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circuits gremelng(singeged D71 hepagt .andlare utilized in a nunber of
appl i cat i (@fSabshadCO Gagedl B kspdgepi-eally responsive to a cont r8C0IAGAR
that is vglied &L @edeeir the frequency lof an output signal of the VCO

circuit. ay—be—converted to a psuedo vol tage 15

controlled oscillator cirggj @Eﬁt{@im il PAT of the
oscillator circuit is detggﬁprsie Rb_%g?}?éé‘g_ﬁﬁ@nt%wﬁg?ﬁ%d capaci tor
(C tank circuit. Further, by uti|¥\£€$@ aractor to function as
the capacitor of the external LC tank circuit, the capacitance of the

varact or can ?e vari ed by varying @a?quﬁﬁna%ftﬂ'ﬂfl%tid?p to the varactor.

As a result, The resonant frequency o e external tank circuit is
correspondingly varied thereby varying the oscillation frequency of the
oscillator circuit. HIMwdnvertioraretdtes o oseillaterspciosi exaample; t devoltddee

varactor i ncreas%nttﬂ)?lre@?% iIPa%F iR'.fuilt %@@&Hd ta%]iilﬁ’é%%lwecq%%ist%? e A
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oscillator is shown. [IT ] i . . i
circuit is typically responsive to a control signal that is varied

to adjust the frequency of an output signal of the VCO circuit.
An oscillator circuit may be converted to a psuedo voltage

15 controlled oscillator circuit wherein the oscillation frequency of
" the oscillator circuit is determined by an external inductor (L)
and capacitor (C) tank circuit. Further, by utilizing an external
varactor to function as the capacitor of the external LC tank
circuit, the capacitance of the varactor can be varied by varying

20 the voltage applied to the varactor. As a result, the resonant
frequency of the external LC tank circuit is correspondingly
varied thereby varying the oscillation frequency of the oscillator
circuit. However, a varactor is very expensive. Further, the
varactor increases the phase noise of the oscillation circuit.

25 A prior art voltage controlled oscillator circuit that does
not utilize a varactor is fully disclosed in an article entitled
"Varactorless VCOs: Transistors go it alone", on pages 137-142 of
the June 1984 issue of Microwaves & RF. Referring to FIG. 2 of
the article, a modified Colpitts oscillator is shown. In

30 particular, an adjustable voltage is applied to the base of a
transistor to vary the base-emitter voltage and emitter current
of the transistor. This, in turn, varies the emitter-base
capacitance of the transistor. Further, by varying the emitter-
base capacitance of the transistor, the capacitance of the LC tank

35 circuit is varied and the oscillation frequency of the oscillator
circuit is varied. However, since the adjustable voitage -is




30" particular, an adjustable voltage is applied to the base of a
‘“transistor to vary the base-emtter voltage and emtter current of the
transistor. This, in turn, varies the emtter-base capacitance of the
transistor. Further, by varying the emtter- base capacitance of the
transi stor, the capacitance of the LC tank ?ﬁ circuit is varied and the
oscillation frequency of the oscillator cir€uit is varied. However, since
t he adj ustable voltage is 2 applied to the base of the transistor, the
adj ust abl e vol t agppiiasl to fhenbasentof ehietransistarhdhéi adjustablehevoltagashas a .

For exampl e, as idguafbiibABLE o0 had | MBSRaRGsIINe PHP! HRlifipRYI A1 Of

t he out put si gnal he cillator . circuit js,reduced since the 5
transistor is notthﬁrﬁ‘ﬂé‘ﬁﬁ%ﬁﬁi valtage s, 'ﬁ%ﬁﬁrﬁ‘%nt,het M@I??ﬁﬁ Sing; e of ¢ he
osci |l I ator circuidutpat rsignaly ofrethei ostillatdenciecuit lieredexedt sineentfed t 0
provide an i ngro sl L | ; ag I | : el ity
Whi l e el nt ai B n“f?aé‘"y%%?ﬁﬁ i, oI e g%‘?@?‘t{% 8, SHPEPgARF P,

of the VCO circuithe” 8§ OF Uik 15 08hi$WAMBLICRl v there is provided a
vol tageI control | ed osHerca dherkbexists auncedhdwiprgvitieran improvaddVe@ t hird
termnals, an ext | t ' al and second
termnals, a contcﬁlcr)(?lﬁ{v.ori_ﬂgg géelltérgé Q%bprftf%igalofguflﬁf ?%prragﬂltgr?@ﬂgl -

conpri sing an maintaining symmetry and adequate voltage of the output signal

10 of the VCO circuit.
Summary of the Invention

Briefly, there is provided a voltage controlled oscillator
15 circuit having first, second and third terminals, an external
inductor being coupled across the first and second terminals, a
control voltage being applied to the third terminal, comprising an
oscillator circuit being coupled to the first and second terminals
for providing an output signal having a predetermined -center
20 frequency, the oscillator circuit including a transistor having a
predetermined negative input resistance such that the oscillator
circuit sustains oscillation, the oscillator circuit being
" responsive to the control voltage such that when the control
voltage is varied, the center frequency of the output signal of the
25 oscillator circuit is varied; and an output amplifier having an
input and an output, the input of the output amplifier being
coupled to receive the output signal of the oscillator circuit, the
output of the output amplifier being coupled to an output terminal
of the voltage controlled oscillator circuit, the output amplifier
30 having an adjustable output impedance.
The present invention will be better understood from the
following detailed description taken in conjunction with the
accompanying drawings.



oscillator circuit being coupled to the first and second termnals for
provi di ng an out put signal having a predeterm ned center 20 frequency,
oscillator circuit including a transistor having a predeterm ned negativ
I nput resistance such that the oscillator circuit sustains oscillation,
oscillator circuit being responsive to the ﬁsce)ntrol vol tage such that whe

the control voltage i's varied, the center f

quency of the output signal

the 25 oscillator circuit is varied;, and an output anplifier having an
i nput and an output, the input of the output anplifier being coupled to.

