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t
rel ates to bandpass phase trackers used in the detection of di gi ta“wg 5
signals transmtted using anplitude-nodul ated radi o waves - e. g., of
vesti gi al si deband (VSB) or quadnature-anplitude-nodul ati on (QAM

type - which band hase trackers are useful in digital
tel evision (DTV) %@@mﬁrﬁmmn WITH HILBERT TRANSFORMATION
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(ATSC) specifies vestigial sideband (VSB) signals for transmtting
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Zenith receiver, phase tracking is done at baseband after synchronous
detection i g done. Digitizati ' Cﬁﬂm‘ﬂ f hiﬁﬁ%ﬁﬁ detection. 15
The digital transm ssion sche%“azgt or | zgoé}ﬁy e I'S unusual because
it uses vesti gi al - si deband anplitude nodul ation (VSB AM .
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after synchronous detection is done. Digitization is done after synchronous detection.
15  The digital transmission scheme anthorized by the ATSC is unusual because it uses
vestigial-sideband amplitude modulation (VSB AM).

In U. 8. patent No. 5,479,449 entitled "DIGITAL V8B DETECTOR WITH
BANDPASS PBASE TRACKER, AS FOR INCLUSION IN AN HDTV
RECEIVER", which jssued 26 December 1995 to C. B. Patel and A. L. R. Limberg,

20  digitization is done before synchronous detection; and phase tracking is done at
intermediate frequencies before generating complex-number digital samples for
synchronous detection. U. S, patent No. 5,479,449 teaches that, despite lack of
symmeiry of VSB AM upper and lower sidebands, phase tracking can be done at

intermediate frequencies before generating complex-number digital samples for

N
(* ]

syrchronous detection in VSB AM receivers, Narrow bandpass filtering is done 10
achieve symmetry of upper and lower sidebands before extracting carrier to be
synchrodyned 1o baseband to develop control signal for the bandpass tracker.



- 2- Alternatively, the carrier is extracted fromthe asynmetri cal

upper and | ower si debands, synchrodyned to baseband and | owpass
filtered to devel op control signal for the bandpass tracker, the
cut-off frequency of the lowpass filter heing so lowin frequency

that there is no response to the asymmetrical portion of the carrier
sideband 5 st Atematheely, the camrier is extracteﬁdi'm:p&ssasythmcalrmkﬁrﬁ lawer al so
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a cent er-channe cﬂa&g‘rﬁlj’es?'l’%’gn %‘r o haaeha. Me@gﬂgpaﬁgjlmd tRGeveiop contwol sigwnl 636
entitled "HDTV fr @A anBiEeENYERr, e tht-off frequbdyQEKT BV peAMIFoh ﬁ?%@gl

Apri

DETECTOR FOR VSB 10 SELECTI ON', which issued 9

B. Patel and A Ifquepey atiheieds nareaponse to the asymmmd poxtios, Of tleet carvicr sxdeband
application ssergaly,No. 08/ 266, 753 entitled "RAD O RECElI VER FOR
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transformation filter circuitry with di fferentl aI 90 phase shift networks
using FIR or .S, gagnt dd, S479(4a0 sligitikes the gidébarnds dfiche in;fhd& syhdhrosmised
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signals with system functions between one and ten MHz in frequency, which is

ccnsidérably simpler to do than performing the Hilbert transformation at baseband.

20  The delay required to achieve a 90° phase shift at 2 megahertz is considerably less
than that required to approximate 90° phase shift at close to zero frequency.
Nonetheless, the Hilbert transformation filter eircuitry involves a substantial amount

of digital hardware one would prefer to avoid having to use.

C. B. Patel and A. L. R. Limberg considered replacing the Hilbert
25  transformation filter circuitry with differential 90° phase shift networks using FIR or
IIR digital filters. U. 8. patent No. 5,548,617 issned 20 August 1996 and entitled
"DIGITAL VSB DETECTOR WITH BANDPASS PHASE TRACKER USING
RADER FI.LTERS, AS FOR USE IN AN HDTV RECEIVER" describes differential
90° phase shift networks using IIR digital filters based on a type described by C. M.
30  Rader in his article "A Simple Method for Sampling In-Phase and Quadrature
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SYSTEMS, Vol. AES-20; No. 6 (Nov. 1984). pp. 821-824. U. S. patent
application serial No. 08/577,469 filed 22 Decenmber 1995 and entitled
"Dl TAL VSB . DETECTOR W TH BANDPASS. PHASE TRACKER USI NG NG FI LTERS,
AS 5 FOR USE_I N AN HDTV RECEI VER' differential 90 phase shift networks
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fA r (Ea)_(?_ {J/ency ( VHF)dlgxpzh&ltgrs andam tMsgen&rdl)eddssriﬂlﬁ:d Bgfr'pfi-}:lszglsg (ijn United ]§li 1; WO.
recei ver _usi an s tracker usually w e.desi gned as a
tripl e-conver sipaf?“{]@eﬁwa"—D@%n‘\}@A P'hg‘s oNpYeakes A8 andreptiledinal s as
recei ved from »QUADRATUREDEMOHUELA sconnection to a first
I nternmedi ate-f rgquency signal | ocat egbfkn t he ul tra-hi gh frequency

(UHF) band somewhat above tel evision broadcast channel ei ghty-three,
converting anplifi edbeffiibest trapsipumation fdter eireuitneisimplementst vs adigital fter in

signal, angafi ' anlyi g i | §-i gt F.signal.to an
ol {1 et e 1 2020 T U SAPHECS kBB b A Bt SE A e BrepsiG g
for synchrodynibpg single analog-tbaligitah oshvelted (ADC) cpergive ofMBe gefultimdiedi t al
comuni cati ons _receiyver  avoi ds an prohl em of matchi ng separate ADCs

respectivel y udREmpEdiatefequensy ﬁ%“‘i upedip the receivero Fhisrenvitiaate I signabigi nar y
t of : ' ' | : f
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mat ching the gains o gi nfary comnponents respective
supplied to thebamsiDeo. ADIY, retdieerpsinglacandpassiackienysually wilhbe dasignedrag nar y
conponents of the ultimate |IF signal that, ,are in a rate 90 phasi S
largely 13 F-genyersion recerver, &nvempg radigsfreausncy GrEy signals afmrsrivas gﬁ%f"l zi ng
sigals in a di %E&Lmﬁ%wmke&mem 10 a first ih@ERENDE- A Gerd§ SiEnbott& i thd ash
anal og-to-digital converter, and the hfiirgs]% 10. 76 35*&‘ rregaiséynbgfhg plgrtﬁsecond
synbol rate anditmihigh frequensy RIHE) band semewhatiabbee talovidionbroadcast clidfelsi gnal s
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signal, and finally converting amplified VHF penultimate IF signal to an ultimate IF

20 signaf somewhere within about a 1-10 MHz frequency range, for synchrodyning to
baseband. Using a single ADC in a digital communications receiver avoids any
problem of matching separate ADCs respectively used for converting a real
component and an imaginary component of analog ultimate IF signal, as well a5 any
problem of matching the gains of the real z_md imaginary comnponents respectively

25  supplied to these ADCs. Also, the problem of developing real and imaginary
components of the ultimate IF signal that are in accurate 50° phasing is largely

avoided.

Further, the practice when digitizing sigxials in a digital communications
receiver has been to use 2 flash analog-to-digital converter, and the high 10.76
30  megasymbols per second symbol rate and eight- or sixteen-level symbols used in
DTV signals impose very difficult operating demands on a flash converter, A flash



- 4- ~converter has a considerable amunt of circuitry for
I ncorporation within a nonolithic Integrated circuit (1C die,
enploying a (2" -1)-resistor |adder voltage divider and (2" -1)
conparators to achieve n-bit digital resofution, n being a positive
i nt eger. Coerrléeiégerabl & rea is taken up on the die, so ADC cost is
qui te high, in PRE 2} 4, ponsidgrable agioppt of ciruizy for incorphration wathires monelithize s
consi derable p pere RO I et 21. 52 m | |iqn sanples
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In order to get digital resolution of ten to twe rtsa
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filtering, the . i d t h f .anal og-to-di gi t al
conver st on ror AMIEY Blenalf it 19,76 SHH YRGS st echif, whedd Handib Bisstir scor ns
that a single tlackeh e eThedeske o 1 ak B BERADY, pmex.wiﬁ%gﬁgf UevidCss Of

successi ve binary approximation type arranged for staggere sanpl i ng
to provide 24- ppiile diseptoeperskilled in thajartesmy eonsideting the use ofplerabphase

twel ve 10 bhﬁ:ﬁo%—?og éegeli%[k}%-%]out need for successive binary

approxi mation rate synbol rate. Each ADC digitizes a
sanpl e of one-half synbol period duration. Conversion rate of each
ADC i s one-twenty- f buorder tolgat digital réselutina sfitenan weelvebits ai2il 52 ngilliort RAPfest O

reduce power consunpt,ion by the square,of twenty-four in each ADC with an
overal | reduct Pﬁﬁe%dﬁﬂmgﬁ%éﬁgﬁwﬁe F&‘&"Gg“%\‘ fﬂf%ﬂt e fnygptor kgch ADC
of succCeggisitRedditRehise ﬁ%%&ﬁ&%ﬁtﬂ%ﬁ%’&ﬁoﬂ?&tmk )SthQPﬁxTaBX lve

conparators therein depending on the specific type o bei ng used,
thi s bei ng feweonvetsian. tThe it@ntor disedrps thet a single flagh ennvirtdr)cas bepeplaedbp used

i fl h ] 9-bit t 2-bit | uti d 25,
hopcoci abl U5 motgendsE R ATl Gt Bstoetse Bieadt b ination b Ao BLeRgimd o 1 or
with 8-bit saﬁréﬁlﬁx%gb g?dv%-24~phase analag—to—di%ii'i'[' 80&?%&'@1&%%}0 5@%&‘& e

St andard published _Septenber 1995 specifies sy codi n
oftrellis codebitsiesplution withart peedifonsiceessive binaneapproxdinkiion wisdeboveRTVWsed

for data withip - o] . S.,.each a s n el pr eceded
by a 30 4 oy NI EY ab e ARC HeROAT R SR S B 206 Wb dtdh

ori ginal pur pogenaksibisiatgof each ADCAE biv®twentB fovithahaeddrdidsh ebhvester, Hih Was
to facilitate conb-filtering to suppress ) .

20  tends to reduce power consumption by the square of twenty-four in each ADC with an
overal] reduction of power consumption by a factor of twenty-four. Each ADC of
suceessive binary approximation type has only one to twelve comparators therein
depending on the specific type of ADC being used, this being fewer than the (2°-1) to
(2"2.1) comparators used in a flash converter with 9-bit to 12-bit resolution and never

25  appreciably more than the 2%1) comparators used in a flash converter with 8-bit

resolution.

The ATSC Digital Television Standard published 14 September 1595 specifies
symbol coding of trellis coded signals. Twelve time~interieave& trellis codes are used
for data within 828-symbol data segments, each data segment being preceded by a
30 4-symbol data synchronization code group as a header. The original purpose of using

twelve time-interleaved trellis codes was to facilitate comb filtering to suppress



artifacts of co-channel interfering NISC signal In the Zenith receiver used
for field testing the ATSC Digital Television Standard, the twel ve
time-interleaved trellis codes are decoded on a 12-phase basis,
using a respective trellis decoder for each of t he twel ve phases of
trellis decodin Eac treI | i s, decoder can use a "soft decision” 5

t echni que of th°g“fa§ &LgeE mnsb@tﬂs@nwi‘&sﬁ signahi IthelBenith recei perasadifor Geids

substantiall'y t e n procedures in the other
trellis decoders tm%t%}éé 52%%53 Te%mt‘&d% ﬁ&%ﬁg Ry time-iterleaveriicelliy | s
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conversion pro v AL W’nwrﬁ%§§=§ﬁdkﬁ¢d?gc%uss@B‘s@@dtqmbn" so
the 10  egsal umi ] cﬁ&ﬁrﬂy r nsi d
differences in th * OEtHettg%dn‘?/%rm on g‘gﬂ”g@ 0 dgé%%@:geo}r’%&%snsﬂgﬁ?&%la for
in some part byndemmdendof/ﬂlddemsmn procedutesdh thechalisriellls depsdRes dTHeARe b t he
trellis decoders é) 9@ ﬁtcm ng can be.done satisfactorily
in any case, pltHeRFAdsHLe-interleaved iellls sodss reduces %mewgswr tonching

si xteen, shoul ghdenbesrnaths oﬂ}iesweklbﬁcﬂf%% usihg thd Fu-GERY QﬁalQ%t&@iPQXiar e

reqU|red in the conplete anal og-to-digital conver ion

possi bi ity of cemrden piscednye d%s&‘nbﬁdmbevsﬂdmem ghostirntgriy sdapatible sothe
Per " second >” babaliziidH HtdBl Shonkifflel R Eiofct ot R eRs o o] Lo

cost encour ag edoﬁ\hsmn gains of e ADDs arocorgptabaad fo Qvsonteap tithe liviluagepar at e
anal og-to-digital, copyersion of the 20 real and imagi nary conponents of

the ultimate | ﬁ“ﬁ‘&ﬁﬂ°‘ﬁﬁ°%€“@%§?@%ﬁﬂ is degogeds. t han avoi ded.
The problem of equalizing gains for the real and inmaginary corrponents of

t he ultimate :
respective ADCs is %:i‘a:%ggqgﬁg?ﬁgcm@%&%?é?%%fogggw%yfgg%%y suppl ying the
penul ti mat e | Fecenvgrsion with feweriphasss, savh dscdiverexy; Shovdd Bbfeasible X This wdvdd redues of

mat ched copgtryction, ich switchin e mxers are sw jn
response to° i nﬂﬁ?ﬁé"é‘ 5%%%5?‘15‘?‘8‘1%%8 %&*ﬁ@a@gﬁﬂﬁ%’at‘?‘m&eﬁﬂ%ul timate
| ocal 0S girdiliy.OThe S&wﬁy bf Qialowotdsbsw goﬁ%&‘io%ﬁ%%&% ddpghledre of

mat ched construction are, anple, formed in a monolithic IC

using a tree opraviding éugnalcrawlwumfpm tartwclwahgs aht2dr52 million saaipies pemspsond

i t chi ng-t ' | | f t
30 Creapect btk ibolss RARE BRwR fondirbhisHasks ¥R BENeS fosk ElcBllnb g0 ' ©
filters desi gn@ghetdr to considBehoW 1h\£%?obfléxﬁ§f6f%%ﬂ§thlaﬁﬁby-t@-ﬁfgﬁal&wnﬁ&ﬁoh gpfgances

are recommended for maintaining
20 real and imaginary components of the ultimate IF signal can be overcome, rather than

avoided.

