. o 200106578~ g

o | 24 0Tam

Solid Electrolytic Capacitor and

f{athod of Manufacturing Same

Field t_)f the Invention

The present invention relates to an electrolytic capacitor
used for various electronic apparatus, and particularly, tb a
surface-mounted typa solid electrolytic capacitor having
terminals for external connection, and a method of

manufacturing same.

Background of the "I_nv"ent:lon .

As conventional solid electrolytic capacitors . having
terminals for external connection, surface-mounted type
tantalum solid electrolytic capacitors are representative ones, '
which are used for various electronic apparatus in large
quantities. This type of tantalum solid electrolytic

capacitor is described as an exaniple in the following. The

' qonfiguration of such conventional tantalum solid electrolytic

capacitor includes a capacitor element portion and lead frame |
portion. As a material for the lead frame, nickel-base alloy
or copper-base alloy is mainly used. Particularly, nickel-
base alloy such as 42 ‘alloy is used when the terminal of the

lead frame portion is required to have a repeated bending



strength or the terminal is iequired to have a mechanical
strength enough to endure actual device installation. Also,
copper-base alloy such as copper-nickel—tin alloy is us:ed when
the lead frame portion is required to have specially high
processability.

A conventional tantalum solid electrolytic capacitor of
lthis type will be described in the following with reference to
Fig. 12 and Fig. 14.

Fig. 12 is a sectiorial view showing the configuration of
a conventional tantalmn solid electrolytic capacitor. 1In Fig.
12, the conventional tantalum solid electrolytic capacitor
comprises a capacitor element 12 and positive electrode lead
wire 13. The capacitdr element 12 ‘cbmprise's a- porous positive
electrode body, and a dielectric oxide film 1ayej:, -solid
electrolytic layer aﬁd negative electrode layer (all of these
are not shown) which are sequentially formed on the outer
surface of the positive electrode body. The porous positive
electrode body is formed by sintering a compact of tantalum
powder. One end of the positive electrode lead wire 13 is
exposed. One end of.-pbsit:_Lve_ electrode terminal 14 is connected
by welding or the like to the positive electrode lead wire 13
of the capacitor element 12. The other end of the positive
electrode terminal 14 is led out of outer jacket resin 17
described later and is bent along the outer jacket resin 17.

In this way, a terminal for external connection is formed. One



end of negative electrode terminal 15 is connected to the.
negative electrode layer of the capacitor element 12 wvia
conducti:ve bonding agent 16, ‘and the other end of the negative
electrode terminal 15 is led out of the outer jacket resin 17
described later and is bent along the outer jacket resin 17.
In this way, a terminal for external connection is formed. The
'capacitor element 12 is coated with the outer jacket resin 17
capable of electrical insulation so that each of the positive
electrode terininal 14 and negative electrode terminal 15 is
partially exposed to the outside. .

Fig. 13 is a plan view ;.showing the lead frame which forms
.the positive electrode terminal ;4 apd the negative electroﬁe
terminal 15. Fig. 14 is a sectional view of the line 14A-14A
portion of Fig. 13. In Fig. 13 and Fig. 14, lead frame 18 is
formed of a strip-form metallic member made of nickel-base alloy
(such as 42 alloy) or copper-base alloy (such as coppef-
nickel-tin alloy). The positive electrode terminal 14 and the
negative electrode terminal 15 are formed at the lead fréme
18. Silver-plated layer 20 is disposed at element fixed portion
- 19. Guide hqlé 21 for _tranqurt. is formed in the lead frame
18. | As an undérdqat layer 22, a copbér or 6opper alloy pléted
layer of 0.3 um in thickness is disposed on the positive
electrode terminal 14 and the negative electrode terminal 15.
For soldering . in actual device installation, plated layer 23

for soldering, formed from tin or tin-lead alloy, is disposed



on the undercoat- layer 22.

Next, a methbd of manufacturing a conventional tantalum
solid electrolytic capacitor having such configuration as
described above.

First, the capacitor element 12 is disposed at element fixed
portion 19 located between the oppositely disposed positive
"electrode terminal 14 and negative electrode terminal 15
extending from the lead frame 18. The positive electrode lead
wire 13 of the capacitor element 12 is connected by welding or
the like to the pos:l.tivc;z electrode terfninal 14 formed at the
lead frame 18. The negative electrode layer of the capacitor
elemen_t 12 is bc_)nded by conductive bonding agent 16 of si;l.ver
paste to s:l.lve';r plated layer 20 disposed on the hegai:ivé
electrode terminal 15 formed at the lead frame 18. The
conductive bonding agent 16 is hardened under heat to establish
electrical connectidn. The bonding agent 16 is heated ;':11:
temperatures of 170°C to 180°C for about one hour for hardening.

Next, with each of the positive electrode terminal 14 énd
negative electrode terminal 15 partially exposed to the outside,
the 'capac_itor 12 is coated by outer jacket resin 17 capab_le of
electfical ihsulation. Thus, the outer jacket resin 17 is
heat-treated at 170°C to 180°C for about six hours for complete
hardenihg. In this way, fhe outer jac:_ket resin 17 is improved
in cross-linking ability, and as a result, the tantalum solid

electrolytic capacitor will be, for example, improved in



moisture resistanée. After that, thermal screening is
performed in a furnace at 240°C to 260°C for about 60 sec. Thus,
excessive current leakége or shorting trouble that may cause
hindrance to the user during actual reflow soldering, for
example, can be prevented from occurrence. After that,
unnecessary portions of the lead frame 18 are removed, and
'thereafter, the characteristic and appearance inspections are
performed before delivery of the finished product.

In the assembling procesé of a conventional tantalum solid
electrolytic capacitor manufactured by such manufacturing
method as described above, the_capacitor will be subjected to
severe heat history in the a.tmosphere.l '.l'he_refqre', the piated
£ilm is reqﬁi—red .to' be heat :besiSting adhes;ion even aftér )
application of such. heat history, and further, it is required
to ensure excellent solder wettability, for example, during
reflow soldering performed by the user. |
| Also, in this way, for making the plated £ilm heat resistant
and realizing excellent solder wettability, it is necessary for
the copper or copper alloy plated layer disposed as the
undercoat layer 22 for the above .conventional positive
electrode terminal 14 and negative electrode téminal 15 to
have a thickness of 0.3 pm at least. The thickness of the
undercoat layer 22 is closely related to the heat resisting
adhesion of the tin or tin-lead alloy plated layer as the plated

layer 23 for soldering which is disposed on the undercoat layer



22. Also, the adhesion of the tinplated layer or tin-lead alloy
plated layer depends upon the forming volume of thermal
:diffusion layer in connection with the copper or copper alioy
plated layer that is the undercoat layer 22, and the copper or
copper allo_y pléted layer acts to promote the formation of the
thermal diffusion layer.

Thus, since the copper or copper alloy plated layer provided
as the undercoat layer 22 contributes to heat resisting adhesion,
the state of plated f£ilm :l_.s preferable to be very dense. To
achieve the purpose, it is necessary to perform the plating
under appropriate conditions with respect to the current
density and p:_l.ét:_i.ng bath control. Due to such severe conditions
'fo'r-'plati'ng bafh control,. it is possible to realize a plating
thickness of 0.3 pm or over. If such conditions are not
satisfied, for example, performing the plating at excessive
current density, then the copper or copper alloy plated layér
formed will becc;me porous. Accordingly, the layer is
insufficient in adhesion. Also, even when the plated film- of
the copper or copper alloy plated layer is very dense,
sufficient heat resisting ad_hesion cannot be obtained if the
plating thicknes§ is-less than 0.3 -pm. Thé upper limit of the
plating thickness for the above copper or copper alloy plated
layer is not limited, but it is preferable to be about 4 pm or
less.

Accordingly, as a method of forming excellent plated f£ilm



on a conventional lead frame 18, one of the following two methods
has been employved. |
The first method is such that wtfen the strip-form mefallic
member used is made of nickel-base alloy or copper-base alloy,
very dense undercoat l&yer 22 is formed on the strip-form
metallic member in order to provide the solder or tin-plated
film with a specified adhesion. The undercoat layer 22 is
formed by nickel plating or copper plating, or by both of nickel
plating and copper plating. Subsequently, silver plated layer
20 is formed in the form of sti:'ipes by electrolytic platﬁ;.ng on
a desired surface portion of negative electrode terminal 15
connected to tl_:xe nega_t:l_.ve electrode layer of capacitor element
12 of the lead ffame 18. .The silver plated laYer. '20 thué formed
is improved in conformability with the negative electrode
terminal 15. On the entire surface and back of the lead frame
18 other than the silver plated layer 20 is formed a plated layer |
23 for soldering which is formed from solder or tin plated £ilm.
After that, punching by a die is performed to make the posit:i.ve
eléctrode terminal 14 and negative electrode terminal 15. That
is, in the first méthod, plated film is formed on a strip-form
metallic member,-- followed by 'punchixig. pro_cﬂes.s to make the
pqsitive electrode terminal 14 and negative electrode terminal
15.
The second method is such that the strip-form metallic

member is punched in advance to continuously make the positive



electrode terminal 14 and negative elect_:rode terminal 15 in
the form of hoops on the lead frame 18, and after that, same
processing és in the £first method is performed in order to form
plated f£ilm. |

However, in the positive electrode terminal 14 and the
negative electrode terminal 15 of the above conventional solid
) electrolytic capacitor, the undercoat layer.is formed by nickel
plating on the lead frame 18 formed of a strip-form metallic
member. After that, when the lead frame is further tin- or
solder-plated, an :l.ntert:tetailic compound layer is formed
between tin and nickel due to severe heat history applied during
the manufacturing process, thereby losing the surface tin or _
sqlder layer. Aé a resuit. there arises a problem of 'wdrsenihg '
of solder wettability. In order to solve this problem, it is
necessary.to form the tin-plated layer or solder-plated layer
thicker enough so that excellent solder wettability can ;De
obtained even after heat hi_story. In this case, the cost of
the product will become very high. Accordingly, it is difficﬁlt
to employ the method from the industrial point of view.

