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D!GITAL TV RECENERS V,1TH POLY-PHASE ANALOG-TO-DtGITAL 

CONV'ERSION OF BASEBAND SYMBOL CODING 

The invention relates to digital television receivers and. more partict!larly, to 

analog-to-digital conversion and equalization filtering that a:re carried out in digital 

television receivers prior to sym.boJ decoding. 

BACKGROUND OF THE INVE'.t'-11ION 

5 A Digital Television Standard published l6 September 1995 by the Advanced 

Television Subcommittee {A TSC) specifies vestigial sideband (VSB) signals for 

transmitting digital television (DTV) signals in 6-MHz~bandwidth television channels 

su.ch as those currently used in ove?'-the-air broadcasting ofN3.tional Television 

SubcolllJllittee (NTSC) analog television signals within the United States. 

10 Symbol decoding in digital television receivers is effected by a procedure 

known a~ "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 numbers being sampled at symbol rate in 

optimum phasing. It is expected. however. that in most DTV receivers data slicing 

IS will be'carrled out in the digital realm, using a digital bin comparator responsive to 

the digitized a.i-nplitude of symbol coding as synchrodyned to b~eband either before 

or after digitization. The invention concerns circuitry related to data slicing 

petfonned in the digital realm, wbfoh type of data slicing is preferable in digital 

television receivers. This is because filtering of the symbol codL11g is generaUy 

20 necessa.ry .in order to provide amplitude and. phase equ~iz.a.tion (and in the ca:3e of 

over-the-air reception to comet for multipath problems), and these rfPes of filtering 

are better realized in the digi~l realm.' 

The rate at which analog-to-digital conversion must be earned out in • digital 

television receiver is generally at least twice the l 0. 76 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 '•flash converter'' when manging for digital 
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operation in an NTSC analog television signal receiver, usually using sample rates 

(such as 14.32 million samples per second) harmonically related to coior subcarrier. 

The hit resolution afforded by these fl.ash converters is typically eight to ten bits. This 

experience tends to bias a t~levision receiver designer towards the use of flash 

S converters L.1 digital television receivers for use with the ATSC standard. The flash or 

parallel analog-to-digital converter uses (2N -1) comparators ancl a resistive ladder 

with (2N • l) taps to achieve N bits resolution. There is a considerable amount of 

hardware in the flash convener. and it comnm1es considerable power. The 

justification for the use of the flash converter is its capability for providing high 

I 0 analog-to-digital conversion rate on a continuing ba.sis, without the need for 

oversampling. Oversampling at larger multiples of 10.76 million samples per second 

is difficult to do; this makes oversampling analog-to-digital converters such as sigma­

delta converters unattractive to cperate at sampling rates greater than 1O.76 miUion 

samples per second. The use of multlple-pbase analog-to-digital conversion using a 

1$ plurality Min number of ADCs of successive binary approximation type has b~en 

rejecred in ana.log television receiver design owing to the difficulties in matching the 

individual analog-to-digital conversion characteristics of the ADCs. 

The A TSC standard grew out of earlier proposals by Zenith Electronics 

Corporation for designing a digital high-definition television (HDTV) signal from 

20 which co-channel interfering NTSC analog TV signal could be remo-ved by comb 

.filtering using 12-sample differential delay. Zenith proposed precoding at the DTV 

transmitter to complement postcodlng caused by such comb filtering in the DTV 

receiver. The signal to be symbol coded was subjected to 12-independent·paths trellis 

coding. so that comb filtering would not affect the independence of the trellis coding 
2S paths. This trellis coding scheme persists in the current A TSC standard, even though 

the standa:ra n<i longer provides for precoding at the DTV transmitter to :omplement 

comb filtering using 12-sample differential delay in the DTV receiver. The inventor 

has the insight that thel2-independent-paths trellis coding, which provides for the 

operation of twelve trellis decoders independently from each other, can be expJoited to 
30 avoid the difficulties in matching the individual analog~to-digital conversion 

characteristics of a plurality M in number of ADCs of successive binary 
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approximation type. used for implemenring multipie-phase analog-to~digital 

conversion. 

The DTV receivers Zenith provided for field testing the A TSC 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 baseband 

phasewcorrector (or symbol synchronizer}. The equalized and phase-corrected 

symbols were then supplied to a de-interleaver for separating the twelve 

time-interleaved independent trellis codes to their respective trellis decoders. 

Following trellis decoding, the twelve data bit substreams were interleaved by an 
10 interleaver to supply a bit stream to byte-building circuitry for supplying bytes of 

Reed-Solomon code to a Reed-Solomon error correcting circuitry. U. S. patent No. 

5t636,251 issued 3 June 1997 to R. W. C[tta et alii, entitled RECEIVER FOR A 

TRELLIS CODED DIGITAL TE~EVJSION SIGNAL, and incorporated herein by 

reference is descriptive of such DTV receiver construction. 

l 5 Skilled digital tilter designers are aware of the concept of poly·phase fi lteting 

and know in a general way that single-phase filters with high sample clockthrough 

rates can often be replaced by N-phase filters with clockthrough rates N times iower. 
Replacing the single-phase equalization fitter and single-phase baseband 

phase-corrector by 12-phase filtering eliminates the need for a de-interleaver for 

20 applying the n.velve-time~interleaved jndependent trellis codes to their respective 
trellis decoders, the inventor discerns. Fmthermore, rather than using a de-interleaver 
between a flash converter and the 12-phase filtering used for equalization and symbol 
synchronization, the inventor discerns that the single flash converter can be replaced 
by twelve ADCs of successive binary approximation type arranged for staggered 

25 sampling to provide twelve-phase analog-to-digita.I conversion with up to eleven or 

twelve bits resolution without need for clock rates above DTV symbol rate. The 

match filtering used to recover response to data. field synchronizing codes and data 
segment synchronizing codes can also be performed on a poly-phase basis, withour 
need for a flMh converter . . 
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Altematively, replacing the s·ingle-phase equalization filter and single·phase 

baseband phase-corrector by degenerate 24-phase filtering with twelve output ports 

also eliminates the need for a de-interleaver for applying the twelve-time~interleaved 

independent trellis codes to their respective trellis decoders, the inventor discerns. 

5 Rather than using a de-interleaver between a tlash converter and this degenerate 

24·phase filtering, the single flash converter can be replaced by twenty·four- ADCs of 

successive binary approximation type arranged for staggeted sampling to provide 

24-phase analog-to-diaital conversion. The 2: l oversampling by the twenty-four 

ADCs of successive binary approximation type t'ollowed by 24-phase equalization 

I 0 filtering simplifies phase-corrector design. as compared to llSing only twelve ADCs of 

successive binary approximation type followed by 12-phase equalization filtering» the 

inventor points out. 

Cloekthrough rate of each ADC is one-twenty~fourth the 21.52, 32.28 or 43.04 

million samples per s~ond rate that would be typically used with the t1ash converter, 

IS which tends to reduce power consumption by the square of twenty-tour in each ADC 

with an overall reduction of power consumption by a factor of twenty.four. Each 

ADC of successive binary approximation type has only one to twelve comparators 

therein depending on the specific type of ADC befag used, th.is is no more than the 2 8 

comparators used in a flash converter with 8-bit resolution a.'1.d is fat less than the 210 

. 20 to 212 comparators used in flash converters of 10-bit to 12-bit resolution. The twenty­

four 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 

flash converter with 8-bit resolutiont because the resistive ladder used for voltage 

division in the flash converter takes up considerable room on the die. 

