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STRAI NED- SI LI CON VOLTAGE CONTROLLED OsCl LLATOR (VCO

TECHNI CAL FI ELD Enbodi nents of the present invention
wae@sgeeTal |y directed to el ectronic devi cesPemnus2004/032460

nore particularly, to strained-silicon voltage

controlled oscillator (VCO, although the scope of

BASCRANED S A VARG R ORIRO P EPDSCapToR (veo)

have | ong been used as conponents 10 wi thi n phase

TEOFRKEGAL oo O PLL' s) and synthesi zers, which in turn
have had w de applicabil | ty, partl cuI arly in the area

Of %r?ul%%d rﬁgﬁtgetffclﬁe?)?é% \férll\tloﬁl T O BFaIIdef@&écﬁo ?I%Etronic

y “used con ron”to genera

d%?%e&%‘érﬁc@wpf%ﬁ%uhﬁ&%%p%&sﬂw%ﬁ?vaﬁge AerBPlet gscilator

(3 re specifically, PLL' s/synthesizers are
(V& )elaltbgaah ithe $50Re of Bier iprertian is natdmitedin teiseggard.

transmtters and receivers to achi eve desired
oper ati ng/ out put frequenci es based upon relatively | ow
frequency input signals. Wth the continued push

i aturization of electronic circuits and
B’%@E@Jﬁ@%pl ed with the demand for increased
operati ng speeds of those devices, erati ng noi se has
becoYdtagescerelleckescilaters) (VMA@ ﬁhba‘f% (D& W$Rd g8 spEwponents
20 of such circuits and devices. In particular,
within plhaseriotiss loaps {BEL sy and synthesizers, sehick & b havedad wide
in silicon based netal oxide sem conductor field

applitabilityt, pansswsady in thYEBEEOf clbekifergieaty lgeweration. PLL’s for
frequencies. In fact, flicker noise often limts the

eXRFRHIBY AR SofMitHI GsE@Nps féétlbé&%%‘?ﬁ@gr‘dti%w'tﬁ IRAEPARYAN output
circuits and is a critical design constraint in radio

IS HEHYRAFNaIRT ) Fadied ddiput Peqlidfty tHEVH deriveY Sorh Akt

reference signal. More specifically, PLL’s/synthesizers are often used in
microprocessors and in wireless transmitters and receivers to achieve desired
operating/output frequencies based upon relatively low frequency input signals.
With the continued push towards miniaturization of electronic circuits and
devices coupled with the demand for increased operating speeds of those
devices, operating noise has become a significant and limiting factor in the design
of such circuits and devices. In particular, flicker noise has become a dominant
source of noise in silicon based metal oxide semiconductor field effect transistor
(MOSFET) devices at low frequencies. In fact, flicker noise often limits the
achievable dynamic range for baseband/low-frequency circuits and is a critical

design constraint in radio frequency (RF) circuits. In VCOs, device-level flicker
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up-converted to phase noise. This can result in
wW@adjoaoaess7 channel interference in conmuni cat i BET/US2004/032460

systens. Flicker noise in MOSFETs is due primarily to

the random trapping and detrapping of charge carriers

ol stb Ay BBt horgee B8 JdfidhRin Zxepgnt cnannel

channel carrier depsity and causes fluctuations in
intefgresi¢efia ceMpwNIcalign %YS ¢ME- charge carriers. Because

of the slowtine constants of the oxide traps and the
sur fréickerqicise in MK Inbs iscdugphpdmesly todhe sam gdoot trappinigeand
noi se is inversely proportional to frequency, and
detappiehafehasge camaps hgarcthkel $dSiO.4finteodase. Tiis ManyerV/COs
typically use p-channel netal oxide sem conductors

tra(oBN?ﬁjetFépﬁﬂﬁg PFSUeSS a%fé)fiﬁm@@w@lt@ﬂwé Shdhmehaangér aéﬁsﬂ{y and

sem conductors (N transi stors), as wel
ot iRt ﬁﬁw*fa%ﬁ%@ﬁozvm@@gﬂ&rg%t&g&rfs?%%%use o the
SI Eipecorsrates et gﬁ%g%%%ti?gteﬁﬁg‘%?‘gﬁ%tr@&?ﬁéﬁﬁﬁha% Bei spectral
Cross- cou led 15 MOS devices has been found to be the

degsiy ﬁfafdlplﬁ@r RQISE IS IpYeEEIV Rropertinnal toequensnaland therefore is
transcei ver systens built using typical VCGOs either
conuwoeily €allgatl rfodseence from adj acent channels, or have
a high residual bit error rate due to integrated

phasgaryoVeOsotypiealle usd @-dhdnhey nidtalxids semiconductors (PMOS
| oop- bandwi dt h. Al though a variety of noise

tra?l%%%r@ r‘o%@ %mﬂ BUEehEHYS rﬁ@t‘époﬁ%ggﬁ{l@@nﬂpcto?@(lﬂms

past, ese roaches all require a I ona

tra%%@"@ﬁ%ﬁ%&%‘? AR =MD SR B s KR A eSS T B Bbotor and

varactor. Although there can be a variety of factors contributing to the generation
of phase noise in VCOs, flicker noise in the tail current source and cross-coupled
MOS devices has been found to be the dominating contribuitor to noise.
Additionally, transceiver systems built using typical VCOs either receive
interference from adjacent channels, or have a high residual bit error rate due to
integrated phase noise outside the PLL/synthesizer loop-bandwidth.

