; RSTUe3ey- y*vx6T{20 Septenber 2004 -1 ELECTROPLATI NG METHOD USI NG

COMVBI NATI ON OF VI BRATI ONAL FLOW I N PLATI NG BATH AND PLATI NG CURRENT OF
PULSE BACKGROUND OF THE INVENTION 5 1. Field of the Invention The present
invention relates to a plating nethod, and particularly to a plating nethod
using a specific conbination of a physical condition of a plating bath and
an electric condition of plating current. 2. Description of the Related Art
10 An el ectroplating technique of fornming a filmof el2@iSapéembgr ¢8ddiucti ve
material on the surface of an article has been broadly used in the

manuf acturing i ndustry of articles such“ds electronic parts, etc.
Particularly) in order to satisfy requirenents of mniaturization and high
functionality to electronic parts, conductive patterns to be fornmed on the
15 surfaces (cont ai nfLhGIROMATING NEFHOB WBINGCEMBINAKIDY Ok EBRADICKAL ELG® i nner
surface of blind via hole), gf td, ifed to be farned
finely. For exanple, the m%&g@@rdd@{ ﬁ@e%i@ﬁwwwlr% patterns is
pronoted in connection with decrease of the pitches of input/output
termnals due to the high-integration desjgn c em conduct or devi ces, and
20 in connection with this pronBt@eiANG ¥F BESINETANN equired that the through
hol e and the;bhi pghiNia {ael18vREBrdESIi gned to have an inner dianmeter of 100 a
mor |less, further 50 umor less, still further 30 a mor less. Further, a
| ar ge aspect ratio oferegenppentipyreleses & orelagng mptdied berdrpartiguiarbd to t he
t hrough hol e apd._t bl i a hal 5. EOL, . in..onder .to reduce the
capacity bet vveg% avé1 gtélgé \'/T\',E:& 8% u%lélgﬁar §‘je‘é§f20 tcg"qbf1L ﬁ%%h?%:f%gb )rfgﬁceflucr%gd%gosni gn of

W res requiredof n mdeting baihoandvint dlettiréc borgbtiomio@ gl attinpourdesi gn, copper w res
are used in place of, al um numw res which have been hitherto used, and a
damascene net hg'dﬁ‘fﬁflr? 198 ‘gc#“lecﬁﬂlaatte?ﬁﬁt to form copper nulti-layered wires
has been usegd. In tMnSc13OtBMEDRE, tetthif@ofPReMnE QAL Q€ ol &tPRATIGr M copper
deposition in very small 20 Septenber 2004 -2 blind via holes having the
i nner di anet er C@Hictive material esdhe punfpgeeel an artiake Medwen bepadlvewsed Hat a pair
oft el ect r ode f LM Bl APy bOG-SUILAGEN Al FetRink: PALL DAYINg @

di nensi on of about 0.3mm “Parti cul arfy, the applicant of this application
has proposed aP&tpiusdringimetdendo tshbitsty seqpifepetts wéIminiapplizadadyl andtidglarti cl es
havi ng m crostruct.ured part uch as fine holes, etc. (se

IP(A) 11 18088 HIREIOPARETCBOR ¥ Het SBHCCUE SR BT B oWt fBubed i n a
pl ating bat s andfhuebbsmgini mpdtieethn&ty swtabef JfUSHr-O\GEh MoRE Bk EinkgeshirEdte

conbi nation. This nethod is also effectively applicable to el ectrol ess
plating as wel Pt aklr@m@h@@f o6 Arhicl efg haveidweny Beauined terhestoppadnGaelyit i s
required to dispose £ Us i i LAt : i jch the
plating bath is acco%éﬁpg%, a{aeﬁcgqsggmﬂ?e ?lgﬁrg @;05{3?5133{5 gtﬂgg%s‘gﬁ ish an air

pi pe to the dipfoustietdnmopect i®hei &f daceease o€ theroitrhesodf idpetfolimut ng bat h and

t he di mension of th | af i k must .15 .6e relati.vely increased. . so that
the plating apgeéhrr" % Ess&l’et éﬂeFl% f‘r@gtmg%r%é%’\ dovaer 9 S‘?mé?oé’gl}é§?rz PVigssihds) pc
power - sour cej i $n genedtadd ¥ithhtk RSOmEQUEN i tS B &en frequitddetngt erd tieplat i ng. I n
order to enhance the quality of plating filns, there has _been proposed a

t echni que of c%‘flﬁﬁnﬁéh%ﬁlmﬁl"é? ihié‘ig3 %% desianers Uy hae Hginnen Aisweter of

100 pm or less, further 50 um or less, still further 30 um or less.

Further, a large aspect ratio of 5 or more, further 8 or more has been
required to the through hole and the blind via hole.

25 For example, in order to reduce the capacity between wires which
occurs due to the microstructure design of wires required in connection
with the high-integration design, copper wires are used in place of
aluminum wires which have been hitherto used, and a damascene method using
electroplating to form copper multi-layered wires has been used. In this

30 method, it has been required to perform copper deposition in very smail



20 is periodically varied. In this nmethod, positive-polarity current and
negative-polarity current alternately flows. That is, a plating filmis
tenmporarily fornmed by supplying the positive-polarity current, and then
projecting portions of m nute uneven portions on the surface of the plating
filmthus formed are concentratively and partially nelted by supplying the
25 negative-polarity current. The above operation is repeated to achieve a
high-quality plating filmthat has a flat surface and % Septerober 20@h as

m nute voids or the |like. According to this nethod, however, the surface
portion of the plating filmwhich is teaporarily forned IS reaned and t hus
this nethod has a di sadvantage in enhancenent of the filmform ng speed 30

(that is, the enhancenent of the plating treatnment speed). 20 Sept ember
2004 -3 1t 1S Bi8CeRholRNAEREYNE NAlor CRAMUEL b ¢, RE0S are designed in a
further.m crostructure design, and en a plating filmhaving such a

conducti ve pattern iBurthermat hasibtascteguioed tpdveenriesd ¢lactirpdenfitlhg ekness i s

liable to occur erefore as, been and more difficult to keep the

5 xcel | ont _quaPTEy SRR R taeLed ARG, vt Tore dpirPieich St 01 1 Cat on

has al so proposed a Eﬂraimnagmeﬂiacnﬂppntarmarfrwlﬁgtpﬁlﬁbatd:chfM\aprp;boabd ag while

vi brational | ri n th l.ati nd. a atL nmet,hod of

acconmodat i né #Larﬂrnga'f‘ g?gtlﬁ esge%bws Yo PP ?H:@P]& 2t qg? &UPfed to as
“plating tar gem@béﬁradtelsed)pafﬁg Such Ak 'ehe AdlesiNekcC Ak @) -Qe18g880)0ME- pl at i ng

while vibrationally stirring the plating bath (see JP(A)-7-54192 and

JP(A) - 6- 330395)\ccopiig ke rthis wabed, nebradipsaly Sowdinduced in dr plahing datipped i ng

current, and t n i j

appl { cat i on of RciB BkERt) AR AOe PRI f ChbRO0H PBheliB,

articles each 6f aivi effedtbvdipapa ivabikt ho eldverodessepiation asrwethes traver se

direction tﬁo g | ongi.tudi nal direction) of 5mmor |ess, for exanple, 0.3

to |.Om CHEPTEI "8l ati ng process for these mnute plating target

arti cl es, the platingwbatgeh tAld h@h®S @18 QYEIrbARPATPIsd Pheodigfdngy her in

t he barrel) and thus the distribution of plati n&’rl iquid to desired plating

filmform ng p&iRe Bna PhFtinetankdnpihiahi ty rlatigetaly is agcammoflaied y rdedlsp y

| owered. Therefip ‘§’re&|Jl%detans‘%atil£rP£n gir ﬁﬁhc'a'ﬁl@'dl%{]n%%bé ynife%fmteﬁese

m nute plating target articles beyon arison with plating target

articles havi nghe eicarti velthe blatige hat!dath‘stheadmeraldruvﬁ bter pliahipe et nmust be

25 SUMNRRY OBt FHATHQVERIT GG PG Be PAit Db FBeclt oW BNt | nvent | on

is to provide deqibmtii iglaigd kied. which can forma plating filmhaving a
m crostructured conducti veDgattern with high quality so that the pI ating
filmhas no defect 3Fesifled iPs PAKT YW@ geRerpl Ivnyseth o jpRERs ssource_fog the o0

Sept ember 2004 eﬂ&@:‘oﬁ%tu?gbl 1RGrd&f H)It grﬁmarﬁbreeéﬁ%ah@y %f'tplé)cnn% §1lh§ By 'hQs,e a

plating method which can forma quality platin vi ng

m crostruct ur edeanoprdeased aetEpimutlt@rQ‘f @rriingy huts plabing whnhat ﬁerpletljnemurr@ht t he
present invegtion i.s ro e ] at | 5 thod .which can efficiently
form a hi gh%(ﬁqua |pFr1°d Ca]tlg var 1 rIrﬂ1 s 'P‘leégog’ rﬁogﬁ&e‘t Po&ﬁl&? &Fsrkn ctive
pattern by a r eégatmqioyarstmhdrrammat@ha&ly Erower G isp aplating filei@bove
obj ect s, accord present inventiop, there is provided an

to t
el ectroplating® ’F‘?Bgly g’ﬁ%ﬁdéé’t WePLying the RoRLHvesPYIRRILY ifyrheRl ol WRRi cl e
di sposed so as ptdedgnd Hor€ AL 3¢ tmiMith RinBleR bR orkCoP ftleNsdrBacs F @8 BatGAd hode

while a nmetal nenber di sposed so as to be in contact with the plating bath
is set as an afbidethusfermed wod p@g@tmlm@mm@aamm@mmwmmm thad t he

anode while 23' lﬂég%ﬂvgnp%ka {yogvur'rgnt' t3)\6erat10n is repeated to achieve a
high-quality plating film that has a flat surface and no defects such as

minute voids or the like. According to this method, however, the surface
portion of the plating film which is temporarily formed is removed and thus
this method has a disadvantage in enhancement of the film forming speed

30 (that is, the enhancement of the plating treatment speed).



vi brating vibrational vanes which are fixed in one-stage or multi-stage
style to a vibrating rod vibrating in the plating bath interlockingly with
15 vibration generating neans, wherein plating current flowing fromthe
anode through the plating bath to the cathode is pulsed and alternately set
to one of a first state where the plating current keeps a first value |1
for a first tinme Tl and a second state where the plating current keeps a
second value 12 having the sane polarity as the first B‘gﬁ@@tﬂtmbﬁbzo second
time 20 T2, the first value Il being five or nore tines larger than the
second value 12, and the first time T1 belng three or nore tinmes |onger
than the second tinme T2. In an aspect of the present invention, the first
value I'1 is 6 to 25 tinmes as large as the second value 12, and the first
time Tl is 4 to 25 2%t ik AeScaf {1t Shdth@nGREND hat e dré-dekiknani@spect of
t he present |nvent|on the first time zl is set to 0.0l to 300 seconds. In
an aspect of tfe TusEhes gferostiyeliveg gesien hadviter atnlakiae Tilmkeyingrsichiabr at ed at
an anplitude ofcoQubavd GadtCnOE A, ade\fa%c% A Qe LIYR My 9(101%995 }]é) 1500
revol utions per mnute. In an aspect 0 e present 1 nvention

vi brational vardéblarte oguwyilberafard, $b hohheent doge wnd marei difiticulit] Gvkeep thdre
plating bathh 004 hr ee- di nmensi onal flay velocity oE
150m1 second o%%e?lent%ﬂér‘ﬁ%p%s ee@lt oF ﬁlte present invention, the vibration
gener ati ng neans vi bftat mha:tantlﬁ)f tio s 5Pl ikltiod RasalsaPaDEedOf plah;engpr esent

i nvention, the target article is vihrated at an anplitude of 0.05
to 5.0m and a™ TthIS 3?9’6'3"3’? e?jﬁecrli‘E‘?}”e ?a@”i(ﬁbﬂ?d’lmmﬂ@\}bﬂlsﬁ’t“‘mﬁsmﬁer m nut e.
In an aspect Obldthe RItESERS aip¥aRE h&ed Bh%c&hﬁ)ﬂbﬂ% Wy%‘q:lcngt#:&lO% I's swung
at a swinging width of 10 to 100mm and a sw nging frequency o to 30

ti mes per m nutPeateci dhegpingtise cefasted Heﬂiprlelemg tﬁm%m‘tmtes } he apheatdlng t ar get
article has I SE Y re. of .a dinension of
50 a mor I %@cggar%%nggmggﬁteo@? pljlcfc‘ﬂ]g;&u?r esbe?t 10?‘% en Fone tge ? P | ty of

pl ati ng tar get batht (se¢ I8 Aaﬁewezamm(amdmoma hol di ng contai ner, the

hol di ng contai ner h s throu which |iquid of the pl ati ng
bath is allowed to S]g ‘%angﬁﬁs|"ﬁ§1 gﬁﬂ?epﬁjé"ﬁ 'trﬁe"ar?se‘tlgE‘ﬁ“FlcE%FlePE/ ¥¥nduct i ve
nmenber 15 whi Clihdss pOb1QbgRénsi 1Ak né @PdcALle Wit Bsdrb@nPindtdofiGcdtds06t tipsticles to
make current flow through the plating target articles, and wherein the

hol di ng cont ai fighodssty Bingtecplabing fmpeet hst tsa@icbrt’alafé@rhtseﬁacbmfrvélsﬁondl ng to

a non-vertiqgl pgi ge,gaﬂho hé Bindeh§ oplsat ER@FE t ar get
articles in said holdi ng cont alﬁﬁerﬁttgg'?ﬁere &l?eecrtgdaltto ﬂ]e co U(ﬂ and 20
separati on bet wimeptiemlctt &im orhéess| doi mgpmblay gleB tarlt Onmnl 8 taed)a:trbe pedteﬁg rically
conducti ve rren‘B f th ntion, the wdth of each

t
of the plating Da?sgseﬁ’raﬁrﬁ 'Fg'ﬁt‘* ae’cﬁ]ﬁeﬁa%eg ﬂﬁ‘hl vﬁ?'ﬁé’%atl%('i"t‘ﬁ”lgﬁ‘i ng to the

el ectropl ati ngamtﬂeedr@fovérmﬁnpm @5 ne | AAYVEREE iR Rhe BRrEY S4hdWREH tRe Pl ating
conductive pattern i s mnute, pl ati ng filmhaving uniformty in thickness

and no def ect eaﬁr%t%rotr@éaWs Iﬁl%ifbﬁo eired plating e forningcrer tiiong of o t he
a f
present invept yrn @me'rﬂpgeﬂ%ticws 31 é&thgngltli bl 1@{3&?@%7 ur%%%LH £4

conductive pattern can be obtal ned at spee accordi ng
to the present latnedetachoigal diffiquhtyytoal theye pinatd nl;xttngl terga avttcmas:bmﬁd uctured

conducti ve pat n f.icientl ai,ned Sept. enber 2004 -6
relatively sna{:cfﬁ‘%al”ﬁ%oglr a]t%s?‘f té?ﬁcﬁfgﬁEé%ﬁfbjﬁ?lha\t @]f\é]ﬁ%ﬂi" E#\’X l't*—*Fg lis a

Cross- sect i onaandva durthéronipRErekdh® neONBé hatiet inopbiff of the lpitatfonﬂneeﬁééeat us tc

which a first errbc@ ment of a_ plating nmethod according to the present

invention is aﬁm 0e\.renness of film thickness.
25

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide a

plating method which can form a plating film having a microstructured
conductive pattern with high quality so that the plating film has no defect

30 and is not uneven in film thickness.



