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FREE- RUNNI NG FREQUENCY The present invention relates generally to :
synchtoni zed oscillators. 5 U.S. Patéent No. 4,020,500 - zjar.
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15 reference oscillations and to signals from the non-

inverting amplifier, develops control voltages
representative of the magnitude and sense of the
difference, if any, from a desired quédrature phase
relationship between its inputs. The additional
20 c'ontrolled' amplifier supplies phase shiﬁted signals to
the non-inverting amplifier's load of a polarity and
‘magnitude determined by the control voltages so as to
minimize the aforesaid difference .
In the oscillator system disclosed in said U.S. Patent
U 25 No. 4,020,500, a variable capacitor coupled in series with the
piezoelectric crystal of the feedback filter provides a facility
for the adjustment of the free-running frequency of the oscillator.

A variable capacitor appropriate for this purpose
is a relatively expensive discrete component, with a
30 potential for mechanical instability. When automatic
alignment apparatus is used for efficient mass production
of color receivers, accurate control of a variable
capacitor by an alighment tool can pose awkward mechanical
problems. An additional drawback to the variable capacifor
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examples of Dc frequency control for the color reference
20 oscillator as are provided in (a) the chroma system
described on pages 359-363 of the RCA Linear Integrated
Circuits volume SSD-201C, 1975 DATA BOOK Series, and
(b) color TV receiverS'(e.g., Blaupunkt FM 120 chassis)
of the type employing the Motorola TDA 3300 luma/chroma IC.
25 In example (a), DC control of the free-running frequency is
provided by introduction of a DC imbalance to the phase
detector employed for burst synchronization_purboees, whereas
in example (b), DC control of the free-running freguency is
provided by direct alteration of the filtered output of the
30 burst-responsive phase detector. :
In accordance with an illustrative embodiment of
.the present invention, the output of the quadrature phase
shift network-in'an oscillator synchronizing system of the
general type disclosed in the aforementioned U. S. Patent
35 No. 4,020,500 is supplied to a pair of independently
controlled amplifiers. A first one of the controlled
‘amplifiers is responsiﬁe to the control voltage eutputs of
a burst-responsive phase detector so as to produce
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oscillator synchronizing system wherein free-running
frequency control adﬁustment is produced puréuant to an
illustrative embodiment of the present invention; and

20 PIGURE 2, illustrates schematically circuitry for
use in an advantageous modification of the apparatus of
FIGURE 1. | |

In the color television receiver portion

illustrated in FIGURE 1, a non-inverting amplifier 10 is

25 provided with sufficient positive feedback via a bandpass
filter linking its output and input to enable it to operate
-as an oscillator at an operating frequency lying within the
filter's passband.

_ Amplifier 10 includes a pair of NPN transistors

30 11 and 13, disposed in a differential amplifier configura-
tion with their emitter electrodes interconnected. The
collector electrode of the input transistor 11 of the
differential amplifier is directly coﬁnected to the
positive terminal (+Vecc) of an operating_potehtial supply.,

35 while the collector electrode of the output transistor 13
of the differential amplifier is connected to the(+Vcc)
terminal via -a load resistor 1l4. The interconnected emitter
electrodes of transistors 1l and 13 are returned to the



transistors 11 and 13 are returned to the 4 1 negative termnal ( ,
gr ound) ,of. the operating potential supply via the collector-emtter of
an NPN current source transistor 15 in seriges with its enmtter resistor 16.
Signals are applied fromthe anplifier input 5 terminal | to the base
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23, disposed ctr I rect connected to the emtter
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resistor Bias for the base electrode of output transistor
13 is established by;an NPN emitter-follower transistor 25,
disposed with its collectqr electrode directly connected to

20 the (+Vcec)supply terminal, with its base electrode connected
via a resistor 26 to the positive terminal (+5.2V.) of a
bias supply, and with its emitter electrode directly
connected to the base electrode of output transistor 13.
The quiescent current drawn by eﬁitter-follower transistor

25 25 is determined by an NPN current source transistor 27,
disposed with its collector electrode directly connectéd

A

to the emitter electrode of transistor 25 and its emitter
electrode returned to ground via resistor 28. The quiescent
current drawn by the emitter-follower transistor 21 at the

30 amplifier input'is similarly determined by an NPN current
source transistor 23, disposed with its collector electrode
directly connected to the emitter electrode of transistor 21
and its emitter electrode returned to ground via resistor
24. A resistor 22 couples the basé'electrode of transistor

35 21 to the (+5.2V. )bias supply terminal. The base electrodes
of current source transistors 15, 23 and 27 are each directly
connected to the positive terminal (+1.2V.) of an additional
bias supply.



