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FREQUENCY CONTROLLER FOR A MONCOLI THI C CLOCK GENERATOR
AND TI M NG FREQUENCY REFERENCE FI ELD OF THE | NVENTI ON

wdbmepossent invention, in general, relates toPCT/US2005/034020

oscillation or clocking signal generation, and nore
particularly, relates to a-flrequency controller for a
cl ock signal generator and tim ng/frequency reference
to provide frequency control in response to variation
in anbient or rati tenperature or variation in
ot her par anet e?@%@! Q@ﬁ?g&éuﬁ E@fetcy, age, and
fabrication MONOESTHRACKGRGUNENIFR ATER ANBNT! ON
Accurate clock,_ generators or timng references have
general Iy reli M]H REQUENCYHREFERENGE, such as
quartz oscillators, which provide a nechani cal,
resonant vibration at a particular frequency. The
difficulty with such crystal oscillators is that they
cannot be fabrica me integrated
circuit ("IC") thg%]g%)t#gﬁgg @ﬁ%ﬁ;ﬁ(ﬁ‘? their clock
si gnal . Forhe @ieasrs linventigng ingsnerele datesgo ssedlhatias ot Heckiingt el
Bemd | : j clock, |IC.
R e BT ARG PuAREREA ey 165 ook
signal peneenter|apd Kmélelfregiuenca geferers taprovfdefiehigncg k@il in

ot : | .consequences for such
e o aera A Snff R & R BRI I S huat i Stich o
prraeaiers suchmg yoltage, fogneregtage, dnk fowightionpradesie Circuitry
(such as on a printed circuit board (PCB)), power
di ssipation is conparatively increased. In
appl i cati ons BACKGROUYND ORTHETNVENDMEN supply, such
as battery power i? nmobi | e conmuni cati ons, such .
addi t i onal RBHE FIogk LSRR o M iBg ErferERare havgizenarafly relied
pddl ictyis@hoscRlas, Reh-ak GiRGoaiRAoS AUMEH BHBSide RYnebBMttal | NT
an aqdl.tltonal | C. increase s;igace_ and area
FRgET VBRI 2t 2 pirtieianregHenche Tiechffisultyavith isuehtanestal
dstiflateizdsithpr taelucahnot WB itfichted &l paf of felshiiB fHidhatciNRRI | €
g&v,kron.rrent s,. Moreogver . such additional conponents
G157 Ba6is toRerdrivar by theti glogk sispl o Bercpmple cmistaprocassomrsuch
aa i ThieDPekium Gor &BeSsor Qﬁui@@@kh&@&a%g}c@f@ ﬁ§§§&g£z§1 ndd th
the primary circuitry (such as a m croproces ors.’
"&LH‘Q? CHrH ERC U HBYTEENACGitiate Rloplasignab eagnirgrandiitetdp elsck
demdr@gf ated circuits with other circuits are generally
not sufficiently accurate, particularly over
f abri cat i Difpt ¥e savsral gasisequgeces &mducharopentagratee s¢luddAE" For
eNahpiatp ' el axation .and phase
O 5 PREERY s bl el R P BT e B
af o 2 gidted ¢ieowl daarid (PUBY) yposepdlisSeetion issomipaitati ey icheqd. In

abpIRARHR Iw%iéﬂfre@rcﬂ\éifﬁniitg go&el}%upl)})il)% & R gtlflerr)gggwer 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
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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w@apahoise4 y or data communi cati ons.

required in nore sophisticated electronics, such as in
applications requiring significant processing

cl ock generators or oscillators often exhibit
consi derabl e frequency dritk- jitter, have a
conparatively |low @Qvalue, and are subject to other

@k&%ﬁf {d1QRSE ahd RMpBRNLSE(“BNTOtaRglions NF&T dxiBRCiEng, ASaxdtion
consequence, .a need renmpins for a clock generator or

endrplige Pk epcillders way erovidsy clnek signal grisablsgfor some low-

mmvhy Bgr)];q ﬁhdldhsvuu& hav@tbgﬁ{m&ipﬁ@lé' bf pryvid@g tiee h‘i%l{bg b&ukdy
accurate over PVT variations. Such

aeqwe«é;w YR é?m%!ﬁateé elegtiopicsy spd¥asipprpdicalings reguisivg
s gﬁﬁ‘cﬁﬁ’t'ﬂ)%c@&n%@pz?bﬂht{f of BhLERMIHAAtio In MR tHRQE clock

ui re | ocki ng or referenci ng t o anot her refer ence
gp@em%wrs opesHlatore pfisaiexbibii epnsidsrablsriragnericy griftefitter.drea

?gﬁ%elrgm%m%w -vgﬂly'aH@Lre sﬁtﬁ@dt' r%ﬁ&grt%lﬁgf}l g%f‘eeanfi other

arativel |OMIJ Itter, ou d
apgiférer®ei ons requiring a h|ghly accurate systen1c|ock.
Such a clo r [0 .. al so
orovi de. mitt  SEcBhe fleaberiichor ELENCRRERRB Yl
mefelenceavtrief ma;ebccmtagmmhel m@opm\waﬂy deh sthevatduory, avadenglald

at aor _or
A RGP PR Eesa ™ B9 5Bt 6 RERER B ydorming
otftfende showld be freg runhing pnd el thefegensing)odnd shodd dﬁseq‘uﬁé locking

fr t t
oL ﬁgéﬁ%?%?%ﬁ%ﬁ%%?@afab i Plopk B S i lese regee
%hkﬁﬂld 8Giblohindgd frefaddty Atk bR haPe OGRSBativelyaGw §ittely andshduld

age.. SUMMARY OF THE | NVENT] I n various exenpl ar
DRswtblrent appligatians fegurRg 3 hishly G6qUERE Sygteft Véaffl&e ;Eg‘ﬁh a tlock

GO A& dr@imiRd R fRerce IRAIRIY RoGTREIHPRIPErafi A mUER, ihfluding
provi di ng open-1 oop frequency control and selectlon

Ppetock Mogy4 Fferespe mpea PRYRITTORY T EHEN B8fe apdt Brlawderedy:

¢hasKsB8RRIRK %Ene"f‘eﬁgr/ d? kinfind e fekdide S108Id\ JrEAYERE Yontrol over
ref éfence which is qwh¥@accurate over PVT and aging.

(ompprbf)reqylgrrqya@.p@%gdeaa(fd Kesd fisauengy ¢ B EERoaEf to variation in
%‘B@ni érphl&%l)}l ¥ eFaﬂlrQBh%Flat%n 19 Witef yararﬁé?elfs QhdR aQ voltage,

singul ar integrated circuit. No separate reference
dabrichtiantpoecesss frequgnéy; el agkhe vari ous exenpl ary

enbodi nents of the invention include features for

hi ghl y accurate frequency generation over fabrication
process, vol tageSUMhﬁAR\émiéTHEdNé’ENmN) vari ations.

These featy Vggo‘gsne%e%&g fBILGRGY dhY n}v x%lo%rb\‘j'\%vsfc?ﬁ%%céeg&égmy

and conpensati e guency varl
coantseldr ghden thmpcﬁatp&rcmmq)emsatanﬁb/r ose i ptavaljes dendeapatdqoansy

ey 5% <A R EhPuBle BreS0Tos GROAHECRaHBF BpEE”
@Womﬂm a Gfmingdwndffregopnen ﬂ:yerml twhédhliehightfy atcheatp oes eNtT
%gggrtlgl) JA@ lﬁ%’rtloaélfp)rrlsow d%%eve% dl i nr1gnnothth|c Yly with onher
circuitry, to form a singular integrated circuit. No separate reference oscillator is
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

I n additi oPCT/URIS®034020



di screte and continuous control are provided, in rea
time, for control over output frequency of the

wo eaeAo01seni ng oscillator in |ight of such varietT/O8®05/034020
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In addition, such control is provided generally as an
open-1 oop, w thout requiring3or necessitating a

f eedback connection and wi thout requiring continuous

| SEnReriue And/prevodiged flucatagionst fabacutibi process e AI06E afd %ﬁhons

| Ru@ige QR theli L‘tg Y ﬁ'c‘?cl:JuSl exenpl ary enbodi ments of the
I nvention provi i gener ator and/or a timng

and frequenbye qxelhphagzrmﬂaobmﬁnfsg)f thel e dn@y efRFoRL ({Tghe present
nqg@ es..such a ower_ conservati on
ﬁ‘non gg@ &gsgveral @ ff %H%’ﬁ@é‘ ﬂg'ags of cqptrey. b or exaaple, both

nrdtgereteland egidintowrontd) @revasviduds ind o Gicie R Esn R BYdr Y6imut
at d fferent frequenm es, Ahd

LS
%@‘{eﬁéﬁ?f%‘s PRege S a{ﬁf i WPE%'Cémrﬂ%nnsagln@édnmlauch

t begel ispravided gohegalp) as an 9p&@Plobp, SAMbhtYequlifits a&%&&&i&tmg a
s of the invention generate

e odi ne

s feﬁ‘%afe 8%15’?%“5% Wé%‘?f‘ﬁ é‘f“élt’l“%PVWP%%'@éﬁq@féh%gscnlbtsvc )
aanother tefi@erlteRigh@ds of MHz and GHz range, which is then
divided to_ a ﬁ urality of |ower frequencies. Each such
di vi si on by"®@ ‘“‘(“athleé(?‘i‘%ﬁ&?‘emﬁl%mémboémeats ofthe gnvehtion

| proeiges slbck @etatct ahdoa érhﬁ@ bhd ﬁ@d&%n{%‘%%?encr:ee ot IdWQPP'e

wi t h phase noi se reduced ase noi se

r YYIALiag "Wewcluwganqﬁeﬁ%q a%mcever t:bn‘-.sel\x/amomuedeex elsplt MbYe,
eNRAMHE Hode, Ahd b BRIsdHERL ult i significanty
l'ess rel ative erlal gd{m:&%}t eh?qungoﬁ' 6‘?% |’°u8§§'|%f’ﬁfh5’?6tls§m“de
t'RElfiplg SHPrEtiEna sr@édtffewt frequentiieseaidipyovade ToWrlee@dy and glitch-
[FRANRAANG BULELhLERL QIS l1e var | ous apparatus
enbodlnen S I nc & 'a resénator, an anplifier, and a
frequency S8ignificaitlyethe vatidus Iaxenmlariy Rbbdite 8 bF fd $nvention

es _such a.te rature,
SRR T 58S i SERSL bt epunres o
WiHz angbGHg mnge,ovhldrnslﬂleh divedet 3@ € plaANBETIG Q' freqBEhcRYCEac
uency divider, an

( i ensator a fre

shs *{“’*B'a‘éﬁ%%a@e LRGP R  grfiainieesy fosels afsigﬂ!ftcant

suogn sdduttani wigh aharses@&anaauc%a BAINGAG ¥5hasé\n5i§&]9&£étrwu‘é‘ed
requency i1nr espor?/

A%rgpc%gsseator algé usts the resonant

{0 tENpar ATt VaRK $REPERCTRE Imeats Athednvandap easelainor

a@plfshxﬁlytlhse rél@H@pRA fithe? CHAR BM¥r bs@ﬂfaﬁﬁm&?@nér e their output
| on ocess variation. In additl

dg?‘itfé’l% hapHsB dieuenex mulipligations i ncl ude a frequency
dl vi der tor lﬂ:l\)éh&@s dppfradui 5r§l§od§h&f?§a1lnclg@evé 9% ar})e ann 3?

Eenc into a plurality of second si gna CHaVT T

8’6 4 @"?ﬂeur"éhl?l‘tlya)omclpd%w@nmoemomntm radsdilles such
SR pBrat aé& Gy

fr eqﬁlgnc;l c‘ﬁ & Jﬁo%ésqtagﬁﬁén Jsoe gré °§tﬂg '\5‘?18@ an
g Yue %ﬂeg;ﬁﬁllpe’fsﬁ‘@matl Age (Himg) wdriatign cﬁmpeemda feqgRadydivider,

diten fré REMSRENCSE! ’ﬁ%tr%'é neﬁafypré\}'f&ets tgﬁ‘rrst S gnall'navmg a resonant

?|ItCh suppr essor out put
requency. A temperature compensator adJusts the resonant frequency In response to

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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W@ ouanesyave or si nusoi dal

may be provided in any of various fornms, such as
differential or single-ended, and substantially

of the present invention provide an apparatus for
frequency control of an intggrated, free-running

har noni ¢ oscillator, conprising a resonator adapted to

I
RrRyhdey éécwr% Fl%wag% ol s&gglgfgo;n?ﬁ@@ﬂmnlr; bERUSR NenaR
&bmfm@lenwetea@e may iﬁlrﬁespolnéea glaclawpbeaswr Bineoytart aigedler
ters;, and.a fr n

Blsxe BBl bR RS e B el T e, e
Buistana':tltyrsguam-lv\/favd: dme;nfusmqalency controll er adapted to

di f t t ed t .the.resonator in
Tosponse  DeCHENERn GHEOGMSAG! IS Phot ¢y SEhes eCgreht

ﬁppamm&rfoyfreq'ﬁhmy%hmf(ﬂlolf iy inGdgrabal; feRfudhiBg Aoy dsailth@r,
and conpri se at e one. of .t he nghlomnn par apret er s

CUHR TR P PLIIAPEA LS DHVIST bOBL S B\ b e TRE ey 2

addora@eptéd tofrovidd AREEM sidnBE uch lafla Ecﬁh@roﬁ%ﬂlﬁ?& ah Vesponse to at
nbodlnents %he frqu$ncy controller is further
%ﬁ% BrregethpRfiamurality of prepsiers 31d adteaniisy sontiolprrpapiee to
IRl arﬁiQ:@Qﬂ;lﬁﬂe to0thé Roraly O me freqneﬁ@smﬂgﬁertaeaataﬁo
second signal, such as nodlfy a total aci tance
ardify a reagiapss glcaient spupled frothe esspis A Reresapishie by ¢ spaend signal
EPHBiFy e Fe@oﬁah@fréq%&%aﬁﬁé lQFallgE(ﬁQHBHefé% dré Qama'bi}eand
resonator a fixed or varla | e "capaci t ance, fylng
semprse atleasy ang efaka pHewing parameterse é@mmre,bfybwrlym PrgCass,
\, L l.gcted control vol tage, or
2%%62#8%?@ ! Q%é(? ¥ %Igpsggﬁﬁnguct ance or resistance of
t he resondnde quple@mrb@émteotst the frs@roepcopirgliealis fugtherh
AhpRY (RURE) DA iddVad FROOARBERL. HERANBLIG HhaM the
res@amr ancc@onbentoolndmnmmlmtgndll sehis modhlfjhflgat EJ!tEtl icapak ifance of

[ size eact apces, su i abl e .
2 rEONES R esBhPE Ry BF SEORNGH, sBTie B nd R Eu M G pesouoting
fremohmrtemhatos H\Aﬁkﬂfmd'atlable;)dsapﬁmtamteampﬂ1tﬂylﬂg art M‘fdﬂﬁve reactance of
gﬁ b sel, ectablq@contro VO Itqg or bo or
é‘?f‘BP O ty AT SR A D TR @ STIFEd SR kP LR ég o One

aIul\fEﬂHnﬂy,\lﬂcﬁdlﬁbig&m Gt&ﬂlﬁﬁhéeﬂfrsesmnwofah@remwr @frebdnd 8 the
reso ato y e var.i ed Eé swi t chi ng e one %r nor e
SFAPTLEE b GRS YG?‘éP“P%toat EsRfasgr eeaﬁm te 10} the grsonagr a
fixdl di varidble/in@lctmea bif redistik ﬁﬂﬂﬁer eBdimehtd gilff&entlally
dleerentIy or differentially %gted ef fective

Peighied Acsiesd e e sh %@ﬂﬁ@g 3PaEiEYS (VEGEIORLdR# ke switched
Pl b thy re@bnaldr XSG tcRAPB Gk Fr@fﬂ%gﬁ.lrélh?ﬁf e fdh, E@é&zﬂ)tle control
bi nary wei ght ed or ot herw se ferentially ed

¥ligaesi o1 kody  Farayanide, diveniacted eﬂ?@O@lﬁ@ntﬁébwmtwetoégne or
ma&waqgo@cgaaf&semcﬂ] s @bufdd & HRILSASY, r@Q}nf)J @meg @gd a

varactor coupled to the resonator may be provi
fvitehing dhesqne © proreovarigle capgeitorsfo aasebt:tad a¢ntltoyvcajfage ofa

Qm éf)clf\é&lnﬁ@ggl gey sﬁ@n%mdlﬁﬁfﬁt@ e%}ﬁigll Weighted

ture e utl mal n
effectlve 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

The exenpl ary enboriTES1085/034020



constant frequency over such tenperature fluctuations,
and whi ch provides a continuous |evel of frequency

w@obnoels24 | n addition, any of such control volr@Emes2005§34020
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either vary in response to a sel ected paraneter, such
as tenperature, or may be comstant with respect to
such a paraneter. The differing weights of the various

r ecﬂfégésnﬁrﬂﬁzh WhridsiiZ REpdHBY toh&nﬁém%' which Ra@ bl Lﬂﬂfzﬁh kd dx¥a19{am a

forns, such as binary wei ghted, 1inearly weight

mﬁe‘?"@‘ﬁfﬁé‘&qmr}cvPz?rﬁgclhtﬁeﬂp%rﬁwrﬂ%@ﬂmm@ Vénﬁeme\'ld@sld of
WEHnGiRu ik ®veITHed@nedl c Sl Vlﬂlagcﬂ or@ggyﬁf ch cor Cfafhoqt%g{)s%ay

of. the present invention. odl
t @ithggvary |ndggponsgrig a SQ)@FWW?@TC&HS@CM@S tbmp@dtua:s okmaybe i n

t t '
A e ap ST re BRI HAGRER AR, SRS <o
areadanses Wiizeshinayreq embodieddn 4 vhurahabcbfet‘érmneamh agbinary weighted,
C var, th respect.tq the
Slgﬁérlcl:)tg{é&é@gtg? ?ﬁgegh 'Jﬁ Rznp§% tl¥er lagsu]\!av*nl)? éﬁ]equpaﬁ?ftvg}.ch are
roneiderkd %umémsartdhmhm ths saopp aﬁlhé aresent d@eﬁndmot vary as

2‘422?% or 13 p BRI R ke e i i e o
daewn\mthy agswigh ffined? beiig mfdexampa tcﬁdeahQJohﬁ@ﬁed 8atAlly to be
w || have capacitances

G ﬁry‘“agrm%espec?tﬁﬁé?'e%ﬁ ety r at pirbIp rRRagig configured

\@neradﬂy torbe vhiyirgddit regpact 18 tHels¥leéle £ pRARLOTF oF'@%nRS?e a ﬁxed
a, varactor coupled to a constant vol tage

°8P3°é9<ra?r?ﬂ?ré”y RS V5 15 CABRGi{ance loen ot gy an finciiee

tabﬁl&ﬁl VoRiideDWhil€d VAR CANCRS é@diﬁ’ct&?ml?l’fév% a cgﬁacnance which
|ustrated and as dji scussed bel ow, and wh I'S nmeant

EhYaD B Ractior ohprplisd W?lfaz%dBothrhWéeremeh’mvarayd generally

e GV BaPdciande S R hich OB A0S YurE QO SrFhdRAt SR odeld %eﬂ]%{lon In
@8(:?‘8r|se a coefficient register aapt to s

o, BIfxpdhpaPRSitas may befarmed asw warackar@oupléd stconsarayoltage,
havdxmdpid. Rhosedk sl ihe SMLIFR n?ze(fﬁegé‘%cﬁous glrcfunbsragcets and

coupled to the coefficient redi ster and cou
oS ap Histented and e disquissadiglome ambylae jist heamt wbejulueh terms
Raviiitge i xed capacitance and a variabl e capacitance,
each sw tchabl e capacitive nodul e responsive to a

cor r espondintly eemblicingmtinghts; the fileijueaty pdnttoRérirhay fafther

It
Eobiech bRl EREITER o 5 gl of SR erE: o o
Yizst pradyl having papdiralitn oésWIl:chablecuphcnm'e m@ddlageupla_chﬁ the
I t
R R S B e

baympga ﬁ)@da;am(mmcd aed 4 eatlabﬁ\éhpfagltz&lc@|eHélﬁdv¢licMaB?é capacitive
sistive nodul e coup

able.r
A0 PR S Fistebondng CoiReing ot e irighuse gt fioiats
nmmcle betivaen thafiagi dabaitaiRAnd the 3BGatIN@pRitdA&! dnli Yo Qfitch
l e resistive nodules further coupled to a node

%38 6?%@?%"@%%%“%%? FRItrol ¥ltagey el heplyrplits oE swvisshpble beraritive
MOSu16d raAChe Bkt -Se[BRROMRE HEqubftyRoRPSIFRRY %H@gcomprlse 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



coefficient of a second plurality of coefficients
stored in the coefficient register toswitch the

weMobabEskd e resi stive nodule to the control voPeEYS2005/034020
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node. In selected enbodi nents, the sensor further
conpri ses a current source fésponsive to tenperature
wherein the current source is coupled through a

CawifcR fte siWiitchiadle reSistivaenHBRANhe ABALAY vIR1gH ‘ﬁG&‘J % @el&!?&l
c trol voltage across at | east one sw tchab

odimens: the geNser Hrthericemprises acprrept &ﬁurwsp@hm e
rt@ﬁb@htbi‘éewm@ﬂ'tﬁeseuréhtss‘éuﬂcg isxBLREd fﬁ%uﬁfm QiR %ﬁor &R

current source has at |east one conplenentary
aksdgtray foeﬂ?ﬁ%rf‘rﬁtﬂﬁﬁ‘é’“(“"(fpmge)“@@wtllwfrfmewwnchable resistive

RhGREY it Rirali ABSRHADE rés?sﬁpeelrn@ LHéSeA(SO R &ccked

conflguratl on, proportl onal to absolute terrperat ure
<ibariEen(s: thy aarpen) squsteftiag eirleast ane cowpleoontbiyrtaibwhse of

tt@ﬁﬁe@atﬁr‘éqﬁ¢ﬁ&f’3tcbﬁ’f§1r#oﬂ dﬁgﬂjdn]gdngnb &?ﬁe evﬁnﬁ)tg%t]uzg& PTAT")

resistive nodul’e o Ity o
reesfigirgtipa, msgaitiosaliasbsalutti terhparante st]nmmje(l‘ ATATY) cafiponsen,

