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VOLTAGE CONTROLLED OSCI LLATOR (VCO) TECHNI CAL FI ELD
Enbodi nents of the present invention are generally
dvoesdsegsssp el ectronic 5 devices and, ndre  perus2604/032460
particularly, to strained-silicon voltage controlled
oscillator (VCO, although the scope of the invention

cont roTRAINGEE DN Yol TABL e oA kel ik svco)

conponents 10 within phase | ocked | oops (PLL's) and
SyRChRICAEISELBhI ch in turn have had w de
applicability, particularly in the area of clock

frequ @ﬁ%o?ﬁ‘fﬁﬁ@b‘f tep éééﬁﬁn\ﬁé?ﬁion %@Q'gh%?gfﬂﬁe&gmﬂfe&mmc

used in confirguration to e an o
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receivers to achi eve desired operatl ng/ out put
frequenci es based upon relatively | ow frequency i nput
signals. Wth the continued push towards
BACKGRQUYAGO on of electronic circuits and devices
coupled with the demand for increased operating speeds

of t hossitagdaonGeied OBENAbIs\YOWESigaveasnd BESHBsEd as components
significant and limting factor in the design 20 of

SMitHin phese! Idokeé'lkS’o;f%.e(‘PLﬁ%ﬁ ant’d %é&!k@l‘é' Whichih 'tlﬁilﬁeﬁe]ve had wide

noi se has becone dom nant source of noise in silicon

nS| il aban‘?%@ﬁr)? o CegE@?k?ﬂe@h&c‘? q_gbé?]%ﬁ'atlon PLL’s for
R LT R -
ik 0o 54 SOl P i
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

adj acent channel interference in conmunication
Syeteism343st i cker noise in MOSFETs is due pri maiciius2does2460
the random trapping and detrapping of charge carriers
near the Si-SiQ2 interface. This carrier 5

a@%ﬁ’é&% LR EPRGE PhoRds Tl o BRIMITEDiamett phannel
te urface nobility, of t{;e charge carriers. Because
effl??éen@lf'&\ﬁpm"w&%‘ﬂgtsé{ﬁ M%f the oxide traps and the

surfa%(? states,, the noise spectral_ density of flicker
noi se figkernpise s NOSFES s ﬂ%arlmﬁaiyftpél@@ﬁtqomémpmg and
therefore is conmonly called 1/f noise. 10 Many VCOs
tdatiapRing,of ¢harge eatdensdieanieaPi-Sikadetedacs. c BhifucaTEs
(PMOS transistors) cross-coupled to n-channel netal
drampingddetrappiniuprooess aesiismoduitates thet ahashel aarrise density and
an NMOS tail current source and an on-chip inductor

aadsey Huctuations inthdsurfdcet hebilityad ithdoehaarge aardéns. Because of the
factors contributing to the generation of phase noise

ishow @R, conhbtatkeof theiokRiel tragshehd thiklsuffdtd sates Othémlsv‘@bectral
cross-coupl ed 15 MOS devi ces has been found to be t

dresipbi Mieked Mgl iB itversdiPpripbfifonal G bﬁ%bﬁd therefore is

transcei ver systens built using typica

rc%ﬁﬁﬁy,qycawgﬂem%;ggce from adj acent channels, or have
high residual bit error rate due to |ntegrated

phas e MHH ﬁ‘tﬁiﬁgﬂﬁoug r?p PR e okt semiconductors (PMOS

| oop- bandw avariety o

R R S
jl@gagﬁgog%g %s ?V\?e[llléso%eﬁmd@tall cd?rent ggﬁjrge Iaiq E’:lenag}l r(13 ip lnauctor 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 d_evices has been found to be the dominating contributor to noise.
Additionally, transceiver systems built using typical VCOs elther 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.




10

15

20

25

WD 2005/ 034357 PCT/ US2004/ 032460 BRI EF DESCRI PTI ON OF
DRAW NGS The present invention will be described by
way of exenplary enbodi nents, but not |imtations,

iwbuaisratssd i n t he acconpanyi ng drawi ngs i n weicghsskiokeszaso
references denote simlar elenments, and in which: 5
Figure 1 illustrates an exenplary strained-silicon

@ﬁ@%ﬁ%@]pirmw@jp%mmﬂ,@?r transport takes place
eter oj '

bel ow a rojunction forned at a Si/Si Ge (rel axed)

intert L Fl ' n i lEhriu .
pand- diSgrare i Bfiet A8 GPefhy a4l bk BrtiPlery prggaiments.
P vi.ce of Fiqure.1l- 10 Fiqure 3 illustrates a VCO

