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(54) Dielectric filter

(57) A single-stage dielectric band elimination filter
has a dielectric block (101) with its outer surfaces mostly
covered by an outer conductor and two mutually coupled
resonant lines (102, 103) formed therein. Each resonant
line has an open end insulated from the outer conductor
and a shorted end connected thereto, the open and
shorted ends of the two resonant lines (102, 103) being
oppositely orientated. A multi-stage dielectric filter has a
plurality of such single-stage band elimination filters
formed inside a dielectric block, each mutually adjacent
pair of the single-stage band elimination filters being in-
terdigitally coupled or combline-coupled to each other
with phase shift of n/2 therebetween. The open end of a
resonant line may be formed at one of the end surfaces
of the dielectric block, being connected to an electrode
insulated from the outer conductor, or at an annular con-
ductor-free area formed on the inner surface of the cor-
responding throughhole. The resonant lines for forming
the plurality of single-stage band elimination filters may
be arranged horizontally or vertically with respect to each
other. Screening electrodes may be inserted between
mutually adjacent resonant lines.
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Description

This invention relates to a dielectric band elimination
filter. More particularly, this invention relates to a dielec-
tric band elimination filter adapted for use in a mobile
communication apparatus such as a portable telephone.

As shown in Fig. 25, and also by an equivalent circuit
diagram shown in Fig. 26, a prior art single-stage dielec-
tric band elimination filter (BEF) is formed with a dielec-
tric resonator 111 and a coupling capacitor C, 112 con-
nected in series through a connector terminal 113. Its fre-
quency-attenuation characteristic is shown in Fig. 27.
Fig. 28 is a block diagram of a prior art mobile commu-
nication apparatus such as a portable telephone, and a
dielectric band elimination filter, as described above, is
used in the transmitter circuit inside its duplexer D4. The
transmitter frequency fry and the receiver frequency fgy
of this communication apparatus are indicated in the di-
agram of Fig. 27. It is adjusted such that the receiver fre-
quency frx andthe trap frequency f1 of the dielectric BEF
match each other.

As another example of prior art technology, a gen-
eral prior art two-stage dielectric BEF is shown in Fig.
29. In Fig. 29, and Fig. 30 which is its equivalent circuit
diagram, R indicates a resonator, C,, indicates a trap ca-
pacitor, C, indicates a parallel capacitor, L indicates an
inductor serving as a quarter-wavelength phase shifter,
and numerals 121, 122, 123, 124 respectively indicate a
case cover, a connector terminal, an inductor pattern
substrate, and a common substrate. Fig. 31 shows the
frequency-attenuation characteristic of this dielectric
BEF, and also indicates the transmitter frequency fryx and
the receiver frequency fgx when this filter is used in the
transmitter side of the duplexer D4 of the communication
apparatus shown in Fig. 28. In this application, too, the
receiver frequency fry and the trap frequency f; of the
filter are adjusted to match each other.

With prior art mobile communication apparatus as
described above, waves with frequency fg = fry - (frx -
frx) entering from the antenna A, into the transmitter
side of the duplexer D, cannot be stopped by a dielectric
BEF with attenuation characteristic as given in Fig. 27 or
Fig. 31 alone. This is why an isolator |, is inserted into
the transmitter circuit. In addition, a band pass filter
(BPF) B, is required in the transmitter circuit in order to
attenuate waves with unwanted frequencies generated
in the mixer M; on the transmitter side.

Problems of this kind would not occur if a dielectric
BPF were used in the place of the dielectric BEF in the
transmitter circuit of the duplexer D4, but there would
arise a different problem that insertion loss and attenu-
ation characteristics obtainable by a dielectric BEF can-
not be fully realized by a filter of a comparable size. In
order to form a single-stage dielectric BEF as described
above, furthermore, not only a dielectric resonator but
also a coupling capacitor and a connector terminal for
connecting the dielectric resonator and the coupling ca-
pacitor would be needed. Similarly, in order to form a
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two-stage dielectric BEF as described above, not only a
dielectric resonator but also extra component parts such
as a case cover, connector terminals, an inductor pattern
substrate and a common substrate would be needed. In
short, the number of required component parts and cost
would increase, and the apparatus would become bulk-
ier.

It is therefore an object of this invention to eliminate
the problems described above and to provide dielectric
BEFs which are capable of simplifying the circuit struc-
ture of mobile communication apparatus such as porta-
ble telephones, having only a small number of compo-
nent parts and being compact in size.

A single-stage dielectric band elimination filter em-
bodying this invention, with which the above and other
objects can be accomplished, may be characterized as
comprising a dielectric block having its outer surfaces
mostly covered by an outer conductor and two mutually
coupled resonant lines formed therein, each having an
open end which is insulated from the outer conductor and
a shorted end which is connected to the outer conductor,
and the open and shorted ends of the two resonant lines
being oppositely oriented. The resonant lines are formed
by providing inner conductors on the inner surfaces of
throughholes formed through the block. The open ends
of the resonant lines may be at end surfaces of the block
where the throughholes open or at conductor-free por-
tions of the inner surfaces of the throughholes.

A multi-stage dielectric filter embodying this inven-
tion may be characterized as having a plurality of sin-
gle-stage band elimination filters formed inside a dielec-
tric block, each of these single-stage filters being formed
with an interdigitally coupled pair of resonant lines, each
mutually adjacent pair of the single-stage band elimina-
tion filters being interdigitally coupled or combline-cou-
pled to each other with phase shift of I1/2 therebetween.

