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(57) A voltage controlled oscillator apparatus for generating a desired frequency, set by a tuning voltage, toward
modulating a transmission signal on the desired frequency. The voltage controlled oscillator apparatus includes an
oscillator transistor the base of which 1s RF live so as to destabilize the transistor such that 1t oscillates. The oscillator
transmitter emitter 1s operably connected through a capacitor to a tank circuit, which stores RE energy at the desired
frequency, based on the tuning voltage, to set the oscillator transistor frequency. The inherent collector-base junction
capacitance serves to provide voltage variable capacitance resulting in the generation of a carrier signal. The oscillator
transistor collector 1s electrically connected to an amplifier transistor’s emaitter, such that the amplifier transistor and
oscillator transistor are 1n cascode configuration. The amplifier transistor amplifies the transmission signal input at its
base and presents a signal output on its collector. Whereby the need for a varactor external to the tank circuit 1s
alleviated and the transmission signal 1s amplified and modulated on the carrier signal by the amplifier transistor due
the iterconnection between the oscillator and amplifier transistors in a manner which effectively 1solates the
transmission signal from the oscillator transistor and tank circuit.
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Voltage Controlled Oscillator Apparatus

Abstract

A voltage controlled oscillator apparatus for
generating a desired frequency, set by a tuning
voltage, toward modulating a transmission signal on
the desired frequency. The voltage controlled
oscillator apparatus includes an oscillator transis-
tor the base of which is RF live so as to destabi-
lize the transistor such that it oscillates. The
oscillator transmitter emitter is operably connect-
ed through a capacitor to a tank circuit, which
stores RF energy at the desired frequency, based on
the tuning voltage, to set the oscillator transistor
frequency. The inherent collector-base junction
capacitance serves to provide voltage variable
capacitance resulting in the generation of a carrier
signal. The oscillator transistor collector is
electrically connected to an amplifier transistor's
emitter, such that the amplifier transistor and
oscillator transistor are in cascode configuration.
The amplifier transistor amplifies the transmission
signal input at its base and presents a signal
output on its collector. Whereby the need for a

varactor external to the tank circuit is alleviated

and the transmission signal is amplified and modu-
lated on the carrier signal by the amplifier tran-
sistor due the interconnection between the oscilla-
tor and amplifier transistors in a manner which
effectively isolates the transmission signal from
the oscillator transistor and tank circuit.
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1. Technical Field

The present invention relates in general to a
voltage controlled oscillator and, in particular, to
a voltage controlled oscillator for generating a
desired frequency toward modulating a transmission
signal on the generated frequency.

2. Background Art

Voltage controlled oscillators which additionally
modulate a transmission signal are well-known in the
art. These devices utilize a destablized transis-
tor, either bipolar junction or field efféct, to
produce a modulated signal. A modulating signal 1is
introduced across a first varactor -- a device which
exhibits voltage variable capacitance -- which in
turn frequency modulates the voltage controlled
oscillator. The center frequency at which the
voltage controlled oscillator oscillates is set 1in
combination with a tank circuit. These tank cir-
cuits consist of a capacitor, an inductance and a
second varactor across which a voltage is applied to
set the center frequency.  Thus, the prior art
voltage controlled oscillators utilize two varac-
tors, an expensive discrete element.

At radio frequencies, the intended environment for
this type of voltage controlled oscillator, the
construction of the circuit and the oscillator
transistor introduces many parasitic elements which
influence the interaction of the tank circuit and
the oscillator transistor. In general, the influ-
ence of these parasitic elements is to degrade the
performance of the voltage controlled oscillator from
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the optimum obtainable in an ideal circuit.

Designers have typically focused upon removing, Or
at least alleviating, the effects of these parasitic
elements. One such parasitic element is the inher-
ent base to collector capacitance of a junction
transistor. Many circuit configurations are known
in the prior art to minimize the effect of this
particular parasitic element.

It is an object of the present invention not to
minimize the effect of the inherent junction capaci-
tance of the oscillator transistor but to actually
utilize it in the function of the oscillator.

It is a further object of the present invention to
reduce manufacturing cost by removing the varactor
used for frequency modulating the voltage controlled
oscillator.

