1 9 AUG 2003 WD 00/59107 PCTI USOQ 08540 1 MULTI PLE BANS OSCI LLATOR USP NS0 2003
SW TCHED | NDUCTORS 5 BACKGROUND OF THE I NVENTION 1. Field of the Invention
The present invention is directed generally to an apparatus and 10 net hod
for vol t X8 rol | ed oscillation and, nore particul arly PGTAS0048840 pl e
band vol tage controlled oscillator using inpedance scaling, and a nethod
of providing nultiple bands for a voltage controlled oscillator. 15 IL
Description of the Background Mobile tel ephone receivers typically require
the use of a voltage controlled oscillator (VCO wth a specific center
frequency in or MULT®PLEBANS OSCILCATOR JSSNGSWEICHED INDUCPORS! ephones t hat™
are adapted to operate in nultiple nodes, separate voltage controlled
oscillator circuits, each of 20 which has a center frequency associ ated
with one of the nodes, are typically required to be present in the

tel ephdnes in order t BACKGROWGND/OF THEANVENTIONUI ti pl e nodes. The
use of nmultiple VCO circuits in nmultiple node tel ephones increases the

nunber of conpqnents,.required, to inplenment such devices, 25 and such
circuits Jccup%sﬁﬁﬁm%f%%@’bn the circuit boards used for inplenmenting
the tel ephone. It would therefore be desirable to elimnate the need for

mul tiple, separm@fee pfeidre irventldn pisedm_d@dpfgeﬂsﬁnyB%Ehw&mnH*E

I NVENTPC]\l&gOth'gg]e @r esg t i né{)entl rg% i s lqr{gct ed %o a_ mul tald_ﬁ e]@]tl);g'nd vol t age
controll ed oscI1 I'at of {E% T prstiahan sandi mgore PRsularloditeht of

t he presemnultiplerbdrshyoltage rontrofed drilthton|using iogedanke etaling, hhditaor

I ncl udes gnéi ] hiH; ' leAnKLe | It nd an 35

i nduct ance, aBEI&Nﬂgﬁ)uéglnggﬁirﬁﬁFgggacrog%%gggag?%?ﬁg%;ﬁ%gu%?gﬁg%ﬁof t he tank
circuit, a switch connected to selectively enable the PIN di ode and

cor r espondLngl De¢sariptain of thedBdckgheundduct ance of the tank circuit, and an
oscillator circuit responsively connected to the PIN di ode. Toggling of the

Lol e asess, SHGE T BB AR S RSP T,
two val uesontrollgdd oscillapgsr €VEENt wWith aa Ispecific center frequency in order to
process incoming signals. In mobile telephones that are adapted to operate
in multiple modes, separate voltage controlled oscillator circuits, each of
20  which has a center frequency associated with one of the modes, are typically
required to be present in the telephones in order to process received signals
in the multiple modes.
The use of multiple VCO circuits in multiple mode telephones
increases the number of components required to implement such devices,
25 and such circuits occupy valuable space on the circuit boards used for
implementing the telephone. It would therefore be desirable to eliminate
the need for multiple, separate VCO'’s in multiple mode phones.

BRIEF SUMMARY OF THE INVENTION
30

The present invention is directed to a multiple band voltage
controlled oscillator (VCO) using impedance scaling. In one embodiment of
the present invention, the multiple band voltage controlled oscillator
includes a tank circuit, which includes diodes, a capacitance, and an

35  inductance, 2 PIN diode connected across part of the inductance of the tank
circuit, a switch connected to selectively enable the PIN diode and
correspondingly partially short the inductance of the tank circuit, and an

oscillator circuit responsively connected to the PIN diode. Toggling of the
switch causes the center frequency associated with the operating frequency




actuation of the switch causes the inductance associated with the VcolthAUG 2003
vary, thereby shifting the center frequency of the VCO between the f, and

f,, wval he present invention glso includes a nethod _of providing
nultipléwgﬁgﬁgngor a vol tage control?ed oscillator. The & 880 udes
providing a tank circuit with a radio frequency i npedance, adjusting the
radi o frequency inpedance of the tank circuit by selectively shorting a

portion o | r | N I[N di,ode act.ivated by a
Swi tch, afﬁ%ﬁé;ifi?*ﬁé?%%ét*ﬁ?ﬁ%ﬁ%% BHARRE Sollitsha. fndth, VPR rAThRALEG, ™ °
based on ffdatem 6f the fvekdy cansasethenirdyntanes assoeniatgd awiths ther A0 to

osci | | at Okaryl tBeRibgSeiftin \fﬁ@fcbﬁfér%%iﬁé\ r SPHRIMY CO RREWEEK §He W BRJ Ifhe
pri or art.rirl'he usé of mﬁlti pl e sets of fc?equency generating citcuitfy is

avoi ded by2l4%%e use of the present invention, thus avoiding the
correspondi ng Thermeset Ttvemiicsr ialdosircbhsdes degetdat iodrprotidiagf swultpte, and

