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BOOSTI NG SCHEME BACKGROUND Rel ated Applications [0000] This application
clainms priority to U S. Provisional Application No. 60/606, 942 filed
Septenber 3, 2004. Field [0001] The present invention relates

seni conducVer6éemEsl ogy, and nore specifically to a CW%%RS%Q?({)[@H(?'IQ scheme
for Conplinentary Metal - Oxi de- Seni conductor (CMOS) devi ces. Background

[ 0002] CMOS sem conductor fabrication technol ogi es have advanced to the
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fabrication of silicon devices on naggHEMEBUNMEr el ectronic systens.

Smal | er transistor sizes provide for, anong other advantage, the
capability to place nore functions PACRGROUND di e, decreased power
requirenents, and increased operating frequencies of the integrated circuit
device. The LpGiLeS cfa{&ngenm es are due in part to the smaller gate
capaci tances assocC d Wth the sub-micron transistors as well as a | ower

supply volt ag@ogi “%s R0 Whs dhatiipaldl A oIS RpPlcaliliP No.

transistors her Ity |ss generally nece55| te the use of
| ower suppl y6®¢6®6,9\mﬁleﬁ($repnembag3 aoed circuits incorporating sub-mcron
CMOS processes. For instance, too high a regular supply voltage wll
result in higlt currents and a resulting energy dissipation that wll,
over tinme, tax the delicate structures of these ultra-small transistors,

and event ual [pop1pSUMThe i frent de@nASReRRSs Ofo fsam@bndaa@hﬁemo%ﬂﬁeﬂﬂembiey
circuit designers gﬁnerall rely on |l ow _sup vol tages (LS

V) in
per f or i ng aFRthﬁ’g“al wacﬁlfgiktbapsmmse@q%f@acempﬁmﬁtaraé\éﬂehomﬁ -SemiGoptiAY usi ng
sub-m cron N@/{ &es. [0004] The use of LSV presents a significant
benefit for eoeratlon of digital

Background

[0002] CMOS semiconductor fabrication technologies have advanced to the point
where the transistors are becoming progressively smaller in form factor. For example,
sub-micron CMOS processes are becoming mainstream for fabrication of silicon
devices on many consumer electronic systems. Smaller transistor sizes provide for,
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 dlgltal 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-



integrated circuits due to, anong ot her advantages, the | ower power

di ssipation associated with using |ower voltages, and the preservation of
the structural integrity of the transistors. The use of LSV in connection
with analog circuits designed in a sub WO 2006/ 029286 PCT/ US2005/ 032064 2
CMOS procew, 20009286 sel y, gives rise to certain chal | erRfeSUSH38 it
challenge is presented, for exenplary purposes, in the context of

swi t ched-capacitor ("SC') circuits. Oten one or nore swtches will reside

on the signal path in front of a stage of sanpling capacitors. A strong
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LSV. \Were he supply voltage'is too low, the voltage on the signal path
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[ 0005] An exanphed-odpatitirzirplighiviithiceverepilasen eoltagh sWingSusihg A8Y. 3Whért G 3

depicts a basic exanple of a Clvm(g%vitch i ncl udi ng NMOS transi stor. 301 and

PMOS  transi B¢ 8ippBoYoltaga fsder (. the Yoheag O BF SighrlRalT Bay g3 fh?gswebaéfa&}.tpor at

the output of hRehB8RhotReHe Pite BHdberly Il HekG A& fRYBrMh Raiuls BPREI gt O the
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switch, and sub? gquent circuits such as gain or integrator stages are

i gnored for staf:ﬂﬂj”’(ﬁa]urpose of this illustration. The use of capacitor 304 and

i deal i t 6 f | ari.t d simplicity; i gnal

contai n_any W8ftler - an cxEple ek aBlElm FerReshed hEICE darlo. dafnoAEnEy or
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to pass the signal n to the sanpling capacitor 304 at Vout through the
range wher e ¥ANSiskps 3921 (Copgoiten FH304)oreRisientsot sappliag\eapagior Fihihie opgput ghteever

t he val ue of p\@ | i - ' 302)
shoul d be con .agﬁ?dét}%t“o a I"%W {"Og{&gégﬁdué @gegl tgget%éﬂgﬁégtﬁgfg(ﬁuisg‘g}ﬁ?g?tai n
condi tions. Mpesatd hreideavempling pivitch. s The ideal ovitchhouwstesded ta dembg®raesf the

anplitude of Vin ma Xj st rein the output of the switch cannot conduct
agg t he per}ormanc% of the CI\X%l sw}tgl], S subsequent cnfrcuits such as gartlm orr}ntegrator

stages are ignored for the purpose of this illustration. The use of capacitor 304 and ideal

switch 306 are for clarity and simplicity; the signal path may contain any number of

switched capacitors or other analog components or circuits.

[0006] In many applications it is desirable for the CMOS switch to pass the signal
Vin to the sampling capacitor 304 at Vout through the range where Vin goes from Vgnp
to Vpp, or vice versa. That is, whatever the value of Vin, the CMOS switch (comprised
of transistors 300 and 302) should be configured to allow for conduction of the signal
under certain conditions. Where the power supply is very low, however, a range of
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,,,' PI +V,,,'") -- 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 NMOQS, PMOS, and
CMOS switches as a function of the input voltage Vin (see FIG. 3). Plot 100 represents



si gnal cannot be sanpl ed. For exanple, where the supply voltage Vol) is

| ess than the sumof the threshold voltages of NMOS transi stor 300 and
PMOS transistor 302 - nanely, W,,, vl+V,, ") -- sanpling of Vout cannot be
achieved through the full signal swing of Vin. This situation represents a
maj or shor WMIAY2%816 CMOS anal og integrated circuits uSCRYSIWHIRIEr on
fabrication processes, particularly in’swtched- capacitor and other anal og
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)a gripht oflhe cuoequcweﬂta, whDtrRIdEe 03U g6a POFius2)08ju0 3208 V3 a
graph of the conductance of transistor 300 as a function of input
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As can be se FIG 1 from pI ots 100 and 110, the nagnitude
of the pomergﬂzt}glggmvcglg{]gg\eﬂd\q/w as depicted by dashed vertical line 114 in

each plot is S u sf f
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to VDD. Assune also, for the P Eose of this |IIustrat|on ﬁé} = VDD
and Cpnos = \eeERapyihe s pf e the @F‘G‘)ltﬁgqs§fé%f‘u§’f° FransiEe P, ntnh@l?ttl &%k e- t o-
source vol tage of tran5| stor 300 = Von . hence, agnm stor 300 is

fully on and Yat Plos!L %Q%ﬂﬁ%%‘&ﬂ&é?%ﬁ%%oﬁ'&e QMO witeh assignabyimenss rpmoo9]

As Vin in plot 100 _becones rogressw ger, t 0. so voltage
of NMOS t r anéivalugof g’@ﬂb 4B a%héésuff}‘? Foégr?dmp%l f él“g%hf';'?t}%“.”}’,t ?th‘§
decreasing they, di@i @ GUE m%m, &\h{eﬁtxgﬂ 301 ﬁnplcstsqe egt t@ngqu&gﬁter.gd
When Vin reaches a value of v, h,,, then the gate-to-source voltage of

transi st or 36@ureguaiage bhteartshtoe§ﬂ@)l=dfmol ¥, agéencentransirtord®f dsibd oo @nd)a, itsof
transi stor 300 reaches zero as transistor 300 turns off. Transistor 300
remai ns of f asxiihum corcuelasas gi,0as\¢sbDyn asplethi®dn in pl ot 100 of FIG 1.
[0010] Plot 110 of FIG 1 shows the concurrent behavior of PMOS transistor

302 in [0009]  As Vin in plot 100 becomes progressively larger, the gate to source voltage
of NMOS transistor 300 approaches the threshold voltage V,, |, thereby decreasing the

drain current through transistor 300 and conductance g, . When Vin reaches a value of
Vie = Vinn » then the gate-to-source voltage of transistor 300 equals the threshold voltage

and the conductance g, of transistor 300 reaches zero as transistor 300 tumns off.

