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-1- : SYNCHRODYNI NG OF VSB AND QAM FI NAL | -F SI GNALS SUPPLI ED BY
SEPARATE CONVERTERS I N A QAM VSB DI G TAL TV RECEI VER "-féfy@(j{jgi;;s Lo
application is filed under 35 U.S.C. 111(a) claimng pursuant to 35 =
U S.C 119(e)(1) benefit of the filing date of provisional application

serial No. 60/ 075, 423 filed February 20, 1998, pursuant to 35 U S.C
111(b).. The invention relates to radi o receivers having the
capability of receiving 5 di gi tal teievi si on (DTV) signals, no nmatter

whet her they are transmtted using guadrature anplitude nodul ation

(QAM) of the PYNGHRADYRHNG OF WEE &ND QM FINAGL I-F SIGNALSSUPPLED BYi ng

vestigi al sideb ( ' dul at | f ringi
carrier wave. %Aﬁjﬁ %'E&ﬂ%%% x SM@M&%E}ER@INMW ON 10
A Digital Television Standard published 16 Septenber 1995 by the Advanced

Tel evi si on Syst enmhiCapplichii®eis((ASEdes BSCI.$.Ce31 MEStihiahia psisgahands (VSB)
signal s for transmtting digital television (D signals in

6- MHz- bandwi @SH- t dP&){ 19 berefd o4 Hreeilsng date of pseibionsl aphbeasiopgemamd.y used in
over - t he- ai rg ERAPGASL) ti | Tel evi si stem Conmi ttee
(NTSC) anal oég' el’ev@%%gg%@éwgﬁsI%RPW?&XO U?N%?Seg é%lagj@s/ The 1 5 VSB
DTV signal is designed so its spectrumis likely to interleave with the
spect rum of Tia invermivaneigles ttadid recdings NRGAE aiealapeilly Firgiealing This is
done by positioning .the .pilot carrier and the principal .

anpl i t ude- %nlll%ﬁ?ngi51§P&QEXﬁalgfliﬂécftPerﬁ&qt%gvf@fhef Heyprsfransmittespsipml  at  odd

mul tipl es of i 1 near anal og
TV si nal { RO TAT ABer s Ao RaNn ATt S Bhvd B e

hori zont al sSvasmitiedaisR vestigitlesiddbatd €/ N)SHivedeogodMatsérgefethe pahcipdli ch even
mul tiples nost.of the energy of the | um nance and chrom nance
conponents of"& ¢ Ehannel interfering NTSC anal og TV signal will
fall. The video carrier of an NTSC analog TV signal is offset 1.25 MHz

fromthe lower Iimt frequepsyxeirOOUET 6FgUsSOVERTaORel . The carrier of
t he DTV signal is offset fromsuch video carrier by 59.75 tinmes the

hori zontal scan line rate of 25 t he NTSC anal og TV signal, to place the
carrier '8f the D-p\/Dgglg}l,gplea@mStg@@;@g@l@hed 16 September 1995 by the Advanced

Television Systems Committee (ATSC) specifies vestigial sideband (VSB) signals for
transmutting 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 television channel. The carrier of the DTV
signal 1s 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



kHz fromthe lower Iimt frequency of the television channel. Accordingly,
| e

t he carrier of the DIV signal is about 2,690122.4 Hz fromthe m dd
frequency of the

- 2- tel evi sion channel. The exact synbol rate in the Digital

Tel evision Standard is (684/286) tinmes the 4.5 MHz sound carrier
offset fromvideo carrier in an NISC anal og TV signal. The nunber of
synmbol s per horizontal scan line in an N%S anal og TV signal is 684,

and 286 is t hedefigioh ohaiyl VitieCdkabtQfyirboNiadd indB@DiditalTeledisRniSlardfArd 8 NTSC
analog TV signal is nultiplied to obtain the 4. B Mz sound carrier offset

from v R0 times thg 5 AFRFendsaal s e famgnideo camer sl SEat e i s

10. 762238 * n n a VSB
si gnal ext enéﬁﬁab %“V 3%@3@ Re ﬁurﬂﬁmﬁﬁggﬁs Bw(g]z&ﬁ%ll S%grh%?erﬁ f% %d is, the
VSB si gnal canalbgTM signadds 482, and28wis the factoeky M(iﬁhﬁg)rﬁoﬁﬁﬂﬁgﬂ livEtZacé PR t he

| ower lint en 3/ %If t he tel evision chann The ATSC
standard 1 or Ny E2A03 DY Erbis anulbehiedde optan thﬁt“o%ﬂg?s%oi“ﬁ‘é CRrpicE pfdset from
United Stateg Lerp a LIy

hi gh-definiti lodr%g Cm“f% gglsglaaggg(’ﬁl‘m%}fﬁ%]bﬁﬁgls \t/)\ll(';'l?r %?gegfs%gct rati o. One
HDTV f or mat egmbols @20second, whamlmlnéns cpetaingd dma MSBesigind eiﬂéﬁﬁlngdtj&lew

hori zont al i nterl ace The
ot her HDTV f§?}ﬁﬁ%’ %ég{‘)/ Pf‘ﬁﬂf’ élss%g\fé%ﬂga?l Céﬂgﬁ IFI‘WQ tqagand gpg 720
progr essi vel yxes@AREHI99FNMHARSm WMhe loRleEMindt %ubﬁ@g&f tRefe]Ridicah The
ATSC standard al so accommpdates the transm ssion of DTV formats ot er t han

HOTV formats, such as the parallel transm ssion of four television signals
having 10 nor ndhe deiSthstendsrd fon digtapHDTS0%igna) t%meSN'II@bICaidaasagg irethevi si on

si gnal . . Hﬁte%Statesﬁ%é&%qga Eaf%%f@ég I’S?ttl ogel er Shgveq?aglg d%ﬁ/?SFéaarrpl | t ude

nodul ation ( urrng terr rical “Broade I'ng in St at es

of Anerica conpiiisetHBTY)CaaRS With 16:9 aspeet ramns}afélﬂmw-fbﬂnauu@es dapa fields
each contai ma%{% 313 consecutive-in-time data egments. There are 832
synbol s per plesRyedn inagd 18P HC‘QWW%‘G] Sqaatheeﬂb@rﬁé Hz frame 3th7251 M-z,

each data Seg@ﬁﬂkteﬂﬁcé)f’ﬂ% otﬁeh ST OSEGRN WSes glli%ﬁtlurﬂﬂlan%as%gm&?e%g%ﬁg%aps ne Ui ng

data begins with a I'ine synchronization code group o
successi Ve 28nd 7pragssofely Sann] scab lmnslofiSlevikie ivalge pert® Hs frane. [Taxel

bel ow t he ma dat a excur si on, he value -S is one
| evel above m&%lﬁ%%Pde%gw transm‘%&?@tﬂfg?nﬂﬁ orFREs Sthsthal 1 ne of

each data fi BiDdrv Retdaelesuch ok it Shr RN GHAGREASE bPR uF Rl  ision signdI§ RMRnd hat
codes a training sgﬁgnal for channel -equalization and nultipath supT)r ession

procedures. T@ald Iﬁilﬁglls¢<g1mm5©r$t06an3ﬂSC§aﬁpEeelpesu@lelgnandom noi se
sequence (or 30 "PN-sequence”) followed by three 63-sanple PN sequences.

The m ddi e 63- SAMBIE transrinede}, PEAHENF Gl Sunk (FIBTub Mk TAEHALAZAEH W th 2

first logic convention In rst
20 dunng 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

]
w

values of +§, -§, -S and +S. The value +8S 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

| ogi ¢ convention in the first line of each even-nunbered data field,
the first and second | ogic conventions bei ng one's conpl enentary
respective to each other. The remai nder of the training signal is
transmtted with sane |ogic convention in all data fields. 5

The subsequent |ines of each data field contain data that have been

Reed- Sol omon forward error-correction coded. In over-the-air broadcasti ng

t he erorfeaemmdpmwm dngdadiddati an adcordanedwith lskisndaoge dostinfign tvel ve
interleaved trellis odes, each a 2/3 rate trellis code with one
uncoded bit. thg st jige %%@Fhsve@%mbagechézéa field, the fiystrand geganddogip cemmeptiongr oups

for over-t he-b@ &E@Qéﬁpﬁ:ﬁ{eﬁfhrg B ng%t.lglt}% tA gacﬁlot}\lla%? gﬁe {emamder of 't%%tringl%d e

one- di mensi onal “const el Tati on ding, fansm ssi

wi t hout signalyistahsmited e S‘ag)eﬂﬁgiabaﬁ\&nﬁm@m dlhéati fieldb.i s codi ng
procedure. Trellis coding is not used i n cabl ecasting. The
error-corgection ded, dat a re fﬁg four - ps for
transm sston as si éelﬁseﬂ‘é% ?f% W(ﬂon&% ‘Etélﬂ}aégi“(ﬂp%g}rrbol codi ng,
whi ch Reb@U33 B Q)P@ar@%?ro%gﬁeéﬁomég&gd Hﬁ%@@ﬁ{h@gmb od®asting the The
VSB signals have their natural carrier wave, vary Im

anpl i t ude dep@ﬁﬂpmmn@h@mmmﬁ@erﬁs cmddduluangmelvsupm@s&emllﬁhe

nat ur al wave, is. re carrier wave of fixed
anpl i t ude, c(i:‘ﬁ llal”t/ g trellis 5B 31 ot 8%?)%’%&?9%% Tbﬁﬂ%%"b"eﬁ“ﬁ@r"é%nt age of
modul ati on. -EhﬂSSd Ritd ere€Bit bt Rbs Y&\6Reihe- -air transmidsionad e@'ﬁﬂév’épde i's generated
by introducing a direct conponent shift into the 20 “odul ati ng vol t age

appl i ed 19 t REcHuPemsEal-rRdtsllatior S)’gléwéﬁ@dlngmg‘/hlhletransmlssuarrplmadgd’ethmduI ation
debands th |
si debands t et 318 Uk Schat B kifh ;ggfggscéa*ﬁﬁgﬁc@gu erré{ﬁ%%mwr@t?;gd as

its response é el git Tevels o

val ues of - 7usedap caBlecasting.+Thsg ed-or&orrb&uﬁﬂd)dta data a&&ﬁar@e’ﬂhhtoeﬂouﬂﬁﬂ Ui'cﬁltpls ng
signal, the pil ot carrier has a nornumlized val ue of 1.

normal i zed va‘? [EAngTisgign;as siicenypyel ppedpmensionsl ¢agsiclaipn e 6‘1"11& |“sthf5

VSB signal s %ﬁhﬂ?ﬁsﬁoﬁseé&@ha%mﬁbu%géda ghoM I'| be used in over-the-air
broadcasting within the United States, and VSB signals using 16-Ievel

synbol COdI ng are proposed in the ATSC standard for use in
over -t helair narrdieasiB ﬁgniésllsa\enhmonatunal carrier wavah Whichastildgaryyist ens.

However, t he‘.f%pf‘&%g depe[%ld?h%tolnct%e IpQrcgnL{aoe ofySt urlg.stlolnss&pprel'slsed 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

20 modulating voltage applied to the balanced modulator generating the
amplitude-modulation sidebands that are supplied to the filter supplying the VSB
signal as 1ts 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 +3, and the

normalized value of -S is -3.

12
(V]

VSB signals using 8-level symbol coding will be used in over-the-air
broadcasting within the United States, and VSB 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

30 suppressed-carrier quadrature amplitude modulation (QAM) signals rather than VSB



30 ‘suppressed-carrier quadrature anplitude nodul ation (QAM signals

rat her than VSB -4-
signals. This presents television receiver designers with the challenge of
desi gni ng receivers that are capable of receiving either type of
transm ssion and of automatically sel ecting suitable receiving
apparatus for the type of transm ssion currently being recei ved. Such
receivers are denom nated " QAM VSB di gi't4a'l television receivers" in 5

this specifi ' et d ‘ref LLk p I Qi

tel evision ﬁgﬂdlsopre}ggﬁrvegérf%? %heérglqgg?léﬁ %%lgﬁq%ﬁ/}@g%ﬁ%%%%{%?@%F g’)ln%/\rn%tl h

i nt er medi at eretaregredrat yre capable ¢f fepeimmgleithérgype ofteahsimmssoemnmd o f hooniaatfilyQAM

and VSB si gnaLs .haslf\.lgq%?n descri bed by C. P Patel and the inventor in
their U S THTBAY SNGCIS 5080838 Euh &Y 1o %(BF pf ransmissiqmygpTenixbeigeq  HDTV
S| GNAL  RECEI V&R 8. WichQeceiJeMiet ARV kB ARBRSENGE bR ERCGER £EIR ML VSB
MODE- SELECTI.ON, and incorporated herein by reference. This type of

QAM VSB DTV this specifiggtiinagg afessomesiged seferedbodshy SB/QBM pigitel telgyisiethe

inventor in U .S .p |l y rial. 1266753 filed 28
Jime 1064 argeairry PR e BB %@&reéﬁ’er&ﬁl&f%’?ﬂq’%ﬂ%ﬁﬁﬁﬁéﬁ AND QAM
Dl G TAL HDTVYIS &iAlfBrs tbed S cpairentforlivth §M and VSHdigndlshasedes debibe@ry 1998

and entitled RADI QO RECEIVERS FOR  RECEIVING BOTH VSB AND QAM DI Gl TAL
HDTV SI GNALSY @nfd Fatelgnd ge inventor igahant. istant Y- on W9ei30a4ssured 9 Aa81l 773, 949

filed 26 Decgyher 1R96150¢ Q. W RECEI VERS FOR RECEI VI NG
BOTH VSB AND QAI\/In[t)I G TAL HDS$$L AL%%&S s patent, Nos. 5.506, 636

and 5, 719, 0121 AGINAR %S A0d P At- PRESIENGE DETROTOR FORQ AN/ VEBMOBDE/S3  wer e

witten presumn Al the carrier, frequency of VSB DIV _signal woul d
be. 625 kb atovECTORas ahE Fehier: i btandye e cea he eSSt D10, "o
subconm t t eqeadivdrheafeiManegeh Jeteri SiOmnaYsd BVEnEOMT .tg.%%tenfr%ﬂﬁication ,
specification presunes th he carrier frequency of a VSB DIV signal is

that t
noninal |y  seria@Na.@33g, BEdued Povwenst | 981 and entitfeddd BROYREGETYERFORed i n

Annex A of t i gL Lel evishon. L pt enber
1995, RECEIST et VB S0 SR PRt cu B SRS, CFRERT o
5,506, 636 areo. 5,715,Gubkeet 3tRebAiapr DiFIsemd@htib&i R DIORKEE IVHRDFOYEB
reception at_tines when VSB rather t han %M Si Iqnal S are beivng
recei ved. THRECHIER GrBOTIEESBIAND @ASHDEMI TiMhi ERTV SIGH ok phdin YcZurs, to
ari sing becayise, 0ngicafioh 1ial Rehe/h 20alo ASEDLIRLORE] BoBARH Aludd1ELH180
pl ural -conversion receivers recelves autonmati c-frequency-and-phase-contr ol
( AFPC) REQEAVERS EORRECSEIVING BOF DY SBANDOQAM DIGIERANHIDTY on
whet h h '
ether the HBGLEY"Y s. patent Nos. 5,506,636 and 5,715,012 and U. S. patent application
20 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

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

(RS}
wn

Television Standard published 16 September 1995.

The QAM/VSB DTV receivers described in U. S. patent No. 5,506,636 are
subject to a problem of being locked out of VSB reception at times when VSB rather
than QAM signals are being received. The inventor traces this problem, which
sometimes occurs, to arising because one of the later local oscillators in each of these

30 plural-conversion receivers receives automatic-frequency-and-phase-control (AFPC)

signal as selected from one of two sources, depending on whether the DTV signal



-5- "being currently received is QM or VSB in nature. In the QAM VSB

DTV receiver described in U S. patent No. 5,506,636, the selection
of AFPC signal is controlled by an i magi nary sanpl e presence detector
responsive to the circuitry used for synchrodyni ng a possi bl e VSB

signal to baseband. In order for the inmaginary sanple 5 presence
detector to operate satisfactorily, howsver, the circuitry used for
synchrodyni ng a possible VSB signal to baseband has to be properly

synchr oni zedbeing curratitlyltetetgalriel AVt e/ SESR ket HEde QA v EBIress rddiver st at e
of proper synchr onjization is in exi stence, i mag@nar y sanples w ||

occur. Respofstieed s Y e Paleaile.en2®s, a6, thesstection of AFREgignaliy connglledshy t he

i magi di ] M VSB DTV
oo ver 1 or ToetoE Sl R Yeretorie R B e Gk s o a

possi bl e QAMvnsh@ﬂahmg@ possislb BB vighd! 16 BaseBARY. 118 @rde? f610he RhAMASH REMARPC
signal for the controlled |l ater Jocal oscillator, rather than the

ci rcui try usegsT6F dEGHORIORPFFAthEptigtactorly, hoysemihe Wsahwgﬁ%fort o baseband,
SO proper SynGREQRLARL L Ysibik hJSrBegaﬁaq td Basteg'ﬁldgﬁgtt% F? E/)ropgllly gﬁxcﬁﬁgnizle I's not

forced. Proper synth hrdni zation can~occur accl case,
t he i magi naryuhacrgahétopheé/éfﬁbmlcdememt oUnlakd thiscsvatelbf propert SyackadMzMEsh BTV
receiver for VSB rece tion. éﬁgg e of phase between the VSB gl | ot .carrier

and t he CXIUERYE; P a&@ﬁ%?%ﬁ? OCPhCRFBAYHTHE e ecararnes ofitarse: o
baseband makigsioitseh sﬁﬁ;ﬂh@%maomary Lankeat Mresg’}ét& déQ%P WA SorddMedBinkS no

substantial slippage of phase bet\vieen the VSB pi | carrier and the
carrier deneRadéd SfH)DTéfyrnemVUcfynQﬁ@i tehnepMSB Blegthltt}msbdiﬁﬁtsanmrodmﬂngo
the phase persis e ng incorre ch conditio he | ock-out
fromvse  “PO% é’i%%?*.‘”lf X SHeda 3 %‘%’ﬁ?éwm b Feftrre 18 o PravViding ‘1@6 B128B) M of

bei ng | ockedthedbndlledHder ReARIsti@BoAtratheMBsn YRS \ivE used for sk/’ Alledydiien QAM
signals are bei ngerecel ved i s sonetinmes observed in the VSB DTV

recei vers dedFiPbedSpPsianal g, baﬁéﬁtﬂéﬁtsoméopessmrqall@tlaﬁclvlihrregﬁrdsa thea{ ¥t 25
appl i cati ons,sgL.i r.ec ers the
sel ection piRe !cl)!?%er g&%&f §édzngflﬁr ogﬁ%éon o%noé ai('?%gcu\/éﬁc1 r}t%?y’é% ?lfi’

pr esencd deta@st,ohe Messiromg sareplt resence detddtor &iill @uhditiyn uﬁe{@mwssmvr odyni ng
a possible VSB si gfn% Eo baseband. The sensitivity to the difference
in phase betWeeh TRk Y V3ECHPIGE: éBPFM"éPf BRrse PRveeR il ¥pB pilot cargeraaddbed f or

synchr odyni ngthe,. *}{gr@te%'f&'l?ncﬁrgget basehands ends; tﬁgg&;%% d&@%&%h Fﬁ]@%ldénw 30

the VSB pilot carrier presénce ector to provi ron t a VSB
pi l ot carri éskely. But sogiebwicn thetkeiseotsebstsmamhslimpage bepliasabttnacy theangib eilot
presence dEtc%(r;rE °Qran¥j (?hel crglgngr%tenerateg for synchrodyning the VSB signal to baseband, and

20 the phase persists in being incorrect. Under such conditions the lock-out from VSB

reception mode occurs.

