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" additionall

MONCLI THI C CLOCK GENERATOR AND TI M NG FREQUENCY
REFERENCE FI ELD OF THE | NVENTI ON The present

WO pwsovioen, in general, relates to oscill ati onPOT/US2005/009429

cl ocki ng signal generation, and nore particularly,
relates to a clock signal generator and
timng/frequency reference which is free-running,
sel f-referenced, accurate over fabrication process,

vol tage and MEMQLEFHIGCLOMK GENERATOR ANBRd whi ch may
be nonolithica i R ircuitry to
forma single |lIlrI1 ellarﬁzfggém rﬂ?ﬁ@ggfg ND OF THE

I NVENTI ON Accurate clock generators or timng

ref erences have g I ' crystal
oscillators, such%gﬁigﬁg?Fbigéﬁﬁyfgﬁgﬁs, whi ch provide
a mechani gak pres@s aRvationyinlpeedralpmlags taospalatiorcarlchrcking signal
frequency, The dif iculty mﬁt% uch Fr¥stal

goerfion AR Gofedaptipytarly HeY ot Hirdec ks p BPIRIG 8 as part
@hink TR q 8P rdferbRGafichds Gbd-Rihing (self Cefpreflfeld VRBury obdtei 1
cl ock signal. For exanple, m.croprocessors. such as the
fahE G OPRIVEF SO RIS AR SmPerab e lpg oy Jg@b&f@t@lcg ms¥be| c
ASnAIESNS SRHEIECE with lofteH@tdudryal Edh Ldidgddlintegfa@QWirthing an
accurate'clock signal requires an off-chip clock
generator. There are several consequences for such

non-int egr at edR%@Kéﬁ@ﬁND O TIEX pGPERTIGRCAUSe such a

processor nust be connected through outside circuitry
(such as dvcerafsrclask genewiters of timine sefereioeeh)vy geprsalbrrelied
%Jo%s&ﬁﬁﬁ b&i1ator g@{g{p{,@r r{zvo%iﬁat#)ﬂg,c\;lﬁa? vidégmech nical,
ppli‘cat ons whi c re y on a finite power supply, 'such
@sorat wiemntorpo wearticwlanidgubey c herdifficulty wath sychgugstel oscillators
addi t.i onal po -di Ssi.pat i i.s detrinental. . .
8 B RPa DRl B s ROl IR en sy
their alddk sigead.akorle€amplaaniempecepas suchnd theristal Pentium processor

requi renent s ther on the PCB within.the ..
R ERRBE SRR, GRh ErsrastSec BTtV h ! FRUFBBH o
£ HafeQIGTR Righal rBiUIROMESS-cHip Cldclagdhefatonal conponents

i ncrease m% uf act uri n% and productjon costs, as .an

n .
F1e R fSYeIple Opseapanees: fatsugh ponstegpindsglutipysy For

AR, bdBRIY sGH Lptbéesddbr (bR BfinedtedtHEUPROAGRIS $REYitry (such
O her cl ock generators which_have been produced as

ssaneigpritedpinef besrd GRDY Roweniissipatignds Frapagtivelydntasaged. Jn

DlicMRhY whieh WiRbSa fiR@S fowek bipblyy sk 8§ bdctt@}a/r Po%Rt inGhobile
process, voltage, and tenperature ("PVT") variations.

Farmgieatiphs suchiadgjtionad perve dissinationds giEmental.

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 very accurate, particularly over fabrication process,
voltage, and temperature (“PVT”) variations. For example, ring, relaxation and phase

shift oscillators may provide a clock signal suitable for some low-sensitivity
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shift oscillators may provide a clock signal suitable
for sone | ow sensitivityapplications, but have been
w0 niwapedoke of providing the higher accuracy repgi/USIOF/009429
nore sophisticated el ectronics, such as in
applications requiring sig-ficant processing
capability. In addition, these clock generators or
oscillators often exhibit considerable frequency
apghi¢afipns, pitthaeg beeh ingapaglecad pperiding Ve hgth:r@wct@qyawqyered Hygore
] her
sop B Ehorhcl QI G B Al R R R B "
caphtolity. fremiditmhpothesorclock gq:nn:gatcrremecrsenli@@rwﬁeu lexlrbiy cdmeiderable

I

distationd freh SoisEaraiotieer ditatkergener at or or t|n1ng reference
shoul d be free-runni ng Qﬂg seIE-reI %enc ) nd
shoul d n6f #FBHERTE D BERTHGTBI® 1°8f SIEHETHY °r§H‘6‘{%er
refe@dn@é GARE nﬁz 88 altegrafedMorgitiibalgkvigestiest airafitr@las b biAgIBIC,
ref erence. shoul d exhibjit mniml frequ nc drift. and
and e i LY 2ESUFRIP VOt GO T YEH TS SR AR TSRO iRg
refednc@Rhid0R e BendifCHAd rsemgefaem@ hdd R6GIdMBE RqEHIbEIRAZ or
cl ock. Such a clock generator or timng reference

reforenging tapnodhepredirense signtlt Speherssinsk generiOTAS dauns reference

st le¥Eb R Shifmal BG e Qllﬁft afid Bﬁfeecf)ﬁlﬁ&ﬁtn!;@ﬂ%w Jﬂtep QW& Ehould
conservation node, and a pul sed node. Y OF THE
bef RN foonprligaticas rqsu@néﬁ@rﬁblyaqcyuréwmrﬁéh@% SLtChé clock
géngﬁ\ﬁﬁ)? Ay gn&xﬂeﬁ&% 8ul 91% dol € tnutef Eetddap magesan@mdmg a
er éncl ng c ocC er at or [or a“timn nd
clockepedeneiefarafce mode.a Wﬁt@nﬁ%’vamog moyle,a@é aphlsed Bodr PVT
vari ations and which can be integrated nonolithically
Wth other circuitry, to forma singular integrated
circuit. No se;S&J{I\MR\éD&W’HiEdNUQNTIW or i s required.
Iﬂr]lgl \Jggl lg‘zirﬁﬁgg efng erglfbﬂ%lm%{l N értwenélon e}()qrow eesnat lo&gltter,
frgenmadiag hiseirefereheihy tloek gentrapr onibas, tmmg hmgﬁequam}
nper VT") variations.. These atures i ncl ude
R BR] it outie et B P toR T CUHEEH bE s
mbRBHIEING Yvithdthea tir@uitsy, Whiioeh arm;gulbemfagta&elctndue K@separate
t enper at ure and/or, yvoltage fluctuations an

refesgics esctllat igeaptieds Thayarieps aiffglﬁ%elamﬂw%of theyivention

in¥18fd RESres ¥ MR cRIRF-GHERBY SerRfatibhl Bvdr MLRRARRAPrévesty| de
a clock generator and/aor _ a t|n1n? and freguency '
%4

valtage prchieperatiregP WiiDrviapationg p Eirese featyrgrdrrdade freﬂvﬁfnﬁiﬂ fuREe
amg@(fst joAUGH ce éns@mr ﬁéaaéﬁcry\«@hat%s WRESE ma bElcarkd ARAS

a reference and a pul Sed node. In addition, the
temacratycpsané@b@@lta@e ﬂtl@uqﬂoos/miefalmﬂatmmrece@wq@s@tw@r gnal s at
SI frer ey IJQRAACHE b iifous B ¥hnBSait e bARE B ¥n RAC

provide a clock generator and/or a timing and frequency reference having multiple

operating modes, including modes such as a power conservation mode, a clock mode, a
reference mode, and a pulsed mode. In addition, the various embodiments provide
multiple output signals at different frequencies, and provide low-latency and glitch-free

switching between these various signals.



10

15

20

25

30

swi tching between these various signals.Significantly,
the various exenpl ary enbodi nents of the invention

w@enesosdnes a significantly and conparatively hipgtn/us2005/009429

frequency, such as in the hundreds of Mz and GHz
range, which is then divided-to a pI urality of |ower
frequenci es. Each such di vi si on by "N' (a rational
nunber , rati o of inte esul.ts in a . _

S gni 11 caNEnAGHY PERER BPRERY Fiopens g Beiny e e

golerie aREnITRMER aﬂ@%@ﬁpafrzﬁ%@&ﬁ’ghtfyeqh@}c ASclPasGR IR IHERESf
the various exenplary enbodi nents o%l the i nvention

Mg anq GHp ragegy r\‘{hr“ihdéH‘FP 91vrd@§ {0 3 plurality of jpxyer Boqencipy. dach
sWeH divigbR 8y NS G xlatllcﬁltapﬁlﬁnbeﬁ' Ye B A8 of in eRpfebiils 3 legmﬁg}l?
vari ous apparatus enbodi ments i nclude a resonat
naisp Fadpetion; wilihphase Reissradused bxNnnd n¢l$eepowevxmdn¢cdrbuw Asa
cbﬁk@ ﬂéqge Yh%rdaﬁ&?s eSEQHQQJg%ﬂ{b%dlﬂ{enﬁBF'Mk %er?t%%r}es%ﬁ
erature co rocess variati
S@Olﬁ@elnb'dﬁsﬁnlttelathmvaa@ée wslobtaermsqlllaon‘sr&aqlummg wdtihdar
flrst o groaf o EbRah P bl s PRy of Shfirr
an@mﬁeqtahw @ncolﬂqaavisdt nty adudstsiotd@nippsaitadiimdduRy s@hGY
atem espan t n‘gera ure, andthe roc ssv riation
eéan sr§t°8mp%{‘a? Ofs # BTOPFRS VPTG STpPeRFaten R KRlaes f5o Té’§’r5‘ons e
frteq’uefnajodllvﬁiat bmha fleefsSeléatot. At @ondtét paskdddsiaGiist sighal
hvar| ous mantixht m%; al so include a frequency
o RV %Iéeﬁo‘iaBt WP Pplute compensrtonadistighs Keempls onant

fleGRAULMGYspoife@o Rmpkidtuad, |ahcy th® bros &6 QMshtidh B8ApehsAIG Hd[iSts e
cor reggondl ng plurali tg/ . frequencjes substantially
SRt rpgegw 6%%?"5? TqRHon RegsnYriations do @fdion, Hieyagious

embOAMERS Yha$ Bls€ GicRike b @re@feﬂw d:i@idémo QH'H% lﬂﬁe RO 4R the
t he EI urality of second signals. frequency

resag ﬁ%ﬂueh%{yntp @ity Pﬁif’FQRﬂ‘él%\la]@ IhP‘tI%a eyspaading pluratige
of)ﬁ'&ﬁk‘ﬁa@s' sgﬁkantlmﬂyeqlﬂ% to BPN)\Vgxetﬂaﬂ fle %@%ﬂ% fréc’?"il[éﬁc?”&df or e,

such as differential or single-en
frequsseaselacter foprevidesneouiny elgmi froimrbspliaity. of 'fmnqugwémtThe

frb(ﬂ.l\éﬁ% ée%tom "ﬁlrﬁngr 1lnaﬁlieu€§1tal Hlﬁgr?% %F ! ﬁlCt e 1?% r

equency sel ector erel
rredislpd eckny of parous thems spéhuasalifiergntialf oremgleedndag amtbsﬂuestanually

j C ected froma group conprising a clock
S(ﬁ@igé\?&l@ mggsoﬁﬁl

Imng and frequency reference node, a power

conser vatTihe presed évestivoh ImypilldosmzlwﬂadenodE@éle@oﬂcﬁflﬁé@beEe
€0k NYEN | i zation

node, t n 0.include a sync
ey Mot R B riae sefisl” sabEttP ot wplehe o0 1 od
omannglnatdesr “mwhpﬂw@d)etsaectt&efr@ya@mpﬁb dirfh AbdkGHéde, ANd
adapt ide a hglrd si gnal ; erein in the
A HRH LTS BOfl A8 PGB O BP & bl pise mode.

further adaptegdence nfodsRhSintdiBoRHhaPhito hkMBh syrehloRBation
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 output signal to the
synchronization circuit to control timing and frequency of the third signal. Such a
synchronization circuit may be a delay-locked loop, a phase-locked loop, or an

injection locking circuit.
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wa@booswvtosaray be a del ay-1 ocked | oop,

synchroni zation circuit to control timng and
frequency of the third signal. Such a synchronization

| oop, or an injection |locking circuit.These and
addi ti onal enbodi nents are discussed in greater detail
bel ow. Nunerous ot her advantages and features of the
present invention will becone readjly apparent

f
the fol | owhesg aprbadditionl cadedipieps Rt lishsse E’%r?ﬂ?éﬁ"ﬁ{aggélow-

t f t foh
Ao GBS i g g TR0

ADRAVIMGS fhh éolbwmn@ﬁesaﬂeql g@tzrmt@@ of g inNgDLERT ang dae qspbogments
res i.aventi appr eci at ed
BHER i AR B Mook meliEpdiiaf R E Bk APET B8 2

considered in conj unction with the acconpanyi ng
drawi ngs and exanpl es which form a porti on of the
specification, in which: Figure 1 (or "FIG 1") is a
bl ock di agr g{g gy ﬂﬁséﬁim@»amremmﬂwmmst em
enbodi nent in accordance with the teachings of the
present i fbeehitan feamr@@néal?va(l@ges of thg, prezent ipvgntionyy idldie

| I
rg%gg%ﬁ ?éﬂr&%‘&?}gt% OR af%gxgée \}\Ilé{ e?&ﬁ;@*%ﬁcﬁ%ﬁ&?@%ﬁ%&mdemd m
EnEsetivn withvibe aqcomparﬂlrxguhmlﬁgS(and exdmpdes \@‘ﬂ?h fosm g pbition kf the
di ag am i %s%r ating a second exenpl ary appar at us
BROBAITRAP “PMaccor dance with the teachings of the
present i Rigardl (@n“FIBi Qriea ulo(lodmgrErhGlus&at)nglas eaemplary

hi gh-1 evel schematic an ramillustr tlng
ST meRCh ae e B faings S R Bggp 5l fon

f rh eq uenc% Fizatd b(][oat‘lrhlgnz 8 liboblbtkeditgarn mlltaﬁﬁ:tﬁfgdﬂirctexumplh(y
t he teachipngs of the resn ention. ure 5A (
appfrequs SIAbﬂcP ﬁgﬁma\%a“é?fé‘ 5’5‘?% e P8 it ?quemm
osci | | at oripurl 3 @6 esmayqﬁsozr Blb¢H diSghea mmratdig&tsemnuon
with current injection into an qscjl! ator. ure 5B
emplapy appamys pm L%d“&ﬁ“té&@ﬁﬁ‘l ancg vihdphierqhings of ‘3{9 PFgeNt
Avkibhat or vol tage waveform (f requency) di st ortion or

vari ation V\Athtergerature gure 5C (or "FIG_  5C")
is an exeﬁ‘;ﬂu@r‘ﬁ/(og Fh4DIig %B’gh*é@fvph?gh%%hclan%ble?k diagram

ﬁm&&u&* . ng B ﬁ%fr&*ﬁ@ffélyl cgﬂu&fer,tolgﬁllzlt&aﬁ%%%@ﬁ? albash @

sustal Figure 6 Is a
anbrodimentsdn agpoadanéd withsthe sea¢hiegsiof ﬂ@tpr@foé nl‘pllea‘ﬂ%}l negative

transcond b‘%{e;?egjf% ?& %&;\WIS afl STRGIA Yafh IGSRRRS bdS1ator

current ge
voltage waveform (frequency) distortion with current injection into an oscillator.

Figure 5B (or “FIG. 5B”) is an exemplary graph illustrating oscillator
voltage waveform (frequency) distortion or variation with temperature.

Figure 5C (or “FIG. 5C”) is an exemplary graph illustrating oscillator
frequency as a function of the transconductance of a sustaining amplifier.

Figure 6 (or “FIG. 6”) is a circuit diagram illustrating first exemplary
negative transconductance amplifier, temperature-responsive current generator (I(T)),
and LC tank oscillator embodiments in accordance with the teachings of the present

invention.

a phase- | BCRE82005/009429
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and LC tank oscillator enbodi ments in accordance with
the teachings of the present invention.Figure 7A (or

WO B00&09204d ) is a circuit diagramillustrati ng POT/US2005/009429

exenpl ary tenperature-responsive CTAT current
generator in accordance w tH-the teachings of the
present invention. Figure 7B (or "FIG 7B") is a

circuit diagramillustrating an_exenp

t enper at urigune dadondilGe7 PTAT ifpit éﬁﬁraﬁb’ﬂégéﬁf‘{ﬁ% ar} gxemplary

accor dan of ack 18ariRb @SB Me teachings of th
t?WI’Z}ﬁII‘E rgs%o ngeutbr”ltébg%;r%ﬂ?g@ngﬁér 788 ) Ells a C| rec alTCt mngs o €

pebsaxgﬁmhdri ustrating an exenplary
t enperatu e r esnon e T
%% (Plh‘;l:ll%\ﬁ 7@&% azcn%Hffi Hﬁg:fgnﬁﬁﬁ‘s@faﬁﬁ&[n dxBmplary

accor dance eachings o pr esent
tétﬂy&ﬁﬁﬂeQEbpoﬂx@lmW&r(eﬂr gehErIa@r inagtgrdanse with ithegedchings of the
di agram il lustrating an exenplary

PSRRI r esponsi ve current generator, with

sel ect ed &GEAE,7IATRIGaNT) BlAdR uft dpgraen 1ﬂus(tuanng & @emala}y
is a circuit and bl,ock diagr amllluc{gratlr}gth eg Ohmsof
terReaTHEITGSPABYVE b 18] 1R &5 SrRIC R AT aRE p fcaching
th%ggggeql@ﬁqu&ﬁoﬁesponswe current generator (1(T)) and
ank oscillator enbodi nents in.accordance with t

t eachi ngs FighretThb(opr&&e i ) ihy sirtuitatiperam Yystatae oy ann}eFa@'

t m er!atﬁll'eqe: ohGW dur@hB@héaiol, Withsbieabd O‘DA@”P’FA’B rEpd BTXT
capaci tor nodul’e utilized in

f r equency FigerefelontilFed’d mgwgpp%ﬂoq:hcé}wgn iillustrating second
e%gr% d arp %gtl\)éﬂ t}anscBHcﬁl6¥a?@ecmﬂﬂi%r, @efmd;eﬂl ik &p&3lve current

Is acircuit

génagroaﬁ(T)b laug LEatrikrngeibiatorsatradinaangs i lv agopElgaceopiit g feachings

(ggdul €. qgve%llmlll zed in a frequency-tenperature
PRSP A RS dul e in accordance with the teachings

of the pr&zant9 jontVEIG PYns a Firqifdéaglam illgstratipg @ expmplary g
a circuit diagr |llu

ST R DR STPLeigh
Watdbrddnee ivﬁlaﬂialt@gh"mgs‘ ofttheeprpsestsieventiomvent i on. Fi gure 12
(or "FIG _12") i agrami|l. t

exenpl ary ésfv’é‘lﬂf’olrpo(s bﬁFJgeL@y%fef‘rolrgi’lggﬁ%g%‘gﬁ%ésﬁrété %lnr&ﬁrg@ﬁﬁye
'!rtﬂtaé&&ﬁﬁgﬂﬂ&ﬁﬂé%iomtﬂlbﬁi ih a&ﬁebudmg)‘stdafpetahﬁe omgasttion module

i nvention. Figure 13 " FI is a block diagram
inlapepsdangg Vil th&ﬁeaékléﬁﬁﬂ’fé):;%/presem inventidn

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.

Figure 13 (or “FIG. 13”) is a block diagram illustrating an exemplary
frequency calibration module in accordance with the teachings of the present invention.

Figure 14 (or “FIG. 14”) is a block diagram illustrating an exemplary
frequency divider, square wave generator, asynchronous frequency selector and glitch

suppression module in accordance with the teachings of the present invention.
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frequency calibration nodule in accordance with the
teachi ngs of the present invention. Figure 14 (or

WO Bi0S092b4d ) is a block diagramillustrating anPCT/US2005/009429

exenpl ary frequency divider, square wave generator,
asynchronous frequency sel eecé-or and glitch suppression
nmodul e in accordance with the teachings of the present
i nvention. Figure 15 E}e ~FIG 15") is a graphical

di agram i IFigHEe F 26F N Ce X i agpPhicahdrgarlystiting fremelpry
R 15&9&mequ&m?%gérqlgwmcwrmcé H8n th%a@ﬁhlng@omﬁe BeB&nt
present invenfion lgure 16 (or "FIG ) is a block
divejroam i | lustrating an exerrpl ary frequency divider in

accor danc sng% ;
I nvent i onq:1 ré I @pig@(s "F Oa(fldfri%]%}1 gﬁuﬁﬁtrﬁg E eéemapgr m
frbclu@sftyrctmdﬂgn awoammpmar the fpactangsmbthe psetnd mtwemtmonrmd ul e

in accord h“ eachings

i nventi on%ng?ﬁgur %Eeéiswogﬁcga%r ot r“ausp{)t}n e’éﬁmapé? m
péwarsitadabélegionmodile irpdcasrdarsy miihrthmuemtng@ of the gdtebent f or a
secqnd oscillator in accordance with the teachings of
e ’p? esent invention. Figure 19 (or "FIG 19") is a
f1 ow di agrragiré 18 (@8tFIat i $1Y isdbleckedizdrah YudRith@dn exemplary

accordance with the teachi.ngs of the present

SYRGRRRIFRION Mg |fafécfefﬁr:f§ B%Pm aeﬁ@rd?ﬂﬂee e teapings of the
hWENbS Wi | e the present invention is susceptible

of enbodi nent in éﬁd ifferent forns, there are shown

in the dr &MY @R i 19) 15 s e ppmdprer B an sromplag |

HP@64 f £cGAAHP AR tmgacﬁmg@&ﬂtﬂ@f;}%&nt He&fgh, W th the
under standi ng that the present disclosure is to be

consi dered as an exenplification of the principles of

t heﬂWAqmglmﬂEﬁgﬂlﬂﬁ br il %«bﬂAhWn%m?ﬁlMlgNTs

invention to t S ec I C exanmpl es and e
i |1 ustrat hileghe lbrﬂ@ntlat/e@domb@V@epmHh@oiimrhocims:nt in many

gpl%gf R %he%far% gvx)nrﬁ\{ @td.kangnéﬁ.ra?H kv%?bep e{ggrr b%H?nerein in detail
vant ages, 1 ncluding the abiTi toin a
$peghit yxampdesraad em()m&tecntPlWr)epf I\xwv-tl]na ttttlalsl;andm@thairthmpdewgt

sel.f:referenc eratgr an
TP R IR N B PR ok i
arld| mmtnmmidd ranlirkit gid ievedtionHto gher specific &xamplik andkertih oA aiee
Jl| lrg? trating an exenplary system enbodi nent 150 in
58 ance with the teachings of the present
I nvent i on AsAsdidatddusbveathe dratiduseh@oditents of e irf¥stodProbidd

