; & e3e$J! HHI DI | F2J6hJTJf" - 1 DOUBLE TUNED Cl RCUI T W TH BALANCED OUTPUT AND
. | MAGE TRAP BACKGROUND The present invention concerns RF tuning circuits for
a tel evisioh+receiver) and nore particularly a double tuned circuit with a
bal'anced output having an image trap. It is sonetines desirable to process
RFrsignals in a balanced circuit configuration. In particular, a tuner
integrated circuit (1C) the 1 0 CXA_-1594L of the Sony Corporation, is
designed for a balanced input signal to the UHF m xer. The data sheet for

this I C shows the debio‘ﬂl af ea neeg [ﬁqgﬁgﬂ%gﬁlﬁgg#ransformr.

Bal un transforners have re expensive
than RF transforners. 1 ~ Additi ofdND AQE ERAPt en desirable that certain
traps or filters be included in RF tuning circuits in order to prevent
unwant ed harm ) t frequencies, and i mages whi ch are produced by

ext raneous can have a detrinental effect on the processing of
the desi?ed signal. Sbht ieIentr bpecrdian fINeEras r Bhy WRHhetiTqUisy giedl a2 0

which can in¢Rviese Mwctived, Glddnnedre6 paitgidhsly aa2dodbie turd@ apeifisist nong

citizens band.transmiters_in the United States, and a trap for 890 M
i mge si gnalbgladlrcg ugglcPugyE?Wé‘gt ?'altn%%a%esi%ﬁé' of cellul ar tel ephones in the

United States. It is Hebeispmedswgniedmulaae wreagss RY apgesls onharbélpngesh s
used to preveitiuidebnfigaritedn ef fRChSrtulHUCh Riner exité HAGN iGN AUG),i thed

bal ancegd ,Ci rcli,t,, at_cit,. I ssnec ry that .such.tr be_ used on, both
si des OE % he_béllgrglggd O(go[n X ;Sqorn;t ?ﬁ?\r%%WR\lféd%%ﬁaqoﬁeﬁl\ﬁ'l qa‘l‘fﬁeldefl_f‘?‘,” t he
present i nvehgidntocdic dIHE aiiketi tFhe fdata tshee for gy EF sihonvsotheaderFing gnal
anplifier frgmaarbansaldancgdalsifeeml £ BHlLgutRnsinidt. a Bal@ncednFoomats

configurati ng,. L n i,hg. . an i .trap_for boifh sides of the bal anced
circuit. Thg&g\fr%ogtﬁ eglsggﬁggt&get r?ga %&%d@f%grofa"a& a‘gﬁfﬁ eé’f%eﬁ‘éblvccilgéﬁi g%les
lifted fromtg{i@&frﬂfﬂ?@sprovi de a bal anced circuit configuration. A trap
filter ys provided inaAd#tidnalipal ancigd dfidi Udesieobilel QURRL EORaiRY @apdi br Of
smal | capamftﬁrs %ougl gddbdet.we tthe.bal ance seco?ﬁ?aaéol eads to
appropri at e $i'giaPendtfdlded 1 RE UBMECIFEERIBTPEIGTOR THICY BN DNARARES!
Ref erence ey rpeo g 6, tbeathefr@gav\nms. waedeiimagese Wbmiler_srﬂarpraib@iegndued
with | : _kfe_ nmgﬁ{e%hsaﬂ(énm_e%ﬁﬂﬂcﬁlk glléu& h JeementalCRERBE idh Qe PHRELQInArt
R anpl i 'erofotheaQiﬁ'gzllic(:f‘es(férllzﬂi.1 'Shme' Suc te}gpsl rzri?gefotrrf%trong channel 7 signal
20 which can interfere with a channel 6 signal, a 27 MHz trap against
strong citizens band transmitters in the United States, and a trap for
890 MHz image signals produced by the transmissions of cellular
telephones in the United States. It is herein recognized that when a
trap or other filter is used to prevent detrimental effects of such
25 extraneous signals in a balanced circuit, that it is necessary that such

traps be used on both sides of the balanced configuration.