09 Eo@blﬁﬁloﬁggf}tﬂﬁs%% Etﬁéﬁo—a%'tlolng [g g {l%r}e,ré?ecg%watf%%erregftwle e,
pn@ob:sﬁ thevpdirabity ef S\amabletasisblvaﬁﬁtﬁmers hanal difRrdne&mipbi@ture

§§s?>8&gf§r'ags@%ctedgur¥ee ponse to variation of the selected
neter il e, the sensor may be a
y

t enper at urka omlrer\ménﬁ;ﬂ;ggz eMOOdMENt8 MKk séAdor RS farang&cond
3{ in res e to tenperature or voltage

P%\ta UG PofrRe: YORPET A& Sl TP rRBA Marisdle S&F%‘E‘ sighel inde

aespmakcﬁgariaﬁondbtghé &lec@PuRmeRf; fGQRBNEN, the sdnls RERY
ut put signal in response to the

rovi de i tal
ge@a%feaurg Pbﬁgia gﬁ‘?&“é" waites 1e spoge sispal o respanse rieraparature

bheol@p@vdration Ut ke ested BabodiRedtBayf AIES Fncﬂhé' 51@!11{&‘(%-'[8 fai gital
coefficients. |In other exenplary ‘enbodi nents

F?'Baﬁ%rr?eyple%m%ﬁn@r 9 previde R digiphnuinsbsigral pr sepesse to the
Y@ohdsifo A0 AREMRAIRIC KIQURD @&Hv@rt HR u%ﬁl 5&?8@%&19&0 %%I‘St

adapted to _nodify the resonant frequency espons
P@”@“ﬂﬁBPF%SEPEn process paraneter of the plurallty of

par amet er gy o%?eﬁ%ﬁ?fﬁyﬁqﬁléﬁg fHe f&ﬁ?&?? 25 ttr%trllgrg? i/tger

further conprise a coefticient regi adap
SQBpriseya moeﬁsawmaylomﬁommﬁmr@pmalse tozhlresomatur bad/adapted Ry

I e ca
ol @k el ey BRI B BR B R PARRGCL 1
P@%mfwrammdﬁ Bwplr@habdasatmpampénsmer ey fireha@viphige &
i.tance

Edeifcie ok SARAG & ARS A0%R oF MRkt 469 e ayiae o
Plgsibt)'nzflbver}t-waght%e? swizshpbla dap’agme@ﬁaﬁﬂdlﬁd ®ple@fo tlt’:b é’(])cefﬁment

coefficients SW t et ween, the first
&?gég&ggéé%?'%ﬁggr SR S m@%b&ﬁﬁ“ﬁeﬁgﬁu Xiag pdirg dixed
cnphmﬁancemmals&royld ﬁﬂhﬂﬁpmﬁ@, with€acRsREE@SIe\capdcive Addule

rise a coefficient

r Cco
re%%ﬁ% e "85’6%%8“‘{’%%“?‘3?‘@“ gP 1BE Alulity 9f oeflicisarite ewvitht s;
Meeamheaﬁmm«ehaupawa@e @Amakdct).yd led Up RIRD! £ ofRe:1 abl e
%aFltlve nDduI%F coupl ed to the coefficient register
&3 plary 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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and to the resonator, each swi tchable variable
capacitive nodul e responsive to acorrespondi ng

weobfloseent of the plurality of coefficients POI/ES2005684020

between a first voltage and a second voltage, such as
switching to a selected congrol voltage. In other
exenpl ary enbodi nents, frequency controller further
conprises a ef ficient reqi .adapt ed tpo store
R S b G LT
haltdgagnda glcondatdlthye, efchawswitdhalglte a sdepatddnirulevoimgiul es
coupled tq the coefficient,.register and coyplable to
Che’r esondt iter BT AcuP T RO Ffieory rololi it
bamprivgs @coefifidia regista padpitddac siere acfirstpl srality o addfficients; and a

apacitive nodul e responsive to.a correspondi.n
EBRRFUiakine gyt s of SRRl CrRRites SORUES GRPIUIEHES ¢ o
sydrtiGiént kdpisterand ahlipRibkad aRirtdnG6r, ERhAwnelBRiApacaBBinidalle
voltage of a plurality of caontrol voltages. |In other
BRdMEy varipble aRAG RS AteaCh Prich3lGaRadtiNeApodi rgpponsive to a
COTREERIMH Qo RENT dH1thd @5t FAIR oS EoeBi GRS this®itEihe variable

regi ster adaPt ed to store at | east one coefficient;
sapacitancy edselogiad cantiol valiast of arivmkiyiob contiohreltaeee Imestril e
Q%ghaﬁ'? efnBodiAEntS AR frb&ds€Mriafi GO oplpRhsaf Ghaly Furki® comprise a
resonator, which is responsive to the at | east one
cendfidiens iregitertadapied to store a3 leastar eesfbientoandrableasione age.

d amnr :
oAt A AR Dy AU LA RSP PR P
rasciagmt ewhicls soespdnsaverta yherrh leastgnecqsiinient ia sih te esdlestadve
nodul es. coupl ed th : i rr :

ERRL B PhectnloR R P B .t QufcebspbRilelf o
atigptaade,taad prediciqdency bentpllenrmadyi dlso indludeonder@ld araly hagess

d. i.n. i Sti dul f th [ f
N e R L
tRpheslal of esiativ meduidapdped tb propide Whedgurality @f cespd neliapes,

control. voltage, of the_pluralijty.of. contro ol t S
Fo v aiio e easiye Btk Bt el & BtimpemodSlss i AR
edspéifse RXERPératie MaROMapeMiorodde SgpRERindiHg kortrol voltage, of
fr S)?uency control of a resonator congr i ses a
deelyrplity Bhtonfragydipgss: deipPRg @ dewtent kom the qugrent source.
plurality Iﬁfotlféf);@fempﬁrfé}hﬁddirﬁﬁﬂs, an hppafdtusaor RoqubiyicOftrd of
plurality of sw tchabl e reactance or inpedance nodul es
& SRIPNA cPBPEites aceelfipiprtiregitienadgnied lostognylipsbpluppdity of
E&FON@HS and £ BFR S ﬂa@ﬁ?*ﬁ!pﬁ_rilﬁ?ﬁf FNRRUTIOLEE 8k BF RN
to a corresponding coerficient of the first plurality
glodeleegaupler énthg ceadficioptiregistes apdfortha rssemdtaieaciearitcipde t o
i f.r j :
e Tl B RA o B ine TP SERE AR DAL o
corfiieraniosvitah # coreaspendingaedctabéeto arndify ithcamsnmantrefiisne
Cable resi . .

i D L R
fisgberarroablocapavifaece, e dugd @datizble kesrrEoerang comhmytidne

Wt dto a central . valtage, l.y. voltage
kP ol o ot [ O B o R R Ve TP S R
datpddno rhededoyatar, oy be switdheditoceconeslpoiisgey @ pdwer supply

LOTRE LA HhGad LB AIPHE o3Py SiREd S2PRIH%ifea35 w2 0GEne
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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vari able and is coupled to the resonator and sw tched
to a selected control voltage of a plurality of

w@obnols2a/ol t ages. I n sel ected enbodi nents, thecT/UsBD5/034020

plurality ofcoefficients are calibrated or are
determned by a sensor respgnsive to at |east one
paraneter of a plurality of variable paraneters, such

%§efﬁ§€xﬁ§ ﬁﬁtch'l'itﬁateé @rbcfré Gééﬁrﬁﬁbd%%(‘s@x%%r re\s’[RJ 1@9&)’ at least ong

re uengga I n ot her exenp ary odi nent S,
a?prame@f ﬂlwpllﬁyroéq@reab@pwmrmlsu@fasmmnemt@g,rfabrmnon

pr&@ss Wg@@e%g@g]{d gscillator conprises: a

plural i resistiv m)dul es adapted to generate a
plurali ty Iofotf@omwlarygmb@@esnts an ppparagus foy/frafuency control of

| t t
ol e R R o OB, 3 o PRt e
plodnlas adapted to gepsiatsta plerality ahiib@srobvudtates; & hlargbikyusfaontrylleaf

e c dul es ith the plural ity of
?e%m%c‘%es d(ra%as por: se?jl\}e e']% %nd‘h?srcmalogi aﬂaglpﬁ’t’%‘% Btﬂ%@g%f
fcoupdﬁd te dretpﬂurhhty of tealgléveofloduha@ apd tortld plussligfofcomidlied

| .ed react ance nodul e of the

t contr
KR A Rorh e b b Brrdl §i s P s Ra e Sk g o o
capinafitst fonegueisaye (ﬁ‘fthd hera @ o estit! QﬂféFés't@ﬁ (ﬁrrsit ccé?ﬁrolled

SO |I NCl ude a

illustrate oV a afus may a

S < el B ol ranaY Fogulgtforest e e
PaRcHah EBequehdylof tHethaghbri€skcilRHr ce adapted to provide a
par anet er - dependent current to at |east one resistive

modul e of ASHausHiatsA abeveythe ppragdysdnayalsoripeludecascuignt source

BRPRIAS the PlurdIRRSE re BB e TRIUUIER) witOthd @tgteent QlurdeRBapted to
plurality of control voltages, which is

BV W8 paRmgiepdensadant cyrrenblorss leass mmlﬁ@mrsoduiehe‘tmlmehw
ik 'nﬁ)dﬁgﬂbt &Qerﬁﬁ aP [ 'og@cozﬁtﬁmﬁg I?L: h%rallty of control

par anet er - | ndependent cur r ent
raltages whish irorfdneetesfdependen| m@thﬂtewbocﬂlmeem th¢ bweentutiuleds

%@BQQW@%@@ Euﬂsﬁﬁézflly%ﬁ{n(aé?eﬁl{d%%\ég It Q et tcga]:t léas (?ngl ly

rall contro I's substan
{ﬁallsfa\rmtl@dUilemfél}!ﬂaﬂdehw of mpewdmn@l@spm ertetute @ leaspdnarcyntrol

h | e res i Sti.v ule of the
%fmgéll g&lo{ a VOﬂQ °8y Wit lés'f%ggaupqg' MY dve a
nhdép‘eedﬂnt Demm{heg aipum the resemﬂmsemibodnmamsalcﬁ GivirchabldIrésisiive
qugne en, t he paranet er t enper at ur e,
l’%?dlﬁeas rea‘la@o £VEFA0 rfsésdp qelﬁ%mﬁ’( Earvgtlal ret
eoptmoke reqiohag“eSa bedectedepeerat ur e- dependent and at | east
8ne contr ol E tgge of the epI urality of contro

of {UHERRE: WHBEPSAIPEFFYS {OHERI4E gt 6ast ARiRaHakYtagerefe
thx pmmha)r(yfoamaarvattag&s RBym Pdr & Ore GRPANIErE An@atAORT SeCoRid]
| ster CO?P Oéi to tlhe plurality of swi tches and
‘&’Z@%ﬁ%‘g ¢ RJuafityyat canteql velfagpy i substapijallyrterpprsatpredndspengdent.
wherein tirge Qﬁﬂ‘tﬁlaﬁy a&da%@'mdysalsf%rc@%bg% R¥frRfent ﬁgﬁer oné
coeff|C|ent of irst plurality of coefficie

°PHB %rq}PaP'IUfaquf S&btﬁ'%ers éng ecapseé Eryers eéﬁrmmﬁlésoﬁay
doefrichats, WRIFBIN R ol stbndl is biovREd B AfiElsEite Bt ¥ieh rShe

bi nar y? wei ghted fixed capacitances
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
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and vari abl e capacitances, and wherein the plurality
of switches are responsive to the first plurality of

weombfioseents to couple a fixed capacitance torehES2005/034020

harmoni ¢ oscillator and to couple a first control
vol tage of the plurality of-gontrol voltages to a
vari abl ecapaci tance coupled to the harnonic
%EACI!:'&&EQBUPIJH‘[% R H‘M‘l‘ﬁ!)dl& %‘scﬂfatd'r.e{l"htislélh%ﬁg@%gsﬁ% ABYules
further conprise a {) urality of swtchable resistive
rradiufugher comprisec nlerakitiof switdhible resistive modueseoupleditoghe
I i .
PO et B PPE apt e SRR, bt ¥ipalTRAL B4 APt i pluati
axf @pltdmbleoesastlng ohedules forthericdepledite afnaodcsto pmcomder td)b first control
v, g habl.e re
V%Et%%hglt{llgﬁ Ewga%lglre?ré\gs&%n%%dae co Vg?{en efSpod‘dé“écond
ploeffiaient of agecond pfufality eﬁttosffstems etd)rednn theeoeffiefeht reistei to
re| tch.the habler sistive nodule to
t°He ﬁ%ﬁtsxrvg&a%i’“r%sgnge %’8 etq €& rr%Yoj% MfSodi ment s, an
anal 0g-t o- Hﬂegbmalaryoammbdfnﬁeﬁrs aBghalog-te-digikiadnbdtet iRy be
| ura resi.stive nodul es rOV|de a
ot B iyl SRl B MO T s i ey bovio
\Stgnhlag @espdir@e td Qg ﬁ@l(adﬂﬁloﬁvolt@@@‘t’cﬁ tdr eRample, convert a temperature-
E;Iper at ur ed endent current (as a sensor) a

SRS cpe{ &S 2riEnsan R AL fprgyiad peste! logiccipras convme
dhediied] o@plitdikinabto @Atirst Phurhit§ of bd&ﬁmé?llts%r% {HeXoftfol signal.
coefficients or to the control signal. Al so in
exenpl ary RS dHExsERIE), crabpdimgnis &helpl!%fa'éf’ oEesmrpbid regptance
MERIG A NGB PR RS afﬁﬁl'rﬁlli@ bf %Qmabl%%apa@nf% H{oahl'eg YouBled to the
swi t chabl e capacitive nbdul es couple
coefficitiregisterrang |cgqpéableatﬁdheclwup4nabp@ﬂta@rm@ mh Awit¢heble
Q%bitﬂv@mﬁule %{)fﬂg §%|}b\%\@aﬁa‘én?&£ gm%héhl s\(\gﬁﬂ%qéjiaﬁacitive

having a vari abl® capacitance, W th eac
widulehespbesivedp a@omsv@dmmbiﬁcreetscpf@lmtsﬁmenlmha of coefﬁments
[ al it
FOLHRARA 6te EQRERAEL BN seRlred D] lfag DhithEpttatinr
sehtad velthgen MPepehdinglifoagle: anfbotimeenp Iamnabntis(yuroé whiomtsr oI

ndi
K80 RETR  EREREE 00 R o Py R B IR B S Fhen
phnnerd itrgr tothevpduralitlp Ioéreplaﬂi\&n‘ﬁctdahs wlﬁarﬂ@ stheekidtite alogiine af

urrent rro [. resi stive nodul es;
e ey BLEehl v Rad 5 %% A i ishe Honts R i nep g
ndpieiitd pvite dubrsspbadingeaiirbl \@Itegy, of a6 pRRSey $fohiAs

a]r aneter and i s dal{)t ed é} ‘gr ovi de a_correspondi ng
¥ SRR

REFBIN FHASRSE 2 YF Tent SPUse- Paqumg upgn fhages

bmbﬁcﬁmwnaeeatstoona cBRtFdl eamagé bk bhial 6 BRfrolSBHELES is
D@p Pg upon the enbodi nent, at |east one control
Sisteagally peramsterderpndent agd @leastnne ceptral ¥oltagg ebth lurality of

SoHIl ltabe ik VutRRAMIBiafandRPSIgsMeNd at | east one
control vol tage of the plurality of control voltages

i s subst arftFain sxepalpEAstbedimeatethe Aty ofmosio!led reactance
NI ﬁ[’t)fer%mgﬂkermarﬁl&aht& Ia?dll?t}e}éﬁﬁzlll \Velgft fcﬁlgélé g%acntlve
react ance nodul es furthér conprisé: ura

giofleles @ypled tq tye arafgiens de&aﬁrtagmp@ﬁh@hmpme psml\l@éornwm es
W%laﬁg c&ﬂ%cﬁ bﬁng?lgg Bé\%geeﬂﬁrs{ 1%&5 %E&Eltﬁgg arliaoa §e Shd fixed

har moni ¢ "osci
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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swi tchabl e capacitive nodule having a first fixed
capacitance and a second fixed capacitance, each

weMobabEkd e capaci tive nodul e responsi ve to a PCT/US2005/034020

correspondi ng coefficient of the plurality of
coefficients to switch betwegn the first fixed
capaci tance and the second fixed capacitance. In other
%@ﬁbme&ﬁes ﬂlnﬁerQBMEﬁéel ta3f)119£llt§ Qpﬁw(/ﬁ?clﬂa 9 vgﬁéiotl@ﬂagg itive
nodul es further conprise: lurality of swt e
vagquiss ceundesida dhetdog @i rmblr@gletsr Wm@rl@dlam@nucr@cdlo@f,fem ent
F QG RbRS vafiAtle E&a&nﬂ@e %EJTPFHS on@9€ 1d dA %Eponﬁ%%@oefﬁm nt of the
swi tchabl e variabl e cap ac:ltvem)uereso £'o
aduralety pﬁmffwgermtefswltdl '@Wee@fa firsteyolsdgerand asgcoocﬂ voltage of a

t % and
GRER L S oot Lol Pt aichlstie PRS2 e
[ rcaCtamWOMddnm ospriseheplpfalityalf |swycltable0/amb1©tdpedtwe

h
RIS SRR R B S EPOR  Bm Piipal e8h e

cswﬁélfalbm varigble egasitied manhde te@pdnhee tmafdmaspbn&ag tbdfadiont of the
varl ca ve nodul e responsive
tpilurnlt%v% ?OSB%&WE% t éwg tpfals lpggﬁf coafrolt\f%ta%ﬂ qfraaﬂllllrfllyty &f control
cokddes, Glhcﬁp’ltn‘ilnty%f sumtiol Roltagescofiplisiag @ BlueAmy sidiffreat age
lity gf\V@COnth‘s§ vol ta es, the plurality of

of
@Eﬁ%{“ﬁ@{e K’} ?é’teag"a elfgted Lﬂlé{PlF*’t‘c’? ISowbﬂiirft\aklr gqpstant
msagnempgﬂau,\éq]at.agﬁg, and wherein the sel ected control
vol tage i s subst ant | ally constant over tenperature
vari at i ons®ISafns@Eemy a@k@ﬂ?ﬂdﬁﬁ%ﬂt%%%ﬁ’%m ay furtber comprise:
APNALIRY UBsWRKal1&FsRRFs e YIRS 2 cBnthl Yedhiltd ywﬁ)(fh a
sw tchabl e resistors responsive to a control signal to
SQiresepndingsyistanss dn e higrmoaisi oseillatertonepdifh sherrgsamantifiequency.
G%th 'md I
R T L BP R0 L GEMEREN orlfirolle o
ptagtenge gdudss andadaptsd teprovide s selentas! qwntnazllvettaarrdspauiamted

t r n
Rglta%ggéﬂlggpfaﬁ?g(ﬁg&? qn 8%@\'8:5 ?Jlon c%kng’éllgsgtOé %\%g% %geup ed to the
copréersiad adaptedyto bemporipéiecnt alueroéarselsmmmammaad)fthe

r val u f
o L e R S L e R e
mbmt fnéqubm;' i8 edspatse tb pdiffarwpdeictvam tHe@uirotivhyie bitethe
tsqna1 tft ency in response to a difference between
the ¢lir'y &n E’ i‘fcwé’ PaRgtde initial value of the

sel ect ed péunasredsaither Nk!eﬁiﬂﬂzﬁyl 8mBbdIBEnte X@ MPIsBht¥d and described
n(?g HY nts re|II t ed ?nd descri bed i n_detail
BRfeLRl] be

30 e il e ) <areesetprgfor volige

eaipiensatags (1Cifetitad) vaggiodar i ati ons and age (1C
lifetinme) yariations. The present invention may als
i ncl ude a TRSAESER RPN 'E?i’lﬁé?oéﬂdt“?f %’ﬁ%defﬁeﬁa@é?fé‘?'ed to the

He4RA J(Helect‘&h &¥HRtdin thbehod® %e&&llse&fa%d bﬁar@ﬂ@@& Eﬂrath%f of

pr ovj a plurality of operating nodes,

g@f@@ﬁ@wdﬁ Srhich epdsselegrpirrmiamsour Cem«s@wnm al@ck mode a

timigngd &aguchELRBSEHY ol %rp%%recoﬂgg@dtloﬁ nfdQ¥&hd a pulsed (or
cciges)%ro\églt i on node, and a pul sed (or
pu

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
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pul se) node. For a reference node, the invention may
al so include a synchroni zation circuit coupled to the

t he synchroni zation ciycuit and adapted to provide a
third signal; wherein in thgitimng and reference
nmode, the node selector is further adapted to couple
o e e SRR R AT AR o Elchy' e
athg ¢ sigpal o¥tch atsweﬁhr%mzraa@n wcnﬁwam &e a deflay- amcbloma phasep,
3o PRAIEIpOEKEAni- A | jection locking circuit.
Tﬁese ar?d add?tel ona?g{enr%gﬂéi“"ﬂents are discussed in
great er detlgse apé rdslitionnlgmehodinsentstanedisaudsed i grgatsr dendl
fiegdir ' wi || becone read|
appar’ elﬁ%cm%)%%n&? r%fﬁfé{éo‘gﬁnﬁ\g@a&& Sacl)qﬁl thePregeatiny %?‘PB W?lgk’“%me
t thadilyrappareiit dromathel fal loeviredetdidésstréiptioh e f gefinvehfiamanihie

el b TR s R S Pt e e s, anc

advant ages of the present invention will be nore
readi |y appreci ated upon reference to the foll ow ng
di scl osure when considered in conjunction w t h the

acconpanyi ngBﬁﬁﬁWﬂmlﬁﬁlﬁﬁqﬁger eﬁﬁAﬁ’hﬁe r ef er ence

portion of the specificatio
nuner al s afke ebjests, fegturesend acﬂvmuagi@mf Mtcajresent isveniibrawill be

