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(54) FILM FORMING METHOD AND FILM FORMING DEVICE

(57) A film deposition method and apparatus capa-
ble of forming a film on a substrate having a large area
are provided. The film deposition method of forming a
film by scattering a deposition material from a surface
of a target material (14) and depositing the scattered
deposition material onto a surface of a substrate (12),
comprising a step of arranging the substrate (12) and

the target material (14) such that the surface of the sub-
strate (12) forms an angle to the surface of the target
material (14), and a deposition step of forming the film
on the substrate (12) in such a manner that an area of
a film surface is continuously increased in a two-dimen-
sional direction, while moving a relative position of the
substrate (12) with respect to the target material (14).
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Description

Technical Field

[0001] The present invention relates to a film deposition method and a film deposition apparatus, and more partic-
ularly to a film deposition method and a film deposition apparatus allowing deposition for a substrate having a large area.

Background Art

[0002] Laser ablation has conventionally been known as one of techniques of forming an oxide superconductor thin
film. Here, the laser ablation is a technique of forming a prescribed thin film by irradiating a surface of a solid body
such as a target material with intensive laser light to locally heat the solid body, thereby scattering atoms or ions from
the solid body surface into the air, and depositing these scattered atoms and the like on a surface of another body.
The conventional deposition method using such laser ablation includes, for example, a film deposition method as
disclosed in Japanese Patent Laying-Open No. 8-246136.
[0003] Fig. 11 is a schematic view illustrating the conventional deposition method disclosed in Japanese Patent
Laying-Open No. 8-246136. Referring to Fig. 11, the conventional deposition method will be described.
[0004] Referring to Fig. 11, in the conventional deposition method, a substrate 112 is arranged to be opposed to a
target material 114 that is to be irradiated with laser light 116. The surface of substrate 112 is approximately parallel
to the surface of target material 114. Then, irradiation of the surface of target material 114 with laser light 116 causes
target material 114 to be locally heated. A plume 115 is formed of the atoms and the like scattered from the heated
part of target material 114. The atoms and the like that form plume 115 are deposited on the surface of substrate 112
that is opposed to plume 115, resulting in an oxide superconductor thin film . The deposition rate in substrate 112 is
greater at a region closer to the center of plume 115. Therefore, according to the deposition method shown in Fig. 11,
a thin film having an approximately uniform film thickness over the entire substrate 112 can be formed by moving
substrate 112 in the direction as indicated by the arrows 113 and 114 and the direction vertical to the plane of the drawing.
[0005] The conventional deposition method as described above, however, has the problem described below.
[0006] When the usage and manufacturing processes of oxide superconductors, or the like require that substrate
112 on which a thin film is formed should be increased in size, in the deposition method shown in Fig. 11, substrate
112, when excessively increased in size, would block laser light 116 incident on target material 114. Therefore, the
conventional film deposition method shown in Fig. 11 has its limits in increasing the size of substrate 112.
[0007] The present invention is made to solve the aforementioned problem. An object of the present invention is to
provide a film deposition method and a film deposition capable of forming a film on a substrate having a large area.

Disclosure of the Invention

[0008] In a film deposition method in accordance with one aspect of the present invention, a film is formed by scat-
tering a deposition material from a surface of a target material and depositing the scattered deposition material onto
a surface of a substrate. The film deposition method includes: a step of arranging the substrate and the target material
such that the surface of the substrate forms an angle to the surface of the target material, and a deposition step of
forming the film on the substrate in such a manner that an area of a film surface is continuously increased in a two-
dimensional direction, while moving a relative position of the substrate to the target material.
[0009] Here, consider the target material is irradiated with energy rays such as laser light in order to scatter the
deposition material from the surface of the target material. These energy rays are applied in an oblique direction with
respect to the surface of the target material. When the substrate and the target material are arranged such that the
surface of the substrate forms an angle to the surface of the target material, the substrate can be arranged such that
the surface of the substrate has approximately the same direction as a path of these energy rays. This can prevent
the interference of the substrate with the path of the energy ray, even when the substrate is increased in size. Therefore,
a film can be formed on a larger substrate without the constraints of the path of energy rays.
[0010] Furthermore, since the relative position of the substrate with respect to the target material is moved in forming
a film on the substrate, it is possible to form a film uniformly over the entire substrate.
[0011] In the film deposition method in accordance with one aspect described above, preferably, the angle between
the surface of the substrate and the surface of the target material exceeds 0° and is equal to or less than 90°.
[0012] In this case, the angle between the surface of the substrate and the surface of the target material exceeding
0° ensures that the substrate can be arranged to be inclined to the target material. Furthermore, as described above,
the radiation direction of energy rays to the surface of the target material and the inclination direction of the substrate
are the same, thereby preventing the substrate from blocking the path of energy rays when the substrate having a size
larger than the conventional one is used.
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[0013] In addition, the angle between the surface of the substrate and the surface of the target material of 90° or
less ensures that the deposition material scattered from the surface of the target material can reach the surface of the
substrate on which a film is to be formed. As a result, a film can be formed on the substrate reliably.
[0014] In the film deposition method in accordance with one aspect as described above, the energy rays may be
applied to the surface of the target material in order to scatter the deposition material from the target material surface.
[0015] As described above, the present invention can prevent the interference between the path of energy rays and
the substrate. Therefore, the present invention is particularly effective where a substrate is increased in size, in a film
deposition method using energy rays to scatter a deposition material from a target material.
[0016] In the film deposition method in accordance with one aspect as described above, the angle between the path
of energy rays and the surface of the target material may be smaller than the angle between the surface of the substrate
and the surface of the target material.
[0017] In this case, the angle between the surface of the substrate and the surface of the target material (an inclination
angle of the substrate) is larger than the angle of the path of energy rays to the surface of the target material (an
incident angle of energy rays). Therefore, the inclination of the substrate in the same direction as the incident direction
of energy rays can surely prevent the interference of the substrate with the path of energy rays on that surface side of
the target material which is irradiated with the energy rays. As a result, the target material surface is irradiated with the
energy rays reliably, with the substrate larger than the conventional one. Therefore, a film is reliably formed on the
surface of the substrate having a large area.
[0018] In the film deposition method in accordance with one aspect as described above, the path of energy rays is
approximately parallel to the surface of the substrate.
[0019] In this case, with a substrate of any larger size, the substrate does not interfere with the path of energy rays.
Therefore, a film can be formed on the surface of a substrate of any size.
[0020] The film deposition method in accordance with one aspect as described above may further include an angle
varying step of changing an angle between the surface of the substrate and the surface of the target material by varying
a relative position of the substrate with respect to the target material.
[0021] In this case, the angle between the surface of the substrate and the surface of the target material (the incli-
nation angle) can be varied arbitrarily. Here, it is possible to vary arbitrarily the deposition conditions such as a deposition
rate on the substrate surface or a film property such as a density of particles in the formed film by varying the inclination
angle. Therefore, it becomes possible to select the deposition conditions in accordance with the property of the formed
film.
[0022] In the film deposition method in accordance with one aspect as described above, in the deposition step, a
moving direction in which the relative position of the substrate with respect to the target material is moved may be
approximately parallel to the surface of the substrate.
[0023] In this case, the position of the substrate with respect to the target material can be moved with the angle of
the surface of the substrate to the surface of the target material being always kept constant. Therefore, it is possible
to keep the deposition conditions constant over the entire surface of the substrate on which a film is formed (a deposition
surface of the substrate). As a result, a uniform film can readily be formed over the entire deposition surface of the
substrate.
[0024] In the film deposition method in accordance with one aspect as described above, the film may include an
oxide superconductor.
[0025] When the present invention is applied to a process of forming an oxide superconductor film, in this way, a
uniform oxide superconductor film can be formed on the surface of the substrate of larger size. Since the film uniformity
is one of the particularly important features in the oxide superconductor film, the present invention is suitable specifically
for the process of manufacturing an oxide superconductor film.
[0026] In the film deposition method in accordance with one aspect as described above, preferably, the oxide su-
perconductor includes at least one kind selected from the group consisting of an RE123-based oxide superconductor
and a bismuth-based oxide superconductor.
[0027] Here, the RE123-based oxide superconductor refers to a superconductor as approximately represented by
REBa2Cu3Ox, and RE refers to a rare-earth element such as yttrium (Y), or neodymium (Nd), samarium (Sm), holmium
(Ho). As the bismuth-based oxide superconductor, preferably used is an oxide superconductor essentially including
2223 phase, that is, a phase as approximately represented by (BixPb1-X )2Sr2Ca2Cu3OY.
[0028] By applying the present invention to a process of manufacturing these oxide superconductors, it is possible
to readily form a uniform film of the RE123-based oxide superconductor and the bismuth-based oxide superconductor.
[0029] The film deposition method in accordance with one aspect as described above may further include a step of
forming an oxide superconductor on a film. This film may be an intermediate film positioned between the substrate and
the oxide superconductor.
[0030] Conventionally, an intermediate film is formed as an intermediate layer between a substrate and an oxide
superconductor in order to maintain the good property of the oxide superconductor formed on the substrate. In order



