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SUBHARMONIC SUBHARMONIC FREQUENCY SUBHARMONIC 
OF 43.04 MHz OF 21.52 MHZ IN MHZ -2.375 MHz 

8 4 5.380 3.005 
9 _ 4.782 2.407 

10 5 4.304 1.929 
11 3.913 1.538 
12 6 3.587 1.212 
13 3.311 0.936 
14 7 3.074 0.699 
15 2.869 0.494 
16 8 2.690 0.315 
17 2.532 0.157 
18 9 2.391 0.015 
19 2.265 —0.110 
20 10 2.152 
21 2.050 
22 11 1.956 
23 1.871 
24 12 1.793 
25 1.722 
26 13 1.655 
27 1.594 
28 14 1.537 
29 1.484 
30 15 1.435 
31 1.388 
32 16 1.345 
33 1.304 
34 17 1.266 
35 1.230 
36 18 1.196 
37 1.163 

FIG. 4 
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RADIO RECEIVER FOR RECEIVING BOTH VSB 
AND QAM DIGITAL HDTV SIGNALS 

[0001] The invention relates to radio receivers having the 
capability of receiving digital high-de?nition television 
(HDTV) signals, no matter Whether they are transmitted 
using quadrature amplitude modulation (QAM) of the prin 
cipal carrier Wave or they are transmitted using vestigial 
sideband (VSB) amplitude modulation of the principal car 
rier Wave. 

BACKGROUND OF THE INVENTION 

[0002] Vestigial sideband (VSB) signals that are used in 
certain transmissions of HDTV signal have their natural 
carrier Wave, Which Would vary in amplitude depending on 
the percentage of modulation, replaced by a pilot carrier 
Wave of ?xed amplitude, Which amplitude corresponds to a 
prescribed percentage of modulation. This percentage 
modulation can be made the same as that associated With the 
smallest change in symbol code level. Such VSB signals 
using 8-level symbol coding Will be used in over-the-air 
broadcasting Within the United States, for example, and can 
be used in over-the-air narroWcasting systems or in cable 
casting systems. HoWever, certain cable-casting is likely to 
be done using suppressed-carrier quadrature amplitude 
modulation (QAM) signals instead, rather than VSB signals. 
This presents television receiver designers With the chal 
lenge of designing receivers that are capable of receiving 
either type of transmission and of automatically selecting 
suitable receiving apparatus for the type of transmission 
currently being received. 
[0003] A television receiver designer of ordinary skill in 
the art Will readily observe that processing after symbol 
decoding is similar in receivers for the VSB HDTV signals 
and in receivers for the QAM HDTV signals, since the data 
format supplied for symbol encoding is the same in trans 
mitters for the VSB HDTV signals and in transmitters for the 
QAM HDTV signals. The data recovered by symbol decod 
ing are supplied as input signal to a data de-interleaver, and 
the de-interleaved data are supplied to a Reed-Solomon 
decoder. Error-corrected data are supplied to a data de 
randomiZer Which regenerates packets of data for a packet 
decoder. Selected packets are used to reproduce the audio 
portions of the HDTV program, and other selected packets 
are used to reproduce the video portions of the HDTV 
program. A television receiver designer of ordinary skill in 
the art Will readily observe also that the tuners are quite 
similar in receivers for the VSB HDTV signals and in 
receivers for the QAM HDTV signals. The differences in the 
receivers reside in the synchrodyning procedures used to 
translate the ?nal IF signal to baseband and in the symbol 
decoding procedures. A television receiver designer of ordi 
nary skill in the art Will readily deduce that a receiver that 
is capable of receiving either VSB or QAM HDTV signals 
is more economical in design if it does not duplicate the 
similar tuner circuitry prior to synchrodyning to baseband 
and the similar receiver elements used after the symbol 
decoding circuitry. The challenge is in optimally construct 
ing the circuitry for synchrodyning to baseband and for 
symbol decoding to accommodate both HDTV transmission 
standards and in arranging for the automatic selection of the 
appropriate mode of reception for the HDTV transmission 
currently being received. 
[0004] Digital HDTV signal radio receivers are knoWn of 
a type that uses double-conversion in the tuner folloWed by 
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synchronous detection. A frequency synthesiZer generates 
?rst local oscillations that are heterodyned With the received 
television signals to generate ?rst intermediate frequencies 
(e. g., With 920 MHZ carrier). Apassive LC bandpass ?lter 
selects these ?rst intermediate frequencies from their image 
frequencies for ampli?cation by a ?rst intermediate-fre 
quency ampli?er, and the ampli?ed ?rst intermediate fre 
quencies are ?ltered by a ?rst surface-acoustic-Wave (SAW) 
?lter that rejects adjacent channel responses. The ?rst inter 
mediate frequencies are heterodyned With second local 
oscillations to generate second intermediate frequencies (e. 
g., With 41 MHZ carrier), and a second SAW ?lter selects 
these second intermediate frequencies from their images and 
from remnant adjacent channel responses for ampli?cation 
by a second intermediate-frequency ampli?er. The response 
of the second intermediate-frequency ampli?er is supplied to 
a third mixer to be synchrodyned to baseband With third 
local oscillations of ?xed frequency. The third local oscil 
lations of ?xed frequency can be supplied in 0°- and 
90°-phasing, thereby implementing separate in-phase and 
quadrature-phase synchronous detection procedures during 
synchrodyning. Synchrodyning is the procedure of multipli 
catively mixing a modulated signal With a Wave having a 
fundamental frequency the same as the carrier of the modu 
lated signal, being locked in frequency and phase thereto, 
and loWpass ?ltering the result of the multiplicative mixing 
to recover the modulating signal at baseband, baseband 
extending from Zero frequency to the highest frequency in 
the modulating signal. Separately digitiZing in-phase and 
quadrature-phase synchronous detection results generated in 
the analog regime presents problems With regard to the 
synchronous detection results satisfactorily tracking each 
other after digitiZing; quantiZation noise introduces pro 
nounced phase errors in the complex signal considered as a 
phasor. These problems can be avoided in HDTV signal 
radio receivers of types performing the in-phase and quadra 
ture-phase synchronous detection procedures in the digital 
regime. By Way of example, the response of the second 
intermediate-frequency ampli?er is digitiZed at tWice the 
Nyquist rate of the symbol coding. The successive samples 
are considered to be consecutively numbered in order of 
their occurrence; and odd samples and even samples are 
separated from each other to generate respective ones of the 
in-phase (or real) and quadrature-phase (or imaginary) syn 
chronous detection results. Quadrature-phase (or imaginary) 
synchronous detection takes place after Hilbert transforma 
tion of one set of samples using appropriate ?nite-impulse 
response (FIR) digital ?ltering, and in-phase (or real) syn 
chronous detection of the other set of samples is done after 
delaying them for a time equal to the latency time of the 
Hilbert-transformation ?lter. The methods of locking the 
frequency and phase of synchronous detection and the 
methods of locking the frequency and phase of symbol 
decoding differ in the VSB and QAM HDTV receivers. 