B R BVliecd s brdgapmertyind drawidsil alietiuie
Figure 4 |s raph illustrating sinulated phase-noi se
\K}P%ﬁ‘?’?f)qsr@'\?&j%ﬁgf elegign :§,"dlﬂi‘§f]l‘3“5 illustrates an

exanpl e phase-I|ocked | oop (PLL) including a VCO 15 _
equi ppédirgitkilusiraessan exanaplaty straired-silicpa SMPFsvice, in which
devices in accordance with one enbodi nent of the
icatriatitianspod hekesi Rianedatow lal heternojunedion feysedai & BilsiGe frelaxed)
the PLL circuit of Figure 5 is used. DETAILED

PESERIRTI ON OF | LLUSTRATED EMBODI MENTS 20 In the

foll ow ng detail ed description, nunmerous specific

det ai. Figune @ ithestratesr arhequilibriondband-diggram fdetiee Silnfxoeushhe
under st andi ng of enbodi nents of the present

strdipetiigifconiRvegedevide I Faygkitk | ed in the art will
understand that such enbodi ments may be practiced
Wi t hoplgurd 85MIsHRES d VEOdRtRLbRIankd Al She ERBOBIRER of the
invention;

Figure 4 is a graph illustrating simulated phase-noise within the VCO of
Figure 3;

Figure § illustrates an example phase-locked loop (PLL) including a VGO
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.
3
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wel | known net hods, procedures, conponents, and

circuits have not been 25 described in detail. 3 WO
20051034357 PCTI US2004/ 032460 Al t hough vari ous
dwecwes/m4zsper ati ons wil | be descri bed herein, HdTRu93804932460
order of description should not be construed as to

inply that these operations are necessarily perforned

in the : t h

thi o <yHSEh yalPYs 3p5reR GRSRNG R b HEB b UM e more
enbodi pent . ans_t hat articul ar. feature .
SomaE ot FeorigbiE g Rbr e Botictiyeld A8 1oy it hareconasqtions are
with the emhodi nent, is inci uded in at | east one
e'ﬂ%?ﬁ??ﬁ@)ﬁpe priperLin the QEdgrtagY areResepied- appear ances of

the phrases "in one enbodi nent” or "in an enbodi ment"”

i n varfRefgeense daroagheytdbisispacificaion 1oy eaerqrabedigeniras “an

not necessarily all f: referring to the sane

cppbadimant” reeansiiahe pariiculan featerenstracturg.corpeharagiaristic described
10 features, structures, or characteristics may be
dordennectionrwitinthesambadimenthis imadudadin afreastronenerabodiment of the
enbodi ments. Lastly, the ternms "conprising",

“innentiothi Mditis, theappegtanceaofltHehshrbsde 'in ameusmbodimenitieor “in an
present application, are intended to be synonynmous. In
asrabodimeat inwalowwsacasdibedugholit is $hecifichtiontdremot Aecessarily all
vol tage controlle oscillator (VCO containing at

| .@@érﬁn% Reths gt @fbadihicnebr MvBhtioh. dRMHREmhGrelhe particular
descri bed herein. Mre specifically, in accordance

Vicbiuréd) e1rGERRY, BRBA _r@ﬁeﬁ‘igﬁcs ) %Bgﬂd%ﬂbinéd V%W syltable, manner in

contai ning straine I'con PMXS devices I's utilized
he BRI b SO GudBEE" i
%ﬁ'{%ﬁ?lﬁrliﬁg,uacseugédi if lﬁ% p%%ieﬁfeaﬁpqﬂaf?(%, ie}?gtiliwt\éﬁdgg % be ré%gﬁymous.
in accordance with one embodiment of the invention, a voltage 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 PMQOS devices is utilized in
conjunction with a control bias to yield increased buried channel conduction within
the PMQOS devices s0 as to reduce flicker noise and derivative phase noise within
the VCO.