Illu“?ne?ous advantages, including the ability to integrate a highly accurate (over PVT),
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 isa
block diagram illustrating an exemplary system embodiment 150 in accordance with
the teachings of the present invention. As illustrated in Figure 1, the system 150 is a
single integrated circuit, having a clock generator and/or timing/frequency reference
100 of the present invention integrated monolithically with other, or second, circuitry
180, together with interface (I/F) (or input/output (I/O) circuitry) 120. The interface
120 will generally provide power, such as from a power supply (not illustrated),

ground, and other lines or busses to the clock generator 100, such as for calibration and
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single integrated circuit, having a clock generator
and/ or tim ng/frequency reference 100 of the present

WO noosvioan i ntegrated nonolithically with ot hePpCT/082005/009429

second, circuitry 180, together with interface (I/F)
(or input/output (1/0O circuvtry) 120. The interface
120 wi Il general Iy provide power, such as froma power
supply (not illustrated), ground, and other |ines or
Feausaey telsctiofe A9 iPpstralsd e of Breytput s‘slewlwlsram provided on

6& 1281 Atd Aita Ay dF fr@afeﬁa@sys&ﬁ Ia?&ﬁfspﬂcq } 3%5&@% ?rg%mcy

one or nore out ut cl g S|gnas ar e p
f/Pbandze oy, tbtouglam fny+ b’ fleaeegeiettoi bsaddiweln @sveacérisersation

/
E‘{??% Ebg Mﬁé‘%ﬁ}nﬁd? (I;f?ﬁlg??oggcfeg gd‘f&rb((i‘%ﬁug lig) Tﬁg geﬁgnq 01rch1try
pfiner the difislePymey dlso provide (nput lhtﬁ\xsheprbmmrggnmder (A0Pyuch bs
I 125 T cifr.cu
P RS R si5 Pty B3 S cht g8 Brtitte Shlithnateng s

gm%h &L, prAlidihtivelpahe sectibn ogigls (S€ISgakirongh %) gadns of Seve
r nor.e aI i.bration signal

t.hr o ), an ne
f*’é@“’t“ﬁ? alﬁﬁaﬁ @)thmuskud?ng 1Bt wiayyed difstigla E&flpehgegﬁr@waﬂgo
(hﬁ)u,gh Hie inteffideaQQsudingds carils O35 alofig WK Boweét ébrbﬁl@et 140Mand
n é& ﬁ;hrough Cn) may be provided directly to
C@OB&‘ Cg erator 100 through the interface 120,
SUCh as OIThBURCcK Shera®r AAGoMrhi B@é{\@ﬁcﬂr@férén’c@?oolﬁpgddﬁlﬂg
%round (on Iine The cl oc generator and

P PPV RNk afi@\)‘l@?"é Aedes Kirgussechingarater defail b@ow Forw
Sawple, M&ockbﬁ’&ie agld hﬁﬂaf*}ﬂﬁl 106%?&091'(1@ Eﬁ’escﬁgl%ré thag sqg{a?sr as

detai [ below. For exanmple, 1n a cloc
i signYs tq g sedond cipruiei BE. dhesegpndwirceitny| 186 nagibgae type

1 ul ) r 1 e
SRR A8 S1a hrobNR ISP R ked POps P,
efliocfdauengy cs«zmth foasxaannh oF arp'rtmhﬁessmt wlach:ktogict wilizs thgvad or

P f req AL CUl
Iﬂgr%%%ﬁ)%%m’(k S%? als: tAhS% me P ]ietmv\hllng?g% K4 |"?f{“f'é°et“i‘1°éle’
the eutput srgpplefram ths uppacitoc l00nayrielagefedhsosignal, sechalphrerehde
f e de, the out put .
Brgh B eBlor AR e S BS T Hrerstopie o Egminology
dd)cgrmhﬁratsumgl/(ﬁﬁnﬂTgﬁécﬁE@@@&eﬁh@ﬁﬁll bE Qtilisyn mﬁ&ﬁmgaa%ty on
econ ScCi consequence, the
BN G e kg Bl 5Pk Rar Y Arn el awidy
sqedrervene agmu | Whiktemblf bd thzafdt b $rBVieBRBIE R Binth g TRIgBéHy
th th nderstandln that the_ clock generator wll
m%eée&Ci:, ANgNHt F%W‘H’éta%\“aé‘bj Spsoidphgignad imgww Ingedigipn, gay

dcubsBY inQtatdiQle Rl Q¥oAEMle Vhridds Bmbddih &1 b tﬁ&h’l@é}ﬁ%n also
reference, which may utilize a substanti al

REPYidedh RpAted g1ogman Whieh theeputput vignabifrpmichnek ga@r%q)r@@dfss ed
tiingFeqleRty Aakaih mﬁkg gﬁem ﬁﬁ% xgel%s"g R} 24O °f

the i nvention al so
inghaic rpmesssmgﬁfﬁwelfoy@ml lﬂwckovgae nersampnora fui/emmple

It should be noted that the various signals are referred to as
“substantially” sinusoidal or square-wave, for example. This is to accommodate the
various fluctuations, noise sources and other distortions introduced which may cause
such signals to differ in practice from the more ideal depictions found in textbooks. For

example, as discussed in greater detail below, exemplary “substantially” square-wave
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timng/frequency reference 100 is provided in bursts
or intervals, for increased instruction processing

webdosoomacy and | ower power consunption, for erempPE®05/009429

It should be noted that the various signals are
referred to as "substantial l-g sinusoidal or

squar e-wave, for exanple. This is to acconmodate the
various fluctuations, noise sources and other

digaalpareidepisted int Figiercldeh audi loH, mahexbibiiis erarely bl Gistomiahs such

?é Ilr(dgfsh&ﬂs Q)(/é}gﬁdo aIId (/B‘?atlHFSr &nd :Qg géneq)%f%scg ln? Hegred to be
ound 1N Text books. For exanpl é, as 'scussed i

gerydighrqualaty aqlarbwhowin prdivpl ary subst ant i aI I y

squar e- way, al s ar e u

15B, and eS)e( I%Pl{nparti\l/né ?eagigs 0%%he d)reantl \% ﬁon ar% Cslg{atglgl 150.

tﬁndex BlgblgtaSqurm/ ems{laat fice- mmmnghhresfelﬁ/rafereatmg bidck gondragi

U A e R A R R S S S

m‘tegtr&ted EFcRR @ybtemNSONTTHN s A hatpitobityst @th #2QrioFart, $t whigh a
urate, lowjitter, free-running and

gf‘é?ffﬂ%ﬁ%ﬁ%ﬂrdﬁ A5 &9 proKidg a RloFis pighal, TBER 158 qrxﬁaé Hiferewg

BRMRtdr! WhieRdniotMetikte @h 108 tith SBEPEELLItE 8 W IFF-Dhid, 89 a séc@nd
forma’ singul ar. integrated circuit (system 150).

prd ﬁeﬁargﬁaimcwwfb Byt bgicopestyd thspygha cigpyit baapd Wn:cmdalonal

Eﬁé&?ﬁ%@ e%cmé kP4 Rbrdhrie Wihdnd &e&mme%o@ i 96Km 150,
%ngc such as a crystal reference oscillator, which

insk igpneeaiora08.nay herfabricatsd withrogher. sapnd pieuiitey using
Q&Ivel‘ftmngl CI@?S?]% ol O@ngr otff? "H‘bgl'éﬁlo %@hﬁ(ﬁo%%y Lg'i(} %[Hgnal

be connecte a circuit board to an
Umd@uﬂ€mynw$@mn@¥anple in accordance with the present
i nvention, |ncI ner.at or
100, may 6§&F§b§¥%é%g%ngg%wm(Fﬂ an%g%uugﬁ &l?ry
wprdgncreomtletm macmion Mpcl&b‘ﬁeraﬁr mmself;fef@éd&ﬁfg and free-
fabricat.i z n, modern | C
e S P L S SRR 01s S LoskF D el Bricutlas being
chlilrbhlaécblh aiphasedgpled BAp (‘RALNE Aelay Pel@despdEDLE Wbrivia t he
-ref erenci ng

i nv n he | ock eratar 100 |s se| f

WDl ?I} i(?olf i ﬁéreé‘ﬁ%ﬂg'}aﬂé‘fh“‘l 1s YRICAIRE theditiof gftced to or

| ocked to T&hﬁ@tth@ﬂoéld @ﬂ&lator $00° oﬁ&esQ%lﬁt@h@bﬂGﬁTxﬁ@eﬁ&%cws
in a phase Iocked | oop ("PLL"), delay |ocked

{ndpg ROWT cgpseryationimg @c%%waw fawemgeser@yéze Purda HEb low
RiedfPAnd MR ighidhifSe iRt aForQkathpie, REdnalcirdVitry 1éfd1ﬁ1£>dsh1ﬁ ke

cl ock generator 100 provides a plurality of output
PQVEsE GRIFETvations igde sprdhas 2 baléasy ev Jower faquersy anods.paf reqmest

(thBERER L 6h SEMIsPL 103 élsa@ﬁeq%ﬁcsl fbmﬁnlr@mg ?Xwa'r&gnéuﬂlggon

glitch-free manner. For exanple; secon cu
@fsryqt@m aflowpgwer qeskesignaldn setenatl¢epmadodds disenskeddn gaater

&adit l?eﬁé(v,%ﬁcﬂ @é’c‘ﬁénc& \%ﬂ&ﬁﬁkcﬁ( pmgi@d with gul{sgag{ilaﬁﬁ/tneghglble

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 oscillator.

In addition, given the significantly high available output frequencies of

the clock generator and/or timing/frequency reference 100 discussed below, new
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(through selection signals) a | ower clock frequency
for m nimzing power consunption, or request a | ow

w@owsnomhock signal to enter a sleep node. As PUBHUSHS®WI429

in greater detail below, such frequency switching is
provided with substantially -fegligible |latency, wth

| ow | atency introduced for glitch prevention (in
proportlon to the nunber of glitch preventlon st a es
Qp§rRtingdpgdes a@laﬁalaalené%wmalehfé%fsmﬂ-la@f tipgs g etfeg iy
Elﬂ;sﬁﬁﬁalfyhﬁghélﬂl@ JllGQHT%Qﬁ@@O&fgfeﬁérQSJ‘a% kl%ngﬁafdkﬁc?‘iiet%ﬁnce

change the out put frequency froma / DLL oscil lator
160 techgireneatedly giagtethandieopppdy sichjag qu;pffﬁr@rﬁhavrdp baphleed for

?H\L&L&) Jef\%g%nﬁdr%‘%a le tranﬁer(%llla(ﬁ L%{l%l Pgé %ck the
I mng frequency ret'erence 10 cusse
n@mbg@wamnmgwnndam@@w@kavawﬁabkeIMF@nbemanpk@ulclock

- i |
gtérgﬁaltraétl}{%ygh 1s%¥e?e 1%&[’&% SIJS rPZIPSQ t ‘?r}ltold%? o)y or non-

ra
penmdingll§, rfexqummyorr;ﬁbmmg:l@/ alz(éeortdombmt t&(paaihadh yrocessor. As

Bt 8 SR SHE S Rpr SRR g s RIS efiioh”

ploaldes Mﬁ@Wﬁga\Gﬁg&t {tsﬁhl@bl fsirudidna(ndillios knstridtRn€ p&d Gkcond or
referen%e 100 can be

rator a or t uency
%ﬁ@ a"t“‘éBrOF"rfS Wf“i‘/ 311@’5 ShRAMET Cofisumpiinne In additiqpapuch gy
putssitifodel ma- alsoﬂiéhﬁﬁﬂ:)d to P&TddRENEStBrofike a second clock or

nonper i odi aII for instruction processing b
g@égﬁa le.af@ﬂm opglyr U CAS & Sonseqiepseetds lock pene ¥‘§é&%’§red

timingy RAh&icy detdhde 10612\, théMtﬁé? elnB&difnemt disslsdddtve i) hhd e
such pul sed operation EFOVI des a_ power savin
1

Ryradity efopeiging Bades(ipslnding closksmpdes ¢ Hawng apdior gecn@nw or
MRSHce Rl parrsmﬁé&qerpﬁfonmdk aw@%m(s{ﬁf)lem&ef power

consunptlon I n addi tion, such d node nmay al so
be utilizd@uitly apérsitl@@hdoagﬂeytes@qﬁmlrhem #e dockgewmatorcandiok

fhin ﬁ&’ Lérﬂg%ferﬁflé% l@g cwdgﬁfegtg eg¥&%¥¥g%§a§§uraté%re{i\lency

con eq enc e cloc enera or a
ganatatigh fyes @lvelnwnrpecfcessewdtegelaﬁﬁ t(empctamtae(“BVIﬁ e)rvanatlons
t. S
ggég? géta!;ﬂ?]& 1§cllgdesf?elcjl ehng ltjuaunﬁ émaselg gglﬁ, aﬁ% pegs% omf?,{d:requency
wandfions théqmanbrycaneﬂelnemanmde:e aad/pow&me:ﬂﬁtsmvﬁ dn@n
node. Fourth, as discussed in

PB”“?@PPEQ?EBWVEQP%M/ the cl ock generator and/or
tim ng/fr &ofue ae)tlock peieeneand OPtimihg/ frtd@dncy adérbkces 06 or

hi ghly acc fre uenc tion over fabrication

it a Septiefnfand Stapaaine B uah frgupnepnarel as A e imgRgs of
M}lﬁ&ﬂd @ 1hes whithlidgien ﬁlﬁfﬂg&'ﬁﬁcﬂurﬁlﬂ@bﬂ hwp ﬁeéiféh&gst IEth
and conpensation for frequency vari ations which

wsh iy o (¢ satiged! at"ala@ Wridptn ofquﬁgea@éesrlltmltwnp
Rist EARFibE HithPRaRBEE BudeIbly At AfdNDise power reduced by N2, As a

consequence, the clock generator of the present invention results in significantly less
jitter than available with other oscillators, such as ring oscillators.

These features are illustrated in greater detail in Figure 2, which is a
block diagram illustrating a first exemplary apparatus 200 embodiment in accordance
with the teachings of the present invention. As illustrated in Figure 2, the apparatus

200 is a clock generator clock generator and/or timing/frequency reference, providing
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Fifth, the clock generator and/or timng/frequency
reference 100 generates a significantly and
w@ooosasatd vel y hi gh frequency, such as in the PCmUs®ds009429

of MHz and GHz range, which is then divided to a
plurality of lower frequencil@s. Each such division by

"N (a rational nunber as a ratio of integers)

results in cant, noi se reductl MAth hase
i REmoRaulaBi Rhia® Horea Bstiar pen Bt BF Phgy

JTPRGEAMIeE) @ﬁectédlﬁlr@ fﬁquer@? BEEAGIQR05 ofrhet zﬁfpaxﬁfu@ %&mock
i nvention. results in gn|f|cant less jitter than

S0P P00 inglides aredla BB 20 (rayet gresaptplegaent); yfequency

Bfcdllet af NE FrequeAEP & vIdBAIN £FodE s%wc{dr 054 LAd 8 flefuedl S Riclor
detail in Figure 2, whichis a k di agr am

20 meationsd ipbeyea If accandans atiibi they yweawpartbq ess1liaPp210 generates a
(A eTelBatc thoﬂnﬁar%%g”ggrpﬁﬁu%@fg g)g ¢ [EREP 'veﬂgi%oxgsf m%rﬂ%ned

agresent i nvention ustrated 1 n Figure
9‘6&&@@99“@%%@0&&@1é@&ut@leméteewencj’ tiﬂiﬁk;t gemes te oscillator

229! Cyugl{ th!ai.J tH«% nglllaﬁg]qge,%}g%cgr{e ggl?c%%?e’ frdh 2% ural{t]go epﬁoéegnglal

nmore out pu
os¢iljatmin ﬁh:awanmgs aaytheffrequqmb}uccaitrlotlg/r 206 pfdveiquﬁmm@ﬁt; signals
| ect ed uen t or. 205 The appar at us
h?%flg %F%uef%c'%sevg}g?ha?rs Scu Oveﬁkegd BUAtONS-osci | 1 at or 210
(havi ng aFdaresongdetgiehemeapy T vamftroﬁq enmiybu€ B8duedyl fedm an

vi der 22 a node sel ector 225, and
oEao T e anty Gr ALY 51268 T POREE" REtR ot pppTcition,
sachCB tighas ﬁtﬁlﬁﬁgtﬁhgtdﬁﬁlldztﬂx\éeﬁlbh 88quehdievaaishilityl xaetyqre adddptable.

ener at es % ﬁﬁ%na havi ng a conpar ati veI hi h
*??Céa{?éﬁcewli t S%mwrlov’ Wéfﬁffoﬁ%at?féﬁwrwéar theeloek
ghilteatbrl B0 UEDBYatld) E&r’h@&lhﬁ}r fo ford endifivel dr %@rq{)lbg aﬁﬂh@%ﬁ@ G¥ch

select or tune the oscillator 210, such
apRroyidingiciask sigpalyfoe Hﬁggrartefbmscr@éq>°@@89§bm@r¢qoemlbers dlgltal

sighal ﬁ)?dcbgsﬁrsoéon[?ﬂfn?daﬁb@éon%ﬁérg a8 596h. fA@fn’:ﬁ%%‘a@rﬁe f’reqﬁency

the frequency controller 215 provide
cotghien & Srinutilized foradipsefneihess R/W veiations, suck thatithe oumetr PVT

fr\éﬁ.\é h@}t &R ?he JsQlat6X@ 'ﬁ’fé‘ s@kectg(ﬁ Xrecﬂssﬁe!}lﬁf g{’g \éT Y fo v%lLr%Ecl:hqess

out put frequency from an OSci
VHare bageseralorders efuapagnitnde, pichgs o0 23Virdess %nd Ravingo me

Céﬁagrtﬁg%lgp§l wesUCh as those utilizing ring

OSCI ors; such frequency variability nmay be
acceptabﬂé1nmnwapmﬁndmm@ﬂmdm&hm&hﬁmﬁKﬁﬁaﬂhmimmantion

reater. _accur for the cl ock erator 200
i REREL, ina 81 Eene BRRET B iredine et S0 iufliVieE grop 103
hxglm‘[ﬂeqn(erﬁmpk us(l@;tlballysjpnsuﬂiﬁg RISLsph@ DLk NHe pre@@KinSérioal S

or |nte rate rocessors m crqocontrollers,
g%‘eﬁ‘.te(sgf" P@‘ﬁté‘fe‘y?fl ‘&‘SP%Y Ui hiches Ben dixided i anees
mandower Ruquenties §; HROREFN ARG, frehiday 8Rér SRNIAIK s§haik 15
hIS utilized to Ig just for these P vari ations, such
PR OTE REMGTR S the Fyralify of Egauendien frave frequengyl divider 228 mapjghen

bl Ading fred @ty 88lectdr205 MU S thdlc8RE above, such frequency

selection is provided glitch-free and with low latency, providing comparatively and
significantly fast and glitch-free frequency switching. In addition, a plurality of

operating modes are provided, using mode selector 225.
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variance by several orders of magnitude, such as
0.25% or |less, and having a conparatively lowjitter.

wdooosiomoae performance and decrease jitter (nNPCEE$20850)9429

other interference, instead of generating a | ow
frequency output and multipliying it up to a higher
frequency, as is typically done using PLLs and DLLs,
the present invention generates a conparatively hlgh
frequency Kigirep i %blf"ﬂ‘éﬁa%ﬁm'ilﬂlé@amé ipgreateyrdetpragseandler

%eggdf%} %&MJ e}mﬁoh{n%g B e1dok d4RdrAGr {HaRAY &%fr%ﬂéﬁc&al iy

k signals having one or nore o
mferﬁmce:c?@@,nn pecsrdaneerwitly the isaciangs of the geaser® 20enteop. tReéemritgeto
u?eci %%bk géc' I X rfaﬁcﬁglut?ml(ﬁ fre eg:d:?/t n%ferezngé 3OOASog{prr119ésCaar SeO(IjlatO[‘
ove,” suc requency ecti1o
g 10, achstdiniee amplﬂﬁamt)h aI tmmpelraamre ncrylpenpatmvj 1di :ngocess variation

i ficant st and itch-free
SRRy 20 T reg el au1 23 g B g o et Eisers
B@IE ﬁﬂd dfﬁ)@ndmgi@ﬁtha Eeedidd@vibdéichents thi}galfmd@lu&ea fe&juericy divider
22 ure is a 5£OCK di agram_ilLlustrating in
& i g Bonera AR STARCISER ARt fisduency selector
e60) @l b freqaénc bQEdtor38 N RIEh&de sBIRELPI4s IThE &%Jﬂ@gb&ﬁﬂ%r
reference 300, in accordance with the teachi ngs of the

P % SEHRETATH EPMPSHFAOTRA P Gr9detigyaietion; cgmipensator 330y egltage isolator
9] ds8h R redhG seleb o} 10/ irquga'd@&ﬁ%’ cAIRkRIG %@ul% QQS are ocf)tgn

conprises a resonator 310 sustaining anmplifier
mcludeshwitbin arfsquenan eaniratiesy sugh s ﬂ@um@e@so%ﬂiiaﬂt sauld also

CORRNENSA AL sB2B:wRe géﬁmr@&m@m@%%e ggegg&g]gggﬁgl !

one or nore coefficient registers
pquehey stereet ebadibod: nent s, may al so i ncl ude a

[ eeauency Y00 I Y LS YBYE: ASARLALOEN 330s ey,

vol t age i sol ator requency
860 as amindurttgryt.) irrdaopamwyr (Spt@aptedrto 31’315 aarid? tanidevhere the LC-

el ecto e sust

B B Sl o RAT Y s BFECUA oaestyogs or

ctherpaseshicoicalBPl, elacobmedhenit Bl leqiiodlerd 5(5or dteswRaRpically

fre sel ector 360, and fre uency al j.bratio
PR ARG 6F g Pty ARAPRARY 4 BB

m@cﬁiafcﬁid lother resdn@torsase édnadétedlé‘qm\t‘awﬁf ardl WigHin #e 3&pe bf the

shoul d al so be noted that the_ square-wave generator

RrgyengysntioR ﬁh‘aiamﬁg e SRt 1§ Py hg2 gFramicagrgnsiery a

ﬁleélﬁﬁﬁﬁlci@soﬁm IoTXIAY), alhiRrdeREBARIRANicH] O MBMS B e@Ritor, or
#ﬁ e of resonator which stores energy, such as an

bylb pcquetic rgspmatgr. Jlp 9HET ¢ases, yamipug issqTIatEs may beiepresanted by
él&txtl@m Kv elé’@ﬁ%ﬁl@c}{ahﬁallag]%}kas h@SrefonifolL Hiele ng@gvitﬁ’iﬂ It §C(9;Qe

plurality of LC-tank conflguraflons
‘tftthFéI?r\ﬁﬁeé‘éméfFI@@tl T In@apmylawn@p@men@mdr%nmls aas ty:en utilized as a

RS2 6 Blovia® 18 RigI LS e typical Iy

The sustaining amplifier 305 prov1des for both start-up and sustaining
amplification for the resonator 310. The temperature compensator 315 provides
frequency control for the resonator 310, to adjust the oscillation frequency based on
variations due to temperature. In selected embodiments, depending upon the degree of
control desired or required, the temperature compensator 315 may include control over

both current and frequency, as illustrated below for selected embodiments. Similarly,
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represented in the art as an inductor coupled to a
capacitor. In addition to LC resonators, other

WO e@ocngdoas s are consi dered equi val ent and wi t hP@T/UB®05/009429

scope of the present invention; for exanple, the
resonator 310 may be a ceranpc resonator, a nechanica
resonator (e.g., XTAL), a mcroel ectronmechanica
("MEMS") resonator, or a filmbulk acoustic resonator.
the pocése vattdior sompeasd ten 80 peryalea frequsnerespnizel foethe esemtad
lectrical ..o e ical _a . LC
Pl BBl b Bl B PhERRAG TSN B MR e
erEcadictérmterhtiionechhologixs pihargcessndadatiane mithin agiven foundry

C-tank has been utilized a resonator, .to provide

& VAR PR R YRS AR 4G SApr dlero Bfsarstons
WitlM tdesmé aafedinb pdcadstvatiioaf snagsdifidrévit Agundries and foundry
anplification for, the resonator 310. erature

The tenp 3
RIBYFSREH §%8 o3 OB GRS cFspsy farey™ cfﬁ[}‘f%ilor‘f‘a?d“t‘%%ﬁ is
URENRURE-tdkQnd ke et tirddRApasHdqubml] £frdnf SASRNAY
based on variations due tqo tenperature. In selected

ShisdmEuencies spéhanayPoaPon rese A S40-d6  bF seicstihe entput

ﬁ&;%brﬁc?f? 6m 5%91%1&?95 avhilfid SBBRhAH YeGuenORD EMIAEQE] 315

may include control over both current and frequency,

fasqulmqm eaeflecaen esgsvors T asfetllté@@cb@ stoip ot ireeant salues utilized in
\ . . .