Fig. 2 is a cross-sectional view show ng the construction of the plating
apparatus to which the first enbodi nent of the plating nethod according to
the present invention is applied: 10 Fig. 3 is a plan view show ng the
construction of the plating apparatus to which the first enbodi nent- of the
pl ati ng nmethod according to the present invention is applied; Fig. 4 is an
enl arged cross-sectional view show ng the fixing portion of a vib i on
transnitting rod to a vibrating nember; 1% Fig. 5 is éﬂ)gﬁpﬁ¥ﬁkﬁféég4
cross-sectional view of the fixing portion of a vibrating vane to the
vibration transmtting rod; Fig. 6 is a diagramshow ng a nodification of
the fixing portion ofintther vbjeciabf e wegsent dnteheiowi lar &t fronider apsadibg i ng rod;
Fig. 7 is a cross-sectional _view show a. madifjcatign of fixing 20 a

Dl St mg tar get TREROPACH BT o Abn e ties 1 b e, S g s R b g
variation of plegtduRgiveYht &Pt af oW B hrough the plating target article;
Fig. 9 is a cross-sectional view show ng the construction of a plating

apparatus to whi ch aAsdgtendbienbotlithenteseit timenpioatisny pethizda pfattihe 25
present inventiopn is, applied,.. Fig. I's a crass-sectional, view showi ng the
cons;ruction“oﬂegﬁg“ﬂf ?ﬁbggﬁﬁﬁgﬁyﬁgn?S}Hﬁ?@ﬁa?ﬁép@@ﬁ@ﬁ%“@ﬂﬁﬁﬂmhﬁnt of the
pl ating method n@érobhac R8s 8fHiud AVE PO b 2aRPAIQ6ly &8 adthrd®s@ Pl an view
showi ng the construction of the plating 30 apparatus to ich the second
enbodi ment of the pl dvionderntst bddirothe Heve ol fecSaprenbding 2004e fFespnbsent

e o0 | R, o A R R S P IR D0 B O
i nvention; Fi gthdBaipiafinkahtdelabYicOUEBEkdPsARs b aW Of cdbfetPhidhi AG:ing
apparatus 5 of Fig. 12; Fig. 14 is a cross-sectional view show ng the
fixing of alVibedt ivsal af laowthadd udii hega petali mnberodstehtadt songs thée phat i ng
apparatus to achLt%E:% r»Irgtht %\%kﬁ;lating bath is set as an anode, and a voltage is appiieﬂ
between the cathode and the anode while vibrational flow is induced by
vibrating vibrational varmes which are fixed in one-stage or multi-stage
style to a vibrating rod vibrating in the plating bath interlockingly with
1% vibration generating means, wherein plating current flowing from the ancde
through the plating bath to the cathode is pulsed and alternately set to
one of a first state where the plating current keeps a first value Il for a
first time Tl and a second state where the plating current keeps a second
value 12 having the same polarity as the first value Il for a second time
20 T2, the first value Il being five or more times larger than the second
value I2, and the first time Tl being three or more times longer than the
second time T2.
In an aspect of the present invention, the first value Il is 6 to
25 times as large as the second value 12, and the first time Tl is 4 to 25
25 times as long as fhe second time TZ2. In an aspect of the present invention,
the first time Tl is set to 0.01 to 300 seconds. In an aspect of the
present invention, the vibrational vanes are vibrated at an amplitude of
0.05 to 10.0mm and a vibration frequency of 200 to 1500 revolutions per
minute. In an aspect of the present invention, the vibrational vanes are

30 wvibrated so that the vibrational flow of the plating bath has a



Fig. 15 is a cross-sectional view showing the fixing of the 10 vibrational
flow i nducing portion constituting the plating apparatus to the plating
tank; Fig. 16 is a plan view showing the fixing of the vibrational flow

i nduci ng portion constituting the plating, apparatus to the plating tank;
Figs. 17A to 17C are plan views showing a | am nated nenber; 15 Figs. 18A
and 18B are cross-sectional views show-ng-a state that the top portion of
the plating tank is closed by the | am nated nmenber; 2& oMby 2 ar e
di agrans showi ng the | am nated neneber; Fig. 20 is a graph ShOWI ng

variation of b aldng.gdn! ntv%f}%,cggvgoregmbm/eé&gm B RbAl | [0ad a0l oanbicle: 20

Fig. 21 is a show ng a fication of the vibrational
fl ow i nduci ngpesdéti grentkorg. tk@Zvﬂbsataorplgamramwvm@mewmgatmet Vb bodidlotral fl ow
i nduci ng portion of Fig. 21; and Fi

23 is a di .sh vvln an xanpl e of
a power source for B‘u?’éés%sﬁ Of dfe R ﬁgseDE'FNTE’Iﬂ“DéE%ﬁ ngEFERRED
EMBCDI MENTS Psef/{%rré &”&f%ﬁdﬁ?ﬂé AL 05 %r!zgorﬁ;paﬁdh@ vﬁ)ﬁreseatfrb@m@t bon wil |
er w re

be descri bed ereun erence to the acconpanying drawings. In the
30 figures,5tH¥ webilersobrtiger mermns;uiteavlinn@ adrecs afrghd mmﬁenbm@veatlen

represented 20 Se t ember t he sane. ref u als.., Figs. 1
and 2 are crot¥. %]éf: Bolhape t\/?rg@\fsl _%Wtﬁéaﬁt?es‘%lﬁﬁgrvﬂ ﬁ?%’{ n%g[?ma?l ng
apparatus to Mlvﬁ'@u?% %&elzﬁénc%*?qel FEDS t Hes ePrmitay m%‘t hod according to the
present invention be applied, and Fig. 3 is a plan 5 view of the

pl ati ng apparatus shoan aswct:mgf]sthe | pregedt Anvanhionhetbe platg0s darget eficénce
numeral 12 represen a t ank) and i ng,.ba h 14 1 s ocked in the
pl ating tank E %@ F%Rgéﬁl H&Iﬁé’l’r“gl% m?%B?%g%}’ff S %g BFa l%ﬁgl%h W

generator @f YéSQI‘ ational flow inducing portion. The vibrational flow
generator 16 includes a base stand 16a fixed 10 to the plating tank 12
through a vibrati onIrpara)@ﬁDaCtib)lﬁethe rresant sipvanhips. BeBiuseliby 9§ PAaLE br at i on
absorption ne

h f h d
thereof, a vi g%é?ti ﬁ‘{g %;?b%rree¥§%’:m)§ng%t8‘g 1%0%@% Oé@g%rg;t%% tlh(emg:)l Ien ;rl ngs

16b, a vi brat kdi@aiwet Ghvik@nsEl Ni1eg thsoukt lamhimu@ecrfemt bgireans iki xed to
the vibrati ng nenber 16c¢, a vibration transmtting rod 16e 15 fixed to the

vibrating menbdevest ta RessuagchelnhguipRadewith aﬁrﬁieﬁfb@éﬂ repdyetiee ‘“P@Prfl xed to

mrer sed i A HESR1is b ArRE s AEE k| e AR R AR Pk oy b

di sposed i n eaglhef fldRethedich t9prolsgse tokkea arsivdes aimd Whegeinlide hbhdingi br ati ng
notor 16d vi brates at frequencies of 10 to 500Hz, preferably 20 to 60Hz,
nore pref er abP§tamer dsomtpted rayndt He o&htiewL %’&E%rdc%ﬁesgﬂr‘di‘i’ﬁ/é‘? £er, for

exanple. The yLbrathion 4808541 89 thY ptfiSny bhhald RO 1MBEYlating target

articles in said holding container to thereby repeat the contact and
20 separation between each of the plating target articles and the electrically
conductive member. _
In an aspect of the present invention, the width of each of the
plating target articles is equal to bmm or less.
According to the electroplating method of the present invention,
25 even when a plating conductive pattern is minute, a plating film having
uniformity in thickness and no defect can be formed with high quality.
Further, according to the present invention, a high-quality plating film
of microstructured conductive pattern can be obtained at high speed. Still
further, according to the present inventioﬁ. a high-quality plating film
30 of microstructured conductive pattern can be efficiently obtained by a



16d is transmtted through the vibrating nmenber 16c and the vibration
transmtting rod 16e to the vibrating vanes 16f. The tip edge of each

vi brating vane 16f vibrates at a desired oscillation frequency in the 25
plating bath 14. The vibration is generated as if each vibrating vane 16f
bends fromthe base portion fixed to the vibration transmtting rod 16e
toward the tip edge thereof. The anplitude and frequency of the vibration
are different fromthose of the vibrating motor 16d, aﬁé Septemberel04n
accordance with the dynam cal characteristics of the vibration transm ssion
30 passage and the nutual action charactefistics between each vibrating
vane 20 Septenber 2004 g and the plating bath 14. In the present
invention, the anplitude is preferably in the range of 0.05 to 1O Om for
exanpl e 0.1 to deQt@My sand dpeafusequency is preferably in the range of 200
to 1500 revolutions per mnute, for exanple 200 to 800 revol uti ons per
mnute. 5 Fig. 4 is an enlarged cross-sectional view show ng the fixing
portion of the vibration transgiff pRErRITtNIGETHEORMIRGY T br ati ng menber 16c.
Nuts 16i 1, 16i2; 16i3, 16i4 ar i nal stress dispersing
menbers 16gl, 1692 afik washerwosstsettiotdhpiew sherinmltke sansbwiciior of en of t he
upper portio f L vi bration transmtti,ng. rod d6e.fr.om both the.upper and
I owar i dds Wt E R Ay henbiet bhigioeftof S iurtint s v b

di spersi ng nmenerihe bogbnt 1ogatiat és hogloeid of rubber, for exanple. Fig. 5is
an enl arged cr oss-segti onal view show ng the fixing portions of the
vibrating vanes 16f tt thés 9iBpsrieshiopdlarienishening theoePneaction Bt 4b¢ ng vane
fixing menmbers p18in@kfafitad 08 Gl cAlth 3t it LdABdHRAE of ARE pl AWK nekBoSi des of
each of seven vibrating vanes 16f. Further, a spacer ring 16k for setting
the interval becogedingttihetheirbeseol hryentdpeds 2afli¢ds i nt er posed between the

nei ghboring i brating; v 0 I X| . . Nuts 16m
whi ch are fi];ﬁt ed to ﬁ%ﬁ'?gsz?l"gé“ %%&%%ﬂg%ﬁﬁ%é&ﬁ;@?%p?gﬁet@? %%rlﬁlgtti ng rod
16e are di sposedpmbtushe whpghethestidet edbodimentugfpthenmsting imbthad iatgrdiapeo16f 20
and the | ower st' de of the | owernost, vibrating vane 16f. Fig. 6 is a diagram
showi ng a nodi fPEEETSEH et % & %orti ons of the vibrating vanes 16f to
the vibration transniid iNngs aoenib6&d drfsst&tcsiof@difel GREWiAN theediiding/i br ati ng
vane 16f is individually fixed to the vibration transmtting rod 16e by
nuts 16n di spodeetisn obatibiahionmansmpdingarnd Yoodeibratigegemerieach vi brati ng
vane 16f. An:el astic 0 fof r I : -} uori nat ed
rubber may tr)he5 interpg{ség?gge?%g%}geeégﬁo%’i %ﬁ%ﬁgvﬁgﬁg @%ﬁgﬁé%ﬂéb i Xi ng
menber 16] to pfeveibratime vane boathe ngbrebivestrdéhittirgnrddei ng danmaged. As shown
in Fig. 6, the |l ower_surface {(press facec)l o(& Ihte. upRen 3f0 Fixi mepber 16j
i s designed to have aeohte P SPO¥Lg 2 apaiSication o1 e Tixisg pelipbfber 2004
-1 0 upper surf age vitpaesg vhcr) tief vibReidnowaksul ttihdgodyember 16j is designed
to have a concave cylindrical shape corresponding to the above convex
cylindrical shape. The ef &7 @ cresspietiopgl wgk ishoning amedidicakine ofofixidg ch i s
pressed by tdpe fixiq tHFEEp b BT r and | ower sides is bent, 5
and the tip 2tBoratdl)l)é%lm'gf t e%\%%gﬁ %ga\gﬂggggﬁ%@?ntersects t he hori zontal

pl ane at an angl e a.Fighéd &ngleraph shawinbeasietioh wfapletbgeurrentt flwwirgnge from
-30 to 30 eferably in the range.from-20 to 20 . Particularly, the
angle a is pre&é?og ?/hesétahnﬁ tgrg;glaﬁglc}% the range from-30 to -5 or from

5 to 30 , preferabF. inid hersangetbhanied @hdwing 1K @nsfrieivbl@f %0 to 20
When the press faces of the fixing nenbers 16 are the plane face, the

angle a i s set PLRFIER aprqrpdus; hoywaich & secprsk embedimend 41 thy rdatiag mediod 9é thane

val ue anong &llids viherabd @Qa%(lﬁ@&s 16f. For exanple, as shown in Fig. 1, a
negative angle value may be set to one or two |ower vibrating vanes 16f

(i.e., the vibratingFigandsisistresswsetidonal doenukomitigythet doastrictjont bfe yhe
plating apparatus to which the second embodiment of the plating method of
the present invention is applied;

Fig. 11 is a plan view showing the construction of the plating

30 apparatus to which the second embodiment of the plating method of the



15 are bent in the opposite direction to that of Fig. 6) while a positive
angle value is set to the other vibrating vanes 16f (i.e., they are bent in
the sane direction as that of Fig. 6). The vibrating vanes 16f nay be
formed of elastic nmetal plates, synthetic resin plates or rubber plates.
The thickness of each vibrating 20 vane 16f is set so that the tip edge
portion of each vibrating vane 16f exhibits a flutter Ehenomengn ég %t ate
as if the vibrating vanes are fluttered). Wen the vi b£ASiapeVRRE3V9S are
formed of netal plates such as stainless steel plate or the like, the

t hi ckness thereof may be set to 0.2 to 2nfn- When the vibrating vanes 16f
are formed of synthetic resin plates 25 or rubber plates, the thickness
thereof nay be set to 0.5 to IOm In Figs. | to 3, a swinging notor 20 is
connected to a wesengiingntivare agdliedqir ough a l'ink rod 22. The sw nging frane
24 is disposed so as_to he.reciprocall rm,vabge,i n the horizontal direction
(the right-and-left difettibAF Sﬁe@‘.’logﬁl BEY SH94LRe 3 @lating, pRpesatih ysedot or 28
is fixed to therdQhswhi@indet bf aREpRdingMittdacst tid wadhodrvehtisnbar 30 and an
anode bus bar 32 20 Septenber 2004 - 11 are fixed to the swinging frane
24 while they are kepi&i Hsif atreetipkgmotahed slanniew gt ftheymtatdug anpachteshey are
connected to g jJeggt ijye-el ectrode termnnal and a positive-el ectrode

term nal of a power source circuit 34. The power source circuit 34 can
generate a rectangul &g.vHl isngerfssorectionAGieolstages tie Sutdg o ower source
circuit has a rectifying circui.t using a transistor and it is known as a
pul se power souvrlgrgt]d’éeli g]eow IR PR eci’i’f‘Stilﬁ&éffﬁ hﬁrﬁlﬂ NE [BPRAGHHLS 1183
rectifying AC qusatiedtark¢ont ai ni ng addi ng DC conponents) and then outputting
the rectified current is used as the power source circuit (power source
devi ce) used to genefield1B picaessrgckigraletiev shayirg bhe HxpgvEr theour ce devi ce
or rectifiergmypeiHsCeod kiR SdrPlonddhUSLITER eHe Y16t iRE Wilar AT € 2
dropper type power source) a switching power source, a Sillcon rectifier,
an SCR rectifi ¢he pdathngybenkr equency type rectifier, an inverter digital

control type rectifi (frar. exanpl.e. Power Master duced .b 0

Sei sakusho Co., Ltd. ??g' KPS!S1% p2"’Ienr 7’68 Sg?'wé%(J%IEGd%anS'gﬁlgﬁav%&%aggy@akus ho
Co.. Ltd., an R@licpewmitionuwbesipitigutedlbynShplatitus Denké pGring tdnd; , a

devi ce which conprisgs a vvitcl?é n%tregul_at or type power source and a
transistor switch anf&ugM ted’l etk BIFUILEHS POries aciamimehed BILY t chi ng
on/off the tyansi st oFjg@W1BLHd BENAGhechELOMeNRY $iMet GRIWDE PRYRE (hgLT ce (in
whi ch AC current is conyertel?j to 20 [lSC current througﬁ”% di ‘g%e, t hen high
frequency of 20h¢ dompation efr theaplpting dankoisclosethby chemaninaded membsriout t he
rectification and s hi ' J h ufput . 1s taken out), a PR
type rectifier, a hingﬁg-gf rlg%lﬁggéyQ%eo%[%g%ﬁ‘"g?@%%nif%hia@bngé 'E)e Igbseg’ PR power
source (for exanpl e, Fid. PR ses igesph phod ug eak-ibyi oot \woatangCourredit tlowiag t he |1 ke.
25 Here, the cyfrent veformw || ,be described. In order to inplenent both
the increase |#hlfﬂ"§[ Fﬁgat'éﬁ%&rg\émﬁ”t‘%'i nprovenent of the characteristics of
plating filme, it iSFigMRIisAdlrdse-seolibGl ViBe sMRYR 4 asdleRheish akitag current.
The voltage and current conditions required for the electroplating are

vari ed in accordnatiensli flew tipducingprorbionpl ati ng, the 30 conposition of
plating bath arxj the;di SJ of: . Rk t hus 20
Sept enber 2004 -12 t 1eg3 zrgg{r%n%? [Ebne‘;lse{'}vre%g%'?#}%%e %Bé%ﬁ?%a%?%l—bn\?\%%gg, if the
pl ati ng vol t ageortsorset Fim H;@B@dvol tage of 2 to 15V, it can sufficiently
cover the whole at p es&gt.. Tlaeref ore,, four kinds_of rated output voltage
of the plating DC cub¥erft ¥st/91a§(An showine pg\gramle of @ pryer gpwer) Tompylse

i ndustry. T2 vwtdtigge 5 bel ow t he above rated can be adjusted, and thus a
power source for generating a rated voltage which has a slightly extra
voltage with respect to a desired voltage value required for plating is
preferably selected. In phgr ; fiifsent f rom 500A,
1000A till about 2000A t i ol B Eab@é# Eﬁ%gﬂe—rat ed out put
current of the powerPrefenredkenbbdinentd doberdivighier thewresnt inwhties wallebpr ovi ded

in the formof ,produ¢tion o order. It is petter that the required current
capacity of thggsﬁg%(?%g%ew&fﬁ “‘llé‘ RIRs ﬁ%&%?“f’%"ﬁ@%%&l“@ur Phe density
of plating t&r §edurey, tihe Inenberd Be pbitibridCigiv tgChe Ghnd RfcHiloA! bROrdopésdfledarticl e
in accordance with the type and surface area of the plating target article,
and a proper standard power 15 source satisfying the above required current
capacity is selected. The pulse wave is originally defined as a pul se
having a sufficiently shorter wwdth wthan its period T. However, this
definition is not strict. The pul se wave contai ns waves other than the
square wave. The operating speed of elenents used in a pulse circuit is

i ncreased, and the 20 pulse wdth of ns (10-9s) or |less can be treated. As

- r a Y




sharp. This is because the pul se contains high-frequency conponents. A
saw-tooth wave, a ranp wave, a triangular wave, a conposite wave, a
rectangul ar wave (square wave), etc. are known as the types of 25 pul se
waves, and particularly the present invention preferably uses the

rectangul ar wave in consideration of the efficiency of electricity and
snoot hing. Fig. 23 shows an exanple of a pul se plating power source. As
shown in Fig. 23, it contains a sw tching regul ator ty%@sget%b\%rrzg%rce
and a 30 transistor switch, and rectangul ar pulse current is supplied to a
| oad by 20 Septenber 2004 - 13 swi tchiéng on/off the transistor switch at
hi gh speed. The cat hode bus bar 3D is nechanically and electrically
connected to the upper portion of an electrically conductive hol di ng nenber
40 for hol di ngba tjd adrengférancgetunanid.cl e X. The | ower poftion of the plating
target 5 article hol ding rrem%er 40 i s i mersed ig@the | ati bath 14, and
the plating target arfiché&n? &earasiertanlyviekh u¥ingqthe sop YH¥rti on and
hel d by a cl anpt arplhii@g labfePatud\to MALchSNOIWRL cRtbd BRALST _rae;tla{inﬁmat}@a (for
exanpl e, which is accommpdated in a plastic basket) is mechanically and

