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Description

Field of the Invention

[0001] The present invention relates to a sputtering
cathode and a sputtering device, and is suitable for
use in the manufacture of various devices for forming
thin films by way of sputtering methods.

Background of the Invention

[0002] Conventionally, vacuum deposition devices are
often used in forming films of electrode materials, in
processes for forming electrodes in various devices such
as semiconductor devices, solar cells, liquid crystal dis-
plays, and organic EL displays. However, because it is
difficult to control the film thickness distribution, both
spatially and temporally, in the vacuum deposition meth-
od, there has been a demand for electrode material film
formation by way of a sputtering method.
[0003] Conventionally, parallel-plate magnetron sput-
tering devices, RF sputtering devices, facing-target sput-
tering devices, and the like have been known as sputter-
ing devices. With facing-target sputtering devices, two
equally sized circular, square, or rectangular targets
made of the same material face each other, in parallel,
a sputtering gas is introduced into the space therebetw-
een, and discharge is performed, whereby film formation
is performed by sputtering the targets (see, for example,
Non-patent Documents 1 to 3). These facing-target sput-
tering devices produce a sputtering phenomenon by
confining the plasma to the space that lies between
two targets, which is to say, in a space surrounded by
the two targets and magnetic force lines formed at the
outer periphery. Sputtering cathodes of this type have an
advantage in that the target is disposed perpendicular to
the substrate, so that reflected neutral process-gas par-
ticles can be prevented from bombarding the surface of
the film-receiving substrate.
[0004] However, the facing-target sputtering device
described above has a disadvantage in that the plasma
density between the two facing targets is low, such that
sufficiently high film forming speeds cannot be achieved.
[0005] In order to solve these problems, the present
inventor has proposed a sputtering cathode having a
sputtering target, the shape of which is tubular, having
a pair of mutually facing long-side portions, in which the
erosion surfaces face inward (see Patent Document 1).
With this sputtering cathode, film formation can be per-
formed on a flat film-receiving body, at a sufficiently high
film forming speed, and with low bombardment.

Prior art documents

[0006] PATENT DOCUMENTS[0006] WO
2017/169029 A1 andEP 3 438 322A1 disclose a sputter-
ing cathode having a sputtering target having a tubular
shape in which the cross-sectional shape thereof has a

pair of long side sections facing each other, and an
erosion surface facing inward. Using the sputtering tar-
get, while moving a body to be film-formed, which has a
film formation region having a narrower width than the
long side sections of the sputtering target, parallel to one
end face of the sputtering target and at a constant speed
in a direction perpendicular to the long side sections
above a space surrounded by the sputtering target, dis-
charge is performed such that a plasma circulating along
the inner surface of the sputtering target is generated,
and the inner surface of the long side sections of the
sputtering target is sputtered by ions in the plasma gen-
erated by a sputtering gas to perform film formation in the
film formation region of the body to be film-formed.
[0007] JP 2018 35392 A discloses a processing roller
wound with a film to be processed by film deposition on a
roll-to-roll basis having, at least at an effective part, a
cylinder part which has a flowpassage formed inside and
is made of copper, copper alloy, aluminum, or aluminum
alloy. On a surface of the cylinder part, a coating layer is
formed as needed which is formed of a material higher in
hardness than thematerial forming the cylinder part. The
flow passage inside the cylinder part is typically in a
shape which is bent zigzag having a part extending
linearly in a circumferential direction of the cylinder part
and a folded part, and has a rectangular cross-sectional
shape parallel with the center axis of the cylinder part.
[0008] JP 6 151401 B1 (Patent Document 1) discloses
a sputtering cathode, a sputtering apparatus, and a
method for manufacturing a film-formed body, which
are capable of forming a film on a plate-shaped film-
formed body at a sufficiently high film-forming rate and
with a low impact. A sputtering cathode has a tubular
cross-sectional shape with a pair of long sides facing
each other, and has a sputtering target with an erosion
surface facing inward. Using this sputtering cathode, a
film-forming object having a film-forming region narrower
than the long side of the sputtering target above the
space surrounded by the sputtering target is parallel to
one end surface of the sputtering target and the long side
is While moving at a constant speed in a direction per-
pendicular to the sputtering target, discharge is per-
formed so as to generate plasma that circulates along
the inner surface of the sputtering target, and the inner
surface of the long side of the sputtering target is caused
by ions in the plasma generated by the sputtering gas.
Sputtering is performed to form a film on a film-forming
region of the object to be film-formed.
[0009] JP 2001 081550 A discloses amagnetron sput-
tering apparatus for forming an optical thin film on a
substrate, the sputtering target having a concave erosion
surface with a substantially elliptic cylinder shape.

NON-PATENT DOCUMENTS

[0010]

[NON-PATENTDOCUMENT1] J.Vac.Soc. Jpn.Vol.
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44, No. 9, 2001, pp. 808‑814
[NON-PATENT DOCUMENT 2] Academic Reports,
the Faculty of Engineering, Tokyo Polytechnic Uni-
versity, Vol. 30 No. 1 (2007) pp. 51‑58
[NON-PATENT DOCUMENT 3] ULVAC TECHNI-
CAL JOURNAL No. 64, 2006, pp. 18‑22

SUMMARY OF THE INVENTION

Problems Solved by the Invention

[0011] However, the usage efficiency of the sputtering
target in the sputtering cathode according to Patent
Document 1 is not necessarily sufficient, and thus there
is room for improvement. Meanwhile, it could not be said
that the sputtering device according to Patent Document
1 was necessarily readily able to support, for example,
situations in which a thin film is to be formed on a large-
area substrate in a stationary state.
[0012] Here, an object of the disclosure, which is not
part of the invention, is to provide a sputtering cathode
with which film formation can be performed on various
film-receiving bodies, including flat film-receiving bodies,
at a sufficiently high film forming speed, and with low
bombardment, and which moreover has high sputtering
target usageefficiency, and toprovideasputteringdevice
using this sputtering cathode.
[0013] An object of the disclosure, which is compatible
with the invention, is to provide a sputtering cathode with
which film formation can be performed on various film-
receiving bodies, including flat film-receiving bodies, at a
sufficiently high film forming speed, and with low bom-
bardment, and which moreover can perform sputtering
stably by way of preventing deposition of foreign matter
such as dust, which is produced during film formation, on
the sputtering target, and to provide a sputtering device
using this sputtering cathode.
[0014] The aforementioned and other objects will be
apparent from the description in the present specifica-
tion, referring to the accompanying drawings.

Means for Solving the Problems

[0015] The invention is defined by the claims. In order
to achieve the aforementioned objects, this invention is a
sputtering cathode as defined in claim 1.
[0016] Here, the rotary target has a cylindrical shape
and isprovidedsoas tobe rotatableabout thecentral axis
thereof by a predetermined rotation mechanism. Typi-
cally, the rotary target is configured such that a magnetic
circuit is provided at the interior and cooling water can
flow at the interior. The magnetic circuit typically has a
rectangular cross-sectional shape with long sides paral-
lel to the central axes of the rotary targets and perpendi-
cular to the radial directions of the rotary targets. In this
case, in themagnetic circuit providedat the interior of one
rotary target and in the magnetic circuit provided at the
interior of theother rotary target, theangleof inclinationof

