DESCRI PTI ON  METAL COVERED PCOLYI M DE COWPOSI TE

PROCESS FOR PRODUCI NG THE COWPGCSI TE, AND APPARATUS FOR
PRODUCI NG THE COWPCSI TE TECHNI CAL FI ELD [ 0001] The
present invention relates to a netal covered polyimn de

conposite for use as i mat eri al of

el ectroni ¢ conponent sa%%gﬁﬂé#gﬂ}‘l exi bl e print
substrate, TAB, COF (Chip on Film, and additionally
relates to a nmethod of producing the conposite and an

METAlp 04N REDf BOLYIMRE GMPRSIEBrp 6O CES SBACKERRMDUARNG THE

PR el Tp WA G R TinCkRG IR T S ne

copper are lamnated on a polyimde film is broadly

used as a circuit board material in the el ectronics
i ndustry. Anong t he ABGVENICALBELEYhesi ve f1exi bl e

[0001] | am nate (especially a two-layer flexible | am nate)
t hat does not include an adhesive |ayer between a

The predent thvintion! related te aredetdl b@a@edlmlyﬂaﬁdﬁncommtterfbr uae as a
on the demands of finer pitches of the circuit wr

mountjjgimaterialoufaglectianis GasRRRIENSS sa%maﬁ@xzablwﬁmaéﬁegﬁr%f@ TAB,
COF (ﬁhgzoﬁlﬁlnh a@nﬁ%&dltléﬁbllg%ﬁt tfh rﬁeth ﬁfﬁgﬁgﬁlﬁ}éﬁ the composite

I'e” 1"am nat e capabl e of accommo
and apappamdus foripreduding tm'ﬁcémpnmtb is a so-called
netal i zi ng nethod of formng, in advance, a tie-coat
| ayer configured froma material having favorable

adhesi on wi th pol yi Bhekem@EURY AR de filmby a
dryi ng net hod such as sputtering, CVD, or vapor

[0002] dep03|t| on and a netal seed |ayer as a conductor of

o PSRl e B 5 T B8 gy
forme@ﬁr@ﬁfbobpér GPa Jareirited dveh pHlyifide $irhC 8 brod@l&aﬁge@ks a circuit

ectroplating (refer to Patent Literature 1).
board |rnaheﬁals,lmté1ewlegtr«n@cm ry. Asrongethesabexhes non- adheswe flexible

lamindite ERRTARF B3k 1ERER 1RhRYER) T oSl POkl aghesive

layer tienwebﬁwpolymﬂb ¢iimpeldya melgl 1hyéns Satdreg attenarden the® demands
limnate the contam nants on the surface and to

of finef Rilehreeokthe cirgHit 2dEng WidfAness prior to forning the
[0003] metal layer (refer to Patent Literature 2 and Patent
Literature 3). 1 [0004]

As a method of producing a non-adhesive flexible laminate; in particular 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 in order 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

material (refer to Patent Literature 4). In addition,

[0004] proposed is a polyimde filmwith a netal filmfor use

! g : . ¢ . . _ .
Genorall, rPpIE SR MRy BER R R AAFEY 6%y Rb TfEd such
as spulterfng; dhe fiopnovament oluadiesiom dnaly etchirte propertiend being sought

i ti |1y form ng a copper, , Vv r d Ltiqgn | ayer
tvouchfe SoRehet RS S B RABRE) HBPES BT Tube i L
In add®érl piopv8sEds RPIpvlyimiR fiRARAR BemetallMnProrusss ifTAB or FPC
nmounting material of electronic conponents such as a
obtainedby( mn%prnaing mihemicaltetehingttal the podyimide filme spofage isodie roughen

' art Y, i 1] e e clreuit tern
e sfigBidihl s SR ke yR8Phe AR CA S R = copoer
vapor depesitibio layenthéreenqieferiot Paeht Eitérat@ad)t r eat ment such
as solder resist or resin seal is additionally
[0005] performed on the tin plated |ayer. However, a problem
i t ' i Je a c . .
When b oVl bl ol e REBY A8 i et of
electrqric cogppagnistaichasa GOE (GhipdrbFilmk ehe hittaldaperesn trayeslyimide
. anld the ti Hetpl ated | ayer, due to the electroplating
1S part!ﬁl ¥ &ligunateddogreriena gircuiy gaternyting P'B’E‘:”Qai@pﬁ&?%?@éﬂeﬂﬂy performed
' i | i .
on i s Aoy B L B P REPIRTARIBER S sl osist o
resin seadl is additidraltyr perfermeathor the Bniplated dayeroHswef/et, laeproblem in that
. ..copper layer wi |l change, consi der abl nong. t he .
this tirpplRfed vt MawReslOCirs Aaier Caseolpusd PaRing:S; hedfigkendal
S . . c i _
vlds (6 45 e G RSEIETbaN, 01 s S gt TGS e
due toghaeéettioplaiingsprocess. e Kirksardadifvaidewik be eyglaiied in detail later.
An BBl cPBHEL 1T ELHAP st bl gl of G8BHEEe barns
and theaglécteapiating cOfert caidifidis oP®iet ¢dhper WaRsravill khahgB R®hsiderably
plated | ayer boundary and the tin plated |ayer are _
among; dhe celgetrolytic ckaths oahed mattepohtGamyse.s The pertigast by wdich the

el £hpbr CRSHGRPL AP RSB, B B AGRARRL n o
copperglatedilaget since the irmakeéef caiper ehgstalrgralngt ingurtiishend the like will
_ 0006] As a nethod of overcom ng the foregoing
differ %e%t%oﬂpﬁroaeg@aa Sincarihe dtirkendal rvaidy particgnieoccur at the
: t i t ;
pororFérd BT HELASA bR, 308 KRRy ar oo
to eachl @ther,df platingkiattb berparfoopeerin phatiplegelectroplating daths, then the
ality of el ecﬁa:tql yti ¢ bat hs {refer

irkengigl Biidsnpil e éﬁ'dgésts'm. shieshly Tatas awalgNiasihe namber of

electromtﬁl lﬁé{hg_hat the Kirkendal | voids causes the peeling.
vedrgtZ el ess, in the foregoing case, Patent Literature

[0006] 6 only sees the tin covered on
As a method of overcoming the foregoing problem, proposed is a method of forming 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
analyzed that the Kirkendall voids causes the peeling.
Nevertheless, in the foregoing case, Patent Literature 6 only sees the tin covered on
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2 the uppernost |ayer of the copper plating as the
probl em However, when formng a copper circuit and
covering it with a tin layer, the tin layer will cover
the side face in addition to the uppernost |ayer of

the co addition, .as described | ater, since )
the URDBEBEST PHGEPT Host FOBPST PIAURE 6 R BTBRICRE- HOWRKSTs dpn Torming a
coppe?'c?r&ﬁlf ‘&hﬂtécﬁ/eﬁﬁght with eFﬂHrléVerbﬁwe ﬁﬁ'l{}{érhﬁh c‘o%hthe side face in

f oregoi ng et Is a sufficient solution t
additiqs tebthenupperowstiilaygryof théxeoppeib e @dditioki aketesatibed ddtes since a

coppef ik gL Fydi L 8 i Sl el M o cannot e
said tHdt‘tlﬁ?é ﬂiré@@m@)mé@h@dﬁ@% dufficientascRitiota® thelpresiem.
resol ved. In dition, with a copper layer in which

Accordingkv tihe pr@lpipm pbrkeagal voids: Brisikg inhibeoberded: sppdace of the

455 e S el B U L858 o

layer waé|ndlebé@|’$tresbl0@67]ln dduitidrghivitiefa tdvppabadger 1 which only the
g-type el ectropl ati ng process that re&w res

Uppe”ﬂ‘i‘@ﬁ%wgéls thicke theoplhgt pﬁ@pwalah%rsw!aumglads hid bwjgt that much,
I
and thgfe [ £ DS et A8 $africa GrHT RGRE: IavBlsARITIANR. .72
[0007] copper | ayer of the i nt ended t hickness with few
ropl ating baths, it is necessary to raise the

In “gh;Blo@(}t'ii‘ﬁ %‘{F_rs F9Zasnype elegireplating mr cq&vssgpgtreguu%,ﬂumerous
electrﬁlgtﬁq ‘B%]ltﬁ’é !ié‘%rﬂ@sEQS’Ie' Sl fte@:]ggﬁel}aspﬁ tSiirr‘r%ghge the number of

oplating nethod is a net
electrqpiatingrbatisf ad muchnasvpossibke. in erderato dlataisr a muatédacomeallayer of

1o 3585 P TGN s S bS5l Al platin

curren@'ti@ﬁ@i@y aRd3R 185 PESPeRt UZRUm EBELréMERIPIISEd @éﬁé&lve _The drum
opper plating to the surface. Since this neth

electrcuﬂatmg methackist & eihed of ‘eaegilrtgaa mtwnmeo‘slm, in whlc’roattle coat layer

and a 3t SR e 2A fufied (Erd5H Butibrdlasts Dl ol g, method,
arouné adrul surkRecthat léru?@pe“d)ﬁlsérﬁéllbcﬁﬁfyﬂéle Antker@bydRridAthing copper

cathode, it is possible to increase the curreént
platingfiertesyrfager Sineethisaaethodds able tofmevs theganadeeang satkiode closer

withouS AL GAALRGEE LR WM pr b8 AstBLBE hkoBht e fim v
beconfeamé yatroue ahd stolc‘ommcthefdlgtahcefe:onetachreftweethér@wode and

current density. Accordi n?egé the drum el ectropl ati ng
cathodghitig Possible faincrease theatresi siepgity. Mdorervek @sduresult of moving

the an\q%'edﬁnd '}'%‘fﬁédé‘%icfé%? toé@fg%r,gfrpéﬁlﬂve\%éaﬁ)eaf YA pl |p“&‘l[r@)o@Iectrolytlc

tails cessary
solutionrcarezise bbhncreasee Ieasrli,e aadithisiis atsodsffective imincesasing tre current

| ect t f th I t :
densitys,RERIBMEY, RSO (frapalS GTetEoR s Slpcive ih decreasing the
Klrken@ ﬁlqbfqul ating process, the netal seed |ayer fornmed on

e polyimde surface is unable to withstand a | arge
Neverktleimntthlsi dieen i electroplatimg seethed| algo t edailCitssegneprioblems. It is

t he ,anodes 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
that set to face the drum are divided into a plurality of zones (plating zones), and the
current density to the respective zones is being controlled independently.



