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LOW NO SE Hl GH STABI LI TY CRYSTAL OSCI LLATOR [ 0001]

This application clains the benefit of Unit mm

provi si onal application nunber 60/704,525 ﬁl ”I muumlml'”m
1, 2005, and United States provisional applicatigfgee
nunber 60/ 722 734 filed Septenber 30, 2005, the

Fof er DVENCSE BICH:STARL AT RRYSTAL OSCRLE Aor

fldO@lZ]”BTf% Qﬁ;llcﬁtl&f claifis tithe Eﬁ\togiléﬂg@ Eig&%gi%ugﬁé% lication number

' ed Cctober 3 ntent o
6@7%%?c5rfgig¢ étled AGQSe amd UyitedcStateprovisional application huraber 60/722,734

gl s %%'ﬂ;@ 30190({50&3%%@:{1? P{)&ﬁﬁ’ vahlcﬁl éx%%éogyorgtgé gergi% by reference

kel éntxra[yl This apphbmlsm o skimés bghﬁsmﬂhltcdﬂyatesrapgheﬂtmn number

CEBAZ b rb B haty K3 e o B e

iis giisdty.sour ces for tel ecomuni catl ons, WI red and

W rel ess networks, and nyriad ot her eI ectronic

applications. For exanple, crystal oscillators are

commonly used to tinme data 15 transfers between

integrated circuits. In BASISGREWNBati ons, crystal

gﬁ l ! ?ﬁ@ﬁre&g?ﬁgelﬁﬁh?Q?t@sn?ene}a'llk]&c? ggl%s@iﬂgﬁrs and 1d more specifically
erformance, causes da Tansm saf on errors,

toi lowtnoisd Atigh-sthbibitydnpatrl oscilldtors, it is desi rabl e to

ﬁﬁ)@%’]' d?g%{a%/ 3 cﬂiatcﬁg%ﬁh#@eﬁggﬁ u egl\lr? S rglflk)o Qg 8%%5{% cgoc}c%?ndé)enodlc
sxgxyfk sa@irces Sari teleadmrmurticatiohe wuqdranw edreleys nemm;kasmm glyh‘hd other
t th One ncr ase signha tren
St PGS Hob Sat. el SR aF afcPamonbomses i dat
ﬁ&sw&ntlﬂtcgra&ﬁ@ﬁhﬂtse il s eSdpp dtiond) clistal @Jcﬁmdr%hase noise and
gnal not only provides a signal that i's nom nal

i desreds Pa%mama?j Sauses datairansmission rerarss pghlimits data throughput
PRAYit defsRablEXHroWde cﬁamanmg%mg w-h&ee 2Rt m%, Stability.

whi ch further reduces noise. Also, buffer re ving

tR8de Thesignal-taness 13e fir asngred psp%aécpr cep be improyad by increasing its
IEJEi ¥ ortumat C? 3; t%:) 2182 é%a\g%% gﬁi bl cr yah&’%l 5 45.to,gengrate 2 differential

sigaphaas oppesed mjsglp-ﬁndedrsxgnal 25duffwmati| sligmalynqt anlytpeovides a signal

BRE} ) U O SR P BRSPS

mmprpbxy-modé twﬁsn howell, vhichr ﬁmhalredmes ndistt Also, a buffer receiving these
el ect r gst atl c di schar SD) diodes to

{ZOGCI fi g{ﬁ &5

e poctfflisioals SabORsiats 416 CORRR ERUIDS IR nofh o

po0sls Uhriabstly] edcessivelydiat srystahbseillattd @igndlf 6 4HahesS)itee 8r
spurious-frequency, conponents . to the otherw se

wstABiligy. in dhreoseiligon pircuity dsdhess sigpals Secomip xeesive the mayfeecome
Boftbd bPSR or 8BEI GFlaipal oB le%[ﬁmﬁg&&for #h6 SHdal S\illafor C SPdcHcally,

f requency i naccuracies
glectrostatiq disahrrge1(EBD) dipdasito thess suppligsican 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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*rnnnnt [ 00061 Al so, signa Is fromcrystal oscillators
typically need to be AC coupled to an integrated
circuit that is using the oscillator. If the DC |evel

Sf t he crystal oscillator signals could be well
BH06H o 1A lect sisnals e caystad ogsillatarp hywically dessitghe AG dompled to an
c cr
i ks 604 i 2 Sl SHREBE bk 6P 5| Bpor i
rce@ld be wall cmtpxbhé,nt would ibe possﬂ»ketohbagld arsippotchuffantar @dldcdirectly

58555 B S gL RO G S

'Ehmaoneml raiun'u Savlﬁ ébeﬂiﬂdga:l’e,&nd iréduidé bSsts. ﬂ[fﬂlim&ﬁd alﬁé‘ Help prevent the
appar.at us r.ovi de t scillators having
gpgaé“ séﬁ?ﬁ |‘E°l'ﬂi cl%ﬂ{ppgﬁ%@ %ISR‘&)%U al signal

@ounppt Thae) vhawis hedties B clrelits, MEMbAObhd APatahiBitiar Bovid

Iev? 10 SUMVARY [ 00081 Accordi ng|5ﬁ’ 20 i phovide orystal
ore bavine lafﬁﬁeﬁﬂplﬁhdﬁbmv plipd differeutial Sl,gnd@ufmtmpd avedhanisms for

@&Eﬂ)‘llﬂ{gttﬁeﬁbétlemsow de | ownoise, high-stability

crystal” oscillators having large differential output

signals and DC | evel controls. One exenplary

enbodi nent of the present | ' 15 provides a

crystal oscillator having $%Wég§[gack | oops, one for

§M008] ndcedrdingl, ¢rebalimeras of thespresangingbrstiontph®idd dititd, @fethods, and

Qégoaﬁg'&s tﬂ§ rJ]v(l)?ealnE/lerlmti%dlg glg%t?tglp Rt Sql gﬁmhaEWrS Xﬁ{ghg E?ﬁeé%igerential

eutphtESIgnals and D(iievdl cortrdl EGiR dxempRry ﬁﬁbdﬂﬁhént Gﬁth@ R&séﬁt invention
the f at uges descri bed herein.

Bfg%tdﬁ ? Efyétﬁ‘o%a RRaYiRe Piodeqsibadkdapps, ﬁ%ﬁ‘?t $f(§tﬁlgﬁhQ)DCdé\$ﬁls of its
6\ a¢ thastier FQUR) BIAANE %pllta@e 5%&&@%91' Dgtlﬁ OUs ¢ f’l‘lb%&ﬁjl%lts of the

a crystal oscillator's signals can
B’@Fenf Bwalt\?amaé{gécorpﬁrmths engerhoth ofthessonpy, as wiellag ess or more of
tne feanired k&8 h&g{,{ age, or to any other appropriate
vol tage. For exanple, the voltage may be a
1089 dAspecificerslatiment wAthe ptesertt invwneobvities a]ﬁaedbablalobp arranged

t f Qr .th C Circui

eGSR B e b it TRy BBl b il g volaee
mﬂderb@twemnm Suptply \mltagesas atrefereatavaltage, oAld @iy et bpropriate

dependent_ of
bl RoneR 5 s Toines Ba i e petE eGP e S vahio one-
baibﬂhe il nuesupp Iyl voltegeo Pk odcititor ciBhis THIOPolta ?@hﬁy bb8 function of
[itude of the OUtcht of the crystal oscillator

&Sy Rawer SuBply g5 qthgrro Horiyeh asigmperaise | Aliereatelyythiseroliege may be

Indep}h&@t@ftﬂ&éé@&ﬂ?ﬁe‘éé% ng without clipping either supply
ﬁﬁlta order to provide high- St&bl||£f}; and
2

e h‘f F’P pedimentfirtgrprqvidesian awplitide-canitmotisedbackivop! Fbis loop
6 tﬁ@aﬂblﬂh&%f tflt%u W 91%% staf b&%la?&rsi%?l%%g%d In];)a rtanhlges The

control loop is , startup citcurt can
ppRlitudeccdn be etso Slpfe@lnfawunmmnhg rvathibut dlipping eaietr sgpply voltage in

S&l bfovidd Hdh- Q%il&%& onLrel Jltteroq‘het: Qx%%mhtu&e 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.



10

15

20

25

30

di sabled in favor of a digital control |oop once the
crystal oscillator circuit starts. 2 [00111 The tine
constants or bandw dths of these two | oops can be
separated such that instabilities are avoi ded.

[O?H? mfﬂzxé g'nlng)éonsk Esecfr%gxtlcivﬂgthg gfr'] %ﬁ%%ﬁhg?ﬂsgﬁ‘gﬁ% %{%F.rla%elcjl égch that

mstn’oﬂltrak ax’camlddzd) Specxﬁuaﬂy Intenstion betwetin thedoops is whinimized by setting

e BTN ot eri T RTIOsm 9. FGR ttB FRICEL Bfetvidtsof the DC

1ével @atraliesh. CI rcw t. This integrated circuit includes
a neans for driving. a resgnant elenent to l%enerate t

19012}t Angxemplapt pbodirgsna Pt thaREGENt fRyentien) RISYRARANLntserate creuit,

’ﬂh?s ﬁﬂegﬁfedtcf?&nf infifllesAthéant Br Arivink A8donadRibriBRRRSgehétate the first
an anplitude of the first oscillator signal.

°F®{)@g1slgml, sepns ot adivstiagBdts 'méﬂtoff theefjrstaspHIBOF Signalyandaneans for
gﬁow dﬂg"%Pﬂ{ oPfhe 8 b GRA a1 10 el enent by

ng a r|ve signal to t e resonant el enent,
[0013] eiThistdn ether ¢mleodimentsimay furtheeprpvids imeans for diiving the resonant

esonant el.enent. Thi Q
SRAE R e F0ha £ Bl ERAAL Wi, BBt g
r?ﬂpbﬁ\srl]& t6 meﬁest)h(ﬁjxﬁ l¢¥dmenff hhl‘}ﬁs @fotler I&mboém’mgﬁmmrﬁlﬂhﬂmyovxde means
urther provide for the.gain.c ui t bein
(o RIRGRaE 1o ArvR Sgnel it At S ffﬁb*rﬂw*ﬁﬁﬁmg?fﬁwﬁmgmy further
pP6RYd i@?th@‘é@iﬂ%xrfstﬂf baﬂg AMOSankBfdr. D@u's QY 6theOdmbddemérits Mhy further
oscillator signal by conparing _the fjrst 15 oscill ator

PEQidemeans o AT lg158 of thA 1SS PERBIPT HiEREh DY CRIFRATNG the first
Jsﬁg n%-x\éﬁwitﬁ’ atbhﬁ vS%%d%?&xdmg B §ut?ﬁt redpdfsive to the comparison.

nts may further provi de f gai n el enent

Thhés or@ﬂw mni@ctlmam may Sirther propiga §¢r¢be gan Phéw@fuhem&a MOS transistor
h
rg%ﬁgnsq\'&g‘l) e o%rEput Epfh§ a.r&bldlg% | ﬁ‘éust o g%/@ingﬁg nfag f&?}@} grovxde

msans far adljuslmgshe;;laﬁlle\teboﬂjhe Himst mﬂhtlbmgsal pcpbg/bctwg«trt tMpesupply