A similar problem of being locked out of VSB reception at times when VSB
rather than QAM signals are being received is sometimes observed in the QAM/VSB

DTV receivers described in U. S. patent No. 5,715,012 and in U. S. patent

8]
(]

applications serial Nos. 08/266,753 and 08/773,949, in which receivers the selection
of AFPC signal is controlled by a VSB pilot carrier presence detector responsive to
the circuitry used for synchrodyning a possible VSB signal to baseband. The
sensitivity to the difference in phase between the VSB pilot carrier and the carrier
generated for synchrodyning the VSB signal to baseband tends to be less critical for
30 the VSB pilot carrier presence detector to provide indication that a VSB pilot carrier

is being detected than for the imaginary sample presence detector to indicate the



-6- ~ non-occurrence of imaginary sanples. Nevertheless, if there is
no substanti al sli ppage of phase between the VSB pilot carrier and
the carrier generated for synchrodyni ng the VSB signal to baseband,
and the phase persists in being 90[err] away from correct

synchroni zation, the | ock-out from VSB recepti on node occurs. 5

A primary objective of the inventor vvas_6t_o prevent any | ock-out from VSB
reception node in a QAM VSB digital television receiver using bandpass
trackers f ornon-occurre@¥dVbf iemgiatyosamiplel. NEveNTdedseE @R¥ré RMo substantial

SUWARY OF THE IN\/EEI‘FI ON . The invention is enbodied in a

radi o recei vOIPPEGF OF RRASF brtvgeathecy TR piet @ ead theramiar gemsrpisi dor si gnal |

i ti f i {chS. dr at ur e- anpl it ude- | ation o
or 5 vest| gr Seuttaghiging VSR Gl At S TRiSF BrERE IAEE S avpceiver
i ncl udes fropbmedderesi dyabhbohtat, _ﬂfeﬁbgﬁzﬁliui I&N/%Bsx%ksﬁioﬁ%?de%&éﬂs. tel evision

signal and converting It w cation t'o at Teast a first
anplified penultinate _ internedi ate-frequency signal; a first
frequency’ conver t &rprimaary obieeidye ¢fithe invemtof wasto gregent afiy lvak-out from VSB

i ntermedi at e-f ency. Si_gR: irst anplified penultinmate .

i nt er medi at e~f %pg%éerﬁ%%e £ iagcg‘g‘ik/{/{/ttgﬁec{‘@fﬁ éetle‘fqggﬁﬂeéﬁ‘&?‘p'é%?ﬁ/léarr’td@ssit??&ﬁfﬂiﬁﬁg a
first Qo kebtish ook VaBoecdgignf r equency and phase of its
oscillations controlled by a first

aut omati c-frequency- and- phase-control signal; a first anal og-to-digital
converter for di gi tizi mPYREARY QK %ﬁEnszVENIEPNedi ate-f requency
signal to generate a digitized first final 20 i nt er nedi at e- frequency

signal; ci rcuitryﬂﬁ@rm—smnﬁmeﬁwér@@'rﬁd"bédﬁa%élb&iﬁ)@% iving i$4:00 signal
in said digitized first final i ntler lms*di at e- requeng;selglln@naa 13éltc‘ge\dlgizt%leIand,
thus to Jeneieltsicn fignadtimespeptieese atiebarid a sugirafuraadphtufie-nstdulation

guadr at ure-p, whaseband . . i |, .and ci.r.cuitr r synchrodyni ng any
VSB di gi t al ﬂﬁg&?éﬁéﬁ%‘%ﬁ&%eb?’}f@ %3&%1}% gedev‘s‘on S’Qéczﬁn‘a radipgoeiver

i nt er medi at eintleeRORYenSi FOairytfor RARARA N selcbidd diQtYRNRAREEsiBnaqEOND 25

i n- phase baseband signal and a second quadrat ure-phase baseband signal. The

radi o Gosreitpert with pmglificaiont aiedss 2 dindraplife zenhltipam second
frequency copuentghie L LONVert i econd final.

internedi ate-fr equetr?cf;géqsuiergljcr?’aﬁ1°rg‘ﬁ)’sn‘1 e@%{n{ﬁ&gﬁéﬁf f‘olnggﬁer%ir COHaSHiﬂottP ﬁ'é.’tr%t

i nt er medi>at eifal eyerenclatsiigqaincg sigphlitkelfifst amplified pemanftmasd circuitry,

whi ch second frequency converter includes a second controlled oscillator
the 30 fr é&h&ﬁ&@aﬁ- PRaee gralithe st Brpquency eonyeeennedings gt a second

controlled oscillator the frequency and phase of its oscillations controlled by a first
automatic-frequency-and-phase-control signal; a first analog-to-digital converter for
digitizing the first final intermediate-frequency signal to generate a digitized first final
20 intermediate-frequency signal; circuitry for synchrodyning any QAM digital
television signal in said digitized first final intermediate-frequency signal to baseband,
thus to generate a first in-phase baseband signal and a first quadrature-phase baseband
signal; and circuitry for synchrodyning any VSB digital television signal in a digitized

second final intermediate-frequency signal to baseband, thus to generate a second

[RS]
i

In-phase baseband signal and a second quadrature-phase baseband signal. The radio
receiver of the invention is characterized by a second frequency converter for
converting to a second final intermediate-frequency signal a second amplified
penultimate intermediate-frequency signal supplied from the front-end circuitry,
which second frequency converter includes a second controlled oscillator the

30 frequency and phase of its oscillations controlled by a second



7 ' aut omati c-frequency- and- phase-control signal, and by a second

anal og-to-digital converter for digitizing the second final

i nt ernedi ate-frequency signal to generate the digitized second fi nal
i nternedi ate-frequency signal. There is first

aut omati c-frequency- and- phase-control circuitry for generating the first 5
aut omati c-frequency- and- phase-control signal responsive to the first

i n- phase baseband signal and the TiTst quadrature-phase baseband
signal, and #f@hfid-FefRaONEnd-phase-cObr@NBEAA; dndagueneyndatidhasggrant r ol
circuitry for generating the second _ _ ,

aut omat i c- f reogquetordiglpingsibe swand dnalsnigmediptedpraneioysigng! wagederiecibad
quadr at ur e- phase band .signal ,. - n_c ast to the QAM VSB
BTt ocer verdBaEeb B A ShRbRbaiatc Waapsnay sigmpl el e BT Nvenm o, ¢ he
first and S&Qx@d’tﬂatfd—ﬂéckueh&-&h(g?ﬁdsé-control cirdi@hyt foz eshefMingriRsHREL | Ve
application to the circuitry tfor synchrodyning any QAM si gnal to
baseband Sandutenitielrequeasy-ppdrhase-caytelsigal resprpsaisyo thsHirs grakese o baseband
are S g L rs
respectivel ;& géﬂﬁggisg&%g@gﬂghgﬁ ﬁfirdsf%tﬁ%:eoﬁ{% rgeo %ggﬂgis% Pgtﬁ gglyeﬁ%nsé%s&edgond
control | ed csiterhétatDequenay-hed-phdsacohiesirircuitry for genepltingdhd seoomd he sane
frequency converter, Furtherpore, the flrsF AFPC si gnal applied to
the first cotf¥BItceHeHERryPat-BhasEEopEdsEme KFéP‘H‘éineHSPalE‘éecﬂﬁ‘é second

i n-phase uadRAFERARE kel sipphl to the second quadrature-phase baseband
signal; and %he second AFPC signal applied to the second controlled

oscillator is responsive neither to the 20 first in-phase baseband signal
nor to tie first lgradirattte biefhasldVbRIEDAmEcierprascribed in theThese separat e

AFPC | oops f.gy, fATS i r t .controlled
osci 11ator auh) G PROVER FETLTIIENG IR B Bl BREre AL BRRIE RN,
" BACKGROUND (ki t1Z&dEfor hA8phHt veppliFdtioh he tharireuitgddi §yinohdlyhihgxhp QAN sighat he
design of the circuitry for synchrodyni ng any QAM signal to baseband and
the 25  ci'Pdafdryd prt todhmERFBdy Msynergdypats Ayghel Siegaldqdatshand atst ai ns,
since the nami.pals ¢ ' ' j f d. second
control 1 ed ool 1T aPs hiea MaRh) ool Hoaekel ThAeR retleildl) Sbmhiling

BRI EF DESCRI PTisCoiie IEHESIDRAWY G a second controlled odedtiorpfatiier GuaRESIle, 2, 3 and

4 is a block schematic di agram of the radiz__Sg recei }zerA%%rti,on? of a DTV
recei ver consPPictBemithe CFHIREYY YN R n & UFAGEIMEF-dfe first AFPC signa

applied to the first controlled oscillator is responsive neither to the second in-phase
baseband signal nor to the second quadrature-phase baseband signal; and the second
AFPC signal applied to the second controlled oscillator is responsive neither to the

20  first in-phase baseband signal nor to the first quadrature-phase baseband signal.
These separate AFPC loops for the first controlled oscillator and the second controlled
oscillator avoid the VSB reception lock-out problem described in the
"BACKGROUND OF THE INVENTION”. Furthermore, additional flexibilty in the

design of the circuitry for synchrodyning any QAM signal to baseband and the

[RS]
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circuitry for synchrodyning any VSB signal to baseband obtains, since the nominal
frequencies of oscillation of the first and second controlled oscillators need not be the

same.

BRIEF DESCRIPTION OF THE DRAWING

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

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



FIGURE 5'is a block schematic diagram show ng in greater detail the
circuitry used in each of FIGURES 1, 2, 3 and 4 for synchrodyni ng QAM
DTV signal to baseband in the digital regine. FI GURE 6
is a block schematic diagram showing in greater detail the circuitry 5
used in each of FIGURES 1, 2, 3 and 4 for synchrodyning VSB DTV signal to

baseband in the digital regine. FIGURE 7 is a detailed bl ock
schematic diagramof circuitry for prowsdi ng the sanpl e cl ock
generator, the | tabl e read-only menories for supplying
digital descri ptl @Hﬁ? t‘%’i‘eb‘@(ﬂwf@ﬁla&&ﬂ%mSWmffbgreétﬁhéﬁ%g&?rﬁlrﬁglﬁa’ i gi tal

QW10 i gnake adidn S B1ABREYSE25) Ak fordlmdrh il AN PRl Kibegugnci es each

t o baseband, ress generators
circuitry |§x$ﬂmhmde&ewn§@éﬁgahm DTV signal radio receivers of the
types shown in FIGURES 1, 2, 3 and 4. FIGURE 8 is a bl ock

schematic diagra ni.n or,tions of .the DIV receivers
radi o recei ver gﬁrlﬁ;%ggsra@ﬁm& 8@&‘5 AR FPWIE%JF’%"E%“?TCT ‘éetalé\gﬁr?éfcwtw 15
FI GURE 95i S 1@ed ﬁ:bela@h@fFFG'@RHB If DETLRIE kRSyA@hodyithd PSBIDPBGighhabor used to
supply the oscillations_ used to het erodyne a penultinate

i nt er medi at @asghapdigntdy digitgliregime.  centered at 44 MHz down to various fina
i nt ernedi at e-frequency bands for QAM si gnal s. FI GURE 10

ooy 2he of desiBRE PeRaLER (00 LhEnl ACALe ARG ALEK HPERVI e

supply the OSCI||atI0nS used to ero ne a pen _ _
i nt er nedi at eafpequerkcgenbard, the look- menb&rreﬁi arﬁly%rﬂiﬁlzesm@m&@@or\/ﬁppnuﬁg final

i nt ernedi at e-f.requency ba for VSB i.gnal s resumn the vestigi al
S deband o B JeratioRu e { PR Fiersdspind Srpetrodning GEIARY borh n
the penybti @Wn‘%ls ahid Red1ch) FRE §1£‘r?al§( étrfﬁ‘llal I~ 1&?3”@'1‘6ﬂ\rlen01es eacht 8baseb§é§g RE 11 is a

tabl e of design frequencies for the | ocal ~osci ator use supply
t he OSC|IIaﬂb@mkkﬂseﬁn@@mheﬁeﬂmdqﬁéﬁésp@mdimnmahemhmmmkﬂadmamanEﬂéQuency

band centered. at 44 down var i int er redi at e-frequency
bands for VS@naLﬂgm?F&ﬁé?g$¥g?g§ﬁﬁf 9Vt He ﬁtiﬁéﬁg af> > s?ﬁ%ggnd to be located
bel ow the full sideband in

FIGURE 8 is a block schematic diagram showing remaining portions of the

DTV receivers radio receiver portions of which are shown in FIGURES 1, 2, 3 and 4.

,__.
n

FIGURE 9 1s a table of design frequencies for the local oscillator used to
supply the oscillations used to heterodyne a penultimate intermediate-frequency band
centered at 44 MHz down to various final intermediate-frequency bands for QAM

signals.

FIGURE 10 is a table of design frequencies for the local oscillator used to

20 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 above the full sideband in

frequency both in the penultimate IF band and the final IF band.

FIGURE 11 1s a table of design frequencies for the local oscillator used to

25 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.



frequency in both in the penultimate IF band and in the final |IF band.
-9 - DETAI LED DESCRI PTI ON

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

ei ther QAM or VSB digital TV signals. An antenna 1 is a
representative source of TV signals in ujtra 5 hi gh frequency (UHF)
band, or possibly in the very high frequéncy (VHF) band, which TV

signals are applied to a radio-fy lam'd'fier 2. The RF anplifier
2 is provided with a tracking prese eg@i/%fr:igﬁqterL or selecting a portion

of the one of the t el evi si on broadcast bands the tel evision signal
sel ected for receplGURErlegosweshd ndickheeiver portionREf alIIV fdceiveRcdnStructed in

reverse-AGC d in, del ayed response to, AGC. signals applied to RF 10
anplifier 2 §38rdgHC &gdl«’ﬁ WQIE}OPCW%{Ché?CCWé%F?—’P%PF feceving eippRAdS or

anplified vSB digRAPONSENAIS, ARGntBhLY IS RPresbliNfle SEIEGEGY figfaid RGHRL T ON-
This anplified response i's nmixed with a super-heterodyning signal froma

first 5 highdesquensei (UEED dend,@r possiip oothe ersi logh frequenhy GWHF) band,

[ di = - d ich is. he hj f .
Lol cvi ot on chakta PReRareplel i heSer bepeneltbamp e “LR kAL iR |1 ne

Wi th current2T\prprided i, a trh@inkipreselcdcaeafilt@se ddi@tiab abrtich dSH@bhdoBhe
frequency synt hesi zer for generating the super-heterodyning signal of a

frequency i ntelevision krepdcasilpndsthedelgyisian sigaalselegisd fesreesptigndengseniantThe
control |l ed ogegi ; 2 ;WM } v a [ f . t :

osci |l | at or bggr?gl p?tg(ral{‘r'(l) ete’ﬂ”%%fﬁl S fia%}éﬁ%%%ﬁge %rpé#:'gr%}gg%& Jpgllég%r%%ti ce
resul ts ith tdeplsiears tik wn GO Helapeiranper TieR B noglifeny syplisahmplifguency to
AFT 20  signal bei nggsqbs.t.anti al I% thg same for all received TV channels.
The 6- MHz- wi gaPonse 1o the delgysion sisnali ssleried JordiiespPtieignal  suppl i ed by the RF
anplifier 2 is upconverted to a hi gh- band i nt er medi at e-frequency

signal in a firstThsXeplilidd radbbisl iPnmede@naf ¥super-9beRdyning sighQUpdy zhasanced
linear-nmultiplication tépe. The hi gh-band i nternedi ate-freduency

signal is celftdroseillator AR fen upcantergen forachjgk migrmedie frequencpord, ovhidt ist he UHF

band 25 cont.aining, Faned channel s .f or television. hroadcasti pl aci ng
the i mage ‘ﬂ"’%“p{regga@eﬁsﬁfg Shet Fé?eévﬂ)sé%d’fnﬁ—llin l{lﬁ%@l%&r&‘?%‘ﬁ%‘iyl @ﬁg} ected by
a bandpass c@uépinimgIn line witﬁ@hM@ﬂt'@'\ﬂﬁrabtﬁ'&, et Rt 10€d1 obd1Ratbt ($1s V¥LANB 2 11

A hi gh-internedi at e-frequency-band buffer anplifier 12 applies the

hi gh-band | FTeugReY SynéheaiZgLior geraraigube supendsierodsming signkt efra figjueTteinbuf f er
?grs)lsi ‘;:c e{ hgossc'lé\a\?v irFt{i%Wiiﬂgﬁe frledﬂi%qc;g@f fcotn?po'%@r%(ecoﬂﬂoflpaeos%gla_tor,l v%'itg %16' nsertion
frequency of the controlled oscillator being controlled by AFT signal. This preferred
practice results in the sensitivity of the super-heterodyning signal frequency to AFT
20 signal being substantially the same for all received TV channels. The 6-MHz-wide
selected radio-frequency signal supplied by the RF amplifier 2 is upconverted to a
high-band intermediate-frequency signal in a first mixer 11, which preferably is of a
doubly-balanced linear-multiplication type. The high-band intermediate-frequency
signal 1s centered at an ultra-high frequency above that portion of the UHF band
25  containing assigned channels for television broadcasting, placing the image

frequencies well above 1 GHz so they are easily rejected by a bandpass coupling

network at the output of the first mixer 11.

A high-intermediate-frequency-band buffer amplifier 12 applies the
high-band IF signal to a surface-acoustic-wave (SAW) filter 13. The buffer amplifier
30 12 provides fixed gain to make up the 10 - 12 dB insertion loss of the SAW filter 13



and drives the SAWfilter 13 froma fixed source inpedance chosen to avoid
unwanted reflections. The SAWfilter 13 has a substantially |inear-phase,
flat-anplitude response that has -1 dB to -1 dB bandwi dth of substantially

6 Mz, whi ch passband is symetrical around a m dband frequency By
way of exanple, the 5 UHF I F signal can be centered at 916 MHz. A

gal I ium arsenide SAWfilter 13 can be operated satisfactorily in
this frequency range. The response of thHdSAWfilter 13 is supplied

to a second mX&fivekdnd QA VIGNRCONNENS MdtSQuﬁeluﬁﬁ\éﬂﬁ@chosen to avoid
i nternedi ate-frequency signal centered at a very high frequency bel ow t hat

portion of unwanted tedlevtpnsh dig ScﬂNtfdtmllﬁgaa@stlbgtwdakt)hhmme{phaa‘eor t el evi sion

br oadcasti ng. nal be.centered.. Jout 44 MHz,
as common |nﬂ%%\rpglétu‘?‘?/reﬁp%r&sf:%&aé%as | & 8 ichg % %@ ?F‘g‘% ﬁnna%y 8\%2#% i's
preferably ofyhahGlaysdaal icgmihetitaGrdunae mebpRd freéfuedcy. By way%?%@d’r@ﬂw\hgg
signal of stable fixed frequency to the second mxer 14 fo

i npl enent ¥ ng UtHelfdagnat 67 Be esniried hie? 16 MHzTHeg %b@nmemdzéﬁvﬂﬁltes 1pcef be abI y

of a Lg |

| ow-i nter ITEdIg ere P %?5%@@9%#“? m}; ra% % ?%’éef gg% hlecjass‘éiv féltﬁr 5 ?)and
| F si gnal t0s@p?uuﬁEcﬁ@eeo@ﬁd)uﬁi¢rQ4VVar/eo»(/rS)6Werfs1iohtt@a 1v6-beesi gned for flat
response over | east., a 6 MHz bandwi dth The buffer anplifier_ 15

provi des fi xeraer@mdﬁﬁ% Greauapey signelfentered at a veyy high Segeencybelor Bat pasden of ¢ he
SAWTi | ter lgxea‘vr"ﬁF@'éhd/ @&m&xgﬁxos.,(s‘é‘x‘éxfxédl éh%fme]r@fofr'%é?mlﬁon broadc:astxhé(e‘ii efyyce

i npedance chosen to avol d unwant &d ctions SAWTfi[Ter 16 has 20
a subst ah® i abbnd I nged cprhbswm@sq)mr@euw!eﬁvi}h bagrovndd m amlag(”ﬁ‘éwao@f:eG MHz,
so that the et ermi nes

char act eri st { t§°YS¢! ﬂglof r{” ‘?S{f‘%lsa%ﬁf F’fb}ye?{i acrystal- Coélllfg;l C?tyRe1 Slu?)ﬁii??rﬁ ni obat e

