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1 ) R e | | 1 TELEVISICN TUNI NG SYSTEM W TH

+ EL CTRCNIC FRECUENCY ADJUSTNENT APPARATUS The present inven

- erally to tel evision tuning syst'ens and, .i'n partlcular ;;ﬂﬂ;%étévgﬁs
' eanleng apparatus for- electronlcally aviustlng and trlnn1ng frequency
“sel.ective porti-ons thereof. I'n many t-elewston (TV) receivers, the
_frequency 10. of the local oscitlator’ si gnal is controll'ed by a tuning

vol tage such- that -the radlo fregyency (RF) signal ¢ -spondlng to a
sel ect ed. channel -is_shift XERFY I3 IAN STUNY it t'er medi at e
frequency (IF). TIEMEGTRONEC EREQUENGY Bpell”  BPLRERERe 1o the

sel ecti-on_16 of a chagnel vi ewer. . either ¢ yntheS|zer
‘whi'ch ad”incl ude a - %%ﬁn%wlﬁﬁﬁ??%ﬁﬁn e%?ﬁ%# %§£% taée into a

"plurality’ aﬂ‘ellexmsmg:rvo&umga; mtmm&nglmcpeetecuh@re thathese, or 2) by
a frequency nt hesi zer e t for 20
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frequency,'thnmmknbtﬁmegm#nQEnQ#¥#¢@$N%Uﬂ%§¥l¢@$anﬂr?Gfthe channe

- .selected, is regul ateg ﬁyF%EEEViéE*ﬁd(T@Ppreceﬂvéﬂg|ttﬁé feeqaehayatlc
- fine- tunln%H§AFT) feedback
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jus.t descridlath ¢ naich Yiigey eting h@@ﬂswfre@uegcy|gnmbssignatontrolI|ng

bande. ‘o, Forradindi o SR GHHAA a4 D! L00shOrkPE SACE HELeE),

“tuning’ voItﬁq&afgredétstmmnedosntesmedl%tﬂ freavgheyedIFd- coﬁhéely adj ust
~the freque%ﬁﬁ dit\f/a%ev ﬁefeSbéﬁHét $o tHehsaseathiow VHF,

. hidghi- VHF . 0 o e nornal- tol erances of canponents
35 enpl 8§ePf 2 schannehi by %y%i-%‘ﬁ%ranﬂlpéeﬁoPﬁaF- pRo¥BLERER vari ations, it

'S nfresSafﬂYﬁ%F&sﬁt@#PW?ichc%ﬂnﬂﬂtﬂu&erSUﬂEGlté gbe baagotthbaing | ocal .

osciilators "‘and_I F Iflers:ibe |niti.a ust to.exhi _
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k _correspondlng to selectable channels; or 2) by a’ frequency
. synthesizer. which can 1nclude a crystal osc111ator for“

'201develop1ng a reference frequency to wh1ch the local
' josclllator signal. frequency, d1v1ded by a predetermlned
: number related to the channel selected, is regulated by
-1 phase-locked loop.- In addltlon, an automatic fine
"'jtunlng (AFT) feedback loop may "be . employed to ‘more precisely
'-y.25¢ad3ust the £frequency -of the local osclllator s1gna1.
_ . Tuning controls of the - sort Just descrlbed _
&J L commonly develop bandswrtchlng srgnals for controlllng
various: f11ters ‘and signal-path. ‘switches relating to the
recelved TV bands, e. g., low—VHF high-VHF and UHF TV
30 bands: In addition, the ‘tuning voltage for the local
: oscillator can be employed to coarsely adjust the
:_:frequency select1v1ty of certaln fllter c1rcu1ts, such as
: a low-VHF, high-VEF or UHF-band filter. ' |
- ' Owing to- the normal tolerances of components'
- 86 employed in such tunlng systems and to normal productlon
| _varlatlons, lt is necessary that a ‘number of tunable'
c1rcu1ts in the band fllters, local osc1llators and IF
ampllflers be 1n1t1ally adjusted to exhlblt predetermlned

- :frequency selectlve characterlstlcs so that the electronlc



-2 - tunlng systen1descr|bed above can operate '
//éatlsfactorlly - This initial adjustnment ‘or factory —alignment ‘is dlrected
ta:trinmng the: frequency responses of. vari ous tuned * 5 circuits-to the
particul ar response necessary for the tuni systemto respond satlsfactorlly
~t0 chanjel selectlon by * -a viewer-atoa_later time. Those adjustnents
conventlonally - made- by mechani cal'ly adjusting the val ues-
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. As.a practical mtter, ain. functlonsb such_as g % Qi Qg a4 speci fic -
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frequency a-conprom se nmust be accepted.” As a
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- perfornance 'S desi-rabl ¢, theref t.o .constyuct *
“a tuni ng ARAAIE |¢ﬁE#ﬁ%#ﬁ¥%%snEEthBF cﬁﬁfsﬂﬁlSnaPrﬁegﬁgmhﬁﬂlﬁﬂ rEnt

cgul d he e%idgr@é@g%,rlﬂ'@etéu?ang,spftgm gbqulie ipge anntl teratritvieon ][rakes that
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- pernittinghk 7 rﬁﬁﬁﬁegﬂrﬁe fg?tﬁePrgﬁtﬁggedﬁPEQ%bﬁt|nﬁﬁ%%%}fornance
‘over the &uncﬁdnsfreqchnas bhtaz.n&hgeavepecn-élatl loeadnosail lnkassary,
- can be eas#%é’qué’r?é%owfgué”tﬁﬁfné by ra$i 'g%% onSle ot G ddKE g/ niHg - syst em

30 to the a.Service center
‘el enent s . szenkex ofMﬁ%M:YaOfréqGEﬁé?l?reﬁééWe s sekect®%ristic \J

“with regpesiadfe s ﬂi—é&ﬁ‘eﬁé?gueaﬁﬁoer bé ﬁu.!.gnelaarfd:ro ﬁtr:.@anenm es. As used
“herein, trinmmng indiCates Eg#ust enent. s igg\ se CIrCUItS-

ta vary t IReFEP¥BARER HVEES s@nﬁﬁfﬁ 89“53?%1 tlzﬂ?ha e sane

'glven fFEQﬂﬁQﬂRMﬁse performance must be accepted As a result,
' the cost. of a TV, recelver is substantlally increased
due to the consrderable productlon labor 1nvolved in the
'.20 allgnment process, and its performance is reduced.
' It would be desirable, therefore, to construct
e a tunlng system 1n which the need for conventlonal !
B mechanlcal allgnment could be eliminated.’ The tuning -
f"system of the present 1nvent10n makes that objectlve 8
' '25 possible and also. provides the further advantage of .

_permlttlng the - alignment to be . further adjusted for N :'}\jf

optlmum performance over the entlre v frequency band.:
'Moreover, re-allgnment, if necessary, can be easily.
:performed 1n the fleld without returnlng ‘the tunlng system_
30 .to the factory'or a serv1ce center..f'” o R
| _ Tuned c1rcu1ts 1nc1ude reactive elements 80 as to "
exhlblt ‘a frequency selectlve response characterlstlc w1th

respect to a glven frequency or-a glven ‘band of " frequenc1es., LT

- As used hereln, trlmmlng lndlcates adjustment of elements _
: 35.w1th1n those c1rcu1ts to vary thelr frequency response -
. with respect to substantlally the same glven frequency or
fband of frequenc1es. Ordlnarlly, the amount of '
-adjustment necessary ‘to tr1m a c1rcu1t to be w1th1n an _
-'acceptable varlance from a predetermlned frequency response
40 characterlstlc is’ small and results from small tolerances '

ircuits include Teactive ..&w.‘



band of - frequenC|es Ordinarily, the anpbunt of adjustment necessary to
‘trima ¢ircuit to be within an acceptable variance froma predeterm ned
frezuency response 40 characteristic-is.small-and results from snall

tol @sances  -3- in the value of el ement . enpl oyed .i.n the tuned circuits.
" The foreg ing appli-es equally to hi gh-pass, |ow pass and band- pass filters
t 0. band’ rmexn|th¢fval@¢soﬁeeéemepﬁ§pem939ﬁﬂdnﬁﬂ sghe t bunedopincuditseui t s

as for tuni %@Sfdéé% §uaaaiibaeelqhmlyl kP ML PSRSES s O 1&%& A58S A

invention, system nin receiver, to a so# ected rz e} fr%gpency ,;
" (RF), signal, anrpéﬁéefétFEHsoﬁQ band Dejeqtign FilteEs, i8rg-rFtTAFhAI s, >

*10 COWDFSSQ&%MW ¥bi ebsphanitdeircaden s SRhrctininy oseillatoriaayve -
trlnn1ﬁgyelen€£ %hf rlnnlng ‘the frequency selectivity, an oscillator for =
developlng Seind ®+signal at .a-frequency control | ed by a.first :

cont lrlol tSI gngh,. olﬂédaadp@c)tebff Qhehpfrél’s%dx\tm::[ﬁﬁletfrfﬁdﬂ: S gs"@éseuanf,iof h@ufx'ﬁ_’ng
..oscillator signal to devel op a a reguency signal at a

pr edet er i ned FFEaégﬁéyt° R ﬁ §hFﬁa qniﬁﬁSQkﬂﬁ¥ &é}f ?g?gt tofitro
-signal in reapsaiec&edBohechou @&dﬁ@inﬂ#<aﬂenbcuxyéﬁislgmaslgnalhat t hat
"RF signakais Shlf re m JF T &l ' . A
.second cg%trS?mﬁﬁ g dgggﬁga% agﬁﬁgh g%ldé éé% qﬁ*ﬁ dﬁgeF%gﬁgg1égé
magni tude, . sephnahehyven&rupphteslemennﬁlmmnu}nmqpmngttherﬁreqmqncng

el EmEnt s 10 BENEELGGIhYEIUEOLcITheRel ok deve WPAES an osciPERESE |

the-present 257 T nventiod inclu I"ur al ;§é of t .clrcuits mnthln
~ the RF devi c8igpalaajtudt frgauencys F@@Sé’ﬁé-)l R3e 13 \f1-"t1§ﬁ¥ SPREEPLesignal ,
pl ural ity of andi HShiRek %bﬁl’nﬁb%ero"d%l% UHeHE SighEls @@ ehered in a

