
;<=>?e3e, w,ppqDs|Xtv6,wTwo2 a MAY zoo3  -1 DIGITAL RECEIVERS WITH
POLY-PHASE ANALOG-TO-DIGITAL CONVERSION OF BASEBAND SYMBOL CODING The
invention relates to digital television receiver and, more particularly, to
analog-to-digital conversion and equalization filtering that are carried
out in digital television receivers piton to symbol decoding. BACKGROUND OF
THE INVENTION  10 l~ 24 *cooooz* A Digital Television Standard published 16
September l995 by the Advanced Television Subcommittee (ATSC) specifies
vestigial sideband (VSH) signals for transmitting digital television (DTv)
signals in 6-MI-iz-bandwidth television channels such as those currently
used in over-the-air broadcasting of National : Televison Subcommittee
(NTSC) analog television signals within the United States. Symbol decoding
in digital television receivers is effected by a procedure known as "data
slicing Data slicing can be carried out using an analog bin comparator
responsive to the amplitude of symbol coding as synchrodyned to baseband in
the analog realm, with the bin number being Sampled at symbol rate in
optimum phasing It is expected) however, that in most DTV receivers data
slicing will be carried out in the digital realm) using a digital bin
comparator responsive to the digitized amplitude of symbol coding as
synchrodyned to baseband either before or after digitization. The invention
concerns circuitry related to data slicing performed in the digital realm,
which type of data slicing is preferable in digital television receivers.
'This is because filtering of the symbol coding is generally necessary in
order to provide amplitude and phase equalization (and in the case of
over-the-air reception to correct for multipath problems), and these types
of filtering are better realised in the digital realm. The rate at which
analog-to-digital conversion must be carried out in a digital television
receiver is generally at least twice the 10.75 million, samples per second
25 symbol rate.. The common practice has been to use a type of
analog-to-digital converter (ADC) referred to as a "fish converter" when
arranging for digital   2 s r1 r~~~ 2003 -2operation in an NTSC analog
television signal receiver, usually using sample rates (such as 14.32
million samples per second) harmonically related to co:or subcarrier. The
bit resolution affored by :here fiash converter is typically eight to ten
bits. This experience tends to bias a television receiver designer towards
the usr of gash 5 converters i : digital television receivers for use with
the ATSC standard. The Clash dr parallel analog-to-dyital convener uses
(?'r -l) comparators and a resistive ladder with 2N -l) taps to achieve N
bits resolution. There is a considerable amount of hardware in the flash
converter) and it consumes considerable power. The justification for the
use of the flash converter is its capability for providing high 1 ~
analog-to-digital conversion rate an a continuing basis, without the need
for oversampling. Oversampling at larger multiples of I0.76 million samples
per second is difficult to do; this makes oversampling analog-ta-digital
converters such as sigmadelta converters unattractive to operate at
sampling rates Greater than 10 75 million samples per second. The vase of
multiple-phase analog-to-digital conversion using a 1 ~ plurality VI in
number of AL7Cs of successive binary approximation type has been rejected
in analog television receiver design owing to the difficulties in matchinb
the individual analog-to-digital conversion characterized of the ADCs The
ATSC standard grew out of earlier proposals by Zenith Electronics
Corporation for designing a digital high-definition television (HDTV)
signal from ?u which co-channel interfering NTSC analog TV signal could be
removed by Iamb filtering using 1?-sample differential delay Zenith
proposed precoding at the .D'fV transmitter to complement postcoding caused
by such comb filtering in the LTV receiver. The signal to be symbol ceded
was subjected to 1 Z-independent-paths trellis coding, so :hat comb
filtering would not affect the independence of the trellis coding ^5 paths.
This trellis coding scheme persists in the current ATSC standard, even
though the standard no longer provides for precoding at the DTV transmitter
to complement comb filtering using 12-sample differential delay in the DTv
receiver The inv entor has the insight that the 12-independent-paths
trellis coding) which provides for the operation of twelve treilis decoders
independently from each other, can be exploited to 30 avoid the
difficulties in matching the individual analog-to-digrtal conversion
characteristics of a plurality M in number of ADCs of successive binary 



2 f~ iy,:lY 2003 -3 approximation type) used for implementing
multiple-phase analog-to-digital conversion Tile DTV receivers Zenith
provided for field testing the ,~TS~ standard used a single
analog-to-digital converter, presumably a flash converter, for digitizing
symbol 5 coding for application to a single-path equalization filter and a
single-path, basebarid phase-corrector (or symbol synchronizer) The
equalized end phasa-corrected symbols were then supplied to a
dc-interleaves for separating the twelve time-interleaved independent
treillis codes to their respective trellis decoders. Following trellis
decoding, the twelve data bit substreams were interleaved by an l0
interleaves to supply a bit stream to byte-buildinb circuitry for supplying
bytes of Rzed-Solomon code to a Reed-Soiornon error correcting circui:ry, U
S patent No. a536,251 issued 3 June 1997 to R. W Citta et alil entitled
RECEIVEI211 OR A TRELLIS CODED DIGITAL TELEVISION SIGNAL and incorporated
herein by reference is descriptive of such I7TV receiver construction. 1 >
Skilled digital filter designers are aware of the concept of poly-phase
filtering acrd know in a general way that single-phase filters with high
sample clockthrough rats can often be replaced by N-phase filters with
clockthrough rates N times lower. Replacing the single-phase equalization
filter and single-phase baseband phase-corrector by 1?-phase filtering
eliminates the need for a de-tnterleaver for 20 applying the
twelve-time-interleaved independent trellis codes to their respective
trellis decoders, the inventor discerns. Furthermore, rather than using a
de-interleaves between a flash converter and the 12-phase filtering used
for equalization and symbol synchronization, the inventor discerns that the
single Clash converter can be replaced by twelve ADCs of successive binary
approximation type arranged for stabaered ?5 sampling to provide
twelve-phase analog-to-digital conversion with up to eleven or twelve bits
resolution without need far clock totes above F~TV symbol rate. The match,
filtering used :o recover response to data field synchronizing cedes and
data segment synchroizing codes can also be performed on a poly-phase
basis) without need for a flash convener.   2. 8 r; r~Y 2003
-4.4ltemanvely, replacing the single-phase equalization filter and
single-phase base band pha~~-corrector by degenerate 24-phase filtering
with twelve output ports also eli:n~n~itrs the need far a de-~nterleaver
for applying the twelve-time-interleaved mdepr;ndent trellis codes to their
respective trellis decoders, the inventor discerns. Rather than using a
de-interleaver between a gash converter and this degenerate 24-plyase
filtering, the single flash canverter can be replaced by twenty-tour ADCs
of successive binary approximation type arranged for staggered sampling to
provide 2~-phase analog-to-digital conversion. The ?: l oversamplin5 by the
twenty-four ~.DCs of successive binary approximation type followed by
24-phase edualization l0 filtering simplifies phase-corrector design, as
compared to ~~s~ng only twelve ADCs at successive binary approximation type
fohawed by 1?-phase equalization filtering, the inventor points out.
Clockthrough rate of each ,A.DC is ane-twenty-fourth the 21.52, 3?.?8 or
43.04 cnill:an samples per second race that would be typically used with
the flash converter,. l 5 which tends to reduce power consmnptmn by the
square of twenty-faur tn each AT7C vrith an overall reduction of power
consumption by a Factor of tlventy-four. Each ADC; of successive binary
approximation type has only one to twelve comparators therein depending on
the specifi4 type of ADC being used, this is no more than the ?e
comparatars used in a hash converter with 8-bit resolution and is far less
than the 2' 20 to 2'z comparators used in flash converters of lQ-nit to
1?-bit resolution. The trventyfour ADCs of successive binary approximation
type arranged for staggered sampling will usually take up less room on a
monolithic integrated circuit die than even the dash convener with 8-bit
resolution, because the resistive ladder used for voltage division in the
gash converter takes up considerable room on the die. ? 5 Each phase of a
poly-phase equalization filter will require as many multipliers as m a
single-phase equalization filter, since samples from all phases may have to
be combined an each phase of the filter in order to effect optimal
equalization. Upon initial consideration this may lead a digital filter
designer cu reject the use of such equalizatidn filtering as requiring
excessive hardware. However) the multipl~cations 30 in a ?4-phase filter
can each take place aver an interval twenty-four times as long as the
muhiplications in a single-phase f lter without pipeline data f<aw being
2 P MraY 2003 -5 compr~~;r.~sccl Since sr~r:~bol rate is 10.76 m~lU~n
symbols per second) sampling at rates more than a very few ttnles Symbol
fate 1S lnlpracttCal. 50, in a single-phase rquai~?anon tiller succeSSive
mult~plications must commence wlthm a single clock mt~~ ~-a) ar at most a
very Few clock intervals and progress thrcugh a data pipeline tvitJrout
faltering. High-speed multiplication tends to ~:xpend considerable power,
power consurnprion tendinb to go up as the squire of speed. 'Chese
considerations tznd to force mtiltiplieat~ons at t0.76 s5mples per second
or multiples thereof tv be done using respective read-only memories
(ROiVIs) rather using di;ital multipliers constructed from logic elements.
If there are no substantial restrictions on the ranges 10 of multiplier
;end multiplicand signals or the products resulting therefrom, multiplier 