Each single-stage band elimination filter may be
structured as described above, each of its two resonant
lines having an open end and a shorted end, and their
open and shorted ends being oriented oppositely. Each
open end may be formed at one of the end surfaces of
the dielectric block, being connected to an electrode on
the end surface and insulated from the outer conductor,
or at an annular conductor-free area formed on the inner
surface of the corresponding throughhole.

The resonant lines for forming the plurality of sin-
gle-stage band elimination filters may be arranged in var-
ious ways. They may be arranged in two horizontal rows
(the upper and lower rows) and many vertical columns,
those one the upper and lower rows in each column form-
ing a single-stage filter. With this arrangement of the res-
onant lines, all of the resonant lines on the upper row
may be arranged to have their open ends pointing to-
wards one of the end surfaces of the dielectric block,
those on the lower row pointing to the other end surface.
Alternatively, the resonant lines may be so arranged that
the open ends of two mutually adjacent resonant lines
on the same row are always oriented in opposite direc-
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tions. Screening electrodes may be inserted between
resonant lines which are next to each other on the same
row.

The pairs of resonant lines forming single-stage
band elimination filters need not all be arranged in the
same direction. Two such filters with horizontally ar-
ranged resonant line may sandwich one with vertically
arranged resonant line inside a horizontally elongated di-
electric block with an upwardly protruding center part for
forming therein one of the resonant lines for the vertically
arranged filter.

The throughholes for containing the resonant lines
may have a flattened shape such that the dielectric block
can be made thinner.

Brief Description of the Drawings

The accompanying drawings, which are incorporat-
ed in and form a part of this specification, illustrate em-
bodiments of the invention and, together with the de-
scription, serve to explain the principles of the invention.
In the drawings:

Fig. 1 is a schematic diagonal view of a single-stage
dielectric BEF accordingto afirst embodiment of this
invention;

Fig. 2 is a circuit structure diagram of the filter of Fig.
1;
Fig. 3 is an equivalent circuit diagram of the filter of
Fig. 1;

Fig. 4 is a sectional view of the filter of Fig. 1 taken
along line 4-4 in Fig. 1 for explaining equivalent
capacitors;

Fig. 5 is a diagram showing the input impedance
characteristic of the filter of Fig. 1;

Fig. 6 is a frequency-attenuation characteristic of the
filter of Fig. 1;

Fig. 7 is a schematic diagonal view of another sin-
gle-stage dielectric BEF according to a second
embodiment of this invention;

Fig. 8 is a schematic diagonal view of still another
single-stage dielectric BEF according to a third
embodiment of this invention;

Fig. 9 is a schematic diagonal view of a two-stage
dielectric BEF according to a fourth embodiment of
this invention;

Fig. 10 is a circuit structure diagram of the filter of
Fig. 9;

Fig. 11 is an equivalent circuit diagram of the filter of
Fig. 9;

Fig. 12 is a frequency-attenuation characteristic dia-
gram for the filter of Fig. 9 and a prior art filter;

Fig. 13 is a schematic diagonal view of a five-stage
dielectric BEF accordingto afifth embodiment of this
invention;

Fig. 14 is an equivalent circuit diagram of the filter
of Fig. 13;

Fig. 15 is a schematic diagonal view of another
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five-stage dielectric BEF according to a sixth
embodiment of this invention;

Fig. 16 is an equivalent circuit diagram of the filter
of Fig. 15;

Fig. 17 is a schematic diagonal view of still another
five-stage dielectric BEF according to a seventh
embodiment of this invention;

Fig. 18 is a schematic diagonal view of a three-stage
dielectric BEF according to an eighth embodiment
of this invention;

Fig. 19 is a circuit structure diagram of the filter of
Fig. 18;

Fig. 20 is an equivalent circuit diagram of the filter
of Fig. 18;

Fig. 21 is a schematic diagonal view of another
three-stage dielectric BEF according to a ninth
embodiment of this invention;

Fig. 22 is a schematic diagonal view of still another
three-stage dielectric BEF according to a tenth
embodiment of this invention;

Fig. 23 is a schematic diagonal view of a six-stage
dielectric BEF accordingto an eleventh embodiment
of this invention;

Fig. 24 is a schematic diagonal view of a three-stage
dielectric BEF according to a variation of the tenth
embodiment of this invention;

Fig. 25 is an exploded diagonal view of a prior art
single-stage dielectric BEF;

Fig. 26 is a circuit structure diagram of the prior art
filter of Fig. 25;

Fig. 27 is a frequency-attenuation characteristic dia-
gram of the prior art filter of Fig. 25;

Fig. 28 is a block circuit diagram of a mobile com-
munication apparatus such as a portable telephone,
using a prior art dielectric BEF;

Fig. 29 is an exploded diagonal view of another prior
art dielectric BEF;

Fig. 30 is a circuit structure diagram of a general
prior art dielectric filter; and

Fig. 31 is a frequency-attenuation characteristic dia-
gram of the prior art filter of Fig. 29.

