- - -, 2130841 HUE CONTROL SYSTEM The present invention relates
general ly to apparatus for reproducing color images in-ressonse to

CoRAposite color television signals, and particularly t lﬁ (?41 3
hue coritrol systemtherefor, for use by a ujewer to efféect deSired ,_é;b

alterations of the hues of the,repigﬂﬁzggﬂéﬁégégéggggs. In a color

t el ed¥si on sysﬂenyof.phe NTSC type; omposi te col or

tel evi sion signal includesThi) Ffresent! dnveptdbnorelatiesngpnepality, to
periodically reculi. Yok el grsy LILer uenc .LLatjons of
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recei vers for suéh 2e%a% &8 &FFSGF AsS i @1pRE3L19RS PFeblien yeﬁbﬂ r Ghe
(APFC) circuits tepmotuivedhicodca limagescol or r.eference oscillator with the
burst conponent of 20 receiyed SJ | ¢ ol € gl h n
shoan im0 S Patent No. 4o S5GoF Neidvisieh, SYatEn or Bub RIEETEFbe
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25 signal .in quadratyre relationshi h the first
oscillatory s gniErshs G FAltiATERasFHGE: FERURBFECBChLLREIaRRORE: FgRFEant
for the receiver 'ampddltmdedermmdulcgt ar xefareacecphask which Headdukheor
arrangenents may g ; | LRl Q6 AS f ot r nt+oned
NTSC type. A paéﬁ%ﬂﬁéﬁ~§%ﬁ 5éﬁ%§gé§ﬁ§e%r?%%ggﬁéﬁfaeg%nggﬁg gg?rl%fgéo?gg
demdetul at or s suppti@ @ lgrritiffexeasee sdgarlsabYoRd *of 28lich2pfaddd® asrespec-
paoduce |'aXiasaQ?NGﬂa?Lﬁn@B@m@ﬂe&EiOﬁrohf%hécbhtehinaﬁ%etEﬁgﬁﬁmebh?ée 25
chrom nance signal . Nt uch.a dempdulat ot arrangenent, one_nay
exanl o rel | abl FeRRCHARES MY DR ARy RLoR-adAgEHRRGe BiGp T by R0
col or - di f f er ence Wiegnalecediverse ifor aschciaasystemt knphoy| Aubbwaticf Pbasacand
signal so as to w&ﬁu}gggmeﬁn%wﬁa@wtEﬂbaﬁtsgker syReAkBhi 28 aAlola1Q

col or denodul ator a _ IS al'so_convenient for uSe In assoclatign
with coloxr reference oscillator with the burst component of

20 receivéd_signals,_as, for example, in the manner shown in
U.S. Patent No. 4,020,500 .- Harwood, there is typically
available, from the osciilator, a first oscillatory signal
comprising reference oscillations differing in phase from
the burst phase by 90°, as well as a second oscillatory
25 signal in quadrature relationship with the first oscillatory
' signal, for use in developing the reference oscillation |
- inputs for the receiver's color demodulators.
' _ _.A variety of color demodulator arrangements may
. . be used in a receiver for signals of the aforementicned
'TE 30 NTSC type. A particularly advantageous arrangement employs
‘a péir of color demodulators supplied with reference
oscili#ﬁiohs of such phases as to produce I-axis and Q-axis
'dgmodulation, respectively,'of the received chrominance
'_Sighéi,' With_such a demodulator arrangement, one may, for '
35 ex;mplé}'ieliably_récover high frequency (i.e., 500 to 1500
'KHz.)”colbf-difference signal components associated with the
I colorfdifference_signal so as to provide a color image
| with'high_color resolution. An I, Q color demodulator
" arrangement is also convenient for use in association with



-2- 1 flesh tone correctlon C|rCU|try of the type disclosed, for exanpl e,
in US. Patent No. 3,663,744 - Harwood and U.S. Patent No. 3,' 996, 608 - _
Har wood, where an additi'onal |-axis detection of the chroninance signal is®»
*dgsired for 5 flesh tone recognition purposes.. A conventional facility
p%é?lded in receivers of the aforenert3oned NTSC type is a manual hue ~.

rol geffééx&' £6né e.féﬂ@sti&x et £ &ye&@ftﬁ@ dBpEpsied £ or
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recei ver' em)dul tors,so asgt se he deS| dj ust t nd .
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adj ust able mﬁ@hgethel?W%b%m@@&%thﬁﬁeﬂrm%ﬁ ch results
inl-axis :Ué’éz'i } Ofu@th i%ﬁ@ﬁ@l%&&ﬁé&”i‘%&ﬁn&i HFt Z9f the I'n

accordance w th nbodi of esent _inve a first reference
osci | | ator B%?'Tb %ﬁ m%u‘ﬁ%ge’f?f‘%e q?ﬁ;ﬁi’rﬁ%??%a%‘ép&e’r%é"l% e h a received
bur st phaseree@ﬁverSeod)enﬂodeames@smItatmumtm desixreflidtiet ure phas

relation w 4t ion t

devel op a t%&}‘gﬁs‘m Qé'éor@:{.x?%ﬂl {C&s\%ﬂ&%gﬁ %%ﬁér%e%?%&%% phases
of the réép'ebm:/%c%'ﬁﬂ%t@?l%tmﬁ%‘-‘ﬂm%h%%* tor anflthe arefeyence '
substanti al sz ﬁaxeﬂnﬁat ntei%iﬁhmfésrwél@élwm&ﬁoa@ﬁwﬁs ve axraQﬁaonSI ve

t I |.eadi d. | the third
devel opa o FOEFERPEUEIT SHUGF PaTeal O oo v e ARVRISech 48 GPeRarat | on
wi th said tlinrtHe phcowpnapingosisios. dnemwdihact thd presentcineentdogiignal i nput

‘;3[ a v {)S; HELOL B Hue! SrlES] Hiteh AT 86 H9R1  SARBRL EMIuRFLPER T
P 20 employingan I, Q demodulator arr aﬂgement which der:.ves fromburst-referenc-

edoscillatory signals of the type mentioned.above, an I-demodulator

' referencesignal inputof arphase adjustableover a range rellably centered
about that phase whi ch results in I-axisdemoudulation of the received
chrominance signal.

25 ' In accordance with the embodiment - of thé present
invention, a first reference oscillator output maintained in S
a quadrature phase relation with a received burst phase, and
a second reference oscillator output in a quédrature phase -
relation with the first output, are subject to a matrixing

30 operation to develop a third dscillator_y s'i_gnal of a third
phase intermediate the phases of the respeétiv"e oscillator
outputs. A differential ampl:.f:.er, of substantz.ally fixed
gain, with dlfferent:.al “inputs’ respectlvely respons:.ve to
51gnals of respectlve phases leading and lagglng the third

35 phase, develops a fourth oscillatory s:Lgnal, with a phase in
quadrature relation with said third phase, across an output
-load. The reference signal input for a first demodulator
is derived from Signals appearihg across said output load,
with the phase of the fourth oscillatory signal established
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with the phase.of the fourth oscillatory signal established -3-11in
sugh manner as to.normally produce |:axis' denpdul ati on of the chrom nance =~
signal in said first denodulator. A controlled anplifier, fed with the 5 @
third oscillatory signal, is disposed to supbty said third oscillatory

signal as an aqdlihoaaéhqaaﬁﬁé@t&éytélmai S Shunk muaahcsa%em@mnauon
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si gnal dependent .upon the sense of sai antia
central |y | ocaedtpbrétospillrtemntsignabi tiycdingaradadin SRR, S@-lziertéllrd

difference 15 resélééﬁllélt@#iﬂéﬂﬁn@i é@%&qadpéi&;hlarasdﬁﬁtw Mgnal to
wher eby the phase_of .t he four $ h%%ﬁdj st%r l{ileeaéhl rd sig
contribution, is UatRrARHREF ’f:) L, Y&t Jé*ﬁ?@eﬁtgﬁéﬂrﬂ‘ﬁ?ﬁi
to the first denowithtthe mq:lm.‘a;dwamlﬁ athe esw.mpalsaeds hidxts irat o iehebadhigd
coupl ed between 2 e, ggg% m e fir :
denodul ator and 't %é$£ %?%ﬁ%é£§$6§%| eﬁééﬁégéﬁg ﬂgééﬁﬁ%%f(?ﬁn%%fference
tor, the occulfereetésen. %?il%dﬂb?ﬁﬁhl%tciwmﬂ- ¥Rl fages ange o FRfgrencaunder
t heI Cfent ral ?dJ ?sﬁmgsp%dlage %&E&Eiﬁ}g dBJ|&H61$&i§p1%ﬂHﬂ Go@ﬁsrt:.?d & thg
anplifier outpu i e ul ati in the secaon
denodul ator. Si mT’%ﬂ’r ?ﬁ% %‘Fﬁ'ﬁ’sa/'lﬁqa#( rﬁfmteﬁ’spé’“f Q:gﬁ SFEE QS
denmodul ation resuliffidreencéc hzue X osubstantsiaday ezhdmhln{hé.qmlﬁedprp@d.m ig
adj ment condit t FNeTeN Frl a
gt‘[ ed él?é]Oé%?’l‘?fé ftaﬁﬁ" édfwrl ty,gto a ter fyher,q, iy ’en%fe

sel magni t ude 3 ected hasing o
resul tant si g8l ZPPeEET n’gf‘a‘t‘?%‘s%n‘i Hhied splifi e&c
with a. further wherelybege e sefof hﬁaé)rﬂiﬁﬁf’&h i@l Orndildturbed by a

aforementt oned | o0l 09 g0l 29 A el | WG LGRS OBA phasing
mat ri xi ng oper at |@ﬁsth@s¢mme.mcq csltmlsmuief@dﬂ@e et demedudatent.s
enpl oyed in the rpffhXa fQid@td Qirdiphde IdHHk bldrd ObkitgdR¥upled between
20 the reference signal input terminal of the first demodulator
and the reference signal input terminal of a second demodula-
tor, the occurrence of I-axis demodulation in the first

demodulator, under the central adjustment condition producing
nulling of the controlled amplifier ouiput, is accompanied
25 by Q=-axis démodulation-in the second demodulator. Similar
magnitude shifts of similar sense from these axes of
N demodulation result when the hue control is varied from
the null producing adjustment condition to permit a
contributioh from the third signal, of a selected magnitude
30 and a'selected polarity, to alter the phasing of the
resultant signal appearing across the shared output load.
In accordance with a further . embodiment of
the present inﬁéntion, the aforementioned leading and lagging
- signal inputs to the fixed gain differential amplifier are
35 derived by respeétive second and third_matrixing operations
responsive to the same reference oscillator outputs employed
in the matrix formatlon of the thlrd osczllatory signal.
‘Illustratively, the first matrixing operation employs



