2120883- | . VOLTAGE CONTROLLED OSCI LLATOR The pr.esent invention

rel ates to voltage controlled oscillators. U S. Patent No. 4,020,500 -
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quadrature phasé relationship between its inputs. The
additional amplifier supplies phase-shifted signals to the
non-inverting amplifier's load of a polarlty and magnitude
determined by the control voltages so as to mlnlmlze the
20 aforesaid difference.
In an infegrated circuit realization'of the .

. circuitry shown in the aforesaid U.S. Patent No. 4.020,500
unwanted phase shift may be associated with the load
shared by the non-inverting amplifier and the controlled

25 amplifier of phase shifted signals. This is due to the
cumulative effect of parasitic capac1tances appearlng at
the respective collector electrodes of the plurallty of
transistors coupled to the shared load.“ Without suitable
compensation therefor, such phase shift can interfere with

30 attainment_oflop;imum_tﬁning_of the oscillator's free-
running frequency and can infroduoe undesired asymmentry
to the phase contfol characteristic employed for
synchronization purposes. U.S. Patent No, 4,095,255



shared.l oad that |essens the aforenenti.oned unwanted phase shift., U S
Patent - No. 4,249,199 discloses a phase shi ft 5 conpensati on technl que whi ch

can/ i'sfactorily elimnate adverse effects of the aforenentioned
un é&ored phase shift on the ability to attain proper tuning of the
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relati ge tfe! PPedBAESLAPEnEISAT EhelbubpEOCHR! Ele Wikddddeusear ed | oad
reSIStggaégoshlft network in an oscillator synchronlzlng system
of the general type shown in the aforementioned U.S. Patent

20 No. 4,020,500. is matrixed with signals directly derived
from the non-inverting amplifier}therebf to form resultant
signals of a phase intermediate the’phases of the respective
matrixed signals. These resultant signals are subject to
an amplification which is controlled in a manner determined

25 by the phase comparafof"s ‘control voitage output, The sense of
_the difference fram the desired quadrature phase relationship between the
canparator's ﬁmmt<kﬁendnésvﬂﬁﬁhertme amplification is accampanied
by phase inversiorn ox not§ The magnltude of the '
difference determlnbs the degree of amplification.

30 The controlled amplifier shares the load resistor of the
oscillator's non-inverting amplifier. an additional
inverting amplifier is also'responsive'tb the resultant
signals pfoduced by the aforesaid métrixing and develops
a phase inverted version of the resultant signals of

35 substantially fixed magnitude_across'thg shared load
resistor. '

The matrixing parameters and the gain of the
inverting amplifier are chosen in relation to the undesired
phase shift associated with the shared load resistor .so
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1 that:.(1). the conbination of (a), the-signals devel oped across the shared
| oad resistor by the inverting anplfiier, and (b) the signals devel ope@
act oss the shared | oad resistor by the non-inverting anplifier, conpri
signals 5 which are substantially in phase with the signals appearing. at-.
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anpli fyi ng means® ﬁ% E Qhnehe Hﬂﬂﬁ%" Lkbada Weép&sfsi% ed; wifh the

col |l ector el ect rsheedflaodd tesfeitmcbrsdﬂmebuﬁm:tsmﬁ the contrpldedded with
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accordance with the$ se conparator's, contr

The i nverti ngQant?e¥ Fuhskantia Ay \in GHAd ’?é%‘r& t‘%% Q%M%Pfh&%ﬁieng
its base- emtterain:tésaids&numlnaﬁ:tbxihe base emtter path of the first

t ransi stor and its colle

resistor. To preserve symgrfe ry ol’f‘a oper |on o%%%%oég'%td?%ﬁﬁg%% r’f‘BFlf‘dSF
in{the i nst ance HFrghand segend itransdifanmdisposade withe dnteg complectiedr
(i.e., wherein lémﬁvézeSereéwd@H SotHead o @Q:cﬁ@d&f SlrdndMBbiulber) . a
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col l ector el ect rediethmasuitant signals ammed gt thie faifcadmenttdionied! . | n
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schematically and parti repr esent atlon a portion o
t el evi si on recel%rmalntalned at a predetermined bias potential. First and

second amplifying means have signal inputs coupled
20 respectively to the collector electrodes of the first and
second transistors, are provided with interconnected
outputs, and are subject to differential gain control in
accordance with the phase comparator's control voltage
output. '
25 ' The inverting amplifier illustratively comprises
. a third transistor having its base-emitter path in shunt
- with the base-emitter path of the first transistor, and its
collector electrode coupled to the shared load resistor.
'To preserve symmetry of operation of the controlled
30 amplifier in the instance of such a circuit arrangement
for the inverting amplifier (i.e}, wherein it shares a
current source with the controlled amplifier), a fourth
transistor is desirably disposed with its base-emitter path
in shunt with the base-emitter path of the second transistor,
36 and with its collector electrode connected to a supply
terminal of fixed potential.
"In the accompanying drawing, the sole figure
' illustrates, partially schematically and partially  block
representation, a portion of a color television receiver



