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RECEI VI NG APPARATUS BACKGROUND OF THE | NVENTI ON
The present invention relates to a receiving apparatus providing with a
tunable filter for receiving waves frombroadcast satellites, comunication
satellites or surface wave broadcasts and signals from CATV transm ssi on
The receiving frequency band of a comrunication satellite receiver is 950
to 1770 MHz and a tunable filter for selecting a channel frequency has a

circuit coqfi i on shown i i i  scl osed in Japanese
Pat ent Lai giﬁggén-a&} 135211. Q:ﬂ?o&%ﬁ@{?@ﬁfﬂ t tunable filter is
conposed of coils 4, 5, 19, 20, REGELHANG2APPARAIMS t4rs 8 and 9; resistors 12

and 13; variabl e capacitance diodes 10 and 11 and the channel frequency is
sel ected by applying a control voltage to the cathodes of variable

BACKGROUND OF THE INVENTION

The present invention relates to a receiving apparatus
providing with a tunable filter for receiving waves from broadcast
satellites, communication satellites or surface wave broadcasts

and signals from CATV transmission.

The receiving frequency band of a communication
satellite receiver is 950 to 1770 MHz and a tunable filter for
selecting a channel frequency has a circuit configuration shown in
FIG. 14 which is disclosed in Japanese Patent Laid-Open 3-135211.

In FIG. 14, the tunable filter is composed of coils 4,
5, 19, 20, 21 and 22; capacitors 8 and 9; resistors 12 and 13;
variable capacitance diodes 10 and 1l and the channel frequency is
selected by applying a control voltage to the cathodes of variable
capacitance diodes 10 and 11 through resistors 12 and 13,
respectively. The frequency characteristics of the tunable filter
are shown in FIG. 15, coils 19 and 21 resonate with each of their

' stray capacitances and the image frequency is attenuated.

However, according to digitalization of broadcasting by
broadcast satellite and communication satellite, the receiving
frequency band is expanding, for example 950 to 1890 MHz in Japan
and 950 to 2150 MHz in Europe. |

In a usual tunable filter, it is impossible fo vary the
tuning frequency up to such an expanded high band frequency but if
a tunable filter tunable over a wide band is composed anyway, it
is difficult to work coils 19 and 21 as a trap and it becomes )

difficult to attenuate image frequency band. Moreover, when a



capaci tance diodes 10 and 11 through resistors 12 and 13, respectively. The
frequency characteristics of the tunable filter are showmn in FIG 15, coils
19 and 21 resonate with each of their stray capacitances and the inage
frequency is attenuated. Ha@wever, according to digitalization
of broadcasting by broadcast satellite and communication satellite, the
recei wi ng frequency band is expanding, for exanple 950 to 1890 MHz in Japan
and 950 to 2150 MHz in Europe. In a usual tunable filter, it is
i npossible to vary the tuning frequency up to such an expanded hi gh band
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t hat at a texmeptapd.chWrfivrelquency characteristic of a tunable filter in this
state is shown in FIG. 13. '

Therefore, it is necessary to provide with a low pass
filter, a trap circuit or the like, which resonance frequency
varies according to the tuning frequency, ahead of and behind the
tuning filter and to attenuate the local frequency and/or the

image frequency. It causes cost up of the receiver.

SUMMARY OF THE INVENTION

To solve this problem, the present invention presents a
receiving apparatus providing with a tunable filter which expands
a variable range of tuning frequency and can increase the
attenuation at a local oscillation frequency and/or an image

frequency when a high band channel frequency is selected.

According to the present invention, it is possible to
present a receiving apparatus which can increase the attenuation
at a local oscillation frequency and/or an image frequency at a
high band channel frequency selection without newly providing with
a low pass filter or a trap circuit, which resonance frequency
varies according to the tuning frequency, ahead of and behind the

tuning filter.

The present invention features that a tunable filter is
provided, which has fixed frequency traps at the input and/or the
output in order to increase the attenuation. at a local oscillation
frequency and/or the attenuation at an image frequency determined
by said receiving channel frequency and said local oscillation

frequency when a high band channel frequency is received, in a



reception. A frequency characteristic of a tunable filter in this state is
shown in FIG 13. Therefore, it is necessary to provide with a
| ow pass filter, a trap circuit or the like, which resonance frequency

Viari es according to the tuning frequeng, ahead of and behind the tuning
filter and to attenuate the |ocal frequency and/or the inmage frequency. It
causes cost up of the receiver. SUWWARY OF THE | NVENTI ON

To solve this problem the present invention presents a receiving apparatus
providing with a tunable filter which expands a variable range of tuning
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plurality of variable capacitance diodes and a plurality of
microstrip lines;

a plurality of resonant circuits composed of the
plurality of coils and the plurality of variable capacitance
diodes and the plurality of coils composing the plurality of
resonant circuits are electromagnetically coupled;

the plurality of microstrip lines are connected between
either of the input or the output or both of the input and the
output of the tunable filter. and the earth potential point; and

a receiving channel frequency is selected by applying a
control voltage to each c;thode of the plurality of variable

capacitance diodes.

The present iﬁvention features that in the above
invention, the tunable filter includes first, second, third and
fourth coils and k pieces (k=1 to m) of microstrip lines, first
and second variable capacitance diodes, first and second
capacitors and first and second resistors; _

k pieces of the microstrip lines are connected between
the input terminal and the ground;

a terminal of the fi;st coil is connected to the input
terminal of the tunable filter; '

the other terminal of the first coil is connected to a
terminal of the second coil;

| the other terminal of the second coil is grounded;

a terminal of the first capacitor is connected to a



recei ving apparatus providing with a frequency converter for converting a
signal of a receiving channel into an internmediate frequency signal for
receiving waves from broadcast satellites, communication satellites and
surface wave broadcasts and signals frog CATV transni ssion and conposi ng of
a mxer and a local frequency oscillator which oscillation frequency is
controil ed‘by a voltage. The present invention features that in
the above invention, the tunable filter includes a plurality of coils, a
plurality of variable capacitance diodes and a plurality of mcrostrip

| i nes; Junction ppynh| 9t fFhef fiesoramd sererdiiqodlsonposed of the plurality
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of coils co i ali.ty_of resonant circuits are _ _
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di odes. variable capacitance diode through the first resistor;
a terminal of the third coil electromagnetically coupled
to the second coil is grounded;
the other terminal of the third coil is connected to a
terminal of.the second capacitor;
the other terminal of the second capacitor is connected
to a cathode of the second variable capacitance diode;
the anode of the second variable capacitance diode ié
grounded; ' '
' a control voltage is applied to a cathode of the second
variable capacitance diode through the second resistor;
a terminal of the fourth coil is connected to a Junction
point of the third coil and the the second capacitor;
the other terminal of the fourth coil is connected to
the output terminal of the tunable filter; and
a receiving channel frequency is selected by adjusting a
control voltage at the cathodes of the first and second variable

capacitance diodes.

