ADJUSTABLE- Bl ASVCO BACKGROUND Fi el d [0001] The present disclosure relates
generally to wirel ess comruni cati on devi ces and, nore specifically, to a
vol t age cwotw@ldssd2oscillator with an adj ustabl e bias fecrascmbiohs4st ati on.
Background [0002] Wrel ess networks and nobile stations (wreless handsets)
conformto various technical standards for transmtting and receiving radio
signals. For exanple, a wreless comrmuni (iati on system nay be designed to
support one or nore of the code division™nultiple access (CDMA) standards,
such as (1) the "TIA/EIA-95-B Mbile Station- Base Station Conpatibility
Standard for Dual - Mode W deband Spread Spectrum Cel | ul ar Systeni (the |S-95
standard pronul gated by the TABJUSTABIZE:BIAS V@Ot ry

Associ ation/ El ectronic Industry Association), (2) the related |1S-98
standard for nobile station nodens, (3) the standard offered by a
consortium nanmed "3rd CGeneration Partnership Project” (3GPP) and enbodi ed
in a set of docunents including Docunent Nos. 3G TS 25.211, 3G TS 25. 212,
3G TS 25.213 and 3G TS 25.214 (the BACHOGROUMIard) and (4) the standard
of fered by ﬁkﬁgnsortiun1naned "3rd Generation Partnership Project 2"
(3GPP2) and enbodied in the docunent "TR-45.5 Physical Layer Standard for
cdma20@008pr ead The piesermdBykiseresrelafdshpentiBi 2 66 O/ielesn danthunicalibre devitds s S
comuni cati on systens_may be_ designed to support a time division nultiple
access ( TDMBPTSstPeaidisplly. 18 actoltage eqiroded watillaps vithhap ardusble Ratmmhamekilt i on
(GSM standé&gnL[OOOS] These wi rel ess communi cation standards include

m ni mum performance specifications for the circuitry of the nobile
stations. Many wirel ess standards define narrow band systens that operate
on an input_radio frequency (RF) signal with a predeterm ned bandw dth and
center freqﬁ@ﬁ&??uﬂie input RF signal typically includes other spurious

si gnal gobAcat ed Whreds hRebiork and MRS NEMti o Gk 18] hMH@eﬂs% B&@bih Yo WaliBidh t he
RF recei ver causes internodul ati on of the spurious signals and results

i ni nt er roduteghiien sgnderdes far transmittiag andifeceivinggadineianiatyn dlor branople, Thwirglesse| ess
standards communication system may be designed to support one or more of the code division
multiple access (CDMA) standards, such as (1) the “TIA/EIA-95-B Mobile Station-
Base Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum
Cellular System” (the IS-95 standard promulgated by the Telecommunications Industry
Association/Electronic Industry Association), (2) the related IS-98 standard for mobile

“3 Generation

station modems, (3) the standard offered by a consortium named
Partnership Project” (3GPP) and embodied in a set of documents including Document
Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213 and 3G TS 25.214 (the W-CDMA

“3 Generation

standard) and (4) the standard offered by a consortium named
Partnership Project 2” (3GPP2) and embodied in the document “TR-45.5 Physical Layer
Standard for cdma2000 Spread Spectrum Systems” (the IS-2000 standard). Other
wireless communication systems may be designed to support a time division multiple
access (TDMA) standard, such as the Global System for Mobile Communication (GSM)
standard.

[0003] These wireless communication standards include minimum performance
specifications for the circuitry of the mobile stations. Many wireless standards define
narrow band systems that operate on an input radio frequency (RF) signal with a
predetermined bandwidth and center frequency. The input RF signal typically includes

other spurious signals located throughout the frequency spectrum. Non-linearity within

the RF receiver causes intermodulation of the spurious signals and results in



typically specify a spurious-free dynam c range that the RF receiver of the
nobi |l e station nust exhibit. The spurious-free dynam c range is a frequency
range wheweioeassioaput RF signal with a defined strengt rcTaseais/ooizseur ed
despite the presence of an interference signal (a jamer) with a defined
strength and a defined offset (e.g., 2 Miz) fromthe input RF signal. The
RF receiver typically includes a | ocal oscillator that emts out-of-band
phase noi se. The spurious-free dynamc range is limted by "reciprocal

m xi ng" of the out-of-band phase noise and the interference signals. In
order to comnérmodhlatiom tpeoduictsethets snagtfatidatodthet sh'nglalRPéamhc éiheewirplesd stagdards

designedin Suc t hat the_defj ned. janmer_ does t m. X vmththe,
Ut - of - bandBiaN SRE D 2OMUEAES (156 ShMESE] FRGE dhats e UL Hehvaaticie BABHE ¢ he
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band of the input RF signal. [0004] In Oorder to conpl
spurious-f rmeudWaagnalrwﬂ@evsd@p@dl Sftreagth s DMeohﬁculedekaspim dredpredancetdfear ocal

oscill ators. f RF receiyvers ar haye red ase noi

Chl cated | tirEEsh el Gian Aot s deted fredahaoh Selefigcy RIS Ge by 2 Vs ©
proporti onafroﬁl%@mpﬂﬁwlsigaﬁap rTige ppmaivep@gﬁfauﬂmes BYodal SE&@é“tbPﬁaE aﬁlts
current that powers a local oscillator ase noise emtted by the
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by reducing drive current, the relative phase noise increases. Leeson's

equation al defned drramer dossHiet Hﬁh Fath theiogkof-band-phase apige pf thedeeal ercillaiopta he
quality factog aggxtaft 2R S G g&g ignatSd Bkc ﬁPerd%ﬁJéf | 18 phlld RllLe I ttrér%fia\’é:de

oscillation may ecreas e n0|se an addititona

i ncreasing mttethle@ad@df@euxipmﬂ@smgmill | at or. [0005] An RF recel ver deS| gn

t hat es ph i se increasjng drive current to the oscillator,
howeve[rﬂ%l‘ﬁs espe it & t arrd%%wlyaw%t T SRUBSCTAE SYRBBE| @ngTsathesHisdotletd by
a battery. wﬁaew%ﬁ@ﬁ&d tﬁyracspéscﬂwr&w YedelRrs lﬂ‘éades%ﬁgd kd 'ﬂafH ddfcdy der
to decrease outof- band phase noise results In sflorter attery |¥e? t he
mobi | e st atplere anengAabh@catcd elxtlmasblﬁamhweyndlsef moilel, phase mailsmdmire/etsel;ause

nore att active

a nobile station with a | o 0
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a local oscillator, the phase noise emitted by the local oscillator relative to the RF carrier
signal is decreased. Relative phase noise decreases when the drive current to the active
stages of the oscillator increases, causing an increase in the voltage swings in the
resonant tank of the oscillator. Conversely, as signal swings are reduced by reducing
drive current, the relative phase noise increases. Leeson’s equation also indicates that
phase noise is inversely proportional to the quality factor (Q) of an oscillator. Using
more drive current to induce oscillation may also decrease phase noise by an additional
amount by increasing the loaded Q of the oscillator.

