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LOW-NOISE, FINE-FREQUENCY TUNING [00011 This application
claims the benefit of United States provisional application number
60/704,280, filed August 1, 2005, and United States provisional
application number 60/722,732, filed September 30, 2005, the contents of
both of which are incorporated herein 5 by reference in their entirety. This

application also c¢laj nefit of United States application number

11/242,230, fiIei&%ﬁgr@%ﬁ%“gﬁﬁ%@w&gwmrated

herein bynafeseneeivn tsenfinelyeddis sppligatianals rsmmﬁﬁlﬁﬁﬁgﬁéiﬁ number
ber 60/704,399 filed August 1,

iteg.States, patent ication nu | Au
e e
SHpienberidel Saosnaed Urited, Statespatent applishiibrnaeesdOrated herein
$311R43047 filed; % i NiS, NICEATS.  ited 54

incorparated herein bX reference in their entirety.

HRE HFAERE TR A 1 Pelabe S iR MstalyTd: SR S cemtentiofUmiey, iamekorporated
ore %ﬁ?ftm;dmlydeﬁU&ﬁ'MQtW%{i@Q@@Qﬁ‘ﬁ%_@f@ﬁ&l@ﬁ!ﬂ@\@ﬁted States

- . 3 en - 40X iy to 1inely tune a .
rg%qﬁgr@crigs%oﬁ%%or cﬁ/jpg}:%%is?c%fﬂé‘ﬁl %ﬁéi%é%c &P@éﬁ {fiR@atent application
RYReairinG fott hBled Ssnembeckis 200Simap plictticiisteunitcas apiige i number

wirgdess ﬁﬂﬁ@%&@@ﬁr%%?ﬂ@%&@ﬂ%‘%‘é{ﬁ @h;&“%%' iHQA%?Jrated erein by
management, data storage, and others. 20 The pursuit of this goal has

taken many forPe &8 ch with limited success. 10004] For example,
crystals can be used where high accuracy and low temperature drift is
needed. But these devices canngf ‘L{)@&m% n an integrated circuit. As
a separate device, it requires the use of at least one integrated circuit pin
E’r‘?ﬁﬁonghm?g%t%mn@earﬁléﬁééénq@bwmelmram@rq@n@dewiageaudenore

pahianttale:shal sheydambednahios o an b ipaialedn Grsuit,Bylwnen,
the capacitance of a varactor diode is tuned using an analog voltage
provided in an open loop manner, the resulting noise can create

WfelitidScrhdivuo dmeln tthe cireqittiat generates diveconisot yORAGR ctronic
SR b easad imrder 10ike NRARISE i LUL SIS, Ver - :
undl siralble, particulgrly in b%ttgsﬁﬁgwesﬁgjﬁegl’é]%tgr}gc})rhgagf/)gtsesr‘ﬁ\és}f Tf)@/d%f or wireless

ﬂﬁf?&"@ A S RS (€D AL fPs RANERFetRIS R b s stdlage, and others.
Tisqonnectédhi3assing amwitah) canbe ssedinimpieeRdis noise
o B B R L T by o an s
%@é%ﬁ’é@&ﬁﬁgié@lgﬁﬁt@h@gmimm%@m@pmm%mhgmmg geparate device,
iergite g dangewithaofioeresoldt %CM%%E%'&%%&@Q %fs'l Weght esgéce.
mﬁg{na{lfg%ctor diodes have the advantage that they can be included on an integrated
circuit. But when the capacitance of a varactor diode is tuned using an analog voltage
provided in an open loop manner, the resulting noise can create difficulties. The current in
the circuit that generates the control voltage can be increased in order to reduce the noise, but
this is very undesirable, particularly in battery powered electronic systems.

[0006] Digitally adjusted capacitors (capacitors that are either connected or disconnected
using a switch) can be used to improve on this noise issue. Digitally adjusted capacitors are
typically either equally or binarily weighted. Where they are equally weighted, a large

number of capacitors and corresponding switches are required to provide tuning having a
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capacitors are limited in size by their switches' parasitic capacitances.
while the largest capacitors are limited by die area. considerations. Thus,
once again, it is difficult to finely tune the circuit's response or

haracteristic. 5 [0007] Thus, what is needed are circuits, methods, and
i%fﬁ%ﬁ&?ﬁ%gﬁ‘?a%w BRvsisisaomndVARjhthesohationaiinimg fon@lettromidlest
chpuisrSUMMARY: [9008) Actordingls 9mhodirnents afthe RIERSAL (argest

inyention quvid ircujts, methods, and 10 apparatus that allow
el\é%tronic é?réﬁ?t%%lob él’fuaﬁ%%lc\(fvﬂl A onvavt-l%ﬁsﬁ%l‘f?d Y HigisHegide bfficult to finely

(EEBLAGHC AT esceniplary @ubddiment of the present invention adjusts a

Witamﬁﬁsy@ﬂ?i@é%%fwm{ﬁwmtﬂg@ & %{% grig%é mgtt ixsd ti)Xe low-noise
gg(lisgic%ldth }?;uodulatmg a control voltage for a swi RVith &

In series
Capachor P BUISRAS SRR SHEERIR ST Btrol signal can be controlled
using entries in a lookup table, by an analog voltage or digital signals, or
by other 15 appropriate methods. T, itance value sets a frequency
resgonse or characteristic of the electronic Circuit. Examples of the

F¥hsé tortinghernkedimelisde Suvitatiohi freguenayohighoe sy setafis, and
figuencyhdbanswitibeand QHheryRSHORSES and Q%@%@E%ﬂﬁﬂ%sh%%o%%ee of
ondar

]é@oehagggo se or characteristic can be made to be insensitive to iitions
such as 't_emﬁé?fﬂﬁr%,y VOIRSGESEh Bl B RISy caierwipts agapastsshyg, value
BYHaH e wids Izgiﬂ@g@mpagfbet‘mm;ﬂ Wp‘“@w‘?m&“@'}éwm“ﬁ’cmﬁml voltage
respensercandeAciieyed,Lhis ca one by first calibrating the circuit.
For example, pulse-width%ﬁodulatigr? g%g%a‘??%%ﬁ?éaq OF Océﬁtgna{ can be

FratRalse T agsaiTks iah BekyeiehhsittrrTing deteHminaticheiahstepahadeby other
apeofuictioRthidNCHRICAALR GRS dﬁk@@%&g@@&ﬁ@&ﬁ%ﬁ&é@&%@& 0,2 10QKUR: of the
N

ing.device operation, the conditjon is used to entries in the
g O B o e TR e ey oencs,
Habinglersniedi resees Wwittwiddpaciartier achieve thasgesifiefagdency
mmnse}@rrsdﬁaﬁ@@@f'@%a&%% @aﬁ%@?i{iﬁe%‘ 99 93@%%%9‘; ttgec J&%%Qst, s1t1ch as

inventionéJrO\éides an oscillator circuit having an oscillation frequency sé

BB GBS ARG CapRgi R pHiffg SHRbraEbA othersdsrral relationships
b;gpamtumle@ﬁmearﬁcﬁném@|§@pm§1€aﬂqmaaﬁene@. dﬁ{%r@amg&ﬂg%}hﬁ&

¢ 0scillat tes at a desired frequency. Entries corresponding to
e L
@?@Wﬁ%%@?ﬁﬁ]@a@ﬁ petermiesd Py dgperatitinndevibe fte@peratfiteisn of one
snaasy @ anchineeorreseandingLulser lggon,, information is

fou&gl in the 1table tA control voltage for ﬁ%ﬁ%ﬁ:ﬁ%ﬁ% \gcceao §rc%1c?rn > the

TQIALEIRR 15 SR I BRE IR S adhRiNG RIS ditstentFtiimihenaseddodesivedidth

IS pulse-wi
rfredjleoysiyatiotisihg a switch in series with a capacitor to achieve the specific frequency
response or characteristic.

[0010] A specific embodiment of the present invention provides an oscillator circuit having
an oscillation frequency set by a pulse-width modulated capacitor. During calibration, at
several temperatures, the required pulse-width modulation is determined such that the
oscillator operates at a desired frequency. Entries corresponding to the reqliired pulse-width
modulation are stored at locations identified by the corresponding temperature. During
operation, device temperature is measured and the corresponding pulse-width modulation
information is found in the table. A control voltage for a switch in series with a capacitor is

pulse-width modulated, resulting in the oscillator running at the desired frequency. Various
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embodiments of the present invention may incorporate one or more of

these or the other features described herein. [0011] One exemplary
embodiment of the present invention provides an integrated circuit. This
integrated circuit includes means for receiving a measurement of a
corifitbrents ed s fonesBou simentie: me g sureme nl-ofther caRAIOMIR SRR other

duiv.exclesefigepylserwidth modulated signal, and means for varying a
gﬁlﬁt}agitance using the pulse-width modulated signal. [0012] This or other

SHintEHEAY FHFRP BV thibe rsamo inbrlAgrempiikaturenteBhisd circuit.
orhatheegmbbdimentscmays fdeherprevige nears falvaning tah&)ndition; means for

J e contralling the impedance of a switch using the )
e R - b ORISR sioa.
PRV th & Apraian carbeingovariee by driling alate dflatetranpsistor with
thmm;|S@Wk@h&ﬁ@ﬂ%@ﬁé@%JJ‘%‘E&&PH?&'?&QIRQ@HH&BES 'Y fye%hezr"ature.
pIr}%\s{'gFo{ grtge ul.se-V\tndth modulated ?iflgnal being generate&lby mg%e
measurahTeRT S SRS US MitH tocrarmite etsrdarermminTHis erediance by
Sﬂmmﬂmsim@ﬁ‘ﬁﬂﬁmﬂﬁﬁﬂﬂ@aﬂégﬁkaﬂ/%ﬁiﬂf@&élwgtﬁffgﬂgﬁ This or other
LEAWE : cillator's frequency o scillation.
B TR AT e S pAdae
SABHHET Witd ghateidsemeisth midulsted el cifbiitineludesnnetmsriomay further
thtoirigeafdr EHIN S WRAKARENIStE of-An 9@@&69@5&‘%&%&%2 IBE urement of

|

i&%‘%&%ﬁ{g}? nr%fog recetivinﬁ a measurement of a condition, means for
retrieving & stored entry OSMGIRE MBS srbrdiaeun dmasiurhesrgvide
20°86¢ Generiirapulseswidthenedujatbd sigrialivsingethe@atsy's &guency of
eansdar controlling the impedance of a switch using the pulse-width
%iylated signal, wherein the switch is in series with a capacitor. [0014]

180 SHRAMERTBEHRIEH RS Rerh ef Hecurieontsstiwitchvidingrather
M@Satransistor. THSnEpHer @rohodioneusnaays el REQVIRE A MG aracteristic

cenditi ing. 25.temperature. This or other embodiments may further
p?gfﬂg{g%o@%%gh%ggéure}sn%gf P HiTSAS A g5 RGeS pEsrRER Al 2