[0005] The inventors point out that these types of knoWn 
digital HDTV signal radio receiver present some problem in 
the design of the tuner portion of the receiver because the 
respective carrier frequencies of VSB HDTV signals and of 
QAM HDTV signals are not the same as each other. The 
carrier frequency of a QAM HDTV signal is at mid-channel 
of the transmission frequencies. The carrier frequency of a 
VSB HDTV signal is 2.375 MHZ beloW mid-channel fre 
quency. Accordingly, the third local oscillations of ?xed 
frequency, Which are used for synchrodyning to baseband, 
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must be of different frequency When synchrodyning VSB 
HDTV signals to baseband than When synchrodyning QAM 
HDTV signals to baseband. The 2.375 MHZ difference in 
frequency is larger than that Which is readily accommodated 
by applying automatic frequency and phase control to the 
third local oscillator. A third oscillator that can sWitchably 
select betWeen tWo frequency-stabilizing crystals is a prac 
tical necessity. In such an arrangement, of course, alterations 
in the tuner circuitry are involved With arranging for the 
automatic selection of the appropriate mode of reception for 
the HDTV transmission currently being received. The radio 
frequency sWitching that must be done reduces the reliability 
of the tuner. The RF sWitching and the additional frequency 
stabiliZing crystal for the third oscillator increase the cost of 
the tuner appreciably. 

[0006] Radio receivers for receiving VSB HDTV signals, 
in Which receiver the third mixer output signal is a ?nal 
intermediate-frequency signal someWhere in the 1-8 MHZ 
frequency range rather than at baseband, are described by 
the inventors in the U. S. patent applications listed beloW, 
incorporated by reference herein, and commonly assigned 
hereWith: 

[0007] Ser. No. 08/237,896 ?led May 4, 1994 and 
entitled DIGITAL VSB DETECTOR WITH BAND 
PASS PHASE TRACKER, AS FOR INCLUSION 
IN AN HDTV RECEIVER; 

[0008] Ser. No. 08/243,480 ?led May 19, 1994 and 
entitled DIGITAL VSB DETECTOR WITH BAN D 
PASS PHASE TRACKER USING RADER FIL 
TERS, AS FOR USE IN AN HDTV RECEIVER; 
and 

[0009] Ser. No. 08/247,753 ?led May 23, 1994 and 
entitled DIGITAL VSB DETECTOR WITH FINAL 
I-F CARRIER AT SUBMULTIPLE OF SYMBOL 
RATE, AS FOR HDTV RECEIVER. 

[0010] The ?nal IF signal is digitiZed and the synchrodyne 
procedures are carried out in the digital regime. Radio 
receivers that receive QAM signals, convert them to a ?nal 
IF signal just above baseband, and synchrodyne the ?nal IF 
signal in the digital regime are knoWn; and such receivers 
can be adapted for receiving HDTV signals, it is believed to 
be evident at this time to a television receiver designer of 
ordinary skill in the art. In radio receivers that are to have the 
capability of receiving digital HDTV signals no matter 
Whether they are transmitted using VSB or QAM, the 
inventors point out, conversion of the signals to ?nal IF 
signals just above baseband permits the frequency of the 
oscillations of the third local oscillator to remain the same no 
matter Whether VSB or QAM transmissions are being 
received. The differences in carrier frequency location 
Within the channel can be accommodated in the synchro 
dyning procedures carried out in the digital regime. 

SUMMARY OF THE INVENTION 

[0011] The invention is embodied in a radio receiver for 
receiving a selected one of digital HDTV signals each 
including symbol codes descriptive of digital signals, irre 
spective of Whether said selected HDTV signal is a quadra 
ture-amplitude-modulation (QAM) signal or is a vestigial 
sideband (VSB) signal including a pilot carrier having an 
amplitude related to signal levels in said symbol codes 
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thereof. A tuner Within the receiver includes elements for 
selecting one of channels at different locations in a fre 
quency band used for transmitting HDTV signals, a succes 
sion of miXers for performing a plural conversion of signal 
received in the selected channel to a ?nal intermediate 
frequency (IF) signal, a respective frequency-selective 
ampli?er betWeen each earlier one of the miXers in that 
succession and each neXt one of said miXers in that succes 
sion, and a respective local oscillator for supplying oscilla 
tions to each of the miXers. Each of these local oscillators 
supplies respective oscillations of substantially the same 
frequency irrespective of Whether the selected HDTV signal 
is a QAM signal or is a VSB signal. The ?nal IF signal is 
digitiZed, and the differences in signal processing depending 
on Whether the selected HDTV signal is a QAM signal or is 
a VSB signal are accommodated principally in digital cir 
cuitry including QAM synchrodyning circuitry and VSB 
synchrodyning circuitry. The QAM synchrodyning circuitry 
generates real and imaginary sample streams of interleaved 
QAM symbol code, by synchrodyning the digitiZed ?nal IF 
signal to baseband providing it is a QAM signal and other 
Wise processing the digitiZed ?nal IF signal as if it Were a 
QAM signal to be synchrodyned to baseband. The VSB 
synchrodyning circuitry generates a real sample stream of 
interleaved VSB symbol code, by synchrodyning the digi 
tiZed ?nal IF signal to baseband providing it is a VSB signal 
and otherWise processing the digitiZed ?nal IF signal as if it 
Were a VSB signal to be synchrodyned to baseband. 