The problem of equalizing gains for the real and imaginary components of the
ultimate IF signal as presented in analog form to their respective ADCs is capable of
satisfactory solution by supplying the penultimate IF signal to a pair of switching-type

25  mixers that are of matched construction, which switching-type mixets are switched in
response to in-phase and quadrature-phase output signals of a penultimate local
oscillator. The pair of switching-type mixers that are of matched construction are, for
example, formed in a monolithic IC using a tres of emitter-conpled Bipolax transistor
pairs. The switching-type mixer responses are similarly lowpass filtered to generate

30 respective ifput signals for the two ADCs. Respeetive LC lowpass filters designed to

be driven from effectively zero source impedances are recommended for maintaining



- 6- equal insertion gains for the real and imagi nary conponents of
the ultimate | F signal as presented in analog formto their

respecti ve ADCs. The probl em of devel oping real and

i magi nary conponents of the ultinate IF_g__ signal that are in accurate
90[err] phasing is .solved in such an arrangenent by supplying 5 t he

i n- phase and q%ﬁﬂ?‘émm’%’ef%%ml@M@mﬁomMmBmﬁtﬁeimmeteIIB@ﬂana{

oscillator in gas resem@@ﬁi’irﬁo Bhae] Ag; ];g . silArB)d:i fies the problem since
the penulti mate Ipocal oscl gt or t ey re %f?’b’ﬁ s'sgnal s are essentially free
of nodul ati on. The probl em of matchi ng ADC characteristics

i s capabl e of sol utild& probdem of develo@hwhi@ndwaga@gom?gﬁa%ﬂgaﬁgwg jgons
wi thin a singl §i§ggn ithic IC If the ADCs 10 are flash converters, they
a

are preferably AfE acqwate f0: phasings 8ol vedingueh smarrangementchyrsopplyirfg t he

ADCs are of §suckesinsihuse Aidaay, ' ' , ey .ar ef erably
arranged to use thzIj same ﬁ\/\%ﬁf&f’%bgg‘%gﬁ$%%?ﬁdh{M&ndﬁsﬁog%?gcg{aﬁ’ﬁd%rds
used in the su@eouate phasing ' This simplifies the problbay siace the penultimate local oscillator

SUMVARY OF THE W 15 . The, i.,nvention is enbodied in radio
recei ver ci rcuﬂ‘g;‘/{ 0 %%’“F6ﬁ°1“bw¥rf§°°s°6m°f&“'m°n- useful in digital
tel evision receivers. A tuner is included for selecting one of channels

at different |ocati Fheproblem bf mapaking YDihsithractdtistibs i aapubsd of solimoh Opat €d for
transm ssion of, anplitude-nodul ation of a radio carrier wave in

accordance wi t FRAPRIE.GVt SIesnalrhed constructionswithip aisingleononalithio 1€ iithe ADCs
I nf ti | IH | 20
1Tty S A BB AR s

penul ti mate i nterned at e-
I nt er medi at e- f caomencif the ADCshwreof suécessive binagfapperithdtionaym, tegate
oscillations sgﬁeﬂlj&gs thosg osci|lations in a first phasing and in a

second phasi ng ¥ AT aRE5H &0 Yierthe same netwark forgstablishing thecetmppwainy standards

wi th the penul {j.qat ﬁlelsEC&ggMpgir&i{n?ﬁ&{pra&%uﬁa?COnd m xers respectively. The

first and second m xers ‘are of. @ swtching type, the first mxer
switching in accordance with 25 the penultimate | ocal oscillations as
supplied in the first phasing SERMMARY OFGHE INVENTION  conponent of an
ultimate internedi ate-frequency signal, and the second m xer

swi tching jgn accor c ] : | | I ' Lons, as_supplied
in the 13 secongﬁ;q)%ﬁglmﬁégf’ %?’g%ﬁ“ﬁ%ﬂ’i}}’%ﬁg%‘%eﬁvgﬁéf°ﬁ§f’§é’écdégn£°éﬁé“ﬁ’%g %ﬁt he
ultinmate usefill & digithlatRvision Geceheys. A Ainsd is inslided$br delRotiag nd o1l chinels
separates the real conponent of_ 30 the ultimte IF signal fromits inmge

a . . - LS,
to generate a HiBEIreRGOFARLTS iy Feauenydiadohich ehimel is allocated for transmission
of amplitude-modulation of a radio carrier wave in accordance with a digital signal

descriptive of television information, and frequency converting the selected channel to
20 apenultimate intermediate-frequency signal in a penultimate intermediate-frequency
band. A source of penultimate Jocal oscillations supplies those oscillations in a first
phasing ard in a second phasing in quadrature with the first phasing, for heterodyning
with the penultimate IF signal in first and second mixers respectively. The first and
second mixers are of a switching type, the first mixer switching in accordance with
25  the penultimate Jocal oscillations as supplied in the first phasing for supplying a real
component of an ultimate intermediate-frequency signal, and the second mixer
switching in accordance with the penultimate local oscillations as supplied in the
second phasing for supplying an imaginary component of the ultimate
intermediate-frequency signal. A first Jowpass filter separates the real component of
30  the ultimate IF signal from its image to generate a first iowpass filter response within



-7- an ultimate internedi ate-frequency band of fset from baseband by

at nost a few megahertz. A second-lowpass filter separates the
I magi nary conponent of the ultimate IF signal fromits inage to
generate a second | owpass filter response within - the ultimate IF

band. First anal og-to-digital conversi on7ci rcuitry containing a number 5
N of anal 0g-t o-attiulfirhate inexedidie frequehbyRinB DRt f1RR BhseBR b t%}’&sﬂg fel OF
digitizing said first |owpass filter response on an phase basis to
generate as an ‘BERITE- < sreand lowpass filtes sypaesahe imaginasn ophpment oftthe r eal

conmponent of thg; ' I ' anal og-to-digital .
conver si on ci r?&ﬂﬂrt{:/ w%lﬁ%iﬁggtﬁ?gﬁﬁg t(gg%%%%? sqgent loxpassditer sesppRservathin
converters, prdhe utmatedF beid)i Firstiangog-RedigRaleBavdraon aﬁcﬁxiﬁ%&éyﬁ&in{ng_%r}gmr on

erate as_an out put signal thereof digital

an N-phase 10 basis, to,ge
sanpl es of he ?@6?&?8?‘9’_‘“&& CORYERHIE RENB t lears o, pravides fordigitigingisaidTher e
Is circuitry T egstSSiseilitidedon B ﬁ?‘l\l-phaser?saﬂg @eé&ltzxg?eta%gﬁ%npsdt 9%%%1. at the

frequency of the radio carriéer wave as'tra imate I F
band. First sy#emofdigiahsamplesafitiarpalicesponsis of thetdtimato IDbigiald Seédnal

[ [ I . i gi t.al sanpl .of th I [ [
conponent s or . FHLCs aigE cRiTHasipRoEig A G conBU AETSE Bpl slode digial
baseband si Gnakonv8R6a/\toPMBFAF ARREfiAhe second Ml ek eBoRRE R0 phiAG

conplex digital carrier signal supplied as ul

osci |l ati of®, h#fis, fogeneuteRspncutpus sigpsl deererf digital saagplesaofdhd impagirmry
conponent s of b | | gpal., . for .recovering a

quadr at ur e- p hag%ﬁ%oex‘xsexétbg &(Pﬂi ﬁsllhg%]gﬁel_l" sfgnﬁi. gﬂchd is clrcm{ry T géncrating a gomplex

DESCRI PTI ON  OFdiithl caRiikigmal a2 the frequency of tHeagdio@hrrict WhES tlanslafedits ti

schematic diagramof a respective digital tel evi sion signal receiver
enbodyi ng t he PR Faand. First synchrodyningmireniter respoadsdo sherromeniexcdigitalgr am of

swi tching m xefs.:0f. | ke r | f i gi,tal
el evi'si on o1 coariesihal Yot Aty BpmBles of g rest B nfhgHEY BmiepuiloPl”
schemati c 18 agnltimasiPwigral! fie tetob&infantiRphie basdbapdhsigml.2Second synchrodyning
anal og-to-digital , conversion carried out in preferred, enbodiments’ of the
di gi t al SIEED] spaRds fothe complex digitakcagrier sjanglraugplied asgltimate local

FIGURE 9 is a seiflBhd GndioRfl a{ﬁltm ' Ogﬁ%@%ﬁl%@fﬂg%%ﬁ%ﬁeﬂﬂ%%é.rel li's

decoding carried ouf I'n particdlar e I mrents o tel evision
si gnal r dtimiatedF sigrhl, FrGeiRVEridg a quadrature-phass baseband signal.

BRIEF DESCRIPTION OF THE DRAWING

20 Each of FIGURES 1 - 6 is a schematic diagram of a respective digital

television signal receiver embodying the invention.

FIGURE 7 is a schematic diagram of switching mixers of a type suitable for
use in any of the digital television signal receivers of FIGURES 1 - 6.

FIGURE 8 i3 a schematic diagram showing details of the plural-phase
25  analog-to-digital conversion carried out in preferred embodiments of the digital

television signal recejvers of FIGURES 1 - 6.

FIGURE 9 is a schematic diagram showing details of the plural-phase trellis
decoding carmied out in particular embodiments of the digital television signal
receivers of FIGURES 1 - 4,



- 8-, FIGURE 10 is a schematic diagram show ng details of the
pl ural - phase trellis decodi ng carded out in particular enbodi nents of
the digital television signal receivers of FIGURES 5 and 6.

FIGURE 11 is a schematic diagram show ng details of the sanpling control 5
circuitry enployed in particular enbodi ments of the digital television
signal receivers FIGURE H} sisrel:matic diagram showing details of the plural-phase trellis

I
ecel vers of FieEaISs quriegout p gricpiat Bt of B ST BRI, o

radi o frequencigsivtys FFIGURES fadd 60or alternatively by a cable 10
connecti on not shown) are anplified by a radi o- frequency anplifier 2 for

application a first, mxer to be heterodyned. in the,mxer 3 with

first local oscill atFIQL,E{E 11 ‘Sasﬁé@@?té‘t%fﬁ? SB°‘P"|“3§F‘3F16€§!}'36%P’F’?9&‘E°(’}FT°|4 The
e 2L 287 M el £ 2642 e Sl imBodiments of e GG et MidALipdaf ettivalson

signal to a“first requency and
pl ur al - conversmﬁtﬁl@HREJSvle-rGShovm in FIGURES 1 - 6 reposes in the UHF band

15 somewhat above tel evision broadcast channel eighty-three. The first

I nt er medi at e-frequency signal thu K I xer 3 is supplied to
an ul tra-hi gh-frequency- ba@’?ﬁ%@%@%&?ww anplifier 5,

whi ch supplies anplified first internediate-frequency signal to a
sur f ace- acoust i c- wag teHifal talévidon signal redgiveesso {FIGURES beb edikua}l/fﬂievwbiDTV
signals as transla]lsed to the first 20 I, nt er medi at e- fre uenc

Ina digital sisERals 2 EeEvedat e EquencisSdYanAgiengs b (onp &?H}ag%lysymb*e
control | i ngat hgg?mmn 9&%&%} ﬁ%ﬁzﬂ@bﬁ&&d@&‘ﬁ%@;&@%ﬁ%ﬁ{ '2%1- faananhe

receiver |n or to mnimz nt €r synbol éerror esarre
time rejectingteatiesthererd; e lbfrhnnrsdgndlmmemnxerswnthdiradmi osz:ﬁiMna& S.

Getting flat anplitu hin 1B over_a band h of 25 5.5 to
6 MHz, while @Fﬁ‘%&ghé?sw‘g%faﬂliﬂ%‘r%u eqRixETS Bfnslates F%rgglpqules PE3ui res
SAWTfiltering ‘éélE&c@d%ﬁt@l%teOﬂim%lmﬁf 1o SinRRHe AR IRT u&&?%ﬁa Nehit{1& the

receiver bandw I's difficult and expensive fo inplenent such
SAWTfiltering fpbralegogision receivienstdwrsio FRGHRESIL - 6 depoddsian thel &HF bk

i nsertion | poss is it - 17 dB for

the 41 - 47 M—Iﬁ“"ﬁﬁ‘%ﬂ “%Vea %&WW%?%%FFFSBFW%‘?W‘% “?%gefg%b‘y 80 bandwi dth can

be nmore easily idsmpicaiRareghehoy signdlithushandared B¢ thedidt 3 Xlshppli®i3 an
ultra-high-fraquency-band intermediate-frequency amplifier 5, which supplies

amplified first intermediate-frequency signal to a surface-acoustic-wave (SA'W) filter
6 designed to select VEB AM DTV signals as translated to the first
20  intermediate-frequency band,

In a digital signal recejver there is great concern in carefully contrelling the
overall amplitude and phase characteristics of the receiver in order to minimize
intersymbol error, while at the same time rjecting interference from signals in
adjacent channels. Getting flat amplitude response within £1dB over 2 bandwidth of

25 5.5 10 6 MHz, while maintaining acceptable group delay characteristics, requires
SAW filtering with a great number of poles and zeroes to define the receiver
bandwidth, It is difficult and expensive to implement such SAW filtering for a VHF
band, such as 41 - 47 MHz, Also, the insertion joss is quite high in a VHF band,
typically 15 - 17 dB for the 41 - 47 MHz band. The SAW filtering to define receiver

30  bandwidth cen be more easily implemented for a UHF band, such as at 917 - 923



-9- MHz, as long as care is taken to drive the SAWfilter fromthe

opti mal source | npedance specified by its manufacturer. This is
because the [err]f/f ratio of 6 Mz to 920 MHz is substantially
| ower thanthe[err]f/f ratio of 6 Mz tQ 44 MHz, Insertion | osses

also tend to beMﬁ in a UHFE band, typrcally 10 - 12 dB for the 917 - 923
5 MHz band. z, as long as carprigtakpartotsirive thqrsaﬁbﬁlténfmm Heppttaligsrgai n to

make up for thephpsaptd t. controlling
the gain of the anpl |f|%gabgé%“smafmfa§§%2 TEAI‘S {5E the AﬂggﬁiPPg MHzte o
drive the SAWf P2 MH:ﬁ:sfsnbmmaHpWWeﬁuian&ﬁww&ah%PQWro fEMEEL G ert'

anplified first | nt eiﬁr‘ge I?‘ﬂa'QEFf reqguency _signal is supplied fromt g’R\N

filter 6 to a 18 lgwerip 2 Ebﬂ@smﬁuzOHIBﬂBfm&nﬂﬁ @23 h

first |ocal gscipdagdngns generat ed by a controlled second | ocal
oscillator 8 in FIGURES 1, 2 and 5 and by a fixed-frequency second
| ocal oscillator 08 in FIGURES 3, 4 and 6. The m xer 7 - transl ates the

frequenci es of a sel the HHFchagﬁﬂﬁhmpﬁf'e\n m'bwidesggjmai mélee b BE terflsertion loss
penul ti mate int ' [ nd., Whi, c n t he_ plural - conversion
receivers 15 s C}\j\[ﬁﬁ%\ﬁ&ﬁ Eiﬁ%gg oXtr%ﬁ IR Hisgain ‘?ﬁfi‘i’ AP ’d&ﬂ&?sé'cﬁ‘?‘ékﬁhéf theel ow
tel evi si on ampliftedaa Stive IRISAEN AP 6 fdnball éﬁﬁﬂaxa&%@kﬁmme skRANA

filter 9 suppresses_the inage of the second, penultimte

i nt er medi at e- f r YERIHIRA firay r@ﬁm@é&&engy signekis srmpheql from the SAW Siterr § toea

penul ti mat egg nt f lified

ver y- hi gh- frdequ% Egzr?g% %ﬁgﬁgn{ég&égﬁé&f&équexﬁ ﬁgilr‘r'llgtflf"ézp oiﬁm"ﬁ’ﬁs§e‘?ﬂlﬁ%and
IF 20 anplifilya ammlemmn«umajvus&maﬁusmwusunz g8S M b¥ £CGC) , and the
RF amplifier is provided with del ayed AGC. So, the amplified

penul ti mate i nt@?%%ﬁﬁegﬁﬂéﬁﬁ}oscmamﬁlgtféﬁ%ﬁ Brad GHThs axiden T
ampliTier 101 SrdSiaiesREREHLRAE G iRelebitd Bigial ofRRida ;ggagf&ase ond,t 0 M Xers

11 and 12 of swtching type si'gnal 'recei vers
of FIGUES 1 - mendhmwm&rmedzmemumaygmms&m& in thd/hlodR- conmgsibis reasivagpani ed

ool i Lude. o 1 REOpRiBEIGUREBdr STaBonst bt NEF bpceompwas below BIRen L. R
Li mberg in U. %romhﬁ%a%1 tvrd, 08 Qurfe-at: a&u&%%és&wﬁ%%?g ?tﬂfbr%%és éhé ﬁgage

" AUTOVATI C GAI N CONT RADI O RECEI VER FOR R
H GH DEFI NI TI O\ef Tt @obsl, @amﬂ;ﬁmﬁxﬁamddiatc-ﬁeqmgy Bxghal:gnmahd B9 thermixer Yier s of

e S 00 et R G B s
very-high-frequency-band intermediate-frequency amplifier 10. This VHF-band IF
20 amplii‘xer 10 is provided with automatic gain control {AGC), and the RF amplifier is
provided with delayed AGC. So, the amplified penultimate intermediate-frequency
signal from the VHF-band IF amplifier 10 is of a preseribed amplitude for application
to mixers 11 and 12 of switching type.