Transistor 300 remains off as Vin increases to Vpp, as shown in plot 100 of FIG. 1. '

[0010] Plot 110 of FIG. 1 shows the concurrent behavior of PMOS transistor 302 in
the same circuit and under the same conditions. When Vin = Vgup, then transistor 302

is off. As Vin reaches the threshold value V

m.p Of PMOS transistor 302, then transistor
302 begins to turn on, a drain current flows through transistor 302, and the conductance
8., 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



the sanme circuit and under the sanme conditions. Wen Vin = VG\D, then
transistor 302 is off. As Vin reaches the threshold value V,, ,p of PMOS
transi stor 302, then transistor 302 begins to turn on, a drain current
flows through transistor 302, and the conductance gd, of transistor 302
begi ns to i‘WePYE4Y8The conduct ance gd, of transistor 3CZTIESINREE064 ¢ g
maxi mum val ue when Vin = VDD, because the gate to source voltage of the
PMOS transistor 302 is at its maxi mum [0011] Plot 112 of FIG |
represents the collective behavior of the CMOS switchin FIG 3. Plot 112
i s a superi moo@it i Bre regiopviess the Qireuitis inaperafive ﬁ?ﬁéllpwaﬂgt et beogaptifigd ot
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verti cal das (? ig)and 116) wherein the CMOS switch is off, and the
Vi n signal ca rhbe 08 ?ed at the WO 2006/ 029286 PCT/ US2005/ 032064 4
out put. The regl on where the circuit is inoperative in this illustration

can be quanti(@01@ll ds wilhderapgiesiatddethaetn prineipleswdrthb cirmdt Wi KIG. /B they, =
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circuits can be constructed which recreate essentially the sane problem

[0013] Vari oygoragc hrvafﬂb% teEPPmElﬁhrs o fitn B8R ghadif ﬂ&l&?n%tsh’ﬂghe%%ﬁ chibk aldo-eipbl e
rail-to-rail ~ sanpling in analog circuits usin SV have been proposed in

the |iterat usenpl@gensosahg Ctreutsmsquelﬁ\é hiedwsen pmog-aitle tholitceajs. Snetsheh
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of the former technique, however, is that the resistance of the switch
varies wi del Ynakoosting cinquit iy Recded fqfecd e varions apalpg SISt Agaiopgisadvantage

speci fi cal 1y of MRSofne Yedhnigud/ Howel Ee[s@h A 1o resibfce Ut iR bwi@SIapE ARkl 4 he
transi stor becones dependant on Vin. Another disadvantage of using the

former tech nlftl.flmon of thhgateghisalrice veliage. stefsSHeﬁélt:alW Mas Fe\ it~ @imv therefidrat
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transi stor s
of using the former technique is the reliability issues that will result given that twice the

power supply (2 x Vpp) is applied to the gates of the transistors, likely causing eventual
breakdown of the sub-micron transistor structures. In addition, the high gate voltage
may cause undesirable currents to flow as a result of forward biasing the substrate of the

transistor.

[0014] Using the latter technique has consequently been preferred because a
substantially constant switch resistance can be obtained. That is, using the latter
technique, Vgs = (Vpp + Vin) — Vin = Vpp, One major disadvantage of the latter
scheme is that a boosting 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.



breakdown of the sub-mcron transistor structures. In addition, the high
gate voltage nmay cause undesirable currents to flow as a result of forward
bi asing the substrate of the transistor. [0014] Using the latter techni que
has consequently been preferred because a substantially constant switch
resistance“ﬁbﬁm%§96ﬁtained. That is, using the latter ¥€EW§FH§%?MH05 =
(vDD + Vin) - Vin = VDD. One mmj or di§hdvantage of the latter schene is
that a boosting circuit is required for each floating switch on the anal og
portion of the integrated circuit chip. Such a technique would require a
substantial increase in both total 6&“%?”@% sunption and the area of the
di e as nunerous boosting circuits would have to be designed onto the chip.
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i nvention, ainsiuding ¢ BMPS gakss tan gaiepPl $0PUY iR fgdanoputButcXew aiitstch f or
use in an in : T g - e
Gireut t usi nacune agetit coilte SRR TORE, Sutinfhy co. BRARRSCI. b

i ncl udi ng a PhfaGtdrraties sitdocloclonglsizdals do dodillthdDBoltaganaithe OMOS hgateOOBieswi t ch

i ncludi ng a PMOS e, an ate i nput . Vi.n_an n.ou Vou a
st baost AR (e 1 £ & it avsond bepie il o Sinied B e PR Sceei b
configured t @osksifg chaRBEIHRIradabi 88 caplited Rakd A SloBiiag Sighls Be esducé bR
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to use capaCIﬁ%Cﬁ;erCﬁgsgh&?%@%ﬁgﬁgh{z@?ﬁl\f/%@iugaﬁpv{n Q,rGtggg) yvoltage at the

PMOS gate by quanti erein reséhts a factor
chosen to al l[M?fanerlly@ a%the}rloa{é})ecftoorf thé lp?e%@nthvégﬁgn,f E%EPCM?I}IB‘ Bc?ostYanD the

supply voltages of a CMOS switch for use in an integrated circuit designed using a sub-

micron process, the circuit using voltage source of Vpp and Vgnp, includes a
signal path including an input and an output, a CMOS switch coupled to the signal path
between the input and the output, a boosting circuit coupled to a gate of the CMOS
switch, the boosting circuit including a plurality of capacitors and transistors, the ratio
of the plurality of capacitors configured to boost the voltage at the gate to a value
sufficient to allow sampling of the output for values of the input between Vgnp and
Vob.