G 0L e DGR A8 LA 0 EATREASAL 0t e

kthjilllstow. he oscill ation frequency based on process

variationsg | [ in sem conductor fabricatio

! athnol ogTARERTDtne A RER:E SROUBLEAL B iBh \BRee

ib@atno33p previdps isobwibg fromrvaristiony ar vodthge) mech ay &vinait fosRssupply,

w,thin a give fer,.and die-to-die variatigns wthin
Py drdnlaréilst Sagro bt s dord ot e openr sy APt b n
ttmpéraiutec®mpeithalod BNy agditarew Sequdney gdjustrhaf) forahesa RUTIO0
nm processes) . Frequenc al i brati on. nodul 25 |s
TR GRS oG T A bp StlEe B epeelep Dy st fsomant
fréq@Ene9RElYsthr 160, fof SMiANR AGelbhied B&fukhdyFHdnPNrah O RRifabRS
whi ch_nmay occur in resonator 310, i.e., to select the
fFRapERsiest r equencyTo froma plurality of available or

pot ent i al phyr GELUQNRAIGRnerhibnS Bb&CEAkaRABOHL RS Strequency
coefficient registers 340 are utilized to store

Eyderiinemedyle 328) ipeonvar the owputiorcitiation iganeaes ok e Pigradinyof
I6RENRREICRS (ARl Rhddo! BRVRTRRABARAN P sinfoRGHERGkidn"
reater detail below. In addition to the tenperature
sagnd] torasuksiantialbhysuers atavosigna) firclogk appliodtimne us@B § square wave
. ol at ; A . .
PpRlERRo T BB 31! PR AT P B9 R ST B
ane oamopaif thegivaitablearutpio sipoateintveg tisudirabty of fiequeofies, and

te rat conpensat.or. 315. 1n addition to frequepc
mo Je 5S eﬁgﬁégfnéaiyr%?sr? éoew%\;?r operating moge selection, such as pgow inga

low power mode, a pulsed mode, a reference mode, and so on. Using these

L

components, the clock generator 300 provides a plurality of highly accurate (over
PVT), low jitter, and stable output frequencies, fj, f; through f,, with minimal to
negligible frequency drift due to such PVT variations, thereby providing sufficient

accuracy and stability for sensitive or complex applications, as mentioned above.
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vari ations, the resonant frequency may al so be
sel ected i ndependently through resonant frequency

waeedosovor4 360, for obtaining a sel ected frequePCyU§10051009429

a range of avail able frequencies. For clock signal
generation, clock generator_1300 utilizes a frequency
di vider (in nodule 330) to convert the output
oscillation frequency f oto a plurality of |ower
frequenci dSgyr } it hinightipvél sphearaic bl ldmhﬁﬁagrara illustrating
Sueﬁmi{laarg%re%ﬁng éongrgljegrl c\)sj\sglllllgt%fc’ andI flre]quc-lf c?ﬁibga on em%oéj‘lments n
acp:pfdaﬁ@twﬂﬂfhe tela shing oﬁtlﬁqﬁmm 1mmamg endlatrated (ralf igare i4Nthe
nodul e .330) . . Frequenc t then rovid s for
BSOS siicg s o EC SRk s 4 Breitapveabh SRrpacr i
S BoHEEBashawrd @lehleats ol wgacwetnymgasncfu&aﬁuemahﬁss 4 1@r(dsemﬁﬂ e
selector 345 may alsg $FOVI de for operating
Swnlement o Sugtalewgaglph Y RATIRF NP mpmr@%@e@ratﬁm-
Bafles &S0 RHEN ganerrﬁ&emgwﬁs NDERperdfib-R&oRtive (8 teipetahifse
e

conponents, the cloc nerator 300 provides a

dengpdantyfyeanency; Kf‘gfﬁ)ycmmaa%me@%ﬁ%moceqs Fopigtiont er

aftfbeabAh @hoqufea@s ahd il SRy SR ifRfuad 2 b Jenwamqnén m%lhmao

mniml to negligib requency dr| due to such

Vha Vaa:tops)t@mpeltah@@blgonpwmri tgmngatsmdep@idenﬁmcai@ba HaT Wdaﬂi'@

[

kAR SR RRER b bRl ARLEKRRRRL OB, A Bting,

iodj estiends, agehethatithd r@slnmatﬁengﬂney(smpctuaatg/ ofer Gqsrelh‘év varlatlons

controller cill u

enbodi e ntT‘she 9%021%1 ¢ g{r:g%\n%%(@ glVV\VAlt %P ﬁa %4% flltﬁerén 2 %eteﬂléa“y

ﬂ)ﬂ‘selsﬁldtas 7} memscmAsr orl Hatmdnncatoe&j ahdalFughi K/:ma«ﬂlpnst diewithin
anpk 405

bR 3PPl lne iy SHSRER G &rPul B B0RT ba el dRramei 12 ok

&0 scigenirgluctar 4BSgaparkiee] tith A Sa@0TLCHO TR 3Ni tf)p(ﬂéglé’sja(i)e also

t.o i enent the s nin lifier)
R o R4 B e et s B s it
Sdph&iRRte. YRR bRN eqdi(aldnt thdlogy & ln@&a@ampﬁ e RE SRS
er at ur edependent) fre uenc

(or te Lﬁ
%Sdﬁfa‘éﬁgg%qo&ﬁ o5 Pes o FgFonatorp P be 40z e considered

SQRIREAS Bl thOLkHRAM Rsdhdm LAARK ﬂﬁyua@émrélm QUYEEV, as
frequency calibration nodul e 430. The vari ous

diggrseedan greater dedgildislow; addifionabeppeditanegs.dotelied gahyariable, are
FRYLES irfthd ParfREnBdHe &8 eﬁ@dﬁ%&l&'f&ﬁx ﬁa‘?t ¢t'the! r@&ﬂ%}d’tﬁnﬁ 0

tenperature fluctuations, provide correspon
4 Js pdditiens corsmcmdtrtgacsmmeSr(elswamnccfso B trerang Rcst50 are

ﬁlﬁ&ﬁar f%losgpaqytglk ISJt] gl’?o% cP \é-l;m}i@rgtjo@c} 40%? ?ntruﬂ]ceto tﬁ 1%5]&rt]or 4?§ and

S us al ni ng
chpadtor by rexsecaVﬂa,rqmmcg an;azartlolf ﬁibocatxon dmdrarmmt eddrtmnel, or
such. v, tions ar e SCO

EPiall cor PP B (PR B P Sl RaBT T oo
sueh en@tahcdsCai alkbe included as part of compensation for PVT variations.

The inductor 435 and capacitor 440 of the resonant LC tank or oscillator
405 are sized to substantially or approximately provide the selected oscillation
frequency, f, or range of oscillation frequencies around f;. In addition, inductor 435
and capacitor 440 may be sized to have or to meet IC layout area requirements, with

higher frequencies requiring less area. Those of skill in the art will recognize that
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405 is an inductor 435 in parallel wth a capacitor
440, other circuit topol ogies are al so known and

weouswedoent to that illustrated, such as an i NEOTUSIV0E009429

in series wwth a capacitance. Another such equival ent
topology is illustrated in kggure 8. In addition, as
i ndi cat ed above, other types of resonators may be
utilized and all are considered equivalent to the

%Xe:?ﬂ Z)‘zy- JrRsoMRBE a Ffst brdbdapplokiatdtib@ beduddesstiidtussed below,
O as discussed in greater detail bel ow,

ﬁ 'f&ét(gpﬁlcg%? ?rh%éb‘&&%?&@x‘?&ﬁ fl"’ﬁg%ﬁﬁgﬂeé’ ?;[ f@QLc?Pro €ss

stribute variots nmodu
Yaortongand otbér ctxdw“um@s affixnfy. EQ@ axamgleADS indhetodBdiand capacitor

rr Qndin res i stance np RL 445 and
BRSO IPE el R BRRER pler o Wl Sty
anrtehd nstnGoObligha ob EJWenfrequeﬁmes thay ttehieswdbdaum(mu sﬂt&'ﬁfr&ﬂﬂncies

itor 440 ectiv rrin
%r%g'a}glg a{]?e sgﬂpe cgﬁlée ?eé‘l%ﬂlbt I%a%gﬁtl g Pdtg?or%g%g?% agamtor 440
m@nmﬁmva&dfumgmﬁmnﬁm@mdrlov etr}]xemmmq)rdka& tédheology, and
ac r. 440. nve uc reS|stan can al so
B o e R PP S REREIoG T B DV cramp i, Wil
i @fHeAéthYATmentd) thel il ok 835 £hd2apHaflorCaD Rcaly bR it e Phisitd e
resonant LC tank or oscillator 405 are sized to

silipgRoaARsuRIqr{S@D, meiplriasulaierrastyl (WM Rﬂ’é’stll‘i@n ysplaeted
MllicbﬁfplﬂnG§A§ QHQH&Vsﬂl(!oﬂdé%qgéo‘hH&@or hefd 95n é@@oﬁ:@gs

citor may be size have or t
&5‘8\45 -baged éeréQﬂthFreWBwalweﬁlmhgghmlSOfwae@nblaeé without
ll'n%gilﬁbﬁ ' ftlghcluﬁﬁ% &'&1&%05 ngtszgl SQlEh ﬁrﬁlérhenﬂﬁobbﬁd%ﬁbo@ﬁehts are

recogni ze t rst or
veiphon Bg iseme pbihe be«;atwe In a@lt@hnscthssre@nttet and/or osdildator

eﬁiﬁ)%ﬁﬂ{eﬁis M%Hdlﬁ@ {orl)? n{s@g gﬁlﬂg ?e onant f@gaaﬁ%9% rr%ly%li]sg Mth

process varil a
uﬂlillsﬁdcanﬂ |a@ni$so Vﬁﬁnn éxampb of tht b&semn dwexitmh M&scﬂl’lﬁirem, “LC

2SIl AR DN o8 AE el 3RS R G ERRN,
cenﬁmhtmamappmgwhlm mlappvemdé bR L4606, heSevaRYmbE&died. It
n regyenc within the

BEaD BB s G P! et AoS o 65 Rereairducivgr ass
cam\dmﬁ@’ﬁgﬁrlot@ﬁ séé}fhsr(ﬁ\MOb eechadlsdyC AR thesd18¢k g%ﬂé’ratolr to be

m conduct or Qr ot ircuitry process technol ogy,
fafige %ﬁfim%alkweén@aﬂlﬁgw& with pihegsirgyitry. Heh 4sghe second
clrb@ir$ il 80, @hd proviaad 4 dikhct zfd%n cSreshtiii@ntidh, Ot her
enbodi ment s, the jnductor and capaci tor 440 may be

fabri cat el additingy th ‘fap%ﬁ%m‘@r?“p HYxgtratedm Figey 4 is only a portion

ofBle@veral e4tladitRke H%l%d ihMedsonance and fre uency determination of the
il icon-insulatorpolysilicon (PIP CYaa

TQSPF%T hedanki405 cand is %ﬁmdccémmgr Intpeleated pmbeiments, this fixed
ohEERR} Bl o afpERREAHNL 00 ES FERERPRRRARKST, b,
ultimatdlp utileedin e d@rlkittayo@ an haetmpdd: | Asdisdussedyn gnmart detailons
b@llagl, &Q’BQQL]F@A}L&taﬁ& 1s distributed, such that additional fixed and variable
capacitance is selectively included within the clock generator and/or timing/frequency
reference 300, and is provided, for example, by temperature-responsive frequency (fp

(T)) compensation module 420 and process variation compensation module 425, to
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within the scope of the invention. In addition, other
resonator and/or oscillator enbodi nents, in addition

wo 000810920mst ead of the resonant LC tank 405, naRCEUSDODHE9I429

utilized and are also within the scope of the present

i nvention. As used herein, “1BC tank” will nean and
refer to any and all inductor and capacitor circuit

| ay ougE configurations or topologies which

BPYHds ber ke FHE B FesHBU eI AN BloNthakenhet fisguency

J?% R&ubdiditiallP MdeRRER: bf Both @npbhRirdsRipkdc@lsQhariftfns t © be

abricated using a conventional process, such as
t echnol ogyn thas¢lesigd anthedimentskthe énduetantco 3§ basthgen ﬁxed but also

(fo%ﬁfﬂecl %E%eh@& a@da le mqnémdg% hg&hﬁfﬂdo}[\ i)gg%h a varlable

circuit SUC e second circul
ipdekndess Ags aghogseiqwance, dltbse nf kg binglie atrhmllpe@gene that the detailed

dl%\{lgsn(%r{s %? ﬁééc{]anﬂggrllablleocrgaaactltgr?ce an 3P glocdl E‘ ?%eg%}/ ntugxtng f’lllllde
tomecraﬂute anamacccmamrlependaml peetdini snmialnl@ td eﬂmmme ehdewd. For

e det r m natl resona ank 405,
SRR EaiRe PR bioPR LER BB SEtAPT e gilary
ﬂrbVlSe fuhimgd Iicaidaion] 2diege Eyctsrain@sente BRPAIObRbEIMfedl 0%

to 90% of e total capacitance ultipately utilized in
 ESGETpAar PG aRE BRLALTCASa i SER e Dby eam o
tHep@bdnt ebion. the overal | capaci tance is distributed,

such that additjonal_ fixed and vari abl e cafam tance is
sel ect | vel"‘;’frISO af dfusiries tiFigrs - tharetomantit CyanketOdtand resnliing r

ultgit ﬂ?{lzfl rr@f&H@d‘ﬁ)yas RER{ARRS) 32! at "ﬁ&ﬂas loB 1ikds AYH 9:?1‘14 75t Rl
exa erature responSIVe requenc ( ))
de%?fﬁléwé %lﬂ’i‘ ﬁndmﬁawi@ capoarrrdsreecion. \hirgpifigyrations,
1ﬁ&ﬁ@§@§&ﬁ&lﬁ@tem Bt &h&%ﬁlgl LA é@%hﬂ?lfrgt%ns Ex%ta%ow i {h L 9%pe

t he resonant frequency oan to a e resonan
off thecpiesaatyin fengon: JF o exaspls iraginglebided pmﬁgpendmonl@bn@ot h

. a n he sel.ec
LERSHAE A AGRT XIS B B e
the w0 of bd dr bbalanpd ecnﬁlglnadon a3 idustrated.aRielartg rotiet coponadsts
nd vari,abl e |n ces.
agg ﬁegggf%sre}ﬁ%tccgge% ﬁcjlow su relq‘lenc% dlth%rsa}y \t ?vgéosbr%?ez e
entirait rathbrethatediffelemtthl donﬁgu&som s additidn, xetbuaBAbYEmMeAD| €
act nc uenc tuning a t enper at ure
iARAEY ke ok RET Bt R Y EnE for dritf o SR o AREOS
IM@B,I ammm) i @Rslemérttioax Ao plse availbIE S0&ds usig BofinC €S
in_or out t he smllator to

d be. d
IGRHPS RISt 6B D). BUARG: <t A L e DRdimsn orfgiogsidered
ctyimiglaledt@nd srelmmuﬁ&@gt@ﬁe oBle feseat eenfBAUl ated. As a
consequence, all such inductance and capacitance

vari at i onShesiegatiye fianssordvgtancesuwlifer 41Ads sslosted q provide
tdripeLatle @Bmp e‘Nsa‘-‘tf%an%o 5éh| &éﬁgcroﬁ&u%gm&éq(g':j M Fatidn ahd'e on-

resonant LC t ank and resul
resistance of its resistors. Transconductance (gm) modulation may also be utilized

independently in frequency selection. Another significant advantage of the present
invention is the selection of a negative transconductance amplifier 410 to provide start-
up and sustaining amplification, because both oscillation amplitude and frequency are
affected by the transconductance of the sustaining amplifier, providing both amplitude

modulation and frequency trimming (or tuning), in addition to providing temperature
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w@ec@sad20and provi des common- node rejection.

out put signal, referred to as a first (output) signa
at nodes or lines 470 and 475, is a differentia

configurations, including non-differential or other

si ngl e-ended configurations-1gre also within the scope
of the present invention. For exanple, in single-ended
configurations, only one instantiation of the various
prseReneasion.e The negatds trangohdugisngecanpdificiytl Orvel] uiieas durrgng inkrethe

{eF(?ﬂg{ lt@taﬂg @O%{anm& F}%r {f&gll)ﬁ% . rh@@ gito(f 9«5‘6) i Hars@(;r#sg 9) aa\%lta e

trate nmponent’s and feature
ghiress tsgesnige [LOpnkstfidhasalustiaed (rensy natley # tlearsl, 4 76)0 UlThdt

a. S|ngl ded ra ifferential .
Tsni A GT AP AEIRTE G TGk WD B SRR G ot is
the hm@xlaﬂfehd cutrerit) rRulbSmRIchhfigs vadabibs ir ﬂﬁeqdlaﬁdypg-b&‘aerally in

forms n).; other _
R SHERach Grte TP S R R a HAMGHA n Fgur
SA pD|slﬁUuld buWltddxRattiliia Gedsdransarce Blalfeghtive Blafblde gaBili€ -

ch e Bbgents are consi dered equi val ent and are

%Oi“ﬁ? (OLCARE s prinsigdo fredesepant plaperit 59 comgsauence,

wﬁ@@vervaaﬁse(maam Uspai&e isaiiikddf HeRdin, 4tls‘i=loa1§ bS BhREtSRM td O
provi de tenperature conpensation t hroug

Ao dhbrimersly@a apyryiatradorn Besadive gwcm@ctemﬂe@mphﬁan chn
Qfn, tHeSrah@ShALRANS: is 160 FERASHERNGS Lad):, magyﬁtaf fyon may

al so be utilized i ndependently in frequency selection.
maRRheal @ppraKimateintto tevavmrearget offthe dvereptr(gon thréughdhet | on

dn?plﬁﬁi% ﬁﬁ'ﬁﬁ%@?ﬂ: zaﬂd f&hﬁé{ %%g%g&g%%@ﬂ%gg) to the

I’Tp fier rovi de sta
wmgnn (ﬁl(&)&thrmh tlhﬁeamllf@r Hiok (for 9 Es)l Whith Gricrapepd turewependerd,

d f th
ERRMARE Y oW R LBRI N L i I ARRRRD LRGSR 1N

nin provi
depehdenty asohumatstd firr Eagune r5By It addnmnnng; 1(1u)§trated ik Righkre 5C[1the

rovi din enper.at ur ec nsati on
Ao e o e AR R PR SR A Cipngt B fhe
sosmmmgmegamtxe triseoridastanmia I’ahlphffertélaﬂ kprékdding B @scillation frequency
in response to a

pec ifically ontp.the capacitor 440)
SRy IR UG o G UNEA G S
alldolvlaf:‘yt dsatfettioacf Qb& vﬁﬁzﬂﬁ& (4571@;();1 REbhE Fd1tagd BAExtGHA Mg,
change (and distort) the

%J 3% CE;"I(S%\%&U@'F%M e%.‘éy %Ffpa@fe i @Stllﬂfétr?tﬁql Bejow). aleﬂr astahe

c@hﬂeq@dﬁbé,,thero%&’éﬁttxé Rekried tPaschHRRPe or variation in
frequency generally in inverse proportion to the
magni t udeSighifieans ipveative deraliticauahecel thegpreseaisinyentios inc e d

vtifizifth SHeEeporhiall distSrRBAY £dvia Ao B tot Ratiad B grg?ur%eml:ys

transconductance Is a negatlive value, as
cpmpesalian in genezatio thershlecttdp yalun of the QSCdlatom, and drequeemonant

STy 8y BRRIRSEUSR o NONSNEL o 0f AGAIGIE
atcenmmmca aud asodlmssné medreaternieab belewi the tramscéminuctémgﬁ*su v e
rﬁa@%@%?o%ﬁpeﬂ%ﬁ' Heq Méqiuééﬁ rSéléCtiIOQ, and second, to compensate for such
frequency variation due to temperature or voltage, by modifying the current yI(x),
generally on a real-time or near real-time basis. The selected frequency f;, and its

stability with respect to temperature variations, in accordance with the invention, may

be determined through appropriate selection of the transconductance g,, and selection of

O PET/US2005/009429
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turn, the transconductance is also a function of the
bi as current, substantially proportional

w@¢ appneoissrat el y) to the square root of the curpenuUs2005/009429

(yl(x)) through the anplifier 410 (for MOSFETs), and
substantially proportional {1approximately) to the
current (yl(x)) through the anplifier 410 (for BJTs),
which is tenperature-dependent, resulting in a .
LAY e¥tetedrinnither yay.iin pcopitiands With thppresenbinpantign.hebianehrent is
fillid e d mlold g5t R, SSvI), RIHSHA i nRf:
I'n atg %r?%%sdeg‘gr{ai%ﬂf %gﬁ) é?fdei nééFirg’m’ eg?é@) 't r?géﬁ 1 o?
affesisl thatransepnflvatanee geywhich iatuso affestsatheosciliptiemftequency f. This
f Lon of the tr.ansc ] of the taini
REBSG B s ARG vaRSRescich B M Ao o
osci | | at i dliguke €Gueicyit diegremtiilGratingzixeaplery,negativaddi t i on

ote rature,.dependence (as 1(T t he cur t ¢
st R B B RSB e Snte Wt et EO} oS e
atke l‘é_s?&tdé‘t rainbaﬁﬁaem g@cb@?mb wiith Iﬂ}eﬁ@chiﬂ@é’of&hf}?ﬁekﬂt invenéion.