Also, in the method of manufacturing the pbsitive _elect;rjode
,termina.l.14 and the negative electrode terminal 15, even when
the lead frame 18 formed of a strip-form metallic member is
plated with copper or nickel, and further plated with copper,
followed by tin or solder plating, there is formed an

intermetallic compound between tin and copper due to severe heat



history. And it results in losing the surface ltin layer or.
solder layer. Consequently, there arises a problem of
worsening of the solder wettability. Als_o, theré is a problem
of peeling that 1is generated . between the tin-copper
intermetallic compound layer and the plated layer.

In order to solve these problems, the Japanese Laid-Open
Patent H5-98464 proposes the following method. A copper
undercoat layer of 0.1 pm to 1.0 um in thickness is formed on
the base~ material of the lead frame formed from nickel or nickel
alloy, and further, tin or solder plated layer is formed oﬁ the
copper undercoat layer. After that, reflow treatment or hot
dipping of tin or solder is performed._ Thus, a tin-copper
intermetallic conipound of 0.2 plm't-o 2,0 umin .thickness is formed
between the base material formed from nickel or nickel alloy
and the plated layer such as tin-plated layer or solder-plated
layer. ' |

Also, the Japanese I.aid-Opén Patent H6-196349 proposes the
following method. A nickel undercoat layer is formed on i:he
base material of the lead frame formed from copper or copper
~alloy, and furi_:he;r, a copper undercoa_t layer of 0.1 pm to 1.0
um in thickness 1is formed on the nickel—piated layer. |
Subsequently, a tin or solder plated layer is formed on the
copper undercoat layer. After that, reflow treatment or hot
dipping of tin or solder is performed on tile copper undercoat

layer. Thus, a tin-copper intermetallic compound of 0.2 um to



2.0 pym in thickness is formed on the nickel-plated layer.
However, when such prior art is used for lead frames of
tanfalum solid électroiytic éapacitors, it is absolutely
necessary to form a copper undercoat layer for the purpose of
forming a t'in-copper intermetallic compound layer. Therefore,
the cost of the product will become very high, and it is difficult
- to employ the method from the commercial and industrial points

of view.

The present invention is intended to provide a solid
electrolytic capacitor which ensures excellent solder
wettabllity :Eo:_:' a long period of time due to the piated film

| .h.aving a s:ﬁnplified configuration and is _é.lso provided with
terminals having excellent solder wettability and heat

resisting adhesioh, and a method of manufacturing same.

Summary of the Invention

A solid electrolytic capacitor of the present invention
comprises:

a capacitor element having a positive elec_:tro'de leading
portion and é' nééative electrﬁde leading portion;

a positive electrode terminal electrically connected to
the positive electrode leading portion; and

a negative electrode terminal electrically connected to

the negative electrode leading portion,
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wherein the positive electrode terminal and the negative
electrode terminal_comprise:

one metallic member including at least one selected from :
the group consisting of nickel, nickel alloy, copper and copper
alloy:

a first plated layer, including at least one of tin and tin
‘alloy, disposed on the metallic member; and

an intermetallic compound layer formed between the metallic
member and the first plated layer, and

wherein the intermetallic compound layer comprises (i) Ein
contained in one out of the tin and tin alloy, and (ii) a compound
including at least one out of nickel and tin contained in the
metallic member. |

Preferably, the intermetallic compound is formed by heat
reflow treatment of the metallic member disposed on the first
plated layer. |

In this way, it is possible to obtain a solid electrolytic
capacitor which ensures excellent solder wettability fora 16ng
period of time due to the plated f£ilm having a simplified
configuration and ‘is also . provided with terminals having
excellent solder wettability and heat resisting adhesion, and

a method of manufacturing same.

Brief Description of the Drawings

Fig. 1 is a sectional view showing the configuration of a
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tantalum solid electrolytic _capacitor in the embodiment 1 of
the present invention.

Fig. 2 shows a pian view of a lead fréxne forming a positive
electrode terminal and a negative electrode terminal used for
a capacitor used in a tantalum solid electrolytic capacitor in
the embodiment of the present invention, and a sectional view
of the 2A-2A line portion of same.

Fig. 3 1is a diagram of characteristics shoning the
relationship between the thickness and ESR characteristic of
a silver plated layer ina tanta:lum solid electrolytic capacitor
in the embodiment 1 of the present invention.

Fig. 4 :].s a sectional view showing the configuration of a .
tantalum solid electrolytic capacitor .in the emboditnent 2 of
the present invention.

Fig. 5 is a sectional view of a lead frame forming a pos:Ltive
electrode terminal and a negative electrode terminal used for
a tantalum solid electrolytic capacitor in the embodiment 2 of
the present invention. .

Fig. 6 is a sectional view showing the configuration of a

. tantalum solid electrolyt.lc capac:Ltor in the embodiment 3 of_ '

the present 1nvention.

Fig. 7 1is a diagram of characteristics showing the.
relationship between blast-grinding thickness and leak current
with respect to a tantalum solid electrolytic capacitor in the

embodiment 3 of the present invention.
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Fig. 8 is a sectional view showing the configuration of a
tantalum solid electrolytic capacitor in the ‘embodiment 4 of
the present inventién.

Fig. 9 is a sectional view showing the configuration of a
tantalum solid electrolytic capacitor in the embodiment 5 of
the present invention. -

Fig. 10 is a manufacturing process diagram showing a method
of manufacturing a positive electrode terminal and negative
electrode terminal of a capacitor based on a first-plating-
after-pressing system in the embodiment 6 of the present
invention. |

Fig. 11 is a manufacturing process diagra_m sh_owi_ng a method
of manufacturing a positive elect'rode terminal ahd negative
electrode terminal of a capacitor based on a first-
pressing-after-plaf.ing system in the embodiment 6 of the
present invention. |

Fig. 12 is a sectional view showing the configuration of
a conventidnal tantalum solid electrolytic capacitor. '

Fig. 13 is a plan view of a lead frame forming a positive
‘electrode terminal and a negative ele_ctro_d_e terminal used in
a coﬁventional. tantalum solid electrolytic capacitor. |

Fig. 14 is a sectional view of the 14A-14A line portion of
Fig. 13. |
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Description of the Reference Numerals

1 Capacitor element

2 Positive electrode lead wire

3, 3A, 3B, 3C Positive electrode terminals

4. 4A, 4B, 4C Negative electrode terminals

5 Conductive bonding agent

6 Outer jacket resin

7 First plated layer, tin plated layer, copper alloy plated
layer

7a Second plated layer, tin plated layer

8 Nickel undercoat layer

9 Silverlp;ated ;ayer _

10 Element fixed portion

11 Metallic member, lead frame

Detalled Description of the Invention

A solid electrolytic capacitor in one embodiment of the
present invention comprises: |

a capacitor element having a positive electrcde leading
portion and a negative electrode leading portion;.

a positive electrode ferminal electfically connected to
the positive electrode leading portion; and |

a negative electrode terminal electrically connected to
the negative electrode leading portion,

wherein the positive electrode terminal and the negative
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electrode termin_al comprise:

one metallic member including at least one selected from
the g'roﬁ:p consisting of nickel, nickel alloy, copper and copper
alloy:

a first plated layer, including at least either one of tin
and tin alloy, disposed on the metallic member; and

an intermetal_lic compound layer formed betwe.en themetallic
member and the first plated layer, and

wherein the intermetallic compound layer comprises (i)tin
contained in one of the tin and tin alloy and (ii) a compound
including at 1ea‘st either one of nickel and tin contained in
the metallic member. |

Thus, the first'plated layer has é simplified cdnfiguration
requiring no undercoat layer and is able to ensure excellent

heat resisting adhesion.

Preferably, the positive electrode terminal and the
negative electrode terminal comprise |

the metallic member,

the first plated layer directly disposed, without undercoat
layer, on. the tr;ei:allic member, and ' - |

the iptermetallic compound layer formed by heat reflow
treatment between the metallic member and the first. plated

layer.
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Preferably, the positive electrode terminal includes a
plate positive electrode terminal having a first s_urface and
a second surface positioned at thé opposite s:ide of the first
surface,

the negative electrode terminal includes a plate negative
electrode terminal having a first surface and a second surface
'positioned at the opposite side of the first surface, and

the first plated layer and the intermetallic compound layer
are disposed on at least eithe::; one of_ the first surface and
the second surface of fhe positiv? electrode terminal and the

negative electrode terminal.

Preferably,  the soiid eiectrolytic capacitor further
comprises an insulative outer jacket resin disposed to cover
the capacitor- element,

Wherein the outer jacket resin is disposed so that each
of the positive electrode terminal and negative electrode
terminal is partially exposed to the outside. |

By each of the above configurations, it is possible to
obtain a solid electrolytic capacitor whiqh ensures gdod solder
wettability for;‘ 5. long period of timé due to the plated f£ilm
having a simple configuration and is provided with terminals

having excellent wettability and heat resisting adhesion.

