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(57)  Ahigh power filter apparatus which is used in a
mobile communication base station or the like is pro-
vided wherein the temperature stability and frequency
selection are excellent, an insertion loss is small, the
size is small, power consumption is low and costs are
low. A shield case block (1) comprises signal input and
output portions (2a) and (2b), and a plurality of closed
spaces (10) which house a filter element (11) connected
between the signal input and output portions (2a) and
(2b). A cooling plate (3) is provided in a heat insulating
container (4) which houses the shield case block (1).
The shield case block (1) is fixed to the cooling plate (3)
in the thermal contact state. Each filter element (11) is
placed almost in parallel. A cylindrical hole having an
axis which is almost parallel with the face of the filter
element (11) penetrates the shield case block (1). A
ground rod made of a conductor which changes the vol-
ume of the closed space (10) is provided on the inner
end portion of a movable member which moves in the
axial direction of the cylindrical hole.

Wireless communication filter operating at low temperature
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Description

The present invention relates to a high power inte-
grated small-sized filter apparatus used in a transmitting
portion of a base station in a mobile communication
system for performing communication with a plurality of
frequency communication channels which are adjacent
to each other wherein an aggregated filter element is
cooled for use, and more particularly to a low-tempera-
ture operating filter apparatus for high power transmis-
sion in which a superconductor is used for an electrode
material.

A dielectric resonator filter having a high Q value
has been widely utilized as a high power filter for trans-
mission for a base station in mobile communication at
frequencies in an 800MHz (Mega Hertz) to 1.5GHz
(Giga Hertz) band. A filter is necessary for each chan-
nel. An apparatus which houses 16 filters for 16 chan-
nels as a group is usually used. Each filter is cooled by
air or water for use because it has an insertion loss of
about 40% when ten or more Watts are input.

A junction box type power filter apparatus which is
used for the transmitting portion of the base station has
a structure shown in Fig. 13 (see "The basis of Mobile
Communications” : The institute of electronics, informa-
tion and communication engineers by Yoshihisa Oku-
mura et al. pages 255 to 256). In Fig. 13, 16-channel
transmitters having varying frequencies within a fre-
quency band are connected to resonator filters 542
through isolators 541. Each resonator filter 542 is
formed by a dielectric resonator and is designed in such
a manner that a signal within a Kilo Heltz (KHz) to a
hundred kHz band sent from the connected transmitter
passes therethrough.

In consideration of space and installation costs, an
antenna is usually shared in mobile communication. For
this reason, a junction box is used. The junction box
merges the outputs of a plurality of bandpass filters hav-
ing different passband frequencies and close resonant
frequencies to share an output transmission line. The
junction box according to the prior art is connected to
the output end of a microwave filter which uses a cavity
resonator, a dielectric resonator or the like, and utilizes
a coaxial line or the like.

In Fig. 13, a junction box 543 is used in order to
connect 16-channel signals to a line while performing
impedance matching. As shown in Fig. 13, branch lines
formed by coaxial cables are hierarchically connected in
the junction box 543. More specifically, the branch lines
544 having a length of A/4 (i.e., approximately one quar-
ter wavelength) are connected to the output sides of 16
resonator filters. 4 branch lines 544 are collected into
one and connected at four merging points. Branch lines
545 having a length of A/2 are connected to the merging
points. Two branch lines 545 are collected into one and
connected at two merging points. Furthermore, branch
lines 546 having a length of A/2 are connected to the
two merging points. The two branch lines 546 are con-
nected to each other at a merging point to which the out-
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put line of a super power circulator. The super power
circulator is connected to an antenna through a band-
pass filter for preventing transmission of spurious sig-
nals outside the pass band.

The operating principle of the junction box is as fol-
lows. As seen from the merging point, the filters which
resonate take impedance matching and other resona-
tors are short-circuited. Accordingly, if outputs are
merged at a distance of (2n + 1)A/4 from the output end
of the filter, the impedance of the branch line in the non-
resonant state becomes infinite at the merging point. If
the oulput passes through the branch line which is at a
distance of (m+ 1)A/2 from the merging point, the
impedance is not changed. Consequently, a mismatch-
ing loss is not caused even if the outputs of signals are
merged again at the same position. As a result, trans-
mission lines having a low loss can be shared. A is a
wavelength at the average resonant frequency of the fil-
ter (electric length), and n and m are 0 or natural num-
bers.

The impedance of each resonator filter seen from
the merging point of the coaxial cable having a length of
/4 is equal to the characteristic impedance of an output
line for the frequency of a passband, and is considera-
bly increased for other frequencies. Consequently, the
characteristics of other filters are hardly influenced.
Consequently, the outputs of the resonators can be
merged easily.

Referring to the filter apparatus according to the
prior art, dielectric resonator filters for the number of
channels are housed in a housing unit, and signals from
the filters are merged to an output line by a junction box
formed by coaxial cable branch lines. Consequently, the
size of the apparatus is increased.

In a high power filter apparatus, a plurality of plane
circuit type filters are formed by normal conductive
metal electrodes which are not integrated by the junc-
tion box and which have a coaxial line structure accord-
ing to the prior art and which are operated at an
ordinary temperature because of a low Q value and a
high insertion loss. Even if such a filter apparatus can
be put to practical use, each filter should be mounted on
a shield case and connected to the junction box by a
connector. Consequently, the size of the apparatus is
increased and a connecting loss at each connector is
caused.

While a plane circuit filter which forms a filter elec-
trode with a superconductive thin film that has recently
been developed is characterized by a high Q value, a
low loss and a high output, it should be cooled to a low
temperature to operate in the superconductive state.
Conventionally, a superconductive filter unit housed in a
shield case is fixed to a cryostat cold head to execute
evaluation experiments on a laboratory level. For exam-
ple, the shield case is connected to a semi-rigid cable
by means of a general SMA type connector or the like
and the other end side of the semi-rigid cable is con-
nected to a connector provided on the wall of a heat
insulating container so that the signal of the filter is input
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and output. However, an example in which a plurality of
superconductive plane circuit filters are used to form the
high power filter such as a mobile communication base
station or the like has not been reported.

In a filter apparatus which houses a plurality of die-
lectric resonator filters, a power loss is great. For exam-
ple, an insertion loss is 2 to 3 decibels (dB) at a
frequency of about 1.5GHz. Consequently, it is neces-
sary to house the filter apparatus in a large-sized rack to
be cooled by air or water. The dimension of each dielec-
tric resonator is about 100 millimeter (mm)& x 120
mmH. The 16-channel filter portion has a width of 25
centimeter (cm), a depth of 25 ¢cm and a height 1 meter
(m). If a space in which a cooling system for air or water
cooling is included, the dimension of the whole filter
apparatus is increased more. Furthermore, the power
consumption for a predetermined transmitted power is
so great that the filter apparatus is not economical.

When a resonant frequency is changed due to a
change in temperature of the filter, there is a possibility
that a mobile communication system will become hard
to operate. Consequently, temperature stability is a nec-
essary design constraint of the filter apparatus which
generally increases the costs of the filter apparatus.

In addition, the channel frequency adjustment/tun-
ing mechanisms should be provided at every filter which
results in increased costs.

A semi-rigid cable, a coaxial cable for high power or
the like is cut into pieces having a length of several cm
are used for a branch line. Consequently, it is hard to
manufacture a connecting portion. It is necessary for
the skilled in the art to manually perform processing,
measurement and adjustment. For this reason, the
junction box is disadvantageous to characteristic
repeatability, manufacturing, costs and the like.

In the case where microwaves having a high power
are incident on a superconductive filter according to the
prior art and are merged by the junction box using a
metal in the vicinity of a normal temperature, the tem-
perature of a superconductive filter element becomes
higher than that of the connector portion because the
junction box generates heat due to a conductor loss so
that normal conductive transfer (quench) is partially
caused. Consequently, the normally conductive trans-
ferred portion is broken instantly.

Even if the junction box is formed by a small-sized
cable material such as a semi-rigid cable to cool the
whole filter unit, the size of the filter apparatus is limited
by the minimum bend radius of the semi-rigid cable and
cannot be reduced. In addition, a heavy current flows to
the cable and the filter connecting portion so that the
temperature of the superconductive thin film is
increased due to Joule heat generated by a contact
resistance loss and a conductor resistance loss.
Thereby, a critical current value is decreased so that the
maximum output power is limited.

As described above, if the junction box is formed by
using the coaxial line or the like, the size of the appara-
tus is increased and a large amount of heat supplied

10

15

20

25

30

35

40

45

50

55

from the coaxial line is removed. For this reason, the
size of the whole apparatus including a necessary
large-sized freezer is considerably increased and
becomes more expensive.

In order to solve the above problems, it is an object
of the present invention to provide a high power filter
apparatus used for a mobile communication base sta-
tion or the like in which the temperature stability and fre-
quency selection are excellent, an insertion loss is
small, the size is small, power consumption is low and
costs are low.

According to a first structure of the present inven-
tion, a low temperature operating filter apparatus com-
prises a shield case block having signal input and
output portions and a plurality of closed spaces which
have filter elements connected between the signal input
and output portions, a heat insulating container which
houses the shield case block, and a cooling plate pro-
vided in the heat insulating container, wherein the shield
case block is fixed to the cooling plate in the thermal
contact state.

According to such a structure, a plurality of filter ele-
ments are housed in the shield case block, and the
shield case block is fixed to the cooling plate in the ther-
mal contact state in the heat insulating container. Con-
sequently, the size of the whole apparatus can be
reduced while controlling a change in temperature of
each filter element to the minimum. Even if the change
in temperature is caused, the spacing of the resonant
frequencies of the filters is kept almost constant as long
as the filter element has the same temperature charac-
teristics (such a structure can be obtained easily).
Accordingly, the stability of the frequency can be
enhanced by using the known means for monitoring the
resonant frequency of the filter to control the tempera-
ture of the cooling plate.

It is preferred that the shield case block has a plu-
rality of signal input and output portions and is formed
by a plurality of shield cases having at least one closed
space. In addition, it is preferred that the signal input
and output lines of the filter element are connected to
the signal input and output portions of the shield case
block through a junction onto the substrate of the filter
element or a wiring member embedded in the substrate.

Furthermore, the closed space for housing the filter
element is kept in the vacuum state so that the filter ele-
ment can be cooled stably. Furthermore, the closed
space is filled with dry helium, neon or a mixture of
helium and neon so that the filter element can be cooled
uniformly without liquefaction at a temperature of about
30 Kelvin (K). In the case where the closed space is
filled with dry argon, nitrogen, oxygen or a mixture of
argon, nitrogen and oxygen, the filter element can be
cooled uniformly without liquefaction to a liquefied nitro-
gen temperature (77.3K) which can be obtained easily.

