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(57) Abstract: The present invention provides a roll-up type capacitor comprising: a plurality of cylindrical parts arranged parallel to
one another which are formed by rolling-up a laminate comprising at least a lower electrode layer, an upper electrode layer and a
dielectric layer, at least the dielectric layer being sandwiched between the upper electrode layer and the lower electrode layer, the up -
per electrode layer being drawn to one end of the cylindrical part, and the lower electrode layer being drawn to another end of the
cylindrical part; a first external electrode on one end of the plurality of cylindrical parts which is electrically connected to the upper
electrode layers in the plurality of cylindrical parts; and a second external electrode on another end of the plurality of cylindrical
parts which is electrically connected to the lower electrode layers in the plurality of cylindrical parts; wherein assuming a dimension
of the laminate parallel to rolling-up direction of the laminate as a length L, and a dimension of the laminate perpendicular to lamin-
ating direction and the rolling-up direction of the laminate as a width W, the roll-up type capacitor comprises two or more cylindric -
al parts when a ratio L/W of the length L to the width W of the laminate is 4 or more; the roll-up type capacitor comprises three or
more cylindrical parts when L/W is 3 or more and less than 4; the roll-up type capacitor comprises four or more cylindrical parts
when L/W is 2 or more and less than 3; and the roll-up type capacitor comprises eight or more cylindrical parts when L/W is 1 or
more and less than 2. The roll-up type capacitor has low equivalent series resistance and can be used suitably even in high frequency
range.
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Description

Title of Invention: ROLL-UP TYPE CAPACITOR AND PROCESS
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FOR PRODUCING THE SAME
Technical Field

The present invention relates to a roll-up type capacitor and a process for producing
this capacitor.
Background Art

With development of high density mounting structure of electronic devices in recent
years, demands for a higher-capacitance and smaller-sized capacitor are increasing. An
example of a process for producing this type of capacitor disclosed in Patent Literature
I includes: a step for producing a laminate on a substrate, the laminate containing at
least two electric conductive layers, and at least one electric insulating layer
sandwiched between the two electric conductive layers; a step for mounting a first
metal contact on an exposed area of a first electric conductive layer; a step for
mounting a second metal contact on an exposed area of a second electric conductive
layer; a step for separating a first part of the laminate from an initial position of the
first part to shift the first part, the first part containing an edge portion of the laminate;
and a step for bending the first part rearward toward a second part of the laminate.

Non Patent Literature 1 discloses a method for manufacturing self-rolled double-tube

capacitors electrically connected in parallel.

Citation List

Patent Literature

PTL 1: EP 2023357 A

Non Patent Literature

NPL 1: R. Sharma et al., Advanced Energy Materials 4, 1301631 (2014)
Summary of Invention

Technical Problem

According to the roll-up type capacitor disclosed in Patent Literature 1, an electrode
terminal connected to an external electric element is formed at a final end of each of
the rolled first electric conductive layer and second electric conductive layer
(hereinafter collectively referred to as “electric conductive layers™ as well). In the case
of the roll-up type capacitor disclosed in Patent Literature 1, charges are drawn in a
rolling direction of the electric conductive layers. In this case, equivalent series re-
sistance (ESR) rises, in which condition capacitance in a high frequency range
exceeding 100 kHz is difficult to obtain.
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The double-tube capacitor disclosed in Non Patent Literature 1 can have increased

capacitance. However, the it is likely to have increased ESR.
The present inventors have found that a roll-up type capacitor capable of decreasing

ESR and usable in a preferable condition even in a high frequency range is realizable
by producing a cylindrical part from a rolled laminate containing a lower electrode
layer, a dielectric layer, and an upper electrode layer, and further by providing a pair of
external electrodes connecting to other electric elements such that one and the other
external electrodes are disposed at one and the other ends of the cylindrical part.
However, with development of small-sized and high-performance electronic devices, a
capacitor capable of achieving size reduction and further decrease in ESR has been
demanded.

An object of the present invention is to provide a roll-up type capacitor capable of
decreasing ESR and usable in a preferable condition even in a high frequency range,

and a process for producing this roll-up type capacitor.

Solution to Problem

The present inventors have conducted keen examinations for solving the afore-
mentioned problems, and developed the present invention based on the finding that a
capacitor capable of decreasing ESR is realizable by arranging a plurality of cylindrical
parts in parallel with one another, each of which cylindrical parts is produced from a
rolled laminate containing a lower electrode layer, a dielectric layer, and an upper
electrode layer, by providing a pair of external electrodes such that one and the other of
the external electrodes are disposed at one and the other ends, respectively, of each of
the plurality of cylindrical parts, and further by setting the size of the laminate and the
number of the cylindrical parts to particular values.

A first aspect of the present invention is directed to a roll-up type capacitor
comprising:

a plurality of cylindrical parts arranged in parallel with one another, each of which
cylindrical parts is produced from a rolled laminate including at least an upper
electrode layer, a lower electrode layer, and a dielectric layer such that at least the di-
electric layer is sandwiched between the upper electrode layer and the lower electrode
layer, each of which cylindrical parts being formed such that the upper electrode layer
is drawn to one end of the cylindrical part, and that the lower electrode layer is drawn
to the other end of the cylindrical part;

a first external electrode disposed on one side ends of the plurality of cylindrical
parts, and electrically connected to the upper electrode layers of the plurality of
cylindrical parts; and

a second external electrode disposed on the other side ends of the plurality of
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cylindrical parts, and electrically connected to the lower electrode layers of the
plurality of cylindrical parts, wherein
assuming that a length of the laminate in a direction parallel with a rolling direction of
the laminate is a length L, and that a length of the laminate in a direction perpendicular
to a laminating direction and the rolling direction of the laminate is a width W, the roll-
up type capacitor includes the two or more cylindrical parts when a ratio L/W of the
length L to the width W of the laminate is four or larger,
the roll-up type capacitor includes the three or more cylindrical parts when the ratio L/
W is three or larger and smaller than four,
the roll-up type capacitor includes the four or more cylindrical parts when the ratio L/
W is two or larger and smaller than three,
the roll-up type capacitor includes the eight or more cylindrical parts when the ratio L/
W is one or larger and smaller than two.

A second aspect of the present invention is directed to a process for producing a roll-
up type capacitor, the process comprising:

a step for forming a sacrificial layer on a substrate;

a step for forming a plurality of cylindrical parts, the step including

- forming a laminate including at least a lower electrode layer, an upper electrode
layer, and a dielectric layer sandwiched between the lower electrode layer and the
upper electrode layer on the sacrificial layer, and

- rolling up the laminate by removal of the sacrificial layer to obtain the cylindrical
part;

a step for arranging the plurality of cylindrical parts in parallel with one another; and

a step for forming a first external electrode on one side ends of the plurality of
cylindrical parts such that the first external electrode is electrically connected to the
upper electrode layers of the plurality of cylindrical parts, and forming a second
external electrode on the other side ends of the cylindrical parts such that the second
external electrode is electrically connected to the lower electrode layers of the plurality
of cylindrical parts, wherein

assuming that a length of the laminate in a direction parallel with a rolling direction
of the laminate is a length L, and that a length of the laminate in a direction per-
pendicular to a laminating direction and the rolling direction of the laminate is a width
W, the roll-up type capacitor includes the two or more cylindrical parts when a ratio L/
W of the length L to the width W of the laminate is four or larger,

the roll-up type capacitor includes the three or more cylindrical parts when the ratio
L/W is three or larger and smaller than four,

the roll-up type capacitor includes the four or more cylindrical parts when the ratio

L/W is two or larger and smaller than three,
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the roll-up type capacitor includes the eight or more cylindrical parts when the ratio L/
W is one or larger and smaller than two.
Advantageous Effects of Invention

A roll-up type capacitor having the foregoing configuration according to the present
invention is capable of decreasing ESR and usable in a preferable condition even in a
high frequency range. A process for producing a roll-up type capacitor having the
foregoing configuration according to the present invention produces a roll-up type
capacitor capable of decreasing ESR and usable in a preferable condition even in a
high frequency range.
Brief Description of Drawings
[fig.1]Fig. 1 is a schematic cross-sectional view of a roll-up type capacitor according to
one embodiment of the present invention along a central axis of a cylindrical part
therein.
[fig.2]Fig. 2 is a schematic cross-sectional view of a laminate constituting the
cylindrical part of the roll-up type capacitor perpendicular to the direction of the
rolling-up.
[fig.3]Fig. 3 is a schematic cross-sectional view of a first variant of the laminate con-
stituting the cylindrical part of the roll-up type capacitor perpendicular to the direction
of the rolling-up.
[fig.4]Fig. 4 is a schematic cross-sectional view of a second variant of the laminate
constituting the cylindrical part of the roll-up type capacitor perpendicular to the
direction of the rolling-up.
[fig.5]Fig. 5 is a schematic cross-sectional view of a third variant of the laminate con-
stituting the cylindrical part of the roll-up type capacitor perpendicular to the direction
of the rolling-up.
[fig.6]Fig. 6 is a schematic cross-sectional view of a fourth variant of the laminate con-
stituting the cylindrical part of the roll-up type capacitor perpendicular to the direction
of the rolling-up.
[fig.7]Fig. 7 is a schematic cross-sectional view of a fifth variant of the laminate con-
stituting the cylindrical part of the roll-up type capacitor perpendicular to the direction
of the rolling-up.
[fig.8]Figs. 8(a) to (f) schematically show a process for producing a roll-up type
capacitor of Example 5.
[fig.9]Fig. 9 is a schematic cross-sectional view of a laminate in Example 5 formed on
a sacrificial layer perpendicular to the direction of the rolling-up.
[fig.10]Figs. 10(a) to (d) schematically show a process for producing the roll-up type

capacitor of Example 5.