[0005] An RF receiver design that reduces phase noise by increasing drive current to the
oscillator, however, is especially undesirable in a portable mobile station powered by a
battery. The increased current consumed by the local oscillator in order to decrease out-
of-band phase noise results in shorter battery life for the mobile station. Being able to
extend battery life is very valuable because a mobile station with a longer battery life is
more attractive to consumers. Thus, a technique is sought whereby the RF receiver of a

mobile station can comply with the spurious-free dynamic ranges specified by the



nobil e station can conply with the spurious-free dynam c ranges specified
by thevarious wirel ess standards and yet can reduce the high | evel of
current twetoeesstepplied to the |ocal oscillator in ordecTius2esonmsase

out - of - band phase noi se. SUMVARY [ 0006] A dynami cally progranmabl e radio
frequency (DPRF) receiver includes an adjustable bias voltage-controlled
oscillator (ABVCO that operates in a Img—current, | ow-i nterference node
and in a high-current, high-interference node. In one aspect, the ABVCO
uses a drive current to generate an output signal whose frequency varies
based on a eaitusotirelesssagdardd hed RRREN redluet therhig keeli dfchurdesha ibbwgpliedrd r ol

circuit, a ja detector, a state machi a pr.ogrammabl e register.
When t he jah‘?gﬁr’gégfcé ‘EtBIFdefh’ééPQe‘é{ﬁaSFﬁPEng?rgﬂg@s%ﬁﬂﬁ |, the state machine
adjusts the ABVCO fromthe |owi nterference node to the high-interference
node. Reciprocal m xing between the interference signal and phase noise in
the output signal is reduced in the BUMMARNference node by increasing the
drive ent in,order to . reduce the phase_noise i out put .si.gnal . The
Aevoo BMIChes 6 RREHEH. PR ECTPIEREIRC B, SEaH ey oo Ge ReE b LB 0 gima

bi as cont r okdjaitamalbids’ AMacBRoRi@fedCaR I8 AIBWAOY thathipehit&saisE Sow RErdBYCO
to generate the output signal using a greater anount of drive current. The
pr ogr ammabl v-berérencegnerdeaindsn g higheweint Jaghrintetfrienaganedeni lnove tappect, the

magni t ude o I.as nt ol sjignal an l.timately the.magnitude qf the
drive curr eIr}P R}tﬁ% %5%0% ‘%%Fe %%f)eggto,gge%ﬁg?%gnagmb%tn lérba:l\év X %HF‘E‘,%HF %gaﬁl%??ﬁ?ﬁ?d]
detector, t&easbaiel voiebé nFhaDPRMecElagilsdinehldes b &gisSdoafroCaroMiNh §ahMeri a a

serial bus interface. [0007] The frequency of the output signal varies
based not officto & Hatecmaching apd|a prpgranyneble registsh Waehdlihianyaer deteetpe

drive curre %ﬁg\ag%{e%r&e@ts;ﬁ%l ol tage 'a@hﬂlgadfd:ia/stg BB SO T the \J- t he

magni t ude o rirve curre éhanges from a rst magnitude to a Second
magni t ude, inkefeerequandy tofthe Hegloirt@didresiegmakde c hRagpsochlr atixiagf betwten the

frequency to a_second frequency. |In another aspect, the ABVCO.is part. of a
phase- 1 ock e@tqr@&?pcp hsalgnaa]tdfc‘]‘lfg tP_gXSFh BOISS AR BF %P‘E)ta_é’@n?lp 15 é?‘ﬁﬁ%lﬂ ethp ﬁé‘&’&‘e ncy
of the out pyterfir@RaIméR B ictdatink died ﬁﬂ#@aﬁ}’en‘(“iﬁ de%r tc% Yellule {He'gp?]‘x%@ Sepfter

t he magni tude of the drive current changes fromthe first magnitude to the

second nmagnibe wigput [sE@OB] The AT Qeswimbesetot the digheintdnterertcatneodesiohiespensejaust s
the ABVCO trcc)acctaiglenghai I%Qs? cl:Jornrtr%T| Ei’gnal from the bias control circuit, which causes the ABVCO to
generate the output signal using a greater amount of drive current. The programmable
register contains a control value that determines the magnitude of the bias control signal
and ultimately the magnitude of the drive current. In another aspect, the bias control
circuit, the jammer detector, the state machine and the programmable register
communicate via a serial bus interface.

[0007] The frequency of the output signal varies based not only on the control voltage,
but also on the magnitude of the drive current. When the control voltage initially
remains constant and the magnitude of the drive current changes from a first magnitude
to a second magnitude, the frequency of the output signal changes from a first frequency
to a second frequency. In another aspect, the ABVCO is part of a phase-locked loop
that adjusts the control voltage to return the frequency of the output signal to the first
frequency within five milliseconds after the magnitude of the drive current changes
from the first magnitude to the second magnitude.

[0008] In another aspect, once the state machine adjusts the ABVCO to the high-
current, high-interference mode, the state machine holds the ABVCO in the high-

interference mode for a predetermined stabilizing period, even if no additional



hi gh-interference node, the state machine holds the ABVCO in the

hi ghi nterference node for a predeterm ned stabilizing period, even if no
addi t i onavonvevdseence signals are detected during the ecahisteFiomg4peri od.
By hol ding the ABVCO in the high-interference node over the stabilizing
period, the DPRF receiver is prevented fromchattering between nodes. After
t he predeterm ned stabilizing period has f' apsed, and if no interference
signal is detected, the state machine returns the ABVCO back to the

| ow-current, lowinterference node. [0009] In yet another aspect, the DPRF
receiver r ed:tﬁbﬁesnc&nsigﬁlsarg rigtectedghiing therstelilizingipetied f Byendding itignABVChe

det ect tects _th terf , d
hioh-1 nter f & dhedngbioghee THEepPigr SeniBlDerEgPeie 6 PRBR freoyPhried
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The control "value is read fromthe progranmabl e register, and t
control cirdes tlapsaderand 6§ na bicaterawatsigial 4§ gﬁtabtedhti‘sestaﬂagmactlmﬂ@retsrnbahed on

t he control Lue., In r onse to s contr signal, the ABVCO is
adj ust ed frﬁ‘(ﬁ@qa tﬁ?f%“ﬁtcurrf’ n{“g eé?%@ﬁ&% de to the high-current,

hi gh- i pdoesf er encén gEdRothEh @spRBYEke DPRF OIS #éR$ves KF'E?H&I t§g£ﬁl§|W1‘ti§hr'ﬂg a
greater ampunt of current_in the high-interference node than in the
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acconpanyi ng dravvl ngs, where |ike nunerals Tndicate e conponents,
interference mode. The output signal generated with the greater amount of current

exhibits lower relative phase noise.

[0010] In another aspect, the ABVCO can be adjusted to operate in multiple
interference modes. For example, the ABVCO may operate in a low-interference mode,
a high-interference mode and a second high-interference mode. The programmable
register is programmed with various control values, each of which corresponds to a
different magnitude of the bias control signal. The ABVCO is adjusted to generate the
output signal with various amounts of current based on the various magnitudes of the
bias control signal.