the short side of the rectangular cross-sectional shape
with respect to the plane including the central axis of one
rotary target and the central axis of the other rotary target
is 0 ormore and less than360degrees, andby setting the
angle of inclination to any angle within this range, a good
balance canbe achieved between increased film forming
speed and a low damage.
[0017] In this invention, with a view to ensuring a
sufficient number of sputtered particles directed to the
space above the sputtering target when the sputtering
cathode is usedmounted in a sputtering device, and with
a view to preventing reflected neutral process gas par-
ticles from impacting and bombarding the film-receiving
body, typically, the distance between the rotary targets
constituting the pair of mutually facing long-side portions
of the sputtering target is preferably 50 mm to 150 mm,
more preferably 60 mm to 100 mm, and most preferably
70 mm to 90 mm. Furthermore, ratio of the length of the
long-side portions to the distance between the rotary
targets constituting the pair of long-side portions of the
sputtering target is typically 2 ormore, andpreferably 5 or
more. There is no particular upper limit for this ratio, but it
is generally no greater than 40.
[0018] The rotary targets constituting the pair of long
side portions of the sputtering target are typically mu-
tually parallel, but there is no limitation to this, and these
may be mutually inclined, but being not part of the inven-
tion. The cross-sectional shape of the sputtering target is
typically such that the pair of long-side portions are
mutually parallel, and a pair of mutually facing short-side
portions are provided, which are perpendicular to the
long-side portions. In this case, the sputtering target
has a rectangular tubular shape having a rectangular
cross-section. The cross-sectional shape of the sputter-
ing target may comprise, for example, a pair of mutually
facing curved surface portions (for example, semicircular
portions), the two ends of which project outwardly in a
direction parallel to the long-side portions. A sputtering
target having a rectangular tubular shape having a rec-
tangular cross-section typically comprises a pair of rotary
targets constituting a pair of long-side portions, and two
flat plates forming a pair of mutually facing short-side
portions perpendicular to the long-side portions. In this
case, these rotary targets and flat plates are separately
fabricated, and the sputtering target can be assembled
by arranging these in the form of a rectangular tube. The
rotary targets constituting the pair of long-side portions
are generally made of a material having the same com-
position as that of the material with which the film is to be
formed, but these may be made of mutually different
materials. For example, by making a first rotary target
from a material A, making a second rotary target from a
material B, and causing the sputtered particle flux from
the first rotary target and the sputtered particle flux from
the second rotary target to be incident on the film-receiv-
ing body, a thin film comprising A and B can be formed,
and by using materials with two or more components as
the materials A and B, a thin film comprising a multi-
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component material can be formed, as necessary. More
specifically, for example, by making a first rotary target
fromametalM1 comprising a single element andmaking
a second rotary target from a metal M2 comprising a
single element, a binary alloy thin film comprisingM1and
M2canbe formed. Thismeans that a film formingmethod
similar to the binary deposition method in vacuum de-
position methods can be achieved with a sputtering
device. Further, for example, by inserting a removable
shielding plate between the film-receiving body and a
sputtering target, for example, so as to block the sput-
tered particle flux from the second rotary target, and
moving the film-receiving body while the sputtered par-
ticle flux from the first rotary target is incident on the film-
receiving body, a thin film comprising A can be first
formed on the film-receiving body, and then, by shielding
the sputtered particle flux from the first the rotary target
and causing the sputtered particle flux from the second
rotary target to be incident on the film-receiving body,
while moving the film receiving body in the opposite
direction, a thin film comprising B can be formed on
the film receiving body. Thus, a thin film having a two-
layer structure of a thin film comprising A and a thin film
comprising B can be formed on the film-receiving body.
[0019] In general, the sputtered particle flux from por-
tions other than the pair of long-side portions of the
sputtering target is not actively used for film formation,
but in order to prevent contamination with unintended
elements, the portions other than the pair of long-side
portions of the sputtering target are typically made of the
same material as the long-side portions. However, if the
sputtered particle flux from the portions other than the
pair of long-side portions of the sputtering target are
deliberately not used for film formation, the portions other
than the rotary target constituting the pair of long-side
portions of the sputtering target may be made of a ma-
terial different from that of the rotary targets constituting
the pair of long-side portions.
[0020] Since the sputtered particle flux can be ex-
tracted from the sputtering target, not only above, but
alsobelow thespacesurroundedby thesputtering target,
as necessary, film formation may also be performed on a
film formation region of another film-receiving body,while
moving this film-receiving body with respect to the sput-
tering target at a constant speed, in a direction traversing
the long-side portion of the sputtering target, below the
space surrounded by the sputtering target.
[0021] Furthermore,

a sputtering cathode, not being part of the invention,
has a sputtering target, the cross-sectional shape of
which is tubular, havingapair ofmutually facing long-
side portions, and having an erosion surface facing
inward, a magnetic circuit being provided along the
sputtering target,
characterized in that at least one of two portions of
the sputtering target other than the pair of long-side
portions has a shape which is curved, relative to a

plane or curve including the pair of long-side por-
tions, forming a curved surface in which the erosion
surface is twisted, from one long-side portion side of
the pair of long-side portions, and extending to the
other long-side portion side of the pair of long-side
portions.

[0022] In an embodiment not forming part of this in-
vention, at least one of two portions of the sputtering
target other than the pair of long-side portions is curved,
relative to a plane or curve including the pair of long-side
portions, forming a curved surface in which the erosion
surface is twisted, from one long-side portion side of the
pair of long-sideportions, andextending to theother long-
side portion side of the pair of long-side portions, and is,
midway, oriented in the vertical direction or in the front-
rear direction, so that foreignmatter produced during film
formation can be prevented from being deposited on the
sputtering target. Thepair of long-side portionsmayeach
be formed from a flat plate. Other features, unless con-
trary to the nature thereof, shall be deemed to have been
explained in connection with the aspect of the disclosure
described above.
[0023] Furthermore,
a sputtering cathode assembly, not forming part of the
invention, is characterized in that a plurality of sputtering
cathodes having a sputtering target, the cross-sectional
shape of which is tubular, having a pair of mutually facing
long-side portions, and having an erosion surface facing
inward, a magnetic circuit being provided along the sput-
tering target, are arranged in parallel.
[0024] The plurality of sputtering cathodes may be
arranged in parallel, in a direction parallel to planes
including the pair of long-side portions (typically in the
horizontal direction), or may be arranged in parallel, in a
direction perpendicular to planes including the pair of
long-side portions (typically in the vertical direction),
which may be selected as necessary.
[0025] Each sputtering cathode typically comprises a
first flat plate and a second flat plate constituting a pair of
long-side portions, and a third flat plate and a fourth flat
plate constituting a pair of mutually facing short-side
portions perpendicular to the long-side portions. In this
case, this first flat plate, second flat plate, third flat plate
and fourth flat plate are separately fabricated, and the
sputtering target can be assembled by arranging these in
the form of a rectangular tube. The first flat plate and the
second flat plate constituting the pair of long-side por-
tions are generally made of a material having the same
composition as that of thematerialwithwhich the film is to
be formed, but these may be made of mutually different
materials. For example, bymaking the first flat plate from
amaterial A, making the second flat plate from amaterial
B, and causing the sputtered particle flux from the first flat
plate and the sputtered particle flux from the second flat
plate to be incident on the film-receiving body, a thin film
comprising A and B can be formed, and by using materi-
als with two or more components as the materials A and
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B, a thin film comprising a multicomponent material can
be formed, as necessary. More specifically, for example,
bymaking the first flat plate fromametalM1 comprising a
single element and making the second flat plate from a
metal M2 comprising of a single element, a binary alloy
thin film comprising M1 andM2 can be formed. Typically,
the polarities of magnetic circuits of a pair of mutually
adjacent sputtering cathodes are mutually the same.
That is to say, if the magnetic circuit in one of the pair
of mutually adjacent sputtering target surfaces is an N-
pole, the corresponding portion of the other adjacent
magnetic circuit is also an N-pole.
[0026] If necessary, the pair of long-side portions may
each comprise rotary targets. Furthermore, if necessary,
eachsputtering cathodehasanauxiliarymagneticpole in
the vicinity of a portion of the sputtering target facing the
space where the film formation is to be performed. Other
features, unless contrary to the nature thereof, shall be
deemed to have been explained in connection with the
two aspects of the invention described above.
[0027] Furthermore, this invention is a sputtering de-
vice, in accordance with claim 2, having a sputtering
cathode as described above and an anode provided so
as to expose the erosion surface of the sputtering target.
[0028] Furthermore, a sputtering device ,not forming
part of the invention, is characterized by having

a sputtering cathode having a sputtering target, the
cross-sectional shape of which is tubular, having a
pair ofmutually facing long-side portions, andhaving
an erosion surface facing inward, a magnetic circuit
being provided along the sputtering target, wherein
at least one of two portions of the sputtering target
other than the pair of long-side portions has a shape
which is curved, relative to a plane or curve including
the pair of long-side portions, forming a curved sur-
face inwhich the erosion surface is twisted, fromone
long-side portion side of the pair of long-side por-
tions, and extending to the other long-side portion
side of the pair of long-side portions, and
an anode provided so as to expose the erosion sur-
face of the sputtering target.

[0029] Furthermore, a sputtering device ,not forming
part of the invention, is characterized by having:

a sputtering cathode assembly in which a plurality of
sputtering cathodes having a sputtering target, the
cross-sectional shape of which is tubular, having a
pair ofmutually facing long-side portions, andhaving
an erosion surface facing inward, a magnetic circuit
being provided along the sputtering target, are ar-
ranged in parallel, and
anodesprovided soas to expose theerosion surface
of each of the sputtering targets.

