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DIELECTRIC FILTER AND DIELECTRIC DUPLEXER

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a dielectric filter
and a dielectric duplexer using};M multi-mode dielectric
resonators.

2. Description of the Related Art

Hitherto, TM double-mode dielectric resonators in which
a cross-shaped dielectric member is disposed in a cavity
having a conductor on its outer surface are used in a
bandpass-type dielectric filter. As this type of dielectric
filter, a filter constructed, as shown in Fig. 6, is known.

Referring to Fig. 6, a dielectric filter generally
designated by 101 has four TM double-mode dielectric
resonators 102, 103, 104 and 105 aligned in a row with their
openings facing in the same direction, and metallic panels
106 and 107 to cover.the openings of the resonators 102
through 105.

The dielectric resonator 102 is constructed in the
following manner. A cavity 102a having openings at its
forward and backward ends and a cross-shaped dielectric
member 102XY are integrally formed of the same dielectric
material. Further, a conductor 102b is disposed on the
outer surfaces, except for the openings, of the cavity 102&.
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a cross-shaped dielectric nenber is disposed in a cavity having a
conductor on its outer surface are used in a bandpass-type dielectric
filter. As this type of dielectric filter, a filter constructed, as shown
in Fig. 6, is known. Referring to Fig. 6, a dielectric filter
generally designated by 101 has four TM doubl e-nbde dielectric resonators
102, 103, 104 and 105 aligned in arowwth their openings facing in the
sanme direction, and nmetallic panels 1Q$-and 107 to cover the openings of
the resonators 102 through 105. he dielectric resonator 102 is

constructed in the followng mapner. A cavit 2a havin enings at its
forward and® %%C@%%ﬁ?f§§ﬁ&s e Q& ishdpzneti e ?e%th???zéaéﬁg 102XY are

integral l'y élefg&r%fc tp%%tzstggelgéfla?r% a vertlcal dielectric portion

102Y, so that the single TM double-mode dielectric resonator
102 can form a two-stage resonator. The TM double-mode
dielectric resonators 103, 104 %?d 105 are constructed in a
manner similar to the above-described dielectric resonator
102.

An input loop 108 and an output loop 109 are attacﬁed
to the panel 106 and connected to an external circuit via a
coaxial connector (not shown). Fixed to the panel 107 are
coupling loops 107a, 107b, 107¢ and 107d each for coupling
adjacent dielectric resonators.

The operation of the dielectric filter 101 constructed
as described above will now be explained. High-frequency
power is first supplied to the dielectric filter 101 to
magnetically couple the input loop 108 and the vertical
dielectric portion 102Y serving as a first-stage resonator.
Due to this magnetic coupling, the TM 110Y mode shown in
Fig. 7B is excited in the vertical dielectric portion 102Y,
and is then electromagnetically coupled within the
dielectric member 102XY to the horizontal dielectric portion
102X used as a second-stage resonator. Accordingly, a TM
110X mode illustrated in Fig. 7A is further excited in the
horizontal dielectric portion 102X, and is then magneticélly

coupled to the coupling loop 107a.
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material. Further, a conductor 102b is disposed on the out er surf aces,
except for the openings, of the cavity 102a.
-2- The dielectric nmenber 102XY is forned of a horizontal dielectric
portion 102X and a vertical dielectric portion 102Y, so that the single T™M
doubl e-node di el ectric resonator 102 can forma two-stage resonator. The
TM doubl e-node dielectric resonators 103, 104 and 105 are constructed in a
manner simlar to the above-described gﬁglectric resonat or
The coupling loop 107a opposedly faces not only the
horizontal dielectric portion 102X used as the second—st#gé
resonator, but also the horizontal dielectric portioﬁ 103X
serving as a third-stage resonator. Thus, the coupling loop
107a magnetically coupled to thiphorizontal dielectric
portion 102X is further magnetically coupled to the
horizontal dielectric portion 103X. Because of this
coupling, the TM 110X mode shown in Fig. 7A is excited in
the horizontal dielectric portion 103X, and is further
electromagnetically coupled within the dielectric member
103XY to the vertical dielectric portion 103Y used as a
fourth-stage resonator. Due to this coupling, the TM 110Y
mode illustrated in Fig. 7B is excited in the vertical
dielectric portion 103Y, and is then magnetically coupled to
the coupling loop 107b.
The coupling loop 107b is connected to the coupling
loop 107¢, and as in the case with the loop 1075 opposedly
facing the vertical dielectric portion 103Y as the fourth-:
sEage resonator, the loop 107c¢c opposedly faces the vertical
dielectric portion 104Y used as a fifth-stage.resonator.
Accordingly, the loop 107b magnetically coupled to the
vertical dielectric portion 103Y is further magnetically
coupled to the vertical dielectric portion 104Y via the
coupling loop 107¢c.

Thereafter, in a manner similar to the above procedure,
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102. . An input |oop 108 and an output |oop 109 are attached to the
panel 106 and connected to an external circuit via a coaxial connector
(not shown). Fixed to the panel 107 are coupling |oops 107a, 107b, 107c
and 107d each for coupling adjacent dielectric resonators. The
operation of the dielectric filter 101 constructed as described above w |
now be expl ai ned. H gh-frequency power is first supplied to the dielectric
filter 101 to magnetically couple the input loop 108 and the verti cal
dielectric portion 102Y serving as a fI?St stage resonator. Due to this

magneti c coupling, the TM 110Y pode shown in Fig. 7B is excited in the
vertical di erectertiqedr disheabpic PQﬁﬁiQ@slpﬁgnl%I%kRQQ§ﬁﬂgﬁé?Fé@§1¥Ycoupled

wi thin the
_ coupled to the horizontal dielectric portion 104X serving as

a sixth-stage resonator. The horizontal dielectric portion
104X is further magnetically coupled via the coupling loop
1074 to the horizontal dielectr%S portion 105X used as a
seventh-stage resonator, which is then electromagnetically
coupled to a vertical dielectric portion 105Y as an eighth-
stage resonator. Finally, the vertical dielectric portion
105Y is magnetically coupled to the output loop 109, and the
generated magnetic field is then output via a coaxidl
connector (unillustrated).

However, in the above conventional type of multi-stage
dielectric filter shown in Fig. 6, the shape of the loops
for coupling the ™ 110X mode generated in the horizontal
dielectric portions, such as the coupling loops 107a and
1074, greatly differ from that of the loops for coupling the
TM 110Y mode generated in the vertical dielectric portions,
such as the coupling loops 107b and 107c. This requires two
Eypes of molds for producing the above types of loops,
thereby increasing the cost.

The above-mentioned increased cost particularly
originates from the loops for coupling the vertical
dielectric portions which are formed in a curved complicated
shape, in contrast to the simply shaped loops for coupling

the horizontal dielectric portions. Further, the loops for
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di el ectric menber 102XY t.o the horizontal dielectric port{on 102X used as
a second-stage resonator. Accordingly, a TM 110X node illustrated in Fig.
7A is further excited in the horizontal dielectric portion 102X, and is
t hen magnetically coupled to the coupling | oop 107a.
- 3- The coupling | oop 107a opposedly faces not only the horizontal
dielectric portion 102X used as the second-stage resonator, but also the
hori zontal dielectric portion 103X -5-
coupling the verti;al dielectric portions are easily
deformed due to their complicated shape, which may
disadvantageously change the coupling amount beﬁween the
vertical dielectric portions, thereby further varying the
filter characteristics. .
Moreover, although the coupling loops 107a through 1074
are mounted on the same panel 107, the input and output
loops 108 and 109 are unable to be attached onto the panei
107 due to lack of space, which would otherwise overlap the
loops 108 and 109 with the coupling loops 107a and 107d,
respéctively.
Additionally, the dielectric filter 101 has frequency
adjustment means for each of the vertical dielectric portion
and the horizontal dielectric portion of each TM double-mode
dielectric resonator, and control means for controlling the
coupling coefficient between the vertical and horizontal
dielectric portions (neither of the means are shown in Fig.
6). Generally, threaded metallic or dielectric rods are
uéed as the above adjustment means and control means.
The above frequency adjustment means and the coupling-
coefficient control means are mounted on the panel 106.
More specifically, the above means for the TM double-mode
dielectric resonator 102 are attached to the vicinity of the

input loop 108, while the means for the resonator 105 are

fixed to the vicinity of the output loop 109.
—
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serving as a third-stage resonator. Thus, the coupling |oop 107a
magnetically coupled to the horizontal dielectric portion 102X is further
magnetically coupled to the horizontal dielectric portion 103X. Because of
this coupling, the TM 110X node shown in Fig. 7Ais excited in the

hori zontal dielectric portion 103X, and is further electromagnetically
coupled within the dielectric nenber 103XY to the vertical dielectric
portion 103Y used as a fourth-stage resonator. Due to this coupling, the
TM 110Y node illustrated in Fig. 7B i §%8xcited in the vertical dielectric
portion 103Y, and is then magnetically coupled to the coupling |oop 107b.
The coupling | oopongsment lyonwbencthe Enamiepgrpadings tieydp me@ns, andd as in

the case with the | oop 107b op Eosedl
the coupllng—coefflc ent c¢ontrol means provided near the -

input loop 108 are operated, the coupling coefficient
between the input loop 108 and the vertical dielectric
portion 102Y may disadvantageoui}y vary. Likewise, when the
frequency adjustment means and control means in the vicinity
of the output loop 109 are actuated, the coupling
coefficient between the output loop 109 and the verticai

dielectric portion 105Y may be unfavorably changed.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a dielecfric filter or a dielectric duplexer in
which coupling loops for coupling adjacent TM multi-mode
dielectric resonators are formed in the same shape, and the
cost for the parts can thus be reduced.

It is another object of the present invention to
provide a dielectric filter or a dielectric duplexer in.
ﬁhich the coupling coefficients between the input loop and
the TM multi-mode dielectric initial-stage resonator or
between the output loop and the T™ multi-mode dielectric
final-stage resonator can remgin unchanged even when
frequency adjustment means for each of a vertical dielectric
portion and a horizontal dielectric portion of each '

resonator is operated or when control means for controlling
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facing the vertical dielectric portion 103Y as the fourth- stage
resonator, the |loop 107c opposedly faces the vertical dielectric portion
104Y used as a fifth-stage resonator. Accordingly, the | oop 107b
magnetically coupled to the wvertical dielectric portion 103Y is further
magnetically coupled to the vertical dielectric portion 104Y via the
coupling |l oop 107c. Thereafter, in a manner simlar to the above

pr ocedur es 7= -4-

the coupling coefficient between the vertical and horizontal
dielectric portions is actuated.

In order to achieve the above object, according to one
aspect of the present invention, there is provided a
dielectric filter comprising a g}urality of ™™ multi—mode
dielectric resonators, each of the dielectric resonators
constructed in such a manner that a c¢ross-shaped dielectric
member is disposed in a cavity provided with openings, the
dielectric resonators being aligned with ﬁhe openings faciﬁg
in the same direction, whereby the dielectric resonators
adjacent to each other are coupled, wherein a mecde generated
in the horizontal direction of the cross-shaped dielectric
member is defined as a TM 110X mode, while a mode generated
in the vertical direction of the dielectric member is
specified as a ™ 110Y mode, and a ™ 110X+Y mode and a TM
110X~Y mode, each of which is a mixture mode of the TM 110X
mode and the TM 110Y mode, are alternately coupled to each
other between the dielectric resonators adjacent to each
other.

With this arrangement, the coupling means for coupling
adjacent TM double-mode dielectric resonators can be placed
obliquely to face the intersecting area between the vertical
and horizontal dielectric portions of each dielectric
resonator.

In the above dielectric filter, the TM multi-mode
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the vertical dielectric portion 104Y is electromagnetically coupled to the
hori zontal dielectric portion 104X serving as a sixth-stage resonator. The
horizontal dielectric portion 104X is further magnetically coupled via the
coupling loop 107d to the horizontal dielectric portion 105X used as a
sevent h-stage resonator, which is then electromagnetically coupled to a
vertical dielectric portion 105Y as an eighth- stage resonator. Finally,
the vertical dielectric portion 105Y is magnetically coupled to the output
| oop 109, and the generated nmagnetic freld is then output via a coaxi al
connect or éynlllustrated wever, in %fe above cgnventlonal type of

nul ti-stag ?%QQQQﬁFrFES%P??Qﬁ &Y PnTglﬁrl eppdes isde6Ertfe | oops for

coupl ing tf¥gé@%§£%g%1godﬁug$ Q?E%%ohn Ehgrggﬁéééguo a T 111 mode

coincides with the resonant frequency of the TM 110X+Y mode
and the TM 110X-Y mode by forming a recessed portion in the
dielectric resonator in a direc%}on from the outer surface
of the cavity to the longitudinal dielectric member. This
makes it possible to use the single TM mode dielectric
resonator as a three;stage resonator.