[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 Vgup, includes  a first PMOS tral}sistor 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, Venp, 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



[0017] In yet another aspect of the present invention, a circuit for
boosting the supply voltages of a CMOS switch for use in an integrated
circuit designed using a sub- mcron process, the circuit using voltage
source of VDD and VGN\D, includes a signal path including an input and an
out put, a CHMDEN&MRYh coupled to the signal path betwe®gTUSMWFAROH and t he
out put, a boosting circuit coupled to & gate of the CMOS switch, the
boosting circuit including a plurality of capacitors and transistors, the
ratio of the plurality of capacitors configured to boost the voltage at
the gate to and/MOUEanctufcfudmgem‘iPMQﬁ 3&&@@5@@1‘4@&38@% thie CH@Spawitchorsingal ues

of the input_betwee t _of the

pr esent |nveﬁ?wgﬁ°u§e%%q %‘g VcﬂNPéaﬁ %gﬂe 1Hte§1tai Clé&?P&Zé“g??Ig%:%t%ncﬁoélm gned
in sub-n cr ocMBOEChRABNY [1RMtes botingasbitape \mltfemUtHeN'Dlﬂﬁ}SlgEd&frgmaVb]pudtaput a
node, three gate inputs, and the integrated circui tiotﬁ k&g)f (Power source
of VDD and VERlHE of Nob trdks “on).iand depraste & y@ps vake eidhp giHem Yo

out put, and ut t t

ransi stor cSublAE oE VORRE P JaByflehtn 433 bl bl spivbfite PRL oyer
inputs, a fi tt&trampﬁéﬁinﬁbmcmmlte@’nbo the output and to VG\D, a second
capacitor coupled to the output and to the node, a second PMOS transistor
coupl ed to tpE20pde,In dOxthandpat 9 dengesht nhentioh @ dogaing cimpit fe, boasthga

second NMOS transistor, coup e node, , VA\D, . an cond of the
three gate i H}S’u‘foétages[@GE@Ff‘tF%"e%d\gﬁgﬁﬁé‘Fh Hichdes a(ﬁ’f""?‘ﬂgatg g@@ﬁ S‘?"F@éﬁti on,

a method for ;eesid B & & 1 paMtPkdragiesiatfy @ ValVIRdE WndCh v dub & o6/0iRe S
coupled to a-signal pat ri si ngg\f n WO 2006/ 029286 PCT/ 1152005/ 032064

6 and Vout am#it¢hieg ueHangy ua:l mddPMONms,gé{héOStmsmme@m ferh

gzis?gnegorﬁr@@sﬁﬁggf%f%f V%%{' ?@18 é}]c Pr% ftsoago %I ng Dé? v g%’val ue

at the NMOS gaM@s Bdidmhg/ﬁaarts(foﬁdecmkmga@éco\iH)Doltag(clat ¥he\HDIDS g@t&d’rcﬂﬁ%ﬁ@m ng a
vol tage value at the PMOS gate from VGND to a value of VGND - X_. VOND) ;

wherei n k is?2¢Aye&hVow ‘eﬂ‘a’bVéD)s A iamplng medns At they¥qut npgrfor éﬁ%’é@‘“&ﬁhww from

VG\D to VDD. s%ﬂﬁ%%rth@ra%gi%ﬁlh@&m@éﬂ%t of the present invention, a
boosting circuit for booSting

f0021]  Ttis understood that other embodiments of the present invention will become

readily apparent to those skilled in the art from the following detailed description,
wherein it is shown and described only several embodiments of the invention by way of
illustration. As will be realized, the invention is capable of other and different
embodiments and its several details are capable of modification in various other
respects, all without departing from the spirit and scope of the present invention.
Accordingly, the drawings and detailed description are to be regarded as illustrative in

nature and not as restrictive.

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.



the voltages at the gates of a CMOS switch includes a signal path, CMOS
swtching neans in the signal path for providing a Vin node and a Vout
node, the CMOS switching neans including NMOS and PMOS gates, NMOS
boosting neans for boosting a first voltage at the NNIOS gate from VDD to
a val ue of WOBGWOPMOD x k), PMOS boosting nmeans for de@FEASPHERIGecond
vol tage at the PMOS gate from VGND to 7 a value of VG\D - (k x VDD), and
sanpling nmeans at the Vout node for sanpling the Vin signal over the range
fromVG\D to VDD. (0021] It is understood that other enbodi nents of the
present invefii28h WHIG. BécagemphicalditajionpptheconduciancenaeNQS, BJOSnadhe art

f he fol | d iled I ptel 9N, AR T W . i bed
ont'y sever al CORBOAHBHES “5r° FHBEPh i B8 nol SRR Vin ol SARMNR AT, 1P

be realized, einbedimemeiTthonedeat wagtibhe of other and different enbodinents
and its several details are capable of nodification in various other

respects, al {00251 howiGO® RN dnaldg OMIOT tlassigeN didchit aithdinopeMOBS twliechpidesient
invention. Accordingly, the drawi ngs and detail ed description are to be
regarded as BWVitds andamphing gapagi@iur e and not as restrictive. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0022] Aspects of the present invention are

illustrated H3026hy dfGexdaisphhoosting pisrvit f5y WaNMPOS| trarisistori wsad innan hEV

acconpanyi ng_dr.aw ngs. wherein: . - S aphi.c illustration of
t he conduct aﬁ%‘ggon%gﬁﬁwor%fmé%gg%@& stvahtﬁc %egé%g (élr]fcti on of the

i nput voltag : 2Q06/ 029286 PCT/ US2005/ 7.10024] .FI G is a

graphic ill ug‘kﬁ}%f. o\r‘é?gf %t e 2c BI04 é?‘f&lé‘g?fgrf aNﬁ@gﬁ%@%?$ﬁﬁ(§eJ & &\%I t ches
as a functi ogn@fontagt inABsdrdaned Wil an MinBodimeRWE AiclRBRat iWvddiioan  enbodi ment of
the present invention. [0025] FIG 3 is an analog CMOS transistor circuit

including a ¢i¢gol) sWiriGhe ik deqh ofﬁiﬂﬂh%laiag%ﬁ ﬁﬁ@@dngqh@am@ {Pthe 1RHXE FlI G
4 is a boosting circuit for an NMOS transistor used in an LSV environnment
i n accor danceirgiits lof HIG'S rod iSrie accopdaneenwitiparegrabadimeniof thegaesent invention.

[0029] FIGS. 7a and 7b are graphical representations of the resistance Ron of the
CMOS switch of FIG. 3 versus the input voltage Vin in accordance with an embodiment

of the present invention.

[0030] FIG. 8 is a graphical representation of the input and output waveforms in the
time domain and the Fourier transform of the output signal in accordance with an

embodiment of the present invention.

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



[0027] FIG 5 is a boosting circuit for a PMOS transistor used in an LSV
envi ronnent in accordance with an enbodi nent of the present invention.
[0028] FIG 6 is a set of timng diagrans illustrating the inputs to the
boosting circuits of FIGS. 4 and 5 in accordance with an enbodi nent of the
present i nVENAGA29286 0029] FIGS. 7a and 7b are graphi caPCTASREFRRIHL i ons of
the resistance RON of the CMOS switcH of FIG 3 versus the input voltage
Vin in accordance with an enbodinent of the present invention. [0030] FIG
8 is a graphical representation of the input and qutput waveforns in the

time domal n @mmtwe teIinelegy oray st ueditsrely ﬁ%r CUVERIENCS] B9H Alarity; aBe &y Wince

with an LnvddM&nt i on. DETAI LED DESCRI PTI ON [ 0031]
The det ai I ed escri pﬁ&g{#ag’% 31?02?{%6“% T{ow in connection with the appended

