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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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i nput signal is derived froman antenna (not shown) or other source. The
signal fromthe source is coupled to an RF amplifier 12, which in the

exenpl ary embodinent is a dual gate2RET anplifier. The output of anplifier
12 is fed through a coupling capacitor 13 to a double tuned transfornmer 14

havi ng a prbw @QR@%(BHW%BBZ&U\% r| mary capacitor) e.g.) a
varact or di capacitor 19, and a secondary
coil 20 tuned by a Sl6feRGSy Buvacbeomade @ | the varawings dvbaeein? like
sferi es Wt hmrrrtrdrm’rare ciapigdiated xﬁﬁhd'ﬂugl ﬂgme,Salagmmplwmemhby appl ication
of a tuning voltage arg@actor dio 18 ;a 20 thr pective
resistors 21 and 25) -E{ﬁﬁlge \éhé}ﬁ%\?’ ﬁcm'ﬁ%ec coafpg "%rngg gkkg\;}'é'lpﬁi‘tcbr(’fd?'bdes
18, 22 in aRkass@ionendludingwani nnagﬁetmpt The changi ng of the capacitance

of varactor diodes 18iga2e 2 I'BSPANSigYSpH O ofUNhAY a\fﬁ+tlagﬂ: TV Pleq Yﬂﬁﬁezlfm

the tuning sgl ec of - a, desi r ed chan fro the plurality of channels of
the RF mpufﬁara&{er plcl\/ﬁ'i 6}5 f 'MagggHaP; @ p?dﬁ rgr ovi ded” between pri mary

coil 16 and 3 0 secorfdgnie coisho®s. acmhlcmall@ aﬁdlrQ(R rasoplildert hecdBingettar n
for respect aygcrarsicting %e@Qﬂs idBentdoh. The configuration of transforner 14
is co |y called a doubly tuned circuit with one | ead 16a) 20a, of
respective coils 16 and 20 being coupled to a voltage reference (ground).
The unbal an&dH ALEDRESGRIFFIGH OFHE PREFERRBD EMBOBIMENIugh i npedance

mat chi ng ci rcuit 24 amecPﬁﬁgl@@& &) e BNEethaeonakhé@h 4 Wdrligh & @nal

I
D S o Op R Bibe i 4 gFIe e et BN HES seREBE e dng e Fthee
exenpl ary embodkemptaryt renge pdirfncquemmesf uetgerincRdmpcbss VHF cindcuitiHy 1

0 S E R 30033nds, shdroKi tb¥1 1@@@:‘35&? ﬁa&egﬁaraﬁén%hr%tt lhdwﬁ’ }-ror
m xing and | F angllflca pacitor Cs

referrin t o Fi
is coupl ed PIh 04756t lﬁ"n&g“ﬁg 0'2'7"5’[ g8 d%\ﬁf“g’gqqe t‘?0"“‘t g%ar?ﬁlﬁhfh‘?fde 28
at primary dailwhidgh iGstlies exempdatyi emipidiemept ciof ar ddal egage )FET amplifier.

exenpl ary enmdlo et Of ldm ﬁﬁcanplz is Sfeaathidag HrQVé&Fﬁxﬁgfcﬁ p&ARACIH 8 Of f0r med
nted cjr.cui.t board

by copper co to n.anp erates in
conbi nati on CG&“?’E {\’é'caut('if’é'l5¥‘?rﬁ'&‘?fctléj'nc}?v6?gt ?aHE‘I"bﬂrﬁercoil c‘t(’ tB’t"b‘g
at t enuat lon paimary iampgeitnnt ehg.f requamctoradiods plRt inerseiinal witg, a\MnnUhndr 0in

the exenpl arypgsiedi ENhnd Sa %cbﬂﬁﬂ@ fdopy@neyndd BP0 NeRoddiry CoAJdthRdk,
t el ephones in the Uni't ed ({SHate I's.fre aﬁncy .chdracteri. Stlf%l s.shown in

