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TELEVI SI ON RECEI VER W TH SEPARATE | - F AMVPLI FI ERg FOR VSB AND cfé_
SI GNALS THAT ARE DI d TA\.@@@-H?Q%‘IS\I &S—&QI cation is ff%og 35
US C 111(a) claimng pufs e) (1) benefit of the
filing date of provisional application serial No. 60/079, 106 IO Mar ch
23, 1998, pursuant to 35 U.S.C. 111 (b). The invention relates tolradio
receivers having the capability of receiving 5 digital television (DTV)
signals, no matter whether they are traflsm tted using quadrature anplitude
nodul ati on (QAM of the princi pal carrier wave or they are transmtted

usi ng vest i gi BELEVE4OMBECETBERMPIH SEEARAHI-BEAMBLEBERSE QR iMidB MD
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Comm ttee (ATSC) specifies vestigial sideband (VSB) signals for

transm tting di giThik apslicarbs isofiled Gdé 35DBQ. $11(8) Saivhing panrdwmtds Bst el evi si on
channel s such as those currently used in over-the-air broadcasting of

Nati onal Tel®Gi bR(Q(bihens q filing daterefgrovsienalprplicaipnsensl No-gnal s
wi thin the Léfd{zﬁf’m%‘ﬁ‘feﬁ ar 1{}93]1@93 Q{ﬁﬁlﬁt\éﬁ'@ S 1'1%@65' gned so its
er e

spectrumis ely to 1n eave w spec rum of “a co-channel
interfering NTSC analog TV signal. This is done by positioning the pil ot
carrier and the pThennvpationoejatdstto celiomedeivears having itltbodapaisllifyr efqeeainangs of t he
DTV signagl a d nutip equarter t he horizont al an line rate of
Che. NTSC S naligHa e LD TRl 7o Dok o oo ShATh CARARIEY B0
one-quarter cﬁxﬂl@ M'aﬁfﬁ?ﬁuﬂie M&dflatidn1®)A34) of tﬁ&?nﬁélpél%nm%v%ﬁhﬁg afe/ signal,

at which even nultiples nost of the energ | um nance and” chrom nance
conponent s offansmiidecckrmgedstigial sdﬂ@ndnﬁysﬁfr&@htmw owdulatien ghithe pmintipak al | . The
video carrier of an NTSC analog TV signal is offset 1.25 MHz fromthe | ower
limt freque‘f‘?ﬁ? 1o¥*%*he tel evision channel. The carrier of the DTV si gnal is
of fset fromsuch video carrier by 59.75 times the horizontal scan line rate

of 25 +the NTSC anal og TV sSBHNCGHGROUNID @FeTHRENVENTION of the DTV si gnal
about 309,877.6 kHz fromthe lower limt frequency of the television

channel . Accordin the carrier of the DTV signal is_about 2,690122.4 Hz
fromtheti ddl e fRéé]ggﬁ]&;pl@,\pmplh§tandard_p21bhshed 16 September 1995 by the Advanced

Television Systems Committee (ATSC) specifies vestigial sideband (VSB) signals for
transmitting digital television (DTV) signals in 6-MHz-bandwidth television channels
such as those currently used in over-the-air broadcasting of National Television
System Committee (NTSC) analog television signals within the United States. The

15 VSB DTV signal is designed so its spectrum is likely to interleave with the spectrum
of a co-channel interfering NTSC analog TV signal. This is done by positioning the
pilot carrier and the principal amplitude-modulation sideband frequencies of the DTV
signal at odd multiples of one-quarter the horizontal scan line rate of the NTSC analog
TV signal that fall between the even multiples of one-quarter the horizontal scan line

20 rate of the NTSC analog TV signal, at which even multiples most of the energy of the

.' luminance and chrominance components of a co-channel interfering NTSC analog TV

signal will fall. The video carrier of an NTSC analog TV signal is offset 1.25 MHz
from the lower limit frequency of the televisio‘n channel. The carrier of the DTV
signal is offset from such video carrier by 59.75 times the horizontal scan line rate of

25  the NTSC analog TV signal, to place the carrier of the DTV signal about 309,877.6
kHz from the lower limit frequency of the television channel. Accordingly, the
carrier of the DTV signal is about 2,690122.4 Hz from the middle frequency of the



t'él evi si on channel . The exact synbol rate in the Digital Television
Standard is (684/286) tinmes the 4.5 MHz sound carrier offset from video
carrier in an NTSC anal og TV signal. The nunber of synbols per horizontal
scan line in an NTSC analog TV signal is 684, and 286 is the factor by

whi ch horizontal scan line rate in an 5 NTSC anal og TV signal is
multiplied to obtain the 4.5 Mz sound,carrier offset fromvideo carrier in
an NTSC anal og TV signal. The synbol rate is 10.762238 * 106 synbol s per
second, whi é&ie\daﬁnbbarmehtﬁmctlsumok/@t} inithmBigitek Teledisiogp HaRBidik9 MHz from

DTV | he VSB be, | ted t
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broadcasting in the nited States of America is capable of transmtting
ei ther of .t#Balpg div -‘a&‘ﬁlﬁﬁ@%ﬁnégﬁ%ﬂﬂm feetot bW chf forizants! wanliuni@at@ua&pect
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progressivel canned scan l.ines of television_ imge per 60 Hz franme. The
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HDTV f or mat HE H6Mh BEVIAhaPEIAEL OFhat fsanlt%Wégi%g@%fanfb%&nﬁeﬁ'tgx'bih&“ signal s

havi ng nor ma Inftion I n conparisoh evi sion signal .
DTV transm extedding S\@999 Mz frordelnalmd/e( Ni5H) frequphdyt efttke nabail/udléﬁ tiean¢lAM) 20
during terrestrial broadcasting in the United States of America corrpri ses a

succession of copsec Ids each ¢ talnln
consecu{l ve-in- tﬁﬁg%@ %Fétﬂrngilgl%ﬁ,gp §1gn§3t§rrgs§r,xp3§r%a ﬁgsp%g esegmant
So, with themsiaigedtes (ﬁtﬁné@daﬂg cafdbl MaasmRACIeiflRl 8f ﬁﬁﬂl‘ﬁ@ﬂ-tdeﬁﬁltﬁﬁ 77.3

m croseconds durati on. Each segnent of data begins with i ne
synchr oni zalt‘?l‘é‘ﬁSI%ﬂéD@WdlfmS Vsl 6 9yasprst Satha\ﬂnadiﬁﬂfé’c@ssat\weszs%O val ues of

+S, -S, e |leve el,.ow m p ive
dat a excurs?onple%% ﬁn}’&i nﬁdelq% af%ts"%o Oélng@Lfcaﬁdl&\%p?rﬁgqﬁ%b ﬁ’e%it i ve
dat a excur sifield mEInlace MTlie @thed HDEVObAERGResEA3D Himeadcd sehpletaser dcdn 1gled
synchronézat |$§%code group that codes a training signal for

channel 12quand 729 pPiogressivelnsranngd ssandinsp phislavisioninenss per € Hz framne: rBlieni ng

signal is ajp Qx’éﬁ%!r qg}gyﬁ, "PN- sequence”)
fol | owed by 5l:hree f?ﬁ%ﬁ%ﬁ%ﬁﬂa‘g&e}%e@hﬁgﬁ eoqlm d e%a%gmhfa“iﬁ’f\l sequence
i s transm t HEAY foratats) suldrasehe\pdrhlle thahsisissibn gf foue celerdsion eignals hatiagf i r st
l'ine

normal definition in comparison to an NTSC analog television signal.

. DTV transmitted by vestigial-sideband (VSB) amplitude modulation (AM)

20  during terrestrial broadcasting in the United States of America comprises a succession
of consecutive-in-time data fields each containing 313 consecutive-in-time data
segments. There are 832 symbols per data segment. So, with the symbol rate being
10.76 MHz, each data segment is of 77.3 microseconds duration. Each segment of
data begins with a line synchronization code group of four symbols having successive

25  values of +8S, -S, -S and +S. 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 initial line of each data field includes a field synchronization code
group that codes a training signal for channel-equalization and multipath suppression
procedures. The training signal is a 511-sample pseudo-random noise sequence (or

30 "PN-sequence") followed by three 63-sample PN sequences. The middle 63-sample

PN sequence is transmitted in accordance with a first logic convention in the first line



-3- of each odd-nunbered data field and in accordance with a second |ogic
convention in the first line of each even-nunbered data field, the first
and second | ogi c conventions being one's conplenentary respective to each
ot her. The subsequent |ines of each data field contain data that have been
5 Reed- Sol onon forward error-correction coded. In over-the-air
broadcasting the error-correction coded_data are then trellis coded using
twelve interleaved trellis codes, each a 2/3 rate trellis code with one
uncoded bi t of Fachl addsnuinietired;date Sigldtandam ecopataneet withtasetdnddegibicongentiopsn f or

ymbol | codi 1t PR AT OF Y s BiERerrL SR el e stk R s Seondy G COpBAEBRl ng
separate fr@m;{grwletsme}dplﬁn@w?@paﬁ%@@w& otfférel | is coding is not used in
cabl ecasting. The error-correction coded data are parsed into four-bit

groups for transm ssion as sjxteen-]evel one-dinensional-constellation

synbol coding, wHikersubseqrentiliass ofrachdata diglfecantaindofe thatdevebess. The VSB
signal s avq{eteﬁgo'iorﬁ'@ﬁ HIrdhrd’ r-cgﬁu%\ﬁec’odw ﬁlkb\)ép Vrle aay %ﬁdéa@mﬂbstrhal anpl i tude

dependi ng on the percentage 0 tion, ‘suppresse e natu carrier

wave is repleacedodyctivngotied datanreithen welliecaded usingdwalve lintetleled Weilish
anpl i tude corres onds éo a pr.escribed percentgge of nodulation. This pil ot

carrier vvavé?°6‘Fs RAP/3 e trellgeofe Wyl sas yreaged ity ﬁf?lbﬂﬁﬁqlﬁ%re&u]& Féct
conponent  shfdkq ma%@slt?@&liﬂsg&r;p R EPOMABRGEH dighiiOiR) Da) anced

nodul at or generating the t| on sidebands that are
supplied to Omhdlmcmmmal-sumuphngsymbolvwng; ghnah transmnsson espadeswithduft t he

ei ght | eIso 4-bit . synbol di ng ha enrnallz u

-1, +1, ?§ ah%fef?dwé atE g’t“‘f?ﬁ lﬁo@o“s‘? re]ﬁ é)‘l“g(ﬁm?farrler
has a nor mi'uhéd?ﬁ'l duBlegsstiab, ﬂrhaénoFE&ré&ﬁbﬂeédeaQﬁtaVﬁE B@rs@ci 1nf§fdu§-bf%rm%d t he
normal i zed value of-S is -5. signal s using 8-level synbol

codi ng wi | | ferirapsedssion aiw@rteqmlévghqneﬁlnmmmt-pwtauatlhm symba codingewhihat es,
and VSB si gqahgmggmﬂgm%@m{ ‘é?ﬁ}oﬂr@%? COdI ng are proposed in the ATSC

standard for use 1n ov Par?Oleast i ng systenms or in cable-casting
systens. However, the standard practice in such systens is to use
suppressed car ri &theqGBlsighals daesmhbir hameal omdiet sfaiqwHicWWpulivanains rat her

t han VSB_ This r esents television receiver designers with the
chal | ens 2 o i}ét?%rdeﬁgndmo on the percentage of modulation, suppressed. The natural

carrier wave is replaced by a pilot carrier wave of fixed amplitude, which amplitude

corresponds to a prescribed percentage of modulation. This pilot carrier wave of

fixed amplitude is generated by introducing a direct component shift into the

modulating voltage applied to the balanced modulator generating the

20  amplitude-modulation sidebands that are supplied to the filter supplying the VSB

signal as its response. If the eight levels of 4-bit symbol coding have normalized

values of -7, -5, -3, -1, +1, +3, +5 and +7 in the carrier modulating signal, the pilot

carrier has a normalized value of 1.25. The normalized value of +8 is +5, and the

normalized value of -S is -5.

