8 Decenber 2004 So]id Electrolytic Capacitor and Method of Mapufactibpkng
Same Field of the 1nvention The present invention relates to an
electrolytic capaditor used for various el ectronic apparatus, and
particularly, to a surface-nounted type solid electrolytic capacitor
having termnals for external connection, and a nethod of rmanufacturing
sane. Background of the Invention As conventional solid electrolytic
capacitors having termnals for external connection, surface-nounted type

tantalum solid electrolytic capacitors are representative ones, which are
used for various eIectrémxédaﬁﬁﬁFgFﬁéyFﬁcl§F€3° @™ es. This type of

tantalum solid el ectrol yti capacj tor | lesgri b as an exanple in the
foll ow ng. The configuratF%ﬂﬂﬁgp§ﬁ%hﬁg%ﬁéﬁﬁf?§ﬁﬂ At al um sol i d ,

el ectrolytic capacitor includes a capacitor elenent portion and | ead frame
portion. As a material for the |ead franme, nickel-base alloy or
copper-base alloy is mainly used. Particularly, nickel- base alloy such as
42 alloy is used when the termnal of the I|ead frame portion is required
to have a g¢pgat 8¢ RRRJrAGefrPeREMEr 2004 strength or the termnal is
required to have a nmechanical strength enough to endure actual device
installation. Ah8Gresent invention relates to an electrolytic capacitor

used for various electroni¢ apparatus, and particularly, tb a
surface-mounted type solid electrolytic capacitor having
terminals for external connection, and a method of

manufacturing same.

Background of the Invént;l.on

As conventional solid electrolytic capacitors having
terminals for external connection, surface-mounted type
tantalum solid electrolytic capacitors are representative on-e;s ’ |
which are used for various electronic apparatus in large
gquantities. This type of tantalum solid electrolyfic
capacitor js described as an sxample in the following. The
' configuration of such conventional tantalum solid electrolytic
capacitor includes a capacitor element poriion and lead frame
portion. BAs a material for the lead frame, nickgl—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



copper - base all oy such as copper-nickel-tin alloy is used élemﬁé?goéfad
frame portion is required to have specially high processability.
conventional tantalumsolid electrolytic capacitor of this type will be
described in the following with reference to Fig. 12 and Fig. 14. Fig. 12
Is a sectional view show ng the configuration of a conventional tantalum
solid electrolytic capacitor. In Fig. 12, the conventional tantalumsolid
el ect r ol ystrevgphcioorthe ohprinieslaicapasitiore@| taehave? ankegosnicak

el ectrode lead wre 13. The capacitor elenment 12 conprises a porous

posi tive s&recgtbdenpudh, tangndudeehetiplcdexige finkfalapsionsol Also,

electrolytic |layer and negative electrode |ayer (all of these are not
shown) whFeRP&rebasquahleRlgurh éﬁnﬁﬁpﬁﬁrt'ﬁéciliﬁﬂe insgtiagdonsedewheritive
el ectrode body. The porous positive electrode body is formed by sintering
a conpact tHf t1&Rd%| {FAMPoRAEELOBN - etPHI LY 58sHiavre LT ode PEER wire
13 is exposed. On d of positive electrode termnal 14 is connected by
wel di ng oPrPﬁ’é’sls'raE’éS‘ng}W'he positive el ectrode lead wire 13 of the

2 Ted out “of oarar gl demraet el BRI GBS TP REHESE BRG ¢ he
outer ) 28ty B0 Ry A0 gHGT 40, 4D, FRORSF Lot Mg e BakapRp b 1
connect edFti%.t % ana Fig. 14.
Fig. 12 is a sectional view showing the configuration of
a conventional tantalum solid electrolytic capacitor. In Fig.
12, the conventional tantalum solid electrolytic capacitor
_comprises a capacitor element 12 and positive electrode lead
wire 13. The capacito“r element 12 comprises a porous positive
electrode body, and a dielectric oxide £ilm 1aye'r, -solid
electrolytic layer aﬁd negative electrode layer (all of 'I:ha_se
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 poéitive electrode lead wire 13 is
exposed. One end of positive 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



negative el ectrode |ayer of the capacitor element 12 via cahduchd 6o

bondi ng agent 16, and the other end of the negative electrode term n4al 15
is led out of the outer jacket resin 17 described later and is bent al ong
the outer jacket resin 17. In this way, .a termnal for external
connection is formed. The capacitor elenent 12 is coated with the outer

j acket 17 bl f el

posi Yleesénpécﬂfggge;%?fﬂhoaleef%c%ﬂﬁt denciiash) B8 18a5oPbeRRRY, s iR
partia expo t t F

frame V\/n?/cﬁe%@fjﬁé' Off‘e{]e i %%?Pgd hltlec?naﬁAﬁ?fﬁaﬁ éémﬁﬁ%zggzgtlﬁv%ead
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ane 18 Is forned of a

2;;;2rfg;§gﬁe . 'afesﬁ hdfeds of i‘é&ﬁt_ b e loﬁ)éer( (3eRegszdgualipy) or

el ectrode tgr as copper- nic tin alloy) e positive
€ € v c d
e dl‘él—ﬁaﬂvlélre %?1 1 i3 %hlt §18hgCthe gut8EMjacked Srasen for MEd at

the | ead frarre ated layer 207is disposed at el enent fixed

portion 1%p EHideydQ! & %érfn%alrﬁls BRiterng1f @fRect foh s Eeamefir anthe 18.
As an undercoat |ayer 22, a copper or copper alloy plated l|ayer of 0.3 m

in thi Ckne%ﬂ&ﬁ&ﬁmn@ﬁ tpe 1 pOSHA LY@ wEtieciieda ttear Hiawkketldeand 1%e
negative electrode termnal 15. For soldering in actual device

i nstal | ati apap4thpd &5f ledyeitriZall anssbhtddéonnge tatebdh of the pesithveead
alloy, is disposed - 3
electrode terminal 14 and negative electrode terminal 15 is
partially exposed to the outs:l.de.
Fig. 13 is a plan view showing the lead frame which forms
_the positive electrode terminal 14 and the negative electrode
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-formmetallic member made of nickel-base alloy
(such as 42 alloy) or copper-base alloy (such as coppe;'t:—
nickel-tin alloy). The positive electrode terminal 14 and the
negative electrode terminal 15 are formed at the lead freme
18. Silver-plated layer 20 is disposed at element fixed portion
- 19. Guide hole 21 for transport is fo:_cmed in the lead frame
18. As an undercoat layer 22, a copper or copper alloy plated
layer of 0.3 pm 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



8 Decenber 2004 on the undercoat |ayer 22. Next, a nethod %ﬁkgggﬂggg&yring
a conventional tantalum solid electrolytic capacitor having suc
configuration as described above. First, the capacitor elenment 12 is

di sposed at elenent fixed portion 19 |ocated between the oppositely

di sposed positive electrode termnal 14 and negative el ectrode term nal 15

extending fr the lead franme 18.,.The positive electrode lead wre 13 of
t he capacPPor%Q& e g'ag(?r:\:ng ‘ed by welding or the like to the

positive el ecyigde teridly bF Mn’ﬁ%%ﬁ?@ Ia! %%%Jde;rgﬂﬁoy&%bng agative

el ectrode | ayer of the capacitor elene I'S bon uctrve

negat i ve oed rone et i e TarRet ol R ol BREs ghilagaeats on The

negative el ectrode ter orned at t ranme

conduct i vggRiidia a88RRte 16 is hardened under heat to establish electrica
connection. The bonding agent 16 is heated at tenperatures of 170C to 180C

for about one figwt fohe RRAIAAIME: e Nettbnt Wt Ds @aGHodk d &€ epefiehitve: ed@ct r ode
terminal 14 and negative electrode termnal 15 partially exposed to the

out si de, gdiecicapad tiycaird Depiad the wimisitelketdiesosed hespabie of
el ectrical insulation. Thus, the outer jacket resin 17 is heat-treated at
170C to 1&Xedtrodbotérminabodds ot wegptite baedérpdg. Herntimagd Wby, the
outer jacket resin 17 is inproved in cross-linking ability, and as a
result, thxtamiialgmreol 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:i.tivg electrode terminal 14 formed at the
lead £frame 18. The hegative electrode layer of the capacitor
element 12 is bqnded by conductive bonding agent 16 of si;ver
paste to siivér plated layer 20 disposed‘on the'negativé
electrode terminal 15 formed at the lead frame 18. The
conductive bonding agent 16 is hardened under heat to establish
electrical connection. The bonding agent 16 is heated ét
temperatures of 170°C to 180°C for about one hour for hardening.
Next, with each of the positive electrode terminal 14 é.nd
negative electrode terminal 15 partially exposed to the outside,
the capacitor 12 is coated by outer jacket resin 17 capab;e of
elect.fical insulation. Thus, the outer jacket resin 17 is
heat-treated at 170°C to 180°C for about six hours for complete
hardening. In this way, fhe outer jacket resin 17 is improved

in cross-linking ability, and as a result, the tantalum solid

electrolytic capacitor will be, for example, improved in



el ectrolytic capacitor will be, for exanple, inproved in 88%%%50&904
noi sture resistance. After that, thermal screening is perforned in a

furnace at 240C to 260C for about 6.0 sec. Thus, excessive current |eakage
or shorting trouble that nay cause hindrance to the user during actual ref
| ow sol dering, for exanple, can be prevented from occurrence. After that,

unnecessary portions of the |ead frame 18 are regtéved and t{)}greafler, t he

char act er i BPIELURE FREHTEMGE i nsppLtondidte  SOPEBRTedSBEREPE HeliRery of
t he finished duct. In_th Io f ti t al
5011 d el CBEFEPRRPE AT ACE AR AR P Fad o0y C SRRl SEE PP, na et hod as

descri bed ab .th ' i1l Db bj ' '

Uhe. at mospRBFESSTKE: BROFErt (Rbtes & ARG FaqupragvRat Apcegiac oy 11
at msphEPE 3 & T

Further, i BReEpERar B e, SamfrBULERY) AECAnIOHERICG aditn, FHEr

exampl e, dyciigot el el deKivioy e 9L8RT Modiser . Al | nidl s vy,

for making ate resistant and realizing excellent solder

wet tabi | it ynnbbekSaRgCpesdihnkobs W@ GRRREERine OPeirdl kaow @] ednaayer
di sposed as the undércoat |ayer 22 for the above conventional positive

el ectrode taeFeBgteld BRE ARGAJN OGS adeappdiiaiide inspectians are
t hi ckness of 0.3 mat |least. The thickness of the wundercoat |ayer 22 is
cl osely rebargdrived befbeat Gegsiveriyngf the finished product.

In the assembling process 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 atmospheref "I'heArefore, the plated
£ilm is reqﬁi-red ‘to' be heat :EesiSting adhesion even aftér "
application of such héat history, ant_i further, it is reqguired
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 terminal 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



adhesion of the tin or tin-lead alloy plated layer as the g %%ﬁwfg er

for soldering which is disposed on the undercoat |ayer 8 Dece 04 22

Al so, the adhesion of the tin plated layer or tin-lead alloy plated |ayer

depends upon the formng volume of thermal diffusion |ayer in connection

wi th the copper or copper alloy plated |layer that is the undercoat |ayer

22, and the co opper alloy plated |ayer acts to pronote the
Risot Frerah o

for mat i on 28 t afiePnSifotne Hjarplated Layiegcer tHe demser 1 bPY copper
al | oy plat d | ?FOVIded as the undercoat | ayer 22 contrjbutes to heat
resisti ng théieﬁeé’cdé ofPPRattdtf f FPRIMEIpretbimnl &% ot]B%nU‘E?*y
dense. leve ose | S_neces to performthe plf

inder appfIEatET SR BReCTRRRETLSndtEtl S S BuREe CREREF 3 e

Cont rof . B %ﬁeé"‘”%agsr %SFZ&; 58 V%%‘ﬁgt A 2kt HORRS B over
I such Cg%gagéxoamg,e%me Seiy il tthe L0 pEXATPL POl O A %%e;ﬁga“ g

at excess curren en3| per or copper oy plated | ayer

formed W lgh RECAME 3% AYSon Aﬁﬂ;glgil ngly, the | ayer is i nsuffl cient in
adhesion. Al'so, even when the plated filmof the copper or copper alloy

plated |ayer inery¥if88She cSPhét GreB6pPERLINGY ﬁiaﬁgaq ghoGaaagt be:

obtained if the plating thickness is |ess than 0.3 [I he upper limt of

the pl atizigth8hsldeasodtolayse 2ahayetE0pRess @o M@@éb@'ﬂ"’ﬂhgﬁé@i@ﬁion,
the state of plated f£ilm is 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}.ating bath coﬁtrol - Due to such severe conditions
'fdr'plating bafh control,. it is possible to realize a plating
thickness of 0.3 um or over. If such conditions are not
satisfied, for example, performing the plating at excessive
current density, then the copper or copper alloy plated 1ayér
formed will becdme porous. Accordingly, the layer is
insufficient in adhesion. Also, even when the plated film.of
the copper or copper alloy plated.layar is wvery dense,
sufficient heat resisting adhesion cannot be obtained if the
plating thickness is.less than 0.3 pm. The upper 1imit of the
plating thickness for the above copper or copper alloy plated
layer is not limited, but it is preferable to be about 4 pum or

less.

Accordingly, as a method of forming excellent plated film



| ayer is not limted, but it is preferable to be about 4 p r
Accordingly, as a nethod of form ng excellent plated film ?[%é:%mrﬁ?2§042004
on a conventional lead frane 18, one of the followi ng two methods has been
enpl oyed. The first method is such that when the strip-formnetallic

menber used is nmade of nickel -base alloy or copper-base alloy, very dense
undercoat layer 22 is forned on the strip-form netallic nmenber in order to
provi de t 9@ &&seayendd.onad- bead &aare; 18y wnereh thgde k1ot hesimathorfe
undercoat | ayer 22 is _formed by nickel plating or copper plating, or by
both of nt@fIPeeh SMOIPYEt copper plating. Subsequently,. silver plated

Gotred surt adBepetEpbmeradah pustcFhRE Fan EberrFaLY SR ol ot ne

o Pver ot Separapaoks e PEPREGHE] BriE i’ r CoRPor HBBr T I 451 A b he-

;3"?;18?%:@ %%‘?ﬁé%?#eéfls%fé?? Z%%Lfésﬁféf %%?nt? da#_ﬁﬁﬁﬁaﬁ%oﬁrﬁie'r ead
n%% Tk aegnhnelxs :l.an'bE?%rrf %g"?%gkr{g&% Phe 5818bat A i Praid er

that, punching e I's perforne _ e positive electrode
term nal ¢ adyN@Yad | ygeehfiéaoaahb%@smal The. uhiRircdat, layened iist

met hod, plated filmis Tormed on a strip-form netallic nenber,- followed

by punchi bM< BgSnickdBip alth®ig or copper plating, or by both of nickel
plating and copper plating. Subsequently, silver plated 1ayer
20 is formed in the form of stripes by electrolytic plat%pg on
a desired surface portion of negative electrode terminal 15
connected to the negatj.ve electrode layer of capacitor element
12 of the lead ff&me 18. lThe silver plated layer‘ 20 thus 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 £rom solder or tin plated £ilm.
After that, punching by a die is performed to make the positive
electrode terminal 14 and negative electrode terminal 15. That
is, in the first method, plated film is formed on a strip-form
metallic member;-followed by punching'process to make the
positive 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



positive electrode term nal 14 and negative el ectrode term

second nethod is such that the strip-formnetallic nenber |Ssﬁﬁﬁ%€%gg&€n
advance to continuously nmake the positive 8 Decenber 2004 el ectrode

term nal 14 and negative electrode termnal 15 in the formof hoops on the
| ead frame 18, and after that, sane processing as in the first nethod is
performed in order to form plated film However, in the positive el ectrode
term nal 14leftrefe targinflelél aedroegatiye edlectsagle thegmipaie 15 in
conventional solid electrolytic capacitor, the undercoat |ayer is forned
by nickel tBrafPrrRy of BAePs R Fhrankead FrAne d &f aal%tﬂfﬁt;ﬁf dhatyesame c
menber. After that, when the lead frane is further tin- sol der - pl at ed,

an inter nePEPPF‘éSéBH‘p%de‘ theehitst methad petr@ierrmed &ﬁ’doﬁfiék'eto F@e&™ o

severe heat _hi sao appl ied during the manufacturing process, thereby
| osi ng t hePLEFP £ or solder layer. As a result, there arises a

bl f f. d bi I
R °31V4§ : Epsc&

layer 1hi gker eQoug Eeaerf)agt SXREML L B21ARI ABBLLABLLL LNy £00a D H&Qfoa' ned

even after at h |s case, e cosS pro econe

Yﬁ(rjﬁs[“rggl eg%?%é:gl)?%\%ée%ﬁa?ft&r fﬁhf%ﬁ%ﬁ%%%‘cﬁ) %ml 9')rérhﬁv}ﬁ?act uring trﬁle positive

el ectrode piating 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 interrgetallic compound layer is formed
between tin and nickel due to severe heat history applied during
the manufacturing process, thereby losing the surface tin or
solder layer. Aé a result, 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 eﬁ{cellent ‘'solder wettability can ;De
obtained even after heat history. 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 positive _electr_ode

terminal 14 and the negative electrode terminal 15, even when
fhe 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



termnal 14 and the negative electrode term nal 15, even whgh...the h&ad
frame 18 forned of a strip-formnetallic nenber is plated wth copper or
ni ckel, and further plated with copper, followed by tin or solder plating,
there is formed an internmetallic conmpound between tin and copper due to
severe heat 8 Decenber 2004 history. And it results in losing the surface
tin layer or solder |ayer. Consequently, there arises a_probl em of

wor seni ng WoEs ka1 solfadr ke mesbilitst yn AO§dng: kBee SPELRCHr SBPeARYSE $&el i ng

that is generated _between the ti n-cog er internetallic co nd I?{fer and
the pl at edFPERE . layedr-der CPPs88IGB L ResctRF TR &?&,Seﬁhea\]aﬁ‘rg‘#g'seé“ L&d- Open