1 incorporating a color reference oscillator of a voltage controlled form
in rdance with an enbodi ment of the present invention. In the color
tel§§§gion receiver portion 5 illustrated in the drawing, a non-inverting *
anplNFier 10 is provided with sufficient positive feedback via a bandpass
filter linking its output and |npu€ to enable it to operate as an

oscill Iam@pr@DramlmgeaaCDﬁgrfre@aeanyel9Bnglmatbrnofhe toltageés passband\'ﬁo
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mﬁth'iE&l&ekﬂSepassbaaﬂor 16. Signals are applied fromthe anplifier input

terggnal | to tNg.Rasesekeqh' oflg1helhs bORY! ob RBR. BShsrdedps vl 2 (1

base- emtter 5 emt ranS|s
appl i edlf A5t L8e EéFPesedr ipag @éﬁﬁenantsyloamebtﬁyert¢gn§;gmna-13 to the

aﬂplIft&bnoutnhtthéiﬁlaﬁtherlalbb&rbaég Qﬂtéi@énﬁééé&d?f Bh@ai r of NPN
rconnected by a

tt
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eIectrdd&fstentanilsmpilgierThs émrecelyebenneoﬁedotottheS|stor 33 is
retiy ngasael%oua@mxhalr eﬁv Sé or o#4an Eiasrgl.eéggt"wﬁeﬁkf&if&gﬁ@syf emtter-

follomeLé& |stori 33 are each connecte fothe [err].
suppl y¥ P cpliectar ?ﬂ@cﬁﬁgéeechFPBdﬁuBPu ubparsistesi 613 13 is
est abl pfhetebiiffieBhittalt anplisibents bbﬁﬁétﬁédfta5thd|9ﬂ3§ ed with its
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col | eCk@imthas! ¥3d°alibga! kL 188BEC18Y  Bne' DRebEELnSLE [gpal, with

its base el ectrode conn tLes
electrodes of translstors 1l and 13 are returned to the

20 negative terminal (e.g., ground) of the operating potential
supply via the collector-emitter path of an NPN current
source transistor 15 in series with its emitter resistor 16.

Signals are applied from the amplifier input
terminal I to the base electrode of the input transistor 11

25 via the base~emitter path of an NPN emitter-follower
transistor 21._ Signals are applied from the collector (at
terminal S) of output transzstor 13 to the ampllfler output
terminal O via the base-emltter paths of a pair of NPN
emitter-follower transistors 31 and 33, which are

30 interconnected by a resistor 32 linking emitter electrode
of tran51stor 31 to the base electrode of transistor 33.

The emitter electrode of transistor 33 is returned to ground
via resistor:34, The collector electrodes of emitter-
follower transistors 21, 31, 33 are each directly connected
35 to the+V,, supply terminal. _

Bias for the base electrode of output transistor
13 is established by an NPN emitter-follower transistor 25,
disposed with its collector electrode directly connected to.
the -FVCC supply terminal, with its base electrode cbnnected



1 via aresistor 26 to the positive termnal (+5.2V.) of a bias supply

and with jts. en1tter el ectrode directly connected to the base el ectrod

out put transi stor 13. The qui escent current drawn by emtter-foll ower
transistor 5 25 is determined by an NPN current source transistor 27,
dispgiéd with its collector electrode direcgly connected to the emtter

el ect+’ode of traQS|stor 25 . and . i.ts_enjtter ectrode retur rognd via
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crystal 35 appears 1nductive at the’co carri el lreguency, Ihe val ue
of the fixed capgd@iecslyzconnestede¥os shengpitkerselpesregrnPhatransistor 21

el ements 35 and a3 3¢ s aiiittaid bl@\dth:bﬂbs r&(tum&dr esogebandaviaheesbsoor

bc: f h th
oot ot ance val vy PhaahateE 20 ool ds) Y Ba s BLEHLEBLE! Bk Ealldi L 05y
bandwi dt h (etdy. 211680 the 5.8Vt anatsam@ay termdnadhar Theebasei electrodes

feedback path. A £aRaGiddt s%%rc%Btﬁmls%érﬁetl\seemt angi Qal akeaadcaround
cooperates with resistor 38 t rOV|de si gni f,i. gant attenu E %g £
har noni cs of trug%ﬁﬁﬁ§¥%1Qﬂﬁ§€9ﬁ351 1FGV?UG§F§ﬁPF (§ pf¥vdnPEi AB

sust ai ni ng of owddiiionmals wiasswﬁpd:uygher frequenC| es.. The bandpass
characteristic provided u&ﬂﬂfﬁ?ygfs6§i§ﬂ¥j€§@m1nal O is linked to the
20 amplifier input terminal I by the series combination of a
piezoelectric crystal 35, a fixed capacitor 36, and a
resistor 38. Illustratively, crystal 35 is cut so as to
exhibit series resonance at a frequency in the immediate
"~ vicinity of, but slightly below, the color subcarrier
25 frequency (e.g., 3.579545 MHz.) of the color television
N ) '~ signals to which the receiver responds. Accordingly,
crystal 35 appears inductive at the color subcarrier
frequency. The value of the fixed capacitor 36 is chosen
so that the series combination of elements 35 and 36
30 nominally exhibits series resonance at the color subcarrier
frequency, with the Q of the resonant system determined by
the resistance value of the series resistor 38 to establish
a suitable bandwidth (e.g., 1000 Hz.) for the bandpass
filter characteristic of the feedback path. A capacitor 39,
35 coupled between'terminal I and ground, cooperates with '
resistor 38 to provide s1gn1f1cant attenuation for harmonics
of the desired operation frequency to substantially prevent
the sustaining of osclllatlons at such higher frequencies.
The bandpass characteristic provided by elements 35 and 36



