DOUBLE TUNED RF CI RCUI T W TH BALANCED SECONDARY The present invention

rel ates t0 tel evision tuners, and nore particularly to double tuned
circyits for converting a single 5 ended RF signal to a bal anced RF signal
Frequency sel ective tuned circuits are often used before and after RF
anplifying stages of a television tuner. rrent practice involves the use
of a double tuned filter in the signal path before a m xer to further ‘
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20 and low noise when the signal input is driven from a balanced
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To this end, it is desirable to drive the mixer from a
transformerless balanced source and to maintain this balanced drive
when bandswitching between frequency bands.

25 Briefly, the present invention concerns a double tuned
circuit having a balanced secondary. A primary tunable tank circuit
with at least a first inductance is tuned to a predetermined
frequency by a first capacitor. A secondary tank circuit with a
plurality of series connected second inductances is tuned to the

30 predetermined frequency by a second capacitor. A DC reference
potential for the circuit is coupled to a nodal junction of the plurality
of second inductances with the secondary tank circuit providing a
balanced signal output. ,

Reference can be had to the following drawings wherein

35 like members have been assigned like designations, and wherein:

Fig. 1 is a block diagram of a portion of a typical tuner of
a television apparatus. :

Fig. 2 is a schematic diagram of the double tuned circuit
of Fig. 1 according to the prior art. '




a television apparatus. Fig. 2 is a schematic diagram of the double tuned
circuit of Fig. 1 according to the prior art. -2 - Fig. 3 is a schematic
di agram of a double tuned circuit of an RF tuner according to aspects of
the present invention. FIG 1 shows a typical arrangenment of a television
tuner. The RF signal path typically include2- in the order named, an
antenna 5 10 or other television signal source, a tuned circuit 12, an RF

anplifier 14, and a tuned gircuit ,16 which desir ny doubl tune
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conpri sed lo¥ bandswitching between the V HF low frequency band of channels 2-6
(United States) and the VHF high frequency band of channels 7-13
(United States).
Referring now to FIG. 2, there is shown a schematic
diagram of a typical prior art arrangement for the double tuned

20 circuit 16. Circuit 16 receives a signal from single ended RF
amplifier 14, and couples the double tuned signal to the balanced
input of a mixer 22. RF amplifier 14 typically is a MOSFET transistor
26 wherein the signal from tuned circuit 12 is coupled to gate
electrode G1 with an RF AGC signal (not shown) being coupled to gate

25 electrode G2. The source electrode S of transistor 26 is grounded and
an amplified signal is available at the drain electrode D.

In the lower frequency band, the signal from drain
electrode D is applied to a double tuned circuit 16 comprised of:
1) a primary circuit of series connected inductances 28,

30 30 coupled between drain electrode D to an AC reference point and
DC reference potential S0, and

2) a secondary circuit of series connected inductances 32,
34 coupled between a nodal point N1, and AC reference point and DC
reference potential 50.

35 There is a coefficient of mutual inductance “M” between
inductances 28, 32 and between inductances 30, 34. The primary
circuit is tuned to the desired frequency by varactor diode 36
coupled across inductances 28, 30 and the secondary circuit is tuned
to about the same frequency by varactor diode 38 coupled across

40 inductances 32, 34. The capacitance of varactor diodes 36, 38 is



1) a primary circuit of series connected inductances 28, 30 30 coupl ed
between drain electrode D to an AC reference point and DC reference
potential’ 50, and 2) a secondary circuit of series connected inductances
32, 34 coupl ed between a nodal point N1, amgl-AC reference point and DC

ref erence potential 50. 3 5 There is a coefficient of nutual
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respective anodes, which are signal grounded by respective

capacitors 54, 56. In the switched “on” conductive state, diodes 51,

52 signal bypass respective inductances 30, 34, thus lowering the

total inductance in the respective primary and secondary circuits,

20 and raising the tuned frequency.

When bandswitching, the inductive value of constant
bandwidth inductances 44, 46 is accordingly changed by the series
connection of PIN diode 58 and capacitor 60 coupled across
inductance 44, said diode 58 also being switched by bandswitching

25 voltage BSI.