Each phase of a poly-phase equalization filter will require as many multipliers 

as in a single-phase equalization filter, since samples from all phases may have to be 

combined in each phase of the tilter in order to effect optimal equalization. Upon 

initial consideration this may lead a digital filter designer ro reject the use of such 

equalization filtering as requiring excessive hardware. However. the multiplications 

30 in a 24-phase filter can ea.ch take place over an inteTVal twenty-four times as long as 

the multiplications in a single-phase filter without pipeline data flow being 
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compromised. Since symbol rate is lO. 76 rnillicm symbols per second, sampling at 

rates more than a very few times symbol rate is impractical. So, hi a single-phase 

equalization filter successive multiplications must commence within a single clock 

interval or at most a very few clock intervals and progress through a data pipeline 

5 without faltering. High-speed multiplication tends to expend considerable power, 

power consumption tending to go up as the square of speed. These considerations 

tend to force multiplications at 10.76 samples per second or multiples thereof to be 

done using respective read-only memories (ROMs) rather using digital multipliers 

constructed from logic elements. lf there are no substantial restrictions on the ranges 

10 of mliltiplier and multiplicand signals or the products resulting therefrom, multiplier 

ROMs :tequire msny times more hardware than digital multipliers constructed from 

logic elements. MultipHcations on 10-bit to 12-bit input signals can be performed in a 

24·phase equalization fiJter by digital multipliers constructed from logic elements and 

operated at a clock rate reduced 24wfo1d. So, the hardware costs and power 

15 consumption of the 24-phase equalization filter operated at 445 kHz clock rat~ can 

compare favorably with a single-phase equalization filter operated at l 0. 76 million 

samples per second clock rate. 

Rather than using a 24-phase equalization filter after the twenty~four ADCs of 

successive binary approximation type, the output results of the ADCs can be 

20 converted to parallel-bit form and time-interleaved for application to a single-phase 

equalization filter as its input signal, the inventor points out. The equalized response 

from the sing1e~phase equalization tilter must be supplied to a de-interleaver for 

separating input signals to the twelve tre11is decoders. This alternative construction of 

rhc digital television receiver retains the advantage of reduced power consumption in 

25 analog-to-digital conversion. the inventor points out 

SUMMARY OF THE INVENTION 

The invention is embodied in a digital television signal receiver including 

circuitry for converting a received diaital television signal to baseband symbol coded 

sigr..al; a pl\iralitY N in number of trellis decoders supplying respective trellis 

30 decoding results; circuitry for assei:nbling the respective trellis decodil1g results into a 
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fon.vard error-correction code; and a fonvard error-correction decoder responsive to 

said forward error-correction code for s\1pplying o data stream porticns of which are · 

descriptive of television images. fo a digittiJ television signal receiver for receiving 

digital television signals transmitted in accordance with the ATSC standard, N is 

5 twelve, the forward errOf-correction code is ti one-dimensional Reed-Solomon code, 

and the forward error-correction decoder is a Reed-Solomon decoder. A digital 

television signal receiver embodying the invention characterisdcaUy includes, instead 

of a single flash converter as in prior-an digital television receivers, MN ana!og-to­

digi1ai converters of successive binary approximation type sampling baseband symbol 

10 coded signal on an NiN-phase basis to provide a respective digital output signal. esch 

of which sampling phases is of one·Mlh symbol time duration~ M being a positive 

integer a.t least one. The MN analog-to-digital converters are identifiable by 

con~ecUlive ordinal numbers first through MNlh, inclusive, assigned in order of their 

successive input sampling. An equalization filter responds to the output signals of the 

15 !vlN nnalog·to-digi~al conveners to supply equalized lnpl.it signals to the N trepis 

decoders. 

A digital television signal receiver embodying the invention in preforred form 

c.hara.cteristica.l ty includes, instead of a single flash converter as in. priot·art digital 

television receivets, 2N analog·to·djgital converters of successive binary 

20 approximation type sampling baseband symbol coded signal on an 2N-phase basis to 

provide a respective digital output signal. each of which sampling phases is of one­

half symbol time duration. The receiver also characteristically includes a 2N·phase 

filter responsive to the digital output signals of the 2N .analog-to·digital converters 

received as respective input signals thereto. connected for applying N output signals 

25 to the N trellis decoders as their respective input signals, the 2N-path filter being an 

adaptive filter for providing equalization to the digital output signals of the ZN 

analog-to-digital converters, connected for generating de-interleaved baseband symbol 

coding without employing the de~interleaver of prior-art digital television receivers. 

The receiver further charactenstically includes first and second N-phase ll'\..atch filters 

30 for a prescdbed pseudo-noise sequence and a symbol synchronizer that responds to 

differences in those match filter responses for adjusting the phase of sampling by the 
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2N analog-ro~digital conve~ters of suc<::essive binary approximation type. The firsc 

match filter responds to the digital output signals of the oddly ordinally numbered 

ones of the 2N analog· to-digital converters as equalized by rhe 2N-phase equalization 

filter; and the second match filter responds to the digital output signals of the evenly 

5 ordinally numbered ones of the 2N analog-to-digital converters as equalized by the 

2N-phase equalization filter. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGURE l is a schematic diagram of a portioil of a digital television receiver, 

which portjon extends from the receiving antenna to the Reed-Solomon decoder and 

10 embodies the invention in certain of its aspects. 

FT GURE 2 is a schematic diagram of another portion of the dighal television 

receiver depicted in part in FIGURE.!, illustrating how symbo! synchroniiatlon is 

preferably effected in a. further aspect of the invention. 

FIGURE 3 is a schematic diagra.'11 of sampling clock generation circuitry that 

15 is preferred to be used in the portions of the digital televi_sion receiver depicted in 

FIGURES l and 2. 

· FIGURE 4 is a scheO'l..atic diagram of samp[jng clock generation circuitry chat 

can be used in the portions of the digital te!evision receiver depicted in FIGURES 1 

and 2 instead of the FIGURE 3 sampling clock generation circuitry. 

20 FlGURE 5 is a schematic diagram of a modification of the portions of a digital 

television receiver shown in FIGURES I and 2, which portions of a digital receiver as 

so modified embody the invention in certain other of its asp~cts. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODL.\1ENT 

Symbol coding is recovered at baseband by known circuitry depicted in the 

15 portion of a digital television receiver shown in FIGURE l as being of the following 

plural-conv-ersion type. A selected one ofDTV signals as from a receiving antenna l, 

for example, is received for amplification by a radio-frequer..cy amplifier 2. 
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Amplified DTV signal from the RF amplifier 2, which is stHl at freqwencies within a 

channel allocated for television broadcasting, is converted by an upconverter 3 to .fitsr 

intermediate frequency signal in a portion of the ultra·high-trequeney (UHF) band 

somewhat above the portion of that band allocated for television broadcasting. The 

5 RF amplifier 2 and the upconverter 3 have adjustable tuning and together function as a 

tuner for selecting a digit.al television signal from one of channels at different 

locations in a .frequency band aUocated for t~levisiol'l broadcasting. A UHF 

intennediare-frequency amplifier 4 selectively amplifies the first intermediate 

frequency signaJ for application ro a downconverter 5 respooding with second 

I 0 intermediate frequency signal in a portion of the very~high·frequency (VHF) band 

somewhat below che portion of that band allocated for television broadcasting. A 

VHF intermediate-frequency amplifier 6 seltctivety amplifies the second intermediate 

frequency signal for application to circuitry 7 for synchtodyning the twice·converted 

DTV signal to baseband and thereby recovering symbol coding at baseband. The 

IS synchrodyning circuitry 7 includes an in-phase synchronous detector, a quadr~ture­

pha.se synchronous detector, and a controlled oscillator supplying synchrodyning 

signals co the synchronous detectors (rione of which elemenrs ttre explicitly shown in 

