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example, because such a processor must be connected through outside circuitry (such (w
25  ason a printed circuit board (PCB)), power dissipation is comparatively increased. In
applications which rely on a finite power supply, such as battery power in mobile
communications, such additional power dissipation is detrimental.
In addition, such non-integrated solutions, by requiring an additional
IC, increase space and area requirements, whether on the PCB or within the finished
30 product, which is also detrimental in mobile environments. Moreover, such additional
components increase manufacturing and production costs, as an additional IC must be
fabricated and assembled with the primary circuitry (such as a microprocessor).
Other clock generators which have been produced as integrated circuits

with other circuits are generally not sufficiently accurate, particularly over fabrication
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and aging (time) variations and which can be integrated monolithically with other
circuitry, to form a singular integrated circuit. No separate reference oscillator is
30 required. The various exemplary embodiments of the invention include features for
highly accurate frequency generation over fabrication process, voltage, and
temperature ("PVT") variations. These features include frequency tuning and

selection, and compensation for frequency variations which may be caused due to
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30 temperature, and the process variation compensator adjusts the resonant frequency in
response to fabrication process variation. In addition, the various embodiments may
also include a frequency divider to divide the first signal having the resonant
frequency into a plurality of second signals having a corresponding plurality of

frequencies which are substantially equal to or lower than the resonant frequency; and
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effective reactances coupled to the resonator.

For example, a plurality of fixed capacitances (having different, binary
weighted or otherwise differentially-weighted capacities), may be coupled to the
resonator to provide a discrete level of frequency control, and a varactor coupled to

the resonator may be provided with a selected control voltage, of a plurality of control
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resonator to provide a discrete |evel of frequency
control, and a varactor coupled to the resonator may
be prOV|ded with a selected control voltage, of a
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modules may be binary-weighted. The frequency controller may further comprise a
second array having a plurality of switchable resistive modules coupled to the
coefficient register and further having a capacitive module, the capacitive module and
the plurality of switchable resistive modules further coupled to a node to provide the

control voltage, with each switchable resistive module responsive to a corresponding

coefficient of a second plurality of coefficients stored in the coefficient register to
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coefficient register and further having a capacitive
modul e, the capacitive nodule and the plurality of
switchabl e resistive nodules further coupled to a node

resistive nodul e responsive to a correspondi ng
coefficient of a second plur&él-ity of coefficients
stored in the coefficient register to WO 2006/ 101524
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between the first fixed capacitance and the second fixed capacitance. In other
exemplary embodiments, the process variation compensator may further comprise a
coefficient register adapted to store a plurality of coefficients; and an array having a
plurality of switchable variable capacitive modules coupled to the coefficient register

and to the resonator, each switchable variable capacitive module responsive to a
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between the first fixed capacitance and the second
fi xed capacitance. In other 30 exenplary enbodi nents,
the process variation conpensator may further conprise
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coupled to the resonator, may be switched to a control voltage, a power supply

voltage or a ground potential, and the control voltage may be determined by a current
source responsive to temperature. For example, the corresponding reactance is

variable and is coupled to the resonator and switched to a selected control voltage of a

‘ plurality of control voltages. In selected embodiments, the first plurality of
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woeemwriates or,

fixed or variable capacitance, a fixed or variable
resi stance, or any conbination thereof. The
correspondi ng reactance may be switched to the

switched to a control voltage, a power supply voltage

or a ground potential, and the control voltage may be

determined by a current source responsive to
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pbupled fotthe plirabityndfiresiistizel modules, amtbehqmmhtwutcc adapthidity a

r esopant fr f the harnonic oscillato .
PR ettt a0 AL ERE oSS ive gl o pperatiey
f FdsRiive MmOdU1E0 gerdit BdedsOoreRntpdl WoRkde! ¥f thé plusitysdf cétrol
nodul es, with the current source adapted to 15 provide

Jolages which is garamsgeAcPepdant. clarothes embodimgnats, thyenrrent source is
raﬁ t&lt tb\b?ov'mdéjiugstﬂtlatl? BadinkfeR|ndEpendédt chirfshk & dtV&st one

ules to generate | east one control vol tage, of
wtlm modulp pi}thefplm:lm pbresisting|megyles to ganerate 4t deast one control

5t§fne &ﬁ%ﬂgﬂcﬁgzg{m&wo%ﬁ& W lel : an%aﬁgl ;fatb?ne‘féx” rent

SOU ce is O pro deasu

maiepemmar Depehslpgn dpni the eurdtrquutry bmbmhmbx&aabh swechable resistive
duI es

| t t
oy R ok 1 ety e Seiecrifle Tesiils ot it Bavg e i o
@Amﬁeadmréyespéns@mtarselect\é@hﬁreeg@s which is substantially
paramet er- i ndependent. Dependi ng upon the exenpl ary

AIICAnIeErRCe, KA t@\maf%lléteﬁ’@%@fq’ cloash gen goatrak valige of
@e f1\§1a11t236f ntNW i ? ep%?inﬁé 'dé’;fenﬁ%@ Hllme?c 18RY o2 bfrtréd

I ffere nper a Ure response for a se ect ed
voltage of them@rdltz oﬁgmqglemi@gesm @bswllpmm indgpendent.
t enper at ur S n Ly I
plurality © e%%‘rl# ﬁ%’l ;}p\? Qra 2 alsg C?mﬁ% eﬁfm e%g}ﬁ%gnt
aoupleitto tlegsirality @ f switthen hnd adapted to store a ﬁrst plurallty of
coefficients, wherein the control signal is provided by at least one coefficient of the
first plurality of coefficients. The plurality of controlled reactance modules may
further comprise a plurality of differentially (e.g., binary) weighted fixed capacitances
and variable capacitances, and wherein the plurality of switches are responsive to the
first plurality of coefficients to couple a fixed capacitance to the harmonic oscillator

and to couple a first control voltage of the plurality of control voltages to a variable

when 30 coupl ed to the resonat orBChH§20834034020



w6 9seh6ed24 0 the plurality of switches and adapiped/us2005/034020

10

15

20

25

30

voltage of the plurality of control voltages is
substantially tenperature-independent. The exenpl ary
apparatus may al so conprise a coefficient register

store a first plurality of coefficients, wherein the
control signal is provided at | east one coefficient
of the 30 first plurality of coefficients. The

lurality of rolledre t an er
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conprise: a plurality of sw tchable capacitive nodul es

cERMEYE o5 Rafppmneterpfa akuﬁlmc pleysriable garametersgn epuplsd fhrapghea
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capacitive nodul e Having a variabl e capacitance, an
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current mrror to the plurality of resistive nodul es;

wiPBie) ¥oltagss is substpntially pargmeigr-wdesendanhe plural ity of
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paranmeter and is provi de a correspon

ciopdules|fusther eerperiseofa Plhhdltb pmlﬁcmnt;allmfwe@ghtﬂdr gitchable capacmve

modules coupled to the coefficient register and to the harmonic oscillator, each

switchable capacitive module having a first fixed capacitance and a second fixed
capacitance, each switchable capacitive module responsive to a corresponding
coefficient of the plurality of coefficients to switch between the first fixed capacitance

and the second fixed capacitance. In other embodiments, the plurality of controlled
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vol tages, in response to a current fromthe current
source. Dependi ng upon the 25 enbodi nent, at |east one

control voltage of the plurality of control voltages
&gg&szgmomzo

WO 200680124 ant i al | y par anet er - dependent and at

control voltage of the plurality of control voltages

Is substantially paraneter--ilfdependent. Al so in

exenpl ary enbodi nents, the plurality of controlled
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codumlityjof awitghable gesigtors mspensive hea mrrn’oﬂgrtal tssovitchat or |
ti
SARnoRbL EABRARE KL AP IRIF  RoTRIH SRR ARS8,
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d Aetpib pelgwy ang Jaclpdecadditiona) énqda 3‘0\%4“61 SgBpensatpw; foppaltags

%‘Jﬂéddné’ﬁnd?ga(ﬁgﬁfe\é%) agriagghscorrpensator may be coupl ed
resonator and adapted to conpare a current

vaI ue of aThepresent thventioa meay @fso dicludn @ m@leselgetat ¢aupledfo the
%?Jlec'ctgr wF&efnrﬂaé #n%he e?elc{o? 15%]3 r{);t A tto%%\gget £ glurallilt%/ of

parane I €so frequen
roperpmgsmodes, whidh ffag be nde;:td:deﬁom @ group eoroprisiregn4 clvek medeand

ttljrqnemg and frequency reference mode, a power conservation mode, and a pulsed (or
pulse) mode.

For a reference mode, the invention may also include a
synchronization circuit coupled to the mode selector; and a controlled oscillator
coupled to the synchronization circuit and adapted to provide a third signal;, wherein

in the timing and reference mode, the mode selector is further adapted to couple the



wonoesi@isnes and conpensators for voltage 25 varBCHV$2A¢5/034020

10

15

20

25

30

initial value of the selected paraneter. Numerous
ot her exenpl ary enbodinents are illustrated and
described in detail below and include additional

and age (IClifetinme) yariations. The present

invention may al so i nclude ajpnode sel ector coupled to

the frequency selector, wherein the node selector is

a r
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mtded, signal. tSuehi agynalrdnikatioq iy maxbes dalayelocked doom apbaser
sed (or 30 pul se) node.
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the synchroni zation circuit to control timng and
frequency of the third signal. Such a synchronization
circuit may be a del ay-1ocked | oop, a phase- | ocked

| oop, or an injection locking circuit. These and
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and the errbodlrrents t here fromthe Ial nd from

t H%coawa%w H§ aa7ompanyes Srsm FangLasamplor Mg T pportion
N6Rifk8tio) %vhemlﬁﬁﬁesmfefe%@é MinRFalR e uéém naé\a@sld@fttlcal or

the g;esent i nvention W | nore readil

apphi p@mmem@hthpearwewwsmwhw@ fol | ow ng di scl osure

\é\dp:\?m ﬁggsggﬁr exandpF"Pqa C& #lor m aﬁtr ?ﬁnﬁﬁ&%ﬁ%ﬁ%b@gj

spesent embédiment inkhaosiancel wiﬂethe e{aeinmmé thepresest! igvetion.

e var i ousr IO TH0,A) it lael s d1GEEER & B oxeplary

| SipparkthOerbodingaht AMdebdbifee fvﬂﬂaltﬁhgteﬂ:lhm@%( effhk Pragent SvehEoN.
embodi ment in accordance with the teachi ngs of the
present i nvEiguse grlor Elﬁu? g l?a blagk diggram iBusirating asegpndc k
d'eﬁ&ﬁ H)ah'actﬁsr &hbd¥inéht fid SR brdSneE Withahe/tea R o ‘ﬂﬂéﬁ)resem
enbo I n accordance with the teachi ngs of
rlé‘éﬁémnlnventlon Figure 3 (or "FIG 3") is a block
d| agramill t I
erbod; ment T EeE Sl 18 5GP ReF Ry SRR o BRE Bl
prithsanating exemplary frequency controller, oscillator and frequency calibration

embodiments in accordance with the teachings of the present invention.

Figure 5A (or "FIG. 5A") is an exemplary graph illustrating oscillator
voltage waveform (frequency) distortion due to a harmonic content of current injected
into an oscillator with a specific filter response.

Figure 5B (or "FIG. 5B") is an exemplary graph illustrating oscillator
voltage waveform (frequency) shown in Figure 5A as a function of temperature.

Figure 5C (or "FIG. 5C") is an exemplary graph illustrating oscillator

frequency as a function of the transconductance of a sustaining amplifier.
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teachi ngs of the present invention. 25 Figure 5A (or

"FIG 5A") is an exenplary gtZuph illustrating

oscillator voltage waveform (frequency) distortion

due to a hafigmaieoc'®IGEEY if ciruit diaptam im,'ustfmﬁgl first eimpmy

osci |l | ator vvlthas fic filter response.
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Figure 5A as a function of tenperature. Igure E

(WeﬂtlDIDG 5C') is an exenplary graph ill ustratl ng

oscil | ator f.u
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t enper at ur eﬁ%@é PBI&H "FEG CIB') &Y cifdaR afag;taﬁf illuskfafihg an e)aamialary
LC tank oscill ator enbodi nents in accordance wth

t BEPRIAREETeSPONSIYE PIAds@rwent gepcrater ingiscordance gf@héhwams of

"{ﬁk%sgﬁ'iﬁvehﬁo@ circuit diagramillustrating an

exe eiary t enper at ure-responsi ve CTAT current

gener at or iFigwe 6 r(etd'ﬁ@ Y'Y ks & diuit diagriaimnigjestating ainexemplary

PleFBturd R4l BraTo B Aretafor o fecidafs with 48 «fichings of
tﬁﬁp&fsﬁﬁW\enﬁ@ﬁponSI ve PTAT current generator in
accordance with_the teachings of L 10 the @r esent
i nvent i on. FgyRrR (CFIG, 7D’ |i|1~°(§ cirppit fliagram, il yptrating an exemplary

i eRQEBIY dnli |sé‘§§Hi@MnB9raﬁFb- ﬁﬁﬁﬂ'v@f;ﬁhen( generator, with selected
terrper at ure-responsi ve PTAT2 current gener at or in

a@EAffdevtsE and PTATR eonfmmﬁuomggl askordariee withgbeisachings of the
igure 7D (or "FIG 7D') is a circuit

af r\ége?lglr%%mogstratl ng an exenplary 15 sel ectable and

scal abl e t dtigpee &(arr"EIG. B3P RNASirceait adrbleuktdigpeane iliis@ating second

w th g@l{ect ed CTAT,, PTAT, a[]& PTAT2 confi gurati ons,

i Fremplapy RegAtiYs (ansepndpciance Rl Rjstegperpiyge-re msixe current

| fenedtdr enm), Fingd llfcetaﬁ( ORflatdrlefabodimbnts § RcSrdhncd iviithaRél

bl ock diagramillustrating second exenplary negat ive
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pfiss@ntroliadentangnllable) capacitance module utilized in a frequency-

temperature compensation module in accordance with the teachings of the present
invention.

Figure 10 (or "FIG. 10") is a circuit diagram illustrating an exemplary
first voltage control module utilized in a frequency-temperature compensation module
in accordance with the teachings of the present invention.

Figure 11 (or "FIG. 11") is a circuit diagram illustrating an exemplary
first process variation compensation module in accordance with the teachings of the
present invention.

Figure 12 (or "FIG. 12") is a circuit diagram illustrating an exemplary
second process variation compensation module in accordance with the teachings of

the present invention.
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Figure 9 (or "FIG 9") is a circuit diagram
illustrating an exenplary first controlled (or
control | abl e) capacitance nodule utilized in
t enperat ure conpensation nmodul e in PCT/US2005/034020
accordance with the teachings of the present 25
invention. Figure 10 (or "HIG&- 10") is a circuit
diagramillustrating an exenplary first voltage
control gyl ge ¥ Fdr"'?ﬁfj 137 i8a bloBOIGE M- 1Il€s‘ﬁﬁﬁﬁé‘£1&lé)émplary
conpensati on nodu in accordance with the teachings
ofreqMcquaébt@mn madwle i asaord@micg wvith theltegehings pf the pregent) j s
QJE&MIt diagramillustrating an exenplary 30 first
in
process’ variation conpensation nodule in accordance
with the tdagie ngérdFIG.hia") ipa bbelnﬂlagrmaeﬂnstmnng #i guemplary

1 12" is acircuit dia |IIustra i n ;

& Sty Jvideso 5l s 2etetdh Py aTE SrphEL g ior 2 Bt
MeghpkRsibmB&S® irR06r8andk tmthtdfeeteicﬁa@bbnﬁ@ fkent ill@ntion.
present invention. WO 20061101524 PCT/ US2005/ 034020
- 13 Fi gur e Figirg 3f (orFFIG. 16311y 2 geaphical dipgramiiligirating exemplary

I
it Pleh ) e SHERRL H Yoo thRP AR CRMIRE B O rosent
i mwvemtionon. Figure 14 (or "FIG 14") is a block diagram

wave. gener A1BFE 18 ETHEIT olfors » PR Rty LiAaBbe o et
glfieg@ecy dividpr i 36dopdunb@ Gith theitehcRIBEOI AR Yr€serd inReritiog.

teachings of the_present inven

"FIG 15") ligurg laf%{pﬁl%aw Xfp aafoalﬁfhagm@sl lv%rtap%gn exemplary
1)9»%}' rRId¥ selb@in nHIdBRCY aéao%m&rm tﬁxwetaamg@q,fme present

accordance W th the teachings of the present

i mwentidnon. 10 Figure 16 (or "FIG 16") is a block

di agram il lustr freqyen di v

in accor danI*g%ure Z?% I(f;}t Eﬁp 13 n?%%glyd?grflﬁnqﬂustr%ﬁ%?n éx%glplary

I ByrehiohizationFrh@lulecfol & se(o@ﬁd dEllEitor infdcgordanca “btlhahkteahlﬁms affithe

illustrating an exenplary power node sel ection nodule
i RCSEE YVE8e with the teachi ngs of the present

i nvention. gaurkhgwrerid 09isa 'ﬁb@dla%&rr) illutraAinB laR €kemplary

diagramillustrating an exenplary “synchronization

misthod inf apcordanss dtithe trachings dthe ipresent avyenkitice with t he

teachlngs I m 0.

"EI G 197) g2 (@RREn EUBRHk A ifch BUlafrakthBying an

nexquﬂlary norated dwedmcmmddutehmhze@lam hicomgpensdtion meodnieciae nt

| rz]u\:/c%rcfance with the teachings of the present invention.

Figure 21 (or "FIG. 21") is a block diagram illustrating a first
exemplary frequency controller and apparatus in accordance with the teachings of the
present invention.

Figure 22 (or "FIG. 22") is a circuit diagram illustrating an exemplary
second controlled capacitance module utilized in a frequency-temperature
compensation module in accordance with the teachings of the present invention.

Figure 23 (or "FIG. 23") is a circuit diagram illustrating an exemplary
second voltage control module utilized in a frequency-temperature compensation
module in accordance with the teachings of the present invention.

Figure 24 (or "FIG. 24") is a graph illustrating exemplary frequency
control in response to temperature variation in accordance with the teachings of the

present invention.
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20 Figure 20 (or "FIG 20") is a block and circuit
diagramillustrating an exenplary controlled
i npedance nodul e utilized in a conpensation nodule in

we@ees/ndmee with the teachings of the present PCT/US2005/034020

invention. Figure 2 1 (or "FIG 21 ") is a block
diagramillustrating a firstj4_exenplary frequency
control |l er and apparatus in accordance vvith t he

"Fra 29n) Hmie T (or Pt F5T e APt Ry ot

exefplad frequeRy Qi&dtr(ﬂléﬂ biiddppadius apacordaits avitibiel teachings of the
utilized in a frequency-tenperature conpensation

rRSEfENtenY§RtigR cor dance with the teachi ngs of the present

' nvention. piguBliE(of 16086 i acilrc&%d ahlslll%sthtlﬁg laﬂﬂexemplary
di a?ram illustrating an exenplary 30 second t age

easitrolgsieapecitande| nodide 4nd an emremlw rikiyd vadiepe p«attmi module
n
PR i ROt Rl A6l P BB e
aprmaphvenhbmst rating exenplary frequency control | n
eP o en BT ERHEE AT PR B SRR Rl o
geggﬁﬁll@l%b ePQHaﬁ@ZQQ@eQﬁﬂ&Z Bhoduld 4 Soc8rdsiRe Anth( 186 teadHifgs
a

ock diagramillustrating a second
él??mr%ﬁe?t lﬂY@H%ncy control l er and apparatus in

accor d ancép Ferﬁg 'g‘l?a%]‘b %gaélﬁglé Eiegrampﬂlﬁmﬂh% artl exemplary

i nvention. gure isacirc
ctbmgr wittagd tangdl mbduig uidliveéd nefmiuarcy an® ptdeess dompertsatmnl ed

TRRRRb 1= R i PF padoes of TRy Sk BV lofponaat i on

modul e in argmrzba(raﬁaslw bgm) ﬁsrbeclﬁcexaahgxraﬁxsﬂlaitrahhgs an exemplary
present invention. grgure 27 "FIG 27") is a

dPsigiye contiol modee kn agcargrnesn with %te?@mgﬁ PTthe pPresgudipyegtion.
vol tage vagidfd fyYof @Iﬁeﬁﬁ'?‘is' D8 o0 fin '1lihsﬂ§tﬁ@fﬁae&&ﬁplary

with the teachings 10 of "the present invention

Fige) uariatigig céropensatorGn a@@®tdangeswigh thie teaghingsde fthe atm;ent invention.
illustrating an exenplary fourth voltage control
nodul e utilized in frequency and process conpensati on
nmod MHAIIIEIBD(ESOIHPTBOW OINTHECEXEMFTLARY EMBODIMENTS

present in ion. |gure 29 (or "FIG _29").is a
circuit di X{‘g?n‘ﬁﬁ'ﬁ PrPsgat ingafion ‘SafH“SBﬂé’s-Fpraﬁ-"?’Odeem in many

raRSdréi: iriehsCRBe MR sHIRHUA Bie IdPhvATEs QRS JME Be Whstibel NRrein in detail
t eachi ngs of the present invention. Figure 30 (or

'spyegfic @emples gndiernpagdimrentsi tepeefmvith thesundersterdinga that the present
t‘%l%%@ﬁ?dr@r %g%ost t atJs %H exe %@?ﬂ@aﬁ%ﬁ ¥t tﬂe:}:ri?n&%féﬁ d20E Snhfidh

eac InNgs O rese I nve
and is not mtended to limit the 1nvent10n to the SpCClﬁc examples and embodiments

illustrated.

As indicated above, the various embodiments of the invention provide
numerous advantages, including the ability to integrate a highly accurate (over PVT
and age), low-jitter, free-running and self-referencing clock generator and/or a timing
and frequency reference with other circuitry, such as illustrated in Figure 1. Figure 1
is a block diagram illustrating an exemplary system embodiment 150 in accordance
with the teachings of the present invention. As illustrated in Figure 1, the system 150
is a single integrated circuit, having a clock generator and/or timing/frequency
reference 100 of the present invention integrated monolithically with other, or second,

circuitry 180, together with interface (I/F) (or input/output (I/O) circuitry) 120. The



DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBODI MENTS 20
Wil e the present invention is susceptible of
enbodi ment in many different fornms, there are shown

woheosdinassengs and wi || be described herein in c?&TéU$20°5/034020

10

15

speci fic exanpl es and enbodi nents thereof, with the
understandi ng that the preseihf- disclosure is to be
consi dered as an exenplification of the principles of

t hifitetfAB4 €D AN gerdRly i pPoviit polwief, Schad fifoth 4 bWdr stifty (not
invention to the specific exanples and enbodi ments 25

i 11lgstreted @ePundging et bites QT Busess o the locly genesiyr 100, such as for
e j t r
agﬁggﬁ?gﬁg’nﬁ fféﬁ ffngg Iscﬂgb\ﬁtg I gluPﬁ'e?é;d tgge cl){]}#gg rog{l]bﬁt clock signals
hi aghprpvidedton atseIZQms@rpltﬁWy ofifreljuamyiss, sucbws pifirst drequency (), a

ree-r.unnin ferenc ng gl t

ariiap TR ROkl s Bt ES LrOpR Rl TR Yy Bggon o
Ci gotvét EdnyervaAiof inddis (br lowpowart edel (DPYyiigproeiddd (alEiogmrbas 125).
30.is a block dlﬁgran1lllustrat|ng an _exenp] ar stem

endEdrsoRd cirqsy 130 (98 ths Lal70bmaxplepropide NPyt i §e g 23
t I'Eené}ﬁtgls ?(W stcH%8 mrb\%ﬂ seldgtion!stgsit '(@t 8t trbughi € ﬁraﬁd bne (§rrh?ore

SySter IS a S|ng e |nte r at ed CIrCUIt avi ng
cl Qabb«atgmrmgrabdco idthenugh Coi. n’gtefrraévzploe nhg/selqceore slem%ae(suﬂ),

of, th t I
i 06 R AR Ble R LA BRGLT SERIEICBI ORI i BAY b proviced
[ rmgctfyamehe( dlédk) gepexitor NLthfongi thi tintérifdce)120,i suctuas anybus 125).

Th 006/ 101524 P S2005/034020_. -15 interface
2"’30%‘74 @&Yé?‘ﬁ‘l ling 14 &;&PH g\?\%‘r ineglddh as from a power
supply (not Thd bibsis Jnata%d)md/&rtﬁm frecﬁlegcymeelf&encblmsn @ddition

busses to the cl oc 8enerator 10 such as for

caPRBPwDPOWRT ead, hasad éwymséetsebacuss?d in/ggeatqr| dgtgil bglowe For
1'2E§ax9gs B gc o%iégxf&&% fid ?ﬁéraﬁis 935 Wi gl%(/ﬁe Bh@éﬁ #6d cPdEk Qﬁéﬁals

requenci es, such as a fi
f raa guipntcsygrialspio, thasdiomiemmnmkyf Be.qililnsyor(d/ difcpitrmni$0 smaydxa any

O O R b TP bt o hie Ao brepfard s,

prodiiderqfeatys Qiruit, Bdtexahdfy, -or alhh@hd &GOMEwhich Gbuild fuyilizeq8e one
(or the IN 120) may al so provide input into the clock

gt EPoAE BHPUEGEPC §Lseﬂs adlsp rﬁ?rﬁesghplg»em adminmorsfrgency refegsnee

20 (S'Crgo&eh{he létgt?utglénal ﬁ'&q tl‘lmﬁ)tpﬂﬁtum 6(?ma)cﬁé A R:rfé'}teﬂc@ rilg?xhlg BRh3sa

25

30

roug ernativel Y, t he sel ection
sirgfeeenes (igwl fcslsyncmntzmqmu@ha S:cpnaondilleton A arsomsequence, the

L Y N -
t hete'rchmgeébdgc aerdiADwitls the lundastandingUhat YBbclockagenergtoviwtilh also
wer (on |.ine 140) and.ground [

nline 145). The .
P esnezalbOMatAr § s B S Mth e SEABY TPLPLpaNde i

| nipRdgibdueicy feferéhck, OanE}PMﬁ{ utiRE @ subtedtia élﬁdseﬁﬁll sxﬂﬁges
di scussed in greater detail bel ow For exanpl e, in

a iptterdic Imvpdddtions pediseppsad an greataroitailibeiowp rmwaa@lsmwoévnems of
NMRfEinGlfiok aﬁb Qﬂﬁkcﬁd a pafe @bl in whiGAE %utpt.lpm £ rofCang

circuitry 1 second cifcuitry 1 0 “maybe any
generator and/or tlmmg/frequency reference 100 is prov1ded in bursts or intervals, for

increased instruction processing efficiency and lower power consumption, for
example.

It should be noted that the various signals, voltages, parameter-
independent current sources, and so on, are referred to as "substantially" sinusoidal or
square-wave signals, substantially constant control voltages, or substantially

parameter-independent voltages or currents, for example. This is to accommodate the
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type or kind of circuitry, such as a m croprocessor, a
digital signal processor ("DSP'), a radio-frequency
circuit, for exanple, or any other circuit whi ch coul d

for exanple, in a timng or frequency reference 20
mode, the output signal from&he apparatus 100 nay be
a reference signal, such as a reference signal for
Syzatibhsr fnétaaAibn) mofse soudces agd ditlerodistortibmt introdubad ahich may cause

nce, the termnql cl ock rator. and/ qQr
C SR S0 SR e pirenP un QRO e P e B 168 degifiions
I fufd GenesRkb! Yoh&apR, asMischissbd & geie detad WIoRY ekdhdlary

the clock generator will also q(izjener ally gr ovi de a _
s Cybstantiolly/ esqyprgrieave signale Arerapicts mﬁgurﬁbtw enqoﬂiﬁuaaé@(hlblt

oA f
b btieB SRR sich 3D HERho0E FESARE: alfbG8:, Wiiiions, ang are
aoizhetheless, coas;ddeds tulseswedy hiph gmaéeyc @uareketazés| inlpeactive. t he
various e nt s  of he inventi on al raqvi ded
o ot o SR er P feptites AR PReseiayer o, et S 150,
OEIRGI HigHly astdlfa®d, 16Wiitterg frbe-RAMIAE GNd SebirefepEiag Tk iginerator
prOV|ded in bursts or Intervals, for increased

i H0tis indearased meplitiedlly gvigt etheri(eesenyd) sheritnoas, tpfera singular

c t t

CRESMIRIGON (ko oP APy SHOU, (b0 g e

cnsrferrfem oscdiatar as pseémrdpmmdaa clogk signadfsach ath ¢rmstaalsreference
uar.e-

os il Sttoxa n\}/hlah ca¥motsbe i SO d 11:8o he{lgrctugraeaél Ve?f? cgip, as°d second

f3ht T A y COnStARE cont

Saﬂds‘séﬂiﬁtb dblige wiieh miRtiRIconriREed eislRghta ciiobit BERS tddny additional
current% for xzélyglG This is to accommpdate the WO
20581y 0 8D ex preanse Athhe presept ipxgntighsthe system 150,

f ilnb'lG&Hg”‘Uo@lU §eneﬁ%rsﬁ0 SAY GERbRAAM it et SEM iRy using

i ntroduced whi ch may cause such signal’s, voltages or
cepnvestipral tQM@S f¢canplemeniaraotetat exifie gemiecinduota), eBITo@igiolar

g&%@gﬁs Strg sltor &g/[ 2% (b&@c%fe}arit%?&) @Oog:\kio&eo)%(ﬁe( ﬁ_p?@)rl%atlo% technologies

"wilbat manhédetn ;C mafsbgingave signals are depi ct ed in
Fi gures 15A and 15B, and exhibit. 5 a variety

di st ort i onSecBEcRP 5Bargff defprepis el atB’i/lér’%qﬁ‘HS‘i Ra‘ folin

OJcB&Ban\é@ "“}nﬂtth@ﬂﬁentﬁﬂ Gh@klBck gHagaiona b@fs%el@-?é?@rb&ﬁ{ge ghd fee-
be very h'tﬂ@ qual |térsquare waves in practice. Several
d

i THpORG sheh thatdt igmekreisrencadetorr dagked to; tsignal, such aspeing

YRz U 2 phisk Sbcke 1B FPLLRAGHY fobed OOt Tor vip,
i igjectitndgekirigete amefersnée h'gnaaIWtycm\us tyipical dfshe priaond)

i i 0 10
cirou t Loy Sk Refnlr 8 oVias B ety

tﬂ"@u@fcie@ land@k powértondeivatior? mol&; fsedhethg gregentied atadrbe |s€311tched
pr ovaélge a cl o’%k signal ., such as a crystal
'Péfn‘étém(y dn p glifehsfree W‘H“%Pﬁ E%frﬁ’i%‘{‘PIBeseF?ﬂdé@Wc%dlso may

Vg'hffhtoqtﬂ%%r gdnﬁéwtfoﬁ Ym@&B:i shch a9hfbattdd Br 10R%r ﬁeq%@z%gqqodeaﬂrgi

separ ate device must be connected throu
chqt@s}u(thr%hrsaleﬁt@nasrgﬁalamjlowebﬁa¢k freguencyiifor lymnm@mg power

Sys R %ﬁ%' JF 1 2fER IR EEWM didk sRGaIRE EREY sibepuifite! HY didelied

in greater detail below, such frequency switching is provided with substantially

negligible latency, with low latency introduced for glitch prevention (in proportion to
the number of glitch prevention stages utilized), using a merely a handful of clock
cycles, rather than the thousands of clock cycles required to change the output

frequency from a PLL/DLL.
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15 including clock generator 100, may be fabri cated
wWith other, second circuitry using conventional CMOS
(conpl enentary netal oxide sem conductor), BJT

), or other fabrication technologies wutilized in
nmodem 1C manufacturing. Secqpd, no separate reference
oscillator is reqU|red Rat her, in 20 accordance with

the inventi the clo 100.
self-refer é‘h E?dﬁtbonaﬁge? ﬁ‘éé%“i}\%ﬁ’ﬁfy fi asva%i}ﬁet Rz P ut; ffequemes of
NGk cloek gérRACE And/or Mrhing@rl@tcyt efaamt oo dfsmgmall belcsmcﬂawas
be| synchroni zed in a phase | ocked Ioo ﬁ L

ing gagexare gupilable.pFpr 3xam51F ok Stqrwpete? So*He pEeakively or
t 91b§‘taﬁt 2tz rn@ﬁlfg?ol@aﬂ@@ing I GdR geﬁerﬁt&pirﬁ%'r tlﬁ'flné/ﬂ&qupﬁcbor
Thitd, the clock generatior 100 provides a
pte@ﬂmcﬁ t190 ts:fbecrameptqtlly 2arfed enfisopped suenas temgd e rentirely or to be
S\[/)\}I'l ? %rforggow%r %(g?? atio ;&gﬁ %)&gl lr&leg g‘aﬁ%‘l ﬁlgg I lﬁ} xﬁ%;l@rgmusly asa
nralnﬂe tthe cka@k geneamm% and/o8 aﬁmyfraquemw |réfblynéb8m0rm1y be spﬁréted in

onservat] on d such a atter
| ExumeaE S RO e e o Dt TR Bt OF P
sbaRalcaly, Forl iBNRELSH ABkesSifEBHE Qednd @fcuif180, ¥heh 3G ﬂ?&&é@sbr
consunpt’ion, or request a | ow power cl ock si gnha

eAs discussed| i gppatgn detail pelow with ibe sapidttari-wp gmeaﬁuelr Pk’d&ﬁdal I
bgé g%ﬁé)rr_]l e@ a%ﬂ&?ﬁswmg%’“g& Fxg{qust}u&lo% ?rxﬁl n}é‘ér&cnons yper
| sﬁcomdord‘éH’Sl) emre pyd)cletsem pprrrmi/lamtl (m’WXofrpowmomsmmnnt dn

es.u

LT i by, i R A e e Ry Azt an
t bR ohdElbkad dScilldtors hm&n@u@d SferBGUIA st ohRqadhas) ORe tloek
output frequency froma PLL/DLL. WO 2006/ 101524
Peselty Godpotnngrequency refersrrgi 0P Gind thy) qthes empadiments
S 'dQEUsgéd%be) Yiadh ?lt]raﬁ%&aét{oﬂgjaﬁgoﬂ‘lsd%k't in{IGBRYE BOLIE o, a timing
the clock génerator and/or timng/frequency reference
1608/ fmmye deftremc@vmomew\povmm eoraenvatg)nnn@tbsamirepulsed mode.
avai | abl e. cl oc t.a
o fect tvei v oa BB, Fuaresr BB beohhé OB Bfrtor epglor
C litnirlg/fepq oeic P tréferended 1 00rindludes &g{ufers dopugghty a&uraef ﬁécﬁ;ﬁﬁ@
100 to be repeatedly started and stopped, such

t §FIFEROR PYer dapricationPregess, yoliage, teppesatire oy Wbé\ﬂéﬁi age variations.

C TR&E TabrdsOfeludeOfre@4RYRhrng drAtsBREtiohNAHA doipBisREbn for
continuously as a clock, the cl ock generator and/ or

t ITRAUFHIF Yasighians chichenay baweused glge totemprsatigeand/oe doltage
Cﬂﬁaﬁ‘:{tﬁhé \f@dnxé tﬁﬁgf &essdea%&{ﬁs Adri&%gmg' s or bursts
pul se 3 e or

(i.e., riodi ca periodically, for
instr uct [ orFlfﬂl ohaedeakr@nhytoamsiénminmgﬂreqmmcy riefeﬁmpe d0ch

SRR R B AR L By s o
OM—[zﬁ:InldOGHD Famge, defichais m‘ﬂﬂivufea\tb BgRiraliSofiower frequenc1es Each
ructl 0 d{ I1ion instructigons_per secand or
ydivigion &gawn% umber, 2§ dueatip of ﬁw%era} resyfizelp a significant
CQ&SdeéBﬁdtl@ﬁ‘ withphase noise reduced by N and phase noise power reduced by N2.

As a consequence, the clock generator of the present invention results in significantly
less relative period jitter than available with other oscillators that generate their output
directly or through frequency multiplication.

These features are illustrated in greater detail in Figure 2, which is a
block diagram illustrating a first exemplary apparatus 200 embodiment, including a

frequency controller 215 in accordance with the teachings of the present invention.

