
EP 0 270 298 B1 Description The invention of the present application is in
the field of tunable oscillators that may be employed, e.g., as the local
oscillator of a tuning system. Application EP-A-0 269 427, published 01.
06. 88, entitled "Dual 5  Gate Tunable Oscillator" and application EP-A-0
269 428, published 01.06.88, entitled "FET Tuner" concurrently filed in the
name of the same applications are related applications. Tuning systems for
radio and television receivers typically include a tunable RF stage for
selecting the RF signal corresponding to a desired station or channel from
a plurality of received RF signals, a tunable local oscillator for
generating a local oscillator signal having a frequency corresponding to
the desired 10 station or channel and a mixer for heterodyning the selected
RF signal with the local oscillator signal to produce an IF signal
corresponding to the RF signal. For some applications such as tuning both
VHF broadcast and cable channels, the local oscillator should be capable of
being tuned over a very wide range of frequencies (e.g., in the United
States from 101-509 MHz). 15     While the configuration and type of
amplifying device that may be employed in the local oscillator may be
advantageous with respect to certain characteristics of the local
oscillator such as providing a signal drive level and impedance level
compatible with the mixer, the configuration and/or type of amplifying
device may tend to restrict the tuning range of the local oscillator.
US-A-4,593,257 discloses a multi-band local oscillator of a television
tuner comprising a common 20 collector transistor amplifier with a
capacitive feedback circuit for conditioning the amplifier to oscillate in
the wide range of frequencies for VHF broadcast. When one band is selected,
the corresponding band switching signal is coupled to a varactor in the
capacitive feedback network to modify the feedback network. In contrast the
present application is concerned to provide a simple and effective
arrangement to extend the range of the oscillator within each band. 25
Accordingly, the present invention provides in one aspect apparatus
comprising an amplifying device having a conduction path terminated in
first and second electrodes and a control electrode for controlling the
conduction of said conduction path; oscillation conditioning means coupled
between said control electrode and said first electrode for conditioning
said amplifying device to oscillate in a predetermined range; frequency
determining means including a first controllable capacitance means
responsive to a tuning 30  control signal and an inductance element coupled
in series between said control electrode and a point of reference potential
for determining the particular frequency of oscillation of said oscillator;
output means for deriving an output signal at said oscillation frequency at
said second electrode and tuning control means for generating said tuning
control signal; characterized by a second controllable capacitance means
also responsive to said tuning control signal directly connected between
said control input and said point of 35 reference potential without any
intervening element having significant impedance in said predetermined
range for ensuring that said amplifying device oscillates throughout said
predetermined range. In a further aspect the present invention provides the
apparatus comprising an amplifying device having a conduction path
terminated in first and second electrodes and a control electrode for
controlling the conduction of said conduction path; oscillation
conditioning means coupled between said control electrode 40  and said
first electrode for conditioning said amplifying device to oscillate in a
predetermined range; frequency determining means including a first
controllable capacitance means responsive to a tuning control signal and an
inductance element coupled in parallel between said control electrode and a
point of reference potential for determining the particular frequency of
oscillation of said oscillator; output means for deriving an output signal
at said oscillation frequency at said second electrode; and tuning control
means 45 for generating said tuning control signal; characterized by a
second controllable capacitance means also responsive to said tuning
control signal directly connected between said control input and said
frequency determining means without any intervening element having
significant impedance in said predetermined range for ensuring that said
amplifying device oscillates throughout said predetermined range. The
present invention is concerned with a range extending circuit, e.g., for a
Colpitts type local 50 oscillator in which the control electrode (such as
the base electrode of a bipolar transistor or the gate electrode of a field
effect transistor) of the amplifying device is coupled to one of two
electrodes (such as the emitter or source electrode) defining the ends of a
conduction channel through an oscillation conditioning network and also to
a frequency determining tunable circuit including a controllable capaci-
tance element responsive to a tuning voltage and an inductance element, and
the output of the oscillator is 55 taken at the other of the two electrodes
(such as the collector or drain electrode). Specifically in accordance with
the invention, a second controllable capacitance element is coupled to the
control electrode and is poled to change capacitance in the same sense as
the first mentioned varactor diode in response to the tuning voltage. 2 



EP 0 270 298 B1 In the accompanying drawings: FIGURE 1 is a schematic
diagram showing a tuner of a television receiver embodying the present
invention; FIGURE 1a is a schematic diagram of an equivalent circuit useful
in understanding an aspect of the local 5    oscillator shown in FIGURE 1;
FIGURE 1 b is a schematic diagram of a modification to the local oscillator
shown in FIGURE 1; FIGURE 1c is a schematic diagram of an equivalent
circuit useful in understanding the modification shown in FIGURE 1b; and
FIGURE 2 is a schematic diagram showing in detail the RF stage of the tuner
shown in block form in 10    FIGURE 1. In the FIGURES, various exemplary
element values are identified in parenthesis. Unless otherwise indicated,
resistance values are in ohms, the capacitance values are in picofarads and
the inductance values are in nanohenries. Further with regard to the
exemplary values, K represents 1000, M represents 1,000,000 and [err]
(micro) represents 0.000001. 15     FIGURE 1 shows the VHF section of a
tuner of a television receiver for tuning VHF broadcast and VHF cable
channels. RF signals provided by a source (not shown) such as an antenna or
cable distribution network are coupled via an RF input 1 to a tunable RF
stage 3. RF stage 3 selects the RF signal corresponding to a desired
channel in response to the magnitude of a tuning voltage (TV). The selected
RF signal is coupled to a mixer 5 where it is heterodyned with a local
oscillator signal generated by a local 20 oscillator 7 having its frequency
of oscillation controlled in response to the magnitude of the tuning
voltage to produce an IF signal corresponding to the selected RF signal. A
tuning control unit 9 generates the tuning control voltage. Tuning control
unit 9 also generates bandswitching voltages (BS1 and BS2) for selecting
inductors to be included in frequency selective tuned circuits of RF stage
3 and local oscillator 7 in accordance with the tuning band of the desired
channel. By 25 way of example, tuning control unit 9 may include a
phase-locked loop (PLL) type of frequency synthesizer for converting binary
coded representations of the channel number of the desired channel to a
tuning voltage of the appropriate magnitude and a logic network for
generating the appropriate bandswitching voltage in response to the binary
coded representations of the channel number. Bandswitching voltages BS1 and
BS2 can have either a low level, e.g., -12 volts, or a high level, e.g., 30
+12 volts. The tuning bands and the respective levels of bandswitching
voltages BS1 and BS2 are indicated in the following table. CHANNEL
RF FREQUENCY              LO FREQUENCY 35   BS1        BS2           NOS.