The present invention features that in the above
invention, the tunable filter includes first, second, third and
fourth coils and p pieces (p=1 to n) of microstrip lines, first
and second variable capacitance diodes, first and second
capacitors and first and second resistors;

a terminal of the first coil is connected to the input
terminal of the tunable filter:

the other terminal of the first coil is connected to a
terminal of the second coil;

the other terminal of the second coil is grounded;

a terminal of the first capacitor is connected to a



The present invention features that in the above invention, the tunable
filter includes first, second, third and fourth coils and k pieces (k=1 to
m of mcrostrip lines, first and second vari abl e capacitance di odes, first’

and second capacitors and first and se®&ond resistors; k pieces of
the mcrostrip lines are connected between the input termnal and the

gr ound; ‘ a termnal of the first coil is connected to the input
termnal of the tunable filter; the other termnal of the first
coil is connected to a terninal of the second coil; t he ot her

terninal ofjunKEigncRRidt GF| the GjrdnaRd;second €01lsiy terpinal of the first
capacitor i S connect# othar terminal of the flrst capacitor is connected

juncti on p ng ggtﬂcg@e f::4fr %Eeafﬂ-s%eggpgalg.pé a:.ta ce d:.o?ll he other terminal

of the first capacit I's connected to a catho t he rst variable
capaci t ance di ode; the anode of ffbeafibhet ofaninblei Fapaciarnem I ofapiRi t ance
di ode is gradads; a control voltage is applied to a cathode of

the first variable capaC|ta ce i_ode, thro h 4t pe fir %ore5|
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a a terminal of the third coil electromagnetically coupled

to the second coil is grounded;

the other terminal of the third coil is connected to a
term1nal of the second capacitor;

the other terminal of the second capacitor is connected
to a cathode of the second variable capacitance diode;

the anode of the second variable capacitance diode is
grounded; . .

a control voltage is applied to a cathode of the second
variable capacitance diode through the second resistor;

a terminal of the fourth coil is connected to a junction
point of the third coil and the the second capacitor:;

the other terminal of the fourth coil is connected to
the output terminal of the tunable filter;

p pieces of the microstrip lines are connected between
the output terminal of the tunable filter and the ground; and

a receiving channel frequency is selected by adjusting a
control voltage at the cathodes of the first and second variable

capacitance diodes.

The present invention features that in the above
invention, the tunable filter includes first, second, third and
fourth coils and k pieces (k=1 to m) of first microstrip lines and
p pieces (p=1 to n) of second microstrip lines, first and second
variable capacitance diodes, first and second capacitors and first
and second resistors; '

the k pieces of microstrip lines are connected between
the input terminal of the tunable filter and the ground;

a terminal of the first coil is connected to the input



term nal of the second capacitor; the other term nal of the
second capacitor is connected to a cathode of the second variabl e

capaci tance di ode; t he anode of the second vari abl e capacitance
dt ode is grounded; a control goltage is applied to a cat hode of

t he second vari abl e capacitance di ode through the second resistor;

a termnal -of the fourth coil is connected to a junction point of the third
coil and the the second capacitor; the other term nal of the
fourth coil is connected to the output termnal of the tunable filter; and
a receivi ngtefmimed] ofr theictwngbile £dltmrtied by adjusting a control voltage at

the cathodes of the théesdtridresnonsh G ik8bl £i4APR6L1 AL @oRhEEES to a
The present, inven §? Leatures that. in the above invention, the tunable

filter inclbeRA™ RRESTEI AP and fourth coils and p pieces (p=1 to
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of the first coil is connecte | nput termnal of the tuna e filter;
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the anode of the first variable capacitance diode is
grounded;

a control voltage is applied to a cathode of the first
variable capacitance diode through the first resistor;

a terminal of the third coil electromagnetically coupled
to the second coil is grounded;

the other terminal of the third coil is connected to a
terminal of the second capacitor;

the other terminal of the second capacitor is connected
to a cathode of the second variable capacitance diode;

the anode of the second variable capacitance diode is
grounded;

a control voltage is applied to a cathode of the second
variable capacitance diode through the second resistor;

a terminal of the foufth coil is connected to a junction
point of the third coil and the the second capacitor;

the other terminal of the fourth coil is connected to
the output terminal of the tunable filter;

the p pieces of microstrip lines are connected between
the ocutput terminal of the tunable filter and the ground; and

a receiving channel frequency is selected by adjusting a
control voltage at the cathodes of the first and second variable

capacitance diodes.

The present invention features that in the above
invention, r pieces (r=l1 to s) of coils a terminal of which is
grounded and the other terminal is open are connected between the

first and second coils the second coil is electromagnetically



junction point of the first and second coils; the other term na
of the first capacitor is connected to a cathode of the first variable
capaci tance di ode; t he anode of the first variable capacitance
di ode i s grounded; a control yoltage is applied to a cathode of
the first variable capacitance diode through the first resistor;

a terminal of the third coil electromagnetically coupled to the second coi

i s grounded, the other termnal of the third coil is connected to
a termnal of the second capacitor; the other term nal of the
second capaedumied Soctmddrisd coik Wharhghicths nt Rieses @i <PatPabl e
capaci t ance di ode; t he anode of the second variabl e capacitance
di ode is grounded; a contral ta a to 8 cat hode of
the second vari abl e Egﬁmﬁfﬁfﬁﬁﬁe‘?ﬁ?ﬂié°Phg ghagconggre3|510r

a term nal idvertdohouat Hleasit| ong aforehectedls GsamjadﬁcQﬂ mmpsrmtrufp the third
coil and thgthe second capacitor; the other termnal of the
fourth coil |s connected to the output term nal of the tunable filter;

p pieces of the mcrostrip lines are connected between the output term nal
of the tunable fil teEvétxiﬂhhengtmnnhﬁs andeffect to larxgelgcetvemmptehannel

frequency | g,oeligehed: RSl I LA GOBIT fleiol ERGGudHcy Ua Al hadgs of the

first and second variabl e capaci ance e present

i nvention f%%RQan§Ytﬂ§ta|h49hhéa%éxﬁh§npﬁ%e?ﬂ¢§ﬂ¥l°ﬂhe tunable filter includes
first, second, third and fourth coils and k pieces (k=1 to n) of first
n1crostr|p I|nes and p pieces (p=1to n) of second mcrostrip I|nes first

and second
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a tunable filter of a
receiving apparatus in accordance with a first exemplary
embodiment of the present invention.

. FIG. 2 is a circuit diagram of a tunablé filter of a
receiving apparatus in accordance with a second exemplary '
embodiment of the present invention.

FIG. 3 is éfcircuit diagram of a tunable filter of a
receiving apparatus in accordance with a third exemplary
embodiment of the present invention.

FIG. 4 is a circuit diagram of a tunable filter of a
receiving apparatus in accordance with a fourth exemplary
embodiment of the present invention. '

FIG. 5 is a circuit diagram of a tunable filter of a
receiving apparatus in accordance with a fifth exemplary
embodiment of the present invention.

FIG. 6 is a circuit diagram of a tunable filter of a
receiving apparatus in accordance with a sixth exemplary
embodiment of the present invention.

FIG. 7 is a frequency characteristic of a tpnable filter
of a receiving apparatus in accofdance with the first exemplary
embodiment of the present invention.

FIG. 8 is a frequency characteristic of a tunable filter
of a receiving apparatus in accordance with the second exemplary

embodiment of the present invention.



vari abl e capacitance di odes, first and second capacitors and first and
second resistors; the k pieces of mcrostrip lines are connected
between the input term nal of the tunable filter and the ground;

a'termnal of the first coil is connect8d to the input

6 termnal of the tunable filter; the other term nal of the
first 'coil 'is connected to a termnal of the second coil; t he

ot her term nal of the second coil is grounded; a termnal of the

first capacitor is cgnpected to_a junction point of the first and second
coils; t heFE¥het iBernfTrAuesryt ARAFAGter iR Gt 8r thrakienfatterd to
a cat hode off taherekeleiny appabheus apnactasdendd @ileéh the third estduplanpde of

the first vard hia ' i unded; a control
voltage is %‘éﬂﬁl‘engngg&gqcﬁaet %ggseg%?qt%ﬁgﬁflgé@'t vari abl e capacitance di ode
through the first reBf&td@ is a frequengyicharaghpritticherft ai tenabdel

el ect romagngetliveal by &ydeadih dgarsRGeNin caagbrasncga: Qa‘i'&ﬁeﬁl}i\e i;outrﬁh thg
ot her term nal he .t hi.rd coi i,s connected to a termnal o e secon
capacitor; Stk g'?%orey I&eﬁerc”% ST RAPSTTT AR¥S2EtYhd capacitor is
connected to a cat hotSofllt he 3 direquenay | charectapiatiicant ea diwekble

filter of a receiving apparatus in accordance with the fifth
exemplary embodiment of the present invention.

