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(57) There 1s disclosed a superconducting microwave component comprising a first substrate having a conductor line
formed of an oxide superconductor on the surface thereof a second substrate having a grounding conductor formed of
an oxide superconductor on the surface thereof; and a package of a conducting material housing the first and the second
substrates substantially parallel with each other, at least one part of the grounding conductor being 1n contact with the

inside of the package through surface contact.
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Abstract of the Disclosure

There is disclosed a superconducting microwave
component comprising a first substrate having a
conductor line formed of an oxide superconductor on the
surface thereof a second substrate having a grounding
conductor formed of an oxide superconductor on the
surface thereof; and a package of a conducting material
housing the first and the second substrates
substantially parallel with each other, at least one
part of the grounding conductor being in contact with

the inside of the package through surface contact.
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SUPERCONDUCTING MICROWAVE PARTS

This 1nvention relates to superconducting microwave
components. More specifically, this invention relates
to high frequency parts for treating electromagnetic
waves having short wavelengths, such as microwaves,

10 millimeter waves or others, and especially to

constitutions of novel microwave components having the
conductor lines formed of oxide superconducting

materials.

Although the electromagnetic waves having
wavelengths from tens centimeters to some millimeters
and called microwaves, millimeter waves or others are
theoretically only a part of the electromagnetic wave
spectrum, these electromagnetic waves are, in many

20 cases, speclally studied independently in the
engineering field because special means and parts have
been developed for treating these electromagnetic
waves. The microwave line for guiding the
electromagnetic waves in this band comprises a pair of
conductor lines arranged through a dielectric and
having one of the conductor lines grounded.

On the other hand, in 1986 (La,Ba)fhK% which
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exhibits superconductivity at 30 K was discovered by
Bedbirz, Mueller, et al. In the next year 1987

YBaZCu3O having a critical superconducting temperature

y
in the order of 90 K was discovered by Chu, et al. In

1988 Maeda, et al. discovered the so-called Bi-based
composite oxide superconducting material which exhibits
a critical superconducting temperature exceeding 100 K.
Since these composite oxide superconductors can realize
superconductivity by the cooling by inexpensive liquid
nitrogen, the possibility of practical applications of
the superconducting technique has been suddenly noted.
Unexceptionally the microwave components also enjoy
the characteristic phenomena of superconductivity.
That 1s, generally in a strip line the attenuation
constant of a conductor due to a resistance is
proportional to a square root of a frequency. The
dielectric loss also increases with an increase of a
frequency. The dielectric loss in the recent strip
lines 1s almost attributed mainly to a resistance of a
conductor layer especially in the band equal to or
lower than 10 GHz, due to the improvement of dielectric
materials. Accordingly it much improves the efficlency
Oof the strip line to decrease the resistance of g
conductor layer of the strip line. Strip lines can be
not only used as mere transmission lines, but also can
be patterned suitably to be microwave components, such

as 1lnductance devices, filters, resonators, delay
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lines, directional couplers, hybrids, etc.' Accordingly
the 1mprovement of strip lines leads to the improvement
of the characteristics of such microwave components.

FIG. 1 1s a sectional view of a typical structure of
a microwave component using oxide superconducting film
as the conductor material.

As shown in FIG. 1, the microwave component
comprises a first substrate 2 with a superconducting
conductor line 1 formed on by patterning a
superconducting film, a second substrate 4 with a
superconducting grounding conductor 3 of a
superconducting film formed on, which are laid on each
other 1in a casing 5a. The casing 5a is sealed with a
cover 5b, and a package is fabricated. Although not
shown, actually a lead wire or others is provided
through the casing 5a or the cover 5b for introducing
microwaves into the superconducting line 1.

This microwave components comprises two substrates
for the following reason.

