SPECIFICATION

Resonator and Filter Employing the Same

Technical Field
The present invneiton relates to a resonator that is
used for the elimination of noise, the splitting and
synﬁhesis of signals, etc., in radio communication de-
vices, broadcast devices, and so on, and also relates to a

filter comprising this resonator. ' ' - e

BACKGROUND ART

Resonators composed of.capacitors'and coils which are
lumped—parametér.circuit elements, or helical resonators
have been conventiohally used in relatiVély low frequency
bands, such as short wave and ﬁltrashort wave bands.

Fig. 1 is a vertical cross section of a conventional
helical resonator, and Fig. 2 is a horizontal cross sec-
tion thereof.

This helical resdnator comprises an external conduc-
tor 201; a capaCity formation electrode 203; insulators
204, and 2045; a helical resonance element 202 at one end
mechanically fixed to and electrically connected with the
inside wall of the'external conductor 201, wound coil-like
in its middle portion, attached at the other end to the
capacity formation electrode 203, and fixed to the inside

wall of the external conductor 201 via the insulators 2041



and 204,; a movable electrode 205; a drive screw 206 to
one end of which the movable electrode 205 is attached,
and which passes through the external conductor 201; a
lock nut 207 that is used to fix the drive screw 206 to
the external conductér 201; and input/output coupling
elements and input/output terminalé (not shown).

| With this helical resonance element, the resdnénce
frequendy can be finely tuned by rotating the drive screw
206 forward or backward to move the movable- electrode 205
ahead or back so that the capacity of the electrode 203
éan be varied.

The conventional resonator described above has the
following drawbacks.

Since the helical resonance element 202 is formed by
the winding of a metallic wire or a relatively-ﬁhin rod-
shaped éonductor in the form of a coil, not only is the
 heat-radiating surface area of the helical resonance
element 202 itself small, but the thermal conductivity
into the external conductor 201 is poor, so the heat
produced by power loss in the helical resonance element
202 is not effectively radiated from the helical resonance
elemeht 202 and the external conducﬁor 201, and the.
resonance frequency fluctuates as a result of distortion
due to the elevated temperature of the various constituent
components of the resonator.

The ends of the helical resonance element 202 are



directly or indirectiy-suppdrted by and fixed to the
inside wall of the external conductof 201, but the middle
portion is not supported by any support, and is instead
formed so that it maintains a coiled posture by its own
rigidity, so vibration resistance is poor, fabrication is
difficult, and the cost is high.

When the diameter of the wire or rod that forms the
helical resonance element 202 is relatively large, distor-
tion of the helical resonance element 202 itself due to'
the elevated temperature of the helical resonance element
202 repeatedly applies mechanical strain to the insulators
204, and 204, through the electrode 203, and in severe
cases the insulators 204; and.2042 would be broken.

Eecause of its'high impedance, a helical resonance
element has inferior withstand voltage characteristics.

- When a filter is constructed from such a helical
resonance element, the various above-mentioned drawbacks
encountered with a.helical resonance element appears as

drawbacks directly in the filter.

DiSCLOSURE OF THE INVENTION
It is object of the present invention to provide a
resonator in which heat is effectively radiated away from
the resonance capacity element and external conductor, the
fluctuation in reéonance frequency is extreﬁely small, the

vibration resistance is excellent, and the impedance is



low, and to provide a filter in which this resonator is
used. |

A resonator according to the present invention
comprises:

an external conductor;

a resonance capacity element comprising a dielectric
plate fixed at the upper and lower ends to the upper and
1ower.walls, respectively, of the external conductor, and
electrodes made of a metal plate or a metal thin 1éyer
provided on the front and back sides Qf the dielectric
plate, wherein the lower end of one of the electrodes is
electrically connected to the lowef wall of the external
conduétor, and a gap is formed between the upper énd of
the electrode and the upper wall of the external conduc-
tor, while the ﬁpper end of the other electrode is
electrically connected to the upper wall of the external
conductor, and a gap is formed between the lower end of
the other eleétrode and the lower wall of the external
conductor;

: AH-input terminal;

an output terminal; and

means for connecting one-éf the electrodes of the
resonance capacity element to the input terminal and -the
output terminal in a high-frequency fashion.

Another resonator aécording to the present invention

comprises:



an external conductor;

a resonance capacity element comprising a dielectric
plate fixed at the upper and lower ends to the upper and
lower walls, respectively, of the external conductor, and
electrodes made of a metal plate or a metal thin léyer
provided on the front and back sides of the dielectric
blate, wherein the lower end of one of the electrodes is
electrically connected to the lower wall of the external
conductor, and a gap is formed between the upper end of
said one electrode and the upper wall of the external
conductor, while the upper end of the other electrode is
electrically connected to the upper wall of the external
conductor, and a gap is formed between the lower end of
said other electrode and the lower wall of the external
conductor;

an input terminal;

an output terminal;

two inductance elements or two capacity eleﬁents for
the compensation of transmission characteristics connected
in seriés between the input terminal and the output termi-
nal; and

means for connécting one of the electrodes of the
resonance capacity element to the connection point of  the
two inductance elements or thé two capacity elements in a
high-frequency fashion. | - |

A filter according to the present invention



comprises:

a common external conductor;

a plurality of resonance capacity élements connected
in series in a high-frequency fashion and comprising a
plurality of dielectric plates provided-at suitable
intervals in the externel conductor and fixed at the upper
and lower ends to the upper and loWer,walls, respectively, .
of the external conductor, and electrodes made of a metal
plate or a metal thin layer provided on the front and back
sides of each dielectric plate, wherein the lower end of
one of the electrodes is electrically connected to the
lowerlwall of the external conductor, and a gap is formed
between the upper end of said one electrode and the upper
wall of the external conductor, while the upper end of the
other electrode is electrically connected to the upper
.wall of the external conductor, and a gep is formed
between the lower end of the other electrode and the lower
wall of the external conductor;

an input terminal;

an output terminal;

means for connecting one of the electrodes of the top
réSonence capacity element of the plurality of resonance
capacity elements to the input ﬁerminal in a high-frequen-
cy fashion; and .

means.for connecting one of the electrodes of the

last resonance'capacity element of the plurality of
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resonance capacity elements to the output terminal in a
high-frequency fashion.

Another resonator according to the present invention
comprises: |

an external éonductor;

a variable resonance capacity element comprising a
hollow cyiinder.composed of a solid dielectric whose lower
end portion is fixed to the lower wall of said external
conductor and whose upper end portion faces the upper wali
of the éxternal conductor a suitable distance away, a
fixed electrode composed of a metal thin layer that
adheres around thelouter surface of the hollow cylinder
and whose lowef end portion is electrically connected to
the lower wall of the external conductor, and a hollow or
solid cylindrical movable electrode that is coaxial with
the fixed electrode and is attached to the upper wall of
the external conductor so that the insertion length of the
movable electrqde into the hollow cylinder can be varied;

an input terminal;

an outéut terﬁinal; and

means for connecting the fixed electrode to the input
terminal and the output terminal in a high-frequency
fashion.

Another resonator according to the present invention
comprises : |

an external conductor;



a variable resonance capacity element comprising a
hollow cylinder composed of a solid dielectric whose lower
end portion is fixed to the lower wall of the external
conductor and whose upper end-portion faces the upper wall
of the external conductor a suitable distance away, a

fixed electrode composed of a metal thin-layer that
.adheres around the_outer sufface of the hollow cylinder
and whose lower end portion is electrically connected to
the lower wall of the external conductor, and.a hollow or
solid cylindrical movable electrode that is coaxial with
the fixed electrode and is attached to the upper wall of
the external conductor so that the insertion length of the
movable elctrode into the hollow cylinder can be varied;
an input terminal;.

an output terminal;

| two inductance elements or two capacity elements for
the compensation of transmission characteristics connect-
ed in series be;ween the input terminal and the output
terminal; épd |

means for connecting the fixed electrode to the
connecfing poiﬁt of the two inductance elements or the two .
capacity elements in a high-frequency fashion.

Another filter according the present invention
comprises:

an external conductor;

a plurality of variable resonance capacity elements



connected in series in a high-frequency fashion and
comprising a plurality of hollbw cylinders provided at
suitable intervalé and compdsed of a solid dielectric
whose lower end portion is fixed to the lower wall of the
external conductor and whose upper end portion faces the
upper wall of the external conductor a suitable distance
away, a fixed electrode composed of a metal thin layer
that is provided on each of the hollow cylinder, adheres
around the outer surface of the hollow cylinders, and
whose lower end portion is electrically connected to the
lower'wall of the external conductor, and a hollow or
solid cylindrical movable electrode that is coaxial with
the fixed electrode and is attéched to the upper wall of
the external conductor so that the insertion length of the
movable electrode into the hollow cylinder can be varied;

an input terminal;

an output terminal;

meahs for connecting the top resonance capacity
element of the plurality of resonance capacity elements to
the input terminal in a high-frequency fashign; and

means for connecting the last resonance capacity
element of the plurality of resonance capacity elements to
the output terminal in a high—frequency fashion.

A resonator according to the present invention
comprises:

an external conductor;
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a variable resonance capacity element'comprising of a
fixed electrode composed of a hollow cylindrical conductor
whose lower end portion is fixed to the lower wall of the
exterﬁal conductor and whose upper end.portion faces the
upper wall of the external conductor a suitable distance
away gnd a movable electrode composed of a hollow or solid
cylindrical conductor that is coaxial with the fixed
electrode and is attached to the upper wall of the
_external conductor so that the insertion length of the
movable electrode into the fixed electrode can be varied;

an input terminal;

an output terminal; and

means for connecting the fixed electrode to the input
terminal and the output terminal in a high-frequency
fashibn.

Another filter according to the present invention
comprises:

an external conductor;

a plurality of_variable resonance capacity elements
~connected in series in a high-frequency fashiﬁn, provided
at suitable intervals, and comprising of a fixed electrode
composed of a holldw cylindrical conductor whose lower end
portion is fixed to the lower wall of the external
conductor and whose upper end portion faces the upper wall
of the external conductor a suitable distance away and a

movable electrode composed of a hollow or solid cylindrical
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conductoxr that is' coaxial with the fixed electrode and is
attached to the upper wall of the external conductor so
‘that the insertion length of the movable electrode into
séhe fixed electrode can be varied;

an input terminal;

an output terminal;

means for connecting theffixed electrode of_the top
resonance capacity element of the plurality of resonance

'capacity elements to the input terminal in a high-
frequency fashion; and

means for connecting the fixed electrode of the lasﬁ
resonance capacity.element of tﬁe plurality of resonance
capacity elements to the output terminal in a high-
frequency fashion.

Another resonator‘according_to the present invention
comprises: |

an extexrnal conductor;

a variable resonancé capacity element comprising a
hollow cylinder composed of a solid dielectric whose upper
and lower end portions face the upper and_lower walls,
respectively, of the external conductdr-a_suitable dis-
tance away, first fixed electrode coméosed of a metal thin
layer.that adheres around the inner surface of the hollow
cylinder and whose lower end portioh'is electrically
connected to the lower wall of thé external conductor, a

second fixed electrode composed of 'a metal thin layer that
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.adheres around the outer surface of hollow cylinder and
whose upper end portion is electrically connected to the
upper wall 6f-the external conductor; and a hollow or
soiid'cylindrical movable electrode that is coaxial with
the first and second fixed.electrodes and is attached to
the upper wall of the external conductor so that the
insertion length into the above-mentioned hollow cylinder
caﬁ be varied;

an input terminal;

an output terminal; and

means for connecting the second fixed electrode to
fhe input terminal and the output terminal in a high-
frequency fashion.

Another resonator according to the present invention
comprises:

an external conductor;

a variable'resonance capacity element comprising a
hollow cylinder composed of a solid dielectric whose upper
and lower end portions face the upper and lower walls,
respectively, of the external conductor a suitable
distance away, a first fixed electrode composed of a metal
thin layer that adheres around the innér surfaée of the
hollow cylinder -and whose lower end portion is electricaily
connected .to the lower wall of the external condﬁctor, a
second fixed electrode composed of a metal thin layer-that

adheres around the outer surface of the hollow cylinder
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and whose upper-end portion is electriqally connected to
the upper wall of the external conductor, and a ﬁollow or
- solid cylindrical movable electrode that is coaxial with
the first and second fixed electrodes and is attached to
the upper wall of the external conductor so that the
insertion length of the movable electrode into the hollow
cylinder can be varied;

an input terminal;

an output terminal;

two inductance elements or twe capacity elements for
the compensation of transmission characteristics connected
in series between the input terminal and the output termi-
nal; and |

means for connecting the second fixed electrode to
the connecting point of the two inductance elements or the
two capacity elements in a high-~frequency fashion.

Another filter according to the present invention
comprises: |

a common external cenductor;

a plurality of variable resonance cépacity elements
connected in series in a high-frequency fashion and
comprieing a hollow cylinder composed of a solid
dielectric whose upper and lower end portions face the
upper and lewer Qalls, respectively, of the external
conductor a suitéble distance away, a first fixed

electrode composed of a metal thin layer that adheres
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around the inner surface of the said hollow cylinder and
whose lower end portioh is electrically connected to the
lower wall of the external conductor, a second fixed
electrode composed of a metal thin layer that adheres
around .the outer surface of the hollow cylinder'and whose
upper end portion is electrically connected to the upper
wall of the external conductor, and a holloﬁ or solid
cylindrical movable electrode that is coaxial with the
first and second fixed electrodes and is attached to the
upper wall of thé external conductor so that the insertion
length of the movable electrode into the‘hollow cylinder
can be varied;

an input terminal;

an output terminél; and

means for connecting the second fixed electrode of
the top resonance capacity element-of_the plurality of
resonance capacity_elements to the input terminal in a
high-frequency fashion; and ‘

Imeans for connecting the second fixed electrode of
the last resonancé capacity element of the plurality of
resonance capacity elements to the output terminal in a
high-frequency fashion.

Another resonator according to the present invention
comprises:

an external conductor;

a variable resonance capacity element comprising a
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first fixed electrode composed of a metal hollow cylinder
whose lower end portion is fixed tolthe lower wall of the
external conductor, a second fixed electrode composed of a
metal hollow cylinder that is provided coéxially with the
first fixed electrode with a gap on the outside of the
first fixed electrode, and whose upper end portion.is
fixed to the upper wall of the external conductor, and a
hollow or solid cjlindrical movable electrode thét is
coaxial with the first and second fixed electrodes and is
attached to the upper wall of the external conducﬁéf 80
that the insertion length of the movabe electrode into the
first fixed electrode can be varied; |

an input terminal;

an output terminal; and

means for connecting the second fixed electrode to
the input terminal and the output terminal in a high-
frequency fashion.