Bi CMOS ( bi pol ®CTAif2005/034020



addi tion, such a pulsed node may al so be utilized to
periodically synchronize a second cl ock or
oscillator, in addition to other uses. As a
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timng/frequency reference 100 (and the other
enbodi nents di scussed bel ow}8 has a plurality of
operating nodes, including a clock node, a tim ng
a!&g/ﬂﬁfstrit&? ?HJﬁQ&r! 2Ir @t %%ﬁﬁa‘i& 1004€a clBckPRABAtof ARFET Vat i on
node, and pul sed Fourth, as discussed in
gﬁ@mgéfeqw@pm refetsagep Wroviding Qe RIOFRPHIRUA iSigRals riighnas a clock or
t Lf
e SRERORY b EL BIGS  beblMbi SE1cLEF Lt e By
f sdbacior 205.0Mhappamsss (ovadck egasratdr 2@ iretudesear( SseNato) 2ahd
a e variations features.in d

PG SR DL RO oG L SATAER: DA Teaienct ABgHveRs 2
Vﬂlbd@§dl&fb$ 208\ 450 tHEBeqéncy de1@6 1B EnenBlored TABEVEA! I fabcordance
and/ or voltage fluctuations, fabrication process
varth shei inypation de gscillaigr AL squpien 2 signel haviag le cgpmptivelyr high

MR/

BBl FTITBNG PRSP 65458 SOk Qo2 SRTRGALEY 2
aeontroller?ds hsuutdrzectiso Mqueﬂw{zselaﬂ@r (l!ﬂlz theansgiatomBil O uchghat the

stieftn hEfncvly S Retht b e oA SRR 57C1

| fitgRvics) i.6.Cthe |ﬁfe§udn6y ontroli 415 Peuvides fioaur Signsts hadthg
wi.th phase noi se reduced by N and phase noi se power
r@%‘lﬁ‘&%?sb‘i’/ iflpare apeurate eyen EY( A8 @& VAIREONSY ock gener at or

of the presgp Exdxﬂb‘{@ %Ne{? RhebEBVT tv§ndt16nss 'ﬂ%lftﬂu@ %@&Je}ﬂcﬁ ﬂom an
| ess relative perio itter than available with oth

omlllatoat ek ag mﬂlatge alaq atay veiyeilys asunipist 5%. dF¢resom|e>ap1drcatlons

R4 YRR ST S8 Ol BRSO AM Eooctaie

ure
blnmkordhnag maﬂmhd preseht @b éntign,chofvieves] grmtarmbuiﬁcy faptharchickls

200 enb me ncl udi.n fre uenc controller 215
Cereroiog S Flisgblen oM B e diNe s COBlE fpplications,
| SR Bd proidin¥RIRR QBhdI9 %Z&eﬁﬁd R340 HcrocohBrois,

illustrated in Figure 2, e apparatus 200 is a cl ock
g&aital aiearl perassers, commumiggtion @am}&liery #nefserogndé,a consequence,

PHONEALY niPdlRr 965 1ﬁ QUL R Bstst‘orgtﬂ b PV TSHi 1d'?1§ Qlc kfifthe
or 're favin

erence S|gn any o a plurali
f outy énq:ueesy froml the bseillatos iisthe $aleetpd en dgsired érleqamhc}r f dth. much

The a t us r clo ener at o Jncludes an .
o85BS Y 34508 or R PR B URARY £ DS e 5 Pving o
f donpamtivaly eongitel | er 215, a frequency divider 220, a
node sel ector, 225, and the frequency sel ector 205
ment i oned aFE0E exemplBCembedpReats ofithereqvencyrpatielies 315, in

U REor@sc 'vshﬁ%ttﬁé tezch%gg %@ﬁ{é?b}&ént ?}n@ht%ha 'arehﬁiYs'tergd n detail below.

conparatively high™ frequency,fo. or age
vl%ﬂr|emmni¢asref¢ﬁmg|t9ﬁe@rea?ﬂowélchtlheblml@@wmylluSt,retmgr@1 | er

%@m'al?g?fréc{u%xicgfjcohgol[ﬁzf Qféeé}x%gﬁa %&Ctmdar E&Bﬁiaﬁé&ewnh the

0ScCl suc hat th oscl I

fteazhings of/tho ipeeseng linevetitivin) an dscidiaton (npsonatart Bt(yamifsumih'mt i al
Oa‘?’r?plhlﬁleragdS? r113rovides a first output signal having a resonant frequency fo. The
exemplary frequency controller 1415 is coupled to the oscillator and modifies the
resonant frequency foin response to a second signal, such as a second signal provided
by one or more sensors 1440. The exemplary frequency controller 1415 comprises
one of more of the following components: transconductance modulator 1420, variable

parameter modulator (or controller) 1425 (such as one or more of the controlled



frequencies, i.e., the frequency controller 215
provi des for output signals having frequencies which
are accurate over PVT and age variations. For exa
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an oscillator, such as osci | | at or 210, may vary plus
or mnus 5% For sone appli<H4ions, 15 such as those
utilizing ring oscillators, such frequency variability

NMRY¥pabiendL 6:00hale - redcinds OBOANER e Belb g pRIcess Bt other
i nvention, however, greater accuracy for the c|ock

g @Hemgter maEgBtor {rRogIPERSAIOD, 1438rVolteag| amP§nsaigr 1A goefficient
S?%?%grgl Y §493" arfeOSBnR X1, A REY érg%g lyOhSion cHFdRsAS PA6BY ip&ding

gnal s foor I ntegrat m Cr opr ocessors,
miuporothe selected| earb&dlmedn dhiet fadquenicy rartroflero ¢S smaysalso include one or

communi ca rollers, so _on., .

c b ntnsh o ahloBdasr R raP el CARCT 145 and s
t Qogadlbibslt 1450r Fohexs@ple\Vd tewipérafaie-ddPéndert Uiirehthsblurce NET) (or,
out put frequency fromthe oscillator is the selected

ornaiegsERHY Y@y sReryen (i & luptiated in Figue 4/effsctivrbe fpgtions asa

S@éﬁ?ﬂeﬁalturp 58R6:Sin AbcofRER Witfhe pRIGR iR3ntidd; é Yditlg 4 €ss.
and having a conparatively lowjitter. Various

exemp@ndylgeqmwﬁ cwreant wvhish vahes af p dengtiorc 9f aghirnt OF jupetion 15

L
e)ngitpll @gnar E}f Aﬂ) congerted (ADGYIN@452dnd wihizehtol povadedtamekponding

dia amil rat ng Iar frequen

CORBGEL isrih b el 30 3 BT BAGRS YeHOR: BOTUITE & i ¢ b

t REmpdnSAGHI 1206 1285, 118y, na%ﬁ{atmwuﬁﬁé freduen@coR6ldr | BY tto

(resonator 310 and sustalnlng nplifier 305) prOV|des
an

a cpitrod thegesopant (& qytpat) fregwiney ﬂlé@@ﬁ H#i0us PRgUAEiaEsy Sych as a
Thlgrxaﬁ@e %?é % exfa{u?eg Uf {']ag%?lg %anﬁlolm eﬂi‘oc%s%g:sla 1S c%tffe? YilsGited

and no resonant frequency
f ccméodlmsxpm meh a an@emmwdaqbemlegn aitput suént aspravidet dingitly (as a

naI nsqrs 1440. T
B30 a0 Y e i B A R 85 B aptsdtodtifiors. gpeb as
mus ear@éonamwlnhdamafw 1a201ANE Rirfable! paruffe 6 HebdGlaton ((@r
nmodul at or 1420, vari able paraneter nodul ator (or

c GARtFolen ¢35, {Uisse @g%ﬁorasmd% pdifyfhe regpnapt, gequency P
C%Bﬁg‘ﬂl ko dx P12 QR ) %wcﬁ%/ thiedgORé %M 31048d sustaining

capaC| ance or contfoll ed reactance nodul es di scussed
bemplifier 30p.cuarpdifyiog thagt effective peactanest asrinpedonigl &tgo rcagagitance,

CQE@?&&C%tOQ gs1sgaﬁ§e9 Sctcné;} s%cf S%ga%géggp %‘?;a %r%trm 14a§t (?f the refonator 310.

Fcrent  regi SO an
adier eampkf the reffe@wp ecusahar (oﬂﬂmﬁﬁdan@é)pﬁﬁ)dlbengodm@bny tdueling to

e RSN e SO RS T e
aﬁl@dgﬂl@:d'é@ofjdlﬁloﬁ'ﬁiore( RhdRAncEOEBIEd & thé refbdatol, s\H s byPREdifying

control logic block 1450. For exanple, a
té‘rfﬁ’étfc’ét"alt”@e @& PERRORtINYOYT FRVO! BBYRLE:; | (T) (or, nore

general |y, jlheharioBE RSk entbbdimehts WcORLLHe1bW, b gur e

4 effectively functions as a tenperature sensor in
adebicordyetanog moduldi  [#2@ gedhvaripbly eerainetar mpdwetpr{angongroller)

1425 are generally implemented to utilize a temperature parameter, such that a
substantially stable resonant frequency fois provided over variations in operating
temperature. It will be understood by those of skill in the art that these modulators
may be implemented to provide a substantially stable resonant frequency foas a
function or in response to other variable parameters, such as variations due to

fabrication process, voltage variations, aging, and other frequency variations.



correspondi ng out put current which varies as a
function of anbient orjunction 10 tenperature. Such a
t enper at ur e- dependent output current may be cog‘wert80%/034020
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and utilized to provide corresponding coefficients
(stored in registers 1435) 104ized by the various

nodul ators or conpensators 1420, 1425, 1430, 1455 and
1460 of t heRdfereing eguirytodtigiire 2) tbémprb-aelﬁerfdhnanoe cint dedredsejitter

ant out.put) fre ] ht of wvari ous
PR, r ek it Afdeedios 5 Jot fPMenS ovtput a2
t @xﬁn@w%m 8p&a Hgﬁér Rl gentyRE mﬁhbzﬁg d@h@ GSSSPELs 4nd DLLs, the
other illustrate enbodi nents, such

t IpRaE HYVERton gepsEMeroh Connafabively @eghrfeqqpech optpyt.fog wdich is then
d u
LR ot A ey
t Chaks sngnduhatvangmmerm dwreadfohe fld@ltyarfdretieenvias frainl feequency

PSP i B ety ey sdedh 20s; Abdubsates abave

28ch ffeut@by sdl@tios w&tl@ed gdidhi-frasi an@ withow UstérRp] providiag gh
the resonator 310 and sustainin nplifier 305,

nERIRRGALINGY 12Re signifisaly fast sudetisintiee BraUERRYSHRRE { & ydition,
2 PR SBeratihd (UGS froPlied, BSihe REE Rleckppsed 10 and

cti'vely form ng par . esonator 310. For
exanpl e, t Hagueé B éoa bloek diegran alustratingrin grepletidetaiby sevand be

reso la dap T&O?e%)!ag gnehp as b lgfe%gra%lr Lo rft{n%ngﬁr %uency

or >var I a e capaC| ance
mtemrénye 0800, tifh fccaflanaegwittt thel @ackihgs@if eheQresemtrifveneiae t Mfemag to

c]EQ)‘ {‘)l ed t%the reso(g/ator uch as Slf yi ng
BYIE 31 c19% geagratop Angpriping/FraueAeiotrieretsh P%Fmﬁ%ﬁsﬁsn‘ét er.
| RsdnBfer ¥ 30 équLh?»su'sﬂain'rh‘gt afnﬁﬁl?igr m%i@%%sgllﬁwm%

bel ow, the transconductance nodul ator 1420 and
viemperpiuee ¢eapensatos (ommervlaserdp1y, QPTQ§9$StVﬂU¢t10@rCPmPil$Z‘9T are

SERAIB 120 T GTREL Sk A ARRS L FBEL P compensr

r @6 moduiatof) r36q,Lm1mgy (ime) uaaatmncmm@aﬂatovmr modolator) 363 oneror

ti towill d t by th
ot gpetchen im0y i conontloe ondtrF BriH EmoySRe mey o
| ELENBEhES(s) 98D a0 hAkG-B-SHbS b@%ﬁ@l(l'wst)a@oefre.ﬁ&ﬁ@ant

freguency f oas a function or in response to other
\ﬁbwl eiAnd e RTRYccgegeraion 83, aoliageiisplatesins S curesqngnt frequency

g, 4150586 Brcy LSO 06l By 10 10y

Fs@f&umedlﬂd_ 63%0be sustzmmgelfrrphﬁcrrf@mgmpﬂaMc Faimpensatop 3 16,0

f nd
oS VBl SpuRRacor P8, BRACR ol b, Flngt B4R "
fdoﬁ@ummy 380y tagel varition cdimq;dhls@cbr)@w Oresdnantfreg@endy Belediern 360,

1118 icati pitbratoe, Al 35 i PR S IheE Bk PO g1

fJoﬁﬁlM!%P C¥iclPaY fPddfuerdc§ coddilep 3493(01'r benorS1 4a6)V i ddRshatiPelpNfe OF
nor e | ower fre:%uenm es (/) throughfj, using frequency

dugtpigmg appifier 195 @p@qﬁ%rﬁéo IRy ibR GoRsideredrto ReMRrissfant he
Ristifiatbi §95, With foh€ FHRBE! o the VaABls| ORERP E¥ments {e.g., temperature

compensator 315, process variation compensator 320, voltage isolator 355, voltage

variation compensator 380, age variation compensator 365, resonant frequency
selector 360, sensor(s) 385, ADC 390, and frequency calibration module 325)
included within a frequency controller 349 (or 215 or 1415). It should also be noted
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di vider 220 may then be sel €Ctea, o ng Trequency
sel ector 205. As indicated above, such frequency
selection is provided glitch-free and with | ow

| at ency, providing conparatively and significantly

whDaste/mnse4gl i t ch-free frequency swi tching. |n SREE/U$2005/034020

10 a plurality of operating nodes are provided, using
node sel ector 225. Figure 3,is a block diagram
illustrating in greater defdii a second ( exenpl ary

a rat us enbodi nent, | ock gener at or and

PR b g grertcsr f DTS gy e MR SO F AR 8 ARy
t BRréhEA&aGsenf t he present invention. Referring to
Figure 3, clock generator and/or timng/frequency

reference Booreesiior 3@ &ay by sy txeeopfesopater which gigres enerey,
Sdbet §§ Jﬁ' ifhc ' Jnh% ghgéor((b? [éq é@Fbrﬁs.ﬁ)Ld‘ ﬁhf?,rw}?&é%e
a tenperatur corrpensat or (or nodulator) 315, a
pk@@els dasvaseleatei @nnﬁgummgm oéa pluraligr of Iirthok aowfigraBo®, oais
uﬁgg %tlc;:lgalllle' borrae elctg?nJrPe ani aﬁ‘é %ﬁéﬂmlem b lo} c?ﬁerm t}llpalléalll? n
v:apﬂe@htemn hoapes Sxahﬂtlctélwouﬂ&ﬂtﬂ aactapac)tors 65;ch @A &.Cafesona®r &
coefficient registers 340, ag(g1 depending on t

< Ehoied 4 BwBlN AOh LT iewey 45 S5IUD b hCIERBNSs SePTesyior
38 corRfderd @hlﬂ%‘léﬂ@ afid g'itﬂlﬂlthecﬁaﬁ(eecﬁ{tl%r réseMfrventia Ofor example,

frequency divider and square wave gener ator 330, a
vibe teag@tqr S0 ey be 35&amis rewwneintaamechanipalk resgnatos ¢é. gcK3AL), a
Sx%bcroe% dp ecﬁalill ca{ f"l\gﬁlgl)gc)yre o%l to(Pr rg %Plkaaﬁgiggg .f%gljla%ft 9%
Stthdr ahges, v@rieusrksohatens mdyhe ré;ﬁeqeﬁedabyj electriculoe alséttonteckhnical
15, rocess variation tor 32 vol tage .
BlogY B LS BBOASH A3 e A L (e SE9PE (e RESsend iovgon. In
a&@m}él@fyl SHilodihmeaRMRR NEAAMR had Boen UtiBSQANARLredoh A6 @M ivide for a
sel ector 360, and frequency calibration nmodul e 325

aligh @fvabig fPfrﬁ:‘?W@élellﬁ?ﬁrﬁefhseﬂlﬁ@qUency control l er,
such as fr é‘?lﬁ mr?go%u};lme{' 865 (gré%dés% both %ﬁ élﬂ)da}lé)sustammg

Alternatively stalnin arrpll
ramﬂiﬁaatti@n faﬂtﬁe mynatm 3donThaemeetatue @omppnsawe 34 provides
at or
B el s e § 160 ARASE 8 osfiliod Yol oapeg
3w:la51ancmrs Ql(ie&ﬁtexﬁﬁd’rhtﬁﬁel an sélevigdesnsbatiatents 2kpendid M the degree

i sol ator. 355, voltage variation conpensator 380, age
vafenrql psited op Buisado e dgBperature GABPRISH e iRy include control

S&leE64tR EurrfP andsﬁ&ﬁé}{c S3s ifl&ratefBEIow 30 seRBAd eMBOHRBRY, For

calibration nodule 325) included within a frequency
conampls] the tenpgatyre compensater 3i14 1y, comprisehenglod bethgd abe

n&én?é%né{@taag g{oghg)l;‘tgféhﬁ)%{d V?@a%? Sé‘rga?frf'ege% Qn%d'u?agor ) é%’lgf 1!"1213%

quare-wave genera e nee
t Ilmvmtg both mcrdatmmn dy20 andflezfemlmdedho te respunsive Thiemperature

(TN O R A

ceapcl foPthe (dspnated BIbad atijastithy diciltitidnGrdqaetcy bakerdh prbRss 5
LC-tank has a selected caonfjguration of a Rll urality of
@n@téqm iphsren @lﬁergtcpmtor rizbrxicglon technologies, both process varlatlons

within a given foundry (e.g., batch or run variations, variations within a given wafer,
and die-to-die variations within the same wafer) and process variations among
different foundries and foundry processes (e.g., 130 nm and 90 nm processes)).
Voltage variation compensator 380 may be utilized to maintain a stable output
frequency over supply voltage variations and other voltage variations. Age variation
compensator 365 may be utilized to maintain a stable output frequency as the IC ages,

with corresponding variations in circuit elements occurring over time. Frequency
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ot herw se electrically or electromechanically

equi valent to or otherwse typically represent ed in
the art as an inductor coupled to a capacitor. ch

il lustrated as resonator 405 PQT’USZ"”S/O“”N
Figure 4. In addition to LC resonators, other

resonators are considered -@3ui val ent and within the
scope of the present invention; for exanple, 10 the

r QERAASPModHO 393% Wiz t6 e Nine ah® SeRAthe desifed %ﬁ}ﬂﬁﬂb&ﬁhcy,
resonator (e.g., XTAL), a mcroelectromechani cal

e I-fEIVBaK)IOIFgealeH@ﬂlb'r of aspillationfreqnengies Which waayi Qecyrds easenaiT,

I 0 S I RE$ d

£ e o B ool el SRR SAUERE ab b PR
rfeemmiesr 3n sedevtbdaambodineatsydefficient l'agxsamow ané utilived to store

i nven exenpl ary enbodi nent s .
FSRE e Vol Bl i 116 2B BeRb iy D Raensior e el Bracion
fébodimeht, Bis@Rsdd iM @tedrer Hi@sil Belgwnpl et el y integrated
solution. The sustaining anplifier 305 provides for

bot h st ar t Aspneatiened abeyg, fiefrpquensy cortioler 349 infsglected e
ol eegfs, ﬁla} Qtso T{tGude SHDEF lﬁ&l? sénsbi3 3RS Mngfogft& ?lgl%l

provi requency control for the resonat

agpvsster (ARCH3Y). |1h additien, firagy) oEthe ptheaeatpensators arrd modubaters of
e.to tenperature. |n se nt s endi ng

TSt dteheS g Blet st SoRRprB g BRoB S b r RGN =} e

ttaﬁ}%i‘itﬁﬁel.tfeﬁerﬁlaft‘pﬁﬁﬁﬂﬁ Parceslindrother voledgtl dgriation Tdét@J:torsO\he r

bot h current and frequency, as il lustrated bel.ow f

adiien bt yized ity sfnerﬁsrva"esmmléws phored sprfficients &hwh

GRORESAOr to%ﬁoﬁ%ﬂ@ﬂ’iﬂ? EleEntO N6 b&th SQ%mcdﬁftroﬂed reactance
transconduct ance nodul ator 1420 and vari abl e paraneter

rmaqiiylea t(dipcussed Hetow) K9 the resonapar, 31Qj(aste disstete fomaioif gengrod) and to
SRR 37 AIRRL L Ghal R BEEEBPRISING § SohEHRGEAHES o

uati ons. Ss var
alm;emsm 010 820nfimuous ftem d‘fﬁ:aqwe)nmy vaﬁmtsémbrsf compieRgators

tor 310, to the t|o fre uen
558 P aRors Bk alke bg Y foievids SHherd s o} o e pver
frRdfebdnahd mlus&gmm{qusoﬁ&or bt fTh@ wm&ﬁ %omﬁb@t 619;51ﬁs from
within a given foundry (e.g., batch or run variations,

\PEIISPESt PUsTeSt ganeratass, £opfra) valtagas, eic., as divetratedoanddiggpsed below,
\faiBh ot i hin BRI Blelpr QB VGG Oror examle, the
pzanmsscsmsol (welt@ges, vilich may aaryl warh arseiegted parsmets) fe. g,
e vari tlon S r 380 tili
et & wBh PRy SO R An ML e A Rrted pypmeEn furktion
4O LSrA@E sigdld Which Afe @BdltoGhsiEfy c%ﬁbsipaﬂﬁn%\/ﬁhﬁgrﬂﬁﬂ&n&f coftgsiled
vari ation conpensator 365 may be utilized to maintain

Sachyce n&dﬂ'ﬁmmlﬁ@aﬁ%wga\@rch |C ages, with

cor r espondigiauidh & e QtSperdurk lahd oEes§L&?§éjéEa%oHC%{{a 4 Ng
over tine. Frequency WO 2006/ 101524 PCT, 20057 034020

isphaters}SP Ipravides nsolatidn rfrem@saﬁlqns drt V9lfage duehoasfiionea powier

gﬁ&g) n}é %.léc? &%m}g ?m?l@é%x#t@ Q{or a Batt!F fer colnBone s E}ﬂch as

al'l 1 on equenC|e
pert of teinupemms&)cranpmsat@]:ﬂﬁ i[n aldjtiohdo ﬁedluendy ddnestroent ;ﬁ@rtthese

E’gﬁgﬁlﬂlﬁ {;C%/ (Iar%ti];ﬁs? me%eg%lngl{tqil'e %cy ma)(;l HEy l)e selecte% independently
through resonant frequency selector 360, for obtaining a selected frequency from a
range of available frequencies.

For clock signal generation, clock generator 300 utilizes a frequency
divider (in module 330) to convert the output oscillation frequency fo to a plurality of

lower frequencies (/} through/,) and to convert a substantially sinusoidal oscillation



frequencies. In selected enbodi nents, coefficient

registers 340 are utilized to store 5 coefficient

values utilized in the various exenplary conpensato
wawogsisdar ati on  embodi nents, discussed in gre® égwgpszoosmsmzo

detail below. As nentioned above t he frequency

controller 349, in selected-ZéHbodinents, may al so

i ncl ude one of nore sensors 385 and anal og-to-digital

C OfipAal fof subAdatihlly3 Sdharel wava @ighili forclockaipplicafiortsh esmg fhsquare
conpensators and noduyl ators of 10 the fr
r}ég %Baﬁ prQvides for

cofdvegensEstor (3lsp iymodyerd e RrequanRy sHectqs
Se{1gQfich oﬁ%}@ Br @Sre df Wﬁxﬁbw&tﬁ? RERAERMyifgUhd Slﬁ?ahty of

sources an er voltage variation detectors.
adfiequemress zmdbmdﬂgielmtml 34ésdaytadsogm1\edeafoeommeue°de SeleCtlon
pluralitie stored co ffl

5 boftER ot b tiph e S 808 B, b ieley LlofPenc Rt i s pn
coUtih@theetdtompagdnan e clotk @edetfor(300 peaviteed phedlioypf highly he
resonator 310 (as a discrete form_of con ) and to .
15256 alg (PYFE Pé(ﬁ& e st 14 sl op Eapeeaney *2 u ;ﬂwgﬁw pyith
a HRH4RhISE néghgﬁ)\m fr@dﬁ@&yr&%@ RE Such PV THVAR i8S Oy prdtiding
(a continuous formof "control), the various sensors,

c osnfBient penuzacy andistakitity|for ssnsitivery complex pRpligetians,Asanengjoned

loprgybge ot her fornms of continuous control over the
reSonant frequency of the resonator 310. The vari ous
conti nuous digupaid & afhgtnievdesdmmm; adeblocﬂcrxhaggan allwstrating,
contro

|t age ., A | rated d di scussed . .
b o PSP s ARtk donalersashiel and ey o peien o dgisps n
of adchRaie SffhIthe leRoh@iEk ioPthe pRBént EXRATING A still@stratédlih Bighire 4, the
contr ol voltages whi ch éﬁvaréémnth a sel ected

pafeaqnatos is e(rrg)o ied as g gqqﬁt@pblt, a@)( 4 %F"’threﬁﬁ?‘cb gontroller is
t
15 Coaﬁscﬁﬁgd AL @l%ﬂ@{ftg &ﬁﬁré %{xﬁ&gﬁﬂcﬁﬁd’eﬁ'ﬂi@ filer 410 (ale%d yto

function as control sig are to nodi
c oim e the sgstaivigg anpliis), @ftenemeratureirdspahsive a(patcmlpalawee

nmodul es i npl enent e j varactors. I n
© Rt MY EeRion P ek ERESR T oD e P sty W ey Such
i slpdmhaér 'Q5)54hm Qte;tﬂﬂ)eﬁtdré&b]ainhiw (drnafpevmrbgépsnﬂag) frequency
vol t such as froma power suypply, and ma
i @%&ﬁ?(‘@ﬁ“%‘éﬁi’a’i"a@g‘? Up p PERSESS YpHAtigR ceﬂlheé&sat@earm%% and
20S uﬁlQ{ %0 inkREE a ﬁfeqﬁeﬁé'@@arhﬁlta%x? mo@TP &35 AR vardw- tex'nBerature-
ion to frequency adjustnment for these PVT

ageesranpive of tomperatureedepensientamedulas ¢ f erd 42 0naig seasisiye tyeor
se t

2 SEbFe WORFRARIR et MO SA0ARRARL SHUARRY, g
a thatthg eesafanefrajubmly| igsthle amieaacurets ovéraliese E’Ndl@nﬂiaaairiations.

drvidor (1 n B EoPRASEE ENCIos 30 Ao B8 Sl e B duany

25 os gdsthitRtiaon hﬁﬁxﬁ»ﬁi«taﬁ@Matbpomnﬂoxﬁd ¢brétlahd ¥l Qch va@¥Rns are within
guenci t hrough/,) and to convert

su {SCARE |°§§1F yreé?lﬁ devsnten Tothepld |bappfsﬁi1thabvbid>%l@rv eserpn LC tank
PCIdsUs20 Qb 8e44330n parditel wlﬁrh‘%lapzfcﬁo@ﬁ UhRéranthiflopYlogies are

square wave signal for clock applications, using a
sq@lse known and equivalent to that illustrated, such as an inductance in series with a

capacitance. Another such equivalent topology is illustrated in Figure 8. In addition,
30 as indicated above, other types of resonators may be utilized and all are considered
equivalent to the exemplary resonant LC tank illustrated herein. Moreover, as
discussed in greater detail below, additional capacitances and/or inductances, both
fixed and variable (and referred to more generally as impedances or reactances (or

reactive elements)), are distributed in the various modules and effectively form part of
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wave generator (also in nodule 330). Frequency
sel ector 335 then provides for selection of one or
nore of the avail abl e out put signals having the

al so provide for operating node sel ection, 5 such as
providing a | ow power node,-24 pul sed node, a reference
node, and so on. Using these conmponents, the clock
gthe e¢sahiit LEGShkpct(EVdndafe Lalhpédﬂsqiantoytmffrehu@by yont@tieusfahe
(over PVI) jitter, and stable out

f FeiioRc F‘é%dd}t*o“/ ?°f{°ﬁl?‘i9dt§'ﬁ/femt%°?5h(fesml Smpopgts of the various

nﬁ@eumc@sl)qa f4a§ GHERE Y5 Ehrk fiflusHiBd §ePardtdfh) biRhoMa bk 3hddSod to
hereby praoviding sufficient accuracy and stability

f be ingrénsisite theaindyctas dAp prdccappqitor #48 respestively agewting aepart of

é‘?abﬂpa%\ég qnﬁ B g‘dlﬁcﬁlaflopﬂ ng{lat]e &Y bon%ﬁtgmfhg %P&]tl% ock
12gr amid 1 astrat exenplary frequency con Ier,

0 mdudtbraﬂé rand nmbaﬁ:tceqtue nCynweedelyb sueh iadditiarab odmtrnntcs(parasltlc)

accor dance e.teachings of the

R STReES £ A Py gz g DECoEmRsRon BrEN VA B Mator

| Aludaaiing @isd8ss@d baSW MathlrefefenéediFighto29. and t he
frequency controller is 15 enbodi ed as severa

el ement s, dhadegucioy a3y andrrapasitan 44004 the resopantliCetaniy o
(4 s WIRLERR Al S| G OMMATHOAE it
COHCrlhtld)n frequenat’Hr ot r@ﬂ'ge foscillation éreglmnenesahrbynd fpi xadditme,

| BAaat Pt PRl G oy BF SBEF s dhod migarEaing oo

ffe@ﬁikb@t[éﬁté with Qighdy) ﬁeq@a{mn fir@leddetd] @hdsdQof skillih GRaBSwill
vari ati on conpensati on nodul e 425, and 20 may al so

| recdguntke tieat f/1)eq hénch dbi dnlyis Ofirstafdis lappré:Bithatidih because, as

vari ous tenpewagﬂveb responsi ve or

t&%EH%?sfe&%UlB% gﬁ@teﬁgtgﬂtsu %%eeﬁn %&aﬁw@sﬁg ﬁﬁaQKca'érﬁ' additional

sensitive to or ~responsive t&’tenpeﬂatu

fﬂeustouaalomgwwlth terpepptuny Rutbprocsss egiationsi ang oahd; distortions, saffect/
that .resonant guenc t abl and

at @u may s ({/héJr]egt S""’S“‘g??f‘ ‘g‘ﬁ‘g age: r°"|‘“é"’t§“’85n sﬁ’rfﬁample the

r @ewunaBs lakd tapaditof @50 wial e siz&d s igtnenite @ re3omint fre@eneybiy the 1

be equal | y 25 described as harnonj ¢ oscillator or
r&ngeolné)t &1 %%4'1“%01?“\%]\?5["5 'rawr%ﬁﬁ%qusméewwer#esw&

8&1@ RE s@éh f eme%saemnmn\aee%bwatﬂet inodh@bh dinbRdtieh e
that while the resonant LC tank 405 is an inductor

4Bduciter 435 ped ca@racm 0 may he Eabricated uping, any séraiconsuetoy pr other

| n .
Rt ey oo, nfl M SIOE A il JfAon,
Ctegqnsistoi-eomyatiblan fdr le@amytel Obhilednl bthed epmtiodincine| d@yndmtor 435 and
iIIustr ed [ [gure 8, 1n.addition
Lcpptror Boaey b tsh@elsd WingstlisBispt insfipton S5 meed
ahétala(mm OptiysilRbfihsulRfbripyigsiBedn {PoP)! t}sA@sﬁmé@Mcon

resonant LC tank illustrated herein. Nbreover as

cRemicgudystorihaterps unctien teglnolqaiesnen MEMShasrd: i onal

C@H&Gélé&%ﬁﬁéhaﬂfégré Qéchhcﬂg & aR6 & erﬁ‘;SlQ and Witkedht #Rfration. It
vari abl e erred o nore generally as i npedances

cshoylg e n Sé@d(tbat allysuefciniplemestagiogsand embogdiments are within the

e 4t ey Bl PR 7B e a8 sy 5aihens, i

addmon to or 1nstead of the resonant LC tank 405, may also be utilized and are also
within the scope of the present invention. As used herein, "LC tank" will mean and
refer to any and all inductor and capacitor circuit layouts, configurations or topologies

which may provide oscillation, however embodied. It should be noted that the

frequencies, and node sel ector FAS/H$AP05/034020



-24 the resonant LC tank 405 and are utilized as part

of the frequency controller of the invention. In

addi tion, corresponding resistances (resistive
WOQosM0ENss of the various inpedances) RL445 Hf/§§005/034020

450 are illustrated separately, but should be

understood to be intrinsic-2d-the inductor 435 and

capaci tor 440, respectively, occurring as part of 5

f adapdbility bDthe ofuilthtd@r4®5 NObe fabrkated aisiak a@bn\&ﬁtﬁxﬂﬁﬂbﬁ)cess, such as

conpanents from.the respective inductor 435 a

c e tesmolagy, ateks, e §@F‘§/ generaton toabriiabrwied] mtssraﬂy and
| Nthédolhicallf Rath@Mek kitduitry, 8%dnSds #RGE&NE ity 286 &nd provides a
i ncl uded as part of conpensation for PVT variations,
asdistingt| aduantage o thermgesgitsaypsied bel ow with reference to
Fi gure 29. ﬁ@g% 0, Qf
3 .resonant LC-lr agdquﬁg’:rj& ¢ aéigs)ﬁglcﬁ {%t gtl ﬂr;él 4z§ n{y:}:eportlon
S udfstieaovedal Ichpyacitanca pi:pmbaed fivathe Fegoranavand efreqimac$ @etentisalion of

oscillati fre or, range of_osgcil ] .

B tsemen 0 e S Wi 4 5RA gl G niSetied Gbsments dhis

C e ichatitahdd map YephRert i ?ﬁ@xﬁrﬁtefj'alf(i% £ 9004 of MR kotdl Capacitance

| ayout area requiremen her frequencies

r edjiimately gtilizedsin cascillatpro gampxample) Altematively, Ahg cappqitance 440
10 { NS ibahRnchied a5 harable capacltihe AFURE Ry lsbisbed in

dlg@mssbwﬂmmkwmuwmwhemcﬂmammu5mduuhma¢ sukle thatpdsitaonalefixed

RL addi tiona istor.s,, along wth

+ e apiabl sePaRas, s suSER TR AT Sy pehtralr andor
diﬁ:‘rﬁxﬁ% bquascy Rfdraft 1306,and dlovidey, fbfsexaﬁfpheu@%om oriiﬁt@ Q@fthe
and third order a prOX|nat|ons For examl e,

i nigraensy canpllgh@leaHe) sih a3 emprRatprefesRons ey ffesuency (o(T))
15 9&4a,; @x‘isﬁnd'i\ n%@cgﬁé“@iﬂ arfdrp?&Qﬁ%Matioﬂ cBJ\%gerﬁ?tlon modd¥ 432Rg€;

in other e ments, "hi gher or requenci es may

beproadsi foaboth seledinaias rbdnant (fesqueneyy wad ti alowathe respnant n

t 2 e %%n%? ) atg)abg SHOS stan Ajgnltnld%%@%demf oaf%‘rggxlctgr{léeéaturte ha(:ﬁd prcpcs? sCt or

sevariatiymeluct or or ot her C|rCU|try process technology,

d b tible, ol. ar - ti
? Pan;nia gt o? gblv'%é?lf’ er}"?"&’?“@?aﬁ‘ﬁ ’er“" nIC435%ﬁ s Bepdixed, but

20 endIRLolR Me Smpleentbd £ V4iabIé AanfR Cor a§ @ R&Rbih&lon4dHixeR ¥nd
be fabricated using silicon-on- |nsulator S

nmeYasipble industances Asa Aenseduero”y tipse of skill in the art will recognize that

p )

0oh S LA o BB R Sy

t eand msmip@gmee; and prob&h/&depmédme (pmmn cirlilady toindodtance chbipes.
hnolo al so, for exa e and without Jimtation.
cEor epastii Sl Al B b it ehed oior Pl e Bb e

25 anﬁmﬁﬁtyqﬂm@mwﬁmgr €n Wdditloha §il@e irIGANE BHudtdiRe may also be
|nv%£4|on I n addi ti on, other resonator and/or

0sBPualRdn A S I9BRRAREIRE- sall Suph mductangs andapaciianse Yapiationg gre
Of w6 the 866 ¥ the Lfrest@NKveftich, aftPife AluSPat@PasiWilchARd vafidble

are also wthin the scope of the present invention.
Asand/@éﬂx?ﬁ’efﬁﬁtlﬁe elements ghrompRnents efdhmexgmalary ednitolled ingpegance

?Cﬁl hels 1'35'55:i Y Ql[re 30 Qnd: f]ﬁg @gﬂtltoﬁéd &hcrt&l& tmodﬁ%? Y865 of Figures 25 -
3 COﬂ I gur ations”or t opol ogi es
0
Also as illustrated in Figure 4, the resonant LC tank 405 and resulting
output signal, referred to as a first (output) signal at nodes or lines 470 and 475, is a
differential signal and provides common-mode rejection. Other configurations,

including non-differential or other single-ended configurations are also within the



whi ch may provide oscillation, however enbodied. It
shoul d be noted that the WO 20061101524
PCT/ US2005/ 034020 - 25 capability of the oscillato
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such as CMOS technol ogy, allows the clock generator
to be fabricated integrally-a8dd nonolithically with
other circuitry, such as the second circuitry 180, and

Prsedpe e thedpresdhtSinyéhibn. ABRRAAGIE, 1@E1n§iéfén@d‘deﬁﬂﬂguratlons only one
invention. 5 In additiaon, the capacitance

i PSR iptignaef the vatogymedules @20 |4§§» “Q0ppeuld B, requec{ frgher than the

OViRL 8¢ twoFBPABAIARESE @odﬂ%ﬂﬁhéﬁ?&’s 1!1{1‘snfa!3§ STt n&tﬁe@é&% onents
frequency determnation of the resonant LC tank 405,

araad f@?!aeSfdlscesSeé helawi sush eefrequancyalivders avaatdbadsh havatasingle-
1 Qv ot BPREN ARG o dltich P PLAREIh, PRRAE FhRibnks

utiilistraed utilizet M@SBBT itlahsdtars (mexal d&ﬁde@émiﬁohcﬁxctor field effect
Alternatively, t cit 0, may
gt Boratiueforas GUm % GApeerramBionToddUOSERT As

d'(@;ﬂ{@%@}j 1ﬁ\férsxc91[1ﬁ§<ieeMd~§?E?'(*II\M"PVXnd §86n)0¥@EAI lementatlons
capacitance 1s distributed, such’that addition fixed

anaee ajseravaibible, cughesivsing bipolazjunesion dransistpsg ("BYIsUd B@CMOS etc.
X &lﬂu@h Egg%cg%,gﬁg a%%%ﬁ&&’e‘r&{ e Rgféﬁ; andtal'ergvﬂlgfn ife %H&n&the

erence rov or exa
C pnpentamvestiaf. t he frequency controller (215 1415)

such as te ratureres onsi ve fr T

conpensat i onIHEEATYE UpBEFO ﬂiftaﬁf’%?@é%u e{}gf(?lb?tsie](ﬁgt i °pr°"‘de
C adiRRmat icOMpemastinahrbagh trir@conﬁﬁ&éﬁcg ?gd") PodiRtin and the on-

sel ecting the resonant frequency” to allow the

r &esistaaeg of itsredstensc framsconducipace &b.émaﬁulatwm May #Hereprotized

r I
by TR A ASGRS spNAROEge s
f iinveottionbisithe s2lRctadnsaf agegitive I:rensmwmimtaad)liiﬁnr 4l Ovtaipradtidee

, i.xed..and i abl
RS and suinge GRRRNARN, deedie bR EEIRPOL PR AOMR,
alffequiinty are agfoged Bethe dhscoiduCtani@t oFithecsilstdlinfgUmtplifies peividing
fixed and vari.abl e capacitance, for both frequency

t beth mpligde modnlationsand: izeayensy irBmingdor Hpiag njeddition to
p%f&vﬁiu{k téanbrhﬁFé é’oxﬁﬁénéa"ﬁgﬁl C’i‘l?e”ﬂé%at%%‘an&%nducﬁ%e %?ﬁﬁk‘r 210
fferent 1 nductances coul be“switched in or out of
t M/eall oest tureenbmto the r@gnapk hCItmkI495 and speséficallyionty.the ¢apacitor
2988 Ploonf 8 £ Wifaeld APUSRL 8 rdBEMIPLERGR 1RV, 50028

