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Description

Background of the Invention:

The present invention relates to a high frequency
transmission line for transmitting a high frequency sig-
nal, a resonator having the high frequency transmission
line, and a high frequency device having the resonator.

Recently, the mobile communication field is one of
the fast-growing industrial fields where users have been
doubled year by year. Following this, there have been
raised such demands in the mobile communication field
that as many users as possible can receive services
under the excellent communication conditions without
interference in the limited range of frequency allocation.
For achieving this, in the mobile communication system
using microwaves of, for example, about 0.8GHz to
3GHz, it is required that characteristics of resonators
and filters used in base stations of the system be excel-
lent. However, it has been difficult to satisfy such
requirements by the conventional resonators or filters
using gold or copper for conductor lines.

Under these circumstances, attention has been
paid to superconductivity techniques. For example,
there has been proposed a technique (hereinafter
referred to as "prior art 1) which applies a thin or thick
film made of RBa2Cu30x (R represents Y or one of lan-
thanoide series, such as Nd, and x represents an
amount of oxygen. Hereinafter, this compound will be
referred to as "Y-123 type crystal oxide") having a 123
type crystal structure as being an oxide superconductor,
to a conductor line in a high frequency transmission line
in the form of a plane circuit having a microstrip struc-
ture, a coplanar structure, a stripline structure or the
like.

It is considered that when the Y-123 type crystal
oxide is used for the conductor line in the high frequency
device according to the prior art 1, the characteristic of
the foregoing resonator or filter can be improved as
compared with using gold or copper. This is because
the oxide superconductor is small in high frequency
resistance.

In the prior art 1, a thin fim made of Y-123 type
crystal oxide and applied to a conductor line is formed to
be about 0.5 um thick by a method of laser ablation or
sputtering. On the other hand, a thick film made of Y-
123 type crystal oxide is formed by a method in which a
material dissolved in an organic solvent is hardened on
a substrate. According to this method, a thick film not
less than about 10 um in thickness can be easily
formed.

On the other hand, there has been a problem about
an intermodulation distortion characteristic, as one of
high frequency characteristics, in the resonator or the
filter which is applied with the thin or thick film of Y-123
type crystal oxide formed according to the prior art 1.

It is well known that when the intermodulation dis-
tortion is increased in the high frequency devices, such
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as the resonators or the filters, interference is, in gen-
eral, immediately caused in the communication system
using those high frequency devices. As described
above, the foregoing technique is applied to the resona-
tors or the filters for the purpose of allowing as many
users as possible to receive the services under the
excellent communication conditions without interfer-
ence in the limited range of frequency allocation. There-
fore, it is necessary to suppress the intermodulation
distortion in the high frequency device to be small, that
is, the intermodulation distortion characteristic should
be improved.

In view of the foregoing, there has been proposed a
technique (hereinafter referred to as "prior art 2") which
aims to improve the intermodulation distortion charac-
teristic by controlling the size of grain boundaries in a
thin or thick film made of Y-123 type crystal oxide. As
appreciated, the intermodulation distortion represents a
non-linear distortion where an output signal including
frequency components equal to the sums and differ-
ences between integer-times input frequency compo-
nents appears, and the intermodulation distortion
characteristic represents a characteristic thereof.

However, the high frequency transmission line
formed according to the prior art 2 has the following
problem upon being applied to the resonator or the filter
as the high frequency device:

Specifically, as described above, a lot of grain
boundaries are included in the thin or thick film of Y-123
type crystal oxide formed according to the prior art 2. As
a result, the surface of the thin or thick film is degraded
in flatness to have irregularities thereon. This means
that a corresponding transmission line is prolonged.
Thus, the resistance is increased to enlarge a transmis-
sion loss particularly when the large power is inputted.

Further, although some evaluation results about the
high frequency resistance and the high power charac-
teristic according to the prior art 2 have been
announced, the reliable experimental data have not yet
been obtained so that reduction to practical use is still
not possible.

Accordingly, since even the prior art 2, not to men-
tion the other techniques, is not applicable, there have
been no techniques available which can improve the
intermodulation distortion characteristic in the high fre-
quency device to suppress the harmonic distortion.