EP 1 371 746 A1

5

10

15

20

25

30

35

40

45

50

55

4

to make the property of the oxide superconductor uniform over the entire surface of the substrate, this intermediate
film also need to have a uniform film thickness or property over the entire surface of the substrate. By applying the
present invention to the process of manufacturing such an intermediate film, a uniform intermediate film can readily
be formed. As a result, the property of the oxide superconductor can be made uniform over the entire surface of the
substrate.
[0031] In the film deposition method in accordance with one aspect as described above, the film may include at least
one kind selected from the group consisting of yttria-stabilized zirconia, cerium oxide, magnesium oxide, and strontium
titanate.
[0032] Yttria-stabilized zirconia and the like as described above exhibit an excellent property as an intermediate film.
By applying the present invention to the process of manufacturing a film suitable for such an intermediate film, an
intermediate film having an excellent film property can readily be obtained.
[0033] In the film deposition method in accordance with one aspect as described above, a material forming the
substrate may include at least one selected from the group consisting of sapphire, lanthanum aluminate, strontium
titanate, LASAT (Lanthanum Strontium Aluminum Titanium Oxide).
[0034] The substrate made of sapphire as described above is in conformity in lattice with the oxide superconductor
and the intermediate film. Therefore, using a substrate made of the material described above to form an oxide super-
conductor and an intermediate film by the film deposition method of the present invention results in an oxide super-
conductor or an intermediate layer with a uniform and excellent film property.
[0035] In a film deposition apparatus in accordance with another aspect of the present invention, a thin film is formed
by scattering a deposition material from a surface of a target material and depositing the scattered deposition material
onto a surface of a substrate. The film deposition apparatus includes varying means for varying an angle of the surface
of the substrate to the surface of the target material.
[0036] In this way, a film deposition step can be carried out using the film deposition apparatus in accordance with
the present invention, with an angle of the surface of the substrate with respect to the surface of the target material
(an inclination angle) being set to an arbitrary angle. The deposition condition such as a deposition rate on a substrate
can be varied by varying the inclination angle. Therefore, the deposition conditions can be arbitrarily varied to be
adapted to the property of the formed film by varying the inclination angle.
[0037] Here, consider the target material is irradiated with energy rays such as laser light in order to scatter a dep-
osition material from the surface of the target material. The energy rays are usually applied in an oblique direction with
respect to the surface of the target material. When the varying means is used to determine the inclination angle such
that the surface of the substrate forms an angle with respect to the surface of the target material, the substrate is
arranged such that the surface of the substrate has approximately the same direction as a path of the energy rays.
This can prevent interference of the substrate with the path of energy rays, even with a substrate increased in size.
Therefore, a film can be formed on a larger substrate without the constraints of the path of energy rays.
[0038] In the film deposition apparatus in accordance with another aspect as described above, the varying means
may include an arc-shaped guide member and a substrate holding member movably mounted to the guide member
for holding a substrate.
[0039] In this case, the inclination angle can easily be varied by moving the substrate holding member holding the
substrate along the guide member.
[0040] The film deposition apparatus in another aspect as described above may include moving means for moving
a relative position of the substrate with respect to the target material.
[0041] In this case, in forming a film on a substrate, the film can be formed on the surface of the substrate while the
relative position of the substrate with respect to the target material is moved. Therefore, by using the moving means
to move the substrate relative to the target material, the deposition material scattered from the target material can be
deposited uniformly over the entire surface of the substrate. As a result, a film can be formed uniformly over the entire
surface of the substrate.
[0042] In the film deposition apparatus in another aspect as described above, the moving means may move the
relative position of the substrate with respect to the target material in a direction approximately parallel to the surface
of the substrate.
[0043] In this case, the position of the substrate with respect to the target material can be moved with the angle of
the surface of the substrate to the surface of the target material being always kept constant. Therefore, it is possible
to keep the deposition conditions constant over the entire surface of the substrate on which a film is to be formed (a
deposition surface of the substrate). As a result, a uniform film can readily be formed over the entire deposition surface
of the substrate.
[0044] The film deposition apparatus in accordance with another aspect as described above may further include
irradiation means for irradiating the target material surface with energy rays in order to scatter the deposition material
from the target material surface.
[0045] As described above, in accordance with the present invention, the interference between the path of energy
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rays and the substrate can be prevented by using the varying means to vary the inclination angle of the substrate so
that the incident direction of energy rays and the inclination direction of the substrate to the target material are aligned.
Therefore, it is possible to increase the substrate size in the film deposition apparatus having irradiation means for
irradiating the target material with energy rays for scattering a deposition material therefrom.

