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stations. The RF transceiver is comprised of a receiver and a transmitter. The
receiver receives the RF transmission from the base station via an antenna
interfaced to the mobile unit. The receiver amplifies, filters, and downconverts
the received signal to baseband signal. The baseband signal is then routed to a
baseband processing circuit. The baseband processing circuit demodulates the
25 signal and conditions it for broadcast through a speaker to the user.

User input via keypad presses or voice input to a microphone is
conditioned in the baseband processing circuit. The signal is modulated and
routed to the transmitter. The transmitter takes baseband signals generated at
the mobile unit and upconverts, filters, and amplifies the signal. The

30 upconverted RF signal is transmitted to the base station through the same

Pt

antenna as used for the receiver.

Frequency synthesizers are used to generate the local oscillator signals
required to perform the downconversion in the receiver and the upconversion
in the transmitter. Frequency synthesis is used to generate the local oscillator

35 signal because of the synthesizer’s frequency stability, the spectral purity of the
resultant signal, and the ability for digital controi.

Frequency synthesizers are classified as direct or indirect. In Direct
Digital Synthesis logic circuits generate a digital representation of the desired
signal and a D/ A converter is used to convert the digital representation into an
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Frequency variations in the VCO 110 output can only be corrected by the
phase lock loop if the rate of the frequency variations is less than the loop
30 bandwidth. The phase lock loop is unable to correct for VCO frequency
variations that occur at a rate higher than the loop bandwidth. The settling
time of the phase lock loop will depend on the initial frequency offset and the
loop bandwidth. A wider loop bandwidth results in a faster settling time. A
VCO with good noise immunity will reduce frequency variations thereby
35 reducing the settling time of the phase lock loop. Therefore, it is important to
design a VCO with good noise immunity while maintaining the frequency
tuning characteristics.
A VCO is merely a tunable oscillator. A typical oscillator circuit is
comprised of an amplifier and a resonant circuit, commonly referred as a
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A third alternative to designing a VCO to cover a wide tuning range can
be implemented in applications where distinct frequency bands must be
supported. This situation occurs commonly in the design of a dual band
wireless phone. Wireless phones most commonly operate in the cellular band

30 (Transmit band 824-849MHz, Receive band 869-894MHz) and the Personal
Communication System (PCS) band (Transmit band 1850-1910MHz, Receive
band 1930-1990MHz). A single phone can be designed to operate in both
cellular and PCS bands. The frequency plan within the phone is typically
designed to minimize the number of oscillators thereby minimizing the cost of

35 the phone. However, even the most judicious frequency plan requires different
LO frequencies when operating in one band over the other. In order to support
both the cellular and PCS operating bands, components are selectively switched
in the resonant circuit of the oscillator. Components are included in the
resonant circuit of an oscillator and switched using diode switches. The
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onto one €s to minimize the effects of small phase variations on output frequency.
The phase response of a circuit having a relatively low circuit Q is shown in

25 curve 240. Curve 250 illustrates a circuit having a higher circuit Q. It can be
seen for a given phase variation the change in frequency is more pronounced in
the circuit having the lower circuit Q. The magnitude of 2, the frequency
change in a low Q circuit for a given phase variation, is greater than the
magnitude of f1, the frequency change in a high Q circuit for the same phase

30 variation,

Application specific integrated circuits are available that integrate many
wireless phone functions into a single IC. Frequency synthesizer IC's are
available that integrate nearly all of the required synthesizer circuits onto one
chip. Typically, the user of one of these IC’s only needs to provide a resonant

35 dircuit, loop filter, and reference oscillator in addition to the IC in order to
produce a synthesized LO. The remaining elements of the synthesizer, the
amplifier portion of the VCO, the frequency divider, and the phase detector are
integrated onto one IC. The user provides the resonant circuit required
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of the trans
defines features which, when implemented in phone hardware, tend to increase

sources of noise within the phone.