1 allows positive feedback of an oscill-ation-sustaining nagnltude in the

-| iate vicinity of the color subcarrier frequency. A preci se match of

t he (. e-runni ng-operating frequency to the color subcarrier frequency may -+
not 5 assured, however, because of practical tolerances associated with
elenents 35 and 36. As will be subsequently described, the systemof the .
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referep&emahasag éﬂjﬁutﬁéhtoéfchhé”fﬂééﬁﬁunﬁ£ﬂ¢'éﬁéfaéihéS supplied to a
bur st % Eaaa g mg b s ge arated col or sycnhroni zing bursts to
the ot h&FY ﬁBﬁ¥ P ﬁ 1 ESﬁpEFﬁ?b? e?ﬂﬁgﬁytonparator 54 functions to
devi®l op a controFog5thel pugposet pht shachngnaznmgntheudﬂowej- pol arity _

i ndi caae»éer@% hhss@gmawﬁelﬁnfré&ﬁéﬁc al@ObREE wEERU (ol TOM 2

quadr at ur e g erence exi st betweeh the respect]ve conparator
i nput s SUPFRESEREt FeERTengRQE éBﬁﬁH%ﬁ?o?obgrl§e¥ﬁv¥$k9¥y§kHQR%§ﬁ<op|ng
push- pthe sytpemsofpthei dragingnpheledésry phasentompaydtdnges. at

respec& e, 8uLRuL pggnkgagﬁaggge Sﬁg¥%tagh§§e 8§£{$é?voltages are used t%J

control "thé opéeratron o S|gna I er which shares | oad
r esibst osc;l-lla.i:mnshéenameﬂnﬁéwl hermimpalfFeatthe. Ma%eemitlt@iﬁ signals are

derlveéff&aﬁhtheraﬁsmgto§511ernhnehréﬁinaﬁcé serdetf4@rig0., 42, 41. The
nduct or 40 conn bet ween t he,

h hi f fi
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conbi napperrdhgr ati seomindlaf@dand inclusive of periocdic
synchronizing bursts of oscillations of color subcarrier
20 frequency and a reference phase. An output of chrominance
~amplifier 50 is supplied to a burst separator 52, which
delivers separated color sycnhronizing bursts to the other
input of phase comparator 54.

Phase comparator 54 functions to develop a control
25 voltage output having a magnitude and polarity indicative ~
of the magnitude and sense of whai:ever, deparEt::e from a quadrature N
phase difference may exist between the respective camparator inputs.
Illustratively, phase comparétor 54 is of the type
developing push-pull outputs, provi&ing complementary
30 control voltages at respective output terminals CV and CV'.
These control voltages are used to control the operation of
a phase shifted signal amplifier which shares load resistor
14 with the non-inverting amplifier 10. -
' -~Phase shifted signals are derived from the output
36 terminal (P) of a phase shifter 40, 42, 41. The phase
shifter includes an inductor 40 connected between the
amplifier input terminal I and the phase shifter output
terminal P, and the series combination of residtor 42 and
lcapacitor 41 connected between terminal P and ground.-'Tﬁe



capaci tor 41 connected between term nal P and ground. The -7- 1 val ues

of the phase shifter elenents are chosen so that a |agging phase shift QE;
(équal to substantially [err] at the color subcarrier frequency) is

i nparted to oscillations supplied fromtermnal |I. The phase shifted
oscifl.ations appearing 5 at t he phase shif&2F output termnal P are coupled
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61 via a matrixif¥g 3eNeR 6’:“’5"@ SGNECe 8&59'5‘ 15POBR Y’ﬁ tl q
thg_pon- invertqupkqutdh eﬂeb&xoﬂeedaksctappbpanetmeﬂheobaaumaMEdtEbde of

transistor 61 Vigienhptsigdsd éfgéé}é&efggrégéﬁy é? i&f 4 the base 30
el ectrode of transistor .62 fromterm nal (atl t ase of tran5|stor “13).