el ectrical ly caietinedo tthe preseinisuentingsvihbe Zpplighdandhféel gwesra phant i on
thereof is 10 ijefsed ﬂthihQ?ipﬂﬁl‘%% @Qowﬂ‘%h:i%:ﬁ' 1 Ya§ bous wel | - known net hods,
shapes and structures may be used as the nethods of fixing the plating
target article to thl teshdisrdsusefmencamdndrakilhgeprasentmeddatieg &hnknenber to
t he anode bus bar and th ape nd. structures of .5 he cathode bys bar and
t he anode bus Brgdr?la ":‘?gﬁaﬁf ﬂ; l?E%%Q#&ghes%]@?’l"Sntﬁﬁk &#'e&?fglﬁ%?/ﬁ Rgecpl 16

nmodi fi cation ofepré&@nid XivitgatbndlNEoplzalelatgr bangelatdhdll €loR ihducidpe cat hode bus
bar. In this nodification, the electrically conductive holding nenber 40 is
desi gned to hab®tiPrndbk viRsebioent Yow sonsratar il8 ipplydescor faset steme iaphiged porti on
t hereof andfi 30, Gl B t which is
provi ded at 120'%(% E% f’%\}é’?%g@???gﬁ%ﬁﬁg@%&lﬁg pgl%rfches ’t%gﬂp!fpg??g%gﬁ?arget
article X, andservoempsr dbsitdm shsoiohipns@ubeto whighraee £ifedgtot the tebammniiatce of
the clanp portion, In Fags. 1.to0 he sw ngk.ng. fr 24 and t.he.hol di ng
menber 40, andh%eulrﬂtW reF"dfg%tzletbeP%t?Hsbr? glrnéé“fe n\{gﬁfg:s%lqéxe%atggtgﬁruggfrt%ld? ﬁg SW ngi ng
frame 24dand t hie twdl dbﬁg?mmmerv%at?ﬁﬁmmngi 8drvingsay Vﬁ@i‘ﬂﬂom/geifeﬂgatMg 10 to
100mm and 25 a swi ngi reqguency of 10 to 30 .tines per minpute actuating
the swinging nB#8t 15463 Ye e Habrating destiep i¢: Ay hrBEIGR twspitieniodiBe at a
frequency ofi5 1660 t6QhR viRhEhe naldbY aBlth@ ufdeR AHE RN oY, A8 WitaBBERaHRdEr the
control using an inverter, for exanple. The vibration occurring in the

vi brating not ot6f2Bxpds te thmiever held rogtichef gihatvibrgtionrtgersnidtingctod s ashr ough
the swinging f . t he . j N 40, . A ating
target articl eEig?é%"éF%ga@Q%e ﬁ%ﬁn%é%ﬂheﬁbm 4a9°ﬁ§@%%a¥%rqg rz;"rgrnfakf%h ude of
0.05 to S. Omm mdyoe éispospd dén@adh 6D tie. @iinspeings &6tvadstawh an Fig.etdiency of 100
e o or PG PRt b g B R P oo
article X dge peferavg! 1008 6Miz2 R0 el RATRH1998 dohsote Fhdbpdfe RYSrHPFasdd and the
anode bus bar 32 by the power source circuit 34. As shown in Fig. 8, the

pl ati ng current" P& 1aaad fen expanle. due wikgatiee anegated by fibe yébretiamg motdrat a
first state whegee;d (B nt. I fsit Al for a first
time T1 and a secgng%gyé?%!i\'}vﬂ?%%{ ]{Ekﬁej%l‘a??ﬁg&%-’ !:%rarréra]tlthgﬁé%r%gog second
val ue 12 (<l 1) trfapsmittisecahtbet tovtheT&begtprgavaned 1&f1 ke etliy edddesfeeachhe fir st

value 11 and the second value |2 hgve the sanme polarjty. 11 is five or nore
tinmes as lar gev% HE ﬁnSrl%_tfé% E, 4% )??%Fe‘ﬁ’fﬁ‘éngpﬁﬁim‘%‘?ﬁy 1 1i‘eti mes to 25
times), preterplhtingeiaghid.t THEGiblR1at0id bdieated  bs 1B chdl GBr&findT04 fEMES as
long as T2 (for exanple, four or nore tines, 15 e.g. 4 tinmes to 25 tines),

preferably si xPefsdeom e dpsq portion Hyedhtolthe vibgation transmitting rod 16e
toward the tip edge thereof. The amplitude and frequency of the vibration

are different from those of the vibrating motor 16d, and determined in
accordance with the dynamical characteristics of the vibration transmission

30 passage and the mutual action characteristics between each vibrating vane



current and the vibrational flow of the plating bath 14 caused by the

vi brational flow generator 16 are conbined with each other, whereby
excellent quality and a high filmform ng speed can be achi eved even for
the plating of m nute conductive structure patterns. 20 The first value I1
and the first time T1 are properly determned in accordance with the type
of plating (for exanple, copper sulfate plating, copper cyanide plating,
copper pyrophosphate plating, nickel plating, black ni2@&8epierabehgdd04i ckel
sul famate plating, chrom umplating, zinc cyanide plating, no cyanide zinc
plating, alkaline tin plating, acidic ti-nSplating, 25 silver plating, gold
cyanide plating, acidic gold plating, copper-zinc alloy plating,
nickel-iron alloy plating, tin-lead alloy plating, palladiumplating,

sol der pl ati ng aad thdeidtidgedath tihe 16 amppsdstitomveditiéhethplaagiibge izt h or the

|'i ke. For exanpl e Blr?i may be set to i value in the range of 0.01 to
“100[ A/ dm ], andTSErabhy 1B dhe ganee of - 0% 1t d00mmt Fos exaprje OF F dpnl8.tom el 30

300[ Second], e-tfe tFdu@fRc? i§ Pré@BILPRGRNHAS raddWBVAD 1ol 1366 BoRANAIRI RIS are not
20 Septenber 2004 - 15 limted to specific values. The optimumlil) 12, TI,
T2 may vary i nmanue.ofer exangle 20A tacdbravwleidons pdr ninetet ype of plating, the
conposition @f the p i t _Lke. For. y vary due
to variati on%of t he gggthpdggsl ? ?tgﬁlagémt%gsgp%%ﬁoﬁgl B%iet% @%h?ﬁ}éet gﬁ%@%@ss of the
pl ati ng 5 treatnemon ofThie pibadtiiorg tisasditlide irsd $&d ectiedvibpatiienabereifbay as t he

wel | - known el egtropl.ati t.hod.in agcordance with.a plating.filmto be
formed. For exaHpl g’l,l?'i :H&ghg&rg;s@l%)ﬁﬁi ﬁlé‘e%ggrﬁlé& gﬁf?té?'@?pﬂt’éﬁs? %@S,pefsﬁég

fol I owing may Benbdsetoeds 1642 QdORsRRS Q6Mat 1Bh2 16 aGRDO QEred Yok BbiEof tAD tO
100g/ L(liter) Sulfuric acid: 170 to 210g/L Brightener: proper anount

Chlorine ion: 8P PoSidnt PE trnaitratipe wrangnivhine ped Ube draasbori theaboosaend f or t he
copper sul fghe 1dwer R @ &gt';heq:igpa%ngsl@qlf)%t fbe: Tﬁgglt&gﬁg?agg%hemsgﬂ&%raééﬁam d: 45

to 60g/L Brightener: proper anount rine’‘ion: rt her,
in the case of medbersnift@kellégsl ki flogyed tdferubler| dior egpmpey be used as barrel

bath: N ckel sulfatey. 270g/L N ckel chloride: 68qg/L, Boric agid:. 40g/L 25
Magnesi um sul f at e: Z%QIEL&Fﬂ'ée?lgﬁegvﬁrﬂﬁ ?ﬁﬁg“’ﬂ%‘ Eﬁh%“%g‘il Xath for the

ni ckel platingpodsidkelf thdlibta@inglgy L6fADTERI WBrENmotmaAaitilfordd BRric acid:
15g/L 30 The followi ng may. be used as Watts bath for the nickel plating:
20 Sept ember 208%2ating ganentixing negbare dbé are dogried Minkokh Ghe spreDANddoven5y/ L pH:

4 to 5 bathteqpgs %Tfuara@h'ng‘ﬂée\yeg VRGeS B AuftnbN€s GRREr Rlng! IR BF1 dIC tin

plating, the follow ng
setting the interval between the vibrating vanes 16f is interposed between

the neighboring vibrating vanes 16f through the fixing members 16j. Nuts
16m which are fitted to male screws formed on the vibration transmitting
rod l6e are disposed at the upper side of the uppermost vibrating vane 16f
20 and the lower side of the lowermost vibrating vane 16f.
Fig. 6 is a diagram showing a modification of the fixing portions
of the vibrating vanes 16f to the vibration transmitting rod 16e.
In this modification, each vibrating vane 16f is individually fixed
to the vibration transmitting rod 16e by nuts 16n disposed at both the
25 wupper and lower sides of each vibrating vane 16f. An elastic member sheet
16p formed of fluororesin or fluorinated rubber may be interposed between
each vibrating vane 16f and the fixing member 16j to prevent the vibrating
vanes 16f from being damaged.
As shown in Fig. 6, the lower surface (press face) of the upper

30 fixing member 16j is designed to have a convex cylindrical shape, and the



be used as sul fate bath: Stannous sulfate: 50g/L Sulfuric acid: 100g/L
Cresol sul fonic acid: 100g/L 10 Gelatin: 2g/L li-naphthol: |Ig/L Electronic
parts, nechanical parts, etc. may be used as articles X to be plated) and
the articles X are not limted to specific ones. The present invention is
remar kably effectively applied to a case where a 15 plating film having a
mcrostructure is fornmed. Particularly, the follow ng cases may be
considered as the plating of these articles X formati &9 Sepemhert3God
conductive filmonto the inner surface of a mnute blind via hole or

t hrough hol e having an inner dianeter'of 1860 umor less (for exanple, 20 to
100 a m or particularly 50 a mor less, further 30 a mor less, e.g. 20
| Oum Sum Sum etc.) and having a depth of 10 to 100um for exanple in a

mul ti-layered WgpkNQuiRR@ thredsOfafB! b0PheOfowdr ¢DARMRdnbHL 165 |dMdsRerRd THNUL €

groove to.forma high-density wiring pattern having a pitch of 50 um or

| ess (for exanpha¥e agpneaye 39ligdripaloghape cerirespbrding t@dheaabpve convess, further 20
a mor less) e.g,:10. a ) i . i a_w dth of
25730 um or 1 o iRl ehber Hes B b galy'St A EALRNEe 188 Ll 150 1 O
5um 3 am etorepsedrid tdhe (fiking membetso 1660fram thd appeeaadribwer didesnit beamn, of an

enbedded conducti,ve filminto extrenely mnute blipd via hole having an
i nner di anet e$1 Gla tg‘ﬁotd? p@‘ftéona"%%@r"%@gé“go{a“ n]{gg lawr%%?% @%ﬁ%p?ﬁ"fﬂ}t e groove
having a w dth gfandat] aniEh@leda AR Bngdé d.ray BESBY t6 APRATe dRARS saRe gy hod 30
when nufti-layered wires of a sem conductor device are formed; formation of

20 Septenber 2004 - ta 30 "ni pirferablvebn Fhsdenerufipes -dPspodRd i Rectimilgiydensity
arrangenent | n gheSHRCANAIELREralR VA o £1ktue THEN: HRRVICHE -8 F 451507 he
present invention Is particularly remarkable when 1t is applied to the
structure havi ng #ohisgh taspect preferably fiothe kagplfeon3-267 tool €, oedpacital [y 5
or nore. 5 Further, .an,extrenel mal |, arti.cl e having.an ayverage di aneter
of B to 500 1 it bomaeah® it 8% of, PR o tFiaf gBtbery 15 £ A The
average di anet efacé,Stidedrighed as sbiheo aVerpganyRl veidhot RREGSENY &kl eto

dinensions in the three directions that cross to one another at right
angl es. As t hi stheyisee $lupaane L tthe yHratipg vanes SdnisF e8mHeods dbernmet al

powder such as fQ GORPRERNI&S vau%‘lﬁaf/Q@tSs%g t@!o'r!éﬁop\l;\l:gbe gav&i%wg%}rigron

powder) synthetic resin powder such as ABS resin po or t I'ke whi ch
is treated to hepes Hifetit e, cthe ibratingtviavdst 16f arerbanti dovowrrgly, vihat fis.atheyt r eat ed
to have el ectyigal, conductivity, etc,. Fyrther t he l.ectroni.c_parts)
mechani cal pg{t%% bﬁ% a %%eoop 8?l¥gldf‘§>9’,“0ﬁ1%ﬁu at B%?H‘ctﬂl ‘grtlge PrPSFJgféYﬁpc/ organic
pi gnent, netal dngld g3lud 3s @b to Mhy ofher aligotipg euncdeldt (Fos., ex@nateehentNiinpl ati ng
films may be fornmed OQ, nmet, al pga{;ﬁtid 'S sﬁbjch as Cu particles each having a
di aneter of abodf SsBpdirephionyps & AQf'gHgat'ng filmor an Ag plating film nay

be formed on an N phad k@afiht Wade® 1600 Be FHAROSE lofacl AhdtAY pfdthen 20
Further, when a plating target article Is nade of electrically insulating

material such anPebist tesinplatéseor Fybbyr plagesdihe tthickndsasd gaph vikending or mi ng

treatnent is I a re-t.r t,.of the .electroplating. However,
in the case %q‘:a‘glkénggfr gésj%?tugqt @agdt%ﬁltéfi%an%e %5%%’" ﬁgvﬁaﬁtb vebrﬂ'ilag v%'?pg;gt ratio,
an uni form and ekitétd erfluttendiabicue basateavlid thotvitratingramd @uven if 25 the
conductive base,form ﬂg freatnmgnt js carrj efd outml:'é%{ normal el ectrol ess

i |

plating. Theref QFEFr¥he ian; ibg yakeatise epes 1B e dgrmed (o istrlablates Bgh @he

el ectropl ating dtginiésabit@ell §1a0€ 0P Qs Wikel PhdMthilcRneSE YfdredOnFVY Lhtl £ 6. 2Pr Obl em
the conductive base formng treatnment may be carried out by sputtering or

vacuum deposi t i EnZmydhen, e, vibrating wnesa b are foowed tofesynthebicneesin pkatesarri ed 30
out in a pregsuerbaAYagHhs2RRR tRlKRss theES 2B st U9 o' {gy! L1 es that the
In Figs. 1 to 3, a swinging motor 20 is connected to a swinging
frame 24 through a link rod 22. The swinging frame 24 is disposed so as to
be reciprocally movable in the horizontal direction (the right-and-left
direction in Fig. 1) on rails 26. A vibrating motor 28 is fixed to the
30 swinging frame 24. Further, a cathode bus bar 30 and an anode bus bar 32



20 Septenber 2004 - 18 cost of the treatnent apparatus rises up and a
mass- production treatnent and a conti nuous treatnent cannot be perforned.
On the other hand, if the conductive base form ng treatnment using the

el ectroless plating or the like is carried out while vibrational flowis
induced in treatnent liquid by 5 using the sane neans as the vibrational

fl ow generating nmeans used in the present invention, a highly uniform
conductive base can be fornmed on even a m crostructureaoiﬁﬁ'&’tt‘i*ﬂ‘lgei‘3’3@4 havi ng
a high aspect ratio. Accordingly, by conbining the conductive base form ng
treatnment and the el ectropl ati ng nethod of -t he present invention, the
process fromthe pre-treatnent to the 10 electroplating treatnent can be
continuously carried out, and thus the productivity can be enhanced nore
and nore. Accokgd kel GQothe sPir@tdenfrafe Qs 10fthénerePKeB6 @RdulAtay gRda fR, t he
distribution of the plating bath into mcrostructure recess portions can be
enhanced by t hévvEbgafrpenat andohenare pernectph do @dweativa-plechrda teigimat h 14 15
by the vibratiaaal fLONIERSHBIP erhfhal BAh BhiSC sbit€e WINCLAT SH. Ui Bd |

t hi ckness can be enhanced by pul sing the plating current density so that a
first pul se st atecardrcaits @t cmdgquatate asteatapsuibe vel tegeeinonlag e/ wikegent density

has the sanme_pqlarity as that .of .the first.pulse state althou it is
sufficientIySI wﬁ»apﬁgﬁwagf*%$m%%Ba%?ﬁ§‘“éﬁa §PT+HE¥% ?éf S%%P%aEan 20 be
suppressed OCCUEri€rn@ewnOis H@OBdddoldt $outge devidel | m t hi ckness due to
concentrated plating_filmformation at the projecting portions or edge
portions and al so octurfeepreeensf iRttt & SgEHt fg’%"sngﬁlf’%f‘ S 1 t hr ough
hol es or via hqh&®aidng MdidReDCanforits) RRq PhenPhidbitbihe RhO G883 i@ RrdRhON
surface gl ossiness can be achieved. Further, there can be prevented such 25
a phenomenon t Hatused p$ &he payerf spurcevhinchith fpowdsesonraeciepinehusedy toa gangesde s
partially di;ssolved as |in the case of th I g _cur t se
polarity islﬁny%?%%%Fmﬁﬂgre or e, %Dﬂ?@ﬁ?@ﬁ@?&aﬁ?ﬁh?%%%%ﬁﬁéﬁ %gégéggcan be
carried out andrdnb&steoadiustneit Dipe @hwdrh@urcanuf dropper ithg: ppALalros can be
simplified. Accordingly, desired plating filnms c be efficiently fornmed 30
with | ow fract iSW}a‘Qgé’\é‘t’ﬁif\F@“%v R %‘Ilulcgbé ‘Eflg’r?r'bf"bg@‘ ﬁ?céiffirlﬁ@ farget articles.