Another resonator -according to the present invention
comprises:

an external conductor;

a variéble resonance capacity element comprising a
first fixed electrode composed of a metal hollow cylinder
whose lower end portion is fixed to the lower wall of the
external conductor, a second fixed electrode composed of a
metal hollow cylinder that is provided coaxially with the

first fixed electrode with a gap on the outside of said
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first fixed electrode, and whdse upper_end portion is
fixed to the upper wall of the external conductor, and a
holiow or solid cylindrical movable electrode that is
coaxial.with.the first and second fixed electrodes and is
attached to the upper wall of the external conductor so

- that the insertion length of the movable electrode into
the first fixed electrode can be varied;

an input terminal;

an output terminal;

two inductance elements or two capacity elements for
the compensation of transmission characteristics connected
in series between the input terminal and the output termi-
nal; and

means for connecting the sécond fixed electrode to
the connection point of the two inductance elements or the
two cépacity elements in a high-frequency fashion.

Another filter.according to the present invention
comprises:

a common external conductor;

a plurality of variable resona&nce capacity elements
éonﬁected in series in a high—freqﬁency fashion, provided
at suitable intervals and comprising a first fixed
electrode composed of a metal hoilow cylinder whose lower
end portion is fixed to the lower wall of the external
'~ conductor, a second fixed electrode composéd of a metal’

hollow cylinder that is provided coaxially with the first
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fixed electrode with a gap on the outside of the first
fixed electrode, and whose upper end portion is fixed to
the upper_wall of the external conductor, and a hollow or
solid cylindtiéal movable electrode that is coaxial with
the first and second fixed electrodes and is attached to
the upper wall of the external conductor so that the
insertion length of the movable electrode into the first
fixed electrode can be varied;

an input terminal;

an output terminél;

means for éonnecting the second fixed electrode of
the top resonance capacity element of the plurality of
resonance capacity elements to the input terminal in a
high-frequency fashion; and

means for connecting the second fixed electrode df
the last resonance capacity eiement of the plurality of
resonance capacity elements to the output terminal in a
high-frequency fashion.

The resonator'according'té the present invention has
good thermal conductivity between the resoﬁancé capacity
élement and the external conductor because of the
relatively iarée thermal radiation surface area of the
resonance capaCity_element, so heat is effectively
radiated from the resonance capacity element and the
external conductor, and therefore the rise in the

temperature of the various resonator components is kept
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low and there is extremely little fluctuation in resonance
frequency caused by distortion of the components as a
result of elevated tempe;ature. Furthermore, the
structure is extreﬁely simple and mechanically tough, so
the product has excelient vibration resistance. The
withstand voltage characteristics are also good because of
the low impedance of the resonator. These same advantages
are realized with a filter that incorporates the
resonator according to the present invention.

Further, in the case 6f a resonator formed with
variable capacity by means of fixed and movable eleé—
trodes, the range over which the capacity can be varied is
IWider and the resonance frequency can be set over a wider
range, so resonators with a greater variety of resdnancé.
frequencies can be formed using parts of the éame cohfigu—
rations and the same dimensions, and the costs entailed

can therefore be lowered.

BRIEF DESCRIPTION OF THE DRAWINGS
EFig. 1l is a verfical cross section of a conventional
resonator.
Fig. 2 is a horizontal cross section of a conventional
resonator.
Fig. 3 is a vertical cross section of the resonator
of the first embodiment according to the present

invention;
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Fig. 4 is a horizontal cross section of the resonator
of the first embodiment;

Fig. 5 is a wvertical cross section of the resonator
of the first embodiment, rotated 90° from Fig. 3;

Fig. 6 is an equivalent circuit diagram of the first
embodiment;

Fig. 7 is a diagram illustrating an example in the
first embodiment in which the input terminal 5 and the
capacity formation electrode 3 are capacitively coupled by
the capacity element 11, and the output terminal 6 and the
capacity formatidn electrode 4 by the capacity element 12;

Fig. 8 is a diagram illustrating an example in the
first embddiment in which probes 13 and 14 are used as the
input/output coupling means;

Fig. 9 is a vertical'cross section of a resonator in
which' loops 15 and 16 are used as the input/output
coupling means in the first embodiment;

Fig. 10 is a horizontal cross section of a resonafor
in which loops 15 and 16 are uSed as the input/output
coupling means in the first embédiment;

Fié. 11 is a vertical cross section of the resonator
of the second embodiment according to the present inven-
tion;

Fig. 12 is an equivalént circuit diagram of the
second embodiment;

Fig. 13 is a diagram illustrating the transmission
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characteristics of the second embodiment;.

Fig. 14 is a vertical cross section of the resonator
of the third embodiment according to the present inven-
tion;

Fij. 15 is an equivalent circuit diagram of the third
embodiment;

Fig. 16 is a diagram illustrating the traﬁsmission
characteristics of the third embodiﬁent;

Fig. 17 is a vertical cross section of the resonator
of the fourth embodimeht according to the present inven-
tion;

Fig. 18 is an equivalent circuit diagram of the
fourth embodiment}

Fig; 19 is a diagram illustrating the transmission
characteristics of ﬁhe fourth émbodiment;

| Fig. 20 is a vertical cross section of the resonator
.of the fifth embodiment according to the present inven-
tion; |

Fig. 21 is an équivalent circuit diagram of the fifth
embodiment;

Fig. 22 is a diagram illustfating the transmission
characteristics of the fifth embodiment;

Fig. 23 is a vertical cross section of the resonator
of the sixth embodiment according .to the present inven-
tion;

Fig. 24 is a vertical cross section of the resonator
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of the seventh embodiment of the present invention;

Fig. 25 is a vertical cross section of the resonator

of the eighth embodiment according to the present inven-

tion;

Fig. 26 is a vertical cross section of the resonator

of the ninth embodiment according to the present inven-

tion;

Fig. 27 is a vertical cross section of a
constructed using the resonator shown in Fig.
| Fig. 28 is an equivalent circuit diagram
filter shown in Fig. 27;
| Fig. 29 is an equivalent circuit diagram
constructed usihg the resonator shown in Fig.

Fig. 30 is a vertical cross section of a
constructed using the resonator shown in Fig.

Fig. 31 is an équivalent circuit diagram
filter shown in Fig. 30; |

Fig. 32 is a vertical cross section-of a
constructed using the resonator shown in Fig.

Fig. 33 is a vertical éross section of a
constructed using the resonator shown in Fig.

Fig. 34 is a horizontal cross section of
shown in Fig. 33; |

Fig. 35 is an equivalent circuit diagram

filter shown in Figs. 33 and 34.

filter

11;

of the

of a filter _
i4; |
filter
20;

of the

filtex

17;

filter

3;

the filter

of the

Fig; 36 is a converted equivalent circuit'diagram of
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the equivalent circuit diagram shown in Fig:. 35;

Fig. 37 is a circuit diagram used to illustrate the
design method for tﬁe filter according to thé present
inﬁention; |

Fig. 38 is a diagram of the transmission characteris-
tics of the circuit in Fig. 37;

Fig. 39 is a diagram illustrating an example of the
relation between the interstage magnetic field coupling
coefficient and the center spacing of adjacent resonance
capacity elements; | |

Fig. 40 is a diagram illustrating an example of the
transmission characteristics of the filter shown in Figs.
33 through 36;

Fig. 41 is a cross section of the main portion of
another filter according to the present invention;

Eig. 42 is a vertical cross section of a filter in
which the interstage coupling consists of capacitive
coupling;

.Fig. 43 is an equivalent circuit diagram oflthe
filter shown in Fig. 42;

Fig. 44 is a converted equivalent circuit diagram of
the equivalent circuit diagram shown in Fig. 43;

Fig. 45 is a diagram illustrating an example of the
transmission characteristics of the filter shown in Fig.
42; |

Fig. 46 is a vertical cross section of the resonator
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of the tenth embodiment accordihg to thé present
invention; | |

Fig. 47 is a horizontal cross section of the
resonator of the tenth embodiment according to the present
invention; |

Fig. 48 is an equivalent circuit diagram of the
resonator shown in Fig. 47;

Fig. 49 is a diagram illustrating an example in the
tenth embodiment’in-which the input terminal 36 and thé
fixed electrode 33 are capacitively coupled by the capaci-
ty element 42, and the output terminal 37 and the fixed
electrode 33 by the capacity element 43;

Fig. 50 is a diagram illustrating an example in the
tenth embodiment in which probes 44 and 45 are used as the
input/output coupling means; |

Fig. 51 is a diagram illustrating an example in the
tenth-embodiment in which loops 46 and 47 are used as the
input/output coupling means;

Fig. 52 is a vertical cross section of the resonator
of the eleventh embodiment according to the present inven-
tion;

. Fig. 53 is an equivalent circuit diagram of the
resonaﬁor shoﬁn in Figqg. 52;

'Fig. 54 is a diagram illustrating the transmission

characteristics of the resonator shown in Fig. 52;

Fig. 55 is a vertical cross section of the resonator



- 24 -

of the twelfth embodiment according to the present
invention; . .

Fig. 56 is an equivalent circuit diagram of the
resonator shown in Fig. 55;

Fig. 57 is a diagram illustrating the transmission
charaéteristics of the resonator shown in Fig. 55;

Fig. 58 is a vertical cross section of the resonator
of the thirteenth embodiment according to the present
invention;

Fig. 59 is an equivalent circuit diagram of the
resonator shown in Fig. 58;

Fig. 60 is a diagram illustrating the transmission.
characteristics of the resonator shown in Fig. 58;‘

Fig. 61 is a vertical cross section of the resonator
- in the fourteenth embodiment according to the present
invention;

fig. 62 is an equivalent circuit diagram of the
resonator shown in Fig. 61;

Fig. 63 is a diagram illustrating the transmission
éharacteristics of the resonator shown in Fig. 61;

Fig. 64 is a vertical cross section of an embodiment
in which the coupling element 50 in the practical example
shown in Fig. 52 has been replaced with a probe 44;

Fig. 65 is a vertical cross section of an embodiment
in which the coupling element 50 in the embodiment shown

in Fig. 52 has been replaced with a loop 46;
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Fig. 66 is a vertical corss section of an embodiment
in which the coupling element 50 in the embodiment shown
in Fig. 58 has been replaced with a probe 44;

Fig. 67 is a vertical cross section of an embodiment
in which the coupling element 50 in the embod;ment shown
in Fig. 58 has been replaced with a loop 46;

Fig. 68 is a vertical cross section of a filter
constructed using the resonator shown'in Fig. 46;

Fig. 69 is a horizontal cross section of a filter
constructed usingithe resonator shown in Fig. 46;

Fig. 70 is an equivalent circﬁit diagram of the
filter shown in.F{gs. 68 and 69;

Fig. 71 is a converted equi#alent circuit diagram of
the equivalent circuit diagram shown in Fig. 70;

Fig. 72 is a diagfam illustrating an example of the
relation between the interstage magnetic field coupling
coefficient and the center spacing of adjacent resonancé
capacity elements;

Fig. 73 is a vertical cross section of a band-pass
filter in which the interstage coupling consists of
electric field coupling;

Fig. 74 is an equivalent circuit diagram of the
band-pass filter shown in Fig. 73;

Fig. 75 is a converted equivalent circuit diagram of
the equivalent circuit diagram shown in Fig. 74;

Fig. 76 is a vertical cross section of a filter
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constructed using the resonator shown in Fig. 52;

Fig. 77 is a right side view of the filter shown in
Fig. 76;

Fig. 78 is an equivaient circuit diagram of the
filter shown in Fig. 76;

Fig. 79 is an equivalent circuit diagram of a filter
constructed using the resonaﬁor shown in Fig. 55;

Fig. 80 is a vertical cross section of a constructed
using the resonator shown in Fig. 61;

Fig. 81 is an equivalent circuit diagram of the
filter shown in Fig. 80;

fig. 82 is an equivalent circuit diagram of a filter
constructed using the resonator shown in Fig. 58;

Fig. 83 is a vertical cross section of the resonator
of the nineteenth embodiment according ‘to the present
invenfion;

'Fig. 84 is a horizontal cross section of the
resonator of the nineteenth embodiment according to the
present invention;

Fig. 85 is an equivalent circuit diagram of the
resonator of the nineteenth embodiment;

Fig. 86 is a vertical cross section of an example in
the nineteenth embodimént in which the input terminal 65
and the fixed electrode 62 are capacitively coupled by the
capacity element 71, and the output terminal 66 and the

fixed electrode 62 by the capacity element 72;
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Fig. 87 is a diagram illustrating an example in the
nineteenth embodimenﬁ in which probes 73 and 74 are used
as the input/output coupling means;

Fig. 88 is a diagram illustrating an example in the
nineteenth embodiment in which tap coupling is performed
uéihg~coup1ing wires 75 and 76 as the input/output
coupling means;

Fig. 89 is a vérticél cross section of the filter
shown in'Fig. 83;

Fig. 90 is-a horizontal cross section of the filter
shown in Fig. 89;

Fig. 91 is an equivalent circuit diagram of the
filter shown in Figs. 89 and 90.

Fig. 92 is a converted equivalént circuit diagram of
the equivalent circuit diagram shown in Fig. 91;

Fig. 93 is a diagram illustréting an example of the
relation between the interstage magnetic field coupling-
coefficient and the center spacing of adjacent variable
resonance capacity elements;

Fig. 94.is a diagram illustrating an example of the
transmission charécteristics over the wide band of the
filter shown in Figs. 89 through 92;

Fig. 95 is an enlarged transmission characteristics
diagram near the reéonance frequency f; in Fig. 94;

Fig. 96 is a vertical cross section of a filter in

which variable resonance capacity elements are arranged at



- 28 -

specific intervals, and interstage magnetic field coﬁpling
adjustment elements are interposed between adjacent varia-
ble resonance ¢épacity elements; |

Fig. 97 ié a horizontal cross section of the filter
shown in Fig. 96;

Fig. 98 is a vertical cross section of a filter
constructed such that the interstage magnetic field
coupling coefficient is adjusted by another type of inter-
stage - magnetic field coupling adjustment element;

Fig. 99 is a horizontal cross section of the filter
shown in Fig. 98; | |

Fig. 100 is a vertiéal cross section of another
example of a filter constructed using the resonator shown
in Fig. 83;

Fig. 101 is a vertical cross section of another
example of a filter in which the stages are coupled by
capacitive coupling;

Fig. 102 is a vertical crosé section of the twentieth
embodiment according to thé present invention.

Fig. 103 is a horizontal cross section of the
resonator of the twentieth embodiment according to the
present invention;

Fig. 104 is an equivalent circuit diagram of the
resonator shown in Fig. 103; |
Fig. 105 is é diagram illustrating an example in the

twentieth embodiment in which the input terminal 96 and
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the fixed electrode 93 are capacitiveiy coupled by the
capacity element 102, and the output terminal 97 and the
fixed electrode 93 by the capacity element 103}

Fig. 106 is.a diagram illustrating an example ‘in the
twentieth embodiment in which probes 104 and 105 are used -
as the input/output coupling means.

