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SCC8079C VOLTAGE CONTROLLED

1 :

OSCl LLATOR W TH LOW OPERATI NG SUPPLY VQ,TIA

Field of the Invention 5 Thi s invention relategf se || ators,
for exanple, a voltage controlled oscillator circuit for operating at
| ow supply vol tages. Background of the Invention
10 Vol tage controlled oscillator {VCO circuits are giRlgo7spown

in the art and are utilized in a nunber of applications, for exanple,
wi thin a phase-locked Ioop. A VCOcircuit typically includes a

vari abl e el ement such as a cab’%Tt‘\@E@@bltTR&#Eﬁ@SéMéJon adj ust 15 the
frequency of an output signgVTRfLOWEOMERATING SUPPLY VOLTAGE A VCO circuit
typically includes sone type of output stage such that the out put

| npedance of the VCO circuit is a suitable val ue. An out put stage that
is coupled to an oscillator circuitFigidaoch the Invealieni ng capacitor is

di scl osed i nsUS patent nunber 5,107,228 and 20 having an issue date of
April 21, 1992. This t_discl VCQ . Cig cuj i n t put
anplifier for provi leﬁgé 2ﬁ"%’gﬁ'ﬁgtr§§ﬂq§5 to gggﬂltat.%rts, ifr?ge%arl@@é’ V\g&\)tea%fé t he
circuits shown icentnoded psgillgtor circuithfgre oaeéaﬁ%natedﬁ)w 8HPBlYt peltageage

whi ch does not provide high gain anplification. Further, the circuits
shown in FIGs. 1 and 2 25 requi r [ Jtrent for both the
out put anpl i Bi er and t he os%?f‘?gartalﬁgﬁ gg‘&% lgg%'?ﬁkmus, are not power

efficient. _ _ o
Voltage controlled oscillator (VCO) circuits are well known

in the art and are utilized in a number of applications, for example,

within a phase-locked loop. A VCO circuit typically includes a

variable element such as a capacitor that may be varied to adjust
15 the frequency of an output signal of the VCO circuit.

A VCO circuit typically includes some type of output stage
such that the output impedance of the VCO circuit is a suitable
value. An output stage that is coupled to an oscillator circuit via a
coupling 'capacitor is disclosed in US patent number 5,107,228 and

20 having an issue date of April 21, 1992. This patent discloses a VCO
circuit having an output amplifier for providing an adjustable
output impedance. However, the circuits shown in FIGs. 1 and 2
have a common emitter output stage which does not provide high
gain amplification. Further, the circuits shown in FIGs. 1 and 2

25 require a separate bias current for both the output amplifier and
the oscillation stage and, thus, are not power efficient.

Hence, there exists a need to provide an improved VCO circuit
having an output stage with an édjustable output impedance for
operating at low supply voltages. '

30 |

Brief Description of the Drawing

The sole figure is a detailed schematic diagram illustrating a
~ voltage controlled oscillator circuit for operating at low supply
35 voltages in accordance with the present invention.



Hencg, there exists a need to provi de an inproved VCO circuit havi ng

an out put stage with an adj ustabl e out put inpedance for operating at
| ow supply voltages. 30 Brief Description of the

Dr awi ng The sole figure is a detailed schematic di agram
illustrating a vol tage controlled oscillator circuit for operating at

| ow supply 35 voltages in accordance with 2he present invention.

Det ai |l ed Description of the Drawing ~ 5
Referring to the sole figure, a detailed schematic diagram
illustrating voltage controlled oscillator (VCO circuit 10 having an
output at termnal 16 is shown. VCO circuit 10 conprises an oscil | at or

'stage whi ch includes oscill atl?%tafléé‘”ﬁ}e%r‘? t'%rgrdﬂ ,.&h ljl% c%nnea base coupl ed

t hrough capacitor 21 to first termna cted variable
capacitor 22 and inductor 24. The second term nal s of capacitor 22 and
i nduct or 24 sre coupReferringatd ithet sole figstq:)pdayde/talledgsacl’temaﬁima:ha@rtammi ch

provent | cakage ey FRIAGR controleBREIiEr Y QOp G 2 I o
Pnto t he basegofi“ output at termmal 18 lg schown c% circuit 1 compnses an g

oscillator stage which includes oscillator transistor 20 which has
a base coupled through capacitor 21 to first terminals of parallel

