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(57) Abstract: The present invention provides a roll-up type capacitor com-
prising at least one cylindrical part, a first external electrode on one end of
the cylindrical part and a second external electrode on another end of the
cylindrical part wherein the cylindrical part is formed by rolling-up a lower
electrode layer and an upper electrode layer with at least a dielectric layer
sandwiched therebetween; the first external electrode is electrically connec-
ted to the upper electrode layer, and the second external electrode is elec-
trically connected to the lower electrode layer; and a thickness of the upper

electrode layer at a part where it is connected to the first external electrode
is larger than a thickness of the other part of the upper electrode layer,

1ty.

and/or a thickness of the lower electrode layer at a part where it is connected
to the second external electrode is larger than a thickness of the other part of
the lower electrode layer. The roll-up type capacitor has excellent bonding
property between a lower electrode layer and an external electrode and/or
between an upper electrode layer and an external electrode and high reliabil -
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Description

Title Of Invention: ROLL-UP CAPACITOR AND PROCESS FOR PRODUCING THE SAME

Technical Field

The present invention relates to a capacitor and a process for producing this
capacitor, and more particularly to a roll-up type capacitor and a process for producing

this roll-up type 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 this type of capacitor disclosed in Patent Literature 1 is a metallized film
capacitor formed by depositing metal material on surfaces of a pair of dielectric films
such that a margin part is produced along a side on each of the films to form metallized
films, laminating both the metallized films such that the respective margin parts are
disposed on the opposite sides, rolling up the laminated films to form a capacitor
element, and spraying metal material to both end surfaces of the capacitor element to
form external electrodes. Each of the metallized films includes a thin film growth part
which contains a thin film produced by nuclear growth of metal particles, and a thin
film non-growth part adsorbing metal particles by electrostatic interaction. One end of
the thin film non-growth portion contacts the margin part, while the other end contacts
the thin film growth part.

Patent Literature 2 discloses a dry metallized film capacitor formed by rolling up a
pair of overlapped metallized films, winding a film, which contains an inorganic oxide
layer coated with silicon oxide, or silicon oxide and alumina, around the capacitor
element, forming an electrode extension part on a rolled-up end surface, and
connecting an external terminal to the electrode extension part.

Patent Literature 3 discloses a capacitor producing process which includes a step for
forming a laminate on a substrate. The laminate contains at least two electric
conductive layers, and at least an electric insulation layer disposed between the two
electric conductive layers. The process further includes a step for separating a first part
of the laminate from an initial position and shifting the first part. The first portion
contains an edge portion of the laminate. The process further includes a step for

bending the first part rearward toward a second part of the laminate.
Citation List

Patent Literature
PTL 1:JP 9-162062 A
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PTL 2: JP 2002-184642 A
PTL 3: EP 2023357 A
Summary of Invention

Technical Problem

According to Patent Literatures 1 and 2, the capacitor is manufactured by rolling up
films each having a thickness of several micrometers using a winding machine. In this
case, size reduction of the capacitor becomes difficult. According to the roll-up type
capacitor disclosed in Patent Literature 3, an electrode terminal connected to an
external electric element is formed at a final end of each of rolled first electric
conductive layer and second electric conductive layer (hereinafter collectively referred
to as “electric conductive layers” as well). In this case, a connection area between the
electrode terminal and the electric conductive layer decreases, wherefore electrode re-
sistance increases. Accordingly, equivalent series resistance (ESR) rises, in which
condition capacitance in a high frequency range exceeding 100 kHz is difficult to
obtain.

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-up 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 at one and the other ends of
the cylindrical part, respectively. According to the roll-up type capacitor having this
structure, bonding property between the lower electrode layer and the external
electrode and/or between the upper electrode layer and the external electrode needs to
improve so as to increase reliability of the capacitor.

An object of the present invention is to provide a roll-up type capacitor capable of in-
creasing reliability through improvement of bonding property between a lower
electrode layer and an external electrode and/or between an upper electrode layer and
an external electrode, and to provide a process for producing this roll-up type

capacitor.