Although a variety of noise suppression techniques have been attempted in
the past, these approaches all require additional components or processing steps

thus increasing cost and design time.
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BRI EF DESCRI PTI ON OF DRAW NGS The present invention

w Il be described by way of exenplary enbodi nents,
wheaosodtdst i mitations, illustrated in the acconpPernys1og4/032460

drawi ngs in which like references denote sinmlar

el enents, and in which: 5 Figure 1 illustrates an

carri eér transpo es ace bel ow a het erOJ unctl on

foroed at a Si/Site |nterfac

P T Resinthvaion b eickinat SR eeritila® Smbodiments,

surface of the strained-silicon PMOS device of Fiqure
buinotllgn;ta@qns@ llystrafegdin the @scampaiying devorgm Ktwhigh |ﬁ<

one enbodi nent of the invention; Figure 4 is a graph
referéncsisrdgriaig Sirhiiaulemmelni]shaedeimwhm:vm thin the VCO of

Figure 3; Figure 5 illustrates an exanpl e phase-| ocked

| ooFidurkLy) ilusteatadiang@nyilaly stfaimsiHgipon PMOS @eeice!, in which
nore strai ned-silicon PMOS devices in accordance with

[ Fingur
SR PR RS peko o BXCRRCIBICT 84 4 £5ysice (reica)
Jg%e 5is used DETAI LED DESCRI PTI ON OF | LLUSTRATED

| MENTS In the follow ng detail ed descri pt| on,

BFGE?'@E%@RIP‘FT@NWQPKAMIS SD'VOS device, In which

int

f det ai, | t..forth r to
o orige 2 fiates Al i Brag didiam s ermustase Shige

present invention. However, those skilled in the art
strained-siliersy BMOW devige of figuredibodi ment s may be
practiced w thout these specific details. In other
i nsFiguress illustedtes kNVBO imeEiccotancprwitle daeesmbodiment of the
conmponents, and circuits have not been described in
invéatieh] -
Figure 4 is a graph illustrating simulated phase-noise within the VCO of
Figure 3;
Figure 5 illustrates an example phase-locked loop (PLL) including a VCO
equipped with one or more strained-silicon PMOS devices in accordance with one
embodiment of the invention; and

Figure 6 illustrates a system in which the PLL circuit of Figure 5 is used.

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS

In the following detailed description, numerous specific details are set forth
in order to provide a thorough understanding of embodiments of the present
invention. However, those skilled in the art will understand that such
embodiments may be practiced without these specific details. In other instances,
well known methods, procedures, componénts, and circuits have not been

described in detail.
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WD 2005/ 034357 PCT/ US2004/ 032460 Al t hough vari ous

di screte operations will be described herein, the nere
wo@e@sn343f7 descri ption shoul d not be construed BST/US2004/032460

inply that these operations are necessarily perforned

in the order they are presented. Reference t hr oughout

thl ?&ﬁﬁﬁﬁ lb(/%ﬁ@%?l%ch&?'@%gggﬁﬁ%%m@é‘ g8 |beéc?1He?ein the mere
or&%r{c?r%{q%ﬁérpﬁ{)aﬁm@r ot BeicResfiug %%?roﬁﬁwdnu@t BAaS Sberations are

enbodi nent of the |nvent| on. Thus, the appearances of
nechesasily aedermedhiroiie eEpoHaYeRe preseniad.an  enbodi ment
in various places throughout this specification are
not Referessarthiopgablt this$peaificediondot foaesambodimerd! oe fan
or invention. Furthernore, the particular 10 features,

en%ddmbhr’ Phear® thalf artti@ulastdatsreBiruBRIre obtRedctatisiRescribed
suitabl e manner in one or nore embodi nents. Lastly,

in %:Egnercﬁrb%rtr?ff@éryﬁb&i%%nt id W‘Fcllr}b%’drigr at leBQf’bﬁ‘@ embdﬁrm%ﬂfjof the

as us appl I cat

. 1 ntend t o, be synon rmus cordance w »
NG, EWe G SRREST Ao fhe pﬁ%ﬁ a'ae%eoﬁrfpad" B or i
oscillator (VCO containing at |east _ :
engfyqdimeBl in veriedn prageﬁrﬁrroaegp%thrsssmc'ﬁeef&n pERINAkpeGessarily all
More specifically, in accordance with one enbodi nent
refefringhte thersaene eorbodimedmicioreatian. n§ustheanaee)-thepastieular
PMOS devices is utilized in conjunction with a

fegtordg, etrubiudes,tar chiaeddtetistivsanag elwormbihedhiarargl suitable manner in
conduction within the PMOS devices so as to reduce

oﬁ\;@éﬁh% %Sﬁbéém?éiﬂs depkatthy %‘erﬁ}ﬁ’sa%rﬁﬁrréﬁgw“mﬂlﬁbrn@’h €having”,

used herein,” strained-silicon refers

AR, M B S e (445 hgrmove
? E,O r? Sé@qﬂ%k&&%@?@t%hgmbg\é%ﬁ%ﬁ g;?g Spa\%ntron a vgltage controlled

oscillator (VCO) containing at least one strained-silicon MOSFET device is
described herein. More specifically, in accordance with one embodiment of the
invention, a VCO containing strained-silicon PMOS devices is utilized in
conjunction with a control bias to yield increased buried channel conduction within
the PMOS devices so as to reduce flicker noise and derivative phase noise within
the VCO.

