PROGRAMMABLE CAPACI TOR BANK FOR A VOLTAGE CONTROLLED

OSCI LLATOR [0001] This application clains the benefit
wohRogriovi4si onal U.S. Application Serial No. 60PEDTSIBR007045

entitled "A Thernonet er Decoded pacitor Bank for

Coarse Tuning of a Voltage Controlled Gscillator,"

filed March 29, 2004. BACKGROUND | . Field [0002] The

present invention relates generally to circuits, and

more spEROGRAVIMABLE CAPAIGITIOR memﬁk Vé)LTAGE
e

capaci tor bank for use in a voltage contro
oscillator (VCO afPNTRELEEPQSCH.LATORackgr ound
[0003] VCCs are an integral part of many el ectronics
circuits and are particularly inportant in
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4PS AMBESCOMAE CLHREGMELS Mallon SE9BEE! L Vel Y. VOOs
are also used to generate clock signals for
synchronous circuits (e.g., flip-flops). A wreless
device (e.g., a cellular pEor@ in a wreless
comuni cati on system ma? QIUNDpI e VCOs to
gener%tei LO signals for transmtter and receiver
i rcuitt ‘5‘/ and clock signals for digital circuitry.
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L oDt IOl IR PARY 18 SRR fidmBle Bocifically o a
Bimtally prpgearomable caparitiol htmloforfuse irt heoMd comjrolel bsfliator (VCO)
fg{a(gn%ha nom.nal design value due to various factors
RISECIESUIRLi ¢ conponent tol erances, integrated
circuit (1C process variations, circuit conmponent
aging, and so on. The oscillation frequency may al so
dhangBadkgriongdnor mal operation due to various factors
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frequency i n order to oper esire
faceljossiilor (TOY sigmalsnyed by gensthitteh end/@Ceivef absydtems e frequency

R ek (o ik Beab EPari e HOIORETnEAY LAl geerate clock
$igBalY @ ShRRBOGE %{r&ﬂﬁdﬁ\!g,} ipancpd) T 1L vARIEK divile (e.g., a cellular

tuni ng range to cove.r t e expect ed devi at |.on In
pheie) Inag Wireleds eapuanuigatiimesysismampy efiiployeniltiptedv €@o taegenerate LO

v a, Wi de _tuni range.may degrade phas

RS op TS i o St b e ety
[eoodpm fA &IIE iCHypidally dusibhednsd dp&;awat@sgpehimt@équéhw a specific
and is a paraneter used to describe the quality of the

waep 1of fregpengiegnalhe frequency of oscillation for the VCO may deviate from a
nominal design value due to various factors such as circuit component tolerances,
integrated circuit (IC) process variations, circuit component aging, and so on. The
oscillation frequency may also change during normal operation due to various factors
such as temperature, power supply variation, and so on. The VCO typically employs
one or more variable capacitors (varactors) used to adjust the oscillation frequency in .
order to operate the VCO at the desired frequency. The tuning range of the VCO refers
to the range of oscillation frequencies achieved by varying the varactor(s) across the

entire adjustment range. The VCO may be designed with a sufficiently wide tuning

range to cover the expected deviation in oscillation frequency due to all of the factors



[ 0005] To reduce the tuning range requirenment, aVvCO

may enpl oy a programmabl e capacitor bank to aid with
woheosadgest ment of the oscillation frequency. PO®US2005/007045

capaci tor bank contains a bank of tuning capacitors

that may be individually switchel on or off. Each

Rl Mot P adwdVer, £ HMEERntdCra88E inhdyald Qakef %@gy %Bfs¥ performance.

when swi tched on. The tuning capacitors typically I'?ave
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eppesitgpee forrtwarndiacent disssee stopsl Wathdhimary Weightedomgnimgreagsoitors, the

|.t.or . ba i ncl udes ltiple tuni,ng el ements. |n
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owipdedt 6fi.s Andage Pagatibh aidS icapdRitakRU Bﬂe?éj dall &Sthplicate frequency
The pass_transistor is placed between the two tuning
adipaenidios thendCO e degrade phase aeise periormaneannect or

j nn ' . m_cenmon _nodes.. . For a

FloRe o reer? 3G REE h HEE i B E R PRy ¥paitor bank tha
capaovite improved pdrforinancedr @ VOB BAG otheveirq@sal (or

unit) capacitance. In general, the tuning elenments in

the capacitor bank may have the sanme or different

capaci tances. Each tunin urther includes at
| east one pull-up transi gtlmx{o provi de a high
fpoa3| VolA aggitdiF piddearR@dle ! EpaSitGt Bﬁnkarl]ﬁq%i\%% bécgi;i‘ls beBfnance is

s%l | -down transistor used to"provide a
fribegeherein. (The ppegsammablasapacitor baitkeinoiutes mhkiplauhing elements.

| enrents in the aci tqr bank e arranged i.n a
R, SRl 5B AR empRlotoe n ool BR @paigrs and a pass
fratisReS @picd BESHRE! | The BhdCHarkistort isnﬂaéédOH%t%teﬁ% & 08 tuning

the | adder and going toward the other end o
Gapacitors pad horaRiPh do eslestieallyrragnnentu or rdisaoinnest bthe séapgcitors from

"or.e ing" i.ng.el nt_ _havi,ng,the sane ON .
5o eSO ldilOnSLATE R, ! B BT cBhcon o
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tlbmel ow. . The thernpnmeter decoded capacitor
e capacitor bank may have the same or different capacitances. Each tuning element

further includes at least one pull-up transistor used to provide a high bias voltage for the
pass transistor and at least one pull-down transistor used to provide a low bias voltage
for the pass transistor. The multiple tuning elements in the capacitor bank may be
arranged in a ladder topology such that the tuning elements are turned on in sequential

order starting from one end of the ladder and going toward the other end of the ladder.



bank and the | adder topol ogy can provide various

advant ages over a binary decoded capacitor bank.

wpQOBAp43he progranmabl e capacit or bank descri Be®/US2005/007045
herein may be used for various C%rcuits such as VCOGs,

tunable filters, digital-to-analog converters (DACs),
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i ke, reference characters identify correspondi ngly
R0k and wherein: [0010] FIGS. |A and | B show

fanasty

CO ' . exenpl ar .
185 oo B PE3map Bl ool dfbatlc UMD TR RRY Bt foF various
ciapdisisuch ab¥0O0s, FAAbR] fildrG. digitdhewsala bbﬂdrd@&rse(lﬁﬂ@cgﬁ and so on.
i t.hin the progra bl e capacitaor banﬁ; [0014] FI G5
rQYS asppgs SptemRodimENS b the 1eYABEER Aeeicserdiedan further detil below.
programmabl e capacitor bank with tuning el ements
arranged in a | adder topol ogy; [0015] FIG 6 shows a

tuning el eBRIERDESCRIPTION OFIEHIDRANWINGS' S:
L}%gm] FI GS. 8A and 8B show plots of capacitance steps
9hualTheyiesturss @nd hapre of tha présentnipmettion widideedente more apparent

itor . d.a hi d itor bank; :
SR o0 e B0 UG Akl Bty BERN R AR 1 comariags with the
diawigs. inDFiéh UL feRpéde Rhbidtekd Qﬁﬁii@;r&ﬁ'ré’éﬁéﬁinglg nthroughout and

"exenplary" is used herein to nean "serving as
whetsi e, instance, or illustration." Any embodi nent or

hon rq r el " | ary" is not

ﬂ@gg]gsa%ﬁ%g' 112%@%@08%@}‘8%}/@%%%@86% ed or
BOVHNt adlGLE slower ancéxeaib e OMIDSBIVES dediglesi gns. [ 0019]
@ﬁfﬁo w%¥ be .inpl emented with various designs known in

ar t FlGohghowse pregiagmaable eapagites bsukst abl e for radio

uen ( . ' suitable.f .
G o PEink Sonft bR, B Br R bl 35 i Banic
9614ler FHGESe SnOids e7TRemidr7Casiney famd efdo@ienBOBE a programmable

exenpl ary VCO designs are descr.i bed bel ow. [0020] FI'G
ﬁanacﬁﬁ’aﬁg%a“fﬁgﬂam %&mamégﬂamﬂeéﬂna lagder topolomyr a first

0B310N. FUER dRfsi tahingefentt i i o
l?10 ]and ar esonzgt or t gnk o P?%%?:bhéf%ﬁ%@%‘ﬁgf ga%l&&g’
[98h4los e H1GS. & anchd shaw pidOofmagacitanexijtesst akdl qality factor (Q) for a
tﬁ%%iao%'lettgrrdecl:é&d c’.’)tlgg:?ttolr &k and a tigar}g%ecoded capacitor bank; and
[0017] FIG. 9 shows a block diagram of a wireless device.

DETAILED DESCRIPTION

[0018] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other embodiments
or designs.

[0019] A VCO may be implemented with various designs known in the art. Some
VCO designs are more suitable for radio frequency (RF), some VCO designs are more



el ement 110 provides signal gain (or equivalently,
negati ve resistance) needed for oscillation. Negative

woesissieace el enent 110 and resonat or tank ciredriusi®se/007045

coll ectively provide a 360 phase shift needed for
oscillation. VCO 100 provides arfoscillator si gnal

biRble RAVIERSaRoh WAORTRO! &md W%@ﬁ#nsogn Provide Biter phase noise

oscillation frequency f osc is determ ned
peréatornogand yo by. Sorec exchoptegn¥€0(dspigos aientdsmibed bLBEy.

ioLoc dRE3R pNSS e BRRER 0TI bufihill esien. Voo

0@ eHcABe b g réé'i&aﬁ&relan&ﬁqqo%d%%e%hato‘{%klé%un 120, which
i ncludes a negative resistance el enent 160 and

rSe@mwlS@d of am fndsictor U3 anden adiistablé Qapaoﬁmbb@j Nbgairve resistance

180 .and ad ec a ors 1
KRR Jio DS B U IoF SRBRhY) Reettndiagate pecded for
6§tﬁlﬂzﬁioﬁn Q&gﬁ@@&ﬁsﬁaﬁée asmbhﬂ HIol . rewﬁﬁk Itauﬁ diR&itILBRGBectively
el enent 160 and resonator tank circuit

ETiﬂVld@c‘i 3087 ?hﬁﬁeoih‘l@ acedrsl frraepeillatipn ‘ﬁ@@db@ provides an oscillator
mn
Bl CRL AR ind BRRB Ak} eddy EE RVl APl ooy o s

dﬂftelrnmaf.rh pr&lomalahﬂfb bynitie ifdyctase Khpof inducigUuaoi @ﬂ thd keapacitance

M] FILGS, | A and )] B show two exenpl ary VCO desi gns.
1CARRES ’@11450 ay boepuessedesfor the VCO  For

sinplicity, FIGS. I'A and | B show only the basic
circuit conppnents of VCGOs 100 and 150. A VCO
typi Ca’le? des ot her support circuitry to provide Eq(l)
bi asi ng, (}trency control, and so on, which is not
shown in FIGS I A and IB. [0023] VCCs 100 and 150 nay

' Iqqgﬂ i RV r i .
B@r‘z ;l]gﬂs I r}%gﬂgg‘és ? ec tfga(lﬁg@r sugﬂga\zégoiﬁﬁgggan@c?@d design.
Vel 5@ iictieles amegﬁn@mh@ﬂamﬁﬂl’éﬁ)mt 60p@idad rgsomatdd @Ak circuit 170,

hiian pormpost eE 11 ingPior S50 S U e EEYOrs AR 236 197, Negative
fegﬁ?aﬂlze ElefFent2 G@%Wd@s HERE % ‘fes%t%&% @C%ﬁ fg]béé?@aﬁ}%aNegaﬁve

IS an exe esi

reslstav&)emﬁ@at lﬁ@laudi gssonatoe gaﬂq mecullei;"i(s balﬂmo&vdbrqrmﬂﬂe the phase
an res ank t 120a,. which are

Q‘% r 8$° at. tfsqléqnghémls fieigrmmad predominantly

l\ifﬁfé%hféﬁ of Rblctsl TR Mdd oliﬁ&bltofseﬁg@ﬁﬁfd' 1‘99' % sth'nF %ualtlén .