The col | ect ot5 et rda@Vof bifsn SUPPIY 6‘?%11 ‘aad with, dtsc@mitkeron of
the matrixed si glaictridee Wonhected o lg&%ﬁnel Qﬁfar @esistokr a6si stor 61 to

the interconnected 35 enmitfer q:lré%;&leneagt r'ogegg,f,gg%g 83 2Rd 88n¥ig12

di.rect connection thereto.
outputs of comparator 54, includes a pair of NPN transistors

61 and 62, which are disposed as a differential amplifier
20 with interconnected emitter electrodes returned to ground
via the collector-emittér-path'of NPN current source
transistor 63 in series with its emitter resistor 64. The
base electrode of transistor 63 is directly connected to.
the +1.2V. bias supply terminal. Phase shifted signals
25 from terminal E are applied to the base electrode of
o~ | ‘transistor 61 via a matrixing resistor 56. Signals from
. .- terminal F, at the input of the'non-inverting amplifier 10,
' ' are also applied to the base electrode of transistor 61
via a matrixing resistor 58. Bias is applied to the base
30 electrode of transistor 62 from terminal G (at the base
of transistor 13). :

The collector electrode of transistor 61 supplies
an'inverted version of the matrixed signals appearing at the
base electrode of transistor 61 to'ghe interconnected

. 85 emitter electrodes of NPN transistors 65 and 66 via a
direct connection thereto. The collector electrode of
transistor 62 supplies a non-inverted version of the
matrixed signals appearing at the base electrode of
transistor 62 to the interconnected emitter electrodes of



transi stor 62 supplies a non-inverted version of the nmatrixed signals .
appearlng at the base electrode of transistor 62 to the interconnected
em r el ectrodes of 1 NPN transistors 67 and 68 via a direct .

.. co ion thereto. The control potential output appearing at out put

termnal CV of the phase conparatb$'54 I's supplied to the base el ectrodes,
of ur ans‘ns!:eaﬁsﬁstaﬁd 67, anlli 68 D& S0dDLEFEcormdédEidy MaEnduy). control

ot ent 0 a a suppl ied t he base
et 5 SherPL BRERRLLSL Bbu b ohEL AR, aCioutig PRI &
transi o€okhe Bbaaﬁdcempa:etqrréetig gappbieddte cthendbageerr] supply
term néhec‘é’?bh&slgft Eeaﬁeigesi-ersglSﬁareﬁleswﬂhér%'é&ﬁﬁfenﬁe%ﬁnd 68 are
dlrectlg nnecte % rapsi stor 13 so as to
Govd ofiraiR e inkCcbiExS; REEARELSL SUERSE Sractelie AU BRI ng an

out put termdaalr €¥f sisr stgpliedntadthei baseé élRetrodss sdHr 70, di sposed with

Its bagsezegt 1gePa rectly inshunt with the base-emtter path of
t he d.???ﬁgﬁ%%g? aﬁ%ll%?eghtran5|stor 61, and with its collector electrode

directly connect EHet 8ol teatan| etectredesnef chranreistens of and f&tenti al
anpl i f age amaatw%oﬁﬁecaedltecﬂu&. S6pPYy tbenbﬁsﬂ,emﬁipé path of a

furthe rans r 72, -whigh is djs ts coIIector

el é&r %88 i@éf%?rcs gfgée?og?hgrfg?fngg ?g ??ﬁrﬁ €in operati on,
when adwem:lgl gqahecteéetngthecebidaelq:tar depectxode b £ otmms@n‘ roma
desi 1 ed3qugdaat uaeaabais r-&he ghegsaeeobst Eﬁsnsmfe&ef@a 2 con% oni zi ng

bursts_and oscill ati ron1 erm nal Fu ances t vol t ages
at terhftnal 8189 dfye 1Pﬁ and?PEEFFoﬂ°§?§§a¥?ﬁbs?WE bbheEht3ml at the basg j
. el ectrad@itbbnalaNBNstoansHstand767/, dibpbsedeopl thh sitg hase pamiddml at the

b T | S th
25 ! AUECPLy LANSHOAET4ER 0 Bfpo B I Ty AT oo (1o
passeddb§f9F§ﬁ§F§ioFmB§1§*€§e§§aﬁﬁésh9§nﬁlud@n%fwhthoht$nverted versi on

t her eotoh2ecedrb¥1beepsast airéétlfoeaﬁﬁéekad foldeppnrind £ ®f tHg Opposite
sense %ron1the e5|reg qy a% ggas relg% gnsh unp Lanqﬁf the control
vol tag 2SPRePLE®S pB? P gl é #Fﬁﬁ 38\ RBP § the t he
non-inierdédectiylehupaeéehybyherhasesemitter path of a further.

20 NPN transistor 72, which is disposed with its collector
electrode directly connected to thei + cc supply terminal.

In operation, when a color s;gnal is being received,
a departure of one sense fram a desired quadrature phase relationship
between the received synchronizing bursts and oscillations from terminal

25 F unbalances the control voltages at terminals CV and CV'
in a direction elevating the potential at the base
electrodes of transistors 65 and 67, while depressing the
potential at the base electrodes of transistors 66 and 68.
Under such circumstances, the magnitude of an inverted .