Further, in the aforedescribed dielectric filter, a
generally “V”-shaped loop may be used for coupling adjacent.
T™ multi-mode dielectric resonators. The above type of
coupling loop is easy to manufacture due to its simple
shape.

According to another aspect of the present invention,
there is provided a dielectric duplexer comprising a
plurality of dielectric filters, each of the filters having
a plurality of T™M multi-mode dielectric resonators, each of
the dielectric resonators constructed in such a manner that
a cross-shaped dielectric member is disposed in a cavity
provided with openings, the dielectric resonators being
aligned with the openings facing in the same direction,
whereby the dielectric resonators adjacent to each other are
coupled, the plurality of dielectric filters comprising: a
first dielectric filter having a first frequency band in

which a mode generated in the horizontal direction of the
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dielectric portions, such as the coupling | oops 107a and 107d, greatly
differ fromthat of the |oops for coupling the TM 110Y .node generated in
the vertical dielectric portions,- such as the coupling | oops 107b and
107c. This requires two types of nolds for producing the above types of

| oops, thereby increasing the cost. The above-nentioned increased
cost particularly originates fromthe |oops for coupling the vertical
dielectric portions which are formed in_a curved conplicated shape, in
contrast to the sinply shaped | oops foFgﬁoupIing the horizontal dielectric

portions. Further, the IooEs for .
cross- shaped dielectric member is defined as a TM 110X mode,

while a mode generated in the vertical direction of the
cross-shaped dielectric member is specified as a TM 110Y
mode, and a TM 110X+Y mode and a TM 110X-Y mode, each of
which is a mixture mpdg of the Ty 110X mode and the TM 110Y
mode, are alternately coupled to each other between the
dielectric resonators adjacent to each other; and a second
dielectric filter having a second frequency band in which a
mode generated in the horizontal direction of the cross-
shaped dielectric member is defined as a TM 110X mode, while
a mode generated in the vertical direction of the cross-
shaped dielectric member is specified as a TM 110Y mode, and
a T™ 110X+Y mode and a TM 110X-Y mode, each of which is a
mixture mode of the TM 110X mode and the TM 110Y mode, are
alternately coupled to each other between the dielectric
resonators adjacent to each other.

In the dielectric duplexer constructed by connecting a
plurality of dielectric filters, as well as in the single
dielectric filter, the coupling means for coupling adjacent
T double-mode dielectric resonators can be plaéed obliquely
to face the intersecting area between the vertical and
horizontal dielectric portions of each dielectric resonator.

In the above dielectric duplexer, the TM multi-mode
dielectric resonator may be a TM triple-mode dielectric

resonator in which the resonant frequency of a TM 111 mode
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-5- coupling the vertical dielectric portions are easily deformed due to
their conplicated shape, which may di sadvantageously change the coupling
anount between the vertical dielectric portions, thereby further varying
the filter characteristics. Mor eover, al though the coupling | oops
107a through 107d are nounted on the sane panel 107, the input and out put
| oops 108 and 109 are unable to be attached onto the panel 107 due to | ack
of space, which would otherwi se overlap the |oops 108 and 109 with the
coupling | oops 107a and 107d, respectTkﬂﬂ3ﬁ

coincides with the resonant frequency of the TM 110X+Y mode

and the TM 110X-Y mode by forming a recessed portion in the

dielectric resonator in a direction from the outer surface

of the cavity to the longitudinal dielectric member. This

makes it possible to use the si%gle TM mode dielectric

resonator as a three-stage resonator. -‘Accordingly, in the

dielectric duplexer, as well as in the aforedescribed

dielectric filter, the single TM mode dielectric resonator

can be employed as a three-stage resonator.

Further, in the dielectric duplexer, a generally “V7-
shaped coupling loop may be used for coupling adjacent TM
multi~-mode dielectric resonators. Thus, the coupling loop

of the above type is easy to manufacture due to its simple

shape.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of a dielectric
filter according to an embodiment of the present invention:

Fig. 2 is a schematic diagram of a TM multi-mode
dielectric resonator illustrating the operation of the
dielectric filter shown in Fig. 1: Fig. 2A illustrates an
electric field of the TM 110X+Y mode; and Fig. 2B
illustrates an electric field of the TM 110X-Y mode;

Fig. 3 is an exploded perspective view of a dielectric

filter according to another embodiment of the present
) -
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Additionally, the dielectric filter 101 has frequency adjustnent neans for
each of the vertical dielectric portion and the horizontal dielectric
portion of each TM doubl e-node dielectric resonator, and control neans for
controlling the coupling coefficient between the vertical and horizontal
dielectric portions (neither of the neans are shown in Fig. 6). Generally,
threaded netallic or dielectric rods are used as the above adj ust nent

means and control neans. The abo a;frequency adj ust rent neans and t he
coupling- coefficient control means aré nounted on the panel 106. More
specifically, the above neans for the TM doubl e-node dielectric resonator

102 are at t=R¥EF¥Fithe vicinity of the input |oop 108, while the means

for the resonator, 205 are, Lixed L0 H8edig Bil¥aole NPy hohdP 10%

generated in a TM multi-mode dielectric resonator to
illustrate the operation of the dielectric filter shown in
Fig. 3;
¢

Fig. 5 is an exploded perspective view of a dielectric
duplexer according to a further embodiment of the present
invention; |

Fig. 6 is an exploded perspective view of a
conventional dielectric filter; and

FPig. 7 is a schematic diagram of a TM double-mode
dielectric resonator illustrating the operation of the known
dielectric filter shown in Fig. 6: Fig. 7A illustrates an

electric field of the ™ 110X mode; and Fig. 7B illustrates

an electric field of the T 110Y mode.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A dielectric filter constructed in accordance with ;hé
ﬁresent invention will now be described wi£h reference to
Fig. 1.

A dielectric filter generally indicated by 1 is
constructed, as illustrated in Fig. 1, of four TM double-
mode dielectric resonators 2, 3, 4 and 5 aligned in a row
with their openings facing in the same.direction, and

metallic panels 6 and 7 attached to the resonators 2 through

-
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REPLACEMENT SHEET Consequently, when the frequency adjustnent
means and the coupling-coefficient control nmeans provided near the input

| oop 108 are operated, the coupling coefficient between the input |oop 108
and the vertical dielectric portion 102Y may di sadvantageously vary.

Li kew se, when the frequency adjustnent nmeans and control neans in the
vicinity of the output |loop 109 are actuated, the coupling coefficient
bet ween the output |oop 109 and the verf4cal

5 by means such as screwing or soldering so as to Eovef the
openings of the resonators 2 through 5. The panels 6 and 7
may be formed of ceramic plates or resin plates having
conductors on their surfaces, but preferably made of metal
in consideration of workability ?nd strength.

#

The TM double-mode dielectric resonator 2 is
constructed in the following manner. A cavity 2a having
openings at the forward and backward ends and a cross-shaped
dielectric mexmber 2XY are integrally formed of the same |
dielectric material. A conductor 2b is disposed on the
outer surfaces, except for the openings, of the cavity 2a.
Conductors 2b may also be formed on the edges around the
openings of the cavity 2a. The dielectric member 2XY is
formed of a horizontal dielectric portion 2X and a vertical
dielectric portion 2Y, so that the single TM double-mode
dielectric resonator 2 can form a two-stage resonatof. The
T double-mode dielectric resonators 3, 4 and 5 are
constructed in a manner similar to the above-described
dielectric resonator 2.

An input loop 8 and an output loop 9 are mounted on the
panel 7 and connected to an external circuit wvia a coaxial
connector (not shown). Also attached to the panel 7 are
coupling loops 7a, 7b and 7c¢ generally formed in a “V” shape
for coupling adjacent TM double-mode dielectric resonatoré.

Disposed on the panel 6 are frequency adjustment means
S —
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dielectric portion 105Y may be unfavorably changed. SUMVARY CF THE

| NVENTI ON Accordingly, it is an object of the present invention to
provide a dielectric filter or a dielectric duplexer in which coupling

| oops for coupling adjacent TMnulti-node dielectric resonators are forned
in the sane shape, and the cost for the parts can thus be reduced.

It is another object of the present invention to provide a dielectric
filter or a dielectric duplexer in whihgh the coupling coefficients between
t he i nput | oop and the TMnulti-node dielectric initial-stage resonator or
bet ween the out Ioogﬁand t he TNInuIél-nDde |electr|c final - stage

r esonat or i &g ﬁ%%?d"de\?é’ﬁt%ﬁ means for controlling the

coupling coefficient between the vertical and horizontal
dielectric portions within the same dielectric member
{neither of the means are shown in Fig. 1}. As the above-
mentioned adjustment means and q?ntrol means, threaded
dielectric or metallic rods are generally used. For
mounting the adjustment means and control means, mating
holes or threads may be formed in advance in the dielectric
members of the resonators to receive the dielectric or
metallic rods therein. A calibration window may be provided
on the panel 6 through which an instrument may be inserted
to operate the above adjustment and control means.

An explanation will now be given of the operation of
the dielectric filter 1 constructed as described above.

High-frequency power is first supplied to the filter 1
to generate a magnetic field in the input loop 8. The
generated magnetic field is overlapped with the intersecting
area of the dielectric member 2XY of the first-stage |
dielectric resonator 2, thereby exciting a TM 110X+Y mode
shown in Fig. 2A which crosses the magnetic field generated
in the input loop 8. This TM 110X+Y mode is a mixture mode
of the TM 110X mode and the TM 110Y mode shown in Fig. 6
excited in the horizontal dielectric portions and the
vertical dielectric portioné, respectively. Inlthis

embodiment, the TM 110X+Y mode generated in the dielectric

-

Been Replaced

"



frequency adjustnent nmeans for each of a vertical dielectric portion and a
hori zontal dielectric portion of each resonator is operated or when

control means for controlling -7-
t he coupling coefficient between the vertical and horizontal dielectric
portions is actuated. In order to achieve the above object, according

to one aspect of the present invention, there is provided a dielectric
filter conprising a plurality of TMIﬂﬂfi:ﬂDde
member 2XY serves as an excitation mode of the first-stage
resonator. |

Then, the ™ 110X+Y mode is electromagnetically coupled
to a ™M 110X-Y mode illustrated in Fig. 2B within the same
dielectric member 2XY. The TM {}OX-Y mode functions as an
excitation mode of the second-stage resonator.

The magnetic field of the TM 110X-Y mode of the
dielectric member 2XY is generated in a direction in which
the magnetic field crosses electric lines of force indicatea
by the arrows shown in Fig. 2B. Accordingly, the TM 110X-Y
mode crosses one end of the coupling loop 7a, but not the
input loop 8 which is located parallel to the TM 110X-Y mode
at a position facing the dielectric member 2XY. Hence, the
TM 110X-Y mode generated in the dielectric member 2XY is
magnetically coupled to the coupling loop 7a rather than the
input loop 8.

The other end of the coupling loop 7a opposedly faces
the intersecting area of the dielectric member 3XY of thé ™
double-mode dielectric resonator 3. Since the magnetic
field produced in the coupling loop 7a is overlapped with
the intersecting area of the dielectric member 3XY of the
second resonator 3, the TM 110X+Y mode crossing this
magnetic field is excited. The TM 110X+Y mode generated in
the dielectric member 3XY of the resonator 3 serves as an .

excitation mode of the third-stage resonator. Further, the

R
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di el ectric resonators, each of the dielectric resonators constructed in
such a manner that a cross-shaped dielectric nenber is disposed in a
cavity provided with openings, the dielectric resonators being aligned
with the openings facing in the sane direction, whereby the dielectric
resonators adjacent to each other are coupl ed, wherein a node generated
in the horizontal direction of the cross-shaped dielectric nenber is
defined as a TM 110X node, while a nodgegenerated in the vertical
direction of the dielectric nmenber is “Specified as a TM 110Y node, and a
T™ 110X+Y e.and a TM 110X-Y node, each f which is a m xture node of
the TM 110 ¥ FofRel Tt gBetLFRL aY 1 FocbipI Bl to each

other bet wegfh | ie Al SR LS JanoALYe2 e a0EAcEMl . 4,850 cRLNe -
resonator'3.