Fig. 107 is a diagram illustrating an example in the
twentieth embodiment in which loops 106 and 107 are used
as the input/output coupling means;

Fig. ‘108 is a veitical cross section of the resonator
of the twenty—first_embodiment according to the present
invention;

Fig. 109 is an equivalent circuit diagram of the
resonator shown in Fig. 108; |

Fig. 110 is a diagram illustrating the transmission
characteristics of the resonator shown in Fig. 108;

Fig. 111 is a vertical cross section of the resonator
of the twenty-second embodiment according to present
invention;

Fig. 112 is an equivalent circuit diagram of the
resonator shown in Fig. 111;

Fig. 113 is a diagram illustrating the transmission
characteristics of the resoﬁator shown in Fig; 111;

- Fig. 114 is a vertical cross section of the resonator
in the twenty-third embodiment according to the present

invention.
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Fig. 115 is an equi#alent circuit diagram of the
fesonator shown in Fig. 114;

Fig. 116 is a diagram.illustrating the transmission
characteristics bf the resonator shown in Figqg. 1145

Fig. 117 is a vertical cross section of the resonator
of the twenfy—fourth embodiment according to the present
invention;

Fig. 118 is an equivalent circuit diagram of the
resonator shown in Fig. 117;

Fig. 119 is a diagram illustrating the transmission
characteristics.of the resonator shown in Fig. 117;

Fig. 120 is a ﬁertical cross section of an embodiment
in which the coupling element 110 in the practical_example
shown in Fig. 109 has been replaced with a probe 104;

Fig. 121 is a vertical cross section of an embodiment
in which the coupling element 110 in the embodiment shown
in Fig. 108 has been replaced with a loop 106;

fig. 122 is a vertical cross section of an embodiment
in which the coupling element 110 in the embodiment shown
in Fig. 114 has been replaced with a-probe 104;

Fig. 123 is a vertical cross section of an embodiment
in which the coupling element 110 in the embodiment shown
in Fig. 114 has been replaced-with a loop 106;

Fig. 124 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 102;

Fig. 125 is a horizontal cross section of a filter
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constructed using the resonator shown in Fig. 102;

Fig. 126 is an equivalent circuit diagram of the
filter shown in Figs. 124 and 125;

Fig. 127 is alconverted equivalent circuit diagram of
the equivalent circuit diagram shown in Fig. 126;

Fig. 128 is a diagram illustrating an example of the
relation between the interstage magnetic field coupling
coefficient and the interval of the centers of adjacent
resonance capacity elements; |

Fig. 129 is a vertical éross sectién of a band-pass
filter in which the interstage coupling consists of elec-
tric field coupling;

Fig. 130 is an equivaient circuit diagram of the
band-pass filter shown in Fig. 129;

Fig.'131 is a‘éonﬁerted equivalent circuit diagram of

the equivalent circuit diagram shown in Fig. 130.

BEST MODE FOR IMPLEMENTING THE INVENTION

Fig. 3 is a verﬁical cross section of the resonator
of the first embodiment according to the present inven-
tion, Fig. 4 is a horizontal cross section thereof, and
Fig. 5 is a vertical cross section rotatéd 90° from Fig.
3.

The resonator of this embodiemnt comprises a cubic
external conductor 1, a slenderx ribbdn-shaped dielectric

plate 2, capacity formation electrodes .3 and 4, an input
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tefminal 5, an outbut terminal 6, an input'cqubling wire
7, an output coupling wire 8, a resonance frequency fine-
tuning element 9, and a lock nut 10 that is used to fix
the fine-turning element 9. The external conductor 1 may
also be a bottomed cyliﬁder. .

The ubper and - lower ends of the-dielectric plate 2.
are fixed by an adhesive agent or other suitable means to
the upper and lowéf walls, respectively, of the external
. conductor 1.

The capacity formation electrodes 3 and 4 are made of
métal thin layers bonded to the front and back of.the
dielectric plate 2, or of metal plates applied to the

front and back of fhe dielectric plate 2. As shown in
Fig. 5, regardless of whether the capacity formation
electrodes 3.and 4 are made of a metal thin layer or a.
metal plate,-the'lower end of one of the electrodes (in
this case the capacity formatién electrode 3) is electri-
cally_connected to the lower wall of the external conduc-
tor 1, and a gap of suitable width is prpvided between the
upper end of the capacity formation electrode 3 and the
upper wall of the external conductor 1 so that both may
.not be electrically connected each other. The upper end
of the capacity formation electrode 4 is electrically
connected to the upper wall of the extermnal conductor 1,
and a gap of suitable width is provided between the lower

end of the capacity formation electrode 4 and the lower
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wall of the extefnal conductor 1 so that both may not be
electrically connected each other.

The input terminal 5 and thé output terminal 6 both
consist of coaxial.plugs, for example, and the external
conductor that forms each coaxial plug is connected to the
external conductor 1. One end of the input coupliné wire
7 is ponnected to the internal conductor of the input
terminal 5, and the other end is connected to the capacity
formation electfode 3. One end of the output coupling
wire 8 is connected to tﬁe internal conductor of the
output terminal 6, and the other end is connected to the
capacity formation electrode 3. The fine—tuning element 9
is in this case made of a metal screw threaded into the
wall of the exteinal'conductor 1.

In the resonator ponstructéd in this manﬁer, a
parallel resonance circuit whose equivalent circuit is
shown in Fig. 6, is composed of the distributed inductance
resulting from the external conductor 1 and the capacity
of thé resonance capacity element formed by the dielectric
plate 2 and the capacity formation élethdées 3 and 4. In
Fig. 6, a symbol R represents the reSonénce circuit, a
symbol Mgp represents the input magnetic field coupling
coefficient, and a symbol Mpg represents the output
mégnetic field coupling coefficient.

When high-frequency power is applied, for example, to

the input terminal 5, the electromagnetic field
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distribution in this resonator becomes as shown in Figs. 4
and 5. The broken 1ine H marked with arrows in Fig. 4
represents the magnetic field, the solid arrowed line E in
Fig. 5 representé the electric field vectdr, and the solid.
arrowed line X reﬁresents the current. |

Since the inductance is relatively small, and the
capacity is relatively large in this resonator, this
resonétor is a low impedance type with good withstand
voltage characteristics.

If a material with a high dielectric constant and a
dielectric loss that is nearly zero is used as the dielec-
tric plate 2 in the resonance capacity element, then the Q
(Qq) of the resonance capacity elemgnt consisting of the
dielectric plate 2 and the capacity'formation electrodes 3
and 4 can be ignored. Since the electromagnetic energy
that can be agcumulated in this resonator will correspond
to the volume of the external conductof 1, and the
resistance in the metal portion of this resonator can be
kept éxtremely low, an extremely large unloaded Q can be
obtained.

The magnitude of the_unloadéd Q (Qy) when the
external conductor 1 and the capacity .formation electrodes
3 and 4 are made of copper in this resonator will vary
with the ratio of the inductance to the capacity in the
resonator. The inventor was able to obtain the following

experimental equation for unloaded Q (Qy) through the use
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of prototypes.
Qp 5 20 £5% o SH e (1)
' where f; is resonance frequency (MHz) and SH is the

L

height (cm) of the external conductor 1 (seg %ig; 5).

In this embodiment, tap coupling with the coupling
wires 7 and 8 was given as an exampie of means for
coupling in a high-frequency fashion the input terminal 5
with the capacitf formation electrode 3, and the output
terminal 6 with the capacity formation electrode 3.
However, means for capacitively coupling the input termi-
nal 5 with the capacity formation electrode 3 via the
capacity element 11 and means for capacitively coupling
the output terminal 6 with the capacity formation 3 via
the capacity element 12 may also be used, as sﬁown in Fig.
7. In addition, probes 13 and 14 may be used as the
input/output coupling means, as shown in Fig. 8.

Loops 15 and 16 may also be used as the input/output
coupling means, aé shown in Figs. 9 and 10 which are the
vertical cross section and the horizontal cross section,
respectively, of the resonator.

The above descriptions are all for a case in which
the éapacity formation electrode 3 that forms the
resonance capacity élement is coupled in high-frequency
fashion to the.inpﬁt terminal 5 and the output terminal 6.
However, the present invention can also be implemented

with a structure in which the capacity formation electrode
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4 is coupled in high-frequency fashion to the input
terminal 5 and the output terminal 6.

In Figs. 7 through 10, the reference numerals that
are the same as in Fig. 1 indicate the same elements.

Fig. 11 is a vertical cross sectidn of the resonator
of thé second embodiment according to the present inven-
tion, Fig. 12 is an equivalent circuit diagram thereof,
and Fig. 13 is a diagram illustrating the transmission
characteristics thereof.

In this embodiment, a low-pass filter circuit is
composed of inductance elements 17 and 18 for the compen-
sation of transmission characteristics, interposed between
the connection terminals S5 and 6 for an external circuit;

" and a capacity element 19 connected between the capacity
formation electrode 3 and the connection point of the in-
ductance elements 17 and 18. In this resonator, as shown
by the transmission characteristics in Fig. 13 where the
axis of abscissa represents the frequency and the axis of
ordinate represents the amount. of attenuation, the slope’
of the attenuation characteristic éﬁr;é in the frequency
region lower than the resonance frequency fo is steep,
while the slope of the attenuation charactefistic curve in
the frequency region higher than the resonance frequency
fp is gentle, and a transmission inhibition band is forﬁed
in the frequency region including the resonance frequency

£0-
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The resonance frequency f; of the circuit composed of
the resonance circuit R and the coupling-use capacity
element 19 changes éccording to the éapacity of the
coﬁpling—use capacity element 19. .The fine tuning of the
resonance frequency can also be performed by the provision
of an adjustment element simlilar to the resonance
frequency fine-tuning element 9; as shown in Fig. 4.

Fig. 14 is a vertical'cross section of the resonator
of the third embodiment according to the present inven-
tion, Fig. 15 is an equivalent circuit diagram thereof,
and Fig. 16 is a diagram illustrating the transmission
characteristics thereof. |

This embodiment differs froﬁ the second embodiment
shown in Fig. 11 in that the coupling of the connection
point of the inductance elements 17 and 18 with the
capacity formation electrode is performed by tap coupling
using an inductance element 20, and in that the resonance
frequency f of the circuit composed of the resonance
circuit R and the coupling-use inductance element 20
chaﬁges according to the inductance.of the inductance
element 20. The rest of the structure and operation is
substantially the same as in the second embodiment shown
in Fig. 11.

Fig. 17 is a vertical cross section of the resonator
of the fourth embodiment according to the present inven-

tion, Fig. 18 is an equivalent circuit diagram thereof,
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and Fig. 19 is a diagram illustrating the transmission
characteristics thereof.

This embodiment differs from the second embodiment
shown in Fig. 11 in that the inductance elements 17 and 18
in the second embodiment shown in Fig. 11 are replaced
with capacity elements 21 and 22. The rest of the
structure is the same as in the second shown in Fig. 11.

As shown in Fig. 19, in this embodiment, the slope of
the attenuation characteristic curve in the frequency
region lower than the resonance freQuency fy is gentle,
while the slope of the attenuation characteristic curve in
the frequency region higher than the resonance frequency
fo is steep, and a trahsmission inhibition band is formed
in the frequency region including the resonancé frequency
fo-

Fig. 20 is a vertical cross section of the resonator
of the fifth embodiment according to the present inven-
tion, Fig. 21 is an equivalent circuit diagram fhereof,
and Fig. 22 isia diagram illustrating the transmission
characteristics thereof.

This embodiment is the 5ame as the fourth embodiment
shown in Fig. 17 in that the capacity elements 21 and 22
are used-as transmission characteristic compensation
elements, and is the same as the embodiment shown in Fig.
14 in that tap coupling is performed using the inductance

element 20. The rest of the structure is the same as in
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the fourth embodiment shown in Fig. 17.

Figs. 23, 24, 25, and 26 are vertical cfoss sections
of the sixth, seventh, eighth, and ninth embodiments of
the present invention, respectiveiy. |

The resonator shown in Fig. 23 has a probe 13 in
place of the coupling element 19 of the second embodiment
shown in Fig. 11; the resonator shown in Fig. 24 has a
loop 15 in place of the coupling élement 19 of the secoﬁd
embodiment shown in Fig. 11; the resonator shown in Fié.
25 has a probe 13 ih place of the coupling element 19 of
the fburth embodiment shown in Fig. 17; and the resonator
shown in Fig. 26 has a loop 15 in place of the couplingl
element 19 of the fourth embodiment shown in Fig. 17. The
rest of the structure in the respective Figs. is the
same as the structure in Figs. 11 or 17.

Fig. 27 is a cross section of a filter constructed
using a plurality of the resonators shown in Fig. 11.

This filter comprises an external conductor 1C,
partition walls lsi, 184, and 1S3, resonanée capacity
elements CE;, CE,, CEgj, and CEy4, external circuit connec-
tion terminals 5 and 6, inductance elements 174, 18, 17,5,
18,, 173; 185, 174, and 18, for the compensation of trans-
mission characteristics, and coupling capacity elements
194, 195, 193, and 194.

The resonance capacity eléments CE; through CE4 have .

the same structure as the resonance capacity element shown
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-

in Fig. 3. Specifically, electrodes made of a metal thin
plate or a metal plate are provided on the front and back
sides of a dielectric plate whose upper and lower ends are
fixed to the upper and lower walls, respectively, of a
common external conductor IC, the lower end of one of the
electrodes is electrically connected to the lower wall of
the common external conductor IC, and a gap is formed
betwéen the upper end of said one électrode and the upper
wall of the common external conductor IC, while the upper
end of the other electrode is electrically connected to
the'upper wall of the external conductor IC, and a gap is
formed between the lower end of fhe other electrode and
the lower wall of'the external conductor IC.

Fig. 28 is an equivalent circuit diagram of the
filter shown in Fig. 27. Symbéls.Rl through R, represent
resonance circuits composed of the common external
conductor IC and the resonance capacity elements CEq
through CE4; reference numerals 171; 1874 through 1875,
and 18,4 represent inducfance elements for the compensation
of transmission characteristics; the reference numeral
187, represents a synthetic inductance element of ‘the
inductance elements 18; and 17, in Fig. 27; the reference
numeral 187, represents a syntheﬁic inductance element of
the inductance elements 18, and 173; the reference numeral
1873 represents a synthetic inductance element of the

inductance elements 183 and 174; and reference numerals
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19; through 19, represent coupling capacity elements.