25 One beneficial feature that is utilized in CDMA phone systems such as
those specified in IS-95 and J-STD-008 is multiple data rate sets. In order to take
advantage of the variable nature of a wireless phone communication link, the
CDMA specifications provide for data transmission at reduced rates. When a
person is engaged in a telephone conversation there are numerous periods in

30 which only one party will be speaking. During periods of reduced speech
activity the telephone can reduce the data rate of the transmission resulting in a
lower average transmit power level.

The communication link from the wireless phone back to the base station
is termed the reverse link. On the reverse link, reduction in average transmit

35 power is accomplished by turning off the transmitter for a fraction of the time
during periods when activity is low. In a CDMA reverse link the phone always
transmits at the full data rate however, when the internal structure allows
operation at a reduced data rate the data is repeated a number of times. As an
example, when the phone is able to operate at one-half of the full data rate the




D e

| ower average transmt power |evel. The communication |ink fromthed 1 JAN 004
W rel ess phone back to the base station is ternmed the reverse link. On the
reverse |inkoea@densti on in average transmit 35 power is acGeHAldedRfRs bY
turning off the transmtter for a fractiog of the time during periods when
activity is low. In a CDVA reverse link the phone always transmts at the

full data ratimforoveticar js m]matémﬁvmﬂtt@bm the rtbdriomhitted| datdSrat@npradithefuflt a

reduced data h unber qf

when_ the phonaite ey Bifilstly, St FRGR 7 ? Fieppater oFE fimesdp 2chisve by 31
JAN 2004 WO odatagates PCT/ USO0/ 21066 6 information is repeated twice to
bring the transm t Pad Ostbh t a | .
one-fourth_rat ngdﬁcgﬁ%gvpere?o%ﬁ 8%rth% &Jey%o ag %\?Iél gﬁﬁnqsdmel qI)Eiir}é?a’f’“e
To conser ve 'S‘FF tIRE0 pxieancb2pmy timegeavpings Héhen theipbone is gperating
subdi vi ded i natoa Sk teea rate25lBixtéetPo fHAUS wi@hﬁﬂtﬂé“&aﬁ@ﬂ?e tanSR&t&l. N9

at a full datg_.rate_al xt een of the groups thin the

transnitted. \ﬁé’slérWi‘%gﬁe Sﬁ%“epﬁ(?rﬁ’@rqtﬂ‘ é‘r’zf\fg‘: %@%ﬁ#@&&&ﬂ%&fl&n% e
only a fractiiesbfteen gwmsasemnsgnMLbsThsframtmtsm gztomqbs tidrsntittedtis equalito
groups trans t t t

phone oper t%a?qgﬁgo %F hcfe‘lit tr?']% 1%@\5%{%8 (Eﬁer%?qts &“?‘H%ﬂ(\gﬁ%ﬁﬁg S
t r ansni ttéﬁ ot onﬁb@kf afrthe gﬁ‘é“!éﬁalsetl‘qu’mltt@@t Howeeer mose thatmspdatadd i n
i nverse pr opoloki QiﬂlcéQiétheisd'@péatéétlﬁ inQekie pro ortxé?i‘ftohﬁbfdétﬁt fatéldbdudtion.

repeated tw c | f, a | ra The redundan
portion of th@ng'g‘fagoY gr‘f@? é?ﬁeﬂp"td[g‘ﬁ §“§n rﬁy%’ﬂ ng‘eefi@FﬂFFF&P%'fm ‘ais
repeat ed ei ghThe tedamndamt pontign ohﬁ\ee:lajmisrnmftrarisauﬁaﬂasmaﬂyrmm-él th rdlté
When the phong,iare hagsel ect
active CI UI tstgon 2he§e€%1 snflﬁgggtﬁﬂ %@%W@he Cl %g%'l%tqn gat ed
of f when he dat a*¥ g"PFFE’é?%?ﬁ%@&CEQ'ﬁét%mquVﬁerg'&@tﬁdo@cﬁelem to
the circuits aqtivie@ircuststonathefdrisini 5theme§5dw& t@ethacfteejw:s a&ebfmhbﬁg