Solution to Problem

The present inventors have found that bonding property between a lower electrode
layer and an external electrode and/or between an upper electrode layer and an external
electrode improves in a state that the thickness of the upper electrode layer at a part
connected to the external electrode is larger than the thickness of the upper electrode
layer at the other part, and/or that the thickness of the lower electrode layer at a part
connected to the external electrode is larger than the thickness of the lower electrode

layer at the other part. The present invention has been developed based on this finding.
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A first aspect of the present invention is directed to a roll-up type capacitor
comprising at least one cylindrical part, a first external electrode on one end of the
cylindrical part and a second external electrode on another end of the cylindrical part.
The cylindrical part is formed by rolling up a lower electrode layer and an upper
electrode layer with at least a dielectric layer sandwiched therebetween. The first
external electrode is electrically connected to the upper electrode layer. The second
external electrode is electrically connected to the lower electrode layer. A thickness of
the upper electrode layer at a part connected to the first external electrode is larger than
a thickness of the other part of the upper electrode layer, and/or a thickness of the
lower electrode layer at a part connected to the second external electrode is larger than

a thickness of the other part of the lower electrode layer.
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 at least a cylindrical part, which step includes

- a step for 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

- a step for rolling up the laminate by removal of the sacrificial layer to obtain the
cylindrical part; and

a step for forming a first external electrode on one end of the one or more cylindrical
part 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 one or more
cylindrical part such that the second external electrode is electrically connected to the
lower electrode layer. An imparting part is formed on the upper electrode layer at a
part connected to the first external electrode, and/or an imparting part is formed on the
lower electrode layer at a part connected to the second external electrode when
forming the laminate.
Advantageous Effects of Invention

Provided according to the present invention are a roll-up type capacitor capable of in-
creasing reliability through improvement of bonding property between a lower
electrode layer and an external electrode and/or between an upper electrode layer and
an external electrode, and a process for producing this roll-up type capacitor.
Brief Description of Drawings
[fig.1]Fig. 1(a) is a schematic cross-sectional view of a roll-up type capacitor
according to a first embodiment of the present invention along a central axis of a

cylindrical part therein. Fig. 1(b) is an exploded perspective view of the roll-up type
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capacitor of Fig. 1(a). Fig. 1(c) is a schematic cross-sectional view of a variant of the
roll-up type capacitor of Fig. 1(a) 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 according to the first embodiment per-
pendicular to the direction of the rolling-up.
[fig.3]Fig. 3 is a schematic cross-sectional view of a first variant of the laminate shown
in Fig. 2 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
shown in Fig. 2 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
shown in Fig. 2 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
shown in Fig. 2 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 shown
in Fig. 2 perpendicular to the direction of the rolling-up.
[fig.8]Fig. 8 is a schematic cross-sectional view of a roll-up type capacitor according to
a second embodiment along a central axis of a cylindrical part therein.
[fig.9]Figs. 9(a) to (f) schematically show an example for a process for producing a
roll-up type capacitor according to Example 1.
[fig.10]Fig. 10 is a schematic cross-sectional view of a laminate in Example 1 formed
on a sacrificial layer perpendicular to the direction of the rolling-up.
[fig.11]Figs. 11(a) to (d) schematically show an example of a process for producing the
roll-up type capacitor according to Example 1.
[fig.12]Fig 12 is a schematic cross-sectional view of a laminate in Comparative
Example 1 formed on a sacrificial layer perpendicular to the direction of the rolling-up.
Description of Embodiments

A roll-up type capacitor and a process for producing this roll-up type capacitor
according to the embodiments of the present invention are hereinafter described in
detail with reference to the drawings. 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.

(First Embodiment)

As illustrated in Figs. 1(a) and 1(b), a roll-up type capacitor 1 according to a first em-
bodiment of the present invention generally includes at least one cylindrical part 2, a
first external electrode 4 disposed at one end of the cylindrical part 2, and a second

external electrode 6 disposed at the other end of the cylindrical part 2. The first
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external electrode 4 and the second external electrode 6 disposed at the one and the
other end of the cylindrical part 2, respectively, are so positioned as to face each other.
The “end” of the cylindrical part 2 in this context refers to an end (or surface) crossing
a central axis of the cylindrical part 2. As illustrated in Fig. 1(c), the roll-up type
capacitor 1 may include a resin part 8. In this case, the area of the cylindrical part 2
other than both ends thereof is covered by the resin part 8. The cylindrical part 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 cylindrical part 2 is produced by rolling up
a laminate 10 having a cross-sectional shape 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. In the case of the laminate
10 illustrated in Fig. 2, the dielectric layer 14 is not laminated on an imparting part 13
formed on the lower electrode layer 12. However, the present invention is not limited
to this specific configuration. The dielectric layer 14 may be laminated on the
imparting part 13.