25 V3B signals using 8-level symbol coding will be used in over-the-air
broadcasting within the United States, and v$B signals using 16-level symbol coding
are proposed in the ATSC standard for use in over-the-air narrowcasting systems or in
cable-casting systems. However, the standard practice in such systems is to use
suppressed-carrier quadrature amplitude modulation (QAM) signals rather than VSB

30  signals. This presents television receiver designers with the challenge of designing



-4- receivers that are capable of receiving either type of transm ssion and
of automatically selecting suitable receiving apparatus for the type of
transm ssion currently being received. The design of such receiving
apparatus with intermedi ate-frequency (I F) anplifiers used in common for
both QAM and VSB si gnals has been described by 5 C. B. Patel and the
inventor in their U S. patent No. 5,50(, 636 issued 9 April 1996, entitled
HDTV SI GNAL RECElI VER W TH | MAG NARY- SAMPLE- PRESENCE DETECTOR FOR QAM VSB
MODE SELECTkegRiveridiaj are eambmfeebeméngeimebyypeexf@memissiowhmt of sysematicaljxM VSB

DTV recei ver scribed b te nd t he. i nventor. i.n U.
oatent appi celsinh g bIE T S by s bt o sl Sion RifrEh Dhsife
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SI GNALS, U. patent No. 5,715,012 issued 3 Febr uary 1998 and entitled

RADI O RECE] \?ERQ fipsRsrEDRonmEn Bobrthv@aMwed FiRsianalshas bemmessitedAys, and i n

ent 11 60° RAGE %°?E*e'f%‘&%Pvé%é@&“’%&é@%?&%ﬁéé@%gi@ﬁ i BREd 1945 rioTy

SI GNALS. U. eﬁtltleM\sSI@NAISREQEIme}B 715,012 and U S. patent
application _serial Nq, 08/26 53 were witten Eresum ng hat the carrier

frequency ofl\'%f*“iﬁﬁ%séﬂ\@ﬁhp %E{SENE(E BEIEGTEO B QAW SEMOPRE|
frequency, L%’h%l @igkgér%grapéﬁlfélrcatﬂ)é@eﬁéeeeﬂﬁg t){pE%tf &4 ph|y evi si on |

Systens Comm ttee speci resunes e carrier
frequency ofrc@iwsiB dSodestmal by1 G. B.dtaieiahd ;he?.ﬂﬂankdﬂan &b Sv patbmvapplicativannel

publ i Shal' 16 R0 788 4154 78 ne dbod et snitan Hanf) RECLRERAOR™ ©

No. 08/ 826, 7H¥ECEIPINGBARICYSE INDIVEDiGIT LL }HI’I‘V%XES S, O 3 yefeat T=R TN
| -F G RCUI TRY TO SUPPRESS 25 FM SOUND CARRI'ER OF NTSC

| NTERFERI NGB GNAB, (12 essued/ @ iFebmayeld9B iahd sntitled Id&Di[OdbECE{IYEBI‘S FORng trap

VeB DTV 9 oS E R 0T vsR Bl AP GHEAL P R e "

i nt er f er enc @afenpappNES orAgRAbOgo 108/ 513038! fled 76 EEcefrthrQ bdHand eititlNAFABPONd can
al so be used in the internediate-fre uenc% anplifiers used for 30 QAM DTV

si gnal s 15 buREGERBERSSAR BECBRKING RATH ¥ SR £aN) QAM PIGETALI BRIV t o
provi de SIGNALS. U. S. patents Nos. 5,506,636 and 5,715,012 and U. S. patent application

serial No. 08/266,753 were written presuming that the carrier frequency of a VSB

’

DTV signal would be 625 kHz above lowest channel frequency, as earlier proposed
by a subcommittee of the Advanced Television Systems Committee. This

20  specification presumes that the carrier frequency of a VSB DTV signal is nominally
310 kHz above lowest channel frequency, as specified in Annex A of the Digital
Television Standard published 16 September 1995.

In U. S. patent application serial No.08/826,790 filed 24 March 1997 and
entitled DTV RECEIVER WITH FILTER IN I-F CIRCUITRY TO SUPPRESS
25 FM SOUND CARRIER OF NTSC CO-CHANNEL INTERFERING SIGNAL
the inventor describes the desirability of using trap filtering for NTSC sound in the
intermediate-frequency amplifiers used for VSB DTV signals in order to facilitate the
suppression of co-channel interference from NTSC analog TV signals. Trap filtering
for NTSC sound can also be used in the intermediate-frequency amplifiers used for
30 QAMDTY signals, but is not usually considered necessary. It is difficult to provide

trap filtering for NTSC sound without some phase distortion in the passband close to



trap filtering for NTSC sound wi thout sone phase distortion in the passband
close to -5- the frequencies.the trap filter suppresses and accordingly
it may be desirable to avoid the use of the trap filtering in the IF
anplifiers for QMM signals. It may al so be possible to reduce co-channel
interference from NTSC video carrier and chroma subcarrier by trap
filtering at those frequencies in the L& anplifiers 5 for VSB signal

wi t hout introducing unacceptable error into the VSB synbol coding. If such
trap filter ithagfrd‘,cglefle'asihbltleap f' lter swppketséseind @s¢ordingly it magbeiddsitdbee wsof this
trap filteri he | F.a |f|er for QAM signal s. In recepti on apparatus
haang | F a qf TRpftar I% Rl ’@Fﬁaﬁ% sidlsng separate |F
anplifiers used for VSB DTV si gnal s, it is preferable to continue 10

synchrodyni ng t oihaspbrhde bassim@tdﬂﬂegﬁéeaéo Jh%ﬁﬁé‘r?meff@zteﬂéé fr$+mrFs anp({ég anal og

reginme. That is, the response of the response aof the fin Ifier for
VSB DTV si gﬁ@nr@r prd ehrping spleafresr iyl tyapSiitecing @umnmfre@enasehahd IF amplifiedi gi t al

dth t S. t ent
oo 5 475, a3 VSE i n iR Eing JateckplRals BHEF e siecy Syl cofindbToR.
W TH BANDPASSRHASE filferi mleAswsﬁﬁ HelebitapEN dWid e T o iRFHREpVER  and
t he responsg, of the final |F anplifier for QAM DIV signals is sti II

preferably ﬁEPr% BH‘FﬁéEIaF’@11§&f§éWaQGMﬁ ple digital regi-me as described in
U S. patent No. 5 715, 012. These synchrodyni ng procedures are still

arriers of the OANFaRGoR affbrith Bt BRI Gre SRRRTOAN fiaghs d g™
rate u fs ed glhavmg stpaeatel i[l@amphﬁd:rs asedofor UBBS]tBTVrs_ﬁmﬁp?uepﬁ,efeim{letb ?ﬁjmmt; ng rate
is prefera moni rate is facilitates the storage
of gl gi f g 5%'?%?9‘%%’?“&{8 %G?eg’f‘?fgmft% gbg“F‘HF%’l"FFemﬂa?féhW Bdhe Aralegragimeli gi t al
menory, for 'Iﬂﬁﬁs I the E&%ox@e%'f% reﬁib%é"éﬁﬂé( ﬁhQQF%xgﬂﬁﬁl" for3, §§H!W’ ‘g%n §ETHE

| NVENTI ON 2 radi o receiver recelving a selected digi %al
t el evi si on §ﬁ11én@|ferablb'rsascrhé@dyn@é tQ)baSﬂb@ﬂhmtha digital regime as described by C. B.

fotevi si on Lrhald BE 1Rt Bl ibheRingd AR Bl o Eidhmbae b o'
i nt er nedi at end &gitle@ PIGIENIL VISEEDETBCTORWIPANSANTP A S8 PRARY Ying a first
final 15 TRACKER, AS FOR INCLUSION IN AN HDTV RECEIVER: and the response

of the final IF amplifier for QAM DTV signals is still preferably synchrodyned to

baseband in the digital regime as described in U. S. patent No. 5,715,012.

These synchrodyning procedures are still preferably carried out using final
intermediate frequencies that place the carriers of the QAM and VSB signals at
20  submultiples of the sampling rate used during the digitization of these frequencies,
which sampling rate is preferably a harmonic of the symbol rate. This facilitates the
storage of digital descriptions of the final intermediate frequencies in digital memory,

for use in the digital synchrodyning procedures.
SUMMARY OF THE INVENTION

25 A radio receiver for receiving a selectéd digital television signal, irrespective
of whether it is a quadrature-amplitude-modulation (QAM) or a vestigial-sideband
(VSB) digital television signal, takes the following form in the invention. A first
intermediate-frequency amplifier chain is connected for supplying a first final

intermediate-frequency response to the selected digital television signal. A first



i nternedi at e-frequency response to the selected digital television signal.
A first -6- anal og-to-digital converter is connected for digitizing the
first final internediate-frequency response to generate a digitized first
final internedi ate-frequency response. QAM synchrodyning circuitry is
connected for generating real and inmaginary sanple streans of interleaved
QAM synbol code by 5 synchrodyning tlge digitized first final

i nt ernedi at e-frequency response to baseband providing it is a QA Msignal. A
second i nt esrhsh-wtdigfitileguesey igdmhediedfor diiizing thedtbeied for supplying a
second final] intermedi ate-frequency response to the selected digital

t el evi si on SigRsriateafrequeapyrespriise &R saneentyr digitizedfiretifingt i s connected for
digitizing fhe,s 5 AR i - erate a
i g1 1 zed 15T AT pIeARy ras Bl TERR o N oo PR S H6F

synchr odyni gepecitmguedirapd imaginapaanplt strosmg efiaterlcavgl QAMsmisslRpiebpt r eam of
i nterl egved VSE@ én.bol c(gde. b‘i s%/glchr,odyni ng the digitized second final

i ntermedi at ¥°€ a@ﬁg)’her iR brst §nplutehmelatsriraneRaYgesnonpetobagetandi gnal .
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DESCRI PTI ON OF THE DRAW NG Each of FI GURES 4is a bl
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FI GURES 1, $ncBrodpaing thodighizad becofy finMdn@AMdMtY-fEdqpay tohasnitanshang t he
digital regine, FIGJRE 6 Is a_block schematic diagram showi ng in greater
detai |l the BiOVIiRgitys 3¥SB signabach of FIGURES 1, 2, 3 and 4 for
synchrodyni ng VSB DTV signhal to

In certain preferred embodiments of the invention the second
15  intermediate-frequency amplifier chain is constructed so the second final
intermediate-frequency response is more selective than the first final
intermediate-frequency response, so as to exclude substantial response to most of the
audio carrier of the accompanying co-channel analog television signal, if such
co-channel analog television signal obtains.
20

BRIEF DESCRIPTION OF THE DRAWING

Each of FIGURES 1, 2, 3 and 4 is a block schematic diagram of the radio

receiver portions of a DTV receiver constructed in accordance with the invention.

FIGURE 5 is a block schematic diagram showing in greater detail the circuitry
25  used in each of FIGURES 1, 2, 3 and 4 for synchrodyning QAM DTV signal to

baseband in the digital regime.

FIGURE 6 is a block schematic diagram showing in greater detail the circuitry
used in each of FIGURES 1, 2, 3 and 4 for synchrodyning VSB DTV signal to

baseband in the digital regime.



baseband in the digital regine. -7- FIGURE 7 is a detailed block
schematic diagramof circuitry for providing the sanple clock generator,
the | ook-up table read-only nenories (ROVWs) for supplying digital
descriptions of the conplex carriers used for synchrodyning digital QAM
signals and digital VSB signals at final IF signal frequencies each to
baseband, and 5 the address generators for those ROVs, which circuitry is
included in certain DTV signal radio receivers of the types shown in
FIGURES 1, 2, 3 &GURE Fﬁﬂﬁ%&ai&dﬂﬂo& slohemzkti@ctihgrutdfmixdhiagrfanpmh'mﬁ\ﬁggle
receive i.ons of .which
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oscillations 15 used to heterodyne a penultimate internediate-frequency

band centered at 44 Miz down to variaqus, final internediate-frequency bands
for VSB signal s, [REERES g2 bleek sdsmatic diegepyionies remaiing perioas ofhsve t he

full si debR?jl"V '?ecfef\ﬁ;gsu eoe?\gn% goﬂu}ngﬁf DAY b OB 15'%1%??,32,I3heg| 4 nal IF

band. FI QU reguenci es
oscill ator used 20 |n the radi o receiver portions shown in FIGURES 1 and 3
to supply the osdIGURE Bisa ubkedbfidesipe frequetiyiee far the thildtlbem oecillator used in
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DETAI LED DESerpysTim mp@th-f@hmyfoh@SrfadQéM exgealeer portions of a DTV
receiver construct ed in accordance with the invention, which receiver is

capabl e of receiw mi@g%ogﬁgﬁ‘@?pg&\%ﬁi% P VhinHtbout o&ARS S22 1 1S

a representative 'source o
in the radio receiver portions shown in FIGURES 1 and 3 to supply the oscillations

15  used to heterodyne a penultimate intermediate-frequency band centered at 44 MHz
down to various final intermediate-frequency bands for VSB signals, presuming the
vestigial sideband to be located above the full sideband in frequency both in the
penultimate IF band and the final IF band.

FIGURE 11 is a table of design frequencies for the third local oscillator used
20  in the radio receiver portions shown in FIGURES 1 and 3 to supply the oscillations
used to heterodyne a penultimate intermediate-frequency band centered at 44 MHz

down to various final intermediate-frequency bands for VSB signals, presuming the
vestigial sideband to be located below the full sideband in frequency in both in the

penultimate IF band and in the final IF band.

25 | ' DETAILED DESCRIPTION

FIGURE 1 shows the radio receiver portions of a DTV receiver constructed in
accordance with the invention, which receiver is capable of receiving either QAM or

VSB digital TV signals. An antenna 1 is a representative source of TV signals in ultra



hi gh frequency (UHF) band, or possibly in the very high frequency (VHF)
band, which TV signals are applied to a radi o-frequency (RF) anplifier 2.
The RF anplifier 2 is provided with a tracking pre-selection filter for
selecting a portion of the one of the television broadcast bands the

tel evision signal selected for reception reposes in. 5 The RF anplifier 2
is reverse-ACC d in del ayed response tQ AGC signals applied to RF anplifier
2 via an AGC delay circuit 3. The RF anplifier 2 supplies anplified
response t ohighdreguéreyi (SIHH) bandjroalpossitlg di the vieny higk freghénen (VEIFpdaad, el ed
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associ at ed
bandwidth, which passband is symmetrical around a midband frequency. The final IF

signal from the third mixer 18 is digitized by an analog-to-digital converter 19 for
application to digital synchrodyne circuitry 4, which synchronously detects in-phase
20 (I) QAM carrier wave modulation and synchronously detects quadrature-phase (Q)

QAM carrier wave modulation.

