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ABSTRACT

High power and temperature stable "Channel Dropping Filters'" for Transmission Multiplexers of base
stations have been miniaturized to almost 1/3 the size of the dielectric TMQip resonator filter by

using triple mode resonance, and we reported on this at the last symposium.
works as resonators of three independent one-section filters.

filter was about 40dB.

INTRODUCTION

Recently within the category of mobile communi-
cation systems, cellular systems have been put into
practical use, and the number of base stations has
increased. Channel filters are used for transmis-
sion multiplexers in these base statioms, and their
technical requirements are increasing to a high
level. The most important characteristics required
of conventional filters are physical size reduction
and low cost.

TEg1s mode dielectric resonators with improved
temperature stability and shielded by metal cases
were used in order to miniaturize filters.[1l] After
that TMg1g mode dielectric resonators and filters
with metal cases were reported.[2] These resona-
tors are smaller than TEQis mode resonators, but
the essential problem of frequency stability was
not solved until 1984 when we cleared it up.[3]

Recently a method by which space can be used
effectively using the TMj10 dual mode of two block
dielectric resonators has been reported.[4] We de-
veloped the TM11g triple mode method with one block
dielectric resonators in order to use cavity space
more effectively. Three dominant modes are multi-
plexed in common space where their resonant energies
are independent of each other. Each dominant mode
is a TMjjg dielectric resonator in a rectangular
cavity, and the resonant axes of the three modes are
orthogonal to each other. Three independent one-
section filters were constructed in a common ceramic
cavity where each filter has a different center fre-
quency from all others, and the size of the filters
is reduced to almost 1/3. Now, we succeeded in
developing a small size 800 MHz band channel drop-
ping filter by using the effective method mentioned
above.

CONSTRUCTION

The comstruction of the dielectric channel
dropping filter is shown in Figure 1. The "jack-
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The triple mode resonator
The isolation level between each two

shaped" hexapod dielectric (with e of 37.5) is
fixed in a cubic electromagnetic shielding and made
of ceramic material with the same thermal expansion
coefficient as the inner dielectric resonator. The
electrode of the cavity is a thin film of fired
silver. The surface resistance of the electrode is
about 10%Z larger than the theoretical value of sil-
ver. The small rod on the axis is used for tuning
the center frequency. Slant metal screws are used
for adjusting zero coupling between triple modes.
These pairs of connectors are fixed to the face of
the case to which they are connected and to two ad-
jacent sides perpendicular to that face. Three
pairs of external coupling loops are coupled to
each of the three resonator modes independently.

CONNECTOR

EXTERNAL
COUPLING LOOP

ZERO COUPLING
ADJUSTER

FREQUENCY
TUNING
DAL

TM,,, DIELECTRIC RESONATOR
DIELECTRIC SHIELDING CAVITY

ALUMINUM ALLOY CASE

The construction of dielectric
channel dropping filter

Figure 1.
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Table 1. Properties of the ceramic materials

Table 2. Required characteristics

Part Material e |a(ppm/°C)|1/tans Center frequency 880MHz
Resonator (Zr-Sn)Ti04] 37.5 6.5 33000 Frequency adjustable range | from 875MHz to 885MHz
Shielding Cavity ZMégéf?giag 6.5 Attenuation at foz0.6MHz 9.5dB (Q=1,500)

Insertion loss 1.8dB max. (Qo28,000)
DIELECTRIC MATERIALS OF THE FILTER Operating power 30W min.

The ceramic materials used for the filter are Operating temperature from -30°C to +80°C
Fragocncy of the high o maroegay yire oS outer dlnension (Volume) | 70 70x70 mm (343cc)
ture are shown in Figure 8. The frequency tempera- Weight i 750 g

ture coefficient "M, " of the dielectric material
is defined as follows:
1 1 af,

Mo == e o aT 1
where Ne, is the temperature coefficient of ¢ and
@ is the thermal expansion coefficient. The second
equal sign of the equation is realized when the
electromagnetic energy is perfectly confined in the
dielectric material. Therefore, the value of N, is
independent of the shape of the ceramics and their
resonant mode.

DESIGN

Each electromagnetic field of this triple mode
is orthogonal to each other in this construction.
Then these three modes are multiplexed in a common
space. This method of using cavity space effec-
tively reduces the size of the channel dropping
filter.

Required characteristics
Required characteristics of the filter are
shown in Table 2.

