DESCRI PTI ON METAL COVERED PCOLYI M DE COMPOSI TE, PROCESS
FOR PRODUCI NG THE COVPOSI TE, AND PROCESS FOR PRODUCI NG
ELECTRONI C Cl RCUI T BOARD TECHNI CAL FI ELD [ 0001] The

present invention relates to a netal covered polyimnde

conposite for use as a DBESCRIRPIOMterial of electronic
conponents such as a flexible print substrate, TAB and
COF (Chip on Filnm, and additionally relates to a
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CONPQSBITEAANBCRRQGESSiADR FROPEICINGELEQTRONE) CIRCUIT BOARD
whi ch netal conductor layers primarily formed from
copper are lamnated on a polyimde film is broadly

used as a circuit boaygcpen atieLp the el ectronics
i ndustry. Anong the above, a non-adhesive flexible
[0001] | aminate (especially a two-layer flexible |aninate)
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wi dt h,

a met hod of producing a non-adhesive

0 As
and GQkKj (thp |an$=iimo eand raggiianatly| refates rtona gathesssy for producing the

[ | ad nat modat i.ng _f i ne
comga i 1= SRR B BRRREYE 2l o RERERES R Ra et a 1 21 ng
nmet hod of forming, in advance, a tie-coat |ayer
configured froma material having favorabl e adhesi on
with polyinide on a PAGKGRQUNDIARDY a drying nethod
[0002] such as sputtering, CVD, or vapor deposition and a
; netal seed | ayer as a conductor of the cathode/current

An FQCL (fdexsibles@appert Clidelcimimiate)! im@hiechaness conddctor layers primarily
reafter forrn'I er filmto beconme the

formes TR COPPPEE ISHINGHRD Bra pOUTDIE HhyoRigagh used. as a circul
boar& heRbFQNh e @%cﬁrﬁijfc%}[in&@ﬁgﬂ %%%{rﬁé AoV alﬁor}-hahégﬂlec‘ flexible

nnetal 1 zi ng netho or er esi on streng

lamirgie Wespedidlly adwatlayaryfexikiedamiratglolhat diods rfat imglude an adhesive
A R F N e M—
of fineNBiteHY FthBitEGit Widd'Ridiyr face and to inprove the

surface roughness prior to formng the netal |ayer

[0003] (refer to Patent Literature 2 and Patent Literature

As ag)metr[oQP%] 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 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
Gengrallyaghen mredoobing aemeﬂaj/ layer faor mptgylmmmhalbyeaodrymg method
t he imde filmsurface so.to rou
suchsﬁp

B8ing, T dmaroBtelt FoROTSYRR AKePEgIg Rigperties is being
soug’#ﬁ througRdhé Keleetioh BotHe |ﬁﬂ§?l%?ér MiHhéHa l??‘?@ﬂ’o@ n{/@i/é?éture 4).

hereon (refer to Patent Liferature 0005
In aﬂ@tlam, pwposed ipc yolimisiec et e metal dllmefonsmdz insTAB or FPC
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the $wfaue); fomhing £ foukidionda ?@r ﬂ'fé?ébﬁ én&'ard@iﬂdnaﬂ@tféﬁﬁlﬁg a copper
tin plating is subsequen per f orned on t he copper

Vapqr%ﬁ’s'ﬁléﬂrﬁ\fﬂj thereopi (erarto atenémeraaufe Hreat ment such
[0005] as solder resist or resin seal is additionally
performed on the tin plated | ayer. However, a problem

Whehnra hiedél ¢dviesed ipolyirhRieegorhpysite ipto wabe@@w fouftiRBirR4terial of
cayse of such peeling is the Kirkendall voids (air
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portions where the copper 'plated | ayer boundary and
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amorl 3t Bl ol e 40 A, B FAEBLPBIEIA Thin ne
electroplatlr(gxarrtertt)cohbﬁbns%haﬁge ‘tahsiaerdby Whlebébmﬁ@ Eo@per plated layer
el ectraopl atji ng baths 06] As a nethod of overcom ng
boundgdes yyhaysi Iﬁg)ttsw@m With lngrezﬁs@sead ibe goneentsatedteasdyni ﬁg\ce the
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ura[lt%at%g | ec roI ytic baths (refer
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perfofrges shitiF e iahialing hedafiandad Veidryil arise at least
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vert hel ess, In or egoi Nng case terature
[0006] 6 only sees the tin covered on the uppernost |ayer of
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face in addition to t e upper nost ayer 0
layer jusingithe: same electtelytic ibagin ateoppesiptatingafiloo ppbe ﬂoemed using a

o ke B 6L BT o A SRR g
analizad tha R KirksHddll @iidd ealides thefefify. Accordingly, the

probl em of Kirkendall voids arising in the bonded
Neverthel65$,alaethgff0tqg@lnmcasep| Rateppbiteratuig & enlyriees tham govered on
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copper layer in which only the uppernost |ayer is
thick, the other copper |ayers nust be nmade thin by
just that rmuch, and there is a problemin that the
bal ance of the copper layers will be [ost. [0007]



In light of the above, a zigzag-type electroplating

process that requires nunerous electroplating baths is

undesirable, and it is preferable to reduce the nunber

of electroplating baths as nuch as possible. In order

to obtain a plated copper |ayer of the intended
COPR%WHE@@MQV&H%WVt@tfb@{ﬂné@m thedindayerswillibe deposited on the side

faceqﬁ%%ﬁ%rnytottﬁe ru‘ﬂg ﬁnb&qagélaéf' tﬁg Sﬁgére ntlrp]%gﬂﬁl hY as 388chtbd later,
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an el ectro per orm ng
multipde pepper layensgnine Iayerssn rtha&xanﬁlmef Phte$\t maem@re 6) and the tin

enabl es. to nove and cat hode closer with
Iaye%é’\??n@mdi)@?ﬂrrﬁéﬂt‘!@g In éﬂedafgort, Heithed SORBEGIaYAT Ly wngch only the
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and to“control the di stance const ant
and Hede dsaa pookdem in that thedsilance ofdhe woppesiayersewitiurer lest.

density. Mreover, as a result of noving the anode and

00071 cathode cl oser together, the flow velocity of the

In lightadfi the wa‘é f@'ziﬁz'a@ ?Qé léléélfbméﬂhgab?&é%@ mﬁFrrS%ﬁR% numerous

eaS|Iy, and this 1s also effective i n increasi
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withoatt thavimg dieiurmnceaemmhtqs the waqnmgaepbturmngdunnmhe ﬁeedlng of the

fim 18R e Betnpos aheE Bact b e citands: PERRIRN bSifgen the anode

and cxIRgge Qh@f‘[ﬁﬁ&blétdjinﬁfe%s%ﬁhe%%ﬁf dehsityed 1 ayer is
forme nd the inpurities will increase and be