926@%8@ acpflre;} att&ﬁlg\{)@ éfgrgf?‘cg\f(') %114 V&illr% §c S{Jlren\ﬁl%gﬁ:onmdered

iagram |
aR eonpinetion witk theraceomiymdy ing dtawings antonoaies evhidhtfbrnt portion

t ' tign. Fi 2. "FI G

S G L Rl L By it e el

appidar adruporents adihawardious vieaccamttohce Wit h t he t eachi ngs
f th t FIG 3

bl ock. i agh B P aPal D g UodBesd Shstiptnaey exdmptary”

apgan aibiedimeitag haterfandewiBBO e offHe rdshift ihRAGH. Ngs
Figure 4 (or "FIG 4") is a

of the present _inv )

hi gh- | evel F§¥R &t %g& S‘% tiRgk dd?gé?j? Hipstrating atfirsftexerpplary
eyl dnybddingshy ﬁf&h’orﬁﬂﬁb Wi’th |tlﬂerteacﬁﬁlgé bt Prlesdfhvention
frequency calibration epbodi mnents I'n_accordance wt

t he teachuEfé%reéf(o&‘i?éGp}”ésse@rhloqkmrﬁm Bhystratinggrsecosd ( or

‘ekdrfplarh Apparatss éﬁbcﬁﬁﬁéﬁ?t@e{cyorge{r@millth ltHel'{‘é‘:ICB% bt Bhe present
osci |l ator voltage waveform (frequency) di'stortion due

iyesidiar noni ¢ content of current injected into an

Cor "Fro gy 4@ TSE R o SURRRAPaR bgcffant®
d&@tf@tlnateewmn/lenytfecgeewv@ft@ﬂm chrl@qm ent fryqueshgyvealibration
BBt ReméirPR e diddd With @tk tQ&hfn@E‘B’FtE@Lr‘éEe%t 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.

and a controll ed oscillator copqt/es2008034020
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(or "FIG 6") is acirguit diagramillustrating first
exenpl ary negative transcondgctance anplifier,
tenperature-responsive current generator (1(T)), Qand
LC tank osidurad @ “erb @) 8 REsuil dla?fft ALNANGE liteReh NS
t eachi ngs ofé t heg{)r esen:glj 1i nventli 0?1. Figure %KM)% or. ;Kl 4
" pqgafiverigngcopduciangg prepfifier.dprappranieirEIpaRs vezauimant ganerator (I(T)),
eXRINI ARY odcBHRE eAbYIifehS SPRBSHYRe Q'Ttﬁ-ﬁ?]ectga{cﬁlﬁ]g% o{ tll‘lle present
generator in accordance wth the teachings of e
pIEYERR. | nvention. Figure 7B (or "FIG 7B") is a
circuit di { }] e b | ar .
t enper at ur g%uggsﬁrﬁ)hsr i \F}féj ZE?A ¢ gp?lgﬁ‘?y%%%ée,uas%r%tf"gial’? exemplary
aewerrdarcrespansike €he Ticoaeigongsatafin béverqaneseittt the teachings of
| Y r‘%gé.n?ﬂﬁv fiogure 7C (or "FIG 7C') is a circuit
di agr am i 1T ustrati ng an exenpl ary _
t enper at ur Eiguesiibios I'BI&. PATRa ciWUﬁtQiri]nge(j]e NRE@ItAE ah Bxemplary

ce Wt.h t eachi ngs. of the present .
GGG ABRSE AN P E R bohe Rt ferioBhcs Seihtas fepchings of
dhapresemt invéntishr at i ng an exenpl ary sel ect abl e and

nsive current generator,

scal abl e t er. re=resn [ X |

with sel ecF{éEre A@,r gFﬁ?A?‘?%éﬁﬂC‘ﬁ?ﬂﬁ?g@ﬁh#'i“@t[ﬁ“ﬁg PRAEMplay
aerapratarcarespohdi Ve RTET @a6M 8@ atof inta bR rRHESRAR the teachings of
it}Fventi on. Figure 8 (or "FIG 8") is a circuit and

ORRSB AYTLATI | 1 ustrati ng second exenpl ary negative

t r ansconduEikaRa® @MRIIG! 7B7).is i BRRE AL HLESRAPSH Y& mpl
urrent genrgrator@(l T)), )a{%d 1LC tdg%gk o's,glglﬁqa?or mpary

curren , cill
SFIERR st calable apsrapreespoustve cument senseiomyish eflectdde
[TTRSE M AR T O cofrfi ititfond it co;d%c@wig; ‘the {e?c@ﬁ% o Iotr

di agramiflustratlng an exenplary first contr ed

PERIEHAVEBIMe) capaci t ance nodul e utilized in a .
frequencyt K 8 C i ul.e in.accaordance
W Lh he t SRR TGP TRAAELE Al IR el R reaecege
E¥mplay @egatige yransgonguetaras aimplifigragmaenaiukd-tesgonsive ogrean

f i rst rol _mpdule utilized in a
SeammAD) | ke Kb RO IR
&eelonghand the peesett investioreachi ngs of the present

ent s on YL o i ol Byl
Yigst Centiobed (o ppendalile)anpavithek godble atiAddRE Geq¥nt t he
Ee%%&itd?ggon%)gengalgi%n %rogﬁlg I’l]rg aclcgr\c/iae:?cte Iw?tr}]l'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. 117) 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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of the present invention.Figure 13 (or "FIG 13") is a
bl ock diagramillustrating-am-exenplary frequency
calibration nodule in accordance with the teachi ngs of
the presenFigurvsbot G. F giroiddk diddfam fhuGratihd ah ekeingflary
b%ock diagramillustrating an exenplary frequency
dirsAugRsy calibyefiandnegilrein gespedeascowith te jeaeingsmd the mresstiuency
sigl@gber and glitch suppression nodule in accordance
with the teachings of the present invention. Figure 15
(or "FIG Uy iddon Fisalh) s blesklipceam illupteasing an exegnplary
B 1< DGhe -
A e, R b i S S Whel Betctor and gl
| SHDRIAYIo8 Anodalegn pecondgngegitl thg Gachiggs)of the peesbhtomientddragr am
illustrati ayy fr divider in
accordancep%rﬁﬂssﬁgqﬁéagﬁ?%Sgﬁﬁﬁn%%gg%?gggﬁym"%exm“mmy
i oy datenicy irequRingusveitching(imaccofdhi@e with'the ieschingslof e pelisagr am
gty ati ng an exenpl ary power node sel ection nmodul e
in accordance with the teachings of the present
i nvent i on. Figimgu 6ot FIG o6 ilaGlock Siaprahsillasthting kn elea@laaym

id ) ting. an_exenpl synchroni zati on nodul e for a
ol B A B e SRR et Bieiongs o
]E Ihe pg es enFighm?llémdm' “GIG. 17 iy b ®lotR d(algfarr{'iﬁhﬁathiﬂ%é{ﬂ edefpfary
ow diagramillustrating, an exenplary method in
o8 ot Rl onmothly PaseRits Vi (e Racpeu e present
iimwestidn. on. Figure 20 (or "FIG 20") is a block and
ram,i |l ustrating an exenplary controlled

circuit di . L, ; . :

i npedance ﬁgﬂallé (@t 15280 if A bleck drpramsbestarnmestrreaplary
oA EaGE Mbdule foR 8 sécBAE BicNBfor A ackHBarRE W%e teachings of the
invention, Figure 2 1 (or "FIG 21") is ab oci

dreagt ae9ust rating a first exenplary frequency
control | erriaie | 2RRAERE. US”) D2 AGH A uMa‘iinégP%rnlplary

teachings of the present invention. Figure
mefhed ipgocprdarce yvith; the ighehings aftha presént inventani ng an

TP, 1 HBEERM 20T S0, IS NS TRRH iyps
g¥sannlasy coptrptledinthedanse wodhle utikzed dag bonmgpasanibn trtodulpries ent
(PR LML ATl o0 o S
control ndigdre2 uar FFIgea1Mris ablbeledjagan yHiseaggr iy €
9)&%?&?? ﬂ'g(!]u%ncy 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.



10

15

20

25

30

nodul e in accordance with the teachings of the present
invention. Figure 24 (or "FIG 24") is a graph

WO bdogadbrsat i ng exenpl ary frequency control in reSpUsS®es/034020

to tenperature variation in accordance with the
teachings of the present inpnygntion.Figure 25 (or "FIG
25") is a block diagramillustrating a second
exenpl ary Ve £,
exenpl ary bausnGgnisol a%iocg%faﬁ%ma;aﬁﬁg b Becond
iensraplaiydrequéticy gomropler 2(ndrappd¥¢t® lnz&o)danse witls theaeachings of the
g;r%gﬁtqmem (Lnust rating an exenplary third controll ed
aci tance nodul e and an exenplary third voltage
cont r ol nobighre 26t(od ‘IF@ 6 nis a cpantadr@raﬁ nldmmixemtekaﬁ\plary
accordance wth the te f the pr
BT REP G PR afllans b Gy g e cgtd M
hititizdd ioli pepamenct Ednuyghsatibh mydala ireacesrdhre yvithahd @gings of the
var i tlon conpensation nodul e in accordance with the
Pgﬁgﬁ"ﬁﬁg'%¥ the present invention. Figure 28 (or
"FI G 28")Figére@7¢orEWG.t270) ia@&meNit dnld Wdck Atalzfieh MOstrating an
ry fourth voltage control nodule utilized in :
gﬁfﬁ é>§$ gt Y AR SO RPESAAE TR ST A asRokHlINess W ftinthe teachings
@cm@m&gaﬁa“MMﬁalthe teachlngs of the present
i nventi on. (é 29") is a circuit
di agram i I ¥i la%rtf |2§1(<Pr I ﬂSeMé ﬁﬁlrcamydlargé@n Hlustyating@n exesmplary
TR Ichdt BREAN | sent
T B £ s e B o
WFNH§§WﬁFPﬁémﬁﬁ“@%@#ﬁﬁ&hmgaﬁéhwmpﬁatmaﬂﬁwonpensator in

e b B A e

FNBOD (meSnthile s apmdq@pewhtheltmmngs dfithé wes:ulsmeqmltmml e
of erTbOdI re |36] p)b %Pf’ gﬁgk Elg% ram’i ustrg{n}e]g Efal‘lr(g(ali{) gP’l

in the dra ngs nd escri erel

sgediripiion exmepats lraarcmrdme dmirhehﬁ tsachimgs ebthe pitsénin invBiition.
under standi ng that the present disclosure is to be
consi dered as an exenplification of the principles of
t heDEAWIDE DAPESCRIFH ONOFi THE EXEMPDARVEMBOBIMENTS

EER T N

ég‘fmﬂﬁ formns, sheod atf: hgomeQlliH dr@dﬂm@é’ Andivil@ bB U8R FiB&iBherein in detail
advant ages, i nc i,.ng t to integrate a

Ry Sk A EmP O R gl SreENp g gl e presen
tirselesurdIR R Bconbiderd@hd an' REMPIBNGH Do OSBRI BleQhivention
and/ or a t&gh%ﬁmand frequency reference with other

and I8 [l iptgn Hdhs ‘PY%P? i theisnepificeyamplesand pmgediments
ilRs@atdd. ock diagramillustrating an exenplary system

enbodi nent 150 in accordance
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 (1/O) circuitry) 120. The
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ti mng/frequency reference 100 of the present
i nvention integrated nonolitlisi-cally wth other, or
second, circuitry 180, together with interface (I/F)
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synchr oni zation for
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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



exanple. It should be noted that the various signals,
vol t ages, paraneteri ndependent current sources, and so

wonocaos24 eferred to as "substantially" si nusoPCEUSDNS/034020
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square-wave signals, substantially constant control
vol tages, or substantially-garaneter-i ndependent
vol tages or currents, for exanple. This is to

aconvutatatiobd) eviss soartss irdduthied atsto@tﬁtﬁls nﬂ%ﬁ&diﬁ#&h@ﬁ% ansk
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as discussed in greater detali
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a&dtdah@t ikh the investin! &6 clo@@é&!ﬁ%fator'lgo RGERY H’cq ntdqrretcc-h €
i nvention, the clock generator 'S se rencing
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frequgniescind ¢ pawer cangrovation mods enahahatcmqmdt?.s may 68 swikdtd

' th | t d
IR PR ERari o Bfcf ek S by buarBil e S Rty y bllmey
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A T NN
mnmmptmnmg rxprgtfa low power clock signal to enter a sleep mode. As discussed
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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consunption, or request a | ow power clock signal to
enter a sleep node. As discussed in greater detai

whedoomp1ssaich frequency switching i s provi ded waUS2005/034020

substantially negligible atency, with |ow | atency

i ntroduced for glitch prevenfion (in proportion to the
nunmber of glitch prevention stages utilized), using a
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|nte9ers results in a significant
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.



webmekogener at or of the present

10

15

20

25

30

noi se reduction, with phase noise reduced by N and
phase noi se power reduced by N2. As a consequence, the

significantly less relative period jitter than

avai |l able wth other oscill-ggors that generate their
output directly or through frequency nultiplication.
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may be implemented to provide a substantially stable resonant frequency fp as a
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a control voltage or other continuous control
paraneter. In the various illustrated enbodi nents
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conpensat or 380, age variation conpensator 365,
resonant frequency sel ector 360, and frequency
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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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For clock signal generation, clock generator 300 utilizes a frequency
divider (in module 330) to convert the output oscillation frequency f to a plurality of

lower frequencies (f; through £,) and to convert a substantially sinusoidal oscillation

to adjust the oscillation freqpenty2005/034020
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variations in voltage, .such as froma power supply,
and may be inpl enented separ8t-ely or as part of other
conponents, such as part of tenperature conpensator
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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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descri bed as a harnonic oscillator or harnonic core,
and all such variations are2eithin the scope of the
present invention. It should be noted that while the
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which may provide oscillation, however embodied. It should be noted that the
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enbodi nents, the inductor 435 and capacitor 440 may be
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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
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the detail ed discussions of fixed and vari able
capacitance, for both frequency tuning and tenperature
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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 (yI(x)) through the amplifier 410 (for MOSFETs), and substantially
proportional (approximately) to the current (yI(x)) through the amplifier 410 (for

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

pertain simlarly tBCT/US2005/034020
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will inject current into the resonant LC tank 405 (and
specifically onto the capacitor 440) in response to a
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the present invention, the bias current is made temperature dependent, as I(T) (or,

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

across the resonant LC tank 405, BGT/US2005/034020
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mme-ﬂ'@pmsog)cu(rﬁﬂ @ﬁneamds 629 Bbso bs ingfleragntdd) ail 1Qstiachd in
r s in omer supply and
gﬁﬁpﬁ?@ éﬁg%%*ﬁ%é?Nﬁl ?@%#ﬁ%@quaﬁw upply (voltage
i sol ati on)The'Ehlecttoarqﬁematlumlahtemwﬁm&w@oﬁﬂw &@émperature-
be i enEnt zi ng topol ogi es
SERR0A Ol Rretn Bt Pt AR o B s ntrorser s fo
BRaATpId, mamnay l(im&ihzéd)foabS“@llwah Serh ROMRICRE LTINIC) Rbridalid 2
FO E &%upna 1 a&§|Ut§b 7E%Perature squared), as
F’ff t P&l haé Leny Rbrieators wiifizp different materipls equgh as
ali]ﬁhnﬁmn&‘rlcbﬁﬁdr (R]_Styp’if:al@-KAH-es Fé_gtﬁ_trng ANFERI Ten pefature

Strated i.n Fi each case, the current

CIRGT WFRoby furn %F%F e t?w%att"ﬁéoqféglamtuoi éhe oscillator,
thEﬁByB FDiEitAE e cey TR (T k&hpensation. Correspondingly, different ratios

of CTAT, PTAT, and PTAT? 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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(conpl enentary cross-coupled pair anplifier) 505 has a
t enper at ure dependence, such as increasing current

w¢ BbaTomnd PTAT2) or decreasing current (CTAT)P@EUS2005/034020

function of increasing tenperature, as illustrated.
One or nore conbi nati ons oggthese
tenperature responsi ve current generators may al so be
| ement e as illustrated i such
amay rf@f udga sRrtppRFFCUlt Jp agée |“§ tmfﬂém?ecr’g‘ef f‘%thsf a

E@écftddQéihﬁdratg@ffﬁﬁgﬁilw @rr@ﬂ%@@d’i&bﬂ@)nﬂguratlon may be biased

t enper at ur edependent current r_is

fifisentiyugt asiipsed ebsfrp%wmﬂ%?%??ﬁ 7 ‘I“]dz@g) anggTAT

gbi@m}lcﬁm STAE iF8YbtResHeld fof PEAIT {MID afd VB0Y&@A PTAT? (M11 and
em conduct or ( TSI\/E}) fabrication process. Mre

YA fen thycxegplady fopelogift illugttedeat ors utilize different

mat eri al s,piSHER iASciRb N BAIMBRKiads AR RfisiratRle di¥iBbeal | Y

varies, resulting in different tenperature

exsafpan: hegative Wrisemdugtance amplifiesHamBRIACTeBRINEET &@F ur e

g:gﬁ)]fgzIaltlﬁé -9 en@efnt)t ﬁerﬁ ChdrdtBt @) of ﬂ@%&%ﬂ& LEZQM Jsl:ﬂgtor

erenc S I n orrpensatl on rrespon [ ngﬁ
einbddements mraawrd@cofwtmﬁeaCMgsr of thnpresemninzentionp As & hstraed

?'By%aurg 8! {d %sgr?aqt te ta%(%gb Eg‘s a%ff@rt:ﬁt%?ﬂ&laégﬁp adr@\]:lously

Fesponse as a tunction o ture
Slmptaa‘tat bhlyalsol 1!; capiedtted pegahiee tvams¢ondgctance ampllﬁer 1mplemented

LETReE AL AL 5ol SRBONSLYE pEHLAGIN., SGARLALACE Ny B WAL
M4|) hiich, mltﬁma'd doipla@inthroufiea plluanhsd cftcorrent @anprsis$0 (g Sﬂh)emd

ect ed tenperatur.e-responsjve, cur er at
3@%@.6@@?&% TR (6 GOOG e AEPRIR e B pgor (D or
6. AR iRk therphehlsty ONcrRht hifdFs {rd/Mtileded td\&)ccamely
T2 (ML3 and ML4), and in subthreshold for PT
a'f?d‘dr?/lg@)“ tQARf 1pqrRass t*(emu"i"tel CRIEDYE the grea H%“%B?&?P@P%{ qpe
LRAPRRB0and lebdnahtiat @Ak 550, AdHR, Be tadl Rviek irCé turddAtimirror
bl ock diagramillustrating addi tj onal exenp

ﬁee@atfqngxétq Méria @&%ﬁ@tpmyé(gngi%qeptf 1pL9rnode B and whlch%rlves the
hESMRGL MdESh&RRE @%Fﬁﬁer(@!el&@mﬁeaé PO SARPREGRA thus several
current generator ( or 1(x)), and LC tank

8tegds|off anwrl@rm@obeﬁéqﬂlrgd (a5 sheventeiBryWe (iPMOS eisrent mirror
;_,ﬁﬁpéa'tﬁhgg é?t&)lfd@? 168 ¥ fich @M@&&d Qhausbh hblds erMsed in

gure resonant LC tank 0 has a different
pmp@swymmvaew ofies! Buried Plv@mlalpeées Whieh aip kepwsto

%&’}Hﬁ RE ﬁ&ﬁnaegm g@ah@%&aﬂ@%ﬁhﬂ %eséaq@ﬂedgs &lices.