Fig. 1 shows a single-stage dielectric BEF according
to a first embodiment of this invention, formed by a com-
bination of two resonant lines. A rectangular dielectric
block 101 has two circular cylindrical throughholes 102a,
103a formed near each other from one end surface to
the opposite end surface. Inner conductors are formed
on the inner surfaces of the throughholes 102a, 103a.
The inner conductor inside throughhole 102a is connect-
edto arectangular electrode 102b on one of the end sur-
faces (first end surface) of the dielectric block 101. The
inner conductor inside throughhole 103a is connected to
another rectangular electrode 103b on the other end sur-
face (second end surface) of the dielectric block 101. The
outer surfaces of the dielectric block 101 are substantial-
ly entirely covered by an outer conductor, excluding con-
ductor-free (or dielectric-exposing) areas 102¢, 103c
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surrounding the electrodes 102b, 103b. The inner con-
ductor inside throughhole 102a is connected to the outer
conductor on the second end surface of the dielectric
block 101 to form a quarter-wavelength resonant line
102. The inner conductor inside throughhole 103ais con-
nected to the outer conductor on the first end surface of
the dielectric block 101 to form another quarter-wave-
length resonant line 103. The conductor-free areas 102c,
103c serve as open ends of these quarter-wavelength
resonant lines 102, 103. It is to be noted that these two
resonant lines 102, 103 are in a point-symmetric rela-
tionship with respect to the dielectric block 101.

Fig. 2 shows the circuit structure of the filter de-
scribed above, its equivalent circuit diagram being
shown in Fig. 3, and Fig. 4 is a sectional view of the filter
taken along line 4-4 in Fig. 1 to show how equivalent ca-
pacitors are formed. As indicated in Fig. 4, self-capaci-
tance C44 per unit length is formed between each of the
resonant lines 102, 103 and the outer conductor, and mu-
tual capacitance C,, is formed between the two resonant
lines 101, 103. In Figs. 2 and 3, Z;, indicates the input
impedance. In Fig. 3, Z, and Z, respectively indicate the
even-mode and odd-mode characteristic impedance
give by:

Z,=VeN,Cyy,

z,=Ve N, (Cyy +2C,,),

where ¢, is the specific dielectric constant and v, is the
speed of light. The coupling characteristic impedance Z,
is defined as:

Z,=2227/(Z,-2Z,)=VENLC,.
The phase angle 6 is given by:
8= ove sLiv,,

where o indicates the angular frequency (or ® = 2T1f
where f is the frequency), and L indicates the length of
each resonant line.

In Fig. 3, the equivalent circuit diagram shows a par-
allel connection of the even-mode characteristic imped-
ance Z, and a series connection of the coupling charac-
teristic impedance Z, and the even-mode characteristic
impedance Z, between the input (output) and the
ground.

Fig. 5 shows the input impedance characteristic of
this filter, and Fig. 6 shows its frequency-attenuation
characteristic. In Fig. 6, the trap frequency fy is given by:

fr=v/aVe oL

InFig. 6, the solid line is for this invention; the broken
line is for a prior art example shown in Fig. 27. Fig. 6
shows that increased attenuation is obtained by the
present invention both in regions (indicated by dou-
ble-headed arrows) on the higher frequency and lower
frequency sides of the trap frequency.

If a single-stage dielectric BEF according to this in-
vention having such a frequency-attenuation character-
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istic is used in the transmitter circuit of the duplexer D,
of the mobile communication apparatus shown in Fig. 28,
it becomes possible to eliminate the isolator I, for stop-
ping invading waves from the antenna A, into the trans-
mitter side of the duplexer D, because sufficient attenu-
ation is obtained on the lower frequency side of the trap
frequency. Since attenuation is obtained both on the low-
er and higher frequency sides of the trap frequency;, fur-
thermore, the BPF B, for attenuating waves with unwant-
ed frequencies generated by the mixer My on the trans-
mitter side can be either eliminated or replaced by a
smaller, less costly BPF with fewer stages. Moreover,
since the dielectric BEF according to this invention is
formed with a single dielectric block providing its trap cir-
cuit by a mutually coupling pair of resonant lines, there
is no need for a coupling capacitor to be connected or
any connector terminal. In other words, the number of
component parts can be reduced.

Fig. 7 shows ancther single-stage dielectric BEF ac-
cording to a second embodiment of this invention, which
is similar to the one described above except that the elec-
trodes 103b for resonant line 103 and the outer conduc-
tor are removed from the second end surface. Compo-
nents which are substantially identical or function sub-
stantially identically to those of the filter shown in Fig. 1
are indicated by the same numerals and are not repeti-
tively described below.

The filter according to the second embodiment
shown in Fig. 7 functions substantially like the first em-
bodiment and is advantageous in that the number of
electrode patterns is reduced and hence that it can be
produced at a reduced cost.

Fig. 8 shows still another single-stage dielectric BEF
according to a third embodiment of this invention, which
is similar to the first embodiment described above with
reference to Fig. 1 and of which components substan-
tially identical or at least similar to those of the first em-
bodiment are indicated in Fig. 8 by the same numerals.
The third embodiment is different from the first embodi-
ment in that two inner conductors (first and second inner
conductors) are formed inside one of the throughholes
(104a). one end of the first inner conductor is connected
to the outer conductor on the first end surface of the di-
electric block 101. One end of the second inner conduc-
tor is connected to the outer conductor on the second
end surface of the dielectric block 101. Between the oth-
er ends of the two inner conductors, there is an annular
conductor-free (or dielectric-exposing) area 104b
formedon the inner surface of the throughhole 104anear
the second end surface. The longer one of the inner con-
ductors (or the first inner conductor in Fig. 8) serves as
the resonant line 104, having its open end inside the
throughhole 103a.