Moreguek 18 Aatasult T meXingofhse Anpdetand catynedeb@oseratogether the flow
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effectid iici inbmasirgy tiee durgrredéngtyof Adicéﬂﬁﬁglvgtﬁ@'@ﬁﬁﬂ%lectroplatmg
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methpd |§@ﬂ¢@tl\é@@bm@ve g, thgsingreaseuand copeentiatinrr obimpurities, and

thereﬁggiféﬁfeés"fwga1 ||db Eﬁ Kflr?Eﬁdé’l[ a@E%g [0008] ~In

d ng material around the
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position, a proposal has been nmade of
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ate 45 OcbRoPlfig ket A oh B 08, RUEE v ke oplaiping e

electrapthtmg@rpbes:a M@ memhs(eedflayertforrﬁ’ed entthépbmmtderwrfé)ce is unable
hat, the increase of jnmpurities and t
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sot 10185 M S B HITRR Bl B phirpihy oY 3plias, artd R Rlertt defsity to the
respestive) aenes isdecibg cantrellechindependenttiyof t he current
density for each anode is troublesonme. In other words,
besi des the supply nethod being unclear, the flow
velocity of the plating soldtion will be disturbed and
it will not be possible to ensure a uniformflow
velocity if mesh or the like is disposed.
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| am nate (especl al
arisein onlaventmna&y, liry cowderfatlentafmé pradmbtlm taffl@widyn@ fdedimg method
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[0008] present invention provides: 1) A netal covered

in Qi Wl FEREE oG EE it o i, 81 paidning plating
uporf ptovidii ? aheaés at ﬁ}%sopiﬂo%tddﬂoéi’ﬁorﬁ adﬁrb or %@ﬁ%n rﬂﬂge %f maklng

copper ayer or a copper all 'ayer ereo
the spase; befwiesni ong anpde &ind H”Iﬁepla’tupwdrurpltattmidifw]emt for each plating

areaCBPstfg)?gergg d e%@l’g/ %2%8 {rgé%{rggw {;@raeriqt*eoé gZ%platmg drum

(refer mlﬂaﬂemg_lteramﬂ@ it r Aty BPpearhalthé IAYEadd BF inMdudtRd and the

undary of the copper |ayer or copper alloy |ayer

ge”%@ﬂ waﬁ‘%%ﬁb@?d&l"a%ﬁis 6an é@pﬂbhbltad Ioyyredugiag the riumatery of plating

bath$ayers to two layers, and no concentrated portion of
Impurities when the copper |ayer or copper alloy |ayer

Howewera thisnigea isawene,allsutd siiceThemardlplpropyseethe sl 6 dRe anode
h 1) above, wherein the

becayﬁg 8%3.{0%tra 9 rtr?l% rc]:gr{tg%{ ggégmgqut’bﬁ@pde éh trenblegome. In other

word§0%%tdesniﬁ"ek§bp;§|§/| ﬂéthﬂ‘ge'ﬂguﬂhaéépﬁhe%%@é% of the plating
a : he netal see yer 1 s’'copper or co

solutgm \U be[ @Ietm!ped' Aed it wilevot bierposstbile to edslirei aaaifdyn ﬂow velocity if

mesrPBPYHedﬁﬁe is disposed. Specifically, with Patent Literature 1, mesh or the like

will become an impediment whereby the flow velocity of the plating solution cannot be

gk

controlled, and it will be difficult to ensure the uniformity of the amount of
electrodeposition in a direction that is parallel to the rotational axis of the drum.
Aside from the problem of Kirkendall voids, this idea relates to the problem of plating
uniformity, so it could be said that it is an unrealistic method. In addition, this
technology fails to even recognize the problem of Kirkendall voids.

[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. 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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3) A nethod of producing a netal covered polyimde

conposite, wherein after formng a tie-coat |ayer and

a metal seed |layer on a surface of a polyimde film by

el ectroless plating or a drying nethod, three | ayers
5. Japanese Patget Lajt-Qper PablicatiphdN@#6-2461940f copper or

. i PR B LA BB o Y

7. JapurieediPitent ICAATHER PhSFca‘?i%htNl&QOQf-QOWEH?i ties at the

boundary of the copper l'ayer or copper alloy Iayer
when the copper |ayer or copper alloy layer is three

| ayers to two | ay g‘iﬂgd portion of

i mpurities when tﬁié%@ggﬁo%?ﬁ&%@ per alloy layer
[0010] is a single layer. [0013] The present invention

further provides: 4) The nethod of producing a netal

Thug,od rbie@opfythe Beesesimiventionascier pravide @ pretalgeayened)polyimide
comB3BKEwUBER BBl FRE BT BeBubd 5 50n HRNESYE e rarminate

(espetiatly aaedaye fidxililg lahinate)! Ahd gaﬁﬁhm@,caﬂ%ﬁectively inhibit peeling
el ectropl ated | ayer formed of copper or copper alloy
from; We; iptariagensyfl AiCPPALNIRYEh aBHdin P&ing: RAgvelbas proxide enmethod of

. . ' | vim il ith . th

o SFSSUIRY 4 Lot IBaREDH Al oble
[0011] around a plating drum andf per f grm ng el ec: rloplcgt/:spgd

h . 5) T t hod, roducing a netal c¢
In orf8F e Hitieve bipyRtedanacbisctit %W%‘S%?’a@"&lﬁﬂ Paguides:
) PRt iR RO LR oy and a me
seecglawpfﬂrﬁ@damn el swtacenofca potyinide filraby eledimiessnplafihgror a drying
T L S TN ——
wherefiPrRsddpp e pfeded ilairiop cﬁﬁbérgél Iéfeool‘élygia&?rﬁbﬁég’s thiee layers to

above, tin plating to the coppéer circult or copper _
one layeigf tecomper layeper toppercalioydaver] inakuding esontemifatet gortion of

o8, 17, BB BT SOREEA e cosoer
layeraor ceppet alioy layer isctirde lagarstovotiagerB! &8¢ Ab coR¥Eemtatel portion of

) can effectively prevent peeling in a non-adhesive
Impufifigs Wher tha gPRReE!ayespeedrpearpliay 1ayerisgsingle iayer) and

| ard ' . C f tively inhibi
2) | SRRl e g BOokRE doketong 1 Bhgrapn 1, above
wherginathientie-ceatllayee lisl oaestype ransng hiokel, cHrobRirngcabale rigkel alloy,
i proye the a h?si on strength. BRI EF DESCRI PTI ON OF
Chmrtb%\ﬁi(@&; a["@@fgﬂa tahoy, ang the oetad saed davsr s appresrqr copper alloy.
[0012] di agram of a drum based two bath-type el ectropl ating

apparatus. [Fig. 2]
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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A m crograph of a copper foil cross section on a

pol yi m de | ayer conprising the three copper |ayers

shown in Exanple 1. [Fig. 3] A micrograph showi ng the

cross section of a boundary obtained by formng a

circuit by etching the three plated copper |ayers of
[0013] Exanple 1, formng a tin plated |ayer on the copper

The 5rés%wnnveﬁﬂ6nmﬁi & vne @nnealing after the tin
plating. [FiIg. crograph of the copper foil