Summary of the Invention:

It is therefore an object of the present invention to
provide a high frequency transmission line which is
capable of improving an intermodulation distortion char-
acteristic in a high frequency device.

It is another object of the present invention to pro-
vide a resonator having the high frequency transmission
line and a high frequency device having the resonator.

Upon solving the foregoing problems, the present
inventors have concluded that the intermodulation dis-
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tortion is increased due to a material characteristic of
the oxide superconductor. Specifically, they have con-
cluded that the existence itself of a very large number of
the grain boundaries included in the oxide supercon-
ductor formed by the prior art enlarges the intermodula-
tion distortion. Therefore, the present invention aims not
to control the size of the grain boundaries but to elimi-
nate the grain boundaries for improving the intermodu-
lation distortion characteristic. If the grain boundaries
are eliminated, the irregularities on the surface, which
have been the problem in the prior art 2, can be sup-
pressed and further the intermodulation distortion char-
acteristic can be improved. For obtaining an oxide
superconductor with no grain boundaries included, the
present invention utilizes a crystal film producing
method disclosed in JP-A-7-33590.

According to one aspect of the present invention,
there is provided a high frequency transmission line in
the form of a plane circuit, comprising a dielectric sub-
strate and a conductor line provided on the dielectric
substrate for allowing electric current to flow there-
through, the conductor line comprising a non-grain-
boundary oxide superconductor layer with twin walls but
without grain boundaries.

According to another aspect of the present inven-
tion, there is provided a resonator comprising a high fre-
quency transmission line in the form of a plane circuit,
the high frequency transmission line comprising a die-
lectric substrate and a conductor line provided on the
dielectric substrate for allowing electric current to flow
therethrough, the conductor line comprising a non-
grain-boundary oxide superconductor layer with twin
walls but without grain boundaries.

According to still ancther aspect of the present
invention, there is provided a high frequency device
comprising a resonator comprising a high frequency
transmission line in the form of a plane circuit, the high
frequency transmission line comprising a dielectric sub-
strate and a conductor line provided on the dielectric
substrate for allowing electric current to flow there-
through, the conductor line comprising a non-grain-
boundary oxide superconductor layer with twin walls but
without grain boundaries.

Brief Description of the Drawing:

Fig. 1 is a sectional view showing a structure of a
high frequency transmission line according to a pre-
ferred embodiment of the present invention;

Fig. 2 is a diagram showing the results of compari-
son about high frequency characteristic between a
structure according to the preferred embodiment of
the present invention and a conventional structure;
and

Fig. 3 is a diagram for explaining third order inter-
modaulation distortion.
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Description of the Preferred Embodiment:

Now, a high frequency transmission line according
to a preferred embodiment of the present invention will
be described with reference to the accompanying draw-
ings. In the preferred embodiment, a high frequency
transmission line is in the form of a plane circuit having
a microstrip structure known in the art.

Fig. 1 is a sectional view showing a structure of a
high frequency transmission line according to the pre-
ferred embodiment. The sectional view is used for best
explaining the microstrip structure.

As shown in Fig. 1, the high frequency transmission
line comprises a magnesia single crystal substrate 101
as a dielectric substrate, an oriented Y-123 crystal film
102 and a non-grain-boundary Y-123 crystal film 103
which cooperatively form a conductor line, and an ori-
ented Y-123 crystal film 104 as a ground conductor
plate. The Y-123 crystal film represents a crystal film
made of an oxide superconductor (hereinafter referred
to as "Y-123") of YBa2Cu30Ox having a 123 type crystal
structure, where x represents an amount of oxygen.
Further, the oriented Y-123 crystal film represents an
oriented film made of Y-123, and the non-grain-bound-
ary Y-123 crystal film represents a crystal fim made of
Y-123 having twin walls but no grain boundaries. As
appreciated, these terms are used only for simplifying
explanation. Thus, no limitation exists in term itself, and
these terms cover those having the same contents in
view of the definitions of them, respectively.