t t h I h
oo red oxt erdibdiats 8T belle Rafamitied e poleRar gated; Pack GB A0 hE igufts "t ne
sudden | oad chﬂﬂg&@p&km@@gtthe deanfeqbldatengpeerppgghnglservpsrtblconmmé t he
RE transmi ¢ paéiler Rt the weaéabgﬂw?.@ 2f¥s Gbulpd %%%%{]ch d@HifR Edtenkidds

on the po Therefore ring power gating, t one power
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and during power gating, the phone power supply is subjected to the greatest load
25 variations that it will experience. Since no power supply is insensitive to load
variations the output of the power supply will exhibit voltage ripple at the rate
that power gating occurs. The actual voltage ripple on the supply voltage lines
is a function of the power supply load rejection, the rate of power gating, and
the change in power supply load due to power gating. The change in power
30 supply load varies in relation to the RF communication link the phone is
maintaining with the base station. The change in load current will be greater
when the phone is transmitting at a higher RF power level than when the
phone is transmitting at a decreased RF power level. The power gating may
. occur at each 1.25 mS time grouping used for each data frame on the reverse
35 link. This resuits in a power supply load variation with a significant 800 Hz
frequency component.
What is desired is a voltage controlled oscillator design that maintains a
stable output frequency with a constant control voltage applied. The VCO
must be able to be switched such that it is tunable over two distinct frequency
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I npl emrented in a CDVA phone the VCO output nust be insensitive to power

supply noi se created by powe ating the RF_ _transmt path. Another object
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in a bal ancedn@éﬁpl@ﬁmiCmrwebholshmm@@mﬂyom@ﬁeqhenmslabﬂny First and
second coupling capaG FedtSerAbbMie® A1 8f Rﬂé'etlélﬁsn@sngf 'ﬂ‘ftg

aéém]ﬁ Qrezo
connections to the. r son%ﬂ[ Ci [cw The out pg_ﬁs ?I rst and second

coupl i ng capaEPRRd atipr with ?’Fﬂ?ﬁ’é‘f’ﬁr‘) ithe dnducter.\First a
swi t ched capaantaecord fdoupling mazﬁmapampme thenpesitive bhd Megative Kilafnded

f
et COLﬂ@chonnects ?‘htfy the tr'fér\ég{etl:g%%éﬁgﬁﬁﬁg Slbeacfis’g&%"ﬂots%mé‘ cond

capaci t or out p
vari abl e 25 c&ﬁ%ﬁﬂ)rcamﬁ@fépﬁssmc@hmed usirg fary éndugtdr Socseriesvwithalal e

capaci tors ar gwikhedeabaéeitdro0R! ARt thiRigekipatRbP t8hRtd tRe RABACEH the first
configuration tﬂng caBacnior to a first variable capacitor. A second tuning capacitor
cornects the output of the second coupling capacitor to a second variable
25 capacitor. The opposite ends of the first and second variable capacitors are
connected together thereby maintaining a balanced configuration with respect
to the balanced connections of the resonant circuit. A diode switch is connected
in parallel with the switched capacitor such that the switched capacitor is
_ electrically connected to the resonant circuit when the diode switch is not
30 forward biased. The switched capacitor is not electrically connected to the

resonant circuit when the diode switch is forward biased.
In the first embodiment the first and second tuning capacitors are
utilized as a voltage controlled variable circuit. In the first embodiment the
_ capacitance value of the variable circuit is changed with the application of a
35 control voltage. Any type of variable circuit whose impedance changes
according to an applied voltage can be used in a resonant circuit to enable the
resonant frequency to be tuned using a control voltage. The preferred
embodiments described in the present invention utilize variable capacitors as

the variable circuit.
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to the bal anced connections of the resonant circuit. A diode switch.i,s 00!
connected in parallel with the swtched capacitor such that the smﬂﬂo”é’dz

capacitor iveoorloerstrically connected to the resonant circui i,cwﬂ% di ode
switch is not 30 forward biased. The swi tghed capacitor is not electrically
connected to the resonant circuit when the diode switch is forward bi ased.
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The first a;ﬁir ecq I nductors are each connec 8pling
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of the switched capacitor is connected to the output of the second coupling
capacitor. The switched capacitor is connected in series to the diode switch that
25 is then connected to the output of the first coupling capacitor. The output of
the first coupling capacitor is connected to the output of the second coupling
capacitor using the switched capacitor in series with the diode switch. The
resonant circuit is indifferent to whether the switched capacitor is connected to
the output of the first coupling capacitor with the diode switch connected to the
30 output of the second coupling capacitor or if the positions of the switched
capacitor and diode switch are transposed.