As illustrated in Fig. 2, an insulating layer 18 may be laminated on the upper
electrode layer 16, and on the imparting part 13 formed on the upper electrode layer 16
when the imparting part 13 is present thereon. 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 diameter 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, a thickness of the
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upper electrode layer 16 at a part connected to the first external electrode 4 is larger
than a thickness of the upper electrode layer 16 at the other part, and/or a thickness of
the lower electrode layer 12 at a part connected to the second external electrode is
larger than a thickness of the lower electrode layer 12 at the other part. In other words,
the thickness of at least either the upper electrode layer 16 or the lower electrode layer
12 at the part connected to the external electrode is larger than the thickness of the
other part. For example, the thickness of the upper electrode layer 16 and/or the lower
electrode layer 12 may be partially increased by forming the imparting part 13 on the
upper electrode layer 16 and/or the lower electrode layer 12 as illustrated in Fig. 2.
However, the present invention is not limited to this specific configuration. While the
imparting part 13 is provided on each of the lower electrode layer 12 and the upper
electrode layer 16 in the laminate 10 illustrated in Fig. 2, the present invention is not
limited to this specific configuration. The imparting part 13 may be provided only on
the lower electrode layer 12, or only on the upper electrode layer 16. When the
thickness of at least either the upper electrode layer 16 or the lower electrode layer 12
at the part connected to the external electrode increases in this manner, bonding
property between the upper electrode layer 16 and the external electrode and/or
between the lower electrode layer 12 and the external electrode improves to such a
level that occurrence of poor bonding can decrease. Accordingly, occurrence of open
faults decreases, wherefore reliability of the roll-up type capacitor 1 increases.
Moreover, ESR of the roll-up type capacitor 1 decreases.

Furthermore, the roll-up type capacitor 1 according to this embodiment offers an
advantage of reduction of damage to the laminate 10. As will be described below, the
cylindrical part 2 is formed by self-rolling of the laminate 10 by utilizing an internal
stress of the laminate 10. More specifically, a roll-up speed of the laminate 10 at a part
having a relatively small thickness is higher than a roll-up speed of the laminate 10 at a
part having a relatively large thickness. This increase in speed comes from easy
bending with a larger stress at the part having the small thickness than at the part
having the large thickness in the laminate 10, and with decrease in bending rigidity by
reduction in thickness. This difference in the roll-up speed may give damage to the
laminate 10. According to the roll-up type capacitor 1 of this embodiment, however,
the presence of the imparting part 13 described above decreases the difference in
thickness in the laminate 10 in comparison with the laminate 10 illustrated in Fig. 12,
for example. Accordingly, damage to the laminate 10 can be suppressed.

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
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oxynitride such as TiN, TiAIN, TiON, TiAION, and TaN.

When the imparting part 13 is provided on the lower electrode layer 12 at the part
connected to the second external electrode 6, it is preferable that the imparting part 13
is constituted by the same material as that of the lower electrode layer 12.

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.

When the imparting part 13 is provided on the lower electrode layer 12, it is
preferable that the thickness of the imparting part 13 is 0.5 times or more of the
thickness of the lower electrode layer 12, and does not exceed the thickness of the di-
electric layer 14. When the thickness of the imparting part 13 is 0.5 times or more of
the thickness of the lower electrode layer 12, bonding property between the lower
electrode layer 12 and the second external electrode 6 further improves. Moreover,
damage to the laminate 10 further decreases. When the thickness of the imparting part
13 does not exceed the thickness of the dielectric layer 14, short-circuiting is
avoidable. It is preferable that the thickness of the imparting part 13 is 0.8 times or less
of the thickness of the dielectric layer 14.

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).

When the imparting part 13 is provided on the lower electrode layer 12, the
imparting part 13 may be formed by the same method as the forming method of the
lower electrode layer 12.

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 (AlO;:
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
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complex oxide (TiZrO,), Ti-Zr-W complex oxide (TiZrWO,), titanium oxide (Ti0O,),
Sr-Ti complex oxide (SrTiO,), Pb-Ti complex oxide (PbTiO,), Ba-Ti complex oxide
(BaTi0O,), Ba-Sr-Ti complex oxide (BaSrTiO,), Ba-Ca-Ti complex oxide (BaCaTi0O,),
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
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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 increases. Accordingly, a higher dielectric constant is ob-
tainable. 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.

When the imparting part 13 is provided on the upper electrode layer 16 at the part
connected to the first external electrode 4, it is preferable that the imparting part 13 is
made of the same material as the material of the upper electrode layer 16.

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.