Although not separately illustrated in a figure, the
conductor-free area 104b may be formed adjacent to the
second end surface (there being no second inner con-
ductor), as a variation of the third embodiment.

A single-stage filter according to the third embodi-
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ment of the invention also has functions similar to the
first embodiment and is advantageous wherein it has
better shielding effects because the outer surfaces of the
dielectric block 1 are completely covered by the outer
conductor except at the input and output portions.

Fig. 9 shows a two-stage dielectric BEF according
to a fourth embodiment of this invention, comprising a
rectangular dielectric block 10 having four circular cylin-
drical throughholes 1a, 2a, 3a, 4a formed therethrough
near one another from one end surface to the opposite
end surface of the block 10. Inner conductors are formed
on the inner surfaces of the throughholes 1a, 2a, 3a, 4a.
The inner conductor inside throughhole 2a is connected
to an electrode 2b on one of the end surfaces (first end
surface) of the block 10. The inner conductor inside
throughhole 3a is connected to another electrode 3b on
the other end surface (second end surface) of the block
10. The outer surfaces of the block 10 are substantially
entirely covered by an outer conductor except conduc-
tor-free (or dielectric-exposing) areas 2¢, 3¢ surrounding
the electrodes 2b, 3b.

Inside throughhole 1a, an annular conductor-free (or
dielectric-exposing) area 1¢ is formed on the inner sur-
face nearthe second end surface. Inside throughhole 4a,
another annular conductor-free (or dielectric-exposing)
area 4c is formed on the inner surface near the first end
surface. The inner conductors inside throughholes 1a,
3a, 4a are connected to the outer conductor on the first
end surface, and the inner conductors inside through-
holes 1a, 2a, 4a are connected to the outer conductor
on the second end surface such that interdigital resona-
tor lines 1-4 are formed by these throughholes 1a-4a. It
is to be noted that the conductor-free areas 1c, 2¢, 3c,
4c serve as open ends of the resonant lines 1-4.

Although not separately illustrated in figures, the an-
nular conductor-free areas 1¢, 4c may be formed adja-
cent respectively to the second end surface and to the
first end surface of the block 10, as discussed with ref-
erence 1o the filter according to the third embodiment of
the invention shown in Fig. 8.

As shown in Fig. 10, which is a circuit structure dia-
gram of the filter shown in Fig. 9, resonant lines 1, 2 cou-
ple to each other interdigitally to together form a
one-stage BEF 11, and resonant lines 3, 4 similarly cou-
ple to each other interdigitally to together form another
single-stage BEF 12. Thesetwo BEFs 11, 12 are coupled
to each other through a quarter-wavelength phase shifter
formed between the resonant lines 2, 3 such that a
two-stage dielectric BEF is formed as a whole. A dielec-
tric BEF thus formed is capable of providing attenuation
on both higher and lower frequency sides of the trap fre-
quency, the electrodes 2b, 3b of the resonant lines 2, 3
serving as input and output lines. In Fig. 11, which is an
equivalent circuit diagram of the filter of Fig. 9, Z, Z, and
6 again indicate the even-mode characteristic imped-
ance, coupling characteristic impedance and phase shift
angle of I1/2, respectively. Each single-stage BEF 11, 12
is represented as a parallel connection of a series-con-
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nected parallel branch comprising (Z |, 8) and (Z, 6) and
another parallel branch comprising (Z,, ). The filter
shown in Fig. 9 is represented as a combination of two
such single-stage BEFs connected through transmission
lines (Z,, 6).

In the frequency-attenuation characteristic diagram
of Fig. 12, the solid line is for the filter described above,
the broken line is for a prior art filter represented by Fig.
31. Fig. 12 shows that attenuation at the trap frequency
fr is approximately the same but that increased attenu-
ation is obtained by the present invention both on lower
and higher frequency regions (shown by arrows) with re-
spect to the trap frequency fr.

In the prior art example shown in Fig. 29, an LC-type
I-circuit is adapted to serve both as a quarter-wave-
length phase shifter and a low pass filter for obtaining
attenuation outside the band. With an LC-type low pass
filter, however, attenuation cannot be obtained on the
lower frequency side, and attenuation on the higher fre-
quency side is not sufficiently great, as compared to what
is achievable by the present invention.

If a two-stage dielectric BEF having such frequen-
cy-attenuation characteristic is used in the transmitter
circuit in the duplexer D, of the mobile communication
apparatus shown in Fig. 28, it is possible to eliminate the
isolator |, for stopping invading waves from the antenna
A, into the transmitter side of the duplexer D4 because
sufficient attenuation is obtained on the lower frequency
side of the trap frequency. Since attenuation is obtained
in fact both on the lower and higher frequency sides of
the trap frequency, the BPF B, for attenuating waves of
unwanted frequencies generated by the mixer My on the
transmitter side can be either eliminated or replaced by
a smaller, less costly BPF with fewer stages.