4) croBw H’@ttlnmdmf produmengoalmetai deverag grolyimide ceinpgsitdaccording to

paralyfSht oAy es ORI Sig SRk oo Saroes Fivst andagThidsged laver on a

surfé?:*ét@f'é‘ﬁgl Pﬁldfeanw H}Qel@cﬁbl%é“piatmg (ﬁtéﬁhﬂig H%%éd’"%n electroplated

pl at ed copper | ayers of 2, formmng a
layerpfoamd ofawpenrortmp@omﬂey ls;rfcurmﬂd byah\ddlpgrameiaqtr@platmg zone

rto BRESALGDE S 4l R T e S gBef Ter anc

metdl aged I@yféméﬂrﬁewméré@t'] BYSUrROR P lﬂtlnbédf@ﬁﬁaﬁd?éﬂoﬂrﬁ ng electroplating
Exanpl e [Fig. 7] A mcrograph show ng the cross

theredgct i on of a boundary obtained by fornmng a circuit by

5 L TN R SRRBEToN LS AR e gpran

parageapha)rorgar 14 %o&ét wheidie thd élebtraplaﬂlg id pérgornidd i one or
m crograph of the copper foil cross section on the

two tﬂﬁih%?ﬁd}le Iayer conprising the one copper |ayer shown
6) | NAXMIRGE & 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 paragraph 1) or paragraph 2) above, tin plating to
the copper circuit or copper alloy circuit is performed.

[0014]
As a result of the above, a metal covered polyimide composite, a method of producing
the composite and a method of producing an electronic circuit board 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 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]



[Fig. 9] A mcrograph showi ng the cross section of a
boundary obtained by formng a circuit by etching the
one pl ated copper |ayer of Exanple 4, formng a tin
pl ated | ayer on the copper circuit, and perform ng

A mierogesgh .ﬂﬁb\ﬂiﬁ e R sisedtith ot a'b@unHEr'yQ)btélﬁbd By formlng a circuit by
mcro the cross section of the ten coppe

etchlpgéhgghnemm@dsqmnﬁr layec» apExample1 Hxaanmgea m? mareg layer on the
coppﬁghﬁétg?]ya‘?% ai ne ngr‘g@'rﬁg Ré?@fﬁﬁiﬁ@gne?ch?ng t he

[Fig.4¢n copper plated Iayers of Corrparat|ve Exanmpl e 1,
tin plated |l ayer on the copper circuit, and

form
A mlﬁ%@%ﬁ&%ﬁ%&w i crpsepetinn on ﬁhgmﬂwmgie [aveg compyising the
lysis of inmpurities based on
hNoq%pgkngﬁ§¥gEHQ%EQEF&Pa€g$Qon the polyimde | ayer
[Fig. 8bnpri sing the three copper Iayers (two boundary

AR b SEn it oLl o g
etchlﬁ%gﬁggvgg g;cedlj@eg '(:aryg?ﬁgdu'rl;:‘(?gr Ié gﬁmﬁﬁ&g}%@?@%& M&/er on the
COppPEX ain¢lib and perfagmirigiannealing after the tin plating.

[Fig. 6]

A micrograph of the copper foil cross section on the polyimide layer comprising the
two copper layers 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, 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, 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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A di agram show ng the analysis of inpurities based on
D-SIMs of a copper |layer on the polyimde |ayer
conprising the two copper |ayers (one boundary
section) shown in Exanple 3. [Fig. 15] A diagram
in Bxaoplenty t he anal ysis of inpurities based on D SI M5 of
[Fi a Fopper | ayer on the polyimde |ayer conprising the
g'(:oégper | ayer (zero boundary sections) shown in Exanple

A didgrahfsBowihB]thé aﬁaﬂﬂ;ﬁ%msﬁﬁ'\gwg!c& Bd¥@dasDYSINS O a copper layer on

i mpurities based on a copper layer on 't
the palyimide teyer agmprigingphe swvagopper legersqdonedoendanypseaction) shown in
Exarh@ e%s (ten or nore boundary sections) shown in
r?p rative Exanple 1. BEST MODE FOR CARRYI NG QUT THE
[Fig.IfMYENTI ON [ 0016] Specific exanpl es of the present
invention are now expl ai ned. The ensui ng_expl anati on
A diagrapy showiag the anadysis ehirepuriies nasedamBdBWS of a eapper layer on

e AR B3 PR R BB S 6Bl el shown
Exampldi 3.i cati ons and ot her enbodi nents shal | be incl uded

. in_the present invention as a matter of course.
[Fig.|1"9di dental Iy, the present invention includes cases of

_ _ Lati > o Lati
A digRaRPEnShGing sRESR birfiiies He8 GPERSINS of o Mhpeg Javer on
the palyidde ilaydrycomrising dlde @vppep [Eyer [fterdi gundadey eectitnsy shown in
E shIaIJé al so include copper alloy plating. The basic

xarﬂpgc ss is to forma netal |ayer on at |east one face
[Fig_qfe].t he polyimde filmby the sputtering method, and

additionally forma netal conductor |ayer forned from

A diagragpghawingtee apalysisppkimpurities Hasedrorol-$MS fob mecnyipey layer on

i RS B SRk PRERBL, AR TS 55} B bouncary

secti6nt) sigwri i CbpaPatives=tdraple 1.n order to elimnate the
contam nants on the surface and nodify the surface.

[0017] Subsequently, a sputtered netal |ayer

the surf BE8 T OHEEFOSTUARRENG A SRy Ry ofe” "

[0016] sputtered netal layer is selected one type anong
ni ckel alloy, chrom um

Specgﬁq(:@?@igg ol l@&gg%/tt inyendipa| e JeMake¥Riaingd.  The ensuing
oxpi YT B 40,18 B! P RIS VR AN ano ne
preseritr twentibwastall ancha [eeye bies limiteg athiereby. ar Inl iothdratoeds, various
modiFigaq%n%i art]rgd E)Eleertemgokdjlr%se%ts 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.