It is a further object of the present invention to
isolate the transmission signal from the modulation
signal so as to provide for a more manageable,
controllable design.

This and other objects will become apparent in
light of the attached specification and drawings.

A preferred embodiment of the invention comprises
a voltage controlled oscillator apparatus for gener-
ating a modulated signal about a desired center
frequehcy, which is set by a tuning voltage.

The voltage controlled oscillator apparatus in-
cludes an oscillator transistor. The base of the
oscillator transistor is RF live such that the
oscillator transistor, in combination with tank
circuit means, oscillates at a desired center fre-
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quency. The tank circuit means 1s operably connect-
ed to the oscillator transistor emitter. The tank
circuit means is a resonant circuit which 1is a
principle element in determining the desired center
oscillation frequency of the oscillator transistor.

In a preferred embodiment, the tank circuit means
includes a first inductance; a first capacitor; and
a varactor means. The varactor means is operably
connected to the tuning voltage and tunes the tank
circuit means to the desired frequency.

The oscillator transistor collector is operably
connected to the emitter of a second transistor,
such that the oscillator transistor and second
transistor are in a cascode configuration. The
second transistor base accepts a modulating signal,
which is output onto the second transistor emitter
in an emitter-follower configuration. Thus, the
modulating signal appears on the inherent collector-
base junction capacitance in the oscillator transis-
tor, which serves to provide voltage variable
capacitance resulting and thus the frequency modula-
tion of the oscillation at center frequency.

The resulting modulated signal, a current sourced

by the oscillator transistor collector, is amplified

by the second transistor which can be thought to be
a common-base amplifier with respect to the modulat-
ed current. Thus, the modulated signal appears on
the second transistor collector where it 1is the
signal output from the apparatus.

It is contemplated as being within the scope of
the invention disclosed that field effect transis-
tors (FET's), each having a gate, drain and source,
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could be utilized as the oscillator and/or second
transistors.

This configuration alleviates the need for a
varactor external to the tank circuit means and more
importantly isolates the function of setting the
oscillator center frequency from the function of

modulating that frequency, which provides for a more
manageable, controllable design.

Fig. 1 of the drawings is a schematic diagram of
prior art voltage controlled oscillator;

Fig. 2 of the drawings is a schematic diagram of

the present voltage controlled oscillator apparatus;
and

Fig. 3 of the drawings is a schematic diagram of a
portion of the present voltage controlled oscillator

apparatus showing the junction capacitances of the
oscillator transistor.

While this invention is susceptible of embodiment

in many different forms, there is shown in the

‘drawings and will herein be described in detall, one

specific embodiment with the understanding that the
present disclosure is to be considered as an exem-
plification of the principles of the invention and
is not intended to limit the invention to the embod-
iment illustrated.

Fig. 1 is a schematic diagram of prior art voltage
controlled oscillator 10. Voltage controlled oscil-
lator 10 comprises tank circuit 11; transistor 12;
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first wvaractor 13; capacitor 15 and inductor 16.
Inductor 16 causes the base of transistor 12 to be
RF live which in turn causes transistor 12, 1n
combination with tank circuit 11 and first varactor
13, to oscillate.

Tank circuit 11, a resonant circuit, determines
the frequency at which transistor 12 oscillates, as
set by Viyne 17, @ DC voltage, which may be generat-
ed by a frequency synthesizer (not shown). The RF
energy stored in tank circuit 11 results in transis-
tor 12 oscillating at a particular center frequency.
Tank circuit 11 comprises an inductor, a capacitor
and a second varacfor whose capacitance varies as a
function of Vi, .., 17 so as to adjust the RF frequen-
cy for which tank circuit 11 stores energy.

The modulating signal, FM;,q 18, appears across
first varactor 13 in prior art voltage controlled
oscillator 10. Inasmuch as the voltage of FM, . 4 18
varies, the capacitance of first varactor 13 variles,
in turn, altering the frequency at which transistor
12 oscillates. ' Capacitor 15 serves to prevent Vi ..o
17 from further altering the capacitance of first
varactor 13 such that its capacitance is dependent
only on FM_ .4 18.