Thereafter, in a manner similar to the above procedure,
the TM 110X-Y mode generated in.;he dielectric member 3XY of
the second resonator 3 is magnetically coupled to one end of
the coupling loop 7b, and is further magnetically coupled to
the ™ 110X+Y mode generated inlthe other end of the
coupling loop 7b and éhe dielectric member 4XY of the third
dielectric resonator 4. The TM 110X+Y mode created in the
dielectric member 4XY of the resonator 4 is
electromagnetically coupled to the TM 110X-Y mode within the
same dielectric member 4XY, The TM 110X~Y mode is
magnetically coupled to one end of the coupling loop 7c
within the dielectric member 4XY of the resonator 4, and is
further magnetically coupled to the TM 110X+Y mode generated
in the other end of the coupling loop 7¢ and the dielectric
member 5XY of the fourth dielectric resonator 5. The TM’
110X+Y mode created in the dielectric member S5XY of the
resonator 5 is electromagnetically coupled to the ™™ 110X-Y
mode within the same dielectric member 5XY. The TM 110X-Y
hode generated in the dielectric member S5XY is magnetically
coupled to the output loop 9 and is output via a coaxial
connector (unillustrated).

In this embodiment, the resonator using the TM 110X+Y
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Vthﬂihis arrangenent, the coupling means for coupling adjacent TM
doubl e-node di el ectric resonators can be placed obliquely to face the
i ntersecting area between the vertical and horizontal dielectric portions
of each dielectric resonator. In the above dielectric filter, the T™M
mul ti - node -8- dielectric
resonator may be a TMtriple-node dielectric resonator in which the
resonant frequency of a TM 111 node 16

mode generated in the dielectric member 2XY of the resonator

2 as an excitation mode serves as a first-stageaxesonatof;

However, the order of stages may be reverseé; ﬁbre-ﬁ

specifically, the output loop 9 shown in Fig. 1 may be used

as the input loop. In this case, high-frequency power is

supplied to the output loop 9 and the resulting mode is

output through the input loop 8 used as the output loop in

such a manner that the resonator using the TM-iiOX—Y mode

generated in the dieléctric member S5XY of the TM double-mode

dielectric resonator 5 as an excitation mode may be émployed

as a first-stage resonator.

A description will now be given of a dielectric filter
according to another embodiment of the present invention
while referring to Fig. 3.
A dielectric filter generally designated by 11 is

constructed in a manner similar to the filter 1 shown in

Fig. 1 in the following points. The filter 11 has, as

illustrated in Fig.. 3, four TM mode dielectric resonators

lé, 13, 14 and 15 alighed in a row with their openings

facing in the same direction, and metallic panels 16 and 17

attached to the resonators 12 through 15 by means such as

screwing or soldering so as to cover the openings~of the

resonators 12 through 15. Further, an 1nput 1oop 18, an

output loop 19, and coupling loops 17a, 17b and 17¢ are

located on the panel 17. -
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coincides with the resonant frequency of the TM 110X+Y node and the T™M _
110X-Y node by formng a recessed portion in the dielectric resonator in a
direction fromthe outer surface of the cavity to the |ongitudina
dielectric nmenber. This nakes it possible to use the single TM node
dielectric resonator as a three-stage resonator. Further, in the

af oredescribed dielectric filter, a generally "V'-shaped | oop may be used
for coupling adjacent TMnulti-node dijglectric resonators. The above type
of coupling loop is easy to manufacture due to its sinple shape.

AO0PL0L 10 10 S0 gBenehd, Alel SO PR, 1 DGR 43, POV s

the filter yiBddd from the filter 1 shown in Fig. 1 in the structure
of the TM mode dielectric resonators used in the filter.

More specifically, the TM mode dielectric resonator 12
is constructed in the following manner. A cavity 12a having
openings at the forward and bacé%ard ends and a cross-shaped
dielectric member 12XY are integrally formed‘of the same
dielectric material. A conductor 12b is disposed on the,'
outer surfaces, except for the openings, of the'cavity 12a.
Conductors 12b may also be formed on edges around the
openings of the cavity 12a. The dielectric member 12XY is
formed of a horizontal dielectric portion 12X and a vertical
dielectric portion 12Y. Recessed portions 12¢ are formed,
as shown in Fig. 3, at the four areas where the cavity 12a
and the dielectric member 12XY are joined in a direction
from the outer surface of the cavity 12a to the longitudinal
dielectric member 12XY. The conductor 12b is continuously
disposed on the inner surfaces of the recessed portion 126.
With this construction, the TM 111 mode, which is

originally an unwanted mode, as indicated in Fig. 4, can be
utilized as well as the ™ 110X+Y mode and the TM 110X-Y
mode because the resonant frequency of the TM 111 mode is
positioned in the same pass band as the TM 110X+Y modé and

the T 110X-Y mode. Accordingly, the single TM mode

dielectric resonator 12 is able to form a three-stage
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a plurality of TMnulti-node dielectric resonators, each of the dielectric
resonators constructed in such a manner that a cross-shaped dielectric
menber is disposed in a cavity provided with openings, the dielectric
resonators being aligned with the openings facing in the sane direction,
whereby the dielectric resonators adjacent to each other are coupled, the
plurality of dielectric filters conprising: a first dielectric filter
having a first frequency band in whigqsg node generated in the horizontal
direction of the

resonator. The TM mode dielectric resonators 13, 14 and 15
are constructed in a manner similar to the above-described
dielectric resonator 12.

An explanation will now be given of the operation of
the dielectric filter 11 construsted as described above.

High-frequency power is first supplied to the
dielectric filter 11 to generate a magnetic field in the
input loop 18. The generated magnetic field is coupled to
the TM 110X+Y mode generated in the dielectric member 12XY
of the first dielectric resonator 12. This TM 110X+Y mode
serves as an excitation mode of a first-stage resonator.
Then, the second-stage TM 111 mode and the third-stage T
110X~Y mode are excited within the same dielectric member
12XY.

The magnetic field of the third-stage TM 110X-Y mode is
coupled to the fourth-stage TM 110X+Y mode of the dielectric
member 13XY via the coupling loop 17a, thereby sequentially
exciting the fifth-stage TM 111 mode and the sixth-stage TM
110X-Y mode in the same dielectric member 13XY. Likewise,
in each of the TM double-mode dielectric resonators 14 and
15, the T™M 110X+Y mode, the TM 111 mode, and the T™M 110X-Y
mode are sequentially coupled in the above-given order. 1In
this manner, the dielectric filter 11 formed of 12 stages'of
resonators is constructed.

A dielectric duplexer constructed in accordance with

\\
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-9- cross-shaped dielectric menber is defined as a TM 110X node, while a
node generated in the vertical direction of the cross-shaped dielectric
menber is specified as a TM 110Y node, and a TM 110X+Y node and a TM
110X-Y node, each of which is a mxture node of the TM 110X node and the
TM 110Y node, are alternately coupled to each other between the
dielectric resonators adjacent to each other; and a second dielectric
filter having a second frequency band i,n which a nobde generated in the
hori zontal direction of the cross- ot géd dielectric nmenber is defined as
a TM 110X npode, while ,a node generated in the vertical direction of the
cross- shape®l REeSeRG inveneiarewild swwcbei deserikedr MlI-llO¥eﬁ9§%nC%md a T™
110X+Y node aqg a'gw 110X-Y node, each of which is a

A dielectric duplexer -generally represented by 41 is
constructed, as illustrated in Fig. 5, of a receiving
-dielectric filter 21, a transmit&ing dielectric filter 31,
and metallic panels 46 and 47. |

TM double-mode dielectric resonators 22, 23, 24 and 25
of the receiving dielectric filter 21 and TM double-mode
dielectric resonators 32, 33, 34 and 35 of the transmitting
dielectric filter 31 are aligned in a row with their
openings facing in the same direction. Further, the panels
46 and 47 are attached to the resonators 22 through 25 and
32 through 35 to cover their openings by means such as
screwing or soldering.

The receiving dielectric filter 21, formed of the four
dielectric resonators 22, 23, 24 and 25, has a fixed
frequency pass band that coincides with certain -receiving
signals. The transmitting dielectric filter 31, constructed
df the four dielectric resonators 32, 33, 34 and 35, also '
has a fixed frequency pass band which matches certain
transmitting signals. It should be noted that the frequency
pass band of the transmitting dielectric.filter 31 is
different from that of the receiving dielectric filter 21.

The TM double-mode dielectric resonators 22 through 25
and 32 through 35 are constructed in a manner similar to the

--\~;\‘\‘\\\“\~\~
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m xture node of the TM 110X node and the TM 110Y node, are alternately
coupled to each other between the dielectric resonators adjacent to each
ot her . In the dielectric duplexer constructed by connecting a
plurality of dielectric filters, as well as in the single dielectric
filter, the coupling nmeans for coupllng adj acent TM doubl e-node di el ectric
resonators can be placed obliquely to face the intersecting area between

the vertical and horizontal dielectrig ortions of each dielectric

resonat or. : In the above dielectric duplexer, the TM nul ti-node
dielectric onat be a TMtr e- nDde dlelectrl resonator in which
the resona éﬁcie n%F°HM%EEPQ#ij 1, and a detaile

explanation thereof will thus be omitted.
Mounted on the panel 47 are a receiving input loop 28,
- a receiving output loop 29, a transmitting input loop 38,
and a transmitting output loop %f. The receiving input loop
28 and the transmitting output loop 39 are coupled to each
other via an antenna loop 48. The loops 28 and 39 are also
coupled to a coaxial connector (not shown) via the antenna
loop 48, and are thug connected to an external antemnna. In
this embodiment, the receiving input loop 28, the
transmitting output loop 39, and the antenna loop 48 are
formed by bending a sheet of metallic plate. Further, the
receiving outputﬂloop 29 and the transmitting input loop 38
are each connected to an external circuit via a coaxial
connector (unillustrated). Also attached to the panel 47
are receiving coupling loops 27a, 27b and 27¢ and
transmitting coupling loops 37a, 37b and 37¢, all of which
are generally formed in a A shape.

Moreover, provided on the panel 46 are frequency
adjustment means for each resonator of the receiving and
transmitting dielectric filters 21 and 31, and control means
for controlling the coupling coefficient between the
horizontal and vertical dielectric portions (two resonators)
within the same dielectric member {(neither of the means are

shown in Fig. 5). As the adjustment and control means for
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-10- -coincides with the resonant frequency of the TM 110X+Y node and the
TM 110X-Y node by formng a recessed portion in the dielectric resonator
in a direction fromthe outer surface of the cavity to the |ongitudina
dielectric nmenber. This nakes it possible to use the single TM node
dielectric resonator as a three-stage resonator. Accordingly, in the
dielectric duplexer, as well as in the aforedescribed dielectric filter,
the single TM node dielectric resonatorygcan be enployed as a three-stage
resonat or. Further, in the dielectric duplexer, a generally "V'-

the dielectric duplexer 41, dielectric or metallic rods or a
.calibration window may be used, as in the case with the
dielectric filter 1 shown in Fig. 1.

The operation of the aforedescribed dielectric duplexer
41 will now be explained. R

A receiving signal is first input through an antenna.
The input receiving signal is then transmitted to the
receiving input loop 28 wvia the antenna loop 48.
Simultaneously, although the receiving signal is also
transmitted to the transmitting outpﬁt loop 39, the
frequency band of the receiving signal differs from that of
the transmitting dielectric filter 31, thereby rendering the
filter 31 inoperable.

The receiving input loop 28 is magnetically coupled ﬁo
the ™M 110X-Y mode generated in the dielectric member 22XY
of the receiving dielectric resonator 22. The TM 110X-Y
mode is then electromagnetically coupled to the TM 110X+Y
mode within the dielectric member 22XY of the resonator 22.
Further, the TM 110X+Y mode of the dielectric member 22XY is
magnetically coupled to the TM 110X-Y mode of the dielectric
member 23XY of the dielectric resonator 23 via the coupling
loop 27a. The TM 110X-Y mode is then electromagnetically
coupled to the TM 110X+Y mode within_the dielectric member
23XY of the resonator 23.