Brief Description of the Drawings

[0046]

Fig. 1 is a schematic view showing an embodiment of a film deposition apparatus in accordance with the present
invention.
Fig. 2 is a block diagram showing a configuration of the film deposition apparatus shown in Fig. 1.
Fig. 3 is a schematic view illustrating a first exemplary film deposition method using the film deposition apparatus
shown in Figs. 1 and 2.
Fig. 4 is a schematic view illustrating a second exemplary film deposition method using the film deposition apparatus
shown in Figs. 1 and 2.
Fig. 5 is a schematic view illustrating a third exemplary film deposition method using the film deposition apparatus
shown in Figs. 1 and 2.
Fig. 6 is a schematic view illustrating a fourth exemplary film deposition method using the film deposition apparatus
shown in Figs. 1 and 2.
Fig. 7 is a schematic diagram illustrating an exemplary moving method where a substrate is moved relative to a
target material.
Fig. 8 is a schematic diagram illustrating an exemplary moving method where a substrate is moved relative to a
target material.
Fig. 9 is a schematic diagram illustrating another exemplary moving method where a substrate is moved relative
to a target material.
Fig. 10 is a schematic view illustrating an arrangement of a substrate and a target material in a film deposition step
in Example 2.
Fig. 11 is a schematic view illustrating a conventional film deposition method.

