DESCRI PTI ON  METAL COVERED PCOLYI M DE COWPOSI TE
PROCESS FOR PRODUCI NG THE COWPCSI TE, AND PROCESS FOR
PRODUCI NG ELECTRONI C CI RCUI T BOARD TECHNI CAL FI ELD

[ 0001] The present invention relates to a netal

covered pol yi nide conp@ESERIBTIANe as a rmounting
materi al of electronic conponents such as a flexible
print substrate, TAB and COF (Chip on Filn, and

ME’mﬂ'GOVEﬁéEY Pﬁﬂﬁ/ﬁéEt@o&#ﬁ%@ %ﬁ@bE@soﬁp‘ﬁ BRJIDISCING THE

onposi te and rocess roduci ng an electronic
COMPQ&ITE AblaY BRMHPR@DUQII@ELE@TW CIRCUIT BOARD
(Fl exi bl e Copper O ad Lam nate), in which netal
conductor layers primarily forned from copper are

| am nated on a polyi ”TE@HNI LFI LBy oadly used as a
circuit board material int ectronics industry.

[0001] Anobng the above, a non-adhesi ve fI exible laminate

The RESEST if\antioR felflze ¥ d met é%’leg%cli naii 6$f?)8ﬁ§lg%?§r use as a
mouhfihgnedterial Gﬁélébtrbﬁiﬁeéomﬁorﬁ‘éﬁté? lupe éqrétxitﬂé‘ it ts'ilgsthate TAB

demands of finer pitches of the circuit wiring w
and [Qﬁbﬁs(phlm@naFﬂmo,haadoadquauw efates rfona qathesssy for producing the

compodtl FiEa PRk B pldbe 47 YellrofinsaiishodRine

pitches, primarily perfornmed is a so- caIIed

nmet al i zi ng net hod of form i n advance, a tie-coat
|l ayer configured fr&A%ﬁﬁhﬂmA%v. ng favorabl e
[0002] adhesion with polyimde on a polyimde filmby a

; dryi ng nethod such as sputtering, CVD, or vapor

An Fd?é}io(d-?lémble @Gopper Okiddlamipees), Irewhichasetal condustbplayets primarily
cat hode/ current in the subsegj uent el ectroplating

form%q 3@@%§°p8ﬁ6 are, lanaineted opg Relyimidentim) 'Sltﬁ9é¢|yf‘1'3% @% a circuit
boar@ﬁ%gﬁaltlh%é @l&%ﬁﬂfs |h?d§i¥ye°fAm6|ﬁtHé ét? eat’rgt?{ Qdﬁ%{s);lve flexible

way of el ectroplating t ent
laminaie t(a$[$emdtyaa Moﬂgyeréldmiﬂe laminabe)t that dadhemt dgmclude an adhesive

ayer B A GEY ol Pod 2ielal G i< B plodrasfenibl G e demands

of finkf Sﬁéh&%fth@ cirBeit wiiig/wibtde filmsurface to elim nat e
the contam nants on the surface and to inprove the

[0003] surface roughness prior to formng the netal |ayer

As %)r r‘ﬁfeﬁ{c)[cfoﬁ 4%?&51}&@ tg ' %H a%hesnvgdﬂefl%} tamlrﬁatltgr a|tnurp(§1r‘ucular a
non-adhesive flexible laminate capable of accommodating fine pitches, primarily
performed is a so-called metalizing method of forming, in advance, a tie-coat layer
configured from a material having favorable adhesion with polyimide on a polyimide
film by a drying method such as sputtering, CVD, or vapor deposition and a metal
seed layer as a conductor of the cathode/current in the subsequent electroplating
process, and thereafter forming a metal layer film to become the conductor layer of
the circuit board by way of electroplating (refer to Patent Literature 1).

In this metalizing method, for better adhesion strength between the metal layer and
the polyimide film, modification is carried out by performing plasma treatment to the
polyimide film surface to eliminate the contaminants on the surface and to improve the
surface roughness prior to forming the metal layer (refer to Patent Literature 2 and

Patent Literature 3).



General ly, when pre-formng a netal |ayer on a
polyimde filmby a drying nethod such as sputtering,
the i mprovenent of adhesion and etching properties is
bei ng sought through the selection of the interlayer
[0004] material (refer to Patent Literature 4). In addition,
proposed is a polyimde filmwith a netal filmfor use
Gengrallyawhen mpdormlmgaa rmaettabjayes rdmarpoiygrmdire il aby atdrylnlggmethod
h imde filmsurface so.to rou
sucfg%pt i erlpﬁr m%dmgrqv&nﬁ%{g afcﬁdh%ss;%rp a(qqegggmg gmpertles is being

soug#ﬁ@hrbugﬁf\\lhé Yelelfioh BotHe |ﬁﬂ§? br rﬁé%’r@e[ SO PAteAt Vﬁéfﬁfure 4),

hereon (refer to Patent L erature [ 0005
In aﬂ@tlam, pwposed ipc yotimidec impogit e nnetal dllmefonsmdz insTAB or FPC

o B L AR o 560 8 pEOR R 5340 835 rouanen

the $wfaue); fomhing £ foukidionda ?@r HeFabe, and iddeitionaMké@hiRg a copper
tin plating is subsequentl perforned on the copper

Vapqr%ﬁ’s'ﬁléﬂrﬁ\fﬂj thereopi (refar to BalentLiteratre H)r eat nent  such
[0005] as solder resist or resin seal is additionally
performed on the tin plated | ayer. However, a problem

Whehra hiedél cdveired polyimidet eshnpesiey isndybeaséd agcal fri?ounﬁng material of

or cause of such peeI| is the Kirkendall voi
clecighiF cqEpIenIcH Fm@wpmlmwa mea) dayes o thegolyimide

DA ol UGB P8R e

on theamppemayerlfenmngnheto&dum paftem, Iaaaxdetreatmeus gath s fsoldee desist or
f el ectrolﬁzti and the

resinggeal S %@q" eHb{ Rerfermied Goh 19 B g@favsﬁé*%g\@rama%em in that
this t pllatech@ peen beelisEasY ABRY chiise 6f %ﬁ B‘lﬁdﬁmﬁqs B Rikendall

as a matter of course. The portlons In
voids:(aic gap$)! g&mefgtedjbemaencfbeonapp@mstaymémgbtheom ptb&ediﬂmger due to

nd
e R R R Gl L E RS g
An efdchopldtee cobpék%ﬂ@ahé ugealﬁﬁfd?ﬁfefd' Wh 3 pYrSIRE Of e?éctltdgﬁlc baths,

portions where the copper plated | ayer boundar
and mﬁeelwtrpmamgsgunr@y@o itionscpfibereopper keyen wnit hmr]gei ¢onsiderably

amor Sh6 ekl Pk 9L RS oW ST SRR WM ne
electroplatlr(yxarrtertt)cohbﬁbns%haﬁge V:@h@llbrdmy Whlebébmﬁ@ Eo@per plated layer
el ectraopl atji ng baths nmet hod

bounggees gerg wrﬂl@ﬁe\gtﬂ. wgrqassba@% bqnc@p@%r@eateg easipt hSince the
KirkeRball Qfo”&§ ?tmlﬁé}gp%l%cura)é? tné SPibAS \ﬁttf%rfeaﬁw% | §¥§§r h?ated layer

an are east t e tirmes

boundalyyeandsthegtlm heateantayet ereradjateént tvathch lrbtﬁelf;qprpﬁtmg is to be
urality o

oo B U S P TBrEE B DAL it o
in a dﬁ%hﬂﬂltthht Fseécﬁ.ll*]ﬁlénﬁohtﬁé nu r%?%ﬂez{t@ﬁatﬂ@ﬁo%fh{; kendal |

voi ds causes’ t peel I ng. vert
[0006] foregoing case, Patent Literature 6 only sees the tin

As a %Yl?qédfpggq;pgmmggﬁ(%efbgqogsoﬁ% gﬁ)ﬁ@%&pépg)%ggg g gtlh d o? ?orming a
copper layer from the surface layer to an area that is at least three times the tin plated
layer using the same electrolytic bath in a copper plating film to be formed using a
plurality of electrolytic baths (refer to Patent Literature 6). Patent Literature 6 has
analized that the Kirkendall voids causes the peeling.

Nevertheless, in the foregoing case, Patent Literature 6 only sees the tin covered on
the uppermost layer of the copper plating as the problem. However, when forming a
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2 copper circuit and covering it with a tin layer, the

tin layer will be deposited on the side face in

addition to the uppernost |ayer of the copper. In

addi tion, as described |ater, since a copper |ayer

boundary may occur even with the sane electrolytic
COpRﬁ{tqlfCUIttand(?éWﬁBﬁg Bé’VIHh@ dndayar, thedinflayerqgwillhe depasitedion the side

ace U e BR800 IS RESRH L BB B et
since rd eoppenelaybr ttiwndaql may ecarppen withiethe édrhéeelé@tv(ﬂfrt‘fb bath, it

co AT oSl i A
AecAPRE, IR A PR . SHBRIETAE AAER fyrec of

multjples tophett layershninedlagetshintiee iExampiebf Patent Lttémturbf@ and the tin
r layers wi|l be |ost. [0007]

layer’ ?’la%nﬁ‘gtf %%ﬁteh%ﬁg@ggeénﬂ ol (iR 2 10BPPG RV 'ﬁ‘gWh'Ch only the
uppethriRiEe el thidketHe bher BHFEEN4ver Z’h ttfeorﬂ'aaé e b?ﬂh&sthat much,

is undésirable, and it 1I's preter e to reduce
and thereds a@roblemeloﬂhairilhatbai@dmfrthe asppeclayars witldws lose.
0007 In order to obtain a plated copper |ayer of the
[ ] i ntended thickness with few el ectroplating baths, it

In lighet dteprRsSaBove, t® ZigHagttypo elbttrdpiathg BrHIdeRBthaePéd
' Igand in this resgeg?tagay%r um el e‘jctrcgJ ating meth g%l %S numerous

electggplating \athshie ungiesiraklee @ndoit Iatpne(prabbhtm reduﬁeeékle mymber of

oo B 4 Py e, Lo ghHEh MBoover ayer o

the imteatied thioknessdvilh fagv slethoplating BHHS, itds Hééé@s%lw {oAese the plating
is dipped in an el ectrolyzer, and thereby

curreaércieaswnan@dwms ispechg diug elastropiatiagemetiais effeetive. The
o BEEASp 10 RS AURHRAH, VAR SL8R o ana o

metabseed laygr dare fonmetdthefepadiyngieofrolebs pldtingrortzodyirgometHdae around
cont rol he i stance constant between

h
a drufp SURRGR B i SIpBad Humd elqi oo 8d b e(Eby (rariesT g EoRRes plating
to thé lérdr%% defiide dhis letﬁ@é! Enabfts ﬁl%%é'the?:{ndgévéﬁk? gtghﬁ)de closer

anode and cat hode oser toget he ow Ve
withopit hlahmgpdIailuwb@@semd]cag/thecwamlmg pphlucrdmy dlkng tiee feedlng of the

fim 1o HEBR3F o Pabo Aehio e S ditenspniont privesnhe anode
and &ltheds,abisgidstble fRineRthdetheidupeht ¥8ndify. Preventing the

i ncrease and concentration of inpuriti'es, and thereby
Moreguer. eass Pnigstiiieofi mevingnthel arod& @ndatathededgoser together, the flow

vloc AL ELFRE d o6 8%h A B TER 3l S s o

effectivee i6 UncrIsIrite Mise touright Odélity! 0Ad&6fcﬁﬁ§l? ttﬂi@ drum electroplating
el ectrodeposition rate of the electroplating process.