When the imparting part 13 is provided on the upper electrode layer 16, it is
preferable that the thickness of the imparting part 13 is 0.5 times or more of the
thickness of the upper electrode layer 16. When the thickness of the imparting part 13
is 0.5 times or more of the thickness of the upper electrode layer 16, bonding property
between the upper electrode layer 16 and the first external electrode 4 further
improves. Moreover, damage to the laminate 10 further decreases. When a second di-
electric layer 21 and a third electrode layer 22 are further laminated on the upper
electrode layer 16 as illustrated in Fig. 7 referred to below, it is preferable that the
thickness of the imparting part 13 does not exceed the thickness of the second di-
electric layer 21. When the thickness of the imparting part 13 does not exceed the
thickness of the second dielectric layer 21, short-circuiting is avoidable. It is preferable
that the thickness of the imparting part 13 is 0.8 times or less of the thickness of the
second dielectric layer 21. When the second dielectric layer 21 and the third electrode
layer 22 are not laminated on the upper electrode layer 16 as illustrated in Fig. 6
referred to below, it is preferable that the thickness of the imparting part 13 is so de-
termined as not to exceed the sum of the thicknesses of the lower electrode layer 12

and the upper electrode layer 16.
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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.

When the imparting part 13 is provided on the upper electrode layer 16, the
imparting part 13 may be formed by the same method as the forming method of the
lower electrode layer 12.

The insulating layer 18 may be provided 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 insulating layer 18 may also function as a di-
electric layer. The material constituting the insulating layer 18 is not particularly
limited 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
constituting 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 in-
sulating 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 imparting part 13 formed
thereon when the imparting part 13 is present) and the upper electrode layer 16 (and
the imparting part 13 formed thereon when the imparting part 13 is present) 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
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. Alternatively,
separately produced the insulating layer 18 may be affixed to the upper electrode layer
16. The insulating layer 18 directly provided on the upper electrode layer 16 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.

Each of the materials constituting the first external electrode 4 and the second
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external electrode 6 may be an arbitrary material as long as the material has con-
ductivity. 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(c). 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 8 may
permeate into the cylindrical part 2. The cylindrical part 2 into which resin is im-
pregnated 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.

According to the roll-up type capacitor of this embodiment described herein, the
cross-sectional area of each of the upper electrode layer 16 and the lower electrode
layer 12 at the part connected to the external electrode increases. Accordingly,
reduction of ESR, and high capacitance even in a high frequency range are both re-
alizable. Moreover, according to the roll-up type capacitor of this embodiment, current
linearly flows in a direction along the central axis of the cylindrical part. Accordingly,
the roll-up type capacitor of this embodiment is more appropriate for use in a high
frequency range in comparison with a conventional roll-up type capacitor where
current flows in a coil shape along a rolling direction.

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 thus
provided 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 a second insulating layer 20 is further laminated below the lower

electrode layer 12 as illustrated in Fig. 6 referred to below, the diffusion-preventing
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layer 25 may be laminated below the second insulating layer 20.

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
(SiONy), Hf-Si complex oxynitride (HfSiON,), Si-C complex oxynitride (SiC,ONy),
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
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 more
effectively decrease. When the diffusion-preventing layer 25 is made of insulating
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-



13

WO 2017/134698 PCT/JP2016/000586

[0049]

[0050]

[0051]

[0052]

[0053]

preventing layer 25 formed by ALD becomes 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.

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 second insulating layer 20 is further laminated below the
lower electrode layer 12 as illustrated in Fig. 6 referred to below, the adhering layer 26
may be laminated between the second insulating layer 20 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.

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 second
insulating layer 20 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 second insulating layer 20 and the lower electrode layer 12. When the second di-
electric layer 21 and the 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
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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 and on the imparting part 13 formed 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 pos-
sibility 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
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.

Fig. 6 illustrates a fourth modified example of the laminate 10 according to this em-
bodiment. As illustrated in Fig. 6, another insulating layer (referred to as second in-
sulating layer 20 as well) may be further laminated below the lower electrode layer 12.
When the second insulating layer 20 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 second insulating layer 20 in the cylindrical part 2 produced from
the rolled-up laminate 10. In this case, the insulating layer 18 discussed above is un-
necessary. According to the modified example illustrated in Fig. 6, the imparting part
13 is provided on the upper electrode layer 16 and on the lower electrode layer 12.
However, the present invention is not limited to this specific configuration. The
imparting part 13 may be provided only on either the upper electrode layer 16 or the
lower electrode layer 12. The second insulating layer 20 may function as a dielectric
layer.

The material constituting the second insulating layer 20 may be any one of the
foregoing examples of the material constituting the dielectric layer 14. The method for
producing the second insulating layer 20 may be any one of the foregoing examples of
the method for producing the dielectric layer 14. The laminate 10 illustrated in Fig. 6
contains a smaller number of constituent elements, wherefore the entire thickness of
the laminate 10, and thus the flexural rigidity of the laminate 10 decrease. As a result,
an advantage of diameter reduction of the cylindrical part 2 is realizable.

