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Description

Title of Invention: CAPACITOR
Technical Field

The present invention relates to a capacitor.
Background Art

In recent years, there is a growing demand for reduction in size and increase in ca-
pacitance for capacitors. In response to such a demand, capacitors have been proposed
which have a metal-dielectric-metal (hereinafter also referred to as an “MIM™)
structure formed on a base material that has a surface area increased by a fine structure
such as a porous structure. For example, Patent Document 1 discloses a capacitor that
has an MIM structure provided in a nanotube formed in an aluminum base material.
The nanotube structure in Patent Document 1, which can be obtained by anodically
oxidizing an aluminum base material, has very fine and high-density pores. The
capacitor in Patent Document 1 has a capacitance increased by providing the MIM

structure in such fine and high-density pores.
Citation List
Patent Literature

[Patent Literature 1] US Pat. No. 8,912,522
Summary of Invention

Technical Problem

As described in Patent Document 1, high capacitance can be ensured by providing a
porous structure in the base material and forming a capacitor structure in the pores. In
the case of providing a capacitor structure in the pores, however, there is the problem
of equivalent series resistance (hereinafter also referred to as “ESR”) increased,
because of the thin capacitor electrodes, in particular, because the lower electrode has a
relatively long distance to an external electrode.

In order to reduce the ESR of a capacitor with a nanotube structure as in Patent
Document 1, it is conceivable to extend the lower electrode from the bottom of the
pore, and connect the extended electrode to the external electrode through a conductive
layer which is larger in cross-sectional area and is disposed below the base material. In
a case where such a structure is to be applied, it is necessary to provide a conductive
layer on one main surface of the aluminum base material and perform anodic oxidation
from the other main surface, and it is necessary to provide a barrier layer between the
aluminum base material and the conductive layer such that the conductive layer is not
eroded by the anodic oxidation. It is conceivable to use a tungsten layer as such a

barrier layer, but in this case, when a pore is formed by the anodic oxidation to
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penetrate the aluminum, the tungsten layer exposed to the bottom of the pore can also
be oxidized. Since such tungsten oxide has low conductivity, the lower electrode in the
pore and the conductive layer are electrically cut off. Accordingly, it becomes
necessary to remove the barrier layer at the pore bottom, and the manufacturing
process will be complicated. In addition, the barrier layer at the pore bottom can be
removed by etching, but in order to remove only this tungsten oxide, it is necessary to

select the etching solution and set other conditions.
An object of the present disclosure is to provide a capacitor including a fine pore

structure, without requiring the above-mentioned barrier layer removal step.
Solution to Problems

The present disclosure includes the following aspects:

[1] A capacitor including:

a base material including a pore structure part;

a metal layer provided on one main surface of the base material;

an extended layer provided on the metal layer;

a lower electrode layer provided on surfaces of pores in the pore structure part;

a dielectric layer provided on the lower electrode layer; and

an upper electrode layer provided on the dielectric layer,

where

at least some of the pores penetrate the base material,

the metal layer has a sealing part that seals one opening of a pore that penetrates, and
the sealing part is conductive, and

the lower electrode layer is electrically connected to the extended layer through the
sealing part of the metal layer.

[2] The capacitor according to the foregoing [1], where the base material is an
aluminum base material, and is oxidized in the pore structure part.

[3] The capacitor according to the foregoing [1] or [2], where the metal layer is a
layer of Ru, Re, Sn, Ti, V, Fe, a Li-Ti alloy, a Li-V alloy, or a Na-W alloy, and is
oxidized in the sealing part.

[4] The capacitor according to any of the foregoing [1] to [3], where the metal layer

is 10 nm or more and 1.0 um or less in thickness.
Advantageous Effects of Invention
According to the present disclosure, a capacitor can be provided which is low in
equivalent series resistance and easy to manufacture.
Brief Description of Drawings
[fig.1]Fig. 1 is a schematic cross-sectional view of a capacitor 1 according to an em-

bodiment of the present disclosure.
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[fig.2]Fig. 2 is a cross-sectional view for explaining a method for manufacturing the
capacitor 1 according to the present disclosure.

[fig.3]Fig. 3 is a cross-sectional view for explaining the method for manufacturing the
capacitor 1 according to the present disclosure.