FIG. 12 is a frequency characteristic of a tunable
filter of a receiving apparatus in accordance with the sixth
exemplary embodiment of the present invention.

FIG. 13 is a frequency characteristic of a tunable
filter of a receiving apparatus in accordance with the prior art
when the tuning range is expanded.

FIG. 14 is a circuit diagram of a tunable filter of a
receiving apparatus in accordance with the prior art.

FIG. 15 is a freqdency characteristic of a tunable

filter of a receiving apparatus in accordance with the prior art.

DETAILED DESCRIPTION OF THE [INVENTION

Exemplary embodiments of the present invention are
explained below, referring to FIGs. 1 to 13.

(First exemplary embodiment)

The tunable filter shown in FIG. 1 includes microstrip
lines 2, 3, 4, SIand 6, capacitors 8 and 9, variable capacitance
diodes 10 and 1l and resistors 12 and 13. The selection
frequency, the passband and the attenuation at the trap frequency
of the tunable filter are determined by a first resonant circuit :
formed by microstrip line 4, capacitor 8 and variable capacitance
diode 10, a second resonant circuit formed by coil 5,'capacitor 9
and variable capacitance diode 1l and a coupling between
microstrip lines 4 and S. The tuning frequency is varied over a
wide band by varying a control voltage of a terminal 14 which is

applied to the cathodes of variable capacitance diodes 10 and 11



t he anode of the second variabl e capacitance di ode is grounded,

control voltage is applied to a cathode of the second vari abl e capacitance
di ode through the second resistor; a termnal of the fourth coi
i*'s connected to a junction point of th@third coil and the the second
capaci tor; the other termnal of the fourth coil is connected to
the output: termnal of the tunable filter; the p pieces of
mcrostrip lines are connected between the output term nal of the tunable
filter and the ground; and a receiving channel frequency is

sel ect ed byghadiightiéiistoe8ni2 GindvaBt agei clostbep Chideadgsand & makki r st and
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7 coupled to the third coil through the r pieces of coils. ,
The prese ﬁtm"lcﬁ PR IR AirE a? utre stl?%a%g? ?F"’tsr?é‘aﬁﬁo Sdtiency of Wmicrestrip

line 2 is equal to a frequency to be largely attenuated.

FIG. 7 shows fregquency characteristics when a low band
channel frequency of 950_MHz is selected and when a high band
channel frequency of 2150 MHz is selected in a tunable filter
circuit shown in FIG. 1. FIG. 13 shows frequency characteristics
when low band channel frequency, 950 MHz is selected and high band
channel frequency, 2150 MHz is selected at a circuit in which the
sizes of microstrip lines 4, 5, 20 and 21 are finely adjusted so
as to be variable between 950 and 2150 MHz in a circuit

configuration of the prior art shown in FIG. 14.

In the case that the intermediate frequency is 479.5
MHz, when a high band channel frequency is selected, for example,
when 2150 MHz is selected, the local oscillation frequency is
2629.5 MHZ and the attenuation at the local oscillation frequency
is larger in a circuit of the first exemplary embodiment than that
in a circuit of the prior art, as obvious comparing the

characteristics shown in FIGs. 7 and 13.

Because the resonant frequency can be varied by
adjusting the length of microstrip line 2, the level at the image
frequency of 3109 Mhz can be also attenuated and the both levels
at the local oscillation frequency and at the image frequency can
be attenuated by forming microstrip line 2 in a parallel

connection of plural pieces.

(Second exemplary embodiment)
The tunable filter shown in FIG. 2 includes micrbstrip
lines 3, 4, 5, 6 and 15, capacitors 8 and 9, variable capacitance

diodes 10 and 11 and resistors 12 and 13. The attenuations at the

a



I nvention, at |east one of the coils is nade of a mcrostrip |ine:

Every invention has an effect to largely attenuate the signal levels at a

| ocal oscillation frequency and an i mage frequency at a high band channel
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that coil 15 gives to a resonant characteristic of the tunable
filter. The adjustment is made by varying the length of
misrostrip line 15 so that the resonant frequency of misrostrip

line 15 is equal to a frequency to be largely attenuated.

FIG. 8 shows frequency characteristics when a low band
channel frequency of 950 MHz is selected and when a high band
channel frequency of 2150 MHz is selected in a tunable filter

circuit shown in FIG. 2.

In the case that the intermediate frequency is 479.5
MHz, when a high band channel frequency is selected, for example,
when 2150 MHz is selected, the local oscillation frequency is
2629.5 MHZ and the attenuation at the local oscillation frequency
is larger in a circuit of the second exemplary embodiment than
that ih 2 circuit of the prior art, as obvious comparing the

characteristics shown in FIGs. 8 and 13.

Because the resonant frequency can be varied by
adjusting the length of microstrip line 15, the level at the image
frequency of 3109 MHz can be also attenuated and the baoth levels
at the local oscillation frequency and at the image ffequency can
be attenuated by forming microstrip line 15 in a parallel

connection of plural pieces.



FIG 9 is a frequency characteristic of a tunable filter of a receiving
apparatus in accordance with the third exenplary enbodi nent of the present

i nventi on. FIG 10 is a frequency characteristic of a tunable
filter of a receiving apparatus in accortance with the fourth exenplary
enbodi nent of the present invention. FIG 11 is a frequency

characteristic of a tunable filter of a receiving apparatus in accordance
with the fifth exenplary enbodi ment of the present invention.

FIG 12 is a frequency characteristic of a tunable filter of a receiving
apparatus in accordance with the sixth exenplary enbodi nent of the present

I nventi on. - feral3xédpiady SRAHSALYertjar acteristic of a tunable
in accordance with the prior art when the

filter of a receiving,apparatus |,
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tunabl e fil tldmesf 22 3ecki Bi,n§ aphAiSat uspaci@esoBdant &, wWwhahidlile prior art.
FIG 15 |5 adneGlency £IRALACI AT he Qha dHBRBLE 13 Lha" 19 rfhel ecei ving
appar at us i?lcagcc?ggr ance w tﬁ t(ﬁe prllgr art. N %E‘I’I}IeLED ]
DESCRI PTI ON ¥5teppptiona- @ty &Re trap frequency, the passband and the selection

frequency of the tunable filter are determined by a first resonant
circuit formed by microstrip line 4, capacitor 8 and variable
capacitance diode 10; a second resonant circuit formed by
microstrip line 5, capacitor 9 and variable capacitance diode 11
and a coupling between microstrip lines 4 and 5. The tuning
frequency is varied over a wide band by varying a control voltage
at terminal 14 which is applied to the cathodes of variable
capacitance diodes 10 and 1l through resistors 12 and 13.
Microstrip lines 3 and 6 make impedance matching with the outside
circuits and reduce the effect that microstrip lines 2 and 15 give
to a resonant characteristic of the tunable filter. The
adjustment is made by varyihg the lengths of microstrip lines 2
and 15 so that the resonant .frequencies of microstrip lines 2 and

15 are equal to frequencies to be largely attenuated.