[l'lustratively, the first matrixing operation enpl oys -4- 1 a pair of

matri xi ng resistors connected in series between respective qutput termnals

of—he reference oscillator, with an output |ead connected to the junction#

ggg?he resistors, while the second matri xing operation enploys 5 a trio of
| Xi ng resistors connected in seriééfbetmeen said oscillator output -~

term nal s; & paiznofumatrikéad ceshstbed tontbetpdnihi serbéstbetwesidll e

resi stor an WSOk o yorek I Se€ dj e L hi rixing

operation a%?%gﬁegﬁgé.éﬁikﬁél%?FE#H??PoégfEggs#gﬁg%g?égd?%gﬁ£f%ﬁg%0tput

| ead connectwddht @nt putpuscirsd gennpetafdirethesiunctiomdof hthet her outer

resistor. |pesi@tadesMifALeNgndr 8ubBad hASrERiRgf bPEFELLbA UShP BOFS

partially schemtic ll% and;.artlaLlﬁ b¥ bLock;regrfsentarlogﬁéa
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i ncorporati sgid bseiddatowrl cayptenterminadsdawmtthvat howtpetbbsadent of the

present | nVeahiQRe el 8oC RRATINARE I B2LnET REEEFE! +0Ls LUG, dLaYi £y | ncl udes

a keyed conposite chrom nance anplitier IO, rch 20 recerves at i nput

t er m nal CC°§tG§n$G§FF§°§hroﬁﬁnggéé eppadimentpr fRenghizd matrixindance

_corrponenfJI f %@;ﬂtﬁ'ﬁ?ﬁﬁhﬁﬁ -semgay étaﬁrfﬂfexsﬁtgpdeil;% edfi f‘e@{‘?@@ré‘ﬁf}yﬂl’f" it gde
in accordance w . Jje and satyration of color i'npges to, I spl ayed,

and (b) %Pc&PoP“%f?HEhi&ﬁ zf’ﬂﬁ?‘ﬁﬁﬁﬁgngﬂt tES 35?%&51‘.%&?%&?%&%? recurring
bursts of caoesissolbcandithe bthgrneouyensresiatoons of a reference anplitude

and phase. -The keyed SQHEQE@aecaagg 'gﬁgﬁgtggg%#fieﬁelgoignfi'&§§ to

separate the _col or synchroni zin fhe T nage- rept esent ati ve

modul at ed céldnstyBEesyi PAThASL4Y sehematicabl¥cand partiably yb:immey@

pul se i nput regpebieatat@ohput chgbﬁiﬂahc&--siéﬁusi?ééyﬂﬂ% 88t L& esle
conposite chrom,nance.anplifier 10,may take the Jorm of the burst :
separ at i Hy apﬁghafugeﬁﬁgggéPﬁtEﬂc?ﬁvﬁgsﬁnﬁ%fgﬂfé 19 42 B 63ANETL wood
and provi desyatémr it astpuilancepwithnansepbodimen8sofothhe pyesdntoni zi ng
bursts at oyhodheighT nal B, and a second output conprising the

[

| mage-representative .nodul at ed : '

The chrominance sighal p:oceésof of the drawing
hincludes'é'keyed'compdsite'éhrbminande'émplifier 10, which
'20:re¢eivés;at input terminal CC a éomposite'chrominance'signal'

comprising (a)'a:chromiﬁance_compdnént_formed of color
subcarrier waves modulated in phase and émpiitude in
accordance with the hue and éﬁtﬁratioh of color images to
be displayed, and (b) a color ;Yﬁchrdnizing component
25 formed Of'periqdiCAIIY recurring bu:sts of color subcarrier
frequency osciliéﬁions df a rgferencgsamplitude and phase. ‘;;
The keyed composite chrominance amplifier 10 functions
to separate the color §Ynéhronizing component from the
. 'image-representative modulated color subcarrier waves, in
30 response to'a,suitably timed keYing pulée'input supplied
| to input terminal K. ‘Illustratively, the keyed composite
) chrominance émplifier 10 may:take thé form of the burst
- separating apparatus illustratédﬂin'U;S.'?ateht No. 4,038,681 - .
Harwood, and provides a first output cdmprising éeparated
35 color syﬁéhronizihg bursts ét'output terminal'ﬁ,'and a
second outpﬁt'domprising thé image—representativefmodulated
color subcarrier waves (from which the color synchronizing
bursts have beén remoﬁed) at output terﬁinél C. '
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col or subcarrier waves (from which the color synchronizing bursts have been

renoved) at output termnal C. The out put signals appearing at terggnal
Cyare subject to additional processing in chrom nance processing cir¢gpts :
14. Illustratively, the processing functiegs associated with chrom nance

processing circuits 14 in %Hde i nual chroma _control color,$%il and
ohr brie over | ohd pr ot ect | offea GHEREE SLARAYEISBRSAFieg; oF Corminal & are
shown, for exansubject HoSadBitdonallopréc@s4ifgsin thromimanet plocé¥eirsy
provision is addi{Jonald ¥ 4TR0¢ 100k 8k3betg! EAL BEobRSsIBYNEIHEER]
| um nance and chrom nance conponents via a manta prcture’ CoNTTO

adj ust nent, the agsasdiated with: whraminangrdPrRERB84ng ceinfuitst bhtinglude

desirably be ngdiafﬂu@i ichrioha Feneeb1shevlorf RL1EX28RE Schidmd) Svef ot No.
4,318, 051 - rwood, et, al., to acco datg éhe gddltlonal_contro
function. 15  Protectipns and-are-ac8igvef BY:phFeBItER i s ckype shown,

processi ng circwdrSekémb&esunplUes.asatEntnpdpl&teﬂ459gma+lﬂa¢nuod;)et[xmx
gf col or dempdulzl.gies @v&’%‘iol@&s%ﬁ?i&%ﬁ?iﬁﬁ%& rféz?eﬁ&iﬂf ok OIYpIS
etector providing syichronous detection o e nodul ated col or subcarrier
20 wave input ifhecggndsudgsr efclupinansei pndt FarRRLRARCY reRRBARSH FRd

di fferent phﬂievﬁﬁpﬂ mRgua) 2Piaddikr OBohtrARUAdPhsthént PSRRE e MEouitry

denodul at or . hefg§¥elo nent of Phe referegce 0oScCi Ia.|££&|££uts for col or

denodul ators 16° BEOFEesga8- FREWRCSn h8EGRE N PYTER sira

out puts of the besmedifiedcdinothdemannent showip, £48 exaqplees imdlIS. Patent
color-differencg.si gnal qi t o oLor-diLf | | nput
respectively, f(;ﬁr‘)'t.%é%rleségl@’\%er' gagng{:rglai%?régff , té\h?% gev&&%gps érom

combi nati ons of addiriongdaconsgals funsEdoBs col or-difference 30 signals of

AR alnfhﬁY form U GhePpkotesbed 4id#d déput Hof \elfombiamde , for
cUch & atri xi n@EPOREEIGN. CHTEREacOdotd SPBRML SR LR Eho et it 6 nastal
processi ng circunputi4o @ paic ofppbilot demadalatbrgsléoandcls oreaghcuit
tzg’ne‘;‘“: rC]ht Lg”gg:c%?@ri‘g‘i% aN2BkpdctivePsPubHPoRYLE BELECLOE 'ERdT RS T esh
o synchronous detection of the modulated color subcarrier
20 wave input in response to reference oscillations of a
predetermined different phase supplied. to an additional
ihput of the respective demodulator. The development of
the reference oscillation inputs for color demodulators 16,
18 will be described subsequently.
25 The outputs of the respective color demodulators
16, 18 comprise the I color-difference signal input, and
the Q color-difference signal input, respectively, for
the receiver's matrix circuit,'which develops from '
combinations of such signal inputs a set of color-difference
30 signals of R~Y, B-Y and G~-Y form. U.S. Patent No. 4,272,778 -
Harwood, et al., for example, illustrates circuitry which
may be advantageously utilized for such a matrixing function.
. _ The processed signal output of chrominance
processing circuits 14 is also supplied to a flesh
36 correction circuit 20, which functions, when enabled, to
provide automatic correction of flesh tones in the color
images reproduced by the color television receiver.
Illustratively, flesh correction circuit 20 employs circuitry



