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DESCRIPTION

MANUFACTURING METHOD OF CAPACITOR ELECTRODE FOIL, CAPACITOR
ELECTRODE FOIL, LAMINATE TYPE ELECTROLYTIC CAPACITOR AND WINDING

TYPE ELECTROLYTIC CAPACITOR

This application claims priority to Japanese Patent
Application No. 2004-130910 filed on April 27, 2004 and U.S.
Provisional Application No. 60/634,287 filed on December 9, 2004,
the entire disclosures of which are incorporated herein by reference

in their entireties.

Cross Reference to Related Applications
Thisapplicationisanapplicationfiledunder35U.S.C.§1l1ll(a)
claiming the benefit pursuant to 35 U.S.C.§119(e) (1) of the £iling
dateof U.S. Provisj.onal ApplicationNo. 60/634,287 filed on December

9, 2004, pursuant to 35 U.S.C.§11l1l(b).

Technical Field
This invention relates to amanufacturingmethodof a capaéitor
electrode foil, a manufacturing methbd of a capacitor anode foil,
a capacitor electrode foil, a capacitor anode foil, a laminate type

electrolytic capacitor, and a winding type electrolytic capacitor.

Background Art

The following description sets forth the inventor’'s knowledge
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of related art and‘problems therein and should not be construed
as an adﬁission of knowledge in the prior art.

In‘conventional electrolytic capacitors, a terminal member
(an internal terminal and external terminal) is electrically
connected to a power collecting portion of an electrode foil (namely,
an anode foil or a cathode foil) with various means. For example,
in the case of a winding type electrolytic capacitor, mechanical
fastening, such as calkingor riveting, ismainly used as a connecting
means for connecting the terminal member to fhe power collecting
portion. Inthecaseofalaminatetypesolidelectrolyticéapacitor,
méchanical fastening or welding, such as laser welding, ultrasonic
welding or spot welding, is used as a connecting means for connecting
the terminal member to the power collecting portion.

In recent years, in accordance with the improving performance
of electrical devices, capacitors arerequiredtobe lowinequivalent
series resistance (hereinafter "ESR"). To meet this requirement,
it is preferable that the electric connection resistance between
the power collecting portion and the terminal member is as small
as possible.

However, in electrolytic capacitors, generally, the power
collecting portion of the electrode‘foil is, at its front and rear
surfaces, provided with an etching layer (etching pit layers) formed
by etching treatment or an oxide-film formed by anodizing treatment.
Therefore, there is a problem that connection of a terminal member
to the power collecting portion causes increasedelectric connection

resistance.
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To solve the problem, it has been proposed to decrease the

"connection resistance by depositing metallic particles to the power

collecting portion or to decrease the connection resistance by
roughening the surface of the power collecting portion (e.g., see
Japanese Unexamined Laid-open Patent Publication No. 2001-244144
(claim 1, Fig.2),JapaneseUnexaminedLaid-openPatentPublication
No. 2001-203127 (claim 1, Fig. 1)).

However, according to thé former method, there was a
possibilitythatthedepositionfilmmightexfoliateunintentionally.
To the contrary, according to the latter method, it was difficult
to set the surface roughness within a predetermined range. Thus,
it was difficult to decrease connection resistance assuredly by
the aforementioned methods.

The description herein of advantages and disadvantages of
various features, embodiments, methods, and apparatus disclosed
in other publications is in no way intended to limit the present
invention. Indeed, certain features of the inventionmay be capable
of overcoming certain disadvantages, while still retaining some
or all of the features, embodiments, methods, and apparatus disclosed
therein.

Other objects and advantages 6f the present invention will

be apparent from the following preferred embodiments.

Disclosure of Invention
The preferred embodiments of the present invention have been

developed in view of the above-mentioned and/or other problems in
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the related art. The preferred embodiments of the present invention

'cansignificantlyiﬂmroveuponexistingmethodsand/orapparatuses.

The present invention was made in view of the aforementioned
technical background, and aims to provide a method of manufacturing
a capacitor electrode/anode foil capable of assuredly decrease
electric connection resistance between a power collecting portion
of an electrode/anode foil and a terminal member, a capacitor
electrode/anode foil manufactufed by the method, and a
leminate/winding type electrolytic capacitor using the
electrode/anode foil.

To attain the aforementioned objects, the present invention
provides the following means.

[1] A method of manufacturing a capacitor electrode foil
having a power accumulating portion and a power collecting portion
to which a terminal member is to be connected electrically, the
method, comprising the steps of:

masking both surfaces of at least one side edge portion of
a strip-shaped electrode foil material with masking material along
the side edge portion to form a masking portion, the side edge portion
having a predetermined width;

etching a non-masking portion ef the electrode foil material
with both surfaces of the at least one side edge portion masked
with the masking material to thereby obtain the power accumulating
portion,whereinthenon-maskingportionisaportionoftheelectrode
foil not masked with the masking material; and

removing the masking material from the electrode foil after
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the etching to obtain the power collecting portion.

[2] The method of manufacturing a capacitor electrode foil
as recited in the aforementioned Item [1], wherein the etching step
is performed such that a plurality of non-penetrated etching pits
extending from both surfaces of the non-masking portion of the
electrode foil material in a thickness direction thereof are formed
in the non-masking portion and that a base metal portion remains
un-etched at a thickness center portion of the non-masking portion.

[3] The method of manufact.uring a capacitor electrode foil
as recited in the aforementioned Item [1] or [2], wherein the masking
step is performed such that both surfaces of both side edge portions
of the strip-shaped electrode foil material are masked with masking
material along the side edge portions thereof, the side edge portions
each having a predetermined width, and wherein after the etching
step etched power accumulating portion of the electrode foilmaterial
is cut in a zigzag manner along a longitudinal direction of the
electrode foil material.

[4] A method of manufacturing a capacitor anode foil having
a power accumulating portion and a power collecting portion to which
a terminal member is to be connected electrically, the method,
comprising the steps of:

masking both surfaces of at least one side edge portion of
a strip-shaped anode foil material with masking material along the
side edge portion to form a masking portion, the side edge portion
having a predetermined width;

etching a non-masking portion of the anode foil material with



10

15

20

25

WO 2005/104151 6 PCT/JP2005/008477

the masking portion masked with the masking material to thereby

‘obtain the power accumulating portion, wherein the non-masking

portion is a portion of the anode foil not masked with the masking
material;

‘anodizing the power accumulating portion of the anode foil
material with the masking portion masked with the masking material
after the etchilig step; and

removing the masking material from the anode foil after the
anodizing process to obta‘in the power collecting portion.

[5]1 The method of manufacturing a capacitor anode foil as
recited in the aforementioned Item [4], Wherein the etching step
is performed such that a plurality of non-penetrated etch;‘.ng pits
extending from both surfaces of the non-masking portion of the anode
foil material in a thickness direction thereof are formed in the
non-masking portion and that a base metal portion remains un-etched
at a thickness center portion of the non-masking portion.

[6] The method of manufacturing a capacitor electrode foil
as recited in the aforementioned Item [4] or [5],

wherein the masking step is performed such that both surfaces
of both side edge portions of the strip-shaped anode foil material
aremaskedwithmaskingmaterial along fhe side edge portions thereof,
the side edge portions each having a predetermined width, and

wherein after the anodizing process etched power accumulating
portion of the anode foil material is cut in a zigzag manner along
a longitudinal direction of the anode foil materiél.

[7] A capacitor electrode foil manufactured by the method
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as recited in the aforementioned Item [1l].or [2].

[8]‘ A capacitor anode foil manufactured by the method as
recited in the aforementioned Item [4] or [5].

[9] A 1aminate type electrolytic capacitor, comprising:

a cathode foil which is the electrode foil manufactured by
the method as recited in the aforementioned Item [1] or [2]: and

an anode £foil which is the anode foil manufactured by the method
as recited.in the aforementioned Item [4] or [5].

[L0] A winding type electrolytic capacitor, comprising:

a cathode foil which is the electrode foil manufactured by

the method as recited in the aforementioned Item [1] or [2]; and

an anode foil which is the anode foil manufactured by the method
as recited in the aforementioned Item [4] or [5].

[11] A laminate type electrolytic capacitor, comprising:

an anode foil having an anode power accumulating portion and
a strip-shaped anode power collecting portion to which an anode
terminal member is to be connected electrically;

a cathode foil having a cathode power accumulating portion
andastrip-shapedcathodepowercollectingportiontowhichacathode
terminal member is to be connected electrically; and

a strip-shaped separator,

wherein the anode power accumulating portion of the anode foil
includes a plurality of anode power accumulating units,

wherein both surfaces of each of the anode power accumulating
units are etched and anodized,

wherein both surfaces of the anode power collecting portion
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are neither etched nor anodized over an entire region of the anode

power collecting portion along a longitudinal direction thereof,

wherein the plurality of anode power accumulating units are
connected to the anode power collecting portion with the anode power
accumulating units protruded toward one side of the anode power
collecting portion at certain intervals along the longitudinal
direction thereof,

wherein the anode power collectingportionincludesaplurality
of first anode power collecting units to which the anode power
accumulating units are connected and a plurality of second anode
power collecting units located between adjacent first anode power
collecting units,

wherein the cathode power accumulating portion of the cathode
foil includes a plurality of cathode power accumulating units,

- wherein botﬁ surfaces of the cathode power accumulating unit

are etched but not anodized,

wherein both surfaces of the cathode power collecting portion
are neither etched nor anodized over an entire region of the cathode
power collecting portion along a longitudinal direction thereof,

wherein the plurality of cathode power accumulating units are
connected to the cathode power colleéting portion with the cathode
power accumulating units protruded toward one side of the cathode
power collecting portion at certainintervals along the longitudinal
direction thereof,

wherein the cathode powér collecting portion includes a

pluralityof first cathode powef collectingunits towhich the cathode
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power accumulating units are connected and a plurality of second

"cathode bower collecting units located between adjacent first

cathode power collecting units,

wherein the anode power collecting portion of the anode foil
is folded in a zigzag manner suéh that the second anode power
collecting unit intervenes between adjacent first anode power
collecting units and the plurality of anode power accumulating units
become approximately parallel with each other, whereby the first
anode power collecting unit and the second anode power collecting
unit are laminated alternately,

wherein the cathode power collecting portion of the cathode
foil is folded in a zigzag manner such that the second anode power
collecting unit intervenes between adjacent first anode power
collecting units and the cathode power accumulating\unit intervenes
between the adjacent anode power accumulating units, whereby the
first cathode power collecting unit and the second cathode power
collecting unit are laminated alternately,

whéreintheseparatorisfoldedsuchthatapartofthesepa?ator
intervenes between the adjacent anode power accumulating unit and
cathode power accumulating unit,

wherein the anode terminal meﬁber is electrically connected
to the anode power collecting portion of the anode foil, and

wherein the cathode terminal member is electrically connected
to the cathode power collecting portion of the cathode foil.

[12] The laminate type electrolytic capacitor as recited in

the aforementioned Item [11], wherein the first anode power
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collecting units and the second anode power collecting units are

'connectea with each other in an alternately laminated manner, and

wherein the first cathode power collecting units and the second
cathode power collecting units are connected with each other in
an alternately laminatved manner.

