Tel evi si on Synchronous Receiver 5 The present invention rel ates
to a televisi‘on re- ceiver and, nore particularly, to a television receiver
of a synchronous carrier reproducing syslem Superhéferggdyne television
tuners have been used 10 for conventional television rec& vegs or as VIR
tuners. Fig. 1 is a block diagramshowng a nmain part of a conventional
super het erodyne tel evision receiver. Refer- ring to Fig. 1, reference
nuner al . 102 denotes an RF anpli- fier; 104, a m xer; 106, an | ocal _
oscillator; 108, an IF 15 amplifier; 110, a detector; and 112, an out put

tqrninﬁL. An operation QEIEQQsEBhGSkﬁbﬁthaﬁgikébehﬂékng t he
above- descri bed arrangement w € descripe efow. TIf the frequency of a

desired signal to be applied to the RF anplifier 102 is represented by

[err], and the |ocal 20 oscillator 106 frequency is represented by [err]
an | F sig- nal having an intermedi ate frequency [err] = [err] - [err] is
obtained fromthe mxer 104. 1In this case, an imge signal having a

frequency Perr] = [err] The[ @ouesernst: ripeentionyrelatesd to rcutelevisbenREe-
anplifier 102. The IF signal is am 25 plified by the IF anplifier 108
and i s denodul acedvey and, morz phttigwkanly,. e a televisianpzeceimdr of
vi deo signal is ob-

a synchronous carrier reproducing system.

Superheterodyne television tuners have been used
s 10 for conventional television receivers or as VTR tuners.
Fig. 1 is a block diagram showing a main part of a
conventional superheterodyne television receiver. Refer-
ring to Fig. 1, reference numeral 102 denotes an RF ampli-
fier; 104, a mixer; 106, an local oscillator; 108, an IF
15 amplifier; 110, a detector; and 112, an output terminal.
An operation of the television receiver having the
above-described arrangement will be described below. 1If
the frequency of a desired siénal to be applied to the RF

U - amplifier 102 is represented by f and the local

RF/'
20 oscillator 106 frequency is represented by fLO' an IF sig-
nal having an intermediate frequency fIF = FLO - FRF is
obtained from the mixer 104. In this case, an image signal

having a frequency fIM = fLo + fIF is rejected by a tuned

L)

circuit in the RF amplifier 102. The IF signal is am-

a 25 = plified by the IF amplifier 108 and is demodulated by the



tained fromthe output termnal 112. Wth such an arrangenent, the
fol l owi ng advantages can be provided: (1) good frequency selecti-vity. can be
ob- 5 tained; (2) a high gainis gnsured prior to the detector w thout
oscil l ation; and hence (3) the detectdr can be op- erated at a relatively
hi gh level to obtain good linearity. In the above-described arrangenent, an
el ectroni c tuner using a varactor diode is wdely used as a tuning 10

et Of o RedladiP 1607 402, rkBulW S ARG v1ddE 40P 14 G-
tuned circuit tier is increas ue to a serres T ance .
conmponent  of r My o%gt SO ection at |mage frequé,_;y
Is to be obt ariqr%c?/ %gélﬁo?lg% g%réa 1|£s grrtga Iiyﬂdegraded In order to °

improve 15 the nO'vﬁﬁx{igaéﬁ ﬁh‘ir&% meBitSC ey mo@ﬁfega%ﬂtagégs

i nevitably causes in I clent renoval an i'mage frequenc I'n orde

prove the abQ%ﬁiQﬁ§Cgt@@ﬁan°bkfﬂlgBQSYE%Eh%E%%§ @elﬁdﬁibiﬂyfhéﬁ”ﬁgréﬁﬂus
carrier reproducing system having a ase | ocked | oop ’known as a

Costas Ipop igapiddj €¢2) 0a2 REJleVHaLAN i'seErisiffed FpPio? D Aty og&rétegram
showing a main part of a conventional television synchronous receiver of a

synchro- nousyigidueros€PIDEULONY andt hencdhi(3)r et \GteHGY i s b&Sop~ an
RF anplifier 202 for anplifying a nodul ated V|deo carri -
erated at a relatively high level to obtain good 11near1ty_
In the above—described*arrangement, an electronic
tuner using a varactor dlode is widely used as a tuning
10 - element of the RF amplifier 102. In this arrangement, the
loss of the tuned circuit in RF ampiifier is increased due
to a series resistence eomponent of the Qaractor diode. if
regquired rejection at image-fiequency is to be obtained,
the noise'figure:is'greatly degraded. In order to impro#e
15 the noise figﬁre, the-image'rejection must be reduced.
| -This inevitably causes- insufficient removal of an image
fregquency.
In order to prove the above-described problem, a
- synchronous receiver of a synchronous carrier reproducing:::
20 system having a phase locked loop known as a Costas loop is
applied to a television receiver.
 Fig. 2 is a block diagram showing a main part of a
conventional television synchronous receiver of a synchro-

nous carrier reproducing system. This receiver comprises:

25 an RF amplifier 202 for amplifying a modulated video carri-



-3- er wave; a first synchronous detector 204 for detecting an in-phase
.component of-.the output fromthe anmplifier 202, a second synchronous

det ector 206 for synchronously detecting an orthogonal conponent of the

out put; low pass filters 208 5 and 210 for allowng only baseband si.gnal
conmponents of the outputs from the Twd ~synchronous detectors to pass
t heret hrough; video signal anplifiers 212 and 214 for am plifying the
baseband vi deo signal conponents; a phase de- tector 224 for conparing the
phases of the outputs fro 0 ,gn Lf h@ns:; s
filte{“222 for ﬁ"{ac?éﬁsvneg‘ o%]l %/.bxgs oﬁg??éﬁggﬁgg g%trrgggé%t hgf4 tf r?g Ig%;%ut f§l rg or‘%n

the pise. det cotgr 424 o iiasmddierst NEREit ful OkLBRC LAUdBnp128 161 201 g

an output froma'c el*ect1 on vol fage geherator 226 for generating a

channel sel ecti Bud Hetedror 408 f6Y tAGRHFGHBULY |qutdttin
fflter 222; a véﬁétéégléc n_élflrrcgr ed oesci I Ioaﬁ or 216 to be control Iq’ed by theg
|d Ao

out put fromthe ?%Wél cottporferite’dd RSPt § Vow-ghdsdrfilters 208
phase-shifting fhe signal fromthe voltage contrgﬁﬁtd oscillator 216 by 90;

and a videg si gngla f216 efor 281 1hEng bnly deisstianl et conpaentgrof the
obtai ned froman output termnal 230. In this case, an | signal block 250
is a circuit bl eiepwsist ftoked the t v ynsymcimoosowst edetectOds tik® pass
| ow- pass filter 208, and the video signal anplifier 212,

therethrough; video signal amplifiers 212 and 214 for am-

plifying the baseband video signal components; a phase de-

tector 224 for comparing the phases of the outputs from the

10 two signal amplifiers; a low-pass filter 222 for allowing

only a low-frequency component of the output from the phase

detector 224 to éass therethrough; a voltage adder 220 for

adding an output from a channel selection voltage generator

226 for generating a channel selection voltage to the out-

15 put voltage from the low-pass filter 222; a voltage con-

trolled oscillator 216 to be controlled by the output from

the voltage adder 220; a 90° phase shifter 218 for

phase-shifting the signal from the voltage controlled

oscillator 216 by 90°; and a video signal filter 228. The

20 detected baseband video signal is obtained from an output
terminal 230.

In this case, an I signal block 250 is a circuit

i block, constituted by the synchronous detector 204, the

low-pass filter 208, and the video signal amplifier 212,

25 for detecting an in-phase component of a modulated video



25 for detecting an in-phase conponent of a nodul ated vi deo -4-

carrier wave,

and a Q signal block 252 is a circuit block consti-futed by

t he synchronous detector 206, the |owpass filter 210, the video signal

anplifier 214, and the [err] phase shlfter 218,

conponent of
si gnal bl ock

into three reg|

5 t he nmodul ated vi dgo4carrier wave. An operation of each

.

for detecting an orthogonal

will be described below A nodul ated carrier wave of received
channel input to the RF anplifier 202 is nodulated into a vestigial 10
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sound carrier. 20 The signal block w Il be descri bed first.

modul at el cargiiemowyrated rtideo lcfaﬁﬂeez‘\l\&éwi on

An operation of each signal block will be described

- below.

10

15

" A modulated carrier wave of received channel inpdt
to the RF amplifier 202 is modulated into ‘a vestigial
sideband wave, as shown in Fig. 3. This vestigial sideband
wave is divided into three regions, as shown in Fig. 3, and
the process of detecting the modulated carrier wave of re-
ceived .channel will be described below, considering the I
and Q signal-blocks separately..

Referring to Fig. 3, reference numeral 270 denotes
an AM (Amplitude Modulation) region; 272, a DSB (Doubie.

Sideband) region; and 274, an SSB (Single Sideband) region.

Reference symbol Vr denotes a picture carrier; and Ar,'a

20

25

sound carrier.

The I signal block will be described first.

