; pge3el<Rl : 6T<8A, 0 5 APR 2002 _ 1 PLATI NG BARREL BACKGROUND OF THE

* INVENTION 1. Field of the Invention The present invention relates m% PR 2007
pl ati ng equi prent, and nore specifically relates to a plating barrel Por

pl ati ng obj ects such as electronic devices, etc., by inmersing a barrel
containing the objects into a plating solution and by applying a current.

2. Description ed Art A plating barrel is used for plating a
netal |ayer OnH‘mummmﬂmumtch as electric conponents. Fig. 4 is a schematic
view of an exanple,of . a plating barrel of.jthe conventional tyﬂmmwmmmmmn
pl ati ng equi pment conprises a barrel 21 which includes a part

of a nesh screen, etc., for allowing a plating solution to pass t kgewgh,
and cat hodes 22 are placed in the Tz_gm 2. barrel 21. First, a
guantity of objects (not shown) such as nmultilayer . eram c capacitors and

conducting nmedia (not shown) such as steel balls are placed in the barrel
21. Then the barrel 21 is imersed into a plating solution 24 contained in
a plating bat W&@K%@NN&QFUTHMWEWMM bet ween an anode 25 which is
pl aced into the plating solution 24 and the cathodes 22, which are pl aced

i nside the barrel 21, while the barrel 21 is rotated in the plating

sol ution 24. A¢@éldidfghy InvelBopb) ects are brought into contact wth the

pl ati ng solution 24 and the cathodes 22 via the conductive nmedia, and are
plated. In the above-described plating barrel of the conventional type, the

Potations 05 aph Wopyseay Tiftbfioh HGS b AT LlFpABRE, Ind ot pet fichlly
.surfaces 2la @¢latdidoaglasihg Banemrgﬂﬂinmeats%umhé tleétronic IR vives,a¢é.sby end

to accunul ate at the end surfaces 2la so that the objects are no |onger in
contact with immersingadhdrvel coptainingthe ebjectsdnto a plagingrsobition antkbe t he

t hi ckness of tarl]lsl 11'132\'c{]19re|n?.yers on the objects has a large variation.

2. Description of the Related Art

A plating barrel is used for plating a metal layer onto objects such as
electric components. Fig. 4 is a schematic view of an example of a plating barrel
of the conventional type.

This plating equipment comprises a barrel 21 which includes a part
constructed of a mesh screen, etc., for allowing a plating solution to pass through,

) and cathodes 22 are placed in the interior of the barrel 21. First, a quantit y of
objects (not shown) such as multilayer ceramic capacitors and conducting media
(not shown) such as steel balls are placed in the barrel 21. Then the barrel 21 is
immersed into a plating solution 24 contained in a plating bath 23. Then, a
current is applied between an anode 25 which is placed into the plating solution
24 and the cathodes 22, which are placed inside the barrel 21, while the barrel 21
is rotated in the plating solution 24. Accordingly, the objects are brought into
contact with the plating solution 24 and the cathodes 22 via the conductive media,
and are plated.

In the above-described plating barrel of the conventional type, the

objects and the conductive media tumble inside the barrel 21 due to the rotation



I n addition, cathode-lead connections 26 for connecting to the cathodes 22
in the barrel 21 have generally horizontal portions, which allows tifi€ APR 2007
objects to piled up on top of the cathode-lead connections 26. This causes
anot her probl em where the objects on the cathode-|ead connections 26 nmay
not be plated at all, and plating defects may occur. SUMVARY OF THE

| NVENTI ON The present invention ainms to solve the above-nenti oned probl ens.
Accordi ngly, an object of the present invention is to provide a plating
barrel which prevents the objects frompig.ing up or stopping in order to
avoi d the occurrence of plating defects, and which reliably forns a pl ated
| ayer having uniformthickness on each of the objects. To attain the

above- descr | b0 Bhe! 21, B8l HnAYhE Eha R5BEAI21 of fh WirAZAGE Ml ahdi®
present inventionh conmpri'sés a barre rchis totatable, has an

appr oxi mat el YargWettiehl, the lobjéeeiend a6 dccumiilate it tROERE Sifrfadtsi2d@ sbthatothe! east
one cat hode-1 ead connecti on which penetrates through the end surface of the

barrel al ong abjects arené lomger i¢antagt with thegondnctivemegdiac Thus, theppisra ed in a
manner such that,the. .cat hode: | ead nection is rotatable relative to the
barrel , at 1 HoDIem FHERt {RIRickRReh ot ABE Bfaingayérs PR BE AR SR aHEE woi cn i s
connected to yaApatimd of the cathode-|ead connection, and at |east one

ei ther conical or pyram dal attachment which is attached to the
cat hode- | ead conneln additionscaghoderiead conngetions26 farconnenting tothe cathodesie

ttach t , th tat i I f t I t he, ti
of ' the art ac A BE pAFRY 27 Bays e B hoBFon RLb GfPpe wiiigh 3liows tae Aietl0, 3
peripheral poptjiRdupPén tdifoflthe eathodelelRl &ninREHidiRY6S Fifis tA\fse RROGer € ends