Oa may be fabricated on a C. 10025
[qQézbnb(ﬁJGﬁehA andolih show WG, exzmphfeyg M@Q @esigss. s Othrer elesigns may

r anS| g(h thfs\ldgﬁ gﬁg PS8 101t§f,vi§ﬁ}§ ghan g‘?b%aé“‘l}%@aﬁc circuit

@cﬁngfcmenmwcm 10D @dCIB0! 0V CEPHPERIY tludek SHIF Qi}ﬂ)ort c1rcu1try to
coupled to a node VOt , and its gate coupled to

EFP&}dﬁ bigsingy feaueneeonrodiand 5p ARsWEICH is TtGhowa in FIGS 1A and 1B.
@gg%]lc € %@é ‘fé’o %ﬁ)d W flﬁ?tbesiﬁllf)ﬁe%?en%e]dzm x;atn%ug m%mqers and fabricated

ed to a no
with various IC process technologies such as complementary metal-oxide

semiconductor (CMOS), bipolar junction transistor (BJT), bipolar-CMOS (BiCMOS),

silicon germanium (SiGe), gallium arsenide (GaAs), and so on.

-

[0024]  FIG. 2 shows a schematic diagram of a VCO 100a, which is an exemplary
CMOS design for VCO 100 in FIG. 1A. VCO 100a includes a negative resistance

element 110a and a resonator tank circuit 120a, which are an embodiment of negative



+ ut , and its gate coupled to the drain of transistor
210a. Transistor 210a forns a first inverting

wanpisihsxar, and transistor 210b forms a secondPCT/US2005/007045
inverting anplifier. The two inverting anplifiers are
cross-coupl ed such that the output of one inverting
FARIdclb BleniRHRLG Snd Cosbiiftor AR ekt 156, RLARHVIRVETFIGNIA. VeO
amplitier and W represent a
dOWﬁnmgbeﬁ&hcmndpnm(ﬂﬂOSGO 100a Current source 212

| des_ bi as rr.ent f r tra ors 210a and 210b. .
REL ) Resd RS efboime: it if Pook Tefitn fobcpeleint 1102 i
k y@steerof&%@N-@mﬁﬁémbbe{mmIutaﬁgls&mmataaamaﬂonaﬁﬁgkor210a
a programmabl e capacitor bank 250, all of which couple

has pasairdeetoupied tbet sument somoees2 N it¢ dudin @oabldd-toud node V,,, and its
I nduct or 230 and varactor 240 nay be fabricated

gate chiypledto thepdreimeott teahsigior 216kt dramslstari210bibas its source coupled to
conponents | nductor 230 has a_center tap that coup

eyrent sowies 254945 draiprspupled fp npde Mawsanghitn gaieepupled tb the drain of

R U Fe B B o S e B30 o 2100
fnRBRbdhd ﬁl@erﬂﬁ% bﬁlﬁﬁﬁ&s CFHelt@'B '11‘i’srérﬁ §ﬁﬂﬁl‘i‘ﬁé&s El‘ércréégeoupled such
100a. Var act or be used account for

thet darcoatputief pne @tu@rtmg maplnféﬂn@nsles rfo ttherprpud ofitles other inverting

poOweL Su pIy, nd sqQ_on, and (2) trac the i
poghliEn cyods Wor BN dORESCEY g erevé% 02363%9021 Current

SORFEAT proYdes Plg S8 Foabeiatl Sftacnd Al of o0 "

a | t BN ABH t4rRUSIritM 2R ist sdthp&hed TS iRHuckP30, a variable
a [ 0027] Programmabl e capacitor bank 250 may be

a@nagmre(dalianton) X6 emcta Bltogpagnmd)le/ ganaciiercbank @50 adk ¢fownch couple in
fre ncy. of VCO acj_t or_ hank y be us
grallelncbb ?tW@elil em rmanaé@ A oqui ]ing\‘ﬁéﬂ‘i %§$ pd vagctse 540 may be

éiageq“@' ROprY %’ﬁ@%@ ﬁhas EeRb S 2 BeE L0 "B Sior 230 has a

gédtéela fthat%ﬁ RS it0d Jowadld a5, OTP@W&f BB proPRIcAth MEnsistors
fre ueﬁcie bangs A c%ntroﬁliﬁpéy 2%0 provi des a% L-bit

ab(?f«’t psl 250y il ingpator 230.. Viardcgar wp@é}’ tbgradiystad wsed on an analog
8%@ 3 |¥°1t?§% lto cﬁo?a?r% glehdésﬁcgeéslcﬁﬂ?% ﬁ%qﬁ?nc 'fér 98@@]@0 qu‘actor 240

mer ous gns rmay

hhg HéGised kR ct) Rboddidorcfrafienésdof dubeo VaRAHERY il tegpebture, power

| emrent ed
SIH;[i)ly, and so on, and (2) track the input frequency of a received RF signal. Varactor

240 may comprise multiple varactors, which may be coupled in series or parallel, to
obtain a wider range of capacitance and thus a wider tuning range for VCO 110a.

[0027] Programmable capacitor bank 250 may be adjusted in discrete steps to vary
the oscillation frequency of VCO 100a. Capacitor bank 250 may be used to reduce the
tuning range requirement of varactor 240, which may then improve phase noise
performance. Capacitor bank 250 may also be used to select different operating
frequencies or different operating frequency bands. A controller 270 provides an L-bit
control signal S[1...L] for capacitor bank 250, where L > 1.

[0028] FIG. 2 shows a specific CMOS VCO design. Numerous other designs may
also be used for the VCO. Each of the elements of the VCO may also be implemented
in other manners. For example, negative resistance element 110a may be designed with

different circuits than that shown in FIG. 2.



in other manners. For exanple, negative resistance

el emrent 110a nay be designed with different circuits

woheos/ kst shown in FIG 2.[0029] FIG 3 showsPar/us2005/007045
schemati ¢ di agram of progrannablg capaci tor bank 250

for VCO HOa. Capacitor bank 250 €onprises a bank of L
TgeNo1g eFRTED LowslPcheliate ok b1 % Hﬂk@gpa%itmﬂc 250 for

10 i's controlled by a respective control” signal
fW¥h1d 6at Cabhator bagk 266 epmprises alban,k ofLL nuﬁaghlemnisrﬁQOa through

310.i ngl ud es tunln ors 312 314 a
SO Rist i oG b SRERR besiee ST Bt et fom
icBn®&lldr 250 2R Herb et wWaen E‘ 0 (Eﬁh Wihig eleMenr310 incilidBd Rfling capacitors

capaci tors 312 and 314 may be i nplenmented as netal

i3 and Bt anétaalN-M@S/passatpmlstcmﬁ% #Hhof whichrme somlecBnﬁsenes and
| ace the ddle of tuning acitors 312
e e&ﬂdilog%?e &84 3% a LHRE FRPAGUQS fﬁ%grané |3éétm4yclaq mplemented as

coneetgr s Wﬁ%\f?ﬂaﬁﬁ% ERa r’%ﬁ?%tg‘i 15" 8040 55 middle of

\t@hhglu@aamﬁm%hﬁ 334 agd @?@rafé@%§ alsdiRB it %ﬂﬁer%le@tﬂ%ﬁp connect or
swi tched on. Pass transis 316 receives the §[x]

clisconmect Hiegn ahpacitats toffedvh ewder W), sald| ®5, .t Withahkis configuration, a
transi stor. Wien pass transistor 316 is enabled, the
sliugmal Yretaie tshiiag) ghistsu atrags pmsatra‘msmtcg 310 vded Stitchied on. Pass

%r gtg%fg]%céwgsstg %f)aam %ﬂ 1%}a ECt % bﬁﬁmﬁl%q:ass transistor.
W d}bﬁ‘s r@fsiétbeYLERCShabled Wﬁ@sih@@lapaﬂﬁ @330dh fAingt &9a01tors 312 and
enbo

ment shown in FIG 3, the L tuning el enents 310a

2/iT as:gtosed,(mdaﬂlesa ogpaeites taeel cortchtetl Hetwesrehedes V., and V_, and
decodi ng, which may al so be called |inear decoding.

diyectl %ﬂ@@?ﬂld@@bﬁﬁmml oY e§ Wapaci t or s 312 and
h
i1 2, 050 B MR LS 058, R D000 o

QHONm@emﬁlérﬁeﬁmlﬂﬂﬂieﬁﬁomaﬂﬁ@béoﬂﬁﬁge w&helm xﬁa@abﬂs@dm élidd linear
the total tuning capacitance Ctotai g oportional to

1 tbﬁmqmﬁﬁt@rgde@p@ﬁsnmglngrwpaql@r m@d314[ Hozagh of the L
gn }{tsqﬁgg %engamec &xﬁ?%ﬁagftﬁlcé]o%{t ngac% Uement 310 thus

emsnt ave capaC| ance O

tp&pa@astthe sardd 2imiag daBibithndeowhdn enabicde lapdeing to'ﬁa]l&bni\r@ Waplacitance
e. capacit a ce, of 2Ct and so on, and . capacitors
gﬁ@ms RFQPotiong ’qod:];le PEFHP?FQO dyaRg ﬁltements that is enabled.

[0031] For binary decoding, capacitors 312a and 314a for tuning element 310a
would have capacitance of Cr, capacitors 312b and 314b for tuning element 310b would

have capacitance of 2Cr, and so on, and capacitors 3121 and 3141 for tuning element
3101 would have capacitance of 2™ -C;. For binary decoding, tuning element 310a is

for the least significant bit (LSB) and has the smallest capacitance, and tuning element
3101 is for the most significant bit (MSB) has the largest capacitance.

