgpsi stors
506 and 508. The input signals FI' , F2_b, and F3_b nay

Rpragenematoapaditer olies anbIEs. e aid 5hyAsoadidgy ditdi igiok@tl voltage at
logic circuirts or by software as known_n the art.

e e B
ESELOTON A8 Bl s 002 2 e o

FI b, F2_ b, and F3_b - in accordance with an
enbodi rrﬁ:nt of lt he present @Qﬁenti&n. \/SEaCh of ht hese

i i1l i ) e ratio
fegbt wtill begaudlgony, Hé, Wr 63 \S eNNoteathwiDb

can be used to determine the desired value of %, and the ratio can be precisely controlled

Cl+C2

and is substantially process independent.

[0044] Other circuit techniques using different methods for creating ratios to
generate the factor k may be contemplated, and are within the scope of the present
invention. In any event, the factor X may be controlled to boost/decrease the applicable
voltages in a manner which is small enough so as not to place excessive voltage on the
gates or other terminals of the switch transistors, but large enough to allow for
conduction of the input signal over the entire range of Vgnp and Vpp. In addition, while
some leakage may occur through the substrate terminals of the switches connected to

the gates ®nmos and Dpyos due in part to the boosted voltages at the respective



and may be generated using standard digital |ogic
t echni ques, by software, or other nethods. The

whedvawrass of the exenplary NMOS cl ock boosti ngPCT/D8290$/032064

of FIG 4 andthe exenpl ary 1PMOS cl ock boosting circuit

of FIG 5 will now be described in view of the input

signals FI , F2, F3, Fl _b, F2_b, and F3_b shown in

Rer@ings, h0LkakagehwilCheSnsali tudh shéuld |Gt aBfentathebsaniplingedperation.

f.b h i FN d FPMOS i.n. FIGS. 4 and t,

G S Do e reaoDpy ey el e, e Epee wihethe leakage
, . i ! ) iy A
Gt FoPlhen AL Sl ARy e

met®ds4 and 6. F2_b represents the opposite of signal

F2, such that F2_b is |ow whenever F2 is high. A low
Ve043¢ of Simildrione wping TIFFRUB Ifatve be@Dperforntcdaisiig the bizeuits in FIGS.

SEREAE, LR ol eSS SRR £, 1 s o
JRRIIRs € A Y fidhe@NA Féala&e.s,hﬁig@efn@ntgh Gs ﬁfloé’\’}?egzﬁié%ré Swith the

active (high), the t%p pl at es capacitors at
AsrdeRteANMIGI deald clRPAMBSIstiEd) GBith 4hardcdption exfpihetideal] gmitch adjacent

B ARG R, AT IBEE! il L% i e o
aehbaiapd &h@SR/e@Forr%{be( b6 Ghe OVH s6ARh ( FlReShrRER used for the
connected to VAG\D and VDD respectively, during F2 an

simulyins iFjla 25 gm EMOS peodses; thomeptanamersius OBrer (sEb-@icron MOS

PlocBpi By (o By B REH bR ) s 41 on

|t t FN nd FPMOS (FIGS. 4 and 5
WL 19865 g it Grprsteniatier s e feaines Row of the CMOS
ERREILSENIG. BhRr®R PRCInp & voYakd 9. | ThédifaRlatifn %Hng(é?: }h& in%lﬁt voltage

Accordingly, the boosted voltage at Cln FNMOS
Wit [froge ae\@iuﬂ of 8 tydbp+ dd caleulatdsehp comespdndingtvalye afft Roy of the