R R B AR A PRI BTN G ST SE
dlagran1of astghenlatoa predetermined frequency. A first control
. '-_ means develops_tne first control 51gnal in response to
"selection of the selected one- RF'signal so that that'RF
51gnal is shifted to the predetermlned IF frequency by
'20 the mixer. A second control means develops a tr1mm1ng -
' 51gnal of predetermlned magnltude separately and applies
the trlmmlng s;gnal to the trlmmlng elements to tr1m the
frequency select1v1ty. - o
_ ‘In another _1a. aspect ' the present
25 1nventlon includes a plurallty of tunable circuits within
o the RF dev1ce for adjustlng its. frequency selectmvzty
i&) S responsive to a plurallty of adjustment 51gnals. The
o ' “adjustment. signals are stored in a memory and are applled
to respect1ve ones of the tunable circuits for adJustinq
f3°. the frequency select1v1ty.- : '
L IN THE DRAWING: : .
_ FIGURE l is a block dlagram of a telev151on
-'recelver includlng the present 1nventlon,u, T
: _ FIGURES 2, 3 ‘and 4 are schematlc dlagrams of
- 88 tuxnmmmlonalcnxcuitsamd.emauﬂerycn:curusadapuxlto»be\umfulvuth
- respect to the present 1nventlon°-“and'
~ FIGURE® 5 is a flow dlagram useful in
_ understandlng the embodlment -shown 1n FIGURE l.
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receiver |ncI ud| ng the present ‘i nvention; FI GURES 2 3 and 4 are schematic
di agr ans -of -35 conventional ci rcuits and exenpl ary circuits adapted-to be
- yseful with respect to the present invention; and FIGURE 5 is a flow- _
di agram useful in understanding t he embodi neEnt 'shown in FIGURE 1. 40 4
I the, TV recei ver of FI GURE 1, VHF brpadcast TV si gnal s are received by
i antenn’a VHF- ANT, cablée TV si gnal s, by term nal CATV, ‘and by the foll ow ng
“frequency 5. sel ectilie the &% dageiverah H?thﬂ'd]&l"‘l Rrgadepgl, -

i xed B dagralee el ddie s o i amencan | cbleaiyut 40 dband

megahertz (- en t:he selecte ne e lo or _m dban

CATV ban&lﬁ!?élfS@YM%rmlB’éﬂd&ﬁq%hlﬂbAﬂab‘( J?fb% feﬂ‘ﬁbflgsy%ﬁguﬁf}ﬁgl e-tuned :
fl|terslaeuecﬁﬂyd<Rﬂxcyrcd§tsngym&apfcrrndiletelV&E anplilteer VA whan o
‘'the sele P nd; CATV, high-VHF, = - °
or super%&%&dc§$%gb (%é%féﬁéﬁ%ﬁgﬁ Q% ﬁgm?% %ngﬁ%gég 'eé'presgnt L

" enabl i nga@oulﬁ a&mm MHZ ey IWheTrthe palectedsr ﬁapglf iém TC-1 to
VA 15 t%%a SuAF Wt A mlm\&%ﬂae(swlbu ffiz§li,pl exer. DPX. RF

-signals |n HF band - (470 :890. re recelved_ by antenna UHE- ANT “and
the fol | bandgwitehiae waldags i Ve #ﬂ?iuﬁ% °‘ﬂ’aﬁ"EPPE§ El’]‘éef is a
fl I tei 2@ V-DrF W el HE eémh aelielFfﬁcb:@(rjmd:ﬂatotvnF ‘&inpli fiBrf Ivaquegcy- =
n..t-he ecte n S e HEs han -
bandsvvl t%%% thégéz?“\}?‘f tl%nﬁﬁlﬁﬁg §§%%+’ P?Eﬁéénbé’#d ter:

~UHF- DTF tnd Gl mm,grimlgh-f\ﬂtﬁ’n Tttr 2supethEnd ATV ban@A(15ﬂF4§lzg|!ﬁlZ§ dFrom = -

25 UA afsa%w}f‘ﬁfgator R ng(f& bi/s%.foérséﬁé D@%abfiﬁgtabas%- il ator LO-|

‘devel ops an osc¢ at a frequehc d to_fhatof the selected-

- channel  dagdaifidifker (HEnDTHeEQ PaFYRT ﬁ%ﬁ%éd%?mn?ﬁell WR VAs a result of’
. hﬂe"i’é’)"ﬁr”%ﬂd&‘ﬁl@ ﬁ'cﬂi‘ad'A faﬁm coupled to mixer. MX by RF d:l.plexer

_DPX. . . S . _
o RF 51gnals in the UHF-band (470 890 MHz) are..
}recelved by antenna UHF-ANT and .the follow1ng frequency
selectlve RF clrcults. Trap c1rcu1t Tc-2 is a filter
zﬂfflx—tuned to attenuate RF 31gna1s at the flrst IF'
""frequency,'l e., about 416 MHz.j When the selected channel
is .in the UHF-band, bandsw1tch1ng voltage V3 is present o
-enabllng double-tuned band filter UHF-DTF to ‘pass RF. |
51gnals from TC-2 to UHF ampllfler UA. RF 51gna1s from
-25.Um are coupled to mixer Mx by dlplexer DPX.' :
. First local’ osc1llator LO-1 develops an’
-.osclllator 51gnal at a frequency ‘related to that of the.
.iselected channel SLgnal such ‘that the IF 51gnal produced _
_ by mixer Mx,_as ‘a’result of heterodynlng the RF 51gna1 from
. 30 DPx and the local oscillator signal, is at a predetermlned
O IF frequency, e. g.; about 416 MHz. That IF SLgnal is:

amle.fJ._ed and coupled to a second mxer MA by the first
"IF AMP. IF AMP J.ncludes a double-tuned input f:ther DTF B
for restr:.ct:.ng the bandw1dth of the IF s:.gnal to be appl:.ed




30 DPX and ‘the | ocal osci | | at or signal, is at- a pr edet er ni ned | F
-frequency e.g., about 416 MHz. That IF signal is anplified and coupled to
a second m xer NA by the first I F-AWP:. .IF-AWP incl udes a doubl e-tuned
-|nput= fikter DTF for restricting the baudgujth of :the | F signal to be
~applied 40 - .to intermediate ampl i fier lified |F.si nal ‘fromIlAis
. passed by t¥¢p#%ﬁ%%ﬁ@@lﬁﬁﬁdﬂmﬁélﬁﬁﬁﬁuIAi|I@@Pl¥fFed IF g fwem  \Where a

_televi'sion ﬁ&'af@eﬂ:as@eé Bybapdpidt buReal bakaphse Notpuds filtdie Tse in the

~Uni t.ed States, s satisfactory that DIF haye a pa band . of-abhgut 12 Mz
o and e mhier o LWRAEL R relay s B Bl AhenRel Rae B D e, i i oo
‘DTF, |A. \asnobfTaEbéutnGaMBandaasssaﬁnél tase i ther oafitedt suahxes‘,r deudnci es

ocond s SEEREEEbRy Bn3L DR bl A RaEh, BAICD L GBB 13k P T 1O
:jF A:VE agg width asdi thatoTTEi gauezaf passsbauddOtanbbmtsd.IOI Mz)rwrchtleSItg
it out try GEPeombBiagEend b, ' B SRR TR, Todp ,9#15)‘&?%%1919 570 Mo,
so that thewiieh I\Fﬁsmgtgnﬁhel Sreguenedesyofhsignaden W si gnal

frequengw, eulstasbonl 4RpMiEicABidH! e¥Bh &1 frisite il i@k BxC & TeRlcodl | 00p
. can be enpl %ed tﬁ%zo nore- preC|ser regul ate the-second 1F frequency.. *

'TV signal - g circuit SP is conventional and appli-es the denDduIated
video porti-on of the S’étengnmhxen-hmpéifchpc M3 helteuhodlylms ¥ esi'@«nq:i‘;:t ure
‘and appl i esg n&gﬂl d 0 0 p' for
reprodUC|ng %ﬁ@ soun p?%aréﬁgg%hgggéﬁi ?Egﬁgéﬁaé ern1na |on 0 flrst

“local osci l9sebllater EPgRatof ﬁ@qgéﬁgyaadeamxlamg |S§I¢@cllda§2FT Jmesmencyruning |

convrol 18C segRayesol f¢ s25hal plobhes] %E%Eﬁ@.'triﬁ's@flt e@h{é%
i nput devic fgﬁor eaanp e,&%o kg ooarglﬁ BD, via_si é%Ekoad

arrows are ?Jge'c'lh? @Tma%oandFGEt expRRte, 79 gﬁzt'y 5% ad"naque are
' . -. 416 MHz IF s1gnal is shifted to the- conventlonal TV IF
signal frequency,'e Tes about 46 MHz.; An automatlc flne'
"tunlnq control AFT 1oop can be employed to
L 20ymnre precrsely regulate the second IF. frequency..
L D - T™v s1gnal processing. c1rcu1t sP 1s conventlonal
'and ‘applies the demodulated v1deo portion of the v 51gnaL
to klnescope KS for dlsplay1ng a Tv plcture and applles
the demodulated audio’ portlon thereof to loudspeaker LS
25'_for reproduc1ng the sound program. .
o _ Channel selectlon and determlnatlon of flrst
- local 050111ator Lo-l ‘signal frequency are accompllshed
as follows. Tunlng control TC recelves 1nd1catlon of the
' channel selected from a user 1nput dev1ce, for example,
30 keyboard KYBD, v1a SLgnal bus 20. (Broad arrows are used
lln FIGURE 1. to 1nd1cate that a plurallty of 31gnals are
. transmltted from one block to another, it may indicate
'dlgltal 51gnals, analog 51gnals, or a comblnatlon thereof.)
: 2381gna1 bus 20, for example, is. preferably a 2-w1re dlgltal
'35-_data bus. for serially transmlttlng a blnary-coded dec1mal
.(BCD) two-digit word from’ KYBD to. TC.s Encoded selected
channel 1nformatlon is’ further coupled to dlsplay DPY via
' ,:bus 22 for prov1d1ng the user with a dlgltal 1nd1cat10n

_ . *of _the channel selected. In response to selectlon of a
40 _ _ _ .



transmtted from one block to another; it may indicate digital signals,
_anal og signal.s, or .a .conbination thereof ) Signal bus 20, for-examle; is

preferably a 2-Wire digitaL 35 data bus fer- seriall.y transnlttlng a '
‘~hi-nary; coded deci-nal (BCD) two-digit word JromKYBD to TC. Encoded

_select%

d channel .information.is further coupled to di.splay DPY via *°

bus 22 f@hﬁmﬂﬂA(hT@ develops HUpADg &Rﬂﬁﬁﬂllvﬂﬂﬁﬁﬂ¢o Tofnflhe channel
“sel eet ed. baﬂdbﬁ%@ v@li&é&%" mn vfz a2 v3-a en&ﬂﬁ@nﬁbon-r@h‘e@ﬁ@rops

tuning control "volt

s"V1l, V2, and V3.
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“dependi ndh% rchagne Ié&té& AQW'¥§%n ?hﬁg YREVAE, URFgh- VHF or
el Sdilﬂwree T t“b""“ﬂa‘é‘i??émﬁ"*@’?‘ﬁl{”St VLD VLD and U 8 -
Lg?rgspondlng respé€£f§g € itﬁéq#i; CEQEVSUSE *ffequency - .
mlngﬁ Cl'h?a];age ocbntrgneal aﬁg%rlaamauag-ﬂ@, meeélh:ie@w bgnsl/1 v a
“or V3, an%94%§%é§#q %'%%S$F§&ag gy E?(ghﬁ §§V£?F€ &gwh g%F a?ue and a_:

-hi gh val mmﬁreqmeugcyobaags.VTTheTlpammulat ovssibbakolr assoicdahedbl ed -

Tre LB VLo U ikddeod SR etk (odRdfio M) sliSERetEATY %
at its pids@nakledghy bandswhtchovoktagel W, (63cn ¥Bi0ad ddback to

contr ol

‘includ':ed.wthin

frequency &J\H}He‘fam chYdFVP&EQ vrd tage, ‘grl"gn he,@ggilda

mlrma/@iéﬁgsrygusﬁw 98°CoRkAdl dd WLEREYnS 4165 Velue and

the present tuning stem. Thetgfescaler s a

r sjgnal, Ihunber

N, dt he. vaixem %hmmleddose&mgmn ridsr gﬁipl‘!ﬁﬁé@ &ha gb&@nehad sel fect ed - \JJ
i-ndi c : e ncy di \ Is.conpared with a reference
frequgﬁc& dé?f@f%ﬁé@‘%gy §8§% Sséf“ﬂ d&g'ercoq#l'r ol I ed by . crystal XL. -. Tuni.ng -

cont r ol

vol tage VT Tﬁedﬁﬁeﬂ.obeélﬁ.ﬂ%dﬂ”l%lﬁgﬂﬂ stgﬁné Barpud e:dmmédtmin

.phase conparlson apd, gagﬁpl Lo A Pes p[rescaler input point PS

25

5fby that phase comparlson and is anplled to LO-1 to - " "f&#{'

for providing degeneratlve feedback to control tunlng voltage

VT developed by the frequency synthes;Zer 1nc1uded w1th1n _ﬂ
'TC of . the present tuning system. The prescaler 1s a '
.'frequency divider- which d1v1des the LO-1 signal frequency

. by a number N, the value . of whlch.ls determaned in response
‘to the channel selected 1nd1catlon.. The Lo-l frequency

divided by N 1s compared w1th a reference frequency developed
by. an osc111ator controlled by crystal XL. Thnlng control .= = .
voltage VT ls developed from the error 51gna1 generated _

'-qcontrol its frequency thereby completlng a frequency

130

35.