The oriented Y-123 crystal film 102 is formed on the
surface of the magnesia single crystal substrate 101
using, for example, a laser ablation method, and the
non-grain-boundary Y-123 crystal film 103 is grown on
the oriented Y-123 crystal film 102 from the liquid phase.
Further, the oriented Y-123 crystal film 102 and the non-
grain-boundary Y-123 crystal film 103 are patterned to
form a conductor line.

As described above, the magnesia single crystal
substrate 101 is an electrically insulating dielectric.
Thus, on a surface of the magnesia single crystal sub-
strate 101 remote from a surface thereof having the ori-
ented Y-123 crystal film 102 and the non-grain-
boundary Y-123 crystal film 103, the oriented Y-123
crystal film 104 is formed by the laser ablation method
to work as a ground plane.

As described above, the high frequency transmis-
sion line in this embodiment comprises the dielectric
substrate, the conductor line formed on the dielectric
substrate, and the ground conductor plate formed on
the surface of the dielectric substrate remote from the
surface thereof provided with the conductor line and, as
appreciated from Fig. 1, it has the microstrip structure.

Now, a method of fabricating the high frequency
transmission line according to this embodiment will be
described.

First, the magnesia single crystal substrate 101 is
increased in temperature to 750°C, then the oriented Y-
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123 crystal film 102 is formed to be 0.1 pm thick on the
magnesia single crystal substrate 101 by the laser abla-
tion method in the normal oxygen atmosphere.

Subsequently, using the oriented Y-123 crystal film
102 as an intermediate layer, the non-grain-boundary Y-
123 crystal film 103 is grown on the oriented Y-123 crys-
tal film 102 by primary crystals from the liquid phase
using a mixed solution of BaO and CuO.

More specifically, an yttria crucible made of yttria is
provided, then Y2BaCuOS5 (solid phase precipitate) is
put into the yttria crucible at a lower part thereof as a
solute feed substance, and further, a mixed solution of
BaO and CuO is put into the yttria crucible at an upper
part thereof as a solvent. The BaO-CuQO mixed solution
is prepared by mixing barium carbonate and copper
oxide so as to obtain a mixture of 3:5 in mole ratio of Ba
and Cu, then by calcining the mixture at 880°C for 40
hours. Thereafter, the crucible containing the solute and
the solvent is heated to about 1,000°C so as to melt the
solvent. At this stage, Y2BaCuQO5 being the solute feed
substance is precipitated at the lower part in the yttria
crucible while the mixture of BaO and CuQ being the
solvent is held in the liquid state at the upper part of the
yttria crucible. In this state, the oriented Y-123 crystal
film 102 is brought in touch with the liquid-phase portion
as seeds, then the yttria crucible is lowered in tempera-
ture by about 20°C, and then the oriented Y-123 crystal
film 102 along with the magnesia single crystal sub-
strate 101 are raised in an upward direction seen from
the yttria crucible at 0.2 um per hour and at 100rpm, so
that the non-grain-boundary crystal film 103 can be
formed on the oriented Y-123 crystal film 102 by primary
crystals from the liquid phase.

Subsequently, on the surface of the magnesia sin-
gle crystal substrate 101 remote from the surface where
the oriented Y-123 crystal film 102 and so on are pro-
vided, the oriented Y-123 crystal film 104 is formed in
the following manner: Specifically, the magnesia single
crystal substrate 101 is increased in temperature to
750°C, then the oriented Y-123 crystal fiim 104 is
formed to be 0.5 um thick on the magnesia single crys-
tal substrate 101 by the laser ablation method in the nor-
mal oxygen atmosphere.

After the formation of the oriented Y-123 crystal film
104, a gold film is formed to be 0.1 um thick on the non-
grain-boundary Y-123 crystal film 103 grown from the
liquid phase, using an argon sputtering method. Then,
photoresists are applied to the surfaces of the gold film
and the oriented Y-123 crystal film 104. Then, like the
normal photoprint method using a photomask, the pho-
toresist on the gold film is patterned like the photomask.
The photoresist provided on the surface of the oriented
Y-123 crystal film 104 is of a type which is not removed
through a developing process. The photoresist is pro-
vided on the surface of the oriented Y-123 crystal film
104 for protecting the oriented Y-123 crystal film 104 in
a later etching process. Thus, the photoresist may be
applied to the surface of the oriented Y-123 crystal film
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104 after the developing process.

