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DIl d TAL BROADCAST RECEI VER BACK & E | NVENTI ON
“The present invention relates to a digital broadcasg. r%ﬁg@ WWeLgf or receiving
a digital broadcast signal transmtted as a digitallly dul at dd vi deo

si gnal . A usual satellite broadcast receiver is a receiver for
receiving an FM (frequency nodul ated) satellite broadcast signal
transmtted with a frequency nodul ated video signal and as shown in FIG
14, a desired frequency nodul ated signal is frequency converted froma
first IF (intermedi ate frequengy Sidauel 1RVERT ARG tal |y nodul ated si gnal
into a designated second internediate freguenc nal, a frequency

nodul ated signal in the desi PEEIEMNaBRAA s'lraﬁéﬁE:) at a channel filter
and then it is frequency

BACKGROUND OF THE INVENTION
The present invention relates to a digital broadcast
receiver for receiving a digital broadcast signal transmitted

as a digitally modulated video signal.

A usual satellite broadcast receiver is a receiver for
receiving an FM (frequency modulated) satellite broadcast signal
transmitted with a frequency modulated video signal and as shown
in FIG. 14, a desired frequency modulated signal is frequency
converted from a first IF (intermediate frequency) signal from a
digitally modulated signal into a designated second intermediate
frequency signal, a freqﬁency modulated signal in the desired
channel is-taken out at a channel filter and then it is frequency
demodulated. '

A local ascillation signal used for -the frequency
conversion is generated a; a PLL (phase—locked looﬁ) synthesizer
30, which is compased of a local oscillator 31, a prescaler 32
frequency dividing a local oscillation signal, a programmable
frequency divider 33, a'phase frequency detector 34, a reference
frequency signal divider 35, a reference frequency signal
generator 36 and a loop filter 37. The local oscillation
frequency Fvco is expressed by (eq. 1).

fvco = (fr / R) x Npsc x ND .. iviiinniananann (eq. 1)
where fvco: oscillation frequency of the local oscillator,

fr: frequency of the reference frequency signal,
Npsc: frequency dividing ratio of the prescaler,
Np: frequency dividing ratio of the programmable frequency
divider, and

R: frequency dividing ratio of the reference frequency



‘denpdul at ed. A local oscillation signal used for the frequency
conversion is generated at a PLL (phase-|ocked | oop) synthesizer 30, which
~is conposed of a local oscillator 31, a prescaler 32 frequency dividing a

| ocal oscillation signal, a programmualy e frequency divider 33, a phase
frequency detector 34, a reference frequency signal divider 35, a reference
frequency signal generator 36 and a loop filter 37. The | ocal oscillation

frequency Fvco is expressed by (eq. 1). fvco = (fr / R) x Npsc X
NP .o (eq. 1) where fvco: oscillation frequency of the loca
oscillatogy nai. fr: frequency of the reference frequency signal,

Npsc: frequency dividing ratio of the prescaler, Np: frequency

dividing ratio of the programrabl e frequency divider, and
frequency dividing Ml 1ecall bBe:ilBiefteaghal ueAsding to the freghda .

of the desired channel is obtained by varying the dividing ratio
of programmable frequency divider 33 by microcomputer (CPU) 50.
AFC (automatic frequency control) for compensating the frequency
drift of the first IF signal due to the frequency drift of a
frequency converter (not shown in the drawing) in a receiving
antenna for satellite broadcast is made by that microcomputer 50
controls the frequency dividing ratio of programmable frequency
divider 33 in PLL synthesizer 30 by a frequency drift detecting
signal outputted from a FM demodulator 201, as disclosed in USP
1871000. '

A usual receiver for digital_broadcast receiving a
transmitted signal using QPSK (quarternary phase—shift keying)
modulation as a digital modulation shown in FIQ. 15 is a receiver
for FM satellite broadcast frequency—modulating a video signal and
a QPSK-modulated PCM (pulse code modulation) audio signal and a.
desired FM signal is obtained by frequency—conQerting into a
designated second IF signal from the first IF signal outputted
from the antenna for satellite broadcast and an FM signal of the
desired channel is taken out through a channel filter and is
frequency modulated and then it is separated into a video signal

and an audio signal and they are processed.

A local oscillation signal used for the frequency
conversion is generated at a PLL synthesizer 30, which is composed
of a local oscillator 31, a prescaler 32 frequency dividing a
local oscillation signal, a programmable frequency divider 33, a
reference frequency signal generator 36, a reference frequency
signal divider 35, phase detection means 34 and a loop filter 37.
The local oscillation frequency can be expressed by (eq. 1) like
the case of broadcast receiver receiving a previously—mentioned FM

signal.



“The |l ocal oscillation signal according to the frequency of the desired
channel is obtained by varying the dividing ratio of progranmabl e frequency
divider 33 by mcroconputer (CPU) 50. AFC (automatic frequency control) for
conpensating the frequency drift of tkge first IF signal due to the
frequency drift of a frequency converter (not shown in the drawing) in a
receiving antenna for satellite broadcast is nade by that m croconputer 50
control s.the frequency dividing ratio of programmble frequency divider 33
in PLL synthesizer 30 by a frequency drift detecting signal outputted from

a FM denodul at Or Zoﬂhe:%% SCL0§§Q‘31 rbslﬁ'iﬁ%ZéQOQl%nal cc:lrres on&.r‘x@l*@

recei ver for gltal br oadcast recelving a transm usi ng CPSK :
(quar t er ndPyLERAsEIAMTL q&@ﬁPﬁQFYT&ﬁhHQ£ﬁH@ﬁda§YaV%W{ﬁQ%Ma §4PERFHN shown

in FIG 18ivsdong eetieioff eheFbloatMildt1e Fregdensy divi@eensy- nmodul ating a
vi deo signal and a_é%ggqnxhnaied PCM (pul se code .nodul ati on) audi o signal
and a desPtEHOERTRY s.obtai ned by frequency-converting into a

desi gnated second IF signal fromthe first |IF._signal outputted fromthe

antenna for sateIJl ‘ﬁg?%?s%¥2$§£é§%4: sgnal of *4§}%$5§5r99r annel is

t aken out throug frequency téd and then it
i s separ arentral oof mméﬁﬁgﬁaﬁrm@%ﬂi%e@t@qgmms)arﬁslqmey apk only

processedpr], synthesizer®3J00%ak Q§£d>|1"c§ﬁ |Rhn gmehays[ﬁcwéysokhgoér&ww
conversion.is generated at aaﬁék %%nt esi zer 30, i s conposed

| ocal oscithkgt or®39omEem, BYS: ?Wwifﬁeﬁ&VtEFv+Qﬁ?ﬁf§feFoEé cB%E]I?%iJ on
signal, aiprageana®i ednteglebey bhoduy thé, nambéf esf i puteqeeniyaly gFal
generator 36, a referlfrgbeha%egueggytgéi%%el di vi der 35, phase detection

means 34 BRGEEPBRR-S

AFC for compensating the frequency drift of the first IF
signal due to the frequency drift of a frequency converter in a
receiving antenna for satellite broadcast is made by that
microcomputer 50 controls the frequency dividing ratio of
programmable frequency divider 33 in PLL synthesizer 30 by a
frequency drift detecting signal outputted from a FM_demodulator
201, as disclosed in USP 1871000, like an example of the prior
art. The control data of the microcomputer is renewed at every
several tens milliseconds, considering malfunction of a PLL
synthesizer and each LSI (large scale integration circuit) due to

a surge of thunder even after signal reception.

However, in the case in which a usual AFC is done at a
PLL synthesizer for channel selection, the reference frequency
fr/R of a phase detection at the PLL synthesizer determines AFC
accuracy and if the frequency dividing ratio of the reference
frequency signal is so much decreased, the number of steps of AFC
control becomes large and a correct AFC can not be done. In a
receiver of digital modulation such as QPSK modulation, because
the phase noise characteristic of a local oscillation frequency
signal influences a bit error rate, the phase noise must be small
and it is necessary not only to improve a phase noise
characteristic of a local oscillator circuit itself but also

to improve a phase noise characteristic by the PLL synthesizer



"The |l ocal oscillation frequency can be expressed by (eq. 1) like the case
of broadcast receiver receiving a previously-nentioned FM si gnal .
Therefore, a local oscillation signal corresponding to a desired channel
frequency is obtained by varying a frgquency dividing ratio of the
programmabl e frequency divider by m croconputer 50. The control
by mrcroconputer 50 is necessary for a control of many LSIs (large scale

i ntegrations) such as not only PLL synthesizer 30 but al so PCM sound si gnal
processor 205 and the like. A comon bus such as an II1C (inter integrated
circuit) bus is used as _a _cantrol bus because the punber,.of out put

t er ni nal s>8F" rﬁs(':r“bag%l‘r?ﬁutaef *58° Raee ayﬁqrﬁet"a i gﬁ/ ROE R P AFC for
conpensat sygthésifer fipanohadei fregiendie detestibf Saxgmd due to the
frequency drift of a frequency converter in a receiving antenna for

satellite broadcast_is nade by that ) -
In the case of a receiver receiving a digitally

modulated signal such as QPSK modulation, when a control data is
inputted from a microcomputer to a PLL synthesizer, the control
-data gives an interference to the local oscillator circuit for
channel selection and the noise characteristic of the local
oscillation signal rapidly deteriorates. Thus, the noise
characteristic of the local oscillation signal gives an influence

to the bit error rate.

By using a control bus from the microcomputer to the PLL
synthesizer in common with a control bus of the other signal
processing LSIs, when the other signal processing LSIs are
céntrolled during reception, the control data is inputted also to
the PLL syntheéizer and whenever AFC during reception is made in
the PLL éynthesizer or the control data is periodically renewed
against malfunction of the PLL synthesizer due to a surge or the
like, noise in thé local oscillation signal beéomes big and
deteriorates the bit error rate and the quality of reception; ’
This ia a probles. A

This Sheet Has Been Replaced

SUMMARY OF THE I[INVENTION IIII Ill ll "

The present invention aims to make a high performance

reception possible which can simultaneocusly attain improvement of
AFC function at channel selection means and improvement of bit
error rate possible in a receiver receiving a digitally modulated
signal. To achieve this object, a digital broadcast receiver
receiving a digitally modulated signal of the present invention
includes:

channel selection means inputting said digitally
modulated signal of an RF band and for frequency—converting a
desired digitally modulated signal into an IF signal;

oscillation means for generating a local oscillation

THIS SHEET HAS BEEN
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m croconputer 50 controls the frequency dividing ratio of programrmabl e
frequency divider 33 in PLL synthesizer 30 by a frequency drift detecting
signal outputted froma FM denodul ator 201, as disclosed in USP 1871000,

| i ke an exanple of the prior art. The§ontrol data of the mcroconmputer is

renewed at every several tens mlliseconds, considering mal function of a
PLL synt hesizer and each LSI (large scale integration circuit) due to a
surge of 't hunder even after signal reception. However, in the

case in which a usual AFC is done at a PLL synthesizer for channel

sel ect i onsighel reded eqie af Feqyeanyy fddiveifsianphgsehélatiatinednsal et titorPLL
synt hesi zer _det erm nes AFC accuracy and if the frequency dividing ratio of
the reference frequency signal is so nuch decreased, the nunber of steps of
AFC control beconesscirldatind freamnemnt chm@reodnmeans forieestrphling exei ver

of digitak-gpduhed | O 5UGkads SEBIS JOMH dilgala QEP@%@aFos_télqllﬂlﬂi‘éﬁ :E‘é’érgslet

characteristic of a |local oscillation frequency si i nfl uences a
error rate, the phd¥Sfinedspushamctamiatisngortres R SRy 1RBFCHHIY to
i Nprove atREapRas®irksi Ehahaghetefis€idioM theCabcoS CoddiA I iGhl Sdtal t sel f

but al so toniggg 0Y&, & &réaségcgﬂgg. characteristic by the PLL synthesizer
REPLACENVERS? 1o &R ut e sheet - 30/11/99
-4 - filter means for extracting the IF signal corresponding
to the selected channel;
orthogonal detection means for orthogonally detecting
the IF signal extracted at the filter means;
A/D conversion means for converting an analog output of
the orthogonal detection means into a digital signal; and
digital demodulation means for demodulating the digital
-output of the A/D conversion means; and wherein
the phase noise characteristic of the local oscillation

signal is improved.

The present invention is a digital broadcast receiver in
which a phase noise characteristic of a local oscillation signal
is improved, keeping an AFC accuracy by that the phase noise
characteristic control means does AFC (automatie Ffrequency
control) continuocusly at the orthogonal detection means using an
AFC signal expressing a frequency drift of a receiving signal
detected at the digital demodulation means and the reference
frequency of phase detection of the PLL synthesizer comprising the
oscillation means and the oscillation frequency control means
is made as high as the phase noise near the oscillation frequency
of a local oscillation signal can be reduced by making an cpen

loop gain of the PLL synthesizer large.

The present invention is a digital broadcast receiver in
which the phase noise characteristic control means prevents
deterioration of a noise characteristic of a local oscillation

signal by using an exclusive control bus for transmitting a

This Sheet Has Been Repla
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such as making a reference frequency fr/R of the PLL synthesizer for phase
frequency detection | arge. In the case of a receiver
receiving a digitally nodul ated signal such as QPSK 5 nodul ati on, when a
control data is inputted froma mcroggnputer to a PLL synthesizer, the
control data gives an interference to the local oscillator circuit for
channel sel ection and the noi se characteristic of the | ocal
oscillati'on signal rapidly deteriorates. Thus, the noise

characteristic of the local oscillation signal gives an influence to the
bit errorcemtml sithal of os8yllstiuh Freqikhe) tvstddlbdmeahs ahar oconput er
to the PL gggé?ﬁ%té rfkg ngnqoth cod@ko? usggngor tg%§ o %he ot her
si gnal proce33|n 5thé Si gna proce55|ng"f§fs are
control l e‘dmqulngltt?@éést Pénthemﬂmntdewliceiat anchudimputdigd talso to the PLL
synt hesi zg&mdHiflation méggever AFC during reception is made in the PLL -
synt hesi zer or the control data is periodically renewed agai nst

mal functi on of the PLL synthesizer due to a surge or the |ike, 15 noi se

in the 11 OCﬁl osci | ITaei QBeEéﬂﬁaimhﬂﬂqi&S ibi 8 angidet edREahas £ogeDidr G Of
rate and the

recepti o Thi s |s a pr nmary
of the | nVahTT e shad 3§ ' héi8t cW?F%%ﬁﬁSﬁ&&hEe° a§r8§§h%l?ﬁV§htlo
there i s pianaldemrabeeperventédrta eedieriingate and at.rfe lbditt epdalateek di gi t al
SLOna | Rl RARSACOMRh Bk euented to detefiddddd JiRREn@SCULLALOT TO!
generatin I rst local oscilTation si ?
converti "thé'ﬂi’rlé-ledrrgﬂmﬂaf-bﬁ %ﬁ@qcarnpgtgnadu#mm zaeog@@end hndldmta@g

di gi t al suw%mlnafataéesséﬁﬂﬂ% eRLGLIREY aé&éxroqqu@aag L3SEEk Ui ghe
first |ocal 0SscC IIat n si ilter for_extracting

an |ntern¥Rh¥h%§a: 8HE? *ﬁrEéHQQﬁﬁﬁ PﬁetE%c@ﬁﬁPqﬁiﬁHIEPealg“al 1%hﬁﬁQ:al

signal; synchronized.a second | ocal oscillator, responsive to an AFC
(Automatic Frequency Control) signal, for generat&mgmwa§§§&ane%

oscillation signal having an osci |l ation frequency; III”,I"'"H
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a digital satellite
broadcast receiver in accordance with a first exemplary embodiment

of the present invention.

FIG. 2 is a block diagram of a digital satellite
broadcast receiver in accordance with a second exemplary
embodiment of the present invention.

FIG. 3 is a block diagram of a digital satellite
broadcast receiver in accordance with a third exemplary embodiment
of the present invention.

FIG. 4 is a circuit diagram of a voltage controlled
oscillator composing a PLL synthesizer for channel selection.

FIG. S5 is a phase noise characteristic of a voltage
controlled oscillator composing a PLL synthesizer for channel
selection.

FIG. 6 is an AFC characteristic of an orthogonal
detection voltage controlled oscillétor.

FIG. 7 is a block diagram of a digital satellite
broadcast receiver in accordance with a fourth exemplary
embodiment of the present invention.

FIG. 8 is a block diagram of a digital satellite

"THIS SHEET HAS BEEN
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30 an orthogonal detector for detecting a signal conponent based on
t he second | ocal oscillation signal; an A/D

(anal ogue-to-digital) converter for convertlng t he signal conponent into a
- 5- digital signal; and a digital denodul ator, having an AFC
(Automati c Frequency Cbntrol) detector, for digitally denodul ating the
digital signal, and for producing the AFC signal. 5 I n anot her
aspect, tthere is provided a digital receiver conprising: ' an

ort hogonal detector, having an oscillator, for orthogonally detecting a

sel ect ed bro&lSs{ qudetivaar ¥ npE8SSr&dndd wien AgFifrenl xainpd asy ganbod iatetht

a PLL (pha§e ocked hgpp) for sel ecting a nodul ated signal by generating a

| ocal oscritation S|lnvF béggd on phase detection and conparison with a

reference frequencyFES{ﬂﬂﬂls aOblock diagremepfi AFTi¢italomatedlitequency
control) 8&3&&9@%44&%@: LR GODLLAMAUSLY tRCLT QL HBH exenidlla?d Qmpéé}[mq

det ect or I'n anot her aspect, there 1s provided a digita
receiver ESnﬁ??sPT@Fe“t invention.p|l| for generating a local oscillation

?lgnal based on phagg;dqmqulgnbgwﬁkJ&idyygaabfsandygiﬁhyas&QEElEﬂse
requency

phase- shlPF°g5§?ﬁ§)r LYiex: &8 gfﬁgﬁéagéﬁkyltgvgr;é&gkéﬁ.gP piguatEf“ary

embodiment of the present invention.

FIG. 11 is a block diagram of a digital satellite
broadcast receiver in accordance with an eighth exemplary
embodiment of the present invention.

FIG. 12 is a block diagram of a digital satellite
broadcast receiver in accordance with a ninth exemplary embodiment
of the present invention.

FIG. 13 is an exemplary circuit diagram of an orthogonal
detection voltage controlled oscillator. '

FIG. 14 is a block.diagram of a satellite broadcast
receiver in accordance with the prior art.

FIG. 15 is a block diagram of a digital satellite

broadcast receiver in accordance with the prior art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Some exemplary embodiments of the present invention are
explained below, referring to FIGs. 1 to 12.

{First exemplary embodiment)

In FIG. 1, the terminal 10 is an input terminal of a
first IF signal from a receiving antenna for satellite broadcast.
The block 11 is a mixer for frequency—converting a desired QPSK
modulation signal into a designated second IF signal. The block
12 is a bandpass filter for extracting only the designated Sécond
IF signal from the output of mixer 11. The block 16 is orthogonal
detector inputting the cutput of bandpass filter 12 and for
obtaining base band signals of an in—phase component I and a
quadrature component Q by orthogonal detection. The block 21 is

an A/D converter inputting the output of the I/Q orthogonal



"a first intermedi ate frequency signal based on the |ocal oscillation

si gnal ; a bandpass filter for extracting a second internedi ate
frequency signal fromthe first i nternedi ate frequency signal; 20

an orthogonal detector, responsive togan AFC (Automatic Frequency Control)
si gnal for detecting an in-phase conponent signal | and a quadrature
conponent signal Q of the second internedi ate frequency signal and for
continuously conpensating a frequency drift of the second internediate
frequency signal; an A/ D converter for converting the in-phase

conponent ygi 116204t RS- qjyé\%ea}}tlﬁ% %? Co ”Pr?é‘ E‘d’l tba%leg Bgl'\d P %}ngl@e 1%%80 nd _

|nterned|ate equency si gha si gnal

and a di gfisdtyuFhanadse cBhpdmank §izgﬁa| a @?ﬂ{ demOdulatOr a1 ing the
denodul at @{g{ €41 e trakhy degp&&al%t g EBe éér%éﬂaﬁlﬂqphﬁéelfﬂfwm
tSIhgni::C (i’ff? tnihq?'\a | g&: lgaglg Trﬁ&uﬁpgo) Ongsnta SPIL%n syntﬂgglzgz[ orrOdUCI "9
-6 - generatidﬂ1aaaotheroasxmﬂanldhheﬁgnas mﬁéhsskri @héh gthialddsdeedver
conpri si P r, erating a |l oc sci Ll at i_gnal based
on phasengp% ec"tl?dounlaa‘frﬁ% !tén;P lsg?;nq\mef‘ are ereer?ge i e%u%%%’ilqss#g% | ;

a mxer feoecenwh\Ad Eivmad éybsn-lemelﬂer nZhy bhece-Khiilst akegrhpggonedul at ed
si.gnal i na&éc@lcm rv%lth@tee{:tgﬁ@fﬁl%cf fb%%i?&%o?'ﬂﬂﬁ' geR@s8dind 4 hedagcal

oscillation SI a bandpass |'ter for_ extracting a second
i nt er nedi 28 ¥ iR & 95R g nAPCITIRRN ﬁerf Prshogonalndetassiake frequency
si gnal ;

The function of a digital Broadcast receiver composed
like the above is explained below. The first IF signal from a
digitally modulated signal of RF band received from a receiving
antenna for satellite broadcast is mixed with a local oscillation
signal generated at PLL synthesizer 30 at mixer 1l and a desired
QPSK modulation signal of the first IF signal is frequency-
converted into a designated second IF signal.

PLL syqthesizer 30 is composed of a local aoscillator 31,
a prescaler.32, a programmable frequency divider 33, a phase
frequency detector 34, a reference frequency signal divider 35, a

reference frequency signal generator 36 and a loop filter 37.

The output of local ascillator 31 is frequency-divided
at prescaler 32, is inputted to programmable frequency divider 33
and is further frequency-divided. The output of programmable
frequency divider 33 is inputted to phase detector 34 and PLL
synthesizer 30 is controlled so that the inputted signal to ﬁhase
detector 34 coincides with a reference frequency signal 40
obtained by dividing the output of a reference frequency signal
generator 36 at a reference frequency signal divider 35 in
frequency and phase. The local oscillation frequency fvco is
expressed by eq. 2.

fvco = (fr / R) x Npsc x Np ....... ... .... (eq. 2)
where fvco: oscillation frequency of the local oscillator,

fr: frequency of the reference frequency signal,

Npsc: frequency dividing ratio of the prescaler,



‘orthogonal detector for detecting an in-phase conponent | and a quadratu

conmponent

Q of the second internedi ate frequency signal and for

re

_continuously conpensating a frequency 10 drift of the second internediate
frequency signal; an A/D conyerter for converting the in-phase

conponent
i nt er nedi

signal | and the quadrature conmponent signal Q of the secon
ate frequency signal to a digital in-phase conponent signa

a digital quadrature conponent signal; QPSK denodul at or for
digitally denodul ating the digital in-phase conponent signal 15 and the
digital quadraturg, CORQAGREySaBRML A ¢alkdb BEOEHE! AbiRnRasedet: éqitbney
mul ti pl exed si gna error correction neans for correcting
transnissﬂbﬁliﬁ?(n%PQﬁ t he encoded and mul ti pl exed signal; and

d
and

al

a denul tipl exer faf: deEdulenpledi A0aiMe raHiBULEOEhS at sk ieiie EEéﬁ@Sﬁ&}On
means and for 20 producing a systemclock signal, wherein the reference -
frequency=3%f 1 for phase detection and conparison by said PLL is
cal cul ated by dividing the system cl ock signal produced by sai d
denU|t|p|exer lﬁfal oskglféﬁﬁgﬁﬂffgaﬂggEy &gﬁfééﬂéﬁdq QVEQGQ a digit
receiver conpr|5|ng enerating a local "oscillation

si gnal bafeeaesngnafe adesdred RS modul@&ﬁﬁar pigrahigan Her ebtpined by
frequenCYVﬁffgﬁﬁ the frequencyadﬂ%fﬁing(Héﬁﬁgnﬁﬁrbfrﬁkébﬂaﬂﬂébﬁﬁuﬂiéﬁdﬁﬁd&

phase- shi

frequencyddy

bandpass
the first
-BA -

ft b‘%‘il'%% nodyl ated signal_jnto a first internmedi ate

S0 WrEPRE™PREST Wcillation signal ; a

filter for extracting a second internedi ate frequency signal fr
30 inter nﬁ\dl ?]tP%Kf {ngg gyo si n?"ia’l frequency—converted into a
designated second IF signal at mixer 1l is inputted to orthogonal
detector 16 after being extracted at bandpass filter 12. At
orthogonal detector 16, an oscillation signal generated at
orthégonal detection voltage—controlled oscillator 17 with a
designated second IF and a signal phase—shifted by S0 degrees from
the oscillation signal are supplied to mixers 13 and 15,
respectively and they are mixed with the ocutput signal of bandpass
filter 12 there and base band signals of an in—phase component I
and a quadrature component Q in the QPSK modulation signal are
cbtained, respectively. The I and Q base band signals are
converted to digital signals at an A/D converter 21 and are
digitally demodulated at QPSK demodulator 22. QPSK demodulator 22
includes a carrier recovery and a clock recovery necessary for

demodulation, an AGC detector and an AFC detector.