FIGURE L or 2). The quadrature~phase synchronous detector provides an imaginary 

component Im of synchrodyne response, which component is used for developing 

20 automatic frequency and phase control (AFPC) signal for the controlled oscillator 

supplying syncbrodyning signals to the synchronous detectors. The in-phase 

syn(hronous detector detects the vestigial-sideband amplitude-modulation of the data 

carrier to provide a real component Re of syncb.rodyne response, which component is 

descriptive of baseband symbol coding and js supplied from the synchrodyning 

25 circuitry 7 for 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 television receiver shown in FIGURE l. rather than 

symbol coding supplied f!om the synchrodyning circuitry 7 being digitiied by a tlash 

converter as in the prior art, the symbol coding is digitized by a plurality 8 of analog· 

30 to~digital converters, each of successive binary approximation type. The input 

sampling of the symbol coding by the various ones 8A, SB, 8C, SD, 8E, 8.F, 8G, SB. 
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3.J, 8K, SL, SM. SN. SP. SQ, 8R. SS. 8T, 81J, 8V, SW. SX, SY, 8Z of this plurahty 8 

of ADCs takes place in successive ones of sample clock intervais, each of which 

sample clock intervals has a duration half as long as a symbol code symbol. 

Sampling clock generation circuitry 9 supplies clocking for the AJ;>Cs SA. SB, 

S SC, SD, 8E. RF, 8G, 8H, SJ, 8K. SL, SM, SN, 8P1 SQ, SR, SS, BT. SU, 8V, 8\V, SX, 

SY, 8Z. Th~ connections tbr doing this are not explicitly shown in FIGURE l or 2, so 

as not to clutter the drawing and make it difficult to understand, but are readily 

deaigned by a skilled digitaJ electronics designer. Also, the exact natures of these 

cor.nections depend on the specific design of the ADCs 8A, SB, SC, 8D, SE, SF, SG. 

10 SH, SJ, 8K, SL, SM, SN, SP, 8Q. SR, 8S, ST, 8U, 8V, SW, 8X. 8Y, 8Z with regard 

to the way successive binary sampling is carried out. The synehrodyning circuitry 7 is 

shown supplying the imaginary component Im of synchrodyne response to the 

sampling clock geneTation circuitry ~ for implementing the determination of sample 

clock frequency. The imaginary component Im of synchr<>dyne response is 

15 substantially free of direct component resulting from synchronous detection o( pilot 

carrier in the DTV signal, so is preferred for squaring to generate a signal from which 

symbol frequency can be extracted by narrowband filtering. As will be explained in 

more detail further ot1 in this specification, symbol synchronization is carried out by 

adjusting 1he phase of the sample clock so that each consecutive pair of sample clock 

20 intervals concurs with a respective symbol in the symbol coding. 

The conversion results from the ADCs SA. SB, 8C, SD, SE, 8F, 8G, 8B, 8J, 

8K, SL, 8M, SN, 8P, SQ. SR, BS. 8T. 8U, 8V, s·w, sx. SY, 8Z are applied as the 

input signal to a 24-phase equalization filter 10. Bit-~al to paraJJel-bit conversion 

of the successive binary approximation analog-to-digital conversion results from the 

25 ADCs 8A,,8B, SC, 8D, SE, 8F, 8G, 8H1 8J. SK, 8L, SM, SN, SP, 8Q, SR, SS, ST, 

SU, 8V, 8W. 8X, SY, 8Z is done at the outputs of these ADCs. and the filter 10 is 

constnicted to operate with parallel-bit arithmetic. (Alternatively. the conversion 

r~sults are supplied in bit-serial form to the 24-phase equalization filter 10, the filter 

10 is constrµcted in bit-serial form for operation using serial·bit arithmetic, and 

3{) bit-serial to parallel-bit conversion is carried out after the filter 10 prior to trellis 

decoding.) 
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The 24-phase equalization filter 1-0 fonns the leading portion of a degenerate 

24-p.hase filter, the trailing portion 11 of which comprises twelve digital adders HA. 

UC. llE, UG, llJ, llL, llN, llQ, 11S, llU, llW, UY connected for supplying 

their respective sum signals to a plurality 12 o.rtrellis decoders. The adder llA adds 

S together the equaiized responses of the ADCs SA and SB to provide input signal for 

the trellis coder 12A; so, far as the trellis coder 12A is concerned, the ADCs 8A and 

SB and their re.spective phases of the 24-phase equalization filter 10 in effect operate 

as a single ADC followed by a respective phase of a 12-phase equalization filter, with 

that single ADC performing input sampling in a respective one of the twelve phases. 

10 The adder UC adds together rhe equalized responses of the ADCs SC and SD to 

provide input signnl for the trellis coder 12C; so> far as the trellis coder 12C is 

concerned, the ADCs SC and SD and their respective phases of the 24-phase 

equnli.zation fitter 10 in effect operate as a single ADC followed by a respective phase 

of a 12-phase equalization filter. with that single ADC perfonning input sampling in a 

15 respective one of the twelve phases. The adder 11 E adds together the equaliz~d 

responses of the AD Cs SE and SF to provide input signal for the trellis coder 12E; so, 

far as the trellis coder 12E is concerned, the ADCs 8E and SF and their respective 

phases of the 24-phase equalization filter 10 in effect operate as a single ADC 

followed by a.respective .Phase of a 12·phase equalization filter. with that single ADC 

20 perfonn.ing input sampling in a respective one of the twelve phases. The adder HG 

adds together the equalized responses of the ADCs 8G and 8H to provide input signal 

for th~ trellis coder 12G; so, fat as the trellis coder 12G is concerned, the ADCs 8G 

and SH and their respective phases of rhe 24-phase equaliza:tion filter 10 in effect 

operate as a single ADC followed by a respective phase of a l 2-phase equalization 

25 filter, with that single ADC perfonning input sampling "in a respective one of the 

twelve phases. The adder llJ adds together the equalized responses of the ADCs SJ 

and 8K to
1
provide input signal for the trellis coder 12.J; so, far as the trellis coder llJ 

is concerned, the AD Cs SJ and 8K and their respective phases of the 24-phase 

equalization filter 10 in effeet operate as a single ADC followed by a respective phase 

30 of a 12-pha.se equalization filter. with that single ADC performing input sampling in a 
• 

respective one of the twelve phases. The adder llL adds together the equalized 

responses of che ADCs SL and 8M to provide input signal for the trellis coder 12L; 
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so, far as the trellis coder l 2L is concerned, the ADCs SL and RM and their respective 

phases of the 24-phase equalization filter 11) in effect operate as a single ADC 

followed by a respective phase of a l2-phase equalization filter. with that sir.gle ADC 

performing input sampling in a respective one of the twelve phases. The adder l lN 

5 adds together the equalized responses of the ADCs 8N and 8P to provide input sign.al 

for the trellis coder 12.S; so, far as the trellis coder 12N is concerned, the ADCs 8~ 

and BP and tht:ir respective phases of che 24-ph.ase equalization tilter 10 in effect 

operate as a sirlgle ADC followed by a respective phase of a l 2-phase equaHza.ticm 

filter, with that single ADC performing input sampling in a respective one of the 

I 0 twelve phases. The adder l l Q adds together the equalized responses of the ADCs SQ 

and SR to provide input signal for the trelUs coder 12Q; so, far as the treHis coder 

12Q is concerned, the ADCs SQ and SR and their respective phases of the 24-phase 

equalization filter 10 in effect operate as a single ADC followed by a respective phase 

of a 12-phase equa!iziuion filter, with that single ADC performing input sampling in a 

15 respective one of the twelve phases. The adder US adds together the equalizep. 

responses of the ADCs SS and 8T to provide input signal for the trellis c:,der l2S; so) 

far as ti'.e trellis coder 12S is concerned. the ADCs SS and ST and their respective 

phase!l of the 24-phase equalization filter 10 in effect operate as a single ADC 

followed by a respective phase of n 12-phase equalization filter, \Vith that single ADC 
. .. 