Cros parr
Rmmqeﬂ ﬂ@kemeom tha tesii dstvioe sedes th@haWom@nmgterwﬁ theh,

cnl‘ia or%e%ai%e fé Heprélgﬁs: S ull?géfg/gnae% a%ull%%lllé (;s}flllgﬂtloncﬂéqrug&gf by the

M7 ror's
hermtinesraktiveedey g8pinNIsd aicuit.or terrper at ur e- dependent)
current gep 1 or

I il
the plurali H'}Q'(??te%%ﬁ&%rwe ?ﬁ“?é % st,heacruéreﬁfta‘s ez 55"3‘8’ 3besh
sthecaraitiy bourginguirtat ige the hagata\mdrammnemw hmpltﬂar pémnt
entering the negative transconductance. a

st e Fbisdmnreans fanRiuce R HEPpar oy (il
siithtad ®y Gsihg RAE trﬁhsﬁsft&rgeérﬁetges and rcaaaniesdoaﬁgMBtmn@ td-ingieise
gzltpﬁtrrggqétgACQ gang %gorwcﬂa Sl gmft cant %el‘lty at no e ﬁhllrg Qdd‘?tl()lnva? §chu¥1the
capacitor 570 also may be employed to filter and thereby reduce flicker noise from the

various tail devices.
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negative transconductance anplifier is selected to be
a PMOS device, and thus several stages of mrroring

worgochelseequi red (as shown) to provide a PMOS BUT/USIWS/034020

mrror input to the gmanplifier. PMOS is often
sel ect ed because in nodern. gMOS processes, PMOS
devi ces are often buried channel devices which are

known to epéfeRiihg h;?o%sthé !;elle%l%%pﬁl%é& {Ha3Ge @fqyﬁlégétgfé zed

and similarly biased NMOS devices. Reduced
frenssandugtapgeeimplifipr %WI%t&IéTdd@resé(w}ieamasmoww sufficient

iffebdeRty Qhbifit)EsuR fal ﬂh@%@(ﬁtl(ﬁﬁr?@ ﬁ"tkoqrer %ﬁgeﬁt? may not

upconverted around the osci requenc
Re AfCersaryror desifable inthat applcatian.t hleotlmr embodimerts, Homdiarat ed

@@ﬁﬂ&al ﬁctc].@ra&pgntd' 184 £ I]uetn dr?ﬁjrnrg rQ v cra . tSl%é' 8?{9 or rr5102r9 of

(or other circuitry
ﬁ@qampvr@ntsmssswmlgma@mdetaam:ibwf| er 505 shoul d have a

hi gh i npe t to redquce power s I

fr equencng (ﬁl(% tod’c%w %{J MPSTARGE ?%"ﬁ&dﬁf%{ﬁ?f@@{g (r

g@@n&t Vargsis sakigers dld Mz; MBfang Mbédch hsvetan aisd’(bei%l&asiﬁlstance
ilit

| st vi de ni fi cant. st
RS ad BRI B e Pedipaty GPishen Fewelay
Beft dmrmgmauamcm i bztoamamaglcle Rahabyl sridue or M2iaal 843 H0bse
us.tail aﬁﬁgl ces. Dependi ng upon the

fromthe vagi

gléqo Cé)g%técgn%p Lro?n 6%§.lls|tad1ﬁe lst ted%raélfre @ﬂ&“ﬁ%a{\'ﬁ { eonsequence,
threaﬂaﬁsmmd eI, 305 &3 IN slﬁ)mdﬁ%dwstw il i (WdlD adddEngth) to
g H?“I)‘ bi asf rrg%h row de sufficient freq uenh%
Isagsinrepspte foyish fgayeneyigffestra il showld be noted;thetiby current
iatet @it Efe reRARRNENASk /B RPbe RERIEE ﬁﬁﬁl%% 095 Ilation (as
desirable in that application. In other enb dl nent's,

Hiysteateskin Figyes 3G)cndi as gcenseauspcamdll havs s minisgurevalye, shicht
RRY 1R R Ryfed %%ap%!ﬁh%f?ﬁﬁllléﬂ% f@i'ﬁr@l Which gagtl b%qg%ﬂpent S

di'scussed I'n greater "detal I'n addition
rrbsmantadghraughetip aecative tandeqpdwtance ampiifice i 0 ¢dr 683) ahdr

tl:(n-&r)aturé ech%H mI ,‘:{eﬂmfoﬁa Br(t¢5r MSI) n%a ctl)\%u L{enceNﬁTgﬁn

ave an assocl at e resi stance dur
e jransissey (MdnM2t M3@ad| éf&)fsuelgubmxhybdjlosmg lsd:lecmfd tarpdovide for

L illati ea
%EF@Hcyc w g% ﬁ)ﬁ gg m Curr%%s fort.rf NE cé’P%u"boﬁloﬁnd
mstcamm,lan@to fSun:th the%leslbdﬂﬁ ered Sndalhgomit. t BurRRArmaflelthe
. _As ncetetran stars M, M
REEHires ke miy S MIGHHTEBGick Aurb YRR e eghgmentt
etnsutrg Btlabt up @n@ktsmrm:sntl)lemabv&h ﬁ@feqﬁdﬁﬁﬁcﬁaﬁe&fﬁﬂu@ﬂ’tﬁdf dREkaees

tl Q,be not dtht tfh rent, injected into the
Bt oo niehitie, Pt e torayLp v

amﬁcl\M focticilarpe ér&‘ﬂgh tol dikhiérr rﬂztkedhd fleqeiy iRiepéade @MY tenfbRrature
conse uenc have a m nj mrum val ue, whi ch

TR ‘f‘ﬁ & ‘@é‘@“f%@éméﬁen&?ﬁé‘ﬂm fphigivedibyfiingduning e érsmﬁ%@r-

t&\rhpéihtufé&@lab@]sﬁ@aﬁthh‘;ﬁ fo ?mt@l;@é&.@ﬂoh@oqs Qelééﬂé%i MERA Ve
transconduct ance amplifier 410

wregisythis-hge prard i ffE‘UFP@/rﬂCC‘g'éWéTféP@’PXIma%’ + 825%18) .
O%S%aov@pm”ﬁq’blﬁm&ay bd thdre@RM sufficient for many applications.

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 fj, 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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the transistor (M, M2, M3 and M4) sizing should be
jointly selected to provide for oscillation start up,

W0 pooaaesenodat e maxi mum currents for power CcoONBUTYPE100$1034020

constraints, and to fit into the selected IC area and
| ayout. For exanple, the trgnsconductance gm may be
sel ected to provide approxi mately sufficient current

tPQ’TQﬁ‘%é@ @arﬁhéﬂs sdR a?ﬁq)rmaafréhu%_cy'autﬁéc o a;zp%{ nlafély s

guency characteristic of decreasing frequency wth
“eaishetigr tle theee eitqumetandes) teropasefulgydegéndemigor temperawtesr s

?‘%g P enel AT e Al T IR0 bl L ORL B B e

wetmplarm tanmgsAtyTg respopeediteguancy ffm(m))mme'd)ehﬁptlén mediled2n grhls

lél(e: t4§61 fﬁgg§¥ rfﬂ}[?rﬁgrﬁéc# goz Ie{é% é ug d]Wo @)p ?I%ng ogab&}
t:dlpasndnaesmodiﬁcd 488 gwitinedch eqlpdmkiy aaftspwtlae yide@br rail of the resonant

BRI N D afEER) 2 R R o e oty iy
&gaphrdlioy (lzwgmfeswﬂtchlagl dcbdﬂﬁ@md (e OPESAL) (Edzisimdgbamdar e
also utili t aof freq#enc cogtrolle (215,
SoiGiee Soptig)er Y BRSOy iBR P 6T AR 1AGF SelFap ingeu egond
pheedlityt (1R”7)loE SWitehiig doe HRUARGY, thoxfguca:]g ,ﬁ&eé@tér zaa@plwlﬂat i ons
in mhIC reater accurac¥@and ess varl an

fqpéea%ﬁeﬁ emma'w“nﬁwsén Higs P apfl T, (Trterras S controlled” and

t@ﬁhambmm%sutd@emmer@#ahgmw Rere . EXAHSnal BCpIgeS to
provi de sufficient accuracy overPVT or age varilations,

Cbediments e prusvrtadindigyre deviush iletiateaay exsmplary controlled

ARRIGSREE FRIGIeM 30@utﬂ§eg/‘ir&[ fr&ﬁ&rtc?[temﬁcrﬂatbQ%%ﬁpensatlon module,
ci rcumst ances, tenperature-dependent (or

sushpe atlase of e@p@ﬁ%lrloreso dopige]led rﬁ@rwoomtahfbe) capetisasesnedues
wﬁ‘llrﬁodﬂ%q&ﬁai}{ F%ré&i IvJ ﬂql'lusﬁhlt‘épar?)& ? a)%ér? gpéo?lfrglled

t enper at ur e- responS|ve requency conpensati on

pavdeitapce4nodulepHi8s, asgdutaled ogpagitapcdumoduigs| I8 miithd plifrdity of
g}gllu?ea % teh!}#gé%@he?%@%%@ el ?%)eé%g glgrélr ltagei% (Sgg)nerated as
rlbstp?e@t Figwes13da 26); in BighredfS, whieh rlblstmtesm plw@lityaufikorddHed
‘eact 2 mAE)Zigleg1 ?QOC?A %H ar¢ syntc‘ﬂg% n crr OPP co*[i/ec{t.owr )Jnc&upled from

£ ol", "provi
SMArttsolmtclirg 1mresp‘of1$ectb emrml fipmald fﬂ@ﬁ gbntl (0dic/ j8)10 (aﬁce@lnsdr@y

nt r
1) pER R AR S SR bl P i e & plifhudh
oﬂ‘coﬁmltedheaagmmeédulw ]805 s/h(cﬁ @retsRAIRHA il Orout ahd/bF SPicBédEo
W .th representatlv n@les |IIustreg$Hed in
ﬁf&f%&ol@geaﬂa CHRPASK PREMTSL S HRAI GRATBhD SFcocdigients (disereto);
ar@QﬂngQPel Fohaich AR tratkd Arr%mﬁdty oTcertmaMeaché niRfuRs 305
ﬁlﬁhtlonal exenpl ary odinents are illustrated in

prg syigfchegyin aﬁﬁpcmw I?§10Fté?‘éég“%3ﬁ fasceltaeeayayiatigmeamypensagion.

THRE S8 R6R ralBR kit A3bruvittHifESal1db1@ such as coupling or
frequency-tenperature conpensati on nodul e, such as in

picaeRling e renctante Qdepedaner t dhedesonater, ey ‘(Cblf“g coupled
28GR drafbEdanCRARAGIdARCEN TR JYk £S5 4Sher BodTRY yi%ﬁals"’ Z

in Figure 22, which illustrates another variation of
@dmpleol | ed capacitance nodul es 485, as controll ed

capacitan @?gupfp@ Hla%%c&@@ Qgr\!i\flnt pus@atﬂlg%n%u:l{lgla&fﬁrst 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
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t enper at ur e- dependent or ot her paraneter-dependent
control voltages (generated as illustrated Figures 23

W®@R0084)1524 N Figure 25, which illustrates a pl ural/U$3009634020

control | ed reactance nodul es 1805 which are sw tched
in or out (coupled to or ungpupled fromthe resonator)
in response to control signals fromcontrol logic 1810

aBsbna@NEORAI20518d&s of Niedsudd Bl 47890 DAGK,sthRM tB@&)ntrolled (or
oscillator; in Figure 26, which i'llustrates

dioniralfapley capecitageg maqitll%éﬁ%lé SRRRIFES OfpRANK @sarxzacra‘ aphirality
3(5@ oPWitchi€l cdpaciVe BYEuI&Y0 OF blﬁy\‘ylv@'@l%dt e G40

vol tg‘g In response to control nal s 1?( ontl nuoug
dr20apdbinpryi @rrﬁth,er@effeg@mék%yvelgbm varna hcgmcetomyarmrehcv)

' dﬂs U%H/ E%@%f Axdd ?éltbFs3629fan&ﬁaggﬁlg lCLF%glt(;r? ﬁ&l‘a%?)?s 613 may be

nmodul €S are swtc N respons con
ditijped; i sefegted mbvch@entv dhd weractms CormpeAMHRS @ncunTitiaioe-naode

Sﬁéﬁl‘:ﬂa f’fvlbggirn%}tsnoh-\ﬁgq g I\/ftﬁsﬁé’iq }op 1on/cincﬁg%: V&Saﬁg S. D%xch

as coupling uncouplTng a r
tshétclrabeoapacgive nmdum/ﬁ40 bhd arngdmuqdlcedunr lepa it 2and eschatiffers by a

trol |t t.h
TR ANEREA LB EE LA SRR ol TR o4O g e
etapagnm of d)ng:amrtamnmgatam@mﬂvd nﬁdéqule‘ 640s ha\@nﬁgra‘ cfa@ladnﬁb&eebf
n accor dan

acitanc e | e
t e et n&% scS’fO“t Wgﬁ‘ pY! g%‘é‘?ff’ CIRRGLNT T ple ﬁm@ch h‘i‘?ﬁ@g gapacitance
Wwif 2 Wl”ZLads aﬁtht daeh ﬁrﬂﬂﬁeﬁtggdnﬂﬁlg 4 pzfm?ﬂzﬁtcﬁﬁ&cltﬂ{é% ﬂ')agmtudte or value
acita requency-tenperature
i‘aﬁlﬁaﬁv %&ﬁ”ﬁ OHQ‘GO Hﬁ(PEDt AsHeatiosdaheys. ethefe of
tdhﬁ’r@ﬁx@n\aﬂghth@ stidtes 4Q5q(lzﬂ@d@§hdaﬁle| JuBeSs Hhélr (ﬂfrbanafv and -
As il ustratﬁ[ﬁ&I the caontrolled (or controllable)

CHF AP CapREs ChRati e aas diderersiabrightinedty sayitshing therreastanes

@b a seldtedlcBhtrd] Woltie, @b ke
64?) of blcnar ° é@e re?“f". x%?@cﬁggégr?%g{rgsdszé%m%a%éncf

bi nary- or ¢ Wéﬁc}dﬁ"flfcé?té%mp@w %W@mxe@aﬂﬁb\ralﬂawbe
CaRafdnto fsﬁm(l%(lgr éﬁlﬁlocvﬁh t}{e%%ab@élégam}{c ?@/e@ fo Ja?

capamtors vari abl e capacitors var act S) 6
1EPoRES taike eqritiof z@@ge previded @tmpé@@énﬁchm Qe lszoltagn:em turn,

‘(/er @Wlﬂ’irténgéréur%ro? a %&%’\%Q% }Jgrgmg{%ld$ 2 Ooverall

I nver si on- nod GACTT onp
oatoaaé t?fmaSltanEQath ided b)cllha b<l>rer06ap@<pa¢mau® maxbhid @sam vhging

pa fqutmn' o(‘fz?tlh %ytﬁrg 5r oltfﬁéﬁ%éwetﬁg taw? ch]t] ghfg{sﬁ réss utbl}/zegl to vary

| nary aC|
dupa&onant ﬁequmdwﬁelr&xtﬁh stlasted@ntsoddegnas; kit yaoTaep lwrhlit® dE€control

it i £ chabl ive 640 havi
WOk A8 BENBPEE i ARAT Lok EptlRE HorEaees g i Y ofhspees
oApagichdatien, misdudsed BAGL. WM Isb )wtlm\eaagsvatcamaeaptaanﬁeem@cliule
; uni t W t h eac representing_a particul ar
A0V el Tl et B L Ryl EapRaai o s Rriched i fhe
ﬁl@dﬁﬁtpnﬁcﬁlbaidSus(irfgf:s)Vlthn@Ic@dl'ﬁﬁélﬁﬁﬁo tfldﬁ@T)?rw ﬁﬂ-‘dﬂ@iﬂrﬁﬂ@@ﬂthe
ther di.fferential wei nes are

gh
é%i?&i%lei}“%aﬁw% fyagivea gt FF‘%%edlW?@Q&Brwlﬂﬁ“ﬁﬁﬁyrrewﬁ@ﬁ%‘ip”

ademlmw 18ic ﬂfghmémgmdnﬁg@ UG c&fefs,lscﬁlemgtﬂx@b cé/iﬁ&lgmé OMs
the reactance to a sel ected control

chin
v lf“?’\l\% o th, Eir %W"fj H&C@Hgﬁpﬁ@d%% vajiable sasciigce Cgis switched out
ef theeitdut@ard@RGHI8NEE: power rail voltage Vpp 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 Cris
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Wthin each swi tchabl e nodul e 640, each fixed and
vari abl e capacitance is initially equal, with the

wo a00sablses capaci tance all owed to vary in respoPSEUSD05/034020

the control voltage provided at node 625. This control
voltage, in turn, varies wB8h-tenperature or another
sel ected vari able paraneter, resulting in an overall

@Wlﬁcﬁédajut 6Bthacirdutne t}férc@%ﬂas%@ﬁ’d RYvdriBle %%Efté?\lcl: @’dls sw1t hed
S%SCI t.ance nodul e 635 al so varying as funct ?

he ciichit anq epuplsd frthe perteohielises pr@n@e@m pdvle 62& turn
. s utilizeg gnoexvﬁbmrm@ooempa%t Jf%fwm@&le &al}aaf her

sel ect ed enbodi nents, any ura con
VBrdules €40 (ang corsespendingfiret, plmrnla,flv aﬁm@l@} ssmtalnmg capifictientd po

W%Jgﬁg?ﬁavetbgenol YéR%%tefd% .%WAQ hsé %o?r?o%n ations %%5‘ 28 20b1e

di scussed bel ow. i n eac
capRRiancEy eAhrst e sigrificans pom@a ovehesdiliationl frequeacy dsanfasctioh

' rREhADL B FRRACHIAREE OV 19 swi tched Tnto the

circ using switching coefficients p
ot hough p [tWiduld be feged, enthispkanplarp embedimehteby @ditching in or
en ar sel ected ul e. 640 en

DS B g s MY B P el e Co st o PGS or
Wangarblwiangagem cohespomdinghs plenstidgt <frld>é§rée ce@apthance C
rgs SV LG ed nt o t eblC' rcult and g orrespond| n

PPa Vlegeségf)é’g CPUIRLableGanagitangs MRFHIGIOy (Fop exaniple, wiithc ui t
(na:mdtsmg amberds bbfaaalﬂ@wﬁfamfaatd CY Helc3eHIMBIP ¢ h&c%ﬁéé‘ Rddule
%@) dependi n V\@ ger the device is A

BOKCFR R \Agabiligiod cpat fogss ITEpPABedo tepeteBIrmionPiieY ¢
bh@m@ﬁﬁ)ﬂtﬁbﬁeﬂﬁ@@u@lh@&ﬁﬁieﬁ%nﬁ:? rdspéhsd é‘ﬂm tanﬁ@ﬂoﬂ’i@]’%m'l&tér

cor respondi,ng g coefficient 1s a logic |ow (or
vol t age), ]f‘ﬁ‘ére& Fsrae%rﬁlﬁ‘ﬁéia&r@mﬂllbkséfétlwmahcete@erature

desenlidne D81tk UdntRf mblfle 657 GtHiztd @%Jl&qh& le{tr%ispcﬁﬁgé fllnq

vari abl e capacitance Cv is swtched into the ci
seriroliahle paracitagce madwedits (of the Srauegey- f@rrmnade@cmpenmﬁen

frdaule UD0)HAd SX QPR 3§ (1@%91@'42‘?9%%8%855& Pih AL (&L lq?]%f of the

swW tchabl e capacitive and correspo
piepant inyenfioal psyllustrated.ghitagewpntot megule 660 f:ne@uesmtemppra&lre-

Hé}féh‘&lﬂt alrr%nm’l’()e(ofﬁlgfé %IWTE @Lr? t 5(9)8 purscljn\(fgI Ctugﬁ%t ngner%gr

conbi nat 1 ons "of vari a
pEs as previgugnilisguesedt usmgnmp ot monc@bmbmand)dsatf POATS PEqn’e ncy

PG Ot LR B O SR Sate e R amlsE aPh ST g

gwnt:gahyqngarisnol‘dmtm atmipBfiéridt @ dngaydat | pioa Gy eparatetgB@rator
t Cv f. f t

B IR ERRRE ARG Sl LD SR ar imarf e e

weyr 620 afantaerper binkio€ b PRROIRSH Ns@MCITDlcEsittve modules or
SNL L )é 5<’:lab|de aci t.ance ﬁs‘{gdul e 635, For exanp

ith
ACT &a faspa‘ﬂ Ve mpqulgprebrangh 489, @Hﬁé'éf&%ed 't‘ he allel.

maitier ekdnqbdr? emBpdmkhta e fendDduben M3 Pamet (RmLGK RCr
variability of c pacitance in response to tenperature

CBIPBRHEr ORI R é(Pbtagetgﬁévaéw disetjstrskhelny mALDS vdigedncy
response &f othliohBiatiéts, RpBRIindA}oh ltHe%EféEhonFa'ng We?ghilll()g b

gram i || ustrat i ng an exenplary
tﬁ%ﬁ%@%;‘ﬁﬁ% 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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dependent vol tage control nodule 650 utilized to
provide the control voltage in the controllable

conpensation nodul e 420) and as VCTRL 480 (in Figure
4), in accordance with the-Béachi ngs of the present
invention. As illustrated, voltage control nodule 650

ccroeameseuﬂem SOPES lattwagd@mn@tﬁmtcoﬁ)yéﬁs@tei illuétied(iR FidiRe R,
usi ng curr ent gener at or

curr
aflss“ﬁ‘r'éx?’?ecﬂﬁ%,‘iv r8‘?°§lg'&§ L‘@Hothwma“ SPHECEMaysise be utilized,
C@Bmhﬁﬁéde(ﬂﬂﬁchqfar}mm powe T@J@pl)am{a%é' afd Ay 6UGEIBRE s
gener at and ‘may share the I (1) generator 415
UOPTP28 "&N%Wg?ﬁ@“ﬁégatlve transconduct ance anplifier
410, insteage REisiF
The t e erat ur els deS g\gﬁ g*e gt% © ?]&}??gé‘s%ﬂ%{lgﬁ gﬁﬁffgrgﬁﬁépes
vl drddusionretigiers éMPfrIénROlYﬁllmmrmﬁﬂloesu&tpramamciay uosalicide
r
o Rk, B et BB Pk SRl eGP e e
68, or gpmbisafien; of tiypselof msigarsatleaéd, tHemesidtdre 68 exemrpligmyll also
paraneter variation to
LR g SRR Bl o PR R el Bioblne™
dogeiperding Ysalagawaratioreross ltHel szleded ienlstot BIH as a function of

. . . | p
i R Gl T O R O L
giefmsroatrms;qr veill igemapalyctiave £ high donRRAe8 toctlidié (iro g #lov®

e ted.. For nerator and a CTAT
IR IRLRR Syig e R il a0 Al Fties ik mDoe e
Sowo paperaoancdefidatprodding ksCiRRAEEvARiaGo WRRtenGRARLA! Rhile

rovi.des nper at ure

whi.ch 8 ?tant current, over te
AImig SERPIBIE’ orefir diersat 1eginer yBfidp S3TiSE formaeleeisdmenide 675
@an pmndutalcbtrzs@dndu@g REFINER baGRBS thaddthi %Mnﬁﬁ?&b re%BM{ss Rvi8

t ﬁ vari.ation congensator illustrated in Figure

temr|1 Y‘)@Z therresistons (685 may R siggdoryeightadde pgide diffement voltage
(IHVEE las & BINEEIH of RPN R BrrfRYsudth 2% t@ﬁpé&t’ulej &g%deﬁ%glneﬂj

e which vary wth power supply volta Be
é(tTu))p ?'Efétﬁw'&éy e@wwerwerpwndﬁag veltgae vasiation as a finetion of
ke itRE for 8&D JBM Q@tu?c‘%r} é(%)ifeun% conbi nati on of
di fferent types, such d sl on resistors (p or n),
poI ysi | i cdife Asitediable é@lsgt/@msduls 615 is switched inuorsat ofthele
REtk a.?@ b(l)dtl%?ﬁ]lgglgﬁgfd W%eorl%r'élp&%*nk “g’eg'oeﬁ??en 01(2P se(c)?nd plurality
6‘ Facﬁfrsmtclumg efefhiojgmessyo (Dlﬁoughsgax st ewrsn swltmbbdes.gnhemodule 675
r: ) so _have a

e SRR Rttt TS Rar o oo R 3 i gl
ar }OQT yaeponidie rayulviog tf@iglge vaodsats icomesparidiiSredifior 6valiegited

ction of rature f |ven
r en? (- f %rég%egﬁ dg %{OL{E eglg?gﬁ”er %’E@EB?C%@@ I(ﬁmln a Selected
anmquhmt threel sttahable esisEisé mbdUlesvd7ls |we%ﬁtﬂfzéd IpYoviBYES Branch
ovi di ng nore voltage

eratu oef ficient &E{
b BBR 5§ e b pee A0 6 ol 37 folirs famtin
ofasmpdraxureVibr dth@@lﬁhﬁ{eb}/ thBRY L pvidy A teRPGh@REeWr Sther
coeffi cj ent &Prov | ess voltage variation wth
Paé eé?r Y eRR Fqnélthl 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 F igufe 28, respectively.
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a mx of a plurality of these different resistor types
in series for a selected nodule 675 wll provide a

w@eosaeendi ng response i n between these hi gh eamubkmos/034020

response |evels. Alternatively, the resistors 685 may
be sized or weighted to proxide different voltage

| evel s as a function of a given current, such as a

t enper at ur, ur. ( al s

t her eby prlg]\‘/ecy38 Puraglﬁ%strwé{cgo Se‘?ﬁ&ent ”atg%e')%}/lé’fwr'é e as
&cf)nmlﬁ:lhnahty (Iffswitelrm@cc&fﬁd:neetsfq@ Ithosgjcljyx gmay be determined post-