R014ts require many times more hardware than digital multipliers
constructed from logic elements. Multiplications on 10-bit to i?-bit input
si5nals can be performed in a ?~-phase equaliztttton F>.lter by digital
multipliers constructed from logic elEments and operated at a clock rate
reduced Z4-fold. So, the hardware costs and power 1 ~ consumption of the
?~-phase equalization filter operated at Q46 kHz clock rats can corx~pare
favorably with a sirgl:;-phase equalization filter operated a: 10.76
million samples per second clock rate. Rather than usinb a ?~k-phase
equalization filter after thz twenn~-four t\DCs of successive binary
approximation type, the output results of the AUCs can be 30 converted to
parallel-bit form and time-interleaved for application to a single-phase
equattzation filter as its input signal, the inventor points out. The
equalized response froth the s:ng!e-phase equalization filter must be
supplied to a de-interleaves for separating input signals to the twelve
trellis decoders. This alternative construction of the digital television
receiver retains the advantage of reduced power consumption in 25
analog-to-digital conversion, the inventor points out. SUMMARY Op TH)r
INVENTION Thz invention is embodied in a di?ital television signal receiver
including circuitry for converting a received digital television signal to
basehand symbol ceded signal; a plur<<lity iV' in number of trellis
decoders supplying respective trellis 3D decoding results; circuitry for
assembling the respective trellis decoding results into a   2 ~ ~~tY 203 -6
forward error-correction code; and a t~omva.rd error-~cvrrection
;'c~...~der respoosme to said farvvard error-correction code f,~r supplying
a data strew :-i portions of which are descriptive of television images. rn
a digital relev~siot; signal receiver for receiving digital television
signals transmitted in a4cordance with the AT~C standard, i`! is twelve,
the forward error-correction code is a orie-dimensional Reed-Solomon code,
and the for.vard error-correction decoder is 3 steed-Solart~on decoder. .~
dmta( teievtaion si5nal rec~iv,_r embodying the invention
characteristically tncludrs, instead oFa single flash converter as in
prior-an digital television receivers, h~fN analog-todiQitui converters of
successive hinary appro.cirnation type sampling baseband symbol 10 coded
signal on an I~tN-phase basis to provide a respective digital output
signal) each of wviuch sampling phases is of one-hZi" symbol time duration,
~1 being a posmve tnt~~5er at least one The Nftv analog-ta-digital
converters are identifiable by consecutive ordinal numbers first throu,~,h
VI:v"', 'nclusivr:, assigned :n order oftheit SuCCeSS(ve input sampling.
t1n equalization filter responds to the output signals of the 15 >;VCN
analog-to-digital converters to supply equalized input signals to the N
trellis decoders. A digital television signal recem~er embcdyi.ng the
tn~:ention in preferred form charact~;risticaily inctud~s, instead of a
single flash converter as in prior-art digit,~l television reccivars) ~N
analog-to-diGital converters of snccessivE binary ~t) apprerxrcration type
sampling baseband symbol coded signal an ari ?N-phase basis to provide ~t
respective digital output sigt:al) each of which sampling phases is of ot:e
half symbol time duration. The receiver also characteristically includes a
2N-phase ft(t~:r responsive to the dibital output signals of the 2~T
analog-to-digital converters received as respective input signals thereto,
connzcted for applying ~f output signals 



?a to the ?~` trellis decoders as their respective input signals, the
?1~'-path filter being an adaptivL filter for providing equalization to the
digital output signals of the 2N analog-to-dip tal converters, connected
for generating de-interleaved baseband symbol coding without employing the
de-interleaver of prior-art digital television receivers. The receiver
f=urther charaetenstically includes first and second Iv-phase match filters
~0 for a prescribed pseudo-noise sequence and a symbol synchronizer that
responds to differences in those math flter responses for adjusting the
phase of sampling by the   2 8 M,!1Y ?003 ZN aralr~g-to-d~g~ta1 converters
ofsaGCessive binary approm;ratintz typ4. The first thatch titer responds to
the digital output signals of the oddly rdinally numbered ones r~f-t!'ie:
Z?~' analog-to-digital conveyers as equalized by the 2N-phase equalization
r lief; and the second match titter responds to the digital output signals
of the evenly ordinrtlly numbered ones of the 2N analog-to-digital
converters as equalized by the ?N-phase equali'r.,atton filter. BRIEF
DESCRIPTION OF THE D1~:V'fl~G FICrUI~ 1 is a schematic diagram of a portion
of a digital telwi.sion receiver) which portion extends from the recwving
antenna to the Reed-Solomon decoder at;d 1G etnbodles the inveati4n ir,
certain of its aspects. FIGUF:.E ? is a schematic diagram of another
portion of the dibital television receiver depicted in part in FIGU~ I,
illustrating how symbol synchronization is preferably effected ire a
further aspect of the invention, >~IGUF:E ~ is a schematic diagram of
sampling clocE: generation circuitry that 15 is preferred to be used in the
portions of the diriital televisio:, receiver depicted in FIGURES 1 and 2.
FIGUT~ i is a schematic diagram of sampling cioclt generatitsn cirCmtry
that can b~ used in the portions of the digital television receiver
depicted in F1CTURES I and 2 instead of the FTG~ IRE 3 sampling clock
generation circuitry. 2O FTCIS,~'~IZE ~ is a schetnatic diagram of a
modification of the per tioi?s of a digital television receiver shown in
!=TGUR~S 1 and ~', which kaortions of a digital receiver as so modified
embody tlse irrventi.oci m ce:-tain other of its aspects. DETAILED
Dl~SLRIPTiON OF THE PR~FrERRED W.HODIIviENT Symbol coding is recovered at
baseba.nd by known circuitry depicted in the ~5 pornon of a d;gital
television receiver shown in FIGURE I as being of the following
plural-con4~ersion type ~ selected one of DTV signals as from a receiving
antenna 1, for example, is received for amplification by a radio-nequercy
amplifier 2   