Best Modes for Carrying Out the Invention

[0047] In the following, embodiments and examples of the present invention will be described based on the figures.
It is noted that in the following figures the same or corresponding parts will be denoted with the same reference numerals
and descriptions thereof will not be repeated.
[0048] Referring to Figs. 1 and 2, an embodiment of a film deposition apparatus in accordance with the present
invention will be described.
[0049] Referring to Figs. 1 and 2, a film deposition apparatus 1 includes a chamber 2 as a processing room, a target
stage 13 arranged within chamber 2, an arc-shaped guide 4, an XY stage 9 movably attached to arc-shaped guide 4,
a substrate stage 11 as a substrate holding member mounted to XY stage 9, a laser light source 18 for irradiating a
target material 14 arranged on a target stage 13 with laser light 16, and an optical system 19 for use in determining
an optical axis of laser light 16 with which target material 14 is irradiated. In chamber 2, target stage 13 is arranged as
described above, and target material 14 is mounted on target stage 13. Target stage 13 can be moved upward and
downward. Within chamber 2, above the target stage 13, arch-shaped guide 4 is provided, which is fixed to chamber
2 by means of a support member 3. Arc-shaped guide 4 is provided with XY stage 9 by means of a support member
5. A guide connection portion 6, which is a connection portion between support member 5 and arc-shaped guide 4, is
connected such that it can be moved through arc-shaped guide 4 in the direction as indicated by the arrows 33 and
34 in Fig. 1. Therefore, XY stage 9 can be moved along arc-shaped guide 4.
[0050] XY stage 9 includes a stage base 7 connected to support member 5, and a stage moving portion 8 connected
to stage base 7. Stage moving portion 8 is movable relative to stage base 7 in a direction approximately parallel to the
surface of stage base 7. Movement of stage moving portion 8 is effected by driving means such as a stepping motor
(not shown) mounted on stage base 7. Under the control of the driving means, the moving direction, moving speed
and position of stage moving portion 8 with respect to stage base 7 can be varied. A substrate stage 11 is fixed to
stage moving portion 8 with a base portion 10 interposed. A substrate 12 is fixed on that surface of substrate stage 11
which is opposed to target stage 13.
[0051] Laser light source 18 oscillates laser light 16 incident on target material 14. The laser light 16 oscillated in
laser light source 18 has its optical axis changed to a prescribed direction at optical system 19 and is directed into
chamber 2 through an incident window 17 provided at chamber 2. Within chamber 2, the surface of target material 14
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is irradiated with laser light 16, so that atoms and the like constituting target material 14 are scattered from the surface
of target material 14. Then, above target material 14, a plume 15 is formed of the atoms and the like scattered from
target material 14. Plume 15 comes partially into contact with the surface of substrate 12, causing the atoms and the
like to be deposited on the surface of substrate 12 as the deposition material. As a result, a prescribed film can be
formed on the surface of substrate 12.
[0052] The angle which the surface of substrate 12 forms with the surface of target material 14 can be varied arbitrarily
by moving substrate stage 11 as the substrate holding member and XY stage 9 along arc-shaped guide 4 as the guide
member. As can be seen from Fig. 1, XY stage 9 is moved in the direction of arrow 33 along arch-shaped 4, whereby
substrate 12 can be inclined in the same direction as the inclination direction of the optical axis of laser light 16 with
respect to target material 14.
[0053] In this way, film deposition apparatus 1 in accordance with the present invention can be used to carry out the
film deposition step with the angle of the surface of substrate 12 with respect to the surface of target material 14 (the
inclination angle) being set at an arbitrary angle. The deposition conditions such as a deposition rate on substrate 12
can be varied by varying the inclination angle. Therefore, the deposition conditions can be varied arbitrarily to be
adapted to the property of the formed film by changing the inclination angle.
[0054] Furthermore, support member 3 allows arc-shaped guide 4 to be fixed at any position upward and downward.
As a result, the distance between substrate 12 and target material 14 can readily be changed by changing the position
of arc-shaped guide 4 upward and downward. The distance between substrate 12 and target material 14 can also be
varied easily by moving target stage 13 upward and downward.
[0055] Fig. 2 shows the configuration of film deposition apparatus 1 based on the function of each of equipment
constituting film deposition apparatus 1. Film deposition apparatus 1 includes a laser light source 18, a substrate
holding portion 22, a substrate angle varying portion 21, a substrate swinging portion 23, a substrate-target material
distance varying portion 22, and a control portion 24. Laser light source 18 in Fig. 2 corresponds to laser light source
18 shown in Fig. 1. Substrate holding portion 20 corresponds to substrate stage 11 as the substrate holding member
shown in Fig. 1. Substrate angle varying portion 21 as the varying means corresponds to arc-shaped guide 4, support
member 5, and guide connection portion 6 shown in Fig. 1. Substrate swinging portion 23 as the moving means cor-
responds to XY stage 9 shown in Fig. 1. Substrate-target material distance varying portion 22 corresponds to target
stage 13 and support member 3. These laser light source 18, substrate holding portion 20, substrate angle varying
portion 21, substrate swinging portion 23, and substrate-target material distance varying portion 22 are controlled by
a controller 2 as control portion 24, though not shown in Fig. 1. It is noted that film deposition apparatus 1 is provided
with a gas supply portion, though not shown, which regulates a supply amount and a pressure of an atmosphere gas
within chamber 2.
[0056] A film deposition method using film deposition apparatus 1 shown in Figs. 1 and 2 will now be described.
[0057] In film deposition apparatus 1 shown in Figs.1 and 2, as described above, the angle between target material
14 and substrate 12 can be varied arbitrarily, and in addition, the relative position of substrate 12 with respect to target
material 14 can readily be changed using XY stage 9.
[0058] In this way, in forming a film on substrate 12, a film can be formed on the surface of substrate 12 with the
relative position of substrate 12 with respect to target material 14 being moved by operating XY stage 9. Therefore, it
is possible to deposit the atoms and the like over the entire substrate 12 uniformly as the deposition material scattered
from target material 14. As a result, a uniform film can be formed over the entire surface of substrate 12.
[0059] The moving direction of stage moving portion 8 in XY stage 9 is approximately parallel to the surface of
substrate 12. Therefore, the position of substrate 12 with respect to target material 14 can be moved with an angle θ
(see Fig. 4) of the surface of substrate 12 to the surface of target material 14 being always kept constant. Therefore,
it is possible to keep the deposition conditions constant over the entire deposition surface of substrate 12. As a result,
a uniform film can readily be formed over the entire deposition surface of substrate 12.
[0060] When an oxide superconductor film or the like is formed on substrate 12 using film deposition apparatus 1
shown in Figs. 1 and 2 as described above, laser ablation can be performed with the varied angles between target
material 14 and substrate 12, which will be described below.
[0061] For example, as shown in Fig. 1, plume 15 is formed by irradiating target material 14 with laser light 16 in a
state where target material 14 and substrate 12 are arranged to be approximately parallel to each other. The atoms
and the like from target material 14 as the deposition material are deposited from plume 15 onto the deposition surface
of substrate 12 (that surface of substrate 12 which is opposed to target material 14), thereby forming a prescribed film
on the deposition surface of substrate 12. The positional relation between substrate 12 and target material 14 here is
schematically shown in Fig. 3. Fig. 3 is a schematic view illustrating a first exemplary deposition method using the film
deposition apparatus shown in Figs. 1 and 2.
[0062] Referring to Fig. 3, target material 14 is irradiated with laser light 16 in a state where target material 14 and
substrate 12 are arranged approximately parallel to each other. It is assumed that the incident angle of laser light 16
on the surface of target material 14 is represented as an angle θLT. Where the surface of target material 14 and the