In the digital signal receivers of FIGURES 1 - 4, designed for receiving VSB
25 AM DTV signals accornpanied by a pilot carrier, AGC is preferably generated in
respouse to the amplitude of the pilot carrier, as described by C. B. Patel and A. L. R.
Limberg in U. S. patent No, 5,636,252 issued 3 June 1997 and entitled
*"AUTOMATIC GAIN CONTROL OF RADIO RECEIVER FOR RECEIVING
DIGITAL HIGH-DEFINITION TELEVISION SIGNALS". In the digital signal
30 receivers of FIGURES 5 and 6, designed for receiving QAM DTV signals

unaccorepanied by a pilot carrier, AGC can be generatéd in any one of a pumber of



-10- ways. T. M Wagner et alii in U S. patent No. 5,235,424 issued

10 August 1993 entitled AUTOVATI C GAIN CONTROL SYSTEM FOR A HI GH
DEFI NI TI ON TELEVI SI ON RECEI VER, and incorporated herein by reference
descri be taking the square root of the s of the squares of the real and

| magi nary 5 san‘g}l es of the QAM si gnal’s" to devel op AGC signals. In
effect, this isVSdilgM-aVagner ez alil iU patent Noes, 233, 420gs4uee 18 mughaness! t he

QAM si gnal . : I TV . si.gnal_recejvers of FI'GURES 1
- 6, the nixer Ftled AUTOQ) ﬂé&%%‘?%&ﬁ@' mﬁQRWHF signal to

generate real DEFINFONMTELEVISPONRECEIVER, and incorggija#eh'm}eﬁx by referenge o  set

I nt er medi ate-frqeé uency .signal fall igtg in a 6-Miz-w requen

10 from zero f &5@5 %&eéﬁuwt thesunvs-pf the bguarsaif theorgland haghhary he
ultimte 5 sampleSbBdicii g ' dmthe g xer, 11 qutput signal
is separated f romﬂi ts @ s?%‘ﬁggggg%ﬂ %%'as%xpa]lsr p?@&%éi”fsd’fag‘ﬁﬁﬁ cation
to an anal og-t@ﬂh@@aﬂW@ambﬂeoﬁﬁdQAMﬁ t.he i magi nary conponent of
the ultimte internediate-frequency signal in t%?ea m xer 12 out put

; L : . I . 15 f i .
sLomal 15 separatody{Lop e hEDYE Y & SORPRR UL T 618, Lo BEPLAERL O,
receivers of Fhélefdpnd haEndtimat IF GlnMGo igBndrile éﬂr%é%!e xtug)abvx\}a r components of an

controlled by third |ocal oscillations applied t h appr eci
phase shift ultimate intermgdiaierfrenuerry-signsh tillingan @r6-MHz-wide fisqudnch bagl offset he

m xer 12 igpcCO ' losciJ | ation ase, shifted
90[ err] by§% pﬁgégieg(ﬁ%@éﬁbef%%km&%?f%gﬂgﬁi?& rpglccgppgbe%g&ﬂ Ths are
suppl i ed wi t hointeraegiatm fredplencypdigend irj the hrterdll dutpte Sighdl €sepAIdRor e
third | ocal oscillator ch iis advantageously a crystal-controlled

17, whi van ry
oscillator.  'mage Yaivaasswtef i for pppigetion fo1ap anpipade-digitebeanyerter 14; and

dtvel opi g quadParapassoloRdR Bl e itmar e RAlI KRG, BERT S B

frequency and phastpursigral i3l sepadtREfroni igrialage By 6 ovep0oRRer 16 ok dpplicktion to

controll edlfecond | ocal .osgi | | ator 8. The synchronous detector 20 conprises
di gi t al A ialog-todigutal onNerteplh. | eceiving digital sanples of the real
and i magi nary conponents of ultimate IF signal carrier as their

respective mul tipliglthe DNAdisnal T6eiveXRE FIGORES | and 2, sWRlHES BlthePiley il fer
conprises a digital subtractor 23 which differentially conbines the

product out put cuttigHed By thitghipeah esqiiations ennbied dheseto withaer spprecisblgahaseshift t he 30
a af'{ ‘;‘t ur e- phaggDARER: SkARMr 17134 shRChRY I R ARAMS1 218 tafREd 89 nilPP! 1 es
local oscillations phase shifted 90° by a phase shift network 18. The third local
20  oscillations are supplied without appreciable phase jitter at fixed-frequency by the
third local oscillator 17, which is advantageously a crystal-controlled oscillator.

In the FIGURE 1 DTV signal receiver 2 synchronous detector 20 implements a
synchrodyning procadure for developing quadrature-phase baseband signal from
which automatic frequency and phase control (AFPC) signal is develaped for the

25  controlled second local oscillator 8. The synchronous detector 20 comprises digital
multiplie:s‘ZI and 22, receiving digital samples of the real and imaginary components
of uitimate IF signal carrier as their respective multiplier signals. The synchronous
detector 20 further comprises a digital subiractor 23 which differentially combines the
product output signals from the in multipliers 21 and 22 1o generate the

30  quadrature-phase bassband signal that the synchronous detector 20 supplies as its



-11- out put signal. The responses of narrowband bandpass digital
filters 19 and 29 are applied as nultiplicand signals to digital
multipliers 21 and 22, respectively. The filters-19 and 29 are of

| i near-phase finite-inpul se-response (FIR),  type. The filters 19 and
29 select real and inaginary conponents T 1t he pilot carrier as translated
to the 5  ul oY sighal. Jhazespenses efsiamowbantbindpasy dighdbhltero N9 kb9 aad

i magi nary conpo f o erts he djgi.tized ultinmate | E signal supplied
fromthe DACs 1%6&1% a%én ultiplicend %‘3@?‘@#93%8“5 multiplyrs ud3Zy respectivelin pr%e

subtractor 23 i dilkesrl9andi29 Hesicak Fhaod\iimts- inthuldes: W
pilot-carri er-exitu{?it lon filtering %hy tﬁe bm?assegbg?&gi al F?’tyrmsmi sé%d

20. The a4 2 PelrrEaeal perhimaginaphyaoronent of thepiot &jerabitretslited muppl i ed
e oy s O EnatOIE bR 86 LAEihs Bt g8k en R A SRENEY cESob iRt ol o

form by digital -to-anal og ¢onver red

by an AFPC fil t &e digitieed yiénatedFaighbRGppli@tedm R DALS 14 and 16. COR diftbleRith
second local oscill at.0 menories 26 and 27

. or ?"H . Read-onl_gl r
respectivel y st SPRUESIEIA from subaeton 23 ia prrEow frybagdwidth owiigte thegwkrowbandib| e
for digitized upfid J i l; 8 5lLeceive
o e | PRSI RR TR by e ulh BTN HR £0 o i

i nput address froma sanp count er np r t he
operation of whiifferengepigealdmnnthesuitidctori23, whioh & swppliddasdist Snthebhgrisher on in
this ecjf,Lcatd ith reference to FI GJRE of,the drawi ng. The ROM
26 stores aﬁgos?énée&g‘ id)éh‘?‘#&f@-“ﬁ{n“t@ﬂ?’%“ﬁé? angt %ln?é’él dﬁﬁ‘?ﬁﬁ’éﬁ‘é“‘fﬂ:“%"ml
carrier, and thedBd\sHendb@pas fikefetB9 an AFPC HRRKSYH gtblie aAbpE Qi | zed
ultimate IF signal carri er%The RC]VBWZg and 217 suppr 20 Ai:’?heﬁ%%ﬁg?é

sanpl es of the ¢eolleghsecond ipcalassillatonBonents of ultimate IF signal carrier
applied to the digital nultipliers 21 and 22 as their respective multiplier

signals. The : %M% : Laital, redin n
ultimate, or final, loc a@%?&ﬁoﬁé %@ﬂﬁﬂe&&cﬁw& %&ﬁ@s'f—’r‘ M"z‘gﬁﬁ?@% |agnal
recei ver diff ersnd lookauphatile fdr digiGdBRultiniate IF Signalayrrier. The ROMs 28RIAE 29I gnal s
devel oped for the control|ed second | ocal oscillator 8. The

25
s.ynph.ronous1 det"éﬁ‘f‘ﬁ?”‘?ﬁt?‘d&e@f 80 & REPCHNER I R & 59850l spime Alherf ¢ he
di gi tized optkdioRBrHidh sahgmiouﬂeef oAl ﬁé’eﬂpﬁﬂﬁﬁdtiﬁﬁcm%&flcﬁ‘ﬂfmﬁs& |
na I'l'tering by

respectively, w'thout owband pilot-carrier-extraction
t he bandpass di spetification, tvithsefe@neatd FXIGURE of the Shaviirigaithe REBVIAGi stored cdsire

synchronous detect or es.its,out .Ssignal, suitabl for the
extraction of s@ﬁ%’&? t@%ﬁé@y&éw&m@?@#%ﬂ Feio{RiL ﬁ@ﬁs 3’,8 lf%f LR JMBEs 30
detector 20 outjgbk-upidilatforkife dEiRiBdd VREmYiedF 3ighRiNVaed] ThHe ROM24 SRt Breguphiynd
control circuitry 30 where extraction of synbol frequency is
performed. 20  the digital samples of the real and imaginary components of ultimate IF signa] carrier
applied to the digital multipliers 21 and 22 as their respective multiplier signals. The

ROMzs 26 and 27 operate in the digital regime as an ultimate, or final, local oscillator.

The FIGURE 2 DTV signal receiver differs from that of FIGURE 1 in the way

that AFPC signal is developed for the contiolled second local oscillator 8. The

25  synchronous detector 20 receives the real and imaginary components of the digitized
ultimate IF signal directly from the DACs 14 and 16, respectively, without
narrowband pilot-carrier-extraction filtering by the bandpass digital filters 19 and 20.
Wideband operation of the synchronous detector 20 makes its output signal suitable
for the extraction of symbol frequency therefrom. Accordingly, the synchronous

30 detector 20'cuiput signal is supplied via a connection 28 to the sampling control

circuitry 30 whete extraction of symbol frequency is pe;rfnnned.



-12- In the DTV signal receivers of FIGURES 1 - 4 a
synchronous detector 40 is I npl ements a synchrodyni ng procedure for
devel opi ng i n-phase baseband signal The synchronous detector 40
conprises digital multipliers 41 and 42, ]Ir%efgei ving real and

i magi nary conponents  of the digitized ultifate |IF signal supplied fromthe
DACs 14 = 5 and 16Wndbe DTY signal soseiveswod FEGURES! 1 -camsynshugaahssdetebbist 40 is
synchronous det = opprj ses .a digital adder 43 which
addi tively corrbi?'?leés%t 4%‘ %%@5”’85%‘1?5"@" gﬁ&#‘%ﬁ"l’m m-phase hasehand fignal pTher s
41 and 42 to gesyaclebsoustietderdr B 26@paas ARARMMBIPNEls 4 iving
synchronous detectpr 40 supplies a‘s’.i_t.s out putﬁgi ér?élg?‘a?‘%{;&%ﬁl&??zﬁ?ﬂgﬁ%l es
of the real TMAZINARLCORRAGERS P the digitzedndtimatt IFisighalsugplied fring ! DAGPREI ed
by the ROVE 26 @R4 . : gi.i to.the digital nultipliers 42 and 41
as their respecti vg‘%zmtjl?étil pIi gtrwegxlp’ ﬁgﬁga"dfsﬁﬁmg th SYHFpTosREndeterion dcfurther
synchrodyni ng poopeiser 2digia addsrel3ophicigaddively'cdhtifg hesRRadbutput signats 9Nl -
The synchronou or, 40 ggpplles t he i n-phase baseband si naF to an

det.ect or, P!
equal i zer 44. %}‘%p&ggmilnphgs 808 o geqerats the in-phase basebandisignal thathe he

conplete 15 spRoadHr&vBIEIdk L ines, . RO r..the conp|ete

spectrum fil telr%?cz_an ‘ufs &%E%%‘gpg%iépgﬁuﬁﬁgg%]i Iq?) r’gégg%&ﬂ}?,‘&ﬁ%i%ﬂ y a

conb filter forendippgissryicogpandnis afatiimatt iF signal sbPied &916ROMY 26 and 27 are
conmmut gt es the equalizer 44

interferengg. A, dat -i.niearl eqver 4 | al ize

response |ﬁ§ 0 ﬁaﬁﬁﬁeﬁgf‘s‘?‘? r%‘ﬁgﬂfer% pdad asdheis ispective myltiplinsinalsiforui try
46. The trelli Smplementif@SRAPhehrddyntHaldrdeefifire TOFNREo] : -}H‘%§ e
trellis decoder’s.p The {%el I ?s decyggilgr% czeéﬁrer esuﬁ%fgltgbglrg'g“s% P |SZ%&S¥"€%’ t he
trellis decodesigkcuitry 46 to a byte assenbler 47 that converts the
trellis decoder circuitry 46 output signals into bytes of Reed- Sol onon

error-correction cogs | I, t 0. Reed- Sql onon . decoder, circuitry
48, whi ch oor 15 Ao Rlor R AR Wbt rophit ebelBa fgma 1'an
error-correct edgluizer 65 'HIGURES] L A show the eqhislizel 34 &L@RkHaRsg theREmbRie f i €l d
testing the ATSC Digital Television Standard, the 25 error-corrected

bytes are $dppepesiumdilicrdafore anbol dersdingehovayst, theesmplets specten filter can

remai nder of t : . '

operation of t%liﬁﬁﬁ%?%%?g%t%%?ggwwﬁgg “‘.btﬁs“"éﬁ‘%rﬁ‘d{’m\gsg%?ﬁg“s of
suitabl e for tMNTSEtrciminhelinefferayrdl dits derimateaviis obimmteftRRGUAIRGE ¥4 | N
the DTV signql .receiyers of FI GU§ES,1 and 3, synchronous detector 40
out put signal FSPYEeIntg F’e?_ﬂ"ee‘i"é o SpRHfREeE f"()tFFm"Qd%d?rﬁg“g‘&'ﬁﬁI&r dde &GHisr ol
circuitry 30, WASKE drebithy f@é n%n&iggaliy 2{%% n%éi@@éllig BEBUERC b RS UEQIARSA- 1 N

the DTV signal recelvers of Fl
20 results are supplied from the trallis decoder circuitry 46 to n byto nsaembler 47 that

converts the trellis decoder circuitry 46 output signals into bytes of Reed-Solomon
error-correction coding for application to Reed-Solomon decoder circuitry 48, which
performs Reed-Solomon decoding to generate an error-corrected byte stream. Asin
the DTV receivers used for field testing the ATSC Digital Television Standard, the

25  error-corrected bytes are supplied to a data &e-randomiZer (not shown) and the
remainder gf the receiver {also not shown).