A modulated carrier wave VrAM(t)'in the AM region
270 in the received channel is represented as

VrAM(t)'= A(l + kcospt)éos(wct - a) " ees (1)
where A is the amplitude, k is the'modulation factor, cospt

is a baseband video signal (0 s p/2wm £ 750 kHz), w, is the

C
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270 in the received channel is represented as [err](t) = A(1 +

kcospt)cos([err] - [err]) ...(1) where Ais the anplitude, k is the
nodul ation factor, cospt 25 i s a baseband video signal (0 [err] p/2[err]
[err] 750 kHz), [err] is the -5- amgl ar frequency of a picture carrier

and [err] is the ini- tial phase of the picture carrier. An output signal
(synchronous carrier) [err](t) of the voltage controlled oscillator 216 is
represented as 5 [err](t) = Bcos([err] - [err])
... (2)_ where Bangullar dinEduerdyy ¢£ra] pistulre smagpdierfragliencysothenini-
osci | Ifat:i on output signal, and [err] is the initial phase of the
oscillalion out gdalsiphase ofhdhet pdcsumreuicagirxdexl. fromthe RF anplifier 202
10 and the output signal from the voltage controlled oscillator
216 are applied to the éﬁuﬂ#%ﬂﬁﬁsséﬁﬂéétdﬁY@@qum¢WQHQiHquﬁk]Yi?ritbwpf
t he detector 204 is represented as follows according to equations (1) and
(2): [ERR] 20 Thbe; ¥Fohtpge contralled osgillatored1fy ishLepresentid) ass
filter 208, and the out%pt fromthe filter 208 is given by [ERR]

5 LOI(tS = Beos(u; t - B) : ... (2)

where B is the amplitude, Wy, is the angular frequency of an
oscillation output signal, and 8 is the initial phase of
the oscillation output signal.

When the output signal from the RF amplifier 202

10 and the output signal from the voltage controlled
oscillator 216 are applied to the synchronous detector 204,
an output vﬁAMI(t) from the detector 204 is represented as
follows according to equations (1) and (2):

Veanz (&) = Veay(€) - Vpop (€)

15 = A(l + kcospt)cos(mct - a)-Bcos(mLt

- 8)

AB :

= —{1 + kcospt)[cos{(wc + wL)t
2
e - (o + B)} + cos{lug - w )t - & - 8)}]

20 ooo(3)

The term w, + w, is eliminated by the next low-pass filter
208, and the output from the filter 208 is given by
AB _
Veaur (8) = ;—(1 + kcospt)cos{(mC -w )t - (o - B)}

25 ... (4)



25 -6- Since control is perforned to establish [err] and [err] = [err]
by the Costas loop, i.e., the phase | ocked | oop, con- stituted by the
channel sel ection voltage generator 226, the |I signal block 250, the Q
signal block 252, the phase 5 detecéor 224, the |low pass filter 222, the
vol t age adder 220, and the voltage controlled oscillator 216, equation (4)
can be rewitten as [ERR] 10 In this manner, the baseband signal is
denodul ated. A nodul ated carrier wave in the DSB region 272 in the received
channel will be descrghfidebebfA¥rolSiBCpekidrineldetos egtabldsdl wi s_rmdu aaaeé
into the vestigial sideband wave, part of the | ower sideband ‘%f
modul ated car= 1Hby theerCostas i Dodpe DSB.|edhen phidse sméke@uabegl, clol

this attenuation coeff|C|ent [err] (O [err] n [err] 1) is introduced, a .
nod-. ul at ed catitatedaksy [ ehe] (dhannel hseDeBtieni o‘;rolz:zae:agebera'epreserﬁt,ed i
as [ERR] where 750 kHz < p/2[err] [err] 1.25 MHz An output [err](t) from

t he synchronotbeddt edigmal2®locke2®0 pr thei @ giignmalbyblock 252, the phase

S detector 224, the low-pass filter 222, the voltage adder
220,"and thé-voltage controlled oscillator 216, eguation

{(4) can be'rew:itten as

; AB x : .
| s/
10 In this manner, the baseband signal is demodulated.

A modulated carrier wave in the DSB region 272 in
the received channel will be described below. Since the
television signal is modulated into the vestigial sideband
wave, part of the lower sideband wave of the ﬁodulated car-

15 rier wave in the DSB region 272 is attenuated. 1If this
_attenuation coefficient n (0 S n S 1) is introduced, a mod-

ulated carrier wave V (t) in the DSB region 272 can

rDSB
be represented as .
-
ka
20 rDSB(t) = » —Incos{{w, - PIt - al + cos{(wc + p)t

-all ' ... (6)

where 750 kHz < p/27 S 1.25 MHz

An outpqt VBDSBI(t) from the sypchronous detector e

204, therefore, is given by

25



25 -7- [ERR] ...(7) Since the terns [err] + [err]- p and [err] + [err] +
-p dre elimnated 15 by the next lowpass filter 208, [ERR] 20 Simlar to
the signal in the AMregion, since control is perforned by the phase | ocked
| oop to establish [err] = [err] and [esrj = [err] for the signal in the DSB
region, equation (8) is rewitten as 25 -8 [ERR] In this manner, a
denodul ated signal is obtained. A nodulated carrier wave in the SSB region
274 of 5 t he received channel will be described below. A nodul at ed

Ti t) i th ' o ted
carrigr vave [err] (1) 1R, 985 ceul 31, 3¢f- vl amyesent o

kA
-—[nCOS{(mc - plt - a} + cos{(mc + p)t
2

@)

- a}]chos(th - B8)
5 - KABn |

p [cos{(mC +w, = plt - (o +B)} + cos

{lug = w, =PIt - (a -8)}1

kAB
+ -—-—[cos{(wC +uw +plt - (a4 B)} +
o 4
!V'
10 ' N
~cos{ (w, - w, +plt - (@ - B) 1]
eee(?)
Since the terms w, + w, - p and w, + W, + p are eliminated
15 L
by the next low-pass filter 208,
kABn )
Vepspr (Y} = —:——cos{(wC -w -pt- (@ - B8)
\os kAB
+ —:—cos{(wc -~ w, + Pt - (o - B)}
20
LI ) (8)
Similar to the signal in the AM region, since control is
performed by the phase locked loop to establish we = Wy, and a
) = B for the signal in the DSB region, equation (8) is
“ rewritten as

25



as [ERR] 10 for 1.25 Mz < p/2[err] < 4.5 Miz. An output [err](t) from,
the synchronous detector 204 is given by [ERR] . .. (11 ) 20 s

Since the termJ[err] + [err] + pis elimnated by the next Iomfpass
filter 208, an output- fromthe filtes 808 is given by [ERR] 25

(12) -9- Simlar to the signal in the AM and DSB regi ons, since
control is perforned by the phase | ocked |loop to establish [err] = [err]
and [err] = [err] for the signal in the DSB region, equation (12) is

rewitten as [ERR] In this mannerkas denodul ated signal is obtained. As a
result, a baseband V|v§§§§hgaal=cespunls d¢cospdul ated in the.L.qggnaI,i .

bl ock according to equ s (5), a0 (9), and (13) A detection process
in the Qsignal block will be oo
In this manner, a demodulated s1gnal is obtained. %
A modulated carrier wave in the SSB region 274 of
5 the received channel will be described below. A modulated

carrier wave'VrSSB(t) in the SSB region 274 is represented

as
o
10 for 1.25 MHz < p/27T < 4.5 MHz.
An output VBSSﬁI(t) from the synchronous detector
204 is given by
Vesspr(t) = Vrsspr(®)* Vpor(t)
kA
_ = —cos{ (o + PIt -.a)}Bcos(th - B)
15 2 '
kAB
= —;~[cos{(wb +w +plt- (a4 B )}
+ cos{{w, - w + plt - (a - B)}] -
e ee (11)

20 ' Since the term wé +w + p is eliminated by the
next low-pass filter 208, an output from the filter 208 is
givén by |

| KAB - =
VBSSBI(t) = —COS{ (mc - (DL + P)t - '(0. - B)}

4

25 es.(12)



descri bed bel ow in the sane manner as in the | signal block. Since an

. output signal fromthe voltage controlled 15 oscillator 216 is
phase-shifted by the 90 phase shifter 21 an output [err](t) fromit can
be represented as [ERR] Therefore, in th ' AM region 270 of the received
channel , an 20 output [err](t) fromthe synchronous detector 206 is
repre- sented as follows according to equations (1) and (14): [ERR] 25 -

10 - [ERR] ...(15) 5 The term[err] + J[err] is; eI|n1nated by the next
| owpass filter 210, an®iilAR pk® fthemaienal |imr thep AN ande éy e4IJn S0

Si nce~control is perforne t he ha e | ocked | Qop to esta e
ferr]™and [err] & f°ngﬁﬁit i bh eﬁeV\PYtttg% gh?EﬁR] °A§‘§|‘£_) iPLPn to
t he DSB regi on 27 cal culated in he S e the |

block. As ar _eSLﬂstzt,ab;rf' ght"’c 15 %L “dlﬁ % er ?‘ﬁ% 1&;}6 %yrﬁfhrt&?o

detector 206 'Sregion, equation (12) is rewritten as

5 : kAB

In this manner, a demodulated signal is obtained.
- As a result, a baseband video signal cospt is de-
modulated in the I signal block according to equations (5),
o 10 (9), and (13).

A detection process in the Q signal block will be
described below in the same manner as in the I signal
block.

Since an output signal from the voltage controlled

15 oscillator 216 is phase-shifted by the 90° phase shifter
218, an putput VLOQ(t) from it can be represented as

v (t) = Bcos(th - BB - 7/2)

LOQ
= Bsin(mLt - B) ees(14)
i, Therefore, in the AM region 270 of the received channel, an
20. output V AMQ(t) from the synchronous detector 206 is repre-
sented as follows according to equations (1) and (14):

=YV

Vaamg t) = Viau () Vpoq(t)



represented as follows according to equations (6) and (14): [ERR] ...(18) ..