[0030] Here, an AC power source is typically con-
nected between two mutually adjacent sputtering cath-

odesamong theplurality of sputtering cathodesarranged
in parallel, and an AC voltage is applied thereto. Thus,
two mutually adjacent sputtering cathodes can alter-
nately repeat between negative electrode and positive
electrode, whereby sputtering can be alternately per-
formed, and an anode loss phenomenon, which is
caused by the deposition of an insulating film on the
anode, can be avoided, thereby achieving reactive sput-
tering film formation having long-term stability, with low
damage.
[0031] With each of the sputtering devices described
above, film formationcanbeperformed inafilm formation
region on the film-receiving body by sputtering the inner
surfaces of the long-side portions of the sputtering tar-
gets with ions in plasma generated from sputtering gas,
by performing discharge so as to generate a plasma that
circulates along the inner surfaces of the sputtering tar-
gets, while moving a film receiving body having a film
formation region with a width that is narrower than the
long-side portions of the sputtering target, relative to the
sputtering target, above a space surrounded by the
sputtering target, at a constant speed, in a direction that
traverses the long sides of the sputtering targets, or with
this in a stationary state above the space surrounded by
the sputtering target. In the invention for the sputtering
device described above, other features, unless contrary
to the nature thereof, shall be deemed to have been
explained in connection with the aspects of the invention
for the sputtering cathode described above.
[0032] Furthermore, in the invention for the sputtering
cathode, and the sputtering device described above, in
order to prevent positive ions generated from the sputter-
ing gas from bombarding the film-receiving body during
film formation and thereby causing damage to the film-
receiving body and the thin film formed on the film-re-
ceiving body, preferably, the voltage applied between the
sputtering cathode and the anode is a pulse waveform,
and the high level of the voltage pulse at the sputtering
cathode is 0 V, or a negative voltage V0‑, the absolute
value of which is about 50 Vor less, and the low level is a
negative voltageVL‑, the absolute value ofwhich is about
100 Vor more, whereby a positive voltage is not applied.

Effects of the Invention

[0033] According to this invention, the sputtering target
of the sputtering cathode of claim 1 has a pair of mutually
facing long-side portions, which is to say, a shape sur-
rounded by four sides, and the erosion surface faces
inward, whereby, when the sputtering cathode is
mounted in the sputtering device and discharge is per-
formed, plasma which circulates at the inner surface of
the sputtering target can be generated at the erosion
surface side of the sputtering target. Therefore, the film
formingspeedcanbesufficiently increasedby increasing
the plasma density. Furthermore, since the location in
which themajority of the plasma is generated is limited to
the vicinity of the surface of the sputtering target, it is
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possible to minimize the risk of damage occurring due to
irradiation of the film-receiving body by light emitted from
the plasma. Furthermore, in particular, since the pair of
long-side portions each comprise a rotary target, sputter-
ing can be performed while rotating the rotary targets,
and therefore the usage efficiency of the sputtering tar-
gets is high. Furthermore, in particular, with a sputtering
cathode assembly in which a plurality of sputtering cath-
odes are arranged in parallel, film formation can be
performed even with a film-receiving body having a large
area such as covers the assembly of these sputtering
cathodes, and when arranged in parallel, in a direction
perpendicular to a plane including the pair of long-side
portions, and typically thevertical direction, film formation
can be performed which simultaneously uses sputtering
particles from a plurality of sputtering targets, whereby
the film forming speed can be greatly increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034]

[FIG. 1] This is a longitudinal sectional view showing
a sputtering device according to a first embodiment
not being part of this invention.
[FIG. 2] This is a plan view showing a sputtering
cathodeassembly in the sputtering device according
to the first embodiment.
[FIG. 3] This is a longitudinal sectional view showing
the manner in which plasma is generated near the
surface of each sputtering target in the sputtering
device according to the first embodiment.
[FIG. 4] This is a plan view showing the manner in
which plasma is generated near the surface of each
sputtering target in the sputtering device according
to the first embodiment.
[FIG. 5] This is a longitudinal sectional view showing
amethod of forming a thin filmona substratewith the
sputtering device according to the first embodiment.
[FIG. 6] This is a longitudinal sectional view showing
amethod of forming a thin filmona substratewith the
sputtering device according to the first embodiment.
[FIG. 7] This is a longitudinal sectional view showing
amethod of forming a thin filmona substratewith the
sputtering device according to the first embodiment.
[FIG. 8] This is a longitudinal sectional view showing
amethod of forming a thin filmona substratewith the
sputtering device according to the first embodiment.
[FIG. 9] This is a longitudinal sectional view showing
amethod of forming a thin filmona substratewith the
sputtering device according to the first embodiment.
[FIG. 10] This is a plan view showing the structure of
a sputtering cathode and an anode as an example of
the sputtering device according to the first embodi-
ment.
[FIG. 11] This is a plan view showing a sputtering
cathode constituting a sputtering cathode assembly
in a sputtering device according to a second embo-

diment not being part of this invention.
[FIG. 12] This is a longitudinal sectional view show-
ing a sputtering device according to a third embodi-
ment not being part of this invention.
[FIG. 13] This is a plan view showing a sputtering
cathode assembly in a sputtering device according
to the third embodiment.
[FIG. 14] This is a longitudinal sectional view show-
ing a sputtering device according to a fourth embodi-
ment not being part of this invention.
[FIG. 15] This is a plan view showing a sputtering
cathode in a sputteringdevice according to the fourth
embodiment.
[FIG. 16] This is a cross-sectional view along the line
W-W in FIG. 15.
[FIG. 17] This is a cross-sectional view serving to
describe the angles of inclination of permanentmag-
nets providedwithin the rotary targets of a sputtering
cathode in the sputtering device according to the
fourth embodiment.
[FIG. 18] This is a plan view showing a sputtering
cathode in a sputtering device according to a fifth
embodiment forming part of this invention.
[FIG. 19] This is a longitudinal sectional view show-
ing a sputtering device according to a sixth embodi-
ment not being part of this invention.
[FIG. 20] This is a plan view showing a sputtering
cathode in the sputtering device according to the
sixth embodiment.
[FIG. 21] This is a longitudinal sectional view show-
ing a sputtering device according to a seventh em-
bodiment not being part of this invention.
[FIG. 22] This is a perspective view showing a sput-
tering target in a sputtering cathode in the sputtering
device according the seventh embodiment.
[FIG. 23] This is a schematic drawing showing vol-
tage pulse waveforms for a pulse power supply in a
sputtering device according to an eighth embodi-
ment forming part of this invention.

MODE FOR CARRYING OUT THE INVENTION

[0035] Hereafter, modes for carrying out the invention
(hereinafter referred to as "embodiments") will be de-
scribed with reference to the drawings.

<First Embodiment>

[Sputtering Device]

[0036] FIGS. 1 and 2 are a longitudinal cross-sectional
viewandaplan viewshowing asputtering device accord-
ing to the first embodiment, which is not part of the
invention, which show the configuration in the vicinity
of a sputtering cathode assembly provided inside a va-
cuum vessel of the sputtering device. FIG. 1 is a cross-
sectional view along the line X-X in FIG. 2.
[0037] As shown in FIG. 1 and FIG. 2, in this sputtering
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device, a plurality of sputtering cathodes are arranged in
parallel on a horizontal plane, and a sputtering cathode
assembly is formed by these sputtering cathodes. The
numberof sputtering cathodesconstituting the sputtering
cathode assembly is selected as appropriate, in accor-
dancewith the size of the substrate on which the film is to
be formed, themethodwithwhich the film is to be formed,
and the like. In FIG. 1 and FIG. 2, only one mutually
adjacent pair of sputtering cathodes 1 and 2 is shown, by
way of example, but the there is no limitation to this. The
spacing between the sputtering cathodes 1 and 2 is
selected as appropriate, in accordance with the size of
the substrate on which the film is to be formed and the
methodwithwhich thefilm is tobe formed. If threeormore
sputtering cathodes constitute the sputtering cathode
assembly, the spacing between the sputtering cathodes
is generally equal, but this does not necessarily have to
be equal, and in such cases, the spacing is selected as
required.
[0038] The sputtering cathode 1 has: a sputtering tar-
get 10 having a rectangular tubular shape having a
rectangular cross-section and erosion surfaces facing
inward, permanent magnets 20 provided outside the
sputtering target 10, and a yoke 30 provided outside
the permanent magnets 20. The sputtering target 10,
the permanent magnets 20, and the yoke 30 form the
sputtering cathode 1. The sputtering cathode 1 is gen-
erally fixed to the vacuum vessel in an electrically insu-
lated manner. A magnetic circuit is formed by the perma-
nent magnets 20 and the yoke 30. The polarities of the
permanent magnets 20 are as shown in FIG. 1, but the
polaritiesmayalso be respectively the exact opposites. A
cooling backing plate is preferably provided between the
sputtering target 10 and the permanent magnets 20, and
cooling water, for example, flows in a flow path provided
inside the backing plate. An anode 40 having an L-
shaped cross-section is provided in the vicinity of the
lower end of a rectangular parallelepiped space sur-
rounded by the sputtering target 10 so that the erosion
surfaceof the sputtering target 10 is exposed. This anode
40 is generally connected to the grounded vacuum ves-
sel. Furthermore, a light blocking shield 50 having an L-
shaped cross-section is provided in the vicinity of the
upper end of the rectangular parallelepiped space sur-
rounded by the sputtering target 10 so that the erosion
surface of the sputtering target 10 is exposed. The light
blocking shield 50 is formed from a conductor, and typi-
cally from a metal. The light blocking shield 50 also
serves as an anode and is generally connected to the
grounded vacuum vessel, in the same manner as the
anode 40. An auxiliary magnetic pole 55 having an L-
shaped cross section is provided between the light block-
ing shield 50and the sputtering target 10, so as to expose
the erosion surface of the sputtering target 10. The
auxiliary magnetic pole 55 serves to prevent magnetic
force lines formed by the magnetic circuit, which is
formed by the permanent magnets 20 and the yoke 30,
from leaking into the space above the sputtering cathode