The transmission characteristic of the filter shown
in Fig. 27 is the superimposition of the transmission
characteristics of the resonators.at all stages composing
this filter, that is, the superimposition of the transmis-
sion characteristics substantially the same as the trans-
missibn characteristics shown.in Fig. 13. The resonance
frequencies (f3 in Fig. 13) of a11 stages composed of a
resonator and a coupling-use capﬁcity element are repre-
sented by fg; through fo4, respectively. Suitable adjust-
ment of these resonance frequencies such that they ap-
proach each other, for instance, allows a region Qf inhi-
bition with a large amount of attenuaﬁion to be realized,
while adjustment of these resonance frequencies fg,
through fg5, to adequatély separated values allows a region
of inhibition with a wide range of frequency to be real-
ized.

Fig. 29 is an equivalent circuit diagram of a filter
constructed using a plurality of the resonators shown in
' Fig. 14. The reference numerals 20; through 204 represent
coupling-use inductance elements (ta? coupling), and the
rest of the symbols are the same as in Fig. 24.

The transmission characteristics of this filter
represented by the équivalent circuit shown in fig. 29, is
the superimposition of the transmission characteristics of

the resonators at all stages composing this filter, that
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is, the superimposiﬁion of the transmission characteristics
substantially.the same as the transmission characteristics
shown in Fig. 16. Suitable adjustment of each resonance
frequeﬁcy allows the.frequency range and the amount of
attenuation in the synthesis inhibition region to be
suitably adjusted.

Fig. 30 is a vertical cross section of a'filter
constructed using the resonator shown in Fig. 20.

This filter comprises an external conductor 1C,
partition walls 1Sy, 1S5, and 1S3, resonance capacity
elements CE;, CEZ,.CE3, and CE,, external circuit connec-
tion terminals 5 and 6, inductance elements 211, 221, 212,
2245, 213, 223, 214, and 22, for the compensation of trans-
mission characteristics, and inductance elements'zol, 205,
205, and 204 for the tap coupling.

Fig. 31 is an equivalent circuit diagram of the
filter shown in Fig. 30. Symbols R; through R4 represent
resonance circuits, reference numerals 21,, 2214 throﬁgh
2213, and 22, represent capacity elements for the compen-
sation of transmission characteristics; the reference
numerals 221, represents a synthetic sapacity element of
the capacity elements 22; and 21, in Fig. 26; the
reference numeral 221, represents a synthetic capacity
elemenﬁ of the capacity elements 22, and 215; ths
reference numeral 221, represénts a synthetic capacity

element of the capacity elements 223 and 21,4; and
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reference numerals.201 through 204 represent inductance
elements for tap coupling.

The transmission characteristics of the filter shown
in Fig. 30 is the superimposition of the transmission
characteristics of the resonators at all stages composing
this filtexr, that is, the superimpositidn of the transmis-
sion characteristics substantially the same as the
transmission characteristics shown in Fig. 22. Suitable
adjustment of these resonance frequencies allows  the
frequency range and the amount of attenuation in the
synthesis inhibition region to be suitably adjusted.

Fig. 32 is an equivalent circuit diagram of a filter
constructed using the resonator shown in Fig. 17. Reference
numerals 19y through 194 represent coupling-use capacity
elements, and the rest of the symbols are the samé.as in
Fig. 31.

The transmission characteristics of this filter
expreséed by the equivalent circuit éhown in Fig. 32, is
fhe superimposition of the transmission characteristics of
the resonators at all stages composing this filter, that
is, the supérimposition of the transmission characteris-
tics substantially the same as the transmission character-
istics shown in Fig; 19. Suitable adjustment of these
resonance frequencies allows the frequency range and the
amount of attenuation in the synthesis inhibition region

to be'suitably adjusted."
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Although Figs. 27 through 32 illustrate examplés in
which four résonance'capacity elements are provided, that
is, when the order n Qf_the circuit is 4, the present
invention cén also be implemented when order of the
circuit is suitably increased or decreased.

.Fig. 33 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 3, and Fig.
34 is a horizoﬁtal cross section thereof.

This filter comprises an external génductor 1C,
resonance capacity elements CE,, CEziJéE3, and CE4 having
the same structure as that described for Fig. 23, an input
terminal 5, an output terminal 6, an input coupling wire
7, an output coupling wire 8, resonance frequency fine-
tuning elements 9;, 95, 33, and 94, and lock nﬁts 104,
102,.153, and 104 that is used to fix the fine-tuning
elements 9, 9,, 93, and 9,.

Fig. 35 is an equivalent circuit diagram of the
filter shown in Figs.,33 and 34. Symbols R; through Ry
represent resonance circuits, the symbol Mg, represents
the input magnetic field coupling coefficient, the.symbol
M, represents the output magnetic field coupling coeffi-
cient; and symbols M;, through M3, represent interstage
magnetic field coupling coefficients.

Fig. 36 is a converted equivaient circuit diagram of
the equivalent.circuit diagram shown in Fig. 35. The

symbols are the same as in Fig. 35.
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Alhtough Figs. 33 through 36 illustrate examples in
which the order n of the circuit is 4, the present
invention can also be implemented when the order of the
circuit is suitably increased or decreased. In addition,
although Figs. 33 through 36 illustrate examples in which
the input/output coupling elements.cohsist of the tap
coupling wires 7 and 8, a capacity coupling element
composed.of the capacitors 11 and 12 or the probes 13 and
14 or a magnetic field coupling element composed of the
loopé 15 and 16 shown in Figs. 7 through 10 may also be
used to implement the present invention.

In the design of the band—pass filter shown in Figs.
33 through 36, element values are determined for a .
normalized low-pass filter, and then circuit constants are
determined from these value to obtain the required trans-
mission characteristics, as in a conventional design
method. It wiil now be described how a band-pass filter
whose pass band exhibits Chebyshev characteristids and
whose attenuation band exhibits Wagner characteristics is
designed based on the elemenf values gi through g, of a
normalized Chebyshev low-pass filter, whose circuit
.diagram is shown in Fig. 37 and whose transmission
characteristic curve is-shown iﬁ Fig. 38 (whére the axis
of abscissa represents the normalized frequency, the axis
of ordinate represents the amount of attenuation, and £,

is the normalized cut-off frequency).
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Let the voltage standing-wave ratio (VSWR) within the
pass band that is pefmissible-in terms 6f the design of
the band pass filter be S, then the permissible ripple L.
within the pass band is,expressed by“the following
equation (2).

L. = 10 log {(S + 1)2 / 45} (dB) -+ (2)

The permissible ripple L, is determined from the
-above equation, the order n of the circuit is also deter-
mined, the element value.gl is determined from equation
(3), aﬁd the élement values g, through g, are determined
from equation (4). |

gy = 2a1/r cee  (3)

gx = (4ay_7 = ay) /- (byx_3 * 9x-1) cee (4)

k=2, 3, ..., n
where
r = sinh (B/2n) eee  (5)

B
a) = sin {(2k - 1)w / 2n} see  (7)

1, {coth (L,./17.37)} eee  (6)

by = #2 + sin? (kn/n) .-+ (8)

In Fig..37, Ry, is the load resistitace. When the
order n of the circuit is an odd number,

and when the order n of the circuit is an even
number,

Ry, = coth? (B/4) .-+ (10)

The input/output magnetic field coupling coefficients
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and the interstage magnetié field coupling coefficients
can be determined from equations (11) and (12) and the
pass band width Bwr, the required center frequency fo of
the band-pass filﬁer,-and~the element values g, through g,
determined from equations (3) and(4).

If we express the input/output magnetic field
coupling coefficients as Mgy and My gy

Mgy = My pe1 5 2/gp (BWr/£g)%  eee (11)

_ If we express the interstage magnetic field coupling
coeffiéient-as Mip = Mn—l,n and My3 = Mn—2, n-ls ++-r and
if we determine these and express them aé My, k+1 (k = 1,
2, ceag D = l);

My 1 = {47(9x * gx+1) 7 * Bwr/fg eee o (12)

The center spacing of adjacent resonance capacity
elements can be determined using Fig. 39 and the inter-
stage magnetic field coupling coefficient Mk,.k+1'deter—
mined from equation (12).

Fig. 39 illustrates an example of_the relation
betﬁeen the interstage magnetic field coupling coefficient
and the center spacing of adjacent resonance capacity
elements, obtained as a result of repeated éxperimentation
with prototypes by the inventor. The axis of abscissa
represents (d - 0.3C)/W where d is the center spacing of
adjacent resonance capacity elements (see Fig. 335, C is
the width of the resonance capaciﬁy element (see Fig. 33)’.

and W is the width of the common external conductor (see
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Fig. 34). The axis of ordinate represents the interstage
magnetic field coupling coefficient My x+1-

The transmission loss L of the band-pass filter shown
in Figs. 33 through 36 is expressed by the following
equation. |

L (dB) = 10 log {1 + [(S - 1)274S]T2, (x)} -+ (13)

where T, (%) is a Chebishev polynomial;

1

when x < 1, T, (x) = cos (n cos™ = X), and

when x > 1, T, (x) cosh (n cosh™ 1 x).

x is the ﬁormalized frequency,

x = (£o/Bwr)[£/£q - £q/E]

fo is the center frequency in the BPF pass band,

f is an arbitrary transmission frequency,

Bwr ié the permissible pass bénd frequency width, and

S is the permissible voltage standing-wave ratio
(VSWR) within the pass band.

Fig. 40 is a diagram illustrating an example of thé
transmission characteristics of ﬁhe filter shown in Figs.
33 through 36. The axis of abscissé'represents the
frequendy, and the axis of ordinafe represents the amount
of attenuation.

Although Fig#. 27, 30, 33, and 34 all give examples
in which resohance capacity elements are provided such
" that the.width directions of the resonance capacity

elements CE; through CE; will be parallel to the

lengthwise direction of the common external conductor IC,
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'in all of the embodiments, as shown by the cross section
of principal components in Fig. 41 (a cross section
similar to Fig. 34), the present invention can also be
implemented with the . resonance capacity elements CE;
through CE, arranged such that their Qidth directions are
at a right angle té the lengthwise direction of the common
external conductor IC.

When a bnad-pass filter is constructed with the
resonance capacity elements which are afranged as shown in
Fig. 41 and coupled to adjacent elements each other by
magnetic field coupling, the design method thereof is the
same as the design method for the band-pass filter shown
in Fig. 33. A band-pass filter having the required trans-
mission characteristics can be realized through suitable
correction of the value of C in the axis of abscissa (d -
0;3C)/W of Fig. 39, which is used to determine the éenter
spacing of the resonance capacity elements, or in other
words, since the value of C corrésponds to the width of
the resonance capacity elements, through correction of the
value of C to a value that corresponds to the thickness of
the resonance capacity element when.the resonance capacity
elements are arranged as shown in Fig. 41. |

Fig. 42 is a vertical cross section of a bandfpass
filtex in which the interstage coupling consists of
capacitive coupling (a cross section at the same location

as in Fig. 33).
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This filter comprises an external conductor 1C,
resonance capacity elements CE; ﬁhrough CE4, an input
terminal 5, an output terminal 6, an input couplipg S
capaciﬁy element 23g,, interstage ébupiing capacitft .
elements 23y,, 5323, and 2334, and an output coupling
capacity element 23,¢.-

Fig. 43 is an equivalent circuit diagram of the
band-pass filter shown in Fig. 42. Symbqls R; through Ry
represent resonance circuits, the reference numeral 2351
represents the input coupling capacity, reference numerals
231, through 234, represent interstage coupling capaci-
ties, and the reference numeral 234 represents the output
coupling capacity. |

Fig. 44 is.a converted equivalent circuit diagram of
the equivalent circuit diagram shown in Fig. 43.

Although Fig. 42 shows an example in which the
 input/output coupling elements consist of capacity
elements, tap coupling Wires, probes, loops, or other such
high-frequency coupling means may also be used.

Fig. 45 is a diagram illustrating an example of the
transmission characteristics of the band-pass filter shown
in Fig. 42. The axis of abscissa represents the frequen-
cy, and the axis of ordinate represents the amount of
attenuafion.

Fig. 46 is a vertical cross section of the resonator

of the tenth embodiment according to the present
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invention. Fig. 47 is a horizontal cross section thereof.

‘The resonator of this eﬁbodiment combrises a cubic
external conductor 31; a variable resonance capacity
element 32 made of a solid dielectric holloﬁ cylinder, a
fixed electrode 33,Iand a movable electrode 34; a lock nut
35 that is used to fix_the movable electrode 34; an input
terminal 36; an output terminal 37; an input coupling wire
38; an output coupling wire 39; a resonance frequency
fine—funing element 40; and a lock nut 41. The external
conductor 31 may also be a bottomed cylinder.

The lower end of the hollow cylinder 32 is fixed to
the lower wall of the external conductor 31 by an adhesive
agent or another suitable means, and the upper ‘end faces
the upper wali ofethe external conductor 31 a suitable
distance away.

The fixed electrode.33 is made of silver or another
metal thin layer bonded around the outside of the hollow
cylinder 32, end the lower end thereof is electrically
connected to the lower wall of the external conductor 31
by soldering .or another suitable means.

' The movable electrode 34 is made of a solid or hollow
cylindrical conductor (such as copper) with a threaded
outside, and is screwed into the threaded hole in the
upper wall of the externel conductor 31 coaxially witﬁ the
fixed electrode 33. The insertion length of the movable

electrode 34 into the hollow cylinder 32, and therefore
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ﬁhe insertion length of the movable electorde 34 into the
fixed electrode 33 can be varied through the rotation of

~ the mgvable electorde 34 in a forward or reverse direction
to move the movable electrode 34 forward and backwgrd.

The movable electorde 34 can be fixed through the lock nut
35. o

The,inpuf terminal 6 and the output terminal 7
consist, for example; of_coaxia13p1ugs, and the external
conductor forming these coaxial.plugs is connected to the
external conductor 31. The input coupling wire 38 is
connected at one end to the internai conductor of the
coaxial plug 36, and at the other end to the fixed
electrode 33. The output coupling wire 39 is connected at
one end to the internal conductor of the coaxial plug 37,
and af the other end‘to the fixed electrode 33. The
fine-tuning element 40 is made, for example, of a metal
screw threaded into the.wall of the external conductor 31,
and is fixed through the lock nut 41.

In the resonator constructed in this manner, a
parallel resonator. circuit whose equivalent circuit is
shown in Fig. 48, is formed by the distributed inductance
of the external conductor 31 and the capacity of the
variable resonance capacity element composed of the solid
dielectric hollow cylinder 32, the fixed electrode 33, and
the movable electrode 34.

In Fig. 48, the symbol R represents the resonance cir-
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cuit, the symbbl Mgr represents the input magnetic field
coupling coefficient; and the symbol My, represents the
output magnetic field coupling coefficient.