24. A resistor 22 couples the base el ectrode of transistor 35 21 to
th~ﬂﬁ* 2V.)bias supply terminal. The base el ectrodes of current Source

.-trstors 15, 23 and 27 are each directly connected to the positive
terimmnal (+1.2V.) of an additional bias supply. -5- Amplifi-er output

terminal O is linked to the anplifer input termnal | by the series

conb1nat|on of 'amplii¢aee! a%kbue e@&ﬁ&ﬂh136 i8 ihﬁﬁQaCEBaegé 36, and a
resi stor . \ Illustratlvel%ﬁﬁ ﬁx@ is.cut so as to exhibit series

resonaﬁﬂ? 185 AR SR IR &PStéeVFéﬁnFP?bbPatbﬂﬂ qfi'ghtly bel ow,
t he colpdrezoeiestriier chyedadndy ., (a Fixed. Eiﬁ&éﬁtb&EBGto&n&W5C of the color

tel evi Sidalseth0ngl. 4 10kslackiDR1LSCR YRR 21 e3R0RS,  Aggordipgl y, crystals

agpeara i,nducti,ve at the col or “sub c reler requency | ue of ,
the X IR Serdes3fesonaRG8eAts 8 FHSH“FHEYséﬁlébecbﬂﬂeﬂa@ten of el ements
35 andv&@:mamwnaﬁbybexhsbdghtiyrbe30wesehanealat BliBcgekoersubcarri er '

f t d b t
vl e cPeaey, (B2a,00. 79543° BR FSETNERE ShCEAR FaISY fefevietante o,
1000 Hf¥ﬁnﬁéﬁ Fﬁewbaﬁ&p§§§ reredverhzespendsst | Acobrdheglpgedback path. A

capaci tc@fys3al gguab@éabetwaaactsbalaeltheaaslefoyﬂﬂﬁaEQQQErateS A
arnoni cs of the desired

res t 38 to ni fi.ca ttenquation

ope#@t TG éncéhF Eggtaﬁthﬁl 1ﬁFav€ﬁPaEGt?ﬁe3§uéFa?h?ﬁgno$°
OSC|IIzﬂhaGnsh&tssauhshcghbin&téqneofie$em§hﬁsb3$daﬁ653shﬁéﬁgﬁgmiﬁtic
prOVId%&hablﬁhe@%&&353§e§Bﬂaﬁ§§a£E°%ﬁﬁp881££VSu§SEQP %ﬁ ?ﬁe%Ye?%%’color
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a 30 d%%hb&édDbéQW&énfEEQMQHE! I and ground, cooperates with
resistor 38 to provide significant attenuation for harmonics
of the desired operation freqﬁency to substahtially prevent
20 the suStaining of oscillations at such higher frequencies.
The bandpass characteristic provided by eleﬁents-35 and 36
allows positive feedback of an oscillation-sustaining
magnitude in the immediate vicinity of the color subcarrier
frequency. A precise match of the free-running operating
25 frequency to the color subcarrier frequency is not assured,
however, because of practical tolerances associated with
elements 35 and 36. As will be subsequently described, the
system of FIGURE 1 includes additional apparatus perm;ttlng
adjustment of the free-runnlng operating frequency to a
30 desired precise frequency. .

) For the purpose of synchronizing the above-described
oscillator in frequency and phase with a color subcarrier
reference of incoming color television signals, the system
of FIGURE 1 includes a phase comparator 54. The local input

35 to phase comparator 54 comprises oscillations derived from
terminal F at the base electrode of input transistor 1l.
‘A chrominance amplifier.so is responsive to the chrominance
component of incoming signals, appearing at terminal C and




For the purpose of synchronizing the above-described oscillator in
frequency, and’phase with a color subcarrier reference of inconing col @
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application to ttmpanatortisnofiathd Bypé éeméldpmg Eiﬂ.lseh-@wﬂel iquPytrsym t he
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inparted to oscwhthttbasnenppnventim®n@mnlhfhex 10. The phase shifted
oscillations appearing atgignals for application to the input terminal (E)
of amplifier 56 are derived from the output terminal (P) of
a phase shifter 40, 42, 41. The phase shifter includes an
20 inductor 40 connected'between the amplifier input terminal
I and the phase shifter output terminal (P), and the series
combiﬁation of resistor 42 and capacitor 41 connected
between terminal (P) and ground. The values of the phase
shifter elements are chosen so that a lagging phase shlft
25 (equal to substantlally 90° at the color subcarrier
- o frequency) is imparted to oscillations supplied from
terminal I. The phase shifted oscillations appearing at
the phase'shifter output terminal (P) are coupled to the
input terminal (E) of amplifier 56 via the base-emitter path
30 of an NPN emitter-follower transistor 43, disposed with its
collector electrode directly connected to the +Vcc terminal,
its base electrode directly connected to terminal (P)
and its emitter electrode ‘directly connected to term1na1 (E) .
The quiescent current drawn by transistor 43 is
35 determined by an NPN current source transistor 45,
disposed with its collector electrode directly connected to
the transistor 43 emitter, its base electrode directly: -
connected to the +1.2V. bias supply terminal and its
emitter electrode connected to ground via resistor 46.



