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BACKGROUND '
The present invention generally concerns a negative feedback
control circuit having a common line for input and output signals, and
more particularly, a television receiver tuner having a local oscillator
which is controlled by a phase-locked- loop.
Television receivers include a " tuner section for
10  heterodyning in a mixer received signals, e.g., broadcast or cable RF
signals, to produce an intermediate frequency (IF) signal. The IF signal
is processed by the IF signal section and the picture and sound
components are further processed by -respective signal processing
sections to produce a video picture signal for displaying an image on a

15 CRT, and to produce an audio signal for producing an audio response by
a loudspeaker.

The tuner section includes at least one controlled local
oscillator and at least one RF amplifier wherein both have voltage
controlled tuning circuits controlled in response to the magnitude of a

20 tuning voltage (TV), generated in the exemplary embodiment by the
PLL, responsive to the selected channel. Typically the tuned circuits
include combinations of inductors and varactor diodes which are
reverse biased so as to exhibit a variable capacitive reactance having a
value determined by the magnitude of the tuning voltage.

25 Phase locked loop (PLL) tuning systems employ a closed loop
negative feedback arrangement for controlling the frequency of the
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local oscillator signal. The closed loop arrangement includes.

programmable digital counters as programmable frequency dividers by

which a signal is generated which is the frequency to the local

30 oscillator signal dividled by a programmable factor related to the

selected channel. The programmable - frequency divider can be

-preceded by an optional prescaler circuit which frequency divides. the

incoming signal by a constant factor. As used herein, functional

statements referring to frequency division, prescaler, and frequency

35 dividers are independent. 9£ whether or not the frequency division is
' . pro gramniable '

"~ The frequenéy and phase of the latter signals are compared

by a phase detector to a rgference frequency signal to derive a control

voltage for controlhng th& frequency of the controlled local oscillator.
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carry high frequency signals which can radlate, and carry pick-up
10 sensitive tuning voltage signals. It is desirable to minimize these
adverse effects. Such minimization can be achieved by reducing the
length of the lines and/or reducing the number of lines. In particular,
reducing the number of lides has the advantage of simplifying printed
circuit board layout and reducing the pick-up and radiation produced
15 by printed circuit wiring leads.
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SUMMARY OF THE INVENTION
Briefly, the present invention relates to a television
receiver having an electronically controlled tuner. A controlled local
2 0 oscillator provides a local oscillator signal for the mixer. The controlled
local oscillator includes an first input terminal for receiving a control
signal for controlling its frequency and a first output terminal for
providing an output local oscillator signal. @A phase-locked loop
includes a second input terminal for receiving the local oscillator signal
25 and a second output terminal for providing a signal back to the first
input terminal of the controlled local oscillator for controlling its
frequency. At least a portion of the coupling between the first output
terminal and the second input terminal, and the second output terminal
and the first input terminal, have a common line.
30
BRIEF DESCRIPTION OF THE DRAWINGS _
' Figure 1 is a block diagram of a television receiver and a
tuner according to aspects of the present invention. '
Figure 2 is a partial detailed schematic of the controllable local
3§ oscillator and phase-locked loop of Figure 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The television receiver 10 of FIGURE 1 includes a signal
source 12 for receiving radio frequency (RF) television signals and
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the control lc,ecﬂ'nbgﬁ%ts?sci’II’ﬂeat&{rominance and luminance signals are coupled for
providing an image display on kinescope 24 with the sound signals
10 being coupled to a loudspeaker 26.

' RF amplifiers 14 typically include a plurality of varactor
ledCS (not shown) which change capacitive reactance in response to a
variable tuning signal in the form of a tuning voltage (TV). Voltage
controlled oscillator 42 typically includes a plurality of varactor diodes

135 and inductances with the frequency of oscillation frequency being
controlled by control of the capacitance of the varactor diodes by a
tuning voltage (TV).

- The output signal (LO) of oscillator 42 is coupled to a
programmable/prescaler frequency divider 46 which divides the

20 frequency of LO by a factor determined by a channel selector 48 in
accordance with the channel number and band of the selected channel.
In particular, BCD signals generated by channel selection unit 48 are
applied to programmable counters in frequency divider 46.
Additionally, band selector 49, generates band selection signals

2 5 responsive to the band. of the selected channel. The band selection
signals are coupled to appropriate PIN switching diodes in amplifier 14
and oscillator 42 for changing the circuit configuration for optimizing
operation of the respective members in the selected frequency bands.

' The output signal of frequency- divider 46 is coupled to an

30 input of phase detector 38. Phase detector 38 compares the frequency
of the output signal of frequency divider 46 with a reference frequency
' signal derived from reference frequency generator 34. Generator 34
typically is a crystal oscillator with an output signal which is- sometimes
frequency divided by an o;')tior;al frequency divider 36. Phase detector

35 38 develops an output signal representing the phase and/or frequency
deviation between its two input signals. A typical phase detector
provides a series of pulses at the reference frequency whose duration
is related to the phase and frequency deviation between its two input
signals. The output signal of phase detector 38 (error signal) is coupled
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fRtegrates, the erro signal to provide a
very low frequency or DC signal, the amplitude of which varies in
accordance with the detected phase and frequency deviations. This
variable DC si'gnal (TV) is coupled to the voltage controlled oscillator 42
to control its frequency of oscillation. In operation, the output signal of
filter 40 controls the frequency of the local oscillator signal until the
frequency and phase of the output signals of dividers 36 and 46 are in
a predetermined relationship, e.g., substantially equal. At this point,
phase-locked loop 16 is said to be "locked". The filtered error signal is
also used for providing the tuning voltage (TV) for RF amplifiers 14.