Preferably, the first surfaces of the positive electrode
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terminal and the negative electrode terminal include the first |
plated layer and the intermetallic compound layer,

' the second surfaces of at least one of the positive electrode
terminal and negative electrode terminal includes an undercoat
layer having nickel and a silver plated layer formed on the
undercoat layer, and

a portion having the silver plated layer is elecj:rically
connected to the capacitor element.

Thus, besides the action and effects described above, it
is po_ssible to assure excellent electrical characteristics and
actual soldef wettability due to the thickness of both plated'

layers.

Preferably, the sedond surfaces of the positive electrode
terminal and the negative electrode terminal include an
undercoat layer having nickel,

the negative electrode terminal includes a silver plated
layer formed on the undercoat layer, and '

a portion having the silver plated layer is electrically

connected to the capacitor element.

Preferably, the first surfaces of the positive electrode
terminal and the negative electrode terminal include the first
plated layer directly disposed, without undercoat layer, on the

metallic member, and
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the intermetallic compound layer formed by heat reflow
treatment between the metallic member and the first plated
layer.

Thus, the above effect will be further enhanced.

Preferably, the first surface of the positive electrode
terminal and the negative electrode terminal include the fi:_:'st
plated layer and the intermetallic compound ~1ayer,

at least one second surface of the positive electrode
terminal and the negative electrode terminal includes'; a
connection to the capacitor element and a second plated portion
disposed apart frc_cm_the c_qnnect_ion at a specified inte;val,

the conneétion includes an undercoat 1ayér -having nickel
and a silver plated layer disposed on the undercoat layer, and

the second plated portion includes at least either one of
tin plated and tin alloy plated layers disposed on the metallic |
member. Thus, besides the action and effects described above,

it is possible to enhance the electrical characteristics of the

capacitor.

Preferably, the spécified interval provided between the
connection and the second plated layer is 0.5 mm or over.
Thus, it is possible to further obtain excellent effects

as described above.

- 18 -



Preferably, each first surface of the positive electrode
terminal and the negative electrode termir_lal includes _the first
plated layer and the: intermetallic compcfund layer,

at least one second surfaces of the positive electrode
terminal and the negative electrode terminal includes a
connection to the capacitor element and a second plated portion
.disposed apart from the coﬁnection at a specified interval,

the connection includes an undercoat layer having nickel -
and a silver plated layer disposed on the undercoat layer, and

the second plated portion includes at least one of tin plated
layer and tin alloy plated layer disposed on the metallic member
and an intermetallic compound layer disposed between the
metallic member and the plated '1ayér. | |

Thus, plating is- performed on only one side of the plate
metallicmember. Accordingly, it ispossible to reduce the cost

by simplifying the manufacturing process.

Preferably, the first plated layer is 4.0 pm or over in
thickness. By this configuration, it is possible to assure the
optimum thickness of the :Lnt'erm.et"ailic compound layer and to

obtain a tin plated layer higher in heat resisting adhesion.
Preferably, the intermetal;ic compound layer is in a range

from 0.4 ym to 2.0 pm in thickness. Thus, it is possible to

reliably obtain a tin plated layer higher in heat resisting
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adhesion.

Preferably, the si—l_ver plated layer is 0.3 pm or over in
thickness. By this configuration, it is possible to assure the
optimum thickness of the intermetallic compound layer and to

obtain a tin plated layer higher in heat resisting adhesion.

Preferably, the first plated layer is a tin plated layer.
By this configuration, the above effects will be further

enhanced.

Preferably, the first surface includes an exposed portion
- nbt'i:dvered by the outer jacket resin and an outer jacket portion
covered with the outer jacket resin, and

the first plated layer disposed on the exposed portion is

thinner by 0.2 pm to 1.0 pum than the first plated layer disposed

on the outer jacket portion. By this configuration, besides
the effects described above, it is possible to reduce bending

stresses when bending the positive electrode and negative

' e;eétrode terminals is performed ‘after molding with outer

jacket resin. As a result, leak current of the capacitor will

be decreased.

Preferably, the capacitor element comprises:

a porous positive electrode body formed by sintering a
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compact having valve metal powder;

a dielectric oXide film layer formed on the porous positive
electrode bhody:; ‘

a solid electrolytic layer disposed on the dielectric oxide
film léyer; and

a negative eledtrode - layer disposed on the solid
| electrolytic layer,

wherein the positive electrode terminal is electrically
connected to the positive electrode body, and

the negative electrode terminal is electrically connected
to the negative electrode layer.

By this gonf:i_.gq_ra_.tio_n, it is possible to obtain a capacitor

which ensures the effects described above.

Preferably, the capacitor element comprises:

a valve metal;

a dielectric oxide film layer formed on the surface of the
valve metal; |

a solid electrolytic layer consisting of conductive polymer
_ disposed on the dielectric oxide film layer; and

"a negétive  electrode 1a§er disposed lon the solid-
electrolytic layer,
' wherein the positive electrode terminal is electrically
connected to the positive electrode body, and the negative

electrode terminal is electrically connected to the negative
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electrode layer.
By this configuration, it is possible to obtain a capacitor

which ensurés the effects described above.

Préferably, the positive electrode terminal and the

negative electrode terminal are bent so that each first surface

" of the positive electrode terminal and the negative electrode
terminal is positioned on same plane, and

each of the first surfaces can be soldered onto a substrate.

Preferably, one end Qf the negative electrode terminal and

the negative electrode leading portion a._"r:e electrically

connected to each other by conductive bondiiig agent.

Preferably, each first surface of the positive electrode
terminal and the negative electrode tex_:minal comprises tﬁe
first plated layer directly disposed on the metallic mémber,
and the intermetallic compound layer formed by reflow treatmént
between the metallic member and the first plated layer;

the second surface of the _negative _electrode terminal has
a connection,. B |

the connection includes a nickel undercoat layer disposed
on the metallic member, and a silver plated layer disposed on
the undercoat layer,

the connection is electrically connected to the negative
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electrode leading portion,

the second surface of the positive electrode terminal is
electrically connected to the positive electrode leading
portion,

the positive el_ectrode terminal and the negative electrode
terminal are bent so that each first surface of the positive
'electrode terminal and the negative electrode terminal is
positioned on same plane, and

each of the -first surfaces can be soldered onto a substrate.

Preferably, each first surface of the positive eiectrode
terminal and the negative electrode terminal comprises the
first platéd lafer directiy dispoéed on-the'metallic member,
and the intermetallic compound layer formed by heat reflow
treatment between the metallic member and the first plated
layer;

each second surface of the positive electrode terminal and
the negative electrode terminal comprises a nickel undercéat
layer disposed on the metallic member;

" the sedond'surface of the negative electrode terminai.has.
-a connection, N

the connection ;ncludes a silver plated layer disposed on
the undercoat layer;

the connection is electrically connected to the negative

electrode leading portion,
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the second surface of the posit'ive electrode terminal is
electrically connected to the positive electrode leading
portibn;

the positive electrode terminal and the negative electrode
terminal are bent so that each first surface of the positive
electrode terminal and the ;1egative electrode terminal is
'positioned on same .pla'ne, and -

each of the first surfaces can be soldered onto a substrate.

Preferably, each first surface of the positive electrode
terminal and the negative. electrode terminal comprises the
first plated layer diregtly disposed on the metallic member,
and the intermetallic compbund’ layer forméd by heat reflow
treatment between the metallic member and the first plated
layer:;

the second surface of the positive electrode termin.al |
comprises a second tin plated layer directly disposed on the
metallic member, and a second intermetallic compound 1a§er
formed by heat reflow treatment between the metallic member and
the second tin plated layer;

the second surface of the negative eléct:;ode terminal
includes a connection and a second tin plated portion disposed
apart from the connection at a specified interval,

the connection has a nickel plated undercoat layer disposed

on the metallic member, and a silver plated layer disposed on
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the undercoat layer:

the connection is electrically connected to the negative
electrode leading portion,

the second surface of the positive electrode termirial is
electrically connected to the positive electrode leading
portion;

the positive electrode terminal and the negative electrode
terminal are bent so that each first surface of the positive
electrode terminal and the negative electrode terminal is
positioned on same plane, and

each of the first surfaces can be soldered onto a substrate.

. Preferably, the first surface of the positive -electrode
terminal comprises the first plated layer, and the
intermetallic compound layer formed by heat reflow treétment
between the metallic member and the first plateci layer;

the first surface of the negative electrode terminal
includes a connection, and a second plated portion dispo.sed
apart from the connection at a specified interval;
| the connection has anickel plated undercoat layer disposed -
on the metallic member and a silver plated layer diéposed on
the undercoat layer:;

the second plated layer includes the first plated layer,
and the intermetallic compound layer formed by heat reflow

treatment between the metallic member and the first plated
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layer;

the connection is electrically connected to the negative
electrode ieading bortion;

one end of the first surface of the positive electrode
terminal is electrically connected to the positive electrode
leading portion:

the positive electrode terminal and the negative electrode
terminal are bent so that each first surface of the positive
electrode terminal and the negative electrode terminal is
positioned on same plane, and

each of the first surfaces can be soldered onto a substrate.

-Preferably; the metailic member includes at least either
one of the nickel and nickel alloy, and
the intermetallic compound layer is a compound containing

tin and nickel.