B L B AL B o BB o
rAding PR nicksigiag @h ainpBtulie ofthe Gese bicklbtion sigaalgaal means for prov1ding a

neans for OVI sur nent . of , t e a | i tude,.of
st Bearbet of e TG P TaRR sigheby 5 B gnts may
fiftNer ptdvidetrhéihs ﬂfr%a@l&n@&ﬁh’ﬁnﬁlﬁﬁddﬁf al&uﬁrlsm};cillhﬁon s1gna1 using a peak
anpl itude of the first osci tlong afe H_‘afk
deiccton his omether EbOQIRRDHS TBRHUERSRIARY ‘T‘rg’§ e'of the first
&Eﬁl\iﬁ&&éxﬁf béx@n@ﬁﬁ}eﬁhh‘lﬂg a‘afodE Iaﬁd b bipiht&ﬁ@' Thigbt &fer

Sl gna bei ng measur ed usi n% di ode 'and a capaC| t ance.
enhodinaentsgndyefurtke preridaimaens der aemparing the aeapireey ef the applitude of

P B SBEP Gyl S IR R B 4 U ARG e K roviin
drewr trvresigmalsdn mpohsmaths cémparjsoy Thiis 0y oﬂlgwmnbndmw%may further
BhABa Rkl SRRl & i SOIB kR B ambilhie 8F 1 i oscillaion

ur
sgroal Rrgedater (analie Kiph Minsshia) maamlﬁ@nnmhmmrglhe bumﬂet \mfuetwmen the

f t I { {
FPRIEIEH e Hraara Lpim SiEeh e don G di e e Bl ga Eiaies g the low
hhehcl8, ﬁﬂ’&iehﬁs‘&@?m@fenieh@%ﬂhé stitpSille vilkdnahe ahﬂrtadie df3he first

| ess than the high threshold and greater than the | ow
osciliation signal is less tha.n the low threshold. This or other embodiments may further

ﬂ

provide means for generating a bias current in response to the output value. This or other
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t hreshol d, and neans for increnenting the output val ue
when the anplitude of the first oscillation signal is
| ess than the low threshold. This or other enbodi nents
may further provi de means for generati ng a bias

onse tp the ut ,.va Thi s . or other .
SRS srie Db SEAR0 Bl i Y PRt Biop S B i s, e
tghia chbmSpmui’dirfgrthe driverto gt BsoBkit@ntent. t THs ordithdt eibb@idiehts may
g‘t”ﬁé’l din e drive to the resonant elenment. This or

FPB 5 s5tige the (3G Ins! opths spogrd pesliation signal using the DC
3&et bfitBe ﬁﬁ?o.@@ah@ﬁ/ ﬁhnz@f Thig 8r %&%%o@?rﬁén'té R4y RRh& ﬁf‘ﬁhe means for

using the DC level of the first oscillation sig

B coupling,the SIC lewel od theefirstpsertigtion signakie gonasate dhe Ih@ém'sl of the second

Qdinl gupling the DC I evel of the first
gsé}?logtg}ggn signal to generate the DC | evel of the

4@lldhd A ltter widatstapdingiog ﬁalnamfd)ﬁﬁilh}ivamtd:get bfthe prescnt invention may be
ARSEL B Pt et i)Y TR PRFRr BrcoiPitying grovinss

foll ow ng det a| | ed descrl ption and the acconpanyi ng

o o 30 e RESCRA Yl SO 0019

lowIis} S Fafurd 1 is)a HisckSdiddra €4 lowahsise, BREQLMIING C]EEIQI &Bxllator according
enbodi nent of .t he present i nventi on; (00161 Figure 2

t%mherb‘PQ?HRCTHP%‘FQFﬁSWt IBVePHAM noi se, hi gh-stability
W(ﬁ'ﬁﬁ e Figu¥s3 fla YK did@huR of 3 Wﬁ’&gé H&hts&bﬁﬁy P{EP&%E?A? bscillator

of the present invention; 15 [0 Figure” 3 1s
secwecimg focanembadipenhofthe nxgsqnbmexttmn, a crystal

P, M SRR OF VBN e A oo

mboémemf&enrmnﬁfwmtms; ng | oop, such as the

?6(@%%?-}1%@ is3 ﬂd)w ?%IS ovﬂl\b% {?\? aaéatgoidﬁc}lﬂﬂgq Bpg%aﬁmlgé?opasuch as the

m&uahgkoepofhgume 20 according to an- enbodi nent of

sent lnve 0201 Fi e 6isg a flowha
W af  EREAR ispsrthnati osp Cuadaammifids Gamedlodtobr § Hapal osclltor
actoRdiagto zﬁlfbﬂxbaﬂﬂ&idnt sittBe BrekEnt ﬁllveﬂtibﬁp of Figure 5;
&00211 Figure 7 is_a schematic of an analo% anpl i tude

Figugiohisadfiavabart shosying the opsration of aggmplifude gentrol loop, such as

ARG chrdl o Brespest of the present invention;
and 25 [ 00221 Flog’ures 8A-8H il lustrate various

(BLE mErEuz T isresscrmaticodgh anajogammplitidessantsoldeopt ysed to start a crystal
P

Emﬁé%?pl\?ﬁ?\#gﬁ? O%Q?Lm gure o{!hgyregé:rgl ocC kﬁgﬁagr am of a

[Q022h o Fegures$iAgBH $lilatratle ivagious implepientataris|of ax guplay embddimgnts of the

odi nent of the present invention. This
f’%&%“?é’% (f};gdes a crystal X 1 110, gain circuit

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
A1l 120, amplifier A2 130, amplitude detection circuit 140, resistors R1 150 and R2 160, and
capacitor C1 170. This figure, as with the other inciuded figures, is shown for illustrative
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Al 120, anplifier A2 130, anplitude detection circuit
140, resistors R1L 150 and R2 160, and capacitor C
170. This figure, as with the other included figures,
is shown for illustrative 4 purposes and does not
limt either the possible enbodi ments of the present
purposss anddpes not lieit eighea theposgite smbodiments pfthe aresyt invedtiprsor the
cﬂﬁ%ven by the gain elenment A 1 120. In this and other
yodi ments of the present invention, the crystal Xl
[0028] nﬁ'ye frgstal X yHY 1a|dnwn it the gain elorzand. 1 120. elnghis ahd other

r exa ma ank circu
et oL AT RIVeH AT, BT 0 IR DR dria) Y iy resonant
emlmmbﬁ casllue Ifdgebcanﬁs ifmhay 868t BI®fank tifmitg IThi tg?if?(&‘}’ement Al 120

alternate e one or nore |nverters (0] ers I n
pro¥dega nets&avqr%wgmgsm%w 35 i1 8% 3 %ﬂ%%&ﬁ%ﬁ itmay glternately be one

o?hlg{belhverﬂeﬁ\éﬁ 88 in sEhes g&idngek &maﬁlbi%n&%}op{deya ﬁ’&%lfnal
e gain necessary to drive crystal X 1 110

mv.qrswpe Tae geiR eleme%/ Al g%%provﬂesowp igpia necessary wedrwmcp@tal X1110.

RS Pons ik BB R 6 114 P ookl A o B dovice a1

IZE:osmHmawnt/e afd bekoov a Dng&hgeVZT hisnDCivnéagbimhetD@ component of the
sosegl\g %}alho 14;S th% hsecﬂ% ! OE%'E% ﬁgﬁ ?&B?@o?rﬂnonerﬁe ie? 158 1&?'1 20 equalizes
tHel D@ cd:ﬁﬁonbmtdf thesberACV e onmbiaa 12 with thelTaC s«:brgpt&ienw thesignal V2 on

A 4. The t si gnal VI n l.in 12 and. V
ipg . o o Al P Dt Va1, Rigpily R shifed by
1wdege@elan<aé&hlafeeiaéduysﬁmw@mrdadtuﬂen nature. 15 [00261

he DC voltage conponent ine 114 is conp

f
lQ“&% Bha PO wilteggrompepe of Q’i @2%'39 s cqmpired f? b*ﬂeval@ee on line
13%9/&@&&3%&@9 dzmqntv&uo@tembdmmsaaﬁ& v@ﬁageb em@wm d to the

I as volta e on line or exanp

bigy rvrpl@:ge an hm 13 dFog P?gﬁm@nle Ve B Ciomnenemszf theysignal 1 on lme 112 can
be 95{}3@46 ﬂmep Elﬂﬁ&dl!ﬁmg %Jﬁ%ﬁgtﬁr Rri IT?O %%fuﬁfb?{ oﬁ‘smgtglg u’l Series,

Presi gt ors in seri es, a vo
anrbaieoltage ammdte wetween twresfehese s¢ssstars eandanompamd mcpdme écas voltage on

litga,g i Iﬁtsg ﬁgeocl(ijé a e°%%Péng 8%1 the %ﬁe\]?gxﬁ mJthl(ﬂ}, %ﬁ%bisfdo?t ags c%n line 132 is

sétno b gmd-aéfenencedwettageaha igequaltd onehaf enmammméunsplye/oltage for the

opiitor, Jn FEC ot Ol pEselh Rt B bigh v Rag e Faual o s

réferégddl voltbge. tHoir Sxdﬁhp’ie, tvebibagitapoyn lxe quedy He@qfal to a bandgap
reference volta For exanpl e, thetglasvlta

vPitags. Imsothersmbe I thepreseptinyieign. the pipsyltage 25 b, & function of
\Rf@%ﬁxﬁ@&ﬁz% SHothed em{me&e a&erhaaw; 'thé B7ds vélge Bh fifie 1/331 haghe

function of 25 VCC, tenperature, or other
nz,dsnmdpmmonemtre@rﬁ@mewpqrﬂéetwas vol tage on line 132

(0P g ARG IS 00 et AR anlPU R 1 e amplifier compares

tisi QG abmptheonof thersigrial ¥2 ofilme dibp bd the bias valtagaressived helil132. This
onponen 14 bi

c\gl%x}%ag g%rggaetlesvae sai %qgé \{Iil.g%? ﬂ‘l.ﬁq&ﬂl?hﬁc oArTép g:’;d tsfms {'cﬁtc’age is then

ugaie seltksDE vslt@eabr_ m stghﬂ Vludrplirie 1dR. t he anplifier A2

[(}(ﬁ%] -Jill]xle ?)CY go'n‘i'r%pf%e&bséclg E)%S 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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30 used to set the DC voltage for the signal VI on

line 112. [00281 The DC control feedback | oop operates

as follows. As the DC conponent of the signal V2 on

line 114 increases, the voltage at the output of the
amplifier A2 13 0 decreases. This |owers the DC

i& Bprowaled toV 1 onding il i 312 owdliner] 1 iswimil &y, reiced,his@mpensating for

line 114 5 is DC coupled to VI on line
ﬁégﬂﬁvgygxaﬂfne 114 is simlarly reduced, thus

[@@?rﬂie nﬂ?arr:jpgltlfderdetetm abrcbig il 4teceiney tREsignal NEQ)?)Qﬂae T'ILF and provides
bbude detectian circuit ei ves the signal
on | ne yEre Vog \ﬁaﬁlecércmé"\ééﬁg (%E? prgplitudg d W‘P%\@’éc‘{“ol 40
d‘ohtpaga the dStltlﬂ:ttUntaxdidlmikiZQf thEREmANp! bh Use1 Beb %ﬁ& beHore thresholds
CUIt 1ﬁO%P npares the oscillation anP i tud
¢ amplityde of the B‘ﬁ“"rl iVieoniins 142 ingreasesy thegmplitude é@miocjslrcult 140
d%‘érehéé@ trRgaln dﬂgﬂﬁ cﬂ{:uﬁ m? 136 GA% redicingfe hﬁ%eto ?’gf?crystal X1 110. This

| ncreases, the an‘p i tud det ection T circult
15 &up loyesssthe H@Pb@ﬂﬁ ofthe g@ltanse swingof theAignaD02 on lins114. Conversely,