AV COR Seguéence, I nductance an

C &daess hades @70 ad 475). oﬁlsm atirgent W_]dt:hd)rr) irf fuen, K10 oRan@t (dndeistort)
are illustrated a§ swi.t chabl

i t
DR valites WIS (4 YOt b Lciews o o e PO Ashinge
obr {hRtiEK BN éﬁéﬁé Cgﬂtﬂraﬂi’ lmeﬁivérﬁmm to Mh@ﬁtué@’@ﬁth@f

Figure 20 and the controll ed reactance nodul es 1805 of

Frrwﬁ@yiugsme, 80 a9 filusirgtedyindygure fiys itrshewld| be poted ghat Wisg
t BnsE RGN 1&'9&@‘&56 485’@ @9&:6 E%%vtldeﬁ% cancel the loss intrinsic to

the resonant element. As a consequence, whenever "transconductance amplifier” is

utilized herein, it should be understood to mean and to be merely an abbreviation for
"negative transconductance amplifier". In turn, the transconductance is also a
function of the bias current, substantially proportional (approximately) to the square
root of the current (yl(x)) through the amplifier 410 (for MOSFETs), and substantially
proportional (approximately) to the current (yl(x)) through the amplifier 410 (for

BJTs), which is temperature-dependent, resulting in a waveform distortion which is



out put signal, referred to as a first (output) signal

at nodes or lines 470 and 475, is a differenti al

signal and provides common-node rejection. O her
wo0bd/@us2at i ons, including non-differential orPGI/GEA005/034020

si ngl e-ended configurations are also wthin the WO

2006/ 101524 PCT/ US2005/ 0340297 . - 26 scope of the

present invention. For exanple, in single-ended

C | Y,

%g{l}ltes e?ﬂxrg "iRd Hﬁg \Yrﬁeggﬁepeﬁd’éﬁ{ qg éfu?ﬁédte(&nn? ggguwpr hﬂlréd‘afﬁ%n
t haillustrated msmguné 5C,vtbe 6xor11aaorbﬁécmam:gds a:lmfeilagmdrtatandna fastion of
illust rat d, Sl arI .ot her , conpone and 1115 es
ittec b B iants, A B8 sveleinitg PR PRI AT
alpfRidiy Pr @scﬂlaﬂgﬂ Qreé'_heﬁ@d%cﬁéﬁ h@brebvea nin didifi®&t @ tehpdrature

configuration. ddi ti on, various embodi nents
5 i |denendenge € 1GD) |tlinezcelrrmﬁsv Ve 85 & fusetdon ofeather pasamglers or
S c 0
U by BB Sl it
( 'tlAN[QSél)d may) wlsxr Be amplified eucmstEI féctdr DY) (as divstratal badgw); as
gt}s jons - a ﬁ . g aval | abl e, such as
usau"ﬁ&“%‘?%%‘i J‘ih‘FfS‘? BTl %Fssty ¥5- ("BITs"), Bi CVDS,
etc. 10 Al I Asu@ltarafapslieRblegemiflyC Oithiadarigtle €6dny fl(ONhay
and are within the scope of the present invention. (
10 Tvs utiligsd s Qeasthagpf eéﬂw@ﬁ%@é ommqr? &gnsory 44 Gsor
S tafEhRflchiePhONIS 146 TPPRALU S SAIRENSH dORglbooER
transconductance (g,) nodul"ation and the on-
r examplervden shchi asyarnabld eurwgnisis piovided by i(af eerngrate 41§, yuch that
u a Yol D
el 8 e M mpdEite P b e IATHS Yo" o
t hemeeage rphramlet&k/ t-:frft)l D) geaex’atbewsedhaelby functiths as B epgetatiee
transcon lifjer 410 t rovi de start

t ...
15 arfensey %guc ﬁn&g}?ﬁqvp? P§ fUCh {1} B exepplany, embadipents, §t‘?l1 Tsd'{gllhﬁeﬁl by
anky fréqeiRy aBftrollef €99 93'11‘9)’ 141158t odfusche Fésméntt B&uency foin

transconduct ance of the sustaining amplifier,
pIespPREE m@tenmgtawreaﬂpthg@se Frep @xdmpls, @nnsamduﬁtmqwn@yator 1420
t gﬁp&gj%?zulsrggyc% gﬁega ch art]en?p(fi.ﬂaln}ré g&' otth%r égax%tgr\f rggpgrgsxve current
t rsemrs Iddamhicaratse famqnbmsf asarsersdnd 144&} Ipl'ovudmgeah'renutoraembtammg
20 into gh; resonant LC tank 405 (and specifically onto
t RBPEIS 2%  or  440) in response to a vol tage "v"

across the gignifioan tinvehtivedikakthtfughasf thé prdsent aivestion include
(acr.oss nodes 470 and 475). That current injection, in
t ilizing\hese pofentigledistortiansiadyansagepusly, fie Pipyide fefefraRMENSY or m

( eaamyaisstﬁgqn énemﬁg it RRERY/; Vatub BEHE S5 and ﬁ-ét#ﬁl:ﬁ dyng
in a chan or variation in frequency, generally’in
i mv@nb@orpt%@p@h magdnlation ofthe rangerinduptimce of thagustaining amphﬁer-
t ransg ] I d,in_Fi

25 LSIRGRRLETAE 1 sl b WS LB o S
neyss mayebesmbdifed answaged for lﬁsqxpmyvsedaedoﬁ, and seeol, td bt&n;iem
[ c to the.resona el ement consequence 3
et ey R R A Birearpre e R proseg or i
hewy enddifying tise kst JoR), Ug,red@mgfc 6PLrehIQiniE 8imedN@alt tind Basis. The

ner el n abbrevi ati on
selecté/d fa requency f',, anc‘fl its stablhty W1th respect to temperature variations, in

30  accordance with the invention, may be determined through appropriate selection of

the transconductance g, and selection of I(T). Stated another way, in accordance with
the present invention, the bias current is made temperature dependent, as I(T) (or,

more generally, as yl(x)), which in turn affects the transconductance g, which in turn



30 "negative transconductance anplifier”. In turn, the
transconductance is also a function of the bias
current, substantiall roportional (approxi matel
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amplifier 410 (for MOSFETs), and substantially
proporti onal (apprOX|nater)280 the current (yl(x))
through the anplifier 410 (for BJTs), which is
t effpey the WscHadiop di‘bdfmfcy fi.r hisl héth@lology awalse fbefukilized for other
di stagjﬁﬁsl on \Nhl ?l WO 2006/ 101524 PCT/ US20051034020

- ¥a0aBlssueh At % HRCUAING PERCCS YA JASHEHERRI0N, g
i Il ustrat ede@ﬁ‘reEi 194 cRcuBliagrim dMdirktingRrempiary delgatffer at ed
in Figure 5C°~ the oscillation frequency iIs also

r Erescertiuggnegamplifien (d0), sampsrature-respensiye SeTemt eenesater (IGD
SISt t
215 % DR SesBEREH (B, chIbBRRAAR o SO B Y 16 eBlbings of
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the c ent can Iso s a function of
b R, g Eibse pi s it ehied % & cpBP e otor
genplell gast anfpliibr $03MEonkprickd of §aHEHRoASMY, OVD A8 aRd M4) which, in
external tunin and may al so be anpllfled such as by
atWmyds enuplsd thrpugh a¥oltape iselatos s 8di(implemgyted ascurrent mirror
ﬁ%ﬁ%gt?gs?zgﬁoz{r}g %2%’* a{éﬁ %efﬁ}é’?da o%t@(cﬁaﬁ%ﬁibgl ﬁe?emyL (axt):mperﬁﬁre-
cmspcmstve yahl(re@t gmwyatorl(m(xbélﬁt iThe zunénemlrmr 548 (\pxltage isplatar) may
sensor as. one o S rs, 14 or .
© P28 Ll chuttin Y (B0 0] SR Wi S Sot agfo proviae
s engrovel slabilfly ofithvagations bpowee Euppgrmarnéoﬁte B @BCildisr @ the
variable current is proyvjded by I(T) generator 4 15,

sheskerisHenly (Yolfageciselatigm- EP?)R‘FI“B@‘GWFESW@POPW"C £IERAL generator 515
t GAPSE %Msxﬁeﬂt&ﬂﬁﬁrm{g% AbgidbPR @rA K (compldnRARSS & dbkSute

parameter "T"), I(T) generator 415 thereby functt ons
aterrmetaem@ePEAIH r(yon@ugm scoibsolandemmyatme), wr PTAT&(premmrtional to

f’%% !Fega Lheerat%re S ec(lﬂy S Hgg%e@rem gafes %?%{1&] tlb lqr'esipi?nv%&
t fiel doatbimatiods 6ﬂcenMErR:M10|aﬁd PTATY) anillastiatedt it FipmraTDlr B each
transconduct ance npdul at of

fl uctuat
19959 u*g?“l”f%?qé{ﬁ?)e(%éyl%ﬁgfyp ectgipoithsnegafiig tanscondctanee, pmplifier
E&Bmﬁkﬁﬁﬁtaﬂa&@ﬂ%ﬁﬁl}d P BAPACHPSOS Has £ RimpebAE Afhefddhce

al so functions as a sensor 1440), provi
ctnch enincregsing eureent(ATiATgand RY Aditpori deisrewtm)@rree;i GTAT) eant

LR &ﬁné?éa[%ﬁ‘l? g&?ﬁﬁ% e&’sfﬂl% ttel ﬁﬁ bn%"cg%lng{‘ons of these

i nc Tort
atdm@malgeemsmnyx,ve tcorrgnt gvnedz&ox{s aray false dyel emplym emednae fiatratexhin

ratin se e of the oscillator,
it P St I B e e PR LS b onCor ¢ he
t r ansconducthaRelectidh of B padivslhretempétguriiddpohdi®d or 2Rpéature-
consequence, and as _di scussed in _greater detail B

elo
{ FRPeRdeR TS ALRFRPTAIOR ds 2lsorg fuggtion ﬁéghe Sebricaliqny pregpst ptilized: for
Véalainpft, EPAT hBAEREYed R 8 Thiva ScARInSRER ra@lsmt? fabrication

conpensate for such frequency variation
t rragnss. alvlgrecgenszelly, ag differenb fabrigatore ntiligesliffesent anaterigisn guch as

aluminum or copper, R, typically varies, resulting in different temperature

coefficients which, in turn, change the temperature coefficient of the oscillator,

thereby requiring differences in I(T) compensation. Correspondingly, different ratios

of CTAT, PTAT, and PTAT?2 compensation may be required to provide an effectively
' flat frequency response as a function of temperature. Not separately illustrated, the

various temperature-responsive current generators illustrated in Figures 7A, 7B, 7C
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by nodifying the current yl(x), generally on a
real -time or near real-tinme basis. The selected
frequency f a and its stability with respect to

woOenwanesur e vari ations, in 30 accordance w t h FOTRUS2005/034020

i nvention, may be determ ned through appropriate

sel ection of the transcondﬁftance gm and sel ecti on of
I (T). Stated another way, accordance with the
present invention, the bias current is made

tandFiR gy ineludscqartiemeircuiis In gdijtiop.the transistass geimtising the

el ettt bl Yihaf voEl: D ABRaER IR IR

-d2fferaftly cnich at biesed S stkdnghmwmdnrfeq@"ézﬂ’ﬁ Y7 .and M8 and PTAT?
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@i 2)IfoV the leRdnh ity t@owgie@ ifustréted Ci r cuit diagram
illustrating exenplary %at ive transcaonductance

anplifier Figug)3 lsﬁéﬁiﬂétraé‘f’ fask diagiamnidlpspating pdditignal

- 5
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(as %hﬁg@ﬁ%ﬁﬁy Q:?osQ EUpRAL paif dnfpfifier 405 (RARRRISMIT 812088And

and referred to interchangeably herein) to a
tl‘éﬁpemdt, lrr '@r, fisesopplad thyengh aplwlity gBensreat ooty §10) for 6203 and

B R P
sI(x))wS 1as Atsollmrawd dtge phmhnmfedrret abifrors tage wtilitéd wamc@isml}s
' vver sagge%/? and sol atgirt he oscillator from

@Lfbtﬁl ta"e cureegt Qﬂtﬂtmg Higcnegative transconc‘iuctance

t&fﬂl’iﬁ&aﬂlﬂ ra@id FRSMHANBC kB30, Oftkn, ARNET 3dvide iR UR chdreiBiMirfoe
i mpl emented utilizing topol ogi es such as CTAT

(e&mipusitontMé in Kigurg pspovidiag cueeny e nefdedd andoylagh drives the
(nQE:RRQ rtljallxsg ctEﬁ’ceaﬁgﬁ BE & sLIEAREADBE HWOS %vul,:> T d2thus several
(proportional t solut e tenperat ure squar éd),
isltdgasdtfrmmedng' may-bereqaised/(As shoBnptogproije arléMOScmmvml r;n,rror

i nati.ons AT,. PTAT, and PTAT2
P S PR e AP R B Ben sribied ¥ utec b QMOSent
| frddesse PMOS dgvices ﬁte&iﬂeﬂ Guﬂldﬂltdﬂaﬁdaﬁdd?ﬁ:@ﬁﬁvhiéﬁ are known to
transconductance anplifier 20 (conpl enent

BOY Jep diskerdopsithanzapalysized pndsumilarlysbigsed Mé@? Sevirss-
deRENE TR noistif iheAgil | Hm&eléédcgﬂthg #_ﬁa{s@ Rdisd ﬁ-ﬁl\-ﬂe@ Bfkhe
PTAT2) or decreasing current as a unctl on of

i aseiHatorsbagapse dlinker mra;rleupcaquﬂled emtuvchtﬂle dscili@gtion drequapce by the
R ARAL O Sevides gm‘ggmutltenper ature-responsi ve current
generators nay al be 1 pl emented, as illustrated in
Fi gure 7D, Asurdhr:at;d aBH\ATthp moman af thecurvint midfor/AT0 ok 620 (or

5 The selectio
AT P dov B8 3R 8 e Rendfef Bt ins amaipir 0
cshmrlda hivegenigh itpadancs ataitsatpat foUéHIﬂbd: powedfsupphe frequency drift,

fahricati on process utilized
suc be using l&) transistor geometries anc{ cascode configurations to increase

output resistance, and provide significant stability at node B. In addition, a shunt
capacitor 570 also may be employed to filter and thereby reduce flicker noise from the

various tail devices.
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exanpl e, CTAT may be utilized for a Taiwan
Sem conductor (TSMC) fabrication process. Mre
generally, as different fabricators utilize different

WORMeHIWRE, such as al uni num or copper, RL tyFCaAS2005/034020

varies, resulting in different tenperature 30
coefficients which, in turn30ehange the tenperature
coefficient of the oscillator, thereby requiring

di f f er encepepiendihg ﬁ),ommm@ta ?_I’han&p rtheSsse Q1 thie BB fative
different ratios CTAT and PTAT2

srapssemisiancs ramplifier, é05r Wiy ity KE) @bylﬁf)bmaa aay providesyificieat y
f c

fxle@Segg)';p g[rglgt yllCl:l Eg{é?ag(thg aft flfeéﬂﬁya%{ﬁgglger L SHB& s Yh& not
be ngpessatymreieslabbonshav epptigatiogntin otberamtiodinents| hewdvert ed

i n. Fi qur es 7B. 7C WD 2006/ 101524 . PCTI US2005103402
aiort A Hrafi ond e ruehcy SR 9 s PEsVidee poig gpe of more S
dbotpoientst diguised s gredtar detaflGERW. Si ng the  sel ected
tenperature rgspon3|ve Currentg%?nerator Conflguratlon

rray be bi a8addition G ppwding @ terapergturgrdepsndans gusrent SA(Kh (g
H‘I%IVQHOJSQFZIHQE&I I\‘IM&V[?W3 WMQQQCthwgn a&Mlé'tgd ﬁ@lgtaMe
in subthreshold for PTAT (M and

pqrA%gzcopMcnmn awlict5mAy 4lsg tend mcamefre@xmmmmm fmgluer@y
:d+ {lﬁgdés%qlatlgr{ L %tegchSh 15 cy@le Cél{h'% thl a8l 51/14b or%% argd R8T 0

ona nplary negatlve
tamcamdamﬂgt c Sacnmesnamle ii§ alsy tzmbaatper deperdent! @SrdvRieqaencar

EATeagh e Q18 ik a5k shest e sl mgh (g eng)

266 BSrHsnSe mrtsﬁbhtﬁbau&ﬁ chtag st Hould e ME@RAthe current
invention. As illustrated 10 in Figure 8, the resonant

Lmqednktosmemsntdacdt@k é@femtlsttbe puffieigyt tp h@ﬂﬁaup peoillation (a3
llulstlrlzﬁsc{ %ﬁ@{re ?H} an%I ﬁ éo‘?lse%g xgillth%¥9 a Hlerargl%{ulnvv%lue, which
emented as a

ranscon
mayhiltthe tepree a}rcmbrlm}oubfrapiemmanhh&I can bbedadily

RIE e Prua e peBit amieyndriages, e h of 8% sn o

ﬁﬁ@):ram%idep'éﬁ%&nt Qurfent géﬂeﬁtoauqs €or'5a S )P Aksd ébﬂsefq@énce I(T) and
nper at ur e- defendent current lgenerator T) or 15

the %)aySlfsqrs(MlAM MandrMpledzing Hheuld| bgjeintin vl%feddm progide for
ngﬁhén dhf ugttb lab oftfhddte W?@?ﬁ le¥iFdn¥s fopf)WérQ:gnsﬂﬁl{pﬂox{ 0

I ncrease the curren entering the negative
tanatnginte,abd ¢o fhine the sqdéciedi Iéra@%d al\arydutr &90@@@@@% ank
the ta rent . rror
%@lsﬁon%?t?'gﬁ ﬁmé?agrbeﬁgle% LD PQ%VH‘E %’}’mﬁ‘%@?l&ls fa-llpi?ﬂtr Fapt to
bi3hR sePOe ﬁd&ﬁﬂalﬂ\/ﬁkdﬂlhtldﬁ | WitBa fréfuendyediatattéfistic of decreasmg

transconductance anplifier. is selected tq be a
freaneney, Wik increating emperatyre, Sollovied by sizigg thapsisters .Mlg I%W'be

SRk RS0k ﬂaﬁg% RO eittl%r RHaR¥ {nd ‘?reé]‘ueﬁ dEpéh &I%f{&n EQture

Input to the gmanplifier. PMOS'Is te ecte
brele@re%mgu withinerepsirg\EBPerpirtse Edlowsd bpmstlm@gu thefrequency-

hgrgtuf) e'la?'gn ﬁ%{g@ pgcgn &es%ﬁwpdn J}‘ Iglr)]e Inkwemgtngorﬁialed

an equ y Size
anlmdhmﬂty tlhs basaesulbdOB fnhque:rrcgaccurdag (1] emxdo:ﬁrhatellyet 0.06f3e

%? ‘%E Ever ‘i’%‘l‘ ngcl\'{ Imay bre%jolilé: sxlﬂ'ﬁclgrna}gre mgrgll asfale:)h%%gn itter

Referring again to Figure 4, additional compensation modules are also
utilized as part of frequency controller (215, 349, 1415) to provide greater control and
accuracy over the resonant frequency fp, such as for applications in which greater
accuracy and less variance (or frequency drift) may be required, or where

technologies do not allow the previous techniques to provide sufficient accuracy over
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wioobd/@asaf the current mrror 510 or 520 (or

25 oscillator because flicker noise is upconverted
around the oscillation frequency by the nonlinear
active devices in the circuit. As indicated above, the

circuitry) sourcing current into the negative
transconductance anplifier 392 should have a high
i npedance at its output to reduce power supply

f uency drift 0 such usi ng | on ansi.st
BB fat e batiiont cuti e P e dinlied feen e of Rt AeY «
OYILPUL orIbetEdr S IRAER, cirditAstiHceyy itdhepefat@eiidpesant (Sittampdratiug-
at node B. In addition, a shunt acitor 570 al so
nEE§POBEVE) FisbRAeY (ot} pantrepsatiot mofds ég‘ymmé be gtz Rlyps the
Y 0.
PRI A2 Poh gt Sediche TR B mpriRh kRS b Thi
appdhilc 420 oay, bet h@lqmted,f for brampisg atilizieg contralirsicon denttolizhia
r 5 a

oS e ek agh by R p P, SUE b e spaan
aIJdlteInk (21051|(1m‘e§ STUSRICTSY; @id With b£h vadsrROMMIOHh ToNRY, Protidedoisy a
necessag&(or desirable in. that application.

h
e fisbeliatdt W ) i warirdiing epekfigienisi B P“géeém)a(éiﬂlsé‘?in d‘% e
fmﬂg@moﬁér (fvt RYS00GoRERY b 8ol vataga d&&%n&rd B4 fecard

onponent s Wi scussed Ih greater detall below. In
apldtatifydrix") of pwitehingi aegffigients rméh@lgh 96l GpgisterettS).cuifly ent
yl ar "
aﬁeé e%ﬁ' e ﬁ’g%nef%/gé I%Strgts?éoctgped r es?ds f(%‘ﬁ%éen% ucoM%olleMg and
c mdtm:llable‘n arewhiliedd ireychahgsably eexdm) OA dditiksal éxeaqxlaey]cy

di stortion a freguenc i, ft during osc atio

e st e 20 Mch Rl B iR SR

Oﬂnpeazﬂﬂe GG B0 GilizeW & fr@Bbrih AR Rrdtsre Q‘Joﬁ@ensatlon module,

erature dependent. As a consequence, the

L Pathes BtRes okt in RGBT dorsaneplble esragtases madles

S

F P ot 3B RO kR R SRRPYRALGy offorBid

i cgpedtasst morutes t488, asesutrdled cdp@citaacekmddlﬂiesrrtﬁ@ﬂ with a plurality of

sufficien n _0sc as 15 il lus
f‘l?mrBFraﬁh‘Fe ée@‘é)%e‘gn EHA§ pﬁ”‘@Sﬁ%&@ °°‘%°15Y°“i%§??egg8“e’§ed as

Millubtraged Mgdrese2 3 <wha6¢ hin Figae 251 Whibh Elhﬁtrzd@ga[ fl@ralify of controlled

capablllty of frggﬁency control which can be readj

i FERFtEnce Madles ABQIUYCh pr sWEhE iiner ot eAdRIghipRI uasRYgled from
amR Irdshia@dr) hli@spoRde t%Qéﬁtro@ @gnaﬁ ﬁ"HIH QBrﬁFoll‘ li S ePDNHE Rénsor(s)

current generator 5 (or 15). a consequence,
| (8§15, implyding ﬁ@dbacarfmnsthelosqlmtor ng%263rvdn¢ml)ﬂusrrams ragplurality

SQPC%HFOI g rl:a%{aﬁée oéu%s ﬁ&)? %h cg afl' s a cge% 1fn %; ogt and/or sw1tcthed to

oscl acconmo maxi num curren
f @ comoivesitage) ris wgmxs@m coftps] Sighals doatinueig) dr@oéffitientn (discrete);

the s lect%dghgaab%%ﬁgggB@a%&u&&gtggufg riga.cngwedgoyu?es 1805

aﬁﬂfcﬁ’&ie"ﬁﬂﬁ@ﬂxe&l if hﬁsf)dnﬁé e donBdII sighlls, foPvol@ES Vidrfutisih @bthpdabation.
and sustain oscillation, with a frequency

c hbgre ate eyl diffepmt Hpes (éf’a%vnﬁlgng available, such as coupling or

uncoupling a reactance or impedance to the resonator, or switching coupled

reactances or impedances to selected control voltages or other control signals, for
example.

Figure 9 is a circuit diagram illustrating an exemplary first controllable
capacitance module 635 in accordance with the teachings of the present invention,
which may be utilized as the controlled (or controllable) capacitance modules 485 in

the frequency-temperature compensation module 420 (and attached to each side of the

FOT16$2005/034020
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frequency with increasing tenperature, followed by
sizing transistors M, M2, M3 25 and M4 to be | arge
enough to either make the frequency independent

of
WO aMsa0t24re or increasing with increasing PCT/US2005/034020

tenperature, followed by fine-tuning the frequency-
tenperature rel ationship wit3 -appropriate sel ection of
I(T). In selected nodel ed enbodinents, this has
I @sdmbiteltC tank f40% HodEsCor 1accmmaany 409)). ampnmmamt @lleycohtrolled (or
25% 0.5 % over, PVI, which nore th
W’?%L@htca?a&‘r‘a“ﬁfaﬂi’d‘&ﬁ (1P duomBHEe (%/')f@ 8r #1124 g’?&@&?ﬂ“—‘/
?v)%fgwﬁéhatﬁe cAsdiilé Aabkles GIPSI sHRky- ARighRA Hxes cafa&to?sl &9
i'lized as part of freﬂuenc contro ler (215, 349
16205and thinapyr @ other ¢jfferantially-weighted| vasinhle ca@cltmsaéxﬂram@b €y
r n s I p n
WP A IRHRY b2 iR cpRlcoBERREEY) 8T mkfToe
f utidigers rie yelabted f dmbodimgntie the eguactore 15 are AMOS e(accumulation-mode

VST ab- SMER, Evartraies rMopPEDE nes bty Gotes daracors: et
P@I{ck@i@%&&%o&@me 840 hd\{R i®hticA0 Sirchﬁ bydl, QRS each Nﬂﬂbrﬁ&y a
to provide a frequency accuracy of approximately f
oblsz@/ Yeighte crppasitance, nwithh aitchablly eapagitivenmedule 6400 having a

0 r
PR (Bn B Nk N 0 R0 01 B R Sl Rnce of
utiwiol linitedlnd SQI ol vath Sl“hlehabbxeapwltaaeynodule 640 iy havmg a capacitance

te onsi ve fre
T B ik 3B R s Py sapgw%‘?“ 3t e
ﬂﬁfﬁil}e in febntdfargdsN GFF C &1 PidoRirdde ctplé)pr A€ aiRhtioakd abdve) other
aci tance nodul es 485, with each coupled to a
prenia] eighiinge shpmesapre eplly ppliablse st as lingar;of hinaryp snd
(xjné)nﬁﬁ gb?lgsta&q)r&/ cﬁ‘%g’ s@:ﬂ% ﬁ@retnﬁal e@&ﬁl ?{E qa?rsw?taﬂﬂg) 'ﬂle reactance
control, provid First pl uf
stwatsclhcrtcdg cantrelf froltagee nheseby pocreahlog@h d?ﬂrf(ang )1ts (effecguvs treactance.
495) and a w0l tage | 0 prOV|d|ng a
contr ol volwﬁun eea:etswctch leom%d%[e ea&@ %13 d araql
(capacjtareé iS wlttauh iethghl, CwieH the cmaBIeScaéamaﬁch QMG\hedq(ol Vajy m
(regi ster 455 with represen atlve exanp
| TPIPORSE g thecFORtEo! poliee o dded i nads 6267, B‘Stcé?tﬁ% Voltage, in tun,
ARG Hidh teRferaiRd or arbfef EéPéc{ea bzlaﬁableaFﬁaJh@térl k&@itng in an overall
i nt er changeably herein). di tional exenplary
eqriteseli oapasttance peovidef] LlB’tthQiQ(@UOHCd quagmnee 2pdulgh3éalso varying
I G e
st SEePerie e Bk BN WEC AR HRRSE LB Ly
I’th)dtelscﬁlantlﬁeqsemh faskni dthep heimdcnfmbcdnmlemts ashyi dﬂaqmlrﬁlﬂy ofcontrol

troIIe ont abl.e) capagjtance ng

e cnad s offoet el e o bl SRR DAL T ARG WS
Vcﬁﬁzbﬂﬁdn%o@f diséuded Welo®d AlSAPAKih leddhCsvitiRBI¢! E:packBle, madule
control |l ed cﬁfa0|tance nodul es 1500 with a plurality

0, ¢itberB? Akt eaperiianch denfr thsrvariablrerapsrifancRet i Syikthed d‘% the
C&}@M %t ¥th LRBE Switgape E&?fﬁ:%né%p othdub ?W At efalnﬁB‘l’er 6% thé 3
); I n Figure 25, Ich il'lustra plural ity of
c,selmwd) proleadlinget, r ’@aetgam er wbvdtqd aepdulg 0580 vmme@htsam&esxnondmg "p"
I h
RRLERCr o Bl o VA PUSE), B relORAP (5P biRenle 8
| soifched liBthQheacintuis emdsthe(csx)‘espondmg varlable capacnance C is switched out

of the circuit (and coupled to a power rail voltage VDD or ground (GND), depending
whether the device is AMOS or IMOS, respectively, to avoid a floating node and to
minimize the capacitance presented to the tank), and when its corresponding "p"

coefficient is a logic low (or low voltage), the corresponding fixed capacitance C is
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1815, including feedback fromthe oscillator; in
Figure 26, which illustrates a plurality of
controll ed reactance nodul es 1805 which are switc

response to control signals (continuous) or
coefficients (discrete); 2533Rd in Figure 27, which
illustrates a plurality of controlled reactance
MRAhES ot 3P the WRLiEIhdAREHbIoRIERE vhriableShPpaRaRtel © is switched
control signals, tfor voltage variation conpensdflon
Thiéx the airenitsand epuleddp tifecqontnel volfsgsproyfided wintnote AZ-

aval | abl e, Iﬁ gﬁ h Sl Qfgxgl)&p enqra toth 5P Mt s@gcﬂbfeeﬁpicgme
or inpedance or’, or sw tching couple

I fidddley eI ad corrafpeding Gisst blnreﬂ;lej eflighd S\Omcrhirrgodoeffmleha@(f,s
or other contrql signals, 30 exanpl. e. .S
athepghdihave besy implement %Orpa‘f‘ilﬁquﬁérw@ WS f §TRE G varisbl
CophliRhdaPIAR a &R a&gﬁlﬂ{&ﬁﬁcoﬂﬁgﬂ-ﬂv@r &3Matidh ﬁ@@@ﬁ@%%@unetmn
with the teachlngs of the present invention,

nefteipperatute| Vagiatipnads prididedont rol | ed (or cont r ol | abI e)

capaci t anc n I;
conpensat i gn%ng@uq%%oég ] Pﬁs g&ﬂ? a&fﬁrﬂ%b%ﬁlg Sh sfgggo or
t bngt thCFd @6pat ek @ €4 Bﬁffkuﬁzﬂﬂﬁda@&dﬁﬁ@ C, 2 rztiasufrfand toLC
t ank, 40 nodes or es 470 an .
sk SRS S TSP e o (e CBIPont e by P Eipmasrature-
ﬁ&llsiv@&@seoméb&x@mﬁé’o'ie tapa&iANRY heddk 695, Fobatknphy, wathr ay
of a plurality (w) of sw tchable capacitive nodul es
6ingreafingamennis- of varigite eapagitanceC e thp sentrofipble capagitange modylg

bj
B GRS b S g e
c mxaueterc),rtherﬁli}Oadamdng/ﬁnifabheac)c wppuniset of tbe {aulnpactherasyillgor.

15 may be tili N n el ect. enbodi nent f he
varactors 6#@“%”@ g ﬁ'éﬁ“laé‘?\g- %ed‘gmp%gsrﬁﬁir?mre
| Megendentvaltagé w}m@ﬂedmmﬁﬁiiluemqﬁmw thée 6éritoN 4 6ltagelén the

varactors. Each sw tchabl e capacitive nodul e 640 has
afentiglishls eapacitansecpquly a%ﬁo(ef the &ﬁale@@tﬁmaﬁmwsr gorpRensation
bindadly 496)885e¢ ¢ awtlﬁ PRER 4, vm fa&oﬁi%éecmb{h% teachings of the
capaci tive noduf® 64 ving a 10 capacitance of  one
upiegent mmtmnaldlsellwagiadzlvpltw crsthl Impdah% ®£0 leeoten g temperature-
c uni t c
BIPURRREIT) G Roti bR AT B0 Bl bt EgRF
2(55!6 s pravibesly disdudsed aading omie for mewcﬁﬁtbmanm afPrram; PTAITar

¢ R CIPRSCortRs st s afarsshs YO el et wit
atne\ﬁe%auo& B@fscordudthiRe Qﬁipﬂhﬁér MBi Blbddd pPORERE S sdfafhic generator

ﬁgual y applicable, such as |'i near or bi nary,
2Ahe derppsrasiredersndent syirent AJ) §erdfx))is friirserad) Ehral!gh current

Wﬁn'n%}tmﬁgo {W arﬁxg‘o'i' Sﬂ'lkrbq ayﬂ@al Qﬁm{lﬁﬁ)le fe 1sf?v rﬁé(ﬁﬁ%s%? ts

contr ol reby 1 ncreasing
ebrfanches 6’é5 zrnéatdimd cepacmw tnhdlrle eab’an@vﬁSﬂ,cdiladmhﬁgwgdjui marallel.

640 ahflxed I tance
ctpF s RGPl P PR e AR Saiflh s
i mmpeﬁﬁ:}mdn sthert @ntrblevoltaget g’eld:rat\tfsl diﬁgﬁecp below Giest batutiligede

625. This CI %her con\llb%a iorts, ’deplelr}dxglg upon the selection and weighting of

the PTAT, PTATZ and/or CTAT current generators, a temperature-independent
current may also be generated. For example, a PTAT generator and a CTAT
generator, sized to have equal magnitudes and opposite slopes, can be combined to
create a current generator which provides a constant current over temperature

fluctuations. Such a current generator, for example, can be utilized to provide a
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20 varies wth tenperature or another selected
vari abl e paraneter, resulting in an overall or total
capaci tance provided by the controll ed capacitance

(or other paraneter) and which, in tam is utilized to
vary the resonant frequency34o- |In other selected
enbodi nents, any of a plurality of control voltages
meghshagt diiireht sogfde il ME hpidy REriddibAtoMpeaedd illhstvatldtir §REre 300
provid? for other types 25 of conpensation, discussed
behastoT ks & e el Eesesize iht e FeTRhioEGes M aftp dglized,
64Rh aSitohewhith @m&'vﬁfﬁ%o%ioﬁﬁ)bfy% eChndOhay BeutBbd P! e
capacitance cv 15 swtchedinto the <circuit, not
bearrespandingyoliagetsehsorsy coef fi ci ents p ot hough p (W-.