_dr aw ngs ' sawggﬁnde&gcw ggﬁgggﬁs'u% 81@1119 is o ﬁ a h%f@]?q}ngﬁg;%uﬁgcntbhgﬂﬁr esent

i nvention I's n 10° represe ments 1 n which
the present ihowesthin@fof prey abeteghnimbd ﬂﬁld.vhlﬁamhy babmdbmwltﬂaseglﬂdmﬂ\d()ﬂ this

di sclosure is provided nerely as Ie or |l ust ratlon of fhe, present
i nvention, aRPSERSIPREEHIN ?F@i‘%gs‘é’él“ﬁtq éc eé‘%@f“f BEPRYET [} &Y @?el%?igad‘ralog

advant ageousNxuss, pRIOS rormeghﬁ@@&éd cm@csd%@drhﬁg to %sf%tﬂateg @ the Hedskites

specific detalls for the purpose of providing a thoroug under st andi ng of
t he present mrwéwm te. vaiegeaethe gateswof INMBE teqmpsigioenis mgre@wdsbe’ & liaghisudlei n

the art that t resen ratlce thQ cific

details. In % (H% t%%%%ﬁ?c%m ’Fﬂﬁ%& PI%B S"égdlé%\% gé]\%/ﬁlia(r:l t%g%gﬁaggﬁom in
bl ock di agr agn theghtes Bf PRICKE fraiisist@y & GecedasaaiUty mgmgh@u@osmcﬂa@m t@endbethpr esent
i nvention. Acronyns and ot her WO 2006/ 029286 PCT/ US2005/ 032064 8

descriptive MOSEwitoly Oﬁﬁ?tebﬁ,f‘)%@du% EPY- 1 Shesebrpetsd etoliaeear@ax ParlPYy and
are not intgnded dQ.eld Tt dctg\é & re| a%n\taE@bfaQY@cHt iBfctioh ﬁi@mﬁt@%%lﬁl ock

boosting schenme®i’'s intro Cl rcums es t short com ngs
of prior arttheemtmniuqmmsofamuaMhﬁyoksumagvadumrmbwbssneidteww:th kigh geta | valtageMos
transm ssi on@ es i.n analog circuits. The schene nmay be applied to a

vari et y of a ]8.61’011 transistors.

[0033] In one embodiment, the gate voltage of an NMOS transistor is maintained
between the values Vpp and (Vpp + Vpp/2). Similarly, the gate voltage of a
corresponding PMOS transistor is maintained between the values Vgnp and (Vanp —
Vop/2). The boosting of gate voltages in this manner permits for sampling of an input

signal through a full signal swing (e.g., from Vgnp to Vpp) even for supply voltages that

are less than the quantity |V, q i, Pl +V, ,,,,,)

[0034] In the illustrative configuration, the circuit in FIG. 3 represents the CMOS
switch to which the concepts of the present invention will be applied. Specifically, the
value of Pnmos is boosted in one embodiment using the boosting circuit of FIG. 4.
Likewise, the value of ®pmos 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

Venp 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



NMOS, PMOS, or CMOS integrated circuits. According to the principles of the
present invention, the voltage at the gates of NMOS transistors is
increased by a magnitude sufficient to enable a MXS switch to operate
properly using LSV. Simlarly, the voltage at the gates of PMOS

t ransi st or W0i2806@888eased by a magni tude sufficient to eMfaBVBNRHBE264/0S
switch to operate properly using LSV. These boosted vol tages may be | ow
enough, however, to avoid injecting a forward bias into a junction di ode
and to avoid the introduction of reliability issues traditional |y

associ at ed wiepiasanteghin FEG ol s &%@wmpf t‘éﬁM&:WfFF hehesmiasbeen @CTSP@%‘B]‘ In

one embodi mepy eofk\? Ekex D{’i/ggﬁe 9,\}8@8 %}M@@ chb @ Ha8dd0n e ﬁﬁﬂcﬂl%ﬁ*)ﬂ%@&s

bet ween t he Vaiu8s' o arly, the gate voftage of
cor r espondi nig JigM8F the aaqaus:hexrts pssediy mtlmbﬂmydlsb\msmﬁén comductaateiefsswehiB0and

(VoND - VDDY 2) . .The boost i : e vo es | t his for
sanpl i ng of Wit |‘tﬁdﬁﬁx‘m§§"gﬁ’§% Q,fm 3 H‘ﬂ"" V&i § éhe Wlﬁg?@z 06%?(5?1’0 VG\D
to VDD) even.dQficidPBE MmYéPllmggﬂ‘ameﬁésmv@rfﬁm{ £58ué bevint e GUaWintyvdys . J +
V,n . ). [0034] In the illustrative configuration, the circuit in FIG 3

represents tfex EMS Vi tAghVing: Mnbdh(kthé’nﬁbﬂé’@piws traesigercY Wnturmisrpfent i on
w Il be applied. Specifically, the value of CONMOS is boosted in one
enbodi ment  uSomprringepl 00t ok Go i touplet KO | IGC. 4, it isiappyreriethatt the boeting of

DPMOS i s decy E%Sﬁgg%#%f ﬂ% ﬁﬂ%sb s%vqfcé 3p§to faft! 0§1dl?ctaﬂ: E %r a?bné:elr 931"10% of

é} e, .
represents gt Input’s 560s I'Nng Clrcui n accor ance with

an enbodi ne sent vent.i rior to

enbodi nment s @ﬁ)sﬂ g@&%?r{ﬁprg?epg &‘f be ?lv"?—rl @%fﬁr&n%stor \%Qze g’rf‘e in
FIG 2 the agy@apé apgss as decedeedo Wivalie 2P Msivs atkanVed). thenm@s:mzrmarts to
techni que of the present invention. Note that, while in sone instances in
this speci f¢®§uqtmhemé/1a§sﬂn;e (\VGNE))D&) end reaches agmanimumornluesvherddn oY bo.

sinplicity and clarity as be anot her val ue. [0036] Pl ot 200 shows
a graph of tﬁ@nE%W&LI&QtaQ‘%OfOHQ\H@dQ 3ol HdnofIIE- ds itals appsyent B BE DPPRENE nput

vol tage Vin %ﬁ%ﬂ*%gﬁﬂg%é “{?3’%?3 %t@ltn 367 to'bREin SYhducing a2ABAY Rpurdd1V.

2006/ 029286
[0038]  The superimposition of plots 200 and 202 in FIG. 2 resuvlt in plot 204, which

shows the resulting conductance of the CMOS switch defined by transistors 300 and
302 (see FIG. 3) as a function of input voltage. As can be seen from plot 204,
throughout the range of Vin = Vgnp to Vpp, the switch is always on. As a result, the
signal Vout at capacitor 304 can be sampled using ©2 at any value of Vin. In addition,
the switches 300 and 302 can be changed to different states to close the signal path or
facilitate some other desired circuit behavior. It should be understood that the boosting
method according to the present invention is not limited to a switch incorporating a
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 Pnmos to a value of Vpp + (k X Vpp) as



represented in FIG 1, the gate (DNMbs of the NMOS switch here has been
increased to a value of VDD + (k x VDD). The factor k may be chosen based
on the particular process in light of the requirenents posed by
reliability issues. The conductance of switch 300 is at its maxi num when
Vin = VONDYOHSMEVRI6 unlike in plot 100 of FIG 1, the PEGHHICYHHIE of
switch 300 renmmins positive froma valie of Vin = VONDto Vin = VDD + (k X
vDO) - Vh,. At Vin = VDD + (k x VOD) - V,,,,, NMOS transistor 300 turns
off. Conparing plot 200 of FIG 2 to plot 100 of FIG 1, it is apparent
that the boaweyipwply deshabrs. chgonasis Trmves IMEIS Awngd Re SOEPehY be aofe Pomauct ance

for a |onger @ﬁ{eg%gm%%%' ﬁtéangs{as&g%a%)/ (i)lfkﬁﬁ. R0 SREARETHS, &%é%@@h&h@ﬂ of

PMOS transis tage VNMbs is decreased to a val ue of
Vorm - (k x tvoBistorsT4GNnaids40d; PBOAS shapgisterstd60 anddbbcandwiapacitginCin vind cn.p - (k

x VDD)), and_reaches a nmpxi num val ue wh Vin = _VDD. mpar,in | of 202 of
F1 G2 b pl B Soramapiae pEcapscitr 1SS iR o Oy, ab® el SRR 6P e Boflore
enabl es the ENOR spiedNo3@e sberchefithinGiBE Y06 ian@ thé dehih @MaFantibtBr 408/ 0lth age.