As used herein, sirained-silicon refers to silicon that is "stretched out" due
to the natural tendency of atoms inside compounds {o align with one anather,
although the invention is not Iihited 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 fine up

with the atoms beneath, effectively "straining” the silicon. In strained-silicon,
_ 4 ' - '
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the VCO 20 As used herein, strained-silicon refers to
silicon that is "stretched our due to the natural
tendency of atons inside compounds to align with one
awotzn@vo3z43sal t hough the invention is not |imtedTius2004/032460
this regard. According to one exanple enbodi nent,
silicon may be deposited on top of a substrate having

} 1
Aok e xBTS ochEin 88 3l g tloR Ry i shen

B R b, BB s ot e
A PSR S04 TP b P30k 5
SUGEFET P TS el Ao

el ectron npbility/conduction, the use of =
§W%ﬁ"l$¥<§0’é'ﬂp'|’9@§ﬁg trappingDeRe-Helrappingsofrahiargessinl axigatraps near the
i ncreased flicker noise in devices due to a 5 tendency
foxide interiegs efi therdgyisieng and detrappi ng of charges in

oxi de traps near the oxide interface of the device.

I n onén endedibedimend bf thednventiont, iaomegadive egliage biasds tpglked to
bias is applied to the substrate/body (also referred

tioe ssbsiratelbldy fdls) refdrreal ®tasod bedk Yalke)ada SHdited-gifivde PMOS
to attract carrier transport (e.g., holes) away from

daeicexo derdonbaneaiandpandelf), hales) anag R thel 6386 Intéface (and
the PMOS device resulting 1 n decreased flicker noise
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( enpl oyi ng 'such PMOS transistors. The bias nay be
Pt el bRl s o YE0! o
PO rrIsEdrE" The bias may be fixed and/or steady or the bias may vary with
time. in one embodiment, by applying such a bias, a majority of the carrier
transport is forced to occur in a buried silicon-germanium SiGe channel below 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
intefface, 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 iltlustrates an example strained-silicon PMOS device 10, in which
carrier transport may take place below a hetercjunction 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



P

L

10

15

20

25

transport is forced to occur in a buried
silicon-germani um Si Ge channel bel ow the 15 o
strained-silicon layer resulting in increased majority

cwonoessissow and i ncreased flicker noise. SugiristhriR@szdaso
channel transport is typically undesirable in
conventional devices since the further the charge

r
?@%PP%%‘C%’% R bR BBrei et srerish et By various
art, t
fi2E ei#*f%%@@%%?%{?&”d@h?%‘&%@ﬁ SoBASirelive & supsiet may
0 effec of . de ased ate confrol is mnimal ure
€ A of perpie "§H§Essanﬁ GG aTthisting o P PRRSBSRA co
. I.ch arrler transport may take place bel ow a
MP%%{%E?QB fgpeemiegndyct gs'lé@ﬂﬁﬂ ellafdgpre 1, the PMOS

terface. As shown in Flfgure 1, PMOS device 10

iGedtkingluges a busfer laysnolaraded Sige 29 that isdorraed oneuSi
to as the PMOS device body) having a variety 25 of
eplostirtedlS, Bliyeugh thiedpesdidn ishpotlimitedimethiserespectb dh oake,
as used herein, refers to 5 WO 2005/ 034357

mmem4tlmmGayem rEpyeserits achi.g64, bufdrdlydrhaving a graded
basi ¢ workpiece that is transformed by various

[B® carnposifimt. aA ilayes of rdlaxaa Siesd Pk fﬁr&b@&irﬁmbrg?ﬁdéd SiGe layer
configuration. A substrate nay be nmade of

20016 end eaibodime Mo A-SISHICEAPHLAIE SINGEANBI 'Lmﬁiécpﬁ 1 siGe

sem conduct i ng and non- seni conductl ng materia

il s T 30 0 U 4 v

%‘?‘Zé‘{ it b SRS i @R A Srdlibog %’%335 idnen
c onp os&{]{hg r@lagéﬁ} XV er %\J ?é %&x%g ‘?ﬁgs éllgcnq%g ra‘tff g’ ﬁ@gg% ﬁe?gxed
SR BRI 75, N5 ang¥lapler 4 Ry e & e sieiiodpitgon layer 35

resulting in traps within the oxide interface 37 as illustrated in the magnified view
of Figure 1. In one embodiment, the oxide layer 40 may be composed of SiO..
Lastly, a poly-siticon gate 45 is formed on the oxide layer 40, and source, gate
and drain ferminals are constructed thereon as shown. In one embodiment, a
fourth terminal/back gate (not shown) is assoclated 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 termrinals 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
semiconductdr surface under the inﬂuencelof the eleciric fleld resulting fromra

voltage applied to a gate terminal. In the event the source and drain terminals are
. 6
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10 | ayer 20. The source and drain regions 30a and 30b
represent P-type wells fornmed within the Si substrate