For exanpl in.th el ected enbodi nent .. for.. i.ven

o sl ect e ot ® £xb RS e FEbon o gftrgle Wil
carh ks giffasion rSistord PPra), Ppoyilicex, nivtl esistrd, 3giide drin@salicide
corresponding fixed capacitance C is 30 switched into
t PRlYop _&?sest%{ﬁcprt“wg r%‘é#‘?’%&p?fﬁb‘i"ﬂg’ {PEPrampice. CeRSaRg bprache
Gypd 8r ©WMbi6E oPHbes Hiresidits SdIEHY the (ANEbrE G85PLRErallP WALl also
power rail voltage vDD or ground (GND), depending

whaye [eprrespendies/femperaturerdapendsnce (PDRspansivpress)i previdingtao
avoj I ' 04 L e | ce
oitethcaink VB aPARE RRG: 8 sl RS S35 A RAGLD 8RS
ctempératureefor aigiven chrogit througly theogelectedirasistdr #8&) Fortdxample, a

correspondi ng.fi xed,capacitance C is 2006/ 101524
R Bagion Jahearer S 30003 bEh Gmpgiaturs poeriaere (PR dege
t VtaSOVArREGPWith BGnpépitiral) kﬂlg a8 ?@l@&ili&ﬁ%siﬁ;r will geérhiyRie a

into the circuit and coup o the control voltage
plovitprapaiatae qeeldisiegbroviding lessevaltags wariptiemyitl fempatature), while
t f el aht 4 & : [ fi.Ye, I

£l ey B BRERDERERBAGH Y TR e kot
cwitlf froddeantaEspondingirespghse ih betevetrethesei highl anddow ectporse levels.

provi de 256 conbi naij ons, of, fi xed. and vari abl

A fernitE afo Be SRR hLBRY be Stk eeichfe o BiowRR sty potaee
O Gdl4 dsa fufidtioh o @ \gBRE Yurdént, BuEH G te@peratife-depehidentaduiefk (e.g.,
variations is provided. It should be naoted, in this

el Bppalsertherebyprayidivg @ coggspanding eltage variagpen apy funetign of

Tt ataRPRF ?Jcﬁ QQ&nd&rﬁﬁrerQS/iﬁgaédn%m. e capacitance CV,

the ratio of fixed to 10 vari abl e changes and,
cor r espondiEagl switchilde sasistivet modulel6tjr ie ewitdhed émprequboithe -

SR AR S iy SR e ST bPLEo itafy

g(gisl'afbﬁ\ai_ﬁgmg%cﬁicbﬁts%mo!hgﬂg _L],la_pl &Vlﬁ?@@ﬁéﬁaﬁ[ﬂ&&sis’fﬁd tlodule 675
) provides greater variability of capacjtance in, |
rig Syibrhed 1%319 SHEH EPWé whsp lféf?réqsporﬂg»gaa%@éwﬂ iserlegiepigh

%}jhi)ﬁﬁt\}oﬂgget),hﬁe fe%ﬁﬁf@%lﬁééé SEBRNE Rorrdspbiliing! 5108850k BEH
oscillator. 15 Figure 10 is a circult diagram

i tPinpesetpgtdenendant, dyetepheieperatiredenengient cuepleliblerin a selected
Ve%t;orﬁlglfens grp%:é E\Litéﬁ?ﬁllté kegisﬁw?@muﬁdlﬁ %7% QuerPullZeY! p(?@vi&eil?g 8 branch

cont age I n contro |'e capaci’tanc
rrothbingtiGB5 A(saf resuite thie cenfrod wolfage prmyéled taina@le s3fpeaiad function

of temperature (or other parameter), thereby providing a temperature or other

parameter dependence or sensitivity to the variable capacitors 615 in controllable
capacitance module 635. Other resistive modules which are more generally
parameter-dependent, or which are temperature-independent, are discussed below

with reference to Figures 23 and 26, and Figure 28, respectively.

as a function of tenRGHU$A0ES/034020
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nodul e 420) and as V 480 (in Figure 4), in accordance

with the teachings of the CTRL present invention. As

illustrated, voltage control nodule 650 creates a
wotR@ioasyr € 20 dependent current |(T) (or nDreCT/US2005/034020

generally, a current 1(x)), using current generator

655, as previously discussegl5 usi ng one or nore

conbi nati ons of PTAT, PTAT2°- and/or CTAT current

generators, and nmay share the I ( g) generator 415
EisA

Utilized wibhfirst plaralipgisisehing eog i wothoveler Gripindtheer
TR RO Rl R e o FEORM U R B B inciis:
nfiabricatiandbyt thsting gthepzrmenteme Eoharving ther cl@k @ebayatan ofithe presant
ur al of s tchabl e [e s _or
oot O e e et iR Re SRR Btlot SRR 1
68¢kn fabbricattdndrogsy QibciisBedOBelAW ith referbiite b IFRures XIEIgAL ARy the
enbodi nent s, dependi ng upon the paraneter variation to
tﬁémp%\afﬁe(ﬁ%%heéd)aramet%)rrewquspssm thepsellgjenisdgicaniged and
CRBE B Pr e BRI, bl §fieed BoBleiCEequeney fofor suh
werigtivni in gmbient G®peratingPEMPperatiEAGRotherd/anablCpaTmeter)r dmthe
gener.at or erat u nd ent ur rent
M R S A A S
GIAdeterptiae Ifiadt Oy, teSting @dridud cBmvigatRes dF cavbipidnts| teprodidel a
opposite slopes can he conbjned to create current
FORTET levelrof adinstment, preylingsing substanfially; orapestly flat Fg@ency
t R iPBfRYe Ak 4 fnctibr HP&a‘r‘;ﬁﬁ% SSient BeHeiRrfurE Uk ‘?l'lﬂstr&&l‘ﬁ{l%x% 24,
for exanple, can be l1zed to provide a
2006 o1 Bis5Pxed RaPRCLBRO C5H10RaHE capaéﬂm‘@oﬂ‘slts amtclwd rimte ot out of
r r.illust d
tgéj %31&#0& ggr exgtg og\gh%ftheg ﬁcﬁﬁp?n% 'T?cﬁ RRdlre ? Yy rquolﬂsc’e 5%?
rcselugm aerhebdture tvagstion Us fe@fbhenﬁeﬂlhydﬁﬁs 1p: ) oallsm faéditional
utilized, ., such as those g@lch v y wWith mer sgpg
V¥3fieble eapaciiancentyy MBY e s ifshsd: i B@‘“ rarceérﬁfb Psrﬁ‘ae‘%} @é
Sﬁé{%&k? reséon-gg Qf IR D&l Sto ﬁﬁﬁom)(telp%rﬁnﬁﬂi y@@nv@fsely, also for
i nation of different types Such as di ffusion
rexgmpleovhken(the wicoppensgted ;ﬁrgquen%wspon@t ofither essillgtop tastemperature
a I I r
?\%gllhtgngl? ge%{eséﬁ@e% ﬂﬁ) ffﬁe?qnﬂoé} lyl§d )a(lgcrﬁrgc?}:af ﬁ%edsgaﬁ%ﬁﬁanc%u%\gﬁ!i} be
t dwatchedyip.eprovidiog atobarset adgmtmﬂnt for redfregfience séspomse of the oscillator
§¢Iected tthe rﬁééstors 685 generally will also have
O@HVPQQBSWdWﬁ@ nper at ure dependence (or

responsi vemgss &kon@ﬂ@:\éhgl dT@wichify doefficRAR ) eongh yolz tafOtBen
vari atl on_across the sel ected resistor 5 as a

fdrtrEmingth asp byrtestipg Vaioup eombjpatignyphcepfiicignts oot prevideo s fner
B¢ 5?&@3&%’( rr@s%ltﬁtg% a§§t§taml: g aﬁ? %E%lﬁ@antl? flat @eéJeHcc}’ on

resistor w |l genera have errpera ur
cregpongecais erﬂim(lprr of/yariiing) arrrmré tewtaﬂageﬂlvmateétm &iguwi 24as

) . . \
SIS e, M PN I 175 oy
( sgnbmntlellﬂm fatl rwsnse alf thag @700athtomph sedectibn bf the mgperesstute €) |
f.th di
BigofiRes U oS Pt shl "l BeR Seronb abr Dt et
Wokfficiefite \ateCtBerRl oB Ui ftS RESPELING rdgREROAYS Ganll 359 6 MESIHS ltese

htjég and | ow response | evels
abricated in the selected processing run (or batch). Depending on the fabrication

processing, under other circumstances, it is possible that for higher accuracy, each IC
may be separately calibrated. As result, in conjunction with the temperature

compensation provided by the negative transconductance amplifier 410 and I(T)



10

15

20

25

30

Alternatively, the resistors 685 may be sized or
wei ghted to provide different voltage |levels as a
function of a given current, such as a

WO s0epReBaIr e- dependent current (e.g., 1(T)), @CINS2005/034020

t hereby providing a correspondi ng voltage variation as
a function of 20 tenperaturggfor such a

tenperature varylng current. Each switchabl e resistive
nodul e in or out of the volta :
&S’h??%’ Hﬁ|°c¥er\§1% 6‘eB‘§F“&‘/ ESRIEs pihuFIAY 89eralpdt gﬁ%f:‘?’&‘ﬁlly
ahd erﬁi@ﬁQ)’fderﬂiewhﬁrklﬂu)étuat{on& ) of switching coefficients
qot hough gft-1). Wen switchable resistive nmpdule 675

i's switcheln othir sxemelary embgdiments, the figss plyrpdity pf syvitching

C eff
Q:B ftﬁggxg?f}g{hﬁggh r19 la%lélr 'rt]lg@%%rmé gﬂxrdhggégﬁsg;ﬂcm% 23efAlieddd 98
ctlmugbg nnhyrv@sorlasiemmmecsw vmedaﬂmmlcally during operation of the

g rfg%l?f?leas JERER Gl B e pESsonvr 1448 sg dfugpted in

errgmem Nenthrough fs@r%oﬁ(slyl tsahakd @nrrersmglt i(oteontesl Ub&g 16705
were utilized, providing 8 branch conbinations.

rilustipted in Figure &ﬁt iythesgAltEmatye smbodigentsy the ftamrd f@z@nﬁéewnﬂ
Ebllu?eﬁltl@s beQkekiRts Mhy bETRRRALLEDybREed? WiR coRAh IS ditages
thereby providing a tenperature-or ofher 30 parareter
deplisddémaly asreosteqi signily ita the _trqspetChee sreitchial | compersasi 4sor s
6ﬂ'ustrat molpl urgs {9%1?(1 % an%psﬁgﬁarlﬁg %‘engodd %'cl) tﬁ tﬁ?r pluraﬂles of
resi st AD are nore genera P
maﬁﬁﬂaﬁeﬂwdsﬁﬂmﬁﬁnﬂ or which are
t enper at ure-i nde endeg aregglscussed bel ow, with
ref erence [Y FEMPRIPeS iBustrated imlgure 6, 38idisgpssed i greater detail
rb@l%QeQﬂy' &l plural Wfa of Q&}ﬁe’ni‘- BhReé 1935 ThdyS0Reviga4 A 38rions 35

a

The tirst plur switching coefficients p

Gembinagieny tq Wl}lraértydOﬁ lh%stlvs arodules, {10 ereait pipjurality sfwanerpli ng
g]l;grggg x%%p%ﬂgﬁ% goo% pe%t‘égzg da%ai‘r)etepaly" Qv% cﬂ %a&é l%: s@?tghelaoﬁ an

Ica A representati avi ng ¥ he
ccbmbxkat@en & mch) of tie plurditp b Beandlledireacantd owodulén d:ﬁ)Sawhrch

res r uenc f ohas be sel ect ed and/ or .

BB FbedieE dir GBS ST BH FRHETIR BROUERAss (Figre 22)
écdroﬁﬁme effa@b@%awaﬁda JfefereRNR6r. LA abdiGe, @8y dia pRFhlid 201,
the tenperature (or otherwfaraneter) responsi veness

ermtante(teenemtrratleqieprrgieafétc@r Feltagesriaay alef) brséreaied, pyillustrated
E{ﬁgﬁrg 983 ra%kﬂeﬁl){wéﬁdﬁlgﬁ‘a?tt L o?&!rr% n%ﬁrc[ﬂ:seﬁlgf @thlhzed

uency or suc varla lon I n anbl ent
eltheer &1 gemgrateehp eondriol) v@ltag@ pr totprceyrde\samspa B$% 144 capetility) such

ShirbEriER BRL Ry Sr BRSSP e BtasiViFDu g i adepéntert o

deth 8tpplyn esltape, rts:hpenbyret eﬁitdtm piiambtond S Aﬁ@rdilﬂrbaé bannsl Wiltages
coefficjents, provid coarse | evel

53y be ttlgsd to P’é’§lﬁ‘F tCP?ftj‘“P‘ﬁ %9“@?1 & feghtimg) ip yd%rwwmcwe

Eéritfol foﬁlﬁ%%fdf VafiRRAS ST lﬁ&Qs tSnperddet ivaRatRhs.Var yi ng
ambi ent ten‘pereét are. As i ustéat ed in Fraure 24,

more or | ed%a fangemyencapthe |0mﬂb eapasitgnceyprpYiges] t the resonant LC
t3R 2 ?Is%‘s?ﬁou@d infd asé’&n-fb%ﬁgaqbf‘ﬁ)&ﬂ Qhd QittabfRf ortiJﬁ§ with the

osci I'lator. For exa en the unconpensat €d
Varebleeponions espanive t@brqvwe tehiperrgue Icbmpensation andtherefateur e

}:/cg{t]r: ctavléega e résoh&ilt rfreear?err]ltcyyl q‘%e Imlope vsarllb719 %ap%cuancel% which is
switched into the circuit (controlled capacitor module 635), the greater the frequency
response to fluctuations in ambient temperature. As indicated above, both fixed and

variable capacitors may be implemented using variable capacitors (varactors) coupled

or switched, respectively, to substantially constant or variable voltages.



vari abl e capacitance C,, may be switched in, providing
a coarse adjustment for the frequency response of the
oscillator to approximately line 1715. Conversely

wehew/1bze exanpl e, when the unconpensat ed fred’@@ﬂts}005/034020
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response of the oscillator to tenperature variation
Is represented by lines 17283%+ 1730, additional fixed
capaci tance C nay be 20 switched in, providing a
coarse adj USRS tPProtidife ﬁeﬁrﬁ)gx'dﬁféc}{o 2&&@9&}9 ejt ouldNBe noted
oscillator to approximately line 17 he second
pltlm apwmoyed)pr @wr@l i qucm@lff%leb icenagitanes0 mopde §AS ek alsp e
¢ .
?se(l)e%{; Brg Coe??slor%.lhtz fie (E\chsr cfpllrt glg} QJ B@#ﬁ)arent to those of
I ekzielm of aAdhatatswichied of esntrbilablegcapiritancs ubedu&néiSamhyyalanbb
ﬁ&efl cantlé flat fre uenc 25 response,
9 SHPIBYI) 4/ TFRYReYA FSPESR 18 QU BFREIF o VA e Yl 28

| Mabkicieh Srotdss MNariatifl, USdquaidy, 2and dokdga | flubtus@n e ns addatidn, as
frequency response (Ilnes 1715 or 1720) to the

s \iseussed ¢ hekow yxﬂp Ireference otp Giiggees P and (- 1 GCPAcAGUgHR

S n ) 0 oy

S SPSHRT R b8, VERESR oot 9 SRS 1550 o Wit
plinuthedei varies exémplary ednitiodiments,s praviding hraxntradadi erdactameoor

respective register

{ St dipd R PRI e tel ey sRingre R b PTRRIRHY o

Depibidi piganteters, NacH @dxemsepinir® Nvoliage) Ceisdtiog , protede lor Géduericy.

circunstances, it is possible that for higher

accuracy, Hge 122 is #eilpulb diagpaillustiatisg am pXeppfe gecond

N Hﬂ)a&famrﬁ&]ﬁl%' 3@0 Wlﬁzgd (\b‘iﬁl IhSJHiéeﬁ@doLHf% ure 23) (in lieu of

conpensation provid by the negative transconduct ance

arep ini fddigien 40 Poduted 48é'ﬂ)1d ¥89) 20 @ G£querics 2emperature  compensation

PCT/ S 5/.034020 erator 41 e, Qv [ 1
TRGHE A0 B Bherlly Op RREIBOR Sorll 1oy 240y TS b

Slab‘:bt(ﬁiiﬁel with he téatidlagReofiBnpresefit inedifiar. aTher €cond controlled

fluctuation In other exenplary enpbodi nents, the

f ipRaFitagge gl 3 y OOt oretates c‘HP‘H’@’Y to Bty comrplied Gehesitsngn mgdule

I g3k, [bupilizbsh GariaBie c:@Jnéhrs alnisfeXd of bortMitedNin@ Gariable, and utilizes

coefficients go 5t (I‘J may al so be determn ned

ancPlyaity eﬁdlﬁyﬂ@moemll ypltapgs. | lngead d p ainglg rropffol tvakiage. In

0 ( n

o At vy AL BRcEE Mt SHBRA by e Ao o

t hesonatpn (Bentbo w@na)»lelﬁih&tamt are ntwapd cdupgd ao @mrresonmrb odnd

1810. il l
AR, 38 e I, Sonh S e ot B e e o
platfuittiort bESseRbted Grfaieei Sith s FRiperitaree! iseledied ebdaiments,
bypassed, wth correspondi ng voltages 10 applied

d.%*‘@ﬁryna UEAT I dPW 8 efttamiuleoandifbe diflejsai [ Weighting may be
S‘%Jo&'ﬂhéﬂgd HRATAE © Pdlectbd Lotbl diGgk bﬂ ﬁhﬁtﬁ&e@f cOntfid

0 (and, simlarly, extended to the other plaralities
ofVOlﬁtgeseffl cients discussed below). For exanple, as
i | lustrat edRéf&nEéh urg% @8 s éliiblfd Sl o5 hBhute 1500
detail below, a a plura curie sour ces
198 bzesralyletse opr ofla lllleallty n"gaof \(auﬁ)le capacnance modules 1505, each of

which contains variable capacitances (C,) 1515,0through 1515p(g-i) (illustrated in

pairs A and B, corresponding to balanced coupling to node 475 or 470, and illustrated
with binary-weighting) which are switchable (through pluralities of transistors or

other switches 15200 through 1520( 1)) to a selected control voltage of a plurality of
control voltages V, Vi(x), through V(k.i)(x), where control voltage Vo is substantially

static (substantially non-responsive to the selected parameter "x", such as
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15 conbinations to a plurality of resistive nodul es,
to create a plurality of control voltages responsive
to a selected paranmeter 'P", which may be swtched

control |l ed reactance nodul es 1805, which nmay be

enbodi ed, for exanple, as co¥+olled capacitance

nodul es 1505 (Figure 22), to control the effective

I eaptanfs Ghild B8 ERaRRAMrol Volta@ddVichMRrou dgnw 8] (x)aare

plurality of 20 constant (tenperature in

c eeneraly responsivg ey sprsifive|te e selectadepprameter 3%, | SIuclugq tﬁrap%ure

[ v f

s Mgy, S bURIERY B carPlobRlpoling” g b ARRbe RERorp 151

t b‘E agbB] #re koupleld t ta gachoather shpitedvioghthes)e sd thed 8dnnectet Dia a
abi | it such as those which may vary with
38,/0 0 kel S Saletor bach S el Rl B pacOmon dol s

Sbkﬁwhabw GhloB@E corfeSPRAKAT ddbBicierd dillNuBRE ARSI SlluGlity ATY

of these conirol voltages 25 may be utilized to

peestiicirats céneh nudtiy teenshriol 4ii n Anedaisuchithas eaghmedls {55may be
t [ cont e [ ,

| SLEPCBA A7 kg NS TR ALUART oD v
oV&thtﬁro@pﬁ@ﬂ)banae aposequeiee, theset hﬂtch@k:o nmadhtlesl Bay teania

405 | strlb ed. . conbi nation of fi an
Pl 8 5 oo PR e, e R Py Toddeh 1B e sppt g VAR trough
I SGiRAING it¥ 8nd Or M60\bilR] tvekagar at ure conpensati on and,
therefore, 30 control over the resgnant frequency fo-
The more vAnSUHES ‘Scaa‘ii”&E‘F flisgralg iBustrgiingcap sxemplagy f‘i?Pfé‘dVOltage
' EHnQ’olt D6t rl@(w &tll&&iofﬂta{ ﬁ)é llé?l féﬂlﬂ&&hﬁeorcoﬂﬁgwu@n 63cdule in
the greater the fr equency response to fluctuations in
amgorémce tvethptéc aadwms oAghei mdpltIam@dtlcmboMeﬂlub@teh iniFguee 23, a

sk 1% (c:mstv% S {Semem e ggeﬂien jous
%rl a ei ca pac?t 0 ( S1955ce ou Pcé'qas Y 8P+ ENEA,
I ESAECPTAELYd PTAT Stéb@&rﬁtﬁﬂél sehditfveCaRSit 0tirc® andtheinbl e
vol tages. WD 2006/ 101524 PCT/ US2005/ 034020 -37 In
aaqmbe%ws{ dreyiontly flisqersede A ligimaisd dn EigHige rfdat T1dhis pravided
el B PHRAcurtePhirforsSWid, Cda@dslerszfeg% raglahsdo,(mk ofa
cont rol 'abl e) capacitance rmodul’e 5 may al so
uplurlahtz -1 oofwllsem modulesy m@St(wgstxatsé mamduﬁ:& equﬁen t@DSf a.
I rent to tho
e 16Dy 5 3FVREE Boslere brdifis Sranditinetrs Soberlige
nmi;(x)aIV§©) hirotghuVj, i ;(@@dxxdhOar@px@\ﬁddlemancfdqu UISOE Yof Fégp02eye
ot her paranefer variations, su s fabri ca i on
pff& YBERUS\ QFTFSRPRAREs resfStosy lﬁ@ﬂ&’ymz?in@“\‘}%? t!§¢fka ) may be & of the
geat 41245 1 0 MBights NpréVilsis] ZI mussaﬁ withl iréf6reifcs 6d Fiate0 0, Wb prldvide
erence to Figures 20 and 25 - 27, a capacitance, an
i mwel@@wc ¥oltage reésqngq it welecied paAmcten fueh asderrerEe dy static
| e h |
e%ﬁ‘g?‘}azﬁg e, I\’%n%rlflus%&? qﬁa égh&ﬁgi uﬁl&m{g %ﬁrﬁ/gﬁ?gre H¥3er
r @apled hetweanr the Goltagp edlaxlbc enlmwndz gtognqo rvdthi eherespogdiigect ed

f {
Pt e OB AT Sule? B P SR gl fF R e

pyolegesSkyel.0ln idd&ﬂmemyratxoangaJpsleraJBQ dfdifferent K@tid br d)hﬁgit gm.,

illustratjng an exeppl ary. secon
temperature inde%endent) voltages 1sy illustrated 1n Figure 28, by combining different

current sources having differently shaped currents in response to temperature (or
another parameter) with different temperature-dependent resistors having
complementary or opposing temperature responses, resulting in a plurality of control

voltages having different magnitudes and substantially constant over temperature



w6 A4 i on 15 nodul e 420,

10

15

20

25

30

control | ed capacitor nodule 1500 utilized (wth nodul e
1600 of Figure 23) (in lieu of or in addition to
nodul es 485 and 480) in a frequency-tenperature

frequency controller 215, 349, 1415, in accordance
with the teachings of the pggsent invention. The
second controlled capacitance nodul e 1500 operates
simlarly t r st ntroll aci t e,
SRl Yo Br 98 e o Rl EROR e RE P T e
bﬂhbnsfdomcd whgpeyariabl e, and utilizes a plurality of

di fferent control a , |nst ad of a | e

cont r ol voI“t’Q@éxe“}P:(?’& mg s ﬁa‘ﬁtﬁ‘&li‘]c‘?ﬂérloféi@%ée of the
CRRaG) LRRGRSI %@gaog dERER, 86l plofid®h pHELRM BF &AltrbIr @adeble
resonator (i. the variabl e capacitances are al way's

catipplovhighoare Héfereeﬁb mespensiyve oaﬁhiipe figt erodide rdiffesent respenges
t@esg lntd 558 a???ﬂn&% chQJa}l ;Pe@%& %malh@t@r shdaqidency
a se ec

onse as i on raneter such

aSmpme)[ ahayr respofsk Itcednffaeht grbogierse ancsothersrmhebvmay bemay
})|IZ€1 as few as one nodul e, H@ndt fferent|alh

vPTRfirRg C?Pévmbﬁ‘“bses%?&‘c'é’rf‘;ﬂe]ieg BEHYEIE 2P prpnfhe

sgRle@ied edbda@idnt, Olhe iRhyt &gﬁnloﬁf siftivel makdilby/ 19(55 ﬁiﬁ&nBé Skitchable
vol ta Ref erri ng to ure 22, the second

c@m"fgglq"@?ﬂ’@éﬁlﬁc F%lﬁtoﬁodﬁll%élllw@@d astiansisias 141 0o &l
r f. I
Ontglgﬁ@{a 1@1()@%;;,’ ﬁlé él%%ebg fsgnt\%\})ﬁ? Clﬁtx 3t b\ﬁ*%fﬁ‘e%aﬁ%%@'apﬁlay be

s 1 contains vari a
cﬂipladlyt mrlodsd (@' ©sl) cohﬁecﬂiﬁAC)lﬁﬁoﬂlgitratediliSHﬁsged )lnes in Figure 23) to
at ed 30 irs A and B, c e
il Slur? e noan o 780 SRR 1O LiGS et
W Do Dégeyidinige iugtt the @glectibh ©Rresisters SM20 clndlbr eartsistoiOugho, if
pluralities of transistors or _other switches 15200

t ’Hf%‘l?&h easoef(the yaripus epnolsuitages oy ¥t FePush of wire Vit ba
péhffér@x{t' dr ¥thehwiseCRBYIAOk difféfeh@&@&;nééQO M eXebted tpafaRe@h or

| (x), where control voltage Vo is substantially
s‘faatlbl% seefuiesa difierend| terypemabite resppseisi ve to t he sel ect ed

paramnet er Fé‘%l ﬁ%ﬁ@_uggzs\’p%é%@’ aﬂ'é) %1?&4%@ lhstratmg an

PCT/ US2005 erature
I examplary Ntjird msltago lcontiol tragds 1900 whict may be btillses itg fmoyldar e

gener al res ve Qr sensjtive tq the select

D Sitaieieet 5 Bl o Bl i posordensg. i e ey of the
t i@eRaatRtiat €4 s fustR@@hin ufeeﬁeaerﬁﬂng Bﬁﬂad%an%ﬁer\i&ﬁﬂt@é)' &
capacitors 1515 (A and are coupled to each other

(EIPOREE ICUTER tONEEES) 1953 r{épcb ey isetarion GTAL PEALgnd RFAT?
t OmferfiGit Sehstfle CQREA Qburt! LRAGe; fohstPfa
var ?earl fre caspagl tancesur15lélﬂl| s S tcﬁ%ﬁ g@toksrguésﬁussed o
citjnstratst am Bngnlgs déef T)cis erovided {thiought oretog shoees curefito mirtdns (e.g.,
plur &l coeffi nt.s "
%% ﬁlo %%)) to an*an?y or éaﬁlg ﬁ¥ ngu['ahté/ hl of diﬂlséwelg)dgllﬂ y&%
s(\rumtmlmddasreqmreat 1eb;b, a90di, ithrckgph ervdsN)). VEatlp ofithy réfistivel hodules
aI ity of contral  voltages ou
DS Bl 2t etk SRl St 5 S R e
-i)(Pg 6Rdatingl @ pae4lip) Gﬂcoh@olt\hbﬂag'eﬁsmféﬂtaw re¥fohdivel BEdependent

effective inpedance ( % react ance) varied through
upon the selected parameter "P and which are provided to controlled reactance
modules 1805, controlled capacitance modules 1505 (of Figure 22), or any of the
other modules utilizing one or more control voltages. The various corresponding
resistors 19200, 1920i, through 1920,.|y may be any of the types, sizes or weights

previously discussed, to provide any selected voltage response to a selected

parameter. The selection of current source (or combination of current sources) and

or nore gener al | y PCTIS2005/034020



switching to one or nore control voltages. Figure 23
is acircuit diagramillustrating an exenplary second
voltage control nodule 1600 utilized in a
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accordance with the teachings of the present
invention. As illustrated i»40H gure 23, a 15
par anmet er-sensitive or responsive current source 655

( Edifdr 8i%e adtytypé alldWR tNA§HapiHS of fd Aebponsd OF ard sl cbn#ol voltage

te::ger ature sensitive current sources, and their

¢ Rlectedriaramstesy il additonganycaf dheeiurality  of diffsrang stetic pm
F A
: E(?}ré{gﬁtf(zrlh tein Z@u(é ?nc@ﬁéﬁgé)‘@e\%ltféés I']El%g‘%;éd QD glfeairﬁfags? may be

b atilkzed,f as aeedst,uasadny bythé karidus ofntrob soltgesy for m[)dmﬂ the mb &)
|JIustrated as nodul es 16050, 1605i, 20 through
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i vider e tween the_volta ly rail V Do
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Ofighd 448%r LOGRARN 9960 BtonfSle@GERAnEOmBAR 805! Which may be
deSired static voltage level. I'n addition, generation
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CRARSUALY iy SORRERIG B AR Wil PR b
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OfonRPRHa £ ‘V&FPW(P{ Wzﬁ’) tﬁlﬁ)ﬂg}nS'ES)(P)r 61Sé41|ytdf R dubstahtially
plurality of contro aving different

neagHReterdadependgnts %@Pbmltaaw( g ). apay bevrsevidedtgdieat ur e
V%Bna‘ﬁlge%/ i %@@aglée %Giélf:!s%@%/r 91%4: xgtg)lled %?pa}ﬁ beaHoﬁllﬂés ﬁ’gyor
of t | ze ,

ese various voltages may be uti as nee
a1;80&m<yva1f/ tltet’nﬁfectsmrcapm mrcrwnied\xo)thtagpesatorl providégng frequency
control voltage of
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provi de a Hievernaﬂg bgainoo FEguRd 22?'wh¥10h4cﬂ@>¢&xese5d1ﬁ3&ﬁk &htrol
which are differently responsive or shaped

prabegedeY oo Vi(Ke thraeehs ¥ HEnsts norq geagmbins¥o®u M b)Vz&@ through
WP ?)%15) °Jhd%¥ %i‘fh'se %EBs&Hﬁalfgs 5%%%“ %&hgﬁ Rx?l?’ag@sa F&fRiHe gueh

enperat ure may r er ent pz;\r ameters,
as’w‘dtcmbﬂvetosrhc/\mr@hlermgactmceSS Gpwit it they Ivarsablpommmcevmmules

OS5 L RS BTG o DAL . e
neldl phle $ledibB S finatunéxt arsvhiglhdy edoitrellable frequency response to the
selected parameter (such as temperature) is provided to the resonator 405, enabling
highly accurate frequency control over the resonant frequency fo- For example,
variable capacitances 1515 Alri) and 151 5Bg-i) in module 1505(,.i) may be switched to
control voltage Vi(x) through parameter 4j (or a corresponding dynamically applied
voltage, as a control signal ) being set to a logic high or high voltage with the

remaining A parameters of the fourth plurality of parameters set to a logic low or low
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10 (through corresponding transistors 1610
(iIIustrated as transistors 161 Oo, 161 G, through
1610(k-;)), and thereby switched into or out of the

connections 1615, illustrated as dashed lines in
Figure 23) to automatically 4penerate a pr edet er m ned
nunber of control voltages Vb Vi (x), through

&Ic laé'% rfe gT ? on the se ectlog resi stor
Bvidipe @iy Jregenrys repROpSs 2q 4 fugediop fpeigiure é’é&’ﬁ’ er

OfselEJ%@ NeRdmh el S whil Y driable \capati@@s Mas, hd X¥1 54 bli}r Q@ 15050

V(k-i)(x) will be different or othérw se rOV|de a

dimay diespitched dpenngel vatagn ¥ d)61) diroueh RIEMSISE tarr) OF 2
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nodul e 1900 provi Sﬁ 20
CHPPEES BT BB (5 HHG oP el S f e 3R g, espons
afh@@'fﬂﬁﬂﬁleof%ﬁlﬁkrdtlh@ dreacther ReISctédl pardd@eter,VAfASRNIN. As discussed
i nventi on. illustrated in Figure 26, a plurality of

pabanfethe rfolsté rdyrelity, o geefficieats p@nféh vediepthrough e dlir ¢ g also
1 HeSidfethiRd ﬁ&ilfa%ca{l&le tl‘(r@ﬁéth%'sﬁng&-ror rE&E@‘TC@ N 2y AL be

tenperature se Itive current sources hei r
c oleteinmingdi mdsvaript dxnamisgllyy dukingcapsgtiah efthe p$0illa®t,r sickeds thrpugh

Fi sgnsor§§ 1440 ¢ 07E)D convcpr[eoVI 9%:}6 lltu%r %Hgihgone r orrTBn

rre rs(e’g to an rray
orsexlil;axl(ﬁﬁ 1315 andodaidiratl 1og1y (orrtontiol 160p) 1 &IV iHidistruted rmﬂigLuQSZS More
1905 (illustrated as nodul es 19050, 1905i, throu g
1@95%% such egptrel dhproyehceithersqoeffipignis op fpfrels signalots illustrated in

pf}@%&éﬂ% aBd SRPR"HMiifed N prdViR RARAG Q)m)otﬁ QREER! oreBhiRESR,
Vo(P), Vi(P), V2(P), through V (n-i)(P), creating a

pl feeqeentyt yon@bl emﬁmﬂonvqﬂamageé@tedvlwmetam esushegygempsrapese,or
dQBE%§GE£r y&}gﬂkm %%1?%%5 LAarameter "P", and whi ch

are Tdct ance 30 nodul es 1805,
control | ed Dedddiibi,aindieu ﬂﬁdm’eceSoeﬁtﬁ%ts (fof thEifiydsy scéhd) gr faurth

an f.th her nodules utilj oneg o
c ordliies gt PRECUED: whee o eunniing gtey BEYd 6 s
19@Qﬁnmeh93)Qiam1cBlW Odd @ik cukSeA0davel :l-:or@flonbﬁg aVttagdls thdyCbe directly

types, sizes or weights preV|oust di scussed, to
prmlieééo thevarietts ctitghes V(BE+ Hesisiors hAve thegwiiching &ansistors of

H@UE‘E ko anﬁgﬁof' & €6iltoP E‘igl‘f’a‘is, Q%EI{%B%FdV\%‘dg& e (or

I nation durrent sources 006/ 101524
PCT / US20051B&4fiagd agaid Qo Figere i, anothei z@mpmnsdtiony peodale| isalso
i ng. of t e of an S|red ontro
A8 o ackeld PR e e F Fhi) BB i
Offoi i]:@h@hcbﬂs aini vihychOgredthr f de@ir R tand 1688 Va@iae (of REFb@ML drift) may
e., tenperature jndependent) voltages illustrated
i rPeanc’g'u?de syeh a8)te groyide afeequeney pcyiagy, °5§’P’f?é’€&é‘%b’ 2425 Rer

Of ettt VMBIV R U 1FR8 clr@imsifded, 28 El%cefsp Varfafidh Q(ﬁmﬁeh?an&p dHdaeR
5 di scussed. Depending upon the sel ected enbodi nent,

t HeS &y B9 uahzeéawwrwde sontsol Sventhe resRpantcieqrg s f ringlertsedently
SVUftf&h%loﬁe p('JcQJs %ﬂﬁwﬂ?r!u@é qugéjé)[églplgyaﬁlnﬁ&ﬁésoﬁlﬁst&%& in Figures
11and 12. As indicated above, any of these various modules may include any
impedance, reactance, or resistance, and be made responsive to any selected
parameter, such as temperature, process variation, voltage variation, and frequency
variation.
Figure 11 is a circuit diagram illustrating an exemplary first process

variation compensation module 760 in accordance with the teachings of the present
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1915(, 1)), and thereby switched into or out of the
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V,(P), V2(P), through V(, i)(P). Each of these
different control voltages-4%y then be switched
(using switches 1930, such as a full crossbar swtch),
| fhvedtionC QHD ififsd prodess vatlfﬂioh @ethpgnsation diystiate 768| rha»y beluitiged as
t esvvltchln control Qnt.r ol nal.s a

or
PRCESSGRmRens npaiqy modpl %qo i f g wggteeﬁ#dao ftaghed to a
1&%r siBbEthe TRYndAE LCAMKY08 Aifel of B&eS BFPARL £75).Ofn a&ﬁmsﬁl
al so may be switched into or out of the tank.
ceath digi @rasess vamnqyfcwmerssetmdmdldﬁ 76005 p@@@ﬁech’aya Berd plurahty
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par anet er - i ndependent control volta (Figure
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1 5. 53
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Fes e s ied et Rodied or idbratied BoR B, Bl capacitance
da\faflﬁﬂé?ftir o§6iIMdtiof lin the ésoRhe 5.C\aak, Mefely chzin%fn 8 URkeffective
V(k_i) or nore generally, VO P 2
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of effi.c f hrou

ruRRestar St Sernconss e Glfbrefign iAo eg vt

f framu@y&mlmﬁ@pﬁsm& @25 me43os @hces tefsteiRa ro@cﬂﬂztt&f kr(owctb hag a
n&(;:rature is provided to _the resonator

grigned vqmngm ’yfheaé%mateé F'reogtisisats a&"oﬁ’??‘? wreéo@?he
t OreS oG R glsftér§g5‘539ﬁ}f & of’f_ﬂ%\? fodih %r p%éésbg
capaci t ance 3 and R 5~g-1) 1n no
1AlGsd@ively, mgx Iﬁenae(\hetcellrkeaied sepalmm faslexamople.age Vi (x)
t hrough para er h £Or ks nam cal | .
appl i ed ?fr{%{lmfn tgjssué 8611? ‘ﬁg‘%‘aﬁ'e %Bdgglmamg %JS XChmg
| @)@ffmlehts thb[lglh kg map hl’saged&wrtﬂheﬂhﬁmg foeH¥R mathods, hllscussed
amat rs of the fou thglurallt%1 araneters set
03" ISBEK 25 USB\R VBHOYS RItRRe 20 68TeRh 5@?7%20@%&%%
\fH{aM@J WRIOE refREOMbritafiéh robdss PArathtBIGURIGE ¥s frASRAP AfteshSlda
function of tenperature or another selected

pepltaghs: kepistangei magnifades gbvalues pp Hheitankneretbsalate Sawem develss 1
3§ dcgd ?‘Elvg 131§Q§Hﬁ tWﬁQe sﬁXH ltngeﬂﬁrqgtvgl §E%§ 91'61’1 be utilized
roug or a

ol tage par anet er
do rprcnvgiwndﬁspgndiym amf&ca‘tdtg/(thaqdpird plirality oiésg\etchias cagflicibrds ro

A ] en P AR e Bapne Pyl Rl e,

p:lxalmplleJ dugh afeasured or sensed values may be converted to digital values, which

are then indexed to a lookup table in memory, which then provides stored values
based on known values, or other calibrations or modeling.
To avoid additional frequency distortions, several additional features

may be implemented with this first process variation compensation module 760.



paraneters set to a logic I ow or |ow voltage,
provi di ng a second frequency response as a function
of tenperature or another selected paraneter,

wonoodsisisscussed above, the fourth plurality HET/U52005/034020
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coefficients do, di, ... dp.j through ho, hi,

h(k.i) , also may be deterrthed post-fabrication
through testing one or nore 1Cs, or may also be 10
defiRf 1 NREH ﬂﬁglo\‘ﬁrﬂréa%r{éy "dﬁfﬂr&&' lh)é ol WesisthcOBEMAMEOS Of
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transi stors of nodul es 640 and as contro

si ¢feapagitange varsdt | oned above. Referring again to Figure
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circunstances, a process variation conpensation nodul e

42I5CF?H§'4Q>% ut i lized, to provide control over the

resonant freguantyis fa‘airaﬁltecﬁfﬁgﬁ mdsﬁfatlﬁl‘gfanfeﬁgﬁrr%&?tsb&ﬂd process

process variations, such as the exenplary

i | Yagigtionagogypensatich ggdlé@; 860 ih ageprdance wisls the rte;acblag%df thd present
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ance, reactanc °SPEnee, and be f’:ly
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RGeS (o IOE0R 87 ‘it LE ok R, e of gl 0.

| | MbfetgemdralRY HRMkeRE Wc@d’s)@aﬁé‘cfoﬁ%oﬂﬁ&ﬁﬁﬁﬁ mUcﬁ'lé 960' iQtilized as
conpensati on nodul e 760 i n accordance with

t chartrpif ,ﬁr@gue@gy fqygo%qr(_«_(g};‘sntﬂw P 6)e such Bs prpcess (or other parameter)
GléddRea QR l&ﬁnééﬁgﬁor 1438 (iﬁrg‘\c(fg lri‘(ie : %de;gg& Mhsstectfﬂdgagcg:%és

varl atl on compensat
t h\@rlptmc@memmemgaﬂer 360 would hlecs bel@mtrDHBdeygaJme‘d $lurality bf

SRR LA} 87,8 el 5Pl e g

addhictitrg employed in each exemplary process varlatlon compensation module 760 or

860, however, the corresponding third pluralities of switching coefficients rothough
o generally would, of course, be different from each other.) In addition, such
switching may be controlled through use of any control signals, discussed above. °
It should be noted that Figure 12 provides a varactor illustration
different from those utilized in other Figures, in which a varactor 850 is represented

by a MOS transistor, rather than as a capacitor with an arrow through it. Those of



each first process variation conpensati on nodule 760
is controlled by a third plurality 5 ("y") of
switching coefficients rothough rd.]/, stored in
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conpensati on nodul e 760 provi des an array of

swi tchabl e capacitive nodu4s having

differentially-weighted (e.g., binary-weighted), first

f ikxiech the aR G FRD thQrarat©fs ACbint AROE ANMORASikoRN or

of the resonant frequency fo, by switching in or out
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PCT/ US2005/.034020  -43 First, to avoid additional
1850 ey rheyptilized; With jits gffectivg regeance Fravidsd de thankyconiiglisd by a

selected control voltage.