[fig.4]Fig. 4 is a cross-sectional view for explaining the method for manufacturing the
capacitor 1 according to the present disclosure.

[fig.5]Fig. 5 is a cross-sectional view for explaining the method for manufacturing the
capacitor 1 according to the present disclosure.

[fig.6]Fig. 6 is a cross-sectional view for explaining the method for manufacturing the
capacitor 1 according to the present disclosure.

[fig.7]Fig. 7 is a cross-sectional view for explaining the method for manufacturing the
capacitor 1 according to the present disclosure.

[fig.8]Fig. 8 is a cross-sectional view for explaining the method for manufacturing the
capacitor 1 according to the present disclosure.

[fig.9]Fig. 9 is a cross-sectional view for explaining the method for manufacturing the
capacitor 1 according to the present disclosure.

Description of Embodiments

A capacitor according to the present disclosure will be described in detail below with
reference to the drawings. However, the capacitor according to the present em-
bodiment, and the shapes and arrangement of respective constructional elements are
not limited to the examples shown in the figures.

A cross-sectional view of a capacitor 1 according to the present embodiment is
schematically shown in FIG. 1.

As shown in FIG. 1, the capacitor 1 according to the present embodiment
schematically includes a base material 2, a metal layer 3 provided on one main surface
of the base material 2, and an extended layer 4 provided on the metal layer 3, a lower
electrode layer 6 provided on the surfaces of pores 5 of the base material 2, a dielectric
layer 7 provided on the lower electrode layer 6, and an upper electrode layer 8
provided on the dielectric layer 7. Furthermore, the capacitor 1 according to the present
embodiment includes: an upper extended electrode 11 provided on the upper electrode
layer 8 and a first external electrode 12 provided on the upper extended electrode 11;
and a second external electrode 13 electrically insulated from the upper extended
electrode 11 and the first external electrode 12 and electrically connected to the base
material 2. The base material 2 has a pore structure part 16 and a non-pore structure
part 17. The pore structure part 16 is not conductive, and the non-pore structure part 17
is conductive. The pore structure part 16 has a plurality of pores 5 formed, and at least

some of the pores 5 penetrate the base material 2. One opening of the through-pore is
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sealed with the metal layer 3. The metal layer 3 has a sealing part 18 that seals the
opening of the pore 5. The sealing part 18 has an oxidized state, but has conductivity.
The lower electrode layer 6-dielectric layer 7-upper electrode layer 8 constitute an
MIM capacitor structure, and charge can be accumulated in the dielectric layer 7 by
applying a voltage between the lower electrode layer 6 and the upper electrode layer 8.
The lower electrode layer 6 is electrically connected to the extended layer 4 through
the sealing part 18 of the metal layer 3. The extended layer 4 is electrically connected
to a non-pore structure part 17 of the base material 2 through the metal layer 3. The
non-pore structure part 17 of the base material 2 is electrically connected to the second
external electrode 13. The upper electrode layer 8§ is electrically connected to the upper
extended electrode 11, and the upper extended electrode 11 is electrically connected to
the external electrode 12. More specifically, in the capacitor 1 according to the present
embodiment, the current on the side with the lower electrode layer 6 flows through in
the order of lower electrode layer 6 - metal layer 3 (specifically sealing part 18) -
extended layer 4 - metal layer 3 - non-pore structure part 17 of base material 2 - second
external electrode 13 (or vice versa). Further, the current may partially flow through in
the order of lower electrode layer 6 - metal layer 3 - non-pore structure part 17 of base
material 2 - second external electrode 13, without passing through the extended layer
4. On the other hand, the current on the side with the upper electrode layer 8 flows
through in the order of upper electrode layer 8 - upper extended electrode 11 - external
electrode 12 (or vice versa).

The capacitor 1 as mentioned above is manufactured, for example, as follows.

(Layer Formation Step)

On a substrate 30, a layer 34 corresponding to the extended layer 4 is formed , a
barrier layer 33 corresponding to the metal layer 3 is formed thereon, and a base layer
32 corresponding to the base material 2 is further formed thereon (FIG. 2).

The substrate 30 supports the base layer 32, the barrier layer 33, and the extended
layer 34. After the capacitor is manufactured, the substrate 30 supports the base
material 2, the metal layer 3, and the extended layer 4. The substrate 30 may be
removed after manufacturing the capacitor.