Bt By B T b R Pt RSB BLpE st ©

Qﬂeﬁtfoﬂl Onoélal tegoranOfrape ey Fotias ebsqmetécmg andior catierhted Girant

of a_.second plural.t tch| coeffi nt.s
Syt fBtmog phoctss istsetibriohating e eroto Ja R rnd | g e
tetpeMiir€ (1R dtheNparhéier) EdspsiidivinesSorahe @il MR is detesmmed and
corresg)ondln coefficient is a laogic hi gh or hi

F4pstedy b proyidea pubsiantialiygogsiant aﬂ&étﬁéé?seg@t rteguencyfo%or such

GAHakieS ROIMCHIO of Ssekatin "tenﬁj%ﬁmlr@ ((ﬁ“oﬂl@r variable parameter). In the
t enper at ur e- dependen ue to

pxampiara enbedipens throirst Riwe bty of SW'(Ch)ng cpeffigicgis|pe though pev-1)
%%’%@Qhﬁ"ﬁéﬁ ﬁrsF iBY ?é%tu'?é’\@atrﬁnsaMnﬁnrfaﬁ%ssﬁf lygrioRavle ﬁro@zi% a
were utilized, providing 8 branch conbinations.
peassgllevel ofpsliustmant, c§¢suvr@gtlrafg@1bptr1@wllm eumpefyrftad éremcy s
?elhé S as]C é"ﬂ]lﬁéti gﬂ)f Qgr fng'&}?l%feﬁi tlélrn?erst‘aFe %ﬂﬁﬁstﬂ%ﬁ%{gﬁ{ebm

ther eby providi ng 4 enperature or other paraneter
dependess €isedeapasa@iaséet Gror variable chpaeitarme iCalsl swnelaqnlanuotoo pyt of
ﬁléeg)scg t&o Fof %lal@*i’é %h%@ﬁ\@%hé %{}%ﬁsa&‘aq}@g&enﬁf?espc%bﬁﬁhe
pmlarmttcetem]beqa&mdmtanomls rwﬂmseﬂtedaln}elmes 1705 or ]710 additional

B A e G 0% Sacehi ok R G A g b e

freqRAG! fesphye offiee dstillator ol appdkintayelPfinesif16 c Miogrsely, also for
coefficients ot hou nd t

Yol e thg Begtnenia MRabeney fesaitee SR SRODHN taempermisye
b&iatiet RrreproReep 8% lihaé7R £ at 1700, dayitibed tfixedcapacitance C; may be
representatjve |IC havin enerator aof the

the c
BYGER . PR A erseAUE e e L\%ﬁ?qugvfaqa@ﬁeiﬁ of hgypgilator

REPProxMhRAY BFe f2@/ or calibrated for a given
fabrication process (]dl scussed below with reference to

Fi gures 1iThgserong pluralifeofisuitplipeaniieciqnsy qodhangh 9oy are then

Q@%E@Tﬁ‘etdeﬁl}o B)Et%E’cﬂlgSv'aM&E%&%bﬁ’ngtlJnlg ef Q¢ididrd, & prb¥ide a finer
det erm ned and ust ed lﬁ)r ovide a substantially

k%ﬂsﬂf aﬁvst@énte@@@an& sgcHbsantialheandaigsificantbr at fegeancy
dnéé ésoﬁfuhﬂlo%?'vﬁ% %bféﬁ{é‘téﬂbérmr faPc?a[t@J i FSeur @54 as

er varia arangter). In the éxe
@d:rwdg rpatiglly @m@eﬁw@tfrqguwarﬁw@seﬂlr@wi 1 lc5mr ig20) to the

gﬁ?{aﬁﬁa@ﬂyqﬁ{ fes Sr’lg)é mn@grh(?y\’tl{ro elg&fo oﬂl{éqgn;gére{tﬁrte by

ng-vari Inatrons “of coetficients,
pspnsidencas cfohe waiokgresistonf68ad s finyeand, second tplttralmgs oh a

?oel?fs tl&let e{r hllex lo%ﬁed'rllr)l%tr%%;ezt;v%tr%gzsrteergy%’] é:n¥l 4r5§iuggp§fethea sa
varying anbient nperature.
fdbhcméd 1atl&Cbelenteﬂ:pgmesBm24un (oobatch)r Dememdingiox ek fabrlcatlon
e riab iS switc h
Pl BT her P Blenf KPR PA0GERisHer et FHET
hmay berppmaclyochlibraesd U @n easultds pafiartiof with ehe temperature

compensation provided by the negative transconductance amplifier 410 and I(T)
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oscillator to tenperature variation is represented by
lines 1705 or 1710, additional variable capacitance Cv

worgochersswi t ched i n, providing a coarse adj ustPenusi00$/034020

the frequency response of the oscillator to
approximately line 1715. Cosyersely, also for exanple,
when the unconpensated frequency response of the

! tHe@vdial] i
Rt LU LBTBEAANL fothl b dlohch b PRRREHLRY
rredeppralesif tempegating ﬂugrl@mn@h ng a coarse adjustnment for
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appr oxi nat oY R 936 ool BEn L BBl b e swishing
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Rustra@d iryFlgmﬁpen hathedd afteragiive RepodiRSPONEE sthlet Mess ar1d7s1e5ond
or é?ZO he substanti.al l | at response of

Pi5BIit R SRS B fegrimig s brekger 8 {gfaresponding Soltages

ragflRaAnisenBNR e6nted] sighals ARt RuSectiRSInGcRING cOfPonedidgs f 1 1 st
and second pluralities of coefficients are then | oaded

itysl aﬁe%%&l‘r?%/% andelf) (@nds signilady, extenduts thepthgr plusglitienel
oSt RRE UEalsed debw)he sel ected processing run (or

bat ch). Depending on _the fabrication processing, under
ot her ci r clarsranpless illustrated wddelre 2@ as Higeuspesin Bregigedetail

%@BW &fyYof a%ﬁgllt&gf%}énpﬁm%%’@'ﬁtrﬂg ez@é\h&'&% edioués

resut I n conjunctlon W th rature
@em’p@ﬁtsms itonplyrabity efaesistiye miedulese gmrf:at@a plusahitycafiedutedlance
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e PRRELT

uency response o ock ‘gener at or
sumématmws & ¢a5th phitke phmadienef ooﬁtrculérhn@nanwreocrdlasdmﬁmtmhs

Isn%y?)te Q%rboc% ‘SZ@J e%u% rgg%grtltﬂ?l% Eapacg F}%cf I (r)(?fl ? 5% glh r

Bht’s 6
fod thabl ﬂhy efféctlwvrdacthmaeg)f dmeésbnalore i sddidont lmwmﬁa ;ﬂqt(rxhtxloj
m.ca dur.

d d
a8} AP e ER o Rl S o Srae i ateo
Mﬂ@ummﬂ Md}kcﬁ@ﬂ%&kt @fadarﬂ{igall g@ss daﬂ d:gﬁﬁtrsgmre«ldsomzity Bel Lgllruﬁﬁi,
n .
Sl R SEBT Bl o PRl ferppy oo 48 Syt uch

ak thesaaliicly Mag &Y N itNRRE Supplly Vel tape OTEDL dr iwhidh add A d§RAQME of
Elggral iti es of coefficients nay be elimnated or

SURRLY Voligee Herppsra e i pihisy PV%‘P?tﬁ’ijeénéBBThF%ecFoaV?lé@{“l‘%‘is

Afay R Rt 5 b@RRE SortRubRQohtes bl ke, SYAddRHNNE discrete
conponents as illustrated in Figures 9 and 10 (and,

SPRfalv prar@éwwa@%rw% St"msaséﬁnf‘f@fat‘ﬂ? yptAtions-es  of

coef fi ci eniga BinS&ueRRAnD SV caphcQtan@ RGNl to B resonant LC
illustrated in Figure 26, as discussed in greater

ok 409 is distributed into a combination of fixed and variable portions, with the
variable portions responsive to provide temperature compensation and, therefore,
control over the resonant frequency fp. The more variable capacitance C, 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.
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vol t ages responsive to a selected paraneter "P', which
may be switched in any conbi3fati ons to each of the
plurality of controlled reactance nodul es 1805, which

may be embadadditior ©hre&iBRPleRpeir dipeatist it should be noted
ure 22), to control the

ce nodul es 1505 (Fi
PREE GBS arorinlld (@ormulebEbematianie meruiihsumasraisoey
ofitilazedtobe Rkt dr)t‘ulféfthé:r@f»b?ltaﬁ’trﬁeq(lérﬁme ﬁta&nWa olbB QF;B)ﬁt ?dt']ﬁqg)jse of
ustra
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GRRRGE pARGGR, 2Xh A Eahia i viREEH A eatif mAdy &F Matyeey.
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m(g:ur @ (controlled cap aC| tor nodul e
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vari abl e capacitors my i npl enent ed usi ng vari abl e
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1685 ARE L 11284 VariabR capHRRARAL iRlehy o%ﬂﬁﬁﬁ:ﬁtan&) (/arYa%H AR Rilizes

voltages In addition to prOV|d|ng enper at ur

asalix af diffsrent gongploiltagesdnsiended asingle cantmmokcatged Iror
Qi@dﬁhf)rp |shc§1‘ila£1915le Eéfﬂa&lfagl:és%m rr%)é c%ﬂ:@q Bra&%?#’l@ . W& 4835

may also be utilized to sel ect "or une esonant
freseefienes: the variahid dapagitsesehare ajyyaas eaupleti ¢o thiaossenabr), skl | |

aci t ance
rlrlgteha gre%MtclﬁTe;Ig% g S?O é&h}tgp\fo?t'é%eg ?fégn%?lot@? k{gquen rgwgﬁec%;
edersas ef 4 sylesteﬁ prapateaseh es temperaitd, omectajmhboasnems
vari ati enc d volt ge
SRR ROy BOSI80 0 S Bl Ot B
refompéisied by ewiehing tes s2lBctedebnBbl voltage ofa phaRiag iof asHe@l an

'\/5‘&’%%5 ance, a resistance, or any ot her reactance or
ance elenent nay be utilized in these various

exerrpl ary Refdreidg memgme 2mrth)evsledcbrrdl@oﬂtr&léﬂtc&;ﬁbit@rdnodule 1500
o provi de a sel ected

RS B1ES Pl BREBTEC APt o ey oo et of

pﬁhfcaﬁﬁﬁtﬁh§ vaﬁd&&ca@ﬁclﬁaﬂ&@ @(D‘;)“l $I5&, thy(ﬁl%ﬁ ‘?gg’B(g 1)Qhru%l?ﬁ$d iﬂn
F‘f .0Cess cy. Figure 22 is a circuit diagram

{Slﬁ ?r}d’al?,l Cﬁae?ﬁg &gmagpgp%§@wwg to node 475 or 470, and illustrated

with binary-weighting) which are switchable (through pluralities of transistors or
other switches 15205 through 1520,.1) to a selected control voltage of a plurality of
control voltages Vo, Vi(x), through V(x.1y(x), where control voltage Vy is substantially

static (substantially non-responsive to the selected parameter “x”, such as
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control | ed capacitor nodule 1500 utilized (wth nodul e
1600 of Figure 23) (in lieu of or in addition to

wonadhes2485 and 480) in a frequency-tenperat UPET/US2005/034020

conpensation nodul e 420, or nore generally, in a
frequency controller 215, 3489, 1415, in accordance
with the teachings of the present invention. The

sempaigueONHiRl the@dmam h@h1GBItdgRE VL ®) th
S|n1I@; to the flrgﬁﬁ?ontrolﬁ%d ég)ac ?@ (ﬁé ul e
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di fferent control voltages, |nstead
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e Referrin to ure 22, the second
ggh%ﬂgﬁﬁ%)egﬁmg§f? Eégﬁ 1500 utilizes at | east one
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FPmRinationg,psgyigyisky(discussyq sy illustraéaddn Eigntes A v tiagevided i s
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The VAL SRERE LR IbE 1% Sk BB RSt e
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%Tc?, rskéfe%éﬂﬁggé&}%ﬁ @ % PFIClant tgg PRPINEISE pUghay teqypetatyrg, u{’*tsgi’“c
gintrobvdltage, 3, asdkfstrated, emdysbegonerated ut;hzmgdi(l? vbltagk Arvadeg h
dul e 1505 may be

e

p"q‘ e? {ed hefyeg %‘Srva(‘%v’ﬁ ﬁupai’i‘/dfar'sﬁ ﬁ@%ﬂf@m , W GOHRRPORFING he

blutaﬁdelm@gnmﬁdeﬁ ontalis 1604, A !3605 ulecMd (X brovidR HRUBired static
ﬁ%m ?%ﬁ) %@ a conse uence, ese swi t chabl e nodul es

g Bvedi I iipnegnerat ?fh%f arpé%'ﬁap&hfﬁmeﬂhstqt%)r skt (ive

ﬂeﬁipﬁdﬁf&xﬁde(pencg:nt) voRe{ RMEBIratdIn BErk P BYABmBWird L8Nt
to one or nore caontrol voltages..
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



10

15

20

25

30

Figure 23 is a circuit diagramillustrating an
exenpl ary second vol tage control nodule 1600 utilized
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statically included (fixed connections 1615,
illustrated as dashed lines in Figure 23) to

control voltages Vo, Vi(x), through V(lc-1 )(x).
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remaining 4 parameters of the fourth plurality of parameters set to a logic low or low
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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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t hrough sensor(s) 1815 and control logic (or contro
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To avoid additional frequency distortions, several additional features

may be implemented with this first process variation compensation module 760.
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coefficient). Again, as each capacitance branch is
switched in or out of the augay or circuit 760, the
corresponding first fixed capacitance is added or
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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
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i nverse of the corresponding "r" coefficient. As a
consequence, approximately-a4-substantially the same
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As each capacitance branch is switched to a corresponding control
voltage, ground or Vpp, 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.
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magnitudes, creating a plurality of control voltages Va, Vg, Vc through Vi, which
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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
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Addified by varying the resistance to the tank, in addition to the intrinsic or parasitic
resistances Ry, 445 and R¢ 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
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For exanple, such variations in the selected paraneter
may be determined in any of a plurality of ways

tenperature-sensitive current source, other
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ﬁ%5WSator 380, 1455 illustrated in Figures 3 and 21.

Ref erring Figuiei3gus £bddk didgramiilizhiaktigaineRSthSihiy\e@e mlﬁbﬁ
1650 for a .vol tage divider, usi ngt resistors 16

éﬂﬂi‘pi@?‘@ %r‘%@?cﬁf Beevsih the sashings o hFIﬁéeS@véfmeﬂ%qn AS

flllﬂéﬁht@@td lqg‘@re 30, VahiBusSdeRidkdary RITRIR 1{1&93\% rEl@Hn ! pa @geter
voltage V Is correspondl ngly changed. t age

e‘éWhUé%wx badlected Ry therpagsagoaftime; arswmpls @ﬁhs@e@ chbrgeeyver
t 1M Obf atnrl@ GRALS 9%1%% 5&1@?5@5‘5’&) rﬁ@?l#{‘le & thredORy é)ggg:eorf
S Or coe

the control of control Signa FCients 1t
PHBNESPe 2 fesistanehisatdr 23 Hbte megsurhienctaamors eesislasee nuagnitedks or

thl%Ese&Yhe'@ﬂU laﬁ&/b@c&ﬁﬁt JRPRARLas kL gggéﬁfgeg %L{rre/—\f lleve&s %roduced

resul t, the’resonant frequency may
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h | ustr.at ed,.
e L ST
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ont
PR At e PR R R EvOR e B e Biise curent
amviaiial @ilues 749 be Feakl @Rd SdrhpaPedS M PaRtor 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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nodul e 2100 may be inserted into node Qin resonator
405 of Figure 4, in series with inductor 435 and RL

wdddwe/1or524 N series with capacitor 440 and Rc 4BO1/US2005/034020

both. Each switchable resistive nodule 2 115
(illustrated as the pluralidy of swi tchable resistive
nodul es 2 115M 2 115N, 2 1150 through 2115u) has a

iffer | ht uch as a |nar
et 56 Bovrmstien it ofier fa o Ror ik Bl e Bqrayiges
Zork0R&MpordiddRduel QdisintenBuging Eﬂ.}O&Uhe varidds mddulators and

swtchable in or out of the array or nodul e 2100
COHRPRIEHOTE iSSPV g transistors or switches 2 110

(i |1 ustratederfifig hfANRIFERE 31 %éﬂ&%nc% cddtfMNer 215134, 1415
through 2 11 Qu), under the control o control Si nals

AhE prese EVERLIINGRAYSCOMPEige ongor Megs kel %\Mﬁéomg%?ﬁts (Da

$h L 6RIREN R SRRV EE & 2006, B85 aBEDAAbSHIMERS FRREHS in
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reque Figure 30 is a di’agr am
|r¢sbl1a$1t fraquenrg'fam resp@nm tapyy setpsted aanamﬁieo ﬁuwfipmwfﬁ,
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V a tr.ansi stor nc SOor
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t he var| ous curr

current | evels produce

dbihe e ghat I&eé’é‘l‘%"(?tdé‘ﬂs‘ﬂ@i&ﬁ%@ﬁgﬁ‘fsw@t’“ﬁmﬁ Ay aboéllﬁ 'in
thiib1d SardMhedti nklRfd 1ator 1323k bﬂosése&%ttﬁeé‘é?Amét@r) AOGuI3R2 6
for conversion into a dlgltal val ue, which

IS st or
icampenseigi B8 0r the offten eamReaRiSrSng modulatersare\arbisary aﬂ%\ﬁ%ﬁm

Lttt thé:sdoﬁe b the breRAVRI EflioR NasRhchhAEleh &R rédpbhdival th 28¢of the
an Initial measurenent is stored in the register 2230,

tperametwﬁi disugsethakaqve, nd cachigngyici wsigizeds for any b s pusrpses
5(%5%0% %r m?g@%‘?ﬁl')l% '%EJa%eteﬁﬁilgaﬁlbtgp P25 TR BB RS

e per the resulting valués stored as
a;ompesm ﬁmfﬂylc@mrrmmess/wﬂa@@si qic.r raeisthar tepypgrgture variations,

If!)lj E&&i‘lé elq a@& tl&lrJ rdg;?emimg'@gor{ ik Eél&lted g}é%ntfaf?{)n ¥Rt 5ﬁﬂ@re

resi s ven ranet er such
v:od:fﬁalgﬂ reglslcns éms @red 45hi 4t6i5a495)/mlawasutdﬁyd Ivestare ary @fﬁbr:

(Pg ngahres 8f (@eﬂfgpe%tsa&ls%ussgg %?dv V\ﬂ a‘l"tgmgmrlenﬁ)rogﬂﬂqusss@h

age co ensa ion Si naI proportional to
angfﬁdueﬁtﬁ eng mme)ebzeedw;ewntlu hveitchvag vwhdlggesr cuSumls apipliet diregtlye

s SR PR s B espondi g coef f1 ol ent s
and/ or conAls6lin the gxemhary embadimees plone vargpuf caopraanty may
a"(]:l 115'I etarggystor llﬁ%r 18%%?”2' yI(x) (grC ll?T)?%enera or'd ngSaIISS %p susc. %Qal S
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.
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provi des for corresponding frequency adjustnents using
any of the various nodul atess-and conpensators
di scussed above. Referring again to Figure 21, the

frequency @Oaini@dr} &he gxlsﬁlpla%ﬂfanbo@ﬁﬂeﬁltﬁf tﬁgﬁeﬁﬁﬁﬁ%ﬁhon

i nventi on ma rlse one or nore of | owm ng
RIAYe %@hﬁt@ara@for AP e@ﬁ@beﬁaarﬁwa%mthabwsmm adapted

(8 p%vncfé]aQirst“s aﬂﬁ%n"glﬁ%s%m@e&ﬁm}s e/ aH;ZEIrn%t (,eorqrned [ges a

Figures 6 - in the exenplary
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Esapriersdlined povarfahlsrindugtanesn orpnmbm anamstamqe Gorqtheet C.
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th SW t chi ol. S or .curr
SRR YRl PP bR ppeitienesS B8t
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arl ous ¢ oqent i ncl uyde a sensor 1440 1815
PRI TR 31 S50 4y b S Eoshcvnas gy 3¢h Sichatien as
S@fa&ﬁve meyuld espuneive eedcresgbndRp aseHifer QR TRA plurfIHE br
.current source ﬁg pled to a diode as discussed

956 ientsiosy itely hebwei the s ceprsitance apd b vasiablsrapssifanceand
& ik exaNagEbId depacinét ©ARbARI vhIRGE C TSN Mralid Bk QwitdRble

provide the sel ected frequenc¥
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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provide a first signal having a resonant frequency.

