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LOW-NOISE HIGH-STABILITY CRIi'STAL) OSCILLATOR [00011 This
application claims the benefit of United States provisional application
number 60/704,525 filed Aug. 1, 2005, and United States provisional
application number 60/722,734 filed September 30, 2005, the contents of
both of which are incorporated herein by reference 5 in their entirety. This

applicatipOapoNBIBE 116t o PRiRG Fieies qpplispiien h
11,242,621 filed October 3, 2005, the content of Whﬁ%&ggg?)%%éﬁTOR

HAP&H byﬁé?é’@ﬁ’@éﬁﬁn it ErtitepeBXCRG ROUNBIE OrjeBOR]aT hpplication number
resenlsy aniione alesseneraly;io e LRl AEI SN MO Gumber 60/722.734
spe |§catlé¥%to ?w-résqge hlgh-stqblllt_écrystal oscillators. [0003] Crys.taﬁ
OLE REIEIRE S e GSaRIPHR QiR th ABY bVt RSO EAGT 2P hsaein it reference
sigtrelsounces 11 ¢elgdantivn aisatinigs Wi es wirelessneipmiks dthmber

H | i ications. For mple, crystal oscillators are .
e e L ST R e e i
tHe&RiEHHlications, crystal oscillator phase noise and jitter degrades
performance, causes data transmission errors, and limits data throughput.
Thus, it is desirable to provide crystal oscillators having low-noise and
high-stability. [0004] The signal-tsngisecpiisfipa crystal oscillator can be

[ e increasing its signal strength. One way to increase signal
WL S e et o ek A TS
dosiongtecaed bigisigaiaili v differemtidl sigaal not only provides a signal that

[ in [ itude of a single-ended signal, but provides a o
e e T s BERIAR S e periodic
Aﬁ%%lé%{ﬁ?rérf?éé@mﬂ@m\%@hmgeviwbmdtwm@nammmpmdmwa other

lererogiRinsESHting: INHeSSAaie, J%%]owﬁfl‘a{&’%@%ﬁ&ﬁgﬁh‘é%' N9 data

crystal oscillator signals can cause Jitter or 25 instability in the oscillator

BT RETHESE GRS ERDHRe 35 e gBPHryoRfag el el By mois and
gxmtercﬁegmﬁboﬁ a'ib&hiaﬁb@mpkysvtﬂ}ita@%ﬁsﬁﬂ[sﬂi@l @rysial &ﬁqiﬂﬁit@rdajca throughput.
saeEeli AR CSIE 0 Ao € s el
ﬁ%%ni@ﬁﬁ@%@@i@@ﬂr@dgéﬂw Qusponeiimdocteboithprovse by increasing its
ﬁiﬁ;@uﬁeﬁgy@gg oak ga;iangzg ﬂ%?%‘é%ﬁ%ﬁ Lék%%g?é‘ Ut IDARRNA RRIANDY dfereniia
signial, as opposed to a single-ended signal. "A differential signal not only provides a signal
that is nominally twice the amplitude of a single-ended signal, but provides a level of
common-mode rejection as well, which further reduces noise. Also, a buffer receiving these
larger oscillator signals can operate at a lower gain resulting in less noise.

[0005] Unfortunately, excessively large crystal oscillator signals can cause jitter or
instability in the oscillator circuit. As these signals become excessive, they may become
limited by one or both of a pair of supply voltages for the crystal oscillator. Specifically,
electrostatic discharge (ESD) diodes to these supplies can begin to conduct current. This
clips the oscillator signals, which adds harmonics and spurious frequency components to the
otherwise single-tone signal. These harmonics pull or shift the oscillator operating

frequency, resulting in center frequency inaccuracies.
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[0006] Also, signals from crystal oscillators typically need to be AC
coupled to an integrated circuit that is using the oscillatqr. If the DC level
of the crystal oscillator signals could be well controlled, it would be

ihle to design an. input buffer that could directly connect to the crystal
m%@t u%‘?ﬁ% ﬁﬁ%‘%& G atsHters e oeedrsducA G compd tent

courgasaverhoarshspacenamd sedlne:Costte This wayls alse.help 9£&Y1§mr signals

t illator signals.from being clipped by the ESD diodes. [00071 Thus,
v@ﬁ%‘tgisg%nl‘é’%ﬁzé%‘%@%?fé%ﬁ“si“ﬁ%lg%]%%%?béﬁ&Déiﬁﬁ%’éﬁaﬂﬁé&%?}ia@wgﬁldir'ccﬂy

o%ﬂ&tb?%th%tvmgt%wé}mi_h@@d@—@fdhtrmﬂﬂm@iﬁmwt't&ls‘sighﬁalvﬂuﬂﬂu@:iuce
%ﬁ&@b@%‘%&&% &%&r&lﬁ@& e 'xreE)lgel \égég’ iSSVQ,Mlel%ﬁJ ht[tp O;?r%\]/'ent the
Accordingly, embodiments of the present invention provide circul L

MStHBEY Saa saipparating tippsidvides BRlhdiedeshigh-stability crystal
ooirtorshiavinigiasgedidterediahieytRutsianaland i i SR0HIRIS ysia)

One,exemplary embodiment of the present invention 15 provides a crystal
CEEHIEIST RAVIT e TABIDAE 15015€] GFEYOF Bl g 8 D eRs o Rghanisms for
stgriatdiinbéhethBCfbrvatjusting the amplitude of those signals. Various
embodiments of the present invention may incorporate either one or both

of these loops, as well as one or more of the features described herein.

[0009] A specific embodiment of théSPleddAtRention provides a

femilapckslaopinsan aach oo s enim! ﬁh%@grl%ﬁdigﬁ %8{}}’@&%[8&&&','%%[ $ds, and

si(gnal . The DC level can be set to a voltage midw etween two supply
al
Y

PAGEE W PRI ANK DBItsguE b P iy %@ﬂé&r&@@wé@g@ figFerential
exapnpieitie arplagaavdy hieraigrogs M&fﬁfﬁﬂﬁ@%ﬁf&ﬂﬁ&ﬁt%ﬁﬁ%ﬁ{ tQvention

-.half t ini ly voltage for oscillator circuit. This voltage
SRS AN SR RloRe B el orcut, NS velede
temabr dbahalderrdisfying i ovottpiie dnay thesS dnalependent aftl@sfents of the

e LB B g e
l

ﬁ%ﬁeﬁﬂf&wgfglﬁﬁ‘iﬂator signal. to be within a range. The amplitude
dapoBE satdeegifie anbuwinm Siingesdhon GHRRIREoINE L SURRIYVOU8YSrranged
s e o el s i e amptuce conte L
|§5§)Wgydjgm§@tg{amgpbimmgm the reference voltage, or to any other appropriate
voltage. For example, the voltage may be a ground-referenced voltage that is equal to one-
half the minimum supply voltage for the oscillator circuit. This voltage may be a function of
etther power supply or other condition such as temperature. Alternately, this voltage may be
independent of these parameters.
[0010] This embodiment further provides an amplitude-control feedback loop. This loop
sets the amplitude of the output of the crystal oscillator signal to be within a range. The
amplitude can be set to give a maximum swing without clipping either supply voltage in
order to provide high-stability and minimal jitter. The amplitude control circuit can also be
digital for improved noise performance. If this control loop is digital, a startup circuit can be
included. In a specific embodiment, the startup circuit is an analog control loop that is

disabled in favor of a digital control loop once the crystal oscillator circuit starts.
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included. In a specific embodiment, the startup circuit is an analog control
loop that is disabled in favor of a digital control loop once the crystal
oscillator circuit starts. [00111 The time constants or bandwidths of these
two loops can be separated such that instabilities are avoided.
Specifically, interaction between the loops is minimized by setting the

wandyvidihcoirtise ammptits deaaial T iRBe iy (blRven aR G ed such that
{Q&ngmgetsh aI()f ghe.(Peg ?v@ecl {;orHrol loop. 5[00121 An exemplary '
embodiment of The Present nventiSH Brovidd ¥rrhtbg tates s fenimiagiy setting
imdgrdredtbieduitintinied acomeah ls dprabiving o leseRaRial BEMWIth of the DC
geneiaieihsofirst oscillator signal, means for adjusting a DC level of the

first oscillator signal, and means for adjusting an amplitude of the first

@Q&ﬁl’ato‘f*%@ﬁﬁwm ERbTH Y offies pisssodimentomenp fidthen pregided circuit.
TReARG Sl MiRgitheIBSNAR:0 @m@m@ggx%ma&gﬁkvttg %L%@@té%he first

the resonant element, wherein the drive signal is responsive

?Secs‘g%t% 'EBIBTERTATS BUBTHRE 2B e ey roreHkr e ARdangans for

fdruproyidingithitudeve sigfadtwidilatgaimeaincuit. This or other embodiments
a MOS transistor, This or

ur roVi r the gain circuit bein
i o R T T
drmse'hgpusidiagor diviaipytiotisaisgne destdf, odaitstahsigna Wit is
eipenéaliagen SRARIAYIAING-AD ayipyl (RsRANSIVE o he Coale?fI%%)nfmTiQIéS means
r other embodiments may further provide for the gain elemen hoePng a

B¥ RSt AP pgRaIvE th s tisuitofiike anaiitermbpléometiery further
pnvbﬁcﬁqtf;@tgdﬁ@lrﬁﬁiﬂlﬁn@@ms ﬁ@@%@r@%mg@&r@%ﬂﬁﬁk%?%nm

rsh @sgillation signal.to be ee supply voltages received by the
R 5 T B TR o P vt v
%féléﬁgrféimle‘agmﬁg'aawdmmitamiepmvttﬁr@ sh eseilatiespsigivalicae comparison.
TRRINS IR BEdIRG & MEA GRS ALRALNS 3P, %‘%ﬁ%dﬁ A ine st . Mos transistor

oscillation signal. This or 6ther embodiments m urther provide means
TFSPOREEE (G tNEPahabithsreshifive fiFsisuctheemdighiahensimgax ﬁeﬁk.r provide
eiecior adihitier e eMmRHE oY MBS RIAY e IR AMPI WA,
v%flttahe first .oscfgllagon. s?%r%al eing measured using a diode and a

capacitance. TRis of Bt SHBGifTENES RS RIRPRIBrRA R Rahsrarovide

citance.
roeAnpirimy e ireas aneptienic of the fuplititierioh thenfishassillation: $eRaMing