15 prior to epitaxy. A strained-Si layer 35 is then
fworresk/asst he rel axed Si Ge |ayer 25 by e.d., tPRus2004/032460
application f Si on the relaxed SiGe |ayer 25. Next,

an oxide layer 40 is fornmed on the strained-silicon

BB O GRR RN SRRy, pquoo en

Oéraﬁl"% elusz%@g?%gh%%ftymm the oxide |ayer 40 may

be conp a poly-silicon gate 45
is formed

d . d
ir o OGS it g cofiotinatt ofiBRJtyPhions s ctioR between
3h8 s §oRsedB e MRickaln F9GOm iy @5 5 breied chamnel ranspor

facilitate application of a voltage bias to the body
dielgwities endde dderface 36 hipwevesuit shonitibe nated thet theda.lr@d channel

are coupled to source region 30a and drain region
densppdsgrasribed hgreispith cesngchionvakious embedinednds of thet present
terminals within a FET (e.g., both N-channel and
Mrardioneis)agnbeticvecthe phoaslss edoptect foogermrater strain ivde icotrbsponding
i nfluence of an electric field subsequent to the

idevisedi eg., PMOS eleviee o) ontdLbe e qaienteof epitaiaal [BYsts used to
i nfluence of the electric field resulting froma 25

\eehleveah@pambe I Hue, éltlﬂﬁbﬁ theePRKD8! devide éﬂﬁ% &iehas BBen
source and drain termnals are s WO 2005/ 034357

Riebbif i ReipdePto d ﬁé}'hbl‘[ﬂQF &ﬁnﬁH&Jﬂoﬁ BR §t|hL%quér 8& er such

geonetrically synnetrlc terns "source

%mﬁasu.ﬁgy aR8 st % gﬁﬁﬁé&ﬂs@&sybe éfécﬁﬁ&@mﬁ{ﬂﬁf‘d#%g from

one enbodi nent vent| o, conduction be

A RO SEF e V  h BEA AY e 1
Eﬂ%ﬁé% g@% B%% éhrouéﬁ 4Satief ytof Sr’nhe% !a%lsbrﬁs ?noc e ing, Ihbut nott1 Fmited {0
biaxial in-plane tensile strain using epitaxial SiGe, strain 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 1um? SRAM cell”, Thompson, S. et al. Electron
Devices Meeting, 2002. IEDM '02. Digest. International, 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 potentiai-

-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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transport, described herein with respect to various

enbodi nents of the present invention, is agnostic to

the process adopted to generate strain in a

ovo kespangi ng device ( e.g., PMOS device 10) poiissoo4/032460
the sequence of epitaxial |ayers used to achieve the
sane. Thus, although the PMOS device of Figure 1 has

been J,Q?l%s‘ﬁ;b%l?éi?é’% Fxérﬁﬁl%e?ﬁ,d A &q@?ﬁécd %p%?r[ e gmbodiment

conposition an ructure er suc

s biveg et Ret Yol BRRHAT RS DBl 'quéwi%ﬂﬁﬁﬁwm
FCT R S S L

imted % bi axi al in- ﬁl ane tensile strain
Jggﬁg%ﬁ pagyn, altgough the scepe ¢t 9élv+éanf!@nﬂ$ net lirgifRg in this regard.
straln 15 by nmechanical force, as e.g., described in
tiRPapigudar KAQS fevice Naend iﬁM@@ @ew@ee&ﬂh areggpicted as being
featuri n%; 50 nm strained silicon channel transistors,
Frogsyeoup ed. That is,rihe geiermagians] 18@of straingy-siicon PMOSReMce 10a
cell", Thonpson, S. et al. Electron Devices Meting,
29 0aupledMh@iraibi rggion. 1 16 iod shraineahsilicorBPMOPdsvic@A0B, and the
Page(s): 61-64. 20 Figure 2 illustrates an exanple
eate radion Un3iheistrahagsitconf PMOS elevice! Hbss ebupielito the drain
strained-silicon PMOS device of Figure 1. As shown, a

vagien cld shndirainbealicon Pmlde%eswa | BddiienalRy, #ieSburce
SiGe layer. This band-offset results in a buried

