BANDSV\K TCHABLE DOUBLE TUNED RF CIRCUI T W TH BALANCED SECONDARY The present
invention relates to television tuners, and nore 5 particularly to double
tuned circuits for converting a si ngl.e ended RF signal to a bal anced RF
signal . Frequency sel ective tuned circuits ae often used before and after
RF amplifying stages of a television tuner. ~“Current practice involves the
use of a double tuned filter i'n the signal path before a 1 0 mxer to

further inprove Bmmsm%smmm@ TONED REEIREUIEWITRBA ILAANEED On.
It is desirable to drive the mxer In m manner 1 n order to
maxi m ze conversion efficiency, and re ed harnonics and inage
frequencies. It is conmmon to drive a mxer, e.g., a 1 5 doubly bal anced
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arrangement prov1 es a very cons1s ent low input 1mpedance with

20 optimum gain, wide bandwidth, good stability and low noise when the
signal input is driven from a balanced source.

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 band switchable
double tuned circuit having a balanced secondary. A primary tunable
tank circuit, having a plurality of series connected first inductances, is
tuned to a first frequency by a first capacitor. A secondary tank
circuit, having a plurality of series connected second inductances, is

30 tuned to the first 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. At least one of the plurality of both first
inductances and the second inductances are signal switchable for

35 bandswitching the tuning of the primary and secondary tank circuits to

a second frequency while maintaining a balanced signal output with

signal isolation of the DC reference potential coupled to the nodal
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- Reference can be ._h__ad to the following drawings wherein
40 like members have been assigned like designations, and wherein:



junction. Reference can be had to the follow ng draw ngs wherein 40 |ike
menbers Have been assigned |ike designations, and wherein: -2- Fig. 1is
a bl ock diagramof a portion of a typical tuner of a television apparatus.
Fig. 2 is a schematic diagram of the doublg tuned circuit of Fig. 1
according to the prior art. 5 i'lg. 3 is a schematic diagram of
a double tuned circuit of an RF tuner according to aspects of the present
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drai n el ect rf@m;uqycy Tuning voltage VT) typlcally is applied to varactor diodes.
Bandswitching often is also provided for tuned circuit 12, double tuned
circuit 16, and local oscillator 24, i.e., bandswitching between the VHF
low frequency band of channels 2-6 (United States) and the VHF high
20 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 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
25 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 electrode G2. The source
electrode S of transistor 26 is grounded and an amplified signal is-
available at the drain electrode D.
30 - 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
‘coupled between drain electrode D to an AC reference point and DC
reference potential 50, and _
35 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.
There is a coefficient of mutual inductance “M” between
‘inductances 28, 32 and between inductances 30, 34. The primary
40 circuit is tuned to the desired frequency by varactor diode 36 coupled




30 In the | ower frequency band, the signal fromdrain el ectrode

Dis:applied to a double tuned circuit 16 conprised of: 1) a primary '
circuit of series connected inductances 28, 30 coupled between drain

el ectrode D to an AC reference point and reference potential 50, and 3 5
2) a secondary circuit of series connected+nductances 32, 34 coupled

bet ween a nodal point N1, and AC reference point and DC reference potenti al
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anodes, whi cH&i% aﬁﬂgg’gm B XCEspective capacitors 54, 56. In the
swi t ched I'Bn" conduct iBandswtehingi 3dascémmpliSiteds ibgn PIN2Qiddeass, rsspect i ve
ot ances Gipldd adBU reRE BTk AR 30,194 Bfeel"s1,"82" gRPC! ' Ve
. switched by bandswitching control voltage BS1 applied to their
respective anodes, which are signal grounded by respective capacitors
534, 56. In the switched “on” conductive state, diodes 51, 52 signal
20 bypass respective inductances 30, 34, thus lowering the total

inductance in the respective primary and secondary circuits, and

raising the tuned frequency.

When, bandswitching, the inductive value of constant
bandwidth inductances 44, 46 is accordingly changed by the series

235 connection of PIN diode 58 and capacitor 60 coupled across inductance
44, said diode 58 also being switched by bandswitching 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

30 their respective tuned inductances 28,30 and 32,34. In a similar
- manner bandswitching diodes 51, 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
35 diode 58. An alternate DC return path for diode 58 is 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

40 tuning band. A better performance across the tuning band and more '



rai sing the tuned frequency. Wen- bandsw tching, the inductive val ue of
const.ant bandwi dt h i nductances 44, 46 is accordingly changed by the series
25 connection of PIN diode 58 and capacitor 60 coupl ed across inductance
44, said diode 58 also being switched by bandsw tching voltage BSL. It
shoul d be noted that the tuning varactor di"odes 36, 38 require a DC return’
path back to the DC reference potential 50 for their respective tuning
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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
20 inductances 28, 32, and between inductance 30 and at least one of 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.
25 The primary circuit is tuned to the desired frequency by 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
30 provided between nodal points N1 and N2.
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
35 AC reference point for the balanced system and the AC grounding of
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
40 tuning voltage Vi applied to their respective .cathodes, which are AC