methpgig \affectiye in [pEeyentindathesingtraser ard goncentration of impurities, and
seed | ayer forned on
thereﬁk%kféh@r?#{dh%q&lgp g@i&"&ﬁﬁ%@%'%t o wthstand a | arge
Nevecthetesst ﬂ$|B ndrem fetedtiopitimgs metisod ialdd edltailcoits eMebtdbiems. It is
t he anqdes o . .

necessary to increase the current density in order to increase the electrodeposition
rate of the electroplating process. However, at the initial stage of starting the
electroplating process, the metal seed layer formed on the polyimide surface is unable
to withstand a large current since its thickness is limited. Consequently, the anodes
set to face the drum are divided into a plurality of zones, and the current density to the

respective zones is being controlled independently.
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set to face the drumare divided into a plurality of
zones, and the current density to the respective
zones is being controlled i ndependently. 3 As a
result, each time the anpunt of feed (anmount of
As a:msuﬁ,neach timeHiee anmudat ohisedeamoant df Edregranto mlgfwme changes, a

cifefSiy EORRETARRSSE IR Be R ACe ATt thhdmpbpites Wil dnetease and be
conéél‘ﬁl%rte@%w@%‘)%%\gﬁlﬁféﬁ’ la:)(B? bghﬁégr&a?)h ﬁl@heréndall voids will

ari se. Convent consi
arisgpr ddoverdionafly,iicc cem:gierauoh @émenjrdmctlm effiefendlys® Gesddivtg method
mer ous._anodes and di the zone gto f our zones

of dlgﬁo%g DUnisrgus Ano %\%IBB¥ galldlagahe zeneg mtg @Mt Zonggcor more is being
adoptedband, s & ARRAT thead@inbelbi %}oéb“eriéi}é’rs Wit BR%&ur dr4RGR

I'n addi'ti on, whén feedi ng t ing material around
[0008] the drum and performing plating upon providing anodes

in atfiorh R BRI B bR eferbh SOR b uRESRd BeragnIng plating
uporfliproviding BAodéd hethRUppoaingesditidH, &t brﬁﬁ?s\,@gf?%t%égn mage of making

di sposi ng a dlfferently Sl zed nesh
the spage; briwgeat onryanedenandr theeplating Bagrorto he diffeaentrfor Bach plating

ree b b ARRER LBy BEhISEA7 R Br TR BRI o o

(refer wIlRaterg titeratwertyer Rim®y appear tha@the indried&y 8f implvitfes and the

? unrealistic since It nerely proposes the use
96”%@“%8 eoHikendallids £ begnhibied by TeRbcigrthemumber of plating
bathglensity for each anode is troubl esone. In other

wor ds, besides the supply method being unclear, the

Howeéverwthisl ldeatlys olhreahanalsatcleng merslytogroposdd thdeise of one anode
di st ossible to ensure

becaHﬁgfthJrﬁqqtrgwo\,éh%&pfr?n; penﬁlgg rfaghmanpge ds trgublesome In other
word§i %I@@ﬁ)%@ th%%ﬁbél}/%b{ﬁbd Being Eﬁél%ﬁ? thit \ﬁt\}‘i{ﬁc@/hof“ﬁ%‘ plating

or the lik beconme an r‘nsnt
solutianowjlveg disturbedand htewit rat |begp®slbhe tmanmrwtmiﬁafm ﬂow velocny if

mes AP I s GBBER. bRl L b SARABS i o e ko

will bécom@tammé@ﬂmhﬁwﬁarew 1Ak flo &élscugpéﬁhbgﬂ d}ﬁ%lﬁtl&{ cannot be
the drum Aside fromthe probl Kir

controfied, jafda itr é!\rl'étl@% diffiquiie tpr emgusen tife pjmiurmgy of the amount of

e RebBARIY SCa1d5iEALYL 15 Pl B bkl g of e cum

Asidd ﬁohsth‘eopreblﬁm ot Kergehadsll t/dsiaspwéoid@m r@fatd,% t&ﬁgﬂgﬂdblem of platlng
voj ds. OOO9I] Accordingly, it could be said t he
unifority % it favId: be hsaif dhRb 4l fsaan wereadistioth raethpdndimeadition, this

ot RAG A516 Bva e el BB o P2, 211 °
[0009] Literature]

Accordingly, it could be said that the conventional technologies fail to teach a

fundamental solution to the problem of Kirkendall voids that arise between the copper

layer and the tin layer.

[Patent Literature]

1. JP Patent N0.3258296

2. JP Patent N0.3173511

3. PCT (WO) 2003-519901

4. Japanese Patent Laid-Open Publication No.H6-120630
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1. JP Patent No.3258296 2. JP Patent No.3173511 3.

PCT (WO 2003-519901 4. Japanese Patent Lai d-Qpen

Publ i cati on No. H6-120630 4 5. Japanese Patent

Lai d- Open Publication No. H6-210794 6. Japanese Patent
5. JapangseRatemulaiddQpeém Rublicaiof NE HE5a 0794  Japanese

6. JAE AR N Tone PRl PR NGB 188 e prosent
7. Jéﬁmﬁ@b!PmehtsLéia-@;Sé}de§|ic?ati6ﬁtr@6 667 20adsgol yi m de

2 , .
conposite which can effectively prevent peeling in a
non- adhesive flexible lam nate (especially a

- f1 exi bl j jcularly can
Es},\?ec?%/s:rsl y ie>r§|hi bﬁfég&Sﬁﬁoﬂg&mM'ﬁterfaw of a
[0010] copper layer and tin plating, as well as provide a

nmet hod of roduci ng the conposite and a nmethod of o
Thug)r %) RbieQ @Iﬁtf@ prasephiiaveritioouist toopeovide o o@tal] cavered polyimide

comBEGE 175 SYEch oy AR RIS 5L cob A BEGB TRbe et
(espeoiatip aitive-lagentiexiile farfinkte); &9 pahtRYIRIryaHHh Hdeaya inhgg)/it peeling

s%ed_ | ayer formed on a surface of a polyimde film
fromgingcipiestacesof £0PRET (yen aadytimplating: Bedvelbasl psoide gemethod of

prodyfiiGiing cpRoRiS S IBlhd Y ProbBbe bl SBLABMG Plpuigpoarc.
[0011] copper alloy plated |ayer conprises thr eeI : ayelrs to
I t | or copper alloy |ayer,
In orBREio e hegRERdi A Cbisch SFe pErsedt Thiayan PHoUgeSt { he
1) bounfmty d?fve?él?péf}ﬁﬁi% doMsdsite’c f ?l 1e2¥%at34fer and a metal
when the copper ayer or ‘copper a ong ayer 1s ree
seed layer formed: ow al siyréace, ofam golyimdentilenby a!lmlroﬂmﬁ plati?g)for a drying
[ i,ti wh th I er allo ayer ]
et A o b £ BB Bt B by hdoplating
. ! :
hersTPkipes PRI O SOLBY PR v o
one layenpt theroprer layer ey copperralioy uayer insludirma coobentrated portion of

meuRfE ¥ 1R Bgldlfe it 35861 BYEE At BoRBARSITaHET RSN e copper
layerraopgesalld@) lagerstthask e todweilagers, 8Rd Ab coRYErtPated portion of
_ ol yi m de conposite, wherein after formng a tie-coat
'mPUHB%%Wh&Hdha CREPQN laygrar FeRper aday fayanis asinge layer; and

2 POTeTHE VBRI poRFESd RhFpRslt ArhRRe 8.5 i sbove

wherein the tie-coat layer is one type among nickel, chromium, cobalt, nickel alloy,

chromium alloy, and cobalt alloy, and the metal seed layer is copper or copper alloy.
[0012]
The present invention additionally provides:
3) A method of producing a metal covered polyimide composite, wherein after
forming a tie-coat layer and a metal seed layer on a surface of a polyimide film by
electroless plating or a drying method, three layers to one layer of an electroplated
layer of copper or copper alloy are additionally formed thereon, wherein formed is a
copper layer or copper alloy layer including a concentrated portion of impurities at the
boundary of the copper layer or copper alloy layer when the copper layer or copper
alloy layer is three layers to two layers, and no concentrated portion of impurities
when the copper layer or copper alloy layer is a single layer.
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| ayer of copper or copper alloy are additionally
formed thereon, wherein forned is a copper |ayer or
copper alloy layer including a concentrated portion of
inmpurities at the boundary of the copper |ayer or
copper alloy |ayer when the copper |ayer or copper
[0013] alloy layer is three layers to tw |ayers, and no

The P%&%‘E‘H\/@hﬁgnﬂmﬂercﬂ?oxﬂ{j es:Mpurities when the copper
ayer or copper ayer is a single layer. 5

4) [ 0OTsy metied pf pecuhlcrngwaemtaboomredrmzlyrmrcta/cmaposm atberding to
uci.n

parafigRiid) o VB BRPG R 41Be e R Db S08 2 Tapls sped laver on a
surfalel 6fra b@rymuea fﬂrntthﬁ‘elé@ﬁbleééi ﬁa{tln@"& é‘df!ﬁﬁgﬂne‘fﬁ&ﬁ drf¥BEtroplated

on a surface of a polyimd "m by ctrol ess
layerpfoamedgofoeompenrqn cappeetatioy is émnmdeby rdb\pdlageah elepjreplating zone

o RSB 5PRR T, R o i LT, R Tl Mo o
metdl e88d Nayer Hernad IHere ¢ afdUnd avpidtingtfukd @@Béﬁoﬂnﬁ‘rkﬁg relé’c\ftﬁbplatrng

nmetal seed |ayer formed thereon around a plating drum
therefad perform ng el ectroplating thereto; 5) The net hod

5) gzgg‘[ e %ﬁc{lgof"gar LGl ngp%‘ﬁ%tgpe&%#ggﬂ ggﬁ%@g@bbglte according to

paragfaphes) rbrtd“&ra?daphm%ﬂo&m Whelein [Iey Electreglating @ngerférmédd one or
bat hs; and 6) A nethod of producing an el ectronic

two Rath$,And hoard, wherein after forning a copper circuit
6) Of Nﬂwg%d Yt Jﬂ%dﬁ{:rﬁg Lﬁrr e@étr’gﬂ}b 8|frc§1’£1 gBhRﬂ vVl'?érB% LREr forming a

netal covere cor di
coppparcm@uﬂpd)r tbpmr aHmyag:rraprh ti?y) wﬂyonfe etahimg msatg rhlge tretal covered

polyifyie GpRBRS!E dseidindlo § %&?%r*?“i&m%%r%bbé ) Bbaygy 4 plating to
the c%ﬁﬁéf@i?btﬁloéryddﬁp@? aﬂ@;WE |§(Pf dr?@gaod of producing

e conposite and a net uci ng an electronic
circuit board of the present |nvention can
[0014] effectively prevent peeling in a non-adhesive flexible
|am nate (especially a two-layer flexible | am nate),

As a peduli 6ithardbyve 24 nidtaledivierad Nolymdblcbrﬁ&%lrtb ng méth@drbr PRoducing

interface of a copper layer and a tin pl atr n and
the cpmpasite angharmethask efeprodbeinghan eipciionic eircyi pardeot the present

n h 1. PT . .
erf 20 Mo e SR BT TN T M Sy it
(espetialiy hatwedlayep flexibie ﬂamhaeé e@armvlaﬂy een effectively inhibit peeling
from the interface of a copper layer and a tin plating, and vyield a superior effect of
being able to improve the adhesion strength.