[0011] Other embodiments and advantages are described in the detailed description
below. This summary does not purport to define the invention. The invention is

defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The accompanying drawings, where like numerals indicate like components,
illustrate embodiments of the invention.
[0013] FIG. 1 is schematic block diagram of an RF receiver that includes a local

oscillator;



illustrate enbodi nents of the invention. [0013] FIG 1 is schematic bl ock
di agram of an RF receiver that includes a local oscillator;[0014] FIG 2 is
a nore dewveizb@wdsbioock di agram of the | ocal oscillator ofPCFUS2005/0i13¢9 udi ng
an adj ustabl e-bias voltage controlled oscillator; [0015] FIG 3 is a
flowmchart of steps for adjusting the bias voltage of the adjustable-bias
vol tage controlled oscillator of FIG 2; [50016] FIG 4 is a nore detailed

bl ock di agram of the adjustabl e-bias vol ttage controlled oscillator of FIG
2; [0017] FIG 5 is a sinplified circuit diagram of the adjustable-bias

vol t agio0t4nt r ol | E8G.08cis| 4 ahae ddtaildGlodk Jiggrd8] ofFHE 1®al ssdllatoagf afGof 1
current waveforns illustrating the operation t he adj ust abl e-bi as vol tage
control | ed H?Bf‘ﬂ;ga?%?‘ﬂ a@?'&aggf’ﬂf%%@}rglﬁ‘? Sca{ait%r’ a di agram of vol t age

wav ef 0{06!?5' Il ust gating atﬁllﬁv&ﬁﬁrcﬁtstegg f&fadi:d%ﬁngqie_tbﬁﬁsa@@'gé’bP&e%ﬁjtk?aBPe-bias
controlled oscillator of FIG 5; [0020] FIG "8 is a diagram of” current
wavef or ms i voltagecanirelipdidseillatosio FERE; r esponse of the adj ust abl e- bi as

vol t ag ntroll oscillator of F : [00 Fl.G is a diagram qf

vol tag@o&@vef or nEf{l}l Lf'ﬁ?trpgﬁei baﬂteﬁé’h(fecﬂ(éﬁ@%ﬁtoﬁ%s@é‘r‘%@?ﬁ”aﬁ P(Bﬂage Controfled

adj ust abl e- bicagaivodftFAge2control l ed oscillator of FIG 5; and [0022] FIG 10
is a waveformdiagramillustrating the settling tine of the |ocal

osci | | WO8H of FI BG.15 & 2 eimplifipdscitpuiadiesrammofdthp wdjusiableehies veltageecontrolled

adj ust abl e-g'cg%aﬁroéft&@ ey cont rolled oscillator of FIG 2. DETAILED

DESCRI PTI O\I% ] Retérence will now be nade in detail to sone enbodi nents

of t he[oomsient i onFI@xanpl £ gigptarthifcburdene wivetisinsaillagiritihgt he SFEAMRALY ithe
drawi ngs. [0024] FIG 1 shows a_portion of a dénam' cal I'y-progranmabl e RF
(DPRF) 1 ecepdjastablerbigsieliags cantiopled ascildatesr of F1Gt 8y det ecting the presence of
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suppl i ed byadjugaile-biag vbliageocapeoleddsildatdrofdIGoSci | | at or (LO) signal 15.
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the adjustable-bias voltage controlled oscillator of FIG. 5;
[0021] FIG. 9 is a diagram of voltage waveforms illustrating the transient response of
the adjustable-bias voltage controlled oscillator of FIG. 5; and
[0022] FIG. 10 is a waveform diagram illustrating the settling time of the local
oscillator of FIG. 1 after a disturbance in drive current to the adjustable-bias voltage

controlled oscillator of FIG.2.
DETAILED DESCRIPTION

[0023] Reference will now be made in detail to some embodiments of the invention,
examples of which are illustrated in the accompanying drawings.

[0024] FIG. 1 shows a portion of a dynamically-programmable RF (DPRF) receiver 10
with a jammer detector 11 for detecting the presence of interference signals in the
proximity of an input RF signal 12. DPRF receiver portion 10 includes a local oscillator
13 that uses a current supplied by a battery 14 to generate a local oscillator (L.O) signal
15. DPRF receiver portion 10 is capable of adjusting the current downward if no
interference signals are detected, which improves the receiver’s standby time and
prolongs the life of battery 14. Prolonging the life of battery 14 is especially beneficial

when DPRF receiver portion 10 is part of a mobile station of a wireless handheld



interference signals are detected, which inproves the receiver's standby
time and prolongs the life of battery 14. Prolonging the life of battery 14
i s especiwbl2godsemii ci al when DPRF receiver portion 10 iPeTameaosofi1sa9 mobil e
station of a wirel ess handhel ddevice, such as a cell phone or personal
digital assistant (PDA). DPRF receiver portion 10 includes an antenna 16,
an antenna dupl exer 17, a |low noise anplifier (LNA) 18, a band-sel ect
filter 19, a mxer 20, a channel-select tilter 2 1 and an anal og-to-digital
converter (ADC) 22. LOsignal 15 is the carrier signal for the receive path
of the RF résndteyeuich & ¢l phoné of hersqrab diegsial adsiscamn (RIDA). nDPRﬁp‘ad:eiﬂE mortipral 12

into a baseband_sjgnal for seband processing, xer es signal 15
with the an’bq Feluclss 4R et ggeﬁl RS ffwgeafﬁ ﬂm?ya Q%H%e P@g}éﬁ AL
antenna 16.y lo%iseht [BIBF 198Gkl 290k téh‘ﬂﬂné‘lgeﬁbbts ﬁltbf‘@h Uzﬁil@sarﬁ analo%/to dl%ltal 23,

vol t age- cont ro t enpér at'urecompensat ed crystal oscill ator
a bi as contcmlveter ADE) 22, 1O sigadlel Sninchd nari2bsigna far slernead:lvcblpatm oftthe ﬂ?zfce

26. DPRF receiver portion.10 is shown in FLG bil.e station
Chat compl HECEFY KT Rt OF eomeerSlipanyerian o Refiafl a2 ifo s hagtipnd Sighil
transm t/regRipigeband fmssnfgicrﬁ&éﬂ PO ndiRest NS sRI@P €5 twith &elRsHtRd aﬂﬂ‘@mé%d the

di scl osed |l ocal osciflator 13, bias control circuit 24, state machi ne 25
and a seri altadbu%equfmebmla@fér%l\wd@nb?eama i th any configuration of
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recei ver pogdrsisai@d e6RWE bESI1ABPOICTREXS)) gsaai bilaB cblﬁ‘thﬂ circhid 98 pandteshgihade f or
baseband processing, b% a baseband_processor that g(?ow des a_CDVA
u
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is incorporated I'nto an I's separate aseban
processor. GDM@u@ﬂnsﬁmta’eeewmeimemw 23 cterdifpotenthesprpsant dm‘old@ERF hoeeedry eie

portion 10 gn the RF chip in th enbodinment of FIG 1, t her errbodl ment s
state machi #&closed IQC%%SC‘%QYOE It ’ISFDRPntF‘EcCé‘iC%}%r 4o 8tats BAChiTE 2 ﬁm ﬁo%eﬁélr us
enbodi nment , fq
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baseband signal for baseband processing by a baseband processor that provides a
CDMA demodulation function. One example of a baseband processor is a mobile
station modem (MSM). In the embodiment of FIG. 1, DPRF receiver portion 10 is
incorporated into an RF chip that is separate from the baseband processor. Although
state machine 25 is shown as part of DPRF receiver portion 10 on the RF chip in the
embodiment of FIG. 1, in other embodiments state machine 25 is not part of DPRF
receiver portion 10. In another embodiment, for example, state machine 25 is part of
the mobile station modem (MSM).