.30 version of the controlled amplifier input passed by -
transistor 65 exceeds the magnitude of a non-inverted
version thereof passed by transistor 68. Conversely, a
departure of the opposite sense from the desired Quadrature phase
. relationship unbalances the control voltages in the opposite direction,

35 whereby the magnitude of the non~inverted version passed by transistor
68 exceeds the magnitude of the inverted version passed by
transistor 65. In each instance, the consequent injection
of phase-shifted signals into the oscillator loop alters
the oscillator's frequency -in the:particular_.directionl
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I n each instance, the consequent injection of phase-shifted signals int
the ostillator loop alters the oscillator's frequency in the particul ar >

di rection -9- 1 appropriate to reduce the departure frOnthe desired
quadrafure phase difference between conpara®or inputs so as to produce the

desi Méd synchr Oaﬁﬁifbeﬂatét toWrblube £RéCdepditird Foci Bk dikigéd gea&atur_e

resistor 14 by the non- nver ti.n I|f|er 10 .and. t he coptrol .
anpl i fier of ph Leriehe (el pmetton, 1abae, 5 58, §P GPOR B desize?

el ectrodes being-direct yItowmkbthd nhbeétbhatoamershasing dﬂ-lQﬂdtﬂﬁSlstcr
effectively Shuaheﬁ bynea aal-&heefem&'maff5135896'£ﬁ§%ﬁ&t& led .

collector. In aggre ate tEIS resu . nt { oduct | on an_ undes] red

| aggi ng 10 prsasémgﬂrlfftleaf ofuphrererbifbgdi stgmals pRRltIntHA rRMRAHHY or
phafse control agpfmEellgcebebetevtibaesr fBéianEdﬁﬂééel?fr | @nhécosd | thereto.
performance is r' Xi o] fto
formthe signal i%%sus;%; lQ(fsﬁe %o% Q gdegfgﬁé#ﬁei§ %ﬁ%ﬁéﬁ@}%ﬁéﬁ:
correction techsagacishneces pSéQEh@téﬂbﬁatheﬁﬂcthOlb@¢t9€ﬁ Trsaggregate

val ues for the rafild *augh1re@siint %&raauer&do%ofsaaehae&gﬂree Lhggihge
resul tant of nat i shi_fte rection

relative to ¥heP XInggﬁ%thfqﬁ&gféfbgggpﬂaggﬁE§$§ng? %€ T eF AT %?n%ﬁ)'The
magni t ude of phand/eiri phaise tbatreidasymuetryt pvobiemst that atéguirmt ches

t he magni t ude. OEOFQ%Q%QQ pggsgggg Onaﬁﬁ;@gkﬂ%ﬁgemighdéggr%@ad circuit of

non-inverting amplifier nit ude i he |nvernf
vetsion of the matrixi ng FREUPARRLXLRA Eﬁ pigpaidcfeampiemiagts i Hvand ihg
anpl'i fier 70 into tfla»emsw‘eed:.bﬁaal ihpusefFesgt eﬂesoohbnbnée amepl Df i exind of

(a) such im% ?’%gtn%’:?g Q@e(:@iofqh eéhﬂ?&%ng@Q@S”%ﬁeQ?M‘é%%ﬁlhgnkhe

shared | oad I er
conpri ses 5|gnam@esab@uanpﬁarey1s&enpecxalges|ﬁ°phabe m#tﬁl¥h%gs¥§%h§§9rs

appearing at thgeawa &g 43 s82B8ckBUCED! &aaerrahéf FBEUSLARRUGE LH@EB1i RN -

11. By vi rtue of; st g :.%l%%\ée 1%e%galste)egnl ?;hecs. Hz.ng direction, relative to
the phase of the quadrature phased signal at term;nal_E.

20 The magnitude of phase shift in the leading direction
substantialiyﬁmatches_ the magnitude of lagging phase
shift associated with the load circuit of non-inverting
amplifier 10. Additionally, the magnitude of the inverted
version of the matrixing resultant, which is injected by

25 the inverting amplifier 70 into the shared load, is

' selected so that the vector sum of (a) such 1njected

- signals and (b) the signal components delivered to the

68 exceeds the nmagnitude of the inverted version passed by transistor 6E§§9

"'shared_load by the non-inverting amplifier's output
'ﬁ trénsistor 13, comprises signals substantially identical

30 in phase-%ith the signals appearing at the base of the
non—inverting'amplifier's input transistor 1ll.

By virtue of the above-described injection of
compensating signalslfrqm inverting amplifier 70, the
phase lag associated with the load circuit of the non-

385 inverting amplifier 10 has substantially no effect on the
free-running operation of the oscillator. For symmetry of
phase coh£r01 action for the synéhronizing loop, however, _
compensation for the effect of the phase lag associated with
the shared locad on the controiled amplifier's output must
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conpensating signals frominverting anplifier 70, the phase |ag associ ated
W th load circuit of the non- 35 inverting anplifier 10 has ) .
subs ially no effect on the free-running operation of the oscillator. s
For symmetry of phase control action for the synchronizing |oop, however,
conpensation for the effect of th.en_mhase | ag associated with the shared -