Preferably, the metallic member includes at least either
one of the copper and copper alloy, and
thé 1ntermetallic_compound'1ayer is a compound containing

tin and copper.
A method of manufacturing a solid electrolytic capacitor

of the present invention comprises the steps of:

(a) forming a first plated layer, without undercoat layer,
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directly on a first surface of a metallic member;

subsequently forming an intermetallic compound layer
bpetween the metaliic member and the first plated layer by heat
reflow treatment,

where the first plated layer includes at least either one
of tin and tin alloy:;

. (b) forming a nickel undercoat layer on a second surface
connection of the metallic member, and further forming e silver
plated layer on the undercoat layer:

(c) punching the metallic member into a predetermined shape
to form positive electrode terminals and negative electrode
terminals,

where the'metellic member is punched eo that one end of the
' negative electrode terminal 15 formed as the conneetion;

(d) bending the positive electrode terminal and the
negative electrode terminal into predetermined shapes; and

(e) electrically connecting the connection to the negative
electrode leading portion of a capacitor element, end
electrically connecting one end of'the positive electrode
- terminal to the positive. electrode leading portion of the
capacitor.element. | N

By the above method, the manufacturing processes can be
simplified. As a result, it is possible to manufacture solid

electrolytic capacitors at low costs.
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Preferably, the undercoat layer is a nickel layer formed
by electrolytic plating, and the silver plated layer is formed

by electroiytic plating.

Preferably, the metallic member is formed from either one
of nickel and nickel-iron alloy, and
the intermetallic compound layer includes an intermetallic

compound of tin and nickel.

Preferably, the metallic member is formed f£rom either one

of copper and copper alloy, and the intermetallic compound layer

includes an intermetallic compound of tin a_nd copper.

Preferably, a step of forming thé intermetallic compound
layer is such that the metallic member which forms the first
plated layer is subjected to heat reflow treatment at 400°C to
800°C in an oxygen atmosphere of 200PPM or less, and the first
plated layer is melted by the heat reflow treatment to f;':m
an intermetallic compound layer, containing tin and the metal
of the metallic member, between the metallic member and the

first plated layer.
Preferably, the manufacturing method further comprises the

steps of:

(£) disposing outer jacket resin by covering the capacitor
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element and the connection with the resin . in such manner that
the other end of the positive electrode terminal and the other
end of.the negative electrode terminal are exposed; and
(g) bending the poSit:_I.ve electrode terminal and the
negative electrode terminal not covered by the outer jacket
resin.
The effects described above will be further enﬁanced due

to each of the above manufacturing methods.

Preferably, the step (a) and the step (b) include:

a step of forming a nickel undercoat layer on the connection
of the second surface of the metall;l.c member, and further
forming the. siive’r 'platea lé.yér on the undercoét -layer;

also, a step of forming a first plated layer at a position
spaced apart at least 0.5 mm from the connection;

a.'step of forming a second plated layer which contains ét
least either one of. tin and tin alloy, without undercoat,-
directly on the first surface of the metallic member; anc"l

forming the intermetallic compound layer between the
metall_ic member and the first plated layer by heat re_flow'
treatment of thé metall,;'l.c memberxr havi_ng the first p.lated layer,
the second plated layer and the connection, and also forming
a second intermetallic compound layer between the metallic
member and the second plated layer.

By the above method, it is possible to reliably manufacture
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solid electrolytic capacitors which are excellent in solder

wettability and electrical characteristics.

Preferably, after the step of forming the positive
electrode terminal and the negative electrode terminal by
punching the metallic member of the step (c),

- The step of forming the plated layer and the intermetal:_l.ic
compound layer on the first surface as in the step (a) and

step of forming the connection on the second surface as in the
step (b)are executed. | |

By the above method, the effects described above will be

further enhanced.

Preferably,' after the.step (a) and the step (b), the step
(c) is executed.

By this method, it is possible to reliably manufacture solid
electrolytic capacitors which are excellent in solder

wettabllity and electrical characteristics.

. Preferably, the manuf'act_ur'iﬁg method further comprises:

a step of disposing oui:er. jacket resin by covéring the
capacitor element and the connection with the resin in such
manner that the other end of the positive electrode terminal
and the other end of the negative eiectrode terminal are

exposed; and
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blasting the first plated layer disposed on the positive
electrode terminal and 'negative electrode terminal, formed at
th:e portion not covercd by the outer jacket resin, thereby
making the first plated layer thinner.

By this method, bending stresses can be reduced when a
positive electrode terminal and a negative electrode terminal
‘are bent after molding by outér jacket resin.. As a result, 1cak
current of the capacitor will be decreased, improving the
electrical characteristics of the capacitor. In addition, it
is possible to reliably manufacture excellent Sol:i.d

electrolytic capacitors.

The exemplary erﬁbodiments of the present invention will be
described in the following with respect to a solid electrolytic

capacitor and a method of manufacturing same.

Exemplary embodiment 1:

Fig. 1 is a secticnal view showing the configuration of a
tantalum electrolytic capacitor (hereafter called capacitor)
as‘ a solid :electz;oljtic cé.pacito::_‘_ in the first .exemplary'
exﬁbodiment of the p:fesent invention. - |

In Fig. 1, the capacitor comprises a capa'citor element 1,
positive electrode lead wire 2, positive electrode terminal
3, negative electrode terminal 4, conductive bonding agent 5,

and outer jacket resin 6. The capacitor element 1 includes a
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positive electrode body, and a conductive oxide film layer,
solid electrolytic layer and negative electrode layer (not
shown) which are sequentially laminated on the positive
electrode body. The capacitor element 1 includes a positive
electrode leading portion and a negative electrode leading -

portion. The negative electrode terminal 4 is electrically

‘connected to the negative electrode leading portion. The

pdsitive electrode -terminal is electrically connected to the

positive electrode leading portion. The positive electrode
body is for:ned by sintering a compact of tantalum powder, and
the positive electrode body is porous. The outer jacket resin
6 covers the capacitor element 1 in a state such that each of
thé positive electrode terminal 3 énd negati\re ‘electrode
terminal 4 is partially exposed to the outside. The outer
jacket resin 6 is capable of electrical insulatic_m. The
positive electrode lead wire 2 as a positive electrode leading
portion is connected to the positive electrode body, and one
end of the positive electrode lead wire 2 extends from 1.:he
surface of the positive electrode body. One end of the positive
electrode terminal 3 is connected by welding or the like.to the
positive electrode lead wire 2.. The other end of the positive
electrode terminal 3 extends out of the outer jacket resig 6
and is bent along the outer jacket resin 6. In this way, one
end of the negative electrode terminal 4 is connected by the

conductive bonding agent 5 to the negative electrode layer of
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. the capacitor element 1. The negative electrode terminal 4
is formed as one terminal for external connection. The other
end of the negative ‘electrode terminal: 4 extendé out of the
outer jacket resin 6 and is bent along the outer jacket resin
6. Thus, the other terminal for external connection is formed.
Fig. 2 shows a plan view and sectional view of a lead frame
forming the positive electrode terminal 3 and negative
electrode terminal 4 used for the capac_:itor. Fig. 2 (b) is a
sectional view of the 2A-2A line porticn of Fig. 2 (a). InFig.
2, the. lead frame 11 compris-es a strip-form metallic member
formed from nickel or iron-nickel alloy (suchl as 42 alloy), or
coppér or copper alloy (such as qoppt_ar-nick_el-ti_n alloy). That
is, the lead frame 11 is metallic rﬁember 11. fhe positive
electrc;de terminal 3 and negai:ive electrode terminal 4 are
formed on the lead frame 11. A first surface as one surface
of the lead frame 11. includes a tin plated layer 7 as a first
plated layer, and an intermetallic compound layer formed
between the tin plated layer 7 and the metallic member. |
In case the metallic member 11 is nickel or iron-nickel
‘alloy, then the ihterm_etallic compound layer is tin-nickel'. In
case the metal;ic member 11 is dopper or copper alloy, thén_ the
intermetallic compound layer is tin-copper. The tin plated
layer 7 is about 4.0 pm to 9.0 pm in thickness. The
intermetallic compound layer is about 0.4 um to 2.0 pym in

thickness. The first surface corresponds to the outer surface -
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side after bending of the positive electrode terminal 3 and
negative electrode terminal 4 shown in Fig. 1, and the first
surface is soldered to a sﬁbstrate. The tin plated layer 7 and
the intermetallic compound layer are formed by a step of
directly forming the tin plated layer 7 without undercoat on
the surface of the metallic member and by a step of forming the
intermetallic compound layer of tin-nickel or tin-copper
between the metallic member and the tin plated layer 7 through
heat reflow treatment. |

A second surface as the other surface of the lead frame 11
includes a nickel undercoat layer 8 disposed on the surface of
_ the metallic member, and a s:i_.lver} plated laygr 9 disposed on
tﬁe undexrcoat layer 8. The nickél undercoat léyer 8 ‘is about
0.3 pym in thickness. The silver plated layer 9 is about 1.0
pm in thickness. The second surface, in Fig. 1, corresponds
to the side connected to the capﬁcitor element 1. The second
surface is connected to the capacitor element 1. In this way,
an element fixed portion 10 is formed.. |