Likewise, thereafter, the dielectric resonator 23 is

T
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shaped coupling | oop nmay be used for coupling adjacent TM nulti-node
di.el ectric resonators. Thus, the coupling |oop of the above type is easy

to manufacture due to its sinple shape. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. 1 is an exploded perspective view of a dielectric
filter according to an enbodi nent of the present invention, Fig. 2is
a schematic diagramof a TMnmulti-node dielectric resonator illustrating

the operation of the dielectric filtepsshown in Fig. 1: Fig. 2A
illustrates an electric field of the TM 110X+Y node; and Fig. 2B

LSt oo B oh eull Sl e TR0 VolP onacor SA0 il
is then coupled to the resonator 25 via the coupling loop
27c. The resonator 25 is further coupled to the receiving
output loop 29. As a consequence, the selected receiving
signal is output from the receijjng dielectric filter 21.

In contrast, a transmittiné signal input into the
transmitting input loop 38 is radiated from an antenna (not
shown} through the dielectric resonator 32, the.coupling.
loop 37a, the dielectric resonator 33, the coupling.loop
37b, the dielectric resonator 34, the coupling loop 37¢, the
dielectric resonator 35, the output loop 39, and the antenna
loop 48 in the above-given order.

In the aforedescribed embodiments, the dielectric
filters 1 and 11 respectively shown in Figs. 1 and 3, and
the dielectric duplexer 41 illustrated in Fig. 5 are
constructed of TM multi-mode dielectric resonators and
panels. If, however, it is necessary to increase the
strength of the parts, the filters 11 and 11 and the
&uplexer 41 may be accommodated in a conductive case.

Additionally, to make the ground potentials of adjacent
dielectric resonators consistent, a metallic plate or a
conductive plate formed by disposing a conductor on the
surface of an insulator may be bridged over the conductors
formed on the surfaces of the cavities of the adjacent

dielectric resonators.
[ —
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filter according to another enbodi nent of the present

I nventi on; Fig. 4 represents an electric field of a TM 111 node
generated in a TMmulti-node dielectric resonator to illustrate the
operation of the dielectric filter shown in Fig. 3; Fig. 5is an

expl oded perspective view of a dielectric duplexer according to a further
enbodi nent of the present

-23-

As wiil be clearly understood from the foregoing
description, the present invention offers the following
advantages.

A mixture mode'of two different excitation modes of
vertical dielectric portions and horizontal dielectric
_portions, respectively, of TM muiti-mode dielectric
resonators is employed as a fundamental mode in the
dielectric filter or the dielectric duplexer of the present
invention. Accordingly, the coupling means can be
positioned obliquely to the intersecting area between the
vertical and horizontal dielectric portions of the
dielectric resonators. Thus, the arrangement and the
structure of the coupling loops can be made simple. By
virtue of the above-described positioning of the coupling
loops, the input loop and the output loop can be disposed on
the same panel as the coupling loops. This further makes it
possible to attach all of the coupling loops, the input loop
and the output loop ﬁo a panel different from the panel
ﬁrovided with the frequency adjustment means and the
coupling-coefficient control means. Hence, the coupling
coefficients of the input and output loops can remain
unchanged even when the frequency adjustment means or the
coupling-coefficient control means are activated.

Similarly, unwanted changes in the coupling coefficient

between adjacent TM multi-mode dielectric resonators can
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i nvention; Fig. 6 is an expl oded perspective view of a conventiona

dielectric filter; and Fig. 7 is a schematic diagramof a TM

doubl e-node dielectric resonator illustrating the operation of the known
dielectric filter showm in Fig. 6: Fig. 7Aillustrates an electric field
of the TM 110X node; and Fig. 7B illustrates an electric field of the TM
110Y node. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A dielectric
filter constructed in accordance with the present invention will now be
described with reference to Fig. 1. “24- Adielectric filter general ly

indicated by 1 is
also be inhibited when the frequency adjustment means or the

coupling-coefficient control means are operated. As a
consequence, the overall filter characteristics can be
substantially maintained.

Further, a dielectric filteg constructed by using ™
triple-mode dielectric resonator; can be downsized to two
thirds of a filter using TM double-mode dielectric
resonators.

Additionally, coupling loops ‘generally formed in a “ﬁ”

shape employed in the dielectric filter are easily

manufactured by bending a piece of a metallic strip.
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constructed, as illustrated in Fig. 1, of four TM doubl e- ‘mode dielectric
resonators 2,.3, 4 and 5 aligned in a row wth their openings facing in
the sane direction, and netallic panels 6 and 7 attached to the resonators

2 through (12- 5 by means such as
screwi ng or soldering so as to cover the openings of the resonators
through 5. The panels 6 and 7 nmay be forned of ceram ¥y reS|n

pl ates having conductors on their sur[ages but prefer @mﬁn,

WHAT IS CLAIMED IS:

1. A dielectric filter comprising a plurality of ™™
multi-mode dielectric resonators, each of said dielectric
resonators constructed in such e'manner that a cross-shaped
dielectric member is disposed i; a cavity provided with
openings, said dielectric resonators being aligned with the
openings facing in the same difection, whereby the
dielectric resonators adjacent to each other are coupled,

wherein a mode generated in the horizontal direction of
said cross-shaped dielectric member is defined as a TM 110X
mode, while a mode generated in the vertical direction of
said dielectric member is specified as a TM 110Y mode, and a
T 110X+Y mode and a TM 110X-Y mode, each of which is a
mixture mode of the TM 110X mode and the TM 110Y mode, are

alternately coupled to each other between the dielectric

resonators adjacent to each other.

2. A dielectric filter according to claim 1, wherein
said ™ multi-mode dielectric resonator_comprises a ™
triple-mode dielectric resonator in which the resonant
frequency of a TM 111 mode coincides with the resonant
frequency of the TM 110X+Y mode and.the“TM 110X-Y mode by
forming a recessed portion in said dielectric resonator ip a

direction from the outer surface of said cavity to the

_—
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I n consideration of workability and strength. The TM doubl e- node
dielectric resonator 2 is constructed in the following manner. A cavity 2a
havi ng openings at the forward and backward ends and a cross-shaped

di el ectric nmenber 2XY are integrally formed of the sane dielectric
material. A conductor 2b is disposed on the outer surfaces, except for the
openi ngs, of the cavity 2a. Conductors 2b nmay al so be,ﬂfﬁgh t he edges

around the openings of the cavity 2a. Ehe dielectric jii@? plaged - e d
of a horizontal dielectric portion OXA8d a verti cal gﬂ HdHTIH M on
2Y, so that_the single TM doubl e-node dielectric reson Kila a

t wo- st age rkansgidiusinathdielpetoimimerdstie di el ectric resonators 3, 4 and 5
are constructed in a manner simlar to the above-described :

3. A dielectric filter according to one of claims 1
.and 2, wherein a generally “V”-shaped coupling loop is used
for coupling said TM multi-mode gielectric.resonators.

4. A dielectric duplexer comprising a plurality of
dielectric filters, each of said filters having a plurality

" of TM multi-mode dielectric resonators, each of said
dielectric resonators constructed in such a manmner that a
cross-shaped dielectric member is disposed in a cavity
provided with openings, said dielectric resonators being
aligned with the openings faéing in the same direction,
whereby the dielectric resonators adjacent to each other are
coupled,

said plurality of dielectric filters comprising:

a first dielectric filter having a first frequency band
in which a mode generated in the horizontal direction of
said cross-shaped dielectric member is defined as a TM 110X
mode, while a mode generated in the vertical direction of
said cross-shaped dielectric member is specified as a ™M
110Y mode, and a TM 110X+Y mode and a TM 110X-Y mode, each
of which is a mixture mode of the TM 110X mode and the TM
110Y mode, are glternately coupled to each other between

said dielectric resonators adjacent to each other; and

\
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di el ectric resonator 2. An input |loop 8 and an output |loop 9 are
mounted on the panel 7 and connected to an external citcuit-via a coaxial
connector (not shown). Also attached to the panel 7 are gouplin% I%%B%afa,
7b and 7c generally forned in.a "V' shape for coupling B &

doubl e-node di el ectric resonators. Di sposed on the i “mm

frequency adjustnent neans
a second dielectric filter having a second frequency

for
each resonator and control neans for cgg%rolling t he.

band in which a mode generated in the horizontal direction
of said cross-shaped dielectric member is defined as a T™™
110X mode, while a mode generated in the vertical direction
of said cross-shaped dielectrig yember is specified as a TM
110Y mode, and a TM 110X+Y mode and a TM 110X-Y mode, each
of which is a mixture mode of the TM 110X mode and the TM
110Y mode, are alternately coupled to each other between

said dielectric resonators adjacent to each other.

5. A dielectric duplexerlaccording to claim 4,
wherein said TM multi-mode dielectric resonator comprises a
TM triple-mode dielectric resonator in which the resonant
frequency of a TM 111 mode coincides with the resonant
frequency of the T™M 110X+Y mode and the TM 110X-Y mode by
forming a recessed portion in said dielectric resonator in a
direction from the outer surface of said cavity to the

longitudinal dielectric member.

6. A dielectric duplexér according to one of claims
4 and 5, wherein a generally “V”-shaped coupling loop is

used for coupling said TM multi-mode dielectric resonators.

-
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coupl.ing coefficient between the vertical and horizontal dielectric
portions within the sanme dielectric nenber (neither of the neans are shown
in Fig. 1). As the above- nentioned adjustnment neans and control neans,
threaded dielectric or netallic rods are generally used. For nounting the
adj ust rent nmeans and control means, mating holes or threads may be forned
I n advance in the dielectric nenbers of the resonators to receive the
dielectric or netallic rods therein. ﬁgﬁalibration wi ndow may be provi ded
u

on the panel 6 through which an instr it may be inserted to operate the

above adjustnent and control neans. An explanation will now be given
of the oper APPORAGT OF HEHE]DISEEPEVREf||ter 1 constructed as descri bed
above. _Hi gh-frequency power is first supplied to the filter 1

A dielectric filter exhibiting excellent filter
characteristics is disclosed in which the manufacturing cost
is reduced by forming coupling {9ops for dielectric
resonators generally in thé same shape. First through
fourth TM double-mode dielectric resonators are aligned in a
row with their openings facing in the same direction. Fifst
and second metallic panels are screwed to the resonators to
cover their openings. An input loop and an output loop are
mounted on the first loop in such a manner that they
obliquely face the intersecting areas of the respective
dielectric members of the first and fourth dielectric
resonators, respectively. Also attached to the first panel
are generally “V”-shaped coupling loops. Also disclosed is
a dielectric duplexer constructed of a plurality of

dielectric filters.
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-14- /’~¥-}$XY serves as an excitation node of the first- stage
resonagg Then, the TM 110X+Y node is el ectromagnetically coupl ed
to a TM 110X-Y node illustrated in Fig. 2B within the same dielectric
menber 2XY.p7h& TM 110X-Y node functions as an excitation node of the
second- st age resonator. The magnetic field of the TM 110X-Y node of
the dielectric nmenber 2XY is generated in a direction in which the
magnetic field crosses electric lines of force indicated by the arrows
shown in Fig. 2B. Accordingly, the TM 110X-Y node crosses one end of the
coupling loop 7a, but not the input loop 8 which is |ocated parallel to
the TM 110X-Y node 18 19

17a 17b 7

”‘2@@@%

12612 1331)3* 14c1415¢ 45

12b

l 12a =\ = :gz
190 ‘ N BN B AL-15X
19y N\ 15XY’
12Xy RN oY

12Y 13a13x 13><7 14X\14XY
13y 14b14a 14y
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at a position facing the dielectric menber 2XY. Hence, the TM 110X-Y node
gene atéﬂ in the dielectric nenber 2XY is nmagnetically coupled to the
coup! ;ngJJoop 7a rather than the input |oop 8. The other end of the
couplin oop 7a opposedly faces the intersecting area of the dielectric
menber g&ﬁ% the TM doubl e-node dielectric resonator 3. Since the
magneti c i el d produced in the coupling |loop 7a is overl apped with the

i ntersecting area of the dielectric nmenber 3XY of the second resonator 3,
the TM 110X+Y node crossing this mnmagnetic field is excited. The TM 110X+Y

node gener tgd in the dielect rztf 4181b%1'9e3XY of the resonat:?ﬁ 3 serves as
e

an excitaftl \on 2r[})ge 02f7£)h62%haj. -stTge ) §Q}1at Oé7 Furéher \
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|n t~ ane dielectric nmenber 3XY of the resonator 3.° Thereafter, in
simlar to the above procedure, the TM 110X-Y node generated in

the “dielectric menber 3XY of the second resonator 3 is magnetically

coupl gﬁatg one end of the coupling loop 7b, and is further nmagnetically

coupl the TM 110X+Y node ener ed in the other end of the coupling

| oop 7b and the dlelectﬂ@\éma \r §of ¢ third

107\/J- Qg_—__b) ==

-15 %M 110X+Y node is el ectromagnetically coupled to the TM 110X-Y node
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(+Y node created in_the qﬁ%ﬂéﬂ#

,triRBp

di €l e | 16
menbe

’110x-‘ E @@8}& e
nagnei & j f
di el et n
coupl ¢ atmgbsgﬁ TMPE%( wagc e-ne
| oop Yc_and the dielectr menber
5. Thg EMI‘El@EmECBme’k}r ad. in

el ect romagneti cal |y

Etric menber 4XY. Th BE%C%%@&?#H Dﬁe i s
the coupling loopi7 wi thin the

htor 4, and is fun
tated in the othe
5XY of the fourth
L he oF2l ectric member _5XY_of the

resonator 5 is el ecfromagnet reatt

coupled to the TM 110X-Y node within

the sanme diel ectric HEHBETREQYFILTER AND DIELECTRIGIBUBBERERt ed in the
di el ectric menber 5XY is nmagnetically coupled to the output loop 9 and is
out put via a coaxi al

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dielectric filter

kg
’

and a dielectric duplexer using TM multi-mode dielectric

resonators.