SUMMARY OF THE INVENTION
Briefly, the present invention concerns circuitry for the
30 conversion of an RF signal amplifier from an unbalanced signal
configuration to a balanced signal configuration and including an image
trap for both sides of the balanced circuit. The grounded side of the
secondary of a double tuned circuit is lifted from ground to provide a
balanced circuit configuration. A trap filter is provided in the
35  balanced circuit configuration by a pair of small capacitors coupled
between the balanced secondary leads to appropriate signal nodes.
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Figure 2 is an graph of the anplitude vs frequency characteristic of the
image trap of Figure 1. Figure 3 shows a schematic of an RF anplifier
according to aspects of the present invention. 10 DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENT Referring now to FIGURE 1, there is shown a
portion of an exenplary tuner for a television set, FMradi o receiver, or
the like. For an exenplary range ofzfrequencies, e.g., including the VHF
and UHF 1 ~ bands) the RF |nput Si gnal is derived froman antenna (not
shown) or 1 BES 4 LOANGE source is coupled to an RF
anplifier v xenpraty enbodr nent is a dual gate FET
amplifier. The out puﬁeé‘?fcé}ﬁpl |lﬂia§ér b2 hadfdd ttheoudrrvangsuptliergicapdei t or
13 to a douyht@betnede t dedighaedekvidd lhaellmgnefan)srl ABA Y wheidinl6 tuned with a 2
O primary capacitor) Efsde) | &n%aragct of d| in seri tm*rer

8
capacitor 19) and a LT AT VO A SAGTAY 'ﬁea v P l°§e%r6e%%ra§"%é Hcl
e.g., advarRl tf‘(ﬁCHQFoU@llﬂtnEna%ema@Q WAph a tri m"rer capaci tor 23. Tun| ng is
acconpl i shed by appl F¢aﬁﬂeon20flsaafnun%ﬂ$)hV0M agee T¥niplitvak ackorfrgh gugs 18
and 20 throq%hacrlgrslg)[ectdf Jeslstors E . ;l t hus changing 2 ~the
capaci tance of *varact or d'@ggiéra&f & aner well known in the art.
The changi ng of the (EW@l ﬁaﬁtﬂéﬂbfa \Sahemaw ofi eeBF1@mphifier raospodisgv t o
t uni ng vol t;a@@cilgv,ofprmwpile@nftomvtelaﬁohum ng sel ection of a desired channel
fromttg plurality of channels of the RF input signal. Mitual magnetic
coupl i g)ls rovi ded bet ween pr i mar COI| 16 and 3 0 secondary coil 20.
Coi |l s 16 anBE2d REPHEMBODINMENE or di odes 18)

22. The confi guratl orReqérrm r}fofuprtaemdewes 1comwlly Qﬂi\«hﬁc& oﬁl%bloy fiuned
circuit with on

e1 ﬂ er 3? Z%lev res #% (gio rece : Bﬂgl ng.coupl ed
to a vol t age*TRPRFEAURSY {PHEnLsleviian ﬁ dage 6thplﬂr Fott¢r ah8F or mer
14, is fed throuwghplanpedageeofrdreqiangics regi.t imduding phovyEs aad ublbHf anced
si gnal 1for desherheSImah Bf aGesAl 1 dedBledS MRWA) An Catenn® (Sewsfhwaf;rorw deo

L nance) S ane S B A8 Lo RO SRR Sy B g

processi ng &#r cuhichyin ths pserpptmvdedlblgsilmhet G)(A’i:%@&i gatce FEI ecnifieni t)
.e.) mxi ng*hendudpﬁtacsmlampm%ﬂ qa is $bd | hréﬁfét?rzﬂdbﬂpllﬂg':bﬂjﬁ%ﬁoﬂ- 1R t0 a
capamtor Ca E F d frgflm p%czl gnal node 27 at 5% nd ary coul 20 to
i nput node 98UBle ﬁP mefg ey & (BIETEEH 69'a ﬁ heag.
in the k&enprmmqryenbpmumnte@,.l& pfaractod. dicglecd8 be pyroasi d'em as mroapam tor

formed by ceapfdu&orrducatrer% %Ecé‘ncparr}rnt‘,@ﬁ 8O fiMiel 1393'%1(156&‘%@@61 tc%a&sor
operates in conbinati on \#‘?‘r{:a ual i nductance’ of transf 14 to

provi de att &ruaty AT HotERH r ¥flleAc RO UTHIE! e naT““Z‘Sg
which 1 0 instaecamphyiiar ybenbpplicandn i ef an turdge fvod@gendyV ofo 8GGastaz f or