Fig. 13 shows a five-stage combline-coupled dielec-
tric BEF according to a fifth embodiment of this invention,
comprising a rectangular dielectric block 20 having a to-
tal of ten circular cylindrical throughholes formed there-
through near one another from one end surface to the
opposite end surface of the block 20, arranged geomet-
rically in two horizontal rows such that resonant lines
21a-25a are formed in the five throughholes of the upper
row and resonant lines 21b-25b are formed in the five
throughholes of the lower row.

On one of the end surfaces (first end surface) of the
dielectric block 20, the resonant lines 21a-25a of the up-
per row each have a shorted end and the resonant lines
21b-25b of the lower row each have an open end. On
the opposite end surface (second end surface) of the
block 20, the resonant lines 21a-25a of the upper row
each have an open end and the resonant lines 21b-25b
of the lower row each have a shorted end. The outer sur-
faces of the dielectric block 20 are substantially entirely
covered by an outer conductor excluding the open end
surfaces. Inner conductors are formed on the inner sur-
faces of the throughholes forming the resonant lines
21a-25a, 21b-25b.

Each of pairs of upper-row and lower-row resonant
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lines 21a with 21b, 22a with 22b, 23a with 23b, 24a with
24b, 25a with 25b couples interdigitally to form one-stage
BEFs 21, 22, 23, 24, 25. Each mutually adjacent pair of
these one-stage BEFs is combline-coupledto each other
according to a known mechanism. Input to and output
from this dielectricfilter are effected through the resonant
lines 21b and 25b. An equivalent circuit diagram of this
filter is shown in Fig. 14, showing single-stage BPFs,
each represented as a parallel connection of a se-
ries-connected branch with (Z,, 8) and (Z,, 6) and an-
other branch (Z,, ), connected through shorted trans-
mission lines (Z,, 9).

Fig. 15 shows a five-stage interdigitally coupled di-
electric BEF according to a sixth embodiment of this in-
vention, comprising a rectangular dielectric block 30 hav-
ing a total of ten circular cylindrical throughholes formed
therethrough near one another from one end surface to
the opposite end surface of the block 30, arranged geo-
metrically in two horizontal rows, resonant lines 31a-35a
being formed in the five throughholes of the upper row
and resonant lines 31b-35b being formed in the five
throughholes of the lower row. Inner conductors are
formed on the inner surfaces of these ten throughholes
for the resonant lines 31a-35a, 31b-35b.

Resonant lines 31a, 32b, 33a, 34b, 35a each have
a shorted end on one of the end surfaces (first end sur-
face) of the dielectric block 30 and an open end on the
other end surface (second end surface). Resonant lines
31b, 32a, 33b, 34a, 35b each have an open end on the
first end surface and a shorted end on the second end
surface. The outer surfaces of the dielectric block 30 are
substantially entirely covered by an outer conductor ex-
cept at the aforementioned open ends. Each of the pairs
of upper and lower resonant lines 31a with 31b, 32a with
32b, 33a with 33b, 34a with 34b, 35a with 35b couples
to each other interdigitally to form a single-stage BEF 31,
32, 33, 34, 35. Each mutually adjacent pair of these
one-stage BEFs is interdigitally coupled, as shown in the
equivalent circuit diagram of Fig. 16. Since this equiva-
lent circuit diagram is similar to the one explained above
in Fig. 11, it is not repetitively explained here. Input to
and output from this filter are effected through resonant
lines 31b and 35b.

Fig. 17 shows another five-stage combline-coupled
dielectric BEF accordingto a seventh embodiment of this
invention. This filter is similar to the one described above
with reference to Fig. 13 except that screening elec-
trodes 41 connected to the outer conductor are provided
between each mutually adjacent pair of the resonant
lines 21a-25a of the upper row. In all other aspects, this
filter is identical to the one shown in Fig. 13. Therefore,
same numerals as used in Fig. 13 are used in Fig. 17 to
indicate identical components.

Fig. 18 shows a three-stage interdigitally coupled di-
electric BEF according to an eighth embodiment of this
invention, comprising a rectangular dielectric block 50
having a total of six circular cylindrical throughholes
formed therethrough near one another from one end sur-
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face to the opposite end surface of the block 50, ar-
ranged geometrically in two horizontal rows, resonant
lines 51a-53a being formed in the throughholes of the
upper row and resonant lines 51b-53b being formed in
the throughholes of the lower row. Inner conductors are
formed on the inner surfaces of these throughholes for
the resonant lines 51a-53a, 51b-53b. The inner conduc-
tors of the resonant lines 51b, 52a, 53b are connected
respectively to electrodes 51c, 52¢, 53¢ on one of the
end surfaces (first end surface) of the block 50 and to an
outer conductor on the other end surface (second end
surface). The inner conductors of the resonant lines 51a,
52b, 53a are connected respectively to electrodes 51d,
52d, 53d on the second end surface and to the outer con-
ductor on the first end surface. The outer conductor cov-
ers the outer surfaces of the dielectric block 50 substan-
tially entirely except conductor-free (or dielectric-expos-
ing) areas 50a surrounding the electrodes 51¢c-53c,
51d-53d.