relative to the vertices are in proximty to the inside end surfaces of the
barrel, so t exobl¢ne wherethephjectson thecathederlead connestignp26 maywmet e platedases
and the insid d surface f. the barrel. Thus, the piling up or stopping
of the obj ect{lqﬁgagé(yﬁﬂgﬁé‘?’fgﬁfm&c&w so that a layer having a uniform
thickness is reliably formed on each of the objects and plating defects are
prevented. In order to avoid and prevent the objects frompiling up, the
coni cal or pyrami dal attachm&UMMABYOENREN NEK®Nces having an angle 8
(see Fig. |I) which is larger than 90, so as to be an obtuse angle. In the
present invention, there are no restrictions regarding the actual shape of

the attachnments. TiRe pidsea(in®en o RiYnsito s8R ¢hé ¥bHelmemtiondd poobidtglal ; or,
the shape of the attachnents nay be nodified sonewhat. For exanple, the

vertices of tAecoxdingly; anrobjectef thecpresentdovention is treprovide pplatingthasmeld t o
forma trapezojdal cross;sect.ign.cone.. A plating .barrel  accordi to
anot her - aspecyi5 RIRKSHF BREhe(th 000kt Pilieath o staing i Broel o avold the
rotat abl e, ha&cc&ﬂr@l@@bﬂplaﬁﬁ%@iefecﬁs{ hh@ WHiclR relRbAPRrm3AplaallayéshHmgct s
inside it, at |east one cathode-|lead connection which penetrates through

the end surf sewrifeym thiekmess onjeagh ehtherdbieatst at i onal axis of the barrel and

ich is supportedyn,.a. ner t C - | connect i i's
\rM(}t atable rel ati veTé Sttﬁwgﬁgﬁpg%ﬁ%{ﬂégggﬁa nae&té'g? gg’&éﬁiﬁ%‘ﬁ e tf)’logl%ed
i nsi de the baispett éMtle phesehit inveRtior Esihpeisésa bdreelowhicRiis fdiatabid, hadan! ead
connection, and at | east one either conical or Eyram dal attachnent which
)

is attached tappmeximatelycgylindrigalshape,rand eantaingpbjests inside itapt leastonef t he

attachnments a i [ el tices
o the att acrsanpdE1saRTEnfSsionrhigh Hehfyltes Bifopgk d S ARG or chi oyl
portions of tdlenftherotafiondlaxiidfahébarrebard whivh io pepportal g mandepbudte t o
the vertices are is contact with or in proximty to the inside end surfaces

gf t he bgrrﬁlt,haséhq mtlwh!@ad]tcspewéioeds Fefatable relativetodhe ?R@’eb@éée%ét’%en t he
fhe iooi : _ PSS
ot oppi g of | FABAL En s UL ATETAL e il A ppic] W Gmne b BT B ipd Ol BP0,

-4 layer havi @ cathoefleadcénneetion Sfnd £t le4St oAb eithérodoliichl of pyadhidal t he
objects and plating defects are prevented. Since the conical or pyram dal

attachnent i satiachaaenswhich isastached to thetcathoderlgad gennectionainesmanpekyswglt h t he
barrel, sot hﬁltat hrl]eecé%'tll'a'l rﬁgisu& tl?é a&}acqiolgénqg athgc thter}gme as the rotational axis of the

barrel, the vertices of the attachments point to the center of the barrel, and



objects is nore effectively avoided or prevented. A major part of the

cat hode-| ead connection is preferably placed in the |ower section @fg AM?UZ
barrel, i.e., belowthe rotational axis of the barrel. Wen the ngjor pa;P
of the cathode-lead connection is placed at a |l ower section of the barrel
relative to the rotational axis of the barrel, the objects which pile up in
the I ower section of the barrel effectively contact the cathodes, which
enhances the effectiveness of the present invention. The conical or

pyram dal attachnment preferably covers negsly all of the horizontal portion
of the cathode-|ead connection so as not to expose the generally horizontal
portion inside the barrel. Since the conical or pyram dal attachnent covers

t he general ly _hori zont al. ' ft hpde- ti : t
o expose. t hePUIBRERLPAYIIRS of bihes pEheBlechmEp BT IRE RERTE R FaBFS cot <
cannot pile ug Mme veRfeed BRARProXintiey to2he ifdidQid supftiePof the Baprl,3edRat thad
connections. Accordingly, plating defects in which the objects are not

(é % Imé ::eEE |S>(/3R Ip Lg}llvjeds\ggmo;mss thmg(gthﬂ@m é{etmrtbf] basesanildbe insideent event fed.

1 d.. IS a_ S epat | represent at 0 a
oTat ng. b ofuTRses of e parkel, T Ha: theckiting g Pr 3fppei oftne SRIGE B ThE, o 3
i S a per spect p¥preveRidOfo aPaARir HaRfilgdlfifhrin UKiEkRtsa id ReiaBRY fofmealopin i n

Fig. |I; Fig. 31s a schematic Vi ew of a pl ati ng barrel according to another
enbodi ment of eadheofthe objectsiandeplating defects. ard preventedehemati ¢ vi ew of a

' ' | -
plating barrel of ixp grtfecl)'% g%ildoarlll%l plte¥gx?t' the ogje%tspfrorﬁ p2| u?g2 up,5 the conical or

| pyramidal attachments preferably have vertices having an angle 6 (see Fig. 1)
which is larger than 90°, so as to be an obtuse angle.