Fig. 2 is a schematic diagram of voltage con-
trolled oscillator apparatus 100. Voltage con-
trolled oscillator apparatus 100 generates a modu-
lated signal at a desired center frequency. This
center freguency is set by tuning voltage 101, a DC
voltage which may be generated as part of a frequen-
cy synthesizer (not shown).

Voltage controlled oscillator apparatus 100 in-
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cludes oscillator transistor 105 and second transis-
tor 130, which are connected together in a cascode
configuration. Oscillator transistor 105 is a radio
frequency bipolar junction transistor having base
105a, collector 105b and emitter 105c¢. Inasmuch as
oscillator transistor 105 is a bipolar junction
transistor, it contains inherent junction capaci-
tances Cop 110 and Czg 109, shown in Fig. 3 of the
drawings. Second transistor 130 in a preferred
embodiment is also a radio frequency bipolar junc-
tion transistor having base 130a, collector 130b and
emitter 130c.

As 1in the prior art, oscillator transistor 105
oscillates at a frequency dependent upon its inher-
ent junction capacitances 109 and 110, the Value of
tank circuit means 112 and the value of tuning

voltage 101. However, as can be clearly seen by

comparing Fig. 2 to Fig. 1 of the drawings, there is
only one varactor in apparatus 100 (shown in Fig. 2)
-- varactor 113 found in tank circuit means 112.
Furthermore, the modulating signal, FM_,_4 18 (shown
in Fig. 1) was input across varactor 13 which, in
turn, was operably connected to tank circuit 11 in

prior art voltage controlled oscillator 10. 1In

apparatus 100, shown in Fig. 2, the modulating
signal, S, ,q 131 is input on the collector side of

- oscillator transistor 105 through second transistor

130 in a manner described more fully hereinbelow.
These differences result in a more manageable,
controllable and less expensive design.

Tank circuit means 112, in combination with oscil-
lator transistor 105, determines the frequency at
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which oscillator transistor 105 oscillates. This
desired center frequency varies as a function of
tuning voltage 101, which 1s fed across varactor
means 113. The effective capacitance of varactor
means 113, which may comprise a varactor or a re-
verse-biased diode, varies as a function of tuning
voltage 101. This capacitance is combined with the
capacilitance of Capacitor 114 and the inductance of
inductor 115 form tank circuit means 112, It 1s
contemplated that the capacitance of capacitor 114
may or may not dominate over the capacitance of
varactor 113 in light of the operating range and
center frequency chosen. Inductor 115 may comprise
a coil inductor, an element printed directly on the
circuit board or any other means known in the art
for providing an inductance.

Inductor 116 is connected between base 105a and RF
ground, which is grounded by capacitor 1l41. Base
105a is thus made RF live so as to destabilize
oscillator transistor 105 such that it can oscillate
in combination with tank circuit means 112.

Oscillator transistor 105 would merely oscillate
at the frequency arrived at in combination with tank
circuit means 112 as set by tuning voltage 101
without additional elements. However, in combina-
tion with second transistor 130 and modulating
signal 131, apparatus 100 produces a modulated
signal at signal output 150, which is modulated
about a center freguency. Second transistor 130 is
a reflex circuit, which due to capacitor 137 appears
as an emitter-follower to modulating signal 131 and
as a common-base amplifier to the current being sunk
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by collector 105b. This duality makes the design of
apparatus 100 more controllable.

The emitter~follower aspect of second transistor
130 dictates that the voltage on base 130b -- modu-
lating signal 131 -- appears on emitter 130c and, in
turn, on collector 105b. This voltage is applied to
inherent collector-base junction capacitance 110,
which is a voltage~variable capacitance on the order
of 0.5 picofarads. By altering this capacitance,
the frequency of oscillation is altered resulting in
modulated signal 120, which varies about the center
freguency. Modulated signal 120 is a varying cur-
rent -- in fact the voltage on collector 105b and
emitter 130c are determined solely by the value of
modulating signal 131 as applied to base 130a.