Screening electrodes 54 are provided between hor-
izontally adjacent pairs of resonant lines of the upper row
51a with 52a, 52a with 53a for preventing coupling ther-
ebetween. Each pair of vertically adjacent resonant lines
51a with 51b, 52a with 53b, 53a with 53b of the upper
and lower rows is interdigitally coupled to form sin-
gle-stage BEFs 51, 52, 53. Mutually adjacent pairs of the
resonant lines of the lower row 51b with 52b, 52b with
53b are interdigitally coupled with phase shift of I1/2 such
thatthe three single-stage BEFs 51, 52, 53together form
an interdigitally coupled dielectric BEF. Fig. 19 is its cir-
cuit structure diagram, and Fig. 20 is its equivalent circuit
diagram.

Fig. 21 shows another three-stage interdigitally cou-
pled dielectric BEF according to a ninth embodiment of
this invention, comprising a rectangular dielectric block
60 having a protrusion and a total of six throughholes
formed therethrough with inner conductors formed on
the inner surfaces of these throughholes so as to provide
six resonant lines 61a-63a, 61b-63b near one another.
Resonant lines 62a and 62b are vertically adjacent to
each other and interdigitally coupled to each other to to-
gether form a single-stage BEF 62. Pairs of resonant
lines 61a with 61b, 63a with 63b are horizontally adjacent
and interdigitally coupled to each other to form sin-
gle-stage BEFs 61 and 63, respectively. The inner con-
ductors of the resonant lines 61b, 62a, 63a are connect-
ed respectively to electrodes 61c, 62c, 63c on one end
surface (first end surface) of the dielectric block 60 and
to an outer conductor on the opposite end surface (sec-
ond end surface). The inner conductors of resonant lines
61a, 62b, 63b are connected respectively to electrodes
61d, 62d, 63d on the second end surface and to the outer
conductor on the first end surface. The outer conductor
covers the outer surfaces of the dielectric block 60 sub-
stantially entirely except at conductor-free (or dielec-
tric-exposing) areas 60a around the electrodes 61¢-63c,
61d-63d. The three single-stage BEFs 61, 62, 63 are in-
terdigitally coupled with phase shift of T1/2 as in the pre-
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ceding embodiment of the invention, forming an interdig-
itally coupled dielectric BEF. The circuit structure dia-
gram and the equivalent circuit diagram of this filter are
substantially the same as shown in Figs. 19 and 20.

Fig. 22 shows still another three-stage interdigitally
coupled dielectric BEF according to a tenth embodiment
of this invention, comprising a rectangular dielectric
block 70 having a total of six resonator-forming through-
holes formed therethrough from one end surface to the
opposite end surface of the block 70, arranged geomet-
rically near one another so as to provide three circular
cylindrical resonant lines 71a-73a on an upper row and
three others 71b-73b on an lower row. Inner conductors
are formed on the inner surfaces of these resona-
tor-forming throughholes.

The inner conductors of the resonant lines 71b, 73b
are respectively connected to electrodes 71¢, 73c on one
of the end surfaces (first end surface) of the dielectric
block 70. Both ends of the inner conductors of the reso-
nant lines 71a-73a, 71b-73b are connected to an outer
conductor except at the ends of the resonant lines 71b,
73b on the first end surface. The outer conductor covers
the outer surfaces of the dielectric block 70 substantially
entirely except at conductor-free (or dielectric-exposing)
areas 70a surrounding the electrodes 71¢, 73c.

The resonant lines 71a, 72b, 73a are respectively
provided with annular conductor-free (or dielectric-ex-
posing) areas 71d, 72d, 73d near the opposite end sur-
face (second end surface) of the dielectric block 70. The
resonant line 72a is similarly provided with an annular
conductor-free (or dielectric-exposing) area 72¢ near the
first end surface of the dielectric block 70. These annular
areas 71d-73d, 72c serve not only to divide the corre-
sponding inner conductors into two parts but also as
open ends of the corresponding resonant lines. Although
not separately illustrated, these annular areas 71d-73d,
72c may each be formed adjacent to (rather than near)
the first or second end surface.

Screening throughholes 70b are formed through the
dielectric block 70 parallel to the aforementioned reso-
nator-forming throughholes between the resonant lines
71a and 72a and also between the resonant lines 72a
and 73a on the upper row. These screening through-
holes 70b contain screening electrodes therein, in con-
tact with the outer conductor at both ends so as to pre-
vent coupling between the resonant lines 71a and 72a
and between the resonant lines 72a and 73a. The verti-
cally adjacent pairs of resonant lines 71a with 71b, 72a
with 72b, 73a with 73b are interdigitally coupled to each
other to form three single-stage BEFs 71, 72, 73. The
mutually adjacent pairs of resonant lines on the lower
row 71b with 72b, 72b with 73b are each interdigitally
coupled with phase shift of I1/2 such that the three sin-
gle-stage BEFs 71, 72, 73 together form an interdigitally
coupled dielectric BEF. Fig. 19 shows its circuit structure
diagram, and Fig. 20 shows its equivalent circuit dia-
gram.