RANGE  (MHz)              RANGE  (MHz) LOW        LOW          2 thru  6
55-88                   101-129 HIGH       LOW          A-5 thru  13
91-216                  137-257 40   HIGH        HIGH         J thru  W+28
217-468                   263-509 Local oscillator 7 comprises an amplifier
100 including a dual gate N channel metal oxide semiconduc- tor (MOS) field
effect transistor (FET) 101 having a first gate electrode (G1), a second
gate electrode (G2), an N-type conduction channel connected at one end to a
source electrode (S) and at the other end to a 45  drain electrode (D). The
voltages at the gate electrodes determine the degree of conduction of the
conduction channel. A source of positive supply voltage (B +), e.g., +12
volts, is provided by tuner control unit 9 when a VHF channel is selected.
The positive supply voltage is filtered by a lowpass filter including a
resistor 103 and a capacitor 105. The power supply return path is connected
to signal ground. A voltage divider network including resistors 107, 109,
111 and 113 connected to the gate electrodes biases FET 101 50 to operate
as linear amplifier. Resistor 109 serves to inhibit unwanted parasitic
oscillations of FET 101. In local oscillator 7, amplifier 100 is configured
as a cascode amplifier by utilizing the first gate electrode (G1) of FET
101 as the input, effectively connecting the second gate electrode (G2) to
signal ground through a bypass capacitor 115 (noting that resistor 109 has
a very small value), coupling the source electrode (S) to signal ground
through a resistor 117, and utilizing the drain electrode (D) as the 55
output of the amplifier. The drain electrode (D) is coupled to the B +
power supply conductor through a load resistor 119 and to mixer 5 through a
large valued DC blocking capacitor 121. A ferrite bead 123 is provided on
the conductor between load resistor 119 and the B + conductor as an
inductive AC blocking filter element. The configuration of FET 101 may be
thought of as a cascode amplifier because the first gate 3  



EP 0 270 298 B1 electrode (G1), the source electrode (5) and the lower end
of the conduction channel are configured as a common source amplifier and
the upper end of the conduction channel, the second gate electrode (G2) and
the drain electrode (D) are configured as a common gate amplifier. A
circuit 200 for conditioning amplifier 100 to oscillate is coupled between
the first gate electrode (G1) 5 and the source electrode (S). A
series-tuned circuit 300 responsive to the tuning voltage (TV) for
determining the particular frequency of oscillation is coupled between the
first gate electrode (G1) and signal ground. Oscillator 7 is conditioned to
oscillate in the following manner. In general, an amplifier will oscillate
if two conditions are met: (1) there is zero phase shift around a loop
including a path from the input to the 10  output of the amplifier and a
path from the output to the input; and (2) the gain around the loop is
greater than unity. In the case of oscillator 7, the portion of FET
amplifier 100 including the first gate electrode (G1), the source electrode
(S) and the lower end of the conduction channel is conditioned to
oscillate. While this portion is a common source amplifier with regard to
the cascode amplifier configuration of FET 101, it is a common drain or
source follower amplifier, with an input at the first gate electrode (G1)
and the output at 15 the source electrode (S), with regard to the
oscillation configuration. Oscillation conditioning network 200, connected
between the output of the common drain amplifier configuration at the
source electrode (S) and the input at the first gate electrode (G1),
includes a capacitor 201 connected in shunt with resistor 117 between the
source electrode (S) and signal ground and a capacitor 203 connected
between the source electrode (S) and the first gate electrode (G1). As will
be appreciated, this configuration is of the Colpitts 20 type. With respect
to the phase shift requirement for oscillation, there is substantially no
phase shift between the input (G1) and the output (S) and there is a phase
lag contributed by capacitor 201 and a compensating phase lead contributed
by capacitor 203 between the output (S) and the input (G1). With respect to
the gain requirement for oscillation, there is a voltage gain of slightly
less than one due to source follower operation 25 between the input (G1)
and the output (S) but a voltage increase ("step-up") due to capacitors 201
and 203 between the output (S) and the input (G1). As a result, the
conditions for oscillation are met and the source follower configuration
will oscillate at the frequency determined by tuned circuit 300. The
current through the resistor 117 connected to the source electrode (S) and
through the conduction channel varies with the oscillation and the voltage
across load resistor 119 connected to the drain electrode (D) varies
accordingly. 30     The cascode amplifier configuration of FET 101 is
advantageous in several respects. The common gate amplifier portion
provided by bypassing the second gate electrode (G2) to signal ground
substantially isolates the oscillatory portion from mixer 5 while
additionally enabling mixer 5 to be driven at appropriate signal and
impedance levels without the need for a separate buffer amplifier device.
Due to the common gate amplifier portion, a virtual ground is effectively
presented to the output of the common source amplifier 35  portion so that
impedance variations exhibited by the mixer, due, e.g., to amplitude
variations in the RF signal coupled to it from RF stage 3, do not
substantially effect either the frequency of oscillation or the conditions
for establishing oscillation. Moreover, because of the isolation, the drive
requirements of mixer 5 do not have to be compromised to satisfy the
conditions necessary for oscillation. Another advantageous feature of FET
local oscillator 7 is realized when it is employed with an FET RF o  stage.