[13] The laminate type electrolytic capacitor as recited in
the aforementioned Item [11] or [12],

wherein a plurality of non-penetrated etching pits formed by
etch_ing treatment are extending from both surfaces of the anode
power accumulating unit toward a thickness direction thereof and
a base metal portion remains at a thickness center portion of the
anode power accﬁmulating unit, and

wherein a plurality of non-penetrated etching pits formed by
etching treatment are extending from both surfaces of the cathode
power accumulating unit toward a thickness direction thereof and
a base metal portion remains at a thickness center portion of the
cathode power .accumulating unit.

[14] A winding type electrolytic capacitor formed by winding
a strip-shaped anode foil and a strip-shaped cathode foil with a
strip-shaped separator intervening therebetween,

wherein an anode power collecting portion of a certain width
to which an anode tterminal member is to be connected electrically
is provided along one side edge portion of the anode foil, aremaining
portion of the anode foil extending from the anode power collecting
portion toward the other side edge portion of the anode foil

constituting an anode power accumulating portion,
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wherein both surfaces of the anode power accumulating portion

‘are etched and anodized,

wherein both surfaces of the anode power collecting portion
are neither etched nor anodized over an entire region of the anode
power collection portion along a longitudinal direction thereof,

wherein a cathode power collecting portion of a certain width
to which a cathode terminal member is tb be connected eleétrically
is provided along one side edge portion of the cathode foil, a
remaining portion of the cathode foil extending from the cathode
power collecting portion toward the other side edge portion of the
cathode foil constituting a cathode power accumulating portion,

whereinboth surfaces of the cathode power accumulatingportion
are etched but not anodized,

wherein both surfaces of the cathode power collecting portion
are neither etched nor anodized over an entire region of the cathode
power collection portion along a longitudinal direction thereof,

wherein the anode terminal member is electrically connected
to an anode connecting portion formed by cutting and bending a part
of the anode power collecting portion of the anode foil, and

wherein the cathode terminal member is electrically connected
to a cathode connecting portion foz;”med by cutting and bending a
part of the cathode power collecting ﬁortion of the cathode foil.

[15] The winding type electrolytic capacitor as recited in
the aforementioned Item [14],

wherein a plurality of non-penetrated etching pits extending

from both surfaces of the anode power accumulating portion of the
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anode foil are formed by etching treatment and a base metal portion

‘remains at a thickness center portion of the anode power accumulating

portion, and

wherein a plurality of non-penetrated etching pits extending
from both surfaces of the cathode power accumulating portion of
the cathode foil are formed by etching treatment and a base metal
porti‘on remains at.a thickness center portion of the céthode power
accumulating portion.

The invention according 1:6 the aforementioned ij:ems will be
explained below. |

In the invention as recited in the aforementioned Item [1],
at least one side edge portion of the electrode foil material becomes
a power collecting portion of the electrode foil. At the etching
step, the non-masking portion of the electrode foil material is
subjected to etching treatment in a state in which both surfaces
of the side edge portion is masked. Therefore, both the surfaces
of the power collectingportion of the electrode foil remainun-etched.
Therefore, when a terminal member is connected to the power collecting
portion, the electric connection resistance between the power
collectingportion andthe terminal member can be decrease assuredly.
Accordingly, using this electrode féil as a cathode/anode foil of
a capacitor results in reduced ESR of the capacitor.

Furthermore, since the etching step is carried out in a state
in which both surfaces of the side edge portion of the electrode
foil material are masked, a power collecting portion with un-etched

surfaces can be easily formed assuredly.
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Moreo'ver, since a desired electrode foil can be obtained by
perfomiﬁg themasking step, the etching step and themaskingmaterial
removing step in this turn, the electrode foil can be manufactured
easily.

In this invention, examples of materials of the electrode foil
material includes aluminum (including its alloy, hereinafter simply
referred to as "aluminum”), tantalum (including its alloy,
hereinafter simply referred to as “tantalum”), niobium (including
itsalloy, hereinafter simply referred to as "niobium”), and titaﬁium
(including its alloy, hereinafter simply referred to as "titanium”).
Examples of the terminal include an interna; terminal and an external
terminal, concretely, a tab terminal, a lead terminal and a lug
terminal.

In this invention, the joining means for joining the power
collectingportionandthe terminalmember isnotlimitedtoa specific
one. As this joining means, mechanical joining (e.g., calking,
riveting), welding (e.g., spotwelding, ultrasonicwelding, electron
beam welding, laser welding), friction agitation welding, and
soldering can be exemplified.

In the invention as recited in the aforementioned Item [2],
the etching step is performed such tha£ aplurality of non-penetrated
etching pits extending from both surfaces of the non-masking portion
of the electrode foil material in a thickness direction thereof
are formed in the non-masking portion and that a base metal portion
remains un-etched at a thickness center portion of the non-masking

portion. Therefore, in the obtained electrode foil, the base metal
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portion remained at the thickness center portion of the power

"accumulating portion and the power collecting portion are connected

metallically with each other. This greatly reduces the electric
resistance between the power accumulating portion and the power
collecting portion. Accordingly, using this electrode foil as a
cathode/anode foil of a capacitor further reduces the ESR of the
capacitor.

The invention as recited in the aforementioned Item [3]
includes a prescribed cutting step, and therefore two electrode
foils can be obtained fromone electrode foilmaterial, which enhances
manufacturing of electrode foils.

In the invention as recited in the aforementioned Item [4],
at least one side edge portion of an anode foil material becomes
a power collecting portion of the anode‘ foil. At the etching step,
a non-masking portion of the anode foil material is subjected to
etching treatment in a state in which both surfaces of the side
edge portion is masked. Therefore, both the surfaces.of the power
collectihg portion of the anode foil are remained un-etched.
Furthermore, the power accumulating portion (etched portion) of
the anode foil material is subjected to anodizing treatment in a
state in which both the surfaces of thé side edge portion are masked.
Therefore, both the surfaces of the power collecting portion of
the anode foil are neither etched nor anodized. Accordingly, when
a terminal member is connected to this power collecting portion,
the electric connection resistance between the power collecting

portion and the terminal member can be reduced assuredly. As will
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be understood from the above, using this anode foil results in reduced

"ESR of a capacitor.

The etching step and the anodizing process are performed with
both the surfaces of the side edge portion of the anode foil material
masked, and therefore the power collecting portion in which both
the surfaces are neither etched nor anodized can be obtained easily
assuredly.

Furthermore, the. anode foil can be obtained by performing the
predetermined masking step, etching step, anodizing process and
masking material removing step in order, and therefore the anode
foil can be easily manufactured.

In this invention, as the material of the anode foil, valve
metal can be exemplified. Cbncretely, aluminum, tantalum, niobium
and titanium can be exemplified. Examples of the terminal member
include an internal terminal and an external terminal. Concretely,
a tab terminal, a lead terminal and a lug terminal can be exemplified.

In this invention, the joining means for joining the power
collectingportionandthe terminalmemberisnotlimitedtoa specific
one. As the joining means, mechanical joining (e.g., calking,
riveting), welding (e.g., spotwelding, ultrasonicwelding, electron
beam welding, laser welding), fricfion agitation welding, and
soldering can be exemplified.

According to the invention as recited in the aforementioned
Item [5], in the same manner as in the invention as recited in the
aforementioned Item [2], in the anode foil, the electric resistance

between the power accumulating portion and the power collecting
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portion can be reduced significantly. As will be understood from

‘the above, ESR of a capacitor can be further reduced.

According to the invention as recited in the aforementioned
Item [6], in the same manner as in the invention as recited in the
aforementioned Item [3], two anode foils can be obtained from one
anode foil material, which enhances manufacturing of anode foils.
According to. the invéntion as recited in the aforementioned
Item[7], it is possible to provide a capacitor electrode foil capable
of assuredly reducing the electric connection resistance between
the power collecting portion and the terminal member.
According to the invention as rec‘:itjed in the aforementioned
Item [8], it is possible to provide a capacitor anode foil capable
of assuredly reducing the electric connection resistance between
the power éollecting portion an‘d the terminal member.
 According to the invention as recited in the aforementioned
Item [9], the electric connection resistance between the power
collecting portion of the electrode foil (cathode foil or anode
foil) and the terminal member can be reduced assuredly, which in
turn can provide a laminate type electrolytic capacitor low in ESR.
According to the invention as recited in the aforementioned
Item [10], the electric connection Aresistance between the power
collecting portion of the electrode foil (cathode foil or anode
foil) and the terminal member can be reduced assuredly, which in
turn can provide a winding type electrolytic capacitor low in ESR.
According to the invention as recited in the aforementioned

Item [11], in the anode foil, both surfaces of the anode power
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collecting portion are neither etched nor anodized over an entire

‘region of the anode power collecting portion along a longitudinal

direction thereof, and the anode terminal member is electrically
connected to the anode power collecting portion. Therefore, the
electric connection resistance between the anode power collecting
portion and the anode terminal member can be reduced assuredly.
In the same manner,.in the cathode £oil, both surfaces of the cathode
power collecting portion are neither etched nor anodized over an
entire region of the cathode power collecting portion along a
longitudinal directién thereof, and the cathode terminal member
is electrically connected to the cathode power collecting portion.
Therefore, the electric connection resistance between the cathode
power collecting portion and the cathode terminal member can be
reduced assuredly. Accordingly,it;spossibletoprovidealaminate
type electrolytic capacitor low in ESR.

Furthermore, in the anode‘foil, the anode power collecting
portion is folded in a zigzag manner, whereby the first anode powér
collecting unit and the second anode power collecting unit
constituting the anode power collecting portion are laminated
alternately. Therefore, the first anode power collecting unit and
the second anode power collecting unit come into contact with each
other in an approximately face-to-face contact manner, increasing
the contact area between them. This results in decreased electric
resistance between the first anode power collecting unit and the
second anode power collecting unit. In the same manner, in the

cathode foil, the cathode power collecting portion is folded in
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a zigzag manner, whereby the first cathode power collecting unit

‘and the second cathode power collectingunit coné‘tituting the cathode

power collecting portion are laminated alternately. Therefore, the
first cathode power collecting unit and the second cathode power
collectingunit come into contadt with each other in an approximétely
face-to-face contact manner, increasing the contact area between
them. This results in decreased electric resistance between the
first cathode power collecting unit and the second cathode power
collecting unit. Accordingly, ESR of a capécitor can be further
decreased.

Furthermore, since the first anode power collecting unit and
the second anode power collecting unit aJ':e' in contact with each
other in an approximately face-to-face contact manner, the course
length of current flowing from the first anbde power collecting
unit to the second anode power collecting unit (or from the second
anode power collecting unit to the first anode power collecting
unit) can bé shortened. In the same manner, since the first cathode
power collecting unit and the second cathode power collecting unit
are in contact with each other in an approximately face-to-face
contact manner, the course length of current flowing from the first
cathode power collecting unit to the sécond cathode power collecting
unit (of from the second cathode power collecting unit to the first
cathode power collecting unit) can be shortened.

Furthermore, in the anode power collecting portion of the anode
foil, since the second anode power collectingunit intervenes between

adjacent first anode power collecting units, the second anode power
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collecting unit functions as a spacer for forming a gap between
the adjaéent anode power accumulating units. Therefore there is
amerit that the cathode power accumulating unit can stably intervene
between the adjacent anode accumulating units. In the same manner,
in the cathode power collecting portion of the cathode foil, since
the second cathode power collectingunit intervenes between adjacent
first cathode power collecting units, the second cathode power
collecting unit functions as a spacer for forming a gap between
the adjacent cathode power accumulating units. Therefore there is
a merit that the anode power accumulating unit can stably intervene
between the adjacent cathode accumulating units.