ﬁﬁ’l?éiﬁﬁb raRaRs. fhigtor duiser eontsbelifenti gy nfusthespeanidensn@aRifor means
&t essdtiatop wﬁ@%@t@ﬁtﬁ%ﬁ‘ﬂcﬁﬁgﬁﬁ?&@(@%é%ﬁ@%;% L:rlﬁ%ggssfor ccl)é;trolling the

freqetéencg/ of oscillation. This or other embodiments er provide
HRSRE SO e MEYS A Beth BESGrEif drPet thied sianabrbsr e ey anighas in scries

vattageaproiportional to 30 temperature; means for converting the voltage

Y@@ igi‘ﬁkﬁigpﬁ&e@%ﬂl ans for retrieving the . stored entry using the

digital signal. This or o%ﬁ)e}%%l Sorﬁ%enrféeg%ﬁ‘fhgﬁ &F ProvidE s hean MOS
SiBragientipeiihsearhsidiser sischathirthe freqiieniy bithendisicill atonds
siablever mmB%@M%BB@&&REHEE&MQ'H}%‘i?e%%ﬁé'%@%ru LT o a

for Hne v%ltagge being converted

condition bewg a voltage proportional to temperature. This or other embodiments may
further provide means for an oscillator where the frequency characteristic is the oscillator's
frequency of oscillation. This or other embodiments may further provide means for
generating the measurement of the condition by generating a voltage proportional to
temperature; means for converting the voltage to a digital signal; and means for retrieving the
stored entry using the digital signal. This or other embodiments may further provide for the
stored entry being determined such that the frequency of the oscillator is stable over

temperature. This or other embodiments may further provide for the voltage being converted
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3 to a digital signal using an analog-to-digital converter. This or other
embodiments may airther provide for the transistor switch being a MOS
transistor. [0015] This or other embodiments may further provide for the
lookup table comprising multiple entries, the entries determine_d such that
theafiegjiié piepdfuiecosciliatog-is-siabie avererfetempeRisie: Thisehihemay
embedimants mayLReLRIAe L fie,Rbeieulbeino a
roportional-to-absolute temperature voltage generator. This or other .
g}ﬁ%gblmléﬂsté) hPase ffﬁ?tﬁ%‘?lﬁ%\ﬁdé%f%ﬁé@framsi@fcbélmgoawwwe comprising
trawis’iﬂm%@&lﬁi%h&ﬁe&aaﬂa&tﬁﬁlgiﬁg}h@f ﬁg@mwﬁﬁﬁﬂt%ﬁaﬁ?g@% Qfabie over
t invention, may be  gained with reference to the ng
8%%5%&3%%35 r}?&i%fn"a‘ﬁ’a %ﬁleg‘)é‘é%‘g%sp%aﬁ E‘é"&?&xﬁfﬁé@? 6 BRfEsEcireuit being o
DESTRIPTHOROHIFHEND RN NGB OO Figurehls is arsehematicieha may

citki Baing aolraauenckehBlagiarisisiuneg by, pulse-width
ated catpacit r according to an embodiment of the present invention;
[@%M A bee §

Figura's A BIERd amgha b et advimiaceselifhtorewint tivention may be
gegodiingtoirentd enthddlmetipd dhel prasamiinye @ﬁ@ﬂie[%%p%%& (ﬁawings.
is a block diagram illustrating the free-running oscillation circuit of Figure
2 undergoing calibration; [0020] Figure 4A is a flowchart of a mgthod of ‘
calibrating the free RIRHIPESTHRIBRIONCOIF OF Ry IRAAVANGFigure 4B is

doflomchargpeta ma&wﬁ&i&%b&@&k&i@ 17 t@ﬁ@&ﬁ%@g RRAQ A ngd by a
mpgdimgnto t%hg resent invention; [0021] Figure 5 i a more detailed '
Black chagr i SF S SEPTEIAG DMl EDRUAES R epegh invemtion:

lock diagram of a : )
fbidinienr o the predediegrvention rEea2RhFiguseifin A HRMERBA  rding to an

sy atingdbe:gpsration ofdhe. free-running oscillation circuit of Figure 5;
gxris a schematic of an oscillator that may be used as the

23] Figure ] _ ’ 4 e used as t ‘
ﬁ@cﬁﬁgto?ﬁf?iﬁ i Clpgle Siaimg lbucTnne theifcuitrontiigusiBaoasianit of Figure
osolletgring cihieragpihodiments of the present invention; [0024] Figure 8

' t onirol signal genegator and pulse-width modulator that may
e oo o
PGP 5o S & eaFisuBo!Bignaligermsrator antkputserwitblmecidataniaccording

mag@mgﬁg@ﬁhgfpmgeggm%mention: [OQ25] Figure 9is a timjng
39{ mﬂuustrating the operation of tﬁe pulse-width modulator _of F igure
gi_ anﬁ 1gure 5 1s a more detailed block diagram of a free-running oscillation circuit

according to an embodiment of the present invention;

[0022] Figure 6 is a flowchart illustrating the operation of the free-running oscillation
circuit of Figure 5;

[0023] Figure 7 is a schematic of an oscillator that may be used as the oscillator 510 in the
free-running oscillation circuit of Figure S or as an oscillator in other embodiments of the
present invention,;

[0024] Figure 8 illustrates a control signal generator and pulse-width modulator that may
be used as the control signal generator and pulse-width modulator of Figure 5 or as a control
signal generator and pulse-width modulator in other embodiments of the present invention;
[0025] Figure 9 is a timing diagram illustrating the operation of the pulse-width modulator
of Figure 8; and

[0026] Figures 10A-10H illustrate various implementations of exemplary embodiments of

the present invention.



10

15

20

25

30

[0026] Figures 10A-10H illustrate various implementations of exemplary
embodiments of the present invention. 4 DESCRIPTION OF :
EXEMPLARY EMBODIMENTS [00271 Figure lis a schematic of a circuit
having a frequency response or characteristic tuned by a pulse-width
modulated capacitor according to an embodiment of the present 5

invention. This figuse iRgkidesai e aes st ARE RN
iﬁ&a,citoLACI 130. The, circuit 110 has a frequency response or
a

tActeriSHthat TSHITRALE PEpMIRP YRR dey cohs tesaativer characteristic
sapdditanpelvaivieibfithéutapaciiorGar 13riRe eirauintiAiansistar 129en:
andngapag R includ n integr circuit. This figure,
T S et arao
G588 HaCIattacitrrche poBemsiol Otumbisdistietitst of thieqsresent indertivmed by

drethgfectaine:pl028d Theadiug sighatanding 4223-adiysts of conirgls the,
M}p&% ance %tr@sist?rdlwdl 120, When the level of the adjust ’s!gnaf on ’
line 1 2 iS high and A AT IS IGH aHt Tonfers capabitdether
T3bsyfieurnd, insffect foomrecting qapacitarad 136 i thieRiEsitr- k0 possible

Wien:the adjpslsignal 0RJIRE 424 15,10W,; the impedance of transistor MI
fP.%% s high, 15 allowing capacitor Cl 130 to ﬁ'oat, effectively disconnecting

€ gzpé%ﬁ:o?dﬁsig"@rﬁgﬂ? te [Grasiwtoonmisrethibcdapaditores f transistor M1
dgrw nedtea tte i}l‘ﬂﬂl@d tH_E @%aishl%ﬁiapéﬁﬁﬂgf [CQ;@F?QH%Q:%@%&QSEE&WW@@B on and

ristic of the circui . Conversely, when the capacitor

e L e o cgercs rspvisersrevsic 10,
Hhsntre pdist 1020 Hivwdvarisihentbhersapaciton CHah3tis flpatinwiit isgh,
o camplgishoremavedatoA0iscennedeth LANSIIAL MAA20 PR . e

ara i{ilcoc%g_gcit nces, notably the drain-to-gate capacitance an
capacitarice O YA B IRRBRSEE AR eTeRdint s ¥ frss nortinlbagsaroyible for
Gleratnivserfivansisionhthd2siz off (ihease:nanasitoraagitanges SniLhRior c1

THIRRIAGICAl ] 30. This in turn limits the resolution with
which the requenzé?/% gﬁ%%%t%%gﬁg o %egﬁ%%??' TTHURR Peharmsroge

(301 Kesreingiyor hpcamsitatsof 1A srsentdinientiomantiestithesized or
difeapacitar Cads3onitn a fingrreselyionRy @ﬁﬁb{i&}%%l&%ﬁ““& signal, o ate

yin avg%ia Igcgutg,c%fle, speuﬂgally the adjust signal on [l%ei .%y
v?rylng TR HUny SR ST LRI Sramyiabak finde St femeametsesarit
EBECISESiinEtedito thestitoul110Qarbaf thectionarant Aisconnestethit he
pagalaely ircuit, 110 f e inder.. In this. a duty cycle adjustment
fgan 3%%5%%%%%5{/@1& ge%f?;iitli\%% sfflzg%lfilgc@garg‘? cl)f‘rl%r{‘ﬁ FRIER e

RAHGBY FEPRRCRE THE ke sirarid [dviee Mitanalis on for a greater portion
[opBone, MeeiivgtvesBRIRheAPREHR! LE30ilS ention adjust the size of capacitor C1

130 with a finer resolution by applying a switching signal having a variable duty cycle,
specifically the adjust signal on line 122. By varying the duty cycle of the adjust signal on
line 122, the capacitor C1 130 is connected to the circuit 110 part of the time, and
disconnected from the circuit 110 for the remainder. In this way, a duty cycle adjustment can
be used to vary the effective of size of capacitor C1 130. That is, as the duty cycle increases
and device M1 120 is on for a greater portion of time, the effective size of capacitor C1 130 is
increased, while as the duty cycle is decreased, device M1 120 conducts or is on for a shorter

portion and the effective size of C1 130 is thereby reduced.
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increased, while as the duty cycle is decreased, device MI 120 conducts
or is on for a shorter portion and the effective size of Cl 130 is thereby
reduced. 5 [0031] Thus, a frequency response or characteristiq of th_e
circuit 110 can be adjusted by varying the duty cycle of the adjust signal
OROé 13Bhutibivevisndy seoaldberbretthitichatgesinithe frequenayefed by
theadjust signalen baed 3gdy NRAISAIVES IO NOIAREA IS MOS0 e o
effect on tge %ffective c?pacnanc,e provided by the capacitor _ i ;
(60337 Blring SPETATHA M f%%%}%é%ﬁ@lwk‘jﬁslﬁ@ﬂ%hﬂave a first-
@redeEhviofiviha 2B)cisvaeap gicuid .pWhﬁEHtt?ﬁ taélh@tas\ilgém pl!pglm 163}1 2 g

jiches ' 1. 120, the volta n line is
e o T ML LA SATTHE 2 AL oot
tlr?§ X/BI@G@W Pesh hWéallég? ket sigmahahEnedjlid ssigralsdnvitietB? shutting off

MmmQ,highar@é\/lﬂzJoZlQiﬁ@ﬂ?%&%{/ﬁ?@e\&?ﬂ@%ﬁéﬁ%}%%ﬂg edﬁ%r@ﬁ%%ux on line
f d..If 10 the voltage on line as floated A )

v%rr]i%q S Jﬁf%a%%t,@cgh%&‘é“iﬁ%jé&@a thieRgH eliEgoie heine 122
Eifenie higoamthid chif geridjsttioneshiulg e ascnurniediforgn. heceesighhd. 1f

t e theatimi | nal on line t should .
50 b ol Tt (e i e ISR NORC TR S A AN . chase i
VafEge t{?“é’“o‘v’rg finle! 23 A470H6A CtFrdit APAcilaischame isjesiwetidalibatocounted for in
Spedificalyf viheirdhie Voltagethe2iendines hr%‘laﬁﬁ@%iééa?gmgﬁ?%% (Sg, Zmﬁd also be
i iInimized by ensuring that signal swing a .
O B R BT SR e 2 on ne 134 e
G5 BHent b dfkiprewsd iinvBeriospatiBoeitpuitibd Chiswairapsciltatoritiab foats
Dwides aid. OSeillenhignah deadraauancy, that is (mined at least n
?{art bs/ the edffegtiv% v%y%e of the capacitor él 130.%%%%5 e%sﬁ%]c??nswgh_, tahé" 1132
ac ijgt %féﬁ%ﬁ on e T ‘?S %B}S‘&ﬁed and closed at a frequency tha_tt isa
K98 Harmnoniveotiherfiegien cy@Tﬂbh%&s@iHﬂt%mi%ﬁﬁQ@HlﬂﬁMt %@éﬁ:li‘stzlﬁl'_'gscﬂlator
i . begins to conduct, the voltage on line
b B Tntgian v o e
wiixforelgoaiphr trrsiseiplaf; figthis, ahbodiosit: 10 éitaivesaloing 122 is

signal amiliniesdd 2 amebqpeavides:anLuipHLAN lineot ﬂh‘é_f’z‘éc}{%ﬂ%%fthf gsgillator
ggago(ginlents %f the ﬁlretsent,lnventlon there is né) 25 input signal 112, orV
examplé where (e credir 11595 4h bR fiater AsbageripearasvheTIvdtage V2 on

i o e e e,
s et 31 s O A1 U DU S
ParAeE Bt B RRH Bhelbr iors ewedizaptioiiie tratmeiyantay thet is no
ibeucoimettad, i switahins wHee capasiar Gol39dmayng:a A0Metaksinker 1he
1%%%?%@5\1%@ gltgamléﬁcs)_r%na%tglsg Esai%% éggrrx’d(e)(g (?rt g&%%%teia?fsic g?g%gg%é&g%. %ypically,
lines in this and the other figures may be one line, or a group of lines, such as a bus.