! el ple,
variable senal thy'h WhitaBa! RHRIRIed oddiifed @ ol YR1LAEE B-BPMRE ST 1 S
ot of or r od IS ENIE 218H FSaHSNEY BOPBRRESE, CRASCRLTS b TaH T FEGBENGRAL
referred . ' T@H!1 q

P/l EVS OF fhibed PRAVbNGhE @ank Reciift ﬁleétweq?tdrw}ﬁhg Qg&héﬁréﬂm@“%iéi ood
and readil racticeg, t he res%}:inv ntion will” be described in.

conj %ti h%&F{‘ﬁV f!ﬁ?;;%cefm&sm flgqffeee?ﬂwfs#e#’ a gwitch,jand varying i ¢
schend i cthd bugpuab soltage icpheroblad dosaillatay cased mirr the eddasfreqhancy ; Fl G
2 is a spgh g_,gspgai ingl*he g?g%gp figeponse of a nultipl etl bamr?gl

vol t age conPr oﬁed%gﬂ “at gr ;_baﬁe é%cél gﬁi s a block diagram

i | lustrating albhetprrgent ivgntion nipives \rroblems | expsriensed dyidy the \puienge

cont rol | edrtoSTHd higé @F mBRIe L&k DESEQUBAL Y eREratify CIMVEMY @\avSidell bys to be

nder st ood t hat fiqgures and.desgcriptions of,the present _inventipn have
boorn of s 1at of dfie ArrR ar oS e fis s yeiting uhe dostisRenning ihcErsed "o
under 52 andiaterials tdvst,prdegeadationvenf | parfoniriangeel aninatarinple f sensipiviyoses of
clarity, I SlehEr TRbSEERLY Toenad Ad\rﬁt%&a?@d Vﬁ%ﬂ&% of Oftfd Obre8Ent

oscillator. Those of oydinary skill 1nt Wi .recogni ze that 1 9 AUG
2003 WO OBFSRHIPR 3WHLTPEESTDF (RPRTEBE HEP™e ke AeSCHPORCOf rth6| @reicarest
requi red embodiaterito hetgindetow. t he present invention. However, because
such el enents are well known in the

20 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE

DRAWING

For the present invention to be clearly understood and readily
practiced, the present invention will be described in conjunction with the
25 following figures, wherein:
FIG. 1 is a circuit schematic illustrating a multiple band voltage
controlled oscillator;
FIG. 2 is a spectrum diagram of the frequency response of a multiple
band voltage controlled oscillator; and
30 FIG. 3 is a block diagram illustrating a method of switching between
multiple bands of a voltage controlled oscillator.

DETAILED DESCRIPTION OF THE INVENTION

35 It is to be understood that the figures and descriptions of the present
invention have been simplified to illustrate elements that are relevant for a
clear understanding of the present invention, while eliminating, for
purposes of clarity, many other elements found in a typical voltage
controlled oscillator. Those of ordinary skill in the art will recognize that
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art, and because they do not facilitate a better understandi ng of t hel 9 AUb 2003
present invention, a discussion of such elenents is not provided herein. 5
FIG 1is acircuit schematic illustrating a nmultiple band voltage

control | Y@ WEUY| ator (VCO 10. The midl tiple band VCO i nclPSTELS08085¢9 ¢t uni ng
voltage circuit 12, a tank circuit 16, a PIN diode 20, a switch 22, and an
oscill ator 24. The DC tuning voltage circuit 12 includes a tuning voI t age,