Many tuners used in television receivers employ dual gate FET RF stages
because they produce relatively low distortion and have relatively high
impedances compared with bipolar transistor RF stages. In addition, the
second gate electrode provides a convenient means for applying an automatic
gain control (AGC) voltage. A dual gate FET RF stage suitable for use as RF
stage 3 is shown in FIGURE 2 and will be explained in detail below.
Briefly, the RF stage shown in FIGURE 2 includes an amplifier 400 including
a 45 dual gate N MOS FET 401 configured, like FET 101 of local oscillator
7, as a cascode amplifier with the input at the first gate electrode (G1),
the second gate electrode G2 effectively connected to signal ground through
a bypass capacitor, the source electrode (S) coupled through a resistor to
signal ground, and the output derived at the drain electrode (D). RF input
1 is coupled to the input (G1) of FET amplifier 400 through a series tuned
circuit 500 responsive to the tuning voltage (TV). The output of FET
amplifier 400 is 50 coupled through a doubly tuned filter 600, comprising
two inductively coupled series-tuned circuits 601 and 603 each responsive
to the tuning voltage (TV), to another dual gate FET amplifier 700 also
configured in cascode configuration. The output of dual gate FET amplifier
700 is coupled to mixer 5. Since RF stage 3 and local oscillator 7 have
amplifiers of the same device type and configuration and have similar
tuning configurations, it has been found that the ability to track one
another in frequency in response to the tuning 55  voltage is improved
compared with a conventional arrangement in which the RF amplifier is of
the dual gate FET type and the local oscillator is of the bipolar type. 



Returning now to FIGURE 1, tuned circuit 300 will be described in detail.
As earlier noted, tuned circuit 300 is a series-tuned circuit. Tuned
circuit 300 includes inductors 301, 303 and 305, a varactor diode 307 4
EP 0 270 298 B1 connected in series with a DC blocking capacitor 309
between the input (G1) of amplifier 100 and signal ground. Inductor 305 is
coupled in series between varactor diode 307 and the input (G1) of
amplifier 100. This has been found to be a beneficial configuration since
the inductor 305 tends to isolate varactor 307 from stray capacitances
exhibited at the input of amplifier 100. Bandswitching diodes 313 and 311
and 5  associated bypass capacitors 315 and 317, respectively, selectively
bypass the circuit point intermediate inductors 301 and 303 and the circuit
point intermediate inductors 303 and 305, respectively, to signal ground in
accordance with the levels of bandwitching voltages BS1 and BS2.
Bandswitching voltages BS1 and BS2 are coupled to bandswitching diodes 313
and 315 through respective high valued isolation resistors 318 and 319,
respectively. The tuning voltage (TV) is filtered by a lowpass filter
including a resistor 10  325 and a capacitor 327 and coupled to the cathode
of varactor diode 307 through isolation resistors 321 and 323 and inductor
305. An oscillation range extending circuit 205 associated with oscillation
conditioning network 200 includes a capacitor 207 and a varactor diode 209
directly connected in series between the input (G1) of amplifier 100 and
signal ground without any intervening elements that would present
significant impedance in the is frequency range of interest. Capacitor 207
has a capacitance value selected so that it appreciably effects the
combined capacitance of capacitor 207 and varactor diode 209. In practice,
the specific value of capacitor 207 can be selected to control the range
extension and the tracking of local oscillator 7 with RF stage 3. The
tuning voltage (TV) is coupled to the cathode of varactor diode 209 through
isolation resistor 321. Varactor diodes 307 and 209 are poled with respect
to the tuning voltage so that the capacitances they 20 exhibit change in
the same sense in response to changes in the magnitude of the tuning
voltage. Range- extending circuit 205 extends the oscillation range of
oscillator 7 in the following manner. The equivalent circuit exhibited by
amplifier 100 at its input (G1) in the range of oscillation is shown in
FIGURE 1a and includes an equivalent capacitance element ([err]) and a
negative resistance element ([err]) connected in series between the first
gate electrode (G1 and signal ground. The negative resistance 25  element
([err]) is related to the gain exhibited by the oscillation portion of
amplifier 100. The equivalent circuit exhibited by the series-tuned circuit
300 including inductors 301, 303 and 305, varactor diode 307 and DC
blocking capacitor 309 at the input (G1) of amplifier 100 includes a
variable capacitance element (CT), a resistance element (RT) and an
inductance element (LT) connected in series between the first gate
electrode (G1) and signal ground. Since DC blocking capacitor 309 has
negligible impedance in the 30 frequency range of interest, the variable
capacitance element (CT) essentially exhibits the capacitance of varactor
diode 307. The resistance [er] corresponds to the loss associated with the
tuned circuit, which is primarily associated with varactor diode 307. To
sustain oscillation throughout the range of interest (101 -509 MHz), the
magnitude [err] of the negative resistance element [err] associated with
amplifier 100 must be greater than the magnitude of the resistance element
([err]) associated with tuned circuit 300. The particular 35 frequency of
oscillation is inversely related to the square root of [err], where C is
the combined capacitance of [err] and [err]. The combined capacitance of
[err] and [err] is given by [err]. For a wide tuning range, [err] should be
as large as possible with respect to the largest value of [err]
(corresponding to the lowest frequency of oscillation) so that C can
undergo substantially the full range of change of varactor diode 307
([err]). 40      Adding a fixed capacitor in shunt with the input of
amplifier 100 between the first gate electrode (G1) and signal ground
increases the value of [err] and therefore tends to extend the tuning range
at low frequencies. However, the addition of a fixed shunt capacitor
decreases [err] and therefore tends to prevent oscillation, especially at
high frequencies. Range extension circuit 205 connected in shunt with the
input (G1) of amplifier 100 provides a variable capcitance which increases
as the tuning voltage (frequency) 45 decreases and which decreases as the
tuning voltage (frequency) increases. As a result, [err] is the largest
when [err] is the largest (i.e., at low frequencies) but a value