{0035] The capacitor C1 130 may be in parallel or in series with one or more other
capacitors that may or may not be connected to switches, The capacitor C1 130 may be a
metal-sinker capacitor, a metal-to-metal capacitor, or other type of capacitor. It may be one
Capacitor, or a combination of more than one individual capacitor. The transistor M1 120
may be an n-channel MOS device as shown. Alternately it may be a p-channel MOS device,
bipolar device, HFET, HBT, MESF ET, or other type of transistor. In other embodiments of

the present invention, the transistor M1 120 may be replaced by another type of switch such

6
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capacitor, or a combination of more than one individual capacitor. The

transistor Ml 120 may be an n-channel MOS device as shown. Alternately

it may be a p-channel MOS device. bipolar device, HFET, HBT, MESFET,

or other type of transistor. In other embodiments of the present invention,

e tPASTE (B M eLZBEM Aytse iepsiasednyy dmetirethtypei ohswitch-sughvitrasay be
2passal issiale0eplsacisoMe AN e.SWiteh 00 he, i
%%ga%%rﬁmg&paecgqmbmed into a single composite structure. Wﬁl e these
figures show a aWiray RS BPUeduplearbenfedr direapacitsraiehgreuid between
iy arrogscemidctiments, thevswitdre mydﬂerbaﬂl\é@@ﬂz&hﬁo@@,pﬁﬁg% aBds voltage
the, Gitgyi citor and another, node, such as a bias

volta gﬂl%%(;? 2%5 SJ? |§b§5’%§%§ %(rat %8 %ﬁﬁ%ﬁl?’n%ﬁg%ﬁéa%l SR BREERE SN

éﬁqg arrg%‘éfﬁ%‘ﬁ&.O[GU’Q’G]WWEBFMWMY&WEQ@NS@QMMQ filir, or other circuit
priesdoushyidescrigeechay filigio:ae otherclkeitswherg aMarishle fieauency,

resppse or characteristic.is desired. One example of an oscillator
incorp@(()%altﬁ%ogrpé)ﬁa@rlﬁbagoﬁrmn}é% ORI ﬁot JERTHVEN TP S ABH I thensakfisure.

fifiF8. [6o3n FigardRisizblockdiafremuofiag fresHumniogoscilaliong o an
et iaceording ta-and0.smbndi esent invention.. This figure

incl ézs oscilfiuor 210, puIse-v?/?ggﬁgrgégc%%%g%%?b??%&%%t%% u%%’(‘)‘fidth
m"(iHl at"é%?r& BPIA6" MeoSe st srerigéictatesThe clesikasiy AaP gentiraees a

and cap
pivgk Figeatlockisignal ITas eiderguencydhatis;daieymined atdeastpartially parally

eifective, it nguvallrue. T ided by the capacitor Cl 240 and
?r%rﬁii?ggrah%é/%%&?%%%j K%Bn%‘(ihof?é’g%%lc%?%%%ﬁ 4701 ARG 88T i 230.
SRLwittPPRYSinn sienat dorerhisd Sebneltirbsigraluisaywldtieitetiator 220. This

cotfcerosignwoliagedbahis Pravided of aaneraled iNIeIRRNSE J9.8Nd in response
gnwronmental rocess, or other condition or combination then%o?. Zl\Eor

é)x%tnrﬁﬁré?t Ao BTG & Gh a1 SR S oRng P iRakspBREe foBar example, the
tensperatizez povier SApphy veliageponsethenenyienine Bt aagiiPToltage, or

Aisragiebn.the iti i ine.222 be.in response to a A
{)rocess variatié%?&%?ﬁr%%@iﬁét S#]ﬁé e al?:}[/(l)f}eSI %\Enoln 88 e B BRuiR

AP N IIRS S SRR ACOIHNE Shdnge s figtres. of antheegrated circuit that
anibddimentsmiie sonditierusignahionding 222 MA%HE &GO h?eeé&l?&ﬁfn signal

¢ le, a voltage provided by a potentiometer, The condition signa
o e e B i sl e oo anieomecs

ForsRithng tierab288rditior: Popexamile,tHeecandiionssigoak May aemother

SUHSALIOL & YRItage:; that is Jar. ilangl to absolute temperature. 25

Y%)Oégr%efhbe puIse-wié%%ﬁmcﬁ)g%%t%o%{%%’oﬁéeo%)\?gﬁ? Séggg%qg}%aﬁes?éﬁgf%oﬁﬁé("ltage
3T RRE R4, (R eLGHAE SsmRsEaPa. Specifically, the pulse-width

[ | afite ﬁtﬂ@bl-l‘tvﬂﬂﬁ) M@ﬁ@ﬁt_@@ﬂ”&n@yﬁﬁ&f égﬁdﬁgi:ﬁsﬂ %191”&11 BELB8 inio the
%&%ﬁﬂ‘j&g Hgg ﬁf4t‘h gp%%x e!;[i'l yrfl t%l gg{sgv%ieciy}?ggguya%eon CZiI%:uif 220 varies the duty
cycle of the adjust signal on line 224 as a function of the condition signal received on line
222.

[0040] The transistor M1 230 turns on and off under control of the level of the adjust signal
on line 224, thus alternately connecting and disconnecting the capacitor C1 240 from the
oscillator 210. The longer capacitor C1 240 is connected to the oscillator 210, the greater the
effective capacitance value of the capacitor C1 240. While only one capacitor C1 240 and

corresponding transistor M1 230 are shown, practical circuits typically include several such
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[0040] The transistor MI 230 turns on and off under control of the level of

the adjust signal 30 on line 224, thus alternately connecting and

disconnecting the capacitor C t 240 from the oscillator 210. The longer
capacitor C1 240 is connected to the oscillator 210, the greater the
emy@mmvmb‘@oﬁﬁ th@_ﬁaﬂa%@ﬁGJﬁ%QQA Mhile Qt'ﬂléf,%transistors (or
C@ﬁ’i@{:g@ft&leg)ﬁ?n@&dco%ﬁ&%%%ﬁ%‘&‘sgﬂ%nts'Stor M1 230 are shown,

practical circuits typically include severar sﬂ%ﬂa&pacitor-tnmsistor
coifbihativeritiniparareifordmsalimswith ©achesther thei tiasiSios(8knal on line
othenswitehrahisdes castokefvarions adiust signals 9041] Again, ina
sgecn‘ll%ne ] %%ql ?nt of the present invention, the adjust sngna? on Tine

237'1s &St Rarmosie SRR SeR T aRRILIRE BT Rt 22D, I eisembodiment, the

emBdeihfen e olbibk &ssitjnat piolise 238 clagks themRelsa Widthivided by a factor

medulatiom 6ifGuis embodiment, the nominal frequency of the
oscillator 210 is 1.’§§I§ C(}Bllrll-fgﬂ%?s Féltﬂ{?éibgy?’%l divi té%fgbg‘/aaf??&gf‘é’?ewlf@ii’ﬁuency of

t(; %WRAWQE%HF&H%%@? tnadad- by B vesulting inhés flinsddmenntall is then varied
fraqjuenady«f ad thdHdzdositael adjyst signal on line 224. The duty cycle of

thy signal is then varied and provided as the adjust signal on line
2@%’0 [0 Zﬁi%?ﬁ’éﬁr“ agﬁ’c‘)“ﬁ% ‘%ﬁ%e Pt E8henig Sighandidipdipsignal on
s 8¢ adjuse digfeatnonn fimeoR24rmhaytibe wiffef enrt jressatioiSntion. That is, the pulse

emaadimenisof he presentipyent tijs,the pulse width ulation .
circlhlrilteé%lgzma be configu.rea su?k?{%ﬁgg lt%lgesf?gaﬁmeart%%eo X ueenc%ré}ﬁ iy gQpk signal
ne

on i TR R erredieRen gl gRdinmiie 2pmalErmttelyrcbtherships are

rB.‘l)aii'bhisfﬁpsmnﬂﬂGSSi@lﬁﬂﬁﬁi&Xﬁlm.dﬁliﬂé@q%ﬂ&ﬁt\@w%%@&?@é}?ed to provide
I nfigur r a frequency for the cloc

B b SiFP L8 Go et hdtfonditon hat s

E4RLFE dorgsgaries dhe eReditritionlsigriadedtine 222. [0043] A specific

goobayli m*eEki&fxﬁla%@B@ﬁﬁﬂéﬂpyﬁm@?}e%ﬁi’iﬂ@énﬁ@no glialrnaving a ﬂgxglr(lg a

&g@f{il ¥VIta %f{ﬁg%{enc%/ thags stable over temperature. In ordper]to ach|eye

this. the " oscilator TSP HRAEr beteRIe QHSFARBR s Ee s Exianipleehiste o, the

Qdigration pricessare R ahovpndtetbe Bewhiive fioues: (MBS ss are

3shlogk diagramdliysiating the free-running oscillation circuit of Figure
2 while it is undergoing calibration. This figure includes an oscillator 310,

rQfErEncE Bt fidisriiock danmatibnstetinotivirbuit 880ingregitmmabieuit of Figure

Dokl tedslenddfdiansistesdih. 350s GARACI ' width
%%%qfél%trosrz%i;%gf% S%w.ii'he ftr?quencfc%fﬂgg:%%t%%rg %goo%q%ﬂdg% g?(ﬁiiatgr 316
[ a

is determined at 1east 1§ Pait By THE eHfbaroereapsaia o mithien#ligensistor M1

By trrersnpracitor B0 360. fypicailyh thednsailatacal §76rangistes i 38 oscillation

sndhearanlier ¢loi0 s ncsdon ap niearated dicait, while the

eference oscillator 320 is separate. Calibration controPefeRt3gue provided

H&ﬁ)fﬁ&fﬁ%%@ 346 ffagistlindharcBiaipchidedaonistee M1 350, and capacitor C1

360 are included on an integrated circuit, while the reference oscillator 320 is separate. The
calibration control circuit 330 and lookup table 340 may or may not be included on the
integrated circuit depending on the exact implementation.