The oscillation freduency of local oscillator 31 _
generating a local frequency signal used for channel selection of
a QPSK modulation signal is expressed by (eqg. 3).

fvco = flstIF + £2ndIF ....... .ot onn {eq. 3)
where fvco: oscillation frequency of the local oscillator for
channel selection,

£f1lstIF: frequency of the first IF, and

£2ndIF: frequency of the second IF.

The oscillation frequency of local oscillator 31 is

om



orthogonal detector for detecting an in-phase conponent | and a quadrature.
conponent Q of the second internedi ate frequency signal and for
continuously conpensating a frequency drift of the second internedi ate
frequency signal; an A/D copgerter for converting the in-phase
conponent signal | and the quadrature 5 conponent signal Q of the second

I nternmedi ate frequency signal to a digital in-phase conponent signal and
a digital quadrature conponent signal; QPSK denodul at or for
digitally denodulating the digital in-phase conponent signal and the

di Igi ta: qu:agjfd et w}anclnaao,ﬂemue&i@naif &nd Eﬂfs@rmueipngtaa ﬁmdeab and

mul ti pl exe na ennLQr._cprrection S correct

transm ssi onele"rlrn §N5F " Phe %rncsoa(f SHATE PR T?Stplbé'xg % sney e We
denul t i plsscand dif dedubt Fpeéaudnmy teageubfutheffigmitd Ié’r segn@brxsect i on means
and for  nelane 3! hddad SYOLIY ANFAErORuSh&PAange. a m croconputer
for controlling the PLL based on the synchroni zatlon signal; and 15

a control bus for relaying a control signal fromthe mcroconputer to the

PLL, wharse'aﬂ abelm'axdacmuhef f@sﬁ&ltrheuehLa byide| msqgagntpe
control si gnal via lat Ol'h bus when t he, de gl exer |nd| g: ates a
| oss of eror‘?l"zgts 6% IrEt %VWnEhFSﬁ?‘Z%ﬁ o‘ff'rcu TP |

anot her akjrectand laelveru.abpe ovapged tandegdiade refs:eshmn annﬁmsmg.s

a PLL for_ge E&é} ng a local oscillation signal based on phase detection
and conparison with a reference frequency signal; a m xer
for converting a QPSK (quaternary phase-shift keying) nodul ated signal into

a first Internedl afgg Lreﬂef-%y @a&&ghbﬁ%&%ﬁéﬁe Lacabnossiddald ap

si gnal ; a _bandpaSs filter for extracting a second Interme |a e
frequencyl%?i;lnﬁsq‘lll&ﬁf‘f'ﬂ% ﬂ?ﬂﬁl used; foBr FERARANSY CORURRRIOR | iifduences

or t hogonadn detreiepi ibar plefQtdree detneﬁh@ﬁ P efchhe racfathvaezquadr ature
conponent 4 f t he segon te frequency _signal and

cont i nuous’f“yfecr(()grrperflggfnl Aga dJr EQ{J ?éga@m'ar. 13?5 p%ﬁges’é%’osﬁ% T Q'Prredl at e
frequencyinflpwarice 80 bit erzgr NaﬂiecoﬁﬁedBeXHi art eofrentengy tdEL-isetphase
Conponentl§'ﬁﬁgﬂfrbmaeﬂetQ@bfﬂﬁy¥1%EU%§equehcy and 95 dBc/Hz at a fregquency

off-set by 100 kHz from the oscillation frequency.

The phase noise of a local oscillation signal having a
wide oscillation frequency range, however, becomes large because
the quality factor Q of the resonant circuit decreases due to an
internal resistance of the variable capacitance diode and the
phase noise power decreases according to increase of.frequency
deviation from the oscillation frequency as shown in FIG. 5. That
is a 1/f characteristic. The noise characteristic near the
oscillation frequency such as at 10 kHz and 100 kHz prgviously
described can be improved by using a PLL synthesizer and can be
realized by making a reference frequency of the phase detection at
PLL synthesizer 30 high and making an open loop gain high. The
reference frequency is determined by an oscillation frequency at
reference frequency signal generator 36 and a frequency dividing
ratio at reference frequency signal divider 35 and it is selected
as high as the phase noise near the oscillation frequency can be
reduced and its value is several hundreds kHz. The reference

frequency (fr/R) of the phase frequency detectian is a step



‘conponent signal Q of the second internediate frequency signal to a digital

I n- phase conponent signal and a digital quadrature conponent signal;

_QPSK denodul ator for digitally denodul ating the digital in-phase conponent
si gnal and the digital quadrature genponent signal and for producing an

encoded and nul tipl exed 5 signal; error correction neans for
correcting transm ssion errors of t he encoded and mul ti pl exed signal,
for outputting a corrected multiplexed signal, and for generating a
synchroni zati on signal; a denul tiplexer for denmultiplexing the

correct edepul L LRLEXSA mgr;@lntﬂésméﬂ ﬁf ra% lcﬂeceaésagé | 9 JRARS: of local

m croconputer_for controll based on the synchronization_sijgnal;

and osulbat-,%t?lou%&gtﬁsﬁrrafesﬁ Rf e’Eh@oﬁFFﬁ'Fe%‘F%ﬁfé]eqPFBﬁi’t figd does

m cr ocorrpuberama;tr&le:ﬂr{cme with locaheiRiil1bReoR Efafmhayt &b eeaedst t he
PLL by rel QXI bus m@en the error-

t troal |
correcti o gggs ggtgtra%la ggg o‘¥ess’§ﬁ1 at?‘regnffﬁ?l%gﬁ\‘/ 24 he 15

synchroni zation S|gnal I n anot her aspect, there is provided a

recei ver for recei viig 3 OPSKaUDIL ALLAAIANAL, che [ARSRARLVEE EAUDT i Si Ng:

and produci ng an

a denodul ator for_denodul ating the QP | ated signa
encoded 28&°8ABS Nt tFHed Eh@ﬁafore. bY makmgaomqq% geEpctipn

dermul ti pl e¥iLBggéheownicadad ardilLhid Pl Exed theathasbdillatiogerféqidrty a

nchroni zati on si | ;
synchro c%%tgnuguéq¥idaries by an AFC signal outputted from QPSK

demodulator 22 as shown in FIG. 6, fregquency drift of a frequency
converter (not shown) in a receiving antenna for satellite
broadcast and frequency drift from the original second IF
frequency due to frequency drift by increasing the reference
frequency of phase frequency detection at PLL synthesizer 30 can

be compensated with high accuracy at orthogonal detector 16.

Thus, according td the first exemplary embodiment of the
present invention, the characteristic of bit error rate as a
receiver can be kept good, because a phase noise characteristic of

the local oscillation frequency is improved keeping AFC accuracy.

The frequency drift of the second IF signal can be also
compensated with a high accuracy at orthogonal detector 16 by
controlling orthogonal detection voltage—controlled oscillator 17
by PLL synthesizer, making its step frequency smaller enough than
the step frequency of PLL synthesizer 30 used for channel
selection and varying the oscillation frequency according to an
AFC signal ocutputted from QPSX demodulator 22. Thus, the
characteristic of bit error rate as a receiver can be képt good,
because a phase noise characteristic of the local oscillation

frequency is improved keeping AFC accuracy.

Although a reception of satellite broadcast is described
in the exemplary embodiment, it is obvious to have the same effect
as described above in general kinds of receivers receiving a

digitally modulated signal.

a



‘a mcroconputer for controlling the denodul ator based on the
synchroni zati on signal; a control bus for relating a control
_signal fromthe mcroconputer to the denodul ator, 25 wherein the

m croconputer resets the denodul ator py relaying the control signal via the
control bus when the denmultiplexer indicates a | oss of synchronization via
t he synchroni zati on si gnal , an orthogonal detector, having an
oscillator, for detecting a signal conponent of the QPSK nodul at ed
signal and for continuously perform ng AFC (automatic frequency control) 30
of the oscillator; and a PLL (phase-|ocked | oop) for selecting
the QPSK nodul ated signal by generating a | ocal oscillation .
si gnal based on phaSéedemdxﬁxammland eobpdinesor) with a reference frequency

si gnal . fé‘Oti‘erth%SQ‘ég&iﬂéfei@ ilsS alf QKbQEdt@rxh%Q' BT af or

recei ving a QPSK nnéulgted Sl e recelver conpris
denodul at dirssr IHefsbandht 5ap tm@eapsxlmmmw §Pgn§§ta¥ﬂj’-fpﬂ Faeeragsth:

denodul at agheSidBak; 11 is a mixedl FOL EPLEEELA PRSI AN a CULiQGHI QBSK
transm ssion errqrs in the denodul ated signal and for generatln

synchr oni 2989dAtiPgngionap into a d35h9ﬁ?ﬁﬁﬁnﬁﬁﬂﬂéﬂ fbrs ol Mg ?ﬂ%k

denodul at a2 liasadbandbass sglmﬁuzotszaékﬁﬂaatg@lonly théddesignated sedond

control b for V\E ¥| n 2. Cont %plgnal fﬁgm ch(C)CP it er. bgg&tﬂa

denodul at e M roco resets Fhe a or

rel ayi ng uiﬁ;eganpnomegngrmnpqnq;nghghe output of bandpass fllter 12 and
for obtaining base band signals of an in—phase component I and a
quadrature component Q by orthogonal detection. The block 21 is
an A/D converter inputting the output of the I/Q orthogonal
detection means 16 and for converting the base band signals of I
and Q components into digital signals. The block 22 is a QPSK
democdulator inputting the digitalized I and Q signals and for
demodulating the inputted I and Q signals by QPSK. The block 30 is
a PLL synthesizer for generation a local oscillation signal
necessary when the desired QPSK modulation signal is
frequency—converted into a designated second IF signal at mixer
11. The block 17 is an orthogonal detection voltage—controlled
oscillator for generating a local oscillation signal necessary for

orthogonal detection.

The function of a digital broadcast receiver composed
like the above is explained below. The first IF signal received
through a receiving antenna for satellite broadcast is mixed with
a local oscillation signal generated at PLL synthesizer 30 at
mixer 11 and a desired QPSK mocdulation signal of the first IF
signal is frequency-converted into a designated second IF signal.

PLL synthesizer 30 is composed of a local oscillator 31,
a prescaler 32, a programmable frequency divider 33, a phase
frequency detector 34, a reference frequency signal divider 35 and
a loop filter 37.

The output of local oscillator 31 is frequency—divided
at prescaler 32, is inputted to programmable frequency divider 33

and is further frequency-divided. The output of programmable



“control bus when the error correction neans .indicates a | oss of
synchroni zati on via the 15 synchroni zati on si gnal, an orthogona
_detector, having an oscillator, for detecting a signal conponent of the
QPSK nodul at ed signal and for continupysly perform ng AFC (automatic
frequency control) of the oscillator; and a PLL (phase-| ocked
| oop) for selecting the QPSK nodul ated signal by generating a 20 | ocal
oscillati.on signal based on phase detection and conparison with a reference
frequency si gnal . I n anot her aspect, there is provided a

receiver, reQRREh&y divider 33 is iApRited RAPPabaCHEEedP)34f @hdSBLECtI NG a
QPSK nndulateg si gnal _ by. enera&*gg a 25 laqcal oscillatjon S|qngl based on
phase det &¢TBRSAAT U COBNTRMM RS 59 e ibE FPRYTRS PrIanalstgnrhase

a denodul deaector 3¢notlidcidesgwihe 8 arefdmohdePSequendatscddmeilgdal and

pr oduci ng . e £ si.gnal. e : 150 f of
correcti né’ btt raéﬁg%i gg?&loin‘?leﬁ ?’& gg?ngﬁ’%ojdecnjbo lﬁ gtf egf’gllE g%;({&%%tegngtpgﬁgﬁ
gener at i ngemodyhaheotZ &Y on refghanhce frequency signakrdctigan é6 Lor

control i pgeliendg R fHae .DagRd 08cdDNGHsANGRRQBH ZAH QI rYIRRLD is
-6D - a control hus for relaying a control signal fromthe

ni cr oconp FFRFeEdeE Y detfbd flat or | wherein the mcroconputer resets the
denodul at or by rel agédry % ErCPnR) ok BpLhat Ny a.the. ... cont.r.ql. (egs whpen the
error correctl o, Ieansd 14,4308 r2 L 9850 TS YRS Q0L A 91 1B, L e

fr: frequency of the reference frequency signal,

Npsc: frequency dividing ratio of the prescaler,
Np: frequency dividing ratio of the programmable frequency
divider, and
R: frequency dividing ratio of the reference frequency

signal.

A local oscillation frequency corresponding to a
frequency of a desired QPSK modulation signal can be obtained by
varying frequency dividing ratio Np of programmable frequency

divider 33 by microcomputer S50.

The QPSK modulation signal frequency-—-converted into a
designated second IF signal at mixer 11 is inputted to orthogonal
detector 16 after being extracted at bandpass filter 12. At
orthogonal detector 16, an oscillation signal generated at
orthogonal detection voltage—controlled oscillator 17 with a
designated second IF and a signal phase—~shifted by 90 degrees from
the oscillation signal are supplied to mixers 13 and 15,
respectively and they are mixed with the output signal of bandgass
filter 12 there and base band signals of an in—phase component I
and a quadréture component Q of the QPSK modulation signal,

respectively.

The I and Q base band signals are converted to digital
signals at an A/D converter 21 and are digitally demodulated at
QPSK demodulator 22. QPSK demodulator 22 includes a carrier



~synchroni zation signal, 5 an orthogonal detector for detecting a

si gnal conponent of the sel ected QPSK “nmodul at ed signal and for
_continuously performng AFC (automatic frequency control), the

“orthogonal detector processing the sejgcted QPSK nodul ated signal prior to
denodul ati on by t he denodul ator; and a denul tipl exer for
denul ti pl exing the output of said error correction neans; wherein 10 the
demul ti pl.exer produces a system clock signal and the ref erence frequency
signal for phase det ection and conparison by said PLL is calcul ated by

divi di ng F8&c¢&RAHUGRE YA szlot:neréé.‘&;é‘ﬁp nedes88kySkgPdMemodulation, an |ATC
anot her aspect, there is provided receiver ¥ recei ving a QPSK nodul at ed

si gnal , 1§eFﬂ%t?%d%F¥é¥‘@@ﬁbPFE??ﬁFr PLL synthesi zer neans for
generating a |local oscillation signal; ort hogonal detection
means for orthogonal,l det n dul at ed._s ichis :
sel ected using sai ?ﬁ%@aﬁc"osc#f‘gatﬁﬁq CK F’? fo&af os"‘qu'ﬂgkarn%%mul ator for
denodul at begetheimelaedtmlqﬁsmm aleuhadl gaef Goexl gheounedi Aagloctian @fcoded

and multip modliB tion 51gnal lse%ﬁyygggéhpgyxggqfqg,denultlpIeX|ng t he
encoded and tlplexed sggna and generating a synchronlzatlon
si gnal ; givpEit &rf 3Qﬂ’ controkting: tire ‘denodufl€¥orPbased on

t he Synch&aei—aafwb@cm Sdsgﬁallanon frequency ©FNthel 1bewl fadcinahayi nfors cont r ol
si gnal froF1the n1gg ‘nguter to the denodul ator, 25 wherein the

m cr oconpBPRPPPLSTRES "denodul ator by relaying the control signal via the
control bus when thElsidiful frpheency iofittet €srat| TS5 afd synchroni zation via -

the synchronizatio [ g fg AFC (automatic frequency
control) is perforrrrk'e atﬁsglgghﬁftcsyrﬁ ﬁehsﬁ ng?% ﬂE'maans and sai d orthogonal

detection neans when synchronization of said denultiplexer means 30 is not
established; and The oscillation frequency of local oscillator 31 is

higher than the f;equency of the first IF inputted from the _
receiving antenna for satellite broadcast by the frequency of the
second IF and a frequency range of the first IF signal is
necessary as an oscillation frequency range. As an oscillator
circuit to obtain such a wide frequency range, an oscillator
having a resonant circuit using a mitrostrip line and'a variable

capacitance diode as shown in FIG. 4 is.necesséry.

In a digital modulation like QPSK, the phase noise of a -
lecal oscillation signal uéed for frequency conversion influences
on a reception performance (bit error rate) of the receiver,
different from a usual FM modulation. As a phase noise not to
influence on bit error rate, 85 dBc/Hz at a frequency off—set by
10 kHz from the oscillation frequency and 95 dBc/Hz at a frequency
off—-set by 100 kHz from the oscillation frequency.

The phase noise of a local oscillation signal having a
wide oscillation frequency range, however, becomes large because
the quality factor Q of the resonant circuit decreases due to an
internal resistance of the variable capacitance diode and the
phase noise power decreases according to increase of frequency
deviation from the oscillation frequency as shown in FIG. 5. That

is a 1/f£f characteristic. The noise characteristic near the
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- continuous AFC is perfornmed at said orthogonal detection
_nmeans when synchroni zati on of said derultiplexer neans is established.
BRI EF DESCRI PTI ON OF THE DRAWNGS 5 15 FIG 1 is a block diagram
a digital satellite broadcast receiver in accordance with a first
exenpl ary enbodi nent of the present invention. FIG 2 is a blo
diagram of a digital satellite broadcast receiver in accordance with
second exenpl ary enbodi nent of the present invention. 10 FIG 3 i

character lr&tfecz-eoéeaﬂr@cmémoﬁ.aal déeeehined bBiola Egeqaenty ofd e a QBSKi | | at or.

FIG 7 is
accor danc
20

divider 35 and it is selected as high as the phasg noise near the
oscillation frequency of local escillator 31 can be reduced and

its value is several hundreds kHz.

In Japan, the symbol clock frequency is 21.096 MHz in a
digital satellite broadcast and to exceed the reference frequency
of several hundreds kHz, a frequency dividing ratio of 32 to 128
is necessary as a frequency dividing ratio of reference frequency
signal divider 35. The reference frequency fr/R of the phase
frequency detection is a step frequency of PLL synthesizer 30 and
the output frequency of local oscillator 31 is integer times of -
the reference frequency and does not always coincide with local
oscillation frequency to convert the first IF signal into a
designated second iF signal. That is, a deviation occurs in the

frequency of the second IF signal.

Therefore, by making orthogonal detection
voltage—controlled oscillator 17 so that the oscillation frequency
continuously varies by an AFC signal outputted from QPSK
demodulator 22 as shown in FIG. 6, frequency drift of a frequency
converter (not shown) in a receiving antenna for satellite
broadcast and frequency drift from the original second IF
frequency due to frequency drift by increasing the reference
frequency of PLL synthesizer 30 can be compensated with high

accuracy at orthogonal detector 16.

Thus, according to the second exemplary embodiment of

the present invention, because a phase noise characteristic of the

ck g di atelllte br qﬁﬁﬁét [ ver
e W FE Clgé’g @a rea)%g Q?aé ed: WEﬁFdO prdesgﬁfeﬁ'lﬁven 1 on.
- apdGa Sresu«amm oi:lklldllagr acrr-w & afi giefgrepae effequency signal



"broadcast receiver in accordance with a fifth exenplary enbodi nent of the

present invention. FIG 9 is a block diagramof a digital
~satellite broadcast receiver in accordance with a sixth exenplary

“enbodi ment of the present invention. FIG 10 is a block diagram
of a digital satellite broadcast receiver in accordance with a seventh
exenpl ary enbodi nent of the present invention. FIG 11 is a block
diagram of a digital satellite broadcast receiver in accordance with an

ei ght h exenpl ary enbodi nent of the present i nventi on. FIG 12 is
a block 4 uAB;Ea1i0h! AedBiy ie (REABICA RN XPE hicdiky,dRREE
with a nin exenp ary enbodi nment of ﬁe present I1nvention. FI G

13 is an @ﬂiﬁﬁﬂ%ﬂﬂ}ﬁﬁcheftbHFa@ﬁ%ﬂﬁ(ﬂat&naérPhE@ﬁﬁﬂﬂerdéPécP?O*FRRMQHEQe

control | egh@dddudleda: clock s:.gnalFl'.'@col'éréa attrhm« demagudated 20 Jatellite
br oadcast receiverdhp,a ordance th t rioy art FIG 15 i-s a

bl ock di afFSFHYIcYT | 285t ENY | aﬂ iy r%ﬁxﬁafgra?n R ERTEe with
t he priorfpéduency signal of pEXﬁﬁjiﬂedHEnbyCBbfikfmdﬁ RREPERRETh THEGRek NVENTS

Sorre ex.enPJ) Xd e”bci crlzegtigng t.petl'Per Srearr]:tsmEL ¥eept5|1 e EJl.rnegood accuracy is
used as a reference frequency signal, the frequency accuracy of
the reference frequency signal against temperature variation is
kept good and a reference frequency signal generator in PLL

synthesizer 30 can be eliminated.

It is obvious that a similar effect can be cbtained also
in the case in which the reference frequency siqnal of the phase
frequency detection at PLL synthesizer 30 is obtained by .
frequency—dividing a sampling clock of the A/D converter 21
recovered at QPSK demodulator 22 and a reference frequency signal
divider 35 having a frequency dividing ratio corresponding to that

of the sampling clock.

Also by controlling orthogonal detection
voltage—controlled oscillator 17 by PLL synthesizer, making the
step frequency smaller enough than the step frequency of PLL
synthesizer 30 used for channel selection and varying the
oscillation frequency according to the AFC signal outputted from
QPSK demcdulator 22, ffequency drift of the second IF signal can
be compensated with high accuracy at orthogonal detector 16 and
the characteristic of bit error rate as a receiver can be kept
good, because a phase noise characteristic of the local

oscillation frequency is improved keeping AFC accuracy.