[0032] In general, the L tuning elements 310a through 3101 of capacitor bank 250
may have the same capacitance or different capacitances. For example, the L tuning
elements may have individually varying capacitances. If the capacitor bank is used in a
VCO, then the oscillation frequency is inversely related to the square root of
capacitance, as shown in equation (1). If the tuning elements have equal capacitances,

then the VCO would have non-equal frequency steps due to the one over square root



3101 woul d have capacitance of 2L~l Cl. . For binary
decodi ng, tuning elenent 310a is for the | east

weigsihsxaant bit (LSB) and has the snal | est PCT/US2005/007045
capaci tance, and tuning elenent 3101 is for the nost
significant bit (MSB) has the | argest capacitance.
kAL BRNGHAE ele&ﬁb%téqnw 8L 6931 gﬁ&mgﬁ aifﬁe}% PRS0, to
3101 of "capacitor bank 250 have
eetpens equakizequencli Stérérfehﬂleéé@@c‘uthathcwstumﬁg relemeatqal e

I i dual.ly .vart
10BaL, « o Sl gty PBYS i ties biie eiichie) cifpprents for
h%ﬁ’arﬁﬁiﬁbl@?c@pdcht@f bak 1302 QUERE Yirbiitry THEHiSShY aff k&{tﬁ)@hﬂg%he pass
the square root of capacitance, as shown in equation
trapsistexs is pet shown igFEF.Srent s have equal capaC|tance3
th 0 a equ S e
OB, "G M A B 5 R SRt R iR may e

etcdnfonteschafthbd. desigeledetts 3104 itlirbegie Bt o1GANAG! Ba”}ﬁﬁﬁng element
t o achieve equal frequency steps for the V
3}(?7?1 maldes tHRiAg ﬁgp@ﬂtel?ﬁe%l?éi aIECbé masﬁ wpnsision &1 6x, which are

shovvs g t he ba onents for

BBl SN S HerBh BBt VBs oV RTing et GO e
H’I%?;‘f&%'e@ Feclfts 3951 bl yoald o &3’%&%%%69‘2' Sicha 3PeR 8ha 324x have

daagrdcoupledatotthivmguied Kifmeter 326X andMitiechthertehdidu gﬁ:@% the source
for .each of thf L tuning el enments 310a through 3101 in

ghadran, TespRetHGYe O Rasstiransigier SAex.u e pass &@S@Kﬁé&ﬁx oy used as a
Steh, Fsord ot o ééﬁtéﬁﬂﬁi&%ﬁlﬂé 3)83}' éc@l&d% ed as simply two

coupled i n series an et wee
dhannelgtemhipaisrfor i @ranbigtor.h Resistoed B@E;SaﬂdESM&t moHeids I)EQSmg for pass
S|stors 22x and 324x

RISt ot B BBk A teceip et ST RonBp! TR Ard Anggggsisiors 322x
anBihe Toe!3eE) RAforaupRl 8o RviNGe %96& ro?f)%s%rfﬁngﬁrsﬁg B16x.

respectively,” of pass transistor I nce
[W&gkl stlomigldsmens 306e dp@tatea as fillowls, When the lSI[)C]&Oﬂﬁ'dl signal is at

AT NN 3 -

Mesi&tIV6S ahd F¥siAbk ?&@ﬂ)ﬁmﬂ rﬁlk@?e MR crIGVVf p?sss? Pass transistor

transi stor 316x. Inverter 326X recelves t
s dyrned gnaandatmng chRestorseX2s tand $142 ase samtchBQ rxbetFlaen nodes

tpua%gﬁ? Sper Condsrtely w@esatﬁerghlveﬁgé gk 35@85@8§§yf°’ah@gate of pass

e S trol nal,..s a
il MR i %@%ﬁ“‘t 15 St nSPLChr B ERE 258 +04 7o 322x and
EBZ4X| #2€ atClogicgﬁlgh s tringsidol ek iQfurhddVeTT gl tuﬁﬁ@&aﬁ&‘i‘tors 312x and
resistors 322x and 324x are at Ioglc low (e.g., Vss)-
Fdgsarerfonsing tapd isked out of medeonV,, samd Mipi erhe source and drain
capacitors 312x and 314x are switched in between nodes
jyoctions of pass transistor 316x are reverse biased when the pass transistor is turned

off. This reverse bias voltage ensures that pass transistor 316x is fully turned off and
further reduces parasitic junction capacitance of the pass transistor in the OFF state.

[0036] For the design shown in FIG. 4, the source and drain of pass transistor 316x
are biased to logic low in the ON state and to logic high in the OFF state by resistors
322x and 324x. This biasing ensures a low junction capacitance in the OFF state. One
pair of resistors 322x and 324x may be used for each of the L tuning elements 310a
through 3101 in FIG. 3. For a binary decoded capacitor bank, L may be a relatively

small value, and the 2L resistors for the L tuning elements may be fabricated in an area



ut and VO t . Conversely, when the S[x] control signal

is at logic low, the gate of pass transistor 316x is
wanodsagsa7l ow, and the out put of inverter 326xPamaS2005/007045

resistors 322x and 324x are at |ggic high. Pass

transi stor 316x is turned off and tuning capacitors

%13 2&‘%@1’%1@3 é&é o & T Qad.l MbwaRer, Wink fh6d aoﬂéiau%lgnlg%%svalue for a

. The source and drain junctions
ttheamgmsteo de@zﬂ@d capaitoebanks eTly 2ls aekistbrs rwalié theassquire a relatively

nS|stor ur ned s f.everse bi.as voltage
WREE Pl e alel B8 16 St el RSP i A e gy for using
ﬁuihém{dxﬁ&érdeeﬁd&% #afodbadk.C j unction capacitance of
the Eass transistor in the OFF StahanmL0036] For the

n sheswpanknofd Guming elamrentsodiQact 181 mayfbepergidigured in a
3 ON
B ARl SBAS b Pl g

82 2natdelindPdbquential srder saitihg frons urﬁist eidloF'thd 14084ria88 concluding at
capacitance in the OFF state, pair of resistors

839500459 95 dhe ]r"?ﬁ‘}ﬁfb s BEy Wgéé%ﬂerm alier?@all’_letki) @nnerged in order to
ShAIER A A0 O b BOL 2LIETA o st s

eco capaci

5§|tlﬁﬁ‘ng @l@ﬁileﬁt!ge}@& t&%ﬁgﬁkf’dﬁsﬁr@ﬁ% 'ﬁl?)?n thet f o &t &@ﬁ@&d%r may be

be fabricated in ar eao easonab e Sl ze on
nrm@ti en, didwesenond lseniesyofbtuaing eleherits \BéDytHr@I@%MaJ ﬁmshmg at the

f d d t k. The 2|
siond en 6 (B 4SE mek oF Bigord S TPl cleguamis 1105 g 310 are adjacent
tP edAbSth&rad R fhﬁyfb@ dn§ &Hie§ oRMkL YORhA ré&geco(%eg@ndlﬂg bn the total

area penalty for using the thernonmeter
@Hlptlﬂﬁapmﬂabamﬁmm[ 0037] The bank of L tuning el emsnts

) 0oy G N0 R heat PR Bt G oafainlf agsior bank 250s,

twiechlis bl Bﬂntdlﬁieﬁﬂ@ﬂ’Brﬁgiiﬁhéblé?ca@H@Wr%ﬂnk 25 FRfor 8T 'H 02! Capacitor
order_starting froma first end of the |adder and

baytkc? i aegpaitsesa be@l@ﬁﬂngangﬁlenmtﬂ %]d)@éhrouglz Sh@lthat are arranged
b o BOTRL ” PR R Bl B3R HRe s “BhrciPrs §1p ana 514

BndarNAVIQIS past tridisistort S16aldof Whith aseédupledah séritdiand between nodes
el ements 310a through 310i starting fromthe first end

O taind Yad dEwning gapacigorsildenddri4 andbass tremsistor Slér foe sach tuning
of tuning elements 310j through 310L finishing at the
glemgAidd Eﬂaormsp@%tq, a8d @perﬁwnbtbe {SemnA @Ay as, Tumng gapacitors 312

S A A R 0 0P W Sl A

[0039he tRok ahe temboﬂgnmmo'whamcmcet 81 8ich [R@RBEleklelt 590 further
a schematic_di a%Pam of a progr ammabl e capaci t or

h
| %xgﬁﬁs co8ua. -shanenl MOS AP MBSy pwinty Brmsiviomr e §24 (which are

tb fes ¢ -

53Rty e AR LR 7) E80SASHOR 38R i
SZG)and 628 (ehiehare sopyesented by distsemciosingl thg YetteE&at). For each P-
% pgll-up %r?ﬁ?fsto? }gprlesréﬁ{ eysa E:ll#gil r\])%th ﬁlp %gigtérorp %Zsogrrég is at the

top of the circle, the gate is at the side of the circle, and the drain is at the bottom of the

i

circle. For each N-MOS pull-down transistor represented by a circle with the letter “n”
the source is at the bottom of the circle, the gate is at the side of the circle, and the drain
is at the top of the circle. Pull-up transistors 522 and 524 of each tuning element 510
provide biasing to disable the tuning element. Pull-down transistors 526 and 528 of
each tuning element 510 provide biasing to enable the tuning element. Resistors 532



and an N-MOS pass transistor 516, all of which are

coupled in series and between nodes Vot and VO t
woumisng4xaapaci tors 512 and 514 and pass transi BCOUSEDE/007045

for each tuning el enent 510 corrgspond to, and operate

in the sane manner as, tuning cagacitors 312 and 314

andl 5passupls & a Cld | -

el ement 310 i nh%mlﬁ‘}&t 50%@? %{c()lrﬂltﬁhgr% g)e t?’?rteﬁg s&HﬁésQqull P

frangsteys 5221 @abwﬂmmgtr@lmfehtheemlasunmhg elemclitl,ﬁdélsm the ladder

g R S By P o B o Vo BB P g A high bias

Ive]tdgerof‘\{ibn) aleRd thd\pmbhdimww deiM/@S taAdStbAt 2D @384 to forward
528 (which are represented circles encl osing

g’ﬁé whep the VER gwingspboyg Mpop A hlwh)élq@miltagmomcwtbarsvﬁm avoids this
| t
SRR Rl Bt 2 B U Lol e g vones

&i.gle Vef) andehe othet end amibltach&) meauonrce§ ofpullldewhatdneiRodf 526a and
each N-MOS pul | -down transistor

ircle.
55% f%g me@&%l? éertuemgcqlenmt 03 e lddertopelogy.t he

e i r t

RAVE Py et 3 opake iy oty &hntab a8 dogd iy @

fastor dorr the eapa@umt bany. thms&lusmby,sthéQZaand obhé réﬁ‘onetﬁf:fank that uses
funln &I t. 510 l/\ﬂ“ BI asing to disable the, i
}ﬁn‘faﬁgm t1S BgRF ve owh TEYOPRIOr 83K Qhepsubginyjower noise
gapb: bWet pev&! ermaty&30 provi de biasing to enable the
tuni ng el enent. Resistors 532and 534 couple to a high
[1044] vo|RI§:gé shbwag s¢hématichdiagremugs] eetutlmgtdhﬂnstb i Bpsvitith may be

it ph Bach VAL T RleieA8ke0 S8 gt RANEL 4G, ¥ ToRing clement
Sﬂnoimﬁmes ﬁhﬁn@ 'c@;bhcttbﬁsswgl éxﬂgﬁlaryaxncbeaéé%@{st& $16y, which are

vol tage | ower than V DD bi as vol tage of

eduptadsint perics Landt basweeli adédss M’f NOB | .r dhwiisg @fencnP310y further
and 524 to forward bias when the VCO sw ngs above VDD
imchidgh twe sMRS pabapotransistars 582n aV@ESerVCﬂndSthﬂ\TSMOS pull-down