The substrate 30 is not particularly limited, but a silicon wafer is preferably used.

The material constituting the extended layer 34 is not particularly limited as long as
the material is conductive, and examples thereof include Al, Cu, Ag, Ti, Ta, or alloys
thereof such as AlCu, or nitrides TiN and TaN.

The extended layer 34 may be a single layer, or may be multi-layer, for example,
two-layer or three-layer.

According to one aspect, the extended layer 34 is a single layer.

According to another embodiment, the extended layer 34 is multi-layer, and can be
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preferably a three-layer structure of TiN-AICu-TiN.

The thickness of the extended layer 34 (the total in the case of a multi-layer) can be,
for example, 0.5 pum or more and 20 pwm or less, preferably 1 um or more and 10 um or
less, more preferably 2 um or more and 5 pm or less. The thickness of the layer is
adjusted to 0.5 pm or more, thereby allowing the equivalent series resistance to be
reduced. The thickness of the layer is increased, thereby allowing the equivalent series
resistance to be further reduced. On the other hand, the thickness of the layer is
adjusted to 20 um or less, thereby allowing the capacitor to be further reduced in
height.

The method for forming the extended layer 34 is not particularly limited, and
physical vapor deposition (PVD), chemical vapor deposition (CVD), sputtering,
plating, and the like can be used. Preferably, PVD or CVD is used.

The barrier layer 33 prevents etching from proceeding to the extended layer 4 in a
subsequent step, i.e., a step of etching the base layer 32 by anodic oxidation. In this
regard, the barrier layer 33 exposed to an etching solution at the bottoms of the through
pores is oxidized to serve as the sealing part 18.

Examples of the material constituting the barrier layer 33 corresponding to the metal
layer 3 include Ru, Re, Sn, Ti, V, Fe, Li-Ti alloys, Li-V alloys, or Na-W alloys.

The thickness of the barrier layer 33 can be, for example, 100 nm or more and 2.0
um or less, preferably 150 nm or more and 1.0 um or less, more preferably 200 nm or
more and 500 nm or less. The thickness of the layer is adjusted to 100 nm or more,
thereby making it possible to achieve the effect of preventing the etching from
proceeding. The effect mentioned above can be further enhanced by increasing the
thickness of the layer. On the other hand, when the thickness of the layer is adjusted to
2.0 um or less, the thickness of the sealing part 18 after the capacitor formation is also
2.0 um or less, thereby allowing the resistance between the lower electrode layer 6 and
the extended layer 4 to be reduced. Reducing the thickness of the layer also reduces the
thickness of the sealing part 18 after the capacitor formation, thereby allowing the re-
sistance between the lower electrode layer 6 and the extended layer 4 to be further
reduced.

The method for forming the barrier layer 33 is not particularly limited, and physical
vapor deposition (PVD), chemical vapor deposition (CVD), sputtering, plating, and the
like can be used. Preferably, PVD or CVD is used.

Examples of the material constituting the layer 32 corresponding to the base material
2 include Al, Ti, Nb, Mg, Zn, Fe, W, Zr, or Ta. Preferably, the material is Al

The thickness of the base layer 32 can be, for example, 1 pum or more and 100 um or
less, preferably 5 um or more and 50 pm or less, more preferably 8 wm or more and 30

um or less. The thickness of the layer is adjusted to 1 wm or more, thereby increasing
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the depth of pores to be formed later, and then increasing the capacitance of the
capacitor obtained. The increased thickness of the layer can further increase the ca-
pacitance of the capacitor. On the other hand, the thickness of the layer is adjusted to
100 wm or less, thereby allowing the capacitor to be reduced in thickness, and makes it
easier to form pores.

The method for forming the base layer 32 is not particularly limited, and physical
vapor deposition (PVD), chemical vapor deposition (CVD), sputtering, plating, and the
like can be used. Preferably, PVD or CVD is used.

(Etching Step)

First, a mask 44 corresponding to a part an insulating part 14 is formed on the base
layer 32, except for a part where the pore structure part 16 is formed (FIG. 3).

The material constituting the mask 44 corresponding to a part of the insulating part
14 is not particularly limited as long as the material is resistant to an etching agent for
use in the subsequent etching step, and examples of the material include SiO,, SiN, or
SiON. Preferably, the material is SiO,.