(Third exemplary embodiment)

In FIG. 3, the terminal 10 is an input terminal of a
first IF signal from a receiving antenna for satellite broadcast.
The block 1l is a mixer for frequency—converting a desired QPSK

modulation signal into a designated second IF signal. The block



‘expl ai ned below, referring to FIGs. 1 to 12. (First exenplary
enbodi nent) In FIG 1, the terminal 10 is an input termnal of a
first IF signal froma receiving antenna for satellite broadcast. The bl ock
11 is a mxer for frequency-convertingya desired QPSK nodul ati on si gnal
into a designated second |IF signal. The block 12 is a bandpass filter for
extracting only the designated second I F signal fromthe output of m xer

11. The block 16 is orthogonal detector inputting the output of bandpass
filter 12 and for obtaining base band signals of an in-phase conponent |

and a quaghatyrg goNRanants; @by pot %ﬁiylg 8fily Obhe Hi8iBhAEKd Hedoha”

A/'D converter inputting the output ; ogon )
det ector I8 ghanabrixghvdre PH§PYRec] mierQlBaseThankilagiyddl ési aFshegdiadal

signals. §Beebto6k warss ihpREKng R WAl bBPBARdSsS e 1degi L2ldred | and
Q signal s _and or_dennﬂéést'ng the inputted | and é%gﬁ nal s bx ﬁPSﬁb The.
Bl ock 30 FEraoRERiRYIH A, BP RoP LG &5 GR ANTBRATS GERFPPSTToh J1
necessary quhépatiite desigeen@PEKbpositt leddarals dgnatticn f r ahee blyek a2 eird ed
IOPE ﬁogogg?’hgg? %gd?%ﬁgl\%gﬁdrt g‘gﬁ ‘Sllg'ggg’l? o@%eecr? uo%é”ltllflagt grgffc))r&%gﬁég’g{’sﬁgna | ocal
-detection means 16 and for converting the I and Q base band
signals into digital signals. The block 22 is a QPSK demodulator
inputting the digitalized I and Q signals and for demodulating the
inputted I and Q signals by QPSK. The block 23 is an error
correction decoder. The block 24 is a demultiplexer for
demultiplexing a transport stream in which band compressed video
and sound signals are multiplexed. The block 30 is a PLL
synthesizer for generation a local oscillation signal necessary
when the desired QPSK modulation signal is frequency—converted
into a designated second IF signal at mixer 11. The block 17 is
an orthogonal detection voltage—controlled oscillator for
generating a local oscillation signal necessary for orthogonal

detection. .

The function of a digital broadcast receiver composed
like the above is explained below.

The first IF signal received through a receiving antenna
for satellite broadcast is mixed wiﬁh a local oscillation signal
generated at PLL synthesizer 30 at mixer 11 and a desired QPSK
modulation signal of the first IF signal is frequency—converted
into a designated second IF signal. PLL synthesizer 30 is
composed of a local oscillator 31, a prescaler 32, a programmable
frequency divider 33, a phase frequency detector 34, a reference

frequency signal divider 35 and a loop fiiter 37.

The output of local oscillator 31 is frequency—divided
at prescaler 32, is inputted to programmable frequency divider 33
and is further frequency-divided. The output of programmable
frequency divider 33 is inputted to phase detector 34 and PLL

synthesizer 30 is controlled so that the inputted signal to phase



‘oscillation signal necessary for orthogonal detection. The
function of a digital broadcast receiver conposed |ike the above is
expl ai ned below. The first IF signal froma digitally nodul ated signal of
‘RF band received froma receiving ant a for satellite broadcast is m xed
with a local oscillation signal generated at PLL synthesizer 30 at m xer 11
and a desired QPSK nodul ation signal of the first IF signal is frequency-
converted into a designated second |IF signal. PLL synt hesi zer 30
i's conposed of a local oscillator 31, a prescaler 32, a progranmabl e

[reauency dloddgk 33 <& QRS LieRIE YUl o eddendy [SIgAANGY (1 auency
signal divi a reference %requency S1 gna ner dt or and a loop .
filter 37. obtamed by divigdingutthet sn#tmc@loqﬁ@lxbha@o«e@qrdt@d at

frequency dilmwﬂ@glékeprf«scaﬁé & r%%eréﬁcé nﬁg&u%d.cyosmnai TBlkiee Bsegyency
divider 33 and is further requenczo I vid The output of programmable -

frequency fFe@gaFY 33N Phafsut t dhet %s@ﬂéﬂé@t‘@? e PLEVEPnLAesi zer
30 i s contexprieadedoby hedqt fen |nputted signal to phase detector 34 coincides

with a reference fr uency, | 40.0bt ai ned by dividing the outp of a
ref erence frequencyg‘gl gnal(fs %gga‘lt N%’%caffqg’ refer ehte TTequenés: Fﬁgnal

di vi der 3%heref fegaenescidid tileas Eredhendocs tdxeclbtallmn‘lrl@qoe‘ncy fvco is
expressed by eq. 2. fre?uency L¥Cons :.(éfexler@et ﬁe §gn s DRI

(eq. 2) where fvco: oscillation frequency oca OSCI at or,
fr: frequency ofiPeRé ?’é?medﬂ'ééﬁ’éﬁc’?"sﬁcgﬁél the presqdeT. frequency

dividing ratio of NphefpsflyeBividing ratio of the programmable frequency
divider and
R: frequency dividing ratio of the reference frequency

signal.

A local oscillation frequency corresponding to a
frequency of a desired QPSK modulation signal can be obtained by
'vérying frequency dividing ratio Np of programmable frequency
divider 33 by microcomputer S0.

The QPSK modulation signal frequency;converted into. a
designated ;econd IF signal at mixer 1l is inputted to orthogonal
detector 16 after being extracted at bandpass filter 12. At
orthogonal detector 16, an oscillation signal generéted at
orthogonal detection voltage—controlled oscillator 17 with a
designated second IF and a signal phase-shifted by 90 degrees from
the oscillation signal are supplied to mixers 13 and 15,
respectively and they are mi#ed with the output signal of bandpass
filter 12 there and base band signals of an in—phase component I
and a quadrature component Q of the QPSK modulation signal,

respectively.

The I and Q base band signals are converted to digital
signals at an A/D converter 21 and are digitally demodulated at
QPSK demodulator 22. QPSK demodulator 22 includes a carrier
recovery and a clock recovery necessary for demodulation, an AGC

detector and an AFC detector. The output of QPSK demodulator 22



"Np: frequency dividing ratio of the programmble frequency divider, and

R frequency dividing ratio of the reference frequency signal.

A local oscillation frequency corresponding to a frequency of a desired
"QPSK nodul ation signal can be obtai negqgby varying the frequency dividing
ratio Np of programmabl e frequency divider 33 at m croconputer 50.

The QPSK nodul ati on signal frequency-converted into a designated second |IF
signal at mxer 11 is inputted to orthogonal detector 16 after being
extracted at bandpass filter 12. At orthogonal detector 16, an oscillation
signal gegeesat ¢deabbOrdbOSita), detREL) Dhvidld,afe=a08blOhdeleandihbaber 17
wth a desi ngtgd second | F and a.si g(gal cgeg_aég-shifted bé/ 9Q__hdeg£_egs from
the osci | F8Fi §AF8i Jhaf 0% UFSCI-28Nt S TI8&E £°1373ng°P 5 Yo SPecFri8ty and
t hey are gernedatkedhathe orhrpstissignatowte baTtheasstputteigridd tfromeeancr base

band si gnal | R phase oge and r AL e lc,_qgaoq,gg;, {0, the
QPSK mdul%g?ngﬁFgﬁgana J')are 0 tglgngd?}arujésspect %\?g:é?)g %e fpan Q base %and
signal s aped sound signals encoded for band compression. Demultiplexer 24

demultiplexes and extracts video and sound signals encoded from
the transport stream. The output of demultiplexer 24 is band
expanded for each of video and sound signals and video and sound

signals are reproduced.

The oscillation frequency of local oscillator 31
generating a local frequency signal used for channel selection of
a QPSK modulation signal is expressed by (eq. 7).

fvco = £flstIF + £2ndIF ...... eeessasae e an (egq. 7)
where fvco: ascillation frequency of of the local oscillator for
channel selection, .

flstlIF: frequency of the first IF, and

£2ndIF: frequency of the second IF.

The oscillation ffequency of local oscillator 31 is
higher than the frequency of the first IF inputted from the
receiving antenna for satellite broadcast by the frequency of the
second IF and a frequency range of the first IF signal is

necessary as an oscillation frequency range.

As an oscillator circuit to obtain such a wide frequency
range, an oscillator having a resonant circuit using a microstrip
line and a variable capacitance diode as shown in FIG. 4 is
necessary. In a digital modulation like QPSK, the phase noise of
a local oscillation signal used for frequency conversion
influences on a reception performancé (bit error rate) of the
receiver, different from a usual FM modulation. As a phase noise
not to influence on bit error rate, 85 dBc/Hz and 95 dBc/Hz are
necessary at frequencies off-set by 10 kHz and 100 kHz from the

oscillation frequency, respectively.



‘converted to digital signals at an A/D converter 21 and are digitally
denodul at ed at QPSK denodul ator 22. QPSK denodul ator 22 includes a carrier
recovery and a clock recovery necessary for denodul ati on, an AGC det ect or
‘and an AFC det ector. The ggcillation frequency of I ocal
oscillator 31 generating a | ocal frequency signal used for channel

sel ection of a QPSK nodul ation signal is expressed by (eq. 3).

fvco = flstlF + f2ndlF ..................... (eq. 3) where fvco:
oscillation frequency of the local oscillator for channel selection,

flstlF: frequency Oi‘hé r#\éger %Blég oflrgi ]focal osc:.lj.g@fgrl: sﬂcgrngquﬁQGYn@f t he

second | F. he oscillation frequency of local oscillator 31 is
10 hi Yi8e PASHLINEIIN £FFEHEPCHIrange f hoxeveE. | RpeRtetl 1args preause
recei vi ngtaet guaditerfHaicd! O be bheageasiany clibeul t edperasesf dhb&&&ﬁﬂnd | F

and a frequ%ggXaianggiégaAggeo%IEge vgifgéEEﬂcaLac1tance diode and the
phase noise power decreases according to increase of frequency
deviation from the oscillation frequency as shown in FIG. 5. That
is a 1/f characteristic. The noise characteristic near the
oscillatioﬁ frequency such as at 10 kHz and 100 kHz previcusly
described can be improved by using a PLL synthesizer and can be
realized by making a refereéce frequency of the phase detection at
PLL synthesizer 30 high .and making an open loop gain high. The
reference frequency is determined by a frequency of é1QPSK system
clock generated at demultiplexer 24 and a frequency dividing ratio
at reference frequency signal divider 35 and it is selected as
high as the phase noise near the oscillation frequency of local
oscillator 31 can be reduced and its value is several hundreds
kHz. The system clock frequency generated at demultiplexer 24 is
27 MHz and to exceed the reference frequency of several hundreds
kHz, a frequency dividing ratio of 32 to 128 is necessary as a
-frequency dividing ratio of reference frequency signal divider 35.
The reference frequency (fr/R) is a step frequency of PLL
synthesizer 30 and the output frequency of local oscillator 31 is
integer times of the reference frequency and does not always
coincide with local oscillation frequency to convert the first IF
signal into a designated second IF signal. That is, a deviation

occurs in the frequency of the second IF signal.

Therefore, by making orthogonal detection
voltage—controlled oscillator 17 so that the oscillation frequency.
continuously varies by an AFC signal outputted from QPSK
demodulator 22 as shown in FIG. 6, frequency drift of a frequency
converter (not shown) in a receiving antenna for satellite
broadcast and frequency drift from the original second IF
frequency due to frequency drift by increasing the reference

frequency of PLL synthesizer 30 can be compensated with high



‘necessary as an oscillation frequency range. : As an oscillator
circuit to obtain such a wide frequency range, an oscillator having a
_resonant circuit using a mcrostrip line and a vari abl e capacitance diode
‘as shown in FIG 4 is necessary. 1 In a digital nodul ation |ike
QPSK, the phase noise of a |ocal osci?lation signal used for frequency
conversion influences on a reception performance (bit error rate) of the
receiver, different froma usual FM nodul ati on. As a phase noise not to

i nfluence on bit error rate, 85 dBc/Hz at a frequency off-set by 10 kHz

fromthe ggsehlhe)i 90 dFayenaY abdedR B H2 at a frequency off-set by 100
kHz fromthe oscillation frequency. The phase noi se of a | ocal

oscillation signal having a wi de oscillation frequency range, however,
becones | arge becauBsud heacgozlity taciter tQiell thempbsananbodimenttof the

decreases dug f0 A LM Ik LEILS 2160 ALI8eVaR ALl & G3RaE Lnce diode

a
and the pﬁase noi se power ‘decreases according to increase of frequency
devi at i ontheokreak o=eillagioonfreaernar isadnprevnd resmigg BFCTRGEUFaCY, 1/ f

charact er ikl hatier&ioi 8 L oar BEt 84t r GaRARs! Rerossi Jdraldapnbbr rapency
such as at 1Q kHz and 100 kHz greV|oust,descr|beg can be inproved by_using

a PLL synSReSi 388 BERPYSH HEYPEYR| TERF OV IFRRLN Gt AP R EHEFeF BEARASE of
t he phase eflebaedli and afulRilpleyet hesde® rani) sougl 8DEn&BK i i¥) faleq@RABY+00p gain
hi gh. The reference,frequency i.s _determi ned Qy an_oscillation freguency at
refer ence SPATEANTSS SHIM A VdBRE, B TP LA MAT R PP eq RTRSF I AFRGIPATY o at
r ef er ence sigeglienfyplsagmdreduencerd8beaicen ati BLEeseutresizerhBghand 4 he
phase ”0'%&o@ﬁaéiﬁﬁﬁi(E¥”éﬂeaEkQHs£I@HMP@ﬁkecéﬂ ngd accuracy is used as a
reference frequency signal, the frequency accuracy of the
reference frequency signal against temperature variation is kept
good and a reference frequency signal generator in PLL synthesizer

30 can be eliminated.

Also by controlling orthogonal detection
voltage—controlled oscillator 17 by PLL synthesizer, making the
step frequency smaller enough than the step frequency of PLL
synthesizer 30 used for channel selection and varying the
oscillation frequency according to the AFC signal outputted from
QPSK demodulator 22, frequency drift of the second IF signal can
be compensated with high accuracy at orthogonal detector 16 and
the characteristic of bit error rate as a receiver can be kept
good, because a phase noise characteristic of the local

oscillation frequency is improved keeping AFC accuracy.

(Fourth exemplary embodiment)

In FIG. 7, the terminal 10 is an input terminal of.a
first IF signal from a receiving antenna for satellite broadcast.
The block 11l is a mixer for frequency—converting a desired QPSK
modulation signal into a designated second IF signal. The block
12 is a bandpass filter for extracting only the designated second
IF signal from the output of mixer 1ll1. The block 16 is orthogonal

detection means inputting the output of bandpass filter 12 and



"reduced and its value is several hundreds kHz. sThe reference frequency
(fr/R of the phase frequency detection is a step frequency of
_PLL synthesizer 30 and the output frequency of |ocal oscillator 31 is
integer times of the reference frequepgy and does not always coincide wth
| ocal oscillation frequency to convert the first IF signal into a
desi gnat ed second | F signal. . That is, a deviation occurs in the
frequency of the second IF signal. Therefore, by meking orthogonal
detection voltage-controlled oscillator 17 so that the oscillation

frequency_cont, nuousl y, vari nal utted fr Ka
derodul at 577 2P % base @? '?@fbﬁanQ ﬂ"lé& " ?ggﬁéﬁgé Converter
(not shovm‘)ladmtaurqamnmpngnan&) drn prfthogsatd| ﬂet%c@madcéfbt: blerck rkdgdency

drift frogytagp oc_rarg;é}aclerseﬁsaelti#g f{r&qwaa@sxtdyﬁ L fmqueesag&{aﬁt by
|ncrea5|ng?the ref erence_frequency of phase frequency etectlon at PLL

synt hesi z t%ﬁF%ﬁﬂ]Wﬁ?”ﬁoﬁﬁeﬂE%I%RF\HQHYeHFgﬁgaEQ$”§ﬁ3F kengr sHRphtaIcfdét ect or
16. and Q components into digital signals. The block 22 is a QPSK

demodulator inputting the digitalized I and Q signals and for
demodulating the inputted I and Q signals by QPSK. The block 23
is an error correction decoder. The block 24 is a transport
demultiplexer for separating a transport stream signal which band
conpressed video and sound signals are multiplexed. The block 30
is a PLL synthesizer for generation a local oscillation signal
necessary when the desired QPSK modulation signal is
frequency—converted into a designated second IF signal at mixer
11. The block 17 is an orthogonal detection oscillator for
generating a local oscillation signal necessary for orthogonal
detection. The block 50 is a microcomputer. The block 111 is a
control bus from microcomputer 50 to PLL synthesizer 30. The block
112 is a control bus from microcomputer 50 to QPSK demodulator 22
and the like.

The function of a digital broadcast receiver composed
like the above is explained below.

The first IF signal received through a receiving antenna
for satellite broadcast is mixed with a local oscillation signal
generated at PLL synthesizer 30 at mixer 11 and a desired QPSK
modulation signal of the first IF signal is frequency—converted
into a designated second IF signal. PiL synthesizer 30 is
composed of a local cscillateor 31, a prescaler 32, a programmable
frequency divider 33, a phase frequency detector 34, a reference
frequency signal divider 35, reference frequency signal generator
36 and a loop filter 37.

The output of local oscillator 31 is inputted to
programmable frequency divider 33 and frequency—-divided after
being frequency—divided at prescaler 32. The output of
programmable frequency divider 33 is inputted to phase frequency

detector 34 and PLL synthesizer 30 is controlled so that the



"Thus, according to the first exenplary enbodi nent of the present invention,
the characteristic of bit error rate as a receiver can be kept good,
_because a phase noise characteristic of the |local oscillation frequency is
i nproved keepi ng AFC accur acy. 23 The frequency drift of the
second I F signal can be al so conpensated with a high accuracy at orthogonal
detector 16 by controlling orthogonal detection voltage-controlled
oscillator 17 by PLL synthesizer, naking its step frequency small er enough
than the step frequency of PLL synthesizer 30 used for channel selection

and varyi weeaﬂssqglnlaat e@n ﬂgggm@ic@adwgnéfa@ lff\F@rshgg.a&y QHaput t ed
fron1CPS enodu] at or ﬁ he characteristic of bit $ te as a-

recei ver RBPSH&WEpER §85&reB‘éEa§|’§%ﬂ%F'tﬂ¥as°‘égﬁ6?'s% it A §t tVttthe
| ocal OSCtﬁéeﬁuﬁyuﬁlb&queﬁeyerén¢éwnﬁhqﬁink9eaiggaEwaanyraabacys at a

Al though a pecentd 91.ofabeLLile Adeashsl o Agsordad Ln, i g sxerml ary
enbodi nen T ve the Ssane~effe escrlﬁed a ove in
gener al kfmlrsuemcx é‘c@wessexeceeﬁmmg:m (dagi 22l &5 predilomsdy sheowaland a

12 local oscillation frequency corresponding to a frequency of

.desired QPSK modulation signal can be obtained by varying a
frequency dividing ratio Np of programmable frequency divider 33
by microcomputer 50. The QPSK modulétion signal frequency-—
converted into a designated second IF at mixer 1l is inputted to
orthogonal detector 16 after being extracted at bandpass filter
12.

At orthogonal detector 16, an oscillation signal
generated at orthogonal detection oscillator 17 with a designated
second IF and a signal phase—shifted by 90 degrees from the
oscillation signal are supplied to mixers 13 and 15, respectively
and they are mixed with the output signal of bandpass filter 12
there and hase band signals of an in—-phase component I and a
quadrature component Q of the QPSK modulation signal,
respectively.

The base band signals of I and Q components are
cﬁnverted to digital signals at an A/D converter 21 and are
digitally demodulated at QPSK demodulator 22. QPSK demodulator 22
includes a carrier recovery and a clock recovery necessary for
demodulation, an AGC detector and an AFC detector. The output'of
QPSK demodulator 22 does Viterbi decoding, deinterleaving,
Reed—-Solomon decoding or the like at error correction deccder 23
and corrects the error generated at a transmission route. The
output signal from error correction decoder 23 is a transport
stream signal multiplexed with video and sound signals encoded for
band compression. Transport demultiplexer 24 separates and
extracts video and sound'signals encoded from the transport stream
signal. The output of transport demultiplexer 24 is band
expanded for each of video and sound signals and video and sound

signals are reproduced.



"(Second exenpl ary enbodi nent) In FIG 2, the termnal 10 is an
input termnal of a first IF signal froma receiving antenna for satellite
_broadcast. The block 11 is a mxer for frequency-converting a desired OPSK
nodul ati on signal into a designated sggond | F signal. The block 12 is a
bandpass filter for extracting only the designated second IF signal from
the output- of mixer 11. The block 16 is orthogonal detection neans -

i nputting the output of bandpass filter 12 and for obtaining base band
signals of an in-phase conponent | and a quadrature conponent Q by

ort hogonal detection. The block 21 is an A/D converter inputting the out put
of the 1/0O orthogonal detection neans 16 and for converting the base band -

signals of | and Q LBnPUHENts defepiaryrien of fisl errahsModRe250i2 a QPSK
denndulat@bntapmtkigmblrnrdm ghbahhZEdcémﬁUKEde&rgﬁa|ﬁeé&ﬁiﬂb@r drsodul ati ng

t he inputte oimﬁ ggf nalrs‘,_,)c @ he ble%cka%% |5~ a L PLL S ygéyé%ﬁ&r for
tess €

generatlon °R*F8ta OSCI i o S gna e [T
nmodul at i osysithraizes 3¢ equbm*yotbenvb‘m e‘dlZ rttcoQ&S&eé(pWJ@(tose@éndeﬁom gnal

at mixer 1L IBe;Bhogkedded 232N REL NOGR us.%ets%tzhpanﬂaéme a@e}sﬁéﬁ&dc
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recei ved throu h a re ei vi,n tenpa for satellite broa is mxed with
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a local oSEFFPAEPBA2 dﬁé? r §ELRC K OB ASPEN IR O%T rat mixer 11 and
a desir ed mQeSKcongutet | 3 cheghal aosyhdterdriizzitibh 85kl idshent signal 113

frequenCyf%%QV%nggp$£q(hé%d¥%§b 2 égdZEfK¥ngngtglggggtrol data to PLL
synthesizer 30 when transport demultiplexer 24 can not synchronize

and makes a channel selection again.

It is obvidus that a similar effect is obtained also
when the circuit is composed so that microcomputer 50 checks
synchronization establishment signal 113 from transport

demultiplexer 24 through control bus 112.

Thus, it is possible to prevent deterioration of
receiving quality due to deterioration of noise characteristic of

a local oscillation signal during a reception.

(Fifth exemplary embodiment)

A fifth exemplary embodiment of the present invention is
explgined below, referring to FIG. 8.

In FIG. 8, the terminal 10 is an input terminal of a
first IF signal from a receiving antenna for satellite broadcast.
The block 1l is a mixer for frequency—converting a desired QPSK
modulation signal into a designated second IF signal. The block
12 is a bandpass filter for extracting only the designated second
IF signal from the output of mixer ll. The block 16 is orthogonal
detection means inputting the output of bandpass filter 12 and
for obtaining base band signals of an in—phase component I and a

quadrature component Q by orthogonal detectian. The block 21 is



"PLL synthesizer 30 is conposed of a local oscillator 31, a prescaler 32, a
programmabl e frequency divider 33, a phase frequency detector 34, a
reference frequency signal divider 35 and a loop filter 37. The
out put of local oscillator 31 is freqygncy-divided at prescaler 32, is

I nputted to programmabl e frequency divider 33 and is further
frequency-di vi ded. The output of programmble

13 frequency divider 33 is inputted to phase detector 34 and PLL
synthesizer 30 is controlled so that the inputted signal to phase detector

34 coinci dasapbt Bodyd Sl @.%ﬁti-.iﬁ&lU@t@you%p&‘&abf@hgt&?d%%@nm divi sy, the

synbol cl ock of CPS K recovered QPSK denodul ator 22 at a reference
f r equency ™€pgfat & d?%@cﬁﬁr:EQ“VﬁrFF@%u@ﬁtf:éWG Bhhase hand 14@aPLEsENTP ation

frequencydiyseal ssfyidlessedhbyb{6ek 21 .is a QPSK dehddiflatdrf Lnbulding NHC X
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demultiplexing a transport stream in'which band—compressed video

and sound signals are multiplexed. The block 30 is a PLL

synthesizer for generation a local oscillation signal necessary

when the desired QPSK modulation signai is frequency—converted

into a designated second IF signal at mixer 11. The block 17 is

an orthogonal detection voltage—controlled oscillator for

generating a local oscillation signal necessary for orthogonal

detection. The block 50 is a microcomputér. The block 11l is a

control bus from microcomputer 50 to PLL synthesizer 30. The

block 112 is a control bus from microcomputer 50 to QPSK

demodulator 22 and the like.