The common-~base amplifying aspect of second tran-
sistor dictates that the current on emitter 130¢c ==
modulated signal 120 =-- appears on collector 130b or
signal output 150, which is separated from the
voltage supply by RF choke 144. 1In this case,
capacitor 137 RF grounds base 130a, so as to config-
ure the common—-base configuration. Thus, apparatus
100 provides a frequency modulated signal on signal
output 150 utilizing a more manageable, controllable
design.

The foregoing description and drawings merely
explain and illustrate the invention and the inven-
tion is not limited thereto, except insofar as the
appended claims are so limited and as those skilled
in the art who have the disclosure before them will
be able to make modifications and variations therein
without departing from the scope of the invention.
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CLAIMS

1. A voltage controlled oscillator apparatus for
generating a modulated signal at a desired center
frequency, the desired center frequency being set by
a tuning voltage, said voltage controlled oscilla-~
tor apparatus comprising:

- an oscillator transistor having a base, a
collector and an emitter, the junction between said
oscillator transistor base and said oscillator
transistor collector having an inherent Jjunction
capacitance,

- said oscillator transistor collector-base
junction capacitance serving to provide voltage
variable capacitance fesulting in the generation of
the modulating signal having received a modulating
signal; _

- tank circuit means for determining the de-
sired center frequency, said tank circuit means
being electrically connected to the tuning voltage
and said oscillator transistor‘emitter;

-  said oscillator transistor base being RF live
so as to destabilize said oscillator transistor such
that it oscillates due its interaction with said

‘tank circuit means; and

- a second transistor having a base, a collec-
tor and an emitter, said second transistor emitter
connected to said oscillator transistor collector
such that said second transistor and said oscillator
transistor are in cascode configuration,

- said second transistor base being RF ground-
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ed and accepting as an input said modulating signal,
which is output onto said second transistor emitter
toward modulating said oscillator transistor,

- said second transistor further serving to
amplify the modulated signal generated by said
oscillator transistor collector-base junction capac-
itance in response to said modulating signal onto a
signal output,

- whereby the need for a varactor external to
said tank circuit means is alleviated and the
interconnection between said oscillator transistor
and said second £ransistor effectively isolates the
modulating signal from said oscillator transistor
and said tank circuit means.

2. The invention according to Claim 1 wherein
said tank circuit means comprises:

-~ a first inductance;

- a first capacitor; and

- varactor means operably connected to the
tuning voltage for tuning said tank circuit means to
the desired frequency.

3. The invention according to Claim 2 wherein
said varactor means is a varactor.

4, The invention according to Claim 2 wherein
sald varactor means is a diode.

5. The invention according to Claim 1 whereiln
said second transistor comprises a field effect
transistor having a gate, a drain and a source, in
place of said second transistor base, said second
transistor collector and said second transistor
emitter, respectively.

6. A voltage controlled oscillator apparatus for
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generating a modulated signal at a desired center
frequency, the desired center frequency being set by
a tuning voltage, sald voltage controlled oscilla-
tor apparatus comprising:

- an oscillator transistor having a gate, a
drain and a source, the junction between said oscil-
lator transistor gate and said oscillator transistor
drain having an inherent junction capacitance,

~ sald oscillator transistor gate-drain junc-
tion capacitance serving to provide voltage varia-
ble capacitance resulting in the generation of the
modulating signal having received a modulating
signal;

- tank circuit means for determining the de-
sired center freguency, said tank circuit means
being electrically connected to the tuning wvoltage
and said oscillator transistor source;

- said oscillator transistor gate being RF live
so as to destabllize said oscillator transistor such
that it oscillates due its interaction with said
tank circuit means; and

- a second transistor having a gate, a drain
and a source, said second transistor source operably
connected to said oscillator transistor drain such
that said second transistor and said oscillator
transistor are in cascode configuration,

- said second transistor gate being RF ground-
ed and accepting as an input said modulating signal,
which is output onto said second transistor source
toward modulating said oscillator transistor,

- said second transistor further serving to
amplify the modulated signal generated by said
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oscillator transistor gate~drain junction capacitance
in response to salid modulating signal onto a signal
output,

- whereby the need for a varactor external to
said tank circuit means is alleviated and the
interconnection between said oscillator transistor
and salid second transistor effectively isolates the
modulating signal from said oscillator transistor
and said tank circuit means.