As seen in Figure 1, line 50 provides tuning voltage TV to
oscillator 42 and amplifier 14. Additionally, the same line 50 also
provides the local oscillator signal LO from oscillater 42 to frequency
divider 46. Thus, both the input signal and the output signal from the
negative feedback control circuit, which in the exemplary embodiment
is a PLL, are on a !single line, and as explained above, permit a
reduction of the number of lines which must be used with the

advantage of simplifying printed circuit board layout, and reducing the

pick-up and radiation produced by the printed circuit wiring leads.
Figure 2 shows particular details of the coupling circuit
between local oscillator (LO) 42 and PLL 16. The voltage controlled
oscillator 42, generally shown Figure 1, actually comprises two
oscillators, a UHF LO 42U and a VHF LO 42V. In the exemplary
embodiment, these oscillators are portions of the CXAI1594L integrated
circuit manufactured by the Sony Corporation. Components of the PLL
16, i.e., frequency divider 46, phase detector 38, etc. can be any
appropriate PLL IC, the exemplary IC being a Siemens MGP 3002X.

_ Tuning varactor diodes 52a,b, padder capacitor 54, and
coupling capacitor 56 are coupled to LO 42V at terminals 42a,b.
Resistor 58 provides a DC ground return for varactor diode 52a. The
output signal from LO 42V at node 60 is coupled to line 50 via resistor

- RV, with the tuning voltage from line 50 being applied via node 60 to

tuning varactor diodes 52a,b.

Tuning varactor dlodes 62, 64, padder capacitor 66, and
coupling capacitors 68a,b are coupled to LO 42U at terminals 42c.d.
Resistor 70 provides a DC ground return for varactor diodes 62, 64.
Coil 71 helps LO 42U maintain oscillation across its band of frequencies.
The output signal from LO 42U at node 72 is cdupled to line 50 via
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having a low pass feedback network of capacitor 78 and resistor 80,
and further filtered by low pass network 82. " The output signal of

10 network 82 provides the tuning voltage TV and is fed back to oscillator
42 via line 50. The tuning voltage TV is fed via line 50 and resistors
RV and RU to respective varactor diodes of oscillators 42V and 42U for
controlling the oscillation frequency of said oscillators in a manner
discussed above in connection with Figure 1. Tuning signal TV is

15 Dblocked from the frequency divider 46 by capacitor 74 which is only 8
picofarads (pf).

The values' of resistors RU and RV are chosen to
accommodate conflicting requirements. It is desirable that the values
of resistors RU and RV be small so that a higher and more reliable

20 prescaler drive voltage will be provided to PLL 16. However, if
resistors RU and RV are too small, the tank circuits of the oscillators
may be sufficiently loaded by the low input impedance of the PLL,
which in the exemplary embodiment is bipolar, so that the oscillators
may not .reliably oscillate. In the exemplary embodiment, values of

25 one kohm for each of resistors RU and RV were found to work well.

In the VHF frequency range, a bandswitching signal from
band selector 49 is fed to terminal 84 and low . pass filtered by resistor
86 and capacitor 88. In the lower frequency range of the VHF band,
the bandswitching voltage at terminal 84 is low and PIN switching
30 diode 90 remains open. In this mode, series inductances 92 and 94
provide maximum inductance to VHF oscillator 42V for a lower
~ frequency of oscillation. For bandswitching to the higher VHF band, the
bandswitching voltage at terminal 84 is high causing PIN diode 90 to
conduct and shunts capacitor 88 across inductance 94 effectively

35 removing inductance 94 from the circuit. Thus, for the higher VHF
band, the inductance in the VHF oscillator circuit 42V is lower for
generating a higher frequency of oscillation. '
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a phase-locked loop (16) for controlling the frequency of
said local oscillator, said phase-locked loop comprising:

10 a frequency divider means (46) having a second input
terminal for receiving said local oscillator signal from said first
output terminal and providing a frequency divided version of the
local oscillator signal,

a channel selection device (48) for controlling the frequency

15 division ratio of said frequency divider,

a reference frequency signal generator (34) for prov1d1ng
a reference frequency signal,

a phase detector (38) for comparing the frequency divided

_ version of the local oscillator signal and the reference frequency

20 signal, and .

a low pass filter (40) including a second output terminal for
providing a tuning signal derived from said phase detector (38) back
to the first input terminal of said controlled local oscillator (42) for
controlling the frequency of said controlled local oscillator,

25 characterized by at least a portion of the coupling between the first
output terminal of the local oscillator and the second ' input terminal
of the frequency divider means, and the second output terminal of
the low pass filter and the first input terminal of the local oscillator,

~ having a common line (50).