[0012] In preferred embodiments of the invention, a detec 
tor is provided for determining Whether the ?nal IF signal is 
a QAM signal or a VSB signal to generate a control signal, 
Which is in a ?rst condition When the ?nal IF signal is a 
QAM signal and is in a second condition When the ?nal IF 
signal is a VSB signal. Responsive to the control signal 
being in its ?rst condition, the radio receiver is automatically 
sWitched to operate in a QAM signal reception mode; and 
responsive to the control signal being in its second condi 
tion, the radio receiver is automatically sWitched to operate 
in a VSB signal reception mode. This detector is one Which 
senses the presence of a pilot carrier accompanying a digital 
HDTV signal of VSB type in certain preferred embodiments 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a block schematic diagram of initial 
portions of a digital HDTV signal radio receiver of a type 
embodying the invention, including circuitry for detecting 
symbols in an HDTV signal of QAM type, circuitry for 
detecting symbols in an HDTV signal of VSB type, and an 
amplitude-and-group-delay equaliZer for symbols selected 
from the circuitry for detecting symbols in an HDTV signal 
of QAM type and the circuitry for detecting symbols in an 
HDTV signal of VSB type. 

[0014] FIG. 2 is a block schematic diagram of the remain 
ing portions of the digital HDTV signal radio receiver of a 
type embodying the invention, Which are not shoWn in FIG. 

[0015] FIG. 3 is a detailed block schematic diagram of 
circuitry for providing the sample clock generator, the 
look-up table read-only memories (ROMs) for supplying 
digital descriptions of the complex carriers used for syn 
chrodyning digital QAM signals and digital VSB signals at 
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?nal IF signal frequencies each to baseband, and the address 
generators for those ROMs, Which circuitry is included in 
certain digital HDTV signal radio receivers of the type 
embodying the invention. 

[0016] FIG. 4 is a table of subharmonics of the 21.52 MHZ 
sampling frequency and of 43.04 MHZ, the second harmonic 
of the 21.52 MHZ sampling frequency. 

[0017] FIG. 5 is a detailed block schematic diagram of 
circuitry similar to that of FIG. 3, modi?ed so that the 
address generator for the ROMs supplying digital descrip 
tions of the complex carrier used for synchrodyning digital 
QAM signals to baseband and the ROMs supplying digital 
descriptions of the complex carrier used for synchrodyning 
digital VSB signals to baseband share an address counter in 
common. 

[0018] FIG. 6 is a detailed block schematic diagram of 
circuitry for converting digital samples to complex form in 
digital HDTV signal radio receivers embodying the inven 
tion, Which circuitry includes a Hilbert transformation ?lter 
for generating imaginary samples from real samples, and 
Which includes delay compensation for the real samples 
equivalent to the latency of that ?lter. 

[0019] FIG. 7 is a detailed block schematic diagram of a 
pair of all-pass digital ?lters designed based on Jacobian 
elliptic functions and exhibiting a constant 313/2 difference in 
phase response for the digitiZed bandpass signals, as can be 
employed for converting digital samples to complex form in 
digital HDTV signal radio receivers embodying the inven 
tion. 

[0020] FIGS. 8 and 9 are block schematic diagrams of 
changes that can be made the ?lter circuitry of FIG. 7 to 
remove redundant delay. 

[0021] FIG. 10 is a detailed block schematic diagram of 
digital circuitry for synchrodyning QAM HDTV signals to 
baseband, of digital circuitry for synchrodyning VSB HDTV 
signals to baseband, and of circuitry associated With apply 
ing input signals to that QAM and VSB synchrodyning 
circuitry, as used in a digital HDTV signal radio receiver of 
the type shoWn in FIGS. 1 and 2. 

[0022] FIG. 11 is a detailed block schematic diagram of 
automatic gain control (AGC) circuitry and of a VSB pilot 
carrier presence detector, as used in a digital HDTV signal 
radio receiver of the type shoWn in FIGS. 1 and 2. 

[0023] FIG. 12 is a detailed block schematic diagram of 
the preferred construction of portions of the FIG. 11 AGC 
circuitry in Which digital loWpass ?ltering and digital-to 
analog conversion are performed. 

[0024] In the block schematic diagrams, clock or control 
signal connections are shoWn in dashed line, Where it is 
desired to distinguish them from connections for the signals 
being controlled. To avoid overcomplexity in the block 
schematic diagrams, some shimming delays necessary in the 
digital circuitry are omitted, Where a need for such shim 
ming delay is normally taken into account by a circuit or 
system designer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] FIG. 1 shoWs a tuner 5 comprising elements 11-21 
that selects one of channels at different locations in the 
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frequency band for digital HDTV signals and performs 
plural frequency conversion of the selected channel to a ?nal 
intermediate-frequency signal in a ?nal intermediate-fre 
quency band. FIG. 1 shoWs a broadcast receiving antenna 6 
arranged to capture the digital HDTV signals for the tuner 5. 
Alternatively, the tuner 5 can be connected for receiving 
digital HDTV signals from a narroWcast receiving antenna 
or from a cablecast transmission system. 