25 Since the terms [err] + [err] - P and [err] + [err] +p are
~elimnated by the | owpass filter_ %ph.equatlon (18) is reWW|tten as
[ERR] ... (19) Simlarly, in this case, since control is performed by the

phase | ocked |l oop to establish [err] = [err] and [err] = [err], equation
(19) is rewitten as [ERR] A signal . in the SSB region 274 is cal cul ated by
t he same process as described above. As a result, an output [err](t) from
t he synchronous detector 206 is @Bven by 15 folloms according to ..
equations (10) and (14): [ERR] =26—(1 + kcospt)[51n{(m + w)t f
(21) -Since the term[err] + Perr] +pis ellnlnated byIthe next

2

K

ibﬁfpass filter 210, equation (21) is rewitten as [ERR] 25. >
(22) {a + B)} - Sln{(wc - mL)t - {a - B)}] &
. . . 0-0(15) :
5 The term w, + w; is eliminated by the next low-pass filter

210, and an output from the filter 210 is given by

aAB o -
VBAMQ(t) = -_;—(1 + kcospt)s;n{(mc - wlt -
(@- 8} o co16) T
10 Since control is performed by the phase locked loop to

establish w, ='mL-and a=8, équatibh (16) is rewritten as
A signal in the DSB region 272 is calculated in the
same manner as in the I signal block. As a result, an out-
15 put VBDSBQ(t) from the synchronous detector 206 is
represented as follows according to'eQuations (6) and (14):
VBpsBo ‘! = Vrpse(t)*Vpog(t)

= —Isin{(ug + w, - PIt - (a + B)} =
4

20 : : Sin{(wc - W - p)#'- {a fIS)}] +

kAB _
-;—[Sin{(mc +w + Pt - @ +8)} -

sin{(mc- mL_+ plt - (a - 8)}] . ' :
000(1.8)
25 Since the terms we tw, -~ P and'wc +w; + p are eliminated



-12- Simlarly, since control is perfornmed by the phase |ock loop to
-establish [err] = [err] and [err] = [err], equation (22) is then
rewitten as KAB [ERR] As a result, the_signals in the DSB and SSB regi ons
272 and 274 in the Q signal block are~dédodul ated according to equations
(17), (20), and (23). Since the baseband sig- nal in the AMregion 270
becones 0 and is not present, a 10 conpl ete video signal cannot be
obt ai ned. For this reagson, the baseband video signal is ex- tracted from
the 1_signal blB¥kthadlew-pasai fidlterodlfheeguapient é18) nds pewriktengast he
videa\§ignal filter 228. If a television signal is received by the
15 super het erodyne system . sjnce thﬁBﬂF_aEplifier or the IF filter has
characteristics of a NyYmbspo$Fbps, ~t 8tal (Baszbdpd=fPLEuznéy ~ B )}
characteristics are conpensated to be flat. However, in this synchronous
reception system since such conpensatLR is not performed, the video
signal filter 20 228 substitutes_fq___hls{gonpgnsat'on In ihe_
conventiong! t el evi si on synchronous rec§|§é? BscTi Brd aBbEewieh~rBYbr ence
to Fig. 2,”since the picture carrier frequency of the received channel is
equal to the oscillation frequency of the voltage controlled oscilkngr

Similarly, in this case, since control is performed by the

phase locked loop to establish we = W and o = B, equation

(19) is rewritten as

10 _ kAB
VBDSBQ(t) = —:—(n - 1)sinpt ... (20)
A signal in the SSB region 274 is calculated by the
same process as described above. As a result, an output
VBSSBQ(t) from the synchronous detector 206 is given by
15 follows according to equations (10) and (14):
VBsseq () = Vrgspt) *Vipq!t)
kAB
= —:—[sxn{(wc +w +plt - (a+ gy} -
et sin{(qc - & +pt - (a'f 8 h

20 - ... (21)
Since the termw, + w + p is eliminated by the next
low-pass filter 210, equation (21) is rewritten as

: KAB . :
VBSSBQ(t) = - —:—sin{(mc - + p)t - (o - 8)}

- 25 , ... {22)



25 (local oscillator), no image signals in the superheterodyne - 13 -
system are present. Therefore, the RF anplifier requires no tuned ci-rcuit
and the problemwhich is posed when a varactor diode is used as a tuning

el ement is not present.

5 t ai ned

| oop as a synchronous carrier reproducing systemis applied to the
receiver, an input signal having a very low | evel can be directly

denodul at ed. bamihardy,angarnt conbrsl i AsFiper fornedvaner thef phake lock~ ">

In addition=- g®@& frequency selectivity can be ob-
by the I|owpass filters. Furthernore, since a Costas.

tel evision signal is present in the |ower adjacent channel due to a spg# al
condition andlpbacep Eestabildsh micsa‘ o.dehdr & rfgceaqguaticmni®) - bics edhexd

signal, and interference shown in Fig.~ 4 is caused: Mre specifically, in

Fig. 4, refersawridrenolasyr 15 denotes a received channel picture

carrier; Ar,

a received channel sound carrier; [err], a

| ower - adj acent - channel pic- ture caﬂﬁﬁbn; and [err], a )
| ower - adj acent - channelvgggy@(tdat’- < rer-SinBfhen the | ower - adj acent (ZHannel
sound caPrier is converted Into a bafeband signal, it is folded and su- 20

perposed on the 1.5 Mdz signal .i.n the received channel_ . As sult,, fine
beat stripes appear of& I‘?eq?‘ﬁ% tE’ff"‘d fignals in the DsB ‘and' 868 regions

10

15

20

25 .

. 272 and 274 in the Q signal block are demodulated according

to equatigns,(17),-(20),'and (23). Since the baseband sig-
nal in the AaM region 270 becomes 0 and is'nbf present, a
complete video signal cannot'be'qhtained, |

For this reason, the baseband video signal is ex-

tracted from the I signal block and is obtained from the

output terminal 230 through the video signal filter 228. :

If a ' television signal is received by the
superheterodynelsystem, since-thé"IF'amplifier of the IF
filter has characteristics of a Nyquist slope, the total
baseband frequency .ch.aracteristics are compensated to be
flat. HoWé#ef; in this synchronous reception system, since
such compensation is not performed, the video signal filter
228 substitutes for this compensation.

- In the conventional teieviSion synChronoﬁs receivef
described above with reference to Fig. 2, since the_pictufe
carrier frequency of the received channel is equal to the
oscillatipn frequency of the voltage:cohtrolled oscillator

{local oscillator), no image signals in the superheterodyne

|

»

%
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picture quality is greatly degraded. According to experinents conducted by
the present i.nventor, it is found that if the level of a sound carrier 25
in a |lower adjacent channel carrier is |lower than that of a - 14 -
picture carrier in a received channel in_an excellent re- ception state by
about 40 dB, no problens are posed i n"t &AnE of picture quality. In the
conventional television synchronous receiv- 5 er, interference froma

| ower adj acent channel cannot be rejected as long as a

| over - adj acent - gﬁgﬁl e lentOl PRI £S5E0 tRe PRFIGKIDASEIEY Nrd y
40 dBor nore in the RE§§ Ii?%%gg‘ In practice, hgweven é% IS veryﬁwf%e@

difficult to sehgCituneldy SLPRIPS; anlOWNe api 6 Péh - GhaBhelisi paskat whkh a
decrease its level by 40 dB or nore by using the tuned cir- cuit in the RF

amplifier. Thatvapactdgrafoasgishes&ivasug taniggeelégentriovhot nprésent,
recei ved channel band by arranging a tuned circuit in the RF anplifier wll

greatly degrade the noi 38 &adgittoandgdod fraduensy \seldfefotdiviitlye carplbé udis-
and phase characteristics. It is an object of the present invention to
elim- nat® suchainedbabgks tiiet howtpasnt ifiiltensal evFardhesmocer,o- since a
receiver and to provide a television synchronous re-
Costas loop as a synchronous carrier reproducing system is
applied to the receiver, an input signal having a very low
level can be directly demodulated.
In the arrangement shown in Fig. 2, however, if a
10 television signal is present in the lower adjacent channel
due to a special condition and place, the signal is folded
on a received channel baseband signal, and interference
shown in Fig. 4 is caused.
More specifically, in Fig. 4, reference symbol Vr
15 denotes a received channel picture carrier; Ar, a received.
channel sound carrier; V_qr @ lower-adjacent-channel pic-
ture carrier; and A_,, a lower-adjacent-channel sound car-
rier. When the '1ower-adjacent—channel' sound carrier is
converted into a baseband signal, it is folded and su-
20 perposed on the 1.5 MHz signal in the received channel. As
a result, fine beat stripes appear on the screen, and the
picture quality is greatly degraded.
- According to experiments conducted by the present

inventor, it is found that if the level of a sound carrier

25 in a lower adjacent channel carrier is lower than that of a



20 cei ver which can cancel and suppress interference froma | ower

adj acent channel. In order to achieve the above object, according to-the
present invention, the tel evision synchronous receiver having the phase
| ocked | oop shown in Fig. 2 conprises a,25 baseband 90 phase shifter for
obt ai ni ng i n- phase vi deo - 15 - sighals fromthe video signals of the

| and Q signal blocks, an adder for voltage-adding the in-phase video
signal.s together, and a phase equalizer for correcting phase distortion of
an output si gnalctiuren ¢aerbeiriein. Bhardceivddrchamhabeinhiah esxasl lent re-

‘constituting elenment of the Q signal block having an operating frequengg 2
band i ncl udi ngenitimusstateedry veboubantk| dBnd o | pwebledisacare @omede in

and a vid- eo signal being extracted fromthe phase equalizer. Wth this -
arrangenent , demserfipictyregualoikty « eceiver which 10 is free from >3

interference froma | ower adjacent channel can be realized. In addition, in
order to conpletely caitctheheopyentippaleftedevision synghrongiferreceiv-
adj acent channel t he above-described tel evision synchrongus receiver

of the pre- 19T, IBEETERTRACPOFTOMNR | lowere ALIFCANFBARPRE SARMQtudRe

and phase differences, bet ween | ower - gdj acent.-.channel _sound cay - .
P o rejected as long as a i er-adjacent-channéi éggnal is not

suppressed to be depreased in level by 40 dB or more in the
RF amplifier. 1In practice, howevér, it is very difficult

to;selectively.suppress:a'lowerfadjabent-channel signal to

O

10 decréase its level by 40 4B or more by using the tuned cir-
cuit in the RF amplifier.
That is, increasing.the Q value and greatly narrow~ -
ing a received channel band by érranging a tuned circuit in
~ the RF amplifier will greatly degrade the noise figure and

15 adversely affect the amplitude and phase characteristics.

