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" THE 1T NVENTI ON 1. m BEM@%@WG Invention 10 The present inventi®n rélate
to a technique fo ing electronic parts in which a plated film

is formed on an exterdl*el ectrode of @n electronic part, such as, for
Ie>s<arrpl e, a nonolithic capacitor or the like, to forman external -
el ectrode. Mde(QEANIQUE FOR, MANUFASTE] [NVER o kiﬁ“._, a tec :’ll qute
for manufacturing an el ectronic par gby_ :)ﬁrrl |to ating ustn 2barre into
whi ch 15 condrigi layplied &8 B Fe@idhdl 8 §9p M L& i 1053976
Descri pt 0y &f dquﬁ%r%toeggggéth} ﬁliscgl brfe_)?ﬁ réq%égﬁ}ﬁ&%gﬂgé‘%ﬁ?i é/?‘,na}‘or
exappl e, ,a.Mono i c capacitord éYlR‘é?PPFFtt yirgeesente anitext e 2

el ectrod%'?%‘fe he el ectronic part conprises a 20 plated film The film has
excellent solderability, which facilitates the nounting of the electronic
part. In forning such aBAGKEROUND GBTIE IRNVAENTIORRS been frequenflﬁl
used. The barrel plating technique uses a hexagonal cylindrical barre

as sho |_Bi ghional viewin Fig. 4(a). The barrel plating

ahni i : f.al | ow ng process. Chip type electronic
parts Lo, gpl‘éiggfgfr‘p%ﬁﬁgég e B SRR 8T Byt omer ous
$o. ne ap

ECTRONI C PARTS This appl i g~ esponds ‘
1 TECHNI QUE FOR MANUFACTURI NG ELECT pp Ngg%grggg{} 5%8,

I .- .
conduct i 88 el emen d Prgdian anexferppl efgcdradel of arorleeteeriion i s
af f ect edPpEt HYRMRIE paInabithic @paciten outhedike to fdren baexerndl and a
posi ti ve®§oiradss Mﬁrslpadﬁ‘”s‘ﬂééédtherplmmtiingentlimqmlalte@gﬂcb sitechrafué he barrel 51
(not shoWnufatieringminzlectnenialpatuisye ta frebplating @0nPaYakial entdOkBichl the netal
at tlachescemd wutivieadements drbenigkdal tRARE tRhid P&rtg! €Ctronic parts that a(r)e g
charged with a negative electric potential by the negative pole bar 60 an

the condgct | | nner, the plating layer is formed. The
G St bupgs dRe o %‘3%‘% ﬂeﬁfgiﬁy B (o xF Tt nomagg i Gpasher bar 60
o RSO S4Bl s el e usgogmaee e |
barPe| 5Pl %?xlms erfilan has excellgnt saldernbilatyt svhiclofaciliates) thbawd wgrirgt er na
el ect r odeStheelegronic pactd dndorminey such sphaeed fih, bafteliplating IRlsYEBAL S 52 are
pl aced i freghenthpused. 51, and el ectropl ating is carried out in the barrel f
51 while the Dhe barrel platidabthiqae A38a hBRagbtat c&lﬁﬂ&ﬁggl Bakrd 33 o' FECtION O
arrow A shew ihthé& L 8 v id 799.4(a). The barrel plating technique is
25 performed by the following process. Chip type electronic parts to be plated are
disposed in the barrel 51 together with numerous conductive elements. The
barrel 51 is rotated. Electric conduction is affected between a negative pole bar
60 introduced in the barrel 51 and a positive pole of metal disposed in plating
liquid outside of the barrel 51 (not shown). The ionized metal fused from the
30 positive pole of the metal attaches to surfaces of the electrodes of the electronic
parts that are charged with a negative electric potential by the negative pole bar
60 and the conductive elements. In this manner, the plating layer is formed.
The conductive elements 51 collectively function as an electric medium which
distributes the negative electric potential from the negative pole bar 60 uniformly
35 over all the chip type electronic parts dispersed in the barrel 51.
More specifically, electronic parts (not shown) having external electrodes to
be plated and numerous spherical conductive elements 52 are placed in the barrel
51, and electroplating is carried out in the barrel 51 while the barrel is rotated
around the axis thereof in the direction of arrow A shown in Figures 4(a) and 4(b).
40 The spherical conductive elements 52 function as electrodes for applying a
voltage to the external electrodes, and also function as agitators which agitate the
electronic parts in the barrel 51. That is, the rotation of the barrel 51 causes
agitation of the conductive elements 52 and the electronic parts during

electroplating, thereby permitting the formation of plated films having a uniform
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40 Lhe spherical ‘conductive el ements 52 function as el ectrodes for applying
«a voltage to the external electrodes, and al so function as agitators which
agitate the electronic parts in the barrel 51. That is, the rotation of
the barrel 51 causes agitation of the conductive elenments 52 and the

el ectronic parts during electroplating, thereby permtting the formation
of plated filns having a uniform 2 athickness on the external electrodes
of the electronic parts. Using conductive el enents 52 that are spheri cal
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el ements 52 dieweker, el poblamioccyrant berc Brnlodrréles1 is wbkated ANfHeYd idsitioatsd. More
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rotated FHCTABC RArfsLOpf ghovnksitiated on thesids 2ila efitherhavess 51 end thmqyesi ti on
of side 92Wnwaid wher HiritideiSle moasamwask ardd thiseaed, detawwi theparts tend to
slide dovndudiveielemsnts,5ldmveshaphrerieyl shapeywhenafid baheD5TRV®titdiRghdext
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conduct h&@ﬁ&%@&n@gbmﬁwgﬁm%lﬁfrggkggﬁg&ﬁ %caglgiﬁ (\!igvtvglst&‘llfenéiqcfels Ly