(ISP PSR a3 RS B it conpi

ot ﬁ@fesem AUk £ dedpRctivity, SRudsCREt Bbugld! |tJF§e‘ﬁQ:W'bnd receive the S[x]
trangsi stors 526a and 528a tor the bottonifirst tuning

eqniRbsignal oyl draing Heat caerie o intspenl agges Yﬁ,@aud]vmmspeauwey, within
e !e?ééﬁir%)ﬂlfﬂéc?ﬁll a# Exs@%}(sagg 21?1 S?él){{}lave S(%.rces that couple to

e capacrt
oales &G emd Vi, réslpecthlﬁtghtEB tiek colie (RtRALAd rdeaifk tHdSYik] control

t he .capacitor hank .is inproved. The _better
?@?in%ndoﬁmpff ACPHYe (tp én‘iewal 5085 Woi 3ed My EDecHRly. Pull-up
ﬂ?eﬁiéﬁfor; 8b2y AR Yo, b8 %ﬁﬁldow%%ﬁlﬁﬁg@ﬁ? and I%g’gt uselc]ily used to

diagram of” a tuning el'enment
prowdebtahmgfand eyl thesibe ingple@hentedwith Sthah utahslﬁtughzé'slol in

Tun el nt 51 i ncJ udes tunj ng, capacitors
0bS) 2, 57od e 7, i Tieor g @ it S giion eapestively, of pass
@Qﬁﬂf&@%? forefuhRg AdHe S VRe NS, ¥ Vi, correspond to the source

and drain, respectively, of the pass transistor for the tuning element immediately below

tuning element 510y in the ladder topology. If tuning element 510y is the bottom/first
tuning element, then nodes Vi, and Vg correspond to resistor 536. Nodes Vi, and Vi,
correspond to the source and drain, respectively, of the pass transistor for the tuning

element immediately above tuning element 510y in the ladder topology. If tuning



ut and V01, . Tuning el enment 510y further includes two
P-MOS pull -up transistors 522y and 524y and two N MOS
wouabdsAadean transi stors 526y and 528y. Pul | -up PCT/US2005/007045
transi stors 522y and 524y have squrces that couple to

nodes V L2 and V R, respectivelly, gates that couple

tRgRRhD Slloﬁ’i'éjtﬁeefb?}’lyﬁ tﬁﬁ‘ﬁ itherRORlehHodsh @v@'andavgz correspond to
drains that couple to in ernal hodes VLy and
F@Sﬁﬁ@éﬁﬁ?{@lﬂ@/ﬁ%\mspeqtlmbm ng el ement 510y. Pul I - dovvn

AR e §00ef S LtV G0k 20 ol pER e SB conol

bigBslt dinbleaMehifig eRineat 510y, 2hd b 1680LIHR! d1§db% Vgra:@lament 510y. If
drai ns that couple to internal nodes VLy and

thesPlxd cruieglysigmal iy atylogicr kighi hew pyllsiomp @ﬁ@@&y‘i%ﬁ and 528y are

5 |
S 10 480 100, 0001 e e
tnabidsl pulddowh MSls{oeé)éff}y Nﬁﬂé%}ix/bhniﬁll’mddéé Rf afid 85paddogic low.
rain, respectively,

th f
RstrGs oK S04 thet CHANHARY WP BRSSO SulsRd the logio low at it
Sfcd’ affX (ﬁ' h! e*{»?@ rl‘ﬁgg& %i %nsﬂlgr%] <0 glr Qgﬁal also_dis dlsables pull-up

respectlve s transis
Ghaisgors ﬁZﬁyremﬂSﬂéb/I y beI ow tuni ng el errent 510y in the

R, (GRS, infhe SISl Samanis 2 deic Ve them aul transistors
STy @&PIMy bR élﬁﬁleatﬂ{cemes Ntc?fd 6ad Vs a808 ¥R P)gh fo¥ the reason

corregg to the source and dfain, Fespective
d¢ﬁ§1‘1b belpWanHlesQnableﬂqmlltlkmtranmtwrg 58P apdh 524yrbedg abéésyVLy and

Van igeieciiin, P Grristt Rloy Bhrsaiaeh by ERefatis at s sate and

tteelogirades aVits 306kcyRn€ Ar4iBS pn{édlo*gﬁ To®sbi® Ry S[x338n@Hsignal also
534, respectively. [0043] Tuning el ement 510y oper at es

disables puirdowmirprsgster 1A6y1ndA28he S[x] control si gnal

FRAR] = R0 B0 T ens o BB 7 o 28y
blogukrrdbwg hranbistois PR6Y atldBDSY haasy %@h&n&ﬁ@ﬁft aIbelﬁﬁﬁy transistors
are enabl ed since nodes VLX and VRX are at | ogic

P&y ek S2bngsrengbled, thea dodes Y anth Vre ﬁ@op@lﬁdplm fa hmmhlgh and
2 d
KRS R S48 Bt ohZ RO VD B8 R, Yo ATy tmen

Inmgediatelydielat turtisg elamenteiidyt l@imivelgely, if @\Alléﬂibw:nttﬁan&md)lfs{)ﬂGy and
drain he | ogi c hlgh on the S x] control signa
S <obied g ARGV Hioy e e Ed foRctogosy. low and provide

103R4blv ﬁ@:ﬁﬂ? 6% bdes YEZ ah8 8/ lr5d the ABL tg.élélg o déné ?%n@glﬁgely above

[O0gic low, Then pull=-up transistors
@naly demeit5¢@y.nodes VL and VR are at |logic high for

[0056L. 258 e R RS 45 o Iheg oA ool R:cia Hping glements are
tBicd iiseftentRA DPddr RS Rt RitomléDthe dhhas tHJé ﬁﬁ Q)'f %1: lQ&der Thus,
the logic low at its gate and the | ogic high

Boingcderaend Sdﬂa isnthe Fivet to dgi emablody t@mngreéenS[m]Slelmm 1|he Isecond to be
gna%ﬁ%' ac{ so on, and tuning element 5101 is the last to be enabled. The first series of

tuning elements that is turned on runs from the bottom of the ladder toward the top of
the ladder. Each of these tuning elements has its pull-down transistors turned on and its
pull-up transistors turned off. The second series of tuning elements that is turned off
runs from the top of the ladder toward the bottom of the ladder. Each of these tuning

elements has its pull-up transistors turned on and its pull-down transistors turned off.



di sabl es pull-down transistor 526y and 528y. [0045]

The §[x] control signal thus enables either pull-up
wonerssiostor s 522y and 524y or pul | -down transi BCDUS2005/007045

526y and 528y at any given nnnent If pull-up

tran3|stors 522y and 524y are e ndbl ed, then nodes VL

I | |
% bi aS| ng e%% HP ?3/( ggg&b@gf of ? gr (r?\é;?ff uﬁgi Gll tuning

QleptERny (if mw@emhedu&h geél&ﬂ\éﬂt SN0 BrealI QB bled M have thelr pull-down
Conversely pul | -down transistors 526y and 528y are

diapysters, tumepd @nnwb@h thﬂ_rgprawéewg@rlewmms tedheiplhdewn transistors for

Ig@%ﬁ% ?1 taflg)é/p E[gl\é ﬁudﬁ?&%f tfa ﬁ%r?%‘o@%mﬂ g a{r%ﬁfjﬁaﬁlg aré‘glso turned

fotinhd gretidomepic 16w Gyas tb Wﬁﬂnngereﬁfelnt mgedﬂ§©30¢dluﬁh§eleﬁlent 510y.
for the | adder topol o?éy the tuning el enents are
048] eq Mrivaipg ehemank S &e@lsml%ﬂnth%a%@wwl@fnepﬁe@f any) above

t
SHEE ek Bi0y 3P o) AEHIGE AR, had e bUMPTESEITRY turmed on,
widhhthes peavidest logib éiginbiab éal thegpud]-w tramsistaus cfot tuminggelement 510y.
e last to beeable The first

ene t 5101 |s t
gjé‘P gy trengistors fer bming elemant STy argralsytuped: omand prqwide logic
i A ¥R RhirdeBerh@fl dfbetyPnasy El@ﬁeﬁthlg)ge | adder .

Each of these tuning elenents has 1Ts pu
004931 stBach thomgedieroent Hify, wherpuy £1up It y tios irstedres biasing from a
turned of f. The second series of tuning el ements that

i Brepefing atvgius elemsntt haying the sews QN arHalF staérens theiviimdng element

. f. t t
Py OB Bl AR o 50Dl LERER 0N i homen
;smoy allowrotidenbiasihg s at‘tsncveddiaf’ u[rﬁﬁgﬂféﬂenieﬁt having) the same ON or

| ed, wh h
mﬁgtteeg%%ﬁ{@m{?g f%l? 7 %Qﬁag\?@%ﬁmﬁﬁ aéioekli% ﬁbg\sﬂi&/ glp@f tuning
ARnESAR). €4l tﬁﬁ‘)é’lﬁg El@?ﬁ@ntttﬂﬁ'lg Jgtgla longl omp: IIBEQE\%I bﬁsﬂ{ogsfr%m pull-down

turned 0 t hen provi logic |o las t
pahslstdm\m atprandingttmung tlementthatnig imhediidly bdloy.and ipeovides biasing

PHEASHR SRR b St Pl SRR e g Bove.
ﬁhﬁﬁ?@fenféhf fifat iy irPBRVEFE lgfaltéﬂsbc@iv%yﬁmsm@@a&n ﬂu@l%ﬁ}mmstors in a

tuning elenment 510y is disabled, then all tunin

presading Sutfing edanggnt dhajvie ltmmdmgelﬁl @m ané mgméerseblaﬂsmg to pull-up

%ﬁﬁ %I ed_and haﬁy gun'(leu i .t ransi stﬁ,rbs turned on,
o A Spigcsdine Bttt ad SRR BRIt o0

{60505 StPIG. 7&fshb%w§c}@hﬁﬂ6rﬂla%ﬂa@of ahgo B cay a01tor bank

transistors for tunln‘% el ement are also turne

aﬁQb prhigh dé apeider embadimsnt of mogrammabh erpaeifes nhank 250 for VCO

6ae°blfq¥a,§iic§} Béﬁ% 40 rla%nﬁJq%EEeQ BmﬁéQﬁ“ L thh &994%1@{%%%“5 fod s 5101

erren ecel ve

Ehaa&rm@'riﬂg@mlﬂ a ]ﬁd@i‘&dpcﬂ@gy, tsﬁﬁilnqoethﬁﬂmtvnhﬁlwm 5 hBach tuning
sanme ON or OFF state as that tunin eI ement 510
glement HHmgx be implementsd pe ShAwIHE) IJ- Ourfy ap@méqréw@% 250b operates in

Mympﬁgﬁ&gsgg%%gopgm%b ?ﬁlﬂG%l so provides biasing

to a "succee tuni ng el ement having the same ON or
[0051]  For the embodiment shown in FIG. 7A, the sources of pull-up transistors 522

and 524 for the left side and right side, respectively, of each tuning element cross-
couple to internal nodes Vg and V1, respectively, in the tuning element directly above.
For example, the sources of pull-up transistors 522a and 524a in tuning element 510a
couple to nodes Vg, and Vi, respectively, in tuning element 510b directly above. The
sources of pull-down transistors 526 and 528 for the left side and right side,



OFF state as that tuning element 510y, which may al so

be above or bel ow tuning el enent 510y. A tuning
webhersan#dsthat is in the ON state recei ves bi asPaguSe@msn07045

pul | -down transistors in a precedi ng tuning el enent

that is immedi ately bel ow and prlgvi des biasing to

5 s ’ e
PRRroENY S 2R3 TR e SRR 8 Bl EA IR V. nd Vi,
réspecdivelys timtle tvnoey slemett disdctly Hetoowm [Fot lexampple, the sources of pull-

transi stors Ln.a di tunin | enent that i
ARl SR S b T IE Bt nbfe Vi and Ve,
brEsPBSH VeI 1S tuinfh PelSMERESIDa ekt bEIBwE ﬁieea{)sstﬁgghg of the biasing
i mredi at’ély below. [0050] FIG" 7A shows a schematfc
detpenadietend tpring elements| ayprodisietcortainaadiaritagis, (e ghicase of routing
i.S anot her odj nent _of . progra bl.e capacitor bank
ﬁ%rcfe?%ﬂn %%E&P{SE%%EH%&I@%% %?)‘Q conpri ses a bank

$6052] t UNFIGL BB EdiiBi Sa SdHdMakibr akeBmbd0d frbgftandhifble capacitor bank
arranged in a | adder toEoI ogy, simlar to that shown

2A0@ vaiclsis yei @notheinerabpe tPregremmapldh eapapiiirdmak260 for VCO
H . . .
051 Il bR 25 SHRRG EhafP L 38R BRET e bronen 710

i 2td afravgetilin £mddel wpologgh@uahitinink Glendéht A10eincludes all of the
sources_ of pull-up transistors 522 and 524 for the

||
elertents; hawa iRy FIG oh excesphitor N-MQpeli-deyy tragsision 638 o Heght side.