[0045] The reference oscillator 320 may be a crystal oscillator or other periodic source.
Alternately, it may be such a source in conjunction with one or more frequency multipliers or
dividers. The calibration control circuit 330 includes a frequency detector that compares the

frequency of the reference clock signal on line 322 to the frequency of the clock signal on



10

15

20

25

30

integrated circuit depending on the exact implementation. 30 [0045] The
reference oscillator 320 may be a crystal oscillator or other periodic

source, Alternately, it may be such a source in conjunction with one or

more frequency multipliers or dividers, The calibration control circuit 330
ifBfities dmagliénajoteon ithatidormparestthel freqineBCyol e a control signal
referengeclock signal on line 322 to the frequency of the clock signal on 8

Izrag 4%iLZ.ﬁnrom this jnformation, the calibration control circuit 330 provides

1 control G AT OLH RS 85! B PRe MaTbRIBHUE M ths cnéwit 8801 on line 332
Vai{&ec@samf “@g?dﬁ@ematﬁ?ij@ mﬁ:—*_@ﬁdm@ 33%1@5@3 %m@%@%@ewggi@% frequency
o7} [elatiys fiegugncies of these input signals. When the frequenc

of the clock s%nal on line S%%etu\ﬁvét@ﬁ%ﬁﬁ%C%er?tg\é}ée’ﬂ?%fé%%ﬁmoo%e frequency
e s irrenreglrskeienst aadirsraiente efodiobigeal on lime3322ytheher data
contrghsiginglomHine 332 sphatberidatassoriespangding. o the cantroksignal, . .
n.line 332, is stored in the lookup table 340 along with '&%ﬁéond%_t?on ong with
measurement. This proces RES BY rapeatdarst Seerar eahentsiivalmbass or
éreistatad, fandrforronerodifiorstdifietentsonditions. 10 10047] Once a

nouRber efcontiphsignal valuas.ARd el correspanding condition
measurements are stored in thg%okup tS%Iaen% ,lrtﬁ(()erT & f’ilnc(:fé"l;{lﬁg B%Wdé%n

SUEAHETIRISr e sros<adts rrkugrahledés Smbodirmehtsoiithe prddertber
imventiod, tﬂat@;ismo?&emfmﬂaagps w&@yﬁ%wgmb_ﬁraaagmﬁggs%g f’_@len
n.one e iIment of the present Invention .apest-
R D T8 o SErD R B aRl Pt i
ElitAEsnaeRtem edbby -4 stcond-girisdIpasial thdagh in ofpefific embodiment,
efheginenisefthe bpresenhinyention: imay. Pa.a.di %@Jﬂ%&%}%g iC”ernVF?ofthe

hraeving,a diffterent ord%%. Alternately, the curve may be pre ed where

fhe datE (B TS SR At QSR HhBMS Yemmecibartecy dikneniondesr Alternately, the
ewnbinationsedefalsbiiensedd Adtesdhesdata isdittea suneisenaralomer

Mok sortrel signal; ints can be interpolated between the

measured data poinltgslx.z?SI 2%(2)1 %%]é?f]e SS£C§S%§R%§?%% P hfE theveral more

RoRER bt Al RAP DR R Daked Bitimepnathel irtexpal ationp Fots.
@eEsiplesdpesessanitalie At OiR IGRLLIAANIRCIIING SYSIRM SaN. fitting
r

Q&ﬁorm e'ﬁ er or’é)oth of these functions. Alternately, an on-chip processo

can 0o BIHerSr TotR SPRELPTARTIROR DB REY iy Bieos marstpsamngssystem can
B;@ﬁmtéfﬁsrw'mqf@cgmoigomle%i?g@ms ?ﬂﬂg ﬁ%@&@bﬁ@ﬂ@ﬂg either or
valLies atacee | ntrol signal 25 values) can he stored in
2 lookup table or oth’(?rp %%gmgc%rgfé'ig'géaéga@ %gr? Hea 6\31 %%g}%c g rOCESSOIS.
WL p oty CBridias sosie sirahertoalue dTthieotookompdtaple camrbestieal
saime)loakip srble 13400085 HSRDILHONABHIIAR MEASUIERSNE A0 by he
&g)l%gol s!gnal vaHJes before curve fitting
ponding condition measurement value” This lookup table can be the same lookup table

340 as is used to store condition measurements and control signal values before curve fitting
is done. Alternately, another lookup table can be used. The lookup table or other memory
used to store interpolated data is typically on-chip; though in other embodiments it can be
off-chip.

[0050] In a specific embodiment of the present invention, an on-chip heating circuit is used
to vary the temperature of an integrated circuit that includes a circuit to be calibrated. This
heating circuit dissipates a variable amount of power in order to adjust die temperature; die

temperature being the measured condition. One such heating circuit can be found in
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is done. Alternately, another lookup table can be used. The lookup table

or other memory used to store interpolated data is typically on-chip;

though in other embodiments it can be 30 off-chip. [0050] In a specific
embodiment of the present invention, an on-chip heating circuit is used to
vaRpeRtEngeHpisrabireafmintediatichcinoit thar IchudestR CIroHIR bearing
calibratest this-dneating.circuitdissi variable amount of power in
order to afcijﬁlfé die tergperﬁgq:ﬁg%rﬁaé%r%%% b i?g;af{h%}r@ﬁgg%r@reéraj Sehat
conditibn " Bn8 SR AY RRrctilt it Bisfoumesd Bvdeferding United

Stiked patentapplication niimbexf:722.226, HledQu-Dig Healing 310 w match

GircH for Rapid Heating of the Die," by Jody Greenberg
o S ST Gl B (kb I 2008 WGty T

(ETBPSH (IS TeRs wehtRs|thigraipeedies raybireddoedhe. Hiequenescabvel of

thevasciilaiern 34 0nten aiah, &r@i@c.ﬂ@%@@Q%qgﬁrb%{ﬂ%%@gaesu?%dggtt s SZr%oney
%rz%b%tﬁrexéj {or }pumber of temperatures. The temperature can be ’

measured, or the temperdtire A BE el Hivanrabspetitmpeveho data points
pekwer Bissipatiol.im e beatel cisnUitvGiBEH@ARRLMPEEAUSe taen. An expected

rneaswenent costs, iments of the present inyention
.t%{gc%!y limit the nun%%%%%??n@é@r%ﬁr%s%?a %stpt)lcl)%n%g%t%%éﬁ.t FEYGEpRRother

BB SRS T dreTRiRTdiliPearataoptinte: aredalehs Ancexpadied

0lguousisauseds Ehers iR darCaR oIS RS0 SfanA AISques ang
t@t‘ﬁe‘?%&y ép O@gggglerm gnct%g iment of the present invention, five data
points are used, and a second-order polynomial curve is fit to the data. In

dMEPlenisem s vsthereuevé fittageteckiniquesananBNEr EuMREK:Otan be
detappoints can Hausedi{00S2)Enm thiscurve, however itis generated,

ala ro%efgqn ber of dgtaI oi,nts%%:ealn be 1§ﬁ15§§\f‘gbﬁ%f{‘é’§?ﬁ§gf exampre’ ?}r%?l’g an
speciic empodifitent, 1 TP RthEI SRR sRidt rspipario ahailegcPTATer.
ACsoingl 250 SR e P oOIen Al St b e el i
lookup tab et thatis ; (rale%sslgrcﬁ %fyq é%ll%?fgfuégn Fdfish BrbRuments, converters
R@ﬁﬁﬁ% PibSFEIP irey B Brsaimetss oaverte rsitiavings atliesstasRIWIANGNS can be
asl. memories having other numbers of addressable locations can be 20

Hﬁ%%l]l [O(I')HS?;E} In operation, the temperature is measured, converted to a

digital sighal. and uSSd T PAHIPESS BEBHrch SRIYAT9AIve: datsabermrel and used to

gfigiess vedoriis! sigmdl toegen dliateapol seawidtiluaeduiatesagitst SIgRab widt,

Whish.ldysn, vasies 2. ¢ itor value that tunes the oscillator to the
gesiread freq%ené%ﬁz"s [%%gzﬁ&%%“u‘%“ﬁ%sc BHSWERAM A Hat e Gpcillator to the

BB T8 Free-running oscillation
[0054] Figure 4A is a flowchart of a method of calibrating the free-running oscillation

circuit of Figure 2. A condition signal corresponding to an environmental, process, or other
condition is received in act 400. In act 405, a reference clock signal is received. In act 410,
an oscillator clock frequency is received. The frequency of the reference clock is compared
to the frequency of the oscillator in act 415.

f0055]  In act 420, it is determined whether the oscillator is operating at the correct
frequency. Specifically, it is determined whether the frequency of the oscillator clock signal
1s within a margin of error of the frequency of the reference clock signal. Ifitis, the control

signal value, or information corresponding to the control signal, can be stored with the

measured condition value in act 445,

10
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circuit of Figure 2. A condition signal corresponding to an environmental,
process, or other condition is received in act 400. In act 405, a reference

clock signal is received. In act 410, an oscillator clock frequency is

received. The frequency of the reference clock is compared to the

GG BitRetodEIFatBPIN Wet 8 1530 [0065)n anit4R0idtisidatenminatie
whethisignet osailatar ds-eneialnaRLINBCONRR JeOHARRY uabeclicalu s, 1,
i§ng§%rrtpli6neadu\é\{rg(lethelr:the f(riequency of the oscillator clock sig eﬁ/ IS within™ ™

a margin of error of the fraGuSHRY 5 YHE b Srardirie Moaksigratcifids, The

cortrbi csigrratoitave cbrimfortnation correspoading-tacthe comyob&Ianal) clock, with

cande staredwithihs, ition value in act 445. 10 [0056] If it
ifo %(1) thléacom%arisoneé%fggc%%gﬁ%@g%g%mgg# TSI IGIAPIS 40405, The
ontrol

| sigAdl fR e ISR Rerktal dhealeinst shomadrhtwingtlee varidibiie: dulyes and
cyeiﬁ?'mramgc%a kanaet %iﬁMtﬁMSthﬁgﬁg g%%lﬁgé idth, d f?ﬁ example
capaci C 1€ Mmaoadulated capacitance changes the
e o DR ALey LI S fE ot be sored n act

oscillator frequency in act S
ﬁ@%uency, can then be received and compared to the reference clock.

[00591] Wingsr: distecisiikesmat agh.ot e desied tem A S e oin
con |tt|on. alueg and  corresponding data can be read in act asGegeee
data points i b RIS ARSI B aiple Byeuseterdthiasiiinigahedotmany
48587 Fhaintierporatech confoolosignati yaleles can be stored in act 460. 10

9 ]V‘ﬂ;@{- ledh iBration techni IS well suited to calibrating a
gr@eﬁunning éggiﬁgc%ﬁ?%n{%( C% um%édp %%%)c hg’rr VRRAS B WA orsiRg to an
ARG eRAP fLha B R [ tenkrmy IngtbietSGircvitsdisishavwsatimthe doHowingor

fieumel{QORRbEgFe 4ByisasBowshartela methed of alibral Qg BLIEUIL, 400
a%%{psllr:%%pﬂ%rg isel[nb‘ggé t%nt gf the present invention. In act 480, a ‘ "
conditioRt Is set and mMessUrEa St 1 8Kethsfso R teatiberatsradiion edgstmined.

st éfmgg@gymmm«amueemm&&zg@l qefjatrpht%igaa*rms data
Be sequirgd.to,achiey es] gome-at the set ¢ ition is
lgﬂj{ter ined. In act 48?,) ’ﬁ]ﬁagfoeﬁg}%%lr%%é%surem&%kélﬁéage%ﬁﬁ@aﬁg&ﬁwfher

LYAET FSRLTBSstOVER R dBeslatn a3ap deperessiedan Gntohipsarioffeshime without
bﬁ@mmﬁflmm?@tkup ﬂ&abgtanﬂaﬂiﬁt&r&é%ﬁf@@gvé&@gw89%%&‘%9%&, and the