E 111 -be equal nd - Vvdd

Epftos Sl 1.7z T gl oy RBetRe £h09fted g Bopgpa. 1 i
BB, tH6 gste tvoltalgds AFdTAtBe Fd30]1a6 §§pplf Jolvatlesle VRf, K1 2 3BHs IdMRles), 1 volt
rati o can be precisely controlled and is substantially

flobve 3 iwérép&w@iﬁs}, g-éoml}s Gigeres); i angluDi55t weltmi(epiesisks).  The
%b@&n%h{ Ineﬁl?ﬁ 3',T§talﬂﬁ %Sis fs%wﬁ 3 %& 'fl?l%ti%gztﬂ'ags\fptpois lowered from 1.2
volts down to 0.55 volts, where the absolute value of device threshold voltages
(NMOS/PMOS) is approximately 0.54 volts. According to the principles of the present
invention, the ratio between Cl,, C2,, Cl, and C2, may be optimized in order to obtain
a relatively small value of Roy of the CMOS switch, which optimization will depend on

the specific process utilized and the supply voltage used in connection with a particular

circuit design. In the simulations shown, however, the boosted voltages do not exceed
3><VD% . The Ron of the CMOS switch is shown for boosted and for regular supply

voltages in FIGS. 7a and 7b, respectively. In this simulated implementation, the largest
Ronis 5.3 KQ for boosted supply voltages, and 490 KQ for regular voltages when Vpp
is equal to 0.6 volts. As can be readily observed from FIG. 7b, the CMOS switch using
the regular supply voltage does not work in center regions of rail-to-rail voltage when

Vpp is lower than 1.1 volts. Conversely, as shown in FIG. 7a, the boosted scheme is



generate the factor k may be contenpl ated, and are
wWithin the scope of the present invention. In any
wer@nn2928he factor k may be controlled to PCT/US2005/032064
boost/ decrease the applicaldBe voltages in a nmanner
which is small enough so as not to place excessive
voltage on the gates or other termnals of the switch
hlnadss ipRifects evédu tvherr B8 Ve agmugdrheo tiad ltloesifodd vahmes we't therindividual
of the input signal over the entire range of VG\D and
€. 1n addition, while sone | eakage nmay occur
through the substrate termnals of the swi tches

&?}MHM ddQ: 8 is F@rw@ér@maté@mommﬁan &esplis frainput gnd output
MOS8 e D2 Ll BR3P o Bt oupe

siafl (flegudes dadiad) right! Fﬁabl@l , IntthisSithelakeg onlistpative purposes, the
substantial Iy negl igqub e when conpared with the -
clogk depauencat ispipsac oube ByMEEAnd; thy signal Hisarancy dpghgsen to be 20

. Y
Kt PR, Shel SR R 8B Bl FpadE ot d¥l i 0 volis o
Oi6rwalist €1i mdRIGFIGS, 4 4ndAyard settod@OdFrmd € @es FIG. iR mceet to 1 pF.
over a range qof variables, FEqr the purposes of the

Shearnset G195 ohthe diises rﬁ%rsths@Péaan% © sef tﬁﬁ@@h@ HEleThe other
AsnddRat HARBES LR BoMinl bt 1. PSR Spatiees-RENA|BBAL range is 90 dB.
characteristics) wth the exception of the 1deal

AT oS5 ARG, SRREEIAREeCobofh e b pffces o et
deyrperson skiBed incthp ert fto rake oeusefthe pescivios eatibt. Nariolibenodifications

bt Beesambiimeni il bty sPBt o dits? SR Mett, and the generi
ggg&ﬁ{% dBRYe Ireia%&m é’ﬁgp?}i@d hy oﬁqepéﬁlbé&&ﬁénﬁsdwhﬁm& Iaf@parting from