Pat ent H5-98464 th | | ow . hod. d I f
0.1 prm t 0 HOEPHHIG A E BRI TS WP SERGA LOY -t L Bos G HRCer et FBPUS | oad
f f f i ck I, ckel | | f h ti I

bl ated Tay@h RSPbTREq BREnet ScoBpRP -ants: o BatEaher ougr AR | o
treat nent fﬁt%etgiﬂgﬂ: 2(?0@025&1&0&'&,%0@%% iﬂr%'&;t ﬁ)ﬁrit%rﬁ%ye@“& a tin-copper

i ntermetal T ¢ conpoun ckness I's formed between
Ksk

the base materjalofarad, LoaekaKel BroBAEKE) Ald epdifihd iRl Rt | ayer
such as. tin-plate ayer or solder-plate | ayer. Al'so, the Japanese

Lai d-Open patent HE-330349 grqpnsss the halibwndy medtedl. Aaniddifler

undercoat layer is fornmed on the base material of the lead franme forned

from coppean@ér68RP€layer of 0.1 ym to 1.0 pm 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 on the
copper undercoat layer. After that, reflow treatment or hot
dipping of tin or solder is perfprmed.‘ Thus, a tin-copper
intermetallic compound of 0.2 pumto 2.0 pm in 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 Laid-Open Patent H6-196349 proposes the
following method. A nickel undercoat layer is formed on fhe
base material of the lead frame formed from copper or copper

- alloy, and further, a copper undercoat layer of 0.1 pm to 1.0
um in thickness is formed on the nickel-piated layer.
Subsequently, a tin or solder plated layer is formed qn the
copper undercoat layer. After that, reflow treatment or hot

dipping of tin or solder is performed on the copper undercoat

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



all oy, and further, a copper undercoat layer of 0.1 pmto 1.0 pmin

t hi ckness is formed on the nickel-plated | ayer. Subsequently, a tin or
sol der plated |ayer is formed on the copper undercoat |ayer. After that,
reflow treatnent or hot dipping of tin or solder is perfofngtegher FE04
copper undercoat |ayer. Thus, a tin-copper internetallic conpound of 0.2 m
to 8 Decenbér 0280410 2tlni gliess ishifermess ons ther pbaketrpintas diesterpl at ed

| ayer. However, when such prior art is used for lead frames of tantalum
solid electrolytﬁéwéﬁﬁﬁciﬁgﬁ§ such seripoptitelly nEasssiry 1eadofwamesopper
undercoat |ayer for Lhe puagos of formng a tin-copper internetallic
conpound | 8Yer . LaRER £ Br e, S coStL SNtk duCRRAT E Wetone Wer y1Ri gh,

dit is difficult .t I th hod f th | al d
ndust 11 3 PBPRESC6R Y0i GO TS or ESRPon et ROIFT SOPARERt LOVEF ofPlie a

l'id I (VAN it | ¢h |l ent |Lder. ttabil.it
Tor a long pori ShoBPE g ohertid na° B eheBREy delRmRgediie ket ¥

2 long peri od" fothé | P i R ed”
o e e e R e S R i

same. Summagygoftt e diw@phientbn AGteydaRee niithBdat@aPede Wonke SLgsENt
i nvention, there is provided a solid electrolytic capacitor

and industrial points of view.

The present invention is intended to provide a solid
electrolytic capacitor which ensures excellent solder
wettability for a long period of time due to the plated
film having a simplified configuration and is also provided
with terminals having excellent solder wettability and
heat resisting adhesion, and a method of manufacturing

sale .

Summary of the Invention

In accordance with an aspect of the present invention,
there is provided a solid electrolytic capacitor
comprising:

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

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

a negative electrode terminal electrically connected 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

._.10_.



conprising: a capacitor elenent having a positive el ectrode |eading
portion and a negative el ectrode | eading portion; a positive el ectrode
termnal electrically connected to said positive el ectrode |eading
portion; and a negative electrode term nal electrically cofnetteader ¢904aid
negati ve el ectrode | eading portion. Werein said positive el ectrode

term nal anghsahfouheaidiveiflest odeder Bl BRb1 CONRYY, S @opBBe ARA abdd
menber including a#pleast onegselecteé;fron1 10 8 egceﬁggr 2004 fﬁggg}oup
consisting afilisygkel, nickel alloy, copper and copper alloy; a first

pl ated [ ayer, including at |east one of tin and tin alloy, disposed on the

metal | i c nmenbera andsiarplateer Mayer) i mcoapayngt | Byast fopened bet waeD tSai d
metallic nenber and said first plated |layer, and wherein said internetallic
conmpound | apédogenpispesed( bh thenmebval dioedemlpepneamdit of the tin and tin
alloy and (ii) a conpound including at |east one out of nickel and tin
contai ned in sahd mdtarn¢calisitbercompouadcoldyace fprhedinobdtsrecss pexatidof
the present invention, there is provided a nmethod of manufacturing a

sol i d el ect PeF§ti¥c ampman gndamird sfigst melatepslayer, and

wherein sald intermetallic compound layer comprises: (i)
tin 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 said metallic member.

In accordance with another aspect of the present
invention, there is provided a method of manufacturing a
solid electrolytic capacitor comprising the steps of:

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

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

where sald first plated layer includes at least one of
tin and tin alloy;

(b)forming a nickel plated underceoat layer on
a second surface connection of said metallic member, and
further forming a silver plated layer on said undercoat

layer;

_11_



(a) formng a first plated | ayer, w thout undercoat |ayer, directly on a
first surface of a netallic nenber; subsequently formng an internetallic
conpound | ayer between said netallic nmenber and said first plated |ayer by
heat refl ow treatnment, where said first plated | ayer incl u@eBecarberddPsone
of tin and tin alloy; (b)formng a nickel plated undercoat |ayer on a

second surface connectipon_of said tallic nmepber, and_further form.ng a
silver plated Ia38 P%ﬁcgéP an %r%gg?ﬁhégeW?mggﬁegggﬁe? fﬁﬁge%gfﬁﬂﬁgﬁing
said netallic nmenmber into a predeterm ned, shape to form positive el ectrode
or i nal o i RERE EITOPBSREGHE. CUFRFRATS WHEFH S ¢ b Renber | <
punched so that one end of said negative el ectrode termnal is forned as

t he connect FSRCEEATEbBAEM AR 53 WIS 13 b M tedtisu@smded A8l Papghedarg
negative electrode termnal to a predeterm ned shape; and (e) electrically
connecting thétcenfeenfonft 8add negative elecirwt Ywadingg por foonedf a
capacitor elenent, and electrically connecting one end of said positive
el ectrode t eenthal conngaitopositive el ectrode | eading portion of said
capacitor el enent.

(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 portion of a capacitor element,
and electrically connecting one end of said positive
electrode terminal to said positive electrode leading
portion of said capacitor element.

In an example embodiment 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 for a long
period of time due to the plated film 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

~1lla-



I n an exanple enbodinment the internmetallic conpound is forgwggd.BY..Aee4

reflow treatment of the netallic nenber disposed on the first plated
layer. In this way, it is possible to obtain a solid electrolytic _
capaci tor which ensures excellent solder wettability for a long period of
time due to the plated filmhaving a sinplified configuration gnﬂ Is al so
rovided wt ermnals havin excel l ent solder wettability an eat

Pesi sting %‘&E@i%n?"%@ SLEHE MLt bt FRRAFHET rdhd e mmbagHingn tDds of p]'E i on
of the Draw. ngs Fi 1is sectional view showi ng the configuration of a
-11a 8 De@% Feﬁﬁ’gﬁ f%ﬁ?ﬁﬁ]ﬂ?sm id electrolytic capacitor in the

[ ' ti . Fig. h a plan view of a |ead
Frane Torm ngt 39 pcb chByE Saiiatt Vade 98 r%lilﬁ’gldt ﬁa%mé%afrﬁg oredtigae
rm alum.so] i
E:g:)?cin? Lrélifﬁgt%ﬁgee o@_ | rren%a%{) Hfﬁ%g?ﬁjég%ngﬂ?ﬁ E_ﬂflleo CIThY ‘%ﬁ&‘{?Bﬁal view
of the Zﬁ%édmd}phtsle(ani fa %malhﬁgg?ﬂ?% sefegtggi%gkgf characteristics

. apacitor in
showi ng the ‘relationship between t ness an CHERHETEH i ¢ of

a silver phat&fbd@itfint oA thanpebyBheothdeft86hT OhNEi £ AL iyt he
4 1S a I Oha

enbodi nent 1 of the present invention. Fig. | sect vi ew show ng
the configfraheopaofraline portion of same.

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

Fig. 4 is a sectional view showing the configuration of a _
tantalum solid elecfﬁ:olytic capacitor in the embodiment 2 of
the present invention.

Fig. 5 is a sectional view of a lead frame forming a positive
electrode terminal and a negative electrode terminal used fﬁr
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 elect:!:olytic capacitor in the embodiment 3 of
the presenf invention.

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.

- 12 -



tantalumsolid el ectrolytic capacitor in the ermbodi ment 2 gfpe.thg.-RpEseNt
invention. Fig. 5is a sectional viewof a lead frane formng a positive

el ectrode term nal and a negative electrode termnal used for a tantalum
solid electrolytic capacitor in the enbodinment 2 of the present invention.
Fig. 6 is a sectional view show ng the configuration of a tantalumsolid
electrolytic ﬁfgaci or in thg,enbgdinent 3 of the present invention. Fig.
7 is a diagram b?° chadrh& EPFLEPRELSHISY PIHEY the SPPEhERrBthRRVRER

bl ast - gri ngdj hi ckn dle current wth . respect to_a tantalum solid
eIectrolyt?%gg%%%%i?%fféréi#ﬁFréiiﬁﬁﬁrﬁﬁﬂ§Q§§9F ﬂﬂe%BPe§%9?6+ﬂ935t?dﬁf 8
Decenber 2 | i | onal view show ng the configuration of a
tantalun1sg$§d5%?%% Fo????@ggé%acitor in the enbodi nent 4 of the present

o o ol A B SEELRTBhaY) S0 LA 450800 EURILERNbey

tantalum solid elTectrolytic capacitor i

i nventi on. t&hga1d b81ParEIMEBE L0 PIRAASDLA0LAD SHEURILRL TBIGPD  Of

manuf acturing a positive electrode termnal and negative ode
term nal othe paEaehtoinbagedonn a first-plating- after-pressing systemin

t he enbodi nent 6 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 p;ocess-diagram showing a method
of manufacturing a positive elecfrode terminal and negative
electrode terminal of a capacitor based on a Ffirst-
pressing-after-plating system in the embodiment 6 of the
present invention. |

Fig. 12 is a sectional view showing the configuration of
a conventional tantalum solid electrolytic capacitor. -

Fig. 13 is a plan view of a lead frame forming a positive
electrode terminal and a negative eleqtrodg_terminal used in
a conventional tantalum solid electrolytic capacitor..

Fig. 14 is a sectional view of the 14A-14A line portion of

Fig. 13.
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Fig. 11 is a manufacturing process di agram showi ng a nmethod pQf ber 2004
manuf acturing a positive el ectrode termnal and negative el ectrode

term nal of a capacitor based on a first- pressing-after-plating systemin
t he enbodinent 6 of the present invention. Fig. 12 is a sectional view
showi ng the configuration of a conventional tantalumsolid electrolytic
capacitor. Fig. 13 is a plan view of a lead frane formng a positive

el ectrode Pesgrhptiendof HegRefereree Nyaerateéninal used in a
conventional. tantalumsolid electrolytic capacitor. Fig. 14 is a sectional
view of thé 14%eRa@lioRcelbePeR®bn of Fig. 13. 8 Decenber 2004 Description
of the Reference Nunerals 1 Capacitor elenent 2 Positive el ectrode |ead

wire 3, 3A2 3BPOSELERSi (GARCIHAMAG HERY Bhf nal s 4. 4A, 4B, 4C Negative

el ectrode terpmina Conducti ve. bondi,ng .a t .6 Quter, jacket resin 7
First platé&d ye%?’t?ﬁ pIeJé&F*E&%ﬁ, %ﬁ%ﬁ&ﬁi I nd | ayer 7a Second

pl at ed Iayﬁt,4ktn4gtaaed la%ﬁéga@&$£C%ﬁkdﬂ%%ﬁé“?ﬁrﬁfﬁ@is9 Silver plated

| ayer
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 undexrcoat layer

9 Silver,p;ated ;ayer _

10 Elémént fixed portion

11 Metallic member, lead frame

Detailed Description of the Invention

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

a capacitor element having a positive electrdde leading
portion and a negative electrode leading portion;

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

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

wherein the positive electrode terminal and the negative

- 14 -



10 Element fixed portion 11 Metallic nenber, |ead frame Detgghd.8her 2004
Description of the Invention A solid electrolytic capacitor in one

enbodi ment of the present invention conprises: a capacitor elenent having
a positive electrode |l eading portion and a. negative el ectrode | eading
portion; a positive electrode termnal electrically connected to the
positive el ectrode | eading portion; and a negative el ectrode term nal

el ectri cal €yecbnnédet termpnatheompgaseve el ectrode | eadi ng portion, wherein
the positive electrode termnal and the negative 8 Decenber 2004 el ectrode
term nal conprPBe: mehelkbe emeerekbeluding rfk Aeagt s Sedsetes P8I from
the group consisting of nickel, nickel alloy, copper and copper alloy;, a
first platEBEISE™R CORSHSILRG of nickal -eP%ﬁéPl@rFéLQif' ErRPez 4 CRPREfOY,

di sposed on_the netallic nenber; and an internetallic conpound |ayer forned
between t hBLh8¥al | ic nenmber and the first plated layer, and wherein the
internmetal lic cggP

TR L SOPPOUD AU ST Feeanlal B TR IRk o B SR
ahd tin Coghﬁi%iﬁ 5&10 hedggb%gghFogqu%rmetallic member; and
an intermetallic compound layer formed between the metallic
member and the first plated layer, and
whereiﬁ the intermetallic compound layer comprises (i)tin
contained in one of the tin and tin alloy and (ii) a compound -
including at least either one of nickel and tin contained in
the metallic member.
Thus, the first plated layer has a simplified cOnfiguration
reguiring 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,

thefirstplatedJayErdirectkydisposedywithoutundercqat
layer, on the metallic member, and

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

layer.