2 8 Mh'f 2003 _$_ Amplified DTV signal from the IZ.F amplifier ?, w!~ich is
sci;l at froq~aencres within a ehunnel allocated for television
broadcasting, is converted by an upconverter ~ to first intermediate
freauency signal m a portion of the uttrahigh-frequency (L!hIF) bard
somewhat above the portion of that bard allocated for televismn
broadcasting. The ~F amplifier ? and the upconverter 3 have adjustable
tuning and together function as a tuner for s~lactii~g a digital television
signal from one of channels at di ffereilt locations in a lreclueracy band
allocated for television broadcasting. r~ Ul=IF intermediate-frequency
amplifier 4 selectively amplifies the first intermediate frequency signal
far application to a downconverter S respondin5 with second i U
interredrrttt: frequency signal in a portion of the very-high~fr~duency
(VHF) band somewhat below the portion of that band allocated for television
broadcasting. .~ ~'i-Il; intermediate-frequency amplifier 6 selectively
amplifies the second intermediate fTeduzncy signal for application to
circuitry 7 for synehrodyrting the twice-converted ATV signal to base band
and there5y recovering cymbal coding at baseband. The I ~ synchrodyring
circuitry 7 includes an in-phase synchronous detector, a ~quadrature phase
synchronous detector, and a controlled oscillator supplying synchrodyning
si;nals to the synchronous detectors (none of which elements are explicitly
shown in 1" 1Ci(JRE 1 or Z). The at,tadrature-phase synchronous detector
provides an imaginary component Irn of synchrodyne response) whic:r
component is used for developing ?0 automa;ic frequency and phase control
(AFPC) sigri~il fur the controlled oscillator supplying synchrodyning
signals to the synchronous detectors. 'fhe in-phase synchronous detector
detrets the vestigial~sideband amplitude-modulation of the data catTier to
provide a real component Ire of synchrodyne response, whicE,~ component is
descriptive of baseband symbol coding and is supplied from the
syrchrodyning ? 5 circuitry 7 far analog-to-digital conversion.
Alternatively, symbol coding is recovered at baseband by other known radio
reception circuitry of single-conversion type. In the portion of a digital
celevtsion receiver shown in FI;GIJRE 1, rather than symbol coding supplied
from the syrychrodyning c;rcuitry 7 being digitized by a t7ash converter as
in tht prior art, the symbol coding is digitized by a plurality 8 of analog
30 to-digital converters, each of successive binary approximanon type. The
input sampling of the symbol coding by the various ones $A, $B, 8C) 8D) 8E,
8f, $Cx, $Ii)   2 ~ f'!,!1Y ?.D13 -93,J, 81~, SL., BNI) 8iV, Sf, 8Q, 8R.
8S) 8T) 8L) $Y, 8W, 8X, gY, $Z of this plurality 8 cf 4DCs takes pl~~ce
in^. successive ones of sample clock intervals, each of which 5ar:p!e clock
intervals has a duration half as long as a symbol code symbol Sampling
clock generation circuitry 9 suppltc;s clocking tar the ~.DCs 8A, 8B) 8C)
8D, 8E) 8F) 8G, 8H, 8J, 8K, SL, $M, 8N, $P, 8Q, 8R) 85, 8T, 8U, SV) 8'fV,
3'.K, 3Y) 87J. Tha connections for doing this arc: not e;cplicitly sho~.vn
in FIGURE '. ar ?, So ss not to clutte: the drawing and make tt dtfftcult
to understand, but are readily dLsigned by a yk.tlled digital electronics
designer. Also, the exact natures of these connections depend on the
specific design of the ADCs 8A, 8B, $C, 8D, 81:, 8~', 8G) 10 9H, 8J, 8k,
8L, BNI) &N, 8P, $Q) 8R, 8S) 8T, 8'L1, 8V, SW, SX, 8Y, 8Z with regard to
the way successive binary sampling is carried out. The synehrodyning
circuitry 7 is Shown supplyira the imaginary component yin of synchrodyne
response co the sampling clack genexatton circuitry 9 for implementin8 the
detetTnination of sample clock frequency. The imaginary component Im of
synchrodyne response is l5 substantially free of direct component resulting
from synchronous detecti~a of, pilot carrier m the J1TV signal, so is
preferred for squaring to ,generate a signal frorra which symbol frequency
can be extracted by narrowband filtering As mll be e~tplained in more detai
l further on in this specification) symbol synchronization is carried out
by adjusting the phase of the sample clock so that each consecutive pair of
sample clock ?0 intervals c4ncurs with a respective symbol in the symbol
coding. Try conversion results from the ADGs 8A. 8B, 8C) 8D, 8E, 8F) 8G)
8H, 8J', 8K, 8L, BNi) 8N, 8P) 8Q, 8~t, 8S, 8T, 8U) $'V, 8'4V, 8X, 8Y, 82
are applied as the input signs! to a ?4-phase equalization filter 10.
Bit-serial to parallel-bir conversion of the suc~~esswe binary
approacimation analog-to-digital conversion results from the 25 ADCs 8A,
8~) 8C, $n, 8E, 8F, SG, BT:I, 8J', 8K, 8L, $lVl<, 8N, 8P, 8Q, 8R, 8S, 8T,
8U, 8'V, 8W, 8X, 8Y, 8Z is done at the outputs of these ADCs, and the
filter 10 is constructed to operate w-ith parallel-bit arithmetic.
(Alternatively, the conversion rtsults are supplied in bit-serial form to
the 24-phase equalization filter 10, the filter 10 is constrjtcted in
bit-serial form for operation using serial-bit arithmetic, and 3p
btt-serial to parallel-bit conversion is carried out atier the filter 10
prior to trellis decoding )   2 8 f1~!~Y 2003 -lo The =~l-phase
equalization filter 10 corms the leading portion of a degen~:rate 



?~-phase ~~lcer, the trai!ino portion 11 of which cotr.prises nvelve
d~g~ta! adders 11A, 11C. I 1E, 11G, 11J) 1IL, 11N, 11~, 11S, 11U, 11W) 11Y
connected or supplying their respectir~~e sum synGls to a plrtrality 12 of
trellis decoders, The adder 11.A adras j tooFther the equaii~.ed res;~onses
of the ADCs 8A and 8)`3 tn pramde input signal for the trellis coder 1?A;
s,~, far as the trellrs caller 12A is concerned, tl;e ADCs 8A and SB ~tnd
their respective phases ot~ the ?d-phase equaliz3t~on tiltc:r 10 in eiir:et
operate as a single; :ADC followed by a respective phase of a 1?-ph~lsc a
fiualization filter, with that strglt ADC performing input samplinb in a
respective one of the twelve phases. 10 Ihe adder X 1 C adds to5ethar the
equalized responses of the ADCs $C and $D to provide input signal for the
trellis coder 12C; so) far as the trellis codcr 12C rs conc~tn~d, the t~DCs
8C and $1? and their respective phases of the 24-phase enualization filter
1Q in effect operate as a single ADC followed by a respective phase of a
12-phase equal ization fi lice, with that single ADC performing input
samplang in a 1 ~ rzspective 4n~ of the twelve phases The adder 11 E adds
together the equalized respanses of the ADCs 5E and $F to provide input
signal for the trellis coder I2E; so, far as the treLLis coder 121~r is
concerned, the ADCs 8E and &F 2nd their respective phase s of the 24-phase
equalization filter 10 in effect operate as a single ADC f~llc~we4 by a
respectsve phase of a 12-phase equalization f~!ter, with that single ADC
''0 periot~rning input sampling in a respective one of the twelve phases.
The adder :11G adds together the ~;qualized responses of the ADCs 8G and 8H
to provide input srgnal for the trellis coder 12G; so, far as the trellis
coder 12G is concerned, the ADCs 8G and $'H and their respective phases of
the 24-phase equalization alter 10 in effect operate as a single A~,7C
followed by a respective phase of a l2-phase equalizatran S filter, with
that single ADC performing input sampling in a respective one of the
tlvelve phaseW'he adder 11J adds together the equalized responses of the
ADCs $J and SK ta~provide input signal for the trellis coder 12J; so, far
as the trellis cod~:r 12x is concerned, the ADCs 8J and 8kC and their
respective phases of the 24-phase equalizstian filter 10 in effect operate
as a single ADC followed by a respzctive phase ~t) of a 12-phase
equalczation filter, with that single ADC performing input sampling in a
respzctive o ne of thz twe! ve phases. The adder 111t, adds togother the
equalized responses of the ADCs 8L and BiVi to provide input signs! for the
trellis coder 1ZL;   8 M,~`! 2003 -1.1so, far ,is th~.; rrell~s teller
1~?T~ is concerned, tile AL7Cs 81v and R;1~( and their respective phases of
the 24-phase equalization filter lU in effect operare as a single .17C
followed by a respective phase rf a 1?-phase equalization filter, ~.vith
that sicgle ~1DC performing input sampling in a respective one of the
twelve phases. The adder l IiY adds together the equalized responses of the
ADCs 8N and 8P to promde input signal for the trellis teller 12'Y; so, far
as the trellis teller 12h is concerr:ed, the ADCs 8iV and 8P and th::u
respective phases of the 2~-phase equaliza:ian filter l0 m effect operate
as a single ADC followed by a respective phasa of a 12-phase equalizatmn
filter, with that single ADC perfor-ring input sampling in a respective one
oFthe 10 twelve phases The adder I IQ adds together the equalized responses
of the ADC's SQ and 8 R to pro vide input si ,na 1 fo r the trelli s teller
1, 2 Q, so, fxr as the tree 1 i s code r 11Q is cance:ned) the ADCs 8Q and
SR and their respective phases of the ?=t-phase e~ua!l2attOt7 i~lter 10 in
effect operate as a single ADC follo~.v~d by a respective phase of a
1?-phase ~qua!ization filter) with that single ADC performing input
sampiurs; tn a 1 > respectwe ono of the t~,~elv~ phases. The adder 11S adds
together the zqualized responses of tl~e ADC's 8~ and 8T to provide input
sijnal for the trellis r",der 12~; sa, far as ti:e trellis teller 12~ is
concerned, the ADCa $5 and 8T 'and their respective phases of t.~e
:?4-phase equalization filter 10 in effect operate as a single ADC followed
by a. respec;me phase oft; 12-phase equalization filter, mth that single
rIDC 20 performing 111put sampling in a respective one of the twelve
pha.$es The add~:r 11U adds togethEr the equalized responses of the ADCs
$>(.' and 8V to provide input signal for the tretlts teller 12~,,', so, far
as the trellis teller 1?U is concerned, the ADCs 8U and 8V and their
respective phases of the 2~-phase equaliza;ior~ til.er x4 in effect operate
as a single ADC followed by a respective phase of a 12-phase equalization
.'3 filter, with that single aDC performing input sar_~pling in a
respective one of the 