L e L .
sty raravide mensenaeTas decemiindng thotpuusvilumwbienthsing 2 peak
dReRbI ARt istAseHRINRs may further provide for the amplitude of the first
oscillation signal being measured using a diode and a capacitance. This or other
embodiments may further provide means for comparing the measurement of the amplitude of
the first oscillation signal with a high threshold and a low threshold, and means for providing
one or more signals in response to the comparison. This or other embodiments may further
provide means for decrementing an output value when the amplitude of the first oscillation
signal is greater than the high threshold, means for maintaining the output value when the
amplitude of the first oscillation signal is less than the high threshold and greater than the low
threshold, and means for incrementing the output value when the amplitude of the first
oscillation signal is less than the low threshold. This or other embodiments may further

provide means for generating a bias current in response to the output value. This or other



10

15

20

25

30

signal is greater than the high threshold, means for maintaining the output
value when the 30 amplitude of the first oscillation signal is less than the
high threshold and greater than the low threshold, and means for
incrementing the output value when the amplitude of the first oscillation

egigndinsiessdhantiee poovidy eshaldiof bisabiathei RPeHHBRNS MM circuit, the

ther. provide. means for generating a bjas current in response tq.the
e B Tor St SR S0 e 1hier ST a maameomay
fb@@rd?rrg/@mnkﬁw derrshirte again ieireuit, tthesegain olraliittanovighagufiey the DC
lém:\(%f%mgﬁ%aﬂ%()ﬁlﬁg}ﬁﬂt'ﬂx@%p&tﬂw%&%m% erﬂé?ﬂ%?%egu rrt(r)]velre means for

rovide means for setting the DC level of the second oscillation signa
ifRpatineke Rydtist tfdiv Sroseniliatpnsignal tTER eRatstier DC level of the second
oetilhodimesis may further provide means for 5 DC coupling the DC level

first oscillation signal tq. generate the DC level of the second _
O S 50 SRS O SR 98 PR et mvension maybe
gauhednvithesiatiive fordseiotlnwmgtieniiedyiberiganeshwitt iterapos 10:BRwings,
following detailed description and the accompanying drawings. 10 BRIEF
DESCRIPTION OF THE DRAWINGS [0015] Figure 1 is a block diagram

of a low-noise, highRREBiRYERIZIIHN QB ERERRAGVINGSembodiment

ol1be Present invention dRLE] Figuss 2 kol I58scordin
[hi hit@%l{l}tﬁ/ Pierce cr stal%)scillator acc%%iglgggg grk;;i g?&%ﬁféﬁ%ﬁ gf@ %ngc ording

DR Bt Oh SPGB PRIGRIHERS is a schematic of a DC biasing loop
(061 6] crystatodlabdschatiageingotts aow aibiee dif PR REBI KRCHRIERSEH stal oscillator

' jon; [0018] Figure -4 is a flowchart showing the operation of the DC
ag%\é‘g%ﬂ %0%1, %{?Ac%d%et%eéé% ﬁ%sseflr?glrf‘é%nﬁl%?’ﬁgure 3; [0019] Figure 5is a
[A¢hBmdtiewst A digitehamaptitobie ROmieskigdpofofoa crygtadl escillatar a@@rding to an

cAfFRAAIBE 17 AR Srabediment f the present invention; [0020] Figure 6 is a
flowchart showing the operation of an amplitude control loop, such as the

(4 Blitu bl es v P88 Dreigineise (o oprrinmet the RGdrsmatiecnf sueh as the
Tahalagmiylitudsigantool loop used to start a crystal oscillator according

i B ST R e A0 e oh
according to an embodiment of the present invention;

[0020] Figure 6 is a flowchart showing the operation of an amplitude control loop, such as
the amplitude control loop of Figure 5;

[0021] Figure 7 is a schematic of an analog amplitude control loop uséd to stairt a crystal
oscillator according to an embodiment of the present invention; and

[0022]  Figures 8A-8H illustrate various implementations of exemplary embodiments of the

present invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0023]  Figure 1 is a block diagram of a low-noise, high-stability crystal oscillator according
to an embodiment of the present invention. This figure includes a crystal X1 110, gain circuit
A1 120, amplifier A2 130, amplitude detection circuit 140, resistors R1 150 and R2 160, and
capacitor C1 170. This figure, as with the other included figures, is shown for illustrative
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present invention. DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0023] Figure 1 is a block diagram of a low-noise, high-stability crystal
oscillator according 30 to an embodiment of the present invention. This

figure includes a crystal X1 110, gain circuit Al 120, amplifier A2 130,
RTINS ddeettioniviteitht Oerpsisiols bl antoRAd ffisadnvention or the
Qapgcitor Cl 170. This figure, as with the other included figures, is shown

for illustrative 4 purposes and does not limit either the possible

B dirhntersring! drdsssriraehyidhe aetheleotaima ] [0D241n Thie nystabX|
ilboisudtiven hydbe-aainmeiamentAl 12Q:inkthis angother IGALs

qf the res.eptiéigention, the crystal Xéllglglo maybe a é)r stalcog'rgf)%t?wge}rOﬁm resonant

TERERARE HE8PRlfe T dihiple ek riirbe de sirikremmu 120

resonan
prheidrain gsteimmim drﬂﬂqmpbﬁjlwﬁsﬂrmﬁié RversiRneRdHRhRE RS SITRStely be one
) I alternate one or more inverters or
T Kt TR AReE et ot sene
RRFEFSIBN Thhesmriralethenti AP 1povjsovitiesahexgainane cessaryclystuivel 110.
[00z3p! Xh 38028 dnenaratian:dbe signal, %ﬁqe%?n%}é‘g fﬂ\ef/g%yt Vice Al

1t§ mina} of the gain device Al 10 120, oscillates above an 0

Vot S58 HATL IR D51 3D tasm pbRis MG T ehieezigiae L sattinenent of the

signt] 2 @siitalion ﬁs:tblfmi@?i@ahemn@@ﬁn&oﬁsg&éﬂr Riel 20 LAY S ualizes
enpt.of the signal V.1 on line 112 with the DC component o

B A e AN e Pesni wsip el V2 on

e Tre Tsritinaiignphia¥e enifed1by 2b80/degrbes ldndpanbmieiiesibse shified by

1@0@%@‘@@5‘ iﬂ(f@&@ﬂ@re]iéewmy}ga% Hﬁﬁaege component of V2 on line
ﬁl@%s c,(ég%pared to a bias voltage on line 132 by the amplifier A2 130. In
vafiou

BO RS CUTROPGRIRIgES ealinse Ebinpammetesitine bissvoltage on line
Naltaghomipiid3R2 Fan. exarafls BatdGRomPenePtatibe: SIENeL Yifhured to the

lj 2 can .he red. In other odiments, the resistor RI 120 Is a
R DRrS LS SR o e T oo oRab oo B 112 o

beheaanesibidrsten drebodmpaie thtor thisthids] Vdltag e am?R1lioerd3doinia series,
28ReGHiGembodimentafibe invention, the bias voltage on line 13

is set toggaygrou nd-re?erencé%gv%?lgé%t eg{té?(s)rseaﬁna??c? %rﬁggﬁ‘%ft %{g‘}ﬁ %’ﬁfuv thage on
L5ty VBIEEReFoicFrRP Simmat Of the Sisesme intentionetis hthve lpresentine 132 is
sinventinouibischingoliagadanbe afatier-refesencEYAAAS Foltage for the
Ogéﬁmgle the.bias \éolélarge on Pl&le 132 may be equal to a bandgap

I.”’In other émbodirients of the present invention, this bias voltage may be equal to a

reference voltage. For example, the bias voltage on line 132 may be equal to a bandgap
voltage. In other embodiments of the present invention, the bias voltage may be a function of
VCC, temperature, or other condition; alternately, the bias voltage on line 132 may be
independent of one or more of these parameters.

[0027]  The amplifier A2 130 receives the signal V2 on tine 114. The amplifier compares
the DC component of the signal V2 on line 114 to the bias voltage received on line 132. This
comparison generates a signal at the output of the amplifier A2 130. This voltage is then
used to set the DC voltage for the signal V1 on line 112.

[0028] The DC control feedback loop operates as follows. As the DC component of the
signal V2 on line 114 increases, the voltage at the output of the amplifier A2 130 decreases.
This lowers the DC component of the signal V1 on line 112. Since the signal V2 on line 114
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voltage. In other embodiments of the present invention, t_h_e bias voltage

maybe a function of 25 VCC, temperature, or other condition; alternately,

the bias voltage on line 132 maybe independent of one or more of 'ghese

parameters. [0027] The amplifier A2 130 receives the S|g_nal V2 on Iln_e

19 ACThoerden plifiel coiinealres \YDQ)IDKS]@QW%&@%G#IIQWQ@&!QG?&\@ %?:gl?g?é‘?ssating for
i Itage received on line 132. This comparison ge

%?Otggaﬁngt%l%%%%pu?of the amplifier A2 130. This voltage is then 30 used

395 Ithé*@@%ﬁﬁ&é@cf@t}eﬂtiersi:gnait\r&(bmmmms[@aasmdaﬁi@&;@@,rufﬂlprovides
fesdbagicdacn asiales ds PR AeRCaampgnent otthe sanal V2,

on line 114 increases, the voltage at the output of the amplifi

GRTRELE G FHIS BB B L pigRanY bPthknsightodmomtine tifiresholds.
Sinthe tnepbigdmo MBearigiiab ilén firis DG BRI @M A% dLA: X% 0t 140

I} 4 is siml duced ompensating for the original increase. .
A I Rl L e o S e
1 DUy e preoliel aimpdi thikso € el teg vt g fatid 6 grainVG) r&Uﬁn‘%' 111d240 , (?_c{?fersely,

i i @R GircLik 140 5. es the oscillation amplitude of the,
SRR daEcten g e TRE e oSt lan AT RIGE S
g}gwaw sl 82 fiteadds e dvishlinsraste tbetiom indeibT¥Q on line 114.

trettie asss fMedtgainiof @aid it tﬁhtlt%gyﬁﬁ%ﬂﬁtﬁ@g Weing AL 114 is
ﬁ{ﬁ@ X 1t10. ;his1 in L rn Io\%ers the amg itude of the voltage swing o
the 99?1%% V3 Giine 114 COAVBIERPe8 Ly din preGRERSE dRdhsigraty |
srpletecneficiecreases, the amplitude detection circuit 140 10 ir;cr(;ase?