[0026] Bias control circuit 24, jammer detector 11 and state machine 25 communicate

over serial bus interface 26. A reference oscillator, such as VCTCXO 23, generates a
reference clock signal that is received by local oscillator 13 and is used to generate LO
signal 15. Bias control circuit 24 adjusts the bias current of various circuit portions of
the dynamically-programmable RF receiver, including DPRF receiver portion 10. Local
oscillator 13 receives a bias control signal 27 from bias control circuit 24. By setting
the current of bias control signal 27, bias control circuit 24 adjusts the current that

powers local oscillator 13. When jammer detector 11 detects the presence of an



signal 15. Bias control circuit 24 adjusts the bias current of various
circuit portions of the dynam cally-programmabl e RF receiver, including
DPRF r ecewoeanogsstozon 10. Local oscillator 13 receives &cChiumsosomisaol
signal 27 frombias control circuit 24. By setting the current of bias
control signal 27, bias control circuit 24 adjusts the current that powers
| ocal oscillator 13. Wen jamer detect or 11 detects the presence of
aninterference signal, state nmachine 25 instructs bias control circuit 24
to adjust the power consunption |evel of |ocal oscillator 13 based on the
rel ative stimemnfgtdncokighble siatel madténecmssugnbias cehtadlicieuit @4 td edjattrtae goweof

input RF signal 12. The relative_ strengths of RFs,ignangé}Z %Iativetothe
i nt er f er encePnsygAAIN fexelafdpcat periiiarergl HRaseean theelave sige o P 3IPIECTeg5027]
FIG 2 sho - [ ' - det i | J ' 3.0s a
phasel ock e\é\ﬁ%]lbag gé%tﬁ%tstgi tirlf%: Ft{rﬁ{égg} gfnfnggltjnigg t@1 § g fﬁef-izbi g%é_@gaﬁltvg ggg%%irl\ﬁ% é%nhls

osci |l | at or [ABIAIOE t@the ikBHEON28silgaa iacharavparizeg as the2Qrrieario-moispudtiqport 30, a

bi as control por , .a sleep control port 32 owWes - S | y. node 33 and a
or oundOieHe 34, TG Y@vSUBFDoBaof A sk Aetele e B R et o
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[ 0028] Local oscillator 13 receives a reference clock signal (REFCLK) 37
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t he phase of reference clock signal 37 to the phase of a feedback_signal

(FBCLK) 44 A&l (onisr Beeiyep 0ai sEFP sPnielgpolf 2. FbeidatiRers cgRfEe! siangl $6,1s
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det ect or 403 en@sufp $oR! 3 RlcBupled to output port 30 of ABVCO 28. Local oscillator 13
includes a phase detector 40, a charge pump 41, a loop filter 42, ABVCO 28 and a
frequency divider 43. Phase detector 40 compares the phase of reference clock signal
37 to the phase of a feedback signal (FBCLK) 44 and generates phase-error signals.
Feedback signal 44 is a “divide-by-n” signal output by frequency divider 43. Frequency
divider 43 divides the frequency of LO signal 15 output by ABVCO 28. When the
phase of feedback signal 44 lags behind that of reference clock signal 37, phase detector
40 sends an accelerate control signal to charge pump 41. When the phase of feedback
signal 44 leads that of reference clock signal 37, phase detector 40 sends a decelerate
control signal to charge pump 41. Charge pump 41 drains charge from its output lead
upon receiving an accelerate control signal and adds charge to its output lead upon
receiving a decelerate control signal. Input port 29 of ABVCO 28 is coupled to the
output lead of charge pump 41, and the charge drained and added by charge pump 41
constitutes a control voltage 45 received by ABVCO 28. Loop filter 42 is also coupled
to the node that couples input port 29 of ABVCO 28 and the output lead of charge pump
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asserted. The jammer detect signal causes the microprocessor to read an event register.

In this embodiment, the event register is located on the RF receiver. State machine 25
adjusts individual elements of DPRF receiver portion 10 depending on the event that
has occurred. In this example, the interference signal that was detected is of a particular
type that causes state machine 25 to adjust ABVCO 28 from a low-interference
condition to a high-interference condition.

[0031] In the embodiment of FIG. 1, where state machine 25 is part of DPRF receiver
portion 10 on the RF chip, it may not be necessary to generate an interrupt signal to the
microprocessor if state machine 25 can operate autonomously. In embodiments where
state machine 25 is part of the mobile station modem (MSM), however, interrupt signals
are generated when interference signals are detected.

[0032] In a step 48, a programmable register is programmed with a control value that
corresponds to the high-interference condition. The control value is a digital number
that determines the current magnitude of bias control signal 27. State machine 25
causes the control value to be written to a VCO control register 55 (the programmable

register) by sending a serial bus message over serial bus interface 26. In the
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phase noise by increasing oscillator output power, but also may reduce relative phase

noise by increasing the loaded quality factor (Q) of the oscillator. For example, passing
more current through a transistor coupled to a resonant LC tank may change the
impedance of the transistor and thereby increase the loaded Q of the oscillator. The Q
of an oscillator is the ratio of the ability of the oscillator to store energy to the sum total
of all energy losses within the oscillator. As more current is used to induce oscillation
in local oscillator 13, the loaded Q of local oscillator 13 may increase. An oscillator
with a higher Q emits a narrower bandwidth of frequencies than does an oscillator with
a lower Q. According to Leeson’s equation, phase noise decreases as Q increases.
Thus, a second-order effect of increasing the drive current to local oscillator 13 may be
to increase the loaded Q such that local oscillator 13 emits less out-of-band phase noise
in the form of signals at frequencies away from the desired local oscillator frequency.
[0036] Once state machine 25 has caused ABVCO 28 to switch to the high-interference,
high-current mode, state machine 25 holds ABVCO 28 in the high-interference mode
for a predetermined stabilizing period, regardless of whether further interference signals

are detected within the stabilizing period. The stabilizing period is measured by a timer
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I's detjgsz7pd, St ad@inEebins dperanssas PBREOr8iveo muiioe Nlbaditit a twieeless
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current as thlerahc¥Dlspécifes eyerivd Nneifelesst stasdaedn silant bitaser asieatis wedncddn by
generating LO signal 15 with more current in the high-interference mode. Thus, DPRF
receiver portion 10 with ABVCO 28 is a significant improvement over RF receiver
designs that burn current as if a worst-case environment is constantly present when in
fact the RF receiver experiences a benign environment most of the time.
[0038] In a step 51, jammer detector 11 detects a second interference signal. The
second interference signal falls within a different frequency offset from RF signal 12
(for example, one megahertz) and falls within a different strength threshold (for
example, double the strength of the first interference signal). Detecting the second
interference signal is recorded as a different type of event than detecting the first
interference signal. In this example, the second interference signal is identified as a
second jammer type and causes state machine 25 to adjust ABVCO 28 from the high-
interference condition to a second high-interference condition.
[0039] In a step 52, VCO control register 55 is programmed with a second control value
that corresponds to the second high-interference condition. The second high-

interference control value is loaded into VCO control register 55 and replaces the high-
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[0042] FIG.4 shows ABVCO 28 in more detail. ABVCO 28 includes an input stage 57,
a first oscillator 58 and a second oscillator 59. Input stage 57 receives bias control
signal 27 and sleep control signal 36. Control voltage 45 is received by both first
oscillator 58 and second oscillator 59. First oscillator 58 and second oscillator 59 are
configured in a differential topology. First oscillator 58 outputs LO signal 15 onto
output port 30. Second oscillator 59 outputs a complement of LO signal 15 onto an
output port 60. LO signal 15 together with the complement of O signal 15 constitute a
differential signal. First oscillator 58 and second oscillator 59 can employ any type of
oscillator topology. Although in this example, each of first oscillator 58 and second
oscillator 59 is a cross-coupled, LC oscillator with an resonant LC tank coupled to a
bipolar transistor, other oscillator types may also be used, for example, oscillators
employing CMOS transistors or ring oscillators that employ an odd number of inverters
in a ring. In embodiments with cross-coupled, LC oscillators, first oscillator 58 and
second oscillator 59 may be Colpitts oscillators, which implement passive impedance

transformation with capacitive dividers, Hartley oscillators, which implement passive
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The Q of f '1ﬁ§1Eat‘R§be* h& HuchBfitge des® MNLC tank 61 is lost as the energy is transferred
from varactor 63 to inductor 62 and vice versa.

