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

Frequency synthesizers are classified as direct or indirect. In Direct
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frequency step size of the LO.
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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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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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 circuit, 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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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
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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 results 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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respect 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 is
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sw t ched capa connec secon cou
is then connected to the output of the f1rst 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, f, 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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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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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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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



term nal of each coupling capacitor is used to connect the resonant circuit
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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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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
level 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



series conbination af the inductor 410 and sw tched capacitor 414. The
circuit Qis higher with the series conbination of the inductor 410 and
sw t ched 15yg3pagerd or 414 because a | arger inductor 410 vacrasoezivesed.
Since inductor 410 conponent Qis deterqined as X, ./R - a larger val ue of
I nduct ance provides a higher conmponent Q It is also easier to center the
two oper at i ngrefjnirad etoc switch Uséqugncy haaids ds sparfamedntycther inchsiausé the

capaci tor val desiRhec %y&itb@b‘ha ' nméir%me, Qrm%ﬂo{)&tigéa%hﬂgp%ﬁée vahues.

20 Anot her advant a odi nent ncr,eas npi se nity.
When ci rcui tsa‘i'iﬁratt & CPPHHQﬁﬁetos 1Pr AFEYFRRET ktﬁﬁ’g? &Puf H‘%‘E?ﬁ’é‘grw‘s power

during reducedluadfKy.r dnshe st embodiraerGDilik Inana Ce@dugﬂmneekyisdench thod

sudden Chasgeﬂa @Fesom%oﬁm@'sxmko_%%erﬁé&ﬁnﬁpf}e &aﬁtésqtdnans in the power
suppl y out put. uctpations in ége}@ r.s out gf ect, .all

active 25 corrponert%ssec Thrpfaent ot s’&ﬁ"F’F%?%r bBIOidetRed by
t he power sugmhi;erﬂém&:bﬂaﬁm&mmnh;mtynhalshghin:tp@adaironespmndxt@ Vit segndr i ppl e

on all out putemtba}ﬁ%ent A2 ﬁiﬁiz%?g%a'itki%ﬁch\éﬂlrjes&ﬁn?ﬁ?btm L&k aa&% ffRE M nal s

connecting to pant circult . as , contr vol tage |ine
to the | oop f“?qc?%‘? e@%gmﬂww&aﬂﬁﬂW&ﬁe&b&?ﬂ%&%‘"ﬁ%z and 404, help to
decrease flle ef f ectheofsec@@l aempbodiment i irdogmetates fins raadomacmndcmouplmgw a

the oscill at ofapRLifSis, 302CarkP5H, Iagighe td Q{esnes&%t%ﬁ@uﬁoé'g\e? Hg{erﬁ'i?edl e

addi tional rea nce 8 ser.v educe the .lev

that ultimat ewﬂ?é%rcf?e& § hes § eTansRd Fes o rorEctions T 4Rt Xipal Fern

swi t ch confi garcudt. oA fost tehmmaésxﬁrthmﬁrsthouphng papnmtde§02 rceaueced teﬁhﬂm se

Lmrrugl tyeby 6y1mvez kéégnﬁzlﬁemm ﬁﬁéﬁaceTéa@my&Brgaf the @raht macal luas&ﬂﬁféor Idﬂg -
uni S i ]

vy U0 TraBheathl taelesbnd it ﬁwg@@ sl B8 M SonPyng Sraction beifechg BT

t he capaci tanl@ductﬁ)an@'hil r ioductes 32 pa@rldea:a\pamtmbmath rtot geoungs onant

\C/\b r 8 l{ ; a Ooggepﬁﬁ}}%%l , 3IFGSt fedmetal iof (e §uc6ha Qdupm@mdtbﬁsmfs%nﬁsaé@ t¢hange
per for med by TRAEAGHE Eronany il inkiriite BaRion b F YRR BRaG:
limted vol t al§e3®bnthesecendhtpsmingl of the sacand coupling capacitorssMsennecss tora

frequency 20n febhd HasdaonisihouThé BEERES iﬂlﬂ1ctdie514/?i‘¢kﬂd@§ aKeirduit bl td r st
enbodi nment , Lg‘%“%‘ and C values are selected such that 5 the Kv val ues are
about the sa f he o erating frequencjies f, and f2. A second enbodi nent
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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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t erm nal capacitor 522 appears in the resonant circuit in parallel w1th 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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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 frequency 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