VTUNE, an c Lesisyors 26, 28 con ed tq the tyning

vol t age. %’arl afione ahd L&V?ﬁrﬁggbgus %%r r‘?‘#‘ﬁ&%‘%ﬁ&‘y% }1% ka%em“éhﬁﬁ about
the VOO s R!éfﬁﬁlérmvem'@@r&}erE'E@iWEﬂelacbeoal@m\s@ChMetdmem &eoﬁveﬂhlmwnaw theas °~
di SCUSSGd aPerRdNB&a0%e théﬂhaorr?cﬁ' ﬁEHft§te2§ be?tér %‘Eie?ﬂgﬁgﬂ\aé]&f%h@éé\%%gﬁt\nUNE

greater edance across .nodes ooking fro

t han the YRR & grSHtien q&‘%‘%‘o&?ﬁ}f“ﬁ shhat &ﬁ@l"’lﬂeldnh%fem}e tank circuit
16. In5t he preFGt leidadcireait, scﬁdmatﬁmummﬁhgagemwlpb@ Bard eebltdgam 0 - 3

Vol t 12 t
ovent i oncProliEl BlR0k RO LY el Tniifiglit bohd, Yol rinchiiesl s
t enper at ut@ningheoltagekcitiuitcly, @ thekiarsuitdss aalPIN damdeelz@,raasw;tchm,cmd jam t he

i | [ustrat @deindfrepgpodi nent, includes two di odes 30, 32 connected anode to
anode. The di %;ﬁjao 32 are connected across the DC tuning voltage

circuit 12, HENNEBBHRBR A Wit drdPRludes ias tiBg 2601t age. Hf eng REge
acros30t hmzr;emd;mdnf Bwvd Ges@t&rs 28, 28 eonXNecteth td ghev ahﬂmgevﬁlti Ji Nal?atlo'ﬂke

s i e S A B ERED o 0 SR U8 o] e OB epl® 2

i || ust rat &gquepey iuhémordamﬂ withs themKL ofithe circi@t,. as discussedi hmatnbehiwt he
present i MheNids@poraots, '23'a@§kh%§@r@1totﬁ}%v§&é‘5 g?rbat%&“lﬁ. aﬁeé( dgl?&w@c\?ﬂ] gy thin

t he edan | e tion ance ch

i ncl ul:lgg g‘n ﬁo‘ﬁ&‘?‘g&‘&tfag%l &rﬁ’édrﬁ&%‘e’?ﬁi{ ti"an etr{‘BI ep&F‘éY‘ldélFl across
30 t h&d di bedsngdromM2A dittk Bsigts i thieviahyc qimxﬁn%erln(thé)pmfseﬂthan‘iﬁ@xm&na,

measur enefle @fn ltngl ﬁgé’é‘w&?%?%d Eh{)'ﬁ fﬁ%‘fﬁ”%‘h&*ﬁ@%n%% Cz))? b Change

|nthetun|n y constituating a measur
ability oFlfF‘Fl’é Jn?ml& |q§¢<é tObaﬁﬁJaﬁoﬂteagz;e@e;m iRV ErdipIoSs BN varigtions i t\l"&‘ry

fLequencyc n eﬁtstﬁtgdl vfaha@;bgfs?dli@to S&Fpegﬂw@h ranlge of VTUNE valkues as
shown in Fl I.scu n the val,u a ci,rcuit

i nduct or 34, Lf%h A%ﬂéﬁ'(fg‘é %?mﬁﬁﬁfﬁ? ¢ ‘FISF’e?ﬂt\/E‘W 'C)Hé:tﬂprn’ﬁ %}f h a

gi ven2@l | emblodemant,r inhedesswii dingdes e¥), \ii2t tonneetgsk @node @nod¢ s€hsitivity

par anet er diddusr3nss asebsitid Mt Bérods ¥Rl B hifling voltageMikedPq3 NOiRGhe9107 4
PCT/ US00/ 08540
embodiment wherein resistors 26, 28 are present, across the resistors 26, 28

in the DC tuning voltage circuit 12, The diodes 30, 32 used in the present
invention may be of a varactor type. '

25 ~ The tank circuit 16 also includes an impedance element which, in the
illustrated embodiment, includes an inductor 34. In embodiments of the
present invention not illustrated, the tank circuit 16 may include within the
impedance element any combination radio-frequency impedance which
inciudes an inductor at 34. The inductor 34 is connected in parailel across

30 the diodes 30, 32.