That 1s, generally a microwave component essentially
lncludes a conductor line and a grounding conductor
formed with a dielectric therebetween. On the other
hand, in a superconducting microwave component, the
conductor line and the grounding conductor are
synthesized especially in thin films having good
characteristics. But the technique of forming on the

front side and the backside of one substrate films
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having the uniform characteristics requires a film forming
operation of high level. So far the film forming level has
not yet been practical. Presently, the conductor line and
the grounding conductor are formed independently on
separate substrates. Subsequently these substrates are
laid on each other and a microwave component using oxide
superconducting films is prepared.

But 1t has been found that although a microwave

component of the structure of FIG. 1A is actually

10 fabricated, unpractically the part does not exhibit
requlired characteristics or has an eXtremely large loss.

An object of this invention is to provide a microwave
component having an innovational structure which can solve
the above-described problems of the conventional art, and
which effectively exhibits the properties of the oxide
superconducting materials. The microwave components
according to this invention are characterized mainly by a
unique structure which has successfully improved the
connection of the superconducting grounding conductor

20 formed on the second substrate with the metal package.

That is, in the microwave package of the conventional
structure of FIG. 1, the superconducting grounding
conductor 3 1is in connection with the casing 5a only at the
sides thereof. But such slight connection is not enough
for its electromagnetic contact with the casing 5a, and the
superconducting grounding conductor 3 cannot fully perform
1ts function.

In contrast to this, in a microwave component
according to this invention, its unique structure keeps the

30 superconducting grounding conductor on the second substrate

- 4 -
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with the surface of the casing, and consequently the
contact of the package with the superconductor can be
secured. The use of a superconductor as the conductor can
be effective.

Accordingly, the present invention relates to 3
superconducting microwave component comprising a first
substrate comprised of a first dielectric material and
having a first surface and a conductor line comprised of an
oxlde superconductor disposed on the first surface thereof,

10 and a second substrate comprised of the'first dielectric
materlal and having a second surface and a grounding
conductor comprised of an oxide superconductor disposed on
the second surface thereof. A package comprised of a
conducting material houses the first and the second
substrate such that the first and second surfaces are
arranged substantially in parallel. At least one part of
the grounding conductor electrically contacts an inner
surface of the package by direct surface contact therewith.
The package comprises a bottom plate, and a casing having a

20 lower end face fixed to a peripheral edge portion of the
pottom plate and a first stepped face defining in part the
inner surface. The first stepped face is proximate the
lower end face whereby a peripheral edge portion of the
second substrate is held between the bottom plate and the
first stepped face.

Another aspect of the present invention relates to a
superconducting microwave component comprising a first
substrate having a conductor line comprised of an oxide

superconductor disposed on a first surface thereof, and a

30 - O -
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second substrate having a grounding conductor comprised of
an oxlde superconductor disposed on a second surface
thereof. A package, comprised of a conducting material,
houses the first and the second substrates such that the
first and second surfaces are substantially parallel. The
package includes a bottom plate, and a casing having a
lower end surface fixed to a peripheral edge portion of the
pottom plate and a first stepped face defining in part said
inner surface. The first stepped face is proximate the
lower end surface, whereby a peripheral edge portion of the
second substrate is held between the bottom plate and the
first stepped face. The grounding conductor is in contact
with the bottom plate.

According to a further aspect of the present invention
a superconducting microwave component comprises a first
substrate comprised of a first dielectric material and
having a first surface and a conductor line comprised of an
oxide superconductor disposed on the first surface thereof,
and a second substrate comprised of the first dielectric
material and having a second surface and a grounding
conductor comprised of an oxide superconductor disposed on
the second surface thereof. A package, comprised of a
conducting material, houses the first and the second
substrate such that the first and second surfaces are
arranged substantially in parallel. At least a part of the
grounding conductor electrically contacts an inner surface
of the package by direct surface contact therewith. The
package comprises a bottom plate, and a caslng having a
lower end face portion with a lower end face fixed to a

peripheral edge portion of the bottom plate and a stepped

_58._
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face defining in part said inner surface. The first
substrate is arranged on the second substrate. A
peripheral edge portion of the first substrate and a
peripheral portion of the second substrate respectively are
held between the bottom plate and the stepped face.