SAWTfilter 16.eaARyRRgQRSRRSEMhNANLES RefRhty ¥ thlsdcBRd fieguartsy _range
centered at about 44 M. The response of the SAWfilter 16 is sup&ltl ed as
e

i nput si gnal snplemgntegrdiridowgeerversat theteire dl hewreonst mixee i stcierablueny- band

(VHF) 25 I|f|esl7 ow | F-band anplifier 17 supplies its
response as | bthf' “biilaniced Iérfeaﬁﬁuﬁfpc;lcﬁn?rh P& ni xer 18 for supplying a final

i nt er nedi at e-frequency si gnal for digitization by an

anal og-t 05 di gi t al Aclonvikdreledibe- frﬂ{ueﬁ@pbir@&iﬂf&ﬂ amghﬂi:xgist@iplisyme hewdyne
circuitry 4, which synchronously detects in-pha M carrier wave

modul ation T S1EnadY asyretsr %Bﬂﬂ‘?aﬁeﬁsé&@ﬁﬁﬂa}(@rdﬁ@%d ARETERYISORNFIRr 1 i er
wave modul atQg., d 'Qﬁiz?‘Qandm@tW h‘ﬁe l%f}gr SR ﬂefr'lﬁ r(?VZde%q.RQhIOgﬁl tbfnz%ak &pRRESE as
input signal to a third mxer plying a final
i nt er nedi at e40réguBnoyersomlval ofkhe Sdﬂ@jlftlnezhﬁ ar@drbvyesahe AR OhertIé- orgiat al

fixed source impedance chosen to avoid unwanted reflections. The SAW filter 16 has

20 asubstantially linear-phase response over a bandwidth in excess of 6 MHz, so that the

earlier SAW filter 13 determines the channel characteristics of the first IF amplifier

chain. A lithium niobate SAW filter 16 can be operated satisfactorily in the frequency

range centered at about 44 MHz. The response of the SAW filter 16 is supplied as

input signals to automatic-gain-controlled low-intermediate-frequency-band (VHF)

L]
w

amplifiers 17 and 27. The low-IF-band amplifier 17 supplies its response as input
signal to a third mixer 18 for supplying a final intermediate-frequency signal for
digitization by an analog-to-digital converter 19 for application to digital synchrodyne
circuitry 4, which synchronously detects in-phase (I) QAM carrier wave modulation
and synchronously detects quadrature-phase (Q) QAM carrier wave modulation. The
30 low-]1F-band amplifier 27 supplies its response as input signal to a third mixer 28 for

supplying a final intermediate-frequency signal for digitization by an analog-to-digital



converter 29 for application to digital synchrodyne circuitry 5, which

synchronousl y detects in-phase (1) VSB carrier wave nodul ati on and
synchronously detects guadr at ure-phase (Q VSB carrier wave

nmodul ati on. I nsof ar as the invention is concerned, in FI GURE
1 elenents 2, 10 - 17, 20 5 and 27 cqonstitute front-end circuitry for
supplying penultimte internedi ate-f reqﬁé Cy signals to the third

m xers 18 and 28. In the triple-conversion radio receiver shown in

FI GURE 1 thegg Refpbdi ALt er L - ency. siaghal.s are the second
intermediate fr equenggﬁg‘kggga{&tggitggﬁtgf%ﬁ&h‘égﬁ“ _m%uﬁrygf which'syfc mﬁ”ﬁ‘é&y
response of thectdGCpaseR])avigl ichirier wive modulMitn dmicahciassddslyaddiests froma 1 0

vol t age- cont roIA ed third éo%gé oscillator 30 are applied as first and
second i nput duadraturgsphase (Q) VeBoamariave ynodulptioRe third m xer 18. The third

m xer 18 is for downconverting the anplified first VHF

i nt er medi at e- f r eqBEREH a8 kENRVedioAT LHRACE i F[I@Uﬁ'ﬁ’1 E%xitngﬁts 210140240

generate a first final internediate-frequency signa set’'a f
baseband { or 2ud &7 eenstitute fronyend@rcAy 8 supplyifg penultimate iDeghddidte-fegedicgdy ne

circuitry 4 i; ' . for._respondl t DTV . signal inp this
first final :Slﬁp glrg?r%gll@g?léé 8’ 1eq Zﬁé@%&g’ﬁ‘éﬁe %%’8%’8’\7&?01}@916&%??% SAVREAse
(1) and quadFEGURE: IpthasepdnQinias ehanddiidafad enthdbnas SredRS&hid i ve of QAM
synbol s. Adigital nmultiplier 31, which in order to secure speedy

operation i s'FEREIEGITgquency signalp nethe MEEHbanG. r ead- onl y menory (RO ,

multiplies these | and Q baseband signals 20 together. The resulting
product whi ch contrgi Rs,HsARRFES: J88C] P4 f frequency beat
termand of a term at gyrrbolf%?tasgéiciifg%%élgf;%elgaapg@a%n% 0861 %%?lﬁg%l/g %cYm a

di gi t al - t®- aneltagg-coomvided third 3atal Thetlldr@rin at asplivdek firated sitohdlghpdAC 32
response is _. §§l;dpgl.i d t% ap. gut.omati ¢-frequency-and- phase-contr ol

det ect or 33, SERYSHHWPE > 10 the thigg muxgrd8. dheluhmigs 1845 98 dewneravertiaguency

and phase of (hehenpliglet Fga-Cgntiond achid-fe ﬁngyssichﬁcf?dr? gm%CAd}ba& ﬁ{arﬁaljﬁeq reduce

the low frequency beat termin the DAC 32 response zero frequency.
Thi s feedback’ sogfnesite ofirst faahioleragdiatedregnetdyeignizho ffekt b doaMids fold at or

30 is a specigs, of 1 s__éoo LA autonmati c-gain-control detector 34
responds “?%dttﬁgabﬂﬁa on E‘ets]]ﬁo’@glltgo generate a first input signal for
an AGC si gnal conbi ner 25. which applies an automati c-gai n-control
(ACC) silgnal to tDegilabvyrchrddgnelcircuitry 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
20 together. The resulting product which contains samples descriptive of a low
frequency beat term and of a term at symbol rate is converted to analog form by a
digital-to-analog converter 32. The term at symbol rate in the DAC 32 response is
supplied to an automatic-frequency-and-phase-control detector 33, and the AFPC .
detector 33 response adjusts the frequency and phase of the voltage-controlled third
25> local oscillator 30 to reduce the low frequency beat term in the DAC 32 response to
zero frequency. This feedback control of the voltage-controlled third local oscillator
30 1s a species of Costas loop. A QAM automatic-gain-control detector 34 responds
to the DAC 32 response to generate a first input signal for an AGC signal combiner

25, which applies an automatic-gain-control (AGC) signal to the low-IF-band



-12- = anplifier 17. In order better to preserve linearity of the QAM
digital nodulation in the low I F-band anplifier 17 response, reverse
AGC is enployed with this anplifier. The response of the

AGC d IF anplifier 27 and VHF | ocal oscillations froma

vol tage-controlled third I ocal oscillator 35 are applied as first and
second input 5 signals, respectively,_ to the third mxer 28. The third

m xer 28 is for downconverting t het nplified second VHF
i nt er medi at %&ﬁlﬁ%ﬂ?ﬁcl{ §f&Pﬁéttefr §JP€e ﬁ%g}, 6t’:the \/I d hhioﬁﬁfa}i?n? if ©
generate a secon |na I nt errre e frequericy si g offset a few

MHz fr om basteb & IF-bandhgphiiadtT respob;e, trdversAlDC:29s employed with this amplifiert al
synchrodyne circuitry 5 is designed for responding to VSB DTV signal 10 in

- phase (1) TheleREnT e A GC HE R By R and SRl e Ren LS efc%e“ﬁ%'vel cast

the formner ofoliabé G&tﬁﬂ&@bﬁlwlocal osc1ll§!o@B§|a§3d hé@ﬁzﬁﬁﬂspiﬂd@c&fd iMpi A
symbol s. The quadrature Phase baseband romthe synchrodyne

circuitry 5 Signaorseretagit & hashishmixsr A8- bgh%\twidgm‘at 2§ i5-famdgvarsonverting
3 gb
converter ﬁheéﬁg&ﬂgéég’ VBAS Y HE In ge%ﬁxegétﬁﬁﬁ tlcff ghalgéé’em%@?\t‘d?@‘a% eat term

fromthe 1 response age-controll ed
third | ocal asglifidraras g o&&rmasecond ﬁaml iatenpedtiecirédquentyesignsl affsktptfase- cont r ol
(AFPC) signal therefor. The in- baseband signal fromthe

synchr odyne chfmr{‘rbﬁs@a’i‘%foééfﬂ}’é‘faﬁ@ﬂ by theah B0y f orm by a

digital -to-anal og converter 38, and a VSB autonmati c-gai n-control detector

34 r espondspideal %c%@yﬁ’@cﬁc%ﬁ%@?s%e&@n&ffb@ r&bBnding &rosd DW'&?«m%l' gnal
for an AGC signal 20 nbi ner 25, ‘which applies an -aufomatic-gai n-contr ol

(AGO) silgnal intthistséeond fmal mltamedrlﬁtekiameacrymlgﬂml &y regqver respesterndpbasedl) t o

preservellnerlt of the VSB. di dul ation in.the,l ow|Fsband
anplifier 27 %L};‘xgge P %Ve@gé’aﬁ%@“f§°%%lab§’ng %}@ former Offvﬁfcg bR er .
Supposed! y ogaJyr)ﬁl@l@@egtfnp&lh@ofesgextﬂsw&bbgsm@sﬁadﬁaru%rpmgb&éé@aﬂ%lel@slors 34
25 and 39 will indicate need for reducing radio receiver gain, so the AGC

si gnal freso i Whl@symmrqyérbcquogmr&ql i gnales form tuha disdRlolg- Rl r cui t
for those FeROL Ii%rlsj\%a?dalow %"Ffu%h Qtrac a?%\g?ri@ g??ﬂ@s' V& OrHlé/ to that

one of the resp esponses from ectors 34 “Ahd 39

whi ch nuost lmelchzes;;d’iﬁed)rfapp lida€idhl ¢ thg voRsEeocon@oBed/ giird local osdiiddtor 35THe AGC
si gnal comnbi ner 25 suP plies AGC signals to _both the | owl F band 30
anplifiers 137 HHMac- rweenmendspwacoewf\ﬁgﬁ)zksnﬁldmaﬁoas TheinapRasgi gnal to

the baseband signal from the synchrodyne circuitry 5 is converted to analog form by a
digital-to-analog converter 38, and a VSB automatic-gain-control detector 34
responds to the DAC 38 response to generate a second input signal for an AGC signal

20 combiner 25, which applies an automatic-gain-control (AGC) signal to the
low-IF-band amplifier 27. In order better to preserve linearity of the VSB digital
modulation in the low-IF-band amplifier 27 response, reverse AGC is employed with

this amplifier.

Supposedly only one of the respective responses from the AGC detectors 34

88
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and 39 will indicate need for reducing radio receiver gain, so the AGC signal
combiner 25 can be configured to act as an analog OR circuit for those responses,
developing AGC signals responsive only to that one of the respective responses from
the AGC detectors 34 and 39 which most indicates need for reducing radio receiver
gain. The AGC signal combiner 25 supplies AGC signals to both the low-IF-band

30 amplifiers 17 and 27. The AGC signal combiner 25 forwards an AGC signal to the



-13-° ' AGC delay circuit 3 for reducing the gain of the RF anplifier
2 when very strong signal reception obtains. The
presence or absence in the DAC 36 response of a direct termarising from
t he synchronous detection of ATSC signal pilot carrier is sensed by a

t hreshol d 5 detector 21 operating as a VSB pilot carrier presence

detector. Indications of the presegce or absence of ATSC si gnal
pilot carrier by the VSB pilot carrier présence detector 21 are used
as control si, I - r ne result | ector .6. These

i ndi cati ons ﬁé&egﬁ C?ﬁ%%??gﬁr%g %‘3”&%{"5#6!’} ?ﬁg%ﬁgﬁ&pé’?‘(?hg-w P AV QAR zer 7
for selgnatl fengptiohebeomd. | guration of digital filters in the equalizer
7 to suit the DTV signal 10 being currently received, depending on
whether it is a or a VSB, AM si.gna Responsive to the

. | . .
VSB pil ot carrier pPEPESHEE Ybecsin it AP sespapsa e direct termpgssingdronf  ATSC
i gnal pil ot i i , L o h
si gnal pil ot gadymtBlonoddet&YiBR Bﬁgqﬁﬁgsixérgﬁ? Hlibt c%ﬁﬁegg{/%se% t§ye:!x Sl?(%s?}ofzt'! ?or

i n-phase baseband signal fromt sync ne ci rcul
appl i cati dn tdotegier 21 operatinghy 1 WGB-mlvd cgrietypreskak ayetectonl Indeatidnsast theal

sanpl e stream and sel ects t 5. adr at ur e- phas aseband signal from
the digital g{/er?grr]]creoo&)?ﬁ%engf ngi’lﬁﬂf@f‘%ﬁm carmer bggﬂﬁ \?égtﬁﬂ(?h“trﬂertﬂféseé&%al i zer

7 as inagi nakytes@RPl aresise€ asitontide sich b8l SathBByne result RIRERFUIBRAT €
performed synchronously, rather than in staggered phase. Presum ng

the sanpl e ratdcaignparezisospppliedopanampditudetand-guewp-sdaoeghalivére? fequal i zer 7

can be operatgd.:. . ctd onal ual i.zer ith the digital filter
circuitry i ntsigﬁcetmé’qta%f:@égr% r%[ogj&fe&la%l fﬁ‘nés 15(5%6 ec%‘fwgﬁq*tiéfléﬁ}e]gbtgﬁfﬂ“é‘L per
second rate bhag cusefiburectivedSepdirlinppsrvhahe iofs AHAMBM VSB AMSYshe! s.

Preferred designs use rate reduction filtering of the real and inmagi nary

sanpl e streans th(f)\ gcljual i zer 7 receives fromthe di g:ittal_ synchr odyne
circuitry 4 for SSPOTEIXRILO they o3l PHR! s dprserie dotecinri2liipdipylingghelnar e al so

used for equabdeaad bORTE sihal ;tJilot can%?,rtﬁfllgpﬁgﬂrgﬁ% re&ﬁmlf& ?r&f sg)ﬁ(ie%t'{rsﬁtﬂgl at ed

VSB AM synbols, is converient to 2 -division nmult e real and
i magi nary sanpplassbredand ggnalémodileali gt Nvhrodyne cisyuibph Sorppéicatintteranat e

sanpl e basis and then.,to operate the rest of the digital equal i zati on
filtering _on‘“émdtﬁlgF'—aBﬂ'aé%upB‘g%?ysﬂ“é‘Efﬁrg\fis&%‘”‘?é@fﬁﬁ]@eé%e%ﬁ@rﬁqi PYEH? B1F duri ng

QAM r eceps i Ofuadrthife-siRdeBideBihd didda8 FoRGhatidifesynbmely R citdanequgl i zer 7 for
denpdul at ed QAM can be such as to operate the equalizer as a synchronous

equal i zer 30%PplialonErtbe aqurlieer T¥Nnwgirasy snfplasttdaon alheggwadclezton f or

gggglding'; e?o g%dr%% ?r%{ﬂggo&fﬁ syﬁ&“‘r\%rllclmzsiavr, ra7thfi:r§h39 &' e}gggreg%hgsef rPf%(g,:stuirn?r?gz{jl |
the sample rate to be 21.52 * 10° samples per second, the equalizer 7 can be operated
as a fractional equalizer, with the digital filter circuitry in the equalizer clocked at the

20 21.52 = 10° samples per second rate that is four times the baud rate of the QAM

symbols. Preferred designs use rate reduction filtering of the real and imaginary
sample streams the equalizer 7 receives from the digital synchrodyne circuitry 4 for
QAM. From the standpoint of utilizing hardware also used for equalization of the

stream of real samples of demodulated VSB AM symbols, is convenient to

19
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time-division multiplex the real and imaginary sample streams of demodulated QAM
symbols on an alternate sample basis and then to operate the rest of the digital
cqualization filtering on a dual-phase basis to provide complex equalization during
QAM reception. Rate reduction filtering at the input of the equalizer 7 for
demodulated QAM can be such as to operate the equalizer as a synchronous equalizer
30 for demodulated QAM or as a fractional equalizer for demodulated QAM. Ifthe

equalizer 7 is operated as a fractional equalizer for demodulated QAM, it will



-14- ' incorporate a rate reduction filter at its output to a trellis
decoder 91 (shown in FI GURE 8) for QAM signal. I n
FIGURE 1, responsive to the VSB pilot carrier presence detector 21

i ndi cating the presence of ATSC signal pilot carrier, the synchrodyne
result selector 6 5 selects the in-phase baseband signal fromthe
digital synchrodyne circuitry 5 for _14-@pplication to the

anpl i t ude- and- group-del ay equalizer 7 asS a real sanple stream and

sel ects a Stirﬁd%?gfﬂr@tf: aaaﬂetrmmﬁﬁ&@meé ohfut %Op!rem@ae&@em {sh@wﬁ%’al izer 7 as
an i magi nar\{: ng e stream Presunming the sanple rate in each stream
to be 21.52 iG@BEe%)rfP Al lsesal. per second, the equalizer 7 can be
conditioned to operate as a fractional equalizer 1 0 duri ng VSB AM
reception, with ta ocked at
the i ey Moa gﬁa‘lﬁxﬁvﬁ*ﬁl lresébﬁsﬁ&‘er to%{ 9%53 %t h&%ﬁ@e?&‘d@g ra{e for the
VSB AM mdsgmmglﬂse pnekdnee nﬁAW@I sygnal bxeaote;qumlrlthegwﬁhnﬁi@nb&s@nweaemV\A th a
rate reduction filter i nput. Still resum ng the sanple rate

in each 3tr 88lFstE Jrega- Pé*iS%@sebf@Féwl %wee@aﬁ@rsymhro YISEREWEY I106 rate
reduction fi, kﬁl%‘atlgﬁﬂ) {h@%m el aﬂdtét?ﬁuénlg’el%ﬁ wafE& 7 ds ér@&"@aﬁ@hr&feaﬁl%‘a”d 15

baud rate fofr" VSB AM, to operate equa zer 7 as a sy onous
equal i zer, otlegan stream of amtthmnplzaoeotoaap;ﬁwapon wt the esunﬁlzera%asqdr&nm:mry at e,

to operate the equaliz 7 as fractional u V\n;hf wer t aps.
£ the cquart e enn” BissimbieaRasemple it i tcar © Bgf S ¢ Jht S

denmodul at ed pMSRcAM, t}'letedMahierW%Her‘%BﬁJlﬁor?edrt@ eraRAMGLtRAAdllh@dliRL 1S

out put toatrellls decoder 92 (shown in FlI E 8) for VSB AMsignal. 20

FI GURE 20shgwsng NéBr Al scemioni veh thpotigita) rféteof:lrcautmm wsBqwifizer doeiedeat

whi ch differs Fl GURE 1 SB .DTV. recei,ver in.t e- AGC d
o 1 - band B 15 &Y <P T #55 Pl SUTObS A5y A 1 s VP AMAGH

| ow | F- bands afﬂpdausf reterrdBvEl0f thaBRhdlizid NehntHerb BZRONSE aqﬁaetrls@cseee{\me} jter 16.
The third m xers 18 and 28 receive the response of thIﬁS single

rever se- AGC!d iy P pegsampss the gampilE fate i oagh ggcamhiq be $ledhed | samnlesper F- band
DTV i nput  si hsthf: l'{;_:ﬂ% cttlé}f'i{‘h%rngn res_aﬁlple tg%@%ﬁ} Z%eld6§§rﬂf?l@§ gér S%Eoﬁcpe

rever se- AGC iers sponse of the
AGC si ghal oeendbiarefor X/ESB al\lﬁp@bbﬁ’dtettbe ¢dualiter\W-ds k-syactttoreleq fialerer, 26 cars
reverse AGC signal. Insofar as the invention is concerned, in FlGURE 2

el enent s 2, resample tg@ lowggrate; guchas ¢/ Heaudgast o aperts 5 FEuARET &af Buitry f or

fn ugglr Z' 23 gﬁ:@h’ﬂlédaﬂ%lﬁﬂé& with PR PRI 8d1Rs ELBRYENCY opLARAl S alfPactiBRart hird

equalizer for demodulated VSB AM, it will incorporate a rate reduction filter at its

output to a trellis decoder 92 (shown in FIGURE 8) for VSB AM signal.

