; GHe3eVY8x Y5, "N6$Tx&+ VOLTAGE- CONTROLLED OSClI LLATOR HAVI NG A BANDPASS FI LTER
BACKGROUND OF THE I NVENTION Field of Invention The invention relates to a
vol tage-controll ed oscillator and, in particular, to a volt I ed
oscillator having a bandpass filter. Related Art The vol tagmmmmmmmm
oscillator (VCO is a frequency-varying oscillation circuit thafchanges
its output frequency according to an external voltage. The varying range of
the frequency is determ ned according to its purposes. It is a conmnobn

el ement in NEDOTAGE-€CORTRYIZEDWSCIIEATORHN CENG 0 BANDEASS FILTER
conventional VCO shown in FIG 1 includes a resonance circuit 100, an
oscillation circuit 200, and a buffer anplifying circuit 300. The resonance
circuit 100 is used to OUWKQR@UWQ?THM% NTEOJhal which functions
as the oscillation frequency of the oscillation circuit. The resonance
circuit 1 ! apacitors C1, C2, C3 and C4, 15 inductors L1 and L2,
and a dio eel{)ri}ﬂ'tk%gﬁog tunabl e voltage Vt is inposed on the input term nal
of the resonance circuit 100, it outputs a harnonic frequency signal

accordi ngl y. Thénvestdd tedtesotn «isleigeicorBollcdussolitasorantl] inspartiGulad, k@b iveltagd- gnal
according to the harnonjc frequency signal output fromthe resonance
circui? 1eentrotied opeillatpy bavinga bandpasstiiltedo i s conposed of a first transistor
TR1 and a capacitor C7. The harnonic frequency signal is 20 inputted into

t he base ﬁelatt&?AHrSt transistor TR1, and the first oscillation signal is
outputted ' tromits emtter. The emtter of the first transistor TRl is
further connected in series with a resistor R4 and an inductor L3

functi oni ng The vbkageadntolicdguedintyr GHEBeis alfrequznt§-earyarppddciliation oiicnie whdt 300
i ncl udes a, second transistor TR2, a m crostripf SLI N1 and a capacitor_ C8.
The first CRAEES & OBIPUS frﬁmﬂncy acconhing o @n extrrenl yoltagsst decyaryingirareesr ¢fetiency

t hrough t f i f W kL G The f] xfmﬂ)%c i ‘e

fr equencytf'l;%(sll%’?lﬁggg oﬁ%‘gﬁgdﬁ%@%‘ﬂw ?ﬁeﬁu’{%ﬁog’@qs dcgﬁ ect o%ngl?Ht ﬁg hf)%}% fer
anpl i 1§i ndrequancyicirci88@r aominunatiapsystemoy:. C9. Furt hernore, a capacitor C 10
is coupled between the ground and the capacitor C9. The resistors Rl, R2,

d R3 d to det ] t he. of] | t f..the fjrst t Si St
TRL and t e ctharioran el Siowrr g ariakt e radmegierl 1ok ssorifeg (o
a 5 pover cxHRPbY, Vi o Wik atBREA QHCLﬁ@Q@dJ.edTKeOrésB@m{c@%i&hﬁrIOBZis 43¢ tgnd

of the resistor R3 is coupled to the resistor R2, while the other to the
ground. Abfiput echapyponineiajuenayi siged] ewlinh Suncihe ras dhe eseillatiorafitquedey d¢fi thet
oscillation.frequency o utted framthe, VCO dj scl osed i n, Fl us y
nas. sone SRR G s de HerRanc T 0 TREel RBRIar G 1o SCbried GRtaror
hi ghen s haiimeioss Hi SAPLY] 4R dib@ODE!I  WRnCd fubhbit vURARY ©t ikQrdp8siCdt ¥ 8nput

desired effects. The frequency of these harnonic distortions nmay even

i nt er f er e tesmiral of theyuesenapce eingrit 1 ¢} teqwinuts trehasmepicofiequenvic signdrascodingly o
}I‘

reduce theharmonj.c di st.orthon.,i Nl rtant concern i i.rcuit, desi.gns.
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t he band- pasmﬁr;g character of the bandpass filter, the harnonic distortion
at the outpuposedrofianist winsistay NRICanda capagitetiC7 ToThe hatsvanie frequeney gignal is

o8 b e T o PGSR 05 B L gedooss
accor di ng ffoi As emitter. The emitter of the first transistor TR1 is further connected in series with
a resistor R4 and an inductor L3 functioning as the radio frequency choke. The buffer
amplifying circuit 300 includes a second transistor TR2, a microstrip SLIN1 and a capacitor
C8. The first oscillator signal is amplified into a first oscillation frequency through the