Wideband operation of the synchronous detector 40 makes its output signal
suitable for the extraction of symbol frequency therefrom. Accordingly, in the DTV
signal receivers of FIGURES 1 and 3, synchronous detector 40 output signal is

30  supplied vid a connection 49 to the sampling control circuitry 30, wherein extraction
of symbol frequency is performed. Inthe DTV signal receivers of FIGURES 1 and 3



- 13- the |l atency or delay through the digital bandpass filters 19

and 29 nust be conpensated for in the connections fromthe AD)Cs 14
and 16 to the nultipliers 41 and 42 in order that the sane cosine
and sine | ook-up tables can be used for supplying mul tiplier signals

to the nmultipliers 42 and 41 in the synchlBonous detector 40 as for 5
suppl yi ng nul t i the lzencyiog delag throughithe aigtggllgahaﬁsgf%,ngqnggg idhst e

synchronous detect or These conpensatory ays can ge provi ded

usi ng portions BFRE W%H!'%WWDS from the|AJACE 24 and 16 lohe makiplicngat he

bandpass filtergmdidif DTV nal rec |vers of’
TGRS 3 and 0 7B Betefthat he ssme cosine and sink 160l 1o 18 b o8 heoppiving
control | ed secondtiplitraignalsao theatultipBers 82 ampl Birethe BynchronBGPBde oSSR as 15
oscillator Q8 d-f uen e, I ¢ch advant ageously is a

crystal - contg r O%F‘B%fy' %m"l&ﬁ f@é‘?é‘}lﬂ‘ ﬂ‘n‘gﬂ phegs 21 gpehi2 indhe sxpsheonots CHESURES 3

and 4 differ flzntmmsg‘d; b9 defays can b ‘%ﬁﬁéw}g AFPC d
third local oscillator of fi xedyf re‘queéﬂ(’:y type &{}ﬂ x?s& &’P"‘Séﬁ PRt h
t ogether with tﬂ*ﬁ@%@%w mplementigDthettandpeshiifters 18tand R, 18. Penul ti mat e

| ocal oscillations in O[err] and 90 pha5|ngs are supplled instead'by 15

frequency-dividin -I IIa i
ooy ot ' "9 TRE IPES LEh Ak ARl ROPRES £badd B bopdhote st FralRes
oscillator 50 rlemdlz\mshamﬁ@oatrgnmi second local bﬂﬁllitbxes ARBadeblblyer se@cﬁrd local

O herw se, hhe i{s }Sﬁrcwer of FIGURE 3 is simlar

constructi R t &5¢He T_)ﬁ@’ BRCY RS Whichraduentesepusly igp W@amﬂeil%al
receiver oﬁxllﬁbﬁjﬁﬁ ﬂ‘I’V%:g%hﬂeé%r& S‘fmgfﬁﬁ@ﬂ di&%@ﬁ¥®g%ad&RES

recei ver of FIGURE 2. signal receivers
5 and 6, desi glIféGURBS lr@ﬂe'! waithat tWPC‘d thxrﬁbbhlsxsgﬂaiosmu

pilot carrier, nera esenbl e, naI receivers of FI GURES 2
and 4, desi gne 'éc%?%@%}tbﬂ\ s”h‘f’%ﬁ‘, ?)%d Bni ed by a
pilot carrier. Pkﬁhlixﬁﬁteﬁbﬁ%ﬁuﬁt{oﬁﬁ%ﬂ’?@ gg“;@zgfggyéig s @;xekfh?s

controll ed second | ocal oscil stas net hod. A
di gi tal 2515 midequepky-dividiag thel astiibtions of heoqndthdascmetopMmeplbal‘remm

response of th nchr,on ector 20, b has eband
response of thg“eé'ycﬁg%f‘igﬁ ﬁ%clﬁ%’f@(:§ge+ “&f’ﬁ okl ator V§ﬁﬁr"§%§“ duct
bei ng suppl i edfom ﬂha AFPAGIIRA 285 ctﬁeswise,au& DI Véighal r&laﬁrePEP@IGURE 3 iEkinliRF 25
applies the direct conponent and | ower-frequency alternatin g conponent s of

the DAC 24 out Fttongirefiien te thedPEY signelrereivy ok B |lgang the pigpal recgivas
AFPC . 3 d
signal . 30 Fzﬁﬂ)?}ﬁi Shd :ﬁé’&&h&@fm WV Fﬁgﬁggézg%_éfmu&%g?fal to

devel op AFPC si gnal e control OScCi
multiplier 52 nmultiplies the quadrature- phase
20 The digital signal receivers of FIGURES 5 and 6, designed for receiving QAM

DTV signals unaccompanied by a pilot carrier, generally resemble the digital signal
receivers of FIGURES 2 and 4, designed for receiving VSB AM DTV signals
accompanied by a pilot carrier. In the FIGURE 5 receiver AFPC signal for the
controlled second local oscillator 8 is developed by Costas loop method. A digital

25  multiplier 52 multiplics the quadrature-phase baseband response of the synchronous
detector 20 by the in-phase baseband response of the synchronous detestor 40, with
the resulting product being supplied to the DAC 24 as its mmput signal. The AFPC
filter 25 applies the direct component and lower-frequency alternating components of
the DAC 24 output signal to the controlled second local oscillator 8 as AFPC signal.

30 TheFIGURES rece;iver employs the Costas Joop method to develop AFPC signal for
the controlled oscillator 50. The digital multiplier 52 n;ultiplies the quadrature-phase



-14- baseband response of the synchronous detector 20 by the

| n- phase baseband response of the synchronous detector 40, with the
resul ting product being supplied to the DAC 24 as its input signal.
The AFPC filter 25 applies the direct corTRonent and the

Iower-frequencybal er,nati ng conponents oft*the DAC 24 out put signal to the
controlled 5 °*5¥eY i rpeat ofdhasynplep@usidgteator 20 by the in-phase baseHaRd tdionse

di gital signal 'mgﬁ, S350, s .ements 126, 127, 130,

144, 145, 146, gﬁtgsign_d 14?3{'%% genefgf’@%s’??ﬁﬂ"éﬁ”?%“‘i‘ Ing SupRlist do thg DAG
30, 44, 45, 24 as incppur dignall A AFPC RRediSighlibs ik ARadt cbRpShaieh @k F1 GURES
1 - 4. The read-oggl_yr rreégpries_ 126 and 127 differ fromthe ROV 26
and 27 in that RS TEIHPEY AURTAIE SmPIREnISSf ihe DAkk24 pntputisigns! foche controlled

m d- channel azarasgcnragmgsag:?trw_at ed in frequency to the ultimate
| F band, rather than storing coSine and sine |ook-up tables for a carrier
wave 3 10 kHz fromthe lower limt frequency of the TV transm ssion

channel as transl at 8 the digitalisignal recgjvren of FIGURES 5 ahd & efeirnisf 1262020, 130,

The sanpling c role Gi Lir 0 in FIGURES 5 and 6 receives_the response
15° o1t he' pad a5 Ui 188 e einrilc il 1oghe wimenis 26.3% a0144 ¢, g
for recovering 46, 47 and38rhhe BiRMUNRAY recdiVérs SAFTGURES QO Mle rEdd Gl LTy 130
differs in this re&pect fr ing control circuitry” 30, which

h |
receives the i MR Q%&%@?%%%ﬁﬁﬁﬁﬁ%%% 27 in thas yheyIstope oesineceatdect or
20 or the Qeadisielibsk-Rp bl PISPRAKhah el RADRP wE IO diSiated in re SUAEN RO

detector 40 for squaring, digital-to-analog conversion an ng®for 20
recovering syniydtimate &6 bewd; yather than storing cosine Tinbsine/loakivpasbldsiids 0 patiat ®fveON

bot h i n-phase I response, framthe synchronous detector 20 and
quadr at ur e- p ha§za§%3€9§ﬁ§’eﬁ%‘§ﬁgﬁg’é gFﬁi‘Eﬁ‘?FX pithe TV é@?’h‘ém&%@ aeraslagad 40,

rather than on ij; gebuend W@gugﬂ,}@m response fromthe synchr onous
detector 20 per th&e eqjl’JaI I zer 44 1 n tﬁe DTV signal receivers of 75

FIGJIRES 1 - 4. Since artifacts of NTSC co-channel interference have

di f f erent s pedte spmplingrqontrek gizcuitryst 30in BIRUBES Ssingfakcaivasdle feaponst he
trellis d d | st DIV.si { t
155 bhase. bag o o e TNE 2ok Mibrodyer sy the malitphide 52 \PBEdRY s HeolB § 0",

I n such case, thrbsldrdoubeyl dheeimplily diinkbl diRultfy 130 differdid ey REPecHRSH AR t han
the de-interleaver 45 or wi |l be dispensed with altogether, and 30 the
byt e assenbl er Sampling ¢qutrpkeiwuitg) 34 avhichreeeives e inmbase hasehepe eespensefisipthes 7.

The synchronous detector 20 or the quadrature-phase baseband response from the
synchronous detector 40 for squaring, digital-to-analog conversion and filtering for
20  recovering symbol frequency.

The equalizer 144 operates on both in-phase baseband response from the
synchronous detector 20 and quadrature-phase baseband response from the
synchronous detector 40, rather than on just in-phase baseband response from the
synchronous detector 20 per the equalizer 44 in the DTV signal receivers of

25 FIGURES!i - 4. Since artifacts of NTSC co-channel interference have different
spectral characteristics in QAM DTV signal reception, the trellis decoder circuitry 146
for QAM DTV signal may not operate on a 12-phase basis per the trellis decoder
cireuitry 46 of FIGURES 1 - 4. In such case, the de-interleaver 145 will be of
different design than the de-interleaver 45 or will be dispensed with aliogether, and

30  the byte assembler 147 will be of different design than the byte assermbler 47, The



- 15- byte assenbler 147 will be of different design than the byte

assenbler 4 7 also if the Reed- Sol onon decoder circuitry 148 is of

di fferent design than the Reed- Sol onon decoder circuitry 48.

FIGURE 7 illustrates one particul ar way thconstruct the switching mxer 11

5 and the lowpass filter 13-t her eaf t er XThe swi t chi ng m xer 12 and the

| owpass filter oYt assembler MFavilidicroddiffeamns desigrs thaty ctie 9e Asd@ibleEq) ajE@iftxﬁ!ﬁt of
e

the switching fixgn e ..., pwpass filter 13 thereafter.

swi t chi ng m xe?!;éqf%“}n"o‘ﬂq%"é&é °t§?‘8%?§%ﬁv}ﬁ Qifferent degigm than theReed- $olbmon he
confines of a sesglercirmiey §8.hic integrated circuit (1C) to

facilitate such identical construction. The direct potential sources 53-56
are 10 represent at,| f_lnternal voltage supply circuitry on this IC

t he design of such HgﬁR%'ﬁ#P%‘W%WW@P’@&g@B’&pM gonstruat thet switchizigngixer 11

wel | - known §o0 m{gﬁgmg,&sg EOe, e . Vol ta bus .57 conduycts_the
posi tive operating potent ?igi: sup%ﬁela%%' fhe Fiiching m, Wg‘i?ﬂﬁéﬂw lowpasg%gtﬁﬁbs
connect i ons ar theraaftar havietcagstrublion idesticabionhat of shel ShcRRGhik¥El ORAAE | NY

pot enti al o su;ag%igeﬁégo the 1C, which potential Isapplied per custom
to the substral®$P8f hergafter.TEhe Sfching pigessi Mleand 12 areprgferably ecei ve

penul timate | Fesristaatkd wiBiy thé E&iﬁﬂe?ﬁt_’ a;ﬁ{?@e fnonoﬁithf’coiﬂfeﬁfaé%crircgﬂt([@)at(:h has

respective sources 59 and 60 of pus ocal “osel 8i gnal ,
The | ocal osci faciitase sedhgdenticalappgihiction.bVhe dieecs potentis sGiea83-5arkn t he

i tchi XL L2 i dr at ith the |ocal oscillat
S gnal s SulSor | AP o BiFrall e Sboly oo ivio e depanpERhn xer 11
In each of theinseﬂm@zhitsgb92};_1%&&&%%@%%11“&%%@0anﬁ@%!%&ﬁ?ﬁe?s."ﬁu:Si gnal is

anplified by a differenti I nput anplrfier conprisin
em tter-coupl e¥Plpar bunHB? cymduets thei nositive aprsatingpotential sappliclio the I@sindtler 63

bet ween t he ' Q ransi stors 61 d 62. an NPN bi pol ar
transi stor 64 %rﬁgm?ﬁ&%%{%%f éﬁagsohz‘%?}é‘éﬁg?‘é? 3f ?@?‘ﬁv%@’e%}?ﬁé’@&é‘ﬂg)as a
constant cur r esuppBédio theIC,WitclepatédtRl is@bplied per cdst@i 36 SeQhbfirhte GFIG AN NPN

bi pol ar transistor 66 _and its emtter degeneration resistor 67 25

connect ed 1@ al Reomdtching mixersddrand 12 geceiye pemdtimetetlF signal inphidfrom thesiageor 62,

The col | ector 2 I ' C ect ed.to the

vol tage bus 5 ,Ourgg(?ﬁ’ g‘%tnetﬁ‘ec 455%%hﬁ}e%‘%@%ﬁ%&%@&%ﬁﬁﬁg%ﬁic’é‘;&llag’5nnect i on
and being a caigmbt Thniccal@sgilaer sigxals suppligd by the sourcésBandest) i tigy swAhinghe
emtter degeneration that the resistor 63 provides to t transistors

he
61 and 62 st adPiEnbkarera quasdsatureyitntg fncal osrilleins signals suprlisd Hi tke souraes SBe

pLxed 301N ddteoln bl SRR Rel1. HRadhT 1 ARESTThuERO I £ 24RE S 68 and

20 penultiinate IF signal is amplified by a differential-input amplifier comprising an
emitter-coupled pair of NPN bipolar transistors 61 and 62, a resistor 63 between the
emitters of the transistors 61 and 62, an NPN bipolar transistor 84 and its emitter
degeneration resistor 65 connected as a constant current sink for the emitter of
transistor 61, and an NPN bipolar transisto;_66 and its emitter degeneration resistor §7

25  connected as a constant current sink for the emitter of the transistor 62. The collectors
of the transistors §1 and 62 are cormected to the voltage bus 57, eech connection
altemately iaeing a direct connection and being a connection through a mixer output
load resistor 68. The emiter degeneration that the resistor 63 provides to the
transistors 61 and 62 stabilizes the conversion gain of the mixer, causing it to be fixed

30 inratioto thg: ratio of the resistances of the resistors 68 and 63.



-16- More particularly, the collector of the transistor 61

connects to the joined emtters of NPN bipolar transistors 69 and
70, the collectors of which connect to the vol tage bus 57 directly
and through the m xer output |oad resistor 68, respectively. And t he

coll ector of the transistor 62 connects t¥6the joined emitters of NPN

bi polar 5  transiMemgperticelasycth 2olldche oidicltfahki@fo‘%ﬁ:oiﬁf&ﬁho.%gaﬁga to the
vol tage bus 57 di:g . and. t hrough the mi xer output |oad resistor
68, respecti velef/“.1 %ﬁékso rbc'%"igrgtrwlsf%iggg"dm' the collestpis of svhich apnnéct it the

connect ed bet weehage R&T dirdctlyoaniitiveonph bR the .
transi stors 69&1%3P%$§fonne%t and a ﬁode %éf%ﬁb\ﬁﬁ%@?ﬁgmgé%e t(*,‘fe’llyodes of

t he tra op9r ghthe rEnggan€tconnect9to the joined atthieterstaf STHN Bipblar
oscillator signghsdst | f r 59 and 60 raise the
vol tage at node /74 g%?ﬁ tf{nggzwégﬁlgegg%%@fwﬁigﬁ FeRpegYP s wltsge RutR7 dimsctiyhe
transistors 69and throughahelmber atpubload Adistor 68, R EAIUTH %rce%ﬁ[@&rl]

d to supply-the

transistors 70 ar.uli 71 .,are_biased into . conduct1 on,
col l ector curr &ff Brcopprotad betgentagiode 73 to wirichlee base electradelsbfigr bus

57 through theya@ditsd €9 2087 F&g,_p' I e I r _current demand of
15 the transistor 62 diaggc% y Ir‘%r‘%aﬂ@d%{‘@a‘a’ ﬁbd@%ﬂ‘%ﬁ‘é" §§E&‘Fi ng

vol t age swi ng tensisters 70 and 71 bennettxer out put | oad resistor 68 exhibits
inverting gain respective to the penultinmte | F signal input fromthe

source 58. t. | ocal oscil] ator signals supplied from

the source® 59 and V&xerrxgresl\é\gﬁﬁ%mﬁﬁor S hﬁ%“&@"& °m§are303§e§az P’(“Fg@f%et‘he

respect to thevolakt aosdat74pesitve éeithtréﬁeétrt@ﬂfé'v%ltg%e;achﬁdg% th@ﬂ%ﬁor@é@. o
|

bi ased into non-conduction, and the transistors d 772 are biase
conduct i on, t oansufFHAry biases ints nosevpduation; sndithelitransiniors 70 ik 71 aridased fiio 61

directly from e volt age bus 57, and to |y the cgl]ector current
demand of the %%“gh“g}@z @rs\ﬁgglﬂﬁe e g?'PBqu%gg%Hi%pégﬁ%@s!??rtﬁi Het he

resistor 68. Tvuitagebus 37 thebrighlier@sistor68) And ey Sipply the colidefi clirdRideRdhdyf | 0ad
resistor 68 eﬁn bits non-inverting gain respective to the 25 penul t1 mat e

| F signal $PnpufieFpesitent2 diggstiy omghe voltage bus 57, The waulting vpitagaswingiearessng

t he conversio Is ] : s h@'; : ] b n

states of eachq%g@éﬁgﬁg’tﬁ %ggg%? lggﬂ;r? Séeg]ﬂ&%f}ggﬂvrg at %&ns.%cﬂ/‘éﬁf%ﬁé’%@ﬂﬁ?’%’g

this can be arlFaigpabinbor frdmy tith sohmed8t i al |y driving the nodes 73 and 74 from
t he center-tapped secondary w nding of a tuned transforner, the

pri mary w ndi ng of

When the local oscillator signals supplied from the sources 59 and 60 raise the
voltagé at node 73 positive with respect to the voltage at node 74, the transistors 70

20  and 71 are biased into non-conduction, and the transistors 69 and 72 are biased into
conduction, to supply the collector current demand of the transistor 61 directly from
the voltage bus 57, and to supply the collector current demand of the transistor 62
from the voltage bus 57 through the resistor 68. The resulting voltage swing across
the mixer output load resistor 68 exhibits nbn-inverting gain respective to the

25  penultimate IF signal input from the source 38.