WO 2017/134699 PCT/JP2016/000587

[0015]

[0016]

[0017]

[fig.11]Fig 11 is a schematic cross-sectional view of a roll-up type capacitor of
Example 1 along a central axis of a cylindrical part therein.

[fig.12]Fig. 12 is a graph showing a measurement result of frequency characteristic of
electrostatic capacity for the roll-up type capacitor of Example 1.

[fig.13]Fig. 13 is a graph showing a measurement result of frequency characteristic of
impedance for the roll-up type capacitor of Example 1.

[fig.14]Fig. 14 is a graph showing a measurement result of frequency characteristic of
electrostatic capacity for the roll-up type capacitor of Example 5.

[fig.15]Fig. 15 is a graph showing a measurement result of frequency characteristic of
impedance for the roll-up type capacitor of Example 5.

Description of Embodiments

A roll-up type capacitor and a process for producing this roll-up type capacitor
according to an embodiment of the present invention are hereinafter described in detail
with reference to the drawings. However, respective shapes, positions and the like of
the roll-up type capacitor and respective constituent elements included therein are not
limited to specific configurations described and depicted in the following em-
bodiments.

As illustrated in Fig. 1, a roll-up type capacitor 1 according to an embodiment of the
present invention generally includes a plurality of cylindrical parts 2 arranged in
parallel with one another, a first external electrode 4 disposed at one side ends of the
plurality of the cylindrical parts 2, and a second external electrode 6 disposed at the
other side ends of the plurality of the cylindrical parts 2. The first external electrode 4
and the second external electrode 6 disposed at the one side ends and the other side
ends of the cylindrical part 2, respectively, are so positioned as to face each other. The
state that the plurality of cylindrical parts “arranged in parallel with one another” in
this context refers to such a state that the two or more cylindrical parts are arranged
with the central axes of the respective cylindrical parts extending in parallel with one
another. The “end” of each of the cylindrical parts 2 in this context refers to an end (or
surface) crossing the central axis of the corresponding cylindrical part 2. The roll-up
type capacitor 1 may include a resin part 8§ as illustrated in Fig. 1. However, the resin
part 8 is not an essential constituent element. The roll-up type capacitor 1 according to
this embodiment functions even when the resin part 8 is absent. According to the roll-
up type capacitor 1 illustrated in Fig. 1, the area of each of the cylindrical parts 2 other
than both ends thereof is covered by the resin part 8.

Each of the cylindrical parts 2 is produced by rolling up a lower electrode layer 12
and an upper electrode layer 16 with at least a dielectric layer 14 sandwiched between

the lower electrode layer 12 and the upper electrode layer 16. For example, the
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cylindrical part 2 is produced by rolling up a laminate 10 having a cross-sectional
shape as illustrated in Fig. 2. According to the laminate 10 illustrated in Fig. 2, the
lower electrode layer 12, the dielectric layer 14, and the upper electrode layer 16 are
laminated in this order. As illustrated in Fig. 2, an insulating layer 18 may be laminated
on the upper electrode layer 16. The insulating layer 18 is not an essential element in
this embodiment, and thus is not required to be equipped when there is no possibility
of electric contact between the lower electrode layer 12 and the upper electrode layer
16.

As illustrated in Fig. 2, the lower electrode layer 12 and the upper electrode layer 16
in the laminate 10 are disposed such that one end of each of the electrode layers 12 and
16 does not overlap with the other electrode layer. The laminate 10 thus constructed is
rolled up into the cylindrical part 2 which contains the lower electrode layer 12 and the
upper electrode layer 16 with at least the dielectric layer 14 sandwiched therebetween.
According to the cylindrical part 2, the first external electrode 4 and the second
external electrode 6 are disposed on the left side and the right side, respectively, of the
laminate 10 illustrated in Fig. 2. In this arrangement, the upper electrode layer 16 is
electrically connected to the first external electrode 4, and electrically separated from
the second external electrode 6. Similarly, the lower electrode layer 12 is electrically
connected to the second external electrode 6, and electrically separated from the first
external electrode 4.

The roll-up type capacitor 1 according to this embodiment achieves considerable size
reduction. For example, the thickness of the cylindrical part 2 may be 100 wm or
smaller, preferably 50 wm or smaller, and more preferably 20 wm or smaller.

According to the roll-up type capacitor 1 of this embodiment, current linearly flows
in a direction along the central axis of each of the cylindrical parts. In this case, the
roll-up type capacitor 1 of this embodiment has a resonant frequency in a higher
frequency range than the resonant frequency of a conventional roll-up type capacitor
where current flows in a coil shape along a rolling direction. Accordingly, the roll-up
type capacitor 1 of this embodiment is more appropriate for use in a high frequency
range. Moreover, the roll-up type capacitor according to this embodiment includes the
two or more cylindrical parts 2 arranged in parallel with one another, and the first
external electrode 4 and the second external electrode 6 are formed at one side ends
and the other side ends of the two or more cylindrical parts 2, respectively. The
structure connecting the two or more cylindrical parts 2 in parallel with one another via
the external electrodes decreases inductance, and therefore has a resonant frequency in
a higher frequency range. As a result, impedance for alternating current at a high
frequency decreases.

ESR of a roll-up type capacitor varies in accordance with conditions such as the
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material and thickness of an electrode layer. When the roll-up type capacitor according
to this embodiment has capacitance equivalent to the capacitance of a conventional
roll-up type capacitor including only one cylindrical part, the ESR of the roll-up type
capacitor of this embodiment can be lower than the ESR of the conventional roll-up
type capacitor. For example, it is assumed herein that the sum of the lengths of the
plurality of cylindrical parts arranged in parallel with one another in the roll-up type
capacitor including the plurality of cylindrical parts is equivalent to the length of the
one cylindrical part in the roll-up type capacitor including only the one cylindrical part,
each of which lengths corresponds to the length of the cylindrical part in the direction
along the center axis. In this case, the length of the roll-up type capacitor including the
plurality of cylindrical parts in a current drawing direction can be shorter than the
length of the roll-up type capacitor including only the one cylindrical part in the
current drawing direction, while capacitance is maintained equivalent. Accordingly,
reduction of ESR and equivalent series inductance (ESL) is achievable without
lowering capacitance, in which condition capacitance is obtainable in a higher
wavelength range. In other words, assuming that the occupied volume of the
cylindrical part(s) included in the roll-up type capacitor is uniform, reduction of ESR
and ESL is achievable while maintaining equivalent capacitance when the plurality of
cylindrical parts are arranged in parallel with one another, in comparison with the roll-
up type capacitor including only the one cylindrical part. When the length of each of
the cylindrical parts is uniform, the roll-up type capacitor including the plurality of
cylindrical parts in parallel with one another according to this embodiment can obtain
higher capacitance than the roll-up type capacitor including only the one cylindrical
part.

Assuming that a length in a direction parallel with the rolling direction of the
laminate is a length L, and that a length in a direction perpendicular to a laminating
direction and the rolling direction of the laminate is a width W, ESR of each
cylindrical part varies in accordance with a ratio of the length L to the width W. ESR
of each cylindrical part decreases as the length L of the laminate increases. On the
other hand, ESR of each cylindrical part increases as the width W of the laminate
increases. Accordingly, for producing a roll-up type capacitor having a predetermined
ESR value, the number of the cylindrical parts needs to be determined in accordance
with the ratio of the length L to the width W of the laminate. After conducting exam-
inations, the present inventors have found that ESR of the roll-up type capacitor
decreases when the number of the cylindrical parts is determined in the following
manner in accordance with a ratio L/W indicating a ratio of the length L to the width
W of the laminate. More specifically, the roll-up type capacitor capable of reducing

ESR includes two or more cylindrical parts when the L/W is four or larger, includes
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three or more cylindrical parts when the L/W is three or larger and smaller than four,
includes four or more cylindrical parts when the L/W is two or larger and smaller than
three, and includes eight or more cylindrical parts when the L/W is one or larger and
smaller than two. The value of ESR varies in accordance with the material or thickness
of the electrode or other conditions. Assuming that the upper electrode layer and the
lower electrode layer (and a third electrode layer when present) are constituted by Ni
layers, and that the dielectric layer is constituted by a SiO, layer, a low ESR value of
2.5 Q or lower is achievable when the foregoing configuration is adopted.

In the roll-up type capacitor according to this embodiment, the cylindrical parts are
produced from the self-rolled rectangular laminate. Assuming that a length in a
direction parallel with the rolling direction of the laminate is the length L, and that a
length in a direction perpendicular to the laminating direction and the rolling direction
of the laminate is the width W, it is considered that ESR of the produced roll-up type
capacitor decreases as the length L increases (i.e., the number of turns of the laminate
increases). According to examinations conducted by the present inventors, however, it
has been found that increase in the length L of the laminate may produce a defect at the
time of rolling, and may easily produce deviation in rolling. It is preferable, therefore,
that the length L of the laminate is 3 mm or smaller based on the examinations of the
present inventors. When the length L is 3 mm or smaller, considerable reduction of
defects is achievable, and deviation in rolling is effectively avoidable. It is more
preferable that the length L of the laminate is in a range from 0.5 mm to 2.0 mm
(inclusive).

It is preferable that a length of the cylindrical part 2 is 750 um or smaller. When the
length of the cylindrical part 2 lies within this range, the capacitor including the two or
more cylindrical parts arranged in parallel with one another can exhibit decreased ESR
of 2.5 or lower. The length of the cylindrical part 2 corresponds to the width W of the
laminate 10.