Fig. 7 illustrates a fifth modified example of the laminate 10 according to this em-
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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. According to the laminate
10 illustrated in Fig. 7, the second dielectric layer 21 is not laminated on the imparting
part 13 provided on the upper electrode layer 16. However, the present invention is not
limited to this specific configuration. The second dielectric layer 21 may be laminated
on the imparting part 13. 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 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 un-
necessary. According to the modified example illustrated in Fig. 7, the imparting part
13 is provided on the upper electrode layer 16 and on the lower electrode layer 12.
However, the present invention is not limited to this specific configuration. The
imparting part 13 may be provided only on either the upper electrode layer 16 or the
lower electrode layer 12. In addition, while the imparting part is not provided on the
third electrode layer 22 according to the modified example illustrated in Fig. 7, the
present invention is not limited to this specific configuration. The imparting part may
be provided on the third electrode layer 22. The laminate 10 illustrated in Fig. 7 as a
laminate containing the lower electrode layer 12 and the third electrode layer 22 offers
an advantage of securely obtaining capacitance corresponding to two layers (dielectric
layer 14 and second dielectric layer 21).

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.
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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 the roll-up type capacitor according to the first 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.

The roll-up type capacitor according to this embodiment is generally manufactured
by:

a step for forming a sacrificial layer on a substrate;

a step for forming at least a cylindrical part, the step including

- a step for 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

- a step for rolling up the laminate by removal of the sacrificial layer to obtain the
cylindrical part; and

a step for forming a first external electrode on one end of the one or more cylindrical
part 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 one or more
cylindrical part such that the second external electrode is electrically connected to the
lower electrode layer. In the step for forming the laminate, an imparting part is formed
on the upper electrode layer at a part connected to the first external electrode, and/or an
imparting part is formed on the lower electrode layer at a part connected to the second
external electrode. The imparting part thus formed improves bonding property between
the lower electrode layer and the external electrode and/or between the upper electrode
layer and the external electrode. Moreover, damage to the laminate is avoidable. More
specifically, The roll-up type capacitor according to this embodiment is manufactured
by the process described below.

Initially, a substrate is prepared.

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.

Then, a sacrificial layer is formed on the substrate.

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
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described below. The sacrificial layer is preferably made of germanium oxide which is
relatively stable at a high temperature.

[0068]  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).

[0069]  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.

[0070]  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.

[0071]  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. A plurality of the laminates
may be formed on the one substrate at the same time. 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.

[0072]  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
electrode layer and on an imparting part formed thereon when present, 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 dielectric layer and the
upper electrode layer, and/or between the dielectric layer and the lower electrode layer.

[0073]  The process may further include a step for forming another insulating layer (second
insulating layer) before forming the lower electrode layer. The process may further
include a step for forming another dielectric layer (second dielectric layer) and another
electrode layer (third electrode layer) on the upper electrode layer.

[0074]  In the step for forming the laminate, the process forms the imparting part on the

upper electrode layer at a part connected to the first external electrode by the method
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described above, and/or the imparting part on the lower electrode layer at a part
connected to the second external electrode by the method described above. When the
laminate includes an additional electrode layer (third electrode layer or the like) as well
as the upper electrode layer and the lower electrode layer, the imparting part may be
formed on the additional 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
layer is made of 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
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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.

Then, a first external electrode and a second external electrode are formed at one and
the other end of the obtained cylindrical part, respectively, by the method described
above such as plating.

The roll-up type capacitor according to this embodiment is now completed.

It is preferable that the process for producing the roll-up type capacitor according to
this embodiment further includes a step for hardening the cylindrical part with a resin
before forming the first external electrode and the second electrode. More specifically,
the cylindrical part produced by rolling up the laminate may be immersed in the resin
poured into the substrate on which the cylindrical part is disposed, for example. It is
preferable that immersion is carried out for a time sufficient for impregnation of the
resin into the cylindrical part.

After the resin is hardened, the cylindrical part 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 the cylindrical part at both ends thereof by
polishing or other methods. Subsequently, the first external electrode and 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 cylindrical part surrounded by and embedded in the resin part.