FIG. 9 shows frequency characteristics when a low band
channel frequency of 950 MHz is selected and when a high band
channel frequency of 2150 MHz is selected in a tunable filter

circuit shown in FIG. 3.

In the case that the intermediate fregquency is 479.5
MHz, when a high band channel frequency is selected, for example,
when 2150 MHz is selected, the local oscillation frequency is
2629.5 MHz and the attenuation at the local oscillation frequency
is larger in a circuit of the third exemplary embodiment than that
in a circuit of the prior art, as obvicus comparing the

characteristics shown in FIGs. 9 and 13.

Because the resonant frequency can be varied by

adjusting the lengths of microstrip lines 2 and 15, the level at



Exenmpl ary enbodi nents of the present invention are expl ained bel ow,
referring to FIGs. 1 to 13. (First exenplary enbodi nent)

The tunable filter shown in FIG 1 includes mcrostrip lines 2, 3, 4, 5 and
6, capacitors 8 and 9, variable capacitance diodes 10 and 11 and resistors
12 and 13. The sel ection frequency, the passband and the attenuation at the
trap frequency of the tunable filter are determ ned by a first resonant
circuit formed by microstrip line 4, capacitor 8 and variabl e capacitance
di ode 10, a second resonant circuit fornmed by coil 5, capacitor 9 and

vari abl e capacidffe Erdizaéicyl bfadloR MH2IRRhNBe belsse antanwatesl ahd thenes 4 and

5. The tun f n ried d Egn r ay gggtro
vol t age of bgglt‘ ej;&%i% g¥4£€ﬁ|\i%ﬁ5§ oggil&é% ﬁf P es%og gvar I abl e
capaci t ancErefeRRey Fenahe Jtkenuated by forming mlcrostrlp lines 2 and 159

t hrough r eghsi Opdralid edNdodnbctibal &5 tgluR-alli aﬁsce%,aaassemlwpedance

mat ching with the outside circuits and reduce the effect that mcrostrip

line 2 gives to a frequency characteristic of the tunable filter. The

adj ustnent is nade Kfowatlyiexrgmphary eampokdimeént) crostrip line 2 so that the

resonant frequency @heMghdbile ER1téNSnewhSif s, 40iAcidRABURNEYod 1R

| ar gel y attenuat ed. FIG 7 shows fre uency char%cterlstlcs when
a IOMIbandllnes 2, 3, 4, 5, 6 and 18, capacitors 8 and 9, "variab

capacitance diodes 10 and 11 and resistors 12 and 13. The
attenuations at the trap frequency, the passband and the selection
frequency of the tunable filter are determined by a first resonant
circuit formed by microstrip line 4, capacitor 8 and variable
capacitance diode 10, a second resonant circuit formed by
microstrip line 5, capacitor 9 and variable capacitance dicde 11
and a coupling between microstrip lines 4 and 5 through microstrip
line 18. The tuning frequency is varied over a wide band by
varying a control voltage at terminal 14 which is applied to the
cathodes of variable capacifance diodes 10 and 11 through
resistors 12 and 13. Microstrip lines 3 and é make impedance
matching with the outside circuits and reduce the effect that
microstrip line 2 gives to a resonant characteristic of the
tunable filter. The adjustment is made by varying the length of
microstrip line 2 so that the resonant frequency of microstrip
line 2 is equal to a frequency to be attenuated.

The frequency characteristic of the passband becomes
steep by elecromagnetically coupling microstrip lines 4 and 5
through microstrip line 18 and the exclusion ability of undesired

signal is improved.

FIG. 10 shows frequency characteristics when a low band
channel frequency of 950 MHz is selected and when a high band
channel frequency of 2150 MHz is selected in a tunable filter

circuit shown in FIG. 4.

In the case that the intermediate frequency is 479.5

MHz, when a high band channel frequency is selected, for example,



channel frequency of 950 Mz is sel ected and when a hi gh band channel
frequency of 2150 MHz is selected in a tunable filter circuit shown in FIG
1. FIG 13 shows frequency characteristics when | ow band channel frequency,
950 MHz is selected and high band chanm®&l| frequency, 2150 MHz is sel ected
at a circuit in which the sizes of mcrostrip lines 4, 5 20 and 21 are
finely adjwusted so as to be variable between 950 and 2150 MHz in a circuit
configuration of the prior art shown in FIG 14. In the case
that the intermedi ate frequency is 479.5 M1z, when a high band channel
frequency iwheseR260 oz fisr sekertpid, thhehoZdlSoskiklatigelfeeqeshcyt he | ocal

oscillati Or.‘zsfzrseguﬁﬁﬁyadé t%QZQtéeMal?uandaé h&:eatlEQQPachqri13{:15:};'%rjeﬁgaillcy
oscillation frequency rger 1n a circurt o irs xe

enbodi nent ¥hdAreratin r‘?‘ élfF%'Eu‘tf &het fiuih GP‘eﬁPJca‘Ya?‘BB‘H‘BﬂQ (FBﬁﬂarl ng

t he char act@altSinhca &iruiti 8f HtKes pr?.oﬁndr'l'lﬁ.as obvious comp&eiyeyidhet he

r esonant fr uen %nsaﬁcs s}4a{med Q‘&ngj%q raMl]Bhe | ength of mcrostrip line

2, the Ieve‘i requency of Z can be al so attenuated and
t he both Ievel s at the Iocal oscillation frequency and at the inmage

frequency can be at tmtsadtha FofaAE FReduRnbyi Gan ideevariéd ayparal | el
connection of, plural

The tunabl &FUEEAPI g el"ﬂt}’—’l?f micfﬁif’l‘foéilﬁgggbg‘%‘}eeingle?%%eastng?'dlﬂfgg%t 6 and
15, capaci tforequnen e, ,3108r MED | aarc dpaslisanctediatst ahd ahe ithaddveksi stors
12 and 13. a@%h@t S.gwgsgﬂilﬂic;m%requency and at the image frequency can

be attenuated by forming microstrip line 2 in a parallel

connection of plural pieces. Microstrip line 18 put between

microstrip lines 4 and 5 can be formed by a parallel connection of

plural pieces.

(Fifth exemplary embodiment)

The tunable filter shown in FIG. S includes microstrip
lines 3, 4, 5, 6, 15 and 18; capacitors 8 and 9, variable
capacitance diodes 10 and 1ll.and resistors 12 and 13. The
selection frequency, the passband and the attenuation at the
trap freguency of the tunable filter are determined by a first
resonant circuit formed by microstrip line 4, capacitor 8 and
variable capacitance diode 10, a second resonant circuit formed by

microstrip line 5, capacitor 9 and variable capacitance diode 11
and a coupling between microstrip lines 4 and 5 through microstrip
line 18. The tuning frequency is varied over a wide band by
varying a control voltage at terminal 14 which is applied to the
cathodes of variablelcapacitance diodes 10 and 11 through
resistors 12 and 13. Microstrip lines 3 and 6 make impedance
matching with the outside circuits and reduce the effect that
microstrip line 15 gives to a resonant characteristic of the
tunable filter. The adjustment is made by varying the length of
microstrip line 15 so that the resonant frequency of microstrip

line 15 is equal to a frequency to be attenuated.