@éﬁwﬂﬁéﬂsqhza%hh 128 o?M@st%f?Hé&%ﬁ owlﬁnzb?edévaé‘é% 4déea d 10b are

0 es wl | ow. Because It ur| e g avvay rom

l%ﬁ'tg th&t Whﬁ!@%gﬁ?clﬁ\;éeelgmeﬁ J‘Qg cﬁﬁﬂ&éﬂv‘é%‘fﬁmenﬁ% are

ease random rappi ng an

&«B@%ﬁ@? 58 e fesubly 6508 el 8 g 0 e

qBp° ﬁ%leremc\)/l%otﬁenso%?georre%%%cff 1 %‘(’I: OP stra!neg-gﬁtcon E’?\E&)S device 10c is

coupled 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. Simitarly, the tail-current flowing through strained-

sificon 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 10¢. In one embodiment, either bias voltage source (e.g., bias-1 or bias-2)
may be coupled fo external decision making/feedback circuitry (not shown) to

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

example, external decision makingffeedback circuitry may be used to determine a
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of the invention. VCO 100 includes three

strai ned-silicon PMOS devices (10a, 10b, 10c), an

i nductive el enent 120, and a capacitive el enment 122
cwopbestdhisxsoget her as shown, al t hough the scopecaiusbédes246o
invention is not limted in this regard. 5 In

particul ar, PMOS device 10a and PMOS device 10b are

e T
AR i A 0, b oG o580, o

strained-sjli.co d,V|ce 10b i s cqupl.ed to the
sl mafnaltsadheek sroufy siave gouss e gvﬂ/d@'taemeecome more
10a. , Additiognally, the source 10 termnals 112a and

DE98YR 5P AE ta Aiteachugra hple g ke dhe sudgce daUs rpucingsyster
are coupled together, while capacitive el enent 122

&IPS nducti ve el ement 120 are coupled to each of the
drain regions of the strained-silicon PMOS devices 10a

and Altopugtrimtha diustrated erhodionent seadbgifdhe PA2OSafevices of VCO
strained-silicon PMOS device 1 Cc is coupled to

1166 Uz \beecaldesenbedl@0being atdimed-siicon ®MOSalsvices) oné bemore of
VCO. 15 In accordance with one enbodinent of the

ity stréinedhsilichie PMOS esvicdd ¢a , ok: X oef m@?@i@n@fhe‘lé&% represent a
illustrated strained-silicon PMOS devices (10a-1

EeARRTHONUEPMDSASIEOWN eﬁottébrﬁafi’ﬁrﬁ% tYé?hé@-@ﬁicéﬁ}Wﬁl?out departing
(Bias-1) to facilitate i ncreased uried channel

fﬁmﬁnt‘éﬂﬁg@cﬁpé Bﬁr@t,ﬁ@érﬂ%@‘ silicon devices (10a,

10b, 10c¢) turn, decreased flicker noise.
Si m I
S Pl 08 gl NG Fh A AL SRR PR 100 o
pl econ bj as e _source
i: 5%%2)%%?81%%%% uZe ?eg%gﬁ bﬁé%‘-\@ tél@ gnprovement in the phase
str ai PMOS | de n one. .enbodi
BbERel T 6 i e waﬁelov(%r fokericite $OGRCRRR reresenting
g'a% ed tqQ ex erng deci_si on maki ng/feedback
%f[ﬁ"ﬂ?‘i/) fﬁ?ﬂ d%\ﬂ@%f()% ¢ degcikes aRgyaATe Ussth ddwe use of
control of the strained-silicon devices 10a-10c. For
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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25 exanpl e, external decision making/feedback

circuitry may be used to determne a 8 WO 2005/ 034357
PCT/ US2004/ 032460 system figure of nerit (such as
awpaoess4shannel power) to determ ne whet her teta/US2004/032460
flicker (or phase) noise is approaching an

unacceptabl e level. In response, the decision

i ng/f hRCWH L ASK ol 1.
TBEHe SRR obo e B SR B MRS EOB ) 7S 210,

y.fromthe surface hus,reduci. S em 5 noi.se.
AR i et piTes 214 SR tishGRe o ies chntl \Bifade 218 to
PMJS devices of VCO 100 have been described as bejin
fmaniaiya Hinina Phagerahstvesn fgﬁé“l?ﬂt siials gppliedg the PFD 202
strai ned-silicon PMOS devices (10a, 10b, 10c) mm
Asisitianallndbe biasaenerator22Q groerate g bi!am!ta%s,c%ﬁ\sfi and Blas-
(e.g., not containing strained-silicon) wthout
dedaranergmbadiment iBias2 cenireistiha fail-ewopt ihroughestrained-silicon
invention. Figure 4 is a graph illustrating sinulated
iSO E-deyicee! Ga arfd the tougpuvOOVIBO 160. IhiogeremiBodiRent Biasid is
to Figure 4, it can be seen that an inprovenent in the
phapled tothesbodiés bhstraitxd-3liton COIDS devives! Waet0d dnd &ortrols the
noi se coefficients, representing the strained-silicon