The apparatus conprises a sédsor (1440, 1815) adapted
to provide a second signal, such as a control voltage,
[ qqsnogsip@t@gepotrgsp@hdlhge aﬁfﬁmﬂe of@seacrrl piiralify oﬂcéﬂfﬁﬁi&{ti $tdred

n ontrol |l er 1415)
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V\mlthgd mxae b2 ginepleyted anbddahérgy, trdapbetirthe BREHbS atclﬂﬁent
reson fre nse to the second signa

inr es
ISR RPN ER b lnbfe PETER bt eabsmiea s seh o
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S8R atg’i"éﬁlg}"es c)adn fr‘ﬁé‘dloﬂwaﬁlgS%tqhéblareStsammpdtamc@he

urhiR of SFIRVAIE1O FesisﬁvJ RORPNHEs § QirfeRGit éﬁlg%%resﬂe%ﬁée for a
Figure 9), coupling to the resonator
fspleeied repksonat or a fi xed or variabl e capaC|tance
(635), nodj,fahdp ¢e of a varactor
coupl ed to "the rg)éésni}ﬁ%\? fe&%g&h‘é;\?&s tﬂ%ﬁé‘é&aop PR AN S5
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of epeéfliciensuich as by coupling to the resonator or
decoupling fromthe reso resi st ance.
exenplaryqéﬁggﬁFﬁ@H¥§ye?ﬁ%}?PEﬁJEﬁFﬁ“@BMFP%Fﬂ@?ﬁW%V
tomprises a pmlmls iv&rgatiol c@rﬁ@ﬂ‘nﬁdt@ﬂ 20} 425eB09r 860,3 B@fQS {&iation
store of coefficients; an first

S4rRhcs arseh iR I b ettt and Sapist Caipd it rsonant fréquency

tBpgOhid tv @ ABEG@Dreé@ 8@ of Ihe pﬁﬁ’éﬁft;' bEparithet&SITRI €r
and colflable to the resonator, each sw tch a?

RIQRRE Vitiapan ﬁﬂBEﬁ“éathv?Yn@ﬂherfCP%é@Pe@af@a@”ﬁcteawéelsm@aqul ta
vidiel ahhielity P 8SE i AGHES afkPhh arRGGH0 ﬁWlﬁgCep@glla %y%@@ﬁ%ﬁab!\rée

nodul.e reSponsive to a corréspondi ng efficien
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to swtch each variabl € capacitarc
FOREIREE 72Pneach piteible yar@ﬁltlwmpétﬂatﬁlsmnsap &rca tdrresponding

OREES of Y pm?al ITB) m&(ﬁ' WRhAY Sch -Eht%ve g lfigﬁl Eggfi G@ppritance

controll er her conprise a SEeon
Wd\ﬁhwcwdpﬁw aanatcyanoc lnwittec brednipdary eabadiinvres, Michib&sSs
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a capaC|t|ve
plurality of coefficients; and an array 860 having a plurality of binary-weighted

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

voltage and a second voltage.
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capacitive nodule and the plurality of swtchable
resistive nodules further coupled to a node 625 to

w@ermviaiE4 he control voltage, with each sw t chedi/es2005/034020

resi stive nodul eresponsive to a correspondi ng
coefficient of a second plukality of coefficients
stored in the coefficient register to switch the

swi tchabl e rﬁsistive nmodul.e to the controhl o%t e
node 625. I ANEAXERPRE SHSIERAENT FIYERY €8 ‘%X‘? ‘f'ﬂﬁgf her
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COTR LB EPUBL b P AR LU, SAIOE e
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, r , ;
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leoglgl?sc’(si 3021 k69 BIHIGPIRRENQRER IenfRYiste 416 theGOIBRALLS Bach
coefficrent register adapted to Sstore a plurality of
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¢ | ta 7 d, f ; i e1KL0,
ERAAGAG APARear do Bt BpRRERR brght EShBRRRG AR ThE
caraspeplondeavtpncomby besveitvhedbetwérn the ngsanaior gndof control voltage

coefficjents. to itch t ' fil
Gopuen thtatah s el R Rab Mol e sevre
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§V§t5

LA T R By SCBROBPOrIG i FRYGRSPIMORatn
SWrdIEh@blafiaMa parakkRrsCaRRas femperatifgl Bbicdtvf PEstsssy eltage, 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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correspondi ng coefficient of the plurality of
coefficients to switch between a first voltage and a

wa emonadisyol t age. I n ot her exenpl ary enbodi ment SPCEUS2005/034020

frequency controller further conprises a coefficient
regi ster adapted to store .g4f.irst plurality of
coeff|C|ents and a first array 1500 having a
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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



In the exenplary enbodi nents, the plurality of
swi tchabl e reactance nodul es nmay further conprise a

w@bkaosabisty (635) of binary-wei ghted sw t chabl ePCT/US2005/034020

10

15

20

25

30

capaci tive nodul es 640, each sw tchable capacitive
nodul e having a fixedcapaci-tiance and a vari abl e

capaci tance, each swi tchabl e capacitive nodul e
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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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swi tchabl e capacitive nodule having a first fixed
capacitance 750 and a second fixed capacitance 720,
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capaci tance and the second fixed capacitance. In other
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referenced oscillator has been described, providing a differential, substantially
sinusoidal signal having a selectable and tunable resonant frequency, f;, 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
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adapted to store a first plurality of coefficients and
a second plurality of coefficients; a current source

W@ ide/160634 655 adapted to provide a current PCT/US2005/034020
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time and ﬁ1ay 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
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skill in the art that a highly accurate over PVT, |ow
jitter, free-running and selfreferenced oscillator has

substantially sinusoidal signal having a sel ectable
and tunabl e resonant frequengy,”, avail able at nodes
470 and 475. For many applications, this signal is

Switerd Gk BIdh.staBd T8 abBY toRRinbitibh ba%ﬁ@o Siowegdil Xt tﬁ@fb@or{mﬁ‘eq*agncy,
out put on bus 125 or 135 of Figure 1, on |ine

FrFﬁlutl‘r@ ipa vgltags spiks preglisely Toy aVP’IdQ’QF’é“@ glitshesfeampbeing prowided
radiph® oP4n édt;ﬂ@@lo@iz Qg@n Qhéls%féc@ﬁ ’s:ﬂllgféﬁﬁall%')s ud: 0 (Nfafée@%[% @'ravmg

this si e utilized as a timn
rtag @ﬂeéwgéreqwcz)d& priovideden liger 6P paea fmsta@éﬁﬂOGSrwlem pmmdes a

agdiitd enalir apRtd %Md%ﬁraﬁ FilPAlel ARIE cfoPl? Lot%% tff ermg

3§ner at | on SUbSt anti a Yy Ssquare wave
KE. skamyoid tb%\gliteh eqsuyingakiheeloclyedgei the EiFﬁgmaﬁhdclmﬂdé at

JR% BhR g AR ASHILRIEARGL O, oF Bty négpagP?/*’sdépch as

lagram il lustrating an exenplary frequen
and K0ameay bvacmplgmieasaluong tbe&(a;t femaiomar @ockrsinal; )he Q

I 50, X
SERe R el [EINAT R T8 b ahg il BT
tsea@ot staggloof orthiigh) pudsed eithey distpo@sr or/gsmmﬂ ik at B4 been
fre uenc ener at or

ove uar. )
TR et RS e S a0t N NG LSS Bornrats.
3Bidg added af ag be deyres duewtiDsddHel DFFsto‘auéi’rﬁg Wtrehed kwitching
glltChgéyﬁg%ﬁSSI n podul e 1080) may be_included in or

LS i frated wifizing fyprgplary: Fsgéth%rrﬂlpﬂgpwcppgens@ay

bé ptiliea, Mgt oSdkaNalthd &roWIL BEAZE hlykiad Sther J&;@Wﬁiexv a
dlfferentlal and substantlallg si nusoi dal sign
g

HARIEmENtatiqns adirbl) aghigye thig psulh andell pgh Véfﬂ?tloﬁﬁ%remmdﬁe
E¢®Hbﬁth8mv@ﬁtldnl ne 350 of Figure 3, or between the

rails or lines 470 and 475 of Figure 4, is input into
frequency el Egarpla dove ltpagwfr m@@quféhlag by act@o@Ice Wi

tHeQEHeRMEY ofAfie Hrlicht ﬁvgﬁkﬁﬁtlll@sltlja@éd o B §r‘3' ?a% gﬁ}eﬁ}'}qg altscc’

di vi ded by any one or nore arbitrar
istrafive P whitartialy] sgnare 8@ vesi qmemsnng/lmvenme méhich are typical

@p&&lﬁpgduglteev)lave@ﬁﬁlzﬁg W%h&&qeéhﬁ?l%g Q? ?hanﬁ éésc?c’ngglar €

wave Si gna S, resulting In
smanmdqlshqbtssaqd anHShmatset thﬁlg rﬁabe;tli?@h/lgh] andibow sfates (and not

n i tput,an Lipnes or
e b8 D arieg CraBlbock RN ke B sl OF
ﬁﬂyedeormubghtamfneabwwcmemnel M\IfzatoS%Bngai svHila\pa @ ilMustrafes
[ [ C|e e sel ec e
e e R S ARG LR B S VR LSRRy e and then to
83 Bglrency selector 1050 which, as illustrated, may be
enmbodi ed e sel ection of any
t hese sub eé‘m'i‘%‘i‘&avp Q EXU%FC 1‘\7\&\‘7@%?%&?%"4’?&%%“% waye
ghnfefaarrenmo mr;abé atﬂl@nefnreeqm Bllﬁﬁﬂnetﬁblgﬁbérb @ucﬂl(h@ QATRlrd SRS
ines (Smt hrough

throu%g he ality of selection

le-gerice, Wish @16 %Sﬁ@teim&a’s&heﬁ}& PPy P YBRIa e Aldeeougiug fram

mavssmlgndsrh Bustele@ Gf Bigurk UaANEBEHtial GRS Tindldr %@%7(1 E&Pmﬁs
art chronous frequency sel ecti on,

Elﬁ Ebsrt agfgf bx 054s alpadifferential and provides complementary outputs to

present a substantlally 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

PCT/US2005/034020
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consumption. As illustrated in Figure 17, for these conditions, the output of the low
power oscillator 1105 may be selected (through multiplexer 1 100), and provided as a

clock output to other circuitry. At higher frequencies, however, such low
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generator 1000 may be inplenented in innunerabl e ways,
such as differential or single-ended, with the

w0 bdogabvrsat ed di vi der being nerely exenpl ary. ABCT/182005/034020

output fromthe oscillator illustrated in Figure 4 is
differential (across Iines_6gr_ rails 470 and 475), the
first divider 1005 is also differential and provides
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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
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circunstances in which a highly-accurate, high
performance reference, such as a clock generator (100,

in a low power, standby node. In these circunstances,
in accordance with the invesdiion, either no clock
output is provided, or a | ow power, reduced
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to the priogr art, t hi s pulsed cl ocki ng using the clock
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savi ngs or conservat 1 on. [ e rmre power
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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

i S unnecessary, PGUITR085034020
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i nvention. As nentioned above, the clock generator
and/ or tim ng/frequency reference (100, 200 or 300)

worooeposyd de a reference node to synchroni ze oPdTBUS2005/034020

oscillators or clocks, which may or may not be | ow
power, such as second osciljator 1210 (e.g., ring,
rel axation, or phase shift oscillators). An output

Ssiirﬁgiﬂhalfs{ggm% Q%n&l%%ﬁéidgﬁ@g&?%gg ’sﬁggéox%ovre 5%85 ha.lvisr’lg a

timng/frequency re
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riostep 805d, rseypild60, thremahiddprbeceay B8RP 4265 k@RALhrbRIM third
frequency selectqr 335 to a second oscillator (with
SRR B froBa BrPTHO 1890 FrA8SPORSedy Seruen Sgia SHEMAsU
slustraes inftifuren 8. DEdllohdsteps 3260 264, ithd B&Hod Ray end or repeat
synchroni ze the out E’Ut signal fromthe second

S {YFN ai6h the Clopleesnsratr an¥er tunige/iieaysney fedrsence 100,

QbOEK3 0T AMRME bntHISAY), detul f&Y fI7BquUency ref erence
(100, 200 or 300). In addition to a node of continuous
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. _ ’ ot
Fp TR E B RER e RuR (RUALL PRIABLE R requgney of
aybmglitapi/fregueivias. iThe appemndaisoénohideha frbqehaadihidergsoupled

' tQn,. ar oyl des useful .s ry.
e REFRER) whON M0 o IOHE isp S8 By ke
irto aplyhulict dckcogenignals baviggddonresgonding glutal @goffeyiencies, the
refere 100, 20 r, 300), . start-up. |t _should be
Rt b e (bR piobBingha B GEaene} such
eOhsdicisibh bg a sdtepsl, nutdbeise st eps nmay occur in any order,
and generally y occur, concurrently as the clock,
gener at or aléﬁcﬂ‘rgg&f’? rﬁ“ﬁ'ggefar‘ﬂ GEHe S‘g'é‘f 8 Bfiese-endsd sigodlo
Orhed @lﬁ)ﬁramgnalt ie8 difR@d‘nﬁﬁl@igf’m@l, tHe freh GIAEE dilRier B fﬁrﬂgﬁ Bdtpted
si gnal  havj a resonant frequency is generated, step
eapgve tﬂeﬂlfﬁgenflﬁ'ﬁﬁ&@ opeingleraderhutng) Siwdlathardien giedirst

Jibal isesBaitiafly SHURMEAY sibfl, 3 ULy IdiVid® SORARE alidhted to
tenperature, step 1230, such as through a tenperature

EUVPE HE St Rxtantaldy sigyspidpl S&&ﬂﬁamt@ula%nfiélh? SqHgfE Wave sjeeakcy .

The resonaptaddus aMesENiehtS, RIHURERY dividd: §2H B Brided
fabrication process variation, stép 1235, “such as

PiNFGROH Tir-Hersses counteracoupledsairpesiishitioserBa0vheagin an output of
f(): gbﬁ’%cge?;t?ﬁ-ggpgy g)fl)l,né]f: glgl ﬁg)e\%g%xcggy a eviB&Y ﬁ@-%‘?%r "élgun?erfdl\;ldseﬁ
y 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
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the tenperature adjustnent of step 1230. The resonant
signal having the resonant frequency is divided into a

w@bkasabisty of second signals having a correspoPdi/ng2005/034020

plurality of frequencies, in which the plurality of
frequenci es are substantialghy equal to or |ower than
t he resonant frequency step 1240, such as through

f 33
B e R
&@ﬂﬁhlgBMoa&‘dutWyemgh frequency sel ector 335 or 1050,

for exanpl endi n on the sel ected enbodi ment
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Yacked loprs OéP'bE‘llFCEj%'h'@FlSP%?"%‘Hd/ or timng/frequency
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requency; an anplifier coupled to the resonator; and
spnfneexquemagi MY 9P Plisee CUTe TRNTERITCERONEING Loy tE B BTAI ESr )SuCh a
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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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When the first signal is a differential signal, the
frequency divider is further adapted to convert the

waledobaowed | al signal to a single-ended signal.PCT/US2005/034020

Simlarly, when the first signal is a substantially

si nusoi dal signal, the freggency divider is further
adapted to convert the substantially sinusoidal signa
to a SubstaRthalkyyIOHASIR MAY Raveivals
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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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a capaciti

tenperature, and nmay conprise a current source
responsive to tenperature. Such a current source may

whaooe/1o1524 or nore configurations sel ected fronP@r/US2005/034020

plurality of configurations, such as the plurality of
configurations conprising CJAT, PTAT, and PTAT2
configurations. In addition, the frequency controller
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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
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vari ation conpensator may conprise: a coefficient
regi ster adapted to store a plurality of coefficients;

capaci tive nodul es coupled to the coefficient register
and to the resonator, each-%6i-tchable capacitive
nmodul e having a first fixed capacitance and a second
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pul se ‘counter coupl e fT equency
peratien;adipauency divadsr eebiples td dtegrcsmmter thedrehﬁc&t:jé ﬂﬁfﬁier adapted
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an@leteh@dr fe-tbetammd:l& sqliagrahve sttumd sigagln hiving Aisedspéntifagt he
i nduct or nd a, capacitor
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PR RS PR Ao R eigSientay oy Sy gower
ﬁ)@mthegc,ﬂoaztnt teqwhcys apd enchbécbyd ﬂénaﬂ_ﬁh\ﬁ@’lksubstantlally equal high

h | el and
TRk T TR Ok
&m:uomhyrselettsr adapred (RROVIaE & ouTB siRBal FRhEMHE BMirdl P8R Rcond
sp CO[TpI'I Si ng: a cer am ¢ resonat or, a mechani cal

%sonator a m croel ectronmechani cal resonator and a

film bul kF&ﬁl@Uﬁtfbr@gd’lﬁgSWH%E obéervea%t ﬁﬁ.ﬂ@rausf\%ﬁ 5 Qhd
@8%@? s electrjcally equivalent to an i nductor )

aé18n§ ay,be B:ﬁ@ﬁtvs@qhou 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.
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(C). The apparatus of the invention may be utilized as
a timng and frequency reference, or as a clock

w@eovenetses . I n addition, the invention may al seCT/nsiooses4020

a second oscillator (such as a ring, relaxation, or
phase shift oscillator) prasi.ding a second oscill ator
out put signal; and a node selector coupled to the
irisadamGy controller and to the second oscillator, the
node selector adapted to switch to the second
oscillator output signal to provide a power

gonser vat | Ggparles rfifohlRYBbnPSF Alihd S -RYn e
grOV|ded by a aﬂ@ gI delecto ébup?f%“tog?ﬁﬁ requéﬁ%y
yonpigloseHatomHicehparatys tenpeidimpt ed to periodically start
and stop t]

signal, or r}gcﬁﬁ?gg?e%%{“éee (ec([i,btrlei%étei qut ‘%é‘ﬁg%% ‘R?’)s?
ragohatlegest o prOV|de a power conservatlon node. In :
anot her sel t he ar at ||

i nventi on, lﬁ&%ﬁ§°?°m]mh&F@§%%§ org (Fg mﬁ&%@Fﬂ% a
6mﬂkstn@nal haV|ng a resonant frequency an anplifier
coupled to ensat or
coupl ed t& ‘Hglétﬁﬁ? %‘FS %f’HBIe{] ﬁfai'?' ?1‘3?56 ive frjpdules and
toathppluatity o coargied seabtanceaﬁkamtee dhé pluritigi Sfgwitkles FRpeRABt

fre in response to t erature; a.process

i soarpenabinsanlsr B el uiepsoh s palBialcotrol vejiages
Wm@tsc%nt\f@l[dd&édc&ﬂc@ﬂﬂH&lﬂ@%h@ﬁluﬁﬂ@'ﬂif@QnthPleMbtﬁt‘{cetnlf&lules
resonant frequency in response tq fabrication process

tpdredityjagRsonantifegegien efth ahvm@&c ogdlFPled to the

resonator, the frequency divider adapted to divide the

first S|gnal havi ng the resonant frequency into a

Bl ur al i ty The apreeBwdofsiain dl Wheieip iahlgash oregonbelpetfageny the

Pldiia) dffcxmﬂrn vEﬁa%géJﬁ'?é's eﬁswett@s RhicR! 61*2% 1&%1.@ Iof mn&tees

subst’anti al |y equal m@ than the re

frequency; and a frequency selector coupled to the
requency 0

%Jr ovi de ar?iil g\ék%g{wssﬂ;%ﬁ% 2 ‘?%’%‘? ¥he%?+r§@gl%lff’%g% rggf:ond

virghlalagd camprisn ot laast ogedfalt fotlowin palemetats; t¢nErawpar at us

. ' t e | ock signal, and

%grﬁ%alrﬁ?%g@é%g’n\loﬁ%e?g Ogrg{tge?qua pt ed to provide a

differential, substantlally sinusoidal first signa

?aV|ng ar sonan% reguegcy., a ne at.i ve

ranscondu F3W3815H§%|PP rUEBETSPRETYR t he LC

resonat or ja carrére Bpetaddupled aoip pRgdityost resitivt eddiiles, the

negati ve transcondué&ance amplifier and to tg LC
UECEB-SR1SP a04PHSS! 10 BERYIle ARAPICB ARSHASHE BYFreaR N lasto5e

mdm\feyn@iuwmmluﬂamytom ﬁesﬁﬁ@ﬁhbd&estﬂﬁ Az B8l Ueab t2dme Qontrol

I|f|§ n response t? erature and further to

Yies gf the Lﬂﬁ%l&)/? HEBO Lo teges Vo s SUABET- densnde® ponse

to tenperature; a process variation conpensator
coupled tg the LC resonator, the process variation
%on‘pensat dhe 5@9&1ﬁﬁtléscpfcla1m 2, further comprising:

a current source coupled to the plurality of resistive modules, the
current source adapted to provide a substantially parameter-independent current to at
least one resistive module of the plurality of resistive modules to generate at least one
control voltage, of the plurality of control voltages, which is substantially parameter-

independent.
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waoleosders2coupl ed to the resonator,

to nodify the capacitance of the LC resonator in
response to fabrication process variation; a frequency

di vi der adapted to convert and divide the first signal

havi ng the resonant frequemnggy into a plurality of

si ngl e-ended, substantially square-wave second signals

Baving a Clq{erafﬁé?ﬁﬂgbtrb@alﬂl IUhRbb e QESt%E@@dﬁ%fvoefége Shfe

plurality requenci es Substantially equa

Plyvadity Qfmﬁtf@Wélt?@% Briemperdtpiscigpsndynt ankh wheramiat keg onelcontrol

951688br Mayied R You Rt p‘f“

S e e oS R Ik R B AR Bt

frequency di vider, the frequency sel ector adapted to
rovide a f l.urality of second

2. gnhal s. El‘ mbwétu?&%lal il fumm%%pﬁm%e observed t hat

NUNer ous maﬂt‘lcwoﬂsgnaﬂadcdmpkdd fa tthe\blumhlsy asfesyvnbl&aesaﬁﬁ ediped

' f h f
DS PY BR ERA, Foh® Bhb SRt O e 6B Er e B oc

. telasitonamelfﬁcmm af the firsaplukalityesfieeefficiemst he specific

nmet hods and apparatus illustrated herein is intended
or should be inferred. It is, of course, intended to
gover by tihe apyp@idierdidh d| Wheréih |the§u@’aht5¥"%@ tdduftd RAGaRE
faII Elnthescqeofthecamsl is clainmed: 1.
‘HE;%"%{F g GempEte ¥ R waliw ol ifieratly-greighted fixed rapagjianpssand

@Jrﬁﬁtercuﬁﬁaltﬂﬁesh hdAWRerin ACAlhra Rty OF switdh8s AORApSHsHS to the first
risi ngf pluraljty of resistive nodul es adapted
%évrférca% 5015% faioaPleryfixgd capatitanes toyhs haggenye oggillator and to

E’du‘ﬂfeﬂil ﬂr‘é%oQtfrolQ/@ﬂﬁﬁfeQJf ltlﬁ%ltfr?lﬁ?%%ﬁo%é&% £ OMPhRd toO
the harnmonic oscillator; and a plurality of swtches

eapagitaees qogpleh o the hermponicpsaflateresi sti ve nodul es and to
the plurality of controlled reactance nodul es, the
plurality of switches responsive to a control signal
?o coupl e The pppasatuscdistaino 8, windreintfe pdfralith of phistiwdl modulasf
%rlrcghqugé et}@gt%ﬁta/ro(?s@f téﬂa[n% %sgsgt% %?P&l cou§1a§ antﬂe coefficient
ngsur asl aqapmntml\{efryocmler, &s&mlainttwé medule anq/theblmrehmy hﬁar noni c

%VZ {:ch?bléage?lstlvez letl]ees in e?Ecz)iuthe tO]c Ccle%o Prqvicltca\ﬂf';I t:irst cgﬂfrl?lol

one con age’o he plura
V/cfbtlagagash smtch@&p@nmveemddoleaespammm eboméspa]dh{gwoafﬂcteylt of

EieabRl AEHS 5 cosfioigEnBPEPLAG PGt bt B s e
atitchatistesiotive mbduldre tieddonpalivioJageaioaset er s: tenperat ure,
fabrication process, voltage, age, and frequency. 4.
The apparatus of claim2, further conprising:

10. The apparatus of claim 9, further comprising:

a current source responsive to temperature, and wherein the current
source is coupled through a current mirror to the plurality of switchable resistive
modules to generate the first control voltage across at least one switchable resistive

module of the plurality of switchable resistive modules.