It should be noted that the tuning varactor diodes 36, 38
require a DC return path back to the DC reference potential 50 for
their respective tuning voltage Vt and this DC return path is
provided by their respective tuned inductances 28,30 and 32,34. In

30 a similar manner bandswitching diodes S1, 52, and 58 require a DC
return path for their respective bandswitching voltage BS1, with the
return path for diode 51 being inductance 30, inductance 34 being
the return path for diode 52, and inductances 44, 32, 34 being the
return path for diode 58. An alternate DC return path for diode 58 is

35 inductance 46 and the primary of balun transformer 48.

A balun transformer, for providing a balanced drive to
the mixer, is a relatively expensive component and the transformer
can be ill behaved making performance optimization difficult across
the wide tuning band. A better performance across the tuning band

40 and more consistent performance from unit to unit can be provided



20 and raising the tuned frequency. Wen bandsw tching, the inductive val ue
of constant bandw dth i nductances 44, 46 is accordingly changed by the
series connection of PIN diode 58 and capacitor 60 coupl ed across

i nductance 44, said diode 58 al so being switched by bandsw tching 25
voltage BS1. It should be noted that the t?nlng varactor di odes 36, 38
require a DC return path back to the DC reflerence potential 50 for their
respective tuning voltage Vt and this DC return path is provided by their
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2) a secondary circuit of inductances 32, 34 and 62
coupled between nodal points N1 and N2.

There is a coefficient of mutual inductance “M” between
inductances 28, 32, and between inductance 30 and at least one of

20 the secondary inductances 34 and 62. The inductance values of
inductances 32 and 34 are the same as in ‘the circuit arrangement
shown in Fig. 2. However, the inductance of inductance 62 is equal
to the sum of the inductance of series connected inductances 32 and
34. The primary circuit is tuned to the desired frequency by

25 varactor diode 36 coupled across series connected inductances 28, 30
and the secondary circuit is tuned to about the same frequency by
-varactor diode 38 coupled across series connected secondary
inductances 32, 34 and 62. In this arrangement, a double tuned
balanced signal is provided between nodal points N1 -and N2.

30 : The DC reference potential 50 is coupled to a nodal point
N3, which is the junction of secondary inductances 34 and 62. Since
the inductance of inductance 62 equals the sum of the inductance of
inductances 32 and 34, connection of reference potential 50 is at the
AC reference point for the balanced System and the AC grounding of

35 node N3 does not change the AC signal characteristics of the
secondary of double tuned circuit 16.

The tuning of double tuned circuit 16 is accomplished by
changing the capacitance of varactor diodes 36, 38 by application of
tuning voltage Vt applied to their respective cathodes, which are AC

40 coupled across their respective primary and secondary inductances



frequency band, the signal fromdrain electrode Dis applied to double
~tuned circuit 16 conprised of: 1) a primary circuit of series inductances
28, 30 coupl ed between drain electrode Dto AC reference point and DC
reference 1 5 potential 50, and 2) a secondary circuit of inductances 32,
34 and 62 coupl ed between nodal points N1 apd N2. There is a coefficient of
nmut ual i nductance "M between inductances 28, 32, and between inductance 30
and at | east one of 20 the secondary inductances 34 and 62. The inductance
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15 thus lowering the total inductance in the respective primary and
secondary circuits, and raising the tuned frequency.

Since the signal from nodes N1, N2 is a balanced signal,
changes made in one signal path must also be made in the other
signal path in order that the signal remain balanced. The values of

20 the sum of inductances 44a, 46a, and of 44b, 46b are accordingly
changed by the switching “on” of respective PIN diodes 58a, 58b by
bandswitching voltage BS1. Respective capacitances 60a, 60b
complete the diode circuit.

Tuning varactor diodes 36, 38 require a DC return path

25 for tuning voltage Vt, and bandswitching diodes 51, 52, 58a and 58b
require a DC return path for their respective bandswitching voltage
BS1. This will now be discussed.