When high-frequency power is applied, for example, to
the coaxial plug 36, the electromagnetic field distribu-
tion in this resonator will be such.that the electric
field vector is expressed by the solid arrowed line E in
Fig. 46, the current by the solid arrowed line I in Fig.
46, and the magnetic field by the broken line H in Fig.
47. |

Since inductance is relatively small; and the
capacity is relatively large in this resonatoxr, this
resonator is a low impedande-type with good withstand
voltage characteristics.

If a material with a high dielectric constant and a
dielectric loss that is nearly zero is used as the hollow
cylinder 32 made of a solid dielectric in the variable
resonance capacity elément, then the Q (Q,) of the
variable resonance capacity element composed of the solid
dielectric hollow cylinder 32, the fixed electrode 33, and
the movable electrode 34 can be ignored. Since the
electromagnetic energy that can be accumulated in this
resonator ﬁill correspond to the volume of the external
conductor 31, and the resisténce in.the metal portion of
this resonator can be kept extremely low, an extremely

1aige unloaded Q can.be obtained.
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The inventor was able to obtain the following
experimental equation (14) for the unlocaded Q (Q,) of this
resonator through -the use of prototypes whose external
conductor 31, fixed electrode 33 and movable electrode 34
are made of copper; altheugh the magnitude of the unloaded
Q (Q,) will also vary with the ratio of the inductance to
the capacity in the resonator.

0, 5 20 £41/2 . sm cee (14)

where f; is the resonance frequency (MHz) and SH is’
the height (cm) of the external conductor 31 (cm) (see
Fig. 46).

Although-Fig. 46 illustrates an example in which tap
coupling by the coupling wires 38 and 39 is used as means
for coupling in high-frequency fashion the input terminal
36 with the fixed electrode 33, and the output terminal 37
with the fixed electrode 33,.means for capacitively.cou—
pling the input terminal 36 with the fixed electrode 33
via the capacitylelement 42 and means for capecitively
coupling the output terminal 37 with'the fixed electrode
33 via the capacity element 43 may also be used, as shown
in Fig. 49. In addition, probes 44 and 45 may be used as
the input/oufput coupling means, as shown in Fig. 50, or
loops 46 and 47 may be used as the input/output coupling
means, as shown in Fig. 51.

Figs. 49 tﬁrough 51 correspond to cross sections of

Fig. 47 viewed from below with the side wall on the bottom
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(from the front) removed from the external conductor 31
and hereinafter the same applies to cross sections similar
to Figs. 49 through 51, such as Fig. 52.

Fig. 52 is a vertical cross secfion of the resonator
of the eleventh eﬁbodiment according to the present inven-
tion.

in this embodimént, a low-pass fiiter circuit is
composed of inductance elements 48 and 49 for the compen-
sation of transmission characteristics, interposed between
the connection terminals 36 and 37 for the external
circuiﬁ, and a capacity element 20 connected between the
connection point of the inductance elements 48 and 49 and
the fixed electrode 33 forming the resonance cépacity
element. With this resonator, as shown by the transmis-
sion characteristics in Fig. 54 where the axis of abscissa
represents the frequency and the axis of ordinate
represents the amount of attenuation, the slope of the
attenuation characteristic curve in the ﬁrequency region
lower than the fesonance frequency f; is steep, while the
slope of the attenuation characteristic curve in the
frequency region higher than the resonance frequency fo.ié
gentle, and a tranémission inhibition band is formed in
the frequency region including the resonance frequency fy.

Fig. 53 is an equivalent circuit diagram of the reso-
nator.shown in Fig. 52. The symbol R represents a reso-

nance circuit composed of the external conductor 31 and
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the variable resonance capacity element, and the rest of
the symbolé_are the same as in Fig. 52.

fhe resonance frequency fy of the circuit composed of
the resonance circuit R and the COuplihg:use capacity
element 52 changes éccording to the capacity of thé
coupling-use capacity element 50,_and the fine tuning of
the resonance frequency can be performed by the provision
of an adjustment element that is the same as the fesonance
freqﬁency fine-tuning element 40 shown in Fig. 47.

Fig. 55 is a vertical cross section of the resonator
of the twelfth embodiment according to the present inven-
tion.

This embodiment differs from:the eleventh embodiment
shown in Fig. 52 in that the coupling of the connection
point of the inductance elements 48 and 49 with the fixed
electrode 33 is performed by tap coupling using an induct-
.anée element 51, and in that the resonance frequency f; of
the circuit composed of the resonance circuit R aﬁd the
coupling-use inductance element 51 changes according to
the inductance of the inductance elemenﬁ 51; The rest:-of
the structure and operétion is substahtially the same as
in the eleventh embodiment shown in Fig. 52.

Fig. 56 is an equivalent circuit diagram of the
- resonator shown in Fig. 55. Except for the inductance
element 51, all of the.symbols are the same as in Fig. 53.

Fig. 57 where the asix of abscissa and the axis of
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ordinate are the same as in Fig. 54, is a diagram
illustrating the transmission characteristics of the
resonator shown in Fig. 55, which is substantially the
same as the charaéﬁeristics shown in Fig. 54.

Fig. 58 is a vertical cross section of the resonator
of the thirteenth embodiment according to the present
invention. This embodiment différs from the eleventh
embodiment shown in Fig. 52 in that the inductance
elements 48 and 49 used in the eleventh embodiment shown
in Fig. 52 are replaced with capacity elements 52 and 53.
The rest of the structure is the same as in the eleventh
embodiment shown in Fig. 52.

Fig. 59 is an equivalent circuit diagram of the
resonator shown in Fig. 58. Except for the capacity
elements 52 and 53, all of the symbols are the same as in
Fig. 53.

Fig. 60 where the a#is of abscissa and the axis of
ordinate are the same-as in Fig. 54, is a diagram illus-
trating the transmission characteristics of the resonator
shown in Fig. 58. In this embodiment, the slope of the
attenuation characteristic curve in the frequency region
lower than the resonance frequency f; is gentle, while the
slope of the attenuation characteristic curve in the
frequency region higher than the resonance-frequéncy fy is
steep, and a transmission inhibition band is formed in the

frequency region including the resonance frequency fg.
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Fig. 61 is a vertical cross section of the resonator
of the fourteenth embodiment according to the present
invention. | |

This embodiment is the samelas the embodiment shown
in Fig. 58 in that the capacity elements 52 and 53 are
used as.transmission characteristic compensation elements,.
and is the same‘as'the twelfth embodiment shown in Fig. 55
in that the coupling element is formed such that tap
coupiing will be performed using the inductance element
51. The rest of the structure is the same as in the
thirteenth embodiment shown in Fig. 58.

Fig. 62 is an equivalent circuit diagram of the
resonator shown in-Fig. 61. Except for the inductance
element 51, all of the symbols are the same as in Fig. 59.

Fig. 63 where the axis of abscissa and the axis of
ordinate are the same as in Fig. 60, is a diagram illus-
trating the transmission characteristics of the resonator
shown in Fig. 61, which is substantially the same as the
characteristics shown in Fig. 60.

Figs. 64 through 67 are cross sections illustrating
- the fifteenth through eightéenth embodiments according to
the present invention. The resonator shown in Fig. 64 has
a probe 44 in place of the coupling element 50 in the
embodiment shown'in Fig. 52; the resonator shown in Fig.
65 has a loop 46 in place of thé coupling element 50 in

the embodiment shown in Fig. 52; the resonator shown in
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Fig. 66 has a probe 44 in place of the coupling element 50
in the embodiment shown in Fig. 58 ; and the resonator
shown in Fig. 67 has a loop 46 in place of the coupling
element 50 in the embodiment shown in Fig. 58.  The rest
of the structure in the respective Figs. is the same as
the structure in Fig. 52 or 58.

Fig. 68 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 46, and Fig.
69 is a horizontal cross section thereof.

This filter comprises an external conductor 31C,
fixed electrodes 331 through 334 which are the same as the
fixed electrode 33 shown in Fig. 46, variable electrodes
34,4 through 344 that make up the variable resonance capac-
ity element along with the fixed electrodes 33; through
334 and are the same.as the movable electrode 34 shown in
Fig. 46; lock nuts 35; through 35, which are used to fix
the variable‘electrodee 34,4 through 344, an input terminal
36, an output terminal 37, an input coupling wire 38, an
output coupling wire 39, resonance frequency fine—tuhing
elements 40, through 40,4, and lock nuts 41; through 41,4
that are used to fix the fine-tuning elements 405 through
40,4 .

Fig. 70 is an equivalent circuit diagram of the
filter shown in Figs. 68 and 69. Symbols R; through R4
represent resonance circuits, the symbol M61.repreeents

the input magnetic field coupling coefficient, the symbol
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ﬁ47 represents the output magnetic field coupling'
coefficient, and symbois M;, through M3, represent the
intérstage magnétic fiéld coupling coefficients.

Fig. 71 is a converted equivalent circuit diagram of
- the equivalent circuit diagram shown in Fig. 70, and the
symbols are the same as in Fig. 70.

Although Figs. 68 through 71 illustrate an example in
which the input/output coupling elements is made of the
tap coupling wires 38 and 39, a capacity coupling element
composed of the capacitors 42 and 43 or the probes 44 and
45 or a magnetic field coupling element composed of the
- loops 46 and 47 . may also be used to implement the present
invention, as shown in Figs. 49 through 51.

The band-pass filter shown in Fig. 68 through 71 can
be designed in the séme manner as the band-pass filter
shown in Figs. 33 through 36.

Fig. 72 is a diagram illustrating an example of the’
relation between the interstage magnetic field coupling
coefficient and the center spacing of adjacent resonance
capacity elements, obtained as a result of repeated exper-
imentation with prototypeé by the inventor. The axis of
abscissa represents (d - 0.3C)/W where d is the center
spacing of adjacent resonance capacity elements (see Fig.
68), C is the external diameter of the fixed eleétrodes
33, through 33, that form the variable resonance capacity

element (see Fig. 68), and W is the width of the external
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. conductor 31C (see Fig. 69). The axis of ordinate
represents the interstage magnetic field coupling
coefficient Mk, k+1-

The trénsmission loss L of the band-pass filter shown
in Figs. 68 through 71 is expressed by equation (13).

An example of the transmission characteristics of the
filter shown in Fig_s. 68 through 71 is shown in Fig. 40.

Fig. 73 is a vertical cross section of a band-pass
,filter in which the interstage coupling consists of
capacitive ccupling. |

This filter comprises an external conductor 31C,
fixed electrodes. 33; through 334, lock nuts 357 through
354, an input terminal 36, an output terminal 37, an input
coupling capacity element 54¢,, interstage coupling capac-
ity elements 545, through 5434, and an output coupling .
capacity element 544,.

Fig. 74 is an equivalent circuit diagram of the
band-pass filter shown in Fig. 73. Symbols Ry through Ry
represent resonance circuits, thc reference numeral 54g;
represeﬁts the input coupling capacity, the reference
- numerals 544, through 5434 represent the interstage
coupling capacity, and the reférencé numeral 5447
represents the output coupling capacity.

Fig. 75 is a converted equivalent circuit diagram-of
the equivalent circuit diagram shown in Fig. 74, and the

symbols are the same as in Fig. 74.
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Although fig..73 shows an example in which the
input/output coupling elements are made of capacity
elements, tap coupling wires, probés, loops, or other such
high-frequency coupling means may also be used.

An example of the transmission characteristics of the
band-pass filter éhown.in Fig. 73 is shown in Fig. 40.

Fig. 76 is a vertical cross section of a filter
constructed using the-resonatof showﬁ iﬁ Fig. 52. Fig. 77
is ‘a right side view of Fig. 76.

This filter comprises an external conductor 31C,.
partition walls 31S; through 31S3 made of conductor
plates, fixed electrédes‘331 through 334, novable’
.electrodes 34, through 34,4, lock nuts 35; through 354 thgt
are used to fix the movable electrodes 34, through 344,
~external circuit connection terminals 36 énd 37;
inductance eléments 484 through'484 and 49, through 49,4
for the compensation of transmission characteristics, and
coupling capacity eiements 501.through-504.

Fig. 78 is an equivalent circuit diagram of the
filter shown in Fig. 76. Symbols R; through R, represent
resonance circuits comprising a common external conductor
31C and variable resonance capacity elements composed of
fixed electrode 33i through 33, and movable electrodes 34,
through 344; the reference numerals 48;, 498; through
4983, and 49, represent inductance elements for the

compensation of transmission characteristics; the
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reference numeral 498; represents a synthetic inductance
element of the inductance elements 49; and 48, shown in
Fig. 75, the refefence numeral 498, represents a synthetic
inductance element of the inductance elements 49, and 483,
the reference numeral 4983 represents a synthetic
inductance element of the inductance elements 495 and 48,,
and the reference numerals 50; through 504 represent
coupling-use capacity elements.

" The transmission characteristics of the filter shown

in Fig. 76 is the superimposition of the transmission

characteristiés of the resonators at all stages composing
this filter, that is, the superimposition of the transmis-
sion characteristics substantiallylthe same as the
transmissioﬁ characteristics shown in Fig. 54. The
resonance frequencies (f; in Fig. 54) of all stages
compdsed of a resonator and a coupling-use capacity
element are represented by f5; through fg,, respectively.
Suitable adjustment of these resonance frequencies such
that they approach each other, for iqstance, allows a
region of inhibition with a large amount of attenuation to
be realized, while adjustment of these resonance
frequencies fbl through f,, to adequately separated values
allows a region of inh;bitioﬂ with a wide range of
frequency to be realized.

Fig. 79 is an equivalént circu;t diagram of a filter

constructed using the filter shown in Fig. 55. Reference
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numerals 515 through 51; represent tap coupling-use
inductance elements, and the rest of.the symbols are the
same as in Fig. 78.

The transmission characteristics of this filter
expressed by the equivalent circuit shown in Fig. 79, is
the superimposition of the transmissioﬁ characteristics of
the resonators at all stages composing this filter, that
is, the superimposition of the transmission characteris-
tics substantially the same as the transmission character-
istics shown in Fig. 57. Suitable adjustment of resonance
frequency at each stage allows the frequency range and the
amount of attenuation in the synthesis inhibition region
to be suitably adjusted.

Fig. 80 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 61.

This filter comprises an external conductor 31C, '
partition walls 31S; through 31S3 made of cdnductor
plates, fixed electrodes 33; through 334, movable
electrodes 34, through 344, external éircuit connection
terminals 36 and 37, inductance elements 52; through 52,
and 53y through 53, for the compensation of transmission
characteristics and tap coupling inductance elements 51;
‘through 514.

Fig. 81 is an equivalent circuit diagram of the
‘filter shown in Fig. 80. Symbols Ri through Ry represent

resonance circuits, the reference numerals 521;, 5323
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“through 5323, and 534'represent capacity elements fot the
compensation of transmission characteristics; the
reference numeral 532; represents a synthetic capacity
element of the capécity elements 53, and 52, in Fig. 80;
the reference numeral 532, represents a synthetic capacity
element of the capacity elemcnts 53, and 533; the
reference numerél 5323 represents a synthetic capacity
element of the caéacity elements 533 and 524; and the
reference numerals 51; through 51, represent inductance
elements for tap coupling.