1, where the film formation is to be performed, and the
arrangement of this magnetic pole is selected so as to
cancel out magnetic force lines that leak above the
sputtering cathode 1.
[0039] The sputtering cathode 2 is the same as the
sputtering cathode 1 except that the polarities of the
permanent magnets 20 are opposite to the polarities of
the permanentmagnets 20 of the sputtering cathode 1as
shown in FIG. 1. The same is true in cases where there
are other sputtering cathodes, with a pair of mutually
adjacent sputtering cathodes being mutually identical,
except that the permanent magnets 20 have mutually
opposite polarities, and having a mutually identical or-
ientation. Since the polarities of the permanent magnets
20 in the pair of mutually adjacent sputtering cathodes
are thus mutually opposite, due to the magnetic force
lines formed by the magnetic circuits, which are formed
by the permanent magnets 20 and the yokes 30, when a
pair of AC sputtering powers are applied to both sputter-
ing cathodes, as shown in FIG. 1, plasma moving to the
adjacent electrode is confined to the space below the
sputtering cathode assembly, and plasma leakage to the
space in which the film formation above the sputtering
cathode assembly is performed can be effectively pre-
vented. Further, a separate auxiliary magnetic pole may
be used in the lower space to make the plasma move-
ment to the adjacent sputtering cathode more effective.
[0040] As shown in FIG. 2, where a is the distance
betweenapair ofmutually facing long-sideportionsof the
sputtering target 10 of each sputtering cathode constitut-
ing the sputtering cathode assembly, and b is the dis-
tance between a pair of mutually facing short-side por-
tions of the sputtering target 10, b/a is selected to be 2 or
more, and is generally selected to be 40 or less, but is not
limited thereto. a is generally selected from50mm to 150
mm, but is not limited to this thereto.
[0041] Asshown inFIG. 1, in this sputteringdevice, film
formation is performed on a substrate S (film-receiving
body), which is held by a non-illustrated predetermined
transport mechanism, in a space above the sputtering
cathode assembly. The film formation may be performed
while the substrate S is being moved with respect to the
sputtering targets 10 of the sputtering cathodes, in a
direction traversing the long-side portions of the sputter-
ing targets 10, typically in a direction parallel to the upper
end faces of the sputtering targets 10 and perpendicular
to the long-side portions of the sputtering targets 10, and
typically at a constant speed, or may be performed in a
stationary state with the substrate S stationary above the
sputtering cathode assembly. The width of the film for-
mation region on the substrate S, in the direction parallel
to the long-side portion of the sputtering target 10, is
selected to be less than b so that, during film formation,
this lies between the pair of mutually facing short-side
portionson the insideof the sputtering target 10. If the film
formation is to be performed on the entire surface of the
substrate S, the width of the film formation region of the
substrate S coincides with the width of the substrate S.
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The substrate S may basically be of any kind, and is not
particularly limited. The substrate Smay be in the form of
a long film,woundona roll, as used in so-called roll-to-roll
processes.

[Film Forming Method using the Sputtering Device]

[0042] Before film formation, the substrate S is located
at a position sufficiently far from the top of the space
surrounded by the sputtering target 10.
[0043] After the vacuum vessel is evacuated to a high
vacuum by a vacuum pump, Ar gas is introduced, as a
sputtering gas, into the space surrounded by the sputter-
ing target 10, and an AC voltage necessary for plasma
generation is applied between the anodes 40 and the
sputteringcathodes1and2, fromapredeterminedpower
supply. Typically, the anodes40aregrounded, andahigh
AC voltage (for example, ‑400 V) is applied between the
sputtering cathode 1 and the sputtering cathode 2. Thus,
while a negative high voltage is applied to the sputtering
cathode 1, a plasma 60 is generated in the vicinity of the
surface of the sputtering target 10,which circulates along
the inner surface of the sputtering target 10, as shown in
FIGS. 3 and 4. The plasma 60 is not generated while a
negative high voltage is not applied to the sputtering
cathode 1. Furthermore, while a negative high voltage
is applied to the sputtering cathode 2, a plasma 60 is
generated in the vicinity of the surface of the sputtering
target 10 of the sputtering cathode 2, which circulates
along the inner surface of the sputtering target 10 of the
sputtering cathode 2. The plasma 60 is not generated
while a negative high voltage is not applied to the sputter-
ingcathode2.Asshown inFIG.3andFIG.4, asa result of
sputtering the sputtering target 10 with Ar ions in the
plasma 60 circulating along the inner surface of the
sputtering target 10, atoms comprised by the sputtering
target 10 are ejected upward from the space surrounded
by the sputtering target 10.At this time, atomsareejected
from all parts of the erosion surface of the sputtering
target 10 near the plasma 60, but atoms that are ejected
from the erosion surface of the short side portion of the
inside of the sputtering target 10 are essentially not used
for film formation. Therefore, horizontal shielding plates
may be provided above the sputtering target 10 so as to
shield both end portions, in the long side direction, of the
sputtering target 10, so that atoms ejected from the
erosion surfaces of the short-side portions of the sputter-
ing target 10 do not reach the substrate S during film
formation. Alternatively, the width b of the sputtering
target 10 in the longitudinal direction may be made suffi-
ciently greater than the width of the substrate S, so that
atoms ejected from the erosion surfaces on the short-
side portions of the sputtering target 10 do not reach the
substrateSduringfilm formation.Asshown inFIG.5, asa
result of some of the atoms ejected from the sputtering
target 10 being shielded by the light blocking shield 50,
sputtered particle fluxes 70, 80 are produced from the
erosion surfaces of the long-side portions of the sputter-

ing target 10. The sputtered particle fluxes 70, 80 have
substantially uniform intensity distributions in the long-
itudinal direction of the sputtering target 10. Meanwhile,
while a negative high voltage is applied to the sputtering
cathode 2, a plasma 60 is generated in the vicinity of the
surface of the sputtering target 10,which circulates along
the inner surface of the sputtering target 10, as shown in
FIGS. 3 and 4, and as a result, sputtering is performed by
the sputtered particle fluxes 70, 80. The plasma 60 is not
generated while a negative high voltage is not applied to
the sputtering cathode 1, and sputtering does not occur.
That is to say, as can be understood from the foregoing
description, the sputtering cathode 1 and the sputtering
cathode 2 are used alternately.
[0044] First, a case inwhich film formation is performed
while moving the substrate S will be described.
[0045] When stable sputtered particle fluxes 70, 80
from the sputtering targets 10 of the sputtering cathodes
1, 2 havebeenproduced, film formation is performedwith
the sputtering particle fluxes 70, 80, while moving the
substrate S with respect to the sputtering target 10 of the
sputtering cathode 2 at a constant speed, in the direction
traversing the long-side portions of the sputtering target
10. When the substrate S moves above the space sur-
rounded by the sputtering target 10, first, the sputtered
particle flux 70 is incident on the substrate S, and film
formation begins. FIG. 6 shows the situation at the point
in time when the leading edge of the substrate S has
approached above the vicinity of the center of the space
surrounded by the sputtering target 10. At this point in
time, the sputtered particle flux 80 does not contribute to
film formation. When the substrate S moves further, and
the sputtered particle flux 80 is incident thereon, the
sputtered particle flux 80 also contributes to film forma-
tion, in addition to the sputtered particle flux 70.When the
substrate S moves further and reaches the sputtering
cathode 1, film formation is similarly carried out by the
sputtered particle fluxes 80 and 70 produced with the
sputtering target 10 of the sputtering cathode 1. FIG. 7
shows the situation in which the substrate S has moved
further so as to havemoved directly above the sputtering
cathode assembly. As shown in FIG. 7, the sputtered
particle fluxes70, 80producedwith the sputtering targets
10 of the sputtering cathodes 1 and 2 are incident on the
substrate S, whereby film formation is performed. The
substrateS ismoved in thismannerwhile film formation is
performed. Then, as shown in FIG. 8, the substrate S is
fully distanced from above the sputtering cathode as-
sembly, moving to a position at which the sputtered
particle fluxes 70 and 80 are not incident on the substrate
S.A thin filmF is formedon thesubstrateS in thismanner.
[0046] Next, a case in which film formation is per-
formed without moving the substrate S, which is to say,
a case in which static film formation is performed, will be
described.
[0047] In this case, it is assumed that the substrate S
has a size that covers a plurality of sputtering cathodes,
as shown in FIG. 9. A shutter (not shown) for preventing
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the sputtered particle fluxes 70, 80 frombeing incident on
the substrate S can be inserted in the space between the
substrateSand the sputtering cathodes.At a point in time
atwhich, with the shutter inserted into the space between
the substrate S and the sputtering cathodes, stable sput-
tered particle fluxes 70 and 80 are produced from the
sputtering cathodes, the shutter is moved out of the
space between the substrate S and the sputtering cath-
odes. At this point in time, the sputtered particle fluxes 80
and 70 are incident on the substrate S, and film formation
begins. By performing sputtering in this manner for the
required time, a thin filmF is formed on the substrate S by
way of static film formation. Here, the distance between
the opposed target surfaces, the distance between the
end of target and the substrate, and the spacing between
adjacent cathodes are set to optimum values.