2. Description of the Related Art

Hitherto, TM double-mode dielectric resonators in which

a cros§-shaped dielectric member is disposed in a cavity

having a conductor on its outer surface are used in a

bandpass-type dielectric filter. As this type of dielectric

filter, a filter constructed, as shown in Fig. 6, is known.

Referring to Fig. 6, a dielectric filter generally

designated by 101 has four TM double-mode dielectric

resonators 102, 103, 104 and 105 aligned in a row with their

openings facing in the same direction, and metallic panels

106 and 107 to cover the openings of the resonators 102

tﬁrough 105.

The dielectric resonator 102 is constructed in the

following manner.

A cavity 102a having openings at its

forward and backward ends and a cross-shaped dielectric

member 102XY are integrally formed of the same dielectric

material. Further, a conductor 102b is disposed on the

outer surfaces, except for the openings, of the cavity 102a.



connector (unillustrated). In this enbodi nent, the resonator using
the TM 110X+Y =3+t
‘in the dielectric nenber 2XY of the resonator 2 as BEPLALEMENL i
serves as a first-stage resonator. However, the ondg¢r of stages
reversed. More. specifically, the output |oop 9 shown dp Joi99y
used as the input loop. In this case, high-frequency power 1s su
the output loop 9 and the resulting node is
D -

The dielectric member 102XY is formed of a horizontal
dielectric portion 102X and a vertical dielectric portion
102Y, so that the single TM double-mode éielectric resonator
102 can form a two-stage resonator. The TM double-mode
dielectric resonators 103, 104 %?d 105 are constructed in a
manner similar to the above-described dielectric resonator
102.

An input loop 108 and an output loop 109 are attacﬂed
to the Panel 106 and connected to an external circuit via a
coaxial connector (not shown). Fixed ﬁo the panel 107 are
coupling loops 167&, 107b, 107¢ and 1074 each for coupling
adjacent dielectric resonators.

The operation of the dielectric filter 101 constructed
as described above will now be explained. High-frequency
power is first supplied to the dielectric filter 101 to
magnetically couple the input loop 108 and the vertical
dielectric portion 102Y serving as a first-stage resonator.
Due to this magnetic coupling, the TM 110Y mode shown in
Fig. 7B is excited in the vertical dielectric portion 102Y,
and is then electromagnetically coupled within the
dielectric member 102XY to the horizontal dielectric portion
102X used as a second-stage resonator. Accordingly, a TM
110X mode illustrated in Fig. 7A is further excited in the
horizontal dielectric portion 102X, and is then magnetically

coupled to the coupling loop 107a.
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out put through the input |oop 8 used as the output |ogp~in.such. a.oanner
.that the resonator using the TM 110X-Y node generat ¢dREFLAGRE: G @H8ET Iji C
menber 5XY of the TM doubl e-npde dielectric resonatr atdi on
node may be enployed as a first-stage resonator. ﬁ_ge rﬁéi nwll
now be given of a dielectric filter according to angthe n@@d ntf{ af the
present invention while referring to Fig. 3. Lelectric filjtdr
generally designated by 11 is constructed in a mannér simlar to the
filter 1 shown in Fig. 1 in the folloeging points. T ' - - aS
illustrated in Fig. 3, four TM node dielectric resonators 12, 13, 14 and
15 aligned in gmi%"&ad#g&?yﬁh%époi’@f‘é Wbodediy$abls ikt A% dheection, and

netal li c panel
horizontal dielectric portion 102X used as the second-stage

resonator, but also the horizontal dielectric portion 103X
serving as a third-stage resonator. Thus, the coupling loop
107a magnetically coupled to th?rhorizontal dielectric
portion 102X is further magnetically coupled to the
horizontal dielectric portion 103X. Because of this
coupling, the TM 110X mode shown in Fig. 7A is excited in -
the hor}zontal dielectric portion 103X, and is further
electr&magnetically coupled within the dielectric member
103XY to the vertical dielectric portion 103Y used as a
fourth~stage resonator. Due to this coupling, the TM 110Y
mode illustrated in Fig. 7B is excited in the vertical
dielectric portion 103Y, and is then magnetically coupled to
the coupling loop 107b.

The coupling loop 107b is connected to the coupling
loop 107c¢, and as in the case with the loop 1075 opposedly
facing the vertical dielectric portion 103Y as the fourth--
sﬁage resonator, the loop 107¢ opposedly faces the vertical
dielectric portion 104Y used as a fifth-stage resonator.
Accordingly, the loop 107b magnetically coupled to the
vertical dielectric portion 103Y is further magnetically
coupled to the vertical dielectric portion 104Y via the
coupling loop 107c.

Thereafter, in a manner similar to the above procedure,



att'ached to the resonators 12 through 15 by neans su
sol dering so as to cover the openings of the resona
Further, an input loop 18, an output loop 19, and c
and 17c are |ocated on the panel 17.

-17- However, the dielectric filter 11 shown i
the filter 1 showmn in Fig. 1 in the structure of th
resonators used in the filter.

.
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the vertical dielectric portion 104Y is electromagnetically

coupled to the horizontal dielectric portion 104X serving as

a sixth-stage resonator. The horizontal dielectric portion

104X is further magnetically coupled wvia the coupling loop

1074 to the horizontal dielectric portion 105X used as a
4

seventh-stage resonator, which is then electromagnetically

coupled to a vertical dielectric portion 105Y as an eighth-

stage resonator. Finally, the vertical dielectric portion

105Y is magnetically coupled to the output loop 109, and the

generated magnetic field is then output via a coaxidl

connector (unillustrated).

However, in the above conventional type of multi-stage

dielectric filter shown in Fig. 6, the shape of the loops

for coupling the T™ 110X mode generated in the horizontal

dielectric portions, such as the coupling loops 107a and

1074, greatly differ from that of the loops for coupling the

TM 110Y mode generated in the vertical dielectric portions,

such as the coupling loops 107b and 107¢c. This requires. two

éypes of molds for producing the above types of loops,

- thereby increasing the cost.

The above-mentioned increased cost particularly

originates from the loops for coupling the vertical

dielectric portions which are formed in a curved complicated

shape, in contrast to the simply shaped loops for coupling

the horizontal dielectric portions. Further, the loops for



Mor'e specifically, the TM node dielectric resonator 12 is constructed in
the followi ng manner. A cavity 12a having openings
backward ends and a cross-shaped dielectric nenber
formed of the same dielectric material. A conductor
outer surfaces, except for the openings, of the cavi
may al so be forned on edges around the openings of
dielectric nenber 12XY is fornmed of a horizontal difel
and a vertical dielectric portion 12Y.gRecessed por{ions 12c are for
as shown in Fig. 3, at the four areas where the cavity IZa anda The

di el ectri ccggggﬁﬁglﬁ Yx%r%lc n%q ea Jé?tlézﬁgfz;[tll% rT%rggmit outer surface of
|

the cavity e | ongit ¥ The conduct or
12b i's cONlyeRUPHSEYdue to their complicated shape, which may

disadvantageously change the coupling amount between the
vertical dielectric portions, thereby further varying the
filter characteristics.’ .

Moreover, although the coupling loops 107a through 107d
are mounted on the same panel 107, the input and output
loops 108 and 109 are unaple to be attached onto the panei
107 due to lack of space, which would otherwise overlap the
loops £08 and 109 with the coupling loops 107a and 1074,
respéctively.

Additionally, the dielectric filter 101 has frequency
adjustment means for each of the vertical dielectric portion
and the horizontal dielectric portion of each TM double-mode
dielectric resonator, and control means for controlling the
coupling coefficient between the vertical and horizontal
dielectric portions (neither of the means are shown in Fig.
6) . Generally, threaded metallic or dielectric rods are
uéed as the above adjustment means and control means.

The above frequency adjustment means and the coupling-
coefficient control means are mounted on the panel 106.

More specifically, the above means for the TM double-mode
dielectric resonator 102 are attached to the vicinity of the
input loop 108, while the means for the resonator 105 are |

fixed to the vicinity of the output loop 109.
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dlsposed on the inner surfaces of the recessed portion..l2c

construction, the TM 111 node, which is woriginally a gﬂ%magmgwpqm@ETas

indicated in Fig. 4, can be wutilized as well as the TM$OX+¥-made
TM 110X-Y node because the resonant frequency of thefTM iﬁ} d
R B

positioned in the sane pass band as the TM 110X+Y nod

node. Accordingly, the single TM node dielectric resénatar 12 is. abl

forma three-stage - 18-

this

nd t he

130%- Y
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Consequently, when the fregquency adjustment means and
the coupling-coefficient control means provided near the -
input loop 108 are operated, the coupling coefficient
between the input loop 108 and the vertical dielectric
portion 102Y may disadvantageoui}y vary. Likewise, whgn the
frequency adjustment means and control means in the vicinity
of the output loop 109 are actuated, the coupling
coefficient between the output loop 109 and the verticai
dielecgric portion 105Y may be unfavorably changed.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a dielec£ric filter or a dielectric duplexer in
which coupling loops for coupling adjacent TM multi-mode
dielectric resonators are formed in the same shape, and the
cost for the parts can thus be reduced..

It is another object of the present invention to
p;ovide a dielectric filter or a dielectric duplexer in.
thch the coupling coefficients between the input loop and
the T™ multi-mode dielectric initial-stage resonator or
between the output loop and the T™M multi-mode dielectric
final-stage resonator can remain unchanged even when
frequency adjustment means for each of a vertical dielectric
portion and a horizontal dielectric portion of each '

resonator is operated or when control means for controlling



resonator. The TM node dielectric resonators 13, l4fﬁpaACJf;5‘,;Eﬁqxr§1ﬁ
in a manner sinilar to the above-described diel echtricoresana

An explanation will now be given of the operation jof
11 constructed as descri bed above. Hi gh-fre
supplied to the dielectric filter 11 to generate magnetic fiel
I nput | oop 18. The generated magnetic field is coupl€ 0 the TM 11
node generated in the dielectric nenber 12XY of the first dielect
resonator 12. This TM 110X+Y node ser47% s as an excitation node of a
first-stage resonator. Then, the second-stage TM 111 node and the

ng

the dielectiic

nc 7otk r99s

tructed

filter
st

n the
OX+Y

c

third- st agehtMeodping’ dBUIE i2H@nEXBEERE N tHY RelBEcaBNBhdliHR8GbhiaMeNber

12XY.
dielectric portions is actuated.