that set to face the drumare divided into a plurality

of zones (plating zones), and the current density to

the respective zones is being controlled

i ndependently. 3 As a result, each tine the am)unt of

fe amu of curren de changes,
s a ST RS L LR el ot oD G bt changes, a
diff Ht ﬁ&g@i !
iffereft £ |t g??&’& éﬁ%@ﬁ gﬁgltﬁé’ﬁlﬁkﬁngglﬁgﬁgg rvg'tl IQF|§Qa the copper
platedtlaperpbwtwary odomvédritionaliy,yin cansideeatiargoithiehprodattion efficiency, a

di sposin umer.ous anodes and di vi.dj.ng. t zon
feedlngdugf?ygnﬁsé] SB9S'%PH"TG§°B%?H883%I gﬂgéhwgg\ggﬁeazsong mpo Pour zones
or moFee@LHéin hB8ptdThRE, £ aGBBMEths Mﬁfﬁer"&f 'cbpﬁér lz98Fs Wil be four or

nor e. 008? [n addition, when feeding e plating
more. mat er i aI around the drum and performng plating upon

[0008] provi di ng anodes at the opposing position, a proposal

has been nade of meking the space between one anode
In addéiomn, WTrfénpﬂeéHIn@Qhéfplaﬂl d@nﬁ@er@l@r@urﬁlthé @funeagl gdririniey plating

area, or disposing fferently sized mesh between
upon nrﬁwdﬂm)a@o@@ﬁjam@ qnp@tsmgowm a(rpr@p@salt hasFbgermmade of maklng
i soREEYMIER hl bR DB By BEUANARLE rcdogn pitn

area, onedisposlg\gt&ehﬁwaﬂﬂw sigédphesh bgt\/(l@érhshe Howey and thblpﬂatlng drum
is unrealistic since it nerely proposes the us

(refer 'Eﬂ‘ Sg;%\t hisrturende 498y @ppeapthat the ggn@q@@oelgf,t%{(lrkendall voids
can béjﬁfﬁgilfeﬂ 45 r@é’lﬂf‘ ﬁ%g@ln $hé hﬁwﬂf%‘?'ﬁ%tm Irb haer
wor ds, y met

besi des e supp bei"ng ear, t he
Howevdrp\his eideai lsyunrfeatlihﬁr: siretel itgmesally uproposes Ithe bese of one anode
ossi bl e to ensur

becau%%%%{q%%?rpﬁ&g\ﬂét &\él\n,rrllel\ylt %%sﬁg §RCh @Bodeis trgub?es?ome. In other
wordsO''btifﬁféi‘@.@o'theIr §Q§;5I?| ﬁ‘r%%h&f blelfty SHEeR:Y, el hed: ‘é/@l%lt}&%f the,_plating

adopted. Specifically, wth Patent Literature
SOIUtIO@rWI."HIe disktgbed landdbwdineotdre pogsidlierte ensureharustifpriiflow velocity if

fl ocit f t | at i ol,ut i on_cannaqt .
mesh [gr el fik@gs ' disBosdd oietiafis S MTHE sRBpFaREMeR dhet s adopted
Specifi¢aily, owith tPateht Lieragmunt nﬁéshe be&hé QUEPRRI bé&dme NarR |mPediment
direction that is aral to the rotational axis o

wherebyéhelfigm velorie of ﬂbenpjattmgos@bn@maannm bregandtdlledopnd it will be

dn‘flcuILLB ér&#t&?%é %hﬁéﬁﬁlﬁ §f {I}E(Jarﬁé&@] cﬁ{? %{lé{%le%psﬁgndﬂ a direction that is

parallelllw ¢5¢ rethiionarebdwef tHendeali Asias frdnitise besieml siirkeridasl voids,
even recogni ze the problem of @ Kirkendall voids.

this |d?@ajglg}es inckher Rriokiany of inlatinauveifasenityapad itheguld the said that it is an
onrealEGP{FBRET SHERRCHROLERRbRl o B6EH PR TR e o

Kirkendeall weigls. t he copper |ayer and the tin Iayer. [ Pat ent
Literature
[0009] ]

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. Patent No.3258296

2. Patent No.3173511

3. PCT (WO) 2003-519901

4. Japanese Patent Laid-Open Publication No.H6-120630



1. Patent No. 3258296 2. Patent No. 3173511 3. PCT (WO
2003-519901 4. Japanese Patent Lai d-Open Publication
No. H6- 120630 4 5. Japanese Patent Lai d- Qpen

Publ i cati on No. H6-210794 6. Japanese Patent Lai d- Open

5. Japdep < BalehbLART Onef StlEagen Sosd6BIR78F o cclre oF
6. JapAN&TIP&ldnt LQ@l@beﬁfNﬁ)llcéFbrPNbQUOMMﬂ@ present

invention is to provide a netal covered polyim de
7. JapwngaesPaienihaigHOpan Rubiieation/Bipy2087e2@4ft48peel ing in a
non- adhesive flexible lam nate (especially a
two-| ayer flexible lam nate), and particularly can
effectively i nDiSCLOBEHE OF INVENTION i nterface of a
copper layer and a tin plating, as well as provide a
[0010] met hod of producing the conposite and an appar at us
[ Q0 r
Thus, £8f oBleRS' 4 AR bidschE TRRAHof: i {4 pryiad & Rdtal chiered polyimide
compgsitevwhieh: cal) effectbtedy po@xeﬂt epdaepng ym A den-aahpseivet fiexible laminate

|S|n a.ti at, | ayer and a tal edla
(espeqighha dverrver digble Bsina p%m@pﬁﬂ@eﬂqerlwqwb? ativebiphibipeeling
r y
o t“@%‘%“géﬁQC 7ot (ippleh oy ArtPH iy "2 Rl AR ¥ nethod o
producihe thee nom'hesn:e)ppdrar;ﬂpnasdtdsafyeprmﬂucinmpercommpasjtepI at ed
| ayer includes three layers to one |ayer of the
[0011] copper |ayer or copper alloy layer; and 2) The netal
In ord%&%&%@ﬂhﬁ'fﬂ} ifPOBRet, e f)Fééérn‘i‘irWénhQn RA6AGE&Ph 1)
above, wherein the tie-coat |ayer is one type anong
1) niAcketal coveesd QthlrnldBaqcxmmﬁlf@k@mammg a tie-ppahiayar and a metal

soet e 0ol Y ol B b Eife} Ml B o

methoddéhd izoo@pper |ayeVddgTopger éﬂd&ﬁlal%ﬂf&ﬁwem PrsOM By 2lectroplating,
netal covered pol yi m de conposite, wherein a tie-coat

Wherelnav@fCmreplmdlaygééﬂcora@%rrallﬂy platagt fayee ingludes three layers to
one Iaﬂ%’iJ %ftﬁb%%ﬁﬁ) QYO?E@ [Séroéll%ﬁa & Qﬁ{;lng or a drying

ayers o one’l'ayet "of an el ectropl ated

2) I ayer nﬁtalccxwwed polyiorige eongddsite accordihdi to paﬁidra h 1) above,
rmed thereon; 4) The nethod of produ0| ng a net

where{poyt B o98} AR de e §1B0R8 CURKAlG W'Uﬁhrcé’@agpﬁ"cé(ﬁl alloy,
chromﬁ}?ﬁ‘éﬁoyévgﬁgf“@ay gaidii faﬁ&EHB Rt Jele 18Pt s cBYBEr 8MEbgber alloy.

er o
[0012]
The present invention additionally provides:

3) A method of producing a metal covered polyimide composite, wherein 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;

4) The method of producing a metal covered polyimide composite according to
paragraph 3) above, 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) A method of producing an electronic circuit board, wherein after forming a
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surface of a polyimde filmby electroless plating or
a drying nethod, an electroplated |ayer of copper or
copper alloy is formed by dividing an el ectropl ating
zone into one to four zones when feeding the

coppef G 9% cRbBS: RUPESCHitoBh Sy of aq%ﬁbggﬂﬁﬂg”gth? et covered
polyln'ﬂ’@éfc@ dé‘iie%&%?&ﬁ?'t%t b&@ gl 99 Oiin Dlatfh \sg?é e am)er circuit or

produci'ng an el ectronic ci rcwt ‘board,
coppef alioy eifcuit ispectopmed; andcuit or copper alloy circuit by

n t al ver.ed ol vi m de .
6 cansoneliool Brael 5 RelEsPusaueinin8 Hobttsi,apcording to
any orieéf p‘amgerph@s)w 5Y aBbve,aptsreln thlel edyctedplating isiperformed in one or
perfornmed; and 6) The net hod of produci ng a netal
two batbseer ed poI yi m de conposite according to any one of
[0013] par agraphs 3) to 5) above, wherein the el ectroplating
is perfornmed in one or two baths. [0013] The present
The pregeaninventiénifurtrer ppovidestes: 7) An apparatus for
produci ng a netal caqovered pol yi m de conposite