Equivalent circuit and isolation between channels
The equivalent circuit of three one-section
filters using TMyqg triple mode is shown in Figure

2. These resonators are expressed ideally in
lumped inductors and capacitors. Coupling coeffi-
cients "kij" in the figure are expressed in mutual
inductances and make the isolation level between
channels lower. The electromagnetic fields of this
triple mode which expresses the three resonators
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Figure 2. Equivalent circuit of three
one-section filters

in the equivalent circuit are orthogonal to each
other in this construction. But the orthogonality
is not perfect because of deviation in dimensions.
This deviation results in coupling coefficient be-
tween modes "ki:". The value of kjj will be about
0.1% in usual machinable size accuracy for the di-
electric cavity resonator. An adjuster which re-
duces the coupling coefficient between resonators is
necessary. An example of the mechanism which ad-
justs the coupling coefficient between resonator 1
and resonator 2 is shown in Figure 3. 1Inserting one
of two screws into the cavity increases the resonant
frequency of even mode composed of resonator 1 and
resonator 2, and inserting the other increases the
odd mode resonator frequency. As the result, we
obtain kjj=0. We can easily control kjj=2+0.5% by
adjustment of screws of 5.0mm in diameter.

Coupling loop

The mechanism of the mode selective external
coupling loop is shown in Figure 3. A pair of
loops for input and output is set at each resonator
for driving and probing. The value of external Q
"Qex" is controlled by the cross section of the
coupling loop and its position. The design value
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Figure 3. Mechanism of mode selective external
coupling loops and zero coupling
adjusters
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of external Q "Qex" is decided by the loaded Q "Qu"
and unloaded Q "Qo" as follows,

2 1 1

Qex, Qu Qo

where QL and Qo are as listed in table 2.

(2)

Calculation of resonant frequency

"ectorial Finite-Element Formulation without
Spurious Modes for Dielectric Waveguides' was re-
ported.[5] We applied this method to three-dimen-
sion analysis of this triple mode dielectric reso-
nator. In this method the following Lagrangian is
used. '
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Figure 5. The attenuation characteristics and
the isolation characteristics of the
dielectric channel dropping filter

where

H : magnetic field in the cavity

er : relative dielectric constant

kot 27/ Ay
The electric displacement vector in Figure 6 is ob-
tained by F.E.M. This figure shows the field of
the space equalling 1/8 of the cavity resonator.
(A) is dominant mode (TM1i0) and (B) is next higher
order mode (TM111). In Figure (A) the electric
energy is concentrated in one resonator and the di-
electric permittivity of the other two resonators
does not work effectively. The bottom surface of
Figure (A) is an electric wall. These facts indi-
cate that triply degenerated modes exist and elec-
tromagnetic field distribution of each resonant mode
resembles that of the TMg1p single mode dielectric
resonator cavity which we reported in 1984. The
electric displacement vector in Figure (B) is also
like that of the TMjpj] mode of cavity resonator
without dielectrics. Then the solutions obtained by
F.E.M. are expected to derive meaningful results.
The resonator frequency was computed by F.E.M. The
outer dimensions of the inner dielectric resonator
"y" g decided by Figure 4 when the inner size of
the cavity resonator "a" is given. As the required
outer dimensions of the filter are 70X70X70mm, di-

mension "a" must be smaller than 56mm, and dimen-—

(A) dominant mode (TM7yjQ)

(B) mext higher order mode (TMjpi7)

Figure 6. GElectric displacement vector of
resonant mode computed by F.E.M.
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Figure 7. The spurious characteristics of the

dielectric channel dropping filter

sion of 17.6mm are obtained for "b". 1In this case
the experimental value of unloaded Q of the resona-
tor was 8,500.

PERFORMANCE

The attenuation characteristics and isolation
characteristics of the filter we made as a trial
are shown in Figure 5. The center frequencies of
three independent one-section filters are at 0.6MHz
separation. The unloaded Q of the resonator was
about 8,500 and insertion loss at the center fre—
quency was 1.7dB when loaded Q was 1,500. The iso-
lation between channels was more than 39dB. The
spurious characteristics of the filter are shown in
Figure 7. We observed the spurious mode at about
1,100MHz. The frequency of this spurious mode
shows agreement with the frequency of the resonant
mode in Figure 7. The temperature coefficient of
the dielectric material and the filter are shown in
Figure 8. The temperature rise of the inner part
of the filter caused by applied power of 30 watts
to each input port is about 35°C from the tempera—
ture on the surface of the filter.

CONCLUSION

A small sized channel dropping filter using
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Figure 8. The temperature coefficient of the

dielectric material and of the
dielectric channel dropping filter
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TM110 triple mode resonator was developed. The
outer dimensions shown in Figure 9 were 70X70X70 mm
(343cc). The isolation between channels were about
40dB. The unloaded Q of the resonator was about
8,500 and insertion loss at the center frequency
was 1.7dB when loaded Q is 1,500. As the tempera-
ture coefficient of the filter was almost the same
as that of the material, the high stability of the
center frequency was easily obtained. This stable
and reduced-size channel dropping filter is suit-—
able for smaller sized mobile telecommunications
equipment.
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Figure 9. Dielectric channel dropping filter