ifie uc S a ctor. of "y" s illustrate

8gﬁ{5‘€\?ﬂteda‘ﬂ 1eyge (gﬂl?o(vﬁ%oé‘ﬁfﬁ fank 34Qds %:/%‘P&’aﬁ‘l AP er r ed
frths@dudthrdcd hmplifRir GRpIEMERED asl AV6RIPIIMERLB @adsicBE QDS Of
the, present invention include utilizing these ,
yprliist Pl (compiisse of GansistosnMht Mddd gmcyw?whlﬁh,dvm i§ gnupled

M&gy@nswage QIRERSitplMEnted 29 ERRNALIRY 51 D@rai g8 S 585 and
ovalue of the oscillator, and freguencghnodul ation

YRPOUG A RRSTANE TSRSV e Chigent sensd Nl 6 &h cEheurreanirror
$165hA) MG APRIehbEl a c%§coﬂf &gg@g&&@pﬁgm 341B)8sich as to

di scussed in greater detai
PPeAs gemoedistehidiey) with vatationsy pbecrsoptily peldsaate terdsetlatbor
- e 0
T ARG R PR TR Smpl A EPIRERET, forl
geobatog €] S inyy bodipiementgdtubibziogitopelagies/such iy CTHAT €comiplgmeanury

a teal.-tine or eal -t basis.. The sel.ec
b ERke kel PRl b fiorddniTio BRidte 1BBEaRfO LG PIAT
(pepprivailus ebsehted tamparnsre sijiarad) coliiiansated ik Rifuréd 2\, 7B and 7C,
i nvention,. nmay.be det ' hr ppropriate _.
R R PRt C P i P A 2R BRI uieure
15.114 Fch caieqihe GuradhO (TR or YRY)) irjéttedGA0 tkaReRivitlaRscbitfictance
resent invention, therg%ﬁs,curngnt i s made
I&T ORPleMaRIpRY FERsHEOUPlRd najrpymplifist) SOrohes 2 JaRRSFAIEY . as

%ﬁhéﬁﬂ)ﬁﬁqe, $dh adintRadingf durBhf(BTAT ahdPTATY Bﬁ@&&db‘iﬁ% areSit gm

ich in turn affects the oscillation This nmethodol ogy

(dy TApe s fupetiqn f incseaging Esmnstatiae, ag Hiustraigde Onequaiprars

Q6RtbiRASns b Rinb Otire-febbkife Qirfefit @nbrhfofidhdy MlARr am
illustrati n]? exenpl ary negative transconductance
w

igwismentedras ifusirpied wrligue 7Rswomat GBAT i pacale] wish BT AT ofor
éx%gl)e)’ and LC tank resonator enbodinents in
accordance with the teachings of the present

i nvent i onTheaselactibnueftarmttisdlar temipegtureeregponsive or temperatute- LC

&eﬁ%eé@gr&lﬁ g%?e?ﬁérqg als®a ﬁln@t%gxaotfitlyeefabrication process utilized; for
example, CTAT may be utilized for a Taiwan Semiconductor (TSMC) fabrication
process. More generally, as different fabricators utilize different materials, such as
aluminum or copper, R typically varies, resulting in different temperature coefficients

which, in turn, change the temperature coefficient of the oscillator, thereby requiring
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W@ ecamspoioged of transistors M, M,

transconductance anplifier inplenented as a
conpl enentary cross-coupled pair anplifier 505

turn, is coupled through a voltage isolator,
i npl enented as current mrrom-510 (transistors 525A
and 525B), to a tenperature- respon3|ve current
enerator %I(x)) 515. The current mrror 510 may al so
léfereﬁ?ﬂséli*rﬂ 1 eampensagiog. a@@wéortd@w dferans 2ops effdl ADFBAT,
Mpf V% o c%&pg{s?t%ndxﬁ I%Q toc’é] pih!e Eﬁ %(ffé@hg ?trﬂeaﬁahlgps
I n power supply an |so ate the oscillator rom
ponvase sLpiuhgtiofiwd tempgeltur@; olNettseramately Tlhwtrated, the various
{eﬁ_lgPr%[u?é t‘g nsx?g' Fl? e%lt éente%yo glugtreage%gﬁ g%}uroers 7&5%%)/&1%971)
fnep impludere sﬂaamp cirOula b adhutiagy lieemplemaﬁteld &) knoRhi Al the art. In

0 tional to absolu ratur or PTAT2
(R ERORE ot S B ATbEsod R Erietit s bosb foieeny
gdnktasdr I’caﬁﬂgﬂrduﬁn E'lag be Bﬁsezl/&lffg}r%_lt_@nﬁxcg Qspl_)ﬁﬁ@ﬂ ﬁ’rﬁ‘ﬁidng @Hv¥rsion
an

Ll
R Pt Drnd rra o o) e siiehoi oAt
(MI And(M10 c})ﬁ'nﬁ PIATF (MeLiROMI DL Rr tﬂ%%x&ﬁﬂ%'tc\’&logws illustrated.

transcondugct ance anp Ilfler%& npl enent ary
cr oss- coupt@E iiacirampindrlenkdiagom flusrating addieenat eemplary

ﬁ%m%a%nd&%& Asplithe rt@raﬁerme QU{FBI%We (()Pgéﬁer%fé

PTAT2) or decrea5|n current ction of
Jepenrdshl cyrgent émﬁeaﬁ@t(l%if kor 16g), ancl Le ttanénosdllat@mlbodmmtsen

&Q&J@b&@t\x}l@nﬁe @gchfgg ‘EEthE ? i ﬁltvbl{tﬁ)ar a3 ﬁ%ﬁ%t&? rurree Q tthe

gener ators may a as |
Epqpartd-Bnk §3(thas aslifSTalT tqpnlogathah Ipwivnow;ly hild@fmad bﬁmlso is

I
%éﬁ%@ lto 4 n }Q&vest%ngc%kh&?ang 1{1%18‘%? ¥n|1 emenée I% &8WPle1&1u?t?lgn t

rat ure-responsive or R Ure
gesseoapled pansanaﬂffmr 80 5 (tranastistays Mit Mehs13faath |M4c) anqudhnm turn, is

[ or 8 ilized
Lpeg TRl DS of ARl SR o Yaul P 0 S lempties
ﬂbkpf'ofemg@@e [eaiple_r)aturaﬂe;ﬁhda‘n@;}cﬁﬂéntfglatmat&ﬁ(((ﬂb &r M) Fiz Q&s
[ r.e r such as al um num or . cop
o % PRI LA P S Prs s I PoreariEbigeHde et
dn@eiddréacd oM [(Thentéringlthy &ga@%&ﬂﬁ&oﬁ&&taﬁ@é@ﬁflﬁ%ﬂf(ﬁ and
coefficient of the oscillator, thereby

PG 306/ SHBeBE (4] deyies indbiateaianiron (o2, transistor M6 in

58IrE 65Roniding@hiient tHid B@&@hdmhé}%n@@ the héPativE tAhbeor@Bdance
PTAT2 conpensati on be re uired to provide an
agtplifies s gegedtp be afl’m% §1p;t§r$s‘@rai§taaesfqﬁ FOTing rody be

rEcﬁHil@G"(a@tstS@n té\'gsovme%@éﬂaﬁén Itk *u?&& thd g‘ B

ngerat ur e-responsi ve current gene at ors rated
isftea selggied WUSV@ medeny OMQS processes,RMAS ge\ams ar,ep)ften

Hlahég g}{éhnel\ﬁ@v&g witih é?@kﬁo%' t§ %ﬁﬁl?gssat%cllc(err] Y% fhin aeualtly sdzed

ad tion, the transistors conp e Sse
ang gpalady biaged NOSRViCEs. Rathcefhﬂlcker noise in the tail device reduces

the phase noise and jitter of the oscillator because flicker noise is upconverted around
the oscillation frequency by the nonlinear active devices in the circuit.

As indicated above, the portion of the current mirror 510 or 520 (or
other circuitry) sourcing current into the negative transconductance amplifier 505

should have a high impedance at its output to reduce power supply frequency drift,

MB and M) PIT/TR2005/009429
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generator configuration may be biased differently,
such as biased in strong inversion for CTAT (M/ and

woB)0sard4PTAT2 (M 3 and ML4), and in subt hr eshedDUs05/009429

PTAT (M@ and MO and PTAT2 (M 1 and ML2), for the
exenpl ary topologies illustri@ted. Figure 8 is a
circuit and bl ock diagramillustrating additiona
exenpl ary negative transconductance anplifier,
Seiise brutinglong EprsisiargeonBres awApeseede soliRsE g fat ijicrease

GUhlERListRR earnaﬂaillfwc{els(gmﬁc%t s{a()?ﬁ)()) at nBieRB Lg‘#dtﬂﬁlgn, a shunt

osci | l'ator enbodi ment’s i n accordance wi t

cenieiirige alse manbe pmelgeadito filterand ihsreby Axlucd fligktr matse Gtoinrthe
Ebﬂﬂ&%uﬁmvﬁg? resonant LC tank 550 has a different
topol ogy than previously illustrated, but also is

cou p led t d)@emb%mpouehd sekptsd amrlhuntoanthe usmyblthefdegitive

nted as,. s-coupl ed, pai.r .
AR R R BB e SRE R BB 2o S SR g e
iftqieneystatiikity Csmtiplhetdhct iddatioghl feeqpdnay adritioYlerdon@bfidn®thay not

rrors 51 and 530
H%CS?S&WF 8?85;@@8 ‘i%‘eapelbﬁaﬂ%r%ﬁé?ﬂlaf TTRRRdiasits, Bewe er
additieal ao@ﬁﬁ@f ahltd Odss frb({u-E)lcyodrlfl X Be &&ﬁde%ﬁsﬂé drldr it £66 the
the%@@ 3]|t of current. mrrors are utilized to
E?V ﬁ%%WH%régﬁ#quy’and i ncrease the current
I (T) ent erh b@itidie A
585)and resoﬁgnt E tanéMﬁggbéggggﬁﬂagﬁgﬂgggﬁW@gVpt%&»

g vemeus capsisiors M Mo M3(aad ¢4 cach havsias pesecingd rqsxsrangqmemg
EondBERM] WhiBIm&Y EI5ERhd tJUaQserHr'?Fg fen?}' ARG A6 4 £ g&fdﬁég

negatlve t ransconduct ance a er Is se
durmgroscibiatione &n eagh Half-piede, sighee M angwggsmancwe rgrdngd

IRMulfg SO resgar{cg% aqu;%rst@e raége%g%&ﬁs E%Fagu%aéeem

mrror |n ut to t
alisstoreM 1 bMéaMé end M4sholdd be :@mdpn siceEgdh and’lv!ﬁ@h) to also

{HlfeR. B SR GlpONIRER, FARANEhe S5 FEine ok iGed i
tha desgnami L@Itdllj( 455 ametdae ISMESiedietv isasesin odaﬂﬂﬁme@s flluisﬁzkaf in
' t d d th d
RELRSC) fod e L cau bR G EE AR R e g oty il e
dqgoaamv exﬁabldityarf(fmmbnbila)nﬁﬁbwhlblaédnaié réadg g uﬁm@rMexbeaa ﬂlﬂﬁg}(lj the
rcuit | ndl cat e

nonl.i near tive deyjces, | e C

BB e prra R AT ATRAeL R CUIPEA pepieesipersienigpgent

genEra®l WET (08 5T UL B ¥ dnsSQUREY, r(gr? Sdl th&Rdnsistok gvﬁ he2, M3 and
ansconduct ance anplifier 505 should have a

%ﬁ atlive t
g‘HZ‘P aihoudrhedontly sefested ip pravide fr pesilipsien paviep, teuppl y

dct AMBMEY maNinlitn, BHERs RS pWer%%héﬂ Ok EARS 158 Y fit into the
geonetries and cascode configurations to increase

Sal?eﬁﬁaﬁc pred prad laypug F‘Hﬁ?ﬂalmlé\rhqj@nsqogﬁwemem msl' bbsellectey to
;ﬁBw@@%r(%maltay Qﬁjﬁhfeht@ﬂrre t§ S b&?tn@g'n& QJS %ﬁﬁa? Sn. TR

ed to filter an uce er noi se
¥ ﬁrmlﬁsltcb{@ sragteristie of @gcteasd@/fr@ggncy w1th increasing temperature

followed by sizing transistors M1, M2, M3 and M4 to be large enough to either make
the frequency independent of temperature or increasing with increasing temperature,
followed by fine-tuning the frequency-temperature relationship with appropriate

selection of I(T). In selected modeled embodiments, this has resulted in frequency
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Dependi ng upon the sel ected application, the use of

the negative transconductance anplifier 505 with its
wo ¢obs/o9mn4 vl (X)) bias may provide sufficient frPerjuswoy009429

stability, such that the additional frequency

control |l er conmponents may nQb- be necessary or

desirable in that application. In other enbodi nents,

however, additional accuracy and | ess frequency drift

aeeyrapyeolppprekidettly 1824 tofAe ‘o verdVel, ohichmeaydo mpontat s

detail below. In addition to

Sglrkfgc\%h%?oﬁgnagpta%{ﬁgéog%ure dependent current yl(x) (or

1(mn), t h@efcamgcngsmttcv Bigsiest addstidvhl colvipensivBoramadulldd aeeaeﬂsh)

L!leed € . ro‘rjlv‘cf € et,recdn&o(:fSI etlc%Qr%ce (gvl'el:¥ n scg Q1 gr(e: uI Ocn 'fo h

6 ter%at ause™t tequ SY°OrYY ORTERY /o S8

ﬂ‘or mpﬂxemmyis thr/Hith @'ela’tdarl’hgcml&@/l and aatsd; mLander(oeﬁajnency drift) may be
hal.f - cycl.e t her MB are on .and
SRt e EonBriste S o et B e Sl gl
sleesht edttiracPSver Ps/maawh@ Gch 4sNe piofv e S ifsh @Sy McurabPof
MB and M4 shoul d adjusted in size (wdth and
TPerRg Al & OzA’s O st e dbes® FIEUMS [ReeSf tPRBRTRMICeRsdgR(Qr
tbﬁlpéiﬁ'tﬁ#é'-r@sﬂéﬁm@tﬁ%guetn@ﬁ% tPECoRIpERsBIdn hOECARndy He Quitia,
resonant LC tank 405 nust be sufficient to sustain
Ye9 hapieaRiaraemppIaKE fearwaive Heqepur @ (SUrompnsatipy mpdule
DONTEAVIIGR 42Winlal; bB FYReRedd) Ifmmn\(aé WeitiziM b St e
limt the degree or capability of frequency control
aapdcipnce appdples ﬁ%%wlqhyaqhmpéﬁ%mae@snem\wgih ot tadl of thgaesoyant

1 AREOTYHEL 050 9L 1Pl 900 iy
fast pdurelgy € &g eﬁsyé;ching'ﬁpefamdnt_s e thaugnpi,$) (]Bgl{tM 445\Mind aVB
Pl P 8 TS B i e

Or° osci
alutg 11txS) 6@wmhmgcoafﬁmammb t}mmgmp,;;)t(fe@ism 850)amich to fit
For exanple, the

I?rgsr? gtég‘ﬁede x@?lgfr:% g%‘ﬁ‘%‘?&? r€”s?ceé)l aélgﬁgd to provide

appr oxi maFighi 9ssih tiraiitelidgra fifusidting @n exsiplaty Séndollabkp
and.sustain i1l ation, th a q
cRhrsieRiEE oot byt i Pl Ry e etent s ng
\ﬁlﬁéﬁ)ﬁi}a&dﬂtﬂmed @Ith@m&olmlédagamnde maditles 139 5 1M freqlyBncy MB
and to be | arge enouah to either make the frequency

t?‘ﬂ?féiﬂé‘i’? qempensttiondrgsislet2 e jaeagh Fige 9fi tharesonant LC

thrikCA08 {5 dBLort 1RRPETPdnd 495)) f /L mamedome cbﬁl%‘lltab’lg e citdace
frequency tenperature rel ationsh W th appropriate
naQdulea3p dgrogfprisqdof a bapk erriay pEYPIHEIB! (80 obshisieeapasitive

hddufes @@@oﬂﬁx?a‘t':lr tv%%htea f&&ﬁ%safay%(gg WhaGNd &&ﬁble paragitory

appr oxi mat el
(vesgcgorg) &n) @éf f\mz b@ﬂpf fixad qapavjtors 930 ﬂluh\tan@bis caszefoeer ring

gﬁggéé&s)t(’q 5 Eﬁaglﬁ% %tlf}zed?ﬂqgl%tg&]ajnbo%%%? ﬁl%t\}aggtog%qy IareeSA are
MOS (accumulation mode MOSFET), I-MOS (inversion mode MOSFET), and/or
junction/diode varactors. Each switchable capacitive module 640 has an identical
circuit layout, and each differs by a binary weighted capacitance, with switchable
capacitive module 640, having a capacitance of one unit, switchable capacitive module

640, having a capacitance of two units, and so on, with switchable capacitive module
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utilized to provide greater control and accuracy over
the resonant frequency fo, such as for applications in

wobishomreat er accuracy and | ess variance (or PCEUSBNEY09429

drift) may be required, or where technol ogi es do not
all ow the previous techni qued-to provide sufficient
accuracy over PVT variations, such as to provide a
frequency accuracy of pprOX|nateI 0.25 % or better.

bH0e-hBIENET papasHenERRISS ~ WitpEithagh BuibEpIEISAE  paticular
taBemad Wig (&ﬁ%‘aﬁfm ﬁéﬁiofiracfsqpt% %9 lc&fafadg ®r).

conpensati on ‘nodu ['1zed, such as the
exenpl ary Wéhﬂp@ﬁfétwfehab@stp@hléﬁi 6/4@ ¢a€béu@5rmt§1 veigleyapacitance
FRES bG8 e HipaciBhs B B A SR oF o e
ctapra)d:mlagcproniddmte@dd% Thistdontee o/hltage uiplted, tadicawith

ide or rail f t he I esonant

[ S[fe)ra?urét\.?%uﬁmg uha?qs%verall L5 QL2 Dtal £ aélgzb rﬁ&‘g?é— bC %?ﬁﬁ ntﬁ)(?l%d

nes
capatitad imodple @35 disal vdrying af 4 ﬁmtnqﬂnl dfi tembpietaguré and' \)/hl@fl in turn, is

tchin oeffici nts ou |ster
Wit i G R ABS B firiaect Sojusbatlt SrEiGy
maﬁle G40, \cnhdraigerixde tafatitmed Chyt tie @amadapaéltahaé C1iy switehed
wifchin ?Fff|0|en g&ﬁ t.hough p ij)
@1& i B W“E&F‘Y‘@iﬂng ficjet tafughgreet For example, n
tHe|sbﬂ%$tEcﬂé1ﬂl€bdhrﬂenFlfﬂﬂH E8enor 38016ctddmodul YsH0e wherd 18 RArdpofidthd
|agran1|IIustrat|n%gan exenpl ary contraqgl |l abl e

cRiFReificishtis a fegdfulieh 3 Bigh yollageh thesrerespanding tixgd capacitance C;

1s84Bhdadso A dild6it HEARE Mk fMERE 'v%blé’@ﬂb&“aﬁ@% BEswitched
utilized as the controllabl e capacitance nodul es 435

P of His cfrewity@ad egﬁw@ﬁlﬁ%@ Bewar gait Ypperresennd 6ENRdlgpendizo
Qﬁ&qer"ﬁé @e"v"n:@q's AIQI A%E%Ct&% t(|§ f\%@d}?ﬁgatllngn{)%d 4’00 S

( nodes or |1 nes |'ustrate
cmnmrzcltheabp@lt@@pavmsmmte thegtenkl).cind 3%hen gs cxmrc}smngmg “pf a

p&%(m 1saar15§% (lquvf @?10&5%513#)“%&: (yf{)es&endmﬁ 1% C(E' ?apacxgmce Cris

capacitive bi hary-
sephed chtmétl(e@ryulﬁﬁﬂ tienmbrrespondibg earrahkeaapatcmmce C, is switched

t f f t 620
IS SRl S i M e B oG, '
utilized; Inana&hn@tatrpdnmmﬁmt reEothbof eigheswitthalilt odrfcifild
Al n
R R S 9 RS N i B YT 24 0

BSitiave bedaligplempated fol prévidedslcembihBtidie of Axked 8@ Rhridbad
circuit layout, and each differs bﬁ a binary wei ghted
@&ﬁ%@ﬂfeanééarwlt iFianficertcapred oxerpaciliatiopdreqpracy as wagfion of

RayeRgrdvERRGGIS fOGgeLf one unit, switchable
capacitive nodul e 640G  having a capaC|tance of two

uni ts, andi@ee Bhis agjreyit diggrare Himsrating 4p sxantnlagg temperature
E%@h’cleﬁﬁ\%%g% dohtrbaN e ﬁo%ﬁf?ﬁa‘a't& BoGRe qfe Ohivhl Jvhuégte il e

each unit repr esent i ng partl cul ar capacitance

Qp&rreléabéq Sppacitandeynqdyler3a ofithe %@wer{c&ﬁ;mmratpqe@gma«mm@n
#B&nd 420) in accordance with the teachings of the present invention. As illustrated,
voltage control module 650 creates a temperature-dependent current I(T) (or more
generally, a current I(x)), using current generator 655, as previously discussed, using
one or more combinations of PTAT, PTAT? and/or CTAT current generators, and may

share the I(T) generator 415 utilized with the negative transconductance amplifier 410,
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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 a0satdoa4 capaci t ance allowed to vary in respoPSEUSD0S/009429

the control voltage provided at node 625. This contro
voltage, in rum varies w tf22tenperature, resulting in
an overall or total capacitance provided by the
control | ed capacitor nodul e 635 al so varying

ngieRd ofgwoveding e?Fﬁéﬁa%&ﬁP%fatéh@SMh& fFMReRAYIEy fiﬂoensiet current I(T)

(ot I(k))%sequrﬁo‘i’ed\/tﬁ{o)lxgﬂ DBrehERRRRBY0 fo BAHBNEYbahk ofY §19ra‘t’i’rytJf I n
each " sw tchabl e capacitive nodul e 640, either

#Wli@é@blwplatt\retraw&eser brgpchen 675andiadfixed capagitied machtl,eor@yanch
|

S RERGhA LRE, Fge s BRLL i 0, SRR 101

diffbreut twpks cnvbloal diffintion fegstom (gv@npdysilgehguttddesinatsselicide

' Kok ffi, I
?{Ahgﬁah?ﬁg Bpt ki ﬁc r,%{ i§i5R J}Qx}teﬂgesg:dg?r? gaooer n deﬁfa ef&]; examgﬁle Q% ©
oaphdild asusteve(ﬁhoduta (ﬁ\ﬁmst ofietled mtoo outhné thei womgetcoaml niddele 650

correspondi ng yar aci.t t.ched
et A e S SR
grteongl gf g\lm)hendepelfadlertgms:thehﬂeme bheisdentied ints tMXuior
G&%ﬁ res ectlvely, gv0|d a flqatin nodg dto
a5g h%orteametnﬁaﬂ CigRtdsLitBicdighy T Bigh o ?ﬁ?; theyng
g Viokta £dct 36 ROSHHeRbndRg &R 6B S is@b tdrSpetathroUbgentiany
ohaing ok v d efrfol b r%) th h