[err]sufficiently large to sustain oscillations is still provided at high
frequencies. The direct connection of range extending circuit 205 between
the input (G1) of amplifier 100 and signal ground, rather than through an
element having significant impedance in the frequency range of interest, 50
ensures that it will have an appreciable effect on the input capacitance
([err]) of amplifier 100. With regard to range extension network 205, it is
noted that while a dual gate FET has the advantages described above, its
gain (and therefore [err]) is lower than that of a bipolar transistor
configured in 



comparible fashion as a common collector Colpitts type oscillator with its
base electrode coupled to a tuned circuit, its emitter electrode coupled to
signal ground through an impedance and its collector electrode 55  serving
as the output electrode. Therefore, while range extension circuit 205 may
be utilized to extend the tuning range of a Colpitts type bipolar
transistor oscillator, its advantages are even more significant when
employed with an FET oscillator as shown in FIGURE 1. 5    EP 0 270 298 B1
It is known to employ a parallel tuned circuit in place of a series tuned
circuit as is shown in simplified form (without biasing elements) in FIGURE
1b. However, it was found that when a parallel tuned circuit was utilized
in place of series tuned circuit 300 it was more difficult to obtain the
wide tuning range required, even when a range extending circuit was
utilized as is shown in FIGURE 1b. This can be explained as 5 follows with
respect to the equivalent circuit shown in Figure 1c. In FIGURES 1b and 1c,
elements, corresponding to the same elements in FIGURES 1 and 1a,
respectively, are identified by the same reference designations. The primed
()designations correspond to the modification of replacing the series tuned
circuit with a parallel tuned circuit. With respect to FIGURE 1c, the
frequency of oscillation is inversely related to the square root of [err]
10 where C' is the combined capacitance of [err] and[err]. In this case,
the combined capacitance C' is given by [err]+[err]. For a wide tuning
range [err] should be small with respect to the lowest value of [err]
(corresponding to the highest frequency of oscillation) so that C' can
undergo substantially the full range of change of [err]. The value of [err]
can be lowered by connecting a low valued capacitor in series between the
parallel tuned circuit and the input of the amplifier. However, the
effective loss of the parallel tuned circuit 15 increases as the square of
the ratio [err] and therefore at the high values of CT (corresponding to
the low frequency end of the tuning range), the loss of the parallel tuned
circuit may overcome the gain (related to [err]) required for oscillation.
The addition of a varactor diode connected in series between the parallel
tuned circuit and the input of the amplifier and poled so that its
capacitance varies in the same sense as the varactor diode of the tuned 20
circuit as shown in FIGURE 1b tends to extend the tuning range by providing
compromise between a relatively low value of [err] at high frequencies and
a relatively low effective loss at low frequencies. However, it was found
that since the loss of the parallel tuned circuit varies with the square of
the ratio [err] at the lower frequency end of the required tuning range,
oscillation was not always reliable when an FET was utilized rather than a
higher gain (higher [err]) bipolar transistor. Accordingly, the series
tuned 25  configuration shown in Figure 1 is preferred for use with a FET.
As earlier noted, tuning control unit 9 may comprise a phase locked loop.
The reliable oscillation of oscillator 7 at low frequencies is particularly
important when a phase locked loop type of tuning control system is
employed. Phase locked loop tuning control systems usually employ a
frequency divider known as a "prescaler" for dividing the very high
frequency of the local oscillator signal before it is further divided 30 by
a programmable frequency divider according to the channel number and
thereafter compared with a reference frequency to generate the tuning
voltage. Some prescalers have shown an undesirable tendency to oscillate
and if the local oscillator does not oscillate reliably, the phase locked
loop may respond to the oscillatory signal of the prescaler rather than to
the local oscillator signal. Since the frequency of oscillation of the
prescaler tends to be high, the phase locked loop causes the tuning voltage
to decrease to attempt to 35 decrease the perceived frequency of
oscillation of the local oscillator. This tends to further hamper the
ability of the local oscillator to oscillate and the phase locked loop is
erroneously " locked" at the wrong frequency. Therefore, range extension
network 205 is particularly advantageous when a phase locked loop or other
type of closed loop frequency synthesis tuning control system such as a
frequency locked loop is employed. 40    Returning now to Figure 2, as
earlier noted, tuned circuit 500 associated with FET amplifier 400 of RF
section 3, like tuned circuit 300 associated with FET amplifier 100 of
local oscillator 7, is a series tuned circuit. Series tuned circuit 500
includes a plurality of inductors 501, 503, 505, 507, 509 and 511 which are
selectively configured in different series tuned circuits together with a
varactor diode 513 (actually two varactor diodes connected in parallel)
depending on the tuning band. The particular series tuned circuit 45
configuration is determined by bandswitching diodes 515, 517 and 519, the
conduction of which is controlled by the levels of bandswitching voltages
BS1 and BS2. The RF input signal is coupled to the junction of inductors
503 and 505. Series tuned circuit 500 is coupled to the first gate
electrode (G1) of FET 401 through a coupling capacitor 521. A varactor
diode 523 is connected in shunt with the first gate electrode (G1) and is
poled so that its 



50  capacitance changes in the same sense as varactor diode 513 in response
to changes of the magnitude of the tuning voltage (TV). Varactor diode 523
serves to make the impedance presented by series tuned circuit 500 and the
impedance presented at the input (G1) of amplifier 400 more closely match
for optimum power transfer throughout the tuning range than otherwise. The
function of varactor diode 523 associated with amplifier 500 of RF section
3 is not the same as the function of range extending varactor diode 209 55
associated with amplifier 100 of local oscillator 7. However, the two
similarly connected diodes do tend to make the tuning configurations