FIG. 11 shows frequency characteristics when a low band



10 trap frequency, the passband and the sel ection frequency of the
tunable filter are determned by a first resonant circuit formed by
mcrostrip line 4, capacitor 8 and variabl e capacitance di ode 10, a second
rresonant circuit formed by mcrostrip {4ne 5, capacitor 9 and vari able
capaci tance diode 11 and a coupling between mcrostrip lines 4 and 5. The
tuning frequency is varied over a wide band by varying a control voltage at
termnal 14 which is applied to the cathodes of variable capacitance di odes
10 and 11 through resistors 12 and 13. Mcrostrip lines 3 and 6 nmake

i npedance nmahahmdly fielfiehbe BUBSOAMHE | ilsC Bell 6cestl] anddubien tehdighf lsxid t hat

coil 15 gi vers\a,medfaf{),r 3Q0R o@aggstﬁu t%h' F?écééhe wag@}r?abfﬂ el EBfeer ThE

adj ustment I's na | 'en m srostri Ine 15 so that the
resonant fregoeney S(B\P"'Fh S'Fo%rt%r -line 15 is equal to a frequency to be
| argel y attenuat ed. FI G 8 shows frequency characteristics when

a | ow band channel freq ncy of 95 ct ed and when. band

channel frequency of T ggel\%f §gggl¥c_‘zé‘aieﬁme abf 8319 r]ctyer cﬁ% It "'shown
in FIG 2. MHz, when a hhqhtmdcabenméiatfrtehgenm e:srrsdlad:ted‘.r équeewample, 479. 5
Mz, when a, ,ghzwﬂmﬁheg@élet:&eauw 1baa§e$§at1qduémfz%ﬁaanéﬁ igthen 2150

MHz is selecte the l'ocal oscillation frequency iI.s 26 5 WHZ and the
att enuat i on2682tHdHZEaR BT IATEPPITEIT €&u§h€quc§1l a?ﬁblrlaitr’PH EFSMTPEY of
t he second exebamtgery ianhodirmiit biathd IFaifthneempilaeyi émpidimeet ptheor that, as

obvi ous Coﬁﬁﬁrérﬁh}JHit of the prior art, as obvious comparing the

characteristics shown in FIGs. 11 and 13.

_ Because the resonant'frequency can be varied by
adjusting the length of microstrip line 15, the level at the image
frequency of 3109 MHz can be also attenuated and the both levels
at the local oscillation frequency and at the image frequency can
be attenuated by forming microstrip line 15 in a parallel
connection of plural piecesl Microstrip line 18 put between
microstrip lines 4 and 5 can be formed by a parallel connection of

plural pieces.

{Sixth exemplary embodiment)

The tunable filter shown in FIG. 6 includes microstrip
lines 2, 3, 4, 5, 6, 15 and 18, capacitors 8 and 9, variable
capacitance dicdes 10 and 1l and resistors 12 and 13. The
selection frequency, the passband and the attenuation at the trap
frequency of the tunable filter are determined by a first resonant
circuit formed by microstrip line 4, capacitor 8 and variable
capacitance diode 10, a second resonant circuit fbrmed by
microstrip line 5, capacitor 9 and variable capacitance diode 11
and a coupling between microstrip_;ines 4 and 5 through microstrip
line 18. The tuning frequency is varied over a wide band by
varying a control voltage at terminal 14 which is applied to the
cathodes of variable capacitance diodes 10 and 11 through
resistors 12 and 13. Microstrip lines 3 and 6 make impedance

matching with the outside circuits and reduce the effect that



characteristics showmn in FIG. 8 and 13. Because the resonant-
frequency can be varied by adjusting the length of microstrip line 15, the -
| evel at the imge frequency of 3109 MHz can be al so attenuated and the
both I evels at the | ocal oscillation ffgquency and at the inmage frequency

can be attenuated by formng mcrostrip line 15 in a parall el

connecti on of

pl ural* pi eces. (Third exenpl ary enbodi nment)

The tunable filter shown in FIG 3 includes mcrostrip lines 2, 3, 4, 5 6
and 15, capacitors 8 and 9, variable capacitance diodes 10 and 11 and
resistors Iicandttsp Iires=alt enddll giveato therespapnt rdgurectyristic plseiEand
and the seleelbel FLPOUENCYNATad U2 chURRDLL doldel BY S 108! ERLT IRALRYOR T TSt

resonant circuit forned by mcrostrip line 4, capacit 8 and vari_abl e
capaci t anc®LFFEFET 1D, 1’:;T"-'§e&’o'?i’é\‘i rlesséﬁaﬁ‘i‘a"c|"r'tﬁJi"Fs?'6?‘?ﬁscfr69“ﬁﬁ"'c’re€sP1f ip line
S5, capacitatictosndipalires @ aaPaS bzeceqiiDd Itequicthdiesouplbeng bet ween

mcrostrip thg é ?nd 5. The tuning frequency is varied over
by varying a CoNtro
cat hodes of variable

a w de band

voltage at termnal 14 which is applied to the

FIG. 12 shows frequency characteristics when a low band

channel frequency of 950 MHz is selected and when a high band

channel frequency of 2150 MHz is selected in a tunable filter

circuit shown in FIG. 6.

In the case that the intermediate frequency is 479.5

MHz, when a high band channel frequency is selected, for example,

when 2150 MHz is selected, the local oscillation frequency is

2629.5 MHz and the attenuation at the local oscillation frequency

is larger in a circuit of the sixth exemplary embodiment than that

in a circuit of the prior art, as obvious comparing the

characteristics shown in FIés. 12 and 13.

Because the resonant frequency can be varied by

adjusting the 1engths of microstrip lines 2 and 15, the level at

the image frequency of 3109 MHz can be also attenuated and the

both levels at the local oscillation frequency and at the image

frequency can be attenuated by forming microstrip line 15 in a

parallel connection of plural pieces. Microstrip line 18 put

between microstrip lines 4 and 5 can be formed by a parallel

connection of plural pieces.

Thus, according to the present invention, a receiving

apparatus can be presented, which can vary the tuning frequency

over a wide band and can attenuate the levels at the }ocal

oscillation frequency and/or the image frequency by connecting

microstrip lines between either the input or the output or both of

the input and the output of the tunable filter and the ground when

a high band channel frequency is selected.



capaci tan di odes 10 and 11 through resistors 12 and 13. Mcrostrip lines
3 and 6 nacﬁ;mwing with the outside circuits and reduce the
ef f ect thaU’Mﬂ nes 2 and 15 give to a resonant characteristic of
the tunabl ”M’ m‘ ustment is ggde by varying the | engths of _
mcrostrip [inest2 o that the resonant frequencies of mcrostrip
lines.2 and 15 are equal to frequencies to be largely attenuat ed.

FIG 9 shows frequency characteristics when a | ow band channel frequency of

950 MHz is sel ected and when a high band channel frequency of 2150 MHz is
sel ect ed i Whatt igaBlaimed:ter circuit shown in FIG 3. In the

case that the |nternpd|pa§-gcé{@qg¢eagya}a&&y%gﬁpmmg\men a hi gh band channel
frequency is selected,_for exa 150 MHz i s sel ectatq_hgft he | ocal

oscillation frequency S*§I2Y °K7¥I?r5ﬁﬂ ft°rfe°8f‘¥%ﬁ’ﬂa{‘[ FnShi" | Bcal
osci | | ati orreficedgimmcgharmel ainfey anninternssiijatteofreduenchri sibrededprary

enbodi ment Jé&%&vah@twaassafea& csyotaaegsi @a&wmeér toonﬁtﬁn?@%‘.l@ﬁs conparing
t he characteristics shown Because .t he

r esonant fr?&ﬁéﬁ&‘y’eia’ﬁ‘dbéuﬁfd?‘feed’aﬁﬁ Bﬂ‘j’%sﬁ@ PR $ioRgtastr® PtV ostrip

| i nes 2 ancerbnsmifsidreaeld @admprising a mixer and a local oscillator whid®

oscillation frequency is controlled by a voltage; and
-a tunable filter having traps of fixed tuning

frequencies at the input and/or the output of said receiving
apparatus in order to increase the attenuation at a local
oscillation frequency outputted from said local frequency
oscillator and/or the attenuation at an image frequency determined
by said receiving channel frequency and said local oscillation

frequency at a high band channel frequency reception.