In order to achieve the above object, according to one
aspect of the present invention, there is provided a
dielectric filter comprising a E}urality of ™ multi-mode
dielectric resonators, each of the dielectric resonators
constructed in such a manner that a cross-shaped dielectric
member is disposed in a cavity provided with openings, the
dielec;;ic resonators being aligned with ﬁhe openings faciﬁg
in the-same direction, whereby the dielectric resonators
adjacent to each other are coupled, wherein a mcde generated
in the horizontal direction of the cross-shaped dielectric
member is defined as a TM 110X mode, while a mode generated
in the vertical direction of the dielectric member is
specified as a T™M 110Y mode, and a TM 110X+Y mode and a TM
110X-Y mode, each of which is a mixture mode of the TM 110X
mode and the TM 110Y mode, are alternately coupled to each
other between the dielectric resonators adjacent to each
other.

With this arrangement, the coupling means for coupling
adjacent TM double-mode dielectric resonators can be placed
obliquely to face the intersecting area between the vertical
and horizontal dielectric portions of each dielectric
resonator.

In the above dielectric filter, the ™ multi-mode
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The magnetic field of the third-stage TM 110X-Y nDde;i$~f¢0uQZq§ﬁ§? he
fourth-stage TM 110X+Y node of the dielectric nender.-l3XY. Via. cbupling
| oop 17a, thereby sequentially exciting the fifth-i{sttage TM 111 nogejand
the sixth-stage TM 110X-Y node in the sane diel ectirijc Gr@ndigit 9IFXY:
Li kew se, in each of the TM doubl e-node di el ectri g rjesonators 14 anf 15,
the TM 110X+Y node, the TM 111 node, and the TM 11(X-Y nDJ€ are
sequentially coupled in the above-given order. In his manner. the
dielectric filter 11 fornmed of 12 stag®s of resonators is constructed.
A dielectric duplexer constructed in accordance with

dielectric resonator may be a T™™ triple-mode dielectric

resonator in which the resonant frequency of a TM 111 moae
coincides with the resonant frequency of the TM 110X+Y mode
and the TM 110X-Y mode by forming a recessed portion in the
dielectric resonator in a direct}on from the outer surface
of the cavity to the longitudin;i dielectric member. This
makes it possible to use the single TM mode dielectric
rasonator as a three;stage resonator.

Further, in the aforedescribed dielectric filter, a
generaily "V”-shaped loop may be used for coupling adjacent.
™ multi-mode dielectric resonators. The above type of
coupling loop is easy to manufacture due to its simple
shape.

According to another aspect of the present invention,
there is provided a dielectric duplexer comprising a
plurality of dielectric filters, each of the filters having
a plurality of TM multi-mode dielectric resonators, each of
tpe dielectric resonators constructed in such a manner that
a cross~-shaped dielectric member is disposed in a cavity
provided with openings, the dielectric resonators being
aligned with the openings facing in the same direction,
whereby the dielectric resonators adjacent to each other are
coupled, the plurality of dielectric filters comprising: a
first dielectric filter having a first frequency band in

which a mode generated in the horizontal direction of the



-19- the present invention will now be described
5. A dielectric duplexer generally represented

as illustrated in Fig. 5, of a receiving dielectrig

transmtting dielectric filter 31, and netallic pa
doubl e-node dielectric resonators 22, 23, 24 and 25
dielectric filter 21 and TM doubl e-node dielectric
and 35 of the transmitting dielectric filter 31 arg

Whﬁéﬁ%@*%ﬁ’r s ed,

ilter 21, a
nel s (7P JULd997. ™
of the receivijng
re 33, 34

aligned in a rowwth

their openings facing in the sane direstion. Furth

%““TTr”panels

cross~-shaped dielectric member is defined as a ™ 110X mode,

while a mode generated in the vertical direction of the

cross-shaped dielectric member is specified

as a TM 110Y

mode, and a TM 110X+Y mode and a TM 110X-Y mode, each of

which is a mixture mode of the Ty 110X mode

mode, are alternately coupled to each other

and the TM 110Y

between the

dielectric resonators adjacent to each other; and a second

dielectric filter having a second frequency

band in which a

mode generated in the horizontal direction of the cross-

shaped dielectric member is defined as a TM

110X mode, while

a mode generated in the vertical direction of the cross-

shaped dielectric member is specified as a TM 110Y mode, and

a ™ 110X+Y mode and a ™ 110X-Y mode, each

mixture mode of the TM 110X mode and the T™

of which is a

110Y mode, are

alternately coupled to each other between the dielectric

resonators adjacent to each other.
In the dielectric duplexer constructed

plurality of dielectric filters, as well as

by connecting a

in the single

dielectric filter, the coupling means for coupling adjacent

T™M double-mode dielectric resonators can be

placed obliquely

to face the intersecting area between the vertical and

horizontal dielectric portions of each dielectric resonator.

In the above dielectric duplexer, the TM multi-mode

dielectric resonator may be a ‘TM triple-mode dielectric

resonator in which the resonant frequency of a TM 111 mode



46 and 47 are attached to the resonators 22 through; hr-oug

r RERIAGEHERD SHEET

to cover their openings by neans such as screw ng The
receiving dielectric filter 21, formed of the four {difélectric res ors
22, 23, 24 and 25, has a fixed frequency pass band it hat ?qhﬂg@gqs h
certain receiving signals. The transmtting dielectiriic I"ter

constructed of the four dielectric resonators 32, 33, . S has
a fixed frequency pass band whi ch natches certain ransmtting signajs. It

shoul d be noted that the frequency pagg-band of th 0
dielectric filter 31 is different fromthat of the receiving dielectric

(1150 21 sospesaliSgtih AR LIRS, oL FLARELS dhoBoh Sy 0o ot 2
and the TM 110X-Y mode by forming a recessed portion in the
dielectric resonator in a direction from the outer surface
of the cavity to the longitudinal dielectric member. This
makes it possible to use the siqgle TM mode dielectric
resonator as a three-stage resonator. ‘-Accordingly, in the
dielectric duplexer, as well as in the aforedescribed
dielectric filter, the single TM mode dielectric resonatoxr
can be gmployed as a three-stage resonator.

F&rther, in the dielectric duplexer, a generally “vV7-
shaped coupling loop may be used for coupling adjacent TM
multi-mode dielectric resonators. Thus, the coupling loop

of the above type is easy to manufacture due to its simple

shape.

BRIEF DES@IPTION OF THE DRAWINGS

FPig. 1 is an exploded perspective view of a dielectric
f;lter according to an embodiment of the present invention;

Fig. 2 is a schematic diagram of a TM multi-mode
dielectric resonator illustrating the operation of the
dielectric filter shown in Fig. 1: Fig. 2A illustrates an
electric field of the TM 110X+Y mode; and Fig. 2B
illustrates an electric field .of the TM 110X-Y mode;

Fig. 3 is an exploded perspective view of & dielectric

filter according to another embodiment of the present



-20- dielectric resonator 2 shown in Fig. 1, and a detailed explanation

t hereof will thus be omtted. Mounted on the panel..47.are_a..receiving
i nput loop 28, a receiving output loop 29, a transmtting +npyt JHeep B8,
and a transmitting output |oop 39. The receiving input«leep-—28—ate h
transmtting output |oop 39 are coupled to each oth r Vi an an 1 oop
48. The | oops 28 and 39 are also coupled to a coaxi t*dl

shown) via the antenna

-11-

invention;

Fig. 4 represents an electric field of a T™M 111 mode
generated in a ™ multi-mode dielectric resonator to
illustrate the operation of the dielectric filter shown in
Fig. 3;

&

Fig. 5 is an exploded perspective view of a dielectric
duplexer according to a further embodiment of the present
invention; |

F%g‘ 6 is an exploded perspective view of a
conven;ional dielectric filter; and

Fig. 7 is a schematic diagram of a TM double-mode
dielectric resonator illustrating the operation of the known
dielectric filter shown in Fig. 6: Fig. 7A illustrates an

electric field of the TM 110X mode; and Fig. 7B illustrates

an electric field of the TM 110Y mode.

DESCRIPTION OF.THE PREFERRED EMBODIMENTS

A dielectric filter constructed in accordance with ;hé

bresent invention will now be described wi£h reference to
. Fig. 1.

A dielectric filter generally indicated by 1 is
constructed, as illustrated in Fig. 1, of four TM double-
mode dielectric resonators 2,.3, 4 and 5 aligned in a row
with their openings facing in the same direction, and

metallic panels 6 and 7 attached to the resonators 2 through



| oop 48, and are thug connected to an external antenna. In_ this_ .

enbodi ment, the receiving input |oop 28, the transni éﬁ@;bﬂﬁ?%}tkoop 39,
and the antenna | oop 48 are forned by bending a shge etal-l+-e-pl at e.
Further, the receiving output |oop 29 and the trangmitting i nput
are each connected to an external circuit via a coax al Oi?oﬂdbd?‘gr
(unillustrated). Also attached to the panel 47 are fe€ceiving co
| oops 27a, 27b and 27c and transmtting coupling | opp a, 37b and 37c,
all of which are generally fornmed i n-a2-V' shape. Mar eovee—p+8vi ded
on the panel 46 are frequency adjustnent nmeans for each resonator of the

recei Vi ng anthy LieARSTLLLR s AP Gxf LbiBESiA) Ahetto 2BYeFORg 0l MRaNS

for controlling the coupling coeffiCient between
openings of the resonators 2 through 5. The panels 6 and 7

may be formed of ceramic plates or resin plates having
conductors on their surfaces, but preferably made of metal
in consideration of workability fnd strength.

#

The TM double-mode dielectric resonator 2 is
constructed in the following manner. A cavity 2a having
openings at the forward and backward ends and a cross-shaped
dielec%ric member 2XY are integrally formed of the same |
dielectric material. A conductor 2b is disposed on the
outer surfaces, except for the openings, of the cavity 2a.
Conductors 2b may also be formed on the edges around the
openings of the cavity 2a. The dielectric member 2XY is
formed of a horizontal dielectric portion 2X and a vertical
dielectric portion 2Y, so that the single T™M double-mode
dielectric resonator 2 can form a two-stage resonatof. The
TM double-mode dielectric resonators 3, 4 and 5 are
constructed in a manner similar to the above-described
dielectric resonator 2.

An input loop 8 and an output loop 9 are mounted on the
panel 7 and connected to an external circuit via a coaxial
connector (not shown). Also attached to the panel 7 are
coupling loops 7a, 7b and 7c generally formed in a “V* shape
for coupling adjacent TM double-mode dielectric resonatoré.

Disposed on the panel 6 are frequency adjustment means



hori zontal and vertical dielectric portions (two resonators) wthin the

sane dielectric nenber (neither of the neans are showr=ts~ki-g- ~—AS t he
adj ust ment and control neans for L ohT SHEE
-21- the dielectric duplexer 41, dielectric or netal l{rc-rods™or a
calibration wi ndow may be used, as in the case withithe gi‘gbegﬁjc
1 showmn in Fig. 1. The operation of the afore escrq e 5i C
dupl exer 41 will now be expl ai ned.

[ter
c

= —h

-13-

for each resonator and control means for controlling the
coupling coefficient between the vertical and horizontal
dielectric portions within the same dielectric member
(neither of the means are shown in Fig. 1). As the above-
mentioned adjustment means and c?ntrol means, threaded
dielectric or metallic rods are generally used. For
mounting the adjustment means and control means, mating
holes or threads may be formed in advance in the dielectric
members~of the resonators to receive the dielectric or
metallic rods therein. A calibration window may be provided
on the panel 6 through which an instrument may be inserted
to operate the above adjustment and control means.

An explanation will now be given of the operation of
the dielectric filter 1 constructed as described above.

High~frequency power is first supplied to the filter 1
to generate a magnetic field in the input loop 8. The
generated magnetic field is overlapped with the intersecting
area of the dielectric member 2XY of the first-stage |
dielectric resonator 2, thereby exciting a Tﬁ 110X+Y mode
shown in Fig. 2A which crosses the magnetic field generated
in the input loop 8. This TM 110X+Y mode is a mixture mode
of the TM 110X mode and the TM 110Y mode shown in Fig. 6
excited in the horizontal dielectric portions and the
vertical dielectric portioné, respectively. In_this

embodiment, the TM 110X+Y mode generated in the dielectric



A receiving signal is first input through an antenna. The input receiving
signal is then transmtted to the receiving input Iooe{Zﬁqu N%Wﬁﬂ%@t nna
| oop 48. Simultaneously, although the receiving signal a

transmtted to the transmtting output |oop 39, the riequency band ¢f {t he
receiving signal differs fromthat of the transmttijg d0§1éﬂtﬂmﬁ7f| er
31, thereby rendering the filter 31 inoperable. The receivingii pput
| oop 28 is magnetically coupled to the TM 110X-Y node ge&neraited In th

di el ectric nmenber 22XY of the receivi-ng-di el ectric rgsonator 22.-.The JM
110X-Y node is then el ectromagnétically coupled to the TM 110X+Y node

W thin the lixHChiC SHBD aL Z2hY et ithei 58S U 22e ffﬂéﬁhﬂagé he T™M
110X+Y node of the dielectric nenber 22XY is

resonator.

