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A Phase Lock Loop circuit (110) for providing a clock signal - e e Py

to an integrated IC chip. The PLL comprising a voltage tunable 1
inductive—capacitive (LC) oscillator, a phase detector, a charge pump ustel VIS
all coupled together to form a loop. A vco includes a varactor (150), I eirdun
inductor (130), and capacitances (160, 170, 180, 190, 185 and 195)
forming the LC oscillator. ! ]
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upon the phase del ay bet.ween the two cl ock signals, phase detector 330
produces an up signal and a down signal. These different signals are
produced by different output ports of phase detector 330. As illustrated in
FIG 3, these_us &Fq down signals are applied to control switches of a '
charge punp tW@B’ 4% short circuit an electrical pat h incIuﬂ?ﬁH$§“@ﬁ?rent

source, such as current -sources and s illustrated in FIG
3, when these switches cl os@%‘%&gﬁ*&#ﬁ%ﬁ%@gc@r di scharges capacitor
360. Therefore, dependi ng upon the duration of the up signal and the down

si gnal producﬁwﬁ@_ fibgct or 330, the voltage of capacitor 360 may be
adjusted. By adjusting the duration of the signals applied, the voltage

across capacitor 368 ntNYeREon fejatesda aclagking sehemedr elegifoniciraiing sugh
i1l ustrated ias ghasée-lo8keddagpsdPLigr 360 is coupl ed to vol tage-control
oscillator 310 so that the frequency of the output clock signal produced by

VCO 310 w Il be adjusted_i onse to the voltage across capacitor 360.
Ther ef or e, a%@%ﬂ%ﬂ%ﬁ%@l ock signal C2 and reference cl ock signal
Cl shoul d becone snal | dmlahgeschips eatpldying binaryrdighar signatsortbits, saelgad, iwithodteedback

Cl asal y mat cigdason meroprbiiets micafoils, Ayfafiinel WochsbpdfSicadha U %5
is "l ocked". others, asignfiqagt %’“‘%!‘}%Bf(ﬂ"g’éﬁ'ﬁ,d'sﬁlpé@ﬂ dys tp the clogk signal driviag the o
charge punp, echig tompmineiits oMoredpacifidally, thenclbekdighakis typlcaily distibutétbvia alclbck
rom the chars ek TRERoBEIGH Bk S idfely b6 bahd of AphEREE Y aFBHE! ©' ¥
refers to anyPrepencaiof inpyutaapprignersder the devisesgised & cansirvd iraistercand lateheseast i n
part on the plasampe cythout imitpert, asapatithnce might be approximatelyi is tHeqange of a
enpl oyed in t U Starad to tens or hundreds of nanofarads, for example.
Typically, the clock signal is produced using a phase-locked loop (PLL) FIG. 3 is

a schematic diagram illustrating a conventional phase-locked loop. Likewise, this -

particular PLL comprises a charge pump PLL. As illustrated in FIG. 3, a voltage-

controlled oscillator (VCO) 310 produces a VCO output clock signal C2. VCO output

clock signal C2 may be fed back directly or through a divider 320 (shown using a

dotted line) if frequency multiplication is employed, although the following discussion

assumes no divider. Phase detector 330 compares the phase and frequency of VCO

clock signal C2 with the phase and frequency of reference clock signal C1. Based

upon the phase delay between the two clock signals, phase detector 330 produces an

up signal and a down signal. These different signals are produced by different output

ports of phase detector 330. As illustrated in FIG. 3, these up and down signals are

applied to control switches of a charge pump that will short circuit an electrical path

including a current source, such as current sources 340 and 350. Thus, as illustrated

in FIG. 3, when these switches close, current flow charges or discharges capacitor