The thickness of the mask 44 can be, for example, 0.1 pm or more and 10 um or less,
preferably 0.5 wum or more and 5 um or less, for example, 1 um or more and 3 um or
less. The thickness of the layer is adjusted to 0.1 um or more, thereby allowing the
base layer 32 in the mask part to be prevented from being etched. In addition, it is
possible to improve the insulation property between the non-pore structure part 17 of
the base material 2 and the lower electrode layer 6 on the insulating part 14 after the
capacitor formation. The thickness of the mask 44 is further increased, thereby
allowing the etching to be prevented more reliably from proceeding, and allowing the
insulation property to be further improved. On the other hand, the thickness of the
mask 44 is adjusted to 10 pm or less, thereby allowing the capacitor to be further
reduced in thickness.

The method for forming the mask 44 is not particularly limited, and examples of the
method include a vacuum vapor deposition method, a chemical vapor deposition
method, a sputtering method, an atomic layer deposition (ALD), and a pulsed laser de-
position method (PLD). For example, the mask can be obtained by forming a mask
layer on the entire base layer 32 and then removing, by etching or the like, the mask
layer on the part where the pore structure part 16 is to be formed. As an alternative
method, the mask 44 may be formed selectively at a site to be protected.

Next, the base layer 32 is etched by anodic oxidation to form the pore structure part
16 in the base layer 32 (FIG. 4).

The conditions for the anodic oxidation treatment, such as the etching solution, the
temperature, the time, the current density, and the voltage, for example, can be selected

depending on the material of the base layer 32, the desired pore structure, and the like.
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The etching solution is an etching solution that is capable of etching the base layer
32, but does not etch the barrier layer 33. As such an etching solution, for example, an
oxalic acid, a phosphoric acid, a sulfuric acid, a chromic acid, or the like can be used.
The etching solution is preferably an oxalic acid.

A preferred combination of the etching solution, the material constituting the base
layer 32, and the material constituting the barrier layer 33 is that: the etching solution
is an oxalic acid; the material constituting the base layer 32 is Al; and the material con-
stituting the barrier layer 33 is Ru.

The etching step anodically oxidizes a part of the base layer 32 to form the pore
structure part 16. The part which is not anodically oxidized because of the masking
serves as the non-pore structure part 17.

According to one aspect, the base layer 32 is an aluminum layer, and after the
etching step, the treated part becomes anodized aluminum and constitutes the pore
structure part 16. The untreated part remains aluminum and constitutes the non-pore
structure part 17. More specifically, the base layer 32 serves as the base material 2
composed of the pore structure part 16 and the non-pore structure part 17 after the
etching step.

The pore structure part 16 formed by the etching step has a large number of pores
formed. At least some of the pores penetrate the base layer 32 and reach the barrier
layer 33. According to a preferred aspect, 80% or more, preferably 90% or more, more
preferably 98% or more of the pores penetrate through the base layer 32. According to
a preferred embodiment, when the pore structure part 16 is planarly viewed from the
main surface where the base layer 32 is started to be etched, in a region of 10 um or
more inside, preferably 5 ium or more inside, more preferably 1 im or more inside
from the boundary between the pore structure part 16 and the non-pore structure part
17, 90% or more, preferably substantially all of the pores penetrate the base layer 32.
In this regard, the boundary between the pore structure part 16 and the non-pore
structure part 17 refers to the boundary between the region oxidized by the anodic
oxidation and the region which is not oxidized.

The shape of the pore 5 is not particularly limited. According to a preferred em-
bodiment, the pore 5 has a cylindrical shape with an axis in the thickness direction of
the base material 2.

The width of the pore 5 (the diameter in the case of a cylindrical shape) is preferably
5 nm or more and 300 nm or less, more preferably 20 nm or more and 200 nm or less.

The density of the pores 5 is not particularly limited, but is preferably 1 x 10® pores/
cm? or more and 1 x 102 pores/cm? or less, more preferably 1 x 10° pores/cm? or more
and 1 x 10! pores/cm? or less.