[0044] First oscillator 58 includes a bipolar transistor 65, whose collector is coupled
through a node C to inductor 62. Output port 30 of ABVCO 28 is coupled to node C
through a capacitor 66. The emitter of bipolar transistor 65 is coupled through an
inductor 67 at a node D to a capacitive divider 68. Input port 29 of ABVCO 28 is
coupled through an inductor 69 to the cathode of varactor 63. Input stage 57 receives
bias control signal 27 and sleep control signal 36 and supplies an output signal onto a
node E that is coupled to the gate of bipolar transistor 65 as well as to the gate of a
bipolar transistor 70 of second oscillator 59.

[0045] Second oscillator 59 is configured analogously to first oscillator 58, but outputs
onto output port 60 a signal that is complementary to LO signal 15. Second oscillator
59 includes inductor 64, bipolar transistor 70, a varactor 71, a capacitor 72, a capacitive
divider 73 and additional inductors 74 and 75.

[0046] FIG. 6 is a waveform diagram illustrating the operation of ABVCO 28 in a low-

interference mode and in a high-interference mode. FIG. 6 shows how a current
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currentwavef orm on node C responds to a current _waveform on node E in _both
nmodes. A d&SHE TERiSIPE 5T GauRRHEAble QHENL SEHREHAT S 10 genardn D1as ToRirel Sighas
flow ng the ' [ f Ice -&ﬁ%&% Tpshows
t he corres&gﬁgﬁﬁ}\g%gﬁge%&rgttu g\ggg&@{tbﬁéhe Ccdtg}r}ggm}@ll us Pg*tég}é%t tatthéan
aver age of gafeoeft bipole trandiston 6P alwof increasesnt A isslid euswen®t siyws thetianewidrtat or

58 as an oscil |l ating signal. i enerated in tank 61 in the )
| ow i nter f Sowtieg ﬂﬁieg%h niies ot P POt fsé%néhgé 8t adpsteitor dhs Biskeo
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generate bias control signa 7 wth a greater magnitude of current, the
bi as curr e, tHeowirrant tah mode I oitmgELGt tankh & 1gimcesasss toi pohearage ahsbatoen 65

al so increases. A sol.id curve 78 shows t pas_current f1 ow t hr ough
node E af ¢ RIS o Misred i d fold e 1Ee rac L §RYiprrf gl the kit

hi ghi nt er f gri@nandpdaanVBedcbieoRilRsord9r h¥hodm) BRAS dquilnsiids®Solcarvehe

| evel of solid curve 78, the current at node C driving LC tank 61 increases

to an aver dgendf/9Bate oléset hy ILBY degsecs- as il lustrated by a solid curve 79.
Ihe, CHBHET" 1 0" T VS SNt o, Bl 5t
of FIG. 6. A dashed curve 80 shows that the average voltage on node E in a low-
interference mode is about 0.9 volts. A dashed curve 81 shows the corresponding
voltage at node C. When a high-interference control value is loaded into VCO control
register 55 causing the bias current at node E to increase, the voltage at the gate of
bipolar transistor 65 also increases. A solid curve 82 shows the bias voltage at node E
after bias control signal 27 has been adjusted for the high-interference mode. The
average voltage at node E in the high-interference mode is about 1.2 volts. When the
bias voltage on node E increases to the level of solid curve 82, the voltage at node C of
LC tank 61 increases as illustrated by a solid curve 83. A dotted-dashed line 84 shows
the voltage on node A, which remains approximately constant at 1.6 volts in both the
low-interference mode and in the high-interference mode.
[0048] FIG. 8 is a diagram of current waveforms that illustrates the transient response
of ABVCO 28 when an interference signal is detected. An envelope 85 of current
waveforms shows the manner in which the current at node C driving LC tank 61

increases in response to a change in bias control signal 27. Within about five

nanoseconds of an adjustment in bias control signal 27 from the low-interference mode



77 and 79, but are offset by 180 degrees. [0047] FIG 7 shows the voltage
wavefornms that correspond to the current waveforns of FIG 6. A dashed
curve 80 wbaws/dtskbmak t he average voltage on node E in a Ipomiust@sihersence node
is about 0.9 volts. A dashed curve 81 shows the correspondi ng voltage at
node C. Wien a high-interference control value is | oaded into VCO control
regi ster 55 causing the bias current atignode E to increase, the voltage at
the gate of bipolar transistor 65 also increases. A solid curve 82 shows

the bias voltage at node E after bias coptrol sjgnal 27 has peen. adjusted
for the hitglthd highrinterfersaec mode. th?ﬁ@l%@b?ﬁ@@%lﬂf’g@%g o %OCE ‘ﬁr‘fh?‘iléees

hi gh-interference [ to ke N8R el vlftcag®ogefode E
i ncreases f{oénfﬂévFlreEDgejﬁfS 0@%&‘%&%&%“8&2&)% he vol tage aI§]§)Snode C 8f EC t ank
6 1 i ncreasRssedsdnds!ftais theddpektiyntanteahé HigbeinteefeBRce Mmodet the duersatdodd Ge 84

shows the voltage on node A, _which remajns appyoxi el.y canstant at 1.6
vol ts in BEbHizeReat| BnAVGRET P@r@ﬁ%‘e@i’b@l 5 nbf’ﬁégﬁf‘%ﬁl}lainﬁﬁg?f@?%n e mode.
[0048] FIG ' i C Y 86 h@iredentsufé hidk@uhh@d
transi ent %tggfﬁ%ﬁ%%m%fi@%%%%%mﬁgﬁgglr?\&i@’ne?lfg%’ggetrjlcgﬁrgi gr?al is deltlect ed. An
envel ope 8§hinghuawurent amplimtler oiswstedosns similantmeyrrany wanelomtHe Aller b§t at

node C driving LC tank 6 increases in.response.t.o a cha I p:.bias
control sitERENoD;7eNYRIqNs; Q?B%Fntﬁitg% %HBE@C%@IIBFM% C%%‘]!Mlﬁa{ﬂrpglrtl de|§n0fbi as
control signak,Aé Sim&ptgggﬂ&ﬂ\%dvg%fﬁence nmodeto the high-interference
node, the anount of current flow ng t hrough node C changes from an _average

of atjoe9)five rHIG. Daspwstan emvelepe Raef veliaae Wavesonms. thak illastraiy Higt ransfiion
e b W SR 1, A e, G R fonhiy

current at'3B age o en mllTanps. Before

the transidyveRpé BBMR:peWnN BiclBianten Rilmitieun gbitiget anlindes of wndeorms
envel ope 85 represents the maxi mnum and m ni mum curren an%i tudes, o
S

wavef or ms sty s vobagaumaspliormalkf offetr the KpREHoR. K VEIORA F?H’i?segﬁv&\eope 85
represents_the maxium. 110l j opinimi | ar
o cur r ent e op Y FO ARG, T el D! wATROLh: SRl Wik DTELcEn

wavef or ms ghapid. I8l st FIE. © illhgrate thesiansicion fof dB VGO A8femihe oveingerteremsde t o
the high-interference node. Before t transiti e represents
the maxi mmPénty HenhgbrRtBPERTe RADI &%&@Sﬁwﬂﬁéﬁm%ﬁwﬁ? ﬂfeg{%l t age
wavef orm 81, Af 485 ihfifreldhBE ok QReurS MY &h ARB08us BRRE Skt e current at

node C also stabilizes within about ten nanoseconds at the low-current level.