As used herein, strained-silicon refers to silicon that is "stretched out" due
to the natural tendency of atoms inside compounds to align with one another,
although the invention is not limited in this regard. According to one example
embodiment, silicon may be deposited on top of a substrate having atoms that are
spaced farther apart than the silicon atoms, the atoms in silicon stretch to line up

with the atoms beneath, effectively "straining" the silicon. In strained-silicon,
4
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enbodi nent, silicon may be deposited on top of a
substrate having atons that are spaced farther apart

WO b@s/0843687 si | i con atons, the atons in silicon BCT/E804/032460
to line up 25 with the atons beneath, effectively
"straining" the silicon. In strained-silicon, 4 WO

elet RS (l)go%gg?y g@ngﬁgg %@s%géﬁ% c& Eﬁﬁt&ﬁﬂr’tﬁﬁéﬁ# ﬁ@\'/vl féster than
experience’l €ss resistance and can thereror ow
faster than,6 el ectrons jn.non-strajned-siljcon, :
eleghph RGPS Uppihatpbboweeh fue aleastip part to
increase in electron nobility/conduction, the use of
thesineegasedn dlestesnmphiliwesenction e usapf sained-sificon in
i ncreased flicker noise in devices due to a 5 tendency
MOSFET rdavicesaday resull in gnaredsetk flickgrinoisein ddvdaceedué o a
oxide traps near the oxide interface of the device.

terld@nepforcibastiserntapping vl tevapbir ef ¢hargedin vrideatdmotear the
bias is applied to the substrate/body (also referred

oxide iferacBatkhdatfiteof a strained-silicon PMOS device
to attract carrier transport (e.g., holes) away from

t he OX] .0t g 0 orr [ r : .
t no "B eRUHELeRES hE T Hiah e FEaERE Wilbiedfan if guptied t
in_ th transj stors and decreased phase noi.se i

the RS IEREIOOY BISC TRk TeRBE S ARGk SERRLOT & RBSIeASS ey BMOS
fixed and/or steady or the bias may vary with tjne.

devige ¢ @tteadi carmirritansportded. yhalgss avlaydrasndbe oxidainéerface (and
of the carrier transport is forced to occur in a

cotvaspating tiapsheithe RMOSd&icee reddtinglin detmaseldlidker noise in
strained-silicon layer resulting in increased majority

theCRMOS trahkResranhd dieFeRRibhdd é AlRle iIRVSOs epHpldy g $irth
channel transport is typically undesirable in

Ay L . .
Phﬂ@§‘fﬂ?¥sﬁé¥§%am'g‘§evq;l‘rég sty BE fixed arld/bf &%%gg 2)? tlﬁ% Bigtmay vary with

carrier | e oxide Inter
im0 e SBebERA o oMo E BFas Y sk R the carer
’traLsep?c()]lrEcJ ?scflé)rgéc{ t%ngcecral? m a %ﬁ?igg isﬁitc%dn-émé;rrrl]ar?ii% lsllc‘?é %Bg’nnélhbeelow the
strained-silicon layer resulting in increased majority carrier flow and increased
flicker noise. Such buried channel transport is typically undesirable in
conventional devices since the further the charge carrier is away from the oxide
interface, the less control one typically has over the carrier flow. However, due at
least in part to the positive feedback arrangement associated with oscillators, the
effect of decreased gate control is minimal.

Figure 1 illustrates an example strained-silicon PMOS device 10, in which

carrier transport may take place below a heterojunction formed at a Si/SiGe
(relaxed) interface. As shown in Figure 1, PMOS device 10 includes a base

silicon substrate 15 (also referred to as the PMOS device body) having a variety

of epitaxial layers disposed thereon. The term substrate, as used herein, refers to
5
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20 effect of decreased gate control is mniml. Figure
.1 illustrates an exanple strained-silicon PMOS device
waosiosu3shi ch carrier transport may take pl acEChebmo4/632460
het erojunction forned at a Si/Si G (rel axed)
interface. As shown in Figure 1, PMOS device 10
. . I .
th BRLET LRt Ao £ Ba5 WRNFRE dt Kt ER BBl various
itaxial.layers disposed thereon.. The.term substrate
préss i A o 7 JeaPed flotoxesbguis oBaadaton. "R sUsfate may
PCT/ US2004/ 032460 the physical gbject, which is the
beyrade %@mtﬁ%@écm%tnq%sqmmﬁ@a, eHcmpinalions of
process operations into a desired mcroelectronic
seguedridygting @od.nok-samispnduetimgynatedalsadelndfigure 1, the PMOS
sem conducti ng, non-sem conducting, or conbinations of
devizei 1oinducts rob el layver-cfgrhded BiGH 2@ thmttisfdrtdet oh @ Si
Figure 1, the PMOS 5 device 10 includes a buffer |ayer