The roll-up type capacitor illustrated in Fig. 1 includes two cylindrical parts.
However, the roll-up type capacitor according to the present invention is not limited to
this specific configuration. The roll-up type capacitor may include three or more
cylindrical parts. The positions of the cylindrical parts are not particularly limited, and
may be selected from arbitrary positions in accordance with purposes of use. For
example, the two or more cylindrical parts may be arranged in parallel with one
another in the horizontal direction, or may have three-dimensional structure arranged
in parallel with one another both in the horizontal direction and the height direction
(thickness direction), for example. The distance between the respective cylindrical
parts arranged in parallel with one another may be appropriately determined in ac-

cordance with purposes of use.
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The shape of the roll-up type capacitor 1 according to this embodiment is not par-
ticularly limited. For example, the roll-up type capacitor 1 may be a plate-type
capacitor. It is preferable that the thickness of the roll-up type capacitor 1 is 100 wm or
smaller. When the thickness of the roll-up type capacitor lies in this range, the
capacitor becomes appropriate for use in an electronic device required to be compact
and short, and further appropriate for a built-in capacitor contained in a substrate.
Moreover, the wire length of the capacitor from a load is allowed to decrease,
wherefore an advantage of reduction of a loss produced by inductance of the wire is re-
alizable.

The material constituting the lower electrode layer 12 may be an arbitrary material as
long as the material has conductivity. For example, the lower electrode layer 12 may
be constituted by Ni, Cu, Al, W, Ti, Ag, Au, Pt, Zn, Sn, Pb, Fe, Cr, Mo, Ru, Pd, or Ta,
or an alloy of these materials, such as CuNi, AuNi, and AuSn, or metal oxide or metal
oxynitride such as TiN, TiAIN, TiON, TiAION, and TaN.

The thickness of the lower electrode layer 12 is not particularly limited. It is
preferable, however, that the thickness of the lower electrode layer 12 lies in a range
from 10 nm to 50 nm (inclusive), for example. When the thickness of the lower
electrode layer 12 is increased to 50 nm, for example, ESR can be further decreased.
When the thickness of the lower electrode layer 12 is decreased to 10 nm, for example,
the diameter of the cylindrical part 2 can be further decreased. In this case, further size
reduction of the roll-up type capacitor 1 is achievable.

The method for producing the lower electrode layer 12 is not particularly limited.
The lower electrode layer 12 may be formed directly on a substrate, or on a lower layer
formed on the substrate (such as a sacrificial layer described below) when the lower
layer is present thereon. Alternatively, the lower electrode layer 12 produced
separately may be affixed to the substrate or the lower layer. The lower electrode layer
12 directly provided on the substrate or the layer below the lower electrode layer may
be formed by methods such as vacuum deposition, chemical deposition, sputtering,
atomic layer deposition (ALD), and pulsed layer deposition (PLD).

The material constituting the dielectric layer 14 may be an arbitrary material as long
as the material has insulation property. Examples of the material constituting the di-
electric layer 14 may include: perovskite type complex oxide, aluminum oxide (AlOy:
such as Al,O;), silicon oxide (SiO,: such as Si0,), Al-Ti complex oxide (AITiOy), Si-Ti
complex oxide (SiTiO,), hafnium oxide (HfO,), tantalum oxide (TaO,), zirconium
oxide (ZrOy), Hf-Si complex oxide (HfSiO,), Zr-Si complex oxide (ZrSiOy), Ti-Zr
complex oxide (TiZrOy), Ti-Zr-W complex oxide (TiZrWO,), titanium oxide (TiO,),
Sr-Ti complex oxide (SrTiO,), Pb-Ti complex oxide (PbTiO,), Ba-Ti complex oxide
(BaTiOy), Ba-Sr-Ti complex oxide (BaSrTiOy), Ba-Ca-Ti complex oxide (BaCaTiOy),
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Si-Al complex oxide (SiAlOy), and other metal oxides; aluminum nitride (AIN,),
silicon nitride (SiN,), Al-Sc complex nitride (AlScN,), and other metal nitrides; and
aluminum oxynitride (AION,), silicon oxynitride (SiOsN,), Hf-Si complex oxynitride
(HfSiON,), Si-C complex oxynitride (SiC,O,N,), and other metal oxynitrides. The re-
spective expressions presented above indicate only constitutions of elements, and do
not limit compositions of the elements. More specifically, x, y, and z suffixed to O, N,
and C may be arbitrary values. Abundance ratios of the respective elements including
metal elements are arbitrary ratios. It is preferable that the material has a higher di-
electric constant for obtaining higher capacitance. An example of material having a
high dielectric constant is perovskite type complex oxide expressed as ABO; (A and B:
arbitrary metal atoms). A preferable example is perovskite type complex oxide
containing titanium (T1) (hereinafter referred to as “titanium (Ti) -based perovskite
type complex oxide” as well). Examples of preferable Ti-based perovskite type
complex oxide include BaTiO;, SrTiO;, CaTiO;, (BaSr)TiOs;, (BaCa)TiO;, (SrCa)TiOs,
Ba(TiZr)O;, Sr(TiZr)O;, Ca(TiZr)O;, (BaSr)(TiZr)O;, (BaCa)(TiZr)Os;, and
(SrCa)(TiZr)O;. These Ti-based perovskite type complex oxides have high dielectric
constants, and thus are advantageous in view of capability of raising capacitance of a
capacitor.

The thickness of the dielectric layer 14 is not particularly limited. It is preferable,
however, that the thickness of the dielectric layer 14 lies in a range from 10 nm to 100
nm (inclusive), and more preferably in a range from 10 nm to 50 nm (inclusive). When
the thickness of the dielectric layer 14 is 10 nm or larger, insulation property can be
further improved. In this case, leakage current can be further decreased. When the
thickness of the dielectric layer 14 is 100 nm or smaller, capacitance to be obtained can
be further increased. When the thickness of the dielectric layer 14 is 100 nm or
smaller, the diameter of the cylindrical part 2 can be further decreased. In this case,
further size reduction of the roll-up type capacitor 1 is achievable.

The method for producing the dielectric layer 14 is not particularly limited. The di-
electric layer 14 may be formed directly on the lower electrode layer 12. Alternatively,
the separately produced dielectric layer 14 may be affixed to the lower electrode layer
12. The dielectric layer 14 directly provided on the lower electrode layer 12 may be
formed by methods such as vacuum deposition, chemical deposition, sputtering, ALD,
and PLD. When the dielectric layer is made of perovskite type complex oxide, the di-
electric layer 14 is preferably formed by sputtering.

When the dielectric layer 14 is formed by sputtering, it is preferable that deposition is
performed at a substrate temperature in a range from 500°C to 600°C (inclusive).
When deposition is performed at a high temperature in this range, crystalline of the

produced dielectric layer 14 can be increased. Accordingly, a higher dielectric constant
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is obtainable. In case of processing at such a high temperature, it is preferable that the
laminate 10 contains a diffusion-preventing layer 25 which will be described below.

The material constituting the upper electrode layer 16 may be an arbitrary material as
long as the material has conductivity. For example, the material constituting the upper
electrode layer 16 is Ni, Cu, Al, W, Ti, Ag, Au, Pt, Zn, Sn, Pb, Fe, Cr, Mo, Ru, Pd, or
Ta, an alloy of these materials such as CuNi, AuNi, and AuSn, or metal oxide or metal
oxynitride such as TiN, TiAIN, TiON, TiAION, and TaN.

The thickness of the upper electrode layer 16 is not particularly limited. It is
preferable, however, that the thickness of the upper electrode layer 16 lies in a range
from 10 nm to 50 nm (inclusive), for example, and more preferably in a range from 10
nm to 30 nm (inclusive). When the thickness of the upper electrode layer 16 is
increased to 50 nm, for example, ESR can be further decreased. When the thickness of
the upper electrode layer 16 is decreased to 30 nm or smaller, for example, the
diameter of the cylindrical part 2 can be further decreased. In this case, further size
reduction of the roll-up type capacitor 1 is achievable.

The method for producing the upper electrode layer 16 is not particularly limited.
The upper electrode layer 16 may be formed directly on the dielectric layer 14. Alter-
natively, separately produced the upper electrode layer 16 may be affixed to the di-
electric layer 14. The upper electrode layer 16 directly provided on the dielectric layer
14 may be formed by methods such as vacuum deposition, chemical deposition,
sputtering, ALD, and PLD.

As illustrated in Fig. 2, the insulating layer 18 may be provided on the upper
electrode layer 16 and the dielectric layer 14 to prevent short-circuiting caused by
electric contact between the lower electrode layer 12 and the upper electrode layer 16
when the laminate 10 is rolled up. The material constituting the insulating layer 18
may be an arbitrary material as long as the material has insulation property. It is
preferable, however, that the insulating layer 18 is made of any one of the foregoing
examples of the material of the dielectric layer 14. When the insulating layer 18 is
made of any one of the examples of the material constituting the dielectric layer 14, the
function of the insulating layer 18 as a dielectric layer improves. Accordingly, the
capacitor exhibiting further increased capacitance can be obtained.

The thickness of the insulating layer 18 is not particularly limited as long as in-
sulation between the lower electrode layer 12 and the upper electrode layer 16 is
securable. It is preferable, however, that the thickness of the insulating layer 18 lies in
a range from 10 nm to 100 nm (inclusive), for example, and more preferably in a range
from 10 nm to 50 nm (inclusive). When the thickness of the insulating layer 18 is 10
nm or larger, insulation property increases. In this case, leakage current further

decreases. When the thickness of the insulating layer 18 is 100 nm or smaller, the
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diameter of the cylindrical part 2 further decreases. In this case, further size reduction
of the capacitor is achievable.