In the present invention, there are no restrictions regarding the actual
shape of the attachments. The attachments may be exactly conical or pyramidal;
or, the shape of the attachments may be modified somewhat. For example, the
vertices of the attachments may be rounded, or they may be flattened to form a
trapezoidal cross-section cone.

A plating barrel according to another aspect of the present invention
comprises a barrel which is rotatable, has an approximately cylindrical shape,
and contains objects inside it, at least one cathode-lead connection which
penetrates through the end surface of the barrel along the rotational axis of the

) barrel and which is supported in a manner such that the cathode-lead
connection is rotatable relative to the barrel, at least one cathode which is placed
inside the barrel and which is connected to the end of the cathode-lead
connection, and at least one either conical or pyramidal attachment which is
attached to the barrel in a manner such that the central axes of the attachments
are the same as the rotational axis of the barrel, the vertices of the attachments
point toward the center of the barrel, and peripheral portions of the bases of the
attachments at the opposite ends relative to the vertices are in contact with or in
proximity to the inside end surfaces of the barrel, so that the objects do not pass
through the gaps between the bases and the inside end surfaces of the barrel.

Thus, from piling up or stopping of the objects is avoided or prevented, so that a



DESCRI PTI ON OF THE PREFERRED EMBODI MENT Characteristics of the preggnjpp 2002

invention will be described in detail in conjunction with the follow ng
enbodi ments. Fig. | is a schematic view of a plating barrel according to an
enbodi nent of the present invention. Enbodinent 1 Referring to Fig. |, the

plating barrel includes a rotatable barrel 1 with the exterior shape
approximately |i ke a hexagonal colum as shown in Fig. 2, cathode-I|ead
connections 2 which passes through the end surfaces la of the barrel 1
along the rotational axis A of the barrel4.l, cathodes 3 which are placed
inside the barrel 1 and which are connected to the end of the cathode-Iead
connections 2, and conical attachnments 4 which are attached to the

cat hode- | ead ,connecti ons in.a oan t the f, t he
attachnent s A?%er;}bary Pest Hgffgw tﬁﬁggﬁﬁé rééié%?&hfeo%&i é)tlﬁi eé'%glryfggl gﬁjg? étﬁ%g barr el
1, the verti GRatidg aéfecid@répréehr@@t s point toward the center of the barrel
1, and peripheral ai)_ortions F of the bases of the attachnents at the

i

opposi te ends rel adin¢etheconical orpyrageidalratiachment iy attaolied to the bagrel, tb¢ de end
surfaces la of,the barrel 1.so that opjects not.. pass in between,the
Gaps. i adatiashmepREotdlesaidiie SR e BhRE 3a Dulling piatip ot feBglnfietIne <
filled W th Zupbds isHordfFctifely avaidédd? preddited, Whi ch is placed inside the
plating bath 6. The barrel 1 includes a part constructed of a nesh screen,

etc., for allow ngAmmjoppartiafdhe cathodedeadropnectionis pueferably placedtin the
surfaces of the cathode-l conpnections,.2 are constructed of .an insulating
e b . 1 n 1958F secditn af {EE harkRl s P s lBiRa L SEME hatEo o0 s
manner such that t\wheadh&affor Pad of o '@rhodifead caffectiohds pliced athddwae to
the barrel 1. More specifically, the cathode-lead connections 2 are

st ati onary wsettion pEthiedareel relative to the rotational axicofdhe havrel,/the abjegtsivelsich ons.
The cat hodes 3, are, pl.aged bel gw t rot ati gpnal. gxis t barrel.1l, so
05 APR 700> Bil Wi téigver sesfibn of e WH dfeRtivel coptacl ety Bhicy 7he
barrel 1 effemhayieésthe ifectivenkfoIant PPeleht fvertiopddi tion, the coni cal
attachnments 4 cover generally horizontal portions 2a of the cathode-|ead

connections 2 so dEhecenical oxpyvamiddl attachmentpreferpblytdoyers mearlynall afthehe
barrel 1; the objects therefgre 0 ile up. on the rizontal portions
2o " Accor di nhartrantal hailiph B HischatRedidleal padeBioRan S ROL SEEE Ble. "\ ol e
of the barr elgehei-flyPhdrizdditd poHivh indidé iRl bakrélas sufficient capacity to
receive 1.5 |1ters of steel balls having a dianeter of 1.5 mm and 0.5

liters of multil aySincethegeonical appyramidal attachienticorersithegengrallynun by 1. 25
mm as the objects . Enbadi t 2. Fig.3.1s aschematic, representation
Showi ng a confbormeippraen 2 s Gehadbledq cSnfedibisias it EPERERS 1o o
anot her embodiseReially Eoia£stitaEpUrtidh indidé fife PAorpelctHe dbje@ barfiibt pile up'én eat | NY
barrel according to the above-described Enbodi ment 1, the conical
attachnents 4gemerallysherizansal nostionsottherrathodedaal eanneetionss ndccordingly,

ond surf aces WARE Gefestsy SRR b onsRles ARg B Sobnaledlly ol il bifbrka© ' 71 °°

attachnents 4Jthidlhesd lageiiatte effeéth@ly prdvéateand surfaces la of the barrel 1 in
a manner such that the peripheral portions F of the bases of the

attachnents are in contact with the inside end surfaces la of the barrel 1.