[ iR, ClEcUl .20, which increases the amplitude of V2 on line
SR SRR T ap g some
SRRRADLPfiHe R1cs9at inimitamel braicisnaineveer (orvithinSng@Dkior, this
tevitisotlependioon hacxaconiamentaion:) 10OR0L Agaig the gain., |,
cirehit Al 120 can P? as simple as a single transistor in'some 15 .
ebAdiMenEraF the 6?&%&?‘?6{}%‘?&109%@?&% WIS mRYSen besmproved by
WO menti sththethissosdifatnicarThestafelired mea&,adaiﬁftﬁi? F&ﬁ!@?}%ﬁmng,

' i i A 1 110Q_oscillates in the parallel resonance
e S A B L ooy i BadHangee ne
B present invention. These include Pierce, Colpitts, Hartley,

IB0BKrOFigurChriBR, Ick AREF1RES RIPSCHBIRISH AR BRE OL 3 FIPICe aior
z%%gi'lcli%tlgrtoisag re]:?n Q Qnggx% Qfet)ég present invention. This figure includes a crystal X1 210,
transistor M1 220, bias current source 230, amplifier A1 240, amplitude detection circuit 250,
resistors R1 245 and R2 215, and capacitors C1 225, C2 255, and C3 247.

{0032] In this configuration, transistor M1 220 provides the gain necessary to drive crystal
X1210. The crystal X112101s AC coupled through capacitor C1 225 to the base of M1 220.
This separﬁtes the DC level of the crystal oscillator signal V1 on line 222 from the bias
voltage at the gate of transistor M1 220. As before, resistor R2 215 is a large value resistor
that biases the DC voltage of the signal V1 on line 222 such that it equals the DC voltage of
the signal V2 on line 224. Since the resistor R2 215 is a large resistor, care should be taken
to avoid leakage currents, for example through capacitor C1 225, or other capacitors that have

been omitted for clarity.
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20 figure. [0031] Figure 2 is a block diagram of a low-noise, high-stability

Pierce crystal oscillator according to an embodiment of the present

invention. This figure includes a crystal XI 210, transistor Ml 220, bias

current source 230, amplifier Al 240, amplitude detection circuit 250,
{8&3StorsTie DAT-amg R2n2 05 thandred pazitark€l 2255 CanpaizdanthEd R4k tage on

thi i tiQn, . ' rovides th in, .
B R e i voraseon
{iotdh Eapaxitopie! PesasstReiiakle sEMIODIe T sassistestheriBC with a

lenelehitem ey Yalassitaion siBaahiton bR gaddiOmMAEbIRs. YOURIG: 242
%'éhe ﬂﬁ%é%ransisiﬁr Ml 220. As before, resistor R2 215 is a large value

resi IAREL IS B RO UARAYURSE AFEoStnaI A0 dhptiife2umded iR thengate of
cguadethd IDC0/ojtagkstol 30 ths sigradpéai fn dinbodRders) feeathsiFRSIAIDN40 is a

j resi . ould be taken to avoid leakage
B o e Bl SR SR BEES, aprage across
RARRS1tRIeeh HhhittES O EEYY 80T E3PT hedD O opaptientdf2He wignialin turn sets

V2 DOlinsng3deis 6PRABRIBGhIa S, m?émltafe@s@{br't@?z%ﬂ%&%%@c%l}_@ 87

240. Again, other voltages can be compared to the bias voltage on line
DY 1 dP ESREpIL R f%éé&%?‘ﬁ’é 9915 wRliiend S e thsistarsi swings on
feriese wiithaasivoltage Ztta node between two of these resistors compared

bi It line 242 .5 The amplifier 240 provi avqltage . .
B e e e et o o isher
texidhsrirval olthe bias simeifndmbbiinteneuthe tamipiifterfAlQatpisiar A1 240 is
teanssoekisRaGsL e AMBLIfiRr thab piovides: ST Gt Y RICHLABDRIZISS voltage

a voltage across capacitor C3 247. This output voltage sets the operating

BOIAE F57RE 2200 RSt turn sets the DC component of the signal V2 on
lons 224 TResigial RiL c2bnand2capacitensial rbddh RERNIIEIEYEF380 the amplitude

isolation for th tput of the amplifier. Al 240 from the large AC swings on
o T 2o s B v
ewmgpbirere Ot hdSSig0al A loratipdit2@4 af th'tgstigngt_hé]ndm ﬁde_&lm ofcieesbiathe
signat R line 242 uthe:eutaHtylacs 9t the anplifier %%éb% 'r%dﬁ‘é%‘%% 9 mplitude

This reduces the %ate-to-source voltage of M1 220, which increases the

BIChGSHERGE 5 Ut tis Sighatdol s fine 2224 fomastsvieasiisamplibiiting the signal
2 DisiHERURIEEIOUGceaPRGITOVIE 39RO Bhe AMBHtYSEce 230 is increased,

thereby increasing the amplitude of the signals V2 on line 224 and V1 on line 222.

[0036] There are various ways in which the DC components of the oscillator voltage
signals can be set or controlled. The feedback loops used to accomplish this may be analo g,
digital, or a combination thereof. One analog circuit that may be used is shown in the next
figure. The subsequent figure shows a method of setting these DC components; the method
may be implemented in an analog or digital manner.

[0037] Figure 3 is a schematic of a DC biasing loop for a crystal oscillator according to an
embodiment of the present invention. This figure includes a crystal X1 310, transistor M1
320, current source IBIAS 330, amplifier A1 340, resistors R1 315, R2 317, and R3 350, and
capacitors C1 360, C2 365, C3 370, C4 345, and C5 375. An amplitude detection circuit may

be used to adjust the current provided by the current source IBIAS 330, but has been omitted
for clarity. |
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detection circuit 250. The amplitude detection circuit adjusts the bias
current provided by the current source | BIAS 230. As the amplitgde of
the signal VI on line 222 increases, the current provided by the bias
current source 230 is decreased, thereby reducing the amplitude 20 of the

Jouals o0 un 25305 YO0 ARA, GONCISRY A IS AR e vi

the signal VI on line 222 decreases, r%% curren prow

Afrréht Soisriied 30 teigeiealid 3%Qémbmi@£ﬂngﬁﬂ1eﬁamphmdmmmuen of

srg;rml.&\m orsling 224 @-‘V‘Qré/u%?@tﬁol e 1%%2?&93% Ihﬁér%s%?g@'fgg 1"{3\’18%3@2 and
nents o e OScClllator voltage

o%ycv%rh roile dP Wg ?g;epd ack fornya lﬁ%é‘l?tB%&%’(ﬁ‘rﬁg i SHFRanYY Beliasdity,

Lapiigitat; G A7Combitaton shewenf 1 Qnel analag wiscustha MaydagUI8ddsious

t h bsequent figure sh W a method ,
R e S LRt fane e

SRafagSdFdRtaY ivarmencboaTphidaied, Soseamuhlenapiarof fabDENbiasinttor.
lmendpr a gnvsiebasaiiater sseordinglarRNRMbgdiment of. t@rgé?%f’g%‘?%o As the

invention. Thjs figure includes a crystal XI 310, transistor Ml

&l entiast L BTAS H8h Mimig far ArssadheepiprarensahRde gLy ingaehses
RB1850, Andrdapagithe Tl 86Oy IR R6H, B B00s G434y a&@tl g&,ﬁ% ﬁgé})r;t is
u be us € current proviae
e S Mt S B R RS e s oo e
Erpisali o f3tonia gl pven nsywm;stbp Me@26nt Théheryrsted ISt riloosine My

32aliadircserpled to the gate of MI 320 by capacitor Cl 360. A series

bination of resistors Rl 315 and R2 317 are used to set the DC levels
i%@ sigriadetiabie e tao sigial W o 2 3 s havet ety lind ce qliewever, if

msha@@:@u%fdhmgﬂﬁb&(]&fwt ing %a@e@@ﬁ@ﬁm&% 378 apdGoor
t t rys requency. \n various
ﬁ)ﬁ d& - WEEdJ0. oyl reglﬂre% AHER; ?n cﬁ LD %

ments, these capaciors can FPERVitihiBfauld provide excess
éﬁﬁéém@téﬂdm weysted 3df/stdedveqy lﬁ&nﬂmﬂ)ﬂm Aind¢has mochplairch fidfiving

SXRWRISER. p@ﬁﬁl%ﬁ%@?@%%@fde @9@@%@9 @@?ﬁ%ﬁ Stor M ltf?eza(gmﬂhﬁer’ Al

rovides the drive current for the crystal XI"'310. A ta eo
Sr‘é?msf&fta‘%%zmher%é%%@dr calvénr @fQMéi%ﬁeﬁﬁeélmr@a@awlf@xmance

mlmdlytelwuwd@giyvth erfadnas ¥plmorRAlMLi3Z0s Rically near
g(; at it IS 1blase .below the thre hold of the transistor M1 320,
u

C hat %ﬁe BRSBTS SRRk ERCH i 6r TooBRasRiRs dTom the gate
pliMdé &%m@mm the tbiy stay, Xdp3difoonCe Eveiyd GBI Ghacitive divider

that reduces the amplitude of the signal seen at the gate of M1 320. This allows the gate of
transistor M1 320 to have a DC bias above ground. In a specific embodiment, the DC bias
for the gate of M1 320 is approximately 200mV, which can be supplied by the amplifier Al
340 without requiring a negative supply voltage.

[0042] The DC component of the signal V4 on line 344 is set by a feedback loop including
amplifier Al 340, resistor R3 350, and transistor M1 320. Specifically, the voltage signal V4
on line 344 is compared to the bias signal received on line 342 by the amplifier A1 340. The
signals V2 on line 324 and V1 on line 322 are each large oscillating signals that are 180
degrees out of phase. Accordingly, if the resistors R1 315 and R2 317 are equal, the signal
V4 on line 344 has approximately the same DC level as the signals V1 on line 322 and V2 on
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[0040] It is desirable for the signal V | on line 322 to have a large

amplitude. However, if 15 this large signal were AC coupled directly to the
gate of transistor Ml 320, the gate of transistor M1 320 would require a

DC bias below ground, otherwise it would provide excess drive current to
thiee Atansyh Higwevas, e camplifiert ATBYQ ﬂhermgmaMlbdﬁ ahenvingrovides a
helowarauot: Qa A RIG0 PIRYILS piiedalys PRl Yoltags for,

§ mpllfler Al 340, for example with a charge pump |s 561
;@ ciesgfcaéﬂah??fd‘géﬁéﬁé?mé?ﬁc?evczbam@mat@gmﬂa@@gﬁ@@tz\%%nérhe

32Racaor o2 %dldﬁﬁ@dﬂlﬁlm plitugr. tﬁ@%%ﬁ@ﬁpmnwam'%?%@&cy response of
gmoele ﬁlazpacno is co%lected from the gate of M1 32

groundp In this \?vcall ng é’c’fn%nc SABPANGES 368 REYRASSCapaEmyeutput thatis
Gﬂnéj@ﬁemtarwmsm@emmnude@ e sigeausaervatihe gate ahMlfier A1 340