The method for producing the insulating layer 18 is not particularly limited. The in-
sulating layer 18 may be formed directly on the upper electrode layer 16 and the di-
electric layer 14. Alternatively, the separately produced insulating layer 18 may be
affixed to the upper electrode layer 16 and the dielectric layer 14. The insulating layer
18 directly provided on the upper electrode layer 16 and the dielectric layer 14 may be
formed by methods such as vacuum deposition, chemical deposition, sputtering, ALD,
and PLD. When the insulating layer is made of perovskite type complex oxide, the in-
sulating layer is preferably formed by sputtering.

It is preferable that a part indicated by a reference number 24 in Fig. 2 is filled with
an insulating substance such as a resin. The presence of the insulating substance in the
part 24 further secures electric insulation between the upper electrode layer 16 and the
second external electrode 6 and between the lower electrode layer 12 and the first
external electrode 4. Examples of the method for forming the resin in the part 24
include impregnation of a resin into the cylindrical part after completion of rolling of
the cylindrical part. This method is also adoptable for forming a resin in the part 24 in
modified examples referred to below.

The first external electrode 4 is disposed at one side ends of the two or more
cylindrical parts, and electrically connected to the upper electrode layers of the two or
more cylindrical parts. The second external electrode 6 is disposed at the other side
ends of the two or more cylindrical parts, and electrically connected to the lower
electrode layers of the two or more cylindrical parts. This arrangement of the first
external electrode 4 and the second external electrode 6 allows parallel connection
between the two or more cylindrical parts, thereby decreasing the ESR and ESL of the
roll-up type capacitor 1. Each of the materials constituting the first external electrode 4
and the second external electrode 6 may be an arbitrary material as long as the material
has conductivity. Examples of the material constituting the first external electrode 4
and the second external electrode 6 include Ag, Cu, Pt, Ni, Al, Pd, and Au, and alloys
of these materials such as monel (Ni-Cu alloy).

The method for producing the first external electrode 4 and the second external
electrode 6 is not particularly limited. Examples of this method include plating, de-
position, and sputtering.

According to the roll-up type capacitor 1 of this embodiment, the cylindrical part 2
may be surrounded by and embedded in the resin part 8 as illustrated in Fig. 1. In this
case, the area of the cylindrical part 2 other than both ends thereof is covered by the
resin part 8. The resin part 8 is provided to protect the cylindrical part 2, and to allow

easy handling of the cylindrical part 2. Resin forming the resin part § may permeate
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into the cylindrical part 2. The cylindrical part 2 into which resin is impregnated is
hardened with the resin, in which condition the properties of the capacitor are further
stabilized. The resin part 8 is not an essential component. The roll-up type capacitor 1
according to this embodiment functions even when the resin part 8 is absent.

The material constituting the resin part 8 may be an arbitrary material as long as the
material has insulation property. The resin part 8 may be made of acrylic resin, epoxy,
polyester, silicone, polyurethane, polyethylene, polypropylene, polystyrene, nylon,
polycarbonate, polybutylene terephthalate or the like. The resin part 8 may contain in-
sulating substances as fillers to increase strength.

Fig. 3 illustrates a first modified example of the laminate 10 according to this em-
bodiment. As illustrated in Fig. 3, the diffusion-preventing layer 25 may be further
provided below the lower electrode layer 12. The diffusion-preventing layer 25
prevents diffusion of components constituting the sacrificial layer (described below)
toward the lower electrode layer 12 at the time of manufacture of the roll-up type
capacitor. When the insulating layer 18 is further laminated below the lower electrode
layer 12 as illustrated in Fig. 6 referred to below, the diffusion-preventing layer 25 may
be laminated below the insulating layer 18.

The material constituting the diffusion-preventing layer 25 is not particularly limited.
Preferable examples of the material constituting the diffusion-preventing layer 25 may
include: aluminum oxide (AlO,: such as AL,O;), silicon oxide (SiO,: such as Si0;), Al-
Ti complex oxide (AlTiO,), Si-Ti complex oxide (SiTiOy), hafnium oxide (HfO,),
tantalum oxide (TaO,), zirconium oxide (ZrO,), Hf-Si complex oxide (HfSiO,), Zr-Si
complex oxide (ZrSi0O,), Ti-Zr complex oxide (TiZrO,), Ti-Zr-W complex oxide
(TiZrWO,), titanium oxide (TiO,), Sr-Ti complex oxide (SrTiO,), Pb-Ti complex
oxide (PbTiO,), Ba-Ti complex oxide (BaTiO,), Ba-Sr-Ti complex oxide (BaSrTiO,),
Ba-Ca-Ti complex oxide (BaCaTiO,), Si-Al complex oxide (SiAlO,), Sr-Ru complex
oxide (SrRu0,), Sr-V complex oxide (SrVO;), and other metal oxides; aluminum
nitride (AINy), silicon nitride (SiN,), Al-Sc complex nitride (AlScN,), titanium nitride
(TiN,), and other metal nitrides; and aluminum oxynitride (AIO,N,), silicon oxynitride
(SiO4N,), Hf-Si complex oxynitride (HESiON,), Si-C complex oxynitride (SiC,ON,),
and other metal oxynitrides, and particularly preferably AlO, and SiO,. The respective
expressions presented above indicate only constitutions of elements, and do not limit
compositions of the elements. More specifically, x, y, and z suffixed to O, N, and C
may be arbitrary values. Abundance ratios of the respective elements including metal
elements are arbitrary ratios.

The thickness of the diffusion-preventing layer 25 is not particularly limited. It is
preferable, however, that the thickness of the diffusion-preventing layer 25 lies in a

range from 5 nm to 30 nm (inclusive), for example, and more preferably in a range
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from 5 nm to 10 nm (inclusive). When the thickness of the diffusion-preventing layer
25 is 5 nm or larger, diffusion of components constituting the sacrificial layer can
decrease more effectively. When the diffusion-preventing layer 25 is made of in-
sulating material, insulation property improves. Accordingly, leakage current
decreases. When the thickness of the diffusion-preventing layer 25 is 30 nm or smaller,
particularly 10 nm or smaller, the diameter of the cylindrical part 2 further decreases.
In this case, further size reduction of the roll-up type capacitor 1 is achievable.
Moreover, the roll-up type capacitor exhibiting further increased capacitance can be
obtained.

The diffusion-preventing layer 25 may be formed by vacuum deposition, chemical
deposition, sputtering, ALD, PLD, or other methods. In these methods, ALD is more
preferable. The method of ALD forms a film by depositing atomic layers one by one
by using reaction gas which contains material constituting the layers. Accordingly,
ALD produces an extremely uniform and fine film. The diffusion-preventing layer 25
formed on the sacrificial layer by ALD is capable of effectively reducing diffusion of
the components constituting the sacrificial layer toward other layers, such as the lower
electrode layer 12. Moreover, the extremely thin, uniform, and fine diffusion-
preventing layer 25 formed by ALD can be a film capable of decreasing leakage
current and offering high insulation property when the diffusion-preventing layer 25 is
made of insulating material. A film formed by ALD is generally amorphous. Ac-
cordingly, the composition ratio of the film is not limited to a stoichiometric ratio, but
may be other various composition ratios.

When the diffusion-preventing layer 25 is made of insulating material, electric
contact between the upper electrode layer 16 and the lower electrode layer 12 is
avoidable in the cylindrical part 2 produced from the rolled-up laminate 10 by the
presence of the diffusion-preventing layer 25. In this case, the insulating layer 18
discussed above is unnecessary.

It is preferable that the part indicated by the reference number 24 in the modified
example illustrated in Fig. 3 is filled with an insulating substance such as a resin. The
presence of the insulating substance in the part 24 can further secure electric insulation
between the upper electrode layer 16 and the second external electrode 6 and between
the lower electrode layer 12 and the first external electrode 4.

Fig. 4 illustrates a second modified example of the laminate 10 according to this em-
bodiment. As illustrated in Fig. 4, an adhering layer 26 may be further laminated
between the diffusion-preventing layer 25 and the lower electrode layer 12. The
adhering layer 26 has a function of adhering to the diffusion-preventing layer 25 and
the lower electrode layer 12 to prevent separation of the lower electrode layer 12 from

the laminate 10. When the insulating layer 18 is further laminated below the lower
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electrode layer 12 as illustrated in Fig. 6 referred to below, the adhering layer 26 may
be laminated between the insulating layer 18 and the diffusion-preventing layer 25.

The material constituting the adhering layer 26 may be titanium oxide (TiO,) or
chromium oxide (CrOy), for example.

The method for producing the adhering layer 26 is not particularly limited. For
example, the adhering layer 26 may be formed directly on a layer present below the
adhering layer 26 (such as sacrificial layer). Alternatively, the adhering layer 26
separately produced may be affixed to the layer present below the adhering layer 26.
The adhering layer 26 provided directly on the layer present below the adhering layer
26 may be formed by vacuum deposition, chemical deposition, sputtering, ALD, PLD,
or other methods.

It is preferable that the part indicated by the reference number 24 in the modified
example illustrated in Fig. 4 is filled with an insulating substance such as a resin. The
presence of the insulating substance in the part 24 can further secure electric insulation
between the upper electrode layer 16 and the second external electrode 6 and between
the lower electrode layer 12 and the first external electrode 4.