agitate | |

sgmet i ne%hqgt;}é?%i%gnq?ﬁgl% f:%i e(?]‘?gtacoone it : Bt mnwf Sgﬁgéﬁ‘fwtg f&rts and

the condutive: el% Fft.s 51 : _I%rree }Eep‘é’d\ ychiyeele ?lhté ; i néfrent s 52

have di aRBIRALe QRS Sgﬁ geathiasipiad, | arge, as shown in Fig. 5. As such, the

spaces bet weefndBrgashin theshiametarof the comdnuctiverlementsid) dométimeebyusesusi ng

seddre chwublicienteandart betieeen ther elat tromicquirtsastab tHecoviducoe @le@féitoBC part s
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Fig. 6, the spaces C between adjacent conductive elements 52 are increased,
decreasing the probability of contact between the external electrodes 53 of the
electronic parts situated in the spaces C and the conductive elements 52.
Therefore, it is necessary to prepare conductive elements 52 which have an

30 appropriate diameter relative to the size of the electronic parts which are to be

plated.

Thus, the above-described conventional method of manufacturing
electronic parts using barrel plating can produce variations in thickness of the
formed plated films due to sliding of the conductive elements 52 and parts on the

35 side 51a of the barrel 51, the small size of electronic parts relative to the
conductive elements 52, etc. These factors can cause variations in solderability
and consequent soldering defects.

SUMMARY OF THE INVENTION
40 Accordingly, it is an object of the present invention to provide a method of
manufacturing electronic parts including a plating technique capable of solving
the problems of the above-described conventional technique. Namely, itis an
object of the present invention to provide plated films having reduced thickness
variations formed on external electrodes of electronic parts of various sizes.



Thersefore, it is necessary to prepare conductive elenents 52 which have an
«30 appropriate dianmeter relative to the size of the electronic parts which
are to be plated. Thus, the above-described conventional method of

manuf acturing electronic parts using barrel plating can produce variations
in thickness of the forned plated filnms due to sliding of the conductive
el ements 52 and parts on the 35 side 5]a of the barrel 51, the small size
of electronic parts relative to the conductlve el enents 52, etc. These

factors can ¢aus@eV@ldchidv@heiobi %F’ egaek%ﬁmnv@mor?%ﬂﬁ%%%ﬂ% sol dering
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ext er nal %‘fee%f%t!fd’é kthermaxianemedi memfncm {gathe gnirimemnacingnsiodi withisi e of a
conduct i rangelatmbout 1d td&@.ned as the length of the |ongest |ine segnent

whi ch passes Hurtleargin theqerebert invegtion) thé dehst m&Peshiildive «fd RekRtcan Hae
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duct t {.
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of about® “‘1“158 %f & Cﬁﬂg‘fa‘ﬁ‘é}‘e&ieﬁ‘ec% b“tPé?é {n the karreldar applying plackri
conduct i Veltagetecthesledroiepatised i n conbi nat ion with spherical conductive
el ements. 15 The present invention also pertains to a conbination
cofprising a barrel for wuse in plating a filmon external electrodes of

the el ectronic parts, BMEF®E$QR4PTI®N OF TR BRAWINYS conduct i ve el ement s

di sposed in tfge RaeEs % and’gh{lﬁgﬁgégof fie erleEeCrJ{tr oni ¢

parts. 26, fRich Wi erstoo upon reading the following detalled
description in con]unctlon w1th the drawings in which:

25 Fig. 1(a) and Fig. 1(b) illustrate the barrel plating step of a method of
manufacturing electronic parts in accordance with an exemplary embodiment of
the present invention, in which Fig. 1(a) is a cross-sectional view showing a barrel
including parts in the state of being agitated, and Fig. 1(b) is an enlarged view of a
portion Z of the barrel shown by a one-dot chain line in Fig. 1(a);

30 Fig. 2(a) is a front view showing a spherical conductive element, Fig. 2(b) is
a front view showing a deformed conductive element, and Fig. 2(c) is a front view
showing another example of a deformed conductive element;

Fig. 3 is a perspective view showing another example of a deformed
conductive elements which can be used in the present invention;

35 Fig. 4(a) and Fig. 4(b) are respective schematic cross-sectional views

- illustrating the problems encountered with the barrel plating operation in a
conventional method of manufacturing electronic parts;
Fig. 5 is a schematic front view illustrating the state of contact between
conductive elements and electronic parts in a conventional barrel plating method;

40 and

Fig. 6 is a schematic front view illustrating problems encountered due to
poor contact between conductive elements and electronic parts in barrel plating in
a conventional method of manufacturing electronic parts.