The function of a digital broadcast receiver composed
like the above is explained below. '

The first IF signal received through a receiving antenna
for satellite broadcast is mixed with a local oscillation signal
generated at PLL synthesizer 30 at mixer 11 and a desired QPSK
modulation signal of the first IF signal is frequency—converted
into a designated second IF signal. PLL synthesizer 30 is
composed of a local oscillator 31, a prescaler 32, a programmable
frequency divider 33, a phase frequency detector 34, a reference
frequency signal divider 35, reference frequency signal generator
36 and a loop filter 37. The output of local oscillator 31 is
inputted to programmable frequency divider 33 and frequency—
divided after being frequency—-divided at prescaler 32. The ocutput
of programmable frequency divider 33 is inputted to phase detector
34 and PLL synthesizer 30 is controlled so that the input signal
to phase detector 34 coincides in frequency and phase with a

reference frequency signal 40 obtained by dividing the output of a



‘R frequency dividing ratio of the reference frequency signal.

A | ocal oscillation frequency corresponding to a frequency of a desired
_QPSK nodul ation signal can be obtained by varying frequency dividing ratio
Np of programmebl e frequency divider 3% by m croconputer 50.

The QPSK nodul ati on signal frequency-converted into a designated second IF
signal at mxer 11 is inputted to orthogonal detector 16 after being
extracted at bandpass filter 12. At orthogonal detector 16, an oscillation
signal generated at orthogonal detection voltage-controlled oscillator 17

with a designated Sﬁcond | F and a.si na1_§%g§ -shifted Qy 90 gegrees from
r ; &

the osci| FEEFBRNSE ghRPIRTE s R PEdoE RS 13 aRd" I T FES EEFTYETSY and .

t hey are migedlwdihidée 3t put signal of bandpass filter 12 there and base
band signals of an in-phase conponent | and a quadrature conponent Q of the
QPSK nodul ation signal,_ respectively. The- | and Q base band -
signal s are convert et rerlgiossiliaghan sEraauancy Bvepnieraxpressedntly ar e

di gitally (denodyl asegradi s dapRdubad U 120a10BSKi Ie408H Frakudrcy ncl udes
a Carrlercorresponding to a frequency of desired QPSK modulation signal can
be obtained by varying a frequency dividing ratio Np of
programmable frequency divider 33 by microcomputer 5S0. The QPSK
modulation signal frequency—converted into a designated second IF
at mixer ll is inputted to orthogonal detector 16 after being

extracted at bandpass filter 12.

. At orthogonal detector 16, an oscillation signal
generated at orthogonal detection oscillator 17 with a designated
second IF and a signal phase—shifted by 90 degrees from the
oscillation signal are supplied to mixers 13 and 15, respectively
and they are mixed with the'output signal of bandpass filter 12
there and low band signals equivalent to an in—-phase component I
and a guadrature component Q of the QPSK modulation signal,
respectively. .

The low band signals equivalent to I and Q signals are
converted té digital signals at an A/D converter 21 and are
digitally demodulated at QPSK demodulator 22. QPSK demodulator 22
includes a carrier recovery and a clock recovery necessary for
demodulation, an AGC detector and an AFC detector. The output of
QPSK demodulator 22 does Viterbi decoding, deinterleaving,
Reed—Solomon decoding or the like at error correction decoder 23
and corrects the error generated at a transmission route. The
output signal from error correction decoder 23 is a transport
stream signal multiplexed with video and sound signals encoded for
band compression. Transport demultiplexer 24 demultiplexes and
extracts video and sound signals encoded from the transport stream
signal. The output of transport demultiplexer 24 is band expanded
for each of video and sound signals and video and sound signals

are reproduced.



- 14 recovery and a clock recovery necessary for denodul ati on, an AGC
detector and an AFC detector. The oscillation frequency of

| ocal oscillator 31 generating a |ocal frequency signal used for channel
“selection of a QPSK nodul ation signabi:s expressed by (eq. 5).

fvco = flstlF + f2ndlF ............. 5% ....... (eq. 5) where fvco:
oscillation frequency of the |local oscillator for channel selection,
flstlF:. frequency of the first IF, and f2ndl F: frequency of the
second | F. The oscillation frequency of local oscillator 31 is

higher than the fregugpevert dd¥edidrileibh LAY ¢ & lrOPhtbedt&c&l W Ng
antenna for satell.ite_broadcast by the frequencg,of the second |IF and a

frequencySTERR: SHIrRd £rP8t The WiTogrmpRtae AV, r88°RR 38 ¢i #1%t i on
frequencycortnge. bas afi aicrdtaimiteri S0ULE $epaddtad intohaabus dELY reeqB@BhCy

range, an,0sGlddalQs 3Ba§k89a§o{hee5:9%%t 125?@6%&@&&5&%%9%5} Rerope and
a vari abl € capacitance di ode as shown in F I S necessary.
In a di gi strensdiyradesader k23 QRSKG- -t hBephuse fiimee syhchrpoizationtiat ati on

si gnal usgg-d 0T adeBRY NS, P BelBhbYCffssb12 LRERPPLON performance
(bit error rate) of the receiver, ' .
synthesizer 30 malfunctions by a surge and the like due to a

thunder during reception and a channel selection becomes
impossible, microcomputer 50 checks a frame synchronization
signal 114 from error correction decoder 23, renews the control
data to PLL synthesizer 30 when error correction decoder 23 can

not synchronize and makes a channel selection again.

It is obvious that a similar effect is obtained also
when the circuit is composed so that microcomputer 50 checks the
frame sync signal from error correction decoder 23 through control

bus 112 of microcomputer S50.

Thus, it is possible to prevent detericration of
receiving quality due to deterioration of noise characteristic of

a local oscillation signal during a reception.

(Sixth exemplary embodiment)

A sixth exemplary embodiment of the present invention is
explained below, referring to FIG. 9.

FIG. 9 shows that an AFC function is added to prevent
deterioration of bit error rate by a control bus from the
microcomputer during reception in the fourth exemplary embodiment
shown in FIG. 7. The blocks having the same reference numbers
have similar functions to those in the fourth exemplary embodiment

and their explanations are omitted.

A frequency drift occurs in the first IF signal inputted
from a first IF signal input terminal 10 due to a frequency

converter of a receiving antenna (not shown) for satellite



“different froma usual FM nodul ation. As a phase noise not to influence on
bit error rate, 85 dBc/Hz at a frequency off-set by 10 kHz fromthe
~oscillation frequency and 95 dBc/Hz at a frequency off-set by 100 kHz from
the oscillation frequency. The phase noise of a | oca
oscillation signal having a w de oscﬂ%?aiion frequency range, however,
becones | arge because the quality factor Q of the resonant circuit
decreases due to an internal resistance of the variable capacitance diode
and the phase noi se power decreases according to increase of frequency

devi at i o, LLAm,LEC 036L! LAldUhcly BIVROCYe A5 MMl B FLGnat (1l s a 1/

characteristic. The noise characteristic near t ] )
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descri bed-<@isae.i nproved by using a PLL synthesizer and can be realized by

maki ng a reference_frequenc f %pﬁ hase detection at PLL synthesizer 30
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synthesizer 30 during reception and it brings deterioration of bit
error rate due to phase noise deterioration of local frequency
oscillator 31, the AFC is made as follows in the sixth exemplary

embodiment.

In QPSK demodulator 22, the frequency drift is detectéd
from inputted I and Q base band signals and a frequency drift
detection signal 120 is outputted as an analog voltage against the
frequency drift. A voltage—controlled oscillator shown in FIG. 13
is used as an orthogonal detection oscillator 17, which is used
for an orthogonal detector 16. The oscillation frequency is
varied by varying the capacitance of a variable capacitance diode
302 shown in FIG. 13 through frequency drift detection signal 120
and the frequency drift of QPSK demodulator 22 is compensated.

Thus, because miérocomputer 50 does not need to renew a
frequency dividing ratio control signal to PLL synthesizer 30
against the frequency drift of QPSK modulated signal by doing AFC
at orthogonal detector 16, it is possible to prevent deterioration
of reception quality due to sending control data to PLL

synthesizer 30 at AFC during reception.

(Seventh exemplary embodiment)

A seventh exemplary embodiment of the present invention
is explained below, referring to FIG. 10.

FIG. 10 shows that an AFC function is added to prevent
deterioration of bit error rate by a control bus from the
microcomputer during reception in the.fifth exemplary embodiment

shown in FIG. 8. The blocks having the same reference numbers



“divider 35 and it is selected as high as the phase noise near the
oscillation frequency of |ocal oscillator 31 can be reduced and its val ue
_is several hundreds kHz. I n Japan, the synbol clock frequency
is 21.096 Miz in a digital satellite 4goadcast and to exceed the reference
frequency of several hundreds kHz, a frequency dividing ratio of 32 to 128
IS necessary as a frequency dividing ratio of reference frequency signal

di vider 35. The reference frequency fr/R of the phase frequency detection
is a step frequency of PLL synthesizer 30 and the output frequency of | ocal
osci | | at ohad¢ ssmildregRindtibas @b tiesd direrbaceiftieguenplaandedbsdinegtt

al ways poiggig§e¥4t4¥éf%§ytigggiL#até&g&énaqquency.to convert the first IF
si gnal i nf0"a esi gndated second si'ghal.” That is, a deviation occurs in
the frequency of the second IF signal. Therefore, by making

orthogonal detecti o #QldiR%eyCAPLEL! & ASGhl LREOFidsh IF LBGhal Nenputted -
oscillation frequency continuously varies b C outputted from

S ] an AFC signal
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requency drift fromgjhe original secon E.frequen ue t [ equency
drift by PrEP85EFhy t#ﬂ?ré%ﬁgggﬁﬁﬁ ??E%ﬁéﬁi?thg#{ftg%%fﬁ@???e%s30 can be
conpensat egnerahlii g Z.CuMicyand W tdmgenshtdei tctAHC 18 needed in a  Thus,

accordingr%%egggrsecond exenpl ary enbodi nent of the present invention,
because a phase noi se characteristic of the :

Because if the AFC is done by varying a frequency
dividing ratio of PLL synthesizer 30 through microcomputer 50 as
shown in the prior art, the control data is sent to PLL
synthesizer 30 during reception and it brings deterioration of bit
error rate due to phase noise deterioration of local frequency
oscillator 31, the AFC is made as follows in the seventh exemplary

embodiment.

In QPSK demodulator 22, the frequency drift is detected
from inputted I and Q base band signals and a frequency drift
detection signal 120 is outputted as an analog voltage against.the
frequency drift. A voltage—controlled oscillator shown in FIG. 13
is used as an orthogonal detection oscillator 17, which is used
for an orthogonal detector 1l6. The oscillation frequency is
varied by varying the capacitance of a variable capacitance diode
302 shown in FIG. 13 through frequency drift detection signal 120
and the frequency drift of QPSK demodulator 22 is compensated.

Thus, because microcomputer 50 does not need to renew a
frequency dividing ratio control’ signal to PLL synthesizer 30
against the frequency drift of QPSK modulated signal by doing AFC
at orthogonal detector 16, it is possible to prevent deterioration
of feception quality due to sending control data to PLL

synthesizer 30 at AFC during reception.



16 | ocal oscillation frequency is inproved keepi ng AFC accuracy, the
characteristic of bit error rate as a receiver can be kept good and because
~a clock signal recovered at QPSK denodul ator 20 is frequency-divided and
the divided signal is used as a refer e frequency signal of phase
frequency detection at PLL synthesizer 30 and a cl ock signal of the
transmtter side in good accuracy is used as a reference frequency signal,

t he frequency accuracy of the reference frequency signal against
tenperature variation is kept good and a reference frequency signal

generator in PLL sy gﬁ%ﬁ ¥§8%ﬁ9 bmﬁ%dlﬂk It is
c e

obvi ous that a S|n1Iar talnegéglso in the case in which the
reference frequency Asi gaghtbf exemelpirys emppdinent oiidhecpreaent Fiyention

synt hesi zef4 30, lsdlq‘lghabgggwbyréf&q%{&cxodchdlpg a sanpling clock of the
A/ D converter recovered denodul at or 22 and- a reference frequency

si gnal di vi der 35 h&FCngla ??%%ﬁuﬁhﬁf &vPEFnEenetian d&rF@gﬁBnﬂ?rﬁf?%?“Fhat
of the san@pétéicdaadlon of bit error Alae by &808brMtddl BRsOfkbagemeal detection

microcomputer during reception in the fourth exemplary embodiment
shown in FIG. 7. The blocks having the same reference numbers
have similar functions to those in the fourth exemplary embodiment

and their explanations are omitted.

A frequency drift occurs in the first IF signal inputted
from a first IF signal input terminal 10 due to a frequency
converter of a receiving antenna (not shown) for satellite
broadcast. The frequency drift of the first IF signal is
generally +/— 2.5 MHz and to compensate it, AFC is needed in a
receiver.

In the case in which the frequency drift of the first IF
signal is smaller enough than the necessary bandwidth of the QPSK
modulation signal {for example, the frequency drift is +/— 2.5 MH=z
against the necessary bandwidth of 27 MHz of the QPSK modulation
signal), there is no problem with only a control by orthogonal
detection oscillator 17 as shown in the sixth exemplary
embodiment but when the frequency drift of the first IF signal is
going larger against the necessary bandwidth of the QPSK
modulation signal, unless the AFC is made by PLL synthesizer 30,
the bandwidth of the desired QPSK modulation signal is narrowed at
a bandpass filter (SAW filter, surface acoustic wave filter) 12
for extracting a QPSK modulation signal and the reception becomes
impossible. In such a case, an AFC by PLL synthesizer 30 is
necessary. An AFC of the present invention is described below,.
which does not cause deterioration of bit error rate due to phase
noise deterioration of local frequency oscillator 31 during
reception even if AFC is done by varying the frequency dividing

ratio of PLL synthesizer 30 by microcomputer 50.



‘'voltage-controlled oscillator 17 by PLL synthesizer, nmaking the step
frequency snall er enough than the step frequency of PLL synthesizer 30 used
for channel selection and varying the oscillation frequency according to
the AFC signal outputted from QPSK deggdul ator 22, frequency drift of the
second | F signal can be conpensated wth high accuracy at orthogonal
detector 16 and the characteristic of bit error rate as a receiver can be
kept good, because a phase noi se characteristic of the |ocal oscillation
frequency is inproved keepi ng AFC accuracy. (Third exenpl ary
enbodi nent) In FIG 3, the termnal 10 is an input termnal of a
first |F signal froma receiving antenna for satellite broadcast. The bl ock

11 is a mxer for fPegagseysxvivoniragian desiyansersk Aemyl Enlsresi dfal

into a degdpinedd impe88ibléd wHNahe FHE8qRREK drift is large at channel
17 12 is a _hand aas {LIter for, extracti onl.y thg deshﬁpat%q second. | F
si gnal frcﬁﬁkﬁﬁ5180tgﬂ Bl fixaghesizefndo pRcientEiPSoPY nd gofide due to

thunder during reception and as a result, channel selection
becomes impossible, microcomputer 50 checks a synchronization
establishment signal 113 coming from transport demultiplexer 24
and control data for PLL synthesizer 30 is renewed only at this

case and AFC is done at PLL synthesizer 30. .

During reception, the frequency drift is detected from 1
and Q base band signals at QPSK demodulator 22 and a frequency
drift detection signal 120 is outputted as an analogue voltage for
a frequency drift. By using a voltage—controlled oscillator shown
in FIG. 13 as an orthogonal detection oscillator 17 used in
orthogonal detector 16 and varying the capacity of variable
capacitance dicde 302 shown in FIG. 13 by frequency drift
detection signal 120, the oscillation frequency is varied and AFC

is controlled.

Thus, because microcomputer 50 does not renew a control
signal of the frequency dividing ratio for PLL synthesizer 30
during reception by doing AFC at PLL synthesizer 30 when transport:
demultiplexer 24 is not synchronized and by doing AFC at
orthogonal detector 16 when transport demultiplexer 24 is
synchronized, it becomes possible to prevent reception quality
deterioration due to sending control data to PLL synthesizer 30 at

AFC during reception.

A similar effect is obtained by doing.AFC at PLL
synthesizer 30 and orthogonal detector 16 when transport
demultiplexer 24 is not synchronized and by doing AFC at only
orthogonal detector 16 when transport demultiplexer 24 is

synchronized,

It is obvious that a similar effect can be cobtained also



“detection neans inputting the output of bandpass filter 12 and for
obt ai ni ng base band signals of an in-phase conponent | and a quadrature
_conponent Q by orthogonal detection. The block 21 is an A/ D converter

i nputting the output of the I/Q orthoggnal detection nmeans 16 and for
converting the I and Q base band signal's into digital signals. The bl ock 22
Is a QPSK denodul ator inputting the digitalized I and Q signals and for
denodul ating the inputted | and Q signals by QPSK. The block 23 is an error
correction decoder. The block 24 is a demultiplexer for denultiplexing a
transport stre I n_which band conpressed video.and sound si.gnals are

mul ti pl exét .enT%Eeb?BE‘Eraﬁ)usi slsacﬁﬂgggﬁatﬂ%s%zae “‘f"SFc’ﬁ%“r‘Pe‘f%ftri 05% é:L‘FSg?ila

osci | | at i swrnshgraizatier ssatpbilishmeht sikwialefQRSXNARKY aldmyd tdpdauer | 24

frequency+42eught 8dntASP Kufagibgnat ed second | F signal at mixer 11. The
bl ock 17 is an orthogonal detection voltage-controlled oscillator for :

generating a |local oscillation signal necessary for orthogonal detection.
The function of a digital broadcast receiver conposed |ike the above is
expl ai ned bel ow. . The,.first J|F. si | received through a receiving
antenna for satelli pél%tr'}bae ceé{?tlafg ﬁﬁ"’?(%ddm\‘m a local oscillation signal
generated at PLL syAthintly @xeg®larynerrdilierdandfathe spremer@PSKveDtibmtison

si gnal of 418 fhEgt pbfowi Merggngrgg%_y-lc‘zonverted into a designated

second | F signal. PLL synthesizer 30 is conposed of a local oscillator 31,
a prescal er 32, a pFogr ahdrathicrst thaticar \ARR fugestion in gsidede thr pyaeeRy

detector FerezibehCiSRCSY fHidNWeReY Shtdaly d “oderoBb@dtran @8R filter 37.
The out put .of local oscillator 31 is fr_equei%gy-,gl vi ded trpres al.er 32, is
i nputt ed TFpPEGPEIHEDI A H Yy aEREYTHPY | L theyfifth exemplary embodiment

shown in FIG. 8. The blocks having the same reference numbers
have similar functions to those in the fifth exemplary embodiment

and their explanations are omitted.

A frequency drift occurs in the first IF signal inputted
from a first IF signal input terminal 10 due to a frequency
converter of a receiving antenna {not shown) for satellite
broadcast.. . The frequency drift of the first IF signal is
generally +/— 2.5 MHz and to compensate it, AFC is needed in a

receiver.

In the case in which the frequency drift of the first IF
signal is smaller encugh than the necessary bandwidth of the QPSK
modulation signal (for example, the frequency drift is +/— 2.5 MH=z
against the necessary bandwidth of 27 MHz of the QPSK modulation
signal), there is no problem with only a control by orthogonal
detection oscillator 17 as shown in the seventh exemplary
embodiment but when the frequency drift of the first IF signal is
going larger against the necessary bandwidth of the QPSK
modulation signal, unless the AFC is made by PLL synthesizer 30,
the bandwidth of the desired QPSK modulation signal is narrowed at
a bandpass filter 12 for extracting a QPSK modulation signal and

the reception becomes impossible.

In such a case, an AFC by PLL synthesizer 30 is



and is further frequency-divided. The output of progranmabl e frequency
divider 33 is inputted to phase detector 34 and PLL synthesizer 30 is
.controlled so that the inputted signal to phase

18 detector 34 coincides with a refgrence frequency signal 40 obtained
by dividing the systemclock signal generated at denultiplexer 24 at a
reference frequency signal divider 35 in frequency and phase. The | ocal

oscillati-on frequency fvco is expressed by (eq. 6). fvco = (fr /
R x Npse X Np ...... .. ... ... ... ( eg. 6) where fvco: oscillation frequency
of the | ocraécém:lyl at AF\ AFC of thef brefséaﬁuamhafont he aeserue bereguency
si gnal , gauenc di V|d|n rati o, of rescal er Np:-

Fr uehcy ARG BPECBIY PR B e 1 TSRy SH 01 e 28 5o
R frequermhasH mcdlsngdeaermrtﬁtntdue ofeflecahcérdqueqeenogcsl iptair 31 during

A | ocal osglddatiipn etzéﬁqi'f*“%i/ AF 5 %SBQHQ' BY A rly’ RHECRARYqRing deSLaEH,-
QPSK nodul at1on si can be obtain
ratio of PLL synthesizer 30 by mlcrocomputer 50.

Because frame synchronization of error correction
decoder 23 becomes impossible when PLL synthesizer 30 malfunctions
by a surge due to a thunder during reception and as a result,
channel selection becomes imﬁossihle, microcomputer 50 checks a
frame sync signal 114 coming from error correction decoder 23 at
channel selection and control data for PLL synthesizer 30 is

renewed only at this case and AFC is done at PLL synthesizer 30.

During reception, the frequency drift is detected from I
and Q base band signals at QPSK demodulator 22 and a frequency
drift detection signal 120 is outputted as an analog voltage for a
frequency drift. By using a Voltage—contrblled oscillator shown
in FIG. 13.as an orthogonél detection oscillator 17 used in
orthogonal detector 16 and varying the capacity of wvariable
capacitance diode 302 shown in FIG. 13 by frequency drift
detection signal 120, the oscillation frequency is varied'and AFC

is controlled.

Thus, because microcomputer 50 does not renew a cbntrol
signal of the frequency dividing ratio for PLL synthesizer 30
during reception by doing AFC at PLL synthesizer 30 when error
correction decoder 23 is not synchronized ahd by doing AFC at
Srthcgonal detector 16 when error correction decoder 23 is
synchronized, it becomes possible to prevent reception quality
deterioration due to sending control data to PLL synthesizer 30 at

AFC during reception.

A similar effect is obtained by doing AFC at PLL
synthesizer 30 and orthogonal detector 16 when error correction

decoder 23 is not synchronized and by doing AFC at anly orthogonal



“varying frequency dividing ratio Np of programmbl e frequency divider 33 by
m croconput er 50. The QPSK nodul ati on signha
_frequency-converted into a designated second |IF signal at mixer 11 is

i nputted to orthogonal detector 16 afggr being extracted at bandpass filter
12. At orthogonal detector 16, an oscrllation signal generated at

ort hogonal detection voltage-controlled oscillator 17 with a designated
second I F and a signal phase-shifted by 90 degrees fromthe oscillation
signal are supplied to mixers 13 and 15, respectively and they are m xed

W th the oyfputesi %a'wh% Q@pgpaéo}xféét&% é%cLBSI—ezf% t;%ehbanﬂzéa gnal s of
an i n-phase conponent a quadrature conponent 9% SK nodul ati on
signal, respectivel yt 15 " obvious thitte 3 S&Hdlerbégée% ﬁH"bFGna faiped also

convert ed vl'lﬂerdltg'let %Ippslrgr&akslatc@iboﬂéa %e,nmatemaﬁomlﬁree g00thedksy a

denodul at e SK,demqdul at or modul 22 includes a. carrier
recovery (ﬂﬁ@ﬁqgﬁﬁaéfﬁnn%%% g gafbd I%ﬁ i T CTa RS el et or
and an AFCHéEﬂdEﬁ(ﬂH ﬁﬁmbuqhtpuntmﬂl(ﬂa§<ldenodulator 22

19

According to a digital broadcast receiver in accordance
with the first to third exemplary embodiments of the present
invention, because the phase noise characteristic of.a local

.oscillation signal is improved, keeping an AFC accuracy, the bit

error rate characteristic as a receiver can be kept good.