recei ve the output signal of tBﬁePsﬁééér?ﬂt%n df" Hd tDraWﬁgTﬁ’Ut put of the
of

out put anplifier

bei ng coupled to an out'put term nal e vol tage

controlled oscillator circuit, the output anplifier 30 having an -
adj ust abl e out put i npdtd@ndeis Ehalepaitsskschematict diagraml fllustratiegt ar voltage

understood frgm téb%tkﬂlcgoovagams? aéig&gt Fiﬁssgi;é&ﬁdaﬂeet WP thd GRIYeHRCT i on

with the acconpanyl ng . draw ngs.
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¥ diagramillustrating a voltage 5 controlled
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accordance with the present invention; and

FIG. 3 is a graphical diagram illustrating typical output
signals of the voltage controlled oscillator circuit of FIG. 1.

Detailed Description of the Drawings

Referring to FIG. 1, a detailed schematic diagram
illustrating a voltage controlled oscillator (VCO) circuit is shown
comprising oscillator circuit 12 and output amplifier 14. The
output of the VCO circuit is provided at terminal 16. _

Oscillator circuit 12 includes transistor 20 having a base
coupled through capacitor 22 to terminal 24. The base of _
transistor 20 is also coupled through resistor 26 to a first supply
voltage terminal at which the operating potential Vcc is applied,
for example 5 volts. In a similar manner, the base of transistor
20 is also coupled through resistor 28 to a second supply voltage
terminal at which the operating potential Veg is applied, for
example, ground reference.

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 second supply voltage terminal.
The collector of transistor 20 is coupled to an output of
oscillator circuit 12 and through resistor 36 to circuit node 38.

Resistor 40 is coupled between circuit node 38 and the first
supply voltage terminal. Resistor 42 is coupled between circuit
node 38 and terminal 44 at which voltage signal VFf is applied.

Output amplifier 14 includes transistor 50 having a
collector coupled to terminal 16 and through resistor 52 to the

t he
e
t he
n

of

I G



accordance with the present invention; and 1 0 FIG 3 is a graphical
*diagramillustrating typical output signals of the voltage controlled
oscillator circuit of FIG 1. Detailed Description of the Drawings 1 5
Referring to FIG 1, a detailed schematic diagramillustrating a voltage
controlled oscillator (VCO circuit is showrl conprising oscillator circuit
12 and output anplifier 14. The output of the VCO circuit is provided at
termnal 16. Oscillator circuit 12 includes transistor 20 having a base 20
coupl ed through duphsupply adltaget tarminal. 2¥he hasebaf drarisistoansd ssor 20 is

ahi ch the oper at i ?"%‘?Z‘L‘féﬁh faoladi IroS Rl BAPIY NG o v, 1

- , . ., L.bn a

simlar manner, ttﬁ%‘%gé’é ?ffg ra%réﬁr Or t@%%%seapgotr% b Pl ﬁ&o‘ﬁgﬁoﬁ'%@pst or
28 to a second subpughvabsiatpy 26 tot thariseabndt supily altageotesminalng Tt ent i al

~[err] is appl ked grhftferesPiiirRistdf BONG 'HUPIENAB- thEN8e8Hhd LSUppN Vdl stor
20 is coupled to circuit gﬁde ?’8 Wnergldﬂ reS|.ﬁtor @2 and capa Itor 34 are
coupl ed in paral I'8MMB&lwedtiSi 1R 1PPY afPhHar 1 '§eci,acpr?(f'g 1SPURIPY age

termnal. 30 Theocthe emitput aff osecillatort oirc@i® 12 wbexghbyd coupling ccapaditonf

oscillator circuigg ¢ Gpléd LuiReh s thllectdr It Fhhsilidr 20 UhPihe et Of
40 i s coupl ed be%}v*een cLrcult Bﬁ e 38 and the first supply voltage

termnal . Resistdd Hansisteg gf between circuit node 38 and terninal 44 at
whi ch vol t ag#0si gnal Wxtemahpptueidr &5 is coupledligiweennfarminalr 24 4andidhades

transistor 50 hadddnd %%b@FR/Bfta(jé’uié'rﬁl%élp term nal 16 and through
resistor 52 to the . . .

In operation, resistors 26 and 28 form a voltage divider
network for operating potential Vcc to provide a predetermined
bias voltage at the base of transistor 20. This predetermined

15 bias voltage is level shifted down by one diode voltage via the
base-emitter of transistor 20 and subsequently appears at circuit
node 30. By providing a fixed voltage at circuit node 30, a fixed
current through transistor 20 is determined via resistor 32.
Thus, transistor 20 is biased to have a predetermined collector

20 current.

Oscillator circuit 12 will oscillate if the total resistance
in the loop formed by inductor 60, capacitor 22, transistor 20 and
the parallel combination of resistor 32 and capacitor 34 is
negative. This is based on the fact that an ideal tuned circuit

25 will oscillate indefinitely if there is no resistance element
present to dissipate energy. Thus, oscillator circuit 12 will
oscillate if the real part of the input impedance of transistor 20
is sufficiently negative to yield an overall negative resistance
for the loop.