360. Therefore, depending upon the duration of the up signal and the down signal

produced by phase detector 330, the voitage of capacitor 360 may be adjusted. By

adjusting the duration of the signals applied, the voltage across capacitor 360 may

either increase or decrease. Furthermore, as illustrated in FIG. 3, capacitor 360 is

coupled to voltage-control oscillator 310 so that the frequency of the output clock signal

produced by VCO 310 will be adjusted in response to the voltage across capacitor

360. Therefore, a delay between VCO clock signal C2 and reference clock signal C1

should become smaller based, at least in part, on the negative feedback operation of
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context even if the circuit is entirely digital. - - FIG 2 illustrates
the basic structure of a conventional clock tree 200 to distribute the
clock signal to the chip conponents. In FIG 2, 210 conprises a PLL, such
as previously discussed with reference to FIG 3. As.illustrated, a '
f eedback cl 3k99883hal and a reference clock signal are apfCGra¥¥4BdLL 210.
This clock tree has a nunber of drivers, such as 220, 230, 240, 250, 260,
270 and 280the #ht. Wien theayitruteoaksignalps VCO31§eslosely mathhey eefarenagelockpaci t ances,
fECh aistattgig,{gp%;aml @é@aﬁ&_&ﬁ%bnﬁi@&h@?ﬂﬂﬁ%aﬁ'ﬂ& vv: t hkt gel out put LSI gn‘?'lh of
e vol tage-control.l ed osci e phase- | ocke 0 : ese
drivers typical I'Q%%?[P%ﬂdsﬂ“q \?@P?é?ogfs feh%fedg%amfhaW' amgégﬁé%i t ances
are bei ng s¥Oaisedociudesarfilerdn the formrcapanitorc3p0, ansdn semeiermnbedinents theffitert r at ed i n
{:I Gt h2 as Zg%dictgye@,sfgﬁateh 'yzﬁﬁma%wﬁ i L iksvisel ih'?ﬁgedm t,;tﬁmg(t:m ?tht ri butabl e
o the conpgnents o e chip. I | Xa n i tion ese
capaci t anc e&arqq‘%’"{fa'? RRE S ?qcé' i @gi p'8$ ucf%ﬁ & r@rﬁ%’m! @3%% Rased ﬁﬂsaszsf"s 0
swi t chi ng apartdrehe pioase detecigueutpyf signal. Furtheraare this igymds emplexedinthist he cl ock
network is gsndxesrniiffe aifculfissamtirelytigital. ock network switches at the clock
frequency, f, t unt . of., power . di.ssi pat Eepr ted as CV2f,
where V is the Lﬁﬁ?@”?r}ﬁtﬁsa éégaﬂﬁ]ﬁtrsdg%oogﬁf g'gvfe ﬂ@ééﬁgﬁocﬁgrgegg@g: significant
portion of disdbutethelcloslsional tathe chieprppnents 'erlﬁKg %1810 eapsisesg Bl dushy | arge C
ang a rel ?L éé/ﬁJeMoJiswbl?éusséa Witha@ferdnds toFIGI 8. ASHlLStiated, @ fecabadkCdiitkd ue of
reduci ng e _anpu o @i ssi | ) gita
Ciroul try, RN ¢ oAty o afinpted 0 pf 218 P IR NS8Raga 0y 7
Briefly, i nnumkssofidivees. suchies 3AQ 2801298i 289n260927Q #nd 28QvANkMh, a circuit
i ncl udes:  appglessi@sly hothargeéretol diids! Rige\capaditanceis] such aé kiffbutibie tolreditérs a char ge
aﬁ’@ﬁ
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t oget her wi th objects, features, an N : ]

2 components of the chip, in this example. In addition to these capacitances, the gate
capacitances of the driver inverters are also switching at the clock frequency. If the
total capacitance for the clock network is represented as C and the clock network
switches at the clock frequency, f, the amount of power dissipated may be
represented as CVA, where V is the supply voitage. This amount of power may be a
significant portion of the total power utilized by the chip due to a relatively large C and a
relatively high f. A need, therefore, exists for a technique of reducing the amount of
power dissipatéd in a chip employing digital circuitry, due to the particular clocking
scheme employed.

SUMMARY :

Briefly, in accordance with one embodiment of the invention, a circuit includes:
a voltage tunable inductive-capacitive (LC) oscillator, a charge pump, and a phase
detector. The oscillator, détector, and charge pump are coupled together to form a PLL.