In a capacitor thus configured, an experiment was performed
with respect to the thigkness of tin _pla'_ted layer. That is,
iron-niékel alloy was ﬁsed asa strip-forrfl metallic member which |
forms the lead frame 11. The iron-nickel alloy used was 42 alloy
of 42% Ni-Fe alloy. The tin plated layer 7 was directly formed
on the metallic member without undercoat in a variety of

thickness. Subsequently, these were subjected to reflow
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treatment in an atmosphere of various oxygen densities at 500°C,
thereby forming a tin-nickel intermetallic compound layer
between the metallic member and thé tin plated layer 7. i Thus,
capacitors in the embodiments 1 through 20 were manufactured
by 100 pieces each. These capacitors were subjected to a
moisture resistance test in an atmosphere at 60°C, 90-95%RH for
240 hours, and also, the solder wattability after the moisture
proof test was evaluated. The result's of the wettability test
are shown in Table 1. The wettabil_ity was evaluated by the
solder equilibrium inethod based upon ELAJ method, ET-7404. Th%
solder paste used was RMA type of Sn-37Pb. The evaluation
temperat;urg is 235°C. 1In the .evaluati'on of s_blder wettability,
‘it is judged to be "O~ when zero crossing time is 3.0 sec. or

less, and "X" when zero crossing time is 3.1 or over.
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Table 1

Sn plated Oxygen in Wettability
layer thickness reflow furnace after moisture
(pm) (ppm) proof test
Embodiment 1 3 50 X
Embodiment 2 3 100 X
Embodiment 3 3 200 X
Embodiment 4 3 250 X
Embodiment 5 4 50 O
Embodiment 6 4 100 O
Embodiment 7 4 200 O
Embodiment 8 4 250 X
Embodiment 9 5 50 O
Embodiment 10 5 100 O
Embodiment 11 5 200 @)
Embodiment 12 5 250 - X
Embodiment 13 8 50 O
Embodiment 14 8 100 O
Embodiment 15 8 200 O
Embodiment 16 8 250 X
Embodiment 17 10 50 O
Embodiment 18 10 100 O
Embodiment 19 10 200 O
Embodiment 20 10 250 X

In Fig. 1, when the tin plated layer 7 is 4 pm or over in
thickness, the solder wetfability is excellent. ‘Particularly,
when the oxygen ;I.n reflow furnace 15-200 or less in density,
the solder wettability will be further enhanced.

Although the capacitor is here manufactured with the refléw
furnace set at a constant temperature of 500°C, but it is not
limited to this, but the temperature in the reflow furnace is

desirable to be not lower than the melting point of tin, 231.9°C.
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However, taking into account the actual mass-production process,
it is desirable to further increase the treating temperature
' for the purpose of realizing short-time melting to shorten the
tact time for production. That is, the optimum temperature
range is 400°C to 800°C. Accordingly, the temperature in the
reflow furnace is set to 500°C in the present embodiment.
Next, as for capacitors having the above configuration, the
relations of the kind of metallic member, thickness of tin-
nickel intermetallic compound layer, and heat resisting
adhesion of tin plated layers of these capacitors were evaluated.
That is, as strip-form metallic members, 30% Ni-Fe alloy (30
alloy), 42% Ni-Fe alloy (42_a;loy) and 100% nickel were used.
A tin blated layer 7 .;)f 6.0 .pm in thickness was diréctly formed,.
without undercoat, on each of these metallic members.
Subséquently, these werelsubjécted to reflow treatment at
temperatures ranging from 300°C to 800°C to form tin-nickél -
intermetallic compound, various in thickness, between the tin
plated layer and the metallic member. Each of these capacitc.ars
was evaluated-with respect to the heat resisting adhesionr of
tin platéd'layei:. The reéult_s of evaluation are shown in Table -
2. The oxygen density in reflow treatment is 200 pém. The
thickness of intermetallic compound was calculated according
to the data obtained by the Auger electron spectroscopy (AES).
In making the criteria for heat resisting adhesion, a metallic

member having a tin plated layer and intermetallic compound
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layer was bent in U-shape of 0.5 mm bend radius and left in the
atmosphere at 125°C for 1000 hours, and after that, the bent
porti’bn surface of the tin plated 1ayér was observed by a
stereoscopic microscope (magnification of x10). It is judged
to be "O”" when the bent portion is not peeling, and "A" when
the bent portion is partially peeling, and "X" when the bent

' portion is totally peeling. The results of the test are shown

in Table 2.
Table 2
Thickness

Strip-form Reflow } of tin-nickel Heat resisting
metallic temperatures intermetallic adhesion of tine
members _ (°c) - compound 'layer- plated layer
30 alloy 300 0.1 ~ 0.2 X
30 alloy 350 0.2 ~.0.3 A
30 alloy 400 0.4 ~ 0.6 O
42 alloy 500 . 0.5 ~ 0.7 O

100% nickel 800 1.7 ~ 2.0 O

In Table 2, when the tin-nickel intermetallic compound
layer is 0.4 pm or over in thickness, the be_nt"portion does not
peel at all and .very excellent heat feéistiﬁg adhesion can be.
obtained. When fhé intermetallic compound layer ranges f£rom
0.2 um to 0.3 um in thickness, peeling takes place partiallly.
"When the intermetallic compound layer ranges from 0.1 um to 0.2
um in thickness, peeling takes place over the entire surface.

That is, in order to obtain very excellent heat resisting
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adhesion of the tin plated layer, the tin-nickel intermetallic
compound layer should be at least 0.4 um in thickness. Further,
for obtaining excellent heat resisting adhesion, it is better
to use 42 alloy that contains a higher percentage of nickel or
10 0.% nickel than to use 30 alloy that contains a lower percentage
of nickel. Also, thicker tin-nickel intermetallic compound
' layer can be obtained by making the reflow temperature higher.

Fig. 3 shows the result of checking the relationship between
the thickness of silver plated layer 9 disposed at the element
fixed portion 10 and the ESR characteristic of the capacito;.
ESR stands for equivalent series resistance. In Fig. 3, when
the silve: plated layer_9_is 0.3 pm or over in thickness, the
ESR value is higher, ﬁerifjing excellent ESR charecteristic.

A capacitor in the present exemplary embodiment has a
configuration such that a tin plated layer 7 is formed, without
undercoat, directly on a metallic member having a positise ‘
electrode terminal 3 and negative electrode terminal 4, and
a tin-nickel or tin-copper intermetallic compound layer.is
formed by reflow treatment between the metallic member and the
-tih plated layer 7. In this way, it is possible to simplify
tﬁe plating process and to reduce the henufaeturing cost.
Further, excellent wettability can be realized for a long period
of time. Also, capacitors with terminals ensuring excellent
heat resisting adhesion can be obtained. Thus, the capacitors

obtained have all the desired effects.
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In the present exemplary embodiment, as capacitor element
1, an element for tantalum solid electrolytic capacitor made
by press-forming :and sintering of tanté.lum powder with positive
electrode lead wire 2 buried-in has been described. However,
it is not limited to this configuration, and it is also possible
to use an element for solid e_lectrolytic capacitor formed £from
‘valve metal foil, and in this case, same effects as described
.above can be obtained.

Also, as capacitor element 1, it is not iimited to this
configuration, énd it is also possible to use an element for
solid electrolytic capacitor comprising a valve metal, a
. dielectric oxide film layer formed on the surface of the
val'vé metal, a solid elect:bolyt:l.c lajrer :Edrméd from conductive
polymer disposed on the dielectric oxide f£ilm layer, and
a negative electrode layer disposed on the solid electrolyt;c
layer. |

Also, as a first plated layer formed on the positive
electrode terminal 3 and negative electrode terminal 4, it is
possible to use a silver-base alloy layer such as a tin-silver
_ plated layer, tin-bismuth blated layer, tin-zincplated layer,
or tin-copper plated layer. And also in this case, same effects

as described above can be obtained.

Exemplary Embodiment 2:

The capacitor of the exemplary embodiment 2 is different
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in configuration for plating on the positive electrode terminal
and negative electrode terminal as compared with the capacitor
of the exemplary embodiment 1. For other configurations and
the manufacturing method, the exemplary embodiment 2 is
identical with the exemplary embodiment 1. The portibns
identical with those of the exemplary embodihent 1 are given
' same reference numerals and the description is omitted, and only
the portions different £from those of the exemplary embodiment
1 will be described iﬁ the following.

Fig. 4 is a sectional view showing the configuration of a
tantalum so0lid electrolytic capacitor in the exemplary
embodiment 2. Fig. 5 is a sectional view of a lead frame which
forms a positive e]-.ectr_qdé terminal and a negative electrode
terminal used for the capacitor. 1In Fig. 4 and Fig. 5, the
capacitor comprises the positive electrode terminal 3A and the
negative electrode terminal 4A. Each of the positive electrode |
terminal 3A and negative electrode terminal 4A includes a first
surface and a second surface on the back thereof. The fifst
surface can be soldered to a substrate. A tin plated layer 7
(4.0 pm to 9.0 pm thick) is directly formed without undercoat
on the surface of a metallic member at each first surface of
the terminals 3A and 4A. Further, a tin-nickel or tin-copper
intermetallic compound layer (0.4 um to 2.0 pum thick, not shown)
is formed by reflow treatment between the metallic member and

the tin plated layer 7.
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Each second surface of the positive electrode terminal 3A
and negative electrode terminal 4A is a surface connected to
the capacitor element 1. As shown in Fig. 5, a nickel undercoat
layer 8 (0.3 pm thick) is formed on the metallic member surface
over the entire second surface. Further, a silver plated layer
9 (1.0 pm thick) is formed on a portion connected to the capacitor
element 1 on the undercoat layer 8. Thus, an element fixed
portion 10 is formed.

| That is, in the present exemplary embodiment 2, the nickel
undercoat layer 8 is disposed on the entire second surface of
each terminal of the positive electrode terminal 3A and negative
electrode terminal 4A. On the other hand, in the above
exemplary embodimént i , the nidkel u'nder'coét layer 8 is disposed
only on a portion connected to the capacitor elément 1 on the
second surface of the negative electrode terminal. When
plating is partially performed in the exemplary embodiment 1,
a preparatory process such as masking is required. However,
in the exemplary émbodiment 2, when plating is performed on 1.:he
entire second surface, any preparatory process such as masking
is not required. Asa .fesult 1t is pos_sibie' to ;Exirther s:l_.mpl_ify'

the manufacturing process.