i mages reproduced by the color television receiver. Illustratively, flesh

correction circuit 20 enploys circuitry - -6- 1 of the general forn shown
[ S. Patent No. 3,996,608 - Harwood in performance of its correection ’
fu ion. The flesh correction circuit .20 is desirably sel ectively subject

to disabling by circuitry coupled to |nBuF termnal D, 5 in the manner, for
exanpl e, spoewf mMeUgEneEaﬂeﬁbrmosh3w982n2U381VeatbnanNoThé 8Pbe6080F t he ™
operati-on of . e ClyleC n pon e
reference oscCi Iatlo%gi&%&?ggkhﬂeﬁeb% F % g@%EOE EQ%§Q1?§ %Q

di scussed sulfdeshegoryectdon circuit ?He1§eﬁ&ﬁ&€é§1¥oFBFe§§hUﬁiUnPBPh§°t

burft? appgg&bﬂﬁ:&hn& hQUbyteﬁ&baaEr§ ebubhedkebednpﬁ&pearhenamrnvhnanre
a ifier ar as nchroni zi in rqni zed col or
rgPerence és&PI%Qﬁp%af?er’TﬁgroéﬁﬁFngdr %gwnwﬁ cH- gé gF% gt g?erence
oscill ation GquﬂL§735-s¢nchranhzemheneffeq&en@ytaﬁdophasslmntbfthhe
o M0 1 Fis Khakibkeby .l sbhewigReeabian dpsel ened, 11 U S

Patent No. 4 desira gartlcular
circuit formrekexence oseiddatiorndnprtsi §R P&ﬁeﬁplﬂspﬁpea@u Atoxsod83. 14

correspondi ngrilQa 2R HlscuaabanguAQQQueatugn :Serial No. 3B3,263. One of the
reference _gscillation puts _of cillator ng at.o

ternmnal B9 conprises g@ﬁc&???@Ftﬁae ﬁéﬁsy gﬁgPFngﬁéﬁg gPrStF|F§Peﬁﬁé§8 (
1) which is iat ouksus: tesminad Bhof: tBeYkeymdscovposhbecchvomeBance
Sy“Chron'Z'”Qn?ﬂ&%&%rdﬁb'&%EegpbﬁiaachklatQ&néﬁroﬁﬁ%xﬁ&hﬁﬁpﬁﬁfEBGQCG

oscillation ou of, oscil | ator % g arlna at outﬁut termnal E,
conpri ses suﬁ@EF oniged GeRor SSEPFPBFRORSCHLLAtOECdAd pRBCe [err] W
whi ch | ags [esbhlhﬁtberﬂp, #flich develops peferehcéabscxlmgtieﬁlGﬁﬁpﬁtBI

and. 32 a1 ¢5ca4ehLedablas el S5 EWS?“aR&C bh@kOlys OH! BHL L8EBREGLS E and F.

A first ear erm na e junction of
resistors 31b§ﬁ§t§2 1éé#ﬁFF§§§VP Ye#én@é sbei ppaerahsformadifacidsedase

[err] 35 whigh bi.es lPatemennbhesgoads,abor e- wakabed, f ahat aasérably
may be of the partlcular circuit form shown in the
copending British Patent Application 2120883.°A correspondlng to

20 .U.S. Patent Application Serial No. 383,263.

One of the reference oscillation outputs of
oscillator 12, appearing at output terminal F, comprises
subcarrier frequency oscillations of a first phase (¢l)
which is in quadrature with the -(B-Y) phase of the color

25 synchronizing bursts delivered to oscillator 12. The
other reference oscillation butput'of'oscillator 12,
appearing at:output terminal E, comprisés subcarrier
frequency oscillations of a second phase (¢ ) Whlch lags
¢l by 90°. ‘

30 A pair of matrixing resistors 31 and 32 are
connected in series between oscillator output-terminais E
and F. A first matrix output signal, appearing at
terminal M, at the junction of resistors 31 and 32,
comprises reference oscillations of a third-phasg (¢3),

35 which lies between the quadrature-related first and

- second phases.

An additional trio of matrixing resistors 33,

34, 35 are connected in series between oscillator output



second phases. An additional trio of matrixi ng resistors 33, 34, 35
connected in seri.es between oscillator output =~ - 7 - 1 termnals nd F
The resistance values for resistors 33, 34 and 35 are so rel ated tha
second matri x out put signal appears at outS}Jt termnal [err] (at the
junction of resistors 33 and 34) with a fourth phase [err] which | eads
[er™} by a 5 [Ir etletminabedE (amditR) pmserex@tanqme:raéaxasaftdn resiators 33,

out put signal ap ate O ééﬁ% I g
34 and 35) with ggf hs%h%%éeu% 5%%'{?41 '{ﬁt(a‘iggrr dby sal cls':prgfeJ tﬁgrm ﬁhal .
phase angle. A paPPears NPl eutpit steyminal unctden of xesistprst
differential anpBafage, 34y tt@iéﬁ‘% rEQUBH thﬁ@c(tqi’ Qd%z.ldht Q&ﬁﬁ%n@ t 8¢. aThe

collector electrodes of tran ors 41 and 42 ard c nect ed a ct.l ve
Cont reol stor B ieredettmrlagt TAditel e aRdlen i & $hlra RREELE
potential suppl youtmtl\ﬁgnahmppears V-3 J lﬁ:tp}mjltammralam a (akr thet source

for the differen I [ |Gt C tl
connected to th ﬁﬁﬂ%eﬁ%nﬁ%c e t'k% 36 ﬁqﬁctﬁdgélt?f Pat ?e%g'?lsggr&§84{¥
with its enittervbigRtlag® ¢othy rﬁ?d'-dcn%F etarmingd phasg aRgleg, ounded)

negative termnal of the cmepﬁrrammmﬁﬁsﬁto&uowly andnd2wakk dispbaed
Sl ooty ode CoMPrlgt L Atpe POPliaifd Y Wiy droW®) Al chleds URLEREEY

supply. A direct Conhnéc¢ 'es fatri X out put SI
phase [err]) frosdleckrodes {rwer]cqrmem%aséfhﬁ cellegsoat eéﬁmp asi o

the third e ?.S'f%ﬁ‘?%ﬁ%*‘?.@hﬁ ﬁ?ﬁqﬁ? t"“‘*‘?‘@"tﬁ"fn???ef’%@%i&@gat o the °°
base- el ect rode o}O iFLFHH td'rve4ferﬂﬂ'n§c}d| Vegdl pair
oft N tran;s;fsgt (03 3 id oﬁa’&ratiimg)cprménmm tsdupplyen ane NP ¢ransdssor 33 |
i nt er connec i nder e
responsive to pu:g% o‘%u{{]e%&fel rs','?c(?af%tyeren g]%fggﬁh?ﬁi

si ngl e- ended outmlif)xexhew-’s@totkﬁ dgklachen ﬁle&a’@quﬂ éﬁ-résﬁébfr §°§§P6§§da
| 'oad resistor 55¢&0pRé Cifte eSSt dd rfitdeiC (dllactirdles0d¢ @rahkaBebEE08171

42, with its emitter electrode returned via a resistor 44
to the (grounded) neqaﬁive terminal of the operating

20 potential supply, and with lts base electrode connected
to the posltlve termlnal (+V ) of a bias potentlal supply.
A direct connectlon supplies the second matrix output
signal (of'phase $,) from terminal M, to the base electrode
of differential amplifier transistor 41, while an

25 additional direct conhection supplies the third matrix
output signal (of phase ¢.) from terminal Mé to the
base electrode of differential amplifier transistor 42.

An additional pair of NPN transistors 51, 52,
disposed with their emitter electrodes interconnected,

30 form a second differential amplifier which is rendered
responsiée to push-pull outputs of the first differential
amplifier; A single-ended output for the second.
differential amplifier appears across a load resistor 3535

_ connected ‘between the collector electrode of transzstor 51

35 and the +V termlnal The collector ‘electrode of
transistor 52 is directly connected to the ' +V cc terminal.
An NPN transistor 53 serves as a current source for the
second differential amplifier, with its co;lector electrode




35 and the +Vcc termnal. The collector el ectrode of transistor\52‘is

dirgefy y connected to the [err] termnal. ‘An NPN transi stor 53 serves as a
cur t source for the second differential anplifier, with its collector r
el ectrode - 8- 1 directly connected to the interconnected emtter

el ectrodes of transistors 51, 52, with gts emtter electrode returned to ~.
ground via a_resis 54, and mnth ts. base electr%ge connected to the Nt

[err] blaslseﬁﬁﬁﬁthtEPﬁPﬁﬁFed o kae ipterconpeerrd AL PR fferential is
suppl i ed- V|aeiectredeeupfltganetstonsssn7 528'wﬂtnrut35amitteﬁ7 connect ed

bet ween the ghégg gﬁﬁ&?etgf {.‘g&qglg% dag?ween ‘Jtaespa vﬁ&tﬂ ode of |

transi stor resi connec he co
el ectrode oleFaHQFGtﬁleQEraﬂG ?%%nﬁﬁﬁede@%d%h%dﬁ?gﬂb¥¢§u§nERE? 52. The

respectiveg Staﬂﬁﬁaappesigﬁslaaﬁ#e s&lmé%e@éﬁtdpﬂwra{timrﬁs stors 41
| esh.correcti cuif. .20 as

d 42 e also rec c
thl phaggl i ﬁﬂﬂ?i"gﬁe?é?os?ﬂ'eﬁu%/?) %;%n?or%%l%?fb%%q 4{/ Mithscribed. An
NPN transi st pesf8tos 47 sposrected chétween crhé tavlIettameslectamaisi ve to the
tput of th | 4 trod
of transistort 68531‘“%%%*6%%2%%%&‘3% §4 1ettiqud e BB P e
base el ect r o8B onFPaﬁgﬁﬁﬂ'b‘Pr 698 Q‘F?%%?‘Fﬁe‘%obﬁi?&% the (qrLI&NYQ% t or