1) a primary circuit of series inductances 28, 30 coupled 1 5 betveen drain
el ectrodé D to AC reference point and DC reference potential 50, and 2) a
secondary circuit of inductances 32, 34 and 62 coupl ed between nodal points
NI and N2. There is a coefficient of nutual inductance "M between 20
I-nduct ances 28, 32, and between inductance-380 and at | east one of the
secondary inductances 34 and 62. The inductance val ues of inductances 32
and 34 are the s he circuit arrangenent shown in Fig. 2. However,
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i nduct ances ifal 4pduetsnceip A 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

20 path in order that the signal remain balanced. The values of 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. .

25 Tuning varactor diodes 36, 38 require a DC return path 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 iow be discussed.

In the bandswitched mode, the balanced signal at node N2

30 is isolated from DC ground return 50 by inductances 34 and 62, 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

35 effective even though inductance 30 of the primary circuit 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

40 not reflected from the primary to the secondary circuit. In this way.



are chosen for providing a signal of constant bandwi dth with frequency,
over :t he approprlate frequency band, to mxer 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. 1 0 Bandswi tching is
acconpl i shed by PIN diodes 51 and 52 coupl ed across respective inductances
30, and 34, 62. Switching diodes 51, 52 are switched by bandsw t chi ng
voltage BS1 applied to their respective anodés, with the AC circuit bei ng
conpl eted by respective capacitors 54, 56. In the switched "on" conductive

state, diodesngincoZedyd SRy BNARSI8! RPRGHEKCIdIGIGIROCR? 0 33 dhed
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the diode cir ni ng varactor i odes 36, 38 require a DC

cu
return path frbq'det J’Fh% \}BF?%EGECQ/tél}Jand bandsw t ching 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
signal at node N2 30 is isolated fromDC ground return 50 by inductances 34
and 62, which are in an AC parallel arrangenent. 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 3 5
effective even though i nductance 30 of the primary circuit is signal short
circuited by bandswi tching diode 51. This is because the coefficient of
mut ual i nductance "M between inductance 30 and i nductances 34, 62 goes to
zero since there is no signal current flow ng through inductance 30. Thus,
an AC short circuit of inductance 30 is 40 not reflected fromthe primry
to the secondary circuit. In this way.



-6- the DC return path for diode 38 is through inductances 32 and 34, the
DC return path for diode 52 is through inductance 34, the DC return path
for diode 58a is through inductances 44a, 32, and 34, and the DC return

path for diode 58b is through inductances 44b, and 62. i

matter, for the bandsw tched hi gher frequ.fz_ncy node, the A i
of the bal anced secondary signal shifts to a virtual nodej Ij i ;!E %ﬂma
32. CLAIMS: 1. In a television tuner, a band sw t chabl r "

circuit. having a bal anced secondary conprising: 5 a signal
source for providing an RF signal at a signal termnal with respect to a
signal reference potential and DC reference -potential; a primary tank
circuit conprising a first capacitor coupled in parallel with a first
series circulLAIMS: first and a second 1 0 primary inductances for
[)ejsonati ngI ag a first predeterm ned frequency, the primary tank circuit
eing coupled to the signal termnal o e Si I i u anced
configuration; a secondar 311,[ ﬁn{?ir‘lt‘flflc?&i Eu'éegn& :bgﬁﬁgs‘gﬁéﬂe%g%d@%lg%gm %P
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I nduct ance for nﬂ a. . . .
erminal of the signal source in an unbalanced configuration;

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
in the order named a first, second and third secondary inductances,
said first primary inductance and said first secondary inductance
having a first coefficient of mutual inductance therebetween, said
second primary inductance and at least one of said second and third
20 secondary inductances having a second coefficient of mutual
inductance therebetween, the DC reference potential being coupled to
a junction of the second and third secondary inductances so that the
first and second secondary inductances operate together in
combination with the third secondary inductance for providing a
25 balanced signal at a pair of balanced secondary output terminals;
a first bandswitch means responsive to a bandswitch
control ‘signal coupled across the second primary inductance, and a
second bandswitch means responsive to the bandswitch control
signal coupled across the second and third secondary inductances for
30 causing the tuning of the primary and secondary tuned circuits to be
switched from the first predetermined frequency to a second
predetermined frequency;