More specifically, there WIW inI‘II ttachnents 4 and
the inside end surfaces I}gﬁ(f;glpp e barre %C%#sit@&?}tl ong'gof ot her parts of

the plating barrel Figf ¢isa BéHeafaticGrephesentation o aglatiiy barkel $@ofdiag to an
expl anations are omtted to avoid repetition. Exanple of barrel plating The

pl ating bar r e¢mbedimengphthepresepbbaventions 1 and 2 are used to plate Ni, and
then to plate Sn oxgr,H i 4 pURHEtive iew 3F A PArRY if Q054 iR plating barrel

shown in Fig. 1;
Fig. 3 is a schematic view of a plating barrel according to another
embodiment of the present invention;

Fig. 4 is a schematic view of a plating barrel of the conventional type.



05 APR 2002 _ 7 1. Volune of steel balls: 1.5 liters 2. Vol une @g R 2002
objeécts: 0.5 liters 3. Ni plating bath: Watt's bath 4. Sn plating f%.
S.Current density at cathodes During NI plating: During Sn plating: 6. Tine
period for plating Ni plating: neutral Sn plating bath des 0.2 A/dn2 0.1

A dn2 60 min Sn plating: 60 mn Evaluation Wth regard to objects
(multilayer ceram c capacitors) which are prncessed with NN plating and Sn
pl ati ng using the above-described conditions, the thickness of Sn-plating

| ayers were neasured to determne the deggee of variation (coefficient of
variation, CV (%). In addition, the nunber of plating defects where the
obj ects was not conpletely plated was al so determ ned. The nunber of

speci nens used for neasuring the thickness of the Sn plated | ayers was n =
50, and the nunber of specinens used for determng the rate of the plating

defects was n = 2, 000p@@CRIPTIONO¥ THEPREFERKED EMBUDBIMENTE

t hi cknesses of Sn-plated | ayers and the degree of variation and the visual
i nspection to det eChianactettistics of thopresent ipyventiongwilbbedessribed is detail inn Tabl e
= 05 APR g(?l%%nction with the following embodiments. Fig. 1 is a schematic view of a

plating barrel according to an embodiment of the present invention.

Embodiment 1

, Referring to Fig. 1, the plating barrel includes a rotatable barrel 1 with
the exterior shape approximately like a hexagonal column as shown in Fig. 2,
cathode-lead connections 2 which passes through the end surfaces 1a of the
barrel 1 along the rotational axis A of the barrel 1, cathodes 3 which are placed
inside the barrel 1 and which are connected to the end of the cathode-lead
connections 2, and conical attachments 4 which are attached to the cathode-lead
connections 2 in a manner such that the central axes of the attachments are
approximately the same as the rotational axis of the barrel 1, the vertices T of the
attachments point toward the center of the barrel 1, and peripheral portions F of
the bases of the attachments at the opposite ends relative to the vertices T are in
proximity to the inside end surfaces 1a of the barrel 1 so that objects 8 do not

J pass in between the gaps.

In addition, the plating barrel includes a plating bath 6 which is filled
with a plating solution 5 and an anode 7 which is placed inside the plating bath 6.

The barrel 1 includes a part constructed of a mesh screen, etc., for
allowing the plating solution to pass through.

At least the surfaces of the cathode-lead connections 2 are constructed of
an insulating material. In addition, the cathode-lead connections 2 are
supported in a manner such that the cathode-lead connections 2 are rotatable
relative to the barrel 1. More specifically, the cathode-lead connections 2 are
stationary while the barrel 1 rotates around the cathode-lead connections.

The cathodes 3 are placed below the rotational axis A of the barrel 1, so



-g Table 1 Thickness of VariationPl ati ng DefectsSn | ayerCV(parts 05 APR 7002
per Attachnments(um) (%9 m | lion)Conventi onal t ypeNone Used2.4318.512Att ached

t oEnbodi nent 1cat hode-| ead2. 567. 82Enbodi nent 2Attached to barrel 2. 378. 20
For the purpose of conparison, the plating of Ni and Sn was al so perforned
by using the conventional plating barrel shown in Fig. 4 under the sane
conditions. The thickness of Sn-plated | ayers were neasured to determ ne
the degree of variation (CV ( %)), and the nunber of plating defects was
al so determned. The results are also shgwn in Table 1. Wth reference to
Table 1, variation (CV) of the thickness of the Sn | ayers plated by using
the conventional plating barrel was 18.5 % which was relatively high. In