380 tldiscalig d 20 1o h veaDCblasa ove
groutrl?—d In.a sﬁé%ﬁ%ﬁ%%@%ﬁ%ﬁ#C% éﬁ%‘ i 5c%¥?ét%§ﬁ\ﬁf§%91§t°r Ml

ﬂ%&m%eﬁ’ﬁvf%mﬁnééwﬁ@wpsn@a WMlantplﬁremAdolﬁtga the signal V2
witfiee3pgquiring a negatlve supply voltage. [0042] The DC component of

ga V4 o I|n Ahls set by a feedback loop including amplifier Al
45“??9 SBFR ‘%% O %’f&? (P SPEratipneiiiaMChiasineiens siarhas the

VF psimpl e Fipmparethtortingiampignalseceiat ORdinamdR My the:

V2 on line 3 4 and Vi.on line, 322 are
B e T e o e it o1 ransstor
ARE GARFIESE ‘i‘ﬁﬁé@%@?{%@ rYd pf thagsRiiBaAigmelequal, the signal V4

00disE MhﬂSaappxﬁomt@lx thersama RPledavel 23108 &9&2%5 '}’heoﬁé' 'i‘eve

324 hut with little or no AC componént. Thus,

SR G T 3008 AL AP GO lgE RO B i v
veldgsdridibe8dchy the sanmﬂbrfkemége%&s a[R9A3dp R BEMifievdM234 und it may

acr aC|t r C4 345. The capacitor C4 345
D IR Do eamer oo ey e aee

eAnslios | Jisp crampipdtmesehn @e@mwegmm@mnm #1848 frovidepRximately
SHIRAE @ﬂiﬂﬂﬂhﬁ%i@p@?@yﬁﬁﬁq‘éptﬂy@éﬁ&%p [%Hﬁ capa agrlé/?t}gél gla-srpevcl may

u&outé\rllo dt\ﬁ]gf% ?ég%?énphfler Al 340 sets the DC bias vo

ranS| or Gh- B HUmEs R iheRe BrwESEtor Ml 320

Mt sahecopesating tasidt donitbectaasistors elkiding is.raim. This
e e O R R B e,
Ways that this may be done, and they may depend on the particular circuit topology that is
used. For example, the comparison may be done digitally, where the first crystal signal is
filtered, digitized, and compared to a second digital value. In other embodiments of the
present invention, the loop is analog.

[0047] In this specific example, the correction signal is used to set a bias voltage for a
transistor in act 440. In act 450, the transistor is used to set a DC level for the first crystal
signal. A resistor is used to set a DC level of a second crystal signal in act 460. Additionally,
other resistors can be used to set other crystal signals.

[0048] Embodiments of the present invention and can include an amplitude detection

circuit. The amplitude detection circuit can set the drive level for a transistor or other circuit

used to provide gain for a crystal in a crystal oscillator circuit. This loop can be analog,
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DC biasing loop of Figure 3. According to this method, a signal from an
oscillator is compared to a bias voltage. The comparison is used to set a
bias condition for a transistor. The transistor then sets the DC level of the
oscillator signal. [00451 Specifically, in act 410, a first signal is received

fror tal..The.DC level or 15 companent of the crystal signal is

B e, Ol b TR B A s ok, BePaal g the
bangetdider mmbmywtﬂmgiea,qmcaibemmpammmr tias teltagewand éf the DC
A% DREesignatie Mkt ase &%Wg%%?‘d&%ﬁ%%ﬁ@ ac?rr%tc‘é{r‘?me, the

grocessmg or other condition. For example, it may be set to

POAWL Al bR cE ids dettRuRn S B SR tatEnPeoREbRB than inibandwidth of the
Uppbnivoltage. i she psciflatansignaboblemaselyethisianleval mayidtic

e designed to. be independent of one or more of these parameters.
R L ST e o D06 5 P oo o e eauency
A@damiscicovgutiof signalnsititenanseditesetibeBiGlaeyahaithefiEshecific circuit
fslah 9608l DRFRALE MANY. IRV HELING BRRS 1ONS SRCAIEY RN rown
depend on the particular circuit topology that is "used. For e ample, the” =~
Bt aFddietrayBileepesargifitinaindosiediiditernes ignplifed2ss shown in the
lisrepefigitged, and compared to a second digital value. In other

di ts of. th ti tion, the loop is analog. [0047] In this
T ESBH 0 Ai6 EEHHGE A G L oRau L Bk DERapEs el
teaosistgrtirmetbefinimaof &E0rthentransisi en.ismsaegtcalsahplia@d@ugﬁmmp
I ignal I ' to set a DC level secon
e L B S R AR g e
deeeirien g sre Sigiiafs 00RO PRhaBpRfiive RS Boheiptesentimuentoino,
andhsanificisdecananmivie 81ectiob fifitp Als %P%%Qa@!tﬁo%%er 570.

ircuit.can set the drive level for a transistor or other circuit use:
5 o%a@aamwgscf%wm ERfsYal oLeRBBe AifceRuPing feepstiarQes 10. The
auratogDA difiiakenratconthimationmhie of. AGRIN bioiayRIE IS F0fe BNV IR vided
. andwidth of the amplitude detection circuit.can set
B T S 0 s
BHTBBUPfeEsisivie Fust ah Gensstrsars BeimBigerefdr example, the

idipaht sl ARt QN LIEaH : -
ggfﬁmdﬁﬁ?ﬁ She contro%i’%(gf???éﬁ?iﬁi'éﬁﬁf%% TRl e, Denal V2

Tt indErtio s WRLngRRERE GltdQioRheirnt Meprbydraknely g,
antetperdan dndadifaofcdzetloopiga A6ty X IMFIMENCYn line 322 or V2 on line 324 in

Figure 3. Detecting the amplitude of V1 on line 322 provides isolation between the
amplitude detector input and IBIAS current output on line 562. The size of capacitor C1 510
should be large in comparison to the parasitic capacitances of diode D1 520 and resistor R1
515 in order to avoid signal losses that would be caused by the resulting capacitive divider.
The resistor R1 515 sets the DC component of the signal V2 on line 515 to an appropriate
bias voltage, BIAS on line 516 in this example. In an exemplary embodiment of the present
invention, the resistor R1 515 may be connected to a bias line that is midway between two
supplies such as VCC and ground. In various embodiments, R1 515 is connected to the same
or similar bias line as the BIAS voltage on Iine 342 in Figure 3. |

[0051] The negative peak of the signal V2 on line 517 is detected by the diode D1 520 and
capacitor C2 530 in order to generate a peak detected output signal V3 on line 532. In other

10



10

15

20

25

30

and at which a value of an accumulator or counter is clocked or updated.
One specific circuit that can detect an amplitude and use this information
to adjust the amplitude's level is shown in the next figure, while one
specific methodology of detecting an amplitude is shown in the 10

swibseran figere: [0 Figure &issa sehematcaiad i@}t%\%@ﬁ%‘ﬂg%e D1 520.

rol loop for a crystal oscillator according to an embodiment

con
Preuish ERORIMSAEST AL i gl SFIRSIRERIRF CBHEBPIOisCIHER RIePaMsAE As the voltage

chupligheapacitaile|s3 I GeReasastaratinnsesistas Skraanaegatieneabiows. As
acitor C2 530, window

etecto de.u diode DI 520 and ca ,
O R B R e P iy Yerbes 532
(BAC) 560 eardziingwphss:fities 5 AlhdAnrascillatal Isjghalisdeteivved. ol various
UneodikRha BY e, ACHAUPING £ARAGIRLE R ID raf HERL A 00

generates a bias current that is filtered by the low-pass an prov"lgtrago not

neludeibit dodesion e w69, msdbsdevriohmvantient ahdinsidsd Tinvwasonthe
linabb2 SLPRiRssbiiRE! ifiaseasision suebsdansistPmMLd28i8: c2 530,

Figure 3..20 [00501 Again, an oscillator signal V1 is received online 512
Vgﬁg@}?&ﬁg&%gg% l‘ﬁgﬁﬁ?ww@ﬁ‘line 512 by AC coupling capacitor Cl

B062[Th&lapundignabithamiling4d tampayesahtreppantt 1o ongeahatieasd twesholds,
' I ine,322 aor V{2 on line 324 in. Fi 3.
B o R i 455 e hiandh e safan e
o Smeerne ld et Viorn BeRISHES RS EiiverlY e veitige §B8R: Feabive af line 532
i@aiéﬁﬁgéi{ fed Bl %&B@l&'%&ﬂ@ﬁ% m&%m@'ik?@aéf?ﬂ*\%%%ﬁ&’é%m is active.
ac tanc?s ofﬁ?lgge,Dl 520 and resistor RI 515 in order to avoid signal,
WHER L6 iae e b L ee S oo Ve dRRENesmpe. the sigaal
VESistdinR 3415 setsthin DEicanspooaiheaftiha signala R B RLa a3 VM on
Fi ias valtage, BIAS on line 516 in this example. In an
B N T SR RN e s s be o
PERpPBEESH 9Betditeombizes HrrestbedliS frodiay Hitwetrs tigh36rshippliesd one that
&ﬁb&%\ﬁ@@ﬁﬁﬂ\%%ﬂﬁme‘@3ﬂ@§ pRandiments. RI 515 is connected to

the same or similar bias line as the BIAS voltage on line 342 in Figure 3.
W] THe ASHRYE BrakOcriie )y HRIdgY B oS frrtgraeidaste disjfaiisord to the
dineler DLAE266aNdVEapaeitsEfa? BE0HNAEdRE R Ganelate Aneak A6tes®tunts

utput signal. V3.0n line 532. In other. 10_embodiments, a positive peak
(gpetet:{%ro%gﬁ%e%%g ?}}8?@’ \ x%lmp e lflnFeéﬁegréFnagc%YSd TPIBFHHT Gfbpounts up
neodih eWlssrothesigeal Vdié tactorsSer envslopetideteatond canshie dsachot change

&ﬁx@ eﬂgﬁﬁg %mbodiments, the accumulator may count in a different manner, so long as
the peak detector, accumulator 550, and DAC 560 operate together to properly control the
amplitude of the oscillator signals.