BRIEF DESCRIPTION OF DRAWINGS
[0015]
[Fig. 1]
A schematic explanatory diagram of a drum-based two bath-type electroplating
apparatus.
[Fig. 2]
A micrograph of a copper foil cross section on a polyimide layer comprising the three
copper layers shown in Example 1.
[Fig. 3]



apparatus. [Fig. 2] A mcrograph of a copper foil
cross section on a polyimde |ayer conprising the
three copper layers shown in Exanple 1. [Fig. 3] 6 A
m crograph showi ng the cross section of a boundary

A microgeapteshdwi n@Qh@‘cms%e@tlm uf & bblandﬁr;ycdbtélﬁeé B f6MNIRG a circuit by

pl at ed copper |ayers of ormng atin
etchlpgath@ahne@réate@rpqm@r Iay@m)@f Easam@iﬁ i, foammgoaatm ¢iateddayer on the

| A h
coprBf Bt HsisrRiraiit ahheaPglietihe SRaisChor i o
[Fig.4ayer conprising the two copper layers shown in
A GG BRSh of e, CBBRATBN 168 BPREN BY POMAWIGIGE lBYPEGPMAHping the
two W@k%e‘f@@h&%uﬁ’%ﬁﬁ%l&?pper layers of Exanple 2,

tin plat ayer on the copper circuit, and
[Fig. ﬁ&rform ng annealing after the tin plating. [Fig. 6] A

f th fojl on on the
A m"HBgSﬁ %W'ﬁg the 5&9%% ggg{,%g{ a@%tﬁam%@éed pyy@inaing a circuit by
etchiﬁ?QH@ thg Fﬁé@m Yo of _éxa@? al néWQor m #\aﬂgd tlélfer oA the

0SS section a b undary o
copper cigcliit, ang par[cxrmirrggammmlmgrafrHrahebIncpdmmgr Iayers of
Fi Erarrple 3, formng atin plated |ayer on the copper
[Fig. rcuit, and perform ng annealing after the tin

A miGfogtaptdof i Gopp%r f6||r6r§§é)§éé’tf-8h Gﬁ thE HoRARRRY Ia;ygf 'tcgrenprising the

cross section on the polyimde |ayer conprisi
two coppet Bypes shewein Enalmlea Exanple 4. [Fig. 9] A

[Fi ZLcrograph showi ng the cross section of a boundary

9 6bt ai ned by forming a circuit by etching the one

A mlq?bgﬂapﬂl shoieg tHeayieks ebcliorfoPa Bodndargobtdifed by 'féknﬁih?faetﬂrcun by
on the copper circuit, and perform ng annea

etCh'ﬁg %@ wa plated C[ﬂpé’@f layers pf Exammle &, faretieg ealin plsted wer on the
coppEf SRS SRR Ayt Ein GO n AL gy TS shown 1

arativ
[Fig. 8]
A micrograph of the copper foil cross section on the polyimide layer comprising the
one copper layer shown in Example 4.
[Fig. 9]
A micrograph showing the cross section of a boundary obtained by forming a circuit by
etching the one plated copper layer of Example 4, forming a tin plated layer on the
copper circuit, and performing annealing after the tin plating.
[Fig. 10]
A micrograph of the cross section of the ten copper plated layers shown in

Comparative Example 1.

[Fig. 11]

A micrograph showing the cross section of a boundary obtained by forming a circuit by
etching the ten copper plated layers of Comparative Example 1, forming a tin plated
layer on the copper circuit, and performing annealing after the tin plating.

[Fig. 12]

A diagram showing the analysis of impurities based on D-SIMS of a copper layer on

the polyimide layer comprising the three copper layers (two boundary sections) shown
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[Fig. 11] A mcrograph show ng the cross section of a
boundary obtained by formng a circuit by etching the
ten copper plated |layers of Conparative Exanple 1,
formng atin plated |ayer on the copper circuit, and
in Exanplertvi ng annealing after the tin plating. [Fig. 12]
[Fi ﬁ%' agram show ng the analysis of inpurities based on
9 | M5 of a copper layer on the polyimde |ayer

A diSgrERy sﬁb\}vﬂlgtthé drfal éféxﬁﬁﬁuntle%Yb‘Hs‘é[d(dﬁND -S9 c?yccaplper layer on

sections) shown .
the pplyimide layee Camarlylslgsthettwo 1oppet layersiane @ounda:yssauﬂon)‘ shown in

opper layer on the polyimde |ayer conprising the
EX&@R&%’ gopper | ayers (one boundary section) shown in
[Fig. E)@rrpl e 2. [Fig. 14] A diagram show ng the analysis of
npurities based on D SIMS of a copper |layer on the

A dl?gﬂiam ﬁh%mgatperan@mﬁﬁ pEinprities RagedcaspPeP M yoé ascqmpes layer on

e cRMAAE RPN R B PRPBRAS e Elhgad ey shown

Exarﬁplﬁliws of a copper layer on the polyimde |ayer
. conprising the copper |ayer (zero boundary sections)
[Fig. fdwn i n Exanple 4. [Fig. 16] A di agram showing the

Ad|§§§§H’§ht§WlH tfelé'%('f)'lfa ys'iseée I aye'regcr:boa%rﬁldgﬁ?gé l\ﬁ% ?%p&{(ﬁper layer on

yer on
the palyimide payar domymrising tlee coppem tayeb ¢zerdavgundaey tsieothsr)s) shown in
sho in Conparative Exanple 1. BEST MODE FOR CARRYI NG
EXargpl 4rE | NVENTI ON [ 0016] Specific exanpl es of the
[Fig. Aesent i nvention are now expl ai ned. The ensuing
explanation is provided to facilitate the
A diagraey shewidg ﬁ@e @hatyssissol invaunitiesrhasaddrnt BeSIMS ertem:opper layer on

e 5024 e o e, bl b8 568 LA Bounry

secti6hg) $hdwn INComparhtive Exmpleesent invention as a
matter of course. Incidentally, the present invention

i ncl udes cases of copper alloy plating in addition to
BEST MODE FOR CARRYING OUT THE INVENTION

[0016]
Specific examples of the present invention are now explained. The ensuing
explanation is provided to facilitate the understanding of this invention, and the
present invention shall in no way be limited thereby. In other words, various
modifications and other embodiments shall be included in the present invention as a
matter of course.
Incidentally, the present invention includes cases of copper alloy plating in addition to
copper plating, but in order to simplify the explanation these will be collectively
explained as copper plating. Here, this shall also include copper alloy plating.
The basic process is to form a metal layer on at least one face of the polyimide film by
the sputtering method, and additionally form a metal conductor layer formed from a
copper layer or copper alloy layer on the foregoing surface in order to prepare a
non-adhesive flexible laminate.
Foremost, the polyimide film surface is subject to plasma treatment in order to

eliminate the contaminants on the surface and modify the surface.
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copper plating, but in order to sinplify the

explanation these will be collectively explained as

copper plating. Here, this shall also include copper

alloy plating. The basic process is to forma netal

| ayer on at |east one face of the polyimde film by
[0017] the sputtering nethod, and additionally forma metal

Sub§ﬁ%ﬁfl&g§e§rﬁﬁe&?tg%% ééaqqng%éqﬁlggptzé-ch&yfaélgﬂr Pg%pperBOOnm is
formpdemalth‘:e surface ofuthie podmidectinh| @eheraily) ahe . sgudtefstP Metal layer is

t he imde filmsurface is subject to plasm
Sele?tﬁga‘{) IX{ €j 3meng sickeb C"é@mmfﬂa@@&lhélcd‘@hﬁ , IFRFRIUsM alloy, and

cond! 5 SRR o ERRNEX AREHEE ¥ g of 1o 1

50um|camlnmUsé@mlt)thlefthﬁzkhess?Mequlred td ehereicuinbodve, and there is no
mde film Generally, the

surface of the 8’0|
pam%ﬁﬁ'ﬁfﬁ'@ft%oqﬁ%r 'PS;}%? thlgkn9§§} ected one type anong
Pl ;
Gengll‘afﬁg,;l’Jplm b rﬂd&‘? e p&n fgu?oln?-ﬁ'ora&hﬁgl@a\“ﬂ} Kaneka or the

a t al spea
like ipdﬂ%ﬂd’nb(dlé thereris ladad ng partitulakireitatiot regardimy the typ® winpolyimide
fi sed but this thickness is required to the
|mt86beCH§ef board and there is no particular limtation

The h@&,%fa@ ay@r tae lhB'thBﬁcﬁ? of {RAEAMG Yhe HBhbﬁVe @l’yreHgfh petween the

I ndustri‘es, Kapton by DuPont-Toray, Api cal
meta fayien @nd|th& golyimigediiiiml andtinereasing tlaé stabilty padei & hieat-resistant

[ Qa e type of polyimde filmto be
and Jn igéur%'lﬂﬁgl%t%rﬁ gf{ ﬁ‘zfygr has the function of
Subsml’eﬂﬂyi,l @@oﬁbér féi}é@i‘df\fﬁ(ﬁtd 800k REbuesRetthe m&ﬁﬁ]@eed layer is

| ayer and t )()lmde [film, and increasing t
formed gglthe tt|9 qgaa@yeg N sputtearg.sthansputtasgd copper layer will become the

condfTBict of s §aRbcRNlsR he MBSk TS b BeSEr
[0018] s forned on the tie-coat |ayer by sputtering. The
sputtered co er wll becone the conductor of

| a
Subsgieptly jescRlpeloRlated laver femed 6@@@4 GePReIGARPsHRHRY Kgformed on
the nptar flagQrQAQ]the ?!éﬁﬁ@%f% ne Rl I@%t@@ﬁ%@&a@%tdsﬁ@hn in Fig.

forme rom coppe per a
1is usedal seed | ayer. As the plati ng sy_stem t he

This %%e lt'oIr ?%lg}%tr bﬁagﬁ?ﬁé r@b@@%ﬂ%ﬁ Leéé]&;%;g%tgwg;paﬁw uaS epc’ating drum in
whict® laerférf Plak&dfi aﬁpﬂ?&lrhateﬂ/ ﬁélﬂtlé Hﬁasﬁéﬁqﬁ‘thé' elé@ﬂ'oﬁ)rhtﬁ‘igﬂ?e&ﬁ a unit for

t her eof (&éprom mat el di pped I n
feediag e polyimisie: fio tabe, platadqarourm# thef plaunggiranpca ymrhfde supplying

cureh TS B P BB 08 B Bl g e
drump@lsydrid fodbi {Héseaei‘rfbdéﬁ%r@fsd]@él%dﬁﬁgélﬁﬁlé asddub, hel the supply of
copper ions for copper plating is performed by supplying an electrolytic solution, in
which copper is separately dissolved and in which the copper concentration is
adjusted, to the electrolytic bath.
[0019]

The copper or copper alloy plating system that is used in the present invention is a
one or two bath-type plating system. In the case of a two bath-type plating system,
Cell A (a bath) has zones 1 to 4 and Cell B (the other bath) similarly has zones 5 to 8.
It should be easy to understand that the one bath-type plating system only has Cell A.