Operating the switch causes the center frequency of the VCO to shift
between two values, £, and f,, More particularly, actuation of the switch causes
the capacitance associated with resonant circuit to vary, thereby shifting the

35 resonant frequency of the resonant circuit and thus changing the center
frequency of the VCO from f, to f,

The second embodiment also has greater noise immunity due to an
additional pole in high pass filter. When viewed from the inputs each of the
balanced inputs has effectively a high pass filter configuration. This is due to
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second enbodi nent o I nven corporated wth an integrated
circuit oscillator. DETAILED DESCRI PTI ON OF THE PREFERRED

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

25 FIG. 3 illustrates a block diagram of a typical local oscillator
implementation used in a wireless phone. A synthesized oscillator IC 300
incorporates a Phase Lock Loop (PLL) 302 as well as an amplifier configured as
an oscillator 304. The synthesized oscillator IC 300 requires an external
resonant circuit and loop filter 310 in order to operate. The oscillator 304 is

30 configured as a Voltage Controlled Oscillator (VCO) if the resonant circuit can
be tuned by the application of a control voltage.

The resonant circuit is comprised of an inductor 320 in parallel with a
capacitive network. The capacitive network utilizes first and second variable
capacitors, 342 and 344 respectively, connected in series. The first variable

35 capacitor 342 is connected to a first side of the inductor 320 through a first
tuning capacitor 332. The second variable capacitor 344 is connected to the
second side of the inductor 320 through a second tuning capacitor 334. The
point where the first variable capacitor 342 connects to the second variable
capacitor 344 is tied to signal ground.
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_ of tuning over the entire range. Tuning the resonant circuit of FIG. 3 over a
wide range can be accomplished in two ways.
25 A first method utilizes highly sensitive variable capacitors, 342 and 344.
The control voltage range is maintained at a minimum value when highly
sensitive variable capacitors are used. However, the sensitivity of the variable
capacitors makes the resonant circuit sensitive to noise induced on the circuit.
Any source of noise induced on the variable capacitor bias causes a shift in the
30 resonant frequency of the circuit. If the rate of induced noise is higher than the
loop bandwidth the PLL 302 is unable to correct the error.

A second method utilizes low sensitivity variable capacitors with an
extended control voltage range. However, the extended control voltage range
presents a problem for wireless phones operating off of battery power. Since

35 the voltage provided by batteries is relatively low, the expansion of the control
voltage range requires a step up of the available voltage. A voltage step up is
accomplished with a DC-DC converter. A DC-DC converter does not operate
at 100% efficiency. The loss in the step up voltage conversion is wasted battery
power. Minimizing battery power consumption is a major priority in wireless
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in the resonant circui
The end of the sw1tched capacitor 414 that is not connected to the inductor is