EP 1 371 746 A1

5

10

15

20

25

30

35

40

45

50

55

7

surface of substrate 12 are arranged approximately parallel to each other, substrate 12 may possibly block the optical
axis of laser light 16 when substrate 12 is moved in the two-dimensional direction (the direction parallel to the surface
of stage base 7) using XY stage 9. The size of substrate 12 is therefore restricted to such a size that does not cause
the interference with the optical axis of laser light 16. Accordingly, though the arrangement as shown in Fig. 3 can be
realized in the film deposition apparatus shown in Fig. 1, the arrangement shown in Fig. 3 imposes limitations on the
increase in the area of substrate 12.
[0063] The arrangement shown in Fig. 3, however, increases a deposition rate of the film formed on substrate 12,
as compared with the substrate arrangement shown in Figs. 4 and 5 as described later. Therefore, when a priority is
given to a deposition rate, the first exemplary deposition method shown in Fig. 3 can be applied.
[0064] Now consider a film deposition step is performed with the surface of substrate 12 being inclined to the surface
of target material by angle θ, as shown in Fig. 4.
[0065] The arrangement shown in Fig. 4 can be realized by moving guide connection portion 6 in the direction of
arrow 33 on arc-shaped guide 4 and thereby tilting XY stage 9, base portion 10, and substrate stage 11 to target
material 14. In Fig. 4, laser light 16 and the surface of substrate 12 are then approximately parallel to each other (in
other words, incident angle θLT of laser light 16 to target material 14 is approximately equal to angle θ of the surface
of substrate 12 to target material 14).
[0066] In the arrangement of the substrate 12 and target material 14 as shown in Fig. 4, substrate 12 no longer
blocks the path of laser light 16 as energy rays. Therefore, substrate 12 can be moved limitlessly in any direction in
the two-dimensional plane along the surface of substrate 12 by operating XY stage 9 (in other words, substrate 12
does not interfere with the optical axis of laser light 16, with any movement of substrate 12, with any size of substrate
12). As a result, substrate 12 can readily be increased in area.
[0067] In forming a film on substrate 12, XY stage 9 is operated to move the relative position of substrate 12 with
respect to target material 14, thereby resulting in a uniform film over the entire surface of substrate 12.
[0068] In the film deposition method shown in Fig. 4, though the deposition rate is slightly lower than that in the
deposition method shown in Fig. 3, the number of particles in the formed film is reduced, resulting in a film having a
relatively smooth surface. Therefore, the present deposition method can be applied, for example, where it is desired
to deposit a film having a good film property while maintaining an appropriate deposition rate.
[0069] Furthermore, in film deposition apparatus 1 shown in Figs.1 and 2, substrate 12 can be arranged approxi-
mately perpendicular to target material 14 by performing the step of moving XY stage 9 along arc-shaped guide 4 as
the angle varying step, as shown in Fig. 5. In the film deposition method shown in Fig. 5, the angle θ of the surface of
substrate 12 to the surface of target material is approximately 90°.
[0070] In this case, with the arrangement where target material 14 does not extend below substrate 12, substrate
12 can be moved limitlessly in any direction in the two-dimensional plane approximately parallel to the surface of
substrate 12 by operating XY stage 9. As a result, as similar to the deposition method shown in Fig. 4, substrate 12
can readily be increased in area.
[0071] In addition, at the angle θ of 90° in this manner, though the deposition rate is lower than that in the deposition
method shown in Figs. 3 and 4, the particle density is significantly reduced in the film surface. Therefore, when the
highest priority is given to the film property, it is preferable to apply the film deposition method shown in Fig. 5.
[0072] It is noticed that in the film deposition method in the present invention, the angle θ can be set at any value in
the range exceeding 0° and not more than 90°.
[0073] In the film deposition method using film deposition apparatus 1 shown in Figs. 1 and 2, as shown in Fig. 6,
the deposition step can be carried out in the arrangement of substrate 12 where the angle θ between the surface of
target material 14 and the surface of substrate 12 is larger than the angle θLT between the surface of target material
14 and the optical axis (path) of laser light 16 (in other words, the arrangement of substrate 12 where the optical axis
25 of laser light 16 intersects extended line 26 in the direction in which the surface of substrate 12 extends). The step
of moving XY stage 9 along arc-shaped guide 4 is carried out as the angle varying step to vary the angle θ. If the angle
θLT is 45°, for example, the angle θ is set at a value in the range exceeding 45° and not more than 90°. In this case,
laser light 16 is not blocked by substrate 12 as well even when substrate 12 is moved in the direction along the surface
thereof. Therefore, the effect similar to that in the deposition method shown in Figs. 4 and 5 can result.
[0074] Furthermore, the deposition conditions such as the deposition rate on the substrate 12 surface can arbitrarily
changed by varying the angle θ. Therefore, the film property such as the particle density in the film can arbitrarily be
varied by varying the angle θ. Therefore, it becomes possible to select the deposition conditions in accordance with
the property of the formed film.
[0075] In the deposition step, the moving direction in which the relative position of the substrate with respect to the
target material is moved may be approximately parallel to the surface of the substrate.
[0076] XY stage 9 can be operated to move the position of substrate 12 with respect to target material 14 with the
angle θ of the surface of substrate 12 to the surface of target material 14 being always kept constant, as described
above. Therefore, any of the film deposition methods shown in Figs. 3-6 can readily result in a film uniform over the
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entire substrate 12.
[0077] Description will now be made to the moving direction in which substrate 12 is moved in the plane parallel to
the surface of substrate 12, in the film deposition method using film deposition apparatus 1 shown in Figs.1 and 2. As
described above, film deposition apparatus 1 is provided with XY stage 9, and substrate stage 11 is connected to stage
moving portion 8 of XY stage 9. XY stage 9 is operated to allow the relative position between target material 14 and
substrate 12 to be varied arbitrarily in the direction along the surface of substrate 12. On the other hand, the position
of plume 15 hardly changes with respect to target material 14, as laser light 16 is applied to a particular point of target
material 14. Therefore, the position of substrate 12 with respect to plume 15 can be varied by operating XY stage 9.
As a result, it is possible to vary arbitrarily the position of the region in which a film is formed on the surface of substrate
12 by deposition of the atoms as the deposition material from plume 15.
[0078] Referring to Figs. 7 and 8, an exemplary method of moving substrate 12 using XY stage 9 will be described.
Figs. 7 and 8 show the deposition surface in substrate 12 (that surface which is opposed to target material 14).
[0079] Referring to Figs. 7 and 8, in the film deposition method using the film deposition apparatus shown in Fig. 1,
a relatively large substrate 12 is used and therefore deposition region 27 in the surface of substrate 12 is a part of the
entire surface of substrate 12. Here, this deposition region 27 is gradually moved in the direction of arrow 30 as shown
in Fig. 7, so that a prescribed film is formed continuously on the surface of substrate 12. Deposition region 27 moves
from one end portion to the other end portion in the width W direction of substrate 12 as shown in Fig. 7, and at the
same time, it gradually moves from one end portion toward the other end portion in the length L direction in the direction
indicated by arrow 29.
[0080] It is noted that the move of deposition region 27 in the surface of substrate 12 as shown in Fig. 7 can be
realized in film deposition apparatus 1 shown in Fig. 1 in the following manner. In film deposition apparatus 1, plume
15 is formed by irradiating a prescribed region of target material 14 with laser light 16 with the position of target material
14 being kept constant. The position of plume 15 hardly moves, as the position of target material 14 and the optical
axis of laser light 16 are fixed. In this state, XY stage 9 is operated to gradually move substrate 12 in the direction
opposite to the direction of arrow 30. As a result, as shown in Fig. 7, deposition region 27 can be moved in the surface
of substrate 12. It is noted that the speed at which substrate 12 is moved is determined in consideration of the deposition
rate in deposition region 27, the size of deposition region 27, the size of substrate 12 (the width W and the length L),
and the like. The moving speed and the moving direction of substrate 12 is determined so as not to cause a region
where film is not formed in the surface of substrate 12 (in other words, the speed in the direction indicated by arrow
29 and the speed in the direction indicated by arrow 28 are balanced for the moving speed of substrate 12, so as not
to cause a region that is not scanned by deposition region 27).
[0081] As shown in Fig. 7, after deposition region 27 reaches from the one end portion to the other end portion of
substrate 12, substrate 12 is again moved in the direction opposite to that in the step shown in Fig. 7, as shown in Fig.
8. As a result, the deposition region can be moved from the other end portion to the one end portion in the length L
direction in substrate 12. In this way, a film of a prescribed thickness can be formed by moving deposition region 27
in the surface of substrate 12.
[0082] As a method of moving substrate 12, substrate 12 may be moved as shown in Fig. 9, in place of the method
shown in Figs. 7 and 8. Referring to Fig. 9, (a) deposition region 27 is moved in the direction indicated by arrow 28,
so that deposition region 27 is moved from the one end portion to the other end portion in the width direction of substrate
12. (b) Thereafter, deposition region 27 is moved in the direction approximately parallel to arrow 29. (c) Deposition
region 27 is further moved in the direction opposite to the direction indicated by arrow 28, so that deposition region 27
is moved from the other end portion to the one end portion in the width direction of substrate 12. (d) Deposition region
27 is then moved in the direction approximately parallel to arrow 29. The steps (a)-(d) above are repeated. Here, in
the above steps (b) and (d), deposition region 27 is moved in the direction approximately parallel to arrow 29 by a
distance approximately equal in length to the width of deposition region 27 in the direction of arrow 29. As a result, a
film can be formed densely and uniformly on the surface of substrate 12.
[0083] The film deposition method using the film deposition apparatus shown in Figs. 1 and 2 can be applied to a
deposition step for an oxide superconductor such as an RE123-based oxide superconductor or a bismuth-based oxide
superconductor. In this case, it is possible to readily form a uniform oxide superconductor film on a large-area substrate.
[0084] In addition, the film deposition method using the film deposition apparatus in the present invention may be
applied to a deposition step for an intermediate film arranged between a substrate and an oxide superconductor. The
intermediate film formed by the deposition method in the present invention includes, for example, yttria-stabilized zir-
conia, cerium oxide, magnesium oxide, strontium titanate, or the like. In this way, by applying the film deposition ap-
paratus and method in the present invention to the deposition step for the intermediate film, a uniform intermediate
film can readily be formed on a large-area substrate.
[0085] As substrate 12 on which an oxide superconductor film or an intermediate film is formed as described above,
sapphire, lanthanum aluminate, strontium titanate, or LSAT (Lanthanum Strontium Aluminum Titanium Oxide), or the
like can be used.
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[0086] The film deposition apparatus shown in Figs. 1 and 2 was used to prepare samples for measurement of film
thicknesses, the number of particles, and the like, as described below.