cel lular teld@&d&n% hild 128 _dibbd & rebpc Bive Hd¥istotd ezqueﬂayzsh&r@s%mgﬁhgc i's
shown |£ gHre 2. Fi uret&f\zl sho téﬂ {&tgge frea_genc%/r ?]‘ra terlstlc of
doubl e 1 tdn %l?"cﬂi‘ﬂta VARt PQFSt pi s PRANNGf W eddENd &

with the uppbe aiirtTheichpngiogf ofdtheo cgpamitanceanf emagactan dmxteehlﬁheZ%
frequency th%r{sW@%eﬂm‘m% Ea%rcd"ls\? alprbyiags Ll ﬁf‘d“ttﬁﬁln fsél@@u&%@f kand

of frequenci e CXA 1 n and baJ an ed
i npedance atdeeﬁﬁég F{ﬁm ther Hf%él‘%)’ cﬁfatcﬁénﬂa fo‘i}g ﬁ!F haf.
acconmodat e Moasd rneagnclterrmmmlurghalg@sovmcdhé)ccwccm priofarfi gurle 19 m

shown i g gFi %Sn@a aL&PA. ngcgﬁs ai%o‘iiﬁﬁs n@ rbPRIPERS B r'eﬂi{'ﬁnfdrofbspédtm
menber s of ure 3 corresponding t dr's of Fi gure 1 have been
desi gnat ed vbia?'ﬁCtPF kHioAeite ig For pr ovi ding a bal anced output, |ead 20a of

Figure 1 has 2 ~ beenTtuecoupflgdrzfttmm¢mermfmmcd4pdsemmmondygrcnltﬂﬂ) aand

o ne counfoty ol tine? GINOBAE (aUP 16802680 A F&?c&% SESPIG ARRl 2O
out put vol t ‘é?‘“tgercﬁluﬁéﬂds 96 anH‘% Te crlS‘r&F%mg t@‘be‘d?b% B“Eﬁ’%und

and ter#idhal sutpta faoch 2fimsherneerbddaniceded nihecagic eisnpddance matching circuit
24 and provides an unbalanced signal for further signal processing (not
shown), e.g., a SAW filter, video luminance, chrominance, and
synchronization processing, as well as sound processing. In the
exemplary embodiment, the a portion of further RF processing circuitry



3 0 respect to ground. Since the DC return for varactor diode 22 has been
lifted fromground, a relatively high DC return resistor 32 is provided.
For the balanced circuit) capacitor Cs is divided into Cst and Cs2. In
operation, capacitors Cst and Cs2 ar_e3_i n series. Thus, the values of each
of the capaci-tors Cst and Cs2 nust be doubled in value to equal 3 5 t he

ori gi nal val ue of capacitar to _keep. the sa not.ch fre uency
practice) the i?/réH"l‘Jg obYy cthe %%(Méﬁél Cgée&rraée({:}dﬁc%‘ﬁal t%r %W‘U I G% t”én
varactor di adggifi8atian. -4 Clainms: 1. In a television receiver, tuning

appar at us, conpri si ngSufrEﬁ@f%Lr(m%zt)o fp‘?g%&”ﬁ' i § YidMachBr PEs Sis9@8hp 1%80'&‘6?1\(' ng

an output coupled to respect tq a refere epotentlal 5
a first tuné’él? 4 E‘@l“t" "Pﬁj 12 1%) sespndagy ik e”‘ﬁ FSt1nQYL é‘@ﬁﬁrgéladd%“("aié)
responsive toild tani n@svod t agéraatidna ofi rastpicofwed,ance.,eliemeind ¢xlenplayy

coupl ed frogtdigiisiednad. 1§0p§| gdal pgmtbf rbefa%e'a@eap&rp%hbﬁ'foi%d b

sel ecti ng one of sal resp e to tunin ?Itage)
10 a second “PBREY C@F‘HEEWOFS (A, 32(9“2‘2‘5 |Cdfﬂul&'d|bﬁ’6r(§ %Bﬁ%i“‘?/ra c OBFT Sodl% (22)
responsi ve tcomebihariomgwidi tthge mandala isdectandcé nefuatans€ermetrententto ( pdodag f or
further sel %‘Entehﬂguéf'i" Qt e iffa ah@t&”ﬁlréc{]de% y Rht Sdlﬁgé‘! SetRidafSPONSHHER the