According to the invention as recited in the aforementioned
item [12], in the anode power collecting portion of the anode foil,
since the first anode power collecting units and the second anode
powercollectingunitsareconnectedwitheachotherinanalternately
laminated manner, the electric resistance between the first anode
power collecting unit and the second aﬁode power collecting unit
can be decreased significantly. In the same manner, in the cathode
powercollectingportionofthecathodefoil,sincethefirstcathode
powercollectingunitsandthesecondcathodepowercollectingunits
are connected with each other in an élternately laminated manner,
the electric resistance between the first cathode power collecting
unit and the second cathode power collecting unit can be decreased
significantly. Accordingly, ESR of the capacitor can be further
decreased.

As the joining means for joining the first anode power
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collecting unit and the second anode power collecting unit and the

joining means for joining the first cathode power collecting unit

and the second cathode power collecting unit, mechanical joining
(e.g., calking, riveting), welding (e.g., spot welding, ultrasonic
welding, electron beam welding, laser welding), friction agitation
welding, soldering, and friction pressure welding can be
exemplified.

In the invention as recited in the aforementioned Item [13],
in the anode power accumulating portion of the aﬁode foil, aplurality
of non-penetrated etching pits formed by etching treatment are
extending from both surfaces of the anode power accumulating unit
toward a thickness direction thereof and a base metal portion remains
at a thickness center portion of the anode power accumulating unit.
Therefore, the base metal portion remaining at the thickness center
portion of the anode power accumulating unit and the anode power
collecting portion are metallically connectedwith each other, which
can significantly decrease the electric resistance between the anode
power accumulating unit and the anode power collecting portion.‘
In the same manner, in the cathode power accumulating portion of
the cathode foil, a plurality of non-penetrated etching pits formed
by etching treatment are extending frém both surfaces of the cathode
power accumulating unit toward a thickness direction thereof and
a base metal portion remains at a thickness center portion of the
cathode power accumulating unit. Therefore, the base metal portion
remaining at the thickness center portion of the cathode power

accumulating unit and the cathode power collecting portion are



10

15

20

25

WO 2005/104151 21 PCT/JP2005/008477

metallically connected with each other, which can significantly

‘decrease the electric resistance between the cathode power

accumulating unit and the cathode power collecting portion.
Accordingly, ESR.of the capacitor can be further decreased.

In the invention as recited in the aforementioned Item [14],
in the anode foil, both surfaces of the anode power collecting portion
are neither etched.nor anodized over an entire region of the anode
power collecting portion along a longitudinal ‘direction fhereof,
and the anode terminal is electrically connected to a predetermined
portion of the anode power collecting portion. Therefore, the
electric connection resistance befween the anode power collecting
portion and the anode terminal member can be reduced assuredly.
In the same manner, in the cathode foil, both surfaces of the cathode
power collecting portion are neither etched nor anodized over an
entire region of the cathode power collecting portion along a
longitudinal direction thereof, and the cathode terminal is
electrically connected to a predetermined portion of the cathode
power collecting portion. Therefore, thé electric connection
resistance between the cathode power collecting portion and the
cathode terminal member can be reduced assuredly. Accordingly, it
is possible to provide a laminate tybe electrolytic capacitor low
in ESR.

Furthermofe, the anode connecting portion to which the anode
terminal member is electrically connected is formed by cutting and
bending a part of the anode power collecting portion, and therefore

the anode connecting portion and the anode power collecting portion



10

15

20

25

WO 2005/104151 22 PCT/JP2005/008477

are metallically connected, which can significantly decrease the

‘electric connection resistance between the anode connecting portion

and the anode power collecting portion. Furthermore, there also
are merits that the anode connecting portion can be formed easily
and connection to the anode terminal member can be easily performed.

In the same manner, the cathode connecting portion to which
the cethode terminal member is electrically connected is formed
by cutting and bending a part of the cathode power collecting portion,
and therefore the cathode connecting portion and the cathode power
collecting portion are metallically connected,‘ which can
significantly decrease the electric connection resistance between
the cathode connecting portion and the cathode power collecting
portion. Furthermore, there also are merits that the cathode
connecting portion can be formed easily and connection to the cathode
terminal member can be easily performed.

In the invention as recited in the aforementioned Item [15],
in the anode foil, a plurality o‘f non-penetrated etching pits formed
by etching treatment are extending £rom both surfaces of the anode
power accumulating portion toward a thickness direction thereof
and a base metal portion remains at a thickness center portion of
the anode power accumulating portion. Therefore, the base metal
portion remaining at the thickness center portion of the anode powexr
accumulating portion and the anode power collecting portion are
metallically connected with each other, which can significantly
decrease the electric resistance between the anode power

accumulating portion and the anode power collecting portion. 1In
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the same manner, in the cathode foil, a plurality of non-penetrated

‘etching bits formed by etching treatment are extending from both

surfaces of the cathode power accumulating portion towarda thickness
direction thereof and a base metal portion remains at a thickness
center portion of the cathode power accumulating portion. Therefore,
the base metal portion remaining at the thickness center portion
of the cathode power accumulating portion and the cathode power
collecting portion aremetallically connectedwith each other, which
can significantly decrease the electric resistance between the
cathode power accumulating portion and the cathode power collecting

portion. Accordingly, ESRof the capacitorcan be further decreased.

The present invention has the following effects.

In the invention as recited in the aforementioned Item [1],
both the surfaces of the power collecting portion of the electrode
foil remain un-etched. Therefore, when a terminal member is
connected to the power collecting portion, the electric connection
resistance between the power collecting portion and the terminal
member can be decrease assuredly. Accordingly, usingthiselectrode
foil as a cathode/anode foil of a capacitor results in reduced ESR
of the capacitor.

Furthermore, since the etching step carried out in a state
in which both surfaces of the side edge portion of the electrode
foil material are masked, a power collecting portion with no-etched
surfaces can be easily formed assuredly.

Moreover, since a desired electrode foil can be obtained by
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performing themasking step, the etching step.and themaskingmaterial

‘removing step in this turn, the electrode foil can be manufactured

easily.

In the invention as recited in the aforementioned Item [2],
since the base metal portion remained at the thickness center portion
of the power accumulating portion and the power collecting portion
are connected metallically with each other, the electric resistance
between the power accumulating portion and the power collecting
portion can be reduced significantly. Accordingly, using this
electrode foil as a cathode/anode foil of a capacitor further reduces
the ESR of the capacitor.

According to the invention as recited in the aforementioned
Item [3], two electrode foils can be obtained from one electrode
foil material, which enhances manufacturing of electrode foils.

In the invention as recited in the aforementioned Item [4],
since both the surfaces of the power collecting portion of the anode
foil are neither etched nor anodized, when a terminal member is
connected to this power collecting portion, the electric connection
resistance between the power collecting portion and the terminal
member can be reduced assuredly. Thus, using this anode foil results
in reduced ESR of a capacitor.

The etching step and the anodizing process are performed with
both the surfaces of the side edge portion of the anode foil material
masked, and therefore the power collecting portion in which both
the surfaces are neither etched nor anodized can be obtained easily

assuredly.
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Furthermore, the anode foil can be obtained by performing the

'predeterﬁined masking step, etching step, anodizing process and

maéking material removing step in order, and therefore the anode
foil can be easily manufactured.
According to the invention as recited in the aforementioned
Item [5], in the same manner as in the invention as recited in the
aforementioned Item [2], since the base metal portion remaining
at the thickness center portion of the power accumulating portion
and the poWer collecting portion are metallically connected with
each other, the electric resistance between the power acéumulating
portion and the power collectingportion car; be reduced significantly.
Therefore, ESR of a capacitor can be further reduced.
According to the invention as recited in the aforementioned
Ttem [6], in the same manner as in the invention as recited in the
aforementioned Item [3], two anode foils can be obtained from one
anode foil material, which enhanées manufacturing of anode foils.
| According to the invention as recited in fhe aforementioned
Item [7], it is possible to provide a capacitor electrode foil capable
of assuredly reducing the electric coﬁnection resistance between
the power collecting portion and the terminal member.
According to the invention as fecited in the aforementioned
Item [8], it is possible to provide a capacitor anode foil capable
of assuredly reducing the electric connection resistance between
the power collecting portion and the terminal member.
According to the invention as recited in the aforementioned

Item [9], the electric connection resistance between the power
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collecting portion of the electrode foil (cathode foil or anode

‘foil) and the terminal member can be reduced assuredly, which in

turn can provide a laminate type electrolytic capacitor low in ESR.

According to the invention as recited in the aforementioned
Item [10], the electric connection resistance between the power
collecting portion of the electrode foil (cathode foil or anode
foil) and the terminal member can be reduced assuredly, which in
turn can provide a winding type electrolytic capacitor low in ESR.

According to the invention as recited in the aforementioned
Item [11], in the anode foil, both surfaces of the anode power
collecting portion are neither etched no; anodized over an entire
region of the anode power collecting portion‘along a longitudinal
direction thereof, and the anode terminal member is electrically
connected to the anode power collecting portion. Therefore, the
electric connection resistance between the anode power collecting
portion and the anode terminal member can be reduced assuredly.
In the same manner, in the cathode foil, both surfaces of the cathode
power collecting portion are neither etched nor anodized over an
entire region of the cathode power collecting portion along a
longitudinal direction thereof, and the cathode terminal member
is electrically connected to the catﬁodejpower'collectingﬁportion.
Therefore, the electric connection resistance between the cathode
power collecting portion and the cathode terminal member can be
reduced assuredly. Accordingly, itispossible toprovidealaminate
type electrolytic capacitor low in ESR.

Furthermore, in the anode foil, the anode power collecting
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portion is folded in a zigzag manner, whereby the first anode power

‘collecting unit and the second anode power collecting unit

constituting the anode power collecting portion are laminated
alternately. Therefore, the first anode power collecting unit and
the second anode power collecting unit come into contact with each
other in an approximately face-to-face contact manner, increasing‘
the contact area between them. This iésults in decreased electric
resistance between the first anode power collecting unit and the
second anode power collecting unit. In the same manner, in the
cathode foil, the cathode power collecting portion is folded in
a zigzag manner, whereby the first cathode power collecting unit
andthesecondcathodepowercollectingunitconstitutingtﬁecathode
power collecting portion are laminated alternately. Therefore, the
first cathode power collecting unit and the second cathode powér
collectingunit come into contact with each other in an approximately
face-to-face contact manner, increasing the contact area between
them. This results in decreased electric resistance between the
first cathode power collecting unit and the second cathode power
collecting unit. Accordingly, ESR of the capacitor can be further
decreased.

Furthermore, since the first aﬁodejpower collecting unit and
the second anode power collecting unit are in contact with each
other in an approximately face-to-face contact manner, the course
length of current flowing from the first anode power collecting
unit to the second anode power collecting unit (or from the second

anode power collecting unit to the first anode power collecting
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unit) can be shortened. In the same manner, since the first cathode

‘power collecting unit and the second cathode power collecting unit

are in contact with each other in an approximately face-to-face
contact manner, the course length of current flowing from the first

cathode power collecting unit to the second cathode power collecting

. unit (or from the second cathode power collecting unit to the first

cathode power collecting unit) can be shortened.