the phase shifter output termnal (P).are coupled to the input termnal (E)

- of lifier 56 via the base-emtter path 30 of an NPN enitter-foll ower
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th cc termnal, its base electrode directly connected to termnal (P)
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shifted signals is to change- the oscillator operation in a
sense to-minimize the departure fram the desired quadrature phase

20 relationship between the comparafor inputs. This-produces'
synchronization of the oscillator with the received color
synchronizing bursts.

Pursuant to the prlnciples of the present invention,
' an additional use is made of the phase shifted signals

25 appearing at terminal E to provide adjustment of the

free-running'frequency'of'the'above-described oscillator.

' For this putpose,'the phase shifted signals appearing at

" terminal E are supplied as inputs to a pair of differential
amplifiers 60 and 70. _ .

30 Differential amplifier 60 includes a pair of NPN
transistors 61, 63 with interconnected emitter electrodes,
while differential amplifier 70 includes a pair of NPN txansistors 71,

73 with interconnected emitter electrodes. The base
electrodes of transistors 61 and 71 are directly

35 connected to terminal E at which the aforementioned phase
shifted signals appear. The base electrodes of transistors 63 and
73 are maintained at an appropriate bias potential via. their
direct connection to terminal G (at the base electrode -
of transistor 13). The collector electrodes of
transistors 63 and 71 are directly connected to the (+Vcc)



ternminal "E to' provide adjustnent of the free-running frequency of the
above-describéd oscillator. For this purpose, the phase shifted signa
appeari'ng at terminal E are supplied as inputs to a pair of differential
anplifiers 60 and 70. 30 Differential anplifier 60 includes a
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equal, their respective outputs mutually cancel so that no
injection of phase shifted signals into the oscillator loop
20 is provided. 1If, however, the gains of differential ampli-
fiers 60, 70 differ, phase shifted signal'injectibn occurs .
The magnitude of the signal injection is dependent upon .
the magnitude of gain difference, and the relative polarity
of the injected signals is dependent upon the sense of the

ah-additlonal use is made of the phase shifted signal s 25 appearing agé S

25 gain difference.

Differential gain control of the_réséective'
amplifiers 60 and 70 is provided by a gain control system
which includes a pair of NPN transistors 65 and 75 disposed
with their'emitter electrodes interconnected via the series

. 80 combination of resistors 69 and 79. Current is supplied
to the emitter electrodes of transistors 65 and 75 by an
 NPN current source transistor 8l disposed with its
collector electrode directly connected to the junction of:
resistors 69 and 79, its base electrode dlrectly

85 connected to the (+1.2V) bias supply terminal, and.lts
emitter electrode returned to ground via resistor 82.
Transistor 65, disposed with its collector electrode
directly connected to thé interconnected emitter electrodes
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directly connecteg.to the base electrode of transistor 83.
A lower voltage point on the divider, at the junction of

‘resistors 102 and 106, is connected via the base-emltter path

20
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of an additional RPN emitter-follower transistor: 105, in
series with respective dropping resistors 66 and 76 (of
substantlally matched value), to the base electrodes of the
respective gain controlllng transistors 65 and 75. '
Transistor 105 is disposed with its collector electrode
directly connected to terminal B,with its base electrbde
directly connected to the junction of divider resistors 102,
106, and with its emitter electrode directly connected to
the junction of dropping resistors 66, 76. '

The current-drawn through dropping resistor 66
is determined by an NPN current source transistor 67
disposed with its collector electrode directly connected to
the base electrode of transistor 65, with its base |
electrode directly-connécted to the junction of divider
resistors 106 and 108, and with its emitter electrode
returned to ground via resistor 68. The_voltage drop across

‘resistor 66 determined by this current establishes a

reference DC potential at the base electrode of transistor
65. ' ' B
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_JUﬂCtIOﬂ and its emtter electrode (termnal B) directly connected to-the
base el ectrode of transistor 83. A'lower voltage point on the divider @
the j.unction df resistors 102 and 106, is connected via the base-enit a
pat h. 20 of an additional NPN emtter-follo transi stor 105, in series
W th respectlve droppi ng resistors 66 and~ 78" (of substantially natched
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emitter electrode returned to ground via the series combina-
tion of resistor 92, resistor 93 and diode 95. The junction
of resistors 92 and 93 is directly connected to the base

20 electrode of current source transistor 77.