25  buffer amplifying circuit 300. The first oscillation frequency is then outputted through the
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tuning voltage. The first oscillation frequency contains a harnonic
distortion. The 20 bandpass filter receives the first oscillation
frequency, renoves the harnonic distortion contained therein, and then
outputs a second oscillation frequency. BRI EF DESCRI PTI ON OF THE DRAW NGS
The invention will become nore fully understood fromthe detailed
description given hereinbelow illustration only, and thus are not

limtativ h e [ - on: 5 ei.n. | G '

cirout ot S M ety LR Gl D08 B hhaclfor o5 Prafbindie, o, |
a circuit capariondl®is caupleDbbrarcen theprbatnidmdshe tdpatiesr Grcording to the
present invention; FIG 3Ais a frequency response diagram of an ideal
bandpass filter; 5 FIG_ 3B is_another frequency response di agram of the
bandpass fi | tlag resisters BlgR23and K3yace usgehtordatermying)therkase bias poHagespifdbe Hist of

t he bandp g : | ..Sh ih FIG
2 the vorEaeot oA B SS B PRI T Ohs S oL e e SRR s

100, ap o?)@'wbi SippBNVEd, viHiletth@ Bfher Boupldd @I thaiistdryRDY Ohé et bf B0 QesiamdR3
bandpass filter 10 400. The resonance circuit 100, which outputs a harnonic
f r equency is¢aypked te theoesigar Rg, while the odwe ta thawramdf r equency of the
oscillation circuit, includes capacitors C 1, C, C3, C4, inductors L 1,

L2, and a di odfcReley WIS HOROAS YBHARIACYE boied TROBES P keseaRDCe

circuit 100, € resonance circu puts a harmnonic Trequenc na

accor di ngloyitpultd Tlog dis VO alidctused inf BIG.t1 2QRIIP bapsdrte distorfien. fSRUURREYIc
signal according to the harmonic frequency signal outputted fromthe

r esonance déstergons (indwling prsonderder ar higherharmanic dxgortionhirerder ghegeircuit unable
Col pi tfs-t .0scjll]a incgludes a first transistor. TRl and capacit.ors
s, "8V ¥ Bttt od bERE gk Plese FR: Birorins P RERELERE e
first trangestfRiqudidy, radfd éthévehi the tsaik estiee N Thek@Bahow o QY8R the thavthanit he
emtter of the first transistor TRlL. The emtter of 20 the first transistor
TRL is furdisiertion svpreotpettantrogesrn i ciyuitriesigngsi stor R4 and an inductor L3
functioning as the radio frequency choke. The buffer anplifying circuit 300

i ncl udes a second transi stngmAﬁyﬁggﬁ?ﬁgEﬁTiﬁNand a capacitor C13.

Through the buffer anplifying circui frequency signal is
anplified into the first oscillation frequency to be outputted via the
col I ect or of A pemary objective of the invention is to provide a voltage-controlled oscillator (VCO)

15 having a bandpass filter. Using the band-passing character of the bandpass filter, the

harmonic distortion at the output terminal of the VCO is removed.

To achieve the above objective, the disclosed VCO includes an oscillation circuit and a

bandpass filter. The oscillation circuit outputs a first oscillation frequency according to a
tuning voltage. The first oscillation frequency contains a harmonic distortion. The

20 bandpass filter receives the first oscillation frequency, removes the harmonic distortion

contained therein, and then outputs a second oscillation frequency.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will become more fully understood from the detailed description given
hereinbelow illustration only, and thus are not limitative of the present invention, and

25  wherein:



3 buffer anplifying circuit 300. furthernore, a capacitor C9 is coupled
bet ween the base and ground of the second transistor TR2. The resistors R1,
R2, R3 are used to determ ne the base bias voltage of the first transistor
TR1 and the second transistor TR2. One end of the resistor Rl is coupled to
the 5 power supply Vcc, and the other coupled to the resistor R2. One end
of the resistor R3 is coupled to the resistor R2, and the other coupled to
t he ground. d £ r o4 i i St. R5. .R6, ..