10 connected variable capacitor 22 and inductor 24. The second
terminals of capacitor 22 and inductor 24 are coupled to a first
supply voltage terminal at which the potential Vgg is applied.
Capacitor 21 provides a DC block to prevent leakage current from
capacitor 22 and inductor 24 from flowing into the base of

15 transistor 20. -

The base of transistor 20 is also coupled through resistor 28
to the first supply voltage terminal. The base of transistor 20 is
also coupled through capacitor 36 to circuit node 30 wherein

- capacitor 36 minimizes the variation in the base-emitter

20 capacitance of transistor 20. The emitter of transistor 20 is
coupled to circuit node 30 wherein resistor 32 and capacitor 34 are
coupled in parallel between circuit node 30 and the first supply
voltage terminal. The collector of transistor 20 represents an
output of the oscillator stage. = The collector of transistor 20 is

25 also coupled through inductor 38 to a second supply voltage
terminal at which the operating potential Vcc is applied.

VCO circuit 10 also includes a common base output buffer
stage which includes transistor 50 having a collector, which
represents the output of the output buffer stage, coupled through

30 capacitor 51 to terminal 16. The collector of transistor 50 is also
coupled through inductor 52 to operating potential Vcc. The base of
transistor 50 is coupled through resistor 56 to the base of
transistor of 20. Further, the base of transistor of 50 is coupled
through resistor 76 to operating potential Vcc. The emitter of

35 transistor 50, which represents the input of the output buffer
stage, is coupled through capacitor 58 to the collector of



15 transistor 20. The base of transistor 20 is al so coupl ed

t hrough resistor 28 to the first supply voltage termnal. The base of
transistor 20 is al so coupl ed through capacitor 36 to circuit node 30
wher ei n capacitor 36 mnimzes the variation in the base-emtter 20
capaci tance of transistor 20. The emitter of transistor 20 is coupl ed
to circuit node 30 wherein resistor 32 and @apacitor 34 are ~coupled in
paral |l el between circuit node 30 and the first supply vol t age

termnal. The cqll ector transi stor 20 represents _.an . output of the
oscillator stagdl@nSi§ rcg{’1 e(!fta%ﬁ‘%f tg’?aﬁ@'&&or"?fﬁa@%&% oQ '§ocegﬁlﬁlded
t hr ough i nduct orth@8:igto rasistarofl wuppeyating pagantial Veg.er ferdasatofwhi ch t he

operating pot enttfsiMopr 50 isScabpledCthrough capacitofCR Cidf %Pb?at al so
i ncl udes a conmon ba e‘ wﬁt%ut buf fer stage whi ch includes transistor
50 having a col RUEBFA! ¥iEEch represents the output of the out put

buffer stage5 coupl ednt bpetadiorgothec ;sadlation 5lage qoenprised tisistoe 20,
colletC_tor ofttr ?_@i%is%r%r2§Oarh<_§|;h3ﬁ,5@apacitfor§(2~'19|%Z', BJD_retht @Sgﬁﬁécihéﬁcé%éﬂ
operating potentja err] .. The_hase of . . transist.or S C

t hrough resi storarg%agt[) t‘%%s'ﬁ?ﬂezgf(s"_‘ coniypelipd] Kty reRiSHES q‘iélln‘at"}‘ﬁ?g& TR base
of transistor ofa $fas snetwigsk efor providing oprgldetersiisedrbiag vajtagssr at ithg
potential V[err]pasbaeofdrstitord 285antr 80Si These edé\ﬁé'rﬁmécflbﬁ@ssﬁbttﬁ%ébe
It Rgug olor ef:? gtlpog;darg\[/ic}%ug %rredeterm?r%e‘%?edurresntcgouQllo%l tﬁr%ru%lﬁgtt]ra%%%?gr'st §5 ﬁdt 0
transistor 20. Mftther, the emtter of transistor 50 is coupled