[0026] More particularly, in the tuner 5 shoWn in FIG. 1, 
a channel selector 10 designed for operation by a human 
being determines the frequency of ?rst local oscillations that 
a frequency synthesiZer 11, Which functions as a ?rst local 
oscillator, furnishes to a ?rst mixer 12 for heterodyning With 
digital HDTV signals received from the antenna 6 or an 
alternative source of such signals. The ?rst mixer 12 upcon 
verts the received signals in the selected channel to pre 
scribed ?rst intermediate frequencies (e. g., With 920 MHZ 
carrier), and an LC ?lter 13 is used to reject the unWanted 
image frequencies that accompany the upconversion result 
supplied from the ?rst mixer 12. The ?rst intermediate 
frequency signal resulting from the upconversion, supplied 
as the ?lter 13 response, is applied as the input signal to a 
?rst intermediate-frequency ampli?er 14, Which supplies 
ampli?ed ?rst IF signal for driving a ?rst surface-acoustic 
Wave (SAW) ?lter 15. The upconversion to the rather 
high-frequency ?rst intermediate frequencies facilitates the 
SAW ?lter 15 having a large number of poles and Zeroes. 
Second local oscillations from a second local oscillator 16 
are supplied to a second mixer 17 for heterodyning With the 
response of the ?rst SAW ?lter 15, to generate second 
intermediate frequencies (e. g., With 41 MHZ carrier). A 
second SAW ?lter 18 is used for rejecting the unWanted 
image frequencies that accompany the doWnconversion 
result supplied from the second mixer 17. During the period 
of transition from NTSC television transmissions to digital 
television transmissions, the second SAW ?lter 18 Will 
usually include traps for sound and video carriers of adja 
cent-channel NTSC television transmissions. The second IF 
signal supplied as the response of the second SAW ?lter 18 
is applied as input signal to a second intermediate-frequency 
ampli?er 19, Which generates an ampli?ed second IF signal 
response to its input signal. Oscillations from a third local 
oscillator 20 are heterodyned With the ampli?ed second IF 
signal response in a third mixer 21. The plural-conversion 
tuner 5 as thus far described resembles those previously 
proposed by others, except that the frequency of the oscil 
lations from the third local oscillator 20 is chosen such that 
the third mixer 21 supplies a third intermediate-frequency 
signal response. 

[0027] This third IF signal response is the ?nal interme 
diate-frequency output signal of the tuner 5, Which is sup 
plied to a subsequent analog-to-digital converter (ADC) 22 
for digitiZation. This ?nal IF signal occupies a frequency 
band 6 MHZ Wide, the loWest frequency of Which is above 
Zero frequency. The loWpass analog ?ltering of the third 
mixer 21 response done in the ADC 22 as a preliminary step 
in analog-to-digital conversion suppresses the image fre 
quencies of the third intermediate frequencies, and the 
second SAW ?lter 18 has already restricted the bandWidth of 
the third intermediate-frequency signals presented to the 
ADC 22 to be digitiZed; so the ADC 22 functions as a 
bandpass analog-to-digital converter. The sampling of the 
loWpass analog ?lter response in the ADC 22 as the next step 
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in analog-to-digital conversion is done responsive to pulses 
in a ?rst clock signal supplied from a sample clock generator 
23. 

[0028] The sample clock generator 23 preferably includes 
a crystal oscillator capable of frequency control over a 
relatively narroW range for generating cissoidal oscillations 
at a multiple of symbol rate. Asymmetrical clipper or limiter 
generates a square-Wave response to these cissoidal oscil 
lations to generate the ?rst clock signal, Which the ADC 22 
uses to time the sampling of the ?nal IF signal after ?ltering 
to limit bandwidth. The frequency of the cissoidal generated 
by the crystal oscillator in the sample clock generator 23 can 
be determined by an automatic frequency and phase control 
(AFPC) signal developed in response to symbol frequency 
components of the received HDTV signal, for example, as 
Will be described in detail further on in this speci?cation. 
The pulses in the ?rst clock signal recur at a 21.52 
megasamples-per-second rate, tWice the 10.76 megasym 
bols-per-second symbol rate for VSB signals and four times 
the 5.38 megasymbols-per-second symbol rate for QAM 
signals. The ADC 22 supplies real digital responses of 10-bit 
or so resolution to the samples of the band-limited ?nal IF 
signal, Which digital responses are converted to complex 
digital samples by the circuitry 24. Various Ways to construct 
the circuitry 24 Will be described further on in this speci? 
cation With reference to FIGS. 6, 7, 8 and 9. If the frequency 
band 6 MHZ Wide occupied by the ?nal IF signal has a 
loWest frequency of at least a megaHertZ or so, it is possible 
to keep the number of taps in a Hilbert transformation ?lter 
Within the circuitry 24 reasonably small and thus keep the 
latency time of the ?lter reasonably short. Placing the ?nal 
IF signal so its mid-frequency is above 5.38 MHZ reduces 
the number of 21.52 megasamples-per-second rate samples 
in the QAM carrier to less than four, Which undesirably 
reduces the uniformity of synchrodyne response supplied for 
symbol decoding. 

[0029] In the FIG. 1 receiver circuitry the complex digital 
samples of ?nal IF signal supplied from the circuitry 24 are 
applied to circuitry 25 for synchrodyning the QAM signal to 
baseband to supply in parallel to a symbol de-interleaver 26 
a stream of real samples and a stream of imaginary samples 
descriptive of the complex-amplitude-modulation modulat 
ing signal. The QAM synchrodyning circuitry 25 receives 
complex-number digital descriptions of tWo phasings of the 
QAM carrier, as translated to ?nal intermediate frequency 
and in quadrature 25 relationship With each other, from 
read-only memory 27. ROM 27, Which comprises sine and 
cosine look-up tables for QAM carrier frequency, is 
addressed by a ?rst address generator 28. The ?rst address 
generator 28 includes an address counter (not explicitly 
shoWn in FIG. 1) for counting the recurrent clock pulses in 
the ?rst clock signal generated by the sample clock genera 
tor 23. The resulting address count is augmented by a 
symbol phase correction term generated by symbol phase 
correction circuitry, thereby to generate the addressing for 
the ROM 27. The QAM synchrodyne circuitry 25, the ?rst 
address generator 28, and the operation of each Will be 
explained in greater detail further on in this speci?cation. 