The sensitivity parameter (K,) of the VCO is a measurement of the
amount of oscillation frequency change per volt change in the tuning
voltage (Vi.;), thereby constituting a measure of the ability of the multiple
band voltage controlled oscillator 10 to vary frequency about either f, or f, for

35 agiven range of Vo, values, as shown in FIG. 2. As discussed hereinbelow,
the value of the tank circuit inductor 34, L,, is chosen to maintain a
relatively constant (within a given allowable Af range, as discussed with
respect to FIG. 2) sensitivity parameter. Improper selection of a value for L,




may cause an undesired variation in the sensitivity paraneter as the k%rw@ﬂﬂ%
frequency is switched fromf, to f,. In the illustrated enbodi nent of the
present invention, the tank circuit also includes a capacitor 36, two

i nduct orWO®¥59W0, and a second 5 capdcitor 42 in series, ROTAISHE/08540

parallel with the inductor 34. In alternate enbodi nents, the tank circuit

16 may have any nunber of capacitors at 36 and 42, and one or nore

i nductors at 38 and 40, and nmay also include resistors. Furthernmore, in
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I nductor 4013 2%nd %r@&"éﬁtzga;"’entlon allows a variation in the impedance
available within the VCO without changing components, and thus provides
25 impedance scaling.

In the manner stated hereinabove, activation of the PIN diode 20
allows for selective removal of a portion of the inductance 38 of the tank
circuit 16, which is an LC filter, and that removal, in turn, changes the
operating frequency of the VCO 10 between f, and f, (as shown in FIG. 2).

30 The available operating frequencies are dependent on the impedance scale
available, and that impedance scale is dependent on the values chosen for
the capacitance 36, 42 of the tank circuit 16, the entire inductance 38, 40
chosen for the tank circuit 16, and the value of the total inductance 38 which
may be shorted by the parallel PIN diode 20. The center operating frequency
35 (f, f,) is changed through activation or deactivation of the PIN diode 20. In
an exemplary embodiment of the present invention, where the value of
capacitor 36 is 9 picoF, where the value of capacitor 42 is 9 picoF, where the
value of inductor 38 is 150 nanoH, and where the value of inductor 40 is 27




WO 00/59107 5 PCT/ US00/ 08540 nanoH, two center operating frequenci es1:§réU5 2603
made avail able, 170.67 MHz and 420.67 Whz. O her frequencies may be

- chosen, ﬁcl)%g 7be nore than two in nunber. Activation of the PIN di ode 20
is controP% é’y the switch 22. The P switch 22 is used PETESYHYc y
enable the PIN diode 20. The switch 22 used is of the type used in the

art, and may be inpl enented usi ng transistors. Bipolar junction
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value of the inductance 38 in the 1mpedance scale and V. control the

resonant frequency of the tank circuit 16, which is an LC circuit. That

.25 resonant frequency, when placed at the terminals of the oscillator 24, causes

the oscillator 24 to oscillate at that frequency. The oscillator 24 of the present
invention may be operated in balanced or unbalanced mode.

FIG. 2 is a spectrum diagram of the frequency response of the multiple

band voltage controlled oscillator. Two available center operating

30 frequencies are shown in the diagram as peaks f, and f, at 170.67 MHz and

420.67 Mhz, respectively. The 170.67 MHz peak is the low operating band,

and is obtained when the PIN diode 20 is open, placing both tank circuit

inductors 38, 40 into the VCO 10. The 420.67 MHz peak is the high operating

band, and is obtained when the PIN diode 20 is closed, shorting a tank circuit

35 inductance 38 of large inductance value. The Af value is the variation in

center operating frequency allowable around the peak frequency. The DC

voltage tuning circuit 12 (i.e. V) is used to adjust the operating frequency

of the VO in an allowable range (Af) about each of the center frequencies, f,

o




of the VCOin an allowable range (Af) about each of the center frequeTngi‘ﬁéf‘g,mﬂ3
fl 1 9 AUG 2003 WD 00/59107 6 and f,. PCT/US00/ 08540 As nentioned above,
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to short praviding iapl enpedantaniresiti witht alrnadlcani'@WeﬂGyfm’fPMY\céuﬁbgfepO
oper ati nggdrequencies. Further, the present invention could be used in a

wi rel ess tel ephone applijcation, —conputer notherboard application, or any
appl i cati on whf*éEteR %ﬁt" heS1Ncdieds is acavamgr: PpRswitdy to selgctivelyushort @s. The

foredqd ngpegid optthetadiiffrequency impedance. At step 94, the radio frequency
impedance of the impedance circuit is selectively adjusted based on
activation of the PIN diode.
At step 96, the frequency output of the VCO is changed based on the
radio-frequency impedance present in the impedance circuit.

25 - The method of the present invention may also include tuning the
VCO to account for temperature differences or component variations. The
tuning is shown at optional step 98.