%;r | ow vol t age) , the corres?ondln fix capacj t ance
tp the JypreEatu- depndesyt curat KLy clgiarselgrigd erplodiment, three

SRIChAIORNG RGndfRles 3P3 RecRRALIIL ORI Brahch WbhGRAHNL NALa
the circuit and coupled to the control voltage

T5Publy the semtesh velgage peysled fonode 625 saise afynclpm elde mpgiatureg
hot®) retldﬁgq*aémpwrtre *a@t@ngelﬁ@e@s%tmg tmwaﬁatﬁ 5&%&%

correspondlng irst plurality of
e pantiolaitle capacitahesugerdufe 6idve been inpl enented to

provi de 25f, ﬁg)[;@hﬁﬁ{y oqgfntat(ug &o)éﬁgleﬂﬁd ﬁ'n%r l?p% 5 and the

capaci t ances Ica over
soswidplwdlitp nf fwithing me;fﬁasntaq(f uhmghl ) oé dettemmedzpbm e

Rr OV am
e B B Bedol aRESR v 1 YRE Shiock B ol e B
incdntiang elnclondxemblanoehtiodinfents, tieifirst pahlitpofywanchidg cddificients
ntrol voltage in.the controll able aci tance du
e s PRI B P PE VTS B BHRE e Tp e
ph@ade d tvaie mﬁﬁlﬁdﬁnswﬂehh rdstiléing BACdbi@sialy of MestPFRE ent
nventi on. %ﬁustr ted vol t age contr ol nDduIe 650
GABehic¥ £eSponse ﬁi)‘e ARt sy B8 FBYRienE [GFPERAfurg. (Hhy seqopd plyadity

IERREHh doeffrichts o) @dugh §X) hre thsi RErBiHEd ARb by ERBAS Ribus
655, as previously discussed, using one or nore

Ceemaﬂ%ﬁswéﬁ%effécflertﬁsrt@rproww\?r@n%tdwebsa aduatmest rgsalipg in a
sUBRBHial LR sighi¥ebaiRY flat frequency response as a function of varying ambient

temperature. The first and second pluralities of coefficients are then loaded into
respective registers 445 and 450 in all of the ICs fabricated in the selected processing
run (or batch). Depending on the fabrication processing, under other circumstances, it
is possible that for higher accuracy, each IC may be separately calibrated. As result, in

conjunction with the temperature compensation provided by the negative



10

15

20

25

30

share the I (T) generator 415 utilized with the
negati ve transconductance anplifier 410,instead of

w@ea@siogiong a separate generator 655. The PCT/US2005/009429

t enper at ur e-dependent current 1(T) (or 1(x)) is

mrrored through current m.psor 670 to an array or

bank of a plurality of sw tchable resistive nodul es or

branches 675 and a fixed capacitive nodul e or branch

EB8condidtanco mhplifier étD and IR sandraior 41 Fhbe pessilbfresugnaygespassy
any.type or. L nat.i. i f .such as

ot R 5 AP RRhRplact it HRRRarcf

resi st or s Asaabnsequt@ce) thewnsall capacd@npoprywiéd todlire resonant LC

resistors,.or well resistor or n.wel | for.

Raed iR iR B ¢ comsipRatiop bC AP B vitgt nstond Yign he

Rt b16 Rediohd re§Pon Sk toPlovide@enigdritag @ompetisativn afddhidrefofeh0

by a corresponding "q" cgﬁgfi cient of a secor&d .

IRV e resquant (5qqueny e hith oEoErRPIE caRieLangs Cr WBIGR

Giehdd into HNGRuR \¥oh&HRAIcBpdc RS iddulees 38N it el Fhd Ssponse to

switched into the circuit (such as when its

Rustyagieson amhigniceBpaiteicent is a | ogi ¢ high or high

vol tage), pf DRitloR34blolidfhe ¥ QhieRAGe REhASSatlohSit should be noted

correspondi ng resistor §85 Is al so .

thetrpeitghedraz comspodinble papacithes meduldy@3 S may also be utilized to select or

%ﬁgﬁg;&%&qlgﬁgﬁggp%nt current I(T). In a selected

enbodi nent, t rea’&wi t chabl e resistive modul es 675

wer e uti | RefedingmgowitelFigyred, inothet bomapsnatinn modwls is algp a

result, the control ' [

R by Pyl Bl ERBLRH, RE TR oo o

dpplipzeioad inrvehidhegpeatal @nuneacy andslesssiatiance (gr frequériop dufiy ingbbee

capagitors 615 in controll abl e capacitance e .
SRBRE pEb Fp P bty iR S BRGNS PPE LA o or Beles
®lehPUTh Ipthéddleirpunasidhcéd) @ poeese natianbn t@hpenyatioh neodie @RS mgy
coefficients qgo though g(Xx. re deternine
oSt s Batiarny Sesr fouht BRel ARGt Ry ng
fabcaib@ploc @S NATADRY, sRh aé e engISN modiilveiMiubtied ih Figuhe 11
exenpl ary enbodi nents, the first plurality of
%ltzchi ng coefficients Pothough P(wi) are determ ned
first, byrigaadiinga ¥iduitQsErmOMibiRdihh @Mexe@fplary first process
coefficients, to provide a coarse [evel of adjustnent,
Yagiaion Gompensation modue Htin asqopdapre wigsthe jeaghings of fequeserty
iE@éﬂQﬁ‘.S?h@ﬁrst%r@éé@aﬁ%n@om}ﬁ@ﬁsxﬁd?ﬁn@dﬁé RO mdy RN dds Bhe
The second plurality of switching coefficients qgo
prhepsgtpneensatipn modulesfisn injBigererfi Wl cachinastulsyattachsd fapgrail or
S | t. v
VALSHE GRS BB L 11 sk A e
‘wnbgéracvimpahdatioramddide ¢t if cadmotlédbyfd third plueditre(igl) of switching
response as functiqgn of. v ' ie erature.
BREMRZ B8 e Skis oGP ids, s AR E b b FEREL 1
dongrendadad@ddula 7€) predpaaniaunay ofsgiitchablescagabhiv@mibddEe having

all of .th fabricated j he.sel ecte rocessi ng
S pisien, i epapiigG B brds Fpfas B Rorathe
REPERSEIqiehcy YNBleswirhingin 61 du€apliatinCefixed tapacitances 750,
through a corresponding plurality of switching transistors 740 (controlled by a

[{PR 2]

corresponding “r” coefficient). Again, as each capacitance branch is switched in or out

of the array or circuit 760, the corresponding first fixed capacitance is added or
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is possible that for higher accuracy, each I C may be
separately calibrated. As result, in conjunction wth

wo b@soexwper at ur e conpensati on provi ded by the PCT/US2005/009429

negati vetransconduct ance anplifier 410 and I (T)
generator 415, the overall f24quency response of the
cl ock generator is substantially independent of

ure, fl uctuat.i ons. consequence,
SRS Ho i ol R IPES fvalthiS i PO e B s Pen G enk
45ebySndduBitihg Y k@Endnhirequand0 Nk Aatd italaf of éwiedingnd

varj abl e portions, with the variable portions

ceffeiats (dhqugh br-ous e detapired Pest-EabasH9E veiag fest Caragnerally

bh&d B8 ,pr&eﬁtwvlm thpar&émﬁmoﬁmwgt ahli @&Hﬁ@ﬁxiaﬁtlesT e
nore vari abl e capacitance Cv wh is swtched I nt

sHdching eogfficieptsor rs@allllwlcmaf)wpmglnshﬁdmmwh@@@)uenml1branon
9{0991%%25”'11936)%%993%&6&% ofsé H&B%tokv rtl(?hdvg %p %t% 1ned

t enperat ure I‘OVI
tomsasis aktiealtermined 11 ubafﬁbentmat Gd:ntsmad 1mt}$\mtresbetdincg

I i tance.nmodu V. ..al so be
PR R RP POR R P eSS B PR et moy
Reéaélbratadgsemaely, fbowﬁn@w e 4, another conpensati on

[ r control and

nmodul e i s .al so. uti vi de great

accuracy o arvoltdr?gd’ln aggrgﬁlle“?)f @Eﬂi‘é‘ﬁ& pevery additiqgal features

appbé oailéndted withiisthist@iRadsehriamaLoMpdhsadE hBk 760. Flrst

varlg%@ﬁ éor fre ncy drift) may be required, such as
o VBKgdHiganal freque %ﬂé‘%}“ﬁeéﬂ? %VS%W%&%N%%WMW%

ShoQld HeetlaB) an@\iRke 6 The thdhsikBRS G/l(ﬁl'l/[eﬁF'ﬁﬁitﬁngﬁ%e Recond, large
rocess vari ation conpensati on nodu 425 ma

PAfi[apesg may be splgjnta &ve Biabshss, vathdwo pwéesp@@mmsxstors 740
ESRQUENSYthE sengeRRIGEIeN: | Yhiff tJ ﬁ@\‘lﬂ@f& {hg Qes@ﬁfﬁ? £€3ank to

variations, such as the exenplary nodules illustrated
haye gisyifes doad undes gl eonditing,yrhen 1 firgt dixed eApacitance 740 apvatehed

inl dr'é8t Jrad diQuid '7‘603 3 %Hﬂésg&Ydufé JeSdnd HxOF ga%%m%ﬁ{e't 7%2,' &%

conpensation nod ule 760 1 n accordance W t
teami regacser (hiéngor egmificantly ymalter oapaciines drithesimaplessizs s
=N ' | be ut Ji.zed. as
T
e ohormuheciwuitdebelcbntthe mversd of thfrcosdeqaenmﬁg t‘xﬁ eoerfﬁaemams

0] Lin 470 n i tion,
fork et oo o S i at RSt v g Hagsisor
&i0nis alplayeptedoyt, avith lohlydhepdmuuat bftegpdcityticy vaedswi t chi ng
coefficients r stored i.n register

465. The ragf‘l?%?ag g%th%;l%/ "é"tﬂ% oI BBHp EFREsitaneRT Refalipes or

thé Gkeprontd tibasilioadl ingteaayf afe wmsiticRand eMeAPRSstouR! BRI Rt
ghted, first fixed capacitances 750,

havi ng bi nar
tp gpel %93 il %’ngﬂ%l fixed Gapasitare Jp0.1ahe could be “blown™ (open-

circuited) to remove the corresponding fixed capacitance 750 from the resonant LC
tank 405.

Figure 12 is a circuit diagram illustrating an exemplary second process
variation compensation module 860 in accordance with the teachings of the present
invention. The second process variation compensation module 860 may be utilized as
the process compensation modules 460 in Figure 4, with each module attached to a rail

or side (lines 470 and 475) of the resonant LC tank 405, instead of modules 760. In
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resonant frequencyfo, by switching in or out a
plurality of fixed capacitances 750, through a

w@ososespaendi ng plurality of switching transi stPeEUF205/009429

(controlled by a corresponding "r" coefficient).

Agai n, as each capacitance bganch is switched in or

out of the array or circuit 760, the correspondi ng

first fixed capacitance is added orsubtracted fromthe

adstitadn, emp am'on@moeesavaiatiatbtcan;feosation; viollkla76@would alsbbe
reso

h
imn%r%ﬂ&ﬁ l‘aé’yat%ﬁthgnx{eﬁny sw1t?l¥m fx%elfltli efnts t}%og Ff)g’)’ oredt in register

requen plura
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Qr S..740 t herefore
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¥Mhe same gﬁ Se@S‘E‘f‘?rP%eF% ‘Gﬁw(iomenstag‘”b’i“%?}ﬁﬂé 00Ty ats’ﬁ‘@?gr
strasorsh bénckyt, Hha ﬁ(ﬂﬁlﬁcﬁlaw&le@dlﬂ‘éﬁldeaﬂthHﬁﬁr@fﬁS&esﬁHnanon

condi ti.ons, flrst fi xed capacitance 750 is
ORIPFRALYP PRdul ?@u hg pecopdpiopess mrtaﬁ%eomafnaaap? aofeadihg

;ﬁ&ﬁ@ﬁ@nfam{ﬁdr 828R 8L HIBAGE of SWitclAble &anMacﬂ?@Wute@ 65,
nificantly snaller capaci t ance or

ng a si
it MO it esten Sitei 36'9 e thedassgiorleading thr@rlglt ﬁe Mos

tfa%bi%ﬂof—‘saatré QiniRAAE Gasidad, the | d
of or into tlhet Ci rcua;t %gg%ﬁglﬁg?%y&?irﬁse% %% ﬂlgmow

lessraisedmphiasithy theosciiasesstarcanappiver Adess. bothe @QS}G@ChIUIeCGSS
@am&wo%ter%won%o&@ﬁoam@ VaYacld? 35O RTRjMeae ﬁﬁér% g“&nd

of the transistors Is al ways present
of e REMSTITA] (Uﬂtagta}zfaﬁ; tbembseprvadme dlthed\sheamnahltre carpatltamee ¢ro

tﬁ«?ﬁa)}{ﬁﬁmocfag&cpgncg %Jm so&a@lpﬁ? Ita an? tS)as on t]txf uaﬁg 8? S

& Utilrzed T netead of
gedetriveioa AMOS esvitolred| tal véitagé ¥hp woultl @m‘.wdeomnmoinu d@a&lhﬁce

I din flx capaci t.ance 75 I d be .
aﬁg F%ﬁmﬁl@g ?0 QI wu u‘?IETSH ?’SXIPlé‘WD“\?EaCEtﬁ%CeC‘ﬁ?‘feetEf) BRRISIffs the
chiefedIM@fas pdianbesed@id prdcasy vaHstiohesmpaithtidnGnodule 860 is

comprised of an array of binary-weighted variable capacitances, as varactors 850, for

adjustment and selection of the resonant frequency fj, by coupling a selected varactor
850 to ground or Vpp, through a corresponding “r” coefficient.
As each capacitance branch is switched to ground or Vpp, the

corresponding variable capacitance is added to or not included in the total capacitance
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tank 405. Figure 12 is a circuit diagramillustrating
an exenpl ary second process variation conpensation

wonasle20360 i n accordance with the teachi ngs oPCT/82005/009429

present invention. The second process variation
conpensati on nodul e 860 may-iwe utilized as the process
conpensati on nodules 460 in Figure 4, with each nodul e
attached tq a rail or side (lines 470 and 475) of the
Peadlable fir opadlatignin the Zesonans te dankothergbipdiatinghe resonant
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addi tion, the ractors I nar ywel Ht ed
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is swtched either. to ground or the power rail

( vol t ag e NeloyivenetinyFigyey andtl theolask genamsonandionum
(E(l@ﬁ%ﬁref&en%‘%m%} m&%ﬁéc@%g 65190&’1&% hSRRNMY

based upon the varact
or 430) This frequency callbratlon module is the subject of a separate patent

application, but its high-level functionality is described briefly below. Figure 13 is a

high-level block diagram illustrating an exemplary frequency calibration module 900
(which may be utilized as module 325 or 430) in accordance with the teachings of the
present invention. The frequency calibration module 900 includes a digital frequency

divider 910, a counter-based frequency detector 915, a digital pulse counter 905, and a
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geonetry. For AMOS, switched to vol tage VDDwoul d
provi de m ni nrum capaci tance and switched to ground

wowusdoprovi de maxi num capaci t ance, whil e t he PEPUSI0£009429

is the case for I MOS. Again, the second process
vari ation conpensati on nodul)@-860 is conprised of an
array of binary- weighted variabl e capaci tances, as
varactors 850, for adjustnment and sel ection of t he
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zero V and voltage VDD, and significant

sinwsoidahsigngl hayifg selectgble and wéfrblwmnagtefrqqewv f(h"ﬁﬁ@la{bmaﬁ d
f il u ki)
PLAL RIS 1,05, 29 060 001 SPELT B GRS AL 0000 A e s
dirgdly gedenay Heyutpst <anlmet2é0 af Figere gy mdes§ 5wf Figtred, or between
BRI AR 0 3p P hr i AL FRaBRRORS Bhll By 84§10 as o
oméfefdr Cleguensy @fegerickhieln ast@dande with tﬂe@reserrtnmpmrd hdditional

TR G e Pl it oAyt s e BaRe See
aaqheh@sdieidios dpailatl frequencyssvatthihgadnd andde seledtidd, dshiadcribed

{)‘ge illustrated enbodi ments for nodul es such as
erature conpensator 3 15 (or 410 and 415) and

process Vaguad i PR aGRRFRAREAROTustAbng ﬂ{e)éﬁéla%nﬁiecﬂléﬁl‘)y divider
such as those illustrated in Figures 6 - 12

may
thd Japare yaporensiafes 1 005, anslpnexemplapy asynghioneus frequengy 15?16“15%!
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ﬁ&g}é}ﬁﬁg%@ %Jéggd/gp‘ggdl nments for these and ot her

ules s not considered limted to the
exenpl ary Rylfqmmg to Figund! 4 thewotput @gnal from the oscillator, namely, a

substantially sinusoidal signal having a frequency fj, such as output on line 250 of

Figure 2, or line 350 of Figure 3, or between the rails or lines 470 and 475 of Figure 4,
is input into frequency divider and square wave generator 1000. The frequency of this
substantially sinusoidal signal is divided by any one or more arbitrary values “N” into

“m” different frequencies (including fj, where appropriate), and converted to
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illustrated, as those of skill in the art wl|l
recogni ze additional and equivalent circuits and

wa@ppsiogati ons, all of which are within the scoper/ob2005e09429

invention. Referring again to Figures 3 and 4, the

cl ock generator and/or tim-pg/ frequency reference 300

may al so include a frequency calibration nodule (325

or 4302 This frequency calibration nodule is the

sybitgreielly euag voep sigpale rsaltianin apipraliveaf sentantinlly speage wave
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3veld theagltieh posmaing apipe Flegk Fdsr<haPEF @ tr%pécrc&ed at less

ﬂhamhmmgmﬁl ReHabUSRRR I 08 ohé ylbﬁs@ RliAblaY DFAY@E& as DFF
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requency I Vi
(low or high), such as to either the power or ground rail. It has been shown by the

inventors that 2 DFFs are sufficient, with additional DFFs potentially being added as

may be desired, but with additional DFFs causing increased switching latency. While
illustrated utilizing exemplary DFFs, other flip-flops or counters may be utilized, and
those of skill in the art will recognize myriad other equivalent implementations which

will achieve this result, and all such variations are within the scope of the invention.
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and square wave generator 1000, and an exenpl ary
asynchronous frequency sel ector 1050, with exenplary

w@boosobeoguppr essi on nodul e 1080 i n accordance PET/IS100£009429

teachi ngs of the present invention. As indicated

above, frequency divider ane9square wave gener ator

1000 may be included in or conprise nodul es 220 and/ or
330, and freque sel ector 1050 (with or without
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&uff|0|ent period of time and nmay cause netastability

FAUERGY Y HPR/ NARIVER o Sulfples o2 wﬂt the owpitnf eachisthek providing
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aflqmém@ﬁggﬂa frp@glgm Qspﬂ,]gtor to the first d1v1der 1005, to provide sufficient

voltage to drive the divider 1005, and also between divider stages, to isolate state-
dependent load variation which could also affect signal rise and fall times.

It should also be noted that the use of the various flip-flops has also
provided a substantially square wave, as any substantially sinusoidal signal has been

provided to clock a flip flop, whose output is then pulled to a high or low voltage.
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W@ baskomignal ,

in a voltage spike or glitch. To avoid potenti al
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recogni ze nyriad other edquival ent inplenentations
piquatstanpds|iin ghish e ghbhiosunatsshigh perfumaiangie|refgigads, such as a clock
ekl 012 060 & b} & the 1 %U&tn%ﬁ qpamgzesga@,ﬁ shéh; 8 b R R
xenpl ary ow atency frequency swt
stendby dende e Inhes cirhumstamaesh inmgsorddnce heth ptireeemntlon, "itlegnind on
I
Ly DY b B Rl B St Brbiel S0l ¥ oy
pnoesledlt Farmpyample.an gommlrativelarlw ﬁygneoabs aﬂompetrfmlnam:q wiag e

t h
B BSor Hhay G RGE saEe B Rk e B P B so B DBt LR

tihetrated 1&3*]&@1@& 1N €orhhegé) ct&fddldnsz\nhesdlqilﬁ sf thalvh puder bitélator

f ect of te X . Figure 15,
DSy sl Flpu R R RS BiFe aoibiasa o Bk Pty
bthemoik M. 1A@ higBerMdquenste, |I©wlat’7’d’rl sua\ lo|w| pbsﬁ)ﬁﬂdneé oéﬂfﬂﬁﬁiﬂé’ ed

litch-free V\Atchlngfrom4 \ VHz,, to
ume, copsidera YF‘H’T%BOWWP‘R@W&‘%‘%“‘AY@QPW “Eaé‘ 41? ‘@fﬁ#‘étomf
the @rdséif Gilenkon. dinkledefypRd, asﬂ#éhlk%vh‘ﬁ%nﬂ sﬁﬁﬁﬁt:mn o¥000
may be inplenented in innunerabl e ways, such

apq%% pftgr ayhichrthes¢lpgk generaged 00,400 1er 3618 pravides P‘Pththtﬂher
Shriordgtce RRd l?)gvefTF(fv@r ¥or%ﬁ§1m?(ln@ hd m%sbé J@ﬁ:o@&' gtﬂﬂ)ﬁl F]pteﬁgr

oscillator illustrated in Figure 4 is dif ere
[ 49), 98¢ provided asor clpeki quéipus oothan ¢iraigy. | As h@n‘p‘wusmcedtlhv Fldey

%&Qétdr?o%' S0 SH:bhBhNld ﬂﬂbst Bi9edb %?’dvﬂi%% 1&92%%5%“ y

to present a s antially const l'oa
the osci | Maadtitiamusingmods seteaion 1 Pifastberahidgnmeybe sedautbdj s

lu%ﬁ tas; a 1;1(? %&Heggxp dg rlé]t'hgn{-ufnrr%&gﬁ/e necestlile%lg & sléeg éﬁolae G_flze

¢1001<I‘g§3jn€30t01‘ ay, ;Oélczngim)mmy beoekarted cothpaitively rqﬁdt\g//;x;ifpurssd
I gne\zrvhlclg)gl clo-(l:_p Eenerator (100, 200 or 300) is repeatedly stopped and
restarted, periodically or non-periodically, in bursts or intervals. Various reference
modes are discussed below.