8



Generally, Upilex by Ube Industries, Kapton by

DuPont - Toray, Apical by Kaneka or the like is used,

but there is also no particular limtation regarding

the type of polyimde filmto be used. The tie-coat

| ayer has the function of increasing the adhesive
[0017] strength between the netal |ayer and the polyinide

suobddey, BEBRAEG T4 105 S A i 5 o 000 i

form8dbore theesuisice af tiop pelyimiRicefinRfGdrrdlally theiputiefed astgElayer is
the nmetal seed layer is forned on the tie-coat |a

selegipd e Weﬁuatgonqwk@b (rhremén cephiadls nickeballqy, IthQiE%’s/thﬂrél"Oy, and

cobélt{“ﬁ &%@%%eéﬁtg cgt %gﬁ@?@?igﬁ&%}g&?ﬁﬂﬂﬁgﬁg%% 5um to
50urelcmthse)psadt elthtlthn)sethlcknewts feqQired ep e cipcuitbo@er aptltesre is no
metal seed layer. As the plating

partlgylgf E’Hitatt'q{er%ﬂaé@ﬂ%ﬁ?m'PHbe%ppar atus shown in Fig. 1

A I I | '
Genglﬁall tsl?tgﬁllot-:ixatg)I gb@ Irgcft{str‘i’ég ??d fioh B @%ﬁ?ﬁo%ﬁl@?%ﬁ?neka or the
like ishusesipfbut dpmeomalm:t eb;pamd:lﬂar limitaligrpexhardinghibe type of polyimide
fi el ectr%dal ating bath, a unit for feeding a polyimde
'mtpltf‘?ﬁ’ be pl at ed around the plating drum a unit for
The ﬁém@a‘f 'I%@r%srtﬁétfuh@tldm%f e &ng hd ﬁeﬁeét(/etstﬂfenﬂth between the

I'm and one or nore anodes facing t

metaﬂ tamr and the polyirdige [filmels and rincreasing éha stability adder a heat-resistant

o KOS Ao 2020 1,0, comer, o T

Subs%q@@htlyﬂ & tcoppéplayier i1, 1501 toVBDORMCRPBEEornE thENABR] &leéd layer is
di ssol ved and in which the copper concentration is

formgdiondhe de-qagt faver by sputtering. hespuiterpd copper kayer wildesome the
t
cond%to‘?‘b?t’r?é %@bbﬁt\é/gﬁ rli%bt fgtgtgﬁgsﬁ)g ﬁé}ﬁ elec%rct@%tgtdpﬁgﬁg%
[0018] system In the case of a two bath type plating system

Cell A th) h 1 to 4 and Cell B (the oth

SubsipabiRp i s a1 QPIRIES BYABTBeHH0M COPPETRIAQPPSE AUk f formed on
t . .

the e R3S PRSP, BRI R Sk iUt n Fig.
Tis ysledting efficiency, even in the case of using two

ris B804, BB e RRs S dSHESR B! Halle arum i
whicth Bepai'f Hardatr(a ?Qf‘ﬂilrﬁatdWﬁélﬁ i$9 in e eRddto %ﬁlngeﬁbqgnﬂ unit for
met hod where the el ectropl'ati solution 1s suppl

feeding canpolyémidevim pabe plate ererEictheoplaangrtUuU‘atat uaitdor supplying

curo B HeH el Ao BBy B, B 5 5P B o e

drumt A& drieditiode! ffdskyarfdtiés! ére@@éll%@rthsélgbf@éﬁ%@esi RiNdahBsupply of
pl at ed Iayer Moreover, the current of each anode zone

coppeawrtssefoadaooaeealatlnaelpeqmmeﬁ by sopplying: an rlestralyticapolution, in

whlct?‘t %& qu&% étégh;q?éé}gt/éd"%ndo r?e% %ﬂ c}h}?‘)ﬁ@@@} %%riceentratlon is

adjuswtmtelth@elem—pmb balthoy plating to the sputtered netal
| ayer is hardly perforned, and only a slight anount of

[0019]  plating is formed. In addition, the same applies to

The &?F{eﬁ?r ﬁ:@get % glpli’étt )ﬁérﬁrt@t is 8 OBFesﬁﬁfﬂ'R/%ﬁﬂon is a

one drttwqobathl-tlyge |ptatmg silstem?dn ehemcase dfhaetwaﬂ Ibtalttag/tfeeﬁldtmg system,
Accor with this kin
Cell Ala RO hes 2bBes 1 ol b el dblina ket bathy sifnjarl hias Zones 5 o .

S R L AR At the on By E Mg s iy has Cell A
Conventienallysinpbraer iy vakiehthei platieg affici@ncgnevere prettteeckhse of using two
di ppi ng a continuously wound polyimde filmin a
pl ati ng bath was adopted. |In many cases, a copper
pl ated | ayer was conventi ondl | y formed according to
t he foregoing nethod. Based on this nethod, since
there is nolimt in the nunber of plating baths,



Wth this kind of zigzag-type plating nmethod, the

retention tinme in each plating bath is short. Thus, in

order to achieve a prescribed thickness, ten or nore

plated | ayers are usually formed (refer to foregoing
bath@afr\%' HurhbéE5fdies was laggé%%h.a\ﬁdtfeuﬁbfﬂowﬂ]a‘fed layers were used.

onmponents such as ip on Fi : e cogper

Anodeg/eare cs‘etttbefanetme dmnerfed eaohwfnihdaeecmrwssﬂtm solution sending

obf ai,ned s ve i s etch tchin

mety] rien P FEhbRlEadRvaL '%.spr@fed WS, fawer part of the
elecRbiatiRg Hath fé?deBOeﬁIBw%hﬁorﬁolBBeup%rrﬁ tofand figétijo?latmg bath is

resist, resin or the like is use tlonal
adOpiedeThlSprahmetmmd ishabledoexpmitiod thmﬁew \mmmymydast meegssary to

e iLrcuit layer and tin e and
form Ea%rﬁ'g&ﬁh gd Ip¥es A@é?ewrlthge%ﬁ@%a gﬁ% eﬂ?o% AN6r can be
adjusrdsgd e,{d@ﬁg? probl ens is considered to be the
Ki rkendal | voi ds expl ai ned above. By observing the

[0020] | ocations where peeling occurred between the copper

A e b 08 L oS PP BBl Sypgar rt e
at zdn@CEand zbhe Zptrreccbbﬂpér r 8ggipar aﬂl@ytrﬁaﬁr’fqetobtﬁé Spulbfddaaetal Iayer is
copper circuit, this is g em t hat cannot

hardh/eoemr @ndwrmhaﬁhehteamppetofsma ng is fermedelncagition, the same

opp 516 £l MU oL 1L R o DRl P bosnere i

hardtyoplateni abfirstntiat is,mbier piatieg is h@ﬂi&}neﬁi Boen i Ame dniflal feeding at
grai n boundaries and inpurities exist in the

Zoneg; %?ﬁat@ éﬁcwwegwowﬁerth@ lind of twp dratbdypeiglegtroplating apparatus,

platlﬁ@&%%rﬁfédté}%n‘eg% éﬁ’d 4 & &t fﬁi%eﬁ‘aﬂ& gf copper

crystals Is inconplete. Since I nconpl ete lattice

[0021] arrangenment will considerably accelerate the d| ffu3| on
f .. er, the diffusion rate of co cs
ComEnBRRY et pialiSs Motho o7 drizRinel v ar s, e,'ﬁﬁrﬁs Sopraliel and
repeél'@zdlyt dipping & élﬁwtmu%'uﬁlthOMd b&l?mﬁi@@ Rifh iPh Irwas adopted
boundary and copper wll be deficient in crnit

In mapy $£a56S.ha ey . plauedslayﬁuwasmmvantmmdlwﬁxrmed asccmdlnlg to the

oreci? udod Badd b i Brh08. ERBBTTeR} P ATt number o
platlngab@thSJ [slating eah lb%ﬁi@'ﬂ)rfﬂédﬂb?n@lﬂ?le' IQVérsVﬁseﬂ‘nényﬁi% platmg baths.