[ 0038] The superinposition of plots 200 and 202 in FIG 2 result in plot

204, which Bigs, thhsowres tdrmingd ofoNMG Easistast 495 andciiSears worplpd eeVimmed by

transistors 3 nd 30 I f I i ta As
can be seen ‘Fgl gen%%f)ls%lfrcczéﬁén %ﬁﬁhoﬁ(mﬁggg)&aﬂ?ﬁgrsﬁggéé& 3?6 @{endogﬁté/%%)g. , the
switch is al gy sf aansishs 400 &sedupledt toean BipgnsipnaValetignited dpfabi t Diie @4 ofan be
sanpled using '2 at_any value of Vin. In additi t he sw_tches 300 _and
302 can be c‘ﬁ‘aﬁ’é@ﬂ‘“{’%lsdiofl?léﬁ?%@ %’P'é‘.tsé@a{]@)eslﬁnﬁ@@%?%ér@ eI Of rapsisters 4s
facilitate Sé}fa_f‘eto@tah@éoug&alts qf ifduk Sighdl RaBAOH1_B.t TROBL O AfuLBd ey, pod
that the boosting nethod according to the present invention is not limted
to a switch andch3 homay beigengrater] mpiomermbadiseatsNyosandarhdipital degic RagHEIOr t he

boosting schene_.as_described.herein nmay be equally applicable to nore
el aborate s Xstoﬁtiwﬁbe aﬁi%‘ﬂgrrllimst% Mnd anal og circuits, while remaining wthin

t he scope of pr nt .inventjon.. [00 The i ng schene_ac ing to
the present ﬁoh‘sﬁ_nti %ﬁgnéu)s raelé‘?ﬂs_{m ﬁm{‘;\‘"t gﬁoé?fn?%baﬁ’sg%%r el i% ﬁﬁ
integrated cCigvirbhrhert iaiccoflaBEWite Ul eRBSL bkt RIROprewnt MYeSionWTRe gittieach

i ndi vidual switch requires its own independent circuitry to function

proper|y. Thef bopgtingicaeitp k0 isrip gexrease Her wius, of erwey &P Yienp tadeluerwisse cases

to be desidngq Y% BRSFoub &b Orhd REdCHAL iff ¥ ES may be coupled to the
node @pmos, and hence the gate, of transistor 302 in FIG. 3. The circuit in FIG. 5
includes NMOS transistors 502 and 508, PMOS transistors 500 and 506, and capacitors
Clp and C2p. The bottom plate of capacitor Clp is coupled to Vgup, and the bottom
plate of capacitor C2p is coupled to the source of transistor 506 and the drain of
transistor 508. The source terminals of transistors 502 and 508 are coupled to Venp,
and the source terminals of transistors 500 and 506 are coupled to Vpp. An input signal
designated ®2_b is coupled to the gate of transistor 500. An input signal designéted o3
is coupled to the gate of transistor 502. An input signal designated P1 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



[0040] FIG 4 is a boosting circuit 410 for an NMOS transistor used in an

LSV environnent in accordance with an enbodi nent of the present invention.
The function of boosting circuit 410 is to boost the value of (DNMOS to a
val ue of VDD + ;k x VDD) as WD 2006/ 029286 PCT/ US2005/ 032064 103%r evi ously
descri bed.“‘ﬁn’é’“ﬁ%@“ONNDS in FIG 4 may be coupl ed to tRel/Haye 3 and
hence the gate, of transistor 300 in G 3. The circuit of FIG 4 |ncI udes
NMOS transistors 402 and 408, PMOS transistors 400 and 406, and capacitors
Cln and ctn. The bottom gl ate of capacitor_Cn is coupled to VG\D, and the
bot t om pl at éhéﬁxﬂé@rﬁmﬁl\é@ clogh bP@SU%GE?‘%PftEJGtﬁé“BGBWd@ deseribed i VsV 406

and the drai egtermnals of NMOS

§e oy %%@i%z‘lﬁﬁ 18, 03405hd 83, b LG/ SAIGSS

transi stors are cod the source term nals of

200 i < coupl Ao adie %@93.‘“8‘?%0? e éﬂa% Bé@?“%‘ir B8 P Eh e HRRahg o1 o

402 is coupl @plyds®n BIGS. At 5o Ohab aﬁl@ybg,rrastpechv@@ ’ﬂfhse;sgsa&c&splmhedwhas@Stors
406 and 408 are coupled to an input slg(ﬁ |gnat ed 01 b., The in ut
signal's (D _iB2ctoee (highiy this chamelf)- an geherBe eernat Yorms t‘éﬁﬁ@ﬂﬁr‘f‘%’f@s
standard di r £ ROWidnAl 80CsiRh that[ 0041]
FIG 5 1is ag%%zg%tslh‘lgghg? ?{(ES;:;H £n?O@f g)rz Y %ﬁ/gls){%m?rtgn g%ﬁor uéed fDE %L%rllfhsat

envi ronment ©A_laisdow ddmoevenilZhs h]rghemt)lom \fﬂmtof@ﬁ_bmumic&a@mclis tq) Ywenin thn The

function of b&gcﬁln |rcutt 10 toderaset%é apgl %Dlﬁe

VD toa v arTETe SR Sihs Koy b EHRERERY HE SR Re Llork PHEGS Oovs
in FIG 5 mayvided 6PURA Al i edifiRiedntHdR] SRAMDS as gideinhe FUG. 6. "Wh@ats is adtive
transistor 302 in FIG 3. The circuit in FIG 5 includes NMOS transjistors
502 and 508, (hmbﬂasthﬁrtamﬁaé%?fs‘:?@e@toaﬁwer @eewd%@waqa%q Doves FES. 4rfdZp. The
bottomplate cjt.0 SyCo nd pl.at e of
capaC| tor C2p |s cO %"% Lrht eH tlg \sfg%lré{géé ol %:Rvelg EBG gﬁgt{%ﬁ@ lc?rgL?n of
transi st or SGfposiEhe @bummetsammtmad Qledfottbmaﬂ&assoﬁﬁh g0G. anhehds0% &il6.53oupl ed

to VGND, d th ¢t ls of t t | ed
Lo VDD An | BSOS AT Vet Nar derHe G Bt bRl (o | HeSRIc G B ©
transistor 5@@ bot%hnlpmeht oS CONTFIGH@S 60 TBAFRS 5) die @ﬁua{eqokot%ﬁm ve,t,ga of

transi stor 502. An _input signal designated 01 is coupled to the
respectively. This latter operation will transition the voltages at ®nmos and Ppmos

v c2,,
.
WL +C

P np

(FIGS. 4 and 5, respectively) by a factor of , where Cl and C2

represent the capacitor values in FIGS. 4 and 5. Accordingly, the boosted voltage at