The.transmission characteristics of the filter shown
in Fig. 80 is the superimposition of the transmission’
characteristics of the resonators at all stages composing
this filtex, that is, the superimposition of thé transmis-
sion characteristics substantially the same as the
transmission characteristics shown in Fig. 63. Suitable
adjustment of resonance frequency at each stage allows the
frequency range and the amount of attenuation in the
synthesis inhibition region to be suitably adjusted.

Fig. 82 is an equivalent circuit diagram of a filter
constructed using the resonator shown in Fig. 58.
Refercnce numerals 20; through 20, represent coupling-use
capacity elements, and the rest of the symbols are tﬁe
same as in.Fig._Bl.

The transmission characteristics of the filter

expressed by the equivalent circuit shown in Fig. 82, is
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the superimposition.of the transmission characteristics of
the resonators at all the stageé composing this filter,
that is, the superimposition of the transmission
characteristics Substantially the same as the transmission
characteristics shown in Fig. 60. Suitable adjustmént of
the resonance frequency at each stage allows the frequency
range and the amount of attenuation in the synthesis
inhibition region to be suitably adjusted.

Although Figs. 68 through 82 illustrate examples in
which four variable resohance capacity elements are
provi&ed, that is, when the order n of'the_circuit is 4,
the present invention can also be implemented when the
order n of the circuit is suitably incréased oxr decreased.

Although the filters shéwn in Figs. 68 through 82 are
Comblineetype filtérs, the present invention can also be
applied to interdigital filters.

Fig. 83 is a vertical cross section of thé resonator -
of the nineteenth embodiment according to the present
invention, and Fig. 84 is a horizontal cross section
thereof. |

The resonator of this embodiment comprises a cubic
_exterhal conductor 61; a fixed electrode 62 made of a
hollow cylindrical conductor, a movable electrode 63; a
lock nut 64 that is used to fix the movable electrode 63;
an input terminal 65; an output terminal 66; an input

coupling loop 67; an output coupling loop 68; a resonance
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frequency fine-tuning element 69; and a lock nut 70 that
is used to fix the fine-tuning element 69. The external
conductor 61 may also be a bottomed cylinder.

The lower end of the fixed electrode §2 is fixed to
the lower wall of the external conductor 61; and fhe uﬁper
end faces the uppef wall of the external conductor 61 a
suitable distance away; The lower end of the fixed
electrode 62 is fixed, for example, by screwing a flange
that is integrally attached to the lower end of the fixed
electrode 62 to the lower wall of the external conductor
61. The movable electrode 63 is made of a 'solid or hollow
cylindrical conductor (such as copper) with a threaded
outside, and is screwed into the threaded hole formed in
the upper wall of the:external conductor 61 coaxially with
the fixed electrode 62. The insertion length of the
movable electrode 63 into the holow cylinder 62, can be
varied through the rotation of the movable electrode 62 in
a forward orlreverse direction to move the movable elec-
trode 63 forward or backward. The input terminal 65 and
the output terminal 66 is made, for example, of coaxial
plugs, and the external conductor that forms these coaxial
plugs is connected to the external conductor 61. The
fiﬁe—tuning element 69 ié made, for example, of a metal
screw threaded into the wall of the external conductor 61.

With a resonator constructed in this mannér, a

parallel resonator circuit whose equivalent circuit is
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shown in Fig; 85, is formed by the distributed inductance
in the external conductor 61 and the capacity in the
variable resonance capacity element cohposed oflthe fixed
electrode 62 and the movable electrode 63.

In Fig. 85, the symbol R represents the resonance
circuit, the symbol Mgy represents the input magnetic
field doupling coefficient, and the symbol Mp, represents
the output magnetic field coupling coefficient.

When high-frequency power is applied, for example, tb
the input terminal 65, the electromagnetic field distribu-
tion in this resonator will be such that the electric
field vector is expressed by thé solid arrowed line E in
Fig. 83, the current by the solid arrowed line I, and the
magnetic field by the broken line H in Fig. 84.

Since the inductance is relatively small, and the
capacity is relatively large in this resonator, this
resonator is a low impedance type with good withstand
voltaée characteristics. 1In addition, the electromagnetic
energy that can be accumulated in this resonator will
corfespond to the volume of the external conductor 61, and
the resistance iﬁ the metal portion of this resonator can
be kept extremely low, so that an extremely large unloaded
Q can be obtained.

The inventor was able to obtain the following experimental
equation (15) for the unloaded Q (Q,) through the use of

prototypes whose external conductor 61, the fixed .
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electrode 62, and the movable. electrode 63 of this
resonator are made of copper, although the magnitude of
the unloaded Q (Q,) will vary witb'the ratio of inductance
to the capacity of the resonator.

Qg = 20 £4% o SH ... (15)

where f43 is the resonance frequency tMHz) and SH is
ﬁhe height (cm) of the external conductor 61 (see_fig.
83).

Although Fig. 83 illustrates an example in which a
resonance frequency fine-tuning element 69 and a lock nut
70 are provided, the present invention can also be
iﬁplemented with these components omitted. Also, Fig. 83
illustrates an example in which loops 67 and 68 are
provided as means for coupling in high-frequency fashion
the input terminal 65 with the fixed electrode 62 and the
output terminal§66 with the fixed electrode 62, means for
capacitively coﬁpling the input terminal 65 with the fixed
electrode 62 via the capacity element 71 and means for
capacitively coupling the output terminal 66 with the
fixed electrode 62 via the capacity element 72 may also be
used, as shown in Fig. 86. In addition, probes 73 and 74
may.be used as the input/output coupling means, as shown
in Fig. 87, or taé coupling may be performed using cou-~
pling wires 75 and 76 as the input/output coupling means,
as shown in Fig. 88.

Figs. 86 through 88 are the cross sections of Fig.
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84, omit;ing the lower side wall of the external conductor
61.

| Those symbols and structure not discussed in the
eﬁplanation of Figs. 86 through 88 are the same as in
Fig. 83. |

Fig. 89 is a vertical cross section of a filter
constructed using the reSonétor shown in Fig. 83, and Fig.
90 is a horizontal cross section thereof.

This filter comprises an external conductor 61C,
fixed electrodes 62; through 62,, movable electrodes 63;
through 634, lock nuts 64; through 64, that are used to
fix the movable electrodes 631 through 634, an input
terminal 65, an output terminal 66, an input coupling loop
67, and an’output coupling loop 68.

Fig. 91 is an equivalent circuit diagram of. the
filter shown in Figs. 89 and 90. Symbols R; through Ry
représént resonance circuits, the symbol Mg, represents
the input magnetic field coupling coefficiént, the symbol
Mg represents-the output magnetic field coupling
coefficient, and symbols M;, through M3, represent the
interstage mégnetic field coupling coefficients.

Fig. 92 is a converted equivélent circuit diagram
of the equivalent circuit diagram shdwn in Fig. 91, and
the symbols are the same as in Fig. 91.

The band-pass filter shown in Figs. 89 throggh 92 can

be designed in the same manner as the band-pass filter
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shown in Figs. 33'through 36.

Fig. 93 illustrates an example of the relation
between the interstage magnetic field coﬁpling coefficient
and the center spacing of adjacent resonance capacity
elements, obtained as a result of repeated experimentation
- with profotypes by the inventor. The axis of abscissa
represents (d - 0.3C)/W where d is the center spacing of
adjacent resoﬂance capacity elements (see Fig. 90), C is
the e#ternai diameter of each of the figed eiectrodes 27
through 2, that form the variable resonance capacity
element (see Fig. 89), and W is the width of the common
shield case 61C (see Fig. 90). The axis of ordinate
represents the interstage maénetic field coupling coeffi-
cient My o k+1-

. The transmission loss L of the band-pass filter shown
in Figs. 89 tﬁrough 92 is expressed by equation (13).

Fiqg. 94 is a diagram illustrating an example of the
transmission characteristics over the wide band of the
filter shown in Figs. 89 through 92. ° The axis'of abscissa
represents the'frequency (MHz), with graduations of 300
MHz and a resonance frequency fj of 565 MHz, while the
éxis of ordinate represents.the amount of attenuation
(dB), with graduations of 10 dB.

Fig. 95 is an enlarged transmission characteristics
diagram near the resonance frequency f; in Fig. 94. The

axis of abscissa represents'the frequency (MHz), with
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graduations of 5 MHz, while the axis.of oxrdinate
represents the amount of attenuation.(dB), with
graduations of 5 dB.

As shown in Fig. 94, the hafmonic compohents of the
‘resonance frequency £ afe'greatly attenuated, since this
characteristic is also-é characteristic of the resonators
composing this filter, the resonator shown in Fig. 83 will
have substantially the same characteristics as a lumped
constént type of reéonator composed of a coil and a capac-
.itor, which are lumped—constaht circuit elements.

The irreqular waveform present near an attenuation of
-80 dB to -100 dB in Fig. 94 is believed to be noise
‘admixed iﬁ the measurement device circuit.

Although the filter shown in Figs. 89 through 92 is
constructed such.that the required electrical characteris-
tics will be obtained by setting the center spacing 6f the
vériable resonance capacity elements according to the
required interstaée magnetic field coupling coefficient,
the required electrical charactéristics can also be
obtained by arranging the variable resonance capacity
elements at a suitable fixed interval and interposing
conventional interstagé magnetic field coﬁpling adjustment
elements between adjaéent variable resonance capacity
elements.

Fig. 96 is a vertical cross section illustrating.an

example of the above, and Fig. 97 is a horizontal cross
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section of the same. In these Figs., reference numerals
774y through 773, represent conventional interstage
magnetic field coupiing adjustment elements made of rbund.
or square rod-shaped or ribbon-shaped conductors. The
axial direction of the interstage magnetic field coupling
adjustment elements 77141 thrdugh 7735 between adjacent
fixed electrodes 621 and 62,5, 622 and 623, and 623 and 624
is parallel to the axial direction of the fixed electrodes
62 through 62,, and the both ends of each of the
interstage magnetic field coupling adjustment elements
7711 tthugh 7739 are electrically and mechanically
connected to the upper and lower walls of the common
shield case 61C.

The interstage magnetic field coupling coefficient
can be adjusted to the required value by forming each of
the inﬁerstage magnetic field coupling adjustment.elements
7747 through 7732 in a suitable thickness, or by suitably
increasing or decreasing the number of.interstage magnetic
field coupling adjustment elements interposed between the
adjacent variable resonance capacity elements.

Fig. 98 is also a vertical cross section of a filterx
constructed such that the interstage magnetic field
coupling coefficient is adjusted by means of interstage
magnetic field coupling adjustment elements, and Fig. 99
is a horizontal cross section thereqf. In these Figs.,

reference numerals 78; through 783 represent conventional
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interstage magnetic field coupling adjustment elements in
the shape of a plate. Each plate is at a right angle to
the lengthwise direction of the common_shield case 61C
between adjacent'fixéd eléctrodes 62, and 62,, 62, and
623, and 623 and 62,, each edge of the plate is electri-
cally connected to the upper and.lower walls and both side
walls of the common shield case 61C, and a magnetic field
coupling hole is fdrmed in each plate.

The interstage magnetic field coupling coefficient
can be suitably adjusted according to the surface area of
the magnetic field coupling holes formed in the interstage
magnetic field coupling adjustment elements 78; through
785. |

The rest of the structure in Figs. 96 through 99 is
the same as in Figs. 89 and 90.

Fig; 100 is a vertical cross section of another
example of -a filter constructed using the resonator shown
in Fig. 83.

This filter comprises an external cdnductor 61C,
fixed electrodes 62; through 62,, movable electrodes 634
through 634, lock nuts 64; through 64, that are used to
fix the movable electrodes 63; through 63,4, an input
terminal 65, and output terminal 66, ah input coupling-use
probe 73, an output coupling-use probé 74, partition walls
79, through 793-méde of conductor plates, capacity

formation electrodes 80, through 803,, and connection
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conductors 81; through 81j.

The connection conductors 81; through 813 are
inserted through and fixed to the partition walls 794
.through 793 while maintaining insulation between connec-
tion conductors 81, throﬁgh 813 and the partition walls
79,4 through 793. The connection conductor 81, connects
‘the electrodes 80,4 wifh the electrode 80,5, and capaci-
tively couples the resonator including the fixed electrode
627 with the resonator including the fixed electrode 62,.
The other resonators are similafly coupled.

Fig. 101 is élso-a vertical cross seétion of a filter
in which the neighbouring stages are coupled by capacitive
coupling.

With this filter, capacity formation electrodes 821'
through 823 having U-shaped cross sections, and rotary
support shafts 83; through 83; that are rotatably attached
to the upper wall of the common shield case 61C maintain-
ing insulation between the Support.shafts 83, through 834
and the upper wall of the common shield case 61C, are
provided in place of the partition walls 79; through 793,
the capacity formation electrodes 80;; through 8032, and
the connection conductors 813 through 813 of the filter in
Fig. 100. When the support shaft 83; is rotated, the
.electrode 82, supported.by this support shaft 83; also
rotates, thereby changing the interstage coupling capacity

coefficient. The other neighbouring stages are similarly
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coupled.

Although the filters in the embodiments shown in
Figs. 89, 90, and 96 through 101 are examples of cases in
which the order of the circuit is 4, the present invention
can also be implemented with this order suitably increased
or decreased. |

In addition, although'above embodiments are for cases
of a Combline-type filter, the present invention can also
be implemented for interdigital filters.

In the filters shown in Figs. 89, 90, and 96 through.
101, any one of the input/output coupling elements in the
resonators shown in Figs. 83 and 86 through 88 as the
input/output coupling elements.

The resonators.shown'in Figs. 83 and 86 through 88
can be.operated.as a'band eliminatién filter by connecting
one of the terminals to an external circuit using one of
the methods shown in Figs. 52, 55, 58, 61, 64 through 67,
and so on.

A bahd_elimination-filter of which the elimination
band width, the amount of attenuééion, etc., can be set
and changed at will can be éonstructed by replacing the
various variable capacity elements in Figs. 76 through 82
with the variable capacity element in Fig. 83.

fig. 102 is a vertical cross section of the resonator
of the twentieth-embodiment according to the present

invention, and Fig. 103 is a horizontal cross section
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thereof.

The resonator in this embodiment'comprises a cubic
external conductor 91; a solid dielectric hollow cylinder
92 ﬁade of ceramic; a variable resonance capacity element
composed of fixed electrodes 93A and 93B, and a mbvable
electrode 94; a fixing member 93C that is uséd to fix the
fixed electrode 93A, a fixing member 93D that is used td
fix the fixed electrode 93B, a lock nut 95 that is used to
fix thé movable electrode 94; an input terminal 96 ; an
output terminal 97; an input coupliné wire 98; an output
coupling wire 99; a resonance frequency fine-tuning
element 100; and a lock nut 101. The external conductor
91 ma& also be a bottomed cylinder.