Y, I
e ﬂg%e({c?? tﬂ% s'iéﬁﬁl ffp?ﬁ g Plfz cfe%e %/%’It e argplétw?ehzgete&tlore Figeuit 140
lg¢rgqseﬁ the/gaip of Bain elrm&télAl Qﬂlwélchehgtﬁasesa&e ainplitadpof V2R line 114,

2 de t he tude .
0L 08 e o e ok ST SRREp l S P B T
modinteinked at/ cbrtdin Geveiir mmhimmﬁme\tem dépeidihg bkl the@kacy2
on line.114. In this way, feedback is provided such

l{“ﬁla?fnei fgton, }mlltude of the signal V2 on line 114 is
[mmovpt a&gaﬁﬂ th’r&tgaih &&ﬁit §MVIZb RXfhe £s%mﬁmeta£‘h Sinfle E%Q?oxqg some

endi ng he exact I nplenmentation
‘T‘%@%@]"“ﬁé’g P’?ﬂﬁ’é‘ ‘@‘éﬁnﬁ%l YVhen it iyg tramtaramctbes aMOS trauisistor, this
oBéillRoSdan Bk %&&malﬁh@{méébs&ﬂ%r 15 RERGH JRRLR, tR% rgL?&Sl X1 110
present invention. I's a transistor, sSuc
oﬁk!ﬁﬁti‘sr g tlaq parallel remagce m@fiﬁ IQtherdypas af otvillatczs may eldo beimsroved by
eﬁ1b5’&1ﬁ'feﬁﬁ of ﬁﬁ'ﬂrésgﬁt%ven{l |eSe ﬁngﬁtdh BiL c%t g&niéﬁstﬁ%rgg)ﬁ Aymstrong,

crystal oSsCl es I'n
GMeanthth@ typey pbescilfatops CAIh b)amlylsoﬂmBIiemb sszilloriigighoomel the next
f@{re enbodi ments of the present invention. These

I’ncl ude Pierce, Colpitts, Hartley, Arnstrong, C app,

[003(1] Oﬂ'-'mll‘e 2 jspetsiodkf di g arh bf 10w -foisdhi ghXstdblitp Pﬁce@rﬁtﬁ b&S&llator
n the next, 20 fi

{]P% ator. bid%,i?eg&ﬂf t{‘}? B’ﬁf%iemé‘ml &Msr{?gligrgmcludes a crystal X1 210,

tﬂansjhoﬁM&lBM) ibias cEi're:it(‘SSUIGé Y3, alpBRfié A1 24005m T%I%M%J?gn Eifeuit 250,

AT BL St §E ek, 5 Gpegion €} 248 GBS, sl GBI, b
[6032] e this o fiLurdtish, waiSNidriNIED2 rogi‘!igs tﬁgﬁl g&g%r)é'fsdnve crystal

detection circuit 250, resisto
Xdred Oc Ipaenystal X111 0is AC wrpled moegtwmmm 225t0[tBOB&E of M1 220.

T oA DO b ool DRy g {00 Rt s

vgl1m @t ths gMEoE tlarpusltcaf(MI n2o® u@d"lbdfaﬁat@slttof RE2121% lirge Hilﬁe resistor

o855l g e 5T A 55 DBV by B ot

the si gnal 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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vol tage at the gate of transistor M 220. As before,
resistor R2 215 is a large value resistor that biases

the DC voltage of the signal V1 on |ine 222 such that

it equals the DC voltage of 30 the SI gnal V2 on line

224. Since the resistor R2 215 is | arge resistor,

[@ml sHs PGl corapangreef the ﬁsgra{/bfﬂ@mh@aﬂa‘b@ comppzgd fasthe big voltage on

hg tﬁe%gogg%r S4p tasggeayp ;oth@} c‘ﬁ&?fst 635 bgkﬁsgsgéi\mﬁ% $i8¢ Soltage on
lmm%@n Eortexamplehthegesinter RAZASean b freo oramore sesistarprsedes; w1th a
\}&rl]tggehbalxtaagxtoﬁ oi)ét%g% 5 ofltlllegg reéﬁl%r?%n?l? 8%?‘84 l{]isefolt%%n line 242,

er vo es can pe Co
V}Cd dnﬁglﬁeﬂmo ﬂromdes?afl\&xltagmsutmn am’phseC3 24iktheteis caupded t&thebte of

g 0By BRuoTR LTS iR et FriEinonluhd pBpier A1 240

ERRRMAEHarce of B ARipiFieVBhiRO8dRN dulred videh gdnerbte a voltage across
anplifier 240 provides a voltage out put across

eapaqitor 63 261 pT]é‘G opiput YRdtagetels the Sper gt & M) @zwhw in turn sets
ﬁ@ﬁ(?c%o?rfg ﬁ%rit %ﬁﬁxe slghalv 3 Behhd 179, KRR RE b4 aﬁJ‘&pacltor C3 247

anp | I's a transconductance or

propide fevense tShbtlmp fayheorutpuy ofthe maplifigrn chOg@m m&tl@rgc AC swings on

acitor C3 247. This output voltage
%thﬁt%‘%ﬁui’rﬁggo?a |%§pp0| nt for M 220, which in turn

[0o34] More perificaliypwhert the DG domponent afth‘dzlgnnl Y3 orelig224 is higher
254 and.ca C3,247 Vi de.. .
b B o) danspien ABh) RRRE2 2 sibos Votide BER¥ shplger g1 2401
rdlkcelly Thistréducesthe gatévio- sour«eg&lte)ge oﬂMBZ?ﬂiM&ucrhfmcreases the DC voltage
ns,i S ?{r I\/I]1 2?28. [00341 More specifically, when the
E’b’g &P 19 22fe signal V2 on line 224 is higher
) PR §1?’lﬁ‘§i\/1 @h 1ine 22D isHC hPnAl thidlgh tdpaciedd 22 255@ the amplitude
out ut vol e of the anplifier AL 240 is _reduc

doiecsion eSOt Fae gmphitudedatestipn sirgut adinsts the lmcwet prowded by the

e‘ﬁps :fﬁ@f?%d hgs A a¥ ginﬁ@é@f thd ﬁFﬁ’Jl thh‘ﬁ"x lﬁie@QQ hnc}é%sé% Nthe
ne 2 00351 The signhal V1 on ne i's
cwrept pravid byithis birssuoent @@ur®2232)55 decgeaserh ﬂmbb'ur@dy!e@g the amplitude

a@}x %ﬂﬁ{wE' %ﬂe Yo a VT&? Ii 36?6 €ergﬁ§ eaﬂ ur ! g?lhfd@ Bk the signal

|as curren provi
yo wndine BBl dSreases, thasutréng peavpleid by the: tois duirentssoyeaP30s inpmeased,

i ne 222 i.ncr.ease curren
VisPe Aerenile 05 Sy O s Ry PR L0 B 2
§0006) t l]IHac ardO/afibud \heysSin ghizh $he\HC oombponeatsT theaisclliafdr vmtage

lin Conver s s.t litu of the.sjgnal
o Oy 18 SomEa b 1B8 fetlizek Bapt LAt o osoma T e amlos
BigRal, 614 doMHinatioH fikeo? 3Onk &nal n%aﬁedumay Beushys shown i m the next
|ncrea5|n%pthea nplitude of t nals V2 on line 2

figerey Theptbs¢qyentAigre ’[bGUSGI“eT‘}?ér"é 182 (Rage; %Ggmaeawmﬁﬁhe method
M& %Gluhﬁsl@maﬁe&&m%%g%r %ﬂﬁm&cn | lator voltage

s can be set or controlled. The feedback | oops
wéa] t Gigarechisyl schematigiof 2 g bipsingleap &y 2 crysl gscgfiatagjaccoading to an
I
%rsngtggmx ﬁqfk%:r&!&ﬁ xﬁl r}t}xg% ?PQ %g‘u%%%c[eeggublss{ghgﬁé 3 Wﬁaﬂﬁstor M1
BRQ wnerers howse EMnSt?riS@dam;ﬁhkeAﬂ 340, rtdigiem RDGIGQM)@W@ andR3 350, and
RS et Bod60, €2 365, ©3 370, 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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may be inplenmented in an analog or digital manner.
[00371 Figure 3 is a schematic of a DC biasing |oop
for a crystal oscillator according to an enbodi nent
of the present invention. This figure includes a
crystal X 13 10, transistor M1 30 320, current

fRgse)C sl‘lﬁﬁlrﬁﬁl 33 Qu o%ueh b Erar¥ister A1 36 S'mé &gal Ig%)gg@l]o:r‘l  line V1

and 0, and c&gamtors

205 ACpoupisd thth@lg@sO@,Ms 320y ampmqufde‘:iQ@etﬁewwmbmatwn of
febiSIR1 T1BYng R 3q$aféé{s9ds@%ms pichey s (BOLigRIOY1 86 HnP¥22 and

e current source been
‘f/Z) pn §hex324tspch thatithes@e equad tocthg DICalevekpf the signalsV4ien lmm34léy

Si i anal ,
CHANRE LR TP 3758w b o Ry cBtab L B qubp 1 Farious
afitbdindenss thesesscapasiforsah iretude farraysasf sw:toh?ld?iapﬁﬂﬁrsaiﬂdwﬁ%% the
317 are used to set. the | eyel s of the s
A 1 SRt drThdlases K ERemmrle e pares AN pguper
loosst]heAgﬁ |tx@i¢§§toﬂf/[l 3be g?vgﬁaihe\iﬁv@mrkdnﬂ for #ftorystal X1 310. As the

pacitors 370 and 375 are used to pull or tune

satFeVOéﬁa%?fathe gansistg M 430, inraasgs theliain carrens @f Hedegce increases
ffiaRe Kc@mﬁighoﬂﬁ E@Bxah VGlltdég Br WM r3@!39!5 Qhically hdap ?\Qhﬁ‘d that it is

capacitors ow n crystal' f requency

Wiaed Below thNTASBOIG af the GRnston il 320 Sugithet the transisBRMI 320 s
SR R 0 G A P10

@aﬂlatmodybhge of the transistor M 320 | ncreases, the

&gﬁg? 011% s e§)ra ehffgr %&swg %} 1@:23{;33% Bave ! glg.lglgii%de. However, if

thispargasigyal wess AQcouplet difdony tol the pate obiraBRtbr DI 320, the@ate of

Pl S D5ty B bR b grovie e

@ive\culént @ b kSstabi10¢ tndmer tue fier X 5820 isko F:the e\ fving
every oscillation cycle. 0401 It is desirab

Reinw grogprh) Ong ltegptiys ﬁé° e@zldt: 8 nggajive sunply vdtagedor rhc@a@hﬁer Al
m\"ﬁ)‘t‘ @)Eamﬂlé w1tﬂ-§ cﬁﬁ?@p&ﬁﬁ OPniS s tn PV Ges e RMH0BE performance.