Thereafter, dry etching is carried out relative to the
gold film using the patterned photoresist on the gold film
as a mask so that the gold film is patterned according to
the pattern of the photoresist.

Then, using the patterned photoresist and gold film
as an etching mask, chemical etching is carried out rel-
ative to the oriented Y-123 crystal film 102 and the non-
grain-boundary Y-123 crystal film 103 using a 0.1%
hydrochloric acid aqueous solution so as to expose the
surface of the magnesia single crystal substrate 101. In
this manner, the oriented Y-123 crystal film 102 and the
non-grain-boundary Y-123 crystal fiim 103 are pat-
terned. As appreciated, instead of the hydrochloric acid
aqueous solution, what has a like etching rate may be
used.

Thereafter, the photoresist on the gold film and the
photoresist on the oriented Y-123 crystal film 104 are
removed by oxygen plasma. Finally, the exposed gold
film is removed by dry etching so as to expose the non-
grain-boundary Y-123 crystal film 103.

Through the foregoing processes, the high fre-
quency transmission line having the sectional structure
as shown in Fig. 1 can be fabricated.

The non-grain-boundary crystal film 103 obtained
through the foregoing processes has a mirror finished
surface. The results of observation by a polarizing
microscope show that the thus obtained non-grain-
boundary crystal film 103 has excellent crystallinity with
twin walls but without grain boundaries.

Hereinbelow, the results of comparison about high
frequency characteristics between the high frequency
transmission line according to this embodiment and the
conventional high frequency transmission line will be
shown. As high frequency devices having the respective
high frequency transmission lines, microstrip resonators
were used.

The conventional microstrip resonator had the fol-
lowing structure: From the structure shown in Fig. 1, the
non-grain-boundary Y-123 crystal film 103 was omitted.
Accordingly, a conductor line was in the form of a mon-
olayer oxide superconductor. Further, the oriented Y-
123 crystal film 102 forming the conductor line had a
thickness of 0.3 um. Moreover, instead of the oriented Y-
123 crystal film 104, a gold film having a thickness of 3
um was used and worked as a ground conductor plate.
Hereinbelow, this structure will be called the conven-
tional structure.

To obtain the accurate comparison results, the
microstrip resonator according to this embodiment also
used a 3 um thick gold film instead of the oriented Y-123
crystal film 104 shown in Fig. 1.

Further, in the microstrip resonators of the conven-
tional structure and this embodiment, magnesia single
crystal substrates as dielectric substrates had the same
thickness, and patterns of conductor lines formed on the
magnesia single crystal substrates had the same size.
A resonance pattern of each conductor line was a pat-
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tern having a straight portion of a length half an effective
resonance wavelength and coupled by a gap capacity.
Specifically, the microstrip resonators to be compared
were so-called standard linear half wavelength micros-
trip resonators, respectively.

As a result of matching the conditions as described
above, resonance frequencies, no-load Q values and
insertion losses were within error of 1% between the
conventional structure and the structure according to
this embodiment at the same operating temperature of
25K and with sufficiently small microwave inputs, and
were 10.7GHz, 2,500 and 5.6dB, respectively.

This means that the input/output characteristics rel-
ative to the microwave can also be compared on the
order of 1% error. Specifically, when the microwave
inputs are gradually increased to compare the intermod-
ulation distortion characteristics being the output char-
acteristics, the comparison can be achieved on the
order of 1% error without conversion of the microwave
input power per resonator.