BRIEF DESCRIPTION OF THE DRAWINGS -

The subject matter regarded as the invention is particularly pointed out and -
distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features, and
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advant ages t hereof, may .best be under st ood by reference to the foll ow ng
detail ed description, when read w th the acconpanying draw ngs, in which:

FIG 1 is a schematic diagramillustrating an enbodi ment of a PLL in
accordance with the invention; . - FIG 2 is a schematic d| ll.adram

i [l ustrating WO%RHI nent of a conventional clock tree; SISO 3 i s
a schematic diagramillustrating an enbodi nent of a conventional PLL; and

FIG 4 is a ssienagestherealymanbestiba snderstopd byrefaranrgde ferfeliowing.defailedct or .
DETAI LED DES(#dlsEriptioh| when read withthielscérapdrying tigavingsain wislcrdescri pti on,

numer ous specific ﬁi@t,fa\fsIagcﬁgnﬁ‘aﬂéthgfaﬂﬁﬁﬁtréﬂ?\rcj%%ﬁbo%ﬂleﬂtro?glF‘EE| fcﬁ@ﬁlﬁtﬁgse

under st andi ng of thé |1 nvention wever e under st oo

skilled in tHeitgthe invRaliont he present invention may be practiced wthout
these specific detrGl Bis alscherhdiie diagrant itustreting anehiboliimeniof awbinettionapelecke dur es,
conponent s ar“;ie circuits have not been descrl bed in detail so as not to
obscure the preSent I nvention 1is a schematic diagr
illustrating an erfti@d® ﬁ@rFthwcéFQ'a"P[%"aq“ﬁ@P&mbﬁﬂmﬁn\%Pf’%@’@ ‘h"ﬁgﬂ-}
oscillator, ighdaccordance with the present invention. This PLL is

i1 lustrat ed as en‘o‘gglg 4 C{'%ﬁaﬂc%a?%ﬁg@s@aﬂgﬁa?‘%mé {ffy‘}% e invention

I's, of course, not res I's par odi ment .
Li kewi se, in this particular

DETAILED DESCRIPTION

in the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding of the invention. However, it will be
understood by those skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-known methods, procedures,
components and circuits have not been described in detail so as not to obscure the
present invention.

FIG. 1 is a schematic diagram illustrating an embodiment 100 of a PLL, including
a voltage tunable oscillator, in accordance with the present invention. This PLL is
illustrated as embodied on an integrated circuit (IC) chip. The invention is, of course,
not restricted in scope to this particular embodiment. Likewise, in this particular
embodiment, the voltage tunable oscillator is tuned by varying or adjusting an applied -
voltage to vary or adjust the capacitance of the voltage-controlled oscillator (VCO).
However, alternatively, the voitage tunable oscillator may be tuned by varying an
applied voltage to vary the inductancs, in an alternative embodiment. For example,
varying the voltage may be employed to vary the position of the core of the inductor.

As illustrated, this particular embodiment includes a clock tree which comprises
an inductive-capacitive or “LC" oscillator osciliating at its natural frequency. This
particular oscillator is referred to as an “LC’ oscillator because the frequency of the
oscillations depend on the inductance and capacitance of the oscillator. Under ideal
conditions, a “LC" oscillator dissipates no power due to zero resistance; however,
practically speaking, some power is dissipated, such as due to the non-zero resistance
of metal lines in the clock tree and the inductor, for example. Nonetheless, in
comparison with a conventional PLL, power savings may be realized because the
resistance of the oscillator is reduced to a sufficiently low value.

For example, as is well known, when an inductor and a capacitor are coupled
in a circuit with an energy source, because the current and voltage of the inductor and
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enbodi nent, the voltage tunable oscillator is tuned by. varying or adjusting
an applied voltage to vary or adjust the capacitance of the

vol tage-controll ed oscillator (VCO. However, alternatively, the voltage
tunabl e oscillator nay be tuned by varying an applied voltage to vary the

i nduct ance, waweam7al t er nati ve enbodi ment. For exanpl e, vargrmugotisessvol t age
may be enployed to vary the position of the core of the inductor.