di rect| e of transistor M 1320, the gate o
Ahmmlmtm sxgmai 3f210>mml362 rsm neducgd m@mpla@debel ow

ndy,, r
ORI AR 0od bet L OB CE 3 i o e
241 822 tearowndp &bthés wiy, dapavitarg Cl Bédi and Q2 3emfdrm @mepacltlve divider
y 0 A | V€ ~S kD o
S b b0 SRS PRI LR e s
toansistor Mi 32030 hasei addC }btasubcﬁkesgrcamdellﬂ especificieadodiment, the DC bias
f orma ..~20 Al ternat e.signal V1 an line 32

B e pL 8128 b pprLmRt Aoy i Al o el by B ppiptice A1
340 wittReehlitifg snegmlv@s fg@mhéﬁf C2 365 i S connect ed
fromthe ate of round. In th

@mmmacrfdhmgr@éy fogdine é%’éﬁaﬁ:‘?}tﬁ fsg%aﬁek/lpaxe jncluding
Jﬂﬂﬁfﬁe{: Fx‘ij @Q@ Stesriﬂ@r I@Tﬁd Bﬁ’dj@atﬁfsto} M}l f’iOg ?Qcﬁ@ﬁl b v&lﬁ%e signal V4

gate of . This allows th t ransi st or
@piinet3g4 mmpare@@ mea\nasamleregqmdm lmle 342 by theaimpliger Al 340 The

ﬁgﬁﬁ%i@[‘ﬁm 108nlP lkUnalﬁ]e 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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25 for the gate of ML 320 is approxi mately 200nV,

whi ch can be supplied by the anplifier Al 340 w t hout
requiring a negative supply voltage. [00421 The DC
conmponent of the signal V4 on line 344 is set by a

fe ck ncl udj lifier 340, resistor R3
18024ty it e G A G rma e ek, (he gl ¥ o ing 344 piguides
Fo@Raltagddor Bhphiidda S Hisk v%aargwnqﬁletsaz b ﬁ]ebinﬂﬁlféf' 49 gho

received on |line 342 by the anplifier
[904}] o) Theampdifier A h34Gprovidasia valtage outpuf@c@aszcmetce&‘dms The

daphier €3 844 J:ﬁltﬁe ?fﬂoq?ﬂk ﬁg%%i@t%\gtrirég gg{l %%g of ﬁ'gqu%géysr%gponse of

ase. Accordi ng
isdoapg Un b specifis epibgdiment, e amplifiend 1 34@ ptoaides a current output that is

PRSI Spke Y B BPRIRECASE TR O B e gpeffer a1 40

S&G thalD 0 s wbltagElrfmstransimr Mlghml T4 gare-td-sagcsdvitaps OMraSiStor M1
ood. vol tage for cq |son to tqe Jbi as voltage on
fliorﬁigtegwﬂeso epﬂeéat%olxqt W%E@r ing Béing its 413 voltage, the signal V2
aiileiz2ger Al 340 provi des a vol tage out put across
acitor C4 345. The capacitor C4 345 can be used to
lP?fﬂlt Kige fagaiflowehart showing thsraperstion ofghe PIGhjasing lpop, such as the

HE BRSE ?oo@fof Fi fbhﬂ' $ AQBRiing 3 tRis MRl 4 SF%?BQLMHM{OPE

anplifrer provi des  a current ou
coBpared ﬁ%ﬁb%wﬁtagm T@sg@m,ansqmes used4e ket @biasAomHtion fbna transistor.

'@w}étt&ﬂ&st Pﬁx&:@&?s L Dthl@vé? kﬁiﬁ;&@l OS'Q’“A?E sets the DC

I as voltage for tranSI e gate-to-source
[0S ag?@cgﬁcztll‘yamsacs{rkﬁ)s a [first s@ﬁﬂ lSijQlVﬂ‘dl fres atchystad p'Ehee]DC theeyel or

IR RN L OGN NAER IR Y
xﬁ:i)dmsbaﬂbtbe Showskm gvd supplypeltages an a(bﬁ.ndghﬁ oP$ihér 1S valtage, and it may
bIoos sducg% DCblasf|n J oop of Figure 3.

REEHBRATY rack qrby é"q’i‘BT‘}‘i’G’&F of suphligs, & MR agHEE SRTORRSNE |8 OHeT
doBditiG NG leREInH16, iBmbY BSsey &) 4 Qﬁﬁnd-fEﬁ@erﬁ@MEdg@ Qﬁt {sSipphdfthately

to. set a bias cond|§|on for a transistor.
ome-ball p suipimun, supplystoltage for the opeiljater signal. h@‘%@?lw thiscpias level may

b‘é'dﬁﬁ@lled tb B9 habper&ft bf bteAdr!nYore bf‘th@éét afwhibterd first

nal is received froma crystal. The DC level or 15
orfbperTestion yignat pysse an theicgmprrisos ivgsmprateddn ags 430 hiThis

cloﬁ'¥§lon s&pﬁlqg tHaR Usedd Qét'ﬁne belisvePbAfe %‘u%}/%y%tgl%gg eI(')lfe?e are many

ween two supply voltages,
verys drat thisraays dcmg,@,ndahrﬁy may dvpynd duetheiparhgﬂaobmcuit tapaligy that is

inden e lie rature
“gédo (t:ig)sr §)P r'g';ﬁlg’g?e o &r s%no'ﬁ%f be ‘idﬁ Yo P15, the fipsf cnystol gignal is
fieted| digaized, andiconieiel te raGecbnd dk gitag&hleh dh oth8r embodiments of the
one-hal f a m ni mum supply vol tage for

|
p?%gﬁtgé‘l’eg“?’gtt%rk’%‘? 588 Al ternately, this bias Ievel

[0®47] 2R tHiespdeisit gxafible,ahdeoriebil@PeAAeRusa toQBE: Kks JB%ge for a
of these 'g%r aneters, 00461 A.correction signal based

UFRSIFREINAGHASr 18t 40O themansistonds ysad tocset 46 levahfag the first crystal
f@ﬁf eC tdsRfor & WdBRlo sefa bhqgvcﬁ‘ 5@9set09n &%ﬁﬂ REmBGn a&vﬁb %ddmonally,

first crystal signal. There are many ~ way

other Zesisteys ¢pa b A toampﬂnqmyyswhstg@aéqoend on the
[Wﬁ ‘Eﬁll‘tﬁ)rdm%rﬁsc&f*tﬁe ﬂrg&g ﬁ’lgé(nt}og%d tdh 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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used. For exanple, the conparison may be done
digitally, where the first crystal signal is 25
filtered, digitized, and conpared to a second digital
val ue. In other enbodinents of the present invention,
the loop is analog. [0047] In this specific exanple,

dﬁégﬁl, P4 E&ﬁ&h&ibﬁh&é@* Agﬁmut}eﬂofd%éﬁﬁtlﬁl Wites E‘(’Péotn?rgﬂoop, the
ra

transistor In a I n act
blandwid thaaf tire a:m)lmsbdietegtlcmsnrcmt m dettodie l@mr thamethe bansiwidth of the DC

43, TR R T g B T, B e

baﬁ)dmﬂhxeuf thm;ﬂtmﬂesieteammtmrcuﬁ ea:h swtodmthxghehﬁnn drthawxdth of the

0 B coh P B B TR QLB PR R e el

&é(EBﬂldrI difdeit @beﬁr@d‘cﬁmﬂihtlgldigitldl and the bariwitthef dieilvéd is @MQJy a frequency
or a transistor or other circuit used to

agé phwhigh 2 yalus ganaccympulaior preopnler 'amcmdaqr&r)dwf cév% specific circuit
tﬂ? lo&n ﬁ&&?a&%ﬁpﬂﬁd@ﬁﬁ'u@&tmsﬂnﬂhﬂhﬁ(ﬁi to a&'hstalh&ﬁ itBddd l@%l is shown

thereof Again, to avoid interaction with a contr ol

ih themext frgure, il @heispiacifie methodalegy pf detrsting aneemplignde is shown in the

EE%SM&ﬁf%ﬁP set to be lower than the bandw dth of the
control” loop. In other enbodi nents, other

[6849n g'egmelﬁ ss a:s;herbatlcmfdehgltfabunldquﬂoatroltlhw fob aktjisiatiodeillator

f th . .
Froghias o tatmmR AL EF bRt Fiefts BRYSE arflieh sonrptoor
ifndledes pr At ¢cﬁlpbﬁ§mdadilbﬂCl éto tD(érqstomibntreslsmrémﬁ,l mgath\l’tepeak

ibior demaa ok 191 530, 5 B8 S0 OGN solnyn 20,

2B Emahto$50C Burfen digE-t6fanabg aﬁﬁ%ﬂ(@m) 560, aﬁ@umvapass&mer 570.
cl ocked or update One specific circuit. that

Apsessillatog ﬁlgaﬁ‘ﬂ* repeived onrine ele> k2hyathe Aﬁcﬁomngcfﬁp%oa@} 9&Q- The
ctuh'@lllt% 550 9éhepatds S \s c'uﬁ'er?tm filkeled BYAthO W-pdsk GHELand provided

e one specific nmethodol ogy of detecting an
aanmwrtt WBIAS an liedifR. ima spseific embedimsat thebiasicngent on line 562 supplies

‘F@& @fa&lj{t& Such Bs Farify Ebg'ﬁ‘féfo fFl th'ta' anpl i tude

cont or a crys 0SCl according to an
IGGBNd [ A@m ambsmlﬂmorm@sb%t isi rmnewmoo rlune 3‘h23an§l| @C caupled as signal V2

Bl B AL oy RSHY 85 A AP 512 e

coargspond & qraf at dast evd ggnaﬂmﬁﬂ eunnpié \al db hxdﬂ?D ot ¥20rdline 324 in
540,. 15.

SERE T Phtesia 88 cp e P ERE PR o ddiisnlition bsavern e

&r@ﬁ@deaéﬁctoaﬁ@umuqnmmﬁreﬁt budtgit oh Tide ssﬁmmddfaapmuor C1510

nal is received on line V 1512 by g%)ge AC_cou
%ﬁép fasge ig compampon {9 fhe pasitie AIPagiigne ﬁg:rlastzﬁgng Tesistor R1

531'5 3R ofddf troeﬁgldtst@'é.l losse b \%tﬁ&i b@?z’autsapo)] tﬁ@fe@ﬁﬁﬁg Edﬂa&ﬁ’&e divider.
and prOVI as current AS on |ine .