(Example 1)

[0087] Using the film deposition apparatus shown in Fig. 1, HoBa2Cu3Ox superconductor film (referred to as HoBCO
superconductor film hereinafter) was formed on a lanthanum aluminate substrate as a substrate using laser ablation.
The lanthanum aluminate substrate used here is shaped like a rectangular having a width W of 3 cm and a length L
of 10 cm. HoBCO sintered body of 20 centimeters square was used as a target material.
[0088] The prepared samples include three kinds: a sample as a comparative example, and Samples 1 and 2 as
examples. In the deposition step of these samples, the following arrangement of the target material and the substrate
was employed. The deposition step for the sample as the comparative example employed the arrangement in which
target material 14 and substrate 12 are approximately parallel to each other as shown in Fig. 3. The deposition step
of Sample 1 as the example of the present invention employed the arrangement shown in Fig. 4 (specifically, the
arrangement in which the direction of the optical axis of laser light 16 is approximately parallel to the direction of the
surface of substrate 12). The deposition step of Sample 2 as an example employed the arrangement shown in Fig. 5
where target material 14 is perpendicular to substrate 12.
[0089] In performing a deposition, XY stage 9 was operated to move deposition region 27 on substrate 12 using the
method as shown in Figs. 7 and 8. The moving speed of substrate 12 was such that the speed in the direction parallel
to arrow 29 shown in Fig. 7 and the speed in the direction parallel to arrow 28 were both 5 mm/sec. Substrate 12 was
repeatedly scanned with deposition region 27, as shown in Figs. 7 and 8, thereby attaining a uniform thickness of
HoBCO superconductor film formed on the surface of substrate 12.
[0090] It is noted that the same deposition conditions were basically used for these three kinds of sample, except
the arrangement of the substrate. As the deposition conditions as used, the temperature of substrate 12 in the deposition
was 750°C. An oxygen gas atmosphere were introduced in chamber 2. The pressure within chamber 2 was set at
13.3Pa (100mTorr). The repetition frequency of laser light 16 was set at 20 Hz and the power of the laser light was set
at 700 mJ. In all of the sample as the comparative example and Samples 1 and 2 as the examples, the incident angle
θLT of laser light 16 with respect to the surface of target material 14 (see Figs. 3-5) was set at 45°. The deposition time
was 30 minutes for all of the samples.
[0091] For each of the sample as the comparative example and Samples 1 and 2 as the examples, which were
manufactured in this manner, a thickness of the formed oxide superconductor thin film, the number of particles in the
formed film, and a critical current density were measured. The results are shown in Table 1.

[0092] As can be seen from Table 1, the thickest film was obtained in the sample of the comparative example where
substrate 12 and target material 14 are arranged parallel to each other. In other words, based on that the deposition
time is consistently 30 minutes in any of the samples, the highest deposition rate was attained when substrate 12 and
target material 14 are parallel to each other as in the comparative example, and the deposition rate is reduced with
increasing inclination angle of the substrate with respect to the target material as Samples 1 and 2 of the examples.
[0093] Furthermore, the number of particles in the formed film is greatest in the comparative example, and it is
reduced in Samples 1 and 2 of the examples, accordingly. Therefore, it can be seen that it is effective to arrange the
surface of substrate 12 approximately perpendicular to the surface of target material 14 as in Sample 2 of the example,
in order to smooth significantly the surface of the formed film.
[0094] As in Sample 1 of the example where the substrate 12 and laser light 16 extend in the direction approximately
parallel to each other, substrate 12 does not interfere with the optical axis of laser light 16 even if substrate 12 is
arbitrarily moved in the direction parallel to the surface thereof. In other words, in principle, the arrangement as in
Sample 1 of the example allows substrate 12 to be increased in size without the constraints of the position of the optical
axis of laser light.