deoure sf Buldtt dheibie s sbobEfr ©edespsERe. delitRsU 3¢ ofé

15 dif_ferent fIicke_r noi se coefficients attenpts to
BRMoMhaRt 8s bRe-TRVh&®R X8 'ne@ﬁfi@é}ltbl‘i.lrieﬁfchﬁHhéﬁ?’ansport through

channel hole transport. Figuré 5 illustrates an

SHAPRUSIRBE OB Gck 0B, 62 )ndihtebithag plfbhang

ﬂsg}egglgéﬁ Bhi%cﬁ(ﬁ%%nﬁ%@éh one enbodi ment of the

I AVEN n 00 includes a 20
BRZ? :'I'-gétfe r&ﬁﬂﬁ%’r@q%egﬁégﬁn‘%%ﬁ%os%%e Is;?srterr{l%r}rii tW rici:hng PLL circuit
incorporated with a VCO endowed with one or more strained-silicon PMOS
devices in accordance with one or more embodiments 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, |C 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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reference signal 204 and a feedback cl ock signal 206

(in the formof a frequency divided output signal of

a voltage-controlled oscillator (VCO 100). The PFD

20D 209/e03e352t es an UP control signal 210 and a pXVi#$2004/032460
control signal 212 to cause a charge punp 214 to
respectlvely charge and discharge a loop filter 216.

e ik SPRPE EEATIEO0T R Inplfodth, mgﬁsiewvg%mt ER€not limited
185 almednt i %‘%&@f‘é&é%ﬁ%&fﬁ@ ﬁs%%vo%frgﬁria%e 3hg so forth

2 driyvi 214 set the pro

aatiniagih sheil aEmBY §pgsentama o ok HiTh #ﬁaa%r wireless

phase error between the input signals applied to
fﬂpﬁlrﬁwcaﬂ%@qnn@%ncwdwgw utmo(i@rr@@ﬁéiaamnpi@ml Zontro interface
generates two bi as voltagﬁg BIAS-1 and Bi As In

REDbise @nredestrydptandard Hichitertire (SA) Hus. aid pe mrth In various
through strained-silicon PMOS device 10c and the
ambpatimentsytte aeem 130 may berpviraless maiilegphonesa personal digital
coupl ed to the bodies of strained-silicon PMOS devices
Heaisiand, apdckaifC, @ iétdC aarmaiebook Py deskiddpacoraputer, a set-
transport through the respective devices. In one |e,
¢o¢h bdx remnénteetainment -uhif, 8 DVD @layer,caritegsbivee, buried

channel transport through 10 strained-silicon PMOS

devi cegthdgh $psciiice bOdRASKIE hadt Pictl |Iﬂjs¢1%léd3§|ﬁ@6§$dmed herein,
decrease in phase noise in PLL 200. Figure 6

iifl Wit Bler pPSciffea b@ffth@@)bf r?'s%ﬂlsibf %ﬁ@ thé‘t dﬁ%}: &'ﬁbrﬁ;ement

PLL circuit |ncorporate a VCO e one

mﬁ%%aw&ba ?@aéh'e‘v%‘me 6%%@ &tﬁ@zéé&.%y'ﬂé ﬁib%ﬂ{u‘?é’@@‘? the

one or nore enbodi ments e i nvention
%?e?@@lgm ﬁne%(rtgfgg%% (ﬁﬁ,{gﬁéif&S{?OMS itertRB8s bobd ézﬂygéﬁa?btatlons

or variations of the present invention. Therefore, it is manifestly intended that this

invention be limited only by the claims and the equivalents thereof.
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circuit 200 (described with respect to Figure 5) as
part of an integrated circuit (IC t 300. In one
enbodi ment, IC 300 is a mcroprocessor. However, in
al ternate enbodi nents, | C 300 may be an application
specific I1C (ASIC). For the enbodi nent depicted in
Figure 6, the system 302 also includes a 20 nain
menory 308, a gr aphi cs processor 310, a mass storage
f¥icce 312 and an input/output nodule 314 coupled to
——eggﬁ ot her by way of a communication channel 316, as
sFom? §¥anples of the menory 308 include but are not
Whatsictaged 8t at i ¢ random access nennry (SRAM and
dynam ¢ random access nenor DRAM . Exanpl es of the
L. nasé wlgpaspntgded %Sélle’Z(YﬁQKGQIéPIEﬁmg are not linmted to
25 a hard disk drive, a conpact disk drive (CD), a
di g fiest PM&YSsdevice daving & storinedesifiauiyer; 10 WO 2005/ 034357
PCT/ US2004/ 032460 and so forth. Exanples of the
i npubdreiuttipufirstRid(ISale Bitd commisasl e shute @pienodrainiregido® c gate
to a keyboard, cursor control devices, a display, a
regioatand b lbodntagd f ace, and so forth. Communication
channel 316 may represent one or nore wred and/or