in a greater frequency deviation then the sane voltage ripple induced on
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i nputs to theorimslapathinoiser chofise idaced omb@rthe résbnant circtit i fsornoadt lagtived as a
high pass 1 |dseilabfeiickle ER of ROrihdBh dddititor RY 1 Afidred KAAKE QiRAAL | O Of

a series coupln acl tor 502 In conjunction wt I ther the
firet or Sec Rk RSIreof canchiaveqin fort o he TURIS AIFBRGE GSithiny ToRanhi gh

pass filter. cifwaithi The filies if comppserb bfi grurchiring) thes elepzeants ofilthe Irgsonehpf ul i n
el imnating ngiag J\trooeiTh a%X%RR@lSI réﬁgno%bféf@feofhé &rg%@emé:ﬁs@iﬁ rRélEéb' cul ar

source of noise _from cillator Lrirhl bu le to
pover suppl y%ﬂtearcj@owae'f A PoiassoraE efTaitAdilien opbary notsgc ITPRGEHt act i ve
devices in the atdmsmcﬂlasmrgmmpupa&gardlﬁmy\efr ﬂrewmdxsy\gpexfahngtmva:ondent thes in
the transmt glo9g \Y\E,@,gllp occurs when a CDVA wirel ess phone operates at a
reduced data rate en the CDVA wf)hon IS oper t| n %}ng 20 redu ﬁnd dat a
rate only one cop?thPrS‘”HB?rg&?“ ns1s prox ot ed.

Thi s not ®@&l yenabkedrtyspearsorpskilled sathersgb ta makher phoﬂe preserdlisverdiony éihect i on

in the averaggridhs Wﬁcﬁﬁ%&‘tﬁés@%ﬁﬁdﬂﬁn&ﬁf’s tl?ﬁp&erea-ﬁlﬂ p&do tﬁc\ls%r age

phone RF tran res S in less i.nterf 0
operating |n5?‘m§' s’gﬁBBBE'han %ﬁgﬁ‘ﬁrf‘:meﬁﬁﬁ?ﬁg ré‘é‘hf’laé’ %afgog‘ﬁg Osuppl y
25 noi se wi t wthersirgpodimentst withouttne use gf recipventivediaewity. Thies, toveresentppl y
n]g)l tsﬁ i's |{‘dﬂ6&€hd§ﬂ§ Qot Q«%I{&&QB%@M@W the Eh&:oﬂhﬁeﬂt?%ﬁ%ﬁ@@réi@Bﬁﬁﬁt 't 0 gs
0 e s ize o at or s fi.lte or,at e
"nto the' SRs it be SRoofied the sPldstt SOPe, soroBroth itk b mindiBles N BRI
vari abl e capaf@@t!lmssilmedhéren’!;44 The result is the resonant circuit is
unaf fected by noi se induced fromthe 30 synthesized oscillator 1C 300 since
no ot her congp‘ct&e l\ﬁ,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 affected by noise. The invention
provi des an oscillator having a majority of desired characteristics. The
hi gh Q of the resonant circuit ensures the oscillator 35 maintains a
stabl e operating frequency for a given control voltage. The band sw tched
design allows the oscillator to cover nultiple frequency bands while

mai ntai ning a | ow value of VCO gain. This inproves the phase noise of the
oscillator output by desensitizing the VCO output to noise on the control
voltage |ine. Most inportantly, the resonant circuit design is relatively
i mmune WO 01/10025 PCT/ US00/ 21066 17




to i nduced noi se. Noise induced onto the resonant circuit froman active
oscillator circuit such as a synthesized oscillator ICis filtered in the
resonant cwodMe02hef ore it can have an effect on the tuniBGI/ S04k s
wWithin the resonant «circuit. The filter18s conposed_by structuring the
el.ements of the resonant 5 circuit into a high pass confi giurati on.