Table 1

Film thickness
(µm)

Number of particles
(Number /100 µm2)

Jc
(MA/cm2)

Others

Comparative Example 6.25 107 3.12 Substrate-target : parallel

Example Sample 1 4.01 53 3.15 Substrate-laser light :
parallel

Sample 2 1.13 3 3.08 Substrate-target:
perpendicular
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[0095] It is noted that all the comparative example, Samples 1 and 2 of the example have approximately equal critical
current density Jc and exhibit a good property.
[0096] In this way, using the film deposition apparatus shown in Fig. 1, it is possible to form a film on a substrate
under various deposition conditions from those as in the comparative example where the deposition rate has a highest
priority to those as in Sample 2 of the example where an significantly smooth surface of the deposited film is attained.

(Example 2)

[0097] An experimental deposition of HoBCO superconductor film was performed under the deposition conditions
basically similar to the deposition conditions in Samples 1 and 2 in Example 1. In this experimental deposition, the
deposition was performed under the condition with the varied angle θ between substrate 12 and target material 13.
Specifically, referring to Fig. 10, Sample 3 was prepared by performing a deposition with the angle θ of 60° between
the surface of target material 14 and the surface of substrate 12, and Sample 4 was prepared by performing a deposition
with the angle θ of 75°, while the angle of the optical axis of laser light 16 with respect to the surface of target material
14 was fixed at 45°. In any deposition step for forming Samples 1-4, substrate 12 can be moved arbitrarily in the
direction parallel to the surface thereof without blocking laser light 16. In other words, substrate 12 does not interfere
with laser light 16. As a result, an oxide superconductor thin film can be formed reliably on substrate 12 even when
substrate 12 has a larger size.
[0098] For the resulting Samples 3 and 4, in a manner similar to Example 1, a film thickness, the number of particles,
and a critical current density were measured. The results are shown in Table 2 with data of Samples 1 and 2.

[0099] As shown in Table 2, the thickness of the formed superconductor film is reduced with increasing angle θ
between the substrate and the target (in other words, the deposition rate is lowered). On the other hand, the number
of particles in the superconductor film is reduced. In any of the samples, critical current density Jc exhibits a sufficient
value.

(Example 3)

[0100] In the arrangement of target material 14, substrate 12 and laser light 16 as shown in Fig. 10, a sample as an
example was prepared where HoBCO superconductor film was formed on substrate 12 using a rectangular-shaped
lanthanum aluminate substrate having a width W of 5 cm and a length L of 20 cm as a substrate 12, with the angle θ
of 45° between target material 14 and substrate 12. In the deposition of the sample of the example, as described with
reference to Figs. 7 and 8, substrate 12 was moved in the plane parallel to the surface of substrate 12. The moving
speed of substrate 12 was such that both of the speed in the direction parallel to arrow 29 and the speed in the direction
parallel to arrow 28 in Fig. 7 were 5 mm/sec. The other deposition conditions were basically similar to the deposition
conditions for Sample 1 in Example 1.
[0101] A sample was prepared as a comparative example where a deposition was performed using the following
deposition conditions. The deposition conditions for the sample as the comparative example were similar to those in
the aforementioned example in regard of the substrate temperature in deposition, the atmosphere gas and pressure,
as well as the repetition frequency of laser and the laser power. On the other hand, as to the laser light applied on
target material 14, a beam homogenizer of an optical system was used to expand irradiation region of laser light applied
on the target material in order to form a deposition region larger than the width W in the shorter axial direction (the
width W direction) of substrate 12. The energy variation of the beam homogenizer is ± 5%, and a line beam having a
width of 7 cm can be obtained. In this manner, the size of plume 15 can be increased by irradiating the target material
with the line beam with a width of 7 cm. As described above, the substrate is sized to have a width W of 5 cm and a
length L of 20 cm. Therefore, the width of the deposition region on the substrate can be increased equivalently to the
width W of the substrate. Accordingly, using the aforementioned beam homogenizer, a deposition region having a width

Table 2

ID Angle between substrate and target
:θ(°)

Film thickness
(µm)

Number of particles
(Number/100µm2)

Jc
(MA/cm2)

Sample 1 45 4.01 53 3.15

Sample 3 60 3.16 37 3.14

Sample 4 75 2.51 21 3.13

Sample 2 90 1.13 3 3.08
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equivalent to the width W of the substrate (5 cm) was formed on substrate 12 in the comparative example. Substrate
12 was transferred only in the length L direction (only in a single-dimensional direction) with the arrangement of the
deposition region extending from the one end portion to the other end portion in the width W direction of the substrate.
In this way, in the sample as the comparative example, an oxide superconductor film was formed over the entire
substrate.
[0102] For each of the resulting samples in the example and the comparative example, a film thickness distribution
of the oxide superconductor film was measured. The results are shown in Table 3.

[0103] In Table 3, the shorter axial direction refers to the width W direction shown in Figs. 7 and 8, and the longer
axial direction refers to the length L direction shown in Figs 7 and 8. The thicknesses of the oxide superconductor film
were measured at six points A-F arranged at regular intervals in each of these directions. As a result, as can be seen
from Table 3, the sample of the example has a film thickness variation smaller than the comparative example.
[0104] For the same samples, critical current density Jc was measured at each of the points A-F shown in Table 3.
The results are shown in Table 4.

[0105] As can be seen from Table 4, both in the shorter axial direction and longer axial direction, the example of the
present invention has a critical current density Jc variation smaller than the comparative example.