Elements 91, 92, 93, 95 form a level shifting
circuit serving to translate the +Vec-to-ground voltage
adjustment range at terminal FR to a narrower, differently
centered range at the base electrode of transistor 77.

25 Illustratively, the parameters of the level shifting circuit
are selected so that the voltage adjustment range at the '
base electrode of transistor 77 is centered.about a voltage
substantially matching the divider output voltage supplied
to the base electrode of transistor 67. - With potentiometer

30 90 constructed as a llnear potentiometer, a desirable
result of such parameter selection is that adjustment of the

- potentiometer tap near amidpoint position results in biasing
of the base electrode of gain controllihg transistor 75
at a potential equal to the reference DC potential at which
36 the base electrode of gain controlling transistor 65 is
. maintained. _ -
. Under the aforementloned conditions of equality
~ of potential at the base electrodes of transistors 65 and



- wWthits adjustable tap (termnal FR) .directly connected to thé base

_di

el rode of an NPN emtter-follower transistor 91. 15 Transistor 91 is
sp@sed with its collector electrode directly connected to the +Vcc supply
termminal, and with its emtter electrode returned to ground via the series

"~ conbina- tion of resistor 92, resiktor 93 and diode 95. The junction of
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into_the oscj or | oop, an e free-runni ng frequency o e oscillator
for%@%?%%’rﬁ?%t?% away i from e e %Sesttfd *ed positive feedback

path is left undWsenr bhd. ubitstushed fineestuniingffeegquemsy nis f r equency
preCisib%egakﬁgﬁsthgedggikéﬁchQBQrsubcarrier'fréquency, movement
of the potentiometer tap away from'the'balance setting
toward a more positive DC potential setting is appropriate.
20 Such an adjustment increases the current drawn through
resistor 76 relative to that drawn through resistor 66,
unbalancing the bias potentials on the base electrodes of
the gain controlling transistors 65, 75 in a sense ihcreasing
the current supplied to differential amplifier 60 while
25 decreasing the current suppliéd to differential amplifier 70.
Under these conditions, the-output of differential amplifier
60 predominates, and injection of a leading quadrature
component into the oscillator loop occurs. The operation'
of the oscillator will thereafter stabilize at a higher
30 operating frequency than was obtained in its undisturbed
state, with the magnitude of frequency increase dependent
upon the magnitude of injecﬁed leading quadrature component
as determined by the degree of gain imbalance introduced. -
Conversely, when the undisturbed freeQrunning
35 frequency is higher than the desired color subcarrier
frequency, movément Af the potentiometer tap away from the
balance setting toward a less positive DC potential setting
is appropriate. Such an adjustment decreases the current
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10 subcarrier frequency, no repositioning of the potentlorreter tap i
required. \Were, however, the undisturbed free- running frequency di
may

from t he -desi red col or subcarrier frequency, the free-running freque
be adjlGsted to the correct frequency by a vement of the adjustable 15
potentionmeter tap away from the bal ance set t1$g. When the undi sturbed
free-runni ng fir eduevieytheongineresinten S desliatelyec dicortheukb danamine through
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of potentioneter lgbuatrectesoadtlomm::qn off such fappanaiws shich is
preferably employed in implementing the function of: the
phase shifted amplifier 56. The modified form of phase
90 shifted amplifier 56 shown in FIGURE 2 processes'the _
resultant of matrixing signals from the phase shifter
'input with the phase shifted.signals from the output of
the phase shifter, in the manner shown, for example, in
the U.S. patent application Serial No. 383,263 of T. Fanq
95 et al., entitled "Voltage Controlled Oscillator”.
- corresponding to British Patent Appl:.cat_lon ¥3144.19 RCA 76979
In FIGURE 2, a pair of NPN transistors 110 and
112 are disposed as a differential amplifier with inter-
~ connected emitter electrodes returned to ground via the
3o;collector-emitter path of NPN current source transxstor 114_
in. serles ‘with its emitter resistor 115. The base
electrode of tramsistor 114 is dlrectly connected to the
+1.2V. bias supply ;ermlnal. Phase shlfted signals from
terminal E (FIGURE'l)_are applled to the base electrode of
35 utranslstor 110 via a matrixing resistor 116. Signals from_
term;nal F, at the 1nput of the non-inverting amplifier 10
of the FIGURE 1 system, are also applied to the base
electrode of transistor 110 via a matrixing resistor 117.
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ol apparatus is independent of the phase control |oop enployed.for
synchroni zati on 10 purposes, and its adjustnent does, not disturb the
symretry of the phase control range associated with that |oop. As described-
above, the phase shifted signal -argd ifier 56 enpl oyed for burst
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of transistors 122 and 126.