7)  cOWDAPRARYS R FEP%@'FQ@ meitcﬂgcoyafqd palvwnlgﬁ GRINRESH® ¢amprising
an el%ﬁ?o‘#‘at "E‘)Eﬁhtge hg! Gruth Hﬂeﬂrhecﬁi geS?Irte{h%‘f'ééfoQ Wdg¥ in the

tfor eeln g a po Imto
electrqplaingjbaihn avﬂmt:imrdeedmg @mlylmldgéiimaod)eaplammlm swhich a tie-coat

v 15 B T e BB A o o
drymgLfﬁéfhoHoér FF'QHW HLLﬁﬂt ah@ aldift R %hgglénr?guéu terthe plated

he polyimde fi he tie-coat
surfacee@‘dtheapelylmmimﬁtm witte te® ie-odair layer and mtalnseechﬂayﬁesformed

thereofy, GREeIn e dne’s 544t ALEGHALS P R R 2Rge Piaging zone s
divide®ir6 fiend f@urnﬁirﬂés covered polyimde conposite
accordi ng par &tﬁaph 7) above, wherein two

8) ellbet amﬂratuSn g Ipsediicing @ et coxpred p@ymmdeuqa@wpoaﬂneaccordmg

o parhgb88ph8 Bt g 845uBRRRR 8 e s e e peing

zone i€ divided into 866 & fiuronks; &%d agr aph 8), wherein one
el ectropl at i nfg bath is used, and the pl ati ng zone i s
&h

9)  diliecRRParatus fonreduqing aspptal coye@molvm 8 qospasitepgccording
to paré@ﬁ@ggxfwhérégﬁtdﬂe ‘éfe\éﬁéﬁgagng ey dmgﬁd ttﬁe al:f]‘atlng zone is

produci ng e an

divided onto pnedardmegzdnes. conposi t e of the present |nvent|on
can effectively prevent peeling in a non-adhesive

[0014]  f|exible | anminate (especially a two-layer flexible

As a r%éellfq dli‘fﬁgS]Zarng@r %'rﬁéth%é%ré&'ﬁoﬁfiﬁlﬁn%tédfﬁbdsi{&@ Mkthod of producing
the composite and an apparatus for producing the composite of the present invention
can effectively prevent peeling in a non-adhesive flexible laminate (especially a
two-layer flexible laminate), particularly can effectively inhibit peeling from the
interface of a copper layer and a tin plating, and yield 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

6



interface of a copper layer and a tin plating, and
yield a superior effect of being able to inprove the
adhesi on strength. BRI EF DESCRI PTI ON OF DRAW NGS
[0015] [Fig. 1] A schematic explanatory diagramof a
drum based two bath-type electroplating 6 apparatus.
appargeSy 2] A micrograph of a copper foil cross section
[Fig. 2?” a polyimde layer conprising the three copper
ayers shown in Exanple 1. [Fig. 3] A mcrograph
A microgeapmof alveppental cress iseatiarf on sopolyidsidy |ayerasamepridiyg the three

formng a cireuit etching the three plated copper
coppey %y@@g%?‘”%%?@pﬁj‘%ﬁsubsequent ly forming atin plated
[Fig. 3jayer on the copper circuit, and perform ng annealing

after the tin plating. _(Fio%. 4] A micrograph of the
A micregaRrky shawing dhe sessagction opa bwadpol ghtaingd byfoeming a circuit by

R M KPR N T
layer drothedeoppep Rirauin ethdperfarhithg anfedling ditér th¥ tingjlaidlg t he

. two plated copper layers of Exanple 2, subsequently
[Fig. 4 orming a tin plated |ayer on the copper circuit, and

A B 18 ABBERI 2o 5 19 R4yl by o

coppeplaygrsishievh &ry Exampigp2i sing the one copper |ayer shown
. Ln Exanple 3. [Fig. 7] A mcrograph showi ng the cross
[Fig. S§ection of a boundary obtained by forming a circuit by

A iR g YO RS e RGPSl USRSl v o
etching ithe two plated qoppEpiayens ob Exealpleng, alibsequendy tfoming a tin plated
layer it Gie.Stinet b AN RENIGr R AU e B AN he

[Fig. 6pne copper layer shown in Exanple 4. [Fig. 9]

A micrograph of the copper foil cross section on the polyimide layer comprising the
one copper layer shown in Example 3.

[Fig. 7]

A micrograph showing the cross section of a boundary obtained by forming a circuit by
etching the two plated copper layers of Example 3, subsequently forming a tin plated
layer on the copper circuit, and performing annealing after the tin plating.

[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, subsequently 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

7



A m crograph show ng the cross section of a boundary

obtained by formng a circuit by etching the one

pl ated copper |ayer of Exanple 4, subsequently formng
atin plated layer on the copper circuit, and

etchrnﬁﬁlﬂe gér{)ngg 1 gtaelphg af ! %'tgaqer jue g&laat I nq ﬁl[]lg?gw@p%ll forming
a tin dPAt]éa e\ draetie é&p}:yé? du’@:wt%ﬁ@ﬁéﬁbtﬁtﬁ Ilﬁ%]after khétin plating,

m crograph showi ng the cross Section
and ftmtn@ncthowlngott@r IRigkendallf vaias tt@t &aoibecobseriggd ar thee crasscsection of

. n._co plated | a of. Co arative Exanple 1,
the C'rgﬁgggﬁ rﬁ{;ﬁ‘rleotlrpﬁq{gsurggcé 8‘(% %RP&T on the copper
circuit, and perform ng annealing after the tin

platin and further showi ng the Kirkendall voids
t hat LB%ST)MQ)'BEEH‘QB@%BR'(YMGC@HJST@EdNV&N-IaQN t he

[0016] circuit portion and the upper surface of the circuit
copper. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

Specifl0@kamphee coff itite epregphie Inwdntione ape esewt ekplaripid. ONTAE eensuing
now expl ai ned. The ensuing explanation is provided to

explanadign)is PERVédQ%'@ fagtitate the un%rStﬁnct"rﬁ af thig/iaMentian. aaddhe present
mventfoﬂ st’ﬂ'{)?ﬁteﬁ %)ﬂ‘ﬁ%nﬁrhf? Sfﬁé’lJeb | NIANGtH g?XNc% L gid & . mpdifications
thereby. In o an

er wor var ‘ous nodi fications

and otttdneembottimbnterﬁrmllsb‘almclbeed nie | thedepresent irveptiesead a matter of
invention as a matter of course. Incidentally, the
COUrS&yr esent i nvention includes cases of copper alloy

Incrdeﬁ‘taﬂg I{Ag pr?sé}‘rtqhQ ex&ﬁ iﬂcltﬁ%@%ﬁeg'o?tchFerbgltBe/Opl?g% i V(%tfigition to

anation these w
coppee>matmgqebutatn ooghere to wimplifygtheHexplanatios thiaé | willl be collectively

BT e e ek
The bé’sﬁé btdﬁé@.@ |§ td fBrFWa néal I§Pé‘rt b9 bt RGSIBhE Psbe éﬂﬂe polyimide film by
ditionally forma netal conductor |ayer forned from

the Spatteﬂpp weethody end cadditignadly farnay metglecortduotcbrelayer ﬁymedgfrom a

coppeP Y1615, bBoBAE Bl Pk SR orchBF by o bt W Srepare o

non- acﬁtdur\%:ﬂe)trblenbﬁlﬁrﬁmet reatnent in order to eli m nate t he
contani nants on the surface and nodify the surface.

Forempgt1tne palyirsisiey &le | Suriases jfutsubiesd ieplasmanji@atment in order to
f d
elrmrné ghgﬁtbbacelhgﬁfscﬂgthe y| medé)r{q ﬁ]otoﬂyﬁ%ggg{a?y, ?Lm? on

[0017] sputter ed net al Iayer is selected fromone type anong
Subsegpeg Ny acsrpru%rgrejdmmgtglt)?e;er {f]slocé(aelled tre c>c/>at Iz?yer) of 5 to 300nm is
formed on the surface of the polyimide film. Generally, the sputtered metal layer is
selected from one type among nickel, chromium, cobalt, nickel alloy, chromium alloy,
and cobalt alloy. Generally speaking, a polyimide film having a thickness of 12.5um to
50um can be used, but this thickness is required to the circuit board, and there is no
particular limitation regarding the thickness. Generally, Upilex by Ube Industries,
Kapton by DuPont-Toray, Apical by Kaneka or the like is used, but there is also no
particular limitation regarding the type of polyimide film to be used.

The tie-coat layer has the function of increasing the adhesive strength between the
metal layer and the polyimide [film], and increasing the stability under a heat-resistant
and moisture-resistant environment.