To facilitate matching the conversion gains of the mixers 11 and 12, the two
switching states of each mixer should exhibit equal durations. By way of example
this can be arranged for by differentially driving the nodes 73 and 74 from the
center-tapped secondary winding of a tuned transformer, the primary winding of



-17- whi ch receives sinusoidal |ocal oscillations of sufficient
anpl i tude to.guarantee 1800 duration of each switching state.

The FIGQURE 7 switching m xer enploys an NPN bi pol ar transistor 75
connected as a voltage follower for applying the signal appearing as a
voltage drop 5 across the m xer out put-+bad resistor 68 to the ensuing
| owpass filter Whichsepiyeesisnsodfal local ostillagimsif gafficientBnpiids t%i.g@za{aﬁfeesigg‘ ce
i mpedance from hei. em'd.tt r qf .1he voltage foll ower transistor | ow
over a full rarf&HPe Sf‘glﬁ‘"’gﬁhtj\ma‘%l tage swing, this emtter

follower transistor is provided with a shunt regul ated | oad. The coll ector
current of t NTHe'RIGSJRE T : SS col | ector
resistor 76 thereof, which 101)5“(?1?5‘6’?’?2&3%%?%6255‘?%?(% &a Vo \""Z’s

transl ati on net‘fBpectadasatueltpgesiolloverifor appiyibg thel signal appearing snsvaitage dibp t hat

functions ag a r agl or...The.col lector current depganded by . t he
shunt - r egul zt ora% gg{&e i'S %Ur%“tfl?agﬁ?st‘%%r &earﬁ"t %938?@3%%?%%%5? SYHPERSIPEt or
75 is | ndmegssignale TP ARAMR thdsodis inPEAhRBE Froff the BRider 8PS YbRige’d>  °

conduction to ke reduced, . since the drop across the resistor 76
decreases to raPQVerRENSERETS kv oxge a Sl range eboutputsignakvaliagy Twingrhisemittar e

transl ation netm%rmgsi ?is %@gﬁ‘;’fi?ﬁ?’y%ﬁ% ’gg‘ioﬁ%éﬁﬁﬁﬁﬂf %{gﬁ?l st or

76 to the base el ectrode o conprises a
transi stor 78 dhamemsist 78sazmes 8 woltdge drdpicravsaicollectolrefgbNs thefbs] WhicH 9
bet ween t,ransi st.or ?r and .t ransi st%;m?? base_el ect rode, and

/8 1 tt
an NPN bi pdPar df‘?pafﬁ §P%lf°8!'ﬂ"§ﬁgbma voliagyitransiatipnetwerk to thehasr.efan MPN bensilast or
81, which trangiafdiaer PPhCRACIINSSS £ Suin® redfAERRd The %&Iect&%ﬂﬁ%x%e%g%ﬁééggo? or

current flow through the dropping resistor 79 to increase
drop t her eacr oshe shunt-regulator transistéte®drony theremnitenofabe follpweanamsisioris he
emtter of the.voltz%frefoljo si st Qr

t 75, | full
of output si gnd°Fet %@W%h’a‘&ﬂ%’é{’é ¢ frppsistor 5°q?1\évu§3é§r§° gi’ F‘?%I@Fe‘{ wnoe

followi ng the Bin@iheBpbp ks BRSleGREF7¢ Mereas 1B TaiSOME Bisel VONBEEHGRe 1O 25
have a series inductor driven fromthe voltage follower transistor 75. This

avoi ds 15 utreesisten T yThervoltagptransiation aetwark fozs spplyiaa dhe drap yekagepérosetheC

havi ng any apprgei.é . ; fil erm%é r
characteristi c.re%%k%%lﬁét’ Iims ?/\glg{tﬁ’gg Pgﬂmﬁ%sx%ﬂgwggémmsega% 0 lS%i ng a
singl e LC sect hamsistdrt 78 confedtédss aplemifterdbltdvosr, £dropping hesidtord 7obedaganci t or
83 and a termnation resistor 84. Plural-section LC filters can be used

al ternatively, ‘1'9!_’5'?"5“3‘0?8 Eoigesand tppsstop i B8 clecirpds. apdian NE ‘P‘Bﬁ’ctf’é’lsmtsﬂ_
type. The swit giyng o ﬁ'&ﬁg&ﬁ&ﬁti&n rosistd:rlﬂ(ﬂ?ﬁggl thARsRES0 BRoARGHEITY debAER NT

m xers of other types toex t conversi
20 constant collector current flow through ths dropping resistor 79 to increase the voltage

%ol

drop thereacross.

Keeping the source impedance from the emitter of the voltage follower
transistor 75 low over a full range of output signal voltage swing facilitates the
lowpass filter following the mixer being a designed for "zero” source impedance to

25  have a series inductor driven from the voltage follower transistor 73. This avoids
uncertainty in regard to actual resistance values in the IC having any appreciable
effect on the lowpass filter transfer characteristic. FJGURE 7 shows the lowpass filter
as comprising a single LC section with a series arm inductor 82, a shunt leg capacitor
83 and a termination resistor 84, Plural-section LC filters can be used alternatively,

30  of course. The lowpass filter can be of Butterworth type. The switching mixers per
FIGURE 7 can be replaced by switching mixers of other types that exhibit conversion



- 18- : gains that are well-defined, so that a pair of switching m xers
w th mat ching characteristics can be constructed.

FI GURE 8 shows how a pl ural -phase anal og-to-digital convener (ADC) is
constructed froma plurality of conponent; gADCs of a successive binary 5
approxi mation type. Preferably, each of the ADCs 14 and,16 in .any of the
DTV si gsains thag are el defpied) so et prir of gwichige myjKers Ayithgpatehingy ne sini | ar

to the other ARG ot Lt ustrates a 24-phase ADC using a set 86
of twenty-four c%ﬁﬁ%ﬁ’e‘“ﬁt‘:%%ﬁsg“&u'sesA, 86B, 86C, 86D, 86E, 86F, 86G 86H,

86J, 86K, 86L, 86M 86N, 86P, 86Q 86R, 86S, 86T, 86U, 86V, 86W 86X
86Y, 86Z that sequébGURE §stera hopcd plozlphast@nalogripidigitahcanvanedARiirate | F

5 The AbGs SRV g e prgyty Shetvasan ABGwol HBARSy biaagy 1SS Tl
86M 86N, §6Pap36LmdARR tyt0 JrefBfbly, BRH of SRVADER WA 286 X6 iBonG oihe DIACh

bei ng of successive bi naré a&ﬁ)rom mation type supply their respective
out put si gnal signal receivers sEFIGHIRES d -68 pf plurad-phassdypegsimiar to the other ADC.

serial -i nput/ =0ut Qut | ster . F,
87G 87H, 87J Fﬁ@#ﬁe‘}@‘ waesp 267 hgse ARE ‘%é‘%‘%‘%ﬁ °8fé‘$§‘?‘§"§9‘1‘, ‘qm’”g’@%,ﬁz 87V,
87TW 87X, 87YgsR7%B,BECBED]| BEE,BOFCEHE CBATY,B6TLSFKI 861, B6WI, 86NOS¢RI8EIC), el - bi t
form These 24-phase parallel-bit ADC responses are supplied tq an

i nterl eaver 8&6R, 865, 8§ &M&%B&mis@%ﬁﬁ @maésséserttwﬁm@%m 1% oget her
to sinmulatg t : . ' 0
FGURE 6 M so IRban afaes Slifie F send S o b e U et
circuitry 30 dltetsH3d dom. JihgAIPCy 80%i868; 86CS 84D, GRS R, 864 86HI86H 86kKe

5"and 6 and BELCRR b, dob bEQIRGR RS ST RS BeY. P s B RoBgm O
i . A Qi . i ; N L0 i h

of consecut | vEr TR oY sSRURIEIpiRy hpriBRAbR ype suply B e A B

: ggg t 01E W|O ) 01; r iaysdinial-bit é:btg;; tan? aeet8 7taf eewdngﬁslp\a/mi lhl_t-mtpmmtragixgxerss&iélﬁp B?Bgﬁ?&; h ;) tCJ) t

nave & 15" Bipebtle AR BrGTI 5, SO0 T B ST B B PR i 8O, o0

that the custgssrasy, s7vy, 8752 -s0Wa8%z eRfeRlthQR r@pediVR dulih ki?ﬁalﬁ'ﬁ?ﬁﬂﬁgekbit

circuitry 46 can be controlled by decodi ng the sanpl'e count fromthe
sanpl e count eforge These dd-phashpaadiclchit AR fespanises aro supiphied i an @ierleaver 58

number of - whl LA ARRRILR et Gerr i Siulng i AR ot

duration thesgngRihasdflish@onverter.

20 FIGURE 8 also shows elements 89-92, as included in the sampling control
cireuitty 30 of the DTV signal receivers of FIGURES 1 - 4 and in the sampling
control circuitry 130 of the DTV signal receivers of FIGURES 5 and 6, and as used in
common by the ADCs 14 and 16 in those receivers. A binary counter 89 is used for

counting samples in each of consecutive tifne periods, the samples occurring at a

[\ ]
W

multiple at least two of symbol rate to meet the Nyquist criterion for sampling without
loss of information. Each of these consecutive time periods is presumed 1o have 2
duration of twelve symbol epochs or a multiple thereof, so that the customarily
12-phase operation of the trellis decoder circuitry 46 can be controlled by decoding
the sample count from the sample counter 89 (as will be described further onin this
30  specification, in detailed description of FIGURE 9 of the drawing). The number of

phases used for analog-to-digital conversinn affects the duration these consecutive



-19- time periods nust have, so that plural-phase anal og-to-digital

conversion can be control |l ed by decoding the sanple count fromthe
sanpl e counter 89. Decodi ng of the sanple count fromthe sanple
counter 89 is used to deternmne the ti mzhlg) and duration of the input
sanpl e taken in each phase of anal og-to-digital conversion, and 5 t he

successi ve bi natife gpprodsvahirenso that plach-phesepasiopio-8RGaDionvigion!cah 84 - phase
anal og-t o-di gi taé tr%ﬁga/grai %H. Ci écui t rg/ is timed in accordance with the
count conditions" Yot S SAMRIE E3RE Epmdibe sample caunter89. \Rrceding of
successi ve bi nathy saRple Q8iFFdnP B2 s@Ble counter 85‘&%e&ﬂ>’lieli’§nﬁ&"kﬁé tiﬁu%tdhe

a I'S

I nput sanpling rate, if the nunber of conversion phases

sufficiently | afugation ofghe input sampleekerw infeaetephage b Danali-tordigieal conversion, and

anal og-t o- digi t .on at a rate tw ce S o) te is partially
f ounded on tsﬁe t?gé‘t%eg %g\{e &Y FPRFBX‘B@‘P%IBVOWP WB‘PF“%I%(#&%‘SF plural-phase
counter 89 reacimghtoldigion ubtiversich diReflry 19 ithed ifl HiRkdaaBe #fth Y ébuhé’{éo!ﬂfﬁog

synbol epochs, . in addition to the fact that twelve or nore bits o
ADC resol uti on 83k Wepieemuias§9aiThe rate at whickesusobssive binarpagpretimstionsares t hat

h I : - . anal og-to-digital '
2o rate tw corapaapeidyd L K Bing ot R Ry of i Gion GRREE 1o

sanpl e count f rsaffididrelySmgel e counter 89 designed to reach full count
over a duration of twelve synbol epochs. This can be achieved with a
successi ve appgoxi nation.rate. that is the.same as, synbol rate,
provi di ng APC bit-r IHE%?ET?H“ for 34- hass Foplony §‘t§f‘é°"é'F’é\P§r?‘bﬁ‘§t‘5‘Fel ess.

H gher bit resg Hibb%tﬂﬁ%ﬁx%ﬁ??d%d&&éﬁ‘ﬂkﬁ&ct bt thestﬁﬁ%%‘fﬂd‘@eﬁﬂﬂfcﬂ’éﬂé%p%"
rates that are tw ce synbol rate, which increases A power

consunpt i on al reosatef 8 reaches full Gowbranthen havemdvvationaf coriwelveispmbelepoels, t 0

twenty-four, while.keepi th ucgessi ve roxitmpatign.rate.the .sane as
synbol ¢ SR B st el R Rrtons R e KD ReslBigar o8 s b
rather than quagédémdilé\gbproximatiod rated Fhat are the same &3 SyhftRNrald) aBWelve-phase

anal og-to-digital conversion at a rate twice synbol rate, with

successi ve lapprorogde-digital egnversiontat p sate hice symbal sats pahbs eastly eontrobled by

possi bl e | deration. - pha -digital i on
Paci 11 tated by FRUMEN MR coEhel BNABRR AURCPHD beiitehd RacPAMKELR
count over a duvaii Suratidn dirivelveay@bb! paiz0IThis can beaphiehal withh bsscedshan | ust
twel ve synbol epochs. The savings in ADC hardware and 30 ower . |
consunpt i on nayRPpReXimatipnaate that s the same sombekiats, pevIdiRg AR Bitrerseluiead f or

timng ADC Operr@tidixgﬂtents are eleven bits or less. Higher bit resolution practically requires

20 successive approximation rates that are twice symbol rate, which increases ADC
power consumption almost four-fold. Doubling the number of conversion phases to
twenty-four, while keeping the successive approximation rate the same as symbol
rate, substantially doubles overall ADC power consumption, rather than quadrupling
it.

25 Sixteen-phase analog-to-digital conversion at a rate twice symbol rate, with
successive approximaiion rate that is the same as symbo] rate, is a possible
consideration. Such 16-phase analog-to-digital conversion facilitated by the sample
counter 89 being designed to reach full count over a duration of forty-eight symbol
epochs, rather than just twelve symbol epochs. The savings in ADC hardware and

30  power conshmption may justify the increased complexity of the decoders used for

timing ADC operation.



- 20- Twel ve- phase anal og-to-digital conversion at a rate

tw ce synbol rate, with successive approximation rate that is the
sanme as synbol rate, can be nodified so that | ess significant bits
are obtained by flash conversion, rather than successive binary

approxi mation. This can get bit-resolutio?@up to twelve bits or sonmewhat
nore, while 5  cofyive-plgscandogiiordifita coowesionatalrate! tadde s¢@BYBAt, anthal one.

In FIGURE 8 (and 9%&.circuitr .90. cophi,nes a synbol phase error signal wth
the sanpl e couft*¥ 6‘Fﬁ”tp|?§°"§’3¥ltﬂ"e’a¥? e 34me gs syl mate cap by ajodifiedsoshatpl e

count us geds kiahifrasy ' i @Q}% 7, \ .8/ I
receivers of Fl GURESI 1 - tﬁﬁ%&é&fﬂ% et g%ﬁgﬁﬁfﬁ,rm%}% t%%g?ggss%%%%r eshi
descri bes for apposamatiopyThis cangetibitmgeclliton upnodwebvk ibite of SHMdwint G08d, svhile hi s

paper "Tim gg Recovery for, Equalized Partial - Response Systens", | EEE
Tr ansactiongs] oﬁg%gﬁi{%?%‘iﬁe@ﬁ .WEBY%%WF“‘“”W%Q 1326- 1330 can be
used to generate the synbol phase error signals fromthe equal i zer 44

response in the DTVISFIGURE Bqasi Seircuitdy 90!cclBiERs & symbol phase error signal with
Alternatively, in FIGURE 8 (and 10) circuitry 190 conbi nes a synbol phase

15  error si gHgsemplaropptirem tha sempls fopnter 83 1q sracinms adiustng seaiplegmunt
t di,ust . f X 26
gener . an ifsteing IR 2936 Ty IR TR 120

No. 5,115, 454 #ssuaethdd sighijar kOhat 8. &J. A (Mreskiidastribes for useavith pulsthnigifnlddOD AND
APPARATUS CAl R S | ZATI ON o AND, DATA TECTI ON' _descri bes
several types B?%H%&HSE’@%&M’? B¥CHe ’EE?%R%*? LEgvabized Patiabise in
QAM DTV si gnal pegffie/Sstenfs® IR Grfidefoi U ObRuitthidatioRt Addte Mber 1976,
describing certain of these types of detector. A particular one 195 of

t hese sypp bl 3dkean beasddon gentrate ther symbahplinse aronsigrads fromdahe her of

the DTV signal receiv

. Of .and 6.1.0 nmbol ph
error signal r & A &gfp(?"ﬁedﬂéﬁgﬂ?gg%gﬁeéﬁg%sf)gghnlggg‘ir'%ge SYIot P ?f]e

FI GURE 8 a bank 91 of decoders responds to various val ues of sanple

count from the counpgermiivdliin FIGURE St{aed OS2 aitlyl 196 cofipiiies 8 3ymMmboiidatd Nes
of the _ ADCs 86A, 86B, 86C, 86D, 86E, 86F, 86G 86H, 86J, 86K 86L,
86M 86N, BbP, error sipnabpith tiommplramunbiom trsampirstpuntss 69 1pgsneratpan adjpsed The

toggling of a Lisie count uscll @PAdARAL ¥ AOM VI ANE 151 i BE DTRALER LiLeh A

counter 89 cloC e successi ve binary appr oxi nmatT1on procedures I n

each of these AJGGURES thed 6. $ebi pitert diad 5,135,054 iskeedsidriay 1992 to A. D. Kuear,
entitled *"METHOD AND APPARATUS FOR CARRIER SYNCHRONIZATION
AND DATA DETECTION® describes several types of symboi-clock-rotation detector

20  suitable for use in QAM DTV signal receivers and catalogues background literature

describing certain of these types of detector. A particular one 195 of these
symbol-clock-rotation detectors ¢an be arranged in either of the DTV signal receivers
of FIGURES 5 and 6 to generate symbol phase error signal responsive to equalizer

144 response.