7. The invention according to Claim 6 wherein
said tank circult means comprises:

- a first inductance;

- a first capacitor; and

- varactor means operably connected to the

tuning voltage for tuning said tank circuit means to
the desired frequency.

8. The invention according to Claim 7 wherein
said varactor means is a varactor.

9. The invention acceording to Claim 7 wherein
sald varactor means 1s a diode.

10. The invention according to Claim 6 wherein
said second transistor comprises a bipolar Jjunction
transistor having a base, a collector and an emitter
in place of said second transistor gate, said
second transistor drain and said second transistor
source, respectively.

13

x.-"); .".o' ¢ .’:.'...': ‘;.;'"Ti' : R B U AR S '.'" '4‘,.‘ ¢ ': e . L .,";',
.‘. O‘; "‘ .'\'.'J. . 0  r e . 0" 4 . . . ‘-l.f.S "
bt voint.n g "‘1 | ‘. '. . ) o:-' A rer .t P '. " . -’1._'- :‘l L |

- .Y e - [ (SN -, - . Y + » . . " .,.l-.-'. vy ",.
z & Pe- s 3.4 ., . | - & a1 I . . .o, . K "p.l‘ . '1 P Y -
.. 9.4 ’. a‘o{.» v - ) ' 24 P s " N T . . .*g . DR
."s P ] ’ . i' r 1 e > “ ..y ' ‘et ¢ ", ’ . f‘-' (LN | - .1‘:

v dh .. ) LI LR -, ., I (Y ) - - & LR I BY Y Wt .
“5 4 b 4 PR D P | I 3 L e N " . ' P AL e e ) '

] ‘..‘." 4, .h . - . . oA . . A1V N4 @~ . 1
“0. . T AR ) b as e ."a' [ o ' ' ,\'§’ SRR 3 .
KIS C Ry . o et S PR T, 1 NS BT, 4 A R |
ol + ,--‘-'; e i "'.. g 3 B ¢ 'Y, . R U EPT I
¢’ - l" ’.{' : . ;"1 T e o N N i ‘-- ’ e “\a n"i.’ < ' ) '

F RE ' ,.',. ¢ . . . ' ".- M r* ‘. ’ .. ’ 1\‘ ' ' .‘ .;' ‘ d
» . ) - ‘5 . L g - et '
AR 3 N RTINS AT &
LA ! . . Ng . D) s x = wm T " .
d e Lo Y ’ r r ' ‘n ;‘ LN . ,-.. ‘:--0.1 ' * :‘.
. ." ' , . . LR ] . ®e ":' d . " }-
. ’ ' ' .
00 . o ). ‘ - el i P ..
% . 0 .. . ‘ LTS St
S . '1:- - . _— . PRI R S)l'j-. . ¥
' !r{‘ e 1 L . 4 '.l i v gt
AL " . e ¥ 3. PR ' . 4 - d 4 o T
; : - : LN ’ . "s't_. Y
. , . R B e L T FLE + b ' ‘r b.l l“ i
.'iﬁ o . . DL L Y- 4 ] et w g P, g !
PR - (- ‘. : wh 2
y ' - T =y Vb3 ’ ) :' el ! .
Lt . - i s R l S PR s N
( ! . ACH e ' - .t ' l‘-- e ' "
; - e N Wi . el s i i avaeda s i1, b ) e 10 ' LI TR T T S S T
ol Ut LT A T OREAANS s 1 XY RN NN { il
’ ! “ - F . PP . AP ' ‘ ' 3 " l!& '|. ")’l 1 -“ .
| L i .4 | P "“ | [ »
' Vo ' .
"' ------- { ',':‘.' AR
'l . v «f - '
. 4. "" L 'l
. - '
. e , .
¢ M - 1 ! |
“ 9 re. ' T
L' | | B ’
Y v y
L . )
-..a ..J‘u ’ '
o . l
R . . .
-4 Voo ' .
- »
1 ' | ll - R v
L3 * :
1. : §
[y . ‘
‘ . Y
" fl '
'

- & 5 .