(Second Embodiment)

A roll-up type capacitor according to a second embodiment of the present invention
is hereinafter described with reference to Fig. 8. Points in the second embodiment
similar to the corresponding points in the first embodiment are not repeated herein.
Only different points are touched upon. Particularly, each of advantageous effects
offered by similar configurations is not again described in this embodiment. It is
assumed, however, that the roll-up type capacitor according to the second embodiment
offers advantageous effects similar to the advantageous effects of the roll-up type
capacitor of the first embodiment unless specified otherwise. The roll-up type capacitor
according to the second embodiment has a structure similar to the structure of the roll-
up type capacitor according to the first embodiment except in that the two or more
cylindrical parts 2 are provided in parallel. The state that “the two or more cylindrical
parts 2 are provided in parallel” in this context refers to such a state that the center axes
of the two or more cylindrical parts are arranged in parallel with each other. While the
roll-up type capacitor 1 illustrated in Fig. 8 includes the two cylindrical parts 2, the

present invention is not limited to this specific configuration. The roll-up type
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capacitor may include three or more cylindrical parts. The first external electrode 4 is
disposed at one end of each of the foregoing two or more cylindrical parts 2, while the
second external electrode 6 is disposed at the other end thereof. Each of the two or
more cylindrical parts 2 includes a lower electrode layer, a dielectric layer, and an
upper electrode layer. The first external electrode 4 is electrically connected with each
of the upper electrode layers, while the second external electrode 6 is electrically
connected with each of the lower electrode layers. The shape of the roll-up type
capacitor 1 according to this embodiment is not particularly limited. For example, the

roll-up type capacitor 1 may be a plate-type capacitor.
The roll-up type capacitor according to this embodiment includes the two or more

cylindrical parts 2 disposed in parallel, and thus obtains higher capacitance than a roll-
up type capacitor including only one cylindrical part having the same length.
Moreover, the roll-up type capacitor including the two cylindrical parts in parallel
having the half length obtains equivalent capacitance, and decreases ESR in
comparison with the roll-up type capacitor including only one cylindrical part. Fur-
thermore, the roll-up type capacitor in this embodiment is capable of obtaining ca-
pacitance in a higher wavelength range.

The roll-up type capacitor according to the second embodiment is produced by a
process similar to the process for producing the roll-up type capacitor according to the
first embodiment. In this case, the two or more cylindrical parts arranged in parallel
may be hardened with resin in the step for hardening the resin.

Example 1

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

(Formation of Sacrificial Layer Pattern)

A circular Si monocrystal substrate having a diameter of 4 inches (10.16 cm) was
prepared as a substrate 32 (Fig. 9(a)). A Ge layer having a thickness of 50 nm was
formed on the entire surface of the substrate 32 by sputtering. The Ge layer thus
obtained was oxidized at 150°C under an atmosphere of N,/O, to form a sacrificial
layer 34 made of GeO, (Fig. 9(b)). A positive-type photoresist 36 was applied to the
entire surface of the sacrificial layer 34 (Fig. 9(c)). Then, a photoresist pattern 38
containing arrangement of hardened strip-shaped photoresists on the sacrificial layer
34 was produced by removing a non-hardened portion after ultraviolet exposure via a
mask having a predetermined pattern and development (Fig. 9(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 where the hardened photoresist pattern

38 was formed (Fig. 9(e)). Subsequently, the hardened photoresist pattern 38 was



21

WO 2017/134698 PCT/JP2016/000586

[0091]

[0092]

[0093]

removed by using acetone to produce a sacrificial layer pattern 40 containing ar-
rangement of strip-shaped sacrificial layers each of which has a width of 500 um and a
length of 1 mm (Fig. 9(f)).

(Formation of Laminate)

A metal mask containing arrangement of strip-shaped patterns each of which has a
width of 500 um and a length of 1 mm was placed on the substrate obtained by the
foregoing procedures. One SiO, layer corresponding to the second insulating layer 20,
and one Pt layer corresponding to the lower electrode layer 12 were formed on the sac-
rificial layer pattern 40 in this order. Then, the metal mask was shifted by 50 wm in a
direction perpendicular to the longer side of the strip-shaped pattern to form one SiO,
layer corresponding to the dielectric layer 14, and one Pt layer corresponding to the
upper electrode layer 16. The SiO, layer was formed by ALD at 230°C, while the Pt
layer was formed by sputtering at 230°C. The thickness of each of the SiO, layers
(dielectric layer 14 and the second insulating layer 20) was 50 nm, while the thickness
of each of the Pt layers (lower electrode layer 12 and upper electrode layer 16) was 25
nm. Each of the lower electrode layer 12 and the upper electrode layer 16 contained an
area of 50 wm in length in the width direction as an area not overlapping with each
other in the plan view.

Another metal mask containing arrangement of strip-shaped patterns each of which
has a width of 50 um and a length of 1 mm was placed on the substrate containing the
Si0, layers and the Pt layers thus formed. A Pt layer corresponding to the imparting
part 13 was formed on each of the lower electrode layer 12 and the upper electrode
layer 16 by sputtering or deposition. The thickness of the Pt layer (imparting part 13)
was 25 nm. The rectangular laminate 10 having a cross-sectional shape illustrated in
Fig. 10 was thus formed on the sacrificial layer pattern 40.