20 FIGURE 2 shows the radio receiver portions of a QAM/VSB DTV receiver
which differs from the FIGURE 1 QAM/VSB DTV receiver in that reverse-AGC’d
low-IF-band amplifiers 17 and 27 are replaced by a single reverse-AGC’d
low-IF-band amplifier 26 for amplifying the response of the SAW filter 16. The third

mixers 18 and 28 receive the response of this single reverse-AGC’d low-IF-band

[
(]}

amplifier 26 as their respective low-IF-band DTV input signals, rather than the
respective responses of the reverse-AGC’d low-IF-band amplifiers 17 and 27. The
response of the AGC signal combiner 25 is applied to the low-IF-band amplifier 26 as
reverse AGC signal. Insofar as the invention is concerned, in FIGURE 2 elements 2,
10 - 16, 20, and 26 constitute front-end circuitry for supplying penultimate

530  intermediate-frequency signals to the third mixers 18 and 28.



-15-- ' FI GURES 3 and 4 shows the radio receiver portions of

QAM VSB DTV receivers that differ fromthose shown in FIGJRES 1 and 2
respectively in that rather than the QAM VSB CONTRCL SI GNAL is not
devel oped by the VSB pilot carrier presence detector 21. Instead, the
QAM VSB CONTROL SI GNAL is devel oped by an i magi nary sanpl e presence

detector 22 connected to respond to the jJ{uwfrequency
guadr at ur e- phase output signal fromthe VSB synchrodyning circuitry 5. The
i magi nary sanpl e FASRES 8 adetisbdos th22adle teetver pheiont beQa M/ SBIDStant i al

variation in__ . t he. ener of the | owfrequency quadrature-phase out put
signal, to frﬁ?erwesf?]tqahg’ifgeé?riogﬁthose5 owpHR £ 1G] Lisharespectyely g thag sashered.
10 haMthe QAN 08 BRIOR i | FO1E \oB
Srrro PRI PSRLORTRON TN B Sl BT B RA

si gnal frompaesenerodatedstre2l. Insteads irecQAM/YSB CONERDL SAIGNAL iAdewdadedfbiyl t er
suppl i esc.out put pul ses responsive to t dat a seqgnment synchroni zati on
code gr oa_ps,an(ﬁ{]tagmfl ‘fyeﬁaalpz%/_ﬁrgﬁ%ﬁg?ﬁ‘ftf’bﬁeﬁ‘ﬂﬂ‘g‘:tﬁ? 6%f?§?°r61rq°ttge 1°“anTequ?_BFYi ons
of data fi elfhagMAtEpaINeZAlHeBigh ARl FIRUPSR isPndhi&d JnthidHASRnP4IL PR Si gnal
from 15 the VSB synchrodyning circuitry 5, recéived as i'nput signal by
the match filmggary sample prepease dplatter?? detects fyhes Hukelisgebstattiativarmtion in

g o 12 208 80k RO Al Db EEERL ooy g AR

supplied to a non e cir ace it i
As | ong as tithe arfpANESigidles bdingtickivedé maintained in its unstable state, the
QAM VSB CONTROL SIGNAL indicates VSB AMreception. \Wen the data

synchronézati on 20 . sSi genal a(gjco anying a VSB DIV si/\gnal i s not detected,
the nondltabl e cilP&ull other embodimenisod the igvention) be QAVIEY SBEONEROM VSB

CONTROL SI GNAGN ATd|sGRE, : o i 0 - DT Ve Si m whi ch
QAM reception i SAHT lr?qugr f’glgfd in the ml%wrlﬁgc@%;’ﬁ?&ﬁ%tg&s% h@&ﬁ?ﬁ%%&%&l%i | the
di gital cireuttityr4s Equivagmchmookyiniiig supplies o@M: Pllvessiegpvakise totHaageband.

The QAM synchrodyning circuitry 4 include he 25 . QAM i n- phase
synchr onous ° 1%%%?\915 ]?%lro“g%ﬁ%gré’f‘?%élai"t%kﬁ @QC%WWI% ceqe $TOUPHAT ut
signal and tbeidQ0Wr quadicat %emh@&%&dﬂﬂ%@;&jﬁ@%aﬁ%ﬁ@ﬁw ouffputsRiha BEOG at i ng

t he _ imaginary portion of its output signal, QAM 'synchr odyni ng
circui tFy 4!sVSB synchagdumng eirduiingS,cesnpteshes dinyit steinahhy the phater ki ch

mul tiplies ahrga}# - S . _._converter 48 response tq.the
digital sanples u}%%afﬁfgp%\ﬁédfgﬁgéfﬁéo ggﬁ%flwped?gdfrfsé?m% ang@?ﬂ%ﬁeé}%&gf QAM
carrier wavecreadpfisesara sugaidd &b yhoRBEBLY c#uit tbRadAMnto its unstaplefibRdyni ng
circuitry 4 includes a digital adder 46, a digital subtractor 47, and
|
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
20 signal accompanying a VSB DTV signal is not 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.

FIGURE 5 shows in more detail the digital circuitry 4 for synchrodyning

QAM DTV signals to baseband. The QAM synchrodyning circuitry 4 includes the
25 QAM in-phase synchronous detector 40 for generating the real portion of its output

signal and the QAM quadrature-phase synchronous detector 45 for generating the

imaginary portion of its output signal. The QAM synchrodyning circuitry 4 is

essentially a complex digital multiplier which multiplies a real-to-complex sample

converter 48 response to the digital samples from the ADC 19 by a complex digital
30 samples of QAM carrier wave read from a read-only memory 49. The QAM

synchrodyning circuitry 4 includes a digital adder 46, a digital subtractor 47, and



-16- - respective first, second, third and fourth digital nultipliers

41 - 44. The QAM i n- phase synchronous detector 40 includes the
multiplier 41, the multiplier 42, and the adder 46 for adding the
product output signals of the nmultipliers 41 and 42 to generate t he

real portion of the output signal of the QAM synchrodyning circuitry 4. The
first 5 digital multiplier 41 multip]Jdes the real digital sanples of

final IF signal supplied from the real -to-conpl ex-sanpl e converter
48 by di gi t akespastplecfirsilesond Rhird endfoutth@iSAS A@ipliers 41 - 44, TReQQWM carrier
that are read froma | ook-up table 491 in the 49, and the second

di gi tal nul t ipPhase sypchienaus geteeisr #hinclutagiheanyitipligyidlathesamippléer 43f add thal | F

si gnal |4 fro real.-t.o-conpl-ex- sappl.e converter 48 b

i g tal sampfadtBRPA R bk ERl O GRRD B PRIB RGP rR R e o
read from a theolealyprtiabbfthd 82tpunsigid oREMQOM synchrodyiigs QMMitry 4. The first
guadr at ur g- phase s%{]ch.ron]gus d?I ector 45 includes the nultiplier 43, the
mul tipliet 4$8Ghauipliesdhpdimliss theresl hisitel pamples oifinal Hesigragsupnlissurqrat

signal of thene real-to—d&ﬂﬁlénpéén’?ﬂle &chvehiemd tﬁﬁdipftﬂcéuﬁhegld%&?i&)ttiﬁéegpﬁlle Blind e

multiplier 44 to generate the I magi'nafy portion o output si gnal
of the QAM syhiierOdyh¢angerchatons teay febm T ek-LipGable #h1 irdthe iRgINVIad9, aad thiepl i er 43

ltipli th | .digital. I of final. IF signal lied . f
the 1 6al -t o- conp o Chif Peb R s peispasinamt Gp i Swppis oRBTRT pierole of

t he si ikd toen BAYEalG8UhinGlextsh ik QiR - e 492
in the ROM 4g®pglnd tahe fcoursteﬁ Sd?’%’fﬁﬁ"ﬁ?%’ ?%%ﬁa?légladﬁﬁlg%(?%{epégb% he

i magi nar 0 di §f halsnsafheQAM carrianthal e read frons a doviturstablel 498 dn HredROME.

real -to-conp _ verter 48 by digital sanples.20 . .descriptive of
t he cosine olfm%(hQZ@vW dﬁ@g%/ﬁﬁ}ésr% SY%%P%W%&%%&’V 2 B‘:‘?T‘Jtdﬁ%thled%%gﬁlbert‘ﬁb 491
in the ROM 4Bwliiplier 44, and the subtlattGHIRES soh@i0Eng theMbucH BLRLL sikhe od i@ t al
circuitry 5 for nchr.odyni ng VSB DTV signals to baseband. The VSB

. Sy g . | S,
synchr odyni n@“&?ﬁ’@{l if fiprsthe pegdygeautpisiopepf the multipliepid degangrashihenous
detector 50 fQfei j o | OR AQf: ot put .si gna and
t he VSB quadirg{ﬂ%g?g%g?g '"bg};lﬁ]{' rt%ﬁg!fsngg((gaftt}é%p@‘?\ﬁ géi’é?&agnﬁecr”ﬁ ﬁ’ﬁg}"tﬁ%
i magi narly>  third dygitdlinositiplieri4B smdtip pastthSteghdibital Bagp MSBF SMMQFrs(gdmnidibﬁlied
circuitry 5 '{_s e seﬁnsi ally a conpl ex _di %i, tal mul ti‘%léi er whic
mul tiplies a'P& ?f‘&-'é%ﬁ‘ﬂ%%?x?%mﬁ‘leé?OEWéf‘? gy Usgtal samples qespranisis afgha he
digi tal sanpiigsof memANE AR (RS alpéfreﬁd %ﬁﬂh@ig%o@-t Bl 492MPHER O 49 SH%O QAM

carrier wave read froma read-only nenmory 59. The VSB sync rodyni i
circuitry 5ihehentinéigital milgiptien 44ardiéipliSahe emafiigary digiwuktmples of firfE? JF and

respective fipst, ed r3gqend,, third and fourth digital .multipljers 51 -
54 The VSB 1A 6%{ e]neéiythocl ! éanrgiﬂsto complex—samp?e comerger% by digifal sar%ples
20 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
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
25 and the VSB quadrature-phase synchronous detector 55 for generating the imaginary
portion of its output signal. The VSB synchrodyning circuitry 5 is essentially a
complex digital multiplier which multiplies a real-to-complex sample converter 58
response to the digital samples from the ADC 29 by a complex digital samples of

QAM carrier wave read from a read-only memory 59. The VSB synchrodyning

L9
)

circuitry 5 includes a digital adder 56, a digital subtractor 57, and respective first,

second, third and fourth digital multipliers 51 - 54. The VSB in-phase synchronous



-17- ' detector 50 includes the nultiplier 51, the multiplier 52, and
t he adder 56 for adding the product output signals of the nmultipliers
51 and 52 to generate the real portion of t he out put signal of the
VSB synchrodyning circuitry 5. The first digital nmultiplier 51

multiplies the real digital sanples of final IF signal supplied fromthe 5
real -t o- conpl ex-sanpl e converter 58 by digital sanples descriptive of the

cosi ne of the VSB carrier that are read froma | ook-up table 591 in
the ROM 59, @diebté B0 i9€RaESthe multipliér 8it ik nitltiplieP 52 &ind e fadet 5 kdragidine
imagi nary digital sanples of final IF signal supplied fromthe

r eal - t o- conpiheprafughrepeisisnats o thamuliipligisgiltaad 53dergpresat ducieplmartyen of of

t he sine of carr | L hat : < | t abl : t he
rovt 50, 10 pu REHERRIE R, YRR Rl AR B SR PR R B AL e
mul tiplier S@aitiphes the real digitah anppleess bl IBsigndlRepsliddtfactier 57 for
subtracting the product output signal of the multiplier 53 fraomthe
product out pGal-Srmaticpranple coRyertepps By disutal ympdsselesgriptivg of the cosing gdgi nar y
portion of t - S } r i i i

PR ra i gi ¢ afenalt FareSna0gs rl AiF  Jo0R Y ACBRRUR OM &0 shd thekecdiE
si gnal suppl digdalimBitipliér 2nmttipliesctak ihasicaypl giel sangibeofCiomay & signal58 by

digital sanples . .descriptive of the sine o he. VSB carrier that are
Fead {1 om t hEPPUCK 0D DaEAE ST i SHEPIRERFHSIET ShAY Sishal sales GPRRA g1 ¢ al
nul tiplier S4rfukinkRE RSV B SarkBRGNAE Ye Al fﬁirﬁ%‘looﬂ@ﬁ@la@& ) ih Ak OM59.

signal supplied fromthe real-to-conpl ex-sanple converter 24 by digital

sanpl es 10  Thel¥8§Brquadiatuee-phaselsgndwsnave detectohdS rSBidea thei reultiphertS3athe- r ead

fromthe | ook- table 1in 20 _the 59. : . F E 7 shows

in detail a V‘Bﬁﬁ’é{%’éﬁ{’_&{’?\?@ s@ﬁﬁ%‘??iﬁ:—% EBﬁwci’ﬂ%t@é)ﬁ%qug SliltBEtlflgnall St ener at or

8. Thi s consiqiHliePs3 HBRI tHE Bfodactltf AIRNEISTthOmuRIbliess4 Id @nefatdet hat

generates cissoidal oscillations nomnally of 21.52 MdAiz frequenc%i:jI The
€

osci | | at or 8@naginary poitign&f gherputmit sedalddhe VaBoynchrp@yminggiraHey Sarbe phase of
its oscillatj -hej - =9l : I hase
control | ( ARPTOS A PG 53 iR s ABnAVLARE bP oA TRUERGY s BP0
by an autilomafrom the egirencympind sphpls eonvnter 88 by Afg@) samples dedatgpe@f tiEl, which
conmpares frequency-divided response to the oscillations of the

ose 11 ator SOMAPLIe SFoCargeNRp! dre feafl divebhedra's-up ta@[ﬁﬂﬂ% lé@%ﬁ@%ﬁ%ﬁ% og
10.76 Mz e foQﬂpgﬁpﬁﬂstmﬁl:tik%i%554%%u1ti5{i f L 8Bk Mnarp $fdilal 8ln1e SO A 0f a type

using a crystal for §t abi | e nat uf al frequency and phase of its
osci | | ati onssigru! syppietifiavatheakil ppepmelextsampiesonverter 248% genadsanpks an

essential 1y sQuareuaya, [ eSR0NS%d OshSae. a5 8l n93Ghe AL gM80ic 01 &

20 the ROM 59.

| F

FIGURE 7 shows in detail a representati.ve construction of the sample clock
generator 8. This construction includes a voltage-controlled oscillator 80 that
generates cissoidal oscillations nominally of 21.52 MHz frequency. The oscillator 80
is a controlled oscillator, the frequency and phase of its oscillations being controlled

25 by an automatic frequency and phase control (AFPC) signal voltage. This AFPC
signal voltage is generated by an automatic frequer}cy and phase control (AFPC)
detector 81, which compares frequency-divided resbonse to the oscillations of the
oscillator 80 with a 10.76 MHz reference carrier supplied via an analog 10.76 MHz

bandpass filter 82. Preferably, oscillator 80 is of a type using a crystal for stabilizing

95
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the natural frequency and phase of its oscillations. A symmetrical clipper or limiter

83 generates an essentially squarewave response to these cissoidal oscillations, which



- 18- is used as the first clock signal for timng the sanpling of
the final IF signal in the ADC 22. A frequency-divider flip-flop 84
responds to transitions of the first clock signal in a prescribed
sense for generating another square wave with a fundament al

frequency of 10. 76 MHz, half the frequency of the oscillations of the
oscill ator 80. ThIS frequency di videt+ response to the oscillations of

the oscillato S . the AFPC detector 81 faor conparison
with the 10. %{5 %sﬁaas ?‘%ﬁH 1’3&48@ %a‘HJ g tingighg Shs sagppling of ‘hf‘«ll gl ey iy henvHz
bandpass fil txgnC832. %Tﬂe?ﬂehéyqeg’f&&‘ﬂ% Ylbﬁigﬁ rés&)blﬁ)ds tb%nﬁf’(ox?; éf‘:fhe?grsmc_}zoc?u})pl ies

squar ewave output signal with a fundanental frequency o
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20 A digital multiplexer 86 responds to the pilot carrier presence detector 21
detecting pilot carrier accompanying the received DTV signal, which is indicative that
the received DTV signal is a VSB signal, to select the real samples of this signal
supplied from the VSB in-phase synchronous detector 50 for application to a
bandpass FIR digital filter 87 that provides a selective response centered at 5.38 MHz,

25 which selects the first subharmonic of symbol frequency from the VSB signal.
Further frequency multiplication of the 5.38 MHz is performed in the analog regime
to avoid undersampling problems that arise when attempting to perform further
frequency multiplication in the digital regime. An digital-to-analog converter (DAC)
88 converts the filter 87 response to analog form for application to full-wave

30 rectification circuitry 89, which generates harmonics of the filter 87 response

including 2 strong 10.76 MHz component as second harmonic of 5.38 MHz. The



-19- | anal og bandpass filter 82 responds to this 10.76 Miz second

harnoni c to supply the AFPC detector 81 with 10.76 MHz reference
carrier input signal. The digital nultiplexer 86 responds to
the pilot carrier presence detector 21 not detecting pilot carrier

acconpanyi ng the received DTV signal, which is indicative 5 that the
received DTV signal is a QM signal, to-gelect the output signal of a
squari ng circuit 8A for application to the bandpass filter 87 that

provi des a sgla@sd hanBpise FieN8Eresponds to BN RTENII# sceoBhdvibnicAo Bagsipass FI R
digital filter 8B that provides a selective response centered at

2.69 Mz forAEBCeletsciog 8d mathpl God Mtz efarence subisampphiisnadf t he symbol
frequency of a baseband QAM si gnal supplies input signal to the squaring

10  circuit 8A, i g - ' i
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summand to a digital. adder 62. A first address .correction signpal, ichis
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20 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
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

25 clock signal are counted by a first address counter 61 in the first address generator 60
to generate a basic first address signal. This basic first address signal is applied as a
first summand to a digital adder 62. A first address correction signal, which is applied
1o the adder 62 as a second summand, adds to the basic first address signal in the
adder 62 for generating as a sum output signal a corrected first address signal for

50 addressing both the cosine look-up table portion 491 and the sine look-up table

portion 492 of the ROM 49. A symbol-clock-rotation detector 63 responds to the



- 20- sequence of real sanples of QAM signal as synchrodyned to

baseband by the QAM i n-phase synchronous detector 40 and to the
sequence of imaginary sanples of QAM signal as synchrodyned to
baseband by the QAM quadr at ur e- phase synchronous detector 45. The

synbol -cl ock-rotati on detector 63 detectgothe m sphasing between 5
symbol clocking done at the receiver in accordance with the first clock

signal and sequenceWrRQl s&ﬁﬁ%bﬂ’@z&g«%@nﬁfas E;b}i%h} d?ﬂ@éﬂ&ﬁa@ébanﬁ%ﬁ}\{é Q%erd in
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) FIGURE 7 _al sQ shows a repre ve construction of a
second addr eggPARATU@@%&%@R&:@&%CW[@%T?@ %%@e’% Cr a cosi ne
| ook-up tabl gERIATRINIRY i ﬁ&ﬂ?l@rat%hr}‘l‘é in byreférQHé‘e UP 41201 BwRLstaIRR 6592 of the
ROM 59 that provides conpl ex- |g| déscriptions of two

phasi ngs of ztxhazOVSBwtranmvaampm (t.raamssl mledllhm)ahé mmsphasing ef tredjabel

frequency and in drature r.el ationshi her nsit]j
theltTreY Saol e e et R b By e el sk e BB 6975, 1
the second aetqlm&snm ﬁrst ad@RBEEGR R o SighAl sGFFIRIIAb ehePaddast TroS@ERBthagaiess
si gnal . Thi s basi c second address signal is applied as a first

summand to afidi gidress. Adgegingovepsseannrrrler @adedone ey Presgdures whicki gnal |

whi ch is appllgd, 0. %?s‘% ﬁ?rﬂgérsé s p}%f%c&lﬂ—g;ntﬁgmﬂgard%'??edh?eéQ&Fﬁas' ¢

second address si gna erating as a sumo t si gnal

a corrected 3@ fos ﬁﬁamdacaﬂdmﬁﬁ)nsacgnmhlah@ﬁ aAdisutsamblige bah§ rdphsed agewme
| ook-up table portion 591 and the sine | ook-up table portion 592 of

t he ROM 59. times with progressively lower subsampling rates.