(Example 4)

[0106] Using a rectangular-shaped sapphire substrate having a width W of 5 cm and a length L of 20 cm as substrate
12, samples as the example and the comparative example were prepared where a cerium oxide intermediate layer
was deposited on the sapphire substrate using laser ablation.
[0107] The deposition step for the cerium oxide intermediate layer in the sample of the example employed the ar-
rangement of target material 14, substrate 12 and laser light 16 which was similar to the arrangement in the deposition
step for the sample as the example in Example 3. As the deposition conditions, the substrate temperature in deposition
was 600°C, the atmosphere was argon gas, the pressure of the atmosphere was 13.3 Pa (100mTorr), the repetition
frequency of laser was 150 Hz, and the laser power was 600 mJ. In the deposition, substrate 12 was moved as shown
in Figs. 7 and 8 in the manner similar to the sample as the example in Example 3. The conditions such as the moving
speed at which substrate 12 is moved is similar to the conditions such as the moving speed of the substrate in the
sample of the example in Example 3.
[0108] In the deposition step for the cerium oxide intermediate layer in the sample of the comparative example, a
beam homogenizer was used in a manner similar to the comparative example in Example 3. The other deposition
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conditions were similar to the deposition conditions in the example in Example 4 described above.
[0109] For the resulting samples as the example and the comparative example, film thickness distributions were
measured. The results are shown in Table 5.

[0110] Referring to Table 5, the measurement was performed at six points of A-F arranged at regular intervals in
both of the shorter axial direction and the longer axial direction, similarly to Example 3. As can be seen from Table 5,
the example has a film thickness variation in the cerium oxide intermediate layer smaller than the comparative example.

(Example 5)

[0111] The sample of the example in Example 5 was prepared by forming HoBCO superconductor film on the cerium
oxide intermediate layer in the sample of the example in Example 4, under the deposition conditions similar to those
in the sample of the example in Example 3.
[0112] In addition, HoBCO superconductor film was formed on the cerium oxide intermediate layer in the sample of
the comparative example in Example 4, under the deposition conditions similar to those in the comparative example
in Example 3 (that is, the conditions using a beam homogenizer).
[0113] For each of the resulting samples in the example and the comparative example, a film thickness and critical
current density Jc were measured. The results are shown in Tables 6 and 7.
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[0114] As shown in Tables 6 and 7, for each of the comparative example and the example, the film thickness and
critical current density Jc were measured at the measurement points A-F arranged at regular intervals in each of the
shorter axial direction and the longer axial direction, similarly to Examples 3 and 4. As can be seen from Tables 6 and
7, the example has a film thickness variation smaller than the comparative example and also has a smaller critical
current density Jc variation.
[0115] The embodiments and examples disclosed here should be taken by way of illustration not by way of limitation.
The scope of the present invention is shown not in the embodiments and examples described above but in the claims,
and it is intended that the equivalents to the claims and all the modification within the scope should be embraced.

Industrial Applicability

[0116] As described above, the film deposition method and apparatus in accordance with the present invention can
be used as a method and apparatus for forming a film on a surface of a large-area substrate. In particular, it is useful
when an oxide superconductor thin film is formed on a surface of a large-area substrate.

Claims

1. A film deposition method of forming a film by scattering a deposition material from a surface of a target material
(14) and depositing the scattered deposition material onto a surface of a substrate (12), comprising:

a step of arranging said substrate (12) and said target material (14) such that the surface of said substrate
(12) forms an angle to the surface of the target material (14); and
a deposition step of forming said film on said substrate (12) in such a manner that an area of a surface of said
film is continuously increased in a two-dimensional direction, while moving a relative position of said substrate
(12) with respect to said target material (14).

2. The film deposition method according to claim 1, wherein an angle (θ) between the surface of said substrate (12)
and the surface of said target material (14) exceeds 0° and is equal to or less than 90°.

3. The film deposition method according to claim 1, wherein energy rays (16) are applied to the surface of said target
material (14) in order to scatter the deposition material from the surface of said target material (14).

4. The film deposition method according to claim 3, wherein an angle (θLT) between a path (25) of said energy rays
(16) and the surface of said target material (14) is smaller than an angle (θ) between the surface of said substrate
(12) and the surface of said target material (14).

5. The film deposition method according to claim 3, wherein a path (25) of said energy rays (16) is approximately
parallel to the surface of said substrate (12).

6. The film deposition method according to claim 1, further comprising an angle varying step of changing an angle
(θ) between the surface of said substrate (12) and the surface of said target material (14) by varying a relative
position of said substrate (12) with respect to said target material (14).

7. The film deposition method according to claim 1, wherein, in said deposition step, a moving direction in which a
relative position of said substrate (12) with respect to said target material (14) is moved is approximately parallel
to the surface of said substrate (12).

8. The film deposition method according to claim 1, wherein said film includes an oxide superconductor.

9. The film deposition method according to claim 8, wherein said oxide superconductor includes one kind selected
from the group consisting of an RE123-based oxide superconductor and a bismuth-based oxide superconductor.

10. The film deposition method according to claim 1, further comprising a step of forming an oxide superconductor on
said film, wherein

said film is an intermediate film positioned between said substrate (12) and said oxide superconductor.

11. The film deposition method according to claim 10, wherein said film includes at least one kind selected from the
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group consisting of yttria-stabilized zirconia, cerium oxide, magnesium oxide, and strontium titanate.

12. The film deposition method according to claim 1, wherein a material forming said substrate (12) includes at least
one selected from the group consisting of sapphire, lanthanum aluminate, strontium titanate, and LSAT.

13. A film deposition apparatus (1) to form a thin film by scattering a deposition material from a surface of a target
material (14) and depositing the scattered deposition material onto a surface of a substrate (12), comprising

varying means (4-6, 9-11, 21) for varying an angle of the surface of said substrate (12) to the surface of the
target material (14).

14. The film deposition apparatus according to claim 13, wherein said varying means (4-6, 9-11, 21) includes
an arc-shaped guide member (4), and
a substrate holding member (11) movably mounted to said guide member (4) for holding said substrate (12).

15. The film deposition apparatus according to claim 13 further comprising moving means (9) for moving a relative
position of said substrate (12) with respect to said target material (14).

16. The film deposition apparatus according to claim 15, wherein said moving means (9) moves the relative position
of said substrate (12) with respect to said target material (14) in the direction approximately parallel to the surface
of said substrate (12).

17. The film deposition apparatus according to claim 13 further comprising irradiation means for irradiating the surface
of said target material (14) with energy rays (16) in order to scatter the deposition material from the surface of said
target material (14).
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