Figure 2. Fif%bre* 223Nk |ipt SRFEESt én dGMIRGE 2P 2L off BBl e
tuned circuiis adcoraplished bgntapplicatiod pésa hanthgofvdiltagpueliti es vataonot h
t he upper S‘%hbac@el%“!lnﬂnﬁbf trﬁGu 74 ﬂ:'spﬁm?\ﬂ: %Eh@f&fg%?%@b%h thb? &ahgﬁfglency

to be rgj ectﬁ ?t rom ng ass alE

frequenties. ?h‘éamaf§94ﬁ | YATREAQ | E’é""é { #rtcdl & I“cﬁn‘ﬁc a‘(%?]‘ﬁgdm
i npedance atththertsi githk chpngingeofii thel caphcitimceJret max:mtor Thiodeo 18, 22,
acconmodat e ;fehsgé&w@%' tEATRB! FoltaHAMPYS ﬁx%vi&h% %{ CtHéttu%né:'sglbrcﬁo?\ 8 e

shown in Fi ccording tq a ect;s sent

nmenbers of §§E€6‘i'?le§‘iﬂfﬂdm1’g W%‘r’éﬁb@fs‘qﬁ‘(“ Fsgt?:} t e‘"BBErf‘g"‘ﬁ

desi gnat ed V\Mtuhudlh kmagnetee acoupltivg ¥ Qriodtidugi d)dlmwncqadlmanyplﬂml | Eadag@da of
Fi gure as e egOUP f h r nd
IS coup?’ed; tsoe%gmtﬂe)fsl Pofl 5‘2‘6 glr ogghrgnf:doggl ﬂ"g’qﬁggg‘éf)‘?gﬁ%w f%gtp t %“e’gd 26
remai ns coupY¥actd Qdﬁﬁ 23a t hrough coupling capacitor 30a. Thus) the
out put voltage at ter r‘ll‘h’ealngf‘ga;r@ﬁdn 26D trandfefmpc et vist kommmgregt chlledr aund

and term nal &oftﬁz g@%z‘éﬂcnﬁv‘énﬁf"'o%%c?&d ngge eS%IWirE C%tlgf r?ﬁ[%qus bfid

ground. Since for varactor een rom
ground, a rel@t bing, qaupledta et uraltagsi afgrenss (grens)i dedheryndalan
bal anced %i rcuuptu) fropacirityfofMer Si4li ¥ Cfe.d trrrbegﬁstmpadhrﬁezmalta:hmgecatunn)

capacitors Csj g&r eflh ﬁg%la ?ed s: ?&e fgpllhgpsmg;asl @Ee?im héhot

capacitors Cst and ue to equa |% Hal
val ue of cap8lewvs). C&-& o0 RecpAMe fildpn n‘dtd@ﬁ f ’t!’é‘t‘?@? FRATpRHEACEe, AP
val ues of Csjyhitironaaulid2ppscesdigd] sa¥ml well ias vedum t peceysingct orindi thdes

18) 20. 1 Qxénﬁlal?yzgr(?l%odlmcnt. the a portion of further RF processing circuitry




. . . . SEP
-4 Clainms: 1. In a television receiver, tuning apparatus, conprisi m};a rrear? 2

‘( 12) for anplifying an RF signal and having an output coupled to a signal
node with respect to a reference potential) 5 a first tuned circuit
(14,16,18) including a first varactor-3di ode (18) responsive to a tuning
voltage. and a first inductance el enment (14,16) coupled fromthe signal
node to a poj f e e fied
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(14, 20, 22) | #@PEHISAIN second varactor di ode (22) responsive to a tuning
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t uni ng appara;tuﬁowﬁ ol Fgare zharacteri zed in that 3 0 each of the first and

second trap capacitor are en. t pagcitance of t
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& ()-!" " $10%héwn in Figire 3, according Jo aspects of the present invention.  Like

members of Figure 3 correspondmg 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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potential for selecting one of said amplified RF signals in response to
a luning voltage,

10 a second tuned circuit (14,20,22) including a second
varactor diode (22) responsive to a tuning voltage and a second
inductance element (14,20) for further selecting said one of said
amplified RF signals in response 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.