lattice arrangenent Is Inco eint eV|C|n|tyo

With thig kﬂlgp‘ﬁfe?'gﬁgﬂm plaljeg mﬁim@dm retgntion Kienein eaetpplating bath is
srorE TGS ot S b S Lo ver r

usuallyrtmrmail (esfentefonegoing Fadteiedterai@2#). Al though it is
consi dered that the Kirkendall voids do not arise
[0022]  ogsi | y at roomtenperature, diffusion will advance due

With efedtidpid 86%%@?1?%3?%&?\3 é%"bo%“ﬁ:ﬁﬁ [Ibzgﬁ?e %?;y;%rqﬁyer of the

are gener at ur| ng t

metal oongrid mﬂyimbddﬁzommisiterotttaneedlas rjbatnbay, abowk ihetdhedt with an
tre n t roughly 150 to0.160C ip the, processes of

etohigg SGoR da far & c8elictupidi g, o REinGis feigrehen te coper

circuib8Ad sblRArESSL ré’élﬁW?tﬁ@ﬁké‘fseuéédjé&ﬂiﬁgﬁé@ 6 ddof\‘/er the > same. In the
produci ng wiring boards, and It can hat

foregping 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

10



an unavoi dabl e probl em so | ong as di sconti nuous
portions of the interface exists. In fact, at the
| ocati ons where the Kirkendall voids occur; that is,
at the discontinuous plating boundary, a phenonenon
sidetfase loé¢ine eheuit ireddaition ¢o tie uppeﬁém @Ifthtel étfpp“eﬂbﬁ'béﬂt this is a
rains and the concentration of C H,
probjgm chahcanpsh Sedeeived twithhenbyuthe @lppﬁ"e suﬁam mfetbea@rtrmr circuit.

r h |
Morgier thel Benéiefioh A, 1Re G HaTeaf VEidH, & Slan A RRIBTER 1F b gause of
incredse arettermuentration efimpurities. Ki r kendal | voi ds are
generated. Hardly any generation of the Kirkendall
[0023] yoids is acknowl edged in the continuously plated
e f e :
Sinc o%%@?rb'I%emBgI:ﬂI IEI?QIHb%?IIA@e%ﬁIeIShgem %Bhﬁtl&e}%gfgI I?r‘?‘?h%/ ngrc‘IrIlty of the
coppmcplahed Ipy@n mnmmmrlt sncbrisiderge neatathedattice arrargjesnem of copper
e not caused onl the Kirkendall

t b
crysialy i InCgliPiStee Sicsh SHeb P P8R kR saBanaRBETh eilbgasiderably
accelérate Hic 8usRh &‘rb pe'r R diffli§iSn IrBtel Wcoﬁa\t%rr HohsiBRASY exceeds

circuit layer. I'yany inpurities ca
that attindwthed g‘exﬂualﬂﬁﬁw% of soppert anabtie irs thyg lectnmycofuhe fcopper plated

e PR Tiagy B0 cEost Bl ASNGRE e L seld bl iy

Thus2liniéreul HBRIc PAcarRrReWiIPAREEHh thaWagifity BF 'ﬂ?é‘égéper%lated layer
boundary w || appear between the |ayers,

boundary fter; thatoprenie difiisedd diheset atomic cyagae@iesyare trapped in the

ot e el SRR L HheF AR 1A G935 conper

platedoayembousdargpaed the airigagsiissensitied MdieBy 3¢ iM@XKirkendall voids.
|ated | ayers will be exposed to the atnosphere

So, the @engAIon qradrkendativoidsiand thedirerease abiepuritiesrare not unrelated.
[0024] i nstance, ten or nore plated copper |ayers are fornmed,
and a boundary section will appear between those
Althdugyeitsis aonsideregie thatnthieh&irkiendall IVoidedslor bot @riseeeasily at room

| ated | er in.such boundary. se n, and i urltles
temq%[%prq,ng%ggg &I@ qI\@,qcp{e,du y&&ﬁ ﬁkjﬁgomge Nagisiheand the
Klrkeﬁ@lﬁﬂf%g)rlﬂag ﬁg@;ﬁghggﬁﬁg I;IHISI ?ﬁni‘ IITIIeI%?I t?%g?rgéﬁI EI foughly 80 to
150°Goqﬁm,rrthplm ipteginigo mdiathe he;rbtrea’mmhttal reedindye 160eto 160°C in the

npurities in the overall copper PI ated | ayer.
processeseRlERKIE] resistviasin Beabasd eelite; Thiniferedoings heat treatment

roci58 4 B I8 O T SRR | b bl et i

an uravaidable prdﬁmtsmlohgwdw{:@ﬁﬁ‘@bu@oﬂ&ﬂﬁ oflthd iter4ee exists.

f I h h
I fagi ALER BFatepERorecde BRI oIS o s, aiiies dscontinuous
t gd [ [
plarEPEBFiS! BB oM Sl BBUA Bk g e sionce of e
crystalrgraims arfd thqnandemmtlam sxb Q, €\dS, CloanteEl; evich atecorisidered to be

edru d two-bath ¢ er platin

due tQ 3% giititivES 2dgrd LG The PEINGRIScHS. B BERe i Comparison to the
d I

contlrﬂiadwer E%ﬁ% gpﬂloﬁél ?Igg g?@%@g:&g%%@@g?@%nﬁm% thae Kirkendall
VOIdS@iG %@Qrﬁ@dpﬂaahy 8ny geheatiomof dlee Kirkendad! woids vé ackrivaviedged in

e vvlth a_drum.based,t wo- bat n

the QTR arell Yol oS eRPEETRV: BPT rfastbediater
[0025] Ki rkendal | voids. Neverthel ess, just because the

urities are concentrated or the Kirkendall voids

The p&régng bebweanthe cappes sircuiblayes end diamlatediiayar ardthetdempration of

[ cr.ac in. t tin Lay I
cracki I oty i 347G, 87 65+, g8 b7 e KiuBRRalvoic"out are
Kirkendal | voids as nmuch as possible upon efficiently
formng a copper plated |ayer. Mreover, with the
foregoi ng zigzag-type plating system since the
concentrated portion of inpurities and the Kirkendal
voids wll occur as many as, or nore than the nunber



In light of the above, the present invention provides
an apparatus for producing a netal covered polyi mde
conposite in a drum plating system conprising an

el ectroplating bath, a plating drumin which a part

consitierabty affegtpd dyi thad picyedwl &Nd icondempsibn of infysurities in the overall
el ectroplating bath, a unit for feeding a polyimde

copier) Gcus '%!éerpHafCH)d agy duRLrieRCH) heiasknawlasged iy @iorﬂqnsrthat were
subfSEPRY XIIBr LG 5% HAURE=NFLostr 065, e copper paing i

repedttedhmurnieesies iimes es plestrilved abmee arsd thevm@haﬂelr @ftcmp?pbr phated layers
zones to one zo and the copper |ayer or co

incregsesy a bapadans s Wibapigar hetwgpadhe Byvers and n . |°§y%lrand H, which
are J&a%l@ér%%%tbé BY G BY g@gm%é P! é’ &&Wtr%? s %Pnﬂ@es at such

appar at us or produci ng 'a e af covere pol
boumﬁﬂm@ectlml n whi ch the nunber of boundaries betvveen
ctive c rs or copper, al | ayers is