As i || ust r athedapdcitorareautiof phasa witke rdspelit tesrie anothet] desiliationd in e voltage Whi ch

conpri ses ag Hai‘gﬂé%dl%ge&ﬁ%q‘fé! bén§ dBfermihcd yARE oLt a3 EbpdcBnclnat 1 ¢ 2

nat ur al fre artlc an "LC

osci | | at or tb@@&ﬁﬁ@a"twwmtné% L apd Crespeciively. Hikgwisg, dutathasmaln t he
I nduct ance residtanceiathe cinodit thebe ddévillationsidainpéroand ddrahergy inthydle itrddedd ons, a

LC 9SS | fothe il BTGy B ndbabng ST 0 [ oS! Stance: however,

practical |y speaKi such as due to the non-zero
resi stance of ndf¥® thqe@enﬁl?qsm@e%wgié b ?g’é“’ r&ﬁﬂa?‘}?éh?’ﬁﬂ‘ﬁﬁ IBeis f or exanpl e.
Nonet hel essemployetidopaupiesthe clack ihput porh of/z varietyaf regiitdrs apdblatches A8 ngs may be

realized b ﬁﬁédwﬁd ¢B) éspae.&%c&fm‘ohemo%d hb@h@é aﬁcF1dse@|U§§ﬂpﬁt$o

sufficientl en an

i nduct or an%fch @Y at FQSBF""&F éa‘??ﬁmﬂcﬁdﬁ‘(ﬁ n%’ae'lfﬁfl?aq R CQWV\gPFtQH “@H & sour ce,
b ecause t heresistanes)indactdr 180/ and yaractor 150; formslar L © voltage-controlied oscillator

OSC, ati Ongddgeurﬁme%hiewaaé.eaeﬂfefépé tomm&m&&rrﬁae@%aé&e&ea geg'ot her,

vol tage si u er i ned
by the i ndutatagk sensitive E@Pﬁg‘a"t’%ﬂ'@&esé B‘g'f’? P&iea?m%ﬁ%aﬁﬁém° and L and
C respect i vabgmicdriduetor, sush adullasttabectbyethsembddlmm pHilG; althaugh the imventiami t , t hese

oscillationg ngﬁg&ﬁ&e@ﬂlc&ﬁﬁb BN8E B¥a VERItSHOr ld’thirs(bgﬁﬁﬁtﬁﬁ' embodiment of a

varactor. :
A schematic diagram of an embodiment of a varactor is illustrated in FIG. 4. As
illustrated, a varactor is similar to a semiconductor diode where a P-type material and
an N-type material both being semiconductor material are brought into contact to form a
P-N junction. Likewise, as'illustrated a depletion region is fofrhéd and, as iliustrated,
the depletion region has a width, indicated as win FIG. 4. Thls width, aswellas a’
number of other factors, determines the capacitance assoclated with the varactor.
Likewise, depending upon the voltage applied across the P-N junction, the width, w,
may either increase or decrease. The semiconductor material in this particular
embodiment may be doped so that a linear variation in the applied voltage produces a
substantially linear variation in the capacitance, although the invention is not limited in
scope in this request. :

The conventional VCO of a PLL, such as iliustrated in FIG. 2, for example, is
replaced by the LC VCO of FIG. 1, including a control volt'age'applied to varactor 150.
In the FIG. 1 embodiment, the LC VCO is not incorporated in PLL 110. In this
embodiment, the capacitance of the VCO includes the sum of capacitances associated
with the input ports, as previously described, and the varactor capacitance. In this
particular embodiment, capacitor 1556 comprises a large direct current (DC) blocking
capacitor having capacitance C, in which the capacitance of capacitor 155 is
significantly larger than the maximum attainable capacitance of varactor 150. In this
embodiment, the non-zero resistance of the metal line(s) dampens the natural
oscillations of the LC VCO and results in energy loss. However, DC energy source
140 supplies energy and sustains the oscillations at the natural frequency of the LC
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into the systemto maintain or sustain the oscillations. In the
embodi nent illustrated in FIG 1, :a-low resistance short netal line is
enpl oyed to couple the clock input port of a variety of registers and

| atches. As illustrated in FIG 1 by capacitances 160, 170, 180, 190, 185
and 195, thesWOPMBIH2 ports each have an associ ated capaci t arR&/USP8459
capacitance, in conbination with a | ow resi stance, inductor 130 and

var act or 150 oséitaters AdthougB theohvertien isawt indteddnisappe inthigrespe¢h/@Brgy $aureehi s