Fig. 5 illustrates a third modified example of the laminate 10 according to this em-
bodiment. As illustrated in Fig. 5, an interfacial layer 27 may be further laminated
between the dielectric layer 14 and the upper electrode layer 16, and/or between the di-
electric layer 14 and the lower electrode layer 12. The interfacial layer 27 has a
function of reducing leakage current produced by Schottky junction. When the in-
sulating layer 18 is further laminated below the lower electrode layer 12 as illustrated
in Fig. 6 referred to below, the interfacial layer 27 may be further laminated between
the insulating layer 18 and the lower electrode layer 12. When a second dielectric layer
21 and a third electrode layer 22 are further laminated in this order on the upper
electrode layer 16 as illustrated in Fig. 7 referred to below, the interfacial layer 27 may
be further laminated between the second dielectric layer 21 and the upper electrode
layer 16, and/or between the second dielectric layer 21 and the third electrode layer 22.

According to the laminate 10 illustrated in Fig. 5, the insulating layer 18 is laminated
on the upper electrode layer 16. However, the insulating layer 18 is not an essential
constituent element in this embodiment, and not required to be equipped when there is
no possibility of electric contact between the lower electrode layer 12 and the upper
electrode layer 16.

The material constituting the interfacial layer 27 may be arbitrary metal appropriate
for the material of the dielectric layer.

The method for producing the interfacial layer 27 is not particularly limited. For
example, the interfacial layer 27 may be formed directly on a layer present below the

interfacial layer 27. Alternatively, the interfacial layer 27 separately produced may be
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affixed to the layer present below the interfacial layer 27. The interfacial layer 27
provided directly on the layer present below the interfacial layer 27 may be formed by
vacuum deposition, chemical deposition, sputtering, ALD, PLD, or other methods.

It is preferable that the part indicated by the reference number 24 in the modified
example illustrated in Fig. 5 is filled with an insulating substance such as a resin. The
presence of the insulating substance in the part 24 can further secure electric insulation
between the upper electrode layer 16 and the second external electrode 6 and between
the lower electrode layer 12 and the first external electrode 4.

Fig. 6 illustrates a fourth modified example of the laminate 10 according to this em-
bodiment. As illustrated in Fig. 6, the insulating layer 18 may be further laminated
below the lower electrode layer 12. When the insulating layer 18 is laminated in this
manner, electric contact between the upper electrode layer 16 and the lower electrode
layer 12 is avoidable by the presence of the insulating layer 18 in the cylindrical part 2
constituted by the rolled laminate 10. In this case, an insulating layer need not be
provided on the upper electrode layer 16.

The material constituting the insulating layer 18 may be any one of the foregoing
examples of the material of the dielectric layer 14. The method for producing the in-
sulating layer 18 may be any one of the foregoing examples of the method for
producing the dielectric layer 14.

It is preferable that the part indicated by the reference number 24 in the modified
example illustrated in Fig. 6 is filled with an insulating substance such as a resin. The
presence of the insulating substance in the part 24 can further secure electric insulation
between the upper electrode layer 16 and the second external electrode 6 and between
the lower electrode layer 12 and the first external electrode 4.

Fig. 7 illustrates a fifth modified example of the laminate 10 according to this em-
bodiment. As illustrated in Fig. 7, another dielectric layer (referred to as second di-
electric layer 21 as well), and another electrode layer (referred to as third electrode
layer 22 as well) are further laminated in this order on the upper electrode layer 16.
The laminate illustrated in Fig. 7 contains the three electrode layers 12, 16, and 22, and
the dielectric layers 14 and 21 provided between the electrode layers 12 and 16, and
between the electrode layers 16 and 22, respectively. However, the present invention is
not limited to this specific configuration. The laminate may contain four or more
electrode layers and dielectric layers provided therebetween. The third electrode layer
22 is disposed in such a position not completely overlapping with the upper electrode
layer 16 similarly to the lower electrode layer 12. In this case, the third electrode layer
22 is electrically connected to the second external electrode 6, and electrically
separated from the first external electrode 4. When the second dielectric layer 21 and

the third electrode layer 22 are laminated in this condition, electric contact between the
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upper electrode layer 16 and the lower electrode layer 12 is avoidable in the cylindrical
part 2 produced from the rolled-up laminate 10. Accordingly, the insulating layer 18
discussed above is unnecessary.

The material constituting the second dielectric layer 21 may be any one of the
foregoing examples of the material constituting the dielectric layer 14. The method for
producing the second dielectric layer 21 may be any one of the foregoing examples of
the method for producing the dielectric layer 14.

The material constituting the third electrode layer 22 may be any one of the
foregoing examples of the material constituting the lower electrode layer 12. The
method for producing the third electrode layer 22 may be any one of the foregoing
examples of the method for producing the lower electrode layer 12.

It is preferable that the part indicated by the reference number 24 in the modified
example illustrated in Fig. 7 is filled with an insulating substance such as a resin. The
presence of the insulating substance in the part 24 can further secure electric insulation
between the third electrode layer 22 and the first external electrode 4, between the
upper electrode layer 16 and the second external electrode 6, and between the lower
electrode layer 12 and the first external electrode 4.

The roll-up type capacitor according to the present invention is not limited to the
capacitor described in the embodiment herein, but may be modified in various ways as
long as the function as the capacitor is offered. For example, a plurality of identical
layers, or additional layers may be formed.

A process for producing a roll-up type capacitor according to an embodiment of the
present invention is hereinafter described. The process for producing the roll-up type
capacitor according to the present invention is not limited to the process described
herein.

A roll-up type capacitor according to this embodiment is generally produced by:

a step for forming a sacrificial layer on a substrate;

a step for forming two or more cylindrical parts, the step including

- forming a laminate including at least a lower electrode layer, an upper electrode
layer, and a dielectric layer sandwiched between the lower electrode layer and the
upper electrode layer on the sacrificial layer, and

- rolling up the laminate by removal of the sacrificial layer to obtain the cylindrical
part;

a step for arranging the two or more cylindrical parts in parallel with one another;
and

a step for forming a first external electrode on one side ends of the two or more
cylindrical parts such that the first external electrode is electrically connected to the

upper electrode layers of the two or more cylindrical parts, and forming a second
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external electrode on the other side ends of the two or more cylindrical parts such that
the second external electrode is electrically connected to the lower electrode layers of
the two or more cylindrical parts. More specifically, the roll-up type capacitor
according to this embodiment is manufactured by the process described below.

[0069]  Initially, a substrate is prepared.

[0070]  The material constituting the substrate is not particularly limited. It is preferable,
however, that the substrate is made of such a material not adversely affecting de-
position of a sacrificial layer, and stable for etchant used for removal of the sacrificial
layer. Examples of the material constituting the substrate include silicone, silica, and
magnesia.

[0071] Then, a sacrificial layer is formed on the substrate.

[0072]  The material constituting the sacrificial layer may be an arbitrary material as long as
the material is removable by etching or other methods after formation of a laminate
described below. The sacrificial layer is preferably made of germanium, or germanium
oxide, since both are relatively stable at a high temperature.

[0073]  The thickness of the sacrificial layer is not particularly limited. For example, the
thickness of the sacrificial layer lies in a range from 5 nm to 100 nm (inclusive), and
more preferably in a range from 10 nm to 30 nm (inclusive).

[0074]  The method for forming the sacrificial layer is not particularly limited. The sacrificial
layer may be formed directly on the substrate. Alternatively, a film separately
produced may be affixed to the substrate. The sacrificial layer provided directly on the
substrate may be formed by vacuum deposition, chemical deposition, sputtering, PLD
or other methods.

[0075]  Instead, the sacrificial layer may be formed by processing a precursor layer formed
on the substrate. For example, a metal layer may be formed and oxidized on the
substrate to produce the sacrificial layer.

[0076]  Subsequently, a laminate which contains at least a lower electrode layer, an upper
electrode layer, and a dielectric layer sandwiched between the lower electrode layer
and the upper electrode layer is formed on the sacrificial layer. The step for forming
the laminate may include forming the lower electrode layer, the dielectric layer, and
the upper electrode layer in this order by the method described above. The number of
the laminate is not limited to one for the one substrate at the same time. A plurality of
the laminates may be formed on the one substrate. When the roll-up type capacitor
includes other layers such as an insulating layer, a diffusion-preventing layer, an
adhering layer, a second dielectric layer, and a third electrode layer, these layers may
be formed at desired positions to manufacture the laminate.

[0077]  More specifically, the process for producing the roll-up type capacitor according to

this embodiment may include a step for forming an insulating layer on the upper
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electrode layer, for example. The process may include a step for forming a diffusion-
preventing layer before forming the lower electrode layer. When the step for forming
the diffusion-preventing layer is present, the process may include a step for forming an
adhering layer between the diffusion-preventing layer and the lower electrode layer.
The process may further include a step for forming an interfacial layer between the di-
electric layer and the upper electrode layer, and/or between the dielectric layer and the
lower electrode layer.

The process may include a step for forming an insulating layer before forming the
lower electrode layer. The process may further include a step for forming another di-
electric layer (second dielectric layer) and another electrode layer (third electrode
layer) on the upper electrode layer.

According to the foregoing laminate, the lower electrode layer and the upper
electrode layer are disposed such that one end of each of the lower electrode layer and
the upper electrode layer does not overlap with the other electrode layer as illustrated
in Fig. 2, for example. The laminate having this structure may be manufactured by
using a metal mask (metallic mask), for example, or by using a photolithography
technique.