20 perfonning input sampling in a respective one of the twelve phases. The adder 11 U 

adds together t.1-ie equalized responses of the ADCs 8U and 8V to provide input signal 

for the trellis coder l:?t:; so. far as the trellis coder llU is concerned, the ADCs BU 

and 8V and their resp~ctive phases of the 24·phase equalization filter 10 in effect 

operate as a. single ADC followed by a respective phase of a 12-phase equalization 

25 fiJtert with that single ADC performing input sampling in a respective one of the 

twelve phases. The adder llW adds together the equalized responses of the ADCs 
l 

8W: and BX to provide input $ignal for the trellis coder 12W; so, far as the trellis coder 

12W is concemed, the ADCs 8W and SX and their respective phases of the 

24-phase equalization filter 10 in effect operate as a single ADC followed by a 

30 respective p,hase of a 12-phase equalization filter, with that single ADC perfonning 

input sampling in a respective one of the twelve phases. The adder UY adds together 

the equalized responses of the ADCs SY and 8Z to provide input signal for the trellis 
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coder 12Y; so, far as rhe trellis coder llY is concerned, the ADCs SY and 8Z and 

their respective phases of the 24-phase equalization tiltet· l 0 in effect operate as a 

single ADC followed by a respective phase of a l2-phase equaliz~tion filter, with that 

single ADC perfonning input sampling in a respective one of the twelve phases. 

5 The trellis decoders 12A.12C, 12E, 12G, 12J, 12L, 12N, 12Q, 12S, 12U, 

12W, .12Y i.n the plurality 12 are of a known fotm, such as one of those described in 

U.S. patent No. 5,636,251. The trellis coders can be ofa type that uses ''soft" 

decoding, such as described by Viterbi. or can be of a type that uses ''h3rd" decoding 

using data-slicers with fixed boundary values. The trellis decoders 12A, 12C, 12E, 

10 l2G, 12J, 12L.12N, 12Q, 125, 12U, 12\V, l2Y supply their respective trellis 

decoding results to an assembler 13. The assembler 13 intedeaves the trellis decoding 

results and builds bytes from the interleaved trellis decoding results for application to 

an error·correcting Reed·Solomon decoder 14. Error-corrected data are supplied frorn 

the ReedaSolomon decoder 14 to the remaining portions of the DTV signal receiver, 

15 which are r...ot shown in FIGURE 1. 

Plural-phase analog-to-digital conversion using a plurality of ADCs cyclically 

operated a-:id siunplir1g input signal on a time·division-multiplex b:.\sis normally has 

problems with matching the conversion characteristics of the ADCs and gating their 

inputs at regular i.ntecvals in order to avoid the introduction of pattern noise. The 

20 visibility of such pattern noise in images recovered from analog video signals that 

have been digitized in rhls way is a reason that a single flash converter is preferably 

used for digitizing analog video signals. DTV signals do not map into images on a 

viewscreen in such direct way rhat panern noise is evident i.n images as viewed by a 

human being, of course. However, pattern noise as a source of error in recovering 
,~ 

.. .'.> data is not a significant problem either, because of certain characteristics of the DTV 
I 

receiver construction per FIGURE 1. Unless ghosting is severe, most of the energy in 

the input signal of each otte of the trellis decoders 12A, 12C, UE, 12G, l2J, 12L, 

12N, 12Q, 12S, 12U, 12W, 12Y origLTlates in only two of the ADCs SA. SB. SC. SD. 

8E, 8F. 8G_. 8H1 SJ, 8K, 311 8M, SN, SP, 8Q, SR, 35, 8T. BU) 8V, SW, SX. SY, 8Z. 

30 Moreover, if it is arranged for ti11e weights in eacb of the individual phases of the 24-

phase equalization filter 10 to be adjusted independently of the adjustments of weights 
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in the other phases, the adaptive filtering provided by the 24-phase equalization filter 

tO inherently corrects the pattern noise generated by the plurality 8 of ADCs SA, 8B, 

8C, 80, 8E, 8lt', 8G, 8H, BJ. 8K, SL, SM, SN, 8P, 8Q, 8R, 8S, 8T, SU, 8V, SW, 8X, 

8Y, 8Z before it is applied to the tre!Hs decoders 12A. 12C. 12E, 12G, 12J. 12L, 

5 12N, 12Q, 12S, 12U, 12W, 12Y. 

The design of the 24wphase ~quali2ation filter 10 can take a variety of forms as 

those skilted in the a.rt of equalizer design know. Ho'-vever some observations 

concerning preferable approaches to design are offered. An equalization filter can be 

constructed as a finite·impulse-respoose (FIR) digital filter with a long kernel. but the 

l 0 kernel becomes quite long if multipath terms exhibiting many symbol intervals of 

delay are to be suppressed. Consequent1y1 equalization filters often are constructed as 

a cascade of a finite-impulse-response (FIR) digital filter used to suppress short-delay 

multipath terms and an infinite-impu.lse·response (IIR) digital filter used to suppress 

long-delay multipath terms. Such an IIR tilter hns a large number of zero weighting 

15 coefficients, and is better placed late in the cascade, if it is used. FIR filters with 

kernels having few zero terms, which appear in each of the twenty.four phases of 

preferred constructions of the 24wphase equalization filter 10 are preferably of the 

inverse canonic form in which samples are weighted before being delayed and 

combined with other weighted samples. An ADC of successrve binary approximation 

20 t_ype initially generates its conversion results in serial-bit format, and these serial-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. 

FIGURE 2 shows details concerning how symbol synchronization is done in 

25 the portio~ of the DTV receiver shown generally in FIGURE 1. The twenty-four 

output signals from the equalization filter 10 are supplied to respective ones l5A1 
. . 

15B, 15C, 15D1 15E. 15F, -1.SG, lSH, lSJ, lSK. 15L, 151\1, 15N, 1:5P, lSQ, 15R, 

lSS, 15T, 151.J. 15V. lSW, lSX, l5Y, 15Z of a. plurality 15 of serial-in/parallel-out 

regi$ters, ~ output signals from which are supplied to a pair 16 of filter beds that 

30 map two .interleaved-in-time PNSl 1 sequences, Each filter bed of the pair 16 is a 

weighted summation network, as can be constructed from simple addersJ and supplies 
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its respective weighted summation response to sampling clock generation circuitry 9 

to adjust the phase of the sample clock timing input sampling by the ADCs SA, 88, 

SC. SD, 8E. SF, 8G, SH, 8J, 8K, 8L. 8M, SN. 8P, 8Q, SR, SS, 8T, SU, SY, SW, 8X, 

8Y. 8Z. Supposing that correct .symbol synchronization obtains. a first filter bed of 

5 the pair 16 generates an advanced·phase or leading match filter response, and a. second 

filter bed of the pair 16 generates a retarded-phase or trailing match fi.lter response one 

hnlf symbol period later in time. These match filter responses pulse high wh.en the 

PN5 l l sequence occurs in the field synchronization data segment of each data field of 

the DTV signal. When symbol synchronization is correct, theoretically both 

tO responses pulse equally high responsive to the PN51 I sequence occurring in the field 

synchronization data segment. this pulse occurring during just one half-symbol 

period. When symbol phase is advanced from correGt symbol synchronization. the 

advanced-phase or leading match filter response still pulses as narrow and high as 

during correct symbol synchronizntfon. but the retarded-phase or trailing match filter 

15 response p11lses onJy to reduced heights during tv10 consecutive half-symbol p~riods. 