[0030] In the FIG. 1 receiver circuitry the complex digital 
samples of ?nal IF signal supplied from the circuitry 24 are 
also applied to circuitry 29 for synchrodyning the VSB 
signal to baseband to supply a stream of real samples 
descriptive of the vestigial-sideband modulating signal to an 
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NTSC-rejection ?lter 30, Which functions as a symbol 
de-interleaver for the VSB signal. The VSB synchrodyning 
circuitry 29 receives complex-number digital descriptions of 
tWo phasings of the VSB carrier, as translated to ?nal 
intermediate frequency and in quadrature relationship With 
each other, from read-only memory 31. ROM 31, Which 
comprises sine and cosine look-up tables for VSB carrier 
frequency, is addressed by a second address generator 32. 
The second address generator 32 includes an address counter 
(not explicitly shoWn in FIG. 1) for counting the recurrent 
clock pulses in the ?rst clock signal generated by the sample 
clock generator 23, Which address counter in preferred 
embodiments of the invention is the same address counter 
used in the ?rst address generator 28. The resulting address 
count is augmented by a symbol phase correction term 
generated by QAM de-rotator circuitry, thereby to generate 
the addressing for the ROM 31. The VSB synchrodyne 
circuitry 29, the second address generator 32, and the 
operation of each Will be explained in greater detail further 
on in this speci?cation. 

[0031] The baseband response of the VSB synchrodyne 
circuitry 29 is supplied to an NTSC-rejection ?lter 30 for 
suppressing co-channel interference from NTSC signals, in 
Which ?lter 30 the response is applied as input signal to a 
clocked delay line 301 and as a ?rst summand input signal 
to a tWo-input digital adder 302. The clocked delay line 301 
supplies a response to its input signal after a delay equal to 
tWelve symbol epochs, Which delayed response is applied to 
the digital adder 302 as its second summand input signal. 
The clocked delay line 301 and the digital adder 302 in the 
NTSC-rejection ?lter 30 cooperate so as to suppress co 
channel interference from NTSC signals. The NTSC-rejec 
tion ?lter 30, Which is a comb ?lter, is required as long as 
NTSC signals are being transmitted over the same channel 
allocations as digital HDTV signals. The ?lter 30 suppresses 
the NTSC luminance carrier and its loWer-frequency side 
bands containing synchroniZing information, very strongly 
rejects the color subcarrier, suppresses the chrominance 
sidebands, and suppresses the FM audio carrier. The ?lter 30 
supplies a ?fteen-coding-level signal in response to the 
eight-coding-level signal it receives from the VSB synchro 
dyne circuitry 29. 

[0032] A digital-signal multiplexer 33 functions as a syn 
chrodyne result selector that selects as its response either a 
?rst or a second one of tWo complex digital input signals 
thereto, the selection being controlled by a detector 34 for 
detecting the Zero-frequency term of the real samples from 
the VSB synchrodyne circuitry 29. When the Zero-frequency 
term has essentially Zero energy, indicating the absence of 
pilot carrier signal that accompanies a VSB signal, the 
multiplexer 33 selectively responds to its ?rst complex 
digital input signal, Which is the de-interleaved QAM syn 
chrodyne-to-baseband result supplied from the de-inter 
leaver 26. When the Zero-frequency term has substantial 
energy, indicating the presence of pilot carrier signal that 
accompanies a VSB signal, the multiplexer 33 selectively 
responds to its second complex digital input signal, the real 
terms of Which are supplied from the NTSC-rejection ?lter 
30 and the imaginary terms of Which are all Wired arithmetic 
Zero. 

[0033] The response of the synchrodyne result selection 
multiplexer 33 is resampled in response to a second clock 
signal from the sample clock generator 23 in 2:1 decimation 
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circuitry 35, to reduce the sample rate of complex baseband 
response doWn to the 10.76 MHZ VSB symbol rate, Which 
is twice the 5.38 MHZ QAM symbol rate. The 2:1 decima 
tion of the multiplexer 33 response prior to its application as 
input signal to an amplitude-and-group-delay equalizer 36 
reduces the hardWare requirements on the equalizer. Alter 
natively, rather than 2:1 decimation circuitry 35 being used 
after the synchrodyne result selection multiplexer 33, the 
baseband responses of the QAM synchrodyne circuitry 25 
and of the VSB synchrodyne circuitry 29 can each be 
resampled in response to a second clock signal from the 
sample clock generator 23 to carry out 2:1 decimation before 
the synchrodyne result selection multiplexer 33. 

[0034] FIG. 2 shoWs the amplitude-and-group-delay 
equaliZer 36, Which converts a baseband response With an 
amplitude-versus-frequency characteristic that tends to 
cause inter-symbol error to a more optimum amplitude 
versus-frequency characteristic that has linear phase delay 
and minimiZes the likelihood of inter-symbol error. The 
equaliZer 36 can be a suitable one of the monolithic ICs 
available off-the-shelf for use in equaliZers. Such an IC 
includes a multiple-tap digital ?lter used for amplitude 
equaliZation, the tap Weights of Which ?lter are program 
mable; circuitry for selectively accumulating training signal 
and temporarily storing the accumulation results; and a 
microcomputer for comparing the temporarily stored accu 
mulation results With an ideal training signal as knoWn a 
priori and for calculating updated tap Weights of the mul 
tiple-tap digital ?lter used for amplitude equaliZation. These 
calculations also use decision feedback based on the 
received data and the least-mean-squares (LMS) algorithm 
to reduce intersymbol errors. 

[0035] The response of the equaliZer 36 is applied as input 
signal to a tWo-dimensional trellis decoder 37, Which per 
forms the symbol decoding that recovers a digital data 
stream from a QAM-origin signal. The response of the 
equaliZer 36 is also applied as input signal to a one 
dimensional trellis decoder 38, Which performs the symbol 
decoding that recovers a digital data stream from a VSB 
origin signal. A digital-signal multiplexer 39 functions as a 
data source selector that selects as its response either a ?rst 
or a second one of tWo digital input signals thereto, the 
selection being controlled by the detector 34 for detecting 
the Zero-frequency term of the real samples from the VSB 
synchrodyne circuitry 29. When the Zero-frequency term has 
essentially Zero energy, indicating the absence of pilot 
carrier signal that accompanies a VSB signal, the multi 
plexer 39 selectively responds to its ?rst digital input signal, 
selecting as the source of its digital data output the tWo 
dimensional trellis decoder 37 that decodes the symbols 
received in the QAM signal. When the Zero-frequency term 
has substantial energy, indicating the presence of pilot 
carrier signal that accompanies a VSB signal, the multi 
plexer 39 selectively responds to its second digital input 
signal, selecting as the source of its digital data output the 
one-dimensional trellis decoder 38 that decodes the symbols 
received in the VSB signal. 