Wit Gcpdr 3BT aal AR BimeaPoY 0 SAPHER rigiinch @Y osess, Sige halfway
pIatéU Fé?érsi Willgse é)@pc%!&j' tle tR& %ﬁrﬁb%ﬁé’i@ rfPJn?érb[]Q tm{é&e([ughéliﬂéﬁeﬂmes or

bét ween zone zone 4 di st ance
mOfQ)orﬁ@r instancez dere Os)mD@ ala;tettcenperolalyeraoasﬁ foraisdy amiJalhmundary

sectfih. v Rt et 3P dbigtrer BhAR) o8 an Ahe) e AT adS6rb to the

platedplageeimesiichbouridang sédtRine Bid RRpEHIM LwiAnERALE @vERGurther.
di scontinuous interface of the tin-plated copper |ayer

Accoidtnalyh dedueing etpercomempdﬁieddawsmlmctanear@s mildhoas poseible will

et} 13450 90 GRAFAIL TR B LA 4% pRERSE iy o o

redusecthei impuriticseih. thihwverdliheoppers plated Nagdtt iCunsaguently) it will be
ce the i rities and inhibit the concentration of
POSS@@ ff}ﬂbbjl‘fih@r@@maﬂor& echeeligetvesn theecorpep streuibigyenand the
probl ens.
tin plefssh Bt BAE e bt & lad S T MR AR RRE Por copper or

[0026] copper alloy electroplating bat hs is few as possi bl e,
whi ch | s, because, an avoi dabl e dISCO tinuoys . .
As dEpded, 300y, e centey 1hE ThistsR GecPrasoyaYeren il s oe aumber o
copdéfrcl)%@‘ Muﬁd&‘he@ﬁﬂ"@fé%‘ tﬂeb&r%eﬂ?rﬁtéoa bﬁloﬁg'ﬁ' lFrip‘i?J?itles and the

9] [ Exanpl es| The Exanples and arativ
Klrkemd@ﬂm . &1 comregiiopsith th|$1\Ibatowerallaafaomivwfempuatlesaalso tends to

L R NS LR -

oncekplated siirfaey €§ex;y@ééd)ttﬁtH@dtrﬁb%ér@rh‘hoaanlﬂbﬁ&Ily pIated again, a
enbodi nents based on the technical spirit clained

coppendayerabewndaim| (dissentineousd iyennwilhbeplosmedt andveas |comp0nents

o5 R YDA T S iy AR o0

systqcm,l iy isndiffieuft itd &Dnﬂh‘teiyﬂﬁhlbml@e Kisreheal Wyidshbe
lIlSt ries, Kapton DuPont - Toray, Apical by Kaneka
Nevegihelessminst begause ﬁ\%m%lmes apm goRFRNtEAted of thenKiskendall voids are

geneP2ky! ﬁ‘o‘é%sfd?lrt]%céé’éhr@fnfé%ﬂlh e, kil QR ﬂ‘ﬁ%@'}%rag(stm the tin layer

I nvehtion rese |nven ron’i's not
or peeting, &nchavhat |$|mmrtaru is hwoinetoyreduoe tthe amauntlof Kikeeldall voids as

Conpar a ve Exanp) es, |Iex SGA by Ube Industries is
mucl'bgggogg %P%?{/FEWH& PMIRY areanpeb Slated layekol yi nni de
MorebVef W th a t

oreevacuat [ onba@ﬁggdlg?yl g{?é(;@ﬁﬁel E]%g gﬁ%?@gtsﬁéé gﬁerzf?cncentrated
portiorodf impuitiesrand thet Hiekendadlivoidspwilsoecur 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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[0031] Next, a tie-coat layer (N -20wm %r) of 25nm
was formed on the foregoing polyimde filmsurface
subject to the plasnma treatnment by way of sputtering.
Subsequently, a netal seed | ayer (copper |ayer) of
300nm was formed by sputtering. This can also be
In lighdr e thengbeye dhedbiesenipinyentie)) preridesp@nt appaigtusafor producing a

e RIS oy, SRR, T ok oIS B938 Lipgsing an

electnepldtlng Uajhnaaplaangtldrunnﬂumh hapeart themotl (ﬁpbrosdﬁfas@w half) is
e surrace

dlppsfi lpﬁ ré? él,eggtgglﬁéng&r%hf gre;gﬁtd &;g%%gfge\%asglwmde flm to be plated
t
arouﬂg‘luhleﬂﬁ"eIr @B‘tlﬁ@'d?grgyerﬂﬂl tf‘fg)ﬁi‘%:@éfynﬁncggtbgt \g&agﬁ% 98 %Jrfatce of the

polyrﬂndeffldmegnd rmgemrsrapre an@deiaefactr(g theddraien tvmerelmtherplaﬁng zone is
t he anodes in zone 3 and zone 4 wer

divicBABT Hefe PNes A aonaind i GPRbal oL ob EoRRaAToY layer s
formé@n@s %@EQaﬁé’t‘éetoAfoH@% ] q‘ﬁbeﬁretseapﬁwég%ﬁ’%{daﬁfo%'aﬂ%]drgwdes a

of the distance d between the anode and the
methstgl aod appatatdsrfort prodoicingt & enetappaverpt aiodadmlcm/eomposne in which

] result. of formng the co
the riy R or B ARTES binferiRelTb ShclE soBRBr lay e Gicionpar allow lavers
istwbozere 1 and zone 2 of Cell A. Moreover, no plated
| ayer was formed in zone 5 and zone 6 of Cell B. The

Incidepfaiyr in dheforggoingicase, froonder ton effisiently pedforme the plating, the

st B0, GoyRBH 280% Ba W 54 e6e . W eh 3018 A ne o '
adjusted tb WenpriférabRotdeutile br 4€8¥ethén ﬂwB&ilstaﬁcgdoﬂétWebﬁ the@hode and
thepga and that of 2.20pmin zone 8. By way of reference,

%%@?Ctp?ﬁf’é‘&oﬂediféferélfﬂyd/@)gblﬁsﬁas formed in zone 1,
Conséééﬁfgng&r@S%ztg‘l:efbtﬁp%sﬂ;@sgf %455’%% ?ﬁi%?%@m%ﬂ? |r5?te‘?f%ge of the

tin-platexD ooty |yt 2@ thehirclayesas niticht asgosdiblek arg nHilpittheeinciusion
and &GhCentration of impurities, as well as the generation of Kirkendall voids which
are caused by such impurities. Thus, the present invention aims to reduce the
impurities and inhibit the concentration of such impurities that are included in the
copper, which is the underlying cause of the foregoing problems.