In sharp contrast to the prior art, this pulsed clocking using the clock

generator and/or timing/frequency reference (100, 200 or 300) of the present invention

the sel ected substantially squaPer/vs2085/009429
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wO bdop/0o®wch as dividing by an integer,

second divider 1010 may al so be differential and
provide any arbitrary frequency division (divide by

two, a rational nunber, or any other anmount or nunber,
etc. Topol ogi es or confi guration for such dividers are
known in the art, and any such divider nmay be

utilized. Such dividers, for exanple and w thout
piavideapdvear sa\mm} Ob eoraerwiqme Neale (nmu¢ povpdr enaytbe gesspmed during a
CIC\)/FH errsts he cloc GEQ%R%QYV\?\R h1$]hcth e énc h ?1% elIlglﬁlléthé(InS QRS
dtdo:essed)m tham ummdr &llmed”h;rl Itolqolllﬂﬁted)ﬁovﬁﬁr dvssﬂphltldnhﬁmnglt}p ubn-

By i s 3o Bl R D G APt b cqt ol hunning

clobkIStnlcahgdt, ddstol thd ebsipantiedy loag Bthﬂfu@hirﬂeyandflockmg of prior art
freguenci es are then ?vai | abl e for out ut 0 )es_ or.
Blosksy ersh pu@%f’cw%gdfsz % gymmore aﬁ%efgsnsawp 1P mmﬁr i
addirot o, as illustrated, buffers 1085 may aI so be
utilized, fromthe oscil I ator to the first divider
1005, to preve ddissieckdiagrim Jgstrataean exegpiapesopyonization
gdo\ﬂll@QQOOl{%Q§ secBfloRlIBRr RElVREMcHivith qﬁrtea%ﬁﬁgéec?’f thd ﬂesent
I sol ate statedependent |oad variation which could also
afveetion. disgreationadgboventie tlark ganerstos and/er typipgifigquaneiprefrsence
e t
g@‘gﬁb e(g%b())srh% Sﬂ‘}g\ﬁ(tié)zg e eg&géé ﬁlglgé;éd v\gﬁéhk&ézfg oZrR:? ofafitdtl 5O
sloblsst ahich aialyyvr sy ot de dat pevagrath #sesscdmé@m]dntmvnd@de § oring,
elz?x%k 1ot O ﬂa@e 1'{ QSCllygggﬁeA%l&l H{ &énsal I'rQl%Qhég éﬂ)ck %nérgtmaand/or
A f%w VO er s are wave enera
ahﬂ;rlg/ﬂn@luenclylreleedqe (290, Izmbmooy is lﬁ.e’dmnﬁeqdcm@vdwmm atshx%ded to
ai n_phase
Bttt Sarv P RS FRRRERES M e reP e REB R ReRE R
filom thla@turdiwbsﬂr@nenci%m Thiwimag bé bezompBihed neng thaeodules
j vision, the ral.ity of si nals a
distssicahovs: Pt B e vt Hefurde 6 R (adhare Jeendy
Ekhnﬁﬂé)VdrﬂQhe&lLtﬁ@\fuﬂﬂg thalréfyreid sRMEITHoMm the \fieg@Shcy aal@tor 1050 (or
duty cycle, such that the tinme in_which the

%?-‘g?r 35)- qur ﬁxaanﬁl? rr%meeﬁ fghgure Paheds sglegigpdtanty sioria

fgstBhcelntbde ARd '&_ﬂoﬂﬁe e oﬁ@hpﬂafewﬁee %rmn fbmi ffeqlidhc s@8E&A5 to
(low) state. ure is a block diagramillustrating

asecendagsillatay (w@d@ng}w@&twe modelald 8- Ansyae*erewa%we@qﬂmeh
LG o PRERE DS 1965, tlmerp&tﬁﬁamo s}rﬂ’b‘ﬁﬁﬂﬁde% ouT,ns elgnaa 't®m the

ci rcunst ances i n which accurate, hi g
presphdesilatos 12 K te ﬁ@n@@renmahmoad@d b)mlocgtegqmratpmnd(oxoo,

fidth ﬁQrF% Qhrehd21007960' 380). 1h SdHRAEESSERHeb1 cGHRloRS
In g%o p \X/erre st?andg 3@2) bn tﬂese Cl rgl?rrgt anc%s,
pynchrogizatitane pulwdtsmqhkrmmanmemay' @sn begprovided, mowhiklp thie clock
out ovi ded, or | o @uced

ene atf})rr r?g%/gg iR ! g&gqﬁef reoeﬁ?nﬁe {1%9%0r06§ é)ac.)w%eg A pulsed
ewmrtpdnﬂ syathrmmpaxt adcurseluying ttwmn‘tarm wéthesegsilseq ak aw
Qyncilromza 101 mtervalg

Figure 19 is a flow diagram illustrating an exemplary method in

accordance with the teachings of the present invention, and provides a useful summary.
The method begins with start step 1220, such as through clock generator and/or

timing/frequency reference (100, 200 or 300) start-up. It should be noted that while

a nmul t i ptBUSi005/009429
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wo b@smomandi ti ons,

oscillator may provide suitable performance with | ow
power consunption. As illustrated in Figure 17, for

oscillator 1105 may be selected (through nultiplexer
1100), and provided as a cl ogk output to other
circuitry. At higher frequencies, however, such | ow
perfornmance oscillators consune conS|derany nor e
gibmrrted mjiguecal 9 35 congpautivestens [tiesqrgiens naypgcur igany order, and

[

nh ih & §loc ocflr cg&%geﬁtgﬁa%%ep%%eg@gégagr aniPfifhidgProquency
ferfaqnn@r(tqp,, 26(f d)réIOO)/\dipe(ﬂuest Refectingak Fgereeldat msor(aht)@gnalzﬁ)e(}mg a

rov i.des b r r f n

begg\%aflpﬁ Sﬁ%f' g%ﬁra egh%te %gbsél&ge tgrc fr{gfafﬁ ttaﬁlﬂ%la' R feSonator
Bwb. t Tha! resoliint Irﬁb@lﬁb)'lcy Bl’adj uptedin rdpdns@so empkatike, otep P20, teh as

%Ier CIrCUItry ?seune thecg gﬁener t or
B S Prs oL g VR A g ieg
k&wmaom«afueimdeadyhgfedad spbrRB o fdbridagomo&sselratbm ktep 1313,
ot her nodes may be sel ected, such_as nmode,
puhiRe Fhr?%amrcrfefsaayataow HMPFISAGUEC 6fesgwaab§gq¢§[a®evmgd§e

td36nant ﬁ&iﬁeﬁ@ﬂ?ﬁ@h@ﬂ u{téggl,ura%%f@écoa@ Qknd1PPavie ar&sftesa,aﬁcﬁﬁg

conmparatively rap or a _pul sed node, in which the

elusdity efdrrapenciss, ip l‘(b'@)é ﬂZOIduréhty@@quqe§01¢se€,ybsaq@gllx,equal to or
fiwpeed tlﬁr}gsolﬁﬁﬁtﬁéﬁﬁe% , siep ﬁmﬂ bikctlal thr&ish frequency divider 330 or

non- peri odi cal | Y ursts or 1 ntervals. Various
1403 Anevtpricig larsele@ﬁ:cbm Sedlusditpof sepondstenels, séfmrﬂt%&st

bRy Brileh ety i Py bR OO g, Beink JBorhEr"
wecﬁd@)nb@ﬂlrrteheorpn@beﬂw sdlepiedrouipohpgral mdebe provided diseeilyder
Vﬁlle nore power may be consuned

as the clock has a conparatively

hlgh frequenﬂvgmmmmmnmmsmmhakMhmsmabmpmmqmﬂssedﬁﬁnmud

i nterval o_or
AR sl e ref AR Wiy eibngp! srhF A B pafally
siesdoldal Sﬁglall mhehhgh&ﬂ coltiinfzk mﬁhccomaarngdlhd cﬁffae@tamtsumluﬂllw
runni I n con e to the ¢ ratively
Fitig sl (5 nelsemt POCIRL hTpeer SR PR,
Substantiilly 2q6h1 GleBGKA RG/ dlﬁyswctes ad rikedda( ﬁe;pmﬁﬁ [ SuBIP RS FPck A
and | ess efficiency i rigr art. Figure 18 is a

pPeicRutHt sigral s ing P}?Qtﬂﬁg%%%g 1599 & EK#MRlp-yAn operating mode is
SIS Rt 4 MOraliBA oBerd@OnbRE, stpI25SNRMheRSRd plidtiffofi N

accordance with the teachings of the present
prRvmEindes oma beseleqteshisem aseve comprising dackgaedsr atimging and

ABgeRLy r‘efe(@n@@%&eﬁg ?@&&ycoﬁﬁfn%&{‘&‘édé, 100, %ﬁ&%&fe 30 Rample,

may provide a reference node to synchronize ot her
sishia$ hangmedegelectondbésor 3dhi Whemayelaencampds istselseted mﬁtep

pg\é',e{n’ ste%l“i(iao,"ﬁ’?e rﬁ&ﬁc%ﬁo@e%gé Jolséb 9565:!' ?ojsgfnélﬁorgze a tﬁlll‘&] gignal

(e.g., from a second oscillator) in response to the output signal, such as illustrated in

gxampﬁw %? erence 61

Figure 18. Following steps 1260 or 1265, the method may end or repeat (continue)
(such as with the clock generator and/or timing/frequency reference (100, 200 or 300)
running continuously), return step 1270.

Also in summary, the present invention provides an apparatus

comprising a resonator adapted to provide a first signal having a resonant frequency; an

t he out put of the | ow powerPCT/US2005/009429
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rel axati on, or phase shift oscillators). An out put
signal fromthe cl ock generator and/or

wo 2ovsnglois equency reference (100, 200 or 300) PGI/US2005/009429

further frequency divided as needed to forma

plurality of avail able refeance frequencies, with a

reference frequency selected fromthis plurality of

frequencies. This may be acconplished using the

ppplifies soyplesicio sheaesoatspny and askigayency cpytralist (rguilerbtodhs esanatgr)

WhRAUEIGY e8| oVde HE Sredon o fr AR a ol QD08 pluf

t hen pro%ﬁdkﬁ% theerefergﬁggﬁéignaflfroﬁ%tﬁgpfreaaeng§pf

fequsoties: TheBppatatus AEnadndes 3 HequeRey dizxaniobupled te lerresongfor)
. Fi. gur e | ect or I ef .

sk e, SO R BT B by B Y BB b Al RS e

ﬁelcemimm}s Imeing a tcomespAirtgpharalitg ob freuesded, thatpbral{tywbf h

nchr.oni zat i.on nodul e), 375, A.S roni zati gn nodul e
BRI EY P i PRt G 10%E rp s A g s B9 Aiian
By aediibadling@bérhe out put signal fromthe second
oscillator_1210 to the reference sigpal provided b
T ock. gendTETSH SR AT b & G ROATa oy e AL s e
WA thed6 s%haﬁ@@)li-ffe{dﬁtiﬁd%hili 08 fitquedcy@idideOf fiGMBE Adapted
synchr.onj zation, a @ulse -synchroni zation may al so be
BreGH dedliilsrentithiigh! e gl e BB at Bl adhay sp the first signal
fsialh B b BPIUARGMal BFr8T 812 GRqé kPP diviePis RirthdPilap iRl Y HAe&
a pul sed output, and synchronization occurs during the
the sehsizgtiallyrsiguseidd signpldea subgantinlly\sauase wayessgmabn
i nterval . {Fi i; ' Al [ :
exerpl ary metagereodifels ol Ry AT i SR L 191Ay
efftip flops errrountass epplesksucegsriv el i wkiRsswhereis ef ol tpetipdraslgeted
R Ao ey be S A ouE HFEGE A Rou B4 88 by two, o
mefeggengreldy, ¢ p0Mylit 00livder8O@ipledtsaacessivply ih serghonliegieilen output

t hat .whil.eillustrated .in Figur 9 as. .

A IR VOB R AR b i BB o P oRSicun gvigers e
pinclligarfeivdddrymaplye diffeantial, gingleranded, biydiéfsrentid and sinlle-ended,

ener r _and/.or timng/frequency reference (10Q,..200
SR 508 relon i 5 Bt Tk Bl SR st The eGeheBiiafmay
digineludhasyubg-eave geenadtadiptaiio e bevertitte reNegnat Ath a St ep
1225, . such as throu LC tank 4Q5. or resqQnator 310.
o D ROy AL ie 2 St r Dl S e ra S e evele.
t enper at Urmde peb@P inkemdtdn nfltGlvo Ak 1iddd a Gréglendy tsTRR calpEo
conpensat or, 315, which adjusts current and frequency.

the, &equsaphdivides prdpdapied toj REovAds Uiyt s1gnal Bemdheplurality of
gt‘ee&rdi sg%ﬁais.o ThO FORRRS S%EE&%kpﬁnh&t&&pﬁzéﬁmuﬁ#fﬁgeraﬁd a

hr ou process variation conpensator 320.
glddtonpptess9i-gnal havi ng the resonant frequency is

di vi ded i%gggs k1 domagfalsé%‘cmg a%cﬂ@%léct&%}éhﬂ&% ﬁ Lhe

corresponding plurality of frequencies, In whic
intauendyiselgctof, whersmubhopdssseleolos isadarnted tb pravilgal pluralityof

operating modes, which may be selected from a group comprising a clock mode, a
timing and frequency reference mode, a power conservation mode, and a pulse mode.

For a reference mode, the invention may also include a synchronization
circuit coupled to the mode selector; and a controlled oscillator coupled to the

synchronization circuit and adapted to provide a third signal; wherein in the timing and
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| ower than the resonant frequency, step 1240, such as
t hrough frequency divider 330 or 1000). An out put

wet@sad20us sel ected fromthe plurality of secopdr/us2005/009429

signals, step 1245, such as through frequency sel ector
335 or 1050, for exanple. Delfendi ng upon the sel ected
enbodi ment or node, the selected output signal may be

rOV|ded di ectl r.e ce Si
R oS O Rl b PR iy PorRyft GHIEE sl e
sﬁlchrodizﬁtfoaroaﬁmt @l coh&xblhﬁnng harfreguengl of @aded sxingnshch And
when the. resonant substantially sinusoida
SR A TRaE o Bt Aot sk Pains pog ki gop HEan
thjdcties RoBkin@ticcustubst anti al Iy sinusoi dal signal to a
si ngl e- ended substantlall% square wave signal having
a

a subst antlP afleajedeamberingngthe Applifasp masitg a gogatise as

ﬁ‘ﬂ%@’&ﬂuc@ﬁc@ ﬁm%l?xﬁgz THE 6B RS C)I &m%&f? LAl Ge ﬁlrﬁllef)gdﬁpt%n E(PIHBdify
gnal using nodul es 33% 0, for exa
6B‘§Fe§f ?hﬁglghgwewg@wa |tr§@scgle1Ué@n<@dmfphﬁm in r@pwam tepperfiture,

%%%I éoﬂﬂmg@g@tﬁmn%oﬁﬂ:e 1’%@?11&9@@@& Ellaﬁlrbpl MCRla ICE%CH? source

operati ng nodes can be ect ed Fom a

wayvieonngr morelconfeumsives seecteid fiomp Idmdlltferéquﬁ’gu;atlons such
KOhEPERES I AR IR T bR AL RER T oty
Bgditiginahe frequeficyroonicalenode bé Sirther zxdeptadtolmbdsﬁyemu&aﬁ&

Syng&r oy %qge tr%lﬁs%o uétgrgc%a rp glgrgtg %el% ? %D E grgcauetngy,

msdifyt 4 mztnsasc)nducnaxrce spthl aegatme tritRcaddiiqiatice Sinplifadr to Slehthas

|IIu%t ated in F| l*ggovvlng steps 1260 or

{EROEM ARG R PSR Cudit g OREABYBE NENSARIICERECh as

anipilifiet ieespbeko @esleizat Thc RAEERy cbhtfilBEMAY ASMRBRYC a voltage
@f@rence &%%O 200 or 300& runnln .conti nuously),

FUVG FPUBlEd p e Frgonargragd pdap dﬁwbva izHe isplatestbptesonator from

d volagy vadiati¢, and ﬂlgﬁ cEHprARPAS R leHEMEQN IV HicH Iﬂagj RArth& 3Nt or
ada ted to grOV| e a first signal having a resonant

CPFCQ Bieseiguratiomnfiiei fraduency semstotler may hetfirthes edapsadde modifida a
apRUARRGY a:f ALt L BF the Qb & Gh Lo Qq&glaetorfm 3{ wdeadi ch

IS adapted to select a resonant Trequency ng a
eriptign, FPETaBIR yarigtion opyeltags variptierf. fr equenC| es. The

appar at ustad §Quk c%g@ﬂle?mfag g%%gyl%s %lng) nt(s cf?]rl{g | ed

to the resonator) "whic apt e Frst
varigisfiingiigns, aed mae furfherstontprieq aendﬁclemucglaerpuamed uots;oreaef

fﬁ?{ (ﬂﬂ‘gl bg&%hﬁc#!ﬁ?sv}a 3 aﬁt f Atkal ?3‘? 008 ndin lugdhg'e?sgvlltlcﬁa%l

q uencil es e nc
Osmﬁtva mtoidales Ww@dacb the &o@fﬁmbmm@stérhadh tot thereborfasdr, each

RIS AR Y S T P S
es¢ln;g¢1&hahlﬁj@¢a<ﬂh@l’tﬁbdu]e 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 a control voltage. The plurality
of switchable capacitive modules may be binary-weighted, or have another weighting
scheme. The frequency controller may also include 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
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When the first signal is a differential signal, the
frequency divider is further adapted to convert the

walpdosmommt i al signal to a single-ended signal.PCT/US2005/009429

Simlarly, when the first signal is a substantially
si nusoi dal signal, the freeency divider is further
adapted to convert the substantially si nusoi dal signha
to a substantlally squar In various

mMORRIsH fuFBF cSUPIEhie afqoéatm@vc\fﬁ ‘){‘?/F‘d‘é‘io YFHS?g"cGﬁ‘ﬁ‘rﬁwéféh%\’le

rddlsHU@bdwle REpdnbil@tofd @REspBHAIROLIERYicht 6OHRL & plurahty of
successively in series, wherein an output of

cecdficientedorrd [rphe pagfficint EBISHRE foy SWitgh alefsw@q}eﬁé)kcrys@fveawdule
op 4Qr r re

B o R e R e

ﬂsm@bessnméhyﬁmﬁ0§@W$@Sﬂamhﬁre|n an out put of a

success I vﬁxe q#eg‘!le%@; cdn?raﬁerlng)y%ﬁsof C%ﬂ%éed[})? e.I)st V%Plat%ohne

out put of a evious
Ctdnmnske@rs:omﬂw behd.‘itleﬁcmetDEMdl aﬂhpteCBﬂomyidﬁyehm.‘ieshnaﬂtrfrequency in
ferenti al

St e sl et "t a8 Sy SR Simett FE i,

vahiatibol ecrmpm;atcal sy comptised e ceeficea f@asmueapgfmte k@ted plurality
dapted to converi the fi

of B85 S gk ik B R Py fpaalive modules

cﬁl{bbﬂtt@ﬂklcaéﬁibﬁeﬁq@terﬁh@ fo tAe Ebsdravsr B4t sveilBhie céBﬁ@itlve

pr.es [ ign may al so, i nclude a frequen
nBgyiE Erins %ﬁrab&t Peg cerRotinse padiernd)ixgd G?Hﬂé‘lta“"%\ﬁﬁ"hadapt ed
s%@:hﬂlﬁl@Véﬁa@itla@m@&m@%ﬁpo‘h‘s@@ﬂ)| Johegpohmﬁg Blefi @it bY th@blurality
second signal s. freqg uen;y sel ector may further

obsiiciests t%svmﬂhtbiemeé&&w figst dixed epppeiiapceang dreassedd fixythe
0@5@1&%&; mmmwaf FRYhMSQphdiieUalSiufts TRY e %&L@%ﬁgg}gw,

coupl ed to the frequency selector wheréin th
orshave gnagher sightivgotcheme o provi de a plurality of

operati ngy, E%‘é}‘f‘e? ‘Myléﬂr‘ et BYiEn iR dﬁ&éegéjvfa%ég@e%g&%%%r

conprising a c node, a tiIm
mpef@nEitcea n@d’récwna rqgoVE adaptadde stowtai uralitg o€ poeﬁﬁuieras pod se
. the .i.nventi.on
R T L I T
cc@&ﬁoémt mg;steamﬂ ta tleoagonatof, embhasmclhdb&t\mhalﬂe typaeidvd modihe

nchr nlzatlon circult and.ad ed to provide a third
e Y iR oot B g PR e B e
bameha asfﬁlstemttﬁg’e and a %@bh(h@d’ltagﬂ dPegurhifty ©OipikcRable Gaxfhlblep ut
syn oni zat.ion circuit fo contro
capp SRS A o T R D R e O e Piptit weERe seheme.
sy nchr o n mabte@enht BivEiohmaffalko AR ludle dqieqwenkp EdiBehtiol Biddul@
ked | oop, or an |n%gct|on ocking circuit. In

C%*Blaé& B freasBeh q?éh?%er apdhlapfesd (9 modify thespspenefreepmiiv e
rebfoRESH AREIRhA Sha R MRk Edanfle, th-El'f%qﬁJn@g BAMEHiof AL RIS
X be further adapted to nod
include a frequency divider coupled to the frequency controller, the frequency divider
adapted to convert an output signal derived from the first signal having the first
frequency to a lower frequency to provide a divided signal; a frequency detector
coupled to the frequency divider, the frequency detector adapted to compare the
reference signal to the divided signal and provide one or more up signals or down

signals; and a pulse counter coupled to the frequency detector, the pulse counter
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a current through the negative transconductance
anplifier in response to tenperature, and may conprise

W@208092m source responsive to tenperature. SChUS2005/009429

current source may have one or nore configurations
selected froma plurality ofg-configurations, such as
the plurality of configurations conprising CTAT, PTAT,
and PTAT2 configurations. In addition, the frequency
adapindrto ﬂ¢temnlm§/dlgfereﬂwheh@en the0pe e0mp1s unmmly opdayirsignals
o] 1%, R oS R BNG R Tokelhl gt
t r ans condlletreseogonfsed eh thegatentyan mxmrpoa@mmdum (L) and
[ fi ct .t sonant f dify
SRl El BB R ab T PR bR Rt aRn OPS
phuagity 61 [8T-tank coreRpoMisss, fiwhas woles @g:ellelﬁhdascf o1& gt gy include
ontroller al so includ avoltae i sol at coupl ed
ofhg" SomPopeilin 1P MR URRRGY B TeB AR Flas ) frp kv
cdjlhlﬁ"lsﬁ@SﬁJBétbxﬁfc rédoRitoRa YrRbKaA@el résohiot, Iatmeroae&irdmyhamcal
o rlses current mrror, which may further have a