[0036] The data selected by the data source selection 
multiplexer 39 are applied to a data de-interleaver 40 as its 
input signal, and the de-interleaved data supplied from the 
data de-interleaver 40 are applied to a Reed-Solomon 
decoder 41. The data de-interleaver 40 is often constructed 
Within its oWn monolithic IC and is made so as to respond 
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to the output indications from the pilot carrier presence 
detector 34 to select the de-interleaving algorithm suitable to 
the HDTV signal currently being received, Whether it be of 
QAM or VSB type; this is a mere matter of design. The 
Reed-Solomon decoder 41 is often constructed Within its 
oWn monolithic IC and is made so as to respond to the output 
indications from the pilot carrier presence detector 34 to 
select the appropriate Reed-Solomon decoding algorithm for 
the HDTV signal currently being received, Whether it be of 
QAM or VSB type; this also is a mere matter of design. 
Error-corrected data are supplied from the Reed-Solomon 
decoder 41 to a data de-randomiZer 42, Which regenerates 
packets of data for a packet sorter 43. The data de-random 
iZer 42 is made so as to respond to the output indications 
from the pilot carrier presence detector 34 to select the 
appropriate data de-randomiZing algorithm for the HDTV 
signal currently being received, Whether it be of QAM or 
VSB type; this is a mere matter of design, too. 

[0037] First data synchroniZation recovery circuitry 44 
recovers the data synchroniZing information included in the 
data output of the tWo-dimensional trellis decoder 37, and 
second data synchroniZation recovery circuitry 45 recovers 
the data synchroniZing information included in the data 
output of the one-dimensional trellis decoder 38. Adata sync 
selector 46 selects betWeen the data synchroniZing informa 
tion as provided by the data sync recovery circuitry 44 and 
as provided by the data sync recovery circuitry 45, the 
selection being controlled by the detector 34 for detecting 
the Zero-frequency term of the real samples from the VSB 
synchrodyne circuitry 29. When the Zero-frequency term has 
essentially Zero energy, indicating the absence of pilot 
carrier signal that accompanies a VSB signal, the data sync 
selector 46 selects for its output signals the data synchro 
niZing information provided by the data sync recovery 
circuitry 44. When the Zero-frequency term has substantial 
energy, indicating the presence of pilot carrier signal that 
accompanies a VSB signal, the data sync selector 46 selects 
for its output signals the data synchroniZing information 
provided by the data sync recovery circuitry 45. 
[0038] A VSB HDTV signal comprises a succession of 
consecutive-in-time data ?elds each containing 314 con 
secutive-in-time data lines. Each line of data starts With a 
line synchroniZation code group of four symbols having 
successive values of +5, —S, —S and +5. The value +S is one 
level beloW the maximum positive data excursion, and the 
value —S is one level above the maximum negative data 
excursion. The lines of data are each of 77.7 microsecond 
duration, and there are 832 symbols per data line for a 
symbol rate of about 10 megabits/second. The initial line of 
each data ?eld is a ?eld synchroniZation code group that 
codes a training signal for channel-equalization and multi 
path suppression procedures. The training signal is a 511 
sample pseudo-random sequence (or “PR-sequence”) fol 
loWed by three 63-sample PR sequences. This training signal 
is transmitted in accordance With a ?rst logic convention in 
the ?rst line of each odd-numbered data ?eld and in accor 
dance With a second logic convention in the ?rst line of each 
even-numbered data ?eld, the ?rst and second logic con 
ventions being one’s complementary respective to each 
other. When the data sync selector 46 selects for its output 
signals the data synchroniZing information provided by the 
data sync recovery circuitry 45, the initial data lines of each 
data ?eld are selected for application to the equaliZer 36 as 
training signal. The occurrences of tWo consecutive 255 
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sample PR sequences are detected Within the data sync 
recovery circuitry 45 to provide data-?eld indexing infor 
mation to the data sync selector 46. 

[0039] The standards for a QAM HDTV signal are not as 
Well de?ned at this time as the standards for a VSB HDTV 
signal. A 32-state QAM signal provides suf?cient capacity 
for a single HDTV signal, Without having to resort to 
compression techniques outside MPEG standards, but com 
monly some compression techniques outside MPEG stan 
dards are employed to encode the single HDTV signal as a 
16-state QAM signal. The occurrence of a prescribed 24-bit 
Word is detected the data sync recovery circuitry 44 to 
generate data-?eld indexing information for application to 
the data sync selector 46. A multiplexer Within the data sync 
selector 46 selects betWeen the data-?eld indexing informa 
tion respectively supplied by the data sync recovery circuitry 
44 and the data sync recovery circuitry 45; the data-?eld 
indexing information thus selected is supplied to the data 
de-interleaver 40, the Reed-Solomon decoder 41, and the 
data de-randomiZer 42. At the time this speci?cation is 
Written there is no training signal included in the QAM 
HDTV signal. Accordingly, the amplitude-and-group-delay 
equaliZer 36 is arranged to provide a ?at amplitude-versus 
frequency characteristic in response to the VSB pilot carrier 
presence detector 34 indicating the absence of pilot carrier, 
and the VSB training signal selected by the data sync 
recovery circuitry 45 is Wired through the data sync selector 
46 Without need for a multiplexer. Also, there is no data line 
synchronization signal for QAM HDTV transmission, at 
least not one selected as a standard. The data sync recovery 
circuitry 44 includes counting circuitry for counting the 
samples in each data ?eld to generate intra-data-?eld syn 
chroniZing information. This intra-data-?eld synchroniZing 
information and the intra-data-?eld synchroniZing informa 
tion (such as data line count) generated by the data sync 
recovery circuitry 45 are selected betWeen by appropriate 
multiplexers in the data sync selector 46, for application to 
the data de-interleaver 40, the Reed-Solomon decoder 41, 
and the data de-randomiZer 42, as required. 