Furthermore, in the anode power collectingportion of the anode
foil, since the second anode power collectingunit intervenes between
adjacent first anode power collecting units, the second anode power
collecting unit functions as a spacer for forming a gap between
the adjacent anode power accumulating units. Therefore there is
amerit that the cathode power accumulating unit can stably intervene
between the adjacent anode accumulating units. In the same manner,
in the cathode power collecting portion of the cathode foil, since
the second cathode power collectingunit intervenes between adjacent
first cathode power collecting units, the second cathode power
collecting unit functions as a spacer for forming a gap between
the adjacent cathode power accumulating units. Therefore there is
a merit that the anode power accumulating unit can stably intervene
between the adjacent cathode accumﬁlating units.

According to the invention as recited in the aforementioned
Ttem [12], in the anode power collecting portion of the anode foil,
the electric resistance between the first anode power collecting
unit and the second anode power collecting unit can be decreased

significantly. In the same manner, in the cathode power collecting
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portion of the cathode foil, the electric resistance -between the

‘first cathode power collecting unit and the second cathode power

collecting unit can be decreased signifiéantly. Accordingly, ESR
of the capacitor can be further decreased.

In the invention as recited in the aforementioned Item [13],
in the anode power accumulating portion of the anode foil, the base
metal portion remaining at the thickness center porti;)n of the anode
power accumulating unit and the anode power collecting portion are
metallically connected with each other, which can significantly

decrease the electric resistance between the anode power

- accumulating unit and the anode power collecting portion. In the

same manner, in the cathode power accumulating portion of the cathode
foil, the basemetal portionremainingat the thickness centerportion
of the cathode power accumulating unit and the cathode power
collecting portion aremetallically connected with each other, which
can significantly decrease the electric resistance between the
cathode power accumulating unit and the cathode power collecting
portion. Accordingly, ESRof the capacitor canbe further decreased.
In the invention as recited in the aforementioned Item [14],
in the anode foil, both surfaces of the anode power collecting portion
are neither etched nor anodized over- an entire region of the anode
power collecting portion along a longitudinal direction thereof,
and the anode terminal is electrically connected to a predetermined
portion of the anode power collecting portion. Therefore, the
electric connection resistance between the anode power collecting

portion and the anode terminal member can be reduced assuredly.
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In the same manner, in the cathode foil, both surfaces of the cathode

power collecting portion are neither etched nor anodized over an

entire region of the cathode power collecting portion along a
longitudinal direction thereof, and the cathode teminél is
electrically connected to a predetermined portion of the cathode
power collecting portion. Therefore, the electric connection
resistance between the cathode power collecting portion and the
cathode terminal member can be reduced assuredly. Accordingly, it
is possible to provide a laminate type electrolytic capacitor low
in ESR.

Furthermore, the anode connecting portion to which the anode
terminal member is electrically connected is formed by cutting and
bending a part of the anode power collecting portion, and therefore
the anode connecting portion and the anode power collecting portion
are metallically connected, which can significantly decrease the
electric connect;i.on resistance between the anode connecting portion
and the anode power collecting portion. Furthermore, there also
are merits that the anode connecting portion can be formed easily
and connection to the anode terminal member can be easily performed.

In the same manner, the cathode connecting portion to which
the cathode terminal member is eleétrically connected is formed
by cutting and bending a part of the cathode power collecting portion,
and therefore the cathode connecting portion and the cathode power
collecting portion are metallically connected, which can
significantly decrease the electric connection resistance between

the cathode connecting portion and the cathode power collecting
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portion. Furthermore, there also are merits that the cathode
Connectingportioncanbeformedeasilyandconnectiontothecathode
terminal member can be easily performed.

In the invention as recited in the aforementioned Item [15],
in the anode foil, the electric resistance between the anode power
accumulating portion and the anode power collecting portion can
be reduced significantly. In the same manner, in the cafhode foil,
the electric resistance between the cathode power accumulating
portion and the cathode power‘collecting poftion can be reduced
significantly. Accordingly, ESR of the capacitor can be further
decreased.

The above and/or other aspects, features and/or advantages
oﬁ various embodiments will be further appreciated in view of the
following description in conjunction with thé accompanying figures.
Various embodiments can include and/or exclude different aspects,
features and/or advantages where applicable. 1In addition,
various embodiments can combine one or more aspect or feature of
other embodiments where applicable. The descriptions of aspects,
features and/or advantages of particular embodiments should not

be construed as limiting other embodiments or the claims.

Brief Description of Drawings
The preferred embodiments of the present invention are shown
by way of example, and not limitation, in the accompanying figures,
in which:

Fig.1isacross—sectionalviewofalaminatetypeelectrolytic
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capacitor according to a first embodiment of this invention;

Fig. 2A is a perspective view of the éapacitor element of the
capacitor;

Fig. 2B is a perspective view seen from another angle showing
the capacitor element of the capacitor;

Fig. 3 is a perspective view of the capacitor element.of the
capacitor in which.the capacitor element is disassembléd into the
anode foil, the cathode foil and the separator;

Fig. 4 is a block diagram showing the ﬁanufacturing process
of the anode foil of this capacitor;

Fig. 5A is a plane view showing the anode foil material after
the masking step;

Fig. 5B is an enlarged cross-sectional view taken along the
line A-A in Fig. b5A;

- Fig. 6A is a plane view showing the anode foil material after
the etching step;

Fig. 6B is an enlarged cross-sectional view taken along the
line B-B in Fig. 6A;

Fig. 7A is a plane view showing the anode foil material after
the anodizing process;

Fig. 7B is an enlarged cross—séctional view taken along the
line C-C in Fig. 7A;

Fig. 8 is a plane view showing the anode foil material after
the cutting step;

Fig. 9A is a plane view showing the anode foil material after

the masking material removing step:;
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Fig. 9B is an enlarged cross-sectional view taken along the

line D-D in Fig. 9A;

Fig. 10 is a block diagram showing the manufacturing steps
of the cathode foil of this capacitor;

Fig. 11A is a plane view showing the cathode foil material
after the etching step:

Fig. 11B is an enlarged cross-sectional view taken along the
line E-E in Fig. 11A;

Fig. 12 is a plane view showing the cathode foil material after
the cutting step;

Fig. 13A is a plane view showing the cathode foil material
after the masking material removing step:

Fig. 13B is an enlarged cross-sectional view taken along the
F-F in Fig. 13A;

. Fig. 14 is a cross-sectional view showing a winding type
electrolytic capacitor according to the second embodiment of this
invention; and

Fig. 15 is a perspective view of the capacitor in which a part
of the capacitor element is unwound and disassembled into the anode

foil, the cathode foil and the separator.

Best Mode for Carrying Out the Invention
In the fgllowing paragraphs, some preferred embodiments of
the invention will be described by way of example and not limitation.
It should be understood based on this disclosure that various other

modifications can be made by those in the art based on these
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illustrated embodiments.

Neit, some embodiments of this invention will be explained
below.

Fig. 1 is a cross-sectional view of the laminate type
electrolytic capacitor Cl according to the first embodiment of this
invention. Concretely, thiscapacitorClisalaminate typealuminum
dry-type electrolytic capacitor.

As showninFig. 1, thiscapacitorClisprovidedwithacapacitor
element 1, a casing 2, a cap member 3 made of insulating material
(e.g., rubber), and a pair of anode terminal 4a and cathode terminal
4b as terminal members.

The capacitor element 1 is accommodated in the casing 2. In
this accommodated state, the opening of the casing 2 is closed by
being covered with the cap member 3. The capacitor element 1 is
impregnated with driving electrolytic solution (not shown). The
reference numeral "5" denotes an insulating layer covering the
external periphery of the capacitor element 1.

As shown in Figs. 2A and 2B, this capacitor element 1 is equipped
with a pair of anode/cathode foils 10 and 20 as electrode foils
and a separator 30. Both the anode foil 10 and the cathode foil
20 are made of aluminum (including ifs alloy, ﬂereinafter referred
to as “"aluminum”).

In this invention, both the anode foil 10 and the cathode foil
20 can be made of other than aluminum, e.g., tantalum, niobium or
titanium.

Next, each structure of the anode foil 10, the cathode foil
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20 and the separator 30 of the capacitor element 1 of this capacitor

Cl will Be explained below.

<Structure of the anode foil 10>

The anode foil 10 has a strip-shaped anode power collecting
portion 11 of a narrow width and an anode power accumulating portion
13 as shown in the developed state in Fig. 3. To the anode power
collecting portion 11, an anode terminal member 4a is to be connected
electrically (see Fig. 1). The anode power accumulating portion
13 accumulates elgctricity. The thickness of the anode foil 10 is
set to a size larger than the thickness of the cathode foil 20.

The anode power accumulating portion 13 is constituted by a
plurality of anode power accumulating units 13a (four pieces in
this embodiment), as shown in Fig. 3.

- Each anode power accumulating unit 13a is formed into a square
shape as seen from the top. To the upper and lower surfaces of this
anode power accumulating unit 13a, etching treatment for roughening
the surface (enlarging the surface area) and anodizing treatment
for forming an oxide £ilm layer 41 as a dielectric layer are executed
in this order.

In this figure, the reference number "40" denotes an etched
portion formed on the upper surface and lower surface of the anode
power accumulating unit 13a by etching treatment. In this etched
portion 40, a number of fine non-penetrated etching pits (not shown)
are formed. Onthisetchedportion40, anoxide filmlayer 41 produced

by anodizing treatment is formed.
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On the other hand, on the upper surface and lower surface of
the anodeApower collecting portion 11, neither etching treatment
nor anodizing treatment is executed over the entire area along the
longitudinal direction of the anode power collecting portion 11.

Aplurality of anode power accumulatingunits 13a are connected
to the anode power collecting portion 11 at certain intervals with
the anode power accumulating units 13a protruded toward one side
of the anode power collecting portion 11.

 The anode power collecting portion 11 is constituted by a
plurality of first anode power collecting units lla (four pieces
in this embodiment) to which each anode power accumulating unit
13a is connected, and a plurality of second aﬁode power collectiné
units 11b each intervening between adjacent first anode power
collecting units 1lla and 1lla.

-As shown in Fig. 2A and Fig. 3, The anode power collecting
portion 11 is bent in a zigzag manner such that the second anode
power collecting unit 11b intervenes between adjacent first anode
power collecting units lla and 1la and that a plurality of the anode
power accumulating units 13a become parallel with each other. Thus,
as shown in Fig. 2A, the first anode power collecting unit 1lla and
the second anode power collecting unit 11b are laminated by turns.

In this invention, the second anode power collecting unit 11lb
can intervene between adjacent first anode power collecting units
lla and lla in a state in which the second anode power collecting
unit 11b is folded plural times, e.g., two times or three times,

or is not folded as shown in Fig. 3.
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Furthermore, as shown in Fig. 2A, the first anode power

collecting unit 1lla and the second anode power collecting unit 11b

are laminated by turns and integrally joined each other by friction
agitationwelding. Inthis figure, the reference letter "J" denotes
a joined portion in which the first anode power collecting unit
1la and the second anode power collectingunit 11b are joined mutually
(friction agitation welded portion).