Thus, the first plated layer has a sinplified configurationr pd.gaih.-hhe¥ nO
undercoat |layer and is able to ensure excellent heat resisting adhesi on.
Preferably, the positive electrode term nal and the negative el ectrode
termnal conprise the netallic nenber, the first plated |layer directly

di sposed, w thout undercoat |ayer, on the netallic nenber, and the
internmetal lic conmpound | ayer fornmed by heat ref |ow treatnent between the
met al | i ¢ menb@rededabiy f ithe poisdttdare | glectr@dee denmdmadooinddudes abl y,
the positive electrode- termnal includes a plate positive electrode

term nal Pdategresiitize elggtredatermingde Saying raEerpbsFerbaed ardt he
opposite side of ithe first surface,_ the negative electrode term nal

i ncl udes & BP&CBINEYEERFE PRFALLPBAE TorthehAPRRSALSySdds PE tREFLERt and a
second surface positioned at the opposite side of the first surface, and
the first ﬁﬂ%ﬁﬁﬁfflayer and the internetallic conmpound | ayer are disposed

on at least ejther one of the gir t surfac nd %Pe sec nglsurfa e of the
bosi ti ve ol ectPBAear T har LGREFPE TETTOL T daidsu e Per ke apbaetve
Pref er abl y,, o 1€, 0!8 SG! ngxk Ca ffg&%ce LALrLUBIAGE o CRMLESEGrflce
I nsul ative outer jacket Tesin disposed to COVEr
positioned at the opposite side of the first surface, and
the first plated layer and the intermetallic compound layer
are disposed on at least either one of the £irst surface and

the second surface of the positive electrode terminal and the

negative electrode terminal.

Preferably, the soiid electrolytic 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 capacitoxr which ensures good soJ.der
wettability fof é long period of time due to the plated £iim
having a simple configuration and is provided with terminals

having excellent wettability and heat resisting adhesion.

Preferably, the first surfaces of the positive electrode



the capacitor element, Wierein the outer jacket resin is diiﬁﬁeggrﬁger%@oﬁf hat
each of the positive electrode termnal and negative el ectrode term nal

is partially exposed to the outside. By each of the above configurations,

it is possible to obtain a solid electrolytic capacitor which ensures good
solder wettability for a long period of tine due to the plated film
having a sinple configuration and is provided with termnals having

excel | ent viettmizidl epdabile heglatios sleagyradhcsmmingy anpeludpythe Fdash st
surfaces of the positive el ectrode 8 December 2004 term nal and the
negati ve elptatediclavemiand thelinfermrtdilkia conpaud 1l@Y&T and t he
internmetal lic conpound | ayer, the second surfaces of at | east one of_the

positive el ect tbaseqxrhFiafaans Heyhiiofs tePRR PE IR PEFIEAEE SYRITRAL an

undercoat | ayer havinglg ni ckel and a siIv%rﬂ%I_atfd Ia%gi' f or med, on thte

under coat | B§ERLnah@Rg PR Fbke A HEF Y9fe tEFIVBRL G AP 9S R T Coa

el ectricall connected tp the capacitpr el enent.. Thus side tion

and effect siﬂ%%’épl?‘?ﬁéﬂn%b%&é},‘eftan S p%%%f%*epnf%t%%sfuar e%)?tgoeﬁee‘%t&gf%c rical

characteri sticc{g and, act ual s%lger wettability due to the thickness of both
t

plated | ayePRICEF PR ABY - t AR

e second surfaces of the positive el ectrode

termnal and thg pegal Lxe, &L 66 ade L8VENY1tRE YeGe@Nis electrically

connected to the capacitor element.

Thus, besides the action and effects described above, it
is po§sible to assure excellent electrical charapteristics and
actual solder wettability due to the thickness of both plated

layers.

Preferably, the sec'ond surfaces of the positive electrode
terminal and the negative electrode terminal include ;Ln
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



under coat |ayer having nickel, the negative el ectrode ternmgigl..Loghyses a
silver plated I|ayer forned on the undercoat |ayer, and a portion having
the silver plated layer is electrically connected to the capacitor
el enment. Preferably, the first surfaces of the positive electrode termnal
and the negative electrode termnal include the first plated |ayer
directly disposed,, without undercoat |ayer, on the netallic nenber, and 8
Decenber 2004 e dedmfdiadtic € layer formed tyy hegatr sefllow
treatnment petween the netallic menber and the first plated, |ayer. Thus,
t he above FF%%WGR}IgeﬁgeFBrFﬁQr"@ﬁﬁ&&&&dmeﬁPSFéﬁﬁﬁ4th%h€1¥$FsPl§ﬁﬁﬂace of
" the positixg glectrode termnal and the negative electrode term na

i ncl ude t he®¥rrst pl ated | ayer and the internetallic conpound | ayer, at

| east one seco ur e h [ t] | ectrode _termnal _and the
negative elect?g %'téﬁ%i%gﬁv%ngfggég %¥f%g%%e r e?oe?ﬁ%ngﬁﬂacitor el enent
and a second plated portion disposed apart fromthe connection at a

specified interval, the connection includes an undercoat |ayer having

nickel - and a prbyeraBlfl ctht WLEs(! SROSKE Uk Wi WMANCOAL L3YREroRad the
pl ated portion includes at |east either one”of tin plated an I n
al I oy pl at edxhauan Sarti €pesedg@Pit8 1B dd<L terminal include the first
plated layer and the intermetallic compound layer,
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 fromrthe qqnnection at a specified inte;val,
the conneétion includes én 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 piated layers disposed on the metall;i.c
member. Thus, besides the action and effects described above,
it is possible to enhance the electrical characteristics of fhe

capacitor.

Preferably, the specified 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.
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menber. Thus, besides the action and effects described abo%ﬁbmm&émﬁﬁo4
possible to enhance the electrical characteristics of the <capacito
Preferably, the specified interval provided between the connectlon and t he
second plated layer is 0.5 nmor over. Thus, it is possible to further
obtain excellent effects as described above. 8 Decenber 2004 Preferably,
each first surface of the positive electrode termnal and the negative

el ectrode ter Ppeferaklyidengihd imatssurflanec@f| therremttive eheetredsl|ic
compound | ayer, at |east one second surfaces of the positive electrode
terninal ab@rmhpahaps the n@IQ@é‘«:er@delta@I:ﬁPﬁQItqwménsluesmré& Edhsto the
capacitor el enment_and a second pl ated portion dIS osed apart fromthe
connectlonpé§t§d5§%3?¥l%BdlﬁF%rgﬁFerFﬁ a&aﬁﬁeEPWBﬂ PHCLBYBE - an under coat

I h I d a I I d | ' . h d

ayer, and i Y SEASH I SEYH | FORERAEP HEs B ag&‘%l%%et BReBrAofrat ed

I d | | ted | d I d

i or ot al FPETSBRGo AR | B, PBaroudh et olbrodh . ToBiumet CERERasE0R The
I d |

pl ate aySégleE%gnpA@tthQ?c;’é,ﬁa%ﬂéf’rOSSIeBﬁgQ{Ihya o eoﬁa eﬂfe& psr%%e

nmetallic cord 0 reduce € cos

S| rm' | Tyi nai&.gssg&nabaetc%keﬁ PheCE3AneBtebe 8R! ¥ sbae-lﬁfhaat iRkakedal,ayer

is 4.0 pmor over
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 thé plated layér.

Thus, plating is performed on only one side of the plate

metallic member. Accordingly, it ispossible toreduce 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 thlckness of the 1ntermetallic compound layer and to

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

from 0.4 pm 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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thickness. By this configuration, it is possible to assure ghe. opbhimim
thickness of the internetallic conpound |layer and to obtain a tin plated

| ayer higher in heat resisting adhesion. Preferably, the internetallic
conpound layer is in arange fromO0.4 mto 2.0 pmin thickness. Thus, it
IS possible to reliably obtain a tin plated | ayer higher in heat resisting
8 Decenber 2004 adhesion. Preferably, the silver plated layer is 0.3 .mor
over in tadb&skss. By this configuration, it is possible to assure the
optimum thi ckness of the internetallic conpound |layer and to obtain a tin
pl ated | ayer higher in heat resisting adhesion. Preferably, the first
plated layer is atin plated layer. By this configuration, the above
effects will bEreferably.ethangddveprelatedl jayenecld idst suomeyemdiudes
an exposed ﬁgrtion not covered by the outer jacket resin and an outer

j acket porthdrknegser Bl s cABLdORERALLGRK T LERIESINE tRAFFVES Theat ed

| ayer di sposed on the exposed portion is thinner by 0.2 mto 1.0 humthan
the first PPREEYM Bhirkapsfostdthenitherpetatliadrysid sy empngto
configurati .besi des he effects described. above, it i.,s possible to
reduce benﬂgﬁslnsf‘r %gegiﬁ/ﬁ%ﬁ Lﬁﬁﬂﬁlsﬁ}ﬁ%’:p’dkilﬁ% f&*‘é@ﬁ’ﬁ’cﬁ SOG4t i ve
electrode termnals is perforned after nolding with outer jacket resin. As
a result, leak current of the capacitor wll

Preferabliy, 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
not cdvered by thé ocuter 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 ym 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

 electrode terminals is performed after molding with outer |
jacket resin, As a resulﬁ, leak current of the capacitor will

be decreased.

Preferably, the capacitor element comprises:

a porous positive electrode body formed by sintering a



be decreased. Preferably, the capacitor elenment conprises:
positive el ectrode body formed by sintering a 8 Decenber Zggﬁgggﬁ%28%4
havi ng val ve netal powder; a dielectric oxide filmlayer forned on the
porous positive electrode body; a solid electrolytic |ayer disposed on the
dielectric oxide filmlayer; and a negative el ectrode | ayer disposed on
the solid electrolytic |layer, wherein the positive electrode termnal is
el ectri cal loompaarinéatvédgt gafilre pesiafli pewdkrcet r ode ‘body, and t he negati ve

el ectrode termnal is electrically connected to the negative el ectrode

| ayer. By thisacéhélectris oridet £1imgeysitbfernedaht 2hg ROEAPAGASITLIN I ch
ensures the effects described above. Preferably, the capacitor el enent
conpri ses: eleatgiogde MeAF:: a dielectric oxide filmlayer fornmed on the

surface of the valve netal; a solid electrolytic layer. consjsting of
conduct i ve pol WEPlidieds6d&qI¥fitntr g AdErrse R efﬁiilﬁi?ﬁiflﬁ? 03?11@%

negative el ectrode | ayer disposed on the solid electrolytic |ayer,
film layer; and

a negative electrode layer disposed on the solid
| electrolytic layer,
wherein the positive electrode texrminal is electrically
connected to the positive electrode body, and
the negative electrode terminal is electrically connected
to the negative electrode layer.
By this configuration, it is possible to obtain a capacitor

which ensures the effects described above.

Preferably, the capacitor element comprises:

a valve metal;

a dielectric oxide £ilm layer formed on the surface of the
valve metal;

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

a negative electrode 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
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wherein the positive electrode termnal is electrically c%n%%%%&gzb&;the
positive el ectrode body, and the negative electrode termnal TS
electrically connected to the negative 8 Decenber 2004 el ectrode |ayer. By
this configuration, it is possible to obtain a capacitor which ensures the
effects descri bed above. Preferably, the positive electrode termnal and
the negative electrode termnal are bent so that each first surface of

t he positiedeEzede obYe%r ni nal and the negative electrode termnal is

positi oned on sane plane, and each of the first surfaces, can be so| dered
onto a subst raﬁ%?hpﬁe?%?ﬁ%ﬂiﬁaﬁﬁ%neﬁd: 57? Horﬁa'“ﬁ)e-lg%gf’ & GRATEFRF nal

and the negative el ectraode | eadi ortion are electrically connected to
each ot her? lbdﬁaﬂ%Y?%éaﬁﬁdﬁﬁﬁ%°€§e ?§°¥£%?€r%.?$$'each first surface of
the positive electrode term nal and the negative el ectrode termna
conprises the first plated layer directly disposed on the netallic nenber,

and the interﬁ%%%%éégb npgyg?réﬁg%fi@grrmgiéa£qu$ L@g&&iﬁgggﬁ?ﬁi bgtween

the netallic er and th ated | ayer; e secon ace of the

negative &g&w@g éféé‘%{@de Pa$miRal OMRE Hen@so A tCOABR il gt blgkudes a
ni ckel undertcoat layer disposed on the netallic nenber, and a silver
plated | aysf {HiSpe3dive iR t4Rr e@ahiha¥ednd the negative electrode

terminal is positioned on same plane, and

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

Preferably, one end of the negative electrode terminal and
the negative electrode leading portion are electrically

connected to each other by conductive bondiﬁg agent.

Preferably, each first surface of the positive electrode
terminal and the negative electrode te;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, |

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



the connection is electrically connected to the negative_88q§%gﬁg§50&p04
el ectrode | eading portion, the second surface of the positive electrode
terminal is electrically connected to the positive el ectrode | eading
portion, the positive electrode term nal and the negative el ectrode
termnal are bent so that each first surface of the positive electrode
termnal and the negative electrode termnal is positioned on sane pl ane,
and each efletdtgofder dieasiimiapertdam.be sol dered onto a substrate.

Preferably, each first surface of the positive electrode terqu$L and the
negative el ectheodeemrdintassnet $&s preitivesielfclieafs fRdmidialedd v

di sposed on the netallic nenber and the internetal lic _conpound J.ayer
formed by eleatmiadldy cornesied bet viden E%i%‘feam%eﬁ%ﬁﬁgg ;r‘ﬁ? first

pl ated |ayer; each second surface of the positive electrode term nal and
t he negat iBRF%1Ut rode terninal conprises a nickel undercoat |ayer

di d h | Li . th |
el oct T ode ter RPORLE VS ChERRd R ot Soie PRy Rt Fact e,
plated | ayfre%fmdgﬂsﬁﬁloiafrged?}%&t{ 0g Mdercgal FRYEE: siPPabOEUAObdSitive

el ectrical negat rve
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 electrode
terminal and the negative electrode terminal comprises the
first platéd layer directly disposed onAthe'metallic member,
and the intermetallic compound layer formed by heat reflow
treatment between the metallic member and the first platgd
layer;

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

the second surface of the negative electrode terminal has
a connection,

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

the connection is electrically connected to the negative

electrode leading portion,



el ectrode | eadi ng portion, 8 Decenber 2004 the second surf ecQfind:RB04
positive electrode termnal is electrically connected to the positive

el ectrode |l eading portion; the positive electrode termi nal and the
negative electrode termnal are bent so that each first surface of the
positive electrode termnal and the negative electrode termnal is
positioned on sane plane, and, each of the first surfaces can be sol dered
onto a subst rele Freind aiIsfacmef fthesposaitizee effeqtroqrodiermidad dé rode
termnal and the negative electrode term nal conprises the first plated
| ayer di r €EGELd edcomnefkedetal Ithe mepktive anglerbrede e ledding ¢
conpound Iayer formed by heat reflow treatnent between the netallic nenber
and the fiBot 1;51“3‘( ed layer; the second surface of the posi tive electrode

t | d.l tl d h
metal | o menbame BRACLITEcoRe iR ds FeEmPRt Tube e YA iR Sanieds hea
fl t t t. het th et | 1 d._th ted
ayer: thd CaRgHt Y TR oPo REeReaabrVE e bRTotRSY crim A Do n?ii s a
connect orafegtdcmeecegfim%ﬁgl PhfkenBOLELER s PaseterBREr kolhamaney
at a speci

connection I 'nt erval e connect I'oNn "has nic

under coat Jayer; HePoSE%ame plane, and

at ed

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 directly disposed on the metallic membar,
and the intermetallic compbund’ layer formed by heat reflow
treatment between the metallic member and the first plated
layer:

the second surface of the positive electrode teminel
comprises a second tin plated layer directly disposed on the
metallic member, and a second intermetallic compound 1aﬁrer
formed by heat reflow treatment between the metallic member and
the second tin plated layer;

the second surface of the negative electfode 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



on the netallic nenmber, and a silver plated |ayer disposed ggy, sguper
2004 the undercoat |ayer; the connection is electrically connected to the
negative electrode |eading portion, the second surface of the positive

el ectrode termnal i's electrically connected to the positive el ectrode

| eading portion; the positive electrode term nal and the negative

el ectrode termnal are bent so that each first surface of the positive

el ect r ode titey nndsrcoat tlagemegati ve el ectrode termnal is positioned on
sane -pl ane, and each of the first surfaces can be soldered onto a
substrate. Prdfer gohpecthenfisselectiieally conngpinad e Weaegsddve

term nal conprises the first plated layer, and the internetallic conpound
| ayer for reedhrdieatlaagiingoworitd@inent between the netallic menber and the

first plated layer; the first surface of the negative el ectrode term nal
i ncl udes a cofR@cteernd Hrkpcse &ndbs RPELtHERt IO GAR dETHRG 5 om t he

connection at a specified. interval; the connection has,a nickel nplated
under coat $XERATIFAIEONRACEEL HRt NS PThbhre anﬁgﬁchPagr Hﬁaaffj&g | ayer

di sposed on e undercoat |ayer; the second plated |layer includes the

{
first pl atR¥EYSY,  and the internetal lic conpound |ayer formed by heat

reflow 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 ref:i.m-f\ir treatmept
between the metallic member and the first plated layer:

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

the connectionhas a nickel plated undercoat layer disposed
on the metallic member and a silver plated layer disposed 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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treatment between the nmetallic member and the first platedg&,Degenbgs, 2004
| ayer; the connection is electrically connected to the negative electrode
| eadi ng portion; one end of the first surface of the positive el ectrode
terminal is electrically connected to the positive el ectrode |eading
portion; the positive electrode term nal and the negative el ectrode
termnal are bent so that each first surface of the positive electrode
ternmi nal akRYeRe negative electrode termnal is positioned on same plane,
and each of the first surfaces can be soldered onto a substrate.