tuni ng V§| t age, sald fi I’St an econd Clrc

form ngt ddﬁbfl}é" SRGEPIREY cdnbodigeny is; a8; igAge o Eﬂ)‘l‘l‘?:f“iyn(ﬂlfc?é& éﬁgﬂ e‘)ﬁént s
(16, 18) bei ngliubatuctliepbbyes duplied, Utined skacesd i Hitlisc tfesypeney ectearacie?i)ic
havi ng a paijg s‘?n‘:)“ﬁﬁ“tirp% L&r i nals bal anced with respect to the reference

potential, a first trgp capacitor (CSl) co pI ed between o output. ? Q
termnal of the secon%lglh‘&uc?t aﬂtf’é”sel@ﬁerﬁml? afgﬂqi“l‘fécysﬁgﬁ’éﬁ‘:‘ﬁﬁ‘ééy &hd

charact eri zetbubye aused ocidedit ajpt deyvived ta)rceﬁ@SZ)urmduphmj thatwef rfréquenoieker

out put rm d e erence
potenh%fg ‘Dgh ﬁI ;u??g? g%‘cg ﬁ@g‘gdcg)p%| tor tégn%u%ge?&a&o{}l?d?ng a
not ch frequefﬁ%‘il“q“k‘}b’ tPe ?uFFéEC‘Rﬁ il 135 A1y r'ff%ﬁ“ Dy afenipE quttbfg,tpass
term nal s (2Gmd2@f) freueilbiest uni ng apparatus of claim1 characterized in

that 3 0 each of the frpeSianfisgAcoRd SgﬁﬂeQaPa\ﬁlﬁx?Je?i i GRR ppggcaan! | er

than the capacitance rst and cond varact or
The tuning 2PpREdNGs St ¢hai signadnanprt dErPeRals n of nihe e SHRE oMixgE f | ?@t and
second 2rlap aapanhddats (HeSE, EGajreatentd,och@mgebyto3 the canclictalr Figirehedadent 0 a

printed ci rcmo%rpqﬁrﬁiguré‘%,%cd?‘dm@' & aspects of the present invention.  Like
members of Figure 3 corrcspc.mding to members of Figure 1 have been
designated with like numerals.
For providing a balanced output, lead 20a of Figure 1 has
25 been decoupled from the reference potential (ground) and is coupled to
a terminal 26b through coupling capacitor 30b.  Output lead 26
remains coupled to terminal, 26a through coupling capacitor 30a. Thus,
the output voltage at terminals 26a and 26b is balanced with respect to
ground and terminals 26a and 26b have balanced impedances with
30 respect to ground. Since the DC return for varactor diode 22 has been
lifted from ground, a relatively high DC return resistor 32 is provided.
For the balanced circuit, capacitor Cs is divided into Cs1 and
Cs2. In operation, capacitors Cst and Cs2 are in series. Thus, the values
of each of the capacitors Cs1 and Cs2 must be doubled in value to equal
35 the original value of capacitor Cs to keep the same notch frequency. In
practice, the values of Cs, Csi, and Cs2 are much smaller in value than
varactor diodes 18, 20.
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RorranArl al Courier nt ry u
ampllfled RF sxgnals in Tesponse to the tuning voltage,

said first and second tuned circuits (14,16,18,20,22)

15 forming a double tuned circuit, said first and second inductance
elements (16,18) being inductively coupled,

the second inductance element (20) having a pair of
output terminals balanced with respect to the reference potential,

a first trap capacitor (CS1) coupled between one output

20 terminal of the second inductance element (20) and the signal node,
and characterized by (

a second trap capacitor (CS2) coupled between the other
output terminal of the second inductance element (20) and the
reference potential,

25 the first and second trap capacitors (CS1,CS2) providing a
notch frequency for the tuned RF signal at each of a pair of output
terminals (26a,26b).

2. The tuning apparatus of claim 1 characterized in that
30 each of the first and second trap capacitors (CS1,CS2) are smaller
than the capacitance of the first and second varactor diodes (18,22).

3. The tuning apparatus of claim 2 characterized in that
each of the first and second trap capacitors (CS1,CS2) are formed by
35 conductors etched into a printed circuit board.