It is an object of the present invention to elimi-
nate such drawbacks of the conventional television synchro- ..
nous receiver and to provide a teievision-synchronous re—L‘
20 ceiver which can cancel and suppresé interference from a

| lower adjacent channel.

In order to achieve the above object, according to

»

the present invention, the television synchronous receiver
having the phése locked loop shown in Fig. 2 comprises a

25 baseband 90° phase shifter for obtaining in-phase wvideo



riers included in video signals output fromthe |I and Q signal blocks, and
controlli.ng the anplitude and phase dif- ferences to be mninum 20 Fig. 1~
is a block diagram showi ng a conventional television receiver of a
super het erodyne system Fig. 2 is a brodR diagram showing a main part of a
conventional television synchronous receiver of a synchro- 25 nous

carrier reproducing system - 16 - Fig. 3 is.a graph show ng a residual
si deband nod- ul ated television signal; Fig. 4 is a graph show ng
interference fratgralewdirom sbentvideancstignals bafebthe ih @nsonQersignal
t el eviisj on 5 synchronous receiver; Fig. 5 is a block diagram show ng. a
nmai n part of a.bb¢%b$8|dﬁls?ﬁéﬁan§9§ reekiage-addnNgi fhet olnnrbasedi vedro
of the present |nvent|on ékeG is a block diagram showi ng_a schenatic

cir- 10 cui tSignakgerkrfetiety haBshaAd RRAIMa SIVAIIREE, ; TRF§ CorFecting
ClrCHT e o ahon B 8eRSand ¥ et AUk oRES T SRS L ML, PURE

5 90° phase shifter as a constituting element of the Q signal

block having an operating frequency band including at least

a received channel and a lower adjacent channel, and a vid-

eo signal being extracted from the phase equalizer. With

this arrangement, a television synchronous receiver which

10 is free from interference from a lower adjacent channel can
be realized.

In addition, in order to completely cancel the in-
terference from - the lower adjacent channel, the
above-described television synchronous receiver of the pre-

15 sent invention comprises means for detecting amplitude and
'phase differences between lower-adjacent-channél sound car-
riers included in video signals output from the I and Q
signal blocks, and controlling the amplitude and phase dif-
kJ : ferences to be minimum.

20
Fig. 1 is a block diagram showing a conventional
television receiver of a superheterodyne system;
Fig. 2 is a block diagram showing a main part of a
conventional television synchronous receiver of a synchro-

- 25 nous carrier reproducing system;



tel evi si on synchronous receiver according to another enbod- 15 ‘i ment of
the present invention; Figs. 9(a) to 9(d) and 9(e) to 9(h) are graphs for
expl ai ni ng operations of the respective conponents of a DAGC bl ock and of a-
DAPC bl ock, respectively; and Fig. ¥0lé=-a circuit di agram showi ng a

vari abl e- 20 phase, w de-band [err] phase shifter. Enbodi nents of the
present invention will be de- scribed belowwith reference to the
acconpanying drawi ngs. Fig. 5 is a block diagramshowing a main part of a

25 tel evisi on synchignoBs isecacigraphacshowiing a oresidudbdsideband mod# -
of the present invention. The sane reference nunerals in Fig. 5 denote\Jthe
sane parts asulatédgtelevisiionheygnad;i dentical to each other in terns of
contents and op- erations. Referring to Fig. 5, reference nuneral 302 de- 5 =
notes a baseband 90 pRige 4histargraph shoWiagbdutevfierence frgmap Bowex
352 is realized by connecting this baseband 90 phase shifter 302 to the Q

si gnal bl ock ad¢}a¢ent; ghagne&ipu@sbﬂsehaaﬂ InsagRanvensirnaddtepevdsipgnal

bl ock are added together by an adder 304. The output fromthe adder 10

304 is then oSYPERIPBOWH BBEBLVEFérninal 310 through a vid- €0 signa

fllter 228 and a phasgiggungégg %&%bkrmf%d¥§%fshowing a main part of a

3

television synchronous receiver according to an embodiment

of the present invention;-

Fig. 6 is aibioék-diag:am“showing'a”schematic cir- ::
10 cuit arrangement of a baseband 90° phase shifter;
FPig. 7 is a circuit diagram sh;ﬁing’a second-order
all-pass filter constituting a phasg equalizer;
Fig. 8 is a block diagram showing a main part of a
television synchronous receiver according to'anofher embod-
15. iment of the present invention{~-
Figs. 9(a) to 9(d) and 9(e) to 9(h) aré graphs for
explaining o§6rations of the reépéctive' components of a
DAGC block and of a DAPC block, reépeétively; and E:

Fig. 10 is a circuit diagram showing a variable-

20 phase, wide-band 90° phase shifter.

Embodiments of the present invention will be de-

scribed beloW-with reference to_the accompanying drawings.

h3)

Fig. 5 is a block diagram”Showing a main part of a

25 television synchronous receiver according to an embodiment



ation will -be described in detail below Assune that a television signal is
present in a | ower adjacent channel. The signal in the |ower adjacent 15
channel which is converted into a baseg_ d signal will be described first.
Similar to a received channel nodul at’e agrbture signal, a nodul ated carrier
wave in the | ower adj acent channel can be divided into three regions, i.e
an AMre- gion, a DSB region, and an SSB region, as shown in Fig. 3.

Abbd t put f | filter_ 208 of _an | | bl.ock
250 15, SPveﬁ' 25% g ngrereainanaition. %h%&aref?saégﬁegeo%?maaﬂ"&

P 25 RS b Ror S her RS ppPre o EH: el ght A PRy e
ubstituies cdhc £7 AT BheAOOLRLE] B SR 0% (dbnekfhs (1R

c
eratlon 5T % er err] AMTegdl on, I'gna

9' Y?QS?Y AB [ ERBladibdd'e DREeE£BIRE 8 %‘1%’13'51_ efékéf:énéé ﬂlﬁﬁ&?a?y 302 e-
5 notes a baseband 905 phase shifter. In this embodiment, a
. Q signal block 352 is realized by connecting this baseband
90° phase shifter 302 to the Q signal block 252 in Fig. 2.
Outputs from an I signal block and the Q signal block are
added together by an adder 304. The output from the adder
10 304 is then output to an output terminal 310 through a vid-
eo signal filter 228 and a phase equalizer 308. This oper-
ation will be described in detail below.
Assume that a television signal is present in a
lower adjacent channel. The signal in the lower adjacent
15 . channel which is converted into a baseband signal will be
described first.
Similar to a received channel modulated picture
signal, a modulated carrier wave in the lower adjacent
N channel can be divided into three regions, i.e., an AM re-
20 gion, a DSB region, and an SSB region, as shown in Figqg. 3.
A baseband signal output from a low-pass filter 208 of an I
signal block 250 is given as follows. Assume that the an-
gular frequency of the picture carrier in the lower adja-
: cent channel is represented by w_,; and the initial

B 25 phase, y; and that w_q and Y are respectively substituted



In the SSB region, a signal [err](t) is given by [ERR] Simlarly, according
to equations (16), (19), and (22), a baseband signal output froma -

| ow-pass filter 214 of the Q signal blpgk 352 is given as follows. In the

- AM 20 region, a signal [err](t) is given by [ERR] In the DSB region, a
signal [err](t) is given by 25 - 19 - [ERR] 5

.(28) In the SSB region, a signal [err](t) is given by [ERR] ... (29 10

Q i f b sh |
b descr bed K8totte T as8Ba e BEIRRe Y4 LV e BRT A 18hanndn Frndlds

phace Shi 11 oP7oaaDt 5F v gy, HEe o ‘*ﬁ’éﬁ%ﬁféﬁ%ﬁ%ﬁm&w“

the received glarigle '% he Q signal block is given as follows. -

according to equatlons (17), (20), and (23). In the AMregion, a signal *
AB

5 -IBAMI(t) =.;— (1 + kcospt)cos{(qL - w 1)t +
Ay = B8)} . . . (24)
In the DSB region, a 51gnal \'2 IBDSBI(t) is given by
v-lBDSBI(t) % 2'__095{(NL - 9_1 + P)t + (y - 8)}
10 kAB . o