The second IF amplifier chain comprises the connection of a respective first

mixer 21, a high-intermediate-frequency-band (UHF) buffer amplifier 22, a
surface-acoustic-wave (SAW) filter 23 designed for VSB DTV signal reception, a

25  respective second mixer 24, a low-intermediate-frequency-band (VHF) buffer
amplifier 25, a surface-acoustic-wave (SAW) filter 26 designed for flat response over
at least a 6 MHz bandwidth, an automatic-gain-controlled -
low-intermediate-frequency-band (VHF) amplifier 27, and a third mixer 28 for
supplying a final intermediate-frequency signal. The SAW filter 23 is designed to

30  have a trap for a substantial portion of the subspectrum associated with the

frequency-modulated audio carrier of any co-channel interfering NTSC arialog TV



f'requéncy- nodul at ed audi o carrier of any co-channel interfering NTSC anal og
TV signal, but otherwise to exhibit as flat a response possible for VSB
DTV carrier nodul ation. The final IF signal fromthe third mxer 28 is
digitized by an anal og-to-digital converter 29 for application to digital
synchrodyne circuitry 5, which synchronously detects in-phase (1) VSB
carrier wave nodul ati on and synchronou%Iy 5 det ect s quadrat ur e- phase (Q
VSB carrier wave nodul ation.. A first Tocal oscillator 10 with automatic
fine tuni ngsighdl,Hut dthippvise 3o axiibipas ﬂﬁt&treipbﬂy@%dsglb% ©e3ISB DTVharfier st m xers
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sensi ti vl t ydgscts ﬂ‘éadéﬁbﬁrph?é% @bﬁ§ﬁlcﬂﬁle§l‘”§ﬁ%@°ﬂl‘ §O®ncy to AFT si gnal being
substantially the same for all received TV channels. The first mixers 11
and 21 mutiplicapiygi %cﬂ‘cﬁcﬁl%r $6WaMhlRtbdatic fidedthifs Emyﬁﬁ?}iesﬂ gnal with
the super-heterodyni ng signal to generate an internedi ate-frequency signal
in a high-isuper-heldicdlysingrsegnpabloche ﬁmdw(emHF; andahu Vdadhamfpr@fh@bfy oft mixers
11 and 21 c a f,espect ter f essi n f. that
F ogna | ROTL PRk IFRRE R et Shee AR R FERLE Atirs BBy

si gnal SUDplchIObsbNIatdaqol?EuﬁﬁuyIafﬁeqneri%ylsgntué&m\f@rrge@eraw%tﬁee first mxers 11
and 21 so as to be 20 nomnally centered at an ultra h frequency above
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of the first mixers 11 and 21 comprises a respective filter for suppressing the image of
that IF signal in its output signal. The 6-MHz-wide selected radio-frequency signal
supplied by the RF amplifier 2 is upconverted by the first mixers 11 and 21 so as to be
20  nominally centered at an ultra-high frequency above that portion of the UHF band
containing assigned channels for television broadcasting, placing the image
frequencies well above 1 GHz so they are easily rejected by bandpass coupling
networks at the outputs of the first mixers 11 and 21. By way of example, the UHF IF
signal can be centered at 920 MHz. Gallium arsenide SAW filters 13 and 23 can be

25  operated satisfactorily in this frequency range.

A local oscillator 20, which preferably.is of a crystal-controlled type, supplies
a heterodyning signal of stable fixed frequency to the second mixers 14 and 24, which
are preferably each of a doubly-balanced linear-multiplication type. The second
mixers 14 and 24 are for downconverting the responses of the SAW filters 13 and 23
30 to alow-intermediate-frequency band (VHF), typically centered at about 44 MHz as



30 to a | owintermediate-frequency band (VHF), typically centered at
about, 44 MHz as -10- comon in analog TV practice. Lithium niobate SAW
filters 15 and 25 can be operated satisfactorily in this freqguency range.
The UHF I F signal supplied fromthe first mxer 11 is applied via the
buffer anplifier 12 to the SAWfilter 13 having a substantially

| i near - phase, flat-anplitude 5 response that has -1 dB to -1 dB bandw dth
of substantially 6 MHz. The buffer anpt}¥ier 12 provides fixed gain to nmake
up the 10 - cbR2inet innaelogiTONplaesc. Afithivie nAUYeld A Wesiliek315Rsk 88 Laeise t he SAW
filter 13 froma flxed squrce i npedance chosen to avoi d unwant ed

refl ecti ons OPFHE rséﬁffé%@}’dﬂ thip dregpency ranger 13 and UHF | ocal oscill ations
fromthe second | ocal oscillator 20 are applied as first and second i nput
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ne Cir U|try 4 is designed for respondlng to

(ZgiM DTV si gﬁé’ﬁlje% gAtVYiI%Ete‘f :'?g teripey ¢ ?ﬁ‘i@ﬂﬁ’é‘@%@nﬂ*‘écﬂféhﬂzi}r%ﬂ:gmhﬁ@ recover
respective 'cHaxHh%Ebﬁfr’%r agﬂﬂlmgg(g ‘H'(Fe% fg{gggglp(t@n%?%s%ﬁ%swaﬁl s that are

descriptive of QAM sy ier order to
secure $peedysesiparlass afithe SAW fiter Hdnd drives the SAW filter 16 from a fixed source

impedance chosen to avoid unwanted reflections. The SAW filter 16 response to the

first VHF intermediate-frequency signal supplies the input signal of the
automatic-gain-controlled low-intermediate-frequency-band (VHF) amplifier 17. The
response of the AGC’d IF amplifier 17 and VHF local oscillations from a

20  voltage-controlled third local oscillator 30A are applied as first and second inpuf
signals, respectively, to the third mixer 18. The third mixer 18 is for downconverting
the amplified first VHF intermediate-frequency signal from the AGC’d IF amplifier

17 to generate a first final intermediate-frequency signal offset a few MHz from
baseband.

25 Digital Synchrodyne circuitry 4 is designed for responding to QAM DTV
signal in this first final intermediate-frequency signal to recover respective in-phase
(I) and quadrature-phase (Q) baseband signals that are descriptive of QAM symbols.
A digital multiplier 31, which in order to secure speedy operation is preferably
implemented in read-only memory (ROM), multiplies these I and Q baseband signals
30  together. The resulting product which contains samples descriptive of a

low-frequency beat term and of a term at twice symbol rate is converted to analog



i hpl emented in read-only nmenory (ROM, nultiplies these | and Q baseband
sighals 30 together. The resulting product which contains sanples
descriptive of a lowfrequency beat termand of a termat tw ce synbol rate
is converted to anal og formby a digital -to-anal og converter 32. The
termat twice synbol rate in the ADC 32 response is supplied to an
automatic frequency and phase control dgfector 33, and the AFPC detector 33
response adjusts the frequency and phaseof the voltage-contrqglled third

| ocal osci |foahdby a3ligitdlaotaaalogeonveetet 32 Thernracyvibesimbat raeiimtfe ADChe ADC
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audio carrier of any co-channel interfering NTSC analog TV signal will lie. The

buffer amplifier 22 provides fixed gain to make up the 10 - 12 dB insertion loss of the
SAW filter 23 and drives the SAW filter 23 from a fixed source impedance chosen to

20  avoidunwanted reflections. The response of the SAW filter 23 and UHF local
oscillations from the second local oscillator 20 are applied as first and second input
signals, respectively, to the second mixer 24 for downconverting the SAW filter 23
response to generate a second VHF intermediate-frequency signal. The SAW filter 26

* has a substantially linear-phase response over a bandwidth in excess of 6 MHz, so that

25  the earlier SAW filter 23 determines the channel characteristics of the second IF
amplifier chain. The buffer amplifier 25 provides fixed gain to make up the 10 - 12
dB insertion loss of the SAW filter 26 and drives the SAW filter 26 from a fixed
source impedance chosen to avoid unwanted reflections. The SAW filter 26 response
to the second VHF intermediate-frequency signal supplies the input signal of the

30  automatic-gain-controlled low-intermediate-frequency-band (VHF) amplifier 27. The
response of the AGC’d IF amplifier 27 and VHF local oscillations from a



source i npedance chosen to avoid unwanted reflections. The SAWfilter 26
response to the second VHF internedi ate-frequency signal supplies the input
signal of the 30 aut omati c-gai n-control | ed

| ow i nt er nedi at e-frequency-band (VHF) anplifier 27. The response of the
AGC d IF anplifier 27 and VHF | ocal oscillations froma -12-

vol tage-controlled third | ocal oscillatpy. 30B are applied as first and

second input signals, respectively, to the third mxer 28. The third m xer
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converted to analog formby a digital-to-anal og converter 35, and a | owpass
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digital nodulation in the |low | F-band anplifier 27 response, reverse AGC is
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of ATSC_si g%&!ﬂ'ﬁfi | ot carrier by the VSB pilot carrier presence detector 39
are used’as Typrnalog rRIveRs 3, andha irmeyniliers38 extracts prdireel tem fomsthe

Responsi ve tap&hs résgindl foPhpfibfibelo thE RIRALBaflPLRot R 23 %s b 9o RlakiSain

control (AGC) voltage and to the AGC delay circuit 3 to be used in the gain control of

the RF amplifier 2 during VSB DTV reception. In order better to preserve linearity of
the digital modulation in the low-IF-band amplifier 27 response, reverse AGC is

20  employed with this amplifier. The presence or absence in the ADC 35 response of a
direct term arising from the synchronous detection of ATSC signal pilot carrier is

sensed by a threshold detector 39 operating as a VSB pilot carrier presence detector.

Indication of the presence or absence of ATSC signal pilot carrier by
the VSB pilot carrier presence detector 39 are used as control signal by a synchrodyne
25  result selector 6. Responsive to the VSB pilot carrier presence detector 39 indicating
~ the absence of ATSC signal pilot carrier, the synchrodyne result selector 6 selects the
in-phase baseband signal from the digital synchrodyne circuitry 4 for application to an
amplitude-and-group-delay equalizer 7 as real sample stream and selects the
quadrature-phase baseband signal from the digital synchrodyne circuitry 4 for
30  application to the equalizer 7 as imaginary sample stream. The two selection

procedures are performed synchronously, rather than in staggered phase. Presuming



t he absence of ATSC signal pilot carrier, the synchrodyne result selector 6
sel ects the in-phase baseband .signal fromthe digital synchrodyne circuitry
4 for application to an anplitude-and-group-delay equalizer 7 as real
sanple stream and sel ects the quadrat ure-phase baseband signal fromthe
digital synchrodyne circuitry 4 for 30 application to the equalizer 7 as
I mgi nary sanple stream The two sel ectjzon procedures are perforned
synchronously, rather than in sta})ggered phase. Presum ng -13- the sanple
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In FIGURE 1, responsive to the VSB pilot carrier presence detector 39

indicating the presence of ATSC signal pilot carrier, the synchrodyne result selector 6
selects the in-phase baseband signal from the digital synchrodyne circuitry 5 for

20  application to the amplitude-and-group-delay equalizer 7 as a real sample stream and
selects a stream of arithmetic zeroes for application to the equalizer 7 as an imaginary
sample stream. Presuming the sample rate in each stream to be 21.52 * 10° samples
per second, the equalizer 7 can be conditioned to operate as a fractional equalizer
during VSB AM reception, with the digital filter circuitry in the equalizer clocked at

25  the 21.52 * 10° samples per second rate, which is twice baud rate for the VSB AM
symbols. Alternatively, the equalizer 7 can be provided with a rate reduction filter at
its input. Still presuming the sample rate in each stream to be 21.52 * 10° samples per
second, the rate reduction filter can resample to the 10.76* 10° samples per second
baud rate for VSB AM, to operate the equalizer 7 as a synchronous equalizer, or can

30  resample to a lower rate, such as 4/3 baud rate, to operate the equalizer 7 as a

fractional equalizer with fewer taps. If the equalizer 7 is operated as a fractional



during VSB AMreception, with the digital filter circuitry in the equalizer
cl ocked at 25 the 21.52 * 106 sanples per second rate, which is twce
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baud rate for VSB AM to operate the equalizer 7 as a synchronous
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SAW filter 23 response applied to the second mixer 24 as first input signal. The use
of a single second local oscillator 20, rather than a single third local oscillator 30, is
preferred. Because of their lower frequency of oscillation, there is 1c=:ss likelihood of
20  interaction between the separate third local oscillators 30A and 30B than between

separate second local oscillators 20A and 20B.

FIGURES 3 and 4 show variants of the radio receiver portions shown in
FIGURES 1 and 2, respectively. In these variants the separate first mixers 11 and 21
are replaced by a single first mixer 9, which supplies intermediate-frequency signal in
25 a hjgh-intermediate-frequency-band as input éignal both to high-IF-band buffer
amplifier 12 and to high-IF-band buffer amplifier 22. The buffer amplifiers 12 and 22
.preclude any intefactions between the SAW filters 13 and 32 arising from being .

driven directly from the single first mixer 9 as a common source.