The entire laminate discussed above has an internal stress directed from the lower
electrode layer to the upper electrode layer. This internal stress is generated by
applying a tensile stress to a layer in the lower region of the laminate, such as the lower
electrode layer, and/or applying a compressive stress to a layer in the upper region of
the laminate, such as the upper electrode layer. It is preferable that the laminate is
formed such that the lower electrode layer has a tensile stress, and that the upper
electrode layer has a compressive stress. The material and the forming method of the
layer receiving a tensile stress or a compressive stress may be appropriately selected by
those skilled in the art.

The laminate is separated from the substrate by the internal stress generated in the
laminate in the direction from the lower electrode layer to the upper electrode layer.
Then, the laminate can be bended and self-rolled by the internal stress.

The laminate obtained in the foregoing manner is rolled up by removal of the sac-
rificial layer.

The method for removing the sacrificial layer is not particularly limited. It is
preferable, however, that the sacrificial layer is etched using etchant. For example, the
sacrificial layer or the substrate is exposed by etching or other methods at the starting
portion of the rolling of the laminate. Etchant is poured through the exposed portion,
and then the sacrificial layer can be etched to be removed.

The etchant may be appropriately selected in accordance with the material con-

stituting the sacrificial layer and the layers forming the laminate. When the sacrificial
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layer is made of Ge or GeO,, for example, hydrogen peroxide solution is preferably
used as etchant.

The sacrificial layer is gradually removed from one end of the laminate. The laminate
is sequentially separated from the substrate such that the separation of the laminate
starts from the removed portion of the sacrificial layer. The separated laminate is
bended and rolled by the internal stress of the laminate, and thus formed into a
cylindrical part. The number of windings of the cylindrical part is not particularly
limited, i.e., may be either one or plural. The number of windings of the cylindrical
part is appropriately determined in accordance with desired size (diameter) and ca-
pacitance of the roll-up type capacitor to be produced.

Subsequently, the two or more cylindrical parts are arranged in parallel with one
another. The number and positions of the cylindrical parts may be arbitrary number
and positions as long as the cylindrical parts are arranged in parallel with one another.
The number and positions of the cylindrical parts may be appropriately determined in
accordance with purposes of use and desired characteristics and sizes.

Then, a first external electrode and a second external electrode are formed at one side
ends and the other side ends, respectively, of the two or more cylindrical parts arranged
in parallel with one another. The first external electrode is electrically connected to the
upper electrode layer of each of the two or more cylindrical parts, while the second
external electrode is electrically connected to the lower electrode layer of each of the
two or more cylindrical parts. The first external electrode and the second external
electrode may be formed by the methods described above, such as plating. The first
external electrode and the second external electrode thus formed realize parallel
connection between the two or more cylindrical parts.

It is preferable that the process for producing the roll-up type capacitor according to
this embodiment further includes a step for hardening, with a resin, the two or more
cylindrical parts arranged in parallel with one another before forming the first external
electrode and the second external electrode. More specifically, two or more cylindrical
parts each of which has been produced from a rolled laminate are separated from the
substrate by using a peeling tape or the like, and arranged in parallel with one another,
for example. Then, a dam is formed around the cylindrical parts arranged in parallel
with one another. The cylindrical parts formed on the substrate are immersed in a resin
poured into the dam. It is preferable that immersion is carried out for a time sufficient
for impregnation of the resin into the cylindrical parts.

After the resin is hardened, each of the cylindrical parts is cut into a desired shape
such as a rectangular parallelepiped shape. The upper electrode layer and the lower
electrode layer are exposed on the surfaces of each of the cylindrical parts at both ends

thereof by polishing or other methods. Subsequently, the first external electrode and
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the second external electrode are formed on the surfaces on which the upper electrode
layer and the lower electrode layer are exposed, respectively, to produce a roll-up type
capacitor including the two or more cylindrical parts each of which is surrounded by

and embedded in the resin part.
The roll-up type capacitor according to this embodiment is now completed.

Examples
Example 1

A roll-up type capacitor according to Example 1 was produced by the following
procedures.

(Formation of Sacrificial Layer Pattern)

Initially, a Si monocrystal substrate having a diameter of four inches (10.16 cm) was
prepared as a substrate 32 (Fig. 8(a)). A Ge layer having a thickness of 50 nm was
formed as a sacrificial layer 34 on the entire surface of the substrate 32 by sputtering
(Fig. 8(b)). A positive-type photoresist 36 was applied to the entire surface of the sac-
rificial layer 34 (Fig. 8(c)). Then, a strip-shaped hardened photoresist pattern 38 was
produced on the sacrificial layer 34 by removing a non-hardened portion after ul-
traviolet exposure via a mask having a predetermined pattern and development (Fig.
8(d)). The substrate 32 thus formed was immersed in etchant containing hydrogen
peroxide solution to remove the sacrificial layer 34 in a part other than a part of the
hardened photoresist (Fig. 8(e)). Subsequently, the hardened photoresist pattern 38 was
removed by using acetone to produce a strip-shaped sacrificial layer pattern 40 (Fig.
8(1)).

(Formation of Laminate)

A metal mask containing arrangement of strip-shaped patterns each of which has a
width of 500 wum and a length of 1.0 mm was placed on the substrate 32 on which the
sacrificial layer pattern 40 was formed. A SiO, layer corresponding to the insulating
layer was formed on the sacrificial layer pattern 40 by sputtering, and a Ni layer corre-
sponding to the lower electrode layer 12 was formed on the insulating layer by de-
position. Then, the metal mask was shifted by 50 um in a direction perpendicular to the
longer side of the strip-shaped pattern (i.e., width direction). In this condition, a SiO,
layer corresponding to the dielectric layer 14 was formed by sputtering, and a Ni layer
corresponding to the upper electrode layer 16 was formed on the dielectric layer 14 by
deposition. The thickness of each of the SiO, layers was 50 nm, while the thickness of
each of the Ni layers was 25 nm. Each of the lower electrode layer 12 and the upper
electrode layer 16 contained an area of 50 um in length in the width direction as an
area not overlapping with each other in the plan view. As a result, the rectangular

laminate 10 having a cross-sectional shape illustrated in Fig. 9 was formed on the sac-
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rificial layer pattern 40. A length L of the laminate 10 was 1.0 mm, while a width W
thereof was 500 um. The cross-sectional view in Fig. 9 is a cross-sectional view taken
perpendicularly to the rolling direction of the laminate (i.e., cross-sectional view taken
perpendicularly to the length direction of the laminate).

(Formation of Cylindrical Part)

A photoresist 42 was applied (Fig. 10(b)) to the entire surface of the substrate 32
containing arrangement of a plurality of the laminates 10 thus obtained (Fig. 10(a)).
The photoresist 42 on one short side of each of the laminates 10 was removed by
patterning. Then, the photoresist 42 removal portion was etched by using hydrofluoric
acid solution to remove a part of each of the laminates 10 and to expose the sacrificial
layer 40 (Fig. 10(c)). Then, the photoresist 42 was removed (Fig. 10(d)). Hydrogen
peroxide solution was supplied to the part through which the sacrificial layer 40 was
exposed to gradually etch the sacrificial layer 40 from one short side of each of the
laminates 10. Each of the laminates 10 was rolled up in accordance with etching of the
sacrificial layer 40. The plurality of the cylindrical parts 2 (capacitor bodies) each
having a diameter of 50 um and a length of 500 um were produced on the substrate 32
by these procedures.

(Formation of Resin Part (Resin Hardening Step))

A dam was formed on an outer edge portion of the substrate 32 where the cylindrical
parts 2 were produced in the manner described above. A resin was poured into the
dam, and the cylindrical parts were immersed into the resin. Then, air contained in the
resin was removed by vacuum heating, whereafter the resin was sufficiently im-
pregnated into the cylindrical parts. After impregnation, the substrate was stored in an
oven heated to 150°C for a whole day and night to thermally harden the resin. The
substrate 23 where the cylindrical parts 2 and the hardened resin were formed was
rapidly cooled approximately to room temperature to separate the resin from the
substrate 32 by utilizing a stress difference between the substrate 32 and the resin. The
separated resin contained cylindrical capacitors. Then, a resin was applied to the resin
at the separated portion, and thermally hardened in a similar manner to seal the
cylindrical parts 2 within the resin.

(Formation of External Electrode)

The resin surrounding the cylindrical parts 2 produced by the foregoing procedures
was cut by a dicer into units each containing the one cylindrical part 2. Then, resin
parts provided at both ends of each of the cylindrical parts 2 were polished to expose
the lower electrode layer on one of the end surfaces, and the upper electrode layer on
the other end surface. The first external electrode 4 and the second external electrode 6
were formed by electroplating on the corresponding end surfaces (exposure surfaces).

The upper electrode layer 16 was connected to the first external electrode 4, while the
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[0097]

[0098]

[0099]

[0100]

lower electrode layer 12 was connected to the second external electrode 6. The roll-up
type capacitor 1 according to Example 1 thus obtained included the one cylindrical part
2 and the resin part 8 surrounding the cylindrical part 2, and had a cross-sectional
shape illustrated in Fig. 11.

Examples 2 and 20

Roll-up type capacitors of Example 2 and Example 20 were produced by procedures
similar to the procedures of Example 1 except that the length L and the width W of the
laminate 10 were set to values as indicated in Table 1 shown below.

Examples 3-19 and 21-25

(Formation of Laminate and Formation of Cylindrical Part)

The plurality of cylindrical parts 2 were formed on the substrate 32 by procedures
similar to the procedures of Example 1 except that the length L and the width W of the
laminate 10 were set to values as indicated in Table 1.