. data.ma e processed or further use |n‘rea-|me WIithou
R At P i Vs s
ih9efled "aifd He. itdedirstondrobsiyraldatassterad-atiogationsdaantified 1 it
Ipdhose ipfared Y@é%c{%@iﬁ&%ﬁfﬁ&a& igsdetgruned whether data  cach

has been taken gt the last condition. asn't, the condition 1s Set&
Measure 1&65”“ f SeA SO R AtRAs e ard et eatiy! signal data can be

read in act 488. In act 490, additional control signal data points can be interpolated. This
may be done by fitting the stored data to a curve, or by other method. One or more
processors can perform this curve fitting and interpolation, and these processors can be on-
chip or off-chip. Alternately, on-chip and off-chip circuits or processors can share the
processing workload. In act 492, the interpolated control signal data points are stored.
Typically, this data is stored on-chip, though it may be stored off-chip in various
embodiments of the present invention. For example, the data may be stored in an on-chip

lookup table or other memory, where address locations are identified by values of the

condition signal.
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desired condition, the stored condition measurements and required control

signal data can be 25 read in act 488. In act 490, additional control signal

data points can be interpolated. This may be done by fitting the stored

g?ta to a curve, or by other method. One or more processors can perform
%6&1rv@“ﬁﬁﬁ?é%ﬁﬁf&?ﬁ%Féﬁ@ﬁ?%lﬂ@&ﬁés@tmmessimfsgmm begrbechigirable in

oooffcclibpdifltarnately, @Ek&hiﬂl@é?ﬁi@fﬁ'%ifpeﬁwgz PLQEEPSOIFEMn be used to

share, RLQ sing workload. |n act 492, the interpolated control signal
data pg?ﬁéoé?g%?%frg%%bsﬁ%}‘ﬁgﬁlrl g QU brideriman begies such that

i sterkdretiomip inrvaiiods Fembdimentssofitae resenlinvention. figures.
Fosexamplacthe datg, maybe.stored | nzchip lookup table or other .
gnem(%)% whgreTEdd,rerss locations arg}i%%ﬁrt%%gﬂg% Valtes 8P e ESAiToH!
Signat. $10DETL L mAEYehAsrrss tmitopsdillier elitiniesHewn icillator 510,
Pidie zzmailyvmgjgi@amesims,sﬁﬁmeammqmﬁ%chm%iprs%%e%@i\éﬁ‘d?ti@51-sso,
ERLExaPRIes@ resis buffer can be clean up the oscillator

oﬁ{?out signal. Alsc(f %&rf&ﬁ%?ﬁé‘g ency ¢ i\gié?e'rsTt gﬁaeﬁf’) SEPLURtnat e
GELRERS CtocK friidersheyriinhyalizethiExamniples-are desetibed ihdheteristic of the
totimanngstwortigiasped 0982k riaurem dadorgdeigliedflock diagram o,
gol;ggse-oruﬁrﬁgln aggicnla ion circuit according to an embodiment (_)Eft e

pres .ntn mvéntlon.S Phig citeliifaNde arrodisi sy e, epbermsee of the present
divieers 5801dntisB4dsIpulsecnridiinationk iatiercsiseyit-BED HRARIISIOF Mhrious adjust
§60hiscapacitor Cl 570, and control signal generator 580. The effective

f pacitance of the capacitor Cl 570 at least partially determines a
Pe8tiendraspliags dilararitee speontivecildeciiatel H10¢ forfexaniplase
sosciliationdtequangyniileiaahoonR 6aRACERNG!RFA ARy the oscillator 510,

& ing transistor MI 560 is shown for simplicity, typica '
A oF g SRR bLTn JRACHBEr Syl melude hsteess t

Hoifitratibagat adbrigs drfparatielicontrolled by various adjust signals.

[65%a31 The aton 510k ' cillation signal to the buffi r
gzo. The 15&kg$gf‘hfer 520 ga%?gggésrr%%%gns hg?e%leV ggscg?%ﬂré%oom\ﬁhltcgigfﬁ’é?% the
providen iy e oseitamisle: Wrickastpicily Biowiansiubstsmbsdidided by
A tfer GB0MMashalseainglede yStaresis ten By ovide.asbSRMIa Y ovide 2

| t [Q0641 The output of the puffer 520 is received by a
e S R g SUTEy R B b emober sy

By1sefactérst dividernisasighalteamdartvendbéedivided by 20 divider 540,

tobish Inivscarampladiviien i fedsnr by AJAUNL AL 10 PIOME &)
gl%(%nalt}\l/o%c on line 542. In other embodiments, other flrgequen(%?l ividers

and muttiplers > hEcTIEed Oy s diHeerentREale benproyshmiorsstest other
type of parameter. The control signal generator circuit 580 provides a control signal on line
552 to the pulse-width modulator circuit 550. The puise width modulator circuit 550
provides an adjust signal on line 554 to the oscillator circuit. This signal has a duty cycle that
1s modulated as a function of the condition signal received on line 552.

[0066] The adjust signal on line 554 controls the impedance of transistor M1 560, which
connects and disconnects capacitor C1 570 from the oscillator 510. Changes in the duty
cycle of the adjust signal on line 554 varies the effective capacitance of capacitor C1 570

seen by the oscillator 510. This in turn varies its oscillation frequency, and thus the

frequency of the output signal Vosc on line 542.
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[00651 The control signal generator circuit 580 receives a condition signal
on line 582. Again, this signal may be derived by the measurement of an
environmental, process, or other 25 type of parameter, The control signal
generator circuit 580 provides a control signal on line 552 to the
pldelvidirevoditatdp eirouit B5OrEg fdseanidth oTaskIRIOREISHE B501ation
psoviges & Jystsignal ' -1o.the oscillator circujt. This signal
e 2ty vl o S LR B s o R gqostaon
ré‘@é’ﬂ}éﬁ%H‘ﬁﬂ-eE%%Pié)mf%ﬁb%m@imh@wdm B8Uicoetsolg theamplitude of
inpedatictonfteansidtordvib §60e whighnS0oromnectn ARG dISCANDECKS .y 1y act
CRRAGHAL Gl 2 Q. frg thrcladlce%%illator‘ 510, Changes in the duty cycle of the
adjust signal on N6 554 vanas thesHEdtiveS AipaEitiica sk bapasrdiean

S0 TSBRII tRE eseitaoh S 10PT bis indiionv af tesiitaaseiletiopHoayanthe a
angtibesrtherdreauencyeithe out Vaosc on line 542. 12 [0067

Faigsu?g Q tiesma flowchart illustratin %%@;%gﬁ%ﬁ (e)%%tﬁlé1 ﬁ‘ea Y(?tlfﬁﬁ?rfjgm[pmml‘al to
oscillation Greut o EGRFEEe K oscillation signal is generated in act 610.

| 8et1620; this dcillatio signahis/gainedd Thishas thesefact 0hr ihe condition. In

shaggen -increasing the litude of the oscillation .
S I B e o s sined
640 & sEnre MR rE e EeRtMRI idsrewsdive okt Al Befprerciher canditidRtion signal
meacthe &0 environmental, process, or other type of condition. The
MRasyrement, {gggli}{?}g may be 1volta e or current that is related to the
condition. For example, & voltage proporficHak (52 e s ingmpritatine frequency
v ie ?%%%&?Yf@mem@ﬂ %@mmunem@?ewcmm @mgage
measieRLefd iti t.660, an adjustment signal is

enerated using t gﬁ%%?(%é%g%tlkgnﬁ%sgﬁﬁ &ééaglx\rﬁdgl P?fa?ﬁéﬁl%gaﬂ%ﬁther
SR AT h e G fmRRRSIEHRES Nisswd dnstnding freigee o ofobiepstillatibarher,
sigreathin ewtiven6Z0n[AR6S} el eptriasoins BEdoakuR AR A0S S ion. @

' llation frequency remains constant over
RSt o chi o P el table

HJ0n &) avas Smechamabnship (o tsmperbitrenib obar ArtROSEMEMS s 10 in fhe

derucongdiivnaiesides ieMpLiaLLe sed in finding entries in
the.lopkup tﬁme-ﬁﬂ{?er,l more thalljg’S?égz%gn%si%%%q%é?%géeﬁggrggqodgmem of the

arious embodim BFEHE RIS AL SHITGAL ESnTERT Bibodimhtsy core (or

tiorinbidigesuotstor AgRACTTNitsdcen D 15e6kin8LAeh AlRAKYR (898 na 1
o L T Ee AR LS o G GOIEEY ERlposeor bt
SLRRISCIROREF ERE DEimEh B THR apegdn v edtignhd hiss Sgueh modulated
inphdtles ad@h@@:@drf@meg@ﬂﬁ'@{IMIZ?@QQ@Qr9§ﬁum9%§8£§pg%ﬁing capacitors and
transistors connected to the drain of transistor M1 710 are omitted for clarity. The gates of
the omitted corresponding transistors can be driven by the same signals as transistors M
750, M2 750, and MN 770, thought they may be driven by other signals. Other capacitors
that are not selectively coupled and decoupled from the oscillator core are also typically
connected to the drains of M1A 710 and M2A 720, these to have been omitted for clarity.
[0071] The frequency of oscillation of this circuit is determined by the values of the
inductors and the effective capacitance values seen by those inductors. These capacitors may

be connected or disconnected by their corresponding transistors on a steady-state basis, or
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tank) including transistors M1A 710 and M2A 720, load (or tank) inductors
LI 730 and L2 740, and pulse-width modulated capacitors CI. 755, C2
765, and CN 775, as well as their corresponding transistors Mi 750, M2
760, and MN 770. Only the pulse-width modulated 25 capacitors
dbpineenebet titenettain 20fi M2l F20earershonte AL SPOREIRG SANFCHQNS
ansidransistars;connected to the drain of transistor M1 710 are omitted for
gl(?[{ﬁ%é The gates of the omitted corresponding transistors can be driven
y

sam @ SigHAR B AN SreSRr Ny ST 2 PB0atard MNRGROS and
thoughotdey mayibedivemhyoihersionals: erGARAGITATSHRaL A8 AAL

selegti coupled a coypled from the oscillator core are also
t p%;i/%xg @gﬁéﬁggwaﬁﬁmnf SIMTASIE SPRAINHY 0 Hediesitand they can

SVE e BriRtearor antyits[0aTae Threrrstyuaroyedfinscibatipnsof thigs. The
cirgiaikisadetermined bythenyalues efithe indyctors and Hﬁ% emfsfgc(c:}gx\{ieog the period of
e

%gg%:g nce values seen by those inductors. These capacitors may

connacted oF disCORMEE AP B THES cof BhoniRypframsitors e used, and their
swWinehrsiate basib ariid thifyrmehamwitehiesk bR ahhavRg Aty ei shied,
axaleLndeneontiahola pulse IR modation erekt bodalin.one

embodiment of the present invention, there are B {B15 §¥efe may be varied
COBEHBhURS G R hinsTSTara s e detaumebthe fdrainmofivi e BO pane dGess than 32,
Gthexeapasitos b connestadiohe.drain af MIA; Sransisiers -

G al? eeq)Léall)(l el h}ed, a@% they can beé}{sfwi’t?lk%%lgﬁﬁﬁgf ggg\%%?%% Blfttsl,le adjust
th?%]‘t a?)e ‘thermally ¢ eec%&gg%ﬂg%%ﬁfﬁﬁ%i@?Ya@. R figmand tnsernavemeters.
diftyRdycle matievalied imndiemenisio orethitysecandefdruperessfcy for
the adiust sianals: io i , the{ numbers of capacitors.

may be ﬁqued andlcthégi&:ijﬂ %ﬁ’g@%@aﬂ}?%&%ﬁa te |?11%deagl?f)e%er‘ff%$§ﬁr%eﬁr
EUFSRanipIe sy Deetirsmrn ety ietetion apelfotaduightyome quantum by
thirtyitgercapacitorsanayibg isednfuathes e disyeyeladmay fe ¥AlSdy one
%@5&’:@1{ Q&&gg@g@l increm nt§ﬂ zgmd the number of increments may be

more or less than 37, “Eor e%%mapllé,ct?}nél%fg 3&/8}8 W@Maﬁ@&ﬁnd one
E?@ﬁ’tﬁg? SHRRRSERAL Brairpjidoththis obthecadjusthsigmal graviod. AUeIMaeYequency
BOSERINAIY r&umﬁ%m%%éaﬁdéé%‘é IR&@QMn%ﬁIH? §$§ gl %tn‘%lrlsfhelqpah]é?s%olrnremains

on(%he%(em‘g)lz;gy en%}_téxodiment of the presentiinvention,"a maximum

fraquiency RoY 18 3RS Seamakivs eifebitseckcpioved when all capacitors

f@‘?ﬁfln_distibﬂrgmteeisbwiﬁlﬁ%&imw{@fﬂqaeﬁép%ﬁ@ﬁ&@&j@&%{%ﬁl _'%gléﬁ%}hlq signal

psgillation 6 one guantum plying an adjust signa

havirl% a mifl},ip %u?%ﬁ%%%%é éé ts'c?cgﬁgéu TARSIS 5%’{5 t&%iéw,wdﬁ‘ét%é?@%fﬁrfu“y on
he Ctoer o Re EpaisHUP tharis eBnitstedsts thesdidirmofididRlGanebntinue until

gheatieasisiertanaesigdto a %R%ﬁ%ggimar}lfﬁlﬁﬁﬁpggéﬁgt{%}g% d%%ilgy (x)sf reached.