20 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 359 that provides complex-number digital
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

25 clock signal are counted by a second address counter 71 in the second address
generator 70 to generate a basic second address signal. This basic second address
signal is applied as a first summand to a digital adder 72. A second address correction
signal, which is applied to the adder 72 as a second summand, adds to the basic
second address signal in the adder 72 for generating as a sum output signal a corrected

30 second address signal for addressing both the cosine look-up table portion 591 and the

sine look-up table portion 592 of the ROM 59.



-21- FIGURE 7 shows a clocked digital delay line 73 for

del ayi ng the sanpl es fromthe in-phase synchronous detector 50 by a
prescri bed nunber of sanple periods prior to their being applied as
i nput signal to a quantizer 74, which supplies the guanti zation | evel

nost cl osely approxi mated by the sanple currently received by the 5
quantizer 74 as input signal. The quanti22ation | evels can be inferred from

t he ener |Iot carrier,. acc nyi t VSB si gnal or can be
inferr edg1¥r om t he i(elé—gﬁt Ppwsac oc}‘@‘%’é?l‘talp‘gen%g]ﬂ’écﬁ@ﬁQ%f‘ylpﬁéhe\/%@pé‘?sgnal The
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t her ef r om bypmordp ghcinbeingiapnlicd abinmat signal 16 a qwiritizhr 74 vapdy appbiestbe a ¢l ocked

10 el b d | ocked | at ch The di f
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recovered, but whether the polarity of the departure is attributable
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filter 76. The filter npul se-response FIRI) di |taI
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next nost si gnlfl cant bit of thHe two's conpl ement filter :'76°response
suffice for wh&ves nultiplication, which pernmits sinplification of the
digital nmultiplier 77 structure. The sanpl es of the product signal
fromthe digital J,t L | of
the sy nblol ol ocki ﬂ]&' d%ﬁll o h%@{ne%ﬂeaggé\ﬁlgtl#?%?&s c?eftectt(n‘eSO agg ded 5@ 1%89[%? 139
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generating the second addr ess corre ion gnal. supplied to the adder
72 to correcP AR FEOSHEGRY deitriar &ilter Hp The fslt"r Tois ¥he synbol

synchroni zat i g RGN AYEShsHPER) 'dqblfahﬁn&efﬁmd aa(dﬂbﬁﬁso qe&(%vﬂfkemel the /0

shown FIGURE 6 are of the sane general type a Hi descri bes
f or operation of which is clocked by the first sampling clock. The prescribed number of
20 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
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
2> multiplication, which permits simplification of the digital multiplier 77 structure. The
samples of the product signal from the digital multiplier 77 are indications of the
misphasing of the symbol clocking done at the receiver that are averaged over many
samples (e. g., several million) by a digital lowpass filter 78 for generating the second

address correction signal supplied to the adder 72 to correct the basic second address.

30 The symbol synchronization techniques used in the second address generator

70 shown FIGURE 6 are of the same general type as S. U. H. Qureshi describes for



-22 - use with pulse anplitude nodul ation (PAM signals in his paper

"Ti m ng Recovery for Equalized Partial - Response Systens, |EEE
Transacti ons on Communi cati ons, Dec. 1976, pp. 1326 - 1330. These
symbol synchroni zation techni ques as used in connection with synbol

synchroni zation for VSB signals are specifically described by 5 C. B
Patel and the inventor in their earlier-#Pted applications ref erenced

earlier int referred. desi ener al
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response with an anplitude-versus-frequency characteristic ends to
cause inter- %19%@‘1 instqady antippwél signabtogpe qmlmzarﬁﬂ wtthﬂe—mwmusmfmlmlméncy

iR MARRE S S A TR R S e
1-4, canl0 tempbealy Sightdwin tm@n@f%tré%oﬁmeltdl&hlfﬁrd@%t?@b@ahﬁu@daﬁdelay
of f-t he- shelf for use.in equallzers 2 Such an 1 C includes

mul ti pl e-t ap'® Griuded 1 the &f e’ifé%@fﬁwplﬁﬁﬁldiffq}i@lélaélﬁdﬁbb’@hﬁﬁfm&%ty be
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mul tiple- taB di gi %@bdﬁi% SBPWVE d“’?%‘r‘gdfn‘g!% %rﬂﬂlédélﬁkﬂ SHAER- eYhigh converts
equal i zatsi o baseband response with @HﬁmPguMSQeAM rﬁ%ﬁ@&k&@ﬂara&tbﬁsd&eﬂét tERRRGNse of
t he anplitude-and-group- ay equalizer 7 is applied as Input signal

to one-di mensy %@F»Ts‘)}’m’@@l crgEdo dinmye Optlmummrmnimlder yer9$ freguendy perforns the

|ta data streans from
S VeB: or 1 g1 it Rtic LR TSP e THE ™ © AT
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Fnitial be a suitable one of the monolithic ICs available off-the-shelf for use in equalizers.
20 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 temporarily stored accumulation

results with an ideal training signal as known a priori and for calculating updated tap

o
(N

weights of the multiple-tap digital filter used for amplitude-and-group-delay

equalization.

During VSB AM reception, the real response of the amplitude-and-group-
delay equalizer 7 is applied as input signal to one-dimensional symbol decoding
circuitry 91, which performs the symbol decoding that recovers symbol-decoded

30 digital data streams from a VSB-origin signal. A VSB signal in accordance with the

ATSC standard uses trellis coding of the data in all data segments except the initial



- 23- data segnent of each data field, which contains field
synchroni zati on code groups that are not subject to trellis coding.
As in the prior art, one of the synbol -decoded digital data streans
that the synbol decoding circuitry 91 supplies, which is to be enpl oyed
for further data processing is generated by trellis-decoding the results of
data-slicing 5 procedures, and optinaP3Viterbi decoding techni ques are
customarily enployed. As in the prior art, another of the
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or a second one Of,EMPQAN rdcRhtidd Wk 1 0T thhBE RNy tdiBonses of theel ecti on
being controlled by thé VSB pilot presence detector 21 for detecting the 30
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symbol-decoded digital data streams from a QAM-ongin signal. Presuming that the
20 QAM-ongin 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 symbol-decoded digital data stream is employed for
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controlling data handling by the receiver responsive to synchronization information

contained in the received VSB-origin signal.

A digital-signal multiplexer 93 functions as a data source selector that selects
as its response either a first or a second one of two digital input signals thereto, the
selection being controlled by the VSB pilot presence detector 21 for detecting the

30 zero-frequency term of the real samples from the VSB synchrodyne circuitry 5.

When the zero-frequency term has essentially zero energy, indicating the absence of



- 24- pilot carrier signal that acconpanies a VSB signal, the

mul tipl exer 93 selectively responds to its first digital input

signal, selecting as the source of its digital data out put the

t wo- di nensi onal synbol decoding circuitry 91 that decodes the synbols
received in the QAM signal. Wen the zero-frequency term has substanti al
energy, b5 i ndi cating the presence of"%)‘?'rot carrier signal that
acconpani es a VSB signal, the ) mul ti pl exer 93 selectively responds to
its second @ilgteaanen signa thet ageamparies & ¢SPrygnad, theeultiplexer 83 sele@ivsty it s
digital dat : opg: gi: i.ona - LNG: Clyf L 92 that
decodes the?ess@%%*é l{rsggtsatld\?/%l&aqiuﬁ? E‘ég@slﬁl%?ﬁggg% t.hg%ﬁ)g%gglt%lbﬁgm e data

sel ect ed by outpat dettavoshimensiomtkgabsolaiecddihg tipdutkep1 St acwdappkisgebdle a 10
data de-interleaver 94 as its input signal, and the de-interl eaved data
suppl i ed fr 6eretved 1n the QAMysignal g Whegiths Feavieaugry 47& haspupeantiad eaeray,
Reed- Sol onop, fegsode B¢ Bl arrior sienallfiaBEERbARUA vEH dlghaltheen
constructed]vﬁﬁtgﬁl o] ??gé(s)ev{lm roRol it h & e and s nél A T
respond to thetiplaxed3 schdiiedy raspsndsnoits tdvend/8Bitpl Inptt s@ral,iselecimesahee
detector 21 to .. ,.select the de-interleavin | gorithm suitable to the
DTV si gnal - CORFERTityCisBrtge oupit e GResiigisas oUH P RBPF SOBRE SO Se
type; this 'd%ccﬁiegﬁ{eesyﬁﬁkis?ﬂécé?%dqﬁ%egﬂSB-Ehg‘r‘\al._ Reed- Sol onon decoder 95
is often constructed™wthin its own nonolithic IC and is made so as

to respond to the output indications fromthe VSB pilot carrier presence

detector 21 to sdhedetasslecieg by dhe dait soumeestlosipe Fontinles 8P e @pkisd ta dim f or
the DTV, dain S | [l 3 @ r i I, i . or
S D2 e B B3R RSN e g i B MG B Sl 3,
are suppl i edafardenintehieatie Od-afodppiiod to a Reed-Sslenedeec@izr PH Aheldita
de-random zer 96, which responds to these data for r egg&erati ng

si gnal rand@RiBEHCPHIT oF it QRSO BiIE &S O TETPIRIE & PBY 1S YR 2
regenerated,, resgond_ ! tﬂ@g%tpiﬁgimirchm f%gHl%t\ﬁs@Eil&%ﬁiér%‘fes@n%@%or%@rt&er 97.

The data de-random zer made so aS to respond to the output
i ndi cat i ons stleantht be in/SBeapirgat garahmisertalpe estbaA 2 Signaldetrentlobei?d to sel ect

the appropriate dat e-randpm, zin orithmfor the DIV, K . i gnal
curront 1S berai FevBrogd: SaReenat oy S Ve o etrei Ry fedesme Tiect i on
of t heggd &othdl MFBdérD5as BREEIRIrhQEd AithHES @ mb@Blithic IC and is

First data synchroni zation recovery circuitry 98 recovers the data

synchr oni zi mepdesp @8 irmtesomd; ta chaeisphtiipdications fom e VSl pibft camigr presence
o 8 e, onal PATReL e SEFT RS S AR Han iR 0ot
synchr oni zi RgmhndefenEy beigirbdeh wdeahéthertinge SBOAMDBE ¥BB t@he; tiealso is a
20 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
signal comprises packets of data for a packet sorter 97. The data de-randomizer 96 1s
made so as to respond to the output indications from the VSB pilot carrier presence
23 detector 21 to select the appropriate data de-randomizing algorithm for the DTV

signal currently being received, whether it be of QAM or VSB type; the selection of

these algorithms is a mere matter of design, too.

First data synchronization recovery circuitry 98 recovers the data
svnchronizing information included in the data output of the two-dimensional symbol
30 decoding circuitry decoder 91, and second data synchronization recovery circuiiry 99

recovers the data synchronizing information included in the data output of the



- 25- one-di nensi onal synbol decoding circuitry 92. A data sync

sel ector 100 selects bet ween the data synchroni zing i nformati on as
provi ded by the data sync recovery circuitry 98 and as provi ded by
the data sync recovery circuitry 99, the selection being controlled

by the VSB pilot carrier presence detector 21 for detecting the 5
zero-frequency termof the real sanples T¢3M t he VSB synchrodyne circuitry
5. When t-he zer q- . term.hag,essentiall r n ,

i cati ng t ne SaEagBhA R RASAGLRELNE ST AP 6 sl R TAERBRH i o

VSB signal, bdieeelatha dayngnaebeieinginfbefatssl 8¢rsvided by thefdata dyhs repot gyt
signal s the data szgr;chroni zing information provided by the data sync

2 .sync
recovery ci r 8y 99and sripvidad by Hreglaa vaaEsreye Sy % tsselsatiembeieger gy,

10 i ndi cat{ngfipenptReees Sl coibiGhe s AfLois AL alibalngdfgOmpani es a VSB

signal, the a syn selects tor 1ts”output signals
t he dat a synoho-dreqaemy temf of thetdad samples fromphoVEBesyntiyoline adatiarysy/nc

recovery cirguitry 99. Wien the data sync. selector 100
sel ects for Mehendif 35ue-fengsngy serimias gategtially zero e%%f&bﬁ?%ﬁ?tﬂgﬁbe pbseBssRd i on

provi ded by tis cgﬂe@s%}iﬁ‘lcthﬁtea‘é%fﬁﬁz}ﬁié%hdr?%fgtsfo}ﬁalg,)?ne &akhesyneisélgﬁbrlé@seléé@v}a

| ines of each data fiéld are selecte application to the
anpl i t ude- anfbr gis oupputiglgaals dguiata syachrgniamgtinfpirmang wogidad by Teedate syoner ences

of two consecut.j ve _63-sanpl e PR sequences. are, detected within the
data sync r 0BT creuiny S8 VRGES Corau ey dur R P ST P PR B dexi ng

i nformation @idahfg BRIpReseHECoSRIoBEArfEr st&Hhl that accompanies a VSEI§iend] @B dafads for
a QAM DTV signal are not as well defined at this tinme as 20 the standards

for a VSB DTwnsisgiselior 100 specss for ds guipnssignnds the datpisyaehranizing eplfepation
capacity for Si.hgl, V._Si I L aving to resort to conpression
t echni ques o%rt%éﬁf g%k/gﬁéégs{% ?ﬁfégg(g)sv?r%\éd{clag n’?Tdt;nI y sone conpression techni ques
out si de MPEG standards are enployed to encode the single HDTV signal as a
16- st at e QAM si gn&hen Thedaz synceniecetoot 0Bsghotsior itbedtpldsibndls therddtal s det ect ed

by the 25 data sync recovery circuitr 9 to generate data-field.indexing
hf o mat | on T RroRtAng KRR P’n’oé’ff?eac?ytt%%‘?ﬁ%fﬂlcsrﬁ?ﬂive%?‘é%‘t“&f 5%, e i

mul tiplexer ik Nha dhacHadid sMnge SAL&&] Rk a plicatiorﬂ?;@th@eI ects between the
data-field i ndexing information respecti ve?y supplied by the dat a

sync recover ynplipderand-gr@@-deiny agneliztal as sgmmg sgol.elhe etauonantasyp{ 999 t he

data-field ____ indexing i rmation th | ect.ed is supplied to the data
or it er| eaverstEitnt g <agple  REERedl sttt ORI E O Sub iR eate
de-random zerirQfuy 89 td f@vide MBtat 18 indexing iSBABAIINCBLROIRA Syndfsklet@n1bMere is
no training signal included in the QAM BTV si gnal .

The standards for a QAM DTV signal are not as well defined at this time as

20 thestandards for a VSB DTV signal. A 32-state QAM signal provides sufficient
capacity for a single HDTV signal, without having to resort to compression
iechniques outside MPEG standards, but commonly some compression techniques
outside MPEG standards are employed to encode the single HDTV signal as a
16-state QAM signal. The occurence of a prescribed 24-bit word is detected by the

23 data sync recovery circuitry 99 to generate data-field indexing information for
application to the data sync selector 100. A multiplexer within the data sync selector
100 selects berween the data-field indexing information respectively supplied by the
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

30 Reed-Solomon decoder 95, and the data de-randomizer 96. At the time this

specification is written there is no training signal included in the QAM DTV signal.



- 26- Accordi ngly, the anplitude-and-group-delay equalizer 7 is

arranged to provide a flat anpl i tude-versus-frequency characteristic
in response to the VSB pilot carrier presence detector 21 indicating
t he absence of pilot carrier, and the VSB training signal sel ected

by the data sync recovery circuitry 99 is wired through the data sync 5
sel ector 100 w thout need for a nultiplex®es- Also, there is no data line
synchroni zation signal for QAM DTV transm ssion, at |east not one selected
as a dceordmgty, tRhamplitde-sydigronpalsiagrequdiact Biis aryanged fowbuides fladpunt i ng
circuitry for cgugti n% thﬁ sag&l es in each ‘?ﬁi‘%\? éi ﬁlPE to generate

i ntra- dat a- f PEPHUESERPEACaVIRgY CRIBTFRTHCIR response to the,Y 3B pllo} St a- £ el d
synchroni zi n?re‘sé}fc@ lBREi0PR1 AHcdting thdirsencdalrdilbi @lrferS YCHE SN iriidingl 0
information (such as data |line count) generated by the data sync recovery
circui try 99signal selecigd dydles data exncyetomsancitppitmpt sprirestbravgh thedasxkems in t he
data sync. sel 0 00, r i catj,on to t ta de-interl eaver
94, the F?eed§§§ﬁtt%ljr’rloor]? \gfé%%l Iel?ecb@,raénnugg@ %erdél%’ thete 1Shll%a&eg‘fhrI(l;lnr?dom' zer 96, as
required. synchronization sighgit for QYNNG MTON tra@dnhidiors an leasitnel Biad dc¥eted Re

acconpl i shed before_synbol 15 decoding, using match filters that generate
spi ke respond@ddad L% dMpSHIC/BEGGRY siFgaly 98 includes GorBkiRg SUP Y Her csnEag or 6
response or {Ha staplgl&qﬁ'@ dhédata t?elﬁ‘%@é}f}?{ﬁe inl3&iakd-HERsSndt@izing inform@RIRET at e
spi ke responses t0 synchroni zati on“code sequences afe pre e?dBPy suppl i ed

i nput si gnal $hisiittna-gdatagldldgynchtoaizieginéethation hinethbantch-dab-diett synyinrooizirreat e of
ATSC signal, rather than their input signals being the over-sanpl ed
Meponsel of TR RichaghE e et STrrar DL e T ab e boT Stk e
nurber of sapRl@Rcied beifeen by appropfiReklltiyRx&S Ik dafa A€ Seie@mbCivof it er. The
filters that generate spi ke responses to synchioni zati on code
sequences ar eppicefien whihy defodaenicdeavien 94.abeRoed-bplemegdatadee PS5, and the data
response to Ei-e-(rjéjn (e)mtl.zhe?ggfgser%tuhte at nulti-path reception has on data
synchroni zat { o ’ q he packet sorter 97 sorts packets of data
for different applications, responsive 25 to header codes in the
successi ve packet ®aof svilafiranizRaakeihsiltefmadatla be @scmlishatebadbretsimbol audi o
portions of the DTV program are applied by the packet sorter 97 to a
digital !5 decogiigeudag gush lgrs tharﬁ%enera@? frake eeRAgcHR ST OERt OB F9RF i es

| ef t - channel o rd - t. A Si
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| oudspeaker sgdi@Bgic ifidke rflachset ®© Vhcldahaadesadeptqueacofart hefarbtde ouRlied
ortions of the DTV program are applied by the packet sorter 97 an MPEG
gecoder inpuy ggnaly ity s3EPERS dﬁcegyfﬁghe bﬂ‘l‘gef\ﬁ@ésﬁﬁl&cﬂd@? 0?0%6 pplies

horizontal (Hhn@NFhther than their input signals being the over-sampled responses of
20 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 sequences are preferably connected to receive the equalizer 7

response to reduce the effect that multi-path reception has on data synchronization.