Enbod nent 1A ebietle WieRTUEUPt B BNl B Bl WM EEY fflcslety o (e

pl ati ng barr ebneaecthetatigpdes 3ENLOdI nent 2 was used was 8.2 % Accordingly,
both plating barrels of Enbodiment 1 and Enbodi nent 2 provided | esser

viari at | on thaln t hdnaddition; tlwrmni@}pgachmelaladicmrrgem hordzantal Rarticnsal
i 11 on ( pprp of e s ed8 cfbfefis 435, o 8| P 08¢ ReEhndigehs °

pl ati ng barr gh ifdidEFRASHEIL; the vBfectsheref®r® do MitPileaiiflon fife Katizomal t he
pl ati ng defects when the plating barrel of Enbodi nent 2 was 05 ~ ~~ zoo2

-9 used was @optioms Z8us, the plating barrel of Embodinments 1 and 2 yi el ded

vas achi oved byt REBIIBE ko igtaupd BieF BEEPredotia ByBasnh e Vot ok ©

attachnment s 4heBagrePl isBliRes. ! Thiid) bairig 1dfas sufficieiiticapacity o rekeivba. Shiteie! 1

)

and were rotated along with the barrel 1. It is believed that such a
const r uct i on ofrsteel kalischavinga diametorof b8 mmcamd 0 &tliters efsmultilaysyjceramic

doscr i pti ons capRdie EatRETimeRSuEbe fin By T uls B ivetE 11 ayer

ceram c capacitors. The present invention, however, is not limted to this.
The present invention may al so be applied to various kinds of objects, such
as ceranic elfgnbodimenat2esi stors and i nductors and ot her conponents.

D)

Fig. 3 is a schematic representation showing a construction of a major
part of a plating barrel according to another embodiment (Embodiment 2) of the
present invention.

In the plating barrel according to the above-described Embodiment 1, the
conical attachments 4 were attached to the cathode-lead connections 2. In
Embodiment 2, however, the conical attachments 4 are attached to the inside end

) surfaces 1a of the barrel 1, as shown in Fig. 3. The conical attachments 4 are
attached to the inside end surfaces 1a of the barrel 1 in a manner such that the
peripheral portions F of the bases of the attachments are in contact with the
inside end surfaces 1a of the barrel 1. More specifically, there are no gaps
between the conical attachments 4 and the inside end surfaces 1a of the barrel 1.

Constructions of other parts of the plating barrel are similar to those in

Embodiment 1, so that explanations are omitted to avoid repetition.

Example of barrel plating
The plating barrels according to Embodiments 1 and 2 are used to plate

Ni, and then to plate Sn over Ni, under the following conditions.



In addition, although the attachnents were described to be coni cal 05rARReR
descri ptions above, pyram dal attachnents nmay al so be used to obtain the
sane effects as in the above-described enbodi nents. Al so, although

Enbodi ments 1 and 2 were described as including attachnents 4 at each end
of the barrel 21, an attachnent may be provided only at a single end of the
barrel, if desired or necessary. Furthernore, the present invention is also
not limted to the above descri bed enbodi nents in other ways. Various

nodi fications are possible within the scope of the present invention due to
t he specific shape and construction of the barrel, the shape and
construction of the cathode-lead connections and the cathodes, the specific
shape and construcqi i.cal am dal attachnents, method of
attaching the con?%al“b?zgiggﬂi a 'attggAﬁéﬁts, etc. 0 5 APR 2002 -10
VWHAT |S CLAI MED | 2. Vblurfe pf abjetg: Maliteds conprising: a barrel that is

rot atabl e about a rotational axis, has_an approximtely cylindrical shape,

and includes an int-d¥imdatingihgthed to r WHUEDHB) ects; at | east one
cat hode-| ead connegtd <\ at | east t - connecti on
ext endi ng t hrough g?“&?\'ﬁ"@%?’?%‘ée of th%agg?l;%ﬂggﬁ%bgﬁfy al ong the
rotational axis of5.Cagrentfésdityaittatifodeg rotatable relative to the barrel;
at | east one cathode placed inside the barrel and connected to the end of
at | east one cathode-| uring Niplatingi: SAN/dm2| east one attachnent attached
to at | east one cathodeg] A0 attachnment having a central
axi s extendi ng gener al Fly)/“'gﬁgr%ol{qﬁ{zﬁé'ot aé‘i’gﬁfﬂz axis of the barrel between a
vertex portion ancls,e[‘im%ﬂriaﬂrfbi-pmtiﬂghe base portion being larger than the
vertex portion, the vertex portion pointing toward a center of the barrel,
and the base portion bemhgfaglla'ced suf f6&Mimt |y cl ose to an inside end
surface of the barrel t he obje .do not pass through any gaps
bet ween the base porti zgnhgﬁghghe i nsi d@glrll'g surface of the barrel. 2. A
pl ati ng barr éEvAastieli ng to claiml1l, wherein a major part of the
cat hode-| ead connection is placed bel ow the rotational axis_of the barrel.
3. A plating barreYithxegard tophiects (multilayer geeamiccappeiters) which avene
attachnent c r [ ' - d SO
That the hor i sesfd N fChlhfthe BBR Sxblalhe ubietRk NPAR-A R FRA UBRGRE

the thickness of Sn-plating layers were measured to determine the degree of

-y

variation (coefficient of variation, CV (%)). In addition, the number of plating
defects where the objects was not completely plated was also determined.
The number of specimens us;d for measuring the thickness of the Sn-
plated layers was n = 50, and the number of specimens used for determing the
) rate of the plating defects was n = 2,000,000.
The results of the test measuring the thicknesses of Sn-plated layers and
the degree of variation and the visual inspection to determine the rate of the

plating defects are shown in Table 1.