[0054] The accumulator can be clocked by a signal that controls the rate at which the
accumulator output can change state. The frequency of this clock signal controls the
bandwidth of the amplitude detection circuit. In one specific embodiment of the present
invention, in order to évoid interactions with a DC control loop, the bandwidth of this
amplitude detection circuit is set to be lower than the bandwidth of the DC control loop. The
accumulator can alternately be an analog-to-digital converter, such as a flash converter. Also,

more complicated functions can be implemented. For example, transfer functions that

include poles and zeros can be implemented to more specifically tailor the frequency
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of the signal V2 on line 517 decreases, the voltage of the signal V3 on line

532 follows, As the signal V2 on line 517 reaches its minimum value or

peak, the signal V3 on line 532 5 reaches a corresponding voltage, plus a
diode drop caused by the diode DI 520. In various embodiments of the
prespenta oy drtionp btk detaki aetactors Thal camigensatedo potss dad@ios can also

inglyde-thisAinde. BeRE Ysaduhs the level of the signal V2 on line 517

increases, the diode D 1 520 reverse biases, and is effectively
dI98ETIne RSP HERALRA Ea9acHeR o2 Baiitak et Histsttha ssagaiater 56K The digital

Volsag el EQQ&%W&MEMQW&QM@@%MQW&%é%&iWL\%% or
on line 532 to two thresholds, igh threshold and a low threshold. hgn
combination f ?F]eé)f'si Ex I§ %g

h 7 A
the voltage o SV BverHal KRR tHiveReIe! siyitehov eash
linenB4@d¢ active a\Wiremtbeeltage of thEmsignalE otrite &32eiSitered and

s 0 b L o R SO o

544 is active.” When the voltage of the signa r
tASPRIEHTRSEISHBIE shsel Bigrrampievs e lnersae filterciie. Thivdiiiousmoves the high

eROSHBYIE RNk RIBRERLIETION oliF I gRalYM LA RGPS %\%Oélcment from

r%ired. In var:ﬁ{s embodiments, the window comparator can be
c

BEPRBPR S e SHAT RO Y S A ilatsd fmbegadenmrd catngrupply,
themphoityg od prnestiialy. Chnopa ks Juens ﬁﬂ@ﬂbMB Qﬁs&/féﬁiﬁ@e%t%ﬁha@ dﬁﬁ"&i gital word
th - T cumulator 550 can bean up/down counter that . .
L O e AR SR ARIFS AP Epdments,
lifhe BAE igacnveyitdsdeaecomantanihsStalumtsddowerisy.one bit. When the

S[o0sd] V| BtHECeRAS dmRAI Sndhe1acC WRUIAArwH 0L it
When]tni\e/ jriﬁgé]“al VM on line 544 is_a%gve, the aﬁ%u%ﬁggg%fggﬁggﬁo a single

cHiusige I ShecBiFs YR dicaimarhinhardhsrmiageelsienslad’3 on line
A O Tt 1oty o S o SR CohE o i Suing operaton
operate together t rope control the mplitu e of the
e S e S 50 G ALY e e
CHSHOI 308 tategatobhivieeh evadouinuiadoeautpng icahechargelsates 6TReitching

fwgﬁ%@fbﬁgﬁcm %%1@' ?‘Hﬁ%&lﬁé?&?ﬂf‘&%‘ﬂéﬁ’%ﬂ@ﬁ&% %gi?el i&lf ee oscillator
detection circuit. In one specific embodiment of the present invention, in

oFftidFto QYBRITRAPLTHGHS R deDEvEBAeTs Motpidh Bip dridoathysheTieagithout
achplifirdeidetetion fuieuidmankin heolemas lanthe HanAMdN Qe RGed by the

cgg%%l: Bg% 5'I' e accumulator can alternately be an analog-to-digital
converter, such as a flash converter. Also, more complicated functions
cH T8 infpgarnérited{l Fuchexashpléngrimesipertioatiohs thaplitude control loop, such as

the amplitude control loop of Figure 5. In this embodiment of the present invention, an
oscillation signal from a crystal is peak detected and compared to a high and 2 low threshold.
The comparison results are used to control an accumulator, which in turn provides an output
that is converted to a bias current, the bias current used to drive the gain device or circuit in
the oscillator. The peak detection described here detects positive peaks, though negative
peak detection can alternately be used.

[0058] Specifically, in act 610, an oscillation signal is received from a crystal. This signal
1s AC coupled, such that its DC component is removed in act 620. In act 630, the DC

component of the oscillation signal is peak detected.
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include poles and zeros can be implemented to more specifically tailor the
frequency 11 response of the amplitude detection circuit. The locations of
these poles and zeros can also be programmable or otherwise
adjustable. [0055] The current DAC 560 receives a digital word from the

K59 uBtio p&BO] cidveedligital ivbed @aﬁpbmb'mamygwejmer@lv@ﬂmgmmw act 640.
e B R B o R b5 e

current DAC 56 IS typica ya number of Swi c eseac
USRS SLteaBRcaica i mﬁé@@smﬁh@mkrmetmbeabueeecmgmtmeshom it is

@é@:‘z‘iﬂﬁgdt@l@e%ml%l%gd@né@i IE%%%%&?WH@@SH&B%?QE M’IOS%Q s, the
g}l ure 3. The filtering is performed in this specific example by the

feGHmalaloR bPETReRiRd inast AV deeheak e tredtiteysdatrpdhentisdigh

ﬂneammehmmpg@e@maum@rme@ﬁmdne tﬁS@H&@fxﬂﬂ@a@!ﬁfﬂ@mcffqmnjagltaxned in act
gse transuents Them%ré?“t sou}rcciges na be confi ?E()j to be

gndent of supply.- temperature: BF prlcl)tcl S T S B GHBAY of
Wféﬁﬂ@ﬁeﬁmdwemoﬁnabffh@mgnm wonldimgre dise sxiacvatpéerifeat RdCused.

RisBOfes MR LU FaRS 10 ihe.aain deyicR: A aiher smked] &%‘%sthﬁ DA Chis

may provide less current as the digital word increases. [0 In othe

B BRI EsHhéP Bt G SR RPN eRciRTaIL SRt aupisireén dostryteystal
ﬂnﬁtﬂarﬁhaldngnﬁhtis@&s&oﬁﬁgmﬂe output indicating whether the voltage of

|V, QN I|n igher or.low, than the threshold is provided. In
mls‘?@on gufmf% %ﬁgrjﬁl%%prércéli%r! CBIRPSHE SR SRR YIS fotable state
anmmmmamom steiit@nd Eneties catsing ghel csfwfﬁwéataﬁi;ﬁhmde to
5'&1 %ﬁnt DAC 56 switc mg 1
gﬁ aﬁsenc nmse aiy

%@ﬁﬁ@&%&@ MQRMEIS, 251 EesHtDg i N oot Rk

een two bias current levels. This tends to a

13HREPESARSIBRIOD- di QeI RIg iR AFRBYH GRS farbvieiesm erindelng amphtude

&Etﬂd‘bmardﬁ‘v@l Baysenerake: M'Méﬂlﬁbﬁﬁg'lﬁﬁlﬂf? RS WSlitude detection
t level provided by the current

accumulator, 550 or th resu t|n s cu
C[‘)r,&lé %gl% |gure Zi W&?ﬂB“oﬁj@t’ﬁfﬁHC&faéﬁhe circuit
@mtwdég;mﬁom@méqghmﬁhm amplitudeeworitiohappeaiseiatrase-p is

4m§,gr§lt{gg@glﬁml%tp§moeresent invention, an 25 oscillation signal from a

rystal is peak detected and compared to a high and a low threshold. The
gﬁﬁiar@@ﬁf?&smgsahém@mm amplidaenntel, crbighuseduerstart 2 crystal

w@uuﬂ@&a@mﬂﬁ@w& dheiiboeRnvRr bR ehioR RIASI FEHRIh. tﬁ?uplﬁgu?y fFefilies gm
t(§1 n de yice or circuit |n the oscillator. The peak d M2 730, and

ec for 5{ cr%gﬁ iﬁ‘é‘?& ST BT ISR %bgﬁ@&n an
decoupling capacitor C3 725.
[0063] An input signal V1 is received on line 702 by the gm amplifier 710. The gm
amplifier 710 provides a current output that is mirrored by the p-channel current mirror
transistors M1 720 and M2 730. Transistor M2 730 can be connected in parallel with the
current DAC in the digital amplitude detector circuit. In a specific embodiment, the signal

V1 on line 702 is the negative peak detected signal V3 on line 532 in Figure 5, though in

other embodiments, it can be a different signal. As the amplitude of the crystal oscillator
signals increase, the voltage V1 on line 702 decreases, thus decreasing the current provided
by the gm amplifier 710 to the p-channel current mirror.

[0064] Again, once the oscillator is running, this circuit can be disabled in favor of an

amplitude detection circuit, such as the amplitude detection circuit shown in Fi gure 5, or
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peak detection can alternately be used. 30 [0053] Specifically, in act 610,

an oscillation signal is received from a crystal, This signal is AC coupled,

such that its DC component is removed in act 620. In act 630, the DC
component of the oscillation signal is peak detected. 12 [0059] The peak

s dsdersing] Gl tHiércensistrtodith arbighaedsa fobe freeshald satast, 68Qs circuit

[3 BT T O R TS jped: - vel is aboye a high :
threshold. If it ilsg?i&heé F‘g@gﬁ* %ﬁg%? ?slt%%dgr%%r%%fg ’fr‘i%?:%”\ég’é TE&%S;S%&&“”&“”

|EVFIS HECABAIS Sk igRPIRHSIS B B 75l ycheek Hin eek windlsiter eheutie dkysteresis can

laiseltis below Hheioncdamsbokiraatid Pelfitdss e 2GRS i states.
im&;gﬁe d.in act 680. a“tih%(?eak detected value is lower than the high
t old,

res SUL RIS HA G trBRIsS ifre ST VAIRRMOH Basisioru| drgrther
ismbvaititainech riteair6 0. ikgaitiointiadevisee mhpdirbais 0 BT HIESERETS,
IPMEREOR, IR aypjingrement or decrement in different ways
ac_cordfné tf&é&%ﬁ%{‘?ﬁéﬁ%ﬁ%&gﬁ%ﬁg SF(%@OT q‘ﬁ%evma S%I S Rgtal capacitors,
ABEUARAS AP RS LoV AEY RST-ARRAO BRI CARaB OB, Auding thisgdt® lmidsS device.