'|

Therefore, the very el enents that make up the resonjmm, ’Iﬂ'u"(ulllul"l
Vi the *

simul taneously serve to filter out anCLWIBES The re Y
oscillator output regardless of the noisy operating envi ronment

oscillator circuit. The previous description of the preferred enbodi nents
is provided to 1d~enaaﬁoaage@m@@b%@sqlﬂwr(W@h@mawsms: make or use the
present ingenti on.anﬂiﬁplify@fams nodi fications to these enbodi nents will be

readily apparent to those .skilled jn .t art...and the. riculrincipl es
defined herein maf rﬁgoré%ﬁﬂrgéltf?fme&haetp Qﬁﬁgwh{}gﬁ% hv’\ﬁjt'%gtﬁg o?‘flnlé&ﬁggo ¥t the
i nventive facdgsirgd operpting:frequenes spid reponaah cirghit rompusingnt ended to be

limted to the enbodi mMankfiboehclieWtidie Hiipedandeis! detbfineddsydadconk®! Wi dest
scope consi.st ent wié)gtgl %—hﬁf‘ﬂgri nci pl es and novel features disclosed herein.
| CLAIM WD 01/ 1005528 00/21066 18 11O LIHLL LILIL LLEnE 1 Jire
CLAMS CL MS 1. A val lawefregieney| atienuasing| filkierobetwesn) agoftitsthghe 2 an

anplifier; 8and a rresgaantirélit ad theGamabriceduito t he anplifier for tuning the
oscillator to a 4 desired operating frequency, said resonant circuit
conprising: a variable circuit whose inpedance is determned by a control

6 voltage; and a l%ow f TBgUEHe WS slaimnl wherrin the loy Meguepayatienupting filten t he
8 resonant 2ci isatigh pass filkee. vari able circuit. 2. The VCO of claim1 wherein
the | ow frequency attenuating filter 2 is a high pass filter. 3. The VCO
of claim1l wherein the _|ow frequency attenuating filter 2 is a bandpass
filter. 4. The VOG-of db8i¥hQ@ aistains lhwhseein &aslopn fregyengy; attenyating filsent ed

2 as a bal @ancisd bandpasstfilteonf i guration. 5. The VCO of claim4 wherein the
resonant circuit further 2 conprises a second |ow frequency attenuating

filter between a second.in a t he_var.i le circuit.
4. q’he \P(‘flé) of cpa?m 1 wherein the resonant circuit is implemented

2 asabalanced circuit configuration.

5. The VCO of claim 4 wherein the resonant circuit further
2 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
2 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 5 wherein the switch is a diode switch.
9. The VCO of claim 8 wherein the switched element is a capacitor.
10. The VCO of claim 1 wherein the resonant circuit further

2 comprises a switch and a switched element for retuning the oscillator operating
frequency.



6. The VCO of claim5 wherein the resonant circuit further 2 conprises a
switch and a switched el enent for retuning the oscillator operating
frequency. WwoAride VCO of claim6 wherein the switched elP&Fai§00/218665
capacitor. 8. The VCO of claim5 wherei{ythe switch is a diode switch. 9.
The VCO of claim8 wherein the switched elenent is a capacitor. 10. The
VCO of claim 1l wherein the resonant circuit further 2 corrprises a switch

and a switched e nt rvi [ h t r cy. WO
01/ 10025 PCTI usooggg%ﬁ‘jg o 4 aquﬁ fo (Whiereld Wil RRGKAH: Bloud rfg%gﬁgnt

circuit fuft fOmPrEeR ghinductar and § oﬁy&lf@ﬁ f?ﬁdﬂ%ﬂ#éssmeewednaaé
connect ed i n ipduetbt.el to the inductor. 12. The VCO of claim 10 V\/nerei n the
resonant circuit further 2 conprises an inductor and the sw tched el ement
i's connected in seLies i.nducior when the switch i s gpen
circuited. 13. A nétho ‘Fo Cbn&fecalgﬁ“i‘lgiq H?éh‘?TS%éﬁ‘F oo im B‘Fcuép%tbﬁrge 2
Cont r ol | ed2 Cewmnigrisesan (ndictorcowlpthie siwiighed rjelrem ixt dongected drs seximstwith theui t
with a vari atlh&u&bf%bﬁtﬁé‘aqari@cﬂiew eﬁcﬁﬁtﬁf@ﬁ?ncy attenuating filter between
an input to the resonant circuit g variable circuit; and 6
connecting the resonant circuit to an anplifier. 14. A rrultl pl e band
resonant circuit dapabhe nedthodinfongiraceasisg she amje i@nuinityeobnanVoltage