2. A receiving apparatus as recited in claim 1, wherein

said tunable filtér comprises a plurality of coils, a
plurality of variable capacitance diodes and a plurality of
microstrip lines;

a plurality of resonant circuits composed of said
plurality of coils and said plurality of variable capacitance
diodes and said plurality of coils composing said plurality of
resonant circuits are electromagnetically coupled;

each one microstrip line is connected between either of
the input or the output or both of the input and the output of the
tunable filter and the ground; and

a receiving channel frequency is selected by applying a
control voltage to each cathode of said plurality of wvariable

capacitance diodes. s

3. A receiving apparatus as recited in claim 1, wherein

said tunable filter comprises first, second, third and
fourth coils and k pieces (k=1 to m) of microstrip lines, first
and second variable capacitance diodes, first and second

capacitors and first and second resistors;



t he i mage frequency of 3109 MHz can be also attenuated and the both |evels
at the local oscillation frequency and at the inmge frequency can be

attenuated by formng mcrostrip lines 2 and 15 in ﬂmmmﬂm)m tion of
plural pieces, respectively. (Fourth ex Hm
The tunable filter shown in FIG 4 mc]udes mcrostrip fires™, %3,*4, 5, 6
and 18, capacitors 8 and 9, variable capacitance diodes 10 and 11 and
resistors 12 and 13. The attenuations at the trap frequency, the passband
and the selection frequency of the tunable filter are determned by a first

resonant circuit forémdx hypﬂééé@%kr&pcéag&iﬁ, 1 £APR GrleOkoRnddttbdv Betwddre
capaci tance di pde 1 ond, r esonant cgl rcuit fornmed by mcrostrip |line

5, capaci t('ilr’e91ﬁ?l‘élt\féﬁ’“‘é'5'? 1 d0et IR i ode 11 and a coupling between
mcrostrip lines 4 are &etmmxkghpfrrsc:d)sﬁmsm kEphk 1B .comhecteditggtheequency

is varied qy [ltatghq,_q.,alg_a@,g by AmhBfe G0l voltage at termnal 14
which is app to the cathodes of variahl e capacitange di odes 10 and 11

t hrough resi stors 1Fhn@tIsT YRErsst 1 $3ife 185 P AAKEPTIRSEEENTR
mat chi ng widalidt Bécand sdcdad;circuits and reduce the effect that mcrostrip

I 2 t f | ggf gin
ad] ustnant i s ﬁaﬁerﬁé%ﬁbfﬁhﬂﬁ%ﬁiﬁf Pl sheil BT P rflsa 1S (e

resonant frequency cﬁ“%n*-@FBS‘t‘?]i Ll FA 1|r§teqaa¢°’t‘t?ralﬁr‘é‘éﬂfé?&?dt‘é°b’e
at t enuat ed.junction po:.n-{:haff gewaiﬂtcm %@Eeﬁﬂsééﬂs(}f the passband becones

steep by elecronagn al cou cra ines 4 _and. 5 thro
mcrostrip line 18 an ﬁgxﬁ Eﬁt&g‘ g %hiS3 Es‘fmccﬂ??f:?"éars’r ﬁgf“‘?"g o

i nproved. to the cathodél 6f 38id Hdwstf vagiableycaparidengei éiq:d;s when a | ow
band channel frequenge @hodelofMdaiiseialeatdanid é’gb‘i@lﬁamgmlgagd;s

grounded;

a control voltage is applied to the cathode of said
first variable capacitance dicde through said first resistor;

one terminal of said third coil electromagnetically
coupled to said second coil_is grounded;

the other terminal of said third coil ‘is connected to
one terminal of said second capacitor;

the other terminal of said second capacitor is connected
to the cathode of said second variable capacitance diode; _

the anode of éaid second variable capacitance diode is
grounded; : | '

' a control voltage is applied to the cathode of said

second variable capacitance dicde through said second resistor;

one terminal of said fourth coil is connected to a
junction point of said second capacitor and said third coil;

the other terminal of said fourth coil is connected to
the output terminal of said tunable filter; and

a channel frequency is selected by adjusting the &ontrol
voltage at the cathodes of said first and second variable

capacitance diodes.

4. A receiving apparatus as recited in claim 1, wherein
said tunable filter comprises first, second, third and

fourth coils and p pieces (p=1 to n) of microstrip lines, first



channel frequency of 2150 MHz is selected in a tunable filter circuit shown
in FIG 4. In the case that the internediate frequency is 479.5

MHz, when a high band channel frequency is sel ecﬂmnm'""ﬁmum _
13 when 2150 MHz is selected, the hgcal osci _ s 2629.5
MHZ and the attenuation at the local oscillation frequéncy i§ larger in a

circuiit of. the fourth exenplary enbodi nent than that in a circuit of the
prior art, as obvious conparing the characteristics shown in FIGs. 10 and
13. Because the resonant frequency can be varied by adjusting
the | ength ahdnsesust vhpiablre 2pathtanae diodes (fdrstaged fsesgndncy of 3109
MHZ can be ghsacaid@uatiesisid shiesbaity ILeueksnd; t he | ocal osci Il ation
frequency and at the imge fre uegc C r)ls,be attenyated b f(c)lrm n _
mcrostrip line 2 i n®8%pafdtid- 8 n%%’c‘{ T3R5 SPt-urtrgl <pr ¢ PcWstrip
i ne 18 put ibpevetrmingl osf rsqid tuesble Lidtérran be forned by a parallel
connection of plural ¢Rie56fer terminal of said first coil is connected to a

terminal of said second coil;

the other terminal of said second coil is grounded;

one terminal of said first capacitor is connected to a
junction point of said first and second coils;

the other terminal of said first capacitor is connected
to the cathode of said first variable capacitance diode; -

the anode of said first variable capacitance diode is
grounded; )

a control voltage is applied to the cathode of said
first variable capacitance diode through said first resistor;

one terminal of said third coil electromagnetically
coupled to said second coil is grounded;

the other terminal of said third coil is connected to
a terminal of said second capacitor;

the other terminal of said second capacitor is connected
to the cathode of said second variable capacitance diode;

the anode of said second variable capacitance diode is
grounded;

a control voltage is applied to the cathode of said
second variable capacitance diode through said second resistor;

one terminal of said fourth coil is connected to a
junction point of said third coil and said second capacitor;

the other terminal of said fourth coil is connected to
the output terminal of said tunable filter;

said p pieces of microstrip lines are connected between
the output terminal of said tunable filter and the ground; and

a channel frequency is selected by adjusting the control
voltage at the cathodes of said first and second variable

capacitance diodes.