The collector electrodes of transzstors 122 and

quency of the color reference oscillator. The free- running frequency
E;T

124 are directly connected to the +Vee supply terminal,

20 while the collector electrodes of'transisto:s 120 and 126
are directly connected to terminal S of the FIGURE 1 system
so as to develop outputs across the shared load resistor 14
shown therein. Also develobing an output across resistor 14
is an additional NPN transistor 118, disposed with its

25 base-emitter path directly in shunt with the bese-emittef
path of the differential amplifier transistor 110, and with
its collector electrode directly connected to terminal S.
The base-emitter'path of differential amplifier transistor
112 is directly shunted by the base-emitter path of a further

30 NPN transistor 119, which is'disposed with its collector
electrode directly connected to the +Vcc supply terminal.

As explalned more fully in the aforementioned

Fang et al. patent appllcatlon, dellvery of an
inverted version of the matrlxed s;gnals from terminals E

35 and F to terminal S via transistor 118 serves to counteract
adverse effects on the free-running_oscillator'operation of
a phase shift that is associated with stray capacitance at
terminal S. Also, use of the same matrixed signals for the



an inverted version of the matrixed signals appearing at the 5 base
‘el ectrode of transistor 110 to the interconnected enitter electrodes of |
transi stors 120 and 122 via a direct connection thereto. The collector
el ectrode of transistor 112 supplies a non-inverted version of the matrixed
signal s appearing at the base el ectrode of 4% Transistor 110 to the
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transistors 120 and 126 are direc C o] | | GURE
1 systemso as 5e&e\fé’1n6‘5' 3u$539§gn¥¥ogagﬁggﬁgﬂé tl([igf' r%%l fs)%%&ﬂ?ed:shom
therein. Al so devel oping éﬁlé‘ét"-ﬁéﬂ:lxeﬂ-b'sstF‘Gsngﬁwaiﬂc?élﬁnﬁah‘éﬁ*??%ﬂ"%q NPN

transi stor 118, éiei@iﬁlﬁddﬂ H-Jhel F&GﬁiEbaSEyeEéfnt,ewlﬁnt Bhéi éﬁcéﬂ:ymm sfiunt
wi-th the base-em.tter tpataq

t he di t| appl i fier [ r 110
and with i t 51001 P Pgd %g éfs éo%héc?@d tR(h) teﬁéna&& §,LSQ
base-em tter ;xndesﬂrahlwfaﬁ@ﬂnzsﬁ anpaupp@monransﬁgteteqlglx@uutr%%t|y
shunted by the hagegiad WAkP&1emehtad EE&bﬁ.Qﬂén@QnEP%érﬂiﬁbél@ﬁs 138, ampi £h

I's disposed with 1ts collector electrode d § ﬁted gfthe g (ool
supply terni nal .£i8F S8y SOMPATALPE Phir| ?ePﬁr?‘ﬁBraP efiBft PBRet  EShg %t al .
patent appl i cat izm, thielinstancef ofn sucheat edaldzatdonef tetminalsi RedIsiQnal s

from-term nals Eu%?g??%é&v%?a&g %?Ea%e&'él&&ﬁ@%’ﬁ%?g;ﬁ&ﬁssfﬁ¥§§f£81 g

counteract adPer’se ects on the runni ng oscillator operatlon,o
phase shift thatwith &ffochiPe FoRPeRentsay é&p&b}FbaﬁEeiﬁﬁt?EFﬁv n'&?r@-n%§o

use of the same dRptardx e 'sin@ydlalsoocohld®itutel4ntegrated circuit terminals
interfacing with off-chip control potential filtering

elements. (not illustrated).

20 Illustrative values for circuit parameters of
FIGURES 1 and 2 are as follows~
Resistors 14 32,0000 .1500 ohms

Resistor 1l6..cccce0e000..500 ohms
Resistors 52, 26, 44....10 kilohms
25 Resistors 24, 28, 46....1.67 kilohms
Resistor 34..ccee000e:..4700 ohms
Resistor 38...cc¢0000¢...1300 ohms
Resistors 42, 82..¢..4+.390 ohms
 Resistors 66, 76........8.8 kilohms
30 | Resistors 68, 78.¢..¢...5 kilohms
| ' Resistors 69, 79........780 ohms
ReSistor 93..ccceceeess.2 kilohms
. Resistor 92...cccessees.16.5 kilohms
Reéistor 100c.cceeees...9.8 kilohms
35 Resistor 102..0000ces...4 kilohms
Resistor 106...¢ec000...6.2 kilohms
Resistor 108.....ece....l kilohm .
Resistor 115..ccccceeee.260 ohms