B}seresmtordibﬁtﬁcmsﬁbml)c opmeomﬂnagf theisigeai V. 2cm1 11116|5r1|é tcsazappmpnatc

IS PURSCESE b IR, B S ST P e
lm_legmah th&reslstor B.d: éil ¥ edly be cérnineeted tb2a EalindGhat cupldechy stween two
sir 1eﬁ§1éc 2},? g%g&r}cf/ IPL)('aé\P%s %ﬁl;ég!%lﬁgﬁ;ﬁpeg 1ts %nnect%é to the same
or similar bias lme as the BIAS voltage on line 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
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correspond to one of at |least two signals, for
exanple, VI on line 322 or V2 on line 324 in Figure
3. Detecting the anplitude of V1 on |ine 322 provides
i sol ati on between the anpl itude detector i nput and

I [rent..out 562, .The s

OB b4 BB e 45 S TP ooy rig dioge D1 520.
h’(ﬁth@&ﬁ&ﬁdi&ﬂdﬁts{:&ﬂ&%eﬁl@ﬂ&%r@fx ehvefbpe BetdR8@ cANBe used. As the voltage
ﬁgti}l stor R1 5 15 in order to avoid signal |osses that

Faispal Vansling 5&9 dsweasp%élmqlta@e %fdb%\%mal V3 ailine déZ fouows As
i’ﬂ%%l@@ls\y f&l@flnﬂ 175}3&:h§selttssmﬁlhﬁur99aﬁ9 %Pﬁ g gn!il"/e} on line 532
nal V2 on |1 ne 15 to an appropriate
gheagéorrgpmsil@mvcpltas@ phis@ digdetdpps causehipt the diorie B 520. In various

Ll
RSB FAEDRAE e, AR SBhf S Bl B oo
include thmomeme s 30 thedqnpll oethe Signal VSorMiHe M dncreases, the

Iy 520 %A L0 e 515 connected to
o8 D070 RyRE bR, 3P SIS distonmegio i 0o fapagir 67 330,
bvhfchhaldathemegatglurpealavou{a@éﬁll The negative peak of the

line 517 is detected by the diode D 520
Eiod21" oS low B5pa36r b Graperoses QY108 e skl two thresholds,
glBieR %@sﬂlomtanatatloﬁ itigrBgho1dV ViR thé DSitas 8f the @1gg£1*\%f is 1&9 than the

enbodi nent s, gosnlve peak detector can be used

oyhsshold, wzr%v 8 ling 54 5 @etive. Vtm the yoltage héthe signal v3 on fine 532
t
gé'ﬁtégiyfxgrﬁg 1% anﬁ%%ﬁcﬂ% gﬁ?tlﬁe i ﬁfés%llﬁt tgé gl@ﬂéiw ﬁg hge 544 i Lis active,
Wle@ fhe|voHeges f thekignab ¥ os lm 53 i dlighantham fhethigh thregimhi théignal
V2 on
eac 191% 55% gs Jr%g# onll\'lqﬁ]fan\/@‘.fsuetbgglmeg%ko%ktﬁpéesgptgxﬂyn% tlael',]mgnal VM on
lxmer@t45$®t5equaa¢hhsraaommmﬂmnh e Mﬁﬂﬁ\ag@npaahttiﬁcaﬁ be two

BT Gt P4 20t o, e

chavipeeds thiessigriablV3 oa ipe B3Pdith & w theésheid. not i ncl ude this
fbiogﬁe roq% are u d As the |evel of the signal V2 on
5HRE 4RWRRAOR 22 50 anbe ap np/dav quser thal peri s pidigitakword to the
aidfbni BAETI60C When e 5 CODRAHNE 346 [l d) theCRORMI
30Il whi ch hoI ds ethgen%n ative peak \}o taeg'%l ‘IﬂF 5?20 unts
O g Bhgicthesignal > ds agtive, the gqo;amulatbr 6h0 counts up
by m@@%% h
I%W t hreshol d %%WEQM\E}% ?alggg%‘fg Eh%g&??%%& %g%ogs not change
Yaduge rIn phahemwlmemwthmemdatdr mey gmait in4 diffiareht mmxﬁﬂ, @o long as
8 o S 6 Y LR s B35l o Mo
arhplivedeaf the Qshﬂa@rggadls VM on i ne 544 is active. Wen
of, t he i al M3 on e532'sh|
(OB s Eurlplof Sarhs ¥iPthed Ry € gned At BorGral Sne el e the
acsumnlhlov eutpiltrbatx ahancgel Staentmel fre8uEnsy 6f thisitfocR sRAARbNtrols the
VMon lLine 544 is not required.

ntio t he . si gnal
R Sfle BRI ReUon Firdit,ylh BB sHe0Hp SPROGoT tscprosent
ih‘#&moﬁ QR BRleftdvoid 1ﬁﬁ&c¥15}ﬁthﬁpd@@rc%ﬁtr$lh§ops ﬁﬁ%%dvb{ﬁthoo@ this

l'i ne 532 wi.th a high threshold, one
ppitudeqisterctiomceirgyitjis Wétoe)@zlowrtthmvathb bwdmhdtb ofithedC @mssmop The

abBEmAGoH 8 agﬁeﬁ{ate%ﬁg)e &a%aﬁg-t?E gftgf SRV QR &Fa fiat converter. Also,

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

-
=

include poles and zeros can be implemented to more specifically tailor the frequency

11
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20 current DAC 560. Wen the signal VL on line 546 is
active, the accunul ator 550 counts down by one bit.
When the signal VHon line 542 is active, the

accumul ator 550 counts up by one bit. Wen the signal

VMon |line 544 is active, the accunul ator 550 does not

&esporse of the ruplitude deleqtion cispuito fibgdonaons of dhese las angzgros can also
g%m db q,t@?.‘j,{ gL kginner, so long as the peak

gg%se tor,abglcgunu atsor£55 and DAC 560 operate

tlwét hé‘hc twrept DALY 360 reaiMes @kilg;thbvoxﬁﬁroan’fhlelacmnthMr 55Ae The digital

OSC ?e%énagd A gﬁl?th% 5rrrlall ecg?g 2.0 eallvrae;s?{éxe% emelghtxng or

tcbmblnﬂmumrbcfﬂ The ourtgntl DALCB%OQh apipallg b atdber dfewitches each

fre of this clock si I cont ols the bandw dih

S SERIEH R0 b s o SEF 1o PPl St o by et dha

PRIVRIEH 185 baif blefnBf cﬁl’tﬁﬁﬁﬁbr sich e nhmsmor MD 320 dﬁrxgdr@ 3. The filtering
avoid interactions wt contr ol

mmmnéhls fw’é’w%mawﬁ %th‘id% v parlir éﬁ(? cT*iuf: flte rprgoves the high
uén@;i_&ﬁnﬂo%WE of fha Burkdi® Dﬁ@kﬂ%ﬂtﬁot@&lﬁégﬁe SXeilfaf? ighi element from
| 00 accurul ator can al ternately
alwae tsepsieptsd iThe ewrrent spwpess may be senflgured to be lrulspﬁndent of supply,
r a
i(f&q@/e?{tf'&er%t oer 8‘?&1c§§§rngeggh§? &%Utairgégg%?@e} gxft xrgﬁgitu%h gﬁ @1@ digital word
uméaaden pdhe shedDACpeovides aame berentripl thergait delviced Imother embodiments,

ica ilor t e fre 1 response of the
TRIAC i Pttt oD e fREO"SF Thcst
ngﬂs& am?lthamnﬂmdmtsﬁtr&@oltige of mfgg:ﬂ ammblh:& a3e 1mdnqramdste a single
j ys . 100551 The curr.ent. ei v
FrRsholE T Biiecies. B oot irPantethe therphltaes o Yiel V3 o line
\502 & Hi@er BloWe i {hY tiehelati®proRided NBY AR Icbivfigiefiod ecﬂmn@ loperation,
have sone ot her weighti nq? or 5 conbi nati on thereof

kaecoewfl@mmgmcﬂ%oo pléerpajebetweqn ong stataasdanethers Gausing g
%@&I&ml&&% ket dn hb Rvals, CAHH &%ﬂftm AHhE CuPéht WA@%O stw1tchmg

The resulting current can be il g and provid
Detpesen tved kipequrrentleyals ndiistends, to s@ptdigtigl swtamsg Beigy to Me oscillator
r
S50t S Etctsholl bl Son st RE MR ey bt withou
fehirtging thewﬁmES)f theactinghatof Y50 eheaysudtinginasemtrentdével provided by the
curr ﬁ (?% out put, protecting the oscillator gain
fom 10 these transients. The current sources

rtﬂt)57ﬂ)e Rtgmé 6 Gt fiowchart Bieowinglthp epdeuirtn aff an&umhhi}iﬁ control loop, such as

ﬁf‘g@%ﬂ @ﬁ‘ﬁ l?iﬁro ieSSI gg{-]ll‘-bﬁ g@%}%gg dflf.ﬂe prgg;g@gv?qtllon an

\baélualonts@amﬁl BE@M!aUﬁ%eé@de@ecﬁHdrah@ Bémpaed foa 19 zihd a low threshold.
device. |n other enbodinents, the DAC may provid

| the somparisem Fesules are usedite;pnil pacqumpplaiosyeueh m[twvsmvlcqu an output
Qﬁzﬁ & coRftrRd! 'td'@ﬁita.? curtdR€ tﬂé%lﬁsaéﬁﬁ-eﬂtfuséd Bive R é%ﬁ'l &e’vfé@ or circuit in

I's conmpared to a single 15 threshold. Inh
dh%@scﬂlatos logt Realo detefioni destiribed harg dethess mtlmmmoﬂlpw@egatlve

ea@a%&]ﬁh }/&ﬁ{gn}a{eg@b&&?g i s higher or lower than the

oVl n this configuration, during
dp@ﬂ&ht |Spnq1ﬁcaillyemcaon¢i@[ arsomillslignsignal endeeited fmint £cnysthle This signal

bls? }\&ec%ﬂplg& esuc%mt tggt%ts% cc?rggotngr?tqs removg’é mgac ng In act 630 the DC

component of the oscillation signal is peak detected.
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accumul ator to toggle between two | evels, and

resulting in the current DAC 560 switching between

two bias current levels. This tends to add digital
switching noise to the oscillator 20 circuit. Using

two thresholds provides a wi ndow in which the device

[A©59] oriﬁhea)bdc dutéctedUével rshher@ponmateﬁeo mhigh lahd aflow hﬁeshold in act 640.

R B g rRRe bbb e eBis S e aranelSl Hisis e

a‘cbmmhtaf is dedienerie inf¥et G40E TEthé PEukAbveR iy n%t’rﬁ’cbdv’é 4Qiegh threshold it is
(éont r ol ontggr such as . the anplitude contr oI | oop
fegmngd hether th,peak dedshigibrion the fovt theeshold st 67Kk d}i‘f’

REurdHatess '1ﬁc|re3ﬁén% iR a8teRh. fff tﬂé‘i)éik QE%&E@’«/alhélsﬁ@\%ﬁ- than the high
det ected and conpared to a high and | ow t hreshol d.

timgshald l‘?’ﬂhhlgh?é Fharl ke Ipwghrgsheld, ét@d/atu@ i émarc@nmdﬁor is mamtamed in act
G0 C lA al cU'ano dinfentsHe ﬁ%e%n?s'\éhﬁg? enfion, Qi P&Pmus tebg%f gs

conv a bDlas curren I'as curren
mlcrrcmelttoh éeogamamt thedifferentovays acconding forthe extaet ingpdérhénsition used.

p [ h et ects iV . .
(0050 " A8 BE e B RERES 080 S R R 3R o Ainy i
dua'emts:mﬂ be Md Ed)d}fx&]a tﬁmenstof moahér)cucmmthat:ﬂs pfolidinggain to the crystal
t@sic'”at on sngc IS, I ceivedfroma_crystal. Thi s

?ésl']%ei"eralggtﬂ&(’ n@a&ogaxgn uch that its DC conponent is
[086 1)V eXheiatphitide BetbctionBirdits of 82 prévicusHeuress @MAFHACHS st@ble state
the oscillation signal is peak detected, 12 [00591 The

viherxthe gpvelat dogs nehnsilinte of previde enpuPEFigns! of ffimens prplitude to
ﬂr&ﬁ@rl& RosR hﬂ'a@cdrﬁhlﬁﬁlt 55@)419 Flﬁgl'é‘s a&fth(ﬁéﬂ the ﬁredeﬁce Qf nﬁlse typically

detef m ned whet her the peak |evel 1S above a
stais dhepopsgillators, jin order, to pravideazebyst hud fst SFast-@n;@n applitude

deﬁc@cﬁ'{]mr?ﬁ@ Ca.l’J l;e IISQI? @ﬁ&"thé gs\égiatcﬁs m:tun? qgé/ ﬁlaw'fmrde detection

hr es determ ne het her t'he pea
caxemlbmmghsabw trhﬁawmf ladligital amoplitédedetdcfion cquug, suches the circuit