Colnt ext, a Vﬁ?@%ﬁcoﬁfﬁf‘ié‘%%ﬁe&arﬁ léfl%%ﬁﬂ%h@ﬁplfhﬁ%'d&ﬂ@??drﬁ@p?fde@@ Py a
vol tage sensitive capa nge resi des Lhe jupction of. a

rever se- bi asédm 61"6‘{%' c%*‘e g“’é%% (!‘gmg’F&E’Ppg‘t@ﬁh'ﬁgmi’?cﬁrﬂg'ft?’glngﬂ'"%ﬁﬁ Phe
embodi ment  ofdeBouplingithe@hergp seyice. dsd in thismernibadiment,rapady ¥5 s ¢asipled ta thescope to
use Ofta ng%&ﬁealfortt&tiﬁ@{h%gﬁiﬁ.réﬂths @Bf&maphthm_y w?@nyo?rﬁat%lgﬁvely . 4A
schemati c di agr of an enbodi nen varactor is illustra Ny :
a1 Tust rat diBh Epaepdits, §on 2 o5tk ordr ¢ AR e siaimale ooy St o o
P-type mat er ifod theinductar and vapastarda e implenianted dneching whereas etidw deguencieser i al
are brought iRhOmaPi Sgémaily cbspied 18 pha 3¥3, BRvougr ragaih,l thé€ vérilion Aot hirhitédlti at ed,

a depletion re iont_s forﬁed and, as illustrate the depl etion region has
a width, indi¥eReRWSHPPH FIG 4. This width, as well as a nunmber of ot her

factors, deternm nés prévoustysxpiainad.dbe capacitinge gssosiateld withghe dpcictragrmay bkewi se,
dependi ng UPGEprelshtePhd GIEKERES, irRIcBEI R fas gl hdilchindd! A6AdtEIL. infthe Wi dth, w,

bartcul ar erRAFRERDOoITcatsinsd 28 prPe AG BIPELIMI i & S lecPe e
appl i ed vol t ayevigedl capaciter $5fh slewaven bpgause Naractor 150 hasiatapacitanpein
capaci tance, @RirdRPMEHC tHif varids Yith tHebppied\@ltadd, Eﬁetr%ﬂlrélm'eéﬁé?ﬁfoftﬂelbi\mo

t. The, tional Vi PLL h as | trated in FIG
27 M or - exarmpI By PRVTiEH BAAE AI5 POV P REFe 174o? e TRALREP cont ol

vol tage appl iketivean therfesdeask clbsiosignal andithereferente dntkaignabanplied teel 10C VCO i s
not incorporated iGheRHdvantdde of the dnbicBinfAbifsbira®a tn FIBNE, it sdisarisawith of the VCO

o) " e SRR 58609 b bt i A 150 e,
enmbodi ment , csignifisanidesslig powerReingabledo tunedle equensy of therclonk signeis Bl ocki ng
capaci t _o][ _ havﬁ%ﬁatlﬂerampfagaw p{s&sé 16ckiMgl ariy ﬂ&w@aaﬁgmwanﬁmma@% t 3; r ;gfor
2o O b 2 koA 1 ol " Ol BB ORIl
danpens t he reasiiedflogkfraquennyiina diffiselt aesemplishuent. aiiereferst is slesirabletebgy | oss.
However, DC esMis @hitufeOMe friequency after manufacture. Likewise, other clocking schemes may

provide the capability to tune the frequency of the clock signal; however, those

approaches will typically result in significantly greater losses of power in comparison

with the approach illustrated by this particular embodiment of the invention.