The upper and lower ends of the hollow cjlinder 92
are a suitable distance'apaft from, and face the upper and
lower ﬁalls, respectively, of the external conductor 91.
The fixed electrode 93A, 93B are made of a metal thin
layer such as silver that is bonded around the inside and
outside, respectively, of the hollow cylinder 92. The
upper end of the fixed electrode 93A is soldered to the
inner side of the conductive fixing member 93C, which is
in the form of a flanged hollow cylinder, and the flange
of the fixing member 93C is fixed by a screw to the ﬁpper
wall of the external conductor 91. The lower end of the
fixed eleétrode 93B is attached in elastic contact with

the upper portion of the conductive fixing member 93D
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whose upper portion is provided with a plurality of slits
to achieve elasticity and which is in the form of a
bottomed hollow cylinder. This fixing member 93D is fixed
to the lower wall of the external conductor 91 by a screw,
using the threaded hole formed in thé bottom of itself.

The movable electrode 94 ﬁade of a solid or hollow
cylindricél conductor (such as copper) threaded around its
butside, and is screwed into the threadéd hole formed in
the upper wall of the external conductor 91 coaxially with
the fixed electrodeé 93A and 93B. The insertion length of
the movable electrode 94 into the hollow cylinder 92, and
therefore the insertion length of the movable electrode 94
into the fixed electrode 93B can be varied by the rotation
of the movable electrode 94 in a forward or reverse direc-
tion to move the movable electrode 94 forward or backward.
The movable electrode 94 is fixed by the lock nut 95.

The input terminal 96 and the output terminal 97
consist, for example, of coaxial plugs, and the external
conductor that forms these coaxial plugs is connected to
the external conductor 91. The input coupling wire 98-is
connected at one end to the internal conductor of the
coaxial plug 96, and at the other end to the fixed elec-
trode 93A. Thé output coupling wire 99 is connected at
one end to the internal conductor of the coaxial plug 97,
and at the other end to the fixed electrode 93A. The

fine-tuning element 100 is made of a metal screw threaded
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into the.wall of the external conductor 91, and is fixed
by a lock nut 101.

With a resonator constructed in this manner, a
parallel resonance circuit Qhose equi#alent circuit is
shown in Fig. 104, is formed by the distributed inductance
of the external conductor 91 and the capacity of the
variable resonance capacity element composed of the solid
dielectric hollow cylinder 92, the fixed electrode; 93A
and 93B, and the movable electrode 94.

In Fig. 104, the symbol R represents the resonance
circuit, the symbol Mgp represents the input magnetic
field coupling coefficient, and the symbol Mp; represents
the oﬁtput magnetic field.coupling coefficient.

When high-frequency power is applied, for example, to
.the coaxiél plug 96,'the electromagnetic field disfribu—
tion in this resonator will be such that the electric
field vector is expressed by the solid arrowed line E in
Fig. 102, the current by the solid arrowed line I in Fig.
" 102, and the magnetic field by the broken line H in Fig.
103.

Since inductance is relatively small, and the
capacitance is relatively large in this resonator, this
resonator is a low impedance type with good withstand
voltage characteristics.

If a ceramic with a high dielectric constant and a

dielectric loss that is nearly zero is used as the hollow
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cylinder 92 made of a solid dielectric in the variable
resonance capacity element, then the Q (Qy) of the
variable resonance capacity element consisting of the
solid dielectric hollow cylinder 92, the fixed electrodes
93A and 93B, and the movable electrode 94 éan be ignored.
In addition, the eleétronic energy that can be accumulated
in this resonator will correspond to the volume of the
external conductor 91, and the resistance in the metal
portion of this resonator can be kept extremely low, so
that an extremely large unloaded Q cah be.obtainéd.

The inventor was able to obtain the following experi-
mental equation (16) for the unloaded Q (Q,) through the
use of prototypes whose external cpnductor 91, fixed
electrodes 93A and 93B, and movable electrode 94 are made
of copper, although the magnitude of the unloaded Q (Q,)
will vary with the ratio of the inductance to the capaci-
tance of the resonator.

Qu = 20 £0% o SH  «ee  (16)

where f; is the resonance frequency (MHz) and SH is
the height (ém) of the external conductor 91 (cm) (see
Fig. 102). |

Although Fig. 102 illustrates an example of a case in
which tap coupling by the coupling wires 98 and 99 is used
as means for coupling in high-frequency fashion the input
terminal 96 with the fixed electrode 93A, and the output

terminal 97 with the fixed electrode 93A, means for
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capacitively coupling the input terminal 96 with the fixgd
electrode 93A via the capacity element 102 and means for
capacitively coupling the output tefminal 97 with the
fixed electrode 93A via the capacity element 103 may also
be used, as shown in Fig. 105, or probes 104 and 105 may
be used as the inpu£/output coupling meaﬁs} as shown in
Fig. 106. In addition, loops 106 and 107 may be used as
the input/output coupling means, as shown in Fig. 107.

Figs. 105 through 107 correspond to the crosé section
of Fig. 103 viéwed,from below, omitting the lower side
wall of external condﬁctor 91, and hereinafter the same
applies to Fig. 108 similar to Figs. 105 through 107.

The structure not discussed in thé explanation of
Figs. 105 through 107 are the same as.in Fig..102.

Fig. 108 is a vertical cross section of the résonator
of the twénty—first embodiment according to the present
invention.

In this embodiment,.a low-pass filter circﬁit is
formed by inductance elements 108 and 109 for the compen-
sation of transmission characteristics, interposed between
. the.cdnnection tefminals 96 and 97 with the external
circuit, and a capacity element 110 connected between the
fixed electrode'§3A that forms the resonance capacity
element and the éonnection point of the inductance
elements 108 and 109. With this resonator, as shown by

the transmission characteristics in Fig. 110 whexre the



- 82 -

axis of abscissa represents the frequency and the axis of
ordinate represenfs the amount of attenuation, the slope
of the attenuation characteristic curve in the frequency
region lower than the resonance frequency fo is steep,
while the slope of the attenqation characteristic curve in
the frequehcy region higher than the resonance frequency
fy is gentle, and a transmission inhibiﬁion band is formed
in the frequency region including the resonance frequency
fg-

Fig. 109 is an equivalent circuit diagram of the
resonatoxr shown in Fig. 108. The symbol R represents the
resonance circuit composed of the e#ternal conductor 91
and the variable resonance capacity element, and the rest
of the symbdls are fhe same as in Fig. 108.

The resonance frequency f; of the circuit composed of
the resonance circuit R and the coupling-use capacity
element 112 chahges accérding to the capacitance of the
coupling-use capacity element 110, and the fine tuning of
the resonance frequency can be performed by the provision
of an adjustment element similar to the resonance frequen-
cy fine-tuning elemeﬁt 100 shown in Fig. 103.

Fig. 111 is a vertical cross section of the resonator
of the twenty-second embodiment according to the present
invention.

This embodiment differs from the twenty-first

embodiment shown in Fig. 108 in that the coﬁpling of the
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connection point of the inductance elements 108 and 109
with the fixed electrode 93A is performed by tap coupling
~using an inductance element 111, and in that the resonance
frequency fo of the circuit composed of the resonance
circuit R and the coupling-use inductance elemeﬁt 111
changes according to the inductance of the inductance
element 111. The rest of the structure and operation is
substantially the.same as in the twenty-first embodiment
shown in Fig. 108.

Fig. 112 is an equivalent circuit diagrém of the
resonator shown in Fig. 111. Except fqr the inductance
element 111, all of the symbols are the same as in Fig.
109.

Fig. 113 where the axis 6f abséissa and the axis of
ordinate are the same as in Fig. 110, is a diagram illus-
trating the transmission characteristics of the resonator
sﬁown_in Fig. 111, which is subsfantially the same as the
characteristics shown in Fig. 110.

Fig. 114 is a vertical cross section of the resonator
of the twenty-third embodiment according to the present
invention. This embodiment differs from the twenty-first
embodiment shown in Fig. 108 in that the inductance ele-
ménts 108 and 109 used in the twehty—first embodiment
.shown in Fig. 108 are replaced with capacity elements 112
and 113. The rest of the structure is the same as in the

twenty-first embodiment shown in Fig. 108.
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Fig. 115 is an equivalent circuit diagram of the
resonator shown in Fig. 114. Except for the capacity
elements 112 and 113, all of the symbols'are the same as
in Fig. 109.

Fig. 116 where the axis of abscissa and the axis of
ordinate are the same as in Fig. 110, is a diagram illus-
trating the. transmission characteristics of the resonator
shown in Fig. 114. 1In this embodiment, the slope of the
attenuation characteristic curve in the frequency region
lower than the resonance frequency folis gentle, while the
slope of the attenuation characteristic curve in the
frequency region higher than the resonance frequency fg, is
steep, and a transmission inhibition band is formed in the
frequency region including the resonance frequency fo-

Fig. 117 is a vertical cross section of the resonator
of the twenty-fourth embodiment according to the present
invention. |

This embodiment is the same as the twenty-third
- embodiment shown in Fig. 115 in that the capacify elements
112 and 113 are used as transmission characteristic
compensation elements; and is the same as the twenty-
second' embodiment shown in Fig. 111 in that tap coupling
is performed using the inductance element 111 as a
coupling element. The rest of the structure is the same
as in the twenty—third embodiment shown'in Fig. 114.

Fig. 118 is an equivalent circuit diagram of the
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resonator shown in Fig. 117. E#cept for the inductance
element 111, all of the symbols are the same as in Fig:
115. |

Fig. 119 where the axis of abscissa and the axis of
ordinate are the same as in Fig. 116, is a diagram illus-
trating the transmission characteristics of the resonator
shown in Fig. 117, which is substantially'the same as the
characteristics shown in Fig. 116.

Figs. 120 through 123 are cross sections illustrating
the twenty-fifth through twenty-eighth embodiments of the
present invention. The resonator in Fig. 120 has a probe
104 in place of the coupling.element 110 shown in Figqg.
108; the resonator in Fig. 121 has a loop 106 in place of
the coupling element 110 shown in Fig. 108; the resonator
in Fig. 122 has a probe 104 in place'of the coupling
element 110 shown in Fig. 114; and the resonator in Fig.
123_has a loop 106 in place of the coupling element 110
shown in Fig. 114. The rest of the structure in the
respéctive figs. are the same as the structure in FPig. 108
or 114.

Fig. 124 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 102, and
Fig. 125 is a horizontal cross section thereof.

This filter comprises an external conductor 91C;
fixed electrodes 93A; through 93A,; and 93B; through 93B4

similar to the fixed electrodes 93A and 93B shown in Fig.
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102; solid dielectric holléwfcylihders 92, through 92,
similar to the solid dielectric hollow cylinder 92 shown
in Fig. 102; fixing ﬁembers 93C; through 93C, that are
used to fix the fixed electrodes 93A; through 93A,; fixing
members 93D; through 93D4 that are used to fix the fixed
électrodes 93B; through 93B4; variable electrodes 94,
through 94, that make up the variable resonance capacity
element along with the fixed electrodes 93A; through 9334
and 93B1 through 93B4 and are similar to the movable |
electrode 94 shoﬁn in Fig. 102; lock nuts 95; through 95,
that are used to fix the variable electrodes 94; through
944; an input terminal 96; aﬁ output terminal 97; an input
coupling wire 98; an output cbupling'wire 99; resonance |
frequency fine-tuning elements 100y through 1004; and lock
nuts 101; through 101, that are used to fix the fine- |
tuning elements 100; through 1004.

Fig. 126 is an equivalent circuit diagram of the
filter shown in Figs. 124 and 125. Symbols R; through R,
represent resonance circqits, the symbol Mg represents
.the input magnetic field coupling coefficient, the symbol
My7 represents the output magnetic field coupling
coefficient, and symbols M;, through M3, represeﬁt the
interstage magnetic field coupling coefficients.

Fig. 127 is a converted equivalent circuit diagram
of the equivalent circuit diagram shown in Fig. 126, and

the symbols_are-the same as in Fig. 126.
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Although Figs; 124 through 127 illustrate a case in
which: the input/oﬁtput coupling elements are made of the
tap coupling wires 98 and 99, a capacity coupling element
made of the éapacitors 102 and 103 or the probes 1b4 and
105 or a magnetic field coupling element made of the loops
106 and 107 shown in Figs. 105 through 107 may also be
used to implement the present invention.

The band-pass filter shown in Figs. 124 through 127
can be designed in the same manner as the band-pass filter
shown in Figs. 33 through 36.

Fig. 128 illustrates an example of the relation
between the interstage magnetic field couplingicoefficient
and - the center spaéing of adjacent resonance capacity
elements, obtained aé a result of repeated experimentation
with prototypes by the inventor. The axis of abscissa
represents (d - 0.3C)/W where d is the center spacing of
adjacent resonance capacity elements (see Fig. 124), C is
the external diameter of the fixed electrodes 93A; through
9334 that form the variable resonance capacity element
(see Fig. 124), and W is the width of the external conduc-
tor 91C (see Fig. 125). The axis of ordinate represent
- the interstage magnetic field coupling coefficient My,
k+1-

The transmission loss L of the band-pass filter shown
in Figs. 124 through 127 is expressed.by equation (13).

An example of the transmission characteristics of the
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filter shown in Figs. 124 through 127 is shown in Fig. 40.

Fig. 129 is a vertical cross section of a band-pass
filter in which the interstage_coupling consists of capac-
itive coupling.

This filter comprises an external conductor 91C;
fixed electrodes 93A; through 9334, solid dielectric
hollow cylinders 92; through 92, and fixed electrodes 93B3
through 93B,; that are provided concenfrically to the
interiors of the fixed electrodes 93A; through 9334,
although not shown in the Fig. 129; fixing members 93Cy
through 93C4; fixing members 93D; through 93D,; lock nuts
95; through 954; an input terminal 96; an output terminal
97; an input coupling capacity element 114¢4; interstage
coupling capacity elements 114;, through 1143,4; and an
output coupling capacity element 114,,.

~Fig. 130 is an equivalent circuit diagram of the
band-pass filter shown in Fig. 129. Symbols Ry through Ry
represent fesonance circuits, the reference numeral 1144,
is the input coupling capacity, reference numeral 11445
through 11434 represent the interstage coupling capacity,
and the reference numerals 114,44 represent the output cou-
pling capacity. |

Fig. 131 is a converted equivalent circuit diagram
of the equivalent circuit diagram shown in Fig. 130, and
the symbols are the same as in Fig. 130.