. el ectrode;@f eléaBsbaé 06 SdrafPi 6ot t £2 Amdtﬁ@rbééeré;léﬁﬁod@ dﬂml udes NPN
transi stor dIS sedﬂgs ﬁT Ur r ent source SW ts .coll ector el ectrode
e

i rectly confERREES ¢ FERaEHYe o 19Rq T, ATRR R SoTig 1 (1o
em tter el eccobliecter uehectrodes oofidtransistass s‘ibrax@ 42rakenialsa ts base

el ectrode cop ifgdt&i%£§}l€;fd Pl ésh égygg.é y outpdﬁﬂ%ﬂt sistor 63

fornms a secon mtter ree€0n3|ve to e first
emitter-fol | 3)kiphasak inpats thexe %d@%fwm%m by gubsgquantly
connect ed1g ogébereBedt er el ectrode of transistor 60, while the collector

el ect rode of transisto %*G%Eéﬂgféégr Cg&nfsctfijsﬁé)seq'e J er rflu'g ecr mnal. An

emtter |load for transt
emitter-follower responsive to the output of the second

differential amplifler, with the collector electrode
of transistor 60 directly connected to the +v_'cc terminal,
20 and with the base electrode of transistor 60 directly
connected to the collector electrode of transistor 51.
An emitter load for transistor 60 includes NPN transistor 61,
disposed as a current source, with its collector electrode
directly connected to the emitter electrode of transistor 60,
25 with its emitter'electrode returned to'ground via a
resistor 62, and with 1ts base electrode connected to the Ny
' +V§ bias supply terminal.
NPN transistor 63 forms a second emitter-follower
responsive to'the"output'of the first ehitter-follower.
30 The base electrode of transistor 63 ‘is dlrectly connected
to the emitter electrode of transistor 60, while the
collector electrode of transrstor 63 is dlrectly connected
to the +V termlnal. An emitter load for transrstor 63
includes resrstor 64E, shunted by the serles comblnatlon
36 of a capacrtor 64C, an inductor 64L and a resistor 65,
'connected in the order named between the emrtter electrode
of transistor 63 and ground A second serles comblnatlon
is formed by a capacitor 66, an 1nductor_67, a resistor 68



I ncl udes resistor 64E, shunted by the series conbination 35 of a capacitor
64C, an inductor ,64L and a resistor -65 connected in the order naned J?S:;
bet ween the emtter electrode of transistor 63 and ground. A second $ettesS
conbination is formed by a capacitor 66, an_inductor 67, a resistor 68 - -
9---1 and a capacitor 69, which are connett&d~in the order naned between

t he Junction of ehdmantapldltof56apdwhichnare Cammtedted GAl el orabie traimed L

forma series re . Cj kL Wi oY - desd r. b
1 tering of rof bouaaenCthe ybliBLER BE Ol efienes (60L TS NAIERSA.
transi stor 63. Signals apfanraragont 64Gecandninduster ¢Hpfomma FRries

i nductor 67 for mMrblignaRteeepedifSkhitR! viadd Ul ddsiidd |bdiigdsgienodul at or
16, while sign I% ﬁggearlng at the junction of resistor 638 .and _10 cgpacitor
69 formthe ref efdhEETIRG PEaFRERTE 5ﬁt°f€ﬂ%$@$¥?¥§ﬂRﬁsﬁﬁéihﬂnﬁﬂ%nqmltter‘

El enents 67, 68, £61lbwem srgnaiistdur €3 phasbyndld tapmeartimyidt thes Yunedildnat
the reference osgil LQn.Lap t I I ef erence
oscillation inpugkt%g%hgngggﬁ%du %tgﬁaé%£$%§§?{fﬁé§ éﬁ% rfgﬁez};é?:\%eéresistors
45 and 46, in adeBFidhatéoneinpuy e thed reeler ciemgdnlater f16&,stwhile '

differential anpklifh8ls abpeaehyCalSth@funSeicn BH fHidteHPHd iapm third
and fourth d[&%grentlakea #lglerst nom/%o be descrjiﬁég.'Tha t.hwg;::P :
differential WpPAPRERCREBP| SaTh the, Feberapre Apqt LR APENy

di sposed with théhe @ncoler demacdubalbsri ntElemembxt&r], 66 |69 thoern @urt h
differential anpl,Li ' ' f ansl ! lSposed
wih their em (i drogrsciraiphald, &bfiind olOWERMAIEG ek &
transistor 70 of FEABTERFRIOBFHILARIRR o1 NBYE fRIFhe & deldulataradd lags

el ectrode of traphesteferdnoé o8eiilakidn dinphet ett itHe aMddndailatare by 90°.

ref orente osclf | ati ons of  BiackePkarees "Nadad X6 B0 fieder B, Hemios
transi stors (71, @8)loadt nesistoxs afer fhe thirso diiffexenttiadl ampliiifiiesr,s are
directly connect gglgb0gbbpe PRSI 1A FESIBEGs [£IF Irpetit 3AdidH i0@Alankl as
Potent i al suppl Y ¢ R n 8t kBt Ohe faf ATt Eiaks | ow ta Be descilbed.
~ The third differential amplifier comprises a pair of NPN
* 20 transistors 70,71 disposed with their emitter electrodes
interconnected, while thé fourth differential amplifier
compfises a pair of NPN transistors 72,73 disposed with
their emitter electrodes interconnected. The base
electrode of transistor 70 of the third differential
26 amplifier, and the base electrode of transistor 73
of the fourth differential amplifier, are directly
| connected to matrix output terminal Ml so as to receive
~.. reference oscillations of phase ¢3. The base electrodes
~ of the other transistors (71,72) of the third and fourth.
30 differential amplifiers are directly connected to the
positive terminal (+VB‘) of an additional bias potential
supply. The collector electrodes of transistors 70 and
72 are direcfly connected to the collector electrode of
‘transistor 41 of the first differential amplifier,
'~ 85 while the collector electrodes of transistors 71 and 73
are directly connected to the collector electrode of
transistor 42 of the first differential amplifier.



72 are directly connected to the collector electrode of transistor 41 of
first differential anplifier, 35 while the collector electrodes of

t sistors 71 and 73 are directly connected to the col l ector “el ectrode of «

transistor 42 of - the first differential anplifier. - 10 - 1 It

will be seen that the third differentialoasplifier (70,71) is disposed so~

to de i d f t | oad =
Fosi stor 45, and a nontEnVeRtolS ERERORRAF FRE FBEFF GLEFPFARFAE across 5
| oad resistoampdifieeny@0s@Ly, ishdispased doféeréutde#ebaplaﬁlrmv¢ﬁ€ba3) is
. di sposed so %%rk&oﬁe$g'Qﬁea¢“08st!i£E§ n¥€5h8+88s §°£§%%t§{£ oPSgs ] | ations

across | oad resistor an inverted version o err] osciilations
across | oad P8 & gPnrénverted; NErgiPRsOff theedy PGl biations Ar¥ess

dhfferentlallaﬁﬂltés&&&oerQsequebnvébﬁelyQUtﬁdtﬁoﬁﬂtmadif$ff$§£ia50 thatf
there 1s non trl | tRerekL D . TPl N W eoutputso
the first diPﬁ@}g% e5|922p???i2§ ?%&8&5%8 legg”ﬁ%W§€%¥@ggh gai ns of the
third and fosecnirigversednveasianpbff thesédi oseillationsprcrose koad phasal

versi ons of EQQzE%BE]4950hhhahhoﬂﬁvéPﬁéérvéféﬂéﬁ secehaf tfﬁ%&f@- ££mstors
45,46 for conbinati

i g| respective anklggasa out irst
dlfferentlaIaSﬁﬁPFf QA Tﬁélﬁﬁgﬁl fide offe gring [EP?]t 1358 i on
versi ons 18 depenhediffppenthalnanplifier8Oané édealai thelif fouwmeres and the
respective of..a Nt o URQN e gain
difPerence.p%P?Pé?%%t Fgégl%éc%ﬁ foFﬁgggt%e #ﬁi?%@ %ﬁggﬁ?ﬁﬁﬁéﬁufgrentla
anplifiers. |§h§FGfFQEdto e gambined: wbthsthecautpnes ofickheicEizstair of
NPN transi st gigséderbialdamplrdesaesediyad, t hers, cnbhéeér o I@ﬁérigfﬁs

t t t t Cu t
Dt eroonnect 8% Hha LhErahnd; coRrEhodLERor hr iSE! ShlER{CanE der O e
current sblir cespeetiiet antiphdsapogersiona ofsthel¢ coseiklaeiomsie directly

connected to 0 [ f ke t 7 t base
el ectrode dlrggsfg aggﬁg%tggc@ o? §hévg§%|a£e§§9t g%h?% érand with its
emtter eIecFPBHénFEFGPnEHtPOrBFBﬁﬁEiV¢aﬁntiphasal outputs “of the first

differential amplifier . The magnitude of each of

such ¢, oscillation ﬁgrsions'is.dependent'upon the magnitude
20 of the gain difference, and the respective polarities

. thereof are dependent upon'the sense of the gain difference.