The barrier layer 33 is not etched even in a case where the layer is exposed to the
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etching solution in the etching step. More specifically, the barrier layer 33 has the
function of keeping the etching from proceeding, and seals one opening of the pore 5
to form the sealing part 18. A part of the barrier layer 33 exposed to the etching
solution, that is, the sealing part 18 can be oxidized. In a case where the sealing part 18
is not sufficiently oxidized, and is preferably further oxidized, the sealing part 18 may
be further oxidized by heating or the like.

The barrier layer 33 in the capacitor according to the present disclosure is made of a
metal with conductivity, even in a case where the layer is oxidized in the etching step.
More specifically, both the sealing part 18 and the other part 19 of the barrier layer 33
have conductivity after the etching step. As mentioned above, examples of the metal
constituting the barrier layer 33 include Ru, Re, Sn, Ti, V, Fe, Li-Ti alloys, Li-V
alloys, or Na-W alloys, and preferably, examples of respective oxides of the metals
includes RuQO,, ReO;, Sn0,, TiO,, V,0s, Fe;0.,, LiTi,0,, LiV,0,, and NaWO.,.

The use of the metal mentioned above as the metal constituting the barrier layer 33
ensure, even if the sealing part 18 is present between the lower electrode layer 6 of the
capacitor structure to be subsequently formed in the pores 5 and the extended layer 4,
the electrical connection between the lower electrode layer 6 and the extended layer 4.
On the other hand, in a case where a material that conducts no electricity when the
material is oxidized, such as tungsten, is used for the barrier layer 33, it is necessary to
remove the sealing part 18 present between the lower electrode layer 6 and the
extended layer 4 in order to ensure the electrical connection between the lower
electrode layer 6 and the extended layer 4. In this case, the sealing part 18 has to be
removed without affecting the base material 2, and an extremely difficult treatment is
required. On the other hand, in the capacitor according to the present disclosure, the
sealing part 18 has conductivity, and the electrical connection between the lower
electrode layer 6 and the extended layer 4 can be thus ensured without removing the
sealing part 18. More specifically, the capacitor according to the present disclosure is
easy to manufacture.

(Capacitor Structure Formation Step)

Next, the MIM capacitor structure of lower electrode layer 6 - dielectric layer 7 -
upper electrode layer 8 is formed.

First, a mask 45 is formed which covers a region of the pore structure part 16 where
there are pores that do not penetrate the base layer 32 and pores that penetrate the base
layer 32 but have pore axes greatly inclined with respect to the thickness direction of
the base layer 32 (FIG. 5). In this regard, the pores with the axes greatly inclined
preferably refer to pores which are preferably 30° or more, more preferably 20° or
more, even more preferably 10° or more inclined with respect to the thickness direction

of the base layer 32, preferably . Since the pores that do not penetrate and the pores
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with the axes inclined have variations in pore depth (length), there is a possibility that
the surface area may vary, and thus, the electrical characteristics of the capacitor may
vary. Covering such pores with the mask 45 makes it possible to obtain a capacitor
with small variations in electrical characteristics.

The material constituting the mask 45 is not limited as long as the material is
resistant to the subsequent layer formation step, typically an atomic layer deposition
step, and examples of the material include SiO,, SiN, or SiON. Preferably, the material
is SiO..

According to one embodiment, the mask 45 is made of the same material as the mask
44. The mask 44 and the mask 45 are made of the same material, thereby improving
the adhesion between both the layers, and allowing the generation of stress between
both the layers to be suppressed. According to a preferred aspect, since SiO, has re-
sistance to both the etching step and the ALD step, the mask 44 and the mask 45 are
both SiO,.

The thickness of the mask 45 can be, for example, 0.1 pm or more and 10 um or less,
preferably 0.5 wum or more and 5 um or less, for example, 1 um or more and 3 um or
less. The thickness of the layer is adjusted to 0.1 um or more, thereby allowing the
base layer 32 in the mask part to be prevented from being etched. In addition, it is
possible to improve the insulation property between the non-pore structure part 17 of
the base material 2 and the lower electrode layer 6 on the insulating part 14 after the
capacitor formation. The thickness of the mask 44 is further increased, thereby
allowing the etching to be prevented more reliably from proceeding, and allowing the
insulation property to be further improved. On the other hand, the thickness of the
mask 44 is adjusted to 10 pm or less, thereby allowing the capacitor to be further
reduced in thickness.