twelve phases. The adder 11 W adds together the equalized responses of the
ADCs $fY and 8X to provide input signal for the trellis teller 12W; so, far
as the trellis caller 12W is coneemed, the ADCs $W and 8X and their
respective phases of the '2~-phase .:qualiZation filter 10 in effect
operate as a single ADC followed by a 30 respective phase of a i?-phasa
equalization filter, with that single A.DC performing input sampling tn a
respective one of the t<velve phases. The adder 11Y adds together the
equalized responses of the A-DCs 8Y and 8Z tv provide input signal for the
trellis   2 8 '^ ~.Y 20f!3 -12c;~der 12Y) sc~, tar as the trellis coder 12Y
is concerned, the .4DC5 8"Y' and $Z and their rzspe:ctive phases of the
2=t-phase equalization filrer 1() ;tl effcCt operate as a single ADC
fc.llo~.~-ed i7y a respective phase of a 12-phase eauaiizution filter, with
chat single ADC pe:fort:~ing ir_put sampling in a respectivz one of the
twelve pha$es. 5 Tim trf~llis dec~~ders 12A) 12C, 12E, 12G, 12,1, 12L, 1ZN)
12(i, 12S, 12U, 12W, l?Y in the plurality 1? are pf a known form) such as
one of ~'~~~5e described in U. S patent No. 5,636,e 1. 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 asir~g dzta-slic~rs with
fixed boundary values. The trellis decoders 12A, 12C, 12~) 11) 12C"r, 12.1,
lyL) 12(Y, 13Q, 12S, 12U, 1,?'4V, 12Y supply their respectwe trellis
decoding results to an assembler 13. The assembler 13 interleaves the
trellis decoding results and builds bytes from the interleaved trellis
decoding results fcr application to art error-correcang R~zd-Solornor~
decoder ld. Error-corrected data are; supplied frotn tl;e Reed-Solomon
decoder l~ to the remaining oortians oc the DTV signal receiver, 1 ~ which
are rot shown in FIGLJF.E 1 Plural-phase analog-to-digital conversion using
a~plurality or :~D~s cyc:lically operated and samplin; input srgnal on a
time-division-multiplex basis norrnaily has prc~blem5 with atatehing the
conversion characteristics of the ADCs and gating their inputs at regular
intervals in order to avoid the introduction of partem raise. The 70
visibility of Such pattern noisy in images recovered from analog video
signals that have been digitized in this way i~ a reason that a sincle
flash converter is preferably used for digitizing analog rodeo signals. DTV
signals do not neap into images on a viewscreetl in such direct way that
pattam noise is evi dent m images as viewed by a human being, of course.
Howe~er, pattern raise as a source of error in recovering Z5 data is not a
siatvficartt problem either, because of certain characteristics of the DTV
receiver construction per FIGG`RE 1. Unless ghosting is severe) mast of the
energy in the input srgnal of each one of the trellis decoders 12A, 12C)
12J;, 1ZG, 1Z3, 12L, 12V, 12Q, 12S) lzU, 12W, 12Y originates in only tlvo
of the ADCs 8A, 813, 8C, 8D, 8E. 8F) 8G, 8H, 8.x, 91C, 8L, 8vt, 81Y) 8P)
8Q, 81t, 85, 8T, SU, 8v, 8W, 8~t) 8Y, 8Z. 30 Moreover, if ~t is arranged
for the wei.nhts in each of the individual phases of the ?4 phase
equalization filter 10 to be adjusted independently of the adjustrnznts of
weight   2 8 E~~~~.`f ~ Q03 -13~n the other phases, the adaptive filtering
provided by the 24-pt-.ase equalization filter l0 inherently corrects the
pattern noisy generated by the plurality $ of ADCs 8A) 8B, 8C, 8D, $>C,
8f`, BG~, 8H, 8J, 8K, 8L, 8M) $lY, $P, $Q) $lZ,, $5) $T, 8U, 8V, SW, B~C,
8Y, 8Z before it is applied to the trellis d~cod~:rs 12A, l2C, 1?E, 13G,
12J, 121., 5 12N, izQ, 13S, 12U, 12W, 12Y. The design of the 24-phase
equalization filter 10 can take a variety of forms as those skilled in the
art of equalizer design ~iow. However some observations concerning
preferable approaches to design are offered. An equalization filter can be
constructed as a finite-impulse-response (PTR) digital filter with a tong
kernel) but the 



10 kernel becomes quite long if multipath arms erhibiting many symbol
intervals of delay are to he suppressed. Consequently, equalization filters
often are constructed as a cascade of a finite-impulse-response (!~ IR.)
digital f Iter used to suppress short-delay multipath terms and an
infinite-impulse-response (II1~) digital filter used to suppress
Iong-d~:lay multipath terms. Such an IIR filter has a large number of zero
weighting 1 ~ coefficients, arid is berter placed late in the cascade) if
it is used. FIR filters with kernels having few zero terms, which appear in
each of the tlventy-four phases of prefer:ed constructions of the 24-phase
equalization filter 10 are preferably of the inverse cationic farr:7 ii;
which samples are weighted before being delayed and combined with other
weighted samples. An ADC of suece$sive binary appro,cimation ?0 type
initially generatzs its conversion results in serial-bit format, and these
serml-bit conversion results are suitable for direct admission into a
digital multiplier apparatus as a digital multiplier signal to multiply a
weighting coefficient multiplicand stored in an icand register. 1; IGURE 2
shows details concerning how symbol synchronization is done in ?5 the
portion of the DTV receiver shown generally in FIGURE 1. the twenty-four
output signals from the equalization filter 10 are supplied to respective
ones 13A, 15S, 1~C, 15D, 1~E. I~F) 15G, 1~H, 1~J) ISK) IS~, 15W, 15N, IMP,
15Q) 131t, 1.5S) 15T) ISLt, 1~'V) 15W, 13C, 7~3~1, 15Z of a plurality 15 of
serial-in/parallel-out registers, the output signals from which are
supplied to a pair 16 of filter beds that 30 map two interleaved-in-lime
PNS 11 sequences. Each filter bed of the pair 1b is ~a weighted summation
network) as can be constructed from simple adders) and supplies   2 c^~
M!!Y r D~3 -14ets respective weighted summation response to sr~mplmg clock
generation circuitry 9 to adjust the phase of the sample clock timing input
sampling by the ADCs 8A, 88, 8C, 8D, 8E, SF, SC~, 8f() 8f, 8K, SL, 8ivI,
8N) 8P, 8Q, 8R, 8S, $T) 8U, 8V, 8') 8X, 8Y, 8Z. Supposing that correct
symbol synchronization obtains, a first filter bed of the pair 1C generates
an advanced-phase or leading match tiller response, and a second tiler bed
of the pair 16 generatES a retarded-plzase ar trading match filter response
one half symbol period later in time, These match filter responses pulse
high when the PrJ~ 1 l seduence occurs in the field synehroni2ation data
segment of each data ii~ld of the DTV signal. When symbol synchronization
is correct) theoretically bath I O responses pulse equally high responsive
to the PN511 sequence occurring in the field synchroni zatic~n data
segment) this pulse oecurrin' during ju; t one half symbol period. When
symbol phase is advanced from correct symbol synchronization, the
advanced-phase or leading match filter response still pulses as narrow and
high as during correct symbol synchronization, but the retarded-phase or
trailing match filter 15 response pulses only to reduced heights during
t~.vo consecutive half symbol parsods When symbol phase is retarded from
correct symbol synchronization) the retarded phase or trailiiie match
filter response still pulses as narrow Bind high as during correct symbol
syncELOnization, but the advanced-phase or leading match filter r~::;~ons~
pulses only to r~duced heights during hvo consecutive half symbol periods.
~ 0 i; ! CrCTR.E 3 shows a specific, currently preferred embodiment of the
sampling clock ,generation circuitry 9 shown generally in FIG~JR>~S 1 and
'?. 'T'he imaginary component Im of synchrodyne response supplies! at
baseband from the synchrodyne circuitry 7 is supplied both as multiplicand
input and as multiplier input to a two- or four-quadrant analog multiplier
17 for squaring, A,n analog bandpass filter 1.8 extracts ?5 10.76 NIHz
energy at symbol frequency from the resulting product that the multiplier
17 supplies. This energy is injected into an injection-lock ose~llator x9
which responds to st.pply sustained 10.76 Mi=lz oscillations of
substantially constant amplitude to ~~ synchronous detector 20 as a
reference carrier for heterodyning with the response of a digital-to~analag
converter 21. The response of the synchronous :,() detector 2U~is lowpass
filtered by a filter 22 to generate an automatic frequency and phase
control tAPPC) signal far a master clock oscillator 23 oscillating at a
high   2 ~ ~;;~Y 2.003 -15harm~~7:~ of 10 76 ~lilHz the frequency of which
is an integral pov~er of two t~rnc~ 1J.76 ivlHz. 'ChG sixteenth harmonic,
of 1~.7& VII~z at :72.1b iVll-lz is suitalale. falling bet~-een the Icawer
and upper VHf television broadcast bands, and having a second harnzcmc
betwezn thL upper Vl-1~' televisior. broadcast band and below the UHF
teJevis~on broadcast band. The master cloclc oscillator Z3 i~ preferably a
sinusoidal oscillator ;enerating a sinusoidal output signal that is
substantial:y single-frequency :n character. A zero-crossing detector 24
detects average-axis crossings of this sinusoidal output signal, which
detected crossings are then counted by a zero-crossing counter ~?5. The
four most signiF~oant bits of the count from the zero-crossing counter 