When symbol phase is retarded from correct symbol synchronization, the retarded· 

phase or trailing match filter response still pulses as narrow and high as during correct 

symbol synchronization. but the advanced-phase or leading match filter r~:>pons~ 

pulses only to reduced heights during two consecutive half-symbol periods. 

20 FIGURE 3 shows a specific~ currently preferred embodiment of the sampling 

clock generation circuitry 9 shown generally in FIGURES 1 and 2. The imaginary 

component Im of synchrodyne response supplied at baseband frorn che synchrodyne 

circuitry 1 is supplied both as multiplicand input and as multiplier input to a two· or 

four-quadrant analog multiplier 17 for squaring. An analog bandpass filter 18 extracts 

25 10. 76 lv1H~ energy at symbol frequency from the resulting product that the multiplier 

l 7 supplies. This energy is injected into an injection-lock oscillator 19 whkh 

responds to supply sustained 10.76 MHz oscillations of substantially constant 

amplitude to a synchronous detector 20 as a reterence carrier for heterodyning with 

the response of a digital-to~analog converter 21. The response of the synchronous 

30 detector 10· is lowpass filtered by a filter 22 to generate an automatic frequency and 

phase control (AFPC) signal for a master clock oscillator 23 oscillating at a high 
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harmonic of 10.76 MHz the frequency of which is an integral power of two times 

10.76 MHz. ·fhe sixteenth harmonic of 10.76 MHz at l 72.16 MHz is suitable, falling 

between the lower and upper VHF television broadcast bands, and having a second 

harmonic between the upper VHF televtsior4 broadcast band and beiow the UHF 

5 television broadcast band. The master clock oscillator 23 is preferably a sinusoidal 

oscillator generating a sinusoidal output signal that is substantially single·frequency in 

character. A zero-crossing detector 24 detects average-axis crossings of this 

sinusoidal output signal, which detected crossings are then counted by a zerQ-crossing 

counter 25. The four most significant bits of the count from the zero-crossing counter 

10 25 fornish binary-coded count to modulo twe\v~. used for symbol counting. This is 

most simply done by makbg the two most significant bits of the count furnish a 

binary coded cOlUlt ro modulo three and making the thirdmost and fourthmost 

significant bits of the count binary count to modulo four. The fourthmost significant 

bit of the count from the zero-crossing counter 25 toggles at n trequency thar is 

15 nomina!ly symb<>l trequency and is applied to the digital~to~analog converter 21 as a 

:)ign bit, together with a wired ONE as the less significant bit of a two~bit input signal 

to the DAC 21. This closes the AFPC feedback loop for the master clock oscillator 

23, which regulates its frequency of oscillation to be a phase-locked hannonic of u."te 

10.76.symbol frequency a.s recovered by elements 17 -19. 

20 The count from rhe zero-crossing c::ounter 25 is applied as an addend ro a 

digital adder 26. receiving a phase offset signal used for symbol syncbroni2ation as 

another addend and preserving modulo twelve 'Wtaparowid in the four most significant 

bits of 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 

25 those used by the ADCs 8A, SB, 8C, 8D, SE, 8F, SG, 8H, 8Jt SK, 8L, 8M1 SN, 8Pt 

8Q1 8R, fis, 8T, SU, BV! 8W, SX, SY. 8Z for clockfog their respective opetations. By 

way of example. FIGURE 3 shows a bank 27 of decoders each responding to the 

count from the :zero.crossing counter 25 to generate a respective gating signal for 

determining the time that a respective one of tbe ADC$ 8A, SB, SC, 8D, 8E. 8F. 8G, 

30 SH. SJ, 8K, SL, SM, SN, SP, SQ, SR, 8S, ST, SU, 8V1 SW, 3X, 8Y, 8Zperl'onns its 

input signal sampling. 
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The phase offset signal applied io the digital adder 26 to implement symbol 

synchronization is derived in the fotlowing maruier from the leading (advanced-phase) 

and trailing (retarded-phase) match filter responses supplied from the pair 15 of 

interleaved PNS 11 filter beds of FIGURE 2. The leading PN5 l l match filter response 

5 is supplied to a delay circuit 28 ro be delayed one-half symbol interval to align that 

response temporally with the trailing PN511 match filter response. The delay circuit 

28 preferably provides clocked delay. by way of example being a clocked latch 

register. The resu.lting delayed leading PN5 t 1 match tilter response is supplied to a 

threshold detector 29 which supplies logic output ONE when and only when that 

!O match filter response pulses above a prescribed threshold that is more than half the 

ma.ximum height of that response, the logic oucput of the threshold detector 29 

otherwise being ZERO. The resulting trailing PN5 l l match filter response is supplied 

to a threshold detector 30 whlch supplies logic output ONE when and onJy when that 

march filter response pulses above a ·prescribed threshold that is more than half the 

15 ma.."<hnum height of that response. the logic output of the threshold detector 3Q 

orherwise being ZERO. The threshold detectors 29 nnd 30 nre preforably similar in 

construci:ion and prescribed threshold .• A.n OR gate 31 detects when one or both of the 

responses of the threshold detectors 29 and 30 pulses to ONE, generating a logic ONE 

response at such time and otherwise generating a logic ZERO response. Logic ONE 

20 response from the OR gate 31 commands a latch regisrer 32 to update its temporarily 

stored con.tents with the CWTent value of delayed leading PN5 l 1 match filter response 

supplied from rhe delay circuit 28. Logic ONE response from the OR gate 31 also 

conuna.TJds a latch register 33 to update its temporarily stored contents with the current 

value of trailing PNS 11 match filter response. A sub~tor 34 differentially combines 

25 the rrailing PNS 11 match filter response temporarily stored in the latch register JJ 

wid1 the Je~ding PN5 I 1 match filter response temporarily stored in the latch register 

32) supplying the resulting differen~ as input signal to i.\Jl accumulator 35 for 

accumulation, which accumu~arion is ciocked responsive to the OR gate 31 response 

returning to logic ZERO condition. The integral of error signal which is accwnulated 

30 in the aceumulator 35 ls scaled down in its connection 36 to the digital adder 26 for 

applying the phase offset signal for implementing symbol synchronization. This 

scaling down is preferably accomplished by wired division or right shift. 
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The symbol synchronizing procedures described above are believed to be 

novel. The adjustment of symbol phase by ad.ding phase offset to n count that wraps 

around, then decoding the sum to develop timing and clocking signals that can be 

advanced or retarded in time is advantageous in avoiding occasional symbol loss. 

5 Schemes chat adjust symbol phasing solely through delay must experience a 

discontinuity at some point when adjusting between retarded symbol phasing and 

advanced symbol phasing, resulling in lo~s of a symbol. 

In alternative embodiments of the invention, arrangements can be made to use 

PN63 signals. rather than PN51 l signals, for symbol synchronization. Selection of 

l 0 the PN63 s.ignals to be used for symbol synchronization introduces additional 

complication, and synchronization is somewhat less precise than with PNS 11 signals. 

For these reasons the inventor cunently prefers embodiments of the invention that use 

PNS 11 signals for symbol synchronization. 

FIGURE 4 shows sampling clock generation circuitry that can be used.instead 

15 of that of FIGURE 3. In FIGURE 3 the fourthmost significant bit of the count from 

the counter 25 is converted to a square.wave analog signal in the single·bit 

digital-to-analog converter 38 for application to the synchronous detector 20 as a 

description of the local oscillator signal to be AFPC'd. In FlGURE 4 the fourthmost 

significant bit of the count from the cowiter 25 and less significant bits of that count 

20 are used co address a read-only memory 37 that supplies a plural-bit digital·to-analog 

converter 38 description of local osciUator signal to be AFPC'd in terms of digital 

samples thereof each having a plurality P in number of parallel bit$. The local 

oscillator signal to be AFPC'd which is described by t~se digital signals can be such 

that the DAC 38 recovers a .sinusoidal signal or recovers a triangular wave, by way of 

25 specific e~amples. Generally, the cut-off frequency of the AFPC filter 22 is so low in 

frequency that the local oscillator signal to be AFPC'd may as well be descnbed as a 

square wave, which simplifies the hardware. 