Another feature of the present i1invention relates to a
superconducting microwave component comprising a first
substrate comprised of a first dielectric material and
having a first surface and a conductor line comprised of an
oxide superconductor disposed on the first surface thereof,
and a second substrate comprised of the first dielectric
material and having a second surface and a grounding
conductor comprised of an oxide superconductor disposed on
the second surface thereof. A package, comprised of a
conducting material, houses the first and the second
substrates such that the first and the second surfaces are
arranged substantially in parallel. At least one part of
the grounding conductor electrically contacts an 1nner
surface of the package by direct surface contact therewith.
The package comprises a bottom plate and a casing. The
first substrate has an area which 1s smaller than an area
of the second substrate. The second substrate 1s arranged
on the bottom plate, and the first substrate 1s arranged on
the second substrate. The package 1ncludes a presser
member inserted in the casing to be in contact with a
peripheral edge portion of the grounding conductor.

In the above-described microwave component

- 5b -
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according to this invention, the oxide superconducting
material forming the superconducting conductor line and
the superconducting grounding conductor especlally has

high superconducting critical temperature and can be

and 1s, for example, exemplified by Ln-Ba-Cu-0 (Ln: Y,
La, Nd, Sm, Eu, Gd, Dy, Ho, Er, Im, Yb, Lu) based,
Bi-Sr-Ca-Cu-0 based, Bi-Pb-Sr-Ca-Cu-0 based,
Tl-Ba-Ca-Cu-0 based and T1-Bi-Ca-Sr-Cu-0 based etc.
These oxide superconductors can be formed directly on
substrates, as of MgoO, LaAlO3 and NdGaOB, etc. Alzo

3
(sapphire), Sioz, beryllia or borosilicate glass, etc.

can be used as the substrate together with a buffer
layer of a suitable oxide formed on the film forming
surface. The material of such buffer layer is
preferably exemplified by MgO, LaAloy bkkkm%, SrTiOy
Y.0,, YSZ, etc.

These oxide. superconducting materials can be formed
in optional patterns by lift-off in which a resist mask
18 beforehand formed on the substrate, in forming into
the film. The patterning may be performed by
wet-etching with an etchant, such as hydrochloric acid
the superconducting layer formed on the entire surface
of the substrate. By suitably patterning the conductor
line, various microwave components can be fabricated.

The present invention will become more fully

understood from the detailed description given
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hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not to
be considered as limiting the present invention.
Further scope of applicability of the present
invention will become apparent from the detajiled
description given hereinafter. However, it should be
understood that the detailed description and specific
examples, while indicating preferred embodiments of the
invention, are given by way of 1llustration only, since
various changes and modifications within the spirit and
scope of the invention will become apparent to those

skllled in the art form this detailed description.

Brief Description of the Drawings

FIG. 1 1is a sectional view of a structure of the

conventlional microwave component:

FIGs. 2A and 2B are sectional views of structures of

invention;

FIGs. 4A and 4B are sectional views of structures of
microwave components according to this invention;

FIG. 5 is a view of the pattern of the conductor
line of a fabrication example of this invention;

FIG. 6 1s a graph of the characteristic of g

microwave resonator having the sectional structure of
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FIG. 1A: and
FIG. 7 1s a graph of the characteristic of a

microwave resonator having the sectional structure of

FIG. 1.

Description of the Preferred Embodiment

FIGs. 2A and 2B show sectional views of structures
of microwave components according to this invention.

The microwave component of FIG. 2A comprises a
first substrate 20 with a superconductor line 10 formed
Oon a required pattern of an oxide superconducting film,
and a second substrate 40 with a superconducting
grounding conductor of the oxide superconducting film
30 formed on the entire surface, which are laid in a
cylindrical casing 50a. The casing 50a is sealed with
a lid body 50b and a bottom plate 50c in a package.