Preferably, theheetenneethenbts slrebmiaally gannactEd Hey thenaeghttive

ni ckel and fickel allo and the_internetallic conpound |ayer is a conpound

cont ai ni ng®1¢FHEAAG ﬁ?%ﬁépg PPELEPRBI y, the metallic nenber includes at

| east either one of .th per, and copper alloy, and the internetallic
conpound | ayer®?% %p@oﬂgo%ﬁg %&ﬁﬁ&iﬁ?ﬁpacﬁiﬁﬁa e HNEELIVE metissdrode

manuf act urj lid ectrolviic capacito of .the present invention
conpri ses Jf%gmg’tl%%sl%feﬂ?%rf%¥“¥lgcoafpr}efcftﬁé FieatBg Pagéf}vﬁﬁ EHEGET er coat
layer, 8 Dpgggbgt $8841ion;

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 metallic 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

the intermetallicAcompound layer is a compound containing

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

of the present inventlon comprises the steps of:

(a) forming a first plated layer, without undercoat layer,
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directly on a first surface of a netallic nmenber; subsequgg&kﬁn&?ﬁgapg an
internetal lic conpound | ayer between the nmetallic nenber and the first

pl ated | ayer by heat reflow treatnment, where the first plated |ayer
includes at |east either one of tin and tin alloy; (b) form ng a nickel
undercoat |ayer on a second surface connection of the nmetallic nmenber, and
further formng a silver plated |layer on the undercoat |ayer; (c) punching
t he net al | dd reertiigr onntao £d rpitedatrfarened shajpdalildcf oembpositi ve el ectrode
term nals and negative electrode termnals, where the netallic nmenber is
punched so thatsubsequedtdly tHermhegatanveislkternetddlier dompoursd f dayed as
the connection; (d) bending the positive electrode termnal and the

negati ve elbéivesdethermealliqmerheadandr bhediingfapdatedntiayer)by heat

el ectrically connecting the connection to the negative electrode |eading
portion of T&2fd@yadinedtmendent, and electrically connecting one end of the
positive electrode termnnal to the positive el ectrode Ieadkﬁgz ortion of

the capacitor "oe&sethe BiTshe R IdMetodrlndesalir o3SY i ToO8ses

can be si i.fied. a result, it is possible to manufacture solid

el ectrol yt I’E@;J cta?‘ﬁ’ac?int‘ﬁftsmatai ‘costs. 8 Decenber 2004
| (b} forming a nickel undercoat layer on a second surface
connection of the metallic member, and further forming a silver
plated layer on the undercoat layer:

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

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

(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.

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

electrolytic capacitors at low costs.



Preferably, the undercoat, |layer is a nickel |layer forned %Qb@gytic
plating, and the silver plated layer is formed by electrolytl at1 ng.
Preferably, the netallic nmenber is formed fromeither one of nlckel and

ni ckel-iron alloy, and the internmetallic conpound | ayer includes an
internmetallic conmpound of tin and nickel. Preferably, the nmetallic nenber
Is formed fromeither one of copper and copper alloy, and the internetallic
conpound | ayerPrefdnaleky anthetwrdestcaidti dayerpdsnd nickeh hawelcoﬁxpmed
Preferably, a step of formng the . intermetallic conmpound |ayer is such
that the ey ®ileatoediee BRaEANDer aRd e Sidver plated lavpesr 1Fsfeumgect ed
to heat. ref low treatnent at 400C to 800C in an oxygen atnosphere of
200PPM or WeseleatrrlyieieiPLatingated layer is melted by the heat ref |ow
treatment to form an internetallic conpound | ayer, containing tin and the
metal of the netallic nenber, between the netallic nmenber and the first

| ated | Pr ef t h f.act th t th
Steps of ay?b %#%5%%59@‘0&%? NERANIAG BerREp, Lt el SERD BYPRER, Ohos
Decenber lﬁ gelconnect nwth.the resinin such manner t hat
t he ot her % o) 4 %ﬁ BgsP?F g eF£8Pr8%g Yer#Bal and the other end of the
negative el ectth%danS%{?gh_lﬁE; coqﬁip&ﬁ'ﬁij ’la@@g includes an intermetallic

compound of tin and nickel.

Preferably, the metallic member is formed from either one

of copper and copper alloy, and the intermetallic compound layer

includes an intermetallic compound of tin and copper.

Preferably, a step of forming the intermetallic compound
layer is such that the metallic member which forms the firet
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 form
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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(g) bending the positive electrode termnal and the negati e
term nal not covered by the outer jacket resin. The effectg\s/[?(ies%(r%?{))(9fj
above will be further enhanced due to each of the above manufacturing
met hods. Preferably, the step (a) and the step (b) include: a step of
form ng a nickel undercoat |ayer on the connection of the second surface
of the nmetallic nenber, and further formng the. silver plated | ayer on
t he under c®hemeRyepnd dihe C%@Fééo@f wishni g ZeFin din prghelaprRgErthata
position aced apart_at | east 5 mmfromthe connection; a step of
formng a Eg S0y oF ot RW&HV&&%&PROQF temnipabiandeFheREReT i n

and tin all oy, out undercoat, direc on the first surface of the
metal lic nﬁﬁée?y LRS- hePRE e, i soiandt ‘?“l*&‘aéo AT Bofbeen the

RiD 1 RrloEl HetbFAR B il Bl B L
oA 90 AT bSO 48 SO

nmet hod, itp.hsiR0ssible to reliably manufacture 9 Decenber 2004 solid
el ect roI ytic capacitors which are excellent in solder wettability and

el ep% rical chagpggt gFksttssaesbRivs@Upovalidian bRerateRedf chREALBE8 &HE
positive

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 metallic member, and further
forming the.silver plated layer on the unc'liercoatrlayer;

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; anél

forming the intermetallic compound layer bhetween fthe
metall;ic member and the first plated layer by heat reflow
treatment of the metallic member having 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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el ectrode term nal and the negative electrode term nal by punpDbieh@etines
netallic nmenber of the step (c), The step of formng the plated |ayer and
the internmetallic conpound |ayer on the first surface as in the step (a)
and step of form ng the connection on the second surface as in the step
(b)are executed. By the above nethod, the effects described above will be
further enhanced., Preferably, after the step (a) and the step (b), the step
(c) is ex%ﬁﬁf'@d‘?lBVtFﬁngtﬁ‘E't re@acitqrs ydsigiplare exagllanty mmdikdsmr e

solid electro I c_capacitors which are excellent in solder wettability
and eIectV?téﬁgliéﬁgcﬁgaig PE?Flﬁﬁéf&ﬂﬂﬂ%ﬂtﬁqﬁ§qﬁﬁﬁﬁacturing met hod
further conprises: a step of disposing outer jacket resin by covering the
capacitor elenent and the connection with the resin in such manner that

the ot her en Sit] | ect,rode.termpal. and the other end of the
negative eleg?géﬁégggg ’mafgkg eXbos EFPan quﬁéhﬁ%r%§6@@Qﬁ%E&Y%g t he
first pla i h osLti | ectrode term nal. and negative
el ect rodeé’?g?ﬁfﬁgﬁ clt'fe 3?%3‘?%?% c% hghgg)orﬁf3 %(%iﬁgt ?(E)L\‘/agr &89y rrc‘teﬁzénlé’tﬂ Y acket

resin, thgaREMingRkhBImbRa 1l hdtiihe b2 R i ngly, By this nethod,
bendi ng stresses can be reduced when a
The step of forming the plated layer and the intermetallic
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,'atter 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

wettability and electrical characteristics.

. Preferably, the manufacturing method further comprises:

a step of disposing outer jacket resin by covéfing 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 electrode terminal are

exposed; and
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positive electrode term nal and a negative electrode term @%ece&;e?z nt
after nolding by outer jacket resin. As a result, leak current o

capacitor will be decreased, inproving the electrical characteristics of
the capacitor. In addition, it is possible to reliably manufacture
excellent solid electrolytic capacitors. The exenplary enbodi nents of the
present invention will be described in the followng with respect to a
solid el ectrobjeistingaphe forsandlatedt hageofdispedadten itige pamd.timeenypl ary
enbodinent 1: Fig. 1 is a sectional view show ng the configuration of a

t ant al um ellecttroldet Fervapadi and negatdafe erlazintate teprdinadr )fommed adol i d

el ectrolytic capacitor. in the first exenplary enbodi nent of the present

i nvent i onthen pRigfion nole eaypered oY cbhpr PY¢EeTa Jéghad res i8l eftdareby
positive electrode lead wire 2, positive electrode termnal 3, negative

el ect r ode Me&dmoh fihes Ligstd Rkt IR FHEgEi®5,  and outer jacket resin
6. The capacitor elenment 1 includes a 8 Decenber 4 positive el ectrode

body, and a c&¥dddtis d"5peRd f‘P?W*%?e?Fre%FFdG@FZIg Er SeHICEY) &hd

he post t PSR AR EeFAnE Lyt (o oBrEERT TP HEP B IBHE 11 vo

oL oot 00 AR L AP BT kB S | oA {BesSE, Bl T
current of the capacitor will be decreased, improving the
electrical characteristics of the capacitor. In addition, it

is possible to reliably manufacture excellent SOl:E.ﬂ

electrolytic capacitors.

The exemplary enbodiments 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 sectional view showing the configuration of a
tantalum electrolytic capacitor {(hereafter called capacitor)
as a solid electrolytic capacitor in the first exemplary
erﬁbodiment of the present invention.

In Fig. 1, the capacitor con_lprises a capacitor 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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connected to the negative el ectrode | eading portion. The @%%&%1

el ectrode termnal is electrically connected to the positive e %%t29%4de

| eadi ng portion. The positive electrode body is fornmed by sintering a
conpact of tantalum powder, and the positive electrode body is porous. The
outer jacket resin- 6 covers the capacitor elenent | in a state such that
each of the positive electrode termnal 3 and negative el ectrode term nal
4 is part pesigivgposkartrrdadwil siatl argendcdilvej geide fddimnl8YRE.capabl e
of electrical insulation. The positive electrode lead wire 2 as a positive
el ect r ode sPdadi rdechspilvbac dagemnedcedagstine pedpctyede| davps5dérBédy, and
one end of the posjitive electrode | ead wre 2 extends fromthe, surface of
the posit Shevalecihibelr B35Sy . SedBeRhdabY HAHdG keSS eOne |t RE r BEELLAVERI nal 3

i s connected by wel di or_the like to the paqgsitive_ el.ectrode l.ead wire 2.

|
The of her CaREEPSENBOREs: (TA% CANAT T Tud LUl LBCLRFBRIE BEP 161 Ene |
ey ohe. COREEEP N AEGRE FORELOR B & diatAtive BLSEsRrn a5 Bhe
ducti ' h ' de, | f
2004 the PEigaLtor iEnapdatevh STEARIE SIS B ShBedllagT®

as one ! eifididlodedl & EMO%eGaND0E! ! BlecREa! HRAa1RR] iirdilth NoGRH Ve

el ectrode termnal 4 extends dut o outer jacket résin 6 and is bent
al ong the I}H-Eﬁrid@cééféche&dé‘ temilHHsS 4 st BeeBLP@EAL Y EORhe £064 04 heAl

connection is forned.
positive electrode leading portion. The positive electrode
body is foz.:med by sintering a compéct 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
the positive electrode terminal 3 and negative electrode
terminal 4 is partially exposed to the outside. The outer
jacket resin 6 is capable of electrical insulation. 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 the
surface of the positive elecirode 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 resin_ 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

- 32 -



Fig. 2 shows a plan view and sectional view of a | ead fram?gD%c lzlggrrﬁgog he
positive electrode termnal 3 and negative electrode termna used for
the capacitor. Fig. 2 (b) is a sectional view of the 2A- 2A |line portion
of Fig. 2 (a). In Fig. 2, the lead frane 11 conprises a strip-form
metallic nmenber formed fromnickel or iron-nickel alloy (such as 42

alloy), or copper or copper all oy"%such as copper-nickel--tin all OX;). That
is, the | etefeaprcitior selament k- n¥hsenegativhe JeGtnosde died@ingde

termnal 3 and negative electrode termnal 4 are forped on the |lead frane
11. A firsts sinmmad ags opgetermingt LoF HfenneddCPraRet1eny ncqtrtfblé‘:jf Bin
Cayer for feR EtmRmedRENTe pLacedonsy EPOPARY | HOCHRAGH ITE Rnbdte I n

Dt or ot al PRECEGIROERE 156t 6 898 he b OReIANT thceuthie Trsttietioer 11
i n-copper 6+ TR  thear et PymiSy, ASL BT oy bR R Emed, | (o
The first surfBd: HRPSUsoRdits il BRRde bl oot g e e~

after bendipondhg! NenPOBbbitevel ecd18derdcs Mhlghidadns BAGAUSgaelest rode
own i g.

termnal 4 s in 1, and the first _surfacels_solderedtoa
substrate. gThettblePtetftnhdYeuse@Fdr the tapesiedal | Fagioepuhdibayer are

formed by a step of

sectional view of the 2A-2A line porticn of Fig. 2 (a). In Fig.