Differential gain.control of the third and

fourth differential amplifiers is provided by a gain

control system which includes a pair of NPN transistors 74
25 and 75 disposed with their emitter electrodes interconnected

via the series combination of resistors 76 and 77. Current ;;)

is supplied-to'thé emitter electrodes of transistors 74

and 757by an NPN current source transistor 78-qisposed

with its collector electrode directly:c6nﬁected to the
30 junction of resistors 76 and 77, with its base electfode
directly connected to the +V, bias supply terminal, and
with its emitter electrode returned to ground via
resistor'79;"TranSistor574;'disposed with its collector
electrode'directly-donnecﬁed to the interconnected emitter
slectrodes of transistors 70 and 71, serves as a current
source for the third differential amplifier. Transistor 75,
disposed with its collector electrode directly connected
to the interconnected emitter electrodes of transistors 72

35



»

resistor 79. Transistor 74, disposed with its collector electrode dir |y
connect ed to the interconnected emtter 35 el ectrodes of transistors 7é§§hd“‘
715 serves as‘a current source for the third differential anplifier. -
Transistor 75, disposed with its collector electrode directly connected to
the interconnected enitter electrodes of Cr&hsTstors 72 - 11- 1 and 73,
serves as a Culr eind S8yl servels ascafl curkbndi Bbereat for thel fourth disfdiqagaial
di vi der prOV|ded§§§'l§ supply pur poses includes the series conbination

of resistor | ﬁ(% resistor 82, resistor 83, and forward bi ased

di ode 84, connected in theAoNﬁdﬁaganﬂdvbdemeenOVhée@ef@; Bia9| SupRlyripnitposes

and ground. A poijcidesh@nd %bé&és ébmbﬁﬁatﬁaﬁtb?nr@£1§€§fsé@rSréﬁiéﬂ&kfﬁﬁ
i's connect ed vka t he base- _emtte of an NPN em.t Eﬁ?%?% omer
r

transi stor 86, |ﬁ?ﬂ?ﬁi&Fi@g'wFﬁﬁlﬁéeﬁeéﬁrvénﬁrSﬁﬁwﬂﬁd rdigge fay ss
(of subst anlt : al | yommecited \i.aJ ur.hh orfierhaahedchbetweénotive =V ‘tbhmppspect ive
gain control l'ing tr | t i 840 0 thits
col | ector electro éﬁg%h gpgé [er;%gﬁgrn$né?§ ié%é%g é@“&ﬂ&
emtter- coIIectomuastp&mhoéfrﬁﬁmstnaﬁsﬂéténd8§2 mﬁtqomngcha%eveaekhechnse-

directly CaneCtﬁﬂﬂH%e&hPakHﬂBE'Qﬂ RbNJeyi €8br LESLB6WES Eﬂanéiééﬁﬁigbtfhdts
emtter electgQde direct connected to_the junctiopn of dropp ors
57 85 The ball SeRieR,HaLH ZERRRCELYS, AEaPPLLY Fect FRoT, b 46 1S,
junction of divhémbsmaamihauy ﬂﬁtehédBialﬁée,cuorene Haaameléwttqﬁeshmmplng
resistor 87 is r n osed
W t h Its .collect %ﬁe{%cg S,X.v% 88%%%%%%?95 ?Pa{‘%fggggéeoi?gag’%ro e of
transi stor 74, wﬂFﬁnﬁﬂ§t§63§5255eﬂé§P9§€€ WikBcity eeohhectex eleqtrode

Jun ion of divi ¢@hnelted! @bStRa avd 83enaﬂﬁa1v' ¥hali tﬁee&liteéreé@Mééﬁiﬁ.—

et o oo by 8RR B RN tRapRlaret sty HEFB FhODbRRE CRRR B °L o hase
el ectrode of traddrectly3consectad torthetJdnenmonhoﬁu@hvxﬂQmuregﬁstnrsn&i;
88 82 and with its emitter electrode directly connected to
" the junction of dropping resistors 87,88. The base
electrode of transistor 85 is directly connected to the
20 junction of divider resistors 80 and 81.
_ The current drawn through dropping reszstor 87
is determined by an NPN current source transistor 89
‘disposed with its collector electrode directly connected to
the base electrode of transistor 74, with its base
25 electrode directly connected to the junction of divider
i o resistors 82 and 83, énd with its emitter electrode
returned to ground via resistor 99. The voltage drop across
 resistor 87 determined by this current establishes a
_fefetence DC potential at the base electrode of transistor
30 74, - | o
The current drawn through dropping resistor 88
is adjustable in magnitude, as determined by adjustment
of the biasing of an NPN current socurce transistor 97, of a
~ construction substantially identical to that of current
38 gsource transistor 89, 'and disposed with its collector
electrode directly connected to the base electrode of
transistor 75, and with its emitter electrode returned to
ground.via resistor 98.(substantially matched in value with



I s adj ust-able in magni tude, as determ ned by adjustnent of the biasing of
NPN current source transistor 97, -of a-.construction substantially
@tical to that of current 35 source transistor 89, and disposed with itse
| ector electrode directly connected to the base el ectrode of transistor
75, and with its emtter electrode retyyned to ground via resistor 98 .~
(substantially matched in value with 12- 1 resistor 99). For control b®&
the bias dppresiistort$®) bastor|centznk of the rkias applied mdhe dasEr, a

Corr] suppl yoLarsroafi O Cefrelt ouide K T & o et 0 1 he
adj ust abl e taé 18 PR e%) ‘ﬁ’o‘%ﬁe’c‘i%dﬁﬁ%&) g%gpaglf t"’(?nc"rﬁ?% o

el ectrode of the HPN eummby tén?imxb; dndno Frouddd, re%ﬁedﬂjﬁrelgﬁ;pmndt osr)392 _
i s connect a a nsi st or

s di sposeangmPF%m?% oﬁgﬁlg T’éeét{?éaﬁﬁ |a‘r]Zc )I ;%cr%‘;\e% ecY‘f'o o the [err]
supply terni Fesiston Q\J-ttpltfse e glegtaade®f ran e enidte@round via the .
series conbi pgiiéwesf tifsd 54€5r %93, rqslﬁmeﬁfaa ﬂBr.O(#: G idbnineRteder

naned. The ctlon of resist rect connected .to the
base el ect roﬂa% ¥Ee ‘Eu?l?‘%nl?ai%d?’ge {ﬁ%ﬁfgﬁ%‘{ 59%?“ §rour¥ . q'r}.alﬁséﬁé:ﬁtrs ggl,
93, 94, 95, 1% disposed ewith siis t ol e trax e leshmadey dizeatdys lcainneictted] err ]

to groundygvold ags a.plq,ust e]f EW# erdidatidh th:se; éﬂﬁﬁ{é@i‘erel et hgeent Iy

centered range at thec%ase transi stQr ustratlvely, he
paranet ers ofePREned &P IrPYR] rgtaitheisenies, combination of mesistes 9

vol tage adj usésbetor 98)F @id tdibod® 6 elrediHe brddr trfaam St qhed7 is centered

o the bace DHCEHER.SE HhdadB GH dthd ' B dilechiyh Lonfd il (3100 | X
as a |linear ¢hedrasemiertrodelaxf rcabn‘l'éeIES aoamne wxianaictaraddnet er
sel ectiongg s that- adJ Lﬂémté)fgﬁh@jjotﬂlt |g:§ret§g £t eyl v%J_m (}:ltlltn

ng

‘position results jn biasjn ase el ect’rode of galn contro

transi st or ﬁl%ﬁmat p%?"e‘f&’f%lt%cﬁﬁfrnﬁ &%#&@T&é"lﬁ@%ﬁeﬂﬂ]&lagét whi ch
the base el ead jusimmert gringe ot rﬁmmﬁm A RS intlriowkd | € Uffierieditled.