su?é’[’r%aﬂf%ltﬁb%% inehtiorpis ﬁbﬂﬁﬂit@@ ifh restERs! IRbRe

al t hough e invention i1s not limted inthis

| t Si .
e ERfRERY 1O SREF R0 ToARRanth s {eR, DRYSELIRs payinaqoraced
ERORGEHIER" s o erSeal SRS S St ing ey B aver
conmposition of Sio.7Ge0.3 is utilized for the SiGe 10
20, dy eneambadiment g SiCapamM@asition egPonSegois willizegoipr the SiGe
represent P-type wells formed within the Si substrate

layEs 20r iTdre saurepiand)drainkegiones 8@a-a8id 30y présentPtymnwells
formed on the relaxed SiGe |layer 25 by e.g., the

foraidtl WhisihitRe Si sibstedtet 1BpricH R*Epitaxy. & strakRid-8Playde 8t is then
an oxide layer 40 is formed on the strained-silicon

ol ECn 8% R SRR E5 TPl eci 19] ot e
i A5 gt SuBUBe A Y PR e BNl (ol Bber 5
resiusltir{go{nqt?adpsovr\]/iﬂ%iﬂethg )ég(%% ihtae)léi(?arceélg? a%nil?usstpa%é: i tt?eaﬁn%gnified view
of Figure 1. In one embodiment, the oxide layer 40 may be composed of SiO..
Lastly, a poly-silicon gate 45 is formed on the oxide layer 40, and source, gate
and drain terminals are constructed thereon as shown. In one embodiment, a
fourth terminal/back gate (not shown) is associated with the body/Si substrate 15
to facilitate application of a voltage bias to the body of PMOS device 10.

The source and drain terminals are coupled to source region 30a and drain
region 30b, respectively. Source/drain terminals refer to the terminals within a
FET (e.g., both N-channel and P-channel), between which conduction occurs
under the influence of an electric field subsequent to the inversion of the

semiconductor surface under the influence of the electric field resulting from a

voltage applied to a gate terminal. In the event the source and drain terminals are
6
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and drain termnals are constructed thereon as shown.
In one enbodi nent, a fourth term nal/back gate (not
W@ b@#f034355 associ ated with the body/ Si substr aP@r/152004/a32460
facilitate application of a voltage bias to the body
of PMOS device 10. 20 The source and drain termnals

fatfigaté YBFthat ey e Ged gy Bnietit e (568 Mburpe and
ernmnals wthin T.(e.qg., both N-channel and
dré‘-ﬁcw 5‘?9‘%&"%@%”5%%2 cgnducti on occurs under the
i nfl uence of an .electric fjeld éfu sequent to the
U

. he
i nvél 8reprdance MAthsif epRAdImeNt JdB¥entiRk congection between

influence of the electric field resulting froma 25
the sbtiragaegiopl 3Qadand the draire ragiomidthl ocaurs iEisouriashehanmel transport
source and drain termnals are 6 WO 2005/ 034357

beRfAT tHdS3X104 itdFa 66 37 dHvweatr dtlshiotid bbaiotéd eyatdhe buried channel
geonetrically symetrical, the terns "source" and

trafispbR, dEBRYIbRA HETER With RIspRaN@ealtivus EmRkFPEARNSEH drisent
one enbodi nent of the I nvention, conduction between

in@@%gﬁ ?i#gagﬁgrﬁﬁg k@ p@&%@&é’ a@&ﬂg‘i{)@ Qﬁ'ﬁ‘?‘%éé) g'g(rlggﬁi n% &dfrésponding

anne anspor

dekfielsuBo RIS A ke to (B SBUsSRoRS B AAT layorS used to
respect to various enbodi nents of the present
achigyerdhe same. sThigh @dthpagh the RM@eodedee afibjsusg 1t lbas been

generate strain in a corresponding device ( e.g.,
deBiiltdiwith cesidit toa partittier ceapesitimnodnd piructuray othay such
used to achieve the sane. Thus, although the PMOS

coftpoisitionsfand gtlicturbshagy hesethélsEB6 praciited withé@sdstsdrting from
to a particular conposition and structure, other such

th& SPRPaAY gegﬁe BRtheSinVERGAH. For BRAMSREIHESRESH BEPMOS device 10

practice thout departing from the spirit and Scope

b Bl o G AR g PPt o
biar;gacl ri]r‘?-rp])ilasnrcraBteinrs]i é g?rg{r]]gdsir?gugpi?a%all ls{gcta,esgtregir? by tensile film, and strain
by mechanical force, as e.g., described in the paper entitled “A 90 nm logic
technology featuring 50 nm strained silicon channel transistors, 7 layers of Cu
interconnects, low k ILD, and 1um2 SRAM cell”, Thompson, S. et al. Electron
Devices Meeting, 2002. IEDM '02. Digest. I nternational, 8-11 Dec. 2002, Page(s):
61 -64.