VCO circuit 10 will oscillate if the total resistance in the
loop formed by inductor 24, capacitors 21, 22, 34 and 36,
transistor 20 and the parallel combination of resistor 32 and
15 capacitor 34 is negative. This is based on the fact that an ideal
tuned circuit will oscillate indefinitely if there is no resistance
element present to dissipate energy. Thus, VCO circuit 10 will
oscillate if the real part of the input impedance of transistor 20 is
sufficiently negative to yield an overall negative resistance for the
20 loop. '
The analysis of calculating the input resistance of transistor
20 is discussed in detail on pages 243-245 of "Modern
Communication Circuits”, McGraw-Hill Publishing Co., 1985. The
final result for the real part of the input impedance (rj) of
25 transistor 20 is shown in EQN. 1.

ri = -gm/(w?2 x (Cgg + C36) x CE)
(1)

30 where
dm is the transconductance of transistor 20;
w is the operating frequency;
Cgg is the base-emitter capacitance of transistor 20;
Cae is the capacitance of capacitor 36; and
35 Ce the capacitance seen at the emitter of transistor 20.



thrqugh' resistor 60 to operating potential VEE. The base of transi stor

50 is coupled through capacitor 72 to operating potential VEE. 5

In operation, the oscillation stage conprises transistor 20, resistors
28 and 32, capacitors 21, 22, 34 and 36 and inductors 24 and 38.
Resistor 28 (in COﬂjUﬂCtIOﬂ mnth resistors 56 and 76). form a bias
network for providing predeterm ned bias voftages at the bases of

transi stors 20 and 50. These predeterm ned bias voltages 10 prdvi de a
predeterm ned current. to flow thyrough trans I sfors
VCO circuit 10 will ifsfﬂqsltat?ee yndergioodothat if E?s'i“aﬁe%“‘i"% 4fhe as ShOY"Bo‘&

formed- by i nductERN24|, i< apeaier ahan2the 2am 34 amydoB@r resistangesngiithiroth0 and

the parallel Corr&b@afn?m tpénga%lrsi@rwr’ﬁZbaan%% %%w tRE &és,P%téwgat've

This is based on t

| at
e | ni tory i { S Glstng, mqudtds 44E Saaciton; o tBiie. Y etitclt 167 Wil ba e
energy. Thusp vebdlei tacisustdid wisklilation. oscillate if the real part of the

i nput i npedance of tpgngi ?éé?flt 2fél §|gnal a dringl 8Dtthy &g%qdrvgf to yield an
overal | negati v reS| st a nal éSI s of

cal cul ating the Ofeg s'lsaﬁ‘&‘eoﬁf""??"oﬁfs?%f”@ﬂ which Qﬁc'ugt"tﬁ ?gugs RhteR
detail on pages fmw dFc) Mubstantially equammtonjcatpion (ICix Sgiqua)1/2)

MG aw Hi |1 Publysdrengi Coz, 143%@57 [ % the mdddi'éﬁ*ncé %Wﬂuﬁucft@f 24hgnd &3l g RAT t
of the input ransi

et LPu ol hE IR0 Sadivatbnf cabRepadd's 3&7%:['%9? s eRbgg8ed In TN 2,

gmis the transconductance of transistor wis the operating
frequency; d ecl, k/3= U&g DE§- /ge d8h £ yﬁ@ggq Okgbpansi stor
20; C36 |§/ k:he céu' 2&9 /9{: WCE?t or @3@9 (2)CE
the capacitance seen’ &t G%d é o YB&A stor
15
where
Cge2g is the base-emitter capacitance of transistor 20;
Cce2o is the collector-base capacitance of transistor 20;
Ccs20 is the collector-substrate capacitance of transistor
20 20;

Cgesp is the base-emitter capacitance of transistor 50; and
/Il means “in parallel with".