25 connected to the second terminal of the second coupling capacitor 404.
A diode switch 420 is connected in parallel with the switched capacitor
414. The anode of the diode switch 420 is connected to the second terminal of
the second coupling capacitor 404 and the cathode of the diode switch 420 is
connected to the junction of the inductor 410 and the switched capacitor 414.
30 The anode of the diode switch 420 is pulled up to the supply voltage rail using
a pull up resistor 462. At the junction of the first coupling capacitor 402 and the
inductor 410 is a circuit used to control the forward bias on the diode switch
420. This circuit is comprised of a pull down resistor 464 connected to a DC
switch 466. When the DC switch 466 is closed the pull down resistor 464
35 provides a DC path from the inductor 410 to ground. When the DC switch 466
is open, the pull down resistor 464 is open circuited and no current flows
through it. A Band Select signal driving a control resistor 468 connected to the
DC switch 466 controls the DC switch 466. The actual configuration of the
switch placed in parallel with the switched capacitor 414 is not critical. The
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25 biased and conducts. When the diode switch 420 conducts, the switched
capacitor 414 is short circuited and does not electrically contribute to the
resonant circuit. The resonant frequency f, is then determined by the value of
the inductor in parallel with the capacitive tuning circuit comprised of the
tuning capacitors, 432 and 434, in conjunction with the variable capacitors 442
30 and 444. When the Band Select signal controls the DC switch 466 to an open
circuit condition the diode switch 420 no longer conducts.
The switched capacitor 414 is electrically connected to the resonant
circuit when the diode switch 420 is not conducting. The resonant frequency f,
of the circuit is increased when the switched capacitor 414 electrically
35 contributes to the resonant circuit. The resonant frequency f, is increased
because the switched capacitor 414 appears in series with the inductor 410. The
series combination results in a reactance that is the sum of each reactance. Since
the reactance of an inductor is opposite the reactance of a capacitor the effect of
a series combination is a reactance that is less than the larger of the two
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25 components. The synthesized oscillator IC 300 may be affected by the power
supply fluctuations by exhibiting a corresponding voltage ripple on all output
lines. The voltage ripple will be exhibited on the terminals connecting to the
resonant circuit as well as on the control voltage line to the loop filter 310.
The two coupling capacitors, 402 and 404, help to decrease the effect of
30 any noise induced on the resonant circuit via the oscillator pins. The coupling
capacitors, 402 and 404, provide additional reactances that serve to reduce the
ievel of voltage ripple that ultimately reaches the variable capacitors, 442 and
444

The band switch configuration of the resonant circuit provides increased

35 noise immunity by minimizing the VCO gain. The VCO gain is a measure of
the tuning sensitivity of the VCO, is denoted K,, and is typically measured in
MHZ/V. The band switch configuration minimizes the VCO gain by limiting

the capacitance change required of the variable capacitors in the resonant
circuit. The capacitance range is minimized because the large scale change
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25 to the switched capacitor 522 in the series connection. FIG. 5 shows the
switched capacitor 522 connected to the second terminal of the second coupling
capacitor 504 and the cathode of the diode switch 520 connected to the second
terminal of the first coupling capacitor 502. However, the series connection of
the switched capacitor 522 and the diode switch 520 can be reversed without

30 affecting operation of the circuit. That is, the cathode of the diode switch 520 is
connected to the second terminal of the second coupling capacitor 504 and the
switched capacitor 522 is connected to the second terminal of the first coupling
capacitor 502 with no change in circuit operation.

The circuit required to bias the diode switch 520 includes a pull up

35 resistor 564 connected on one end to the anode of the diode switch 520 and
connected on the other end to a DC switch 566. The DC switch 566 connects the
pull up resistor 564 to the power supply rail when in the closed condition.
When the DC switch 566 is closed DC current flows follows a path to ground
through the pull up resistor 564, the forward biased diode switch 520 and the
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25 capacitor 522 is electrically connected to the resonant circuit. The switched
capacitor 522 appears in the resonant circuit in parallel with the capacitive
network comprised of the tuning capacitors, 532 and 534, and the variable
capacitors, 542 and 544. Thus, the switched capacitor 522 increases the
capacitance value in the resonant circuit. The effect is to lower the resonant

30 frequency of the resonant circuit to f. When diode is off, the circuit operates at
higher resonant frequency f,. The resonant circuit in the second embodiment
maintains a low value of K, the VCO gain, by providing coverage in both
oscillator frequency bands through the use of a band switched resonant circuit.