The method for forming the mask 45 is not particularly limited, and examples of the
method include a vacuum vapor deposition method, a chemical vapor deposition
method, a sputtering method, ALD, and PLD.

Next, an MIM structure is formed on the base layer 32 (base material 2) including the
inside of the pores 5 (FIG. 6).

First, the lower electrode layer 6 is formed.

The material that forms the lower electrode layer 6 mentioned above is not par-
ticularly limited as long as the material is conductive, and examples of the material
include Ni, Cu, Al, W, Ti, Ag, Au, Pt, Zn, Sn, Pb, Fe, Cr, Mo, Ru, Pd, and Ta and
alloys thereof, e.g., CuNi, AuNi, AuSn, and metal oxides and metal oxynitrides such as
TiN, TiAIN, TiON, TiAION, and TaN.

The thickness of the lower electrode layer 6 is not particularly limited, but is

preferably 10 to 50 nm, for example. The thickness of the lower electrode layer is
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increased, for example, to 10 nm or more, allowing the ESR to be further reduced. In
addition, the thickness of the lower electrode layer is decreased, for example, to 50 nm
or less, thereby making it possible to form a MIM structure without filling the pores,
that is, without reducing the surface area of the base material 2, and allowing high ca-
pacitance to be achieved.

The method for forming the lower electrode layer 6 is not particularly limited, and
examples of the method include a vacuum vapor deposition method, a chemical vapor
deposition method, a sputtering method, ALD, and PLD. The ALD is preferred,
because the ALD can form a more homogeneous and denser film even in microscopic
regions of the pores.

Next, the dielectric layer 7 is formed on the lower electrode layer 6.

The material that forms the dielectric layer 7 mentioned above is not particularly
limited as long as the material has an insulating property, but examples thereof
preferably include metal oxides such as AlO, (e.g., ALOs), SiO; (e.g., Si0,), AlTiO;,
SiTiOy, HfO, TaO,, ZrO,, HfSiO,, ZrSiOy, TiZrO,, TiZrWO,, TiOy, SrTiOy, PbTiO;,
BaTiO,, BaSrTiO,, BaCaTiO,, and SiAlO,; metal nitrides such as AIN,, SiN,, and
AlScN,; or metal oxynitrides such as AION,, SiO,N,, HfSiON,, and SiC,O,Nz, and
AlO,, Si0y, SiO\N,, and HfSiO, are preferred. It is to be noted that the formulas
mentioned above are merely intended to represent the constitutions of the materials,
but not intended to limit the compositions. More specifically, the x, y, and z attached to
O and N may have any value larger than 0, and the respective elements including the
metal elements may have any presence proportion.

The thickness of the dielectric layer 7 mentioned above is not particularly limited,
but for example, preferably 5 nm or more and 100 nm or less, more preferably 10 nm
or more and 50 nm or less. The dielectric layer of 5 nm or more in thickness can
increase the insulating property, and thus allows leakage current to be reduced. In
addition, the dielectric layer of 100 nm or less in thickness makes it possible to achieve
higher electrostatic capacitance.

The method for forming the dielectric layer 7 is not particularly limited, and
examples of the method include a vacuum vapor deposition method, a chemical vapor
deposition method, a sputtering method, ALD, and PLD. The ALD is preferred,
because the ALD can form a more homogeneous and denser film even in microscopic
regions of the pores.

Next, the upper electrode layer 8 is formed on the dielectric layer 7.

The material constituting the upper electrode layer 8 mentioned above is not par-
ticularly limited as long as the material is conductive, and examples of the material
include Ni, Cu, Al, W, Ti, Ag, Au, Pt, Zn, Sn, Pb, Fe, Cr, Mo, Ru, Pd, and Ta and

alloys thereof, e.g., CuNi, AuNi, AuSn, and metal oxides and metal oxynitrides such as
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[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

TiN, TiAIN, TiON, TiAION, and TaN.

The thickness of the upper electrode layer 8 is not particularly limited, but is
preferably 10 to 50 nm, for example. The thickness of the lower electrode layer is
increased, for example, to 10 nm or more, allowing the ESR to be further reduced.

The method for forming the lower electrode layer 6 is not particularly limited, and
examples of the method include a vacuum vapor deposition method, a chemical vapor
deposition method, a sputtering method, ALD, and PLD. The ALD is preferred,
because the ALD can form a more homogeneous and denser film even in microscopic
regions of the pores.