(Formation of Resin Part (Resin Hardening Step))

The cylindrical parts 2 thus formed were separated from the substrate 32 by using a
peeling tape or the like, and arranged in parallel with one another on the peeling tape.
The number of the cylindrical parts arranged in parallel with one another is indicated in
Table 1 shown below. A dam surrounding the plurality of cylindrical parts 2 was
formed on the peeling tape. A resin was poured into the dam, and the cylindrical parts
2 were immersed into the resin. Then, air contained in the resin was removed by
vacuum heating, whereafter the resin was sufficiently impregnated into the cylindrical
parts 2. After impregnation, the substrate was stored in an oven heated to 150°C for a
whole day and night to thermally harden the resin. The peeling tape was separated
from the hardened resin. Then, a resin was applied to a portion of the resin from which
the peeling tape was separated, and thermally hardened in a similar manner to seal the
cylindrical parts 2 within the resin.

(Formation of External Electrode)

The resin surrounding the plurality of cylindrical parts 2 produced by the foregoing
procedures was cut by a dicer along the end surfaces of the cylindrical parts 2. Then,
resin parts provided at both ends of each of the cylindrical parts 2 were polished to
expose the lower electrode layer on one of the end surfaces, and the upper electrode
layer on the other end surface. The first external electrode 4 and the second external
electrode 6 were formed by electroplating on the corresponding end surfaces (exposure
surfaces). The upper electrode layers 16 were connected to the first external electrode
4, while the lower electrode layers 12 were connected to the second external electrode
6. Each of the roll-up type capacitors 1 of Examples 3 through 19 and Examples 21

through 25 produced in the foregoing manners contains the plurality of cylindrical
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parts 2 arranged in parallel with one another, and the resin parts 8 surrounding the re-
spective cylindrical parts 2.
[0101] (Measurement of ESR)

The ESR of each of the cylindrical capacitors thus obtained was measured under
conditions of a temperature 25 + 2°C, a voltage of 1 Vrms, and a measurement
frequency of 10 MHz by using an impedance analyzer (manufactured by Agilent Tech-
nologies Ltd., E4990A). Ten samples were measured for each example. Table 1 shows
an average of the ten samples for each example.

[0102] [Table 1]

Number of Resistancs
Example | I {mm) W (mm) L/W Cylindrical (@)
Parts
*1 1.0 0.50 2.0 1 10
*2 0.5 0.50 1.0 1 20
*3 1.0 0.50 2.0 2 5.0
*4 0.8 .50 1.5 2 6.7
5 1.0 0.25 4.0 2 2.5
* 6 0.5 0.25 2.0 2 5.0
7 0.5 0.13 4.0 2 2.5
8 0.5 0.10 5.0 2 2.0
*9 1.0 0.50 2.0 3 3.3
10 1.0 0.25 4.0 3 1.7
11 1.0 0.50 2.0 4 2.5
12 1.0 0.25 4.0 4 1.3
*13 1.0 1.00 1.0 4 5.0
*14 3.0 1.50 2.0 2 5.0
*15 3.0 1.50 2.0 3 3.3
le 3.0 1.50 2.0 4 2.5
*17 3.0 1.00 3.0 2 3.3
18 3.0 1.00 3.0 3 2.2
19 3.0 1.00 3.0 4 1.7
*20 3.0 0.75 4.0 1 5.0
21 3.0 0.75 4.0 2 2.5
22 3.0 0.75 4.0 3 1.7
*23 3.0 3,00 1.0 4 5.0
*24 3.0 3.00 1.0 6 3.3
25 3.0 3.00 1.0 8 2.5

W A

Examples to which mark is given are examples not

inciuded in the scope of the present inventicn.

[0103] As can be understood from the results shown in Table 1 in the case of having the
same ratio L/W, the resistance of the roll-up type capacitor is decreased as the number
of the cylindrical parts arranged in parallel with one another increases. As indicated in

Table 1, each of the roll-up type capacitors of Examples 5, 7, 8, 10, 12, 21, and 22
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[0104]

[0105]

having a ratio L/W of 4 or larger and including the two or more cylindrical parts had a
low resistance of 2.5 €2 or lower at the frequency of 10 MHz. On the other hand, the
roll-up type capacitor of Example 20 having a ratio L/W of 4.0 and including only the
one cylindrical part had a high resistance of 5.0 €2 at the frequency of 10 MHz. Each of
the roll-up type capacitors of Examples 18 and 19 having a ratio L/W of 3.0 and
including the three or more cylindrical parts had a low resistance of 2.5 € or lower at
the frequency of 10 MHz. On the other hand, the roll-up type capacitor of Example 17
having a ratio L/W of 3.0 and including only the two cylindrical parts had a high re-
sistance of 3.3 Q at the frequency of 10 MHz. Each of the roll-up type capacitors of
Examples 11 and 16 having a ratio L/W of 2.0 and including the four or more
cylindrical parts had a low resistance of 2.5 €2 or lower at the frequency of 10 MHz.
On the other hand, each of the roll-up type capacitors of Examples 1, 3, 6, 9, 14, and
15 having a ratio L/W of 2.0 and including the three or fewer cylindrical parts had a
high resistance of 3.3 Q or higher at the frequency of 10 MHz. The roll-up type
capacitor of Example 25 having a ratio L/W of 1.0 and including the eight cylindrical
parts had a low resistance of 2.5 €2 at the frequency of 10 MHz. On the other hand,
each of the roll-up type capacitors of Examples 2, 4, 13, 23, and 24 having a ratio L/W
of 1.0 or larger and smaller than 2.0 and including fewer than eight cylindrical parts
had a high resistance of 3.3 €2 or higher at the frequency of 10 MHz. As apparent from
the results shown in Table 1, the roll-up type capacitor within the scope of the present
invention is capable of sufficiently decreasing ESR. More specifically, in the case of
the roll-up type capacitor having a configuration shown in Examples, each of the roll-
up type capacitors of Examples 5, 7, 8, 10 through 12, 16, 18, 19, 21, 22, and 25 within
the scope of the present invention could exhibit decreased ESR at the frequency of 10
MHz to 2.5 €2 or lower. Moreover, defects decreased in each of the roll-up type ca-
pacitors of the respective examples described above within the scope of the present
invention. It is considered that this decrease in defects was achieved by the length L of
the laminate of 3 mm or smaller.

(Measurement of Capacitance and Impedance)

Capacitance and an impedance curve were obtained for each of the roll-up type
capacitor of Example 1 and Example 5 by using an impedance analyzer. Figs. 12 and
13 show measurement results of the capacitance and the impedance of the roll-up type
capacitor of Example 5, while Figs. 14 and 15 show measurement results of the ca-
pacitance and the impedance of the roll-up type capacitor of Example 1.

As shown in Fig. 12, the roll-up type capacitor of Example 5 having a ratio L/W of
4.0 and including the two cylindrical parts arranged in parallel with one another had
high capacitance of approximately 1 nF or higher even in a high frequency range

exceeding 100 kHz. On the other hand, as shown in Fig. 14, the roll-up type capacitor
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[0106]

[0107]

of Example 1 having a ratio L/W of 2.0 and including only the one cylindrical part had
capacitance lower than 1 nF in a high frequency range exceeding 100 kHz. As il-
lustrated in Figs. 13 and 15, the roll-up type capacitor of Example 5 had lower in-
ductance than the inductance of the roll-up type capacitor of Example 1, and had a
resonant frequency in a higher frequency range. As a result, the roll-up type capacitor
of Example 5 had lower impedance than the impedance of the roll-up type capacitor of
Example 1 for alternating current at a high frequency.
Industrial Applicability

The capacitor provided according to the present invention is a small-sized, low ESR
and low ESL capacitor. Accordingly, the capacitor according to the present invention
is appropriate for use even in a high frequency range, and therefore appropriate for use
as a capacitor equipped on various types of electronic devices required to achieve size
reduction and high performance.
Reference Signs List

1: Roll-up type capacitor

2: Cylindrical part

4: First external electrode

6: Second external electrode

8: Resin part

10: Laminate

12: Lower electrode layer

14: Dielectric layer

16: Upper electrode layer

18: Insulating layer

21: Second dielectric layer

22: Third electrode layer

24: Part

25: Diffusion-preventing layer

26: Adhering layer

27: Interfacial layer

32: Substrate

34: Sacrificial layer

36: Photoresist

38: Photoresist pattern

40: Sacrificial layer pattern

42: Photoresist
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Claims
A roll-up type capacitor comprising:
a plurality of cylindrical parts arranged parallel to one another which
are formed by rolling-up a laminate comprising at least a lower
electrode layer, an upper electrode layer and a dielectric layer, at least
the dielectric layer being sandwiched between the upper electrode layer
and the lower electrode layer, the upper electrode layer being drawn to
one end of the cylindrical part, and the lower electrode layer being
drawn to another end of the cylindrical part;
a first external electrode on one end of the plurality of cylindrical parts
which is electrically connected to the upper electrode layers in the
plurality of cylindrical parts; and
a second external electrode on another end of the plurality of
cylindrical parts which is electrically connected to the lower electrode
layers in the plurality of cylindrical parts;
wherein assuming a dimension of the laminate parallel to rolling-up
direction of the laminate as a length L, and a dimension of the laminate
perpendicular to laminating direction and the rolling-up direction of the
laminate as a width W,
the roll-up type capacitor comprises two or more cylindrical parts when
aratio L/W of the length L to the width W of the laminate is 4 or more;
the roll-up type capacitor comprises three or more cylindrical parts
when L/W is 3 or more and less than 4;
the roll-up type capacitor comprises four or more cylindrical parts
when L/W is 2 or more and less than 3; and
the roll-up type capacitor comprises eight or more cylindrical parts
when L/W is 1 or more and less than 2.
The roll-up type capacitor according to claim 1 wherein the length L is
3 mm or less.
The roll-up type capacitor according to claim 1 or 2 wherein the
thickness of the cylindrical part is 100 wm or less.
The roll-up type capacitor according to any one of claims 1 to 3
wherein the cylindrical part is formed by rolling-up the laminate in
which at least the lower electrode layer, the dielectric layer and the
upper electrode layer are laminated in this order; and
wherein a diffusion-preventing layer is further laminated under the

lower electrode layer in the laminate.
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The roll-up type capacitor according to claim 4 wherein an adhering
layer is further laminated between the diffusion-preventing layer and
the lower electrode layer.