4. A plating barrel according to claim1, wherein the at |east one (5 APR 2002
attachnment covers a horizontal portion of the cathode-|lead connection so
that the horizontal portion is not exposed inside the barrel. 0 5 APR
2002 -11 5. A plating barrel according to claim1l1, wherein the at |east one
cat hode-| ead connection includes two cat hode-|ead connections, each of the
cat hode-| ead connections extendi ng through opposi ng end surfaces of the
barrel substantially along the rotational axis of the barrel and being
rotatable relative to the barrel, a cathage is connected to the end of each
of the cathode-|ead connections, and an attachnent is attached to each of

t he cat hode-|ead connections. 6. A plating barrel according to claim1,
wherein the at | east one attachnent is %ﬁ n shape. 7. A plating
barrel according to claim1, wherein the a Ieast one attachnent is

pyram dal in shape. 8. A plating barrel according to claim1, wherein the

barrel is jrha_p‘gd_as a hexagonal colum 9 A plating barrel conprising: 3
barrel thal is rotatablle about a rotatfional axis, has an approxi mately

cylindrical shape, and jincludes an int e,[je ada edvto qufﬁﬁe' |§‘é8‘%§fé{s; 8
C e- edtilon

| east one fat hode-|ead |connection, thg
extendi ng {hrough an end surface of the lggrlﬁfér generatlvy al gn (]tggﬁg
rotational |axis of the |barrel and beirng rotatable relative to J’rel
at | east ope cathode pI aceAttaclonemtst hg bar(eel) and conffekted (to thillien)d of

—+

t he at | eaptrone \,m .u e—ead—eonrectHor—antd—ateast—enre—dttachrent
attached t pLPR¥eH: the at | east dne attachngnt
, type None Used 243 18.5 12
Attached to
Embodiment 1 cathode-lead : 2.56 7.8 ] 2
Embodiment 2 | Attached to barrel 2.37 8.2 0

For the purpose of comparison, the plating of Ni and Sn was also
performed by using the conventional plating barrel shown in Fig. 4 under the
same conditions. The thickness of Sn-plated layers were measured to determine
the degree of variation (CV (%)), and the number of plating defects was also
determined. The results are also shown in Table 1.

) With reference to Table 1, variation (CV) of the thickness of the Sn layers
plated by using the conventional plating barrel was 18.5%, which was relatively
high. In contrast, the result of CV calculation when the plating barrel of
Embodiment 1 was used was 7.8%, and the result of CV calculation when the
plating barrel according to Embodiment 2 was used was 8.2%. Accordingly,
both plating barrels of Embodiment 1 and Embodiment 2 provided lesser
variation than the conventional type.

In addition, when the conventional plating barrel was used, the rate of
the plating defects was 12 parts per million (ppm). In contrast, the rate of the
plating defects when the plating barrel of Embodiment 1 was used was 2 ppm,

and the rate of the plating defects when the plating barrel of Embodiment 2 was



having a central axis extending substantially along the rotationa &f
the barrel between a vertex portion and a base portion, the base Bér{\(‘lwﬂ
bei ng larger than the vertex portion, the vertex portion pointing toward a
center of the barrel, 0 5 APR 2002 -12 and the base portion being placed
sufficiently close to an inside end surface of the barrel so that the

obj ects do not pass through any gaps between the base portion and the

i nside end surface of the barrel. 10. A plating barrel according to claim
9, wherein a major part of the cathode-|le®d connection is placed bel ow the
rotational axis of the barrel. 11. A plating barrel according to claimlO,
wherein the at Least one attachnent covers a hori zontal portion of the

cat hode- | ead S . ) (- sed

i nsi de the ba‘rqs('r%glrwgleBﬁ.'R ?%ﬁr‘ﬁ dggtrdr;g accor ﬁgﬂl{lﬂ% %ﬁ%ag,ylaﬁg(?el n the
at | east one sighifichnstylowee\defet patesir The ndazbn pﬁnﬁa partidularie lowatdteceasl ead
connection so that the horizontal portion_is not exgosed I nside the barrel.