It should be understood that be varying the value of capacitor
25 22, the equivalent capacitance as expressed in EQN. 2 is varied
thereby varying the center frequency of the signal appearing at the
collector of transistor 20. Further, it is worth noting that
capacitor 22 may take the form of a varactor wherein adjusting the
voltage applied across the varactor will adjust the center
30 frequency.

The common base output buffer stage includes transistor 50,
resistor 80, and capacitor 72 wherein it is understood that
resistors 28, 56 and 76 provide a predetermined bias voltage at the
base of transistor 50 as aforedescribed. |t is important to realize

35 that by providing the same bias network to bias the bases of
transistors 20 and 50, the total power consumption of the VCO



4 ) " It nust be understood that if the magnitude of r[err] as

shown in EQON. 1 is greater than the sum of any other resistances within
t he | oop, then transistor 20 will be able to supply the dissipated
energy of the inductor (or capacitor). Thus, VCOcircuit 10 will be 5 able
to sustain oscillation. As a result, the signal appearing at the
col Il ector of transistor 20 is an oscillatory signal which oscillates at
a center frequency (F[err]) substantially equal to [2 X pi X (L x
Cequiv)-[err] where pi = 3.1415927, L is the inductance of inductor 24
and Cequiv 10 icirouHeisetgfluggdentT heapa@IMath basefoytRut by#er £4agsprssaed in
EQN. 2. [ errihpdb at the emitteWhidr ®ansistor 50, dn@r Bh ostﬁdneatbmn@utbétoer

capaci tance of tcffa{}ﬁh§f586r %@ wherein transfse(fpf]sd %c%%easc%l IcﬁFrteﬂ{ ggﬁ%str%t o

capacitance of transiat ector
capaci tance of ttraisfeging the osgillatory signal pppearing athdhe qeallester of
capaci tance gf tirgsistor 020 59; oatplit terminal 16(/ Traasistdri 50 paisal bn&ivmsl .

low impedance (its emitter resistance - re) at the collector of
transistor 20 which reduces the miller multiplier effect of the
collector-base capacitance of transistor 20 thereby extending the
upper cutoff frequency of VCO circuit 10.

10 Capacitor 72 is a stability capacitor for the output buffer
stage, while resistor 60 completes a bias current path from
operating potential Vgc, inductor 52, transistor 50 and resistor 60.

Inductor 38 provides.both impedance matching and a path for
the collector voltage of transistor 20. It is worth noting that by

15 utilizing inductor 38, the collector of transistor 20 is allowed to
swing around voltage Vg without saturating transistor 20. _
Moreover, inductor 38 also allows VCO circuit 10 to operate at
lower supply voltages because of the low internal resistance
associated with inductor 38.

20 Matching elements 51 and 52 can be utilized to provide a
predetermined resistance at the output of VCO circuit 10 (terminal
16). Further, inductor 52 also provides a bias for the collector of
transistor 50 similar to inductor 38 which provided a bias for the
collector of transistor 20 as described above. The calculation of

25 the output resistance (Royt) of VCO circuit 10 is quite complex and,
thus, a simplified expression is not included. However, actual test
results indicate that by varying the value of inductor 52 or
capacitor 51, the output resistance at terminal 16 may be adjusted
to a predetermined value, for example, 50 ohms.

30 In summary, the output resistance seen from looking in from
terminal 16 can be adjusted via matching elements 51 and 52.
Thus, output impedance of VCO circuit 10 of FIG. 1 can be designed
to match the input impedance of a circuit (not shown) coupled to
terminal 16 for maximum drive capability. Further, VCO circuit 10

35 includes a common base output buffer stage thereby providing
minimum power dissipation and better high frequency performance.