I h Il ed t t 1y b
0], RGeS AE AP ¢ SyRH! BihembS ke on 10, ndaB0dRd L0011 Y
provi deurémhthmcbend oimmb@npﬂ:idﬁ eprovidedtfdyy tthee qmtriolled 58. The net
effecta ﬁgiérbgagné@e r@glugﬁé G 300 tg'ge I aSHRE rﬁtleecf@eg%l 5 shared

load is, That the,inject conponpent's fromthe cont ler wll

bear eFRhdrlecd ARFrRAYckirR3nd the aﬂtq%n%srﬁ??’tﬂftqg M A equadr ature
rel gti shabed 1osd apprehmt atlee t:tnjétﬁtéﬁijetﬁiﬁﬁﬁéntfs?cﬁ#dned:ﬁem

synchr y esent res.ul t ant

cgntrlgg{"?%‘%js'fg% %’8% Jr'éa%&vn’é ors ajfcw)c ﬁ}’rﬂ‘?&ﬁtyr@f control
act i onrebatiepshir on 2 heeading qu%namrm&a@mwhnm @se drawi ng, the
i nvert apgr iaééeEotﬂ@élséé:*@étﬂéhﬁfﬁ@ﬁ&@@dﬁ@ym&ﬁﬁat&%’ﬁ%' stor 63)

wtht rential a n stors 61 and 62.
&y met 5 ﬁfﬁ oFRTRH SHoSEEY (A SHeT ) ATkttt 94 (he [COREbNIORS | n t he
pr agenfromf txam$i storen?0 sand ck3 s hwherahy tgymﬂea:xadabﬂ icomtfolt ransi stor 72

(desirgblyoneishedshfedlructure to transistor 70) to additionally share the
commpn current source, while 20 entrained (by virtue of its base connection

to the base of ti}RnERetIReEHEic AxEAnIenant #hown im themd¥asingonpl enent ary
to thetuarimwasn@fmpnﬁérwmmdfaruslsﬁafeg& cu&tﬁeaimrrent of the (j

P oper o SRANL  HEEa o0 SOIDEPSAULIh A0 JALSGI A il st or 70 1

readi | I eve y se appropriat e em SFensi ons t heref or
(wilsh fermed shyrtransistens yﬁlrrmn#]eﬁ?-t hefymetyy of qresatdes wienti oned,

it is Qﬁéldﬂbf@réﬂtﬁ{ﬁtﬂﬁ?lphéf'e;é|§1’.«l§§éﬁ$&ﬂ IMP&HeP g a facility
for ad nt_of the free-ru n|n freque ad{ t he colfor 30 reference
osci 119 oF S8 oPrEens  oquree i thy L SR qpaicion’ S
transistor 72 (desirably matched in structure to transistor
70) to additionally share the common current source, while
20 entrained (by virtue of its base connection to the base of
transistor 62) to vary its current in a manner complementary
to the variations of current drawn by transistor 70..
Attainment of the proper magnitude of compensating signal
injection by transistor 70 is'readily achieved by selection
25 of appropriate emitter dxmen31ons therefor (with tran51stor N
72 suitably matched therewith). ' ' o -
As previously mentioned, it is desirable in:'
systems of the illustrated type to provide a facility*for=
adjustment of the free-running frequency of the color
30 reference oscillator, so that it may be set precisely to
a desired color subcarrier frequency. One known technique
for providing such a fecility is'employment of a variable
capacitor in the oscillator's feedback filter, as shown,
for example, in the aforementioned U.S. Patent No.
35 4,020,500. | :
In the system illustrated in the accompanying
drawing, however, a different technigue (explained in detail
in U.S. Patent Application Serial No. 383, 303 of R, Shanley et .
‘al., entitled "Oscillator Synchronlzlng System Incorporating




<

a desired col ar subcarrier frequency Cne knomn technlque for prOV|d|ng
such, a facility i{s enploynment of a variable capacitor in the oscillator

f eédback filter, as shown, for exanple, in the aforenentioned U S. PateXl
No. 35 4,020, 500. In the systenlillustrated in the acctonpanying draw ng,
however, a different technique (explalned in detail in U S Patent
Applf%htlon Serial No. 383,303 of R Snanley et al., entitled "Gscillator
SynchronlZIngDGNSéSﬁtfamoaaoPafeegnunninatrreqaéney -ahd" EﬁeedRuapizg

Cor fesponde oL BPFe LR’ sRPLAVER, JraeSFRER Y3408 ARTectRBR, chBRbEREhAS"
fromterm nal toaBeitpghi eatEnasAppéicagnan 83a4409.t 0 an additi onal

controlled anplifier iU éﬁgﬂ!% rﬁf&h(¥¥¥Hf35f(ht£¥éﬁéé§l#%éu

t he base el ectrode of e out put emtt ower transi st or
oscill ator. 5An3§th§t§5993EC#VBPFa§E PPoﬂﬁﬁﬂéiﬁﬁﬁéaSPEtF8516ﬁ ppplifier

pot enti onet er 46 (%héhoﬁt§§@ endeQchtssnbaab;eaoeaeebeﬁ;heapQCEtvehx to
the +Vcc suppl oun s supplied to the contrql

term nal FR of ﬁﬁIF F&F’Qée ﬂﬁptﬁFlgp Yt emisten fohla¥er e o§€PPF&FGPrIoop
phase shifted 3Bgofil thef oaciddaitbrde andaddhstabledd@enddtagepdiromhehe

magni t ude and &ggé?gﬂgetg tFQetﬂgp%k&%Hif% & t Qﬁtqaﬁkﬂ”§3§ﬁpe§gdtap

position froma ance s onent
quadat ur e éenpsqennnnﬂsncepmec&eadregpnsmﬂvsﬂantph@hEre& ﬁﬁP@@Yfrequency