Under the afé@ﬁ%@?ﬁd(¥¥%§e at the base electrode of trans;stor 97.
' Illustratively, the parameters of the level shlftlng circuit
20 are selected so that the voltage adjustment range at the
base electrode of translstor 97 is centered about a voltage
substantlally matchlng the divider output voltage supplied
to the base electrode of transistor 89. With potentlometer
90 constructed as a linear potentiometer, a desirable
25 result of such parameter selection is that adjustment | -
of the potentlometer tap near a mldpolnt position results S
in biasing of the ‘base electrode of gain controlllng
transistor 75 at a potentlal equal to the reference DC
potentlal at which the base electrade of gain controlllng
30 transistor 74 is malntazned. Under the aforementioned
condltlons of equallty of potentlal at the ‘base electrodes
of transistors 74 and 75, the current supplled by current
source transxstor 78 spllts equally between tran51stors 74
and 75, with the consequence that the galns of the third
35 ang fourth differentlal ampllfiers are equal

~ In explanatlon of the operat:.on of the above-
described circu:.try, it is appropr:.ate to fJ.rst cons:Lder
what takes place when an ad]ustment of the tap of



-

conditions of .equality of potential at the base el ectrodes of transistoQgib
74 -and 75, the current supplied by current source transistor 78 splits V.
edual | y between transistors 74 and 75, with the consequence that the gains
of the third 35 and fourth differential anplifiers are equal. In

expl.anat.ion of the operation of the above- descr ibed circuitry, it is
appropri at e t olf ipetentienersr \fateatakdd shesc £hghoreydonslysmaphiopedt he

bl ance conditl o BN dait efed Jufitle @‘*é'@?ié‘.‘s??fmfl SHitd HEproPEREial
(T0°75Y and of ¢ RRCAASE T, and B Abe SPUCED SUFfaFEnBaLl SmPLifier
such S condi ti on, (121&73)efa‘earmﬂ.oslcuddea:t lstnu&f aupplndd.dlbn,t ghedceﬂdnemer S
16 and 18 are yn [ S IV

termnal M. agg fgi % p%%"?r’er‘#[ Q:t%e%?%f %m&:ﬁﬁ?htﬁ%@oggrgﬁéoggoﬁel esh
correction C|rCU|Qn§ﬁf§Qﬁﬁdfhﬁ Qb&mﬂ@@élhéyla§§u9ﬁng3a9hﬁﬁ$u§eatvﬁérntnal D

whi ch di sabl es f |1§1§Hn111£&10(ﬂ r eCtNéyleQ:‘trﬁi# tfo20khel inoWehlt EﬁerSQEQBEZSE thet
em)maunsw di.r ect |

thé reference oscill ati,on r r zm
Horerm vod by ¢ hoReLan 08 Flal obtattioncIdErstng 00 S8noEpF, Sximple
di fferenti al arrplb;f | assuing! 2n wnplutosam ilexminad ©Of whihiehOdiaablgsrflesh

phases, - deri vg féﬂ?e{f{/ o Uit M AN 1B s e PO AEBLRS 3ef chie BT X

33, 34, 35 ar desir 0Sén So such a'resu uces | -axi
denodul ation in &8 rQRQﬁMﬁﬁQﬁ t@@naﬁ§1gﬂaip§ ﬁbﬁnéemﬁﬁubﬂtPﬁscﬁlbi be

depndulatortlg fﬁiﬂréﬂﬂlyﬂEEﬁEHmﬂNEdﬁ th?ﬁ%%h%%t&%thaﬁeﬁﬁgtdﬂﬁfeﬂaﬁgliﬁke
into accoun i ces ny, e _net .phas | ed,

t he ¢hrom nance é§ﬁ5 ¢ ﬁ fﬁﬁﬁ%} §her Pk i6§fﬁ€ ﬁ%gﬂ%g ﬁlgg

si gmal inputs of aswlldertdduisatedt $headd @il #ise phasephaderivedt fxonf texnihyls

the referencey 4 in passing fromoscillator 12 25 to the
r ef erence OSCI | at4 on | nptit of denodul ator 16 via the first and second

differential amplifiers. |Fhe RaF@meterscffodnPeRatEix Ad/ pidsecdp are
i nvention, an excRsrfdblyhaioderd son thad e&t:ar aneesanah{:apreau@aﬁ hreaxide

order of [err] Vw&%md&ﬁi'ﬁf%%?%n.coﬂ%ﬁn%?tla tqksand Q-axis demodulation
in color demodulator 18. For ach;evement of such results,
20 however, one must take into account differences, if any, in
-{a) the net phase shift suffered by the chrominance component
in passing from terminal C to the modulated signal inputs
of theé demodulators, and (b) the net phase shift suffered
by the reference oscillations in'pessiﬁg from oscillator 12
25 to the reference oscillation input of demodulator 16 via
the first and second differential amplifiers.
'In a practical.embodiment of the present invention,
an excess of phase lag in the reference osc1llatlon path
_ of the order of 12° was encountered. chpensatlon for this
30 excess in phase lag in the reference osc11latlon path was
| provided by introduction of an offsettlng phase lead in
the design of the matrix 33, 34, 35, and of the matrix 31,
32. 1In particular, with the 9y output of oscillator 12
bearing a +(R-Y) phase, and the ¢, output of oscillator 12
35 bearing a .+(B-Y) phase, a choice of equal resistance values
for resistors 31 and 32 resulted in b3 correspohdihg to a
phase which leads the +Q phase by .12°, while a choice of
equal_resistance values for resistors 33 and 35 resulted



30 excess in phase lag in the reference oscillation path was provi ded by

i duction of an offsetting phase lead in the design of the matrix 33,

3 5, and of the matrix 31, 32. In particular, with the [err] output of =+
oscillator 12 bearing a +(RY) phase, and the [err] output of oscillator 12
35 bearing a.+(B-Y) phase, a choice of eqyal_resistance val ues for

resistors 31 and 32 resulted in 03 c espondi.ng ‘to: a ase whic ds ﬁ;%'
[err] phask UPRPEF, FE‘ FPE%‘*BﬁbPS@%f’@%ﬁﬁF ?g‘é‘& éﬂgg Ta BRe %Yef°9‘
resistors 33ment 3% oesilfiations- ad#osslloaddeesistonf 66 cofnai pinese bal ance

condition) | RRSpdeRbon: piizdl g 9961 AN HBB:5A0RSRL OBI-LERI FLRE 10 Of

a phase Ieadlng and’oscr | l.ons. across Toad resistor 45
of a phase I§&§iﬁ@°$hé5 prhabba§9 leadingythes-Lhehase eyl 121§ eréren al

anmplifier %5¥h52hebénﬂrd!EEeEthiENCQmﬁlQEQE§ (Sbﬁsﬁpsyétafivé&f@i@mce

oscillatioh input .su S ased appropriate
Por 1o o EmBh. S1ERBY s ohe, PRL HABE TR AT ohat 1 PET LELEE oS | on
provi ded i n sappliednen, thbeIgdehodﬁlhtarl$61ﬂsdphndedaappmopruakmmﬁulator

16 and Q axi go Qegggssi} LF%ﬁhgl ﬂ“' e 1§h+a ?&39% éﬂiﬁEhaf{Pé’réz?é the

bal ance conditio e cen contro
Movenent of Fﬁepﬁaﬁa§ﬁ°9hﬁrﬁﬂﬁéﬁ§|bﬁEFE%SQBaﬂﬁéﬁvlF%ebﬁ?%hc%fsﬁfi$h®

i nt {ﬁd?c[ef aaeaaaatxaalaenotmt Aemblildtdp aedaﬁaualaxﬂsfaeﬁ@aﬁlt.&lmﬁf I erz
so that [err i0 s_a olarities are mxe
with the out ﬁF?aﬂha?ﬂﬁ iﬁr%? F%éign?gggeg |f#¥e€h?23 BT FORREEION
adj ust nent pespebésshedhetmthehcenteheofethethne contaulusam@ot range S
sinply determned by tjgveabhe 8F thE g%pcgfregéspeégﬁﬁequ ? Q;J

respect i ve cyrrent Source Lransistors N T
these current§s balapgsngettingniptipfucescar Fﬁhﬁtaﬁﬁe[%ﬁrTh¢s RBi¥di ned.
In an illyst andi gouethodifEerentialeappEseiersPVest that §9Veseillitions

ﬁ?ﬂﬁ%%@ﬁ%ﬁ%%ﬁ%&%#ﬁ%@ £ n°n hue
adj ust ment r anpuRBEdeR gheafamthdnfferel]ztmheampliathencoﬂbmzbnfqrrcuut 20
is in an enaﬁugdadjustment purposes. The width of ‘the resultant hue
adjustment range is Simply determined by the ratio of the
20 currents prov:.ded by the respective current source transistors
43 and 78. With equal values for these currents, for
example,_a hue adjustment range of +45° is obtained.
In an illustrative embodiment of the present invention,
however, the reSistance value (800 ohms) for resistor 79
25 was chosen to be smaller than the resistance value
(1 kilohm) for reSistor 44, so as to obtain a hue adjustment
range Width greater than 90°.
i"hen flesh correction circuit 20 lS in an enabled
state, it is_capable of developing an output at terminal FC
30 which combines with the output of the second differential
' amplifier (51,52) across load resistor 55 to dynamically
 alter the reference oscillation inputs to the demodulators
16 and 18.: As explained in greater detail in the previously
' mentioned u. S. Patent No. 3,996,608, the instances of such
35 dynamic alteration are confined to those periods when the
received modulated color subcarrier waves incorporate
a component of +I phase. For recognition of such periods,
the flesh correction circuit 20 includes an I phase '



-

state, it is capable of developing an output at terminal FC 30 which @
conbines with the output of the second differential anplifier (51,52)

across load resistor 55 to dynanically alter the reference oscillation

i nputs:to the denodul ators 16 and 18. As explained in greater detail in

the .previously nmentioned U S. Patent No. 3790%,608, the instances of such

35 dynam ¢ al LerghkReghe £ABROABEVE Ocd ORE HFEHEEI LN diikdufint
su rwa | .phase.

nmodul at ed col carrl.é €s, I ncorporate a conpgnent of + For
recogniti on of sPEACHEBLBESCIFRRiIES kb and (&R 1R XeTeuAnCe @SSidiidddSman |
phase . - 15 -.éudphest appeafingnat Vehé ccdlbectirsloDitidimitcys raneand 42.