[0050] FIG. 10 shows the settling time of local oscillator 13, which is a PLL, after a
disturbance in drive current 35 to ABVCO 28. Curve 87 shows the frequency error in
megahertz of LO signal 15 following a transition from the low-interference mode to the
high-interference mode. At time zero, bias control signal 27 adjusts the bias current at
node E, thereby increasing drive current 35. As shown in FIG. 8, the transition of drive
current 35 from an average of about five milliamps in the low-interference mode to an
average of about ten milliamps in the high-interference mode occurs in about ten
nanoseconds. In this example, the sudden increase in drive current 35 causes ABVCO
28 to output LO signal 15 with a frequency that is about twenty-four megahertz slower
than before the transition. For example, where LO signal 15 has a frequency of about
4.0 GHz before the transition, LO signal 15 has a frequency of about 3.976 GHz about
ten nanoseconds after the transition. Local oscillator 13 is a phase-locked loop and
adjusts control voltage 45 over subsequent loop passes until the frequency of LO signal
15 returns to about 4.0 GHz. Local oscillator 13 preferably returns the frequency of L.O

signal 15 to its pre-disturbance frequency within about five milliseconds. In this



maxi mum and m ni mum vol tage anplitudes of waveforns simlar to voltage
waveform 83. FIG 8 and FIG 9 illustrate the transition of ABVCO 28 from
t he | ow iwbendsssT™ee node to the high-interference nodepPCThis2a0samsis | on of
ABVCO 28 back to the lowcurrent, lowinterference node occurs in an

anal ogous manner, whereby the current at node C also stabilizes within
about ten nanoseconds at the | ow current %evel [0050] FIG 10 shows the
settling time of local oscillator 13, vvh}ch is a PLL, after a disturbance
in drive current 35 to ABVCO 28. Curve 87 shows the frequency error in
nmegahertz oéxd.t@ls i Igmaigna]SIS witdlesbiaolgtosthe peendisturteancé fraqnldnhe V\Jimm lesd thaii enence
node to the hj rference. no At time z S .con i gnal 27
adj usts t he™pil %COB ri@rﬁ’l‘Ct ?ES hf‘%%‘#@@“?ﬁ’é?%ﬁ%‘#ﬁ kit %P [SUAngs  As
shown in Fl ﬁ*eq&%nc&z Wi 8PGdtt500MmttoseEdnue Né'i/éﬁlﬁgles%Smft'hfér@ %fe g
about five mflianhps in the Towinterference node to an average of about
ten mlli anp&llqhnthehphzlmedhckedt mobereturoe tho deequenayr 9f|Ian$1gmﬂl t®eno the pre-

nanoseconds th| exa le, . S en. i ncrea rive,current 35
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LO si gnal has a frequency of about 4.0 before the transition, LO
signal 15 ha@daamcmmgélrmyre@t,hagibmerf@rwen@dz about ten nanoseconds after

thetr t|on iS a and ad
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the frequency of LOsignal 15 to its pre-disturbance frequency wthin about
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pre-disturb t o) O
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uency of LO signal 15 to the
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| ow-current, |lowinterference node and igh=curr erence
mode. [ 005 1]oomghme)fémal whaiBitest3 slcamhmnlmssetthyg slpemfftlye PILE fseredmtedmaxi mum
recove i mes f Iovmn a_di st ur bance. X me TDVA wi.rel ess
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wirel ess stanftak 95 dutifg &icd@instton between modes. In another embodiment, state machine

25 and bias control circuit 24 cause drive current 35 to change gradually upon a

transition from one mode to another. The gradual change in drive current 35 has a
duration of more than half the PLL settling time. Because the change in drive current
35 takes longer than half the PLL settling time, local oscillator 13 maintains a frequency
lock with reference clock signal 37 from VCTCXO 23. In this embodiment, the
transition between modes occurs more slowly but does not result in a time period during
which the frequency of LO signal 15 deviates from the frequency of reference clock
signal 37.

[0053] Although the present invention has been described in connection with certain
specific embodiments for instructional purposes, the present invention is not limited
thereto. A method is disclosed for controlling the drive current of a voltage controlled
oscillator that is implemented on various circuit portions of a dynamically-
programmable RF receiver by sending messages and processor instructions over a serial
bus interface. Thus, the drive current is adjusted using a combination of both hardware

and software. The method may also be practiced, however, by using hardware only or



reduce the recovery tinme followng a transition to a different bias voltage
setting for a TDVA application, for exanple, the nmagnitude of the

di ff er encwoiznocanss™ent between a | ow current, | ow i nterf ecenseonsnds4t o a

hi gh-current, high-interference node can be reduced. The recovery tinme can
al so be reduced by changing the | oop bandwi dth or the | oop gain of |ocal
oscillator 13 such that the settling ti of the PLL is reduced. [0052] The
recovery tine can al so be elimnated bymé?adual | y changing the drive
current 35 during the transition between nodes. |In another enbodi nent,

st at e machi seftwareaodly.bilasoneosrhbaliment; che ABMCOaiy s&ljubtddy & generaatthS dutpat
change gradual ly upon a transition from one n%t%ge t 9 anot her gr adual
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hal f the PLL sett ing tinme, local oscillator 13 maintalns a frequency Iock
W th refereameunﬂafcdkwscgnnaitusadtformm\d@'ﬁﬁé@@at sigmalt hi s enbodi nent, the
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enbodi ment s dpwncanvettedioastandl mgnahﬁos sehsequent giggalengnal prasassingn Ths% ABVCO

l[imted theretop. net hqd i scl r control th rive c nt of
L Vol tage cEit B preadR R notdodhas wil Ritbins Ehe b i Biinddie ShavSer 4!
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processor instructi ons over a serial bus interface. Thus, the drive current
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may al so be t e i r In
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vari ous anotgiiise @pertliré Vieter uausemtbybms@datem phise Moiser @hen die wmf(b(i)as wsahtd oI
signal. In ot herﬁ&r}ﬁ odi rrents t he volta% of the bias control_ signal

det er ni nes gﬁ?r%t pelotigeplifppar gnlagto-gia! FonvGuReHEE SUesl 6‘&%%9% agikghal .
[ 0054] The ﬁ'aﬁ?ﬁh}]!ﬂ?&ht ve can be used to provide the |ocal

oscill ator si gna the RF front-end stage or internediate frequency (IF)
st age [M0S5lecei veAithb‘h@t the LABVCQl miesonbet dtede a paktasfida socghadcilldtar that is a

et or odyne BRerToay AR wEeABTEEh % Hechedarametey abperagisgbep. T one

application, for example, the frequency of the output signal changes when the drive

current of the ABVCO is adjusted, and the control voltage of the ABVCO is not
subsequently adjusted to return the frequency of the output signal to its previous
frequency.