C2n

4] G. 4) will be equal to V,, +V,,| ————
nmos  (F1 ) q dd d’d]: Cln+ Con

], and the boosted voltage at

Clp
Clp+c2p

Demos will be equal to V,, ~V, d{ ] (FIG. 5). Note that the ratio

Cl1+C2

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

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 k 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 Ppnos due in part to the boosted voltages at the respective



gates of transistors 506 and 508. The input signals (DI, 02_b, and 03_b may
be generated in sone enbodi nents by standard digital logic circuits or by
software as known in the art. [0042] Shown in FIG 6 is atimng diagram
of the states of various input signals - nanely, 02, 03, rDl b, 02 b,
and 03_b WO HgpWafdance with an enbodl ment of the pr ESEMBHIEBAE on. Each
of these digital signals may be toggl 12d from VG\D to VDD, and may be
generated using standard digital |ogic techniques, by softvvare or ot her

nmet hods. The behavi or of. the empl | ock..boo CII‘CUIt of FIG
4 and W0 2008TES BRIt Do FIoUS @L KRS Bty ERERS Grstien
boosting ci regpthér, @fis E:laﬁ caniy bd 31%@Mhm1yd%gﬁﬁb1@&dhdnrbdm;@Wd0®1th tHa:elemE&
signals 01, 02, 03, gb (2 _b, and (3_b own in FIG 6. [0043] The CMOS

switch of FIt@t @amwtmebx dmrtém@gdm PBY/S RERDdi YGIAEONNIBe B7FS, @PNIDSXISHNE-| GS. 4
and 5 to VONDR,, respectively. This is acconplished when 12 is
active (high |n hIS exarrpl e). An active (2 couples (DNMOS to ground via

tran5|stor r.esent e. site of
si gnal Jﬁ@ﬁ]t haf OBS F%“&%W@%%%SS’P “ Qgrfoémﬁ&éﬁng Icg{/?/h{\;sa "uee%f (2_b
coupl es t ble an@ 5\(Oletetiink F)@I‘forﬁwh&mﬂa@ﬂiga@f atabldsl cmt tie [Sises ofithé hese

enbodlnents the sanpling clock phase is divided by two and i s designated

by (1 and 3113'513%Wéwﬂul switches ap, raghdpe-03nplsmgpied \As iapsistprgewity h ?JI at es
of capacit Ora§so@fa88h§ond‘1‘&v%\lg%rw%§stgc§f vﬂ}lptw@%xéé:ph% ofAth@”&EaiS ’S‘I.Vltél'?%.gggn't vely)

are charged to V ively. Note that opposite
to (3. At themphmgecapacr G heFIﬁ)tEL oAz pbtad eboef, thEe2ideq] I-‘lechAs) uggddn ©er (6| GS)

are connected to VOND and VDD, re Sp ct durin 2 and 03, _
T oo s R Rt T Peogrines U RV sniteh p ik FeB0s et WE e et o
VDD and VO\'Qmulﬁ@ﬁﬁQ@TalO@j Mm G’M@s ﬂn@&dserhmeérahu@srom lothet E@NmidrérO MO

vol tages at cNMOS and DPMX>s = ( FI GS. and 5, respectively) by a factor of |

vddx C2"' P prm&@a@e%@n@ate@hthgsw@led inthe@Br esent the capacitor val ues
in FIGS. 4 and 5. Accordingly, the boosted voltage at (DNMOS (FIG 4) wll
be equal to [Q86]+vdIGCIhis, a graphicak raprsentatipnvef thegiesigience Ron of the CMOS

switch of FIG. 3 versus the input voltage Vin. The simulation changes the input voltage
Vin from a value of O to Vpp, and calculates the corresponding value of Ron of the
CMOS switch. In FIG. 7a, the gate voltages of the CMOS switch are boosted. In FIG.
7b, the gate voltages are at the regular supply voltages. Vpp = 1.2 volts (circles), 1 volt
(dots), 0.8 volts (triangles), 0.6 volts (squares), and 0.55 volts (asterisks). The
embodiment in FIGS. 3, 4 and 5 is shown to be functional as Vpp is 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;, Cl1;, 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
3xvﬂ% . 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



Cln + Cn 1)PMos wll be equal to Vand -Vdd C2p (FIG 5). Note that the
ratio C2 d p+c2p C1+C2 can be used to determ ne the desired value of Kk,
and the ratio can be precisely controlled and is substantially process

i ndependent. [0044] O her circuit techniques using different methods for
creating rwPi2B¥/Ry86 generate the factor k may be cont enfiITAVRAISA3HE ar e
within the scope of the present inveltion. In any event, the factor k may
be controlled to boost/decrease the applicable voltages in a nmanner which
is small enough so as not to place excessive voltage on the gates or other
termnal s ofalinpy pasfeetc Avenr whetesk®Y sAppigaghes 4he)dhre Yalugs &F |tegyifdyyidual
conducti on qu&gg i nput signal over the entire range of VOND and VDD. In
addition, whilTe "sone | eakage may occur through the substrate term nals of

the swtche nec t.o the. gates and, (. dye.in rt.to the
boost ed volﬁgg at gIP8§E@§F%38m§§¥§%%%$%§gﬁgéEE%#;%E%%B%Tb%gﬁ%%ﬁg12
term nal s, thdvefdreakagee Vildel ddneuis (ft | graphyl Sldothk Fondier ahfsémin dththe smiti ng
operation. Further, this | _eak,age may be substanti al I){ ne%l i gi bl e when
conpar ed wi t¥enehdragaeneglomatt, SEMtg1spNoc B thissymylatien. (RGP HETYE RBIPOES BF v
voltage at t ' XloSel DUHITES - i, DU kst hNg
HSPI CE have Jg(gcé{gﬁ%qglré?c rnedgafj@i tlr?gsgﬁetﬂe cl rccﬂ????%p%?%na, ili??J &'ffts%rﬁ l%éjt§ %

det er mi ne pefHor Tenspphvailtage sdfgelnfind afulbhigred swingns pleeidpd frposkwoltito t he

simul ations,, all. switche real. Li.e.. in§nplene . transi sfors

with the as%géf?lgtg&l ﬂglné% Q‘é@? %Wé@f%ﬁ@t@ﬁ a\ﬂﬁﬁgfﬂﬁ@dgﬁﬁﬁﬁ 8§ Pg;f‘ t he
i deal swi t chriadispsee fdtios SRR ddvite AR AW CRIOS switthRiréssct3o 180 N@hedhaleee, the
ideal switch is used in order to denpbnstrate the performance of the CMOS

switch. The noneticskswides 116 chegsa to by 40P s opyripas-fepd grmis EREss PP EBess;
however, numerous other sub-m cron MOS c‘;i)rocess may be contenpl ated by
t hose skil | 8048 t heheprevioppdeseiption@f the disslosedieraborimants isapeedahiognale of

the resist ANGS g{@%’c}h %HEJ‘I‘% t@ﬁte Eﬁﬁietc{‘}'& eS{hF gléegent:%n%ﬁ{igﬁj. VatidGs mBRiEacigl t 20€