W eS8 thquﬂ?'&'{‘éoﬁﬁﬁe:irl glﬁa &Q@W@g@ sh&d tH%c?&spHﬁnéMannel

limted to a perip control interface 5 (PCl) bus,

con?ﬁbﬂoﬁ%ﬁﬁﬁ Y 1A REH p nﬁf(%h&év?&tsﬂr o defok fﬁé’k%g 8@9%%@;9]8 ethe

I'n various nment s e system
vcd, W rel ess nobile phone, a personal digita
assistant, a pocket PC, a tablet PC, a notebook PC, a
deskt op conputer a set- top box, an entertainnment
unit, a DVD player, and a server. Al though specific
enbodlnents have been il lustrated and descri bed
2. her &iWltagegenrellesf gspillpfar QP beamprisingby t hose of
ordinary skill in the art that any arrangenent which
i s PP egvicohavitg asimineesilisantaypur pose may be
substituted for the
a second PMOS device having a strained-silicon layer and cross-coupled to the

first PMOS device.

3. “The VCO of claim 2, wherein the first PMOS device comprises a first source
region, a first 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.

12




speci fic enbodi nent shown. This application is
intended to cover any adaptations or variations of
the present invention. Therefore, it is manifestly
intended that this invention be [imted only by the
clainms and the equivalents thereof. 15 11 CLAIMS What
is clained is: 1. A voltage controlled oscillator
(VCO conprising: a first PMOS device having a

str yer e fi,r
4 conp%‘r‘? SEOAGED, R iR St oS e Wopled B4 i
regjon and a .bod and erein the body is coupled taq
biay e s fadlécrs%a bt larrel Fenueon itk teE R Second
conduction withjn at |least the first PMOS device so as
PM@S Az €0 19 tpagdiee Hiskeranopierwithin thied’CQCO. 2. A vol t age
controlled oscillator (VCO conprising: a first PMOS

devi ce having a strained-silicon |layer; a second PMOS
devi ce having a strained-silicon |ayer and

cro first. PMOS device. 3. The VCO of
> ﬁegebp\dwegg%% #Etﬁercomgpsﬁﬁlos devi ce corrprl ses a
flrs i on, first..drajn re i.on, a first
gat %E“.@%ﬁgﬁ eghamgsﬂtsﬁﬂwa siligplaxpina firird source Fegi g ehird
device c ri ses_a second source regio a second
dragy rggigny @81"@ gate zegigiasd @ thisd %éﬁeélﬁrcgﬁh@& dexics fIPIobidy 2
and wherein the second gate region is coupled to the
tailfqueregt sgurse o theyiC6h and t he second

0. The VCO of claim 5, wherein first, second and third bodies are coupled to 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 VCO.

7. The VCO of claim 5, wherein the third gate region is coupled to a second bias

voltage source to control the tail current through the third PMOS device.

8. The VCO of claim 5, further comprising at least one inductive element and at
least one capacitive element each coupled between the first drain region and the second

drain region.

9. 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

13




drain region is coupled to the first gate region. 12
V4. The VCO of claim3, wherein the first and
second bodies are coupled to a first bias voltage
source to increase buried channel conduction wthin
the first and second PMOS devices so as to reduce
flicker noise within the VCO 5. The VCO of claim 4,
further conprising: a third PMOS device having a

P L 530 ) UG
.t h i i : il -
wopt B ISR R SR e A AELIERL.

first, second and third bodies are coupled to a first

bi as vol tage source to increase buried channe
conduction within the first, second and third PMOS

10deVIREPCOHVRMih 9, MBAUCRnipismer noise wi thin the VOO
7. The VCO of claimb5, wherein the third gate region

i's £ @Qra‘ﬁféd-%ilﬁ:%ﬁ @Wfb%h?ﬁce h\éwn%g%g@%é&ge,ta%eg%gta%ﬁg a

t he tal current throug e thi evi'ce.