As each capacitance branch is switched to a corresponding control
voltage, ground or vpD, the corresponding variable capacitance is added to or not
included in the total capacitance available for oscillation in the resonant LC tank,

thereby changing its effective reactance and modulating the resonant frequency.



transi stors 740 should be small, and therefore the
transistors' wdth/length ratio is |arge. Second,
| ar ge capacitances may be split into two branc

W@ 20h6/104824 correspondi ng transistors 740 contr o\t‘f@gs@osmuozo
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corresp ndlng ditance 750 e resonant
L ClGsaalko Qrm&allFagm @r&ﬁ/e ipsocessovithabk detetindngtions of the first and

conperLALR s AR ati G a0 Iy R g P BHEE IR, PG et e then

t eqsiel MOBe Brrdsperdpgaegisttrs 485 bNte Nty dThat pdu@RA Wi Process
process variation conpensati on _nodul e 860 nmay be

ut patehy egays individual [Gsapaysalsocdiesalirated and tedser feégratfbo Ion
15 F' Sddfitton%an 8%&&&@@ bém@ oGuléd §59 echt?olleEQthanﬂEalE"

| rnes 470 and 475) of e resonant LC tan
| nptoridd corftinpend Lﬁeagenmtaontrom/durmggsmaataﬂ dperatiohe second
process varlatl n nodu
P part | of AN B LIRS et TR E P fabis bl Mg e
s ucehacﬂ(ﬁ prieching any of thatvhlﬁblemp:&ﬁmfe afigdulRb SBDMHII 6gr@und, as
ensator 1430 (Figure 21). In addition, each second
tad seqond valtagg deveBinfsais 4t the Somesaondine BaxinER qpagitaree or

20 ben&?xl él[g%lé)%p&ﬁa&e tUEin"g‘i'ndeéﬂ a4 defeé i capaditad @ oP e resonator

coefficients roth ogg p, stored in reglster 465.

( R &alanld. dfs mentionsidrabevee howevet, othet eapgeiangs leyeés:lmtmeh@h
gém%]e%rs}ﬂckpﬁlg)ﬁ Snd ﬁﬁﬁﬁ&' R 3%8%%%%?%&10 ?{l EWQC n tﬁg g?r%)le

owever e correspondin ra |es 0
S vwapachuvegnomﬁs f866 Itcemarresminhmg gbntﬂﬂ) vbldage ( ptlgﬁﬂg & ldrality of
different fr n1each ot

| f .
Rt P Tp e dhe s it ﬁ*gg%@esbées it G romoTHi gRgfbtance

25 Usefthd vaaKleGApUCtivl nfldGRABES, beitgSHSSB {ordaBiYRted fdm) the LC
shoul d be noted that Figure 12 provides a varactor

i | pls thusichanging; itsrefieetive fﬁarc%?ﬁ?et wé%odu{arlng the desopan figgyency.
Fi gures, inpphichs R a‘é?rEtﬁP&Qérarﬁ SfustritideShr & alﬂtm?/jfoum véitage

MOS transistor, rather than as a cap Clt
ar eapirok mpdlg PSP utilizidas dregienyDPRGES/200 Q&Qﬂparameter compensation

PCL6 49408 §écg§i%9(% with the teachings of the present invention. Referring to
30  Figure 28, a plurality of substantially constant voltage modules 2060 (illustrated as
2060 4, 2060 g, 2060C through 2060x) are utilized to create a corresponding plurality of
control voltages which are substantially constant with respect to a selected parameter,
such as temperature, and which have a corresponding plurality of different

magnitudes, creating a plurality of control voltages V s> VB, V through vV, which



-44 skill in the art will recognize that varactors are
often AMOS or | MOS transistors, or nore generally MOS

transistors, such as those illustrated in Fi gg%@@émm“m

waneddti2dgur ed by shorting the transistor's

10

15

20

25

30

and drain. As a consequence, the other illustrated
varactors may be consi der to415ncl ude, as potenti al

enbodi nents, the AMOS or IMOS 5 transistors as

C havd djfferent ra&gnltmdeEi QusriBustrated, |the plaelityi odidifferdng substatially static

so be nar hted wi.th respect taq e
o PRt £ ot rperind Hakpandtl Velbesits dpaGERe fmtign Afrent
S GO souteed 2085 ANehirafed @ SfreiBSdufel 2055¢ om@sn%tsscommugh
nodul e 860 has a simlar structural éonceBt but

230359 saeh hayingdifferen; responsen iatsmperafiifet ¢ @ngthernaramiesss dises
oI Dl ARS8 TR e TS558 i
arcmagspmdxrkgap'lkrabify of reistoraR040y(ilbftraed asaioabdpendmg realztoes 2040A,

capacitiyv 865

S aPDE e R 30" s ot WhitE Beverndempssae aothes garpgr
t [Qeseadnt F&ﬁonsm&)r@ﬂﬁp&ﬁa@ o coMplen®ntaiy f¢the dorrdspsiid®idCourrent
the | oad appears as a |l ow | oss capacitance; such [ow
| 8euscea0ss of HsIpaeisulen modylp 20605 dach mf@FP%@@Btwgﬂﬁﬁe\%&é? 2055
I {
o E5or dOH0 ISR Rl BBSTe Yo
stietatheedo effedtizely tcancel/tha othetis cdspdmg/totthe wlbptedfpatahEter For

£ B Rl st 205 e ORI bR RSl TR0 PLPTAT,
t CTATerICEIOIasfitret Gotirdédorh &orﬂte Hiﬁghnlil&e afitla tr&se 2040 is
ground or the power rail e t her eby

pPeletedi hagedenn siesr tYPReand 5o AR rHHiGh @ﬁﬁ%ﬁcﬁeflﬁﬁ*ftsevqsﬁagq igubstantially

”@&sﬁﬂm&ﬁﬁﬁcﬂﬂaﬂﬁ&? vEx‘i’atfol?se el geStQ gé}Btu}cQa}l%s“Q% Q@ﬁﬁ?e
upon the varactor 85 met tched

t vanogk tvalg@es/m@,Dbmtmmd,ms mvedﬂdz as ml)noﬁthmampaewmh veltages

round Xi_mum .capaci t a ,
e & o D SiHpapd e R SHhe FopBlE et B Ghef B
S dhetidle P TTQES 12,36 hédjlitahe effeoniRaapaRithes (Radatce) 8fifle teSonator
co |sed of an array of variabl e capacitances, as

¢ Ersulting eesonagt fre@ietSt nent and sel ection of the

r esonant f reeHIGRICHsof B no®Y th Wil il1eraa eRbodiMiehts BoFodiles
sel ected varactor 850 to any of a plurality of control
velichag @glp@tatung corppensater 35 donvtl 0o415\4DfYor 4200 land process variation
swtchin S

VB PRACER Ao b0l 3y GG ZERRRF g5, 12,y v
t bﬂilﬁ?zld@ forayeizk Ipﬁ@bste@ NnFof examgla) the sgrivusl hlhgtrat&bélhbddlments for the

gnal . I n _another native, instead of a plurality

for%n?n%mraw (erie! Ov‘é%a"’é’ﬁ/rd’lf 45%51@3/&5;?188& ERepfigny @EOH RO

' {'ﬁlaﬁt)ﬁ Q&Bér"tﬁanr e/ ér@t’ilfée N e Jaﬂoﬁsﬂﬂuskﬁféﬁ embodiments for
contr ol o sel ected ‘control voltage. As each
g?oa(ﬁb

c@paemmmt@r andpP) maelr merdeglependent sipem tmpgrature,
Cﬁ%f E\laré YO%JS Q{gﬁatlog.r Qx%rﬁdcogsrggt\a/pn% tﬁ%%ﬁfﬂeﬁ&p@p g{e%galng other

vari a capacitance I's a d or not inc
t medulest shbuld ayotid ¢considared limiitecatol the emplgceitdudts amhstiuatutedse

in e'&t, asLtgosteaol}lgkill in the art will recognize additional and equivalent circuits

e
=

Q)
Jentary responses with
50 1s P

and applications, all of which are within the scope of the invention.

As indicated above, the various illustrated controlled capacitance
modules (485, 635, 460, 760, 860, 1501) may be generalized to any reactance or
impedance element, whether a capacitance, inductance, resistance, or combination of

capacitance, inductance or resistance. An array or bank 1300 of such a plurality ("a")
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t hereby changing its effective reactance and
nodul ati ng the resonant frequency. WO 2006/ 101524
PCTI US2005/ 034020 -45 More particularly, for an AMOS

| esser capacitance and coupling to ground (V, = 0)
provi des greater capacitance7-wth the opposi te

hol ding for an I MOS i npl enentation, in which coupling
t 9 MHEBR, Vonkrolldd! Me&’zﬁ@e %&@Jcﬁﬁce? AL éiﬁf‘Sec\ré"'ﬂﬁjxstra’ted in

coupling to ground (V, 0) provides | esser
C ﬁ}ga@ 120 2and anay\iteentibized t within the Stemwedeyt pratrolien e(21/5ol314&gb106)10fthe

ek, 05, 0 Bl PRSGRapr o BB o a0,

Sil¢po; ﬂ426ah¢3|0)1 Eaoli dtfﬁtbmtl;anmlgitddy cfnﬂn‘olléd ceavtarict hog rimpedance

voltage | eve upling . to_ vol t

o e i post 1oh GapehOfDseanb EaPE (el gus o
aghond fiked WabthncBd QP 1718, varigklé rQSRRBAZNM10] SXtQimmpH Ei&a@tances
|l evel of capacitance to the tank. The third pl urali tK

ofl 3201 Bhigtware shitehgble ole frespanisee it s carmstpREdingh ceetficient s's'apEwfifth
d faby 0 Si

ggl‘#@!ﬂg}l ({}%g%fgagn%s | 0. atﬁl%%’l .E‘( gc é[gg artrﬁfsﬁf co#tgfl"led %a%&nce or
d éhpedaticen atoduﬂess 1305 detngallyi ms)t bainglenemted nologpkate a disdussed of

chi, coeffi Ci .The de mned "r" .

£ WG 5sPaE S 9 Al Vo oIS CHBCIEage megise gy of the
r Gﬂioﬁi ehSodfhkeats Of THeh@ihl Siralith df BedffidkinRdmey bOfetdingd QS S
bat ch. Again, individual ICs may al so be cali brated

afbrigagian, o dynamigally, e discpssed) gboxey d?rttheoﬂher apty o§ eqefficfeaty In
”H&H%B QJpgﬁm%ul#%?l rﬁ%ﬂ@h@ﬁoﬂ?%Jaghﬁse,@?&%.@mﬁmphasnces

provi requency control during
omay bé awighedo pnemaom dfithe Aeyi 1300 ordvtched [0 werjousl epmrodlivalages or

L5505 A

gfsapmgt ofathe osfcinaﬁt ifeshofiRCRNREy YDA plaghty | cf\perameters o Suthtas
in the correspondi ng maxi mum capacjitance or 20 no
( Ffé’gyFrP@FebYaé'P“%p &‘éﬁagea fectuagignsn debrirtiop paRsesss ok frsERcy v e

capaci t ance&f@hiyt Rerfifs ABLEE 25 (alnca\nﬁ)a&kﬁank % a BRI b

above, however, "ot her capaCitance |evels intermediate
beviighehie, wmllnthxqtanfancanmomqal WQS waylhalr%@i [re comretlechreagtance

bxxoﬁm t %gpntgrotug]o Vo talso (L:RI[ Pllz%d l{p&il%lnl %S freﬁtren% p a

correspondi ng
otontroltnt(2 13, 1¢1H) toagle Qprdﬁalv [ 1m@ntd3|nf hedng o tlﬁagﬂ(bds Ltﬂ(&ﬁllators or
results in a corrggpondlnggga acitance 25 of th

e
v EIPREBRESC B et ¢ bthl! bElPeFFgc%ﬂlgﬂ feaeigngg modules
subdsrAGt 8@ dervaddy, tilarlyCor dtRdkise bitldRn®N WEhRE hddSswitched in

effectlve reactance and nodul ati ng the resonant
f P ehieg variopy ginquits, 28vitched fo ©ng ermare gpnirgh dpiages, or any

' Lé}ﬁ‘cﬁrﬁaﬁﬁ{ &o?ﬁn@ g%le s onfsﬁérl i )}'sgfe&@tg garﬁrgaér Oi'l%e array of

e 20 requenc process and
p aanéroited ereactanem exoduelesi 805 gtmnajlyemay e impboedehde omrath as he

tﬁ?&]@e@ %govgfwx hl%sp%tetg %H); f Ventoluso?ontrf) efdegagacq ce m0(911es in

urality of* 'SUd
vmiyt <a°gl& vagols| mbo&ﬁﬁﬁis ( 1 Rakhes tham being a&tchaﬂﬁilhé\pscﬂaﬁa tipugh

206@&&%2@9%&%&5 ?ﬁlt}'l? g)(eegxléfml‘yl erzlbeo%ir&egt, Ct ee ?gn%ol?ed reactance
modules 1805 are switched dynamically, through voltages or currents provided
directly by sensors 1815 and control logic 1810, with feedback provided (line or node
1820), and which may be implemented as known in the art, or as illustrated above,
with all such variations considered within the scope of the present invention. In

addition, the reactance modules may be more considered more broadly, as impedance

coupling to VDD(as V,') provi d’€§m52005/034020
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control voltages which are substantially constant wth
respect to a selected paraneter, such as tenperature,
and whi ch have a corresponding plurality of different

woRassioys2gs, creating a plurality of control va@dEgs2905/034020

VA, VB, VC through V K, which WO 2006/ 101524
PCT/ US2005/ 034020 -46 have ghifferent nmagnitudes. As
illustrated, the pI urality of different, substantially
sta nst.ant enperature, i nd

(iugeé,e\g% é)otgr A 4 1ae (and/or re cﬁar??gg g p&“’f §u§l|] gnflﬁ&mﬁ(rjtrﬁee H%nous
s&ﬂft&@ﬁll&%@d (i Figutst29at ed as current sources 2055A,
20556, 20550 t hrough 2055x), .each havi ng different
responses t@r F’@H"B@r Avirarigions, i the sslecisd  parpmelsr may be | 5
diekerBin&d ik Xny%ﬁﬁﬂﬁalﬁy ro"f %}sspré\ﬂouﬁﬁscﬂgﬁéé‘d ts%cﬂ SIRRLSH h” e
(or anot her “par aneter) correspondi ng
pﬂempmtmwen@mw ngrsntomrcg,ommer (t¢mneugtr¢ aensors,aer any other type of
c 4 C
SR ok P B BB et SR R a8
p@mﬂm £ veltage pernsieamlodeeexpmﬂmg anoltage duspuo PRPEISING tOr

Ienentar ondi urrent our ce

“Bﬁ“et He %’é‘?& e E‘é{F B‘ép“é gg" ¥t dfg’e‘gﬁo‘ﬁdl ng
Cpiwl&at to OB @RveREO 24450 whidel pfoeﬁibssa Qlgitd Whthut TdRehRCSARE
to have such opposing or coga@enentary responses with

t lneel of the sensedo pasgmedert whish ymay dkpadie utilized casiileer cosresperdingns e
tc%ettf Q%ntggérg'cgtqge ?{aﬁtrg? efrc<)ef T&nts (3%&@% dbo%&c&ruﬁlﬁﬂe'ﬁ to
sour I's sel act ed. ave a par

Cctynhmmiltyl mtcbfanFBAiﬁp vaﬁﬁAEomollédT ﬁe‘ﬁé’taxtcel rcrrempedmu roasleof

a 0 ni tyde, a stor, 2040 i .

B B0, A TRyt S et s, SerRiphcs Batles: Simirie
r@fset tIB0out g Seipfoviled 36 ontrbiddobi¥ 1390, GRS AG alédVRKust the
the paranmeter variations, e.g., tenperature

VeaFipust etstances Agijhen tatigally @r dynamicallys apg Iwithrssvithay feedback
‘H b%&Sonds. Needed, as any of the various control
tages, such as to provide a corresponding Vin for
t he var i abFiguealfasiatcirudt and dbildck diagam illufttating s exthplary

urel to adjust the ef c.tive aci.tan

el CvaRion SrrbeR o S GO ST RER e ipghines of he
r & diftenfidng GHE RRY be Afilided a5 hOolage Fhriabord Qoristheuehr t ¥88% 1455
the illustrated enbodi ments for nodul es such as

tilpsgated in Figwen fpat bt Befernag, t¢ Bigurg 23, a switchahly resistiveoypdule

a 0]
Sy R S OBy SE B 1Sioi S,

e theigventiof éldctﬁzmonmm@e smlypuétw (pF’m:r reilaVipd, eoltagh e/o is

Bl Bifinglye Pangll oA nrRes, Yo son e eSO AR

Upsiibsefll measm&ﬁy Watht 3britdNed feadtdiRé niddales t1e<ms;;>eﬁc&t tHe€control
Sl mlarly, the various illustrated enbodi nents for

é°‘l§r6hﬁ‘§’i‘?é%f”o‘f°°§128m€ of95%3be offeativecrpacitaiye e thedank is also

Glﬁﬁé%ln ARRby ARt IR rasohkdn® frequeAdyN €A s § Raul, MO Rsnt
variation. As a consequence, the enbodi nments for these

drdueseharey beseriolled okssheh YalesehRuckistiesdedibal implmemeiopn
vﬂﬁ b@é@l&hﬁ!ﬁ%{se&: 'uE&WﬁE %th@rnfﬁu {eh‘ %&n‘l&&ﬁﬁienté | ang?ré' ngeg'lthn‘?qhe
t hose skill i art w recogni zé additiona
apape ed theviavestidn circuits

As indicated above, the resonant frequency of the tank may also be
modified by varying the resistance to the tank, in addition to the intrinsic or parasitic
resistances R; 445 and Rc 450 of Figure 4. Figure 29 is a circuit diagram illustrating
an exemplary resistive control module 2100 which may be utilized as or as part of any

of the various frequency control module and the various frequency controllers in



30 and applications, all of which are within the scope
of the invention. As indicated above, the various
illustrated controll ed capacitance nodules (485, 635,

w6®806/109624 860, 1501) nmay be generalized to anyPCT/US2005/034020
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reactance or inpedance el enent, whether a
capaci tance, inductance, resiglance, or conbination of
capaci tance, i nductance or resi stance. An array or

bank 13 such..a pl |
POt R g6 el i bkloh nhn, ' RHRRE gl
I fpdolarngeo (n@y bé &Ba’tﬁl’lﬁﬁ)nodﬁ)dud 2sonkfd0 8056 £Figlirk 4s tnrsatiesdwith
in  Figure , y be u ized within the
f rieygiondsdp FourP e gores Wltgwwi%dm@ i Re 485 %P P8 fich
| R REabIe tesistiFe ?rmdul@fz 1t1§1 Gllﬂsﬁfﬁﬂe@ u&wpﬁ&»ﬂn Of swihable resistive
conpensators (3 5, 20, 1425, 1430). Each
diriddateeAd 15y, %15@h2 bldo tlc@tghr%ll-’wé daSrae@Eferantb'ewelghted (such as a
edanc f

rEpna{}' ﬁelglggdg,?%ggtof 2@@1&&&&:&@5 oﬁ‘%s%gncﬁ\‘?% ile%g?r)g% zei](?f"‘i( elgSN,

r @amoatnmegh 210543 hhd 1s\/sa/ﬁuclaiblean beat bhthe atray or madild2100r

react ances 1320, ch are,.sw t&habl e.in
+ R comEaont s Fasisign A TR iaD Biialed 58 Rafeistdhy 24 0y
p'ztiﬁf},' b § ¥0oQfiroGghe3 {106), @Rded the TOntrob bf cdnbtbOdgHAIsHnE/or Loeffitights

array of controlled reactance or inpedance nodul es
130950. ghnindighteq abayg, -‘B’éh syitthingeatfogmovidss @p@hﬁtfé‘ecﬁ@lsm to control
di \ Ry
ch RS iRl oFER TG BSandmdy R RCBHD any
ersbleciéd‘rmmmeterTbmﬁy M barphenerahdepwdetﬁt sm:bfaﬁ fariresnant faguency
e determ ned post- fabrication, or dynamically, as
dlsglx?ﬂ?ged above for the other sets of coefficients. In
addi tion, dpjgeRdonga BREK dkfiem! iMMreiR inddxt@plaryt 4R variation
various reactances or inpedances nmay be switched in
orcomgensgpr 2308 in ppcgydancomitipthe dsaphingsod thepresgnti ipyention. As
.Cqmstirgged‘f %ﬁ}g %g Qarrloa%se%dw g’uti d%ﬁgdsgfé félevant parameter
ilTustrate e utl |ze provide a selecte
f rvetcheis oymay bs pfdimed btyfthd peosags of timtatoowhlch othesypiem slenges over
r anet er uch as
b i Bt 41 85 plehe® MR TG 205 FeBreiiin BRI Qe or
Ora tfansisiohs @ @dkistatdTsdnddrl 2210 tosheasire rage b10mbre Gebistanéd magiiitudes or

array or bank of a plurality "n" sw t chabl ?
c ORtUFLPY thtytaple £08/9h 8 EUIFROH BANE ta@e@%?raésqlw G974 thegls parduced

ngttﬁeovalrl@ﬁ’s Lo ﬁtt ﬁﬁfc@s g%l@@%@a@ur@ﬁgﬁoaﬁ r%\%'ﬂ%mt in time is

), and also may be utilized wit
f rmpu@dylaammnl@qer @220) 24 8DC1222% fordonyengiorp inges e digital value,

B MBreadt o BVt os ol NATIRUNE, B 30 Sl g1 i firt
ﬂmwm?? oo mmﬁ??&e?gngﬁ’?mﬁ e g e hegiger
LS B frov e s JRIS i cmparisin 5 SHRsHbeR PeAITEentE S bsRpignY.

t Cad@ifibnad nebIFeneBBNibPbe MedlobrAdde Sith e raduiting vafiREBlofedtas ON
thereof, and may be responsive to any sel ected

peeHrRRPwting gmeniyelugy infesisten 32300 Hugkptedeas cument @ndrinitial aalues

15QPvareRe kel slaticd M ddfredt MELENBIRLE kRt @ PRIALE v@Bige, current
di scussed above with respect to any of the vari ous

c g finitial er@lu@sarp@tbq ad andrgohphred, coinparator 2235, which then provides a

corresponding age compensation signal proportional to any difference between the
two values. Such difference values provided by the age compensation signal may
then be utilized to provide corresponding coefficients and/or control signals for
corresponding frequency adjustment. For example, such age compensation signals

may be indexed to a lookup table in memory 2240, which then provides stored values
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any of the various enbodi nents. Rather than being
swtched to the oscillator through a plurality of
coefficients, in this exenplary enbodi nent, the

WeOR006/tl157d react ance 30 nodul es 1805 are swi t chetus2005/034020

dynam cal |y, through voltages or currents provided

directly by sensors 1815 an% control logic 1810, with
f eedback provided (line or 8 1820), and which may
be i npl emrented as knovvnlnthea or as illustrated

asersleon kngivp ryalyes, o gther %Pf@mqsmgoé@wgl f@eeeffertst ARhPreYides
Sﬁpé@reﬂfon&ﬂg ﬂ%ﬁ@él@?tadjhﬁ?ﬁ@rm W@Re adybf tl?ed%lt)hsoﬁlmdlha@rs and
react ance I'es ey be nore conS|dere nore broadly,
a@mpﬁme‘dandjécuw 2008/ 101524 PCT/ U52005/ 034020 -48

nodul es, t r \Y% /or reachan

aspect, s%ﬂggl%u% fﬁmﬁr%‘? %%8‘\73?. OIS esp%rt %fss 349, 1415

| dftthesprésaiteitvéntioningy lcémpiise dnd br @¥RNGTLIR, folididhg Canhpabits n(S) a
in the sel ect eg ar anet er may be determ ned inp an

éfaBMP clepse BAHags Iht0agieotidh §1cnd dhfsrhodingishillygira ed

% . ), ViR Ql{eaéx%ﬁm%eé?x%oﬁirﬁéﬁts CHH G186 inRRME ‘6? be coupled
er terrperature sensors, or any other type of

ée sestainingn proplifies 3ﬂé,s@bﬁsarmbletp@ratm@r gelidatord43a tamedudate the
Jgsroa% ?#Iﬁx'xe%c dﬁ‘o iR ?&SVOT ?2)2%1&/ sglg{[gc{l t;ﬁsne%rv 9&&1%9 ?etn%%{agnc‘és a

)\ r espbnsi
t febrivatiant proeess R&faemt [ \rogagemaﬁatgmr er f?éhuertch esuahJ apthe vafious
such 11ae sensor 1 D converter

TARE Mmaﬁltmo\wg‘gaéfiﬁ 35,0139 amoamlgf* EACEaEs padss 1305,
t 1305, ](9) 4 Fré6dss Ar ott}{éﬁ pen&ey Mﬁl@f@?%%omﬁé’ﬂﬂaﬁ;‘? 118y, ubehs

be utilized as the corresponding coefficients (any of
tAneces| \ariafiant Gompensptor #h.1 1681 ¥At or canteadied S@Gtaa@ome uleSOBOS,

Uikl AEEd e LarflHORTARhlator b ! s A0 T (o GeY RIS

cont’ eact ance ance no
Mﬁﬁ)oncmmphsatva(oromdub@c)om ¢ &0t rlmnllldxé obsepaedi lt)ahcose of skill
ul es .y sor 1815 out put nmay be
o 8 e 2 Vet sioBs P em TR AT oS 400t
tvﬁﬁablelﬁarﬁﬂétém&dmﬁ&cl@ﬁ %roc@ést(BleJthétgﬁiah@@h' Mod¥lator or
dynam cal | and with or without feedback fromthe

(BB 1436 Qg thecother cpmpepsaiors @nd modilatots| a5e Rrbiffaggpngrdo not
LML 6& %)E ggthﬁ@ de@%?ﬁ‘ @og‘g&ﬁr Y@k A ﬂxra!i@;e's swe to any of the

conpensati on accordance wt
tpemoietersgdiscofsed hbovep areisech may bewutilized for anmy ofthy phnposes
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Feb@ipéneate for fabrﬁzmldnc prabdse varRibis] etv.C ratfedl tlag tendgeblré Gani@ions,
vol tage divider, using resistors 16200 and 1620"
gersxamplely Wadditign dopending ipem the seleted implementation t ons P mMore

Lh&nSHR meéist(‘!l@l 1t4§‘9ge é DQ,\SIE‘L{@Y @95') )may@PutllYﬂh i@ gt@re\éﬁy lo$the

correspondi ngly anged voltage Vo can be sw tched
(Pharalitieh eécow‘t;tt)ltS( d}gzussg{qi sbqyss érdalab@mee) emhlgpdimaptsofsu¢the

T L
efthiee claticatly mapﬂmmmig,eai @ntrdiesignalek i s al so

Also in the exemplary embodiments, these various components may
include a sensor 1440, 1815 (e.g., yl(x) (or 1(T)) generator 415, 515), or such as
sensor may be provided as a separate component, such as a current source coupled to
a diode as discussed above. Also, depending on the selected embodiment, and A/D
converter 1445 and control logic 1450, 1810, to provide the selected frequency

control.



vari ed, thereby nodul ating the resonant frequency. As
a result, the resonant frequency nmay be controll ed
over such voltage fluctuations. Qher inplenentations
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10

15

20

25

30

enbodi nents, and are also within the scope of the
invention 30 As indicated abgve, the resonant

frequency of the tank may also be nodified by varying
the resistgnce to t tan . :
neri et o oF Sgmpdy 08 hblay cPoffiflble BRuh Bredf imenton,
Oprokidg aii eppﬁranEl faufrequeiy i contdol ©f b edgoratad) Aighi hidrresonator adapted
illustrati . an exerTI ary resistive control nodul e

2 ROV £ gnah bavigg 4 fesugnt qa?n%s?b BIRPAGHUS FRPPTIYSS 2
tE’e%chrQ[MOU%IfSB SdhPRA Y p QOHEE@écoH@'s‘i%ﬁaﬂ? sabtflad \@nialr voldge, in
frequency controllers in WO 2006/ 101524
PEFPAUIS2OCH eaS 909 parameger efacrdvrality 08 pykmefens handt acfieauensy s
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oot figah T ERI o BerrR RS e ar R G AR L o B feas bne of
( thle I fo1SwWiry SeffarRstert:N Rnipeiatudd, 'fﬁﬁﬁcﬁ’tfonﬁi%&ﬁeh BMkRe, RSusicly Vand
5 nodul es 2115M 2115N, 21150 thr ough 2115u) has a

drgcf erently wei ght ed (such as a binary-weighted),

2705M 2109k SOUES| FEHeny; BEESARANE oGS Rl

i adapted (lmmodrlfy 8 l'Bactallde a)] impedanze eleee@1ddpled hr theigisonator in
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and/!g]lFg ceoeffl cfognt gﬁlo(l‘]l%grgg‘? Asﬂlnl’%dl (t:at ed abrove sgglrl]g

stPndhs 5eepnaios 8 fixedyon vagiable ﬁ%naﬁ@rw%@éﬂamowixmg) thesiffestie
0 Feamlé ?B %aﬁ{}@r 50% 8 8 the fsz §3§w ﬁ?ﬁle gr%@tg@{ooar selected

unctlon ect ed par amet er,
o pommyvdjeg@ ar aqmtaéantly,nmgﬁ@mgemt mdm;tmtc @fsthef sONatws GmEesponse

F tﬂg fee%§1¥d % ljel%u%n o nﬁlcg?@mg%et%\e/ é’ﬁs Iéat?c?r oﬁ geCfgglmgg{rom the
c manﬁatﬂxed 8 {Hpiable mmecandéamcxﬁodﬂymg d lesistirRa br ols  of
t he rese%tf{lnventlon As il ust tedlnF gre 30,
v dPpedancelefifg pesongfog in gesnonsedlg ﬂteose Signal, sich@f by goppling to

pﬁfe@éﬁ%ﬂﬁ&r ordRiuPlidSHréth thPr¥sdafoPS feSishmd. by the passage
of time, or which otherw se changes over the lifetine

of an 1C, do#ér exemplaryoimbedimentsnthe frequensy cantadiersmayefugther
t@&&?&ﬂ@ Cf%ﬂ'lcgeﬂgﬁegg{e {ed%]g‘t e Hrst ‘i\lrgl oﬂo%%:ments and a

sensor or nore resi stance
mfigph arrayd635) diavidg) a \phdralisys obs‘wﬁchablet a@phcitivendédulesaonpléd ®ithe

senspr. to neasu |ute current | evels produced b
¢ RO Hikig dheastar apg & P@@JP theJesopatars P26, tswclwéffswae%vmmodyule

ahavingdl fd cRgtchinck 1813 hitba vaFiablpcapatgde 620, @adMLH“liﬂcHHb@(er
2220). to Eﬁ 2225, for conversion into a %
v 5apgeitive Hpdule, resRonsive fupicqrivseniag casfisions of 816 gt plurality of

n@&fﬂ&én@st tols&/itBIE BB YenZReS AxedWApRithRE ahdthe afidbisStapacitance and
to switch each variable capacitance to a control voltage. The plurality of switchable
capacitive modules may be binary-weighted. The frequency controller may further
comprise a second array 650 having a plurality of switchable resistive modules
coupled to the coefficient register and further having a capacitive module, the
capacitive module and the plurality of switchable resistive modules further coupled to

a node 625 to provide the control voltage, with each switchable resistive module
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powered on or otherwise initialized, an initia
nmeasurenent is stored in the register 25 2230, to
provi de a basis for conparison for subsequent
Subsequently, additional neasur&EH2005/034020
may be performed, with the resultlng val ues stored as
correspondi ng current val ues %n regi ster 2230,
illustrated as current and initial values for

v odslelgiYﬁ to e sorsdspondingagvefficient efiut secdad iphaalgy wé poefficients stored

uch .as vol tage ent. .and initial

0 B EbeRlgjer 6o SRUOLHR ufitat sl Rt b conto
Whblege hbdN623! N bél@SedoentddimbntsSthe SéHEbmrtAg&omprises a current
conpensati on signal proportjonal to any difference
béq%eqfﬁ PRROTSIYfoo eFEARIre SHBAFE e B SQUTg 5 Fupled through a

xﬂT’ehPﬁx%&ymb 'i‘@th@ Ecoh® TRE D Fehdile He 3B ql%)fa elddfs Q%ast

Ized to provi e correéspondi ng coefficients and/or

Cgtm gvoichahleyresistivef mpdulq: of the plumityi afgwitehall¢emsgistive modules. Also
adj n uch.age .c n 2

mlse ece:tn& n}éﬂe)‘))(‘le: ex%tgxtﬁe u e%t o cegxfi%gtl l%ag%nﬁomggﬁf&sf 9 ?’i‘ﬁT
t btﬁllﬁgm’raﬁ(m (Rigured DA-GD) VHJ ﬁﬂﬁnoﬂ@a&ﬂﬁﬁfchﬁlilé 2e4;1st1ve module of the
PCTI 82005/03 20 -50 b gg% on _kpnown val ues, or ot
c BIalR1 syviishable reaigtive; rﬂ@da aypdifpreRidenperaes RWI ga
f Qliect@rchgsmondi ng frequency adjustnents using any of
t he various nodul ators and conpensators di scussed
above. Ref dnotheyexegwiaty ewbedigents tirlsensonds 4 femgeratesy sensor
cont I

- Bl B i sich bl ediohscrolimpellye VERERN, TRCERLARL
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re@@ﬁﬁhﬁnﬁrequency f oin response to any selected
par anet er, S
variation, agen@erlgﬁﬁ%ﬁﬁsns1@%e%@é%g3%h%ﬂ%ﬁﬁggﬁﬁ
t dvenpriaesi a)pmcess am:moh kexdpensgarci20 p425e 7600aH60 sthel 8ﬁ>pe56 3briation

1505 or, contr d.reactance duI s 1305 1805
SRt Spunskls fu SRt P 57 wpa fe rsonant felency
CRITEPOSIOh fAAdkionSpi6desPSaranii@ @ ER phithlitd loff Patameters, The
conpensat or 425, 760, 860, or controlled reactance

niJBEFs ¥aription compegerter may) futhersomppse & enefficign Fesister adapted to
CQSE g{}l oLlﬁ& of g’&fﬁ&e‘*ﬁ_’ss a?%‘?ﬁéﬁr%uﬁg%no@& %ggra(h gies)w%ﬁable

vari a n conpensat or
Wiapicitive mcbrbldﬁsmdplbq/tct thoeeffdiens kigister andhtotthereanatorheath

th . het t
oGS PRty Hh 7 Rafd BT et ar AR AR R sesgnd o
Edzsfo&&ﬁcegm aich givitlabia nsapae{n)xe mdule aés@gnslwet to mﬂﬂe@sﬁi@r
r at ors nmoaul a
&F%&? 9F‘Sﬁa ‘%8&"3 fs?f"ts tp ﬁ‘é‘t@gﬁﬁ‘é‘f%f‘het @F"S%I??F“ance

'dih‘dQl‘IHée@(th fided RapdditdTRY. hﬁotﬁ@@ﬁerﬁ]ﬂﬁp‘éﬁﬁb&iﬁneht@ 8 Yrdekss
the 20 paraneters di scussed above nd each may be

UXaFiptioneeprTpsRsatns ynayf furthes ceaprpsssaeceef’ﬁewgfcr@g@éﬂ adgpisd do store a
u‘tﬂ?rlglll?eog th%fﬁagﬁtg bdn@ ah %qu{avﬁg qlﬁ lﬂ&l% o%ﬂx%?ry%gl@éﬁ
switchable variable capacitive modules 865 coupled to the coefficient register and to
the resonator, each switchable variable capacitive module responsive to a
corresponding coefficient of the plurality of coefficients to switch between a first

A}

voltage and a second voltage.



10

15

20

25

30

conpensate for fabrication process variations, etc.,
rather than tenperature variations, for exanple). In
addi ti on, dependi ng upon the selected inplenentation,

W0 eosnorm4 e coefficient registers 1435 (e.g., PETAIS2005/034020

465, 495) may be utilized to store any of the 25
pluralities of coefficientséﬂiscussed above. In

al ternative enbodi nents, such ™ coefficients nay not be
needed, with switching voltages or currents ap

ed
directly, lBpthelsxemplary embqdimests, a;fwatrﬁ’earwoﬂ%fsﬁmher
CQ(QﬁﬂrEES StfRiedt rddish? aﬂisbtédng s@)?%eﬂﬂjs lM‘aWQbe{fﬁHErﬁs and a

hese vari ous conponent i nclu sensor 1440
1sns5ar(aey 1500 hynlifgcd pl(uraqufr)v)tclga@hebxaarwezet@d @pa)ltlveomodules

5 IS ARl TR i b L Yo s TPRRAG Sach

dswikhabls caliatitivs aRdulahevty a Mriable cafioRdHE rllli}readhh@vxtchable
sel ected enbodi mrent, and AID converter 1445

c enesitive medhle reposgive 163 eorresrondipg wpefciem of e férgt? Rlgality of
f EW&Wto sWRBH (QE@) Mpvﬁglgl@/ c%ﬁ%xge R éel}e%t%g%ﬁ@a%ﬁ&e ofa

I'n summary, e exenplary e di ments of the
pl@saélm ofj cauteal tvioliages. pThrvsedsor amay sppprisas asurfant spureigengosive
C?ontterrn ratgre gncir tséc' ?rnrgl}eg{y %O\Mrgl?er mhﬁ a{sgsiﬁ)cr@{ se@oqxﬂpaﬂ'tgg 1660o
provi de sonan requenc :
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t rovi de a second si uch as a contr

1 a5 e s Sk ey Bhetanegrodies peir S,
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coupl ed to the sensor and coupl able to the resonator,

wipturplifshef resistive ureadulps besrat diBereatrespensp te emperatiged prd,is papted to
| .
ﬁ gl?qtco &?&Hﬁ'@c Xonltrgl 50%3? Olpthe tpﬂlreﬁ :&ggﬁ“ c%ﬁ&&%ltﬁ%e‘g n&

ura araneters arevar and co
atesp@as to a)meremtf from tte dugbrt Godrog par arret ers:
t enper at ur fabrication roc S, % quenc
and 10 ag n ofhﬁr £XeEP %ﬂui}e for ncy Sottrol of

f w&ummeoﬁlgﬂseﬁ Ql doéfficiest &g&stEMapte&Mred fm medlitf yf a
react ance or i npedance el enent coupled to tﬁ

r 6eshEedy apdha ﬁr%érﬁftyn@éoq d8em éa‘g%@ﬁ@raélryg?faﬁwﬁ%@&%rea@ame
Moiahiyd QQOS"@1 1t895)aéou;‘;‘1@&)g>(‘thé @J%ﬁﬁ e?Lre ﬁﬁr i ngna{op each
Sl gha

response to the secon ure 9), coupling t
t hwit¢hakle mm@nceonommnmngtola&ommdme coefBuerdtod rcheeﬁrst
ed. or.va citan
o PREH Gt Bt I SRS SoRGEPndice PhealfB i Bpilitto modisy
I droesohait flayueavy. tThb icoifespdidingakestdnod mhp béa SiRtE 6t velable
or equivalently, nodifyin

trol
F?f&ﬁ%&&ﬁc& ’81% R, lﬂb&%‘ﬁ%&mwa ﬁr%gﬁawgaéwnttger?%e Thecond

Sic@abondfngd GBactiBcdYhaf Bk Bl itdhed bAwbdAGnd RSEHARE @hd Rontrol voltage
decoupling fromthe resonator a fixed or variable

i REuSRMCROtengRl, dedithe wPmigpl Holkage mgy hmdeterpied diyhauregt source
. ?&E&i@ﬂ@ & te%e.a!aﬁe rﬁ&%@ﬁ;@é theﬂcoma,m&lﬁge rdaftahddCis S8EBRnd

si ghal, such as by coupl
is switched between the resonator and a selected control voltage of a plurality of

control voltages. In selected embodiments, the first plurality of coefficients are
calibrated or are determined by a sensor responsive to at least one parameter of a
plurality of variable parameters, such as temperature, fabrication process, voltage, and
frequency.