In this invention, the first anode power collecting unit 1lla
and the second anode power collecting unit 11b can be joined each
other by, for example, mechanical joining (e.g., calking, riveting),
welding (e.g., spot welding, ultrasonic'welding, electron beam
welding, laser welding), soldering, and friction pressure welding.

As shown in Fig. 1, the anode terminal member 4a is electrically
connected to the anode power collecting portion 11 of the anode
foil 10 by direcfly welding (e.g., spot welding, ultrasonic welding,
electron beam welding, laser welding), friction agitation welding,
or soldering. This anode terminal member 4a penetrates the cap
member 3 outwardly.

In this invention, the anode power collecting portion 11 and
the anode terminal member 4a can be electrically connected by

mechanical fastening (e.g., calking, riveting).

¢Structure of the cathode foil 20>
The cathode foil 20 has a strip-shaped cathode power collecting
portion 21 of a narrow width and a cathode power accumulating portion

23 as shown in the developed state in Fig. 3. To the cathode power
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collectingportion 21, a cathode terminal member 4b is to be connected

’ electridally (see Fig. 1). The cathode power accumulating portion

23 accumulates electricity.

The cathode power accumulating portion 23 is constituted by
a plurality of cathode power accumulating units 23a (four pieces
in this embodiment), as shown in Fig. 3.

Each cathode power accumulatingunit 23a is formed into a square
shape as seen from the top. To the upper and lower surfaces of this
cathode power accumulating unit 23a, etching treatmenf for
roughening the surface (enlarging the surface area) is executed,
but .anodizing treatment for forming an oxide film layer 41 as a
dielectric layer is not executed.

In this figure, the reference number "40" denotes an etched
portion formed on the upper surface and lower surface of the cathode
power accumulating unit 23a by etching treatment. In this etched
portion 40, a number of fine non-penetrated etching pits are formed‘.

On the other hand, on the upper surface and lower surface of
the cathode power collecting portion 21, neither etching treatment
nor anodizing treatment is executed over the entire area along the
longitudinal directio\n of the cathode power collecting portion 21.

A plurality of cathode power.accumulating units 23a are
connected to the cathode power collecting portion 21 at certain
intervals with the cathode power accumulating units 23a protruded
toward one side of the cathode power collecting portion 21.

The anode power collecting portion 11 is constituted by a

plurality of first cathode power collecting units (four pieces in
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this embodiment) to which each cathode power accumulating unit 23a

is connected, and a plurality of second cathode power collecting

units each intervening between adjacent first cathode power
collecting units 21a and 21a.

As shown in Eig. 2A and Fig. 3, the cathode power collecting
portion 21 is bent in ? zigzag manner such that the second cafhode
power collecting unit 21b intervenes between adjacent first cathode
power collecting units 2la and‘21a and that the cathode power
accumulating units 23a intervenes between the adjacent the first
anode power accumulating units 13a and 13a. Thus, as shown in Fig.
2-B, the first cathode power colleéting unit 2la and the second
cathode power collecting unit 21b are laminated by turns. In this
embodimentf in detail, the second cathode power .collecting unit
21b intervenes between the first cathode power collecting units
2la and 2la in a state in which the second cathode power collecting
unit 21b is bent in a two-folded manner.

The reason that the second cathode power collecting unit 21b
intervenes between the first cathode power collecting units 2la
and 2la in a state in which the second cathode power collecting
unit 21b is bent in a two-folded manner is as follows. The thickness
of the anode foil 10 is generally sét to a size larger than the
thickness of the cathode foil 20. Therefore, the thickness of the
second cathode power collecting unit 21b is doubled by folding up
the second cathode power collecting unit 21b of the cathode foil
20 so that the thickness of the second cathode power collecting

unit 21b conform to the thickness of the second anode power collecting
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unit 11b of the anode foil 10.

In‘this invention, the second cathodé power collecting unit
21b can intervene between adjacent first cathode power collecting
units 2la and 2la in a state in which the second cathode power
collecting unit 21b is folded plural times, e.g., two times or three
times, or is not folded as shown in Fig. 3. .

Furthermore, as shown in Fig. 2B, the first cathode power
collecting unit 21& and the secénd cathode power collecting unit
21bare laminatedby turns andintegrally joinedeachotherbyfriction
agitation welding (joined portion "J").

In this invention, the first cathode power collecting unit
21a and the second cathode power collecting unit 21b can be joined
each other by, for example, mechanical joining (e.g., calking,
riveting), welding (e.g., spotwelding, ultrasonicwelding, electron
beam welding, laser welding), soldering, and friction pressure
welding.

As shown in Fig. 1, the cathode terminal member 4b is
electrically connected to the cathode power collectipg portion 21
of the cathode foil 20 by direct welding (e.g., spot welding,
ultrasonic welding, electron beamwelding, laser welding), friction
agitation welding, or soldering. This cathode terminal member 4b
penetrates the cap member 3 outwardly.

In this invention, the cathode power collecting portion 21
and the cathode terminal member 4b can be electrically connected

by mechanical fastening (e.g., calking, riveting).
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{Structure of the separator 30>

Theseparator36isnmdeofinsulationmaterials,sudnaskraft
paper or Manila.fiber, and is a strip-shaped member in an unwound
state.

As shown in Figs. 2A and 2B, this separator 30 is folded in
azigzagmannersuchthatapart(predeterminedpart)oftheseparator
30 intervenes between adjacent anode power accumulating unit 13a
and cathode power accumulating unit 23a. This separator 30 is
impregnated with driving electrolytic solution.

Next, the manufacturing method of the anode foil 10 and the
cathode foil 20 as the capacitor element 1 of. this capacitor Cl

will be explained below.

<Manufacturing method of the anode foil 10>

- Fig. 4 is a block diagram showing the manufacturing steps of
the anode foil 10. AsshowninFig. 4, theanodefoil1l0ismanufactured
through a masking step 100, an etching step 101, an anodizing process
102, a cutting step 103, a masking material removing step 104 in

this turn.

[Masking Step 100]

In Figs. 5A and 5B, the reference numeral "10A" denoted an
anode foil material (electrode foil material) for anode foils 10.
This anode foil material 10A is made of aluminum, and is a wide
strip-shaped member. The width of this anode foil material 10A ié

set so as to fall within the range of 2 mm to 150 mm, and the thickness
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thereof is set so as to fall within the range of 50 to 400 pm.

At‘this masking step 100, masking is preformed by applying
masking material onto the upper and lower surfaces of both side
edge portions of the anode foil material 10A by a printing method,
such as screen-stencil printing or gravure printing, continuously
along each side edge portion at a predefermined width.

In figures, the reference numeral "42" denotes a masking
portion of the anode foil.materiél 10A, and “42a” denotes a masking
layer of the masking material formed on the masking portion 42 of
the anode foilmaterial 10A. Also the reference numeral "43" denotes
a non-masking portion of the anode foil‘material 10A.

After applying the masking material, the masking material is
dried.

The thickness of the masking layer 42a is set to fall within
the range of 0.1 to 1 pm. Furthermore, the width of the masking
layer 42a is set so as to fall within the range of 1 to 10 mm.

In this invention, although the type of the masking material
is not limited to a specific one, it is preferable to use resin
series paint as the masking material, more specifically, one or
more paints selected from the group consisting of acrylics series
paint,epoxyseriespaint,urethanesefiespaintandpolyesterseries
plastic paint because of the following reasons. Such paint is
relatively low in viscosity and high in strength after hardening,
and therefore a masking layer 42a formed by such paint is seldom
exfoliated unintentionally during the etching step, and can be

exfoliated assuredly later.
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[Etching Step 101]

Subsequently, in the state in which the predetermined part
is masked as mentioned above, etching treatment is executed by a
known method such that a number of fine non-penetrated etching pits

extending from the upper and lower surfaces in the thickness direction

‘of the anode foil material 10A are formed in the non-masking portion

43 of the anode foil material 10A and that a base metal portion

M remains at the thickness center portion of the non-masking portion

'43. Figs. 6A and 6B are a plane view and a cross-sectional view

of the anode foilmaterial 10Aaftertheetchingstep 101, respectively.
This etching treatment is performed by immersing the entire anode
foil material 10A into a prescribed etching solution in a state
in which the predetermined portions are masked, and impressing AC
or DC current to the anode foil material 10A if needed. In this
etching treatment, chemical etching and electric etching are
performed. As etching solution, inorganic acid, such as sulfuric
acid and'chloriae, and metal salt liquid can be used for example.
By this etching treatment, as shown in‘Figs. 6A and 6B, an
etched portion 40 having a number of fine non-penetrated etching
pitsareformedinthenon—maskingporfion43ofananodefoilmaterial
10A. This non-masking portion 43 will be used as an anode power
accumulating portion 13 of the anode foil 10. On the other hand,
un-etched portion will be formed on the masking portion 42 of the

anode foilmaterial 10A since the masking layer 42a is formed thereon.
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[Anodizing Process 102]

Thén, anodizing treatment is performed to the anode power
accumulating portion 13 of the anode foil material 10A by a known ‘
method in a state in which a predetermined part is masked. Figs.
7A and 7B are a plane view and a cross-sectional view of the anode
foil material 10A after this anodizing process 102, respectively.
Tﬁis anodizing treatment is performed by immersing the entire anode
foil material 10A in a predetermined electrolytic solution in the
state in which a predetermined part thereof is inasked and impressing
current to thisanode foilmaterial 10A. Astheelectrolyticsolution,
béric acid, phosphoric acid, adipic acid, etc. can be used.

By this anodizing treatment, as shown in Figs. 7A and 7B, an
oxide film layer 41 as a dielectric layer is formed on the upper
and lower surfaces of the anode power accumulatingportion 13 (namely,
etched portion 40) of the anode foil material 10A. On the other
hand, no such oxide film layer is formed on the masking portion
42 of the anode foil material 10A since the masking layer 42a is

formed on the masking portion 42.

[Cutting Step 103]

Next, the anode power accumuléting portion 13 of the anode
foil material 10A is cut lengthwise into two pieces along the cutting
proposed line L in a zigzag manner at certain pitches. Fig. 8 is
a plane view of the anode foil material 10A after the cutting step
103. In this embodiment, the cutting pitch is constant.

In this cutting, as shown in Fig. 8, two anode foils 10 and
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10 same in shape can be obtained per one anode foil material 10A.

[Masking Material Removing Step 104]

Next, the masking material (namely, masking layer 42a) of the
anode foil material 10A is removed. Fig. 9A and Fig. 9B are a plane
view apd a cross-sectionals view of the anode foil material 10A
after the masking material removal step 104, respectively. The
removal of this masking material can be performed by, for example,
immersing the entire anode foil material 10A in a predetermined
solvent (e.g., acetone, methyl ethyl ketone, amethyl isobutyl ketone,
toluene, xXylene) to dissolve the masking material. The masking
material removed portion becomes an anode power collecting portion
11. On the upper and lower surfaces of this anode power collecting
portion 11, neither etching portion (etching layer) due to etching
treatment nor oxide film layer due to anodizing treatment is formed
along the entire region in the longitudinal direction.

Through the aforementioned steps, a desired anode foil 10 is
obtained.