capaci t ance- vﬁﬁyfﬁ% @%@gglwgﬁagg%defqﬁ%gﬁmd %?fof%lgé g"uﬁhg@{‘f’f %ré’ a second
oscillation frequency according to the first oscillation frequency. The
first oscill #GODid 4 e@eiendiyigramndfai WEOahdvand® bargdpdbsSfilbdrt dcodrdinkOoAhé present
passi ng through t he bandpass filter 400, the harnonic distortion is
filtered am#N8¥pved. The anode of capacitance-varying diode D2 is coupl ed
to the collector of the second transistor TR2. The cathode is coupled to

t he i nductor .~ Ahe f i t.ar J ,ed to a capacitor
C 11 for outpu t%%és%ﬁéﬂgégg%%mgg%ppggwygﬁg¥@%ﬁ&éﬁ@%@gﬁﬁétNbreover, t he
resistor R6 is coupled between the cathode and the ground of the

capaci sance- \RGY3IB g dhodie iltGuend) fesp @ HapfanRf ihe bandplseditbetneen the anode
of the capacitance-varying diode D2 and the input termnal of the resonance
circuit 100. Wen the tunin% voltage Vt enters the bandpass filter 400 via
the resistor H8; 3¢ peyet appiberitaquencyirespasecdiperamyof thebapdpgss fitesi ode D2
changes accordingly. The passing band of the bandpass 20 filter 400 then
changes according to t i Fipe! yi ng di ode D2.
The bandpass filter o%é%&sﬁ%%ﬁl%ﬂﬁﬁcertg‘ln rel\(g}gnci es to pass

t hrough. Signals outside the frequency region are bl ocked. The frequency
band t hat camgshavr audhGi 2, del Vdthgerkentpaksi oxgillbaord(VE0E indudpsad sesdoamvet

seriously atte te as. they pass.through. The.passin nd ha upper
Chr eshol d SfieudBcap SRUaUOH eiert 208 é%ﬁﬁ?ﬂamlg”é@ﬁwwﬂﬁﬁ@, s banflrasrchiter
responge djpggram of a bandpass filter is shown in FIG 3A The horizontal
axis is the frequency, and the vertical axis is the power in units of

deci bel (dB). The central 4 f. - 1 frequency is 2[err] LC, where L is
t he i nduct ancheamgbn@ngescitdui Id8padichamuputs Bharmonic frequency signal functioning as

the oscillation frequency of the oscillation circuit, includes capacitors C1, C2, C3, C4,
inductors L1, L2, and a diode D1. When a tuning voltage Vt is imposed on the resonance

circuit 100, the resonance circuit 100 outputs a harmonic frequency signal accordingly.

15 The oscillation circuit 200 outputs a first frequency signal according to the harmonic
frequency signal outputted from the resonance circuit 100. The oscillation circuit 200,
which is a Colpitts-type oscillator, includes a first transistor TR1 and capacitors C5, C6, C7.
The harmonic frequency signal is inputted into the base of the first transistor TR1, and the
first frequency signal is outputted via the emitter of the first transistor TR1. The emitter of

20  the first transistor TR1 is further connected in series with a resistor R4 and an inductor L3

functioning as the radio frequency choke.

The buffer amplifying circuit 300 includes a second transistor TR2, a microstrip
SLINT and a capacitor C13. Through the buffer amplifying circuit 300, the first frequency

signal is amplified into the first oscillation frequency to be outputted via the collector of the



frequency band for signals to go through is fL s f < fH The frequencies
beyond fL and fH are called the stop band. Here fHis the upper threshold
frequency, and fL is the | ower threshold frequency. Normally, they are
defined using 3dB threshold frequencies. f. _ 1 5 Fromthe central
frequency 2~ LC of the bandpass filter, it is easy to see that one can
nodify it by changing the capacitance for a fixed inductance. The voltage

can be contfoll ed.to chan e .capaci t ance of. t capacik tof ... . The ;hay noni c
F Poaquency Baftet nEPuiEsaRRRC ¢ cRRRREoln A Gapliich 3, B RE D b o M HERL o
band. The zhfpRAhE NtHdtsbédndmnkitios TRROPErty to renove the harnonic
distortion in the VCO 10 For exanple, when the voltage is Vo, the