[0040] The packet sorter 43 sorts packets of data for 
different applications, responsive to header codes in the 
successive packets of data. Packets of data descriptive of the 
audio portions of the HDTV program are applied by the 
packet sorter 43 to a digital sound decoder 47. The digital 
sound decoder 47 supplies left-channel and right-channel 
stereophonic sound signals to a plural-channel audio ampli 
?er 48 that drives the plurality of loudspeakers 49, 50. 
Packets of data descriptive of the video portions of the 
HDTV program are applied by the packet sorter 43 to an 
MPEG decoder 51. The MPEG decoder 51 supplies hori 
Zontal (He and vertical (V) synchroniZing signals to kine 
scope de?ection circuitry 52 that provides for the raster 
scanning of the vieWing screen of a kinescope 53. The 
MPEG decoder 51 also supplies signals to the kinescope 
driver ampli?ers 54 for applying ampli?ed red (R), green 
(G) and blue (B) drive signals to the kinescope 53. In 
variations of the HDTV receiver shoWn in FIGS. 1 and 2, 
a different display device may be used instead of or in 
addition to the kinescope 53, and the sound recovery system 
may be different, consisting of but a single audio channel, or 
being more elaborate than a simple stereophonic reproduc 
tion system. 
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[0041] Referring back to FIG. 1, in order that ROMs 27 
and 31 can be used to generate digital complex-number 
descriptions of the QAM and VSB signal carriers as trans 
lated to respective ?nal intermediate frequencies, in 
response to addressing generated by counting ?rst clock 
signals, provision must be made to lock the one those ?nal 
intermediate frequencies that is the carrier of the currently 
received HDTV signal to a submultiple of a multiple of the 
?rst clock signal frequency. That is, those ?nal intermediate 
frequencies must be in Whole number ratios With the ?rst 
clock signal frequency. An automatic phase and frequency 
control (AFPC) signal is developed in the digital circuitry 
folloWing the analog-to-digital converter 22 and is used to 
control the frequency and phase of one of the local oscilla 
tors 11, 16 and 20 in the tuner. Using a ?xed-frequency third 
local oscillator 20, and controlling the frequency and phase 
of the oscillations the second local oscillator 16 provides, is 
preferred in that alignment of the second IF signal With the 
second SAW ?lter 18 can be readily assured. The second 
SAW ?lter 18 usually contains traps for adjacent-channel 
signal components, in Which case proper alignment of the 
second IF signal betWeen these traps is important for pre 
serving its integrity. The symbol clocking is made to exhibit 
a high degree of frequency stability. By locking the carrier 
of the ?nal intermediate-frequency (IF) signal in frequency 
and phase to a submultiple of a multiple of the symbol clock 
frequency, the AFPC for correcting frequency and phase 
error in the carrier as translated to a ?nal intermediate 
frequency invariably operates to correct dynamic symbol 
phase error as Well, eliminating the need for a separate phase 
tracker to correct dynamic symbol phase error. 

[0042] FIG. 1 denominates a digital multiplexer 55 as 
“AFPC selector”. The multiplexer 55 responds to the pilot 
carrier presence detector 34 indicating that a pilot carrier is 
included in the currently received HDTV signal for select 
ing, as an input signal for a digital loWpass ?lter 56, the 
imaginary output signal of the baseband response of the 
VSB synchrodyne circuitry 29. The response of loWpass 
?lter 56 is a digital AFPC signal supplied as input signal to 
a digital-to-analog converter (DAC) 57. The output signal 
from the DAC 57 is an analog AFPC signal, Which is 
subjected to further loWpass ?ltering in an analog loWpass 
?lter 58, the response of Which ?lter 58 is used for control 
ling the frequency and phase of the oscillations that the 
second local oscillator 16 provides. Analog loWpass ?ltering 
is advantageous to use for realiZing long-time-constant 
loWpass ?ltering because there is reduced need for active 
devices as compared to digital loWpass ?ltering. Since the 
shunt capacitor of a resistance-capacitance loWpass ?lter 
section can be at the interface betWeen a tuner 5 IC and the 
IC containing the digital synchrodyning circuitry, the analog 
loWpass ?ltering can be done Without any cost in IC pin-out. 
Doing some digital loWpass ?ltering is advantageous, hoW 
ever, since the digital loWpass ?lter response can be sub 
sampled to the DAC 57; the reduced speed requirements on 
the digital-to-analog conversion reduces the cost of the DAC 
57. This procedure is similar to that used in the AGC 
circuitry described at the end of this speci?cation With 
reference to FIG. 12 of the draWing, and the third clock 
signal developed for the AGC circuitry can be used by the 
DAC 57 and can be used to reset an accumulator the digital 
loWpass ?lter 56 includes for averaging samples of ?lter 
input signal. 
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[0043] The multiplexer 55 responds to the pilot carrier 
presence detector 34 indicating that a pilot carrier is not 
included in the currently received HDTV signal for selecting 
the input signal for the digital loWpass ?lter 56 from the 
circuitry for processing a QAM HDTV signal. FIG. 1 shoWs 
the product output signal of a digital multiplier 59 being 
provided for such selection. The digital multiplier 59 mul 
tiplies together the real and imaginary output signals of the 
QAM synchrodyne circuitry 25 to generate an un?ltered 
digital AFPC signal. The generation of the un?ltered digital 
AF PC signal is very similar to that in the Well-knoWn Costas 
loop. In the Costas loop the AFPC signal is used to control 
the frequency and phase of the digital local oscillations used 
for synchrodyning received signals to baseband. The FIG. 1 
arrangement departs from this procedure, the AFPC signal 
being used instead to control the frequency and phase of the 
analog oscillations generated by the second local oscillator 
16. This regulates the frequency and phase of the ?nal IF 
signal supplied to the ADC 22 for digitiZation and for 
subsequent synchrodyning to baseband in the digital regime. 
As is the case With the Costas loop, the multiplier 59 is 
preferably of especial design in Which the real signal is 
converted to a ternary signal for multiplying the imaginary 
signal; this simpli?es the digital multiplier and improves the 
pull-in characteristics of the AFPC loop. 