25 bal anced signal at a pair of balanced secondary output termnals; a
first bandswitch neans responsive to a bandswitch control signal coupled
across the second primary inductance, and a second bandsw tch neans
responsive to the bandswi tch control signal coupled across

third secondary inductances for 3 0 caus®ng the tuning

secondary tuned circuits to be switched fromthe f| rst prmlmmlﬂ"m"m',
frequency to a second predeterm ned frequency; [err] a*fifsttarmd secend
constant bandw dth neans coupled in series with one of the bal anced
secondary output terminals for coupling the signal to one input terminal of"
a bal anced |l oad, and third and fourth constant bandw dth neans coupled in-
series to the 5 othej ﬁ?dtaﬂﬁ@ds&%ﬁﬂnd@ﬁytaﬁtltlmlﬂ“h@ﬂfnrﬂ@dnsf ebuprdplinng t he
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const ant bandmditihdr%ah f@nsEhR ARV R H&ﬁné’aédiﬁ:l&i lhe%Eﬁeilt\betﬁ@nstant
bandw dt rrearhs r each of tngg bal anced ou e}‘ aRI‘I rrary
o Secomia othes Balaseed  fcondiy Faligt, telrutal, 6%, SoRping fe Sien g
pr edet er mi nealncbnhequmpruy wrthinale of e then dbabaretdt doad, nantifrequency 15

2. The television tunejniff £ldifurh WiREhTchnSwiR 5. xibohisivdl rosecond
and third se ;ii) ﬁal ndsct ances t anc t he

gre seliectg sot e ind
sum of the f} WCRHY COBHGh BT AT tQF\’@Gsc@ s A¢T08S \ O, & o? t he
- third secondesspectidecfiastcand2Ghird constant bandvidth nneamsel éoi changinger, a

band switghag]e dgubl & trg%f'e%];ﬁ/' rEHhétaQ?‘ﬂaﬁgwﬂg@a'rﬁ‘%gdf&f%%@ﬂaﬁé’ t

conprising: a signal -sour Si gnapet er m nal
with respect balgngedi gueputr érgaaéhc\yhp@tdmmmaman@ secendarye tperdent i al ; 25

a primary tagifcgits Ctd Baayvisched abétWe‘éh ¢Reafirdtopre@derMinéd paral l el
W th afi rStfr%‘a%Séychﬁﬁu'tﬁe ogecacmdI rpredg&rmallngc? Preé)uency

15 2. The television tuner of claim 1 whérein the values of
the first, second and third secondary inductances are selected so that
the inductance of the sum of the first and second secondary
inductances equals the value of the third secondary inductance.

20 3. In a television tuner, a band switchable .double tuned
circuit having a balanced secondary comprising:

a signal source for providing an RF signal at a signal
terminal with respect to a signal reference potential and DC reference
potential; |

25 ' a .primary tank circuit comprising a first capacitor
coupled in parallel with a first series circuit of a first and a second:
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 configuration;

30 a secondary tank circuit comprising a second capacitor
coupled in parallel with a second series circuit for resonating at the
first predetermined frequency, the second series circuit comprising
in the order named a first, second and third secondary inductances,



primary inductances for resonating at a first predeterm ned frequency, .the
primary tank circuit being coupled to the signal terminal of the signal
source in an unbal anced configuration; 3 0 a secondary tank
circuit conprising a second capacitor coupled in parallel with a second
series circuit for resonating at the first9predeternined frequency;

second series circuit conprising in the order naned a fi rsl I

third secondary i nductances, -9- Jerr] said first prlrra m WIH"II
said first secondary inductance having a first coefficient of Truttua

i nduct ance t herebetween, said second primary inductance and at |east one of
sai d- second and third secondary I nduct ances havi ng a second coefficient of

tual 5 t f tential b

. coupl ed to ;“Eﬁﬁc?ﬂéﬁ SiFRy ' DR SRy NI StrshreRpiORR, RR0ERRE o0t hat

the first andhdeiegna Susbrrngfficianduef amutualt indichanceopbergbetween; osdidnat i on
wi th the thirgecoa@opdnyry IAGGSEAEE Al aprﬁugldloﬂe 8f %icﬂ%esn&'iflr@:hﬁa a

pai r of bal anced sdecond ¥ out h term nal 41; rs

bandswi t ch. nEareoAES pk 5‘%&' 8 B‘gﬁdé\/\ns?‘é‘ﬂ' soetlicient ofameWabl ed across
t he second prmdmoyanqmanemethemhttwesm,cahd P&hdeferenbe npmntmbsbmngl ve to
the bandswi t cgogs BHrRJ & Hﬁﬁé’t’xoﬁ%@'tﬁi &%ﬂasaﬁ@emﬁ%cgaéom?& o*ugta%%ggndary