frequency re%ponse of the bandpass filter is as f. - 1 2~ LC shown in FIG
3A. The cent &k mesiglgquseRey R2s R3 atehesed ppedeteries s bader kigs evieliged of fihe fiasid

the | t hr.esh f is fl. ts.to ch th i
band <ot FARISRE 81 enBAER bfelsF dname gl hOebRRAg S aeg R i
shiftipg ket 8PpliAlcd, B URNGHed QublRa th @eresibdF RINOhefch@ BreMCILsstok R REN @

tuning voltage V'~ is inposed 15 on the voltage-controlled capacitor 110
whose capaoupled tethe sesGtar R2Amnd Hieothaywewpled tcide groundl 2~ LC central
frequency becones ' . As shown in FIG 3B, the frequencyrespondi ng wave

shifts to the,left, so.that.the passing band _shifts.to the.left t | f, one
want s to charys BeREPRe MFRTos EHRER s e Koo SER-CLHTESABNRE Fiodh dhayds i
then anot hgr idduboP a4/ ghit %ﬁﬁf)ui{ing qagbchfd | JIBPERsh AequbieyY Qbdodifp CRNiHeO ik d
capacitor whose f. - 1 2~ LC 20 capacitance is now C2." The centra

f r equency oseitlaties fizquensy. shbeufirstn ofliliaticBClrequency roogtagrsc ¢ - hasgyooied distpriierve

shiftg.to the right and th assin nd, shifts to the.right togo. |
surmang), A pasgne offteh e HRIRRS GE oo s Betntones Gl asclliospd ng
vol t age- cqphh@dd ed capacitor 110. The upper and the |ower threshold
frequenci es change accordingly so as to vary the passing band Take FIG 1

as an exanple. Wen the tuning voltage Vt=0.5V, the power is -20dBm when
f 0=464MHz andherrnogowé caagitargodBiing eRflo P25 qoMpled thehe rollestort ofethpigeepddi ¢ S

di ion s -3056-20) =- B U] Vi=2 2V .
L St WERsPR 1B AR pET B g g b Oy i i dioner
Ther ef ore,14 he ddapr@NioC adbﬁ:u:ﬁéri Q11 for- B&Xﬁttﬁxﬁ) fire 1 GecdBMN ostillsdiont Requeacpnd

harnoni ¢ distortion is 30-(-20)=-10 dBm According to the disclosed VCO
havi ndSa BYagpuers the |resistor thfe ihasawpledc befivsenrthe o%dL@H awd Hhe egrperd jof ethg

removed. Wien.the tuning,.vel tageVt=0..5 e r,ihS,-20d n
f oma6onHz ATRPpE-PANRR Yl TBOE TR i RS BOWL bRet ARCHE HOR0, of the
har moni ¢ djapddtahécOvaryisig ditte(D2Ahd tHe/idpin teMhian dfle késdhiigedcRgOOVt WhedV,

t he power is 23dBm when fo=520M4z and the power is -39dBm when fl| =2f o=| 040
Mz. Ther ¢hofuning naltaga Misniess tieshapdpgss hiltes 406 yia the nysistareR 3 ghe capagitanaeryd

band- pasei T usPuRb SR ikt B2 boyes 80N BIRER Gl bt Bl

vari e@ot o filfeadge theh@hpass ac@rdianch thelomecasaof tit pasitancavaiygigalisdeddd t hus
be renoved. The invention conbines a voltage-controlled capacitor, a
resistor, and_an_inductQr into 20 a hjgh-frequency Pandpass filter, A

tuni ng vol t agehe bandpass filerc palyqdlqvre Sighpa Vit FERaIBT ITeqHenGigs 1ta (ease ShroMER | ed
capaci tor ; I : ba j e varied.
Ther ef or e,ﬁgtll%%a tglhgﬁj e???@%?%nlig&? gé‘ﬁ%@%@%& ?gg?%gw’{:dgk:b%? ﬁ%gc%ogopg%%&%
through. Mercglatethe pabind)BanH0 NiSeichlisiphels tdoombt isBridusey Mednuagersahey pads|thbugh.
oscillator can be renoved by changiq% t he passi;a_band. 25 The invention
bei ng t huslkferassingband has ag; Uppepresholddipsiuenrytandpd owgrihreshpldyiequgpeied The
many S. vari at.i r a,dep he
R e L L T e S L T e

be obvi ousisttRe @8GuetilY, dngdhé Reitidgl &id isathe ponkeideslitd of feibeh¢dBed hsi dehiral t he
scope of the followng clains. 7