Fig. 23 shows a six-stage interdigitally coupled BEF
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according to an eleventh embodiment of this invention,
comprising a rectangular dielectric block 80 having a to-
tal of twelve circular cylindrical throughholes formed from
one end surface to the opposite end surface of the die-
lectric block 80, geometrically arranged in three horizon-
tal rows and four vertical columns, having inner conduc-
tors formed on the inner surfaces of the throughholes so
as to serve as resonant lines 81a-86a, 81b-86b. Reso-
nant lines 81a, 82b, 83a, 84a, 85b, 86a each have an
open end on one of the end surfaces (first end surface)
of the dielectric block 80 and a shorted end on the oppo-
site end surface (second end surface) of the dielectric
block 80. Resonant lines 81b, 82a, 83b, 84b, 85a, 86b
each have a shorted end on the first end surface and an
open end on the second end surface. The outer surfaces
of the dielectric block 80 are substantially entirely cov-
ered by an outer conductor except at the aforementioned
open ends. Screening electrodes 80a connected to the
outer conductor are provided between mutually adjacent
pair of resonant lines 81b and 86a of the lower row and
between mutually adjacent pair of resonant lines 82b and
85a of the middle row. Horizontally adjacent pairs of res-
onant lines 81a and 81b, 82a and 82b, 83a and 83b, 84a
and 84b, 85a and 85b, 86a and 86b couple to each other
interdigitally within themselves to form single-stage
BEFs 81, 82, 83, 84, 85, 86, respectively. Mutually adja-
cent pairs of these single-stage BEFs 81-86 couple in-
terdigitally each other with phase shifts of I1/2 and there-
by form altogether an interdigitally coupled dielectric
BEF. Input to and output from this filter are effected
through the resonant lines 81b and 86a.

Although the present invention has been described
above with reference to only a limited number of exam-
ples, these examples are not intended to limit the scope
of the invention. Many modifications and variations are
possible within the scope of this invention.

For example, throughholes, whether for forming res-
onant lines therein or for containing a screening elec-
trode, need not be circular in cross-section. If the
throughholes are made in the shape of a horizontally
elongated rectangle of flattened ellipse, the filter as a
whole can be made thinner. Fig. 24, for example, shows
a variation of the filter according to the tenth embodiment
of this invention shown above in Fig. 22, having all its
throughholes formed in an elliptical shape. Since the fil-
ters shown in Figs. 22 and 24 are different only in the
cross-sectional shapes of their throughholes and are
identical in all other aspects, same numerals are used to
indicate corresponding components. In all examples, fur-
thermore, it is to be understood that input and output con-
nections can be formed in any known manners.

In summary, sufficient attenuation can be obtained
both on the lower and higher frequency sides of the trap
frequency by a dielectric BEF according to this invention.
If such a filter is used in a mobile communication appa-
ratus such as a portable telephone, it is possible to sim-
plify the circuit structure by eliminating the isolator and
the BPF which used to be necessary. Since the number
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of component parts becomes reduced, the production
cost is also reduced. If the number of components to be
soldered is reduced, reliability is improved, individual
variations in characteristics are reduced among the
products, and the yield is increased.

Claims
1. A dielectric band elimination filter comprising:

a dielectric block (101) having outer surfaces
including two mutually opposite end surfaces;
an outer conductor covering portions of said
outer surfaces; and

two mutually coupled resonant lines (102, 103)
formed extending in said dielectric block (101)
between said end surfaces, each of said reso-
nant lines (102, 103) having an open end which
is not in contact with said outer conductor and
a shorted end which is in contact with said outer
conductor, said open and shorted ends of said
two resonant lines being oppositely oriented.

2. The dielectric filter of claim wherein one of said end
surfaces has aconductor-free area (102¢, 103c) and
said open end of one of said resonant lines is at said
conductor-free area.

3. Thedielectricfilter of claim 1 wherein said open ends
of said resonant lines (102, 103) are connected to
end surface electrodes (102b, 103b) which are
formed on said end surfaces and are insulated from
said outer conductor.

4. The dielectric filter of claim 1 wherein said dielectric
block (101) has throughholes (102a, 103b) formed
therethrough between said end surfaces and said
open ends are at conductor-free areas on inner sur-
faces of said throughholes (102a, 103a).

5. A dielectric filter comprising:

a dielectric block having mutually opposite first
and second end surfaces; and

aplurality of single-stage band elimination filters
each having two interdigitally coupled resonant
lines extending between said first and second
end surfaces inside throughholes through said
block, each mutually adjacent pair of said sin-
gle-stage band elimination filters being interdig-
itally coupled or combline-coupled to each other
with phase shift of n/2.

6. The dielectric filter of claim 5 further comprising an
outer conductor which covers portions of outer sur-
faces of said dielectric block, each of said two inter-
digitally coupled resonant lines having an open end
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10.

which is insulated from said outer conductor and a
shorted end which is connected to said outer con-
ductor, said open and shorted ends of said two res-
onant lines of each of said single-stage band elimi-
nation filters being oppositely oriented, the open end
of one of said two resonant lines of each of said sin-
gle-stage band elimination filters being formed at
one of said end surfaces, the open end of the other
of said two resonant lines of each of said sin-
gle-stage band elimination filters being at an annular
conductor-free area formed on inner surface of cor-
responding one of said throughholes.

The dielectric filter of claim 5 or claim 6 wherein said
throughholes are horizontally extending and hori-
zontally arranged and have a horizontally elongated
cross-sectional shape.