The primary advantage of the resonant circuit of the second embodiment

35 is in relation to noise immunity. As in the case of the first embodiment, the
second embodiment provides greater noise immunity when compared to a
wide band oscillator not utilizing a band switched configuration. The lower
value of K,, the VCO gain, in the band switched oscillator makes the band
switched oscillator less sensitive to noise induced on the control voltage line.
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i nduced ofP t HiPiseowithal signific frequengyp\spgonentA(The poO@2 Supply noise
PCT/ US00/ 21066 induced onto the resonant circuit via the interface connections of the
synthesized oscillator IC 300. The high pass filter incorporated into the design
of the resonant circuit eliminates the noise from the variable capacitors 542 and
544. The result is the resonant circuit is unaffected by noise induced from the
30 synthesized oscillator IC 300 since no other components in the resonant circuit
are affected by voltage variations. The output of the oscillator 304 then exhibits
better phase noise because the resonant circuit is not affected by noise.
The invention provides an oscillator having a majority of desired
. characteristics. The high Q of the resonant circuit ensures the oscillator
35 maintains a stable operating frequency for a given control voltage. The band
switched design allows the oscillator to cover multiple frecjuency bands while
maintaining a low value of VCO gain. This improves the phase noise of the
oscillator output by desensitizing the VCO output to noise on the control
voltage line. Most importantly, the resonant circuit design is relatively immune
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phone. The r edfhergmbedimeyts witboet the useafshe inyemtive fa%ﬂg.t Thus, {hegsresent

[ nterf er ence #i9eRkibfts ANCRSAAEIAATed o HiPeABRMENS shFLANSHLL, BOVE'
cycling rgiults |n(Po$ﬁ%is ply 25 noise with a spgnificant

fr equency IRoniSoRBrcco ﬁg‘ge‘ﬂdﬁtp BFSPen spR%Estent; Wil bedprincipleshend enovelnt
circuit via tfeeturss dischsed bergircti ons of the synthesized oscillator IC
300. The high pass filter incorporated into the design of the resonant
circuit elimpates the noise fromthe variable capacitors 542 and 544. The
result is thel “b&dMknt circuit is unaffected by noi se induced fromthe 30
synt hesi zed oscillator I C 300 since no other conponents in the resonant
circuit are affected by voltage variations. The output of the oscillator
304 then exhibits better phase noi se because the resonant circuit is not
af fected by noise. The invention provides an oscillator having a majority
of desired characteristics. The high Q of the resonant circuit ensures the
oscillator 35 maintains a stable operating frequency for a given control
vol tage. The band switched design allows the oscillator to cover nultiple
frequency bands while naintaining a |ow value of VCO gain. This inproves

t he phase noise of the oscillator output by desensitizing the VCO output
to noi se on the control




voltage |ine. Most inportantly, the resonant circuit design is relatively

i mmune”3 1 JAN 2004 W)01/10025 PCT/ US00/ 21066 17 to induced noise.3 NghN 00k
i nduced onto the resonant circuit froman active oscillator circuit such
as a synthesized oscillator ICis filtered in the resonant <circuit before
it can have an effect on the tuning 6|F nts wwthin the resonant circuit.
The filter is conposed by structuring e elenents of the resonant 5
circuit into a high pass configuration. Therefore, the very el enents that
make up the resonant circuit sinul tGnaBMSIy serve to filter out any noise.
The result 1is a clean oscillator output regardl ess of the noisy operating
environnent the oscillator circuit. The previous description of the
preferredienmbody vemﬁ% Centivlied Odeitlatos (VEO) anakbiiRle3gphdiR sy temSdoniprigthgt n t he
art to make or use the present invention. The various nodifications to

t hese enbodi neat émpfifier;padr eadi |y apparent to those skilled in the art,
and t he generi LG I reln: . j ed. :
enbodi ments wi fcl ﬁggl’fl)b k%cﬁggglg{ec{%ﬁgo p%vagﬁr#i ﬁ/%ﬁ@%ﬁ?@é %ﬁﬂfg?orttﬁéﬁgéueegem