30
2. The electronic tuning apparatus according to claim 1
wherein said local oscillator (42) includes a variable reactance
element, the reactance of ‘which varies in response to said tuning
signal. :
35
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source 12 for receiving radio frequency (RF) television signals and
umu“”‘ mmm”m trolled RF anplifiers- 14 for tuning and mAl RG5A0 t he
rec e processed RF signals are conbined in a mxer 18
wirth | ocal* odti ISl ator si gnal s generated by a | ocal oscillator 42 controlled
by a phase-locked | ogp 18n! eldctfdhic dturiff Capparatas dompHsp: (| F)
a controlled local oscillator (42) having a first output
terminal for providing an output signal of the local oscillator, and an
first input terminal for receiving a tuning signal for controlling the
5  frequency of the local oscillator signal, and
a phase-locked loop (16) for controlling the frequency of
said' oscillator, said phase-locked loop (16) including a second input
terminal for receiving said local oscillator signal from said first
output “terminal and a second output terminal for providing a tuning
10 signal to the first input terminal of said controlled local oscillator for
controlling the frequency of said controlled local oscillator,
characterized by at least a portion of. the coupling between the first
output ,terminal and the second input terminal, and the second
output terminal and the first input terminal, having a common line
15 (50).

4. A feedback control apparatus comprising:
a controllable circuit (42) having a first output terminal
for providing an output signal, and a first input terminal for
20 receiving a control signal, and
a negative feedback control circuit (16) for controlling
the controllable circuit, said negative feedback control circuit
including a second input terminal for receiving said output signal,
and a second output terminal for providing the control signal back to
25 the first input terminal, characterized by at least a portion of the
coupling between the first output terminal and the second input
terminal, and the second output terminal and the first input
terminal, having a common line (50).

30 5. A television receiver having an electronically
controllable tuner comprising: :

a controlled local oscillator (42) for supplying a local
oscillator signal, said local oscillator having a first output terminal
for providing an output of the local oscillator signal, and an first

35 input terminal for receiving a tuning signal for controlling the
frequency of the local oscillator signal, and
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: terminal, and the second output terminal and the first input

10 terminal, having a common line (50).

6. The electronic tuning apparatus according to claim 5
wherein said local oscillator (42) includes a variable reactance
element, the reactance of which varies in response to said tuning

15 signal. '
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accordance with the channel nunber and band of the sel ected channel. :
I'h particular, BCD signals generated by channel sel ection UNRIC ABRGKE0
applied to progrannable counters in frequency divider 46.

Addi tional |y, band sel ector 49, generates band sel ection signals 2 5

responsi vagerg fepand. of the sel ected channel. The band sel ection

signals are coupled to appropriate PIN switching diodes in anplifier 14

and oscillator 42 for changing the circuit configuration for optim zing
operation of the regpegli¢vigicrenieeesvem Hahengehﬁcemitfdrﬁqmﬂycyohmm

phase. dut LuTr Iogretesiedd AP dattobhed 10chy. e a2f BRuipet o M )
out putd si gscillagédr fsignpale fory the vindxeer 458)M t The cefroledeldaadgosnillator

si gnal [ f n Iy 3
typicall y(‘?zsl)egn{::lru@s@tsa ﬁogzi:'ﬁl F‘g‘%& w an out%&%l%n% ﬁ?&hﬁg%lofr%rt i mes
f r equencyCeniyPHERE VSaﬁeayppﬁxaandr%qimfcpuapm défmy@ fonprovidingctagy 3 5
38 devel opgitpait Rﬂial@ubsﬁllﬁ&ﬁ' sf@mese@t m&l&mﬂasso@rgéqrxﬂdlﬁw@y
devi ation_bet |E nal s le cal ase de ect r
secon mpu termmal for recé iving the local” oscillator 51gna a
10 second output terminal for providing a signal back to the first input
terminal of -the controlled local oscillator for controlling its frequency.
At least a portion of the coupling between the first output terminal
and the second input terminal, and the second output terminal and

the first input terminal, have a common line (50).
15

—+

- taced
Th “I‘



3}

3 (AL
Soc J9VLT0A
553+-.° az_zEJ 0
—20_% 31 (
g ; @ wm "] ssvdmo1 [
s m E L9 WNIIS v <
82522 1 _ |
2% = HOUKI ™ HOLOT 1S HOLOITS _ N
Sg5<c TAINNVHO anve [T Y H ;
TG-S o J | 4
SO0 nc 11 o
ga28 , . | HOLVTNISO
=683 GITIOHINOD
=, D h R % 1| 3oviton
focct NORIEOG b H0L03130 430N % o
65— % | AONINDIY AININD3Y4 4
m B2<Q | JONMI [ ] WNOLAO [ | 3SVHd < Jonanoaw SL %%\L 05
O X>T .— : -
NELEL J J t 1
2e32 Dl " ’ W] [
-~ gEve 92 |
225 INISSID0Hd | Y3 | il Y31 TdWY JH
L Ve whas [ a0 [P e Goumes
22_=0 . ONINAL
2 M ww 2 NN\ 8\ 8l 7
o 0n._ n O : '
T »n ©— v_.
— O o ’
O Qi >
g2a33 / 2l
et —_— % o
= -
BE= o
%m o~ a
e 20
—— > .—
%uﬂﬂ. o'
%.I < o w