In the exemplary embodiments, the plurality of switchable reactance
modules may further comprise a plurality (635) of binary-weighted switchable

capacitive modules 640, each switchable capacitive module having a fixed
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the resonator or decoupling fromthe resonator a
resistance.. In the exenplary enbodi nents, the
frequency controller may further conprise: a

plurality of coefficients; and a first array (635)
having a plurality of sw tckabl e capacitive nodul es
coupled to the 25 coefficient register and coupl abl e

| i AR .
bt ped SEPLShihe SR RL SEN Al SERRRLIY OB eBorsie
capantespomding 6defficeacdf theditschiadality of cogfficibrits weswith (bktsveen
responsive, to a correspondi ng coefficient of the first
e Pt eepeignce aubi vETBI SPete Al DURSET VHEF | ved
Caasitint A - Lcanitd] Vdiagd/ aht apfafinkaRaCdliotinaifdedelrrehOsource 655
switch each variable capacitance to a control voltage.
TesROnsiva e fampgragire; sipd e arrgphavingaclerlits afswissheblenay
TNy B oBles K P b Uhd Bl Paplae o
fHewumbnttspuroé, thaviecatiadvtag furéter Bavingea capabitivesmodubai®0e thet o

the .coefficient register_.and further havi

SRS oA A0 i Pl Of SRR (St Pl firther goupled to
RInbdeaddstty pRfvidevthd 6dna0] Roltas iesch switcHEBbUleSistivie UhddURY
coupled to a node 625 to provide the control voltage,

FASPINSRE dn 2 SO esEeinBecortisiest phasserrad iplwalinp of ogréficientsstared
E,’,QE% #@Qgé{t Q@é&&&qo switéh the ?@ﬁ’d’l‘lﬁbly Cesls vé"‘m%?#lé eSReRaRY
Icient O u

coe a second plurality of coefficients
soltage dode, and whereioeshéh piitshable wgistiveanodute sfthe pluratityeof

swi.t chabl e .resjstive nodule .to the control . volta
SR8 3esRlk Hopley' Bor e hheliorf REBARE for OieliPRE
carrant risMIh@cltteht Sdukce. SOUr ce 655 responsive to

tenperature, wherein the current source i s coup| ed
through a % othsF Fxamplary emBedigenss,the Plﬂ@have%féw&clza%learyawce

4RARELRFh @npRS & BluraYil 1 ROSf Bk Sw%i%?&ed' §echabl® Bsacitive
swi tchabl e resistive nodule of the plurality of

swiluleh dflSecack sivigetiable capaditive snodmle hiaving a veriblsceaperitance 1515,
BRROhTRB b R SR R B i Bnd A Sy, AL
aickdlplutatity, o fadefficients tte bwindhg( 15283 tietvakisblereapatiranad toldwelected

lurality of sw tchable resjstive nodul es has a.
EpnieCyaligke PgﬁB‘@?;l{Yuﬁ%goP‘é‘g Jolgses. ﬁ}e 2gpargiys Qiay @lspdgplude a
Eleheurce! 635 Qsp6iisive X6 fa RFa¥ur& NHA@ disBRNA Srray R&Virke SGality of
a tenperature sensor f and varies the second signa

resistivesiperdides 1695 ceupias throughea qusrentimires (6700 81% SPR)to dg current
di _ . o o

R P g BY B AN St R Bl & coprl

poltagésg endawhkrejin teadh mesistiva tmaiulgrodithei pluralgg pd resistiteombddes has a
ond signal, 15 and a.control |ogi.c block 1450 to

SERGEE RS 15 TPt 1Py el il P e HErLgine coteol

poltagglofthe pleralitg @ kot esltages, Inrespohiserto @xan@it dfoyn the current

enbodi nents, the frequency controller further

¥YIfHri ses a process variation conpensator 320, 425,

760 or 8§Qn otHRE exRAPHEBS Smbc¥ithéttd, @R plurality of switchable reactance
modules may further comprise a plurality 760 of binary-weighted switchable
capacitive modules coupled to the coefficient register and to the resonator, each
switchable capacitive module having a first fixed capacitance 750 and a second fixed
capacitance 720, each switchable capacitive module responsive to a corresponding
coefficient of the plurality of coefficients to switch between the first fixed capacitance

and the second fixed capacitance. In other exemplary embodiments, the plurality of

regi ster adapted to store a first PCTI/US2005/034020



conpensat or coupl able to the resonator and adapted to
nodi fy the resonant frequency 20 in response to a
fabrication process paraneter of the plurality of
WURZoBerEdISZ4S. The process variation conpensat or P&H}S2005/034020
further conprise a coefficient register adapted to
store a plurality of coefficidnts; and an array 760
having a plurality of switchable capacitive nodul es
C osifitchabld fradthiee Godhles iag Firtheegingirie¢ a pluehlityo 86(hef binary-
resaonat or, . h ~ . swtchable ca itiv dul e.. .
haVFage syifchale iy sepsiitverafules Fencorhlsd 40 Decgeient
f i %@lter #1 t6 ARACIMABS RachaitcRdlvasiwbié ed}abilife GRMAE iréspiBive to
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t hecqsregpoafling yoefficien effithecnlarality of epeffigiantshtotsevitole betwesiea first
fi | kiance and the second fixed
3 ca%g%ig{%\ﬁré}lg%.eg@ﬁq%%t%%i exenpl ary enbodi nents, the
process vari tikiegemplapEarbediments,nanapparatiih ér accarmice yathehe

coefficie reqi ster adapted to stare .a . plurality of
cOBPER B ARG TGP S R i SLeBME b reyRie @ s
bi §134ay hiVti g e Qhat Ofr syibricG Al aerkgirdtd®  cBmp@Ba6H 815/ 6upled to
modul es 865 coupled to the coefficient register and to
t hie resanstitapd adapted Ho s1dify Fgispsenaph feqsNey dpwenseito ésmperature
no : .C}.£
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hatiGfguelepiatharssenptopand iy the KREBFTature,sompeysaigs Wyhreig the
15 CaRAGLhiudCIpERaRP is Arflet LM BhddEy LRE&R fﬂ%ﬁ%ﬂ B8 hegative
regi ster and coupl able to the resonator, each
swiranséraictance paplifidrvie respensé to tempdratyre vatiatidnaJlhe temperature
capaci 1 h.swi t.chabl i.tlye | e
" OGN ef e SOERH AL e AP SR 1o
"pl tematratuye wriati@oef ficients to switch (1520) the
vari abl e capacjtance %19}, a sel ect e%?cont rol voltage of

a plurality?SPCGHPPRY gapadipral, thefmperatug copggpsator further

20 COBRMPrBES a durkdht s&ide FIBUS BL 65 LRBRBS tofRovide 4 BUFRAT AlpunSive to
and the frequency controller nay al so include a second

ar feaperaigrovariation; acogf§icigntegisten adagtedto stase p Sirst phuralite of es

16 l ! A AN 0]

o RATHE, EELAELUPRSGNE HJOER} 5. LB cohED o e Heonat e
r ethe strirene sovpaty htddsastoi@peddive modple ©f the @lurdiy pf tesiativet modudes
control  vol t.ages, and wherein each resistive nodyl e of.
¢ natep{gi (R BPYiRs  gontioLupliag G2 Rgeibes cpaiee! Yolert aipd gprality

25 I esfWiSkableOrehdtdiioe dkLleS (1308 1865, 3FRPL5S), EdupleB 16 HieGEsoRator
corres&ondl nrggcont rol voltage, of the plurality of

. t .
cofftdrigthe\ryreny gawrce pnqd selectivelyeouplable ¢ 3 least oneresistive modplg of

CUthk @RkaliBOb e @istivk Mndufzer exenpl ary enbodi ments, an
apparatus for frequency control of a resonator

conpri ses aleebersxemplary erelpdiments, thadpreaton providey @ irequency
fi Eshiror Y62 dqhdne§ feontrol of a resonator, comprising: a coefficient register

30  adapted to store a first plurality of coefficients and a second plurality of coefficients; a
current source 415, 515, 655 adapted to provide a current corresponding to a
temperature; a first array having a plurality of switchable resistive modules 675, 1605
coupled to the coefficient register and further having a capacitive module, the first

array further coupled through a current mirror to the current source to create at least
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coefficients; and a first array (1300, 1800) having a
plurality of switchable reactance nodules (1305,
1805) coupled to the coefficient register and to the

responsive to a corresponding coefficient of the first
plurality of coefficients t66switch a correspondi ng
reactance to the resonator to nodify the resonant
foh& SHRMAE Voltakh! ﬁcregrart RN g\vi%haa@%s@ficeemwe B?th@ phiraiRflof
or variable™ inductance, a fixed or variab
cEpehableaasigive arodaley, Q@Mltﬁa@blﬁwsnsh‘@rre@iule rphnpnsnve toa

S ! e
Ol RaRA LG 5 R SRolT By b e WA O
pwitelmblea’cslstam dnddofe to pruvidelthevmhtraigeltageyto heonted] aoageadde;

a_curt ent source_ responsive tq tenperature. For
i faeand Sty ESiReaounay REoPEX Dt PRDIRS SRt
infodsiek bheshphatyeRotiMcierasasat A1 t@th@ ré&soB&tbie 4B Gwitchable
control vol tage of aﬁflurallty of control voltages
Icppagibive module daping i fix gapactlﬁ@cerqndgtvapm eAPRgitanesy each
%&ﬁ&fabﬁ' & ﬁlv@rrﬁoduféatje%}% eetg a%'brr@s'i)gn Je'ﬁlicn omﬁg Sirst
sensor responsive to ast one ter of a
plunaliy of goefﬁcmnsrtloabrllteh bawemeheaﬁxed cspacharas ahe fhpemrihle e,
fabrication proces and requenc I n the
SRRRRS oL oaeh B YA E iRl o JReGPn e lpass®
react ance Réfofling@gaififeyFigures Bend £ eiedlockezeferpot! hid/drt Y

635) of bi nary-wei ght ed swi t chabl e capacitive

/fEqugney, re@af@ﬁe 60 209200 390 - mpnlpe ingludera dispuensiayi ng
@alfﬁriﬁﬁ)ﬂ nYfduted ﬁ% é'y%%f lggé e clél 191%&8?&0@1% % the subject of a

capaci t ance a va paci tance, eac
Sepatatehpetdnt appdioatiing bvtetsdmglhulb@l ﬁespmahty\ne descobeal brieﬂy below.

orre ponln f nt e first ural it

Gl PRR A 0% v Blek BisEin Rlasteli i oBimelR” Blbuieleh o1 co
Qiltbrdtidf nvaluleadDOGWERR mytba Rfikzed A6l mbAuls B3R5 6h43:¥)§l(ﬁhaccordance
vari abl e  capacitance to a cqontrol voltage

b AIEAFRINgR P! She SEPSFH AIGBEPT TR RHRNCY EAlibeon Gepdle 900

‘infcﬁn‘@l@s% HigRaltfRqh &P ‘%liv@dek" 98y, a2 chté-BASLIORuBTCY Ak tebRY b[‘sg ad

plurality of sw tchabl resistive nodul es” 675 coupl ed

tigitalimlse @e'ﬂrftqercﬁOémndraeoghbta@qn ragistes ¥ Oc(@hiohellsp raay s withikes as
Cc r r

h%vstetr qg%? (H:Ig%g ?S§?(l:l o dﬁé‘ﬁ] §1§§aggr%ﬁﬁthgcfoay gén%{aw?gﬁ 30(? or

aon) ig ftequphayr dahldécy (900) andicomparbd @ith @ khswi Meram:d Ufteggency 920

Vokssgiey Bl . RenieE Pesdi ReHrE e ginsk genior (100, 00 or

B6UY BOMASH of BlowOwith fe@gsacﬁﬁmmm&c@ Ahhios “ﬁ Bhls&far@profiaed
plurality of coefficients stored in the coefficient

megulse epuntes 993 Besed tupen Sogetresvitpitee thisd phiralie ohayitshiagt o
EQERGAN £ Qhou }{9' 9%?&%1}%@ B‘i‘he"@&fk JeRerG3f tho%‘ﬂ%doccl?%%)%s
ura sw t chabl'e

Fesi st ve nogdul &
radbrated tva snhdr;dl edferbirs fazqubnrf:f eAm mdmipml dCsmay mBgponse

rfent fromthe current source. 15 In
Szfq'lrli’ea?e gg%f epaé#%&dl ments, the plurality of
swi t chabl GRdfﬁ'ﬁﬁg agdieto Figures 2, 3 and 4, it will be appreciated by those of

skill in the art that a highly accurate over PVT, lowjitter, free-running and self-
referenced oscillator has been described, providing a differential, substantially
sinusoidal signal having a selectable and tunable resonant frequency,”, available at
nodes 470 and 475. For many applications, this signal is sufficient, and may be
utilized directly (and may be output on bus 125 or 135 of Figure 1, on line 250 of
Figure 2, or on line 350 of Figure 3, or between the rails or lines 470 and 475 of

each 20 switchabl e reactance nodul #CT/US2005/034020
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w6 aphbisapce 1515,

nodul es further conprise a plurality 1500 of
bi nary-wei ght ed swi tchabl e capacitive nodules 1505,
each switchabl e capacitive nodul e having a vari abl e

responsive to a correspondi ng coefficient of the
first plurality of coefflcggpts to switch (1520) the
vari abl e capacitance to a I"ected 20 control voltage
of a‘flurallty of control voltages. The apparatus may
Higgs ) nEprgrample, thisrsignak mayohs wikizghss atiripy A5 froquengy

a t ¥ Of
R A S b B e i
availelde, iG8uding Bk gengdiornt (sulbstaatmﬂyr sqeart wase)u freguendyhdivision,

allt resi.sfive dul e dapt t. vi de t he
ottt HeendyoRti it ol S9ectan e ewkBrh bt
resistive m?ﬁellw isof blbdkan@rm Alusfrating fan e Biry Vileqi@@yl | es
has a 25 different response to tenperature and is

diyidst andl 9Barp WaVe gRertar drOP(é%‘b%?’ﬁ@PEB’nﬂsb"éﬂhmn\%q fragency
Qéle&&ew@é Wi éxteaaplglfy A Jugig reS6Rh LAGRR: 1d86 il RRBRARE with e
current romthe cur ent ource. I'n other exenp ary
¢aatlongs rrrfnitesprestehtenyﬁnmal As indishted whave, Hedghency aliddearapd square

modul es r. rise a Jurallt 60
SRl a LR AR w3ttt by 24 g 330, ane
GRGEthedsddetot hescaafhf dralioit gliedisapRéssion thddolet 1080) may be
resonator, each sw tchable cagaci tive nodul e having a

ﬁrrcé\giﬁdm{éame%am%m@eS T3t a second fixed

capaci t anCgesdidfls tEREre SW the Baph %1@@% {He\éﬁcﬂm&u |n§mely,
responSIVe to a Correspondlng coefficient of

pdif&mhalt apd ghbstaotdllyi Shuseide) signalshwiving la frsqueners, slh:é as putpyt

tanc e flxe Iy )

)flg?%%bﬁcﬁgi%ure ? of hn‘??rgo (‘afrlﬁ%u% 9 Q;aﬁt\ea)eé] ﬁlr@ g@ﬁaog l%?sn% and
2@5)61 El@lir524ls?$ﬁt M&?ﬁ&ﬁfkn&@ékﬁaﬂbr andSEquSlWI Wayhég:eheeatcl)r 1000. The
react ance. nodul es ur.t her co a urality 860
SFaPARP I ULl SuebEH el S QHldsD bs sehpHe Y
Wrﬁ%ﬁéf’w@ qQui 8@ differdn Qreé}&ﬁ&éd Gﬁcﬁf&ﬁng/cf atetd p r&}ﬂdte),
to the resonator, each sw tchabl e variable capacitive
mgnnéerfeéépémav@alltyosquﬁe eeve senpbsnuswing bef plieligraf of

f t t

%Do%tag @lryaégl.l%rg ggtrea%gfafls ﬁsagic g% $ 1 e?é% tag%?lﬁgltg hﬁé&gé)}g%%l output
emntioek arbng $020a8 fizpeacied 3/,.120 tlamghgf,glaﬁmeo%dssh submmnally

teach| ngs. of nventl n co S a r.esonat.o
oAl bt i S et SERARS FRuendiG PR e

ragslema:musw reQugH exempRIAD asindhesHo8y BrbalieficyCRIGPON S 850WhidH, 2is

cougl ed to_ the resonator, and adapted to nodify the

ribsBristhma e gmbadigd pha makiplsrere The selestpr phanyr of these
\@lstafidl 9 squatd abe §8ﬁ¥f’st 12ink $n 201 dllm a%ﬁbl@ffretqn&mes may be

follow ng resonators: an 1nductor (L) a capaci tor
@pmpbshed gupegh the plumlity efrseled@ion dinks G‘Se,slnmmhoﬁo) 185% @royiving

ra.%ﬁl%%iiﬁfgt sqﬁare g«ﬁ&g ?igﬁal(f %Lvn[i et%Q ne?%c?ed’ fre%uer*c?',l out%ut olr(m line 1060.

m croel ectrone
acoustic Aep;amdtasynchﬂihwsaﬂ:qqa&my seleatiny, dliteht duppression is also

pror;r/Pc{ed % g?tcg elgp%trésglgn trnr %le Clggbd ?1 r}r(l:a()e, b%rémbtngileg rin a plurality of

ways, including through the use of one or more exemplary D flip-flops ("DFFs")

illustrated in Figure 14. A glitch could occur in an asynchronous frequency transition
in which either a low state or a high state is not maintained for a sufficient period of
time and fnay cause metastability in circuitry which is driven by the output clock
signal. For example, an asynchronous frequency transition could result in a low state

at a first frequency transitioning into a high state at a second frequency, at a point

each sw tchabl e capaci ti ve pggaish6vs/034020
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410 coupled to the resonator and to the tenperature
conpensator, wherein the 15 tenperature conpensator is
further adapted to nodify a current through the

WOoeosti0vi24 transconduct ance anplifier in resporkEl/Pp005/034020

tenperature variation. The tenperature conpensator
may further conprises a cur+¥8+% source 415, 515, 655
responsive to tenperature variation. In other

e REFP kR Mg e 4 APBIN 8 trahsifont RBPRY AlbW' stit RTRERSSdOfFequency,
further O conprises: a current source 415, 515, 655

atpsyltingiingaovoliags, snike of glitshr EAevidppemial ghitches from being provided
: h L ati o i . _

¢ SRR aH AR o 1R <CELd Wby R Rave IR ifving
pthe selédtedyfregfuenayy iissprovidednandine d96® 053 firstGDFF ¢easphldch provides a
t resonator .and. the cur.rent sourc t .| east .one

- BEHE RGBT e Spod RSPl inedglePe ) o Bbet £ ieitnacte
apapt 86l atdd HeQlitdhecaurffNbtrtid clvdkl ddg€ @heODFEs by bétibdked of
control voltages; and a plurality 25 of swtchabl e

r gicthanibe measting availabe frequeneys or gagsor mase additiongl BFEY(spch as
t I ) ;
SDFEPTRARY % subfiph &s gt hERtorabE IO Simal e 0
obutput Henpthe DHTFi 1065 efill hesistbilive! tosithiredirst] statothighr or low) or a
SR A SR T i o S B e BB PES s b

r sho @ N iy Gie, inCeNges tat D DFFAare Qaffitient, @ith addiéorml ®FFS Potentially
adapt e o store a first plurality of coeffjcients and
ab%&c%ﬂaf} P aaPs deyiresh Doty doditnt! PFEY cavsifier BFFasER Y Edine
4hRncy® IhilE PR AR Dink Qx b FFF8. GiMr'fBHHlops or counters may
corresponding to a tenperature; a first array_ having
abeptilized, iand, these efiskillcin #isl ast widgpeognige mypia plaer GRyalents0s

c .0t he i,Cj . i Ut he i

o Rl B W, SPL Ao B oG, APl B whitbP o AT
t feomugfhheaingentiornt mrror to the current source to
create at Iseuait O 20&9{ é0152f4 PCT/ USZO}QS/ 03402 - 56h
one cont r olSUELFXETREN, (Bleney; frequency syiifghiag, in aeforfange wit
RS teadHings oTRWr&etf inteiBorPlsUn@trbted irdfigurs Wist EaR! & is also
resi stive nodul es, each switchable resistive nodule
riduieted o sebstatiallyd rsauase waves 98 the petsent dnveptiony whidheare typical
S ] . | . g

R N R e
viaribtioge ubdershoato rahd overshodts agtbein mdpectite bighl and becstates (and not

i BT s b ol cBieg e ehempiiegnt

I ghchionbusaglidci-fed HigitchRgdrval 0MHABGH MME, tvHiidPak B illustrates
capaci tive nodul e having a fixed capacitance and a
varesyed elitchise iswisehing frem diMHz (g § Mikpthen fo Mz gnd then to
madile responsive to a correspondi ng coefficient of
the first plurality of coefficients to switch between
the fixed Rafsaing: agaimdo Higyre: Heth drepugsrye divplee aprheguarg ricase
N ' ' 0, f I
Jaflrk T80 E0Y GEGBIOHANLCE ™ BnfifBAE WADE Rl g B
clingtekengedh evitit the ilbustldted divider being merely exemplary. As the output from

the oscillator illustrated in Figure 4 is differential (across lines or rails 470 and 475),

the first divider 1005 is also differential and provides complementary outputs, to
present a s.ubstantially constant load to the oscillator and to maintain phase alignment,
and is fast, to support high frequencies such as in the GHz range. In addition, it may
be necessary or advisable to reject any relaxation mode oscillation of the first divider

1005. The second divider 1010 may also be differential and provide any arbitrary
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timng/frequency reference (100, 200, or 300) may al so
i nclude a frequency calibration nodule (325 or 430)
This frequency calibration nodule is the subj ect of
functionality is described br| efly below. 15 Figure
13 is a high-level block did§r-amillustrating an
exenpl ary frequency calibration nodule 900 (whi ch may

b@regllehdy &eidiongdivrael bl eMBY Sudras43ind By AcmezeRAailtipld 6fwo,
the teachings of the present invention. The frequenc

¢ AF3tiopa] (TBRCTH BB OUTH Amoymh OF BRIREST, £1¢d kpplogies Péﬁﬂa@ﬁw lon
digyisg&r 15,1
o isEEaindls oR EOMR uPhs BRSRE ol SRHERK: 1R) BEMact Bue

9 aﬁld(ewh for lexanpdo amrh\yltltwt limitdtioneniayabe 2 6eqnenge §meltlp14 o8iges) of

a t u naI f rom,t N
oot e Tt 190 6h 1 Bl Th-80R W B EGrGLG whie
( PARde drRuencyTRidisRE MipbRers okﬁlﬁlﬁplef efErvatthﬁe Biitpql.tﬁmsgh stage
920 . in fregquency detect % 915. Dep enij Fg gsfn tglnet her
t Reovidingcadifferqal figayency £p lurderoprayiding ggjock sigp ¢ net Siage
vwawam@ﬁe%sék tbqts bha nsp%f &5 ARatedd HWHhGirakdd PHUSRE o €
provi ded e pul se counter 905. Based upon those
r drsgueneies arh éhen mvmublpl for eutpug gn Gfesonbusc hQ2ﬁgSl1215 asfo/2,fo/4, and so

i C 8 ) n
CPRLPPBUTBS, SRR e by S8R AT B9 o
s eleatibslor Wity BRCdivilereposne yrovidg auﬂﬁplenmv:blmgedmairlvé @e first
may . al so be al i brated and. t est ed se arat
RMiser 1S AT Rebvoep groad glzﬂde% 10 sagts. 1 bt ssgdependent

a@&ﬁ%ﬂlﬁfoﬁdﬂ@dﬁ doliRSsoQffect Shgnhll risk And B @k, that a
hi ghly accurate over PVT, lowitter, free-running and

sel f 30 refle s@u@e@wdymomld ahap therise Oﬂbé Maripwig Elin-fiepg  has also
P rppo\(lkrﬁh ngl?stag{lilfye Gtk '“%L; a§ %ﬂﬁd&?ﬁﬂtgw ¥mus%§cﬂp ?g‘ﬁa‘i’ %Ls been

avin ecta unable resonan
f lpamdem ttryclbqk aflipi ﬂoabslvlmsabutputasi then gulkdand highi%or 1dvovoltmpany

a ications, this s fficient, and nay,be .
Rt SR s PR 1o Ay T Bt 1 Fieh f BBy Ko
OftheRirtg U he lillus@Bted eMBodéhtQfto miain€hidl Shade alddnmefk, ldiffeeentslO
of Figure 3, or between the rails or lines 470 and 475

ﬁlgw!f o9 RNt neshtiropehr thedasth disistyn 4 okl wing thepagy dreguenyy,
F‘afws?c?ﬁafmlp?uraﬁt? 'o? s@ﬁa%n(%chrfﬁymgﬁ di; én't ﬁ%{)&) ﬁﬁ') rd hBA Sthared

or frequency reference. I n accor ance
pKie smndtilei W\lé)it) ipovjde sdebtantidlyadn eyply idvaded ang., 40 éO) duty cycle,

a\égc!hl tﬁ‘a@ Ith%’ ti 1%' cI:hntge S §€ glls 1g%r}er"st ?ltn tagsxl“sltgg?]@an 1a1€' c}{lal to

square wave), frequens Vi Si on,
fltleqimmiayvtﬁm the:hgmg,ls xamdedasﬁdielos)ektaetl on, as deSCH bed
bel ow. 5F| ure 14 is Ioc élﬁ-lﬂ ramll ustrating an,

exenpl ary f gﬂae‘ﬁewlm aa&néxmﬁga rSglegton

1 Qffule 3Rk caaR% SR BE ¥eadhibe %'i‘fh@ a4 ent FihRAKGH Chhere are
se|l ector 1050, wth exenplar ¥%gl itch suppression

mSHeHmstapgss on Mkncacacluglﬁnameraw tPRIormapegcIsfergse, uch e

PrRee Qénefa’ib\f?ﬂéd 980 or¥00} mh&ﬁ,wgﬁloﬁ%%fsésg JUEBE s in a low

di vidér and square wave generator m e

i mevverdetandby mmde.c bripese sacumstnbess in2Cordand¢ wiith3BDinventidn,
either no clock output is provided, or a low power, reduced performance clock 1105
output is provided. For example, at comparatively low frequencies, a low
performance ring oscillator may provide suitable performance with low power
consumption. As illustrated in Figure 17, for these conditions, the output of the low

power oscillator 1105 may be selected (through multiplexer 1100), and provided as a

clock output to other circuitry. At higher frequencies, however, such low
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10 frequency selector 1050 (with or wthout glitch
suppressi on nodul e 1080) nmay be included in or
conpri se nodul es 205 and/or 335. Referring to Figure

wo4o06ii0es29ut put signal fromthe oscillator, nansdyyus®05/034020

differential and substantially sinusoidal signa
having a frequency f a, such.as output on |ine 250 of
Figure 2, or |line 350 of Flg%re 3, or between the
rails or lines 470 and 15 475 of Figure 4, is input
iperfermpnagcuseiliatprsd¢onsuies conpideratiyl anoee prakes tgl@mékyaslm 1cpod0 .
0 [ Lgnal
iﬁgb‘?%tlhgrli g;g g‘?&ggi/é{gnéf tg% Ex%sbeﬁy Pﬁgé@% "f‘ig)ér%/ lsft#@&%g %l'eaﬁ ,\ﬁJﬂ
ippinoas'atfuinciohf efifiegienty, exfferewhicle the Cloolc kerdrang/ (000, \mbe be300)

ro iate), apd converted to substantially squar
REDiRE b i pRBEEIRR gog loer ptsE Sprppba, and ma) be selected
gm‘agmhlt@héx& @OO?Vaﬁd WA RIed b@nabsk Ak Adotericirbuitry. Asa

ferent avail %uenm es, output 20 on lihes or

berseqen®, the dlackasasratpied 08,00 or 3G0) mairalsadis utilized to preyidefa

gafégmg tantially square wave signals having m+ |
erent avail abl e frequenci es are sel ectabl e

asy nchr onolnSdyitibi reinghmdebe eeiadtexf yl 16,Sofliee rodesomsy be selected
uency sel ector 1050 whi |Ilustr t ed,
éH‘Pg Pag pagveramﬂéﬂ fathsr &s@@rmer%hé %frmmyn eeaﬁrgpds«rgst

£13616 Benefatd? 31 G0 0@ 3005 AR HE red@M& SonfpaRtivel WiNg, dma puilsed
di fferent available frequencies nay be 25 acconpli shed

119de Uig Which dhep¢logkaganerptop {108 2209 car .3em i§ repeated)ySptopied g
I r
Erd Vpoef O pr BT i Bkl S Pl Fyterence
(DA€, are Aiscupsedt betifw. asynchr onous frequency sel ect i on,
litch su r ssionis SO, prov ded b litc
g uppr essi 5 lfP’étraithg}l‘e Wﬂe E‘E’ lﬁgjy@ ‘ésbngl the glock
Bérdfaadr| ahbl/opflm11%@’#’&(3’2’1uen'c*1 C‘rlefén@h&g( 164) VZQO' 9P3dd)‘ %f H'x% %r&ént one

or nore exenplary D f | ops (" DF I'l ustrated
invemjoguprevides poxegsavingh Otmsemva@emuwmln mme a@wcmﬁydwous
e ransi t | S
HOBEHET B G0 000 a8 S LB T B
mfore instraetians chrerprypcassadsia thmimvatﬁollevtzgd byrnocorrlnmteti rppwer
ut C

whi.ch, |s driven by the o ock signal. r
Bsiftion Suifs HETAERHSN LS IStRbaREy e B A BB o
Etpakdd th? Bnfirfidusk AbrRingdlock Tl cfo%irasft I e & the omparatively long
transitioning into a high state at a second frequency,

stert-5p gaterand \Wkngod prion 8D ogks TRUIEIGE /cigkiog gesulis @ mgrer e
E%\%le%'{lmfs{@{ find Essgéf Wnch % 1 BASH 44 O back to a | ow

e secon req ency, resulting in a voltage
spi ke or dligurehns isToblaskodiggraotidustratig aglex¢mpies syncmonization

bei i ded t of t t |, t
Bgh A8 B8 Steand Pael et o frep Bafi oBthung feSihined e A prest i
SRLRDHE A s RO HRA Cabbvd, SheRIRK |gé&9at&rhnhﬂoﬂﬁmﬂr%ﬁﬁqﬁ&cﬁl
first DFEF 1065 which provides a 5 holding state; if a

gfsrench (KQo 2940000y may P’EOVWF 2 |refgrengsamere ip tsrmch%?ner Sther

S8R0k b1AUKKS nﬂ‘u&lhﬁlay QF fha C?' & b@YéN vieREsubth hd &Bond oscillator
occurring at ‘the clock Fs may be cl ocked

4210 (p.gs ging, Helaxatien, @rmhawmfecvﬁalﬂlmatsb eAn pulgiietigngl frem thhe
Abck P Era R I d/b ORI g/AeESRndyS WilleRE (100, 200 or 300) is further

frequency divided as needed to form a plurality of available reference frequencies,
with a reference frequency selected from this plurality of frequencies. This may be
accomplished using the modules discussed above, such as by using the existing
frequency dividers (220, 330, 1000, for example), and then providing the reference

signal from the frequency selector 1050 (or 205 or 335). For example, referring to



DFF 1070) may be enpl oyed, as during the wait for
anot her clock signal, the Q output fromthe DFF 1065
will have stabilized to either a first state (high or

wbonis/101s284 10 second state (low or high), suchPg&3/1§53005/034020
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either the power or ground rail. It has been shown by
the inventors that 2 DFFs ar@d sufficient, with
addi tional DFFs potentially (v being added as may be

demlfeed moBd!Seldttdr mwwtsa@a AlrefBleli B Sh GroviveBASRut
swtching |atenc

ile illustrated utilizi
e zeserprca signgdrogm freqqq@qy felector B35oi9 @ serong @emliaécrrs(wgy be
o t
et fidiefodull9 $95.0h Sifbldnizafrt B luckl Ao PG, #50s
adshthenvgilitzéd to syhednize th‘moiltput I51gsal dtomvihe sexbndosillatoe 1210 to the

wthin the, K sco of .t i nven exe

R SR U S ek et Erar B TRa S Mefetefes (160,
t eae b 005 Madditiéh B £H6M of cBMBRbIsMndhSorlidatiots td pllRE i n

F| gure 15. Figure 15 is also illustrative of

gmbnoamuom may" alspoeserevidady xwhieh thp lopk generstoriandient i on,
ﬁ%/f?e'gﬁen{:‘%' éh e2§ o@fzoe% pROMEY £plietiCuntih i dolyzed

PO ng r Rason
vaynchftonmuon meltes slhmtgt the mndvai‘méthsieqmtsss at a synehronization
resg{géﬁtive hi gh and | ow states (and not the perfect

ess" of textbook exanples). Figure 15, part A,

i |1 ustrat espig@é M9 6 MV HRg@ii illGHrafidgtm ex¥hplady Methdd @am 1
MHz to 33 MHz, while part B illustrates mneasured

gRecordanger igh the\tepelings Pithegpresentpyention, gndyprpvidesng Hsef 16
M_Emm%?(ig{hp ﬁ'nﬁtht)? %55 Riths st%%er Oeglf ggth?&gh Qlotcﬁ’ generator

Fi gur , the trequency squar
gendoratinging/fr&enayasefdoence |(r1ﬂ0e2ﬁ§)rrtr édO)l staru-um dnﬂroakil bze netedghat

di f f with the .
> Pl ARafucd B peionsHER oS esebrBh e 968t fyany order
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differential (across lines or rails 470 and 475), 30
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PG QWb & Eﬂeﬂ{téﬁ Qtdh B85S such 3s thitfug %@ tafk 405 or

subst anti a st ant Iogg to the OSCI Iator and to
nmedspmagarr3 1H.h ahesreamagnﬁrmmency imajusted ifl sesponse o tempgyatnte, step

hi uenci es .such .as i

DBt i B PSR SePE coBabpoiar S B bRe et suray and

afigqueRtyd XEte resandfid dRq@mey ksl adfuistod indrespohie® tb ifdbsicatibin Virokess

1005.. The second divider 1010 may .al so be differenti al
an@riasioRsedel 24 puch 25 thriough, progss waiafiarpeagipgnsator 320. As

P%’né&é@ QQ&/eoé’té;P 24%s ma@goefﬂeﬁgx"rﬁﬁ GY a GirsY balibPiRiok Hep] BB by

), such as dividing by an integer, a nultiple of
m temmaﬂa‘plaéwamenﬁu@ﬁféqp 123¢. Témyesgmahteslgtai&rb@mmg the resonant

I f
e B aack R0 ARy O cEORY STl L ebPlp S,
mplurddigy olﬁfrdquemubs, iBurdtich thi¢ pluchditysqf ffeqmenemﬁmplsabswmdally equal to

< Phl50) et B VBT mrd e Fef s HRE S phEh dslhay aiider
t Be®er fdodp-Ad aupsiut islghaist seddcRd fiom the glurFaBityl6F se¥dhid Ghnals, step
1245, such as through frequency selector 335 or 1050, for example. Depending upon
the selected embodiment or mode, the selected output signal may be provided
directly, for example, as a reference signal.
In other embodiments, such as when the output signal is a differential
rather than single-ended signal, and when the resonant signal is a substantially

sinusoidal signal, the method continues with converting the differential, substantially
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wor@sabiskor the next stage

provi de frequency division in powers or multiples of
2, wth the output of each stage providing a
di fferent frequency and further providing a clock

own input, as illustrated. As illustrated, a plurality
of frequencies are then ay}'LabIe for output on lines
or bus 1020, such asf o/ 2f o/ and so 10 on, through
fo/2N, . In dition, as illustrated buffers 085 may
srugitsL ol P potrBltnd SyrliRiUR! e v et bevre £,
QubdstaaRallyl €fdial hiplo amlty Wi diey Gdlef asCiedld, #€ 1B0EsucR adifol QéRerate
the first divider 1005, and al so between second

diclack eptpybsignal paipg godyles’ 33941 1000, §9r sranpie pAn Peprating made is

4Pt sy hogkaty KU ey Aol ofs O

\vaeratingsmbdes parﬁ bo mectedsfrom sgroull Bomprizing cedock mode a timing and

ubst anti.a re wave ubst ant,i
SROPORY tesfrenst RO BB st i ot Rd el or
fekmiple, Waers & @Bitigtiddei seleétBeR 5 B4R dWhen ardfdrgite Gode Qy\lselected
vol t age Q her aﬂuare wave generators may al so

i $teR g@é ingséepi Mo methed prosesdk trosip 1265, to ﬁ@camze |anhlrd

t i L Ugt

glklﬁagr{lﬁgﬁ 5‘3‘% %?%@g%tgi:ﬂh é?eéﬁéﬁges{sg?gt)a I ntar cfh as
tilustyatedh it lhgux’c ast Fdilowisg etaps 6D bo\t\lﬁigtht Imctliodsmay end or repeat

fre ue 0 diyvi,si t he ur,

(AN S0ef s R R Pk ek 14 biheeginty deffrehiin o
17061 b# mo;ﬂﬁxﬁbngtd@n@ﬁ@wlge r&th‘h&ie@l’llz‘}’(ﬁ' l'y an evenl y

di vi ded (e. 50:50) duty cle,, such that the tine

i n which thgogﬁl @}H%H‘ar%sth? Pire%Fn W%"cﬂo{‘ IPEQyides @p gpRaratus

SO sAY 4 f%'s&rbéto? %ﬂéﬂtedtt@ prdvitfe o firSeigdnll }Y!R/i gﬁ &J&ﬁaﬁ'f&ﬂ@éncy,
isIn asecond (I state. Figure 17/ bl oc

dn agplaﬁnrucbvpl@t ththfr wgonawr e@némfteaue]xcerOQm (eexmktdnto 1253
RO WP bRttt ¥ et RODIT ARRk oy RS br
Ripidlity aCfetudticies. [Tihg ppedthsodl fRiAcBdes @ffRi 8RR dividee licoapled

cl ock generator (100, 200 or 300) of the invention, is
imihe essenatqry which dhad&gteﬁi te dividg e fgﬁmal hayias diisy finsioiarduency

[Nt Eluﬁilﬁ)’: Hf@&&h‘a als 'hgwﬂg & %rpéé‘ﬂ&l% ingd ﬁlﬁal‘it? S f HRYRALIED The

el ther no cl ock put is provided, or a [ow power,
pélehlnue@if fpmuermqmnb%armlbtkquﬁlt@@r Bovepthap the first firquencriesich
15 2%anp ar%onglo r?t ively low frequencies, a |ow
e or manc ring oscillator may provide sui tabl e
plelrf or man C’gle\/\ﬂir%tfklérﬁmwbei dlff@ﬁﬂﬁdﬂ Righalawn g sigle-ended ﬂgnal
iIllustrated I re 17 ese copditions, the
Shep dhe fp %@Pfsawq werthial si t\lq FAYPNCY 1438 dsres, Tutber adapted
sPlRCdrefhe GKfFeQé?Mglhsxgﬁ td Plikt&Endld Aidhal. %Bﬁila?l&OWhéhe@le Fpst &
clock output to other circuitry. At higher
figral reneuibetentialy \sénpegidal §xge¢i the fregp@n0digidarois Sther adapted to
ume
ok B Mgy Smuccl R61a B TRREARE ehlsR Q% SARETE
t han the dsonahblateo';bodxfnenth,ethplfmwnty dimidemmaymmpisere i s
B s Fopt BERE Fovmle Bl M Rurtiborre soen sty o

@ 6eled®d) flip-flop or counter is a frequency of a previous flip-flop or counter divided

by two, or more generally, a plurality of dividers coupled successively in series,
wherein an output of a successive divider is a lower frequency than the output of a
previous divider. The plurality of dividers may be differential, single-ended, or
differential and single-ended, such as differential followed by a final single-ended

stage. The frequency divider may also include a square-wave generator adapted to

and al so fed back PETUS2005/034020
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provi des both higher performance and | ower power
consunption, and may be selected 5 (through

mul ti pl exer 1100), and provided as a clock output to

w0 hens/16ise€ui try. As a consequence, the cl ock pCT/US2005/034020
generator (100, 200 or 300) may al so be utilized to
provide a | ow power node. #ﬁ addi tion, using node

sel ector 1110, other nbdes NRY be sel ected, such as a
no power node, rather than nerely a | owfrequency or,

s kenvprt thecfisst signak into a substaqtigHy sqyerssvaye signplitpying Acgbsgntially

3 ; d conparatively rapidly, or a
pgﬁéégE%%QEPuﬁﬁh@h%gh the cl ock generator (100, 200 or
300) is repHrtpraient invenpipreniaypaish incledd afreqency selector coupled to

periodically.or non-periodically, in bursis .