(Example of the Sputtering Cathode and Anode in the
Sputtering Device)

[0048] As shown in FIG. 10, the sputtering target 10 is
formed from four plate-shaped sputtering targets 10 a, 10
b, 10 c, and 10 d, the permanent magnet 20 is formed
from four plate-shaped or rod-shaped permanent mag-
nets 20 a, 20 b, 20 c, and 20 d, and the yoke 30 is formed
from four plate-shaped yokes 30 a, 30 b, 30 c, and 30 d.
Backing plates 90 a, 90 b, 90 c, and 90 d are respectively
inserted between the sputtering targets 10 a, 10 b, 10 c,
and10dand thepermanentmagnets 20a, 20b, 20c, and
20d. Thedistancebetween the sputtering target 10aand
the sputtering target 10 c is 80mm, the distance between
the sputtering target 10 b and the sputtering target 10 d is
200 mm, and the height of the sputtering targets 10 a, 10
b, 10 c, and 10 d is 80 mm.
[0049] Four plate-shaped anodes 100 a, 100 b, 100 c,
and 100 d are provided outside of the yokes 30 a, 30 b, 30
c, and30d.Theanodes100a, 100b, 100c, and100dare
connected to a grounded vacuum vessel, together with
an anode 40.
[0050] As described above, according to the first em-
bodiment, a plurality of sputtering cathodes having the
sputtering target 10 with a rectangular tubular shape
having a rectangular cross-section, and having erosion
surfaces facing inward, are arranged in parallel on a
horizontal plane, and the polarities of the permanent
magnets 20of twomutually adjacent sputtering cathodes
are mutually opposite, whereby the following various
advantages can be obtained. That is to say, because
sputtering can be performed using a plurality of sputter-
ing cathodes 1 arranged in parallel, the thin film F can be
formed on a substrate S having a large area, at a high
speed. Furthermore, the plasma 60 can be generated
circulating around the inner surface of the sputtering
target 10 on the erosion surface side of the sputtering
target 10. Therefore, since the density of the plasma 60
can be increased, the film forming speed can be suffi-
ciently increased. Further, since the location at which the
majority of the plasma 60 is generated is limited to the

vicinity of the surface of the sputtering target 10, in
combination with the provision of the light blocking shield
50, the possibility of damage occurring due to the irradia-
tion of the substrate S with light emitted from the plasma
60 can be minimized. Furthermore, the magnetic force
lines generated by the magnetic circuit, which is formed
by the permanent magnets 20 and the yoke 30, are
basically restricted to the sputtering cathode, and more-
over, the polarities of the permanent magnets 20 of the
two mutually adjacent sputtering cathodes are mutually
opposite, and the auxiliary magnetic pole 55 is provided,
whereby, among the magnetic force lines generated by
the magnetic circuit, the downwardly oriented magnetic
force lines are confined in the space below the sputtering
cathode assembly, and are not oriented toward the sub-
strate S, as shown in FIG. 1, and there is no risk of the
substrate S being damaged by the plasma 60 or electron
rays. Furthermore, since the film formation is carried out
using the sputtered particle fluxes 70, 80 produced with
the pair of mutually facing long-side portions of the sput-
tering target 10, damage due to bombardment of the
substrate S by reflected high energy particles of the
neutral sputtering gas can be minimized. Further, be-
cause the sputtered particle fluxes 70, 80 produced with
the pair of mutually facing long-side portions of the sput-
tering target 10 have a uniform intensity distribution in a
direction parallel to the long-side portions, in combination
with performing film formationwhilemoving the substrate
Sat a constant speed in a direction traversing these long-
side portions, for example, in a direction perpendicular to
these long-side portions, variations in the film thickness
of the thin film F formed on the substrate S can be
reduced and, for example, variations in the film thickness
can be reduced to ±5% or less. The sputtering device is
preferably used in film formation for electrode materials
or the like, in the manufacture of various devices such as
semiconductor devices, organic solar cells, inorganic
solar cells, liquid crystal displays, organic EL displays,
films and the like.

<Second Embodiment>

[Sputtering Device]

[0051] The sputtering device according to the second
embodiment, which does not form part of the invention,
differs from the sputtering device according to the first
embodiment in that the sputtering target 10 shown inFIG.
11 is used. That is to say, as shown in FIG. 11, the
sputtering target 10 includes a pair of parallel mutually
facing long-side portions and semicircular portions con-
nected to the long-side portions. The permanent magnet
20 provided outside the sputtering target 10 and the yoke
30 provided outside the permanent magnet 20 have the
same shape as the sputtering target 10. The configura-
tion of the sputtering device is otherwise the sameas that
of the sputtering device according to the first embodi-
ment.
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[Film Forming Method using the Sputtering Device]

[0052] The film forming method using this sputtering
device is the same as that of the first embodiment.
[0053] Advantages similar to those of the first embodi-
ment can be obtained with the second embodiment.

<Third Embodiment>

[Sputtering Device]

[0054] FIGS. 12 and 13 are a longitudinal sectional
viewandaplan viewshowing asputtering device accord-
ing to the third embodiment, which is not part of this
invention, and show the configuration in the vicinity of
a sputtering cathodeassembly provided inside a vacuum
vessel of the sputtering device. FIG. 12 is a cross-sec-
tional view along the line Y-Y in FIG. 13.
[0055] As shown in FIG. 12 and FIG. 13, in this sputter-
ingdevice, aplurality of sputteringcathodesarearranged
in parallel on a vertical plane, and a sputtering cathode
assembly is formed from these sputtering cathodes. The
numberof sputtering cathodesconstituting the sputtering
cathode assembly is selected as appropriate, in accor-
dancewith the required film forming speedand the like. In
FIG. 12 and FIG. 13, only one mutually adjacent pair of
sputtering cathodes1and2 is shown, bywayof example,
but there is no limitation to this. The spacing between the
sputtering cathodes 1 and 2 is selected as appropriate so
that a film can be formed by sputtering, not only with the
sputtering cathode1, but alsowith the sputtering cathode
2, in the space above the sputtering cathode assembly. If
three or more sputtering cathodes constitute the sputter-
ing cathode assembly, the spacing between the sputter-
ing cathodes is generally equal, but this does not neces-
sarily have to be equal, and in such cases, the spacing is
selected as required. Other aspects of the sputtering
device are the same as those of the first embodiment.