frequenci eg v¢5m511eg@g&ﬂg@&q\wm an |nductor 4 a switched
capaci tor connected in series wt |§1d or; r| abl e %%écwt whose

i mpedance is deteﬂ???#é‘be“g?gaac’i?ﬁ?r?ad\t ?}Bquﬂtaa"é & é{a’f‘? §t“{cﬁﬁl &I t or
connect i ng4 a fléquence atterufatingefiléar between abi input ton thef resoantiginduittamd thed t he
swi t ched capagirfaBle diRuf; frid st end of the variable circuit; 8 a second

tuni ng capacitor conne g of th series conbination of the

a Sec
nductor SRd s « SHEeEnE A BePv el MebRESES he 10 var abl o

circuit; a first coupling capacitor connected to the junction of the first
tuning 12 capaci tigr aAGinﬁh%lé BEWE te@bhardt c&@ﬁﬁl&dpaﬂﬂél@f tuGing @238 4 Ringe

connected 40 tf@?dn“”tcﬁ-é on_of %h@uggacc?lrb%ndjcgmprgmgng capaci tor and the

swi t ched capaci

an inductor;
4 a switched capacitor connected in series with the inductor;
a variable circuit whose impedance is determined by a control voltage;
6 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;
8 a second tuning capacitor connecting a second end of the series

combination of the inductor and switched capacitor to a second end of the
10 variable circuit;
a first coupling capacitor connected to the junction of the first tuning
12 capacitor and the inductor;
a second coupling capacitor connected to the junction of the second
14 -tuning capacitor and the switched capacitor; and
a switch connected in parallel to the switched capacitor to selectively
16 provide a short circuit connection across the switched capacitor thereby
electrically removing the switched capacitor from the resonant circuit.

15. A multiple band resonant circuit capable of tuning across a range
2 of resonant frequencies within each band comprising:

an inductor;
4 a first coupling capacitor connected to a first end of the inductor;

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

\\Il\ll\ \\\l\\ |||\\ \\l\l | \ll\



a switch connected in parallel to the switched capacitor to selectively 16
provide a short circuit connection across the swi tched capacitor thereby

el ectrical IWopEI025i ng t he switched capacitor fromthe res8REWS00Z1I66,it. 15.
A mul tiple band resonant circuit capabl ggf tuning across a range 2 of
resonant frequencies within each band conprising: an inductor; 4 a first
coupl i ng dapaci t oa seihettapdcitar;a first end of the inductor; a second

ToiT 9 PET | PR gRRRe 8 s RgBRuRl %{g&%ﬂ%%%”ﬁ%w%ﬂé"%iﬂ#{ ched
capaci t or ;8 a s&iigs eambigater of dhe fwdich; and fe Awitrhed GrRACHER 1% SRRACHSS In

wher eby the parallel teethednddogtorat i on of the switch and the switched capacitor
s connecied in  R3hahbielcirke Wissl BiHEd e 1o GetBrof Al BY dcchibicf Yblkagtli 05

I
i npedance 1s deter by a control“voltaqge; .a figst tuning ca | tor
connecting the fi A4ES “‘écaﬂ%‘t‘?rn%’é‘ﬁﬁqmﬁ e first ?%‘{ of k?’é‘ﬂ&g’iﬂ tgﬁeﬁrﬁari abl e
circuit; #nhd ead ¢ tlonehriabieé cigruitamadi t or connecting the second end of the

| nductor to a i%%sm%sg%a@a&mc BheaReAne skt end WhE s @ | ched
capacitor_contributes to t resonant freqlency o 16 the resonant circuit

when the Y seepndendpfheyetiahle cig@utywi t ched capacitor does not contribute
to the resonant fwigrendle sWitthee capaoitamntordtibates to tecresodent Svequeticy a8 i s

di sabl ed. 14 I lthé bdsdddrltdcddt Whehlthé bivitkh id dnabled and the switched capacitor does

not contribute to the resonant frequency of the resonant circuit when the switch
18 is disabled.
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