According to a digital broadcast receiver in accordance
with the fourth to ninth exemplary embodiments of the present
invention, it is possible to prevent deterioration of a bit error
rate and a reception quality by that the noise characteristic of a
local oscillation signal deteriorates due to control data coming

from a microcomputer during reception.

The invention may be embodied in other specific form
without departing from the spirit or essential characteristics .
thereof. The present embodiment is therefore to be considered in
all respects as illustrative and not restrictive, the scope of the
invention being indicated by the appended claims rather than by
the foregoing description and all changes which come within the
meaning and range of equivalency of the claims are therefore

intended to be embraced therein.



“does Viterbi decoding, deinterleaving, Reed-Solonon decoding or the |like at
error correction decoder 23 and corrects the error generated at a

_transm ssion route. The output signal fromerror correction-decoder 23 is a
transport stream nultiplexed with vidgg and sound signals encoded for band

conpression. Denul tiplexer 24 denultiplexes and extract STh{ Ge@na 04N

signals encoded fromthe transport stream The output of I ﬂ
i s band expanded for each of video and sound signals and uw ﬂﬂﬁ '
signals are reproduced. The oscillation frequ

oscillato n | 0g. a | ocal frequency signal used for channel
selection%g?{aggﬁékgh%%%1ation signal is expressed by (eq. 7).

fvco = flstIF + f2nHi A digital broadcast receivefe§or7yegpiting wcdigital

oscill ati gRaf184¥SACYiaOicdupeik@rgl oscillator for channel selection,
fistlF: frequency of the first IF, and f2ndlF: fre %fncy of the

second | F. channgl, seleatigni Bears SRUTEY g SPER 16 1 ator 31 is
hi gher t haiduhatiefqsbfeyl off EhealibStrédudrnuithad &hénNEdh ef rerfurinéyng

antenna for satell.ite broadcast. b he freaquency.of the second |F,and a
e bon oy SRRk eshs, § S PR ot gl ot FUERT L 8hal (Fn8S (M gy 20
frequency haanigg. a designated ifteamediate¢ |fatespuenmicycuit to obtain such a wide

frequency range, ancgseillalal JauLNgoR §SRANANNeCh! SUEL1 Ui 12 b Ot T P
line and a vari abl e capacitance di ode as” shown i Pl 41is
signal used for a frequency conversion at said channel selection
means;
oscillation frequency control means for controlling a
frequency of the local oscillation signal of said oscillation
means:
phase noise characteristic control means for improving
a phase noise characteristic of the local oscillation signal
generated at said oscillation means:
filter means for extracting said intermediate frequency
signal produced at said channel selection means;
orthogonal detection means for orthogonally detecting
the intermediate frequency signal extracted at said filter means;
A/D conversion means for converting the analog output of
said orthogonal detection means into a digital signal; and
digital demodulation means for digitally demodulating

the output of said A/D conversion means.

2. A digital broadcast receiver as recited in claim 1,
wherein

said phase noise characteristic control means does AFC
(automatic frequency control) continuously by an automatic
frequency control signal expressing the frequency drift of the
receiving signal detected at said digital demodulation means and
the reference frequency of phase detection of the PLL synthesizer
comprising said oscillation means and said oscillation frequency
control means is made as high as the phase noise near the
oscillation frequency of a local oscillation signal can be reduced

by making an open loop gain of PLL (phase locked loop) synthesizer

REPLACED
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‘necessary. In a digital nodulation |ike QPSK, the phase noise of a | ocal
oscillation signal used for frequency conversion influences on a reception
performance (bit error rate) of the receiver, different froma usual FM
modul ation. As a phase noise not to i uence on bit error rate, 85 dBc/Hz
and 95 dBc/Hz are necessary at frequencies off-set by 10 KHz and 100 kHz—-

fromthe oscillation frequency, respectively.
20 . The phase noi se of a | ocal osci | | ati ortHiss aSBammn acad
wi de oscillation frequency range, however, becones | arge m,ug '[

quality factor % of the resonant circuit decreases due t
£AE9Sar i abl e capaci tance di ode and the phase noi se power

resi st an®&25F

decreases according to increase of frequency deviation fromthe oscillation

frequency as shomn3|nAF3§31é%1 I@ggdé séiééééf%ggrgﬁtfiéf%éd3 Tgfaﬂg

characteristic near the osc Iatlon requency such as at kkt and§100 kHz
preV|omequ§§6r|bed can be inproved by using a PLL synthesizer and can be

real i zed by maki ngsalaeimﬁﬂmlgéeausmglstthe BBASE- HaAGk 8fip Bdyldn
ynt hesi zer .30 .hi gh. and k|n an en Io gai n E g@ The reference
frequenc>’e’ﬁ‘:§'“‘(§éf'8rf"r’i’?i'é"(f’g?J eau‘é S@QK" YR e QNGERL B+ ed at

denmul ti p|Lf5(Glala4oanﬁllh1fi’cﬁqweﬁqyeﬂtyItﬁkbrﬂg:‘d’]ainleans is transmitted and
said exclusive control bus is separated from a control bus in
which a control signal for the other devices including said:

digital decoding means is transmitted.

4. A digital broadcast receiver as recited in claim 1,
wherein

the control by said oscillation frequency control means
is restricted only when a channel is selected or a demodulation

signal is not synchronized.

5. A digital broadcast receiver comprising:

orthogonal detection means for orthogonally detecting a
channel selected QPSK (gquaternary phase—shift keying) modulation
signal; and )

PLL synthesizer means for generating a local oscillation

signal for channel selection; and wherein

AFC is continuously done at said orthogonal detection
means; and

a reference frequency for comparison of a phase
detection at said PLL synthesizer means is increased as high as
the phase nocise near an oscillation frequency of a local

oscillation signal can be reduced.

6. A digital broadcast receiver comprising:

frequency conversion means inputting QPSK modulation
signals in a radio frequency band and for frequency—converting a
desired QPSK modulation signal included in the QPSK modulation
signals into a designated intermediate frequency signal;

bandpass filter means for extractlng said designated

THIS SHEET a;gjiii;-
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“at reference frequency signal divider 35 and it is selected as high as the
phase noi se near the oscillation frequency of |ocal oscillator 31 can be
reduced and its value is several hundreds kHz. The system.clock frequency
generated at denultiplexer 24 is 27 and to exceed the reference
frequency of several hundreds kHz, a Trequency dividing fR{ &P B2, k21,138
IS necessary as a frequency dividing ratio of reference fn

di vider 35. The reference frequency (fr/R) is a step freqiMﬂE"’ﬂ’ﬂm [
synt hesi zer 30 and the out put frequency of |ocal oscillat

times of the reference frequency and does not al ways coincide with |ocal
osci | | at | bntermefiat® frsarsncersiqnasdifirst | F signal into a desi gnated

Secong | F signal. Biahogonad devéadich mearsl snputditey thequatpyt df tdaad
second | F si

nal . _. Therefare, . b Ki .orthogopal detection
Vol tage. CBTRIERTL FidEer PEPDR - 195% T boke TR 4iGrPIR PF ety hase
cont i nuoustypargrites lapdap Ab&isagna comppoetted fhyomnQPSKhdeamallil at or 22 as
shown in ElGcod, "a%e'ﬂ%%'ﬁ&'éﬂ e u%%%ﬁ“&{n&%%%&?r cé.?é?é QWY ol N 2
recei ving_antenna for satel | Tte broadcast and frequency dri ?ron1the
ori gi nal SERVIRNIF Fri€Guefichaueseiviingggéardldrift by i ncreasing the
rziference frequency @f Bhlres¥ 8 st inddt€aRg Rih uRRRS3Eedaidt h hi gh

r

orthogonal detection means and for converting analog base band
signals of I and Q components to digital signals;

QPSK demodulation means for doing QPSK demodulation
digitally; and

PLL synthesizer means for generating a local oscillation
signal for channel selection; and wherein

a reference frequency for comparison of the phase
detection of said PLL synthesizer means is made as high as the
phase noise near the oscillation frequency of a local oscillation

signal can be reduced.

7. A digital broadcast receiver comprising:

orthogonal detection means for orthogonally detecting a
channel selected QPSK modulation signal;

PLL synthesizer means for generating a local oscillation

signal for channel selection; and

QPSK demodulation means for digitally doing QPSK
demodulation; and wherein

continuous AFC is done at said orthogonal detection
means;

a comparison reference frequency signal of the phase
detection of said PLL synthesizer means is obtained by frequency
dividing a clock signal recovered at said QPSK demcdulation means;
and

the comparison reference frequency is made as high as
the phase noise near the oscillation frequency of a local

ascillation signal can be reduced.

8. A digital broadcast receiver comprising:
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accuracy at orthogonal detector 16. Thus, according to the
third exenplary enbodi ment of the present invention, -because--a phase-noi se
characteristic of the local oscillation frequency is inproved keeping AFC
accuracy, the characteristic of bit erggr rate as aThieSiRbtREB&ARegMBe P

good and because a systemclock signal at demultiple coded
and mul tiplexed video and sound signals is frequency- c"Ehe

di vided signal is used as a reference frequency signdl f¥equency
detection at PLL synthesizer 30 and a clock signal of the transmtter side

I n good accuracy is e s.a reference frequenc L gn he .f reguency
accgracy of theyref e#%%‘gleeq}clyeaﬁgﬁ?:ﬁsé?rbr?zﬁa"%gépﬁéfé%‘g?rgieprs ar “@3?T%Tion i's
kept good &agnalseirrarmadior fgaeneycyikpmd agpdnbrat SreduerRivt-coppehtinzer 30

can be el i geBated. QPSK modulatiof SOy GHUILALK P Ond %%ﬂﬂ@f&l on

vol tage-control | ed oscillator 17 by PLL synthesizer, ma th(.e_ step .
frequency SHEPMPEF ERHRIgh dﬁ?&ﬁ“?ﬁ'éds’f'é'ifzﬁ‘l%@éﬁpﬁfﬁiuﬂq_y SiFraési zer 30 used
for channel sel ecti dsardih=saEy il Bgr tdiears Edd dkikPAcE1RfIURIGY daSEghEtdW O

t he AFC si ggggrﬁg&]t_)gétetdrfrom SK_denpdul ator 22, frequency drift of the

second | F Signal can DeCHpEnsateH Mt h hi gh accuracy at orthogonal

detector 16 and the @tkhcmoneli detectiorbintearisr dnprttinqisthe petpuvest aaidde

(oDt o bERBBER 5 AS S LAL AL P Bafh 410 BiCLALALY
component I and a quadrature component Q by an orthogonal
detection, and having an AFC function continuously compensating a
frequency drift of the.receiving signal;

A/D converter means inputting an output of said
orthogonal detection means and for converting analog base band
signals of I and Q components to digital signals;

QPSK demodulation means for doing QPSK demodulation
digitally; and

PLL synthesizer means for generating a local oscillation
signal for channel selection; and wherein

a comparison reference frequency signal for phase
detection of said PLL synthesizer means is obtained by frequency
dividing a clock signal recovered at said QPSK demodulation means;
and

the comparison reference frequency is made as high as
the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.

9. A digital broadcast receiver comprising:

orthogonal detection means for orthogonally detecting a
channel selected QPSK modulation signal;

PLL synthesizer means for generating a local oscillation
signal for channel selection;

QPSK demodulation means for digitally doing QPSK
demodulation;

demultiplex means for demultiplexing encoded and

multiplexed video and sound signals; and wherein

continucus AFC is done at said orthogonal detectia

e o : THIS SHEET HAS BEEN
I
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‘(Fourth exenpl ary enbodi nent) In FIG 7, the termnal 10 is an
I nput termnal of a first IF signal froma receiving antenna for satellite
_broadcast. The block 11 is a mxer for frequency-converting a desi+-ed-QRSK
nodul ation signal into a designated sggond IF signal. The block 12 is a

bandpass filter for extracting only the designated seqQdndima.sB@aRkpidcEP™M

the output of m xer 11. The bl ock 16 is orthogonal det
i nputting the output of bandpass filter 12 and eﬂmmumm‘l‘m llll
22 for obtaining base band signals of an in-phase d a

guadr ature conponent Q by orthogonal detection. The block 21 is an A/ID
converter ‘T‘?ﬂ) ‘ting the output of the I1/Q orthogonal detection neans 16 and
for converting the basembanitisen greflezenmicel faaguéhaomionadt of | the whaget al

signal s. T@&ﬁa@a oF %ﬁli.a BESK ARy Lo egnyu;d-,t %&a&h&adﬁ%if%és&%%# and
Q signals and for denodulating tthe 1nputted | an signal s by K. The .
bl ock 23 idiving & s¥steBcElRfk decmddr oL TRaid| drmulid plexgmeangs it

demul tipl exer for separ abmpdrfsdr HeHeekhcs! L& @Nals WaBEhadHKLh as

the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.

10. A digital broadcast receiver comprising:

frequency conversion means inputting QPSK modulation
signals in a radio frequency band and for frequency—converting a
desired QPSK modulation signal included in the QPSK modulation
signals into a designated intermediate frequency signal;

bandpass filter means for extracting said designated
intermediate frequency signal;

' orthogonal detection means inputting the output of said
bandpass filter means, obtaining base band signals of an in—phase
component I and a quadrature component Q by a orthogonal
detection, .and having an AFC function continuously compensatipg a
frequency drift of the receiving signal; .

A/D converter means inputting an output of said
orthogonal detection means and for converting analog base band
signals of I and Q_ccmponents to digital signals;

QPSK demodulation means for doing QPSK demodulation
digitally;

error correction means inputting the output of said QPSK
demodulation means and for correcting an error generated on a
transmission route;

demultiplex means inputting the output of said error
correction means and for demultiplexing encoded and multiplexed
video and sound signals; and

PLL synthesizer means for generating a local oscillation
signal for channel selection; and wherein

a comparison reference frequency signal of the phase
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‘conpressed video and sound signals are multiplexed. The block 30 is a PLL
synthesi zer for generation a local oscillation signal_necessary when the
_desired QPSK nodul ation signal is frequency-converted into a designated
second | F signal at mixer 11. The bl ogly 17 is an ortlﬁl nal detection
oscillator for generating a |local oscillation signal eif Replaced
ort hogonal detection. The block 50 is a m croconputer ﬁiiﬁ 1 s a
control bus from m croconmputer 50 to PLL synthesizer 112 is a
control bus from nicr oconputer 50 to QPSK denodul ator 22 and the |ke

The function of a digital broadcast recei ver conposed | i ke the_ above is
expl ai ned YR ion of said Rl gynthesiger; gaans st abFad"eR BYfHFSgYeB8EEi vi ng
ant enna f odiwiatiglg ia eybltaadeacs&k isﬁgﬁiax.edfwsatld addndaliphegi hésbs Oarsi gnal
generated at PLL syrﬁthhesb‘%eg 39 rep xer 11_an d & deS| red QDaSK rmq1ul ation
signal of the first SPoR% |s"fr GOERES - Lo ° 2 FafEd .
second | F ﬁngrﬂiasélmlsynnhesnm daﬁllliaconpo'émhtm‘nq bécal lowzh | | ator 31,

a prescal eo 321 bLen fyLpLaeYadi vider 33, a phase frequency
detector 34, are erence requency signaF di vider 35, reference frequency
signal generator 36 and a loop filter 37. The out put of | ocal
oscillator 31 is inputtaddigidDHrayudebkse Feesiianc ol Yedeividy ah@psk
frequency- dl% ]ged after bg gq’freojg%ncy-di vided at prescaler 32. The out put
of progr arMeBH ¥R, FETEP - of is inputted to phase frequency
detector 34 and PLL chanheéssebect3idn secanst selecdirgo af Hasitéd QPSK

modulation signal;

microcomputer means for controlling said channel
selection means; and wherein

renewal of the channel selection data transmitted from
said microcomputer means to said.channel selection means is done
only when a channel selection is requested and when a
synchronization of demultiplex means for demultiplexing encoded
and multiplexed video and séund signals is established, using an
exclusive control bus as a control bus which a control signal is
transmitted from said microcomputer means to sald channel
selection means and separating from the other control buses whlch
the other control signals for the other devices including digital

demodulating means are transmitted.

12. A digital broadcast receiver comprising:

frequency conversion means inputting QPSK modulation
signals in a radio frequency band and for frequency—converting a
desired QPSK mcdulation signal into a designated intermediate
frequency signal;

bandpass filter means for extracting said designated
intermediate frequency signal;

orthogonal detection means inputting the output of said
bandpass filter means, cbtaining base band signals of an in—phase
component I and a quadrature component Q by an orthogonal
detection, and having an AFC function continuously compensating a

frequency drift of the receiving signal;

|
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23 i nputted signal to phase detector 34 coincides in frequency and
phase with a reference frequency signal 40 obtained by dividing the out put
of a reference frequency signal generator 36 at a_reference frequency
signal divider 35. The local oscillatign f r equencyhiE 2g B ¢bd by
(eq. 2) as previously shown and a | ocal oscillatiojl r respondi ng
to a frequency of desired QPSK nodul ation signal c by varyi ng
a frequency dividing ratio Np of programrmabl e frequency divider 33 by

m croconputer 50. The QPSK nodul ati on signal frequency- converted into a
desi gnated second IF at mxer 11 is inputted to orthogonal detector 16
after being extract BdDaFongeits: Seanst dppapting an output of gpihogonal

det ect or I&pthyyoRadi Hkabéofos ingits Gackaledomlerding0gARBbg dsd L tHaRa

oscillator 17 with _a_des ated second | F_ angd si.gnal, _phase-shifted by 90
degrees fro 8§cfl?ﬁéi rF?ﬁ%ﬂﬂﬂ“tEr§°sﬁb%}?{;15? "RiReérs 13 and 15, .
respectively and t h@pShr demodekh tiiicirh miehesofitp uio isigg QAEK ofledradhdizetsionf i | t er
12 there (£J¥§¥§ and signals of an in-phase conponent | and a quadrature
conponentegg(ﬁ € "QPSK nodul ation signal, respectively. The base
band signals of | am#rerceepoertion decodingereans tiopgt§ingl the gvdipetapfan
A D converdgig ZbskNdedb@u theidiilearnde ARAUESE athaleRRY EBFDH Waldated: ofPSK

denodul at or. 22 L
the transmission route;

demultiplex means inputting the output of said error
correction decoding means and for demultiplexing encoded and
multiplexed video and sound signals; and

PLL synthesizer means for generating a local oscillation
signal for channel selection; and wherein

renewal of the channel selection data transmitted from
said microcomputer means to said PLL synthesizer means is done
only when a channel selectipn is required and when a
synchronization of demultiplex means for demultiplexing encoded
and multiplexed video and sound signals is not established, using
an exclusive control bus as a control bus whiqh a control signal
is transmitted from said microcomputer means to said PLL
synthesizer means and separating from the other control buses
which the other control signals for the other devices including

digital demodulating means are transmitted.

13. A digital broadcast receiver for receiving a QPSK
modulation signal comprising:

channel selection means selecting a desired QPSK
modulation signal;

microcomputer means for controlling said channel
selection means; and wherein

renewal of the channel selection data transmitted from
said microcomputer means to said channel selection means is done
anly when a channel selection is requested and when a
synchronization of error correction means for correcting

a bit error generated on a transmission route is not established,

using an exclusive control bus as a control bus wh

ICLLE
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includes a carrier recovery and a clock recovery necessary for

denodul ati on, an AGC detector and an AFC detector. The oufput of QPSK
denodul ator 22 does Viterbi decoding, deinterleaving, Reed-Sol onon decodl ng
or the like at error correction decodgr, 23 and cor r eBisSheehbas@eenReplatsther at ed
at a transm ssion route. The output signal fromerror oder 23
Is a transport streamsignal multiplexed with video a E um“ﬂ t:
encoded for band conpression. Transport demultipl exer 24 separates and
extracts 'video and sound signals encoded fromthe transport stream signal .
The output of transport denultiplexer 24 is band expanded for each of video
and sound Sighalsiantransridtedd fsonneaid gHarocameuteprerprrede said

24 channel sdDedX £ Meadst 8hE 0% amﬂ.‘fq hrbmeﬁﬁ@roﬂe&e cdHerbp a
control signal fromth mcrocorrput er_durin recepti1 the control bus of
m cr oconpuPBFe8ohich ¢ T APBEECh S IR S §OBL Fhe R idP¥EC38 and

anot her busM:lﬁaim@!ﬁjﬁMrr@éubahmétﬂQg ST ager keshsmitet.oder 23, etc..
Because synchroni zation at transport demultipl exer 24 becones inpossible

when PLL synthesizer 30
' 14. A digital broadcast receiver comprising:

frequency conversion means inputting QPSK modulation
signals in a radio frequency band and for frequency—converting a
desired QPSK modulation signal into a designated intermediate
frequency signal;

bandpass filter means for extracting said designated
intermediate frequency signal;

orthogonal detection means inputting the output of said
bandpass filter means, obtaining base band signals of an in—phase
component I and a quadrature component Q by a orthogonal
detection, and having an AFC function continuously compensating a
frequency drift of the recéiving signal;

A/D converter means inputting an output of said
orthogonal. detection means and for converting.analog base band
signals of I and Q components to digital signals;

QPSK demodulation means for doing QPSK demodulation
digitally;

error correction decoding means inputting the output of
said QPSK demodulation means and for correcting error generated on
the transmission route;

demultiplex means inputting the output of said error
correction decoding means and for demultiplexing encoded and
multiplexed video and sound signals; and

PLL synthesizer means for generating a local oscillation
signal for channel selection; and wherein

renewal of the channel selection data transmitted from
said microcomputer means to said PLL synthesizer means is done
only when a channel selection is requested and when a
synchronization of said error correction means is not established,
using an exclusive control bus as a control bus which a control

signal is transmitted from said microcomputer means to said PLL
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mal functions by a surge and the like due to a thunder during reception and
a channel selection becomes inpossible, nicroconputér 50 checks a
synchroni zati on establishment signal 113 fromt ransi),(')rt denmul tiprexer 24,

renews the control data to PLL synt heshéer 30 wh mq‘ﬂm”m'(ﬂwltl pl exler
t

24 can not synchroni ze and nmakes a channel selec

is obvious that a similar effect is obtained also when théd cfrcuit is
conposed so that m croconputer 50 checks synchronization establishment
signal 113 fromtransport denultiplexer 24 through control bus 112.

hus. 1T | SyRORGLILE WaRSCURE! SLRLEIHAILOR Ohe ! SORLY INOLRUR bldedlue 1O
deterioration of nolise characteristic of a [ocal oscil]ation signal during.
a recepti offhich the other copirelsignaks £oF Ehpoarhenidevices including fth

exenpl ary &rdoed IMfdmcdullaR@ngl #6&ME 4/ &iHangRitEegxpl ai ned bel ow, referring
to FIG 8. In FIG 8, the termnal 10 is an.input termnal of a

first IF signal froma receiving antenna for satellite broadcast. The bl ock
11 is a mxer for fri&uandygtoal estdadyastdescetdefREK raaditledt ionckagnall

into a deshgpﬁ,g&d &ﬁd&:‘?:’l‘lik .signal. The block 12 is a bandpass filter for
y the de

extracting on signated second |F signal fromthe output of nixer
11. The bl ock 16 is sriheggpadl deedisidromeangnfor nprthdanpalfy detecting a

bandpass fEhaghell Zseuudtlear 008k ahdiuith %€ sRand1 si gl s of an in-phase
conponent | and a quadrature conponent Q by orthogonal detection. The bl ock
21 i s PLL synthesizer means for generating a local oscillation

signal for channel selection; and wherein

continuous AFC is done at said orthogonal detection
means and

a comparison reference frequency of phase detection at
said PLL synthesizer means is made as high as the phase noise near
the oscillation frequency of a local oscillation signal can be

reduced.