Vin. The sinu I"on change e 1 npu v
to these embodiments will be readily apparent to those skilled in the art, and the generic

principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



Vin froma value of 0 to VDD, and cal cul ates the correspondi ng val ue of RON
of the CMOS switch. In FIG 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 enbodinent in FIGS. 3, 4 and 5
is shown to be functional as VDD is |owdfed from1.2 volts down to 0.55
volts, where the absolute val ue of device threshold voltages (NMOS/ PMOS)

is appr OXiWB%{qéé’lai&eﬁz}-m' ts. According to the principles of the present
0

i nvention, e ratli et ween Cl ., Co, C P, and C2P may be optimi zed in

order to obtain a relatively small value of RON of the CMOS switch, which
optim zation will depend an . the specjfic pr s utilized. and the supply
Vol t age. usba | hCEHHEE PRSHE I HOEPTp S AR CVIGS Retiph [88Y i Ihereng

si mul at i 0rb'ircﬁi'i‘QHH'i*gneH'Q.Wﬁg’SEmb-Hft@orbﬁ’r@éetsﬁ,dhe\/&ﬂchﬁlﬂﬁﬁ% de1tape o R¥GREV3%d/0% The
RON of the CMOS switch s shown for boosted and for regular supply

vol t ages i YonNBl @®priBigand 7b, respectively. In this sinulated

L STl S G g s o

and 490 K92 fo% qua S. "As can be
readi |y obsmiogaskifch estprising & PMOS @ teCVNMOSVgite unuspul Win bitBar @@pit ouguppl y

vol tage does not work 1n center regions of rail-to-rail voltage when VDD
i s |ower than afirst bassting citcyifyvssparateyromgthe Byl transistar@nd pauplechie thoddUsy

schene is : / 4 . ere
oV appr odinedy e YoReRR b bty i dafcindriafl BBl REROBE I HERAT T,
8 is a grahbNsDS papbedenfuaititp (Vef+ksx Ngb)ah respornse sudetaving firstefmokingnd out put
waveforms in the time d in (left. graph), and the Fourier transform of the
out put sisgsﬂ&f& mragt’&ewgﬂa CQBIRESSS 2 fi"g%f te)gp@ﬁ%)ﬂ. P byt e rst papapURriT I for
ilTustratiyg purposes, the clock frequency is chosen to be 2 Mz and the
signal frequency is chosen to be 20 KHz. The supply voltage is 0.6 volts
and a full si gnskomsliaostingscipnid\sepbaate fromrth©OPMEISt tsansistor @ndbconpletido thel and C2
(FIGS. 4 ) _are set 100 fF and C.(see FlI 3)..1s set, to . The
hopect rat oS, feSHant Badling proldresins Eiiepudtampiac i ana 6 e he
ot her  nongg véitagaht (AP MEIRESat@bELhe GeaRIR (DR, 48, BinRedPbnse to receiving
Spurious-free-dynam c range is 90 dB.
second clocking signals,
wherein k, comprises a factor determined in part by the second capacitor ratio;

wherein the factors k| and k; allow sampling at Vout for values of Vin from Vgnp to Voo.
2. The circuit of claim 1 further comprising a sampling capacitor at the output Vout.
3. Thecircuit of claim 1 wherein each of the factors k; and k; substantially equals 0.5.

4. The circuit of claim | wherein each of the factors k; and k; is further chosen to avoid

excessive substrate leakage.

5. The circuit of claim 1 wherein each of the factors k, and k; 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 forming the first capacitor ratio used in part to determine k;.

7. The circuit of claim 6 wherein the second boosting circuit comprises a third capacitor



[ 0048] The previous description of the disclosed enbodinents is provided to
enable any person skilled in the art to nake or use the present invention.
Various nodifications to these enbodinments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other enbodi nents w thout departing from the spirit or scope of
the invention. Thus, the present inventdon is not intended to be limted
to the enbodi ments shown herein but is to be accorded the w dest scope
consistent. . wth the pringj s.and npvel atures disclpsed herein. Wat is
cras e | <A g agRg o 635 55 asef GBI HY BB SRR swi t ch
for use |n(an integrated circuit designed using a sub-mcron process, the
circuit using vol t age sources of VDD and VGND, conprising: a CMOS switch
conprising a PMOS transi stor coupled to a NMOS transistor, the CMOS switch
conprising, a R i@ tput Vout; a
first booggtl ngﬂH(Fzgl%r“gﬁ}lE ?fdsepara rg%f r@ﬁ{ﬁl‘bﬁ%ﬂ&%&aﬁ&d@?&a{%ﬂd coupl ed to
the NMOS gate, the first boosting CIrCUIt providing a first capacitor

rati o adapted to. boost the voltage at he, NMOS gate g} the q uantlt%
(VDD+k, X %/DD)A Fhictieiopbepsting 6‘815%%){ Wlﬁgesqu@§M@5éB’k‘Flh T ugt WBReeaidr ei n

k. sub. 1 Cgcfﬁgﬁl'tﬁ@s n@dﬁﬁﬁ QEutP{i'ﬁc%ﬂ‘%B@eq Ik AL v ﬁ}{g %ﬂ%g@ shitke GAPGCIHOr ratio;

and a second boosting cTrcul arat’'e fromt fransi stor and
coupl ed tcN@ﬁﬁ%oMﬂﬂaﬁggate t he second boosting circuit providing a second

capacitor ratio, ad to.r.educe & voltage at the PMOS gate by the
quantity ( VGND §i8na a\?%ﬁ?mprﬁs“i‘%%dﬂ’été“ 8" PURY vi ng second cl ocki ng signal s,

wherei n k2 conpeMeRssvitchashféd QQE@&%\a‘PSﬁh b&twé] ﬁhe Byput BRI the6EPGL; capaci t or
ratio; wherein the factors ki and | ow sanpling at Vout for val ues of

Vin from VG\D & lpostBiy cx@ultmear@nerfmm the §MQ@S sitahianf gpued tocgape dfghalgMES
ereln

| t. .\ou
catb of % raREE bebestind AituebRBtisNE Rurall of Brsfipls S kaisg s H i BT T O
claim | wheiiity of 8sfaciedrs Ish;@nﬁ EDioSDolst tirndlthgt dt Shef gdatd thed fa6ROE @ vuavoi d
excessi ve substrate | eakage The circuit of claim1l wherein each of the

factors k,Suifienkte qll@wrsemipﬂeg ofcthe getputifer valus gf the input between Verp and Vop,
wherein the factor k is determined in part by the ratio of the plurality capacitors.

10.  The circuit of claim 9 wherein the gate is a NMOS gate and the boosting circuit is
configured to boost the voltage at the NMOS gate from Vpp to a value of (Vpptk xVop).

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 (Vgnp-k x
Vbp).