In the anode foil 10 shown in Figs. 9A and 9B, the reference
numeral “1la” is a first anode power collecting unit, "11b" denotes
a second anode power collecting uni;t:, and "13a” denotes an anode
power accumulating unit. Each anode power accumulating unit 13a
is connected to the corresponding first a_lnode power collecting
portion 1lla with the anode power accumulating unit 13a protruded

toward one side of the anode power collecting portion 11.
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<{Manufacturing Method Of Cathode Foil 20>

Fié. 10 is a block diagram showing the manufacturing steps
of the cathode foil 20. As shown in Fig. 10, the cathode foil 20
is manufactured through a masking step 100, an etching step 101,
a cutting step 103, and a masking material removing step 104 in
this turn. The manufacturing steps of the cathode foil 20Hdo not

include an anodizing process.

[Masking Step 100 and Etching Step 101]

In Figs. 11A and 11B, the reference numeral "20A" denoted a
cathode foil material (electrode foil material) for cathode foils
20. This cathode foil material 20A is made of aluminum, and is a
wide strip-shaped member. The width of this cathode foil material
20A is set to the same or approximately the same size as the width
of the anode foil material 10A and the thickness thereof is set
so as to fall within the range of 10 to 200 pm.

In the manufacturing steps of the cathode foil 20A, the masking
step 100 and the etching step 101 are performed.in‘the same manner
as the masking step 100 and the etching step 101 of the anode foil
material 10A mentioned above, respectively.

That is, at the masking steplloo, masking is preformed by
applying masking material onto the upper and lower surfaces of both
side edge portions of the cathode foil material 20A continuously
along each side edge portion at a predetermined width.

At the etching Step 101, in the state in which the predetermined

part is masked as mentioned above, etching treatment is executed
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by a known method such that a number of fine non-penetrated etching
pits exténding from the upper and lower surfaces in the thickness
direction of the cathode foil material 20A are formed in the
non-masking portion 43 of the cathode foil material 20A and that
a base metal portion M remains at the thickness center portion of
the non-masking portion 43.

By this etching treatment, as shown in Figs. 11A and 11B, an
etched portion 40 having a number of fine non-penetrated etching
pits are formed in the non-masking portion 43 of the cathode fdil
material 20A. This hon—masking portion 43 will be used as an anode
power accumulating portion 23 of the cathode foil 20. | On the other
hand, un-etched portion will be formed on the masking portion 42
of the cathode foil material 20A since the masking layer 42a is

formed thereon.

[Cutting Step 103]

Next, the cathode power accumulating portion 23 of the cathode
foil material ZOA is cut lengthwise into two pieces along the cutting
proposed line L in a zigzag manner at certain pitches. Fig. 12 is
a plane view of the cathode foil material 20A after the cutting
step103. Inthisembodiment, the catﬂode power accumulatingportion
23 of the cathode foil material 20A is cut in a zigzag manner at
intervals of the repetition of 1:2 in the length direction of the
cathode foil material 20A.

Furthermore, £rom one of the cut m;terial 20A, an unnecessary

part Uof the cathode power accumulating portion 23 is cut and removed.
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By this cutting, as shown in Fig. 12, two cathode foils 20 and 20

can be oBtained from one cathode foil material 20A.

[Masking Material Removing Step 104]

Next, the masking material (namely, masking layer 42a) of the
cathode foil material 20A is removed. Fig. 13A and figure 13B are
a plane view and a cros;s-sectionals view of the cathode pIate foil
material 20A after the masking material removing step 104,
respectively. The removal of this masking matérial can be performed
in the same manner as in the removal of tAhe masking material from
the anode foil material 10A. The masking material removed portion
becomes a cathode power collecting portion 21. On the upper and
lower surfaces of this cathode power collecting portion 21, neither
etching portion (etching layer) due to etching treatment nor oxide
film layer due to anodizing treatment is formed along the entire
region in the longitudinal direction.

Through the aforementioned steps, a desired cathode foil 20
is obtained.

In the cathode foil 20 shown in Figs. 13A and 13B, the reference
numeral "2la” is a first cathode power collectingunit, "21b" denotes
a second cathode power collecting uni‘t, and "23a" denotes a cathode
power accumulating unit. Each cathode power accumulating unit 23a
is connected to the corresponding first cathode power collecting
portion 2la with the cathode power accumulating unit 23a protruded
toward one side of the cathode power collecting portion 21.

The anode and cathode foils 10 and 20 each obtained by the
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aforementioned manufacturing method and a known separator 30 are

"assembled as mentioned above into the capacitor element 1 shown

in Figs. 2A and 2B.

The manufacturing method of the anéde foil 10 mentioned above
has the following advantages.

The non-masking portion 43 of the anode foil material 10A is
etched and anodize'd in a state in which the upper and lower surfaces
of the both side edge portions of the anode the anode power collecting
portion 11 are masked. Therefore, the upper and lower surfaces of
the anode power collecting portion 11 of the anode foil 10 are neither
etched nor anodized. Therefore, the electric connectionresistance
between the anode power collecting portion 11 and the anode terminal
member 4a can be assuredly reduced when the anode terminal member
4aisconnectedto theanode powercollectingportionll. Accordingly,
using this anode foil 10 for a laminate type electrolytic éapacitor
Cl results in reduced ESR of the capacitor Cl1.

The etching step 101 and the anodizing process 102 are
performed with the upper and lower surfaces of the side edge portion
of the anode foil material masked, and therefore an anode power
collecting portion 11 in which both the surfaces are neither etched
nor anodized can be obtained easily assuredly.

Furthermore, the anode foil 10 can be obtained by performing
the predetermined masking step 100, etching step 101, anodizing
process 102 and masking material removing step 104 in order, and
therefore the anode foil 10 can be easily manufactured.

Furthermore, thenon-maskingportion43issubjectedtoetching
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treatment such that a plurality of non-penetrated etching pits

1

‘extending from both surfaces of the anode power accumulatingmaterial

10A toward a thickness direction thereof and a base metal portion
M remains at a thickness center portion of the non-masking portion
43. Therefore, in the anode foil 10 obtained as mentioned above,
as shown inFig. 9B, thebasemetal portionMremainingat the thickness
center portion of .the anode power accumulating portion 13 and the
anode power collecting portion 11 are metallically connected with
each other, which can significantly decrease the electricresistance
between the anode power accumulating portion 13 and the anode power
collecting portion 11. Accordingly, ESR of the capacitor can be
further decreased.

Furthermore, the manufacturing method of this anode foil 10
includes a pfedetermined cutting s‘tep 103, two anode foils 10 and
10 can be obtained per one anode foil material 10A. Therefore, the
anode foil 10 can be obtained efficiently.

The manufacturingmethod of the cathode foil 26 mentioned above
has the following advantages.

The non-masking portion 43 of the cathode foil material 20A
is etched and anodized in a state in which the upper and lower surfaces
of the both side edge portions of the cathode power collectingportion
21 aremasked. Therefore, the upper and lower surfaces of the cathode
power collecting portion 21 of the cathode foil 20 are neither etched
nor anodized. Therefore, the electric connection resistance
between the cathode power collecting portion 21 and the cathode

terminal member 4b can be as surgdly reduced when the cathode terminal
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member 4b is connected to the cathode power collecting portion 21.
Accordingly, using this cathode foil 20 for a laminate type
electrolytic capacitor Cl results in reduced ESR of the capacitor
Cl.

The etching step 101 is performed with the upper and lower
surfaces of the side edge portion of the cathode foil material 20A
maskéd, and therefc_)re a cathode power collecting portion 21 in which
both the surfaces are neither etched nor anodized can be obtained
easily assuredly.

Furthermore, a desired cathode foil 20 can be obtained by
performing the predetermined masking step 100, etching step 101,
and masking material removing step 104 in order, and therefore the
cathode foil 20 can be easily manufactured.

Furthermore,thenon—maskingportion43issubjectedtoetching
treatment such that a plurality of non-penetrated etching pits
extending from both surfaces of the cathode power accumulating
material 20A toward a thickness direction thereof and a base metal
portion.Mfremains at a thickness center portion of the non-masking
portion 43. Therefore, in the cathode foil 20 obtained as mentioned
above, as shown in Fig. 13B, the base metal portion M remaining
at the thickness center portion of the cathode power accumulating
portion 23 and the cathode power collecting portion 21 are
metallically connected with each other, which can significantly
decrease the electric resistance between the cathode power
accumulating portion 23 and the cathode power collecting portion

21. Accordingly, ESR of the capacitor can be further decreased.
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Furthermore, the manufacturing method of this cathode foil
20 includes a predetermined cutting stép 103, two cathode foils
20 and 20 can be obtained per one cathode foilmaterial 20A. Therefore,
the cathode foil 20 can be obtained efficiently.

Furthermore, the laminate type electrolytic capacitor Cl
accordiﬁg to the first embodiment'has the following advantages.

In the anode foil 10, the upper and ‘lower surfaces of the anode
power collecting portion 11 are neither etched nor anodized over
an entire region of the anode power collecting portion 11 along
a longitudinal direction thereof, and the anode  terminal member
4a i; electrically connected to the anode power collecting portion
11. Therefore, the electric connectionresistance between the anode
power collecting portion 11 and the anode terminal mémber 4a can
be reduced assuredly. In the same manner, in the cathode foil 20,
the upper and lower surfaces of the cathode power collecting poxrtion
21 are neither etched nor anodized over an entire region of the
cathode power collecting portion 21 along a longitﬁdinal direction
thereof, and the cathode terminal member 4b is electrically connected
to the cathode power collecting portion 21. Therefore, the electric
connection resistance between the cathode power collecting portion
21 and the cathode terminal member 4b can be reduced assuredly.

Furthermore, in the anode foil 10, as shown in Fig. 2A, the
anode power collecting portion 11 is folded in a zigzag manner,
whereby the first anode power collecting unit lla and the second
anode power collecting unit 11b constituting the anode power

collecting portion 11 are laminated alternately. Therefore, the
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first anode power collecting unit lla and.the second anode power
collecting unit 11b come into contact with each other in an
approximately face-to-face contact manner, increasing the contact
area between them. This results in decreased electric resistance
between the first anode power collecting unit 1la and the second
anode power collecting unit 11b. In the séme manner, in the cathode
foil 20, the cathqde power collecting portion 21 is folded in a
zigzag manner, whereby the first cathode power collecting unit éla
and the second cathode power collecting unit 21b constituting the
cathode power collecting portion 21 are laminated alternately.
Therefore,thefirstcathodepowercollectingunit21aandthesecond
cathode power collecting unit 21b come into contact with each other
in an approximately face-to-face contact manner, increasing the
contact area between them. This results in decreased electric
resistance between the first cathode power collecting unit 2la and
the second cathode power collecting unit 21b. Accordingly, ESR of
the capacitor Cl can be further decreased.