i nvent i onopérating freqientyledidirosdmant dircuitedmpeisinge enbodi ments shown herein but
is 15 to be accorded the w dest scope consistent with %he ri ni/isp es and
novel features di s@ té@blerfdicaitwhoseiimpggange is dotgrmingrh nigofgoagea
voltage Controllied sk aid fr o HsDhath Ta 10f rEh&HteP ARANAYE] KM Sped S1 no:
an anplifier; and a resonant circuit connected to the anplitier for tuning
t he oscill at or state for desscoretidate pae don mapsinitaiudate yn sadivdreless pheme systenzui t
conprising: a vatiable circuit whose inpedance is determ ned by a control
vol tage set tﬁn"i\ first state for a first data rate for transmtted data
and set to a second, RWAfRqh&QicyatRBGANE AREAbEMeBn fA iHphe RS Thé tredhndat a i n
said wirel ess phone system and a | ow frequency attenuating filter between
an input to theirewtankthe vagabledireuitnd t he variable circuit. 2. The VCO of
claiml1l wherein the | ow frequency attenuating filter is a high pass
filter. 3. The VCO of claim| wherein the |ow frequency attenuating filter
is a bandpass TheMED of ¢laichNewhéreinahe tdvardldenoh aftahatihp Elte£BNkigh passr cui t

is inplenmented as a bal anced
filter.

3. The VCO of claim 1 wherein the low frequency attenuating filter is a bandpass

filter.

4. The VCO of claim 1 wherein the resonant circuit is implemented as a balanced

circuit configuration,

5. The VCO of claim 4 wherein the resonant circuit further comprises a second

low frequency attenuating filter between a second input and the variable circuit.

6. The VCO of claim 5 wherein the resonant circuit further comprises a switch and

a switched element for retuning the oscillator operating frequency.
7. The VCO of claim 6 wherein the switched element is a capacitor.

8. The VCO of claim 6 wherein the switch is a diode switch.




circuit configuration. 5. The VCO of claim4 wherein the resonant circuit
further conprises a second |ow frequency attenuating filter between Jal JAN 2004
second input and the variable circuit. 6. The VCO of claim5 wherein the
resonant circuit further conprises a switch and a switched el enent for
retuning the oscillator operating freqlugency. 7. The VCO of claim6 wherein
the switched elenent is a capacitor. 87 The VCO of claim6 wherein the
switch is a diode switch. 31 JAN 2004 19 9. The VCO of claim8 wherein the
swi t ched &l eneithe VCQ of clpine Btwhereid the sWishvdeementck aicapakitaher ei n t he
resonant circuit further conprises a switch and a swtched el enent for
retuning the oscillator operating frequency. 11. The VCO of claim 10
wherein the regaRaMtO of Elaith I WHekdih ee eSHAN GRMItFIthetGefipPises A§Witdhd
switched el enment is connected in parallel to the inductor. 12. The VCO of
cl ai m 10 wiswitehed al¢rpentdannetumingthe osditlatbuepenatingdrgvensyes an i nductor  and
the switched elenent is connected in series with the inductor when the
switch is open circuited. 13. A nmethod for increasing the noise imunity
of a Vol tage Canatngtd eflclelis il waiesdin tr(e\f@ahaﬁtrbi@uwmee%smghmansmim
conprising: inplenenting a resonant circuit with a variable circuit whose

i mpedance andthesatitched elemensyis sonnsaied in paralleldg thedaduatey. o first state for a
first data rate for transmtted data and set to a second state for a
second data rate for transmtted data in said wireless phone systemand a
| ow frequébdcy ahedQ@bI clgink i) wierddethaaesonam direpit furtler chdprissandnductari r cui t
and the variagble circuit; and connecting.the resongnt circuit to _an,

anpl i fi er and fhe switghe ielﬂr@%asneom@gsﬁawer&srwwhq nductor hpR dae BHitTeSsy st em
capabl e ot)p&pa}dﬁged.acr oss a range of resonant frequencies within each band
conprising: an inductor; a switched capacitor connected in series with the
i nductor; a variable circuit whose inpedance is determ ned by a control

vol tage s to,a fir state far a first data.rate for, tr itt dat a
hnd oot ¢t 8% cdvmstioits deraning Mebimirihuty g Sofiase Conrdii et a |\
sai d W r el ee®) 2 AGrefeés pRdHe s§stbin’dmpriditignd capaci tor connecting a first end
of the series conbination of "'the inductor and the switched capacitor to a