- ‘accordance with
epla

}{ tge detected phase a prguency deviations. Thi s
VEDisi Shest g2 I (TV) is coupled tc Aghg voltage controlled oscillator 42
5 \\m s frequency of oscillation. In operation, the output
Si lter 40 controls the frequency of the local oscillator
signal until the frequency and phase of the output signals of dividers
36 and 46 are in a predetermned relationship, e.g., substantially
equal. At this point, phase-1 ocked loop 16 is said to be "l ocked".
The filtered error signal is 1 0 No used for providing the tuning
voltage (TV) for RF anplifiers 14. N As seen in Figure 1,
| ine 50 provides tuning voltage Tvm oscillator 42 and anmplifier 14.

Additionally, the same line 50 als provi des the | ocal oscillator
signal LOfromoscillator 42 to frgency di vider 46. Thus, both the
i nput signal and the output signal fromthe 1 5 negative feedback control
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Fi gur Icg ..... of the coupling circuit bet
| ocal c ﬁa}‘%@)r edf 16. The voltage controlled Y\@&&
osci | I,aBoDl‘a’mﬂg(@enéP """ Higure 1, actually conprises two

Vi
osci | I|affoAbstrast UHFPESEd4 tﬁoa‘?‘i‘é"@ 1VI-F LO 42V. In the exenplary

enbodijnent, these osci II agg,g) portions of the CXA1594L integrated 2 5
ci rcuift mmmmlm b

r porati on. Corrponents of the PLL
16, i.®&7 TT E(NEGATIVE\FBBDB (6K CONTROISCERLLY COMMONAIINE F
appropriate PLL 1 C, the exenpl P % )iL 3002X.
Tuni ng varactor diodes 52a, b, coupling
capacitor 56 are coupled to LO 42V at terminals 42a b. 3 0 Resistor 58
provi des a DCBAGHGROWNDuUrn for varactor diode 52a. The out put
signal frog LO 42V at np
with the tun| ng voltage ggoﬁgﬁnﬁeﬁggmbgg 9""'1"1][yeeggmx'{lln@’l £d§é%b% fcedbac]BV
t uni ng var act 68“39 2 “StZQaﬁmg common "tor 'I’HRPhga'\Flar%’éE‘Hr signglfesamsh,

64, padder camamrict parté@iladpd a television receiver tuner having a local oscillator
which is controlled by a phase-locked: loop.

Television receivers include a " tuner section for

10  heterodyning in a mixer received signals, e.g., broadcast or cable RF
signals, to produce an intermediate frequency (IF) signal. The IF signal
is processed by the IF signal section and the picture and sound
components are further processed by ‘respective signal processing
sections to produce a video picture signal for displaying an image on a

15 CRT, and to produce an audio signal for producing an audio response by
a loudspeaker.

The tuner section includes at least one controlled local
oscillator and at least one RF amplifier wherein both have voltage
controlled tuning circuits controlled in response to the magnitude of a

20 tuning voltage (TV), generated in the exemplary embodiment by the
PLL, responsive to the selected channel. Typically the tuned circuits
include combinations of inductors and varactor diodes which are
reverse biased so as to exhibit a variable capacitive reactance having a
value determined by the magnitﬁdc of the tuning voltage.

25 Phase locked .loop (PLL) tuning systems employ a closed loop
negative feedback arrangement for controlling the .frequency of the
local oscillator signal. The closed loop arrangement includes
programmable digital counters as programmable frequency dividers by
which a signal is generated which is the frequency to the local

30 oscillator signal divided by a programmable factor related to the
selected channel. The programmable frequency divider can be
preceded by an optional prescaler circuit which frequency divides the
incoming signal by a constant factor. ~As used herein, functional
statements referring to frequency division, prescaler, and frequency

3 5 dividers are independent of whether or not the frequency division is
programmable. )

The frequency and phase of the latter signals are compared
by a phase detector to a reference frequency signal to derive a control
voltage for controlling the frequency of the controlled local oscillator.
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3 5 coupling capacitors 68a,b are coupled to LO 42U at term nals 42c,d.
Resi stor 70 provides a DC ground return for varactor diodes 62, 64.
Coil 71 helps LO 42U maintain oscillation across its band of frequencies.

The output signal fromLO 42U at node 72 is coupled to line 50 via
5

For a tuning system employing a PLL, tuning voltage (TV) for tuning
the RF amplifiers is also derived from the PLL control voltage
developed in response to the channel selected.