Furthermore, since the first anode power collecting unit lla
and the second anode power collecting unit 11lb are in contact with
each other in an approximately face-to-face contact manner, the
courselengthofcurrentflowingfromthefirstanodepowercollecting
unit 1lla to the second anode power collecting unit 11b (or from
the second anode power collecting unit 11b to the first anode power
collecting unit lla) can be shortened. In the same manner, since
the first cathode power collecting unit 2la and the second cathode

power collecting unit 21b are in contact with each other in an
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approximately face-to-face contact manner, the course length of

‘current flowing from the first cathode power collecting unit 2la

to the second cathode power collecting unit 21b (or from the second
cathode power collecting unit 21b to the first cathode power
collecting unit 2la) can be shortened. |
Furthermore, as shown in Fig. 1, since the second anode power
collecting unit 11@ intervenes between adjacent first anode power
collecting units 1;a, the second anode power collecting unit ilb
functions as a spacer for forming a gap between the adjacent anode
power accumulating units 13a and 13a. Therefore there is a merit
thai; the cathode power accumulating unit 23a can stabiy intervene
between the adjacent anode accumulating units 13a and 13a. Iﬁ the
same manner, since the second cathode power collecting unit 21b
intervenes between adjacent first cathode power collecting units
2la, the second cathode power collecting unit 2la functions as a
spacer for forming a gap between the adjacent cathode power
accumulating units 23a and 23a. Therefore there is a merit that
the anode power accumulating unit 13a can stably intervene between
the adjacent cathode accumulating units 23a and 23a.
Furthermore, in the anode power collecting portion 11 of the
anode foil 10, as shown in Fig. 2A, the first anode power collecting
unit 1lla and the second anode power collecting unit 11b are mutually
joined in the alternately laminatedmanner. Therefore, theelectric
resistance between the first anode power cpllecting unit 1la and
the second anode power collecting unit 11b can be reduced greatly.

Similarly, in the cathode power collecting portion 21 of the cathode
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foil 20, as shown in Fig. 2B, the first cathode power collecting

‘unit 21laand the second cathode power collectingunit 21baremutually

joined in the alternately laminated manner, the electric resistance
between the first cathode power collecting unit 2la and the second
cathode power collecting unit 21b can be reduced significantly.
Therefore, further reduction of ESR of the capacitorCl canbeattained,
which in turn can' provided a high performance capacitor Cl. '

Fig. l4 isacross-sectional viewof awinding type electrolytic
capacitor €2 according to the second embodimént of this invention.
In detail, this capacitor C2 is a winding type aluminum dry-type
electrolytic capacitor.

This capacitor C2 is provided with a capacitor element 51,
a cylindrical casing 52, a cap member 53 made of insulating material
(e.g., rubber) and a pair of anode external terminal 54a and cathode
external terminal 54b as terminalmembers. Inthissecondembodiment,
the anode external terminal member 54a and the cathode external
terminal member 54b are lug terminals.

The capacitor element 51 is accommodated in the casing 52.
In this accommodated state, the opening of the casing 52 is closed
by being covered with the cap member 53. The capacitor element 51
is impregnated with driving electrolytic solution (not shown). The
reference numeral “57" denotes a fixing member for fixing the
capacitor element 51 in the casing 52.

As shown in Fig. 15, this capacitor element 51 is equipped
with a pair of anode/cathode foils 10 and 20 as electrode foils

and a separator 30. Both the anode foil 10 and the cathode foil



10

15

20

25

WO 2005/104151 56 PCT/JP2005/008477

- 20 are made of aluminum (including its alloy, hereinafter referred

to as “alumihum").

In this invention, both the anode foil 10 and the cathode foil
20 can be made of other than aluminum, e.g., tantalum, niobium or
titanium.

Next, each structure of the anode foil 10, the cathode foil
20 and the separatoq: 30 of the capacitor 'element 51 of this capacitor

C2 will be explained below.

{Structure of the anode foil 10>

The anode foil 10 is a strip-shaped member as shown in the
developed state in Fig. 15. To one side edge portion of the anode
foil 10, an anode power collecting portion 11 to which an énode
terminal member 54a is to be connected electrically is provided
along the side edge portionat acertainwidth. The remaining portion
extending from the anode power collecting portion 11 of this anode
foil 10 éonstitutes an anode power accumulating portion 13.

In this anode foil 10, the width of the anode power collecting
portion 11 is set so as to fall within the range of, for example,
2 to 10 mm. The width of the anode power accumulating portion 13
is set so as to fall within the range of, for example, 3 to 250
mm.

To the upper and lower surfaces of this anode power accumulating
unit 13, etching treatment for roughening the surface (enlarging
the surface area) and anodizing treatment for forming an oxide f£ilm

layer 41 as a dielectric layer are executed in this order.



10

15

20

25

WO 2005/104151 57 PCT/JP2005/008477

In this figure, the reference number "40" denotes an etched
portion Formed on the upper surface and lower surface of the anode
power accumulating portion 13 by etching treatment. In this etched
portion 40, a number of fine non-penetrated etching pits (not shown)
are formed. On this etched portion 40, the oxide film layer 41
produced by anodizing treatment is formed.

On the other.hand, on the upper surface and lower surface of
the anode power eollecting portion 11, neither etching treatment
nor anodizing treatment is executed over the entire area along the
longitudinal direction of the anode power collecting portion 11.

Furthermore, a part of the anode power collecting portion 11
of this anode foil 10 is cut and bent to form an anode connecting

portionl5. Thisanodeconnectingportion 15 functionsasaninternal

" terminal, and is bent so as to protrude outwardly.

<Structure of the cathode foil 20>

The cathode foil 20 is a strip-shaped member as shown in the
developed state in Fig. 15. To one side edge portion of the cathode
foil 20, a cathode power collecting portion 21 to which a cathode
terminal member 54b is to be connected electrically is provided
along the side edge portionat acertainwidth. The remainingportion
extending from the cathode power collectingportion 21 of this cathode
foil 20 constitutes a cathode power accumulating portion 23.

In this cathode foil 20, the width of the cathode power
collecting portion 21 is set so as to fall within the range of,

for example, 2 to 10 mm. The width of the cathode power accumulating
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portion 23 is set so as to fall within the range of, for example,
3 to 250 mm.

To the upper and lower surfaces of this cathode power
accumulatingportionZB,etchingtreatmentisexecutedbutanodizing
treatment is not executed. In this figure, the reference number
"40" denotes an etched portion formed by etching treatment.

On the othe; hand, on the upper surface and lower surface
ofthecathodepowercollectingpdrtion21,neitheretchingtreatmént
nor anodizing treatment is executed over the entire area along the
longitudinal direction of the cathode power collecting portion 21.

Furthermore, a part of the cathode pdwer collecting portion
21 of this cathode foil 20 is cut and bent to form a cathode connecting
portion 25. This cathode connecting portion 25 functions as an

internal terminal, and is bent so as to protrude outwardly.

<Structure of Separator 30>

The separator 30 is made of insulationmaterials, such as kraft
paper or Manila fiber, and is a strip-shaped member in an unwound
state. This separator 30 is impregnated with driving electrolytic
solution.

As shown in Fig. 15, the capacitor element 51 of the winding
type electrolytic capacitor C2 according to the second embodiment
is manufactured by winding the anode foil 10 and the cathode foil
20 with the separator 30 intervening therébetween.

In this capacitor C2, as shown in Fig. 14, the anode external

terminal member 54a is electrically connected to the anode connecting
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portion 15 such that the external terminal member 54a is connected

"to the anode connecting portion 15 of the anode foil 10 with a rivet

56. Furthermore, the cathode external terminal member 54b is
electrically connected to the cathode connecting portion 25 such
that the cathode external terminal member 54b is connected to thg
cathode connecting portion 25 of the cathode foil 20 with a rivet
56. The rivet 56'is made of metal, e.g., aluminum.

In this invention, the anode connecting portion 15 and the
anode external terminal 54a, and the cathode connecting portion
25 and the cathode external terminal 54b, can be electrically joined
each other by, for example, mechanical joining other than riveting
(e.g., calking), welding (e.g., spot welding, ultrasonic welding,
electron beam welding, laser welding), friction agitation welding,
or soldering.

In this capacitor C2, the anode foil 10 is manufactured through
the masking step 100, the etching step 101, the anodizing process
102, and the maskingmaterial removing step 104, whiéh were explained
in the first embodiment, in this turn. No cutting step is performed.

The cathode foil 20 is manufactured through the masking step
100, the etching step 101, and the masking material removing step
104, which were explained in the first embodiment, in this turn.
No chemical converting step and cutting step is performed.

The winding type electrolytic capacitor C2 according to the
second embodiment _has the following advantages.

In the anode foil 10, upper and lower surfaces of the anode

power collecting portion 11 are neither etched nor anodized over
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an entire region of the anode power collecting portion 11 along
a longitudinal direction thereof, and the anode terminal member
54a is electrically connected to a predetermined portion of the
anode power collecting portion 11. Therefore, the electric
connection resistance between the anode power collecting portion
11 and the anode terminal member 54a can be reduced assuredly. In
the same manner, in_the cathode foil 20, both surfaces of the cathode
power collecting portion 21 are neither etched nor anodized ovkar
an entire region of the cathode power collecfing portion 21 along
a longitudinal direction theréof, and the cathode terminal member
54b j.s electrically connected to a predetermined portion of the
cathode power collecting portion 21. Therefore, the electric
connection resistance between the cathode power collecting portion
21 and the cathode terminal member 54b can be reduced assuredly.

Furthermore, as shown ip Fig. 15, the anode connecting portion
15a to which the anode terminal member 54a is electrically connected
is formed by éutting anq bending a part of the anode power collecting
portion 11, and therefore the anode connecting portion 15 and the
anode power collecting portion 11 are metallically connected, which
can significantly decrease the electric connection resistance
between the anode connectingportion 15 and the anode power collecting
portion 11. Furthermore, there also are merits that the anode
connecting portion 15 can be formed easily and connection to the
anode terminal member 54a can be easily performed.

In the same manner, the cathode connecting portion 25 to which

the cathode terminal member 54b is electrically connected is formed
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bycuttingandbending61partofthecathodepowercollectingportion

‘21, and therefore the cathode connecting portion 25 and the cathode

power collecting portion 21 are metallically connected, which can
significantly decrease the electric connection resistance between
the cathode connecting portion 25 and the cathode power collecting
portion 21. Furthermore, there also are merits that the cathode
connecting portiop 25 can be formed easily and connection to the
cathode terminal member 54b can be easily performed.

In the anode foil 10, the base metal portion M remaining at
thethicknesscenterportioncﬁftheanodepoweraccumulatingportion
13 and the anode power collecting portion 11 are metallically
connected with each other (see Fig. 9B), which can significantly
decrease the electric resistance between the anode power
accumulating portion 13 and the anode power collecting portion 11.
In the same manner, in the cathode power accumulating portion 23
of the anode foil 20, the base metal portion M remaining at the
thickness center portion of the cathode power accuﬁulating portion
23 and the cathode power collecting portion 21 are metallically
connected with each other (see Fig. 13B), which can significantly
decrease the electric resistance between the cathode power
accumulating portion 23 and the cathode power collecting portion
21. Accordingly, ESR of the capacitor can be further decreased.

Although some embodiments of this invention were explained
above, this invention is not limited to these embodiments and can
be modified variously.

For example, although the capacitor according to the
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aforementioned embodiment is a dry type electrolytic capacitor,

'thecapacitoraccordingtothisinventioncanbeaisolidelectrolytic

capacitor, and may be of a type other than the above.
Moreover, the capacitor and electrode foil according to this
invention can be AC capacitors/electrode foils or DC

capacitors/electrode foils.

Industrial Applicability
This invention can be applied to a manufacturing method of
capacitors such as dry type electrolftic capacitors or solid
electrolytic capacitors, a manufacturing method of capacitor anode
foils, capacitor electrode foils, capacitor anode foils, laminate
type electrolytic capacitors and winding type glectrolytic
capacitors. |

While the present invention may be embodied in many different
forms, a number of illustrative embodiments are described herein
with the understanding that the present disclosure is tobe considered
as providing examples of the principles of the invention and such
examples are not intended to limit the invention to preferred
eﬁbodiments described herein and/or illustrated herein.