FIGURE 5 shows in more detail the digital circﬁitry 4 for synchrodyning
30 QAMDTV signals to baseband. The QAM synchrodyning circuitry 4 includes the
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mul tiplier 44 thesige Bﬁfh%t@AM'&mer that are read from a look-up table 492 in the ROM 49.
The QAM quadrature-phase synchronous detector 45 includes the multiplier 43, the
multiplier 44, and the subtractor 47 for subtracting the product output signal of the
20  multiplier 43 from the product output signal of the multiplier 44 to generate the
imaginary portion of the output signal of the QAM synchrodyning circuitry 4. The
third digital multiplier 43 multiplies the real digital samples of final IF signal supplied
from the real-to-complex-sample converter 48 by digital samples descriptive of the
_ sine of the QAM carrier that are read from the look-up table 492 in the ROM 49, and
25  the fourth digital multiplier 44 multiplies the imaginary digital samples of final IF
signal supplied from the real-to-complex-sample converter 48 by digital samples
descriptive of the cosine of the QAM carrier that are read from the look-up table 491
in the ROM 49. |

FIGURE 6 shows in more detail the digital circuitry 5 for synchrodyning VSB
30 DTV signals to baseband. The VSB synchrodyning circuitry 5 includes the VSB

in-phase synchronous detector 50 for generating the real portion of its output signal
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The VSB quadrature-phase synchronous detector 55 includes the multiplier 53, the

multiplier 54, and the subtractor 57 for subtracting the product output signal of the
multiplier 53 from the product output signal of the multiplier 54 to generate the

20  imaginary portion of the output signal of the VSB synchrodyning circuitry 5. The
third digital multiplier 53 multiplies the real digital samples of final IF signal supplied
from the real-to-complex-sample converter 58 by digital samples descriptive of the
sine of the VSB carrier that are read from the look-up table 592 in the ROM 59, and
the fourth digital multiplier 54 multipliés the imaginary digital samples of final IF

25 | signal supplied from the real-to-complex-sample converter 24 by digital samples
descriptive of the cosine of the VSB carrier that are read from the look-up table 591 in
the ROM 59.

FIGURE 7 shows in detail a representative construction of the sample clock
generator 8. This construction includes a voltage-controlled oscillator 80 that
30  generates cissoidal oscillations nominally of 21.52 MHz frequency. The oscillator 80

is a controlled oscillator, the frequency and phase of its oscillations being controllied



mul tiplier 53 fromthe product output signal of the multiplier 54 to
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signal used by rate reduction filtering in the equalizer 7.

The 21.52 MHz reference carrier supplied from the VCO 80 is generated by
extracting a component of the recéived DTYV signal as synchrodyned to baseband,

20  which component is of a frequency that is a subharmonic of the symbol frequency (or
baud frequency), and multiplying that subharmonic of the symbol frequency by an
appropriate factor in frequency multiplier circuitry. The details of this procedure will
now be specifically described, first presuming the received DTV signal is a VSB

- signal with a 10.76 MHz symbol frequency or baud rate, and then presuming the

25  received DTV signal is a QAM signal with a 5.38 MHz symbol frequency or baud

rate.

A digital multiplexer 86 responds to the pilot carrier presence detectof 21
detecting pilot carrier éccompanying the received DTV signal, which is indicative that
the received DTV signal is a VSB signal, to select the real samples of this signal

30  supplied from the VSB in-phase synchronous detector 50 for applicationto a
bandpass FIR digital filter 87 that provides a selective response centered at 5.38 MHz,
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- reference carrier supplied fromthe VCO 80 is generated by extracting a
conponent of the received DTV signal as synchrodyned to baseband, 20
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bandpas®® FI FSBPRsF captered)af 2,69 3He dorrselseiing the 269 Mlzdus| S\thannomc of the
symbol frequency of a baseband QAM signal supplies input signal to the squaring

circuit 8A, which generates harmonics of the filter 8B response including a strong
5.38 MHz component. This baseband QAM signal can be supplied either from the
QAM in-phase synchronous detector 40, as shown in FIGURE 7, or from the QAM

20 quadrature-phase synchronous detector 45. The squaring circuit 8A is shown in
FIGURE 7 as a digital multiplier receiving the filter 8B response both as multiplier
and multiplicand. The squaring circuit 8A can be constructed from logic gates as a
digital multiplier, but for the sake of speedier operation is better provided by a ROM
storing a look-up table of squares. An absolute-value circuit can be used as a

25  substitute for the squaring circuit in generating harmonics of the response of a

preceding filter, but produces weaker second harmonics and so is not preferred.

FIGURE 7 also shows a representative construction of a first address
generator 60 that supplies addresses to a cosine look-up table portion 491 and a sine
look-up table portion 492 of the ROM 49 that provides complex-number digital

30  descriptions of two phasings of the QAM carrier, as translated to a final intermediate

frequency and in quadrature relationship with each other. Transitions of the first
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signal and 5115454 issued 19 May 1992 to A. D. Kucar, entitled METHOD AND
APPARATUS FOR CARRIER SYNCHRONIZATION AND DATA
DETECTION, and incorporated herein by reference. A digital lowpass filter 64

20  averages over maﬁy samples (e. g., several million) the misphasing of the symbol
clockihg done at the receiver as detected by the symbol-clock-rotation detector 63 to
generate the first address correction signal supplied to the adder 62 to correct the basic
first address. Averaging over so many samples can be done by procedures which
- accumulate lesser numbers of samples and dump them forward at a reduced sample
25  rate for further accumulation, accumulation and subsampling being repeated a few

times with progressively lower subsampling rates.

FIGURE 7 also shows a representative construction of a second address
generator 70 that supplies addresses to a cosine look-up table portion 591 and a sine
look-up table portion 592 of the ROM 59 that provides complex-number digital

30  descriptions of two phasings of the VSB carrier, as translated to a final intermediate

frequency and in quadrature relationship with each other. Transitions of the first



synmbol’ cl ocking done at the transmitter, as evidenced in the received QAM
signal heterodyned to a final internediate frequency that is a subnmultiple .
of its synmbol 15 frequency. Several types of synbol -clock-rotation
detector 63 are described and background literature describing certain of
them are catalogued in U S. patent No. 5,115,454 issued 19 May 1992 to A
D. Kucar, entitled METHOD AND APPARATUS EOR CARRI ER SYNCHRONI ZATI ON AND
DATA DETECTI ON, and i ncorporated herein” ({7 reference. A digital |owpass
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second address signal. This basic second address signal is applied-as a
first sufmarptior o thedtibyingapphiciarinpat signabtocoquintizet’ds which spprlies dke si gnal |

which is applied to the,adder 72 as _a.secqnd,summand Q. ic 5
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peri ods 10 NEREs SHEEN I VSR SEht] TitriBes (B RRo) 1601 MR pihes 0
74, whi dis supphtigs 74he its output signal has the corresponding quantizer 74 input signal

ate
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subtracted therefrom by a digital adder/subtractor 75, which is operated as a clocked
element by including a clocked latch at its output. The difference output signal from
the adder/ subtractor 75 describes the departure of the symbol levels actually
recovered from those that should be recovered, but whether the polarity of the

20  departure is attributable to symbol misphasing being leading or lagging remains to be

resolved.

The samples from the in-phase synchronous detector 50 applied as input signal

to the clocked digital delay line 73 are applied without delay as input signal to a
mean-square-error gradient detection filter 76. The filter 76 is a

25 finite-impulse-response (FIR) digital filter having a (-1/2), 1, 0, (-1), (+1/2) kemel, the
operation of which is clocked by the first sampling clock. The prescribed number of
sample periods of delay provided by the clocked digital delay line 73 is such that filter
76 response is in temporal alignment with the difference signal from the
adder/subtractor 75. A digital multiplier 77 multiplies the difference signal from the

30  adder/subtractor 75 with the filter 76 response to resolve this issue. The sign bit and

the next most significant bit of the two’s complement filter 76 response suffice for the



guanti zation |l evel nost closely approxi mted by the sanple currently
received by the quantizer 74 as input signal. The quantization | evels can
be inferred fromthe energy of the pilot carrier acconpanying the VSB
signal or can be inferred fromthe result of envel ope detection of the VSB
signal. The closest quantization |level selected by the 15 quanti zer 74 as
Its output signal has the correspondi ng-gjuanti zer 74 i nput signal
subtracted therefromby a digital adder/subtractor 75, which is operated as
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techni ques used in the second addreSs gener at are of
the sank’ geflemant; instradqan igputigignal togthe quantizersBcwith e equisitsmumbdrivfpul se

anpl i tude ”ﬁ%ﬂl@f)&%ﬁs(o?éway %Igcﬂg ldﬁ'feirenncg stsgnglafpoenr1 tﬁeTailﬂegg.lb?r%gt%\rl 95 %eing
temporally aligned with the filter 76 response is taken from the tapped digital delay
line included in the filter 76 for supplying differentially delayed samples to be

weighted by the (-1/2), 1, 0, (-1), (+1/2) kemel before being summed to generate the
20  filter 76 response.

FIGURE 8 shows the amplitude-and-group-delay equalizer 7, 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 minimizes the likelihood of inter-symbol error. The

25  amplitude-and-group-delay equalizer 7 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
filter used for amplitude-and-group-delay equalization, the tap weights of which filter
are programmable; circuitry for selectively accumulating training signal and
temporarily storing the accumulation results; and a microcomputer for comparing the |

30 temporarily stored accumulation results with an ideal training signal as known a



for Equalized Partial - Response Systens, |EEE Transactions on
Commruni cati ons, 10 Dec. 1976, pp. 1326 - 1330. These synbol
synchroni zati on techni ques as used in connection with synbol

synchroni zation for VSB signals are specifically described by C. B. Patel
and the inventor in their earlier-filed applications referenced earlier in
this specification. In preferred designsggf the general type of second

address generator 70 shown in FIGURE 7, fthe clocked digital delay line 73

does not expsiriamddosenariaing ubdated edpeweights of ffetR@tpleatp did! fikérdRad fdro t he

quantizer 74 with the requisite nunber of sanple periods of delay for the
di fference §F’§h%def@érﬁr?%d%l%§‘wa§ﬁﬁt%ct or 75 being tenporally aligned
with the filter 76 response is taken fromthe tapped digital delay I'ine

i ncluded in the fi r tnge i Eerenti gl les to
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for selectively accunulating training signal and tenporarily storing the
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nul ti pl e-t apptiingl Vittrbi dédodinguectaidues arrqabtoindflBr @nslogedd s Bah@rior art,

equal i zation. The real response of the angl i tude-and- gr ogg—de_ ay equali zer
7 is appli e@28er ofshe smbpidecedsd skigital data sesasmathaishabnbeldeseling cissuieyi t r y
91, which pejf t : ' at : ~-decoded
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except the initial data segne f.each data .
P signal, 15 generated usglg (ﬂ&a-ﬁlclng proced%res without subsequent trellis decoding.

The symbol decoding circuitry 91 preferably departs.from usual prior-art practice by
utilizing data-slicing techniques similar to those described by the inventor in U. S.
patent No. 5,748,226 issued 5 May 1998, entitled DIGITAL TELEVISION

20 RECEIVER WITH ADAPTIVE FILTER CIRCUITRY FOR SUPPRESSING
NTSC CO-CHANNEL INTERFERENCE, and incorporated herein by reference.

Both the real and the imaginary responses of the amplitude-and-group-delay

equalizer 7 are-applied as input signal to two-dimensional symbol decoding circuitry
92, which performs the symbol decoding that recovers symbol-decoded digital data

25  streams from a QAM-origin signal. Presuming that the QAM-origin signal contains
data synchronizing information corresponding with that in the VSB-origin signal, one
of these symbol-decoded digital data streams is a trellis-decoded digital data stream
supplied for further data processing, and another of these symbol-decoded digital data
streams is generated by data-slicing without subsequent trellis decoding. This latter

30  symbol-decoded digital data stream is employed for controlling data handling by the



field, which contains field synchronization code groups that are not
subject to trellis coding. As in the prior art, one of the synbol -decoded
digital data streans that the 10 synbol decoding circuitry 91 supplies,
which is to be enployed for further data processing is generated by
trellis-decoding the results of data-slicing procedures, and opti nal
Viterbi decoding techniques are custonas4{ly enployed. As in the prior art,
anot her of the synbol -decoded digital data streans that the synbol decodi ng
circuitry Sfecsivpplesmisivelié SfhchfontAtibe irfoiph e dohtained dNtheqkbddivg dat a
handl i ng by_the recejver 15 responsive to synchronization information
cont ai ned i ¥SBherigiB&ignaled QAM origin signal, is generated using
data-slicing procedures wthout subsequent trellis decoding. The synbol
decoding ci ' Ul t iyeiBilal Rt PRI AP IR RER AT BHALLRY Rl tna AL c@ DY
utilizing data-slicrng techniques simlar to those described by the
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responsive to_synchronization information contained in the received
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of Two di g foutes SR BRIl i oo RRRRG A LG dcodhg bl SR IR 1Dy
t he VSBlYi | decodeethesgmbdisireczived iB ¢hef ¥8Bdizghelct i ng t he zero-frequency term of
the real sanples fromthe VSB synchrodyne circuitry 5.