Exemplary Embodiment 3:
The exemplary embodiment 3 is different in thickness of the

tin plated layer disposed on the positive electrode and negative
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electrode terminal as compared with the above exemplary
embodiment 2. That is, the tin plated layer being exposed of
theboéitiveelectrodetefminalandnegativéelectrodeterminal
is less in thickness. For other configurations and the.
manufacturing method, the exemplary embodiment 3 is identical
with the exemplary embodiment 2. The portions identical with
‘those of the exemplary embodiment 2 are given same reference
numerzls and the description is omitted, and only the portions
different from those of the exemplary embodiment 2 will be
described in the following. .

Fig. 6 is a sectional view of an essential portion showing
the configuration of a tantalum solid electrolytic capacitor
in the exemplary embodiment 3 of the present invention. ' In Fig.
6, at the first surface (to be soldered to a substrate) of the
negative electrode terminal 4A, a tin plated layer 7 (4.0 pm
to 9.0 uﬁ thick) is directly formed without unﬁercoat on the |
surface of a metallic member. Further, a tin-nickel or
tin-copper intermetallic compound layer (0.4 pm to 2.0 um thi;:k,
not shown) is formed by reflow treatment between the metallic
'membér and the tin‘plated’_ iayer 7. Similarly, though not shown,
a tin plated layer 7~aﬁd an intermetallic éoﬁpound layer are
also formed on the first surface of the positive electrode
terminal 3A.

Also, a nickel undercoat layer 8 (0.3 um thick) is formed

on the surface of the metallic member at each entire second
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surface (to be connected to the capac_itor element 1) of the above
positive electrode terminal 3A and negative electrode terminal
4A. Further, a silver plated layer 9 {1.0 uni thick) is formed
on a portion connected to the capacitor element 1 on the
undercoat layer 8. Thus, an element f£fixed portion 10 is formed.

Also, the thickness "t1" of tin plated layer 7 ranges from

4.0 pm to 9.0 um, and a part of the tin plated layer 7 is molded

'by outer jacket resin 6, and the other part is nct covered by

the outer jacket resin 6. The thickness “t2" of tin plated layer
7 of the pox;tion not covered by the outer jacket resin 6 is
machined by blast-grinding or the like and is about 0.2 pm to
1.0 pm less than the thickness "tl1". '

-F:I.g. -7 is a diagram of characteristics 'sh'owj.ng the
relationship between the blast¥grinding thickness and the leak
cul;.‘fent of the capacitor. In Fig. 7., when tl is 0.2 pm or over,
that is, grinding is done by 0.2 um or over, the leak current |
can be lessened thereby assuring reliability.

In this way, since the thickness "t2” of the tin plated laj}er
7 positioned at the portion, not covered by the outer jacket
resin 6, of the positive 'e_lecfrode terminal 3A and negative
ei_ectrode terminal 4A is about 0.2 ym to 1.0 um less than the
thickness "t1" of the tin plated layer 7 positioned at the
portion covered by the outer jacket resin 6, when the positive
electrode terminal 3A and negative electrode terminal 4A are

bent along the outer jacket resin 6, it is possible to reduce
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stresses generated due to the bending operation.- Accordingly,
leak current (LC) that is one of the important characteristics
of the capaci:tor can be lessened. Particularly, by makingl
thinner the soldering surface side that is outside after

terminal bending, the above effects may be further enhanced.

Exemplary Embodiment 4:

The exemplary embodiment 4 is different in configuration
for plating for plating on the positive electrode terminal and
n?gativ_e .electrode terminal as compared with the above
exemplary embodiment 1. For other configurations and the
manufacturing method, the exemplary embodimept 4 is identical
with the exemplary embodiment 1. The ﬁorfions- identical with
" those of the exemplary embodiment 1 are given same reference
numerals and the description is omitted, and only the portions
different from those of the exemplary embodiment 1 will be
described in the followihg.

Fig. 8 is a sectional view showing the configuration o;E c
tantalum solid electrolytic capacitoi‘ in the present exemplary
embodiment 4. | _ _

In Fig.. 8, at the first surface (to be soldered to.a
sul?strate) of positive electrode lterminal 3B and negative
electrode terminal 4B, a tin plated layer 7 (4.0 pm to 9.0 um
thick) as a first plated layer is directly formed without

undercoat on the surface of a metallic member.
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Also, at the connection to the capacitor element 1 on the
second surface (to be connected to capacitor element 1) of the
negative electrode terminal 4B, a nickel undercoat layer 8 (0.3
pm thick) is formed on the surface of ametallicmember. Further,
a silver plated layer 9 (1.0 pm thick) is formed on the undercoat
layer 8. Also, at the second surface of the negative electrode
terminal, a second tin plated layer 7a as a second plated layer
is dixrectly formed without undercoat at a position at least 0.5
mm apart from the connection.

Similarly, at the second surface of positive electrode
terminal 3B, a second tin plated layer 7a is formed. A second
inj:ermetallic. compound layer (0. 4' to 2.0 pm th:_i.ck_) Qf_ tin-nickel
or tiﬁ-copper is formed by reflow treatment'b'etﬁween themetallic
member and the second tin plated layer 7a. Thus, an element
fixed portion is formed. By'this configuration, the electrical
characteristics of the capacitor will become further |
stabilized.

In this way, the capacitor in the present exempl;ary
embodiment has a configuration such that an intermetallic
compound layer of ;in-nicke; or tin-coppgr‘is formed on each
surface of fhe positive eiectrodé termin.al 4A and the negative
electrode terminal 4B. As a result, it is possible to further

stabilize the electric characteristics of the capacitor.

Exemplary Embodiment 5:
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The exemplary embodiment 5 is diffefent in configuration
for plating on the positive electrode terminal and negative
ele:ctrode terminal and in shaper after bending as compared with
the exemplary embodiment 1. For other configurations and the
manufacturing method,_the exemplary embodiment 5 is identical
with the exemplary embodiment 1. The portions identical with
‘those of the exemplary embodiment 1 are gifren same reference
numerals and the description is omitted, and only the portions
different from those of the exemplary embodiment 1 will be
described in the following.

Fig. 9 is a sectional view showing the configuration of a
~tantalum sol:l._d_. electrolytic capacitor in the exemplary
embodiment 5. In Fig. é,'-the -_'capacitc;r has a positive electrode
terminal 3C and negative electrode terminal 4C. One pért of
a first surface as one surface of the negative electrode
terminal 4C is soldered to a substrate, and further, the other
part of the first surface 'is connected to capacitor element 1.
That is, at the first surface of the negative electrode termiﬁal
AC, a n:i.ckei undercoat layer 8 (0.8 um thick) is formed on the
surface of a metallic member of the port_iqn connected to the
capacitor .ele'meni':.l, and alsc;, a silver plated 1ayé1; 9 (1:0 pm
thick) is formed on the undercoat layer 8. Thus, an ele;nent
fixed portion 10 is formed. Also, at the first surface, a tin
plated layer 7 ils directly formed without undercoat on the

surface of the metallic member, at least 0.5 mm apart £rom the
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silver plated layer 9. ' The tin plated layer 7 .is formed on the
first surface of the positive electrode terminal 3C. A
tin-nickel or tin-copper intermetallic compound layer (0.4 pm
to 2.0 pum thick, not shown) is formed by reflow treatment between
the metallic member and the tin plated layer 7. The positive
electrode terminal 3C and negative electrode terminal 4C are
different in bending shape from those in the exemplary
embodiment 1. For the other configurations, there is no
difference from the exemplary embcdiment 1.

Thus,. in the presgnt exem;;lary embodiment, the positive
electrode terminal 3C and negative electrode terminal 4C are
changed in bending shape, and only one of the surfaces of the
positive eleci:rode' t.erminal 3C and negative-electi:ode termirial
4C isl plated. By this configuration, as in the exemplary
embodiments 1 to 4, it is not required to perform plating on
bbth surfaces of the terminal, thereby further simplifying the
manufacturing process. As a result, it is possible to reduce

the cost.

. Exemplary Embodiment 6: |

ﬁ'ﬁe exemplary embodiment 6 relates to a method of
manufacturing a positive electrode terminal and a negative
electrode terminal which are used for a tantalum so0lid
electrolytic capacitor.

Fig. 10 is a manufacturing process diagram showing a
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manufacturing method by a first-plating-after-pressing system
in the manufacture of a positive electrode terminal and negative
electrode terniinal of a capaé:l.tor -bafsed on the present exemplary
embodiment 6.

In Fig. 10, first, as shown in Fig. 10 (a), a tin plated
layer (not shown) is directly formed without undercoat on one
side (back side in the figure) of a strip-form metallic member
(lead frame) 11 of nickel or iron-nickel alloy (such as 42 alloy)
or copper or copper-alloy (such as copper-nickel-tin alloy).
Neﬁt, a tin-nickel or tin-copper intermetallic compound layer
is formed by reflow treatment between the metallic member 11
and the tin plated layer. | |

Also, as shown in Fig. 1-0 (b), a nickel undercoat layer (not
shown) is formed on a porfion connected to capacitor element
1 on the other side (surface side in the figure) of the metallic
member 11. Further, a silver plated layer 9 is formed on the
undercoat layer. Thus, an element £ixed portion 10 is formed.