Preferably, each planar filter element is arranged
almost in parallel, a cylindrical hole having an axis
which is almost parallel with the face of each filter ele-
ment penetrates the shield case block, a movable body
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is provided, the movable body having a screw portion
which is screwed to a spiral groove formed on at least a
part of the inner peripheral face of the cylindrical hole
and moving in the axial direction of the cylindrical hole
by rotation, the outer end portion of the movable body
has an external force transmitting portion for giving the
rotary force to the movable body, and the inner end por-
tion of the movable body has a ground rod made of a
conductor which changes the volume (electrical vol-
ume) of the closed space. According to such a struc-
ture, the movable body provided correspondingly to the
filter elements are rotated on the outside of the shield
case block and moved in the axial direction so that the
resonant frequency of the filter element can be adjusted
individually. In particular, it is easy to fine adjust the
characteristics during cooling. Furthermore, a dielectric
film or a dielectric block is fixed to the tip of the ground
rod so that the adjustable frequency range can be
increased according to the dielectric constant.

More preferably, the external force transmitting por-
tion is rotated by driving means on the outside of the
heat insulating container (it is more preferably that a rod
having a small thermal transfer coefficient is used
because heat insulating effects can be obtained). Con-
sequently, the characteristics can be adjusted with pre-
cision during low temperature operation.

It is preferred that the filter element is formed by a
thin film electrode provided on a dielectric substrate. In
this case, the change in temperature of the characteris-
tics of each filter element can be arranged easily and
the the reduction of the size of the apparatus can be
enhanced. Furthermore, the thin film electrode is made
of a superconductive material, more particularly a high
temperature oxide superconductive material so that the
filter element having a high Q value can be obtained
easily. In addition, a high critical current density can be
obtained so that a small-sized filter having a power of
several-tens W at a frequency of 2 GHz band can be
implemented.

Furthermore, the inside of the heat insulating con-
tainer is kept in the vacuum state and the cooling plate
is connected to a heat transfer portion for transferring
the heat of the shield case block to the outside of the
heat insulating container so that the filter element can
be cooled stably through the cooling plate. A coolant
can be filled in the heat insulating container to cool the
cooling plate and the shield case block. According to
such a structure, cooling can be performed easily and
with low costs.

According to a second structure of the present
invention, the filter element forming a filter apparatus is
characterized in that a filter electrode made of a super-
conductive thin film and a thin film coupling line having
a length of (2m + 1)A/4 (wherein m is 0 or a natural
number and A is a signal wavelength) which is con-
nected to the output end of the filter electrode are
formed on the same plane, a filter connecting line block
held by two ground electrodes through a dielectric is
laminated to form a filter block, the other end sides of
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the thin film connecting lines of the filter coupling line
block are connected by conductive connecting means
which extends in the direction of lamination to form a
coupling portion, and an output coupling line having the
same characteristic impedance as that of the thin film
connecting line is connected to the coupling portion.

According to such a structure, the filter electrode
made of a superconductive thin film and the thin film
coupling line connected to the output end thereof are
formed on the same plane to form a filter coupling line
block held by two vertical ground electrodes through the
dielectric. Consequently, a small-sized filter having a
high Q value and a low loss can be integrated with the
coupling line. The manufacturing steps of the filter is
standardized and the fine adjustment of the frequency
characteristics is standardized so that manhour manu-
facturing time and other costs can be reduced.

By laminating the filter coupling line blocks to form
the filter block, the coupling between the filter coupling
line blocks is avoided by the ground electrode and the
size of the whole apparatus can be reduced. Further-
more, the other end sides of the thin film coupling lines
having a length of (2m + 1)A/4 of the filter coupling line
block are connected by conductive connecting means
which extends in the direction of lamination, that is, a via
hole (through hole) to form a coupling portion. The out-
put coupling line having the same characteristic imped-
ance as that of the thin film coupling line is connected to
the coupling portion so that a plurality of filters can be
merged by a thin film lamination structure.

It is preferred that the filter electrode made of the
superconductive thin film is formed by an oxide super-
conductive thin film. In this case, it is easy to perform
cooling because the operating temperature can be set
to about a liquefied nitrogen temperature. More prefera-
bly, even if the oxide superconductive thin film having a
low heat conductivity is partially quenched (that is,
superconductive characteristics are lost) by using the
superconductive electrode having a metallic thin film
formed on the oxide superconductive thin film, there is
the bypass of the metallic thin film so that the burning of
the oxide superconductive thin film can be prevented.

In order to hierarchically merge the outputs of multi-
channel filters to obtain an output similarly to a junction
box according to the prior art, it is preferred that the filter
block is divided into a plurality of groups comprised of a
plurality of filter coupling line blocks, the other end side
of the thin film coupling lines are connected by first con-
ductive connecting means which extends in the direc-
tion of lamination to form a first coupling portion every
group, a first output coupling line having a length of nA/2
(n is a natural number and A is a signal wavelength)
whose characteristic impedance is the same as that of
the thin film coupling line is connected to the first cou-
pling portion, the other end sides of the first output cou-
pling lines of each group are connected by second
conductive connecting means which extends in the
direction of lamination to form a second coupling por-
tion, and a second output coupling line having the same
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characteristic impedance as that of the first output cou-
pling line is connected to the second coupling portion.
Thus, it is possible to implement a very small-sized filter
apparatus having a low loss, a high Q value and a thin
film structure in which the filter circuit and the junction
box according to the prior art are integrated.

It is more preferable that at least one of the dielec-
tric constant and the thickness of the dielectric which
encloses the output coupling line is different from those
of the filter block so that the width of the output coupling
line is increased while maintaining a predetermined
characteristic impedance. Consequently, an increase in
current density can be relaxed with signal merging so
that the power of the whole superconductive filter appa-
ratus can be increased.

According to a third structure of the present inven-
tion, the low temperature operating filter apparatus is
characterized in that the filter element forming the filter
apparatus has a structure in which a superconductive
filter made of a superconductive thin film which is pro-
vided on a base substance A is connected to a junction
box made of a thin film conductor which is provided on
a base substance B, a transmission line conductive
forming the junction box has the same characteristic
impedance as that of a transmission line forming the
superconductive filter, and the sectional area of the
transmission line forming said junction box is greater
than that of the transmission line conductor of the
superconductive filter.

According to the above structure, it is possible to
implement a superconductive filter apparatus for a high
power which includes the superconductive filter and the
junction box. More specifically, the transmission line
forming the junction box is greater than the transmission
line forming the filter which is provided on another base
substance so that the transmission conductor has a
greater sectional area. In particular, the base substance
of the junction box is thicker than that of the filter and the
dielectric constant of the base substance of the junction
box is set smaller than that of the base substance of the
filter to set the transmission line greater so that the sec-
tional area of the transmission conductor is increased.
According to a thin film type junction box in which the
sectional area of the transmission conductor is
increased by setting the transmission line greater, heat
can be prevented from occurring in the case where a
metal is used as a thin film conductor. Furthermore, in
the case where a superconductor is used as a thin film
conductor, a current which exceeds a critical current
can be prevented from flowing. Preferably, the thin film
conductor is formed by the oxide superconductor, a
metal or their lamination structure so that higher power
can be utilized.

According to a fourth structure of the low tempera-
ture operating filter apparatus of the present invention,
the filter element has a structure in which a filter aggre-
gate formed by a plurality of plane circuit filters made of
a superconductive thin film filter electrode is connected
1o a junction box formed by a branch line which is pro-
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vided on a substrate by a plurality of connecting termi-
nals and fixed so as to come in contact with the
common cooling face, and the junction box is arranged
in such a manner that a plane including the junction box
intersects the face of each plane circuit filter, each con-
necting terminal includes a connecting conductor which
has a first contact face parallel with the face of the plane
circuit filter on one of end sides and a second contact
face parallel with the face of the junction box on the
other end side.

According to such a structure, it is possible to
implement a small-sized filter apparatus having a low
loss, a high power and a high Q value in which filters are
provided in three dimensions. Furthermore, a variation
in temperature among filters is small which contributes
to the characteristic stability. Each plane circuit filter
intersects a plane junction unit, preferably, they are
almost orthogonal to each other and their connection is
performed by a connecting conductor (connecting ter-
minal) having first and second contact faces on both
ends. Consequently, the three-dimensional arrange-
ment structure for the reduction of the size can be com-
patible with the continuity of the impedance of the
connecting portion (the reduction of a Joule loss
obtained by a contact resistance, a conductor loss and
the like).

The first contact face is parallel with the face of the
plane circuit filter, and the second contact face is paral-
lel with the face of the junction unit. Consequently, the
filter electrode of the plane circuit filter and the first con-
tact face, and the branch line of the junction unit and the
second contact face can come in contact with each
other so that the continuity of the impedance on the con-
necting portion can be obtained.

It is also preferred that a conductive material such
as a metal, a superconductor or a conductive resin is
provided between the first contact face and the filter
electrode of each plane circuit filter and/or between the
second contact face and the branch line of the junction
box. Consequently, the contact resistance on each con-
necting portion can be reduced more and the stability of
the electric characteristics of each connecting portion
can be enhanced for the change in temperature caused
by cooling.

According to a fifth structure of the low temperature
operating filter apparatus of the present invention, a
junction box included in each filter element has at least
one of the structures in which filter output connecting
portions A, B, C and D which are arranged in this order,
a first merging point E provided at a distance of
(2n + 1)A/4 from the filter output connecting portions A
and B, a second merging point F provided at a distance
of (2n + 1)A/4 from the filter output connecting portions
C and D and present on a plane which is formed by the
filter output connecting portions A and B and the first
merging point E, and a third merging point G at a dis-
tance of (m + 1)A/2 from the first and second merging
points E and F and present on the plane and provided,
and at least three of the filter output connecting portions
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A, B, C and D are connected to the first, second and
third merging points E, F and G by straight branch lines
having the form of a thin film attached to a base sub-
stance and the same characteristic impedance (wherein
2 is a wavelength at the average resonant frequency of
a filter, and n and m are 0 or natural numbers).

According to such a structure, it is possible to form
the junction box on the plane by using an isosceles tri-
angle structure for merging the filter output connecting
portions A and B to the first merging point E, an isosce-
les triangle structure for merging from the filter output
connecting portions C and D to the second merging
point G, and an isosceles triangle structure for merging
from the first and second merging points E and F to the
third merging point G. The transmission lines having the
same width formed on the base substance which is uni-
form and has no film thickness distribution have the
same characteristic impedance and phase constant.
Consequently, a real length is proportional to an electric
length. Accordingly, it is possible to form a coupling line
having an electric length of (2n+ 1)/A by using the
three isosceles structures. Thus, it is possible to imple-
ment a small-sized thin film type junction box having a
low loss.