Subsequently, a copper layer of 150 to 500nm to become the metal seed layer is

8



and cobalt alloy. Generally speaking, a polyimde film
havi ng a thickness of 12.5/emto 501limcan be used,
but this thickness is required to the circuit board,
and there is no partlcular limtation regarding the

rorme AR RS osT B .y 2P T oy Ricekibrsr e il pgcome the
condutcforéi®se cRwbde/tef@nt f ﬂ\lesswse u@lﬂ"élé@t%ﬂ%ﬂr‘l%@dgﬁ%hon

regarding the type of polyim e filmto
[0018]  tie-coat |ayer has the function of increasing the

Subs 5, SRR By P eGP BLEbp RIS o on

the métapseddERiyst. @(ﬁthe%]dﬂr@‘syfétémetﬁei‘élleéir@ﬁlbtlﬁ é'pbﬁﬂal’tﬁ@%hown in Fig.
Subsequent |y, a copper layer of 150 to 500nmto becone

lisusede netal seed layer is 8 formed on the tie-coat

T R T N A T

a partstheveofu ¢approxiaeitelgphalf)i 13gdippedeirsthd @dloplating bath, a unit for
Subse uent | el ectropl ated | ayer fornmed from

feeding sppe! Iwﬂeé%ﬁ%@tegl qrgynd 39 blatia AWM, prunitier SUPBlYiRg current to
the plét@&l%rurfaéé &fﬁﬁmﬁbﬁﬁmg& ﬁl?ﬁtia‘?{a‘ orWSr ﬁ{oﬁ_ﬁtah%laétféaﬂg the drum. As

apparatus sho
one rm:ldecttmegﬂ anodlgs ap@aoaaalledcmaplubmeanadesalm tlmbappllygpf copper
art her

ions g 3pedk Bl arifmed BY siahing BhcelepEebis soktiony in which
coppep?é Bep:%a%éw 'd|§s%1vedf §ﬁ‘<§j iR WHcHP et 6‘&;%? éddc@h%%ﬁ‘i"s adjusted, to

ar ound l'ati ng drum a unit or supplying curren

the eletqbrolyﬂq:d)qihat ed surface of the polyinmde film and one
[0019] or nore anodes facing the drum As one node, these

anodes are so-called insoluble anodes, and the supply

The cdﬁpé?@l@l@@bpeﬂ awy ;il@lrnqumem tﬁlaﬁﬁslus@duﬁt mﬁféé%ﬁ?mvﬁﬁtlon is a one
I nNg an electr ytIC sol utlon

or two; @atgéme atading systesal netthepase of atwe hatth'p@orpipt@mg system Cell A

(o bR P oo ndSind ] SFBITMAAS Bl o 0.1

should Ise eag;dto ondé&etarepanthd M@bhtm!vpbfplallriyl@yst@m erP has Cell A.
bat h-type plating system In the case of

ConVeBHPHaWyﬁéOfﬂl%(ttpn\@|§§/§fﬂ% piating) effigiency eb/@nhm tha§a@sr@fsu31ng two
v, o Qs CF thn R GESE B P THGA! TRy BEO 8 usea

Anodesara-sey frefapedhe dgurayet esctpol thebazofed.I The solution sending method
nti onal | in order to V%Iuethe

where dhg @famglat'rdfawurlﬂn iheupgled Bpmthenly kparbat the elegoplating
bath H}j@%ﬁl%séﬁ}@:tg\éﬂé%élﬁggﬂggghgy §ﬁ8¢|aﬁﬁg A d?{ja?%‘o‘f)?ed This
supplyemethaaf ist alde ¢o oontrel tHEhflow ozleluoltgramblsdneuyssathdform a uniform
plated\f\'helr eMtBquqv%lg,f tgrﬁ:g rgpLg{] g—? o[%ég ogorlwesca?rllJ ald?udstéé ?rgependently
[0020]
At the initial stages of plating using the foregoing two bath-type plating system; that is,
at zone 1 and zone 2, the copper or copper alloy plating to the sputtered metal layer is
hardly performed, and only a slight amount of plating is formed. In addition, the same
applies to Cell B, and the plating material that was once exposed to the atmosphere is
hardly plated at first; that is, the plating is not formed even in the initial feeding at
zones 5 and 6. Accordingly, with this kind of two bath-type electroplating apparatus,

plating is performed at zones 3 and 4 and at zones 7 and 8.



bath and overflows fromthe upper part of the
el ectroplating bath is adopted. This supply nethod is
able to control the flow velocity and is necessary to
forma uniform plated |ayer. Mreover, the current of
[0021] each anode zone can be adjusted independently. [0020]
At the initial stages of plating using the foregoing
Convén‘ﬁ@nb@f by Elﬁéﬂﬁ g PhéthbBbfatfdrRiifg hUﬁ‘ferb@s Pla@ﬁxgzﬁﬁiﬁs in pAFhllel and
zone Z, e copper or copper a
repeategiy dlpp@@ areoraﬂlnuwé'rwound palryunsdepfémﬂn m@atmgbatroway aglopted.

i e 5l B 458 B BT Bl o o

foregoi$ nfathed €BRBEE bri this MAemodD SMERr heré is Y it il eelumber of
at first; that is, the Iatlnrct; is not fornmed even in
9

plating bathsnplating capde W@rfnedzmg leslayers. asmmmwavng baths.
With t%g{abdapt glgﬁgw ng\%ghﬁ Eg%/ﬁnge dr’élt%ﬁzogﬁt@g@ ch plating bath is

short. Fhuspimesrdér tneckieve d prestibedaivlergssoter by mcﬂe ﬁdl@tbd ngyers are
nmet hod, of arrangi ng nunerous plating baths in parall el
Usua”léfﬂfqueﬁﬁf@(&if‘%}'egmﬁﬁl Rrjent 'e'@ﬁfﬂq*iﬁ(%sl y wound pol yi ni de
[0022] filmin a plating bath was adopted. In many cases, a
copper plated | ayer was conventionally forned
With edecioric rmgmm)rlehts stich agoa @)Iﬁt(Chqﬁon Elatm)d the dobper layer of the
there i.s no

hod, si nc.
metal GBygRLpaide Grboste BB pe dbsciBed Hbov B gebed with an
etchin§ 3bR1tHNAS fUﬁﬁBé éendilcailé %ﬂcﬁﬁtﬁ%n t|W ﬁlﬁtlﬁgaissfo‘fm%@ o the copper

Z|gzagtypepat|ng met hod, the retenti tinme In ea
circuit @lndtsm@er[r@slst i resinstrothe. liketigsised raddﬂweually to aomrethe szame In the
or _nore at ed

foreqofiE 3PS, Poplil BEMare) 8 PEhIRY  RaYEnand, L PG daver and

cracksSh. thé@iﬂag er Wil blacehReCa pRsHiEmconponent s such as a COF
on Film, the copper |ayer of the nmetal covered

(Chi
Thesempphems:l@rec@ﬁsmred tobegansead 8y the Kikendall weide explained above.

oy ooSBSREH g P08 et S PRph SN To S FMRF HEut e

and tircplated tayenchis ghple wer@ dbsérvete Sirtecthist e dyiek & farmesiash the side
additionally to cover the same. In the or.egoi ng

face ottagccircyitdn aﬁgltleeﬁqmuem siacerof the soppen cawt Hikiista problem
that ca(?',n%tt BE §o"f% ﬁ‘ﬁ]gnm%ﬁ@gr JuHA8e bt th &' e:gfetrv(‘fujghlt becore

"'em are consi e ‘caused
[0023] by the Ki rkendal | voi ds expl ai ned above. By obser vi ng

the | ocations, where pee|ing occurred, between t
Since QWRMRIPUR | GTYRiAL graaglebfurﬂ@ale% FNq frap eidtias, pxist ithe g4giaity of the

coppei’\ﬁf?@e@?a;@r"cfgﬂmtdﬁy,‘ gt?irsf:{!i;r%icliérggg &@ﬂﬁhg”é’{tfc%%@é’n%lg%ﬁ‘l%f copper
crystalsusfiacempliete h8inoeppech dnacorplete tdtiice asraagpmentt evill domatderably
acceleg%gggtp c@ﬁy%ﬁp;/o coV;\)ApteP tﬂglc}fﬁasqgnl# P erf ggpggea}cc?onoslderagly exceeds
that of tin in the mutual diffusion of copper and tin in the vicinity of the copper plated
layer boundary, and copper will be deficient in the vicinity of said boundary. Thus,
numerous atomic vacancies will arise in the vicinity of the copper plated layer
boundary after the copper is diffused. These atomic vacancies are trapped in the
portions where the lattice arrangement is incomplete in the vicinity of the copper plated
layer boundary, and the air gaps assembled thereby are the Kirkendall voids.

[0024]

Although it is considered that the Kirkendall voids do not arise easily at room
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[0023] Since nunerous crystal grain boundaries and

inpurities exist in the vicinity of the copper plated

| ayer boundary, it is considered that the lattice

arrangemsnt of copper cryst als is inconplete. Since
e lattice a an ement wi || consi derably

tempeéétgéq,eagﬁgpqqﬁé/v% pEYRNGSH dopiher foregeing fm%féh%}‘rsmat@d the
Klrken‘éifallcxfb%’@ aﬁf%ﬂon oﬁbih%r@défﬁﬁﬁﬁg thé—?fﬂeacl?ftr1 dtthenf attr]%ug?ly 80 to

mut ual di and e VI Clini

150°Ct &ftercibyeptim pidtirigs cand mmehbmanent ahdowghipersomd |1 60&C in the
deficient in the vicinity of said boundary. Thus,
procesa@sepb selder gesist,y Ersim segs and thealikeeThe toregeingiigatytreatment

rocefle 1 BREP e oG RANERIG, R o s° R By i

an unaWU‘ dameproiemesd bs |¢n§ &$ dsconti mm@mmom of theantdrice exists.
the vicinity of the copper | ayer boundary