[0028]
In addition, desirably, the number of copper or copper alloy electroplating baths is few
as possible, which is because an unavoidable discontinuous interface will occur as
described above. Thus, the use of one or two baths would be a desirable condition.

[0029]
[Examples]
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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[0034] The cross section of the copper |ayer that was
obt ai ned as descri bed above is shown in Fig. 2. The
cross section of the copper layer is a result of
perform ng chem cal polishing of dipping the copper

Theﬂeas @lo ganticdiar raRAEHSIni the AMataALIORIER eﬁsoﬂhétddmm‘ﬁe ﬁfﬁ'ﬁ For instance,
9% H202: 1% In zone 3 + zone 4, the cappe

Up”%sb!épls’lbﬁxﬂﬁﬁ'ﬂ%ﬂ?&t Weapiomeby WyRant-Taray, tﬁelclahl bknls(aeeka are

comfleg i S9! B¢ By AEIBE e Bt R cin e n

present ihoemidrayiéie yresemtdnvarttionBs ot Bmitee ko this Rind c@%'pbcﬁc vanety In

is, between zones 3 + 4 and zone 7, onl nor mal

the '%?F%WP'#@ %’Wc epmpaativesExspiese Wpilax$ G by e tries is used as
thew mayer could be observed. [0035] Subsequently,
S copper | ayer was etched to forma circuit, and a

Foremast pthatpaexwmna;aemlnn\fvaaptzrow|natv€lc)auﬁ1 Mraﬂﬁ ancclj after evacuation,
di t|o aII pred on the copper circuit by dipping
the H"t? §1 o8 sahgqt ySwaee Boditiration treatmaericsing Blasia.
[0031] N kko Mning & Metals at 50C for 3 mnutes. After the
foregoing tin plating, the copper |ayer was anneal ed
Nextaa tiercmaixager fNJtB(Mt‘%fGn)i df IBSnom ems feentd @n MSforeg?omg Tpolylmlde
erved ares

o S18 F H a aete ins
meta'l Qéz‘é(ﬂ Hﬁ (é{%{fé?%’féiﬁof Qoﬁﬁhwgﬁﬁleﬁ%y}%%rfﬁg MR can also be

The results are own I'n

form@% Qweleqirqiasgf plating.twd spuitating waSKmMMedv?lthhs EQ(KMples
h t t
Ther} 356 cRARELASERINGL oHRE R BRI BREh ke i Fia. 1 wes

used\voifolsn &irgbtal adyEtdMiayeORBR! tHidkiss o‘fbpbﬁaxﬁﬁhféﬁ’,ﬂéuﬁ'ﬂ%rmed of
the present invention is far superior

coppebﬁvéfaﬁ pefage ptibrereaging matiaseedtayeryeay of el@btmulanng using
= cor SR by 3 Ve Bl 0l 4 BF B ORTER e @S plparea.

the fdrregbtng[éﬁ?é%]m bledter, tourpdoce kisee huimber oheoRe@HNARTCEIPANEHRY dnodes in
zonexcu on as_ the | ocation where the Kirkendall voids

PRA raRer 4 vede iiRHCRllY eormanted nd, tesdistanogds between zone 3
and z‘éin%C@\Wﬁé djUséd td be g?ﬂ@i)&dﬁ{lﬁlf ?/ﬁjc??'iﬁghﬁtﬂ ed bg}w% tHfe anode

and H were concentr e resu are S

and the plating ghjestsn erdertie foon dles topperdplatedt iaper. of such
impurities were observed in Exanple 1. As evident from

[0032] Fig.10, the location of the foregoing inpurities

As a Fééwlcéfﬁfeﬁniﬁgtthetdb%pbplfa%bk s WS el bl bﬁ@dé"ls'lqﬁ‘ccﬂlgéd layer

wer e generated, is evident that thel
was fgrroadir zone 1g@m¢zane @mfcﬁelKAr kMotdaver, noma;tedTayertwasaformed in
ctive inpurities

zone ?%Eorﬁé p l?gi%r%]e@%e copperquer was malrﬂy tformeé) o 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



boundary section had al so decreased, and it has been

confirmed the reduction of the inpurity content and

the decrease in the generation of Kirkendall voids are

rel ated. Accordingly, the reduction of inpurities in

t he boundary section of the copper |ayer decreases the
[0034] generation of Kirkendall voids, and consequently plays

The %FbeﬁS'%?eSc"?ﬁ% EEkSoh SISVt it SBIcANS, supvas shown
in Fi 72 Attt tivgs s’ﬁwohr&rtﬁé%d@x é\{érd@eé'ré’éhlt Bpﬁ?m)rmlng chemical

le 2) Next, as wth based
poli mg ) dlﬁpt%@eecpcmﬂarcb@yenfphgsaqmandsursaaraxmouua salufion1of NHy:
299 to formthe copper plated |ayer wherein, in
°brag? 8 reduce the nunber of zones, in Cell A zone 3

In zaned3zprend 4)\&8he cobpet [dyeriwas Qﬁmﬁﬁﬁﬁﬁély W z6M&s’ worth, and the
di stance L between zone 3 and zone 4 was adjusted to

thickpesg, i rthgi eeRREr layers ermedeindpthesmaned7 betaeaen8t s hardly any

differ%'ﬁ‘&g es@ﬂ‘i’s {aﬂgeﬁﬂatﬂé# ] %nﬂgﬁnﬁ ‘féryeé&q%rfgﬁﬂgé O%étgfegh O@ej% ang Cell B,

that rsebetwdeeﬂaneseﬂ i-y!f arhres EObnlgaadwdnlmal pliasihgMt8rfhce was observed,
tween zope 7 an zone was adj usted to be
and %?)BFQJWWH{ BPWQ@W @fermylchb@,paﬁ@@ea bet ween the anode
[0035] and the plating object. As a result of formng the
copper |ayer, as described above, only a slight plated
Subswentlyyathisfanpped Iayrer waseettheddo farnmea 2irobit,Gatd aAin plated layer of

o B s i A g
tin pibtm?gg ]opﬁﬁﬁﬁiﬂuﬁ%ﬂu\fa 399‘3&[(0'[@%@5%"@%&3%”5%%0@ for 3
in zone 3, zone in zone ZONe

minutess Wted tiae forejoing tlrﬂpl&ﬁh@ eth% coppep R way érrﬂ’asla@ec?at #20°C x 12
copper plated |ayer of 3. 90 mwas forned in zone +

hourg,cargl the enods tseatiomivas. cﬂ:‘ﬁmvedn THos erdss+sention |§snﬁiarbyag/ result of
pertlyhE GRS et HDS! BhBSdktros b I8 Seaancs in ar
aque@%z,1 Elég]ti'kzaﬁ FNH: 2990 HATW 6 96 THERRARS hMespowh RPRRY 3.
As shown in Fig. 3, (two) small Kirkendall voids (KV) were confirmed at the boundary
sections of the respective (three) layers. There were no Kirkendall voids right 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 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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3 + 4567+ 8 3.900. 000. 004. 27 Thickness Pl ating

t hi ckness (urn) per zone [0040] The cross section of
the copper |ayer obtained as described above is shown
in Fig. 4, which is a result of perform ng chen ca

impuyrty icehieng and tis Eébﬁé@sé%tr@'\%ﬁe’rahw 6f KirRenddll \wfdPafSrelated.
i n_ an aqueous sol ution of 29% H202: 1% In zone