According to the fifth structure, it is preferred that
the filter output connecting portions A, B, C and D are
arranged on a straight line at regular intervals, and the
third merging point G is placed on a position where a
straight line for connecting the filter output connecting
portion A to the first merging point E intersects a straight
line for connecting the filter output connecting portion D
to the second merging point F. Consequently, a radia-
tion loss can be prevented from occurring due to the
bend of the branch lines on the first and second merging
points Eand F.

The junction box has at least one fan-shaped struc-
ture in which at least two filter output connecting por-
tions are arranged like an arc and the centers of the arc
are connected by a straight branch line having the form
of a thin film attached to a base substance and a length
of (2n + 1)A/4 whose characteristic impedance is the
same (wherein ) is a wavelength at the average reso-
nant frequency of a filter, and n is 0 or a natural
number).

According to such a structure, the filter output con-
necting portions are arranged like an arc and the merg-
ing points are the centers of the arcs so that the filter
output connecting portions are provided at an equal dis-
tance from the merging points to form the fan-shaped
structure. In addition, it is possible to merge from a plu-
rality of filter output connecting portions to a merging
point at the same time. The transmission line having the
same width formed on a base substance which is uni-
form and has no film thickness distribution has the same
characteristic impedance and phase constant. Conse-
quently, a real length is proportional to an electric
length. Accordingly, it is possible to form the coupling
line having an electric length of (2n + 1)/A on the same
plane by using the fan-shaped structure. Consequently,
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it is possible to implement a small-sized thin film type
junction box having high performance (a low loss). Fur-
thermore, a sufficient space can be kept among the filter
output connecting portions so that it is possible to form
a filter on the same base substance as the junction box.

It is preferred that the junction box has at least one
of structures in which at least two fan-shaped structures
are provided on the same plane, the centers of the arcs
of the fan-shaped structures are connected by a straight
branch line having the form of a thin film attached onto
a base substance and a length of (m + 1)A/2 whose
characteristic impedance is the same (wherein mis 0 or
a natural number).

According to the structure of the junction box, in the
case where LaAlO;, SrTiO3, LaGaO3, NdGaO3 and the
like are used for the base substance, the mismatching
of a lattice constant between the base substance and
the branch line (oxide superconductor) is reduced so
that the crystalline properties of the branch line (oxide
superconductor) can be enhanced. As a result, a critical
temperature and a critical current density can be
improved so that the power of a freezer can be reduced.
In addition, microwaves having a high power can be uti-
lized. By forming the branch line with the layered prod-
uct of the oxide superconductor and the metal, the
transmission can be ensured by the metal even if the
superconductor loses the superconductivity due to
freezer failure. Consequently, the functions are not com-
pletely lost so that the stability of the junction box can be
enhanced.

As described above, the present invention provides
a small-sized low temperature operating apparatus hav-
ing a low loss and a high power in which the tempera-
ture stability and frequency characteristics are
excellent. In particular, a small-sized superconductive
filter element having a low loss, a high Q value and a
high power in which a resonator filter and a portion cor-
responding to a junction box are integrated by thin film
technology using a superconductive material so that the
reduction of the size and the performance can be
enhanced still more. Furthermore, a plurality of plane
circuit filters in which each filter electrode is made of a
superconductive thin film material and a junction unit
are arranged in three dimensions so that a small-sized
low temperature operating filter apparatus having a low
loss and excellent cooling efficiency can be imple-
mented.

Figure 1 is a perspective view showing the overall
structure of a low temperature operating filter appa-
ratus according to a first example of the present
invention, which is partially cut out;

Figure 2 is a perspective view showing a specific
example of a shield case block forming the low tem-
perature operating filter apparatus shown in Figure
1, which is partially cut out;

Figure 3 is a sectional view typically showing a
superconductive filter element, seen from the side,
of a low-temperature operating filter apparatus
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according to a second example of the present
invention (a B-B section in Figure 4);

Figure 4 is a sectional view showing the supercon-
ductive filter element in Figure 3 seen from the top
face (an A-A section in Figure 3);

Figure 5 is a side sectional view typically showing
another example of the structure of the supercon-
ductive filter element;

Figure 6 (A) is a plane view and Figure 6 (B) is a
sectional view, which schematically show the struc-
ture of the superconductive filter element according
to a third example of the present invention;

Figure 7 is a perspective view showing a shield
case block of a low temperature operating filter
apparatus according to a fourth example of the
present invention, which is partially cut out;

Figure 8 is a plane view typically showing the con-
necting portion of a junction unit to the filter of the
shield case block in Figure 7;

Figure 9 is a side view typically showing the con-
necting portion in Figure 8;

Figure 10 is a perspective view showing a connect-
ing conductor forming a connecting terminal;
Figure 11 is a plane view typically showing the junc-
tion box of a low temperature operating filter appa-
ratus according to a fifth example of the present
invention;

Figure 12 is a plane view typically showing a junc-
tion box according to a sixth example of the present
invention; and

Figure 13 is a view showing an example of a power
filter apparatus according to the prior art.

Preferred embodiments of the present invention will
be described below with reference to the drawings.

Fig. 1 shows the overall structure of a low tempera-
ture operating filter apparatus according to a first exam-
ple of the present invention. The low temperature
operating filter apparatus comprises four filter elements.
The four filter elements are housed in a closed space on
the inside of a shield case block 1. The shield block 1
comprises four signal input portions 2a and four signal
output portions 2b (see Fig. 2). The shield case block 1
has a bottom fixed to a cooling plate 3 in the thermal
contact state in such a manner that heat transfer can
easily be obtained. A heat conductive grease is injected
into a heat contact fixing portion between the shield
case block 1 and the cooling plate 3 so that heat con-
ductivity is enhanced. The cooling plate 3 is connected
and fixed to one of ends of a heat conductive portion 5
in a heat insulating container 4. Consequently, a heat
which is transferred from the shield case block 1 to the
cooling plate 3 is caused to escape to a low-tempera-
ture portion 6 connected to the other end of the heat
conductive portion 5.

The heat conductive portion 5 is fixed to the heat
insulating container 4 through a heat insulating material
9 so that the heat is not transferred from the heat insu-
lating container 4 to the heat conductive portion 5. The
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space in the heat insulating container 4 is brought to the
vacuum state around the shield case block 1. Conse-
quently, heat insulation can be performed effectively.
The low temperature portion 6 is cooled by a freezer. In
place of heat insulation and cooling, a coolant such as
liquid nitrogen may be filled in the heat insulating con-
tainer 4 to cool the cooling plate 3 and the shield case
block 1. Such a structure is convenient and effective.

Four signal input portions 2a are connected to four
input terminals 8a provided on the heat insulating con-
tainer 4 through four cables 7a. Four signal output por-
tions 2b are connected to four output terminals 8b
provided on the heat insulating container 4 through four
cables 7b. Accordingly, a signal input from one of the
input terminals 8a passes through the cable 7a and the
signal input portion 2a and then through one of filter ele-
ments in the shield case block 1. Thereafter, the signal
is output from one of the output terminals 8b through
one of the signal output portions 2b and one of the
cables 7b. In this case, only a signal at the passing fre-
quency band of the filter element passes through the fil-
ter element to the output terminal 8b.

According to the present example, four filter ele-
ments are housed in the shield case block 1. It is neces-
sary to prevent cross talk from occurring between the
filter elements. A space for housing each filter element
is closed and each filter element is connected to the sig-
nal input portion 2a and the signal output portion 2b
through each cable. Consequently, such a structure fea-
tures that a connection between filters is avoided and
respective filter elements are stable.

Figure 2 is a perspective view showing the structure
of the shield case block 1, which is partially cut out. In
the shield case block 1, four closed spaces 10 compris-
ing one of the signal input portions 2a and one of the
signal output portions 2b are collected into one. The fil-
ter elements 11 are housed one by one in each closed
space 10. The planar filter elements 11 are provided in
almost parallel with each other. The signal input line 22a
of the filter element 11 is connected to the signal input
portion 2a. The signal output line 22b is connected to
the signal output portion 2b. The heat conductive
grease or the like is applied so as to reduce a heat
resistance so that the filter element 11 is fixed to the
shield case block 1 by pressing contact with a screw, a
spring or the like. Consequently, radiation efficiency of
the heat generated on the filter element 11 is increased
so that the operating stability of the filter element 11 can
be enhanced.

The shield case block 1 can be divided vertically
into two portions so that the assembly work for incorpo-
rating the filter element in the closed space of the shield
case block 1 can be performed more easily. In this case,
the shield case block 1 is divided into two portions, and
thefilter element, the signal input portion 2a and the sig-
nal output portion 2b are then incorporated in each
closed space. Thereafter, the shield case block 1 is
combined and sealed. Consequently, the shield case
block 1 is obtained. Furthermore, the shield case block
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1 may be formed as an aggregate of the shield cases. In
this case, each filter element is attached and sealed for
every shield case. Then, the shield cases are integrated
to make the shield case block 1. Thus, the assembly
work can be performed easily.

The closed space of the shield case block 1 may be
filled with dry He gas, Ne gas or a mixture of He gas and
Ne gas, or dry Ar gas, N, gas, O, gas or a mixture of Ar
gas, N, gas and O, gas so as to enhance the tempera-
ture stability of the filter element 11. In case of vacuum,
the gas can be used within all temperature ranges. In
the case where Ar gas, N> gas, O, gas or a mixture of
Ar gas, N> gas and O, gas is used for the operation at a
temperature which is higher than the temperature of a
liquid nitrogen, they are not liquefied and the filter ele-
ment 11 is effectively cooled by convection. The above
effects can be obtained before He gas, Ne gas or a mix-
ture of He gas and Ne gas is liquefied at a temperature
which is lower than the temperature of the liquid nitro-
gen. In particular, the He gas can be used until the tem-
perature (4.2 K) of liquefied He is reached.

As shown in Fig. 2, contact pins which protrude
from the signal input portion 2a and the signal output
portion 2b to the inside come in contact with the signal
input portion 2a or the signal output portion 2b on a die-
lectric substrate 12 so that the signal input line 22a and
the signal output line 22b of the filter element 11 are
connected to the signal input portion 2a and the signal
output portion 2b of the shield case block 1. The signal
input line 22a and the signal output line 22b of the filter
element 11 may be connected to each other through a
wiring member (such as a flexible wiring plate or lead
wire) which is joined onto the the dielectric substrate 12
of the filter element 11 or embedded in the substrate 12.