Differences of this microwave component from the
conventional one are the first and the second
substrates 20, 40 have different sizes from each other,
and to accommodate their size difference there is
formed a step on the inside of the cylindrical casing
50a. That is, in this microwave component, the second
substrate 40 has a larger size than the first substrate

20. Accordingly the Superconducting grounding

conductor 30 on the second substrate 40 i1s in contact
with the step 50a at the sides.

In this microwave component, since the second
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substrate 40 is inserted into the cylindrical casing
o0a through the bottom, the bottom of the casing 50 a
1s sealed with the bottom plate 50c. Although not
shown, a lead wire or others are provided Lthrough the
casing 50a or the 1id body 50b for introducing
microwaves into the conductor line 10.

The microwave component of FIG. 2B has basically
the same structure as that of FIG. 2A. But in the
microwave component of FIG. 2B, both the first and the
second substrates 20, 40 are inserted together into the
cylindrical casing 50a through the bottom, and the 1lid
body 50b is omitted. That is, there are formed two
steps 51, 52 on the inside of the cylindrical casing
00a. The substrates 20, 40 are held respectively
between the steps 51 and 02, and the bottom body 50c.
As 1n the microwave component of FIG. 2A, the first and
the second substrates 20, 40 have different sizes from
each other, and the superconducting grounding conductor
30 on the second substrate 40 is in surface-contact
with the step 51 on the casing 50a.

FIGs. 3A and 3B respectively show sectional views of
structures of different embodiments. Differences which
characterize the microwave components of FIGs. 3A and
3B 1n comparison with the microwave components of FIGs.
ZA and 2B are the first and the second substrates 20,
40 are laid so that the face of the first substrate 20

with the conductor line 10 formed on, and the face of
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the second substrate 40 with the grounding conductor 30
formed on are located on opposite sides to each other.
In this case, the grounding conductor 30 jis in
face-contact with the inside of the bottom body 50c.

In the above-described embodiments, the cylindrical
casing 50a, and the bottom body 50c are separate
members and are assembled. But as shown in FIGs. 4A
and 4B, the casing 50a and the bottom plate 50c may be

a one—-plece casing 50d. In this case, 1t is a little

achieved.

In the structure of FIG. 4A, firstly the first
substrate 20 is fit into the step formed on the forward
end of the projection of the 1id body 50b, and next the
second substrate 40 is loaded to be in contact with the
inside of the casing 50d. The structure of FIG. 4B is

fabricated by firstly setting the second substrate 40

inside the casing 50d, then inserting a first
cylindrical presser member 50e into the casing 50d,
then setting the first substrate 20, and then inserting

a second cylindrical presser member 50f into the casing

00d.

(Fabrication Example 1)
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FIG. 2A. Characteristics of this superconducting

microwave resonator were measured.

As the first substrate 20, a 18 mm-square and 1
mm-thickness Mg0 substrate was used. The conductor
line 10 was formed of Y-Ba-Cu composite oxide film
having a 5000 A-thickness.

FIG. 5 shows a pattern of the superconducting
conductor line 10 of this superconducting microwave
resonator. As shown in FIG. 5, this superconducting
microwave resonator comprises a 12 mm-dliameter round
Superconducting conductor line 11, and a palir of
superconducting conductor lines 12, 13 for leading in
and out microwaves to the superconducting conductor
line 11. Each conductor line has a 1.1 mm-width and a
2.0 mm-length. A minimum gap between the respective
waveguldes 12 and 13 was 1.0 mm.

As the second substrate 40, a 20 mm—-square and 1
mm-thickness Mg0O substrate was used. The grounding
conductor 30 formed in a 5000 A-thickness Y-Ba-Cu
composite oxide film.

The thus-prepared two substrates 20, 40 were housed
i1n a brass cylindrical casing 50a, and the caslng 50a
was sealed with a brass 1id body 50b and a bottom body
o0c. And a package was fabricated.