- 19 - 20 Sept apdefredldRéy ﬁ%trh@triﬁea,c%@riﬂ&e!agertafgida@ B OSIE Bipe rA¥ERLdrON,
short-circuit can be prevented by the action of the vibratienal flow

occurring in tH&rppamiag Per Hester epedicetnanChup Seiakushn €@ . blddwe St he pl ati ng
target artigke _X.: ,ggﬁ | ; &L &, Shedt i he
current dengli%)tﬁé%iglg&dp%dgj}g%ngl e?keldggs a }}Oa%fbrw({'b a?’(?}cynrbg&egﬁ%tﬁ 1|~ér?g film

wi th an excel | enidugadedydStakudtu dlenitli @h, dpbedh vdvideowttich napcisag adivsiatirgnt ages
such as burnin corching, etc. In order tq attai,n such an excellent
Zetion: Tt i's PERLFREANY BPer vt Bd pAreereos FHEbes SPale anal ffan
velocity of theestbitfuddd QNad clirraiW Bf swhbehiRCobat tHaotrbliftot 4witzhequal to or
greater than 150mm per second. Such a high tie-aid flaw velocity can be
effectively i mbl&WERIEECHFF LA PeGr SPHECE il dhich AR cutriealnis RorvRREeptat i ng
bath. 1t is i pfigHleht tRohdiPA QIHBL chdd! lfigltl .I?f‘éﬁﬁénG* SE20 %Lzofqlizoé‘mvﬁnbﬁ%at y by
using a nornmal stirrer, and even when 1T is 1Inplenented, an extrenely |arge
scal e appar at udciasstraeddedr thxatny duhithe entiadicaing and kwodfihgegaicannde furt her

enhanced by sw pagi and/or vibrating fhe plating target .article X through
the swi ng and/ 5Eg\/ﬂ%r°é‘tt?“5nlso?ak?'hg“tgw%n 'ﬁggf‘?%{;r‘r@%ﬁﬂ? \ ’(F@?‘?ncb_én excel | ent
effect can be ebitabinege e gispee pulsaePRPioRéd Bilirded (f3€texaipld, CHiBR XetiSs NEi t her
swung nor vibrated. If the cathode bus bar 3D, the anode bus bar 32, the

pl ating 20 t ar getduggdtbycthdvoda (ohellghietifelibs- nenber, etc. are supported

wi thout using the S"‘ﬁeﬁ@j RE ELRER @feto %ilﬁ"ﬂe §8s59 b0 R o8 & mptl&%nt

vibrating nmotor 28) the construction of the apparatus can be further

sinplified. Whépth the increase in plating speed and the improvement of the
characteristics of plating films, it is important to select the wave form
of plating current. The voltage and current conditions required for the
electroplating are varied in accordance with the type of plating, the

30 composition of plating bath and the dimension of the plating tank, and thus



plating target article X has a plate shape of a relatively |arge dinension
or length as a whole such as a nufti-layered wiring board or the like) the
25 effect can be enhanced by swinging the plating target article X al ong
the in-plane direction thereof. Figs. 9 and 10 are cross-sectional views
showi ng the construction of a plating apparatus to which a second

enbodi nent of the plating nethod according to the present _invention is
applied, and Fig. 11 is a plan view 30 showi ng the pl aR0n3eriepead84shown
in Figs. 9 and 10. This enbodinent is 20 Septenber 2004 -20 different
fromthe first enbodi mrent shown in Figs:-12-to 8 in the way to hold the
plating target article X and the way to supply current to the plating
target article, and it uses a so-called barrel plating nmethod. In Figs. 9
to 11, a vibrat iy hidt®e AdedoSngl § kbR ib@ Bowbled! i1BOh 3Meify 1ol tddar @ugh a coil
spring 46 as a vibration absorption nenber. The vibrating frame 44 is
fitted to a vibkatidhgoheevef 4gloalid: 4t wan suidécigrtlyirevarothgbelet 3t keep a

wei ght bal ance witdt hﬁergf]opé,atfdupg(iﬁfﬁtﬁrra‘%& oltpbBL818heeod 1R dibihgdct o the
vibrating frame 44 through a support nenber 58. The %arrel 52 Is rotatably
fitted to the suppott(thefbel2V5d5V)ame standardided in theeindigtent Menvolteeendi cat ed

by an arrow i Vi ot ] e plating
target arti cloges &an% g%@%ﬁé% g?neggﬁﬁ?ﬁ%’ 83‘??@@%59 %H@‘I%ﬁgﬁtl hol es are
formed on the ogheratirerd pited abltsge ftacte hay a tshizhbiar éxeta b tsp iblatredpbet pl ati ng

target articles X are prevented from passing, through the small holes, but
the liquid of tfedgesirehyeliegenvalup required dokBlatinepisserefarpblygisieated- 18 smml |

hol es. A cat hodg,.copeiie),i Mg rﬁ%‘o&ﬁp&%uhsenggﬁdapmﬂ. iLgbok Re1PALLERodR 80 as to

extend to the | ower portion of the barrel 52. The cat hode conductive nenber

54 is connect ed!0080Azaneejandandézad| asctheombed: eutpitnelrrept of fhewiewerssourage circuit
34 via an i ngul e i : L.Gh: has thro L he nber 52a
Fixed tothe battaie SRt anics Al b0 AANE e il b0 frh By 0 TETDCT 0

cat hode conduct éonder. nBbebetber tiat rihé requi st edreve gapahery dfhthelpawerebours
rotated, and thyus,the pl.ati arget articles X which are rol].ed through
the rotation of'% ﬂe&e%'ﬁ)efdeqs ﬂ’gd%ﬂr \‘ilé‘irﬁnto‘ienFﬁyé’Svrl\élﬁwg\ﬁPﬁ?t éﬁb‘cgeeﬁar ate
from t he cat hodgheCRREME ik MBRDAKL R tafRef QFEBLE iNHEBRFdhcORith BRE agRNt S an

anode netal nenber having a 25 lower portion immersed in the plating bath
14. The anode n¥dalurienisese Hothesrlabios tatsgheecla Wdp aopercsteadpsd ppysy

exanpl e, and;d Sy GRRNES . bl es : 1 Ral t he power
source ci rcwlt 34 thrgﬁsgglng%h?ﬁs@?ar%&éy?%dgétﬁg%'rt\?\cngrﬁaec&ggm. Q%gcs own in Fig. 9,
t he anode netal nenbdhe H6lsesvadt $posigihahly ddinedtdsea pilde pavihg tahe barrel 52,

however, it may_he. di sposed, at . one sjde of 't anode net al.. nenber 56.
20" Sept eber | o0ATAT RO IR wiih g Yot b Salon l VIBRR ot e B e

anpl i tude and frhguenty TR pilee wivebEoatding walkk thetSthe $hd k@A @BV dahe and the
plating target articles X are vibrated at an anplitude of 0.05 to S. Om,

for exanpl e 0. 1°FeEptinecEaepd ahalageisret ibaRulye egedtdy Berepsrd. tapd 3bo
revol.utions F o1 ) i t I o;f urther
enhanced by (E}Fbeug%éiqﬁfgd%? ﬁg n[g)lr%%i ﬁ}aofggég%g%aﬁggt?rﬁ%g ﬁ&%gﬁstéﬁvz&éi Jgr ation of
the vibrating fsmahler44t isloweevdifficalt bxbep| hatfreftf adtregranddes ofidhé ewed

W t hout vibrati the.pl.ating target articles.X .The construction of the
appar at us can b%‘g'fpu?@ﬁgrlséjﬁ??gﬁ fa:}?ee%ihf)‘i/CWBj‘ﬂéﬁgeﬁ'ﬁgcysﬁ%‘}%?efltsnenber 50 and
the barrel 52 w thoutp dd-tesitngavkne rahbwdke] A0t SRR 4dve, t H@ompbditat i Ng not or
48, etc. In this enbodiment, the plating current density is set in the sane
way as descri be®Viu £ Ferieppilanpave t §upre vavg). e 1a5p dnemasathestypes ehe pl at i ng
current int i I J C ting
current varyﬁgﬁljil%esﬁaﬁggsﬁr?f?Qarr%trcglcaggysﬁ%e‘?@mgegﬁqbﬁ%t%&%?egﬁlgElggssg%e and 15

t he second pul sgectangiler iwsvesimginsisldrationeaic thepdfiidienyytafr glectrivity @b X when
each plating tagngg%.@grti cle X is brought into contact with the cathode
conducti ve menber b4 | f only the current density at the contact tinme is
continuously displ aydig. thehowa B eRaiblebt adrisd platAg PR@burde. FsGsholh i S

obt ai ned on average, ,and thus the sane effect as the first enbodi ment can
20 be obt ai ned. *"Thigs ZEntibdPrais 2 switphies seguirtor e DG paver senree apd @ase wher e
formation of 3@ @aidiodR Jelioll® sANlrRhieh Y diflcaSkret LbChisLid BRKI Ay By T emel y
smal | di nensions, for exanple, chip parts such as ceram c chip capacitors
of about O 6mmx 0.3mm x 0.2mmin dinension or the like, or formation of 25
plating filns on pins of about O0.5mmin dianmeter x about 20mmin length is
carried out on a |large nunber of plating target articles at the sane tine.
As described above, when such a mnute article that the dinmension in the
direction traversing the longitudinal direction, that is, the wwdth is

equal to 5m or less, further 2mmor less, still further Immor less is 30

o " o, . g o - B Y e - Y L



20 Septenber 2004 -22 of the plating filmthickness and the film form ng
speed is greater. Besides, netal powder alloy, inorganic/organic pignment
particul ates, netal balls may be targeted as the plating target articles.
As a matter of course, a desired pre-treatnent is carried out 5 before the
el ectropl ating nethod of the present invention is carried out. The
pre-treatnment is carried out in the same manner as the well -known

el ectropl ating nmethod. Further, a vibrational flow gerr%q sesterabec?U¥d in
JP(A)-11-189880 (in which vibrating vanes are di sposed at the bottom
portion of a plating 10 tank, and vibratildn is transmitted froma vibrating
notor through a vibration transmtting frane to the vibrating vanes to
vibrate the vibrating vanes in the horizontal direction, as described with
reference to Figystchihgandoi® i trivsdstpulalitchbi digh sweednes di scl osed in

publ i cations other than the, above blication b ro |y used, as the
“vibrational flow 15 %@@P%%a%ﬁ’g ‘tSH%eckﬂnb(faé{E? %@i gﬁgté‘é&ﬂ?'r Xoé'@??g?%ti ng
vibrational flow ine dphe Riréfohng PadiBcirfcal ecsmidioR Wilding eeflef S8 Tor
invention. For exanple, vibrational flow generators shown in Figs. 21 and
22 may be used.holtingageatipy tapggt apticlend. Jhpleer apekioT pokrgrlabingt'srest 16 are
suppor ted by g a%'ﬂfb@@%ld{iﬁegg%béﬁm‘ Eﬁ?@%&t&ﬁaﬁn%@Rﬁééiné‘omdml?an@rthém' ch a 20

plating tank 12 i's noun I'n eac e vibrational flow generators 16,

the upper end pOatinpriamgkt artichy &tis ciedtr mablyi connestedr trdthigerortésn emdhald i n t he

up-and-down direction is fixed tp a, vibratin n‘qﬁ 16¢' for receiving

vi bration trans%?f’gaﬂmfofotrl?’?glgﬂl' b‘%a'foltnsghm%tagrgf%gme éne"{/l%réa i %‘ham[ﬁg‘
transmtting rofidon aexindaLtsd iiAtaoplhkid c asdet N @s mBdhkinit2l1y and el drerienidyporti on
25 of the vibration transrrittingtﬁrod 16e' in the hori.zontal djrection is

fixed to the | dRBecERdtoorherangds, pusy bar Bn apd AR Agwer i ipodherepdis The

vibration transighdidith tRASIALGE balh €4.C QAFTRR! 361 LKEHN WetoBE $hABesvadar ati onal

fl ow generators 16, and vibrating vanes 16f extending in the up-and-down
direction are fitregures mahde wisest as ithenmathedgonfi fixinggthe pdating dargetTpetiviebr at i on
30 is transmtted, fr vibratipg. r 6 I [ n
menber s 20 Setg)t %ﬁbc%?ﬂogggﬂg !’?3%6§9‘1%ﬁ%8t%%&v?%%2@ %%h'}&r gﬁes%"l%otg % ?Jr]]gg ?ods
16e" and 16e' tlartdné the bhapbs Agl vianesres6sf the aathrlatbes bireand tieadnbdeggbusanes 16f
in the horizontal direction. Fig 12 is a cross-sectional view show ng

anot her embodi f8ht of the pl ati ng apparatus used in the enbodi nent of the

plating nethpd accor ¢h#07 19 adcrlobe sRit EMENYidwniteRiing Qmod@Neathibof 3R 1S a
partially notched plan view of the plating apparatus of Fig. 12. In this

enbodi ment, t hetisastof tbe ibatiog tarae watbelatioorigl cathodovbee btk alinothis6 i s
di fferent from daioﬁf’ffi ARlort e aelfg\fﬁicgmoé%&r%{'itve ﬁgﬁbg héngext B¢ i%]%&"gnéa“@ of a
I'S ? % er

coil spring 16 Ixed to a fixing nme I xed to the upper end edge
portion of the iphatilngk partkonldaldéhichaixd pavidet raat ha gipmapt rtidbbdhersoff anded t o

t he | ower side vi brating nmenper.16¢c to which the upper end,of .the coil
spring 16b is fﬁ&‘éeg.tDA o‘"ﬂg}"gﬁm‘%g“ %%Fiwﬁﬁm%éghmbg lﬁﬁao‘ﬁlge(af‘?&ed to
the fixing nEnbge 154 RPeioAtheHRPE BndpirdisMERLALiAL SarkBO SR 1HRPE! arNgl 1S

fixed to the vibrating nmenber 16c are disposed in the coil spring 16b so as
to be spaced friomrrasEpn sbriag 48 for aspenstigethe plampatpeee ofithpsclagp petdom s are

cross-sectional viewg,gfeanpthar GrpdeRnirapl of gy Hexﬂop‘&nE%JlﬂeP’lon t he

vibrational flow generator to the plating tank 1 n the plating apparatus
used in the enbodifoethbr dhe pladingl Grgatgantizilh ddseaaedridi thg swingidgefrpne 8€nt

yonLon, 20 e e BT o B SRR T 1o i
25 a swinging frequency of 10 to 30 times per minute by actuating the swinging
motor 20. Further, the vibrating motor 28 is vibrated at a frequency of 10
to 60Hz, preferably at a frequency of 20 to 35Hz under the control using an
inverter, for example. The vibration occurring in the vibrating motor 28 is
transmitted to the plating target article X through the swinging frame 24

30 and the holding member 40, wherehy the plating target article X is vibrated



Fig. 16, respectively. In these figures, the cathode, anode, power source
circuit, etc. for plating are not shown. In this enbodinent, a | am nated
menber 3 nade of a rubber plate 2 and netal plates 1, 1' is used as a
vi bration absorbi ng nenber instead of 25 the coil spring 16b of the above
enbodi nents. The |lam nated nenber 3 is formed by fixing the netal plate 1'
via a rubber vibration insulator 112 to a support nr~nber 118 connected to
the upper end of the plating tank 12 by means of a bol 203eptembepd8Phg t he
rubber plate 2 on the netal plate I', disposing the netal plate 1 on the
rubber plate 2, and fixing the netal 30-piates 1, 1' and rubber plate 2 by
nmeans of a bolt 116 and nut 117 to be 20 Septenber 2004 - 24 integrated.
A vibrating notor 16d is fixed tc the nmetal plate 1 via a support nenber
115 by a bolt 132, Jhe;URPef ofb@%ppbr&ﬂ %r%@lé/ntar%sqmmtmnm&%mg rod
16e is connected via a rubber ring 119 to the [am nated nmember 3,
especially to tfequsetyadt lﬂﬂaltoe?:ﬂﬂ ramitltmtfﬁaeﬁr Ipﬂnaitee 2. That is, the upper si de
nmetal plate 1 functien s_t ratin C he e di.ment of
Fig. 1, etc., and thg ?oig’;\‘é? asga% i 8 4 t% afe® wnfog ct Em%scuggrrlq) e eélge st and
16a of the enbcxténmﬂt flelvingi through thd ﬁlatil'rigetakgema'raiced Xnaarbrer a Boltmgaet aining the
netal plate eC|a he rulbe te vi bration 10
Zbsor bl ng. 1 uribtPBH oS B tie FCha o 4o 4B 2B o e UmBOuPTo M SRR 1, et o
Figs. 17A to 17aushaw-gshemati c plan views of an enbodi nent of the
| am nat ed nmenber 3. In the enbodi nent of Fig. 17A corresponding to the
above enbodi nent of BF@g8ownlip Kig. 86 the platéng eurpand.iisdbaped Yedase §U(thh$ ough
whi ch the vibration pass of 15
Fig. 17B, the Iam%ng{lgéﬁ%ntbtéhn%h%%%p&%es a F%{tt% iré?fn rT;'nga an a second
portion 3b t hea farst nglueddefor af finbt tfmeail‘rleandmsacmdestam where abd phithes .
According to, this i di ment transm tti rod 16e can be
castly set ol ciErF iR cotroindpive B Elnh g s B e 82 pfrieor when
assenbl i ng t he Apgastalysiers,NtHehtirenAde Terhd @he Fc@nd Jalle 18 havd aidl gated 20
menber 3 is formed so as to have a ring shape corr?spondl ng to the shape of
the upper edge P&itontlots tie opimarq higies anKkaneg, asakd (fek £xamm i pwiri wgrose
positioned at tfg.cCantekid RGLERs 25 dbRGekor vt hedipentsaf i gs. 17A
and 17B, the plat |Sng % 12 S|es seafﬂegr b %e ﬁle (flghrrt?nat ec&Bﬂ? rrbnér 3, and
t heref ore gas @ma@meaoredorfemmSZ& tdne apl T8t ifng elmple, 1fpurmnd mpdeatimesy | i qui d
Zﬁb?fgﬁge];[ Omt %ésn% %Elmes]) pre%r‘gorl)er\'/s%p ?m%sftg% tlﬁgsklﬂgh ?at'irt]ge

current and the vibrational flow of the plating bath 14 caused by the

vibrational flow generator 16 are combined with each other, whereby
excellent quality and a high film forming speed can be achieved even for
the plating of minute conductive structure patterns.