) 2, the lead frame 11 compris‘es a strip-form metallic member
_formed from nickel or iron-nickel alloy (such as 42 alloy) , Or
copper or copper alloy (such as c_opper—nick_el-ti_n alloy) . 'That
is, the lead frame 11 is metallic member 11. The positive
electrode terminal 3 and negafive electrode terminal 4 are
formed on the lead frame 11. A first surface as one surfaqe
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 intermetallic compound layer is tin-nickel. In
case the metallic member 11 is copper or copper alloy, then 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 pm to 2.0 pm in

thickness. The first surface corresponds to the outer surface
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directly forming the tin plated |ayer 7 wi thout undercoat qﬂDmkgﬁmgwéjace
of the netallic nmenber and by a step of formng the intermetallic conpound
| ayer of tin-nickel or tin-copper between the netallic nmenber and the tin
pl ated | ayer 7 through heat reflow treatnent. A second surface as the

ot her surface of the lead frame 11 includes a nickel undercoat |ayer 8

di sposed ona h f‘lﬁgrface of the petallic nenber, and a silver plated | ayer

9 di sposed® ehnBerddag pPiybthe gposhbive cledeatmpde darming vangd about
T RS A A i SR, g e

{ ﬁgnggéggi birEdfe BRAB et £ ﬁmnﬁi&s&?ﬁ PR VR R I e S
espect  to PR HiREpal e EORORE (9ay8T HRET EOERRa " 3’0'?2%?%5? 1oy
The i ron- nespePtLYPELERINICERL! Lhn Wéd%f%f\n ‘@‘%ﬁe RS P at e
layer 7 waghdi$e6tdde i PBE m&Paiifc '?Fén?déﬂ' %n@aﬁge.%]s‘@e?h tf%#%% 'n a

variety of thickness. Subsequently, these were to ref

Decenber 2ffi¢ermeshlBit idorgbdidDIBREE OF AN-ATKRLY ISR %%@ﬁ-'édpﬁ:%
500C, thereby formng a tin-nickel Internmetallic conpound |ayer t ween

the met al | betweshethemtk i ic mepbatredntiayes thn Prleted layer 7 through

heat reflow treatment.
A second surface as the other surface of the lead frame li
includes a nickel undercoat layer 8 disposed on the surface of
~ the metallic member, and a s:i_.lvef plated laysr 9 disposed on
tﬁe undercoat layer 8. The nicksl 'unde'rcsat lsyer 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 capacitor 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 thic_kness of tin plated layer. That is,
iron-niskel alloy was ﬁsed asa strip-foﬁn metallic member whicﬁ
forms the lead frame 11. The iron-nickel alloyusedwas 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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capacitors in the enbodiments 1 through 20 were manufact ur gty bynLa 3841 eces
each. These capacitors were subjected to a noisture resistance test In an
at nosphere at 60C, 90-95%H for 240 hours, and al so, the sol der
wattability after the noisture proof test was evaluated. The results of
the wettability test are shown in Table 1. The wettability was eval uated
by the solder equilibriumnmethod based upon ELAJ net hod, ET-7404. The

sol der past&egsBgnficisn RNR Pl raL7Rhlodhexyganuden ot ideapeyEIdre i s
235C. In the evaluation of solder wettability, it, is judged to be "0"
when. zer o ERBESPHg MO NG 3. Fiscaickel |imtermatnl ahepmpennd claysimg
time is 3.1 or over. 8 Decenber 2004 Table 1 Sn plated Oxygen in

Wt t abi | it YeFEGER e OGissliemesheruardckhatiisy PAatedutayerm { pFisr.oof

t est Enbodinent 1%BSOX Enpodi nent _23100X Enbodi nent 33200X Enbodi nent 43250X
Enbodi nent cgggs& ors 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 results of the wettability test
are shown in Table 1. The wettability was evaluated by the
solder equilibrium method based upon ELAJ method, ET-7404. The
solder paste used was RMA type of Sn-37Pb. The evaluation
temperature is 235°C. 1In the evaluation of solder wettability,
it is judged to b’el“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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Enbodi nent 641000 Enbodi ment 742000 Enbodi nent 84250X Enbo@!;iﬂ%%bé%%@cg
Enbodi ment 1051000 Enbodi nent 1152000 Enbodi nent 125250X Enbodi ment 8500
Enbodi nent 148100. 0 Embodi ment 1582000 Enbodi ment 168250X Enbodi ment
1710500 Enbodi nent 18101000 Enbodi nent 19102000 Enbodi ment 2010250X In Fig.
1, when the tin plated layer 7 is 4 pmor over in thickness, the sol der
wettability is excellent. Particularly, when the oxygen in reflow furnace
is 200 or less in density, the sol déaPdetlability will be further
enhanced. At hnugh the Pa,p_ar‘i tor is here manufactured w th the ref | ow

furnace sqt a constant tssnpertetiure |of 5@8Genbut it |isweetabillitgted to
this., but| the t er at utaernthipkness | owhlenatveniee (lesfrabheistorde | not
| ower tharlthe meltihgipoint Wiin, 231, 0C(ermB6 8 Decepivef D504
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 @
Embodiment 8 4 250 X
Embodiment ¢ 5 50 O
Embodiment 10 5 100 O
Embodiment 11 5 200 O
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 pym or over in
thickness, the solder wettability is excellent. Particularly,
when the oxygen in reflow furnace is 200 or less in density,
the solder wettability will be further enhanced.

Although the capacitor is here manufactured with the reflow
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.



However, taking into account the actual mass-production prqgs eﬁémb +bbod S
desi rable to further increase the treating tenperature for e purpose of
realizing short-time melting to shorten the tact time for production. That
is, the optinmumtenperature range is 400C to 800C. Accordingly, the
tenperature in the ref low furnace is set to 500C in the present

enbodi nent. Next, as for capacitors having the above configuration, the

rel ati ons HAWEYRT ktAK1DY HiGACERUNE FHEraC tuA lRARS SPHPAUE HION PrORSISS ,

intermetal | i c conpound | ayer, and heat resisting adhesion of tin plated
layers of theks® desifahls $aduatbexrl iRFEase THE freating tempergtisifet al | ic

menbers, 30% Ni.-Fe alloy (30 allqy), 42% N -Fe alloy (42 allo and 100%
o ckel - werkPRiddie DURPORE OF Foatl g SHOBE- ting mehtine ¢ Ph%la%ﬁég i

Subsequentt9E L RS SBFPEHTEELGR: { AT Feow b AIOL T o "%”t%e%res
rangi ng 100 300G Lg, FAOG! gﬂsfcgfe bR Ohaksh .| eﬁsrfaan;gélf#ufg

vari ous |n cKness, Dbetwe ayer

menber . %ﬁ%w%‘&ﬁxﬁa&?%&' Sto V?&o%vagnhghad wetsanrceaasshl}nantthe heat

resi sting adhesion in pla ed | ayer re u f's of eval uation are

shown in Tabl eyege, HiCr QXA ARRSL Natihd %Bla%éwfe?%ﬁ?ﬂgukatigﬁ The
t hi ckness of internetallic compound was cal cul ated according to the data

obt ai ned byeih€idHEeoretRE! kPAG SPLGhE BSTORY hetdr, tHidBiddW dhecniiteria
for heat resisting adhesion, a netallic nenber havi ng a tin plated | ayer
and interngigkélc mmwuhlnc 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 alloy) and 100% nickel were used.
A tin plated layer 7 .;3f 6.0 pm in thickness was dir‘ectly formed,
without undercoat, on each of these metallic members.
Subsequently, these were subjected to reflow treatment at
temperatures ranging from 300°C to 800°C to form tin-nickel
intermetallic compound, various in thickness, between the tin
plated layer and the metallic member. Each of these capacitérs
was evaluated-with respect to the heat resisting adhesion of
tin plated'layeﬁ:. The reéult_s of evaluation are shown in Table -
2. The oxygen density in reflow treatment is 200 p_'ém. 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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8 Decenber 2004 |ayer was bent in U shape of 0.5 nm bend radiys andgheft in
the atmosphere at 125C for 1000 hours, and after that, the bent portion
surface of the tin plated | ayer was observed by a stereoscopic m croscope
(rmagni fication 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 F2BLE vas Pepteln GnshaReaf & pmf b@ﬁ@eﬂddﬂv&?ﬁ amidnleft kioh Hideet
resisting talljctenperaturesinternetallicadhesjon of tine

menber s( O BEHPBRREEF i br L 3P ot iPT 40 DqyRey A ATG/A0BE, the DRG0

al 1 oy3500.2 -.0.3A 30 aIonépoqi4 - O.gp 42 all oy500 . 0.5 -- 0.70 100%

ni ckel 8001P 9T+ oFUrfagepiof Sthentin: pdatied hages ¥t cPREERVefc Pgoround

) ¢ ‘ . . d ' |
a1 “and ver §eERREbpBEE midro TebPe Pk F LSRR Y I000: e e e
i nter met al ti)Cb@%@u@ﬂeha¥ﬁ%yﬁéﬂgeﬁoéff& :Ps %chmpte%lQn pg?nldn"hm %Iﬁ(]a%ss,

peel i ng takes place partia d
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
membexrs _ (°C) compound layex- plated layer

: _ . . (pm) ‘

30 alloy 300 0.1 ~ 0.2 X
30 alloy 350 0.2 ~.0.3 AN
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 bent portion does not
peel at all and very excel_lenf heat- f_eéisting adhesion can be-
obtained. When the intermetallic compound layer ranges from
0.2 ym to 0.3 pm in thickness, peeling takes place partial;y.
When the intermetallic compound layer ranges from 0.1 pm 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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When the internetal lic conpound |ayer ranges fromO.1. pm g, Q.2 degy in

t hi ckness, peeling takes place over the entire surface. That I's, in order
to obtain very excellent heat resisting 38 - S Decenber 2004 adhesi on of
the tin plated | ayer, the tin-nickel internetallic conpound |ayer should be
at least 0.4 min thickness. Further, for obtaining excellent heat
resisting adhesion, it is better to use 42 alloy that contains a higher
per cent agaadiesiwkeif the thowhatekelayeln the tdB-Bockploipieate ki ns a -
| ower percentage of nickel. Al so, thicker tin-nickel internetallic
conpound $eReURGAagerohankedenst AgREE( thEM gt thoGkPefifer AU S gher .
Fig. 3 shows the result. of checking the rel ations&ﬂ between, the thickness
of silver ¥adFaifis @W%@dhgﬁttﬂ:@ﬁ%@ ‘%&éﬂ”p&st 18rPa%teRnd t he

oot st ancets (iperrg S1OFREY Rentn o pLeBe e S B aREL B ver i
t hi ck , .ESR.val i s _hi , | fyi

ke 10 P nRRER B bRl REE A ERPiG b Mook Phrcentace
confl guralypiy puply thaiy & 11 o PRLEe AVl cile] o5 A QLMRE a M 10 Wmpieg T cOL

directly on a netallic nenber having a positive ectrode term and

negative ef git o, ber 8h88knda BPhaidnly £neiSdelowit cipRraeRRE nigher

i nterneta conmpound l'ayer Is ™ formed by ref low treatnment between the
netal | ic menbegpi @nd $heys tnd PéALEE ot ckingd Bhk el aibngdHipg BePRESHhDI € to

STy the thickness of silver plated layer 9 disposed at the element
fixed portion 10 and the ESR characteristic of the capacito:r.
ESR stands for equivalent series resistance. In Fig. 3, when
the silver plated layer 9 is 0.3 pym or over in thickness, the
ESR value is higher, ireriffing excellent ESR charécteristic.

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 positive
electrode terminal 3 and negative electrode terminal 4, and
a tin-nickel or tin-copper intermetallic compound layerl is
formed by reflow treatment between the metallic member and the
.tiﬁ plated layer 7. In this way, it is pos_s_ible t_o simplify
tﬁe plating process and to reduce the ﬁénufaéturing 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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the plating process and to reduce the manufacturing cost. ,
excellent wettability can be realized for a |ong period SFI?I{CEHE&,&PM
capacitors with term nals ensuring excellent heat resisting adhesi on can
be obtai ned.. Thus, the capacitors obtained have all the desired effects. 8
Decenber 2004 In the present exenplary enbodi nent, as capacitor elenent 1,
an elenent for tantalumsolid electrolytic capacitor nade by press-formng
and si nteri ng Iof thenpakaenposwiemp gt guxrdinent elasctapdeitend men2

buri ed-in has been described. However, it is not limted to this

confi gur ath ot gd@ment £og1 fansgdsmselidoedsetualet énentpiot tep|matie

el ectrolytic capacitor forned from valve netal foil, and in this case,
same ef f e&%P£§S§€§€FF“Béﬂ angh 56 LA NG0B Faaiadgm pewder #3 thapret tore
elenment 1, jt is not, limted to this_ configuratigon, and it is al so

possi bl e t%l‘%%%r%‘?‘te é%ﬁﬁ-rﬁo? bupied-inRas Aepn éeéﬁﬁéépfior %W&)‘f‘?%q ng a

alie e ol S U B T B
SRS 0 AR £ 5 Y o S SLERE,
e RS PO e L RCL RS Al LAt oaglhaoplggh T oCC
tin-silverapove can be obtained.
Also, as capacitor element 1, it is not iimited to this
configqration. énd it is also possible to use an element for
solid electrolytic capacitor comprising a wvalve metal, a
_ die;ectric oxide f£ilm layer formed on the surface of the
valve metal, a solid electrolytic layer formed from conductive
polymer dispbsed on the dielectric oxide film layer, and
a negative electrode layer disposed on the solid electrolyt_ic
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 plated layer, tin-zinc plated 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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plated layer, tin-bismuth plated layer, tin-zinc plated | aygf ... 2004
tin-copper plated layer. And also in this case, same effects as described
above can be obtained. Exenpl ary Enbodi nent 2: The capaci tor of the

exenpl ary embodinent 2 is different 8 Decenber 2004 in configuration for
plating on the positive electrode termnal and negative el ectrode term nal
as conpared, w tgﬁt capaci tor _of the exenpl arqzlI enbodi nent 1. For ot her

h
conf i gur at i BAE® 3ot IEhtPARIGHAG PR REE O3 Hel Ex eAprary dertrrdt inmt 2is
those of MR ASHE S BB R, Catarta DinsefonBated Pl BRECARARH GRS and
I pt i | ' d | h ti di ff t f t hose of
the exempl ob s oot &y o Aisny acr Bg %ﬁ%ﬂe@ﬁi@%@;@if& #3415 a
[ (V7 | 18 | ti of ntal um,sal.i ectrolytic
igg;l:iotn gr Y{rzlﬁ%vhzdbgl\gefr% ary rpgg%%g#gr’réhlt q%'.e F?%?mgf?gyaegg’& 36[}?516;‘ v%evﬂ‘%f a

_ it inal., and negat.ive
| ead frame wWibgPicher 1% POSE g&gggggﬁgr%%loﬁ%@g They P t{gps

electrode termnal used for th and

capaci tor CcOa®AtSE51IHELROBhSSY HeItae! LRl &Y Bahodfnane i%e %%Ve

el ectrode term nal 4A. Each of the positive electrode term
negative elsaheadferendehindralfahdddfe desbisht i 1kA6HRLEEK 2aBRAH,

surface on the back thereof. The first surface can be soldered to a
substrate. #heipoptidres diffareht £rom those of the exemplary embodiment
1 will be described in the following.