Modifications of the sampling clock generation shown in FIGURE 3 are . 
possible in wb\ch the real component Re of syncbrodyne response supplied at 

JO baseband from the synchrodyne ciJcuitry 7 is supplied_ both as multiplicand input and 
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as multiplier input to the tv.:o· or four-quadrant analog multipli~r 17 for squaring. 

either directJy or after highpass filtering to remove direct and low.frequency 

components. Similar modifications of the sampling clock generation sho·wn in 

FIGURE 4 are possible. The advantage of squaring the imaginary component Im of 

5 synchrodyne response is that it has substantially no direct component to increase the 

dynamic range required of the multiplier. 

FIGURE 5 is a schematic diagram of a modification of the portions of a digital 

television receiver shown in FIGURES l and 2, which replaces the 24-phase . 
equalization filter 10 with other equalization circuitry. Respective s~da!-bit 

l 0 analog-to-digital conversion results from the ADCs 8A, SB, 8C, SD, SE, 8F, 8G, SH, 

BJ, SK, 8L, SM, 8N, 8P, SQ, SR, SS, ST, 8UJ SV~ SW, 8X, SY, 8Z are supplied to 

respective ones 39A, 39B, 39C. 39D. 39E, 39F, 39G, 39H, 39J, 391<, 39L, 39M. 

39N, 39P, 39Q1 39R, 398, 39T. 39U, 39V~ 39\V, 39X, 39Y, 39Z of a plurality 39 of 

serial-inl;:>ara11e1~out registers operated as serial-bir to parallel-bit converters, the 

l 5 parallel-bit outpt'lt signals from which are successively polled by a multiplexer 40 

functioning as a time interleaver 40 to apply a continuous flow of parallel-bit data to a 

single-phase equalization filter 41 as input signal. Output samples from the phase 

equalization filter 41 are delayed a haJf symbol period in a delay circuit 42, and rhe 

resulting differentially delayed are summed in a digital adder 43 to supply input 

20 samples to a 2:1decimator44. The dedmator 44 selects altemate input samples to 

time de-interleaver circuitry 45. which supplies l 2-phase equali2:ation filter response 

to the trellis decoders 12A, 12C, 12E, 12G, 12J, llL, 12N. 12Q, 12St 12U, 12W, 

12Y. Output samples from the equalization filter 41 are supplied to the cascade 

connection of PNSJ l match filters 46 and 47> whjc:h supply leading (advanced-phase) 

25 and trailing (retarded-phase) match filter responses ro the sampling clock generation 

circuitry 9; specific fonns of which sampling clock generation circuitry are depicted in 

FIGURES 3 and 4. 

Using the single-phase equalization filter 41. rather than a plural-phase 

equalizatiOI] filter, means that there is no longer the possibility of compensating for 

30 individual variations among the plurality of ADCs as pan of the equali2ation process. 

Since ADC characieristics can be reasonably well-matched, loss of this possibility 
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generally cnn be tolerated. Using the single-phase equafizatkin filtet 41, rather than a 

plural-phase equalization filter, simptlfies the equalization filter being followed in 

cascade by a filter for suppressing artifa~ts ofNTSC c:c-channel interference, such as 

one of the filters described by the inventor in U.S. patent application serial No. 

5 081746,.520 filed l2 November 1996 or in U.S. patent application serial No. 

08i8J9,69l flied 15 ApriJ l 997, both of which applications are entitled DIGITAL 

TELEVISION RECEIVER WITH ADAPTIVE FILTER ClRCUlTRY FOR 

SUPPRESSING NTSC CO-CHANNEL INTERFERENCE. 
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\\'HAT IS CLAIMED JS; 

1. A digital television signal receiver comprising: 

circuitry for converting a received digital television signal to baseband symbol 

coded signal; 

a plurality Nin number of trellis decoders supplying respective trellis 

5 decoding results; 

circuitry for assembling said respective trellis dec:oding results into a forward 

enor-correction code; 

a forward error-correction decoder responsive to said forward error-correction 

code for S"J.pplying. a data stream portions of which are descriptive of televisio~ 

10 images; 

a plutali~y ~f.N in number of analog-re-digital converters of successive binary 

approxim.."lliou type sampling baseband symbol coded signal on an MN~phase basis to 

provide a respective digital otttput signal. each of which sampling phases is of one~ 

Mm symbol time duration, M being a positive integer at least one and MN being the 

15 product of M times N, said NIN' analog~to-digital converters identifiable by 

consecutive ordinal numbers first through MN1
h assigned in order of their successive 

input sampling; and 

an equalization filter responsive to the digital output signals of said first 

through MNlh analog·to-digital converters received as respective input SiiOalS thereto, 
I 

20 for supplying N output s.ig.nals to said N treJlis decoders as rheir respective input 

signals> said equalization filter being an adaptive filter for equalizing said digital 

output signals of said MN analog-to-digital converters to condition said N trellis 

decoders fqr generating de-interleaved symbol decoding results. 

11111111111111 11111 lllJI 11 lllf 
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2. The digital television signal receiver of claim 1, w:ierein said equalization 

filter comprises: 

an MN-phase filter responsive to the digital output signals of said first through 

M:N'11 analog~to-digital converters received as respective input signals thereto, said 

S l.\tfN~phase filter connected for supplying N output sigoa!s to said N trellis decoders as 

their respective input signals, said MN'·phase filter being an ad1'l.ptive filter for 

equalizing said digital output signals of said lYrN analog-to-digital converters to 

condition said N trellis decoders for gener~ting de-interleaved symbol decoding 

results. 

3. The digital television signal re<:eiver of claim 2, wherein M is two. further 

comprising: 

a first N~pbase match filter for a prescribed pseudo-noise sequence, said first 

match filter responding to the digital output signals of the oddly ordinatly numbered 

' ones of the 2N analog-to-digital converters as equalized by said MN-phase filter; 

. a second N-phase match filter for said prescribed pseudo-noise sequence, said 

second match filter responding to the digital outpm signals of the evenly ordinally 

numbeted ones of the 2N analog-to-digital converters as ~qualized by said MN-phase 

equalization filter; and 

l 0 a symbol synchronizer that respon~s to differences in the responses of said 

first and second match filters for adjusting the phase of samplL11g by the 2N analog-to­

digital converters of successive binary approximation type . . 

4. The digital television signal receiver of elaim J. wherein said prescribed 

pseudo-no~e sequence is a PN51 l sequence. as used in l~e field synchronization 

codes of broadcast digital television signals. 

1111111111111111111 lllfl 111111 
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5. 'lne digital television signal receiver of claim 3, further comprising: 

circuitry for detennining from said baseband symbol coded signal the syinbol 

frt'<tuency thereof; 

a master oscillator for supplying oscillations of a frequency and phase 

5 controlled by an automatic frequency and phase control signal; 

a counter for counting zero-crossings of the oscillations of said· master 

osciJlator to generate a multiple-bit count~ 

a digital· to-analog converter for converting one of tht bits of said multiple-bit 

count to a square wave of a frequency nominally the same as said symbol frequency; 

1 0 a synchropous detector for generating said automatic frequency and phase 

control signal responsive to said square wave and co the symbol frequency of said 

baseband symbol coded signal as detennined by said circuitry for deterrnining·from 

said baseband symbol coded signal the symbol frequency thereof; 

an adder for combining said count with a phase offset signal supplied from 

15 said symbol synchronizer, thereby to generate an adjusted count; and 

decoders responsive to prescribed values of said adjusted count for generating 

timing signals for operating ·said plurality MN in number of analog-to-digital 

converters of successive binary approximation type. 