Fig. 2 shows the results of comparison about third
order intermodulation distortion characteristics between
the conventional structure and the structure of this
embodiment. In Fig. 2, the abscissa represents the
input power, while the ordinate represents the third
order intermodulation distortion output power. Referring
to Fig. 2, the output power is increased by the cube of
the input power both in the conventional structure and
the structure of this embodiment. This means that it is
induced by the third harmonic distortion. On the other
hand, in the structure of this embodiment, the third
order intermodulation distortion output power is smaller
by about 30dB as compared with the conventional struc-
ture. In other words, this means that under the condition
of the same third order intermodulation distortion output
power, the structure of this embodiment has the micro-
wave power greater by 10dB than the conventional
structure. The foregoing concerns the input power. As to
the output characteristic, since the comparison can be
achieved on the order of 1% error as described above,
the foregoing 10dB represents a ten-times improvement
in characteristic. As appreciated from this, according to
this embodiment, the intermodulation distortion charac-
teristic can be largely improved.

Since the third order intermodulation distortion
characteristic shown in Fig. 2 is a special conception,
further explanation will be made with reference to Fig. 3
for better understanding.

Assuming that two microwaves having frequencies
f1 and 12 (f1-f0=-0.5MHz, f2-f0=0.5MHz, where f0 repre-
sents a resonance frequency and is set to about
10.7GHz in Fig. 3) are inputted, the third order inter-
modulation distortion characteristic represents a
strength characteristic of signals outputted at frequen-
cies deviating 1MHz from f1 and f2 in directions away
from 10, respectively.

The reason why it is called "third order” is that the
frequencies deviating 1MHz from f1 and 2 are gener-
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ated by the third harmonic. Such frequencies have a
value obtained by subtracting f2 from double 1 and a
value obtained by subtracting f1 from double 2, respec-
tively. These signals do not appear when a measuring
device accomplishes a fully linear response, so that less
values thereof represent a better characteristic of a
device, such as a resonator or a filter, which requires a
linear response.

Accordingly, by using the device with the excellent
distortion characteristic as provided in this embodiment,
when traffic channels are used at intervals of, for exam-
ple, IMHz, excellent services without interference can
be offered to users using traffic channels at frequencies
deviating 1MHz from the foregoing f1 and f2, respec-
tively.

As described above, when the high frequency
transmission line having the structure of this embodi-
ment is applied to the high frequency device, not only
the practicality is ensured, but also the intermodulation
distortion characteristic is improved to achieve improve-
ment in characteristic over the whole harmonic distor-
tion as compared with the conventional structure.

In this embodiment, the high frequency transmis-
sion line is in the form of the plane circuit having the
microstrip structure. However, the present invention is
not limited thereto. Specifically, the plane circuit may
have a structure other than the microstrip structure,
such as a coplanar structure or a stripline structure.

In the foregoing comparison, the resonance fre-
quency of the resonator is set to about 10GHz. How-
ever, the present invention is not limited thereto.
Further, the high frequency device to be applied with the
high frequency transmission line of the present inven-
tion is not limited to the resonator and may also be, for
example, a filter constituted by a combination of resona-
tors, or an oscillator or amplifier including a resonator or
filter as a constituent circuit. As appreciated, effects
similar to the foregoing can be achieved even in those
high frequency devices.

In this embodiment, the oriented Y-123 crystal film
102 as the intermediate layer and the oriented Y-123
crystal film 104 as the ground conductor plate are
formed by the laser ablation method. However, the
present invention is not limited thereto, and other meth-
ods may be used for forming them.

With respect to the non-grain-boundary oxide
superconductor (the non-grain-boundary Y-123 crystal
film 103 in the embodiment) to be used at the conductor
line, it is possible that local and isolated grain bounda-
ries may invade into the non-grain-boundary oxide
superconductor in view of the forming technique. How-
ever, this is only based on the technical immaturity and
included in the concepts of the present invention.

In this embodiment, with respect to RBa2Cu30x
having the 123 type crystal structure, R is explained to
be Y (yttrium). However, R may also be one of lantha-
noide series, such as Nd.

Further, instead of the oriented Y-123 crystal film
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104 as the ground conductor plate, a monolayer film of
normal metal, such as gold or copper, or a multilayer
film in combination of Ti (titanium), Cr (chrome) or the
like and the normal metal for enhancing adhesiveness
between the metal and the dielectric substrate, may be
used.