_ syntheslzer, phase-locked loop tunlng systen.

Partlcular detalls of the double-conver51on and
the frequency synthe51zer tunlng systems thus far descrlbed

'although not necessary for understandlng the present

1nventlon, can be found in our U.K. Patent Appllcatlon No. 54'

8223587 entltled TUNING SYSTEM
_’Fon A TELEVISION RFCEIVER, fJ.led

on August 17 1981, and U.S. Patent No. 4,031, 549

..entltled, TELEVISION TUNING SYSTEM WITH PRUVISIONS FOR

RECEIVING RF CARRIER AT NONSTANDARD FREQUENCY,_lssued in

-the names of R. M. Rast et al. - on June 21 - 1977.



control its fréquency thereby conpletlng a frequency synt hesi zer,

pbase- | ocked . 1 oop tuning system’ 30 - Particular details of the
double conversion and-the frequency synthe5|zer tuning systens thus far

. descnlbe although not necessary .for upderstanding the présent- i nventi on,
‘can- be f und I-n-our ‘U K Patent Application No. 8223587-entitled, TUNI NG

~ SYSTEM FOR A TELEVISICN RECEI VER, filed on August 17, 1981, and U S. Patent

No.- 4,031, 549 -enti‘tled, - TELEVI SI ON TUNI NG SYSTENqVVTH PRCN1S|CNS FOR
RECEI-VI NG RF CARR|ER AT NCNSTANDARD FREQUENCY,; S| jed. IHF&h nane f R-' M
Rast et al. on June 2¥unabke Ckﬁcult?uﬁébFeaB?rg s ang %s and

TG 2, in SRFbén&afﬂlterseLV-b'I‘FDTﬁv-WFDIEdaUHFUHEFDTEn |m- Iﬂilfhelrt er
circuits/DTF and, TTF. sci.ll,ators LV- d LO 2

nust al " becéf?BnEﬁ ORE - aﬁﬁugng FBdoBPaPﬁcﬁ}ég%Pg% é freduency selectlve
characteri sUHESLeoanahno—nhmustualmgbeyaﬂegnegeaaﬂesds@ts@admrqhﬁalas

d bed ab des *
pr ogr ammabi BEFREEARF, ha3helBh aRpBEkiRa %h%%%@;é@??éﬁ%ﬁ dovice

for ‘storingtunkngl sysngmanaeapp;ayu sgtdssrsioridy gesaribed, FRYMR ¥ o
“signal s fgr ortHHt”QndheelectroﬁE%r%Hﬂﬂhtﬁ@ﬂi1a atuenmnunwaedB
PRCNIconprlses a nonvol ati | meqory the sect,i ns of re shomn I n
. FI:GURE "1 byPFRgTAERARLE| €§af’6°e|1r¥ F‘PgﬁFYoPlﬁ% "\gﬁa‘ﬁ%

Oodedl si. gnahﬁcbge&aieaeweevabuestofﬂmm \daviediasp i tmdranphmhgtont rol
~signals In the form bi.nar |ta r #0t 20-{RITKY the
-l.ocat i ons” WRPRFRPRWA-S 58@8& q:Ii"ﬁ' eS%ﬁ%sponds to coqded
sel ect ed chaﬁoeementmpnadlannabdelw@¢qumhﬁ-KYBD via signal bus 24,

priekeraby as. a tvo- dpdbly Berliddls WPnojffdladitte Hidices ihe, g opri ate
- menory locations in via control bu ng éi} |.-to-anal o

converters: Eﬁﬁté9n§s°@fwﬂﬁﬁ@haéﬁe darks th?cf?ék??$bﬁ?. of .
reference deg ¢Rat ragh G TAFiréhce designation NVM. Coded signals’

representlng values of the varlous adjustment and control
s1gnals in the form of binary dlgltal words are stored in”
20 pemory 1ocat1ons within NVM. Decode and control logic
. DCL responds to coded selected channel 1nformatlon recelved
—from KYBD via signal bus 24, preferably as.a two-dlglt
.. BCD dlgltal word, to address the approprlate memory’
locatlons ‘in NVM via control bus 28. D1g1tal to-analog’
g'25”converters DAC (ones of whlch are shown by the squares
.. ko the rlght of reference de51gnatlon DAC) receive .
- .&wi- a respectlve coded 51gnals stored in addressed 1ocatlons of
- . NVM and. develop therefrom respectlve analog adjustment
"gand control 81gna1s. “Those analog 31gnals, typlcally
“,30 spannlng a- 0-5 volt range are : ampllfled to span a 0-30
'.'fvolt range ‘and are: applled to the varlous tunable circuits
by analog ‘buffer ampllflers ABA (ones of 'which are shown
by the trlangles to the rlght of reference de51gnatlon
ABA) . PROM 1s partltloned 1nto sectlons, 1nd1cated by the
. 35 Jashed vertlcal lines thereln, correspondlng to the.
| dlfferent portlons of the receiver for which adjustment
" and control 51gnals are to be developed. Whlle'
B commerc1ally avallable programmable read-only memorles of

o '.elther the electrlcally erasable (EEPROM) or =
40 . : S



respectlve coded slgnals stored i n addressed | ocations of NVM and _
devel op-t her efrom respecti ve analog adj ust ment -and ‘control S|gnals " Those,

~",anal og signals, typically 80 spanning 05 volt range are anplified to.span

-+a-°0-30 volt range and are appljed to- the various tumable circuits *

: by -analyog buffer anplifiers ABA (ones ( of whi ch-are shown by 't he trlangles
.'to the Tight of reference. designation A A) ' PROMis partitioned into
sections pltndrvapéetbﬁlsh¢-@Eaﬁﬁﬁiﬂj&HyﬂRQ%M types, tdechi as tﬁP#éspondlng.
~to-the di baiaeaggpgv&tone %fpe@iﬁ\fefl ) .vae;a{ﬁbw'f%edwééfentnénd control

si-gnals are to evel ope Whi | e "conmer ci al I.y' avai ] abl e orogrannable

read- onl ywhifBr iaslyge Qintlﬁferﬂlenm @é’%q'ﬁgbﬁl‘ip‘e#%:ab}%g{-t: feF a0, 1
-8 - ulgrarei ghelsifagho aiétbll% EPdFMed YEIESE &nlC:theé?i'aﬁ@d 2816 awe

and the cBREFBLY Bhel ok el 1aps “Egechm 8y tf e "Gl FrRBbFabp,

|ntegratedBA|rbulbmpuoyem Ng at least DCL, NVM and DAC, and preferably ABA,

"~ be enployed. ‘The pr o) tnment
.appar at us ‘for adj usti %%ﬁ?%ﬁggle mn%éﬁ?ﬁgq n€$% g%%ﬁFgghgésten1of7
FI GURE 1 .addustmend] HmaﬁrafnSanﬁraﬂnustﬂngthﬂmtﬂnahlareleaﬂhtgreferabIy

doubl-erg uggd r tiedde S upl ggagy two wires
in S|gnaIE§u§§§ %%fhaﬁa 7B, respectlgaf af% éggﬁ+$éﬁﬁ§o t?lﬁ? ;

Because aCc¥PFuits TS-U-pndiFignd 4&%1%§FQMR¥§ oakly cdeuhlerfune neously,
TC 1 .and &€reuneed. nomfs,bam@er@jusf@n@ﬂwimwsldoﬁpléoabylﬁﬁoand 12B
can be connected in, paaﬁblei Gg ‘iegﬁégnal bust12 Asaa result, '
al tthough WkEﬁFpFSV|d§? &P%ﬁﬂxh% % Tmf%ﬁ?ﬁ? ﬁY3}¥a| ﬁSrds i n-menor y-
- NVM for tranuad-pasb;mlﬁnmemﬂed Sgrmise 2VHF taind DAGSHENdhanneABAanare o/
requi gl neble 3APEAAEC Aledfiod oy, HED Yahgofblonaekd WM are

o us 2 respo :

addressed via-contr nsive to.
never be operatlve srmultaneously so that 12A and 12B can

- . be connected 1n parallel in two-w1re 51gna1 bus 12._ As.
,_a result, although PROM prov1des four locat1ons storlng |
' '8-b1t dlgltal words in memory NVM for trap adjustment
= ﬁq_coded srgnals, only "two DACs and two ‘ABAs are. requlred
o “The approprlate two ‘of the four memory locatlons in NVM are
'addressed v1a control bus 28A by DCL. respon51ve to. the
receptlon band whlch 1nc1udes the selected channel. _ .
| _ "~ Band fllters Lv-DTF, HV-DTF and UHF-DTF are each’
:r25ndouble-tuned fllters employlng two tunable clrcults.
' Since they need never be operatlve 51mu1taneously, 31gnal
.buses 14A, 14B and 14cC, each lncludlng two _wires, are
' connected in parallel to conduct control SLgnals from 51gna1
bus 14 Slmllarly to the trap c1rcuit controls, ‘only two
3°_fDACs and ABAs are requlred The minimum number of memory
' locations requlred to store 8-bit control signal values

for the band fllters is srx, i.e., two values for each )
. of the three fllters. e fj , ' .
- _"' It is preferred,-however,_that each band fllter
35 'be a bandpass network havrng a bandwidth of about two to-
| five. tlmes the 6 MHz bandw1dth of a TV channel and centered
in .relation to a’ center frequency whlch 1s varlable. The
"control slgnals developed by. PROM are programmed so that

'the center frequency of the approprlate band fllter is



receptlon band whi ch |ncludes the sel ected channel. Band fllters LV- DTF,
HN-DTF and UHF- DTF are each 25 'doubl e-tuned filters enpl oying two tunable
Ghr€uits.c Since they need never be operative sinultaneously, signal buses
""14A; M 14B and .14C, . each i'ncl.uding two wres, are.connected in parallel to
Conductlcbhtfol signals from signal bus 24~ S|n1laf1y to the trap circuit

controls, A dedats 1y ks éﬁﬁrféésffé&géﬁﬂg' b#dtheTRE EighgyM nuUIbET .

of - menory atirons_reguired to store S|gnal val ues. for the
band fil te?%rF%smridlﬁlget° the seleeseds shasneh.of Teheecrive AdTters. It is

pref.err ed, chansyEs , mhaheeaah banﬂ &hlt eAT¥SbAAGS besdp&&&o&yt work having a
bandwi dth s t he andw, dt TV channe

{ t
‘and cen%értéF? C%éﬁ % geg ?1fV8ﬁa§n5§ewFFBH1F§g 19apvyble The-
control sihmals ﬂkWeVabedsbﬁoPFEhbhrefptwgreoﬁtdo&05ﬁbﬁhlbhe ahel er

: d |l

o rier 1 RRASiEs PRP PRt ShEnbB0Ca Ly Fonk o atl: sdazesRidl VAR BekAT "
‘To recei véoup 7285 pnePEL| reshenyive thFseiectAdN bindschabaeisnorn
“locations {adiSidhl dbﬂcaﬁsemﬂﬁdépﬁiﬁlE@&Uhoﬁ@rbﬂ by ai %aluezéaﬁﬁkﬂes for

each of two control .signal's, The appropriate two ne l'ocat | ons are
addr es38d s¥er nf‘PBIe%‘EB o8pthe me%‘{é@ﬁéﬁspbén{l@lﬁl i ®ang ‘a channel .