Conventionally, in order to value the plating efficiency, even in the case of using two
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drum As one node, these anodes are so-called

i nsol ubl e anodes, and the supply of copper ions for
copper plating is performed by supplying an
electrolytic solution, in which copper is separately

i, RO e A SORREDFEPEEHE PR3 e s

Anodes copset talface ihleadiungy felyeaem dgfhthiese szaresd Tihe Bblemon sendmg
' ne or. two hath-t pl at i

met e Siitere | H6; Rlecipletind soIVRS PR R T ey (T Bait of the
eIecf?@blh’uﬁg (b%tﬁ)%tda) oVéﬁlo%nﬁ&nlthbou@é}n? r@ﬂhlthg dél%&?oeﬂéﬂ?d bath is

Simlarly has zones 5 to
adontedu hlérss.lp@hdmetlan ishablerte dmttrlol tt;epﬁowl \alioaity am!stsenecessary to
f EMFﬁ] tAI vention Y: gdertov(il%l b
ormy feUnal Rt ¢ Ruperl gredygEninentiirent g £345n gapdk; 2omg can be
ad]u&eaqﬁa@peﬁd@ﬂpunber of zones was increased and four or
nore plated |layers were used. Anodes are set to face
[0020] the drum for each of these zones. The solution sending

A RSO G EaS S5 ORI B G R e BB st i
at zomeer Ah@roné ROthe deppepioe topgerialiRly pladhdloarb rsﬁla’ctéﬁéd"'rﬂetal Iayer is
bath is adopted. This supply nmethod 1s able

hardb'o?ﬁrf%mqqq@nmqsw adlight amodnof platieg issformpdt l@ addwcm ghe same

oo . el BB B35 Egsnre
hardityhplated at afsltstmets mb pibMQ mgno_s rrmédtﬂevémmegm ﬁgtléN\Qedlng at
- t is, at zone 1 and zone
Zoneﬁaé Pﬁteyé:) o‘hff?@?é »%?Béﬁlsamnwf prvathairtyrs elestroplatingragparatus,
platlrﬁEFsaderfcfi‘bf%H étszon'égrsjé BERAPY r%eds‘é‘?‘gnerﬁ y a slight

anount plating is orrre 1f1on, the same
[0021] applles to CeII B, and the plating material that was

con B SHETARSLE lE-ALTETALEIS Mo ChH Al 455, et an
repeafeldly ﬁbpﬁ@@bé&lrﬁousmcﬁ APfnife ftﬁﬁ‘fr%?létm;;‘{bat}“{'v@é’s adopted.

this kind of two bath-type eI ectropl ati ng apparat us
In manytcasgs. 8 ¢appesmidleddayeoweas @nveatianaliyntoratedzacearding to the

orodi, 0228 OB B AR LA RS HE  h rumber o

platmgemtas eolbting canibegperaraiRd tBUﬁUIﬁbhé lepevachsPany rasctﬂatfnd Baths.
a plating bath was adopted. In fmany cases,

With é'aﬁﬂfmd ol Zigeag-typeeplating mﬁih%dhedﬁtﬂmlynftmerﬁueach plating bath is

shore S ok el ORTRIRITY egESRF o L ayrs r

usualy forined (befehso fapbadingPatemt Literaierd @y.ned to nul tiple
| ayers as many as plating baths. Wth this kind of
[0022] gzag-type plating nethod, the retention tinme in each

With RigttioRf B8hBohénts such as a COF (Chip on Film), the copper layer of the
metal covered polyimide composite obtained as described above is etched with an
etching solution to form a conductive circuit. Then, tin plating is formed on the copper
circuit and solder resist, resin or the like is used additionally to cover the same. In the
foregoing case, peeling between the copper circuit layer and tin plated layer and
cracks in the tin layer will become a problem.

A major cause of these problems is considered to be the Kirkendall voids explained
above. By observing the locations where peeling occurred between the copper circuit
layer and tin plated layer, air gaps were observed. Since this tin layer is formed on the
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short. Thus, in order to achieve a prescribed

thi ckness, ten or nore plated |layers are wusually
formed (refer to foregoing Patent Literature 7).
[0022] Wth electronic conponents such as a COF (Chip

sidecfacé&iof the clrbwit Foagéitioh ay @hie Qppénsurfate 6f thedpRY circuit, this is a
oqul yi m de conposite obtained as descri bed above is
pr

Bhibat wanpRobre salved yyths enlyt then upper suFfaee cintbeceappsr circuit.
Moréé\fe‘?“{ e gl'?&%tl?@'(ﬂ tHE%F Pﬁ \Ioﬁcf ?ﬁg é(#?ﬁéocqqgg Sé be cause of

I rcul nd sol der resils esli

mcrea!;rél anmcmildwtrbuonWanmﬂitbssaﬂe In the foregoing
case, peeling between the copper circuit layer and tin
[0023] plated | ayer and cracks in the tin Iayer will becone

sinct REREIALE oS e SRS A58 uPYARETRel Ty o vy of e
coppets platedBayerblsaumdany it Isecdr[smﬂrednlsatvmerlattlpedrral@ement of copper
e QR e Sind 5 DBt e ke bENeGeT Wl cansicerably
acce'lé?&ﬁi tHeSdfff%ﬁSﬁdo gg@? thé%lﬁuéi&t] rél%eofoéorgf ‘fc%h&f&*ékébly dxceeds

dition to the up r surface o e CO Circu
that Dﬁtl@ in §1eamquuai iifusiom af copperoandtin s thesdiciniity ofdné opper plated

e BTV k8 PoBre Wil oo BRAGRrTipafa Mot B BhindeiVea

Thus, hupgerdas Homic vadéﬁfcit%sﬁlllaé}‘ijsém%mlélﬁﬁ* o e copper plated layer
i mpurities. [0023] Since numerous crystal grain

boungigiiy, @fler dge eﬁ@@pﬁfrp%rdlffua@ﬁ Jhiese atnmme'aoam:lemqredfappa@i in the

o8 . R SaBRURIR K R SR8 ne compr

plateldﬂayembeltlmdarﬁl ast tisalah dapeigveaifed Bdrebg apé RIGE Kﬁi’ﬁéﬁélall voids.
consi derably accelerate the diffusion of copper

So, thg Qeaﬁfart@ﬂQfd"ﬁk&DQaU)VO'éié@‘éﬂhém;?a@? abimpusitiesade not unrelated.
[0024] that of tin in the nutual diffusion of copper and tin
in the vicinity of the copper plated |ayer boundary
Althomugth dojspeonsidétedb chatethiec ikinkendall t\hﬁiS/id@i not Jarisk easily at room
ndar Thus, rous atomc ncies wll arjse
tempeﬁa%y élff&?m )}""Efg&\f?é‘c@o@ﬂ@r gt ?e "PeYiBp MsshAReMy and the
Kirkenlda 'voidie aFé’ @éﬁbrétéd C{héf \/\?:d; A%E hehP 'Fﬂe%tﬁﬁ@ﬁf"ﬁ? k&ifghly 80 to

are trapped i'n the port re the latt
150°arafte1rgthnemn pilatingn coepthet Iaeahtrealenemtcamrdqghbj 16t)eto 160°C in the
per plated |ayer boundary, and the air ga
Procmn@i éaldfehéeélﬁy s spal rRpdKdeedite. The d@regosm heat treatment

proc&%’é@réfé iR@s0indibiekf 'E)‘?&!i cﬂ@%’f‘nfﬁ@a%e gh?ﬁtr:%ﬁﬁ? ?’E‘F’ that this is

Ities are not unre
an unamaxialm pobljldamtsd bag s disesttinuousipdstichs dfdhe dvitefface exists.

asj at _room ture, diffusion will advance
in faciqdt 116 IBrafiqr, wheien R EAel Yo dhacd e thakis, R AaAIscontinuous
platingobgén@ir?, Qegﬁér?drﬁgnéﬁ‘?{a%bﬁeéwrdH%@rJé&evJH%?é thé G84tBREe of fine
t roughly 80 to
crystal grains and the concentration of C, O, S, Cl and H, which are considered to be
due to the additives added during the plating process, are higher in comparison to the
continuously plated portions, and this verifies the mechanism in which the Kirkendall
voids are generated. Hardly any generation of the Kirkendall voids is acknowledged in
the continuously plated section of the copper layer, which is described later.
[0025]
The peeling between the copper circuit layer and tin plated layer and the generation of
cracks in the tin layer are not caused only by the Kirkendall voids, but are
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150C after the tin plating, and the heat treatnent at
roughly 150 to 160C in the processes of sol der
resist, resin seal and the like. The foregoing heat
treatment processes are indispensible in producing

consiterably bffectdd, byathd increzse &ed $ahderithaiont f Bnpiitiedin the overall
unavoi dabl e probl em so | ong as di sconti nuous portions

COPRAT Giitilayesy Hatdly any dmpurilies eaiebe agknewledgeddn ipertions that were

SPESE 0 ST, sy o g s 1

repeﬂe@nueﬂraﬂmﬁnmes s dexscnslbahabom‘ arﬁd me numbelt ofl cappar ptated layers
and th concent rlatl on of C, and H which
increases: ghaundesy e am@artteﬁtwsen é@@’lawe\v%sa%e?e@ oﬁJrGIr@wd H, which

are &&%l@él@ﬁ'tﬁ%é’& %H@ltloégr\ﬁirl Off‘gﬁ?dé&?ﬁ’rra‘técfﬁs n‘ﬁpkﬂﬁes at such

conti nuously plat ed ortlons VEeritres
boumgarjpsecton.i n whi ch the Ki rkendal | voids are dal |
. enerate Har.d| erati on of the, Kirkenda
witr0g; GrieBondlotiGrda it FoNTRLS CohrRer RIsid, Pioeagsince halfway
platétﬁrégbfb’wmfbé EfpdeRRB the %Yrﬁbspl’{@?b %rﬁe?o%%ﬁfésb([ﬂgrély &h-times or

The peeling between the copper circu
mOf@)ndOlt |n$tap10@t den Ioaynoraaplatedweogpereiaaera)are)formﬁchca{m arboundary

sectliull Bphdirfeslebn Bhef I4FGH, 3UTpRleh Fer SE M dsor to e
platddiayeames b aLMiaANsEE&ion) ﬁnaﬁmbﬂﬁﬂ’éd willshciedsk &en further.
overall caopper circuit [ayer. 3/ any inpurities