CEift pesieipeciayib/go I BESIS @69 Bal G aub I ahis AQusing I 8%% r

the cr st?l that is generafjng'the oscillation signal. [0061] The amplitude
JERLSREAT R P RE eGSR e epemible aaloherseris
threcoystahudes Hdtasaitisiehey proyiskeotortpuisignaleEsufficient

fud ceymulator 550 in Figure 5. Although the
3?@5&5 é?e;%@e% %%tgalf% 1§s i%%réHt%]’e%ag%%scﬁfg{ré?g i ORISR BRouRRS e
OSSR ARFESE SE5tbapna R afrartyg smiptitue 8Adtheptisentirouit tanmdiey be embodied

UsQchaRNEE SR FT AR s BRIRGY dhS ARRIO SARRIMAS HSIECHOR o al
circuit canﬁ%ﬁ/disable in favor of a digital amﬁI}L:‘ude detection circulit, &c

FEWEEIERE ShERDH IhEigtiFe Bhishara Ranst Aridmmtifeddartiioms biehod. n
rsmgrehelpﬂsedraam?staimﬁ l;shewsm:@ he/de Hemilagcﬁg&iﬁ%oat%ﬁg%ﬁtﬁg&{?@uits (not
| q fi n analo itude control circuit used to start a

Rt R R e e
PRIHRSIoRS iRl T dampliAes PEOPad enplotrarmeddimment migestic storage
ipelidingdransistors M1 720 and M2 730, and decoupling capacitor C3
ﬁ%‘{fo An input signal VI is received on line 702 by the gm amplifier

"Hh 55 BapFRBTBCAViliR & BostfrvineSneh shawan s iphinsraarinuter,

thetplebanpeticgteentes 8! as personal digital assistants, cellular phones, media or MP3
players and the like, and/or other devices via one or more wired or wireless communication
links 808. HDD 800 may be connected to memory 809, such as random access memory
(RAM), a low latency nonvolatile memory such as flash memory, read only memory (ROM)
and/or other suitable electronic data storage.

[0068] Referring now to Figure 8B, the present invention may be embodied in a digital
versatile disc (DVD) drive 810. The present invention may implement either or both signal
processing and/or control circuits, which are generally identified in F igure 8B at 812, and/or
mass data storage 818 of DVD drive 810. Signal processing and/or control circuit 812 and/or
other circuits (not shown) in DVD 810 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 816. In some implementations, signal processing and/or control circuit 812

and/or other circuits (not shown) in DVD 810 can also perform other functions such as
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transistors Ml 720 and M2 730. Transistor M2 730 can be connected in
parallel with the current DAC in the digital amplitude detector circuit. In a
specific embodiment, the signal VI on line 702 is the negative peak
detected signal V3 on line 532 in Figure 5, though in other embodiments,

iteadibe mdiftetentitignall Asiie memifudepad dbainy/ et RalRLOr3Rd with a
igrals increase, the voltage VI on line 702 decreases, thus decreasing
the current provided by the gin amplifier 710 to the p-channel current

9Pt (0084 dviysif Omoey tvenosuiltatorvigrunningputhisvoteowib QW) such as a
@@ﬁp@,iFEWQB@B@&h_@M@U‘E@%Q@ﬁ%%%&g G tédséjrc_\gi?le etsq,ecgnrprgllllgfga%on links

detection circuit shown in Figure 5, or 13 other detection circuits ‘
SIASIRER BN A BHTEBEREFRE Srith@pre datsiovessibrd. tristelesudeteimapwnvolatile

aisahie thﬁa\d@fancﬁdé@ﬂE?fﬂﬁ@lﬂ&dﬁe@%@ﬁiaﬁﬁﬁﬁug Mﬁﬁﬁll k) %}]ﬁfpaéstfﬁlt shown in
cilla ign re of sufficien itude to properly clock the _
e D R AR LP TS el e e enrpevine
Whareehisaciscuiatbg ghes getwemmitsyonsEndiofTs &t smdy [R0GhhIked t(;] memory
ISIQrs. i r n as MOS transistars. In other
B B R e e ey o
pikespyitekle plestronicsjatnperaghes of devices. The capacitors shown may
heomuptaRiermpiaheanadighss stbiﬁn%%%eﬁ?ﬁﬁl\%?dﬁaﬁw %%%Eriéeq Ina high
ropriate capac uch as the gate of a M evice. The resi
S A W e e i e ot
ajgprd prmsw.;g@mi/oesimtwl Tienttsy sthilshran)pbecpiygidimopedatFolite 8C at 822, a
wﬂﬁh%g%&%@%@&%g?&ggé é%&%@rﬁﬁgg O I eves DTV

resonance devices. [0066] Referririg now to vario
SRYNBEEASi R Sl tatiother ofitRlespferatitant eenimat e BEBAd R terialg for a

@shigyEe BAnthsrRIRSSIBLINERSIAN sq?ﬁmbﬁ@ag;g&gi et} SO GO ir 522
800. The present invention may implement either or both signal 15
SR8 ST R BB CELD AN R LR BREFaNg e R osirendon

proces
8itcryp80R, Her feomeimpléms itatinndatsigndbp peeResi ng e G BIIDTY
%V&éé@sﬁx %% Qy}g%cire%ﬂts (not shown) in HDD 800 may process

d di

ata, perform coding a uélr/or’er)crypti(.)n, perform calculations, and/or
19Tt dBRkNAT2S Barremoangaty Yateed trtnsammdiadtibastaragadata in a

AAHA1ER B QR (AR s IR IB OB SADIDUREAIE IR PRBEIEMISE HDD may

not s ownésuch, as a computer, mobile computing devices such as

B8 T Y RATACEI SPRNTS ,’Eéﬁ%ﬁ&? PhoRS! Hderst SPAPYD may have the

configuration shown in Figure 8B. The HDD may be a mini HDD that includes one or more
platters having a diameter that is smaller than approximately 1.8”. HDTV 820 may be
connected to memory 828 such as RAM, ROM, low latency nonvolatile memory such as
flash memory and/or other suitable electronic data storage. HDTV 820 also may support
connections with a WLAN via a WLAN network interface 829.

[0072] Referring now to Figure 8D, the present invention implements a control system of a
vehicle 830, a WLAN interface and/or mass data storage of the vehicle control system. In
some implementations, the present invention implements a powertrain control system 832
that receives inputs from one or more sensors such as temperature sensors, pressure sensors,

rotational sensors, airflow sensors and/or any other suitable sensors and/or that generates one
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players and the like, and/or other devices via one or more wired or

wireless communication links 808. HDD 800 may be connected to

memory 809, such as random access memory (RAM), a low latency
nonvolatile memory such as flash memory, read only memory (ROM) 25
ATBrET Vet SRRtEYIslEnalstpyplicitleRai BeoTRg el [ROB8 LR far InapsToission operating

FHgHe38 alis peasanyaniienimnay be embodied in a digital versatile
i@% D g drive 810. The present invention may implement either or both
@llgnail ;ﬁ%&é‘fﬁ@13?48}8%8}%}5&m@}w\mmmhgéﬁ@rgﬂysm%@qﬁfvemcie

FHoursB a8t antitonyniassidatadieragadlGoh RYR @Hﬁv@rs‘%mh §iwa)>al<>utput
i nd/or control circuit 812 a r 30 other circuits (not shown
R L S B R onS SO stem

S supxthsrartaidro efbirtagk Hrsleng aystemectiFFOM amdfatidatysiittendemantics

Setinala Sigreae RadiveD 16N samadppiem @éﬁ%&ﬂ%@'&%ﬁ%@&m

and/or control circuit 812 and/or other circuits {not shown)'in DVD .
PAIFRILo’ BUHE AR SHREIASACHSIRSER asaEicEte bty arrarsridhsoriddghe like.
Suitlboieaiypithensidomn procassimgddactions associated with a DVD drive.

VD drive 81 communicate with an output device (not
@%%ﬂ?&)%%“é%%%%%%%ﬁ%ﬁg eviSit n%?%%%’lgﬁtg\}fgg‘\ﬂ?% B FiRTaRe 846 that
shgiresciale wirehess detieumioatioMdmidatd BErAgORAD BAY imdydeopivilniodte
Mﬂ%éﬂ@%@@é@i%@&ﬁﬁé&%@é RIRI QSR IR ARSIYIANIBIRNNES leﬁsetltone

Mass data storage 818 may include a hard disk drive (HDD) such as't

Qe e ceRisHataD BIWEY LR s it antonradeatioaeD YRy have the
s gupdeitie sh dvay IRGF B B8 BETERS IFEIDES saiable s tah By exdmatal¥el She or more

D 810.maybe connected to memory 819, such as RAM, ROM, low
R%:éecrg %%/]aﬁ’ glr%/%/% i eer%fe%%trlf gﬂéﬂegé’ ERORSEHRSTS Sahid/or PROY SR control

syaﬁ@abﬁé?ete@xrbmt@mma@t@wag@nfmm RefeasiRAMR @M ipur ¢aBfic thenvolatile
RieRepLieN Dt BRhe eRBRTIRAINAAID ASiaiRdeleusion $10 TN,
820. The present invention may implement either or both sign |

PRI SRRl Blse SATOTHPCSHT COTRR A ANS rwion SYAMN dena T B AN Bigwerk

186 At 8828 ari koiriniefase Akl Mas tmeRk 598k iReE REM 83%md/or 2
\F@&/.ggo rec aiﬁe%tHS TV 15 input signals in either a wired or wireless

ormatuéﬁgaég erates output signals for a display 826. In some
[P mBafatimesy sigtal jgroe 88sithg wiesert avefaiononikobebiebiidaPin a cellular
RS sRUHG AGU IS (RO L AR RS 2P B RG0S AR RO e
e(i:t%g;no% I?th/s?&al processing and/or control circuits, which are generally identified in
Figure 8E at 852, a WLAN interface and/or mass data storage of the cellular phone 850. In
some implementations, cellular phone 850 includes a microphone 856, an audio output 858
such as a speaker and/or audio output jack, a display 860 and/or an mnput device 862 such as a
keypad, pointing device, voice actuation and/or other input device, Signal processing and/or
control circuits 852 and/or other circuits (not shown) in cellular phone 850 may process data,
perform coding and/or encryption, perform calculations, format data and/or perform other
cellular phone functions.
[0076] Cellular phone 850 may communicate with mass data storage 864 that stores data in
a nonvolatile manner such as optical and/or magnetic storage devices for exampie hard disk

drives HDD and/or DVDs. At least one HDD may have the configuration shown in Figure
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encryption, perform calculations, format data and/or perform any other

type of HDTV processing that may be required. 20 [00711 HDTV 820

may communicate with mass data storage 827 that stores data in a

nonvolatile manner such as optical and/or magnetic storage devices. At

I J i wn in Figure. 8A /qr a
e LT Thg et St e e o Ty may
&g Benh R i el rie e s e ittaipFavilatiatiomaisinaa idisamabtethan
thpirisxamiaden than@pRIXRaebs 8 8o D T 80N AVRERR FONERIS R An,
II%%E/P%V%S such as FiA%I\Ca ROM, low latency nonvolatile memory such as

flas Sté

memary SAfaT St JHFBIE ek Aol HaemabrapL/orHasheysaeple clecironic
alsta mlaygsuSiEditlcghneeBGASIvvitingy YMhAdN it AMECANMBIVATKAN via 2 WLAN

interfase 847.4984£] Referring now to Figure 8D, the present invention
implements a control system of a vehicle 830, a WLAN interface and/or

n¥5Y Hatacitorag sy thé\eerdl denprebaydmientinn 3&:gdm@nbodied in a set top box
igglemeniationsatha e sentiNYRRIOR dMRISIPERR Qg‘ﬁgy\ﬁ@@ﬁg&tﬁ%r control

system 832 ggat receives inputs from_one or more sensors such
t ‘ﬁ?BgﬁafﬁPé

BRESTET e ALt SE R S8 P thd $4r se ebrsY maiape and/or mass

sttsers aadithanyt aihépsBiablecsencars ssidieteinad genarates QRBurk® such as a
control signals such as, engine ,operating parameters, ,