-In additi ofutémw bé op{:iﬁan?l ﬁﬁﬁédofoil aaah ¢AhHRel3n therkyst or ed
for each of é%rec | vabl hanne |ter can be optlnally

tuned for. TACH Ohanne? p?ﬁﬁ?ﬁﬂ?“ﬁ?o?ﬂ?ﬁﬁi?ﬁenﬁgFFﬁﬁﬁXn&8 conpri se necessary
in preV|anmermwg tysingssnstemachuﬁlmgclhélngethatpresentldnyemhﬂemner

the need irdBYoh] Nghé! AOEA" Fof RALYALn el Ufehis! uag?hgea' &au'tﬁe such as

. capaci tance diodes’ . -as me reea  f or
~charac r|§H¢%RQQﬁ°%F%WhF%b|§9°Bfa$|¢§B$§1§§§Fﬁs@19d§§nnéﬁ UGﬁﬂrGB S|gna

can be el i¢theiedd for tracking the tuning characteristics of a
njplurallty of filters against a common control s1gna1, can
f-be elzminated.. o '

e ' Because the bandw1dth of the RF band fllters
"20_'can be relatlvely ‘broad without 51gn1f1cantly 1mpa1r1ng
"1the quallty of TV receptlon, 8~bit resolutlon ls satis~-
-_factory for NVM and Dac. This is much lower, .and therefore
"less expen31ve to 1mplement, than the memory for . controlllng
local: osclllator frequency for channel selectlon, for
25 example, which requires 12 to 14 bits of resolution. As a
) ' result,.lt is. not necessary to- make ‘the RF filters track
i,i' : offsets in’ the frequency of .LO-1 or LO-2 generated by an .
- AFT control loop to accommodate channels transmltted e
_ with carrler frequencles offset from the FCC-establlshed
30 standard broadcast frequencles, as is. often the case for
- catv dlstrlbutlon systems, . . |
= Each of local osc:.llators LV-LO, Hv-Lo and UHF—LO
1s allgned ‘S0 that a prescrlbed relatlonshlp obtalns )
- between the osc1llator signal frequency and the tunlng ;
35' voltage VT. Each 10 zncludes at least two tunable trlmmlng
- circuits for: adjustlng its minimum and- maxlmum frequency
of osc1llat10n respon51ve to. the minimum and maxlmum _
“-fvalues of VT -to correspond to the frequency range of the
B partlcular receptlon band whlch 1t serves. Th;s_adjustment



Because the bandmndth of the RF band f||ters 20 can be reIatlver broad

mﬁthout S

'VLESO|Ut40n is satis- factory for. NVM.and-DAC. This is nuch | ower, and -
|'ess” expensive to. inplement, than the nenory for controlllng

|l ator frequency for channel_sgjection, for 25 exanple, which -~

requires 12 to 14 bits of resolution. As a result, it gpfﬁt ngcessary to .

it her efore!
- ['6ecal osci

gnlflcantly i mpairing the quality of TV receptlon 8-hit

“meke the REsuHesthat fhe Aregiench %mt#?%haeﬁcyheﬁet

gener at ed W3y 1ahaf¥al ssmtfﬁedecawmcmdato ebgpaekiyt tanenalied with .

carrier- f(r§§1uencj1 s, offset fromthe FCC:est hed rd br oadcast:
npels; i H“§§-§\98 Each-of

sﬂgﬁalssﬂﬁéﬁéforﬁéaﬁ)hembLtﬁotfalsealsgntﬂatolﬂhmémarwrescrﬁﬂ

eTalonelyg S ety nan, (eceeel Latap SL"kahspeseyaat] (he uning

i tes. .mtwanmmmh.tenxmesf tequeatyesf ta;stslsl threen ossé-ééﬂéw-‘@ ‘to
'Eﬁ: %&gslé?é M%Io{a]g iﬂrﬁeﬁpeailréepbhazh @deRme range
U ecep t1on

fréquenci
-Iocal _ogcCi

35 voltag
adj usti ng
Sthe m ni myy

of. the partlc

10- assur é@n%d(h#% #‘F%H%Qﬁ%yﬂ%? neeterted ﬁhﬁ‘é‘ﬁep-oéﬁ'éda g

TRt HEeTEREL9R PGy df ?r {Jilda

it serves. _ Thi %#st ent 40

have

'-E”fL I cue$tar1®rwn@rdnrmsst@e@%yencty tgfgnall bubamseh:-equﬁ.rl‘ésatonlqcept ion
an e two

12" moror y PR ACR OF B 36?3?%%?3%?%%"a%éa?é%?}aﬁeé“%ﬁ%m)ef ,“a

circuits. tldﬁﬁbﬁhy)twﬂLmﬁcslamE ABAsecavecreguived. The approprlate tmo :

Channerare aodr ecodt AP B LRub)Prpitds ine) Rl i lanle

requires olzcuiks vambsfibterh'ETEamcl‘édsgn!'rhagedtﬂnébé-ﬁelc%@léstslzs%nd 14}

only t fle Sioiils fxddstterb@ ndaides

Ctwo tu\%gb%%?a%u‘:ﬁngffl ? H'FT‘E ?EQPS&E reegﬁ Bal% 3 Ci rculi?t?s so- .

' ' f.a slngle tunable circult and. requlres a slngle trim adjustment
'31gna1 from bus 18c. Because these blocks are operatlve o

~via signal buses 18A and 18B.- Oscillator ncludes -

3 51multaneous1y, a total of six adjustment. 51gnals are _j

20

ucoupled by s1x w1res in 51gnal bus 18. Aocordlngly, 8ix

_memory locatlons for 8-bit dlgltal words in NVM, six
“DACs and srx ABAs are provided. Because these six trlm '

adjustments are unaffected by the channel selected, DCL

. does not address these 51x memory 1ocatlons respons1ve B

- 30

-to channel selectlon.

Havrng thus described - the operatlon of the
electronic adjustment apparatus 1nclud1ng the present

, 1nventron, an allgnment and tr1mm1ng procedure by which" the
| coded slgnals are programmed into the memory locatlons of
NVM 1n the PROM w111 now . be descrlbed.. S '

Memory NVM of electrlcally erasable programmable'

read only memory PROM in 'FIGURE 1 is condltzoned for
' ‘programming by a mode select s1gna1 compr1s1ng a digital

35

“hlgh“ signal applled.at term1na1 26 which is otherw1se

[held at a "low“ S1gnal (e.g., ground) Memory address

SLgnals are supplled from TAU but applled to' DCL. via

 data bus 32 Elght—blt d1g1ta1 words applled to. ‘the _
' output leads’ of addressed memory locatlons from tuner :

_'adjustment unlt TAU (shown in phantom since 1t 1s connected.



_15 that a total of five -tri madj ustrrent -S|gnals rrust _be applled via signal
'buses 18A and, 18B. Gscillator LO-2 includes a si ngl e tunable circuit and .
r.edli res a si ngl e trimadjustnent signal. frombus 18C. Because these

bl ocksyare operative simul taneousl y,_ a tlg,ta.l of six adj ustnent.signals are

20 ‘coupl ed by si'x I g',sign s ccordi “Si X

l-ocat i on?q]t?y & |?§ ﬁg}“ tﬁx N‘é‘ﬁ] dé%tﬂ&cé{]%r% Ry :}S\geﬁr%re
provi ded stdimﬂamse tﬂnesaddressednmedpmyt Teitat i st fare ecolyetbedchannel
selected d | ocat. responS|ve 25 to
channel ect’ ﬁeggi‘/‘l’%ggéﬁaét{c‘l’ggir Fﬂgdct r%&@;‘era’tq’banf ¥he €lectronic
adj’ ust%@lgﬁﬁlﬂ%nﬂbﬁgdcngveh&epsem i nvention, an alignment and
trlmnﬂgxprocedure h &]g%‘q othe”
menory' | ocati ons ofﬁiﬁwnk ?ﬁ 8%%%%%%”%1;;61\%[ eégdes . ﬁl\/lermry NVM
of . el ect Addneass 9ignal copr dgtanhus| ézr.ea@domt;emerm;ylmonhen FIGURE 1 is
condi ti oGyl n&&s&anahnaalex Bu@@% %ﬂtﬁ&t &&'@ésfﬁ@r%ﬁefﬂtﬂnﬁ' gi tal

"hi gh" ‘si gna a,pcg‘EI at_ter m nal | S ot herw sge . "l ow'
si gnal (é“’tjl i nH§ . aChARBES é&dF‘S§§“§‘ EilS aér&r%&mt%dp%?sﬁﬁmu but
appl i 20 tim D@le vitning sysdeém bhl&h33ppr5pﬁ.'|1fa-tl§ ttéhﬂléﬁ_{;nws d¢negpkhewn)o

‘th t put, f ad d | t t
VAU CsroApIEAR e Reth o B8 RE a0 AeUly SISt BORASHER bt
adj ust nesdgnsted dywidddreassingubvis aoetsblbr bdsi asnhetmqu, rlmtm—y
A t d t

by 5 i o HR ddl SN SIS ol PLERIEHALE, B UR' VBl B Vi E QayilcaRit
devel opi r?g}-gi?ﬁlackﬁ estoxednandotheat alomg:q:z-ng e tllee'nZ vﬁl?ﬂhgnﬁﬁe di gi tal

WOLAS1HN Wi e biita S0vabe! J‘Ehthg%bae%ﬁ’gﬁt%Eﬁ,t 'ngl-geflns)tr&e“nfm eﬁc§0?'og‘r’|egt 23