Sefd @ Hm; byl aPYSR TesTRakors Ty BHERFesBROF Bhickis may be

exfeaﬁw@reqalda@ﬁte@laﬁ iRt (LycApraRpEEHAIRE(®! an
I nductance of the resonator in response to fabrication

process VHFi2ERIYRS ofiteniperdenmay barilized ave timingged freqyency

r¥@EAR! Q9 2 cIbBR g e REMJRRAL tho v EftiolRAy RRY c‘ﬁﬁ'l@ L, QUInd
enbodi nent s for these vari ous functions, an

ofcilfatas éyuck angpring eclaxatiom of phiage et ogcdigtos) mpwémaptswn@ 0
ot o (1{ Jl%ﬁl Qh 5 moi:lé e le%{o Q%Eefdltﬁ h‘% 'ﬂeauen@ygon?roflér and to

array havin ura I"'e " capaci
thewehoineé gscdlba| thel mtOde selhee:tq: e@‘pfqdam ewitchrte gxest:c@nd asvillatay t he

Hg@ggaggs gm%fagg %weJ A fiod %@?8' Adafﬁona Sl 2 pavl Dy

e and a varlaple capacltdnce, ¢ 88CH
btswotfldhdaw :emod:pamctor vaipieddethe fneqmnomeunvrellérowhxch may be

0 spon 0 t of th f|r |.ur,al
el 7 B SRE ke oy B eftate” B ¥ifsa el Bulohdsidhin o
acapedd tcheletawl)ahthxe abyiCthé ARERtoA NproddS Mpdvedt ce@meHvation
vari abl e _capaci t nce control voltage.. The
plurality" B‘ll? e “33 3‘5‘&8& thei W%ar%ﬂ%qg%mﬁﬁ?‘oﬁe
ccblhp'iﬁésy -aveiophibeshiapea td}ﬂvﬁdamﬁishﬁgnamavﬂ{gtd 18&bn&&HREBency: R
ﬁ%uenc cont rorl er al so i nclude a second arra

1oh gouRled) te g respgates; a &mp@@wéwgnneaga@tcpwdﬁe&m agylifier

ariQb Heqekohfof, B t dthreiceMberks A6l sAbFEd ﬁ%imﬁéﬁonmv' ng
a capaC|t|ve nodul e, the capacitive nodul & and

?ﬂuﬁ'f’cé'l P LSFPRYEC W’F‘Eﬂﬁ‘ﬁfeea PE98ss varading m@@sq’t‘?}@pm¢d tO the
reSHR, Qﬁle llgrgcé%s PRAROA &nﬂkﬁéﬁ'tdi %d%ﬂ% t& %Mf? he\ﬂ%loﬁa%g ﬁequ%ﬁ'zgh

swi t chabl e resistive nodul e r onsi ve
lncmpp@sgﬁ@f@@mﬁglooc@ﬁzeaso/a@aﬁtonmfrwumdnddepbmmddnoyheof

SR R0 15 G0 e Bl
frequencygetongdealita nfiseaoridesignels i vinga dcsmeprdldmg pbualiteof
frec‘qugrqc%es, 2 %Rxlra?ﬁiy of frequencies substantially equal to or lower than the
resonant frequency; and a frequency selector coupled to the frequency divider, the
frequency selector adapted to provide an output signal from the plurality of second

signals.
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through a current mrror to the second array. The
frequency controller may al so include a process

WO arsavioan conpensator coupl ed to the resonat oPCEHIS2005/009429

adapted to nodify the resonant frequency in response
to fabrication process vari&7on. In an exenplary
enbodi nent, the process variation conpensator nay
conprise: a coefficient register adapted to store a

plurality Iaﬁn%tb@fsﬂ?fé?de?w@du%ﬁ% theppRprply ohtg inygntipen generates
RlclbeRbibha, Al covplichahie canast idath%d P i8S BRtiRbG4 tO
the coéfficient register and to the resonator, eac
swlistantinl byl sinueeigrd Sirtt Figeal hoving ererenantfipaseroyr sreghiiveed
c
ERRRGIMBARE AArA SERATE Ji) EHERGARAC) ARG RG bensuior
caupledsp trediegayive trerdst orciuetance efmplifie apdi wrtab LEyesohator, the
oeff|C|ents t ﬁgﬁ beg en th hrst hlxe

era fe Com ensa J curkenf in t tra d
ANt P x&de dpaei'e] njpgductance

pdnphiﬁidr ik i}esp]j‘nsﬁwﬁmﬂwdnire andfasthérttd wedifpa vdpasitaieey/ ofake LC
or have anot her. wei ghti ng schene.

RGP SO B S HEREST P bR E FalleHo e
D,Gﬂ‘ﬁﬁﬂﬁtaﬂ; He pﬂ&tﬁﬁz@ﬂﬂfdn%@mp@sﬁﬂﬁffdﬁpt@d ﬁﬂﬁocﬁ@@h§§a@ﬁc1tance of

&F ed to store a g %rallt of coefficients; and an
ig{feffﬁ‘e foR B T&SPRPSGria fADFiGAtGR PLARFSS vprAsion; 4 rqugiayalivider
EAPRAItS théGesaRAM, MBS FeQueRtLdlviier ddigeERabhi&i SRlIViROhSHR!
and to the resonator each swi tchabl e vari abl e

sighh having e resenanbirequency P wlt{rfél%o%%rrgl@grpi@ﬁmuh@annally
&fﬁ@lfet\bﬁ'e%won@fs gﬁﬁ@ha@ln‘éra%lohé%oﬂfmé:ﬂ&f tl f%%géenE% iy tch
between a first voltage and a second v Fie
pluitigy ofifipqesneisgpubstaptialle equt fodslewves élpladhet ies@antdtbghesy, and

hti ng
SR Sec g LY R P R8RS Ech
fmwn@rﬁegﬁct@mqublemtq Lo frnmmyedlwdmpthe dretp@nth geldctog gdapreciyto

the, L esonant

PO 88 b A AP B B g B P o
exanpl e, Eh@nﬂwéqugnmyn@aubbbamn@nﬂmndmhﬁomnyﬁMhﬁkuﬂB

e R T —

amcept bptht- ns/egmal Itdeto beaslddrstosd thixaoflinfigitios With adspétaid thg
the fir frequenc o a lower frequency to provide a
R0 i o A ppateers Bierd Perrin s et gried o pped Dt rTeTRG.
&y EGuess Yntelided dedovertbyehd dppended ElinskelgGtPhmodidaRiondast M1l

e the reference signal to the divided signal and
%F@Bqﬁémﬁﬁé’gp ﬁﬁ@% up signals or down signals; and a

pul se counter coupled to the frequency detector, the
pul se counteradapted to deternmine a difference between
the one or nore up signals or down signals as an

i ndicator of a difference between the output signa

and the reference signal.
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The resonator used with the invention may conprise an
i nductor (L) and a capacitor (C coupled to form an

wah.thosasdos4 havi ng a sel ected configurati on of apCT/US2005/009429

plurality of LC-tank configurations, such as series,
paral l el and so on, and may-38acl ude ot her conponents.
I n other enbodi nents, the resonator nay be sel ected
froma group conprising: a ceranic resonator, a

4l resonator, a mcroel ectronmechani cal
resonator, and a filmbul k acoustic resonator, or any
other resonator which is electrically equivalent to an
lnduct or (AN appeapisedmposiagicapaci tor (C). The appar at us
of the iny [ i ng_an
frequency asrg%og%grn{:%?teg?) Igé%gé %ﬁ%&ﬁgﬂ g 2%@#’% ao‘r%onfi% frequency;
addi ti on, anheplifierentpledtortiyresingor;iand! ude a second

oscillator {such as .a,rin | axatiopn, .pr.phase shif
osci |1 at oy a0y BBkl el § §ERhrelob* BRUES oot
sdagtedlto sedaeda somaefrepbegthaving ot felqueacytdia pitrggpency
gontroller and to the second oscillator, the node
&1'68Y'8r adapted to switch to the second oscill ator

out put signal to provide a power conservation node.

ddi ti onal operatin% npdes nmay be provi ded by a node

el ect or CYBAPRIERSPICREN { UK SePPEIRE r ol | er, whi ch

may be adaptegéentPdRfiet Qfibkakd the Sdsahatorad ﬁ%(lﬁl%ﬂc;l Hfider
resonator, tqQ provide a pul sed output signal, or

aanist Eriyige the fest siepad hpvigg thetfirg digqusneyintheplnetibrdsesond o
REAY HCing a RONEporfiSR4 Ay 0P & i
eérrrgosdj rrlrrslgta thg0 appar artﬁté'oo?fe{“ﬁg ?%E/%%ﬁ%ﬁ%gg%g Fle@s:
wbstaisHu el woha paves thag therfost fbquencyi r st si gnal having a
resonant frequency; an anplifier coupled to the
resonator; a tenperature conpensator coupled to the
Bnpl i fi er Taneppattusiod clais brvetterain the Hiequeanypéivait uis Gurther
£LOPRE AL nBIRPERLh S, BPLlalidndd REnggSONANt freduency

I n response to tenper re; a process variation
conpensator coupled to the resonator, the process

ari ationconpensat or. adapt.ed .t i fy the resonant
z¥ requency Tﬁ%%@%&é it g %la]tnb?’fwah? Felnl:ﬁf’ :’1106% s’ﬁ&’d éseas‘%}i;fere““a(il signal
orarsingteranded dgifat.equency di vi der coupled to the
resonator, the frequency divider adapted to divide the
first signal having the resonant frequency into a

%l ural i tyThs app@atud @f Slai@ A whehedyihe GrsRsig R LSRANEA IR signal
of frequencres

Lurality of freguencies, the pluralit fr
656 @éﬁta’%ﬂt‘%/“ﬁlf riw%a gé?“‘t% adgpted duegnver &g dtfééelﬁléb%mhlo a
sifgROd@Be¥ignaknd a frequency sel ector coupled to the
frequency divider, the frequency sel ector adapted to
provide an output signal fromthe plurality of second
g1 gnal s. | Phaipphifs o§8£i§fﬂe,§&ex%ﬂptﬂghﬁ?ﬂ§na] ‘sr!iesum%gl%; us

of the invention gener
sinusoidal signal and the frequency divider is further adapted to convert the

substantially sinusoidal signal to a substantially square wave signal.
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a clock signal, and conprises: an LC resonator adapted
to provide a differential, substantially sinusoida

wao poosho®iegnal havi ng a resonant frequency; a NEQBUS2085/009429

transconductance anplifier coupled to the LC
resonator; a tenperature conptnsator coupled to the
negati ve transconductance anplifier and to the LC
resonator, ..t he tenperat.ur onpenpsat or adapted. to
Todi Ty o cObs ERERol L PRTER: Peten SATAT Dt
apfbiifds @plurality e6MipMoes dracotiems eowiplddracabsivel intsbgds, WRerein
nodi f ca acihan e of the LC resonator in response
8 op il sPlEried Mip-p e eauisy iy GeqVgRe 5 BeSat Bfp-fiop or
couptenvilel By olLC resonator, the process variation
conpensator adapted to nodify the capacitance of the
LC resonator in response to fabrication process
wari ation; T fh@ate BN aifll  WiEGintRURE FEndy Aidilke further
resonator, the frequency divider adapted to convert
&peIPHsey ia ghuralifgof dividers eougledisudsassivaly in besiep.agwreamen output of a
f i nt ' f. Sj .
SRS Bl A e inih B ERE R dvider,
corresponding plurality of frequencies, the plurality
f frequengle At | fo.or .l ower than
? he r esongﬁée @Pégﬁiéﬁcﬁl&?ﬁ gxférg%#ﬁespel%rglﬁtd Og fllé’h ar® Havi ng
difemdngibla pinglatehdedeopubfiferéritighardrsthglessndetit y cycle; and a
frequency sel ector coupled to the frequency divider,
the frequency sel ector adapted to provi de an out put
dognal fr ofhetdpparphsistalldit?, ahersiaafeqaé@pdivader furgar t he
foregoing, it will be oQ;erved t hat numner ous
SAPPEED B RUAIERU SR R R ST o ReneIF PERBRIC it bt the
tiey sighd 1 go b kei¥ahtialySRbdrd-tva A e PR eQf subditiBBY &ual high and
§§p$%§%<§f'the invention. It is to be understood that
YHf¥%%i on with respect to the specific nethods and
apparatus illustrated herein is intended or should be
inferred. It is, of course, intended to cover by the
hbpended cYhsizrArais ofSlpim 2nivethericemprieng as fal | within
t he scope ' ' ' : :
appar at s, SOty SHBkoliled & s ALdTBiy dhidilne fequoney
gelgctqradapiedyia arovidg\an watpat sigebiiem thefplurglit nsecoraksignals.
anplifier coupled to the resonator; and a frequency
controller coupled to the resonator, the frequency
&bnt r ol | erThadpparatas afslagm|l ovhezein the dequency sedgtoe nayiprises a

Plﬁﬁgﬁgcexaanfd%rg% hfsgl?e]pqgsg&gy of a plurality of

regquencl e e apparatus of claim1, further
conpri si ng:
13. The apparatus of claim 11, further comprising:

a mode selector coupled to the frequency selector, the mode selector
adapted to provide a plurality of operating modes, the plurality of operating modes
selected from a group comprising a clock mode, a timing and frequency reference

mode, a power conservation mode, and a pulse mode.

14. The apparatus of claim 13, further comprising:

a synchronization circuit coupled to the mode selector; and
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a frequency divider coupled to the resonator, the
frequency divider adapted to divide the first signa

whansngoshe first frequency into a plurality oPCEHESDNE009429

signals having a corresponding plurality of

frequencies, the plurality ef0-frequencies

substantially equal to or |lower than the first
frequency. 3. The ap Paratus of claiml, wherein the
frequency adfopirelisd osallyter onpled tofhpeywahrprizaiiopiceuit and adapted
ﬁd§@$m;§§gﬁe&%m by a rational nunber. 4. The apparatus
of claim?2 erein the first signal is a differentia
signal or vhesiimiyl the Bmingdnd reference nide Tthemagpistestonss fofther

[
G colREREb T SR s R Sl o] iy g
fromneaet oftthrethitd figealent i al signal to a single-ended
signal. 6. The apparatus of claim2, wherein the first

signal is a substantially sinusoidal signal and the
is.equency Theuppieatus of claimtiHpwheaela fteasgndheontativietitcuithiea

SHREERGr. EpBikioreS r Sugf ByestC RoRER L o

wherein the frequency divider further conprises a

uralit f flip-flops or counters
Bhccassi vas apradur o8Eim T wbaHR U smpliBr Ry cqmeriss
A& ted emsddniictidcopmplifigount er is a frequency of a
previous flip-flop or counter divided by two. 8. The
apparatus of claim2, wherein the frequency divider
further camphpsesusoflaithab, wherdh ddineh e c&%néﬁgfunher

successi veI In Series, vvher ei n an out pu of

¥izpted é%m@f}cﬁ cHresat thioggh the pagative renseendustanc amphﬁe in

gggo%gtoqém&rgﬁrew ous divider. 9. The apparatus of
claim2, wherein the plurality of dividers are

di fferential, S|ngle ended, or differential and

ﬁ\l ngl e- en%g apparatus %laﬁ'ﬁ F?*'f”\é}{ei-%%n ﬁ!lf fr%g ncy cdntrwﬁer fgrther

e frequency I VI rt’her conp es a square-wave
epaTEISest apgurTentrouISE) wpcmswa\*ﬁetegpﬂewai or adapt ed to
convert the first signal into a substantially
squar e-wave signal having a substantially equal high
#hd | ow dUhy agpaeines. of &lhim T&evlﬂmnathabm%rmﬁowde&iaﬁbﬁ’c or more

er co sel ec C Ied to
?Qr‘}l%g‘frfl%(ﬁﬁ é%g‘i}e(gﬁl 9)%8 é’ﬁ‘ralﬂﬁ géﬁ%tﬁ’é’& t ee?lé@? *fadapt ed
tonfipurationd @odpriging DAT smgmaland POATT fafiphraticisi ty of
second signal s.
20. The apparatus of claim 16, wherein the frequency controller is further

adapted to modify a current through the negative transconductance amplifier to select

the resonant frequency.

21. The apparatus of claim 16, wherein the frequency controller is further
adapted to modify a transconductance of the negative transconductance amplifier to

select the resonant frequency.
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W@boosobeoguppr essor .

12. The apparatus of claim1l, wherein the frequency
sel ector conprises a nmultiplexer and a

further conprising: a node selector coupled to the
frequency sel ector, the nodélisel ector adapted to
provide a plurality of operating nodes, the plurality
of operating nodes selected froma group conprising

@2 ock .moclérheapmeuremwrfgf clat 16.rveistram by ffF%‘F@Fk?ﬂ?@"Hﬂd%mﬁéer
0 & RRTR ﬂgﬂ%h%‘agﬁthe %E‘%tﬁe RilsSshdinsiR e adfhlifickhg

ar at us of further conprising: a
swmnh¢mma%ﬂh$nn circuit coupled to the node sel ector
anda controlled oscillator coupled to the
synchroni zation circuit and adapted to provide a third
83. g n aI WHRhe @pjparatas ¢ﬂ¢é1im il n‘ivh@eiantd: fregfience nerdrolfed@rthe¢rhe

urt apt e ut
eI BRb uDiE Ik Jo P BRO Rl FOPR So bt
isblatetge ®*B6hafor GgmeN@ytagf vatilont hi rd signal . 15. The
apparatus of claim 14, wherein the synchronization
circuit is a delay-locked | oop, a phase-|ocked | oop,

0f. an i nj efdelaPphrdt@LHichEn QB Eherdin th Goltape esolipirabmptises af
claim1l1, wherein the anplifier further conprises a
ﬁ@@%ﬁFVé“transconductance anplifier. 17. The apparatus
of claim 16, wherein the frequency controller is
further adapted to nodify a current through the
A&gati ve fﬂﬁﬁﬁ@ﬁﬁﬂ%@F§W884dﬁ$¥??ﬂ@ﬁ“?ﬁ“?@%ﬁﬁﬁ%éci%Pde
Eﬁﬂﬁ?ﬁﬁBMre 18. The apparatus of claim 17, wherein
requency controller further conprises a current
source responsive to tenperature. 19. The apparatus of

5!3 ai m 18, m E&irﬂr\st &%la’ rlr\%ﬂérelﬁ r&e@]umg &?ﬁ)llglr is iHer

configuration ecte foma plura
adnpteldgm matlifpa sa}patlhlecqﬁfmheaiemnytooﬁl respnifise o fabti¢adion process

%Hl nﬁmng?gaé ?nﬁﬁﬁmhvﬁgg;wggﬁ%nconflgurat|ons 20.

ﬁ aratus o ereln the frequency
controller |s further adapted to nodify a current

rough t atlve nduct ance anpl
881 oot heledBgRi el o R T lEl s joer
adlaptaa td &odmhexf iictinoe of thefw@mmy nmamonsd tb €abricstidniprodesy

variation, temperature variation, or voltage variation.

28. The apparatus of claim 1, wherein the frequency controller further
comprises:

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

a first 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 a control voltage.

13. The apparatus of cl ai nrPAI/TS2005/009429
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adapted to nodify a transconductance of the negative
transconduct ance anplifier to select the resonant
wo e@qoenay . 22. The apparatus of claim 16, wheredTus1v85/009429
frequency controller is further adapted to nodify a
current through the negative2transconduct ance
anplifier in response to a voltage. 23. The apparatus
of claiml, wherein the frecLuency controller further
Ednpri ses Tae ppnaradgeofictagn a8 .orheesiuipr etprality efrvitckabbmapasitive
Gﬂxl@sdﬂpﬁfigrgt\%i stantially isolate the resonator
rom a vo aritation. 24. The apparatus of claim
23, wherein the vol tage isolator conprises a current
ggrror. 2 r m.24. wher t.h
c urr ent mgr‘rh(r3 o&%ﬁ gé;s og C@e{lg 2%3”hegeérﬁ<‘l1? Gy Congﬁfg‘?r f"r{ﬁjgr
ampasest us of claim 1, wherein the frequency controller

is further adapted to.nodify.a ca i.tance.o

r esonat or aisﬁcof‘gglﬁ??'nléaé’mlgél pﬂLg%lft?/ 8@1‘7‘{)‘% b@? praiste modifes
soapledtd e codfﬁcfmﬁ rr@ﬁmrand/ frthad Ha®itg aQRhpa¢ive a@8ule, the
vari.ation aratu of claim1l wherein the

?%fqhm?ﬁ%%ﬂaﬁ p 2 P REe SR B hhEF FuplEe to a

hJ¥e USHraviae thefcohths? vf)l@a%@ rbatmmtcnam@&@i@man&dmef @Mmg@é ﬂoqn
process varlatlon erature varlatlon or volta

QP;E’FF%?PF“B& coefficientiofa éﬁ‘&ﬁ%ﬁ Rpialty st ceaffigipnts storgph & he poef gont

felBRERNGtcE HalsitbHale bl D Blod @0 thE SGrol @olﬁgeeﬁcfd'ecan@nt
regi ster adapted to store a first plurality o

coef fi ci eAtgnPerigresepandent ceranhgoureg\sowjedsthysiugh awrrayt mfrror

Phd LhéHlGragapaci tive nmodul es coupled to the
coefficient’register and to the resonator, each

swi tchabl e capacitive nodul e having a fi xed

§;lapa0| tangg, gpg)qra S. O?Ua%p m&%@%&'etﬁ%gfe%%y ?o%?roller further

switchable ¢ ve nodul e respon

ane@pondl ng coeffl cient of the first plurality of
and he vAPREb RS RECESS G MR T e e
ooapledbl the capratir hahadpted temodifit thotessmht fag@ent§ in Bhgnse to
fa%?ctaf}at us of cl gl m 28, wherein the plurality of

HEBPESEEPEEPTi ve nodul es are bi nary-wei ghted. 30.

The appar at us of claim 28, wherein the frequency
3‘:2(.)nt roll el’I‘hg g})rpgg%rs o% 8121'?1{ I!S 1S ?Nherem the process variation compensator
further comprises:

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

an array having a plurality of 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.