13. A pl at i ngadhigved H@é&’l‘ﬁ!ﬂﬂgbﬂréel(ﬂfﬁ'ﬁb@mmé?éﬁﬁt aethgrcopicakt one
cathode-| ead GoNRGEOR “Jeil& tt\’i’? ! d'sﬁilchSPi‘é‘gf e'ifhirel 1%y of the
cat hode-| ead connections ex I'ng t rou osIng end surtaces t he

barrel subst awereatotated alvng v&nklﬁtlfe(ﬁa&hlqn at nsaxhswdfthhhmdhar ¢ovistragtion fiore
rntatable relative to the barrel, a cathode is connected to the end of each

of the cat hoceifectixelyqynyented aceumulation as the ehjests mbledeyielding thelowerch of
t he cat hode-| 4. A plating barrel according to claim9,
wherein the fﬁ? r@%ébgpgfec iment is conical in shape. 15. A plating

barrel according tIh tHealeseriptionsciboive, the @bjictsd wareideserthal dslsding thie i S
pyr am dal in shape.
multilayer ceramic capacitors. The present invention, however, is not limited to

this. The present invention may also be applied to various kindsof objects, such
as ceramic electronic resistors and inductors and other components.

In addition, although the attachments were described to be conical in the
descriptions above, pyramidal attachments may also be used to obtain the same
effects as in the above-described embodiments. Also, although Embodiments 1
and 2 were described as including attachments 4 at each end of the barrel 21, an
attachment may be provided only at a single end of the barrel, if desired or
necessary. .

Furthermore, the present invention is also not limited to the above-

) described embodiments in other ways. Various modifications are possible within
the scope of the present invention due to the specific shape and construction of
the barrel, the shape and construction of the cathode-lead connections and the
cathodes, the specific shape and construction of the conical or pyramidal

attachments, method of attaching the conical or pyramidal attachments, etc.



0 5 APR 2002 -13 I b. A plating barrel according to claim9, wherein t&
barrel is shaped as a hexagonal colum. 17. A nethod of plating objec éAPRZMZ
conprising: attaching an attachment having a vertex portion and a base
portion relative to an inside end surface of a barrel of a plating barrel,
the base portion being larger than the vertex portion, the barrel being
rot at abl e about a rotational axis and including an interior adapted to
recei ve objects, such that the base portion is placed sufficiently

prnxi mate the inside end surface so that .jjie objects do not pass thrnugh
any gaps between the base portion and the end surface of the barrel;

pl aci ng objects in the barrel; and plating the objects. 18. The net hod
according to the attachnent is attached to the barrel.

19. The nethoﬁ*@?@gﬁiFﬁ§ﬁ$@59q§rn117 wherein the attachnment is attached to
a cat hode-1ead connection extending through the end surface of the barrel.

20. The nethod accordin to claim1l7, wherein an attachnment is attached
rel ative to each ofl. tAvplasimgdasirne) comprisingsnd surfaces of the barrel

.A&f 2. Ah2. A@ AF. A, . A?. A o, A

zuoj d*XRU] cal] cal] 3%'5%!%3@]553?&%'53 %‘é Pifh'%%%ﬁx %ﬁ%ﬁw{%m‘ﬁgm caU] ca

U cay] cal] CaU]cgﬁﬁﬂﬁ&l’kﬁ , aadlitabliesw-intadior #dapie ito receive objects;

(wz4$miww) - | 7i E{ uoj d*XR caU] cal cay] ca] cal ca cal] ca] ca] ca] cal] ca] cal]

cal] cal] ca] cal] caU]aééqaéw}a:@qtbedq-baql@a?wp@awt! tond @ﬁbod@]m# 15

5/BH1& """ kfal VP C cal.cal cal c

2l ca] caU] caUrRiyctamesiaing Brpigt f8 5@%&%@%@@%&”&5@#’%&?3 gl o
JHITITY ooommzmgafmmmfaammgtﬂmdbmmmmmﬁem caU] ca] caV]

ca] cal] cal] caU] cal] caU] cal] cal] ca cal caLca] ca] cal] cal] caUL U(]icaU] cal
ca22222233X3" 3364441 lashosath acezl7 side the barrel and connected to t

8 Uf a[ VP
aUl cay cal) caUpbiBpEORCSRots RRRRI PR, SR Ol COl Ca oppstoan
=" =g=>>>777757~7 s A it intdntakacicd fa(fédstbaatltholb-tald Gabbaidd, cal c

aU] cal] cal] caU] cal] caU] ca] cal] caU] cal] ca] ca] caU] cay] ca] cay] cal ca] caU] cal ca

] c(a] cal] caDS entmvipgzconiralsig exemding ek rlong the vetatipnal ] | cay
e 1
ysnmgal UX af VUlbefld 1apsdranah ﬂ%ﬂ&wﬂmﬁbﬁ&%@mﬂ 6rticiopdifie 1ded bantdd cal

cal] cal] caU] cay] cal] cal] cal] cal] ca caU] ca ca i TT HUUIVdM\/M N} NNNPP
PO QRQUGQ Qg QQQUE HEgrawTyls and: theck @FV@!U"%!@R!’@ E’Pwﬂ:]!‘ Wéﬂl‘m@‘a‘}%] cau

Jcal cal] cal] %ﬁ %9 E)J} lIgarrelf]soeilﬂt tgg]ogj_eulscfo%gt lélafig Hltw%ﬂ:caq ca

the base portion and the inside end surface of the barrel.