Accqrdingbe radusinglteeewpen piased ilayer bcm afigseas silgheas possible will

enaﬂf@'tI) ‘?anufé)@'?eﬁguﬂs?éﬁrlg%gg%'%?% néc#pg)}i QI%ngﬁ@ytIEyers and to

redudeslhel bmnhr&iesvm el ovbralinvopser plated paar. [Garsedueaieris will be
crea a boundary w || appear between the |ayers,
possgﬂa tein Wit ige pgeligg dnqye effectively DebveahedRRer ciscublayer and the

tin plé?étf%%%n&%é Cﬁr%ﬂg?’l"'olf Sri&s?ﬁ’ ﬂfeem [Repd az

Impurrties at oundary sectli on.
[0026] conventional zi gzag-type conti nuous copper pl ati ng

h | d | |
As dBSOTRER BbRYE, er Bwel i sl e leCiet dRvers: it o s imber of
copp@?ﬂ@)er Ecﬂfndafﬁlé‘saﬂ@fev&&”th@rcdﬁébﬁtrﬁi mﬁ?rti%ﬂﬁ&ffrm{p%)‘lﬁé§ and the

are forned boundary section
Kirkenstajaeids: ng@nm@qt@nwtraﬂus dhe gaarallramOWTa)fnnmurltles also tends to

oecrB8 1 R ol BB AR e DR e, i

oncefslatedsinghos is eEsdtd e éﬂﬁ@ﬁfhd?é E3'!5&1%)‘3'aljéilriél“lally pIated again, a

boundaries as much as possib enabl e to reduce
coppendayell bewngans (glaceatnasouway@dpwdk bp| farmed. 1sodngas womponents

I t
suchcﬁ%@eﬂﬁgg@ééa gﬁ@pgm@c& E‘M%,v??q 5%ry¢ﬁ?%%se%rt%o-bath plating
systqm,S|S|sbcH|ﬁ|cumtd> sbmplételylishipiehé Kirkendall ediiscti vel y

en th copper circujt layer and the tin plated

NevaPiRssnitis| BRGS U EeIMALHtos g8 aemesisateder ihe<igadall voids are
gene['z%a,e’it does not necessarily mean that they will all cause cracks in the tin layer
or peeling, and what is important is how to reduce the amount of Kirkendall voids as
much as possible upon efficiently forming a copper plated layer.

Moreover, with the foregoing zigzag-type plating system, since the concentrated
portion of impurities and the Kirkendall voids will occur as many as, or more than the
number of baths (ten layers or more), it could be said that this is clearly undesirable.

[0027]
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As described above, the fewer the nunber of copper
| ayers, that is, the nunber of copper |ayer
boundari es, the fewer the concentrated portions of
inmpurities' and the Kirkendall voids, In connection
wth this, the overall amount of inpurities also tends
In lighy ofjter ahave, the Rriesent inypatian prpvides laa apraratyssion producing a

- | i . e i e- e ‘.

meid 06l SUARIOc AR T Loy SO o Shcampysing ar
elecpbpiating aghna platingrem Irawdictb aupaartiefedt Sappioxitbalely half) is
- y,erﬁ]_I wi |l be fornmed, and gas conponents _such as
dippgg el fleckEPIating hath, Belnihiarofeesing aTreimide tiimato be plated

b tAe hnal @t i Pt AN Ne
ero i s ctone s Rkl B} SHph AT Sfent e Hdbhsrace of e
polyingide filrhehpd ©nej arsnoteanodes facing theudriun, esherein the plating zone is

- rated or the Kirkendall voids are ener at ed )
divic {5 LG ongE o8 Poneaind e Ol et B Appperalay laver s
form;éﬂaéek%ﬁee Iaérst id1ohéNsyer. %ep&@sbﬁﬂin@ﬂﬁo%itloﬁgly provides a

ortant I how to reduce the anount o end
met dsd apparaius farspredsisingl 2 matahcavdred i paiyitnjdd oompogita in which

e ARG e Sl Db oy avrs
is twpavtzeed) of inpurities and the Kirkendall voids wll

_occur as many as, or nore than the nunber of baths
Incidentallyl 4ydhe foregeing caset inceder ke effivientiyhaerform shesplating, the

e B o sl 08 P

adjusteddu diengreferabiit dbulsie e esh hahythei distafeeRoséthveehthd anode and
pgariumgl_atl ng system conprising an electroplating
the piating objesf, ahd FRorerRIFTarADHI2 BF lessart t her eof

i - ; ! _ lat i
Congedfierty! s tnfrelf pbstible 18 RERibe Mg Ystrtioge iffelfadg of the
tin-platem?ppe:réayﬂéaaridmedimla?eaﬁw muchlfaz_r p_ezsibl:cey }an@ irmihéit &1 inclusion
to t | at ed surface o e .polyinmide film and one _
and fenaeEtoR S dTALELPRGaS NSRS BHEPERAN Afek Breniahgros which
are E&ned %P/ SicH GRputifiéd Tﬁl]ﬁs[‘?eth%eog%csérﬁ iAY t?d?{“éimé% td¥uce the
copper fayer or copper alloy layer is forned as three
impuritige rand: inhiaie theagencertratiopr efs euth iimparitiéothat are included in the

i f.] || i d t hod and t f
copff e Retne et ribGue it reBROSIBRRREIS'S | 0 whi cr
[0028] the nunber of boundaries between the respective copper

| ayers or copﬁer alloy layers is tw to zero, _
In addiiong asieably the mumberio ceppemer eapper allay efettroptating baths is few

LGl . £, .di st L .
as pGRbig, PV isPEECAISE A o\ BtkBe: aibffntfiotsafittane, iloceur as
described dbaws €THYs, 'm?e uselptishe@dr tvwo bathe wo e ¥ ddsivamie cehdition.
| ess than the distance d between the anode and the

[0029]  plating object, and nore preferably 1/2 or |ess.

Exa quently, it is thereby possible to reduce the
[ rﬁpréggntl nuous interface of the
The Examples and Comparative Examples of the present invention are now explained.

These Examples are merely illustrative, and the present invention shall in no way be
limited thereby. In other words, various modifications and other embodiments based
on the technical spirit claimed in the claims shall be included in the present invention
as a matter of course.

[0030]
(Example 1)
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tin-plated copper layer and the tin |ayer as nmuch as

possible, and inhibit the inclusion and concentration
of inmpurities, as well as the generation of Kirkendall
voi ds which are caused by such inpurities. Thus, the

Thererie S@partieiankiridatio ifghé %ét@ﬂb!l%éd@s thbrﬂﬁlvlhﬁdé?ﬁlnﬁ%r instance,
inhibit the concentrati on of such -Hpurl ties that are
e

Upilex, chyigble; Hn@lﬂﬁi”e%oﬂﬁﬁﬂ’ion whYy c PuRont ramdéploﬂ nby cKaseka are

com erélﬁg%%%f%!ﬂ %R?loﬁg’s%f %\%gégd&y@ ?nsfap.%&)pe applied in the

presehtemt/enmm&t'ﬂhewrbs@ﬂilSnVéntfths s [iIPRe8 tdths kmﬁ'cﬁ%pbélflc variety. In
the gecause an unavoi dabl e di sconti nuous interface w |

pleg andyeempartlyedsxanaplesh ipilex-H&A by We mdelsmeSt igised as
the itsd d be a desirable condition. [0029]
FF%& es]” The Exanpl es and Conparative Exanples of

Foretrrast pthemiylmldwm was1 plecednow \expuai ﬂmbratuysﬁﬁf a{ter evacuation,
resen

e arems illystrative,
the RalIEHAS Bt LRsISUblaR R SURGCaOd AR fepRapBABINg Blasma.
[0031] other words, various nodifications and other
enbodi ments based on the technical spirit clained in

Nextt hdiectaminayshiNit2Qvd% Oy lof @Sthm washiermed senthel fovegding polyimide
nple 1) 13 There is

fim 8§ tdbe SUUEFLE HerpEafiaHORR e Mebyredr PasPUlissings SUbReaENtY, 2
metaP8b¥d Myde (ééﬁ}?@g Ié;%&rzjbﬁé@ﬁ}ﬁ%as H?He%}ﬁ}"é/p#*%mgKThlskcan also be

I ndustri es DuPont - Tor ay,
formed by elesiraless platigg, at:LﬁuSlpatieeng Mac pmgormed inthe Examples.

e B BB Bt e 3 i i 1 was

usedttblfarnklzamﬁletai com@dtor layaftbel thickress o apprairmb &h) formed of
npar ati ve Exanpl es, yu??l ex- SGA by U bg Indust%;ﬂllgﬁs2 I'S

COPPGEQB the surfage %ﬂh?lfﬁﬁﬂ@lﬂg metalssedriayar, byt way pbelgctroplating using

n ter
a coriich SRl Blafgiba e BBy SMAPRAGR LR BiniRel e prgnared. i
the faregoihgceaseonn brasttoastiucs thw npheraf zbAOS lih CAEAL thefanodes in
oat r (N -2 vyto/&:r) of 25nm was formed on the
Z°”ef%ﬁeé ‘S&Y%f? rRlgcdricaliy ?ﬁ@lﬁqt%ea%meeefﬁt&r@etlheetween zone 3
I e
and jﬁ@?é““’?‘é’e RisiEdlo B abtexdtnaeil 1 258 pisRHIREAPERbedh 4§ anode
and tbe platingi ohjectThiosderan fatra thédeopper pratdddsyed ect r ol ess

plating, but sputtering was performed in the Exanples.
[0032] Then, the drum based two bat h-type el ectropl ating

As a ASHU GRLBFMMGANE doppBt fryel d¥described above, only a slight plated layer
was formed in zone 1 and zone 2 of Cell A. Moreover, no plated layer was formed in
zone 5 and zone 6 of Cell B. The copper layer was mainly formed in zone 3 + zone 4,
zone 7, and zone 8. The results are shown in Table 1.

As shown in Table 1, a copper plated layer of 3.90um was formed in zone 3 + zone 4,
that of 2.07um in zone 7, and that of 2.20um in zone 8. By way of reference, a copper
plated layer of 0.05um was formed in zone 1, that of 0.27 in zone 2, and that of Oum in
zone 5 and zone 6 respectively.