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.



excessive gate voltage values. 6. The circuit of claiml| wherein the first
boosting circuit conprises a first capacitor CIn and a second capacitor
C2n formng the first capacitor ratio used in part to determne k,. 7. The
circuit of claim®6 wherein the second boosting circuit conprises a third
capacitor 15 Cp and a fourth capacitor C2p form ng the second capacitor
ratio used in part to determne k2 8. 1%he circuit of claim| wherein VG\D
is substantially equal to zero volts. 9. Acircuit for boosting the supply

vol tages ofg a HME S\ - i N j 1 i it. desi gned using
a sub-m crf06r'1 pr ocegg%fﬂgﬁri?&g%%ﬁ %%Wuﬁgﬁ\}/)%%@gﬂggteggﬂdrt%eerrggbt[ and VGN\D,
conprising: a signal path conprising an input and an output; a CMOS switch

l ed t h i gnal t.h bet the.i . th t : b ti
irourt, sbhar ACORRBAREHE eI NG degapidd v erREM S "the. o
swi t o, t NEcHBBRBY | ADbstifiLitcuRBRIbHAh gh upleti Yde! ircRpaRARAR, LM the and

transistors, a ratio of plurality of capacitors i's configured to boost
t he vol t agistegtatedisircghivsingry paveéractros ofkV sooand Meabempsisihgi ci ent to al | ow

| i f th f or. val f.the i b Y VI
wherei n't e 1 L00 RIS rRRT B b Yor bt S, 8 R ap R ey B 1
capaci t or sinpdt§). The, ferst )IMJS @dnsistortpdb &;EL, the difgp@adnd al sscahd VIR treé € and

the boosting circuit is configured to boost the voltage at the NMOS gate
from VDD t&steainputs; adirstcapagiipn-¢ourizdity the putputrand teVcenii t of clai m 10 wherein k

substantially f%g%dscag%étor }&pleﬁhst&!ofu?pl& Lnd,ﬂg tﬁ:ell%igg) 9 wherein the gate is a

PMOS gate and oosting crrcurt is " confrgured to decrease the voltage
at the PMOS gaid scbidPMUGEantistoaconledeo ik nd3L M kand a sWEABY of the thilee gater cui t  of
claim 12 wherein k substantially equals 0.5. 14. The cjrcuit of claim?9

wher ei n th’éP‘Bﬁié@fiFﬁ@OEs PNMOP trapsgtericonrled W benads, Yoo anghie gecond gide thige val ue
of the boo%tt@iq gate voltage is determned in part based on a ratio of C |
and C2. 1 TPle circuit of claim9 further conprising a sanpling capacitor
at the output of the signal path.

18.  The boosting circuit of claim 17, wherein the three gate inputs are configured to boost
the voltage at the output from Vpp to a value of Vpp+(k xVpp).

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

20.  The boosting circuit of claim 18, wherein the output is coupled to a 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 Vgnn-(k XxVipp).
22.  The boosting circuit of claim 21, wherein k substantially equals 0.5.

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

24.  The boosting circuit of claim 17, wherein the three gate inputs are controlled by

digital logic.

25.  The boosting circuit of claim 17, wherein Vgup is substantially zero volts.



16 16. The circuit of claim9 wherein VG\D is substantially equal to zero
volts. 17. A boosting circuit used in integrated circuits designed in
sub-m cron CMOS technol ogy, the boosting circuit conprising an output, a
node, three gate inputs, and the integrated circuit using a power source
of VDD and VGND, conprising: a first PMJS transistor coupled to VDD, the
output, and a first input of the three 6¥te inputs; a first NMOS

transi stor coupled to VcNp, the output, and a second of the three gate
inputs; a first capacitor coupled to the output and to VG\D, a second
capacitor coupled to the output and to the node; a second PMOS transi stor

coupl ed t ¢ RemdiRstEfor Mdtin@Pdle FolBGELITA moshaxttmrtlaecy@§sw1tcnreaa;ﬂed gRd a
second NMOS transistor coupled to the node, VINO and the second of the

three gategnahpath sompingT¥ia apdYout ang inalvding a PMOScgata and eANMRISegats, thet he t hr ee

t t ty € | VDD t
2Vl ue. of VTS RIERLAAY DSy S RAAG o vk dRRr teeh Hifiledlield TR 1
subst ant i adebnjgntfznuahtSnﬂchn CRADS 1 'Ehm%hagqsmb ngtkrotlrccmptﬁsm)gz b@b?_nglalJ;Bltagmfmhel n the

t put at e .o tc e. boo
cireuit ordde ﬂat%@%ﬁ ﬁéaltlwf%ogﬁY R b | EBRATISGLR Baror o
decrease tRerhiel dPfartly 4 Rt %‘[ﬁﬁﬁf&' rJtn'le'i@tﬁ'(&berﬁ gle@h){@b‘s'@'lt@ﬁ a}'{@@:réagmé(y

22. The boosting ci rcwt of aim 2 wherel n substanti dal |y equal 8 0.5.
23. The bomélagm*gxlmandetMes gatediom Yam) twlae/akucnf Vben-thatxpldno). svhewimpked to a

PMOS gate of switch. .24. The boos circuit of a wher ei n
The t Pree Smpdises aiarier iemiisd s b B mponqAagrigr fﬁtlﬁ@fs&'nﬂz’ﬁom#ﬁéﬁ%su ng'
circuit ofgsglcRi Wheldin (N84 8Isk, YD drScivsdish eiiwl@dahbpllﬁg apvmlow& thé tange2éY:

nmet hod for boosting gate voltages of a CMOS switch SW tc% coupl ed
to a sign%in figm Mewotepficsi ng Vin and Vout and including a PIVDS gate and a
NMOS gate, the CMOS switch using power sources of VDD and VG\D and part of
an integrated circuit

27. The method of claim 26, wherein the factors k; and k; are 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 Vgyp 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 each of the factors k; and k 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;

NMOS boosting means, separate from the CMOS switching means, for boosting a
first voltage at the NMOS gate from Vpp to a value of Vgnpt(Vpp X k), wherein k)
comprises a factor determined in part by a first capacitor ratio;

PMOS boosting means, separate from the CMOS switching means, for decreasing a
second voltage at the PMOS gate from Vgyp to a value of Vgnp-(kz X Vpp), wherein k;

comprises a factor determined in part by a second capacitor ratio; and sampling means at the



designed in sub-mcron CMOS technol ogy, the nethod conprising: boosting a
vol tage value at the NMOS gate from VDD to a value of VDD+(k, X VDD)
wherein k, conprises a factor determned in part by a first capacitor
ratio distinct fromthe CMOS switch; and decreasing a voltage value at the
PMOS gate from VG\D to a val ue of VG\D- (k2 X VG\D, wherein k2 conprises a
factor determined in part by a second d&pacitor ratio distinct fromthe
CMOS switch; wherein the factors Kk, and k2 are chosen to enabl e sanpling
at Vout o e range,.of n fr D to VDD, 27, The, ne f claim
26, wher e:{Fﬁ’u{ eff%f PE“&““*XJABMW QY hefepsrcfron Nsyeip Vep Pﬁsﬁis &E%

boosted vql fapngs at VDD and VGND to avoid degradation of the CMOS sw tch.
28. The nmethod of claim 26 wherein VG\D substantially equals zero volts.

29. The nethod of claim 26 wherein the boosting the voltage val ue and the
decreasing the voltage value are perfornmed by boosting circuits conprising
switched capacitors. 30. The nethod of claim29 wherein the val ue of each
of the factors k, and k2 is determned in part using a ratio of two
capacitors. 31. A boosting circuit for boosting the voltages at the gates
of a CMOS swtch, conprising: a signal path; CMOS switching neans in the
signal path for providing a Vin node and a Vout node, the CMOS swtching
means i ncludi ng NMOS and PMOS gates; NMOS boosting neans, separate fromthe
CMOS switching nmeans, for boosting a first voltage at the NMOS gate from
VDD to a value of VG\D+(VDD x k,), wherein ki conprises a factor
determned in part by a first capacitor ratio; PMOS boosting neans,
separate fromthe CMOS switching nmeans, for decreasing a second voltage at
the PMOS gate from VG\D to a val ue of VG\D- (k2 X VDD), wherein kz

conprises a factor determned in part by a second capacitor ratio; and
sanpling neans at the -8 Vout node for sanpling the Vin signal over the
range from VOND to Voo based on the factors k, and k2. 11