AEFLRIBLES, Ohe s EHERMGde doiBdnclil Mot oy b Fecl i g i

shovgin iy the fuélnwiﬂgeﬁguoazv t hr eshol d the value in the
OL.iS tai.ned iin act gain, i
(B it i st o s Selinedq ot uiehgo start a crysta
oaauuemoab@rngrmyn et BEdIRERIVE tHRIprébefdifveRtbn. | This ﬁgﬁxe i®Rides gm
af% 9| ng témb‘—ﬁhe exact |rrpl ementati on. use

BT Prred o BB OFFS Ry iR Srmetsioon Vi 0 4nd M2g30, and
dRcduplih@Etpatitor @3t72695. Again, this 10 current can be

used to drive a transistor or other circuit that is

[P i migrydigaak bl isieceiveq on dine 70 the gmaapilifier 7 Hy Theem
ikt AD p%’w@és Qréﬁhent[oqgﬁlgﬁm-r 10 itk bl %&e&f%ﬁ& tc%xl%ht mirror

circults revi o ures may a sta
teansisters Mhélféandli‘éZ @34 s'fxanstreMZ 199 canshei dohmtcteddn panaldalivdth the

R 51 LB S PLLE P L LS B o i

'\{)lr mshmﬁ@Zoé the negaavd: pquc:tatebtﬁd ﬁ@nait\éﬁr drsliriel 533 én Figure 5, though in

provi de

o5 PR, 1 e i) 5O I 5 i
st@au Stﬁﬁeas@ﬂlfeevoﬂthgk ws oh lihe V0P decfeased Wb @bcrehbify BR3RRENt provided

I|tude
e gm amphfj 7?8 e 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 Figure 5, or
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circuit can be disabled in favor of a digital
anplitude detection circuit, such as the circuit
shown in Figure 5. One anal og anplitude control
circuit that may be used at start up is shown in the
follow ng figure. O 21 Fi schematic.of . .
aiher g SO CoRFEObHE STbprien e tegErae I ERRen gTis crcui
chrsd @labled sk FvbRS I di T%ii%ﬁ Qﬁlﬁlxtﬁlﬂe H&edtidn @ﬁ&l@tdwmrthe &F’sthlhﬁcxllator

present i nvention. gure includes amplifier
Fipoalsang of syffigignirammlitudgte gwperllﬁ ¢lpek the m@al% circuit. Hysteresis can
Ealz;lsf)lgg b td% %«Ml/ zé&%flgdgx%l?@/a\%%ﬁ%ggft? %Sglgﬁﬁ g&%@éﬂ #9on and off states.
r[mﬁs] v d‘&ic tandistore in/he abnyetehampjeharg nlpﬂwrf 4sMOS trm'»lstqnqe hg@ther

a i 710

S PRBeh e PRSI o SVl Bl HBA, Vs
Mmoorévﬁd:r hﬁ)e? BﬂdeviEbﬁ MEiestapacith sEG@n mayl bbmctad}tmmetaéchpacltors,
in araIIeI current, DAC i digital .
pfoRida gasai it gy heCATPoPs capichirs e b bilp pEMOS device
118 résistRfnay ¥t F&?/sxi&dﬁ&es]ﬁ&sl Basé Fesisfoag fihplare rgsisddes, or other
detected sig on‘line 532 in Figure 5, thou g§
GPPrOPIiEe DA Pﬁ@ﬁ’ls@r The aygtalpmay by P‘fyftégé’ﬁfra%’?gg‘ﬁé*’ a T series
LA In{ohl:’ﬂ eA@mJt&? tﬁ%yﬁﬁﬂae QR& rbdoRhRE dSHcesl 9N aI S

I NCrease e vol tage i ne 702 decreases,

deesi6d aRefringeow ty Figwres pAIPGCd ugyioup gxemplary MRIEHE ‘PtF'i“é’ns of the

A eﬁtq JefoRars RARRE! R%EE 4 Fi :rer J the[cﬂpggﬁt]mv%ﬁﬁbﬁ‘may be embodied
FhCE the osciTrator 15 rufnin rcuit can

dha ahddemsla duive £0@r Thesf present iawesition m lmekmentu eithercar bethi signal

such as |
Aapaneinafy 68 s GPE R iUl a0 B iehid 84 802, I
Vdotnd 1mﬁiéméntaﬁﬁﬁ55s1gfal f)tbéespllhg andibr ¢antreltiicait 802Th1d$)r other circuits (not

circuit an_be dlsabl i avor ,of a,di

VP ADIR 00T Brees dats Rerlab o iy ghefigyBtion, perform
QafchlatigdsQ ind/& foimadt Satd ket Rfouspil {0 LideR t'ecalﬁﬁd frord dendg@etic storage
properly clock the accunmul ator circuit. Hysteresis can
anedup80¢;sed to avoid a condition where this circuit

X @gﬂ@ e SHPBINE Ahyl chinfRicaRdvie 4 hest ddvide (nét sﬂ&ﬁ@%ﬁcﬁﬁk& computer,

istors in the above exanpl es are shown_as
t mobilsi compnting davicss sush as perpanal digiial gssivtants éelb'ﬂaéi’é?ﬂes media or MP3

I'_ﬂé%pst Anquhe l%lﬂ:é Al et dBRYesREa GHeRf? e witbll o wibdieak ga—xﬁmumcatwn

r types of devices. The capacitors shown
nknks[368. nHDm 800omaysheadonnestrldd msmory 8@% sysh@x ragdom access memory

a@&?ﬁtt oW éat%{cy %Q%Eﬁattl errnex?iggzr 59% ﬁsaﬁagh (R Fh%?}}é 'i'e%gémB'ZrH&Hory (ROM)

evi ce. € resis
pﬁhﬁﬁb&hﬁﬁﬁmbk&ks&ansdmba&agbe3|stors i mpl ant

' th f
"o, oketerie pay b Eieuie AR AhEPEsEH Sy inkR rity ph FRbRRA iy cigia
S@dridtite diécDVDY iR e BP0EThe fiedeRt MaérRioy mdyhmylemem dider or both signal

ot her resonance devi ces. [00661 Re no to
FPTQEﬁSéng 8/ QRGRITQIFTOBHs BB AR %eral Hiemied 5 Figpp BB ot 812, andior

ﬁ@ss Cﬁ 586 e 41R\6E HVIS Britd £105 1pr€€€s§ih§ hitorlcentrol k@t 812 and/or
e present Invention may enbodied in_ a ha

rd
do@kr adrciif(ngOhowrhia WE&,Hmymmﬁs dote, aﬁf,ormrﬁefh@&em/or encryption,
érPo%n c%{cuﬁagltk, %mrmat 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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15 processing and/or control circuits, which are

generally identified in Figure 8A at 802. In sone

i mpl enent ati ons, signal processing and/or contro

circuit 802 and/or other circuits (not shown) in HDD

800 may process data, perform coding and/or

Qmodlyg)andehr depmlidgandior aay cthérat gnahprocasidg Guncfiansrmsdociheddavith a

ép JS out put to and/or received froma nagnetic
medi um 806. 20 [00671 HDD 800 may commruni cate

mm anmsdnvé BY0 aRy coRinubioaemithan Otpas déviceAPtEh6Wn) such as a

nobi | e conp utln&adeV|ces such as personal d| gi tal

computer.4plewisiop af Piprdevise Sidame oppareviEed qupvyrel ‘iﬁF 5oramynigatipn links

g eDVIDKEL0 R m@idied wie Haﬁ‘secfatavdt@ta 8Qhat ks dﬁ&aﬁﬁq nonvolatile
or wireless conmunication |inks 80 HDD 800 nay

waee s dats starpgs 8] Suwy, indfudsre basd disk dove (iazla)s@cwmyshown in

I
bigiha. THeHbD HSBEL dAMORASFIRIPA oo plcts HiPHg o
@arectbxrthatl ig syaltea thein @prgeimaleiy0 6.8T. msto mgy bovernected to memory
L, di,ed in
SHOSHIeE o Ronh ot B8 end B s SR B ot andior
mthetesnﬂtabdmelmmcrdataesmage ei ther or both si gnal
d/ t it
PAir SR +6r %R Bt ¥ P 6 e een v et ioR 1Y b2 gpadicd jpachish
dfinios tél6vigien BIBT VS 810V The ?l‘éé@nt&ﬂ&ntl&l ﬂ&ﬁimﬂlérﬁé‘rﬁ %ﬁhmr both
and/or control circuit 812 and/or 30 other circuit

Y8n3! ProfRsRiAg andiomsiomirel cinguita hish sEcescnedly aienﬁ@drlamure 8C at 822, 2

WO AN A Bd/G sy Bith HBrage BEME HDTE G V ¥ Freceives HDTV
and/or format data that 1S read from and dat a

iRputisiganls ineither @mrﬁé ar wirglessforgrat prdiganarags éiDT\h outpntesignals for a

T e e e e
d@ othgncirduis (qgeslfoambmblméw F20mezyi procsssdatd pad‘orlmcodmg and/or
h
S A0 S A0 00aR ) B R BARSly Ahglormoy
Ibrﬁf.bﬁﬂx]lg lB‘aanaiy be/neqﬁidﬂ may comuni cate with an out put

OB SR P e o0 g 7 B o8
ﬁdh%lldﬂie Cr‘x@lnhélﬁul:ﬂ pticdl aBd/ér m i8 stbfhgBBYi€R Al Ha&i@n€ HDD may
a at stores data in a

Q’t? dat a storrgﬁ818t

|°3t1 PEALARTREWVT IVEgWre 4 andor ot lagit omaL B VIepay bk thfe
@nhgﬁrdn&i shbwélfi F%ufe@)Tlﬁeq-ﬂbD AfaylHeal mBNAYD thik indthdHd'oBe or more
8A The HDD nmay a mni HDD that includes one or

Pigffees aving: wwﬁwﬁgs smaller e epproximately L 8's Bl EY 82Gmay be

S sty oy RABE RO SR TR

@a;h hnemprf hradédr otteamsuitablecaiatironic da@ stordger HRTV 820 also may support
t or 701 .Referring now to
S §5ERLkn FROLSVRLEM A B0004: SRl

8 mbodi ed i n a
WD'@I] Riefénmghbwno Figuav8 D3, itheprédehiivyertidn imglemeims @ s&itiol system of a
\Ifer}]l}/c e &Oozrx] V;BXN I1n rlfa%e n&/ox? llngslg%gtaostorage ot} the vehicle control system. In

some implementations, the present invention implements a powertrain control system 832

(D

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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signal processing and/or control circuits, which are
generally identified in Figure 8C at 822, a WLAN
interface and/ or nmass data storage of the HDTV 820.
HDTV 820 receives HDTV 15 input signals in either a

wired or wireless formt and generates HDTV g%hput .