PARIEN, BSR40 LAY ket B Yo i clomen
o theeQlarspdte, It that savey pass twhsigtot 516 fortthananiap @landn? &aalso turned

and _524a in tuni ene 510a coupl e to noges VRb
Sl 9L 1B Opiehe V. MKh Ve AP rgPRPGRBish 5G4 B 8ge pl-down
ARMGor BB SALHESAIOTbiRS tHOME fUnBS leRhfn® é%@tlg%&ve. This

528 for the left side and right side, respectivel

enbhdiment resftuedsetine munayep of pubitdoiven transistorerused torpoeideViasing for
and VL.. res tively, Jin.t tuning.el.enent directly .

Bar diEnisBR Bifaroretonfl g3fe DS s ppgner = capacitor bank
bR EGOsS 526b and 528b in tuning el enent 510b

couple to nodes VR and VL , respectively, in tuning

d0053dbnt BHa7(Qishews| 3 sghengiic didgramr ofs & -proggmntayleo fapahigor bank

kasi t ' N ni el enent s _nmay., pr,ovi
FE ARG MR Ry FRHfmb s IR pRBIS PRI Ak 25 for vCO
¢ 104 UChpdcityObidrtk, 230d! do@ipri¥es £ birdlgof Briahia® elientd PPadhrough 7121
FIG 7B shows a schematic diagramof a pr%grammbl e

e

ébaeq egsaiir 22bdder RReleRy.i Faph tuning rkanent T8 dnetides all of the
Rl ASKBATER RS IR O KOS Ay MR Ad0 vy ot i
elearahhas diikOpuli-Aown glansidod Sehan the defasidangeliedch rémaining tuning

| adder, t opol ogy., Each tuning el ement, 710 i ncl udes all .

gfemeREhas %w&ﬂqﬁé%%%ﬁnﬁlﬁoﬁé o thexagsideor Thg psdown transistors
- r - . -

b thusl QMBodE R BSinteR théﬁe@tt a0 L 1&&@@&;%@6 1434kt gpgguu-down

transi stor 526 for eac uni ng el enent i'S ena
trhndistort for eadhniyningesiementinsayi coupleetoGhe dttenel ndde dnhtht opposite side

g}a@g’t‘nﬁgg E]d'a}l{efalp gilrgcrﬂglrbe?olwq afs %flox}vrrl] ?IE Fiém}é]gFgll gxrraglr%) e, Itﬁe source of

pull-down transistor 528b in tuning element 712b couples to node Vi, in tuning element

712a directly below. The pull-down transistor for each tuning element may also couple
to the internal node on the same side in the tuning element directly below (not shown in
FIG. 7C). For example, the source of pull-down transistor 528b in tuning element 712b
may couple to node Vg, in tuning element 712a directly below. Different inter-

connections may provide different benefits for different circuit designs and/or layouts.



on, the voltage on nodes VR and VL are approxi mately

equal , and one pull-down transistor 526 can provide
woiessimg4r o t he tuning el enent directly above. PTHiIUS2005/007045
enbodi nment reduces the nunber of _pull-down transistors

used to provide biasing for passl3transi stors 516.

usagi to av RS 7TBNa s At :

capagi t o}r&S Eg%te?g%gﬂi@}r%‘? éi ?EA’ gB f‘%dog%] &l@?e@%%;ssﬁ%\i\g 3% and 536
sy dwaised taequpteatine df tuaingredementsrabdathoaghcilObto thaibdw bias voltage

5 whi ch i t ot her .enbodi ment of progr.a bl e
a0 i SE B (8 Ao B oo B3k Vppcar a voltage
tavgrthae V). bankixed nunibdnonehred e&ssiérs if hdad t @ 9Mder topology
7121 that are arranged in a | adder topol ogy. Each

tegardieps cafdhe mpmrpep of faningl elements igf theHaddsre ferntantrasto®h resistors
' ] -] - 1. I St ) .
SR 8 RSB b BOUE PR Qe 5 e

dn Strive d efibtos betmpicdnguohandre TENdie BigaGhir 4 trfkifb:e §B¥Mantial saving
has. one pul |l -down transistor 528 on the right side.
8¢ gtRamohiachieysd mathdhe lagdder topelegy singe enly dhige resistors are used.

gﬁﬁshﬁﬁé i JkdOhh g%i?&g& 16£eQfish e {1}2 ?og'%%x ta&_&éﬁynal die area used

ul'l-down transist each tuning
touglemens thé ¢harmberetealdecmiteg togid. h&hoy phs Eitére Shéitohnidter decoded

sapacipdh boBl (R R G g Siou nd S pied sewrol ogic may
B §halle it breh BEhng! c%ﬁﬁﬁfab?ell?iﬁaﬁ%l%feﬁ ctagacﬁ'tgfiﬁ?r}_%a In

tuning element 712a directly”below. The pu own
[0028ki sthour feorbodimdénts whithe pedgramntablenyammbBar bakpheétht the ladder

toBEice IR ek R Sosiog 628 o i 3 171 66, 48 TCE gfor the Tadder
RpaIvRY Lsach RdrisOHes@nidouplék lto Ql%merttﬁﬁﬁg lefelf¥nt ét? %)i%kecﬂy above

tuni ng el ement 712b may couple to nodée VR in tunin
ade T zopplegiite anethyr batingvelemient ifeany) iditcetly below. In general,

A j L OV ifferent. benefits for
GRRRE R B0 BaFanRls R i B HRGHARt G bty Atdeast one pull
i thosidtedisi used kdSprovide théhighBhiagReltade, ﬁe.tgh,r% bERWELPIO? the pass
532, 534, and 536 may be used to couple the L tuning
ErsiniaT andsatdsast pe pyR-ds v iransisiasds pesd thinaevide fiiedgw bias voltage

| Q0] - VSS) 1 Lah.bias. vol.t age .

(o3 9012 s HARHOH ) TR B, HakiulleRs KbiCefByeed for bieh
Wiading eulemsundthnt the faby eansisteriis tahsd bff. UBROplbip trisistor(s) and/or
tbadd r, t opol o%é{e ardl ess._of the nunber of tuning

P @Hiown; tngiglor(s) iy spch Pming¢lemeniicouple tpcagdgeenive biasing from,

di 0, ro LLar . .

e R RS lingteRelt  VRROTr OBl RRARL B BAKe aghiove tis
wtsrenpnectiom dior gpaneple,Ghd il cuning @ldnixants may beashsgedrinto two or more
substantial saving,in di.e area be achi eved with .
S A et SR B8y B BHE b e opl e madds fepology. This

M8PHe bdefigiabRY l4i@ut MdkbrtiRrBnGddatioRi cal |y nore than
make up for any additional die area used to inplenent

0A26]t hedhe perfenmanee ofitmexenpdiry S-bihthermorheterddcoded capacitor bank

e r_decoded capacit,or,bank .(includin )
‘%%S!E S Lg'l‘r?ésde %(%aéns? raa?%ﬁl%alr%?% )5'15{1 §TERe dé\?@S‘i 4R aé’&% Bk oThe 5-bit
thegidindi®ydecoded capacitor bank has 31 tuning elements, with each tuning element

having two tuning capacitors and each tuning capacitor having a unit capacitance of Cyg
femto-Farad (fF). The 5-bit binary decoded capacitor bank has five tuning elements,
and the tuning capacitors for these five tuning elements have capacitance of Cr, 2Cr,
4Cr, 8Cr, and 16Cr. Each capacitor bank receives a tuning code that ranges from 0
through 31, with a progressively higher code value corresponding to more total tuning



be smaller in area than a conparabl e bi nary decoded
capaci tor bank. [0055] Four enbodi ments of the
wonrogriaamaanbl e capacitor bank with the | adder tspolusgys/007045

have been descri bed above in FIGS. 5, 7A, 7B, and 7C
For the | adder topol ogy, each tdﬁlng el enment coupl es
2 SpRAMIIETA LY iR Eifespdrids M @Bﬂq

urt her coup?ﬁys tc? anot hgfqlgt ursn ng ee eaFrlgér:}[%t i a:%e/c)a ance of 0
diF (ideallyy, dndl aonwde Ivalug ofidt abrresponds toghé rgestiotap &Bﬁng capacitance of

nsi.stors ma Loy ded i.n _various nanners.

PLGE: T AP ReeRl R PR AT eaptL i eRieRt o thoiupied off has some
Béredd (Bt aéfm%abgcgﬁn&eeﬂﬁough\@@ e!b"mén@"\ﬁ‘h)ls feRbn EhE&RABS Blue of 0, the
transi stor,” and at | east one pull-down’transistor Is
semdfel thy off caacitinses mﬂ/}’b? asubstantiabend mongnegligihdy cdpacitance.