JMIIZA 720&. Thg frequency 20 of oscillation can further be reduce
ralio

Ll opes 5 BOL ong SR a’rﬁm%@/@ghg}g%qlaﬁ@mgﬁﬁ@mvides signals such as these is

shown in the next two figures.

[0075]  Figure 8 is a control signal generator and pulse-width modulator that may be used as
the control signal generator and pulse-width modulator of Figure 5 or as a control si gnal
generator and pulse-width modulator in other embodiments of the present invention. This
figure includes a control signal generator made up of an analog-to-digital converter 810 and
lockup table 820, and a pulse-width modulator made up of a counter 830 and decoder 840. In
other embodiments of the present invention, other circuits can be used to implement the

control signal generator and pulse-width modulator.
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on, that is, until its adjust signal has a duty cycle of one. [0074] Further
decreases in oscillator frequency are achieved by applying an ladjust _

signal having a minimum duty cycle to a second transistor Wh!le the first
transistor remains fully on and the remaining transistors remain oft.

W fdast spadser sigitrsqeetesdcanico ity tntiv2Boaltrdnsistataverter 810,

rewvaiaec filly; 98 bWAEE BRIDKRMIREYM,OREHANIANIEAUENGY.IS 1 10010y
reac 38 P;[he operation of one exemplary pulse-width modulator that

;S%os%es sigﬁéﬁg‘i"s@cﬁbé% TR R5 BT o FHient!tRchRgurese 6078} decoder
Bitjure 8 is a control signal generator and pulse-width modulator that may

d ' nerator and pulse-width modulator, of
T s R el R e
§eerEAiiormilsrre s ané pspaisdsdtdnoanticher ThislifiguienaicludBsea Lantrobne

sighaligenesatne prade:upyef s anaoetesdigital converter 819 and,  merer
I&)ecglc#p(}ablgﬁ 0, and a ggrﬂlsela-width modulator made up of a counter 830
e

SSAST BB oMS B8 AL R e b sy ibrsiatrshbisthehe control
eiesaltsEarrbéivsdttorimiglemetitetheurcanttl aignslgeneiaior @bduty cycle of at

i 4 condit ignal is.received on line
B B the oy o il comerar B10 Aha It U e A Bt adp iows
E"r ied BUiyitar BRI A gaecd 1sratingche aerisioku thaliel820idTheodulator
loGkepr¢ablahins hignrpravides aa@mrﬂlgﬁigl @ab:[(adhﬁtQQ%@I ba&%%@i%ﬂlst 4 signal
40. 771 Th ntrol si VISBs provided by the lookup
Tt e BUS IO ‘SOEOAE s Rt R SRR R Aol s
e smatiosesiptineonhdfibs Banirronetiembodiment of the present

fovesttion avihermametss deeades §usahA. hermameten deceder. o ol
Ejegggfs biqlﬁrilggwei%htedgﬁits into aé?:%mberrof equa%gwelé%t%duglts. THE ™°

contror°gignaf CSBE 3 fna 824 Motiteigtls tienebimtdrsagurcrdedidree-
eightrel tRmdatyt ¢yblehofoattiBeleastooeied &hﬁl@dh@hﬁiﬁﬂ@%&@éﬂi&% 8¢des. In
SKSeTo TN imi ' which foll 0Q78] Figure 9 s a
??Sh:ng diag rgﬁ%t{ﬁ%g%?%ﬂﬁg %f)r{(gélrszaftllrgrE1 eocfot(l%e\g%}u se%%/rv?éf';} n aﬁllietgtbydfmkup
RjEratslerhrongurschsdn radrelletbbk sigihar 910e AtjuspLiGéionalskOa@ble. In a
aujtifit 4:8igiah H30f ﬂﬂdpf@gm@%tﬁéﬂc; @ctiﬁr%ig- %B@&%@p@;&?&%@dﬁ for 16
ignal . 4 possible states for this | _
Lt R —
trebsidimeis oRervemdihigishihiieratijusts-B aignals 040 1emaisrawfleircyit

' ' i [ f three-
afiystAsignak 93 has,a yariable signal that has a duty cycle o
gqighths. Thait is, it is hir%g for three cycles of the clock 910, and low for 5

oyt P i e AB SEiFRE Y, cane Gigteadjube sighedd ane geootiedy changing
fronuthieelbiis provided, by 196K d one quantum by changing the duty cycle to one-

half. In other embodiments, the period may be less than or more than 8§ clock cycles, and
more or less than eight adjust signals may be generated.

[0081] The capacitance seen by the oscillator when the adjust 4 signal 930 is high is greater
than when the adjust 4 signal 930 is low. Accordingly, the oscillator tries to alternately
decrease and increase its frequency. This would cause frequency modulation of the clock.
However, if the clock is divided by the same ratio or integer multiple thereof as the pulse
width modulated frequency, then the frequency modulation is substantially cancelled.

[0082] Referring now to Figures 10A-10G, various exemplary implementations of the

present invention are shown. Referring to Figure 10A, the present invention may be
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table, while the duty cycle is controlled by another three bits provided by
lookup table. In a 20 specific embodiment of the present invention, four

bits are provided to the decoder for 16 adjust signals, and five bits are
provided to the counter, for 32 possible duty cycles. In this embodiment,
frepadifd s pohyd stk draigriaratalds, nhetis jthentap avitaincs of dhectaakor both

citguit peaasbie vatiest b Hiel NIAMENts 00804, l.this xample, gggm 10A at
3@85“\{1? %%pacnqmce can be reduced one quantum by changing the

Uty cycie 1o one-Tounth, 8PintFEAsBE BHe R AR By Eh Al IR8 aspr other
eyptelitdnendvey. imEBtiie @iibodimentss thexperiaghmayibe lesstha:Opton,
rsthan 8i618eK cyales, less,than eight adjust signals may .
g? enerated. [00’8%1%1gi @Eé%%%%%%ﬁ% ége%er%p Bg%%‘gé}s()éiﬁ% or %lﬁgmﬁé“agne“c
SGEE PEMOWAIS98 is high is greater than when the adjust 4 signal 930 is

IMBACCHMMWQH&@}O&M@M&ﬁ@%ﬁ@t%WYcéQnQ@gﬁgéﬁ? A os o computer,

' se its frequency. This would cause frequency modulation of the

clggig C&ég\zg%%gldl e dlock st e%l %?‘ﬁea?é%@tfaﬁ?ﬁw{rﬁ%@@s’ media or MP3
ﬁ%ﬁﬂ'ﬁfﬂ@% g?@bk‘a%ﬁé’@@m dgidthsmadulate dofsequaneyr theeldhecommunication
fieeensy m@w@@@&l@%lé%m@?éh’ tS‘%Q&ﬁHSﬁ 0&9 §thRef%g&Ig% oW tsorr1<-3mory
E}]{%\rﬁs IIO -1 OG, various exemplary implermentations oafst e presenf
inventioh afe ERSHACREEHRA ey ieh o A2sansreesntindentionamay (ROM)
bedls etrdodiebliéredand diskadrivegt000. The present invention may

WW%&@};@%&W@% %Qen?dé’r ceegs{séis%g and/or control circuits, which

are generally identified inFigure 1 O YRAES B pleRantibne: digital
LRGSR dRdroldntidediresin o0 tnd mapiheretisouiishinot both signal

shows)in DR 400 avRLsessdataRerayending ﬁﬂﬁ'ﬁ’&fﬁ?&@’ﬁ%@ ,

?n Org‘%ggscalculationsl,oeirgdlgé{?rmat data that is output to and/or received =
rom a maghetic. storage medium 1005 (obssimp Bragwenaayd/or control circuit
EdMrmiic atbonitheal idsb devive (TODSMOWINSUEN 55 RLANPUSEH QR He
SMPUHRG ARCRS BHAN AT ST, igital assistants, cellular.phones,

media 0%3, players and the?i%%%%@ o%)%rtﬁ%ega%?%\t}ﬁ?gtez’ss\wg ofrl{% ?"7’9?8? ata

WATEE SPGBy oragsumnfcativr A0lilRs T00 8NP DIB0M e sigHe processing
sofineciedoleinamony 21400 sHeb a5 ERIGN AERSSIMBRENY0 (RANS perform

cy nonyolatile memory such as flash memory, read only memory
s %lné/crj1 or g{fhaéregﬁﬁ%gfé ef%a/séfr RSy, AbearRERE FRigng

m%ﬁw@alﬁlﬂt%%Y&émmvention maybe embodied in a digital
m@tilm&l{?/\!%W%%%%I&%ﬂé%ﬁ%lné’u‘%p&o La \(inmﬁlpsheoryv%%uch asa
either or both signal 15 processing and/or controfl circuits, which are
emRY iy fefRTRifR 0TiR Py R FOB e oL 2 dy P drrassinites Storayei¢OLs links
of DVDVArive! LedH. Dignalixaeessing admr GertreliieUlat stores data in 2
nonvolatile manner. Mass data storage 1018 may include a hard disk drive (HDD) such as
that shown in Figure 10A. The HDD may be a mini HDD that includes one or more platters
having a diameter that is smaller than approximately 1.8”. DVD 1010 may be connected to
memory 1019, such as RAM, ROM, low latency nonvolatile memory such as flash memory,
and/or other suitable electronic data storage.

[0086] Referring now to Figure 10C, the present invention may be embodied in a high
definition television (HDTV) 1020. The present invention may implement either or both

signal processing and/or control circuits, which are generally identified in Figure 10C at

1022, a WLAN interface and/or mass data storage of the HDTV 1020. HDTV 1020 receives
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1012 and/or other circuits (not shown) in DVD 1010 may process data,

perform coding and/or encryption, perform calculations, and/or format

data that is read from and/or data written to an optical storage medium

1016. In some implementations, signal processing 20 and./or control

diredit e URABIOHBETHEiRs @rovshbwpimDVRL $0kOaeartmgo output signals

perfonmplatheanfinstionssuei-asengading and/or dego @%&E‘Qﬁ%} AN ol circuit
oltgfj sgp}gl g%cg%%gg futn?tlons associated with a DVD drive. 8@% '

DVD drive ey ROMATIRIEAE With Bh BIAD Bt evRss it rovipm coding
stifPagraresnputelotelevisioniorsothenseline.Nirop per REMAE W BE of HDTV

witRlass cammunication Jigks 25 1017. DVD 1010 may communicate with
3}):@5@% storage 1018 that stores data in a nonvolatile manner. Mass
a t

orage {0Y8ay Rcnsenicaaritishegyideia FapB) Wichtas sthat data in a
showriifl Figureddeh ThepitaDumay e ikl thelincludes, ane ofiny 1y,

yin a diameter that is smaller than, approximately 1.8".
B oy b o TR oA LD18, S RN ROME

ISRBREY HismblatieimEsory SBcH as HARh magrhe nymiB0HII0/0h 0 Edes one or more
plitehieflectonisdaasiorags i Fi | the
present 'r%\ﬁ/?e%rt]tion may be embo%l[il%gﬁi%lé% I gé;( e %%ﬁ?télegi\;g@éfn%ﬁ! Bxln\aﬁ} be
f&%&ieéeoprpeeg%w ihvahtish A ipRMdnositstmer bomtokignahemory such as
presbessimycandior ctrtrolicibbeiikcwbichare @@ﬁgéalﬂmq}%m@ﬂai@o@ﬁg&ppon

1Qkn i 22 2 WHANIptetf d/or mass data storage of the HDT
1020. HDTV 102120 receivegsai%g %l%qrﬁ‘/elhr?lﬁﬁ g}tgeﬁﬁf:seihzgé?ther a wired or

WEH sshefrinarrrgetsrited (b e putsut isigmelen fopiediantay 3026 ¥stem of
sortecimeme MatioNsn &gl MOeeSSIBIGILCYI ol Sireulit

1022 i%nﬁie/r?lr zg)tt;ﬂler cirgunits énot shown) of HDTV i Zé?r%h;é&%gﬁécéeeggn O%as,y stem. In
perforn‘F coding QNa/8F BRERIHHBIT HEP R CRRA ARSI Fetim eqretestasystem 1032
Brdretsperormaipothes typeoof H4EXDY SDdrRCREHBA A8 MEN DPressure sensors,

requied sEAQ8 <) HRJY 5159%95@&&’/&9‘%] upicate with mass da?t;a\ storage

1027 that stores data in a nonvolatile manner SUich SOShtAAY 8n g Senerates one
MAPHE AU B FRFE A sigals sathes sosine PIDDtinagahametethsreonfigeikatigrerating
Blrowetdrs Figiice i endias atdeast one DVI) may have the configuration

ﬁj@,@%n |rh@ ure Itcl)n%.egtpoen HDD Fga be a mini HDD that includes one or

more 10 pla ters having & diAmAEts? BT LHegigrothancapisbsysiamsIy Of Got
HBT 1590 Frojiss sespmdcieitomsmerns 1028 suighaaS AN IR MW 042
iaiency.aRvolatle BRMABUC 5. 1830 MeIon andlor other sulble

electronic data storage. HDTV 1 also may support ConneRtioERgiryations,

WRRRSYEER WER R HeRe B RHiarraed- ok orqbiog s ysRefé AR, movrstigation system,
Figere 160y thenpreadind tvRntiondrBRiements.a &%&Ft@}esé’ﬁc%{}?, % adaptive cruise

control system, a vehicle entertainment system such as a stereo, DVD, compact disc and the
like. Still other implementations are contemplated.