The output line from the local oscillator provides an input
signal for the PLL. The return output line from the PLL provides the
input control signal for the controllable local oscillator. These two
lines go from proximally spaced terminals at the PLL to another pair
of proximally spaced terminals at the local oscillator. These lines
carry high frequency signals which can radiate, and carry pick-up
10 sensitive tuning voltage signals. It is desirable to minimize these

adverse effects. Such minimization can be achieved by reducing the

length of the lines andfor reducing the number of lines. In particular,

reducing the number of lines has the advantage of simplifying printed

circuit board layout and reducing the pick-up and radiation produced
15 Dby printed circuit' wiring leads. '

w

SUMMARY OF THE INVENTION
Briefly, the present invention relates to a television
receiver having an electronically controlled tuner. A controlled local
2 0 oscillator provides a local oscillator signal for the mixer. The controlled
local oscillator includes an first ini)ut terminal for receiving a control
signal for controlling its frequency and a first output terminal for
providing an output local oscillator signal. @A phase-locked loop
includes a second input terminal for receiving the local oscillator signal
25 and a second output terminal for providing a signal back to the first
input terminal of the controlled local oscillator for controlling its
frequency. At least a portion of the coupling between the first output
terminal and the second input terminal, and the second output terminal
and the first input terminal, have a common line.
30
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of a television receiver and a
tuner according to aspects of the present invention. '
Figure 2 is a partial detailed schematic of the controllable local
35 oscillator and phase-locked loop of Figure 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The television receiver 10 of FIGURE 1 includes a signal
source 12 for receiving radio frequency (RF) television signals and
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resi stor RU with the tuning voltage fromline 50 being applied via node

72 to tuning varactor diodes 62, 64. Li ne 50 provides i nput
signals fromVHF LO 42V and UHF LO 42U, coupl ed through capacitor 74
to the LOinput of PLL 16, e.g., 5 givider 46. In the exenplary

enbodi nent, only one of local oscillators 42V and 42U are "turned on"
at any one tine. The phase pul ses from phase detector 38 (error
signal) are |low pass filtered by transistor 76 having a | ow pass

f eedback net f r st pr red
by | ow passm?\et wgr k&g‘gp&iéfﬁ RES l‘g‘?gdn f@ {&0 tdmm% %Hg §gﬂﬁ hﬁ{n%esﬁetehe
tuni ng vol t agécasivethsignals. edTbﬁcR’%FB”SgcR | SiE8p 5 arc cgm I‘T‘n‘é mpxer THb

tuni ng vol t agevilly liosalf escillacor! signalsO ganerateds byt ar ocal oscmdtmndszbmmolled
respective vaigclororisedecpd R | 160 Rf SrotaY ANdinidhhddiate freqfiy Ak

the oscillatio freq;ﬁk" ){ gll osm obi gaP ?1 usse
above in cdnnétsi¥n h 1E; §1§P 18 ‘Ff% a‘? yreney grocﬁlsfﬁfiKéﬂl # om

t he frequency I#fi \proeessig bynUar%)cmxdr a74sx\gh'abhptioscmhg &nit 22 ptac opAvadis
(pf). chrominance, luminance, synchronization, and sound signal
components. The chrominance and luminance signals are coupled for
providing an image display on kinescope 24 with the sound signals

10 ©being coupled to a loudspeaker 26.
RF amplifiers 14 typically include a plurality of varactor
ledCS (not shown) which change ,capacitive reactance in response to a
variable tuning signal in the form of a ‘tuning voltage (TV). Voltage
controlled oscillator 42 typically includes a plurality of varactor diodes
15 and inductances with the frequency of oscillation frequency being
controlled by control of the capacitance of the varactor diodes by a

tuning voltage (TV).

The output signal (LO) of oscillator 42 is coupled to a
programmable/prescaler frequency divider 46 which divides the

20 frequency of LO by a factor determined by a channel selector 48 in
accordance with the channel number and band of the selected channel.
In particular, BCD signals generated by channel selection unit 48 are
applied to programmable counters in frequency divider 46.
Additiohally, band selector 49, generates band selection signals
25 responsive to the band. of the selected channel. The band selection

signals are coupled to appropriate PIN switching diodes in amplifier 14

and oscillator 42 for changing the circuit configuration for optimizing
operation of the respective members in the selected frequency bands.

' The output signal of frequency divider 46 is coupled to an

30 input of phase detector 38. Phase detector 38 compares the frequency

of the output signal of frequency divider 46 with a reference frequency

" signal derived from reference frequency generator 34. Generator 34

 typically is a crystal oscillator thh an output signal which is sometimes

frequency divided by an opnonal frequency divider 36. Phase detector

35 38 develops an output signal representing the phase and/or frequency

deviation between its two input signals. A typical phase detector

provides a series of pulses at the reference frequency whose duration

is related to the phase and frequency deviation between its two input

signals. The output signal of phase detector 38 (error signal) is coupled
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The val ues of resistors RU and RV are chosen to acconmodat e
conflicting requirenents. It is desirable that the val ues of
resistors RU and RV be snall so that a higher and nore reliable 2 0
prescaler drive voltage will be provided to PLL 16. However, if
resistors RU and RV are too small, the tank circuits of the oscillators
may be sufficiently | oaded by the |ow input inpedance of the PLL,

which in the exenplary enbodinment is bipolar, so that the oscillators

may not reliabjoy a0$&wl baise. flltém4ohwrﬁéﬁﬁﬁk rxte@.rrtmldfmt si |1UR>S pbvideda
one kohm for each