As shown in Fig. 2, four through holes are formed
on the upper wall of the shield case block 1. Cylindrical
members 1a are attached to the through holes. The
cylindrical member 1a also has a through hole which
includes an axis that is almost parallel to the substrate
face of the filter element 11. A movable member 31 for
fine adjusting the frequency characteristics of the filter
element 11 is inserted in the through hole of the cylindri-
cal member 1a. The movable member 31 has a screw
34 which is screwed to a spiral groove 33 provided on a
part of the through hole. An external force transmitting
portion 35 for giving rotary force to the movable member
31 is formed on the outer end of the movable member
31. A lubricant is inserted between the movable mem-
ber and the other portion of the through hole so that a
sliding portion 32 is formed. Consequently, the airtight
of the closed space 10 in the shield case block 1 is held
and the shield case block 1 is electrically connected to a
ground rod 36 of the movable member 31 through an
electrostatic capacity. A ground rod 36 made of a con-
ductor which changes the volume of the closed space
10 is provided on an inner end (an end on the closed
space 10 side). A dielectric block 37 is fixed to the tip of
the ground rod 36.
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A cylinder portion having a greater diameter than
that of the screw portion 34 is formed on the inner end
side of the through hole of the cylindrical member 1a. A
piston portion which is fitted in the cylinder portion is
provided on the movable member. The sliding portion
32 is formed by the cylinder portion and the piston por-
tion.

The external force transmitting portion 35 has the
shape of a hexagonal screw. When a tool is provided
around the external force transmitting portion 35 and
rotated, the ground rod 35 goes into or out of the closed
space 10 by the screw movement of the screw portion
34 and the spiral groove 33 of the through hole. The
shape of the closed space 10 is changed by the move-
ment of the ground rod 36 and the electric field distribu-
tion formed in the closed space 10 is changed by a
signal which passes through a filter element 11. The fre-
quency characteristics of the filter element 11 is fine
tuned. Thus, the frequency characteristics can be finely
adjusted. According to such a structure, the frequency
characteristics for the filter elements can be finely
adjusted in the same direction. Consequently, it is easy
to perform fine adjustment with the filter element cooled
to an operating temperature.

A rotating mechanism connected to the external
force transmitting portion 35 through a rod made of a
high thermal insulating PTFE (etylene tetrafluoride)
resin is provided, as means for transmitting a torque
from the outside of the heat insulating container 4, on
the external wall face of the heat insulating container 4
so that the characteristics can be finely adjusted during
cooling operation. Thus, adjustment can be performed
more easily.

For convenience of assembly, the cylindrical mem-
ber 1a is provided in such a manner that the length of
the through hole which slides with the movable member
31 is increased as much as possible, and is attached to
the hole of the case wall after being screwed to the mov-
able member 31 in advance. Accordingly, the cylindrical
member 1a is not always required. The spiral groove
and the sliding portion may be formed on the through
hole provided on the case wall to directly insert the mov-
able member 31 in the through hole. The number of the
movable members 31 is not limited for each filter ele-
ment. A plurality of the movable members are provided
in different places so that adjustment can be performed
much finer.

The dielectric block 37 may be replaced with a die-
lectric film or is not necessary in some cases. However,
since the dielectric constant of the dielectric 37 is great
(about 3 in case of Teflon (Trademark), about 9 in case
of alumina), an electric field concentrates on the inside
of the dielectric 37. In the case where the insulator 37 is
provided, the amount of adjustment of the frequency
characteristics for the unit displacement of the movable
member can be increased as compared with the case
where the dielectric 37 is not provided.

The filter element 11 has a thin film electrodes 13
formed like a strip line filter pattern on the surface of a
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dielectric substrate 12, and ground electrodes formed
over the back face. In the case where an electrode
material such as Cu, Ag or Au is used as the material of
the thin film electrode 13 at an operating temperature
which is in the vicinity of an ordinary temperature, the Q
value of the filter element is at most several hundreds. If
the electrode material is cooled to a low temperature, for
example, a liquefied nitrogen temperature (77.3K), a
resistivity is considerably reduced so that the Q value is
increased to several thousands at a frequency of about
2GHz. Furthermore, in the case where a superconduc-
tive material is used as the material of the thin film elec-
trode 13 in the superconductive state by cooling, the Q
value is increased to several ten thousands at a fre-
quency of about 2GHz. In addition, in the case where a
high temperature oxide superconductive material such
as a bismuth system, a yttrium system or a thallium sys-
tem is used as the superconductive material of the thin
film electrode 13, the operating temperature, that is, the
temperature in the superconductive operating state can
be raised much higher than the low temperature super-
conductive material such as Nb, Nb-Ti or Nb3Sn. Con-
sequently, cooling can be performed more easily. Since
a critical current density is high, i.e., about 10° to 107
Alcm?, a high power filter can be formed.

As another example, lanthanum aluminates
(LaAlO3, a lattice constant : a-axis 5.365 angstrom, ¢-
axis 13.11 angstrom, a dielectric constant : about 24) is
used for the material of the dielectric substrate 12, and
a thallium-2212 phase (a critical temperature ~ 110 K)
is used for the material of the thin film electrode 13 so
that a circular filter pattern having a diameter of about
24 mm is formed. Thus, the filter element 11 is formed.
The shield case block 1 is cooled to about 70K by the
cooling plate 3 connected to the low-temperature por-
tion 6 of the freezer and is then operated. Consequently,
the electric loss of a passing signal at a frequency band
of about 2GHz can be decreased to several tens W.

While the example in which a filter of a strip line
type and a circular filter are used for the thin film filter
has been described above, the same effects can be
otained also in the case where other thin film filters such
as a co-planar filter are used.

The dimension of the shield case block 1 having
four filter elements according to the present example is
about 50 mmWx 30 mmD x 30 mmH. The outer dimen-
sion of the heat insulating container is about 70 mm@ x
60 mmH. Since a filter apparatus having the same per-
formance which uses a dielectric resonator according to
the prior art has a dimension of about 200 mmWx 200
mmDx 150 mmH, the size thereof can be reduced to
have about half of a capacity ratio. When a sterling cycle
freezer is used as means for cooling the cooling plate 3,
the space having a dimension of about 120 mmWx 70
mmDx 170 mmH. Also in this case, the size can gener-
ally be reduced to about 1/3 or less.

While an example in which the low temperature fil-
ter apparatus comprises four filter elements in the shield
case block has been described above, the present
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invention is not restricted thereto. For example, a low
temperature operating filter apparatus in which a plural-
ity of filters and junction boxes are incorporated in a
shield case block to be described below is included
within the scope of the present invention.

While the thallium-2212 phase high temperature
oxide superconductive thin film has been used as a
superconductive thin film in the above example, other
high temperature oxide superconductive thin film having
the same functions may be used. While the thin film res-
onator has been used in the above example, the
present invention is not limited thereto. A dielectric res-
onator may be housed in the closed space 10 on the
inside of the shield case block 1. In this case, the dimen-
sion is increased.

A low temperature operating filter apparatus
according to a second example of the present invention
will be described below, wherein filter elements are inte-
grated. Fig. 3 is a sectional side view showing filter ele-
ments according to the present example. Fig. 4 is a
sectional plan view showing the filter elements accord-
ing to the present example. Fig. 3 is a B-B sectional
view of Fig. 4. Fig. 4 is an A-A sectional view of Fig. 3.
In Fig. 3, the vertical dimension (in the direction of a
thickness) is drawn exaggeratively.

As shown in Fig. 3, the filter element has a four-
layer structure in which the filter element uses a super-
conductive thin film for a filter electrode material. As
seen from Fig. 4, the top layer has a structure in which
a superconductive filter electrode 101a and a thin film
coupling line 103a having a length of A/4 connected to
an output end 102a are formed on the same plane (A-A
plane). The superconductive filter electrode 101a and
the thin film connecting line 103 are vertically held by
two ground electrodes 105 through a dielectric 104 so
that a filter coupling line block 106a is formed. It is suffi-
cient that the coupling line 103a has the same charac-
teristic impedance (50Q2 ) as that of an input line 121a,
and has a length of (2m + 1)A/4 (m is 0 or a natural
number, and 2 is a signal wavelength) in consideration
of characteristics. According to the present example,
the length of A/4 corresponds to m = 0.

Similarly, filter coupling line blocks 106b to 106d
having the same structure are formed on the other three
layers. The filter coupling line blocks 106a to 106d are
laminated to form a filter element. It is not always
required that the two ground electrodes 105 are stuck
together. A ground electrode 105 may be shared by the
filter coupling line blocks which are provided vertically. It
is desired that the superconductive thin film is used for
the contact electrode material because it has excellent
filter characteristics. It is also desired that a metallic thin
film is used for the contact electrode material because it
is cooled to a low temperature so that a resistance is
considerably reduced and the filter characteristics can
be improved remarkably as compared with the ordinary
temperature operation.

According to the present example, the filter ele-
ments are divided into two groups which have two filter
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coupling line blocks respectively (106a and 106b, 106¢
and 106d). The other end sides of the coupling lines
101a and 101d are connected by via holes (through
holes) 107a and 107c¢c as first conductive coupling
means which extends in the direction of lamination so
that first coupling portions 108a and 108b are formed.
First output coupling lines 109a and 109¢c having a
length of A/2 and the same characteristic impedance as
those of the thin film coupling lines 103a and 103d are
connected to the first coupling portions 108a and 108b.
It is sufficient that the first output coupling lines 109a
and 109c have a length of nA/2 (n is a natural number
and A is a signal wavelength) in consideration of charac-
teristics. According to the present example, the length
Als corresponds to n=1.

Furthermore, the other end sides of the first output
coupling lines 109a and 109¢ of each group are con-
nected through a via hole 117 as second conductive
connecting means which extends in the direction of lam-
ination so that a second coupling portion 118 is formed.
A second output connecting line 120 having the same
characteristic impedance as those of the first output
coupling lines 109a and 109¢ is connected to the sec-
ond coupling portion 118.

According to the above structure, a filter block and
an element corresponding to a Junction box are inte-
grated to form a filter element having the structure of a
superconductive electrode. The filter block is formed by
laminating a plurality of filter coupling line blocks having
a superconductive filter electrode and a thin film cou-
pling line. The element corresponding to the junction
box is formed by hierarchically connecting the output
coupling lines. The ground electrode 105 provided on a
portion where through holes 107a, 107¢ and 117 pene-
trate has holes having suitable diameters for insulation
from the via holes. The ground electrodes are con-
nected to each other by other via holes (not shown).

With reference to the plan view (A-A sectional view)
of Fig. 4, the filter coupling line block 106a will be
described supplementarily. As shown in Fig. 4, an input
line 121ais connected to the input side of the supercon-
ductive filter electrode 101a. Similarly, input lines 121b
to 121d are connected to other filter coupling line blocks
106b to 106d (see Fig. 3). A thin film coupling line 103a
having a length of A/4 and the same characteristic
impedance (50Q ) as that of the input line 121a is con-
nected to the output end 102a of the superconductive
filter electrode 101a. The via hole 107a is provided on
the other end side (a first coupling portion 108a) and
connected to the first output coupling lind 109a having a
length of A/2 and the same characteristic impedance as
that of the input line 121a. A via hole 117 is provided on
the tip end of the other end side (the second coupling
portion 108b) of the output coupling line 109a to which
the output line 120 (50Q2 ) having the same characteris-
tic impedance as that of the input line 121a is con-
nected.