Fig. 4 is a sectional view showing the configuration of a
tantalum solid electrolytic capacitor in the exemplary
embodiment 2. Fig. 5is a sectional view of ‘@ lead frame which
forms a positive electrode tenﬁinél 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 fiz;*st
surface can be soldered to a substrate. A tin plated layer 7
(4.0 pm to 9.0 um 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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(4.0 pmto 9.0 mthick) is directly formed w thout undercogt

surface of a netallic nenber at each first surface of the%t%ic%ﬂ?]%:ago%A and
4A. Further, a tin-nickel or tin-copper internetallic conpound |ayer (0.4
pin to 2.0 pmthick, not shown) is forned by ref |ow treatnment between the
nmetallic nenber and the tin plated |layer 7. 8 Decenber 2004 Each second
surface. of the positive electrode termnal 3A and negative el ectrode
terninal 4A i $aghsaprapd gerRaeef tthe pReitdpaciedectaiogeefierminad 3hown in
Fig. 5 a nickel undercoat layer 8 (0.3 pin thick) is fornmed on the
metallic ﬁ@r%é‘fa9§|§|1f’§ceel‘%ﬁﬁ'e?° P et eiinagl s‘b”céfﬁj asgrrgase eaprpaetedats)| ver
pl at ed Iag&la % i Emth'Ck% Is for d on afortlon connected to the
capaci t or Eﬁ@ o &erc%ﬁts WRFeAnd 16 G, aé‘ﬁ'céﬂe&n\éﬁ@e??ﬁéﬁ
portion 1 ese I ex odi nen t he
ni ckel u gt g& gi’ﬁ'g?{a %ﬁdé °fh %ﬁ?‘%%u?@t/gﬁﬁ‘ Sdr PRE aSF each
t erm nal I m n a I trode

t erm nal % etlh%hg e%tl JvT\{le S8 (tﬁl&q}?f%lﬁé a%ﬁl&/%éféelie%p%]gg‘{/ée dei?yffr t he

ni ckel ungg Eoéw&Yfékfﬁ'ssféjhﬁé’&’ P?B't&oﬁrb&hrpé)é{é&)@o ?&%? 3814 he

CapaCI tor e secon ace of the negative e
termnal . Mgt Btddo%hS m&ra&gy PeyEer Bed tiud heafXETRhahn¥ esmea' ent

1, a preparatory process such as masking is required. However, in
exenpl ary pyodnery % shehed) ating is perforned on the
| That is, in the present exemplary embodiment 2, the nickel
underceoat 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 1 . the nickel u’nder'coét layér 8 is disposed
only on a portion connected to the capacitor element 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 'i:he
entire second surface, any preparatory process such as masking
i1s not required. Asa fesult it is possibie.‘ to further simplify-

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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entire second surface, any preparatory process such as maskifg. is-got
required. As a result, it is possible to further sinplify the
manuf act uri ng process. Exenplary Enbodi nent 3: The exenpl ary enbodi nent 3
is different in thickness of the tin plated |ayer disposed on the positive
el ectrode and negative 8 Decenber 2004 el ectrode term nal as conpared with
t he above exenpl ar enbodi nent 2. That is, the tin plated | ayer being
exposed oféiégiﬁﬁﬁétF?Emépéétr%%ecP@Pﬁﬁ%% whih nddet | fBo¥Pe e E¥esIE.arar ni nal
For ot her configurations and the, nmanufacturing

imf,‘t 'hﬁé,s {Eeet iZ#ﬁErF%fﬁ, ZenbOBRfeht - 37 HideRleded 1aveR Paing@maseg of
enbodi ment BepshPEky ARl Fefuutah angiR e ulie blectLoth tRawmals
embod nent 3 viPFenah GERLEREESST ) RFT BEPER bt 1 Sl M
bl ect rol yt MEAEHCEL RN MR WAL b SO0 AL, 3 18 A EgEE *o

vent i on. wrifithe efenghakiCchbbainght ACCTbOpBeLS8LAeLAdh Lo S T o)

of the negative electrode termnal 4A a tinp ayer un

9.0 Fun thitHosd oithec ekempaad edbbAgkbn¥Nges £83g 1 Pén t ke %ﬁ‘eﬁfe%cq a
metallic nenber. Further, a tin-nickel or tin-copper internetallic
conpound | ayemer21} 4nButhé Aesripti dihiigkomitted, 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. | InFig.
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 unaercoat on tﬁe
surface of a metaillic member. Further, a tin-nickel or
tin-copperintermetalliccompoundlayer(0.4pm1t02.0umthi§k,
not shown) is formed by reflow treatment between the metallic
member and the tin'pla_ted layer 7. Similarly, though not shown,
a tin plated ;ayer 7-and an intermetallic coﬁpound layer are
also formed on the first surface of the positive electrode
terminal 3A. |
Also, a nickel undercoat layer 8 (0.3 pum thick) is formed

on the surface of the metallic member at each entire second
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not shown) Is formed by ref [ow treatment between the metalgdg. . ? and
the tinplated layer 7. Simlarly, though not shown, a tin p ate Iayer
and an internetallic conpound |ayer are also formed on the first surface
of the positive electrode ternmnal 3A. Also, a nickel undercoat |ayer 8
(0.3 pmthick) is formed on the surface of the netallic nmenber at each
entire second._ - i% 8 Decenber 2004 surface (to be connected to the
capaci t or SfERRGE (P Be copregisdeto §B§i‘?#W%‘F‘i@éﬁﬂ@@l@nte}&hrﬁdiheszb?‘gﬁo
negati ve el ec de terminal .4A. _Further, a silver plated |ayer m
th?ck) i s ?%?Heﬁ o‘#eacﬁﬁﬂ‘{‘? Gﬁrw&ﬁﬁéc?%&nﬁoﬂ%%t‘T:‘éwéetc&rroélee'ﬁ%ﬁmqabn t he

d t er. Thus, an.el erre e orti,on 10 is forned. Al so, the
'ltjﬂi grkﬁggs'&g{" &*riihef‘F olPafddY] Fﬁy% 9eﬁli>a<1]r@@£r £r & 4% ko dsofpameRd a

K 6, dth
O her _par (07 s endo et ipeehd B &S a%%%%’giﬁ%lf SESRaRE Tnikk ke 1 2"
of Lin bl ahedebaust 1.l of onlr | LAY ke cOVELEH B Lie DL chackst resin

6 is machined tgrln ng or ean i 1.0 pm

| ess than the Amgkl’ﬁ% Hitknelsisd tZ"' acfH 9h3 Of[a %Pr’f"gaﬁ Eit%ﬁﬁrﬁe | eak

showi ng the rel atlonshl p between the l ast-Qri n ckinéss

current 0f410q,m13%539l.0c21ﬁn afidFh part oehetdin %l%t%dpﬂhféroygr 'mold8h 1S
grinding is done by O pm or over, the | eak cdrrent
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 wm to
1.0 pm less than the thickness “fl".

‘Fig. .7 is a diagram of characteristics 'shov?ing the
relationship between the blast¥grinding thickness and the leak
cuz;*rent 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 curreﬁt
can be lessened thereby assuring reliability.

In this way, since the thickness "t2" of the tin plated lasrer
7 positioned at the portion, not covered by the outer jacket
resin 6, of the positive elecfrode‘terminal 3A and negative
électrode terminal 4A is about 0.2 pm 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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can be | essened thereby assuring reliability. In this way, ghncedBgos
t hi ckness "t2" of the tin plated layer 7 positioned at the portion, not
covered by the outer jacket resin 6, of the positive electrode term nal 3A
and negative electrode terminal 4Ais about 0.2 pinto 1.0 mless 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 term nal 3A and
negative el %EJE?%%I%S AT e U dugre therRendisiopreasionr jAetatdingiy, 6, it
I s possible 9 reduce 8 genber 2004 stresses generated due to the bending
operation. ACESHIGRE (LCdakhEhdsrpe £ thenambpstans Praxarterimticmt
characteris&jfc of acitor can be | essened. Particularly, by making

he.ca .
t hi nner the sof'la%r A asc&r%f) c& Be hrfsenedy St iglarin.ey makbendi ng,
the above ef be ther enhapced. enpl.ar nbodi nent 4: The
exenpl ary en%gﬁéénregt%y‘lf is’sglgfli%%%nFUF agBnft ra}?&b‘ﬁ FoPWsFdten ff T
plating on {&€enPesithy, ct m_nal d__negative el ectrode termn nal
as conpared with the alg%%lé& et;rgéjn%ﬁao(r%{/e é’%& i%%eﬁ?yl.geF%?rm%renhanced'
configurations and the manufacturing nethod, the exenplary enbodinent 4 is

identical wth the exenplary enbodinment 1. The portions identical with

those of t Exexsh@pl-arEnbsdosemENL: 1 are given same reference nunerals and
the description is omtted, and only the portions different fromthose of

the exenplary ertodixengldryvdnbd®iment 4 is different in configuration
for plating for‘plating'on.the positive electrode terminal and
n?gative electrode terminal as compared with the above
exemplary embodiment 1. For other configurations and the
manufacturing method, the exemplary embodiment 4 is identical
with the exemplary embodiment 1. The portions identiéal 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 56
described in the following.

Fig. 8 is a sectional view showing the configuration of é
tantalum solid electrolytic capacitor in the present exemplary
embodiment 4.

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

undercoat on the surface of a metallic member.
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described in the following. Fig. 8 is a sectional view showmg.the 504
configuration of a tantalumsolid electrolytic capacitor in the present
exenplary enbodinment 4. In Fig. 8, at the first surface (to be soldered to
a substrate) of positive electrode term nal 3B and negative electrode
termnal 4B, a tin plated layer 7 (4.0 mto 9.0 pm thick) as a first

pl ated | ayer i ldi rectly formed without undercoat on the surface of a
metal lic marrbe?‘. % 'DEte ErGQBBQCKFQBbt%ttH%é%tRﬂfﬂf’EQIF @i&ﬁ%?éefagggﬁ?t (i;

| erent 1 econd syrface (to be connected to capaci

gf t he ne%%tclto\%ed SELEACS IRED disiic n%&eaaltlﬁg %ﬁeﬁz%ﬁea%ggs?:?ﬁe)r ;gSi(chgr pm
thick) is f . ] surface o tallic _nmember. Fur , :
plated | ayél(raa'r f%ge%g?jﬁliggf %W:I)?%feg%dnatwlitﬁ?dr é‘_l“@&énal Foaltgzgig.i Il\gsgl a?ted
the second ,guf f ti.ve [0

| ayer 7a as a lggﬁ]g%gspﬁga{}q%%??gyﬂ&e :ﬁggé%;é)%?ﬁe&cﬁmﬁt_ i ’(RF;PaH‘S’lﬁ; r &dﬂ’é‘;%‘ét tt1 eat
a position il t - l.on. )

segond surfa:%::jé gf@f&%%dvgme{?gg:(%dgm rgr%cﬁglwg orge %%H%aet'i“ﬁ ﬁFﬁg@g
ayer 7a | dyenBd. ALSECaRGtne MAISR Shikh cLO0P UL BURY (60 fobp 2a0 M
thick.) of. tin-nickel or tin-copper 1s :tornmed by rer Towt

bet ween t heemetialdli,ca s@cded tAR0ph A eGELPEY i) o) étseéhdrﬁ%’%ﬁ.algd g??g,r an

el enent fixed portion is fornmed. By this configuration, e elec cal
is directly 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
‘in“termetallic‘ compound layer (0. 4A to 2.0 pm thick_) of tin-nickel
or tiﬁ-copper is formed by reflow treatment between the metallic
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 exemplr;lry

. embodiment has a configuration such that an intermetallic
compound layer of tin-nickel or tin-copper is formed on each
surface of fhe positive eiectrode terminal 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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characteristics of the capacitor will become further stabidjzed, baythis
way, the capacitor in the present exenplary enbodinent has a configuration
such that an internmetallic conpound |ayer of tin-nickel or tin-copper is
formed on each surface of the positive electrode term nal 4A and the
negative electrode termnal 4B. As a result, it is possible to further
stabilize the electric characteristics of the capacitor. Exenplary

Enbodi ment 5: TgeDexempderyoenbtddmersnpl 46 ydehbedenenin ot idivytadidan in
configuration for plating on the positive electrode termnal and negative
el ect r ode o8t MiAHingh @0 AhehResd tiveer e beptrode ake bt andinggatie
exenpl ary enbodi nent 1. For other configurations and the manufacturing
met hod, t IfeEiat§renbad drhinsshapegafiiccaPending asheopRarparith
enbodi nent_. 1. The portion igentic I vvithr?&&%ose of .the gxe Iara

enbodi menttPe EFETRAGEY ERRRIIEEBLehce PR CsCORELPHESGELRPI PR S s

' d, d I h, ' i ff f f th |
om0, bRl RNE LGSRl oMU SR o be SreBlALY
[ howi fi ' . t al ' I | it
v e SPOv g 16RO AYLBL) oBhudenloTL 2 SOLLSCRLETRERLILLS oo

Lok ooe ORI Ay S RUSEIOest LB, Hhne BerdRics! @
numerals and the description is omitted, and only the portions
different f£rom those of the exemplary embodiment 1 will be
described in the following.

Fig. 9 is a sectional view showing the configuration of a
~tantalum solid electrolytic capa_citor in the exemplary
embodiment 5. In Fig. 9, the -Capacithr has a positive electrdde
terminal 3C and negative electrode terminal 4C. One part of
a first surface as one surface of the negative electrode
terminal 4C is soldered to a substrate, and furI:her, the other
part of the first surface is connected to capacitor element 1.
That is, at the first surface of the negative electrode termiﬁal
4C, a nickel undercoat layer 8 (0.8 um thick) is formed on the
surface of a metalli¢ member of the portion connected to the
capacltor element 1, and also, a silver plated 1ayé,r 9 (1.0 pm
thick) is formed on the undercoat layer 8. Thus, an element
fixed portion 10 is formed. Also, at the first surface, a tin

plated layer 7 is directly formed without undercoat on the

surface of the metallic member, at least 0.5 mm apart from the
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termnal 4Cis soldered to a substrate, and further, the O%wcemﬁﬁﬁé HOf the
first surface is connected to capacitor elenment 1. That is, at the (%i r st
surface of the negative electrode termnal 4C, a nickel undercoat |ayer 8
(0.8 mthick) is formed on the surface of a nmetallic nmenber of the portion
connected to the capacitor element 1, and also, a silver plated | ayer 9
(1.0 pin thick) is fornmed on the undercoat |ayer 8. Thus, an el enent

fi xed portsbhved plated deyerAlso, The timeplated kaydémdeisafeimed phatkd | ayer
7 is directly formed wi thout undercoat on the surface of the netallic
menber, atfLE8§t swFams Har ther Posifdve Deebapbro®eotegminad piGt ed?| ayer
9. The tin plated |layer 7 is formed on the first surface of the positive

el ectrode EeRpphgkedcor Ain-Gopnegkdntermetalddspepmparad avsy (@ -doMPound

| ayer (0.4,im to 2.0 mthick nos@g\ﬁnﬁ%ﬁis forned b%/ ref |ow treatnment

between th2 4t WP EE Gleret shryny AR EFefdpy treatarntBetveeR

bendi g ShiBE TR O LRGORITTET R FBRprary DLaFBOdIRERE 4. AGF PRESGLREr
Thus, i n-t RasrEods: fekliBRy 3¢ AL ERBCIAT A B A ERL S50 58 i na
onl y one oP ERETEREr L0 BeptiRy undbel Broff (TRISE ' Fu ML [ xRARR Gy

g)e(g?r; : \ére-y_ebﬁ.sbaaﬁ@ntterm Nakor4€nksS Pt LdcoR¥1hRkate8RE] JWiRldeONis agol N the
difference from the exemplary embcdiment 1.

Thus, in the presgnt exemﬁlary 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 elecfrode‘ ferminal 3C and negative-electrode termirial
4C is plated. By this configuration, as in the exemplary
embodiments 1 to 4, it is not required to perform plating on

both surfaces of the terminal, thereby further simplifying the

manufacturing process. As a result, it is possible to reduce

the cost.

‘ Exempla;l:'y 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 solid

electrolytic capacitor.

Fig. 10 is a manufacturing process dlagram showing a

- 48 -



enbodiments 1 to 4, it is not required to performplating gm.batd-ga4 faces
of the termnal, thereby further sinplifying the manufacturing process.
aresult, it is possible to reduce the cost. Exenplary Enbodi ment 6: The
exenpl ary enbodi ment 6 relates to a nethod of nmanufacturing a positive

el ectrode termnal and a negative electrode term nal which are used for a
tantalumsolid electrolytic capacitor. Fig. 10 is a manufacturing process
di agr am sheanigagterbagenttho(ud arfind b isting wditeod tyessing system
first-plating-after-pressing system in the manufacture of a positive

el ectrode EBrFRNBRRHAGCREFEIGN @ Pasiddivooabeebrodadierainalocuphoegativased on
t he present _exenpl ar enbodinent 6. In Fig. 10, first, as shown in Fig. 10
(a), a tineprsteqds %‘?@Pi?%f’fﬁﬁﬁﬁ?c%oﬁlq@@@@l N L HeRIE IR hBEEMDAAEY coat
on one side ck side in the figure) of a strip-formmetallic member

(1 ead franﬁ“b%%i@fi“% &el or iron-nickel alloy (such as 42 alloy) or

tinoni ckel o ofn 'a:'g%&&s“ﬁ&aﬁ CaF FEOTh o 1 in'r('a‘ii”saf ifehlBherer | ow
;;egﬁlgevmntllr% G?Tétﬂ gg a In:il'%ke un&glcogﬁnﬁa‘élgﬁh%not ecdo ltax’er?Bélrng on

a portion %&%@e?ﬁﬁgkt Ql&él%f:lth%r fﬂ;ﬁf@?tof 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).

Ne;st, a tin-nickel or tin-copper intermetallic compound layer

is formed by reflow treatment between the metalliic member 11

and the tin plated layver. |

Also, as shown in Fig. 10 (b), a nickel undercoat layer (not

shown) is formed on a portion 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 fixed portion 10 is formed.

Subsequently, as shown in Fig. 10 (c¢), the metallic memﬁer

11 having a plated layer is punched into a predetemined shape.