+ -;—cos{(w -w_; = plt+ (y - B)}

eee(25)
In the SSB region, a_signal'V_IBsSBI(t)_is given by
kAB

V 4o (t) = —cos{ (0w, - w
15 1BSSBI VR

- Pt + (y - 8)}
... (26)
Similarly, according to equations (16), (19), and
(22), a baseband signal output. from a low-pass filter 214
~of the Q signal block 352 is given as follows. 1In the AM =W
20 region, a_siqnal.V;BAMQ(t).is given by
' AB o "
V_i1pamp(t) = ;—(1 + kcospt)sin{(wL -uw_j)t +
In the DSB region, a signal V_1mpspq(t) is given by 4
25 | S - =



iw

[err](t) is given by [ERR] 20 In the DSB region, a signal [err](t) is
given by [ERR] 25 In the SSB region, a signal [err] (t) is given by -
20 - [ERR] 5 The baseband.signal in the | ower adjacent channel
is given as follows according to equations (27), (28), and 29). In the AM
region, a signal [err](t) is given by [ERR] In the DSB region, a signal
[err] (t) i1s given by [ERR] ...(34) 25 In the SSB region, a signal
[err](t) is given by - 21 - [ERR] (35) The baseband signals in the |

re-,

\&

]

10

15

20

25

~1BDSBQ

kAB

and Q si gnal bl ocks 259 and BSQt?re aﬁaeglﬁqgﬁihgrQPY ;hﬁ)@dgeiYBQé.)ﬂhe

+ —sin{le, =~ w4y =PIt + (y -~ B)}

4
... (28)
In the SSB region, a signal V-lBSSBQ(t) is given by
kAB

(t) = —;—-sin{(mL -w_; =Pt + (v - B)}

V_1BssBQ
.o (29)
Operations of the baseband 90° phase shifter
and the adder 304 will be described below.
The baseband signals in the received channel

the lower adjacent channel of the Q signal block 352

phase~-shifted by the phase shifter 302 by 90°.

302

and
are

The

phase~-shifted baseband signal in the received channel of

the Q signal block is given as follows according to

equations (17), (20), and (23). 1In the AM region, a signal

VBAMQ'(t) is given by

VBAMQ'(t) =0 ... (30)

In the DSB region, a signal VBDSBQ'(t) is given by

kAB
VBDSBQ'(t) = —Z-(n - I)Sin(Pt -7n/2)
kAB
= = ~—{(n - l)cospt eee(31)
4

In the SSB region, a signal V

BSSBQ,(1:) is given by



cei ved channel baseband signal output fromthe adder 304 is given as

foll ows.

In the AMregion, according tQ_ .10 equations (5) and (30), a

signal [err](t) is given by [ERR] In Th O3B regi on, according to equations
(9) and (31), a 15 signal [err](t) is given by [ERR] In the SSB region,
according to equations (13) and (32), a signal [err](t) is given by 25

22 - [ERR] In this manner, the baseband |s conpletely denodul at ed. . The
| ower - adj acent - channel asebanﬂt5| nal®8 ven as Iloms In the AM o
regi on, according to e SBOTS blf @g‘ p L [err](t) is glugn_by~

[ERR] In the DSB region, according to

[err] (t)

Is given by 20 25

10

15

20

25

quatlons (25) and (34) a signal

= -——cospt cee(32)
2 ' :

P
v

The baseband signal in the lower adjacent dhannél_'

is given as follows according to equations (27), (28), and

29). In the AM region, a signal V—lBAMQ'(t) is given by

"AB . S
vélBAMQ'(t) = ;—(1 + kcospt)sin{(w;, - w_j)t + _;‘
;U .
(y - 8) - n/2}
AB .
= = —(1 + kcospt)cos{{w, - w_4)t +
2 L
(y = 8)} _ : .. (33)
In the DSB region, a signal V—IBDSBQ'(t) is given by
| KABn - |
V_igpsegr (8) = ——sinlluy - w ) +pie+ (v - B) -
kAB 3 |
w/2} + —:—sin{(wL --m-l”- p)t + (y -
8) - w/2} ‘v’
kABnN ' '
= - —--——cos{(wL - W, + Pt + (Y - 8) }
4
kAB '
- —;——cos{(mL - w, ~Plt+ (y- B}
eeo(34)

In the SSB region, a signal V_1msspq' (t) is given by

%Y



-23- [ERR] :In the SSB region, according to equations (26) and (35), a
signal [err](t) is given by [ERR] In this manner, the

| ower - adj acent - channel baseband si gnal_ é? _ is conpletely cancel ed and
suppressed. Fig. 6 shows an enbodi nent t he baseband 90 phase shifter 302
used for the television synchronous re- ceiver of the present invention.
Thi s phase shifter conprises an |I' signal block 407 25 constituted by
a plurality of series-connected prigggy - 24 - all-pass filters 400,
and a Q signal block 499, havi ngig¢ha=sane ai4 apgeneny,, andy € Heg gn to
obtainta relative phase fﬂ?$%§%ﬁgehof o througﬁbut af%ﬁdgbkand.ﬁ Thgqv

si gnal® bl ock 407 is connected to the output termnal of a 5 vi deo si gnal
amplifier 212 of the |I signal block 250/2% Fig. 5. Simlarly, the Q

si gnal block 409 is connected to the output termnal of a video signal

anplifier 214 of the kAB
; = - —Z-—cos{(mL - Wy < plt + (y - 8)}
... {35)

The baseband signals in the I and Q signal blocks
250 and 352 are added together by the adder 304. The re-
ceived channel baseband signal output from the adder 304 is

given as follows. In the AM region, according to

e’ 10
equations (5) and (30), a signal VBAM(t) is given by
VBAM(t_) = VBA.MI(t) + VBAMQ' (t)
AB
= —(1 + kcospt) .es(36)
2 .
In the DSB region, according to equations (9) and (31), a
15
signal VBDSB(t) is given by
Vepss(t) = Vppser(t! * Vppspqr {*
kaB kAB
= (N + l)cospt + —(N - l)cospt
4 4
W KAB
20 = ——cospt s (37)
2

In the SSB region, according to equations (13) and (32), a

signal VBSSB(t) is given by

25



Q signal block 352 in Fig. 5, thus maintaining a relative phase shift
anmount of 90 between the blocks within a pre- 10 determ ned band. In
this case, the predeterm ned bandwi d¢he2s-ideal- |y set to be DCto 7.25
MHz in consideration of the fact that the baseband signal band of the
received channel is DCto 4.5 MHz, and a baseband video signal in the |ower
adj a- 15 cent' channel is folded to the position of 1.5 MHz to 7.25 MHz.
In practice, however, yt i ey ydi ffi t obt ai [err] phase shifter
having such a wide spgﬁsﬁac tgand.vdwﬂégl#gi &?&sm'}at he fact that {zp )
signal having a frequency of 4.5yMgz or norgaps attenuated by the | owpass
filters 20 208 and 210, andd + Leqienupt of a fol ded baseband
signal of the |ower adjacent chanmgel which grgeatly degrades picture quality,
is 1.5 MHz, signals in the | ower adjacent channel can be satisfactorily '
cancel ed by mai ntaining a phase &ag erence of [err] throughout a band of at
| east 1.5 25 Mz to 4.5 MHz= -Alddoapgh no signals having freguess) es
- 25 - I gwer than 750 kHz in the AM regi on appear at the output of the
video signal anmplifier 214 of the Q signal block 352 according to equation
(17), signal s Imathis maemneancithe dfaséiandd sorcomple taglyeademddulmtisi. t o
conpl etely denodul at e ' o _

The lower-adjacent~channel baseband signal is given

as follows. In:the AM region, according to equations (24)

and (33), a signal V_;pan(t) is given by . ;;
10 Voipan!'® = Voigaur(®) * Voipaugr (%)
' AB
= —{(1 + kcospt)cos{{w, = w )t + (y - B)}
2
AB .
= —({1 + keospt)cos{(w, = w_y)t + {y - B)}
2
15 S =0 ...(39)
In the DSB region,'accofding to equations (25) and (34), a
signal-V?lBDSB(t) is given by
u
20

25

.



5 a received channel baseband signal, therefore, a 90 phase shifter

whi ch operates at |east at 750 KHz or nore is required. By adjusting the
phase characteristics of the all-pass filters 400 of the baseband [err]
phase shifter in 10 Fig. 6, a phase ghift of 90 [err] can be realized
wi thin an operating bandwi dth of 750 kHz to 4.5 MHz. In this case, it is
apparent that the video signal filter 228 for flattening a baseband signal
can be.omtted. In the baseband 90 phase shifter, phase distortion 15
normal |y occurs and de&Lq@gsgétéiGnnggdguméFérf Xglggsgqb(F9on1the phase
shiftigr may be corrected by the phazg equal i zer 308 to flatten group del ay
tharacteristics. Fig. 7 shows an el mhen% of the ph§s§ %qgalizer E§ed for
the television synchronous receiver qf tRE ﬂ?@sgnP-ﬂn- é Jéhf?% cIn
this phase equalizer, second-order all-pass fil- ters are connected in
Series in accordance with the degree Qf,gphase distortion and the flatness

of the group delay characteristics. e grri tQg Fig. _7 ef,erience
X os{ﬂ%i an&L PA%B? éﬁg 4f§}

numeral s 25 - 26 - 410 and 412 denotge Col 414,
kAB
- —:—ncos{(mL -w, +P)t+ vy -8)}
kAB
- —cosl{w, - w_; - Pt + (y =B)]
4
./
10 =0 ... (40)
In the SSB region, according to equations (26) and (35), a
signal V_;pggp(t) is given by
V_iesse!®! = V_ipsspi!t) * V_j1psspor (¥
kaB
= ——cos{{w, - w_; - P}t + (y - 8)}
15 4
kAB
- —cos{(w, - w; - Plt + (y - B)}
4
=0 | .ee. (41)
KJ In this manner, the lower-adjacent-channel baseband signal
20 is completely canceled and suppressed.