of the bal ancetgeningd Isnée%breéouﬁad asl%ﬁ@pﬂqeaueer%hereoeeeeqnent when
downwar d adj ust nent from.t ee- rynni ng requenéﬁéqf th balance

setijng i s destPBEYt fﬁéméﬁﬁidFﬁeﬁf gprlRE 1egy 4 i oA FFEe wilfjects
reference to thatdr&hengscnauudes aobplphgeecehht&bﬁedlgmmﬂg ofora

ncorporati g {YaRNnALl b go1aliRLoRElLARLY QLoRRY WaknaARY LACe 1

a advant ageous tal nnme a sy tr1 cal ase
control ch3bacsenset of topugenartyyscnﬁomhsamnuanﬂhnmhe'sscuMamunoamtunn

external refer fromeadmdahdent setting. The injected component is a leading quadrature

component when upward adjustment from the free-running
frequency of the balance setting is desired, and a lagging

quadratﬁre component when downward adjustment from the

20 free-running frequency of the balance setting is desired.
‘The embodiment of the invention described with
reference to the drawing includes a voltage controlled
joscillator incorporating compensation for adverse effects
of parasitic capacitance in a advantageous manner. This
< 25 permits attainment of a symmetriéal phase control
characterlstlc foruse in synchronization of the oscillator
“with external reference oscillations.
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-12 CLAIMS: 1. Avoltage controlled oscillator conprising a non-inverting
) u ' |nput *5 terminal, a load resistor across which
pun) I,umlujmw r appears, and an output terminal coupled to saidr
. Ioa resistoré spass filter coupled between said output term nal and
said input term nal of said non=lBverting 10 anplifier; a phase shifter ~,
hayi ngcrapymgwut term nal coupled to receive signals fromsaid non-i nver t'whg
-anmplifier and kaving ut put g e_co arator having a first
i nput terninal IS.QCSSEFgge °P% gbggspéﬁéﬁ a?PSnF ﬁlﬁéﬂglnverting
anplifier, and a second input termnal coupled to receive a reference

osci 1 atory st nalon-3aivd-RASe 1gMRY ahen 1deke! ARVIAGAaROBHERL VOl L age

havi ng an anplltu l'arit lve o and sense of
fhe doFmingde & °9ﬁyreé@SFPGnP&f&&édW&tl&heaﬁhagé'PPél aﬁ. §Adfli p between the
I espagipli€ isirg appeazgpeandngnabuitbati Rptmihalicoapbiedmeansaiar matrixing
flrs& %hg%@ s ggearlng at said output term nal of. said phase shifter with
secon® Si gnal's derived directly fromsaid non-inverting anplifier 25 to
formresul tant asbgnd pagehifiltengcaupledebrtveenegrideoutiutphases of said
firsteedpina@Cand Sad@akitputn tetmdnbilngsaplial heh-iayaeRIhye to said
resulta r-_L[e%nals formed by said matri xing neans for developing a

d version of said resultant 30 signals across said |oad
reS|stor of a aulphiaset ishlilfyelri bavimggant ddputaterndnaiokcbagledplifier
MEaR%o rr% Q9 & 8?1%1§a'ﬂohe§'él ga bns-'lgx%ﬁﬁx IRg19¥ 183! dngatrixi ng means
and to sa contr vol tage, eve oping 1fs oltput across said 35 | oad
resi SRYENG @n tﬁgméaﬁérresultant signals to anplification with

i nversi on when aap@e.@ar cehpagatoRs HARIAGORCFiFsheinpak theminapect i ve
Signabup RIS MWceive signals from said non-inverting ampllflerv

-

and a second input terminal coupled to receive a reference
oscillatory signal, said phase comparator developing a
control voltage ha&iné'an amplitude and polarity indicative
of the magnitude and sense of the; departure, if any,
20 from a quadrature phase relationship between the respective
. signals appearing at its input terminals;
means for matrixing first éignals appearing at
said output terminal of said phase shifter with second
signals derived directly from said non-inverting amplifier
25 to form resultant signals exhibiting a phase intermediate,
the phases of said first and second signals; _
an inverting amplifier responsive to said
resultant signals formed by said matrixing means for
developing a phase-inverted version of said resultant
30 signals across said load resistor of a substantially fixed
magnitude; and
' controlled amplifier means, responsive to said
resultant signals formed by said matrixing means and to
said control voltage, and developing its output across said
35 load resistor, for subjecting said resultant signals to
amplification with inversion when a departufe of
one sense occurs between the respective signals appearing
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-13 1 AQaim1 continued: at the i nput .term naI e corrpar ator
and for Sl.lbj ectl ng said resultant signals to a ﬁﬂ”

i mver gi on ‘when a departure of the opposite sense ‘5 6ccurs«

respective signals appearing at the input-itrmnals of said phase

conpar at or (%P Ihﬁ‘- d%%( ege of said anplification of said resultant si gnal S
bei n\gfdepenc}e ude of said departure from said quadrature
phase rel ati ona:tl:nq.he lLinput mmmmlca afh sadidomhasse asmpia rdtginm anghdiogi n -