5. A receiving apparatus as recited in claim l, wherein



(Fifth exenpl ary enbodi ment) The t unabl WG 5
includes mcrostrip lines 3, 4, 5, 6, 15 and 18, capacitors 8 an

vari abl e capacitance diodes 10 and 11 and resi stor mnmm

sel ection frequency, the passband and ftghe attenuati 'm mi 7"} equency
of the tunable filter are determined by a first rescharit &irtuig f=or
mcrostrip line 4, capacitor 8 and vari abl e capacitance di ode 10, a second
resonant circuit formed by microstrip Iine 5 capacitor 9 and variable

capaci tance diode 11 and a coupling between microstrip lines 4 and 5
through mcrostrip line 18. The tuning frequency is varied over a w de band

by varying a control sy tagendd £i9kEkNabmpkA el ehrs@ %Qlébh&d Hirlihgnd
cat hodes of_vari abl e, capaci tance diodes 10 and 11 t gh re5|c§tors 12 and

13. M crostfa45thi Aigsly dn@ig FakdTtnpRdsh@F MafER? g RuitASE D&t BF eSS
circuits ang=leduace) td® mdickestrihdtines crhixisti pnﬂlsmcol'@ gavbsbleo a resonant

‘characteri g n%a& G okahdf 41%@%5 fiéé Sha % r\%djcgﬁég?\?:;ré SndBEE- Y aar yi ng the

| engt h of ostrip line o) at the resonant frequency of mcrostrip
line 15 is safeRR FesiS¥9 &juency to be attenuat ed. FIG 11 shows
frequency characterisdidxk b’ﬂéﬂe@- dfowibpdkrip lines are connected between

14 charj‘._-r}“5 :.LES ugenzgn}g_nafl &)tIWzgrouan ected and when a hi gh band

one terminal of said first coil is connected to the
input terminal of said tunable filter; _

the other terminal of said first coil is connected to a
terminal of said second coil;

the other terminal of said second coil is grounded;

one termipal of said first capacitor is connected to a
.junction point of said first and second coils;

the other terminal of said first capacitor is connected
to the cathode of said first variable capaéitance dicde;

the anode of said first variable capacitance diode is
grounded;

a control voltage is applied to the cathode of said|
first variable capacitance diocde through said first resistor;

one terminal of said third coil electromagnetically
coupled to said second coil is grounded; ’

the other terminal of said third coil is connected to
a terminal of said second capacitor;

the other terminal of said second capacitor is connected
to the cathode of said second variable capacitance diode;

the anode of said second variable capacitance diode is
grounded; .

a control voltage is applied to the cathode of said
second variable capacitance diode through said second resistor;

one terminal of said fourth coil is connected to a
junction point of said third coil and said second capacitor;

the other terminal of said fourth coil is connected to
the output terminal of said tunable filter; '

said p pieces of microstrip lines are connected betWeen



channel frequency of 2150 MHz is selected in a tunable filter circuit shown
i'n FIG 5. In the case that the intermediate frequency is 479.5
MHz, when a high band channel frequency is sel ectef m ' nhen 2150
MHz is selected, the local oscillationgfrequency i m“mml ‘EHI t he
attenuation at the local oscillation frequency is larger ¥n" Céircuit of
the fi.fth exenplary enbodi nent than that in a circuit of the prior art, as
obvi ous conparing the characteristics shown in FIGs. 11 and 13.

Because the resonant frequency can be varied by adjusting the |length of
mcrostrip line 15, thechaimell fteduendyigesélefiednby adfjust@fgMire cantbel
also attenual ol 4d hPeaROlAch8yed Hebal Bo] QA2 anf Sl BB LEfUCNCY and
at the imge Trequéency can be atienuated by Tormng mcrostrip line 15 in a
paral | el corsrREadiganet diades pieces. Mcrostrip line 18 put between
mcrostrip lines 4 and 5 can be forned by a parallel connection of plural

pi eces. (S xth exenpl ary enbodi nent) . . The, t ynabl
i Pter shown in FIG 8 IhGCHLEEnd ARSSPREEE | Thaecsted in clalac W3R E o
capaci tors Swlemwei® variable capacitance diodes 10 and 11 and resistors 12

and 13. The sel ecti onrfﬁfégégn@y_:l t,p_.psgaggb@gplsagchh@n@gng_nggt&ﬁ@hagst he
trap frequency of the tunable filter are determ ned by a first, resonant

circuit for ERETHPTR BRIRI5NET) PR 18 Irapnded ArsPRRPSERLFRIL A55CPEance
di ode 10, a serahdrdesoilsit andrcuit formed by microstrip line 5, capacitor
9 and vari abl e capaci Lode d i j rop: Lines
4 and 5 through mcr ogs?irjé: Sselqunﬁg %]1 %%ee?ﬁ%?%glfggag%nlc ?8%%‘?2‘ %gjé# a
wi de band bythigmd,icpdl atheawghosaid|n aieces efrqridgl 14 which is applied to

t he cat hodes of variable capacitance diodes 10 and 11 through

7. A receiving apparatus as recited in claim 3, 4, or 5
wherein
at least one of said coils is made of a microstrip

‘line.

8. A receiving méthod having

frequency conversion means for converting a receiving
channel signal into an intermediate frequency signal to receive
waves from broadcast satellites, communication satellites and
surface wave broadcasts and signals from CATV transmission and
comprising a mixer and a local fregquency oscillator which
frequency is controlled by a voltage and

following steps:

(a) tunable filtering for selecting an input signal,

(b) trapping of a fixed frequency ahead of and/or béhind
said tunable filtering step, and

(c) frequency converting for converting an input signal

frequency into an intermediate frequency.



resistors 12 and 13. Mcrostrip lines 3 and 6 make i npedance matching wth
the outside circuits and reduce the effect that

15 mcrostrip lines 2 and 15 give to a resonant characteristic of the
ttunable filter. The adjustnent is madeppy varying the length of mcrostrip
lines 2 and 15 so that the resonant frequencies of mcrostrip lines 2 and
15 are equaPBSERAGIquenci es to be attenuat ed. FIG 12 shows
frequency characteristics when a | ow band channel frequency of 950 MHz is

sel ect ed an®lhithe PFa INVENTHENH REGHINENGT ABBARATWSof 2150 MHz i s sel ected in

atunabl_efilter circui_t shown in FIG 6. _ In the casethat-t_he
i nternmediate frequengyrdedifgSadtiatilens dpdisdhchand: chaeg! a fapmeNCy i s
sel ected, for exanple, en 3150 is sel;cbbed, th@blocal oscil] ation
frequency i%F ¥ §RD 2hFLRECH (¥RGali BN R EL AN JREFTISES on

frequency iasttemgarionnat ai neagé fixfequikeczi adyaxanpa akocadnbedi Haxtionhan
that in a ckrgyi cq,fbyhfnardd%gaétm%mbﬁﬂ& HURAS | %1 i6wing
characteristics shown in FIGs. 12 and 13.

construction.

Microstrip lines are connected between either one of the
input or the output terminal or both of the input and output
terminals of the tunable filter; a plurality of resonant circuits
are formed by each of a plurality of coils and a plurality of
variable capacitance diodes; and the coils are electromagnetically
coupled and where a voltage'applied to each cathode of each of a
plurality of variable capacitance diodes through each of a
plurality of resistors is controlled to tune a frequency to be

received.

Figure 1.



Because the resonant frequency can be varied by adjusting the |engths of
mcrostrip lines 2 and 15, the level at the i mage frequency of 3109 MHz can
be al so attenuated and the both levels at the | ocal oscillation frequency
and at the inmage frequency can be attenuated by formng mcrostrip line 15
in a parallel connection of plural pieg §§. Mcrostrip line 18 put between
Mmcraostrip lines 4 and 5 can be formed by a parallel connection of plural
.pi eces. Thus, according to the present invention, a receiving
apparatus can be presented whi ch can vary the tuning frequency over a wde °
band and can attenuate the |levels at the |local oscillation frequency and/ or
t he i nmage fu?ﬂﬂgncy by connecting mcrostrip |lines between either the input
or the outp or h of .the input and the output of the tunable filter and
t he ground when a high band channel frequency is sel ected.