Fig. 6 shows an embodiment of the baseband 90°
phase shifter 302 used for the television synchronous re-
ceiver of the present invention.

: This phase shifter comprises an I' signal block 407

- 25 constituted by a plurality of series-connected primary



capaci tors.

channe

above-descri bed enbodi nent, the basela 90 phase shifter constituted by

According to the above-described arrangenment, in- terference
fromthe | ower adjacent channel can be canceled, 5 and hence a received
| baseband video signal can be conpletely denodul ated. In the

active elements is exem plified. However, the phase shifter nay be
constituted by 10 passi ve el enents such as coils and capacitors.
this case, it

shows anot her

I n
aRLCRERE (e1okd® 400)° il 1 0 L ENET M B8k SRS g g, the

“anplitude and phgae £if{ffemdrt, aRRACeSsPUIERIhey "G ogﬁggigetaecgqutiuf‘

outputs to be applied to an adder, 1n order to 1 nprove t

_ 1ye
e performnce o

the tel evi si onpRYBENICINERET dTRSL HET mthau%Sut5-a THideeBarkldi MR il |

be described below with reference to Fig. 8. _ :
Fig. 8 denote shgnadnbloekt 2070 is &6nhéctéd. 5, thied dUEPutd CeiffRaiCae WO

each o

circuit blocks is not ideal, baseband signals to be applied to an adder 304

25

t her

in terms of contents and operations. Since the operation of a
[err] phaSe shivideo Alifynal bampbifilefer21]2 phfisehehift 8igr82, HlodK 250 in

from| aRidgQ Skgn&limblarky,2EbeaQd 83@neithbliockudbal dscednnected to

10

15

20

25

the output terminal of a video signal amplifier 214 of the

Q signal block 352 in Fig. 5, thus maintaining a relative

‘phase shift amount of 90° between thé blocks within a pre-

determined band.

In this*qasei the'predétermiﬁéd bandwidth is ideal-
ly set to be DC to 7.25 MHz iﬁ ccnsideration-of the fact
that the baseband signal band of the received channel is DC
to 4.5 MHz, and a basebaﬁd video signal in the iower adja-
cent channel is folded to the position of 1.5 Mﬁz to 7.25
MHz. 1In practice, howéver, it is very difficult to obtain
a 90° phase shifter having such a wide specific band. 1In
consideration of the fact that a signal having é frequency
of 4.5 MHz or more is attenuated by the low pass filters
208 and 210, and the lowest frequency of a folded baseband
signal of thé lower adjacent channel which greatly degrades
picture quality is 1.5 MHz, signals in the lower adjacent
channel can be satisfactorily canceled by maintaining a
phase difference of 90° throughout a band of at least 1.5

MHz to 4.5 MHz. Although no signals having frequencies.

e sane reference nunerals in

b))



- 27 - characteristics between the respective channels, i.e., an anplitude
difference or a phase error. An anplitude difference is based on the fact
that coefficients representing the __anplitudes of |l ow 5

er - adj acent - channel baseband signal s of2?ne | and Q signal bl ocks, which
are given by, e.g., equations (24) and (33), (25) and (34), and (26) and
(35), are not equal to each other. Wth this anplitude difference,

if th | . b € 0] 0
Val e of 0 1a nitve: S OTY e Qo B ARDELOEn pbeh ME Eng Yoyt s
That ks, the | - 86l P %F¥§¥) IhGN n
sh?iSP%btorslyoﬁﬁicg?ggsg% g@%%g?ﬁé%% ; |§? g?F&,qg&bﬁgsggnggrhﬁhch a%%%s

the anplitudes glcdrapigadbaerffatitannel7PAssbsR iﬂﬁ%'iﬁg()f%férlﬁ}énﬁ% Q£5

signal blocks, 1.e., “causes an anplitude dl%ﬁerence. Ther'et or e,

.sinmilar to the phpvensessrhbed appeuence 1of craed Mid leuifo Hiid Bf edéRodElsbe
i f the baseband signals are add- ed together by the adder 304, a value of O

cannot be ®b- t&ipedeivedi khahfletqbakeband( 31nal40)therdEdrdl) a Yo pKas&0
t he | ower - adj acent - channel baseband signals cannot be sat- isfactorily

cancel ed and sugipi £seedwhilch repetratashigt bdeasen &t pl7T39e EHEOlod efmbkewi id
re- spect to 90 and a suppression degree D of the | ower adjacent channel
can be represemteguiyed.

By adjusting the phase characteristics of the
all-pass filters 400 of the baseband 90° phase shifter in
Fig. 6, a phase shift of 90° + 10° can be realized within
an operating bandwidth of 750 kHz to 4.5 MHz. 1In this
case, it is apparent that the video signal filter 228 for
flattening a baseband signal can be-omitted.

In the baseband 90° phase shifter; phase distortion
15 normally occurs and degrades a signal. However, an output

from the phase shiftér may be corrected by the phase
equalizer 308 to flatten gréup delay characteristics.

Fig. 7 shows an embodiment of the phase equalizer used for

the television synchronous receiver of the present in-

(”

20 vention.
In this phase equalizer, second-order all-pass fil-
ters are connected in series in accordance with the degree
of phase distortion and the flatness of the group delay

characteristics. Referring to Fig. 7, reference numerals

25



25 - 28 - [ERR] Wth an error of 1 with respect to [err], the’
suppression degree is -41.2 [dB]. Therefore, if the phase error of a
baseband signal in each of the | and @&i-gnal blocks at the input of the
adder 304 is set 1 or less, interference fromthe | ower adjacent channel

can be suppressed to such a de- gree that no problens are posed in terns of
picture quali- ty. 10 According to experinments conducted by the present
inventor, theqgom @ndhabE2 erd@nétéaugedlisy t nd erqiq phagesshi hhar 24h%,

t he baseband 90 phase shifter 302, and other circuit blocks Is about % ‘at
maxi mum Suchcapaeiterscan be satisfactorily controlled and corrected?ﬁ@ an:
enbodi nent 15 of the present invention to be described below. That is,

| ower - adj acent - channehceareingd o gthks abovéradesorileadl apgangppentsedn-
This operation will be described in detail below Sound carriers in the

| ower adj acenterifemediceaifeod) the lower adjacent channel can be canceled,

IS

5 and hence a received channei baseband video signal can be
completely demodq;ated,

In the above-described embodiment, the baseband 90°
phase shifte# .constituted by active elements is exem-
plifiéd. However, the phase shifter may be ¢onstituted byz :

1.0 passive elements such as c'o-i.ls and capacitors. In this |
case, it is. clear that the powér consumption can be

- reduced.

Fig,_8 shows another embodiment comprising means

for detectipg and minimizing amplitude and phase differ-

15 ences.bétween synchronous.detection*outputs-to be applied
to.an adder, iﬁ order to improve the perfofmance of the
television synchronous receiver shown in Fig. 5. This em-
bbdiment will be described below_with.réference to Fig. 8.
The same reference numerals in Fig. 8 denote the same parts kﬁi.

20 as in Fig. 5, and they are identical to each other in térms
of'contents_and_ppefations-

Since the operation of a 90°. phase shifter 218, a
baseband 90? bhase;shifter 302,.or other circuit blocks is
not ideal, baéebaﬁd signals to be applied'to an adder 304

25 from I and Q signal blocks 250 and 352 exhibit unbalanced

)



respectively extracted froma baseband si gnal obtained by the adder 304 and
an output fromthe baseband 90 phase shifter 302 of the Q signal block 352
by using bandpass filters 504 and 510 each having a center frequency [err]
= 1.5 MHz. Ref erence numeral s 502, ~506,~ 508, and 512 denote 25 - 29

- anmplifiers for anplifying t he extracted | ow
er - adj acent -channel sound carriers to a predeterm ned val - ue. These

anplifiers al seH¥fddidrid@iRiRNEEtwEés hthe Fedgwedivipehanhelsprs.eQ4 and
510. 5 Each of the two extracted | ower-adjacent-channel sound

carrigrs i s appinp¥itude dFeddmak diBa Phhase ARG ock 534. The DAGC
bl ock™32 is constituted by a conpara- tor 514, an analog swtch 516, and a

| ow- pass filter 518. Tirn DSl btudd dB4ferencestiist Mamkdyom ther faphasthat
shifter 10 520, a conparator 522, an analog switch 524, and a | ow pass
filter 526. Mrooeffticientd | y, represenktinqd) atheat - chmpiditudesnd o ri drow-
output fromthe adder 304 and anplified by the am plifier 506 is applied
to the and og =s+tadincans-chanrey baseband sigralPAct thedI BARCQ [Hidnel
532 and 534. Low er-adjacent-channel sound carrier output fromthe
baseband blocks, which are given by, e.g., equations (24) and (33),
(25) and (34), and (26) and (35), are not egual to each
other. With this amplitude difference, even 1if the
baseband signals are added together by the adder 304, a
Nt 10 value of 0 is not obtained, unlike in equations (39), (40),
and (41). That is, the lower-adjacent-channel baseband
signals cannot be satisfactorily canceled and suppressed.
similarly, a phase error unbalances the amplitudes
of lower-adjacent-channel baseband signals of the I and Q
15 signal blocks, 4i.e., causes an amplitude difference.
Therefore, similar to the above-described influence of an
amplitude difference, even if the baseband signals are add-
ed together by the adder 304, a value of 0 cannot be ob-
\v) tained, unlike in equations (39), (40), and (41). That is,
20 the lower-adjacent-channel baseband signals cannot be sat-
isfactorily canceled and suppressed.
The relationship between a phase error ¢° with re-
spect to 90° and a suppression degree D of the lower

adjacent channel can be represented by

25



90 phase shifter 302 and anplified by the anplifier 512 is applied to-the
conparator 514 of the DAGC bl ock 532 and to the conparator 522 through the