Then, the TM 110X+Y mode is electromagnetically coupled
to a TM 110X-Y mode illustrated in Fig. 2B within the same
dielectric member 2XY. The TM %}OX-Y mode functions as an
excitation mode of the second—sﬁage resonator.

The magnetic field of the TM 110X-Y mode of the
dielectric member 2XY is generated in a direction in which
the magnetic field crosses electric lines of force indicated
by the-arrows shown in Fig. 2B. Accordingly, the TM 110X-Y
mode crosses one end of the coupling loop 7a, but not the
input loop 8 which is located parallel to the TM 110X-Y mode
at a position facing the dielectric member 2XY. Hence, the
TM 110X-Y mode generated in the dielectric member 2XY is
magnetically coupled to the coupling loop 7a rather than the
input loop 8.

The other end of the coupling loop 7a oppcsedly faces
the intersecting area of the dielectric member 3XY of thé ™
double-mode dielectric resonator 3. Since the magnetic
field produced in the coupling loop 7a is overlapped with
the intersecting area of the dielectric member 3XY of the
second resonator 3, the TM 110X+Y mode crossing this
magnetic field is excited. The TM 110X+Y mode generated in
the dielectric member 3XY of the resonator 3 serves as an .

excitation mode of the third-stage resonator. Further, the



magnetically coupled to the TM 110X-Y node of the dielect.ri 23XY

of the dielectric resonator 23 via the coupling

0 ORE PR G AERTe SREATL10X- Y

I
nmode is then el ectromagnetically coupled to the TM t+03-rode—wijt i n t he

di el ectric menber 23XY of the resonator 23. L kew r dafit er,
the dielectric resonator 23 is %\A} 3%1- {98?

coupl ed via the coupling I oop 27b to the resonator Zﬁm_m@Lgh is.tihdn
coupled to the resonator 25 via the coupling | oop

-22-

-15-
™™ 110X+Y mode is electromagnetically coupled to the T
110X-Y mode in the same dielectric member 3XY of the
resonator‘3.

Thereafter, in a manner similar to the above procedure,
the TM 110X-Y mode generated in }he dielectric member 3XY of
the second resonator 3 is magnetically coupled to one end of
the coupling loop 7b, and is further magnetically coupled to
the TM 110X+Y mode generated in the other end of the
coupliqg loop 7b and éhe dielectric member 4XY of the third
dielecéric resonator 4. The TM 110X+Y mode created in the
dielectric member 4XY of the resonator 4 is
electromagnetically coupled to the ™ 110X-Y mode within the
same dielectric member 4XY. The TM 110X-Y mode is
magnetically coupled to one end of the coupling loop 7¢
within the dielectric member 4XY of the resonator 4, and is
further magnetically coupled to the TM 110X+Y mode generated
in the other end of the coupling loop 7¢ and the dielectric
member 5XY of the fourth dielectric resonator 5. The TM'
110X+Y mode created in the dielectric member 5XY of the
resonator 5 is electromagnetically coupled to the TM 110X-Y
mode within the same dielectric member 5XY. The TM 110X-Y
ﬁode generated in the dielectric member 5XY is magnetically
coupled to the output loop ¢ and is output via a coaxial
connector (unillustrated)}.

In this embodiment, the resonator using the TM 110X+Y



27c. The resonator 25 is further coupled to the re*eﬂﬁmﬁ@Eﬁﬁﬁlﬁﬂffﬁq

As a consequence, the selected receiving signal i$ gurputr-fromthe
receiving dielectric filter 21. In contrast, {a}ltr, L t f a3 {Si
input into the transmtting input loop 38 is radiatﬁdoﬁfﬁﬂhdthnter

shown) through the dielectric resonator 32, the coyipk.ag

dielectric resonator 33, the coupling loop 37b, the dielectric res

Loop.34a,

34, the coupling loop 37c, the dielectric resonator—S85;
39, and the antenna |oop 48 in the ap? e-given order.
af oredescri bed enbodi mrents, the dielec

v | ' rS
crreotTpt

In the

op 29.

gnal

na (not
t he
nat or

| oop

ric filters 1 and 11 respectively

shown in Fi . 1 and 3,. and _the djelectric duplexer 41 illustrated in Fig.
5 are con g‘iﬁcqeé'be’iﬁteﬁwlﬁupf’?-‘grbﬂiee%‘?@lce@ﬁ‘gégr&Bn‘?fccﬁh§ ZRgonator

2 as an excitation mode serves as a first-stage resonator.

However, the order of stages may be reversed. More..

specifically, the output loop 9 shown in Fig. 1 may be used

as the input loop. In this case, high-frequency power is

supplied to the output loop 9 and the resulting mode is

output through the input loop 8 used as the output loop in

- .

such a manner that the resonator using the TM 110

k-Y mbae'

generated in the dieléctric member 5XY of the TM double-mode

dielectric resonator 5 as an excitation mode may be employed

as a first-stage resonator.

A description will now be given of a dielectric filter

according to another embodiment of the present invention

while referring to Fig. 3.

A dielectric filter generally designated by 11 is

constructed in a manner similar to the filter 1 shown in

Fig. 1 in the following points. The filter 11 has, as

illustrated in Fig.. 3, four TM mode dielectric resonators.

12, 13, 14 and 15 alignhed in a row with their openings

- facing in the same direction, and metallic panels 16 and 17

attached to the resonators 12 through 15 by means such as

screwing or soldering so as to cover the openings of the

resonators 12 through 15. Further, an input loop 18, an

output loop 19, and coupling loops 17a, 17b and 17¢ are-

located on the panel 17.
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panels. If, however, it is necessary to increase th
parts, the filters 11 and 11 and the duplexer 41
conductive case. Additionally, to nake the gr
adj acent dielectric resonators consistent, a netal
conductive plate formed by di sposing a conductor on
I nsul ator may be bridged over the conductors forne
cavities of the adjacent dielectric resonators.
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However, the dielectric filter 11 shown in Fig. 3
differs from the filter 1 shown in Fig. 1 in the structure
of the TM mode dielectric resonators used in the filter.

More specifically, the T™M mode dielectric resonator 12
is constructed in the following manner. A cavity 12a having
openings at the forward and bacé%ard ends and a cross-shaped
dielectric member 12XY are integrally formed of the same
diélectric material. A conductor 12b is disposed on the,‘
outexr surfaces, except for the openings, of the'cavity 12a.
Conducé;rs 12b may also be formed on edges around the
openings of the cavity 12a. The dielectric member 12XY is
formed of a horizontal dielectric portion 12X and a vertical
dielectric portion 12Y. Recessed portions 12c are formed,
as shown in Fig. 3, at the four areas where the cavity 1l2a
and the dielectric member 12XY are joined in a direction
from the outer surface of the cavity 12a to the longitudinal
dielectric member 12XY. The conductor 12b is continuously
disposed on the inner surfaces of the recessed portion 12&.

' With this construction, the TM 111 modé, which is
originally an unwanted mode, as indicated in Fig. 4, can be
utilized as well as the TM 110X+Y mode and the TM 110X-Y
mode because the resonant frequency of the TM 111 mode is
positioned in the same pass band as the TM 110X+Y mode and

the TM 110X-Y mode. Accordingly, the single TM mode

dielectric resonator 12 is able to form a three-stage



As MAII be clearly understood fromthe foregoing descrlptlonhfkﬁﬁgpresent
I.nvention offers the foll ow ng advantages. A m.xt.ure..npde—ak t
tions and horj zont al
f

different excitation nodes of wvertical dielectric
dielectric portions, respectively, of TM multi-nod ieﬂZdUli&W?reso ators
I s enpl oyed as a fundanmental node in the dielectri Il ter
dielectric duplexer of the present invention. Accordingly,
means can be positioned obliquely to the intersecti
vertical and horizontal dielectric porggons of the dielectric resonators.
Thus, the arrangenent and the structure of the coupling | oops can be nade

simple. BY roldrat®r0f e APReI8861L0E0 PIRJIANLRY 25, 118 SRS NI

are constructed in a manner similar to the above~described

or the
the coupl

ng

dielectric resonator 12.

An explanation will now be given of the operation of
the dielectric filter 11 construgted as described above.

High-frequency power is first supplied to the
dielectric filter 11 to generate a magnetic field in the
input loop 18. The generated magnetic field is coupled to
the T™ 110X+Y mode generated in the dielectric member 12XY
of the~first dielectric resonator 12. This ™ 110X+Y mode
serves as an excitation mode of a first-stage resonator.
Then, the second-stage TM 111 mode and the third-stage ™
110X-Y mode are excited within the same dielectric member
12XY. |

The magnetic field of the third-stage TM 110X-Y mode is
coupled to the fourth-stage TM 110X+Y mode of the dielectric
member 13XY via the coupling loop 17a, thereby sequentially
exciting the fifth-stage T 111 mode and the sixth-stage TM
110X-Y mode in the same dielectric member 13XY. Likewise,

. in each of the TM double-mode dielectric resonators 14 and
15, the TM 110X+Y mode, the TM 111 mode, and the TM 110X-Y
mode are sequentially coupled in the above-given order. 1In
this manner, the dielectric filter 11 formed of 12 stages.of
resonators is constructed.

A dielectric duplexer constructed in accordance with
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TM multi-nmode dielectric resonators can

Simlarly,

the present invention will now be described with reference
to Fig. 5.

A dielectric duplexer -generally represented by 41 is
constructed, as illustrated'in Fig. 5, of a receiving
dielectric filter 21, a transmitging dielectric filter 31,
and metallic panels 46 and 47.

TM double-mode dielectric resonators 22, 23, 24 and 25
of the receiving dielectric filter 21 and TM double-mode
dielectgic resonators 32, 33, 34 and 35 of the transmitting
dielecéfic filter 31 are aligned in a row with their
openings facing in the same direction. Further, the panels
46 and 47 are attached to the resonators 22 through 25 and
32 through 35 to cover their openings by means such as
screwing or soldering.

The receiving dielectric filter 21, formed of the four
dielectric resonators 22, 23, 24 and 25, has a fixed
frequency pass band that coincides with certain -receiving
signals. The transmitting dielectric filter 31, constructed
of the four dielectric resonators 32, 33, 34 and 35, also ‘
has a fixed frequency pass band which matches certain
transmitting signals. It should be noted that the frequency
pass band of the transmitting dielectric.filter 31 is
different from that of the receiving dielectric filter 21.

The TM double-mode dielectric resonators 22 through 25

and 32 through 35 are constructed in a manner similar to the'




-24- also be inhibited when the frequency adjustnment neans or the

coupling-coefficient control means are operated.
overall filter characteristics can be substantiallyﬁﬁﬁk

Further, a dielectric filter constructed by using TM{tri ple-node
dielectric resonators can be downsized to two thirfs| of7J0LI%%F ysi
doubl e-node dielectric resonators. - Addi tiona] Iy, "coupling | gof
generally formed in a "V' shape enployed in the digleet+rc-fTTTer ar
easily manufactured by bending a pieeQef a netallfc strip.

dielectric resonator 2 shown in Fig. 1, and a detailed

explanation thereof will thus be omitted.

Mounted on the panel 47 are a receiving input loop 28,

a receiving output loop 29, a transmitting input loop 38,

and a transmitting output loop 39. The receiving input loop

&
28 and the transmitting output loop 38 are coupled to each

other wvia an antenna loop 48. The loops 28 and 39 are also

coupled to a coaxial connector (not shown) via the antenna

loop 48, and are thug connected to an external antenna. In

this eﬁbodiment, the receiving input loop 28, the
transmitting output loop 39, and the antenna loop 48 are

formed by bending a sheet of metallic plate. Further, the

receiving output loop 29 and the transmitting input loop 38

are each connected to an extérnal circuit via a coaxial
connector (unillustrated). Also attached to the panel 47
are receiving coupling loops 27a, 27b and 27c and
transmitting coupling loops 37a, 37b and 37c¢c, all of which
are generally formed in a v shape.