first end of timplementitg @ whonznt circuit ydtonadvariable neircyiipwhbeseoimpedamrecisi ng a
second end _of the,serie onpi nat i on in of...a i
capaci t or dpgrmigd by A beiat SPRAaSYeY B'p dspt hAIF S P e BU IR, |
coupl i ng QapaaidRf tocDRRERd Sttetfor 4 SRohdIdah ka8 ferftranb@itfedrdata inwaidngirglagaci t or
phone system and a low frequency attenuating filter between an input to the resonant
circuit and the variable circuit; and

connecting the resonant circuit to an amplifier.

14. A multiple band resonant circuit in a wireless phone system capable of tuning
across a range of resonant frequencies within each band comprising:

an inductor;

a switched capacitor connected in series with the inductor;

a variable circuit whose impedance is determined by a control voltage set to a
first state for a first data rate for transmitted data and set to a second state for a second
data rate for transmitted data in said wireless phone system;

a first tuning capacitor connecting a first end of the series combination of the
inductor and the switched capacitor to a first end of the variable circuit;

a second tuning capacitor connecting a second end of the series combination of

the inductor and switched capacitor to a second end of the variable circuit;




and the inductor; a second coupling capacitor connected to the junction of
the second tuning capacitor and the switched capacitor; and a svm'tcﬂ JAN 1004
connected in parallel to the switched capacitor to selectively provi % a
short circuit connection across the switched capacitor thereby electrically
renoving the swtched capacitor fromjthe resonant circuit. 15. A nultiple
band resonant circuit in a wreless p e system capabl e of tuning across
a range of resonant frequencies wthin each band conprising: an inductor; a
first coupli ngadasgtamupbng capanidart eaneatedatof the gunctinu of thet fiest uming-capaciter second
coupling ca(gtahgi.t(fr connected to a second end of the inductor; a swtched

capaci t or MGIMEIRYEPTE ohnect ed in series with the switched capacitor,

wher eby the Seﬁis%éoncpe&miﬁ%téa@aciﬁi‘r dofecid 1 A Mctifie ofWhé GBAMACRRRGI tOr 1S
connected in parallel to the "inductor; a variable circuit whose inpedance
i s det er mcapagitonyand tho switedied\capaciigs apdt to a first state for a first data

rate for transmtted data, and se second stat.e for a.segco ..dJata rate
For “transm ¢t o8 stieh cpinediein erfliel 8 Mg REAERG BpRifr W for b eb B ige

capaci t or sgaeieddit dtntdRnldcidst tiRNsvifthed bepacitstubbeby eRcrichily sémevifg te t he
variable circuit; and a second tuning capacitor connecting the second end

of the i ngwitehnd capacitos fiepride resqEACIrtewik variabl e circuit; wherein the
swi tched capacitor contributes to the resonant frequency of the resonant
circuit when the switch is enabled and the swi tched capacitor does not
contribut@sto thmultisie bami résomau efrcuit bf a Wildse phoeniysteim capablerdforintnige

switch is disabled. ) L .
across a range of resonant frequencies within each band comprising:

an inductor;

a first coupling capacitor connected to a first end of the inductor;,

a second coupling capacitor connected to a second end of the inductor;

a switched capacitor;

a switch connected in series with the switched capacitor, whereby the series
combination of the switch and the switched capacitor is connected in parallel to the
inductor;

a variable circuit whose impedance is determined by a control voltage set to a
first state for a first data rate for transmitted data and set to a second state for a second
data rate for transmitted data in said wireless phone system;

a first tuning capacitor connecting the first end of the inductor to a first end of
the variable circuit; and

a second tuning capacitor connecting the second end of the inductor to a second
end of the variable circuit;

wherein the switched capacitor contributes to the resonant frequency of the
resonant circuit when the switch is enabled and the switched capacitor does not

contribute to the resonant frequency of the resonant circuit when the switch is disabled.