In the VHF freﬁ?fé{ng?w ﬁ%ﬁ:c%gybgﬁdé%d tséﬁ?%ye @1 g‘i‘ ﬂfttrugﬁqm%? w\“\% rth%ré‘T lf’or
49 is fed to tmwﬁmeesmxahdtheo\ﬂemedfphaser@a b)ﬁrqqelgngx ofeviationgg anB is

gangl t;)r h88 vérlﬁhﬂlbmtokﬁghalfl( Q@C('Iodrﬂw&oofhct geltéﬂdF ctbﬁﬁdllcd oscilldiér 42 2 90
andswi t ching yo a
remai ns opél ng ckﬁﬁgl B grgq{]l é’g ?éﬁﬁlljictf\zg{ncgg buaﬁgh Zné n&xtﬁutogﬁql&g

nexi mum | nductﬁh‘éé 4Q W@%cﬂﬂel &{e@ucngv eforthe, logakroscillatoy r%&%@ln@}mbf the
oscillation. Ffreqbemngsandcphasg bD thBeolpghaigndlf- dfadikideise36 and 46 are in

a predetermined relationship, e.g., substantially equal. At this point,
phase-locked loop 16 is said to be "locked". The filtered error signal is

10 also used for providing the tuning voltage (TV) for RF amplifiers 14.

As seen in Figure 1, line 50 provides tuning voltage TV to
oscillator 42 and amplifier 14. Additionally, the same line 50 also
provides the local oscillator signal LO from oscillator 42 to frequency
divider 46. Thus, both the input signal and the output signal from the

15 negative feedback control circuit, which in the exemplary embodiment
is a PLL, are on a !single line, and as explained above, permit a
reduction of the number of lines which must be used with the
advantage of simplifying printed circuit board layout, and reducing the
pick-up and radiation produced by the printed circuit wiring leads.

20 Figure 2 shows particular details of the coupling circuit
between local oscillator (LO) 42 and PLL 16. The voltage controlled
oscillator 42, generally shown Figure 1, actually comprises two
oscillators, a UHF LO 42U and a VHF LO 42V. In the exemplary
embodiment, these oscillators are portions of the CXA1594L integrated

2 53 circuit manufactured by-the Sony Corporation. Components of the PLL
16, i.e., frequency divider 46, phase detector 38, etc. can be any
appropriate PLL IC, the exemplary IC being a Siemens MGP 3002X.

Tuning varactor diodes 52a,b, padder capacitor 54, and
coupling capacitor 56 are coupled to LO 42V at terminals 42a.b.

30 Resistor 58 provides a DC ground return for varactor diode 52a. The
output signal from LO 42V at node 60 is coupled to line 50 via resistor
RV, with the tuning voltage from line 50 being applied via node 60 to
tuning varactor diodes 52a,b.

Tuning varactor dxodes 62, 64, padder capacitor 66, and

35 coupling capacitors 68a,b are coupled to LO 42U at terminals 42c.d.
Resistor 70 provides a DC ground return for varactor diodes 62, 64.
Coil 71 helps LO 42U maintain oscillation across its band of frequencies.
The output signal from LO 42U at node 72 is coupled to line 50 via
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bandswi tching voltage at termnal 84 is high causing PIN diode 90 to
cenduct and shunts capacitor 88 across inductance 94 effectively 3 5
renovi ng i nductance 94 from the circuit. Thus, for the higher VHF

band, the inductance in the VHF oscillagor circuit 42V is |ower for

generating a higher frequency of oscillation.

resistor RU, with the tuning voltage from line 50 being applied via node
72 to tuning varactor diodes 62, 64.
Line 50 provides input signals from VHF LO 42V and UHF
LO 42U, coupled through capacitor 74 to the LO input of PLL 16, e:g.,
‘divider 46. In the exemplary embodiment, only one of local oscillators
42V and 42U are “turned on” at any one time. The phase pulses from
phase detector 38 (error signal) are low pass filtered by transistor 76
having a low pass feedback network of capacitor 78 and resistor 80,
and further filtered by low pass network 82. “The output signal of
10 network 82 provides the tuning voltage TV and is fed back to oscillator
42 via line 50. The tuning voltage TV is fed via line 50 and resistors
RV and RU to respective varactor diodes of oscillators 42V and 42U for
controlling the oscillation frequency of said oscillators in a manner
discussed above in connection with Figure 1. Tuning signal TV is
15 Dblocked from the frequency divider 46 by capacitor 74 which is only 8
picofarads (pf).

The values of resistors RU and RV are chosen to
accommodate conflicting requirements. It is desirable that the values
of resistors RU and RV be small so that a higher and more reliable

20 prescaler drive voltage will be provided to PLL 16. However, if
resistors RU and RV are too small: the tank circuits of the oscillators
may be sufficiently loaded by the low input impedance of the PLL,
which in the exerhplary embodiment is bipolar, so that the oscillators
may not reliably oscillate. In the exemplary embodiment, values of

25 one kohm for each of resistors RU and RV were found to work well.