i nduct ances for usi rnar
circuits to b¥ 1t 1?’9 % lfHﬁbcP’F{]oﬁ?go? esqclolngﬁribr‘@éé?@ﬂﬁ?ﬁé@gﬁ@ﬁuéﬁéﬁﬁtq 0 a

second predet Br miomebinatiequevidy ; thé. thibe sezoadasy Cindmwaﬂée oforc pedvidihg tart her

cerles w ih ooulabpid aﬁgﬁaf ik Qgiéﬁﬂﬁa‘m%wsg%‘g‘l Bufpdlty 5’?&&%{]@ 'ng the
" signal td%ne input terhitiEst Bandswsghy n‘@éamf or&aporeﬁmem radb@ndswete th

constant bandeemrdl stard cowpleddacross etheeseéend |’]ﬁuﬁhx|’y9fin@@étﬁﬂ§€daﬁ&?9nﬂary
bal anced 1 oacko gt YERASWAER nidurt' Gihopkf B, o betHbulgH Gialtch ' roans
r esponsi ve t signal coupled across the second and third secondary mductances for
causing the tuning of the primary and secondary ‘tuned circuits to be
15 switched from the first predetermined frequency to a second
predetermined frequency;

4. The television tuner of claim 3 further comprising:
a first and second constant bandwidth means coupled in
20 series with one of the balanced secondary output terminals for
coupling the signal to one input terminal of a balanced load, and
third and fourth constant bandwidth means coupled in series to the
other balanced secondary output terminal for coupling the signal to
another input terminal of the balanced load, and
25 ' third and fourth bandswitch switch means responsive to
the bandswitching control signal, each being coupled across one of a
respective first and third constant bandwidth means, for changing
the value of respective constant bandwidth means for each of the
balanced output signals when the primary and secondary tuned
30 circuits are bandswitched between the first predetermined
frequency and the second predetermined frequency.
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t he bandsw tching control signal, each being coup] ed across one of a
Fespecti've first and third constant bandw dth neans, for changing the val ue
of respective constant bandw dth nmeans for each of the bal anced out put

signals when the primary and secondary t rbgd 30 ci rc.m—uwd
between the first predeterm ned frequenc‘;i ind t he secdncﬂ!ﬁr edet erm ne

frequency. -10- - [err] 5. The television wmmmm:’gm
are

wherein the values of the first, second and third secon
sel ected so that the sumof the inductive value of the first and"second
secondary i nductances equals the value of the third secondary inductance. 5
6. In a television tuner, a. band sw tchable double tuned circuit having a
bal anced secondary conjri hegtelevisiopnainesroof adainor3 prlareiti nlye aralé¥s ofgnal -
at a signal per ’}?ﬂ&&' sX\?érﬁi "ol hifrd! ?e@orga%‘aﬂnd{g‘éﬁa‘?{c‘ék‘P?rep%l%méda'soa%’atm :
reference 10 potential; a pripgary tunable tank circuit having a plurality
of first indtha saEeLIaHe tindeetive vales roft the difsemnd ispcend jsegondaiyaci t or
coupl ed in phidalch@icesi equalsethe redluendfichendisisd Secondangainduttanceci rcui t
havi ng afplurality of second 1 5 inductances inductively coupled to ones
of the fiTst inductances and having a second capacitor coupled in parallel
with the second i nduct@ncdg & delevisiongtunes. fedbsndasvyitchablpedenbplet tuned

frequency, t&igc@ituhavingy 20fbasffcead seoshiddrgnesmpiingg a node therebet ween
with a DC ref erence pot e$nt| Eil ocougl d trhgr(ﬁt Q' ri'ljll’lg?pl’.OVI di ng a ggi anced 29
si gnal output; at | east SO¢fo1OYR %’Fl}?é’lf 930? i sﬁlg?ﬂdﬁtc aMte8e and the
second i nducteaminal iyeitihgrespectc haba esignal wefedendet @otenfialhengr Dehrgferance
secondarpyp t apéieitifyi ts to a second frequency:-
‘ a primary tunable tank circuit having a plurality of first
inductances and tuned to a first frequency by a first capacitor
.coupled in parallel with the first inductances; '
a secondary tank circuit having a plurality of second
15 inductances inductively coupled to ones of the first inductances and
having a second capacitor coupled in parallel with the second
inductances for tuning the- secondary to the first frequency, the
plurality of second inductances having a node therebetween with a
DC reference potential coupled thereto and providing a balanced
20 signal output; : .
at least one of the plurality of first inductances and the’
second inductances being switchable for bandswitching the primary
and secondary tank circuits to a second frequency.