The dielectric filter of claim 5 further comprising an
outer conductive covering portions of outer surfaces
of said dielectric block, said resonant lines being
arranged in two horizontal rows consisting of upper
and lower rows and at least two vertical columns,
each of said resonant lines having an open end
which is insulated from said outer conductor and a
shorted end which is connected to said outer con-
ductor, the open and shorted ends of the resonant
lines on said upper row being formed respectively at
said first and second end surfaces, the open and
shorted ends of the resonant lines on said lower row
being formed respectively at said second and first
end surface, the pair of the resonant lines in each
column being interdigitally coupled to each other to
form a single-stage band elimination filter, each
mutually adjacent pair of said single-stage band
elimination filters being combline-coupled to each
other with phase shift of n/2 therebetween.

The dielectric filter of claim 5 further comprising an
outer conductor covering portions of outer surfaces
of said dielectric block, each of said resonant lines
having an open end which is insulated from said
outer conductor and a shorted end which is con-
nected to said outer conductor, said resonant lines
being arranged in two horizontal rows consisting of
upper and lower rows and at least two vertical col-
umns, the open ends of each pair of resonant lines
which are horizontally or vertically next to each other
being at different ones of said end surfaces, the pair
of the resonant lines in each column being interdig-
itally coupled to each other to form a single-stage
band elimination filter, each mutually adjacent pair
of said single-stage band elimination filters being
interdigitally coupled to each other with phase shift
of ©/2 therebetween.

The dielectric filter of claim 5 further comprising an
outer conductor covering portions of outer surfaces
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of said dielectric block, said resonant lines being
arranged in two horizontal rows consisting of upper
and lower rows and at least two vertical columns,
each of said resonant lines having an open end
which is insulated from said outer conductor and a
shorted end which is connected to said outer con-
ductor, the open and shorted ends of the resonant
lines on said upper row being formed respectively at
said first and second end surfaces, the open and
shorted ends of the resonant lines on said lower row
being formed respectively at said second and first
end surface, the pair of the resonant lines in each
column being interdigitally coupled to each other to
form a single-stage band elimination filter, a screen-
ing electrode connected to said outer conductor
being provided between each of mutually adjacent
pairs of said resonant lines on said upper row, each
mutually adjacent pair of said single-stage band
elimination filters being interdigitally coupled to each
other with phase shift of n/2 therebetween.

The dielectric filter of claim 5 further comprising an
outer conductor covering portions of outer surfaces
of said dielectric block, each of said resonant lines
having an open end which is connected to an open
end electrode insulated from said outer conductor
and a shorted end which is connected to said outer
conductor, said resonant lines being arranged in two
horizontal rows consisting of upper and lower rows
and at least two vertical columns, the open ends of
each pair of resonant lines which are horizontally or
vertically next to each other being at different ones
of said end surfaces, the pair of the resonant lines
in each column being interdigitally coupled to each
other to form a single-stage band elimination filter,
a screening electrode connected to said outer con-
ductor being provided between each of mutually
adjacent pairs of said resonant lines on said upper
row.

The dielectric filter of claim 5 further comprising an
outer conductor covering portions of outer surfaces
of said dielectric block, said dielectric block also hav-
ing a horizontally extending bottom part and an
upwardly protruding central part, each of said reso-
nant lines having an open end which is insulated
from said outer conductor and a shorted end which
is connected to said outer conductor, said resonant
lines forming at least three pairs, two of said reso-
nant lines of each of said pairs being interdigitally
coupled to each other to form a single-stage band
elimination filter, the open and shorted ends of the
resonant lines of each of said pairs being at different
ones of said end surfaces, one of said pairs being
vertically arranged, having one of said resonant
lines in said upwardly protruding central part and the
other of said resonant lines therebelow, two others
of said pairs being horizontally arranged and formed
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13.

14.

15.

16.

on both sides of said vertically arranged pair in said
horizontally extending part of said dielectric block.

The dielectric filter of claim 5 further comprising an
outer conductor covering portions of outer surfaces
of said dielectric block, said resonant lines being
arranged in two horizontal rows consisting of upper
and lower rows and at least three vertical columns
including end columns and inner columns therebe-
tween, each of said resonant lines having an open
end and a shorted end, the pair of the resonant lines
in each column being interdigitally coupled to each
other to form a single-stage band elimination filter,
the open and shorted ends of the interdigitally cou-
pled pair of each of said single-stage band elimina-
tion filter being formed at opposite ones of said end
surfaces, the open ends of the resonant lines in said
end columns on said lower row being each con-
nected to an open end terminal formed on one of
said end surfaces of said dielectric block, the open
ends of the resonant lines in said end columns on
said upper row and in said inner columns being each
formed at an annular conductor-free area formed on
inner surface of corresponding one of said through-
hole.

The dielectric filter of claim 19 wherein said rows
extend horizontally, and said throughholes have a
horizontally elongated cross-sectional shape.

The dielectric filter of claim 5 further comprising an
outer conductor covering portions of outer surfaces
of said dielectric block, each of said resonant lines
having an open end which is insulated from said
outer conductor and a shorted end which is con-
nected to said outer conductor, said resonant lines
being arranged in at least three horizontal rows and
at least four vertical columns, the open ends of each
pair of resonant lines which are horizontally or ver-
tically next to each other being at different ones of
said end surfaces, screening electrodes being pro-
vided between selected pairs of said resonant lines
which are next to each other, pairs of the resonant
lines horizontally next to each other being interdig-
itally coupled to form single-stage band elimination
filters.

The dielectric filter of any of claims 8, 9, 10, 11, 12
and 15 wherein said throughholes having a horizon-
tally elongated cross-sectional shape.
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