l0 35 ii:rnish binary-coded count to madula twelve, used for syrnbot
counting. This is most sirnpl,~ done by making the two most significant
bits of the count furnish a binary coded count to modulo three and making
the thirdmost and fourthmost si~niticant bUs of the count binary count to
modulo four. The fourthmost significant bn of the counr from the
zero-crossing counter 23 toggles at a tiequency that is 1 ~ nominally
symbol frequency and is applier3 to the digitahto-analog converter ? 1 as a
s:en bit) together with a wired GIv'r as the I~sS 5ionif:carit bit of a
two-bit input signal to the DrIC 2i. This closes the AFPC feedback loop for
the master clock oscillator 23, which regulates its frequency of
oscillation to be a phase-locked ham~onic of the l0.75 symbol frequency as
recovered by elements 17 - 19. ?p The count from the zero-crossing counter
28 is applied as an addend to a digital adder 3G, receiving a phase offset
signal used for symbol synchroni2ation as another addend and preserving
modulo twelve wraparound in the four most significant bits df its sum
output signal. The adder supplies its sum output signal to decoders for
generating various clocking and timing signals used with digital operation,
such as 2~ those used by the ADCs $~, 8H, 8C, 8D) SE, 8~, $~, 8H) 8J, $1~,
R~.) 8M, 8N, 8P) 8Q) 8R, RS) 8T, 8t(7) B,V. 8'fV) 8X, 8Y, 82 for ciockinp
then respective operations. Ry way of example, FTGURE 3 shows a bank 27 of
decoders each responding to the count from the zero-crossirg counter 25 to
generate a respective gating signal for dezerrz~ining the trine that a
respective one of the ADCs 8A) 8f~, $C) 8D, 8E, 8F, 8~, ~Q 8H) S,f, 81K,
8L, 8~'I, 8I~, 8p) 8Q, 8R, 8S) 8T, 8'U, 8'V, SW, $~C, 8'Y, 8Z performs its
input signal sampling.   ?_ 3 ~1,~~ 2003 -16The ph,ae ~ffs~t signal applied
to the digital adder ?C to implzment symbol s~~ncr.ron:zation is derived m
the folla~,~,;ng manner from rhc leadcng (adv<<nced-phase) and trading
(retarded-phase) match filter responses supplied from the pair 15 of
cnterleavPd PZ~TS l 1 titter beds vi fICZ..fItE 2. The lendinc 1''51 1
match filter response 5 is suppEced to a delay circuit 2$ to be delayed
one-halt symbol interval to align that response temporally witl; the
trailinh P1~S11 match tiller response The delay circuit yS preferably
provides clocked delay) by way of e~cruttple heitag a clocked latch
register. The resulting delayed leading f'1511 match filter response is
supplied to a threshold detector 29 which supplies logic output GNE when
and only when that 10 mach filter response pulses above a prescribed
threshold chat is more than half the mammum height of that response, the
logic output of the threshold detector 29 otherwise being ZT'RO. The
resulting trailing PNS 11 matc.'~ filter response is supplied to a
threshold detector 3tD which supplies logic output GhrE when and only when
that match filter response pulses above a prescribed threshold that is mere
than half the 1maxi n~um height of that response, the logic output of the
threshold dtcector 30 othenvtse being ZERO. The threshold detectors ?9 and
30 ire preferably similar in constrtcccion and prescribed threshold. :~ GIs
Bare 3X detects when one or both of. the responses of the threshold
detectors 29 and 30 pulses to GNE) ?enerating a lo3ic ONE response at such
time and otherwise generating a logic ZERO response. Logic UNE ?0 response
from the OR gate 31 commands a latch register 3? to update its temporarily
stored contents with the current value of delayed leading PN51 1 match
filter response supptted ;from the delay circuit '1$. Lactic pNE response
from the OR gate 31 also commands a latch regist~;r 33 to update its
temporarily stored contents with the current value of trailing PN51 l match
filter response. A subtractor 3:~ differentially combines ':i th~: trailing
PNS 1 l match filte- response temporarily stored in the latch register a3
with the Fading PN511 nxatch filter response temporarily stored in the
latch register 32, supplying the r~sultmg difference as input signaE to art
accumulator 33 for accctmulatian, which a:.cumu:ation is clocked responsive
to the OR gate 31 respoase returning to logic Z)rFtG condition. The
integral of error signal which is accumulated in the accumulator;5 is
scaled down in its connection 36 to the digital adder 26 for applying the
phase offset si'.nal for implementing s4mbol synchronization. "Chic scaling
down is preferabEy accomplished by wired divrston or right shift.   2 a MAY
~aaa -m The symbol synchronizing procedures described above are believed to
be: novel The adjustment ef symbol phase by adding phase offset to a count
that wraps 



around, then dzcoding the sum to develop timing and clockmo Signals that
can be advanced or retarded in time is advantageous in avoiding occasional
symbol toss. Schemes chat adjust symbol phasing solely through delay must
e;cperience a disct~ntinuity at soma point when adjusting between retarded
symbol phasing and advanced symbol phasing) resulting in logs of a symbol,
In alternative embodiments of the invention) arrangements can be made to
use PN~3 signals, rather than PNS l l signals, for symbol synchronization.
Selection flf t 0 the PN63 signals to be used for symbol synchronization
introduces additional complication) and syncEyronizatian is somewhat less
precise than wi~.tt PN>1 l signals, For these reasaz~s the inventor
currently prefers embodiments of the invention that t~se PN511 signals for
syrz~bol $ynchroni.zation. FIG'UP,.E 4 shows sampling clock generation
circuitry that can be used instead ! ~ ofthat of FjGUR;~ 3. In FIGURE 3 the
fotu-thmost significant bit of the count from the counter ~S is converted
to a square-wave analog signal tn the sin'le-bit digital-to-a.~alog
convener 38 for application to the synchronous detector ?0 as a description
of the local oscillator signal to be AFPC'd. In FTGUR~ ~ the fourchznost
significant bit of the count from the counter 25 and less sienific3.nt bits
of that count 20 are used to address a read-only memory 37 that supplies a
plural-hit digital-to-analog converter 3$ description of local oscillator
signal to be AFPC'd in terms of digital samples thereof each having a
plurality P in number of parallel bits. The local oscillator signal to be
AFPC'd which is described by those digital signals can be such that the DAG
38 recovers a sinusoidal signal or recovers a triangular wave, by way of
''S Specific examples. Generally, the cut-off frequency of the AFPG filter
?2 is so low in frequency that the local oscillator signal to be AFPC'd may
as well be described as a square wave, which siruplities the hardware.
Modifications of the sampling clock generation shaw~n ~n F:GCTRE 3 are
possible in which the real component Re of synchrodyne response supplied at
30 baseband from the synehrodyne circuitry 7 is supplied both as
multiplicand input and   2 8 P'I ~Y 2.003 -iaas multiplier input to the
two- o: four-qusdrant anaioe multipl~~r 17 far squaring) ether directly or
after hidl:pass filtering to remove direct and low-frequency components.
Similar mod~fi~atidns of the samplinb clock gen~rat~on shown in FIGURE ~
are possible. The advantagE of aquarinQ the imaynary component Im of
synchrodyne response is that it has substantially no direct component to
increase the dynamic range required of the multiplier. FIGUfiE 5 is a
schematic diagram of a modification of the portions of a dia~tal television
receiver shown in FIG'U~S 1 and 2, which replaces the 24-phase equalization
filter 10 with other equalization circuitry. Respective serial-bit 1 ~
nalog-ta-digital conversion results from the ADCs 8A, 8B, 8C, 80, 8E) $F,
$G) $)FI, 