It shoul d be understood that be varying the value of capacitor 25 22, the

equi val ent capacitance as expressed in EQN. 2 is varied t hereby varying
the center frequency of the signal appearing at the col | ector of

transi stor 20. Further, it is worth noting that capacitor 22 may take
the formof a varactor wherein adjusting the vol tage applied across the
varactor will adjust the center 30 frequen®y. The comon base
out put buffer stage includes transistor 50, resi stor 60, and capacitor
72 wherein it is understood that resistors 28, 56 and 76 provide a

predet er mi ned bi as vdBY 4w 4t shpeld be paparest fremnthiestasegsimgagiscussion
af oredescri bed. tHgt asnbvgonbaiget coriteelled sERlatéhaVCDy) RireMitdiorg t he sanme

bi as network to Qb%%tibﬁgaﬁ@%‘fs.suﬁf)ly voltéd@snﬁﬁt&re% 8%\,?&&21.5%& 0’%6 otal

power consunption of, Tt o . o )

5 circuit ¢iscyibdnebulesTre Ospilaliopastaasfutiieh nutilizes &t Ageaki¥e an
i Pput at the ﬁgbtésestaa_éet tegtaiiquer forOoseinidtiom and nntludéstheﬁ?szl Irrg@mr
of transistor 1 LRAQSL St:OL . S r u
transferring thefo\ggglﬁﬂglgz)rtsgsééég]{m%?pﬁgé?n% g?eﬁ;lé %gﬁ?‘;eactz'%ﬁlgf,y 5
transistor 20 t ovVQAGRR t Ereife Q'un'gla&ﬁ%i'%‘i giess@napuipup SEe9 e axhigh | ow
i npedance (its eimctudes mesesdraddaductoe)ard d kbepacitdrefdroaliaing the ougmsi st or

20 which red : LI NN f : .
capaci tance. of iiarars, Sh AR OB RER (oEBR Aikged for puBRnlAELRmhee

frequency of 1&/CCIEY® c GaPabyity.

While the invention has been described in conjunction with
specific embodiments thereof, it is evident that many alterations,
modifications. and variations will be apparent.to those skilled in
the art in the light of the foregoing description. Accordingly, it is

15 intended to embrace all such alterations, modifications and
variations in the appended claims.



10 | " Capacitor 72 is a stability capacitor for the output buffer
stage, while resistor 60 conpletes a bias current path from operating

potential V[er ' transi stor 50 and resistor 60.

| nduct or 38 prlmmummnﬂmﬁﬁ ance mat ching and a path for t he
col l ector voltage f 4 ré8nsfstbr 20. It is worth noting that by 15
utilizing inductor 38, the collector of trahsistor 20 is allowed to

swi ng around voltage V[err] wi thout saturating transistor 20. )

Mor eover, inductor 38 also allows VCO cirguit. 10 to operate at | ower
supply vol tages because of the low inter FHAIMSs st ance associated with
I nductor 38. 20 | clpfmbching el enments 51 and 52 can be utilized to

provi de a predeterm ned resi stance at the output of VCO circuit 10

(term nal 16). Further, inductor | so,provides.a, pias for the
col | ector of transis oYOlﬁ‘{‘Q%i?ﬁqté‘ﬁ%ﬁ‘ﬁ %?df?é%rc'@s"tmm @h?‘BP’Wi §8d a
bias for thes outpal [(#6),0coafprisiegsi stor 20 as descri bed above. The

cal cul ation of 25 thg aHtaéﬁm?@(ﬁ gg&gegq}a(wan Psciffafbhi! bpH! E%\?iﬁ%é quite