Further, instead of the oriented Y-123 crystal film
104 as the ground conductor plate, a multilayer film in
combination of the oriented Y-123 crystal film and the
non-grain-boundary Y-123 crystal film similar to the con-
ductor line may be used.

As described above, according to the preferred
embodiment of the present invention, the high fre-
quency transmission line which is practical and
improved in harmonic distortion characteristic can be
obtained.

Further, by applying such a high frequency trans-
mission line, the high frequency device, such as the res-
onator, having a characteristic of small harmonic
distortion can be obtained.

Claims

1. A high frequency transmission line in the form of a
plane circuit, comprising a dielectric substrate and
a conductor line provided on said dielectric sub-
strate for allowing electric current to flow there-
through, said conductor line comprising a non-
grain-boundary oxide superconductor layer with
twin walls but without grain boundaries.

2. A high frequency transmission line as claimed in
claim 1, wherein said conductor line further com-
prises an oriented oxide superconductor layer
between said dielectric substrate and said non-
grain-boundary oxide superconductor layer.

3. A high frequency transmission line as claimed in
claim 2, wherein said non-grain-boundary oxide
superconductor layer has a thickness not less than
half a thickness of said conductor line.

4. A high frequency transmission line as claimed in
claim 3, wherein the thickness of said non-grain-
boundary oxide superconductor layer is not less
than 0.3 pm.

5. A high frequency transmission line as claimed in
claim 1, wherein said non-grain-boundary oxide
superconductor layer is made of crystals of
RBa2Cu30x having a 123 type crystal structure,
where R represents Y or one of lanthanoide series,
x representing an amount of oxygen.

6. A high frequency transmission line as claimed in
claim 2, wherein said non-grain-boundary oxide
superconductor layer is made of crystals of
RBa2Cu30x having a 123 type crystal structure,
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10.

11.

12

13.

14.

15.

said oriented oxide superconductor layer being
made of crystals of RBa2Cu30x having an oriented
123 type crystal structure, where R rePresents Y or
one of lanthanoide series, x representing an
amount of oxygen.

A high frequency transmission line as claimed in
claim 5, wherein said non-grain-boundary oxide
superconductor layer is grown by primary crystals
from liquid phase.

A resonator comprising a high frequency transmis-
sion line in the form of a plane circuit, said high fre-
quency transmission line comprising a dielectric
substrate and a conductor line provided on said die-
lectric substrate for allowing electric current to flow
therethrough, said conductor line comprising a non-
grain-boundary oxide superconductor layer with
twin walls but without grain boundaries.

A resonator as claimed in claim 8, wherein said
conductor line further comprises an oriented oxide
superconductor layer between said dielectric sub-
strate and said non-grain-boundary oxide super-
conductor layer.

A resonator as claimed in claim 9, wherein said
non-grain-boundary oxide superconductor layer
has a thickness not less than half a thickness of
said conductor line.

A resonator as claimed in claim 10, wherein the
thickness of said non-grain-boundary oxide super-
conductor layer is not less than 0.3 um.

A resonator as claimed in claim 8, wherein said
non-grain-boundary oxide superconductor layer is
made of crystals of RBa2Cu30x having a 123 type
crystal structure, where R represents Y or one of
lanthanoide series, x representing an amount of
oxygen.

A resonator as claimed in claim 9, wherein said
non-grain-boundary oxide superconductor layer is
made of crystals of RBa2Cu30x having a 123 type
crystal structure, said oriented oxide superconduc-
tor layer being made of crystals of RBa2Cu30x
having an oriented 123 type crystal structure,
where R represents Y or one of lanthanoide series,
X representing an amount of oxygen.

A resonator as claimed in claim 12, wherein said
non-grain-boundary oxide superconductor layer is
grown by primary crystals from liquid phase.

A high frequency device comprising a resonator
comprising a high frequency transmission line in
the form of a plane circuit, said high frequency



1 EP 0 863 568 A2

transmission line comprising a dielectric substrate
and a conductor line provided on said dielectric
substrate for allowing electric current to flow there-
through, said conductor line comprising a non-
grain-boundary oxide superconductor layer with
twin walls but without grain boundaries.
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