The superconductive filter electrode 101a has the
shape of a five-polar strip line type resonator filter. If the
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same function is obtained, the superconductive filter
electrode 101a can take any shape of the patterned thin
film. The positions of the input lines 121a to 121d of
each filter coupling line block are alternately shifted and
placed zigzag so that a transmitter can be connected to
an amplifier more easily.

The output line 120 can be provided on any filter
coupling line block. In the case where the output line
120 is provided on the top layer, a connection to an out-
put cable can be performed easily. The lengths of the
thin film coupling line and the output coupling line
should be designed in consideration of the length of the
via hole. Usually, the via hole is much shorter than each
line. If the number of layers is increased so that the via
hole becomes much longer, it is necessary to adjust the
length by changing each line pattern every filter cou-
pling line block.

According to the above example, the filter element
has a structure in which a filter block comprised of four
filter coupling line blocks is divided into two groups,
each group having two filter coupling line blocks, and
the oulputs of the four superconductive filter electrodes
are merged in stages by the thin film coupling line and
the first and second output coupling lines and then
reach one of the output lines 120. The present invention
is not limited to the above example. In other words, the
numbers of the output coupling lines and thin film cou-
pling lines which are connected by the via holes on junc-
tions can be selected. One-stage connection in which a
plurality of thin film coupling lines are connected to one
another by via holes and directly connected to the out-
put line (the final output coupling line) and at least three-
stage connection are included within the scope of the
present invention.

An example of a method for manufacturing a filter
element according to the above example will be
described below. In this example, an oxide high temper-
ature superconductive material is used for a supercon-
ductive electrode material and two dielectric substrates
are stuck as the dielectric 104. First of all, lanthanum
aluminates (LaAlOs, lattice constant: a axis 5.365 ang-
strom, ¢ axis 13.11 angstrom, dielectric constant : about
24) are used for the dielectric substrate, on which a high
temperature oxide superconductive thin film material
having a thallium 2212-phase (critical temperature ~
110K) is formed. By using the known technology, the
high temperature oxide superconductive thin film mate-
rial is processed into a desired pattern shown in Fig. 4.
The pattern is divided into two on the via hole 107a rel-
ative to the substrate dimension which is used. If a big
substrate is used, the patterns can be integrated.

The pattern of the superconductive filter electrode
of the filter coupling line block is designed so as to have
passband frequencies which differ slightly from one
another. The filter coupling line blocks 106b to 106d
have no superconductive thin film line pattern corre-
sponding to the second output coupling line 120. In
addition, the filter connecting line blocks 106b and 106d
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have no superconductive thin film line pattern corre-
sponding to the first output coupling line.

A high temperature oxide superconductive thin film
is provided on the surface of another dielectric substrate
to form a ground electrode. The high temperature oxide
superconductive thin film where the via hole penetrates
is etched by Ar ion milling. A little bigger hole is formed
to have a smaller floating electrostatic capacity. Further-
more, a through hole having a dimension whose char-
acteristic impedance is close to the characteristic
impedance of the thin film coupling line is processed, by
a carbon dioxide gas laser processing machine, on the
dielectric substrate on which the filter superconductive
thin film electrode is formed and a portion of the dielec-
tric substrate having the ground electrode where the via
hole penetrates.

The filter electrode formation substrate of the filter
coupling line block and the ground electrode formation
substrate are stuck together in the direction having a
structure shown in Fig. 3 so that each filter coupling line
block is produced. The characteristics are measured by
cooling, and trimmed by scraping the superconductive
filter electrode little by little, laser trimming using YAG
laser irradiation or the like. When the substrates are
stuck together, a gap portion having a dielectric con-
stant of about 1 is formed on a portion having no super-
conductive thin film electrode pattern. Since the
thickness of the superconductive thin film electrode is
very small (several hundreds nm), the characteristics
are seldom affected. The dielectric material having the
same dielectric constant as that of the dielectric sub-
strate is formed on the superconductive thin film elec-
trode by sputtering, and is subjected to flattening and
polishing. The substrates are stuck together with optical
precision. Consequently, the influence on the character-
istics can be eliminated.

The stuck substrates are divided again. A normal
conductive metal such as Cr/Au, Cu or Ag is formed as
a thin film on the via hole portion. As another method,
the superconductive thin film may be formed in the via
hole or the via hole may be filled with a conductive
paste, a conductive resin or the like. Furthermore, a
conductor such as metal or a superconductive rod may
be inserted and connected by a metallic thin film, a con-
ductive paste, a resin or the like. Thus, the substrates
having processed via hole portions are stuck again to
form a filter coupling line block. The filter coupling line
blocks are superposed so that the filter block is formed.
Contact is enough to connect the via holes between the
adjacent filter coupling line blocks. If metallic foils, con-
ductive pastes or resins are used, the connection can
be ensured still more. The metallic thin film is formed by
deposition on the substrate end faces of the input lines
121a to 121d and the second output coupling line 120
so that a connection to an input-output line can be
ensured by press contact. If the connection can be per-
formed without the metallic thin film (deposition film),
there is no problem.
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The superconductive filter element having 4-chan-
nel filter shown in Fig. 3 has a dimension of about
65mmWx 35mmDx 4mmt for 1.5GHz. The supercon-
ductive filter element is housed in the shield case hav-
ing an input-output connector. The shield case is
mounted on the heat insulating container so that a low
temperature operating filter apparatus is formed. When
the freezer is ground and operated at about 70K, higher
performance can be obtained than that of a dielectric
resonator filter apparatus according to the prior art. The
volume of the whole system including the freezer is
about one-third of that of the dielectric resonator filter
apparatus having the same function according to the
prior art. Consequently, the size can be reduced consid-
erably. Aninsertion loss is less than several W per chan-
nel for a signal input of about 10 W. Power consumption
is less than half of that of the apparatus according to the
prior art. Also in consideration of a power loss of the
amplifier of a transmitter or the like for the whole trans-
mitting portion of a mobile communication base station
system, the power consumption can be reduced
remarkably.

As a variant of the above example, Fig. 5 shows
another example of the superconductive filter element.
Referring to the superconductive filter element, the filter
block (up to the thin film coupling line) is separated from
the output coupling line portion. The dielectric constant
and thickness (distance between the ground elec-
trodes) of the dielectric which surrounds the output cou-
pling line is caused to differ from those of the filter block
so that the width of the output coupling line is increased
with the characteristic impedance equal to the input line
and the like.

The output coupling line receives a signal having a
power which is equal to the total of the signal power of
the thin film coupling lines that are connected to one
another on the coupling portions. Accordingly, if the
width of the output coupling line is the same as that of
the thin film connecting line, the current density of the
signal sent on the output coupling line is several times
as much as that of the thin film coupling line. If the cou-
pling line is formed of a superconductive material, the
critical current density of the line determines the maxi-
mum signal power which can be used. Accordingly, the
width of the output coupling line is increased and the
current density of the signal sent on the line is
decreased so that the power used for the superconduc-
tive filter apparatus can be increased in the same man-
ner as in the present example.

As is seen from Fig. 5, two thin film coupling lines
103a and 103b (or 103c and 103d) merge with an out-
put coupling line 109a (or 109¢) at the first coupling por-
tion 108a (or 108c). Consequently, the thickness of a
dielectric provided around the output coupling line 109a
(or 109c), that is, the distance between the vertical
ground electrodes 135 can be increased as compared
with a dielectric provided around the thin film coupling
line. Actually, the spacing between the vertical ground
electrodes 135 of the output coupling line is made equal
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to the spacing between the vertical ground electrodes
for two thin film coupling lines which merge (that is, the
thickness of the two filter connecting line blocks) so that
the matching of the dimensions of the output coupling
lines 109a and 109¢ can be obtained. This can be real-
ized by causing the substrate thickness of the dielectric
134 used in the output coupling line portion to differ
from that of the dielectric 104 used for the filter block
portion. A connection of the end face of the filter block
thin film coupling line (first coupling portion) to the out-
put coupling line can be obtained by press contact, wire
bonding, metallic foils, silver pastes, conductive resins
or the like.

If an oxide high temperature superconductive thin
film such as lanthanum aluminates or MgO can be
formed by a dielectric material, a superconductive elec-
trode can be formed so that a loss can be reduced with
high power. It is possible to combine the normal conduc-
tive metal electrode such as quartz glass (dielectric
constant : ¢ =3.5 10 4.0), sapphire (dielectric constant : ¢
=8.6 to 10.6), alumina ceramics (dielectric constant : ¢
=8.0 to 11.0), steatite ceramics (dielectric constant : ¢
=6.0 to 7.0), polyethylene fluoride resins (dielectric con-
stant : ¢ =2.0) and the like which are not very suitable for
forming the oxide superconductive thin film.

According to the above example, it is preferred that
the input line, ground electrode, thin film coupling line,
output coupling line, output line, via hole and the like are
formed of a superconductive material. They can be
formed by a normal conductive metal material such as
Au, Ag, Cu, Al, Pt or the like if the loss is not very seri-
ous. It is possible to use, as a superconductive thin film
electrode material, a bismuth or yttlium system high
temperature oxide superconductive thin film material as
well as thallium-2212 phase high temperature oxide
superconductive thin film material. In this case, the
operation can be performed at a liquefied nitrogen tem-
perature. In addition, a low temperature superconduc-
tive material such as Nb, Nb-Ti, Nb3Sn or the like can be
used at a liquefied helium temperature (4.2K). In this
case, more substrate materials can be used as com-
pared with the high temperature oxide superconductive
thin film material.

Figs. 6 (A) and 6 (B) show the filter element of a
low-temperature operating filter apparatus according to
a third example of the present invention. Fig. 6 (A) is a
plane view, and Fig. 6 (B) is a sectional view. A super-
conductive filter 201 is a microstrip line type formed by
a Tl system superconductor, and has characteristics of
3dB band width 150KHz at 2GHz, and is formed on a
MgO base substance. Four superconductive filters 201
are connected to a junction box 203 of a thin film type at
intervals of 5 mm through the filter coupling portion. A Tl
system oxide superconductor (critical temperature
110K, critical current density 1.0 x 10*A/cm?® ) 205 is
formed as a thin film conductor on a MgO base sub-
stance 204. The filter element is housed in the shield
case, ground into a heat insulating container, and
cooled to about 80K by a freezer. Cr is deposited with a
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thickness of 200 angstrom (20 nm) on a face opposite to
the element formation face of the base substances 202
and 204. Au is deposited on Cr with a thickness of 10
um. The base substances 202 and 204 closely come in
contact with a base metal to have the same potential,
and are short-circuited with the ground electrode. The
transmission lines of the superconductive filter and the
junction box are wire-bonded to each other by Au or Al
lines. The base substance 204 has a thickness of 1.00
mm which is twice as much as the thickness of the base
substance 202. The transmission line has a characteris-
tic impedance of 50Q2 . If the characteristic impedances
of the transmission lines are set to the same value, the
thickness of the base substance is almost proportional
to the width of the transmission line. Accordingly, the
width of the transmission line of the junction box 203 is
about 0.95 mm which is about twice as much as the
width of the transmission line of the superconductive fil-
ter, i.e., 0.48 mm. As a result, the critical current is dou-
bled so that a superconductive filter element which can
use high power microwaves can be formed.