30 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 (r;) of
transistor 20 is shown in EQN. 1. '

35



4 first supply voltage terminal. The base of transistor 50 is coupled

t hrough feedback resistor 54 to the collector of transistor of 50. Further,
t he base of transistor of 50 is coupled through resistor 56 to the second
supply voltage termnal. The 5 emtter of transistor 50 is coupled to the
second supply voltage termnal. Al so, the |%put of anplifier 14 is
capacitively coupled to the output of oscilMator circuit 12 whereby
coupl i ng capacitor 58 is coupl ed between the collector of transistor 20 and
the base of transistor of 50. 1riG -gm/(w2BxOpnaiCg)nduct or 60 i s coupl(dd
between term nal 24 and the second supply voltage terminal. |n operation,
resistors 26 and 28 forma voltage divider network for operating potenti al
[err] to provide a pr & mined bias voltage at the base of transistor 20.
This predetermned 1 gppiigstheolttamgeohduttanee shitfansibtdo\@0;by one di ode

vol tage via the base- ter r%q?nr and subsequently appears at
circuit node 30. By p?@v%dﬁ]ﬁg‘g t ﬁ@z vol tag 8 at ci I’Céllt node 30 a fixed
§

current through t r ansiCsBBIiS2 ?aéét@]“merﬁeﬁﬁﬁﬂ%aﬂé&g drangistorri20s

transistor 20 is bi as@k ttheheapacitancedséen mtntie emnttectocbrtré’uﬁbuswurzmnt.
Oscillator circuit 12 wll oscillate if the total resistance in the | oop

formed by inductor 60, capacitor 22, transistor 20 and
1t must be understood that if the magnitude of rj as shown

10 in EQN. 1 is greater than the sum of any other resistances within
the loop, then transistor 20 will be able to supply the dissipated
energy of the inductor (or capacitor). Thus, oscillator circuit 12
will be able to sustain oscillation. :

As a result, the signal appearing at the collector of

15 transistor 20 is an oscillatory signal which oscillates at a center
frequency (Fc) substantially equal to [2 x pi x (L X Cequiv)1/2]
where L is the inductance of external inductor 60 and Cequiv is the
- equivalent capacitance of the loop as expressed in EQN. 2.

20 Cequiv = C22 // C34 // (Cge + CcB + CcE)] (2)

where
Cge is the base-emitter capacitance of transistor 20;
Ccp is the collector-base capacitance of transistor 20;
25 Cce is the collector-emitter capacitance of transistor 20;
and
// means "in parallel with".

When voltage Vg is varied from operating potential Vgg to
30 operating potential Vcg, the equivalent resistance between
circuit node 38 and operating potential Voc varies. As a result,
the voltage at circuit node 38, as well as the voltage at the
collector of transistor 20, will vary.
As an example, suppose that voltage Vg is substantially
35 increased to operating potential Voc. This effectively places
resistor 42 in parallel with resistor 40 thereby making the



the parallel conbination of resistor 32 and capacitor 34 is negative. This
I's based on the fact that an ideal tuned circuit 25 wll oscillate
indefinitely if there is no resistance el enent present to dissipate energy.
Thus, oscillator circuit 12 will oscillate if the real part of the input

| npedance of transistor 20 is sufficiently Qﬁgative to yield an overal
negative resistance for the |oop. 30 he anal ysis of calculating the
i nput resistance of transistor 20 is di scussed |n detail on pages 243-245
of "Mdern Comurequivalent Gesisianee ,betv@eawchicuit nadd i3Shiamgl Toe ,firs®85. The

final result for ngy%ua@e’ beRhinkl'% ﬁpgql/angs) [ erfib 10ds ftﬁé\ré?fe%}tor

20 is shown in E nce

transi stor 20; 5(g¥ decreqﬁln% @ﬁeeﬁﬂ'&?}gﬂqﬁnﬁ?s% @Hﬁ%r@wef@r F!lrc'r"g
base-enitter capeand dheefirst Sumxlmnsmagezmrrmnm [ drhig ddweaeemdheamdtagseeen

at the emtte g,.ioQaBL uit ho%lé?s D AR TRE0 QY ﬁg,a 4gé he
magni t ude of [err reater n sun1of any
ot her resi st ancesteWIni Vﬁﬂ% ?o"&&u tt PPHﬁ%tP emittep Wtﬁg%@%ﬁ% to
supply the dissi Ftaarmistor 20 is increased.

On the other hand, as voltage VF is substantially decreased
to operating potential Vgg, resistor 42 has less of an effect on

10 the equivalent resistance between circuit node 38 and the first
supply voltage terminal. This has the effect of increasing the
equivalent resistance between circuit node 38 and the first
supply voltage terminal. This increases the voltage drop between
circuit node 38 and the first supply voltage terminal. As a result,

15 the collector-emitter voltage across transistor 20 is decreased.

Moreovér, by varying the collector-emitter voltage across
transistor 20, the collector-base capacitance, the collector-
emitter capacitance, and the base-emitter capacitance of
transistor 20 is correspondingly varied. This has the effect of

20 varying the equivalent capacitance of the tank circuit as
expressed in EQN. 2. Furthermore, the center frequency of
oscillator circuit 12 is varied.

In particular, if voltage Vg is increased, the center
frequency of oscillator circuit 14 is increased. On the other hand,

25 if voltage VF is decreased, the center frequency of oscillator
circuit 12 is decreased.

In summary, as voltage VF is varied, the center frequency of
oscillation of oscillator circuit 12 is varied. Thus, the circuit
shown in FIG. 1 is a voltage controlled oscillator circuit whose

30 frequency can be adjusted via voltage VF.