In faCtaﬁHtﬁ%@CQI'Qn%;a’ §@1§l%%ﬁl‘%’&ﬂ&'h‘é?'%909% twésmuh@rajawntmuous

h
piaind B2 honfh oK bekh 49889 e Hfence or
crystalt@apmrandjtma cehdentiation ofiQ, 10, s8aad d4, wlhuehtane icbasidered to be due

d th Ki r kend i d
to the %Segdggfirdiﬁvgdh@?ﬁaﬂwirﬂ%%{s e Jisadh mEoRpagsey to the
contmé@uél nt gt rl(grﬁé rﬁr‘l&etfgéooerﬁ’ﬁ%igggme@ﬁﬁnIEH'Plnh\ﬁﬁfch the Kirkendall

trea rocesses
voids arel ghneratest. kta,rdlymyrgermatlcandf mled(lrkdrmﬁlllmeié isramffnowtedged in

the coffiflails i peistine Conmar b SE AiNEe desprbReater <

[0025] is an unav0| dabl e pr obl em so as | ong as di sconti nuous
rtions of the interface exists. |In fact, at the
Therelg&athedawemm& Bumber ki capprrdpyersothad ls;dbarnumbert ofieopper layer

sounclet il REHE iR Y408 FOUBHTRkpet PR Ry osec

two-bagh abppeBpletind SyStent, ¢ baté-pated sGifade iserptdel to hé Bfiosphere
are considered to be due to the additives added

and addijtipngjly; platesl againg apeerrerslayer boundary (discontinueus fyer) will be
. t]

formed TALE wibRIHEUILS Rty BRAHb081erfrf 4 Bifou tp ity

|nh|b|tmengEﬂwat‘adds Hardly any generation of the Ki rkendal I

cknow edged in the continuously plated
Never%s&ﬁsow%geswec irkendadvoidharengeneraiack i gaas mejnacessarily
I
mean P‘%Q?r%/ wﬁ@f@élﬂee? gl?% brf nﬁl‘eéﬁfnoI%aQSr BPé@@I g/’ gpﬁ%ﬁ’& is important is
how tdooemdmr thes amioliet foé Werkenbdell Mordeeaslahluch/tasopossibIetupm efficiently

. res ect, i t he drum based two-bath copper plating
fOl’mInngg |p¥\£‘t§g(lﬁ§@é pl ated surface is exposed to the

Moreo@émmﬁé %re@Bﬁ\(gaﬂg%%%W |&tuﬁ>¢ gg%rgp'ﬁ%ﬁﬁétgg KPR I voidis will

| ayer boundary t nuous fornme
occur g manywhs, rorandreuthanatbechuniberoeit baths dtennlgyersseremmpre)t iticould be

said thik il f-bibah? uRQEBLEHE! Y
[0026]

In light of the above, the present invention provides an apparatus for producing a metal
covered polyimide composite in a drum plating system comprising an electroplating
bath, a plating drum in which a part thereof (approximately half) is dipped in the
electroplating bath, a unit for feeding a polyimide film to be plated around the plating
drum, a unit for supplying current to the plated surface of the polyimide film, and one or
more anodes facing the drum, wherein the plating zone is divided into three zones to
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inhibit the Kirkendall voids. Neverthel ess, just
because the Kirkendall voids are generated, it does
not necessarily nean that they will all cause cracks
in the tin layer or peeling, and what is inportant is
w to reduce the anount of ndal voi ds
OhS 7—%{? &65’5#“& ORRSH ﬂ?yé‘ffqré%OBH?T 9{%31“ @ryﬁ{ [fyfoamed e r%?nl.%yé’és to one

layer. | P "preYBihte fi@Intioly thl‘tlBﬁaIEéP rp‘l:rg\ﬂgggl Vlglléggdc%lm Yalﬁfi apparatus  for

p at| ng system since the
produeing rmmetalsw\mredrcpoéylmm compoaihef‘dm which frae mmn(tmmf boundaries
btwlaersorﬁm%) tlcoudbe |IH1tI StIS
etwegi 10g [SSRATHLR £ A ay‘f’récPZéjWPPHa PYIYCET St HE RS,
Inmdehi&‘ﬂypfrﬁ?el@é'tforéwﬁ 'c@@epr@\drdéﬁ t@ILfAE A lpesfoh@r the pIatlng, the
oduci ng a netal  covered polyimde conposite in

dlstanqe brvgiwaenzened asthzonept (¥idigianae &l kefivespl zaneng and zone 8) is

et RBP4 e AP EStEBfyony e e an

the pldtiigo dectyana nére grefstaplg 192 pelags de fi mto be plated
around the plating drum a unit for sup ¥ntng current

It is thetsebm%s@!ee@p sedver: thepdlischatingays mt%réaqq pimthexip-Rialed copper
layer afz?'gjntg'éﬁgrﬂgﬁgfgg ngc"f\Césn?%ésh&edéHmnqmﬂl\%' %r{é?ﬁtlcm 8f fh@%(lrkendall

nt o ree zone ne zone,
voids.t he copper |ayer or copper alloy layer is fornmed as
three |l ayers to one |ayer. The present invention
[0027] additionally provides a nmethod and apparatus for

In addtﬁ[?gl‘? Eg'ﬁjgg?lﬁotﬁ%trﬂlmﬁé’rvﬁr&%p%i’ by beﬂé‘r éiRijF@ébl‘rS‘pléfhd"Béﬂ% is few

boundari1 es ™ betwee espective
as pos&iplpewvhlcstyes becausm ppeunapdoidablé aiysno&;ltlnson‘mmterfazermll occur as

describ; il 1 Ui o e or v B Wi i bl coriiton.
[0028] between zone 3 and zone 4 (or distance L between zone

7 and zone 8) is adjusted to be preferably double or
[Examptasd t han the di stance d between the anode and the

The EfqfblesarpReEibrils PRl SH BPiebsh Fidhue i odb gefiinea

TheseCExérhﬁleblaﬂenhéie&}ﬁ|II@1@ﬂ§We driy e predehbmviehfioh @kel ifho way be
ch as possible, and |nh| bit the generation of the

imiteckneratitalln ot wardsy garays mogdificadipbs @nd aiber empsilmwé based
on theintl'ségﬁrgl\clzvaf)%p ﬁ?@lgﬁﬁ%{? ﬁ'\%ﬁ&%[]mglsh%w b%l |ﬁ8lh688 llﬁltﬂllé]g dé%trﬁ‘?nventlon

asamﬁtmmht:bumus |nterface wll occur as descrl bed.
Thus, the use of one or two baths would be a desirable
[0029] condi tion. [0028] [Exanples]

(Example 1)
There is no particular limitation in the material used as the polyimide film. For instance,
Upilex by Ube Industries, Kapton by DuPont-Toray, Apical by Kaneka are commercially
available, and any one of these polyimide films can be applied in the present
invention. The present invention is not limited to this kind of specific variety. In the
Examples and Comparative Examples Upilex-SGA by Ube Industries is used as the
polyimide film.
Foremost, the polyimide film was placed in a vacuum apparatus and, after evacuation,
the polyimide film was subject to surface modification treatment using plasma.

[0030]
Next, a tie-coat layer (Ni-20wi%Cr) of 25nm was formed on the foregoing polyimide
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The Exanpl es and Conparative Exanples of the present

i nvention are now expl ained. These Exanples are
nerely illustrative, and the present invention shall
in no way be limted thereby. In other vvords vari ous

. di ati.on an ot her enb I nent s ba on the
fim sufBitie et 3 o Blasiia et et AT & SHUKERRG! e
Subseqﬂl@hﬂﬁ@lrﬂéialtéh%dOFa?éle(Hodp%Vﬁye'r)OBf 366nrA e fcﬁﬁqe@f by sputtering.
cour se here is no particular
This qanrﬂlsetheoformedthseemr@ies@ plat;egt gt sitesionywas erformed in the
Examﬁgé i nstance, Upilex by Ube Industries, Kapton by
ont - Toray, Apical by Kaneka are commercially

Then, atMéldIrahi Baséd dwe Hathngp® felddipiativly %ﬁardtusf shoWndAFige 1 was

plied in the present invention. resent

used tprfo@ma metal Sopdctor (ayes dotal thigkress efoarmroglﬁ@sew.&ym ) formed of
copel 5% Yuth%s B, Sf b Tl s AT RGP L Ve Y g v

a coprﬁerl mlfaf@pmmgt bathhwhp:étw aiwe-laydrnfiexitsle phratrede Iwaeaprepared In
vacuum appar at us and, after evacuati on, th%@i) yi m de

the Oﬁquiﬁgf\ﬁ%s%dﬁjoé@?r faoreduce 4be nvseRer ofZanes, in rﬁ)ﬁf‘e anodes in
zone ?ﬁn@l%ﬂ%&%r&[ nggﬁha m)éN?éPB?ﬁSg’ %H& Qﬁe dﬂ%ﬁrﬁgée L between zone 3
and zq 4 wascadjudtadfto e apprtbmmtely Hjy2 of theodlsiaecpldalsetween the anode

and thg R T RIPSY et (9 YR GPPBORRRLEIRbr mod by

[0031] sputtering. This can also be fornmed by el ectrol ess
plating, but sputtering was performed in the _
As a resultpf @mmg]t:he copprerdayen basescribed bhove,t gy a slight plated layer

was (it AR YRR 2LV el R e e

zone FBRE @¥hE® eﬂ Geﬁ3§f Thefcdppee Ier waRRRaMPdrined i 4ohat® + zone 4,
of theforeﬁ ng netal seed’layer by way of

zone Tglapekzans &t | heyrassilta gre shewppedakle t.at e pl ati ng bath,

As sh#@t‘?ﬁrfgé(%lg o1t ‘%)cé;g%’ez Iéteaﬂ)ﬁ&%f@é@ﬂﬁ&%&’ﬁ@%ﬁjﬂ?&ﬁg C:} +'}one 4,

that of @@Bumi iA fe:‘dd 7Aanthatiod @e20um inzzone 8. aiBY #apeofireference, a
were el ectrically connected, ~and the di stance

coppep, plaked fayas f BO5EmIWas fermaedis zaag Js et 9fd0.8éum in zone 2, and
ebz% I f ance d between the anode
thatofa d thggﬁ)‘%gtélhr%zé) chretspgctg}re%r to formthe copper
[0032] plated | ayer. [0031] As a result of form ng the
cipper | ayer, as described above, only a slight plated
[Table 1 yer was forned in zone 1 and zone 2 of Cell A