Figure 2 illustrates an example equilibrium band-diagram for the surface of
the strained-silicon PMOS device of Figure 1. As shown, a valence band potential
well exists in the relaxed SiGe layer. This band-offset results in a buried potential-
well in PMOS devices, within which the holes will flow. Because it is buried (e.g.

away from the oxide interface), the holes will experience decreased random

trapping and de-trapping, which translates to a lower flicker noise in the device.
7
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bi axial in-plane tensile strain using epitaxial SiGe,
strain by tensile film and strain 15 by nechani cal

WO 0006034385 €. 9., described in the paper entit|RBdr/U%090032460
nmlogic technology featuring 50 nmstrained silicon
channel transistors, 7 layers of Cu interconnects,

| ow . LA il . :
£l eddous S {ESFaks T S EY G0 n QTREARe Wi g embodiment
L,nt er nati onal -11 . 2002, ., Page(s). -64. 20
of e vERbon| Pieq fad hulides GiRsisrabin slisen FO dedices (10a,
band-di agram for the surface of the strained-silicon
10ppfEch anileeudivesigment 120,and Resapaciive-glemest 28 coupled
potential well exists in the relaxed Si Ge |layer. This
togathdr a$ sbewny althdugh tha saoperdfdtie poventtdnais-notdinitednin this regard.
PMOS devices, within which the holes will flow.

In Batiiger, PMOS deviceetDd shd) PMO@&deVic® MObe@epited as being
Interface), the holes wll experience decreased random

S 08, 8 SHTRYSR, 1046 gpoLgen s oveo s

s TR FA0 R 38 PSR 468 o el SA57 AR BLRS g6 e

ol ton 85 oGS e SIS Sl SO0 SESRIGT B v
capaci tive element 122 coupled together as shown,

regipp HJ@grofistiginssbyicat PMES dexvier il 0a. iAddilinnallyniheesburge

this regard. 5 In particular, PMOS device 10a and

terRNG& sdeNlacandl 012 oEtheegiraih ed-sic e MO $ desices A axed 10b are
That is, the gate region 118a of strained-silicon PMOS

cod?l@dﬁ@gé@@r, Wﬁlééééﬁcﬁﬁ/etél_eh@]tdlrﬂ and gtiveivd Edmeht 120 are
strained-silicon PMOS device 10b, and the gate region

cob s G4 30 OFFR S8 A SR r0m an
0B A 15 b R Bl Sl Dot o b 1001
coﬂ{;l%d to inductive element 120 as a tail-current source to the VCO.

In accordance with one embodiment of the invention, the bodies (114a-
114c) of each of the illustrated strained-silicon PMOS devices (10a-10c,
respectively) are coupled to a bias voltage source (Bias-1) to facilitate increased
buried channel transport within the strained-silicon devices (10a, 10b, 10c) and in
turn, decreased flicker noise. Similarly, the tail-current flowing through strained-
silicon PMOS device 10c may be controlled through the application of a second
bias voltage source (Bias-2) to the gate region 118c of the strained-silicon PMOS
device 10c. In one embodiment, either bias voltage source (e.g., bias-1 or bias-2)
may be coupled to external decision making/feedback circuitry (not shown) to

provide dynamic voltage control of the strained-silicon devices 10a-10c. For

example, external decision making/feedback circuitry may be used to determine a
8
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coupl ed together, while capacitive el enent 122 and

i nductive elenent 120 are coupled to each of the
waele@s034367i ons of the strained-silicon PMOS deR€CT/ES2000832460

and 1 Ob. Furthernore, the source region 112c of

strained-silicon PMOS device | Cc is coupled to

[ve t S |- .
sy3je s B FhITRherh 88 fachins b on LA NEn X0 e Wifether the
. | nvention, the bodies l4a- 114c) of ,each of the
flckpY (R phapUnaISe 45 ARBTeGTMGgAn SiBeCaetRblaEvek (nropense, the
respectively) are coupled to a bias voltage source
degigioasmakingfeedadk ciequdry meyeesuse theupinsd itaaeeio become more
transport within the strained-silicon devices (1 Ca, 1
ne@hiivelsda} taattract mdrerhulesiawsgasa@n theisukiaicentiiusareducing system
Simlarly, the tail-current flow ng through strained
noid8. si I i con PMOS device 10c may be controlled through
the application of a second bias voltage source
(Bi i ; C ;
Str Angofh f) e g el BBReri gl bPe PMOS devices of VGO
ither bias valtage,source. (e.d..,. bias: bias-2
10f BB et sblioed 45 e SRrge o FRIAS BFyigkScat or more of
circuitry (naot shown) to, provide dynam c voltage
thesefrines-sliconRMOS deviees GI0R.cWlb. o) sy nonsiheless repesent a
25 exanpl e, external decision making/feedback
conventional FMQ§ dericaqed. noidsnririning stradedesibans/wiguas teparting
PCT/ US2004/ 032460 system figure of nerit (such as
froftiihacepitit Aithsctle piaherinvémiodet er m ne whet her the

flicker (or phase) noise is approaching an

unaerRpb Ak e drayRlilustrating SReNEfedigHasedfbsS Wethin the VCO 100 of
maki ng/ f eedback circuitry may cause the bias-1 voltage

Fi e %?Cﬁ%rmﬁ) Flgﬁr%ah' iY%ﬁr? BefSes? ﬂ?ahte{nal?rﬁprg{?é@ewkr?ﬁwe phase
y from suFrdce, thus Teducing system nol se.
noiprsb e VA3 dblfooputs Whet i E MoBehnase sRgie s eRgenting

stai ned-silicon PMOS devi ces, one or nore of
the strained-silicon devices 10a-10c described above are used. The use of

different flicker noise coefficients attempts to approximate the device level effects
of buried channel hole transport.