Microwaves having a power of 1W are incident at a
frequency 2GHz band. As a result, the oxide supercon-
ductor as a thin film conductor does not lose supercon-
ductive characteristics on the junction box transmission
line so that transmission having a lower loss can be
ensured.

According to the above example, the thickness of
the base substance 202 is different from that of the base
substance 204. Other methods can be used for increas-
ing the size of the transmission line (the sectional area
of the transmission conductor). For example, a method
for setting the dielectric constant of the base substance
204 smaller than that of the base substance 202 can be
used. More specifically, MgO having a dielectric con-
stant of 10 is used as the base substance 204, YAIO;
having a dielectric constant of 16, LaAlO3 having a die-
lectric constant of 24, LaGaO3; or NdGaO; having a die-
lectric constant of 25 can be used as the base
substance 202.

While the Tl system oxide superconductor is used
as a thin film conductor in the present example, the kind
of the oxide superconductor is not limited, and can be
replaced with other superconductors such as a Bior Y
system. In particular, a Bi2223-phase is more advanta-
geous because it is hardly toxic and exceeds a critical
temperature of 100K so that the freezer does not need
high performance. In addition, a metal such as Au or Pt
may be used as a thin film conductor. If a superconduc-
tor and a metal layered product are used for lines, trans-
mission can be ensured by metals and an element is not
broken even if the freezer gets out of order and the
superconductor loses the superconductive characteris-
tics. Consequently, the superconductor and the metal
layered produce are effective in enhancing the stability
of the superconductive filter apparatus.

While the superconductive filter of a microstrip line
type has been used in the above example, a supercon-
ductive filter of another type such as an elliptical type
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may be used. In particular, resonance of the micro-
waves having a power which exceeds 10 W is ascer-
tained in the superconductive filter of the elliptical type.
Accordingly, if the superconductive filter of the elliptical
type is used, it is possible to provide a superconductive
filter apparatus which can handle the microwaves hav-
ing a high power.

While the connection of the superconductor filter to
the transmission line conductor of the junction box is
performed by wire bonding in the above example, film
bonding or welding can be utilized.

Fig. 7 shows the shield case block of a low temper-
ature operating filter apparatus according to a fourth
example of the present invention. According to the
present example, two shield cases 301 and 311 are pro-
vided to form a shield case block. The shield cases 301
and 311 are in contact with each other and fixed onto a
cooling table 306. The shield cases 301 and 311 and
the cooling table 306 are made of a material such as Cu
having a good thermal conductivity at a low tempera-
ture.

Four plane circuit filters 303a to 303d and their
cooling plates 304a to 304d are alternately housed in
the first shield case 301. The plane circuit filters 303a to
303d are in contact with the cooling plates 304a to
304d. The sets of the plane circuit filter and cooling
plate are provided in parallel with each other. A filter
electrode 302 made of a superconductive material is
provided on each of the plane circuit filters 303a to 303d
and designed to have passing frequency characteristics
which are different little by little corresponding to the fre-
quency band of each channel. The plane circuit filters
303a to 303d are shielded from each other and from the
outside by the cooling plates 304a to 304d and the
shield case 301.

A plane type junction unit (which corresponds to a
junction box) 307 is housed in a second shield case
311. The junction unit 307 is comprised of a branch line
307a having lengths of A/4 and A/2 (A is a central wave-
length) formed by a strip line on the substrate. Signal
output lines 305a to 305d of the plane circuit filters 303a
to 303d are connected to the input end of the branch
line 307a through a connecting end member 308.

The dimension of the resonant element of the plane
circuit type filter cannot be set smaller than a half wave-
length (electric length) in the principle of operation.
Consequently, it is hard to connect the plane circuit type
filter to a branch line having a length of /4 on the same
plane. The plane circuit filters are arranged in parallel in
such a manner that the signal output line ends are
arranged on the level with each other. The plane type
junction unit 307 is connected to the plane circuit filter.
Consequently, the above problems are solved so that
the size of the shield case block can be reduced.

The output end of the branch line 307a is con-
nected to an output connector 309 attached to a shield
case 311. The input end of each plane type filter is con-
nected to a filter input connector such as an SMA which
is attached to the shield case 301. The insides of the
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shield cases 301 and 311 are in the vacuum state or
sealed with gas such as helium filled therein.

The superconductive filter apparatus having the
above structure is operated while being enclosed and
cooled in a vacuum heat insulating container. A signal is
input and output by four signal input connectors which
penetrate the wall of the vacuum heat insulating con-
tainer and are fixed thereto, and an antenna output con-
nector. The signal input connector of each channel and
a filter input connector, and the output connector 309
and an antenna output connector are connected to each
other by coaxial lines such as semi-rigid cables.

The structure of the connecting portion of the filter
and the junction unit will be described below. Four
through holes are formed on the side of the shield case
311 side of the shield case 301 at regular intervals.
Connecting terminals 308 are fitted in the through holes
by pressure. The four plane circuit filters 303a to 303d
are connected to the junction unit 307 through the four
connecting terminals 308. Fig. 8 is a typical view show-
ing one of the four connecting portions seen from the
top, and Fig. 9 is a typical view showing the same por-
tion seen from the side. In Figs. 8 and 9, the reference
number 323 denotes the plane circuit filters 303a and
303d shown in Fig. 7.

As is seen from Figs. 8 and 9, the connecting termi-
nal 308 comprises an insulator 321 which is fitted in the
through hole of the shield case 301 by pressure and a
connecting conductor 322 which is fitted in the through
hole on the central portion by pressure. The dimension
of the connecting terminal 308 is designed based on a
signal current capacity in such a manner that the char-
acteristic impedance is equal to the impedance of the
line. As shown in Fig. 10, the connecting conductor 322
has such a shape that both ends of the cylindrical con-
ductive member are cut into semicircles in section and
first and second contact faces 326 and 328 which are
parallel with an axis are formed. The first contact face
326 is orthogonal to the second contact face 328. By
setting such an angle, the first contact face 326 of the
connecting conductor 322 comes in contact with the sig-
nal output line 325 of the plane circuit filter 323 and the
second contact face 328 comes in contact with the input
line 327 of the junction unit 307 (branch line 307a) of the
junction unit 307 as shown in Figs. 8 and 9. Conse-
quently, the connecting loss can be reduced in the con-
necting portion.

As described above, the contact electrode 324 on
the face opposite to the plane circuit filter 323 comes in
contact with the cooling plate and are connected to the
shield case 301. Similarly, a contact electrode 329 on
the face opposite to the junction unit 307 is also con-
nected to the shield case 311. Thus, the contact faces
326 and 328 of the connecting conductor 322 come in
contact with the connecting lines so that the filter and
the junction unit are connected to each other. Conse-
quently, a heavy current can flow and a reflection loss
can be reduced.
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If a conductive material such as a metal, a super-
conductor or a conductive resin is filled in the contact
portions of the contact faces 326 and 328 with the lines,
a contact resistance is decreased so that heat genera-
tion is reduced. As a result, the critical current density of
the superconductive electrode is hardly degraded. If the
connecting portions are fixed by soldering or conductive
resins, the mechanical and electrical stabilities can be
enhanced.

While the filter electrode is made of the supercon-
ductive thin film material in the above example, other
conductive materials may be made of a normal conduc-
tive metal such as Cu, Au or Ag as well as a supercon-
ductive material.

A manufacturing method according to the above
example will be described below. In this example, the
oxide high temperature superconductive material is
used for the superconductive thin film material. Lantha-
num aluminates (LaAlOs, lattice constant : a axis 5.365
angstrom, ¢ axis 13.11 angstrom, a dielectric constant :
about 24) are used for the material of the dielectric sub-
strate. A thallium 2212-phase (critical temperature ~
110 K) high temperature oxide superconductive thin film
material is formed as a superconductive thin film elec-
trode material on both faces of the dielectric substrate,
and is processed by the known technology so that a fil-
ter electrode or branch line is formed on one of the
faces. Thus, the plane circuit filter and the junction unit
are manufactured. Another face is used as a contact
electrode as it is.

The four plane circuit filters thus manufactured are
mounted on the shield case 301 to which the cooling
plate and the connecting terminal are attached, and are
fixed with respective contact electrodes in contact with
the cooling plate. In this case, the first contact face 328
of the connecting conductor 322 of the connecting ter-
minal 308 come in contact with the signal output lines
325 of the respective plane circuit filters 323 as shown
in Fig. 8.

Then, the junction unit 307 is incorporated in the
shield case 311. The shield case 311 is fixed to the
shield case 301 in such a manner that the input line 327
of the junction unit 307 comes in contact with the sec-
ond contact face 328 of the connecting conductor 322.
Consequently, the shield case block is manufactured. If
a very small gap is formed between the input line 327
and the second contact portion 328, the signal is fully
transmitted by electrostatic coupling. Consequently,
there is no big problem. However, a slight reflection loss
occurs. In this case, a metallic foil is inserted in the gap
or between the contact electrode 329 of the junction unit
307 and the contact face of the shield case 302 so that
the reflection loss and the insertion loss characteristics
can be improved. In addition, it is more preferable that a
mechanism which can adjust the relative distance (in
the direction of a height) between the contact face of the
ground electrode 329 of the shield case 311 and the
second contact face 328 of the connecting conductor
322 is provided.
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The dimension of the shield case block comprising
the 4-channel superconductive filter manufactured in
the above manner is about 110mmWx 50mmDx
40mmH for 1.5GHz. The shield case block is placed on
the cooling plate in the heat insulating container having
input-output connectors so that a low temperature oper-
ating filter apparatus is fabricated. The low temperature
operating apparatus is attached to a freezer and oper-
ated at about 70K. Consequently, higher performance
than in the prior art can be obtained. As compared with
the dimension of the whole filter system including the
freezer, the volume is about 1/3 as much as that of a
dielectric resonator filter apparatus having the same
functions according to the prior art. Thus, the size can
be reduced considerably. Furthermore, the insertion
loss is less than several W in order to obtain a signal
output of about 10 W per channel. Consequently, the
power consumption is reduced by about 10 times as
compared with the prior art. It is possible to considera-
bly reduce the power consumption even if the power
loss for an amplifier or the like is caused for the whole
transmitting portion of the mobile communication base
station system.