Those of ordinary skill in the art will recognize that many
modifications and variations of the present invention may be implemented.

30  For example, the multiple band voltage controlled oscillator (VCO) could be
replicated, using multiple PIN diodes to short out multiple inductances in
turn, allowing for any number of operating frequencies. Further, the
present invention could be used in a wireless telephone application,
computer motherboard application, or any application which might

35 necessitate multiple operating frequencies. The foregoing description and
the following claims are intended to cover all such modifications and
variations.

What is claimed is:

o




the followng clains are intended to cover all such nodifications an& S AUG 7003
variations. Wat is clainmed is: 1 9 AUG 2003 7 CLAIMS 1. A nultiple band

vol tage controlled oscillator capable 9f generating multiple operating
frequencies, conprising: a tank circuit including a diode elenent, in
parall el with an inpedance el enent grciMdi ng an i nductance, wherein the

i npedance el enent includes a first capacitor connected in series to a
second i nductor, the second inductor being connected in series to a third

i nductor, and,t QL rd nduct or ' conhected in Sefi a nd
capaci to}'s; a Pﬁfltgé]%d% ngog‘?\iga(g? ed g@?‘ ggs&gll%gorrt ?%)ﬁlglgf Sf rggﬁ?r%tg“&t@qﬁ “of =
sai d t ankpezitinpuiréquencisy)icbmprisiagnect ed to sel ectively enable said PI N di ode

and correspondingly partjally short the portion of the inductance of said

tank circuit ;23K SFrudsiciudingo: diqdectiemente ¥hawrallelenith @animpedenserdementd pI N

di ode. 2 A\iAY GhPlRuband V\Qﬁér@igeth%%%ﬁé,é?ﬂlah(%j fitdnt | iRk RHed QF AR Ccdplcifbr

wirel ess tel ephone, conpfising. a oltage tuning circuit; a;gau of

resi st or sommectaé at wdlies to & secoad induttor,tthesdcand imglustot beige cometiedsh seriesac kor

di ode an .%.s‘glcond v ract.gc{. ﬂi ode, .each varglct or. di ode haying an anode and
raiIp @

a cat hod CHotRd bf turd ipdpstpsheiggropneeied Hi ties 1R SRFOROAMECHYS to the

anode of sai gps¢eRiid YARREd el APertfRr dTtIinBuaehdeSsT sy AM Qfcuftl 0de
circuit, the series varactor diode <circuit being connected between said

pair of resis®omdtchacdnneged itadigtectvelhaanably said iRIdt dlogdadansndoraespendingly| ead

and bein nect in_.paral,l el cross t.h eries varactor diode circuit;
a first %@’l’ %Fetggﬁﬂ%% é)gﬂfeomfhﬁc al}cielpifaliig@% %ﬁ”“‘?a?"@ first inductor; a
second capaci aposciltibdresice réspohdieel § e6tretel @achi@ PN @iclief i r st 1 nductor; a
second i nductor connected to said first capacitor; a third inductor

connect ed between said second inductor and said second capacitor; a PIN

di ode copnect gdpgjyrfl b'éHc‘i QoRQE €6her ARG sl k&w%éemegmgegsg&g@pgﬁél the

PI N di ode and | ow I'npedance capacitor connection bei ng

wi th sai ecbmmesitgnd i nductor; a resistor sw tchably connected between a bias
vol tage and the jnterconnect. point of said PIN diode and said | ow

i rpedance cap%t&d‘fﬂh,agﬁﬂﬂn%g %}g@g, band oscillator connected in parallel wth

the second i ngpgt of redfifbr Bdrnbcted UL ith IRNRGLOdltage;

a first varactor diode and a second varactor diode, each varactor diode having an
anode and a cathode, the anode of said first varactor diode being connected to the anode of
said second varactor diode forming a series varactor diode circuit, the series varactor diode
circuit being connected between said pair of resistors;

a first inductor having a first lead and a second lead and being connected in parallel
across the series varactor diode circuit;

a first capacitor connected to the first lead of said first inductor,

a second capacitor connected to the second lead of said first inductor,

a second inductor connected to said first capacitor;

a third inductor connected between said second inductor and said second capacitor;

a PIN diode connected at an interconnect point to a low impedance capacitor, the
PIN diode and low impedance capacitor connection being made in parallel with said
second inductor;

a resistor switchably connected between a bias voltage and the interconnect point
of said PIN diode and said low impedance capacitor; and

a base band oscillator connected in parallel with the second inductor and third

inductor connection.