0046 FIG 7 1's a aphi cal representation o
theespirtsosicape of RENingéntidne TMSSthevpressht afveRtica is3natantsnded to be

he i.nput voliage Vin. The si.nu] ati on change he .
ﬁlﬂ%ﬁﬁf‘ ‘\go{hfa {"?ﬁﬁﬂl@ﬂs otfox ™ e %‘% B too%mﬂorﬁeé the widest scope
EanFR bR thsgﬁﬁa{)reﬁaﬂ@wen&auaémsaésea%k&ﬁ. the CMOS
swtch. In Fl 7a, the gate voltages of the CMOS
switch are boosted. In FIG 7b, the gate voltages are
at the regular supply voltages. VDD = 1.2 volts
(circles), 1 volt (dots), 0.8 volts (triangles), 0.6
volts (squares), and 0.55 volts (asterisks). The
enbodi ment in FIGS. 3, 4 and 5 is shown to be
functional as VDD is lowered from1l.2 volts down to
0.55 volts, where the absol ute val ue of device

t hreshol d vol tages (NMOS/ PMOS) is approxinmately 0.54
volts. According to the principles of the present



invention, the ratio between d n, Cn, d p, and C2P
may be optimzed in order to obtain a relatively small
WO 2006029086 RON of the CMOS switch, which opti m REL/US2V05/032064

wi |l depend on the specifid4process utilized and the
supply voltage used in connection with a particul ar
circuit design. In the sinulations shown, however, the
boosted voltages do not exd¥eAIM$ DD/ j . The RON of

the CMOS switch is shown for boosted and for regul ar

suppl y voI tages in FIGS. 7a and 7b, respectively. In

t hi t th [ 3 .
W o bood SHFLIBHSPoUEs tsgatply SRtPEre g RAMDR shaghfgse in
Y rg@%}%d whent ¥idided uﬁﬂ? %lsuB ?m@roﬁ pY(SHe"ssS theAérdﬁﬁnusf?@ voltage

readily observed trom FI'G CMOS switch using
sdrercesed M pprand (Mpipy conajpri siegs does not work in center

[ f it VDD is | t
19 Vort . 2E0BsdieR combRung RS Brpiitot oupftfTh oh Rtos
ReRs8d tiRaIOS dwitdhBsipriRRisi2eNIOS VR, Wh BINOK $¥te, an input Vin and
appr oaches the threshol d val ues of the individual
d@ouftpé‘SVOI[lfOOM] FIG 8 is a graphical representation
of simul at| i strb%gé‘{ {C?l{t cb%ﬁ%c; toatﬂg N%{f?g Lééte\/\'ﬁ;\éeo 8§tﬂ:1% circuit

|nthet|rr% omal n and ourie

ﬁﬂgs]fresafmusé chpdeitoiriafiod arkll uking §i gredi e iopsitbeabltage at the NMOS
ght graph). In this _sipulation, for illustrative

Wwéh%qu@ﬁé’@fwckkf‘r\’e@béﬂéy i s chosen to be 2 Mz
and the si h
supply vol tg ggéé’ nlﬁ b%gé«tgfggc)rﬁc?@ Cgﬂg&g{&ft& Si ggatFWﬁe bg&ﬁné cireuit
porfiguakeitofuse napcital tatod amdt]lGckingy s:lglalﬂo radicte @2 (cﬁta@at the

and 5) are set to 100 fF ang é_(see FIG 3) is set to
ngqfﬁé’yéléf‘pwtwa i® ~dfX VRR) devi ces for the CMOS
swi tch areyggleid R céu%?ﬁse% arfﬁétofr Jh%séﬂ f3efi1oRRGIlihE G8Vout for values
swi tches are clllosen /0.
8HWin om-Vaedo Mppam c range is 90 dB. [ 0048] The
previ ous description of the disclosed enbodi nents is
provided to enable any person skilled in the art to
make Qr us&he bizcyit elSdaim 1 furthet cemprisifsg & samspling capacitor at the
nodi fjcations to these enbodinents will be readily
SPBHF ¥A¥- t o those skilled in the art, and the generic
princi ples defined herein may be applied to other
enbodi ments_wi t hout departing fromthe spirit or scope
of thé i nvahersent afgiam t wheigindkatbstaptiylbngqughs 4% not
intended to be limted to the enbodi nrents shown herein
but is to be accorded the w dest scope consistent with
t he pfinci B]hé§1f@ﬁ60ﬁde€}1W8§ﬁﬁm’é§ fuyther|chetes to avoid excessive
Igﬁfgafgl‘%ﬁéys 1. Acircuit for boosting the supply
vol'tages o

a CMOS switch for use in

5. The circuit of claim 1 wherein £ is further chosen to avoid excessive gate

voltage values.