One embodiment of the method of tuning the frequency of a phase-locked loop

(PLL) is as follows. As previously described, in one embodiment of a phase-locked

loop in accordance with the invention, an inductive-capacitive (LC) oscillator includes a

varactor. As previously described, a voltage applied across a varactor may be

adjusted. As a result of adjusting the voltage across the varactor, the capacitance of

the varactor is modified. This modification in the capacitance of the varactor modifies

the capacitance of the oscillator and, this adjusts or tunes the frequency of the phase-

locked loop circuit. Likewise, this adjustment of the applied voltage of the varactor may

occur due to the negafive feedback of the phase-locked loop. For example, depending

upon the phase difference between the PLL output clock signal and a reference clock

signal, a phase detector may apply signals to a charge pump and thereby adjust the
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140 supplies energy and sustains the oscillations at the natural frequency
of the LC 4

oscillator. Although the invention is not limted in scope in this respect,
energy source 140 may conprise, for exanple, two switches coupled to a
battery andwsp¥raied by a control circuit. The clock or PIPCTRS98/18859st opped
in this enbodi nent by turning off or decoupling the energy source. Also in
t hi s enbodiwvoitade appligrbtd tHeARractor.c Dhip hascbeen destribed prekiodshycin gieatertietal i ng t he

chip, alt hgmafihe ﬁ&erﬁ.emssﬁ“e&mad mas\eo;moaraamcaar ptﬁtse-fo%ké'ht M;%;aeuﬁﬂ gh

frequenci e

desirabl e f&P FS K tﬁﬁﬁ@%’?&'@?&%g%é’ew‘r{) Hgﬁ?g@'egﬂ’?fhl gayvﬁgreas

at low f reqdegatedsnrcmgc)wbtp|rt¢hldlagtiettaialebtyommrpwm Fay eparopld, 25, al t hough,

g? 21/ |no uts Ih ; Brov W dé@cﬁb%d NQikh b ichip @ icluaé G?rﬁi&obr@cés'@bns a W&B&?&roner an AS.

t Kt b
repr esent edgs).jg ¢F ot qr R'@W 'E@!"élﬁﬁ)%@gf{??%?g'?g'ﬁ cﬁ%@%aﬁ'q‘ﬂ“fﬁﬁ’glﬂ%ﬁ; Ip 'gg‘h ot (rage L rr:a% ©
thi s parti dodlade scidnkdieadriven bythi clack signal @radueed hydke RIC mdcavpiedgo thed€l ar to

has a capact I aheHions ds prvisalydiduated; Blergy eyt uppRato e T LLES 80! Dol Lage,
t he nat ulroal #?‘éﬂ‘t?&%ﬁ%ﬁ%ﬂ %ﬁﬂ‘f@"@?ﬁ n&&ye‘ﬁ'g ??@5"%’8’%8&“?@’%@5?&? n pa?t
on t he di f freaebectimedsozsde eubstritidlly eustaim the Rbbosgiliations e afsukstindially sgbarek si gnal

and the ref\GLenes. q\h&EKpédsfﬂ:Q a@dﬁ@lsigﬁéi ok@NlalesDthe energy ma @é%pﬁ@!%ﬂt age of the
enbodi nent 1|l ustrated.

appr oaches, prpget?rmg'legmop'?s[ ?f thosqugh%o lﬁﬂ npgré M%‘\?f g 9¥VI l?ner ﬁ'%'aﬁf?’% Rﬁ"g i gnal
w t hout a sthgma Sine aave, [ferexample 5o producede Likgwiag | ahoughtthenipvantien ismetjuency of
the clock sjnpgiaalin 4cdp&in this respect, the applied voltage may be adjusted substantially

linearly. As previously indicated, where the varactor is properly doped, this may result

in a substantially linear variation in the capacitance, as may be desirable in particular

embodiments. : :

While certain features of the invention have been illustrated and described

herein, many modifications, substitutions, changes and equivalents will now occur to

those skilled in the art. it is, therefore, to be understood that the appended claims are

intended to cover all such modifications and changes as fall within the true spirit of the

" invention.



desi rabl e advantage for .phase.l ocking, and also due to differences in
t enper ature, manufacturing processes—and—other sources. Producing a chip

havi ng the precisely desi reﬂmngma E ncy is a difficult acconplishnment.
Therefore, it_is desirable ﬂiﬂ&e t he frequency .
manuf act ure. WPREH%%, ot her* clcoc |I@7Q Mes may provide tﬁ@é‘%ﬁbﬁ‘ﬁ ty to

tune the frequency of the clock signal; however, those approaches wll
typically result in significantly greater |osses of.. power in conparison
with the approach illustrated by this particul ar enbodi ment of the