1. The apparatus of claim 10, wherein the current source has at least one
complementary to absolute temperature (CTAT) configuration, proportional to
absolute temperature (PTAT) configuration, or proportional to absolute temperature

squared (PTAT?) configuration.

t he frequeneyT/US2005/034020
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a current source coupled to the plurality of resistive
nodul es, the current source adapted to provide a

nodul e of the plurality of resistive nodules to
generate at |east one contréd-voltage, of the
plurality of control voltages, which is

par anet er - dependent. 5. The apparatus of claim 2,
fﬁither cogFrisiqgi a current source coupled to the
plaural ity of® ?RES[ALLSf glaifp dMEsTein 7eh etiitohable reststivemodule
astaly R6kalit9 of 5WNdHBle ResEMPS dMilésHak ¥ different temperature response
qgraneter-lndependent current to at | east one

ri867 $&qcifd CHBEMH e of the plurality of resistive modul es
to generate at |east one control voltage, of the
plurality of control voltages, which is substantially
par anet er i hbkepa@Bsof elainTHE firtheaeenmuisingf cl ai m 1,

wher ei n at 5| 8AR%-B6i&P. ¥ f ur.al it
of_cpntrolavolt ges 'S §§g§§;59@%§9§g§53§§ﬁ¥BQ%g%hMﬂX
vibg§tivp modules @apsevidmedigital onipht sigat iagespordse tidithe firs catiol y
Qg0 jL! Vvoltages is substantially
tgwﬁgfature-independent. 7. The apparatus of claiml1,
further coapmitroi logic ockoetdnvert thatdigiteDiusiue sigaal upthe dirdt 0
t | i f .t ches .and .adapted to store a first
6ﬂ§?a ?f%mg%%%%%r??%?@ﬂwg¥sﬁﬁﬂrein the control signa
is provided by at |east one coefficient of the first

Lurality of coefficients . Th ppar at us of clai m
9,4 “wher ei nﬂfehaé’ pﬁrla{'fls 8# ﬁ?‘ip Z)fwé?‘g'ifm tﬁgﬁug@tyr S Lertse|led reactance
midiulee Surfheir ddgiriseonpri se a plurality of
differently-wei. hted,fixEd capaci tances and vari abl e
capaci t anceRUrlEPLRKLFhable capasitye modples gouplted dhe eprifcient

aEEstérafP OsUplabee tb ehel Haeméri SdcilRiokTeaH dwitchiblCOhEitivd BBESe
éo,couple % fi xed capacitance to the harnonic

QUNg # ¥ BPleLARRCiigNCE oaph BVitehable capaeiBvi meduly tssnangiee bfa
tcb@espbndirtl dokficRht AR £l ﬂﬁﬁlify%@@g’efﬁaelﬁs paWiRRhe v riabﬁ]
capaci tance coupled to the harnonic oscillator. g e
ApFaRaREY® aorleeted cont®] volkage ef the pluealipl efrcantralywolsdges.
resistive nodules further conprise a plurality of
swi tchabl e resistive nodul es coupled to the
déef fi ci entherappiratuesf clain 14, Buthercomprisngrodul e, t he
capacitive, : | of i t.chabl e.
resistive no uﬁ%@“?ﬁﬁ?hgﬁwgkﬁ£ é@*%%“%aﬁﬁ%§ﬁ¥8pﬁ¥%BFde
pirempierssvherein theodurrgnti sbarge js cegddd thwiugle b alrkant misorssd thee

: | .0 a correspondi ng coefficient of a
eg%hgﬂgﬁﬁggpi#yggg coefficients stored in the
coef fi ci erind mhgrest @ach tesissw haduld dfehesplitalityalfkistive modules

S] 8k nodul Q the contr.ol voltage node. 10. The
L T R
soumoteoltags péthe ipheality of emperalthges, in &3onsh & £éutrehom the
current source is coupled through a current mrror to
9H§"E?ﬁpﬁiity of switchable resistive nodules to
generate the first control voltage across at |east one
?xﬁtchablthesistive . )

. e apparatus of claim 15, wherein at least one control voltage of the
plurality of control voltages is parameter-dependent and at least one control voltage of

the plurality of control voltages is substantially parameter-independent.

| east one reECI/FE100§034020
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absol ute tenperature (CTAT) configuration,

proportional to absolute temperature (PTAT)
configuration, or proportional to absolute tenperature
stjuar ed (Ptmabpamfdf%hﬂmmbrézth RPBAEALYE t

cl a(lj Sif wher ei.n each swit chabl eetggg?s?l ve nod %ﬁoéac?ce
t e "37? HEhST COMBises i t chabl e resi stive modul es has a

di f f erent taeblmﬁrt@bmlﬁe;re %p&@%ﬁteé %t&a@@'c%ﬁm% f?n%&l@é“

13. The apparatus of claiml her c rising
aF4Pl5E fa fae aeelidient regisirs and irthe barppeie oscmllattcvrequh gwa¢hably
OdapgifiveGhGt ' .1 al
outp put\te3| n!aeﬁ]aflﬁlgf Zisrés‘éﬁgﬁpaﬁg%ﬁ Cet% r s?coclr:'gﬁf( & %pg iance,
V3Fh ayichablp gapgcisivnmedle reglgqnélvmcrﬁ:%nte@oo(bmg eodffititng of the

I | urali
gﬁggr:ca?t? c?lf gﬁfg&g}t&og%ﬁéﬁég\g&&?ﬁ il lrs?fixe% cgpaf L{anc¥ﬁmj the second
dibisdicanagidane¢. cl ai m 7, wherein the plurali ty of
controll ed reactance nodul es further conprise: a
plurality of sw tchable capacitive nodul es coupled to
tBe coef fi Theagparasgioftieim 3vcheciniphk phirity of dohgolRArrEaRince
olggduléba}tl%rercoen?crt; switchabl e capacitive nodul e having a
variabl e capadi t°a ance, each swi tchabl e capacitive
modul e r esgxdem o chl&hbMahﬁﬂ@@d’pﬂhﬂ@e ©eafé &@E@atw fé

rst coeff|C|entsto swtc
P Tsish e St i aRmgner SENIGior Gt 4 e P SYEiERg el
tdaﬁacplvu rnﬁiduléyes@fmsmﬁb b @brrespbriddiDefiibiont offife FRARE I US
rther conpr.i1 sing a current source

Ia|n114
%ffﬁia'ﬁ%tﬁ \fés“fltf efﬁV&F%@fSévoltﬁse %pdm seend; voltagstofp aburalisy ef
Qamﬁnebmﬁﬁs wherein the current source is coupl ed
through a current mrror to the plurality of resistive
nodul es; and wherein each resistive nodul e of the

pbural ity pfe dppsrhdl bVQaifPH Wh@x%mhtﬁec‘ l@raq% af (ff%{)ﬁtpc;lled d regctance

response to the paraneter and Is ab apt to pro
arndples Histhen soapeistit r ol vol tage, of the plurality of

control vaoj ﬁlﬁﬁﬁ%ﬂ of 'swltﬂﬁﬁfgqgﬁﬁalé &ggc t?%rrf,gcmesf [ orp vﬂfthE‘é -

current source apparat u
aocffigiantregisier a@ém the ham@htca)gell@tbr tdvb spitcirablei Wayalﬂé capacitive

gtﬁaredh%gclr:]s 8193}1\%6[9 F?%&%pﬁﬁrﬁ;@égﬁ {j:rgtacfﬁhe ypq%r]ahté/ é)gf:?eéflcnents fo

wlttfatg@§el|ege¢@mbhmluagd ofia mmlatgmf ecrmmhdﬂtﬁ@ﬁd’thﬁblula?ity of
f. it .

Egrﬁ{o?g@%rg?jst oM 9 m gluralg)ﬁl?&gﬁf Slé(%ﬁt[g[t?%elé, a>r/1d gvherem

the selected control voltage is substantially constant over temperature variations.

20. The apparatus of claim 1, wherein the plurality of controlled reactance

modules further comprises an inductance couplable to the harmonic oscillator.

21. The apparatus of claim 1, further comprising:
a plurality of switchable resistors responsive to a control signal to

switch a corresponding resistance to the harmonic oscillator to modify the resonant

frequency.
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a plurality of differently-weighted sw tchable
capacitive nodul es coupled to the coefficient register

wapaetimsthe harnonic oscill ator, each sw t chabb@r/US2005/034020

capacitive nodule having a first fixed capacitance and
a second fixed capacitance-7each sw tchabl e capacitive
nodul e responsive to a correspondi ng coefficient of

tize pl ural ThyagparseReftlamh €Mishdr Copidifh bet ween the
first fixed capacitance and the second fixed

capaci t ancdYoliage dividler soypladde ths pbmrality af ¢antrollegresctdnge t he
Phéduddsiahd adpte@ @Npro@ldL 8 delt &ALLAR 1%!1?%%%@6@% th N6 Htage
conprise: at |east one swtchable variable capa0|?ﬁve
nNBHEY®@Scoupl ed to the coefficient register and to the
harnmoni c oscillator, the at |east one sw tchable

vari abl e capacitive nodul e responsive to a

c3r r es pondhyapperatus of ¢leimt 1,dertheh eorpprisiragt i ty of

coefficien | fiirst,val tage .and a
second voI%@FquﬁﬁgkgpﬂB§%%§§&% b%&Hﬁ?B?“W%PtéagﬁPrﬁé.
Pdeptedioapmpaurs aofirrgit salne If a selveted paranbier of thie pluiatiyy «Ff

I ce dyl es, further conpri.se: a
e 6% AAQGEN AR S FRSHLR ot B RIS FhesSprwemt
degpdney int resptohse to @ diffdrarice bétweanths t@fenandud mdttkhSinitial value of

Qﬁ&%ﬁﬁ%ﬁ 8%%H!Iator, each swi tchabl e variabl e
capaci P OEANEalI e responsive to a correspondi ng
coefficient of the plurality of coefficients to switch
gg a seleg%ed control voltage of a plurality of
ntrol voff ARpaEusipefrequencycontol of anisgratnd. fen-ruapias
GarfniSdsbifla@dr, Phelipparaiuy céthpribidef €r ent nagni t ude
vol tages, and wherein the selected control voltage is
subst ant i o 16§Pn@Radartsd topievide a hise signal havipap resenanhs .
2fquehbg apparatus of claim1, wherein the plurality of
controlled reactance nodul es further conprises an
i nduct ance* €BWpRdapted te grovide atsegond pigoal i tshpdnat orat legst one
PRAmRRPS! A1 of phrinBiers, adgUr L her conpri sing: a
plurality of swtchable resistors responsive to a
control sidfeguency canfrallshcauplsd ite s ponsoh ang to s irssbeataretht 0
: [ esona
fe ey g eranpiod kit o MRbabec Mg SRRl e
€asaatdrdn regponae tpahe segenddiigniabie maritfy pheardsonanttfiequepkyr al i t'y
of controlled reactance nodul es and adapted to provide
a selected control voltage responsive to voltage
vari at i onsThe2Bpardtheofajyiar2a) wisereif thel phiratitd of passihiérens are
BRIl koAl 1A% KBLL AR Ao SATRSAS LA (SOURLES O
fabrication process, voltage, age, and frequency.

26. The apparatus of claim 24, wherein the frequency controller is further
adapted to modify a total capacitance of the resonator in response to the second

signal.
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adapted to conpare a current value of a selected
paraneter of the plurality of paraneters to an initia

wo 2006201524 t he sel ected paraneter and to nodi f ypah®S2005/034020

resonant frequency in response to a difference between
the current value and the imtial value of the

sel ected paraneter. 24. An apparatus for frequency
cntrol  of TROappBfaREIoRE Bk 26, WABreMURO rBfieRGS BRRbfer further
oscillator, the apparatus conprising: a resonator
£QEPHES to provide a first signal having a resonant
frequency;, Blu?a@lﬂs&fcoﬂtq(ﬂféﬁ @8pati2anBé .%a@l@s &@?&%gq si gnal
in response to at |east one paraneter of i rality
@rrwp%ﬁm elprplity{dixgd capeq@emynéwtabblchmcltmap laedifuttber
SompRSp SpraE: /PR Mo bty o BRI pees and
ceuilechpaatantes. resonator in response to the second
signal to nodify the resonant frequency. 25. The
apparatus of claim 24, wherein the plurality of

R8r anmet er sTlar apparatus abuein‘a:h?d whaﬁinnhesﬁecﬂltendy&:@ﬁtrolme fofther
aﬁa‘? égedo tg lcg@offn hé rre%%%r orf %eao* % :qije;;%%fgtgp %- dt or varlable
a:p;pmrtatcel sf thé ptnlrﬂlt)m)foZked \whyetieintestane vadabipRpaditances.
controller is further adapted to nodify a total

capaci tance of the resonator in response to the second
gognal . 27. THdwppapRaotdlsin 27 waéraintheRequehtsBhtiolleh further
frequency controller furt her conprises: a plurality of
€8Wg?ﬁFled capaci t ance nodul es conprising a

cor r espondi pigrafitytadsistive MbddléseRBpte@RAchdraR %%?urﬁﬂ?l of
vari abl e capacitances, and further conprising a

SPRIFOA Vplfages theqahirg ity @EC%@bY@agqseomﬁ@Slm ypairespapding plurality
fokr ﬁi@féreﬁﬁﬂ@@h&@@@&ﬁgén%dv@{e'r@mh@ ﬁ%ameﬂl LoMAoRSr is Affther NE

apparatus of claim27, wherein the frequency
agaptaddp pwitch asfimst gonelvolagem é‘u: ptllerald,fas @prantrobvaltages to a

V%Ma gCltgﬁCC%?%ﬁJ@Lllrgllt? ()pﬂ;( Jcﬁ?&?ﬂn%rva?aglé éa%%n%nces to

vari abl e capaci tanc y of T1Xxe
@Hﬁébﬂﬁéﬁ@b@pﬁmdmmaﬁﬂabﬁﬁnﬁapac|tances 29. The
apparatus of claim 27, wherein the frequency
controller further conprises: a plurality of resistive
ABdul es adHptapparatos g"slﬁzémwewherpih ar kehst tnye aftrolovulitagd of the

ral.i f control risin
é&k%?}?éfidog%@%om\% %r ol ?{e%ra%ure a%.enfd]gnetrag t ﬁggm rﬂt fe&gp ne contt%l
voltagagéthe phunaditybiroairol vtoItEgeﬁ rsesqumyllycmntpmtdr@rnde;&ndem
further

31. The apparatus of claim 29, wherein the second signal is at least one

control voltage of the plurality of control voltages.

32. The apparatus of claim 29, wherein the frequency controller further
comprises a coefficient register adapted to store a first plurality of coefficients; and
wherein the plurality of controlled capacitance modules further comprise a first array
comprising a plurality of binary-weighted, switchable capacitive modules coupled to
the coefficient register-and to the resonator, each switchable capacitive module having
a fixed capacitance and a variable capacitance, each switchable capacitive module

responsive to a corresponding coefficient of the first plurality of coefficients to switch
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adapted to swwtch a first control voltage of the
plurality of control voltages to a variable

weapaaotsance of the plurality of fixed capaci t BAIES2085034020

vari abl e capacitances to nodify the total capacitance
of the resonator. 30. The apparatus of claim 29,
wherein at | east one control voltage of the plurality
BHaFarht Bred QpAARRS ohi AR P AERROIE R | ¢
yériablerrapasitancg|te agég:tddgogmcﬁsfp&age|0£tHe)pluralrty of control voltages.
t enper at ure-i ndependent. 31. The apparatus of claim
29, wherein the second signal is at |east one control
Udl t age oleleraepephtus ofl dldimp 38f winpein thel plwrelity @ gsisti@2moduiis

t f .
AR EhtbEs} et pRLIE By bR BB ey D Bt Hivgragdes
a@i@lﬁd&dtﬁe&oeﬁﬁmfsﬁt raglﬁtbrfaslti ﬂrﬁher bdvudgya @bpadiDefthodule tHes ;

and where ity ntroIIed ca itance
Rl iy et Besifive fodiRpRr b iggid
phodeatb ipfoy idefthdXdeleatell coiol hdiRde, eaoM shﬁi&ﬁ&ﬂl@re@r@@@%&du\ée
nodul es coupl ed to the_coefficient ister-and to the

FESRUHE 8} 8 CostzenPndife ceHARE™ of & seeend Py TR gpe sy pigred
fri (K@ EbeERIAAE tdoRRG B0 ANEEh AheVsifc bl e SRRRGHIIRRGS the@BRibI
swi tchabl e capacitive nodul e responsive to a
&Qﬁae%g%ndr ng coefficient of the first plurality of
coefficients to switchbetween the fixed capacitance
and the variabl e capacitance and to switch each
Yari abl e dapaepardwnce claym 33 owiesein g sensar fughencompeisps aof
anenpéourcelréswnswe G eweﬁ'wré/ Qhd @g&ém thcurrt o RN Bhted
claim 32, wherein e plura resistive
Mmh eeurrwt fitieger te drepetand aaasse@smatarheaylebrad/ porgrohvoltage
A r t

(léjsrs glole% Iorgelf sevﬁni%%bgglég%tzvre "g(?]d f delfeiﬁWrgﬁtg%§ s&%ﬁ%lg resrste
maghdcatlve nodul e, the capacitive nodul e and the
plurality of swi tchable resistive nodules further
coupled to a node to provide the sel ected contr ol
Yol t age, &hehpmvattsodfabire 34,0gtesdin the comehy h@rdfeﬂ&l@@ﬂlﬁzisv&ne

corre coef fi of .a second lity
et R B erigirys (AN Sardrafnporlgpeda Vo
shabluzherhpegatisi (P”Chamcﬁﬁglﬁﬁﬂrcﬁi; bMVEopIRasHabtolaBsdl e tehifRtdi Gt
vol t negle. 34. The apparatus of claim 33, wherein
W%reggﬁr% PR onpri ses a current source
responsive to tenperature, and wherein the current
urce |s oupl ed through a current mrror to th

cond ar Ma§ 2RRITages R clatng 3¢ ehesdn gach ayitgghler %ﬂ‘St'\‘/%mPﬁ‘ﬁe

ShOSGrafly IreRHthaBRFestiivE MBANELEE 8 Y idrdny ?en{ﬂéﬁkﬂr@ re@ﬁontsé" e
g}l urality of switchable resistive nodul es.

b %ﬁtelfr‘é:“HF“tcl ai m 34, wherein the current source has
at | east one conpl enment ary to absol ute tenperature
(CTAT) configuration, oportional to absolute
{%enper at ul&e prPRAIYs of éhfnil égrvﬁlereémt,he SRNSQYie p tentpictutize seneor

ARt Re LLORES g'}ltapiqﬁesponse to temperature variation.

38. The apparatus of claim 37, further comprising an analog-to-digital
converter coupled to the temperature sensor to provide a digital output signal in

response to the second signal.



squared (PTAT2) configuration. 36. The apparatus of
claim 34, wherein each switchable resistive nodul e of

wo bepbrseal ity of switchable resistive nodul eSPAEESHE05/034020
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di fferent tenperature response for a selected current.
37. The apparatus of claim32, wherein the sensor is a
tenperature sensor and varies the second signal in
rgsponse t gpd t ; icatH : .

CE7 el o m o FEREH B oL 8 KM eP o ine M1 Sp AR o
coRvest the digite) pytraeisigrnl tchibe fistploralitnnfeoefBeists. t o provi de
a digital output signal in response to the second
signal .39. The apparatus of claim38, further

cAapr i si ngThe anpatatusiof tlaig 24, wherskn the frequeueyr dontrbiéer further
dd.omfp%@és: out put signal to the first plurality of
coefticients. 40. The apparatus of claim 24, wherein

t he frequeacgeftoett regidteradfprd: th etoreca gasti e soefficient; and
coefficien ister adapted.tq store at |east one .
coeffi ci en%t;lgagﬁo “at’ 'tf"léa%gegcagarlcétwgvr\? dgki\ﬁ?”@legéﬁil?icf’?fgé‘em
megisteramd couphdbddtottite tebumanelid dt Gdastivhe seigihable capdlive module
%%?I ak\’/lr‘f Eeocthe resogator, . the, at If ast one .
JRY P8 A BTRICEPAL PR FsRRTsye D fioTHCIen 14 siBifcb the variable
capeithrica ficesedoetbd cOBED NEItage of O plubityCsTRbhtrAlivBRiget.0
swtch the vari abl e capacitance to a sel ect ec? contr ol
voltage of a plurality of control voltages. 4 1. The

appar at us he dppavatils 40c1ait ), Rhbreinfife KBR RbmpRRPE k&Rt &
current source responsi ve to ten‘perat ure, and wherein

SAYCE FEERATEIME P PRI aid Whereim e Treguasey sengrollgr further
RbipaAdest y of resistive nodules coupled through a
current mirror to the current source, the plurality of
resi stive dpHIIBY obrgsiptvednadslepeanpieddhrongh peusreat mirspr of the
CORL: i R bVl i off
R Bhurt e DAy B A A u3E bRV AN of
cantpd Meltages andywhereiacaghaessitye imodald ap the plurditp pOrebiskevea

G0 RS PRI A% GO téﬂ%lﬁ%@ﬁﬁl’re i i !ﬂa%Peh W s‘r}pividxa of

control voltages, In response to a current” rromthe
comrespendingmentzel. voliage, Githe plppédityatfusntafl valtagesni2eesponketoai n

tcnﬁenﬁfgglqu%eg?%%ﬁg] ler is further adapted to nodify

an 1 nductance o e resonator in response to the
second signal. 43. The apparatus of claim 24, wherein

e frequency controller js further. adapted to npdif
té@'r esi st aﬁféhee aBPar?tﬁseo r gglr#élt %EerFlﬂt DA C?'H“ﬁ]ﬁ%‘s(%““%r
séaptddo siodifahn inddctanth ef tp pR6RdtSn Rkpdhkedothedcondieingi. n
the frequency controller further conprises:

43. The apparatus of claim 24, wherein the frequency controller is further

adapted to modify a resistance of the resonator in response to the second signal.