The packet sorter 97 sorts packets of data for different applications, responsive
25 to 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
right-channel stereophonic sound signals to a plural-channel audio amplifier 102 that
drives the plurality of loudspeakers 103, 104. Packets of data descriptive of the video
30  portions of the DTV program are applied by the packet sorter 97 to an MPEG decoder
105, such as of MPEG-2 type. The MPEG decoder 105 supplies horizontal (H) and



-27- " wvertical (V) synchronizing signals to ki nescope deflection

circuitry 106 that provides for the raster scanning of the view ng
screen of a kinescope 107. The MPEG decoder 105 al so supplies signals
to the kinescope driver anplifiers 108 for applying anplified red

(R, green (G and blue (B) drive signals to the kinescope 107. In
variations of 5 the DTV receiver shown _in any one of the FIGURES 1, 2, 3
and 4 and in FI GURE 8, a different ~dV Spl ay device may be used i nst ead
of or in addition tQ the kinescope 107 and the sound recovery system
may be differ@ntcal %h%}F%PEOH&HIﬁSlWS tg kineseqpe dsflestion circuitrycigribatiproigeshei ng

nore el aboratg, méé}ﬁlst@r s%'aliimh@oﬁth@ Q?e%m%égen 0391%@%9#601%73 yIshtem% dtecq_%ar

The real -to-conpl ex-sanpl e tonverters”
transform genlé}Satlsommppll¢st%grmlsandhajlehayopmdmeﬂsmbhﬁarsqﬂs(fcbhziplpwm?@axﬁpﬁﬁéd bed

by C. B. M)@ ggthg l vggt Qr in their S. patent No. 5,479, 449
i ssued 26 Ded8 ) and blue( EhflY%ﬂafmlfdﬁhikwswomﬁhmwm%ﬁmmss
PHASE TRAGKERhe DTV rec&ier s%wlnwgah@bxg\!)flt% ﬂ\dﬁbﬁy IRE%I% P S%Q?r ated

herei n by reference. Alternatively, e real-to-c

converters 48 difidreBBdisplay teBce mapbeysdladsead ofldr sdcasordmsme kinestoby 167, B.
Pat el and the | tor, in their U S nt .. 5, 548, 617 Jssued 20
Cct ober 1996," ELE r‘l’:ﬁ"c‘éF‘?‘A“ES‘?/@é“ﬁEﬁ%m CO“S‘S‘WﬂfIbB%NBPﬂS@ﬁiﬂA
TRACKER USI NGh%[%EI%rI‘_blehlEEﬁ@,e efsBof&Rhan a mmﬂ@ﬁeﬁe@pﬁé\hm—ﬁ%ﬁgﬁ MERm.and

i ncorporated herein by reference. O, th real -t o-conpl ex-sanpl e
converters 48 and 58 can enpl oy fllters as described by 20 C. B. Patel
and the inventor iregeal §°'°B§’cpé‘?¥fsaﬂb’1€ epnygrterg 48 and 8§ een gmp AL bento9s,

entitled bl GulAkroWRB PDEIEGT %erWaI&é%%@E@?ﬁgeﬁéf %%clﬁ?%?scnbed&y@lé\le NG

FILTERS, AS FOR USET N AN HDTV RE corporated’héréi n by
reference.  Patel and the inverRrref ¢reabUyS tpaent Noest 79, 44nisard\26dbeckindef 1998 | F

i | is ab h h h f f
the Tinar |7 oorgraPTEREeE YSE R arrol Mt Rofmp A8s PSR rRA SRR Lace
the filteringg egr IRCBUSIONIN WMeHTER) RECEBR SXdS &aé‘e%\éﬁeﬁrfﬁ S

48 and 58. To satisfy this preference in regard to the M si gnal al one,
t he Iovvest ftrfwa?rr\étﬁﬂmléfdm,eth@yeafﬁrcmewwammmﬁersm&m 38icmal | F

o8, Sl T e B BB RS P B LS,
the final I|F s.grss,c0ubsiedeo mtobesibmnmﬁamm VES IBE*mCTOR

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 converters 48 and 58 can employ Ng filters as described by

20 C. B. Patel and 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.

Preferably the lowest frequency of the final IF signal is above 1 MHz, to keep

9
o

the ratio of the highest frequency of the final IF signal thereto substantially below 8:1
and thereby ease the filtering requirements for the real-to-complex-sample 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 MHz. To satisfy
this preference in regard to the VSB signal alone, the lowest the carrier frequency for

30 the VSB carrier in the final IF signal could be is 1.31 MHz, presuming its full



-28 - si deband to be above its vestigial sideband in frequency, or

6.38 MHz, presumng its full sideband to be below its vestigial

si deband i n frequency. As taught by C. B. Patel and the
inventor in their U S. patent No. 5,606,579 i ssued 25 February 1997,
entitled DIG TAL VSB DETECTOR WTH FINAL I-F 5 CARRI ER AT SUBMULTI PLE OF
SYMBOL RATE, AS FOR USE IN AN HDTV,RECEI VER, and i ncorporated herein
by reference, there is a strong preference that the carrier of the

si gnal bei ng;jgpasdioastyRde 1t vOXSRPIRAELIND ih BRqEHNEL I & 6.38 MHz, pRYIMEIR at a
subnmul tiple of a multiple of the synbol rate. This nakes practical the
storage of dulistdgbarsitorbedelosy ynedstigiahsidelmdd omfryquesapry, rather than having
to digitize 10 anal og carrier signals on a continuing basis.

If the sanple ratg jn, i_s,est.abl i shed byt i I i gnal
from t he sa%p ag:’l](":tlhj c@%ep:—?zerlélf\% @Y G P { eér[rjriér]ii(?’f#aelnE ggﬁ%g%g?ﬁ[ err|
sanpl es per is®ednd February r®quéntRdd DIGITAIpYS BBRTEC TEORON I TH BINAMISH gnal
wth 5. 38 * 10%2{1%)“3 nbolwer second }gr eferahly the final

| nt er medvat & ARBIBRAY TCENHH e FIEIHG QS Y VB OLRATBapS £9R USFiNaANnal i s

transl ated igpRst RE@]QXEEE,%B fix'i_};[oﬁlgbr herefh 6)hl%tferltzﬁcecﬁgretl§ 23APRY ed at

| east four tines per cycle. | Mcarri'er of the final [F signal nust
| i e bet ween preferenc8iiadthetdarrandf the3&nvHaging syoilchmidyred tofbasdbai cathe idegitat oul d

be at the 7[err],, 8[err], rr] or 10[e suphar moni ¢ of. 43. 05 MHz,
for exanpl e.rei-']*ﬁlee bﬁ[%ﬁﬁfi’g‘ﬂg‘ﬁ?}rmelt@% eréﬁ%)ﬁ’m r%{ﬁ'd?g‘rsdnn%es pracgf?g_ﬁl%ﬁ noni ¢
of 21.52 MHZ;orRe38 dYb#al chiied sich®&kn Fe@ﬂ'—%{h#rﬁerﬁ@fy, thgerfhdidlavidat g raigdiat e 20

frequency to which tRe QAM carrier shou be translated. It permts

symret ril€s iamalog carmier lsgnald @nagwniguing bROM 49 to be exploited to reduce the
nunber of actual storage | ocations required. Fromthe standpoint of

keepi ng down the C: . i il in the
ROM 49, the 11] erIrIfl %ﬁ%ﬁg{rﬁ%n‘%g%o@%{%%%%h%ﬁ%b%?gc?itrhj]spa&l{ﬁg%%b gr} noni ¢
of 21.52 MHzhe Sarf87 cMdk gemdrgt 8 bebathsuhihatdl @ 1f52rral 0% isahplespeli atend25

frequency to which the QAM carrier is translated, but the

r eal - t 0- conmgFERISARpPPer demodudation of & QA Sl‘ﬁ]é"‘i W’Ethérﬁsbel(géMHL?cPefo provi de
real -to-coml.ex; Dl VEerL Si - 9 ; a OAM | f
the sample rargs Rpre Kol B4 i90msaiqsr FERMAeL P PRE MY a8 nal 1rom
t he sanpbe dbo¥kigehsnanented 1¢ motthégiehthamiSlStdHz240 Hhat it cdllpesaniplshatpl es per

igfgp?] 3gynﬂgesg lflcijlré?ignefs%%r PJC?EP eIrf tkgee&gg'l'] lca?:}iu!::roor} I}?e]:c ﬁr?‘al\{?%igilalgrggslt Lo I:;[CR\-'C:LC(I:’)I' 76"

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

20 frequency to which the QAM carrier should be translated. It 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 number of actual storage
locations required in the ROM 49, the 11" subharmonic of 43.05 MHz and 5

subharmonic of 21.52 MHz, 3.587 MHz, might be a suitable final intermediate

t
i

frequency to which the QAM carrier is translated, but the real-to-complex-sample
converter 48 must then be designed to provide real-to-complex-sample conversion

down to 900 kHz.

[f the sample rate in the ADC 29 is established by the first clock signal from
the sample clock generator 8 to be the minimal 21.52 = 10° samples per second

30  required for proper demodulation of a VSB signal with 10.76 * 10° symbols per



- 29- second, the final internediate frequency to which the carrier

of a VSB DTV signal is transl ated cannot be higher than 5.38 VHz,
or the synmbol synchronization techni ques adapted from Qureshi's
t echni ques cannot be successfully enployed. If the full si deband of

the VSB signal is to be belowits vesti gjza%]_si deband in frequency, the 5
sanple rate in the ADC 29 nust be hi gher than 21 52 * 10[err] sanpl es per

second (e. secq d er hat t he
carrier ( can ﬁgcoﬁd héa@}a?%‘(g%‘eﬁﬁgﬁ[ Fel“d'lemyalo Whl%\h %‘faﬂ% EII )g:\]]ﬁgb gansp gl FPate in
the ADC 29, tt%sﬁal&i'caﬁh(ﬂ%’é%@e@fhaﬁ333B\MEZSG)IQB@Ewﬁb@tsynchromzatﬁﬁ té‘é)@]\/@ekt S

vestigial sideband in frequency Thi s neans t hat

r eal - t o- conpladnprisd fprmeQeralies eelimsqurs campt 985‘@&9%6{”)&*%?}’@&“ Vleefldrﬁl oy Ng
filters 10 o nhen LA SAE %19nafl?§r%t§erbe r&?u{‘ﬁ@n@é&ﬁe@a}rd%ﬁeq QIL) [l sanpl es

per second. Re carrier ated to
final inter rredm@teerafenﬁqhteﬂm immust be hlohesylmﬁ J]rSQdymérsgnpkes bmb@rﬁkengrst lie
in the range hetween VHz inclusive, if the final

|F signal is %aoo%el%osﬁgrpreaupﬁearcwi)an Prder thajthe cprries GENRS alrlgash .38 MHz. ToThe
VSB carri er CaQUlddthQﬁlcfl’xrer §alﬂx’?ple raté §tht ATRE €6 rtile fuzl[ $idbhnd oﬁt[h@'VS]B sigh8 st

10[err], 11[err],12[etr], 13[err], 14[err] 15[ err] suBhar moni ¢ of
43. 05 MHz, fdr rénaerm.t eest@hxesm&ﬁ@dm]x fquaynﬁhnsmeaﬁs 6@0thh’|-lz, appears

to beagoodcorcef r the final int dipate freque t i t he VSB
carrier RS ?%‘esaf”rpé%?rﬁ’tegﬁrs 4&&5&8 C?WWEQEE aglg'yeﬁﬁ)g%"(m@g%ﬂ?ersr educi ng
the size9f GadniBE sample rate iPQK-ADCLIRE 2552 M 1 FQYIesWek kdcahdg symetries in
addr essi ng. However, 2.690 Mz is not the best. choice if the QAM
carrier in the fi naI | F si supplied to the 20 synchrodyne circuitry 4
is 5.381 MHz, si ncBletqaé'lqr@%rhm‘rSBﬁe@ab%draegla@ te Haakinierrgediefe drequency for
oscillators 3~Qn81r9<iw°ﬁ g{oeoatsgb tn'ﬂ;%t ﬁé‘ﬁﬁhe g%r%' lbe@&e%ﬁsl qe@ﬁg)ﬁngac& fl}{ger Fhat
are of € sane re uenci e a ten ency to osScilTate in
uni son, whi chn@asive, if the rmaduesngmeallys tafteectstiairedadilli+ Y MHe teqichoy rangpar at el y

their respectjive frequenci h ot ~mNE B er ubhap,moni ¢ of
43,05 Mo, 1. 5w MEamehieHd be at e 515 er’r18% Iguﬁha’r‘r% TR ARSI ES e,

appears 4 b%\,\EH‘D{?@ﬁL c 28 sCNBCRr kL m%l@e’fhé ngh suoharmo dé Wt@m@fhaﬁﬁears

frequency to e VSB carrier e translated, from
st andpoi nt ofto rbedwoodrghdnhefcmtlzeeﬁmefl 1manrmade1te freqlleﬂuptct\abﬂchma NS RCbirizy

utilizing ymmetries i n,addressin The2 r] subharnoni c of
43.05 Mz, >*79%4°|\9H£m“§\hﬁieéh“r3‘§ed from the siggdb O F§du % Hg?ﬂﬁ‘?ﬁ’ CaTRE1 52 Mz,

nmay be chosenoérnﬁge ehs mWQﬁ,utn@mﬂaas%ﬁmté?ﬁesaQ addr@e%ggm&e%,rﬁmmzon the
real -t o-conpl ex-sanpl e converter 587 hsofar as how | ow a frequency

real - t o- conpliercgherpest chony drthd Qi Mrgarichm the fualdEdgignal supplied to the

20 synchrodyne circuitry 4 is 5.381 MHz, since the nominal frequencies of the third local
oscillators 30 and 35 are then the same. 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.

The 31" subharmonic of 43.05 MHz, 1.345 MHz, which is the 15%

I
wh

subharmonic of 21.52 MHz, appears to be another good choice for the final
intermediate frequency to which the VSB carrier should be translated, from the
standpoint of reducing the size of carrier look-up tables in ROM by utilizing
symmetries in addressing. The 23" subharmonic of 43.05 MHz, 1.793 MHz, which is
the 11" subharmonic of 21.52 MHz, may be chosen instead, however, to ease the

30 design requirements on the real-to-complex-sample converter 58 insofar as how low a

frequency real-to-complex-sample conversion must be provided.



- 30- FIGURE 9 is a table of design frequencies for the | ocal

oscillator used to supply the oscillations used to heterodyne a
penul ti mat e i nternediate-frequency band centered at 44 MHz down to
various final internediate-frequency bands for QAM signals. The

oscillations of the third local oscillator 30 are preferably belowthe 5
penultimate IF band in order to | essen théobossi bility of the second

fr equoney- modut at FIRURINS biblss Seren hediencied fuithe el Bhcledi tea o 1 e
10 is a tabl %uﬁﬁlr@%&s‘éﬂlaﬁibﬁﬂ@s‘%ﬂ% B&ieto@Ynd diferuffiRhte PG iRk Qfesedy bOnd

supply the oscillations used to heterodyne a penultinate
i nt er medi at e<ERtedan 4§ Midadown to varms énaldntstmediatvHreqdonay taody foriQuAls! f i nal

i ntermedi at e-fJequ bands far, V. .. Si | s e ' t he
vestigial si 3@5%%&1%?lg%ﬁcelﬁ?tbocngtogwea@%@Eoctah%%*]%fqg%giaﬂ%%‘%ﬁ?ﬂ%q?%&%w e
frequencysi n pentltimare IFtenpénuldet wEERenh thehabsbidiRdof the tOnd hidlonido@pd. This
type of operation i s associated with the ADCs 19 and 29 sanpling at
43.05 * 10[ ePF§llatpns inisripdpg with any negsy, faquengy-modutatign ragdio broageast 106

sanpl es per sgepnrd, in which case a 4:1 rate 1 5 reduction filter would
be used if the equalizer 7 were to be a synchronous equali zer. The
first local oscillator 10 provides oscillations above the first

i nt er medi at e- f r eqid@tRBbEhE atteblt hédesigrefreqligncigofor e Ived osgllatbr sdedaband

| ocat ed bel ow in the received DTV

the f.ull sideband.,in frequency.
channel is ngéy{léeaosggla&gns[xgeggo Etemdyrlec?c%ﬁ“gg‘%%%e’?ﬁ 14 TPAUEPERBaY i n
frequencyoi nctiereliiat 54 MI% @6 WR € RRué ERAUSRENedRABreqabhcy HaRdOfod€fsH or the
vestigial sideband to be | ocated below the full sideband in frequency

in the second@rlsprisEHpingiicevastgipbsideband o kedloeried toyaltholdlisidebemd in20 nust
supply the > ] I ti,ons.a f uency. above the
Fireti nt o misarROHE BT K8 il R I FhalE el FRERC TS !

si deband to beehdcaisedsabmsewithehed ADCs 30 dedagearhpling at 43.05rc@ienaylel et he
second or penultimate |F band, the,second |ocal oscillator 20 nust 25

suppl y the sé&¥oRe Wheethanat dke? |18t sampiesaer aecPrdonaviush dsat o ttate f i r st

i nt er medi at exf4,eQue! b ediA8,efd S t 940 Mz,
for exc AP T 0808 kg et if e coliflzcl T sAPER 5 SRPABHER Bhele® one ae
896 MHz to cédht dirsttidml oscillatopHmbtidesdseillabohaatdvatheddrsivHz. 896 MHz is above

current UHF channel 83, so a nearby NTSC receiver. will not tune these

second o0sci | I”ﬁ?‘?"??ﬁé‘a_t?'freﬂ‘i‘f’é‘ﬁy parf torthe E’é’%ﬁé’ gohe veRigiabpdehanddpiated balpwi he

vestigial si 'E’r%bﬁﬂﬂ%de%arltpi%aﬁe%%&@q}{?netrlagei&é&l ﬂ)T?'c@?ﬁ?ﬁ:’f‘% doﬁverted so dshggeency in
and, I 343 must -

the second or penultimate IF b the third local oscillator

-31- located above the full sideband in frequency in the first intermediate-frequency band.