25 In FIGURE 8 a bank 91 of decoders responds to various values of sample
count from the counter 89 for timirig the consecutive input sampling times of the
ADCs 86A, 86B, B6C, 86D, 86E, 86F, 86G, 86H, 86J, 86K, 86L, 86M, S6N, 86P,
86Q, 86R, 86S, 86T, 86U, 86V, 86W, 86X, 86Y, B6Z. The toggling of a less
significant bit from one of the stages in the counter 89 clocks the successive binary

30  approximation procedures in each of these ADCs and their serial loading of the serial-



-21- I n/parallel-out registers 87A, 87B, 87C, 87D, 87E, 87F, 87G
87H, 87J, 87K, 87L, 87M 87N, 87P, 87Q 87R 87S, 87T, 87U, 87V,
87W 87X, 87Y, 87Z these ADCs : respectively supply serial-bit input
signals to. A bank 92 of decoders responds, to various val ues of
sanpl e count fromthe counter 89 for cort4%o1 I ng the successive

pol | i ng of the iSpReilelegitsigistas 874, 8733, 8787 8/D 7, 895‘587@757}1 %3.?.}{?3?; 87J,
7T, 87U 87V 87v,

87K, 87L, RZ 87P, 81 87R 878 8

87Z contents 87 W?ﬁg §7Q. @73@&7%37@88% §TVRBTW, \&731. S'hY,rﬂlthhpteeADUse
24- ph ADC I.t,al | F . -~

I'n !tohgsgase 01[ Qt t%ﬁd%uxp{ysem gl i’gﬁlsli%g 3qbg€‘e§%lé HB‘TO%FQ rﬁﬁ%’bg&%@ to the
10 digital mmﬁoxmvmsozsamdcamxﬁbmmheommmré A6sicbissivei i t al

| t te IF ' | dt he d | t [ 22 d 42.
Since the | it ePPEgAr theSieD RESrir A BT 15H 51D BYBIASF. BUS BTG n AT <
composed of pagat| SIMDEINGS me?mambs S297.890, 87V, STVIEHE sTH B2 Rbh&ES 21

22, 41 and 42 are best inplenent ‘only
accommodat e t hdy tieginteslanysic 881td1bmg+d|m1$mm—anm;:lex ths 74-phase ADG: rahﬂmmt ive

enbodi nents of he i nv IO si ngl e-phase nultiplication
pr ocedur es irer gﬁ%@alpﬁ@n fﬁ? Si’ers 21, 22, 41 and 42 can be repl aced
by 24-phase nultiplication procedures in which each nultlpller phase

i ncl udes a digital rnthacamBﬂtwADe:r1-hﬁﬁeﬁguananmamsx%ian xddgg {o'taen a
respecti ve_one of t he 6E F, 86G 86H,

86J, 86K, B®L, @@Mmstmhﬂa@ﬁmeébmmas%@be 2PC 1887 digita) uiimate IEsignale X,
86Y, 862 as NuiddoBlitlo dib Bigahl hidkiplith b3 BAY AAISHEL theTnterlcayer 491 L1 PI T CANG
r the digita

si gnal | oaded to | cand registe om one o carrier ROV

26, 27, 126, 1ﬁﬁ1e-c5amoalm\kinp!ck outpar sifniab is-contpossinofqisal lehbib digitabsamples, the
serial -in/paral] el - gl st rs 87A, 87 87C, 87D, 87E, 87F, 87G
87H 87J, 87K, dighal mB*?M*%?N Tl 4pend 42 arc bgstdmplsprented as reagzonly gipmorigg o g7w

87X, 87Y, 87z Mhﬂn&d@ gpﬁxégtg%gg{eg%og%ﬂu@}gﬁ 25 pl ace after 24-phase

subtraction by a nodi or after 24- phase addition by
a nodi fied adder 43. This hal ves the nunber of serial-in/parallel-out
registers 13 r eqln alistnagise whyammwﬁtheheve@mhmngls -pbfsa multiphicagioni on

D e 0uel St e mphemd At SRR L S R P Bl 0o
conput ati on, Sa4pRgeailGpktariaRhRcRIte in which each multiplier phase mclud:s a digital
multiplier receiving serial-bit input from a respective one of the ADCs 86A, 86B,
86C, 86D, 86E, 86¥, 86G, B6H, 861, 86K, 86L, 86M, 86N, 86F, 86Q, 86R, 86S,
20  B6T, 861, 86V, 86W, 86X, 86Y, 86Z as multiplier signal for multiplying with a
multiplicand signal loaded to an icand register from one of the digital carrier ROMs
26,27, 126, 127. Seriak-bit o parallel-bit conversion by the serial-in/parallel-out
registers 874, 878, 87C, 87D, 87E, 87F, 87G, 87H, 87J, 87K, 87L, 87M, 87N, 87P,
87Q, 87R, 878, 87T, 87U, 87V, 87W, 87X, 87Y, 87Z would then be deferred to take
25  place after 24-phase subtraction by a modified subtractor 23 or afier 24-phase addition
by a modified addey 43. This halves the number of serial-in/parallel-out registers
required as compared to the embodiments of the invention previously described.
Multiplications by logical compuiation proceed at a rate one-twenty-fourth as fast as

required for single-phase computation, saving considerable power.



-22- FIGURE 9 shows in greater detail howin the DTV signal

recei vers of FIGURES 1 - 4 the trellis coder circuitry 46 is
i npl emented on a 12-phase basi s using twelve trellis decoders 46A,
46C, 46E, 46G 46X, 46L, 46N, 46Q 46S, 46U, 46W 46Y of a known

form such as one of those described in-+22-S. patent No. 5,636,25 1. 5 The

trellis coders can @Wmm@ém&iaﬁﬁﬂh&@%méjﬁtv(ifdi&glreéélg s 8P
descri bed by can be of a type that uses "har decodi ng

usi ng data-sl i féﬁ:‘yP\ﬂS{ﬁ gﬂaselaelhs coder gigEEAS) isvmplementetion a 2epHassbasinoimy S
A6R, A8C, (ASE. chbi0e rbfil eliters (HllactOBhE, a6, agioitn, 30NTuctS Wos 00 5 ¥

respective input signals from ‘ch ¢ircurts 4531

451, 45N, 45Q 44%¥%fakmowntsing, sﬁﬂYaSﬂirmsqiﬁwsedﬁcﬁbedl\intmlmpﬁﬂaﬁtﬂ@56.:6 251.
set o Ivelatch CII‘CUI'[S within the

de-interlea er.li ﬁhls AN
de-i nter| eaver 145 ueliis coders gan, ‘P PG thahuses ysoR” dasading, suchasdescsibadby ones
of the sanples Wier!ﬁ%ﬁ!ah%@ﬁ)féﬁy&e that usé.se'%afa"‘g&lohﬂxgt\&&g%%ﬁa{s%u?ﬁ%ed For

12-synbol duration, thereby Inmplenenting a i"fon"procedure.
The | atch commbagiglanovaludse Shetmtlisdecodercdb A id6CUHEE, 46G; 467, 461, d6Npa6Qed by a

Dank 93 O SeCReT i SBH0IRY el BRRLAN b B et A5 BB Cest3
46E, 46G, 4SBHIEG,ABY, 4516 USNS 46D, mmﬂ&swﬂﬁw AL SR it e’
respective érel lis decodl ngggswefresu ts to the yte assenbl er 47. The

byte assenb? er derimtprigaver @a twealve latch circuits wishin theds-intedlesves 48nd bui | ds

bytes fromthe, v Ilcatlon
to the error- coél{rgé&{dvgg’ @4‘3?%%?@%&39 ?r{eg%?gﬁsﬁ?feigfeqygpﬁ 3 of 20
trellis decode esp&ubt@béteﬂfﬁo&diﬁykﬂbﬁidlfoﬁmgﬁﬁﬂﬂla&raﬁ6 theét@8y irfffiEmentiiza 246,
46L, 46N, ‘ 46 46S, 46U, 46W 46Y for buil di n&\ byt eslls d%ne S

nul tipl exers V\F‘E“W’ﬂ igmpropsduge. The latch semmendy onﬁwsmeé\fe latgh cirpnits,aed s ;r e
trolled b 4 |
Con 01T b s B B 5K ESERAA N g DR A A 55

10 shows i gre:am_esupi:eﬂedhy thensarriple ddueteD3Y, Thouellis devderydbAa, 06C,25E 46GCURES
ising Cvelve | SEbHPL- ST AsEh W8, AG0, B8 deViaghl BaTesterhis Bl gRiRATR N °
146Q 14%!@6% b€ ¥ise t @}/,wf Tﬁe ‘g%@%efrﬁ[éﬂ’! e a0ss tﬁ@?re% t hose

described in U. pat en 1. The trellis coders can be of
a type that usée;oﬂmgfresulﬁand)umhi} bytes ironstlclnnteﬂeaieétclil1bécb0|dwg\fﬁﬂéﬂslfw or can
be of a type tha

uses ard" decodi ata-slicar th f| xed
boundary val ue%ppt‘%""t tr°e}F’f Wf&@mm@ﬁieﬁ*&&%@mgﬂégwm 4 %fﬁ%’é 146J,
146L, 146Ng 14KGhis déRde rdd i frofANd trdrhe YedRERIJ6A, BECAE, 46E, 46INYBL, 46N,
46Q, 46S, 46U; 46W, 46Y for building bytes is done by multiplexers within the byte

assembierd7, which multiplexers are controlled by & bank 94 of decodets responding

to appropriate values of the sample count supplied by the sample counter 89,

FIGURE 10 shows in greater detail how in the DTV signal receivers of

25 FIGURES 5 and & the trellis coder circuitry 146 is implemented on a 12-phase basis
using twelve trellis decoders 146A, 146C, 146K, 146G, 146J, 146L, 146N, 146Q,
1468, 14610', 46W, 146Y of a known form, such as one of those described in U. S.
patent No. 5,636,251, The trellis coders can be of a type that uses "soft” decoding,
such as described by Viterbi, or can be of a type that uses "hard” decoding using

30  data-slicers with fixed boundary values. The trellis decoders 146A, 146C, 146E,
146G, 1467, 146L., 146N, 146Q, 1468, 146U, 46W, 146Y receive respective input



- 23- | signals fromlatch circuits 145A, 145C, 145E, 145G 145J, 145L,

145N, 145Q 145S, 145U, 145W 145Y, respectively, wthin the
de-interl eaver 145. This set of twelve | atch circuits within the
de-interl eaver 145 consecutively and cycl fally | at ch sanpl es of
equal i zer 144 response to be tenporarily Stored for 12-synmbol duration. The

latch 5  conmiigras from lanh siscuitsddsa, 148G H4SE, HASIG, 1455, d 45D BISN, edlszl-ﬁspan K

Suoot i ed’ oo T holdsl, 1asWE BBt Skl BB INs Hediplereayen 4%, DS st abReeineioC
146E, 146G, 146[ichkixbhits witkihltheldtSiteribdfed 145 consm%@y,an%yxnclﬁﬁ!:%Lﬁ%yef 47

their respective trellis decoding results to the
The byte assenbPfeaualiger 144 wspanss tsbe thmponadiy stered émrdﬂrsygibpb&uhmm &Pt 14t6h

buil ds bytes fr el.l decodn It i cation
D e N
(o} rellis dec oy )

146G 146J, 146 ® 146%t 1%%0(;?““ L s %%9 &r%’for bﬁil ter!

bytes is done 3P mhertrslisdespdersd 46414661468, é"‘“?' 146Jab4dp 36N, 1460, l\s&ﬁﬁg,ch
mul ti pl exers arﬁss@ﬁg?ﬁ@hh@?s 19 R Hspbtive gfejﬁsed&g%pgréém ok epfgﬁ?' ng to

appropri ate val ues t'he sanple count sup ot nt er
assenibier ¥45alTha hyitei assegibier 7 nmemvseﬂxe &Eillsfdecc&ﬁngadekmaran&M are

depend Pty i poks Bom the B ved s dfoBing oS aeplcadionne han
one- di nensi Onalentoﬁ'-%bllrkc?m FeR4isath cf‘bgogegczrc n&%.”?&hlﬁ%gfrﬁ'ﬁhg gé?:l)d@ gmyﬁent

and on the inmaginary conponent tre deco e carrie
forward on a tvfmmithcardmmbddmﬁék 146C, 146E, 1466 148JCEUHE, Haﬁhbt@ adé8,i | s

f how th | t A st
oscillator 31 QBEs PERRnAPY £ pufding e ddie viounp R PR B e ™ &) oy

rate, as contr Qlsteathlér 47EFRRA PRlGMledts RY cORRIca bWaWTMoP&éodH?ﬁse control
25 (AFPC) signal, suppfles its oscillrations to a zero-crossi g det ect or

32. The 15 ZWH@Q%HMOMQ%&]@S of thechampler countauppliad byl the sample spwreri ng
their average \@I ue axis to generate pul ses supplied to the sanple
counter 89 as input signal to be counted. The four nmost significant
bits of the sanple count are presuned to be binary-coded nodul o- 12

count of symﬁol ]E)eriMsealhh@xﬁzgﬂgwmpbngsiQﬁthéb@&ﬁhermnata)ggéﬁmgmisy synbolI
30 rate. This t, Si jcant bit is..¢c ed.to an anal og signa
by a di gi { 18@‘%@“ a]é'f""e!’.‘f?’ﬁ’f)‘r H{Fr?iért gBﬁnﬁg vely. £ Wagé wave

carrier t0 @  gymbols may be employed and, rather than one-dimensional trellis decoding being

20 perfon‘ned on the real component and on the imaginary component, trsllis decoding

¢an be carried forward on a two-dimensional basis.