I nventi on. One enbodi nent of the method of tuning the frequency of
a phase-| ock i,Jmoop (PLL) is as follows. As previously described, in one
enbodi nent of a phase-locked | oop in accordance with the invention, an

i nductive-capacitive (LC) oscillator includes a varactor. As previously
descri bed, aqyvol t Agfrcutigompesingicr oss a varactor nmay be adjusted. As a result

of adjusting the vol ta%ﬁ‘.’@ﬁﬁoﬂﬁ.ﬁ?'éE}'%“&%%%&Et?{%k@ o5 | tance of the

varactor is nodified. Ication | paci t ahce of the varactor
nodi fies the capacitan@Bh@edetestobsci|lator and, this adjusts or tunes the
frequency of the phaseand®¢Hersd puppp circuit. Likew se, this adjustnent of

the applied yolt f | ve feedback
of the phase- '88%%%@1)%%;@ \éﬁagﬁ%’%?@%@%&%’?%g%&%@‘ﬁ%ﬁ%'ﬂﬁ%gg% di fference
bet ween the PLL out put clock signal and a reference clock signal, a phase

det ect or nmay 2app! Thé cigsuitloBclaim B whB@ingsaiduoitigetanabld T efuillatadtinthides B Qaractor

; R ] R
previously i ﬁxgérgé%%rdﬂ%e datlﬁ c%%gﬁ %g\éﬁéna\?;dé%é[&fllgtﬁﬂlﬂgés 0 r@%ﬁ%ip Ifegigfoet Scope
to a particular phase-locked |l oop circuit '
3. The circuit of claim 2, wherein said PLL is embodied on an integrated circuit (IC)
including a processor,
said PLL being coupled to provide a clock signal driving a clock tree for said

~ processor.
4. The circuit of claim 3, wherein said processor comprises a microprocessor.

- 5. The circuit of claim 2, wherein said varactor comprises an N-type semiconductor
material in direct physical contact with a P-type semiconductor material to form a P-N
semiconductor junction.

6. The circuit of claim 5,' wherein said P-type and said N-type semiconductor material
are doped so that linearly varying a voitage applied across said varactor substantially
linearly varies the capacitance of the varactor.

7. A method of tuning the frequency of a phase-locked loop (PLL) including an
inductive-capacitive (LC) oscillator with a varactor, comprising:
adjusting the applied voltage across the varactor.

8. The method of claim 7, and further comprising:
applying a clock signal produced by the PLL to an integrated circuit (IC) chip
including digital electronic circuitry.



enbodi nent. Li kew se, the clock signal produced by the: PLL may be applied
to an integrated circuit (I1C chipTi i igital electronic circuitry.

For exanple, as previously fimm” chip may include a

m cr oprocessor, a m crocont IWH”IWIE!’?N ot her chi ps incl uding
digital el emomnizzcircuitry. Lf kew ge, st | C chip may i rcirmwses/m459 ock
tree driven by the clock signal produced by the PLL and applied to the IC
chip. Furthernore, as previously discussed, energy may be supplied to the
PLL to substantially sustain the PLL oscillations. Likew se, the

application of energy to the PLL may be tinmed so as to substantially
sustain the PLL oscillations in a substantially square wave form More

speci fical 19, aJhe method ghelaimds whereiatsaid IC chip insiides)g claglstragdrivenbyi thel at

predet er m nggtk Bghapfodated BighéPANal so that a square wave or other signal
formother than a sine wave, for exanple, is produced. Likew se, although

the invention is not limted in scope in this respect, the applied voltage
may be adj U ed Thamsthediof elaimB, whereinsaid IC samprises pITPRIOFasEPTcat ed, where the
varactor is properly doped, this may result in a substantially |inear

vari ati on i} t NGy ¢ ARACLLAOGE7 35 MlerRBnARfGr 2Dl e in parti cul ar

enbodi nent s. Wirl'e"Certaln teature f the invention have been
i |l ustrated and sHerlying enssyrietheiPhL toeubstantially systain the 5L osqillgienst ut i ons,

changes and equi valents will now occur to those skilled in the art. It is,

al | such nolf 1 xbismten Sl Aobndr iR SRRETSGldea B (R et B ABUERARY o7 (D"

i nventi on. sustainthe PLL oscillations in a substantially square wave form.
13.  The method of claim 7, wherein the applied voltage is adjusted substantially linearly.