’ 2. A plating barrel according to claim 1, wherein a major part of the

cathode-lead connection is placed below the rotational axis of the barrel.

3. A plating barrel according to claim 2, wherein the at least one
attachment covers a horizontal portion of the cathode-lead connection so that

the horizontal portion is not exposed inside the barrel.

4. A plating barrel according to claim 1, wherein the at least one
attachment covers a horizontal portion of the cathode-lead connection so that

the horizontal portion is not exposed inside the barrel.



">Xi K- L10% & () -9ml0% & ()-fyl0% & ()-$10% & () -,

10% & ()-910% & ()-& fml0% & ()- X@vi K-9"S 10% & ()- 10% & ()-9Z (5 APR 2000
109 & ()-9S10% & ()-910% & ()-910% & ()- y10% & ()-*n{i UK9"S
109 & ()-10"10"10"&9z 10% & ()-710% & () - &

10% & ()-9%610% & ()-99$10% & ()-O fH UK9"S 10% & ()f10% 0& ()-s@
10% 0& ()- y- 109%*& ()-:y- 10% o0& ()-: @ 10% 0& ()-' mL0% 0& () -
wxyzCE9"S 10% & @ 10%& ()-' @O0%& ()- 10' 010' 010' 0*- 10% 0& () -
410%08& ()-' 410% 0' 0& ()-' Vema~\ =2E 10H§.$- 10%H& ()-Y! & 10% ()-&
10948 ()-1y 10%q& ()-!y 10%& ()-y 10%4& ()-)-|7nN - 10% & ()-10% & ()-3
10% & ()-yZ10% & () - S10% & ()-' Fi 10% & ()- 3 10H 10H7i EdEMN -

Toos 151006 & {) - 21v0nd e Bl decrdBitsclabin . Witbrith BEADIAR dne ®) TEETY
10% " 6910% & ¢athédelR¥d &onnectivhQiclides tvbdcﬂtﬁﬁ(d&le(a}l-c’oﬁin@&ﬁa&s( dach.of@he & () - !
" # 15 b@ 10'F 109 ()-f 10%& ()-&L0Y%6& ()- 10:

10: 910% & () - - eathode-lead connegtiopspxtepdingdhrougivepposing ¢nd1m}‘@e§ pf the barrel
182;\(52&( § )Lt é@)s/%ﬁl%ail)yfgg#olﬁggé}atﬁmja?m& }heI thgrel and bélHWtXtajbqg/%i‘ath ‘@
1055! &3 10%58&0(&11:&3&&%@(&0@ ﬁ*c@hﬁé‘dtbd oie\eatof bath éf (Hrdafthd&-fkﬂd& ()-!f
10% & ()-f 10‘V|&'()-lyz 10% " & ()-!yy 10% & ()-h--.......

@ 0% () - &1 0vgormectionsyand ag attachment is attached to each of the cathode-lead

connections.

6. A plating barrel according to claim 1, wherein the at least one

attachment is conical in shape.

7. A plating barrel according to claim 1, wherein the at least one

attachment is pyramidal in shape.

8. A plating barrel according to claim 1, wherein the barrel is shaped as a

hexagonal column.

9. A plating barrel comprising:

a barrel that is rotatable about a rotational axis, has an approximately
cylindrical shape, and includes an interior adapted to receive objects;

at least one cathode-lead connection, the at least one cathode-lead
connection extending through an end surface of the barrel generally along the
rotational axis of the barrel and being rotatable relative to the barrel;

at least one cathode placed inside the barrel and connected to the end of
the at least one cathode-lead connection; and

at least one attachment attached to the barrel, the at least one attachment
having a central axis extending substantially along the rotational axis of the
barrel between a vertex portion and a base portion, the base portion being larger

than the vertex portion, the vertex portion pointing toward a center of the barrel,
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11. A plating barrel according to claim 10, wherein the at least one
attachment covers a horizontal portion of the cathode-lead connection so that

the horizontal portion is not exposed inside the barrel.

12. A plating barrel according to claim 9, wherein the at least one
attachment covers a horizontal portion of the cathode-lead connection so that

the horizontal portion is not exposed inside the barrel.

13. A plating barrel according to claim 9, wherein the at least one
cathode-lead connection includes t\;'o cathode-lead connections, each of the
cathode-lead connections extending through opposing end surfaces of the barrel

) substantially along the rotational axis of the barrel and being rotatable relative
to the barrel, a cathode is connected to the end of each of the cathode-lead
connections, and an attachment is attached to each of the cathode-lead

connections.

14. A plating barrel according to claim 9, wherein the at least one

attachment is conical in shape.

15. A plating barrel according to claim 9, wherein the at least one

attachment is pyramidal in shape.
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placing objects in the barrel; and

plating the objects.

18. The method according to claim 17, wherein the attachment is

attached to the barrel.

19. The method according to claim 17, wherein the attachment is
attached to a cathode-lead connection extending through the end surface of the

barrel.

20. The method according to claim 17, wherein an attachment is attached

relative to each of two opposing inside end surfaces of the barrel.