While the thallium-2212 phase high temperature
oxide superconductive thin film electrode material is
used as a superconductive thin film electrode material
and the lanthanum aluminates are used as a dielectric
substrate material in the above description, the present
invention is not restricted thereto. The bismuth system,
yttrium system and thallium system high temperature
oxide superconductive materials can be used. In this
case, the operation can be performed at a liquefied
nitrogen temperature. Furthermore, a low temperature
superconductive material such as Nb, Nb-Ti or Nb3Sn
can be used at about a liquefied helium temperature
(4.2K). In this case, the choices of the substrate mate-
rial are greater than those of the high temperature oxide
superconductive thin film material.

Fig. 11 is a typical plane view showing a junction
box of a low temperature operating filter apparatus
according to a fifth example of the present invention.
Output connecting portions 401, 402, 403 and 404 of a
small-sized microwave filter (2GHz) such as a super-
conductive filter are sequentially provided straight at
regular intervals of 5 mm on one of the ends of a MgO
base substance having a thickness of 0.5 mm. A first
merging point 406 is provided on the MgO base sub-
stance 405 at a distance of A/4 from the filter output con-
necting portions 401 and 402. A first isosceles triangle
structure is formed by the filter output connecting por-
tions 401 and 402 and the first merging point 406. A
second merging point 407 is provided on the MgO base
substance 405 at a distance of A/4 from the filter output
connecting portions 403 and 404. A second isosceles
triangle structure is formed by the filter output connect-
ing portions 403 and 404 and the second merging point
407. A third merging point 408 is provided on the MgO
base substance 405 at a distance of A/2 from the first
and second merging points 406 and 407. A third isosce-
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les triangle structure is formed by the first and second
merging points 406 and 407 and the third merging point
408. ) is a wavelength at the average resonant fre-
quency of the filter. The dielectric constant of MgQO is 10.
Hence, A is about 47 mm if the microwave has a fre-
quency of 2GHz. The filter output connecting portions
401, 402, 403 and 404 are connected to the first, sec-
ond and third merging points 406, 407 and 408 through
branch lines 409 having the same width. If the charac-
teristic impedance of the branch line 409 is 50Q2 , the
width of the branch line 409 is about 0.48 mm.

Two sets of structures formed by the three isosce-
les triangles are provided on the MgO base substance
405. The third merging point 408 is connected by the
branch line 409 having a length of A/2. All the branch
lines 409 are formed by a thin film Tl system oxide
superconductor (critical temperature: 10K, critical cur-
rent density: 1.0 x 10* A/em? ) having a thickness of 2
um. The junction box and the filter are incorporated in a
shield case and provided in a heat insulating container.
A low temperature operating filter apparatus thus
formed is cooled by a freezer to about 80K.

It is proved that sharing transmission having a low
loss can be performed by means of a small-sized
freezer when microwaves having a power of 1W and a
frequency of 2 GHz band are incident.

According to the structure of the junction box of the
present example, the filter output connecting portions
401, 402, 403 and 404 are provided straight at regular
intervals. Consequently, the filter output connecting
point 401, the first merging point 406 and the third merg-
ing point 408 are on the same straight line. Similarly, the
filter output connecting portion 404, the second merging
point 407 and the third merging point 408 are on the
same straight line. Accordingly, a radiation loss can be
prevented from occurring due to the bend of the branch
lines 409 on the first and second merging points 406
and 407.

Since the junction box according to the present
example has a structure which is based on the three
isosceles triangles, it can be formed on the same plane.
By using such a structure, it is possible to obtain the
junction box by the form of a thin film provided on the
same base substance. Consequently, it is easy to obtain
a connection to a thin film type microwave filter. In addi-
tion, a transmission line can be reduced more than the
prior art so that the junction box having a low loss can
be implemented.

While the filter output connecting portions 401, 402,
403 and 404 are arranged at regular intervals on one of
ends of the MgO base substance 405 and the branch
line has a length of A/4 in a first stage and a length of /2
in a second stage in the present example, the present
invention is not restricted thereto.

For example, even if the branch line has a length
of (2n+ 1)A/4 in the first stage and a length of
(m + 1)A/2 in the second stage and the filter output con-
necting portions are not arranged at regular intervals,
the three isosceles triangle structures are used as
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described above so that the junction box can be imple-
mented by the form of the thin film provided on the same
base substance and the junction box having similar
characteristics can be obtained, wherein n and m are 0
or natural numbers. A structure in which n and m are not
0 is effective in the case where microwaves having a
high frequency of 2 GHz or more are used or a base
substance having a great dielectric constant is used so
that the length of a transmission line is too small to fab-
ricate the junction box.

While two structures each having four filter output
connecting portions are arranged in the present exam-
ple, the present invention is not restricted thereto. For
example, three filter output connecting portions may be
used. In the case where three structures are arranged,
the third merging point 408 may be connected by a
transmission line having a length of (I + 1)A/2, wherein |
is a 0 or a natural number.

Fig. 12 is a typical plane view showing a junction
box of a low temperature operating filter apparatus
according to a sixth example of the present invention.
The junction box according to the present example dif-
fers from the above example in that filter output con-
necting portions 422 are arranged like an arc having a
radius of A/4 around merging points 421.

Four filter output connecting portions 422 are
arranged like an arc around the merging points 421 at
regular intervals of 5 mm on the MgO base substance
405. Each filter output connecting portion 422 is con-
nected to the merging point 421 by a branch line 423
having a width of about 0.48 mm so that a fan-shaped
structure is formed.

Two fan-shaped structures are formed on the MgO
base substance 405 and connected to each other
through the branch line having the same width as that of
the branch line 423 having a length of A/2. Other condi-
tions such as the material of the branch line 423, a
microwave frequency and the like are the same as
those of the above examples.

While the base substance 405 of the present exam-
ple has an arc-shaped contour for connecting the filter
output connecting portions 422 as shown in Fig. 12, the
external form is not restricted thereto. In consideration
of functions, it is sufficient that the signal connection can
be realized so as not to cause extreme impedance
change on the filter output connecting portions 422. For
example, the base substance 405 may be cut out on a
plane which is almost orthogonal to the branch line 423
on the filter output connecting portion 422. According to
such a shape, the ground electrode end face of the con-
necting end of the filter output line which is connected to
the branch line 423 on the filter output connecting por-
tion 422 can take the shape of a plane. Consequently,
manufacture can be performed easily.

The filter output connecting portion 422 is con-
nected to the filter output line by a gold foil or a copper
foil, or wire bonding such as a gold line or an Al-Si line.
The connection between the ground electrodes of the
junction box to the filter should be performed by bonding
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the gold foil or the copper foil to them with a silver paste
or the like. A shield case in which the junction box and
the filter are embedded may be connected.

In the same manner as in the above example, a low
temperature operating filter apparatus is manufactured
by using the junction box according to the present
example and is cooled to about 80K by means of a
small-sized freezer. Then, microwaves having a power
of 2W and a frequency of 2 GHz band are incident. As a
result, it is proved that sharing transmission having a
low loss can be performed.

Referring to the structure of the junction box formed
based on the fan-shape according to the present exam-
ple, the junction box can be formed on the same plane
so that it can be implemented by the shape of a thin film
formed on the same base substance similarly to the first
example. Since the node to the filter has the fan-shape,
the number of the filter output connecting portions 422
can be increased easily. Consequently, the merging
from the filter output connecting portions 422 to a merg-
ing point 421 can be performed. Thus, it is possible to
obtain a compact junction box having a very small loss.

The junction box of the present example has the
fan-shaped structure so that a sufficient space can be
kept among the filter output connecting portions. The fil-
ter can easily be formed on the same base substance
as the junction box. In this case, it is preferred that a
small-sized filter formed by a thin film such as a super-
conductive filter is utilized.

While the junction box according to the present
example has a branch line length of A/4 and A/2 in the
present example, it is not restricted thereto. For exam-
ple, a branch line having a length of (2n+ 1)A/4 or
(m + 1)A/2 may be used in the same manner as the
above examples, wherein n and m are natural numbers.

The junction box of the present example has a
structure in which two fan-shaped structures are con-
nected. The number of the fan-shaped structures may
be three or more.

While the junction box uses the Ti system super-
conductor for the branch line in the above and present
examples, metals such as Au, Pt, Cu, Ag and the like
can be used. In the case where the oxide superconduc-
tor is used as the branch line, superconductors other
than the Tl system superconductor, for example, the Bi
and Y system superconductors can be used. In particu-
lar, BixSroCasCra04g, is hardly toxic and has a critical
temperature which is more than 100K so that it is not
necessary to increase the size of the freezer. If a lay-
ered product of a superconductor and a metal is used
as the branch line, tfransmission can be ensured by the
metal even if the superconductor loses superconductiv-
ity due to freezer failure or the like. Consequently, the
functions are not completely damaged so that the stabil-
ity of the junction box can be enhanced.

The material used for the base substance of the
junction box is not limited to MgO. For example, LaAlO;,
SrTiO3, LaGaO3, NdGaO; and the like can be used. If
LaAlQO; is used, the crystalline properties of the branch
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line (oxide superconductor) can be enhanced because
the mismatching of the lattice constant with the branch
line made of the oxide superconductor is small. As a
result, the critical temperature and critical current den-
sity can be improved so that the power of the freezer
can be reduced. In addition, microwaves having a great
power can be used. Also in the case where SrTiO;3,
LaGaO3; and NdGaO; are used, the same effects can
be obtained. In particular, if SrTiO; is used, the size of
the junction box can be reduced still more because a
dielectric constant is great, i.e., 310.

Claims

1. A low temperature operating filter apparatus com-
prising;

a shield case block having signal input and out-
put portions and a closed space which houses
a filter element connected between the signal
input and output portions,

a heat insulating container which houses said
shield case block, and

a cooling plate provided in the heat insulating
container,

wherein said shield case block is fixed to said
cooling plate in the thermal contact state.

2. The low temperature operating filter apparatus
according to Claim 1, wherein said shield case
block has a plurality of signal input and output por-
tions and is formed by a plurality of shield cases
having at least one closed space.

3. The low temperature operating filter apparatus
according to Claim 1, wherein the signal input and
output lines of said filter element are connected to
the signal input and output portions of said shield
case block through a wiring member joined onto the
substrate of said filter element or embedded in the
substrate.

4. The low temperature operating filter apparatus
according to any of Claims 1 to 3, wherein said
closed space is kept in the vacuum state.