Moreover, provided on the panel 46 are frequency

adjustment means for each resonator of the receiving and

transmitting dielectric filters 21 and 31, and control means

for controlling the coupling coefficient between the

horizontal and vertical dielectric portions (two resonators)

within the same dielectric member {(neither of the means are

shown in Fig. 5). As the adjustment and control means for

ng ™
S
e



-25- WHAT IS CLAIMED | S: 1. A diel ectri g1t gévgpnprisjng a
plurality of TM nulti-node dielectric resonators, daghh'}‘Séid dieliectric

resonators constructed in such a manner that a crog$sishaped diel%:ﬁric

menber is disposed in a cavity provided with openitngsg7IUl W9l ectric
resonators being aligned with the openings facing the sane dirjeqti on,
wher eby t he

-21-
the dielectric duplexer 41, dielectric or metallic rods or a
calibration window may be used, as in the case with the
dielectric filter 1 shown in Fig. 1.

The operation of the aforedescribed dielectric duplexer
41 will now be explained. .

A receiving signal is first input through an antenna.
The input receiving signal is then transmitted to the
receiving input loop 28 via the antenna loop 48.
Simultgygously, although the receiving signal is also
transm{tted to the transmitting outpﬁt loop 39, the
frequency band of the receiving signal differs from that of
the transmitting dielectric filter 31, thereby rendering the
filter 31 inoperable.

~The receiving input loop 28 is magnetically coupled tb

the ™M 110X-Y mode generated in the dielectric member 22XY
of the receiving dielectric resonator 22. The TM 110X-Y
mode is then electromagnetically coupled to the TM 110X+Y
ﬁode within the dielectric member 22XY of the resonator 22.
Further, the TM 110X+Y mode of the dielectric member 22XY is
magnetically coupled to the TM 110X-Y mode of the dielectric
member 23XY of the dielectric resonator 23 via the coupling
loop 27a. The TM 110X-Y mode is then electromagnetically
coupled to the TM 110X+Y mode within the dielectric member
23XY of the resonator 23.

Likewise, thereafter, the dielectric resonator 23 is



di el ectric resonators adj acent to each other are c
node generated in the horizontal direction of sai m&%ﬁ%ﬂ‘%e
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menber is defined as a TM 110X node, while a npde generated in the
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vertical direction of said dielectric nenber is sp
node, and a TM 110X+Y node and a TM 110X-Y node, epch of which is
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m xture node of the TM 110X node and the TM 110Y nofet—are—attermnat ¢l y

coupl ed to each other between the dielectric resonhtors adjacent

to

each

ot her . 2. A dielectric filteR2according t0"Claim1l1l, wherein said
TM mul ti-node dielectric resonator conprises a TM triple-node dielectric

resonat or iceupheahvileciecupllingl n1egpgenry & thelMebdAat®H2£0GIges with

t he resonant
is then coupled to the resonator 25 via the coupling loop

27c. The resonator 25 is further coupled to the receiving
output loop 29. As a consequence, the selected receiving
signal is output from the receiving dielectric filter 21.

s
In contrast, a transmitting signal input into the

transmitting input loop 38 is radiated from an antenna (not

shown) through the dielectric resonator 32, the coupling.

loop 379, the dielectric resonator 33, the coupling loop

37b, tﬂe dielectric resonator 34, the coupling loop 37c, the

dielectric resonator 35, the output loop 39, and the antenna

loop 48 in the above-given order.

In the aforedescribed embodiments, the dielectric
filters 1 and 11 respectively shown in Figs. 1 and 3, and
the dielectric duplexer 41 illustrated in Fig. 5 are
constructed of TM multi-mode dielectric resonators and
panels. If, however, it is necessary to increase the
s;rength of the parts, the filters 11 and 11 and the

duplexer 41 may be accommodated in a conductive case.

. Additionally, to make the ground potentials of adjacent

dielectric resonators consistent, a metallic plate or a
conductive plate formed by disposing a conductor on the
surface of an insulator may be bridged over the conductors
formed on the surfaces of the cavities of the adjacent

dielectric resonators.



frequency of the TM 110X+Y node and the TM 110X-Y node by _formng-a—
recessed portion in said dielectric resonator in a ¢igesiemifT SALEhg
outer surface of said cavity to the
-26- longitudinal dielectric nenber. 3. A dieleiyigﬁgﬁtltEr
according to one of clains 1 and 2, wherein a generallyo' Jl d

coupling loop is used for coupling said TM nmulti-nodeldjelectric
resonators.

-23-

As wiil be clearly understood from the foregoing
description, the present invention offers the following
advantages.

A mixture mode.of two different excitation modes of
vertical dielectric portions and horizontal dielectric
_portions, respectively, of TM mu;ti—mode dielectric
resonators is employed as a fundamental mode in the
dielectric filter or the dielectric duplexer of the present
Anvention. Accordingly, the coupling means can be
positi&ned obliquely to the intersecting area between the
vertical and horizontal dielectric portions of the
dielectric resonators. Thus, the arrangement and the
structure of the coupling loops can be made simple. By
virtue of the abovefdescribed positioning of the couﬁling
loops, the input loop and the output loop can be disposed on
the same panel as the coupling loops. This further makes it
possible to attach all of the coupling loops, the input loop
and the output loop fo a panel different from the panel
ﬁrovided with the frequency adjustment means and the
coupling-coefficient control means. Hence, the coupling
coefficients of the input and output loops can remain
unchanged even when the frequency adjustment means or the
coupliné—coefficient control means are activated.

Similarly, unwanted changes in the coupling coefficient

between adjacent TM multi-mode dielectric resonators can



4. A dielectric duplexer conprising a plurality of dielectric filte

each of said filters having a plurality of TM nmulti
resonators, each of said dielectric resonators constr
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manner that a cross-shaped dielectric nmenber is disposed 1n a cavitly
provided w th openings, said dielectric resonators bging gl jyinewikh
I ¢l ectric resongt
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openings facing in the sane direction, whereby the
adj acent to each other are coupl ed, said plur
filters conprising: afirst dielmstric filter

of—di~et €T i

rs,

t he
Or s

I~
b

aving a first

frequency band in which a node generated in the horizontal direction of

said crossyrdBnadl 1ngheehd | indE O fraqlehbyeslfifsthehl

i8%s or the

coupling-coefficient control means are operated. As a
consequence, the overall filter characteristics can be
substantially maintained.

Further, a dielectric filter constructed by using TM

»*

triple-mode dielectric resonators can be downsized to two
thirds of a filter using TM double-mode dielectric
resonators.

Additionally, coupling loops 'generally formed in a “§'

shape employed in the dielectric filter are easily

manufactured by bending a piece of a metallic strip.



hDde, whil e a node generated in the vertical direction of said
cross-shaped dielectric nmenber is specified as a TM 110Y node, and a TM
110X+Y node and a TM 110X-Y node, each of which is a mxture nmode of the

TM 110X node and the TM 110Y node, are alternately coupredgpgifa ot her
between said dielectric resonators adjacent to each other;

-27- a second dielectric filter having a secondszeguencg ban& n
whi ch a node generated in the horizontal direction 7 JUL 1997
-25-

WHAT IS CLAIMED IS:

1. A dielectric filter comprising a plurality of TM
multi-mode dielectric resonators, each of said dielectric
resonators constructed in such i.manner that a cross-shaped
dielectric member is disposed in a cavity provided with
openings, said dielectric resonators being aligned with the
openings facing in the same difection, whereby the
dielectric resonators adjacent to each other are coupled,

wherein a mode generated in the horizontal direction of
said cross-shaped dielectric member is defined as a ™ 110X
mode, while a mode generated in the vertical direction of
said dielectric member is specified as a TM 110Y mode, and a
T 110X+Y mode and a TM 110X-Y mode, each of which is a
mixture mode of the TM 110X mode and the TM 110Y mode, are

alternately coupled to each other between the dielectric

resonators adjacent to each other.

2. A dielectric filter according to claim 1, wherein
. said ™ multi-mode dielectric resonator.comprises a ™
triple-meode dielectric resonator in which the resonant
frequency of a ™ 111 mode coincides with the resonant
frequency of the T™M 110X+Y mode and the TM 110X-Y mode by
forming a recessed portion in said dielectric resonator ig a

direction from the outer surface of said cavity to the

——

A



of said cross-shaped dielectric nenber is defined as a TM 110X node, while
a node generated in the vertical direction of said cross-shaped dielectric
menber is specified as a TM 110Y node, and a TM 110)¢+¥—+ede

ooV
110X-Y node, each of which is a nmixture node of the] TREPLAGKENd d

TM 110Y node, are alternately coupled to each ot her| bETWeen sar d

dielectric resonators adjacent to each ot her.
dupl exer according to claim4, wherein said TMnmnult}-
resonator conprises a TMtriple-node-ggel ectric respn

resonant
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frequency of a TM 111 node coincides with fhe resonant fr
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3. A dielectric filter according to one of claims 1
and 2, wherein a generally “V’-shaped coupling loop is used
for coupling said TM multi-mode dielectric resonators.

;
4. A dielectric duplexer comprising a plurality of

dielectric filters, each of said filters having a plurality

" of TM mglti-mode dielectric resonators, each of said

dielecéric resonators constructed in such a manner that a
cross~shaped dielectric member is disposed in a cavity
provided with openings, said dielectric resonators being
aligned with the openings faéing in the same direction,
whereby the dielectric resonators adjacent to each other are
coupled,

said plurality of dielectric filters comprising:

a first dielectric filter having a first frequency band
iq which a mode generated in the horizontal direction of
said cross-shaped dielectric member is defined as a TM 110X
mode, while a mode generated in the vertical direction of
said cross-shaped dielectric member is specified as a ™M
110Y mode, and a ™ 116X+Y mode and a TM 110X-Y mode, each
of which is a mixture mode of the TM 110X mode and the TM
110Y mode, are glternately coupled to each other between

said dielectric resonators adjacent to each other; and

-
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direction fromthe outer surface of said cavity to the.wl.ongi-ttdi-nat -

di el ectric menber. 6. A diel ectric dupl exdr gagigditi 7§ $dcbne of
claimte 4 and 5, wherein a generally "v"-shaped cougl igrg=roop-1Ts"Usef for
coupling said TMnmulti-node dielectric resonators. 07 JUL 197

-27-

a second dielectric filter having a second frequency
band in which a mode generated in the horizontal directibnl
of said cross-shaped dielectric member is defined as a ™
110X mode, while a mode generated in the vertical direction
of said cross-shaped dielectric gember is specified as a ™
110Y mode, and a TM 110X+Y mode and a TM 110X-Y mode, each
of which is a mixture mode of the TM 110X mode and the TM
110Y mode, are alternately coupled to each other between
said dielectric resonators adjacent to each other.

5. A dielectric duplexer.according to claim 4,
wherein said TM multi-mode dielectric resonator comprises a
TM triple-mode dielectric resonator in which the resonant
frequency of a TM 111 mode coincides with the resonant
frequency of the TM 110X+Y mode and the TM 110X-Y mode by
forming a recessed portion in said dielectric resonator in a
direction from the outer surface of said cavity to the

longitudinal dielectric member.

6. A dielectric dnplexér according to one of claims
4 and 5, wherein a generally ‘V”-shaped coupling loop is

used for coupling said TM multi-mode dielectric resonators.

I
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ABSTRACT OF THE DISCLOSURE
DIELECTRIC FILTER AND DIELECTRIC DUPLEXER

A dielectric filter exhibiting excellent filter
characteristics is disclosed in which the manufacturing cost
is reduced by forming coupling %gops for dielectric
resonators generally in the same shape. First through
fourth ™ double-mode dielectric resonators are aligned in a
row with their openings facing in the same direction. Fifst
and second metallic panels are screwed to the resonators to
cover ;heir openings. An input loop and an output loop are
mounted on the first loop in such a manner that they
obliquely face the intersecting areas of the respective
dielectric members of the first and fourth dielectric
resonators, respectively. Also attached to the first panel
are generally “V“-shaped coupling loops. Also disglosed is
a dielectric duplexer constructed of a plurality of
dielectric filters.

Fig 1