The data selected by the data source selection multiplexer 93 are applied to a
data de-interleaver 94 as its input signal, and the de-interleaved data supplied from the
data de-interleaver 94 are applied to a Reed-Solomon decoder 95. The data
de-interleaver 94 is often constructed within its own monolithic IC and is made so as

20  to respond to the output indications from the VSB pilot carrier presence detector 39 to
select the de-interleaving algorithm suitable to the DT'\_/ signal currently being
received, whether it be of QAM or VSB type; this is a mere matter of design. The
Reed-Solomon decoder 95 is often constructed within its own monolithic IC and is
made so as to respond to the output indications from the VSB pilot carrier presence

25  detector 39 to select the appropriate Reed-Solomon decoding algorithm for the DTV
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 95 to a data de-randomizer 96, which responds to these data for regenerating
a signal randomized prior to transmission to the DTV receiver, which regenerated

30  signal cbmprises packets of data for a packet sorter 97. The data de-randomizer 96 is

made so as to respond to the output indications from the VSB pilot carrier presernice



When the zero-frequency termhas essentially zero energy, indicating the
absence of pilot carrier signal that acconpanies a VSB signal, the

mul ti pl exer 93 selectively responds to its first digital input signal,
selecting as the source of its digital data 10 out put the two-dinensional
synbol decoding circuitry 91 that decodes the synbols received in the QAM
signal . Wien the zero-frequency term haspgubstantial energy, indicating the
presence of pilot carrier signal that acconpanies a VSB signal, the
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synchroni z a?éc%@erryec?r%}ﬁﬁlryy%‘? | Wﬁgn {he3Qero-frequegc\:/}$a {ermthas sﬁjbs ant1a1 energy,
indicating the presence of pilot carrier signal that accompanies a VSB signal, the data
sync selector 100 selects for its output signals the data synchronizing information

provided by the data sync recovery circuitry 99.

20 When the data sync selector 100 selects for its output signals the data
synchronizing information provided by the data sync fecovery circuitry 99, the initial
data lines of each data field are selected for application to the
amplitude-and-group-delay equalizer 7 as training signal. The occurrences ot; two
consecutive 63-sample PN sequences are detected within the data sync recovery

25  circuitry 99 to provide data-field indexing information to the data sync selector 100.

The standards fora QAM DTV sigrial ;are not as well defined at this time as
the standards for a VSB DTV signal. A 32-state QAM signal provides sufficient
capacity for a single HDTV signal, without having to resort to compression
techniques outside MPEG standards, but commonly some compression techniques

30  outside MPEG standards are erﬁployed to encode the single HDTYV signal as a



5 s&nchronizing I nformation included in the data output of the

t wo- di nensi onal synbol decoding circuitry decoder 91, and second data
synchroni zation recovery circuitry 99 recovers the data synchroni zi ng

i nformation included in the data output of the one-di nensional synbol
decoding circuitry 92. A data sync selector 100 selects between the data
synchroni zing i nformati on as provi ded bg the data sync recovery 10
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data-field indexing information to the data _sync_ sel.ector 100. The

st andar ds fRFESSRCCANEEPRASingirating the ahegnce of pidet cagist; Fddhe VSBiranigne as t he
standards f | =St : Sl I ' I ci ent
capacity foérgé%aqg%{ﬁc‘gf:&e)g%wg% d’rrllgi%,(%&nc hcggﬁﬁlt avil%lgg‘H {ég t?@éggtlgﬁ%t%%ressi on
t echni ques szldcsord®@0MiEGBusheeddar amultipi¢xee.o Alsontheresisme detartpreessi on t echni ques
30 outside EG st.andards. a ed t.o.encode the single HDTV signal
as a - 255Ynegogizatien W}"ﬂsfi’rgém ﬁjﬁg%%m% &t Gﬁstgob?r&%??qcmsm- bit word
I's detegfed . GebVRRVEFNitR) S thciud¥s Shntifls SRBREH S Rhané | el d

I ndexi ﬁ%ti n?t%dr?}a{]?gﬁ@?%?%%pfi@gﬁ/on %tgy%he dat% s3l/1r11cgsel ector 100.n%

mul ti pl exer theistrnples itheactialate fesjdhto sapleratd intra-data-field synchronizing information.

This intra-data-field synchronizing information and the intra-data-field synchronizing

information (such as data line count) generated by the data sync recovery circuitry 99
are selected between by appropriate multiplexers in the data sync selector 100, for
20 applic_:ation to the data de-interleaver 94, the Reed-Solomon decoder 95, and the data

de-randomizer 96, as required.

Data synchronization can alternatively be accomplished before symbol
decoding, using match filters that generate spike responses to synchronization code
sequences in the selector 6 response or in the equalizer 7 response. | The filters that

25  generate spike responses to synchronization code sequences are preferably supplied
input signals with sampling rate reduced to the baud rate or symbol rate of ATSC
signal, rather than input signals being the oveli-sampled responses of synchrodyne
circuits 4 and 5, in order to reduce the number of samples in the respective kernel of
each match filter. The filters that generate spike responses to synchronization code

30  sequences are preferably connected to receive the equalizer 7 response to reduce the

effect that multi-path reception has on data synchronization.



100 sel ects between the data-field indexing information respectively
supplied by the 5 data sync recovery circuitry 98 and the data sync
recovery circuitry 99; the data-field indexing information thus selected is
supplied to the data de-interleaver 94, the Reed-Sol onon decoder 95, and
the data de-random zer 96. At the time this specification.is witten there
is no training signal included in the QAM DTV signal. Accordingly, the

anpl i t ude- and- gr oup-del ay equal i zer 7 i®6arranged to provide a flat 10

anpl i t ude- ver susThe PRIRN 1 b?fsgxﬁ% pldiets lof dhed F&ﬁggﬁ??ﬁpgﬁc%lg&?mg%%&{si\%t

carrier presence detector 39 in ting the absence o Ier, and
the VSB tr atmheadesiagliesin the bewcessivepackéte ofiddta Byuketsrof dataateycripitivewiftitey 99 i s

wi red through,the data el ector 100 wi t hout need for mul tipl exer.
Al so, ther eg'i‘%lo RETHERE & fﬁ%ﬁ%ﬁzyﬁ%g{?r&rﬁr & apRlisd %g it%%q‘i?toﬁo fsadigital

transmi ssi OBouridldet 6§ 110MOtrhe BExiREIRGH AecoaS: P01_1t§1|p§1i§§1%ﬁ%ﬁﬁlellﬂ& data sync

recovery circuitry 98 includes counting circul or counting the sanples
i n each dat dghi-ehagnelsteyeopbonicsoiind signalaitoes Plusl-thannet iudim amplifier YR2ahamt | on.

This intra-data-field nehr gni zj ng . Laf.or,mation the i.ntra-data-field
synchr oni zi ﬁﬂv?anlsphﬁ?lfs%ﬁgPoéﬁwakggag?’&%ﬁmj cm‘ﬁt{]‘%“b‘é‘??ﬁ?ﬁtﬂ‘@oof € YHEC dat a
Sync recovepyrtions 6£iheDTY Jrotiren 26d Aplied b) HiReRetR¥ralPr BRLIMPEGREcbid! exers
in the data sync selector 100, for 20 application to the data

de-i nt er | eaVB?. sugh ag ofMREEH2 SpeoFa l\éllélé@deq!old%,loiﬂmplir&ahqt&toatadiéi) latrdj(r)]mAZer
%6 \ . A ity g
bof ore synberEial (Esauchf Aha bl kO RinE o 8 ubEiBl ettty 16 i SFPAAS e

t 0 synchi onfferahé ristet setdnihgqifencEswing schen $€h Rifedtope 109S TREMPEG dedbdehe
equal i zer 7 rgslponse._ The filters, that 25  generate. SPi ke responses to
synchr oni zat PRAISe SURPlisE sigarle & th kineseaprdiriyer gmelifigss 1 88/1ar @pplying aypplifiedwi t h
sanpling ratg f8d rﬁ{)[ﬂ t DRy I,
rather than in u’té&g&g%%fas eluﬁ t rg\%gs%x?[sggﬁﬁagées{cgéeg%%elﬁtg a@é/r%(rﬁr odyne
circuits 4 thedDTBY receiwrdhown in FIGURES tl had uatidferaft disphayl desice mdytte used
respective ke

responses t Blsg{lgﬁlgﬁggmea?gﬁ}ogﬁg 5 f.lr’!%'%glgé %‘ge} %%ggﬁ%g%gﬁgﬁgt@%g '? ed
to receiye HiTRr&AlUdnk®BAg Jf HiERPICatdRo El%%l@le Ent Bénghlotctiabdtale i égi -path
recepti on has on data synchroni zati on. 26- The packet sorter 97 sorts
packets of siaple stereoghdiierepradugpipn systeni.ons, responsi ve
The real-to-complex-sample converters 48 and 58 can employ Hilbert
transform generation filters and delay compensation circuitry as described in U. S.
patent No. 5,479,449 incorporated herein by reference. Alternatively, the
20  real-to-complex-sample converters 48 and 58 can employ Rader filters as described
by C. B. Patel and the inventor in their U. S. patent No. 5,548,617 issued 20 October
1996, entitled DIGITAL VSB DETECTOR WITH BANDPASS PHASE
TRACKER USING RADER FILTERS, AS FOR USE IN AN HDTV
RECEIVER, and incorporated herein by reference. Or, the real-to-complex-sample
25  converters 48 and 58 can employ Ng filters as described by C. B. Patel aﬂd the
inventor in U. S. patent No. 5,731,848 issued 24 March 1998, entitled DIGITAL
VSB DETECTOR WITH BANDPASS PHASE TRACKER USING NG
FILTERS, AS FOR USE IN AN HDTV RECEIVER, and incorporated herein by

reference.

30 Preferably the lowest frequency of the final IF signal is above 1 MHz, to keep
the ratio of the highest frequency of the final IF signal thereto substantially below 8:1



t'o header codes in the successive packets of data. Packets of data
descriptive of the audio portions of the DTV program are applied by the
packet sorter 97 to a digital sound decoder 101. The digital sound decoder
101 supplies left-channel and 5 ri ght - channel stereophonic sound signals
to a plural -channel audio anmplifier 102 that drives the plurality of

| oudspeakers 103, 104. Packets of data descriptive of the video portions of
the DTV program are applied by the pacK@F'sorter 97 to an MPEG decoder 105,
such as of \Y) i I t and
verti cal (V)%(g%c b?oeﬁ‘?ez‘ﬂ’ﬁgﬁsf{g%qgﬁ?’ﬁg‘ﬁ? ﬁ%gg%%gp e#‘ﬁﬁe%ltg’?éé\rﬁg@r"?ld‘({ﬁs 106
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patent No. 5,479,449 incorporated herein by reference. Ater nativelﬁ/, t he
20 real -t o- conplisdavghipy & . doReisl and the fyyentor isthegddh SeppleniyNRae06.579 ters as

described b a t | I8 el :

5545, 617 | SETEhEBORR 2D woRed DYEFIRL VR CoQR S RHANAY 1Y
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refera e | owest. frequency .o i na signal is above.1.Mz, to
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subst antsal Iaya188lcoMieB siknals on a continuing basis.

If the sample rate in the ADC 19 is established by the first clock signal from
the sample clock generator 8 to be 21.52 * 10 samples per second, preferably the
final intermediate frequency to which the carrier of a QAM DTYV signal is translated
is not higher than 5.38 MHz, so that it can be sampled at least four times per cycle for

20  implementing carrier synchronization. If the QAM carrier of the final IF signal must
lie between 3.69 MHz and 5.38 MHz, inclusive, the QAM carrier could be at the 7
8™, 9™ or 10™ subharmonic of 43.05 MHz, for example. The 7™ subharmonic of
43.05 MHz and 3™ subharmonic of 21.52 MHz, 5.38 MHz, is a clear favorite for the
final intermediate frequency to which the QAM carrier should be translated. It

25  permits symmetries in the addressing of ROM 49 to be exploited to reduce the
number of actual storage locations required. From the standpoint of keeping down the

1" subharmonic of

number of actual storage locations required in the ROM 49, the 1
43.05 MHz and 5™ subharmonic of 21.52 MHz, 3.587 MHz, might be a suitable final
intermediate frequency to which the QAM carrier is translated, but the real-to-

30 complex-sample converter 48 must then be designe& to provide real-to-complex-

sample conversion down to 900 kHz.