The thus-prepared superconducting microwave
resonator was measured by a network analyzer with

respect to the frequency characteristic of the

11
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transmission power. FIG. 6 is a graph showing the
measured result. The measuring temperature was 77 K.
The measured result shown in FIG. 6 is for the 0.2 to
10.2 GHz band. As shown in FIG. 6, the frequency
characteristic of this superconducting microwave
resonator had three sharp peaks. The Q-values of this

superconducting microwave resonator are shown in Table

1.

frequency (GHz)

Q—-values

As a control a superconducting microwave resonator
having the conventional structure of FIG. 1 was
fabricated using the same materials. But the second
substrate 4 was prepared by a 18 mm-square and 1
mm-thickness Mg0O substrate. The casing 5a had no step
on the inside.

FIG. 7 1s a graph showing the measured frequency
characteristic of the transparent power of this
comparison sample. As shown in FIQG. 7, there is no
conspicuous peak. It is seen that the comparison
sample did not effectively work as a resonator. No
Q-value could be measured because this sample exhibited
no significant resonance characteristic.

As described above in good detalil, according to this

invention, microwave components using oxide

12
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Superconducting films as the conductors can be
realized.

In these microwave components, the grounding
conductors, and the conductor lines become
superconductive by cooling by 1lnexpensive liquid

nitrogen, and the conductor loss can be extremely

minimized. Consequently the properties of microwave
components can be much improved, and their applicable
frequency bands can be expanded to the side of higher
frequencies.

From the invention thus described, it will be
obvious that the invention may be varied in many ways.

Such variations are not to be regarded as a departure

In the art are intended to be included within the scope

of the following claims.

13
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A superconducting microwave component comprising:
a first substrate comprised of a first dielectric material
and having a first surface and a conductor line comprised
of an oxide superconductor disposed on the first surface
thereof;
a second substrate comprised of the first dielectric
material and having a second surface and a grounding
conductor comprised of an oxide superconductor disposed on
the second surface thereof; and
a package comprised of a conducting material housing the
first and the second substrate such that the first and
second surfaces are arranged substantially in parallel, at
least one part of the grounding conductor electrically
contacting an inner surface of the package by direct
surface contact therewith;
wherein the package comprises a bottom plate, and a casing
having a lower end face fixed to a peripheral edge portion
of the bottom plate and a first stepped face defining in
part sald 1lnner surface, said first stepped face being
proximate the lower end face;
whereby a peripheral edge portion of the second substrate
1s held between the bottom plate and the first stepped

face.

2 . A superconducting microwave component comprising:
a first substrate having a conductor 1line comprised of an

oxide superconductor disposed on a first surface thereof;
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a second substrate having a grounding conductor comprised
of an oxide superconductor disposed on a second surface
thereof; and

a package comprised of a conducting material housing the
first and the second substrates such that the first and
second surfaces are substantially parallel, the package
including a bottom plate, and a casing having a lower end
surface fixed to a peripheral edge portion of the bottom
plate and a first stepped face defining in part said inner
surface, said first stepped face being proximate the lower
end surface;

whereby a peripheral edge portion of the second substrate
1s held between the bottom plate and the first stepped
face, the grounding conductor being in contact with the

bottom plate.

3. The superconducting microwave component according
to claim 2, wherein the first substrate is arranged on the
second substrate; and wherein a peripheral edge portion of
the first substrate is also held between the bottom plate

and the first stepped face.

4, The superconducting microwave component accordilng

to claim 2, wherein the first substrate has an area which

1S smaller than an area of the second substrate, the second
substrate 1s arranged on the bottom plate and the first
substrate is arranged on the second substrate, and wherein
the package includes a presser member inserted in the
casing to be in contact with a peripheral edge portion of

the grounding conductor.
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S. The superconducting microwave component according
to claim 4, wherein the package further includes a 1lid body
attached to an open end of the casing and the presser

member is secured to the 1lid body.

o . The superconducting microwave component according
Lo any one of claims 1 or 2, wherein a peripheral edge
portion of the grounding conductor is in contact with the

first stepped face.