similar and, therefore, tend to benefit tracking between RF stage 3 and
local oscillator 7.    EP 0 270 298 B1 It is noted that inductor 511 is
connected in series between varactor diode 513 and the input (G1) of
amplifier 500 and corresponds to the similar connection of inductor 305 in
series between varactor diode 307 and the input (G1) of amplifier 100 in
local oscillator 7. This similarity of tuning configuration also tends to
benefit the tracking between RF stage 3 and local oscillator 7. 5  While
the second gate of FET amplifier 401 is bypassed to ground with respect to
RF signals, an automatic gain control AGC) voltage is coupled to it from
the IF section of the receiver to control the gain of amplifier 400 as a
function of signal strength. As earlier noted, the output of FET amplifier
400 is coupled to the input of FET amplifier 700 through doubly tuned
filter 600 including two inductively coupled series tuned circuits 601 and
603. Series tuned 10 circuits 601 and 603 include respective pluralities of
inductors 605, 607 and 609 and 611, 613 and 615 connected in series with
respective varactor diodes 617 and 619. Tuned circuits 601 and 603 include
respective bandswitching diodes 621 and 623 and 625 and 627. Tuned circuit
601 is coupled to the output (D) of FET amplifier 400 through a coupling
capacitor 629. An impedance matching varactor diode 631 is connected in
shunt to the output (D) of FET amplifier 400 and has a similar function to
impedance matching 15  diode 523 connected in shunt with the input (G1) of
amplifier 400. A corresponding impedance matching diode 633 is connected in
shunt with the input of FET amplifier 700. Another varactor diode 635 is
connected in series between inductor 611 and the input of FET amplifier 700
and also serves as an impedance matching device. Inductor 609 is connected
in series between the output (D) of amplifier 400 and varactor diode 617
and inductor 611 is connected in series between the input of amplifier 700
and 20 varactor diode 619. Like inductor 511 associated with RF amplifier
400 and inductor 305 associated with local oscillator 7, inductors 605 and
611 serve to isolate the respective varactor diodes from stray
capacitances. Here again, since tuned circuits 601 and 603 are configured
in similar manner to tuned circuit 300 of local oscillator 7 and are loaded
in similar fashion (noting that a relatively high impedance is exhibited at
the drain as well as the gate electrode of an FET), tracking between RF
stage 3 and local 25  oscillator 7 tends to be benefited. While tracking is
benefited by the similar tuning circuit and amplifier configurations of RF
stage 3 and local oscillator 7, it has been found desirable because of the
relatively large tuning range in the present embodiment to employ another
enhancement to tracking. Specifically, referring back to Figure 1, it is
noted that a bandswitching diode 333 and a low value capacitor 335 are
connected in series across varactor diode 30  307 and inductor 305.
Bandswitching voltage BS1 is applied to the cathode of bandswitching diode
333 through a network including a filter capacitor 337 and an isolation
resistor 339.The anode of bandswitching diode 333 is coupled to signal
ground through inductors 301 and 303. Bandswitching diode 333 is rendered
conductive in the lowest tuning range when bandswitching voltage BS1 is at
the low level (-12 volts). The additional capacitance has been found to aid
tracking at the upper frequency end of the lowest tuning 35  range. A type
1SV161 varactor diode commercially available from Toshiba and type BF994 or
3SK137 FETs commercially available from Siemens and Hitachi, respectively,
are suitable for use in the circuitry shown in the various FIGURES. While
the present invention has been described in terms of the VHF section of a
tuner, it can also be 40  utilized in the UHF section. For UHF application,
capacitor 203 of the oscillation conditioning network 200 of local
oscillator 7 may comprise an internal capacitance element. These and other
modifications are intended to be within the scope of the invention defined
by the following claims. Claims 45 1. Apparatus comprising: an amplifying
device (101) having a conduction path terminated in first (S) and second
electrodes (D) and a control electrode (G1) for controlling the conduction
of said conduction path; 



oscillation conditioning means (200) coupled between said control electrode
(G1) and said first so     electrode (S) for conditioning said amplifying
device (101) to oscillate in a predetermined range; frequency determining
means (300) including a first controllable capacitance means (307) respon-
sive to a tuning control signal (TV) and an inductance element (305)
coupled in series between said control electrode (G1) and a point of
reference potential for determining the particular frequency of oscillation
of said oscillator; 55         output means (119) for deriving an output
signal at said oscillation frequency at said second electrode (D); and
tuning control means (9) for generating said tuning control signal;
characterized by: a second controllable capacitance means (207,209) also
responsive to said tuning control signal 7    EP 0 270 298 B1 It is noted
that inductor 511 is connected in series between varactor diode 513 and the
input (G1) of amplifier 500 and corresponds to the similar connection of
inductor 305 in series between varactor diode 307 and the input (G1) of
amplifier 100 in local oscillator 7. This similarity of tuning
configuration also tends to benefit the tracking between RF stage 3 and
local oscillator 7. 5     While the second gate of FET amplifier 401 is
bypassed to ground with respect to RF signals, an automatic gain control
AGC) voltage is coupled to it from the IF section of the receiver to
control the gain of amplifier 400 as a function of signal strength. As
earlier noted, the output of FET amplifier 400 is coupled to the input of
FET amplifier 700 through doubly tuned filter 600 including two inductively
coupled series tuned circuits 601 and 603. Series tuned 10 circuits 601 and
603 include respective pluralities of inductors 605, 607 and 609 and 611,
613 and 615 connected in series with respective varactor diodes 617 and
619. Tuned circuits 601 and 603 include respective bandswitching diodes 621
and 623 and 625 and 627. Tuned circuit 601 is coupled to the output (D) of
FET amplifier 400 through a coupling capacitor 629. An impedance matching
varactor diode 631 is connected in shunt to the output (D) of FET amplifier
400 and has a similar function to impedance matching 15  diode 523
connected in shunt with the input (G1) of amplifier 400. A corresponding