While illustrative embodiments of the invention have been
described herein, the present invention is not limited to the various
preferred embodiments described herein, but includes any and all
embodiments having equivalent elements, modifications, omissions,
combinations (e.g., of aspects across various embodiments),

adaptations and/or alterations as would be appreciated by those
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in the art based on the present disclosure. The limitations in the

‘claims are to be interpreted broadly based on the language employed

in the claims and not limited to examples described in the present
specification or during the prosecpfion of the application, which
examples are to be construed as non-equusive. For example, in the
present disclosure, the term "preferably" is non-exclusive and means
"preferably, but pot limited to." In this disclosure and during
the prosecution of this application, means-plus-function or
step-plus-function limitations will only be employed where for a
specificclaimlimitation all of the followingconditions are present
in that limitation: a) "means for" or "step for" is expressly fecited;
b) a corresponding function is expressly recited; and c) structure,
material or acts that support that structure are not recited. In
this disclosure and during the‘ prosecution of this application,
the terminology "present invention” or "invention” may be used as
a reference to one or more aspect within the present disclosure.
The language present invention or invention should not be improperly
interpreted as an identification of criticality, should not be
improperly interpreted as applying across all aspects or embodiments
(i.e., it should be understood that the present invention has a
number of aspects and embodiments), and should not be improperly
interpreted as limiting the scope of the application or claims.
In this disclosure and during the prosecution of this application,
the terminology "“embodiment” can be used tp describe any aspect,
feature, process or step, any combination thereof, and/or any portion

thereof, etc. In some examples, various embodiments may include
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overlapping features. Inthisdisclosure andduring the prosecution
‘of this case, the following abbreviated terminology may be employed:

"e.g.” which means "for example;"” and "NB” which means "note well.”
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CLAIMS

1. Amethodofmanufacturingacapacitorelectrode foilhaving
a power accumulating portion and a power collecting portion to which
a terminal member is to be connected electrically, the method,’
comprising the steps of:

masking both surfaces of at least one side edge portion of
a strip-shaped electrode foil material with masking material along
the side edge portion to form a masking portion, the side edge portion
having a predetermined width;

etching a non-masking portion of the electrode foil material
with both surfaces of the at least one side edge portion masked
with the masking material to thereby obtain the power accumulating
portion, wherein the non-maskingportionisaportionof the electrode
foil not masked with the masking material; and

removing the masking material from the electrode foil after

the etching to obtain the power collecting portion.

2. The method of manufacturing a capacitor electrode foil
as recited in claim 1, wherein the etching step is performed such
that a plurality of non-penetrated etching pits extending from both
surfaces of the non-masking portion of the electrode foil material
in a thickness direction thereof are formed in the ﬁon-masking portion
and that a base metal portion remains un-etchedata thickness center

portion of the non-masking poxrtion.
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3. The method of manufacturing a capacitor electrode foil

‘as recited in claim 1 or 2, wherein the masking step is performed

such that both surfaces of both side edge portions of the strip-shaped
electrode foil material are masked with masking material along the
side edge portions thereof, the side edge portions each having a
bredetermined width, and wherein after the etching step etched power
accumulating portj.on of the electrode foil material is cut in a
zigzag manner along a longitudinal direction of the électrode fo.il

material.

4. A method of manufacturing a capacitor anode foil having
a power accumulating portion and a power collecting portion to which
a terminal member is to be connected electriéally, the method,
comprising the steps of:

masking both surfaces of at least one side edge portion of
a strip-shaped anode foil méterial with masking material along the
side edge portion to form a masking portion, the side edge portion
having a predetermined width;

etching a non-masking portion of the anode foil material with
the masking portion masked with the masking material to thereby
obtain the power accumulating portion, wherein the non-masking
portion is a portion of the anode foil not masked with the masking
material;

anodizing the power accumulating portion of the anode foil
material with the masking portion masked with the masking material

after the etching step; and
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removing the masking material from the anode foil after the

anodizing process to obtain the power collecting portion.

5. The method of manufacturing a capacitor anode foil as
recited in claim 4, wherein the etching step is performed such that
a plurality of non-penetrated etching pits extending from both
surfaces of the non-masking portion of the anode foil material in
a thickness direction thereof are formed in the non-masking portion
and that a base metal portion remains un-etched at a thickness center

portion of the non-masking portion.

6. The method of manufacturing a capacitor electrode foil
as recited in claim 4 or 5,

wherein the masking step is performed such that both surfaces
of both side edge portions of the strip-shaped anode foil material
aremaskedwithmaskingmaterial along the side edge portions thereof,
each of the side edge portions having a predetermined width, and

wherein after the anodizing process etched power accumulating
portion of the anode foil material is cut in a zigzag manner along

a longitudinal direction of the anode foil material.

7. A capacitor electrode foil manufactured by the method as

recited in claim 1 or 2.

8. Acapacitor anode foilmanufacturedby themethodasrecited

in claim 4 or 5.
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9. A laminate type electrolytic capacitor, comprising:

a cathode foil which is the electrode foil manufactured by
the method as recited in claim 1 or 2; and

an anode foil which is the anode foil manufactured by the method

as recited in claim 4 or 5.

10. A winding type electrolytic capacitor, comprising:

a cathode foil which is the electrode foil manufactured by
the method as recited in claim 1 or 2; and

an anode foil which is the anode foil manufactured by the method

as recited in claim 4 or 5.

11. A laminate type electrolytic capacitor, comprising:
~an anode foil having an anode power accumulating portion and
a strip-shaped anode power collecting portion to which an anode
terminal member is to be connected electrically:

a cathode foil having a cathode power accumulating portion
and a strip-shapedcathode power collectingportion towhichacathode
terminal member is to be connected electrically; and

a strip-shaped separator,

wherein the anode power accumulating portion of the anode foil
includes a plurality of anode power accumulating units,

wherein both surfaces of each of the anode power accumulating
units are etched and anodized,

wherein both surfaces of the anode power collecting portion
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are neither etched nor anodized over an entire region of the anode

‘power collecting portion along a longitudinal direction thereof,

wherein the plurality of anode power accumulating units are
connected to the énode power collecting portion with the anode power
accumulatning units protruded toward one side of the anode power
collecting i)ortion at certain\intervals along the longitudinal
direction thereof,

wherein the anode power col‘lecting portionincludesaplurality
of first anode power collecting units to which the anode power
accumulating units are connected and a plurality of second anode
power collecting units located between adjacent first anode power
collecting units,

wherein the cathode power accumulating portion of the cathode
foil includes a plurality of cathode power accumulating units,

wherein both surfaces of the cathode power accumulating unit
are etched but not anodized,

wherein both surfaces of the cathode power coilecting portion
are neither etched nor anodized over an entire region of the cathode
power collecting portion along a longitudinal direction thereof,

wherein the plurality of cathode power accumulating units are
connected to the cathode power collecting portion with the cathode
power accumulating units protruded toward one side of tile cathode
power collecting portion at certain intervals along the longitudinal
direction thereof,

wherein the cathode power collecting portion includes a

pluralityof first cathode power collectingunits towhichthe cathode
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power accumulating units are connected and a plurality of second
cathode power collecting units located between adjacent first
cathode power collecting units,

wherein the anode power collecting portion of the anode foil
is folded in a zigzag manner such that the second anode power
collecting unit intervenes between adjacent first anode power
collecting units and the plurality of anode power accumulating units
become approximately parallel with each ofher, whereby the first
anode power collecting unit and the second aﬁode power collecting
unit are laminated alternately,

wherein the cathode power collecting portion of the cathode
foil is folded in a zigzag manner such that the second anode power
collecting unit intervenes between adjacent first anode power
collecting units and the cathode power accumulating unit intervenes
between the adjacent anode power accumulating units, whereby the
first cathode power collecting unit and the second cathode power
collecting unit are laminated alternately,

| 'whereintheseparatorisfoldedsuchthatapartoftheseparator

intervenes between the adjacent anode power accumulating unit and
cathode power accumulating unit,

wherein the anode terminal member is electrically connected
to the anode power collecting portion of the anode foil, and

wherein the cathode terminal member is electrically connected

to the cathode power collecting portion of the cathode foil.

12. The laminate type electrolytic capacitor as recited in



WO 2005/104151 71 PCT/JP2005/008477

claim 11, wherein the first anode power collecting units and the
'secohd anode power collecting units are connected with each other
in an aiternately laminated manner, and wherein the first cathode
power collecting units and the second cathode power collecting units

5 are connected with each other in an alternately laminated manner.

13. The laminate type electrolytic capacitor as recited in
claim 11 or 12, |
wherein a plurality of non-penetrated etching pits formed by
10 etching treatment are extending from both surfaces of the anode
power accumulating unit toward a thickness direction thereof and
a base metal portion remains at a thickness center portion of the
anode power accumulating unit, and
wherein a plurality of non-penetrated etching pits formed by
15 etching treatment are extending from both surfaces of the cathode
power accumulating unit toward a thickness direction thereof and

a base metal portion remains at a thickness center portion of the

cathode power accumulating unit.

20 14. A winding type electrolytic capacitor formed by winding
a strip-shaped anode foil and a strip-shaped cathode foil with a
strip-shaped separator intervening therebetween,

wherein an anode power collecting portion of a certain width
to which an anode terminal member is to be connected electrically

25 is provided along one side edge portion of the anode foil, a remaining

portion of the anode foil extending from the anode power collecting



10

15

20

25

WO 2005/104151 72 PCT/JP2005/008477

portion toward the other side edge portion of the énode foil
éonstituting an anode power accumulating portion,

wherein both surfaces of the anode power accumulating portion
are etched and anodized,

wherein both surfaces of the anode power collecting portion
are neither etched nor anodized over an entire region of the anode
power collection portion along a longitudinal direction thereof,

wherein a cathode power coilecting portion of a certain width
to which a cathode terminal member is to be connected electrically
is provided élong one side edge portion of the cathode foil, a
remaining portion of the cathode foil extending from the cathode
power collecting portion toward the 6the; side edge portion of the
cathode foil constituting a cathode power accumulating portion,

whereinboth surfaces of the cathode power accumulatingportion
are etched but not anodized,

wherein both surfaces of the cathode power collecting portion
are neither etched nor anodized over an entire region of the cathode
powerlcoliection portion along a longitudinal direction thereof,

wherein the anode terminal member is electrically connected
to an anode connecting portion formed by cutting and bending a part
of the anode power collecting portion of the anode foil, and

wherein the cathode terminal member is electrically connected
to a cathode connecting portion formed by cutting and bending a

part of the cathode power collecting portion of the cathode foil.

15. The winding type electrolytic capacitor as recited in
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claim 14,

wherein a plurality of non-penetrated etching pits extending
from both surfaces of the anode power accumulating portion of the
anode foil are formed by etching treatment and a base metal portion
remains at a thickness center portion of the anode power accumulating
pprtion, and

wherein a plqrality of non-penetrated etching pits extending
from both surfaces of the cathode power accumulating portion of
the cathode foil are formed by etching treatment and a base metal
portion remains at a thickness center portion of the cathode power

accumulating portion.
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