20 The first value 11 and the first time Tl are properly determined in
accordance with the type of plating (for example, copper sulfate plating,
copper cyanide plating, copper pyrophosphate plating, nickel plating, black
nickel plating, nickel sulfamate plating, chromium plating, zinc cyanide
plating, no cyanide zinc plating, alkaline tin plating, acidic tin plating,

25 silver plating, gold cyanide plating, acidic gold plating, copper-zinc
alloy plating, nickel-iron alloy plating, tin-lead alloy plating, palladium
plating, solder plating or the like), the composition of the plating bath
or the like. For example, Il may be set to a value in the range of 0.0l to
100[A/dm*], and Tl may be set to a value in the range from 0.0l to

30 300[Second], e.g. from 3 to 300[Second]. However, these parameters are not



Figs. 18A and 18B show cross-sectional views of the above sealing of the
plating tank with the | am nated nenber 3. In the enbodi nent of Fig. 18A,
the sealing of the plating tank 12 is perfornmed by contacting 30 the inner
surface of the hole 5 of the rubber plate 2 with the vibration 20

Sept enber 2004 -25 transnmitting rod 16e. In the enbodi ment of Fig. 18B,
there is provided a flexible sealing nenber 136 attached to the opening 6
of the lam nated nmenber 3 and the vibration transnrttrﬂ@sﬁﬁgﬂméér @04 ea

t he space existing therebetween. 5 Figs. 19A to 19E show exanpl es of the

| am nat ed nenber 3 as the vibration absotbing nenber. The | am nat ed nenber
3 of Fig. 19Bis the sane as that of Figs. 14 to 16. The | am nated nenber 3
of Fig. 19A conprises netal plate 1 and rubber plate 2. The | am nated
menber 3 of Fi Qimit@Cte epgeifis aalusppEie mﬁ@im Rl age T, THREekaryUbbebrdliat e 2,
|l ower netal plate 1' 10 and | ower rubber plate 2'. The | am nated nenber 3
of Fig. 19D coﬁﬁrrgreslésacﬁ?fﬁ’éﬂce r’f‘%fhthepF’&? é’flpladeE)ther‘iﬁ’BlﬁPértlB‘l‘ 4t ého

internediate ”%ﬁﬁ'ln%zbﬁbebrlthe livefor TRREE, BleflnBy Zaryediiid ﬂo%fati‘fﬁ]tr?ﬂ pl ate
1'. The nunber of e netal plate or rubber plate is 1 to 5 for exanple. In
t he present |nﬁ@h?%@ﬁﬂtﬂhéﬁvﬂbﬂdﬂhbﬁb@@burﬂmmgﬂﬁﬁﬁbeftﬂhykbéﬁforned only of
t he rubber %aﬁfgﬁ%mtl5 Exanpl es of material of the netal plates 1, 1', 1"
are stainles iron, copper, alumnum suitable alloys, etc. The'
t hi ckness of the neté#ie :pilaalmgsbaﬂh 14'is sdlected lhOtllbcsarﬂé)wms‘ oite & &ipdve.
However, the me al ate exanpl e the j redi at e net al e 1",
which is not fiCX&Ed “BL“&?%,’"%E%HW Papoet Yidh A HECB oLt t%??@?‘tﬁ%g t he
| ani nat ed menmbegafBy Hethd LaBBEL tO Al BEtaRSp1EAnEAYIR t1Eout il fAngss of 0.3
to | Om for exanple. Material of the rubber plate 2, 2' is, for exanple,
synthetic rubb&fedoss Wupegrioketsthat ural rubber. and preferably rubber
vi bration isglator defi ol K ( pecially having static
nodul us of 2?astrcrty |%$§bé%}ék§ 4q$§£2%ﬁ%g%?5ﬁi preferably 5 to 10
kgf /cm-, and 25 uItrnat%ﬂékunqaﬁronrwwaBDg@bor nore. Exanples of synthetic
rubber are chl oroprene %-93 nitrile rubbeg) nitrite-chl oroprene rubber,
styrene- chl oroprene rubBaFeEE} yi oni®¥ PR &0 adi ene ni bber, i soprene
rubber, ethyl ene-propyl @ne-igd ese rukdbemn, sogRiLchl or ohydri n rubber, al kyl ene
oxi de rubber, fl uororubber, 30 silicone rubber, urethane rubber,
pol ysul fi de rubber, PRo©pHBingsma hspesed “Zﬁmééﬁﬁﬁhﬁ%rth?w@efﬁlfate
(flame- retaqqegkﬁ%%ber) The thickness of the rubber plate is 5 to 60mm for
exanpl e. The |am nated nenber 3 of Fig. 19E conprises upper netal plate 1,
| ower netal plate 1', dhdmruwbﬁwepIH@éDZﬁﬂhich conpri ses an upper solid 5
rubber | ayer 2a, spong bber .l.ayer | ower solid rubber |ayer 2c.
One of the upper and |§%%ﬂ”§b?“8 rub gQ q£§%rs 2a, 2c may be omtted.
Alternatively, a pIuraI&ﬁym@ﬁrspong@mmmbbﬁMmtayers and a plurality of solid
rubber | ayers may be u ﬁ& i.n the rub%er lafe. Fig. 20 is a graph showi ng a
modi fication of the varfaithi¥f the f@‘& ing current (current density)
flowi ng threpgh the pirdfelNgn kA 88 G tHeCliBkeX rﬁb'ﬁné Otﬂeh?oﬂ/cﬁrmga&@ @pPpl i ed
across the cathode bus bar 30 and the anode bus he power source
circuit 34. |nusedias baseilfbatkt i on, the current densrty maveforns of the
first and second state lgmgsw?&néhe r?ﬁégbgular formas shown in Fig. 8,
but contain a little pulsation

Nickel chlorlde. 68g/L

Boric acid: 40g/L

25 Magnesium sulfate: 225g/L
The following may be used as normal bath for the nickel plating:

Nickel sulfate: 150g/L

Ammonium chloride:  15g/L

Boric acid: 15¢/L
30 The following may be used as Watts bath for the nickel plating:



15 shown in Fig. 20. Such pulsation is based on the construction of the
power source circuit 34, and the plating current used in the present
invention may be pul sated current as shown in Fig. 20. The peak values in
the first and second states nmay be used as the current values 11 and 12 in
the first and second states, respectively. 20 In the present invention, the
power source circuit 34 may conprise a voltage supply systemfor the first
state and another voltage supply systemfor the second2GBeptember 24 case,
the vol tages of these voltage supply systens are alternately output (i.e.,
this power source circuit is functional-l equivalent tc the sw tching
operation of two power source 25 devices). The conbi nation technique of the
vibrational flow of the plating bath and the pul sed plating current as
descri bed above may be miprdli @dfdte; an awedi zi ng net hod, an el ectrol ytic
polishing nmethod, an electrolytic degreasing nethod, etc. in which the
surface treatnent of talWgetiubbhlerids: 304%84 carried out by utilizing current
flowin a treatnment batpy. The target , gG Septenber 2004 _ 27 _ objects are
di sposed at the anode side or cathode side in accordance with the treatnent
content. By using this dhiteraratore: t48ctiondSdiie, the surface treatnent on
target articl.es havi 1.Cr.oSt ruct ur can,be .excel.l ent,ly rfornmed. 5 The
pr esent inver?ti on w F&tﬁt}gg’ 632%? iBa f?ﬁ]enarldemdtelpa{)ﬁ?tl 't ﬁ]et Eﬁ)f"b'?gl B ng
exanpl es. EXAVB:sdd aslhd fatppaitiat us described with reference to Figs. 1 to 3
was used. Here, a vi braéi ng notagr of 15%}\2/%( 200V x 3 mwas used as the

vi brating 10 notor 16d, tﬁ”"g}‘safs‘i‘ #ef ank ng a volume of 300 liters was
used as the plating tandf2ic asd: Power 1pfst er (available from Chuo

Sei sakusho, Co., Ltd.) was used as the power source circuit 34. 8-1nch

(di ameter of 200nm) si | trespisudddnde gciahi égﬂaﬁere subj ected to a predeterm ned
pre-treatneny by the CO@E\{&HP onal net hod2 re used as the 15 plating target
articles X, and a process of form ng copper-enbedded conductive filmin
blind via hol es coat ed Wirtdphthoopper seelg/l ayer in the copper danmascene

met hod was carried out. Many blind via holes were forned . in a titapium
nitride insulation I Ek;gﬁrow Rr s '@CW%Cﬁptpﬁ’ftEkﬁE"ssmatygbeh‘E\% a8 FrHGRS £ di amet er
of 0.24 a m 2@, thelhh) o 0R 4RIQHOR delnst Datibedofo SREIYE ofdy. fREE plating
was used as the plating bath 14: Copper sulfate: 75g/L Sulfuric acid:

1909/ L Bri ght e REfSentpirypédona b beverkablycefifentivedy ispHiedi Ot /caseTieryiabr at i ng ~t or
16d of the vgbral:k i, : I b 4 | brate
the vibrati \r% \!/)gatr%@n:?i% %ﬁ“%%qgﬁ{)ﬂgpﬁggég6m#m§%§gé%f'b?§tzf%ﬁowﬁ£quency
of 650 revol ut icames mpebe wommidared Bs tthe plaltértei ofgthesd hrtidles Rurfiolneitjont dfea

oot 10 Lo 6 MR ASR Al a0

or through hole having an inner diameter of 100 um or less (for example,
20 to 100 um, or particularly 50 um or less, further 30 um or less, e.g.

20 10pm, Sum, 3um, etc.) and having a depth of 10 to 100um for example in
a multi-layered wiring board; formation of a conductive film in a minute
groove to form a high-density wiring pattern having a pitch of 50 um or
less (for example, 20 to 50 um, or particularly 30 um or less, further
20uum or less, e.g. 10um, Sum, etc.), the minute groove having a width of

25 30um or less {particularly 20um or less, further 10 um or less, e.g.
5 um, Jum, etc.) and depth of 7 to 70 um for example; formation of an
embedded conductive film into an extremely minute blind via hole having an
inner diameter of about 0.3 um or less or into an extremely minute groove
having a width of 0.1 wum and depth of 1.5um by copper damascene method

30 when multi-layered wires of a semiconductor device are formed; formation of



- 2s vibration frequency of 200 revolutions per mnute in the plating bath
14. '[l:e three-dinm~sia~al flora velccityin the plating bath at this tine
was neasured as 200nmm second by a three-dinmensional electronagnetic current
meter ACMBUO- A (available fromAl ec Electronics Co., Ltd.). 5 The plating
current of rectangul ar waveform was supplied by the power source circuit 34
so that I1. 12, T1, T2 shown in Fig. 8 satisfied Il =6(A wafer] dm-] .

1 2=0. 6] A/ wafer], Tl =10[second], T2=1[second]. Wen theZQﬁEﬂﬂW@ﬁ?r @4
carried out for 10 mnutes, it was found on the basis of a current flow ng
test, m croscopy and other tests that 10 j1excellent copper plating filns of
about 10 a min thickness were forned and enbedded in all the blind via

hol es. COVPARATI VE EXAMPLE 1-1: The sane treatnent as Exanple 1, except for

the condition: F2mQl SQCQHE punhipadeliiifth Rith-dehdityVasraRkp¥Rdin § oM t he
current flowng test. 15 microscopy and other tests that excellent

enbeddi ng of copspErongcEri deyices lefs. imrqvll@def(fmt ¢fntf§0@rese(n58m)enbrf0nt1he many

blind via hol es n r, d vra

hol es. COVPARAT‘?E\/%%%E){ ﬁ@%ﬁlf %Hgésan&g]tlr ea tﬂe% QJ%Z%WP except

t hat the vi br ataspeasl raftld)vrfoECbxgﬁnmerﬁactrmroréﬁem&amm5actmtmt ed, was carrr ed
out. It was oved fr the currenLy m croscopy. and of her
Cusis thae erbol Tont PSR S BTeLL SR cals Reyin PR et i n
sone (10~) of theo meoyn hhy 66 widdaad @leES at IRPWBMRE ar¥i@fe ROHeGAlths @fbraast i n the
ot her blind via holes (defectives due to burning, scorchrng or the |ike

occurred). 25 ENANPEEiD defiped py &by pigrasriglic of eepreseptgtiverdinansiongdnon t he
inner surfaces gf Ehpefeoé’tggbt?&ﬁeﬁ\ap&dé@t@%né Qﬁotﬂ&p%ﬁé{tﬁgﬂﬁﬁgr hbeghwi th

reference to Figs. e vibrating notor ati1 ng fank 12 and
t he power sourcerpcrofmdrattlnﬁﬂangehr erttitie XsmvebrasroEmmemllgowr&mobuursamg as the

plating targ 30 article X nA4 size nmufti-layere i ring, baard which was
Db ected 1 ot et soir” s Peali ShuBful Beer bE X FircBtmiish DR st
conventional mejohgg. subBy ABHredig ol @8 thad ik wiitnes tedadetehavef 30 a m ~

and an aspect ratio, of 10,
electrical conductivity, ceramic chips which are treated to have electrical
conductivity, etc. Further, other electronic parts, mechanical parts, metal
powder alloy, minute particulate inorganic/organic pigment, metal balls,

15 etc. may be also provided.

For example, Ni plating films may be formed on metal particles such
as Cu particles each having a diameter of about 300 wum, or an Au plating
film or an Ag plating film may be formed on an Ni plating film to form a
composite plating film.

20 Further, when a plating target article is made of electrically
insulating material such as plastic or the like, a conductive base {primer)
forming treatment is carried out as a pre-treatment of the electroplating.
However, in the case of a microstructured plating face having a high aspect
ratio, an uniform and excellent conductive base could not be formed even if

25 the conductive base forming treatment is carried out by normal electroless
plating. Therefore, the thickness of the plating film obtained by the
electroplating is liable to be non-uniform. In order to avoid this problem,
the conductive base forming treatment may be carried out by sputtering or
vacuum deposition. However, in this case, since the treatment is carried

30 out in a pressure-reduced apparatus, there occur such difficulties that the



The foll ow ng normal bath of copper sulfate plating was used as the plating
bath 14: 5 Copper sulfate: 2009%. Sul furic acid: 50g/L Brightener: proper
anount Chlorine ion: 60nL/L The vibrating notor 16d of the vibrational flow
generator 16 wa.; 10 vibrated at 50Hz to vibrate the vibrating vanes 16f at
an anplitude cf 0.2mm and a vibration frequency of 700 revol utions per
mnute in the plating bath 14. Further, the vibrating notor 28 was vibrated
at 25Hz to vibrate the plating target articles X at aRO=peptemhes 20040, 15mm
and a vibration frequency of 200 revolutions per mnute in the plating bath
14. 15 Further, the sw nging notor 20 wag driven to swing the plating
target articles X at a swinging width of 30mm and a swi nging frequency of
20 tines per mnute. Thettrcee~i~sia~al flan velocity in the plating bath

at this tine Was:NBAgKr 8da.:as, Ynd by e85 JEed I
el ectromagnetic current net e},i%%%@iag%gu%@ %ﬁgétsi é\‘g&é’gir r en?étg%m
rect angul ar wawed srcantiaous trspticed cioyot he pprdwered.s B tiseotdier baridt i34thso t hat

11, 12, T1, T2 nin Fig. .8 satjsfied |1=4 1,2=0. 4 AL d :
T1=180[ second] Cg"?géggﬁ[ gaggofﬁgfpg 3@?3%”%85?? itg? %@%9?:"%% Riaping 85%%{‘{?460r 10

m nutes, it wadsfeawdel an Wk Pidsitsoral féowc W §eiatedl inOWeRighedte SilquidthyCcr oscopy
and other tests that 25 excell ent c_%pper E_Iﬁg;ting films were forned in 99.9

t hrough hol e “BARPAREFE\REaS)@ /s Homationairf lovsegherat ing egpsnised dnpthanpl e 2,

except for thepcandi iv@ion] 2 REABCHIHm BRRcOH BhRdaRUWe: fothiedWSedeh Oved from
the current flowing test, mcroscopy and other tests that excellent copper

plating fil s #eieropBretured3tabing fagehkavingen igh dsppait tatinn Aroerdingbn%) of t he
many t hrough hgq| : * - . excel.l ent copper
plating film mg%%@g%@g%ﬁ?{e%?n ‘éc%‘{eﬁ%rse tf%‘rq"éﬁgﬁ'teﬁ%gé?'%Oc%%é/l%%‘f?‘@ﬁmﬁﬂqlpm
The sane treat mghtd af thexprepdng iAvenedonephe blidésst frem thd ped-treatdent kOwhgener at or
16 was not t uat ed, s carried oyt. It was proved fromthe 5 current

f1 ow ng tes?? ﬁ%&&g@@% TR P L{’Fecgﬁ’%‘”‘f%ﬁ]ty |98ht 8 el at i ng
films were forpRdudtivisPeth bel Onthnd@ll mhReamBdiyet hrough hol es, however. no
excel I ent copper pl atig‘% filmwas formed in the other through holes

(defectives due to biseodig, tostherrinting method RE the reesericiventdgn, WBXAMPLE 3: 10
The apparatus gg3cihiA6d th[‘gb jéa%ir%ﬁ%@ﬁ%néoomi@cg%mc&r& Qedebs (pB{]:@ %l &'ﬁatl ng
{ank 172 and the p <

notor 16d, the plating ower source circul were the
sanme as Exanpl ke tjhanceddby806 vilativha tlow pbichf isCnGwml xin Cthd milatingbathmidi n

G Tenst o Wt o ROl kaeli: ol S8 TRt cprem Lonal
thickness can be enhanced by pulsing the plating current density so that a
first pulse state and a second pulse state where the pulsed current density
has the same polarity as that of the first pulse state although it is
sufficiently lower than that of the first state. Therefore, there can

- 20 be suppressed occurrence of non-uniformity in film thickness due to
concentrated plating film formation at the projecting portions or edge
portions and also occurrence of defects such as gas pits, etc. in through
holes or via holes as in the case of the DC plating process, and high
surface glossiness can be achieved. Further, there can be prevented such

25 a phenomenon that a plating film which has been temporarily formed is
partially dissolved as in the case of the pulse plating current whose
polarity is invefted. Therefore, a high-speed film forming process can be
carried out and the construction of the manufacturing apparatus can be
simplified. Accordingly, desired plating films can be efficiently formed

30 with low fraction defective at high speed on broad plating target articles.