FIGURE 11 shows details of how the sampling contro] circuitry 30 is
constructed. A master oscillator 31 oscillating at a frequency that is a multiple of
symbol rate, as controlled in response to an automatic frequency and phase control

25  (AFPC) signal, supplies its oscillations to a zero-crossing detestor 32. The
zero-crossing detector 32 detects the oscillations crossing their average value axis to
generate pulses supplied to the sample counter 89 as input signal to be counted. The
four most significant bits of the sample count are presumed to be binary-coded
modulo-12 count of symbol periods, the fourthmost significant bit toggling at symbol

30 rate. This fbun%nnoét significant bit is converted to an analog signal by a
digital-to-analog converter 33 for application as a squar;-wave carrierto a



- 24- synchronous detector 34 for synchrodyning an. extracted synbol

frequency signal to baseband, thereafter to be | owass filtered by an
automati c frequency and phase control filter 35 to generate AFPC
signal for the master oscillator 31. In the DTV signal

receivers of FIGURES 1 - 4 the extract ed'%"y'nbol frequency 5  signal
suppl i ed to thesyphsmoandriectadddor Hmeodysngenexaicrd shnbod fidpendtyosistal 1o

out put Si S lied b di gi tal ltiplier 36. The digital
mul tiplier 36 ig&%%%§%‘°%e?°“’%"g&§ﬁ%" é%gg’@@aﬂaaﬁwxsn hage
synchrodyne proeggiol Gltef3$lboqieAdthts ARPISsi PRI eaARGmaster osciipfBys of a

guadr at ur e- phase syncl uodyne procedure are obtained fromthe subtracter
r 36, since these baseband results are

23 for squaring by the L.tipli €

unacconpani ed 10 bl}‘@%ff\}egg“ sepReaf FIGHBES  lewt ihp cutacted sympol Fequsinept
carrier of tdqe | ' V: lts of an
I n- phase synéghr 5@%?@'@5 é%hhre gy?:cﬁ r%;ng BQE&X‘E%%'? §|E %ﬁ%?ﬁ%ﬁﬂ%g&?ﬁ eormpzl‘?? for
squaring by t hesigudltsupplied by aa@igitat miultiptiens& niendigial multiplier 36 iedrkangtd tohe

digital multiplier 36, not fromlogic circuitry, but rather as a read-only
menory storing VRGIRE e %?E%F"g? FYnshrodyns proerdues. Breferabiy. she basebend) og
converter 37 15peeuisdiP4 | g AU Lot Dl 0 an
anal og signal - sﬁef)lf)l [ edﬁ%&gﬁ@pﬂs@%@%ﬁr‘é‘ig%x{o%ﬂgg& gghﬁﬁﬂgﬁk’gg{t"?%%‘;“%&.‘?e
MHz synbol freqiiefoc gquariggdly thdwonkiplionds, Finee these basebasd omslts ok vhireoinpadpdis s

filt 38 i | i | ocki ' t si | ,LO. . | nj Lon; | ock
osci 1 ator Bo" v ho Eompden el dretbBt i et MEF PRI 1076
Mz synbol freqara6sively)ehd tsehd eRultosianiaphhiealy BehréBms ypasded@aicaese i t S
oscillations 20 with the |ooking input signal and supplies a

const ant - anpl i t%@ﬂ@ﬁﬁmﬁy‘%&f squaring W%‘@m@b‘ﬁ@befs’ié Akis copveniant to

synchronous detggc . e chered t seh Q enerati ng
an AFPC si gnal ﬁogg(g%ctgép‘g&g@ &5‘%}"’{ hg’ 'fé’g%%‘s‘ggﬁﬁfg ‘8&9 %’R f%t?eré'ﬁﬁlr? é?'ﬁ%n to
the master oscimbmbffstating a look-up table of squirinpregiisd Al digitdl@oaMalog tei@her 37
receivers of FIGURES 5 and 6, the FIGURE 11 25 circuitry is nodified,

with the mA% i ptonuertsbe peidugs fram thechigitabynultplicndé o an anglepisigen] eipplied o a 52
and with the b%@&@rﬁ%@%&%ﬁgg@&&&m@é%}g?wf@ M@&x%@@&%?ﬁ%

and 194 o coders. e count set correcfion circuitry 90
is nmodified to msfoasernf the bandpda filter 38 ischppliva a5 yorking ippatsignal toom det ector 95

I's replaced by .a synbpl  phase eryor detector, 195 th i S, D of
exanpl e, one of“‘ieﬁ'é"%'t))’ﬁﬁwc-‘@?t%’cﬁm &FYrRl 8@%@%@%@0)’ sﬁé}%ﬁﬁ“ﬂ%é’: W . S.
patent No. 5, 11oadSdmBbl Getianky qlﬁ?%j@étﬁinﬂo@k’ Rl 39S nairdKltes its oscillatisHial
responsi ve to equalizer 144 résponseé.
20  with the locking input signal and supplies a constant-amplitude extracted symbol
frequency signal to the synchronous detector 34 to be synchrodyned to baseband for
generating an AFPC signal to be separated by the lowpass filter 35 for application to

the master oscillator 31,

In regard to the DTV signal receivers of FIGURES 5 and 6, the FIGURE 11
25  circuitry is modified, with the multiplier 36 being replaced by the digital multiplier
52, and with the banks 93 and 94 of decoders being replaced by the banks 193 and
194 of decoders. The sam'ple count offset correction circuitry 90 is modified to a form
190 in which the symbol phase erxor detector 95 is replaced by a symbol phase error
detector 195 that is, by way of example, one of the symbol-clock-rotation detectors
30 deseribed in U. S. patent No. 5,115,454 arranged to generate symbol phase error

signal responsive 1o equalizer 144 response.



- 25- WHAT IS CLAIMED | S: 1. Circuitry for a digital

tel evision signal receiver, said circuitry conprising: a
tuner for selecting one of channels at different |ocations in a frequency
band, whi ch channel is allocated for transm ssion of

anplitude-nodul ation of a radio carrier _,5_ wave in accordance with a
digital signal descriptive of television rnformation, and 5 frequency
converting t he WHBAJCISCALARMBDES: t 0 a penul ti mate internedi at e-frequency

signal in a penultimte intermnedi ate-frequency band,; a source
of penul ti mat e, ocale: | i S lied:in a.first,phasing and.,in a
second phasi ng T qEé'%?‘Q*’)u{?"gg&%E’ tgté?gmf’is@f’ﬂﬁﬁ?ﬁ?’nﬁ"q g‘F‘“‘I’f@f V&g Wit h
sai d penul ti mat e internedi ate-frequency signal; 10 first

and second ni xers of tenesfortselettivy dnepe chanels ut diffefat beRestilih k BRhGency band,

I nt er medi at e-fgﬁgale c&i,gnal fé)r het erodyning with sai d penul timate | ocal
osci | | ati ons, ehapagl ifgliogated for trenymigsiomobanaplitudameduiption ofa radio carrier
penul timate | 0gale; : ' ' Y ' o, £ ' lsng for
Cippl yi g & r egls iansordiiés i) it g PUREHE defl Sty ldrblackiiRa)

si gnal , ands saifidqsmey sonvertoy ths séléatdd chgnneh talbpenvitiraae inaardistd-fre@rindy

penul timate | ocal ,ascillations as s l.ied in sajd second phasing for
suppl ying an i ﬁ‘&@?’ﬁﬁ&%@ﬂ%ﬁéﬂiﬂ“&?ﬁ?@&ﬁ@%ﬂ”ﬁr Hﬁ‘f‘i: i-nt er medi at e- f r equency

si gnal ; _ a first lowpass filter separating said real conponent
of said ultimte  asoucsibfyenaRinBhetobdl aciRMEIHS SEHIRY id & Gt Fh&iﬂg@fﬁﬂnho
generate a first |lowpass filter response wthin an ultimte

i nt er nedi at e- f FEGDERERFNEIRGuadratE With 32 Best ebasing Ty helerodyring withsaidoo
nmegahert z; : : ey filter separating said inmginary
conmponent of ng%‘hﬁ?‘ﬁe#gfgﬁ ﬂg'ﬁdne%f%tht e-frequency signal fromits

I mge to enerate a second | owpass filter response within said

ul timate i b@®ernedi afiestndspoombminesant'a switching type receiving said penultimate

intermediate-frequency signal for heterodyning with said penultimate local
oscillations, said first mixer switching In accordance with said pcnu}tima;e local
oscillations as supplied in said first phasing for supplying a real component of a
ultimate intermediate-frequency signal, and said second mixer switching in

15  accordance with said penultimate local oscillations as supplied in said second phasing

for supplying an imaginary component of said ultirnate intermediate-frequency signal;

a first lowpass filter separating said real component of said ultimate
intermediate-frequency signal from its image to generate a first lowpass filter response
within an ultimste intermediate-frequency b,and offset from baseband by at most a few

20  megahertz;

a second lowpass filter separating said imaginary component of said ultimate
intermediate-frequency signal from its image to generate a second lowpass filter

response within said ultimate intermediate-frequency band;

% [ L . ] *



- 26- first analog-to-digital conversion circuitry for
digitizing said first | owass 25 filter response to generate as an out put
signal thereofdigitized sanples of said real conmponent of said
ultimate internedi ate-frequency signal, said first anal og-to-digital
conversion circuitry containing a nunber E of anal og-to-digital converters
for . digitizing said first |owpass T Fter response on. an- N-phase

basi s, N bei ng at | dusttanolog:to-digital conversion circainydorkigiiaing Gaidfirdi lgivpads
conver si on

response tgg 5"}:3{ pg‘a‘gsgéﬁlg%lf%l y n% i qsﬁéﬁgwg&‘%‘?ﬁ@gﬁ & :slé'glr”éﬁl
sai d i maginary cSQ:BB&Fiﬁ BE sd u@xﬁi bﬁ&éﬂn@akﬁ—ﬁé&h%c?@lﬂfa? sLB‘fﬂé’cea%%ﬁ%—%@ai
ita i ng

sai d second anal og-to conver sion Tui'try “conta
nunber N of anabmg:-mma ﬁrtgmmbomammg agmmber Nmfms&log—tddgutbﬁ ainvertanfa second

| owpass filter fesponse se basis; circuptry for
generating a c8 fégg ﬁ'ﬁ?ﬂ s(ﬁov&%sg B TEFPOREA d'h‘f“f‘??@*‘?‘ﬁ'k@ﬁ'ﬁ’el?{d‘\?mgf t‘ %’
radio carrier wave as translated to said ultimte internedi ate- frequency

band; and second ahalog-to-digital @hvamaﬁ Brrodipitsigiigitiziag ishidedomgponsi ve
to sald co Iex digital carrier gnal supplied thereto as ultimate

| ocal osci PPat feysss BHer ‘P%Pmﬁﬂat"(ﬂeQ?Tﬂez‘één autppt @gnaéfhcreo digitized samples ofind
| magl hary ConmpQilg nﬁaﬁgnﬁ%gsc% oh entéaF%aR@ ultih mxﬁtefﬁﬁgmcs\(@i 40! second

for recovering an in recurtry

set forth in chﬂﬂﬂg-h-di@ft&f@nﬂer&ion&:rmt@ cbditammymumberN of analo@-to—daalfal r cw try

as set forth in clai mfz wherei n, each said ar}? o‘geto dig % converter
91’ ter Tesponse gn an

i s of successi $RVBTREIPT BSHizNG sHid seeond;lgymass i PhSE BTy as

set forth in claim3, wherein each said anal og-to-digital converter

digitizes an input gRERIG f&H geASaify £cdrhiglex Siafal@kder 316HR0A tREFERRNEUS Bl ON.

35 radio carrier wave as translated to said uitimate intermediate-frequency band; and

first digital synchrodyning ¢ircuitry responsive to said complex digital carrier
signal supplied thereto as ultimate local oscillations, and to the digitized samples of
said real and imaginary components of said ultimate intermediate-frequency signal,

for recovering an in-phase baseband signal.
2. Circuitry as set forth in claim |, wherein N is more than one.

3. Circnitry as set forth in claim 2, wherein each said analog-to-digital converter

is of successive binary approximation type.

4. Circuitry as set forth in claim 3, wherein each said analog-to-digital converter

digitizes an input sample of no more than one-half symbol period duration.
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-27- 5 Circuitry as set forth in claim4, wherein Nis

twenty-four, and wherein each said anal og-to-digital converter
digitizes an input sanple of one-half synbol period durati on.

6. Crcuitry as set forth in claiml fgr receiving a radio carrier wave
W th vestLigi a

|..si deband a I‘itu.de‘rmo'lul_atipn and acconpani ed by an
unnodul at ed pi | 8t C"‘“‘W&‘PF‘JPHRH\/@W 4, whezein Neiguwenty-fowraant whereini cacly

conpri si ng: : toedioall dnbS: Loglis b andpass ,filter | i near - phase
finite-inpul se- ?aelg Ig%aég% tq[ §‘§§“ 43%&;;2}@&1%%%%6,? Input vample, Qneél'ixag{,gqmbggpgmd

di giti zed sanpl dwatién.sai d real conponent of said ultimte

I nt ermedi at e-frequency signal and supplying as its output signal digitized
sanpl es of a real conmponent of said unnodul ated pilot carrier wave as
translated in frequency to-said ultimte internedi ate-frequency band
and separated from ot her portions of said real conponent of said

ul'timate internédi at @irtuiesusse Yorth @tMim 1 b receiving a radiceaRfie Wibe A t @l
bandpass filter of Jjnear-phase finite-inpulse-response type

recei ving as it‘éesr*&lﬁL%l g?agﬂampgﬁma medylation ard acsomipenied by smitomodniated pidgt
conmponent of : | 4 ] Lt d -freauency signal and supplying
as its output s?a&l]%rﬁ%&&hlk%%{lﬁn%ﬁ@}@ﬁ°8F1pgiﬁmgnngi nary conponent of
sai d unnodul ated pilot carrier wave as traslated in frequency to said
ul timate internedi atefifst digiteiepdiranfiltarf linepeptasefinilsimplseampebherppor t i ons

of said imagi nary.conponent of. said ultimgte internediate- frequenc
si gnal ; 3 "Yeleivingas gﬁ%l‘fg"ﬁ'faa FQ’QH’%%BH?’BE{% Pﬁ&’@ﬁhﬁﬂ‘??‘?‘?“‘r@s‘?ﬁégsi vey

to said conpl eXuiﬂi':ﬁt'etiﬁiemediate-ﬂl%aﬁédcﬁ %igﬁhl%ﬁ'supﬁ?ii‘ﬁ?ta?ié@ﬁ upﬂémai@&aa' S

of said first and second digital bandpass ters, fTor gene Ing a

quadr at ur e- phasenipissaif amerl somypenent o£id unmodulated pitat carrier wavoas trpasletedtinng an
automatic freq cy. and ase control ,sigpal in | owpass._ filter
response to sa%@é’ﬁ?‘gﬁ%ﬂﬁ%ﬁg @%&E&B&%ﬁe@*ﬂaﬁw@d and separate:f&om other

portions of said real component of said ultimate intermediate-frequency signal;

10 a second digital bandpass filter of linear-phase finite-impulse-response type
receiving as its input signal said digitized samples of said imaginary component of
said ultimate intermediate-frequency signal and supplying as its output signal
digitiz_ed samples of an imaginary component of said unmodulated pilot carrier wave
as translated in frequency to said ultimate intermediate-frequancy band and separated

15  from other portions of said imaginary component of said uitimate intermediate-

frequency signal;

second digital synchrodyning circuitry, responsive to said complex digital
carrier signal and to said output signals of said first and second digital bandpass
filters, for generating & quadrature-phase baseband signal;

20 circuitry for generating an automatic frequency and phase control signal in
Jowpass filter response to said quadrature-phase baseband signal;

AT



- 28- " an oscillator included within said tuner for supplying
oscillations that are m xed wth response to said radio carrier wave
with vestigial sideband anplitude nodul ation to generate said

penul ti mate internedi ate-frequency signal, said oscillator 25 havi ng
automatic frequency and phase control respon5| ve to said automatic
frequency and phase control nal ;=<°- a spectrumfilter
supplying a res ponsét’*t%m@ami 14°Mﬂasgurbmmamfossw;ng estillations that are

nbol d d .10 t.h d t
T ter, oCo0Cr bl WibleroBBRBIS b By pE e E PR Srsadit SO tangieamionl s or e
than one, and whedubitionadgbnerate sm&MlﬁﬁﬁeQﬂeﬁ@eﬂtﬁﬂe&ﬁen‘EP lt §did b?mlfe{ A

successi ve _bi nary. approximation type y as se
in cl ai m 725hdwking aytomatie frenuency aod phase contral mspynswe to smdrmtunmrh frequency

a pl urallty Pi Jis decoders for trellis decoding, on a
P- phase aﬂd?HﬁQég:baﬁél se of said spectrumfilter to said real

conponent  of baseband si gnal . 9. Circuitry as set forth in

claim1l for receiVvi ngpectnmgiiheraapplying avesponyé foltaid in-ph¥RHabdbadd sighsalearnd
anplitude nodul ati on and acconpani ed by an unnodul ated pil ot carrier

0 g1 tal bandpase 11 POpoRRERR shfbiy monStTR b B Homprss of sl eime Ber.s

receiving as its input signal said dlgltlzed sanpl es of said real conponent
of said ultimate internedi ate-frequency signal and supplying as its
out put signal digitized sanples of a real conponent of said

unnodul at ed pi l,ot capriger wave tra,ns ated in freq uency to sai d
ultimate inter hedi a?‘ﬁ °Wcﬂ§éﬁ§:f9 il ‘!IéﬁS%‘Peﬂ amere e Gnpetnd wherein gagh ons

of said real CoRanABE-1&highB] Aabbdd W GubdsSVIBIbA HplkhAkRAGY e Onal

8. Circuitry as set forth in claim 7, wherein said symbol decoder circuitry

COMprises:

a plurality P in number of trellis decoders for trellis decoding, on a P-phase
basis, said response of said spectrum filter to said real component of baseband signal.