Output amplifier 14 is essentially an inverting amplifier
having its inverting input at the base of transistor 50, its output
at the collector of transistor 50, and its non-inverting input at
the emitter of transistor 50 which is coupled to the second

35 supply voltage terminal.



energy of the inductor (or capacitor). Thus, oscillator circuit 12 will be
*able to sustain oscillation. As a result, the signal appearing at the
collector of 1 5 transistor 20 is an OSC|IIatory signal which oscillates
at a center frequency [err] substantially equal to [2 x pi x (L x [err]
where L is the inductance of external inductor 60 and Cequiv is the
equi val ent capacitance of the |oop as expredsed in EQN. 2. 20

[err] where [err] is the base-emtter capacitance of transistor 20; [err]
is the collector-base Registort 3ds afnegativel fdexbal; reésistor coupléd&rbdtvm’e&nt he

col lector-em ttery gﬂE‘Z{r aff. H(yg?ﬁlgntlﬁ utZQn‘ é}ﬂﬂllf'iér HRang (paral | el
e

wth". Wen voltage S varie ot enti al ’to 30
operatl ng pot ent &Sl 6 f wré'%&uﬁaaemumesr%ss%%&@%@eme rReIMeeRode
38 and operating thet mvelrMQ [iapuf awnar thes sedond susply tvoltdye Verntingk at

circuit node 38, 'ﬁ?e?@?:#uje at'f‘iet BQCMQ qﬂq’ggﬁgﬁ% taggefﬂhbeﬁtt ‘Pr‘ielcjl{b adel @psi stor 20,

w Il vary. As an exanple stantially 35

i ncreased to operté@“ﬁgtodoﬁentﬁ e'ﬂmﬂ_’léqu byrihe @Pe@fl'iﬁ‘ﬁ stop 3t de FesisOror 42
in parallel wth g@&qRsiRsg0ahtiesubizequekilposupplied tobterminal 16. In

addition, resistor 52 can be chosen to set the bias current
through output amplifier 14.
10 A great advantage of output amplifier 14 is that its output
impedance (the impedance seen with feedback from terminal 16
to the collector of transistor 50) can be adjusted to be a
predetermined impedance, for example 50 ohms.
By utilizing the small signal model for transistor 50, the
15 output impedance of amplifier 14 with feedback (RouT(14)) can be
simplified to the expression shown in EQN. 3.

RouT(14) = (Rs52//R44)/[1-Bxgm(Rs52//Rs4)(Rse//Rs4//tpi)] (3)

20 where
(Rs2//Rs4) is the equivalent resistance seen looking in from
the collector of transistor 50;
B is the loop gain which is substantially equal to (- 1/Rs4);
dgm and rpj are respectively the transconductance and the
25 small signal input resistance of transistor 50; and
(Rse//Rsallrpi) is the equivalent resistance seen looking in
from the base of transistor 50. '
The values for gm and rp; are dependent upon the collector
current through transistor 50, as is well known. Further, the
30 collector current through transistor 50 can be adjusted by
choosing different values for resistor 52. Hence, the output
impedance of amplifier 14 with feedback (RouT(14)) can easily be
adjusted by choosing different values for resistor 52.
In summary, the output resistance seen from looking in
35 from terminal 20 can be adjusted via resistor 52. Thus, output
impedance of the VCO circuit of FIG. 1 can be designed to match



equi val ent resistance between circuit node 38 and the first supply voltage
‘termnal equal to [err]. This has the effect of decreasing the equival ent
resi stance between circuit node 38 and the first supply voltage termnal.
Thi s decreases the voltage 5 drop between circuit node 38 and the first
supply voltage termnal. As a result, the ﬁﬁl | ector-emtter voltage across
transistor 20 is increased. On the other had, as voltage [err] is
substantially decreased to operating potential VEE, resistor 42 has |ess of
an effect on 10 theeirgoui inpedancecof st aircaitb@toleshoveny coupledodie t8Bnmimmad t he
first supply vol tageorerEhdiidbm dHve Radabligy ef fect of increasing the

-equi val ent resi stances‘%%tween ci{: i& 0 eﬁ%S and the . first supply voltage
terminal. This increaddeieffiRgg &gye difofetrllegeschematic diagsid 38" and t he
first supply vol tilgetratingi anal altémade r emblodiméndt dfha volthget contestldd er
voltage acrosg I gOshof! cifdlit 3s AHARRS °ft ié\’gfg%YEBodbma‘faéé{thnEHFs

coll ector-em tter voliage %:ross fransistor, the coll'ector-hase

capaci t ance, the $MWRAIRJFIG.c%iWhigh %'@p!ﬂﬁ"tt'&ﬁhg? the FarpROMRYE -aWR dR
capaci tance of trEiG. $tare Rientifiedoby ¢he mamerngeference animbdrss has the effect

o o Y3V o2, o BP0, 26l {58 (o6 SRR oc e
varied. In partich@tieen cirguitinede W0 and; teeminale@d wher nF'&"afqr‘;lé'ﬂu@ncy of
oscillator citrcui apglied goi terndasked4. On the other hand, 25 if voltage VF is
decreased, the center [frggueney UigCoh, ABlcafiy’ S Ac l€ighsl, d8CA5RRET 1o
terminal 64. The signal appearing at circuit node 30 is an
attenuated version of signal Sy via the resistor divider network
formed by resistors 62 and 32.
15 By applying signal Sy to terminal 64, a frequency
modulation effect is created such that as the frequency of signal
Sm increases, the center frequency of oscillation of oscillator
circuit 12 slightly increases. On the other hand, as the frequency
of signal Sm decreases, the center frequency of oscillation of
20 oscillator circuit 12 slightly decreases. As a result, by varying
the frequency of signal Sm, the center frequency of oscillation
can be adjusted to a high degree of resolution around the center
frequency of oscillation. For example, the center frequency of the
output signal of oscillator circuit 12 may be 100 MHz, while
25 signal Sy allows the center frequency to be adjusted within
Kilohertz of the center frequency.
It is worth noting that the circuits shown in FIGs. 1 and 2
may operate with a negative or positive supply voltage wherein
operating potential Vgg is a positive voltage and operating
30 potential VEg is ground, or wherein operating potential Vcc is
ground and operating potential Veg is a negative voltage. Further,
it is understood that inductor 60 would be coupled between
terminal 24 and ground.
Referring to FIG. 3, a graphical diagram illustrating typical
35 simulated output signals appearing at terminal 16 of the voltage
controlled oscillator circuit of FIG. 1 is shown. It is understood



I summary, as voltage VF is varied, the center frequency of oscillation of
*oscillator circuit 12 is varied. Thus, the circuit shown in FIG 1 is a
vol tage .controlled oscillator circuit whose 30 frequency can be adjusted
via voltage VF. Qutput anplifier 14 is essentially an inverting amplifier
having its inverting input at the base of transistor 50, its output at the
collector of transistor 50, and its non-invé&tlng I nput at the emtter of
transi stor 50 which is coupled to the second 35 supply voltage term nal.