B *the-corl ect or They SFFARErLRY BRaé FREASEnEREaoR B Y Mesi ot 8F] el
i ntroduced in g hwatwicga, ohenhiosedeprecicyslpntdssunepraatotiie) I phagecs
that the | phasegdebgeb ro?}‘: Fﬁgefiégﬁ %&Héﬁidlp%%éé\gi%a?ﬁ(}:éﬁﬁegiroperly

properly phasedinButs._ he esh correction circul tiona
i ncl udes a nodul Rh8FedARBRE el i vers a linmited version of the 10 received

modul at ed col or subcarri er ThavEsesh écrrededonr @irvddif JmGdditdondaler m ned
by the | phase detectqr_out _. Because. 1tional del I at
with this proces %Pﬁgugfst #e%‘aﬁ?gféldé%%%rég{g‘g%% iaep'ajﬁﬂb%ees? ere%isé.g)?x 'E% |f‘r3n%#§
for the conbirmt renedvedhmodubahed oroler | smbeARPLAr MAVES T Rexmingd: FEf

the first differgaghah 1£h86 ddiefindd Wpt@se (PHHIEd FEtEItdT Futput.
conpensating delay for t latter,ipput_t He conbi ner._ For .such
conpensati on pur pBcadese; q ?%s?g‘?hﬁ%&%]al %faﬁﬁkaé??qeé’%ﬁ%%

regi stors 47, 48peoeessingtef thetimadulated cxdlowmisubcardier’ Waves, proper

I nt*ef el ectrode c Liapces hi Qi r_i_qgﬁ_% : LSOr S
51 and 52, a corrggﬁgla‘t%i géfpﬁgéeé%%fg?%oé:%%?@gfeﬂ%i u e%"‘%{ %\%@%
for the referthcwitbctheaentpatcofpthe fgéﬁ"e@ifﬁﬂﬂwl tamRl ifiier d4ded?2)

lag, introduced ghki¥atas €RELIAGEOQEctidh GE NI dsifgsn sty Bdla’db oS het he
desi red denodul ail %n axi,s selectjon at the den%iéjl ator,s 16 and Jt& a
conpensat i ng phasBtF8EJiRBUR, £Q; HRG TORRIMRR T ARFH SOMRNBACIN ( e

phase | ag purposes, the resistance values of the series coupling
' ~ resistors 47, 48 are selected so that, in combination with
20 the interelectrode capacitances exhibited at the base
electrodes of transistors 51 and 52, a compensa‘ting phase
lag of appropriate magnitude is provided for the reference
oscillations coupled thereby. In order that this phase lag,
introduced only for combination timing purposes, does not
25 upset the desired demodulation axis selection at the
K o demodulators 16 and 18, a compensating phase lead is
provided to cancel out any net effect of the phase lag
associated with resistors 47, 48 on the demodulation axes.
This compensating phase léa@fis,introduced by the series
30 capacitor 66, in cooperation with the input resistance
exhibited at the reference oscillation input of demodulator
16. ' '
Elements 64L, 64C desirably form a series resonant
circuit exhibiting resonance at the color subcarrier
85 frequency. Filtering of the reference oscillation drive
(which may include contributions from the output of flesh
correction circuit 20) is thereby achieved in a manner
discussed in United States Patent No. 4,385,311 issugd



p e lead is introduced by the series 30 .capacitor 66, in cqQoperation with
t e i nput resistance exhibited at the reference oscillation input: of L4
denbdul ator 16. Elenments 64L, 64C desirably forma series resonant circuit

exhi biting resonance at the color subcatrjg@r-35 frequency. Filtering of the

ref erence OSCI||atI0n dr|ve ;WﬂIP@ may 1 nclude, contributions fromthe
2

out put of ¥| &&Y¥ & ad.y WitbeytaiREEoducEion Ainder

di scussed | anaBéethEﬁt as Eheecrefébende 368c Blllat Soniefirequendp by kdy 24,
1983 - Harwogg g% Epout I ntroduction of a phase Shl ft at the
reference os PF Fon ?‘requency by the bandpass filter.*: In the operation

of the described hue cEnttbe cpesatiop oficthe desexibedug apntaak eby t he
fixed anpljtyggeam! pt'heof:e&ﬁﬁ:.&hés 16 &d fihéteRyPEnd | S xdd lamghltude

contributes tOo the s opt_the adj me range, and
provi des t he®85PBE c8\¥1 gﬁutg'?'ﬁgttﬂbfé engial %‘T‘Ef’af 185 g@ce Q%)[tl ng,

readi |y perncoattibatesr toethet sysgenfoutput atigeougwt the dme nt ended
denodul ati on t £61¢ ﬁ&ﬂg y is
realizabl e re?é{fll veé?%mg?%’gr a%?a%&zg‘%?g T'ﬁé]yst enseé%l?gr &g shown, for
exanpl e, in thetetpaatng sentyabshabance sekiiRg, geadily perm ‘T--‘n an

i1l ustrat WGa&&h@dt&EBétainghefl J:hdsriﬁ@edcemteﬁlifyanthetéxaﬁcst ance val ues
I X I‘ESIS'LOI’S resi stors

h f
e orm o chdepiahiatieRiaRis’® A" EioSioiSue et Shele o Yegkerigy O
The magni t udecofiraty pst realizabBe nebativietto 2Prioe axkchus ccantxts of

transi stors t o) ntial t T
gui escent O%Fgﬂggé? Feveﬁtgfwf)g% 2?%% %’E&hﬁé{ eir'%dgélgg ISJItérglh‘?F 25 éﬂf
36 . . ’ ' .- o .

15 ..~ .In an illustrative embodiment of the illustrated
circuitry, the'resistanée'values chosen for the matrix
resistors are, as follows: resistors 31,32 --2.5 kilohms .
each; resistors 33,35 - 2 kilohms each; and resistor 34 -

820 ohms. ' The magnitude of the poﬁeatiél‘vg' applied to

20 the base electrodes of transistors 71 and 72 is selected
so as to substantially match the qdiescent-DC potential level
at oscillator output terminals E and F.

a?@?d ated with resistors 47, 48 on thedenodul ation axes. Thi s gonpensat i ng-

25
30

36



-17- 1 CLAIMS; » 1. In apparatus for reproduci ng coter—mages i response to
conposite color television signals inclusive of 5 ( ' i gnal
cenpri sing nodul ated col or subcarrier waves anhd (b) Zmﬂﬂgﬂgmﬂmmmﬁol or @
synchroni zi ng conponent conpri sing bursts=-Xf=oscil | €Ol Or =
subcarrier frggu§ﬂ£i¥$pd a reference phase; said apparatus including (1) a
col ®¥ reference GSCIT1ator subj ect to synchro- 10 nization with said
bursts, and providing first and second oscillatory-signals.of color
subcarrier frequency and respegd i fpdrdtis for FEPLSRLANE color PRRSRS ik

substantially quadrature phase rel ationship;,. ( first . and secand
synchronous det eEEEPLBSRH ?ENPQE}EFrﬁﬁﬁﬂé;iﬂigﬁiﬁﬁﬂn:ﬁ?qqﬁiﬁ %Qéiﬂ%ﬁﬂe of

coupl ed to rewei ya) sai chrominaices sidmal dwmrisiag wod ated] axddr subcagrder
reference signal_i t (19 ' ﬁgg { | A3 i e r ks
connect ed bet wee‘ﬁé?%% ?%%pé%’??%/ne' re erngnncfélrg]gna os‘%]nga}tﬂ&;tearé%%ﬁgs cc?fmps?éllegt

detectors; a huecempxisingkursts #f gsiHations o/ oo sscanzd@roduced
col or images, E£LEREEBEY a4 | 2 Fk SR Dhase; said Uppa@E¥uY Ntheluding
pr edet er m ned na?fitudes of said first an%kfecond oscillatory signals to
forma third osckH af TSELF Gret S IRRAH P HF P hhase ISHHSTetR nfz'lr(?' |
first and secddhdnpiasben wRith said bursts famed grdwildinglfifisy and secondf

substantial ly fixeg J.ﬂféﬂ?zthaé/id}gafé roﬁé %]ﬁg :‘yifér?r%%néf%‘htds for

devel oping a fourth oscjllatory signa a_phase 1 n quadrature wth
sai d third phaseraspPessive it | oachnd 8PHYG rst | RASSRilTy FRSFeRGipd LY

to an -oscill at orquadrst el plitese Wwesh ¢ iovRstaiph o) Ifiadsyr and hayd ecwndhase
| eadi ng said third phase.  and said second.i . bein paQnsy v. Q .,an
ong | atory si gnyn%&?%‘bs féj%?ﬁ%%?ﬁf’os%ﬁqkf a ag%u{e)ﬁ?c? %“é{/ﬁgachedphsg'sqt@ailaggi ng
said third pHéseinputotemuingl coupled| o eneiste \adidmodplated color g

source of a refeg YOh AR &SNty | bR HEV P a F¥Erence signal input
responsive to sald third oscillatory n sai d reference

si gnal, . , to
vol tage, and to SO¥BARAL; MME Hhid FhAH (St fetwork - connected

between the respective reference signal input terminals of

said detectors; a hue control system for varying the hues
20 of said reproduced color images, comprising  :
_ matrixing means _ for combining predetermined
magnitudes of said firsﬁ and second oscillatory signals
to form a third oscillatory signal having a third
phase lying between said first and second phases;
25 a differential amplifier
fixed gain, having first and second differential inputs

of substantially

(. _ for developing a fourth oscillatory signal having a phase
in gquadrature with said third_phase across an output load
, said first input being responsive to an oscillatory
30 signal derived from said oscillator and having a phase
leading said third phase, and said second input being
responsive to an oscillatory signal derived from said
oscillator and having a phase lagging said third phase;
-a source of a variable control voltage.