Subsequently, as shown in Fig. 10 (c¢), the metallic me_m'r..)er
11 having a plated layer is punched into a predetermined_ shape.

After that, as shown in Fig. 10 (d), the metallic member
thus | punched is press-formed to manufacture a positive
electrodg terminal 3 and negative electrode terminal 4 which
are bent to a predetermined shape. Andconductivebqndingagent
5 1s applied to the element fixed portion 10 of the negative

electrode terminal 4 thus manufactured.
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Thereafter, as shown in Fig. 10 (e), the negative electrode
side of capacitor element 1 is placed on the conductive bonding
agent 5 to bond the capacitor element thereto. And positive
electrode lead wire 2 led out of the capacitor element 1 is
connected by welding or the 1like to the positive electrode

terminal 3. In this way, the capacitor is set up. After that,

unnecessary parts are removed from the lead frame 11.

Fig. 11 is a manufacturing process diagram showing a
manufacturing method by a first-pressing-after-plating system

in the manufacture of a po'siti,ve electrode terminal and negative

electrode terminal of a capacitor based on the present exemplary

embodiment 6. _

" First, as shown in Fig. 11 (a), a~.str:l.'p-forx_n metallic member
(lead frame) 11 of nickel or iron-ﬁickel alloy (such as 42 alloy)
or copper or copper alloy (such as copper-nickel-tin alloy) _is
prepared. .

Next, as shown in Fig. 11 (b), the strip-form metallic
member 11 is punched into a predetermined shape. |

Subseque—htly,— as shown in Fig. 11 (c), a tin plated layer

- (not shown) is directly formed without und_er'cbat on one side

(back side in the f:l.gur_g) of the metallic member 11. Further,
a tin-nickel or tin-copper intermetallic compound layer is
formed by reflow treatment between the metallic member 11 and
the tin plated layer. Also, a nickel undercoat layer (not

shown) is formed on a portion connected to capacitor element
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1 on the other side (surface side in the figure) of the metallic
member 11. Further, a silver plated layer 9 is formed on the
undercoat layer. Thus, aﬁ element fixed pori:i;m 10 is formed,
thereby obtaining a plated product.

After that, as shown in Fig. 11 (d), the plated product is
press-formed to manufacture a positive electrode terminal 3
énd negative electrode terminal 4. And conductive bonding
agent 5 is applied to the element fixed portion 10 of the negative
electrode terminal 4 thus manufactured.

Thereafter, as shown in Fig. 11 (e), the negative electrode
side of capacitor element 1 is placéd on the conductive bonding
agent 5 to bond the _capac_:itor elen_lent thereto. And positive
‘-el'ect-.:rode lead wire 2 led oﬁt of the capacitor element 1 is
connected by welding or the iike to the positive electrode
terminal 3. 1In this way, the capacitor.i's set up. After that,
unnecessary parts are removed from the lead frame 11.

By this configuration, it is possible to adopt. a
manufacturing method based on a first-platirig-after-pressing
or :E:l.rst-pressing-after—p;ating system. The manufacturing
: !ﬁethod adopted is de'te."cmir_zec'_i by takin_g varibus features of eacﬁ

method into consideration.
As described above, by the configuration of the present

invention, the terminal plating operation is simplified and the

‘cost is reduced. Also, the terminals are able to ensure
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excellent solder wettability for a long period of time. Further,
the terminals are excellent in heat resisting adhesion. The
-:capacitors obtailjred are provided with terminals having all the
effects. In addition, it 1is possible +to obtain
environment-friendly capacitors using no lead that is one of

environment polluting substances.
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Whaj: is claimed is:

1. A solid electrolytic capacitor comprising:

a capacitor element having a poéitive electrode leading
portion and a negative electrode leading portion;

a positive "electrode terminal electrically connected to
said positive electrode leading portion; and

a negative electrode terminal electrically cornected to
said negative electrode leading portion,

wherein said positive electrode terminal and said negative
electrode terminal comprise:

one metallic member including at least one selected from
the group consisting of nickei, nickeli alloy, ¢copper and copper
alloy: '

a first plated layer, including at least éither one of tin
and tin alloy, disposed on said metallic member; and

an intermetallic compound layer formed between _sa.id
metallic member and said first plated layer, and

whereih said intermetallic compound layer comprises:

(i) tin contained in one of the tin and tin alloy and

(ii) a compound incluaing at least one of nickel and tin

contained in said metallic member.

2. The so0lid electrolvtic capacitor of claim 1,

wherein said positive electrode terminal and said negative



[

A I

electrode terminal comprise

said metallic member,

said first plated layer directly disposed, without undercoaf. on said metallic
member, and

said intermetallic compound layer formed by heat reflow treatment
between said metallic member and said first plated layer.
3.  The solid electrolytic capacitor of claim 1 or 2, further comprising an
insulative outer jacket resin disposed to cover said capacitor element, wherein
said outer jacket resin is disposed so that each of said positive electrode terminal
and said negative electrode terminal is partially exposed to the outside.
4, The solid electrolytic capacitor of claim 1, 2 or 3, wherein:

said positive electrode terminal includes a plate positive electrode terminal
having a first surface and a second surface positioned at the opposite side of .
said first surface;

said negative electrode terminal includes a plate negative electrode
terminal having a first surface and a second surface positioned at the opposite
side of said first surface; and

said first plated layer and said intermetallic compound layer are disposed
on at least one of the first surface and the second surface of both said positive
electrode terminal and said negative electrode terminal.
5. The solid electrolytic capacitor of claim 3 and 4, wherein:

said first surface includes an exposed portion not covered by said outer

jacket resin and an outer jacket portion covered by said outer jacket resin, and
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said first plated layer positioned at the exposed portion is 0.2 um to 1.0
pum thinner than said first plated layer positionéd at said outer jacket portion.
6. The solid electrolytic capacitor of claim 4 or 5, wherein:

the first surfaces of said positive electrode terminal and said negative
- electrode terminal include said first plated layer and sqid intermetallic compound
layer;

the second surfaces of at least one of said positive electrode terminal and
said negative electrode terminal includes a plated undercoat layer having nickel
and a silver plated layer formed on said undercoat layer, and

a portion having a said silver plated Iayér is electrically connected to said
capacitor element. |
7. The solid electrolytic capacitor of claim 4, 5 or 6, wherein:

the second surfaces of said positive electrode terminal and said negative
electrode terminal include an olated undercoat layer haviné nickel; |

said negative electrode terminal includes a silver plated layer formed on
said undercoat layer; and

a portion having said silver plated layer is electrically connected to said
capacitor element.
8. The solid electrolytic capacitor of claim 6 or 7, wherein said silver plated
layer is 0.3 um or over in thickness.
9. The solid electrolytic capacitor of any one of claims 4 to 8, wherein:

the first surfaces of said positive electrode terminal and said negative
electrode terminal include said first plated layer directly disposed, without

undercoat, on said metallic member, and
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said intermetallic compound layer is forméd by heat reflow treatment
between said metallic member and said first plated layer.
10.  The solid electrolytic capacitor of any one of any of claims 4 to 9, wherein:

the first surfaces of said positive electrode terminal and said negative
electrode terminal include said first plated layer and said intermetallic compound
layer; |

the second surfaces of at least one of said positive electrode terminal and
said negative electrode terminal include a connection to said capacitor element
and a second plated portion disposed apart from the connection at a specified
interval; |

said connection includes a plated undercoat layer having nickel and a
silver plated Ia&er disposed on said undercoat layer; and

said second plated portion includes at least one of tin plated layer and tin
alloy plated layer disposed on said metallic member.
11.  The solid electrolytic capacitor of claims 10, wherein the specified fnterval
provided between said connection and said second plated layer is 0.5mm or
over.
12.  The solid electrolytic capacitor of any one of claims 4 to 9, wherein:

the first surfaces of said positive electrode terminal and said negative
electrode terminal include said first plated layer ahd said inteﬁnetallic compound
layer;

the second surfaces of at least one of said positive electrode terminal and

said negative electrode terminal include a connection to said capacitor element
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and a second plated portion disposed apart from the connection at a specified
interval;
said connection includes an undercoat layer having nickel and a silver
plated layer disposed on said undercoat layer; and
said second plated portion includes (i) at least one of tin plated layer ana
tin alloy plated layer disposed on said metallic member and (ji) an intermetallic
- compound layer disposed between said metallic member and said plated layer.
13. The solid electrolytic capacitor of any one of claims 4 to 12, whérein:
said positive electrode terminal and said negative electrode terminal are
bent so that each first surface of said positive electrode terminal and said
négative electrode terminal is positioned on the same plane, and
each of the first su_rfaces can be soldered onto a substrate.
14.  The solid electrolytic capacitor of any one of claims 4 to 12, wherein:
each first surface of said positive electrode terminal and said negative
electrode terminal comprises said first plated layer directly disposed on said
metallic member, and said intermetallic compound layer formed by reflow
treatment between said metallic member and said first plated layer;
the second surface of said negative electrode terminal has a connection;
the connection includes a nickel plated undercoat layer disposed on said
metallic member, and a silver plated layer disposed on said undercoat layer;
the connection is electrically connected to said negative electrode leading
portion;
the second surface of said positive electrode terminal is electrically

connected to said positive electrode leading portion;
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said positive electrode terminal and said negative electrode terminal are
bent so that each’ first surface of said positive electrode terminal and said
negative electrode terminal is positioned on the same plane; and

- each of the first surfaces can be soldered onto a substrate.