16. A digital broadcast receiver as recited in claim 12,
wherein
- continuous AFC is done at said orthogonal detection
means and
a comparison reference frequency of phase detection at
said PLL synthesizer means for channel selection is made as high

as the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.

17. A digital broadcast receiver as recited in claim 13
further comprising:

orthogonal detection means for orthogonally detecting a
channel selected QPSK modulation signal; and

PLL synthesizer means for generating a local oscillation
signal for channel selection; and wherein

continuous AFC is done at said orthogonal detection
means and

a comparison reference frequency of phase detection at

said PLL synthesizer means is made as high as the phase noise near



25 an A/D converter inputting the output of the orthogonal detection
means 16 and for converting the I and Q base band signals into digital
signals. The block 22 is a QPSK denodul ator inputting the digitalized | and
Q signals and for denodul ating the inpggted | and Q signals by QPSK. The ~

bl ock 23 is an error correction decoder. The bl ock 24 |au

denmul tipl exer for demultiplexing a transport streamin M‘l”mslm”,l'””m
band-.conpressed video and sound signals are nultiplexed. The bl'ock 30 i*s a
PLL synthesizer for generation a Iocal OSCI||atI0n si gnal necessary when

the desi reghquoS c1 dq'.x.%g'\l Q?Tahgﬁgy bcr l%ggfnggcf otneglPﬂéP @arqqs%l gnat ed

second IF Sig I's an ort ogona etection

vol t age- con@¢@¢$%d OSC|IIator for generating a local oscillation signa
necessary for orthogonal detection. The block 50 is a m croconputer. The

bl ock 111 is a control bus from mcroconputer 50 to PLL synthesizer, 3Q. The

bl ock 112 is a contr'@- Kuifibat BRARFuEEFeENeT APSELFER DI & ab‘r‘“ 34 and

the like. wherein The function of a digital broadcast receiver conmposed
" continuous AFC is done at said orthogonal detection
means and
a comparison reference frequency of phase detection at
said PLL synthesizer means for channel selection is made as high
as the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.

19. A digital broadcast receiver as recited in claim 1l
further comprising:

orthogonal detection means for orthogonally detecting a
channel selected QPSK modulation signal;

PLL synthesizer means for generating a local oscillation
signal for channel selection; and

‘QPSK demodulation means for digitally doing QPSK
demodulation; and wherein '

continuous AFC is done at said orthogonal detection
means;

a comparison reference frequency signal of the phase
detection at said PLL synthesizer means is obtained by frequency
dividing a clock signal reproduced at said QPSK demodulation
means; and

said comparison reference fiequency is made as high as
the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.

20. A digital broadcast receiver as recited in claim 12,
wherein

continuous AFC is done at said orthogonal detection
means;

a comparison reference frequency signal of the phase



1ike the above is explained bel ow The first IF signal received
through a receiving antenna for satellite broadcast is mxed wth a | ocal
.oscillation signal generated at PLL synthesizer 30 at mxer. 11 and-a---— - "
desired QPSK nodul ation signal of theggrst IF signal is

frequency-converted into a designated second |IF signal. gmm‘i\m!(!ﬂﬁﬂ“?“‘mo
i s conposed of a local oscillator 31, a prescaler 32, a pJitagr s  *
frequency divider 33, a phase frequency detector 34, a reference frequency
signal divider 35, reference frequency signal generator 36 and a | oop

filter 37., The _output of, | oscillator 31 is Jjnputted fo programuable
{1 equency AIEHAPNGAE i Ak aRESheafort dipans SPTh G T LS o F ded
at prescalobta3edThe Ocequenayf divddiaosmabtlodls eggeady rdprediered3ati said

I nputted ngRhaﬁﬁ?ggiﬁﬁgéH(ﬁ§%”%qda éL synt hesi zer 30 is controlled so that

t he input "Signa phase tector 34 coincides in frequency and phase w-th
a reference frequenggidjepnuarigophrafarveneyy fHedgusingy Lhcnads fm héghaas

26 I ¢hel gR8Sel AE L WA SitBRAbLsEENEs RIS Bl qdlendyl 6F 4 er1f requency

signal divider 35, )
oscillation signal can be reduced.

21. A digital broadcast receiver as recited in claim 13
further comprising:

orthogonal detection means for orthogonally detecting a
channel selected OPSK modulation signal;

PLL synthesizer means for generating a local oscillation
signal for channel selection; and

QPSK demodulation means for digitally doing QPSK
demodulation; and wherein

continuous AFC is done at said orthogonal detection
means; .

a comparison reference frequency signal of phase
detection at said PLL synthesizer means is obtained by frequency
dividing a cloék signal recovered at said QPSK.demodulation means;
and

said comparison reference frequency is made as high as
the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.

22. A digital broadcast receiver as recited in claim 14,
wherein

continuous AFC is done at said orthogonal detection
means; '

a comparison reference frequency signal of phase
detection at said PLL synthesizer means for channel selection is
obtained by frequency dividing a clock signal recovered at said
QPSK demodulation means: and

said compariscon reference frequency is made as high as
the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.



The |l ocal oscillation frequency Fvco is expressed by (eq. 4) as previously
shown and a local oscillation frequency corresponding to a frequency of
desired QPSK nodul ati on signal can be obtained by varying a frequency
dividing ratio Np of programmable freqygncy divider 33 by mcroconmputer 50.
The QPSK nodul ation signal frequency-converted into a designated second tF

at mxer 11 is inputted to orthogonal detector 16 afterum at
bandpass filter 12. At orthogonal detector lgﬁl"m, ’mum#
signal generated at orthogonal detection oscillator 17 wtth atdesi gnatsed
second I F and a signal phase-shifted by 90 degrees fromthe oscillation
signal are supplied to m xers 13 and 15, respectively and they are m xed

with the output sign2B.od dbmidpdsdrbabitast 1Peddicfee asdreéoitdhnch ilgaal §1

equi val ent Q-2 Qompggzgnq@nponent | and a quadrature conponent Q of the
QPSK nodul ation signa respectively. The | ow band signal s

equival ent to | and ershesrnal sletessionrmeans Cafi grthpganahky sletecing/ ®

converter Zflhaamélageldtgéaa(bﬁsx q\e,qquJt%gdsﬂnaQDSK denodul ator 22. QPSK
denodul at or 22 |ncI u ﬁ\%cs rri.er recover% and a clock recovery necessary

for denodul ati on, iGeraRgans LAt FhPHE PFcidiatimx
denodul at orsinZxadoe‘sr\/chanﬂml deleditign; dei nt er| eavi ng, Reed- Sol onon decodi ng

or the like at error r ecaoder nd corre he er gener at ed
at a transm ssion rou%gk %é&e%{}ta%uf’"s?ﬁ%%? ‘? r?nlgr"?:ﬁﬁ%o ‘%’%E{decoder 23
is a transpemedsglpsaansigmdl nul tipl exed with VI deo and sound signal s

encoded for band coMBegSstQftex HAAAROLL: sRHEXChg 2ndRiDY Ling exes and
extracts video agd sQund_si gnal s encoded romt e transport stream Si gnal

The out put WP2R%P r‘(’-%%‘?nﬂ"ﬂ SPERer sHanals pand é&‘ﬁﬁﬁ%d for each of video
and sound si gnal s andowt it AFE0oH8ddSh& N Said orthogonal detection

means;

a comparison reference frequency signal of phase
detection at said PLL synthesizer means is obtained by frequency
dividing a system clock signal of said demultiplex means; and

said comparison reference frequency is made as high as
the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.

24. A digital broadcast receiver as recited in claim 12,
wherein

continuous AFC is done at said orthogonal detection
means;

a comparison reference frequency signal of phase
detection at said PLL synthesizer means for channel selection is

- obtained by frequency dividing a system clock signal of said

demultiplex means; and

said comparison reference frequency is made as high as
the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.

25. A digital broadcast receiver as recited in claim 13
further comprising:

orthogonal detection means for orthogonally detecting a

channel selected QPSK modulation signal;



-are reproduced. 27 To
prevent deterioration of bit error rate due to a control signal fromthe
~m croconputer during reception, the control bus of mcroconputer 50 is
separated into a bus 111 to PLL synth leer 30 and another bus 112 to QPSK
denodul ator 22, error correction deco

’ 5 vecHIHITANEEAI
synchroni zati on at error correction decoder 23 bec hhen PLL

synt hesi zer 30 mal functions by a surge and the |ike*due to & thurfder during
reception and a channel sel ection becones inpossible, mcroconmputer 50

checks a frame syncpfpnj Aémzz'rgﬂélm;léoé fgne%&%gcgri@é‘al Y3 H2E26E8n 23,

renews the control data L synthesi zer when error correction decoder
23 can notSiSNhEeRi ¢ Eaﬁﬁﬁﬂrﬁﬂ&§§t&06hannel sel ection again. | t

i's obvious that a SQFSkadexﬂ:ftftﬂ%ttlbﬁ AbLAS NFBE Aigetwhep ddbngLigrsKit s

conposed %ﬁﬂégﬁé croconputer 50 checks the frame sync signal fromerror

correctio 851937 A%Qugh control bus 112 of nicroconputer 50.
demultiplex means for demultiplexing encoded and

multiplexed video and sound signals; and wherein

continuous AFC is done at said orthogonal detection
means;

a comparison reference frequency signal of phase
detection at said PLL synthesizer means is obtained by frequency
dividing a system clock signal of said demultiplex means; and

_ said comparison reference frequency is made as high as
the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.

26. A digital broadcast receiver as recited in claim 14,
wherein |

continuous AFC is done at said orthogonal detection
means;

a comparison reference frequency signal of phase
detection at said PLL synthesizer means for channei selection is
obtained by frequency dividing a system clock signal of said
demultiplex means; and '

said comparison reference frequency is made as high as
the phase noise near the oscillation frequency of a local

oscillation signal can be reduced.

27. A digital broadcast receiver as recited in claim 11
further comprising:

orthogonal detection means for orthogonally detecting a
channel selected QPSK modulation signal;

PLL synthesizer means for generating a local oscillation
signal for channel selection; and

demultiplex means for demultiplexing encoded and
multiplexed video and sound signals; and wherein

AFC is done at said PLL synthesizer means and said



“Thus, it is possible to prevent deterioration of receiving quality due to
deterioration of noise characteristic of a local oscillation signal during
_a reception. (Si xth exenpl ary enbodi nent)---—- - -~ —A-sixth

exenpl ary enbodi ment of the present igé@ntion Is expl ai I rring
to FIG 9. FIG 9 shows that "an AFC functioi‘“ﬁiﬁmiﬂlﬂmw{m\/ent
deterioration of bit error rate by a control bus from onput=er
during reception in the fourth exenplary enbodi nent shown in FIG 7. The
bl ocks having the sane reference nunbers have simlar functions to those in
t he fourt lorehegphalydetbotidrenicansdwhéei syreetdanizhaitdnas af esaid t t ed.
AT equenGedni 1 QGCHE Sod N d Nl bLghpl Fomlgnald nut ted froma fivst |F

" termnal dué to a freq [

signal inpu uency converter of a receiving

ant enna (not shomn)cbotigggq§|qﬂgeis done at said orthogonal detection 28
means when synchronization of said demultiplex means is '
established.

28. A digital broadcast receiver as recited in claim 12,
wherein

AFC is done at said PLL synthesizer means for a channel
selection and said orthogonal detection means when synchronization
of said demultiplex means is not established; and

AFC is done at said orthogonal detection means when

synchronization of said demultiplex means is established.

29. A digital broadcast receiver as recited in claim 13
further comprising:

orthogonal detection means for:orthogonally detecting a
channel selected QPSK modulation signal; -

PLL synthesizer means for channel selection; and

error correction decoding means for correcting error
generated on a transmission route; and wherein

AFC is done at said PLL synthesizer means and said
orthogonal detection means when synchronization of said error
correction decoding means is not established; and

AFC is done at said orthogonal detection means when
synchronization of said error correction decoding means is
established.

30. A aigital broadcast receiver as recited in claim 14,
wherein
) AFC is done at said PLL synthesizer means for a channel
selection and said orthogonal detection means when synchronization
of said error correction decoding means is not established; and
AFC is done at said orthogonal detection means when

synchronization of said error correction decoding means is
established.



"broadcast. The frequency drift of the first IF signal is generally +/- 2.5

MHz and to conpensate it, AFCis needed in a receiver. Because if
.the AFC is done by varying a frequency dividing ratio of PLL synthesizer 30
t hrough m croconputer 50 as shown in prior art, the control data is

sent to PLL synthesizer 30 during reception and it brings deterioration of
bit error ABSERAQ® to phase noi se deterioration of |ocal frequency
oscillatar 31, the AFC is nade as follows in the sixth exenplary

enbodi mentTITLE OF INVENTIONOPBRITARBROADEAST2RECEEVERequency drift is
detected frominputted | and Q base band signals and a frequency drift
detection signal 120 is outputted as an anal og vol tage agai nst the
frequency drift. A doBiagbatomtomidasmt cecklier ofosmeeeivang| & difitad used

as an orthagonal ;dqt EEIE;hQi‘ aﬁceﬂé YPeseht: lmémarﬁ ¥88aber <Rt hogonal

detector 16. The oscillation requencg:‘ﬁgl s varied varying_the capaC| tance
of a vari dfleTIFRcPEaRS 1P Sl 2 W‘iaﬂ-nm?#‘éatfﬁ’“t ﬁl’-SUﬁh % ey Feddy

drift det esddquienglygbahdlahd aﬂelecfm&yr eonoBeYidy id tdeeflrQa?SKldﬂwul ator 22

I S conpensa ggause Q _does not need to
renew a fr“}ac?ﬁlg'ngﬁoal $iaray JI’%EI g SO IFSF g’r’l%‘fe’f“br%f syﬁ?‘ﬁ T Zer 30 :
agai nst theEidnadquesciliation oieaQESIfcm)dehare‘dlm ganaﬂocay dacnglat-’tﬁenat

or t hogonalg « fic"u% al8or! ErlGudiSs 'é&ln%e%ga% eYent %S%Q}Eaééf

reception qu Ity ue to sending contro ata to LL synt hesi zer 56’ at AFC
during re%ﬂﬂﬁﬂﬁonOSClllatlon frequency control means for controlling a

frequency of the local oscillation signal at the oscillation
means; phase noise characteristic control means for improving a
phase noise characteristic of the local oscillation signal
‘generated at the oscillation means; filter means for extracting
the intermediate frequency signal selected at channel selection
means; orthogonal detection means for orthogonally detecting the
intermediate frequency signal extracted at the filter means; A/D
converter means for converting the analog ocutput of the orthogonal
detection means into a digital signal; and digital demodulation
means for digitally demodulating the output of the A/D converter
means; and makes a high performance digital reéepticn possible
which can improwve an AFC function by the channel selection means -

and can improve a bhit error rate at the same time.

Figure 1.



“(Sevent h exenpl ary enbodi nent) A seventh exenpl ary enbodi nent of
the present invention is explained below, referring to FIG 10.

_FIG 10 shows that an AFC function is added to prevent deterioration of bit
error rate by a control bus fromthe mcroconmputer during reception in the
fifth exenpl ary enbodi nent. shown in J|:)1% 8. The bl ocks having the sane

ref erence nunbers 29 have sim | ar
functions to those in the fifth exenplary enbodi nent and their expl anations
are omtted. [FIG. 1 A frequency drift occurs in the first IF signal

I nputted froma first FF signal input termnal 10 due to a frequency .
converter .of a receiving antenna (not shqgn) forzsateldite Qr'g)agc st. The

frequency drift of the first IF signal is generally +/4 2.5 \/Hz d to
conpensate it, AFC is needed in a recei ——f 6 ;
l‘ | | M .
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10...first IF signal input termjinal

1l.. .mixer

12...bandpass filter

13, 15.. .mixer

14.. .90 degree phase shifter
16...orthogonal detector

17...orthogonal detection (voltage—controlled) oscillator
21...A/D converter

22...0PSK demodulator

50. . .microcomputer (CPU)

60...0QPSK -demodulator output terminal
30...PLL synthesizer

31...1local oscillator

32...prescaler

33...programmable frequency divider
34. . .phase detector

35...reference frequency divider
36...reference frequency signal generator
37...1loop filter



Because if the AFC is done by varying a frequency dividing ratio of PLL
synt hesi zer 30 through m croconputer 50 as shown in the prior art, the
control data is sent to PLL synthesizer 30 during reception and it brings
deterioration of bit error rate due to phase noise deterioration of |ocal. .
frequengy oscillator 31, the AFC is as follows in the seventh

exenpl ary enbodi ment . I n denodul ator 22, the frequency
drift is detected frominputted I and Q base band signals and a frequency
drift detection signal 120 is outputted as an anal og vol tage agai nst the
frequency drift.[BXGLol2flage-controlled oscillator shown in FIG 13 is used
as an orthogonal detection oscillator 17, which is used for an orthogonal
detector 16. The oscillation frequency is varied by varying the capacitance
of a variabl e capacitance di ode 302 showmn in FIG 13 through frequency.
drift detection signal 120 and the frequency drift of QPSK denodul ator 22

i s conpensat ed. Thus, because m croconputer 50 does not need to
renew a frequency dividing ratio control signal to PLL synthesizer 30

agai nst the frequency drift of QPSK nodul ated signal by doing AFC at

ort hogonal detector 16, it is possible to prevent deterioration of
reception quality due to sending control data to PLL synthesizer 30 at AFC
during reception. . ' '
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30 (Ei ghth exenpl ary enbodi nment) An eighth

exenpl ary enbodi nent of the present invention is explained below referring
to FIG 11. FIG 11 shows that an AFC function is added to
prevent deterioration of bit error rate by a control bus fromthe L
m croconputer during reception in the_fourth exenplary enbodi nent shown in
FIG 7. The bl ocks having the sane re?éﬁgnce nunbers have simlar functions
to those in the .fourth exenplary enbodi nent and their expl anations are
omtted. A frequency drift occurs in the first IF signa
inputted froma firmst 3F signal input terminal 10 due to a frequency
converter of a receiving antenna (not shown) for satellite broadcast. The
frequency drift of the first IF signal is generally +/- 2.5 MHz and to
conpensate it, AFC is needed in a receiver. ) In the case in.
which the frequency drift of the first IF signal is snmaller enough than the
necessary bandw dth of the QPSK nodul ati on signal (for exanple, the
frequency drift is +/- 2.5 MHz agai nst the necessary bandw dth of 27 MHz of
the QPSK nodul ation signal), there is no problemwith only a control by

orthogonal detection oscillator }J§& as ighown ipithe2P xt hgekenplPagy
enbodi nent but when the frequency dri fj qf the first | F gignal/is
T ’TéYT _ :
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23.. .error correction decoder
24.. .demultiplexer )
61...transp9;t stream output terminal



goi ng | arger against the necessary bandwi dth of the QPSK nodul ation signal’,
unl ess the AFC is made by PLL synthesizer 30, the bandwi dth of the desired
@QPSK nodul ation signal is narrowed at a bandpass filter (SAWfilter,
surface acoustic wave filter) 12 for extracting a QPSK nodul ati on signa
and the reception becones inpossible. Vf such a case, an AFC by PLL

synt hesi'zer 30 is necessary. An AFC oﬁ %e present invention is described
bel ow, which does not cause deterioration of bit error rate due to phase
noi se deterioration of local frequency oscillator 31 during reception even
if AFC is done 3#. élng the frequency dividing ratio of PLL synthesizer
30 by m croconp 31

Because synchroni zation of transport demultipl exer 24 becones inpossible
when the frequency drift is large at channel selection and PLL synthesi.zer
30 mal functions by a surge due to a thunder during reception and as a
result, channel selection becones inpossible, mcroconputer 50 checks a
synchroni zation establishnent signal 113 coming fromtransport
demul ti pl exer 24 and control data for PLL synthesizer 30 is renewed only at-
this

102
101

H-——n i O./105

104 | i
103/:;{

101...control voltage input terminal

102, 103...variable capacitance diode

104.. .microstrip line

105...local oscillation signal output terminal



case and AFC is done at PLL synthesizer 30. During reception;--
the frequency drift is detected from|l and Q base band signals at QPSK
denodul ator 22 and a frequency drift detection signal 120 is outputted as
an anal ogue voltage for a frequency drift. By using a voltage-controlled
oscillater shown in FIG 13 as an ortﬁgﬁgpaL detection oscillator 17 used
in orthogonal detector 16 and varyi ng capacity of variabl e capacitance
di ode 302 shown in FIG. 13 by frequency drift detection signal 120, the
oscillation frequency is varied and AFC is control |l ed. Thus,
because m croconputer 50 does not renew a control signal of the frequency
dividing ratio {®8¥GPIS] synt hesi zer 30 during reception by doing AFC at PLL
synt hesi zer 30 when transport denultiplexer 24 is not synchronized and by
doi ng AFC at orthogonal detector 16 when transport demultiplexer 24 is .
synchroni zed, it becones possible to prevent reception quality ’
deterioration due to sending control data to PLL synthesizer 30 at AFC
during reception. ' : A simlar effect is obtained by doing AFC at
PLL synt hesi zer 30 and orthogonal detector 16 when transport denultipl-exer
24 is not synchronized and by doing. AFC at only orthogonal detector 16 when:
transport demnul ti pl exer 24 i.s synchroni zed, It is obvious that
a simlar effect can bg obtained also :

phase noise pawer (éBm)

. fc f¢ fc
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32 when the apparatus is conposed so that microconputer 50 checks a
synchroni zati on establishnent signal of transport denultiplexer 24 t-hrough’

control bus 112. (Ni nth exenpl ary enbodi nent) A

ni nth exenpl ary enbodi nent of the present invention is explained below,.-..
referrimg to FIG 12. FI G %? ghoms that an AFC function is added
to prevent deterioration of bit error h e by a control bus fromthe -,

m croconputer during reception in the fifth exenplary enbodi nent shown in’
FIG 8. The bl ocks having the sane reference nunbers have simlar functions
to those in the fifth exenplary enbodi nent and their explanations are
onitted. [FIG. @l frequency drift occurs in the first IF signal
inputted froma first IF signal input termnal 10 due to a frequency
converter of a receiving antenna (not shown) for satellite

C ol

F2ndIF
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arthogonal detection oscillator 17

oscillation frequency Fvco of
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broadcast. The frequency drift of the first IF signal is generally +/- 2.5
MHz and to conpensate it, AFCis needed in a receiver. In the
case in which the frequency drift of the first IF signal is snaller enough
than the necessary bandw dth of the QPSK nodul ati on signal (for exanple,
the frequency drift is +/- 2.5 M& agﬁlﬁgt t he necessary bandw dth of 27 .
WMHz of the QPSK nodul ati on signal), é is no problemwith only a control
by orthogonal detection oscillator 17 as shown in the seventh exenplary
enbodi nent but mhen the frequency drift of the first IF signal is going

| ar ger agai nst ggessary bandw dt h of the QPSK nodul ati on signal,

unl ess the AFC |s ma by PLL synthesizer 30, the bandwi dth of the deS|red
QPSK nmodul ation signal is narrowed at a bandpass filter 12 for extracting a

QPSK nodul ation signal and the reception becones inpossible. o o . In
such a case, an AFC by PLL synthesizerI%S IS ’
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necessary. An AFC of the present invention is described bel ow, which ‘does
not cause any picture quality deterioration due to phase noise
deterioration of l|ocal frequency oscillator 31 during reception even if an
AFC i s done by varying the frequency dividing ratio of PLL synthesizer 30
by m croconput er 50. Becagﬁgsfrane synchroni zation of error
correction decoder 23 becones i npossi when PLL synt hesi zer 30

mal functi ons by a surge due to a thunder during reception and as a result,
channel sel ection becones inpossible, nicroconputer 50 checks a frane sync
signal 114 com ndFtGon8krror correction decoder 23 at channel selection and
control data for PLL synthesizer 30 is renewed only at this case and AFC is
done at PLL synthesizer 30. - - During reception, the frequency
drift is detected fromI| and O base band signals at QPSK denodul ator 22 and
a frequency drift detection signal 120 138 out ppyted an ggaloquoltage
for a frequency drift. By using a_yglt.pg qon;xolle osci |fat or Shown in
FIG 13 as an orthogonal det ect iton og | in orthagoga
detector 16 and varying the capdfi Mjabl ¢ dapa¢i §ancp fli ode 302
shown in FIG 13 by frequEncw Eﬂlft Ftectitgn sijgnal , thelosclllation
frequency is varied gnd AFC i8¢ ) 'hus] because

m croconput er 50 dgfs FENEWVI§ CONR sifgnal] df thelfrepuencyl dividi ng
ratio for PLL synt ' n by doi ng AFC AT} PLL

synt hesi zer 30 when erfor Corrteli da ded 231} 9 ynchr pni Zgdy and by
doi ng AFC at orthogonal detectoﬂ 1@5 wﬂaor dor i n decpderf 23 is
synchroni zed, it beconys p053|bhv t R4 ent redeq jual j ty '
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deterioration due to sending control data to PLL synthesizer 30 at AFC- -
during reception. A simlar effect is obtained by doing AFC at
PLL synt hesi zer 30 and orthogonal detector 16 when error correction decoder
23 i s not synchronized and by doing AFC at only orthogonal

34 detector 16 when error correctiﬁpﬁgecoder 23 is synchroni zed.