(Formation of Cylindrical Part (Rolling Up Step))

A photoresist 42 was applied (Fig. 11(b)) to the entire surface of the substrate 32
containing arrangement of a plurality of the laminates 10 thus obtained (Fig. 11(a)).
The photoresist 42 on one short side of each of the laminates 10 was removed by
patterning. Then, the part from which the photoresist 42 had been removed was etched
by using hydrofluoric acid solution to remove a part of each of the laminates 10 and
expose the sacrificial layer 40 (Fig. 11(c)). Then, the photoresist 42 was removed (Fig.
11(d)). Hydrogen peroxide solution was supplied to the part through which the sac-
rificial 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 cylindrical parts 2 (capacitor bodies) each
having a diameter of 50 um and a length of 500 wm were produced by these

procedures.
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(Formation of Resin Part (Resin Hardening Step))

A dam was formed on an outer edge portion of the substrate where the capacitor
bodies had been produced in the manner described above. Epoxy resin was poured into
the dam, and the capacitor bodies were immersed into the epoxy resin. Then, air
contained in the epoxy resin was removed by vacuum heating, whereafter the resin was
impregnated into the capacitor bodies for five minutes. After an elapse of this period,
the substrate was stored in an oven heated to 150°C for a whole day and night to
thermally harden the epoxy resin. The hardened epoxy resin and substrate were rapidly
cooled approximately to room temperature to separate the resin containing the
capacitor bodies by utilizing a stress difference between the substrate and the resin.
Then, epoxy resin was further applied to a separated portion of the resin, and thermally
hardened in a similar manner to seal the capacitor bodies.

(Formation of External Electrode)

The resin containing the capacitor bodies produced by the foregoing procedures was
cut by a dicer into units each containing the capacitor body. Then, resin parts provided
at both ends of the capacitor body 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 elec-
troplating (Ni plating) on the corresponding exposed end surfaces (exposure surfaces),
respectively. The upper electrode layer 16 was connected to the first external electrode
4, while the lower electrode layer 12 was connected to the second external electrode 6.
The roll-up type capacitor 1 according to Example 1 thus obtained had a cross-
sectional shape illustrated in Fig. 1(c).

Comparative Example 1

A roll-up type capacitor according to Comparative Example 1 was produced by
procedures similar to the procedures of Example 1 except that the imparting part 13
was not formed. The laminate 10 used in Comparative Example 1 had a cross-sectional
shape illustrated in Fig. 12. Fig. 12 illustrates a cross section of the laminate 10 formed
on the sacrificial layer pattern 40.

(Measurement of Capacitance and ESR)

The 30 roll-up type capacitors according to Example 1, and the 30 roll-up type ca-
pacitors according to Comparative Example 1 were prepared. Alternating current
voltage of 100 mV in a range from 1 MHz to 100 MHz was applied to each of the roll-
up type capacitors to measure capacitance C, tand, and resistance r. Based on the
measured values of C, tand, and r, ESR was calculated by using the following
equation.

ESR=r+tand/wC

According to the calculation results, capacitance of 1 nF was obtained for all of the
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30 roll-up type capacitors in the entire frequency range from 1 MHz to 100 MHz. In
addition, ESR at 100 MHz was calculated from an equation of ESR=r+tand/wC based
on the measured values of C, tand, and r for all of the 30 roll-up type capacitors. The
calculated ESR was 5 Q2 (100 MHz). Based on the foregoing results, it has been
confirmed that connection between the upper electrode layer and the first external
electrode, and connection between the lower electrode layer and the second external

electrode were both preferable in the roll-up type capacitor according to Example 1.
As for Comparative Example 1, capacitance of 1 nF was obtained for only the 20 ca-

pacitors of the 30 roll-up type capacitors in the frequency range from 1 MHz to 100
MHz. Capacitance was not obtained for the remaining 10 roll-up type capacitors. The
ESR of the 20 samples having obtained capacitance was 10 €2. Based on the foregoing
results, it is considered that poor connection was caused between the upper electrode
layer and the first external electrode, and between the lower electrode layer and the

second external electrode.