15 electrode filns were fornmed on the end surfaces at both ends of each
ceramic chip in the longitudinal direction thereof and on a part (an area

| ocated within Olrmm from both the end surfaces) of the O 6mm x 0.3nm
surface adjacent to the end surfaces. The follow ng barrel bath was used as
t he nickel plating bath 14: 20 N ckel sulfate: 270g/L N ckel chloride:
68g/L Boric acid: 40g/L Magnesium sul fate: 225g/L The vi brating notor 16d
of the vibrational flow generator 16 was,25 vi brated a20Ssptemoer20@4te the
vi brating vanes 16f at an anplitude of 0”2nmm and a vibration frequency of
T50 revolutions per mnute in the platlng bath 14. The vibrating notor 48
was vibrated to vibrate the target glatlng articles at an anplitude of

0. 15mm and a vi br at F§khTy SGoRHEE B %Weﬁ@\}'volr'h’?“fdﬁ% HOF LG GeUt le cambe he
| at bat h e - | | ot b th
plating bath ld..dhe btyhfh@ea @iogedgst@“ﬁbrit y tﬁ‘g oQ&E%%EW %ﬁg%%gng a

at this tine was neasured rmlsecon 04 -
t hr ee- di nensi batdl l%b@otmmmétstanaeuhatmh trhtet;&at»ﬁ@l\tﬁf@t&rtﬁme Xbalr el 52
i i 0, of ., 20% was used, and the rotational nunber of

havi ng a nesh openi,n t
t he bgr rel eE@TOd?g’ % meBRr #Snéh%Féf’l Hﬁre@ﬁﬁ’ FE?]P“’B‘F“F EXEiguiNaY 1havef or m

was suppl i ey bcsh §i@ed 2 QWBL &Ow%mca Citi b 374 t 2 fZ shown
in Fig. 8 sati SfSI edel 1=0.4 [f&/der] b 14g msﬁtﬁ% eXEéI[lgAgc%lr? ?Land

T2=2[ second] . aW\hesi sieed w’éalimmcmﬁlsaivamtedemmch&ts BOMirgosc@@hitignut es, it
was found on the basis of a current flow ng test, mcroscopy and ot her
tests that ex%ecl | ent nickel plating filnms of about 2lamin thickness were

formed 10 in all theg @ﬁe@%%t%ln%ch%@éﬁé@ﬂw&ct%w—?s gemlirizﬂ-gbﬁ same

treatnent as Exanple 3, except for the condition: 12=0[secon was carried
out. It was ppﬁﬂf@@bfﬁr oimatt the t@@?ﬂé‘fﬁﬁlﬁﬁé\ﬂwg"el@s@of rﬁlewdsempyalaﬁhhwoifher

tests that erI I plat| fI|ITB 15 in.s (129% of
the ceram c[?c “53@591 pgﬁ&}ﬁeg@@ 8 ﬂ‘?@ SPIFh &)&‘E‘ aFormed in
t he ot her cera%mhmhupmlﬁﬁ\/mw{tyEg%h@b&egtg,elﬂmplg@ﬁgedtgﬁg{dg&%
Exanpl e 3, except that the vibrational flow ﬂrenerat or 16 was not actuated,

was carried ol vibratigmalpleyda the eAnting bath. cliv ieditficwbitaginplesent tiisr oscopy

d other tests that | f i f d.i
(80%  of ¢ he trer Spies it B by 3 Bl Sl o B Bh LR g et o e

formed in theimptéentederaanixtranbiyp fargEX¥AMRBLIppdrathd iplnaged.of t he ni ckel
plating, tin plating was carried out in the 25 same way as Exanple 3. The
fol l owi ng Sul fate bHt Khigrensedimgnt. tthe epfest ionn brafirthes enbancechby ghiaeingg bat h

14 Suannous sirdlsafgs U Lo Relti R00U koG R0 BT B 20T o

100g/L 30 CGelatin
vibration of the swinging frame 24. However, an excellent effect can be

obtained even when the plating target article X is neither swung nor
vibrated. If the cathode bus bar 30, the anode bus bar 32, the plating
20 target article X, the anode metal member, etc. are supported without using
the swinging frame 24, the swinging motor 20 and the vibrating motor 28,
the construction of the apparatus can be further simplified. When the
plating target article X has a plate shape of a relatively large dimension
or length as a whole such as a multi-layered wiring board or the like, the
25 effect can be enhanced by swinging the plating target article X along the
in-plane direction thereof.
Figs. 9 and 10 are cross-sectional views showing the construction
of a plating apparatus to which a second embodiment of the plating method
according to the present invention is applied, and Fig. 11 is a plan view

30 showing the plating apparatus shown in Figs. 9 and 10. This embodiment is



-32 (3 -naphthol Ig/L The plating current of rectangul ar waveform was
supplied by the power source circuit 34 so that 11, 12, T1, T2 shown in
Fig. 8 satisfied 11=0.4[ A/ dnR], 12=0.04[ A/dnR], T1=20[ second],

T2=2[ second]. 5 Wien the treatnent was carried out at 50C for 60 m nutes,
it was found on the basis of a current flow ng test, mcroscopy and ot her
tests that excellent tin plating filns were fornmed in all the ceramc

chi ps. COVPARATI VE EXAMPLE 4-1: The same treatnment as Rdappptemberagidnt for
the condition: 10 T2=0[second], was carried out. It was proved fromthe
current flow ng test, mcroscopy and othel-tests that excellent tin plating
films were forned in sone (10% of the ceram c chips, however, no excell ent
tin plating filmwas formed in the other ceram c chi ps. COVMPARATI VE EXAMPLE
4-2: 15 The samndiffereat fremitheasirEX amfolimerk, stk eptFigdhat td Banvihbrvay itenal 1 ow
generator 16 S t actuated, was carried out. It -was proved fromthe
current flown Oﬁ‘ggtﬂe, S]r?it’(ﬂgot%%ﬁj’“é‘ﬁge 8taﬁ%rth‘f &t &0 PYRRLY exERt @nthetin pl ating
Films were forrggind tSQEE akRLY) A it hSeCHBHACI e MhS1 pRANRY Rithod10 excel | ent
tin plating filmwas formed in the other ceramc chips. 20 EXAMPLE 5. The
appar at us descri bed W fhess & & éhce vitsating dramg 4doisifiittadhe #irkatand bapknot or
16d, the platq . Fy: €.1G) it e .sane as
Bxampl o 1)) and a0 behge ot iy A AR viRHG kbl nedee HE R8T

| engt h whi ch weiranesddbjse€ited toa tviilerapime mbtoeat8nadta byladfe welhghtc4dnwedttbonal

met hod were used as plating target articles X N.ckel plating_fil wer e
formed on the out'ef Wgtﬁ%%zslﬁg’gceo?ﬁgﬁge FYi‘t?’@J?m? H‘Btolro'\‘qgr é\/\k’aﬁgﬂbgjr f%iflbﬁ%‘fﬁ was
used as the ni aksethe pibdating tPafehi4lthrolth GK&lppdty | nkitle 502 TRObA-rN ket chl ori de:
68g/ L 30 Boric acid: 40g/L 20 Septenber 2004 - 33 Magnesium sul fate:

225g/ L The vi bratatayridtist teade sroverfensrbe ot i 3 iotatediin gbndingeden 16 was
vibrated al @SHealorlithr Al Srher ¥idIRh) BGvYENREns' Hot ot IRl dibiidle of

0.2mm and a vibration frequency o revolutions per mnuté in the 5
pl ati ng bat h 14latihg tangélr atticigs Xodreracd@medasedvinbtiet tedrdl B2viMematmlt he t ar get

plating articl at_an_anplitude of 0.1 and. a vibratio equency of
2:10 revol uti oﬁ’éleSearre nr}‘loﬂrg?émitﬁe CHE" e’éjtpﬁ‘%él ﬁgtfc%ﬁcelﬁ%. gﬁ‘%&rfﬂr %%%:é?f&nsi onal
fl ow v~ocl tyi n thdelaligs targethaticiad Xtdré Srévented Wesn pRamK! Beouds tROSmI second
by the three-di rT]Fnsi onal el ectromagnetic current neter AChl300-A. The
barrel 52 10 hd9i5ig Pt s hiagisesli Hy plating bath dbis pblovess ijpass ifirqugle the

rotational ngnlgs1abidhey BARSER! colRstiSe nedber 59 16 RITbpodeiPLIRL b Chl Lent  of

rectangul ar wavef orm was supplied by the power source circuit 34 so that
11, 12. T, T2asHewwtend tPiide Igweranoreibn @ff thd 53fral GirrThe ¢a2hd@le JpAdudriRg )

T1=30[ second], =3[ o] he treatnent .was carried out at 50C
for 20 m nut es,mzrlﬁ)'?rgv?gggfcg%ateéﬁ'oy%gé%%g?f %cir({dggteﬁ%\é\@u?tg?‘r@ﬂ o Fe

t hi ckness of t leéronitcBekigpbrainsotptéd bomed wireri@htwhichqabdtg thegith angigé oscopy and

ot her tests that .excel lL.ent nickel p ing filnms, having excellent uniformty
in thickness waFeE g?ﬁﬂ‘eé o &F“F %i“ﬁ%i gé ﬁ%%@@"@@@%ﬁ?ﬂ%@?@%ﬂﬁ’nmﬁ 5-1: The
same treat M0t 5 TRX St BnduBieE RbnbbP 54 1RG0t @titsd BRn wﬁ&f%éﬁ&‘?&d%s was
carried out. It was proved fromthe neasurenent of the thickness of the

ni ckel pl ati ng retateds and Hbus ther elating |tavdeh griietas, X which @se opyleditirongther tests
. excelen L Al a0l BB R LA 6B bl b
pi ns. COVPARATIfME X¥ANEloHe Ber@lictive member 54.
Reference numeral 56 represents an anode metal member having a
25 lower portion immersed in the plating bath 14. The anode metal member 56
is accommodated in a plastic cage, for example, and is connected to a
positive-electrode terminal of the power source circuit 34 through an
insulated coated wire 56'. As shown in Fig. 9, the anode metal member 56 is
disposed at both the sides of the barrel 52, however, it may be disposed at
30 one side of the anode metal member 56.



The sane treatnment as Exanple 5, except that the vibrational flow generator
16 was not actuated, was carried out. It was proved fromthe 30 neasurenent
of the thickness of the nickel plating filnms) the current 20 Sept enber
2004 - 34 flowing test, mcroscopy and other tests that excellent nickel
plating filnms were forned in sone (60~) of the pins, however, no excellent
nickel plating filmwas formed on the other pins (defectlves due to

burni ng, scorching or the like occurred). 5 E. ~. ~'rl PLEOBSGDFﬁE‘b@ﬁ@Qpét us
described with reference to Figs. 9 to Il (the vibrating notor 16d, the
plating tank 12 and the power source cit&urt 3d were the sanme as Exarrpl e
1), and about 30000 spheres of acrylonitrile-butadi ene-styrene copol yner
(ABS resin) each of which had a 10 di aneter of 3mm m and was subjected to
the pre-treatnent (comt aibpatigg aotdegseiasjmgxtédetatmmeanﬁilaxd@ham gi ng

treat ment) byt e conventional nethod U s pl t|n target articles
X. Copper plati'f @U?qcprﬁ%@végﬁfa&%t%"n% ‘b‘j}?‘gf‘ bayg rde "(‘.]J?tlf’ dagsher es.
The fol |l owi ng v@sicuser aps vidigteBlaAtanahpbiabde 340, 08 3o G mRErfos Wkdmdieen. 12009/ L
Sul furic acid: 50g/L Brightener: proper amount Chlorine ion: 40n/L The

vi brating not ortOfdg@fmnofanti Bevibraticoe! dresrercy ok 146 rier3il sevolgigmssrepiniter at ed at
40Hz to vibrate,t n f nd a

vi bration frgqﬁgn@% % tBE}%%Atr gt\%%g Br]%g a[%g&r fﬁ%%?@%rﬁgfﬁe%rg?ﬁ%ghﬁath 14.
The vi brating mbatdng 48gwasrhicles a:hezdglt theviibraiien vhehe aibgafingframe 4 arti cl es

X at an anmplituyde of 0.15 nd vibration fre cy..of .250 revol utions
per minute in b![ﬂ"?v%rl'aft‘q ?\ﬁg{%@h ot Aebs ﬁ?léeé’e‘éh ﬂ@’ﬂ@i %Wﬁ"‘ftl%(a’?l@\??”él crity
in the plating thakh aptictdai s mer@nmﬁctma@m&dap@&az&%m&eﬁ@ﬂ@rby the

t hr ee- di nensi onal el ectromagnetic current neter ACM300-A. The barrel 52

having a mesh SpERikE PasRoTHing Ey, simeorydisaber RYpnd Hee barrat P watorunber of
the barrel vgs @&% ihe leraERE‘frmeMp'ifﬁE'vn&aﬂhgﬁ% & tgct angul ar wavef orm

was supplied by power source clrcuit SO that 12, TlI, T2 shown
in Fig. 8 sati sfied In 200isSwpedindnbr tROPtir@5culiend det&'sltwsximt] in theose 04

out at 50C 1 or "o SRDE 1ed A6 (EFEOR b & i BHS RS ho ket Enont - of

the thickness efirrelteic olpeirsphalse ngatel drnBacoiUul Sktalté @Withe pla$dg M croscopy
and other tests that 5 excellent copper plating filns having excellent

uniformity in CHITERNBEEinReinethe sihidgPriopess Pebipen Shio f st PECRSARATINE EXAVPLE

6-1: The sang th€ 8RN bu1ds s@&@nﬂ%l Sipflie®XE SR élgfmkt}gréé@%ijhué)ﬁ -when
T2=0[ second], was carried out. It was proved fromthe nmeasurenment of the 10

t hi ckness of t lfechceippiee toreetianticlé Knis, broweht dokor emacltlmw hh;; ¢adbade mi cr oscopy
and ot her test 2 dnc?ttlveeﬁ&n%xl g,flt Iiggrﬂ el!’he %luarl ngenfsitl & con fr{E I sone

(4099 of the sp eres owever xcel copp p ating Was formed
in the other spbr&nmuslﬁ@/EiAWJ Vh‘e Eé:’aﬁl\dahEznGdansmﬁasTbl&:wsaﬁmgreat;mant as
Exanple 6, exce Eaug ac;[n zgvgre'ag\é,l brda Idllu(s) nt e same \é%fect as the first embodiment can
20 be obtained.
This embodiment is more effectively applied to a case where
formation of electrode films on plating target articles X having extremely
small dimensions, for example, chip parts such as ceramic chip capacitors
of about 0.6mm x 0.3mm x 0.2mm in dimension or the like, or formation of
20 plating films on pins of about 0.5mm in diameter x about 20mm in length is
carried out on a large number of plating target articles at the same time.
As described above, when such a minute article that the dimension in the
direction traversing the longitudinal direction, that is, the width is
equal to bmm or less, further 2mm or less, still further lmm or less is

30 used as the plating target article, the improving effect in the uniformity



generator 16 was not actuated, was carried out. It was proved fromthe
nmeasur enment of the thickness of the copper plating filns) the current

flow ng test, mcroscopy and other tests that excellent copper plating
films were formed in sonme (509 of the spheres, however, na excellent 20
copper plating filmwas fornmed in the other spheres. EXAVPLE 7: The
apparatus described with reference to Figs. 1 to 3 was used. Here,
vibrating motor of 150Wx 200V x 3 ~ was used as the vQ@r%@ﬁ’tﬁg"hﬁBtQ(Qp‘flGd a
pl ati ng tank having a volume of 300 liters was used as the 25 plating tank
12, and Power Master Ph~)1 (avail able f4gmChuo Sei sakusho, Co., Ltd.) was
used as the power source circuit 34. A silicon wafer having a size of 40mMm
X 40im and a thickness of | nmwhich was subjected to a predeterm ned
pre-treatment i {he14QRY ki PAheBINAHe Wath HiRhgddeddnR Bleafe-Ng target
article X, on the surface of which 30 many blind via holes each having an

i nner di anet er Bsfide® matphrerder abpyhingfeanic/oregeist Rigisat ragdalatege met2hum wer e
formed. The fol I | fate plating w ~ used
as the plating git@h&i &%%%5‘% ngﬁﬁefgl{%mg%%%g@%u%uric acid: 19Dg/ L