.
re -
P "7 a
L
[ B
‘.‘
.. s
e »
.
“w .
[ PN
‘e
. .
en 7
‘
. .
P
Y
P e~
[
’
'l
.

-

.
- A
¢ .

'

.
1, .
x ¢ 7
v
.
.
L
P »
L on
'
r 2 g
Y
. L]
e
.
<
'
.
v
‘
R
'
v
‘
.
'
'
-
/
¢
’
e - -

¢ 72
s

.
.

- .
- . .
- - ' by
.
.
¢
L9
'
.
.
' '
' ’
' ' . - o .
- LI ' -
. . - - . ‘ o . ’
N . . '
h - ' . '
N . - . . . . "
g * - - . .., s
. N . . . p . .
= e = . T
] r ' . ‘ ‘
-, v - v o' ' "‘ rl ;
. '
! Y e . ' ’ ’ .
. 3 rq “ . . [N ,,". .
N " . s . . . : '
: -, - ‘ .y s e a0 "
' ' . ' . .
. '
s < . 5 ‘« > . .‘r- -‘ ! -
- . - . . . ‘-
) . . L . ‘4
. . , - . . . - -
Y ' -
' im - " e N . v
v ., 4 . -
- - s -
'
' . . ' -
* B ' ‘s - v ..
. . . . - . . . - . .
4 4 3 = 0
P
. '
. -
. . - -
. = -

PR - . v L
- . ' . .. T
. N . . N
4
- . - - -
: v Y. . . 4 .
' . . .0 .o + .
S . . .
s r' - -
- 4 V.
' s .
« ' r - .
. . '
v . .
0 L4 . " >
. “ 4 -
' . ' . [ v, - .
- « ' . . .
|') - . - . . P
n R Y -
P
. N - - . - .
- - s e
. b e
A ‘ «
- v 1 . .
-4 . . - *
~
-1 £
d .

s

@,

an
\

. .
. - .
’ -
- -
, .
4 .
- . .
.
Wyl . .
.
& . '
. -
. .
.
'
- \
[ . '
. T AP . . . . -
' . . '
- 0 Yo 0 - b
b . .
. -
‘ . ‘o . L]
'
. -
h ' .
." .
“ -
- ' '.
'
h .
. -
. .
.
. -
- . L
) e .
.
L I e !
.
‘.0‘ - -
“« -
« " . -
L . 4
'
L . -
.
.
4 . - -« ,
'
.
. L ] . . .
'
- B L PR + .
+
' P .
- - .
. . q .
' . N
' . .
' N
. - v n
- . s
- LIS
- . .
- ‘ .‘
.. .
. [ ] '
. v
- . ~
-~
> e .
o
- - .
T A N
- ‘@ 4 .
. - . ' . ,
P .
- N
.
-“‘
' .
« "
' .
- -~
. . - .
4 .
'
.
. - r
- . v
. ' '
. ) ] -
.
- ) L
- . .
.
b .
' - N
v . . .- -~ . 8
. LN - e
. . q P . -
VL ‘\,§ . . .
; I - [} . L *
'.\\1 . -
0 . »: ‘. . ‘s -
. b N v . .
. '
. o - s vy v
By . -
e = © oar 4 .
‘) .. '
‘.‘} [ '
- LiLg [ S .
r U | ' '
v e v 4 .. -
$ o X
e
4 r M 4« t '
1p! .
LU ’ . . '
. .
I B
‘L
: ' e 4 -
L. . e ..o .
”}"“ 4 . ]
r . l'.- .
.
et
) !. 0 -
' . '
. . .
¢ . " . - .
' 4 '
I ] N "
: 3 '
. - - ‘u
)
L
‘o
. . . . .
'
- )
¢ - . .
. V. s ! L .
d L . .- .
A | . [ '
r - . -
'
4 DL RN
. [ .
." . - 5 . .
.o .
. . .
‘l
[
. -
1
l: . . ] .
] . . )
f . . '
. '
RN L |
' . . 1 - . 4
] . Y .
1 . o
. .
|r . - 4, '
' < t
- .
]
L ' ¢
[ '
1 - .
» »
- . ' . .
. 1
a2 . 'l







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - abstract drawing