The & oregoi ng and ot her, objects, features and advantages of the present

dnvention will be nore readily understood upon reading the follow ng
detailed description in conjunction with the drawings in which: 25 Fig.
1(a) and Fig. 1(b) illustrate the barrel plating step of a nmethod of

manuf acturing el ectronic parts in accordance with an exenpl ary enbodi nment
of the present invention, in which Fi%. 1(a) is a cross-sectional view
showi ng a barrel including parts in the state of being agitated, and Fig.
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in Figs. 2(b) and 2(c) The deformed conductive elements 2 can have a variety of
non-spherical shapes having different maximum and minimum dimensions.
More specifically, the deformed conductive elements preferably have a ratio of
maximum to minimum dimensions in the range of about 1.1 to 3.0, and more

30 preferably about1.1t0 2.0. With a ratio of less than about 1.1, the element shape
closely resembles a spherical shape, causing similar problems to those
encountered with spherical shapes. With a ratio of over about 3.0, the elements
are held in spaces (or "holes") formed in the barrel by the conductive elements,
which impedes agitation of the elements.

35 The maximum and minimum dimensions will be described with reference
to Figs. 2(a) to 2(c). Fig. 2(a) is a front view showing a spherical conductive
element 3 in which all points on the surface of the element 3 are the same distance
from its center, i.e., the maximum and minimum dimensions are the same. On
the other hand, the deformed conductive element 2 shown in Fig. 2(b) has a shape

40 in which a portion of a sphere projects out to form a projection 2a.

The deformed conductive element 2 is not limited to the shape shown in Fig.
2(b), e. g., in which a portion of a sphere projects out to form the projection 2a.
For instance, an elliptical shape as shown in Fig. 2(c) can be used. In the elliptical
conductive element 24, the maximum dimension is labeled X and the minimum




wei ght relative to the spherical conductive elenents 3. Using defornmed 15
iconductive elenents 2 at a ratio of |less than 10% by wei ght may not produce
the desired effect (to be described below), potentially causing variations
in thickness of plated filns, as in the conventional technique.
Appropriate conductive materials can be used for form ng the conductive
elenents 2 and 3, as in the case of the conventional conductive el enents.
20 Appropriate exenplary materials includes iron, chrom um carbon, and the
i ke. Thienerasxéonrisnablelednsi on of a conductive elenent is defined as the

l engt h of tfmtmgﬁssghd»m@n @E&'{S%E‘ﬁvé"@ie%‘opﬁ‘ @Sdts'ilr&\%%d;gﬁaﬂhﬁéé regi on

of the trve el enent -
is defi %&{@g%saﬂgﬁ@ 4 rg Ek's ae}%GfCi FP ucgb rﬁgﬁ‘g WE&IBs t hrough
t he centf&f @V‘c? er i Pﬁé‘p&’Sﬁaﬁ@ Pyyer é‘ldéﬁréﬂf‘s el"i‘?f@"‘é’é@rrents are

| abdl ed @unengionyfnd the hqigh s dke mipimuandimersion Theondadiveeelementiuct i ve

el ement shaviagvaniones dherashapey, soich asarcydipldeidat sha psh agperssofatid staupdj 4 f er ent

maxi mum hexhgoinal plate,ditepcsi bnased Mor defdratdd ¢l Udtivetdiemeigsor ned conducti ve
el ements pr ef@éf@h‘xﬂib@l?fg 3, r@mlﬁeﬂbodr}ﬁéhwmr{voelewbw%%@5&%';ﬂgged n the

range of 1@m%arilel]1 &e@wn??ﬂxeﬂg ?111%% vB'ek [ﬁéﬁtgbya § &1ct-8 Wth a

ratjo of ou ese

spherl caf ﬁiﬁ Hal A f%mg gf odb hrsoYtSrEH'bfg‘ées %?‘V\ge g\’l“f‘ﬁ

spheri caFO% %‘8@? Pﬂ#‘? ﬂ“% t?‘ﬁ’cr syr dupesplparty@ne Pheiee beisednel d i n
spaces (84ch fppags jn wév%alemoqlﬁélrnauar‘eformect by seaveduethodeotheethamt s,  whi ch
i npedes  agpting and bekingrelushivapaste35 Plated fdmismrmtandediimtiaibardelnensi ons
will be despreéviedsipiformedblebde filing by lgfrreltlalinf Qo 266pletkitBe extedali S a
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i n 2hi ch whemothe barrelfl wotateher As preyieusly distussedfiorthetabevedeseibedn 2a. For
i nst ance coavemtidnaltexamlplesthp eonducthavelements 32 ard the electrbricyset. 53 n t he
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upp®  andiFg g?safegxee 015 61E Tin Akt gape i, the elements 2 an casily
rotate due to the influence of the projections 2a. Therefore, when the side 1a is
moved in the direction of arrow A, the deformed conductive elements 2, the
conductive elements 3 and the electronic parts 4 do not simply slide on the side 1a,
but topple onto on the side 1b while being intermixed and agitated. Therefore,

30 the conductive elements 2 and 3 and the electronic parts 4 are readily agitated and

mixed in the barrel 1.

Furthermore, as shown in Fig. 1(b) (which is an enlarged view of a portion
shown by a one-dot chain line Z in Fig. 1(a)), the spaces between the adjacent
conductive elements are decreased. More specifically, since the projections 2a of

35 the deformed conductive elements 2 enter the spaces between the adjacent
conductive elements 2 and 3, the spaces between adjacent conductive elements
decrease, thereby increasing the probability of contact between the electronic
parts 4 and the conductive elements 2 and 3.