OF MgFrAUWpYf gentcol smm&}m 3B ORBIN QPORHRE PITAPIPEe HEXI 108, operating

pgllag{éﬁl-s R dPsrHSer BEntFdl sigHAls, and/ or control circuit 822

and/ or_other circuits (not shown) of HDTV 820 may

(0073t e Ihe mrgsant inysntias mexaen hegemhedred in otBergopisel s(mems 840 of vehicle
r Fh

830 oM SAlenl 57 p8) el B E Rl b R dht S Wor output

cpitrdgl @tgﬂeﬂs_tonEVr 8ivie o:ayutdowmsr&%aﬁesmetlmpmtadansa control system

7 tha

82«%0 9%3 op Iagla i- 1%%1&&%%%9 sfon M)bzg gégl\{ %s?em”%ﬁ?lg&latlcs

syaanta \&htelel-ﬂE]E}nlaﬁgs syktexmea laheds;xanﬁnegystam mda;lstmmmwe control

Fi gure or at |least aon e the

ST o P Al P GHBRT: PAIEH o & SHcroatey Brtsrma it agd the lke.

Stilivtherfkpiéhiertations kretofiteMpRiedl More platters havi ng a

di aneter that is snaller _than approxi mately 1 8"

180761 ndgwertrain coaplRysten 833 may comipuRisatesy it mass mmorﬁeﬁr% that

stoP¥ dailif B QYnVARRINOmahret. eM%r&lfaVst&Hg"é"BﬁSma}f ihatade Jﬁi‘ﬁﬂlraﬁd/or
and/ or other suitable electronic data stora

et StapaEha VS o196 PYAmI A GOK SHESSTOR AAME ANDG{ A east one

f
0Dy S i A7 A oBPPULRRIN By b
csy&gmnoofshqswn indhgwe §B8 Ebse H@D/mmbc mramffﬂaﬁ tisat eicbrdesieresor more

stora cont rol tem 0
R R ARper i SR o PR Bl L) Relfln 36
spstere 832 maywbe:meabd Baym&mry%&'z suchhaRAme ROMe ow lamut)Snonvolatile

from on nore sens uch, ure sensors, .
S1e6 a8 Bpdgeancy adlat p et il L bomiccar o dinugfaain

caﬁtédl @stehi§3 m&elmyf buptpaﬂ kenetise mmstAN ¥iBatWLAN network

generates_on or nore output contro nal s such

I
1%F§rf§'ﬁ§f‘$remf’p‘§l“§9l Htep4Amayalse inqludeagss §§'iaél%r‘%¥ﬁe¥‘§l‘?‘i¥gmd/°r a
WEARNRERLR (alRAGY sBbwRY. her control signals. [00731 The
resent |nvent|on may al so be enbodied in other
[BOSl r Referying nayy toghiguig B, e present irgrgutionany botmbpdieddnp cellular
@ﬁ% é%&t'nl% YhSifad aegeﬁhl‘é?arﬁé Rass f‘l&é’ﬁ?eéeﬂpﬁlbexﬁﬁﬂ ?fflmplement
an utput control signals to one or no
eith¢rpp botli signalggod@4sing and/areamtral npbtetsewhnh axgrgeneralinidensified in
tal [
FABRFE S50, T iR By B Bty B R0,
sumb iraplememshtéona} detislas pisine 850 mcludesa mlspm‘hbue 856 wis auﬂm owtput 858

§ ﬁalts\é%r‘l(%{e%{d? &nt { &&Hq.cslg“c’t e%;ﬁéan Ej'l\f% inpyy H.B\g&? 862 such as a

kféy;saa postirghiRvice, K@nce aCluiation Hidee bthenpbeideRicatdigms pRcssing and/or
0741 Powertrain control system 832

t l.ated. 10
°§g€° gg 2‘?‘}%@%3 &Pé l/\#tgﬂ' chguiss @efrshowplgn sgitel QM@O{lﬁ%&O may process data,

p%lf@fn? Sodtt AdIdR efic OFéﬁ”ddn%aIEﬁﬁﬂ&ls foMRaSdatBdnd/of berfEother
46 may i nclude optical and/or
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 example hard disk

drives HDD and/or DVDs. At least one HDD may have the configuration shown in Figure
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magneti c storage devices for exanple hard disk drives
HDD and/or DvDs. At |east one HDD nay have the
configuration shown in Figure 8A and/or at | east one
DVD may have the configuration shown in Figure 8B. The
HDD nay be a mini HDD that includes one or nore 15

BA ahd/6F & 1&8MrRMD VD (a3 MR &the L gu dliof BRdWein Rif\@8 8B. The HDD may
appr oxi matel¥ 1.8". Powertrain control  system 832 nmm

bra B HHAD éyt ingludenieer shere Blakers hayingiamers theissmaller than
L;ﬁ)'r?)ﬂﬁ%teﬁpﬂﬁ“?l Elilulf Iph&FcfE@b YnaSHeRofeclel 35 MeMBRI6S such as RAM,
and/ or ot'her suitable electronic data storage. ' .
ROWMEriow datency omvalasile mempamugia as Bash mameyy andigraither suitable electronic

. 1 . e _
483658 Cafion ooy Sl PRSI LinbeRtates wrax
s¢toorkoiaterfae®8y and/or a 20 WLAN interface (all not

NPk S B B B
BY@ L THERresefGhvshtion nag imhplementaithérvn dofhSsighal prbeessingarindr control

i nvention may i ement. .eifher qr h _s| I

prQiEsuhirtarg hen<sRbcgrttsd L B84, A P 8N Gntetace ancor mass
d&8 SloRlgk ¥f ihd 8&tlibd bOORION Sefiof BbR 88readivétaianaR A Wsource such as a
i nterface and/ or mass data storage of the cellul ar

brgsleand senrcs Fndytrsiandats sadion figh idghition. i diajyidso signslsesuitable for

gafd 1ag%h819'&ﬁ a8 @@1@Ji99§1mrmto%w®ugr Qtdk®tld/@%8dio output

Such as a speaﬁer and/ or audi o output jack, a Q|splax

d60cesn Signeal processipgianddus\conteol gGouits f8H and/orothereirpuits, (not shown) of the
O ' ' ' el :

B0 LA RoroNPLGE AT L Bl e B pins,

forthfapdatoardéor performuarysotiierset tehbemfunctioncel | ul ar phone 85

rocess a erform codi n nd/.or encr.yntion, .
PRY, OGP B S Bic P Rea? B0 sk B Se PG o e na
26noddtild narinep hviass datustérage 890 rhydndideaticall aad/opimagretil Sidrage
communi C

may, te wi.th nmass_data stqrage, 864 th t ores
datisesi o SXEATIFE itk SR EL RTINS AL P HRRGpy have the

dtion ShAWPRFi oY BAGRIbPAL 185E6HRI VD i) & the colifigifion
HDD and/ or DVDs. At | east one HDD ma){ have t he

sy wpFigure 8R. ThoiPD maybeymani HIXD that inglydes ongror mosgplatters having
%m\{&) thRYs SAaYiEr thbCafpPtNilndiALONS& x 30 e @oifcted to
he HDD may be HDD

a m ni that includes one of nore
memary B4 figh anBAN, & Qe low lateneyt nonyolatilg meaory #iigh as flash memory

ARBRLIE deionicsBl e KPR iR SnfRYo Ry ppon somposions

ratinvaoWAAN wia adMDAN retwdrk angerfdca 886.menory and/ or ot her '
i4oabl l.ect [ . ne, . .

S oA UGB G an LB T

lpﬁﬁy\eﬂf]‘l{z i'The @rdsatt énvdfifion @@Qilﬂplengﬁﬁ eirtrl‘:)dr pgbetheighal pFocgasing and/or

8F, the present inventjon e_enbodi ed _in set.to

fatrol ggets Hich ptsceertrely, Vemi e im Figyes %%th%n% SR gjenhice andror

Qhash Q4ih stota28 8t the hRARSIAyee 8 2N dh 86mé B 1EMEntatfonk, Ghddidplayer 872

whi ch are ?enerally identified in Figure 8F at 884, a_

viRcAnges adispiay 836 apHPTA usenisput 877 such as akeypad, 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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10 data storage of the set top box 880. Set top box

880 receives signals froma source such as a

br oadband source and outputs standard and/ or high
definition audio/video signals suitable for a display

888 such as a television and/or nonitor and/or other
S Gt @G Bl B AN T oo 8D ol 5B Aine
antvonericryption, fp&rfomtaltMth)fox&ﬁ(ﬁ darayndiorqeeform day ather media player
fgerform codi ng and/or encryption, perform

atoR| ati ons, 15 format data and/or perform any ot her

(6680) t Qﬂed@@iﬂaf/d# 872 mah cohPdriBdte Heth rhRH A9 ¥tofHZE 8N Ihat stores data
communi cate with mass data storage 890 .that staores

sHeh 25 compEessed FHdig 12BY/PT Wdspsgantent ingnogvelatils manpgra di s@g)

lfﬁmérr{eﬂﬁhb‘r@eth@ E&’nﬁx@ése&‘ Q&Hl& fileS BN R 'fﬁesstﬁé? raﬁ&%mﬁiﬁ?{t' vﬁﬁ?MP3 format
for exa i sk drives HDD and/ or DVDs | east

@ athe n&ayommssed aedio ausiieri vidaodfotmeats. sFhsvmask datp:sgmge g include
B sho i ph 28,35 BRI R AR SRR B A DVDS.

lcast:dmwdHBD oray have ﬂm cenfigueative slsoviramiFigyre 8A dhdioeatdeast dretDVD may

s B o bR B B R b5 o e et ool Aflp Hifioraces ome

dr moeaplyttmmmigad dxhxﬁetmemmy sifialiehtias apprasimatelyDRY. Media player 872

and/ or othr sui t ab el ect torage. Sef to
e PO AN Bt ROYRISw fictkey S0l afnory such
28 ¥ hkrmiorh/ \eBa/Kr othéraitaftel8Rnicifatd sebtdfE] NRefieplaidr @70 aMo may

to Figure 8G thev& resent invention may be enbodied in

sapmoane%PW s8WLANKia a Wb Adnetyork dptertess 87y
[b(fﬁat] e R rrifts fo ¥ Eur® gHbﬁE Bre3drid RfenttinARH55d disboand/ 119 b Voice over

con circuits, which are generally identified in
Interngt Erosn@la(fv ofP) phore 8RB Ahatimay dndledecananignes 839mdde peksent invention

rﬁ#&ﬁ@%ﬁw@f ef'x{l\gxe%%ﬂ{ %‘?{% gﬁ%gésmﬁz étﬁ!)ﬁcoﬁg cults w ch alre %enerally

i@ntifiedh oy Fogure SHsie B33, avutel B8 ii’ltsfachazwséorandseslqia stpralgo m’:tlnp NIP

pgur}]%e n&,ge Ir|1 Isc:k e mllprl]en:f)erngag Ca}loﬁ) one g?g?l}l €S, 1n eﬂ 3a Sphiohe 887,
anyapdio &hfp}dt mmiudya; aapaaker axdimmudxo\mmmejacls a dlspmysmtmdf 891, an

il eyt B0 s s o R devs, Vel gl ot pove

dRvides) aftlid PfeleBy Bidelfty CWi-FH) cBmait@iieon MOEH1©886 USIkl processing
out put jack. Signal processing and/or _control circuits

agg/pr CWObﬁEfP&f 8%% andfor ethepeirquits (nobshoxmy iinY olBPhenag$§ may process