Although Fig. 129 illustrates an example of a case in
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which the input/oﬁtpﬁt coupling elements consist of
capacity elements, tap coupling wires, probes, loops, or
other such high-frequency coupling means may also be used.

An example of the transmission charecteristics of the
band-pass filter shown in Fig. 129 is shown in Fig. 40.

It is also possible to use the.variable resonance
capacity element shown in Fig. 102 (comprising the solid
dielectric hollow cylinder 92, the fixed electrodes 93A
and 93B, the fixing members 93C and 93D, the movable
electrode 94, and the lock nut 95) instead of the variable
resonance capacity element of the filter in Fig. 76 or 80
(comprising the solid dielectric hollow cylinder 32, the
fixed electrede 33, the movable electrode 34, and the lock
nut 35 of the resonator shown in Fig. 46). In this case,
the transmission characteristics will be the same as the
transmission characteristics of the filter in Fig. 76 or
80 except that the usable frequency band will be lower
becauee of the fixed capacity produced bf the solid di-
electric hollow.cylinder 92 and the fixed electrodes 93A
and 93B. | -

In addition, in the embodiﬁents shown in Figs. 102
through 131, the fixed electrodes 93A and 93B can be
constructed from a hollow éylinder made of a metal
conductor that has been strengthened by making the walls
thicker, and an air layer can be used instead of the

hollow cylinder 92 made of a solid dielectric.
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WHAT IS CLAIMED IS:

1. A resonator comprisingz

an external conductor;

a resonance capacity element comprising a dielectric
plate fixed at the upper and lower ends to the upper and
lower walls, respectively, of said external conductor, and
electrodes made of a metal plate or a metal thin layef
provided on the front and back sides of said dielectric
plate; wherein the lower end of one of said electrodes is
electrically connected to the lower wall of said external
conductor, and a gap is formed between the upper end of
said one electrode and the upper wall of the said external
conductor, while the upper end of the other electrode is
electrically connected to the upper wall of said external
conductor, and a gap is formed between the lower end of
said other.electrode and the lower wali of said external
conductor; | |

- an input terminal; -

an output terminal; and

ﬁeans for connecting one of the electrodes of said
resonance capacity element to.said input terminal and the

said output terminal in a high-frequency fashion.

2. A resonator comprising:

an external conductor;

B, R
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a resonance capacity element comprising a dielectric
pléte fixed at the upper and lower ends to the upper and
lower walls, respectively, of said external conductor; and
electrodes made éf a metal plate or a metal thin layer
provided on the front and back sides of said dielectric
plate, wherein the lower end of one of said electrodes is
electrically connected to the lower wall of said external
conductor, and a gap is formed between the upper end of
. said one electrode and the upper wall of said external
conduétof, whilé_the upper end of the other electrode is
electrically connected to the upper wall of said external
conductor, and a gap is formed bétween the lower end of
said other eiectrode and the lower wall of said external
conductor; | |

an input terminal;

an output terminal;

two inductance elements or two capacity elements for
the compensation of transmission characteristics connected
in series between said input terminal and said output
terminal; and

means for connecting one of the electrodes of said
resonance capacity element to the connection point of said
two inductance elements or said two capaéity elements in a

hiQh—frequency fashion.

3. A filter comprising:

———

Tt}
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a common external conductor;

a plurality of resonance capacity elements connected
in series in a high-frequency fashion and comprising.a
plurality of dielectric plates provided at suitable inter-
vals in the said external conductor and fixed at the uppef
and lower ends to the upper and lower walls, respectively,
of said eiternal conductor, and electrodes made of a metal
plate'or a metal thin layer provided on the front and back
sides of said each dielectric plate, wherein the lower end
of one of the electrodes is electrically connected to the
lower wall of said external conductor, and a gap is formed
between the upper end of said one electrode and the upper
wall of said external conductor, while the upper end of
the other electrode is electrically connected to the upper
wall of said external conductor, and a gap is formed be--
tween the lower end of said other électrode_and the lower
wall of said external conductor;

an input terminal;

an output terminal;

meéns for cohnecting one of the electrodes of the top
resonance capacity element of said plurality of resonance
capacity elements to said input terminal in a high-fre--
quency fashion; and

meaﬁs for cénnecting one of the electrodes of the
last resonance capacity element of said plurality of

resonance capacity elements to said output terminal in a

* < L ] S *



This Sheet Has Been Reﬂlaced

high-frequency fashion.
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4. A resonator comprising:

an external conductor;

a variable resonance capacity element comprising a
hollow cylinder composed of a solid dielectric whose lower
end portion is fixed to the lower wall of said extefnal
~conductor and whose upper end portion faces the upper wall
of said external conductor a éuitable distance away, a
fixed electrode composed of a metal thin layer that ad-
heres around the outer surface of said hollow cylinder and
whose lower end portion is electrically connected to the
lower wall of said external conductor, and a hollow or
solid cylindriéal movable electrode that is coaxiai with
said fixed electrode and is attached to the upper wall of
said external conductor so.that the insertion length of
said movable electrode into séid hollow cylinder can be
varied;- |

an input terminal;

an outpuf terminal; and

means for connecting said fixed electrode to said
input terminal and said output terminal in a high-

frequency fashion.

5. A resonator comprising:

an external conductor;

* [ L M H *
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a variable resonance capacity element comprising a

hollow cylinder compbsed of a solid dielectric whose lower
end portion is fixed to the lower wall of said external
conductor and whose upper end portion faces.£he upper wall
of said externai conductor a suitable distance away, a
fixed electrode composed of a metal thin layer that ad-
heres around the outer surface of said hollow cylinder and .
whose lower end portion is electrically connected to the
lower wall of said'externai conductor, and a hollow or
solid. cylindrical movable electrode that is coaxial with
said fixed electrode and is attached to the upper wall of
said external conductor so that the insertion length of
said movable electrode into said hollow cylinder can be
varied;

an input terminal;

an output terminal;

two inductance elements or two capacity elements for
the combensation of transmission characteristics connected
in series between said input terminal and said output
terminal; and

means for connecting said fixed electrode to the
connection point of said two inductance elements or said

two capacity elements in a high-frequency fashion.

6. A filter comprising:

an external conductor;

L Ll
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a plurality of variable resonance capacity elements
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connected in series in a high-frequency fashioﬁ and com-
prising a plurality of hollow cylinders provided at suit-
able inteivals and composed of a solid dielectric whose
lower end portion is fixed to the lower wall of said
external conductor and whose upper end portion faces the
upper wall of said external conductor a suitable distance
away, a fixed electrode composed of a metal thin layer
that is provided on each of said hollow cylinders, adheres
around the outer surface of said hollow cylinder, and
whose lower end poftion is electrically connected to the
lower wall of said external conductor, and a hollow or
solid cylindrical movable electrode that is coaxial with
said.fixed electrode and is attached to the uppef wall of
said external conductor so that the insertion length of
said movable electrode into said hollow chinder can be
varied;.

an input terminal;

an output terminal;

means for connecting the top resonance capacity ele-
ment pf said plurality of resonance capacity elements to
said input terminal in a high-frequency fashion; and

means for connecting the last resonance capacity ele-
ment of said plurality of resonance capacity elements to

said output terminal in a high-frequency fashion.

A
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7. A resonator that has:
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an external conductor;

a variable resonance capacity element comprising a
fixed electrode compoSed of a hollow cylindrical conductor
whose lower end portion is fixed to the lower wall of said
exterﬁal.conductor and whose upper end portion faces thé
upper wall of said external conductor a suitable distancé

away and a movable electrode composed of a hollow or solid

cylindrical conductor that is coaxial with said fixed

electrode and is attached to the upper wall of said exter-
nal conductor so that the insertion length of said movable
electrode into said fixed electrodé can be varied;

an input terminal;

an output terminal;

means for connecting said fixed electrode to said
input terminal and said output terminal in é high-frequency

fashion.

8. A filterx comprising;

an external.conductor;

a plurality of variable resonance capacity elements
conneéted in series in a high-frequency fashion, provided
at suitable intervals, énd comprisihg a fixed eiectrode
composed of a hollow cylindricél conductor whose lower end
portion is fixed to the lower wall of said external con-

ductor and whose upper end portion faces the'upper wall of

N
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said external conductor a suitable distance away and a
movable electrode composed of a hollow or solid cylindri-
cal conductor that is ¢oaxial with said fixed electrode
and is attached to the upper wall of said external conduc-
tor so that the insertion length of said movable electrode
into said fixed electrode can be varied;

an input termiﬁal;

an output terminal;

means fdr connecting the fixed electrode of the top
resonance capacity eleﬁent of said plufality of resonance
capacity elements to said input terminal in a high-fre-
quency fashibn; and

means for connecting the fixed electrode of the last
resonance capacity element of said plurality of resonance
capacity elements to said output terminal in a high-fre-

quency fashion.

9. A resonator comprising:

an external conductor;

a variable resonance Eapacity element comprising a
hollow cylinder composed of a solid dielectric whose upper
and lower end portions face the upper énd lower walls,
respectively, of said external conductor a suitable dis-
tance away, a first fixed electrode composed of a metal
thin layer that adheres around the inner surface of said

hollow cylinder and whose lower end portion is electrical-

_\
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ly connected to the lower wall of said external conductor,
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a second fixed electrode composed of a metal thin layer
that adheres around the outer surface of said hollow
cylinder and whose upper end portion is electrically
connected to the upper wall of said external conductor,
and a hollow or solid cylindrical movable electrode that
is coaxial with said first and second fixed electrodes and
is attached to the upper wall of said external conductor
so that the insertion length of said movable electrode
into said hollow cylinder can be varied;

an input terminal;

an output terminal; and

means for connecting said secqnd'fixed electrode to
said input terminal and said output terminal in a high-

frequency fashion.

10. A resonator comprising:

an external conductor:;

a variable resonance capacity element comprising a
hollow cylinder composed of a solid dielectric whose upper
and lower end portions face the upper and lower walls,
respectively, of said external’' conductor a suitable dis-
tance away, a first fixed electrode composed of a metal
thin layer that adheres around the inner surface of said
hollow cylinder and whose lower end portion is electrical-

ly connected to the lower wall of said external conductor,

et "
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a second fixed electrode composed of a metal thin layer

that adheres around the outer surface of said hollow
cylinder and whose upper end portion is electrically
connected to the upper wall of said external conductor,
and a hollow or solid cylindrical movable electrode that
is coaxial with said first and second fixed electrodes and
is attached to the upper wall of the said external conducf'
tor so.that the insertion length of said movable electrode
into said hollow cylinder can be varied;

an input terminal;

an output_ferminal;

two inductance eléments or two capacity elements for
the compensation transmission charactefistics connected in
series between said input terminal and said output termi-
nal; and

means for connecting said second fixed electrode to
the connection point of said two inductanée elements or

said two capacity elements in a high~frequency fashion.

11. A filter comprising:

a common external conductor;

a plurality of variable resonance capacity elements
connected in éeries in a high-frequency fashion and com-
prising a hollow cylinder composed of a solid.dielectrib
whose upper and lower end portions face the upper and

lower walls, respectively, of said external conductor a

DR O ) R
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suitable distance away, a first fixedleléctrode composed

of a metal thin layer that adheres around the inner sur-
face of said hollow'éylinder and whose lower end portion
is electrically connected to the lower wall of said exter-
nal conductor, a second fixed electrode composed of a
metal thin layer that adheres around the outer surface of
said hollow cylinder and whose upper end portion is elec-
trically connected to the upper wall of said external con-
ductor, and a hollow or solid ¢ylindrical movable elec-
trode that is coaxial with said first and second fixed
electrodes and is attached to the upper wall of said
external conductor so that the insertion length of said
movable electrode into'said hollow cylinder can be varied;

an input terminal;

an output terminal;

meéns for connecting said second fixed electrode of
the top resonance capacity.element of said plurality of
resonance capacity elements to said input terminal in a
high- frequency fashion; and

means for connecting said second flxed electrode of
the last resonance capacity element of said plurality of
resonance.capacity elements to said output.terminal in a

high-frequency fashion.

'12. A resonator comprising:

an external conductor;
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a variable resonance capacity element comprising a

- 101 -

first fixed electrode composed of a metal hollow cylinder
‘'whose lower end portion is fixed to the lower wall of said
external conductor, a Second'fixed electrode composed of a
metal hollow cylinder that is provided coaxially with said
first fixed elecfrode with a gap on the outside of said
first fixed electrode, and whose upper end portion is
fiked to the upper.wall of said external conductor, and a
hollow or solid cylindrical movable electrode that is
coaxial with said first and second fixed electrodes and is
attached to the upper wall of said éxternal conductor so
' that the insertion length of said movable electrode into
said first_fixed electrode can be varied;

an input terminal; |

an output terminal; and

means for connecting said second fixed electrode to
said input terminal and said output terminal in a high-

frequency fashion.

13. A resonator comprising:

an external conductor;

a variable resonance capacity element comprising a
first fixed électrode composéd of a metal hollow cylinder
whose lower end portion is fixed to the lower wall of said
external conductor, a second.fixed electrode composed of a

metal hollow cylihder that is provided coaxially with said

R
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first fixed electrode with a gap on the outside of said

firsﬁ fixed electrode, and whose upper end portidn is
fixed to the upper wéll of said external conductor, ahd a
| hollow or solid cylindrical movable electrode that is
coaxial with said first and second fixed electrodes and is
attached to the upper wall of the said externai conductor
so that the insertion length of said'movable electrode
into said first fi#ed electrode can be varied;

an input terminal;

an output terminal;

two inductance elements or two capacity elements for
the compensation of transmission characteiistic connected
in series between said input terminal and said_output
terminal; and

means -for connecting said second fixed electrode to
the connection point of said two inductance elements or

said two capacity elements in a high-frequency fashion.

14. A filter that has:

a common external conductor;

a plﬁrality of variable resonance capacity elements
connected in series in a high-frequency fashion, provided
at suitable intervals and comprising.a first fixed elec-
trode composed of a metal hollow cylindef whose lower end
portion is fixed to the lower wall of said external con—.

ductor, a second fixed electrode composed of a metal
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hollow cylinder that is provided coaxially with eaid first
fixed electrode with a gap on the outside of said first
fixed electrode, and whose upper end portion is fixed to
the upper wall of seid external conductor, and a hollow or
solid cylindrical movable electrode that is coaxial with
said first and.second fixed electrodes and is attached to
the upper wall of-saiq external conductor so that the
insertion length of said movable electrode into said first
fixed electrode can be varied;

an input terminal;

an output terminal;

ﬁeans for connecting said second fixed electrode of
the top resonance capacity_element of said plurality of
resonance capacity elements to said input terminal in a
high-frequenc? fashion; and

means for connecting said second fixed electrode of
the last resonance capacity element of said plurality of
resonance capacity elements to said output terminal in a

high-frequency fashion.
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