As a result, plated films can be formed with a more uniform thickness on

40 the electrode films of the electronic parts 4 due to: (1) the improved agitation of

~ the conductive elements 2 and 3 and the electronic parts 4 in the barrel 1, and (2)
the improved contact formed between the electronic parts and the conductive
elements due to the reduced spaces between adjacent conductive elements.

The types of electronic parts used in the present invention are not restricted




5 dinension, and the height is the m ni num di nensi on. Conductive el enents
shavi ng various ot her shapes, such as a cylindrical shape, a prismatic
shape, a hexagonal plate, etc., can be used as deformed conductive

el ements. Referring to Fig. 1, in this enbodinment, many electronic parts 4
are placed in the barrel 1 together with the conductive elenents 2 and 3.
The el ectronic 10 parts 4 have electroge filns formed on their outer
surfaces by coating and baking conductive paste onto their surfaces. O her
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causes tBg g@prrr?q el \Sﬁdﬁ | extent on
t he si deB At thee ti r?e e?rrleeﬁltt}'sﬁ gaaflllngggﬁl& uag to the

i nf | uence.oab 1t31ﬂuﬁr@d.&stmﬁmu%adﬂbﬁ&6f\oz@sonl@fi zmnSI@snaaca@e moved in
the direction of arrow A, the deforned conductive el enents 2, the

conduct i elenedretsBitayigg addarhbeer o @ GhirOWete M8H tpyePardd. NQheSidihiies! | de on the
side la, but topple onto on the side Ib while being interm xed and

agi tsat edcofithectefenelemeds 2 hrd thashitdricad cendutineseldmants Bwainel niiked at ect r oni ¢
parts 4 are readily agitated and mxed in the barrel 1. Furthernore, as
shown i nVRrigus 1¢tigs ghehvr in Teblerl kelbur yeprepascaid wtiverelémeantssifGamply a
one-dot chain line Z in Fig. 1(a)), the spaces between the adjacent
conduct i Wose|l éﬁéﬂ\t s are decreased. Mdre specifically, since the projections

2a of 35 the formed conductive el enents 2 enter the spaces bet ween t he
adj acent con q icoeEamif @paciiprns hmving dimgnsiens pblRanm %88 mank 0.8

ﬁSR?EﬁE' ﬁﬁ%@?ﬁ%@a& c1FEghFRae EE Sepe Frvioe b IR 14 fete’rin'e,vhtehtlgcz and
a0 The” ol ERttblssabrfi il ba’fﬁ“aﬁlgseangféﬁlsﬂsgﬁgsﬁégﬁm? b s”vr‘e(ﬂ%ﬁ-“ﬁ% ifr oved

agitati Or},u?ifaces of the ceramic sintered compacts.

10000 monolithic ceramic capacitors, and 1000 g of conductive elements of
any one of Sample Nos. 1 to 11 were put in the hexagonal cylindrical barrel 1.
The barrel 1 was then rotated at a rotational of 1 rpm. Nickel (Ni) plated films
25 were formed with a supplied current of 204, and then Tin (Sn) plated films were
formed with a supplied current of 15A. Although the rotational speed of the
barrel 1 is generally about 5 to 20 rpm, in the experimental examples, the
rotational speed was 1 rpm in order to accelerate sliding of the conductive
elements. A Watts plating bath and a carboxylic acid Sn bath were used for the

30 Ni plating and Sn plating, respectively.



t he .conductive elements 2 and 3 and the electronic.parts 4 in the barrel 1,
.and (2) the inproved contact fornmed between the el ectronic parts and the
conductive elenments due to the reduced spaces between adjacent conductive
el ements. The types of electronic parts used in the present. invention are
not restricted 6 to those described above. However, it is preferable that
the electronic parts be of the type hqving plated filns forned on

el ectrode filns, which, in turn, are formed on the outer surfaces of the
el ectronic parts to formexternal electrodes. For exanple, the present

i nvention camshdesapipei adbove, Naplateth filis ARUGEPRE] AhS WAL FSrmed SHEh as
nonol i thic capacitors, single-chip ceram c capacitors, piezoé?edtric

cerani ¢ fpantly using thaeohdketiveldempnessfidachrf@atisla Nss. 2ltsq1apThbrapl e to
electronic parts in which electrode filns and plated filns are fornmed on
out er suihPatethestversgmthicknenses apldethicloress vpratisnOCVOsithe @sate fliglsm ext er nal
el ectrodes. 10 Experinental exanples will be described bel ow Conductive

el ement sfosmgd\Byhgsingdhp copductiverrlementshafmachof Sagpla( bThawetfatiph €par ed. The
pre areqﬁﬁpnducaive elenents 2 had a maxi numdinension X of 1.0 to 1.5 mm
and® a m YT ham W He feRsiented pydstandard deviationgthidlness\ayeragecofegpinted3 havi ng a
dianEterﬁpfgﬁxﬁg&mwe al so prepared. The deforned 15 conductive el enents 2
and the sﬁ% i"cal”" conductive elenments 3 were mxed at various ratios shown
in Table | below to prepare conductive el enents of Sanple Nos. 1 to 11.
Monol ithic ceram ¢ capacitors having dinmensions of 1.6.nmx 0.8 nmx 0.8
nmm were prepared. Electrode filns were previously fornmed on the nonolithic
20 ceranmi c capacitors by coating and baking silver (Ag) paste to cover
opposite end surfaces of the cerami c sintered conpacts. 10000 nonolithic
ceram c capacitors, and 1000 g of conductive elenents of any one of Sanple
Nos. 1 to 11 were put in the hexagonal cylindrical barrel 1. The barrel 1
was then rotated at a rotational of 1 rpm N ckel (N) plated filns 25 were
formed with a supplied current of 20A, and then Tin (Sn) plated filns were
formed wth a supplied current of 15A. Although the rotational speed of the
barrel 1 is generally about 5 to 20 rpm in the experinental exanples, the
rotational speed was 1 rpmin order to accelerate sliding of the conductive
el enents. A Watts plating bath and a carboxylic acid Sn bath were used for
the 30 N plating and Sn plating, respectively. 7 As described above, N
plated filns and Sn plated filnms were forned, in