Figure 5 illustrates an example phase-locked loop (PLL) 200 including a
VCO 100 equipped with one or more strained-silicon PMOS devices in
accordance with one embodiment of the invention. As shown, PLL 200 includes a
phase-frequency detector (PFD) 202 for monitoring a phase difference between a
reference signal 204 and a feedback clock signal 206 (in the form of a frequency
divided output signal of a voltage-controlled oscillator (VCO) 100). The PFD 202
generates an UP control signal 210 and a DOWN control signal 212 to cause a
charge pump 214 to respectively charge and discharge a loop filter 216. The loop

control voltage 218 developed across the loop filter 216 determines the output
9
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the strained-silicon PMOS devices (I Ga, 10b, 10c) may
nonet hel ess represent a conventional PMOS device

W@ 2008/03436Dt cont ai ni ng strained-silicon) w thoRCT/US2004/032460
departing 10 fromthe spirit and scope of the

[ Eventi on. Figure 4 is a graph illustrating sinulated
ro AR Ah YO OLE £ hetERrtO R Up AR o didts 210

hase noise of the VCO 100 occurs, when, | ower flicker
214 S1¥0adBe chACETED 21dF ESBRiTAGeT Ioh e Somiel Yo facEnR1S t
devices 1 Oa-1 Oc descri bed above are used. The use of
mairgai 4 frinigval phase legior hetween doe inptsignalaepphied o the PFD 202.
approxi mate the device | evel effects of buried
Additisnaky, the bastgemesator R20Fgenesrates iwd bistsnatliageanBiAs-1 and BiAs-
exanpl e phase-1locked | oop (PLL) 200 including a VCO

2. 198nedmipREfHe, Bias2ecdditrdIB iise tdikaurmest thirdudipstraiNe-silicon
evices in accordance with one enbodi nent of the

d
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ase-frequency

cofideafadie brER cErliRaPEsNCon RRIGHS Tifont, P05 10f BoRityfos tre

di vi ded out put signal of a voltage-controlled
amewiet pf Bered ehanmel rgosportribrauigh theresgesiivardewcas (jpone
control signal 210 and a DOM control signal 212 to
embadieent, as hiasgt ipumadenare aegetiya dauries gharnel frengpart through
di scharge a loop filter 216. The | oop 25 control

straiabtiagizod FVIOS ¢dwipesl1 0ar trsistinereased daulsirgy a 2dfresponding
deternmi nes the output 9 WO 2005/ 034357

de éﬁﬁ?ﬁﬂé‘é&ﬁgéé%mﬁ cy of the VCO 100.
urt her hore,

ret the UP and DOWN control signals 210, 212

o el SRl SRS PRE R YAER B Shcur
T YT R R SRR T
de\t/)iicgsS invgcl:éo? gr?ée v%ltﬁ%né o?nr%oirgé érsnbodiments of the invention may be
used. The VCO 100 (described with respect to Figure 3) is implemented in a PLL
circuit 200 (described with respect to Figure 5) as part of an integrated circuit (IC)
300. In one embodiment, IC 300 is a microprocessor. However, in alternate
embodiments, IC 300 may be an application specific IC (ASIC).

For the embodiment depicted in Figure 6, the system 302 also includes a
main memory 308, a graphics processor 310, a mass storage device 312 and an
input/output module 314 coupled to each other by way of a communication
channel 316, as shown. Examples of the memory 308 include but are not limited
static random access memory (SRAM) and dynamic random access memory

(DRAM). Examples of the mass storage device 312 include but are not limited to

a hard disk drive, a compact disk drive (CD), a digital versatile disk drive (DVD),
10
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tail-current through strained-silicon PMOS device 10c
wa@p@sobssout put of VCO 100. In one enbodi ment , PGI/aS2004/032460

is coupled to the bodies of. strained-silicon PMOS

devi ces 10a-10c and controls the anount of buried

hann r td. e i . -
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buri ed channel transport through 10 strainped-silicon
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correspondi ng decrease in phase noise in PLL 200.
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which a PLL circuit incorporated with a VCO endowed
comintumicatibrocharmmets irtclading but inlot HimiteBNOS petiphierakconirol interface
accordance with one or nore enbodi ments of the .
(PENVRR! bAMNABrPStakiaaekchiteeuMPSHI Busdand isolfeethwilh Warious
respect to Figure 3) is inplenented in a PLL circuit
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(ASIC). For the enbodi nent depicted in Figure 6, the

toshex.cin entgriginneentyenib BV plyerAN asehYs- 308, a
gr aphi cs processor 310, a nmss stora?e devi ce 312 and )
an Althpugh spegific ermododinesita have pleen illusteated apdrigsapiped herein,
way of a communication channel 316, as shown.