sai d phase Shiéwjeéﬁﬁ&déa:fé fedasmd % o A iadlgd1s FadaA1 o0 wiQKaktt he

operating frequency of said ﬁl | 1 at or. 3. GCscillator in accordance with
cl ai m 2 wher ei HET PR RD taa epazsuze Sfe&hﬁﬁ PRPeSiYe| 888SResi stor i npart

a phase lag g @cmg:rsalbmfmnﬂrns nimpﬂctpeﬂa aniigred s aippdardthg ati +her, by
sai d non-inver a‘F%I !.f' r ?ma f Sal

mat ri xi ng rreanﬂég%l gxg%\s 0 %l@\%%%@bgﬁq RA'@":}frsheQ-'fgﬁac%e(aree (1)
t he conbi nati o?€ oﬁa?(%)a%heﬁr%ﬁ@@b@fvé@doﬁﬁﬁu%ﬁf Edgnalgnbedingnal s
ol a5 gnal g e R  ad  es stor oy satd
non-i nverti ng@a}%% %re %‘ﬁ%s‘& gséggélgg’%gﬁg _of substantially the same phase
as the sig S appeari-ng at sa| d input termnal of said non-inverting

anplifier; Whereas (2) the egaiﬁlggog% S Y §HARE ¢ 1300 TS Wl thoad

resistor by said, control I e 30 neans bears a substanti.ally
quadr at ure” phaS¢ B ?%rﬁfi’o@‘{?ﬁ nERRduse s &4 RYAfAfIIS % RsEaNt it Wai d
i nput term nale@iakatsl 90N-atvithe iowerEgind iffequencyl ©f kdid oscillator.
Gstilll ator in accordance with clains 1 or 3, wherein said controlled
anptifier nmeans includes: first and second transistors disposed with
interconnecigd emtter el ectrodes; 5 a conmmon current source

coupled to Sa'd inter- 3, 05c111ator:x1accordance with claim 2 wherein
stray capacitance assoclated with said load resistor impart
a phase lag to signal:compohents'developed across said
load resistor, by said'non-inverting amplifier, and wherein
20 the parameters of said matrixing means and the gain of said
inverting amplifier are such that (1) the combination of '
(a) said inverted version of said resultant signals-
developed across said load resistor by said inverting
amplifier, and (b) said signal components developed across
25 said load resistor by.said non-inverting amplifier, comprises
. signals of substantially the same phase as the signals
. appearing at said input terminal of said non-inverting
' amplifier; whereas (2) théhphase of the signals developed
across said load resistor by said controlled amplifier
30 means bears a substantially quadrature phase relation to

of said non-inve

the phase of said signals appearing at said input terminal
ing amplifier.
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connected emtter el ectrodes; the base electrode of said first transistor

“bei mip equmugﬂm“wmﬁlﬂmtut of said matrixing neans; 10 . means
forggggnta ctrode of said second transistor at a, )
ermi ned bi as potential; first anplifying means having a S|gnal I nput
coupled to the collector el ectrodddof said first transi stor; second
anpl i fyi ng means, hays8912asbgrnial aceprdaide amleﬂamstneoﬁouect?r | Nt
el ectrode of said secon a ans esponsive to contro
-vol t age out put %g eL5tY gﬁ%éegégﬁ%gigfgg %?E ?f%ﬁ%ﬂ?lb?? F4ing the .
gai n of said fifirstnandeseedndnpranyisgornsadispased meitls f or conbi ning the

out PUi i @f c&héLbd SimPLeaR e ECEAY@RP! [ TYi NG means. S Gscillator in
accordance with claim4 wherein said 1nvertin nplifier conprises a third

tfahsistor 25 hAVFATRAR HSREL Rt t SRRTPRt FOR c%—%dsql*fism?ﬁrwm t he
base-eohneete@aEMibfesaéﬂeétrodesfansistor and having a coIIec}?r

el ectrode connegted,to sai.d | oad resrstq Gscillator in
accordance wit h%b CPA%E SIESERARLS n&a&df J&Flsl’l'- FF&H§F§F8F havi ng a
base- &RifNGe ¥ SFRORSAFiEn &6t &b PUSPWEH Of iSiridheaasedomi tter path of said

seconfleanrigpsi stor. 35 7. A voltage controlled oscillator
' raw ng.
supstantially age DL kPOl R SERENS Ple "bile "1 ELERSEe 19 081 41 AW N

second transistor at a predetermined bias potentlal,
first amplifying means having a signal input
coupled to the collector electrode of said first trans;stor, -
second ampllfylng means having a signal input
15. coupled to the collector electrode of said second transistor;
means, respon51ve to the control voltage output of
said phase comparator, for differentially varylng the gain
of said first and secénd amplifying means; and
- means for comblnlng the outputs of said first
20 and second amplifying means.

5. oscillator in accordance with claim 4 wherein
said inverting amplifier comprises a third transistor
25 having a base-emitter path connected in shunt with the
base-emitter path of said first transistor, and having a
collector electrode connected to said load resistor.

30 - 6. Oscillator in accordance with claim 5 also
including a fourth transistor having a'base-emitter path
connected in shunt with the base-emitter path of said
second transistor,

35 7. A voltage controlled oscillator substantially
as hereinbefore described with reference to the drawing. |

[ I R ]