turr, by using the conductive elenents of each of Sanple Nos.
‘Table 1

pl-at ed
The var

shows the average thicknesses and thickness variations CV of
films

ifation CV 5 (% is a value represented by (standard devi ati on/

1to 11.

t he

formed by using the conductive el enents of each of Sanple.

I ckness average of plated filmX) x 100. 8 Table 1 Sanple Mxing ratio
E\r/]vltoc/() ﬁli pl atedgfi | m gn plated fil m) Ng. Spherical Deformed X (m) CV (o) X
(M C/(-/0) 11000 1.2 24 2.118 29010 2.2 11 4.0 10 3 80 20 2.3 10
4.2 8 70 30 2.3 8 4.17 56040 2.594.28 65050279458 740
50 2.4 tEbled 9 10 830 70 3.594.18 920 802,58 4.3 9 10 10 90 2.4
9 4.0 9°Satiple 1WiAnGratd (#tB) 8 Tab| Hi plateadiilgat es t hdisy plited@MRI € NO. 1,
usi ng gnMNg. t he spherical conductive elenents, the gverage t hi ckness |of the
N platied fil ms|$ghesalSMIDefdtmed: 2| RY mgnd_PVNE) AVETa0E,, th heI Sn
plated fiTnp Ts[as fgall [as ZgT m g T ERIeESy ——varTah tonsSv-iof \arrL) e
No. 1 oftte—NT1ptatgd—tms—apd—the—SHplatedtilns high' as 124%
and 18% respec i \'ID9 /. This | pas N h|2'5:2 due toltlhe flact 4phat t helO Spherl cal
conductfve @l enbnt 5881 i dé on 2he side€®f {he Barrel 1,4and t hus8the
conductj ve &l enents7and tlhe mdnol i thi @ xeram ¢ gapacitogy arke noy
sufficiently 10| agi bat ed anq 40 2<.Ed 92_5 n? ot vr]’e}; mnfaga; M?f,,? D[ nS "
conduct [ e G ST ST SITPeRy oS 2t t g o brionepe -tk
in thicknesS vatiat®8ns df the0 pl ajed %41 THOs is| pod8ibly die to
fact that the defordBd cdnductQ ve ¢l e®hts|cause suffficidnt hgitagti on
the confuct9ve elemaots gnd tge nonol ixHi C[ceragic capagitorp. NgXT, N t he
second expepl ment, f{fe ECt artl SE‘)‘,?GFZ)H;L”B; ‘Lfn \I,ELGJ;i \:‘ bﬂ?: tOg U Em
and two TYRES O CoTgituctive ghements—espest vl RaMRgTd-a S

Table 1 indicates that, in Sample No. 1, using only the spherical conductive
elements, the average thickness of the Ni plated films is as small as 1.2 m, and

5 the average thickness of the Sn plated films is as small as 2.1 m. The thickness
variations CV for Sample No. 1 of the Ni plated films and the Sn plated films are
as high as 24% and 18%, respectively. This is possibly due to the fact that the
spherical conductive elements slide on the sides of the barrel 1, and thus the
conductive elements and the monolithic ceramic capacitors are not sufficiently

10 agitated and mixed.

On the other hand, use of the conductive elements of Samples Nos. 2 to 11
permits increases in thickness of the Ni plated films and the Sn plated films and
significant decreases in thickness variations of the plated films. This is possibly
due to the fact that the deformed conductive elements cause sufficient agitation of

15 the conductive elements and the monolithic ceramic capacitors.

Next, in the second experiment, the rotation speed of the barrel 1 was set to
10 rpm, and two types of conductive elements respectively having diameters of 1
mm and 2 mm were used. In this case, the mixing ratios of the spherical
conductive elements and deformed conductive elements were the same as Sample

20 Nos. 1 to 11 to prepare conductive elements for each of Sample Nos. 21 to 31. As

shown in Table 2 below, in Sample Nos. 21 to 31, conductive elements having

diameters of 1 mm or 2 mm were used as the spherical conductive elements.