14. A phase-locked loop (PLL) circuit comprising:

a voltage tunable inductive-capacitive (LC) oscillator; a phase detector; a charge
pump; and a frequency divider; said oscillator, detector, charge pump and divider being
coupled so as to produce a PLL output clock signal.

~ 18, The PLL of claim 14, wherein said voltage tunable LC oscillator includes a varactor.
16.  The PLL of claim 15, wherein said PLL circuit is coupled so that during operation a

voltage applied to said varactor by said charge pump affects the frequency of said PLL
output clock signal.
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phase detector;

C ai ns: -

1.

A circuit conprising:
vol tage tunabl e i nductive-capacitive (LC) oscillator;

and charge pug‘pogggilglg coupl ed t ogether to forma PLL.
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2. The circuit of claiml1l, wherein said voltage tunable LC oscillator
i ncl udes a varactor capable of adjusting the capacitance of said oscillator

in response to an applied voltage.
said PLL is embodied on an integrated circuit (1C)
said PLL bewaysemrpl ed to provide
sai d processor.

conpr i ses

varactor conprises an N-type sem conduct or
contact with a P-type sem conduct or

junction.

N-type sem conduct or

3. The circuit of claim2, wherein
i ncluding a processor;
3 ?I gck signal driving @criusesasisgee for
claim3, wherein said processor
The circuit of claim?2, wherein said
material in direct physi cal
material to forma P-N sem conduct or
The circuit of claimb5, wherein said P-type and said
material are doped so that linearly varying a voltage

4. The circuit
a mcroprocessor. 5.

6.

applied afross said varactor substantially linearly varies the capacitance
of the vajactor. 7. A nmet hod of tuning the frequency of a phase-I|ocked
loop (PLL) beeluding an inductive-capacitive (LC) oscillator with a
varact or, npri si pet adj updi ng the app 1ed vol t age across the
var act or . . h fa—of—tt “her conpri si ng:
appl yi ng f'ock spgnal prqduced b the PL aﬂllntegrated circuit (1C
chip inclpd i4ital eledtronic ceecuitry.
7 4 .
_|_ \/S\I > j_thr
| y
_'gr‘ 4 150
e
115§
| ) /] I\
L. 3 W L
"rg t1¢6 t46 fj;”
1465 T

X

= Cadbak
f’ ~'0 :ln'.lbﬂ
- i-:)'\z
<
PLL
e
N
r\.“l,r-rpu
el
i'la ,'
2c0
€26, 1

PRICR ART Cteckang ScHiame



9. The nethod of claiim 8, wherein said IC chip includes a clock tree
driven by the clock signal produced by the PLL. 10. The nmethod of claim

8, wherein said I C conprises a m croprocessor. 11. The net hod of claim
7, and further, j.Si Ng: suppl yi ng energy to the PL
substantially ‘gﬁgﬁiﬁﬁ the PLL oscill @& i/fors. 12. The net h%&t“&sgﬂsﬁgm 11,

wherein energy is supplied to the PLL to substantially sustain the PLL

oscillations in a substantially square wave form 13. The net hod of
claim?7, .wherein the applied voltage is adjusted substantially |inearly.
14. A phase-| ocked | oop (PLL) circuit conprising: - a vol tage

tunabl e i nductive-capacitive (LC) oscillator; a phase detector; a charge
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punp; and a frequency divider; said oscillator, detector, charge punp and

di vi der being coupled so as to produce a PLL output clock signal. 15.
The PLL of claim 14, wherein said voltage tunable LC oscillator includes a
varactor. 16. The PLL of claim 15, wherein said PLL circuit is coupled

so that durinyoemaeretion a voltage appligd to said varact or PE/USHIIBSR har ge
punp affects the frequency of said PLL output clock signal.
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