cl.ai.mb,, further conprising at |east one
Sa%%%%%%?%%ﬂgggﬁgﬁpyﬁ%l at | east one capacitive el enent

each_cqupl.ed, het e first drain region and the .
secbid Sﬁ?lﬁ?qﬁmﬁ%%f@ﬁ?’gg‘.mﬁ@ BRI SANE6 A i Srakn 5 third
oscjllator (VCO conprising: at least a first

gatg ppdy thrd bedysi con PMOS device having a first source, a
first drain, a first gate and a first body; and 13 a
convh@ein ghepontolpisds coupladie tie sesandpod yhitdbadirste asmase
buri ed channel conduction

buried channel conduction within the second and third respective PMOS devices so as to

further reduce flicker noise within the VCO.

11.  The VCO of claim 10, wherein the second gate is coupled to the first drain and

the second drain is coupled to the first gate.

12, The VCO of claim 11, 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.

13.  The VCO of claim 12, further comprising at least one inductive element and at

least one capacitive element each coupled between the first drain and the second drain.

14. A system comprising:
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within the first PMOS device so as to reduce flicker
noise wthin the VCO 10. The VCO of claim?9, further
conprising: a second strained-silicon PMOS device
havi ng a second source, a second drain, a second gate
and a second body; and a third strained-silicon PMOS
device having a third source, a third drain, a third
gate and a third body; wherein the control bias is

coup e 1d and third bodies to i ncrease
eogl%n‘%lgc&tﬂﬁ cRAtn@hd ¢ nire

buri nnel’ conduction within the second and third
respecti devi ces s 0 urt her reduce
£+ DR radoR o e JRRANS andrnc VSO of el ai m 10,
wherein the second gate is coupled to the first drain
anoan infograled CYRMT df-Areppied te s RAM e fhreoppupicagian ghannel,
The VCO of claim 11, further conprising a second
the é@ heyiag a Bhass laskerbloep (RTd-)th generdi¢ prjowpytaiaskdigsnl, thedh.L
PMOS device to nodul ate tail-current through the third
inckilingi ned- silicon PMOS device. 13. The VCO of claim
12, further conprising at |east one inductive el enent
anc watitagd @msbllahecitiapacyVCOy eommprésiignt each coupl ed
between the first drain and the second drain. 14. A

syst em GOomRtiaSiréiGiraihdd-Sli6QAPMOSCRYicO ﬁa\ag,@m Rt gat® a first
dynam.c random access nmenory (DRAV); an |ntegrated

" draﬁl &R frs(dd t&ﬁﬂﬁll gfqt o the DRAM vi a the conmmuni cation
channel, t I C having a phase | ocked | oop (PLL) to

generat g caﬂmﬁ%salg%u@w&kméhgpeédy betindT ' inctedSd Bl Shannel

conduction within the first strained-silicon PMOS device so as 1o reduce flicker noise

within the VCO.

15.  The system of claim 14, further comprising:
a second strained-silicon PMOS device having a second drain, a second gate and a
second body terminal, wherein the second gate is coupled to the first drain and the second

~ drain is coupled to the first gate.

16.  The system of claim 14, 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.

17.  The system of claim 14, wherein the integrated circuit comprises a

MCTOProcessor.
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a voltage controlled oscillator (VCO conprising at
| east a first strained-silicon PMOS device having a
first gate, a first drain, and a first body termni nal,
and a control bias coupled to the first body term na
to increase buried channel conduction within the
first strained-silicon PMOS device so as to reduce
flicker noise wthin the VCO 15. The system of claim
14, further conprising: a second strained-silicon PMOS
devi ce having a second drain, a second gate and a
second body .t et m wherei.n the secand. gate is
1800 o R R o P AP PRt AR B BR S e ap i to the
coupled to the first gate. 16. The system of claim 14,
o Eﬁgﬁﬁmﬁ @ht egrated circuit further includes a
central processing unit, a nmain nmenory coupled to the
central processor unit and at |east one input/output
nodul e coupled to the central processor unit and the
19.mai Bhanystomyof cleiim 14 ehessis thersysbmebaiprizs4, selabted enaof dxet-top
integrated circuit conprises a mcroprocessor. 15 18.
boxT e exggrsdigment fnit had DV plhyert her conpri sing a
net worki ng interface coupled to the comrunication
channel . 19. The system of claim 14, wherein the
system conpri ses a selected one of a set-top box, an
entertainnment unit and a DVD pl ayer. 16
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