" edRatey ol g AT 8 piedite gl up™ el rim Jhslypatty of
beécomd sihihlss ke meqmbf 38 tctdrGndy TertliRr céthprase ta millipiSxdd hé &d
cl ocki ng using the clock 15 generator and/or

t isHichrgPEPFStiency ref erence (100, 200 or 300) of the
present i .

Conservat i o R e raral sy BV LSS RS scoror goupled t the
a frgqueecy felechr, whesein He mddecklettarss adaptedpa pmyide @l plurhlity lof

freguenc re instructjons are processed in that

| Ao modes THTBROR Heelsh TR 1ol SOEhinE & Gk et
d ifrinpOank TR q MOy PeférsfeeGhodef 4 pdwtt Ednéervationahiede] hitba pulsed
hi gher M PS/ m W 20 conparedpto a continuously running
cP®€&. In contrast, due to the conparatively |ong

start-up ti } aqmreh&qﬂb&gth@fin\féﬁtii&rm%a{lsocfnglﬁgesa ,SUCh

pul sed clocking results In nore power consunption and

| epehwhizateinesicyit conpldigo theipede aelector-ruyfla eontrgllédsosgillatooc k

di_agr, i lustrat.i an_exenpl a synchronj.zat.i on .

SR Y S5V epoizatin STt ad Raaplef af vid%ids adnFSaiirel whers
t ethé Gy and SefofendeBodd] B8 @ide seléctdrny futhérOddaptéd to couple the
ment i oned above, the c| ock generator, and/ or

t iHPHosRE iR Bpchrerietion cECptigsont mine addeanensy of the
PR ia P SLET £ERPIGENITRRE chrOuiBHRCEY LRIAC0ed8bop, a phase-
I ock whi ch nay t be’l ow

i
osci |l lators or “cl ocks, or may no
pdegked logpi o am injestiow kegking eirduitat or 1210 (e.g., ring,
rel axation,; qr,.Rh shi scill.ators).. An ut
signal fr orr%n;% ﬁlg&e%?xﬁ% Jl%éen:t]sé %gtaglrp lhglgﬁrdlp %)r be neggH‘t’eD
t itransoorductenps eaneptifiee f Eearegaencil OéhtroRE0Om & be3theri adapted to
further 30 frequen di vided as_ needed to. forma
pIMATHY A YT t‘ﬁ@ﬁﬁtﬁ%m@aﬁ'@ft&ngﬁe@cw%ﬂ@mﬁ%éﬁ respnEthtoa
I efnfleRARE bl %z RBmpriseed QfeRAohcOrspdakiSe B #fpbrafuYe. OSuch a
frequencies. This may be acconplished using the
MSHIRNE Soustesaayskaag opthersaore senfigueationsselested fromnaplasalityt afng
fr di_vi . 1,8) d
¢ GOSN A OSHR Ay oP bl AP LTAT) PTAT
f PE40é rafigsmtiont dn addifiéh, (herfred mcy conddBdr. m&yobe Ruxtherdepted to

r%];o {f%ian%retn? %éqgemelg&s 4nfc;1réuu 2Oe05/1§1?f40$0 S gél

FiT G 2 §TTenh EOugh YA pegpavs AEmpegydustaner FRities fuselist e

neetenaan flequendy, @R difine transcfiductance of the negative transconductance
amplifier to select the resonant frequency, or modify a current through the negative
transconductance amplifier in response to a voltage. The frequency controller may
also include a voltage isolator coupled to the resonator and adapted to substantially
isolate the resonator from a voltage variation, and may comprises a current mirror,
which may further have a cascode configuration. The frequency controller may be
further adapted to modify a capacitance or an inductance of the resonator in response

to fabrication process variation, temperature variation, or voltage variation.
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reference signal fromfrequency selector 335 to a
second oscillator (wth synchronization nodul e) 375.
A synchroni zati on nodul e, such as PLL or DLL 1205, is

W0 w1524 | zed to synchroni ze the out put si gnalPCIVies2005/034020

the second oscillator 1210 to the 5 reference signal
provi ded by clock generator gand/ or timng/frequency
reference (100, 200 or 300). In addition to a node of

conti nuous,gﬁ“ Echrom zat i ? u sed- s hrom at.i on
ey al so I ITEeRCon R aR YT g b e fop fhese
B R funckibie, Bed Map GHHRE Yonipeike BEfEicieAOR lst%pﬁ)da@fed 308re a

provi des a pul sed out put, and synchronl zation occurs
stft iphgality, af M{fmna% a fipsbareay haviag ¢ plusality of switchable
35(&94?&9 Hioéf’i‘l%é E8 ieg tb 'EHeecfoé/ﬂ’ikrentlFrk:@k{Erean& % 31% rBsohiktB¥each
I‘agram i | ustr ting an exenpl a
awachatihrcamcmvb tmadute hazmghifxgd cmhcltahee mdexsmnable capacitance,
ent and .provi des a usefu
e ftte Rt o B wdiie tha comESRORIG shct i Bl ol e
gruadlxey of @RHlcntst to vt betRebeNCHxsd b icRIMEE ahd 2. vardidie
start-up. It should be noted that 15 while
mlnaaléqnﬁ%le@oto SW‘tFli‘ gashvanaplecapaciianeedo aicomrad (valiage. Theaplwrality
HeRN
3F SRenY facitle bRy mal B binary AAART 6 Bk YndThi WRifith
s¢heinag/The &qwn@ycomreﬂqrmy@éso(mﬂ@e @eondrar@P dyving a plurality
ﬁp g’v&%ﬁﬁ% rersg s}g‘%gﬂ?‘g?sﬁ (g)alglle% %lo tge egfécﬁee Ir; S&Sggsgea}fnatng zuﬁg]%a ing a
3&112131&&6 mbbuleupd cip@cntlwiﬁodhﬂéanalr thé planiiat ef s“&tﬁhble'ﬁl&astlve
r esonagl(thf r equency is adjusted inr esponse

precouled &0 a poslefo previdg therrontgol (veliaage F@cg switchable
&&mﬁmgm@mﬁes@a ebrre3pohdin g%éfﬁ@wﬁ‘t%ﬂé%‘é@on@%‘idrﬂﬁ? of

and frequency. The resonant requency dj ust ed
p@ﬁ@m@stomd fiathe iceeffivient regiserds switehethe awitdmble gesistiv méule

{Lon
?outgp ognt Ugl%gg gocpe ggaeac' %Exfég;a{u?e 3egven&8p€ug}%ﬁ€l§ ke%é&}lelzd;'\: t
thadugh raauirent mmepto ﬂaelsdcomdamdyy the tenperature
adj ust ment of step 1230. The respnant signal having
the resonattte fBeguency saurRllsr may afsq inglude p REoGeSs VBTIAMoR) it y
BdmpeasHsttotipled &) the RAYhAAG afld GMpted SPRBEIR the Rbsahat iffeuedty in
frequencies, in which the plurality of frequencies are
EespoRse fbridatjor presess variation. Inansxemplary amhodinzens ribaprocess

B0 34 S A er S LB Y S 1o I ke o iy
6ff®nfﬁcteatsphnﬂ al artay hafing e ptmrecht;sofgmﬂch;a,bles@ppcitnib&ﬂ&dulesu ch
as 0 f uenc, selec or 335 0 50, for ..
Spaledeine Bor BRAR BN e eiB e dddre eah OO s,
Aodde hivigs & fifse fik&lca Fwitﬁwe 28 § S@bndriiyedo@pavi@nded edth
directly, for exanple, as a reference si gnal I n other
S¥itshehlereanacsitive moruls Sespprsiy et a corTRspRNdIng gREicient ofthe

ﬁi’ufailﬁlr mt)étﬁl:lemrs 0 E'\ﬁirtchtﬂé%eﬁ % r&-rhRd @%a&'tﬁ@@ bnd @8 8econd
when "t he resonant si gnal 1s a subst ant'i al

Sxadiespricitances T aluralithef m@h@éﬁ @gmmlwue@dulﬁsmay be binary-

%gﬁ%ﬂgvf %@P?{J%Eg @%ogﬁéd%sum antially WD

In another exemplary embodiment the process variation compensator

may comprise: a coefficient register adapted to store a plurality of coefficients; and
an array having a plurality of switchable variable capacitive modules coupled to the
coefficient register and to the resonator, each switchable variable capacitive module

responsive to a corresponding coefficient of the plurality of coefficients to switch
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wgqmﬁmigm a cl ock output si gnal

-62 sinusoidal signal to a single-ended, substantially
square wave signal having a substantially equal high
and | ow duty cycle, as needed, step 1250, such as to

1000, for exanple. An operating node is also selected
froma plurality of operati g. nodes, step 1255, where
t he pIuraIity of 5 operating nndes can be selected
froma p, conprising,a clock mde tim

ro

f bebwiesa AdystRHaRe oA @ SFRORG voltag, omplwah@é\f SuHish3Hle 3 maﬂ%b,le

a& acdtivRUhcRts TRE Gna fb@rbma%x@éiEﬁtgd o HER aﬁ&hé&s\lvélgltﬁ&?@@heme.
ector 225 or 34% Wien a reférence node is selected

i n step 129Be piesent inventionauay alsadnakudeladieqpenst calibsatiop module

Séo% gé ﬁ % grtg??\fe?i n C h 81ner ZarS% gdaggd rt(():j 1tno§’ bﬁ@x@ res%n?an? frque(m%’T}n

Sﬂquon&Sto lOeﬂeieh&Silgxﬁt. eEbr IeﬁarﬂFplg lﬂlieefrellﬁencEthlb)mdi\gmsdlﬂa@Blay

1260 or 1265, the nmetho end or eat contin
(@eude 2eqpeRcy lwgera%@&dd ﬁgﬁ%ﬁ%ﬂwﬂw@%ﬂ the Fréuihey Wivier
tida ?t@&? tf doRPEIHSutpufe stghﬁ Ql‘éﬁvéd]ffb% the %95(? sighal %Q%g "tl{éfmbtn 9

continuously), return step 12 lso in sunnané
plrequeney to alayer ifisauepelota me\gdeamdlangbwawg frwmu teﬁtgr a

SRR i ARRLEP1 Rl bkt B SRy

I efeodnad sxgnal anthe divided gigaalcyd provide @hé er mére ompi@dls too do e

reso o ich is ad resonant

e fEyA BALH e S0P Y e iy oot B B faugtety

f {dapte@ fCdeRPmint Rt ARBIRE Detwee@ths Ond HCGhote @ sinhlk OFHGAL Ygnals
d|V|der@éfoupled to the resonator) which is adapted

t % agjindiepiorof a differapee betypen the autpytgisnalcand Thesrp efeng, ignaky
into a pl urI‘ﬁL 'sz na?Jr lﬁ&ﬁ@fﬁ?th? ug/@fi‘tllo% 1#'%\/&0 F]@e an inductor (L)
corresponding plurality of frequenci

pandragapacitorofC) fco\qﬂﬁdetn cforesarslu(bmmawmg Iayeleqemhbortfgumnon of a

t e rst.fre nc such di vi si on
o4 iy e inpn 46 A e P Hids? b 2B o
dintlu@s @Réric8inp6iedRalIn 6therfenstiod it eptsCIAe eshofdt§NiAdy. be Jfeefdd from
the first signal is, a di fferenti al signal, the
% SFQURFAMPTISING] #EATaMis reseRatere @ meehasicalresnalon dnvert t he
dﬁlfcf&[e@@(;ﬂl&lh ncl!:ag'} onét@r and4 i G RIGicSeHRAAbr, or any Otrl r
Simlarl mﬁ Ifst 25 signal I's a substantia T
stespngiof maich 4 gﬂmcallr lequiy aleng treancipdgtior i(Ideqoupled taia t:atpemtor
pted to convert the substantially sinusoida
signal to a substantially square wave signal. In
vari ous eniihe iapmrﬂt&l ,oﬂtlibfenn?efnaqumlayzye oliilizedie¢ a tiMing and
c ri se urality o [ )S Or, counters
cﬁgﬁ% refeentes o oA vngeg%r?ﬁogsln agfition the B¥ETGOR By alsp
ainsl@tieLéc86hd dstilatol RRcIPAs driHgNEeBikatioh, dﬁlfa?e%h@fﬂ 6a¢ilfktorp
preV|ous flip-flop or counter di vi de by two, or
nispwidige Agpoand pscillates| auipat piggalind dimadel selectessappledito the
Sﬁ'&ﬁ%g IcYftkoflet Bn rtl!lees%coqdvéﬁaflﬁ#lnth@'?no%gtsglgtﬁorojda ed to switch
succesSive divider 1s a lower frequency t
otgtthe gecand Oacdlapplewtlm!l SIgdal\m peovide Ilpewgi qwnalnratlyn axfode

divi, |
AP olting oded el B bR SLOTRESNR raflsaeo e
f fatquenuy dolityollar, fwhichl may b@d&pt&hﬂbqﬂnodlcally start and stop the

resonator to provide a pulsed output signal, or adapted to selectively start and stop the

resonator to provide a power conservation mode.
In another selected embodiment, the apparatus of the invention,
comprises: a resonator adapted to provide a first signal having a resonant frequency;

an amplifier coupled to the resonator; a temperature compensator coupled to the

usi ng nodul es Pg3AUS2005/034020



stage. The frequency divider may al so include a
squar e-wave generator adapted to WO 2006/ 101524
PCTI US2005/ 034020 -63 convert the first signa

into
woenisherses al | y square-wave signal having a PCT/US2005/034020
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substantially equal high and | ow duty cycle. The

present invention nay al so #+6&4 ude a frequency

selector coupled to the frequency divider, and
El‘iﬁéi' ah@ tdth® Yds6reat ¥/ 1th® tinfpétaniré eaﬁ;benédt&mahﬁsa R 6yl thy

second signals. The frequency sel ector may

f Ep(sprﬁl@} frgcblﬁmy lgéCSQOIPﬁG [t@ feppPerRIFe; APEPCASS variation compensator

9 to? !

CL bR YRIEHAN nTREL SEER RIS SRl B e

s sseanbirequeney igirespoise tcnfaﬂacasleh eocess vadatmdapfreqhency divider

el Za B Patihdon e FrauRi A ien 4% ats d b by
t hmlﬁglhaf&éoﬁaheﬁb@&ﬁc}y inef £p161AGES ofesdend Sig®Riving a

conservation npde, and a pul sed node. For a reference
m@qunﬁgxgmlwéwy,oé ﬁremmaq, ths gltﬁglptﬁ g& frgquencies substantially equal

ST 6vod 'tl?a’ﬂtt%lf’fbs&iaﬁ@ﬁ'ﬁualt&g?mdeddfréqge a:p %elgptﬁleco%ﬂe@ ¢4 @E:

and a controll ed osci cou
s ﬁn@hnmmsltn, the fmqncmy iseleatat adatagt g revadepanonitiphe signdl Hrondthe

@”ﬁb’ | b in the timng and reference node,
tH dE & f%? is further adapted to couple the

out put sig rIa |an6tﬂertshl%ct6& B bodiriert ahe Sppafatusifitiie heention
control tlﬂk d({ uency of the third signa
SERIRrales rincK stply ad com eSS £C FREIASY adanted %@Pr?‘e@%d

| @i9fRrenBal PABSENLIalI) GlraShiddd Fist si@hal ﬂﬁ‘wh%h ?e%&daﬂf‘frla@ﬁﬁdyn 9
circuit. In selected enbodi ménts lifier be

anqgative tranecopduatange sophifiercoupled:togpl ¢ f@semator'rh éemperature

{ESRIEY SALL 81 hE sl 5 HBIGE: AR nb & miPET 1Y

rren negati ve ransco ctance

arepdriator,ahe tefpe@apPO bakpensatortadaper inmudify acnetentey the negatlve
conp t source TESpOHSI ve tO t enper at

e a curr
Sﬁ*&ﬁc%‘ﬁu“é‘tﬂcF é‘H’tPFE‘Hu‘P ESPORS thigipeeraiEs 45 fighes to modify

COphdihdeAdfitRNSC $e%b@ﬁ$rqg résh&m: fo thInFé réathfel x pRicess variation
configurations, such as the plurality of

cmmneg@tqatcpmigd OdhpEC s¢sapat@TING praogsa Variativg cRBPPISAPD adapted
ntg;hfnct)dg&rtﬁet aﬁ)gatam!daao t gl'_,(? re%gnatcg'l?x? reséo%gy?onﬁgncggﬁlg gr%l %s?r

furt her current
t Yueiati@g atfieqeericy dnzsd‘eo noiqxhddan de resaspdatmf tterfrdqoersg Idmder tathaspted

resonant fr.e ranscon ct ance of

S Gaethang SR i Pl i o FRPEAY ESeB G 4 Pty of
r s aitfed | JuBSRIANY squdfe-WRR deyond sngHElE 8iNing Heargpoddlie

neg ative transconduct ance anp I N _response to a

vlau&ab@@f freguenties c}brehlesahw{tfﬁeamqnélﬁs #&yta@eﬁllwesbal ither lower
PinE AR5 Brlficy, Y PR Secoly L) pRAADE LAty caual igh

vandtlewy duty 2y ¢let dndra, freandlcmsleqt@rmuplgb@ the frequeaeit dnmdm the,
frequency selector adapted to provide an output signal from the plurality of second
signals.

From the foregoing, it will be observed that numerous variations and
modifications may be effected without departing from the spirit and scope of the
novel concept of the invention. It is to be understood that no limitation with respect
to the specific methods and apparatus illustrated herein is intended or should be
inferred. It is, of course, intended to cover by the appended claims all such

modifications as fall within the scope of the claims.



whi ch may further have a cascode configuration. The
frequency controller my be further adapted to nodify
a capacitance or an inductance of the resonator in
response to fabrication process variation,
tenperature variation, or voltage variation. WO
2006/ 101524 PCT/ US2005/ 0340890 -64 The frequency
controll er may have various enbodi nents for these
various functions, and may further conprise: a
CLABYISi:ci ent register adapted to store a first
plurality of coefficients; and a first array having a
plurality of switchable capacitive nodules coupled to
1. e Aefuk ] Ghnfittsing e FeTérBlicedBdnhter AdaBted @S PRAIRI firSEreferénce
sw tchabl e capacitive nodul e having a fixed
signaplayingamiseonantifrequeney; ab prplifigrsonplehtocthe reference resonator; a

switchable ¢ citive dul e _rresppnsive ta .
coRil BRI ARREELbICE: KR brd REBPRRbERoh Pofttipeps: e o
freq@eddyicohesiles cb@pleédotthdreiénR edsohdter, tHofeshueanhiraisadapted,
and the variable capacitance and to switch each

inyesppnss ltethe Phaelity o & 1rgion copfficicats. tpaelesifae repprant frequency
r.ad |t i Ltive nodul es may be
lwg% gﬁy?ﬁéﬁaﬁ%ggﬁhgﬁnﬁg&gfgﬁ@%ﬁé%gmeighting 10 schene.
The frequency controller may al so i nclude a second
array having a plurality of swi tchable resistiv
2.8 am@ga%@f%'aé@ b uthes cdrmenvng: @éﬁﬂuwaids\t@v cgpRed to the
i i e Lo el
el Ebg A (8 MauiRh A dcBegtRitd Rypl S (RARGEIL Sanal
hanimguheeSrsf fiequeacy inaupplechlityoofaecmdesignalspinomi deotrbgponding
coptraql. voltage, each sw tchabl.e esi stive dul e
PIaRR Sredeneoaine BRFelp e erbrian Ry Gyl 20 uBymethan
thOFikE Bbddelicf 15 coefficients stored in the coefficient
register to switch the switchable resistive nodule to
the control voltage node; and a tenperature-dependent
rrent so e upl ed . through a.curcrent mrror to. .
5. e By Vel s sy Bt i Dian A Lieivide he
firstRdqueltydy @6&%S ni@bérat i on  conpensat or coupled to
the resonator and adapted to nodify the resonant
frequency in 20 response to fabrication process
4. 8L 5@%&8@5 oflcrl]ail%rb %%ng)rl AL Xir& m&h&%épal }srbf(%iﬁ%r%ﬁ&eflssignal ora
variation conpensator nay conpri se: coefticien
singhgésledkigaglapt ed to store a plurality of
coefficients; and an array having a plurality of
swi tchabl e capacitive nmodules coupled to the
9 [ r Mo i o
> 39 BRI E 20uffe  KR 0088 B 0Bl i
the fpaent adieelenisdurhes adaedl icxecrichpdiffetentiaksigrabocha Ahgle-ended
.sm¢tchab|e capacitive nodul e responsive to a
SI8%8tr espondi ng coefficient of the plurality of
coefficients to switch between the first fixed
capaci tance and the second fixed capacitance. The
6. dheippnaratys offclaimi 2, ethatsirethe fipwd céfedenes signalisessubstgntiadly sinusoidal

sitpe BELRIy s R TR AR0 P RHeRlt DR sniBice

sighahoersabdtaitially square wave signal.

7. The apparatus of claim 2, wherein the frequency divider further comprises a plurality

of flip-flops or counters coupled successively in series, wherein an output of a selected



30 may conprise: a coefficient register adapted to
store a plurality of coefficients; and an array
having a plurality of switchable variable capacitive
nodul es coupled to the coefficient register and to
the resonator, each switchable variable capacitive
nmodul e responsive to a corggspondi ng coefficient of
the plurality of coefficients to switch WO 20061101524
PCT/ US2005/ 034020 -65 between a first voltage and a
flipgtoprod cywitérdge frediemcp bfia pdevioys fifp-Boy dradoaierdivaled dlplteo.
capacitive nodul es al so may be binary-wei ghted, or
have anot her wei ghting schene. The present invention
8. TR¥ a?;ga?zﬁué MHPZ HeF GRS u&ﬁ& 'dhﬁ@etr'f&l‘t}]emé‘glﬂbﬁses a plurality
coupled to frequency controller and adapted
ofrdrd ddry cd}dp@drsssmsamly fir mmewdgereman 6utpas;f@rsgecesmvead1v1der isa
ref erence nal exanp frequency
lowey fr ?ﬂ”ﬁ?‘iyotﬁ ‘ﬁ%‘&lﬁ’%"‘h‘é@a erYf(?\‘%%lé‘dgr frequency divi der
coupled to the frequency controller, the frequency
di vider adapted to convert an outfut signal derived
\{

9.fThe mppanaus ofr daims?, gvieteimtheiphugalitiof dividsrs arc diftpuentiel; singlea
l,oner frequency, to,.provi,de a divided signal; a
e"f’?(ﬁg’ﬂgﬁge)r/&'glé‘[]%r}éltsg}glg%%SI ed to the frequency divider,
the frequency detector adapted to conpare the 10
reference signal to the divided signal and provide one
1o Therppparatys eficiial % whereibihie frequegan dyidea fiirthgr primeréses a square-
Wg\%tgqebgrato? qgcp Lcﬁ:grce \ga\;e ger:aﬁgﬁe ?éﬁ C}Q?@ﬁ%&%e ﬁtsltjfef&%c%es@al
inQEsUBEtalbil 1§ squrs-lv@mablgnﬂ thadiapa sﬁbmlahﬂy equfal Righ and low duty
i ndicator of a difference between the output signa
Y4K6d the reference signal. The resonator used with the
i nvention may conprise an inductor (L) 15 and a
capacitor (C) coupled to forman LC-tank, having a
lis@he ap;ﬂ@hmmﬁdlagmratmrmer ofmprisiny: arfieludngy oéledt@r ¢caupled to the
freiﬁgr];q,}%ﬁw £l ejgegﬁ%{:c&ép Sﬁ@éﬁi&%ﬁ%ﬁﬁ‘g grrolelde&p ﬁ)g{]put &gnaﬁr}rom the
pl6RRA B sighi8. resonator may be sel ected from a
groudp conprising: a ceramc resonator, a nechanica
resonator, a mcroelectronmechani cal resonator and a

143‘&&\&%{) %ﬁp gst Ilg gsgrg{]nr Fx%E[Fg\%%ggiﬁxfe}:grg:ﬁfnppéesmult\plexer

anldnBIRdOdupplelsoroupl ed to a capacitor (C). The
apparatus of the invention nmay be utilized as a timng

and frequency reference, or as a clock generator. In

: . q
l%g’g{e %q%pa{atus cI('}GCIA Vlgggvherle}nriﬁg gfatgﬁ glsl(pepltrensgé1 ucog}p%ﬁ%s agieaglhonfetﬂlp-
flgscillator) 25 providing a second oscillator output

signal; and a node selector coupled to the frequency
controller and to the second oscillator, the node

1656heg ué&?at@sdﬁ\%afﬁq tOf ﬂﬁg:t é‘dﬁaprkﬂm t Dhode Qé?Et‘?oPc%%bfehgé {e
out put’ signal to pfovide a po r conservation e.
frodpiendyi Sohatlor okb@made sagecrmdd@terhtyo poevige opluddidy bfoperatingenodes,
ShuEsThP5r SHoHRIng Tudds L&
the plurality of oper ing modes selected from a group comprising a clock mode, a timing

and frequency reference mode, a power conservation mode, and a pulse mode.

15. The apparatus of claim 14, further comprising: a synchronization circuit coupled to

the mode selector; and a controlled oscillator coupled to the synchronization circuit and



frequency controller, which my be adapted to
periodically start and stop the 30 resonator to
provi de a pul sed output signal, or adapted to
selectively start and stop the resonator to provide a
power conservation node. |In another selected
enbodi nent, the apparatus o&9the invention,
conprises: a resonator adapted to provide a first
signal having a resonant frequency; an anplifier
the mopt sdect@; drfden comsohiad axcillatoriceupat @tthe g/ nclvpeasat arcuit and
codfled tg t§$ WO 2006/ 101524 PCT1US2005/ 034020 - 66
adgpieq fornrayidg dhirdsTgtak hetdn it BF ImhgeaniddR{rEsce diode, the mode
se[OROPRIFRAR ad AHAPIRDBupIe HERHh s%ﬁﬁ to FIRSYREIENiARMUSREY to
In response to tenperature; rocess vari ation
coouoipemsghnd frequeopy elthe thitdrsegmabsonat or, the process
vari ation conpensator adapted to nodify the resonant
frequency in response to fabrication process
16V@hd &fpakiis (ﬁcfaﬁlﬁqlseWﬁé’reﬂ'tHé dathdnkzeii G’ult® 4 &@ay-locked loop,
resonat or, frequency divider adapted to divide the
aﬁm$%kmb%@ﬂa%OrhavUﬁgmﬂW@kﬂgswnwmt frequency into a
plurality of second signals having a correspondi ng
plurality of frequencies, the plurality of frequencies
175 Uhe hppatatal df)laaguaivhereth € amplfer fliltignd coMPriscd a0RRamtive
frequency; and a frequency sel ector coupled to the
ranpeogdegierice ampiifier . the frequency sel ector adapted to
provi de an output signal fromthe 10 plurality of
second signals. In another sel ected enbodi nent, the
1 8aphadpatisusalf claid 1i7nwhéertinahe frgpieacyadonsroterdl Aathesadppald,to
and conprises: an LC resonator adapted to provide a
mey i fyfasqustent rough dipsiegatYedrangcandpgianse aaplifiey igrespogisdp
' a resonant frequency; a negative
tem?ﬁﬁ@%@nductance anplifier coupled to the LC
resonator; a tenperature 15 conpensator coupled to t he

nigative tr uc ance a ifier an @
SHReEHYS Al WheiE i be EBmSERCCTEP %rofaﬁ dopprises 2

cubrRgk s‘i)yrc@ ré‘sPBﬁkutto't&mSé?&uFéegat ive transconductance
anplifier in response to tenperature and further to
nDdlfy a capacitance of the LC resonator in response

20, St B o oD RBGR ey rteRlochPos BSSRE B aicgfiguratons
seRORDERAAL PlliralB2P! QHfi 2ékali ShsMREl fu\faltt%@f EHPRG BRSO Hrising

the LC resonator in response o fabrication process
Ciﬁﬂq%ﬁﬁhﬁmdQTﬁﬂéqg@haymdi|der coupl ed to the
resonator, the frequency divider adapted to convert
and divide the first signal having the resonant
21f TRaapAEYS ITcRiM 1] Whékinttie Réquehdy@naoR&de lirther adapted to
substantlally squar e-wave second signals having a
MRS ALINFRYEh pheuregniiveyirappcomdugienss @mplifier reclsfiiharaserant
ﬁ&me&aqgugqgk SHRstantially equal to or |ower 25 than
t'he resonant frequency, and each second signal having
a substantially equal hlgh and | ow duty cycle; and a

uency I ed 1o the frequen i vider,
22, t@eqappar aus o ¢ almqr7 wl?ergm the }requency controHer }[urt er ad%pted to
modify a transconductance of the negative transconductance amplifier to select the

resonant frequency of the reference resonator.

23. The apparatus of claim 17, wherein the frequency controller is further adapted to



frequency sel ector adapted to provide an output signa
fromthe plurality of second signals. Fromthe
foregoing, it will be observed that numerous
variations and 30 nodifications my be effected
wi t hout departing fromthe spirit and scope of the
novel concept of the invention. It is to be understood
that no limtation with respect to the specific
nmet hods and apparatus illustrated herein is intended
voltagshoul d be inferred. It is, of course, intended to
cover by the appended clains all such nodifications
as fall within the scope of the clainms. 67 CLAIMS :

241 ThéNppaRRAT FlcH$m 1cdrr@rehﬁh@qeq@neﬁ&mnsxefuhﬁ&%mp%es a
adapted to provide a first reference signal havi ng a

voltageoiselator feuptadendlye re&mermmspmat@rand adanteditotsgbstaygially isolate the

nce.resonat Oﬁ .coefficient register adapted
re{e&“’“g? BrAaCr AT e VB a&earaf‘?'y‘) of calibration
coefficients; and a frequency controller coupled to
t he reference resonator, the frequency controller
25adhperagratusi of clbmFdnwherety thiveoljsie alatarPomPrises|a QYFraRt BTOr.
coefficients, to select the resonant frequency having
a first frequency of a plurality of frequencies. 2.

267 TRe aypamitataflaih 26| @héereih,thd eurtdpemirearias b sasegde énfiguration.
frequency divider coupled to the reference resonator,
the frequency divider adapted to divide the first

27 ?B@ggfﬁa&?ussd%% 1, ¥ﬂen\9th% ﬁ%%JénEySEothJoﬂgMQ Rithek g&@téa to

ity of second signals having a correspon
mqnirfwactaphgrtanée 6frthe ederencesgsontrer iml raspahset tp faifrrchnerqpremss es
substanti al | ual to or lower, than the first

vaf B EeR ot vEilio pEyliogs VBTN al m 2, wher ein the
frequency d|vider is further adapted to divide the
first frequency by a rational nunber. 4. The apparatus

28oﬂ" he hpparatds, of\mémdi, whtth'en the ﬁsq uemey ecrmmd:ler i ifl@}ﬂmr adwtcai to

ferent%al SF f Rg #g

m% Arafidictaee @ eﬁ$ Ere“%réﬁoéra t”hrgslms%io f rf‘°e"‘."8ﬁ é’éocess

vaSih@hi2kenh ferAudivhfigin bl ﬂirtagé gdrkiognd the frequency
divider is further adapted to convert the differentia
signal to a single-ended signal. 6. The apparatus of

29CL @é %Bg%{atd%%rc?aiuﬂ 1t u/%e% I t% crge%crfznetrrg%st?ﬂ i3 r@Jther 3d4 ted to store a

I nusol

sedin‘dl pheralityf waﬁhleﬁts adhdptiRekii theTRIUEICY cbteoller further comprises: a
substantially sinusoidal signal to a substantially
firgtciy davigg @ pﬁrrglﬁarof switchphle capisdivatniasulss cevplpdrioghe coefficient

re%YFt@ drlo ttll'éere errrffrﬁy ?&?%(at&p YA ik it mﬁaaﬁ@égdﬁé hgvmg a fixed

§ or counters' co
capamtamsasand (alvylrlahﬂe sqracieance whael svirchable oa{iqoutve @fodale responsive to
sel ect
a correspongmg coefficient of the second plurality of coefficients to switch between the
fixed capacitance and the variable capacitance and to switch each variable capacitance to

a control voltage.

30. The apparatus of claim 29, wherein the plurality of switchable capacitive modules are

binary-weighted.

31. The apparatus of claim 29, wherein the frequency controller further comprises: a



flip-flop or counter is a frequency of a previous
flip-flop or counter divided by two. 8. The apparat us
of claim2, wherein the frequency divider further
conprises a plurality of dividers coupled
successively in series, wherein an output of a
successive divider is a |ower frequency than the
out put of a previous divider. 9. The apparatus of
claim2, wherein the plurality of dividers are

sectnkifaeag hhving a pRiraigy of sveirdieble resistide frbdulentaupledandhe coefficient

si ngl e-ended. 10. The, apparatus of claim2, wherein )
regipfer fmdefaﬁ'éqﬁgevwg@ica@mtf@ﬁ%l& (FAPACHBE %O%Wéﬁe REAlity
of g@ﬁ@ﬁa@te%ﬂg‘@ﬁn&&%rﬁiwﬁ\é&ﬂ%%ﬁ&@ f‘ﬁ‘?‘gpg@ ¢hd @ntrol voltage,

convert t irst reference signa
eastubsitchable adsisyive qudnle-resporsivi tgraalortagpondigg aoefficient of a third

supst antially equal. hi gh d | ow. dut cycl e. . The. .
PSR B fost et ST n Merboe st it L swileh sy iisbiRdgsisve
mERNES R PV Qthgb RoddlBnd 4 eRfpeRATY-dehendeifticurtMBource coupled

frequency sel ector adapted to provide an output signa
thfopgha tlreent plireortoithg/segpndsastaynd si gnal s. 12. The

apparatus of claim 11, wherein the frequency sel ector

conprises a multiplexer and a glitch-suppressor. 13,
32TRe @pamtatdfeiadh 20| @héreihZhe YHREM@END rddider is embodied as a single

glitch-suppressor conprises at |east one flip- flop.
mermory FHeuibppap Brality ofmemey ¢ireuits. f ur t her conprising: a

node sel ector coupled to the frequency selector, the
node sel ector adapted to provide a plurality of
330Pk¢ gipar@usroidesm 311 Wherpinuhiaddefficiait rapise¢rds embodiediasa single

selected froma group conprising a clock node, a
MEMeHY sHCUIbpiR PlHEdDedfclenay Siedle node, a power

conservation node, and a pul se node. 15. The apparat us

of claim 14, further conprising: a synchronization
34cTheapparatcupicimtiowhedem the frequeetyeainto]ledfincther comprises: a

controll.ed oscillatqgr coupled. to the synchronjzation
Pr%‘ieﬁ%tﬁriat‘%‘hﬁo%@ens?tﬂ'éa??d%ﬁ%“é*‘eY"é@PB‘? ?O’EPF@S%{%%‘PF@W Hy
B e 8 O e T R Sl AT
fabpricatiompmaeks vefigiomnce node, the node selector is

further adapted to couple the output signal to the

synchroni zation circuit to control timng and
350 TREAPARYusF clad 3uMvhélemitBNBocesd Qarialidof caRBaTsaior furlifer

claim 15, wherein the synchronization circuit is a
coggriags: roarkaychay g pluraliprdseittheblesaapaaiidys, modulescoupled to the

L ection | ocki ciercuit. 17. The a ratus of. cl ai
cogftefifibieR e ALt fordroie paohfine S4B MRRUES “pafuiyE ol
hat ihgAgEaITiked cape RartBlahd & k&ond fifed dpecitppa kadhusvighatgk ai m

17, wherein the frequency controller is further
capgeipededuls reprawsivg ta eqrraseedingros(iigient pethe dige i urality of

cob fIRIAGAE I RLPEE R HRL bifst Bhed Liph&SRONGRI thOsecond fixed

capacitance.