[Film Forming Method using the Sputtering Device]

[0056] After the vacuum vessel is evacuated to a high
vacuum by a vacuum pump, Ar gas is introduced as a
sputtering gas into the space surrounded by the sputter-
ing target 10, and a high DC voltage necessary for
plasma generation is generally applied between the an-
ode 40 and the sputtering cathodes from a predeter-
minedpowersupply.Generally, theanode40 isgrounded
and a negative high voltage (for example, ‑400 V) is
applied to the sputtering cathodes. As a result, in the
samemanneras shown inFIG. 3andFIG. 4, plasma60 is
generated in the vicinity of the surface of the sputtering
target 10, circulating along the inner surface of the sput-
tering target 10.
[0057] Before film formation, the substrate S is located
at a position sufficiently far from the top of the space
surrounded by the sputtering target 10.
[0058] As a result of sputtering of the sputtering target

10withAr ions in theplasma60circulatingalong the inner
surface of the sputtering target 10 of each sputtering
cathode, atoms comprised by the sputtering target 10
are ejected upward from the space surrounded by the
sputtering targets 10. At this time, atomsare ejected from
all parts of the erosion surface of the sputtering target 10
near the plasma 60, but atoms that are ejected from the
erosion surface of the short side portions of the inside of
the sputtering target 10 are essentially not used for film
formation. Therefore, horizontal shielding plates may be
provided above the sputtering target 10 so as to shield
both end portions, in the long side direction, of the sput-
tering target 10, so that atoms ejected from the erosion
surfacesof the short-sideportions of the sputtering target
10 do not reach the substrate S during film formation.
Alternatively, the width b of the sputtering target 10 in the
longitudinal direction may be made sufficiently greater
than the width of the substrate S, so that atoms ejected
from the erosion surface of the short-side portion of the
sputtering target 10 do not reach the substrate S during
film formation. In the samemanner as shown in FIG. 5, as
a result of some of the atoms ejected from the sputtering
target 10 being shielded by the light blocking shields 50,
sputtered particle fluxes 70, 80 are produced from the
erosion surface of the long-side portions of the sputtering
target 10. The sputtered particle fluxes 70, 80 have
substantially uniform intensity distributions in the long-
itudinal direction of the sputtering target 10.
[0059] When stable sputtering particle fluxes 70, 80
are produced from the sputtering cathodes, a film is
formed by the sputtered particle fluxes 70, 80, while
moving the substrate S with respect to the sputtering
targets 10, at a constant speed, in the direction traversing
the long-side portions of the sputtering targets 10. When
the substrate S moves above the space surrounded by
thesputtering target 10, first, thesputteredparticle flux70
is incident on the substrate S, and film formation begins.
At thepoint in timewhen the leadingedgeof the substrate
S has approached above the vicinity of the center of the
space surrounded by the sputtering target 10, the sput-
teredparticle flux80 does not contribute to film formation.
When the substrate S moves further, and the sputtered
particle flux 80 is incident thereon, the sputtered particle
flux 80 also contributes to film formation, in addition to the
sputtered particle flux 70.When the substrate S ismoved
directly above the space surrounded by the sputtering
target 10, the sputtered particle fluxes 70, 80 are incident
on the substrate S, whereby film formation is performed.
The substrate S ismoved further in thismanner while film
formation is performed. Then, the substrate S is fully
distanced from above the space surrounded by the sput-
tering target 10, moving to a position at which the sput-
tered particle fluxes 70 and 80 are not incident on the
substrate S. A thin film F is formed on the substrate S in
this manner.
[0060] According to the third embodiment, a plurality of
sputtering cathodeshaving the sputtering target 10with a
rectangular tubular shape having a rectangular cross-
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section, and having erosion surfaces facing inward are
arranged in parallel on a vertical plane, and the polarities
of the permanent magnets 20 of two mutually adjacent
sputtering cathodes are mutually opposite, whereby the
following various advantages can be obtained. That is to
say, because sputtering can be performed using a plur-
ality of sputtering cathodes arranged in parallel on a
vertical plane, the thin film F can be formed on the
substrate S, at a high speed. Furthermore, the plasma
60 can be generated circulating around the inner surface
of the sputtering target 10 on the erosion surface side of
the sputtering target 10. Therefore, since the density of
the plasma 60 can be increased, the film forming speed
can be sufficiently increased. Further, since the location
at which the majority of the plasma 60 is generated is
limited to the vicinity of the surface of the sputtering target
10, in combination with the provision of the light blocking
shield 50, the possibility of damage occurring due to the
irradiation of the substrate S with light emitted from the
plasma 60 can beminimized. Furthermore, themagnetic
force lines generated by the magnetic circuit, which is
formed by the permanent magnets 20 and the yoke 30,
are basically restricted to the sputtering cathode, and
moreover, the polarities of the permanent magnets 20 of
the two mutually adjacent sputtering cathodes are mu-
tually opposite, and the auxiliary magnetic pole 55 is
provided, whereby, among the magnetic force lines gen-
erated by the magnetic circuit, the downwardly oriented
magnetic force lines are confined to the space in the
vicinity of the sputtering cathode assembly, and are not
oriented toward the substrateS, as shown inFIG. 12, and
there is no risk of the substrate S being damaged by the
plasma 60 or electron rays. Furthermore, since the film
formation is carried out using the sputteredparticle fluxes
70, 80 producedwith the pair of mutually facing long-side
portions of the sputtering target 10, damage due to
bombardment of the substrate S by reflected high energy
particles of the neutral sputtering gas can be minimized.
Further, because the sputtered particle fluxes 80, 70
produced with the pair of mutually facing long-side por-
tions of the sputtering target 10 have a uniform intensity
distribution in a direction parallel to the long-side por-
tions, in combination with performing film formation while
moving the substrate S at a constant speed in a direction
traversing these long-side portions, for example, in a
direction perpendicular to these long-side portions, var-
iations in the film thickness of the thin filmF formedon the
substrate S can be reduced and, for example, variations
in the film thickness can be reduced to ±5% or less. The
sputtering device is preferably used in film formation for
electrode materials or the like, in the manufacture of
various devices such as semiconductor devices, organic
solar cells, inorganic solar cells, liquid crystal displays,
organic EL displays, films and the like.

<Fourth Embodiment>

[Sputtering Device]

[0061] FIGS. 14 and 15 are a longitudinal sectional
viewandaplan viewshowing asputtering device accord-
ing to the fourth embodiment, which is not part of this
invention, and show the configuration in the vicinity of a
sputtering cathode provided inside a vacuum vessel of
the sputtering device. FIG. 14 is a cross-sectional view
along the line Z-Z in FIG. 15. FIG. 16 is a cross-sectional
view along the line W-W in FIG. 15.
[0062] As shown in FIGS. 14, 15 and 16, the sputtering
device has the sputtering target 10 having a rectangular
tubular shape having a rectangular cross-sectional
shape (or angular ring shape), and having erosion sur-
faces facing inward. A pair of mutually facing long-side
portions of the sputtering target 10 each comprises cy-
lindrical rotary targets 11, 12, andapair ofmutually facing
short-side portions 13, 14 of the sputtering target 10 each
have a rectangular cross-sectional shape. The rotary
targets 11 and 12 are provided so as to be rotatable
about the central axes thereof by a non-illustrated rota-
tionmechanism. Specifically, the rotary targets 11 and 12
are provided with rotary shafts 11 a and 12 a at both ends
thereof, and the rotary targets 11 and 12 are rotated as a
result of the rotary shafts 11 a and 12 a being rotated by
the rotation mechanism. The rotational directions of the
rotary targets 11 and 12may be the same as, or opposite
to, each other, and are selected as necessary. This is
configured so that cooling water can flow through the
interior of the rotary cathodes 11, 12 allowing the rotary
cathodes 11, 12 to be cooled during use. The short-side
portions 13, 14 have heights that are approximately the
same as the diameter of the rotary targets 11, 12, for
example. Both ends of the short-side portions 13, 14
facing the rotary targets 11, 12 are concavely rounded,
corresponding to the cylindrical shape of the rotary tar-
gets 11, 12, and are close thereto, to an extent such as
does not present a hindrance to the rotation of the rotary
targets 11, 12. Permanent magnets 111 and 112 are
provided at the interior of the rotary targets 11, 12 at
positions parallel to the central axis and radially offset
from the central axis. The permanent magnets 111 and
112 have a rectangular cross-sectional shape, the long
sides of which are perpendicular to the radial direction of
the rotary targets 11 and 12. As shown in FIG. 17, where
the angle of inclination of the short sides of the cross-
sectional shape of the permanentmagnets 111, 112, with
respect to theplane including the central axis of the rotary
targets 11, 12, is θ, θ is 0 degrees or more and less than
360 degrees, and the angle of inclination can be set to an
any angle within this range so as to achieve a good
balance between increased film forming speed and low
damage. In FIG. 14, a case in which θ=0 degrees is
shown as one example. The permanent magnets 111
and 112 are fixed to a member that is independent of the
rotary targets11and12so that,when the rotary targets11
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and 12 rotate, they do not rotate together therewith. The
polarities of the permanent magnets 111 and 112 are as
shown in FIG. 14, but may be opposite. The permanent
magnets 20 are provided on the outside of the pair of
mutually facing short-side portions 13 and 14 of the
sputtering target 10, and the yokes 30 are provided on
the outside of the permanent magnets 20. The polarities
of thepermanentmagnets20areasshown inFIG.16,but
the polarities may also be respectively the exact oppo-
sites. The sputtering targets 10, the permanent magnets
20, 111 and 112, and the yokes 30 form a sputtering
cathode. The sputtering cathode is generally fixed to
the vacuum vessel in an electrically insulated manner
A magnetic circuit is formed by the permanent magnets
111, 112, provided inside the rotary targets 11 and 12, the
permanent magnets 20, and the yokes 30. Cooling back-
ing plates are preferably providedbetween the short-side
portions 13, 14 and the permanent magnets 20, and
cooling water, for example, flows in flow paths provided
inside the backing plates. An anode 40 is provided in the
vicinity of the lower end of the space surrounded by the
sputtering target 10 so that the erosion surface of the
sputtering target 10 is exposed. This anode 40 is gen-
erally connected to the grounded vacuum vessel.
Furthermore, a light blocking shield 50 having an L-
shaped cross-section is provided in the vicinity of the
upper end of the space surrounded by the sputtering
target 10 so that the erosion surface of the sputtering
target 10 is exposed. The light blocking shield 50 is
formed from a conductor, and typically from a metal.
The light blocking shield 50 also serves as an anode
and is generally connected to the grounded vacuum
vessel, in the same manner as the anode 40. The other
aspects are the same as those of the first embodiment.