2. Circuitry as set forth in claim 1 for receiving a radio carrier wave with
vestigial sideband amplitude modulation and accompanied by an unmodulated pilot
carrier wave of like frequency, said circuitry comprising:

a first digital bandpass filter of linear-phase finite-impulse-response type
5 receiving as its input signal said dipitized samples of said real component of said
ultimate intermedijate-frequency signal and supplying as its output signal digitized
samples of a real component of said unmodulated pilot carrier wave as translated in
frequency 1o said ultimate intermediate-frequency band and separated from other

portions of said real component of said ultimate intermediate-frequency signal;

IIIIIIII IIIIII III|| IIIII ll IIII



-29- 10 a second digital bandpass filter of |inear-phase
finite-inpul se-response type receiving as its input signal said
digitized sanples of said inaginary conponent of said ultimte
I nt ermedi at e-frequency signal and supplyi n% as its output signal
digitized sanples of an inmaginary corrpone'r?‘t “of said unnodul ated pil ot
carrier wav® aigcondyigital bandpiass filter g bacy-phasethiig-ipliseRésponse type

i nternedi ate-fr “ha nd separated, 15 from ot her portions of said
i magi nary corrpolﬁgegfip‘g¥s E&%ﬂfﬁlgqaiﬁa?@dxgmzed sqmples ngdaemma@qemwesﬁ Wnal ;

second digital ﬁwmﬁmetm&ﬂge&azé%a;sénxyssgsﬁfaﬂ&§&%;%ggfﬁ;£‘ggﬁs}e%,gr digi‘tal

carrier signal and to said output signal$§ of sai nd digital

bandpass digitizesh sgmpiesof gu iasginary gorapepsativtsaidr imidataeedysifoe barrier whgnal |

20 I £ G L . erat.,ng.an automatic.frequency and phase
control signal %:srt]rﬁH'} 'gtéa”{%é\ﬁélgg% P ﬁ?é’%"?%g Hg?fg{f;gia&'g‘é%&ﬂ%%’fiémﬁ@%%e
baseband silgnalfrom other portions of saiddmagigtrdy'cb@pShent BESAHEMnkd hi n sai d source
of penultimte | ocal sgel | ati ons supplied in said first and second

.0
phasi ngs, sai d 'JeTRediate-Sreaweacy sigealut onati c frequency and phase
control responsive to said automatic frequency and phase control signal;

25 a specigdymnfdidi ' i id i - pha
baseband signal; and é‘&pgwsw%‘ﬁir‘r@gfﬁﬁfe’g3%@9%%@&?@“&”%"2‘2‘8@%2§ve to
the response ofarsigr sigugiand tuseid sutpwisignals of said first 46d sebnd digitalbaadpaset forth

inclaim9, whegein:.N is nore than one and ywherein each said
anal og-t o- di gi ﬁizt?}st{?ﬁé’@?g&giasq%&a%ﬁ?@%‘gi%% #32Lappr oxi mati on type.
11. Circuitry as set forth in claim10, wherein said synbol decoder
circuitry 20 cireuitry for generating an automatic frequency and phase control signal in

lowpass filter response to said quadrature-phase baseband signal;

an oscillator included within said source of penultimate local oscillations
supplied in said first and second phasings, said oscillator having automatic frequency
and phase control responsive to said automatic frequency and phase control signal;

25 a spectrum filter supplying a response to said in-phase baseband signal; and

. symbol decoder circuitry responsive 1o the response of said spectrum filter.

10.  Circuitry as set forth in claim 9, wherein N is more than one, and wherein each
said analop-to-digital converter is of successive binary approximation type.

11, Circuitry as set forth in claim 10, wherein said symbol decoder circuitry

comprises:

a plurality P in number of trellis decoders for trellis decoding on a P-phase
basis said response of said spectrum filter to said real component of baseband signal,
P being equal to N or a multiple thereof,

L]



conpri ses: a plurality P in nunber of trellis decoders for

trellis decoding on a P-phase basis said response of said spectrum
filter to said real conponent of baseband signal, P being equal to N
or a multiple thereof

- 30- 12. Crcuitry as set forth_ip claiml for receiving a radio
carrier wave with vesti gi al sideband anplitude nodul ati on and

acconpani ed by bh unfBeriryreset fortoin claim 1 for caeiving s ratleaandier wave withequency,

said circuitry | Shg. . . second digi synchr odyni n
circuitry, res pgér%s 3163{1%&%53;:%%@@&@, ?'g: ac"?)mp"g%ﬂ’)f %‘%/ upedpiated pidott o
the digitized scumprosaveiofdike trequnby,3md cirgBity Ramyrisiapponent s of sai d
ultimate internedi ate-frequency signal, for generating a quadrature-phase
baseband signal; ‘. circuifry for generating an automatic
frequency and phase 84 dsitadisyprhrodynme circuitty Giesponsive o said complon digitat 0 sai d
quadr at ur e- gha b ¥ izitizdd : oscillator include

Wit hin sai dgt uﬁ%;&? 3%@3%8?& ng %%x(z:%ﬂ ﬁag;[plleosr?sf s?‘f'lla grrxée:magmary ﬁ??g‘g'e\ﬁ%t%
response to saiidultimetecntermediatediequanicy kigusls for gemdratiigteparchnaamyhhdcude

nodul ation to gb%rg%r aﬁ%g. sall;;‘ld penul ti mate internedi ate-frequency signal, said
oscil | at or 20 ’&nﬁ tomati c frequency and phase control responsive to
said automatic frequency and phase control signal; 15 a
spectrum filter supplypiity for g@eRung en heooaiic frbqueAbps AIASCARRG] SibBNgh; and
synbol decoder onsive to the response of said spectrumfilter.

cirui iﬁ_y res .
13. i rcui t ryouRess fdver gapdpse jp saidguadratire-phasediereband sigeadr e t han one, and

wher ein _ each said anal og-to-digital converter is of successive binary
approxi mat i1gn type. ap oscillator included within said tunar for supplying oscillations that are

mixed with response to said radio carrier wave with vestigial sideband amplitude
modulation to generate said pepultimate intermediate-frequency signal, said oscillator
having automatic frequency and phase control responsive to said automatic frequency

and phase control signal;
15 a spectrum filter supplying a response to said in-phase baseband signal; and

symbol decoder cireuitry responsive to the response of said spectrum fiiter.

13.  Circuitry as set forth in claim 12, wherein N is more than one, and wherein
each said analog-to-digital converter is of successive binary approximation type.

14.  Circuitry as set forth in claim 13, wherein said symbol decoder circuitry
comprises: '

a plurality P in number of wrellis decoders for trellis decoding on a P-phase
basis said response of said spectrum filter to said real component of baseband signal,

5 P being equal to N or a multiple thereof.

R, A VA



14. Circuity as set forth in claim 13, wherein said synbol decoder
circuitry conpri ses: - a plurality P in nunber of trellis
decoders for trellis decoding on a P-phase basi s said response of said
spectrumfilter to said real conponent of baseband signal, 5 P bei ng
equal to N or a multiple thereof

- 31- 15. Grcuitry as set forth r?iclaim 1 for receivi ng a radio
carrier wave with  Circuitgas sejiferth i dsivahfbr seneiving igadrnddiatvave vind

accompani ed by QAPRAU A SR oduiaion S50 S S s Wi odurY

said circuitry conpri sing:

circuitry, respmﬁérw&wte(bﬁi&éﬁc@ﬁm},%&;dc&i;,ghﬁglcm@ﬁsinggrri er signal and to
the digitized sanples of said real and inmaginary coffponents of sai d
ultimate internediate-frequency signal, for generating a quadrature-phase
baseband si gnal ; second digital sypghradyning\ircuitrygresponsivieny szid compleraiginl

frequency ard | . s filter response to said
quadr at ur e- phase Eag g@ﬁ%@s‘?é&%?ﬁzﬁ%smmes Oflsgimgﬁ aBé UPIEIBATY W'?‘H?:’Peﬂiﬁfétf
Wi thin said sousikultmapdniskmediste drehnany sipasl, [raeh@atng a quadsdtielghask i n said
first and secor%ﬁ&ggéiﬁn S, sajd oscillator having automatic frequency

%

and phase contr e to said automatic frequency and phase control
si gnal ; a spectrumfilter supplying a response to said

i n-phase baseband sicjsitiy forgenerating an automatic fégaky SGFRABEL cGitkt &
responsive to the r esf_ponse oge sai (;Igspect rumfilt er’.F BiiSt ¢ Fihitin
fowpass filter response to said quadrature-phase baseband signal;
10 an oscillator included within said source of penuitimate local oscillations
supplied in said first and second phesings, said oscillator having autometic frequency

and phase control responsive 1o said automatic frequency and phase control signal;
a spectrum filter supplying a response to said in-phase baseband signal.; and

symbol decoder circuitry responsive to the response of said spectrum filter,

6. Circuitry as set forth in claim 15, wherein N is more than one, and wherein

cach said analog-to-digital converter is of successive binary approximation type.

17.  Circuitry as set forth in claim 16, wherein said symbol decoder circuitry

comprises:

a plurality P in number of trellis decoders for trellis decoding on a P-phase
basis said response of said spectrum filter to said real component of baseband signal,

P being equal 10 N or a multiple thereof.

i
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16. Circuitry as set forth in claim15, wherein Nis nore than one, and

wherei n each said anal og-to-digital converter is of successive binary
approxi mati on type. 17. Circuitry as set forth in claim 16,
wherein said synbol decoder circuitry conpri ses: a

plurality P in number of trellis decodersifor trellis decoding on a P-phase
basis said respo se of said spectrumfllter to said real conponent of
baseband si gnal 18.5  Ciscyjlry g sas dorth intodaing- lofor geceiviing pradiot daeierofave with

- 32- orth nclaiml for receiving a radio
carrier wave Wi ?%agra{nﬁ‘é Mg‘&%‘?ﬁ?ﬂt”gﬁ ﬂﬁ’é"%@ﬂ%?"@n said circuitry
conpri si ng: second dlgltal synchr odyni ng C|rcuitry

responsive to said cnmb&digﬁalgyﬁc&odymng circaity, Rsp&isBRabd sﬁ&@oﬁmﬁle& REsital
digitized sanpl es . of . sa and i magi nary conponents of sald
ul timate inter nERFSESiEP @?j{fﬁﬁ&d'gﬁhﬁ?%?amﬁ%ﬁﬁgéﬂ#ﬁ@%M%dlﬂ@lﬂm@tmfa\se

baseband si gnal gaid ultimate mtennedtatﬁlqcﬁﬂéx{ci'XlngQIr f&zﬁgﬁ&%ﬁélgq%rﬁk%ﬁ{cﬁ?g gener at ed

frequency and phase control signa onse
by mul tiplyi ng basghanisigneki d i n- phase baseband si gnal and said
guadr at ur e- phase baseband signal; 10 an oscillator included within

said tuner for suppl ns . that ..a W th response to
said radio carrier %ﬁ%%ﬁ%“&%ﬁéﬁ&ﬁ“?ms%ﬁ@%ﬂnﬁ&& control siggf i at i on
to generate sairdsgonsetotd ;ﬁfﬁﬂnﬁ:tta’éﬁeedtémw AbRiplyifg et fid hasé@ds@bmcs&r%kﬁt or
havi ng automatic frequenc hase control responsive to said auto

frequency angd spid yadia nbﬂsebwbmwnal.w a spectrumfilter
suppl yi ng i n-phase and quadr at ur e- phase denodul ati on responses to said

i n-phase bageband signakilRide inhiddd WHBMN Ald¥Rer BRI BpRARLORNMAISAORA dre
mixed with response to said radio carrier wave with vestigial sideband amplitude
modulation to generate said penultimate intermediate-frequency signal, said oscillator
having automatic frequency and phase control responsive to said automatic frequency
and phase control s;ignal;

15 a spectrum filter supplying in-phase and quadrature-phase demodulation
responses to said in-phase baseband signal and said quadrature-phase baseband signai;
and

symbol decoder cirenitry responsive to said in-phase and quadrature-phase

demodulation responses.

19.  Circuitry as set forth in claim 18, wherein N is more than one, and wherein

sach said analog-to-digital converter is of successive binary approximation type.
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and synbol decoder circuitry responsive to said in-phase and

quadr at ur e- phase denodul ati on responses.. 19. Circuitry as
set forth in claim 18, whereinNis nore than one, and wherein each
sai d anal og-to-digital converter is of successive binary approxi mation
type. - 33- 20.

Crcuitry as.set forth in claim 19, wher ei |;f sai d synbol decoder circuitry
conpri ses: 20.  Circhitryasget foxthiin glapn 19, whgreiasaidfsymbel decedeteirodys f or

trellis decodi gy gp sé. P-phase basi s said response of said spectrum
filter to said re conponent of baseband signal, 5 P being equal to N or
a nultiple thereof. 21. Circuitry as set forth in claim1 for

receiving a radio camplwelityRinaumbehof treilis degudets frureflisxdepbding 86 aPoghakat i on,
said circuitry i Si ital synchrodyni.ng

circuitry, resﬁaﬂn?‘*}%rﬁsg&?&%”&mmﬂlﬁf f%?mg“al gm’%“ﬁ“& { basebagd sighad, t o

the digitized pasEgmualoNbra hifipldBetebfBYI Nary conponents of . 5 said
ultimate internediate-frequency si gnal for generating a quadrature phase

baseband si gnal ; circuitry for generating an automatic
frequency and phase control signal in response to a product generated
by multiplying together said in-phase baseband signal and said

quadr at ur e- phagg bageRaNG ise¥Bhth in claim 1 for receiving a radio carrier wave with

quadrature amplitude modulation, said circuitry comprising:

second digital synchrodyning cireuitry, responsive to said complex digital
carrier signal and to the digitized samples of said real and imaginary components of
5  said ultimate intermediate-frequency signal, for generating a quadrature-phase
baseband signal; '

circuitry for generating an automatic frequency and phase control signal in
response to a product penerated by multiplying together said in-phase baseband signal
and said quadrature-phase baseband signal;

10 . an oscillator included within said source of penultimate local oscillations
supplied in said first and second phasings, said oscillator having automatic frequency

and phase control responsive to said automatic frequency and phase control signal;

a spectrum filter supplying in-phase and quadrature-phase demodulation
responses to said in-phase baseband signal and said quadrature-phase baseband signal;
15 end

symbol decoder circuitry responsive to said in-phase snd quadrature-phase

demodulation responses,

22.  Circuitry as set forth in claim 21, wherein N is more than one, and wherein
each said analog-to-digital converter is of successive binary approximation type.
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10 an oscillator included within said source of penultimte |ocal

oscill ations supplied in said first and second phasi ngs, said

oscill ator having automatic frequency - and phase control responsive to
sai d automatic frequency and phase control signal; a spectrum
filter supplying in-phase and quadrature-phase denDduIatlon responses
to said in-pha baseband si uadrat. aseb si gnal ;
15 and 3 &wcu &r}g%féﬁ‘d‘g?‘"’a%é‘&eﬁ‘%/s* l?f{a]%ﬁ 6°’§°é1 | n- phase
and quadrat ur ezphases. dem)dul ation responses. Crcuitry

as set forth in claim21, wherein Nis nore than one, and whereln each
said anal og-to-digital converter is of successive binary approximation

type. - aplurality P in number of trelhs decoders for trellis decqgling orga P-phase

compr 1 ses: -~ Bais i o PRl B B B o ROl SR BIE RS S [V

decodi ng onsa ?‘b@ﬁx@%ﬂualh&ﬂ&ﬁﬂhﬁpfe&ﬁ&%ﬁe of said spectrumfilter to said
real conponent of baseband signal, P being equal to Nor a nmultiple

t her eof .
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