[0090] Powertrain control system 1032 may communicate with mass data storage 1046 that
stores data in a nonvolatile manner. Mass data storage 1046 may include optical and/or
magnetic storage devices for example hard disk drives HDD and/or DVDs. At least one
HDD may have the configuration shown in F igure 10A and/or at least one DVD may have
the configuration shown in Figure 10B. The HDD may be a mini HDD that includes one or
more platters having a diameter that is smaller than approximately 1.8”, Powertrain control

system 1032 may be connected to memory 1047 such as RAM, ROM, low latency
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15 a vehicle 1030, a WLAN interface and/or mass data storage of the
vehicle control system. In some implementations, the present invention
implements a powertrain control system 1032 that receives inputs from
one or more sensors such as temperature sensors, pressure Sensors,

FRBYRIALPSBFTRERS SuiisW edrieene anareioanihoteitahiitalsierseiosirs storage.
Rndietthat gene BesONES 1015 IS, QWM CAUMHeL SIRAISHHR 2 ENINeyy AN

{j \rameters, fransmission operating 20 parameters, and/or
O S The B Cebny T/EA O i s 6B Efiberees
iR BEREy tuhercl Histémist04Q ofll wehidlext)30. Control system 1040 may
llb@g‘ﬂﬁe @@&M?g%g@ﬂvs?‘@ﬂ% 'ﬂﬁ{ttﬁé’ Bf%%ﬁt]x%'gnt%%dr{x%r gtgrr%(g: lgérgll a cellular
signals to one or more output devices 1044. In some implementations,
&0 H’E‘FOT %%Ps{g%%@@% bECP AR SRERENtRIDcK BraRipig BysteniipABSY, implement
nabigationtsyisery Bbeastetematicsosy e ca e Hislen BIeALGE SYRIBTeR in

" r ystem. an.ad tieye ruise control system, a vehicle
e SO G NG )

§ti?P8tﬁ€F’%%ll@“ﬁ@éiﬁt§tiéﬁblhr@Mémmwdmwﬁm@meetna%pmMio output
SyskscA32 wm&m&%ﬁm@%@ﬁ!ﬁéﬁ @&?a?r%?aﬁb%& HALT-e 1062
046 may inclu 8

da:?ggl a%nonvolatile.m?&g:ner. Mass data storage optica
/or

anc HRAGRIRTERB AR HAGiIER 2B ERB ARSI ARSI i véss +ittamal
arfIAsFIDS/ADY/ oAt teast oineitsl DIDnaay,/bavtdhe eenfiguadion Sawslifar phone

frigurg, and/gr.at have . the configuration shown in
Figure %L%pg T%Qégéﬁgﬁg%@n%%% §%e?ﬁ iheld grs?oﬁlec%ﬁurﬁ%?gs’ ormat data
ﬁﬁlgffgr%eﬁf&%@t}éefjf&%%??ﬁé? fanghemrer than. approximately 1.8".

oL rtraialiotntsbbreyRistmb)IdnmamkRacannesiad &9@&%&%@’ 1504 118USBres data

as,RANM M, low latency 17.ngnvolatile memory such as flash memory
and/or o?f%%swta% & eleciromic aatE St ARE  BoAATF UGRtSK Syatpif hard

di8 a0 Y andhpoR GannatttestonitHRYVWhAN aa M ANuREbN@Hs wn in
mg@@WAlgﬁ%rEh%gﬁ%HQWt%%gégt%a%ﬁﬁfgg#gﬁ%%ds%or%ss é%%e 10B. The

g}gﬁl&]e, grr%emory and/or a WLAN interface (a own).
are iy WG FR I ehrE rclides sressenmrivantiirhayiise sinbstictiinia smaller
teliuipprphione! 050" thadimiay jhetdde so celiiy amerna 088 066 such as

W@an@qn may implement either or both_signal processing and/or
control circuits, v%/ﬁéﬁgpe&]%aﬁle?éﬂﬁr?@%ﬁﬁ%}ﬂ%ﬂﬁ% BN ep8Beysuitable

WRCARp iR fethatier st G i Pl i5hage ofaheupelitaomieciend 656, a WLAN via
somaspeeniatiense ¢eYglar phone 1050 includes a microphone 1056,
gﬁgaﬁdi%g tput 10 1058 such as a speaker and/or audio output jack, a

iSplay 81" 4R 1Bt d Vi cReraBensietstion way padmbeitiemen @ set top
bevidBOvoibe metwationanidionatheniepuhoayiee oSignali RFGRRSIGS and/or
SN GRANE)AEH < e ANASLAE ST T SR WEAN Frertuce
and/or mass data storage of the set top box 1080. Set top box 1080 receives signals from a
source such as a broadband source and outputs standard and/or high definition audio/video
signals suitable for a display 1088 such as a television and/or monitor and/or other video
and/or audio output devices. Signal processing and/or control circuits 1084 and/or other
circuits (not shown) of the set top box 1080 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other set top box function.
[0094]  Set top box 1080 may communicate with mass data storage 1090 that stores data in

a nonvolatile manner. Mass data storage 1090 may include optical and/or magnetic storage
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1050 may process data, perform coding and/or encryption, perform
calculations, format data and/or perform other cellular phone functions.
15 [0092] Cellular phone 1050 may communicate with mass data storage
1064 that stores data in a nonvolatile manner such as optical and/or
Rfffetier storagls devicis: ibhexarplehard Didksdrivesak DR 8T Ohay have the
R3ARgu AL dpasbane HBR Ml figuratign shown in, Figure | .
qu Vgmdlcgr at legst one%VD mg%\é&g}g ﬂ%%gc%iﬁﬁﬁgﬁ%oﬁls a\éﬁ%ﬁﬁ%ﬁg%‘freanm
108" rhe ‘BB Hray 08 HARAPHDS trapindiobehas mslsfonore plattepplatters
Iﬁgﬁgaaidmmet@mthawsaﬁmaﬂiﬁr A thamapprexm aﬁ@b&élp %}')XQ@QQII%}I, be
] tdPROI0RY e 064 such as RAM, ROM, low
I tency&r?onvolatilpgm%%ﬁs%éﬁq EIIPSE fggwég%qgfﬁnﬁﬁﬁf&vg)mé? gl such as

RSCPETROBAALes FIBE. SEét ! pritonés TOBOs misea Ayt Suphort! 080 also may
sapmectionsishsaniiANviay aM-AN netwark ipigriace. 1068, (0093]
R,% }rln%gr}o%rgo Fl%utre OF, g%%e %]resent invention maybe embodied ina
setfop 25 box 1080. ThEBreseHt MRETIEH s iApRAS anst et iBatmedia
Blayral Srbc Bty caem/ o1 enointr ol ayiricupis mvhickiaie SoRe alYa0R BTt iMnd/or
Edgtee AQGiat L84, it nd/or m d tor of the

R4, 2 WLeMhiDtaLace. AN Slgfaee}jz}fa?ﬁ%?l aavgiééél\gﬁgﬁrfacc

ggé/top box 1080. Set top box 1080 receive n rom a’sou

RIS BEAT SRRl Asdip aiastaHiErd aserer inighrdefinitios, media player
siotvidéss sitinals soitablelfaradispiay: 1088 ﬁi&ﬁﬁ@aﬁl@y‘ﬁ&%}’iﬁi&%‘ﬂ@aﬁ%& the

ni k her video 30 and/or audig output devices. Signa .
mﬁ%;cg’géﬁ‘%gja%%%%%%ﬁ% St &%%?%tﬁ’é‘?lﬁfr&%‘@m Speippriace
Eq(tﬂ}et%t%@pcb%}kWOW%@%M&mﬂarﬂnnmdﬁﬁ@ﬂmﬁm{t-and-click
anetypiion, M ealGHAL0RS. | t r other set
1op: bo fun%?j@r L%:)94] Set top %ﬂ?@ﬁ%ﬁ%ﬁ{ﬁ%ﬂﬁ%ﬁe wi errlﬁlﬁéé e an

O R0 T80 i LiBFEkeRER i 2o AVEAties naiEen. msstbatancor

%%Mﬁgfg hg%;mmmpﬂﬁahﬁrzﬁéﬁ@n@f%m@ﬂ@ﬁﬁ g@/'&ﬁgﬁ $Pcess
axa and/or. s, At least pne may have

tkée r1c9:§1ri:?1)figuratior‘f' éa%%\)?n%ﬁr}l%%hgrrlé ”1%9&"‘3#8%@%‘%%%@%% %“9@‘}?739 perform any
HaTRUCBIAHEUIARSIRNshown in Figure 10B. The HDD may be a mini

DB thaténtlyiesone prmoseRiatiess Naving Adamater dhatds smaller o
St@&nﬁgaggroxmaf% dlﬁ% et t(?%{box 1080 may be 5 connected to memory

1094 such as oW R SR HomtaRIe riBaiBnsucingsitash

ity aieoritvomsuitabloaleciibrinmclatk Siesane .SeIapIRAKEASAIP3 format
GHSREaY:BIDROM SO RSN S MLAN YR & LAN. netuork -
interface 1096. [06%5] Referring now %oelgigourméa%o ; ?hnéaﬁ%gg‘@n?‘?ﬁ%ﬁiéﬁ include
TR LioiTBaREaNR SorERIS Y isRly/er SomRDIFherpEskntiinyEMDRmay DVDs. At
lrmpleragibpithey hrveati sianalRIRGEIRING ANE(ALLO KRR GYEUIS, . pvp
rmgy%g %r%genegally; denti fied.in Figure 10G at 1071, a WLAN Intertace

v conliguration shown in Figiire 10B. The HDD may be a mini HDD that
includes one or more platters having a diameter that is smaller than approximately 1.8,
Media player 1072 may be connected to memory 1073 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other suitable electronic data storage.
Media player 1072 also may support connections with a WLAN via a WLAN network
interface 1074,
[0097] Referring to Figure 10H, the present invention may be embodied in a Voice over
Internet Protocol (VoIP) phone 1083 that may include an antenna 1039. The present

Invention may implement either or both si gnal processing and/or control circuits, which are
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and/or mass data storage of the media player 1072. In some

implementations, media player 1072 includes a display 1076 and/or a

user input 1077 such as a keypad, touchpad and the like. In some
implementations, media player 1072 may employ a graphical user

iFtFrats ety dHatigpiedf iemphsds ameriiss dnopfdovan dhe muss @b Storage of
angioe pein-and-click.4d intriacsvia fisplay 1076.and/gr yser input