it viii dedmsedibitddisy treoey yf Sffhargalkilida thetartthat any driamgeetent
static random access nenory (SRAM and dynani c random
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device 312 include but are not limted to 25 a hard
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invention be limited only by the claims and the equivalents thereof.
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to a keyboard, cursor control devices, a display, a
network interface, and so forth. Conmunicati on

W@ b@soai35816 nay represent one or nore W red aPdr/vg2004/032460
wi rel ess comuni cation channel s including but not
limted to a peripheral control interface 5 (PCl) bus,

C!%Hﬁdustry Standard Architecture (I SA) bus, and so
I'n various enbodiments, the system 302 may be

el es .mobi | e phone, a per sonal di gital
ngtsﬁg %1 pocket PC, a tabl et PC, a notebook PC, a

deskt op corrputer a set- an_ entertai nment
1.uni tA veltanesas) igled Oﬁﬁﬂa@r§¥9@ﬁomrt%gh specific

enbodi nents have been illustrated and descri bed

her eitigast adirst PMOBS devieepavinga stiaingdidiizon layer.

ordinary skill in the art that any arrangenent which

is calculated to achieve the sane purpose nay be

substituted for the specific enbodi nent shown. This

2. app"l"i%"’\t/C@rbf'élaLlﬂtﬁW?&efrpth%oﬂ’r@f PRID'S 9%%@&‘?3%0% source

vari ations of resent 1 nvention. herefore, 1t

ol Eaitebi ek %@%QQ%S.W%Q‘%Z%L} i ESdn

5/ 034357 PCI/ US2004/ 0324 Al M5 What

cl al"}(‘)hﬂfe e%%’)(/lﬁ ¢QHpied fna $ EB‘ RLFOYrgedp | ‘Q‘%@je buried
conprising: at least a first PMOS device having a

chennel ¢anglustion yithingf deastshe firstdNOS deviee sprasito reduce flicker
wherein the first PMOS device conprises a source

noisgwithin thediCGOn regi on, a gate region and a body; and
wherein the body is coupled to a bias voltage source
to increase buried

3. The VCO of claim 1, further comprising:
a second PMQOS device having a strained-silicon layer and cross-coupled

to the first PMOS device.

4. The VCO of claim 3, wherein the first PMOS device comprises a first
source region, afirst drain region, a first gate region and a first body;

wherein the second PMOS device comprises a second source region, a
second drain region, a second gate region and a second body; and

wherein the second gate region is coupled to the first drain region and the

second drain region is coupled to the first gate region.

5. The VCO of claim 4, wherein the first and second bodies are coupled to a
first bias voltage source to increase buried channel conduction within the first and

second PMOS devices so as to reduce flicker noise within the VCO.
12
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channel conduction wthin at |least the first PMOS
device so as to reduce flicker 10 noise within the
Wy/a805/03435The VCO of claim 1, further conprisi nBCT/ES2004/032460
second PMOS device having a strained-silicon |ayer and
cross-coupled to the first PMOS device. 15 4. The VCO
of claim3, wherein the first PMOS device conprises a
first source region, a first drain region, a first
gate_regjQ nd.a fi.r t bod wherein the second PMOS
6. devi g@%ﬁ@$§%§mﬁ @%QF?E 9region, a second
drain region, a second gate regi on _and a second body;
and @&IW&BN@% deviceshaving agdrainedgilisen iayeéo@m'@ijswce region, a
the first drain region and the second drain region is
thicbdpaiadegimmn, leethirdrgette gegion raagl a thirdsbodih ¢h&/@rcoPMD Aidevice to
4, wherein the first and second bodies are coupled to

prévifierstaibé@femddures te @i ¢¥e€d.0 i ncrease buried channel
conduction within the first and 25 second PMOS devi ces

so as to reduce flicker noise within the VCO 12 WO
2005/ 034357 PCT/ US2004/ 032460 6. The VCO of clai m5,

;tj { gﬁé@}%ﬁ‘ g%\ﬁ%a)y@} rglgrﬂﬁf@gﬂﬁ?ﬁb@%@é%@ﬁ%@are coupled to a

third d third t d
fqu;(;h%s vphgbgﬁgﬁ @ﬁmg@@\;;e@r?% éwqrﬂ?%\l/ cam! Lg:tlon WIthIF] the first,
tail-current source to the VCO 7. The VCO of claim®,

seopiad @nd thinddtMGe devigeasa ashiorredbee iflickenneiseovighiadhe ¥CO.

a first bias voltage source to increase buried

channel conduction within the first, second and third

PMOS devices so as to reduce flicker noise within the
8. VCO.The VCO of claim 6, wherein the gate region of the third PMOS device is
coupled to a second bias voltage source to control the tail current through the third

PMOS device.