It is obvious that a simlar effect ca obt ai ned al so when t he apparat us
i s conposed so that m croconputer 50 checks a frane synchroni zation
establ i shment " signal of error correction decoder 23 through control bus
112. [£g§pg§ing to a digital broadcast receiver in accordance
with the first to third exenplary enbodi nents of the present invention,
because the phase noise characteristic of a local oscillation signal is

i nproved, keeping an AFC accuracy, the bit error rate characteristic as a
recei ver can be kept good. '
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According to a digital broadcast receiver in accordance with the fourth to
nint h exenpl ary enbodi nents of the present invention, it is possible to
prevent deterioration of a bit error rate and a reception quality by that
the noi se characteristic of a |local oscillation signal deteriorates due to
control .data com ng froma nicroconpuLQIEfuring reception. o The
i nvention may be enbodied in other sp |# c formw thout departing fromthe
spirit or essential.-characteristics thereof. The present enbodinent is '
therefore to be considered in all respects as illustrative and not
restrictive, thegﬁf pgpﬁf the invention being indicated by the appended
clainms rather th é& e foregoing description and all changes which cone
wi t hin the neaning and range of equivalency of the clains are therefore
intended to be enbraced therein. _ X .

-35 - What is clainmed is: - - 1. A receiver for receiving
a first nodulated digital signal, the receiver conprising: o
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a first local oscillator for generating a first local oscillation signaly

5 a mxer for converting the first nodulated digital signal into a
second nodul at ed digital signal having a predeterm ned internediate
frequency based on the first |ocal oscillation signal; a .
filter for extracting an |nterned|at {hgguency signal fromthe second
nodul at ed digital signal; second | ocal oscillator,
responsive to an AFC (Autonatlc Frequency Control) signal, for
generating a second |ocal oscillation signal having an oscillation
frequency; an orthogonal detector for detecting a signa
conponent based pizd haigecond | ocal oscillation signal; an
Al D (anal ogue-to-digital) converter for converting the signal conponent
into a 15 digital signal; and a digital denodul ator, having.an
AFC (Automatic Frequency Control) detector, for digitally denDduIatlng
the digital signal, and for producing the AFC si gnal . 2. A
receiver, as recited in claim1, further conpri si ng: 20 a conput er

for controlling the first Iocal oscillat3on s?qna
control bus for relaying a control sigpal_fro
| ocal - oscill ator. .3..
an orthogonal detector, having!!
sel ected QPSK (quat e -ary QQ
a PLL (phase-|ockegg oop) f ﬂ :
| ocal oscillatipn ngt u S
ref erence frequen

€,
e
control) of the oscil s-lcd Vi
det ect or. ' '
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+-36 - 4. A digital receiver conprising: a PLL for
generating a local oscillation signal based on phase detection and
_conparison with a reference frequency signal; a mxer for
converting a QPSK (quaternary phase-shift keying) nodul ated signal into 5 a
first internediate frequency signal 5?@ﬁ on the local oscillation signal

a bandpass filter for extracting a s i nternedi ate frequency signal

fromthe first, i nternedi ate frequency signal; an orthogona
detector, responsive to an AFC (Automatic Frequency Control) signal, for
detecting an in-&hase ﬁonponent signal | and a quadrature conmponent signa
Q of the 10 sedd §-i httrnedi ate frequency signal and for continuously
conpensating a frequency drift of t he second internedi ate frequency
si gnal ; an A/D converter for converting the in-phase conponent
signal | and the quadrature component signal Q of the second
internmedi ate frequency signal to a dig“tﬁl in}?hase co nent iignal and
a digital quadrature conponent signal; d 1521 zg(JD de al ator for
digitally denodul ati ng the digiral~Tps s orpettty Si nd the
di gi tal quadrature conponent sib N cing {he AFE (Automatic
Frequency Control). 5. Al re conpritsi ng: a
PLL for generating . lodal odc2{ ] g d oph phask fetdction and
conparison with a i ncp—Zehlien all; a
converting a QPSK T AWE SE;? keyin nod t edf nto
a first internedialte ncyl ${ gn 2 dl | ofpall osfi
si gnal ; S '
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a bandpass filter for extracting a second internedi ate frequency signal -
fromthe first 25 internedi ate frequency signal; ort hogona
detector for detecting an in-phase conponent | and a quadrature conmponent
Q of the second internedi ate frequency signal and for continuously ,
conpensating a frequency drift of igfgiecond i nternedi ate frequency

si gnal ; an A/D converter f nverting the in-phase conponent
signal | and the quadrature 30 conponent signal Q of the second
internedi ate frequency signal to a digital in-phase

-37 - co nent._signal and a digital quadrature conponent signal

QPSK denodul at Iqwnl3digitally denodul ating the digital in-phase conponent
si gnal and the digital quadrature conponent signal and for producing an
encoded and nul ti pl exed signal; 5 error correction nmeans for .
correcting transm ssion errors of the encoded and mul ti pl exed signal;
and a demultiplexer for demultiplexing the output of said error
correction means and for produci ng a system cl ock signal, wherein the -
reference frequency signal for phase detection and conpari son by said
PLL is cal culated by dividing the system cl ock.signal produced by 10 said
denul ti pl exer. 6. A digital receiver npri si ng:

301

310...frequency drift detection signal input terminal
302...variable capacitance diode
303...inductance

304. . .orthogonal detection oscillation signal output terminal



-a PLL for generating a |ocal oscillation signal based on phase detection
and conparison with a reference frequency signal; 15 a mxer for
.converting a QPSK (quaternary phase-shift keying) nodul ated signal into

a first internediate frequency signal based on the | ocal oscillation

si gnal ; a bandpass filter1h?15extracting a second internedi ate
frequency signal fromthe first i nternedi ate frequency signal

ort hogonal detector for detecting an in-phase conponent | and a quadrature

conmponent 20 Q of the second internediate-frequenc§ signal and for
conti nuously cond#ISGat LAY a frequency R e second internedi ate

frequency signal; an A/ D converter for -converting the in-phase
conponent signal | and the quadrature conponent signal Q of the second
intermedi ate frequency signal to a digital in-phase-  conponent signal
and a digital quadrature conponent signal; 25 QPSK denodul at or for
digitally denodul ating the dﬁgital i n- pH@se conponent _signal . and t he
di gi tal quadrature cd@ponent ,signal and/for prdducing ah enco I and

mul ti pl exed signdl ; - gy corredtion neaps for cdrecting

transm ssion errors
denul ti pl exer for denul ti
and for.

ANp—m-Hi pl-exed § , a
Xi ng the—output of |said errpr correction neans

—q—38- — — — genefatq Nd_a.synchgoni zat i on signal
a mcroconputer for c{ﬁtrollinqthe Dadasef on thg syngchronization
signal ; and a co I 8 rel aying a gontraql, signal fromthe
m croconputer to the M3} Q/NP.C 33 ]'/ i é 1
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10...first IF signal input terminal
1l.. .mixer

12...bandpass filter

50...CPU
201...FM demodulator
211...FM demodulator output terminal
30...PLL synthesizer

31...1ocal oscillator
32...prescaler

33...programmable frequency divider
34...phase detector

35...reference frequency divider
36...reference frequency signal generator
37...loop filter

40. . .reference frequency signal



wherein the nicroconputer resets the PLL by relaying the control signal’ via
the 5 control bus when the denultiplexer indicates a | oss of : o
synchroni zation via the synchronization si gnal . 7. A digital
receiver conpri sing: a PLL for generating a local oscillation ...
si gnal based on phase detection and 1@ggpgpari son with a reference
frequency- si gnal ; a mxer for converting a QPSK (.quaternary :
phase-shi ft keying) nodul at ed signal into a first internediate frequency
signal based on the | ocal oscillation signal; a bandpass filter
for extracting BFEecdsd i nternediate frequenEﬁ.QEgMEL.fron1the first _

i nternedi ate frequency signal; 15 ort hogonal detector for detecting
an i n-phase conponent | and-a quadrature conponent Q of the second
internedi ate frequency signal and for continuously conpensating a frequency
drift of the second interiedi ate frequency signal; an A/D
converter for converting the in-phase conponent signal | and the quadrature
conmponent signal Q of the second internediate frequency signal to a digital
i n-phase 20 conponent signal and a digital quadrature conponent si gnal ;

QPSK denodul at or f 7 dlgl{ |1y de l,ating e d|g|taI i n- phase conponent
signal ~ anqg ghe i guadratu éonpone |gnal and for producing an

encoded and brror correction nmeans for
correcting coded cnmkiﬁi—nuKDkgégied si gnal ,
for outputting aTJcorret mu [ d and for gen g
synchroni zat i on=gignat-=====-==--- q dpmul EiQ)ﬁexer f02 Odemul ti pl Qlﬁﬁg ipg
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corrected dyug;pleXe v f sai
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201...FM democdulator

202.. .video signal processor
204...QPSK demodulator-
205...PCM sound signal processor
206...D/A converter

212...video output terminal
213...sound output terminal
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~-39- . p———herein.th roconputer resets tHF WPLL.by relaying the
control signa HBP@ACEIMENT SHEEYT Pl bus when the errar.. corréct i on means

i ndicates a | e @ fone S afion via the synchrom\zat i‘bn si gnal .

5. 8. A recpi ng a QPSK nodul at edBisinate sﬁé‘@; I 80F1 V99
conpri si ng: I bt or for! dempdul ating the QPSK nodul at ed
signal and pr d and nul ti pl exed signal ; a
demul ti pl exeff for denul tiplexinp the encoded and nultiplexed signal and for
generati ng al yrichromrzattor—s+gnal ; 10 a mcrocomputer for

control | i sgctt he nikinglalrefeoench dempenny {rfie of ythe Ldnsymhasimr Sompbdse frequency
a control &bgyst.f o‘gﬂﬁrel ating a control signal fromthe m croconputer to the
demodul at §FECHO €rein the ni croconputer resets the denodul at or by
relaying the control signal via the control bus when the denulti pI exer

I ndicates a |l oss of synchronization vyia th chropi za |on
an orthogonal i@t&ét‘@ﬁe A/ I8 §1VEh YS"seé‘flpgzi‘tg}g ¥ ey sgqig%saﬁPS

conponend ibaulidiRn, whePofRA %ﬁt@ﬁlpﬁtt&f‘ﬁbm%&&ronfﬁﬁf& wwmi SRRk HEF, rm@g
AFC (automati c frequency control) he oscill ator;

PLL (phaseongekéa gyepn mriesence do mﬁjoga%@sgﬂgnr At mréharmeb priectiop and e
generati ngyfce ch alrﬂff&?stlesé\f' fht 3béa? rbsél'llgﬁ% %ﬁﬁle%p‘imy %@ﬁéﬂ&t eC]t&iugn i foise

conpari son Wt b erence frequency recel ver for
recei vi ng chageskistio dfithetlechl obcjliation signal givee an énflucnerptoi thé hiy error rate. a
denodul at or for denodul ating the QPSK nodul ated signal and producing a
dernodul ated si gnal ;

10 By using a control bus from the microcomputer to the PLL synthesizer in common

with a control bus of the other signal processing LSIs, when the other signal processing LSIs

are controlled during reception, the control data is inputted also to the PLL synthesizer and

" whenever AFC during reception is made in the PLL synthesizer or the control data is
- periodically renewed against malfunction of the PLL synthesizer due to a surge or the like,
15 noise in the local oscillation signal becomes big and deteriorates the bit error rate and the

quality of reception. This is a problem.

u f the Inventi

20 In accordance with the present invention, there is provided a receiver for receiving
" a first modulated digital signal, the receiver comprising:
a first local oscillator for generating a first local oscillation signal;
a mixer for converting the first modulated digital signal into a second modulated
digital signal having a predetermined intermediate frequency based on the first local -
25 oscillation signal;
a filter for extracting an intermediate frequency signal from the second modulated
digital signal;
a second local oscillator, responsive to an AFC (Automatic Frequency Control) signal,
for generating a second local oscillation signal having an oscillation frequency;
30 an orthogonal detector for detecting a signal component based on the second local
oscillation signal;

an A/D (analogue-to-digital) converter for converting the signal component into a



" 25 ¢ er roREPPACEMEND SHEERN]S for correcting transm ssion errors in the
denodul at ed pi or{ generating a synchroni zation signal;
t he denodul at or based on the )

a contSubstiue $haetr-eB0Mi1799a
control signgl nputer to the denodul ator, 30 wherein the
m croconputef resets the denodyul ator-By rel aying the control signal via the
control bus ection means indicates a | oss of
synchroni zation via the synchroni zati on signal, an orthogona
det ect or, dipdl signéinamdcil lator, for detecting a signal conponent of the
QPSK nodul ated signal and for continuously perform ng AFC (automatic
frequency cont adligital demogatopshavingarepF Coifgitomatic Frequeney fyqninol) detectry fara g

osor 1 a1 Aef NERBEAG TR RINE dad K oDl IRARC IR, 1 4 rof erence

frequency si gnal . 10 10. A digital receiver as recited in claimb®,
wher ei n t he QPSK denmpdul ator recovers a clock_signal and the
ref erende freqdeaBgthes aspegt, there is proydeda digitab receiNeLFRMREHREr i son by sai d

PLL is cal cul ataﬁdor%ggﬁa\iicg{e@%r,t valﬁé %H%%&ﬁ¥t09f fotrho?thogoﬁilﬂrcéfetéétﬂl%ad selected
QPSK (quaternary phase-shift keying) modulated signal; and

a PLL (phase-locked loop) for selecting a modulated signal by generating a local
oscillation signal based on phase detection and comparison with a reference frequency signal,
10 wherein AFC (automatic frequency control) of the oscillator is continuously performed

at said orthogonal detector.

In another aspect, there is provided a digital receiver comprising:
a PLL for generating a local oscillation signal based on phase detection and

15 comparison with a reference frequency signal;

a mixer for converting a QPSK (quaternary phase-shift keying) modulated signal into
a first intermediate frequency signal based on the local oscillation signal;

a bandpass filter for extracting a second intermediate frequency signal from the first
intermediate frequency signal;

20 an orthogonal detector, responsive to an AFC (Automatic Frequency Control) signal,
for detecting an in-phase component signal I and a quadrature component signal Q of the
second intermediate frequency signal and for continuously compensatiﬁg a frequency drift of
the second intermediate frequency signal;

an A/D converter for converting the in-phase component signal I and the quadrature

25 component signal Q of the second intermediate frequency signal to a digital in-phase

component signal and a digital quadrature component signal; and
a QPSK demodulator for digitally demodulating the digital in-phase component signal

and the digital quadrature component signal, and for producing the AFC (Automatic

Frequency Control).
30



15 1. A di . | . recited in claim7, wherein t he
QPSK denodul |aREPLAGEMENT SHEET!jock signal and the reference frequency signal
for phasd d ' --con{pari son by said PLL is cal culated by dividing
the frequenqy fgégﬁh%m_. @poqk si gnal . 20 12. ubHtRUicAShéACLBOLT1/39
recited in dl al nte, {Nf'i,e; n the mul tipl exer produces a system

cl ock signalj & icd frequertcy signal for phase detection and
conparison Ry said PLL is cal qulated by dividing the frequency of the
Ll 117t +5—++'1 1 25 13. A receiver, conprising:

*oc M In another aspe&, Bleke {siptasided adigidl tevojvpr tanpdhgct i ng a QPSK
nodul at ed signal b enerating a | ocal  oscillation signal bhased on
phase detecti orf Eﬁé- %@mﬁamrgmg Wi logalgoscaliationnsignal, basgd 1, phase detgeiign. and

a denodul gt Qr  f. | ng t l ect.ed QPSK nodul at ed signal and

pr oduci ng%\?glp ngdé’hgggﬁgr# tegédgle g%egpig““%g%f’ _

-41- a miXef ir OAVereiag h QYPSRE@Naeinafy FiRkE-iifii kegingy Aodnlatkedisighabinter s
in the denodul ated si gnal and for generating a synchronization signal;
2 M or ocHMpSB HItFIBIeding frEaIenE h GiERMD s BRI HeAeRH OBlEPoYIEHHNG

synchroni zati on ﬁa{n%{)]%ls filter for extracting a second intermediate frequency signal from the first

intermediate frequency signal;
orthogonal detector for detecting an in-phase component I and a quadrature component
Q of the second intermediate frequency signal and for continuously compensating a frequency
10 drift of the second intermediate frequency signal;
an A/D converter for converting the in-phase component signal I and the quadrature
component signal Q of the second intermediate frequency signal to a digital in-phase
component signal and a digital quadrature component signal;
QPSK demodulator for digitally demodulating the digital in-phase component signal
15 and the digital quadrature component signal and for producing an encoded and multiplexed
signal;
error correction means for correcting transmission errors of the encoded and.
multiplexed signal; and
a demultiplexer for demultiplexing the output of said error correction means and for
20 producing a system clock signal, wherein the reference frequency signal for phase detection
and comparison by said PLL is calculated by dividing the system clock signal produced by

said demultiplexer.

In another aspect, there is provided a digital receiver comprising:
25 a PLL for generating a local oscillation signal based on phase detection and
comparison with a reference frequency signal;
a mixer for converting a QPSK (quaternary phase-shift keying) modulated signal into
a first intermediate frequency signal based on the local oscillation signal;

a bandpass filter for extracting a second intermediate frequency signal from the first

30 intermediate frequency signal;



-a control bus forrelaying-a-con{rol signal fromthe mcroconputer to the
denodul at or, 5| vAEPLACEMENE SHEEToConput er resets the denodul ator by rel ayi ng
the control signg—via—the coptrol bus when the error correction neans

i ndi cates a | o$s|of 37 F { zptfon via the SYSGhEtRote sheén- 309MHI99
W eé @rﬂ§@r19$et

an orthogonal ({lef cting a signal conponent of the selected

QPSK nodul af ed—s+grat—and r {conti nfdusly performing AFC (automatic

frequency contifol), the 10 orthogonal detector processing the selected QPSK

nodul at ed si gna ' ation by t he denodul ator; and

a demul ti pl exergrfiRboche ArtbdtbiPiof Yetadinsha ifphisecofbofet Uakl 4 Quadeamire@oinponent

means; wherein he denul ti pl exer produces a system cl ock signal and the

r ef er ence Q@ oEtheseepdintgrmaddidto fregueacy signal dad &ertdoshinuoisly COMPERAERHh2 FFaueary

PLL is cal atfed b ividing the freguency of the system 15 cl ock signal.
Gt & s flats

14.  Adi EEInFnienge YT WUm 7, wherein t he
denul ti pl exer AHS SR riSy fo @@k the | ifpRhseaddehpoRént sgiral PagdEtheradrnsy
si gnal for phase detection and conparison by said PLL is cal cul ated by

di vi di ngs tdvenfomenfusignal Qf o het beeony snermediatekfrequgney signal to ajdigital m-phase
receiver for receiving a QPSK nodul ated signal, .t he receiver conprising: ’
PLL synt he@%ﬂeﬂbﬁﬁgﬁﬁq a&éﬂﬁ@?&‘t‘%ﬁﬁ“@? ne%')ssﬁrfa?’at i on signal ;

orthogonal det eabiRiefRantio %or GliB0AHbduarR!AE hishal Faiidsd Poiporedutighad
signal 25 which™is selected using said Iocal oscillation signal; )

a denpdul aimirtht digithé qoatirhtatd compdunentssg et and fRsSkdunieimeragded grhmuliiplexed
produci ng n encoded and nul tipl exed signal; a demul ti pl exer
for denul t?lgli""gxi ng the encoded and mul ti pl exed signal and for generati ng

a synchigni zat i gnosicgR@ttio%heans for 2offeCiC eaRMARSoh Wrr&9Néfr fle! eRGBdedand
denodul ator based on the synchronization signal;

multiplexed signal;

a demultiplexer for demultiplexing the output of said error correction means and for
generating a synchronization signal;
a microcomputer for controlling the PLL based on the synchronization signal; and
15 a control bus for relaying a control signal from the microcomputer to the PLL,
wherein the microcomputer resets the PLL by relaying the control signal via the
control bus when the demultiplexer indicates a loss of synchronization via the synchronization

signal.

20 In another aspect, there is provided a digital receiver comprising:
a PLL for generating a local oscillation signal based on phase detection and
comparison with a reference frequency signal; |
a mixer for converting a QPSK (quaternary phase-shift keying) modulated signal into
a first intermediate frequency signal based on the local oscillation signal;
25 a bandpass filter for extracting a second intermediate frequency signal from the first
intermediate frequency signal;
orthogonal detector for detecting an in-phase component I and a quadrature component
Q of the second intermediate frequency signal and for continuously compensating a frequency
drift of the second intermediate frequency signal;

30 an A/D converter for converting the in-phase component signal I and the quadrature



T-42- , RQP%M%NT §H§E?or relaying a control signal fromthe

m croconput er tjo f he demodurarqr, wherein the mcroconputer resets the
denodul at or by {r el a§ifn¢idth ﬁi;@ort rol signal via the control bus when the
.demul ti pl exer ijndicates a | oss|ofl syncheBni zat i oSubstitlitecsifastchdO/1i1z8bi on
signal, 5 wher el n AFC Tautjomatic frequency control) is perforned at
said PLL synthdsizer nmeans and jsai d orthogonal detection means when
synchroni fsic3al t X t I

conti nuou%&kh%%lng p%ﬂ *(?er)zgm %tSk@aﬁdﬁ{gﬁ gig}gena ehge%g SIFI(%II%?re%ns %n lﬁ%ase
synchr oni zamponenotigaal ahddedipitdliquhdranire oempondns sigadlabl i shed.

synt hesi zer rreans and s®5)ar ating.fromthe other cgontrol buses which the

ot her control Haflemedylaterfor digially dempdwating, the shgital 19rphase sompenei siggal ng
means are ,hj %Esﬁk}tﬁlecgladrature component signal and for producing an encoded and multiplexed

S signal;
error correction means for correcting transmission errors of the encoded and
multiplexed signal, for outputting a corrected multiplexed signal, and for generating a -
synchronization signal;
a demultiplexer for demultiplexing the corrected multiplexed signal of said error
10 correction means;
a microcomputer for controlling the PLL based on the synchronization signal; and
a control bus for relaying a control signal from the microcomputer to the PLL,
wherein the microcomputer resets the PLL by relaying the control signal via the
control bus when the error correction means indicates a loss of synchronization via the

15 synchronization signal.