Zor|1VDre ver1, no p& atea | §y+el Wajs Tgrrrea Ig] 7 8
Thickness 0.05 0.27 3.90 0.00 0.00 2.07 2.20
Thickness: Plating thickness (um) per zone

[0033]
The cross section of the copper layer obtained as described above is shown in Fig. 2,
which is a result of performing chemical polishing of dipping the copper layer for 15
seconds in an aqueous solution of NH3: 29%, H,O,: 1%.
In zone 3 + zone 4, the thickness of the copper layer was approximately two zones’
worth, and the thickness of the copper layers formed in other zone 7 + zone 8 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, only a normal plating
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zone 5 and zone 6 of Cell B. The copper |ayer was
mainly forned in zone 3 + zone 4, zone 7, and zone 8.
The results are shown in Table 1. As shown in Table 1,
a copper pl ated | ayer of 3.90,umwas forned in zone 3
4,  that f 2. O71| and at  of
'”te”aﬁeé’fﬂﬁ ?‘i’#%ﬁ‘é %‘ B PIRIDINGD b@?"é‘?aé?{é%ye%OUE{;E%@PsﬁW&Ped
[0034] | ayer of 0.05pmwas fornmed in zone 1, that of 0.27/rm
in zone 2, and that of Opmin zone 5 and zone 6,
Subsaqeleptéy;tthkaectqppe[r M]waq Eﬂ@ged tQ]folm raecinclmt amnd4a tn @Iale@layer of

tin pla-ﬁﬁbcbé‘lﬁséf AL5a1 ’Pﬁarﬁ&’fbét‘&?@& Nllmo N/ﬁﬁln O&GME%%R 50°C for 3

hé cross section of the copper |ayer o tal ned
mlnutéﬁsﬁcﬁerbﬁd foveguing tin plating, the Ecbmperiiayervmw bnhéaladra‘tsllﬂ(l’c x 12
erform ng chem cal polishing of dipping the copper
hours,| @mgtha‘ oiosg5ecien ovasobservad afnisciiess eecnorbts gimilprgga result of

vt RHica e 505 3 Sooel I8N 63l i an

aqueo@BGolintdfi NI @698% qﬁzmm %Omé?feéuﬂ}z Qe sh@wmﬂ Fid! 3t her
zone 7 + zone 8 has hardl difference, so it is

As shewh dre fiig. th4twa smal mrhem@@lgvmdaéwmeéa copfirnee At the poundary
sectioh’ 3 h%elé‘ p?éctlwil%y{eﬁst éﬁ'n?@eeﬁag%rs ArRBe é@?g do I%Wéﬁoaall voids

norna ace s ‘obsérv and

immediately alesie meumjfprey lay@yer could be observed. [0034]
useﬂuentl% this copper | ayer was etched to forma
It is evidlend that thenRresent WVEP s ia;g@ypeatpr toa%‘ﬁr%ﬂVﬁﬁF%ﬂ‘%l technolog|es

;
wheregpéqmn‘ﬂ?egrl tcﬁ?ﬁd&id%ﬂ?mrxeﬁ%ﬁ?ﬂdgggéﬁb @El’jﬁ% %h oBbkr BYers (at
least atﬂhmfrﬂertfmeedfibwtunl{ayerm Blamgmsﬁidbablylha';gmt 50C for 3
m nutes. After the foregoing tin plating, the copper
[00335] | ayer was anneal ed at 120C x 12 hours, and the cross
Examy’éé jon was observed. This cross section is simlarly
result of perform ng chem cal polishing of dipping
Next, aaewdbplﬁmmpbyér therdrum-basecthdwoi hafartypaqejeotn@plating apparatus
h soI }E 90/ H202: 1% | ag bts ar. sao d
shown if Sg "éas Reed i, for WGF?%DP%‘P?‘F ?V%we{ praiT R SHeleh fo reduce
the nuret of Z6¥es IR G110 Hone®andzoh & 4 Wérenslactvicabesdnrmdtte®fand the
t he respectlve Iayers (three layers). There were no

distangg Lkketwgen zanedd andaens 4t\way aduts\t%d tmbecanppseximatglyr1/2 of the

tantd RS OB AT PERIPE PR v coppr paed

layer; and, in Cell B, zone 7 and zone 8 were electrically connected, and the distance L

between zone 7 and zone 8 was adjusted to be approximately 1/2 of the distance d
between the anode and the plating object.
As a result of forming the copper layer, as 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 results were the same as Example 1.

[0036]
Consequently, the copper layer was mainly formed in zone 3, zone 4, and zone 7 +
zone 8. The results are shown in Table 2. As shown in Table 2, a copper plated layer
of 3.90um was formed in zone 3 + zone 4, and that of 4.27um in zone 7 + zone 8.
By way of reference, a copper plated layer of 0.05um was formed in zone 1, that of
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where the nunber of abundant Kirkendall voids that
arise in the ten copper layers (at Ileast at the
interface of the ten layers) is considerably high.
[0035] (Exanple 2) Next, as with Exanple 1, the

drum based t bat h-type el ectropl ati ng appar at us
0.27H10HB\GINE P Fﬁ”&\.qﬂﬁt aitdyﬂﬂéfgéoﬂ% of Q%Gc%ﬁﬁg&'\fﬂllét ed
[0037] | ayer wherein, in order to reduce the nunber of

zones, in Cell A zone 3 and zone 4 were electrically
[Table&@}nnect e_d, and the dist ance L between zone 3 and zone

t+ A hao Anney Ay —antalyv1/.2 of + hao
A\ | -l = \w A | cprre

U J U.PPI UANAT TITOY

déstancle dlbefweén the ahdde and $helpl :ﬁtinF obj &¢8 in
Thicieesst jo 4.0F m|t he7copper3.99l at ed 0.0@yer p.oand, in €et |
Ttﬁckn%?ﬁ@la]in@%c%@&?w%)‘ﬁr?on%l ectrically connected, and
the distance L between zone 7 and zone 8 was adjusted
The cross sectipmobHeneopper layer alftainkd asi desonibed dibovetisvebownlie Fig. 4,
. anode and .the plating object.. a.result of formn
which J 8 i Retiriing, SRedetal molis Re Rl TPRRpy RS PPghiever for 15
seconB@$ ¥ 8A dqakBls sBRSioh OF Nds: P99%Z HD,11end zone 2 of Cel |
A. Mreover, no plated |ayer was formed in zone 5 and

In zongohe BORST 4cthe thicknase ofdbalaoppaefayer assapproxinaelhiwae zones’

wort g Q938 1 E300RRENHo o BRE i U ey B zone o

but the esickriessadfahe lcopper layépdhas Rardhs appdifferencd a9 ieis2evident that a
per plated |ayer of 3.90Nmwas forned in zone 3 +

uniforr%ﬁ%éewya%ﬁmm%t of 4.27pmin zone 7 + zone 8. By way
Betwe?é r(fn@[jﬁra(ﬂ?n‘:@ell %1 ‘ﬂ?e[ﬂq? rzd(ﬂe%t :’i% %Qég %oﬂ[a. 704-%5%%‘@?1%@& plating

in zone hat min zdne
interfacb atasodbsErved i andzoo eréminetit boorddry laysrmecdd belopserved.
[0037] [Table 2] F Zone 1 2 3+4 5 LLL 7+Thckness 005
[0038] 027 E 390 00 4.27 Thickness: Plating thickness Cum
o i fiat : -
Subsebnt s iRyt 5/ 35 Hehello i SLERTI AU in gt avr of
approxighately €s3m wds pdditionailynfproieendrctile pappes lineyit dly dipping it into a

. di ppj ng t opper |gyer for 15  seconds [n an aqueou

tin plalpBLeRBObATREEE hanktarbeed bRy SBRB0ss MERHE B SO for 3
.. th hi,ckne f the co r lLayver was approximatel.V, ono

minutes, A 15reGg Mot BieHRBD fHe.cShes R oRRR a8 adRpfR 120°C x 12

r‘ . r‘ " . .

rours AR B NS Secoh i B THE o SofIFmIRHY a resut of

performirfg ehemieal polishind of edipgingt thehaopper dayerofan 15ysaconds in an

aqueoLg Ir's,gFuqi'on of NH3: 29%, H202: 1%.

The results are shown in Fig. 5. As shown in Fig. 5, (one) small Kirkendall void (KV)

was confirmed at the boundary section of the respective layers (two layers), and
another (one) was confirmed at the lower part (boundary section with the metal seed
layer). There were no Kirkendall voids immediately above the copper layer.
It is evident that 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 considerably high. In addition, in comparison
to Example 1, the number of Kirkendall voids was reduced even further since the
discontinuous layer of the copper plated layer was reduced.