IO Pt 305 SRR iR st koo Rt ok S Bofeter decoded

pasRithy Bk Sidthel SbitWingy qetbdedTEasittr! bayR. For each code value k
transistor(s) and/or the pull-down transistor(s) for

saging femiythedugheit thedotpl @ning, caparitanes: €,y 6k bfashatgode value £ is
from at |east one other tuning elenent. Various
detgonivgd ead muptrented, Sioen the ted4li teningt ¢rpscitance C,, (k—1) for a prior
|nterconnect|on For exanple, the L tuning elenents

Artp b thenf:%paﬁwce (StaPDE ChRRgaE ca@ﬁ@ta@a@hAC(k) for that

il A A ) e v
c] neey el a (o] o a OI' a e

g%‘?g‘ﬁ%?l%?% eéqg tS?ﬁgi%%ﬁ% 1@?58@3@@%@&@& arkRCGAY:

g}@% L ﬁgfﬂkﬁﬁfysaﬁh &y t %1? nE 5 Rirt coﬁ%(’ﬁ{u\! ﬁﬁ&?ﬁl%l for the 5-

et er eco

baﬂhmrtometdraiekodﬁscaﬁdmtou ibamig Eloer&iﬁtlﬁdlcaltest fha’eﬁlel”Capacﬁance steps
aci tors and each

it QLB ERFrofoRT SEP O PRk AaLPDFiBUoor Rt 812 shows the
Eﬁﬁkﬁarﬁ@rs?éii)s (thf dode W¥ucR- 1bﬂfro@1n§‘f Yordt‘ég @%&ﬁﬂ?ﬁgﬂﬁ&éc{)ﬂéd capacitor

bank has five tuning el enents,

bagkac Pladréd 2f indicathe et fthe eanaomlwg stdpsnfontle biaewy decoded capacitor
acita 2 ACT, 8 Each capacitor

B aBLF st Sm AheodS B ueRa e JHGES RS SHPRiHS when

&k MBBL 3 stilehQDESAS oAl Y5 Bd A hd GO dRndsRtWRe as large as the nominal

corresponding to nore total tuningcapacitance. X &5

vwaeléaf@ﬁswpcorresponds to the srral I est tot al tuni ng

fRRSE - I frhinlpdsiddaBEADNY i edbufeSHing Suntfich in Sapacitance

SitpsTand i8 largpr RE thieCihary WetRI¥E l&bﬁdcht@ﬂbar&aﬁﬁh thérth&ehometer decoded
el enent. that is turned off has sonme series (or "off

eapgsiter berke The ﬂ%&@r Nhdothe birery dageded cwexmhankew%;e to typlcal

b
A6 hefh o s UL B MR ARSI St
Ehﬁﬂy&ﬁffahonvarep Itmbﬁ]k(hﬁld@th%ﬁetlapﬁtﬁa&bﬁﬂsmfthé tunivgz &apltitance for
ter decoded capacitqQr bank and the 5-bit

t her.np
BIHHRG CIFBIEBLBRF REINEESFD o HS-RT St 08 cRbIEEDeaSA or  larger
c'itQHéeO tar Pé(%i%;fhn?g of NRe t 948! tr&ﬁéﬁ‘slt&g needs to be reduced

cap ci t nce Cfotal t hat tode va
cetespondiegly cascshewitin @qtatbnf (Q@m’l’ﬂnfsqnhpbalachlelwdl’lgf implementing K
pasg %r%lngls ogsem%a?a 1 fog'& tu)unfg %Elpé?éltgntlzeotli]at is K times the unit capacitance.

However, in order to minimize the OFF state parasitic capacitance and at the same time

reduce the non-linear capacitance coupling into the resonator tank, these K pass
transistors are often implemented with shared source and drain. This results in a

lumped pass transistor having less than K times the parasitic capacitance.



value k-1 to obtain the capacitance step (or change in
capacitance) DC(& for that code value, or DC() =

waroisal434A: ) - C total (1:-1) . For an ideal caplCTtseo05/007045
bank, the capacitance step is “:{% same for all code
values, or DC(1) = DC(2) = ... =-DC(31) . [0058] Pl ot

@%ﬁseﬁﬁﬁwgfiﬂ{éeto% ?ﬁﬁin@g%??aﬁ}s}ﬁl@? cdabithied ?oﬁ’tg.!esgﬁﬁjn% element is less

t hr oug for the 5 bit thernmonmeter deco
thapdciimes thedatel (tPhing a8d paresitit)ccapeditanbafor theetuning element with unit

AR Rl TR UODE i DR Fo B R SR fiaded ppacitor bank,
&ﬁrtaﬁiin% apRIBECAR dﬁa@g trafdon &k B edsidbdaH Ihe ’s%x%elféﬁﬁner for all L

the 5-bit binar ecoded capacitor bank. Pl ot

funingcderaents, iad I{hﬁleisCtap%mh@r&n@bb@tteéps for the binary
d i t ant -~ al |
G812 £ 06 s ol P8 eHRlmt 3o SAH0 BB romency

tunéng\deid 4 earsesbrt £l dithe gidqugnch rtaming.5> The viGcn e then 8¢18R&d to have a

twice as |ar g[e as the nom nal capacitance step. [0059]
PAPRFIEANSA £ g tErRavETSdhe largest prrapitance tapeias aHlecode velues.” A large

Lo . ; o i . _
Ly T
sieco dhed vemptaciis ar nbadikear Téapatitorgthnt Dhtoriverts thassbahdaioise to the

decode a itor bank is due to. typical .
oA ORGP dPFRCesc i B G5 IR ie ¥§Oh Tpasaeral, phase noise
8ecRatiek U8 1H@8aste) WithlihErefRRAGhiallof {2801 AlYshdlinl #SFRP SA, the
area to bulk and’gate overlap) that result 1n the
laggsisheppesifrnct tstepclier tior binanyudecodededapaeitdr baok ibepprgxinertely twice

B Lt LR SE0E00 e T iy
ddcaned &dpacitdrdafs tHue réfires 8 WaRSto Eat BSOS nGt Yimed$he size as one

shown in equation (2). This may be achi eved by

forpthenthermengetrr slesedadr sppficien benk randahemdee hag ovorse phase noise

'99 apacitance that is Ktines the unit
}?:éél{p?am é<3:ler'1ce. However, in order to mnimze the OFF

H06lle pFIES 8BishowaRaslot B0 thd Guality FleorI@)DF thd B bit thermometer
reduce the ngn-|inear capacitance coupling into the

desedetheapacifoghank ppd aplet $Pastor thexQfthe pdibbinaryt despded capacitor
j I t ] S rain. JThis result

SRS alls IRORCRINES, M58l ! 8 of o
thhenqastesddcoded eqpacitdrebanke iCapmetjurrdly ¥qudl he thooiakimum Q of the

Shieiofa sbeatmank) e Haghar o feobal hormamnaie) densied capacitor
Bk 3yl 4160 infROACHHa ﬁ&s{)@érf&rﬂﬁ?ééﬂm ng el ement with

unit capacitance, there resulting in DNL. For the
[0A€2]no mét thermiwuetdedecodgherpaditor bank thus hes samé key advantages over a

S Yehlrd <AptsiOE . P B HerDleics Jecinlad BREacir b less
DRiefaftthY tieirdedecol &P eachior BEATBYhRAPAIRYysAfor use of a smaller

programmabl e _capacitor bank for coarse frequency
Yauanterg whigh ainy drmc tiegy fimprdvien phdsee noise cyerfarmiancg. TBecond, the

R R e N
baak UeBichAndybdigin improve phase noise performance. Using the ladder topology,
the thermometer decoded capacitor bank may be implemented on approximately the
same die area as the binary decoded capacitor bank, so that there is no die penalty.

[0063] The programmable capacitor bank described herein may be used for various
types of oscillators such as VCOs, current conirolled oscillators (ICOs), voltage

controlled crystal oscillators (VCXOs), and so on. The programmable capacitor bank



varactor is thus needed for a | arge capacitance step.

A large varactor is undesirable since the varactor is

waea 2006nokd4near capaci tor that upconverts basebaRdTS2®E/007045
to the resonator tank and hence gegrades t he phase

noi se of the VCO |h general, pH se noi se degrades

fﬂay%lso,ﬂeﬂﬁlécgﬁfr S8her Wpe of BEGSERLR s NALRIE FersS bﬁﬁséﬁ?d o on. The

shown in F 8A, the l'argest capacitance step rt
brogzanymaldle capatitonpardi 2l VeEhay Heagspd dont waatomsb tyesiafdC, such as

l.ar gest .£a itanc t. or .t.he thernmoneter .
o FRGRGRY ICRRRFAIGHEE AR g8 TP b Bttt sigacipr bank and
VO thiualsbebrlivsed for \iagiRl tsiinal hbceksors YDSPS), r%igﬁcation specific
times the size as one for the thernoneter decoded

Edpxeted sircuiis (A SHRD, Prepessomagoniioters, adac@nnoi se

r F . t 820 .0of .the .
R o il 2RI AR OBl Rl sty be wsed n
capasi §ystentsankd applicatiohotsulR 2isf embtiicAlid, ddiPorkindl, tcomputing,
bi nary decoded capacitor_bank for all code val ues.

OTSHIEY edectramics;, and 59, 0he The ProgrAmmableccappeitombaniaed ViIdR may be
r ITofalal-To e ' i,S | at .
LR ECER, CRORLa AP SbL spAke 1 CRRDTANSIR, Slufinly Access
GZDMA) Bystetn, gléme@ivisiont Naltigie Avoesst(@DMAY epiesin, a Global System
bank may al rove phase noise

U, ;
1581 MiobHR CanmpGanyms Al RMY ryRister ot dtdgeesd Afdlet Bhone System
) S crle I S inf Sy AR TBPSYCS fnitb Bk mmuliplo-output
GUPYO) tswstema Ak oithegoned sreghinoyhdimistomembltipdaxingd (OBON system, an

@@fo%@i{l%l?’ eqk}zlﬁﬂcgfhdi}(rmﬁgq%%ﬁit}rpg%’,\gqcfﬁ%: @:@ﬁ%[%fa §§St§lgl? lg g'il;eless local area
REWHA (WDAR), BRI, THLukETVEORHEL tHEFRYRRAMEEAdRlor bank

bank has higher Q than the binary decoded capacitor
iirelasp Pepmpaigatemisdesariped belophase noi se per f or mance.

fo1

' t I 0 t he ther,nonet.er oded
190651, | 4Gy 35S b BRE Rt B R RS oD R Ripy s for
witelessiopuAiteatRa. wﬁellagm«zyce@@oqﬂ%db@@@aﬁilér%oﬁ@%selsfénninal,
tgat there is no die penalty. [0063] The progranmabl e
T hpuissts o somaptheredsyiqeins depigne Wirelesy dswica 980 if eapable of providing

g ol | . h_as rrent
Pty KRR Bep B e B MBS Rni | c
[0066]t al Qusthe Ittaasrait pathy@Xdigital sigrd] pcesor [ISP) 910 processes traffic

rogr mmgi e c%i%am t or .bankmay al so be used_for other. )
o 82 BrOVikes a A Rl PRS0 ibISeciy ey W 820, pAidhin diegscetyer unit
Lt '

e S A 2) S o RaF e Bea T CnRo bl ulog signals
TiesaraRig dznal@harediltaredby kdilter PR4, anplificintyab veriable gain amplifier

GRS Sh8! e N0, Vo0 8 R e e Lor ol el one
AL 3 K5 i LS G SRS hein
Mo eignek fpibe ¥ (K2 030.n TiRIbsignsldd filtered by a filter 932, amplified by a
power amplifier (PA) 934, routed through a duplexer (D) 936, and transmitted from an
antenna 940.