VWhat is O ainmed: 1. A receiving apparatus conprising: ©oa
frequency converter for converting a signal of a receiving channel into an

i nternedi ate frequency signal f -etrebiddqdcast

satellites, comrunication
| 10, ;f i L

\\
\
3

input

[FIG. 2]




satellites and surface wave broadcasts and signals from CATV transm ssi on
and conprising a mxer and a |local oscillator which oscillation frequency
is controlled by a voltage; and a tunable filter having traps of
fixed tuning frequencies at the input and/or the output of said receiving
apparatus in order to increase the attepgation at a |ocal oscillation
frequency outputted fromsaid |ocal frequency oscillator and/or the
atfenuation at an inmage frequency determ ned by said receiving channel
frequency and said |ocal oscillation frequency at a high band channel

frequency reception. 2. Areceiving apparatus as recited in
claim1, wherein said tunable filter conprises a plurality of
coils, a plurality of variable capacitance diodes and a plurality of
mcrostrip lipras., 3] a plurality of resonant circuits conmposed of
said plurality of colls and said plurality of variable capacitance di odes
and said plurality of coils conposing said pIurallty of reso circuits
are el ectromagnetically coupl ed,; eact—omenfTrostYip line is

connected between either of the inpufl D_t
and the output of the tunable fi]J@er]and
recei ving channel frequency is sele

each cathode of said plurality of8\/-a4
3. Areceiving appar ghpata
tunable filter conprises f#

(k=1 to m of mcrostri

Llo both of the |nput
, gﬁ?rol volqage to

ot 8pdt

st, secéwnd, t
bs, firg and
acitors and fi

i vari agj e capgcitance

d second resi tor]%

;.

o

di odes, first and second ca

2

4

[FIG. 4]
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and k pieces



17 said k pieces of mcrostrip lines are connected between
the input termnal and the ground; - one termnal of said first

coil is connected to the input termnal of said tunable filter;

the other termnal of said first coil is connected to said second coil;

the other terminal of said second coil gsg grounded, one term nal
of sai. fdrst capacitor is connected to a junction point of said first and
second coil s; the other termnal of said first capacitor is
connected to the cathode of said first variable capacitance diode,

the anode of said first variable capacitance diode is grounded; a
control voltage is applied to the cathode of said first variable

capaci tance di ode through said first resistor; one term nal of
said third coi [FdGectSlonagnetically coupled to said second coil is

gr ounded; ' t he ot her ternina”cyf said third coil is connected to
one term nal of said second capacitor; the other termnal of said
second capacitor is connected to 1Reje sato—st %ari abl e

capaci tance di ode; t he andfle o capaci tance
di ode i s grounded; a contr y e cat hode of
sai d second vari abl e capacitance di o84 8 sk~VSetond resistor;
one termnal of said fourth coil is connegt
input T‘ o \ 1 [__ output
! 3 7
4

[FIG. 6]
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junction point of said second capacitor and said third coil; t he

other termnal of said fourth coil is connected to the output term nal of
said tunable filter; and a channel frequency is selected by
adjusting the control voltage at the cathodes of said first and second -
vari abl e capacitance di odes. 4/84. A receiving apparatus as
reciied i.n claim 1, wherein ' sald tunable filter conprises first,
second, third and fourth coils and p pieces (p=1to n) of mcrostrip |lines,
first 18 _ and second variable
capaci tance di odes, first and second capacitors and first and second
resi stors; [FIG. 7]one ternminal of said first coil is connected to the
input termnal of said tunable filter; twizewt he25AMizn iml selested
first coil is connected @ _a ternmna Ll -t he
other term nal of said ser of
said first capacitor is co 1d
second coils; th
connected to the cathode o
the anode of said first vafiabl:
m
A .
=4 [ J
'g when 950 MHz is selected
Q
Ql
Q
| 1 ! " ?
.0 20 3.0GHz
frequency (GHz)
[FIG. 8]
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grounded; a control voitage IS applied to the cathode of said

first variable capacitance diode through said first resistor;: one
termnal of said third coil electronmagnetically coupled to said second coi
i S grounded; the other termnal of said third coil is connected
to a termnal of said second capacitor; 8 the other termnal of
sai d *second capacitor is connected to the cathode of said second variable
capaci tance di ode; t he anode of said second vari abl e capacitance
di ode is grounded; a control voltage is applied to the cathode of
sai d second valFdle.e Thpaci t ance di ode through said second resistor
one termnal of said fourth coil is connected to a junction point of said
third coil and said secqqd._capacitor: the other termpal of said
fourth coil is connected=tjo the output f i i ;
said p pieces of nicrosF?ip | i nes are L£onn&ct ed bety€en t he\out put tefm nal
of said tunable filter and the groung | frequepcy is
sel ected by adjusting the |control e cat hodes of\said firpt and
second vari abl e capaci tanqe di ode#. us as
recited in claim1, whereiln
0
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said tunable filter conprises first, second, third and fourth coils, k
pieces (k=1 to m of mcrostrip lines and p pieces (p=l to n) of mcrostrip
lines, first and second variabl e capacitance diodes, first and second

capacitors and first and second resistors; said k pieces of
mcrostrip |lines are connected between éﬂf input termnal and the ground;
one termnal of said first coil is connécted to the input termnal of said
tunable filter; the other termnal of said first coil is _
connected to a term nal of said second coil; " the other termnina
of said second coil is grounded, one termnal of said first

capacitor is (&FRecldd to a junction point of-said first and second coils;
the other termnal of said first capaC|tor is connected to the cathode of
said first variable cap %h' re-e—eh-aae: he—ahRade—o g—hr st
vari abl e capaci tance di b i s groundeg voltage ifs

applied to the cathode € }said flrst vari aRl e capagef i ode throfigh
said first resistor; t er mi nal\ of

——e

el ectromagnetical ly coupl i S grounded; t he
other termnal of said thjrd to a term nal second
capaci tor; ~t he pther term nal

connected to the catdode pf said second

t he anode of said second jvari abl e capacitance di odeN

a control voltage is§applf

capaci tance di ode tH#oughl said second resistor; al of
said fourth coil is conndcted to a junction p0|nt of said and

sai d second capacitor;
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] 1.0 20 3.0GHz
'frequency (GH=z)
[FIG. 12]
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the other term nal of said fourth coil is connected to the output term nal
of said tunable filter; said p pieces of mcrostrip lines are
connect ed bet ween : a channel frequency is selected by
adjusting the control voltages at the cathodes of said first and second
vari abl e capacitance di odes. 7786' A receiving apparatus as
recited.iin claim3, 4 or 5, wherein r pieces (r=1to s) of coils
each one end of which is open and each other end is grounded are put

bet ween said s d third coils; and S coil is
el ectromagnet i g?#y g%ﬂpled to said third coil througﬁgéggggggpieces of

coils. . 7. A receiving apparatus as recited in claim3, 4, or 5.
wherein at | east one of said coils is made of a mcrostrip |ine.
o. —
o
@
i\
c
I
o
Q 7
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Q
| ‘.
3.0GHz
frequency (GHz) )
[FIG. 14] PRIOR ART
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8. A receiving nethod having f requency conversion neans for
converting a receiving channel signal into an internedi ate frequency signal
to recei ve waves from broadcast satellites, communi cation satellites and
surface wave broadcasts and signals from CATV transm ssion and conprising a
m xer and a local frequency oscillatorguhich frequency is controlled by a

vol tage and foll ow ng steps: (a) tunable filtering for
sel’ett’i ng an input signal, (b) trapping of a fixed frequency
ahead of and/or behind said tunable filtering step, and (c)

frequency converting for converting an input HRFOR AR®quency into an
i nternedi ate frEH@entyl : -

ol .3v 4.4V 7.8V _10.9V control voltage (Vt)

g —20}
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A
_40 L
—60
x A X A2
0.8 - 1.2 16 2.0 2.4

frequency (GHz)