[reasured at %E%?frl aiﬂ gl aces_107in 't T g § g
est si g XhotRfeabpl 728 MR diso Prodiicedanidte d1gtErLlo¥erd at or
LC>2 Canprbduc1ng that frequency is stored in NVM by a "low"' -
- 51gna1 at term1na1 26. ’
p ' By way of further example, flrst IF AMP can be
2O-alz.gned by’ lnjectlng plcture and sound carrler signals '
at its 1nput from Mx and then monltorlng the respectlve
._magnltudes ‘of those carrlers at the lnput to IA while the
._“dlgltal words for. DTF are varied until satlsfactory
_'zrespectlve magnltudes result. Then, after- those trim
25 adJustment signal values for bTF are stored, a 51m11ar
| procedure for TTF is performed. Slmllarly, trap c1rcu1ts
.K/V Tc-l and Tc—z can ‘be trimmed by applylng a s1gnal ‘at the
' _,frequency to be trapped and then varying the value of
pthelr adjustment 51gnals untll ‘maximuam s1gna1 attenuatlon
| 30.‘15 achieved.  '° _ N |
) - Alternatlvely, a broadband 51gna1 spectrum
could be applled to a filter under adjustment and its
."jresultlng output 51gnal spectrum could be monitored. o
, hAlthough exemplary adjustments have been descrlbed, L
_ 35 the remalnlng adjustments will be apparent to those skllled,
in’ the art of television tuners ‘A satlsfactorv seauence
of adjustment is as follows. L ' '

40



adj usted. by addressing (via control bus 28D) the nenory-l.oca- tixn i-n which
the word-corrésponding to the value of its trim adjustnent signal, is. Stored
‘gnd then monitoring the LO-2 frequency. 15 -while that val ue is changed . by .~
. TAU. When a f requency acceptably cl ose to.370. MHz 'i s produced, the dlgltal-
~word- produ0|ng that. forequency is stored in NVM by a “low'' signal at

~term nak 26. - Byway of further- exanri%a'fl rst" I F AMP can be 20 alfgned
by |nject|ng plcturq.anqiﬁqpnd carri-er signals. at . |ts |nput from MX and
- then nDnltorlng t he respectlve tudes_of .th arrle he input to
“LA-whil e the di gital?2-wor®¥ o‘r"’%‘iaﬁr‘ég VY TRQY sﬁ?ﬁis %P§/

_respective magnitudes reee tin fiwst IF tAMP; those tr|n125 adjustnent signa
~values for DIF are g ol q@ﬁgure for TTF is performed. “ws:. .

SimlarTy, trap. C|réb §ﬁ¥- #E#%%:i? be trimmed by applying'a.. =~ =
signal at the. frequéncy 'ma-lbeandatmzrel’i and. t hen varyi ng the val ue of . t_helr IR

.. adjustment "signals: thu qnagﬁunn3|gnal attenuati-on 30 'is achieved.

: Alternatlvely, a broadband Si ghal spectrun1cou|d be applied to a filter -
under  adj ust nent and.4 t HY tiafout put signal spectium coul d. be .
noni t or-éd. Althoughga«ﬂﬁﬁpuuwpdjustnents have been described, the -

dj ust ment Il b tto th d 35, jd1 t ' .f
__.€ZFZ'VP';$24%‘$Z£1=%$ Hhat FhebrGieneRscoan a faskﬁeﬁe%ls gy © 0
12- 1. Lembld&edll}l (including LV-LO, HV-LO and UHF-LO);: 3. DIF-in '

- first | F AMR, - 4. UHF-E:‘gﬁeﬁRp{aff tpAfaﬂ@l ténablg L:J.Q'EQJ.-EQ of Q:he ls\ézQTF 7.

HV-DTF ‘and 8. _ _ _
employed in the tunlng system of FIGURE 1 are shown in © ;- S

“FIGURE 2. FIGURES -2(a) and 2(b)’ show £ixed capacltance c 7-\2__'
15 connected in parallel with mechanlcally varlable o e
- .inductance L' and mechanlcally variable capacrtance c'
" connected in parallel w1th flxed 1nductance L between
”terminals 40 and. 42, thereby forming parallel-resonant
o c1rcu1ts. The electronlcally tuned circuit of FIGURE 2(c),t-
20 which av01ds mechanlcally adjustable elements L"and c',
| }can be substltuted for elther of the clrcults of o _ _
FIGURES 2(a) and 2(b). Varlable capacltance C! is. developed
across the serles comblnatlon of fixed capac1tance C and
_ varlable capacltance dlode CD. The capacltance of
- 28 D varies 1nversely respon51ve to reverse-blas voltage _
'applled from termlnal 44 through relatlvely high valued
're51stance R.. A low. impedance bypass for hlgh frequency
'31gnals at termlnal 44 is prov1ded by fllter capac1tance5---
.. FC. It 1s understocd that a 31m11ar substltutlon can be"
- 30 made ln a serres-resonant trlmmlnq circuit.”
: An exemplary local. osclllator c1rcu1t is shown
: ln FIGURE ‘3(a). NPN tran51stor Q is connected between .
-bandsw1tch voltage VB and ground and- is biased lnto lts:
ractive reglon by voltage divider re51stors RA and RB
85 connected to its base. Its emltter network,_lncludlng
| "re51stance RE. and 1nductance LE, prov1des a reactance
', whlch,'when reflected into" the base c1rcu1t of Q, results
| in a negatlve 1mpedance belng exhibited between clrcult
"point 2 and. ground A tuned ‘circuit 1nclud1ng
- 40 'mechanlcally varlable lnductance Ll, mechanlcally



iO'lt is roted that other sequences can also be satisfactorily enpl oyed.
Exenplary parallel tunable circuits of the Sort enployed in the-tuning

'_systen1of FIGURE 1-are shown in FlI GURE 2. FI GURES 2(a) and. 2(b) show

f'i xed - capaci tance. C.15 connected in paralg wi th nmechanically variabl e
i'nduct ante L' and mechanical ly variable ¢ %a0|tance C connected in
'paraIIeI\Mwariabﬁajcamhmitanmes.@b;wezn C&randa#elﬂ@gaﬁdat2ablbereby

- f in t t e cuit of
2" (SO SERA odd (it ps cdiifoctes! BARMERh! YolHEoE shaCUl O
can be sub<EquURc%df.cFheiqorbiration Q$%ﬁ@§esoﬂtW@REstlzeareaﬁaaz(tb) .

Vari abl € camasgdaiee & tﬁedﬂﬁé&p@ﬂr&ﬁ&sﬁhiéﬁ §§Hr8§1§dnﬁyn%ﬁhﬂﬁg0f fixed

capaC|Pance¥ég$nd rlab apaci t ance di ode E |tan e of 25 CD

vari es 1 nvorkiage fed SBEERRGN Felatively il pribads FERLEARERA

44°t hr ough Rl tad nxal'yy thgfca/pacﬁaﬂamcelofaatodél CDA. | 08bnBhd@nRE Bipaadisfor

'h| h-frequé [ r a | e FC.
Lo ek ML Avd L84 BBa ek 0" AU ERSabNaY, thoEnaraaTeE YA

. ser| es- rescﬁarﬁrqqummg the cescillaticmnftegyencyabfoborll must ci rcuit is

shown i p Q/EIéaﬁ%@(@)prewmé@nféfaeio&hf?gwe&%eg?eehwesnthandsw tch

- voltage and ground hi ased active tegion bi voltage
~di vi der redi%tas 5°#?A’%1¥1€?¥25’§5‘7Tc0n'¥@cﬂéﬂtt%n¢t sa%agétabhase

network, il uding ¢2sdrd a8 cafE @f&via@wcmﬂcsdh&swh?vrﬁesrésbaaﬁttance

T e A SO 0 PSRBT B St P bofh: hoofithly, e oot

'CIrCUIt |mﬁekhtxysﬂtomtﬁenuapacytamcea@khlbﬁﬂedthyceDTL, mechanical | y 1
¥ar|able capggh% EP1 {de C?I ﬂEvgﬁéaggﬁvaghggggdc Racitance

_dlode i s connect WEEN p0|nt rou he Cco |na I-on
osci | | at es EEGERH A (Whey eﬂmamcmmrmﬁ elec’neomqaalm toonablahitrhini s

'varled bY'tdﬂHdHhts as descrlbed above 1n relatlon to FIGURE 2(c).
. Capac1tance Cl'; capac1tance diode CDl and reslstance
. Rl are substltuted for capacltor Cl; capacltance c3',
20 capacltance diode CD3 and resistance R3 are substltuted
- for capacltance C3 Although it is contemplated that it
is satlsfactory to employ only fixed " capacltance CZ'; it
is shown by. way of example that capacltances c4, C5, .
~ capacitance diode CD2 and resistances R2, R4 could be
- .26 substltuted for variable capacltance c2. Adjustment
_ h l51gnals are applled to CD1, CD2 ‘and CD3 from 51gnal bus
"-iv; d:16 by way of re51stances Rl, R2 and R3, respectlvely.
' ' Because each tunable c1rcu1t is independently adjustable,
_*there is no need for matchlng the “capacitance dlodes v
30 employed thereln, and there is no need for tracklng
' the osc11lator and band fllter responses to" the same
"tunlng voltage.VT : ' R
FIGURE 4 shows a modlflcatlon to PROM in whlch
_ _,'a 51ngle dlgltal—td-analog converter DAc and amplifier
'35 ABA develop adjustment’ 31gnals for a plurallty of adjustabLe
‘circuits in the tunlng system of FIGURE 1. Coded signals
'1'represent1ng values of, for example, three adjustment :
.signals are stored in memory locatlons ML-l, ML—2 and ML—3
wlthln NVM. These coded 51gnals are applled in turn to



' voItage VT applred through reIatrver hi gh val ued resistance RT to vary the
capacrtance of diode CDT. So that RF signa:Ls to be received in,a bahd can.
_heterodyned to the sel ected | Ffrequeney, the oscillation frequency of

o1 must 10 follow a prescribed relationship with respect to the range of -
-vdlues of VT. - To that end, .adj-ustable el erents' -LI -, O, C and C3 are .
provrdeh for adjustrng t he resonant. fTehhency of the tuned circuit both -

<1':1_Esol ute: rthendzr[ﬂsétpd&exﬁ (b(ﬁ rmxc:&raagﬂ]t@meresﬁé@tied Dit @@Tswiéchesl R
e O0SCi i s. nodi clusion
of . el ectr dal 5‘5‘%@%; 1,,\-? RS R N st %I%g’éﬁjbﬁﬁgéﬁ&él‘ﬁpiéthron to .
'FI GURE . 2(fa:')3m DGipaad.rat drm(:IZ&Epammmtcasm orlesﬁﬁztandlyesoft ance %are
bstitait d -
Subst (8! RdekloiWAE 8 G SRS SO 1oF o E85°6haRERS afeolie, 30

cont enpl afmad tipdexers ?r@atﬁrﬁ &repd anrenp er;eo@iglt:@ledat:apbusesnce c2 ,
it i's’ showe by i @gt&ém& GPAEinE e§1€14%1 toCBRAC! { akegrdi Ode

CD2. and resi st n%es 4. coul d"bé 25 substitu or-vari abl e

.capaci t an@e Pregete |EREEEY%ﬁE;%&*PVtﬂth esinrecos 5%& 'GD. 3 from
. signal bugolb ekample ,0ftd etlilgwntes ﬂrswa@m:s&entesﬂgﬁhlvekbm Because

h:t dent th d for
s S8R S, 1% ST B LR Gy (RS S bBRRORS 1O L
for trackangomW¢Ods@ﬂgnﬁhnsuyniinﬁuffomtmﬂLres@onentrob bus 28Fe .1 uning
vol tage VE1oELGdes’ @s&h% é@déédfﬁﬁ abs g%ing%' €8 %hé' ngle.