In the bandswitched mode, the balanced signal at node
N2 is isolated from DC ground return 50 by inductances 34 and 62,

30 which are in an AC parallel arrangement. This prevents the signal at
node N2 from being short circuited to ground while still providing a
DC return path for the diodes 38, 52, 58a and 58b. This AC isolation .
of DC ground return 50 by the parallel connection of inductances 34
and 62 is effective even though inductance 30 of the primary circuit

35 is signal short circuited by bandswitching diode 51. This is because
the coefficient of mutual inductance “M” between inductance 30 and
inductances 34, 62 goes to zero since there is no signal current
flowing through inductance 30. Thus, an AC short circuit of
inductance 30 is not reflected from the primary to the secondary

40 circuit. In this way, the DC return path for diode 38 is through



signal fromnodes N1, N2 is coupled to m xer 22 through respective series
connected constant bandw dth inductors 44a, 46a, and 44b and 46b. The sum
of the inductance of series inductances 44a,46a 5 and 44b, 46b are chosen
for providing a signal of constant bandw dth with frequency, over the
appropriate frequency band, to m xer 22. Such a constant bandw th
arrangenent is disclosed in U S. Patent No. 3,628,152 of Carlson, which is
i ncorporated by reference herein. Bandswi tghing is acconplished by PIN

di odes 51 and 52 10 coupl ed across respective inductances 30, and 34, 62.
Swi tchi ng di odes 51, 52 are switched by bandsw tching voltage BS1 applied
to their resinduocianeesad@dend 3.t thet C Aeturinr path foridigde ddplietthiough
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accordi ngly ¥hanged by the switching "on" of respective PIN di odes 58a, 58b
by bandswi tching voltage BSI. Respective capacitances 60a, 60b conplete
the diode circuit. Tuning varactor diodes 36, 38 require a DC return path
25 for tuning voltage Vt, and bandsw tchi ng di odes 51, 52, 58a and 58b
require 'a DC return path for their respective bandsw tching voltage BS1.
This will now be discussed. In the bandsw tched node, the bal anced si gnal

at node N2 is isolated fromDC ground return 50 by inductances 34 and 62, 3
O which are in an AC parallel arrangement. This prevents the signal at node
N2 from being short circuited to ground while still providing a DC return
path for the diodes 38, 52, 58a and 58b. This AC isolation of DC ground
return 50 by the parallel connection of inductances 34 and 62 is gffective
even though inductance 30 of the primary circuit 35 is signal short
circuited by bandswi tching diode 51. This is because the coefficient of

mut ual inductance "M between inductance 30 and



I nduct ances 34, 62 goes to zero since there is no signal current flow ng

t hrough i nductance 30. Thus, an AC short circuit of inductance 30 is not
reflected fromthe pri mary to the secondary 40 ci r4;u+$——+n—t—h¢5*vvay —the DC
return path for diode 38 is through -6 - inducta he DC
return path for diode 52 is through |nduct ance 34, rﬁ&iﬁm h for
di ode 58a i s through inductances 44a, 32;7and 34, nre UI’ﬂ pat h
for diode 58b is through inductances 44b, and 62. As an additional matter,
for the 5 bandsw tched hi gher frequency node, the AC reference point of the
bal anced secondary ‘signal shifts to a virtual node within inductance 32.
CLAIMS: 1. In a television tuner, a double tuned circuit having a bal anced
secondary conprising: 5 a signal source for providing an RF
signal at a sggAgusternmnal with respect to a signal reference potential
and DC reference potential; a primary tank circuit conprising a first

- capacitor coupled in paraIIeI wth a first series circuit of a first and a
second 1 0 prinary i nductlanzggleivision etwoemnt i mpuble guhed stqumtadmvmgnmed

frequency, thﬁ]m&d@r%cbﬁagr}pld‘&ybﬁsﬁ@ ng coupled to the signal termnal of
t he mgnab source in an un @ g ation 2 seciiagary .tank circuit
conprising a second cafa¥el rs%‘gﬁf)l é’& ‘?rﬂ é?%lq"elR S e%o‘r\%i" eries
circuit for nesoinali witharesphet To5a Signalt refeesheee potemeial f arely RGc yeferdnse
second serie (ﬁbﬁﬁgqi conprising a first and second secondary inductances,
said first primry I nduct ance and, sajd first secondaré i nduct.ance having a

first coefficient of nAt REHMATRJteBK,AITEURLEODBESER St $ARACHON primary

i nduct ance coupled in parallel with a first series circuit of a first and a second
10 primary inductances for resonating at a first predetermined
frequency, the primary tank circuit being coupled to the signal
terminal of the signal source in an unbalanced cbnfiguration;
a secondary tank circuit comprising a second capacitor
coupled in parallel with a second series circuit for resonating at the
15 first predetermined frequency, the second series circuit comprising a
first and second secondary inductances, said first primary inductance
and said first secondary inductance having a first coefficient of
mutual inductance therebetween, said second primary inductance
and said second secondary inductance having a second coefficient of
20 mutual inductance therebetween, the DC reference potential being
coupled to a junction of the first and second secondary inductances
so that the first and second secondary inductances operate together
to provide a balanced signal at a pair of balanced signal output
‘terminals.
25
2. The television tuner of claim 1 further comprising:
first and second constant bandwidth means coupled to
respective ones of the balanced signal output terminals for coupling
the signal to respective input terminals of a balanced load.
30