7 Resistor 54 is thahdhatsignalf appbarikg ratstestminalc b6 gk ephdsedvfenougheat he

output and i ”Vertéé?ﬂaé 0y llﬁ% é?‘il?éélt reén&4a ¥niritRion rr@§ib?dr°fo Eg% cj#ﬁf}é I ons

as a- source I’eSIS bei n et we the .inverti

second supply volt ﬁg\%’mﬂlﬂ? QPPpLg sighalef cargﬁ%e N4k P'g?d’wagﬁgﬁ%ng of
appearing at the theseutgutt sigmail sisorelatively appbiaiit etrbrb;ha Hell r adjustadile

resistor 54 tg r%hgbo{gfﬁﬁk [fF‘chﬁloathSSM&?WFé?é l%'lth g é\ﬂmb[e%ﬂ%
In addition, resi an F %Zgnto set | as .C rrent
output anplifier depreases as voltage Ve degieass.g ey s CuiRHY sigpals iy | s
that its output iFi@edariltesttatecthatpesianitagec¥p mtéas‘esedbecffeﬁuemy asfrm nal
16 to the coll ect&gm‘?gtl%aa§bst"%reggéscan be adjusted to be a predeterm ned
| npedance, for exa
By now it should be apparent from the foregoing discussion,
10 that a novel voltage controlled oscillator circuit has been
_provided that allows varying the frequency of oscillation through
an applied voltage signal (V) or a modulation signal (Sy).
Further, the voltage controlled oscillator circuit utilizes a
negative resistance technique for oscillation and includes an
15 output amplifier whose output resistance can be adjusted.
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.
20 Accordingly, it is intended to embrace all such alterations,
modifications and variations in the appended claims.



By utilizing the small signal nodel for transistor 50, the 1 5 output

i npedance of anplifier 14 with feedback (ROUT(14)) can be sinplified to the
expression shown in EQN. 3. [err] 20 where [err] is the equival ent
resi stance seen looking in fromthe collector of transistor 50; Bis the

| oop gain which is substantially equal to (- .err] gmand [err] are
respectively the transconductance and the 250" spai | signal input resistance
of transistor 50; and [err] is the equival ent resistance seen |ooking in
fromthe base of transistor 50. The val ueGLAMS[err] and [err] are
dependent upon the collector current through transistor 50, as is well
known. Further, the 30 collector current throuqh transi stor 50 can be

- adj usted by choosing di-f f eferiolipge, contiglieds gsgfitator cirquit, having efigtl put
i npedance of anplsdoord ahdwitird ftemminalss 4R@Xté¢rhdl )indactoedseihy dsupldiiust ed

D) e ho0SLnd 8 ARy A Bha SR Soinal S PR \ABEONER,
resistor 52. ThusaPRiiadhde thedhidcterpiinghecomprieinguit of FIG 1 can be
desi gned to natch &ri loscilizitort cirepitd@i®)ebeingacoupledi to (thet fisdtoand coupl ed
to term nal second terminals for providing an output signal having a
predetermined center frequency, said oscillator circuit including

10 a transistor (20) having a predetermined negative input
resistance such that said oscillator circuit sustains oscillation,
said oscillator circuit being responsive to the control voltage
such that when the control voltage is varied, said center
frequency of said output signal of said oscillator circuit is

15 varied; and '

an output amplifier (14) having an input and an output, said
input of said output amplifier being coupled to receive said
output signal of said oscillator circuit, said output of said output
amplifier being coupled to an output terminal of the voltage

20 controlled oscillator circuit, said output.amplifier having an

| adjustable output impedance. '
2. The voltage controlled oscillator circuit according to
claim 1 wherein said oscillator circuit includes:

25 said transistor (20) having a collector, a base and an
emitter, said collector of said transistor being coupled to provide
said output signal of said oscillator circuit;

a first resistor (28) being coupled between said base of
said transistor and a first supply voltage terminal;

30 a second resistor (26) being coupled between said base of
said transistor and a second supply voltage terminal;

a third resistor (32) being coupled between said emitter of
said transistor and said second supply voltage terminal,
a fourth resistor (36) being coupled between said collector

35 of said transistor and a first circuit' node;

a fifth resistor (40) being coupled between said first

* [ L M S *



20 for maxi mumdrive capability. Referring to FIG 2, a detailed schematic

‘diagramillustrating an alternate enbodi nent of a voltage T ed,
oscillator circuit is shown. It-is understood that conpo eﬁ"ﬂé %_@’&%EBEEN
FIG 2 which are identical to the conmponents shown in FIG t j )

by the sane reference nunbers. The circuit o FIG 2 further includes

resi stor 62 coupled between circuit node 30' hnd terminal 64 wher eby si gnal

Smis 1 0 applied to termnal 64. In operation, signal [err], typically an
AC signal, is appmiiceit hodeeandnsiidéfirstTeepplygnaltagepteamimal; at circuit node