[0056] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Accordingly, the present invention is not intended
to be limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

[0057] WHAT IS CLAIMED IS:



receiver architectures. In this context, the ABVCO reduces relative phase
noi se by increasing drive current. In addition to reduci ng phase noi se, the
ABVCO carwels@/i3s79ased to mtigate aperture jitter in tireTdisgecsakisdomai n.
For exanple, the ABVCO may reduce aperture jitter caused by integrated
phase noi se when the ABVCO is used to generate a clock signal for an

anal og-to-digital converter that directl¥7digitizes an RF input signal from
an antenna. [0055] Although the ABVCO i s descri bed above as part of a |ocal
oscillator that is a phase-Ilocked | oop, the ABVCO can be used w thout a
phase-1 ocked | oop. i one application, for exanple, the frequency of the

out put signal changes when the drive 3ﬁﬂéﬁﬂg of the ABVCO is adjusted, and
the control voltage of the ABVCOis n equently adjusted to return the
frequency of the output signal to its previous frequency. [0056] The

previ ous description of the disclosed enbodinments is provided to enabl e any
person skilled i . theAasitcuit@ompkisingr use the present invention. Various
nodi fications to these enbodi ments will -be readily apparent to those
Skilled in the aff MEMEAORAIHERACPRIG YolAEs (sdiesqnt oo iBE PP BRI may bo
applied to other a@@gﬁt WAL Sh¥el A bufRP 8chhNBavid® M tdd8es) is fre@ht 8f WE of
the invention. Accordingly, the present invention is not i'ntended to be
limted to eWPUEPMBdi nents shown herein but is to be accorded the w dest

scope consistent w th the princinles.and novel features disclosed herein.
[0057) veat 15 Gt RPhESM BRI R E R A A B oA RS 2 Prput port
wherein a contr oh bl doagel pért,PWESEint a Bids tcbtrolNdtial RO pieserR HNOME Bids dRAtb]

wherein an output signal having a frequency is present on the output port;
a power - supp?s: Werreintthairequeney ok atmksight! srice based on theerntipl Npliagecai r ol
port, mere{v@eﬁirﬂh@%ﬁﬁ%&%ﬁhﬁ%‘es b&se%ﬁ%ﬁé‘ﬁia?@or@%‘fs‘ gs control port,
wherein the frequency of the output signal varies based on the control

vol tage, and wherein the anount of current varies based on the bias control
[ . 2. Th ' [ f. clali wh [ [ it i f [

fs Ir ggﬁency e chreu Ifhg Circuit of c]laim l,evgheelregnttﬁee cireuit 38 %)arlt of Fz)tar;éioofreq%errlc%/dl ©

receiver.

3. The circuit of claim 1, wherein the output signal is a clock signal for an
analog-to-digital converter, and wherein the analog-to-digital converter directly digitizes

a radio frequency input signal from an antenna.

4. The circuit of claim 1, wherein the circuit generates the output signal

using the current.

5. ‘The circuit of claim 4, wherein the output signal exhibits phase noise,

and wherein the phase noise decreases as the amount of current increases.

6. The circuit of claim 1, further comprising:
a programmable register containing a control value, wherein the bias control
signal has a magnitude, and wherein the magnitude of the bias control signal is based on

the control value.



receiver. 3. The circuit of claim1l1, wherein the output signal is a clock
signal for an analog-to-digital converter, and wherein the

anal og-t owdi2gectsb7oeonverter directly digitizes a radi o Pceqisessp4isaput
signal froman antenna. 4. The circuit of claim1l, wherein the circuit
generates the output signal using the current. 5. The circuit of claim4,
wherei n the output signal exhibits phase 8noi se, and wherein the phase noi se
decreases as the anount of current increases. 6. The circuit of claim1,
further conprising: a programmuabl e register containing a control val ue,
wherein the bias control signal has a magni tude, and wherein the magnitude
of the bias control signal is based on the control value.7. A circuit
conprising: a voltageACHistit6PMBHSIBECi | | ator that uses a current to generate

an output si gnal , Rgih e shildlIEd EAANor AESENa tcﬁ?reﬁtutlror %éﬂ%ra'f@% dutRgighke:

and a progranmmabl e regi ster containing a control valu wherei n“t he
magni t ude offiavirpea frequeany, wisertiaskedcwrent has ccoagnioldeyaldue. 8. The circuit of
claim7, wherein the outp i gnal exhibits phase noi

t s e, .and wher ei t he
e ol ooy b Rl EE R Co AR & SREgh vt heheih dhe, SO e g dbro)

circuit of ghkaifedis Wil Shnd &Rl fah@muabl e register is part of a radio
frequency receiver. 10. The circuit of claim7, wherein the magnitude of

the current used by the voltage controlled oscillator to generate the

out put signal ingreas when, t he praogranmmabl e register is.programred. for a
Cow car i or ot o- 161 se- Pt FBCEbAREERB BB bifEMEs) SRR Rhist e,
conpri si ng: ardl wiFBMthél FhAE hbise HbdbasdeiLBE taahitidy Grthet@nar itr@Re., Wherein
the programmabl e register is programed with a first value when the janmer

detector detects the interference signal, and wherein the magnitude of the

current incr easeg as ﬁiésﬁ i Ophahﬁg] RY éﬁgﬁgﬁho%r&ﬁ%lagfe%gﬁﬁgqu%Q)graamred

with the first val ue. e circuit o erein ogranmabl e
regl ster | sradio frequency receiver.

10.  The circuit of claim 7, wherein the magnitude of the current used by the
voltage controlled oscillator to generate the output signal increases when the

programmable register is programmed for a low carrier-to-noise ratio condition.

11.  The circuit of claim 7, further comprising:

a jammer detector that detects an interference signal, wherein the programmable
register is programmed with a first value when the jammer detector detects the
interference signal, and wherein the magnitude of the current increases as a result of the

programmable register being programmed with the first value.

12.  The circuit of claim 11, wherein the programmable register is
programmed with a second value upon the elapse of a predetermined length of time
during which the jammer detector has not detected the interference signal, and wherein
the magnitude of the current decreases as a result of the programmable register being

programmed with the second value.

13. A circuit comprising:
an output port, wherein an output signal having a frequency is output onto the

output port;



programmed with a second val ue upon the el apse of a predeterm ned | ength of
time during which the jamrer detector has not detected the interference
signal , awmdeéwseion t he magni tude of the current decrea®es/iasooa/onmsul t of
t he progranmabl e regi ster being programmed with the second value. 13. A
circuit conprising: an output port, wherein an output signal having a
frequency is output onto the output port@f control voltage port, wherein a
control voltage is present on the contro‘ vol tage port, wherein the
frequency of the output signal varies based on the control voltage; and a
bi as control pori constegveltageapdai, athemimb cottred ivghtade i prasentainvie cortiad vohegedi as

i a na&gitude, wherein the

control port, wherein the bias control signal  has
frequency oPottifEheERin fistfrequghey Of\/tg? Plé@ub%%l%é vies; sy ecapEoloroliagg a8 as

control signal, whge %bﬁ{r&gﬁnf %%W&Mia%oﬂtﬂﬁ sfgﬁapigtrec%}&a%m&m%%?coh& a

first frequency to a seco frequency en the control voltage itnitially
remai ns conpdranvheaeid thheimagmittadegnal hahe hagstudenwhakinsthgniadquehange shef r om