[0067] On the receive path, a modulated signal is received by antenna 940, routed
through duplexer 936, amplified by a low noise amplifier (LNA) 944, filtered by a filter
946, and frequency downconverted from RF to baseband by a mixer 948 with a
downconversion LO signal from a VCO 950. The downconverted signal is buffered by

a buffer 952, filtered by a filter 954, and digitized by one or more analog-to-digital



vari ous systens and applications such as
comruni cati on, networking, conputing, consuner
wehewstwear cs, and so on. The programmabl e capaCrmis2005/007045

bank and VCO may be used in wrel ess conmmunication
systens such as a Code Di vision1@UItipIe Access ( CDWVA)
BYReRifs ADK b/ bi5thiRbnb ek okt Sirddhs %
ad obgl( &/sétjgrsn%ac;érﬁk/lbbi | e Conmuni caﬁ?gﬁl{slg éyﬁﬁﬁ%ﬁem(s)
sxeqirevidedito digit signdl (vobisker PRdoepSysssiam (AMPS) system

| PRosjtjoning System (GPS), a nmultiple-input .
ﬁ.ﬂ%?fpl eﬁgjbtdpgl?ovfsﬁ/f l\%fmﬁf/st{agfﬁe}% d@?’tgﬂog]ghﬁltmlgéq‘ﬂaéﬁ‘é?ver’ the
Gigith1SdoRBitidHns! 164 @éh@ﬁtm%fml pESHnRIA b%rtrﬁ&g QPRbs of amplifier,

frequency division nmultiple access system a o
Vilters naizer, lpnd &0 ony asais kapwa ik tHeNIANFIGad @nkyoshows some afgbe circuit

V! with th [ ogr .e .capaci tor bank for
%OFE%%m%%%%eﬁéf flg%ﬁi"zggéc)}l‘elg%l%l bed bel ow. [0065] FIG
P0popWs Forbihe Wnbdidafea shewvnanVkIG| Bsgardedi&eudP920 hadludes two

rradlﬂ be used for wrel ess communication. Wreless
Y&V g Fp\fopthesranamit gpd reqstysmathsaregpestivelyr M G@as 93Gand 950

.ot her i ' /1 el es .
L
BacmVOICcmby alBo b desdghadao speratepaitpedific eqemey vea psdclfic range of

0066] . On_the transm.t gat h, a digital signal .
Paveasiesr Forsmme 0V P ded sk 14 ey ibe dgsigaeddapperate at an integer

\E/Hvu?t Ilﬁ Sﬂeg%?&foﬁﬁﬂés%n&@hﬂ Befd'f the kﬁl%%%&%{&%%%o-

: sce[ver uplt 9 one or
o GhaP o SRR on SYaRR Ps) Bnd FoBP s o B MotPre

924, arDhlaf b M 824 & dRPVEIgai n anplifier (VGA) 926,
and frequency upconverted from baseband to RF by a

m xeer Ddggl Collglen8ysiere (BESRparsi fyoral1710 el §80adtlency

upcon ' [ er ne i an upconversion LO

si g'na?ﬁ%ﬁ‘i%%n@%@%wﬂ%&wsi gnal is filtered by a

filge : i1l R Ve

rouk gzl RAdegle %1 n BRIEERETNNY (B 200 badE fom 1920 to
from ab7GamEEnaad 940. [ 0067] On the receive path, a

nodul at ed_ signal. is received by antenna 940, routed

th r°ou§@%sp%§@ﬁn©§ﬁﬁtelaﬁﬁi’ﬁ) b fBgm d 57 bh i by e MHzZ.
anplifier éLNAé 944, filtered by a filter 946, and
100d8LiencYCeRAe end 879 apytheatesigred tp opestb ghubiple fisguepcy bands

i §. i 0O si [ VCO. .
BB SR P A B YRy, s
fackédlesp (BLIY 940 teiv@d4ontesldindbrgiatiod efbrR DS @10 andOp@vides a
anal o%-to- di gl tal converters (ADCs) 956 to obtain one

rer YOQ 838 to gercipis|the upqmyersionolQ signaba pimilarky, a PLL 962

RICANVESGEntd 1?%08%1%?&'#?&% ?SP%R? ?113& ?ong % @ntrol for VCO 950 to

processi ng. Shows peci i ranscei ver
gesrae theldovacoyyersdan LOrségmtei ver, the signal

fpg)?i glt glg{gggséigéyﬁqg%]pt&%for} tgéa Xisglgse%eerrrflb%rdlnrggnts? %{s p%g\?idgdr to enable

any person skilled in the art to make or use the present invention. Various

modifications 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.



filter, mxer, and so on, as is known in the art. FIG

9 only shows sone of the circuit bl ocks that may be
woed/a47si gnal conditioning. [0069] For the PCT/US2005/007045

enbodi mrent shown in FIG 9,18transceiver unit 920

i ncludes two VCGs 930 and 950 for the transmt and

recei ve paths, respectively. VCOs 930 and 950 may be

i mpl enmented with various VCO designs, such as the

desi gn shown in FIG 2. E&FAIMSO may al so be designed

to operate at a specific frequency or a specific range

of frequencies. For exanple, VCOs 930 and 950 nay be

desi gned t%nQﬁfé@ﬁie@lcﬁfcuﬁ%oﬁ?ﬁﬁﬁgff nul tiple of (e.g.,
two tinmes) one or nore of the follow ng frequency

bands & plupglity of ainiGhetemnits.aach hinByestlemer(tRGHprisigd f r om
1850 5&%2:90 I\{Hz Cel lular band from 824 to 894 Mz,
Digita FRasT Rl System (DCS) band from 1710 to 1880

Mz, aGHYRAUCHasEIEd RThS At bahaBieét Ml et I
Mobi | g Tel ecgn?rﬂg)i cations- 20%,5l (Mr- 20885%{)&;%5[%%%{@001]116“ o

disognnees tha frst gapaciterie or Gogbafirsbeernmonmode Syst em ( GPS)
band 4 070] Vi 30 _ar; .
050 nay ind3edcf cbod 66 ik AP swidy fid ongrible 1 @i o firt bias

baliehs forythe fiest isattelg aadf fi ci ent tuni ng capacitors in the

progra | e. capacitor bank. A phase |ocked |oop (PLL)
960 r %%?C{f%‘@ﬂ@b?ﬂmﬂd torthe fips sWéeh prd pp@areda prewide a second bias

PE1RAGE $55he AR Bl ah@" VCO 930 to generate the
upconversion LO si’gnal. Similarly, a PLL 962 receives

cont r wheten the fistibias voltape GShe 3¢cbnd rbdasprobiapel &8 cach tuning element
control, f.or VCO 950 t enerate the downconversion L
?ioéﬁ?éﬁ‘?d‘[’?) efﬂﬁ‘@ﬂ%?@mgeabs description of the

di scl osed enbodi nents is provided to enable any person

skilled in the art to nake or use the present
i nvend.i on. Theamtegratedreidivit afaddimnls wherditteeleatitydifmatihg clements

i1l be,readi rent to thqse, skilled i.n the art,
s sormiee GERdder BRRRS v e Py Tha peimigyordy Sarting fom a
Bipéidest thelaai&abpAoBPHIRME RNt 4o %ﬁg b'rg% e1£u{d%{110pology.

the spirit or scope of the invention. T
present invention is not intended to be [imted to the

enbodj nment-s, sk reln.but is to be accarded. the,.

Wi deg}f' scog%e %@%ﬁ%ﬁ ef Cu\‘/;[/l ?#1 ctaﬂ]é rWﬁfﬁe’@ g%r 30 Riging element,
éxeaptufor uing dllasans Bete Arstlaili Macdnd éWtsi 6Ft 8@ BE&RS topology, the
circuit, conprising: a plurality of tuning elenents,

o5l WikbAgT Biecuping clasmgnt conmies t 7 first adjeequé turting element and the
third switch for the tuning element couples to a second adjacent tuning element, the first
and second adjacent tuning elements being located on opposite sides of the tuning

element.

4. The integrated circuit of claim 1, wherein each of the plurality of tuning
elements further comprises

a second capacitor coupled to the first switch for the tuning element, wherein the
first switch is operable to electrically connect or disconnect the second capacitor to or
from a second common node,

a fourth switch coupled to the first switch and operable to provide the first bias
voltage for the first switch, and



a first swtch coupled to the first capacitor and

operable to electrically connect or disconnect the
woizoest1oeapaci tor to or froma first common nodeCTAS2005/007045
second switch coupled to the first switch and operable

to provide a first bias voltage for the first swtch,

and a,tdH Qyigy cBﬁ;%}e& Rk ?ﬁistgaliﬂéﬂ &nd b§&5b1§ m %ﬁb}(ﬁqge second bias
operabl e to provide a second bias voltage r €

fvoltage fonihedirst smmdhwher ein the first bias voltage or

t he second bias voltage for each tuning elenent is

obt ai ned via another tuning elenent. 2. The integrated
circuist of Thb #tB3rated \MiBHIRbNCIRINE 4Py HERN thy sQonll URd Bhrth switches
el ements are coupled in a | adder topol ogy ang are

&ragsic duning glesrent evet ¢iipledrides setreg anchg diraioymeapdctively, of the first

of. t lL.adder .t opol 0 an oncl udi ng, at a secon i
SRS ot A | BHAE <:B88) B8 =% Tt oaipledy i s Safre gt o drain
edspedtivelV, f thetfiest @ivich r a@&a@{hcbﬂ}tf‘rhﬁlﬁ% elepfvRnt . except

for tuning elenents at the first and second ends of
t he | adder topol ogy, the second switch for the tuning

el emegt co e ' uni ng el ene d .
FheTeR! U Bigh Aol PhGF L APRTS Phob LS ShE TR v
fromohl tadhgekatent ur cugpRidanentourédgnd & 1dsdin aREpEGSIRJoS the first
adj agent tuni ng el ements being | ocated on opposite

SVHels Tor they duni slgment etichere Jurthenecqualedgioapedra apdia source,
gsg@éti@bg‘, %f th@’ﬁ?srt‘i{vﬁcﬁ?&%%ﬁjatcgﬁ tRiHE Blebdet, OF tuni ng
el enent urther conprises a second”capacitor coupled
to the first switch for the tuning el enent, wherein
the first itch is. operable to electrically conpect .
or di conniﬁﬂ? lr&%a@@(fgﬁlﬁeeé%%@i‘ f"o\”ﬁ?rsmot ¢ }F%?rnél fafgh idches for
EAUATRAING QlehenPakeQBTHIRA S b&ltcS MtPh Bfhird, RedpBBively, BF the first switch
switch and operable to provide the first "bias "voltage
fagrthe hairtg elsmenivindcirg fantien courled tes aisdurbe endip ldexin trespidetively, of

i rst. swich and.operable to provide the second bias
@%ﬁ%ﬂﬁ%ﬁﬁﬁﬁb&$kf ?#%ﬁ“ﬁgﬁgf%ﬁq . The integrated
circuit of claim4, wherein the second and fourth
switches for each tuning el enent are coupled to a
sour c8 andThe thiegrafed csepeef ¢lois y, whéreinheach jof ¢he mlwialitshof tuning
g@ﬁwﬁg%nﬁ% L&%_S&%nent and are further coupled to a

and a dr

source ain, respectively, of the first switch

for amsadhacgukitbiovuplbded eeefivs: svitch 6LtheirBHg slefnt, wherein the
circuit of claim4, wherein the second and fourth

Hrit sWHeR ix eperable i elastriay leranmert oratigconnen ithaisacond capacitor to or
RO F RN cndlbRhdde, hizFPect i vely, of the first

a fourth switch coupled to the first switch and operable to provide the first bias

voltage for the first switch.

9. The integrated circuit of claim 8, wherein the second switch for each
tuning element is coupled to a source of the first switch for the tuning element and is

further coupled to a source of the first switch for an adjacent tuning element.