[0033]
[Table 1]

Zone 1 2 3+4 5 6 7 8

Thickness 0.05 0.27 3.90 0.00 0.00 2.07 2.20

Thickness: Plating thickness (um) per zone
14



used to forma netal conductor |ayer (total thickness

of approximately 8pn) forned of copper on the surface

of the foregoing netal seed |ayer by way of

el ectroplating using a copper sulfate plating bath,

whereby a two-layer flexible [am nate was prepared. In
[0034] the foregoing case, in order to reduce the nunber of

The £RRE sactBo o 3 PoprelindlBae wan abfiiaschis ABRedde above is shown

in Figetnemie éi3e é’ectléﬁdofztﬂeeccg)dé@ﬂaﬁ’éﬂ 9S4 eI?(é*sdlpo’f’?erformlng chemical
appr oxi rmtel%ﬁllz of the distanced between the anod

polishing eheippina thegcanjes daydrifon Bezeconds in antaguecopEalution of NHa:
29<yp d1 ayer. [0032] As a result of formng the
? 1/ayer as descri bed above, only a slight plated

In zdnaeyer+ zohAs 4, ahew@phbr FEyee vﬂasaaﬁpréﬂmﬁatalyoﬁ/vcﬁ%rhes‘\worth and the
Moreover, no plated |layer was forned in zone 5

thickpgpe of the @mnersaquefqrm@gem PHIRErZORgs 7 rhi 26INg Bornamdmardly any

difeldhce 288 itds &yiBRALNGt a UARBMM fayed WhsTBRRCE: qgﬂ%ebe(;%@%nd Cell B,

that is| bemvedregoresd + 3. &1y} zoneasorilp ammianplting iterfag®Wasbdbserved,
that of 2.07Nmin zone 7, and that of 2.20pmin zone
and %OPW“W&W 8?“?@@@\{%@0“31 eegpeerveg at ed | ayer of
[0035] 0. CbNmwas formed in zone 1, that of 0.27 in zone 2,
and that of CQomin zone 5 and zone 6 respectively.
Subgeaieslly, thisaduppet |Z@nevab etchdd Jo forin E cir€uit, cdxr:rdaaslnCplﬁfedl layer of
0,0.00 O. 207 20, Thickness: Platin o
appf?’ﬂF@I%‘¥Z’s3l@}rwasp%ﬁ%§%@@wmfmeém the-popPe; gieauitay dinging it into a

in PR SaSODPAT S0V S e RO SRS S0 o

minutesp pefter ey esregsing trnerilblhhg OtheRpber MEye wadeaRrfedlied at 120°C x 12
pol i shing of dipping the copper Iayer for 15 seconds

hours, rﬁ%tlwqcr@eassesm)rmwwmhs‘em Th|.°29%ssl-ﬁ£l:ﬁonls/@mllarlaymeesult of

perciging el FSATRLSY SR BB ARG YS Mg in an
aquebgé seflitioR dear 20941 8H,0,+ 120 Thedrelafs Bry &HMNﬁWFgr _

difference, so it is evident that a uniformla
As showminiFigea; uen small Kirkenslallasids (V) weret Corﬁtrmbdtammu boundary

sect S 1% ool 3P Tl Xt Rl i e sove

the dopper laper d Ibés @viRonteatlat the present invention is far superior to the
conventional technologies where the number of abundant Kirkendall voids that arise
in the ten copper layers (at least at the interface of the ten layers) is very high.

[0036]
Here, upon observing the copper boundary section as the location where the
Kirkendall voids were generated based on D-SIMS analysis, it was discovered that
the additive components of C, O, S, Cl and H were concentrated. The results are
shown in Fig. 12.
Two peaks of the concentrated portion of such impurities were observed in Example 1.
As evident from Fig.10, the location of the foregoing impurities coincided with the
location where the Kirkendall voids were generated, and it is evident that the
impurities promote the generation of Kirkendall voids.
The total amount of the respective impurities in the copper layer including the
boundary section had also decreased, and it has been confirmed the reduction of the
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[ 0035] Subsequently, this copper |ayer was etched to

forma circuit, and a tin plated | ayer of

approximately 0.3E.imwas additionally formed on the

copper circuit by dipping it into a tin plating bath
ImpL?fty Bontedl aname detreasd iMhd\jdkeralibm bﬂmrﬁeﬁ@éue\}o‘id@éré%ted

mnutes., After the foregoing tin p atlnfg
Accqremé\f theyedueiion ahimepurdiesan thedoundagy saelions o amComer layer

cocBB52 152 SO R YE Tl L RSB g porem

role of effegtivienginhibdtirepireepeéimgeirorhdhe Iitefae@ o she Bogder layer and the
tin p%ctllueous solution of NH3: 29% H202: 1 % The results

Bgsﬁ%‘}\ﬁqﬁhﬂﬁm@th%adb%’s'%om in Fig. 3, (two) small

[0037] Kirkendal | voids (KV) were confirned at the boundary
sections of the respective (three) layers. There were
(Example(la)kendall voi ds right above the copper layer. It
IS evi ﬂee % 1the p({resent invention is far superior

Next, @ it o3¢ qrHEnbRIE M Ratbrtyrq RiecliopiRtingoapparatus
shoWHﬂF‘@nﬁ Wad K8 ?6 ForHP’tH?eSc&d[b%e pitbd yér WH @% nt g{‘?rgﬁar to reduce

copper layers east I nt e ace o
the nukersdf zanasgiry Gallgh zqrE03 @ind 2derec4 werereledisieally conriduted, and

the GRRRER A-PHGRN RS oo P AMELS dtrsoRQLaIEaH O PRRSxmately 1/2 o

the cﬂétﬁhrfé ldSbetWeeWﬂﬁe(Hn‘iﬂ%V&defhet ﬂéﬁng fobfe sl bkder®o form the copper
omponents of C H were’ concentrated. The

platqdelguelt, angk én C@chanzorre ?lagld ZLcme 8\Nberpe@lastnoally bennected, and the

e BTN i Sln ek AR ok Sop Bl G of o

d|stahbe df meteeeh nige bRpdée Iahdftﬁe @){thgldﬁfé’ctw t h the |ocation
wher e the Kirkendal | voids were %eﬁré:rated and it is
As adgpylb At farming theccoppasdayari as dpsermadabone, gohea slighirplated layer
a
was fAieRioney  afif 7ol 82 BPERL /€ TSkEby 8 ke leEPBRGL S rgrmedt i
zonest'eand annb@obfe(]:eled‘éhe eeaﬂlsé weredhetsahavsabEﬁampﬂmﬁJ rmed
the reduction of the 15 inpurity content and the
[0038]  Gecrease in the generation of Kirkendall voids are
|
CondeRhR Al e SoPBECIaE! Mep rRRONaGNAL] 20l STRMIG 1 Bl IMzone 7.4
zonetth el hperasulis iaom sbowkiin Kahlta? | Ay sholen mﬁ'dbteo&smqumﬂﬂ plated layer
anl rtant roel ef fecti i nhibiti gthe
of 3 BB Sy torBB i 28he 2f Pne Jofnd Rt Az &y dbne A #oite 8.
By whg?mbmren@ AB6ppercHlans |@lgxlt Bﬁo@ﬁ%@ﬁm fom@aﬂ zone 1, that of

Next, as with t he drum base

anpl e
0. 27Hm/dn Bane 2 3pd teatcaftQLopimzony5 @mﬁazmﬁ, respectively.
[0039]
[Table 2]

Zone 1 2 3+4 5 6 7+ 8

Thickness 0.05 0.27 3.90 0.00 0.00 4.27

Thickness: Plating thickness (um) per zone
[0040]

The cross section of the copper layer obtained as described above is shown in Fig. 4,
which is a result of performing chemical polishing of dipping the copper layer for 15
seconds in an aqueous solution of NHs: 29%, H>O5: 1%.

In zone 3 + zone 4, the copper layer was approximately two zones’ worth, and so was
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shown in Fig. 1 was used to formthe copper plated

| ayer wherein, in order to reduce the nunber of

zones, in Cell A zone 3 and zone 4 were electrically
connected, and the distance L between zone 3 and zone

the thickaess 0 thet @apped ldy@refarnmod inestédy zdie?7 Afzorleh® and the thickness
di sta nc% d between the apnode and the plating Obj ect in

of thg,cq@Pet BYPEY e hardivapdiffepanaee golitdy evideahthat arunierm layer was

o, B8, 69 FARECE) 216544 s SPL R RERYES 59, 0 rorma

platnng) inderfagewasiabsesled, 4@ nof prohvnerti iundasy ldydetane betdierved.
anode and the plating object. As a result of formng
[0041] the copper | ayer, as described above, only a slight

Subﬁ@bﬁﬂy,‘ AKSEop rp’&?gf?;fé?r elched 8 %I%]'ré rgﬁﬁ Ngnd alln éﬁ énd layer of

Mor eover, ayer was zone
apprwn@telycﬁ 3@l Wasaddiuenalaewrmmd\mr metmpeamecmsbﬂmmhgen into a

o e ST b o a5, £ o
B R oL o R e T« 1
hour§ 05}% fhe Brfdsieation webs 35%?]{(9 f 'rﬂg%rgss S%ﬁ)lgéf ?snrﬁ’ﬁarﬂ'fig result of

reference, a copper pla ayer
perqumnﬂad:hemnzainpoliahmgwalf dipping. m‘élccrpper fayee f3r 1@ detdrads in an

aqueBhg P G 29515 76 T acu e atiawd Mo Eic 527

As sBo®R iR -Fig. @ @Qeﬂsﬁ%ll iRt Soid ?(@ j Wag doMifhBE S tﬁ@@oundary

per zone [O he cross secti t he copper
SeCt'@'thil W@d"%@e%\éﬁt damsj (m\}@yers) safw\mnotheﬂfl (oney at thbl IoWer part

o, 3L Ml 258 P U 280 A e v

mmedvdatetyl ahswe‘th%bppaia%yeHZOZ 1% In zone 3 + zone 4,

rgl) r layer was approxi mately two zones' worth,
Itis eé’#ge &a‘&‘e Presemdnyentionrs Sar supartes te dimeenvengionsl technologies

wher Qﬁ@%ﬁrﬁﬂér% té%ﬁnagﬂlel(mﬁ AMfpid %@%{%FZQ]BEE f:e?n eqc’qquriayers at

he copper |ayers has y any
Ieast@mtltbemttemmm ofetherten tayers)ay eonsideralilp hz??d In Bediea nlnc&dnhpanson
a s 3, + 4 and zone 7 +

to Exgae ¢ Fe‘&?nﬁwmbm af @é‘eﬂa@'iwpw@emﬁsreéu@@ ¥an faﬁheh@mce the
dlscoﬂflﬁ%w%epgﬂmaédspdeﬁg%&e& ﬁye‘fi Wi r‘éHﬁ?é (0041]

Subsequent |y, this copper yer was e ied to forma
[0042] circuit, and a tin plated |ayer of

As with Example 1, the copper boundary section as the location where the Kirkendall
voids were generated was observed based on D-SIMS analysis. Consequently, the
additive components of C, O, S, Cl and H were concentrated. The results are shown
in Fig. 13. One peak of the concentrated portion of such impurities was observed in
Example 2. As evident from Fig. 13, the location of the foregoing impurities coincided
with the location where the Kirkendall voids were generated, and it is evident that the
impurities promote the generation of Kirkendall voids.

The total amount of the respective impurities in the copper layer including the
boundary section had also decreased, and it has been confirmed that the reduction of
the impurity content and the decrease in the generation of Kirkendall voids are
related.