Rle2yBforf LR b0 B 1R DrforBECl AdRORL M 4R MOt perform
encr Eﬁpon per orm cal cul atlons fOTﬂH dat a and/ or

figicens. madl a player function. [00801 Media
9{;}@){1 ery s éh&?ﬁth hinfatdivhifh MBS Ya t%%fo‘?a 585 @&f%trgieg dataina

st or SUCﬂ as conpresse O an
npinvielatilc oraearisughras apticah amﬂ/mma@emmge davices, cfoneexample hard disk

i_pl t udi f|IS|nc e . ..
PP BTl B, AL S R T 7% B o R poe3F s n Figure
8AUaridzdrlaeleast iope DYDEayhilie theaddalfigiratiortkhowh ot Fighiee. 8B MEhe HDD may
brer%SrrSnnEj ﬁ})?) ti‘e:ltonrlcﬂgfes gg or Iplgl!e lf)ﬂmers 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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optical and/or magnetic storage devices for exanple
hard di sk drives HDD and/or DVDs. At |east one HDD
may have the configuration shown in Figure 8A and/or
at | east one DVD may 10 have the configuration shown
in Figure 8B. The HDD nmay be a mni HDD that includes

G R Sl i T S

bteph:mnnteﬂinre dn adliihimm thos8dScishedabase ﬁA%ntR@Yhteh ow

h
189850 tof RN Bl S Rt B e o peiucriop dpeen
preagteed ﬁmeqiuqmsemr ilhsti@parahd destAfEd. ADE not infended¥oAY exhaustive

mork i nterf 874, 15 [00811 Referring

°6%#f‘ﬁby\£f&5 ‘%‘f—‘i“ ‘?‘h@ b“r%‘g‘@f—& FMG@%FP% papemadifieations andvariations
are\ffbbsﬁlﬁe QvBght of fhe @dabithg Bt OTRE erhdilRintPREREERT ahdBlscribed in
na i ncl ude an antenna 839. The present invention may

T Wrheptrexplainfbe parcipien of the ignentiop and s practisabapglications to thereby
GEM“J
A therf MLV e 400 SRR AR Bl in YRS ebibBriohts and wit
ganqus stodifiegtionsfas mtecuitesd tB thepactina a8 88 contenpdare.
i npl enent ati ons, Vol P phone 883i ncludes, in part, a
m crophone 887, 20 an audi o output 889 such as a
speaker and/or audi o output jack, a display nonitor 89
1, an input device 892 such as a keypad, pointing
devi ce, voice actuation and/or other input devices,
and a Wreless Fidelity (W-Fi) conmunication nodul e
886. Signal processing and/or control circuits 882
and/or other circuits (not shown) in Vol P phone 883
may process data, perform coding and/ or encryption,
perform cal cul ations, format data and/or perform 25
ot her Vol P phone functions. [0082] Vol P phone 883 may
communi cate with mass data storage 502 that stores
data in a nonvolatile manner such as optical and/or
magneti c storage devices, for exanple hard disk
drives HDD and/or DVDs. At |east one HDD may have the
configuration shown in Figure 8A and/or at |east one
DVD may have the configuration shown in Figure 8B. The
HDD nmay 30 be a mini HDD that includes one or nore
platters having a dianeter that is smaller than
approximately 1.8". Vol P phone 883 nmaybe connected to
menory 885, which nmaybe a RAM ROM |ow | atency
nonvol atil e nmenory such as flash nenory and/or other
suitable electronic data storage. Vol P phone 883 is
configured to establish comunications link with 18 a
Vol P network (not shown) via W-F comunication
nodul e 886. Still other inplenentations in addition
to those described above are contenpl ated. [0083] The
above description of exenplary enbodi nents of the
i nvention has been presented for the purposes of
illustration and description. It is not intended.to be
exhaustive 5 or to limt the invention to the precise
form descri bed, and many nodifications and variations
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are possible in light of the teaching above. The
enbodi nents were chosen and described in order to
best explain the principles of the invention and its
practical applications to thereby enable others
skilled in the art to best utilize the invention in
WHATGS SLATRIRD Ifents and with various nodifications as
are suited to the particular use contenplated. 19 WHAT
IS CLAI 1S, 1.. j ntegrated.circuit conprising: a
gai n el enkent c%%FVﬁﬁggﬁmF%gﬁ?wegmggcrystaI; a DC
control | 9@fin slefiehtishfsurtdtoativealcryatalC | evel of a
signal at an output of the gain el enent;

;. and,
anpl i t ude? PEroplel lpepygonfighred te HGlaydl gf a alsx?aq at an output of

(P dittgOfndt he signal at  the output of the gain
el"emrent. 2. The integrated circuit of claim]| wherein

the gain 1 amplitederpesiraldoomesnfigured syadiust swamplituder ofjthg signal at
0 o | and the crystal has a second node

t@%ﬂ%ﬁ%&f%EE?ge¥ éﬁ'output of the gain elenent. 3. The

integrated circuit of claiml wherein the DC control

| oop  condri sebhednteansindicirpwt ofccdaimi lgwhereintthe gaimelerpent as an input
. ¢ . ‘

SR 75430500 G ot b G241 o S50 e

outpapafithesgain eldmerithe i ntegrated circuit of claim3

wherein the DC | evel of the signal at the output of

the gain gle i ' .a V. . '

N A e

compeges ah edipifierconfiguréd toTompare teeignal gedemaied byithe antput bhfthmgain

wherei.n the anpl.tude control | oo c rises an
SLSEP P YoRee e s PR STy s e Bees BB BoR e
measurenent of an anplitude of the signal at the
i nput of #he gBheintgmbantrcuibof cléim 3 wherginahellCdévelofi the signal at

f claimb5 wherein the amlitu control | oo
4 oninaf b e Gud s G s 1Ee R i raie B sypply vptoees
redepeaBatieinweRatedirciine anpl i tude of the signal at the
output of the gain elenent with a high threshold and a

| ow t hreshol d,..and, further. conf.i gured t rovi.de on

or nore s? gnal -gﬁei lﬁtelgﬁag SRt ?gcq?lﬂgy‘gg%lg%g%ﬁém‘% corf’ﬁ%l loop
dofipEieHs ah ahplitude tehsuddmeitt airdhitGonfigired 1 privddeaamplasutedent of an
control | oo fiirther nprises a counter configured
qmplityde oEthe § g,“aloaéétfeelﬂﬁﬁp?a’ﬁrgmﬁﬁfweﬁf'n an out put val ue

in response to the one or nore signals provided by the
conpar at 06, 20The 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 output of the gain element with a high threshold and a low threshold, and

further 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 comprises a counter configured to increment, decrement, or maintain an output value

in response to the one or more signals provided by the comparator.
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8. The integrated circuit of claiml wherein the DC

| evel of a signal generated by the output of the gain
elenment is used to set a DC level of a signal at an
input of the gain elenment. 9. The int egrat ed circuit

of claim8 ein t \Yj I
output. o t nel A aEales sl il olein Bee bl of s
gefidratg@byithe betpendf thisgangelament ésumsed aneet a DESlesdl of a sibfal aAan input of
nmet hod of generating a first oscillator signal
the gAhelIFBF™Hg:  driving a resonant el ement to generate
the first oscillator signal; adjusting a DC |evel of

the firsy. oscridintegratedictu of ctanel sawlhearsinitigD@rnevel of the signal at

mplityde of the fjrst oscillator SI nal .. 11. The
OGNS 8F 56 S0 S1TOTbIS e PPl e e Pl PP HETFRSHE A loast one
re8digirent is performed by providing a drive signal to
the resonant el ement, and wherein the drive signal is
responsive to, the resonant el nmet hod of

e 12. .Th
claim 11l Qurtﬁ&eﬂMﬁéﬂF‘ﬁ%‘ggﬁKgﬁe}P&‘Hﬁ% fignal FomRrisiigy nal
W th a g@ifingh féabant clér%entTJ‘Een@ﬁtJlﬁg fitdh o6diRtdR sidhal;

further conpris justing the DC | evel of t he

first osedjpstiag erDCglegﬁanf twrst@énﬁ%tpw signatiads i r st
osci |l | at nd rovidin
an out pu?‘ilrlsyé1 gﬁé[lﬂ el&?%@ﬂﬁéeﬂ%gﬁggrraﬁggﬁnam ghe nmet hgd

of claim 13 further conprising adjusting the DC | evel
of the ﬂl r st Thesmethedef damdOgrherein theisisivigthpeeponapielement is

[
pefRRAROHEAES dfiE BN b Y sk Bifint g&gg‘{&ba%@g;{rheglﬁ Bfdidive signal is
respeasive tortige raspnamteléntamtie of a second oscill ation signal;

and providing a neasurenent of the anplitude of the

second osgi || g L b o

15 furt hzg co?}ﬁpérrﬁgpﬁ% cém“]fﬁnhe}la gggl}og{% tﬁ%y% signal
witlhe ganpir¢uitude of t he second oscillation signal wth a

hi gh threshold and a | ow threshol d; and 21 providing

one or e shgn? %R]F .canpari son.
17. The n%t hod Ltﬁfﬂgfaﬁéﬂg Jé?o{r:lgﬁ%@gsi ng:
decr enentdingingrthadCperte] ofthefirstbreillatonsigaaibiyi t ude of the

second oscill at ' garﬁng the first oscillator signal with a bias voltage; and

providing an output responsive to the comparison.

14.  The method of claim 13 further comprising adjusting the DC level of
the first oscillation 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
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signal is greater than the high threshold; maintaining
t he out put val ue when the anplitude of the second
oscillation signal is less than the high threshold
and greater than the | ow threshol d; and increnenting
the out put val ue when the anpl |tude of the second

osci | | atRreyidingjognan mpre sigasls in respenshie thoepreparieehol d.

18. The method of claim 17 further conprising

generatifpg a 'Il‘?x'e"i‘l'?etl?ddrcff%ﬁim'la furﬁﬁ?&?ﬂﬁ'ﬁggo the out put

val ue. 19. The nethod of claim18 conpri sing
provi di rdgcrementingan gutput #alue when the gmphitudé ofthe secondescillation

[ he drive to the resonant
SIE%ﬁe n%t_ér‘i%fth?.h%ﬁﬁ%%ﬂ% "of claim 10 further conprising
set ti ng miistaiihg tbe euhtputfvahhwheﬁ etecnfnj:ho.miolf kit se€ond DsNalon
el | [ si gnal .
sy 4 Rt PP Sroula dod el on die lw Biersi g
C ouplin gntx’élaerﬁﬁigl tﬁs/@ltput @hlut Réred thl‘e&fnpﬁﬁﬁb b fhicis€ddng bSNfHtion
? ene Lwe vel of the second oscillation
signg éﬁ%ﬁ?gt agihe hfﬁs‘é‘lj ated circuit conprising: a gain
el enent configured to drive a resonant elenent; a DC

control 1800p The ieti@idrof diatr® | AGirthet co@nﬂ?@ldgﬁgéﬁéraﬁg #bias current in
nal at an output of the gain elenent; and
res%ﬁf%?fqtﬂ%@“%‘&}ﬁia}“&i | oop configured to adj ust an

anplitude of the signal at the output of the gain
el ement .1922 The method of claim 18 further comprising providing the bias current

to a gain circuit, the gain circuit providing the drive to the resonant element.

20.  The method of claim 10 further comprising setting the DC level of the

second oscillation signal using the DC level of the first oscillation signal.

21.  The method of claim 20 further comprising DC coupling the DC level

of the first oscillation signal to generate the DC level of the second oscillation signal.

22.  Anintegrated 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.
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