36. The apparatus of claim 35, wherein the plurality of switchable capacitive modules are

binary-weighted.

37. The apparatus of claim 34, wherein the process variation compensator further



tenperature. 19. The apparatus of claim 18, wherein
the frequency controller further conprises a current
source responsive to tenperature. 20. The apparatus of
claim19, wherein the current source has one or nore
configurations selected froma plurality of
configurations, the pluraliygy of configurations
conprising CTAT, PTAT, and PTAT2 configurations. 21.
The apparatus of claim 17, wherein the frequency
cofpFikesOh @ifayl imvingrd glevaligdapivitchdbie vamabliefcgpaitbigrmaiutes coupled
t hrough.the negative transconductance anplifjer tao
to $he) coetiicignpregistss gad o the r%%fs%%dﬁsoafmf,r?écn Srishable ariable
: : : r :
oA SRS R R St R TR
cotffmivatandwitlabaweaf a fisevolagatnd/esdcomhsadtgeuct ance
anplifier to select the resonant frequency of the
reference resonator. 23. The apparatus of claim17,
3QMPRL @ﬁﬂﬁratt&eoffcia%ﬂ U NG HereRthe ?I'u}aﬂ[y biSwithdtIeVarpBRRiapELifiv
70 vol tage. 24, The apparatus of claim1, wherein the
médudeyaenbiparyomtiglted.er further conprises a voltage
i sol ator coupled to the reference resonator and
adapted to substantially isolate the reference
39 PROMHatus’ TRMIA MOWh@eR tH@Pﬂo@és‘s QBriat R -corhiPensaidp flirbiicHs
of claim 24, wherein the voltage isol ator conprises a
copwprisesnan airay ving @uratipyeofapiitahabecapaditied mpdnleseoupled to the

rein the current Jurror h a.ga .
cofffieRl et e o 55 rerhde oty Qo BERRRAGbIc capecifyg sy
hat @ of fxedeemeitacenhd alfise] eack sivit¢HabRIcapabapleafodube refudisivy to a
a capacitance of the reference resonator in response
cofrgsoaping cagffisisniniobebest phialityaef confficicatsie paengiecuit the fuse.
vari ation, or voltage variation. 28. The apparatus of
claim1, wherein the frequency controller is further
40aTaphmardtes ofrludinf3y, ahereincht tdastrome obthetflrs votthgy edsecond voltage
. resonator in response to fabrication process
‘SQEVF%YWSW?-tenperature vari ation, or voltage
variation. 29. The apparatus of claim1, wherein the
coefficient register is further adapted to store a
41s dboagpapitus clclaim 39f whereinfat tastrns of tedirsthvelftegeanidsecond voltage
. freg nqy controller further conprises: a first array
'SHHQT#’ YOBeral ity of switchable capacitive nodul es
coupled to the coefficient register and to the
ref erence resonator, each sw tchabl e capacitive nodul e
42ndb¢ apparatds of ethimda fatiet eoveprisingd a &equancybaldration module coupled

e A AR A
reﬁﬁnammqpéwy@lﬂmeyre&?e@@ea‘séméramr@f)memE@Jan@eémm sighal and
fi xed capacitance and the variable capacitance and to

to gigfietreine eecdirsimiviality of ceeffsientsance to a contro
vol t age.

43. The apparatus of claim 42, wherein the frequency calibration module comprises: a
frequency divider coupled to the frequency controller, the frequency divider adapted to
convert an output signal derived from the first reference signal having the first frequency
to a lower frequency to provide a divided signal; a frequency detector coupled to the
frequency divider, the frequency detector adapted to compare the second reference signal

to the divided signal and provide one or more up signals or down signals; and a pulse



30. The apparatus of claim?29, wherein the plurality
of switchabl e capacitive nodul es are binary-wei ghted.
31. The apparatus of claim?29, wherein the frequency
controller further conprises: a 71 second array
having a plurality of sw tchable resistive nodul es
coupled to the coefficient 73egister and further
having a capacitive nodule, the capacitive nodul e and
the plurality of switchable resistive nodules further
cogutaptomgletido therfrdaertcy deteotor,diee puise aconter adapted|to defermine a

.gach itchabl e resistive mgdul e responsive .t
PR e EBIE ALY USF PR R piegtls & Jonyy el anadipdipdiggof a
difF&ehde betvh $hesd PR Qignhl dnldehCRedHd refeRdtce kig@AISt er to
switch the swtchable resistive nodule to the contro
vol tage node; and a tenperature-dependent current
S ce _coupleed. throu rent m .t n
or s B A S e SN
and @ehpdcbe(@) coasled tocforrh an &XTbAk, ekt BS-tankSanHge sereear y
circuit or a plurality of nenory circuits. 33. The
coghgaptianef agrlurglity ehLErtankseigumtione coef fi ci ent
register is enbodied as a single nenory circuit or a
plurality of nmenory circuits. 34. The apparatus of
45cThd apphratwtoficiim 1 vberdeinett el exfierynceaedonatol Brsefeuted lfiem a group
conpri ses. a process vagiation conpensato%grthe

COBIPHEIBES? (RARMISHPOAEH ATRITEARIEH rESEIRiPled MigrOf lgtromechanical
re{oREBE.GRES Ml AANGBLyRIELAAdRI ed Lo sel ect the Tesonant
frequency when calibrated for fabrication process
variation. 35. The apparatus of claim 34, wherein the
rpcess variation c ensatar further conprises: an
46 PRSP Y 2Bl PP P TR RBIGT BABRUt Ay gaiValent to
an'TRERIR L F@MBle8do h@agddRor (€9ef fi cient register and to
the reference resonator, each sw tchabl e capacitive
nodul e having a first fixed capacitance and a second

fixed capacitance, each sw tchabl.e capacitive nopdule
47, LS e PR PR G PR R MG R0 i BTER EM iR Gince
plurality of coefficients to switch between the first
fi xed capaci tance and the second fixed capacitance.
483¢he apparaspd climd , whergindherammratyhis p slosk gpeergpur al ity
of switchabl e capacitive nodul es are binary-wei ghted.
37. The apparatus of claim 34, wherein the process
49v&h¢ aipamusaditiindatvherefntht frequendy cantrsied faeher campaisesay

having a plurality of sw tchable variable capacjtive
eHBY AL ESCORMGPIAtRS cobfed trethe a@pkiig & Meltage giosatesrcoyplgd tethe

refeficd Fefs@l{a%}f:ﬁ]éf fﬁ%@é’% 95riatl%ﬂ?:9mg¥ﬂs£tﬁp@&Jg?ed%@gﬂea@{"e?ence
capacl tive nodul'e responsive to a correspondi ng

resooetbf.i ci ent of the first plurality of coefficients to
swtch between a first voltage and a second vol tage.

50. The apparatus of claim 1, wherein the apparatus is integrated monolithically with a

second circuit to form a single integrated circuit.

51. The apparatus of claim 50, wherein the second circuit is a microprocessor, a digital

signal processor, a radio frequency circuit, or a communications circuit.

52. The apparatus of claim 1, further comprising: a second oscillator providing a second



38. The apparatus of claim 37, wherein the plurality
of switchable variable capacitive nodules are
bi nary-wei ghted. 39. The apparatus of claim 34,
wherein the process variation conpensator further
conprises: an array having a plurality of sw tchable
capacitive nodul es coupled 79 the coefficient
register and to the reference resonator, each
swi tchabl e capacitive nodule having a fixed
osciflptac butantcsigrah dnd a ingsle selectahcomplet] mﬁlblf@quapac:bntirwﬂter and to

th(%rﬁeggtlfqe Qséﬁﬁagqo t?llgl\h%fitﬁgggct%roag%tlgiFondtcﬂq%ﬁ}?gjg%én@l 50 Lhattor output
sn%rfé?tofﬁ#&ﬁde é?@wgﬂl@nmbﬁmepf claim 37, wherein at

east one of the first voltage and second voltage is
a fixed voI tage 41. The apparatus of claim 37,

S Gl 5708 S0 b Rl 0 RGO

relak@iomobeillhtor tohﬁfphéis@rmifﬂ &kiigtora frequency cali br ation
nodul e coupled to the frequency controller, the

frequency calibration nodul e adapted to modi f y the

r Y
54r’ ggeg %ﬁ)@fea@s o%ﬁ?@cl 5 nl.g'{heF &Z‘r}é‘rﬁc glﬂgﬁg Fagﬁg‘raéo?lgleb D the
frdﬂ;ﬁérmymbneoltdn ethé hfode s@itdsoraddaptyd of peciogichllcstamtsd stdBtheThe

ppar at us of cl alg 42, er ein the frequency
re@éﬁ“F?)F“é?'i‘%‘H TBrBEAYI oyt signals r equency di vi der
coupled to the frequency controller, the frequency
di vider adapted to convert an out put signal derived
55t Tberapipaentdsi afstaimdf &nrtheceompripig: a vevde sgedtiecdupledtto the
frequenc to,a | qwer fre uen vi de a, divided
g i on o o i aions St acBR e s eal Y S and Fob yiratsgence
reﬂin‘dﬂogﬁfpro%ag a%B@G%Q&vQ%%&r adapted to conpare the
second reference signal to the divided signal and
provi de one or nore up signals or down S|gnals and a

lse 73 qunt.er co ed to t det t.or
sef Ao SFrrdlys O Pe OB e rSobl i POy ep i tetprence
sigRt NB@iE 4 ReorRAREfr€fueh®Y; @n BMpEfidtBlisle®to O YTerth@NBschaRs; a
an indicator of a difference between the output

tempeyAlIe eompenspsorsenpiad ta e amphifier, die denaperatyee compensator adapted

B s Yan AT orHHEK Rl DROERE S 066, L5 e o

conprises an

proc@sd wiriatiam cdripdnaatlss cdubrd k&tﬂe&éﬂérdﬂ@éﬂe@@w&@tﬁb @Eedcesh variation
configuration of a pluralltg of LC-t
comﬁﬁagm PeanteHe mogify the eeseijsp fraqqqgcyowh@ Gailihsated fap Eabeipation

pré(%gs a‘?faﬁBFrﬁCf?eqrugﬁc%Wﬁér aoa%@g L EHE ?&eieﬁ%mﬁléogg{owﬁe frequency

nprising: a mc reso
dividercwayted (o divide dred‘e’steefemmemgmhhaahg theas@mantdrequamy iato a

cou c .resonator.  46. The arat ys of .
pliup bty ecopR SRR, YIRS S Sotessarmidint umiin SARRLERCE, (e plurality
of@e@@én’éie@@uﬂsyanﬁﬁllw c@a'a%tor‘l&)ver@‘fhn'tﬂéj#é%r&ht frbquefi®HRhgd to

a capacitor 2 The apparatus of claim 1, wherein

frequencasplaetar eriipied ta thej fmqnglcard@vlderre@a divayence seleapraslapted to

provide an output signal from the plurality of second signals.

57. The apparatus of claim 56, wherein the first reference signal is a differential,
substantially sinusoidal signal and the frequency divider is further adapted to convert the

differential, substantially sinusoidal signal to a single-ended, substantially square wave



48. The apparatus of claim1l, wherein the apparatus is
a clock generator. 49. The apparatus of claiml,
wherein the frequency controller further conprises: a
tenperature conpensator coupled to the anplifier; a
vol tage isolator coupled to the reference resonator
and a process variation conpgnsator coupled to the
reference resonator. 50. The apparatus of claim1l,
wherein the apparatus is integrated nonolithically
signak rving aswmbstantiatly equal thighanfl dewndatysiyelgl e i nt egr at ed
circuit. 51. The apparatus of claimb50, wherein the
second circuit is a mcroprocessor, a digital signha

58PTRCAPERUs ofl cla@fli50, WHE el MCHirsCrieFe@etict sighil ida differential,
communi cations circuit. 52. The appar at us of claim i,

subsiantinBy siguseidal signd): ang, theefeaghencoskiviferas Birther adaptei gy cepvert the
iEERR 50O AL s ) SR o R S TR Sy prave
sigtnblehasetgcurudubasmietlllyaq@erl ,hlghlwdrimeu@elyelet or adapted to
swtch to the second oscillator output signal to
provide a power conservation node. 53. The apparatus
0 =
SR D QeI bhoZ ot 8 Pl
andaglitchasuppressbd. The apparatus of claim1, furt her
conprising: a node selector coupled to the frequency
controller, the node selector adapted to periodically
60STRY 4 Qﬁ%s%tf QRith 136, fuﬁﬁétecroﬁip?ﬁmgeasﬂeéé QlectH cBﬁ;SWéI g)ethé‘
pul sé@ out put si gnal pparatus of clalm
frequertcli eelectonird s ddegseleatompdiptaiab podivide at:;duplhedoftcmetaheg modes,
fre ncy controll.er node sel ect or. .adap
the QR GG i Frou g1 o1 P& et EPwRERE £ BLogR e ¢ mime
anB FiRYhchey PefBOME mER) & BbWat doRser PRI - mae; anfih RAiRahedels,
conprising: a reference resonator adapt ed to provide a
first reference signal having a resonant frequency;
a I f e €
61 t ngrtreg%}lf) {atdsZ)f S%ﬁgghstg‘ ht?r Cg%ﬁ’rlfﬁg e{ ceo%?rﬁllgoe gs%ﬂl%#oq daﬁpc}]to

prév@deethadd $ighalk; ande @ﬁﬁhmhlzad(aptlﬁﬂut coopled tfw’ niode selector and to
resonant frequency of the reference resonator in
the gglﬁgHgﬂeospglaf%ﬂtbg p)é&cmoéuzagon gfqygeaggpt%}o, rgeqipnthe third signal in
reSORREH FRLRE qu-llépg]ed to the reference resonator, the
%r ocess var| atrron conpensator adapted to nodi fy t he
resonant frequency when calibrated for fabrication
ocess vari.a fre ncy. di vi der coupled to the
62) heapaiaiis 058 Hagéﬂehetrﬁ@ *reraémytg’t‘?& rt?@r CATPRIFSCHA AFRAENE t o
traﬁéc\ShH’d’ctJn'@@ arfnk)ﬁﬁér an§ f\&@\'ét%ﬂ?@\e %én?ﬂ@altu@%ghggnsta{b‘? id ﬁﬁﬂ&aardﬁpted
uency into a plurality o econ I'gnal s having a
to tmd 8 pomefit tgophuthahegayivefraiscenpienocesnpliffee iptespaise toy
te of eraltr equenci es substantially equal to or | ower than
THE* P Es0nant frequency; and a frequency sel ector
coupled to the frequency divider, the frequency
sel ect or adapted to provide an output signal fromthe
63p[ lmamppqagps clapp éﬁ,dwlgqr@h thegemperature compensator is further adapted to

modify a capacitance of the reference resonator in response to temperature.

64. The apparatus of claim 56, further comprising: a voltage isolator coupled to the
reference resonator and to the temperature compensator, the voltage isolator adapted to

substantially isolate the reference resonator from a voltage variation.



57. The apparatus of claim56, wherein the first
reference signal is a differential, substantially

si nusoi dal signal and the frequency divider is further
adapted to convert the differential, substantially
sinusoi dal signal to a single-ended, substantially
square wave 75 signal havimg a substantially equa
high and | ow duty cycle. 58. The apparatus of claim
56, wherein the first reference signal is a
differential, substantially sinusoidal signal and t he

guen d|v der__is further adapted to c
65 PR o 56 M A P AL PR i cgprises:a
coékfitleRf RpisieRhdapsldls tst%'f@ é fifst flluﬁa‘ﬁ%ﬁo@ﬁ?&ﬂ:ntﬁnﬂ%@ec&@‘ﬁlﬁlﬁht
a substantiall'y equal high and’low duty cycle. 59. The
of aprifisianteisr oyt artayi v Bg,a nhivelitiof binaey- wmgé@é ﬁwclwllee@pmltance

T e e R T
switChadid @baciaHE Bdndhthal g a fiNeaQGbRIRIYNCE ah@atv@:ﬁablé bepacivmiee and
sel ector adapted to provide a T{gl urality of operating

respeRdLs to atqqgefnoumgmfﬂémmféh ﬁSh@u%%@f coef tseeméSdOﬁwaﬁh
oo TR LRLAS 4SSk 10 M

camdaﬁewhsentrmdeltag@hoda' raseacpﬁaamay wsupdéd wlth¢ corbio) voltage node,

further caonprising: a cont roI ed osmll;}t&ﬁ)r adapted. to
thessegRdaray heking pét.lr@'rh%of S\aﬁ?ﬁaa edETIRHICEHFXRIGITR th G ficient
G900} i WEATRIRAELREL B 40, b A b
resppuﬁiﬁwtotarwrmtpomdmg|cgcfﬁlcxeninof thesponbgutadityt dfeoefiicpnts to switch
thei%*bgnc]%%alf?lg?ezs]isd;? ﬁ’é’ﬁg R3a %égtggla/%hal m 6,@n\9‘21€ter:ne1£)enrature dependent
cubrb@RSGRE QMﬁilél‘ﬂﬁR)u@HH lcbifré® rmnﬁrBﬂtoWﬂ@ie%bﬁH ihg . tenperature

conpensator is further adapted to nodify a current

t hrough the negative transconductance anplifier in

t t f clai

665 £ SaaRats e B B et eain S BBR Potntensior Fisfher”

comPaRdseslcdePriciomdbdivteradapRaed itoRaelethlidyRE co&ficleRBBCA array
resonator I n response to tenper ature. 64. he

i
hayipg amkiraléty of binrey-weigbted fwitchable eapapiHves magulencarpiaddg the
co iﬁ Q’eﬁ{ r%.s&:? Iﬁdr tZ)qlééo %férpr?ce rés%fﬁ{)ﬁ & ﬁ(}\ﬁt%%@é Qaléﬂaarﬁge ¥n%dule

haaidgptfiest fixed c@absdnaehncah bacohd fikal @padianceaéaihesmahable
resonator froma voltage varjation., 76 65, The
capgsfi e MM legesRONgIV rosBCOTRRRNG NG qoRKicieahplathe plurality of

cogi‘glg%t eg@&@ftchf Bé"tvaéb%ft & ﬁfgpﬁk?gcﬁ(?ag?éttan&o%fdfthecé ?erld fik j ster

to store a |rst p coeftrcients and
capacgawonahda fieqaendyycalibfaticroaibtiule Iaéa']:iIeB;t togehdrasitheplumyity of
%gvj nﬁ% .a plurali t%ﬁﬁOf bi_nary-wei ghted sw tchabl e
CONBIGITRE i FFERONSH ot Eaqeed EEiRIES &8 t he coeffi ci ent
regi ster and to the reference resonator, each
swi t chabl e capacitance branch having a fixed
67 c Blivaappargiis ©f a\gun a6, eldrein the pregeag varimtior cempensator further

comprises: a coefficient register adapted to store a plurality of coefficients; an array

having a plurality of binary-weighted, switchable variable capacitive modules coupled to
the coefficient register and to the reference resonator, each switchable variable capacitive
module responsive to a corresponding coefficient of the plurality of coefficients to switch

between a first voltage and a second voltage; and a frequency calibration module adapted



responsive to a correspondi ng coefficient of the first
plurality of coefficients to swwtch between the fixed
capaci tance and the variabl e capacitance and to switch
the variable capacitance to a control voltage node; a
second array coupled to the control voltage node, the
second array having a plurafity of sw tchable
resi stances coupled to the coefficient register and
further having a fixed capacitance, each sw tchable
to garrat the@luralitylo€ coafBsipun &1 regpanee @ acecarelgplenaicagignal.
coefficient of the second plurality of coefficients to
switch the switchable resistive nodule to the contro
68V Phd PEralRAE clafth 36 Awh GERRARE Gt RREMASIS sel6MEd 8 a group
sour ce coupled through a current mrror to the second
comprisipg: apgndurkes (bppulratapecior (€) wiupled & fonmeandiGrtankeesonator, a
process ariation.crngen ator. further ﬁoqp[iseSﬂ)anda
cei@BUY FPUNALHL @ Psganicat FesREY ML P T e g ARt Py ot
filgaRilf dcougRtrssonafdrarray having a plurality of
bi nary-wei ght ed, sw tchabl e capacitive nodul es coupl ed
to the coefficient register and to the reference
reso i bl naci ti A
o0 PGB Rhus i 61 LR e gR SRR EL Sk R TR pr A8 sBone
oscidmachitpnainak anda mokde edledidrecouplag actht iftequdidsélector and to the
responsive to a correspondi nhg coefficient of the

) g C¢ !
seqaind ioagillatyr. dre medserelertor adapiedite switeh torhe aacqrdascipgorfount
o $q@§§' : cond fixed capacitance;
S%%hgsgr requgﬁgg%gg%ﬂ%PgFﬁgﬁgnndule adapted to generate
the plurality of coefficients in response to a second
reference sigpal. 67. The apparatus, of claim56

g
TOwhs PRI T brage 86 sTuithsr camPERNg ek sessoreapRIpd o the
! : > , _ ¢
R PRSI EORPY G IR PSR TR Il AP Rshator o
prolide @apover cofisebiatian ynode ogh pelded aupitcigabl e vari abl e
capaci tive nodul es coupled to the coefficient
regi ster and to the reference resonator, each
715Thd £paRhR of aliR Bl SwkREAGL fehit@ne BPGE kigst VERARNAH YEcoh@ vBltage
~corresponding coefficient of the plurality of
isgbudd vadiaght s to switch between a first voltage and a
second voltage; and a frequency calibration nodule
adapted 77 to generate the plurality of coefficients
72| The SPRANSDI LRI 6320KENn heletdt ®AE Bf e GifdlvoltfB-andRecond voltage
_apparatus of claimb56, wherein the reference resonator
is p ¥argbleaoltage-f r om a group conprising: an inductor (L)
and a capacitor (C) coupled to forman LC-tank
resonator, a ceramc resonator, a nechanica
731 Aswdiaddast, geAerdiing Defeerice sipRaNBMgak et @R e 0&diMdtor, #tdefRrence
f.il mbul k acoustic resonator, 69, The apparatus, of
05?3|1%IP%ﬁ°5‘m“Sf'1$rathéﬁ’u086ﬁm’ P SPRAGHOrathe dssiing CoemIrisingt tsrusing the

refRfeR¥d ScNGtR SAEANAg a %?&je}\éeaslié?);al ISR cafib resdHafk ﬁ"eqtueoncy;

node sel ector couplfed to the frequency sel ector and
adjubiéng Beoesmansfedquertymf thet aferenoel eigsd lie casponsa daptpdratioe;

.switch to the . d illat I put [ .t
b ittt s BR0nR D s ey ime R iRl Rtrone
sighhls @hvih g 0brreshufidiReplubPitpot fBdgiBncidd, e Peurdifty € Fiefuencies

coupled to the _
substantially equal to or lower than the resonant frequency; and selecting an output signal

from the plurality of second signals.



frequency controller, the node sel ector adapted
sel ectively start and stop the resonator to provide a
power conservation node or a pul sed output signal. 71.
The apparatus of claim67, wherein at | east one of the
first voltage and second voltage is a fixed voltage.
72. The apparatus of claim®¥, wherein at |east one of
the first voltage and second voltage is a variable
voltage. 73. A nethod of generating a reference signa
74uthengethod ef daientk vdewiin thatreferenthagmabfser diffential, substantially

osci,llator c risi an i,ndyctor and a ca
SIS0 oG STHEE Pemaei it s SompEas BB LT ok I s Pal.
suSKeAMBIR Y §iRGsoRdal SicRAINE Singlettnaéd, Rabstandialy SivatddlAle®iknal having

resonant frequency; adjustlng The resonant frequency
a spbstartiielly equsd bighand lgmdutyickicleesponse to tenperature;

di vidi ng the reference signal having the resonant

frequency into a plurality of second signals having a
75CDkd AsRed of ¢1ginp 3 adkhck Yorapriding qeleftitiges,optting hodalfiotiya

of frequencies substantjally equal to or |ower than
plyrplity oé apssatiite medagubp elpraligyaf @@raé@gimfgiewlwdpmmeiw

f

coREEMATERRL MR, 4Rl Tk, Bk il Lo Enscrgon
madief drelragnilseahodesubst anti al |y si nusoi dal signal, and

wherein the nmethod further conprises: converting t he

di fferential, substantially si nusoi dal signal to a
763Tl‘f@|1n§th8@gle<qflm§7‘?% hﬂsﬁ Y &r%ﬁ‘i{ﬁg §'tlﬂﬂa§lgﬁﬁfim r@ﬁ)onse
a substantially equa h| g ow duty- cycle.

to thetougult eignadl ai m 73, further conprising: selecting an
operating node froma plurality of operating nodes,
the plurality of operating nodes selected froma group

77CRHEpparatiSfor g@ﬁ&&thg'm&k sfgral, ‘fﬂ%p@tﬁﬂlsfc&%ﬁ#lﬁﬂgya reference LC
reference node, a power conservation node,

regonatgeadapigd to m@wdme;hffgpmw sobstmtailmmgsmdaj rﬁtrsteeference signal

n nchr i n n
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capactb @ e gdtiye danscoR@ucaPpe hapifer cONMEd & thgreféreh@fIGT BRGMtor; a
LC resonator adapted to provide a differentia

terapasat rIOMPENSAtasicaRled Wahe Regative racendustaace argplifier and to the

retla%}%éqlg(g Zilesoﬁgt&n "ﬁ{ettelglggrgfﬁ?fp& e%lpa?or a%%ﬁ&? H)Cr%oéhg :«tl current in the
resonat or conmprisin capacitor; a

negtyatianohdiremco ndpkifiane eespomt td ieibeanud hebfurthet thenodify a
referen?e LC. resopnator; a _ tenperature conpensator

capasiipice 4t ths r?ﬁ?éenﬁebgtrpwatpf alrfem@aeﬁctpémeererﬁm A Prosessafggation

co;ngeﬁsgf%r OIS 6 MerefeercE. %o%ltor ttR@g;Jo@éEE 95@&t|1'6rél%ompensator

conpensat or adapted to noD y a current in't
adm@mim@lfyrthﬂsmmwmct afthe L@rrpi;anﬁtoe whem cal bsgeh foe fztbmlcatlon
er.ature .and furth itance

PR AR A BTy G OrP P L e e tes A i o
frequdtc9 ARSder APt foRBnveFOMALINGAE Bk A YRLRAcd QetdlBaving the

reference LC resonator, the process variation
reseB#d iggueangy into a plurality ofdlfferentla] or single-ended, substantially square-
wave second signals having a corresponding plurality of frequencies, the plurality of
frequencies substantially equal to or lower than the resonant frequency, and each second
signal having a substantially equal high and low duty cycle; and a frequency selector
coupled to the frequency divider, the frequency selector adapted to provide an output

signal from the plurality of second signals.



adapted to nodify the capacitance of the LC resonator
when calibrated for fabrication process variation; a
frequency divider coupled to the reference LC
resonator, the frequency divider adapted to convert
and divide the first reference signal having the
resonant frequency into a ptarality of differential or
si ngl e-ended, substantially square- wave second
signals having a corresponding plurality of
frequencies, the plurality of frequencies
bstantially e to o r. than.the.resonant .
78; KB et catharianEin sl SR BPRdR bR Rhving
res%HEﬁttﬁ%E]hé@&l éh Aeplaler Bd)@lbd&ﬁ Ghe reWndidhya FoulRsy @netoRer coupled
requency Sel ector cou to the frequency divide
to th@gesomtquélnfct}ve%n@wmﬁm@@mﬁ toelse0be fRsopant émﬂwtcy having
fro the pluralit cond. s
o Rl P 8 Bebishe 8% AORERAM Y 408 Pupi e o H&

reqoh &, e faecfubﬁ@ldlﬁlldglfhiiapthdllfd digida the RSOl bﬁy’ﬁgmermyc,
an anmplifier coupled to the resonator; a_frequency

frequency antp @rplwality|ob gecong sighals hadrmhaewrespending I?‘é’éﬁ‘UEYany

freﬁgmcfeg,l tlhglb u?gﬁftof ({1 Rn&E s%% taﬁtﬂﬁ’l eﬁﬁeﬁ R&BE lowefeﬂ\la{ﬁ MMeYfirst
aving a |rs uency qura ity o

frdquany pancl efequandyr etpuen cyupﬂed/tbdlear fraendyedlvider, tlteefrequency

esonator, the frequency djvider adap to divide t
SCFF%W@WW a ma[npf@‘ert H xg F@wuppfeéﬁhethefreﬂwsy selcctor adapted
to gfdm' dntcmt;ﬁ} siEFAIRH Ho Pty B fa@yecegd fefifir esponding

ural it requenci es, l'urafity of
frequen0|es substantial ly equal to or |lower than the

t frequenpcy;..an fre el ector .co
750 KBS SopatpiBat s TS aurer e R S AR SaPBES BT s ond -
figgonprising a multi plexer and a glitch-suppressor, the

requency sel ector adapted to provide an out put
signal fromthe plurality of second signals. 79. The

s BRaprutEs SomPuse iy plfigf braude S-Sy BRD BRuBL -
rewﬂﬂmrﬂe‘qUMy, #h drSi IR bOpl@te Rlcesdratopy Mdiateqaer dyr c@htroller
signal having a resonant frequency; an anplifier

cogplagh foetfe fQﬁOM’ﬁ@B thedepanersy coetrallenadaptagiie selgct dlomiepaianter
fre g%&%gw%lg ecﬁﬁgﬁzgto?é %‘tﬁ%ﬁ{/ bf ﬁ&g.%ﬂg %sc %%Jq%lehc%)’controller

cofriprlslhg fa @ﬂﬂhﬂ’\&m re};ﬁsta a[dhptécaiol sitote affirdt pagalep of eﬁefﬁtlbﬁs and a
freq ugncy control | ing: a coeffici
firpteagiax naYing g AR EHY 0 S PRRe 52pac e nmduleéwwe%ﬁo the coefficient
t y of
G881 R Serdl, oy I RLRLAPHI A
cap@hridecaneé atvarlahég_ceqﬂea[anamcéad:kosvtd‘ehablesa:paaitlwe moelalel’responswe to

sw t chabl e capacjitjve.nodul e having a fix
o HSSOP B S RO o FbP B0y aor Diieats (GaRiich between the
fixeWcAa0RdHC e 2R PR Gt AN € cAPREiNGe ARBBARSLY @ac'hQ/arlﬁ‘ble capagitance to
corresgondlng coefficient of the first plurality of
a coBEPlfotiPgENMt s to switch between the fixed capacitance
and the vari abl e capacitance and to switch each
vari abl e capacitance to a control voltage. 81. The
81 apipeapptratusof claimiso) ﬁlﬂhrenﬂdﬂl&rﬁéqﬁeﬁdy&oﬁﬁ@lwe‘ml}er comprises: a
trol|er furth npri ses

r c a
secong array having a pluraﬁlty ofo switchable resistive modules coupled to the coefficient
register and further having a capacitive module, the capacitive module and the plurality

of switchable resistive modules further coupled to a node to provide the control voltage,



second array having a plurality of swtchable
resistive nodules coupled to the coefficient register
and further having a capacitive nodule, the capacitive
nodul e and the plurality of switchable resistive
nodul es further coupled to a node to provide the
control voltage, 80 each sgptchable resistive nodule
responsive to a correspondi ng coefficient of a second
plurality of coefficients stored in the coefficient
eaclegrigtheble rasissine toldulemespsmdivecthalvogrespeading icvelficiendafl asetand

the cantral. vol t age node; .and a tenperat ure-dependent . .
phisay O POLBiPR stontin O CoEFRGa el Lot PRRh if P BIRpIy resistive
médife RRECOMA! | age RSde; AN ARRMe A HE-deFNIBHt BIBSL sofrce coupled

resonator adapted to provide a first signal having a
throgglom awrrent magrorstndlye seapndaaryslyi fi er coupled to the

resonator; and a frequency controller coupled to the

resonator, the frequency controller adapted to sel ect
82t ha appafuarbmpfikiagUuesshaih adaptdl o pEai@dh fiRdt signal having a

fabrication process variation, the frequency
regpoprtiesapency; aormpplifier aeppled te sl fepanatont and adyesiuencyx@ate

T8 BBy SRR LS 208 .
fregaetly@rheh @alitbreted daf fhbridadon proegys Shigatioanthe fitequéniae controller

resonator, each sw tchabl e capacitive dul e .havi ng a
copiprisingq saséficde el tterndaptahty siore 3 oluspliy of sesdhcients; and an array
ha@ﬁlg%g}lﬁrglﬂg%f s@ﬁ%bﬁvﬂagml odiﬁ’é%%%?élbd’ & MPAM ficient register and

responsivé to a corresponding coefficient of the
to theuesinatoy, eath ooiethhble icepacgive mosluiethahing atfisstdixet] kepdcitarse and a

fi capaci tance, and the second fi xed capacitance.
segppd Tiged SRR Besact: BB SRV caasi oS PR B I £ o

coRtePohdifg BodrbitRht (ﬁitﬂéqﬁhrah%y(gffbgeﬁicieﬁt%stg B@NEh bdtREAHEME Yirst fixed
an anplrfier coupled to tthe resonator; and a frequency

capapitanas| and the scoupl feckdtcapacitenceesonat or, the frequency
controller adapted to select the resonant frequency
when calibrated for fabrication process variation, the
83f AQQPERSHs, COM Fi@ih?ﬁires&ﬁf&%daﬁﬁéﬁgb pPoveded filsE4i8MdI having a
regi ster adapted to store a plurality of coefficients;
regghantgrequencayan anaplifieg ceuphtdip dhd tegongforisandiadiraiybrey controller
! I 5 I t h oefficient
cof 5 BRLErSRARF, MR B BBl b B
froqaércaivien caliiaatel iforefalRudtib e proess 9 msdtion, the fidquency controller
corresponding coefficient of the plurality of
CORBPINg i EiEcians reghiteraansed (Retate a plurslgy of eraffigjents;and ag array
he FE RRRRY ER 98 i ARIBRHAE AL Toflle LA QR R
registesarili ta @t resinh@geactBSvitchhiele aprietiatapacitdie mbauler&Bonsive to a
wherein at l.east one of the first voltage and second
cogFgirPagas crdligieqtaitgpluralipi %fégéﬁcgmts K swgs&aqbeém%‘raaﬁﬁgyo'wge
an8 @R vhBaged resonator adapted to provide a first
signal having a resonant frequency; an anplifier
coupled to the resonator; and a frequency controller

84. The apparatus of claim 83, wherein at least one of the first voltage and second voltage

is a fixed voltage.

85. The apparatus of claim 83, wherein at least one of the first voltage and second voltage

is a variable voltage.



coupled to the resonator, the frequency controller
adapted to select the resonant frequency when
calibrated for fabrication process variation, the
frequency controller conprising: a coefficient
regi ster adapted to store a plurality of coefficients;
and an array having a plurglity of sw tchable
capacitive nodul es coupled to the coefficient register
and to the resonator, each sw tchable capacitive
nodul e having a fixed capacitance and a fuse, each
sw tchabl e capacitive nodul e responsi.ye fo a .
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reSo8it L&Y Sart SnPIRRR cGigi&dtolind J%?orfa’fb??andsﬁfrec@@ncy controller
apparatus, “conprising: a resonator adapted to provide

coapled testhe sésgmatdr, Hevfraggeray cortsdieandaptadequelngythe weonant

anpl i fier coupl to the resonator;.a tenperature
RS SR OTRSE e Ao hEr oI pr i R GRABeeH gontroler
cofPSiSiAgt PEoeflidignt &M RAbHES 1CRER PR IR oRdedTHigients Qand an array
nodi fy the resonant frequency in response to

hay mgpa welitye swiehablergapaciti (erreodidessenelad & the eerfpeiest ragister and

coefficient register adapte star fi
oeiprel B b Pk EanPURE kBl haBh BT dn shitharpegpd
fuseQ edchisGiitedbde capaditivSioduile assphraniend a@opédpoading Yoddficient of the
bi nary-wei ghted sw tchabl e capacitance branches
plerality|od goefEicients i eranfaitepib He figi ster and to the
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compensator coupled to the resonator, the process variation compensator comprising: a
coefficient register adapted to store a plurality of coefficients; an array having a plurality

of binary-weighted, switchable variable capacitive modules coupled to the coefficient
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register and to the resonator, each switchable variable capacitive module responsive to a
corresponding coefficient of the plurality of coefficients to switch between a first voltage
and a second voltage; and a frequency calibration module adapted to generate the
plurality of coefficients in response to a reference signal; a frequency divider coupled to
the resonator, the frequency divider adapted to divide the first signal having the resonant
frequency into a plurality of second signals having a corresponding plurality of
frequencies, the plurality of frequencies substantially equal to or lower than the resonant
frequency; and a frequency selector coupled to the frequency divider, the frequency

selector adapted to provide an output signal from the plurality of second signals.