Accordingly, the reduction of impurities in the boundary section of the copper layer

17



approximately 0. 3Nmwas additionally forned on the

copper circuit by dipping it intoa tin plating bath

of AT-501 manufactured by Nikko Mning & Metals at 50C

for 3 mnutes. After the foregoing tin plating, the

copper |ayer was anneal ed at 120C x 12 hours, and the
decrgages the @eneratigasofoiskendad. voits, sangd oessermanitlwpla)es an important

role ?r# gﬁ!e%té}l% ﬁhﬁbjﬁr&&be E)ee'el&fg;ff(gﬂfbe %teEfg g§h$ ﬁo%er Iager and the

tin pringoaAd sdredsing tied adibsioR9% H202: 1% The results
are shown in Fig. 5. As shown in Fig. 5 (one) small

[0043] Kjrkendall void (KV) was confirmed at the boundary
aﬁﬁﬂ i@n of the respective layers (two |ayers), and
(Ex %QZr (one) at the lower part (boundary section

Nexuvllm hdtimenrtetthé pi&ed tendiions JﬁEk@nW@ th@ d@ﬂp@ﬁb@édﬂ layer was
ds inmediately above the cop
formeg upow tuTag offi{ae suseah of ZORRAGTSHZONS Folh t§Ub'é@ offthe surrent of

zond. BSrGERIAL2! 088 55408 58 WAF D ST eRl ypo samo

shapeayas sligpased lie asibstititetdfehe nbemébbareodsss ih lzent elnaﬂlcax@rli@?.
ari son

As aS s PEIOTTIE S SHRREF Iy 1 CbAAIRICE e kRS Raldaae i Zone
far, n S

e RS SRS o v

Zon@(anpl e 1, the copper boundary section as the |ocation

t he K|rk 0i ds, .wer e gener at S
condfilefivlr piins] iBVEhyvas {RERFofie ¥ Lehie duaht iy zopag + zone 8.
The 28slilts ¥R eROWANAMTEHIOT3. O\s @hown A Tamd 3] a\i\ﬁfo%?er plated layer of
concentrated. The results are shown in Fi

4.25p@anasformes ingapers + Z0eei 4pand that ob . 25uemin zqm? &lz@@e 8 as well.

oy v PRBTENEE o LT g s LAl SO e ona one .

[0044] wth the | ocation vvhere the Kirkendall voids were

enerated, and it is evident that the inpurities

[Tablg note the generation of Kirkendall voids. The total

arount Jof Ihe rebpe trve  Tnparitresy i the pet
|408r i|nclludijng  he| bounfary] settipn Bad|al | sg+8

age ﬁas b cgnf r med t]the
Tﬁig@ﬁ% ﬁog tq']@ rmur4| contde @an he dedfRase |in
erat on of Kirkendall voids are related.
T'l@%%d?‘ﬂ@%} ICHNRRS HBHPRIZP¥h of inpurities in the
[0045] boundary section of the copper |ayer 17 decreases the
generation of Kirkendall voids, and consequently plays
The @0sé Epotidraot thelcpper Myt bBetine@hy deBbiitkd aﬁ&/é RB&hown in Fig. 6,
peeling fromthe interface of the copper |ayer and the
Whlcfﬂ .Iﬁwaprpatllit 94 pea‘ﬁamr\gc@f&ambpolr@lrw rEgipping freoacper layer for 15

seconds in an aqueous solution of NHa: 29%, H»O,: 1%.

In zone 3 + zone 4, the copper layer was approximately two zones’ worth, and so was
the thickness of the copper layers in other zone 7 + zone 8, and the thickness of the
copper layers has hardly any difference, so it is evident that a uniform layer was
formed.

Between Cell A and Cell B, that is, zones 3 + 4 and zone 7 + 8, only a normal plating
interface was observed, and no prominent boundary layer could be observed.

[0046]
Subsequently, this copper layer was etched to form a circuit, and a tin plated layer of

approximately 0.3um was additionally formed on the copper circuit by dipping it into a
18



(Exanmpl e 3) Next, in addition to the plating

condi tions of Exanple 2, the copper plated | ayer was
formed upon turning off the current of zone 1 and zone
2. In turning off the current of =zone 1 and zone 2,

tin pmtm@’béﬂpﬁﬁ%mwfhﬁ%f&bth%cﬂ'b 'Nﬁ(kbaﬂllirﬁﬂ% @tMétb%Lat BO°C for 3

the 'sane shape was di sposed in substitute of th

minutes. rm‘terahQMQbngttmplahngnMeprﬁpeEIay@is wag @mbddledht 120°C x 12
form ng the copper layer, in Cell A a plated |ayer
hourgagnd#he tssesection maseobserved Ehmsrqas sectiadds siroifgrlyi a result of

vl SR Soil e g B8, ARbod SBY L FBiios i ar

aqueolisZRgtiod of NI 299, : 119 ZIHEerebuits aPnshdwn il FR). 7.
results are shown in Table 3. As shown in Table 3, a

[0047] copper plated | ayer of 4.25pmwas forned in zone 3 +

o S50 1% Rl BRI R0 2 0 i Yablon of e

respwﬁ/e(]avtensr(tvw leyebs)aatthedowep part [(B&Mda Eablien Rith Zee thetal seed
2 3+4 6 7+8 Thickness 0, 00 0 4.25 0.000 00 4. 25

layers, opimeRadiately #hoyd 1§ GORPER IRes Niorpyicset theisas plaseabfvention is
far s}@feri‘bfoﬁxs tﬁgcéérﬂ)%n% élh?eﬁﬂ%_eé g%ﬁégﬁg ﬁhﬁ' Hﬁrcﬁbaf of @pundant

bed ove 1S s
Kirkemidafl eofdsr tiiah gns:dn mrreaﬂenmuppeh laygro{atdeast atghé Hmen‘ao@ ef the ten

Iayerlggg% cqﬁéer%lg% hlg ﬁgdlgo&nlga eﬁaurlss[q%g loglfg;ﬁo;gploe|f %erSg number of
KW%‘P@%II%HS%J&?F@Eﬁ d VER 1ERRESsInBR A d|%%ﬂtlﬁ90d@%yef' B¢ the copper
hi ckness e copper layers in other zone /°+ zone
plated laygrdvaseeducedkness of the copper |ayers has hardly
[0048] any difference, so it is evident that a uniformlayer
was fornmed. Between Cell A and Cell B, that is, zones

As ir3 Exanile 1 Z8ee cdppeBbodidaty asdt@ioRBlvad! siderged Iuafseaf@wea SIMS
was observed, and no prom nent boundary | ayer coul d

analmep@eaeqwuj%]thesaadw@emmponemissot:@p Sayel an@sH were

concBhHES, e B Sl n 818,110 P00 Bl porion

of suchppeurities wastodsxenthdoan the ceintempman bh@WasrBIIghatn Elample 3.In
addltti)%t Qﬁqt@:argg&mﬁ?ﬁé ?gstp%rc‘tsnse ?%pmltil(eksoml\tﬁhg Icrc1>pper Iayer |nclud|ng the
boundary section had also decreased, and it has been confirmed that the reduction of
the impurity content and the decrease in the generation of Kirkendall voids are
related.
Accordingly, the reduction of impurities in the boundary section of the copper layer
decreases the generation of Kirkendall voids, and consequently plays an important
role in effectively inhibiting the peeling from the interface of the copper layer and the
tin plating, and increasing the adhesion.

[0049]
(Example 4)
Next, a drum-based one bath-type electroplating apparatus was used and a copper
plated layer was formed with only one cell and with only one zone in order to reduce
the number of zones. Specifically, there is only one copper layer.
Thus, the copper layer was formed in one zone. The results are shown in Table 4. As

shown in Table 4, a copper plated layer of 8.50um was formed in one zone.
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m nutes. After the foregoing tin plating, the copper

| ayer was anneal ed at 120C x 12 hours, and the cross

section was observed. This cross section is simlarly

a resul t of perform ng chem cal polishing of dipping
ueou

copper Layer for 15 second n, an .
The LRsiaegtonof %{%comlaw@?a@eé/@smécwe%@ﬁpeveatsesmmw Fig. 8,
[

whichls & Reoult of pRafoning SheRan polirihgof Bipdhy e EGRE taver for 15
seconds i aniageebug eokutipnvad NH@yQQ%,,Hzﬂz tfe | ower part

(boundary section with the netal seed |I|ayer), or

[0050] i mredi atel y above the copper layer. It is evident that

[Tablehf present invention is far superior to the

conventional technologies where the nunber of abundant

Kizpkendgl | yoi ds that (arigsesin|thg tep cgpper |ayers g
at—east—at tHe intedface of he tenl layerls) 1Is
Toxokaesker|ah).go hifglp.od n | addisoi on 'o.rmoconp@ooscn d.00 0.00

af Krldbndall Aol da dacr nac A d
E}\allpl C L L IIC IIUIIUCI UT I RTTTOar T ot uo cCTTCoasSTUT

TﬁléﬁﬂesfsUPIahﬁ% tHIdKAESs LG fér 8RNt i nuous | ayer of the .
copper | ated | ayer was reduced. [0048] As in
[0051] Exanple 1, the copper boundary section was observed
based on D-SIMS anal ysis. Consequently, the additive
SubsegHEBHE s capper lqyer siasstchd toiTaieh @ circhihcant Adinaplated layer of
2pprdA ey o, Han i AdaEn A BhBe b nELORERirdli S Bioping tnto a
tin petinghkatbeat AT-G0 manufacturesb by sNikiibt Miring-ga iétals3at 150°C for 3
addition, the total anmount of the respective
minuieg dfter thesforegaing tio piating, theyeoppeardayetiwag anmealétbaht’e*E x 10.5
n had al sp decregsed and it has been confirned

hours, iﬁsﬂd t?‘ﬁefrp%lﬁ%‘ftl%wﬁ? 0 F?@e mpurity content and the
This @Rfsrs%%ﬁohns tslr?ljl ng’{?, 1tO8¥ ;ﬁafrfdfhﬁlﬁ Bg?ﬂnlicr% EPﬁfhl @é%lf dipping the

rel ated. Acco e reductl

copth@mLfnddﬁysmtdsoin am adueouns odutidrapt NH;d 296 alde®,: 1%. The
I h er at i f Kirkendall voids, and consequently

resutﬁgﬁ o] pt nt role in effectively inhibiting the

As sih@eh imFid.r ool onenémah 3ekeAbal MBidc pOPewab %)éﬁﬁrr\fi‘é‘&’I ak e lower
tin platin and i ncreasing the adhesion. 49]

part Qbeuaﬁ@Wesepglowth the metahsead dayarharnshthere w@ee no Kirkendall voids

R SBH 150 AR BT, 15, A0SR 3 0Bk, ARG i e

supeﬁomtb the oonlantivpal REnABlogidtewherd e AlMbRR®$ abundant Kirkendall
ecifically, there is only one copper |ayer. Thus,

VOIdSt!ipﬁ'at auppdt thealrey capperayars dat leashat Hsniste ofetgites layers) is
conag%gattfen'ﬂﬂ 'lﬁ‘ aﬁgﬁﬂgﬂsmﬁﬁmgaﬁ% EQapﬁ?)}ikl ¢ the RUABBPEF Kirkendall

ayer o one’ zone.
voids was reduced even further since the discontinuous layer of the copper plated

layer was reduced.
[0052]