Bri ghtener: proper a#panmat@nldrsonesei @ndeszlr@mpmtreatmelne iplcatiiejogtank 12, an

ner 1 amet o BB Re B W BE S0HBOUHAR AVBErE ‘Si9E6] K0 (o 60

m and a por osi tTie @fe-BreatienBiYocu@sedbBPISER dafe @arider at ehasllbiabid es in the
plating bath 14. The vi brat| ng notor 16d of the vibrational flow generator
16 was vi br at ectleRtropdating ithed-prat e t he vi brat | ng vanes 16f at an anplitude

of O lmmand a vibragQfer! rLABERGHaP T1GOLNERYSH &'fsbR)@éd B?UP('K)Q&'H%QSS@ the 15

plating bath 14. Further, the vibrating notor 28 ~ was

vi brated at 25Rdn thldm\bbraittmgt\hee'a*pmatdm@sma@éhe btmtomwslox Céta ahitampl i tude
of 0.15mm a vV frequen f.200 re nutelnthe

pl ati ng bat Rﬁlaca IlI’han Qratmn 1%](? aﬁs‘btce% cr]i” oYl tln%)f“ ﬁ at this tine

was neasur ed am&&@imﬂwmmldgyﬁh:heetd hﬂeeaheht&rmw%nemad; v?lﬁ‘aﬁl gt ronagneti c
current in=ter ﬁIﬁ?%iiﬁg vanes in the horizontal direction, as described with reference to
Figs. 7 and 8 of this publication) or ones disclosed in publications other
than the above publication may be properly used as the vibrational flow
15 generator having the vibrating vanes for generating vibrational flow in the
plating path in the method of the present invention.
For example, vibraticnal flow generators shown in Figs. 21 and 22
may be used. In Figs. 21 and 22, two vibrational flow generators 16 are
supperted by a support frame 19 fixed to a support stand 13 on which a
20 plating tank 12 is mounted. In each of the vibrational flow generators 16,
the upper end portion of a vibration transmitting rod 16e” eitending in the
up-and-down direction is fixed to a vibrating member 16¢' for receiving
vibration transmitted from a vibrating motor 16d. The vibration
transmitting rod 16e” extends into the plating tank 12, and the end portion
25 of the vibration transmitting rod 16e’ in the horizontal direction is fixed
to the lower end of the vibration transmitting rod 16e". The vibration
transmitting rods 16e’ are commonly used by the two vibrational flow
generators 16, and vibrating vanes 16f extending in the up-and-down
direction are fixed to the vibration transmitting rods 16e’. The vibration

30 is transmitted from the vibrating motors 16d through the vibrating members



The plating current of rectangul ar waveform was supplied by the power
source circuit 34 so that I1. 12, TI, T2 showmm in Fig. $ satisfied

| 1=1. 5[ Awafer], 12=0.1[A/wafer], T1=0.08[second], T2=0.02[second], Wen
the treatment was carried out for 2.5 hours, it was found an 25 the basis
of the current flowing test, mcroscopy and other tests that copper plating
films having a uniformthickness of about 7 a mwere forned in all _ the

i nner surfaces of the blind via hol es. COVPARATI VE ExA#Eeptemiaerc2de
treatment as Exanple 7, except for the condition: 30 T2=0[ second]) was
carried out. It was proved fromthe currddnt flow ng Lest, 20 Sept enber
2004 - 3i mcroscopy and other tests that the openings of the blind via
hol es were sealed with the copper plating filnms. E. 1. ~L~i PL.E 8. The sane
treatment as Ex@nehe tie vErsEbPt thdhaditeinkirals 16eCqinenéy fo webviatdtivgg not or was

used as the vibrating notor 16d, .the_ vibrating nptor 16d vi brated at
150Hz to vi br atases H@tg\t}? Bigetentie\dH@d infoYaney h%nmaﬁtf?l k?uﬁfﬂgta:g?dslﬁgcﬁwm and a

vibration frequency mf 13200, ££4QlsEidi QRS RES sibvHgt Mothir eRRdiHert bN@hdat h 14,
and the treatnent tinme was 1.5 hours. It was proved fromthe current

flowing test, piatinaswopyptusngedtindhe eahodimentsof ko prabive S ACHTAIENG fi | s

having a uniformthickness. o 718 fion | 114 e thner
surfaces of %h heb?ﬁeﬁe&%vlpgenﬁ%)ﬁegggE%gCA]l\%Pﬁ}gg&i%ngggﬁc?/edr glsaiﬂn %I ate for

Wi ring board wasititgespaatdshe Rilgatlzndn tthisgetbodiméritc [tbe Xpnstructiloe of khé ace of

whi ch many blind via holes each haying,. an J nner dianeter of 15 a mand a
depth of 40 a WbRiienat dileregenenedor ﬁé 15%ég§%F%gtfm&#§;%ﬁg {ect ropl ati ng
treatment, degrRasinBd. WAL & WRShk&dend &t §RbNOspriv@IearisWEISH Bga-

neutralizing - water washin catal yst - water washi n? - accelarator -
wat er washi ng fixgheopampey blds ngquggﬁhe upper end edge portion of the plating tank

10 12, and a vibrating motor 16d is fixed to the lower side of a vibrating
member 16¢ to which the upper end of the coil spring 16b is fixed. A lower
guide member 124 whose lower end is fixed to the fixing member 118 and an
upper guide member 123 whose upper end is fixed to the vibrating member lbc
are disposed in the coil spring 16b so as to be spaced from each other at a

15 proper distance.

Figs. 14 and 15 are cross-secticnal views of another embodiment pf
the fixing portion of the vibrational flow generator to the plating tank
in the platiﬁg apparatus used in the embodiment of the plating method
according to the present invention, and Fig. 16 is a plan view of this

20 embodiment. Figs. 14 and 15 are views taken along lines X-X' and Y-Y' of
Fig. 16, respectively. In these figures, the cathode, anode, power source
circuit, ete. for plating are not shown.

In this embodiment, a laminated member 3 made of a rubber plate 2
and metal plates 1, 1’ is used as a vibration absorbing member instead of

25 the coil spring 16b of the above embodiments. The laminated member 3 is
formed by fixing the metal plate 1’ via a rubber vibration insulator 112
to a support member 118 connected to the upper end of the plating tank 12
by means of a bolt 131, disposing the rubber plate 2 on the metal plate 1°,
disposing the metal plate 1 on the rubber plate 2, and fixing the metal

30 plates 1, 1’ and rubber plate 2 by means of a bolt 116 and nut 117 to be



pl ati ng were conducted to make the plating target article X electically 20
conductive. Furthernore, water washing - activating - water washing strike
pl ati ng were conducted. In the electrol ess copper plating and strike
plating, the vibrational flow was generated in the plating treatnment |iquid
by neans of the sane vibrational flow generator as described with reference
to Figs. 1 to 3. 25 The electroplating treatnent was carried out in the
same nanner as Exanple 7, except that the sw nging mtwsﬂtwrﬂ%at ed to
swing the plating target article X at a swinging width of 30nm and a

swi ngi ng frequency of 20 tines per mnutdd in the plating bath 14. The
tt~r~-~r~sirnal flan velcrity in the plating bath was neasured as 30

200m second by the three-di nensional electromagnetic current neter A 20
Sept enber 2004 integ@tedThe plating current of rectangul ar wavef orm was
supplied by the power source circuit 34 so that IFf‘Jl 2. T1, T2 shown in
Fig. 8 satisfied Il=2YErayiagmmytor |15dds giueddrothe mpfaloplely & ade Adfuprort

T2=0. 015( seconglimberMENLY Reo it BBt MROLpRenE REFti G PHlvibREich BaMhitthde Was
found on the 5 basis of the current i owi n% test, mcroscopy and other
tests that coppel 14| kst ¢angected wig avswhberoxingl 118 | e flapineled aatbeedbedded in all
the blind vi S,11, VR \Y/ . The S r.ea . Exanpl e
9, except faif.)1 ?%Jgg%(l)lnydl tl@%%bﬁfgé@@gggﬁﬁf:h%gsf@ﬁ ilg'dttﬁpépe?t%l%s
proved from t hestaumiatntl finowiomgad ¢lst yibnaténgsab@y l@na tichabodiestt oft hat t he

openings of the, blind via hgles were sealeq with.the co r plating filns,
novever . voi ds il Hed FH HRGOHnERRISEL GHoENb BIPHE™ P ofse. Sttt ' 3o
20 Septenber 20@4oMtiRTerbRifdad) dYERe] 3, bt ATheClBfiatAPhedbdrN oL the
characterized in that a plating target article disposed so as to be in

contact with pPeel méptsal hl ' eseesialdy the subber plade 2wy dheysapervibrakimber

di sposed soas I t i {h i Qnﬁéd'? | . .a anode,
and a vol taglg ?ﬁssg‘éﬂgﬁ :ﬁghg‘é gtaﬁec%%vgfj lesﬁgg’%h?g:éflaﬂg t he %érqg eqltl i I§'e%c'

vi brational flow is FigsutBdtdliCvshow athemativipbmatiesnaf awanmdinghi of the e fi xed
in one-stage or_nufti-sta tyle to.a vibrafi rod vibrating,in the
bl'at 1 ng. barh | NEEHELRFRETS Wi th o BrlertoRl Bt ddPaerRBl RIS tner of n

pl ating currentbdvt @bod theht 8fMFide 1arRd®, tthéreUhplotidleP bl d@ thedught 0 t he
cathode is pulsed and alternately set to one of a first state where the

pl ating currenthigRdps vipratipe trapgiiteing rod dpe paspes: shn thegabedinegh 9t second

state wher e 15he;gdl bl G SN REl pdiBaPS oBnPELendrival Bsreldh HR4Ng sty Sane

polarity as the first value I'l for a second tine , 15 the first value 11
being five ar netéont Jbnetbe |fagige edgehad whiveh srecepnthcted widh leach efhelr-t he fir st

e T et 10 WAt T e PSSR BT 2, e,
6 to 25 tinmes assilasgetashet hpimegionadbaral tikrolgh, thandlé Bethereof when
assembling the apparatus. In the embodiment of Fig. 17C, the laminated
20 member 3 is formed so as to have a ring shape corresponding to the shape
of the upper edge portion of the plating tank 12, and has an opening 6
positioned at the center thereof.
According to the embodiments of Figs. 17A and 17B, the plating tank
12 is sealed with the laminated member 3, and therefore gas evaporated from
25  the plating bath 14 and plating liquid splashed from the plating bath 14
are prevented from leaking to the environment.
Figs. 184 and 18B show cross-sectional views of the above sealing
of the plating tank with the laminated member 3. In the embodiment of
Fig. 18A, the sealing of the plating tank 12 is performed by contacting
30 the inner surface of the hole 5 of the rubber plate 2 with the vibration _



20 first time Tl is 4 to 25 tines as long as the second tine T2. 3. The

el ectroplating nethod as clained in claim1, wherein the first tire Tl is
set to 0.01 to 300 seconds. 4. The electroplating nmethod as clainmed in
claim1l1, wherein the vibrational vanes are vibrated at an anplitude of 0.05
to |lOOtm and a 25 vibration frequency of 20/6 to LO/6 cycles per ward.

5. The electroplating method as claimed in claim1, wherein the vibrational
vanes are vibrated so that the vibrational flow of the2fISgantegbeagh0tas a
ttnEe-di ~sicnal ,fl ow velocity of 150m second or nore. 6. The

el ectropl ati ng rrethod as claimed in cla 2 %, wherein the 30 vibration
generating neans vibrates at 10 to 500 Hz. - 40 - 2p Septenber 2004 7.
The el ectroplating nethod as clainmed in claim1l, wherein the plating target

article is vi br@mﬁhmngazrbdaml T wﬁ@e@bdﬁe&%ﬁ plgS 188t ipgl id prdideatd on
frequency of 10/6 to 5 cycles Fer, el ectropl ating nethod as
claimed in cl aiffPtibleprel g mephes 136 G‘F%heﬁ‘gtot Hegweniaf & & B er iRty at a

swi ngi ng anpl i tge. of ar%QhE%E:%{HnatfrEr?sm?ttﬁ@ ﬁ%' 1td tfors%gi‘%ﬁl:?é.‘pa@é tfn@ 30

times per minute. 9. The electroplating net as clai nmed |nca|m
wher ei n the pl dhemetetweanget article has a face to be plated having a

m crostructure of a gi aq?}]A 1\(}3\%8?"& %—xa@lg% 0% %ﬁ tl t‘%é)f“e"{, ngeafet%ropl ating

met hod as clainmed in C pl ur a ar get
articles are acdimnindabedbing nemivo dhmgmﬂmmmmbr 3 EighQBBj&mgha:@ambai ner

havi ng smal | hol e ugh c el |dofthe Ia g bath is allowed to
pass and bei ng %q ?tpﬁég %%rti\lghté’n el-‘bﬁ Apigaaked \mephe dgu%é P\i‘ge ﬁ%ﬁﬁ‘@l“ls\ﬁ/ﬁi chis
brought into cqRtACiiatd { lind PRubd® pPitats Mbie t1aFia8ed Aehtep 1365t Fig MBKE current
flow through the plating target articles, and wherein said holding

container is r@pmrwsawmrnreet@lhelaqt@tlatupmamb@émlebe Sotwves petadiivdetet b a
ronver! el e ab il i b SUhP il s of P, popthpg o oc
separ ati on bet wegn sedclhplate ﬂhenpqmlrahxbbmg 28tet Ar ebrmadibtc hetal abatesidi d
electrically ngvgelgcrtulbber pla ? and lower metal plate 1'. The number of the metal
plate or rubber plate is ] to 5 for example. In the present invention, the
vibration absorbing member may be formed only of the rubber plate(s).

15 Examples of material of the metal plates 1, 1', 17 are stainless
steel, iron, copper, aluminum, suitable alloys, etc. The thickness of the
metal plates 1, 1', 1" is 10 to 40 mm for example. However, the metal
plate, for example the intermediate metal plate 1", which is not fixed to
any member other than the member constituting the laminated member may be

20 made so thinner as to have the thickness of 0.3 to 10mm for example.

Material of the rubber plate 2, 2' is, for example, synthetic
rubber or vulcanized natural rubber, and preferably rubber vibration
isolator defined in JIS K6386(1977), especially having static modulus of
elasticity in shear of 4 to 22 kgf/cm®, preferably 5 to 10 kgf/cm?, and

25 ultimate elongation of 250 % or more.

Examples of synthetic rubber are chloroprene rubber, nitrile
rubber, nitrile-chloroprene rubber, styrene-chloroprene rubber,
acrylonitrile-butadiene rubber, isoprene rubber,. ethylene-propylene-diene

rubber, epichlorchydrin rubber, alkylene oxide rubber, fluororubber,
30 silicone rubber, urethane rubber, polysulfide rubber, phosphorus rubber



11. The electroplating nethod as clainmed in claim 10, wherein the wdth of

each of the plating target articles is equal to 5mmor |ess.
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20 In the present invention, the power source circuit 34 may comprise
*P+++),0,,,3-d-e-y-%&& C """ (a((() P){vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] & Apldagecupely] etancier dhd dHist Atate] ad]avalhenveltpecaiwalca] ca] caf DI

meg Ilg g(\z/igfyéé&* E%’?%@{&/ 8% Sﬁéé}{? )33914% g%/fbﬂﬁo“/% ( %}(‘4 f“g%ﬁé %Eéh%o‘/%%wg% r& (
)-* (! 6V109%& () -supfly systems are alternately output {i.e., this power source circuit is
functionally equivalent to the switching operation of two power source
25 devices).
The combination technique of the vibrational flow of the plating
bath and the pulsed plating current as described above may be applied to an
anodizing method, an electrolytic polishing method, an electrolytic
degreasing method, etc. in which the surface treatment of target objects
30 is carried out by utilizing current flow in a treatment bath. The target
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objects are disposed at the anode side or cathode side in accordance with
the treatment content. By using this combination technique, the surface
treatment on target articles having microstructures can be excellently

performed.

b The present invention will be described in more detail with the
following examples.
EXAMPLE 1:
The apparatus described with reference to Figs. 1 to 3 was used.
Here, a vibrating motor of 150W x 200V x 3¢ was used as the vibrating
10 motor 16d, a plating tank having a volume of 300 liters was used as the
plating tank 12, and Power Master (available from Chuo Seisakusho, Co.,
Ltd.} was used as the power source circuit 34.
8-Inch (diameter of 200mm) silicon wafers which were subjected to
a predetermined pre-treatment by the conventional method were used as the
15 plating target articles X, and a process of forming copper-embedded
conductive film in blind via holes coated with a copper seed layer in the
copper damascene method was carried out. Many blind via holes were formed
in a titanium nitride insulation layer of 0.35um in thickness to have an
inner diameter of 0.24 um.
20 The following through hole bath of copper sulfate plating was used
as the plating bath 14:
Copper sulfate: Tog/L
Sulfuric acid:  190g/L
Brightener: proper amount
25 Chlorine ion: 40mL/L
The vibrating motor 16d of the vibrational flow generator 16 was
vibrated at 45Hz to vibrate the vibrating vanes 16f at an amplitude of
0.2mm and a vibration frequency of 650 revolutions per minute in the
plating bath 14. Further, the vibrating motor 28 was vibrated at 25Hz to
30 vibrate the plating target articles X at an amplitude of 0.15mm and a
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measured as 200mm/second by a three-dimensional electromagnetic axrent meter
ACM300-A (available from Alec Electronics Co., Ltd.).

) The plating current of rectangular waveform was supplied by the
power source circuit 34 so that I1. 12, Tl, T2 shown in Fig. 8 satisfied
[1=6{A/wafer] = 3[A/dm?], 12=0.6[A/wafer], T1=10[second}, T2=![second].

¥hen the treatment was carried out for 10 minutes, it was found on
the basis of a current flowing test, microscopy and other tests that
10 excellent copper plating films of about 10um in thickness were formed and
embedded in all the blind via holes.
COMPARATIVE EXAMPLE 1-1:

The same treatment as Example 1, except for the condition:
T2=0[second], was carried out. It was proved from the current flowing test,
15 microscopy and other tests that excellent embedding of copper plating film
was carried out in some (98%) of the many blind via holes, however, was not
carried out in the other blind via holes.

COMPARATIVE EXAMPLE 1-2:

The same treatment as Example 1, except that the vibrational flow
20 generator 16 was not actuated, was carried out. It was proved from the
current flowing test, microscopy and other tests that excellent embedding
of copper plating film was carried out in some (l10%) of the many blind
via holes, however, was not carried out in the other blind via holes
{defectives due to burning, scorching or the like occurred).
25 EXAMPLE 2:
The plating conductive films were formed on the inner surfaces of
through holes by using the apparatus described with reference to Figs. 1
toe 3 (the vibrating motor 16d, the plating tank 12 and the power source

circuit 34 were the same as Fxample 1) and using as the plating target
30 article X an Ad-size multi-layered wiring board which was subjected to the
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Sulfuric acid: 50g/L
Brightener: proper amount
Chlorine ion: 60mi/L
The vibrating motor 16d of the vibrational flow generator 16 was

10 vibrated at 50Hz to vibrate the vibrating vanes 16f at an amplitude of
0.Zmm and a vibration freguency of 700 revolutions per minute in the
plating bath 14. Further, the vibrating motor 28 was vibrated at 75Hz to
vibrate the plating target articles X at an amplitude of 0.15mm ard &
vibration frequency of 200 revolutions per minute in the plating bath 14.