11111111 llllll lllll llltl 111111 
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6. The djgital television signal receiver of claim 5. wherein said circuitry for 

detemrlnirig from said baseband symbol coded signal the symbol frequency thereof 

comprises: 

circuitry for squaring a component of said baseband symbol coded signal~ 

5 a narrow bandpass filter for extracting symbol frequency component$ from the 

resulting squared baseband symbol coded signal; and 
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a.n 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 for application to said 

10 synchronous derector. 

1. The digital television signal receiver of claim 6, wherein said symbol 

synchronizer comprises: 

circuitry for temporally aligning the responses of said first and second match 

filters; 

5 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 when either of the temporally aligned responses of said first 

and second match filters is a substantial portion more than half of its maximum 

possible peak response; 

10 a first latch register for temporarily storing the response of said first match 

filter. as temporally aligned with the response of said second match filrer, in response 

to detecting either of Lile temporally aligned responses of said first and second match 

filters currently being a substantial portion more than half of its rna.-<imum possible 

peak response; 

15 a second latch register for temporarily storing the response of said seco.nd 

match filter, as temporally aligned with the response of said first 1r..atch 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; 

20 a subtractor for differentially combining the responses of said first and second 

match filters as temporarily stored in said first and second Jatch registers to generate a 

difference signal as an output signal from said subtractot; and 

I lllf 111 flf llf 11111 1111111 1111 
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an accumulator for said difference signal, whi~h supplies an accumulator 

output signal scaled for application to said adder as said phase offset signaJ. 

8. The digital television signal receiver of claim 5) wherein sa.id symbol 

synchronizer comprises: 

circuitry for temporally aligning the responses of said first and second match 

filters; 

5 first and second threshold detectors respectively responsive to the temporally 

aligned responses of said fint and second match filters, with output signals logically 

combined for detecting when ehher of the temporally aligned responses of said first 

and second match filters is a substantial portion more than half of its maximum 

possible peak response; 

10 a first latch register for temporarily 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 aligned responses of said first and second match 

filters currently being a substantial portion more rhan half of its maxi.-num possible 

peak response; 

15 a second latch 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 its 

maximl.llll possible peak response; 

20 a subtractor for differentially combining the responses of said first and second 

match filters as temporarily stored in said first and second latch registers co generate a 

difference signal as an output signal from said subtractor; and 

an aecumuJator for said difference signal. which supplies an accumulator 

output signal scaled for application to said adder as said phase offset signal. 

11111111 lllllt 111111111111 1111 
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9. The digital television signal receiver of claim 31 further comprising: 

circuitry for determining from said baseba1-id symbol coded signal the sycnbol 

frequency thereof; 

a master oscillator for supplying oscillations of t1 frequency and phase 

S controlled by an automatic frequency and phase conrrol signal; 

a counter for counting zero-crossings of the osciJlations of said master 

oscillator to generate a multiple-bit count; 

read·only memory addressed by bits. ofsaid multiple-bit count for generating a 

read-out signal having a repetition frequency nominally the same as said symbol 

l 0 frequency; 

a digitai-to·anatog converter for convertlng the read-out signal from said read­

only memory to an analog signal having a repetition freque11cy nominally the sarne as 

said symbol frequency; 

a synchronous detector for generating said automatic frequency and phase 

15 control sigM:l responsive to said analog signal and to the symbol frequency of said 

baseband symbol coded signal as detennined by said circuitry for determining from 

said baseband symbol coded signal the symbol frequency theteof; 

20 

an adder for combining said count with a phase offset s.ignat supplied from 

said symbol synchronizer, rhereby to generate an adjusted count~ and 

decoders responsive to prescribed v-alues of said adjusted cQunt for generating 

timing sig?als for operating said plurality MN in number of analog-to-digital 

converters of successive binary approximation type. 

f IDJlll flf EJ llllJ f Jlfl 111111 
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10. The digital television signal receiver of claim 9, wherein said circuitry for 

determining from said baseband symbol coded signal the symbol frequency thereof 
comprises: 

circuitry for squaring a component of said baseband symbol coded signal: 

5 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 

extracted by said narrowband pass filter are injected, for supplying oscillations of 

substantially consrant am.pll!ude at said symbol frequency for application ro said 
l 0 synchronous detector'. 

11. The digital television signal receiver of claim 10, wherein said symbol· 

synchronizer comprises: 

circuitry for temporally aligning the responses of said first and second match 

filters; 

S first and second threshold derectors respectively responsive to the temporally 

aligned responses of said fi?St and second match filters, with output signals logically 

combined for detecting when either of the temporally aligned responses of said first 

and second match filters is a substantiaJ portion more than half of its ma.ximum 

possible peak response; 

t 0 a :flrst latch register for temporarily storirtg 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 currently being a substantial portion more than half of its ma.xi.mum possible 

peak: response; 

11111111 111111 llllf fllJI 111111 
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a second latch regfater for temporarily storing the response of sale 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 its 

ma."<imum possible peak response~ 

a subtractor for differentio.lly 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 .subtracter; and 

an accumulamr for said difference signal, which supplies an accumulator 

output signal scaJed for application to said adder as said phase offset signal. 

l 2. The digital television signal receiver of claim 91 wherein said symbol 

syr....chronizer comprises: 

circuitry for temporally aligning the responses of said first and second match 

filters; 

5 · first and second threshold detectors respectively responsive ro the temporally 

aligned responses of said first and second match filterS, with output signals logically 

combined for detecting when either of the temporally aligned responses of said first 

and second match filters is a substantial portion more than half of its maximum 

possible: peak re$ponse; 

1 O a first latch register for temporarily storing the response of said flrSt match 

filter, as temporally aligned with the response of said second match filter, in response I 

to detecting either of the temporally aligned resp0?1$es of said first and second match 
filters currently being a .substantial portion more than half of its ma.-<imum possible 

peak response; 

I llllRI 1111111111'111111 II IHI 
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a second latch 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 its 

ma."'<imum possible peak response~ 

20 a subtractor for differentially combining the responses of said first and second 

5 

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, wh.ich supplies an accumulator 

output signal scaled for application to said adder as said phase offset signal. 

13. The digital .television signal receiver of claim 1. wherein each of said plurality 

ZvfN in number of analog-to-digital converters of successive binary approximation 

rype has a respective serial-bit to parallel-bit converter for its output signal. 

14. The digital television signal receiver of claim 13, wherein said equalization 

filter comprises: 

an interleaver 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 dig.ital output 

signals of ,said first through MNth analog-to-digital converters as converted to parallel­

bit fonn and then time interleaved by said interleaver, said single-phase finer being an 

adaptive filter for equalizing said digital output signals of said first through MNth 

a.rialog-to-digital converters; 

, 1111111111111 11111 1111 JI lllJ 
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10 a de-interleaver for supplying respective input signals to ones of said plurality 

Nin number oftreUis decoders. as selected from said respcmse of said single-phase 

tilter. 

l S. The digital television signal receiver of claim 14, wherein M is two, further 

comprising: 

a first match filter for a prescribed pseudo-noise sequence, said fi!st match 

filter responding to the digital output signals of the oddly ordinally numbered ones of 

5 the 2N analog-to-digital converters as equali:zed by said single-phase filter; 

a second match filter for said prescribed pseudo~noise sequer.ce, said second 

match filter responding to the digital. output signals ofrhe evenly ordinally numbered 

ones of the 2N analog-to-digital converters as equalized by said single-phase 

equalization filter; and 

10 a symbol synchroni2er that responds to differences in the responses of said 

first and second match filters for adjusting the phase of sampling by the 2N analc>g-to· 

digital converters of Sl.lCcessive binary approximation type. 