After that, as shown in Fig. 10 (d), the metallic member

thus punched is press-formed to manufacture a positive

electrode terminal 3 and negative electrode terminal 4 which

are bent to a predetermined shape. 2And conductive bonding agent

5 is applied to the element fixed portion 10 of the negative

electrode terminal 4 thus manufactured.
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1 on the other side (surface side in the figure) of the netgahl.ic, . BEser
11. Further, a silver plated layer 9 is formed on the undercoat elayer.
Thus, an elenent fixed portion 10 is formed. Subsequently, as shown in Fig.
10 (c), the netallic nmenber 11 having a plated |ayer is punched into a
predeterm ned shape. After that, as shown in Fig. 10 (d), the nmetallic
menber thus punched is press-forned to manufacture a positive electrode
term nal 3 an@heegastfites ,checiroadeind® g ndlo fdeWhittle nagathestelectrode
predet er mi ned shape. And conductive bonding agent 5 is applied to the

el ement fisddie¢ pbredapacilionelenenteats pédaceldeon ridde coadmchdvedbohdsng

manuf actured. 8 Decenber 2004 Thereafter,:as shown in Fig. 10 (e) , the
negative @gdest §déo doad shecapnacidorecpdement] thergiteacedrnd phsitbvducti ve
bonding agent 5 to bond the capacjtor elenment thereto. And positive

el ectroded TRdee radkyigit oflehotamithe erkaghton e¢kemephndcisd by
welding or the like to the positive electrode termnal 3. In_this way, the

capaci t or clos‘fmseéi?edjp.bYAf"_’q]&ir’c%d?? ERAnbtES sBPy ther PesatdVPendieat¥PEm t he
ranut act rSHgRARGa b 1Y BTy o8 GRPRL T Lot SeF P vy BUSRE Phathe
ranutact ifuledh B0% YR S5 TR0R IR0 800 DEGRL HYEeShTL O
First, as showndn F194¢lL (RhnuPaturdnkO tdBi ! 4G 408 showing a
manufacturing method by a first-pressing-after-plating system
in the manufacture of a positive electrode terminal and negative
electrode terminal of a capacitor based on the present exemplary
embodiment 6.
' First, as shown in Fig. 11 (a). a-Astri'p-‘for‘m 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) is
prepared. |
Next, as shown in Fig. 11 (b), the strip-form metallic
member 11 is punched into a predetermined shape. |
Subseguently, as shown in Fig. 11 {c¢), a tin plated layver
(not shown) is directly formed without imder‘cdat on one side
{back side in the figure) of the metallic member 11. Further,
a tin-nickel or tin-copper intermgtallic compound layer is
formed by reflow treatment between the metailic 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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(lead .frane) 11 of nickel or iron-nickel alloy (such as 42 8%4::9%@:&2864
copper or copper alloy (such as copper-nickel-tin alloy) is prepared

Next, as shown in Fig. 11 (b), the strip-formnmetallic nmenber 11 is
punched into a predeterm ned shape. Subsequently, as shown in Fig. 11 (c),
atin plated | ayer (not shown) is directly forned wi thout undercoat on one
side (back side in the figure) of the netallic nmenber 11. Further, a

tin-nickey cQ{thb%’@l@@ﬁ%ﬁ.dent§ﬁf‘§5@é|dﬁégﬂp&&@@ﬂg@s¥%ﬁ b8 tﬂé)ﬁaeélh?zcref | ow
treatment between the netallic nenber 11 and thé tin plated |ayer. Al so, a

ni ckel ungdemsest 11 ay erudiidr, SewnkerSphatsRdiffe? POId iFFrne@NBACERE t O
capacitor el enent 8 Decenber 2004 1 on the ot her side (surface side in the

figure) otnébecoetalayer. namwey, ah elemémercixedSpbyeiofl Bo 4 Faymed?d is
formed on the wundercoat |ayer. Thus, an element fixed portion 10 is
fornmed, thereby obtaining a plated product. After that, as shown in Fig.
11 (d) , the plated product is press-fornmed to nanufacture a positive

el ectrode terhfher Bhatindmehawnyénefigt rlddé d)er bhaglate Qpd-odmmdudsi ve
bonding agent 5 is applied to the elenment fixed portion 10 of the negative
el ect r odePreparfigrmadt hasnapnbatvne cdl. PPR&LEEPt éledlyradrowermdngilg3 11 (e)
, the negative el ectrode side of capacitor element 1 is placed on the
conduct i vBRBoR&IAGLVEgeitestredgotgriaeadafaci £BE EPBABRLiVBePERELNENd

ositive
P " 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 capaqitor element thereto. And positive
‘electrode lead wire 2 led out of the capacitor element 1 is
connected by welding or the iike 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.

By this configuration, it 1s possible to adopt' a
manufacturing method based on a first-plating-after-pressing
or first-pressing-after-plating system. The manufacturing

- method adopted is determined by taking various features of each

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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electrode lead wire 2 led out of the capacitor elenent 1 i%lﬁﬁ&ﬂ&ﬁ%@@ﬁ by
wel ding or the like to the positive electrode termnal 3. In this way, the
capacitor is set up. Af ter that, unnecessary parts are renoved fromthe

| ead frame 11. By this configuration, it is possible to adopt a

manuf acturi ng nmet hod based on a first-plating-after-pressing or
first-pressing-after- | ati ng system The manufacturing nethod adopted is
det er m n€¥CBy1eBki SR ARK Vohtabsdl by fomh lomeperi SOOI tin@ .COpgLagEat i on. As
describeg above, by the configuration of the present invention, the
ter ni nal “PPatPRYLBBLE afFerexeetionti in cieandrediest ogtadife giegucegdneAl SO,
the termnnals.,are able to ensure 8 Decenber 2004 excel |l ent sol der

wet t abi | FF93F6%°£S| Pl ired dreoprovidedmyt thdrerminad st bavi malad 1At Re
excellengf%g geat resjpsting adhesion. The capacitors obtained are provided
with term narsShavi ng™ @l | tiomrect 4t | ilsddpossablet it® poebthlia to

obtain I -frien capacitors using no lead that is one of
environngﬂyiﬁgﬁﬁgﬁ%n%r%ﬁﬁgkgngagécétﬁEﬁeﬂ%%?g2@@41%¢Quthd¢ dlsapmedofs: 1. A

solid eIgﬁyiggﬁﬁ%ﬁtfg§g£h£gﬁgg$ﬁgrisingéaa capacitor elenment having a

positive el ectrode I'ng 88K negative el ectrode | eading
portion; a positive electrode termnal electrically connected to
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sadid positive el ectrode | eading portion; and a negative elqg@&@ggxbg%ﬂina
electrically connected to said negative el ectrode | eading portion, erein
said positive electrode term nal and said negative electrode tern na
conprise: one netallic nenber including at | east one selected from the
group consisting of nickel, nickel alloy, copper and copper alloy; a first
pl ated | ayer, including at | east either one of tin and tin alloy, disposed
on said netallic nmenber; and an internetallic conpound | ayer fornmed between
said netallic nmenber and said first plated | ayer, and wherein said
intermetal lic conpound | ayer conprises: (1) tin contained in one of the
tin andi®at byl eyadmad 15t) a conpound including at |east one of nickel and
tin contained in said netallic nenber. 2. The solid electrolytic capacitor-
of claim1l, wherein said positive electrode term nal and said negative -
53~ 8 Decepber, 2004 el ectrode term nal conprise said netallic nmenber,
said first g?atpéchldﬁre]cﬁqfe“cﬁlivjd% SRS LaF R LFdder:coat, on said

nmetallic nenber apd s%[d intﬁ{netallic conpound | ayer forned_ by heat
refl ow treat ggpacitor element having a positive eleCtrode leading

portion and a negative electrode.le'adinc_:j portion;

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

a negative electrode terminal electrically connected 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 nickel, nickel‘ alloy, copper and copper
alloy:; '

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

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

wherein said intermetallic compound layer comprices:

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

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

contained in said metallic member.

2. The solid electrolytic capacitor of claim 1,

wherein said positive electrode terminal and said negative

1
W
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between said netallic nmenber and said first plated layer. 3JpJhg,59hhA

el ectrolytic capacitor of claiml or 2, further conprising an 1nsulative
outer jacket resin disposed to cover said capacitor elenent, wherein said
outer jacket resin is disposed so that each of said positive el ectrode
termnal and said negative electrode termnal is partially exposed to the
outside. 4. The solid electrolytic capacitor of claim1, 2 or 3, wherein:
said positive electrode termnal includes a plate positive el ectrode

t erm nal ! i face and a second surface positioned at the
opposi teelgﬁdé;%rﬁisﬁgl géhprﬁgé surface; said negative el ectrode term nal

i ncl udes a pl tive electrode termnal having a first surface and a
second surfacszaﬁigibﬁgﬁ%ﬂ‘éeén%efr’the opposite side of said first surface; and
said first plat lLayer .and said internefallic conpound | ayer are. disposed
on at | east ‘?ngtleﬂ%e‘? ii'ffyﬁ drgriadisPashy. tiboukeritricedly pasaidmeti said

positive electrode termnal and said negative electrode termnal. 5. The
solid el®8MbSFyaNtG capacitor of claim3 and 4, wherein: said first surface
i ncl udes an exposed portion not covered by said outer jacket resin and an
outer jacket g#idtintarmedalic ecorbpowad dapert dormext Kt he=di reflomndreaiithet Decenber
2004 said first plated |layer positioned at the exposed portionis 0.2 pmto
1.0 pm tdtweersaidwetaii whefribes bnglsaldeiirst plated lppai. ti oned at sai d outer

j acket portion. 6. The solid electrolytic capacitor of claim4 or 5,

wher ei n:3.t he Thesdolidueleaentiofcapaicomes icldime1 ebeg! fadtort &mibristhg apf sai d
negative electrode termnal include said first pl ated | ayer and said
i nt er metighlhibfve QERAYBEket 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 positionéd 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 !ayer 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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| ayer; the second surfaces of at |east one of said positiv%lgggﬁg&gg@¢
termnal and said negative electrode term nal includes a plated undercoat

| ayer having nickel and a silver plated |ayer fornmed on said undercoat

| ayer, and a portion having a said silver plated layer is electrically
connected to said capacitor elenent. 7. The solid electrolytic capacitor
of claim4, 5 or 6, wherein: the second surfaces of said positive el ectrode
term nal and said negative electrode term nal include an ol ated under coat

layer having %Hl&lf?é’ I§t%'dqa§?ﬁ9;%élthﬁ1e%| %Heogﬁpdséagid?’%n il udeStr1 9 | ver

pl ated | ayer orne on under coat | ayer a portion having said

Silver plg tﬁﬁi\nFPﬁ S PR PRILY D EARH ALl Posel osapaguior el erent.

apaci aim erern said silver
pl at ed ayer r.over in thickness The solid electrolytic
capaci to% @Wg"'-"g?ff@m Gapagitery O%Ia[%gpéﬁn\"h?ﬁ@ i rst surfaces of said
p05|t|ve electrode termnal and said nggatlve el ectrod nlnal i ncl ude
said first pliBeelrst sydacen pksaid Pasitiye Lactrade tRsminal rsé‘ pegafivesai d
nmetal lic nenber, and -55 8 Decenber 2004 said intermetallic compound |ayer
i s for medlepiyodr tarmingl linslude saidfissl platsst agesmanthsaid ietermetadicrearpeounshd sai d
first plated layer. 10. The solid electrolytic capacitor of any one of any
of claingydr;to 9, wherein: the first surfaces of said positive el ectrode
term nal and said negative
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 layer 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 having 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 ym 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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el ectrode term nal include said first plated |ayer and sai ¢ phltgsdeb@ | ic
conpound | ayer; the second surfaces of at |east one of said positive

el ectrode termnal and said negative electrode term nal include a
connection to said capacitor elenent and a second plated portion disposed
apart fromthe connection at a specified interval; said connection

i'ncl udes a pl ated undercoat |ayer having nickel and a silver plated | ayer
di sposed on said undercoat |ayer; and said second plated portion includes

at | east one sid tinterRbalIRd chayetn@Ndyd 1 &y by AEAD e tredirmpased on

said netallic nmenber. 11. The solid electrolytic capacitor of clains 10,

wher el  Keiio8R S8l BrbIICIhEAERL and Lol fisyhRkiNERY. sal d: connect i on and sai d.

second plated layer is 0.smmor over The’solid electrolytic capacitor
ol ect T ookt or M e Eptl: BB & erbi it orslly T AITRE e et Sar o 11 rot
Bl cast ome 67 18T Bl ISR eeribncirarena i andhealhBggtivge
DecomboredGHeLRamITaL Bbiie TARCGH Halen lYerareboN grapBe e camRciEd
connection at a specified interval; said connection includes an undercoat
| ayer hd@¥8fg nickel and a silver plated |ayer disposed on said undercoat
| ayer; and
' 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 [aS/er disposed on said undercoat layer; and
said second plated portion includes at least one of tin plated layer and tin
alloy plated layer disposad on said metallic member.
11.  The solid electrolytic capacitor of claims 10, wherein the specified interval
provided between said connection and said second plated layer is 0.5mm or
over.
12.  The solid electrolytic capacitor of any ene 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 ieast one of said positive electrode terminal and

said negative electrode terminal include a connection to said capacitor element
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said second plated portion includes (i) at |east one of tinml.ahsdb@yer
and tin alloy plated | ayer disposed on said netallic nmenber and (ii) an
intermetallic conpound | ayer di sposed between said netallic nmenber and
said plated |layer. 13. The solid electrolytic capacitor of any one of
clainms 4 to 12, wherein: said positive electrode term nal and said negative
el ectrode termnal are bent so that each first surface of said positive

el ectrode term nal and said negative electrode termnal is positioned on

the sanesrpl @nRcofd lfed hobfort Bi_pbsdd bpsrt Tioas eie @aﬁn@&ioﬁ%td@rs?dciﬂea 0 a
substrate. 14. The solid electrolytic capacitor of any one of clains 4 to

12, wherigiefigl€ach first surface of said positive el ectrode termnal and
said negative electrode termnal conprises said first plated | ayer

direct]y di SaonedoqidhdngliELE! fndBEDS 1ayBNHadRkdnERUCKIP LAY COMPound

| ayer fornmed by reflow treé n ween sal rc ne sai d
first plated, layer; the second surface of said negative electrode term nal
has a ccfﬁﬂtggtl?y ;"'Spf’ﬁﬁgear?ﬁ@‘e’?fﬁ%ﬁcqaﬁiﬁ’y&a@ ni ckel plated undercoat | ayer
di sposed on sajd netallic nenber, and a silver plated | ayer disposed on
sai d under co&fd g8rond RIaed ROt inchisles i) At deastiang olytin: platect laver eBd sai d -
negative el ectrode | eading portion; the second surface of said positive
el ect r od® alimnplatad layeretisposed an|spid owtalbe member anrd ilpys intewretalliect r ode
| eadi ng portion; -57 8 Decenber 2004 said positive electrode term nal and
sai d negampoandllar digpesed batwedn said mdialic membvdrandesaid platedsiaysur f ace of
said positive electrode termnal and said negative electrode termnal is
posi tioneéd olThelelid @tatiolytin&apaditbr of any one of claims 4 to 12, wherein:
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.
14.  The solid electrolytic capacitor of any one of claims 4 to 12, wherein:
each first surface of said positive elecirode 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;
tne 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 layef 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 fo said positive electrode leading portion;
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each of the first surfaces can be sol dered onto a substrat g pdembdPeosol i d
electrolytic capacitor of any one of claims 4 to 12, wherein: each first
surface of said positive electrode term nal and sai d negative electrode
term nal conprises said first plated | ayer directly disposed on said

metal i c menber,  and said intermetal lic conmpound |ayer fornmed by heat
reflow treatnent between said netallic nenber and said first plated | ayer;
each second surface of said positive electrode term nal and said negative

el ectrode ters@im@bsmwmﬁl%ﬁeateﬁh%ﬂan@'ﬁ&%egﬁﬁ\% ‘é%ﬁrob@%@rrmlﬁéls&%sed on
said netallic nenber; the second surface of Said negative el ectrode

t er m nalpdpsss tﬁé}nﬁgéﬁ Firta STJHQ@E Ccﬁn%g&t;ﬁégh\)e ldtdBae e?htn\é?r r|%]| ahgd |ayer

di sposed on said undercoat [ayer connection 1s y connect ed

to said %ecéf‘ \rége ﬁjo?gttérﬂqﬁ Illgggblﬂgré?<f8é;|6f samég ar;nsaegfgn d surface of said

positive erm na to sai d positive
erm nal and said

el ectrode -| eadi sald 03|t|ve eIe tro

negative el ecetatcﬁg)é firﬁ?ﬁgf rbl%q..golggep S%"Ptest surfaceI of said
osi ti Ve eI ectrod m nal and said negative _eI ectrode termnal is