L o T T WA

THBsplas 8Pl sHokatierciaayiasemberanbidicadoptitbercaneroisl/stemBB@dput

Qfevahic!esi 830 ploetitRlSyRIBM SR Ak likewine feeeivR Signalad '@% ls}tlown) of the

input sensors 842 and/or output 5 control signals to one or more ou _
oﬁgwfzaé’@&ﬁ?qﬁnéésrlff@(iﬁﬁﬁf&ﬁf}em%fﬁaﬁ§,°éa+&ﬁadé%€@m@ewf@@p¢awﬂtwns,
dioranti dealahiakipg Bysiany (RS dpdigatiansystem, a telematics

, & \vehicle atics system, a lane departure system, an adaptive
c uistfgpco%h?tr% pcsbfsxt?r%?nrga% qg&“‘é%%%a‘?ﬁ%%ﬁ%y?%ﬁ%ogﬁ%%&gg Upags datain a

Doy obsshgpringis Miand date Hiarags B bt imjvidernpitadi end/@nmagnetic storage
CoMem MR EambR DR QMO B SARHRL BHI R37%aYCOBHNIGHS e the

with mass data stora%éa 846 that stores data in a nonvolatile manner. _
NS Ao AR BABESP th iR apisash ensdRY DriryHiate oragguration
diavioe $nf Di gera BN | Ra DSk A bees b P ias R A 88 hRAe platters having

F1DD may. have the configuration shown in, Figure 8A and/or at least one
['51\9[) ete ha?ls aﬁler ﬁ]?ag approxi ateyvqré]lzi &ﬁjet%gboie@% ?ﬁéyrslé(‘éed to

may have tne conftiguration shown
rAlAey BYhsitdh el 4o REODE, hewréatency nonvolatile memory such as flash memory

and/or other suitable electronic data storage. Set top box 880 also may support connections
with a WLAN via a WLAN network interface 896.

[0079] Referring now to Figure 8G, the present invention may be embodied in a media
player 872. The present invention may implement either or both signal processing and/or
control circuits, which are generally identified in Figure 8G at 871, a WLAN interface and/or
mass data storage of the media player 872. In some implementations, media player 872
mcludes a display 876 and/or a user input 877 such as a keypad, touchpad and the like. In
some implementations, media player 872 may employ a graphical user interface (GUI) that
typically employs menus, drop down menus, icons and/or a point-and-click interface via
display 876 and/or user input 877. Media player 872 further includes an audio output 875

such as a speaker and/or audio output jack. Signal processing and/or control circuits 871
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15 platters having a diameter that is smaller than approximately 1.8".
Powertrain control system 832 may be connected to memory 847 such as
RAM, ROM, low latency nonvolatile memory such as flash memory

and/or other suitable electronic data storage. Powertrain control syslt(em

832 alsp may sypport connections with a WLAN via a WLAN networ ,
fhntcér a%%eééfg{.mf%gef%%ﬁ ror's %é?ﬁ%ﬁaﬁ]ﬁé(gwg%m%ma&eﬁﬁeﬁ*@éada?éfom coding
st@l‘ag@}memry)aﬁdmEdcﬁl@tﬂsﬁLﬁNﬁﬂﬁéﬁf&@ﬂc{&H ﬁﬂ‘tf@lhﬁ)w omggé]sdla player
Refessing now to Figure 8E, the present invention maybe embodied in a
cellular phone 850 that may include a cellular antenna 851. The present
iW@éHkiorﬁ%@HWémé@aéﬁﬁW sighaapobsssinpen8/orteartobs data

GligHUEScoMpR iR aaparly aBlitissdn: FaWe, SRAlEp2nA VA N me

i,nte{face and/or mass data storage of the cellular phone 850. In 25 some

B SR RS e SATRAT S HL A S5 55 ShGids Hissidhaiie sermsigans wih i3 format
outplr85Batdeichngs @ssp aaler mdtiovidue iﬁrﬁtﬂﬁufﬂﬁ@&a@ﬁm&oﬁﬁﬁ may include
i vice 862 such as.a keypad, painting.devi oice
R B T B el abhyor pvos.
MpetimedEIDhmaorayethiée erefiffertHon showninif igelie ik phdioe 85eisnaye DVD may

REOS @RS AatRurResONmwRing AR %Xﬂﬁ%&? go %?&l%%ggﬁ includes one .

format data and/ar perform other 30 cellular phone’functions

B Mars PR 88beA NrRsHRR st in hiaep st hgb $64rsia player 872

stayd® datacincduoanvalaliky maches Ruqb[,mmiwbmél&p mg@@j{igf memory such
e devices for example hard disk drives HDD and/or DVDs. At leas

R R R R Slorgire MRt ipp e A Sese may

RIABPSErDeZioniayi thay & tHe\cuiafigitbAdhrshoerk intdFiue8 843, The HDD

be inj : SRE| I [ Vi diameter
D 0 M R £V

CORmEtieaisoM dNEnPEwE S8aHhes mexNrcirdomn faveIastts) Aduskstts invention
menienlsueh dsdlastbete e @fﬂy@@ﬁ@ﬁf&ﬂ%&%&%@@!&&féﬁﬁg Iﬁenerally
Cellular phone 850 also may sypport connections with a
S e R e aor R 0 eTagr o Bhe e
presesBinvantior mayireceiatbodicdolif alset®§Bbroiud8 inHe: prasefdphone 887,
HVanti 1 ' i ing.and/or contro
vt e e st b IR o
P ecs ot ke warh Rebtine dstitfe Seictos et oBSDde0tber st
88adaceidesWigeals e A SULIGE oueR @ ction module 886. Signal processing

and/or control circuits 882 and/or other circuits (not shown) in VoIP phone 883 may process
data, perform coding and/or encryption, perform calculations, format data and/or perform
other VoIP phone functions.

[0082] VoIP phone 883 may communicate with mass data storage 502 that stores data in a
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
8A and/or at least one DVD may have the configuration shown in Figure 8B. The HDD may
be a mini HDD that includes one or more platters having a diameter that is smaller than
approximately 1.8”. VoIP phone 883 may be connected to memory 885, which may be a
RAM, ROM, low latency nonvolatile memory such as flash memory and/or other suitable

electronic data storage. VoIP phone 883 is configured to establish communications link with
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broadband source and outputs standard and/or high definition audio/video
signals suitable for a display 888 such as a television and/or monitor
and/or other video and/or audio output devices, Signal processing and/or
control circuits 884 and/or other circuits (not shown) of the set top box

8 rocess data, perfor.coding and/or encryption, perform

cgl?:/l(;)?gt%oe%g?ﬁ?g?r%hé’f’gif/a‘aa{%}d]g} CEPBHHBHY IR %%p Bolk athrtion.

[0OPBYISstamhuxa88ionay ihosnitsoitaie avihenmass fatapsiesage 890 that

S data, | il er. Mass data storage 890 may include

o an o e ety M B AR EHR e e bon

| DSBS SRR GNP IDETIRp fe A6 i HDDRRdegebrainsione Tconfigumatiokdstocwixhaustive

i Figtiei QA aneion i 4east 986 L Y may igHratien 29 -

sQr%WQSirl?[Fi%JLe 8B..The H?I%}D may be a mﬁ?%g’tg%ﬁt%%%ﬁqc%%g;%%% So%nd V_anamns

rior8 PRANSIE HEUIRG 1S (Fachike ARR4E s bmembr darniroxrheaeAdglescribed in

ISBNOMb’@% aaﬂmayfumnommmemmnmgm%%a% §H&h<%§j 561%&&94\4@ thereby
: memoyy such as flash memary and/or other .

T Pt Yy ppmens and i

cHRtRue B figatioes polareNuiteddatieANrhietionnkd nterfacsl886. 25 [0079]

Referring now to Figure 8G, the present invention may be embodied in a

media player 872. The present invention may implement either or both

signal processing and/or control circuits, which are generally identified in

Figure 8G at 871, a WLAN interface and/or mass data storage of the

media player 872. In some implementations, media player 872 includes a

display 876 and/or a user input 877 such as a keypad, touchpad and the

like. In 30 some implementations, media player 872 may employ a

graphical user interface (GUI) that typically employs menus, drop down

menus, icons and/or a point-and-click interface via display 876 and/or

user input 877. Media player 872 further includes an audio output 875

such as a speaker and/or audio output jack. Signal processing and/or

control circuits 871 17 and/or other circuits (not shown) of media player

872 may process data, perform coding and/or encryption, perform

calculations, format data and/or perform any other media player function.