In the VHF frequency range, a bandswitching signal from
band selector 49 is fed to terminal 84 and low.pass filtered by resistor
86 and capacitor 88. In the lower frequency range of the VHF band,
the bandswitching voltage at terminal 84 is low and PIN switching

30 diode 90 remains open. In this mode, series inductances 92 and 94
provide maximum inductance to VHF ‘oscillator 42V for a lower
frequency of oscillation. For bandswitching to the higher VHF band, the
bandswitching voltage at termipal 84 is high causing PIN diode 90 to
conduct and shunts capacitor 88 across inductance 94 effectively

35 removing inductance 94 from the circuit. Thus, for the higher VHF
band, the inductance in the VHF oscillator circuit 42V is lower for
gerierating a higher frequency of oscillation.

w
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1. Electronic apparatus conpri sing: a controlled oscillator
havi ng—am input - out put  node; sai d i nput-output node receiving a

cont rol ll ““mmmmcont rolling the frequency of said controlled
osci | | a“mmm l an out put signal of said controlled oscillator;
a phase andf orLfr“eqtienéy detector havirig first and second i nputs and an
out put; said first input of said phase and/or frequency

CLAIMS

1. An electronic tuning apparatus comprising:

a controlled local oscillator (42) for supplying a local
oscillator signal, said local oscillator having a first output terminal

5 for providing an output of the local oscillator signal, and an first

input terminal for recei\;ing a tuning signal for controlling: the
frequency of the local oscillator signal,

a phase-locked loop (16) for controlling the frequency of
said local oscillator, said phase-locked loop comprising:

10 a frequency divider means (46) having a second input
terminal for receiving said local oscillator signal from said first
output terminal and provid'ing a frequency divided version of the
local oscillator signal,

a channel selection device (48) for controlling the frequency
division ratio of said frequency divider,

a reference frequency signal generator (34) for providing
a reference frequency sigpal,
a phase detector (38) for comparing the frequency divided
version of the local oscillator signal and the reference frequency

20 signal, and

a low pass filter (40) including a second output terminal for
providing a tuning signal derived from said phase detector (38) back
to the first input terminal of said controlled local oscillator (42) for
controlling the frequency of said controlled local oscillator,

25 characterized by at least a portion of the coupling between the first
output terminal of the Jocal oscillator and the second input terminal
of the frequency divider means, and the second output terminal of
the low pass filter and the first input terminal of the local oscillator,
having a common line (50).

30
2. The electronic tuning apparatus according to claim 1
wherein said local oscillator (42) includes a variable reactance
element, the reactance of which varies in response to said tuning
signal.
35
is Sheet Has Been Replaced

| [III

T

I

This is the replagsemént sheet

Date: ;"‘]M 1905



det ect orcoupl ed to wurce of a reference frequency signal; sai d

out put “‘“:m [or frequency detector coupled to said input-output
node of m via a | ow pass network; and said second
I nput

_ $ai t phase and/ or frequency detector coupled to said
[ nput-out put node of said controlled oscillator via a bl ocking capacitor.
2. Apparatus as recited in Caim1l, wherein: said oscillator

i ncludes a variable reactance elenent that is coupled to said input-output
Q?Sﬁaﬁ”?Twe reactance of saifl Qb&HBRAL WAfihSSapphri®sPeHprisiagsai d control
a controlled local oscillator (42) having a first output
terminal for providing an output signal of the local oscillator, and an
first input terminal for receiving a tuning signal for controlling the
5  frequency of the local oscillator signal, and
a phase-locked loop (16) for controlling the frequency of
said® oscillator, said phase-locked loop (16) including a second input
terminal for receiving said local oscillator signal from said first
output “terminal and a second output terminal for providing a tunming
10 signal to the first input terminal of said controlled local oscillator for
controlling the frequency of said controlled local oscillator,
characterized by at least a portion of the coupling between the first
output terminal and the second input terminal, and the second

output terminal and the first input terminal, having a common line
15 (50).

4. A feedback control apparatus comprising:
a controllable circuit (42) having a first output terminal
for providing an output signal, and a first input terminal for
20 receiving a control signal, and
a negative feedback control circuit (16) for controlling
the controllable circuit, said negative feedback control circuit
including a second input terminal for receiving said output signal,
and a second output terminal for providing the control signal back to
25 the first input terminal, characterized by at least a portion of the
coupling between the first output terminal and the second input
terminal, and the second output terminal and the first input
terminal, having a common line (50).

30 5. A television receiver having an electronically
controllable tuner comprising:

a controlled local oscillator (42) for supplying a local
oscillator signal, said local oscillator having a first output terminal
for providing an output of the local oscillator signal, and an first

35 input ‘terminal for receiving a tuning signal for controlling the
frequency of the local oscillator signal, and
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uni ng apparat us conpri si ng: a
'ﬂ"“ﬂﬂﬂ“,ﬂﬂﬂ’%m | lator (42) having a first output termnal for

A ng am Ot signal of the local oscillator, and an first input
ternlnal for receiving a tuning signal fog controlllng the 5 frequency
of the local oscillator signal, and

a phase-locked loop (16) for controlling the frequency of
said oscillator in response to a channel selection device, said phase-
locked loop (16) including a second input terminal for receiving said
local oscillator signal from.said first output terminal and a second

5 output terminal for. providing a signal back to the first input terminal
of said controlled local oscillator for controlling the frequency of said
controlled local oscillator, characterized by at least a portion of the
coupling between the first output terminal and the second input
terminal, and the second output terminal and the first input

10 terminal, having a common line (50).