[err] phase shifter 520 of the 20 DAPC bl ock 534. A control operation of
anpl i tude and phase differ- ences witl28e~described bel ow with reference to

graphs in Figs. 9(a) to 9(h). Figs. 9(a) to 9(d) are graphs for ex-
plaining control of an anplitude difference. Fig. 9(a) 25 shows the

wavef orm of

to the analog swtch 516. The, |ow er-adjacent-channel sound carwier

the | ower-adjacent-channel sound - 30 - carrier input

fromthe anplifier 51%i=s mwgz(gﬁqﬂ) i d®] a square wave by, {(£2)

conpar at or

514. Fig. 9(b) shows thgs square waveform
5 the conparator 514 is positive,

| ower - adj acent -channel sound carrier sanpled by the analog switch 516.
The sanpl ed sidpmtee siapplile@ {dBjhe [Thenedvred, |1£rtbé8phasd M0 avf ral

volt- 105

age corresponding to the anplitude of this applied sound

carrier is obtdsekaid osigmabuipreackrof nthe5Pgand Rgsigha) bhoekst atsthe
control voltage, i.e., the waveformof the output fromthe | owpass filter
518. The DC coinpwt @f|the adder 304 is set 1° or less, interference from

10

15

20

25

the lower adjacént chahnel can be éuppressed to such a de-

gree that no problems are posed in terms of picture quali-

Accotding'td experiménﬁs conducted by the present
inventor; the sum 6f phase errors céused in the 90° phase
shifter 218, the baseband 90° phase shifter 302, and other
circuit blocks is abgut.10°iét maximum. Such an error can
be satiéfactorily controlled and corrected by an embodiment
of the present invention to be described_below. That is,

lower-adjacent-chahnel baSeband_signals can be canceled and

‘suppressed.

This operaﬁion wiil be describéd in detail below.

Sound carriefé in_the'iower adﬂacent channel are
respécﬁively-extracted.from a baséband signal obtained by
the adder 304 and an butéut from the baseband 90° phase
shifter 302 of the Q:signal bléck 352 by using bandpass
filters 504 énd 510 each haviﬁg.a center frequency fo =1,5

MHz. Reference numerals 502, 506, 508, and 512 denote

When an out put from
_ _ t he anal-og switch 516 is turned on and *
sanpl es the omitH &anorerioxr aoPl LPi eithOGedpart 9¢0) 902hovehd heuppression .

N

k-

e

ty. | : | | ;;)

o
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age output -fromthe output termnal 528 is applied to, 15 e.g., the gain
control termnal of a video signal anplifier 214 of the Q signal block 352.
Alternatively, the DC con- trol voltage may be applied to a bias termna
provi ded on a synchronous detector 206.29f-the anplitude of the output from
“a video signal anplifier 212 of the I signal block 250 20 I's kept to be
a proper value by an ordinary AGC circuit for automatically controlling t he

gain in accordance th the ghi t ude of fecelv .carrier SI aI o]
the Q signal ’\rA‘ési?’éﬁui rggnfo bea%]n’t Hq%d anth€or r B EKREELS he &&%IBT

61 a Fhase il gt stetad fedhiBERorh of Hetethitel Vol
Lover - ad) acent -annaed8 ety fies, & “%‘ér t ?ﬁt ol aie Bezehinkion
2ml‘{glreﬂa\t/)?/n; a C(raw% r%éu%f%e%tsﬁégmd bKIo: Qet L:{r%hghgﬁ:se of
R Y e
carrier sound carriers is applied to a DAGC block 532 and a DAPC
block 534. The DAGC block 532 is constituted by a compara-
tor 514, an analog switch 516, and a low-pass filter 518.
The DAPC block 534 is constituted by a 90° phase shifter
10 520, a comparator 522, an analog switch 524, and a low-pass
filter 526.
More specifically, the lower-adjacent-channel sound
carrier output from the adder 304 and amplified by the am-
plifier 506 is applied to the analog switches 516 and 524
15 of the DAGC and DAPC Dblocks 532 and 534. Low-
| er-adjacent-channel sound carrier output from the baseband
90° phase shifter 302 and amplified by the amplifier 512 is
applied to the comparator 514 of the DAGC block 532 and to
\_/ the comparator 522 through the 90° phase shifter 520 of the
20 DAPC block 534.
A control operation of amplitude and phase differ-
ences wWill be described below with reference to graphs in
Figs. 9(a) to 9(h). Figs. 9(a) to 9(d) are graphs for ex-
- plaining control of an amplitude difference. Fig. 9(a)

™ 25 shows the waveform of the lower-adjacent-channel sound



'~ phase-shifted by the [err] phase shifter 520 by [err] is ap- plied'to the
conparator 522 and is converted into a square wave. Fig. 9(f) shows the
wavef orm of the output fromthe comparator 522. In this case, the phase. of
the carrier is 15 del ayed by the Te??]~ phase shifter 520 by [err]. ' .
Since this square wave is phase-shifted by [err], its phase is delayed by
90 with respect to the square wave out put fronlthe com parator 514 of the

DAGC bl ock 532%:4,9 {dt ar jhguthe tepsany  agaf¥§C Qb@%ﬁh Wi the e 1ow-

out put fron1the comparatof 522 is positive, ~the anal og switch 524" s
turned — on  @hdj et SShanhdE sohRd c&Fr Pt AELGH- eﬁanaﬂ%neyeé §apI W
anplified by the anpllfl- er-506. Fi'g. 9(g) shows the output signal sanpled
by the anal og sonvébtd®4. iRto a- Sguardhewswep! by styeal compapatobed 504(he
| ow-pass fil- ter 526. If the phase difference between the |ow - 3
er - adj acent - cleiygel 9 fornghowsr this isgualre wavedoRnsi givterh! &g ksutputh€rom

I nput of the adder 304 is perfectly 0, the 5 output fromthe Iomfpass
filter 5% is ¢the Ebgpa&éhbmﬂﬁmt ihepmaueﬁwem(ﬁhdhanathUBWthhtﬁmﬁ is

| ow- pass filter 526 in this case. - If the phase difference is not [err], a.
DC control turned on and samples the output from the amplifier 506.

-~

af

Fig. 9(c) shows the lower-adjacent-channel  sound carrier
sémpled by the analog switch 516. The sampled signal is
applied to thé low-pass filter 5i8, and a DC control volg-
10 age corréspdnding to the amplitude of this applied sound
carrier is obﬁained from an output terminal 528. Fig; 9(d)
shows this DC control voltage, i.e., the waveform of the
output from the low-pass filter Slé.._The DC control volt-
age output from the output tg:minal. 528 is applied to,
15 e.g., ;he,géin control terminai of a video signal amplifier
214 of the'Q_signai_bibck_BSZ. Alternatively, the DC con-
t:ol voltage may be applied to a bias terminal provided on
a synghronpus detector 206. 1If the amplitude of the output
from a video signal amplifier 212 of the I :signal bIOck 250 o/
20 is kept to be a proper value by an ordinary AGC circhit for
automatically contrqlling_the.gaih in accordance with the
mégnitudq of a received carrier signal, only the Q signal

block is required to be controlled and corrected by the

)

DAGC block. o _ : .
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vol t age. corresponding to the phase difference is obtained. The DC control
vol tage output froman output termnal 530 10 Is applied to the phase
control term nal of the phase shifter 3%? so as to control the phase
difference to be 0. Fig. 10 shows the i abl e- phase type [err] phase
shifter 218. Referring to Fig. 10, reference nunerals 370, 372, 374, 376,
378, 380, 382, 384, 386, 388, and 390 denote 15 capacitors; 392 and

394, DC bl ocki ng capacigjgfss; 9 @6,ta bmﬁS%r@a ﬁx?é f§§2ex§> éméﬁ c%‘éﬁ-
360, and 362, coils; 460,” a varactor diode; resistor tor appl ylng
con- trol V0|t&.<i:%lt of ha phhae! @i fHerd&ncbo; FﬂjSB 9?e¥30§h6\9§ vkt 3@eform
term al: 450, a first termnal; 452, a second ter- 20 m nal ; 454, a

third terni nal ,oﬁandhASG,owférf-rawjfalaetxﬁ.r-msma:lne1Ths6uma&arslieﬁ:t einpl.ﬁt desi gmed
such that a | unped quadrature coupler constituted by the capacitors 370,

872, and 374, tdmalogy lswitth &2 354 hearibwere-abjpaEtioichaliffel FHindarchrbo-

I S cascade-connected through the common in- 25 put/out put capacitors
on the &dj acext ingnuigeto athle DARC bleocB3534r eadt ampdd fdkedt by rtdepamplie-
coils and capacitors are op- timzed to realize broad band. In this

shifter, the EieatSdh2 disndhase-shidited dedhe 20fe phasse shiktbmthawing a
coupler to. Cogggﬂe;r?}gggggc;hgli %HPu?tSOLH;?e %Eizathat the phase of
this 90° phase shifter is strictly adjusted to 90° at the

center frequency. |
N 10 The lower-adjacent-channel sound carrier
phase-shifted by the 90° phase shifter 520 by 90° is ap-
plied to the comparator 522 and is converted into a square
wave. Fig. 9(f) shows the waveform of the output from the
comparator 522. 1In this case, the phase of the carrier is
15 delayed by the 90° phase shifter 520 by 90°. Since this
square wave is phase-shifted by 90°, its phase is delayed
by 90° with respect to the square wave outpﬁt from the com-

parator 514 of the DAGC block 532,
J _ Similar to the case of fhe DAGC block, when the
20 output from the comparator 522 is positive, the analog
switch 524 is turned on and samples the low-
er-adjacent-channel sound carrier amplified by the amplifi-
er 506. 'Fig. 9(g) shows the output signal sampled by the

analog switch 524.