[Film Forming Method using the Sputtering Device]

[0063] The film forming method using this sputtering
device is the sameas that of the first embodiment, except
that sputtering is performed while rotating the rotary
targets 11, 12 constituting the pair of mutually facing
long-side portions of the sputtering target 10.
[0064] According to the fourth embodiment, in addition
to the advantages similar to those of the first embodi-
ment, the pair of mutually facing long-side portions of the
sputtering target 10 comprise the rotary targets 11, 12,
which allows for advantages in that the usage efficiency
of the sputtering target 10 is high and film formation costs
can be reduced.

<Fifth Embodiment>

[Sputtering Device]

[0065] As shown in FIG. 18, the sputtering device
according to the fifth embodiment, which is an embodi-
ment of this invention, differs from the fourth embodiment
in that both ends of the rotary targets 11, 12 are cham-

fered (the chamfer angle is, for example, 45 degrees with
respect to thecentral axisof the rotary targets11,12), and
both ends of the short-side portions 13, 14 are also
correspondingly chamfered at an angle. The other as-
pects are the same as those of the fourth embodiment.

[Film Forming Method using the Sputtering Device]

[0066] The film forming method using this sputtering
device is the same as that of the fourth embodiment.
[0067] Advantages similar to those of the fourth embo-
diment can be obtained with the fifth embodiment.

<Sixth Embodiment>

[Sputtering Device]

[0068] FIGS. 19 and 20 are a longitudinal sectional
viewandaplan viewshowing asputtering device accord-
ing to a sixth embodiment, which is not an embodiment of
the invention, and show the configuration in the vicinity of
a sputtering cathode provided inside a vacuum vessel of
the sputtering device. FIG. 19 is a cross-sectional view
along the line V-V in FIG. 20.
[0069] As shown in FIGS. 19 and 20, in this sputtering
device, two of the sputtering targets 10 of the sputtering
device according to the fourth embodiment are united,
with one rotary target being shared, such that the sput-
tering targets are configured to have three rotary targets
15, 16, 17. The rotational directions of these rotary tar-
gets 15, 16, 17 may be the same as, or opposite to, each
other, and are selected as necessary. The other aspects
are the same as those of the fourth embodiment. Note
that four rotary targets may be united, or five or more
rotary targets may be united.

[Film Forming Method using the Sputtering Device]

[0070] The film forming method using this sputtering
device is the same as that of the fourth embodiment.
[0071] According to the sixth embodiment, in addition
to the advantages similar to those of the fourth embodi-
ment, advantages are possible in that film formation can
be performed efficiently on a substrate S having a large
area, and static film formation can also easily be per-
formed. This sixth embodiment is particularly suitable for
use in forming an electrode film adjacent to a silicon
power generation layer or an organic power generation
layer in the manufacture of a device such as a hetero-
junction silicon solar cell or an organic EL display.

<Seventh Embodiment>

[Sputtering Device]

[0072] FIG. 21 is a longitudinal sectional view showing
a sputtering device according to a seventh embodiment,
which is not an embodiment of the invention, and shows
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the configuration in the vicinity of a sputtering cathode
provided inside a vacuumvessel of the sputtering device.
Furthermore, FIG. 22 is a perspective view showing the
sputtering target 10.
[0073] As shown in FIGS. 21 and 22, the sputtering
device has the sputtering target 10 having a rectangular
tubular shape having a rectangular cross-sectional
shape (or angular ring shape), and having erosion sur-
faces facing inward. A permanentmagnet assembly 20 is
provided on the outside of the sputtering target 10, and a
yoke 30 is provided on the outside of the permanent
magnet assembly 20. The sputtering target 10, the per-
manent magnet assembly 20, and the yoke 30 form a
sputtering cathode. A pair of mutually facing long-side
portions 18 a and 18 b of the sputtering target 10 are
formed as mutually parallel flat plates. In contrast, a pair
of mutually facing short-side portions 18 c and 18 d of the
sputtering target 10 have shapes which are curved, with
respect to a plane or curve including the pair of long-side
portions 18 a and 18 b, forming a curved surface in which
the erosion surface is twisted, from one side of the long-
side portions 18 a, 18 b, resulting in a shape in central
portions C 1 and C 2 of the short sides 18 c, 18 d which is
perpendicular to the long-side portions 18 a and 18 b, in
other words, which lies in a horizontal plane, and further
extending to the other side of the long-side portions 18 a,
18 b, forming a curved surface in which the erosion
surface is twisted. Other aspects are the same as those
of the sputtering cathode in the first embodiment.

[Film Forming Method using the Sputtering Device]

[0074] The film forming method using this sputtering
device is the same as that of the first embodiment.
[0075] According to the seventh embodiment, in addi-
tion to advantages similar to those of the first embodi-
ment, since the sputtering target 10 is formed in the
shape described above, advantages are possible in that,
when film formation is performed with the short-side
portions 18 c, 18 d arranged in the horizontal direction,
foreign matter generated during film formation can be
prevented from being deposited on the short-side por-
tions 18 c, 18 d.

<Eighth Embodiment>

[Sputtering Device]

[0076] In the eighth embodiment, which is an embodi-
ment of the invention, a pulse power source is used as a
power source for applying a voltage required for sputter-
ing between the sputtering cathode and the anode, in the
sputtering devices according to the first to seventh em-
bodiments. The voltage pulse waveform of this pulse
power supply is shown in FIGS. 23A and B. As shown
in FIGS. 23A and B, in this pulse power supply, a voltage
pulse of 0 V, or a negative voltage V0‑, the absolute value
of which is about 50 V or less, is applied at a high level,

and a negative voltage VL‑, the absolute value of which is
about 100 V or more, is applied at a low level, so that a
positive voltage is not applied.Byusingapulsewaveform
for the voltage applied to the sputtering cathode, some or
all of the glow discharge during sputtering can be pre-
vented from becoming an arc discharge.
[0077] According to the eighth embodiment, by using a
pulsepowersupply that generatesavoltagepulsehaving
thewaveformdescribedabove, the followingadvantages
are possible. That is to say, according to the findings of
the present inventor, if the high level of the voltage pulse
is a positive voltage, damage is likely to occur to the
substrate S and the thin film F formed on the substrate S,
during film formation, as a result of bombarding the
substrate S with Ar+ generated from the Ar gas that is
used as a sputtering gas, but by not applying a positive
voltage, with a high level voltage pulse of 0 V, or a
negative voltageV0‑, the absolute value ofwhich is about
50 V or less, and a low level voltage pulse of a negative
voltage VL‑, the absolute value of which is about 100 Vor
more, such problems can be eliminated, and a high
quality thin film F can be formed without damage. The
eighth embodiment is particularly suitable for use in
forming an electrode film adjacent to an organic film in
themanufacture of an organic device such as an organic
solar cell or an organic EL display.
[0078] Embodiments and examples of this invention
have been specifically described above, but this inven-
tion is not limited to the aforementioned embodiments
and examples, and various modifications are possible
based on the technical ideas of this invention. The in-
vention is defined by the claims.
[0079] For example, the numerical values, materials,
structures, shapes, and the like given in the aforemen-
tioned embodiments and examples are merely exam-
ples, and numerical values, materials, structures,
shapes, and the like different from these may be used
as necessary.