and said second secondary inductance having a second coefficient of 20

mut ual inductance therebetween, the DC reference potential being coupled to
a junction of the first and second secondary inductances so that the first
and second secondary inductances operate together to provide a bal anced

signal at a pair of balanced signal outputgterm nal sLﬁﬂwﬂl‘uimHuﬁLM| si on
tuner of claim1 further conprising: first and secon dth
nmeans coupl ed to respective ones of the balanced signal out put t &rni'nal s
for coupling the signal to respective input termnals of a balanced | oad.
30 3. "In atelevision tuner, a double tuned circuit having a bal anced

secondary conprising: a signal source for providing an RF signal at a

signal termnal with respect to a signal reference potential and DC
reference 5 potential 3 alpr3 r?ﬁlrey‘st‘%'hlé“ﬁ?fr’cﬁuqoué%ﬁﬁ‘%q farcyiy haging a
capaci t or courblahmded psacehdi&ﬂy wionkprasihgr st series circuit of a fi rst and a

second primary i nduct ang ﬂrsc{u%?rig{elﬂ?gv@in lafnl R?‘t Sﬁlgp%&q
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tank circuft opomgxtial;ng a second capacitor coupled in.parallel with a

second series circuit fﬁ”pﬁﬁﬁ nattdhﬁgm%?ﬁh&%&gﬁgﬁgpgeﬁ% c%&g&w’frequency

the second series circult cond se
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.inductances 20 . so thai gekendarystarindiratordngprisingad ysecofdctapactoroper at e
toget her coupled in parallel with a second series circuit for resonating at the
first predetermined frequency, the second series circuit comprising a
first and second secondary inductances, said first primary inductance
15 and said first secondary inductance having a first coefficient of
. mutual inductance therebetween, said second primary inductance
and said second secondary inductance having a second coefficient of
mutual inductance therebetween, the DC reference potential being
coupled to ‘a junction of the first and second secondary inductances
20 so that the first and second secondary. inductances operate together
to provide a balanced signal at a pair of balanced signal output
terminals.

first and second constant bandwidth means coupled to
respective ones of the balanced signal output terminals for coupling
25 the signal to another respective input terminals of a balanced load.

30



to provide a bal anced signal at a pair of balanced signal output termnals.
first and second constant bandw dth neans coupled to respective ones of the
bal apced signal output terminals for coupling 2 5 ~—the signal to anot her
respective input termnals of a balanced |oad. 30 si on
tuner, a double tuned circuit having a bal anced sec*“mmlumullr“ﬂ‘r
signal source for providing an RF signal &~ an out puts termna¥ with respect
to a signal reference potential and DC reference 5 potential; a primary
tunable tank circuit having a first inductance and tuned to a predet erm ned
frequency by a first capacitor coupled in parallel wth the first
i nductance, and a secondary tank circuit having a plurality of second 1 O
i nductances inductively coupled to the first inductance and having a second
capaci tor coupled in pa4 al [gla werebisidit tgr&GoOny ddﬁﬁlectt@fmae%u&an hk‘ﬂh?gasal d
secondary tanEl Eal I‘Cﬁ &(fre predet erni ned frequency, the plurali
second i nduct 3RE8E° a@??%n Rod8MMLYBBet ween with a DC reference potenti al
coupl ed thereto and provisignad souses et quoviding an Kfhisignal Aftan output

terminal with respect to a signal reference potential and DC reference

5 potential;

a primary tunable tank circuit having a first inductance
and tuned to a predetermined frequency by a first capacitor coupled
in parallel with the first inductance, and
_ a secondary tank circuit having a plurality of second .
10 inductances inductively coupled to the first inductance and having a
second capacitor coupled in parallel with the second inductances for
tuning said secondary tank circuit to the predetermined frequency,
the plurality of second indﬂct_aqe_es having a node therebetween with
.a DC reference potential coupled thereto and providing a balanced
15 signal output.