5 shifter by changing the control voltage of the varactor diode. The
phase shifter is operated in the follow ng man- ner. A | oad having an
inpedance Z0 is connected to each of_tgge third and fourth term nals 454 and
456, and the second 10 term nal 452 is grounded through a resistor of 'R
= [err]. Wien a signal froma signal source having a signal source

i npedance Z0 is applied to the first termnal 450, the sig- nal is divided:
into two signals haV|m@eaqdmpiedﬁéign&bcﬁsoéppDieddtar&hebﬂahﬁp@éEwﬁﬁl*m
third and fourth terninals- 15 454 and 456. In this enbodi nent, a

| ower - adj acenterha®28. sokfl cthei ephaseregéfdedeasea betweenon tmegnalld!‘- L)
However, if no | ower adjacent channel is present, no operation is per- A
formed. If noermﬂammmmum gazzders rio i bher I cand Qf evignel is ©
caused. 'Even in this case, in order to perforntconplete denodul ati on of a *
recei ved chankdocksdat sth@alnpus: ofx fha adder o304 \ia Pﬁﬁrfﬁértld’oloorv ‘the -
carrier Iocated at the position of 3.58 received channel au
car- rieP | ocM® I t 1 RASS . %kigﬁ nﬁ?ﬁ ésdgrecﬁég ﬁﬁh) q Y%ls
case, it is clear that the ¢ er fr X
filters 504 aﬁg‘eSﬂ? Vs Eqn ‘é% %’iﬁsg‘zgﬁ}’gt g¥°§26 e 1ow-pass Eset ’Pas?s in
this case. If the phase difference is not 0°, a DC control
voitage corresponding to the phase difference is obtained.
The DC eontrol voltage output from'an-butput.terminal 530 B
| o/

10 is applied te the phase control terminal of the phase
| shifter 218 so as to control the phase difference to be 0.
Fig. 10 shows . the variable-phase  type 90° phase
shlftep 218 | Referring to Figqg. 10, reference numerals 370,
372, 374, 376 378 380, 382, 384, 386, 388, and 390 denote
15 capacitors; 392_and:394, DC blocklng capacitors; 396, a
bypass capaciter; 352, 354, 356, 358, 360, and 362, eoils;
460, a'va:acto: diode; 398, a resistor for appiying a con-
trol voltage to  the varactor diode. 460; 458, a control
voltage terminal; 450, a first terminal; 452, a second ter- E_)
20 minal;_454,.a third.terminal;eand 456, a fourth terminal.
This pﬁase ehifter.ie designed such that a lumped
.quadrature coupler constituted by the capacitorsp370, 372,
and 374, the coils 352 and 354, and the capacitors 376,

378, and 380 is cascade-connected through the common in-

B owe

25 put/output capacitors on the adjacent stage and the



I s changed -to the frequency of a detection signal. As has been descri bed
above, according to the pre- sent invention, the television receiver

i ncl udes neans for 5 phase-shifting wo baseband signal's of | and Q
signal blocks by [err] to be in phase, d addi ng the signals to- gether.
Wth this arrangenent, interference froma |ower adjacent channel can be
cancel ed, and a received channel baseband video signal can be conpletely
denpdul ated. 1@ekctidhcds of - 8he CedpbBtiveAcodlaviadncapaeiversi ackudpg
an | signal block for detecting an in-phase conponent of a nodul ated
carrigr wave wittimizesd/ndior owreadizer r beoallr obandvol tEme this Shifterm) | adhe
osci |l Fator and outputting the detected video sig- nal, a Q signal block for
put putting a vivéeactigghafindei rigs aipbespodatedr sine the obumpedt ignadra tuire
yideo signal fromsaid | signal block by detecting an orthogonal conponent
of the nodul at &pupden etongentyek shei phrasebsh amount f ©f jthe phapen

phase of said synchronous carrier by a [err] phase
S shifter by changing "the control voltage of the varactor

diode.

The phase shifter is operated in the following man-
ner. A load having an impedance z0 is connected to each of
the third and fourth terminals 454 énd 456, and the second

N 10 terminal 452 is grounded through a resistor of R = Z,.
When a signal from a signal source having a signal source
impedance zo is applied to the first terminal 450, the sig-
nal is divided into two signals having a phase difference
of 90° and are obtained from the third and fourth terminals

15 454 and 456.

In this embodiment, a lower-adjacent-channel sound
carrier is regarded as a detection siénal. However, if no
lower adjacent channel is present, no operation is per-
formed.  If no lower adjacent channel is present, no inter-

20 ference is caused. Even in this case, in order to perform
complete demodulation of a received éhannel video signal,
for example, a received channel color carrier located at
the position of 3.58 MHz or a received channel audio car-

rier located at the position of 4.5 MHz may be detected.

in
PRI

25 In this case, it is clear that the center frequency of the



shifter and outputting the video signal having a phase dif- ference of 90
relative to the video signal fromsaid I signal block, and a circuit for
detecting a phase error between the no ated carrier wave and the
synchronous car- 15 rier with the video signals fromsaid | and Q signal
bl ocks, and controlling said voltage controlled oscillator so as to :
mnimze the phase error, conprising: a baseband [err] phase shifter for
obt ai ni ng i n- phandpassegittgpal S0ir amd he10i 820 thied S gHasdi gnisadd S0
signal 20 bl ocks, said 90 phase shifter having an operating frequen-—~Cy
band i ncl udi ngistchangedatoethevedeqhensgl ofnd detaveiondsagaal .channelvd an
adder for voltage-adding the in-phase video signals together, and 25. -
36 - a phase equal i zerAsohasobeeat idegcyiided ditdva | i &dcefd iy Obd PYheSpgaal
fromsaid adder, wherein a video signal is extracted fromsald phase.

equal i zer. 5 sent invengionj' theeitedrevdsicomi recd ivexd alne ludekeneanss &od
baseband [err] phase shifter conprises first-order all-pass filters or .
cirtcuits ?ncl ueh3gecshifting: tws dasehand psignals of I and Q signal

blocks by 90° to be in phasé, and adding the signals to-
gether. _With this arrangement, interference from a lower
adjacent channel can be canceled, and a received channel

baseband video signal can be compietely demodulated.
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bl ocks or a circuit including a pIuraI|%$ of 10 sai d a|ﬂ"ﬂﬁm
connected in series. 3. A receiver according to claim1

phase equal i zer conprises second-order all-pass filters or CIrCUItS
including a plurality of all-pass filters connect- ed in series.

4. A receiver according to claim1, EUAINSr com prising neans for
detecting anplitude difference and phase differences of

Iomer-adjacent channel sound cai ers in- uded in the_yideo signhals from
sai d\7] and Q signal blbcks® ahglepreien ﬁ?g’eclﬁ’@‘anﬁf‘f’tlﬂﬂéngl 3%y dncBtIRRL

Aﬁﬂé‘?el RRASES RN R SRR i OGRS

carrier wave with a synchronous carrier from a voltage con-

filters connected in series arranged respectively in said | and ri ﬁﬂ!l““

S trolled oscillator and outputting the detected video sig-
nal, a Q signal block for outputting a video signal having
a phase difference of 90° relative to the video signal from
said I signal block by detecting an orthogonal component of
the modulated carrier wave with a signal obtained by shift-
s 10 ing a phase of said synchronous carrier by a 90° phase
shifter and outputting the video signal having a phase dif-
ference of 90° relative to the video signal from said I
s;’.gnal block, and a circuit for detecting a phase error
between the modulated carrier wave and the synchronous car-
15 rier with the video signals from said I and Q signal
blocks, and controlling said voltage controlled oscillator

so as to minimize the phase error, comprising:
a baseband 90° phase shifter for obtaining in-phase
video signals from the video signals of said I and Q signal
20 blocks, said 90° phase shifter having an operating frequen-
cy band including at least a received channel and a lower

adjacent channel,

an adder for voltage-adding the in-phase video

signals together, and

)T

25



//,,,,/4””f’/””:

Ll

10

15

20

25

a phase equalizer for correcting phase distortion

ST _ ' Ty

of an output signal from said adder, 5(
wherein a video signal is extracted from said phasé

equalizer.

2. A receiver according to claimll, wherein said

baseband 90° phase shifter GOmprises'first-order'all—pass

filters or circuits including a plurality of said all-pass

filters connected in series arranged respectively in said I

and Q signal blocks or a c1rcu1t lncludlng a plurallty of
said all-pass filters connected 1n series.

3. ‘A receiver accordlng to claim 1, wherein said
phase equalizer comprises second-order all-pass filters or
circuits including a plurality of all-pass filters connect-
ed in series.

4. A receiver according to claim 1, further com-
prising means for detecting ampiitﬁdé difference.and phase
differences of lower-adjacent-channel sound carriers in-
cluded in the video signals from said I and Q signal
blocks, and controlling'the_amplitude difference and phase
difference to be minimized. |

-5, A receiver according £o'c1aim 1, whérein said

90° phase shifter comprises a variable phase shifter.
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