di gi t'al -to-anal og converter AC and evel
adj ust men¥oditGI &% dhey 3d lﬂﬁﬂWQQF(ﬁ1QR&%§WBhF% é?réBP@éeﬂntPhétﬁunrng

~~ system of thEGdBl{:ohdn@dﬁhaﬁdwa&fcd@m eerditiegdval esosi, ahar 1gxample, A
e P60 USLTRRR pengil KL RRUY AL IR f8Bi Nl M2
- 14 - ~ to develop a second adjustment signal on lead 52 and stored_ S
S in storage capacltance cs2. - Thereafter, 0s2 and Is2 '
- are opened and the conver51on-storage sequence lS performed
for the third ad]ustment 'signal on capaCLtance CS3 and |
'?9 lead 53. The sequence is repeated perlodlcally to malntaln'f
' - Csl, cs2 and cs3 at their respectlve adjustment voltage
_levels. : R

.FIGURE 5 shows a £low diagram descrlptlve of ‘the
fi operatlon of control logic DCL of PROM of FIGURE 1.
'25fStart 100 is 1n1t1ated by - the turning on of the TV N |
B recelver 1n response_ to whlch DCL, via 51gnal buses 28A = f_:;g«

__and 28D, causes PROM to generate and . apply flxed trzmmlng
. 51gnals 102 to Tc—l TC-2, DTF, TTF and LO-2, for example. :

_ 'rIn response to channel selectlon u51ng keyboard KYBD, _ .
_30'whether by user actlon or by a predetermined 1n1t1a1 channel '
tf'selectlon upon recelver turn-on, DCL' receives and decodes _-f'

the selected channel 1nd1catlon 104 recelved via signal |

bus 24 _ DCL- then controls PROM to perform sequences 106

'and 116 .in parallel (at the same tlme) Sequence 106 1s
36 for the adjustment of local osc1llator LO—l. Sequence

' 106 1ncludes the steps of determlnlng the band which -

contains the selected’ channel 108, addre551ng the NVM

-locatlon 110 correspondlng to. Lo—l, generatlng the -
adjustment 51gnals 112 correspondlng to LO-1 us1ng a

_.40 correspondlng_DAC, and applying those adjustment signals .hJ



the |nput foi nt* of- DAC by thelr respectlve I nput  swi tches 1S1 :1S2 and

_IrS{S\J n response to control. si gnals supplied. from DCL via Ilnes 28E, 286
*28J, .respectively, of' 5.control.bus 28: - In fact, switches IS, 1S2

and’ 1S3 ‘@re mul tiplexers- and. the broad arrows are di gltal dat.a buses f-or

_ appl yingla plurality of . bi nary si gnal st 35DAC. 'After a predetermined time

‘adj ustment signal from

10 D ABAto sett] yt:pu
‘¢l osed by ' 8edBRprs| 1pghs 96'p6 Jugtingy %’:} &Bf%g' ﬁ]ml’(d osur e
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~capacitance ﬁ% tmeﬂ‘tr 83bhans. 929 %@r’e r gl aO%I%sTi:FEh 'DAC,

conver si on-st.orage ‘sequence 1s.perf . faor_the third adjustnent

~signat on capécRPRAyéngsthese Eélluééd‘% sigpalsdfhde ithe & ed

periodical | flieeﬂfahgiﬁb“a(i@br o%@q.ngsm aHai‘lslg‘rmpEmis \/BladJMSt ment
vol tage l.evel s.

. shows W ra.m iV
oper at i 39 oth &SnPP&PtI &&l ?E Ot eg.fe %Jl‘zfge %%s
initiated bgft FEGURENILNgren r@fceﬂvdnEVnespmctarve rtrmpmg;@d]}lsmmtDCL

Ve oo BigRR18050] Mot HRe GAYH, RONGR AORRI) i thatitied | X0
response tocbnansél fgen sduned BrOsessdsH Ay icmEP FP gl Wﬁ%ﬁ?

aCt'O"‘ of by japRagdehekiinaabdoy WP lareh WA &Qé@.eddﬁhm%n recei ver
- DCL recei ves. and decodes t he sel ect indigcation

104 recé vedondgreaken LSs P tﬁefecarféﬁ*rc&ﬂar’otr% p%?? P
‘sequerices 1@@laetibhb 124 m:rda,l |wﬂer( atudH s eleEt Iome)s mﬁaquempeaas is 35

f th dj ust t t'h
reps of "cererREYe, g Bofbdt Hdrells ane POMENCE 408 soch g 1o

- addr essi ng- ahd Neguences 3061 End dlGe o denerating |and prphying the

~adj ustnent giq ﬁ%tti\ekﬁ? sfi%fx{aq%t)onfi!él% Q1S sl Sadedy Gesteengndi ng. DAC

~and: appl n9. hose adjustinent signals
: ogic cJ.rqu.try 1.n DCL be arranged to perform sequences

interval fOij_Q\M;BgLéLQSHEQngcal Sbrrekpon@iaF A®BA dnd Filgnull ud 16!

: 106 and 116 serially in t1me 1nstead of in parallel
~as shown in FIGURE 5. o -

o | Modlflcatlons to the above-descrlbed embodlments
are w1th1n the scope of the present 1nventlon whlch should
‘be llmlted solely by the follow1ng claims. - For example, o

S signal buses 20 22 and 24 can be arranged to have elght
Kpf'l”ﬁ".w1res for transmlttlng 8-b1t parallel dlgltal words.’
. - Further, automatlc flne tunlng could be prov1ded responsive
to . the frequency of the second IF signal by applying thel .
fcontrol s1gnal at the output of AFT directly to LO-1
‘or.-by applylng that control 51gna1 to tunlng control TC to
" affect tunlng voltage vr. | e '

N _ Moreover, the electronlc adjustment apparatus
of the present 1nventlon prov1des tunlng system allgnment
fleXIbllltY not heretofore p0551ble.. For example, c1rcu1ts
TC-1 and TC-2 may be adjusted to trap different frequenc1es
| 'dependlng upon’ the channel selected by increasing the memory
locatlons allocated to the trap- adjustment signal values

S and by programmlng control log:Lc DCL to address appropr:.at.
.40 : . o
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- 15 -.114 to LOI. u5|ng a correspondlng ABA and S|gnal bus 16.

- Sequence''116 i-s. for adjusting band filters LV-DTF, Hv-DTF and UHF DTF.
-Sequence 116 conprises.the steps of addressing A'the NVM I cation 118. of ;
;the band filter corresponding at |east to the band.of 'the selected- channel,

_-generating adj ust ment si-gnal s. 120 therefor in a correspondlng DAC_and '

"applyln&'those adj ust ment signals 122 rb]@hé’band filter -using a

- clolrrelspondmémoﬂﬁmhaadtsbgeateb?anké;ze Ao’ I;:élel chalfhel mélé@téﬁe I%-%Pe f'QW~ N
~all el enmen e_tuni e re receivi respective
trimirg a %ﬁ ?ﬁ%ht s%?ﬂﬁggsné %F t‘ﬁé' geaieﬁleé?ﬁlée? dth@ selected
channel folntegmedupatceasbegweenucanﬂPhyJsdﬂond1narmeﬁxbshapjaK on, R&I
klnescome dqype | er t e eahider
-awai ts. th@lggaéﬁggne? ngfég%{el (%%d iﬁl 3:%%%(55 ‘c#%%tf s made,
repeat s re%%?v%ﬂandraéﬁéﬁelgeﬂ&dt@énch&nmaduqed(hglanchaunenﬂmzand

" sequences 4 Q?aaﬂeﬁléhaﬁﬁélgiﬂeiéthBQ.%@qé@g&ﬁ“r@ adj ust nent  si gnal s. s|t.r:_n
I s also satisfactory:.t oglc circultry in DCL be arranged to S

*perforn1sequences 108° aﬁ% a1 shes gy y Ofh MeMAFY dacakions isanbel | el as
shown i'n Fs&LRELed dodbéi aahumbert Qntbew:em\aa:eda:&e ififtha e pent s are

ld.-be linted I .b.
 TheTr oo asRRrafh L8 RLAREN! ole 9] ERARALLCT S0 Ay iGmedl RIS Y
. arranged t‘bag‘é%% %tgnedv\memgriroioca&nsmst umgrvm lian (o atd@d £ikdyj t al . wor ds
~ Further, - ggi OoRimg1é) Nt H&Pﬁgtc‘ﬂgieda%ﬁrt Wﬁ%%ﬁdeﬁ?ﬁ’lféf’se - 6+‘f  he

'.frequency of the second I°ng t-he co Si. ghal
- out put of §¥HDTWr%E@I? BDEE»1 Bpe H?Yaﬁﬁl?Fﬁ@mﬂiﬁshxﬂRQhﬂmQﬁ%ﬁmﬂattpn SR
“tuning conts 0hdwh t Dn aFfEURE! 4nivREregh! 248 !E;d&ﬁ:eﬁ@rstluénrlthﬁl %s‘?g%éeﬁ'-c. : U
<o Gnm s PORRLASs O bR PR RBPALRIC TPk B Shar R resd
S . 52-and developed respon51ve to coded slgnals stored in NVM
" and a portlon applled through re51stor RB and developed
_' responsrve to a control. signal received at terminal 56.
_h It is further'contemplated that the. latter portlon could be:
20 respon51ve to tunlng'voltage VT, for example, ‘SO that the
" tuning of the RF ‘band filters is responsive at- least 1n '
part to the channel selected In partlcular, the d1g1tal
words stored in the NVM can be programmed to values _
determlned from the actual Lo-1 tunlng voltage vs. selected
25” channel frequency characterlstlc so that the adjustment _
| s1gnals developed by PROM and applled to the band-filters -_.' /
~cause the frequency to which the band- fllters are tuned '
' to track that of the selected channel respons1ve to the
Lo-l tunlng voltage, 1.e., ‘the Lo-l tuning- voltage
is modIfled and applled to .the band fllters so that they
will track the selected channel W1thout the need for -~
selectlng varactor dlodes or attemptlng to allgn those
.h fllters by mechanlcal means.

30 .
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Whlle the present 1nventlon has been descrlbed . _ o
35. w1th1n a double-conver81on tunlng system in which recelved fb o
51gnals are tw1ce heterodyned, i, e., by mlxers MX and Ma, :
it could be equally satlsfactorlly employed in 51ngle-
conver51on tunlng systems such as those employed in most

- presently marketed commerc1al ™v recelvers._ Moreover,.
40 _ _ : ) .