[0039]
(Example 3)
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Between Cell A and Cell B, that is, zones 3 + 4 and
zone 7 + 8, only a nornmal plating interface was
observed, and no prom nent boundary | ayer could be
observed. [0038] Subsequently, this copper Iayer vvas

etched t rma.circu ati t ed
Next, £ 6A@iphae s Rististncdaitdnsat Famaaple By Biencorrs mﬁt@d layer was
I t [ [
formed RRRRIUEAE eI inEufHeRRofdoht 1idlQedne 2! | flrfibi i ucrent o
zone 1 @nd¥zone 2uduramyAinades pmepbwcbg/dhr@ msulablhgtma@rlai irethe same

| | ed t 120C 12 h dth
e RRSchBHTe EUEEPA oER bt LB T ™
As a réwﬁ bﬁ’bl'rhlr@ th@%é'pbepfa ePfi‘rﬁ Ué'll'ﬂ RoplahRTbgel wh® hbBfori@d in zone
l'ayer for 15 seconds in an

the co
1 and Z@uééﬁén gelditionoin 59" ﬂ-alsoze%lauagdayemwas nPhEprmesiintzone 5 and
zone@re shown in Fig. 5. As shown in Fig. 5, (one) small
i rkendall void (KV) was confirned at the boundary

Conseigehtipra ebppérelayes pestiorfed dy 2bhe (3 Waronay£rand zéMél 7 + zone 8.
anot her (one) was confirmed at the | ower part

The regtignargr §hawe tin oleblg Sn Aseshewnlinskeble 3, & eppperThigied layer of
S i.m o) f
w25 RS SBUBLL RS, ALY CL KA e S 28R,
By wag wf e¢fieende) ittvas o@mviardoneniahnd eche @l argi @3m inxene 3 &ed zone 6.
nunber of abundant Kirkendall voids that arise in the
[0040] ten copper layers (at |east at the interface of the
[Tabtlé’ﬁ | ayers) is considerably high. I'n addition, in
ari son to Exarrpl e 1 the number of Ki rkendall

voirdg—wasTrgduced—even—furtherrsincethe
Zgp& cdnt i huods I%ypr of $hé rnp\ppr 5p| edb| ayer as 8
Thigkeessded.0d 0039.00 ( Exanpd.es 3) 15 dNeat,| inoaddi ti aed o

ThidkesIFadtingdnieds i Mngerctfonbxanpl e 2, the copper plate
| ayer was fornmed upon turning off the current of zone

[0041] 1 and zone 2. In turning off the current of zone 1

e oRR8 gEELEn B AR BRI B .

which tidia resunadf perfadesng ohémivzl boﬁﬂ@in?%ﬁﬂﬁpm?ﬁthé doppel tay@r for 15
form ng the copper layer, in Cel ated [ayer

secondgin ﬁ@taqpéPH%éo‘?Jﬁoﬁ&ﬁ&Halzgrﬁi "hgae1% In addition, in

In zon@% ' ﬁ)r?éeﬁgthe?:torﬁéﬁ{e%g cifﬁy,grcg\ﬁ@op r{v%%?ﬂp\%%irﬁ%@ﬁg@vo zones'

worth, lamdzmwag the mmmelss afrthe mppeﬁlayemﬁwnad in Bthferrzemlel 1 $ zone 8,
e shown i shown in Tabl e

E Tabl e 3. ppen
but the;higknessgjdre GoPPar e omBaRly Ao cHisranie 59 i I eyident that a

uniforrftl duddfrnelg. 4- 251imin zone 7 + zone 8. By way of
re ?)aé;rence It was Opmin zone 1 and zone 2 and Opmin

BetweenielbAand Celh 8, that is, zones 3 + 4 and zone 7 + 8, only a normal plating

interface was observed, and no prominent boundary layer could be observed.

[0042]
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
tin plating bath of AT-501 manufactured by Nikko Mining & Metals at 50°C for 3
minutes. After the foregoing tin plating, the copper layer was annealed at 120°C x 12
hours, and the cross section was observed. This cross section is similarly a result of

performing chemical polishing of dipping the copper layer for 15 seconds in an
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[0040] [Table 3] Zone 1 2 3+4 5 6 7+8 Thi ckness 0. 00
0.00 4.25 0.00 0.00 4.25 Thickness: Plating thickness
(um) per zone [0041] The cross section of the copper
| ayer obtai ned as descri bed above is shown in Fig. 6,

erform ng chem cal polishing of

aqueoalﬁps&m{ cﬁé\l@%#ﬁe@%éﬁ 2] /1c’)or 15 seconds in an aqueous

The re%@nlt!a”a'ré’@h@sfvn VB ig. 79%Ks WA mfF@)? IHd Kﬁ%d%ll*vdd’é‘ﬁ/efe observed

the thickness of the copper |ayer was approxi mately
at thet houndamys sectiasr i, thentespectivs layerst ﬁwokiaqess)ofattﬂlw lower part
per..l avers, forne zone 7.+t zone 8,
boundg ErafYEESns P ERE sy AR of EBeficle Fhg s fobper tayer.
It is e\ﬂdéﬁﬁhﬁﬂﬂ'fé pre8eht ln'vénﬁdrh f’s.efé"r sb fioto thei dopfvehtieya te¥@fologies

forned. Between Cell A a B, that is, zones 3 +
wherehg fuimbsfeof abungant Klryeladadbvmds thatzarisegn thatten cappenkayers (at

ot 0 Eec BEBRCPLEIRATIE cRISELH Nl A 1 ot

to Exaﬂnplleeﬂ the hambed ofi Kiekéridallavsld@ wash redudeeldeV@y dlirtiedr since the
pr oxi mat el ¥h 0. 3famwas additionally formed on the

d'SCO"E'GHB@ layier ofithe eRPRArMhateg Iayeriwasreducedn pl ating bath
[0043] of AT-501 manufactured by Nikko Mning & Metals at 50C
for 3 mnutes. After the foregoing tin plating, the
(Examptpger | ayer was anneal ed at 120C x 12 hours, and the
Crpss sectjon observed. This cross section is
Next, i Grimsprsed, oRghth-Tvte clRatioplating ARARIAILEAYaR disedtandya copper
plated oy S ORES M RP WRARFH S8 S S AR w3 P BzohE ARrddr to reduce
the number@mmnea; rBpaifically, theresiscamly one Eogpef7layep Ki r kendal |
voi d bserved at .the oundar sect,ion of
Conserqélgaﬁ\évﬁgecqp%%rlgy?rt WS fgg;’ggg)m ogle C'b\‘,%,re?;.g}st are shown in

Table 4 WQH@W irPEatIE ) aVMopreF Bl%tté@la%r §\e€@0hfﬁ’\%% forﬂ*ied in one zone.
i e |ateI%/ above the copper |ayer. is evid

The cropasectien p tt@ecmppaﬁ\keyﬂnczhtamed faard@gcpbed @bowve i |s Bbown in Fig. 8,

i 558 R85 52 SN EGHRTEo Lopres sy o 1

secondgireas agagous salsitionlof NMy: RoveH,ace19. the ten layers)
i s considerably high. In addition, in conparison to

[0044] Exanpl e 2, the nunber of Kirkendal |l voids was reduced
[Table ven further since the discontinuous |ayer of the
opper plated | ayer was reduced. [0043]

Zone 1 2 3+4 5 6 7 8
Thickness [ 0.00 0.00 8.50 0.00 0.00 0.00 0.00
Thickness: Plating thickness (um) per zone

[0045]
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
tin plating bath of AT-501 manufactured by Nikko Mining & Metals at 50°C for 3

minutes. After the foregoing tin plating, the copper layer was annealed at 125°C x 10.5
hours, and the cross section was observed. This cross section is similarly a result of
performing chemical polishing of dipping the copper layer for 15 seconds in an
aqueous solution of NHs: 29%, H205: 1%.

The results are shown in Fig. 9. As shown in Fig. 9, only one small Kirkendall void
(KV) was confirmed at the lower part (boundary section with the metal seed layer), and
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(Exanpl e 4) Next, a drum based one bath-type
el ectropl ati ng apparatus was used and a copper plated
| ayer was fornmed with only one cell and with only one
zone in order to reduce the nunber of zones

ecifi there is onI er Ia
there ‘('%F?s@% @%@P all ygigds dppisdiate yé?o f%QPHEU aYRf-one zone.
It is evTJi‘@ntrtﬁéy{HeS r%%@nﬁ?\%ﬁtléﬁ‘ls F@hégﬁor tﬁsthﬁrwmehgoﬁﬂqgﬁrénologies

4, a copper plated | ayer o /um was for
wherezbasumbidreofcamsxiast Kirkendalf veitle thatgrise indherten lnroapaekayers (at
crlbed bove is s

least 4t n FRElEE B AENIER 1oV kLR CarlsiadsBy, ap, ibraddhids? 1§ copparison

to Exé‘rﬁl_glée‘l ty AUt FOKirkeHdINNoidS S PER@ESevén lﬂ&ﬂtﬁ’é‘r ﬁﬁce the
9% H202: 1% [0044] [Table 4] Zone 1 2 3+ 4

disconginuogs layer ok theseogpaylateddayervasregiiced0o 0 00 0.0
[0046] Thi ckness: Plating thickness (um per zone [0045]
Subsequent |y, this copper |ayer was etched to forma

(Comﬁaraﬁ\m Exampte ) tin plated layer of approximately
0.3pmwas additionally formed on the copper circuit by

Next, @& pglyﬁgqu filmtwag cantinuguslyi ingrogHeed dntoagoppantional ten” copper