[0044] Although not explicitly shoWn in FIGS. 1 and 2, 
preferably circuitry is provided to sense When there is 
co-channel interference from NTSC signal, to by-pass the 
?lter 30 When no co-channel interference from NTSC signal 
is sensed, and to adjust symbol decoding ranges in the 
one-dimensional trellis decoder 38 in accordance With the 
number of coding levels to be expected. There is less 
likelihood of the occurrence of erroneous decisions as to 

symbol identity When eight coding levels have to be dis 
cerned than When ?fteen coding levels have to be discerned. 

[0045] The second intermediate-frequency ampli?er 19, 
the third local oscillator 20 (except for its outboard crystal 
and other frequency selection components), and the third 
mixer 21 are advantageously constructed Within the con?nes 
of a monolithic IC; since the output signal of the third mixer 
21 is at a different frequency than the input signal to the 
second IF ampli?er 19, the second IF ampli?er 19 can have 
high gain Without attendant high risk of unWanted regen 
eration. The ?rst IF ampli?er 14, the second local oscillator 
16 (except for its outboard crystal and other frequency 
selection components) and the second mixer 17 can be 
constructed Within the con?nes of the same IC, or they may 
be constructed otherWise—e.g., Within other integrated cir 
cuitry. The analog-to-digital converter (ADC), as customary, 
Will be a ?ash type With at least ten bits resolution and is 
preferably constructed Within the con?nes of a different 
monolithic IC than the IF ampli?ers. The analog loWpass 
?lter at the input of the converter isolates the sampling 
circuitry, With its associated sWitching transients, from the 
IC in Which the high-gain second IF ampli?er 19 is located 
(and in some cases, in Which the ?rst IF ampli?er 14 is also 
located). This reduces the likelihood of unWanted regenera 
tion in the tuner 5. Considerable die area is required for the 
resistance ladder used in establishing the quantiZing levels 
and for the large number of analog comparators involved in 
an ADC of ?ash type, so often such an ADC does not share 
a monolithic IC With other elements anyWay. 
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[0046] The sample clock generator 23 and the circuitry 24 
for converting the digitiZed ?nal IF signal supplied from the 
ADC 22 to complex digital samples of ?nal IF signal are 
advantageously shared by the circuitry for synchrodyning 
VSB HDTV signals to baseband and by the circuitry for 
synchrodyning QAM HDTV signals to baseband, as are 
portions of the address generators 28 and 32 in preferred 
embodiments of the invention, the inventors point out. 
Accordingly, the circuitry for synchrodyning VSB HDTV 
signals to baseband and the circuitry for synchrodyning 
QAM HDTV signals to baseband are advantageously con 
structed Within the con?nes of a single monolithic. The 
inventors further point out that it is advantageous that this 
single monolithic IC and the folloWing circuitry include all 
the circuitry for automatically selecting the appropriate 
mode of reception for the HDTV transmission currently 
being received. Such practice avoids the need for operating 
the third local oscillator at tWo markedly different frequen 
cies, depending on Whether an HDTV signal is of QAM type 
or is of VSB type. Operation of the third local oscillator at 
tWo markedly different frequencies is normally associated 
With the use of tWo different crystals for setting those 
frequencies. Operating the third local oscillator at essentially 
the same frequency, no matter Whether the HDTV signal is 
of QAM type or is of VSB type, saves the cost of the extra 
crystal and of the electronic sWitching circuitry involved 
With the use of tWo crystals. Furthermore, the reliability of 
the tuner 5 is improved by the reduction in the amount of 
circuitry located outside the monolithic integrated circuitry. 

[0047] If the ADC is not constructed Within an IC, all or 
substantially all its oWn, it is advantageous to include it in 
the IC that contains the circuitry for synchrodyning VSB 
HDTV signals and the circuitry for synchrodyning QAM 
HDTV signals to baseband, since the signals for clocking the 
sampling of the ?nal IF signal by the ADC are to be 
generated Within that IC. Furthermore, the analog loWpass 
?lter at the input of the converter still isolates the sampling 
circuitry, With its associated sWitching transients, from the 
IC(s) in Which high-gain IF ampli?cation is done. 

[0048] FIG. 3 shoWs in detail a representative construc 
tion of the sample clock generator 23. This construction 
includes a voltage-controlled oscillator 230 that generates 
cissoidal oscillations nominally of 21.52 MHZ frequency. 
The oscillator 230 is a voltage controlled oscillator, the 
frequency and phase of its oscillations being controlled by 
an automatic frequency and phase control (AFPC) signal. 
This AFPC signal is generated by an automatic frequency 
and phase control (AF PC) detector 231, Which compares the 
oscillations of the oscillator 230 With a 21.52 MHZ reference 
carrier supplied from a digital-to-analog converter (DAC) 
232. Preferably, oscillator 230 is of a type using a crystal for 
stabiliZing the natural frequency and phase of its oscilla 
tions. A symmetrical clipper or limiter 233 generates a 
squareWave response to these cissoidal oscillations, Which is 
used as the ?rst clock signal for timing the sampling of the 
?nal IF signal in the ADC 22. A frequency-divider ?ip-?op 
234 responds to transitions of the ?rst clock signal in a 
prescribed sense for generating another square Wave Which 
an AND circuit 235 ANDs With the ?rst clock signal for 
generating a second clock signal used by the 2:1 decimator 
35 shoWn in FIG. 1. 

[0049] The 21.52 MHZ reference carrier supplied from the 
digital-to-analog converter 232 is generated by detecting the 






