EXPLANATION OF THE SYMBOLS

[0080] 10, 10 a, 10 b, 10 c, 10 d: sputtering target; 11,
12, 15 to 17: rotary target; 20, 20 a, 20 b, 20 c, 20 d:
permanent magnet; 30, 30 a, 30 b, 30 c, 30 d: yoke; 40:
anode; 50: light blocking shield; 55: auxiliary magnetic
pole; 60: plasma; 70, 80: sputtered particle flux; S: sub-
strate

Claims

1. A sputtering cathode (1, 2) comprising a sputtering
target (10), having a rectangular cross-sectional
shape, and a magnetic circuit being provided along
the sputtering target (10);

wherein the sputtering target (10) has a pair of
mutually facing long-side portions and a pair of
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mutually facing short-side portions (13, 14), and
has an erosion surface facing inward;
wherein the pair of the long-side portions are
parallel to each other, and each of the long-side
portions comprises a rotary target (11, 12); and
the pair of the short-side portions (13, 14) are
perpendicular to the pair of the long-side por-
tions; and furtherwherein both ends of the rotary
targets (11, 12) are chamfered, both ends of the
pair of the short-side portions (13, 14) are also
correspondingly chamfered at the same angle,
and the chamfered portions at both ends of the
rotary target (11, 12) are close to the chamfered
portions at both ends of the pair of short-side
portions (13, 14), to an extent such as does not
present a hindrance to the rotation of the rotary
target (11, 12).

2. A sputtering device having:

the sputtering cathode (1, 2) according to claim
1; and
an anode (40) provided so as to expose the
erosion surface of the sputtering target (10).

3. The sputtering cathode (1, 2) according to claim 1,
wherein, in use, a voltage is applied between the
sputtering cathode (1, 2) and an anode (40), the
anode (40) being provided so as to expose the ero-
sion surfaceof the sputtering target (10), wherein the
voltage is a pulse waveform, the high level of the
voltagepulseat thesputtering cathode (1, 2) is 0V, or
a negative voltageV0‑, the absolute value ofwhich is
50Vor less, and the low level of the voltage pulse is a
negative voltage VL-, the absolute value of which is
100 V or more, whereby a positive voltage is not
applied.

4. The sputtering device according to claim 2, wherein,
in use, a voltage is applied between the sputtering
cathode (1, 2) and the anode (40), wherein the
voltage is a pulse waveform, the high level of the
voltagepulseat thesputtering cathode (1, 2) is 0V, or
a negative voltageV0‑, the absolute value ofwhich is
50Vor less, and the low level of the voltage pulse is a
negative voltage VL‑, the absolute value of which is
100 V or more, whereby a positive voltage is not
applied.

Patentansprüche

1. Eine Sputterkathode (1, 2) umfassend

ein Sputtertarget (10) mit einem rechteckigen
Querschnitt und einenMagnetkreis, der entlang
des Sputtertargets (10) vorgesehen ist;
wobei das Sputtertarget (10) ein Paar einander

zugewandter langer Seitenabschnitte und ein
Paar einander zugewandter kurzer Seitenab-
schnitte (13, 14) und eine nach innen gerichtete
Erosionsoberfläche aufweist;
wobei das Paar der langen Seitenabschnitte
parallel zueinander sind und jeder der langen
Seitenabschnitte ein Rotationstarget (11, 12)
umfasst; und
das Paar der kurzen Seitenabschnitte (13, 14)
senkrecht zu dem Paar der langen Seitenab-
schnitte steht; und
wobei zudem beide Enden der Rotationstargets
(11, 12) abgeschrägt sind, beide Enden des
Paares der kurzen Seitenabschnitte (13, 14)
ebenfalls entsprechend im gleichen Winkel ab-
geschrägt sind und die abgeschrägten Ab-
schnitte an beiden Enden der Rotationstargets
(11, 12) so nahe an den abgeschrägten Ab-
schnitten an beiden Enden des Paares der kur-
zen Seitenabschnitte (13, 14) liegen, dass sie
kein Hindernis für die Rotation des Rotations-
targets (11, 12) darstellen.

2. Eine Sputtervorrichtung umfassend

die Sputterkathode (1, 2) nach Anspruch 1; und
eine Anode (40), die so vorgesehen ist, dass sie
die Erosionsoberfläche des Sputtertargets (10)
freilegt.

3. DieSputterkathode (1, 2) nachAnspruch1,wobei im
Gebrauch eine Spannung zwischen der Sputter-
kathode (1, 2) und einer Anode (40) angelegt wird,
die so vorgesehen ist, dass sie die Erosionsober-
fläche des Sputtertargets (10) freilegt, wobei die
Spannung eine Pulswellenform ist, wobei der hohe
Pegel des Spannungspulses an der Sputterkathode
(1, 2) 0 Voder eine negative Spannung V0-ist, deren
Absolutwert 50 V oder weniger beträgt, und der
niedrige Pegel des Spannungspulses eine negative
Spannung VL‑ ist, deren Absolutwert 100 V oder
mehr beträgt, wobei keine positive Spannung ange-
legt wird.

4. Die Sputtervorrichtung nach Anspruch 2, wobei im
Gebrauch eine Spannung zwischen der Sputter-
kathode (1, 2) und der Anode (40) angelegt wird,
wobei die Spannung einePulswellenform ist und der
hohe Pegel des Spannungspulses an der Sputter-
kathode (1, 2) 0 V oder eine negative Spannung V0‑
ist, derenAbsolutwert 50Voderweniger beträgt, und
der niedrige Pegel des Spannungspulses eine ne-
gative Spannung VL‑ ist, deren Absolutwert 100 V
oder mehr beträgt, wobei keine positive Spannung
angelegt wird.
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Revendications

1. Une cathode de pulvérisation (1, 2) comprenant

une cible de pulvérisation (10) ayant une forme
de section rectangulaire, et un circuit magné-
tique placé le long de la cible de pulvérisation
(10) ;
la cible de pulvérisation (10) comporte une paire
de parties latérales longues se faisant mutuel-
lement face et une paire de parties latérales
courtes (13, 14) se faisant mutuellement face
et une surface d’érosion tournée vers l’intérieur;
la paire de parties latérales longues sont para-
llèles l’une à l’autre, et chacune des parties
latérales longues comprend une cible rotative
(11, 12) ; et
la paire de parties latérales courtes (13, 14) est
perpendiculaire à la paire de parties latérales
longues ; et
les deux extrémités des cibles rotatives (11, 12)
sont chanfreinées, les deux extrémités de la
paire de parties latérales courtes (13, 14) sont
également chanfreinées au même angle, et les
parties chanfreinées aux deux extrémités de la
cible rotative (11, 12) sont proches des parties
chanfreinées aux deux extrémités de la paire de
parties latérales courtes (13, 14), dans une me-
sure telle qu’elles ne constituent pas une en-
trave à la rotation de la cible rotative (11, 12).

2. Un dispositif de pulvérisation comprenant

la cathode de pulvérisation (1, 2) selon la reven-
dication 1 ; et
une anode (40) prévue pour exposer la surface
d’érosion de la cible de pulvérisation (10).

3. La cathode de pulvérisation (1, 2) selon la revendi-
cation 1, dans laquelle, lors de l’utilisation, une ten-
sion est appliquée entre la cathode de pulvérisation
(1, 2) et une anode (40) prévue pour exposer la
surface d’érosion de la cible de pulvérisation (10),
l’anode (40) étant prévue pour exposer la surface
d’érosion de la cible de pulvérisation (10), la tension
étant une forme d’onde d’impulsion, le niveau haut
de l’impulsion de tension à la cathode de pulvérisa-
tion (1, 2) est 0V, ouune tensionnégativeV0‑, dont la
valeur absolue est inférieure ou égale à 50 V, et le
niveau bas de l’impulsion de tension est une tension
négative VL‑, dont la valeur absolue est supérieure
ouégale à 100Vouplus, une tension positive n’étant
pas appliquée.

4. Le dispositif de pulvérisation selon la revendication
2, dans lequel, lors de l’utilisation, une tension est
appliquée entre la cathode de pulvérisation (1, 2) et
l’anode (40), la tension étant une forme d’onde d’im-

pulsion, le niveau haut de l’impulsion de tension à la
cathode de pulvérisation (1, 2) est de 0 V ou d’une
tension négative V0‑, dont la valeur absolue est
inférieure ou égale à 50 V, et le niveau bas de
l’impulsion de tension est une tension négative
VL‑, dont la valeur absolue est supérieure ou égale
à 100 V, une tension positive n’étant pas appliquée.
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