20 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 above the full sideband in
frequency in the second or penultimate IF band, the second local oscillator 20 must

25 supply the second mixer 14 oscillations at a frequency below the first
intermediate-frequency band. If the first IF band is centered at 940 MHz, for
example, the second local oscillator 20 supplies oscillations at 896 MHz to center the
penulumate IF band at 44 MHz. 896 MHz is above current UHF channel 83, so a
nearby NTSC receiver will not tune these second oscillations if they radiate beyond

30 the DTV receiver. Ifthe vestigial sideband is located above the full sideband in

frequency in the second or penultimate IF band, the third local oscillator 35 must



suppl'y the third mixer 28 with oscillations at a frequency bel ow those in

t hat penultimate I F band, in order that the vestigial sideband be

| ocat ed above the full sideband in frequency in the final |F band.
FI GURE 11 is a table of design frequencies for the |Iocal oscillator used
to 5 supply the oscillations used to heterodyne a penultimte

i nt ermedi at e-frequency band centergg_at 44 MHz down to various final
i nt er nedi at e-frequency bands for VSB signals, presum ng the

vestigial si dgbplydhé thikem!xee 28 edthbsLiouwtidRat b WebusicdBRRMAHbE in that
frequency both in theg'penultlrrate | F band and in the final I F band. The

first |ocal penultimaged bangs vy order Hrighe vessisind sidebandibsriecatdsioabsve te fullr st
i nt ernedi ate-§ i xer 11, so the vestigial sideband
SERIHEREHQRAL, it Bfatk band!

| ocat ed bel ow t in frequency in the recei ved DTV
channel is converted so as to be | ocated above the full sideband in
frequency in the fFIKEIREnt és aratleadfaiction Geammyicodmcthe lavabssddlatdraked e

vesti gi al _side ted below the full sideband in frequency

balnd .. 1o be Io%a
in the secondBPY BAHBIE aHeNE g to heterodyne, g pepymats pisEmsBristTeqaenay bendr 20
nust supply tdRgres@canad M;H)é%lf)wg;l‘logﬁﬁéln%slfmai Ql@éné%lial?eﬁﬁrgg.\neac; b&eRcYsabove the

first internediate-frequency band. If the firs I's centeré
at 916 MHz, fsgnalsxarpshmingthe vestigoahdidebandlto bs bichtedtbstovtefulb pidelemd in

oscillations at 960 . .VHz to c r the penultimate | F_band at 44 MHz.
It is desir abtﬁéqu? E PR @gggﬁﬁgma%q%%a&ﬁ?d 8‘5@? fipall§basg, gBﬁBFﬁtZ%Cal

osci | l'ations atillamrhogherida dstglaientabol gl RGGniMaediate-frequencyWad@kq R
mnimze the possibility of interference with the aeronautical navigation

20  band? | fgel Lestheyestigial tdehand lcgted belomethedell sideband in dienueicsebtred i n

frequency in the, [ QH!ti I h hi,r,d |.ocal
oscillator 35 ér}ﬁ\setd %E\p{pﬁ%g&%hmgs ét%ﬁl?/r © as@%?%(og?teggg%?etthe g%‘i:f’fj?tgflflélﬁs at a
frequency belfowuthnsie thefitshatterprediatd-framicacy bandang orded for the vestipth@sidehald t he

vestigial sideband be |ocated hel ow the full sideband in frequency in the
final |F band® begated befow the f“ﬁé’é‘ﬁ?i“ﬁ’gntfﬁéu%bfélhﬂleéﬁc%@rﬂﬂppn matg F pand
| over in frequgnaye E@bhl idat Rl 20 must sufgN ! 14 bas il
oscillating at a f?equency a o{/ea t hi smlIJSFS%&Q§h€CﬁQ mﬁ%ﬂ%&%&%@ﬁgﬁ&a
pernits tihe vesutgfiyalbost thelfasidnteonbdiatedoauedtydtaodelftthe fitsullF baidlie katmeredn

frequency in _tRhe. ultimate | E band and the vesfigial. sideband to be

| ocat ed bel oW % Rﬁ% i ef“ﬁﬁf”lpl%ittzfesﬁé‘?ﬂiialf’?ﬁlpﬁ‘@a?f%c@g‘i‘%’hfﬁ%“ﬂ: RS PPGand.
Such ar r angengny, i@bdiémas hpMalivm @ IF bRES Mdssvithe e abdighbl mei debandqt o be
| ocated below the full sideband in frequency in the penultimate I F

band and t he |easpicgilaipr 20 siwphedoscdlabieny Baathegheabdiequerivy than 960 MHz, in

- 32- order to minimize the possibility of interference with the aeronautical navigation

20 band. If the vestigial sideband is located below the full sideband in frequency in the
second or penultimate IF band, the third local oscillator 35 must supply the third
mixer 28 with oscillations at a frequency below those in that penultimate IF band, in
order that the vestigial sideband be located below the full sideband in frequency in the

final IF band.

o
n

Locating the second or penultimate IF band lower in frequency facilitates the
third local oscillator 35 oscillating at a frequency above this IF band. Such
arrangement permits the vestigial sideband to be located above the full sideband in
frequency in the penultimate IF band and the vestigial sideband to be located below
the full sideband in frequency in the final IF band. Such arrangement alternatively
30 permits the vestigial sideband to be located below the full sideband in frequency in

the penultimate IF band and the vestigial sideband to be located above the full



sideband in frequency in the final IF band. The oscillating frequency of

t he second | ocal oscillator 20 need not be as nmuch renoved fromthe
first internediate-frequency band, which eases design requirenents in
the UHF portions of the radio receiver portions of the DTV signal

receiver. The penultimate IF band being at a lower 5 frequency nakes
satisfactory design of the SAWfilter 16-3mre difficult, however.

In the foregoing specification the ordinal nunbers used as adjectives
before siiBankeh MR queicy & theandl IF weal Tas Bkdih@etr@fr'eq?éﬂ‘qy JY tRE sRbA@nce

wi th normal engineering parl ance descriptive of their placenent in

t he radi o retnsileseillafyi2é nsed neirheasinsuchaemoved from she fistingsreediate-Bequsack| ai ns
which follow  except as these ordinal nu rS-may. 10 appear._in quotation
marks. Or di nai ohim r%as%so{]es‘ivﬁ TSR A" %ﬁ@F PRtice of RS recelber 0 y
refer to thepseidaeeUthe TEMOERA] redeivddl The bétrilthe@ERband Bdigg kedioler by such

or di nal nunbers first appear in a set of clainms.
- 33- 5 frogpency uakegayefaciosy design of the SAW filter 16 moreghiffigulteb@yeMer. f or
receiving a selected digital television signal, irrespective of

whether it is a qw&%%%&é&?%g%%cii%&QSﬁ gﬂ%CBtHél?H Rt Mel agﬁdj@ctiveé before

vesti gi al - si deband 1git evision signal,” said radio
recei ver conpreitsinmgimixer” and “local oscillafor'dare-ie ackocdancelivithynofmal epglneetingig sai d

sel ected digit?I tglevjsionf$i$n | and. .converti?g.itlmjth

anpl i i cati oR*THCRLCTERLLC & PPY BECHRFIIR e HRALHS {Hraf 815 parlance s not

I nter medi at ex4+iedYe&GHtothdP@lms which follow, except adthebd Stiiral REHBEAS YnagONVer t er
for converting to a first final i ntermedi ate-frequency signal said
first anplifprrbapemHotdtivatearksnt @rdmad nambers netjuetvelation marksinghatlaimsi d fir st
I qugsgaﬁeﬁg{?‘\égﬁq%?{j{ﬁ% tg’?’% ?Anlrs]?csuti(\)«é' grqef g}‘."%‘ﬁ% s eflé:nr'lgrgts Pe(%gllréd) tlolb%/dsugﬁ (o:HirllaEllt or

numbers first appear in a set of claims.



controlled by a first automatic-frequency-and-phase-control signal;

a first analog-to-digital converter for digitizing said first final

i nternedi ate-frequency signal to generate a dlgltlze

i nt er medi at e-frequency signal; 15 }!!m m“lmmll " l"'
synchrodyni ng any QAM di gi tal television signal in

first final internedi ate-frequency signal to baseband thus to generate a

first in-phase baseband signal andzgfirst quadrature-phase baseband
si gnal ; circuitry for synchrodyning any VSB digita

tel evi si on siygRAlT ISTCRAVgDtIIgZed second final intermedi ate-frequency
signal to baseband, thus to generate a second 20 i n- phase baseband
signal and a second quadrature-phase baseband si gnal

- 34- first automatic-frequency-and-phase-control circuitry
for generating said first aut omati c-frequency- and- phase contro

si gnal respopsive, r h band SI and said
first QUadrat ure- IO rggg)a%g%t af?}%reg%’ivﬁxal% S%leCteg df%’??fe B0 S, irrespective

automatic-fr eqweatd:yr @k Wsaememmmmkdesmmhu&ewwm@s @08§!o¥eﬁ-sm%bhzmi‘r to
sai d second hase baseband signal nor to said second

quadr at ur e- pﬁgég) glgg lbtglﬁaxsgqngslxﬂ]al said radio receiver CORPEEBGNd fr equency
converter for converting to said second final i nternedi ate-frequency

signal a second amghi- érh@ard%awfotr'sa@&ﬁlg's'aidesfem%fyd%% dJl GOHEDBE ¥ignal and Si 9nal

supplied fromsaid front-end circuitry, said Secon requenc? converter

i ncl udi ng® 39<>1W3mncr it with ampdificatinh toahtoast|d fndt oeplifiddyennitiniee f r equency and
phase of |tsr950| ‘ﬁ%t¥ controlled by a second

aut omat i c- f r SGUBISIAS 8T5W8%398§ntrol si gnal ; a second

anal og-to-digital converter for digitizing sai d second fi nal

i nt er medi at e- frequﬁlﬂﬁy‘reﬁugﬁglcoh@er&emrc@heerﬁndtcga Etslﬁ@lalsecond final
i nt er nedi at e- frequenc

aut omatic-fr ékﬁd@hé‘&f“%ﬁﬁq‘ﬁﬁ% é‘o&‘éﬁ?hddimc%mlélﬁqdrwnﬂ’@ma@%m@@@dm@ fsedugney

signal, said first frequency converter including

0 a first controlled oscillator the frequency and phase of its oscillations

controlled by a first automatic-frequency-and-phase-control signal;

a first analog-to-digital converter for digitizing said first final

intermediate-frequency signal to generate a digitized first final intermediate-frequency

signal;

L3 circuitry for synchrodyning any QAM digital television signal in said digitized
first final intermediate-frequency signal to baseband, thus to generate a first in-phase

baseband signal and a first quadrature-phase baseband signal;

circuitry for synchrodyning any VSB digital television signal in a digitized
second final intermediate-frequency signal to baseband, thus to generate a second

20 in-phase baseband signal and a second quadrature-phase baseband signal;



second aut omati c-frequency-and-phase-control signal responsive to said

second quadr at ur e- phase baseband signal, said second

aut omat i c-f requency- and- phase-control signal bei ng r ll "1 to
said first i n- phase baseband si gnal nor to sai imlmﬂ ""l ﬂm ml
guadr at ur e- phase baseband si gnal . A radfo fteckiver *as set
forth in claiml1, wherein said front-end_ci rcwtry conpri ses:

first and second internedi ate-f requency'é‘ﬁf)l ifiers with controlled
respective gai ns, for supplying said first and second anplified
penul ti mate B =3 ses
thereof to a share %@éﬁ% %gueanﬁ‘ﬂH&BﬁéfseZéP ?}{e}gll Czﬁcgﬁﬁ%?ﬁ%ﬁéééyﬁ[r} nsrpa)gitsﬂngnal

- 35- aitomatic-Aeqatt pandpriseeonas! ss@ial fespdrsivieno chidifinstn-phiser ei n sai d
front-end circuit onpri

ry er
doubl e- convetast drsét&’él V@rsad$‘i§hﬂliatd§/at‘l‘r6rp?1§iﬁfﬂs§}?aﬁﬂ sieBpb SUALTEd penul timate
i nt er nedi at em;ftsrﬁmter}e%uan@puﬁd shgeac'onfr& L & rdsPoriletheiBb Ao ed sgigcgfdt al

t el evi si on radi o' recei ver as set h in
claim3 73\/\hemqmasesbasdbzdniwl[gml n@nvealdlsmnd quadrameccghaselbambamilslgmqt, i ncl udes:
a radio-frequency anplifier with controlled gain.

a second frequency converter for converting to said second final
intermediate-frequency signal a second amplified penultimate intermediate-frequency
signal supplied from said front-end circuitry, said second frequency converter

including

30 a second controlled oscillator the frequency and phase of its oscillations

controlled by a second automatic-frequency-and-phase-control signal,

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

intermediate-frequency signal;

(W)
n

second automatic-frequency-and-phase-control circuitry for generating said
second automatic-frequency-and-phase-control signal responsive to said second
quadrature-phase baseband signal, said second
automatic-frequency-and-phase-control signal being responsive neither to said first

in-phase baseband signal nor to said first quadrature-phase baseband signal.

2. A radio receiver as set forth in claim 1, wherein said front-end circuitry

comprises:

first and second intermediate-frequency amplifiers with controlled respective
gains, for supplying said first and second amplified penultimate
5  intermediate-frequency signals as respective responses thereof to a shared penultimate

intermediate-frequency input signal.



A radio receiver as set forth in claimd4, further conprising:
a QAM automatic-gain-control detector responsive to said first in-phase

baseband signal and said first quadrature-phase b i r
supplying a first aut omat i c- gai n-control sigﬂﬂ m lmfﬂ "lﬂ a VSB
aut omati c-gai n-control detector responsive to said*seeond Im-phase
baseband signal for supplying a second autonatic-gai n-control signal

an automati c-gai n-control signal comnbi ner3gor conbining said first and
second ~autonatic-gain-control signals to generate a third

aut omat | ¢- gag n- COR'haly rSLefas sct forth irARRK] £ieeifiRhil fidnf-2ha echigeond

i nternedi ate-frequency anplifiers; and an

aut omat i c- gafurthepedmmiisestlel ay circuit responsive to said third

aut omati c-gai n-control signal over a portion of the range thereof to
generate a fourth autonati.c-gai n-control .signal applied to said
radi o- f r equency a%lqu?f%r?v_.ers.‘on rece“ergc“é’?“try ot WW%P%S%‘QE@Q%PG%‘"E@F forth
in claim2, flutReraCRBRichsy Mput signal in response to said selected digital television

- 36- . a QAM autofmati C-gai n-control detector responsive to said
first in-phasenal baseband signal and said first quadrature-phase
baseband signal for supplying a first aut omati c-gai n-control signal

5 a VSB autonmatic-gai n-control detector responsive to said second
i n- phase baseband signal for supplying a second automati c-gain-control
signal; and an automati c-gai n-control signal conbiner for
conmbi ni ng saitd fi Ashdiandceseransket forth inatltionfhtwiergaisaidclonblealonsérgioal s t o
generate a third automatic-gai n-control signal applied to said first
and second | eGP FRTIHE PERGRENCy anpl i 1 ers. |

a radio-frequency amplifier with controlled gain.

5. A radio receiver as set forth in claim 4, further comprising:

a QAM automatic-gain-control detector responsive to said first in-phase
paseband signal and said first quadrature-phase baseband signal for supplying a first

automatic-gain-control signal;

wh

a VSB automatic-gain-control detector responsive to said second in-phase

baseband signal for supplying a second automatic-gain-control signal;

an autornatic-gain-control signal combiner for combining said first and second
automatic-gain-control signals to generate a third automatic-gain-control signal

applied to said first and second intermediate-frequency amplifiers; and

10 an automatic-gain-control delay circuit responsive to said third
automatie-gain-control signal over a portion of the range thereof to generate a fourth

automatic-gain-control signal applied to said radio-frequency amplifier.

6. A radio receiver as set forth in claim 2, further comprising:



7. " Aradio receiver as set forth in claim1, wherein said front-end

circuitry conpri ses: an inter nedi
anplifier with controlled gain, for supplying said m I ﬂmﬂﬂE%HHH
anplified penultimte |nterned|ate frequency signals as+respan

thereof to a penultimate internedi ate-frequency input S|gnal

A radio receiver as set forth in claim7, _wherein said front-end C|rCU|try
further conprises: doubl e- coRer si on recei ver CIrCUIt{y fO[
suppl yi ng said i ntg [ e nul timate

: nfgr )r/red?at o fr equeggﬁlaﬁéoﬁ?gﬁél &%P&Xro] rdgtg@trrpresp?nswe\% salgstg'stgg] Z’?ﬁeed

di gi tal t el ewiasdband siggalednd said first quaBrature- phésel’b'chﬁttﬂhnﬂ@ﬁﬂhl\/ief supplyfd affiegtt h in
claim8, wherein said. doubI? conver si on receiver circuitry i ncl udes:

a radi o- freq&@ﬁ&%%&nﬁ?F?@F’ﬁkﬁﬁ control | ed gain.

-37 - A radio receiver as set forth in claim9, further

conpri si ng: a VSB autondhti M AL AR EcBR D5 RN 0 Laifl SLAGU A phEIPONS| Ve
to said first in-phase baseband si gna nd sa I rst quad Patur e- phase
baseband si gvasebpad sisnpdbysupglyangd & sond automautgamt-ctcm{rogﬁgnml;:Mt rol signal;

an automatic-gain-control signal combiner for combining said first and second
automatic-gain-control signals to generate a third automatic-gain-control signal

applied to said first and second intermediate-frequency amplifiers.

P

7. A radio receiver as set forth in claim 1, wherein said front-end circuitry

comprises:

an intermediate-frequency amplifier with controlled gain, for supplying said

first and second amplified penultimate intermediate-frequency signals as response

A\ ()

thereof to a penultimate intermediate-frequency input signal.

8. A radio receiver as set forth in claim 7, wherein said front-end circuitry

further comprises:

double-conversion receiver circuitry for supplying said intermediate-frequency

amplifier with said penultimate intermediate-frequency input signal in response to

i

said selected digital television signal.

9. A radio receiver as set forth in claim 8, wherein said double-conversion

receiver circuitry includes:

a radio-frequency amplifier with controlled gain.



5 ' ' a VSB automatic-gain-control detector responsive to said second
i n- phase baseband signal for supplying a second

anar corbiner For conot g said first and oo NNTTHAIAYIRont o

automati c-gain-control signals to generate a third8 ahtdhafic-gain-contro
si gnal applied to said internedi ate-frequency anplifier; and 10

an autonmatic-gain-control delay circuit-Bésponsive to said third
automati c-gai n-control signal over a portion of the range thereof to
generate a foyrth : I L N= r j - applied to said

radi o-f requegg'y a#pﬁafnfoi rg?%f%é}%tsét%ﬂﬁ‘ﬁr{l‘il'ﬁﬁ}%, @hpgljd'i%%ﬂ;lrnég% ver as set forth
inclaim?7, further conprising: a QAM aut omati c- gai n-control
det ect or responsi &AM sabohafic-gsin-dontrphdssetor responbias ebwndifist grphasand sai d

aut ot | o GaPHEEBRL a1 arg i hos gudbtature-shas HRG et Lo Ebgliing 4t r o

detect or respBfiaME-chid-&Adl §86ANd i n- phase baseband signal for
supplying a second autonmatic-gai n-control signal; and an
automati c-gai n-control signal conbiner for conmbining said first and second
aut omat i ¢ gai n- coAtWE} apEAle-Sainsogunkdeirciorgesmonsive Eutatshsecped gapheseont r ol

si gnal [ ed, i d i nternediate-freguen | fier.
gl BRI S ALY RS RIS ATLE |
tel evision signal, irrespective of whether it is a

guadr at ur e- anpl i t adeuatoocitib-gtinecon{rQidgna combires fdrgbmbirsngleddd fickt and second VSB)
digital television signal, gaid radi o receiver conprisin?:

front-end ci FEQMAERGSRBrCOTPLNERAS) ISinarales badAytomaiciRin-tUIEl sighgh si gnal

and CapMRLth R diikteMhddiadUiRbLiddcS @kipARiet @nd 1 r st and second anplified
penul ti mate i ntermedi at e-frequency signal s;
10 an automatic-gain-control delay circuit responsive to said third

automatic-gain-control signal over a portion of the range thereof to generate a fourth

automatic-gain-control signal applied to said radio-frequency amplifier.