6. The circuit of claim 1 wherein the first boosting circuit comprises a first
capacitor Cln and a second capacitor C2n, and wherein a ratio of those capacitors are

used in part to determine k.



an integrated circuit designed using a sub-mcron

process, the circuit using voltage sources of VDD and
wy/aNRe2086pri sing: a CMOS switch conprising a RMIB8S2005/032064

transi stor coupled to an NMOS transi stor, the CMOS

switch conprising a PMOS gate, an NMOS gate, an input

Vin and an output Vout; a first boosting circuit

coupl gd t oThBeirtIVEE Q&ihes whbeibhestdong bobsting dircuit comprises a

configured to use capacitor ratios_and cl ock

n
hirsheapacitos CHp@Be 2Ry gAneeiiRs Gap. AMEWRRIE RHiE Ohjhass gapacitors
gruealpsteciitry agtvtlg%e't"!f ?ﬁeVﬁD) ; and a second boosti ng

T 0 the

CI T ClUI ouple PMOS gate, the boosting circuit
configured to use capacitor ratios and cl ocki ng

signal,s toeduce voltage. at, the P

guant i8t y ( @&Iﬁlmms{g%ﬂ i \\;\vﬁgrreg} &G%D 1% SH%%&@ gqlfa‘g(t:c% %ér%o volts.
chosen to allow sanpling at Vout for values 2. The

circuiit of .cl.ai furt.her, conprisjing a.s Lng. .
capacPtor AT BubEETSREeoPaY voliEks 3 A GRROSH Rl use in
In ISRl ciluib 8AsdmA ubidk a\suBStiaton Rodss, 4he difRitGsiWoltage

of claim1l wherein k is further chosen to avoid

eswesef Voo sub¥oxmcempasikgge. 5. The circuit of claim1

Vol 1 age var et el e ERATATe Bl SldhiEgRG, 7 0 T

crr i mi1l wherein the
first booskiGMOSIswétthicotslePtd the Sigaallpatisbetwagathe igput @hdithe
and a second capacitor C2n, and wherein a ratio of
OH®PYE capacitors are used in part to determne k. 7.

The ci rcui J: ' i .
circuit co%rl)):apss@ﬁ é{q’lﬁ iC}rs\%ﬁ%:cg%}cédt?%?ﬁ%F Sﬁg(r?g%gé%%’&g% Roostmg
capaiccdmypristipg parditywbhecapacitaas amd iransstors fths eatioayf aled ploradity of
are used ip part to deterpmine k. 8. The circujt. of
SR aRARBrh s e Vel e 549 vl S Bishg allow

. . ' ' ' t ages
Sfnbing B dopheiy Sl o RO RPL Rk e THREK VB 9

desi gned using a sub-mcron process, the circuit using
vol tagg

The circuit of claim 9 wherein the gate is an NMOS gate and the
boosting circuit is configured to boost the voltage at the NMOS gate from Vpp to a

value of (Vpp + kX Vpp).

11.  The circuit of claim 10 wherein k substantially equals 0.5.

12.  The circuit of claim 9 wherein the gate is a PMOS gate and the boosting
circuit is configured to decrease the voltage at the PMOS gate from Vgnp to a value of

(VGND —-kx VDD)-

13.  The circuit of claim 12 wherein k substantially equals 0.5.

14.  The circuit of claim 9 wherein the boosting circuit comprises capacitors
C1 and C2, and the value of the boosted gate voltage is determined in part based on a
ratio of C1 and C2.