-1 control |l ed processing provided by the anplifier system 110, 112, 120,"

) 24, 126 all ows attai nment of synmetry of phase control in the

) fhr oni zi ng systemdespite the presence of the aforesaid phase shift.
W thw use of the 5 free-running fr_eq_ ency control technique of the present
i nvention, such attained symetry i'S not disturbed by any free-running

freqdency adjustnent tReRister Bd6r.equi.red...ll.Lust kilbhaky, the

schemati cal Iy i11ust r aia oz of, Lhe £1.OKG 1 5uppem with the

exception of 10 elements 34, 35, 36, 38, 39, 40, . i , and 90 are

desirably realized on ZPREOhiSMeteTedPated scirrdukdlobm ¢ oget her with

el enent s i npl enent i ng Gapacitoat i3@ns .of. .anpl.i.~ 18i picbaraagpar at or 54,

sepagator 52, and anpldfises; + n the instan A ch realization,

ter m%nal s P I, O 15 daar?éq%%%%ers\l?é ‘as 'i'ﬁt.'e'gjr’é-tggdggfﬁgﬁf'?g?er m nal s

i nterfacing with, of f- GAR#EEFortdntes.« «1sn such 128 PAsefatadsterninals CV and

- CV may al so constit utmaducitegr aoed .Gi.L.quLL .LeBSi pakgohBhesE8Ci Ng Wi th

S

%
N

of f-chip control poteptjal filtering elenments,,(not (lLlustrated). 20
|l lustrative val ues fgéécdi'r'dui't' 'par’a'r?ét'ér's'Ofll;l'g’uﬁﬁgtf and 2 are as
foll ows: ReeiehbsdiidntB2f . the . invdbOibwiesdfieted Herkbinbefore - - - - - - 500

‘oh Resi S 44 . . il ohns . : . Resi stors 24, 28,
46@9. . 1‘%{;{' kf%%lﬁ%r???esﬁz%tfojfé‘gt}% .f.a."?q ?2.5.%991%(?%% stor 38
..o . BoBpkbd@bEBakd maintain the deémétsgfrﬁ:l'@%nj? tion. - 2 Kilohns

Resistors 69, 79 ........ 780 ohns Resistor 93 . ............ 2 kil ohns
Resi stor 92¢ . SYsStem incorporates 3 fARiIY sindepansient of the g g AN
ki | ohms 3ghase control appdisstisd avhikil? permits .DC .cohdddI0lyFs tResi st or o
10635. . . joscig%%%ﬂ%'m-mﬂ&rfﬂe%ency.' ...... . 1 kilohm Resistor 115
20
25
30

36



1 . Re5| stQr 118 .. ... ...... ; 1.8 kil ohms Resi st or 112—.
........ Cu“m ﬂ@‘ i onet er 90........'1k_i|oh-mCapaci@6'
e . - Capacitor 39 ........\ 62

pl cof arads Capati tor 41", e 120 pi c‘l%f arads I nductor 40 ............
33 microhenries Vec-............ 11.2 volts The énbodi nents of the invention
descri‘bed hqr eCLATM®: e 10 wth reference to figures 1 and 2 include

oscil lator synchroni zi ngy sysfﬁn%, eggg-qn%,p%mirﬁlngag%rt@hps to
produce and maintain the desire nchroni zat i The syst orates a
facility indeptheiv@ing (kb %‘ha%%c’)c/’c;rﬂ 3'5’15'9 'éﬂ‘ %3"%0
cont{_gl of - thea:iﬁlifieﬁcuir ?ra:s inmst rummlf,rmm re¥istor3ackess

;);-SI I Ilatcj(;'rA\I gnﬁh’g{"%&}ﬁ O%?’f%%]ﬁ ier Havi rrlfgsmalnﬂll(anpq{ t @tnal a

| oad resistor termisal cbuphedntouspid Isfad mesiatanf jand & hand PaR&] an
out put _ter i N33 $0UR| EdupPed *betbddf! s YuipytiKbrhiitY! ¥ sdid litiput
- coupl ed between sal ? termnal and sai (}:l nput term nal; phase
shifter havi ngtﬁﬁmiﬁﬂh ﬂ@) nRnehage shikter, g, AT IRy id -