CLAIMS What is clainmed is: 1. A voltage-controlled oscillator (VCO,
conprising; an oscillation circuit, which outputs a first oscillation
frequency according to a 5 tuning voltage, the first oscillation frequency
havi ng a harnonic distortion; and a bandpass filter, which receives the
first oscillation frequency, filters the harnonic distortion contained
therein, and outputs a second oscillation frequency. 2. The VCO of claim1,
wherein the bandpass filter is conprised of a plurality of 10 resistors, an
i nductor, and a cap cLé;S%i?varying di ode. 3. The VCO of claim2, wherein
the i nductragaécyfist he I2aliat orgee 11 Xedle iflductiiRe \inl €fis Gheichpaitaithier §hp the
capaci tance of fhe capacitance-varying diode Is nodified according to the

t uni ng volfteggencyband fier SVgRlofo gd throngh,is thaf=if. t Tie freqienales bepmdefapddf; t he
bandpass filter is 15 nodified according to the tuning voltage. 6. The VCO
of cl ai m 2re oalledethe stapebandei Hera fiois e ruppen thinesholdafreqisoerarind foiis ¢ha towerhi ch
out puts a _ har ..c frequenc i gnal ; an.oscil.l ati cihrcult, which outputs
2 tirst gt pearhRd Notulhiey o EReSFinb il riabthepelfenal  and 20
a buffer anplifying circuit, which outputs the first oscillation frequency
according to the first frequency signgl. 8 7. The VCO of claim®6, wherein
the resonance circuit further cohtai plurality of capacitors, a

plural Bty of Fromdube oergral fequeancyli ode 278 LCTHd thicbamtpasd filten &, is wheyr toi see thing
first frequency signal, oscillates at .the harmpni.c freguenc 5 9. The, K VCO
of ol ai m QP HLFRAR gHe QURRIELRS GRAEIPELIE R nprGeT 1 §heTolEs£8h Pbr s
and a fi r%nt‘réli’é@ﬂo%l?inge 16 cdhRitMle o¥f the | AbMiRdr. VIR Bhl i€ fifejlidiicy of the

transistor is a bipolar junction transistor.
resonance circuit is thereby changed to modify the passing band. The invention utilizes

this property to remove the harmonic distortion in the VCO.

10 For example, when the voltage is V, the frequency response of the bandpass filter is as

l

Oy

shown in FIG. 3A. The central frequency is , the upper threshold
frequency is fy, and the lower threshold frequency is fi. If one wants to change the
passing band so that signals of different frequencies can pass through (e.g. shifting the
central frequency to the lower threshold frequency f;), then a tuning voltage V, is imposed
15  on the voltage-controlled capacitor 110 whose capacitance is C;. At this moment, the

1
o LC,

Ji

central frequency becomes As shown in FIG. 3B, the frequency-

responding wave shifts to the left, so that the passing band shifts to the left too.

If one wants to change the central frequency to the lower threshold frequency fy, then
another tuning voltage V, can be imposed on the voltage-controlled capacitor whose

1

Tn =0 LC,

20 capacitance is now C,. The central frequency becomes As shown in
FIG. 3C, the frequency-responding wave shifts to the right and the passing band shifts to

the right too. In summary, a tuning voltage is utilized to control the capacitance of a



11. The VCO of claim6, wherein the buffer anplifying circuit is conprised
of a second transistor, a mcrostrip, and a capacitor. 10 12. The VCO of
claim11l, wherein the second transistor is a bipolar junction transistor. 9
.A9e. Al . A A A A A A A8Tg5| *h
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Z& ()-']| $10%Z& ()- 10%&Z& ()- nmlo%Z& ()-, @ 109%Z& () -#910%& () - 5K

z[ 9! S. $10%28dBjm &héd OFBRONIHz!dn& the power is -33dBm when f;=2f;=1040 MHz. Therefore,
%09 ()-s$10%Z&' ()-mM @$L0%& E}% m $109%&ZZ& (FZB | uval "10% h h& ()-&
10% h&' () -the hgwong distortiqn i3 633:023)= 110odBm) - Thupshrssecynd harmonic distortion is -

30-(-20)=-10 dBm.