30 is an attenuat ed Vgr §b(§ﬁ‘ r?sns'ibg’(@b) Béi ac edl S5étWe¥n ‘%‘a}ﬁ Gpst net wor k

formed by resistors 6 yi ng signal SMtotermnaI
64, a frequency Rt negR @f‘fje itkird  tex such that as the frequency of
signal Sm i ncreases, ahﬁrstecamcmdre(mc)erngfcmgﬂedItmtwelenosaldsbasda agfor

circuit 12 sl gghtdayy 't{?ﬁﬁ&gﬁﬁsang‘tﬁé‘%rgf I}g,c as t he frequency of

si gnal Sm decreases, frequenc ion of 20, oscil!lator
circuit 12 slightly décPReRRE capacHor égﬂl)ytbe"!ﬂ/ %P&ﬁ%@eﬂ‘ﬁ%e? r$d cprittel;

signal [err], thofcsaitetrahsistpreand saidoseconditsupplyeamliageatgrminald to a hi gh
degree of resolution around the center frequency of oscillation. For

exanpl e, the center frequency of the output signal of qgscillator circuit 12

may be 100 Mz, while325 Ih@n&P"WaWWB"Q%eOQ%'l'ﬁt@F ¢ireil arcprdingpdo
adj usted wi thon lldieher tor Bf wheesinesaier oltpruamplifiet tincladesr t h noti ng t hat

the circuits shown i naﬂ‘i%'tr&n&gg)rz(sm having a collector, a base and an
emitter, said collector of said first transistor of said output
amplifier being coupled to said said output terminal of the
voltage controlled oscillator circuit, said base of said first

15 transistor of said output amplifier being coupled to receive said

output signal of said oscillator circuit, said emitter of said first
transistor of said output amplifier being coupled to a second
supply voltage terminal;

a first resistor (54) being coupled between said base and

20 collector of said first transistor of said output amplifier;

a second resistor (52) being coupled between said collector
of said first transistor of said output amplifier and a first supply
voltage terminal; and

a third resistor (56) being coupled between said base of

25 said first transistor of said output amplifier and said second
supply voltage terminal.

4, The voltage controlled oscillator circuit according to
~claim 3 further including a third capacitor (58) being coupled
30 Dbetween said collector of said transistor of said oscillator
circuit and said base of said first transistor of said output
amplifier.

5. A voltage controlled oscillator circuit according to
35 any preceding claim further including a modulation circuit for
applying an ac voltage signal to said oscillator circuit such that

-
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nmay operate with a negative or positive supply voltage wher aT g
"potential [err] is a positive voltage and operating 30 potgn TH‘&IU’}efTr A3 BEEN |i
ground, or wherein operating potential Vcc is ground and opd augﬁi”“‘ ED ,
potential [err] is a negative voltage. Further, it is understood that '
i nductor 60 woul d be coupl ed between term ngl 24 and ground. Referring to

FIG 3, a graphical diagramillustrating typfcal 35 sinulated output

signal s appearing at termnal 16 of the voltage controlled oscillator

circuit of FIG 1hesfrehuency laf saiduodépuit sighal ofdsaimaioscillatar giralitajspeari ng

al termnal 16 i sndHaRY dtoaHE NsAidSFrdcRio RN BenteRRREIdHcyaNd 8

term nation resistor to generate the sinulated output As can be

seen, the voltage swing of the output signal is rel atively constant for the
ful'l adjustable 5 range of Thé Voltag® conifoled tasoitetoei cirddie acciotding $oi ng
Sightly, decrgasesais o hhafin BallCHieARgton FUrIE inglBBsOH! At RSIERKS 1

FIG 3 illustrate t 1 ncr.eases

as Vvo ? cy
oscillation al sohayiedust. arg{, di termipals, b?'ﬁpgr eﬁﬁ’?wq%rﬁ)?ﬁé‘@ or egoi ng
~discussion, 1 0 firsiatresistorvef saitt agelutatian ditonit beirig Icauptedcitocsaid has

been provi ded th%tmr?t‘e' %@Sﬁ%y{rgﬂs%gﬂ' fo'feé’éiﬂ”8¥cﬂ tfsﬁlri:bﬁ‘t IS%W&EW an

applied voltage signa tion )
.vol tage controll éﬂ"ﬁ%"@i‘ | PhatSGid Cﬂrﬁéquwdpr I‘?fz§§'da modulation circuit béing

10 coupled to receive said ac voltage signal.

* ¢ L M S %
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negati ve resi stance technique for oscillation and includes an 15 out put
*anplifier whose output resistance can be adjusted. While the invention has
been described in conjunction with specific enbodi ments thereof, it is
evident that many alterations, nodifications and variations wll be
apparent to those skilled in the art in the 5ight of the foregoing
description. 20 Accordingly, it is i ntendel®to enbrace all such
alterations, nodifications and variations in the appended cl ai ns. 10
CLAI M5 1. A vol t age conVObTAGE Q@NTRDhLEDQsGItLlATOReEMH@YINGt, second

and third termnals, an external i ngEGAPIVEPRERISTANGEED 5 across the first
and second ternmnals, a control voltage being applied to the third

termnal, conprising: an oscillator circuit (12) being coupled to the first
and second terminals for providi nbstracutgfuthesiBjsaloshes’i ng a predet er mi ned
center frequegcy, said osci | lator circuit including 10 a transistor (20)

havi ng a predeterm ne atl ve |ﬁgu§qre3| tance suych that said @scillator

circuit sustains osci e &an i Pscifiator cSirquit hase ﬁ@anEQYdﬂ%‘i’ve to
t he control voltdbaet sajtdwst Hat varging liee coenteol frequierszye of soscillaioh sai d

cent g{j_f;ﬁguency tRfoutH AnCHbpidd Voadk Signali(¥efS FlrhiErOthE ideritéd 1S 15
’ frequency of oscillation can be fine tuned around the center
10 frequency via a modulation signal (Sy).

The voltage controlled oscillator circuit utilizes a negative
resistance technique for oscillation and includes an output
amplifier whose output resistance can be adjusted to match the
input impedance of another circuit for maximum drive capability.