35 a source of a reference voltage
controlled amplifier means responsive
to said third oscillatory signal , to said reference

voltage, and to said variable control voltage for



-18- additionalTy dellvering sai d third_oscillatory signal to said,output

| oad .only whe i sts between said variable control voltage '
a ‘@. d ref en l Iﬁmumw th a magni tude dependent upon the nagnitude®
of “$ai d difference, Lan pol arity,dependent upon the sense of said

di fference; and neans for appT%an the oscillatory signal appearing
across saig output load to said reference 10 signal input ternlnal of sai

first SynchfQaagéﬁgﬁsgigogeﬁveg@ﬂ rahyg aﬁleacagéfﬂf:st %aa}{]n

wherein said nD 0 cafrier waves correspond 15 e sum of
(1) col or suBa&fr PEEPREY 9248 OBAY| WRRRSA ﬁ%ﬁﬁ?ﬁf@ﬁeb?xb$F$r%?tw¢%¥at|ver
wi deband, CObaﬁddvEEQ&Bméecahﬂﬁal vamﬂaéa)aﬁa|Qélﬁubéﬂéféﬁéewﬁdgﬁa@é a Q

phase, dlfferl rom.saic [err é second,
reIat|velysngFEgmBaﬁagnégFgF gFP Psﬁse BPYn Qﬁgnlgugg O£"831¢ phase
shift netmorulfference.lnndowmtbsaapokaentncéesegdentphage thef sense

approxi mat el yg[ gLt k; d§9§e§%hee9h§ﬁﬁ of said fourth oscillatory signal is
such t hat appflcatlon of e oscillatory S|gnals pearlngiacross sai d

out put | oad to saP82R&f er ence sfYFafPPRBLRT 2EhecPRFHRLIABPTX A d first
synchronous gggraloappearingr aBkbyscaas@scaspdtf§ Loadl synshianpesedehest or

e absentt SFoRefTRENETEEP1R0ACRE CAHRECEREES) SOPRaBSHR ALEhaHRETC ence

vol tage. 30 3. Apparatus in accordance with C aim 2, wherein said

differential anplifierginchy ?S§a§hésin accordardd ﬁfﬁﬁn@lalm 1, wh@FBhhfying
stages, with jnputs of said first anplifying stage constltutlng said 35

differential inputs of said differential anplifier, with said output Ioad\J'
bei ng. coupl ed to an oubamﬂ nbdazatdedecobdraapbéiyt begr svages eﬂﬂrespbnan

'”p“t of F2I doSEraNduABE! | Xs”8oi£992u985991£§59998§VSftQn I phase
modulated by a first, relatlvely w1deband, color dlfference
signal, and (2) color subcarrier waves of a Q phase,
dlfferlng from sald I phase by 90°,’modulated by a second,
relatively narrowband, color dlfference szgnal,

20 said phase shift network . - introduces a
reference eignal phase shift of'apprOximately 90°; and
_ ' said phase of said fourth oscillatory signal is
such that application of the oscillatory signals appearing
across said output load to . said reference signal input
25 terminal of said first synchronous detector - normally
- causes said first synchronous detector to effect I-axis
demodulation of said modulated color subcarrier waves in
the absence of a difference retween sald control voltage
and sald reference voltage.
30
3. Apparatus in accordance with Claim 2,wherein
| - .- said differential amplifier includes
first and second amplifying stageS} with
inputs of said first amplifying stage constituting said
35 differential inputs of said differential amplifier, with
 said output load being. coupled to an cutput
R ' of said second ampllfylng stage, and with an
input of said second amplifying stage being responsive to



19 - 1.the conbination of an output of sald first anplifying stage and

output of " Sai d’ control |l ed anplifier-neans. I““““ﬂl ﬂ“lﬂnﬂtus I n
accordance with Claim 2, conpri si ng ans ‘“ o said
chrom nance signal, and to said conblnatlon “of out*put®s, conconltantly

shifting the axes of dempdul ation for said first and second

synelr onous det egh @' SoibEa £ ivh e Gutbusdd d&i@lfﬂﬁ% HRAAE iglg Waves

bears a predetermned relationship to the phase of d conggnatlon of

outputs. 5. AppafSRR 9 RTA Qb 18 SaRtFo ier meansy (

denodul ation axis shifting nmeans 15 s selectively enabl ed or

di sabl ed, and, when enabl e f.S d tion axes

via applicati gn of an addlfl onf{ﬁ%cfﬁa q‘or%?&csoltl%' 91|ce %tlt%hsa q'('1){‘u'?zr5ut | oad

20 6. CAPBAL&LDE ih dc@sAREce wirt FeSRINALVe Meersgiid chrominance

y sa: d 030 Ib Il at %y%ﬁag{ﬂaéndl% Néh i Hﬁ\ﬂﬁ.ﬂﬁ?ﬂﬂ%ﬁ@&ﬁd‘ﬂ# d ﬂéliad t%%n'c%mz.tantly
evel oped by sec nat ri neans ar i nin edet er m ned

magni t udes of saT ¥ %ffd Rf &eﬁ}qq%“f“‘s alsé‘l%%(r} LSt that said

25 oscillatory samhasedund ng a Eygshiagyishgetmctoxts whephahe iphaseyelfoped

by third mat r Xi Qg gﬁ@gﬁl (%yﬂw er lgudes of
said first an secon oscﬁﬁ'eadt os‘rubéﬂr alygg;b%ra%eta p‘?e’&%&gp’%ﬁ.& E}s I n
accordance wth {E%ﬂ?hqpsﬁ%ﬂnﬁﬁrﬁhe phase of sadidy combddaddennef PugRUtSdes

of said first and second oscillatory S|gnals conbi ned by said
first matrixi ng means are ubstantlall the ratio of
t he predeterm ned magni tudse‘s &pré’aséi 4 ASEC g&&%og&ﬁlfnat"‘dry

siﬁaﬁls conbi ned byher¢iénsecond nBIr1>aay§|ﬁamQ§ulatlon axd. ss sisiifinigameans
co

ement ar yst 0 the fatdd e AP drgie el danagl Wil chiskild,
and second OSCI| ory S|gnals conblne by sal mat ri Xi ng neans
-20- 8. Appar at¥EresEa Y af @addydemodulation axes via application
of an addltlonal osc;llatory signal _~ .- to said output
load = . .
20 6. Apparatus in accordance with Claim 1,
wherein - . said oscillatory signal having a phase

leading said third phase is developed by second matrixing
means for combining predetermined magnitudes of said
first and second oscillatory signals, and in that said

25 oscillatory signal having a phase lagging said third phase
is developed by third matrixing means - for combining
predetermined magnitudes of said first and second oscillatory
signals.

30 7. Apparatus in accordance with Claim 6,
wherein - . . said predetermined magnitudes of said

first and second oscillatory signals combined
by said first matrixing means are substantially
equal, and the ratio of the predetermined magnitudes of

35 said first and second oscillatory signals combined by said
second matrixing nieans is substantially complementary
to the ratio of the predetermined magnitudes of said first '
and second oscillatory signals combined by said third
matrixing means . h



;
wher ei n sald first-naned matrixing neans includes-the series 3

c@mhyi nat i ' and second-5 .  resistors of substantially ,
equal resﬁ“ﬂ“(ﬂ[‘ﬂ‘mm“umkect ed between first and second - output
termnals of sald oscitl ator respectively supplied with said first and
second oscillatory signals in"subgoantially simlar magnitudes; and:Ep
out put Iggd connected to the 10 junction of said first and second Bt
resistors. 9. Apparatus in accordance with C aim 8, wherein .
-sai d second mat ri xi ng-8reaAPpaseituse dnancegdidanesawiddy Cdaimohi nati on of

resistors 15 copaeetigd between sai dafiiar $4 r3RdnaRe@NHaRY¥iRYhgt Re@ngal s of
said oscillator, said additiqnal series.conbination including third :

and fourth includes &he segies GompAnation PleddZStr esi st #RLe SPEPDE
i nterconrect ed by rediistior s’ ofi substantiall§neéqaalotegisthaad eannpected to-

the junction of | irde:--.and.fift,h_. .. resistors:; .and.wherein |
said third mS?a%ﬁﬁﬁfaﬂﬁéﬂy%eﬁcF& g& sa[daggdfffgﬁ. senpéggggnﬁfﬁgfpg ¥ and
an out put | edf ceidessedllgtome riegpecitdNedy sappliedr whath saidndirsifth
resistors.' 25  and secondlO. | NoaRRANAEEEY 81gh@RE0GHC SRBsEahRLalIRIES, A
hue control system substagntially ag her ei nbef or.e %gscrlbed w th reference
to the acconﬁ%ﬁ?ﬁﬁ§'gﬁgﬁﬂﬁ§@e§é'§§ an output lead connected to the

10 Jjunction of said first and second resistors.

9. Apparatus in accordance with Claim 8,
wherein - - said-second matrixing means includes ;;f
an additional series combination of resistors
15 connected between said first and second:output terminals
of said oscillator, said additional series combination
including third and fourth resistors of substan-
tially equal resistance value interconnected by a fifth
resistor . ; and an output lead connected to the junction
20 of said third. 7 :- and fifth resistors; and wherein
said.third'matrixing means includes said additional series
combination, and an output lead connected to the junction
of said fourth ~ and fifth resistors.”

25 : ' 10. In apparatus for reproduci'ng color images,
a hue control system substantially as hereinbefore I~
described with reference to the accompanying drawing.

30
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