100801 Media player 872 may communicate with mass data storage 870

that stores data 5 such as compressed audio and/or video content in a

nonvolatile manner. In some implementations, the compressed audio files

include files that are compliant with MP3 format
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or other suitable compressed audio and/or video formats. The mass data
storage 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 Figure 8A and/or at least one DVD may 10 have

the configuration shown in Figure 8B. The HDD may be a mini HBBtH&Y!SE
includes one or more platters having a diameter that is smaller than
apiprdxitfately 1.8". Media player 872 may be connected to memory 873

such as RAM, ROM, low latency nonvolatile memory such as flash

memory and/or otheAsuitabgeatddotionit denzpsisirage. Media player 872

also may support connections with a WLAN via a WLAN network

interface 874a g5if008tjcRefemingtodiguraveH, tieeopradeneimsaintion may

be embodied in a Voice over Internet Protocol (Vol?) phone 883 that may
include an anté&ia@8,mThepprestaviedentidivstrml (mislerheh? signet airan
both signal processing and/or control circuits, which are generally

identifietithe Bgurel 8Hcat:88%] a wireless interface and/or mass data

storage of the VOID phone 883. In some implementations, VolP phone
883includes, dn pan)itdicophdie@spimaicdielslbisin 88plsudh elsthe
speaker and/or audio output jack, a display monitor 891, an input device
sigaalshhesoatkeypddhpemtrdetesite, voice actuation and/or other input
devices, and a Wireless Fidelity (Wi-Fi) communication module 886. )
Signal processhsgeiarititoPéopamsrelaapsegmasaysora  dikiLibscgiamunication
shown) in VolP phone 883 may process data, perform coding and/or
sritnfptiaipeldoramcahaumtiphs croenatatafioandis eperishdc v Loop.
VolIP phone functions. 10082] VolP phone 883 may communicate with

mass data st8rage SOetiaestored eaeaiiPhclionydathersintheedingicarent has
optical and/or magnetic storage devices, for example hard disk drives

MDD ALSPOVIYS. ta el Eiast Bekenbbarasp AaveclsareBhfndithadrssnanFlement
in Figure 8A and/or at least one DVD may have the configuration shown
rriy6recss DPAe BRI S0 the auini il eribiatatss one or more
platters having a diameter that is smaller than approximately 1.8". VoIP
phone 883 maybe cORRdBieEribCHhEH B %@@?Wﬁigl‘f"ﬁﬁﬁt{étﬁe FRRplifier is
ROM, low latency nonvolatile memory such as flash memory and/or other
son&isleed| e fompam SEalgerorivdh o e saBnet rifisurg gement to a bias
establish communications link with 18 a VOID network (not shown) via
WalEgs RO ABERNETSBI SHE S FARBAIEAtions in addition

to those described above are contemplated. ,
4. The integrated circuit of claim 3 wherein the DC level of the

signal at the output of the gain element is adjusted to a voltage that is between two
supply voltages received by the integrated circuit.

S. The integrated circuit of claim 1 wherein the amplitude control
loop comprises an amplitude measurement circuit configured to provide a
measurement of an amplitude of the signal at the input of the gain element.

6. The integrated circuit of claim 5 wherein the amplitude control
loop further comprises a comparator configured to compare the measurement of the

amplitude of the signal at the input of the gain element with a high threshold and a
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[0083] The above description of exemplary embodiments of the invention

has been presented for the purposes of illustration and description. It is

not intended to be exhaustive 5 or to limit the invention to the precise

form described, and many modifications and variations are possiblélifYD WISE
light of the teaching above. The embodiments were chosen and described

in order to best explain the principles of the invention and its practical
applicatibosdto thecehy anabl duntharseKiljeddd theart idehest utitizediségnals in
invention in various embodiments and with various modifications as are
stipeado thehpadiapian uss.contemplated. 19 LLOYD WISE CLAIMS: 1.

An integrated circuit comprising: a gain element configured to drive a

resonant elefent; alib€ invrgrotddopadniifetetit® adigstia e doveiioidg control
signal at an 5 output of the gain element; and an amplitude control loop
torfifutbdrtooatjustan eouplitudendizired siginaramers, slegramshthergamntain an
element, wherein the DC control loop comprises an amplifier in
ootpmuwaicatiorrewitmshd gtin edernentotheignaplifer selsdrhrct ioopetarator.
amplitude control loop. 10 2. The integrated circuit of claim 1 wherein the

gain elementthas afhinpuegesisdrsiveito A dlpsmmbdeberaiiethedahdsyel of a
element and the resonant element has a second node responsive to the
olgpalt gsigretgdibyeiemmarpus of Hie igrbyelangriicuisest iainh 3 Whdiel ofea signal
amplifier is configured to compare a signal generated by the output of the
ghim édpntaritie gbaslaBanditage and provide an output responsive to the
comparison. 4. The integrated circuit of claim 3 wherein the DC level of

the signal at®he oufpetitapeigdinittsinehelsinbfsteereindholdsglensholsthe
between two supply voltages received by the integrated circuit. 5. The
rieglarbtheipetivdodl imdaihelene ks dApRsaecomide fprgd the gain
comprises an amplitude measurement circuit configured to provide a
slemsntarpiagtBlasshansitessor the signal at the input of the gain

element. . ' . .
10. A method of generating a first oscillator signal comprising:

driving a resonant element to generate the first oscillator signal;

adjusting a DC level of the first oscillator signal; and

adjusting an amplitude of the first oscillator signal,

wherein adjusting the DC level comprises using an amplifier separate
from a control loop for adjusting the amplitude of the first oscillator signal.

11. . A method of generating a first oscillator signal comprising:

driving a resonant element to generate the first oscillator signal;

adjusting a DC level of the first oscillator signal; and

adjusting an amplitude of the first oscillator signal by:

measuring an amplitude of a second oscillator signal;

providing a measurement of the amplitude of the second

oscillator signal;
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6. The integrated circuit of claim 5 wherein the amplitude control loop

further comprises a comparator configured to compare the measurement

of the amplitude of the signal at the input of the gain element with a high
threshold and a 20 LLOYD WISE low threshold, the comparatorlfhﬁl\ﬁgrm%
configured to provide one or more signals in response to the

comparisons. 7. The integrated circuit of claim 6 wherein the amplitude
control loop further comprideg theorrsrreonfigurethtoinptgmientf the second
decrement, or maintain an 5 output value in response to the one or more
signals providediByttheignalprititerh @hTthecitelgrateladiecuihoftald and
wherein the DC level of a signal generated by the output of the gain

element is used to setrevidtinevet of ansighsilgzalannnpsncafsthes ghgncomparison.
element. 9. The integrated circuit of claim 8 wherein the DC level of the

10 signal at thB2outpUthefitreehgdinfettrmedtlsvbaaodpled gohb echapanbelement is
the gain element using at least one resistor. 10. A method of generating a
firsfosuilldymsigndingontiisingnarivifiy scresenbelenlerhandity brisardle drive
the first oscillator signal; adjusting a DC level of the first oscillator signal;
aignial Ssadipstinty aifp dhspltggdend thedirst oscillator signal, wherein

adjusting the DC level comprises using an amplifier separate from a

control loop f&8 adjustihg mrshash plitclaenf thEufideeroxematisitggnal. 11. . A
method of generating a first oscillator signal comprising: driving a

resonant eleradivstingaherafe letkieéttbe dinstos eidaiar spgnabiflsting a DC
level of the first oscillator signal; and adjusting an amplitude of the first
oscillator signal by: cATBR&iITS ghar avh pRELIE QT H s ohidhos bilfstse Kassapnd

providing a measurement of the amplitude of the second oscillator signal;
21 providing an output responsive to the comparison.

14.  The method of ¢laim 13 further comprising adjusting the DC
level of the first oscillator signal to be between two supply voltages received by the
integrated circuit.

15. The method of claim 10 further comprising:

measuring an amplitude of a second oscillation signal; and
providing a measurement of the amplitude of the second oscillation
signal.

16. The method of claim 15 further comprising:

comparing the measurement of the amplitude of the second oscillation
signal with a high threshold and a low threshold; and

providing one or more signals in response to the comparison.

17. The method of claim 16 further comprising:

decrementing an output value when the amplitude of the second

oscillation signal is greater than the high threshold;
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LLOYD WIS E comparing the measurement of the amplitude of the

second oscillator signal with a high threshold and a low threshold; and
providing one or more signals in response to the comparison. 12. The
method of claim 10 wherein driving the resonant element is 5 perfoiiéd WISE
by providing a drive signal to the resonant element, and wherein the drive
signal is responsive to the resonant element. 13. The method of claim 10
further comprisingraiadigstiod theub G levellodthadinstdscitlatof Sigratdyd
comparing the first oscillator signal with a bias voltage; and 10 providing
aBcHliphrespangitestoriae dontpelisorsidldEel petiodtbficldimla® threshold;
further comprising adjusting the DC level of the first oscillator signal to be
hativeen two supply voltages received by the integrated circuit. 15. The
method of claim 10 further comprising: 15 measuring an amplitude of a
second oscillaticersignialg amgophavididgcawheasieamplitulealod e piicads

of the second oscillation signal. 16. The method of claim 15 further
eanipaisingsigont pating thanrtieakuratrestdilthe amplitude of the second
oscillation 20 signal with a high threshold and a low threshold; and )
providing oneldr mor&hsignetisoih o8 spomsE t6itHeet ommpRIiEoa. 2are Tt a bias
method of claim 16 further comprising: decrementing an output value
whearthia acaplitsddéofihewpobrdlescillation signal is greater than the

high threshold; 22 LLOYD WI E maintaining the output value when the
amplitude of the. secdie ostiledion dijral ffeatkameomptsingrriarddifgdhe bias

and greater than the low threshold; and .
current to a gain circuit, the gain circuit providing the drive to the resonant element.

20. The method of claim 15 further comprising setting the DC level
of the second oscillation signal using the DC level of the first oscillator signal.

21. The method of claim 20 further comprising DC coupling the DC
level of the first oscillator signal to generate the DC level of the second oscillation
signal.

22.  An integrated circuit comprising:

a gain element configured to drive a resonant element;

a DC control loop configured to adjust a DC level of a signal at an
output of the gain element; and

an amplitude control loop configured to adjust an amplitude of the
signal at the output of the gain element,

wherein the amplitude control loop comprises an amplitude
measurement circuit configured to provide a measurement of an amplitude of the
signal at the input of the gain element and a comparator configured to compare the

measurement of the amplitude of the signal at the input of the gain element with a
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incrementing the output value when the amplitude of the second 5
oscillation signal is less than the low threshold. 18. The method of claim
17 further comprising generating a bias current in response to the output
value. 19. The method of claim 18 further comprising providing the biasyp yyise
current to a gain circuit, the gain circuit providing the drive to the resonant
element. 10 20. The method of claim 15 further comprising setting the DC
il of Sarctecaddc oseitaliemsignaldisingp e Tuevel ebiifegliist to provide one
oscillator signal. 21. The method of claim 20 further comprising DC
ceupbRgstedRGn levpbakthe tinstweseplatessignal to generate the DC level
of the second oscillation signal. 15 22. An integrated circuit comprising: a
gain element configured to drive a resonant element; a DC control loop
configured to adjust a DC level of a signal at an output of the gain
element; and an amplitude control loop configured to adjust an amplitude
of the 20 signal at the output of the gain element, wherein the amplitude
control loop comprises an amplitude measurement circuit configured to
provide a measurement of an amplitude of the signal at the input of the
gain element and a comparator configured to compare the measurement
of the amplitude of the signal at the input of the gain element with a 23
LLOYD INISr-: high threshold and a low threshold., the comparator
further configured to provide one or more signals in response to the
comparisons. 24
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