TC—l and TG 2 nmay .be adjusted to trap di f f erent frequencres dependrng upon
. the\chanhel selected by increasing the nenory |ocations allocated to the
t.rap adjustnent signal val ues and by-. pragranmm ng control fogic DCL to
address qpproprrate 40 16 nmenory | ocat; |ons responsi ve to the-channel
sel ected.”. For. exanple, signals near fh frrst | F frequency caused by’
“inter m)dul athenpbesm&n;mmpnseamdbehaarmﬁm:mﬂ& Wﬂ@]@}&dteln 5%

pi ct.tre an sab %?yi QWé%{ n be

reduced by grgﬁgﬁﬁgﬁa%§h$5351%hgﬁhéﬁgﬁn f%} no 4?%Iec %§g§)t at the

 nunber-, of n¥Rdlyasodat W@ﬂé‘-a«S&n syathesiisot §d-w@1b§e@me?r imRmQTEdi ate the
. nunber“Gh ‘Reud@ngaggetand.t he: nunber of . TV channels,” the adj ust nent si gnal
'valuesaLored menpry- | ocati ons of NVM can.be nodified, for exanple,. to

~adj ust’” the tuning of band filters LV-DTF, Hv-DTF and UHF DIF. .One way to

acconpl i sh such nodification i.s shown in FIGJRE 4 wherein the adjustnent

signal .on lead. 15 54 includes a portron appl i.ed. through resistor R7 from

I'ead- 52 and devel oped responsive to-coded signals stored in NVM and a

. portion applied through resi.stor RS and developed responsive to a

. control giggnal received at ‘tefninal 56. is. further. contenplated t hat the
| atter portion could be 20 responsive to tuning vol tage, VT, for exanple, so
that: the tuning of the RF band filters is responsrveat lleast in part to the

_channel . sel ected. In parti.cul ar; “the digital words™stored in the NVM can
be progranmed ta val ues . det erni ned from the actual LO.1 tuning voItage VS.
sel ected 25 channel frequency characteristi.c.'so that the adj ustment'

si gnat s devel oped by - PROM and- applied to the band-filters cause the

. fnequenqy' to whi ch the band-filters are tuned to track that of the selected_

channel responsive to the LO 1' tuning voltages i.é€., t he LO 1 tuning

vol tage is nodified and applied to the band- frlters s0 .t hat they will track ]d

t he setected channel mnthout t he need for

25
30. -
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selectlng varactor di odes or attenptlng to align those fllters by '

‘me Wil e the present i nvention has been- described 35 mnthln
- a HmmﬂmnMﬂm tuni ng systemin which received signals are twce.
‘heterodyrted” i Se. T by nixers MX and MA |t could be equal l'y" satlsfactorlLy
- enptgyeg N S|ngle- conversi on tuning SyStens such as those enployed |n :
nosi- present |y marketed comrercial TV re vers. NMoreover,. 40 . 1

“17- the present . |nvent|on can be satlséggggglly enployed ina- frequency’
‘'synthesi s tuni'ng systentas descri bed HeTerm as well as in vol tage ' :
synt hesi s, signal seeking or nenory .tuning-systens, 10 .15 .20-25 30 35
" CLAI VB 1 A systen1Ior ausyagea feretueanOaareﬂeﬂﬁsritd3aE§EIeéf@&U9ﬂCy o

" (RF) sig f Y (R bl e RF onpri.sing: RF nme .
for prOVI add re uen% §E§é¥§hé?agte§§€%?+£v PLGRIE R o ata?gast by
a first- fr% F&ﬁ&?@ trlnn1ng el ements for 10 trimmng said 3

‘frequency selectlve @ﬁaﬁgghgrfgtlErgngglhssgect to substantlally said. ffrst o
- frequency oscillator. neans: devel oge g an .oscillator nal, the
Fi8

. frequency freqneRey; §eé@ﬁ’(tridﬁe%h§)§a tigomitdh %smc to at

least a first frequency and having trimming elements for .
_ 10 tr1mm1ng said frequency selective characterlstxc with
respect to substantlally said flrst frequency, _
oscillator means for developzng an osc;llator
signal, the frequency of which is controlled by a fzrst
.control slqnal,'. - i )
5 . mixer means for heterodynlng RF slgnals from
said RF means and said oscillator slgnal to develop an
‘1ntermed1ate frequency (IF) slgnal at a predetermlned '
frequency, . X . :
- first contror means for developlng said first
20 control signal in response to seleection of said : RPF -
| signal so that said RF s1gnal is shlfted in frequency ;_
- to said predetermlned IF frequency by sald mixer means, and
S second control means for-separately develop;ng at
_ .least one trlmmlng signal of predetermined magnitude and
25 for. applying said '

trxmming signal to saldtxummng elements +o effect said ) ‘~Jff
. trimming of said frequency selective characteristic. |

30 'g: '.' 2. The tunlng system of Clalm 1 further comprlslng. B
B - IF amplzfler means for ampllfyzng said IF 51gnal o
:deve10ped by said mixer . means and havzng at least one
tunable circuit-means for restrlctzng the range of
frequencies in which substantlal amplification is provided,
85 ana . S
_ means responsive to other trlmmlng 51gnals . _
developed by said second control means’ for adjustlng sald
tunable c1rcu1t means to a frequency related to said

n.predetermlned IF frequency.
. 40 .



15 m xer means forgheterodynrng ‘RF signals fromsaid RF nmeans.and _ __
said oscillator signal to devel op. an' ‘i nt er nedi at e frequency (1F) signal at
a predeterm ned frequency first control .means for deveI opi ng“mmjumunusunﬂ”“l
cont.rol- signal in response.to selection of said  'RF si gna
- RP srgnal ig shifted |n=-frequency to sard-plgd@ternrned | F freqhency by
'sai d- ni xer neans; and s contro tyneans for separately devel opi ng at
| east one.triming si gn of he iR LRG SXAtARgRE: Gdaimd »hexgimmaidng
. said trrnnrngoscgdmatnr:maahsrin&uﬁdbekenents toeffect said-trinmming of
~-said frequency selectrv er| - The tunin sfem
of daim1 further. conprl shﬁéga@ hHP?ggenﬁ&ﬁ?“F&r means f%ﬂ%g"gﬁ%t
-si gnal \dévebofsbe pelediionship h&tueemnﬂhéafrequehcbeodts@iaideﬁilrator
“circuit neans e f ci i_n _whi subst anti al -
anpl i ficati onsfighg?oéﬁe?ﬁr% fi%ém%t?é%p%ﬁgﬁgg t%gof’h? W ‘i]

- signal s devel Bﬁéé ip.s@nshd control .neans for adj usting said tunable
ci rcurt .means to a frequ@m rﬂ ive s I ency. 40
£ OPEABEFLELITS ool

1 The tunrn stem
osci | | at or rreﬂﬁgeiﬁ?ng?é' s&id @%‘%’Eﬁ:&‘?ﬁﬁ’éﬁl@?ﬁf‘%f@rﬁﬂyﬁf@ngdj usting
5 the rel 10 saidli puhableccirvruiit apwns tof efbdtosailll predetictdiingid

said:-first co to a predeterm ned rel ati onship, and. neans
responsive topééglet‘rlabgﬂ% ng signals devel oped by said' second control neans

for ‘adjusting 10 said tunable circuit means to ‘effect said predet er m ned
relatronshrp 4. The tunrng syst em of Clarnrl further conprrsrng
k,"-»'- L S 4,  The tuning system of Claim 1 ‘further comprising:
' 1§ : | second oscillator means for developing -a second |
' oscillator signal, the frequency of which is controlled
' ‘by at least one tunable circuit means; .
second mixer means for heterodyning said IF
‘signal and said second oscillator signal to develop a .
'20 second IF signal at a second predetermined freguency: and
- means responsive to another: trimming s;gnal !
developed by ‘said’ second control means for adjusting
said tunable circuit means so ‘that said IF signal is

shifted in frequency to said second predetermined frequency
25 . o
-5, - The tuning system of Claim l, 2, 3 or 4
o wherein said second control means comprises. ,
. .= . - memory means for storing coded signals
.-30jrepresent1ng values of said trimming signals, and
o - means for- developing 'said trimming signals
f_'from said stored coded signals. ' '

35
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second oscill ator- means for deveIoplng a second oscillator -
ll cy of which is controlled.by at |east one tungble
Iﬂmll "mml ||Igmgnd m xer neans for heterodyning said |IF signal and .
ai & sécohd ®scill*ator signal to devel op a 20 second. | F signal at a second
~predeternined frequency and neans res%nsl ve.to-another trinmm ng signal
- devel oged by said second control meafis “Mor” adj usting said, tunable circuit
- means so that- sai dd F o Qluriﬁu%_"&fé*@é&nIdStEfG:ba]uanEyWh%r@desgé@ond
predet er mi ned. frequenc )

$ iy N ai pluralitg or 4
wher ei n a@mmm%mq]dl %a?qs TohE? ﬂexﬁé!%%%@in&' pluralit®

ns for storing coded
ssignals 3& (feﬁfr]ﬁdéwti/&isleﬁoﬁfstarﬂngrsmﬂingoéﬁénéP‘gnaE&ﬁd 3feans for-
devel op| sal i mm ng signal s-'fromsaid stored coded-signals. 35 40w,
20-- 6. STHELnamy MPEIZtem of 'O ai m5 wherein said - menory ‘means incl udes a
digital menory having a plurality of nemory l-ocations for storing.said -
. coded signals as 5 binary words. . 7. The -tuning system of Claimb5 wherein:

"~ said neans for devel Qpi-ng i ncl udes di gi.t al ‘ﬂ;@yégrnslmdlo means -
~ for convert| ng sai d7 codBhestynang B¥SIEFY© r?:r]r%i&ng

_ a(srlb'&als - 8. Th.ergunlng
- systemof & ”}:&rf aé?g%piﬁgcaﬁﬁu.udesg digdradi~Eac Q9 RO F SN ded

Wi thin sal ﬁ means - for. var ai dferde egn{a)g_ssq{cecga;we t:fmmn@rl stic
responmvmeansafgécSﬁBVEGﬁf"P | 8 gna ?ineans for developing said second
control- Znghgmgl responsive at- | east |n part to seI ‘ection of sai d one RF

si gnal , and for appl y| ng sa| d second controI

et PSRN

8. .'.i‘he tunirig syéte'm' O'f-C]-aim:l' fu-rthe-r N

15 comprlsz.ng._ : B d |
unable c:.rcu:.t means :anluded w:.th:.n said

'f RF neans.for varylng sald frequency selectlve characterlstlc.l'
" respons;ve to a second- control szgnal, and )
B " means for developlng said second control B
20 51§na1 respon51ve ‘at least in part to- selectlon of
‘sald ‘one- RF 51gnal,'and for applying said . second control.
T 51gnal to sald tunable c1rcu1t means.p.

: '25. L 9I.- The’ tun:.ng system of Cla:un 8 where:.n sa:Ld |
means for deirelop:.ng said second control. s:.gnal J.ncludes_:

means for combining a trJ.mInlng Slgnal developed by sa:.d T \J

- second control means and a s:.gnal respons:.ve to sald
. ‘first control signal. - :
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_-slgnal to said tunable circuit neans. 25 . _fﬁii‘FUﬁTng‘systen1of
Ceaim 8 ‘wherei n said means for - ‘devel opi ng sai d second ﬁ"ﬂ "

i Agl'udes. means for conblnlng a trinmmng. si gnal ‘devel op lﬂ" %ﬁ" gﬂ

control nmeans and a S|gnal responsive to said first confrof sigmal.