impedance matching diode 633 is connected in shunt with the input of FET
amplifier 700. Another varactor diode 635 is connected in series between
inductor 611 and the input of FET amplifier 700 and also serves as an
impedance matching device. Inductor 609 is connected in series between the
output (D) of amplifier 400 and varactor diode 617 and inductor 611 is
connected in series between the input of amplifier 700 and 20 varactor
diode 619. Like inductor 511 associated with RF amplifier 400 and inductor
305 associated with local oscillator 7, inductors 605 and 611 serve to
isolate the respective varactor diodes from stray capacitances. Here again,
since tuned circuits 601 and 603 are configured in similar manner to tuned
circuit 300 of local oscillator 7 and are loaded in similar fashion (noting
that a relatively high impedance is exhibited at the drain as well as the
gate electrode of an FET), tracking between RF stage 3 and local 25
oscillator 7 tends to be benefited. While tracking is benefited by the
similar tuning circuit and amplifier configurations of RF stage 3 and local
oscillator 7, it has been found desirable because of the relatively large
tuning range in the present embodiment to employ another enhancement to
tracking. Specifically, referring back to Figure 1, it is noted that a
bandswitching diode 333 and a low value capacitor 335 are connected in
series across varactor diode 30 307 and inductor 305. Bandswitching voltage
BS1 is applied to the cathode of bandswitching diode 333 through a network
including a filter capacitor 337 and an isolation resistor 339.The anode of
bandswitching diode 333 is coupled to signal ground through inductors 301
and 303. Bandswitching diode 333 is rendered conductive in the lowest
tuning range when bandswitching voltage BS1 is at the low level (-12
volts). The additional capacitance has been found to aid tracking at the
upper frequency end of the lowest tuning 35 range. A type 1SV161 varactor
diode commercially available from Toshiba and type BF994 or 3SK137 FETs
commercially available from Siemens and Hitachi, respectively, are suitable
for use in the circuitry shown in the various FIGURES. While the present
invention has been described in terms of the VHF section of a tuner, it can
also be 40  utilized in the UHF section. For UHF application, capacitor 203
of the oscillation conditioning network 200 of local oscillator 7 may
comprise an internal capacitance element. These and other modifications are
intended to be within the scope of the invention defined by the following
claims. Claims 45 



1. Apparatus comprising: an amplifying device (101) having a conduction
path terminated in first (S) and second electrodes (D) and a control
electrode (G1) for controlling the conduction of said conduction path;
oscillation conditioning means (200) coupled between said control electrode
(G1) and said first 50     electrode (S) for conditioning said amplifying
device (101) to oscillate in a predetermined range; frequency determining
means (300) including a first controllable capacitance means (307) respon-
sive to a tuning control signal (TV) and an inductance element (305)
coupled in series between said control electrode (G1) and a point of
reference potential for determining the particular frequency of oscillation
of said oscillator; 55        output means (119) for deriving an output
signal at said oscillation frequency at said second electrode (D); and
tuning control means (9) for generating said tuning control signal;
characterized by: a second controllable capacitance means (207,209) also
responsive to said tuning control signal 7 7           *  C   L  M  S  *
EP 0 270 298 B1 (TV) directly connected between said control input (G1) and
said point of reference potential without any intervening element having
significant impedance in said predetermined range for ensuring that said
amplifying device (101) oscillates throughout said predetermined range. 5
2. The apparatus recited in Claim 1 characterized in that: said second
controllable capacitance means (207,209) further comprises a fixed
capacitance element (207) exhibiting a significant impedance in said
predetermined frequency range connected in series with said second varactor
diode (209) between said control electrode (G1) and said point of reference
potential. 10 3. The apparatus recited in Claim 1 or 2 characterized in
that: said amplifying device (101) is a field effect transistor having
source, drain and gate electrodes, said first electrode (S) is said source
electrode, said second electrode (D) is said drain electrode and said
control electrode (G1) is said gate electrode. 15 4. Apparatus comprising:
an amplifying device (101) having a conduction path terminated in first (S)
and second electrodes (D) and a control electrode (G1) for controlling the
conduction of said conduction path; oscillation conditioning means (200)
coupled between said control electrode (G1) and said first 20     electrode
(S) for conditioning said amplifying device (101) to oscillate in a
predetermined range; frequency determining means (300', Fig. 1b) including
a first controllable capacitance means responsive to a tuning control
signal (TV) and an inductance element coupled in parallel between said
control electrode (G1) and a point of reference potential for determining
the particular frequency of oscillation of said oscillator; 25
output means (119) for deriving an output signal at said oscillation
frequency at said second electrode (D); and tuning control means (9) for
generating said tuning control signal; characterized by a second
controllable capacitance means also responsive to said tuning control
signal (TV) directly connected between said control input (G1) and said
frequency determining means without any intervening element 30     having
significant impedance in said predetermined range for ensuring that said
amplifying device (101) oscillates throughout said predetermined range. 5.
The apparatus recited in Claim 1, 2 or 4 characterized in that: said
amplifying device (101) is a bipolar transistor having an emitter electrode
as said first 35     electrode (S), a collector electrode as said second
electrode (D), and a base electrode as said control electrode (G1). 6. The
apparatus recited in any preceding claim characterized in that: said
oscillation conditioning means (200) includes a first fixed capacitance
element (203) coupled 40   between said control electrode (G1) and said
first electrode (S) and a second fixed capacitance element (201) coupled
between said first electrode (S) and said point of reference potential. 7.