10.  The integrated circuit of claim 8, wherein the second switch for each
tuning element is coupled to a source of the first switch for the tuning element and is

further coupled to a drain of the first switch for an adjacent tuning element.



switch for the tuning el ement and are further coupl ed

to a drain and a source, respectively, of the first
wewdsclo4d4or an adj acent tuning el ement. 7. ThePCT/US2005/007045

integrated circuit of claim4, wherein the third and

fifth swtches for each tuning elenment are coupled to

a source and a drain, respectively, of the first

switch for the tuning el enent and are further coupl ed

t o a $bur cdhanutegrathdadireit rof sﬂmmt LV\Ehgrﬁlnoaf plulnadity iof $irst capacitors

adj acent .t nment The
nt egglgfa i Bfmgteq%?e%? @arv e%u"ﬁm]é?céﬁaﬂceeach of the
pI urality of tuning elenments further conprises a
second capacitor coupled to the first switch for the
t uni n§2el edbadntegiatedediteuit iod clainst, whereinte plraite olfire capacitors
0) nect .t he second
E Pk B i MR s M A SRl end &
fourth switch coupled to the first switch and operable

to prgvi de_the first bias voltage for the first
switch 9. T @tPﬁPESr%Bﬂ ofickaiyi t, velereing phusrlitywvag fisit papacitors

%]Eﬁlg coupl ed
I?d}%hé@g%?g% rst SW B"W g’oghf g%’g{nﬁérﬁ%ﬁg el enent

and is further coupl ed to a source of the first switch

for aﬁ] adJ Eent tunldw% el e(;r\tprl 10. The integrated

ci rcutd of 1Re ntgemted Fesd of ¢lpimn deiserin ihe sty sacondcand third
Swid

iy s
(M%)ﬁmamsﬁmzsf the first switch for an adjacent tuning

el enent.11. The integrated circuit of claiml1, wherein

a plurality of first capacitors for the plurality of

tuni ngs.el eTRNifehiang @RUR|of CARAL 1 1,2HR6einl the sHB6nd switch is a P-
integrated circuirt of claima1l, V\,herelnapluralt ?

¢hapgel MOSE MQ%) tf@fSIStqli@PpIabhaﬂol nrpvide athigh fmgaseroaagmfa the first

Rav& Iglé({ I}Vﬁ&% al m ces g]lgtragpgl'w @\?w.ﬁg{ansmtor operable

clrcu

wanevide ancs;vbmgvbh@eﬁbﬂmalﬁrmsw@f&htunl ng el ements have
bi nary wei ght capacitances. 14. The integrated circuit

of claiml, vvhereinthefirst second, and third

SW tcfies TP RAGHLHB ( Nt v%{e?emne‘ﬁ% TR %%gn(}%\&ﬂch or the

met al - oxi de sem conduc or transr s

thirtlewiteh ésctnabled ot eaoh ofthaiphardity ofinerigi éleﬂhb@ts.s econd
switch is a Pcharnel MOS (P-MOS) transistor operable
to provide a high bias voltage for the first swtch,

and wher ei fhd Bftedriied Q:n%igfkt)to‘fr}:lélﬁl ?nwﬁ'glge ﬂ{é hrsg/cégond, and third

( N- MOS) tranS|stor operable to provi
srdtohegyorieach tuning ¢lementsane bpdrable to receive a control signal for the tuning

element.

18.  Anintegrated circuit comprising:

a negative resistance element operable to provide negative resistance for an
oscillator; and

a capacitor bank coupled to the negative resistance element and comprising a
plurality of tuning elements, each tuning element comprising

a first capacitor,

a first switch coupled to the first capacitor and operable to electrically connect or

disconnect the first capacitor to or from a first common node of the oscillator,



16. The integrated circuit of claim1, wherein either

the second switch or the third swtch is enabled for
weagads/ioi34rhe plurality of tuning el enments. 17. PCinAIS2005/007045

integrated circuit of claiml, wherein the first,

second, and third switches for each tuning el ement are

oper all@edid ikl éb%gﬁdct@ rigé Bibst SWAER NG %Pefagl% th' PMfe a first bias

elenment. 18. An integrated circuit conpfising: ‘a

weljagei forthe dustswitab.eandl enent operabl e to provide

negative resistanc or.an. osci.)latqr; and a capacitor .

bank 8t SitEh Sohled 86 Tl lchpd cablecipatiotidng socond biss

SONIYei {5 1he fRstRivitcRldnlly of tuning el ements, each tuning

el ement conprising a first capacitor, a first switch

coupl drexesn thedirst hias valtasa or therseeordl Wipevalbige foreach tuning element

[ 1y cgnnect. or .di sconnect, the first. capacitor

B OGS e PR i R 8mg  FHE o g o giency for the

ssuiltaior fhdjadted Oypeleclritallyt Bonrkettigd svbtbE Rnaddr %pﬁﬁl?é?i'tf of first
provide a first bias voltage for the first swtch,

to
siRacrors forrthe plyrality of Beedements toethe first commiongtedand
operable to provide a second bias voltage for the
first switch, and wherein the first bias voltage or
t he sé@ondThe asegrated ayenit of cleiach8, twifekdif codhedA¢ piusality of tuning
g]tét ai ng&tvi a anqt her tuning elenment, and wherein
epts Aysthes CPMBHERSncy for the oscillator is adjusted
by el ' ; [ : . .
ol ur af (g S P GRRBRA SR SRR BPER tlipd plomgpr, wherein the
fitsh iswijcle seopsrdbde toeletteiciliy sannecinorodiscoadect tHOsechié capacitor to or
' circuit.of. clai nilal& wherei n each of the

nt egrat e

%P@ragﬁef? W%Pﬁ@%ﬁtﬁﬁﬁﬁ Wlur t her conprises a

secong faalaghitd conpiéR! 16 thd frst SWitdH b opRiHIE B I%Rzicfg*}ﬁe first bias
tuning el enment, wherein the first swtch is operable
Y@taépg@ttmt'@tﬁ‘yﬂdhﬁnéct or di sconnect the second

capacjtor.te or .froma second co n.,node_of .the .
cacr 1 Mt e Uil BrieaRY o TTHER SR oSrstoadically comccting
Seldctednors Gf angiraityeoft RcoidP¥Apdeitdrd orf the §1ur_£15t?%f,\fﬁhh§9ﬁments to
for the first switch, and wherein the oscillation

the sepoad €gmmonmedeher adj usted by el ectrical |y

connecting selected ones of a plurality of second
capacitors for the plurality of tuning elenents to the
secorzD.conTimn inegated2Qirclibeofl 6lagdr 28 eeidis Uht Plurality of first

claim 18, wherein the plurality of first
capacitors have equal capacitance.

21. The integrated circuit of claim 18, wherein the first, second, and third
switches for each tuning element are implemented with metal-oxide semiconductor
(MOS) transistors.

22.  The integrated circuit of claim 18, further comprising:
a variable capacitor (varactor) coupled to the negative resistance element and

operable to adjust the oscillation frequency.

23.  The integrated circuit of claim 22, wherein the varactor has a size

determined based on capacitance steps for the plurality of first capacitors.



capaci tors have equal capacitance. 21. The integrated
circuit of claim18, wherein the first, second, and
wohoosdosart ches for each tuning el enent are i mpCemsniosdo7o45
wi th netal - oxi de sem conducor (MOS) transistors. 22.

The integrated circuit of claim18, further

conprising: a variabl e capageyfe ci¥@iact or) coupled to

the negative resistance el eMEnt and operabl e to adj ust

the o8éill atwnnlew@qu@wompﬂa@g The int egr ated circuit

of cla|m2 wher ej i yar i)? has a ; f
et or BRI EBE G & Fa Rt el B&O‘%ﬁr nfggtive resistance for an
Bidinabd; g of first capaci tors Device Clains 24. A

w rel ess device conprisin a negative resistance

eI eneatcapanitonlbeek coupledia He Preghve vsisianee elemant and comprising a

ARGy SbRping s SRk SRR SRS s prurar i1y

of tualfﬁ}gcgﬂ)@ﬁtﬁflts each tuning el ement conprising a
first capacitor, a first switch coupled to the first

capac atisst swifgh speHediodhe §rs capacitpioand qperbieclecically connect or
gisé&g{égﬁﬁé ﬁtrsj.g? ;Hg{tglt to (ﬁﬁ%(ﬂ;l b Bt tc@mﬁ{onfl{g 'orséﬁlator q

conmon no oscl a secon cou

t o t he sk¢condt swathtciplddo mhxeﬁﬁo Iserittlo apd operdleleao fplrdi\aﬂe a first bias
bi as voltage for the first switch, and a third switch
(Yelﬁ%ﬂeéﬂr%%lfﬁéwﬂ@@ switch and operable to provide a

secong tﬁl'régwggﬂ {:/@lﬁﬁ ed £ tht qﬁ' tf wifth aftho ﬁg@ﬁble%%r%@é? sfcond bias

the first tage or t e second Dbias vol'tage
&akt:tgetfunihﬂgirﬂlswmieh,tanlds obt ai ned vi a anot her tuning

el enen er.ein CI| i on freque for t .
cbelt Mersin fhe 1S AL IRt o Pl BPord 1A Vel b 55 ¢ fuming element
?se"oﬁféhfeﬁ ﬁﬁeﬁloﬂ{er BuRing! @kinbitt, %deﬁ&EmCQ&ﬂPdtfoﬁr frequRicy for the
the plurality of tuning el enents to the first conmon

nsddBatop s adjhstedvibyetlegsically conneoting: selpeted pnespoé raephurality of first

Sl al Ao OB R PR oS

el ement operable to provide negative resistance for an
oscillator; and a capacitor bank coupled to the
negat P9e r &b seveless devieerehelann d4cwhereinsthe glusality of first capacitors

have equal capacitance.

26.  An apparatus comprising:

a negative resistance element operable to provide negative resistance for an
oscillator; and

a capacitor bank coupled to the negative resistance element and comprising a
plurality of tuning elements, each tuning element comprising

a first capacitor,

a first switch coupled to the first capacitor and operable to electrically connect or
disconnect the first capacitor to or from a first common node of the oscillator,

a second switch coupled to the first switch and operable to provide a first bias
voltage for the first switch, and

a third switch coupled to the first switch and operable to provide a second bias

voltage for the first switch, and



plurality of tuning el enents, each tuning el ement

conprising a first capacitor, a first swtch coupl ed
woaQodshe4d47r st capaci tor and operabl e to el ectr Pcausg005/007045

connect or disconnect the f23rst capacitor to or froma

first common node of the oscillator, a second switch

coupl | i iob &b t SREDi h §ni

T ot B R L e o2k L A el cloment

ghiobginedovipl athey tuhmgf ¢lewents wind ciwheminh opéliativhefrequency for the

royi,de.a seco bi.as . age for the first switch, ..
BLANHET i aDBRE0 o o RlY Bdfiekthe SMSehd Rbx Bl Blizgity of first
CldcRGE f6:i0the PREALLY BN tuth ol RIS td The TRERbAGHIGe.
anot her tuning el enent, and wherein oscillation

frequency for the oscillator is adjusted by

el ectrically connecting selected ones of a plurality
of first capacitors for the plurality of tuning
elements to the first common node.