(External Electrode Formation Step)

Next, the external electrodes 12 and 13 are formed.

First, the upper extended electrode 11 is formed on the upper electrode layer 8 (FIG.
7).

The material constituting the upper extended electrode 11 mentioned above is not
particularly limited as long as the material has a conductive property, but examples of
the material include Ni, Cu, Al, W, Ti, Ag, Au, Pt, Zn, Sn, Pb, Fe, Cr, Mo, Ru, Pd, and
Ta and alloys thereof, e.g., CuNi, AuNi, AuSn, metal oxides and metal oxynitrides
such as TiN, TiAIN, TiON, TiAlON, TaN, and electrically conductive polymers (for
example, PEDOT (poly(3,4-ethylenedioxythiophene)), polypyrrole, polyaniline).

The thickness of the upper extended electrode 11 is not particularly limited, but for
example, preferably 3 nm or more, more preferably 10 nm or more. The upper
extended electrode of 3 nm or more in thickness can reduce the resistance of the upper
extended electrode itself. In addition, the upper extended electrode 11 may be formed
so as to fill the inside of the pores 5. The ESR is further reduced by filling the inside of
the pores with the upper extended electrode.

The upper extended electrode 11 may be formed by a method such as a chemical
vapor deposition method, a plating method, a bias sputtering method, a Sol-Gel
method, conductive polymer filling, or ALD. Moreover, multiple methods may be
combined for the formation.

Then, the surface a part of the base layer 32 electrically connected to the lower
electrode layer 6 is partially exposed (FIG. 8), and the second external electrode 13 and
first external electrode 12 are formed respectively on the exposed part 46 and the upper
extended electrode 11 (FIG. 9).

The materials constituting the first external electrode 12 and second external
electrode 13 are not particularly limited, but examples of the materials include metals
such as Au, Pb, Ag, Sn, Ni, and Cu, and alloys thereof, and electrically conductive
polymers.

The method for forming the first external electrode 12 and the second external



12

WO 2020/162459 PCT/JP2020/004147

[0074]

[0075]

[0076]

electrode 13 is not particularly limited, but for example, CVD, electrolytic plating,
electroless plating, vapor deposition, sputtering, conductive paste baking, and the like
can be used, and electrolytic plating, electroless plating, vapor deposition, sputtering,

and the like are preferred.
While the capacitor 1 according to the present embodiment has been described

above, various modifications can be made to the capacitor according to the present
disclosure.
Industrial Applicability

The capacitor according to the present disclosure is small in size, high in capacitance,
and further low in equivalent series resistance, and thus can be used for various ap-
plications.
Reference Signs List

1 capacitor

2 base material

3 metal layer

4 extended layer

S pore

6 lower electrode layer

7 dielectric layer

8 upper electrode layer

11 upper extended electrode

12 first external electrode

13 second external electrode

16 pore structure part

17 non-pore structure part

18 sealing part

19 other part

30 substrate

32 base layer

33 barrier layer

34 extended layer

44 mask

45 mask
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Claims
[Claim 1] A capacitor comprising:
a base material comprising a pore structure part;
a metal layer provided on one main surface of the base material;
an extended layer provided on the metal layer;
a lower electrode layer provided on surfaces of pores in the pore
structure part;
a dielectric layer provided on the lower electrode layer; and
an upper electrode layer provided on the dielectric layer,
wherein
at least some of the pores penetrate the base material,
the metal layer has a sealing part that seals one opening of a pore that
penetrates, and the sealing part is conductive, and
the lower electrode layer is electrically connected to the extended layer
through the sealing part of the metal layer.
[Claim 2] The capacitor according to claim 1, wherein the base material is an
aluminum base material, and is oxidized in the pore structure part.
[Claim 3] The capacitor according to claim 1 or 2, wherein the metal layer is a
layer of Ru, Re, Sn, Ti, V, Fe, a Li-Ti alloy, a Li-V alloy, or a Na-W
alloy, and is oxidized in the sealing part.
[Claim 4] The capacitor according to any one of claims 1 to 3, wherein the metal

layer is 10 nm or more and 1.0 wm or less in thickness.
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