9. The VCO of claim 6, further comprising at least one inductive element and
at least one capacitive element each coupled between a drain of the first PMOS

device and a drain of the second PMOS device.
10. A voltage controlled oscillator (VCO) comprising:

at least a first strained-silicon PMOS device having a first source, a first
drain, a first gate and a first body; and

a control bias coupled to the first body to increase buried channel
conduction within the first PMOS device so as to reduce flicker noise within the

VCO.
13
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10 8. The VCO of claim6, wherein the gate region of
the third PMOS device is coupled to a second bias

wQ odosagsssource to control the tail current theomgb0nses2460

third PMOS device. 15 9. The VCO of claim 6, further
conprising at |east one inductive elenment and at

| east one capacitive el enent each coupl ed between a
drain of the first PMOS device and a drain of the

d i 0. A volt trolled
1heci THaNBrO YOG HaPhEmbAR0 | act a i 1 s

strai ned-silicon PMOS device having a first source, a
fi r s& segpad strained-sifeory RMOasigviserhiaving s segond sguece, a second
control bias coupled to the first body to increase
dizin,i esecdrahgate armbadecondmodytdmdc the first PMOS
device so as to reduce flicker noise wwthin the 25

VCO. g 13irY\Eraeal SiEcbibP MEE [debre vt d @fird dourtea V&Y drain, a

of claim 10, further conprising: a second

ral — iS4 kil devi ce having a second source, a
QU K

écond gate and a second body; and 5

o U8 LA Lc IR A oY 08 i o
AR S St SR S bRSH A e s

wi thin the second and third respective PMOS devices
dedces so asftarfuriber restigedlicher swoiae withisdheMGdn t he VCO

12. The VCO of claim 11, wherein the second gate is coupled to the first drain

and the second drain is coupled fo the first gate.

13. The VCO of claim 12, further comprising a second control bias coupled to
the third strained-silicon PMOS device to modulate tail-current through the third

strained-silicon PMOS device.

14.  The VCO of claim 13, further comprising at least one inductive element and
at least one capacitive element each coupled between a drain of the first PMOS

device and a drain of the second PMOS device.

15. A system comprising:
a communication channel;

a DRAM; and

14



10 12. The VCO of claim 11, wherein the second gate is

coupled to the first drain and the second drain is
weowploasto the first gate. 13. The VCO of cl aP@1/1122004/032460

further conprising a second control bias coupled to

15 the third strained-silicon PMOS device to nodul ate

dovi 28 iiphter EHCHBNC) RErbled ©ne BAIGHa 10 Lo R on

i LV I e e

o BRIC SR R e erOBtsLBRH (BERAEBS k&R oo ook
fir PP_{?E.Z& g.evi ce and a drain of the second PMOS

S'SB@?&%‘? INQUENGt em conpri sing: a communi cati on
channel ; a DRAM and 14 WO 2005/ 034357
PCT/ 832tiage oeniretiedosdilaier compEsiag i nt egrat ed circuit
(I1C coupled to the DRAM via the communi cati on

5 channel , ableab(a ffiestist@ireedsbitisen PMBS didvisarha\itid-) first body

generate an output clock signal, the PLL including a
vol t gmisfnam®! | ed oscillator conprising at |east a

first strained-silicon PMOS device having a first body
a control bias coupled to the body terminal of the strained-silicon
PMOS device to increase buried channel conduction within the respective
PMOS devices so as to reduce flicker noise within the VCO.
10
16. The VCO of claim 15, further comprising:

a second strained-silicon PMOS device having a source, a drain, a gate
aﬁd a second body terminal, wherein the second gate is coupled to the first drain
and the second drain is coupled to the first gate.

15
17.  The system according to claim 15, wherein the integrated circuit further
includes a central processing unit, a main memory coupled to the central
processor unit and at least one input/output module coupled to the central

processor unit and the main memory.

20

18.  The system of claim 15, wherein the integrated circuit is a microprocessor.

19.  The system of claim 15, further comprising a networking interface coupled
to the communication channel.

25
15



termnal, and a control bias coupled to the body
termnal of the strained-silicon PMOS device to

WO p@smass7 buri ed channel conduction w thin thePCT/US2004/032460
respective PMOS devices so as to reduce flicker noise
within the VCO 16. The VCO of claim 15, further

Z%OWHgééyykqemaofst%iﬂ{‘ %,%ﬁé\’eﬂ?f%séé)s'té:rﬂgs EMIR 6y ohe ff aset-top

avi ng source, a drain, a gat and” a second body

term nal , .wherein.the s d gate is coupled to the

bop; F‘Qte’g‘?%?'ﬂmeé\fHn{tt?é‘dsaeﬁyﬁgma?%ri'n is coupled to the
first gate. 17. The system according to clai m 15,
wherein the integrated circuit further includes a
central processing unit, a main nenory coupled to the
central processor unit and at |east one input/output
nmodul e coupled to the central processor unit and the
mai n nenory. 18. The system of claim 15, wherein the
integrated circuit is a mcroprocessor. 19. The system
of claim 15, further conprising a networking interface
coupl ed to the communi cati on channel. 15 WD
2005/ 034357 PCT/ US2004/ 032460 20. The system of cl aim
15, wherein the systemis a selected one of a set-top
box, an entertai nment unit and a DVD player. 16

16