-27- and thereby ease the filtering requirenents for the

real -t o-conpl ex-sanpl e converters 48 and 58. To satisfy this preference in
regard to the QAM signal alone, the |lowest carrier frequency for the QAM
carrier in the final IF signal is 3.69 Miz. To satisfy this preference in
regard to the VSB signal alone, the |lowest the carrier frequency for 5

the VSB carrier in the final IF signal S@uld be is 1.31 MHz, presumng its
full sideband to be above its vestigial“sSideband in frequency, or 6.38 Miz,
presum ng its fulrhe gisgeland dofidie RV, 6 S7gdlaigijgh sitdepangmi pyh o
frequency. As taught by C. B. Patel and the inventor in theirt U S patent
No. 5, 606, 578" subbapos of4h0 UMz, f@Ekamelet iIf thedaiDplel ravalin UBBADETZZGSOR W TH

FINAL |I-F 10 | E J SUBMULTI E SYMBOL TE S USE .| N HDTV
RECEI VER a%aq‘%@%liﬁt%ﬂ %crké:’?ﬁ‘ag o %fﬁ@%?“’?ﬁéf"?@ gr g%"r &I%A
preference &hgtsd sq?erraéc%d,qﬁegmba:smoxﬂﬁtmlgtéamrcmes)édfdp&dx fr@mbaseband in

the digital reginme be at a submiltiple of a multiple of the synbol rate.
Thi s makes Rueashi’giechnipeessnoncipe suécesifigliyt emplored walessghgyfindldntermediaid- onl y

menory, rather than havi to.di gitii ._anal ryier .si,gnals on a
cont mui ng. BE8ie%S fo Wit Meore ST P dehiles Bl Lot ® Bty e
first clockssggHE. iftaemilhedsRAP bethe VB sigdlas &t Y befow fts Restidial BrlebankD 6

sanpl es per second, preferably the final 1 nternediate frﬁi(}:)enc&/ to which

t he carri er irofrequenpytisrsample;reig injthe ADIN2Y musiche highes thaw el * 1hampless MHz,
so that it I t 1he i . I -

I mpl enent i nB%S?ﬁdZ@”%yﬁgﬂfo%Pzg"ﬁpé%%F f éct0 E@S@%ﬁ%ﬁaﬁiﬂgﬁé%eﬁg bTe iaﬁal | F
si gnal bust ldastes. SMiEe TSEaveid Medhighed sdmEs rdvtin the 2dDOQ 20 vihe filhaideYddr ri er

could be at .the 7th 8th, 9th or .10t h subharnmonic_of 43.05 .MHiz, for exanple.
The 7th subH’&r\Z%% is’c$“6‘fmﬂ%.?’Gﬁbﬂﬁzltsa%tl%‘ﬁ‘gm&k’ﬁﬂ%kfh%?ﬂ‘{?n‘&- IS 8uLeRts thag 33

MHz, is ac fiavari e f.ar Lnalsqi i : ich the
VR kol bpkqaslg i s Sl Btca gy gl

QAM carrier should be'trans
addr essi ng wheRaM satpleorateeindp ADIG 28is120. 52edil0? samples pemtseondpif the symbolst or age

| ocations required. .Fr t he st andpqi nt .of keepi down t he nunber of
act ual storé’é@ %‘PBE{E}’P‘@HE? chateﬂﬁ%otrrhgu ﬁ%f’{’}gﬂ‘éesﬂ? W€Subhar moni ¢ of
43.05 MHz and 5th subharnmonic of 21.52 MHz, 3.587 MHz, might be a suitable

final inpgernmedi atfgetchgidtenty USB sibhd Rs trbesl Mol itérmedidié fo@leatfor but
the real-to- 30 conpl ex-sanpl e converter 48 nust then _be designed to

provi de reaP¥RchradypisIgde bassham mustdipia thy rengafesirveenl -3 ipend 3.62 MHz,
inclusive, if the final IF signal is to have its carrier below its full sideband and is to be

be constrained to a 1 — 9 MHz frequency range. The 15" subharmonic, 2.690 MHz,
appears to be a good choice for the final intermediate frequency to which the VSB

20  carrier should be translated, viewed from the standpoint of reducing the size of carrier
look-up tables in ROM by utilizing symmetries in addressing. However, 2.690 MHz
is not the best choice if the QAM carrier in the final IF signal supplied to the
synchrodyne circui_try 4 is 5.381 MHz. In the FIGURE 1 and 3 radio receivers this is
because the nominal frequencies of the third local oscillators 30A and 30B are then

25  the same as each other; and in the FIGURE 2 and 4 radio receivers this is because the
nominal frequencies of the second local oscillators 20A and 20B are then the same as
each other. Oscillators nearby each other that are of nearly the same frequencies have
a tendency to oscillate in unison, which can adversely affect the ability to control

separately their respective frequencies.

30 The 31* subharmonic of 43.05 MHz, 1.345 MHz, which is the 15™
subharmonic of 21.52 MHz, appears to be another good choice for the final



-28- The VSB carrier could be at the 5th, 6th,7th,8th,9th, 10th , 11th
12th, 13th, 14th or 15th subharnmonic of 43.05 MHz, for exarrple If the
sanple rate in the ADC 29 is established by the first clock signal fromthe
sanpl e clock generator 8 to be the 21.52 * 106 sanpl es per second, the
synbol synchroni zation techni ques adapted fromb5 Qureshi's techni gues
cannot be successfully enployed unless the final internmediate frequency to
which the carrier of a VSB DTV signal is2¥tanslated is no higher than 5.38
MHz. If the .full f \V/ stigial

si deband in lflté ﬁ(gl%tg%be%p gnc?' 9 ?Ch ?Et\/? ?n%%ﬂﬁxggbggraﬁéﬁwag&%tg er than
21d52 *h106 s‘Sa&mpbﬁxsoD&HuﬁﬁeﬂfeCku(ee)f cgmer%kgﬁa bl ROIVpbeatilizing second) in
order that the carrier can be at 10, |east t he .hj gher
sanpl e rate Symmﬁée%@dQE?SSl{l&eTh%ﬁ SIbBRARC %‘?4%%\"%8@%33&{ f‘gse
above its Velﬁé b gh QlprabAsRaRe1 @2Mlﬁ%%&r}§ye céx-ggéﬁn%w?l%%vérhﬁteafs@ﬁle

real -to- conpl éx-sanpl e converters cannot practically enploy Ng
filters Wnemastga réquiteneentsadrethe nedl hie-cabfle2 SainpleZbngter S8 dfisofarjas bawdbwsa per
second, if the synbol synchrom zation techni adapted from Qureshi's

t echni ques aF&U§aHrealtg-complex-sample conyergion ei{erﬂim() ‘signal as transl ated
to final internediate frequency for synchrodyning to baseband nust lie in

the range bet V‘eenFI@@IiEWanHl'e of §&di uéritidsUst the thikd Idchieostiliatr 30A si gnal
is to have its carrier belowits full sideband and is to be be constrai ned

to a1l - 9 MdedinthgRIGHURE éuag‘éf‘i rate recsiviarsso isermlyrihe ascillatigpoisgio  appears to

be a good chpice.for the L nt MNI SB 20
carrier shonli“iﬁ Bquer%p]egﬁult_ "ﬂe “Q}?rg\l/\gé? %erﬁiﬁﬁ%ﬁggg&aﬁﬁg%?&n ﬁgéfo g}li ng t he
size of garriffouk @iﬁkrlﬂﬁnhaﬁlhﬁsfréqﬂlem&ﬂs friQ A signasy. rﬁmtdscﬂelatmrl[s of the

addr essi ng. However, 2.690 MHz is not the best chojce if. the QA(% carrier in

the final | Fhixddecsl owwpnwﬁw nrﬁ@r%'eqk%mné t%%?ﬁ?a&?‘ IPOTGETAB Y Mz .
In the FI w%;ép?ﬂgyﬁs{bgﬁ#'%f tHeGE CI rt?&rﬁ'xghlﬁ o eQES Hﬁ@ns iR RARE R3th any

frequencies © oca tors 30B are then 25 t he
same as eachnm-ﬂmefreqmdy-hrodhhﬂoﬁIra(auREroad@asdredewad| 0 receivers this is

because the nom nal frequencies of the second | ocal oscillators 20A and 20B

are then the sane Cl| tors n th f
nearly the sane ffm&%&aﬁ%}%og er‘ﬂb‘ﬁnct‘?e%g@éltﬁé(fg’coln Sglﬂla EabbB%?cﬁ
can adveysel Mseﬁflﬁ %FI@M@'aﬁBB%a&@ rE&Nefsoﬂo sﬁﬁjﬂ?rﬂ% @dcﬂlahb@s tised@spective

frequencies. he 31st subharnoni ¢ of 43.05 , 1.345 MHz,
which is t hehGIEItoldyne a penultlmate intermediate-frequency band centered at 44 MHz down to

various final intermediate-frequency bands for VSB signals, presuming the vestigial
sideband to be located above the full sideband in frequency in both in the penultimate
IF band and in-the final IF band. This type of operation is associated with the ADCs
20 19 and 29 sampling at 43.05 * 10° samples per second, rather than at 21.52 * 10
samples per second, in which case a 4:1 rate reduction filter would be used if the
equalizer 7 were to be a synchronous equalizer. The first local oscillator 10 provides
oscillations above the first intermediate-frequency band to the mixer 11, so the
vestigial sideband located below the full sideband in frequency in the received DTV
25  channel is converted so as to be located above the full sideband in frequency in the
first intermediate-frequency band. In order for the vestigial sideband to be located
below the full sideband in frequency in the second or penultimate IF band, the second
local oscillator 20 must supply the second mixer 14 oscillations at a frequency above
the first intermediate-frequency band. In order for the vestigial sideband to be located
30 above the full sideband in frequency in the second or penultimate IF band, the second

local oscillator 20 must supply the second mixer 14 oscillations at a frequency below



subhar moni ¢ of 21.52 MHz, appears to be another good choice for the final

-29- internediate frequency to which the VSB carrier should be transl ated,
fromthe standpoint of reducing the size of carrier |ook-up tables in ROV
by utilizing symmetries in addressing. The 23rd subharnoni c of 43.05 Mz,

1. 793 MHz, which is the 11th subharnonic of 21.52 MHz, nmay be chosen

I nstead, however, to ease the 5 desi gn requirenents on the

real -t o- conpl ex-sanpl e converter 58 insofdf-as how | ow a frequency

real -to-conpl le c si on ed.. .FI GJRE, 9 eof
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frequency-nodul ati on radi o br oadcast receiver. FIGURE 10 is a table of

design fr equeﬁeq@@cy iy the Isecontior gempiémnte g drnd, shehird desal sscillaieresl)R musthe
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het er odyne a pé’ﬁ)u?f i'nt érmedi ate-Trequen centere

down to vari opénultirigte IF lb'a@d i oidat that thequargﬁ:aa stiabalf] Helocat&Baisivg il full
presum ng the vestigial si deband to be | ocated above the full sideband in
frequency in Bé?t??nfihnﬁ%u@é)ﬂﬂ’thierﬁkabﬁ@nﬂand and in the final IF band. This

type of operation is associated with the ADCs 20 19 and 29 sanpling at
43.05 * 1 sanpl egrPERESAGEAhbIE 8f &E’sfontffbaﬁe&tles%‘ér&%tﬁudlﬂﬁalscﬁmlaﬁﬁ 3QBr

second, in which case a 4:'1 rate reduction filter would be used if the
equal i zer 7 wesed mdhebEICﬁJ&S}‘ﬂ(ahdarrems rempu\@ts tmsnppl‘y’hlm dscikationsoesafl tosci | | at or

10 d | | d h
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fr equency I N {HSousehRl MedmedMieBequetEAPaAL forSV SR BisAAk Sifesibhias tHeOrebggiboCat ed
above the full sideband in frequency in the first internedi ate-frequency

- band. I n or desidglanditpbeJacsted delaw @pé@%addaqné ip equragy bothya thgpanylinpate [F
si deband i? | a{)O %@CX th ﬁltlEH?F %E&F nf'heoﬁrspl% loyzlﬁgttog}lﬁ Erol?/?cpe? bf:élﬁ&lo%gcégg%

| ocal oscli he secon m xer Ions at
frequency abowu first 1ntenned1ate—ﬁ'equency band to the mixer 11, so the vestigial sideband

located below the full sideband in frequency in the received DTV channel is
converted so as to be located above the full sideband in frequency in the first
intermediate-frequency band. In order for the vestigial sideband to be located below

20  the full sideband in frequency in the second or penultimate IF band, the second local
oscillator 20 must supply the second mixer 14 oscillations at a frequency above the
first intermediate-frequency band. If the first IF band is centered at 916 MHz, for
example, the second local oscillator 20 supplies oscillations at 960 MHz to center the
penuitimate IF band at 44 MHz. It is desirable that the second local oscillator 20

25  supplies oscillations at no higher a frequency than 960 MHz, in order to minimize the
possibility of interference with the aeronautical navigation band. If the vestigial
sideband is located below the full sideband in ;frequency in the second or penultimate
IF band, the third local oscillator 30B must supply the third mixer 28 with oscillations
at a frequency below those in that penultimate IF band, in order that the vestigial

30 sideband be located below the full sideband in frequency in the final IF band.



the first intermediate-frequency band. In order for the vestigial sideband
to be located 30 above the full sideband in frequency in the second or
penultimate | F band, the second local oscillator 20 nust supply the second
m xer 14 oscillations at a frequency bel ow -30- the first

i ntermedi ate-frequency band. If the first IF band is centered at 940 Mz,
for exanple, the second |ocal oscillatqgr,;20 supplies oscillations at 896
MHz to center the penultimate |F band at 44 MHz. 896 MHz is above current
UHF channel 83, 9gcatiftefkRBycold SEpeRt@hMeNF Whhd 100k it HEguchBEERIIGSEOME
oscillations if they radiate beyond 5 the DTV receiver. 1f the vestigial
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sideband in frequency in the final IF band. 1 GURE 11 is a table
of designA friag deband gy freqysngninithe fiseldF bandi Sy asrangerpentoligmativeliie FI GURE