a first magnitude tg9 a second nagnitude, and erein the frequency, of the
out put si gneitPicHEntlevaris PREEC PR i PASBTRRLYT Hie Pieh CPRUSl SERATi SBEGHY et t or

the magni t ugg,Rficy be ub aé?gpg%ﬂl ckﬁh@%@ﬂrorﬁr@ﬁlﬁs‘%?refq’ill@rmyt fd€a kédodll R@BAdude

to the second nagnitude. e circuit of claim13, "wherein the circuit

is a phase-Wwbekihd choiogl. voltsge iHiifénalkyi remains cofstait ahdile3nagiiwde phthehéassiontol t

generates the oufput signal. using. anp.amunt .of current .that .varies based on
Phe mgn:  clenSEngegs FpduE e P @R AR ong Toashlufi At et Ble Gy

wher ei n t heofctheColithut! Sighdl fetiths @o sl ifigstf fr@fBEAL With@t Eive erhillideond afet frd
conprising: detecting an interference signal indicative of a

hi gh- i nt er f @pgHBde drile thiasnconjiteb signal ehanges frametheditsh ageibiisi to Bia sesonsk s
during an agagﬂﬁﬁeof the interference signal; and adjusting a voltage
controlled oscillTator froma lowinterference node to a highinterference
node, wherein the voltage controlled oscillator generates an output signal

usi ng an amount of current, wherein the amount of current uieé:i to generate
the out put 14.  The circuit of claim 13, wherein the circuit is a phase-locked loop.

15.  The circuit of claim 13, wherein the circuit generates the output signal

using an amount of current that varies based on the magnitude of the bias control signal.

16.  The circuit of claim 13, wherein the circuit is part of a radio frequency

receiver.

17. A method comprising:

detecting an interference signal indicative of a high-interference condition,
wherein a low-interference condition exists during an absence of the interference signal;
and

adjusting a voltage controlled oscillator from a low-interference mode to a high-
interference mode, wherein the voltage controlled oscillator generates an output signal
using an amount of current, wherein the amount of current used to generate the output
signal is less in the low-interference mode than in the high-interference mode, and
wherein the output signal exhibits greater phase noise in the low-interference condition

than in the high-interference condition.



signal is less in the lowinterference node than in the high-interference
node, and wherein the output signal exhibits greater phase noise in the
| ow i nt erwenemoss®endi tion than in the high-interferencectarsdocsioons4d8. The
met hod of claim 17, further conprising: progranm ng a programrmabl e register
with a control value corresponding to the high-interference condition,
wherein the anmount of current used to ge;ét?arate the output signal is based
on the control value. 19. The nethod of aim17, wherein the adjusting the
vol tage controlled oscillator involves reading a control value froma
programuabl e register. 20. The nethod of claim 17, further conprising:
receiving a radi o frequency signal, rein the radi o frequency signal and
the interferencel&ign heﬂlﬁé@dfqgég%@ﬁ%&é&?ﬁ%ﬁmmsﬁﬁgér by less than two
megahertz. 21. T ' (=T st : e
control |l ed oscil P%?gﬁﬁﬁf;@grﬁoérﬁg}a%ﬂv%ﬁ{egﬁr@%ﬂ;aeE&ngﬁ(gq]{agﬁtdﬁggsﬂam\é%rﬂ?ﬁg
hi gh-i nt er f kighrnterfamedes candstéon, avhelsiniplie amount ad evirantt ysed dongemdrate fthe outpent
used to generate the output signal, wherein the output signal has a
frequency tﬁ&?alé%]éq"?ﬁ‘égnf&o‘fﬂngogf’ﬁg‘?' frequency to a second frequency upon
t he abrupt increase in the anmount of current, wherein the frequency of the
out put signal returns to the first frequency within a PLL settling tine,
and wherein the &rupThé muatlest of okwrurly, witekdim the gdjustiveg theneolpge controlddd t he
PLL settli ng tlllrtre 2@. The..net hod qf ﬁllafl m 17 where'h t he adjusting the
vol tage conPiOIAYdELLTSPALBE 2 PRI AL TR PRI $BPERIESSHEEE to the
hi gh-i nterference node causes a gradual increase in the anount of current
used to generate the output signal, and wherein the output signal has a
frequency that r&ai nshemssodediclaiml7yRethamepeepreiitd ng t he gradual increase
in the amount of n : ' i,N.: ual
increase in the Iée(rér%ﬁﬁlr’]n% %P‘%‘g ﬁ%ﬁ%&%ﬁgﬂc}@{rﬁﬂl%@% %%@gﬁ%@g%lé@gg% %%
nanosecondsin?ferdite sigahee dfeqabmien that differrtiytieds thanpwo siegdhertdet ecting a
second interference signal indicative of a second high-interference
condition; and adjusting the voltage controlled oscillator to a second
hi gh-nt er f erence Mdne WIRKRI Br ERfn AR WHrdh i bifiMind!BRIVAIREIWREAER t e
out put signal in the secon I ghinterférence

oscillator from the low-interference mode to the high-interference mode causes a abrupt

increase in the amount of current used to generate the output signal, wherein the output .
signal has a frequency that changes from a first frequency to a second frequency upon
the abrupt increase in the amount of current, wherein the frequency of the output signal
returns to the first frequency within a PLL settling time, and wherein the abrupt increase

occurs within less than one percent of the PLL settling time.

22.  The method of claim 17, wherein the adjusting the voltage controlled
oscillator from the low-interference mode to the high-interference mode causes a
gradual increase in the amount of current used to generate the output signal, and
wherein the output signal has a frequency that remains substantially unchanged during

the gradual increase in the amount of current.

23. The method of claim 22, wherein the gradual increase in the amount of

current has a duration of more than five nanoseconds.



node is different than in the high-interference node. 25. Acircuit
conprising: an antenna that in a first condition receives a first signal

and an i nvenb@rse®e signal and in a second condition reeermssomkhelsi rst
signal without the interference signal; an oscillator that generates an
oscillating signal using a drive current; and nmeans for configuring the
oscillator to generate the oscillating shgnal such that the drive current
is smaller in the second condition than i'h the first condition. 26. The
circuit of claim25, wherein the oscillating signal exhibits phase noi se,
and wherein the 8$ci | The meghash ¢freddimelh fusthes coropmsipsiase noi se when the drive

current is small i.h t segan ondi tion than.whepn the drjve current is
larger in the fi rgéstf3 ét@&ngg?ﬁoglﬁ.ln%?%m?ﬁ% Sl@fl?lcﬁlgfcame 8P§i Sﬁ'F‘?g{ h‘&ﬁé?"éffﬁfep%
circuit is paiditiaf aadradi o frequency receiver.
adjusting the voltage controlled oscillator to a second high-interference mode,
wherein the amount of current used to generate the output signal in the second high-

interference mode is different than in the high-interference mode.

25. A circuit comprising:

an antenna that in a first condition receives a first signal and an interference
signal and in a second condition receives the first signal without the interference signal;

an oscillator that generates an oscillating signal using a drive current; and

means for configuring the oscillator to generate the oscillating signal such that

the drive current is smaller in the second condition than in the first condition.

26.  The circuit of claim 25, wherein the oscillating signal exhibits phase
noise, and wherein the oscillating signal exhibits more phase noise when the drive
current is smaller in the second condition than when the drive current is larger in the

first condition.

27.  The circuit of claim 25, wherein the circuit is part of a radio frequency

receiver.