5. The low temperature operating filter apparatus
according to any of Claims 1 to 3, wherein said
closed space is filled with dry helium, neon or a
mixture of helium and neon.

6. The low temperature operating filter apparatus
according to any of Claims 1 to 3, wherein said
closed space is filled with dry argon, nitrogen, oxy-
gen or a mixture of argon, nitrogen and oxygen.

7. The low-temperature operating filter apparatus
according to any of Claims 1 to 6, wherein each pla-
nar filter element is arranged almost in parallel, a
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15.
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cylindrical hole having an axis which is almost par-
allel with the face of each filter element penetrates
said shield case block, a movable member is pro-
vided, said movable member having a screw por-
tion which is screwed to a spiral groove formed on
at least one part of the inner peripheral face of said
cylindrical hole and moving in the axial direction of
said cylindrical hole by rotation, the outer end por-
tion of the movable member has an external force
transmitting portion for giving a torque to the mova-
ble body, and the inner end portion of the movable
member has a ground rod made of a conductor
which changes the volume of said closed space.

The low temperature operating filter apparatus
according to Claim 7, wherein a dielectric film or a
dielectric block is fixed to the tip of said ground rod.

The low temperature operating filter apparatus
according to any of Claims 1 to 8, wherein said filter
element is formed by a thin film electrode provided
on a dielectric substrate.

The low temperature operating filter apparatus
according to Claim 9, wherein said thin fiim elec-
trode is made of a superconductive material.

The low temperature operating filter apparatus
according to Claim 10, wherein said superconduc-
tive material is made of a high temperature oxide
superconductive material.

The low temperature operating filter apparatus
according to any of Claims 1 to 11, wherein the
inside of said heat insulating container is kept in the
vacuum state.

The low temperature operating filter apparatus
according to any of Claims 1 to 12, wherein said
cooling plate is connected to a heat transferring
portion for transferring the heat of said shield case
block to the outside of the heat insulating container.

The low temperature operating filter apparatus
according to any of Claims 1 to 11, wherein a cool-
ant is filled in said heat insulating container to cool
the cooling plate and the shield case block.

The low temperature operating filter apparatus
according to Claim 7, further comprising driving
means for rotating and driving said external force
transmitting portion on the outside of said heat
insulating container.

A low temperature operating filter apparatus com-
prising;

a shield case block having signal input and out-
put portions and a closed space which houses
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17.

18.

19.
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a filter element connected between the signal
input and output portions,

a heat insulating container which houses said
shield case block, and

a cooling plate provided in the heat insulating
container,

wherein said shield case block is fixed to said
cooling plate in the thermal contact state,

said filter element has a structure in which a fil-
ter electrode made of a superconductive thin
film and a thin film coupling line having a length
of (2m + 1)A/4 (wherein m is 0 or a natural
number and A is a signal wavelength) which is
formed on the same plane and connected to
the output end of the filter electrode through a
dielectric with two ground electrodes to form a
filter coupling line block, a plurality of said filter
coupling line blocks are laminated to form a fil-
ter block, the ends of the thin film coupling lines
of the filter coupling line blocks which are pro-
vided on the other side of the filter electrode
side are connected to each other by conductive
connecting means which extends in the direc-
tion of lamination so that a coupling portion is
formed, and an output coupling line having the
same characteristic impedance as that of said
thin film coupling line is connected to said cou-
pling portion.

The low temperature operating filter apparatus
according to Claim 16, wherein the filter electrode is
formed by an oxide superconductive thin film.

The low temperature operating filter apparatus
according to Claim 16, wherein the filter electrode is
formed by an oxide superconductive thin film and a
metallic thin film provided on the surface of the
oxide superconductive thin film.

The low temperature operating filter apparatus
according to any of Claims 16 to 18, wherein the fil-
ter block is divided into a plurality of groups com-
prised of a plurality of filter coupling line blocks, the
other end sides of the thin film coupling line are
connected by first conductive connecting means
which extends in the direction of lamination to form
a first coupling portion every group, a first output
coupling line having a length of nA/2 (n is a natural
number and A is a signal wavelength) whose char-
acteristic impedance is the same as that of said thin
film coupling line is connected to the first coupling
portion, the other end sides of the first output cou-
pling lines of each group are connected by second
conductive connecting means which extends in the
direction of lamination to form a second coupling
portion, and a second output coupling line having
the same characteristic impedance as that of said
first output coupling line is connected to the second
coupling portion.



20.

21.

22,

23.

24,

25.

26.

33

The low temperature operating filter apparatus
according to any of Claims 16 to 19, wherein at
least one of the dielectric constant and the thick-
ness of the dielectric which encloses the output
coupling line is different from those of the filter block
so that the width of the output coupling line is
increased while maintaining a predetermined char-
acteristic impedance.

A low temperature operating filter apparatus com-
prising;

a shield case block having signal input and out-
put portions and a closed space which houses
a filter element connected between the signal
input and output portions,

a heat insulating container which houses said
shield case block, and

a cooling plate provided in the heat insulating
container,

wherein said shield case block is fixed to said
cooling plate in the thermal contact state,

said filter element is formed by connecting a
superconductive filter made of a superconduc-
tive thin film which is provided on a base sub-
stance A to a junction box made of a thin film
conductor which is provided on a base sub-
stance B,

a transmission line conductor forming said
junction box has the same characteristic
impedance as that of a transmission line form-
ing said superconductive filter, and the sec-
tional area of the transmission line forming said
junction box is greater than that of the transmis-
sion line conductor of said superconductive fil-
ter.

The low temperature operating filter apparatus
according to Claim 21, wherein the base substance
B is thicker than the base substance A.

The low temperature operating filter apparatus
according to Claim 21, wherein the dielectric con-
stant of the base substance B is smaller than that of
the base substance A.

The low temperature operating filter apparatus
according to any of Claims 21 to 23, wherein the
thin film conductor is an oxide superconductor.

The low temperature operating filter apparatus
according to any of Claims 21 to 23, wherein the
thin film conductor is a metal.

The low temperature operating apparatus accord-
ing to any of Claims 21 to 23, wherein the thin film
conductor is formed by a lamination structure of an
oxide superconductor and a metal.
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27.

28.

29,

30.

31.

34

A low temperature operating filter apparatus com-
prising;

a shield case block having signal input and out-
put portions and a closed space which houses
a filter element connected between the signal
input and output portions,

a heat insulating container which houses said
shield case block, and

a cooling plate provided in the heat insulating
container,

wherein said shield case block is fixed to said
cooling plate in the thermal contact state,

said filter element has a structure in which afil-
ter aggregate formed by a plurality of plane cir-
cuit filters made of a superconductive thin film
filter electrode material is connected to a junc-
tion box formed by a branch line which is pro-
vided on a substrate through a plurality of
connecting terminals and fixed so as to come in
contact with the common cooling face, and
said junction box is arranged in such a manner
that a plane including said junction box inter-
sects the face of each plane circuit filter, each
connecting terminal includes a connecting con-
ductor which has a first contact face parallel
with the face of said plane circuit filter on one of
end sides and a second contact face parallel
with the face of said junction box on the other
end side.

The low temperature operating filter apparatus
according to Claim 27, wherein the junction box is
arranged in such a manner that a plane including
the junction box is almost orthogonal to the face of
each plane circuit filter, and the first and second
contact faces of each connecting terminal are
almost orthogonal to each other.

The low temperature operating filter apparatus
according to Claim 27 or 28, wherein the first con-
tact face is in contact with the filter electrode of
each plane circuit filter, and the second contact face
is in contact with the branch line of said junction
box.

The low temperature operating filter apparatus
according to any of Claims 27 to 29, wherein a con-
ductive material such as a metal, a superconductor
or a conductive resin is provided between the first
contact face and the filter electrode of each plane
circuit filter and/or between the second contact face
and the branch line of said junction box.

A low temperature operating filter apparatus com-
prising;

a shield case block having signal input and out-
put portions and a closed space which houses



32.

33.

35

a filter element connected between the signal
input and output portions,

a heat insulating container which houses said
shield case block, and

a cooling plate provided in the heat insulating
container,

wherein said shield case block is fixed to said
cooling plate in the thermal contact state,

a junction box included in each filter element
has filter output connecting portions A, B, C
and D which are arranged in this order, a first
merging point E provided at a distance of
(2n + 1)A/4 from said filter output connecting
portions A and B, a second merging point F
provided at a distance of (2n + 1)A/4 from said
filter output connecting portions C and D and
present on a plane which is formed by said filter
output connecting portions A and B and said
first merging point E, and a third merging point
G provided at a distance of (m + 1)A/2 from
said first and second merging points E and F
and present on said plane, and has at least one
of the structures in which at least three of said
filter output connecting portions A, B, C and D
are connected to said first, second and third
merging points E, F and G by straight branch
lines having the form of a thin film attached to a
base substance and the same characteristic
impedance (wherein A is a wavelength at the
average resonant frequency of a filter, and n
and m are 0 or natural numbers).

The low temperature operating filter apparatus
according to Claim 31, wherein the filter output con-
necting portions A, B, C and D are arranged on a
straight line at regular intervals, and the third merg-
ing point G is placed on a position where a straight
line for connecting said filter output connecting por-
tion A to the first merging point E intersects a
straight line for connecting said filter output con-
necting portion D to the second merging point F.

A low temperature operating filter apparatus com-
prising;

a shield case block having signal input and out-
put portions and a closed space which houses
a filter element connected between the signal
input and output portions,

a heat insulating container which houses said
shield case block, and

a cooling plate provided in the heat insulating
container,

wherein said shield case block is fixed to said
cooling plate in the thermal contact state,

a junction box included in said filter element
has at least one fan-shaped structure in which
at least two filter output connecting portions are
arranged like an arc and the centers of said arc
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34.

35.

36.

37.

36

are connected by a straight branch line having
the form of a thin film attached to a base sub-
stance and a length of (2n + 1)A/4 whose char-
acteristic impedance is the same (wherein A is
a wavelength at the average resonant fre-
quency of a filter, and n is 0 or a natural
number).

The low temperature operating filter apparatus
according to Claim 33, comprising at least two fan-
shaped structures on the same plane, and at least
one of structures in which the centers of the arcs of
said fan-shaped structures are connected by a
straight branch line having the form of a thin film
attached onto a base substance and a length of
(m + 1)A/2 whose characteristic impedance is the
same (wherein mis 0 or a natural number).

The low temperature operating filter apparatus
according to any of Claims 31 to 34, wherein the
branch line is made of an oxide superconductor.

The low temperature operating filter apparatus
according to any of Claims 31 to 34, wherein the
branch line is made of a metal.

The low temperature operating filter apparatus
according to any of Claims 31 to 34, wherein the
branch line is made of a layered product of the
oxide superconductor and the metal.
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