' C
platlnqLBinllljl éﬁ&' A?ﬁj %P%"eﬁyg?%gté;ﬂ)rﬁe#%rf rﬁ %ﬁécfénof fte p;;"olylmlde film
in a zigzeer AswithrExemhsie 1«’;11the165§bmaﬂ@n 6f tﬂwﬂlrleendulid/didlueare shown. In
cross section was observed. This cross section is

the forggRing:6ase. ihe averiegedhickpess of Ane: [averwasaRPravmatalyfydum, and

a copg¥r YRR prPTERAY Sl RS ol 3 1R G (op gReg favers.
The crass sebtiomof thefopped layas obtaived as desgibed atmﬂqnscstnewn in Fig. 10,
.. small Kjrken VOi S. f r ned t t he
which 32 reptl ot sripraund eBsmisa ol RanGeil 4iPREB AP pdppr ke for 15
seconég i BArRUEBLS é@)‘ﬂjtl@rf SENAZ 299%0HID,! F%Ed'ﬁeebMea%H&ltlons were
t he copper |ayer. i's evident that the pr esent
the samevasExampies1f ar superl or to the conventional

0047 technol ogi es where the nunber of abundant Kirkendal l
[ ] voids that arise in the ten copper |ayers (at | east

3ubsequehﬂve thi%tcﬁfpfp@@ faydlr wateefchBd!ta)eims a difcuOBRUdetiRPlated layer of
i gh. addition, in conparison to Exanplel t he

apprommﬁiﬁ@v 0@$l1rﬂ| waaadditipnally fpsmedon theeanpes\cigult lhytmeplng it into a

i pehCBat 6t AR TAAUSHE LS Mol D BRRRS Rl %0 for 3
minutég'??&ter thePfdr ¢&hg%nfdléﬁﬁg"'{‘ﬁe E8PpAMHEPSSWYs 'aHhéQI@HCaGEq 25°C x 10.5
I'n onal ten pper

0 conven
hours, and the cross section was observed. This cross section is similarly a result of

performing chemical polishing of dipping the copper layer for 15 seconds in an
aqueous solution of NH3: 29%, HoO2: 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.

As described above, 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.
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pl ati ng baths, and ten copper |layers were fornmed on
the surface of the polyimde film in a zigzag. As
with Exanple 1, the observation of the Kirkendal

voi ds are shown. In the foregoing case, the average

t hi ckness of one| raxi y 0.511m and
a copper |ayer oF“@ﬁ%ﬁEﬁ?ﬁé?@ﬁQeéﬁﬁi s forned as the

[0048] ten copper plated layers. The cross section of the

copper |ayer obtained as descri bed above is shown in
The nretgl covgredwpolyimide eompesite, ethes: obPredidring dhe ccamposite and

apperh- 0 BRSPS BBes Fahon 3 HEERNS reven

peelm%tlﬁ%r n6Radhbsive Slexsle Iarhhr%té espatiallpxanpbaayer iddddé]laminate),
ubseq uentlgp this copper |ayer was etched to forma

particarty: gan effgatively inhibippgeling Trasnethedmte rfagp Qe GRRPEr yayer and a tin

pIatm% %g P %érlog'@técﬁoff e[ﬁga%!;éawﬁnﬁfb&%e Cé&ﬁégut)n Wrength.

Thus, tive pfesent ireedntipn ié kl&efm/laelmgoﬁealuhteaive fwxltB@(lhmmté that is used

m nutes. After the foregoing tin platin he copper
as a mayeingyaAtarA el %lecapmfg@@gowtgpsur%m%ga debl6 it substrate,
TAB, GORSS section was observed. This cross section is

simlarly a result of perform ng chemical pol i shing

of di pping the copper |ayer for 15 seconds in an
aqueous solution of NH3: 29% H202: 1 % The results
are shown in Fig. 11. As shown in Fig. 11, numerous
smal | Kirkendall voids (KV) were confirned at the
upper | ayer surface of the copper foil and at the
interface of each of said |ayers. As described above,

t he nunber 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

bet ween the copper layer and the tin plated | ayer. 18

| NDUSTRI AL APPLI CABI LI TY [0048] The netal covered

pol yi m de conposite, nethod of producing the conposite
and apparatus for producing the conposite of the
present invention can effectively prevent peeling in

a non-adhesive flexible lam nate (especially a

tyro-layer flexible lam nate), particularly can

effectively inhibit peeling fromthe interface of a

copper layer and a tin plating, and yield a superior

effect of being able to inprove the adhesi on strength.

Thus, the present invention is useful as a

non- adhesive flexible lamnate that is used as a

nmounting nmaterial of electronic conponents such as a

flexible print substrate, TAB, COF
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19 CLAIM5 [1] A netal covered polyimde conposite
conprising a tie-coat |ayer and a netal seed | ayer
formed on a surface of a polyimde filmby electrol ess
plating or a drying nethod, and a copper |ayer or a
copper alloy |ayer forneg tﬁ@reon by el ectropl ating,
wherein the copper plat AMPer or copper all oy
pl ated | ayer includes three |l ayers to one |ayer of
the copper |ayer or copper alloy layer. [2] The netal
[11 covered pol yi mide conposite according to claiml1,
erein. the .tie-coat layer is.one e ng nicke
A metfh S PdRie SOnoetP Smiitd & IRl TEDRE ciA dnetal seec
layer f6h8d bnd s W¥acePdith bB§imREIIMIRLsletPyBEs batihgRIe dfing method,
copper alloy. [3] A’nmethod of producing a mnetal
and a coppeelaygsioy ianterper atioydayer, forned dheregnt ky elesirapleding, wherein

e cobbFE 5304 947 r DB D GFAELIAEHEIAED BreLBEF fbne over

of the ﬁepﬂs@da¥ém|a§odp@y@n5ytaye@ne | ayer of an el ectroplated
| ayer of copper or copper alloy are additionally

[2] formed thereon. [4] The nethod of producing a netal

The nﬁgleég\gergglt%d.rl | Ge %%ﬂp@?titﬁea@éb?{i’lhgit'&gclhﬁnq,e\ivﬂér}gll the tie-coat

erein a or m ng I'e-coat Fayer and’a ne
layer isesrie hypeeamoanganiskelf aheonoiing cabelity inidkee afloy, eHegmium alloy, and
el ectro]l ess plating or a drying nethod, an
cobalt gllgytgnghing regtal é%g lyfer iz g roscoppgpeloval 1 oy i s
13] formed by dividing an el ectroplating zone into one to
four zones when feeding the polyimde filmwth the
A methoc ot peaducingea naetdl cevered pedyimicdey eompbeiterewherdear afier forming a

. round a, pl at| drum and perfqorm ng el ectr.opl.atin
tie-coat{gye 410 Pafietal SeecBUeIoPn f ST 2P AYBHde Sin Y electroless
platingdor & Hiaﬁiné’ ﬁthﬁ'od,Wﬂﬂieel'aPe%f to&ne 18787 arfeleerBBlateflayBE bt copper

or copper alloy circulft by way of etching using the
or coppet alloyarecadditignallyifofrded thereposi t e according to claim

[4] 1, tin plating to the copper circuit or copper alloy
circuit is perfornmed. [6] The nethod of producing a

The m@icd of priethgPa iétal 86veretnlifrfdere6Mpdsitg aceorivyg &elaim 3,
of claims 3 to 6, wherein the electroplating is

whereife pfter d@ning arlie-epat: layepanssa Mefal 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.

[3]

A method of producing an electronic circuit board, wherein after forming a copper
circuit or copper alloy circuit by way of etching using the metal covered polyimide
composite according to claim 1, tin plating to the copper circuit or copper alloy circuit is
performed.

[6]

The method of producing a metal covered polyimide composite according to any one
of claims 3 to 6, wherein the electroplating is performed in one or two baths.

[7]

An apparatus for producing a metal covered polyimide composite comprising an
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An apparatus for producing a netal covered polyim de
conposite conprising an 20 electroplating bath, a

plating drumin that a part thereof is dipped in the
eI ectropl ating bath, a unit for feeding a polyimde

mto be Iatedlnthat a tie-coat er and a neta
electr@f&wg RaHy aavlat%ﬂrma g dhatias par thereef @ﬂl@peeﬂm meeg@ctmplatmg

bath, &;'ugft 'f&gfe%l M{Xﬂﬂlld@%rtr‘ﬂg B Q4 mﬁﬁﬁt 8 lt@tdorég laS{J v ag 2 metal

uni t ing curren ated
seed layer e fpormdrumhds s:ﬂnfaha:e hyeledtmmsg Manrmgibr bajrgingandthod around
tal seed | aﬁer forme t her one

the plfigeiryi Ak orruh wmﬂacwsm 3 todhe riaiBd 3derh o Histeolyimide
film wﬂtl‘i‘tlﬂal t{é-%ﬂt I bPaﬁBﬁ"n 181 &84 | med l%'eré_é}? \ﬁWé?%fnatBh’é or more

for producing a nmetal covere po yi m de conposit
anodes@re rset toegface tioé drum, é’nd thtecplating zowe & @vldedphmmnagto four zones.
8 bat hs are used, and the plating zone is divided into
[8] two to four zones. [9] The apparatus for producing a

The aﬁﬁér&tus?fb‘f%ﬁ'@dhd?ﬁd; W e c@Oéﬂé@%dlﬂrrﬁ@@ ebRpdsite %c@bﬁil to claim
wherein a single electroplating bath is used

7, whetrél@ tyoaleeippiating bathsiare wsedi andtherplating Zovisdvided o two to
four zones.

[9]

The apparatus for producing a metal covered polyimide composite according to claim
8, wherein a single electroplating bath is used, and the plating zone is divided into one
or two zones.
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