33. The apparatus of claim 32, wherein the plurality of switchable capacitive

modules are binary-weighted.
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wa@pabspeaoeher having a capacitive nodul e,

a second array having a plurality of swtchable
resistive nodules coupled to the coefficient register

nodul e and the plurality of switchable resistive
nodul es further coupled to a4Xode to provide the
control voltage, each swi tchable resistive nodul e
responsive to a correspondi ng coefficient of a second
plural ity e abeeps ef féﬁmélstvg?r@a therproqees Yagatiqn q@mpgpsator
6 @Hes E&hprises:SW t ch the switchable resistive nodule to
the control voltage node; and a tenperature-dependent
current soueasticiantisiisir adaptd dhstere @ prurd iy ofdoetfisrentspantdhe
second arr zﬁlya'rrag ilavi;l-égf lﬁB’ﬂg cﬁtsﬁ'ﬁclﬁgle%laﬂbqg c’lapacvl\dij\%rn%dﬂlles

t he frequency contr Per Purther conprises: a process
vaurlet o dre wefisenisagister andhe tho reosats, saah swaitdhable variable
SRR Blic EQBRRE ¢ P ool R RO BB RE P RRI o ©
cadfficicats towitph baresan /fissi Wwithgaand d2econfl @olagpar at us of
claim 31, wherein the process variation conpensator
further conprises: a coefficient register adapted to

store a plTHealppdriytuobf LA@I3H] Cheéth Sie phRELItABS S¥itcBYbld daHabR
W t chabl e capacitive nodul es coupl ed

a plurali of swi

t af‘ﬂ&ﬂ%é‘%?w?@ﬁffy%egg %%r and to the resonator, each
swi t chabl e capacitive nodul e having a first fixed
capaci tance and a second fixed capacitance, each

st t chabl elte2prar?ths feslaimdiy whereia Hispaqoges vapatipn compensator
ateesipadésng coefficient of the plurality of
coefficients to switch between the first fixed

capaci t ancecoafigientyggisierasiapted foséate & alyealitt efiroefficRBts; ande

appar at us gf W reLn: al 1
sw t chabl ea(aéi %%E%ﬁ%ﬁphﬁ%gﬁ 02 g‘plé%hgﬁg P%{%?‘f} %\/Itglx%ﬂ%secg u%lﬁd o
theesogfifipiantaegigeroind ¢4 e mseatornydach evitchale capactesmodule having

L at i on 0 . i ses: -a coef.ficient
Y BB Rha RE SR Yart IR ERIRNGRRII SRR Gt o
eercbspamdangreas/ffibianti of thegplyhlity af ¢defficidntsswpantvabliethe diiseabl e
capaci tive nodul es coupled to the coefficient register
and to the resonator, each sw tchable variable
capaci tive nodul e responsive to a correspondi ng

efficie 0 e rali of coefficients to switc
gp ff q% f th (BI Iﬁ%% f ffi ts t tch
etween a f'f PRRATAJE 558“ Aniyrther SORBRRING; o| ¢ age.
a frequency calibration module coupled to the frequency controller, the
frequency calibration module adapted to modify the resonant frequency in response to a

reference signal.

38. The apparatus of claim 37, wherein the frequency calibration module
comprises:

a frequency divider coupled to the frequency controller, the frequency
divider adapted to convert an output signal derived from the first signal having the first

frequency to a lower frequency to provide a divided signal,

t he CROBUS1009/609429
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35. The apparatus of claim 34, wherein the plurality
of switchable variable capacitive nodul es are

whroany2oeei ght ed. 36. The apparatus of cl ai m 38¢CT/US2005/009429

wherein the process variation conpensator further
conprises: a coefficient register adapted to store a
plurality of coefficients; and an array having a
plurality of sw tchable capacitive nodul es coupled to
t he coef f i afrepenayalgiestoegounled ta the filaguenesdimatothe fregadncy

i Ltive hayi a. fi X :
BULENAIDE RARARAE N E TR Rl B0 4ided K5 anq prguc ome
wookateaiprsenplo s daven $ignads; et r espondi ng coef fi ci ent of

the plurality of coeffi.ci s.to open circuit the
fuse. 37 eeaspiRaeiubL P s ety Pisfonde puise Bumer
adupdits dergrmifie £ diefgreacechetesh ither b bdmorfglsigals oLl vadkigals

the frequency.controller, the frequency calibration
ot ACHBR] TR DA P QUP LA AN TG e S TR
response to a reference signal. 38. The apparatus of
claim 37, wherein the frequency calibration nodul e
conpri ses: 1hg appasftieplcaidli v IMBERn kA igsapator epmpsises an inductor
{n)s 8 BEPACRANEY QlubRH to FoRR oh TEAYRNME 1L WhH L viAPARIR R4t O
convert an_output signal derived fromthe first signal
FIfigngtiemef 4 plpmalityfof égfdélﬁt‘ipnﬁéuraml@we r frequency to
provi de a divided signal;a frequency detector coupled
to the frequency divider, the frequency detector
4¥apt ed t d%@@nmfrtes efivéaimdf whespioghesiegpmatior isseledied fiiony ia geaip
a .
SR Corbi Y B & R AR el 933 S ciRbhhnical,
theorataromd atfhm bplk sweustiomsbmatoradapt ed to determine a
di fference between the one or nore up signals or down
signals as an indicator of a difference between the
dut put si grhalappandug dfelaiefl ewhdreia tisi rgsvakhtor i8 8lectfibfly equivalent
aratus .aof claim1l herei.n the resonator conprises
g)ga%il chﬁgotrgﬁ "(’Elsleiwc?d&*’%g‘ﬁfa@)t or (C) coupled to form an
LC-tank, the LC-tank having a selected configuration
a plur ity of LC-tank configurations. 40. The
%{)par at us alj&'f’ ARG Oif,"l%ér‘@]i“ﬁe‘P S APRABHS IS 3rtingiag and
feduesdyadfefoneen a group conprising: a ceram c resonator,
a mechani cal resonator, a m croel ectronechani cal
resonator, and a film bul k acoustic resonator.

43, The apparatus of claim 1, wherein the apparatus is a clock generator.
44, The apparatus of claim 1, wherein the frequency controller further
comprises:

a temperature compensator coupled to the amplifier;
a voltage isolator coupled to the resonator; and

a process variation compensator coupled to the resonator.

45, The apparatus of claim 1, wherein the apparatus is integrated

monolithically with a second circuit to form a single integrated circuit.
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wo ooosg/ogempaci tor (C).

4 1. The apparatus of claim 1, wherein the resonator
is electrically equivalent to an inductor (L) coupled

wherein the apparatus is a timng and frequency
reference. 43. The apparatustsef claim1l, wherein the
apparatus is a clock generator. 44. The apparatus of
claim 1, wherein the ftequency controller further
donpri ses:Ths apeaigus eficlyie 1o Whssein hetssrond SHpHEE2t 0 t he
HIBbpchERLor, AdiYith LigRe plosQsét PradfcdtiRLERy LR a
resonator; and a process variation cohpensator coupl ed
temmnheicatogoeieudr . 45. The apparatus of claim1
wherein the apparatus is integrated nonolithically
with a second circuit to forma single integrated

é7.r cui t . 46Che Bhparappafickting, fuftherlcainprising:wher ei n t he
second circuit ,is.a mcroproces igital .signa
o ocessor ity et aRhos S5 R ospfhalsh SbR sighlff
comuni cata mode selectoidoitpled 1. thel fraquapyasoatreiter afid ©lthd serdnd

Gl BEBPY SIS BUPIINS SThdS Tearardobersupaby e o

gk @Goter dogriatieflueasy controller and to the second
oscillator, the node selector adapted to switch to the
second oscillator output signal to provide a power

gonser vat TR apRiifus F8laint B8 VARRAE Bk WSoRE o&lilBidPidd ving
wherein the second oscillator is a ring oscillator, a

pesiliatost 3 w§lexeiagiassibiaters or aphage shifhessillalorf t oscil | at or.

49. The apparatus of claim1, further conprising: a
nmode sel ector coupled to the frequency controller, the
fdde sel ecihempragrivt d¢lairp 1 plrthg¢prmarisigg st art and st op

the resonaf gqd %leg og?fc%%%%d fad lf%@%ng}g%#glléi @0 &ode ?egector

The apparatus o urt I'sihg: a node
s&iped toperodigplledart andtstrg the rspmetec tp rronde opulead outpuesigmdie
sel ector adapted to selectively start and stop the
resonator to provide a power conservation node. 51. An
appar at us,The aprates afglaim 1, further comprising:

a mode selector coupled to the frequency controller, the mode selector
adapted to selectively start and stop the resonator to provide a power conservation

mode.

51. An apparatus, comprising:

a resonator adapted to provide a first signal having a resonant frequency;

an amplifier coupled to the resonator;

a temperature compensator coupled to the amplifier and to the resonator,
the temperature compensator adapted to modify the resonant frequency in response to
temperature,

a process variation compensator coupled to the resonator, the process
variation compensator adapted to modify the resonant frequency in response to

fabrication process variation;

42. The apparatus of cl ai PeS2005/009429
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a resonator adapted to provide a first signal having a
resonant frequency; an anplifier coupled to the

anplifier and to the resonator, the tenperature
conpensat or adapted to nodi {4t he resonant frequency
in response to tenperature; a process variation
conpensator coupled to the resonator, the process
vari ation aqupems divater ealppedeaa the oesomdorf the friaqueneysdima et

6 to fabricat
P ek s G R bR BB Bl PR R oty of
mf‘ﬁ‘ﬁé‘ﬁf&haﬁh@ akoegpening diniigier fragantiesite plaility oe t he

i rst si Vi the res nar t fre into, a
brdeany YOGl eie oS et TRAMe R R BFPEab At ng

pl ural ity agfeqhéRgva@atir@supltd® th wqabﬂcwlmer fthefeRvdyeS
substantially equal to or |ower than the resonant
felestnadaped taﬁffvgiefaﬂ@a%frﬁegﬁabfé%&te&ﬂur@anBf waondsignals-
frequency divider, the frequency sel ector adapted to
grOV|de an out put signal fromthe plurality of second

3-gnal s. She amaatupiglaim 36, wieren ﬁlﬁrﬁr%rgm\wear@ffpretl%
fidbtahtiadl g{aaémaa% SIgnacﬂ b d ﬁ&%@édeﬁ& disHast ﬁf?ﬁ\!aﬁJdLgted ip conyert

Si nusol uency di vi
the dffeeantinlp smhvtmllw Stnhwldahl figeal éna $ingle-ewdeBsubgiantially ;quare

FhTUS 'a%'vm%'a%ﬂ@ét n*ngl £ @éﬂgéhgu@riggﬁwzﬁﬁét antially

square wave gna y equal high
and low duty cycle. 53. The apparatus of claim51,

ereint
és,ghubst ant i ;}?‘F ?ppsafatrt}ﬁsglg%aq] si Whr?zfiln %‘ﬁg $ﬁ1§n$i‘ “lilifreptial,
hbstatily smudoitfat hgﬂial antbhe ﬁdqdeﬁcy:cﬁwdﬁf i$ further adapted to convert
i f.ferential stantl dal. nal. to a

i AEFeae ShoseSiadT s Bitaidh pind i P e A P e
WwawUisih Bl inglal subsemuialy équglrhlgmiudh@waaykycl@ycl e. 54. The
apparatus of claim 51, wherein the frequency sel ector
conprises a nultiplexer and a glitch-suppressor. 55.

She appar ghelspftansl MR 31, FHeFN@E FEQIEREY 1Bt c&nﬁ‘fﬁ@sea
sel ector cou ?ed to the frequency sel ect'or, the nod

weitiglergand d gPICRURRECSHTovi de a plural ity of operatlng
nmodes, the plurality of operating nodes selected from

a group conprising a clock node, a timng and
?@equencyTh@ﬁﬁﬁ@ﬁ§éfﬁbd@5léh®Mmemm@§ﬁ§ervatlon nmode,

and a pul g¢,Jqp gﬁect&@ouﬁ%to@%q%&? sg’lgct&J b Moad selector

further conprising:
adapted to provide a plurality of operating modes, the plurality of operating modes

selected from a group comprising a clock mode, a timing and frequency reference

mode, a power conservation mode, and a pulse mode.

56. The apparatus of claim 51, further comprising:

a controlled oscillator adapted to provide a third signal

a synchronization circuit coupled to the mode selector and to the
controlled oscillator, the synchronization circuit adapted to modify the third signal in

response to the output signal.

a tenperature conpensator coupled POT/URE®05/009429
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w@edosodmn4 and to the controll ed oscill ator,

a controlled oscillator adapted to provide a third
signal a synchroni zation circuit coupled to the node

synchroni zation circuit adapted to nodify the third
signal in response to the ouwput signal.57. The
apparatus of claim51, wherein the anplifier further
conprises a negative transconductance anplifier and
Wher ei n t hEhe apapatugp{glamcd niybereiatheramplifieyfurthercomidsss ed
tx@g[@@'tr&%sc@nd%%ﬂc%%ﬁ ?ihér%{@@h&gﬁ tHERRADLMfre compensator is
t ransconduct ance amgl ier in response to tenperature.
S@theThdepdpamadifisa ofrrept thiaugh the negrév e iranst dndu¢tenp emaptificren
n r i.s further adapted to nodify a capacitance
g%'ﬁ? Sﬁ?éﬁ‘@ﬁrg of in response to tenperature. 59. The
apparatus of claim51, further conprising: a voltage

isol at | ed t t. dtoth .
CBhper at ur SemRpaiEal g ThanguR e P SrPaaast o
tfortiseu bédpaedttd mollify 4 Sphéitatee dTgherresHamnat ifresh6i38t@teiPbiaAge

variation. 60. The apparatus of claim51, wherein the
t enperature conpensator further conprises: a

soef fi ci enthd HPirsle6f AR Sfhirthe cﬁhﬁﬁﬁrég?! first
plurality of coefficients and a secon E}Irural ity of
coef fi ci ent ¥ltage Bplater coypled Jo the (gsprytos apg torthy fempergture

RbRpEntave idhlofshesWIdieaARS 6 APRENANGSIRE BRGESSator from a
coupled to the coefficient register "and to the

relfasg aeBtioneach swit chabl e capacitance branch having a
fi xed capacitance and a vari abl e capaci tance and
responsive to a correspondi ng coefficient of the first
BPur al i t y Bfc appasiths ef deinsd 1t wheseih theHerbiperatene sompensétox fagther
gﬁlg&qgegzance and the variabl e capacitance and to switch
the vari abl e capacitance to a control voltage node; a
second ar rageeffwignt egisteoadahied costdre o ifirst plutadigyeofivoeficichtaand

on [, avi.ng a plurality of swtchable
?gsclogggﬁ%aél %ocﬁfﬁﬁg "o the coefficient regi ster and
further haviingprayhaviega plapdiei dfdiae-weakbd smidhabtabl e

T B SRR R R RO e e o
switthabletchgacBatict blaadt aving Sifekd ¥padiaded Mdb@atidige GPRditatde
0l Lage, noder 2. Lonper alyf e dependent, Shiy St Roures
switch between the fixed capacitance and the variable capacitance and to switch the
variable capacitance to a control voltage node;

a second array coupled to the control voltage node, the second array
having a plurality of switchable resistances coupled to the coefficient register and
further having a fixed capacitance, each switchable resistive module responsive to a
corresponding coefficient of the second plurality of coefficients to switch the
switchable resistive module to the control voltage node;

a temperature-dependent current source coupled through a current mirror

to the second array.

t hBCT/US2005/009429
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to the second array. 61. The apparatus of claim51,
wherein the process variation conpensator further

weopnd®es: a coefficient register adapted to BCDUS2085/009429

plurality of coefficients; an array having a plurality
of Dbinary-wei ghted, sw tchabkjg capacitive nodul es
coupled to the coefficient register and to the
resonat or, each sw tchabl e capacitive nodul e having a
folr st fi xethecappaaius ahdanmatid whersmahaygtofesscediation compensator
&@ aci tance, each sw tchabl e capacitive nodul e

@E’B es('o a correspondi ng coefficient of the
plurality ofoetfndrt 'tdgis%ta@aptda t6 WoieGIpLEN WO Locktitfenfs; I St
fi xed capacitance and th ond fi xed capacitance;

and a fr ety havpg E)P‘élf -weightadsyitchablefapwsitivee

nRuRh buplddtty tefcosrpeikhd réglﬁ&t aaditdthe ?&&Qﬁ%eeaEQ swWitchable
reference signal. 62. The apparatus of claim 51,

FRRFSVR MR Prega st fixgdsrpastance apbh st fixed cemmsitance, cach
@.@na{abﬁ%ﬁpacaw@ Qﬁ;dtae%seaﬁs,weqahé&@ersp&lﬁﬁ@tcegffmné&% %llﬁahty

plurality of coefficients; an array having
of cositicagnis ﬁwéWgtPh edweanthe fisuiited coppeitanp endethp saf::pmd t\'weed
Uhfise.Gaypl ed to the coefficient register and to the
resonatdr, each switchable variable capacitive nodul e
responsi ve frequanayorligstmndedwle aloptbd iocdeaertte dife rtlinelity of
QL#{'@\LM% gg Og&%ﬂ{fer@gts t%’l switch between a first
e and’a seco and a frequency
cal i brat| on nodul e adapt ed to generate the pl ural [ ty
coeffi ents I n ref erence signa
%e appar at U<PRYH} ﬁeiﬁp’grlﬁ Wﬁ%?l&ﬂhe p(rﬁcgsﬁ'vé'l?@iﬁ(ﬁ’tCSP’pF%gator
sethectantprisesom a group conprising: an inductor (L) and
a capacitor o forman LC-tank resonator,
a ceramc ar‘ié’ggi%f%'iﬁgmﬁ i‘l‘i@@ﬁgl’;ﬁ TAF am@%ﬁh%@e figtents;
ni cr oel ectanem@g hﬂﬁh@ﬁblufaﬁ@%@tr@@rwégﬂe@ shittiabRWaKable
acousti c resonator. 64. The apparatus of claim 51,

FIRREIHYS Mot Gouplad to the %‘@Sféﬁﬂ“ Freiter pad ©rihayesnppiar secha

s0RMable 985dbld AbRitiRUbRIle r@épgﬂﬁlfe to@RerréphRES: c%%hﬁ?eﬁ@&f the
coupl ed to the frequency sel ector and tpo t he second

BuEdlity eftcoefficients thphdeiweer o firsh el pee end asesaidtvohagepardhe

~second osg ﬂréqﬁ@&& cherrﬂH)tn ﬁd(ﬂ%daﬁté’d 8 g??{ég%g Itl%}p?ﬂmgr of

conservati on nodeé. . The appar at us
tepfficients woegpenssitog! reference signal.

63. The apparatus of claim 51, wherein the resonator is selected from a
group comprising: an inductor (L) and a capacitor (C) coupled to form an LC-tank
resonator, a ceramic resonator, a mechanical resonator, a microelectromechanical

resonator, and a film bulk acoustic resonator.

64. The apparatus of claim 51, further comprising:

a second oscillator providing a second oscillator output signal; and

a mode selector coupled to the frequency selector and to the second
oscillator, the mode selector adapted to switch to the second oscillator output signal to

provide a power conservation mode.



10

15

20

25

30

a node selector coupled to the frequency controller,
the node sel ector adapted selectively start and stop

w0 b@snemaenat or to provi de a power conservati onPODULS2005/009429

a pul sed output signal. 66. A nethod of generating a
reference signal, the nethodigconprising: generating a
resonant signal having a resonant frequency; adjusting
the resonant frequency in response to tenperature;

adj usting the resonant frequency in response to

feabri cati t the resonant
s?gnal ha\?@ngﬁpﬁgﬁggﬁs’%aﬂf hj?[ﬂgchg%hgﬁ%nt oaplurality
of second sn@dabeéectmvoupgedao d@rﬁ"eqsqmoyl dwnmgllprl, the aldde yeledtor

AR Rl D6 dp e b AR B comprgpfon mode
foregmjeaalo);arpuamgnaftel ecting an output signal fromthe
plurality of second signals. 67. The nmethod of claim
66, wherein the resonant signal is a differential,

sobst ant i aA hytioi BOgaedahg §te®iéﬂce sighd], MO Re@bd c&nﬁﬁhsm
nmet hod further conprises; nverting the differenti aI

subst ant i aﬂePVa%’?grﬂﬁﬁﬂ“@HIS’%?l Ypg # gesonagt fefuseiyded,

subst ant i aldfustiSEMa FeBondavRe e@ # reBnbd @ ténperaty
substanti aI{y liéc:}tgal hi g e?ﬁd E}% cy cl%ral 6r§ The

net hod of adjusiing téereswmfh@ﬂe@aswmqnﬁﬁgto f%ce@n migcean
QRefidhi ng node froma plurality of operating nodes,

the pl urality of operating nodes selected froma group
conpr i si nglhvdeihe ggeonpptingnahhaving theyresandntffreguenspidnyo a plurality

LR [T SRR RIS A AP, =
ﬁywhmmumtwgiaﬁy eqvial tg og iqyreathan the rrgspmm ﬁequeocx, Iaed out put
Thane s R RRR R AL Sl Pho A BRSO I SoSidR 971

the apparat us reso or adEpYed to
provide a differ entl al , subst antl ally sinusoidal first

gnal ha fre a
? ? anscon d\ljll&‘? g"n ?rﬁolﬂnf ar’ hS F"eés?“smﬁ@ f_’éa differential,
nubs@antddlle sinusoidat siped aing mmmemsmb@mn@ew@h@aséso the
negative transcon nce. anplifier and to the LC
resonat or, O?Wétmlgéﬁ“p% SIEHAL S n%’?&@ﬁ@a%“&‘r”‘&@éﬂﬁ“éhtotao“‘mgle‘
Bimdtl fs)dbs‘ﬂalﬁlbﬂl)l’ fibireiwavé Kignd Badd VRbEhRARE @&\QUEﬁgﬂ B&Clow duty

[ifier in response to tenperature and
cy e.

68. The method of claim 66, further comprising:
selecting an operating mode from a plurality of operating modes, the
plurality of operating modes selected from a group comprising a clock mode, a timing

and frequency reference mode, a power conservation mode, and a pulse mode.

69. The method of claim 66, further comprising:

synchronizing a third signal in response to the output signal.
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further to nodify a capacitance of the LC resonator in
response to tenperature; a process variation

w@oomseyat or coupled to the LC resonator, the peDUSES5/009429

vari ati on conpensator adapted to nodify the
capaci tance of the LC resonailer in response to
fabrication process variation; a frequency divider

coupled to the resonator, the frequency divider .
dfapt ed t oARBRAPENMS fargEnerRingderloqkesianph de apRagHY CORRIPIRG

the resonapiLd reeoHABR Gaptddlt® pRv ik diddtdrdnYialOfubstantially
differential or single-ended, substantially

siquseidal ey e baing siegmanistaavicig a corresponding
plurality e);gtf\%% ﬁgh(ﬁx%tanfé;a\%neﬁiﬁgtajubfe%g tootile Ltqgsldﬁﬁglj, es

substanti a equal to or an the resonant
frequency,a tamgeretasirospemar siugled|to thanegagvatransconductance

b al i gh | ow_ dut cle: and a.
BN Rhs Rl LERUBhach B2 AN RS R e el o
tireent inghuimepativessinemhductadaphdidiet i pspoxsede teatpeatirPadd

%!r&gratlo nflord(i)tly atcgpeacﬁelm%g: %1“ éhg XCorgso%e?t(o:ro il;]lcries%ln‘%g ?cl tser'nperature;

a process variation compensator coupled to the LC resonator, the
process variation compensator adapted to modify the capacitance of the LC resonator in
response to fabrication process variation;

a frequency divider coupled to the resonator, the frequency divider
adapted to convert and divide the first signal having the resonant frequency into a
plurality of differential or single-ended, substantially square-wave second signals
having a corresponding plurality of frequencies, the plurality of frequencies
substantially equal to or lower than the resonant frequency, and each second signal
having a substantially equal high and low duty cycle; and

a frequency selector coupled to the frequency divider, the frequency

selector adapted to provide an output signal from the plurality of second signals.