1 and 3 radi [ o 113 ' ' ne a
penul ti mate p%ﬁf@%ﬁr‘é&?%?‘éh]% ?‘%g%gdn%ygegg%ag@g%érlévg?ﬁeegﬂgtsm}ﬁ%ﬁz)l %gﬁ/lﬁﬁcgg}(lvari ous
fi galb i gt er ngdp?nmirflatgng?nﬁxyaﬂdﬁthd?es}‘ti?ialMgat))aiidgaakﬁca&ﬁ&bumt]ng fﬁ?e vesL i gi al
si deband to ocat e el aw t y sjdeband._in frequency _hoth in the
penul ti mat e St4eband in freqyancyiy ﬂilqwf_el%zﬂél: prah Theposgilating frguqncy of thegeeqnd

osci ] ator 30cpeaulil6e2@éd doRbE AnaPRYfoyER frofd {8k theRARAkBlRLERGu encY

band to the mxer 11, so the vestigial si ocated bel ow t
si deband0i n Yanégulanls gases design requisemends iDfhe UhHhpetionsofdbarasic wdeiver as t o be

| ocat ed above the full _sideband i.n frequency. in e first

|t or med: at POFITR RS S DY e frot e, THRGEREHE o Lt FOHPTE HAAME (o be

| ocat ed bel %lg%@ncytrhﬂcefsléhﬂisfﬂt&?%ﬁgn ontherXOWeTIfeY 2 Pndrb €ifFesI HdwRier.
penultimate | F band, the second |ocal oscillator 20 nust supply the second

m xer 14 oscillations at a frequency above the first internediate-frequency

Ibandl. It IhF firdn Ofdrer@mb_edimnésafttlb&? wyentiongths MM/ VEBIC@NIRLeSIGNALs econd
bonul 1 mat o 1f EOYsAGRed BYRAeAnE B fsh ¥ iR Brebo d Mok b0 FEEBKSIO]. A

osci | | atl6r 2DARGVSBSDPNTROL SKRVALatdndrsicatlopal i tyb &llowifig eayenaye t han 960

MHz, in order to minimze the possibi]Jity of .interference with fhe
aer onaut i cal ORI istae) BoraaneRosiaple gigus a5 s gawyalent. A match Biter supplies

output pulses responsive to the data segment synchronization code groups, data field

synchronization code groups, or to portions of data field synchronization code groups
in the in-phase output signal from the VSB synchrodyning circuitry 5, received as

20  input signal by the match filter. These pulses are threshold detected to discriminate
against noise, and the threshold detector pulses are supplied to a monostable circuit to
place it into its unstable state. As long as the monostable circuit is maintained in its
unstable state, the QAM/VSB CONTROL SIGNAL indicates VSB AM reception.
When the data synchronization signal accompanying a VSB DTV signal is not

25  detected, the monostable circuit assumes its stable state, so the QAM/VSB
CONTROL SIGNAL indicates non-reception of VSB DTV signal from which QAM

reception is inferred.



si deband is | ocated bel ow the full sideband in frequency in the second or
penultimate I F band, the third local oscillator 30B nust: supply the third
m xer 28 with oscillations at a frequency bel ow those in that penultimte

| F band, in order that the vestigial 30 si deband be | ocated bel ow t he
full sideband in frequency in the final |IF band. -31- Locating the
second or penultimate IF band lower in frequency facilitates the third

| ocal oscillator .30B oscillating at a figguency above this IF band. Such
arrangenent permts the vestigial sideband to be | ocated above the ful

si deband in ' .penultimate I F band and the vestigial sideband
to be Iocatggiﬁgﬁgag%KmnFﬁggfulI sideband in frequency in the final IF
band. Such arrangenent alternatively permts the vestigial sideband to be

| ocat ed bel ow the full sideband in frequency in the penultimate I F band and
t he vestigial sideband to be |ocated above the full sideband in frequency

osci I Tator 30 nobuohisehe G35 R kS LA Robrifa PES resplie

i nt er medi at gf WheleeEin &ya dihdrath@Nshplitidechoastsn @RSMY 8 & Fetigi2¥RRband N t he
UHF portions of the radi o receiver, portions of the DTV signal .receiver. The

penul ti mat e(Y$BhdigHaljglexision signal.said radip sepsties gompReIBS:sat i sf act ory desi gn of
the SAWTfilter 26 nmore difficult, however. In other enbodi nents of the

i nvention, the E%&mgﬁ' i.S: : an the
pil ot presence (?g\lt%%:{?%re : oreﬁg%}%dg? 1ﬁt@ﬁgﬂixg9&916%%?§§% Wﬁérm&
can be devefinglddtermedibe-frajueny regponas/to sasl seheetedidigitel teleysiah signalpas
monostable circuit or _its equivalent. A match filter supplies output pul ses
responsi ve P%“‘ieﬁtgéé%?gr%é‘& ‘@9‘%@ﬂ‘r“’6’ﬁygg‘?‘ﬁon code groups, data field
synchroni zati on code groups, or to portions of data field synchronization

code groups in tQgirktimAldase-disitdd dénvettenfer digi®ihd §8d MRBfigynchr odyni ng
circuitry 5, received as 20 1 nput signal %\t/gi';_he match filter. These pul ses
iz

ar e t hr eshotiernadiate-Hgquancy irespensei ta gercralg 4i giofiselingdnd t he threshol d
detector pu e, i .honostable circuit to place it into its
O

unst abl e st nonostable circuit is maintained in its

unstabl e state, the QAM VSB CONTROL SI GNAL indi cates VSB AM reception. Wen

t he dat 0 synchr o AMitsyachredgtiag ciaadtoyfapgherating MoRandimagingnedanipge not 25

detected, the nonostable circuit assunes its stable state, . so fhe M VSB
streams of interleaved (EAM symbol code by synchrodyning salcall d?glnzed t{rst final

intermediate-frequency response to baseband providing it is a QAM signal;

a second intermediate-frequency amplifier chain connected for supplying a
second final intermediate-frequency response to said selected digital television signal
15 and to any accompanying co-channel analog television signal, as converted to said
first intermediate-frequency band, said second final intermediate-frequency response
being more selective than said first final intermediate-frequency response, so as to
exclude substantial response to most of the audio carrier of said any accompanying

co-channel analog television signal;

20 a second analog-to-digital converter for digitizing said second final
intermediate-frequency response to generate a digitized second final

intermediate-frequency response; and

VSB synchrodyning circuitry for generating a real sample stream of
interleaved VSB symbol code by synchrodyning said digitized second final

25  intermediate-frequency response to baseband providing it is a VSB signal.
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CONTROL SI GNAL indicates non-reception of VSB DTV signal fromwhich QAM
reception is inferred. -32- WHAT IS CLAIMED | S: 1. A radi o receiver
for receiving a selected digital television signal, irrespective of whether
it is a quadrature-anplitude-nodul ation (QAM or a vestigi al -si deband (VSB)
digital television signal, said radio receiver conprising: a first

i nternedi ate-frequency anplifier chain connected for supplying a first 5
final internedi ate-frequency response tgzsaid selected digital television
signal, as converted to a first internedi ate-frequency band; a first

anal 0g-t 0- dj gi t atp GARNGELYer PEIafth 9! h&&,bp&n%ﬁisgn%! rst final

i nternedi ate-frequency response to generate a digitized first final

i nt ernedi at e-frequency response; 10 QAM synchrodyning circuitry
for generating remhatisdrstiegl omillateadhpsupphlingirss ogiildtione pl @p\vaefchu@@Met sy nbol

code by syncghrodyni sal. igitized first final internedi ate-frequency
response t&%ﬁ?&égﬁgﬁﬁf‘%\bg’ﬂ&ﬁ epgies:and gaM signal ; a second

i nternedi ate-frequency anplifier chain connected for supplying a second

final internmedi afigtddnwedPRCYciRSONShveRInSd s@lcerldaksitd tdlédiibakighsl Vi si on
signal 15 and to any acconpanyi ng co-channel anal og tel evision signal, as

convert &d tsgidhstintgrmediatenfrequenel band-fpr anplietiop tesad fi1sti d second fi nal

i nt er medi at.e: ' e ' Sal iLrst final
|t or modi atBierPEEN RIS Ehild sl RS G e S Rbdeltd S 1o
most of t heanaplified chain b eteirabsprati ek inpyt stamaiprmiking said-seleeted digimbal og

tel evision sjgnal; 20, . ) a secqond anal og-to-digital,K converter for

di gi ti zi ng teleViicoisignplithiad ﬁrﬁ&%spﬁléa?@tle}ﬁtéwefswegﬂur mﬁggwtles generate a
digitized %%ﬁﬂ%fésﬂﬁihgﬁx?ﬁ%’ﬁ%ﬁgl.at e-frequency response; and VSB
synchrodyniig circuitry fof génerating a real sanple streamof interleaved
VSB synbol code by synchrodyning said digitized second final 25

i nt ernedi at e-frequency response to baseband providing it is a VSB signal.

3. The radio receiver of claim 2, wherein said first mixer circuitry comprises:

two first mixers for mixing said selected digital television signal with said first
oscillations, one said first mixer for supplying said selected digital television signal as
converted to said first intermediate-frequency band to said first
5  intermediate-frequency amplifier chain as its said input signal, and the other said first
mixer for supplying said selected digital television signal as converted to said first
intermediate-frequency band to said second intermediate-frequency amplifier chain as

its said input signal.

4, The radio receiver of claim 3, wherein said first and second

intermediate-frequency amplifier chains each comprise:

- a respective first intermediate-frequency amplifier for supplying a respective
first intermediate-frequency amplifier response to said selected digital television

5  signal as converted to a first intermediate-frequency band,

.



-33- 2. The radio receiver of claim1, further conprising: a tunable
first local oscillator for supplying first oscillations at any of nunber of
prescribed ultra-high frequencies; and first conversion circuitry for
converting a selected digital television signal to 5 said first

i nternedi ate-frequency band for application to said first

i nternmedi ate-frequency anplifier chain ggd to said second

i nternedi ate-frequency anplifier chain&as their respective input signals,

by. m xi hg sai d S?ésﬁg%tm sg&g{dtc%lrlvérg{o'ﬁ\ékrﬂig'? fgli cq)q][%lertyr\fctsgid.sl—gé %c{iéfer ﬁltst .
oscillations in fitTst mXxer circuitry and’sel €cting=agai Rat a resul ti ng
i mage si gnalintemnediate-frEqRercgainplifiet fispdtise €f a Sdcahdirdermiddtiteifreqedhicy bhhd St
m xer circuitry conprises: two first mxers for mxing said sel ected
digi tal tel 80 &peRingiagaRstiting imppgssignaki r st oscillations, one said first

m xer for supplying said selected digital television signal as converted to

said Tirst inter %@%@Eﬁé%@%@%@i’ﬂ@-ﬁéﬁu i %rﬁlgéértérsulag}ygll’%a? and the

i nt er nedi at e- frequericy anpl aln as' it a I nput
ot her sabd féspsttiveiseernd intermedipleyfireqyencyi anpiflee cespdnsditgistidiscleeted digiiabn

signal as converted.to said first i.nternediate-frequenc and tq said
second i nt e?ﬂ@ﬂ?‘&f‘é@%ﬁf@%?}‘t%IS?Lais‘é?oq‘gH‘étieﬁn atFTc}‘léjqu%{%/ca aﬁg’lﬁ“%si gnal . 4.
The radi o receiver of claim3, wherein said first and second

i nter medi at e- f r egepaEiveARRH cbh®isiGh airdistre i Rof RIS S84 radpé@bReeddnde first
i ntermedi ate-frequenoy anplifier for supplying a respective first

i nt er nedi at éntereesiterdipquenstyiampdifier eespenss bo ¢ thiskintermediatet fEenugney pand and
t el evi si on §ejectﬁ{§g%%%%aﬁo%£%esri%ﬁg to a first intermedi ate-frequency band,

-34- respectrve conversion circuitry for converting said respective
first internediate-frequency anplifier response to a second

i nternmedi ate-frequency band and rejecting a resulting inmage signal, a
respective second internediate-frequency anplifier for supplying a

5. The radio receiver of claim 4, further comprising:

a respective second mixer within the respective second conversion circuitry in
each of said first and second intermediate-frequency amplifier chains for mixing
respective second oscillations with said respective first intermediate-frequency

5  amplifier response to generate a respective second mixer response in said respective

second intermediate-frequency band;

" a second local oscillator of fixed frequency for supplying said respective
second oscillations to the respective second mixer in each of said first and second

intermediate-frequency amplifier chains;

10 a respective third mixer within the respective third conversion circuitry in each -
of said first and second intermediate-frequency amplifier chains for mixing respective
third oscillations with said respective second intermediate-frequency amplifier
response to generate a respective third mixer response in said respective third

intermediate-frequency band;