In another aspect, there is provided a receiver for receiving a QPSK modulated signal,
the receiver comprising:
a demodulator for demodulating the QPSK modulated signal and producing an encoded
20 and multiplexed signal;
a demultiplexer for demultiplexing the encoded and multiplexed signal and for
generating a synchronization signal;
a microcomputer for controlling the demodulator based on the synchronization signal;
a control bus for relating a control signal from the microcomputer to the demodulator,
25 wherein the microcomputer resets the demodulator by relaying the control signal via the
control bus when the demultiplexer indicates a loss of synchronization via the synchronization
signal,
an orthogonal detector, having an oscillator, for detecting a signal component of the
QPSK modulated signal and for continuously performing AFC (automatic frequency control)
30 of the oscillator; and

a PLL (phase-locked loop) for selecting the QPSK modulated signal by generating a
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"15."A digital Hrdadcast rteceiver |as recited in claim 11 further conprising:
ort hogonal det dctli oh gmi@Ys1388r |orjt hogonal |y detecting a channel sel ected

QPSK nodul atiorn di gnal; and PLL synt hesi zer nmeans for generating
a local oscilldtion signal for cHannel - sel-ect i on;Subyituwteesieeet - 30/11/99
continuous AFGYi s done at said orft hogonal detection neans and a

conpari son reference frequency of phase detection at said PLL synthesizer

2 Tocal ol stk el Khied SRS, BBk A colfirBif ki i ReiceTRuRORY ©

br oadcast sigaglei ver as recited in claim 12, wherein conti nuous AFC
I s done at said orthogonal detection neans and a conpari son
ref erence frequency of phase detection at said PLL synthesizer means for

channel sel ect iyl dier TSR erl!isHtofed DFecBBRr PRLR S PAPSK HodBhild bight1 00

frequency of a‘“lToca Sighal can be re

di gi tal sorgafeever cpgfisug: as recited in claim 13 further conprising:

ort hogonal detection nmeans for orthogonally detecting a channel selected
QPSK nodul ati os d¢mgedilatopfer demodulating phe &Wi Haedulated pignak andr Prgdueipgitd ng
a local osgill.atiqn.signal for channel selection; and wherein

conti nuou egﬁeﬁ?%aﬁgﬁggat sai d orthogonal detection neans and

error correction means for correcting transmission errors in the demodulated signal
and for generating a synchronization signal;
10 a microcomputer for controlling the demodulator based on the synchronization signal;
and
a control bus for relaying a control signal from the microcomputer to the demodulator,
wherein the microcomputer resets the demodulator by relaying the control signal via the
control bus when the error correction means indicates a loss of synchronization via the
15 synchronization signal,
an orthogonal detector, having an oscillator, for detecting a signal component of the
QPSK modulated signal and for continuously performing AFC (automatic frequency control)
of the oscillator; and
a PLL (phase-locked loop) for selecting the QPSK modulated signal by generating a

20 local oscillation signal based on phase detection and comparison with a reference frequency

signal.

In another aspect, there is provided a receiver, comprising:
a PLL (phase-locked loop) for selecting a QPSK modulated signal by generating a
25 local oscillation signal based on phase detection and comparison with a reference frequency
signal,
a demodulator for demodulating the selected QPSK modulated signal and producing
a demodulated signal;
error correction means for correcting transmission errors in the demodulated signal
30 and for generating a synchronization signal;

a microcomputer for controlling the demodulator based on the synchronization signal;



"a conparison reference frequency of phase detection at said PLL synthesizer
means is nmade a REMCE@E@F%I—@E?S noi se near the oscillation
cal

frequency of a |o oscillation gignal can be reduced. 18. A

.digital broadcapt rgcii'g@r @sgdr clted in claim ldaybhRitatdsheet - 30/11/99
conti nuous AFC § s}den Y 44 or f hogonal detection neans and a

conpari son ref ef ehse~frequency Jof | phasebBet ection at said PLL synthesi zer
means for channgel selection is nmade as high as the phase noi se near the
oscillation fréEueﬁey—eL—a-LgcaL_osciIIation signal can be reduced.

19. A digital hreeagsisis foraeRyga cdstroEsigria floithe Inddrotckipuieirtd ey deg@anlatcs| NQg:

orthogonal detection nmeans for orthogonal |y detecting a . .
wherein the microcomputer resets the demodulator by relaying the control signal via the

control bus when the error correction means indicates a loss of synchronization via the
synchronizatioh signal,

5 an orthogonal detector for detecting a signal component of the selected QPSK
modulated signal and for continuously performing AFC (automatic frequency control), the
orthogonal detector processing the selected QPSK modulated signal prior to demodulation by
the demodulator; and

a demultiplexer for demultiplexing the output of said error correction means; wherein
10 the demultiplexer produces a system clock signal and the reference frequency signal for phase
detection and comparison by said PLL is calculated by dividing the frequency of the system

clock signal.

In another aspect, there is provided a receiver for receiving a QPSK modulated signal,
15 the receiver comprising:
PLL synthesizer means for generating a local oscillation signal;
orthogonal detection means for orthogonally detecting said QPSK modulated signal
which is selected using said local oscillation signal;
a demodulator for demodulating the selected QPSK modulated signal and producing
20 an encoded and multiplexed signal;
a demultiplexer for demultiplexing the ‘encoded and multiplexed signal and for
generating a synchronization signal; |
a microcomputer for controlling the demodulator based on the synchronization signal;
a control bus for relaying a control signal from the microcomputer to the demodulator,
25 wherein the microcomputer resets the demodulator by relaying the control signal via the
control bus when the demultiplexer indicates a loss of synchronization via the synchronization
signal,
wherein AFC (automatic frequency control) is performed at said PLL synthesizer

means and said orthogonal detection means when synchronization of said demultiplexer means

30 is not established; and
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. i’
channel sel ected CPJ\ mettH-at-on S|

’)\7?

gnal ; PLL synthesizer neans
qi gnal for channel selection; and
I
c

,.._

for generating .a ljoda f.;(as? '\; ﬁggor

QPSK denodul ati on |ngans f Iﬂ y doi ng QPSK denodul ati on; and wherein
continuous AFC i s jddme—at—sat+d—e~I hggonal det ect igipdtRa0S sheet - 30/11/99
conpari son refere’rce frequency Si gncll of the phase detection at said PLL
synt hesi zer neans TS optarmet—by— quer@g‘y' dividing a clock signal
reproduced at said QPSK denodul at i on means; and sai d conpari son
reference frequency is made as high as the phase noise near the oscillation
frequency of acbaf@loupsAiRG aisi @erforged| atc maidoeortiegunald detection means ®*Ben A
digital broadcast receiver as recited in_claim12, wherein

cont i nuouSYReREDNiZatien ok said demuitinleen SefeRalS FEAbSERSdon neans: a
conparison reference frequency signal of the phase -
* BRIEF DESCRIPTION OF THE DRAWINGS
s _
FIG. 1 is a block diagram of a digital satellite broadcast receiver in accordance with
a first exemplary embodiment of the present invention.
FIG. 2 is a block diagram of a digital satellite broadcast receiver in accordance with
a second exempiary embodiment of the present invention.
10 FIG. 3 is a block diagram of a digital satellite broadcast receiver in accordance with

a third exemplary embodiment of the present invention.

FIG. 4 is a circuit diagram of a voltage controlled oscillator composing a PLL
synthesizer for channel selection.

FIG. 5 is a phase noise characteristic of a voltage controlled oscillator composing a

15 PLL synthesizer for channel selection.

FIG. 6 is an AFC characteristic of an orthogonal detection voltage controlled
oscillator.

FIG. 7 is a block diagram of a digital satellite broadcast receiver in accordance with
a fourth exemplary embodiment of tht; present invention.

20 FIG. 8 is a block diagram of a digital satellite



nt hesi zer neans for channel selection is obtained
C nal reproduced at said QPSK denodul ation

parfi son reference frequency is nadF as high as
e |neaur, e oscilil gtion frequency of sybstieae sHedt!-l 30/1a099

si gnal can be redu‘%«gdt?‘ff*" %99 -I

recited in clqi m*Fs—$uther ¢

21. A digital broadcast receiver as
means for orthogonally detectin

risings- ort hogonal detection
PLL synt hesi zeT—mears—or.generating a local oscillag | Qrechannel
sel ection; and What is claimé®PK denodul ati on neans for mg@'l IE | rm QPSK
L M *

det éction at. s@a
by frequency di RERLAGEMES} QF;
means; and said &0
t he phase noi

a channel sel ected-@QPSK nmodul at-i-on- si gnal ;
dermodul ati on; and wherein continuous AFC i S«

ort hogonal detection neans; a conparison reference frequency

si gnal of phase ' sai dPLL synthesi zer .means i s _obtai ned .by

f rgquency (Ej)'l Vi dﬁﬂ%&%?%ﬂl fég ﬁ&%}@%ﬁg fg%%qﬁé?%#@gﬁggl@%rﬁgﬁﬁa GPEpPTIERE:
means; and a first loSa ioCilABP RIrigeBetafifd & FRAAECA bedNAMYsigml;made as high as
t he phase noise near the oscillation frequency of a |ocal oscillation

signal can be radwixeg for converting the fipst mpdwlatgd tdigitab sigmalc inte arseceridymodualated

i ' . .ai ' . . ' AFCis d t sai
(21500, Mol My HOSES) Brderrmines F BRI 3Gy B B B e
si gnal of pduiisation signal;

a filter for extracting an intermediate frequency signal from the second modulated
digital signal;
10 a second local oscillator, responsive to an AFC (Automatic Frequency Control) signal,
for generating a second local oscillation signal having an oscillation frequency;
an orthogonal detector for detecting a signal component based on the second local
oscillation signal; _
an A/D (analogue-to-digital) converter for converting the signal component into a
15 digital signal; and
a digital demodulator, having an AFC (Automatic Frequency Control) detector, for

digitally demodulating the digital signal, and for producing the AFC signal.

2. A recejver as recited in claim 1, further comprising:
20 a computer for controlling the first local oscillation signal; and

a control bus for relaying a control signal from the computer to the first local

oscillator.
3. A digital receiver comprising:
25 an orthogonal detector, having an oscillator, for orthogonally detecting a selected

QPSK (quaternary phase-shift keying) modulated signal; and
a PLL (phase-locked loop) for selecting a modulated signal by generating a local
oscillation signal based on phase detection and comparison with a reference frequency signal,

wherein AFC (automatic frequency control) of the oscillator is continuously performed

30 at said orthogonal detector.



detecti on atgesead ~zer neans for channel selection is obtained
by frequency} dRERLrACEMENTc%EE? i gnal recovered at said QPSK denodul ati on
means; and sat+e—cofrpari son reference frequency is made as high as
t he phase nogf s¢ n;eg.rggt]eiog?c | fation frequency ofgubstibe® sikgeti- 30111989
signal can b¢ fjeduce 46

23. A digital Oroadcast—Tecetvér as +3&ited in claimll furth’é”r””é’drr’b'f'i'é“l' ng:
or t hogonal pt ecti on nmeans for

QPSK nodul a'?‘ on stgnar, ort E’Egogsln![ Kegletzg?“ nﬂlmmmmmuﬂj $

| ocal oscil | at izpodigablorRedivéradonginiel sel ecti on . ¢ QDSK dérm’dul ation
means for digitall {edm ng QPSK denodul at i on; enmul ti pl ex
neans for demuft Phlefarngenentinged laedd Wlllaiflﬁnétwl viagedh Oanﬁhﬁﬁufme?éllognﬁ}ds

?rggn\é\her e'cgmpansonwnha%&q{encél?rléau F§:S1g§1a1?0ne at said orthogonal detection

a mixer for converting a QPSK (quaternary phase-shift keying) modulated signal into
5 a first intermediate frequency signal based on the local oscillation signal;
a bandpass filter for extracting a second intermediate frequency signal from the first
intermediate frequency signal;
an orthogonal detector, responsive to an AFC (Automatic Frequency Control) signal,
for detecting an in-phase component signal I and a quadrature component signal Q of the
10 second intermediate frequency signal and for continuously compensating a frequency drift of
the second intermediate frequency signal;
an A/D converter for converting the in-phase compbnent signal I and the quadrature
component signal Q of the second intermediate frequency signal to a digital in-phase
component signal and a digital quadrature component signal; and
15 a QPSK demodulator for digitally demodulating the digital in-phase component signal
and the digital quadrature component signal, and for producing the AFC (Automatic
Frequency Control).

5. A digital receiver comprising:
20 a PLL for genmerating a local oscillation signal based on phase detection and
comparison with a reference frequency signal;
a mixer for converting a QPSK (quaternary phase-shift keying) inodulated signal into
a first intermediate frequency signal based on the local oscillation signal;
a bandpass filter for extracting a second intermediate frequency signal from the first
25 intermediate frequency signal;
orthogonal detector for detecting an in-phase component I and a quadrature component
Q of the second intermediate frequency signal and for continuously compensating a frequency
drift of the second intermediate frequency signal;
an A/D converter for converting the in-phase component signal I and the quadrature

30 component signal Q of the second intermediate frequency signal to a digital in-phase



“a conparison refe 1 y. signal of phase detection at said PLL
synt hesi zer Pi_RCB\VIEm r@p‘g@py frequency dividing a system cl ock signal
of said demultyp sai d conparison reference

frequency is npd S m@? @the phase noi se neasUbbﬁtuxeos'Hdeat-i307’1f11799uency
of a local osc|ifath® é cap be reduced. .24, A digital

br oadcast rece}jv i njcl aifn-12, wherein conti nuous AFC

i s done at saifl orthogonal detection neans; mﬂwﬂglﬂﬂ IJL ,"le J
ref erence fredquersy—sighrat—et—phrase detection at said
for channedmp@ieﬁcﬁlgm ahé aQii)gﬁllq&ﬁﬂreré mﬂpceﬁnyslghm d| ng a system cl *ock
signal of said denultiplex neans; conpari son referenc
F‘gﬁ{}ency

frequency is r’r%’@KeQ#ﬂmchtQisfoE ﬁ@ltﬁlﬂﬁéé@nml@@gﬁéﬁﬂlﬁltﬁb“b@@?? FRPPeRFTE
of a |ocal II;cP @1% élﬁtl gggdrﬁfug%]@nj)cfnf Fﬁgﬁﬁ%g&? -preducing an encodéd ancf‘:ﬁ'lt%l&@d

br oadcast r eci nprising

or t hogonakijgelgit ecti on nmeans for orthogonal 'y detecti ng a channel sel ected
QPSK m)dul at i on signal;
error correction means for correcting transmission errors of the encoded and

multiplexed signal; and

a demultiplexer for demultiplexing the output of said error correction means and for
producing a system clock signal, wherein the reference frequency signal for phase detection
and comparison by said PLL is calculated by dividing the system clock signal produced by

10 said demultiplexer.

6. A digital receiver comprising:
a PLL for generating a local oscillation signal based on phase detection and
comparison with a reference frequency signal;

15 a mixer for converting a QPSK (quaternary phase-shift keying) modulated signal into
a first intermediate frequency signal based on the local oscillation signal;

a bandpass filter for extracting a second intermediate frequency signal from the first
intermediate frequency signal;
orthogonal detector for detecting an in-phase component I and a quadrature component

20 Q of the second intermediate frequency signal and for continuously compensating a frequency

drift of the second intermediate frequency signal;

an A/D converter for converting the in-phase component signai I and the quadrature
component signal Q of the second intermediate frequency signal to a digital in-phase
component signal and a digital quadrature component signal;

25 QPSK demodulator for digitally demodulating the digital in-phase component signal
and the digital quadrature component signal and for producing an encoded and multiplexed
signal;

error correction means for correcting transmission errors of the encoded and

multiplexed signal;

30 a demultiplexer for demultiplexing the output of said error correction means and for



"47 - —Pi—synthesj zer neans for generating a |ocal oscillation
signal for cha rf%EPLéﬁEMENT(HHEET QPSK denpdul ati on means for

digitally doin ; and derul ti pl ex neans for

derul ti pl exi ng epc xul t| | exed vi deo and Sypdfitute sHEEtS, 3@/1q/g/9er ein
[ 30@@@? e

conparison re ere

cont i nuous AF rthogonal detection neans;.. ..... .-
synt hesi zer ans is obtained b

i gnal38&f phase detection at

frequency dividi ngrml! grnﬂ “ﬂ ﬂﬁ E S| gbal
of said demnul ti pl'ex Teans: said conp
frequency gbrferithfien §ichidiizafién s#galphase noi se near the osm | lation frequency
of a Iocafg osci Il ation signal can be reduced. 26. A di |taI

br oadcast recepvricragempuier ferccontroingithe PHL based en the synchronizationovignakutnds AFC

is done at said ort et.ecti on [

ref erence freqﬁé’ﬂ&@‘;qso%:}a reg?y%ﬁggn&ges }gﬂmattheélgc’i?c%m&gp?q g’%m 78r means
for channel selpidiRfnd fiGOLGhPREr Rier tRAPEIC Yy GeldY ik Ne oSl 5 Vot ke
signal of said demultiplex neans; and sal d conparison reference

f r equendy comtralbue whsn meghmaklpﬂdxer pdigsies adiss of smghropivetion vig thesgyineronizatitiency

of a local, oscillation signal can be reduced.
signal.

7. A digital receiver comprising:

a PLL for generating a local oscillation signal based on phase detection and

10 comparison with a reference frequency signal;

a mixer for converting a QPSK (quaternary phase-shift keying) modulated signal into
a first intermediate frequency signal based on the local oscillation signal;

a bandpass filter for extracting a second intermediate frequency signal from the first
intermediate frequency signal;

15 orthogonal detector for detecting an in-phase component I and a quadrature component
Q of the second intermediate frequency signal and for continuously compensating a frequency
drift of the second intermediate frequency signal;

an A/D convérter for converting the in-phase component signal I and the quadrature
component signal Q of the second intermediate frequency signal to a digital in-phase

20 component signal and a digital quadrature component signal;

QPSK demodulator for digitally demodulating the digital in-phase component signal
and the digital quadrature component signal and for producing an encoded and multiplexed
signal;

error correction means for correcting transmission errors of the encoded and

25 multiplexed signal, for outputting a corrected multiplexed signal, and for generating a

synchronization signal;

a demultiplexer for demultiplexing the corrected multiplexed signal of said error
correction means;
a microcomputer for controlling the PLL based on the synchronization signal; and

30 a control bus for relaying a control signal from the microcomputer to the PLL,



" 27 A digital Tprppsice ' as recited in claim21l further conprising:
ort hogongl det ¢ cﬁm%ﬁ/gh@ BkETo thogonal | y detecting a channel selected
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and wherein ¥ ' at-3%td PLL synthesizer nmeans and said
or t hogonal de)t s_when [synchroni zati on of said demultiplex neans
conti nuous AFC is done at said orthogonal

is not established; and

det ecti on neansyvhshein thy Rdbdooomp@tt etesfthe FLA. 8¢ Felaying! e cOBRBSOISsigRal via the
est abl i shed. 28. A digital broadcast receiver as recited in

clai m 12, capéplebys when the erromnparrection gneanatindigates pilpsssohsynshronigatian ana theor a

channel synchronization signal.

5 8. A receiver for receiving a QPSK modulated signal, the receiver comprising:
a demodulator for demodulating the QPSK modulated signal and producing an encoded
and multiplexed signal;
a demultiplexer for demultiplexing the encoded and multiplexed signal and for
generating a synchronization signal;

10 a microcomputer for controlling the demodulator based on the synchronization signal;

a control bus for relating a control signal from the microcomputer to the demodulator,
wherein the microcomputer resets the demodulator by relaying the control signal via the
control bus when the demultiplexer indicates a loss of synchronization via the synchronization
signal,

15 an orthogonal detector, having an oscillator, for detecting a signal component of the
QPSK modulated signal and for continuously performing AFC (automatic frequency control)
of the oscillator; and

a PLL (phase-locked loop) for selecting the QPSK modulated signal by genérating a

local oscillation signal based on phase detection and comparison with a reference frequency

20 signal.

9. A receiver for receiving a QPSK modulated signal, the receiver comprising:

a demodulator for demodulating the QPSK modulated signal and producing a

demodulated signal;

25 error correction means for correcting transmission errors in the demodulated signal

and for generating a synchronization signal;

a microcomputer for controlling the demodulator based on the synchronization signal;

and

a control bus for relaying a control signal from the microcomputer to the demodulator,

30 wherein the microcomputer resets the demodulator by relaying the control signal via the

« ¢ L M s *
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is establisheg. | 309 NOY 199929. |A digital broadcgsbstitaeisheetas30/4di/98d in

claim 13 furtgherf conpri sing: ort hogonal detection neans for
ort hogonal | y fdetectmMg a channell sel-éot-ed QPSK nodul ati on signal;
PLL synt hesi zzg¢r neans for channél sel ection; and error correction

decodi ng means Tor correcting error generated on a transm ssion route; and

wherein  contro] bus wWieh the ediR odfecBEn chelhd- irfilichtdies dse rofeyatiroaizdtiomivih the
ort hogonal detection neans when synchroni zation of said error correction

decodi ng symelronizetiomsigaalt abl i shed; and AFC i s done at said

decodi ng. moansat SHGRORE G, havits o5 oSt SOF deereiR i) SmBRGEBLNE
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means wheof g nstitlator;zatdi on of said error correction decoding neans i s not
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est abl i shggly) oscillation signal based on phase detection and comparison with a reference frequency

signal.

10 10. A digital receiver as recited in claim 6, wherein
the QPSK demodulator recovers a clock signal and the reference frequency signal for
phase detection and comparison by said PLL is calculated by dividing the frequency of the

clock signal.

15 11. A digital receiver as recited in claim 7, wherein
the QPSK demodulator recovers a clock signal and the reference frequency signal for
phase detection and comparison by said PLL is calculated by dividing the frequency of the

clock signal.

20 12. A digital receiver as recited in claim 6, wherein
the multiplexer produces a system clock signal and the reference frequency signal for

phase detection and comparison by said PLL is calculated by dividing the frequency of the
N 0 O D

a PLL (phase-locked loop) for selecting a QPSK modulated signal by generating a

system clock signal.
25 13. A receiver, comprising:

local oscillation signal based on phase detection and comparison with a reference frequency
signal; _
a demodulator for demodulating the selected QPSK modulated signal and producing

30 a demodulated signal;
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error correction means for correcting transmission errors in the demodulated signal
and for generating a synchronization signal;

a microcomputer for controlling the demodulator based on the synchronization signal;

a control bus for relaying a control signal from the microcomputer to the demodulator,
wherein the microcomputer resets the demodﬁlator by relaying the control signal via the
control bus when the error correction means indicates a loss of synchronization via the
synchronization signal,

an orthogonal detector for detecting a signal component of the selected QPSK
modulated signal and for continuously performing AFC (automatic frequency control), the
orthogonal detector processing the selected QPSK modulated signal prior to demodulation by
the demodulator; and

a demultiplexer for demultiplexing the output of said error correction means; wherein
the demultiplexer produces a system clock signal and the reference frequency signal for phase

detection and comparison by said PLL is calculated by dividing the frequency of the system
A
the demultiplexer produces a system clock signal and the reference frequency signal

for phase detection and comparison by said PLL is calculated by dividing the frequency of
the system clock signal.

clock signal.

14, A digital receiver as recited in claim 7, wherein

15. A receiver for receiving a QPSK modulated signal, the receiver comprising:

PLL synthesizer means for generating a local oscillation signal;

orthogonal detection means for orthogonally detecting said QPSK modulated signal
which is selected using said local oscillation signal;

a demodulator for demodulating the selected QPSK modulated signal and producing
an encoded and multiplexed signal;

a demultiplexer for demultiple_xing the encoded and multiplexed signal and for

generating a synchronization signal;

a microcomputer for controlling the demodulator based on the synchronization signal;
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a control bus for relaying a control signal from the microcomputer to the demodulator,

wherein the microcomputer resets the demodulator by relaying the control signal via the
control bus when the demultiplexer indicates a loss of synchronization via the synchronization
signal,

wherein AFC (automatic frequency control) is performed at said PLL synthesizer
means and said orthogonal detection means when synchronization of said demultiplexer means

is not established; and

continuous AFC is performed at said orthogonal detection means when

synchronization of said demultiplexer means is established. : ]
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