15.  The circuit of claim 9 further comprising a sampling capacitor at the

output of the signal path.



source of VDD and VGND, conprising: a signal path

conprising an input and an output; a CMOS switch
weowplztse o t he signal path between the input BCTUS1005/032064

out put; a boosting circuit lgoupled to a gate of the

CMOS switch, the boosting circuit conprising a

plurality of capacitors and transistors, the ratio of

t he pligr al iThe cixtuit apelaink O fweheesdin Viggpisasdbstantiadig etjuilhe zero volts.

voltage at the gate to a value sufficient to allow

sanpling of the output for values of the input between

V G\D1gnd VDbBbostidg citbit GicdGalirtegrhted crbmisUewtapEdinsubigicron
gate is an NMOS gate and the boosting circuit is

EMOSderhaglazy, the eestingeingsit cemypring aheutpvins ngde. dhipe gate inputs,

At el Greflos YRt saiPR oL il o Giblise
circuit of afirai PMOSWh@IBIoR chiisledat ¥p, SheoutpitSargbd Birsaingut of

the boosting circuit is configured to decrease the
Vit thargezat InpRis; PMOS gate from VGND to a val ue of (VGND

substant i alalfyg/r§t e%m&%ﬁs%%gﬁ)%l?ﬁ ?@'ﬁ%ﬁ‘.‘%@?ﬁe %54(%“6 ond of the
whee gata iguts;boosting circuit conprises capacitors C

and C2, and the val.ue of %cﬂe Eoost ed atero.Itage i's
det er m ned 3 HsiraPRCiips sePPlehiofhe Qriplt B BVayRd 2. 15.

The ci rcui t, @fofd @bRifr HIFIOE BOBRHLSIHIGo eSRMR! | NY
capacitor at the oUtput of the signal path.16. The

circuit of ackeetnd BMSdrasisistovenplédtoshbsodenVpal dnd asgaeid of the
ttﬁiczerto.voltt_s. 17. A boosting circuit used in
e SIS 2P Ui t s desi gned in sub-micron CMOS

t echnol 09y ,a seB6hdIOREIS Rshststdr@diipled BITRE nSHEV R, id Y kecond of
a node, three gate inputs, and the integrated circuit

ke tecesgapoimentssour ce of VDD and VGND, conprising: a
first PMOS transistor coupled to VDD, the output, and
a first input of the three gate inputs; a first NMOS

t r ansil§t or ThelebsiihgtaircviGbelairh d 7 owhgsein, thethgeeogaseinpni are

ocfomliguered to boost the voltage at the output from Vpp to a value of Vpp + (k X Vpp).

19.  The boosting circuit of claim 18, wherein & substantially equals 0.5.

20.  The boosting circuit of claim 18, wherein the output is coupled to an

NMOS gate of a CMOS switch.

21.  The boosting circuit of claim 17, wherein the three gate inputs are

configured to decrease the voltage at the output from Vgnp to a value of Venp — (£ X

Vbp).

22.  The boosting circuit of claim 21, wherein & substantially equals 0.5.

23.  The boosting circuit of claim 21, wherein the output is coupled to a

PMOS gate of a CMOS switch.



three gate inputs; a first capacitor coupled to the

out put and to VGND;, a second capacitor coupled to the
wWoip0r928cd to the node; a second PMOS transi SPOF/US2005/032064

coupled to the node, VDD, d4hd a second of the three

gate inputs; and a second NMOS transistor coupled to

the node, VG\D, and the second of the three gate

i nput 94. 18 ThEeoktaRsdiicod of tlainlilT, whereihahenhict, gardimpeisare

the three d(ga_te i nputs are configured to boost the

venirellpd byrdigitd 1gi€put from VDD to a val ue of VDD +(kx

VDD) - 19. The boosting circuit of claim 18, wherein k

substantially equals 0.5. 20. The boosting circuit of

cl ai m288, webepstingrircyiivpeleim 47 cvapriad ao iasbeantally zero

age of a CMOS switch. 21. The boosting circuit of

P&'m 17, wherein the three gate inputs are configured

to decrease the voltage at the output fromV NDto a

vl o VR Bl PRI A s

Eaacheasslédi@ L£digel Bﬁth%nfphaihgw\zﬁ andWeLEhdd ihblﬁdiﬁ%taFBMOS gate
is coupled to a P gate of a CMOS sw tch.24. The

vod gn NMOSigatau he GYIOS switeh pFingwiesiee panredsef tMppead gave and part
| ar . 2