Namely, in Sample No. 11 as an example, plating was carried out under two

conditions in which the spherical conductive elements having a diameter of 1 mm
25

were used, and in which the spherical conductive elements having a diameter of 2
mm were used. The other conditions were set the same as the first experiment to

form Ni plated films and Sn plated films on the outer surfaces of the electronic
parts. The results are shown in table 2.




mmand 2 nmwere used. In this case, the mxing ratios of the spheri cal
-conductive el enents and deforned conductive el enents were the sane as
Sanple 20 Nos. 1 to 11 to prepare conductive elenments for each of Sanple
Nos. 21 to 31. As shown in Table 2 below, in Sanple Nos. 21 to 31
conductive elements having dianeters of 1 mmor 2 nmwere used as the
spherical conductive elenents. Nanely, in Sanple No. 11 as an exanpl e,
plating was carried out under two conditions in which the spherical
conductive elenments having a dianmeter of 1 nm 25 were used, and in which

t he spherical conductive elenents having a dianmeter of 2 mmwere used. The
other conditions were set the sane as the first experinent to formN
plated filnms and Sn plated filns on the outer surfaces of the electronic
parts. The results are shown in table 2. 9 5 10 Table 2 Sanple Dianeter 1
mm2 mm No. Mxing ratio Nl plated filmSn plated filmN plated film Sn
plated (W% film Spher- De- X CV X CV X CV X CV ical formed ( m (9 (

n)(o)(n)(%(n)(%21100024154.01209351728 22 90 10 2.6
8 4.77 2.111 4.1 11 2380202.87 4.582.1104.010 24 70 30 2.7 6
4 72.384.29 256040 2.97 4.772.58439 2650503174838
3109429 27 40 60 2.9 9 4.5 9 2.4 8 4.3 10 28 30 70 2.6 8 4.4 9 2.6 7
4. 29 20 80 2.8 74.6 8 2.7 9 4.6 8 3010 90 2.7 8 4.88 2.6 8 4.6 9
31 0 100 2.9 7 4.59 2.7 8 4.5 7 As seen fromTable 2, Sanple No. 21 uses

only spher conductive 15 el ements. \When conductive-el enents having a
PREbEE

di amet mmwere used _the N plated films and Sn plated filns forned
by usi r apple ¢ Biameter ve el dienms of Sanpl e No. 22nmave snall er thicknesses
with | deder thickness varidtions CV than
Mixing ratio Ni plated film | Sn plated film | Ni plated film | Sn plated
(wth) film
Spher- De- X Ccv X CcvV X Ccv X Ccv
ical formed | (m) | (%) | (m) | (%) | (m) | (%) | (m) ]| (%)
21 100 0 24 15 .| 4.0 12 0.9 35 1.7 28
22 90 10 2.6 8 4.7 7 2.1 11 4.1 11
23 80 20 2.8 7 4.5 8 2.1 10 4.0 10
24 70 30 2.7 6 4.6 7 2.3 8 4.2 9
25 60 40 2.9 7 4.7 7 2.5 8 4.3 9
26 50 50 3.1 7 4.8 8 24 9 4.2 9
27 40 60 29 9 4.5 9 24 8 4.3 10
28 30 70 2.6 8 44 9 2.6 7 4.5 9
29 20 80 2.8 7 4.6 8 2.7 9 4.6 8
30 10 90 2.7 8 4.8 8 2.6 8 4.6 9
31 0 100 2.9 7 4.5 9 2.7 8 4.5 7

As seen from Table 2, Sample No. 21 uses only spherical conductive

15 elements. When conductive elements having a diameter of 1 mm were used, the
Ni plated films and Sn plated films formed by using the conductive elements of
Sample No. 21 have smaller thicknesses with larger thickness variations CV than
the Ni plated films and Sn plated films formed by using the conductive elements
of Sample Nos. 22 to 31. However, the differences in thickness are smaller than

20 the first experimental example. This is because the rotational speed of the barrel
1is10rpm.  On the other hand, in Sample No. 21, the thicknesses of the Ni
plated films and Sn plated films are significantly decreased by changing the
diameter of the spherical conductive elements from 1 mm to 2 mm, and the
variations (CV) are also significantly increased. This is possibly due to the fact

25 that the spaces between the adjacent spherical conductive elements are increased
by increasing the diameter of the spherical conductive elements, which, in turn,



Ni films and Sn plated filns formed by using the conductive
-'EalhgrreNlntgl agstarrpl e Nos. 22pto 31. However, the differences in thickness
are smaller than 20 the first experinental exanple. This is because the
rotational speed of the barrel 1 is 10 rpm On the other hand, in Sanple
No. 21, the thicknesses of the Nl plated films and Sn plated filnms are
significantly decreased by changing thg diameter of the spherical
conductive elenents froml1l nmmto 2 mm and the variations (CV) are al so
si gni { i cdatrbases tiee pestatilihirt ohtack8BL UV UdAa] B fBGL; gPybhat the

i | . tive el ene Qei ncreased by
Per asi mo B o NGt e 3BBYE Sinetr e andhtbneencygtiian. i n