7. The superconducting microwave component according
Lo any one of claims 1 or 2, wherein the casing has a
second stepped face for holding a peripheral edge portion
of the first substrate between the second substrate and the

second stepped face.

8 . The superconducting microwave component according
Lo any one of claims 1 or 2, wherein the package further
includes a lid body attached to an upper end face of the
casing, and the lid body has an inside projection means for
pressing down on a peripheral edge portion of the first

substrate.

9. A superconducting microwave component comprising:
a first substrate comprised of a first dielectric material
and having a first surface and a conductor line comprised

of an oxide superconductor disposed on the first surface

thereof;
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a second substrate comprised of the first dielectric
material and having a second surface and a grounding
conductor comprised of an oxide superconductor disposed on
the second surface thereof; and

a package comprised of a conducting material housing the
first and the second substrate such that the first and
second surfaces are arranged substantially in parallel, at
least a part of the grounding conductor electrically
contacting an inner surface of the package by direct
surface contact therewith;

wherein the package comprises a bottom plate, and a casing
having a lower end face portion with a lower end face fixed
Lo a peripheral edge portion of the bottom plate and a
stepped face defining in part said inner surface;

wherein the first substrate is arranged on the second
substrate; and

whereln a peripheral edge portion of the first substrate
and a peripheral portion of the second Substrate
respectively are held between the bottom plate and the

stepped face.

10. A superconducting microwave component comprising:
a first substrate comprised of a first dielectric material
and having a first surface and a conductor line comprised
of an oxide superconductor dlsposed on the first surface
thereof;
a second substrate comprised of the first dielectric
material and having a second surface and 3 grounding
conductor comprised of an oxide superconductor disposed on

the second surface thereof; and



second surfaces are arranged substantially in parallel, at
least one part of the grounding conductor electrically
contacting an inner surface of the package by direct
surface contact therewith;

wherein the package comprises a bottom plate and a casing;

wherein the first substrate has an area which is smaller

than an area of the second substrate, the second substrate
1s arranged on the bottom plate and the first substrate is
arranged on the second substrate; and

whereln the package includes a presser member inserted in

the casing to be in contact with a peripheral edge portion

of the grounding conductor.

11. The superconducting microwave component according
Lo claim 10, wherein the package further includes a 1lid
pody attached to an open end of the casing and the presser

member is secured to the 1lid body.

12. The superconducting microwave component according
to any one of claims 1 to 11, wherein the first substrate

1s selected from the group consisting of: MgO, LaAlO: and

NdGaO;, .

13. The superconducting microwave component according
Lo any one of claims 1 to 11, wherein the first substrate
comprises:
a Substrate selected from the group consisting of: Al,0Qs;,

S10., beryllia and borosilicate glass; and
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a buffer layer selected from the group consisting of: MgoO,

L&AlO},, NdGaO3, Sl"TiO},, Y-03 and YSZ.

14. The superconducting microwave component according
to any one of claims 1 to 13, wherein the second substrate

1s selected from the group consisting of: MgO, LaAlO: and

NdGaO3 .

15. The superconducting microwave component according
to any one of claims 1 to 13, wherein the second substrate
comprilses:

a substrate selected from the group consisting of: Al,0s,
S102, beryllia and borosilicate glass; and
a buffer layer selected from the group consisting of: MgO,

LaAlO3, NdGaO3, SrTiO3, Y-Oz and YSZ.

16. The superconducting microwave component according
to any one of claims 1 to 15, wherein the package 1is

comprised of a metal material.

17. The superconducting microwave component according

to any one of claims 1 to 16, wherein the oxide
superconductor 1s selected from the group consisting of: Ln
element-Ba-Cu-0O based material, Bi-Sr-Ca-Cu-0 based
material, Bi-Pb-Sr-Ca-Cu-0 based material, T1l-Ba-Ca-Cu-0

based material, and Tl1-Bi-Ca-Sr-Cu-0 based material.
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