6. The electronic tuning apparatus according to claim 5
wherein said local oscillator (42) includes a variable reactance

element, the reactance of which varies in response to said tuning
15 signal.
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a phase-1l ocked loop (16) for controlling the frequency of said
oscillator, said phase-locked |oop (16) including a second input

terminal for receiving said |ocal oscillator signal fromsaid first

output termnal and a second output term nal for providing a tuning 1 O
signal, to the first input termnal of said controlled |ocal oscillator for
controlling the frequency of said controlled |ocal oscillator,
characterized by at |east a portion of the coupling between the first

output term nal and the second input termnal, and the second out put
termnal and the first input termnal, hawngacorrrmn line 1 5 (50).
4. A feedback control apparatus conprising: a controllable

circuit (42) NEGATIVE FEEDBACK CONTROLNCERCUIT HAVING Ar COMMON OLENE out put
signal, and aFOR JNPUT)AND OURPUZ| SEGNARS receiving a control signal, and
a negative feedback control circuit (16) for controlling

ABSTRACT

A television receiver having an electronically controlled
tuner ‘'is presented. A controlled local oscillator (42) provides a local
5  oscillator signal for the mixer (18). The controlled local oscillator
(42) includes an first input terminal for receiving a control signal for
controlling its frequency and -a first output terminal for providing an
output local oscillator signal. A phase-locked loop (16) includes a
second input terminal for receiving the local oscillator signal and a
10 second output terminal for providing a signal back to the first input
terminal of the controlled local oscillator for controlling its frequency.
At least a portion of the coupling between the first output terminal
and the second input terminal, and the second output terminal and

the first input terminal, have a common line (50).
15

FIGURE 1
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the controllable circuit, said negative feedback control circuit

I ncl udi ng a second input termnal for receiving said output signal,

and a second output terminal for providing the control signal back to 25
the first input termnal, characterized by at |east a portion of the
coupling between the first output term nal and the second i nput

termnal, and the second output term nal and the first input

termnal, having a comnmon |line (50). 30/2 5. A television
recei ver having an ronically control | abl e tuner conpri sing:

a controlled local o | ying a | ocal osci |l I at or
signal, said | ocal osc Jigdqt output term nal for
provi di ng an out put of §I§t€£r signal, and an first 3 5

i nput term nal for rece

IQcal osdi

ving a tuni g@ql <for controlling the

frequency of the local (scillator sijd# ,gapﬁ’
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a phase-1l ocked loop (16) for controlling the frequency of said
oscillator in response to a channel selection device, said phase-

| ocked | oop (16) including a second input termnal for receiving said

| ocal oscillator signal fromsaid first output termnal and a second 5
output termnal for providing a signal b@gﬁ to the first input term nal

of said controlled | ocal oscillator for trolling the frequency of said

3
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I rst out put term nal and_the_ second .i.nput

controtted | ocal ﬂtl | ator, characterized by at |east a portion of t%&}@b@-—é

coup
termi&“ “‘EM‘ nd out put term nal and t heREPILACENENDSHEEFS tSé}m na l?}m
havi ccormoh |1 ne (50). a. ﬂﬂ[}es&ﬁﬂﬁh r-opiged BH e pap
apparatus according to claimb5 wher @i n @WI OSfdgk &géw ig@&
i ncl udes a vari abl e reactance ~ elenent, tﬁ ﬁrﬁ\%ﬂg&ﬂcepa%d%t&g _____ Qp
in response éI(.)Asa| d tuning 1 5 signal. )Z'Abstract paged _____ t%’gaged.gl
DATE OF RECEIPT

1. Electronic apparatus comprising:
a controlled oscillator having an input-output
node;
said input-output node receiving a control
signal (TV) for controlling the frequency of said
controlled oscillator and providing an output signal of
said controlled oscillator;

a phase and/or frequency detector having first

~ and second inputs and an output;
said first input of said phase and/or frequency
detector coupled to a source of a reference f£frequency
gignal;
said output of said phase and/or frequency
detector coupled to said input-output node of said
oscillator via a low pass network; and
said second input of said phase and/or
frequency detector coupled to said input-output node of
said controlled oscillator via a blocking capacitor.
"

2, Apparatus as recited in Claim 1, wherein:
said oscillator includes a variable reactance
element that is coupled to said input-output node and the
reactance of said element varies in response to said

control signal (TV).

This is the replasement sheet

Date: 17 SEP 1999



10

15

.

NEGATIVE FEEDBACK CONTROL CIRCUIT HAVING A COMMON LINE
FOR INPUT AND OUTPUT SIGNALS

ABSTRACT

A television receiver having an electronically controlled
tuner ‘is presented. A controlled local oscillator (42) provides a local
oscillator signal for the mixer (18). The controlled local oscillator
(42) includes an first input terminal for receiving a control signal for
controlling its frequency and -a first output terminal for providing an
output local oscillator signal. A phase-locked loop (16) includes a
second input terminal for receiving the local oscillator signal and a
second output terminal for providing a signal back to the first input
terminal of the controlled local oscillator for controlling its frequency.
At least a portion of the coupling between the first output terminal
and the second input terminal, and the second output terminal and
the first input terminal, have a common line (50).

FIGURE 1
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