non-inverting agaplédcto #ecéivde hsﬂgmamm maid aioni-iaivexting anplsifier,
cai 6 non-1 AQ: EPARARSRE; ra, OBkt EEEREALY CUF s ofhd na@é‘@aé%%ﬁ 5 O
receive a refehavingoacfﬁtatoigputgherminaichﬂE&ﬁdc#ﬂwﬁ#Q&iﬂe g a
first control ¥95hagﬁzd non-inverting amplifier, and a second input _
| e termanal coupled to receive a reference osc;llatory signal,
~ said phase comparator developing a first control voltage
15 having an amplitude and polarity indicative of the magnitude
and sense of the departure, if any, from a quadrature phase
relationship between the respective signals appearing at
its input terminals; and (4) controlled means, responsive
to signals appearing at said phase shifter output terminal
20 and to said first control voltage, fpr delivering phase
shifted signals to said load resistor with an amplitude and
polarity dependent upon the amplitude and polarity of said
first control voltage; apparatus for adjusting the free-
running frequency of said oscillator: comprising:
25 - an adjustable DC voltage source for providing a
U second control voltage of an adjustable magnitude;
means, independent of said controlled means and
-responszve to signals appearing at said phase shifter |
output terminal, to said second control voltage, and to a
- 30 reference DC voltage, for developing additional phase
shifted signals of a magnitude and polarity dependent upon
the magnitude and sense of the difference, if any, between
the respective magnitudes of said second control voltage and said
reference DC voltage; and
35 means for supplying sa;d additional phase shifted
signéls to said output terminal of said non-inverting
amplifier.



15 jAAqvi ng itude and polarity indicative of the magnitude and sense
- of depa’m |, ﬂu,”llgom a quadrature phase rel ationship between the
. ‘respective _ BHIMMg at its input termnals; and (4) control,led

means; responsive to signals appearj-g. at sai d phase shifter output

termnal 20 and to said first control_ voltage, for delivering phase shifted

signél s to said3oad reftemriniacrondangs ivtldde cdadmdl-afioxy ugependent upon

tg_e a{’rpiri tafdib]}fb’ﬂ ﬁaleafﬂé_ﬁbrp;re%'ﬁidré‘ﬂ,r Sﬁllefi@lg{-@ai)dﬂr%t@?@%énégpar at us fgg

adj ustin e free-_runnin requency. of. saj: scillator conprising: -

an adj u%%a qeaﬁfexe/oﬂggbag' SOUEES %"&ﬁﬁ%&ﬁ”&é@ﬁ&%&ﬁﬁbpgvol tage of

- an adj imzgte ofagRcildetimmnof iandeion avbcarriaird frequeakled neans and
r eSPENSEAE vl rd i) A a5 AIRGRIANE 31 1%, é?&ﬁ?ﬁtg”af BREsOHaRHT CCTT nal , %

sai d second control volfage, and to a 30 reference vol tage, for

devel ot P RAA I h 42 fgﬁ'%iﬂb&frﬁlﬁﬁlge&“e&cﬂagni tude and polarity

dependent upon the nmagnitude and sense of the difference, if any, between

the respective magnitudes of said second caontrol voltage and said

ref erence DC vol tage; and 35 means for supplying said additiona

phase shifted sidnal®s systam droaceerdamas wdithotcladimd 2nwhereiarting

anphofisdaid bandpbks flilter comprides A PidT1lel+2q OEQ?QESIW%EQ claiml,

for use in._a.calor television:receiyver, wherern said reference oscillatory

si gnal @orﬁﬁ?\%&? PSR & SEANGICE) dth e AP diate: ¥igindsyi PRati ons of a

col or s@idhcaler fsubpaentier Eraghenoyr.ei n sai d bandpass filter exhibits a’

pass band enconpassi ng said col or subcarrier frequency. 3. A systemin

accordance with claim2 wherein 10 said bandpass filter conprises a ey

pi ezoel ectric crystal cut to exhibit series .resonance in the immedi ate N/

vicidity of sai d.colprisysesdin QcdorddhRaCwithdclaim 3 wherefnsystemin

20r0T aubd Wahplsy Pal 1P 0] 180105 IRATRaks' 5o kaREd 11 0Nl 1Y Tl udes

capacitor seriall_y d_ispo_sed with said crystal between sé.id
output and input terminals of said non-inverting amplifier.

20 : . . .

' _ 5. A.system‘in accordance with claim 4 wherein
said phase shifter_impa;ts a phase shift of éubstantially
90° at said color subcarrier frequency.