10 decxeases, th robability of contact between the external
ol 6ct rodes. of% RES ?%ﬁgﬁﬁ?h\%é usiogdhe sopdpgkye demantyphSample Noav® to
di nensi gﬁs dertpaperincibirdmess okthedVeplatrds filron antiSroplaerd filne) andythusi ng t he
conduct i thickalessreatistios CAptherdddvarp 2liglatly, 5wBile thieeHiGasaSed &F thb I{ﬁd&eass of
the Ni plileadrefdignificantdy Sidresed} 88d fthé MhickRad vtap,%ﬁo}‘lgnaﬁé(gi ﬁ?ﬁc‘é | afc:onsare
(CV) L hedeabasea s ebm@htddvithfBdripleiGo! Y. CHPERP &R0 Ho SIS ARG [l TS
sLom {1 camdor hacicrssnis sl diheRusiRaehiat i R AL Ly
degh eased, (ap fRIPRLEL WM 1 a(r}%{d._e (&%2 %jgh' . o d
the ratﬁggéaciS tgﬂ? r%é%ore?r‘e%‘ t3tpa 3565 x etiNisiE pessibly, dueko
t hi cknesg‘ed’O ct that the spaseshetieenghe adiasasteondustiveelements are decreasad
decr easeSue {hfhe presprreqfihy defarmeal catudtiaeteldthantst trersipaneseheigeien t he
adj acent Prddndilétyiofeostastrbatvecear thedrondithidcerdiigc tapddierpagsemce of the
def or mredcarghdtiveielementsnent s, t hereby i ncreasing the probability of
consact bet weens (g fHRR thdthicSHRPRNGs. %l%ﬁ Uén nttgg ond gt e ¢ he
el ent ssptiich cbaiddis e ekand i SORLE I ot Sl SR e
di aret er gf, {NegeSRIEH €3 1.CONAUETLVE plentlile, [ ATIARE: .
t hi ckness, ,of, t he plat ed % lePsRt erlenedn Yergtion {-dsisdn reasashto a lessert he
variati on €W s increased to a |l esser extent. In summary, in the nmethod of

manuf act ur i ng " RINAEY ripthe meshed of maraifactoringeseelectronieparbof the pl ural ity
of 28| ect PesseBt isyenSonmipbualificef electedreingntts andedndlicigedpdmengd conduct i ve
el ement sinchindioly defermed copdedtiveadlemahes, WHich ArénoR3 B@llicil%rgg@hf if{'adp' ating.
Ther ef or Barrehfor Habel patifl. ITher&lodd, SOheN hdBambBi!r ’tec(ijhn?‘iqg l%éirr{gar ol
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elements are decreased to increase the probability of contact between the
conductive elements and electrode films of the electronic parts. Therefore, barrel
plated films can more reliably be formed on the electrode films formed on the
outer surfaces of the electronic parts, and the thickness variations of the plated

30 films in a lot can be significantly decreased. Itis thus possible to provide
electronic parts having excellent reliability, which causes fewer soldering defects,
for example, in solder-mounting the parts on a printed circuit board.

In the present invention, when the ratio of the maximum dimension to the
minimum dimension of the deformed conductive elements is in the range of about

35 1.1 to 3.0, the agitation of the electronic parts and conductive elements by using
the deformed conductive elements is readily increased. Further, the spaces
between adjacent conductive elements decreases to more effectively increase the
probability of contact between the electronic parts and the conductive elements.

In one embodiment, only the deformed conductive elements are used.

40 Alternatively, the deformed conductive elements can be combined with spherical
conductive elements. In this later case, the thickness variations of plated films
can be effectively decreased due to the presence of the deformed conductive
elements.

The above-described exemplary embodiments are intended to be




conductive elenents and electrode filnms of the electronic parts. Therefore,
‘barrel plated filns can nore reliably be forned on the electrode filns
formed on the outer surfaces of the electronic parts, and the thickness
variations of the plated 30 films in a ot can be significantly decreased.
It is thus possible to provide electronic parts having excell ent
reliability, which causes fewer solderhng defects, for exanple, in

sol der-nmounting the parts on a printe& circuit board. In the present

i nvent i aflusti&ve {81l rédgeRtsOfathBEHERY ' | t i Ni nym

di mensi qp ?ﬁeﬁﬂﬁiﬁﬁ&ﬂkﬁ%ﬂcﬁ Q?ééiiveegﬁgﬁggpgpﬁgqﬂﬁgﬁﬁén?%ﬁggtogﬂgﬁbut 35
1.1to0 3 G )i g thaélon SE ST YA ons it detailgd (plRIEERGLEOR| enent s
by  usi ngPehe /;)g Fikgd framdbe desermtignsantainedrhesgin by  merseasddlledin t her
the spagé@ arhetReHchypHABARS Rumhmrdifigetiensemsmonsifiered s be withinshe

ef fect i viEPpeiandrsparibot the prgsariabiéntion af definediby the folemirighdaighect r oni ¢
parts and the conductive elenents. In one enbodi nent, only the deforned
conductive el enents are used. 40 Alternatively, the deformed conductive

el ements can be conbined with spherical conductive elenments. In this later
case, the thickness variations of plated films can be effectively
decreased due to the presence of-the defornmed conductive elenents. The
above-descri bed exenpl ary enbodi nents are intended to be 11 illustrative
in all respects, rather than restrictive, of the present invention. Thus
the present invention is capable of many variations in-detailed

i npl ementation that can be derived fromthe description contained herein
by a person skilled in the art. Al such variations and nodifications are
considered to be within the 5 scope and spirit of the present invention as
defined by the following clains. 12 WHAT IS CLAIMED IS: 1. A nethod of
manuf acturing el ectronic parts having an external electrode fornmed on the
outer surface thereof, the nmethod conprising: disposing a plurality of
non-spherical conductive elenents in a plating 5 barrel; disposing a
plurality of electronic parts in the plating barrel; rotating the plating
barrel to forma plated filmon the external electrodes of the electronic
parts. 10 2. A method of manufacturing electronic parts according to claim
1, wherein the conductive el enents have a maxi num di nensi on defined as the

| ength of a |longest |ine segnment which passes through a central region of
t he