40" 1 1 . 21-.107 2Xhe tuning system of - Clalm8

wher ei n said neans fomodevehepltaalﬁa SySeeandcelbil oskaitleis dand uded
wthin said secon ans an I NC LNEeNDry neans

- for storlngmﬁﬁﬂﬁd HSV§&PBﬁP§s§ﬁF néeFQPae§°8Fr§&|&1§@@dn&§unnrcﬂ si gna
- -correspondingludedt wiehih saifiestcvadgeontrodf meand amdeiivalludds: signal s,

~and addr gss. means, formggg s&egg 8% §%g%§P%|%%%F 1%4%&{ sponding to the
e-selec

sel ect.ag/ said one RF S|gn ereof -and
wher ei n saunepeeasntengdvaéuepung aeudlspsosdncooecoddso@m@ﬂol S|gnal

reoponsi ve torsabondingesslatoiedst! ashectivklorali off WHIB0. SYSt om of

Cl aim 10 wherein Said neénory neans includes a menory aV|ng a
'pIurallty o?eﬁﬁhﬁ?91P085t566§ai§p 308ring said coded si-gnals as binary

-'_-\é\or dls 20 12. nge t ugidgesySneanef f@h:aaad?eﬁs‘éﬂﬁl’gelsﬁlaalc@d@a'ﬁg‘rﬁrl ;
- devel opi ncl udes ana nve |on Canertl sai
addr cosdd caEneependtfe, o He R 18H sRA BatRr SRes Ransi oned” LT Fearin
system of Ctai the abkeetmoaatuereofb andtwhbre&ans i ncludes a frequency
-synthe5|zer 30 35 said means for- developlng develops said second

' control 51gnal.respons1ve to sald addressed coded s1gnal.

~ 15 | _ _
'_ -11. - The "unlng system of Clalm 10 wherein said
- memory means includes a dlgltal memory ‘having a plurallty

‘, of memory locatlons for storlng said coded s1gnals as
blnary words.. '

2 0
©12. - The fﬁning system_of Claim 10 wherein said .
‘means for developing includes digital- to-analog conversion

means for convertlng said addressed coded slgnal to said
25 second control sxgnal i ' -

13.L The tuning system of Clalm 1 whereln sald

lflrst control means 1ncludes a frequency synthe51zer. -
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l—adjustnenfraqweﬂcyﬁcwed in said nenDry means for adjusting said further

A Systen1for tuning a receiver to.a selected radio frequency
.ggn" lurality of receivable RF signals conpr|5|ng 5 RF -
mmnmu;mmmj ustabl e frequency seleeti characteristic for receiving 5
~sard RF Lsi®gnal s* oscillator means for devel oping an oscillator signal the
f reguegcy of which. is controlled by z2 first control signal; 10 . - o

m-Xer ans. for -heterodyning RP signals from'said RF neans and sai d
oscil | ator "signal tm4devalepsaemlfbchamrngaﬁrnepemwer(t63a5|gnal at a

_predeternlnﬁgf££§qygggg fEEQEEnEQHRRQ) gq@m%if%k queIoplng said first 15

control sTg n response tion -of RF sighal so tLat -~ =
~ said ﬁlzurag.da:ly |q;f shecedvabier qudmyala) myrpsém-erm ned | F -;. _ ‘
. frequengy by said Fgg S o | téy abkgebinerid sﬁiﬁﬁti S
|ncludgﬁ within sa| negg hF%iB mﬁﬂnﬁ%%f%ts requgﬁgy sélectivity 20 B

2respon5|vehacasqanksﬁi¢yﬁ@raHFGQQ“éﬂgkﬁiﬁﬁﬂBF signpadssiy from.the
~sel ection of -said R grf&oiahéan%mwf %&@erbgﬂabsw@whmwrtrl i ng

signal; menpory means .for storing said pluralit ment n -and
25 signadandherfEeauensy Osfa@%*uriam?%n ii&#u f&'? ﬁa| s'to
respect i VgoRRe®10fsisall j unabl e circuit neans for effectlng sai d adjustlng
of said frequency selgctivit :

cai m¥% further corﬂi*%?nﬂegpﬁg,%ﬁﬁ |%ﬁr%§ngoﬁgﬁb1l§%g¥8t$? ?1;: |
~signal degali@red memdaﬁaxeaiaemjamtwmggaau tasidevelopraner
Sbavant | snShrmadie | heRBRHRYCIG) 'SalRRoEnok BRskisiphar 0 Wi
first control means for developing said first: ;E?%_
15 control signal in response to selection of said - RF |
signal so trat said. ~ RF signal is shifted in frequency
to said predetermined IE frequency by said mixer means,
a plurality of tunable circuit means included
5 Wlthln said RF means for adjusting its frequency selectiv1ty
20 respons;ve to a plurality;of adjustment s1gnals,'separately
~ from the selection of said RF s:.gnal said adjustable signals
a.ncluding a trimming s:.gnal - :

.tunable CIFCUIt

_ memory means for storing said plurality of
.,adjustment signals, and ' L .
25 means for applying said plurality of adjustment " B
‘signals to respective ones of said tunable circuit means - N
for effecting said adjusting of . said frequency selectivity. |

30_ AT 15. 'The tuning system of_Claim 14'further_"

' "comprising._ . s - | . ' .

IF amplifier means for amplifying said IF s1gnal
'developed by said mixer ‘means and having at least one’
further tunable circuit means for restricting the range of -

'35.frequenc1es in which substantial amplification is

’ prov1ded, and _ , ' : _ _ _
) means respon31ve to an adjustment 51gnal stored in:
said memory ‘means for adJusting said further tunable c1rcuit ,wf,
means to a. frequency related to said predetermined IF.

40 frequency. '



neans t® a frequency related to said predetern1ned | F 40fregquency. -
The tunlng system of C aim 14 further conpr|5|ng second oscil | ator

for devel.opi ng a second 5 oscillator.signal, the frequenc uu ﬂﬂ“ﬂ“ uﬂluum
confrol | ed by at |east one further tuyable circui t .neans;
© means. for héterodynlng sald | F S|gn and said second OSCI||at0r S|gnal to

‘devel op a second.lF sign 6.2l .ﬁ’&&g%feéﬁi aYgNEur+had 10

means' responsive to an a Justnent S|gn I'n sal menory. neans for
adj usting sai dcomprisingsnabl.e circuit medns so that said IF signal is

shifted i.n frequency to' Saicbndeeyed 1AL HERNSIESE CAEORISPiAG &7 secms
“tuni.ng’ syst mof Claim14" er§|1é&#d OSC|IIator neans |ncPu des: ast

one further & uPESLLLIAERT &% efewhirh: 18nSRRFTRI
the frequency Bj &t de&@towé | fRixdthet gnniamel Sbtcuitrmeansntrol si gnal

Lo 2 pr it ermned el ol S mitl Wity ESPRELYFobdpie” iR B
circuit nmeans sbgnaleandsslad.d)rsawmi usuidl REtor| signaihtp @eveldpe & uni ng
H o e Crenor viheana' jr, Mlghat ol I EARE SrEREELERIRAR chRguiIEY il
sai. d adj ust¥ent si gnhal s aeamshnxesponsive &0l mgadausmea#aségnédnvem on
means for devekppidd 33 $aidl HRESHY nildi! for AIYEaLIng! BALY Weirdther3S 40
tunable circuit means so that said IF signal is shifted
in frequency to said second predetermined frequency.
16 . o
o 17. fThe tuning system of c1aim 14 wherein said
- oscillator means 1ncludes-- | -
- at least one further tunable circuit means for
. adjusting the relationship between ‘the frequency of said
‘20 ogcillator signal and said first control szgnal to & '
n:predetermined relationship, and : o
e . . " means responsive to an adjustment signal
stored in said memory means ' for adJusting said further
_ tunable: circuit means to effect said predetermined
7_25jrelationship._ ' ' o '

_ ; 18..tThe tuning system of Claim'l4; 15, 16 or 17
’,wherein said memory means includes. ' -

-33“ o digital memory means having a plurality of memory

. 1ocations for storing said adJustment signals as binary |

' words, and . L :
digital-to-analog conversion means for developinq

o said adjustment signals from said binary_words.
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19. In a systemfor tuning a receiver to a selected radio frequency (RF)

si gnal uﬂl Imllﬂllumt“ I‘ecel vabl e RF signals: 5 . -filter means =
for recei als, oscillator-nmeans for- déveloplng an L

OSCI||fIOf si gnat , “hé frequency of whi.ch is controlled by a first, -cdnfrql
si‘gftal = devel oped in response -to sel ect %% of said RF signal, and- 10
m xer- means for het28odyang spsﬂeﬁ?fsrgnahinbranr%weidEﬂtﬁa;means and

sai d oscidd e £HE§of{f£%§€¢%%o?ﬁ%5|ator means to translate said -Rﬁd.f

signal to a predetermn dia

frequencpxgﬂa&noﬁea1§luhamityﬂofnresemVabaedRmstgnatans ‘conpri si ng:;

Lt | ud f
Select e char act o Topiel mbad dh ' +EETTINY W14 #%S%H?}S{'eéféﬂ&i
MENDry neans haV|ngoacpﬂaaahnqmeﬁnsmﬁorydé@dhmpﬂngwsnfoscslmatng coded

e frequency; neans for adj usting the

sionals ARASEN LR ¥abuGeaply S LReR dac ORI R by of RiSREI N0 Lo

at | east spective groups recel va S€paratel y’
| represenﬁqnﬁlniLﬂignﬂlsdﬁaamﬂnﬂﬂ(inHIQSPghgmmtoE§Bl§¢tiqn1ng siagdal ; 25
~ addr ess’ nean es said nmenory | ocation corresponding to t.he .
sel ect ed sai }éoéleﬂng:im 3%‘%9 In response to the selection thereof;' and ..
~ convel®ion neans foRiseveReang far hetesrdyadng @aid RE sisomltsh@mmw
. signal sigareg. fﬂéé‘ilrdméﬁﬁse%%%j s?a&d nageulh%at Iﬁbnsﬁrfﬁsmekaaang sai d

-third control_ si from.th signal-,stored 1n the nenory | ocation

na
t her ef or OSGid¥ EpEP9F§gt§aﬁ§%ﬂ§%ﬁﬁeaﬁ61§hlrd(ﬁﬁn$%ﬂn§19ﬁal§ to said

tuni ng mpaddttentined iatermedidte frequency; 20.. A tuning system

substantially as- here|nbefore Qﬁfcrlbed %Lthfreference to th% acconpanylng

drawings, 40 . means for a sting requency selective |
' 15 characteristics of said filter means comprising. T

j; S tuning means included within said filter means -

:for tuning its frequency selective characteristics responsive :

_ito second -and third ‘control signals; - .
_ memory means.hav;ng a plurality of memory
'-zo'locations for storing coded s;gnals representing values of
.said second control Signal corresponding to at least
respective groups of said’ receivable RF s;gnals, ‘and
separately representing values of said third control signal ,
as a trimming signal; _ : '
- .25 : .~ address means for addresSLng said memory
B 'location corresponding to the selected said RF signal
in response to the selection thereof, and '
' conversion means for developing said second

'control signal from the coded signal stored in said addressed .

.3°fnemcry location, for developing said third control signal
. from the coded signal stored in the memory location therefor,'
_and for applying ‘said second and third control 51gnals )
to said tnning;means to effect said tuning. ' ' '

.’n-. .

]_35 ” 20, A tuning SYStem substantially as hereinbefore if[“

described with reference to the accompanying drawings. :

)