15 |

Fig. 1 accompanies this abstract.
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ar out put anplifier (14) having an input and an output, said input of said
*output anplifier being coupled to receive said output signal of said
oscillator circuit, said output of said output anplifier being coupled to
an output termnal of the voltage 20 <controlled oscillator circuit, said

output anplifier having an adjustabl e output inpedance. 2. The vol t age
controlled oscillator circuit according to claim1l wherein said oscillator
circuit includes: 25 sai d transistor t20)2 having a collector, a base

and an enitter, said collector of said transistgqy.being coupled to provi de

sai d out put signal of said oscillator circuit; a%?irst resistor (28) being
coupl ed between said base_of said transigtor andla first supply voltage :

termnal; 30 a s&cpnuIresisror T “bri ng coup‘I'ed"b'eTWE‘E sal d base
of said transi stor and e.cond supply v@ltage termral; a thirg eS| stor
(32) being coupl ed bet i d emtt@ﬁ f skid trandistor awd Smild second
supply voltage term nal '| h f 38( 6) bein d b 4@ ?Jéaird
col | ector 35 of said f§ransi's irsgy circuit odg'/ a filf
resi stor (40) being coupl gd be firgt - 31}- $rcuit modé5and
said first supply voltade th gesifstor tb¢i ng couplled bet ween
said first circuit | l !

| I A
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‘node and the third termnal;

base of said 5 transistor

a first capacitor being coupled between said
and the first term nal

and a second capacitor

bei ng coupl ed between said emtter of said transistor and said second

supply voltage termnal. 3.
according to 10

transi stor having a collector,

out put term nal
said first transistor 15
recei ve said -out put signa

{

c

first transistor of said output anplifier belng

lator circuit,

The voltage controlled oscillator circuit
claim2 wherein said output anplifier
a base and an emtter,
said first transistor of said output anplifier
of the voltage controlled osc
of said output anpli
of said oscillator

I ncludes: a first
sai d col |l ector of
bgi ng coupled to said said
sai d base of
ger being coupled to

uit, said emtter of said
coupled to said second

supply voltage termnal; & S ESTStor Uelng gupteg=between—sgig—base
and 20 col | ector of sald rst _tramse —6f kai d outpl ;~na-1{J; a
{

second resistor being coup
transistor of said output gegttfT®

D A

transi stor of said output anyFltre
termnal. 4. The vol tage €éagntro
3 further including a third
collector of said transisto

een
aF

=(al0 sald se

| ed oseitato

Lor belng co

v
VF=0V
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VE=4V
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suppLy mol agerl e
and a third resistor being -CUpIed‘betmeenysa base 0 1iJrst
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circuit and said base of .said first transi stbpPledl i d ou p
A vol tage controlled oscillator circuit havingvkrst, secgn
termnals, an external inductor being coupled across the _
‘terminals, a control voltage :being applied to the third tegrninal:; -
comprising: an oscillator circuit being €dlibled to the first a
termnals for providing an output signal having a predeterm ned 40 center

frequency, said oscillator circuit including a transistor having a
predeterm ned G¥gat noden@nd raaidsfissic supplih voltage deaminalRep ACENENT SHEET

-12- oscillat or ci r @igixthugbsistor dseingl soupled sbetvesiti saidt dirsticirouit bei ng
responsive to %ﬁd Fhe VleF(PQ H’?] that when the control vol tage S
varied, said center f é ﬂe j? '3 I:egibgna of saj %ﬁ&sm Iata
circuit is varied: irst' caphc b edf‘goﬁo P t‘f’Sﬁnaﬁﬁ'l 2R R41Go) t age
signal to i dttmslstcut @nccitheufirskderminal; and frequency of said output

signal of said osci Id gecondi capabntors bmﬂgl cdepledr betweeni said edsitter npined

Sard 10 | nput a0 EANSRIGL MY B occdid Wb Buadl terdlfaf] O 8

out put signal of said oscillator circuit, said output of said
- 3. The voltagé controlled oscillator circuit according to

10 claim 2 wherein said output amplifier includes:

a first transistor having a collector, a base and an emitter,
said collector of said first transistor of said output amplifier
being coupled to said said output terminal of the voltage
controlled oscillator circuit, said base of said first transistor

15 of said output amplifier being coupled to receive said output
signal of said oscillator circuit, said emitter of said first
transistor of said output amplifier being coupled to said second
supply voltage terminal;

a first resistor being coupled between said base and

20 collector of said first transistor of said output amplifier;

a second resistor being coupled between said collector of
said first transistor of said output amplifier and said first
supply voltage terminal; and

a third resistor being coupled between said base of said

25 first transistor of said output amplifier and said second supply
voltage terminal.

4, The voltage controlled oscillator circuit according to
claim 3 further including a third capacitor being coupled

30 between said collector of said transistor of said oscillator
circuit and said base of said first transistor of said output
amplifier.

5. A voltage controlled oscillator circuit having first, second
35 and third terminals, an external inductor being coupled across

the first and second terminals, a control voliage being applied to

the third terminal, comprising:

an oscillator circuit being coupled to the first and second

terminals for providing an output signal having a predetermined
40 center frequency, said oscillator circuit including a transistor

having a predetermined negative input resistance such that said

NN TR




output anplifier being cqupled to an output term nal ofs—the voltage

controlled oscillator circuit, said output anplifier haviRrep,afsod) e
out put i npedance. 15 6. The vol tage controll ed oscil ljator ﬁg%ﬁ%
-according to claim5 wherein said oscillator circuit ingchuydes:”s i(IFC 1997
transi stor having a collector, a base and th emtter, e—enllect Gr Gf
said transistor being coupled to provide said output 20 signal of said
oscillator circuit; a first resistor being coupled. between said base of
sai d transi st oosgillatorf iciuit upustaing| asgdllation; netid oscilleter reiscuitor
bei ng coupl ed hiingerespndive1e tHe TOMrdlr doitagé Bucshdhat sesemheuppl y