The roll-up type capacitor according to any one of claims 1 to 5
wherein the cylindrical part is formed by rolling-up the laminate in
which at least the lower electrode layer, the dielectric layer and the
upper electrode layer are laminated in this order; and

wherein an interfacial layer is further laminated between the dielectric
layer and the upper electrode layer and/or between the dielectric layer
and the lower electrode layer in the laminate.

The roll-up type capacitor according to any one of claims 1-6 wherein
the cylindrical part is formed by rolling-up the laminate in which at
least the lower electrode layer, the dielectric layer and the upper
electrode layer are laminated in this order; and

wherein an insulating layer is further laminated under the lower
electrode layer in the laminate.

The roll-up type capacitor according to any one of claims 1-7 wherein
the cylindrical part is formed by rolling-up the laminate in which at
least the lower electrode layer, the dielectric layer and the upper
electrode layer are laminated in this order; and

wherein another dielectric layer and another electrode layer are further
laminated in this order on the upper electrode layer in the laminate.
The roll-up type capacitor according to any one of claims 1-8 wherein
the cylindrical parts are embedded in a resin part.

A process for producing a roll-up type capacitor comprising:

forming a sacrificial layer on a substrate;

forming a plurality of cylindrical parts which comprises

- forming a laminate comprising at least a lower electrode layer, an
upper electrode layer and a dielectric layer sandwiched between the
lower electrode layer and the upper electrode layer on the sacrificial
layer,

- rolling up the laminate by removal of the sacrificial layer to obtain the
cylindrical part;

arranging the plurality of cylindrical parts parallel to one another; and
forming a first external electrode on one end of the plurality of
cylindrical parts such that the first external electrode is electrically
connected to the upper electrode layer and forming a second external

electrode on another end of the plurality of cylindrical parts such that
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the second external electrode is electrically connected to the lower
electrode layer,

wherein assuming a dimension of the laminate parallel to rolling-up
direction of the laminate as a length L, and a dimension of the laminate
perpendicular to laminating direction and the rolling-up direction of the
laminate as a width W,

the roll-up type capacitor comprises two or more cylindrical parts when
aratio L/W of the length L to the width W of the laminate is 4 or more;
the roll-up type capacitor comprises three or more cylindrical parts
when L/W is 3 or more and less than 4;

the roll-up type capacitor comprises four or more cylindrical parts
when L/W is 2 or more and less than 3; and

the roll-up type capacitor comprises eight or more cylindrical parts
when L/W is 1 or more and less than 2.

The process according to claim 10 wherein the forming of the laminate
comprises forming the lower electrode layer, the dielectric layer and the
upper electrode layer in this order, and further comprises forming a
diffusion-preventing layer before forming the lower electrode layer.
The process according to claim 11 wherein the forming of the laminate
comprises forming the lower electrode layer, the dielectric layer and the
upper electrode layer in this order, and further comprises forming an
adhesion layer between the diffusion-preventing layer and the lower
electrode layer.

The process according to any one of claims 10-12 wherein the forming
of the laminate comprises forming the lower electrode layer, the di-
electric layer and the upper electrode layer in this order, and further
comprises forming an interfacial layer between the dielectric layer and
the upper electrode layer and/or between the dielectric layer and the
lower electrode layer.

The process according to any one of claims 10-13 wherein the forming
of the laminate comprises forming the lower electrode layer, the di-
electric layer and the upper electrode layer in this order, and further
comprises forming an insulating layer before forming the lower
electrode layer.

The process according to any one of claims 10-14 wherein the forming
of the laminate comprises forming the lower electrode layer, the di-
electric layer and the upper electrode layer in this order, and further

comprises forming another dielectric layer and another electrode layer
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in this order on the upper electrode layer.

The process according to any one of claims 10-15 which further
comprises hardening the plurality of cylindrical parts with a resin
before forming the first external electrode and the second external

electrode.



1/8

WO 2017/134699 PCT/JP2016/000587

[Fig. 1]

Fig.1 1
8 2 /”
sty
%
N ////// // a
%“ NAMSASANN Y/
b7
777
Z \3 N ANAN
8
[Fig. 2]
Fig.2
/,./lQ
" I A~—18
A m s e s
NN NN 14
TR T2
LYJ
24
[Fig. 3]
Fig.3
10
// 24
A
16— Y
OO\~ 14
12
gy S——25



2/8

WO 2017/134699

[Fig. 4]

Fig.4
10
[/ 24
r_JL.‘
16 IS ey /-14
N2
N \\\\\‘\;,.26
. “™-25
24
[Fig. 5]
Fig.5
10
[/ 24
¥, A
16 ~\ YUl
77 HEEIETEESS /14
AN N\ \;/27
N g 12
\W”}
24
[Fig. 6]
Fig.6
KJ_Q od
{.L\
16 RN =~ N
\ ___/"14
N . =12
N A~—18

PCT/JP2016/000587



3/8

WO 2017/134699 PCT/JP2016/000587

[Fig. 7]

Fig.7
10
24 K“
21\_*_5‘\& T, S22
AN \\\\ }as




34

PCT/JP2016/000587

\\%\\///v\

4/8

WO 2017/134699

[Fig. 8]

Fig.8

(@)

32




Fig.9 1
10
16 AN ﬁ
14—\ AN
OO,k 12
DO 18
IR 40
[Fig. 10]
Fig.10

\ v o |




6/8

WO 2017/134699 PCT/JP2016/000587

[Fig. 11]

Fig.11

s

8 2 /
S -
\ g
7 72
S S N -
8
[Fig. 12]
Fig. 12
10— T
T e LA L N L AR ] NI ' ?l ;m“m
N RGP B
R e e e |

Fraq [MHZ]



7/8

WO 2017/134699 PCT/JP2016/000587

[Fig. 13]

Fig. 13

1600.0¢

E . Cu:verlnfa ;
h e mag(Z{1,10)
i - {Betupt  Sweep
10.00—:-
; P s SN oS S — ............
106 -
010
001 — LS ———
1 th 100 1000
Freq [hHz
[Fig. 14]
Fig. 14
10
Surve into
|7 capinF}
Satupl ; Sweeg
g i o | w=2000m’

(=]

-

s

cap(nF}
(4.

LS

w

™

e bvaa b b by s foa bva s lev e faogsr Lenas

-

(=)

Freq [MHz]



8/8

WO 2017/134699 PCT/JP2016/000587

[Fig. 15]
Fig. 15

1600.00

N |...Gurelnio
- | megiZ{113)

Setup1 : Sweep

- cezei 1))
Setupl @ Bagep

10000

bt _
10{]_: ...........
010
0,01 I S — S S
] 15 do 1000

Freg fMHz}



INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2016/000587
A. CLASSIFICATION OF SUBJECT MATTER
INV. HO1G4/32 HO1G4/232
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1G

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A RAVIKANT SHARMA ET AL: "Large-Area 1-16
Rolled-Up Nanomembrane Capacitor Arrays
for Electrostatic Energy Storage",
ADVANCED ENERGY MATERIALS,

vol. 4, no. 9, 24 June 2014 (2014-06-24),
page 1301631, XP055305768,

DE

ISSN: 1614-6832, DOI:
10.1002/aenm.201301631

cited in the application

pages 5,6; figures 1,4

A EP 2 023 357 Al (SCHMIDT OLIVER G [DE]) 1
11 February 2009 (2009-02-11)

cited in the application

paragraphs [0038] - [0041]; figures 1-5

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
28 September 2016 07/10/2016
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Roesch, Guillaume

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2016/000587

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2005/118733 Al (SCHMIDT OLIVER G [DE]
ET AL) 2 June 2005 (2005-06-02)
paragraphs [0073], [0074]; figures 7a, 7b
WO 2010/007110 A2 (LEIBNIZ INST FUER
FESTKOERPER [DE]; DIENEL THOMAS [DE];
SCHUMANN JOACH)

21 January 2010 (2010-01-21)

figures 2-6

WO 2016/058980 Al (LEIBNIZ INST FUR
FESTKORPER UND WERKSTOFFFORSCHUNG DRESDEN
E V [DE]) 21 April 2016 (2016-04-21)
pages 2,3

1

1-16

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2016/000587
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2023357 Al 11-02-2009 AT 511195 T 15-06-2011
EP 2023357 Al 11-02-2009
US 2009046414 Al 19-02-2009
US 2012140379 Al 07-06-2012
US 2005118733 Al 02-06-2005 DE 10159415 Al 12-06-2003
US 2005118733 Al 02-06-2005
WO 03048032 Al 12-06-2003
WO 2010007110 A2 21-01-2010  DE 102009027745 Al 21-01-2010
DE 102009027746 Al 23-09-2010
EP 2304818 A2 06-04-2011
WO 2010007110 A2 21-01-2010
WO 2016058980 Al 21-04-2016  DE 102015219696 Al 14-04-2016
WO 2016058980 Al 21-04-2016

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report