conductive el enents, and the conductive el enents have a m ni mrum di nensi on

«defined as the length of a shortest |ine segnent which passes through the

central 15 region of the conductive elenent, wherein the ratio of the

maxi mum di nension to the m nimum di mensi on of the non-spherical conductive

elements is in the range of about 1.1 to 3.0. 3. A nethod of manufacturing

el ectronic parts according to claim2,,20 wherein the ratio of the maxi num

di rension to the m ni num di nensi on of the non-spherical conductive

el enment SWHAMIS GeATMEPB 18f about 1.1 to 2.0. 4. A method of manufacturing

el ectronic parts i lm 1, further including the step of

di sposi n‘gegtpglg% i&%‘?ﬁgﬂ E%’E%@ef%@élr% qlectronie W&rtsf‘\%‘vb‘rga?'i‘_gﬁtel%?lrel. 5. A

met hod o mancﬁ act.url n‘ﬂi T QRIF SHrface thareotatheomathegd compriaing 4,  wherein the

ratio of the HSAYPHAMALEAIY S agarspherisrbenstustive elémentplhieni gating conduct i ve

el efent sbagelbout 10% or greater by weight. 30 6. A nethod of manufacturing

el ectroni ¢ patisposiog erplurgity of elettrvnlc parth @ eeplalifigMARretPheri cal el enents

i nclude at | e@sitirgnthenslating Haprel eXERek g%tearfﬁ@ &l{'ﬁ?é'éﬁénﬁl”é[e%&%d% of e

non- sphefHeCabetpd@ERAKS: 35 7. A nethod Of manufacturing electronic parts

according to.claim6, wherein the non-spherical elenents have a generally

spt‘igrical shape xcett fgr tr}e rotrysion. 8. A nmethod of manufacturing

el ectronj ¢ part ér(‘,%g'f’éi.o Jranpigridrng electionigipar tsiasconding éo clapmels i cal

el enent s gindhgcepdudiyseelements hastev maximmen dimension dgfipledaisitbai ¢ part s

accor di nlpngsh of ailemgest linh segrantw hichmpasses thiraaghaf cenial régibne)f thas a

pol ygonafomdegive el@medB, and i b wdti verierhag tstavath ek i i PR{ds

accor di nefinedhatiie Rngef £5Rodestiliedes fténk 3ARCR pasls dn ARTdiCI-13 2

hexagonakegihARE the dond R 63BN MER, Whet&M¥hie TaRY of th@ a3 him Hohe s Sn o

pl ating ﬂjﬁ i B 'B@n@ﬁ%n & tnroo_ezheofc he (glcg‘c F Rim g, fimensiop to

pl uralit&?bo”ﬂ"?@%ﬁ” cal" Conadty R LIBnemeugivesieaanisis iméheranggl f or

applying e eetT % 1T"tage to the electronic parts. 12. A conbination

according to claim 11, wherein the conductive elenents 10 have a maxi num

di mensi on def$-neft methoHeof manufacbiring tleciyesic parteaceeglingtto vhiigiy, passes

t hr8ugh & hegeinrthe ratgiob theofmakirugodiiedsive te ek snuR i dRidPodet | ve
non-spherical conductive elements is in the range of about 1.1 to 2.0.

4. A method of manufacturing electronic parts according to claim 1,

further including the step of disposing spherical conductive elements in the
25 plating barrel. :

5. A method of manufacturing electronic parts according to claim 4,
wherein the ratio of the non-spherical conductive elements to the spherical
conductive elements is about 10% or greater by weight.

30

6. A method of manufacturing electronic parts according to claim 1,
wherein the non-spherical elements include at least one protrusion extending
from an outer surface of the non-spherical elements.

35 7. A method of manufacturing electronic parts according to claim 6,

wherein the non-spherical elements have a generally spherical shape except for
the protrusion.

8. A method of manufacturing electronic parts according to claim 1,
40 wherein the non-spherical elements have a disk shape.

9. A method of manufacturing electronic parts according to claim 1,
wherein an inner surface of said barrel has a polygonal shape.




I Ni [ [ [ h of;a shortest line
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13. A conbination according to claim12, erein : _
' I Ni ' -spherical conductive
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f aR& ®faN%he non-spherical el enents. 17. A conbi nation (
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segment which passes through the central region of the conductive elements,

wherein the ratio of the maximum dimension to the minimum dimension of the

15 non-spherical conductive elements is in the range of about 1.1 to 3.0.

13. A combination according to claim 12, wherein the ratio of the
maximum dimension to the minimum dimension of the non-spherical conductive
elements is in the range of about 1.1 to 2.0.

20

14. A combination according to claim 11, wherein the barrel also includes
spherical conductive elements disposed in the plating barrel.

15. A combination according to claim 14, wherein the ratio of the non-

25 spherical conductive elements to the spherical conductive elements is about 10 to
100 % by weight.

16. A combination according to claim 11, wherein the non-spherical
conductive elements include at least one protrusion extending from an outer
30 surface of the non-spherical elements.

17. A combination according to claim 16, wherein the non-spherical
elements have a generally spherical shape except for the protrusion.

35 18. A combination according to claim 11, wherein the non-spherical
elements have a disk shape.
19. A combination according to claim 11, wherein an inner surface of said
barrel has a polygonal shape.
40

20. A combination according to claim 19, wherein an inner surface of said
barrel has a hexagonal shape.