BOSI tion ﬁlrﬁ@?'gﬁ%diﬂlﬂﬁé;apéﬁﬂoréﬁcﬁﬁ'wmetQfé"ﬂ'mss”c tos1g, reheseincan be

sol dered onto a substrate. 16. The solid electrolytic capacitor of any one
of clains 4 tgchAirshysurface of -séd pobisive relectraBoteratingl 4nd saidsnedative of sai d
positive electrode term nal and said negative electrode term nal conprises
sai d fi relectygdet taiminglecompliisasc skig fiisé pdated lapers dirdcetly disposed on said
metallic member, and said intermetailic compound iayer formed by heat reflow
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 positive electrode terminal is electrically
connected to said positive electrode leading portion;
said positive electrode terminal and said negative electrode termina! are
bent so that each first surface of said positive electrode terminal and said
negative electrode terminal is positioned on the same piane; 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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metal lic menber, and said internmetallic conpound |ayer fornrgs..bgtopegsy said
metallic nenber and said first plated |layer by heat reflow treatnent; the
second surface of said positive electrode term nal conprises a second tin
plated | ayer directly disposed on said netallic nenber, and a second
intermetal lic conpound | ayer fornmed between said netallic nenber and said
second tin plated | ayer by heat reflow treatnent; the second surface of
said negative electrode ternmnal includes a connection and a second tin

pl ated porti @acHifrBOSEEacPaf lsafd pHLItiNG fsutiRiet icpRirdll and s#@chdgagidei nterval ;
t he connection has a nickel plated undercoat |ayer disposed on said

metal |1 Gyimaher termﬂ%@co?ﬁﬁr?’s%"s phigt fdt RrEd lg,i(e?PHii?é‘&lyOa‘isE@ééa BRdgsigoat

| ayer; the connection iIs electrically connected to Sald negative el ectrode

| eadi tion: .th . ' I.1 : inal i
el oct 1 JAPEYC @Bmnsty adf SR iRmARRe R B BIbE ol BEMSRCsaE! MO S

iti | ectrode termnal i d ti | ect r.ode,term nal bent
0"t hat TRElcHTPEbeS S Saa Tt Halpd X6E BYvat GIRU FoRIBbr i nal and said.
negative electrode termnal is _positioned on the sane plane; and each of
the first suﬂ$%§@§°%$#rfi§ies‘lflﬁfé$ pasitiva glegtrade iarminal comprisep@ %%’Pﬂg

el ectrol ytic capacitor of any one of clains 4 to 12, wherein: 8 Decenber
2004 t hdinf iplajed slayeraciireofly dli$ppssdspni said emetalio daeméehi ARt @ oifseNges sai d
first plated |ayer, and said internetallic conmpound |ayer formed between
sai d netiafermetallive cbmpoamdl |ayerdfofined tbgivatre daichyretallip menher endosaidr eat nent ;
the first surface of said negative electrode termnal includes a
connect iggond tin plated layer by heat reflow treatment;
the second surface of said negative electrode 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 iayer 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 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.

17.  The solid electrolytic capacitor of any one of claims 4 to 12, wherein:
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and a-second plated portion di sposed apart fromthe connectg®fe@ber004
specified interval; the connection has a nickel plated undercoat |ayer

di sposed on said netallic nenber and a silver plated | ayer di sposed on
sai d undercoat iayer; said second plated |ayer includes said first plated
| ayer, and said internetallic conpound | ayer fornmed between said netallic
menber and said first plated |ayer by heat reflow treatnent; the
connection is electrically connected to said negative el ectrode | eading

portion; onegang gf siffel gf %EidSHégdﬁ\ﬁ—f" efictrdak eRAfial idbmpRisBS tdnd girdter m nal

Is electrically connected to sald positive el ectrode l'eading portion; said
:positive,el ectrod m. . Sal ' t a7 re bent
S0t hat PAteh 17 send SPARPRE Bripd R b CioEnpa Heliped S RBIG 2.
negative el ectrode is positiqned, on the sa | ane; and each of the first
sur f acedN@BAREHAN aﬁﬁgrgdﬁﬁﬁﬁﬁaﬁﬂéﬁﬂﬁ??E#EWPE%%"%ﬂﬁ solid electrolytic
capacitor of any one of the preceding of clainsﬂ Mh@{ein sai d ﬁirst pl at ed
layer is 4.0 thediest syviape of sels Regalive elegirodegrmipel Mcludes @ IECHO¥apaci t or
of any one of the preceding clainms, wherein said internetallic conpound
| ayer i saridhasecangelatedrpatian giaposed apapnren themaakaelien at gosredlisdenber
2004 20. The solid electrolytic capacitor of any one of the preceding
clains, imeerati n said first plated layer is a tin plated |ayer. 21. The
solid electrolytic capacitor of any one of the preceding of clains,
the connection has a nickel plated undercoat layer disposed on said
metallic member and a silver plated layer disposed on said undercoat iayer,
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 fo said negative electrode leading
portion;
one end of the 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 um in

thickness.
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wherein said capacitor elenent conprises: a porous positi Ve e.eabdrodes body
formed by sintering a conpact having valve netal powder; a dielectric
oxide filmlayer formed on said porous positive el ectrode body; a solid

el ectrolytic |layer disposed on said dielectric oxide filmlayer; and a
negati ve el ectrode | ayer disposed on said solid electrolytic |ayer, and
wherein: said positive electrode termnal is electrically connected to said
" positive electrode body, and said negative electrode termnal is

el ectri ggl | y Thersofé efsttioh/tis diagacikgalfiang oneldf diie poeetimgerlain@2wh@tein sol i d
el ectrolytic capacitor of any one of clains 1 to 20, wherein said

capaci t Qi PfiRBRieIaJR is 28 plateddhys, metal ; a dielectric oxide fil'mlayer
formed on the surface of said valve netal; a solid electrolytic |ayer

formed fy,om %@dH@H \é%cﬁé'g?i?ﬁé&g%bﬁ&oﬁﬁgpgno@iog thdiREE&ding of thiars, il m

| ayer; and a negative e ode layer posed on said solid electrolytic
connect abaranea ool BB SHFPEsE body. and 61 8 Decenber 2004 sai d
ol act rode | aepoross. pomivecsepfiods BBey dpinrd biapRERRE e SPEAEHRTNG: ' {Fe
precedi ng clainms, wherein
valve metal powder;
a dielectric oxide film layer formed on said porous positive electrode body;
a solid efectrolytic 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 electrode terminal 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 fiim 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
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one end of said negative electrode term nal and said negatigg.£le6106e4e

| eading portion are electrically connected to each other by conductive
bondi ng agent. 24. The solid electrolytic capacitor of any of the preceding
clainms, wherein: said netallic nenber includes at |east one of the nickel
and the nickel alloy, and said internetallic conpound |layer is a conpound
containing tin and nickel. 25. The solid electrolytic capacitor of any of
one of the preceding clains, wherein: said netallic menber includes at

| east one of Sahbne@ﬂip/@relaﬁmdmtermm% elegifioayly candestad do isaidenegdtakl i ¢
conmpound | ayer is a conpound containing tin and copper. 26. A nethod of
manuf acteledtrogledagarl i d el ectrol ytic capacitor conprising the steps of: (a)
forming a first plated | ayer, w thout undercoat |ayer, directly or. a first

surface2¥ a ?ﬁ%tsiillﬂléiedlﬁim&roap%@mwtdrﬁé éﬁﬁ@pﬁ’&:éﬂ"hq ﬂh%ﬁl@rél

conpound | ayer between said netallic nenber and said Tirst plat egcl ayer by
of i n o B b Heag g KB bl S P nebeEhve et eBlinol e coat
form ng b5 ﬁ'af@%ﬁgeﬁ”éé'ﬁpﬁa‘y%?%@ﬁ%?ﬁﬁa%@& Bodbfs binde Bo5tncni ng sai
e e BB RS W o BobSE B ke
said metallic member includes at least one of the nicke! 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 electrolytic capacitor comprising the

steps of:

(@) forming a first plated layer, without undercoat layer, directly on a first

surface of a metallic member;

subsequently forming an intermetallic compound layer between said
meftallic 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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where said netallic menber is punched so that one end of sa.RGERLLHYE

el ectrode termnal is fornmed as the connection; (d) bending said positive
el ectrode termnal and said negative el ectrode terminal to a predetern ned
shape; and (e) electrically connecting the connection to a negative

el ectrode |l eading portion of a capacitor elenent, and electrically
connecting one end of said positive electrode termnal to said positive

el ectrode Ieading portion of said capacitor elenment. 27. The method of

manuf act uri ngbp feahing el aftked! plated Carpetdar IA&r dehi Bedebdhd Cduatk 26,
wherein: said undercoat |ayer Is a nickel |layer formed by electrolytic

pl ati ng,comdcticirbfsSitl! MetanR! AbRbet 2NRT furthel & Fﬂ?ﬁ%%y | ating.

28. The met hod of manuf agturl ng ae sorﬁ:r(iJ eleectrro t|%ﬁ%§ %{(’t:% !)é&bggﬁdefl ned
in clai 1 erein: said netallic nenber |sforrredfromone of

ni ckel aér\E:";d ﬁﬁ%i}&?gt a%n al l oy, and sai d | nt ernmetal lic conpound | ayer

i ncl ud d d nb 2004
b6° e mot il BRAGHIRY et GREAGE Belbeh il & Préiejeuined Shape 05 1oihder | nod
in claim ﬁor%émeng rein: said netallic nenber js formed from ei ther one

of coppdt®%al HNiNglp angepasdive eleptiodrderaMnals. compound 1 ayer incl udes
an internetal | | C corgoound.of i
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
portion of a capacitor element, and electrically connecting one 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 metallic member is formed from one of nickel and nickel-iron alloy,
and

said intermetallic compound layer includes an intermetallic compound of

tin and nickel.
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tin and copper. 30. The nethod of nmanufacturing a solid el echdehydriz6oa
capacitor as defined in any one of clains 26 to 29, wherein the step of
formng said internmetallic conpound |ayer includes the steps of executing
heat reflow treatnment of said netallic nmenber, which fornms said first

pl ated | ayer, at 400c to 800 c in an oxygen atnosphere of 200PPM or |ess,
thereby nelting said first plated | ayer by the heat reflow treatnent to

form an ifgerngtalli.c coppound layer, containing.netal .of said netallic
member and™'tin, aog}e\;\%cgﬁo Eil t?ﬁ/’fq é ?@'ﬁb@?cg‘ﬂ%’%ﬁ?aa?'ﬁqﬁs %%H}e@d'"l ayer .
31. The nethod_of nufacturing a solid electrolytic capacitor as defined
in any orfd®iBi2 Pégﬁswb‘ﬁet’ﬁ 30, further conprising the steps of: (f}

di sposing outer jacket resin by covering said capacitor elenment and said
connection wi t paith@etalicimembgr e derned dom wither one ot heppesmndicogpérd
positive electrode termnal and the other end of said negative el ectrode

term nal eaalley, axposed; and (g) bending said positive el ectrode terninal and
said negative electrode termnal not covered by said outer jacket resin.

-64 8 Decenber sz@DitSnetdlie copigrasdobysmindfuaieswr emnatallic Cophgstindodfyt i c
capacitor as defined in any one of clains 26 to 30, further conprising: a

step of ditwpasd egppedt er j acket resin by covering said capacitor element
and said connection with the resin in a manner such that the other end of

sai d 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 metéltic member,
which forms said first plated layer, at 400°c to 800 °c in an oxygen atmosphere of
200PPM or less,

thereby melting said first plated layer by the heat reflow treatment to form
an intermetaliic compound I‘ayer, cbntaining metal of said metallic member and
tin, between 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:
(f) 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
(@) bending said positive electrode terminal and said negative electrode

terminal not covered by said outer jacket resin.
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positive electrode term nal and the other end of said negatgpygegh&obiode
termnal are exposed; and a step of blasting said first plated | ayer

di sposed on said positive electrode termnal and said negative el ectrode
termnal, formed at a portion not covered by the outer jacket resin,
thereby making said first plated layer less in thickness. 33. The nethod of
manuf acturing 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 : forndhg arwd edethodlodtreshuiaciarnopat solRy elecholytiheapasivecis defindd ihhe second
surface of said netallic nenber, and further form ng said silver plated

| ayer ongnpandloti@idRisodto i’:@)’fﬁi‘thelféﬁrﬁEJMn@ first plated |layer at a position
spaced apart at least 0.5nmfrom the connection; fornmng a second plated

| ayer which Ce?@i @ﬁd@bo%ﬁ&%té’r' jhB&: B8R cédéﬁg@“&éld tc'%:ﬁa&{&r(% m}é‘htt hOUt

undercoat, direc I on t first fsurface sal d”net al f
olated {‘%nff,?gi‘d g 7 fBdsPuped iRy %é%*a%&“??c‘ga@%ﬁ%%f ‘sg%er' %004

Qﬁifyaﬁ%lé”\ﬁ”%'ef:ﬁ& e srotﬁar"%nipﬁaa@y” e EBodR SRl et a1

conpound | ayer betvveen said netallic nenber and sai d second pl ated | ayer.
34. The #EtHPesed; aighuf acturing a solid electrolytic capacitor as defi ned
in any one of clainms 26 to 33, wherein after said step of formng said
p05| tive el e s@@@fttéasﬁngaaa[chﬁ@t 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 less 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 0.5rnm 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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negati-ve el ectrode term nal by punching said netallic nenb&pasmbd b Step
(c), said step of formng said plated layer and said internetallic
conpound | ayer on the first surface as in the step (a) and said step of
form ng 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 clains 26 to 33, wherein the step (c) is executed
after the step (a) and the step (b). Abstract A solid electrolytic
capaci tor havhérgbgXe@hihgriaic Mtei@etalit tadppduny lapet beieehesdid trha@lliadhesi on
and a nethod of rmanufacturing sane are obtained by a sinple plating

conf | QUiALHBEr aRBCsAAPAGE Iited NEYMI UncA aRRPRFRY PLEERT inteRRStalicY ©

el ectrode term nal and negative electrode termnal. The positive el ectrode
term nal m ' : ] I i c menber
cont ai nicr?g atUEPZ%%b?%EWn%&s%@ﬁéetng rrrc‘)énqﬁg’ %Fe&gdr %éﬂg%%gﬁgq gkai?%%%}'ni ckel,

ni ckel | oy copper, and co r.alloy,.afirst.plated |ayer of tin or tin
al | oy, §4r ec{rltV @rggfw&aﬂ'%nf'ﬁ%ﬁ‘f"%aegdé'fia‘%‘e tﬁ(ﬁﬁwgcmc& fi d ef, and an
interrretallic(gto ou | gyer fornmed between the netallic nenber and the
first pl2W&Ne f@?ms 0 3%termetal i c conpound | ayer contains tin-nickel

or tin-copper forned through heat reflow treatnent of the nmetallic menber
di sposed on twhereingafier spisk gap ohjasming-seid mesiive 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 the step (¢) is executed after the step (a) and

the step (b).
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8 December 2004

Abstract

A solid electrolytic capacitor having excellent solder
wettability and heat resisting adhesion and a method of
manufacturing same are obtained by a simple plating
configuration. The capacitor includes a capacitor element,
positive electrode terminal and negative electrode terminal.
The positive electrode terminal and the negative electrode
terminal include a metallic member containing (i) at least
one selected £rom the group consisting of nickel, nickel alloy,
copper and copper alloy, (ii) a first plated layer of tin or
tin alloy, directly disposed without undercoat on the metallic
member, and (iii)an intermetallic compound layer formed between
the metallic member and the first plated layer. The
intermetallic compound layer contains tin-nickel or tin-copper
formed through heat reflow treatment of the metallic member

disposed on the first plated layer.

Figure 1
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