Il A radio receiver as set forth in claim 7, further comprising:

a QAM automatic-gain-control detector responsive to said first in-phase
baseband signal and said first quadrature-phase baseband signal for supplying a first

automatic-gain-control signal,

W

a VSB automatic-gain-control detector responsive to said second in-phase

baseband signal for supplying a second automatic-gain-control signal; and

an automatic-gain-control signal combiner for combining said first and second
automatic-gain-control signals to generate a third automatic-gain-control signal

applied to said intermediate-frequency amplifier.



a first controlled oscillator supplying first oscillations of frequency and
phase controlled by a first automatic-frequency-and-phase-control

si gnal ; a second controlled oscil i cond
oscillations of frequency and 1 O phase controﬁmmmmﬁ%“m

aut omati c-frequency- and- phase-control signal; ¢ L w & firrst mxer
supplying a first final internediate frequency signal responsive to

said first amplified penultinmate internedd@te-frequency signal as

het erodyned wi th said first local oscillations; a
second ni xer 13UPpPlA/tAD RcHOGOBHdCERS d iR IdIRALR fe1EFiSOHSREN, ?ﬁ&g@étiv%5
responsive to said second anplified penultimateé internedi ate-frequency
signal as  of whptheeit duy AeatratineraneplitddsmoduldtidroRAMD ¢ 2 Ivestigidrsdeband

a first anal gital.converter. for. digitizing.said first fina
internediatngSh?agggg%Egﬁ%§]%$ﬁiﬁﬁgramor“%“@rcmn NS188second

anal og-to-digital converter for digitizing said second final 20

intermedi ate freq@ncyndtignatry for selecting said selectel digil télyvikioh syacdHdody ni ng
any QAWM digital television signal in the digitized first fina

i nt er medi %t e SPREGIREL v 1Y appii fca o iodEptand seeandenndifigd pepaltionate f i r st

i n- phase hnmggggggﬁgqﬁggyghng@d a first quadrature-phase baseband

si gnal ; first autohatic-frequency-and- phase-contr ol
circuitry for generating said first 25

aut omat i c- f r equené@yirsirrenpplieseoscdhatar slipyigp dirstrossietsiswod ftequamiy chnfl iphsde

Is Péﬁg?s € contpoqlseﬁ%gfnadﬁrssﬁ ert]grhatﬁ:r] rec?uaelngy-faﬁt{-glgasg%%gtrrgltslljgrn%i;p hase bas ?gg? d
circuitry for synchrodyning any VSB digital television signal in the
digitized s eceduthdfconablldddseiilare s@iptyihs ecisanoYciBhaglof FeqRasghand,

thus to nergte a second i n- phase baseband signal and a second
quadr at ut'é- pRA¥E CB'&%@%‘&“&' aﬂegﬁ%g autematic-frequency-agg-ph#rg-control signal,
aut omat i c-frequency- and- phase-control circuitry for generating said

second automat i c- (iRGYEREYaRBLANASRT SRN LRI iR eql ERY ULV B hs RIS
second guadr at ur e- phase "baseband signal; an
said first amplified penultimate intermediate-frequency signal as heterodyned with

said first local oscillations;

a second mixer supplying a second final intermediate frequency signal
I3 responsive to said second amplified penultimate intermediate-frequency signal as

heterodyned with said second local oscillations;

a first analog-to-digital converter for digitizing said first final intermediate

frequency signal,

a second analog-to-digital converter for digitizing said second final

20 intermediate frequency signal;

circuitry for synchrodyning any QAM digital television signal in the digitized
first final intermediate-frequency signal to baseband, thus to generate a first in-phase

baseband signal and a first quadrature-phase baseband signal;

first automatic-frequency-and-phase-control circuitry for generating said first
-3 automatic-frequency-and-phase-control signal responsive to said first in-phase

baseband signal and said first quadrature-phase baseband signal;



a synchrodyne result selector for selecting either said first i n- phase
baseband signal and said first quadrature-phase baseband signal for

further processing or for 35 selectlng sald se ﬂ nm ﬁ band
signal for further processing. gﬂ H”ﬂgi ﬂﬁ Eirset
forth in claim212, further conprising: ot *presence
detector for detecting the presence of sulgtanti al dlrect conponent
in said second i n-phase baseband signal to condition said synchrodyne
result selector t 0:1&ﬁitﬁﬁfor saic@rcﬁgﬁmmbny yHhaisRaltaeRdndiglamahe iRitdedr t her
processing. A radio receiver as set forth in claim 13,
wherein said spg%ﬁx&l,épt@mqglmtq fryquency 51=§@)lrfgtbp$§§gnd thus to generate a se¢dndst and
second inter res ect|ve

gai ne. for - Sunprar s <EERY SR AL b Sy s AR B B

|nter-ned|ate frequency signals as respective responses thereof to a shared
penul ti made iset@rdwmdoraste- freqapnenayd-piaicostir@rabuitry for genkhating séidr adi o
recei ver as set forth in ¢laim 14, w@}reln said front-end C|rCU|try
further conprif&Wyg;automatic-frequency-angspbase-CoRFRISIERbIFSPURSHEjR Faig Secout ry for

suppl yi ng sakga&aaﬁgghgﬁqgg&hggggnalandlnternedlate frequency input signa
in response to said selected digital television si gnal .
- 40-

a synchrodyne result selector for selecting either said first in-phase baseband

signal and said first quadrature-phase baseband signal for further processing or for

(@3]
w

selecting said second in-phase baseband signal for further processing.

13. A radio receiver as set forth in claim 12, further comprising:

a VSB pilot presence detector for detecting the presence of substantial direct
component in said second in-phase baseband signal to condition said synchrodyne

result selector to select said second in-phase baseband signal for further processing.

4 A radlio receiver as set forth in claim 13, wherein said front-end circuitry

comprises:

first and second intermediate-frequency amplifiers with controlled respective
gains, for supplying said first and second amplified penultimate
> intermediate-frequency signals as respective responses thereof to a shared penultimate

intermediate-frequency input signal.

13, A radio receiver as set forth in claim 14, wherein said front-end circuitry

further comprises:

double-conversion receiver circuitry for supplying said shared penultimate

intermediate-frequency input signal in response to said selected digital television

signal.



16. ° A'radio receiver as set forth in claim15, wherein said

doubl e- conver si on receiver circuitry |ncludes

radi o-frequency anplifier with controlled g

receiver as set forth in claim16, further corrpnsﬁ“ll "IIMI M I“l a QAM
aut omati c-gai n-control detector responsive to said

baseband signal and said first quadrature-phase baseband S|gnal for
supplying a first automati c-gai n-control signal; 5 a VSB
aut omati c-gai n-control detector responsi~d®-to said second i n- phase
baseband signal for supplying a second automatic-gain-control signal;

an autonatic ai n-control signal conbiner for conbining said first and
second ut orfatadio @ari:lnercﬂs et forthan glamh 45t whegeineseigtdoubletdonyersion

aut omati c- gal%ec%pg (# applied to said first and second

i nt er medi at e~ éque Pers; and 10 an

aut omati c- gai n- control delay circuit responsive to said third

aut omat i c- gai n- cond fadlo-fre@rRaty mpﬁﬁ@;@m&dmueaj ciihe range thereof to

169u1t

generate a fourth aut omat i c- gai n- contr ol S|gnal applied to said
radi o-frequency anplifier. 18. A radio receiver as set forth
in claim14, further conprising: a QAM

automati c-gain-control detector responsive to said first in-phase

baseband signal andraa delil6sts sBURAhat Liagn @@%ﬁh&%ﬁﬁ@ﬁ%oﬁ gnal for
supplying a first aut omati c- gai n-control signal; a VSB

automati c-gai n-control detector responsive to said second i n-phase
baseband signal férQAalbphipmagc-gagetmirg! daiesomespongak e sothfirsoin-ghagaal ; and

baseband signal and said first quadrature-phase baseband signal for supplying a first

automatic-gain-control signal;

i

a VSB automatic-gain-control detector responsive to said second in-phase

baseband signal for supplying a second automatic-gain-control signal;

an automatic-gain-control signal combiner for combining said first and second
automatic-gain-control signals to generate a third automatic-gain-control signal

applied to said first and second intermediate-frequency amplifiers; and

10 an automatic-gain-control delay circuit responsive to said third
automatic-gain-control signal over a portion of the range thereof to generate a fourth

automatic-gain-control signal applied to said radio-frequency amplifier.

18. A radio receiver as set forth in claim 14, further comprising:

a QAM automatic-gain-control detector responsive to said first in-phase
baseband signal and said first quadrature-phase baseband signal for supplying a first

automatic-gain-control signal;

5 a VSB automatic-gain-control detector responsive to said second in-phase

baseband signal for supplying a second automatic-gain-control signal; and



-41- ' an automati c-gai n-control signal conbiner for conbining
said first and second automati c-gain-control signals to generate a

third automatic-gai n-control signal appl | ed to s l“ M‘ \mond
i nt ernedi ate-frequency anplifiers. m l “\l‘g W set
forth in claim13, wherein said front-end CII‘CUItI‘y *  eonpri'ses:

an internedi ate-frequency anplifier with ﬁ)ntrolled gain, for suppl yi ng

sai d first and second anplified penuftinmate inter medi at e- f requency
signal s as r esponsan @tomatﬁdlgﬁiﬁ@fmﬁr@l ségriabenihbibepfoe corbiaiitadi gt indeguenty
i nput signa A radi o recei ver as set forth in claim19,

wher ei n sai d ?W%?tl%ﬁﬂncfpf’%?}lsﬂ?frﬂﬁls o genqrgie iird aRpiRliggain-control signal
doubl e- conver i ;084 (L& HEE afd §&Hl'1c§ {nYerIn%Bla %%h% Hers

i nt er medi at e- frequency anplifier wt I mat e

i nternedi ate-frequency input signal in response to 5 sai d sel ected
digital television signal. 21. . Aradio receiver as set forth in
clai m 20, wherein said doubl e- conversi on receiver circuitry i ncI udes:

a radi o-frequgncy 22 A radio
receiver as s@ fo‘??ﬁdlb éC% Vera _IL?O Ptcﬁaé?’ o%‘?feér? §fid front-end cireuitty - 5~ qam
aut omat i c- gai dongiits:ol det ector responsive to said first in-phase
baseband signal and said first quadrature-phase baseband signal for

supplying a first . automatic-gain-control signal;
an intermediate-frequéncy amplifier with controlled gain, for supplying said

first and second amplified penultimate intermediate-frequency signals as response

wn

thereof to a penultimate intermediate-frequency input signal. -

20. A radio receiver as set forth in claim 19, wherein said front-end circuitry

further comprises:

double-conversion receiver circuitry for supplying said intermediate-frequency
amplifier with said penultimate intermediate-frequency input signal in response to

5  said selected digital television signal.

21. A radio receiver as set forth in claim 20, wherein said double-conversion

recelver circuitry includes:

a radio-frequency amplifier with controlled gain.

22, A radio receiver as set forth in claim 21, further comprising:

a QAM automatic-gain-control detector responsive to said first in-phase
baseband signal and said first quadrature-phase baseband signal for supplying a first

automatic-gain-control signal;



-42- ' 5° a VSB automati c-gai n-control detector responsive to said

second i n-phase baseband si gnal for supplyl

aut omat i c- gai n-control signal; an a mﬂmmaﬂ,mﬁ trol
signal conbiner for conbining said first and secon

automati c-gai n-control signals to generate a third autonatlc galn contro
si gnal applied to said internediatg,frequency anplifier; and 10
an automatic-gain-control delay circuit responsive to said third

aut onat i ¢5 gai n contVY 3B astograat-gainetondropddtédt@iresfontive td aidSecbh@ irepast O
generate a f % aut omati c-gai n-control signal applied to said
radi o-freque EV 5_%?‘ r3ldpr supplying a seconpdautomatic-gaigicenirelcignalr as set forth
in claim19, further conprising: a QAM

aut omati c- gai n-conp raQiorr%t:%ﬁrPEorﬁr%? ROAA Y bR $&H Ardbldiss sdlg"ﬁpé?ggcf second
baseband signal and said fifst quadr&ture-phase baseband Si

suppl yi ng a Ritogtatic-gain-cantohsighas gagamerond third zmtcgmmic,gau‘écor_xtrol signal a VSB
aut omati c-gain 1 tra et ec ) fres nsgﬁ& to sgld second |n-phase
baseband si gABY" PS@SﬂBCVVﬂ%aE wae ISR ED gai n-control signal; and
an automati c-gai n-control signal conbiner for conbining said first and
second 10 autonah la@toﬁaﬂne-o@ﬁmdn@lol sd1gnatchitBs BRNOL & Qi rd

aut omat i c- gai n- contr ol nal applied to said internediate-frequency
anmpl i fier. automatic-gain- con ropsigaglioner epatiorpf de range theeeftoigy nnmtagrfpml;l f
further co ma r nce detector for
det ect i ng Fﬁéhtgbgggﬁggx c trol sxonal a @hed to sgid %T%@H?rﬁ:ysag?pgﬁgécond i n- phase
baseband signal to condltlon sald synchrodyne resul t

23. A radio receiver as set forth in claim 19, further comprising:

a QAM automatic-gain-control detector responsive to said first in-phase
baseband signal and said first quadrature-phase baseband signal for supplying a first

automatic-gain-control signal;

wh

a VSB automatic-gain-control detector responsive to said second in-phase

baseband signal for supplying a second automatic-gain-control signal; and

an automatic-gain-control signal combiner for combining said first and sccond
automatic-gain-control signals to generate a third automatic-gain-control signal

applied to said intermediate-frequency amplifier.

24, A radio receiver as set forth in claim 12, further comprising:

an imaginary sample presence detector for detecting the presence of imaginary
samples in said second in-phase baseband signal to condition said synchrodyne result

selector to select said first in-phase baseband signal and said first quadrature-phase

n

baseband signal for further processing.



sel ector 'to select said first in-phase baseband signal and said first
quadr at ur e- phase 5 baseband signal for further processing.

-43 - 25. A radio receiver as set forth in clai 4 ein said
front-end circuitry conpri ses: fl“l mhﬁliliﬁmﬂm
i ntermedi ate-frequency anplifiers with controlled!'# i s+ gains,

for supplying said first and second anplified penultinmate 5

i ntermedi at e-frequency signals as respectide responses thereof to a shared

penul ti mate i nt ernedi at e-frequency input signal. 26. A radio
recei ver as 382t f drmadlioiracerteaaiansForthvinerlaim?24 aitdrdin emtl femtiend cicaiitry y

further conprises: doubl e-conversion receiver circuitry for
suppl yi ng saf¥'®f4fed penul tinate i nt er medi at e-frequency i nput signa
in response to said selected digital television si gnal . 27.

A radio receiver gsstsfd sdcBhd thidrhedla®d-fle@Rncy\BPESiéts $AIhodQUNEEresRYOE Si ON
receiver circuitry includes: a radi o-frequency anplifier with

control | ed gaéins, for supplying 281 first anal yegelidbamplefegdmenulisnatet forth in clai m 27,

further conprising: : a. QAM aut ommat i c- gai n+cont,rol . det ect ar
responsi v | B aa A Feuensy pinals B PNRYL SRR PRIATRERY R SFbRRaRe
quadr at ur e- phhaatcbasehaqdnsy gpat sibel. suppl ying a first

aut omat i c- gai n-control signal
26. A radio receiver as set forth in claim 25, wherein said front-end circuitry

further comprises:

double-conversion receiver circuitry for supplying said shared penultimate
intermediate-frequency input signal in response to said selected digital television

signal.

27. A radio receiver as set forth in claim 26, wherein said double-conversion

recelver circuitry includes:

a radio-frequency amplifier with controlled gain.

28. A radio receiver as set forth in claim 27, further comprising:

a QAM automatic-gain-control detector responsive to said first in-phase
baseband signal and said first quadrature-phase baseband signal for supplying a first

automatic-gain-control signal;

(v}

a VSB automatic-gain-control detector responsive to said second in-phase

baseband signal for supplying a second automatic-gain-control signal,

an automatic-gain-control signal combiner for combining said first and second
automatic-gain-control signals to generate a third automatic-gain-control signal

applied to said first and second intermediate-frequency amplifiers; and



5 | a VSB automatic-gain-control detector responsive to said second

i n- phase baseband signal for supplying a second autonatic-gai n-control
si gnal ; an aut omati c-gai n-control g mﬁm‘mm or
conbining said first and second aut omat i cgaﬂ“ﬂiﬁ“‘“ﬁ‘ s to
generate a third automatic-gai n-control signal = applied td said first
and second i nternedi ate-frequency anpli f44dr-s; and

-44- 10 an automatic-gain-control delay circuit responsive to
said thindd amtanmatate- gai-neraom telal catynedspansere ta spdnbirdn of t he range

thereof to generate a.fourttf onal autorrati?g-ﬁ:;ai n-c ntrgl si gnal ? plied to
sai d radi o- f PHETRANESRHPTTY! gignal over a portiong the range {hgefop Lo SrOETAGH dling ot
forth in claigfgRatict sHiA-BE gt QIRLT SHpNEd to said radio-frequencParshMier.

o =) q J
aut omati c-gai n-control detector responsive to said first iIn-phase

baseband signal and said first quadrature-phase baseband signal for
supplying a first aut omati c-gai n-control signal; 5 a VSB
aut omati c-gai n-control detector responsive to said second in-phase

baseband signgl fo 1ppl vi n n ut okl c-gai n-conf.rol signal; and
an automati cf%\'ai n-’%Br#(?gﬁcyglegﬁ’gsle§§ogt?rlﬁ?rclg?&lf‘c?r Ifug%e ?Onrfl%rgsws%i d first and
second automati c-gain-control signals to generate a third

aut omat i c- gai n- cord QAaM siugnadtic-gain-corapletectot tespaistlefto kit fandnpheend

i ntermedi ate-frequency amplifiers. 30. A radi o receiver as set
forth in cl aibﬁf%&{lgméfﬂénﬁ sgig (st el ER@heserRastRany sfgnt 6 g Rdirst

automatic-gain-control signal;

5 a VSB automatic-gain-control detector responsive to said second in-phase

baseband signal for supplying a second automatic-gain-control signal; and

an automatic-gain-control signal combiner for combining said first and second
automatic-gain-control signals to generate a third automatic-gain-control signal

applied to said first and second intermediate-frequency amplifiers.

30. A radio receiver as set forth in claim 24, wherein said front-end circuitry

cComprises:

an intermediate-frequency amplifier with controlled gain, for supplying said

first and second amplified penultimate intermediate-frequency signals as response

w

thereof to a penultimate intermediate-frequency input signal.

-~

31. A radio receiver as set forth in claim 30, wherein said front-end circuitry

further comprises:

double-conversion receiver circuitry for supplying said intermediate-frequency

amplifier with said penultimate intermediate-frequency input signal in response to

W

said selected digital television signal.



an interrfedi ate-frequency anplifier with controlled gain, for supplying
sai d first and second anplified penultimte internedi ate-frequency
signals as response 5 thereof to a penultimte i zﬂ“ﬂmmlllnm ency
i nput signal . 3 1. A radi o receiver as JHﬂﬂ“ I 30,
wherein said front-end circuitry further conprises: ¢+ * s *

doubl e-conversion receiver circuitry for supplying said

i nt er nedi at e-frequency anplifier wr¢h-said penultinmate _
i nternedi ate-frequency input signal in response to 5 said sel ected

digital telewpsi o sdgRkeiver as set forth in claim 3 1, wherein said double-conversion

-45- 32. A radio receiver as set forth in claim31l, wherein said
doubl e- convergiepgr circutry predwsieser circuitry incl udes: a

radi o-frequency anplifier with controlled gain. 33. A radio
receiver as set foyth.J #d ] ~further. c Li.sing: a QAM
aut omati c- gai n- cont ragld §% gg%}glru%g%%eﬁg‘ﬂg} C\/OéltrtO g&;a?la' first in-phase

baseband signal and said first quadrature-phase baseband signal for
supplying a first aut omati c- gai n-control signal; 5 a VSB
aut omati c-gai n-control detector responsive to said second in-phase
baseband signal faqr_supplying a second automatic-gain-control signal

an autonaticféaingﬁgﬁF$%F¥§?' aft 88%H?ﬂé?’nghEQWEPHWﬁ§n§aid first and
second automati c-gai n-control signals to generate a third

aut Icw_rr:?_t i c- gai 3- coatgAaM shignatic-gain-conBPRddi@brirBsppatide tdaed ARALRbE:E T equency
a ifier; an _ .
P baseband signal and said first quadrature-phase baseband signal for supplying a first

automatic-gain-control signal,

5 a VSB automatic-gain-control detector responsive to said second in-phase

baseband signal for supplying a second automatic-gain-control signal;

an automatic-gain-control signal combiner for combining said first and second
automatic-gain-control signals to generate a third automatic-gain-control signal

applied to said intermediate-frequency amplifier; and

10 an automatic-gain-control delay circuit responsive to said third
automatic-gain-control signal over a portion of the range thereof to generate a fourth

automatic-gain-control signal applied to said radio-frequency amplifier.

34. A radio receiver as set forth in claim 30, further comprising:

a QAM automatic-gain-control detector responsive to said first in-phase
baseband signal and said first quadrature-phase baseband signal for supplying a first

automatic-gain-control signal;

L

a VSB automatic-gain-control detector responsive to said second in-phase

baseband signal for supplying a second automatic-gain-control signal; and



10 ' an automatic-gain-control delay circuit responsive to said

third automati c-gai n-control signal over a portion of the range
thereof to generate a fourth aut omati c- gai n-co ﬂ L rul “iedto
said radi o-frequency anplifier. 34. A rmll Ium Hm ﬁﬂ set
forth in claim30, further conprising: a bam s

aut omat i c-gai n-control detector responsiyvggto said first in-phase
baseband signal and said first quadrature-phase baseband signal for
suppl yi ng a fi rst an automatit-gamtdontrghdigrat oombmker fir gombiningsaid first and secany/SB

aut omat i c- gai l5’{-00{1t rol de eﬁt.or 1reigonsi ve ;fa sai d second in-phase
baseband si gﬁaPm]ad?'aglﬂbcﬁpg)’P YRS R ESAErR A BHE AFOMBLC AL FNSL Signginal ; and
- 46- aip1RY O 5RE i fle@Ridln & ARGy Sin@NAk,. COTbi ner for conbining said
first and second autonmatic-gain-control signals to generate a third

aut omati c-gai n-control signal applied to said intermedi ate-frequency
anplifier.