8J, 8K, SJL, $M, l9N, $P, $Q, 8R, $S, 8'1f, BXJ, 8V, $W, 8X, SY, 8~ are
supplied to respective ones 39A, 39B, 39C, 3g)!~, 39E, 39F, 39G) ~91E~,
39,i, 391C, 39:G, 39tvI, 39N, 39P, 39i, 39R, 39S, 39T, 39U) 39V, 391V, 39X,
39Y) 39~ of a plurality 39 of Serial-mlparaliel-out registers operated as
serial-bit to parallel-bit converters, thz l5 parallel-bit output signals
from :which are successively polled by a multiple.cer 4tl functioning as a
time interleaves 40 to apply a continuous flow of parallel-bit data to a
single-phase equalization filter ~tl as input signal. Output samples from
the phase equalization filter a1 are delayed a half symbol period in a
delay circuit ~t2, and the resulting differentially delayed are summed in a
digital adder :~3 tv supply input 20 samples to a 2.1 deeirnator 44. The
decimator :ht selects alternate input samples to time de-interlcaver
circuitry ~5, which supplies 12-phase edualitation filter response to the
trellis decoders Z2A, 12C, 12E, 12G, 12J) 12)L, 1.2N) I2Q, 12S, 12U) 12W,
12Y. Output samples from the equalization filter 41 are supplied to the
cascade connection of (N511 match filters 46 and 47, which supply leading
(advanced-phase) 25 and trailing (retarded-phase) match filter responses to
the sampling clock generation circuitry 9) specific forms of which sampling
clock generation circuitry are depicted in FIGL.TRES 3 and 4. Using the
single-phase equalization filter al, rather than a plural-phase
equalization f ltt:r) means that there is no longer the possibility of
compensating fur 30 individual variations among the plurality of tLDCs as
pan of the equalization process. Sme~ ADC characteristics can be reasonably
well-matched) Io5S of this possihility   2 8 MAY 2U03 -19general:y can he
tiller ated. Usirg t:~e smile-phase equal;za~ion filter 41, rather th:~.n a
plural-phase ec;ual~zation filter, simplifies tile equaUzation t:lter bmng
followed m cascade by a filter for sppressino artifacts of >`1TSC
eo-channel interference, sash as one o: the filters descrihed by the
inventor in U ~. patent application ser~.al No. 08I7~:f,20 tiled 12
November t995 of iii U. S. patent application serial No. O,gl~ i9.691 filed
l~ April l997, Goth o>'~.vhich applications are entitled DIC)(TA~~
TELEVISION RECEIVER WITH ADAPTYVE ~'TLTE~ CTT~CIJ~TRY FOR S(,'PPRESSX1~1G
NTSC CQ-C)ETA1YNEL INTERFERENCE.   2 ~ r~aY zoo3 -20 ~VH~1T IS CLJAIivI,ED
IS. 1. A digital television s~gnzl receiver comprising: c~reuitry for
converting a recewed digital television signal to baseband symbol coded
signal; a plurality'' iri cumber of trellis decoders supplying respective
trellis decoding results; circuitry for assembling said respective trellis
decoding results mto a foward error-co:rection code; 



a forward error-correction decod~;r responsive to said forward
zrroT-correction code for supplying a data stream portions of which are
descriptive of television 1() in'la.ges; a plurah,y Wtv in number of
analog-to-digital eonvert~rs of successive binary approximation type
sampling baseband symbol coded signal on ar. :vfN-phase basis to provide a
re$pective digital output signal) esch of which sampling phases is of one,
Ivt`" symbol time duration, ivf being a positive integer at least one and
l~~(IS being the 15 product of 1vI times N, said vIN analog-ta-digital
converters identifiable by consecutive ord~rtal numbers first through MN`"
assigned in order of their successive input sampling; a.nd an equalization
filter responsive to the digital output signals of said first through
lvfN`" analog-to-digital converters received as respective input signals
thereto, ?0 for supplying N output sig..nals to said N treliis decoders 3s
their respective input signals, said f:qualization filter being an adaptive
filter for equaliung said digital output signals of said !vfN
analog-to-digital converters to condition said N t:ellis decoders for
generating de-interleaved symbol decoding results.   ~ $ r~~,Y ~aa~ -21 y.
The eig~txl telems~eu signal receivzr of clam 1) wierein said equalization
filter comprises; ar~ ufl~1-phase f Iter responsive to the dyital output
signals of said first through I~~fN'~' analog-to-digital comerters received
as respective ;nput signals thereto, said 5 VtN,phGSe Flter connected for
supplying N outp:~t scgnals to said N trellis dec~~5ders as their
respective input signals, said 1~II~i-phase filter being an adapove Flter
for equalixing said digital output signals of said ~(N analog-to-digital
converters to condition said N trellis decoders for generating
de-interleaved ~yrrlbol dzcod~ng results. 3 1fie digital television signal
receiver of claim ?, wtaerein M 15 t<vo, further comprising: a first
\-phase march tiger for x prescribed r~seudb-noise sequence, said first
thatch kilter responding to the digital output si'nal: of the oddly
ordinally numbered 5 ones of the ?N analog-to-digital converters as
equalized by said Mhi-phase f lter; a second N-phase match filter for said
prescribed pseudo-noise sequence, said second match filter responding to
the digital outpu~c signals of the evenly ordinally numbered ont5 of the 2N
analog-to-digital converters as equalized by said MN-phase equahzatiorl
filter; a,nd l0 a symbol synchronizer that responds to differences in khe
responses of said first and second match filters for adjusting the phase of
sar_tpling by the 2N analob-to digital converters of successive binary
approxirnati4n type, 4, The digital television signal rermver of claim 3)
wherein said prescribed pseudo-noise sequence is a FN51 l sequsnce) as used
in the fizld synchronization codes of broadcast digital television signals.
~ ~ r^,~w zoos -22 "fhe digital tele4~ision signs! recewer of claim 3,
fur~her cotrpris~ng~ circuitry for determining from said baseband symbol
coded signal the symbol 



frequency thereof, a master oscillator for supplying oscillations of a
fre~~uency and phase controlled by art automatic frequency and phase
control sign,il) a counter for counting zero-crossings of the oscillations
of said master oscillator to generate a mulnpla-bit count; a
dibital-to-analog converter for converting one of thv bits of sail
multiple-bit count to a square wave of a frequency nonvnaEly the same as
said symbol frequency; 1 t) a syncctronous detector for generatir_g said
automatic frequency s.rtd phase control signal responsive to said square
wave and to the symbol frequency of said basebartd symbol coded signal as
determined by said circuitry for determiningfrorn said baseband symbol
coded signal the symbol tiequency thereof; an adder far combining said
count with a phase offset signal supplied from 1 ~ said symbol
synchronizer, thereby to generate an adjusted count; and decoders
responsive to prescribed values of said adjusted count for generatin5
timing signals for operating said plurality M:~1 in number of
analog-ta-dyital converters of successive binary approximation type. 6. The
digital television signal receiver of claim 5, wherein said circuitry for
detcrmiturig from said haseband symbol coded signal the symbol frequency
thereof .,omprises: circuitry for squaring a camponent of said baseband
symbol coded signal; a narrow bandpass filter far extracting symbol
frequency components from the resulting squared baseband symbol coded
signal; and   ~ ~ ~1 ~,Y 2003 -23an injection-locked ose~llator into which
said symbol frequency components extracted bY said narrowband pass filter
are injected, for supplying oscillations ef Substantially constant
amplitude at said symbol frequency for application to said 10 synchronous
detector. The digital television signal receiver of claim 6, wherzin said
symbol synchronizer comprises: circuitry For temporally aligning the
responses of said first and second match filters; first and second
threshold detectors respectively responsive to the temporally aligned
responses of said first and Second match filters) with output signals
logically combined for detecting lvhen either of the temporally align~;d
responses of said first 