vol tage terni nlonteeh voltage B Vaief), &5 LB MY of Sk Beioae

emtter of sai and second . su term nal® " a

. aﬂm S _ .Bat%r f}g é \ ge
fourth resi st oSigaahPlcsaid oseillalRfe Ciclily i8oVRHBHor of said transistor and
a first cirBuit nodeg modulation eiricsiitoforhapplyinguahedcheoliage signal fior st

g'elf ﬁUi tcoﬁol edn%@i’d aﬁéciisiéiéi’ ]fdil’fo‘él‘it %_upﬁ' _Yhai0|tgé9ﬁe fieficyabf s”e\it&i bh!ﬁ;raltglF_Si Zt or
fi rs%J capgci to%ﬁ'ﬁ%ﬁg’fqﬁé& edtfrcmql\?teﬁvéglltggbﬁl Piégl %'tq‘{rg%s% or and the
first terninal Pradgteymined cenjer deaaen@padNfor bei ng coupl ed between said
emtter of said trams sulpubrnglifier bavingd asunput andt ageoutput; salid 7.
The vol t agpp coppat |gtdsarr idutplirarplifiel behtg Aéslipledt fo receive said

output signal of said oscillator circuit, said output of said

output amplifier being coupled to an output terminal of the

voltage controlled oscillator circuit, said output amplifier

having an adjustable output impedance.

15
6. The voltage controlled oscillator circuit according to
claim 5 wherein said oscillator circuit includes:
said transistor having a collector, a base and an emitter, said
collector of said transistor being coupled to provide said output
20 signal of said oscillator circuit;
' a first resistor being coupled between said base of said
transistor and a first supply voltage terminal;
a second resistor being coupled between said base of said
transistor and a second supply voltage terminal;
25 a third resistor being coupled between said emitter of said
transistor and said second supply voltage terminal;
a fourth resistor being coupled between said collector of
said transistor and a first circuit node;
a fifth resistor being coupled between said first circuit
30 node and said first supply voltage terminal;
a sixth resistor being coupled between said first circuit
node and the third terminal;
a first capacitor being coupled between said base of said
transistor and the first terminal; and
35 a second capacitor being coupled between said emitter of
said transistor and said second supply voltage terminal.

7. The voltage controlled oscillator circuit according to
claim 6 wherein said output amplifier includes:

40 a first transistor having a collector, a base and an emitter,
said collector of said first transistor of said output amplifier

(N




Q).

claim6 wherein said output anplifier includes: 40 f PRI T
transi stor having a collector, a base and an emtter, said cio?FFg% %‘V;EH{SH& ] ‘
said first transistor of said output anplifier - 13 - b(.i@é}eccalﬂ 8ECt 1997
-said 'said output termnal of the voltage controlled oscill| &=t _ClrENi L - l,’
satd base of said first transistor of satdl®utput anplifier being coupled
to receive said output signal of said oscillator circuit, said emtter of
said first 5 transistor of said output anplifier being coupled to said
second supply Reinggeouples tsaid saids outieul semlnaéiofgtmwmltagq)et ween said

base and col | econmtrolfed apscillatort direuiti Satd baseaof saiduirstmrianisistor a
second resi Stobf%éi'?ﬂomyﬁi %?pp 1 DI 'ébtgﬂkldefé %cai\fel%aigsau gil rst
transi stor of saldl(r)utpu . fler and sal rst. upfy votfx termnal;
and a third reSignal Qesaid Bspllalon Kitgulf Said emifiegror said; fi

transi stor &f deansistarpof saidl ootput amplifigrdbeing reoupled| to \aaidagecond
termnal. 15 8supplypeveibgadeemimdlpl | ed oscillator circuit according to

oL e 4 TR TR0, SR ol liefudor i 6880800, 1221 10

el d modul at 1 ofUeCLRF (Ohaalg BEtiitiansistarel said odtput amplifier
a second resistor being coupled between said collector of
10 said first transistor of said output amplifier and said first
supply voltage terminal; and
a third resistor being coupled between said base of said
first transistor of said output amplifier and said second supply

voltage terminal.

e
HM‘_:

15
8. The voltage controlled oscillator circuit according to
claim 7 wherein said modulation circuit includes a first resistor
having first and second terminals, said first terminal of said
first resistor of said modulation circuit being coupled to said

20 emitter of said transistor of said oscillator circuit, said second
terminal of said first resistor of said modulation circuit being
coupled to receive said ac voltage signal.

9. The voltage controlled oscillator circuit according to

- 25 claim 8 further including a third capacitor being coupled
between said collector of said transistor of said oscillator
circuit and said base of said first transistor of said output
amplifier.

[ llljl i



20 enmitter of said transistor of said oscillator. circuit, &3 d ;3egond

t er m nal

recei ve
circuit
coupl ed
circuit

of said first resistor of said nodulation circuit belng coupled to
said ac voltage signal. 9. The voltage control |l ed osdvds at or
according to 25 claim8 further including a third capacitor being
bet ween sai d coll ector of saidt4ansistor of said oscillator
and said base of said first transistor of said output anplifier.

VOLTAGE CONTROLLED OSCILLATOR EMPLOYING
NEGATIVE RESISTANCE

Abstract of the Disclosure

A voltage controlled oscillator circuit has been provided
that allows for varying the center frequency of oscillation
through an applied voltage signal (VF). Further, the center
frequency of oscillation can be fine tuned around the center

10 frequency via a modulation signal (Sp).

The voltage controlled oscillator circuit utilizes a negative
resistance technique for oscillation and includes an output
amplifier whose output resistance can be adjusted to match the
input impedance of another circuit for maximum drive capability.

15
Fig. 1 accompanies this abstract.
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