The apparatus recited in any preceding claim characterized in that: said
tuning control signal (TV) is a tuning voltage having a controllable
magnitude; 



45        said first (307) and second (207,209) controllable capacitance
means comprise respective first and second varactor diodes poled so as to
exhibit capacitances which change in the same sense in response to changes
of the magnitude of said tuning voltage. 8. The apparatus recited in any
preceding claim characterized in that: 50        said tuning control means
(9) includes a closed loop frequency synthesizer for comparing the
frequency of a signal related to said output signal to a reference value to
generate said tuning control signal. Patentanspruche 55 1. Gerdt umfassend:
eine Verstfrkungsvorrichtung (101) mit einem leitenden Weg, der an einer
ersten Elektrode (S) und an einer zweiten Elektrode (D) endet, und mit
einer Steuerelektrode (Gi) zur Steuerung der Leitung des 8    EP 0 270 298
B1 leitenden Weges; Schwingungs-Konditionierungsmittel (200), die zwischen
der Steuerelektrode (G1) und der ersten Elektrode (S) liegen, um die
Verstarkungsvorrichtung (101) in die Lage zu versetzen, in einem
vorgegebenen Bereich zu schwingen; 5         Frequenzbestimmungsmittel
(300) mit ersten steuerbaren Kapazitltsmitteln (307), die auf ein
Abstimm-Steuersignal (TV) ansprechen, und mit einem induktiven Element
(305), das in Reihe zwi- schen der Steuerelektrode (01) und einem
Bezugspotentialpunkt liegt, um die besondere Schwingungs- frequenz des
Oszillators zu bestimmen; Ausgangsmittel (119) zur Ableitung eines
Ausgangssignals mit der Schwingungsfrequenz an der 10     zweiten Elektrode
(D); und Abstimm-Steuermittel (9) zur Erzeugung des Abstimm-Steuersignals;
gekennzeichnet durch: zweite steuerbare Kapazitltsmittel (207, 209), die
ebenfalls auf das Abstimm-Steuersignal (TV) ansprechen und unmittelbar
zwischen dem Steuereingang (G1) und dem Bezugspotentialpunkt liegen, ohne
daB irgendein Element mit einer nennenswerten Impedanz in dem vorgegebenen
Bereich 15     dazwischen liegt, um sicherzustellen, daB die
Verstarkungsvorrichtung (101) im ganzen vorgegebenen Bereich schwingt. 2.
Gerat nach Anspruch 1, dadurch gekennzeichnet, daB die zweiten steuerbaren
Kapazititsmittel (207, 209) ferner ein festes Kapazitmtselement (207) 20
enthalten, das in dem vorgegebenen Frequenzbereich eine nennenswerte
Impedanz hat und in Reihe mit der zweiten Kapazitats-Diode (209) zwischen
der Steuerelektrode (G1) und dem Bezugspotential- punkt liegt. 3. Gerat
nach Anspruch 1 oder 2, dadurch gekennzeichnet, 25        daB die
Verstfrkungsvorrichtung (101) ein Feldeffekt-Transistor mit Quellen-,
Drain- und Gate- Elektrode ist, wobei die erste Elektrode (S) die
Source-Elektrode, die zweite Elektrode (D) die Drain- Elektrode und die
Steuerelektrode (G1) die Gate-Elektrode ist. 4. Gernt umfassend: 30
eine Verstarkungsvorrichtung (101) mit einem leitenden Weg, der an einer
ersten Elektrode (8) und an einer zweiten Elektrode (D) endet, und mit
einer Steuerelektrode (61) zur Steuerung der Leitung des leitenden Weges;
Schwingungs-Konditionierungsmittel (200), die zwischen der Steuerelektrode
(G1) und der ersten Elektrode (S) liegen, um die Verstarkungsvorrichtung
(101) in die Lage zu versetzen, in einem 35     vorgegebenen Bereich zu
schwingen; Frequenzbestimmungsmittel (300', Fig. lb) mit ersten steuerbaren
KapazitAtsmitteln, die auf ein Abstimm-Steuersignal (TV) ansprechen, und
mit einem induktiven Element, das parallel zwischen der Steuerelektrode
(G1) und einem Bezugspotentialpunkt liegt, um die besondere
Schwingungsfrequenz des Oszillators zu bestimmen; <    40
Ausgangsmittel (119) zur Ableitung eines Ausgangssignals mit der
Schwingungsfrequenz an der zweiten Elektrode (D); und Abstimm-Steuermittel
(9) zur Erzeugung des Abstimm-Steuersignals; gekennzeichnet durch: zweite
steuerbare Kapazitltsmittel, die ebenfalls auf das Abstimm-Steuersignal
ansprechen und unmittelbar zwischen dem Steuereingang (G1) und den
frequenzbestimmenden Mittein liegen, ohne 45     daB irgendein Element mit
einer nennenswerten Impedanz in dem vorgegebenen Bereich dazwischen 



liegt, um sicherzustellen, daB die Verstlrkungsvorrichtung (101) im ganzen
vorgegebenen Bereich schwingt. 5  Gerat nach Anspruch 1, 2 oder 4, dadurch
gekennzeichnet, 50        daB die Verst~rkungsvorrichtung (101) ein
bipolarer Transistor mit einer Emitterelektrode als erster Elektrode (S),
einer Kollektorelektrode als zweiter Elektrode (D) und einer Basiselektrode
als Steuer- elektrode (G1) ist. 6. Gerat nach einem der vorhergehenden
AnsprUche, dadurch gekennzeichnet, 55        daB die
Schwingungs-Konditionierungsmittel (200) ein erstes festes
Kapazitlitselement (203), das zwischen der Steuerelektrode (G1) und der
ersten Elektrode (GS) liegt, und ein zweites festes Kapazitatselement
(201), das zwischen der ersten Elektrode (S) und dem Bezugspotentialpunkt
liegt, enthalten. 9                     11111111 l1  11 11|    EP 0 270 298
B1 7. Gerat nach einem der vorhergehenden AnsprUche, dadurch
gakeriritzichnet, daB das Abstimm-Steuersignal (TV) eine Abstimm-Spannung
mit steuerbarer GroBe !st, und daB die ersten (307) und zweiten (207, 209)
steuerbaren KapazitAtsmittel entsprechende erste und zweite
Kapazitlts-Dioden sind, die so gepolt sind, daB sich ihre KapazitAten im
selben Sinne in Abhangigkeit 5      von Anderungen der GroBe der
Abstimm-Spannung andern. 8.  Gerdt nach einem der vorhergehenden AnsprUche,
dadurch gekennzeichnet, daB die Abstimm-Steuermittol (9) einen
Frequenz-Synthesizer mit geschlossener Schleife zum Vergleich der Frequenz
eines auf das Ausgangssignal bezogenen. Signals mit einem Bezugswert 10
enthalten, um das Abstimm-Steuersignal zu erzeugen. Revendications 1.