and second match filters is a substantial portion more than halt`of its
maximum possible peak response; 10 a tirst latch register for temporarily
storing the response of said ~~rst match filter, as ternporaily aligned
with the response of said second match fiber, in response to detecting
either of t_he temporally aligned responses of smd first and second match
filters current!v being a substantial portion mare than half of its maximum
possible peak response, 1 J a Secorid IatCh register for temporarily
storing the response of said second match filter, as temporally aligned
with the response of said first match filter, in response to detecting
either of the temporally aligned responses of said first and second match
filters currently being a substantial portion more than half of is maximum
possible peak response; 20 a subtractor far differentially combining the
responses of said first and second match filters :~s temporarily stored in
said first and second latch registers to generate a difference signal as an
output signal from said subaraetor; and   2 $ ~'IAY 2a03 -24  an
acer~mulator fr~r said difference signal, which supFl~ts an aecuriulator
output signal scaled for app!~eat~an to said adder as said phase offset
signal. 8. The digital television signal receiver of claim 5, wherein said
symbol synchronizer compns~s: circuitry for temporally aligninb the
responses of said first and second match filters; first and SeCOtld
threshold detectors respectively responsive to the temporally aligned
responses of said first and second match filters, with output si~nafs
logically combined for detecting when either of the ternpora,lly aligned
responses of said fixst and second match filters is a substantial portion
more than halfof !ts maximum possible peak response; 10 a tizst latch
register for temporanly storing the response of said first match filter, as
temporally aligned with the response of said second match filter, in
response to detecting either of the temporally alibned responses of said
first and second match filjers currently being a substantial portion azure
than half c~f its maximum possible peak response; 15 a second latch
register for temporarily stonng the response of said second match filter,
as temporally aligned with the response of said first mstch filter, in
response to detecting either of the temporally aligned responses of said
first and second match filters currently being a substantial portion more
than half of its maximum possible peak response; 30 a subtractor for
differentially combining the responses of said first and second match
filters as temporarily stored in said first and second latch registers to
generate a difference signal as an output signal from said subtractor; and 



an acetunulator for said difference signal, which supplies an accumulator
output signal scaled for application to said adder as said phase offset
signal.   2 $ t~1,~Y 20D3 -25 'rha digital television signal receiver of
claim ~, further compnsing~ cncuitry for determining from said bas~:ba~td
symbol ceded signal the symbol frequency thereof; a masaer o~c111atpr for
supplying oseillatic~n5 of << fre:c~ucncy and phase ccmtrolled by an
automatic frequency and phase control sy~nal; z saunter far counting
zero-crossinbs of the oscillations of said master ose~llator to generate a
multiple-bit count; read-only memory addressed by bite of said multiple-bn
count for generating a read-out signal havin3 a repekition frequency
nominally the same as said symbol 1 U frequency; a digital-to~analog
converter for converting the read-out signal J<om said read only memory to
an analog synal having a repetition frequency nominally the sortie as said
symbol frequency; a synchronous detector for generating said automatic
frequency and phase 15 control 5lnrial rE:SpOnSIVe to said analog signal
and to tr~e symbol frequency of said baseband symbol coded signal as
determined by xaid circuitry for determining from said baseband symbol
coded sigztal the symbol frequency thereof; an adder for combining said
count W th a phase offset signal supplied from said symbol synchronizer,
thereby to generate an adjusted count; and 2U decoders respo:~sive to
prescribed values of said adjusted count for generating rinlir!g signals
Cor operating said plurality MN in number of anaioo-to-digital converters
of successive binary approximation type.   2 8 1~ ~,Y 2003 -26 10 The
digital televtsiort signal recr:iver of claim 9, when: in said circwtry for



deterrnin:ng fi~am said baseband symbol coded srgnal the s5~:tubol
Frequency ther~:of comprises: circuitry for squaring a component of said
baseband symbol coded signal; narrow bandpass tilter for extracting symbol
Frequency components frpnZ the resulting squared baseband symbol coded
signal; and an in~~etion~locked oscillator into which said symbol frequency
components extracted by said narrowband pass filter are tnJected, tar
supplying oscillations of substarr.tial ly consta.~t amplitude at said
symbol frequency for application to said l0 synchronous detector. '.1. The
digital television signal recetver of claim 10, ~vhere~n said ,yrz~bol~
syncr~ronizer cc~mpriszsv G1T~.W try for temporally altgmng the responses
of said first and s~cond mstch filters. first and second threshold
detectors respectively responswe to the temporally aligned response> of
said first and second match filters, with output sig_rials logically
combined far detecting when either of the temporally aligned responses of
said first and second match filters is a substantial portion more than half
of its rtu3~cirrturn possible peak response; 10 a f rst latch register for
temporarily stanng the response of said first match filter, as temporally
aligned with the response of said second match filter, tn response to
detecting either of the temporally aligned responses of said first and
second match filters cur:ently being a substantial portion more than half
of its maximum possible peak respo:~se;   z 8 ri~~ zao3 15 a second latch
register for temporarily storing the response ct' said second match filter,
as temporally aligned with the re:,panse of said first t~ia:ch tiltr:r, in
respon ,e to detecvng e~ ther of the temporally aligned responses of sa;d f
rst and second match filters currently being a substantial partron more
than half of its maximum possible peak response; ?0 a subtractor for
differentially combining the responses of said first and second match
filters as tempur~tnly stored in said first and second latch regaters to
venerate a difference signal as an output signal from said subtractor; and
an accumulator for said difference signal) which suppl ie~ an accctmulator
output si5nal scaled for application to said adder as said phase offset
signal. 12. The dijital tele~~ision signal receiver of claim 9, wherein
said symbol synchronizer compasses; circuitry for temporally aligning the
responses of said first and second match 



filters; first and second threshold detectors respectively responsive to
the temporally alibned responses of said first and second match filters)
with output sisals logically cumbrned far detecting when either of the
temporally aligned responses of said first and second match filters is a
subst_axtkial portion more than half of its maximum possible peak response:
1C a first latch register for temporarily storing the response of said
first match filter, as temporally aligned with the response of said second
match f lter, in response tn detecting either of the temporally aligned
responses of said first and second match filters cutzently being a
substantial portion more than half of its ma.Yrmum possible peak response;
Z ~ l-nY 20C13 -28l~ a second latch rwg~ster for temporarily storing the
response of said second match filter, as temporafiy aligned with the
response ot'said first match ftlcer, in response to detecting e~titer of
the temporal ly aligned responses of said first and second match filters
currently being a substantial portion more than half of its maximum
possible Beak response; 20 a subiractor far differentially combining the
responses of said first and second match filters as temporarily stored in
said first and second Latch registers to generate a dikference signal as an
output signal from said subtractor; and an accumulator for said difference
signal, which supplies an accumulator output signal scaled for application
to said adder as said phase offset signal. 13. The distal television signal
receiver of claim 1, wherein each of said plurality h~IN in number of
analog-.o-digital converters of successive binary a;~proximation type hay a
respective serial-bit to parallel~bit convener for its output signal. 14.
The digital television signal receiver of claim 13) wherein said
equalization .f lter comprises: an interleaves for time-interleaving the
output signals of said analog-to-digital converters of successive binary
approximation type as converted to parallel-bit form; a single-phase filter
connected for supplying a response to the digital output signals of said
first through IvINc' analog-to-digital converters as converted to parallel
bit form and then time interleaved by said interleaves, said single-phase
filter being an adaptive filter for equalizing said digital output signals
of said first through MN`~ analog-to-digital converters;   2 a i~~~~Y zao~
-2910 a de-interleaver for supplying respective wput signals ro ones of
said pluralvy 



N` in number of trellis decaders, as selected frcm smd response o: sau
srngle-phase filter. l5, The digital television signal receiver of clam 1~,
:vherein iv( rs two) further comprising' a first match filter far a
prescribed pseudo-noise sequence, said first match filter respondi.n' tv
the digital output signals of the oddly ordinal ly numbered on~a of the 2N
analog-to-digital converters as equalized by sand single-phase filter; a
second match filter far said prescribed pseudo-noise sequerLce, said second
match filter resps:nding to tile digital output signals of the evenly
ordinally numhered ores of the 2N analog-to-digital converters as equalized
by said single-phase equalization filter; and 1 Q a symbol synchronizer
that responds to differences in the responses of said First and second
match filters for adjus;ing the phase of sampling by the ~I~ analog-to
digital converters of successive binary approximation type. lb. The digital
television signal receiver ofclaitn 1~, wherein said prescribed
pseudo-noise sequence is a PN511 sequence, as used in the field
synchronization codes v broadcast digital television signals. 17. The
digital television signal receiver of claim 15, further comprising:
circuitry for determining from said basebatzd symbol coded signal the
symbol frequency thereof; a master oscillator for supplying oscillations of
a neyuency and phase controlled by an automatic frequency and phase control
signal;   '~ ~~ Par'1Y 2~~3 -30a counter for c~untinb zero-crossings of
fife os~illat;en~ of said r~a.;tzr c,cillatar to Venerate a mulapie-bit
count; a digitsi-to-analoV converter for converting one cf the bits of :ard
multiple-bit count to 3 sq;~are wave of a frequency nominally the lams ~
said symbol frequet:cy; l!~ 1 synchronous detector for benerattnc said
automan< iieqvency and phase control signal responsive to said square wave
and to the: symhol frequency of said basebartd symbol coded signal as
det~rrnined by smd circuitry for determirtng from said basebamd symbol
coded signal the symbol frequency thweot; 