16. The digital television signal receiver of claim 15, wherein said presctibed 

pseudo-noise sequence is a PNS 11 sequence, as used in the field synchronization 

codes of broadcast digital television signals. 
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17. Tne digital television signal receiver of claim l S, further comprising: 

circuitry for determining from said baseband symbol coded signal the symbol 

frequency '!1ereof; 

a master oscillator for supplying oscillations of a frequency and phase 

5 controJled by an automatic frequency and pbase controt signal; 
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a counter for counting zero-crossings of the oscillations or said master 

oscillator to generate a inuhipie-bit count; 

a digital-to-analog converter for converting one of the bits of said multiple-bit 

count to a square wave of a frequency nominally the same as said symbol frequency; 

l 0 a synchronous detector for generating said amomatt~ frequency a.11d phase 

control signal responsive to said square wave and to the symbot frequency of said 

baseband symbol coded signal as determined by said circuitry for determir.ing from 

said baseband symbol coded signal the symbol frequency thereof; 

an adder for combining said count with a phase offset signal suppHed fr.om 

15 said symbol synchronizer, thereby to generate an adjusted count; and 

decodt:rs responsive to prescribed values of said adjusted count for generating 

timing .signals for operating said plurality MN io number of anatog~to·digital 

converters of successive binary approximation rype. 

l 8. The digital television signal receiver of claim 17, wherein said circuitry for 

deterrili.ning from said baseband symbol coded signal the symbol frequet'1cy thereof 

comprises: 

circuitry for squaring a component of said baseband symbol coded :>ignal; 

S a narrow bandpass filter for extracting symbol frequency components :from the 

resulting squared baseband symbol coded signal; and 

andnjection-loc:ked oscillator into which said symbol frequency components 

extracted by said narrowband pass filter are injected. fot supplying oscillations of 

substantially constant an'lplitude at said symbol frequency for application to said 

l () synchronous detector. 

11111111111111 lllfl If 111111111 
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19. The digital televisior. signal receiver of claim 18, wherein said symbol 

synch.:-oni :z.er 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 respQnses of said first and second match filters, with output signals logically 

combined for detecting when either of the temporally aligned responses of said first 

and second m!Ltch fitters is a substantial portion rnore than half of its maximum 

possible peak t"esponse; 

I 0 a first latch register for temporarily storing the response of said flrst 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 currently being a substantial portion more than half of its maximum possible 

peak response; 

15 a second latch 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 tempo:raUy alignt.-d resporlSes of said first and 

secoad match filters currently being a substantial portion more than half of its 

r.na.ximu.'?l possible peak ~sponse; 

20 a subtractor for differentially combining the responses of said t1rst and second 

match filters as temporarily stored in said first and second latch registers to generate a 

difference sign.al 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. 

I llltlll llllf I lllll lllll ll /Ill 
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20. The digital television signal receiver of claim 17, wherein said symboi 

synchronizer comprises: 

circuitry for temporally aligning the respot\ses of said first and second match 

filters; 

5 first and second threshold detecto-rs respectively responsive to the temporally 

aligned response5 of said first and second match filters, with output signals logically 

combined for detecting when either of the temporally aligned responses of said first 

and second matt:h filters is a substantial portion more than half of its ma'<imum 

possible peak response; 

1 O a first latch register for temporarily 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 aligned responses of said first and second match 

filters currently beib.g n substantial portion more than half of its maximum possible 

peak response; 

15 a second latch 1egister for temporarily storing the response of said sec end 

match filter, as temporally aligned with the response of said first match filter. in . 
response to detecting either of the temporaJly aligned responses of said first and 

second match filters currently being a substantial portion more than half of its 

ma.'<imuin. possible peak response; 

20 a subtracter for differentiaUy combining rhe 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 accumulator for said difference signal, which supplies an accumulator 

output signal scaled for application to said adder as said phase offset signal. 

I lllf llf fllll lllf I tllll 111111 
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21. The digital television signal receiver of claim 15, funher comprising: 

circuitry for determining from said baseband symbol coded signal the symbol 

frequency thereof; 

a master oscUlator for Sllpplying oscillations of a frequency and phase 

S controlled by an automatic frequency and phase control signai; 

a counter Car counting zero~crossings of the oscillations of said mastec 

oscillator to gene-rate a rnultiple·bit count; 

readwonly memory addressed by bits of said multiple·bit count for generating a 

read-out signal having a repetition frequency nominally the same as said symbol 

10 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 for generating said automatic frequency and phase 

15 controJ signal responsive to sa.id analog signal and to the symbol frequen~y of said 

baseband symbol coded signal as determined by said circuitry for determining from 

said baseband symbol coded signal the symbol frequency thereof; 

an addeT for combining said count with a phase offser signal supplied from 

said symbol synchronizer. thereby to generate an adjusted count; and 

20 decoders responsive to prescribed values of said adjusted count for generating 

timing signals for operating said plurality MN il'I. number of analog-to-digital 

converters of successive binary approximation type. 
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22. The digital television signal receiver of claim 21, wherein said circuitry for 

detennining from ~aid baseband symbol coded signai the symbol frequency thereof 

comprises: 

circuitry for squaring a component of said baseband symbol toded signal; 

S a narrow bandpass filter for extracting symbol frequency componenrs from the 

resulting squared baseband symbol coded signal; and 

an injection-locked oscillator into which said symbol frequency components 

extracted by said narrowband pass fiJter are injected, for supplying oscHla.tions of 

substantially constant amplitude at said symbol frequency for applkation to said 

10 synchronous detector. 

23. The digital television signal receiver of claim 22, wherein said symbol· 

synchronizer comprises: 

circuitry for temporally aligning the responses of said first and second match 

filters; 

5 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 when either of th.e temporally aligned responses of said first 

and second match filters is a substantial portion more than half of its maximum 

possible peak response; 

10 a ftrst latch register for temporarily storing the response of said first match 

filter. as temporally aligned with the response of said second match filter~ in cesponse 

to detecting either of the temporally aligned responses of said first a.'ld second match 

filters currently being a substantial portion more than half of its maximum possible 

peak respogse; 
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, 15 a second latch register for temporarily storing the response of said second 

match filter, as temporallf aligned with the response of said first match fi!cer. in 

response to detecting either of the temporally aligned responses of snid first and 

second match filters currently being a substantial portion more than half ofits 

maximum possible peak response; 

20 a subtractor for differenrially 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 subrractor; and 

an accumulator for said difference signal, which supplies an accumulator 

ontput signal scaled for application to said adder as said phase offset signal. 

24. The digital television signal receiver of claim 21, wherein said symbol 

syn(hronizer comprises: 

circuitry for temporally aligning the responses of said first and second match 

filters; 

5 · first and second threshold detectors respectively responsive to the temporally 

aligned response~ of said first and s~ond match fiJrers, with output signals logically 

combined for detecting when either of the temporally aligned responses of said first 

and second march filters is a substantial ponion more than half of its maximum 

possible peak response; 

1 0 a first latch register for temporarily storing the response of said first match 

filter, as temporally aligned with the response of said setond 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 maximum possible 

peak response; 
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15 a second Jatch register for temporarily storing the response of said second 

match filtei, as temporally aligned with the response of said first match filter, in 

response co 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; 

20 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 accwnulator for said difference signal, which supplies an accumulator 

output signal scaled for application to said adder as said phase offset signal. 
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