Dispositif comprenant: 15        un dispositif d'amplification (101)
comportant un parcours conducteur borne par les premiere (S) et seconde (D)
Electrodes et une electrode de commande (G1) pour regler la conduction
dudit parcours conducteur; un moyen de conditionnement des oscillations
(200) couple entre ladite electrode de commande (01) et ladite premibre
Electrode (S) pour conditionner ledit dispositif d'amplification (101) a
osciller 20     dans une bande de reglage determinde; un moyen de
determination de frequences (300) incluant un premier moyen de capacite
reglable (307) sensible a un signal de commande d'accord (TV) et un Elment
d'inductance (305) couplE en s~rie entre ladite electrode de commande (G1)
et un point du potentiel de reference pour determiner la frequence
particuliere d'oscillation dudit oscillateur; 25         un moyen de sortie
(119) pour delivrer un signal de sortie a ladite frdquence d'oscillation au
niveau de ladite seconde electrode (D) ; at un moyen de commande d'accord
(9) pour produire ledit signal de commande d'accord caracterise par: un
second moyen de capacitd reglable (207, 209) egalement sensible audit
signal de commande 30     d'accord (TV) directement connectd entre ladite
entree de commande (01) et ledit point de potentiel de reference sans
intervention quelconque d'un element ayant une impedance significative dans
ladite bande predeterminde pour assurer quo ledit dispositif
d'amplification (101) oscille sur toute ladite bande predeterminee. 35 2.
Dispositif selon la revendication 1 caractdrisd en ce que: ledit second
moyen de capacite reglable (207,209) comprend, de plus, un element de
capacite fixe (207) presentant une impedance significative dans ladite
bande de frdquence predeterminee connecte en serie a ladite seconde diode
du varactor (209) entre ladite electrode de commando (G1) at ledit point de
potentiel de reference. 40 3. Dispositif selon la revendication 1 ou 2
caractdrisd en ce que: ledit dispositif d'amplification (101) est un
transistor A effet de champ comportant des Electrodes de source, de drain
et de grille, ladite premiere electrode (S) est ladite electrode de source,
ladite seconde Electrode (D) est ladite electrode de drain et ladite
electrode de commande (G1) est ladite 45     electrode de grille. 4.
Dispositif comprenant: un dispositif d'amplification (101) comportant un
parcours conducteur borne aux premibre (S) et 



seconde (D) electrode et une electrode de commande (G1) pour commander la
conduction dudit 50     parcours conducteur; un moyen de conditionnement
des oscillations (200) couple entre ladite electrode de commando (G1) et
ladite premibre electrode (S) pour conditionner ledit dispositif
d'amplification (101) a osciller dans une bande predeterminee; un moyen de
determination de frequences (300', Figure 1 b) incluant un premier moyen de
capacite 55     reglable sensible a un signal de commande d'accord (TV) et
un element d'inductance couple en parallble entre ladite electrode de
commande (G1) et un point de potentiel de reference pour determiner la
frequence particuliere d'oscillation dudit oscillateur; un moyen de sortie
(119) pour delivrer un signal de sortie a ladite frequence d'oscillation au
niveau 10                    III 11|| 11| ||||||     11111 111111 | | *
C N  S   *    EP 0 270 298 B1 de ladite seconde electrode (D); et un moyen
de commande d'accord (9) pour produire ledit signal de commande d'accord
caracterise par un second moyon de capacite r~glable egalement sensible
audit signal de commando d'accord (TV) directoment connecte entre ladite
entree de commando (G1) et ledit moyen de 5      determination de frequence
sans intervention quelconque d'element ayant une impedance significative
dans ladite bande preddterminee pour assurer quo ledit dispositif
d'amplification (101) oscille sur toute ladite bande preddterminoe. 5.
Dispositif solon la revendication 1, 2 ou 4 caracterise on ce quo: 10
ledit dispositif d'amplification (101) est un transistor bipolaire
comportant une 6lectrode d'6metteur sous forme de ladite premibre olectode
(S) , une electrode de collecteur sous forme de ladite seconde olectrode
(D) et une electrode de base sous forme de ladite tlectrode de commando
(G1). 6. Dispositif solon 'une quelconque des revendications precedentes
caractdris4 en co quo: 15        ledit moyen de conditionnement des
oscillations (200) inclut un premier 6lement de capacite fixe (203) couple
entre ladite electrode (G1) at ladite premiere electrode (S) et un second
element de capacite fixe (201) coupl4 entre ladite premibre electrode (S)
et ledit point de potentiol de r6fdrence. 7. Dispositif salon l'une
quelconque des revendications precdentes caractdris4 en ce quo: 20
ledit signal de commando d'accord (TV) est une tension d'accord poss~dant
une amplitude reglable; lesdits premier (307) et second (207, 209) moyens
de capacite r~glable comprennent les premibre et seconde diodes de varactor
respective polarisees de fagon a presenter des capacites qui varient dans
le meime sons en reponse aux variations de l'amplitude de ladite tension
d'accord. 25 8. Dispositif selon lune quelconque des revendications
prdc~dentes caractdris4 en ce quo: ledit moyen de commande d'accord (9)
inclut un synthetiseur de frdquences a boucle fermde pour comparer la
frequence d'un signal relie audit signal de sortie & une valeur de
r6f6rence pour produire ledit signal de commande d'accord. 30 35 40 45 50
55 11    