15.  The solid electrolytic capacitor of any one of claims 4 to 12, wherein:

each first surface of said positive electrode terminal and said negative
electrode terminal comprises said first plated layer directly disposed on said
metaliic member, and said intermetallic compound layer formed by heat r_eﬂow
treatment between said metallic member and said first plated layer;

each second surface of said positive electrode terminal and said negative
electrode terminal comprises a nickel olated undercoat layer disposed on said
metallic member;

the second surface of said negative electrode terminal has a connection;

the connection includes a silver plated layer disposed on said undercoat
layer;

the connection is electrically connected to said negative electrode leading
portion;

the second surface of said positi\)e electrode terminal is electrically
.connected to said positive electrode leading portion;

said positive electrode terminal and said negative electrode terminal are
bent so that each first surface of said positive electrode terminal and said
negative electrode terminal is positioned on the same plane; and

each of the first surfaces can be soldered onto a substrate.

16.  The solid electrolytic capacitor of any one of claims 4 to 12, wherein:
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each first surface of said positive electrode terminal and said negative
electrode terminal comprises said first plated layer directly disposed on said
metallic member, and said intermetallic compound layer formed between said
metallic member and said first plated layer by heat reflow treatment;

the second surface of said positive electrode terminal comprises a second
tin plated layer directly disposed on said metallic mémber, and a second
intermetallic compound layer formed between said metallic member and said
second fin plated layer by heat reflow treatnient;

the second surface of said negative electrode terminal includes a
connection and a second tin plated portion dispdsed apart from the connection at
a specified interval;

the connection has a nickel plated undercoat Iayér disposed on said
metallic member, and a silver plated layer disposed on said undercoat layer;

the connection is electrically connected to said negative electrode leading
portion;

the second surface of said positive electrode terminal is electrically
connected to said positive electrode leading portion;

said positive electrode terminal and said negative electrcde terminal are
bent so that each first surface of said positive electrode terminal and said
negative electrode terminal is positioned on the same plane; and

each of the first surfaces can be soldered onto a substrate.

17. The solid electrolytic capacitor of any one of claims 4 to 12, wherein:
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the first surface of said positive electrode terminal comprises said first
plated layer, and said intermetallic comipound layer formed between said metallic
member and said first plated layer by heat reflow treatment;

the ﬁrét surface of said negative electrode terminal includes a connection,
and a second plated portion disposed apart from the connection at a specified
interval;

the connection has a nickel plated undercoat layer disposed on said
metallic member and a silver plated layer disposed on said undércoat layer;

said second plated layer includes said first plated layer, and said
intermetallic compound layer formed between said metallic member and said first
plated layer by heat reflow treatment;

the connection is electrically connected to said negative electrode leading
portion;

one end of thé first surface of said positive electrode terminal is electrically
connected to said positive electrode leading portion;

said positive electrode terminal and said negative electrode terminal are
bent so that each first surface of said positive electrode terminal and said
negative electrode is positioned on the same plane; and

each of the first surfaces can be soldered onto a substrate.
18. The solid electrolytic capacitor of any one of the preceding of claims,
wherein said first plated layer is 4.0 pm or over in thickness.
19. The solid electrolytic capacitor of any one of the preceding claims, wherein
said intermetallic compound layer is in a range from 0.4 ym to 2.0 pm in

thickness.
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20. The solid electrolytic capacitor of any one of the preceding claims, wherein
said first pfated layer is a tin plated layer.
21. The solid electrolytic capacitor of any one of the préceding of claims,
wherein said capacitor element comprises:

a porous positive electrode body formed by sintering a compact having
valve metal powder;

a dielectric oxide film layer formed on said porous positive electrode body;

a solid elec;trolytic layer disposed on said dielectric oxide film layer; and

a negative electrode layer disposed on said solid electrolytic layer, and-
wherein:

said positive electrode terminal is electrically connected to said positive
electrode body, and

said negative electrod_e temﬁnal is electrically connected to said negative
electrode layer. |
22. The solid electrolytic capacitor of any one of claims 1 to 20, wherein said
capacitor element comprises:

a valve metal;

a dielectric oxide film layer formed on the surface of said valve metal;

a solid electrolytic layer formed from conductive polymer disposed on said
dielectric oxide film layer; and

a negative electrode layer disposed on said solid electrolyti_c layer, and

wherein said positive electrode terminal is eleétrically connected to said

positive electrode body, and
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said negative electrode terminal is electrically connected to said negative
electrode layer.
23. The solid electroIYtic capacitor of any one of the preceding claims, wherein
one end of said negative electrode terminél and said negative electrode leading
portion are electrically éonnected to each other by conductive bonding agent. |
24. The solid electrolytic capacitor of any of the preceding claims, wherein:

said metallic member includes at least one of the nickel and the nickel
alloy, and

said intermetallic compound layer is a compound containing tin and nickel.
25. The solid electrolytic capacitor of any of one of the preceding claims,
wherein:

said metallic member includes at least one of the copper and the copper
alloy, and |

said intermetallic compound layer is a compound containing tin and
copper.
26. A method of manufacturing a solid eiectrolytic capacitor comprising the
steps of:

(a) forming a first plated iayei', without undercoat layer, directly on a first
surface of a metallic member;

subsequently forming an intermetallic compound layer between said
metallic member and said first plated layer by heat reflow treatment,

where said first plated layer includes at least one of tin and tin alloy;
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(b) forming a nickel plated undercoat layer on a second surface
" connection of said metallic member, and further forming a silver plated layer on
said undercoat layer;

(c) punching said metallic member into a predetermined shape to form
positive electrode terminals and negative electrode terminals,

where said metallic member is punched so that one end of said negative
electrode terminal is formed as the connection; |

(d) bending said positive electrode terminal and said negative electrode
terminal to a predetermined shape; and

(e) electrically connecting the connection to a negative electrode leading
porﬁon of a capacitor element,l. and electrically connecting bne end of said
positive electrode terminal to said positive electrode leading portion of said
capacitor element.
27. The method of manufacturing a solid electrolytic capacitor as defined in
claim 26, wherein:

said undercoat layer is a nickel layer formed by electrolytic plating, and
said silver plated layer is formed by electrolytic plating.
28. The method of manufacturing a solid electrolytic capacitor as defined in
claims 26 or 27, wherein:

said rrietallic member is formed from one of nickel and nickel-iron alloy,
and

said intermetallic comp_ound layer includes an intermetallic compound of

tin and nickel.
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29. The method of manufacturing a solid electro|ytic capacitor as defined in
claim 26 or 27, wherein:

said metallic member is formed from either one of copper and copper
alloy, and |

said intermetallic compound layer includes an intermetallic compound of
tin and copper.
30. 'The method of manufacturing a solid electrolytic capacitor as defined in
any one of claims 26 to 29, wherein the step of forming said intermetallic
compound layer includes

the steps of executing heat reflow treatment of said metallic member,
which forms said first plated layer, at 400°c to 800 °c in an oxygen atmosphere of
200PPM or less,

thereby melting séfd first plated layer by the heat reflow treatment to form
an intermetallic compound layer, containing metal of said metallic member and

tin, betweeﬁ said metallic member and said first plated layer.

| 31. The method of manufacturing a solid electrolytic capacitor as defined in
any one of claims 26 to 30, further comprising the steps of:
)] disposing outer jacket resin by covering said capacitor element and said
connection with the resin in a manner such that the other end of said positive
electrode terminal and the other end of said negative electrode terminal are
exposed; and
(g) bending said positive electrode terminal and said negative electrode

- terminal not covered by said outer jacket resin.
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32." The method of manufacturing a solid electrolytic capacitor as defined in
any one of claims 26 to 30, further comprising: .

a step of disposing outer jacket resin by covering said capacitor element
and said connection with the resin in a manner such that the other end of said
positive electrode terminal and the other end of said negative electrode terminal
aré exposed; and |

a step of blasting said first plated layer disposed on said positive electrode
terminal and said negative electrode terminal, formed at a portion not covered by
- the outer jacket resin, thereby making said first plated layer I-ess in thickness.

33. The method of manufacturing a solid electrolytic capacitor as defined in
any one of claims 26 to 32, wherein the step (a) and the step. (b) include the
steps of: |

forming a nickel plated undercoat layer on the connection of the second
surface of said metallic member, and further forming said silver plated layer on
said undercoat layer;

forming a first plated layer at a position spaced apart at least 0.5mm from
the connection;

forming a second plated layer which contains at least either one of tin and
tin alloy, without undercoat, directly on the first surface of said metallic member;
and

executing heat reflow treatment of said metallic member having the first

plated layer, the second plated layer and the connection,
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thereby forming said intermetallic compound -Iayer between said metallic
member and said first plated layer, and also forming a second intermetallic
compound layer between said metallic member and said second plated layer.
34. The method of manufacturing a solid electrolytic capacitor as defined in
any one of claims 26 io 33,

wherein after said step of forming said positive electrode terminal and said
negative electrode terminal by punching said metallic member as in the step (c),
said step of forming said plated layer and said intermetallic compound layer on
the first surface as in the step (a) and said step of forming the connection on the
second surface as in the step (b) are executed.
35. The method of manufacturing a solid electrolytic capacitor as defined in
any one of claims 26 to 33, wherein thé step (c) is executed after the step (a) and

the step (b).
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