SOTDAT" S0F tohhae B, Tial gkl oo A PROULERY
or capaci t @an Bscillatienosigpal hegiigs vapeedetermived frequéseyrsat d® adj ust ed
to a predeterm rb%(gp,ytgl §8d t,gamgﬁ_gﬁpggagéqngi@,@ngﬁo _ In sumary, the
out put resi stoance seen frﬁ%ran I Of?rkintg |Sr1| g)rror&o .rtl.errg ﬁl 1ﬁ an ie
adj ust ed vi &°nmat chi ng el etterfl '"§1 BRSSO ) WS Sgid ARe |aﬁ‘;9é‘d R of
VCO circuit 10 shidIf@st 1transistes Hawingnéidst and secand cturéert icaptying npedance
kot g CoAnaheIe el i oecdd gl 148 dar el
but or st age t hEPLRYGATERIRS BoinG GRIRH BOMERTCPed: BAPLDP o hCbet ter
hi gh frequency pécillativanstage and a first supply voltage terminal (Vgg), said
15 control electrode of said first transistor being coupled to receive a
first bias voltage; and :
(ii) a first inductor (38) coupled between said output of
said oscillation stage and a second supply voltage terminal (Vpp)
for allowing said first transistor to operate at low supply
20 voltages;
(b) an output stage for tfansferring said oscillation signal
from said output of said oscillation stage to the output of the
voltage controlled oscillator circuit, said output stage including:
(i) a second transistor (50) having first and second
25 current carrying electrodes and a control electrode, said second
current carrying electrode being capacitively coupled to said
output of said oscillation stage, said control electrode of said
second transistor being coupled to receive a second bias voltage,;
(i} a second inductor (52) being coupled between said
30 second supply voltage terminal and said first current carrying
electrode of said second transistor; and
(iiiy a first capacitor (51) being coupled between said
first current carrying electrode of said second transistor and the
output of the voltage controlled oscillator circuit.




6 By now it should be apparent fromthe foregoing discussion
t hat a novel voltage controlled oscillator (VCO circuit for operating

at | ow suﬂulﬂ,m ummmu been provided. The VCO circuit includes an
oscillati ilizes a negative 5 resistance technique for

oscillation ahd indludes*a first inductor for allowing the oscillation
stage to operate at |ow supply vol tages8 The VCO circuit al so includes
an out put stage which i ncludes a second inductor and a capacitor for

al | ow ng t he out put resistance of the VCO circuit to be adjusted for
maxi mum out-put 10 drive capability. Whi l e the invention has been
descri bed in conjunc®ion Thehvoltagspesntroitednbealilatent sird¢dierawording its

evi dent that many,:al teratd » eai LthRaki Mahbons will be
apparent to thog%algLifl‘g éi@?nﬁ saldt gemrbpb,lﬁngﬁygﬁIfﬁﬁﬂ?wg‘?éltaﬁggf or egoi n
description. Accordi Rgfyrd jipdyctog 40?1}9%Yf88d £S48 %?Fgrsgé‘@“gl feraypgys,” sai

al t er at i ons, snodiecoadt tavnenaindf said viliidatindurstor heime coupdedidd sadidi fimst

L A voltage CSRE YOUpSS torminal  GLAIE ) L e
' | i t. _
’ a second capacitor (32) Tavin 0%t 2% 28:8% terminals,

said first terminal of said second capacitor being coupled to said
first terminal of said third inductor, said second terminal of said

10 second capacitor being coupled to said first supply voltage
terminal;

a third capacitor (21) being coupled between said first
terminal of said third inductor and said control electrode of said
first tr'ansistor; . -

15 a first resistor (32) coupled between said second current
carrying electrode of said first transistor and said first supply
voltage terminal;

a second resistor (28) coupled between said control electrode
of said first transistor and said first supply voltage terminal; and

20 a fourth capacitor (34) being coupled between said second
current carrying electrode of said first transistor and said first

- supply voltage terminal.

3. The voltage controlied oscillator circuit according to
25 claim 2 wherein said oscillation stage still further includes a fifth
capacitor (36) coupled across said control and second current
carrying electrodes of said first transistor.

4. The voltage controlled oscillator circuit according to
30 claim 1 wherein said output stage further includes:

a first resistor (60) being coupled between said second
current carrying electrode of said second transistor and said first
supply voltage terminal; and

a second capacitor (72) being coupled between said control

35 electrode of said second transistor and said first supply voltage
terminal.