15 Further, the swinging motor 20 was driven to swing the plating target
articles X at a swinging width of 30mw and a swinging frequency of 20 times
per minute. Thethereedimensicnal flow velecity in the plating bath at this
time was measured as 200mm/second by the three-dimensional electromagnetic

current meter ACM300-A.

20 The plating current of rectangular waveform was supplied by the
power source circuit 34 so that 11, 12, T1, T2 shown in tig. 8 satisfied
11=4[A/dm*], 12=0.4{A/dm?], T1=180[second], T2=20{second].

When the treatment was carried out for 10 minutes, it was fourd
on the basis of a current flowing test, microscopy and other tests that

20 excellent copper plating films were formed in 99.9% through holes.
COMPARATIVE EXAMPLE 2-1:

The same treatment as Example 2, except for the condition:
T2=0[second], was carried out. It was proved from the current flowing test,
microscopy and other tests that excellent copper plating films were formed

30 over the overall length in some (50%) of the many through holes, however,
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plating films were formed in some (10%) of the many through holes, however.

no excellent copper plating film was formed in the other through holes
(defectives due to burring, scorching or the like occurred).
EXAMPLE 3:

10 The apparatus described with reference to Figs. 9 to 1l (the
vibrating motor 16d, the plating tank 12 and the power source circuit 34
were the same as Example 1), and 8C0 ceramic chips of 0.6mm x 0.3mm x 0.2mm
in dimension which were subjected to the pre-treatment by the conventional
method were used as plating target articles X. Nickel plating films to form

15 electrode films were formed on the end surfaces at both ends of each
ceramic chip in the longitudinal direction thereof and on a part (an area
located within 0. 1mm from both the end surfaces) of the 0.6mm x (. 3mn
surface adjacent to the end surfaces.

The following barrel bath was used as the nickel plating bath 14:

20 Nickel sulfate: 270g/L
Nickel chloride: 68g/L
Boric acid: 40g/L

Magnesium sulfate: 225g/L
The vibrating motor 16d of the vibrational flow generator 16 was
25 wvibrated at 5bHz to vibrate the vibrating vanes 16f at an amplitude of
0.2mm and a vibration frequency of 750 revolutions per minute in the
plating bath 14. The vibrating motor 48 was vibrated to vibrate the target
plating articles at an amplitude of 0.15mm and a vibration frequency of 250
revolutions per minute in the plating bath 14. The three-dimensional flow

P wvelocity inthe plating bath at this time was measured as 210mm/second by the
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found on the basis of a current flowing test, microscopy and other tests
that excellent nickel plating films of about 2um in thickness were formed

10 in all the ceramic chips.
COMPARATIVE EXAMPLE 3-1:
The same treatment as Example 3, except for the condition:

T2=0{second], was carried out. It was proved from the current flowing test,
microscopy and other tests that excellent nickel plating films were formed
159 in some (12%) of the ceramic chips, however, no excellent nickel plating
tilm was formed in the other ceramic chips.
COMPARATIVE EXAMPLE 3-2:
The same treatment as Example 3, except that the vibrational Tlow

generator 16 was not actuated, was carried out. It was proved from the
20 current flowing test, microscopy and other tests that excellent nickel
plating films were formed in some (60%) of the ceramic chips, however, no
excellent nickel plating film was formed in the other ceramic chips.
EXAMPLE 4:
In place of the nickel plating, tin plating was carried out in the
25 same way as Example 3. The following sulfate bath of acidic tin plating was
used as the plating bath 14:
Stannous sulfate: 50e/L
Sulfuric acid: 100g/L
Cresolsulfonic acid: 100g/L
30 Gelatin: 2g/L
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5 When the treatment was carried out at 50°C for 60 minutes, it was
found on the basis of a current flowing test, microscopy and other tests
that excellent tin plating films were formed in all the ceramic chips.
COMPARATIVE EXAMPLE 4-1:

The same treatment as Example 4, except for the condition:

10 T2=0[second], was carried out. It was proved from the current flowing test,
microscopy and other tests that excellent tin plating films were formed in
some {10%) of the ceramic chips, however, no excellent tin plating film was
formed in the other ceramic chips.

COMPARATIVE EXAMPLE 4-2:
15 The same treatment as Example 4, except that the vibrational flow

generator 16 was not actuated, was carried out. It was proved from the
current flowing test, microscopy and other tests that excellent tin plating
tilms were formed in some (57%) of the ceramic chips, however, no excellent
tin plating film was formed in the other ceramic chips.
20 EXAMPLE 5:
The apparatus described with reference to Figs. 9 to 11 (the
vibrating motor 16d, the plating tank 12 and the power source circuit 34
were the same as Example 1}, and 30 brass pins of 0.5mm ¢ in outer
diameter and 20mm in length which were subjected to the pre-treatment by
25 the conventional method were used as plating target articles X. Nickel
plating films were formed on the outer surfaces of the pins.
The following barrel bath was used as the nickel plating bath 14:
Nickel sulfate: 270g/L
Nickel chloride: 68g/L
30 Boric acid: 40g/L
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vibrated at 45Hz to vibrate the vibrating vanes 16f at an amplitude of
0.2mm and & vibration frequency of 500 revolutions per minute in the

5 plating bath 14. The vibrating motor 48 was vibrated to vibrate the target
plating articles at an amplitude of 0.15m and a vibration frequency of 200
revolutions per minute in the plating bath 14. The three-dimensional flow

welecity in the plating bath at this time was nmeasured as 200mm/second by the
three-dimensional electromagnetic current meter ACM300-A. The barrel 52
10 having a mesh opening ratio of 20% was used, and the rotational number of
the barrel was set to 10 rpm.

The plating current of rectangular waveform was supplied by the
power source circuit 34 so that 11, 12, Tl1, T2 shown in Fig. 8 satisfied
11=3[A/dm?], 12=0.3{A/dm?], T1=30[second], T2=3(second].

15 When the treatment was carriéd out at 50°C for 20 minutes, it
was found on the basis of the measurement of the thickness of the nickel
plating films, current flowing test, microscopy and other tests that
excellent nickel plating films having excellent uniformity in thickness
were formed in all the pins.

20 COMPARATIVE EXAMPLE 5-1:

The same treatﬁent as Example D, except for the condition:
T2=0[second], was carried out. It was proved from the measurement of the
thickness of the nickel plating films, the current flowing test, microscopy
and other tests that excellent nickel plating films were formed on some

25 (17%) of the pins, however, no excellent nickel plating fiim was formed on
the other pins.
COMPARATIVE EXAMPLE 5-2:

The same treatment as Example 5, except that the vibrational fiow
generator 16 was not actuated, was carried out. It was proved from the

30 measurement of the thickness of the nickel plating fiims, the current
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plating film was formed on the other pins (defectives due to burning,
scorching or the like occurred).
5 EXAMPLE 6:
The apparatus described with reference to Figs. 9 to 11 (the
vibrating moter 16d, the plating tank 12 and the power source circuit
34 were the same as Example 1)}, and about 30000 spheres of
acrylonitrile-butadiene-styrene copolymer {ABS resin) each of which had a
16 diameter of 3mm ¢ and was subjected to the pre-treatment {containing a
degreasing treatment and a charging treatment) by the conventional method
were used as plating target articles X. Copper plating films were formed on
the outer surfaces of the spheres.

The following was used as the plating bath 14:

15 Copper sulfate: 200g/L
Sulfuric acid: 50g/L
Brightener: proper amount
Chlorine ion: 40mL/L

The vibrating motor 16d of the vibraticnal flow generator 16 was
20 vibrated at 40Hz to vibrate the vibrating vanes 16f at an amplitude of
i.2mm and a vibration frequency of 700 revolutions per minute in the
plating bath 14. The vibrating motor 48 was vibrated to vibrate the target
plating articles X at an amplitude of 0.15mm and a vibration frequency of
250 revolutions per minute in the plating bath 14. The three-dimensional
25 flow velecity in the plating bath at this time was measured as 210mm/second by

the three-dimensional electromagnetic current meter ACM30G-A. The barrel 52
having a mesh opening ratio of 20% was used, and the rotational number of
the barrel was set to 10 rpm.

The plating current of rectangular waveform was supplied by the

30 pawer source circuit 34 so that 11, 12, T1, T2 shown in Fig. & satisfied



CLO%@E ()-y1l0%@& ()-Z 10 10 10PF: | 10%& ()-8109%& ()-7] 10%& ()-] QaBbC

|1 nBp10%&' ()- 10%@& ()- @O%GE ()-!>310%~& ()- L10%G& ()- 10%G& () -
Qo<z[<bC !'!1)10%@e& ()-= plo%@& ()-! 109%& ()-! 10%@e& ()-!Y 10%& () -

10%@& ()-<y}ASHE || 10@ 10@ 10@/ 10%@& ()- 'Y/ 109 ()- !/ 10%@g& ()-

<. 10%@& ()- p*10%@& ()-* @ESH= !! 1@0@3(1;)% & %ngéo% & ()-

10% & ()-pl0% & ()-pY 10% & () - c10% & A !

10?10%} 2&' () - Iﬁzlot(%g & ()-z 1z10%& ()-zML0% & () -pl10% & (BP-PRAGHREr 3°0¢oxdESH=

10)810%&' ()-1"1099 & () - p%d0%n & ()-p9$Y1?(§°/§&' ()-p 109 & ()-!'10% & ()-8dE:/
10] 10]‘9109@&f()-p2109@&f()-F1109@&f()-/plO@ﬂ&T()-C . 109 & ()-c *
10994 & ()-yrP//
11=0.5[A/dm?], 12=0.04{A/dm?], T1=30[second], T2=3[second].
When the treatment was carried out at 50°C for 30 minutes, it
was found on the basis of the measurement of the thickness of the copper
plating films, current flowing test, microscopy and other tests that
b excellent copper plating films having excellent uniformity in thickness
were formed in 99.5% spheres.
COMPARATIVE EXAMPLE 6-1:

The same treatment as Example 6, except for the condition:

T2=0[second], was carried out. It was proved from the measurement of the

10 thickness of the copper plating films, the current flowing test, microscopy
and other tests that excellent copper plating films were formed in some
(40%) of the spheres, however, no excellent copper plating film was formed
in the other spheres.
COMPARATIVE EXAMPLE 6-2:

15 The same treatment as Example 6, except that the vibrational flow
generator 16 was not actuated, was carried out. It was proved from the
measurement of the thickness of the copper plating fiims, the current
flowing test, microscopy and other tests that excellent copper plating
films were formed in some (50%) of the spheres, however, no excellent

20 copper plating film was formed in the other spheres.

EXAMPLE 7:

The apparatus described with reference to Figs. 1 to 3 was used.
Here, a vibrating motor of 150W x 200V x 3¢ was used as the vibrating
motor 16d, a plating tank having a volume of 300 liters was used as the

25 plating tank 12, and Power Master PMD]1 (available from Chuo Seisakusho,
Co., Ltd.) was used as the power source circuit 34.

A silicon wafer having a size of 40mm x 40mm and a thickness of lmm
which was subjected to a predetermined pre-treatment by the convéntional

method was used as the plating target article X, on the surface of which

30 many blind via holes each having an inner diameter of 20um and a depth of
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70um were formed.
The following through hole bath of copper sulfate plating was used
as the plating bath 14:
Copper sulfate: 75g/L
5 sulfuric acid: 190g/L
Brightener: proper amount
Chlorine ion: 40mL/L
In the plating tank 12, an aeration tube made of ceramics having
an outer diameter of 79 mm¢, an inner diameter of S0mm ¢, a length of
10 500mmm, a pore size of 50 to 60 wm and a porosity of 33 to 38% was
disposed to generate air bubbles in the plating bath 14.

The vibrating motor 16d of the vibrational flow generator 15 was
vibrated at 40Hz to vibrate the vibrating vanes 16f at an amplitude of
0.1lmm and a vibration frequency of 650 revolutions per minute in the

15 plating bath 14. Further, the vibrating motor 28 of 75W x 200V x 3¢ was
vibrated at 25Hz to vibrate the plating target articles X at an amplitude
of 0.15mm and a vibration frequency of 200 revolutions per minute in the
plating bath 14. The three-dimensional flow velocityin the plating bath at
this time was measured as 200mm/second by the three-dimensional

20 electromagnetic current meter AMOO-A.

The plating current of rectangular waveform was supplied by the
power source circuit 34 so that I1, I2, Tl, T2 shown in Fig. 8 satisfied
I1=1.5[A/wafer], 12=0.1{A/wafer], T1=0.08 [second], T2=0. 02 [second].

When the treatment was carried out for 2.5 hours, it was found on

25 the basis of the current flowing test, microscopy and other tests that
copper plating films having a uniform thickness of about 7um were formed
in all the inner surfaces of the blind via holes.

COMPARATIVE EXAMPLE 7:

The same treatment as Example 7, except for the condition:

30 T2=0[second], was carried out. It was proved from the current flowing test,
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10YAAL ()_Iasﬁ}éggscopy ard other tests that the openings of the blind via holes were
sealed with the copper plating films.

EXAMPLE 8:
The same treatment as Example 7. except that a high frequency
5 vibrating motor was used as the vibrating motor 16d, the vibrating motor
16d was vibrated at 150Hz to vibrate the vibrating vanes 16f at an
amplitude of 0.2mm and a vibration frequency of 1200 revolutions per minute
in the plating bath 14, and the treatment time was 1.5 hours.

1t was proved from the current flowing test. microscopy and other

10 tests that the copper plating films having a uniform thickness of abcut
7 um were formed in all the inner surfaces of the blind via holes.

EXAMPLE 9:

An epoxy resin plate for wiring board was used as the plating
target article X, on the surface of which many blind via holes each having

15 an inner diameter of 15 w©m and a depth of 40 um were formed.

As the pre-treatment for the electroplating treatment, degreasing -
water washing - etching - water washing - neutralizing - water washing -
catalyst - water washing - accelarator - water washing ~ electroless copper
plating were conducted to make the plating target articie X electically

20 conductive. Furthermore, water washing - activating - water washing -
strike plating were conducted. In the electreoless copper plating and strike
plating, the vibrational flow was generated in the plating treatment liquid
by means of the same vibrational fiow generator as described with reference
to Figs. 1 to 3.

25 _ The electroplating treatment was carried out in the same manner as
Example 7, except that the swinging motor 20 was actuated to swing the
plating target article X at a swinging width of 30mm and a swinging
frequency of 20 times per minute in the plating bath 14. The
three-dimensicnal flow velocity in the plating bath was measured as

30 200mm/second by the three-dimensional electromagnetic curent meter ABOO-A.
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210%& () - 10%& L W08 e 0% uE 11, 120 11, T2 shown in Fig. 8 satisfied
11=4.5[A/dn?], 120.4[A/dn?], T1=0.08{second], T2=0.015{second].
When the treatment was carried out for 1 hour, it was found on the
5 basis of the current flowing test, microscopy and other tests that copper
plating films were excellently formed and embedded in all the blind via
holes,

COMPARATIVE EXAMPLE 8:

The same treatment as Example 9, except for the condition:
10 T2=0[second], was carried out. It was proved from the current flowing test,
microscopy and other tests that the openings of the blind via holes were
sealed with the copper plating films, however, voids remained in the

innermost of the blind via holes.
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plating bath is set as an anode, and a voltage is applied between the
cathode and the anode while vibrational flow is induced by vibrating
vibrational vanes which are fixed in one-stage or multi-stage style to a
vibrating rod vibrating in the plating bath interlockingly with vibration
generating means, wherein plating current flowing from the ancde through
the plating bath to the cathode is pulsed and alternately set to one of a
first state where the plating current keeps a first value Il for a first
time Tl and a second state where the plating current keeps a second value
I2 having the same polarity as the first value I1 for a second time T2,
the first value Il being five or more times larger than the second value
12, and the first time Tl being three or more times longer than the second
time T2.

2. The electroplating method as claimed in claim 1, wherein the
first value Il is 6 to 25 times as large as the second value I2, and the
first time Tl is 4 to 25 times as long as the second time T2.

3. The electroplating method as claimed in claim 1, wherein the
first time TL  is set to 0.01 to 300 seconds.

4. The electroplating method as claimed in claim 1, wherein the
vibrational vanes are vibrated at an amplitude of 0.05 to 10.0mm and a
vibration frequency of 20/6 to 150/6 cycles per secord.

9. The electroplating method as claimed in claim 1, wherein the
vibrational vanes are vibrated so that the vibrational flow of the plating
bath has a three-dimensional-flow velocity of 150mm/second or more.

6. The electroplating method as claimed in claim 1, wherein the

vibration generating means vibrates at 10 to 500 Hz.
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7. The electroplating method as claimed in claim 1, wherein the
plating target article is vibrated at an amplitude of 0.05 to 5.0mm and a
vibration frequency of 10/6 to 5 cycles perssecond.

8. The electroplating method as claimed in claim 1, wherein the
plating target article is swung at a swinging amplitude of 10 to 100m and a
swinging frequency of 10 to 30 times per minute.

8. The electroplating method as claimed in claim 1, wherein the
plating target article has a face to be plated having a microstructure of
a dimension of 50 um or less.

10. The electroplating method as claimed in claim 1, wherein a
plurality of plating target articles are accommodated in a holding
container, said holding container having small holes through which liquid
of the plating bath is allowed to pass and being equipped with an
electrically conductive member which is brought into contact with the
plating target articles to make current flow through the plating target
articles, and wherein said holding container is rotated around the
rotational center corresponding to a non-vertical direction in the plating
bath to roll the plating target articles in said holding container to
thereby repeat the contact and separation between each of the plating

target articles and said electrically conductive member.

11. The electroplating method as claimed in claim 10, wherein the

width of each of the plating target articles is equal to bmm or less.