As with Example 1, the copper boundary section as the location where the Kirkendall
voids were generated was observed based on D-SIMS analysis. Consequently, the
additive components of C, O, S, Cl and H were concentrated. The results are shown
in Fig. 15. Not a single peak of the concentrated portion of such impurities was
observed in Example 4. In addition, the total amount of the respective impurities in the
copper layer inc]uding the boundary section had also decreased, and it has been
confirmed that the reduction of the impurity content and the decrease in the
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19 The cross section of the copper |ayer obtained as
descri bed above is shown in Fig. 8 which is a result
of perform ng chem cal polishing of dipping the copper
| ayer for 15 seconds in an aqueous solution of NH3:

ol ERE oy Wil ol 820003 2 506 0 ¢

Accofdingkn élse redictionngf ittpueitiss 95 tK\@rljoupdaryZﬁetgio[nOGI;S&\]e copper layer
Subsequent | y, . thi opper | ayer was etched to forma.
deorggses, e Seperalioniat Kirkandall vajds, apd censeayRMiwplayy an important
. it | £ ar. . i i \V
oo ) SRS AHBNEIONS ki R 480 e e GOty nc e
tin plating,f amd incezhding tekddhesiori.ng & Metal s at 50C for 3
m nutes. After the foregoing tin plating, the copper
[0053] | ayer was anneal ed at 125C x 10.5 hours, and the

Co é}gﬁvcggs‘(hh% s observed. This cross section i_s
( rTg‘lim larly a re!ﬁlt of perform ng chem cal polishing of

Nextdiap polyimtdee filne opge rcontipeousty rinttéducecbits  ¢anvantiangletams copper
iR o8 ol Eipd T r50e ¥hed 15 whSHHReP o e BOGMce i

in zigdagkas dah Example(KYhe BBSevafidn b Kifkendgll VBRI areRRbivn. In the
boundary section with the netal seed |ayer), and

foregoing easwrtbe myeragethickness ofione layemnweas approximataly OtFem, and a

copnERBRF o BYSlanriel s B B e e PEERRBber B L9
The orbes setiien otimeeopptr Riyendpindtl dkaastaibed abivedss shawn in Fig. 10,
arise in the ten copper | agers (at | east at the

which i arregel ohperfiREmingrcheryisakpolishing: ghdippintdatie conng. layer for 15
secofld 4 gl SRAIG LGN, ESATTL O ok [0 YIRS cfons were

the sdimecamEkanmples1] ayer of the copper plated |ayer was
reduced. [0052] As with Exanple 1, the copper
[0054] boundary section as the | ocation where the Kirkendall

Subs¥aLERtIYVeRiS gﬁggz %g W};&?ﬁtﬁ@é@%ﬁ?n{’é‘%ﬁguiﬂ%ﬁ §:ti'|\ﬁ>l?te8, layer of

anal ysi's. t1ve conponents o
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and ine%‘; g%ﬁﬁ“@é&ﬁorﬁﬁw‘éé BsBARIR s 196583 on 38 0sihiilaf§Sa result of
performing chemical polishing of dipping the copper layer for 15 seconds in an
aqueous solution of NHs: 29%, H>O,: 1%. The results are shown in Fig. 11.
As shown in Fig. 11, numerous small Kirkendall voids (KV) were confirmed at the
upper layer surface of the copper foil and at the interface of each of said layers.
Thus, the number of abundant Kirkendall voids that arise in the ten copper layers (at
least at the interface of the ten layers) is so high that peeling occurred between the
copper layer and the tin plated layer.

[0055]
As with Example 1, the copper boundary section where the Kirkendall voids were
generated was observed based on D-SIMS analysis. Consequently, the additive
components of C, O, S, Cl and H were concentrated between the ten or more copper

layers. The results are shown in Fig. 16.
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confirmed that the reduction of the inpurity content
and the decrease in the 20 generation of Kirkendall
voi ds are related. Accordingly, the reduction of
inmpurities in the boundary section of the copper |ayer
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conseguent ly plays an inportant role in effectively
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same as Exanple 1. [0054] Subsequently, this copper
| ayer was etched to forma circuit, and a tin plated
| ayer of approxi MHWWGMRA&@%TW onal Iy forned
[0057] on the copper circuit by dipping it into tin plating
bat h of AT-501 manufactured by Nikko Mning & Metal s

The auetaoeof/enedBpajIymuitjeScomﬁéélw rhéthodooe pradiind the composite and
tlpg Ee copper I%er was anneal ed at 125C x 10.5

appaﬁe sToT RiR4UEiRg theoslsckionici Gl boaEE @ e, Presest @N%@on can

effec?ﬁ?fy' Bvbrit ;?éég}wg%layn&w bRRLSiVe 9 |bﬁ’eefafr@hﬂ1€‘%s§ga'§|lgﬁl two-layer

Ing o pi ng the copper
erxubIa Iammaiq);enarhcwarlyjtaannefcﬁécwe{y mhﬂ% pe2ldy fronvdhelireterface of a

ults a S 11. As.s

coppit Java T ol PIatg K EnbafeId o sueSIGATaR & Eutpyindahe Adhesion
streright§ THUéOﬁ{e brR%8ht i‘ﬁVéﬁt?&r?ngsem Pascé)ﬁﬁﬁ radheﬁllveﬁl’ég;ob?é lahlRate that

interface of each sal d | ayers e nu
is usgluag #nmogntingnaterial cdfdelectianicacdrsponents heucheas caaﬂpxenble print

st at the interface of the ten |ayers)
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| ayer and the tin plated layer. [0055] As with

Exanpl e 1, the copper boundary section where the
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gener ated was observed based on D SIMS anal ysis.
Consequently, the additive conponents of C, 0, S d
and H were concentrated between the ten or nore copper
| ayers. The results are shown in Fig. 16. 21 Wth

respect to the peak of theycQppentrated portion of
such inpurities, as evident M:%m Fig. 16, the

[11 | ocation of the foregoing i rrpurilt: es _c(cj)i nci ded with

' the Kirkendal | vaids re
A mietl CoRBRA BRIARE oo Bsle. fempiSno. deicost er ed a metal seed
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and &, goRper| layeryon al@pnﬂern@llqyrieyerbimnmagtgieﬁ by:)ﬁlaetbtrtdpgltiﬁg, wherein
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the bOEBSBRIeE IR SRkt oMY AeHIaRELFoMBERES biregiayas to one
layet opdke dopper layetrarasssper @Ioggal?énrgﬁrh(ﬂﬂdiﬁb a %ﬁé&ﬂ%ﬂéﬂ portion of

i t ent t
impt‘éﬁ@%ﬁéqtﬁg 3)02@%3(}%3&1%%&@?@%@%&%& gﬁgy g;/bd ;Mri]men the copper
laye¥ ?gén?épﬁg dllpgﬂéﬁz%g{rgé %@é ﬁdoﬁioe(é%%;%ptdgﬁogqﬁ%hh{}gted portion of
impysitiesiwign thedcappee or coppersalRINRFeras a dingeSERIrAL

APPL| CABI LITY [0057] The nmetal covered polyin de
[2] conposite, nethod of producing the conposite and

Ok oli i g rani ¢ cirquit, boar -
Tho 3965 SOUreth DR AL RIS SLERUBRTCORIS T pAEN e ve-com
layerpisepne dynen amangnnigkitle shroenitive xdobiatt, hivkehali®, chromium alloy, and

Cl a -l gyer .flexible | am nate),
CObaé)tgarﬁ’t%' ’c%f?iweymgﬁos&eaiﬂqr\}%F?pﬁ"?ﬂf?rkﬁqppﬁéél'?!hg fromthe
[B8] interface of a copper |ayer and tin plating, and
yi el d a superior effect of inproving the adhesion
A method pfpreduringsa metel povesed polyimise: campositey sefenbinaster forming a
- i ' ible lampnate that _is used as a
te-cO 1o AR Kb KeBh T T B Sl 1 el iinly sletroess
platirig exizbideyipg imethosly higealagersT A8 oiedIdyel of arlCefldBpididd layer of
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COPPET oI Comper 8y ashadditinpaliy foreed thesgen, wheneirdfoomed is a copper
sy f f p | Tl rol ess plating .or
layerZHf, SpReP ally Davét Mdlfaink f BhoBlfiglddt BRiect 5f dimblrfs at the
bountagyeof ther camber Hayeroor mpwr@mbyqa*at When thé@bsbér lalBor copper
opper plated |ayer or copper alloy plated |ayer _ N
alloy ﬁ@(]%rlﬁstggeq ﬁﬁ)@eésﬁgytyoslaygrs@@d nayeenaentratasd pegier of impurities
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portion
[4]
The method of producing a metal covered polyimide composite according to claim 3,
wherein after forming a tie-coat layer and a metal seed layer on a surface of a
polyimide film by electroless plating or a drying method, an electroplated layer of
copper or copper alloy is formed by dividing an electroplating zone into one to four
zones when feeding the polyimide film with the tie-coat layer and metal seed layer
formed thereon around a plating drum and performing electroplating thereto.
(5]
The method of producing a metal covered polyimide composite according to claim 3
or claim 4, wherein the electroplating is performed in one or two baths.

[6]
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inmpurities at the boundary of the copper |ayer or
copper alloy |ayer when the copper |ayer or copper
alloy layer is three layers to two |layers, and no
concentrated portion of inpurities when the copper or
copper alloy layer is a single layer. [2] The netal

A meibedr &fdpissiuging ae eientrmm circait boad, n\ghenem: laftermfdrming a copper

cwcu@/n oﬁéé}?ﬁ h%lboyaﬁccu?%f)\é )y Wy g p@lr?gﬂﬁﬁt ?%ycovgfﬁﬁ polyimide

comméml accdrlinyg. toébléirﬁ heornatdia zsﬁﬁf%la\tﬁ\)g% thd chbBBPhr@dﬁlt or copper

per all oy. A net hod of prodicing a netal
mkWéﬁ@éHéﬁP%ﬁ@Vﬂ de conposite, wherein after fornming a
tie-coat layer and a netal seed |ayer on a surface of
a polyimde filmby electroless plating or a drying
nmet hod, three |layers to one |ayer of an el ectropl ated
| ayer of copper or copper alloy are additionally
fornmed thereon, wherein fornmed is a copper |ayer or
copper alloy layer including a concentrated portion of
inpurities at the boundary of the copper |ayer or
copper alloy |layer when the copper |ayer or copper
alloy layer is three layers to two | ayers, and no
concentrated portion of inpurities when the copper
| ayer or copper alloy layer is a single |ayer. [4]
The nmet hod of producing a nmetal covered polyim de
conposite according to claim3, wherein after formng
a tie-coat layer and a netal seed |ayer on a surface
of a polyimde filmby electroless plating or a
dryi ng nethod, an el ectroplated |ayer of copper or
copper alloy is fornmed by dividing an el ectropl ating
zone into one to four zones when feeding the
polyimde filmwith the tie-coat |ayer and netal seed
| ayer formed thereon around a plating drum and
performng electroplating thereto. [5] The nethod of
produci ng a netal covered polyimde conposite
according to claim3 or claim4, wherein the
el ectroplating is performed in one or two baths. [6]
23 A nmethod of producing an electronic circuit board,
wherein after formng a copper <circuit or copper
alloy circuit by way of etching using the netal
covered polyimde conposite according to claim1 or
claim2, tin plating to the copper circuit or copper
alloy circuit is perforned. 24
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