SERL1 TG PO LD o 910 B gl e minos

subptisingi al | y z&oostity] 4 wltagbvalde arthb XM OB rgatecfesh iViag to a value
gate voltages of .a CMOS switch, the CMOS switch

© YppedkoVep)stthal path conprising Vin and Vout and

i ncl udi ng 3 BCE, 0316 MY B satd 36 VRS to a value of
switch usi ;Hggpoweg soﬁ%gg’gﬁ%fa V DD an?aVQ\lD an p%?tva Heo
Ofgna - (kixt gyt wbereinr cui t desi gned in sub-m cron CMOS

t echnol ogy,, .t he net hod i §I ng: ti | ta
val ue at g%/H‘éS Rigsen @%\‘?@bggf‘g?ﬂr%%?% ‘%ﬁgéﬁg%oﬁ%ngﬁ%ef Q’?‘%mm
W NB vipgnd

27. The method of claim 26, wherein & is further chosen to minimize the

boosted voltages at Vpp and Vgnp to avoid degradation of the CMOS switch.
28.  The method of claim 26 wherein Vgnp substantially equals zero volts.

29.  The method of claim 26 wherein the boosting the voltage value and the
decreasing the voltage value are performed by boosting circuits comprising switched

capacitors.

30.  The method of claim 29 wherein the value of % is determined in part

using a ratio of two capacitors.

31. A boosting circuit for boosting the voltages at the gates of a CMOS
switch, comprising:
a signal path;
CMOS switching means in the signal path for providing a Vin node and
a Vout node, the CMOS switching means including NMOS and PMOS gates;



decreasing a voltage value at the PMOS gate from VG\D

to a value of VAG\D - (kx VG\D); wherein k is chosen to
wep@blo2ange sanpl i ng at Vout over the range of WeT/U8105/032064

VG\D to VDD- 27. The nethod8of claim 26, wherein k is

further chosen to mnimze the boosted voltages at VDD

and VG\D to avoid degradation of the CMOS switch. 28.

The met hod NMIOS|babsfingtmedne fei boovting ™ fitsh sdlaapeiaatHeyNMOS gate

equals zero volts. 29. The nethod of claim 26 wherein

f19e Moot a Yajue pleVum# (¥geX ¢l ue and the decreasing the

vol tage valphign j ' |

conpri sing sw ?%ﬁ% ﬁgglg%gﬁ%?ié(ﬁ%gﬁé %‘E%Oﬁr%? Efgz&%‘e?} the PMOS gate

Cload WgPtowhvealwe of Yhe V@lxuép)f add i s determined in part

using a ratio of two capacitors. 31. A boosti )

circuit fo.salaalg&mﬁ@lstaﬁ@e\%%a@@%fgoaﬁm ggéﬁéggéllgnél over the

i rising. a signal path; CMOS swi tching

ne ngﬁ)%%ﬁ%t(g?%al path for providing a Vin node and

a Vout node, the CMOS swi tching neans including NMOS

and PMOS gat es; NMOS boosting neans for boosting a

first voltage at the NMOS gate from VDD to a val ue of

VDD+ (VDD Xk); PMOS boosting neans for decreasing a

second voltage at the PMOS gate from VG\D to a val ue

of VG\D - (kx VDD); and sanpling neans at the Vout

node for sanpling the Vin signal over the range from

VG\D to VDD