5 output (16), conprising: (a) an oscillation stage having an

oscillation | oop having a total negative resistance such that said
osci | | at mﬂm um u an oscillation signal having a

pr edet er lﬂﬂ ]Jm ME an out put, said oscillation stage

i ncl udi ng:" 16 (i) afirst transistor (20) within said
oscillation |oop, said first transistord having first and second
current carrying el ectrodes and a control electrode, said first and
second current carrying el ectrodes bei ng coupl ed between sai d out put
of said oscillation stage and a first supply voltage term na

(Mlerr]), said 15 coftrolThe exdltaye ovintsdied foscilatér amsuitt according woupl ed
to receive a clalit’ $t whle ‘?émvgéﬂiag&?ﬁﬁ'qndyctor and said first Qiag)acﬁo; gkt

i nductor (38) cou ed between sal tron sta
and a second supB{)‘)'/Z%ltPaﬁéo‘{“é‘?rﬁdHP {)ﬂrgl*?ﬂ resusta@ca?r aélﬁ H&"Ea?[sj ‘gr st
transi stor tos opeoltgeaicontnliedpmscilliior volrtages; (b) an out put
stage for transferring said oscillation signal fromsaid out put of
said oscillation stage to the output of the vol tage control | ed
oscillator circuit, said output stage including: (1) a
second transi stor (50) having first and second 25 current carrying

el ectrodes and a control electrode, said second current carrying

el ectrode being capacitively coupled to said out put of said
oscillation stage, said control electrode of said second transistor
bei ng coupled to receive a second bias voltage; (i1) a
second i nductor (52) being coupled between said 30 second supply voltage
termnal and said first current carrying el ectrode of said second
transi stor; and (iii) a first capacitor (51) being coupled
bet ween sai d first current carrying electrode of said second

transi stor and the out put of the voltage controlled oscillator
circuit.



8 ) 2. The voltage controlled oscillator circuit according to

clafm 1 wherein said oscillation stage further includes: athird
i nductor (24) having first and second termnals, said 5 second term nal
of said third inductor being coupled to said first supply vol tage
term nal ; a second capacitor (22) having first and second

term nal s, said first ternminal of said kBcond capaci tor being coupl ed
to said. first termnal of said third inductor, said second term nal of
said 10 second capacitor being coupled to said first supply vol tage

term nal ; a third capacitor (21) being coupled between said first
term nal of said third induct MOEFAGE SONTROLLED OSGIctATWHe of said

first transistor; 15 tween said
second current carrying em{'?g{j?ﬁﬂs—gﬁg@?g?ﬂﬁg%or and said
first supply vol tage term nal; a second resistor (28) coupled
bet ween sai d xcontrol electrode Abswackaifdtie rBisctosansi stor and said first
supply voltage termnal; and 20 a fourth capaci tor (34) being

coupl ed between said second curr carryi .ode o d first
transi stor and said fi rstr}\ V°|ta§|9pﬁp{/‘%'\95}9fja8§&ﬂl \Z&)) S 5 o The
vol t age cont rol | eperasiogl atatosy sopplyuvoltagesohds feparopiivided.ai the Z'G,(her ein
sai d oscillationg &ﬂgqnén}dés b bQSﬂla‘tnBﬁ' E?e%fe a,vﬁ.bﬁtbm;zes aca%camer (36)
coupl ed across sal ? nd s egond_cprren fALYLNg Eil 2l ?des of
said first tlroan5|e§ﬁ§?”°e echmque or oscn ation and includes rs uc
(38) for allowing the oscillation stage to operate at low supply
voltages. The VCO circuit also includes-an output stage which
includes a second inductor (52) and a first .capacitor (51) for
allowing the output resistance of the VCO circuit to be adjusted

15 for maximum output drive capability.

FI1IG. 1 accompanies this abstract.



4. . The voltage controlled oscillator circuit according to 30 claim 1
wherei n said output stage further includes: a first resistor (60)
bei ng coupl ed between said second current carrying el ectrode of said

second transistor and said first supply voltage term nal; and
a second capacitor (72) being coupled between said control 35 electrode of
said second transistor and said first supply voltage term nal .

9 5. The voltage controll edioscillator circuit according to
claiml1l wherein said second inductor and said first capacitor are
utilized to provide a predeterm ned resistance at the output of the 5

vol tage controlled oscillator circuit.
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