%QZT?. O%gigggjfayer 1(9,72 further includes an au%l)io o%tput lln(gl#ufig essﬂé%pgg’éi
speaker and/or alidid B RURGE gt pt Seedsihepdisa/sidieontioit jack, a display
Gireuies 1071 andior dehier divenitadinat sheywa) ofonediadelayerbtZmaYon and/or
BIRGassudaia Retformeading andior ryption, perform calculations,
format data and/or perform any o%ﬁg?ngéég 6‘1’5‘3‘/@%‘ ?lﬁcna@t%‘r{?%ﬁ%é%ﬁ‘ Signal
RIRHE By 90eP2 FRhs Eoiin Dfcand/ witthenairs disténstotage LOTOclBathone 1083
steyescdata dsucheas G0 BRRIRSSRd AUIIG-ANUIOUIGSS. Contentin & format data andor

8@3/:?,1\3(;'&'&16 nper. In some implementations, the compressed audio files
|Bnclu e ieesfn%at 5)&903%?% Atwith MP3 format or other suitable

EitiPreséeld abele H¥td/oryiden fomats Wihermass tata Sierage maYores data in a
Hehisle RRESH AUQLMAGRLtIc. stor ices for example hard di _
grjvesﬁi D and/or D\?g? At 25 Ieas?%%%ﬁ%%ﬁa ey%‘éf\?gsrt)f%r exampl%li’ard disk
configuranSRERoRAR Figlreshom BRiorat heastieneomiaratiayshave th&igure
tonfigdratisriesbiows INVEigure HOBLE hed R, RakRSA Mkl HRD B3t e 1D
ingludes o re platters having a digmeter that is smaller than
O B ) e LS oS Thdigpymalicshan
FO7FE0RK N RAMY ®OMonsw tsfemey heoavotatile merranyysLEds asHiashay be a

Ryemary &N déer lathey, sitablselestian St B RIAYET ( iable
s ot e S OO, NP S

72 alsq may support connectigns w .
R0 FHRRR g 5 FA e oM R e e mesmmiiansyink vit
¥ dfbedhied ima Moice) ovelVirietnaiRigtadoh (MOKR) phwnesk0dddhat
mARGIEE ANANRIBR R0k e present yention may fmplement
either or both signal processing and/or CONtrol circans, Whith are 19
QAR any e abrifreltr ARl e i e RleTOBRb ediniesle o ihterfeme antidobeen

rrasstetbfarsteragedets the \MetRmihone 39&%ﬁ{%§.0@% %Plﬁ%}@j)%esexhausﬂve

R.phone .1083inciudes, in part, a microphone 108-1, an audio output
R R COCIUEincRd ORS HRG? S0OEracons
HA RAPUP daviient 00 srebham atheyp dthpoibtngrdai oy QieR ACIHALOR Hbed in
aneies Seothes input.dey ireless Fidelity (Wi-Fi) ..
commu icat%n lmodgﬁwfgg%@s}%}%a}?{%%%&g% PG EOTRROCaHR S thereby
16 8?%78[518%&”&%?@ (hBESAG# ie Ry titoine 2088 smaydinpoessnd with

\deiaypenidificadonling asdigeensipianinerasn.calchiatioas, format data
and/or perform other VolP phone functions.
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[00981 VolIP phone 1083 may communicate with mass data storage 502
that stores data in a 10 nonvolatile manner such as optical and/or
magnetic storage devices, for example hard disk drives HDD and/or
DVDs. At least one HDD may have the configuration shown in Figure IDA
and/or at least one DVD may have the configuration shown in Figure 1'OB’ **
The HDD may be a mini HDD that includes one or more platters having a
dipmetsr that is smaller than approximately 1.8". VolP phone 1083 may

be connected {[0 .merRo%t?igg gf ‘{Yrﬁ'nCh rEa ut%(ralca g‘hsarFééAt‘ Mhtgzco%hl%\% afed circuit
Iatency nonvolatile memory suc as%fésﬁ emory anglror other SUItélb e

efenrsiie: data storage. VolP phone 1083 is configured to establish
communicatiopgsdivik v the\elRnastweskdiieh,shown) via Wi-Fi
communication mof ule 1086. Stitll ?Lper i tg)lergen%?tig@ in tfi\d(()jfit&ilorllj tsg_wi th
those describ&d &hove" 5?%uf:e(5?1et%r%p‘iaei§81.]l¥ 0897 *Fhe@bove escr’i’p%lon 0
exenigiatyigribadiments of the invention has been 20 presented for the

purposes of illysyatiqn andidescrptivdnlidsinetniended iqike exbavstivRing the
or to limit the invention to the precise form described, and many
Rrredtioneduivedsieitbns are possible in light of the teaching above.

The embodiments were chosen and described in order to best explain the
principles of tRe invehtiomethedied peamticaheisinitetionditotieiepyerafible
others skilled in the art to best utilize the invention in various embodiments

and with 25 various Tedifitiadinss:Asrare suited to the particular use

contemplz_atgd.w Oer%%flpéwtgﬁin]i' @mrg%pc%%l? Iu%’il r&? go%gg&g%gggolling the impedance
characteristic of an mtegrateé circult comprising:. receiving a

rfetisureinentiod heanapivifits nedblitadsigiehsurement of the condition to
set a duty cycle of a pulse-width modulated signal; and varying a
capacitance by. interrilttentiislvifching lavgwitohtbacapa isfheesingptied by driving a

@g‘ﬂét‘ﬁf.‘ﬁ’it%ﬁs%’ld&lﬁ{% glanal, A neamstiaoficlaim 1 wherein the

ndition Is temperature. 10 3. The method of claim 1 wherein switching
the switch on and off comprijses ¢o tro;lin the im e(iance f the switch .
using the pulss-width] RORRHRLT SGHAN HIGFRR RGO of ot s
inacapdbitante ibevariedoyarivithezxogditeonfarttaasistoowitieting
pulse-width modulated signal. 15 5. The method of claim 4 wherein the
pulse-width mgdulateghsigB@biof claim 4 wherein the integrated circuit comprises an

oscillator and the frequency characteristic is the oscillator's frequency of oscillation.

7. The method of claim 1 wherein the measurement of a condition is a

voltage proportional to temperature.

8. The method of claim 5 further comprising:

generating the measurement of the condition by generating a voltage
proportional to temperature;

converting the voltage to a digital signal; and

retrieving the stored entry using the digital signal.

9. The method of claim 8 wherein the stored entry is determined such that

the frequency of the oscillator is stable over temperature.
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30

generated by using the measurement of the condition to retrieve a stored
entry. 6. The method of claim 4 wherein the integrated circuit comprises

an oscillator and the frequency characteristic is the oscillator's frequency

of oscillation. 7. The method of claim 1 wherein the measurementjof & wise
condition is a 20 voltage proportional to temperature. 8. The method of
claim 5 further comprising: generating the measurement of the condition

by generatingia.voltage inxgaaiticnaltootepripaature; converting the

voltage to a digital rsoi =l Vi LUSing ent of a
il sgnal. B A o e o ncntof

aetdiipimed condietred [HETSEIEHBY VD P IJE RIS S tabIBeatHsgment of the
tempasature. 21 LLOYD MSE 10. An integrated circuit comprising: a

control Signa gSl) LAl AL AR TRl RN Y SR AR SIRED L
condition and c%nﬁgure to provide a c:ontrolls%gnaf1 n resg%)onse to the
Aiesabene srenttpiter gy rrditio proside gutslsentiiftth meditiMerbHeartinitsiadmmgyto the
achinnutsespeasive to the control signal and an output configured to

provide apulse-with modulated signal in respgnse to tk ontral signal;
and a switch o%%vtyé% e(.) ] r\?ﬁ’@%@éﬁ%& ar(fgg %%thlrtlgrru t]}e%ﬁ))/ ss\)vvii{(%ﬁﬁ%ognand off
ancbspfinin trebp onbe-ro diienpdidetagizlgnalnodulated signal. 10 11, The

integrated circuit of claim 10 wherein the condition is temperature. 12.

The integrated gircuitraé alajgfaicl Wikgiein darnintegrhaieid tiscuitdidomptiagsrature.
an oscillator. 13. The integrated circuit of claim 11 wherein the integrated

circuit compriges anﬂ%cmf%g%ﬁ%r@&fewmrimqilémwgm@ frRgMaN N reuit

determined at least in part by the 15 capacitance and the pulse-width

SRR SRS duty cycle. 14. The integrated circuit of claim 11

wherein the control signal generator comprises a lookup table. 15. An
integrated circlit comifksinegratatheimuityot oaiprisingher giutadiyiest aipdriérguit
%&%Br?s@é%%QE'iﬁaBﬁriﬁéﬂﬂcﬁﬂa@oY@L'émaﬁng at a frequency determined at least in part by the

capacitance and the pulse-width modulated signal's duty cycle.

14. The integrated circuit of claim 11 wherein the control signal generator

comprises a lookup table.

15. An integrated circuit comprising:

a memory comprising a plurality of entries, each entry corresponding to a value
of a measurement of a condition;

a pulse-width modulator circuit configured to generate a pulse-width modulated
signal, the pulse-width modulated signal having a duty cycle, the duty cycle determined by an
entry in the memory;

a switch operable to vary a capacitance by intermittently switching on and off,

the switch responsive to the pulse-width modulated signal; and

a capacitance in series with the switch.

16. The integrated circuit of claim 15 wherein the measurement of a

condition is a voltage proportional to temperature.

17. The integrated circuit of claim 15 wherein the integrated circuit
comprises an oscillator and the frequency characteristic is the oscillator's frequency of

oscillation.
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20 of a measurement of a condition; a pulse-width modulator circuit

configured to generate a pulse-width modulated signal, the pulse-width
modulated signal having a duty cycle, the duty cycle determined by an -y WISE
entry in the memory; a switch operable to vary a capacitance by

intermittently §§vitchfi£§00n. nd off, 25 the switch responsive to the

pulse-width modulated Signar aind B'¢4P&citance in series with the switch.

16. The integrateditireuit@bolairnl Siwhereinftheaieastrement ofad g voltage
GBIt is 3 m{@g@g@portional to temperature. 17. The integrated

circuit of claim 15 wherein the integrated circuit 30 comprises an oscillator

and the frequihiSAtRIadigRO W tRersealigrd requentihotnekuilatoge to a
2 @aksifnldl0ilS.w 18 An oscillator comprising: a condition measurement
circuit configudrgql)lzg ] Ide an analog voltage, proportional to o
temperature; an an Ioaé;%-yteor-e i‘f;olflasfvceotﬁ)v%lr érlggtoarllf%]lgg&raé ?@c%ﬁ%ﬂc’tﬁéo'd‘glml

SPAIBGoltage to a digital signal; alookup table responsive to the digital

signal from thepanalogate-digitalisrnyeietARulserwidinmedulation, .,

%%‘?#u'f gﬁo Sfl uglelga5o Ecroalde a |?ulse-W|dth modulated signal having a duty

cycle, the dety VBB ANSIREE by sriHBs SR e oK Bipratriss s deskup table;

having a gatea@@p@@immgh%palmmhdmd@@wﬁba@dmlmdm@d signal; and

capacitor in serigs with;the. transister. 19, the oscillator of claim 18

wherein the lookup table comprises mu tlpﬁe entries, the entries

determined sugch thqlhthe fr?(:})uer;tcg/ of the oscillator is stable over ‘ _
SSHIATOT 8f E13M 18 WirsTEIAthieirep &rleiamerises multiple

temperature. 20, The Gscilla
prEprOr tioh eitttees dbsoiutedempehatube Geliage generatesii@lor is stable over

temperature.

20.  The oscillator of claim 18 wherein the first circuit is a proportional-to-

absolute temperature voltage generator.

23