44, The apparatus of claim 24, wherein the frequency controller further
comprises:

a process variation compensator coupled to the resonator and adapted
to modify the resonant frequency in response to a fabrication process parameter of the

plurality of parameters.
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a process variation conpensator coupled to the
resonator and adapted to nodify the resonant frequency

w0 mosaeense to a fabrication process paranet epCDiUSI008034020

plurality of parameters.45. The apparatus of claim 44,
wherein the process vari atign conpensator further
conprises: a coefficient register adapted to store a
urality | G 4. Sdeifthedrd | S
3P al 1y o BT 5P AR AR GO Sl
filrthecawfpirises: ent regi ster and to the resonator, each
swi t chabl e ¢citive np ' I i xed
capact 1 anceoaniiet el Bipted fat Al bELochlolits; and
swi t chabl encapgcorhprisingoglulabty of spittisableecapaitive modules

correspgndi coefficient of the pluralit .
SR PP ERe R Ge bt e Deationd: P siifofle gapacitve
eryale hhvdne e fisn dxédapsmanednd i xedndcpdchprnaee, ¢abh The
apparatus of. claim 44, wherein the process variation
SefichaRls GensPtive mOe SR Aed CortepagmB e DRER AU i  or
pRizdest doeffisteAts@o swildhWWetddeh Yhe Pirst Giaed EdpadiRntsindamokseadhd
array conprising a plurality of switchable variable
EXPHEPRIIMR e pdul es coupl ed to the coefficient register
and to the resonator, each swi tchable variable
capacitive nodul e responsive to a correspondi ng
é6ef f i ci enthegPrarpfis pf qlaim 44t Yhessin Ssaregess WHALON COMRNTRENR
Rethse&mpisés: r st vol tage and a second vol tage. 47. The
apparatus of claim44, wherein the process variation
conpensat dreoeificichbregisnprapise &o stere @ pardljty peepefficigyiss and
adapted t : ' LG e .an
ooy comur il Eofoid Aoty 3 s GRRbIE Sl CrapRify 2
owguales tdupled tidia cesfTiciontpegidertand tothe woerfafdrciaenswitabgbls t er
0 . t | e ' .
IRl SHAE' Soon BRG0P B o AREL e pluraity
obefefficineriv seficl teewgenarfabtivolfagefant aedcbndvadngs t o switch
to a selected control voltage of a plurality of
control voltages, the plurality of control voltages
éonpri si ndrhe appatatas oftfaimf44pwhdrein eretproveganatiatien compensator
§O| ta%)es,. and wherein the selected control voltage is
WSt DMAFSFY y constant over tenperature variations.
48. Thlel app?éﬁtchibﬁt efiset adapled 1o stmba:rpaimity becdeffopmes and
controller further conprises: vol tage variation
Compensat g W6% SRRNSTS & IRy ebRAIRGRDIE e Rl P eo
MRdiltycdupRd keHhe badThicibit eEiIRAIG)Md tothé RSERMS LatlDswitchable age
paraneter of the plurality of

variable capacitive module responsive to a corresponding coefficient of the plurality
of coefficients to switch to a selected control voltage of a plurality of control voltages,
the plurality of control voltages comprising a plurality of different magnitude
voltages, and wherein the selected control voltage is substantially constant over

temperature variations.

48. The apparatus of claim 47, wherein the frequency controller further
comprises:

a voltage variation compensator coupled to the resonator and adapted
to modify the resonant frequency in response to a voltage parameter of the plurality of

parameters.
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paraneters. 49. The apparatus of claim47, wherein the
frequency controller further conprises: an age

WO 2006ab1500 conpensat or coupl ed to the resonat oPCEHIS2005/034020

adapted to conpare a current value of a selected
paranmeter of the plurality gf paraneters to an initial
val ue of the selected paraneter and to nodify the
resonant frequency in response to a difference between
the current value and the initial value of the
gel ect ed pawkapmirans ofskimAf, wispan dedfsqharcy tormlienfosther
control of a resonator, the resonator adapted to
PYBR1SEE a first signal having a resonant frequency,
t he appar ahuge colaFion Soniignsatorcogdléd toitientsonemt atderdapted to
adapted to store a firs | urali.t f coefficients;
SRS 1 PHGET UeR) elor PR o e ralfY ShPaEREEdd an
§B@0 LANE 6f RO SHIMCRY paauRicend © nidigry eieationaitdrbudneginst er
and to the resonator, each sw tchaple, reactanc m)(flul e
resRpen &1 adiffergneg bebyyeen s sHUFH y2lue a4 ‘ih%f“étf'i’? vjpe ?fﬁtee &
Bhihadks ty of coefficients to switch a corresponding
reactance to the resonator to nodify the resonant
frequency. 51. The apparatus of claim50, wherein the
Eb.u rality Qf Wb e &uiRacsRRE 6 MMEUHaRS, tRE Rsonator
I nary-wei ght'ed. 52. The apparatus of clai m 50,
witaptedite prolide o dirst sigpdheying a rasarankfieqicncy, te pppasdiusor

j e i nductance. 53. The apparatus of clai m 50,
mérgs:mr%the correspondi ng reactance is a fixed or
vari abl e capeafficteategistebadaptEéo sppadiatt piraity ef eeffickots;
wherein the correspondi ng reactance is sw tched
S%fween the resonator and a control voltage, a supply
vol t age ora farsigaray havipoi plotaligl of seichdblegempwes mvddesgfoupled

claim . Wherein e,control vaglta IS r.m by
5 Bk Fredfien ot S Pp U BN By AL IR AR MR
aRpasdk iSa edrrespaid Mg e ffivlemrefite firktelwrality e S@effitients to switch
reactanceg is vari g}lbtge and

i s swi.tched between the
SR RP SRR TS B h resereies R PoS ‘hvg? f%&*@“ﬁ‘?ﬁ%em%
plurality of control voltages. 57. The apparatus of
cl ai m 50, wherein the first FI u.ra}Lita/ of oe.ffhi ients
dte cal i brHteagparags o %‘masép%{ erein dheplorgliyiof s wiehallfier ei n
tr&iBtahdel il dulls Wredindry-wefghteaef fi cients are

52. The apparatus of claim 50, wherein the corresponding reactance is a

fixed or variable inductance.

53. The apparatus of claim 50, wherein the corresponding reactance is a

fixed or variable capacitance.

54. The apparatus of claim 50, wherein the corresponding reactance is
switched between the resonator and a control voltage, a supply voltage or a ground

potential.

55. The apparatus of claim 54, wherein the control voltage is determined

by a current source responsive to temperature.



10

15

20

25

30

determ ned by a sensor responsive to at |east one
paraneter of a plurality of variable paraneters. 59.

wdbmcamsas at us of cl ai m 58, wherein the pl ural P¢HUS£005/034020

vari abl e paraneters conprise tenperature, fabrication
process, voltage, age, and-requency. 60. The
apparatus of claim50, wherein the plurality of
swi t chabl e reactance nodul es further conprise: a
plurality of binary-weighted sw tchable capacitive
H@dul es, daehpswaticfabdiia 50apiecdit theeomopudndieitage &
aci.t e _and . a vari abl pacit anc each
SRRSO Rdtha B SRRr Lppefeoiiactys
§mﬁmQ&ﬁQ6dhﬂgomQ§§fIC|ent of the first plurality of
coefficients to swtch between the fixed capacitance
and the variabl e capacitance and to switch each
yariabl e %@@ﬁ?aﬁrﬂﬁ@@fcﬂdi’m@OC\OlliHré’lﬁ)ihe\mittpa@ﬂlty 6f doeffidiets are
appar at us of aim 60, further conprising: a current
sl ibrages- responsive to tenperature; and a second array
having a plurality of switchable resistive nodul es
coupled to the coefficient register_ and sel ectively
&dupl abl e The appasatagyiplredaimn S8ovhean therfistpltgiy Oé?qeéfgﬁlems are
Eé{wﬁerd PYAVe D ?esﬁ&@@@ kd deY&istOAd ?lu@metteh@f LARAGIIFVEriable
t he rality of switchable resistive
pwduktess. f urt her coupled to a node to provide the
control voltage, each switchable resistive nodul e
responsive to a corresponding coefficient of a second
po.ur al i ty Tk appradiths off dainS8swiareinl therplurplity obedriaple pargmeters
register to.sw e e dule to
F?‘lﬂpréss‘rﬁ%mpefamre’ f%& ge " Jr31ho é%s& 95{{1%% lgjé a%%lte i t chabl e
resi stive nodul e of t he plurallty of smntchable
resistive dul es h r ponse
fOr a sele @8“5@??§§¥mWr %ﬁ%n@ﬁﬁﬁénﬁ ?g%&@@ @g
&ﬂﬂ@ﬂﬁhﬂﬁMQﬁﬂﬁﬂarﬂnﬁﬁmemhereln the plurality of
swi t chabl e rea e nmodul er o
plurality ol t %TyeW%%Eﬁ%dcﬁ“f % a%(}“}é’%e m%%%s each
sWitdHabie RhpicRiRP AU lle WevinDe kel dapatiti@e and/avariblegcapacitance,
capaci tance, each smn&chable capacitive

Fesdysuishable cappciive RAduleSERRARIAY 1R 8 EPTTRIINRE Pt
Birdd bRty o RbeRRAs t€ bvRifthDetw@e s e tiked &J}b@cnéﬂdfd aﬁﬂdhl& variable

-capacitance to_a selected control voltage

RgeisANGe gnddp swise sash varibleggRasitansg o aﬁ?@“ﬁb tﬁ&? us of
claim 62, further conprising: a current source
responsive to tenperature; and a second array having a
ﬁﬂural|ty’HﬁaPE@P@EP@%mﬁﬁ@uﬁ@§ﬂ6@WBP§Hgthrough a

current mijgpf Esguk@%sgwsr@mteﬁgaa% afdhe plurality of
resi stive nodul es ada provide the plurality of

control vol scagaarray h@lvmmpletahtyec&éwntwéieg@s'we meduee of
cgllf'pled to the coefficient register and selectively couplable to the current source, the

second array 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, each switchable resistive module responsive to a corresponding
coefficient of a second plurality of coefficients stored in the coefficient register to
switch the switchable resistive module to the control voltage node, and wherein each
switchable resistive module of the plurality of switchable resistive modules has a

different temperature response for a selected current from the current source.
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plurality of resistive nodules has a different
response to tenperature and is adapted to provide a

waeoosaeendi ng control vol tage, of the plural i p@r/082005/034020

control voltages, in response to a current fromthe

current source. 64. The appagatus of claim63, wherein

at | east one control voltage of the plurality of

control voltages is responsive to tenperature and at

| east one control voltage of the plurality of control

Vi3t t ages i Sheanpatatustof elpiny St o\ﬁeneéstggnlsrwe/ qfwitchable

t@mg@ﬁlg fRher LhGpARPar at us of claim50, wherein

the plur a?lﬁfs o?ersw E@S%abl e reactance nodul es further

conpri se: apipralityadfi sswiclsbletpapasitive weidg les.edchsmitcbatdd | e

Givkl h .egi st er

g&é Ogu{‘gglggihgg (\)’%l‘gd%g:lacg ac‘ithcte Ei'] clggsftchhl% gﬂ)am{lvgmoatﬁe

mgn%veha\aucnrgesaorfdmgqoeff C)@edofahmﬁust plema by oﬁn@hfﬁcxsresmitch

h a I ve ul
thé(\%gnﬁglg@%)%cﬁa%@g & arsr%ggtlgg ?,]%ntxto? V(ﬁelé? ?fc 4 [ngﬁl Ey S c?lﬂgoq vol?ages.
pl uraI ity of coefficients to switch between the first.

fi,xed cap |tance angd .t .he nd fixed capacitance. 66.
'Idﬁe appara ap8?raté'F8F?‘}?l 628&%2‘ ‘ioﬁ’pf‘ﬁ’ggpl urality of
swi t chabl ea cierat @ore réponsiveso fedipbhtire;apdpri se: a
plurality of S bl e. capaci tive nodul

vgctchgbl e va{ aii
coupl ed t o FRRGCBRY PRYNE R Pluralify Qiresistiys modiles ¢pupled through
ra&Suﬁélahﬁfror o algd cusrehtlsoab) e M@ﬁll@@f&:sﬁﬁwbddléé%dﬁﬂ?é’d'ﬂoe

Q)P‘% FI ve@ﬁ c‘% corres?ﬂgndl ng coefficient of the

1th¢ plugshity i sputred velinges eyl whiirein gadhaesitiva medpleo§ the

1\fb<ll.|rih':19 Bf REItIVR nSRIBRE HasLdiHBR: rePbnscAD eRDRRARAE MR i§ Rdapted to
requency control in response to tenperature

\PEQVidetd cOFresnopding paskiohyaless ohfheipliraly ofconselomitegss, int he
F&pONRLPA cRRAPH&GH tHeQuRERYbHee. @ Tirst signal having a
resonant frequency; and a tenperature conpensator
coupled to the resonator, the tenperature conpensator

gdapt ed t opyoy gbngtug Gﬁlilﬁ%@ngﬂér?h lPRNE B dnﬂof\%?tggenosf?he
to tenperature variation e appara us of ¢

®iuralityipf qeairolookpges & ragponsiverte gen pevature nacha dewdune teamod

t r.and to the
FRisk of 1 pERAIRY SEoh B RRaLS TR LR e ot
tccompeatigat or furt her corrprlses a current source
responsive to tenperature variation and is further
adapted to nodify a current

65. The apparatus of claim 50, wherein the plurality of switchable

ture

reactance modules further comprise:

a plurality of binary-weighted switchable capacitive modules coupled
to the coefficient register and to the resonator, 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.



t hrough the negative transconductance anplifier in
response to tenperature variation.69. The apparatus of
web@smBZ4 wherein the tenperature conpensat or ¢ TIUE1965/034020

conprises: a current source adapted to provide a

current responsive to tenperfQture variation; a

coefficient register adapted to store a first

pbéur al i ty ahe agatdiisaifenirs 50,avhieldit @b bluyal®f of S8icRiyIY €
m)dlgl es CSUIFI@d to the resonator and the current

FE&e mepulPs et

SGUt TSREPHES| stive nmodul e of the plurality

of resistivelumppbesvikAaK Riable cﬂfa@i‘ﬁk@%o@ul@soé&lg@h to the
volﬁaggé and %leurallty of switchabl e reactance
nBAUICES EBiYT & P dherrronples sirdisyitchahly vadatineapesitivemodule
5 sespofsverdd coRbPHOAAINELILERAPLARE ?]uﬁa‘ﬂt)ﬁt‘f oS Hen® Wswitch
resistive nodule of the plurality of resistive

r5ErReR & firstyoltagg andyp paserd vadtagd. ¢l ai m 69, wherein the
plurality of sw tchable reactance nodul es further
conprise: a plurality of binary-weighted swtchable
Hpaci t i veArserarass for fequensy qootelbn espapati ttmpe@atmdul e
RaMhiR, fhe b £apagikit,gnce and a variabl e capacitance,
each smﬁ?cﬁggﬁ% cggégpgive nodul e responsive to a

cor r espondé regonatnaf the tsisemator edlaptddeo piovsie agirstrsghilthaviak a

Goof i & Losswitch between the fixed capacitance
a%ﬁ fLeeggﬁﬁgéﬂ% capaci tance and to switch each

vari abl e capapetancenpeniae coqidd o lthewedoh@ge thefterhperdtiR

alm.69. wherejn each.resistive nodul e

APRBE R bief | DGR e MO GGG kS germeeityre
proatiode a correspondi ng control voltage to forma
plurality of control voltages, and wherein the
plurality of sw tchable reactance nodul es further
G8npri se: 'Bhepipparalub bijclain eyWMukBhaRh@risiapaci tive
nodul es, each sw tchabl e capacitive nodul e having a
vari abl e calFsgiedrRasondictRcsHRR! Hisaenupled sptheirgsopator and to
pERdtthperit@@ROMPENsEoE:0 @ correspondi ng coefficient of
the first plurality of coefficients to switch the
vari abl e GRfatriedhBe tampeptuse paspneasitar dwthes Fompriseageursit
bhiecekspondild 06 t@hiperRtYe VAliatibR hh AL ?t?rtl}%?’ ada?teti & RIGATY current
controller for frequency control of a resonator, fhe

sepisttieptcoBductrgppmplifisyin responrefté tepiperature variation.
regi ster adapted to store a first plurality of
coefficients and a second plurality of coefficients; a
current source adapted to provide a current
corresponding to a tenperature,;
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a first array having a plurality of sw tchable
resistive nodules coupled to the coefficient register

wanabefionsther having a capacitive nodul e, the fPEBHUS2005/034020

array further coupled through a current mrror to the
current source to create atgdeast one control voltage
across at |east one swtchable resistive nodul e of the
Roural i ty fje SiphbRAPLIGN 65 Whtl¥andRARESRre &RFfnsat

sw t chabl e rea;p}ygtﬁlve m)lgtﬁ resepong?vg fo a neater
dwithes sroprifesig coefficient of the second plurality of

coefficien | | resh St

o provi de gL Sfce it Ao BIdR A3 e rEpLRN {5 | e
redaionand a second array having a plurality of

swi t chabl e Gitiv u upl to the o
coef fi ci ent g"%@@ﬁ‘%’% éerg%}aeﬁg&iatp&)e%ﬁ ?1gtg?eeasfgr%d’thg?l,'tygggﬁfﬁmms’
swi t chabl ea plapdioi dfiresistine chotldesa@uplad)teathé res@thtor and the current

capacitance and a varj able c citance, eac
e LB Sada e Tl e eGP AR S RS es aaapea o
pesvidespongolngltegehdd ci ent of the first plurality of

coefficients ta switc tween the, fi xed capacitance
g the val Puie DR e A PRI Dot esonato

\iad tothd QurfedPatiide ARE Seldclivél CoupMible e ht ¥k bRO@siftfdenod(R-of
ﬁt frequency caontroller for frequency control of a

wraktyof resishve meditsncy control | er conprising: a
coefficient register adapted to store a first
plurality of coefficients; a current source; a first

dPray havi His appPws af ¢laip 6% WheiEindhepipeliyed switshable

Ah&SmERIRIBghet CohfiRecoef ficient register and
coupl ed through a current mrror to the current source

to create aplpralivafibingroweigkied swtcholle eapgeitiye madules, each
§@ﬁaﬁgﬂe%ﬁf3a@ﬁv@ Aol hgvig% Fild Jaﬁz&‘ﬂérg@%& G ekl chitance

vari abl e capaci tive nodul es co to the coefficlent
reahi satitehablgdpacitiehneodubbgespansive, to aiverrespemting @effajent of the
fﬁysrt %)hu%[l\tti 811 c%gfdc}/eg{s.% g»Qch%g)%PJ/e%n {h% f};xlgc? cz{;)lag i?a%ceae{nrd%% Va%%gllg
sw tchabl e capacitive nodul'e responsive to a

capac igspoandi th gwadedath garable capacitinee ta the torptolivaltagey of
coefficients to switch the variable capacitance to a
sel ected control voltage of the plurality of control
Vbl t ages. The apparatus of claim 69, wherein each resistive module of the

plurality of resistive modules is adapted to provide a corresponding control voltage to
form a plurality of control voltages, and wherein the plurality of switchable reactance
modules further comprise:

a plurality of switchable capacitive modules, each switchable
capacitive module having a variable capacitance, each switchable capacitive module
responsive to a corresponding coefficient of the first plurality of coefficients to switch
the variable capacitance to a selected control voltage of the plurality of control

voltages.
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72. A frequency controller for frequency control of a resonator, the
frequency controller comprising:

a coefficient register adapted to store a first plurality of coefficients
and a second plurality of coefficients;

a current source adapted to provide a current corresponding to a
temperature;

a first array having a plurality of switchable resistive modules 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 one
control voltage across at least one switchable resistive module of the plurality of
switchable resistive modules, each switchable resistive module responsive to a
corresponding coefficient of the second plurality of coefficients to switch the
switchable resistive module to provide the control voltage to a control voltage node;
and

a second array having a plurality of switchable capacitive modules
coupled to the coefficient register and to the resonator, each switchable capacitive
module having a fixed capacitance and a variable capacitance, each switchable
capacitive module responsive to a corresponding coefficient of the first plurality of
coefficients to switch between the fixed capacitance and the variable capacitance and

to switch each variable capacitance to the control voltage node.

73. A frequency controller for frequency control of a resonator, the
frequency controller comprising:

a coefficient register adapted to store a first plurality of coefficients;

a current source;

a first array having a plurality of switchable resistive modules coupled
to the coefficient register and coupled through a current mirror to the current source to
create a plurality of control voltages; and

a second array having a plurality of switchable and variable capacitive
modules coupled to the coefficient register and to the resonator, the second array
further selectively couplable to the first array, each switchable capacitive module
responsive to a corresponding coefficient of the first plurality of coefficients to switch
the variable capacitance to a selected control voltage of the plurality of control

voltages.