Example 2

A roll-up type capacitor according to Example 2 was prepared by the following
procedures. Initially, the cylindrical part 2 (capacitor body) having a diameter of 50 um
and a length of 250 wm was produced by procedures similar to the procedures of
Example 1 except that a strip-shaped pattern of a metal mask used for forming the
lower electrode layer 12, the upper electrode layer 16, the dielectric layer 14, and the
second insulating layer 20 had a width of 250 um. The two capacitor bodies thus
formed were arranged in parallel on the substrate. A dam was formed on the substrate.
Epoxy resin was poured into the dam, and the capacitor bodies were immersed in the
epoxy resin. Then, air contained in the epoxy resin was removed by vacuum heating,
wherealfter the resin was impregnated into the capacitor bodies for five minutes. After
an elapse of this period, the substrate was stored in an oven heated to 150°C for a
whole day and night to thermally harden the epoxy resin. The hardened epoxy resin
and substrate were rapidly cooled approximately to room temperature to separate the
resin containing the capacitor bodies by utilizing a stress difference between the
substrate and the resin. Then, epoxy resin was further applied to a separated portion of
the resin, and thermally hardened in a similar manner to seal the capacitor bodies. The
resin containing the capacitor bodies obtained by the foregoing procedures was cut by
a dicer along a cross section of each capacitor body. Then, resin parts provided at both
ends of the capacitor body were polished to expose the lower electrode layers on one
of the end surfaces, and the upper electrode layers on the other end surface. The first
external electrode and the second external electrode were formed by electroplating on

the corresponding exposed end surfaces (exposure surfaces), respectively. The upper
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electrode layer was connected to the first external electrode, while the lower electrode
layer was connected to the second external electrode. The roll-up type capacitor

according to Example 2 thus obtained had a cross-sectional shape illustrated in Fig. 8.
(Measurement of Capacitance and ESR)

The 30 roll-up type capacitors according to Example 2 were prepared to measure ca-
pacitance and ESR of each of the roll-up type capacitors by measurement procedures
similar to the procedures of Example 1 and Comparative Example 1. As a result, ca-
pacitance of 1 nF was obtained for all of the 30 roll-up type capacitors for the entire
frequency range similarly to Example 1. The ESR of all the 30 roll-up type capacitors
was 2.5 Q.

Industrial Applicability

The capacitor according to the present invention realizes size reduction, high ca-
pacitance, and high reliability. Accordingly, the capacitor according to the present
invention is appropriate for use as a capacitor equipped on various types of electronic
devices.

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

13: Imparting part

14: Dielectric layer

16: Upper electrode layer

18: Insulating layer

20: Second insulating layer

21: Second dielectric layer

22: Third electrode layer

25: Diffusion-preventing layer

26: Adhering layer

27: Interfacial layer

32: Substrate

34: Sacrificial layer

36: Photoresist

38: Photoresist pattern
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40: Sacrificial layer pattern
42: Photoresist
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Claims

A roll-up type capacitor comprising at least one cylindrical part, a first
external electrode on one end of the cylindrical part and a second
external electrode on another end of the cylindrical part wherein

the cylindrical part is formed by rolling-up a lower electrode layer and
an upper electrode layer with at least a dielectric layer sandwiched
therebetween;

the first external electrode is electrically connected to the upper
electrode layer, and the second external electrode is electrically
connected to the lower electrode layer; and

a thickness of the upper electrode layer at a part where it is connected
to the first external electrode is larger than a thickness of the other part
of the upper electrode layer, and/or a thickness of the lower electrode
layer at a part where it is connected to the second external electrode is
larger than a thickness of the other part of the lower electrode layer.
The roll-up type capacitor according to claim 1 wherein the cylindrical
part is formed by rolling-up a 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.

The roll-up type capacitor according to claim 2 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 1-3 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 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 1-4 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.
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The roll-up type capacitor according to any one of claims 1-5 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 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 1-6 wherein
the cylindrical part is embedded in a resin part.

The roll-up type capacitor according to claim 7 comprising the two or
more cylindrical parts arranged parallel to one another.

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

forming a sacrificial layer on a substrate;

forming at least one cylindrical part 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; and

forming a first external electrode on one end of the one or more
cylindrical part 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 one or more cylindrical part such that
the second external electrode is electrically connected to the lower
electrode layer, wherein

an imparting part is formed on the upper electrode layer at a part where
the upper electrode layer is connected to the first external electrode,
and/or an imparting part is formed on the lower electrode layer at a part
where the lower electrode layer is connected to the second external
electrode when forming the laminate.

The process according to claim 9 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 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 an

adhesion layer between the diffusion-preventing layer and the lower
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electrode layer.

The process according to any one of claims 9-11 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 9-12 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 insulating layer before forming the lower
electrode layer.

The process according to any one of claims 9-13 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 another dielectric layer and another electrode layer
in this order on the upper electrode layer.

The process according to any one of claims 9-14 which further
comprises hardening the cylindrical part with a resin before forming the
first external electrode and the second external electrode.

The process according to claim 15 wherein the two or more cylindrical
parts arranged parallel to one another are hardened with the resin when

hardening the cylindrical parts with the resin.
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