15 a respective third local oscillator of respectively controlled frequency for
supplying said respective third oscillations to the respective third mixer in each of

said first and second intermediate-frequency amplifier chains;
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10 respective second internedi ate-frequency anplifier response to said
selected digital television signal as converted to said second

i nt ernedi at e-frequency band, and respective third conversion circuitry for
converting said respective second internedi ate-frequency anplifier response
to a third internedi ate-frequency band and rejecting a resulting image
signal. 5. The radi o receiver of clg% further conprising: a
respective second nixer wthin the resp five second conversion circuitry
in each of said first and second int nﬁdlate fre ai ns

for mxing respeffTURY LEROYY OO A aeliaBf nogingry S uﬁrs%ﬁ’ggg% \Péerfﬁa?'%

i nt er medi at grAfViRGMBBL6IR sup;ﬁféﬁ'b'yfshﬂrQAﬁ'ﬁ@%@ﬁ%dMnQ Rty Fodup ive
second m xer response in said respectl ve ‘'second i nt ernedi at e- req uenc

band; a2& ectaspedtiye antomatic iffequency @hd phassdontralgignatip Satskthydmaybmllﬁex d
respective se to the ctlve second m xer in each of

said first ghs%ld.'gﬁsgﬁgerf%e?g ehgrgﬁl zﬁméy?rpggﬁsp arrpl ifier chains; 10

a respective third mxer within the respective third conversion circuitry
in each of said firtier VéBisyselodghihg tiecuiny fateenérating anityaghngpy sdrthgle chai ns
for m xing respect| ve th|r oscCi Iatlons with sajd respective se

i nt er medi at 87§4%4 \%%S@P P@SBHXéﬂ“&?“&%’HM@ gitizgg sacon gn?'lhl rd

m xer responﬁﬁ]d f‘fg‘gg‘fﬁp%ﬁ’i’ﬂﬁd’ BideHardd?bgd Medi at e-frequency band; 15

a respective oscl [ ['ator of respectl vely controlled frequency
for supplying said respective third oscillations to the respective third
m xer 25 each of ceeiittyfrésponsivats ssislcioraginant nmpésztmamwppuerbbncsméﬂtmmh er

Creams of VRELPREROR B e EGREJP! Hank edisncet o Rt BRI 68T iy i ng

circuitry fghaseépRidl shehabto’fid thirdI6RE bicHieatéith @alskconfr equency and phase
control signal to said third local oscillator in said first

i nt er medi at EtemmedipserEipqeamey pmplificcedin; further VSB synchrodyning circuitry
for generating an imaginary sanple streamof interleaved VSB synbol code by
synchrodyning said digitized second final internedi ate-frequency response

t o baseband; and

6. The radio receiver of claim 4, further comprising:

a respective second mixer within the respective second conversion circuitry in
each of said first and second intermediate-frequency amplifier chains for mixing
respective second oscillations with said respective first intermediate-frequency

5  amplifier response to generate a respective second mixer response in said respective

second intermediate-frequency band;

a respective second local oscillator of respectively controlled frequency for
supplying said respective second oscillations to the respective second mixer in each of

said first and second intermediate-frequency amplifier chains;

10 a respective third mixer within the respective third conversion circuitry in each
of said first and second intermediate-frequency amplifier chains for mixing respective
third oscillations with said respective second intermediate-frequency amplifier
response to generate a respective third mixer response in said respective third

intermediate-frequency band;
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25 - circuitry responsive to said imgi nary sanple stream supplied
by said further VSB synchrodyning circuitry for supplying a respective
automati c frequency and phase control signal to said third |l ocal oscillator
in said second internedi ate-frequency anplifier chain. 6. The radio
receiver of claim4, further conprising: a respective second mxer within
the respective second conversion circuitry in each of said first and second
i nt er medi at e-frequency anplifier chains3$or mxing respective second
oscillations with,said res tive first internediate-frequen 5

anpl i f?lér respon%@“?c]o?gaéﬂ%‘ﬁg% r?ﬁ?’%"g BEOPFRF S g@é‘ﬁ@oﬁf’ lafio Setgg%ehse in said
respective ggsefide thivdehixestiftufry nfAbE BEMKiIPAR andsdcBadect i ve second | ocal
oscillator of respectively controlled frequency for supplying said
respect i ve istesmadiassitequensy ynplifies chdies;r especti ve second m xer in each of
said first and second internedi ate-frequency anplifier chains; 10

a respective thiy Lxer. W thi . 1 Js h | jreuitry
in each of said %1%11?{)' geﬁ%aﬁg}é}(%éﬁa&?%aé?%ggﬁ%ﬁéﬁ%equlgrﬁ'cgme{l%f# elglgsrﬂ’%:aﬁai ns
for mixi ng QadMenhbolectbbupplied by khidiQAMsyneHrbdwrihg cirestpyg €drisvpplyingand

i nternedi ate-frequency anplifier response tQ generate a respective third

mi xer &% poissrRechive gtapalauggs@mwénq Phase conirad sigpal tersaldrseeqnddaea) osaHator

-36- 15 . &l 1.Qc j . fixed frequency supplying
oscillati onlél Stal(gi fglﬁtelhiyé@g%%%ic@éequ?ﬁﬂ%ﬁlﬁ%rcgsclfl’rcui try in each of said first
and second internedi ate-frequency anplifier chdins; circuitry responsive to
said real and i nfygtheaY$Bssngiredyingeiruitof for gersratingandin@ginasy savaple code

supplied by _said M.syn ni.ng cihrcuitry for. suppl yi. 20 .
Feopect  ve, SRR EG T SR <BHEEL e ghing R e RE Cielird B
| ocal osci | ingdrediate-Séqu@néy feSporisdteba¥estind] &nd r equency anplifier chain;
further VSB synchrodyning circuitry for generating an inmagi nary sanple
stream of interleaved VSB synbol code by synchrodyning said digitized
second 33 1i al i n¢lEFUHEYTeSPISTYedy S djpagindysample sirepmsupplifg b figther

¢i reui try roSRARSINGalfing GchiyRY B Ying TR d AAhAHPRLRHcPInP Al

further

phase control signal to said second local oscillator in said second

intermediate-frequency amplifier chain.

7. The radio receiver of claim 2, wherein said first conversion circuitry

comprises:

a first mixer for mixing said selected digital television signal with said first
oscillations in first mixer circuitry, said first mixer for supplying said selected digital
5 television signal as converted to said first intermediate-frequency band to said first
intermediate-frequency amplifier chain as its said input signal and to said second

intermediate-frequency amplifier chain as its said input signal.

8. The radio receiver of claim 7, further comprising:
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VSB synchrodyning circuitry for supplying a respective automatic frequency
and phase control signal to said second | ocal oscillator in said second

i nternedi ate-frequency anplifier chain. 7. The radi o receiver of claim
2, wherein said first conversion circuitry conprises: a first mxer for

m xi ng said selected digital television signal with said first oscillations
in first mxer circuitry, said first mxer for supplying said sel ected
digital 5 tel evision signal as converged to said first

i nternedi ate-frequency band to said first internediate-frequency anplifier
chain as its said.d i (. j : i i = Ik ency
ol 1o chai n SSopReve ShaRAmER i ¥ RyRRHOPCerbl SEIRENGH Sre EPHET
claim 7, fuedchef saidfjpstiaad serond inte@ediae-frequpency iamplifieccndhsfoxmixing t hi n t he
respective second convgr si.?n. Ci rctgli trosr/r in each of sai g fifst and second

i nt er medi at 5Py &TOPd gsqillations Wibsaid rESneg VISt HEeTMSSIFk HEENSE cond

osci |l | aty ongnyhifidt ré@oﬁsé B RAGhI\Erebietfie de85SL ﬁ%@;%sﬁbﬁgeqﬂgﬁa% ective ,
anplifier response to generate a respective second im xer response in said
respective sssonhuht¢rmediateefiequency baguency band; a second | ocal oscillator of
fixed frequency for supplying said respective second oscillations to the
respective secon 1 i of, I Lrst .and secaond. .

i nternedi ate-f re%ﬁeﬁ’@ﬁ%{;ﬁgﬁ)ﬁ%ﬁ ﬁ‘gorr og r?z‘?%gre Ill?ﬁﬁ’%y for suPpE'm% s[aédsrﬁgpcetcpy/% third

m xer Wit hi secbh®odctistions toibe kdtbedliveaBaonE shiRer igidaclubf sayd first eatsecohd sai d
first and second jnternedi ate-frequency anplifier chains for m xing
respecti ve WfgrAgdigiscirequencyaeplierchaigsd respective second

i ntermedi ate-frequency anplifier response to generate a respective-third

m xer rggponse i Qré?b&iv‘é?ﬁiﬁ?ﬁﬁ#e\‘%vi&x‘ﬂl fd r E&i%ﬁﬂir?‘k@ﬁxfe’is‘?&&’&?&%trfﬁﬁé&ch 15

a respective third local oscillator of respectively controlle requency
for suppl yi ofisashfict ambseecnd intermisdiate-epichtypsrplifiertchaink formexpexespeetivéri r d

m xer in each .of saj.d first .and second interned.ate-frequency..anplifier
chai ns: i r B G5IREOIOHER id respedivg sreonf MipRSAils TRAPPLBINOCE! 1 eans. of
} nterl ea?/edre%{lsﬁYd’@éﬁeré%@ﬂ?esﬁéﬁ@%'tlﬁ?d RiYxe? 2ésPoAddYh S0 FéypeEtiwRithd Ci reui try
or supplyirng a |
intermediate-frequency band;
15 a respective third local oscillator of respectively controlled frequency for
supplying said respective third oscillations to the respective third mixer in each of

said first and second intermediate-frequency amplifier chains;

circuitry responsive to said real and imaginary sample streams of interleaved
QAM symbol code supplied by said QAM synchrodyning circuitry for supplying a
20  respective automatic frequency and phase control signal to said third local oscillator

in said first intermediate-frequency amplifier chain;

further VSB synchrodyning circuitry for generating an imaginary sample
stream by' synchrodyning said digitized second final intermediate-frequency response

to baseband; and

25 circuitry responsive to said imaginary sample stream supplied by said further
VSB synchrodyning circuitry for supplying a respective automatic frequency and
phase control signal to said third local oscillator in said second

intermediate-frequency amplifier chain.
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20 respective automatic frequency and phase control signal to said third
| ocal "oscillator in said first internedi ate-frequency anplifier chain;
further VSB synchrodyning circuitry for generating an inmgi nary sanpl e
stream by synchrodyning said digitized second final internediate-frequency
response to baseband; and 25 circuitry responsive to said

i magi nary sanpl e stream supplied by said further VSB synchrodyni ng
circuitry for supplying a respective autggratic frequency and phase control
signal to said third local oscillator in said second internediate-frequency
anplifier chlain. The raB8reddiver of cldie 7RG dotfpeisin@f of claim 7, further
conprising: a respective second m xer within the respective second

conversion circuitry in each of said first and second . .

i nt er nedi at e- f r eGUBHREHH¥ISEPR] BiXSE NAthHKhE ERsPestive §econd SHBYATFI0R CHEEEH i
oscillationg, W §i,gphifd: 5@@&%&& %&r&%&iﬁfe-ﬁ%@ﬁc@ﬁﬂﬁrﬂ}fﬁ}fcflﬁgyﬁﬂ%xélé . .
anplifier response to generate a respective S€eco m xer respons€ in said
respecti ve gsespective sat@rdwsdiliationd with s egspraivel first intespeiidtefireqaarwynd | ocal
oscill ator of rﬁigpecti vely controll ed ]‘requeacl:%i for supplying said
respecti ve SHPYHET EFSRINSEAR BUITEAlE B TESRECUVE SFROBE MYXCISERRIASE 1T S TEFRECHYE h of
said first @g&ngqﬁlgﬂgedi%q{gaﬁg,;@t&ng;r equency anplifier chains; 10

a respective third mxer wthin"the respective third conversion circuitry
in each of said first and second internedi ate-frequency anplifier chains
for mxing respediespectivg segordlocal aseilletos ofuespectiaely CP@*SM?WCE%’CJBnd

mxer  r esporbe TR 1bnd GRRROR b REAFRME o f MR h it Sh s

a third | ocahidofsi ddaetsndihtetm¥@ate! FR@e@yGYnsiMRPLYding oscillations to the
respective third mxer circuitry in each of said first and second

i nternmedi ate-frequency .anplifier chains; circuitry responsive to said real
and i magPnary sarfficePestiyeting mixes within thexrapectyiehisd ARV Crelgn ST WIYIIR £8Fhny
said QAM sy i i i -Qr i : = 1l mati c
Frequency ok e 8 seidrthiohitedifle cRBBCY b Bcrthaind BERESHE KSpaA

third oscillations with said respective second intermediate-frequency amplifier

response to generate a respective third mixer response in said respective third

intermediate-frequency band;

15 a third local oscillator of fixed frequency supplying oscillations to the
respective third mixer circuitry in each of said first and second

intermediate-frequency amplifier chains;

circuitry responsive to said real and imaginary sample streams of interleaved
QAM symbol code supplied by said QAM synchrodyning circuitry for supplying a
20  respective automatic frequency and phase control signal to said second local oscillator

in said first intermediate-frequency amplifier chain;

further VSB synchrodyning circuitry for generating an imaginary sample
stream by synchrodyning said digitized second final intermediate-frequency response

to baseband;. and
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in said first internediate-frequency anplifier chain; further VSB
synchrodyning circuitry for generating an inmagi nary sanple stream by )
synchrodyning said digitized second final internediate-frequency response
t o baseband; and -39- 25 circuitry responsive to said
i magi nary sanple stream supplied by said further VSB synchrodyni ng
circuitry for supplying a respective automatic frequency and phase control
signal to said second |ocal oscillator ¥#~said second
i nt ernedi ate-frequency anplifier chain.

25 circuitry responsive to said imaginary sample stream supplied by said further

VSB synchrodyning circuitry for supplying a respective automatic frequency and
phase control signal to said second local oscillator in said second

intermediate-frequency amplifier chain.
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