According to the disclosed VCO having a bandpass filter, the harmonic distortion can

10  be effectively removed. When the tuning voltage Vt=0.5V, the power is -20dBm when
f;=460MHz and the power is -37dBm when f;=2fy=920 MHz. Therefore, the harmonic
distortion is -37-(-20)=-17dBm. When the tuning voltage Vt=2.2V, the power is -
23dBm when f;=520MHz and the power is -39dBm when {1=2f,=1040 MHz. Therefore,

the harmonic distortion is -39-(-23)=-16 dBm. Thus, the second harmonic distortion is -

15 37-(-20)=-17dBm.

Consequently, using the band-passing character of the bandpass filter, the capacitance
can be varied to change the passing band. Unnecessary distortion signals can thus be

removed.

The invention combines a voltage-controlled capacitor, a resistor, and an inductor into

20  ahigh-frequency bandpass filter. A tuning voltage is used to change the capacitance of the
voltage-controlled capacitor so that the passing band of the bandpass filter can be varied.
Therefore, signals of different frequencies can be controlled to pass through. Moreover,

the harmonic distortion in the voltage-controlled oscillator can be removed by changing the

passing band.

25 The invention being thus described, it will be obvious that the same may be varied in

many ways. Such variations are not to be regarded as a departure from the spirit and scope
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U& () - SMb10% U&' ()anmaisllggion pirfuit, Gohich outputs a first oscillation frequency according to a

5 tuning voltage, the first oscillation frequency having a harmonic distortion; and

a bandpass filter, which receives the first oscillation frequency, filters the
harmonic distortion contained therein, and outputs a second oscillation

frequency.

2. The VCO of claim 1, wherein the bandpass filter is comprised of a plurality of

10  resistors, an inductor, and a capacitance-varying diode.
3. The VCO of claim 2, wherein the inductance of the inductor is fixed.

4. The VCO of claim 2, wherein the capacitance of the capacitance-varying diode is

modified according to the tuning voltage.

5. The VCO of claim 1, wherein the central frequency of the bandpass filter is

15  modified according to the tuning voltage.
6. The VCO of claim 1, wherein the oscillation circuit has:
a resonance circuit, which outputs a harmonic frequency signal;

an oscillation circuit, which outputs a first frequency signal according to the

harmonic frequency signal; and

20 a buffer amplifying circuit, which outputs the first oscillation frequency

according to the first frequency signal.



U& ()- F10% U& ()-22#3k33374dEvKLhL: t 1% 10% U& ()-31"s10% U& ()- 10%
U& ()-L10% U& ()-10% U& ()- 10% U& () - 74d44405065dBvKLhL! 2$1094JU& () - 010%
U& ()-Y.10% U& ()-+10% U& ()- @ 10% U& () - &10% U& () - 55555 6S666bCLhL!

109 & ()- 109%H & ()-&10%H & ()- 10%}H & ()- 10 U 10 U 10 U 9 10% U& ()-6
7" 7y777K8dEDCLOL! &$10%4| & ()- 10%4| & () -

1094 & () - S310%| & ()- 10%4] & () -, t $10%| & () - KBWBYBAEDCLL! &$10%H] & () -

T e,

63]c" " He@dpa@gox?sS&%F uralideatiindgctdd] and a deaeli ng 93] ¢ A " Def ault Par agr aph
Font) {%- - 2Y5: <>@BDFHJ, ' 05Y8&' () * [ VOAN! 2" 0&( +S0127456K8Y8+, - /0123456789
<=>?@\BCD6Ti nes New RomanArl al Couri er New'h Root Ent ryW)rdDocurrentx

| #SYR () * +, -8/ OliteaYiGead elaint, mépeipthe first frequency signal oscillates at the harmonic

frequency.

5 9. The VCO of claim 6, wherein the oscillation circuit has a plurality of capacitors

and a first transistor.
10. The VCO of claim 9, wherein the first transistor is a bipolar junction transistor.

11. The VCO of claim 6, wherein the buffer amplifying circuit is comprised of a

second transistor, a microstrip, and a capacitor.

10 12. The VCO of claim 11, wherein the second transistor is a bipolar junction

transistor.