6. A system in accordance with claim 5 wherein
said first input terminal of said phase éémpérator is ~
connected to said input term':'_.nal"_'of said non-inverting
amplifier. | | |

30



capaC|tot serially dlsposed with said crystal betmééﬁ‘§ard—outpu%—aﬁd—input

term nal s of said non- i nverting anpllfler 20 5. nce 7z
with clai m 4 wherein said phase shifter inparts a pf&@!ﬁ@“ﬁ"ﬁ@ﬂ
substantlally 900 at said color subcarrier frequency

accordance with claim5 wherein said first dl8pat terminal of said phase
conpar at or | 31connect ed t70. sal Gyistemi ineRicoaidadkes fiidhnelaimvelt bBgé

anplifier. . l?eljél ase d¥scflt%ri[}g.ln %%r% E(f%e\gl Elig?lgél @evél?éa

wher ei n sald ad fona VEl opi ng °neans
first. d|fferent|mﬂanﬁqiﬂqluﬂesuanﬁmnﬁtn@1 ﬁﬁgsnéﬁelsem@ dfﬂﬁanspmpclganV|ng

i nt erf«_ cpnneci ﬁd gﬂfé@raxﬁa ?fﬁ&ﬂ@%&nﬁs&%&@@a@'x&tﬁe&ﬁ'&bkéb{iﬁ%kéﬁj{ Bhitter
conpri si ng I r r I ansi avl n iLnter nec ed em

CPept T odad ' hr efpfaddts 0 4 ko YR e Rl EAGE, CRMBFARLRG: bhird
being'?nter- connnttﬁnurthﬁnnaﬁsmstnnsﬂhaw}n@hanhaseoahecteddemlutesald

first and third é{éé{fgggétogﬁetgoggégt #tput termnal of . said phase
shifter, a fifth fransi st or aV|n9 ector el ectrode connected to said

i nter connect ed emetrodasQf éf-‘-r% arng fourihy t¥angigtersn heing rinter-
si xth transi st Or conmected, mlmwtm%@mst@fts&ﬂd first and third

i nt erconnect el ectrodes 15 Qf sai.d _thir tran ors,
.a source of ggb(saff ’i ﬁﬁ%/rsc&?sts d ol?r% é‘%t t 5?‘ 8% ﬁg thl?%'gf'
el ectrodes of sa dE¥fth e rans istorh havdmg at moilgmoar péemtroﬁer epboneated
potential, meansgd Ofa{ NGId b iR et entitdel @4 c%koaasdokl Chhat EaRskShAa

responsive to said 20  reference DC potential, and neans fqQr rendering the
base el ect rode o7TeSRRY tFaANS Storsyi & Sixtds feansistos §&V&n§ééoﬁ81&3ﬁFP6l
-vol\rége the i nplectirats catdidtedao hasdniertonnetitgdakeniteply elgcteodes

bei ng coupl egst Oofasadid f}_lh%flﬁ‘d) Q%%th%%rth transistors, a source of
substantlally constant current connected between the emitter
electrodes of said fifth and sixth transistors and a point
~ of reference potentihl, means for‘réndering-the base

electrode of said fifth transistor responsive to said

20 reference DC potential, and means for rendering the base
electrode of said sixth transistor responsive to said second
control voltage, the input of said additional phase shifted
signal supplying means being coupled to said interconnected
collector electrodes of said first and fourth transistors.

25

8. A system in accordance with clalm 7 wherein said
addltional phase shifted signal supplying means inciudes a
seventh trans;stor having its emitter electrode connected to
30 said interconnected collector electrodes of said first and
- fourth transistors, and its collector electrode coupled to
said output terminal of said noh—inverting amplifier; and
wherein the coupling between said load resistor and said
output terminal of said non-inverting amplifier is provided
35 via an eighth transistor disposed as an emitter follower
with its base electrode connected to said load resistor and
its emitter electrbde connected to the collector electrode
of said seventh transistor via an additional resistor.



.collector electrodes of said first and fourth transistors. 25 8. A system

in accordance with claim7 wherein said additional phase shifted signal )

.S yi 1 a seventh transistor having its emtter electrode 5
c@ct iﬂllmmmuuﬂllrﬂluller connected col |l ector el ectrodes of said first and
foMA h tranSi stors, %and it's collector electrode coupled to said output

term nal of said non-invertipgganplifier; and wherein the coupling between

said | oad resistor and said output termnal of said non-inverting anplifier

i3 prqvi ded od3zivilater eupBitAntiansyster hdrepabedons an enitter foll ower

wWthts b%§§ eL% tro e.conne%teg.to sagd lgad rﬁfistor and its emtter

el ecPSEE 1IN E By FEE SERECE o PELIPTEl &cPPEARP3F1¥aPE sevent h transi stQry

vi a awdidded byalFigugiesor . 9. An oscillator substantially as —

her ei nbefore described with reference to Figure- 1 optionally as nodified by
Fi gure 2. : '