an adder for combining said count with a phase offset liana' supplied from
1 ~ said symbol synchronizer, thereby to generate an adjusted taunt; and
decoders resportsil~e to prescribed values of said adjusted count :or
~er~erating tirriin~ stVnals for operating said plurality MN in number of
analog-tc-digital converters of r;uccessive binary approximation type. 1 S.
The digital television signal receiver oi,'' claim 17, wherein said
circuitry for determining from said baseband symbol coded signal the symbol
freauency thereof comprises: circuitry for squaring a component of said
baseband symbol coded signal; a narrow bandpass filter for ertracting
symbol frequency components from the resulting squard baseband symbol coded
signal; and aft injection-locked oscillator into which said symbol
frequency components extracted by said narrowband pass filter are injected,
for supplying oscillations of substantially constant amplitude at said
symbol frequency f~~r application to sold l0 synchronous detector   ?. ~ ~
r f 2003 -3119 The dytal tele~~isior. signal recewer of ~ia~m 1 S, wh~rmn
said symbol syrc:h~anizer composes circmtry tot temporally aligning the
responses of said first and second m;~tch filters; first and sa;.ond
threshold detectors respectively rTsponsive to the temporally aligned
responses of smd first and second match filters, with Output 51ana1S
logically combined for detecting when either of the temporally aiigned
responses of said first and second cn<<teh filters is a substantial portion
more than half ot` its m~uc~mum possihla peak response; 10 a first latch
register for temporarily storing the response of said first match Flter, as
temporally a(ynEd with the response of said second ~~ratch filter) cn
response to detecting either of the temporally aligned responses of said
xirst and second match filters currently being a substzraial portion rnorz
than half of its ma;cimum posrsible peak response; i 5 a s~:cond latch
register for temporarily storing the response of said second march titter,
as tr:mporallr aligned wtth the response of said first match fetter, in
response to detecting either of the temporally aligned responses of said
first and second m.at;;h filters c~srrently being a substantial portion
more than halt of its ma~irnt:.^.i posxibi~ peak response; 20 a suf5tractor
for differentially combining the responses of said t:rst and second match
filters as temporarily stored :rt said First and second latch registers to
5en~rate a difference signal as an output signal from said subtractvr; and 



an accumulator for said difference signal, which supplies an accumulator
output signal scaled for application co said adder as said phase onset
signal.   2 8 E~(A`~ ?_~03 -32 ?0. The digital telEVis~pn signal receiver
ot`elaim 17, wherein said svmbc~ synchronizer comprises: circuitry for
temporally aligning the responsES of said first and second match tilter~;
first arid second threshold detectors respectively responsive to the
temporally aligned responses of said Fast and second match filters, with
output signals logical ly combined for detecting when either of the
temporally ahgncd responses of said first and second match filters is a
Substantial portion more than hnlf of its maximum possible peak response;
10 a first latch register for temporarily storing the response of said
first match f lter, as temporally aligned with the response of said second
match filter, in response to dGtGetinb either ofthe temporally aligned
responses of said first and second rrtatch filters currently being a
substannat portion more than half of its nzaximum possible peak response; l
~ a second latch register for temporarily storing the response of said
second match filter, as tEmporally ali~,aned with the response of said frst
match filter, in response to detecting either of the temporally aligned
responses of said first and second match filters currently being a
substantial portion more than half of its ma.~cimum possible peak response,
20 a subtractor for differentially combining the responses of said fust and
second match filters as temporarily stored in said first and second latch
registers to generate a difference signal as an output signal from said
subtractor; and an accumulator for said difference signal, which supplies
an accumulator output signal scaled for application to said adder as said
phase offset signal.   2 $ 1`1,Y ~D~J3 -33 21 The dn~ital television signal
receiver of claim 1 >, further comprising: circuitry for determ~rung i'rom
said baseband symbol coded sior:al the symbol frequency thereof; a m:~strr
oscillator for supplying oscillations of a tiequency and phase controlled
by an automatic frequency and phase control signal; a counter for counting
zero-crossings of the oscillations of said master oscillator to generate a
multiple-bit count; r~:ad-only memory addressed by bits of said
multiple-bit count ror generating a read-out signal having a repetition
frequency nominally the same as said symbol lO frequency; a
digital-to-analog converter for converting the read-out signal from said
read only memory to an analog signal having a repetition frequency
nominally the same as said symbol Frequency; 



a synchronous detector far generating said automatic frequency and phase 15
control signal responsive to said analog signal and to the symbol frequency
of said baseband syr.~bo1 coded signal as determined by said circuitry for
determining from said baseband symbol coded signal the symbol frequency
thereof; an adder for combining said count with a phase offset signal
supplied froth said symbol synchronizer, thereby to generate an adjusted
count; and 2Q decoders responsive to prescribed values of said adjusted
count for generatin" timing signals for operating said plurality MN in
number of analog-ta-digital converters of successive binary approximation
type.   ?. 8 M ~.Y ?_013 -34 22. The d~gttul television signal receiver of
claim 21, wherein said circuitry for determining from smd baseband symbol
cod~:d si5nal the syrnbol trPquency thereof comprises: circuitry for
squaring a component of said basehand symbol coded signal; a narrow
bandpass filter for extracting symbol frequency components from the
resulting squared baseband symbol coded signal; and an injection-locked
oscillator into which said symbol frequency components eaaraoted by said
narrowband pass filter are injected, for supplying oscillations of
substantially constant amplitude at said symbol frequency for application
to said 1 ij synchronous detector. 23. The digital television sisal
receiver of claim 2?) wherein said symbot~ synchronizer comprises'
circuitry for temporally aligning the responses of said first and second
match filters; first and second threshold detectors respectively responsive
to the temporally aligned responses of said first and second match filters,
with output signals topically combined for detecting when either of Lhe
temporally aligned responses of said first and second match filters i$ a
substantial portion more than half of its maximum possible peak response;
10 a first latch register for temporarily staring the response of said
first match alter, as temporally aligned with the response of said second
match filter, in response to detecting either of the temporally aligned
responses of said first and second match 1'~lters curzently being a
substantial portion more than half of its maximum possible peak response;



Z 8 'SAY ~DD3 -35 15 a second latch re~;nter for temporarily st,~rin~ the
response ot~::ard second match filter) as temp orally aligned with the
response of smd fast ~mat~;`1 ~ilter, m response to d~:t~ct:ng either of
:lie tf~mporally aliened responses a.` smd first and second thatch rlters
currently being a substantial portion rrlore tl-,av Half of its maximum
possible peak response; ?Q a subtractor for differentially combining the
responses or said first u~d second match f lters as temporarily stored in
said first and second latch registers to generate a difference signal as an
output siana! &ot~l said subtraetor; arid an aec~.tmulator for said
difference signal, which supplies au accumulator output signal wcaled for
application to said adder as said phase offset signal. 24. The ~dyital
televistort signal receiver of claim ? 1, wherein said symbol s
j~nr,hronizer comprises: circuitry for temporally aligning the responses of
sari first and second match fi hers; first and second thresrold detectors
respeetrvely responsive to the :emparally aligned responses of said first
and second match f! ltr:rs, ~~nth output signals logically combined for
dwtecting ~~hen rrther of tile tempora:ly aligned responses of said first
and second mach filters is a substantial portion more than half of its
maximum possible peak response; t 0 a first latch register for tempora.~ily
stortrt~ the response of said first match filter, as temporally aligned
with the response of said second match filter, in response to detecting
either of the temporally aligned responses of said first and second match
filters ct.trrently being a substantial partion more than hal~ of its
maximum possrble peak response;   ~ o n,~~r 200 -36 1 ~ a sec4nd latch
register for temporarily storinb the response of said secai:d match filter,
as temporally aligned with the response of said first match filter, in
re~potise to detzcting ether of the tzrnporally aligned responses of said
first and sect~nd mach tillers currently being a substantial portion more
then half of its tna~cimurn possible peals Yesponse; ?0 a subtractor tt~r
differentially combining the responses of said first acrd second match
filters as tempc.~rarily stored in said first and second latch registers to
g4nerate a difference signal as an output signal from said subtractor, and
an accumulator for said difference sig-~al, ~,vhi.eh supplies ;ul
uccu.~nulator output signal scaled far application to said adder as said
phase offset signal.
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