Accagdinglyy e fedydtioncebisepuritigpdn thasoaundeanksaetian 9f theocopper layer
decrﬁ%%s:’ éh%?;hg tlgﬂd Jfﬁlé%@id@”t\;@dé hérbcl,ﬁggééeo&ﬁg‘ﬂ? etpéé:y%ogn important

role irheffactiresy mhltﬁtmg ﬂ@p@élldgaff@hﬁhéameﬁabé loy tie¥opper layer and the
dlfference sQ it is evident that a uniformlayer was

tin plagpgeand merersing the adnesiony cel | B, that is, zones 3 +

[0037] 4 and zone 7 + 8, only a normal plating interface was
observed, and no prom nent boundary |ayer could be

(Exaofpe?yed. [0041] Subsequently, this copper |ayer was

NextEy 5 P nRKeNpID 13 vARUTBRRe] DHal Rh e sie hopiatiy apparatus
S“°MWF@583W%H%?§¥? R BRt Bl Biod s b el g reduce

the mwnber of zanass in SelleA, zdre Scanelgmnug4tvi/e7emla¢tnnglly d:dsrmected and
our

the GEBBES L A¥tfleaNizart A BilE® 4 edlidL Bt srbimately 172 of
the distahtad betvebAHblaridePaid HehiBbng %T@(ﬁ% oRr t8bAA tRé copper

di ppi ng the copper layer for 15 seconds in an aqueous
platesbleyer; @mdofin Qied:B.2zone Fizpet zorms 8 Weyer@lsciricslyacenngated, and the
dlstah@e get\l\%en 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.

[0038]
Consequently, the copper layer was mainly formed in zone 3, zone 4, and in 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
0.27um in zone 2, and that of Oum in zone 5 and zone 6, 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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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) at
the | ower pan (boundary section with the netal seed

the thickeegs offtrer eopper tayees Kirmeahidadthev2oris7 LER@ &t d/the thickness
above the coR layer. |t is evident that t he pr esent
of the,GoRReT yers g%\{’afwbéw gifferenaen 80 diga guidentiat a uniform layer was

r
o889 81 8y, HIBE s PP 083y
plating énteriaee aseobstnidae ahdmol proatingnt Fouhdas) I@lgéﬁ@édd IEJleQébserved

0041 In addition, in conparison to Exanple 1, e number of
[0041] rkendal | voids was reduced even further since the

Subﬁ@t‘e‘hﬂ?'tﬂ@ zr%e?Yﬁer%a%@%Q‘éﬂﬁ?%Tﬁ’ tar:]r%lt'é‘ﬁ@%t}’?@ﬁlated layer of

reduced.
appr bzslmaiaby;p alemtwam additiohally focmiedaon thieesoppeh elrd'ﬁlllf e dibing it into a

i o 4 eSS TS g il s o

o 0 B RIS R bt - 1
hour§faﬁdJﬂJ€b ErReIddcti6s V\)é&%sotﬂé?e?ﬁoca ik %rtg%éa{%tl‘ap%s s’/?ﬁllar a result of

evi dent fromFig ion or egoin
perfqrmmtglaheeycaiopulumw omdlppmgetheocappemlayeerfer t1|563econds in an

aqueys SEfUR onifiy 2o BT tecrests aim sbawain Fig. 5.
As sﬁfowh endag. 5 V@néﬁ smHll%M@r@allW RRVPﬁva%%nﬁlﬁﬁEou t (}H@ boundary

impurities in the copper |ayer including t
sectigp@fj ihe raspeativ layers dbwedayersyy and Iaaetf‘@ee(nnebraltlthaeldwer part

oully SEEG L 80 bl "ol THRES Y538 Kb voc

|mmemmtyeabOMQr¢djpp@Ha ethe reduction of inpurities in
boundary secti.on of t he copper |ayer decreases
Itis wfergéhatap.nsﬁsw IRyentiondafar superior taithe comeaniioaat teghnologies

wher@'t fuither R U Hﬁ&&n PQII‘ Hdallgj Ha‘(%lré% rpp{%fgﬁ %cﬂ)d)t hﬁ%vers at

|ngfromt eln ace
Ieasttat meplrm"fa@, ofithd tenda;w)l isgohbielepalily vighn in BAGHidh, in comparison

ddi t t he pl at
o E’%&Wﬂ?t{’ he Wméﬁ%\ﬁ%ﬂfiﬁnaﬁhgg owéﬁersﬂag%fh%vapéﬂﬂmg since the
dlscoﬁﬂﬁﬁ@.@’s I4y8P of tHeld e?f)faté&‘?ar}/tfeyo ) d8£ one 1 and zone

. Inturning off 'the curre one and zone 2,
[0042] dumw anodes prepared with an insulating material in

AR T e AR O -
voidsf e Qénéﬂa@ed:%@eébéew&d bab@dgﬂ b- §$M§ a‘h' %fsd d)&¥§éc1%1ently, the

was not fornmed in zone and zone
addﬂmgqonmcmeg@ ObCint%cCIIandeH weare omcehmatezti The =snis &re shown
f or ned

P, 0 P B S e S Sekbos
ExarmﬂezsAe\WIddm b i 293 13Aﬁ1é§lb@&ﬂoh df biRegbing lrﬁﬁﬂﬁﬁés coincided

ted | ayer of mwas fornmed in zone 3
with tgﬂ&m&w&n wherg, tbsﬂfﬁhend@tbwelds wergogenegates, aednt s@wdmt that the

lmpurﬁfesz:%ﬁ{og@andgéﬁer%énQf’%ﬁ?é&p\%lasand zone 2 and OpM

zone
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
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[ Table 3] Thickness: Plating thickness (urn) per zone

[ 0045] The cross section of the copper |ayer obtained

as descri bed above is shown in Fig. 6, which is a

result of perform ng chem cal polishing of dipping the

copper layer for 15 seconds in an aqueous sol ution of
decnegses ioegengaation1gh Kirkendallevads; angheorsequently qu@es an important

ol 4R, RS G0 TS o7 e Ber e e

tin pkning, 8nd #ivledding thd aHnesion.of the copper |ayers has
hardly any difference, so it is evident that a uniform

[0043] | ayer was forned. Between Cell A and Cell B, that is,
aﬂriﬁ] 3 + 4 and zone 7 + 8, only a normal plating
(Ex gis ace was observed, and no prom nent boundary

Next, azyalddmonltd the pldxirey d@ﬁﬁltldr@éﬁExzﬁhbmuﬁ@tddppei bleﬁed layer was
er was etched to forma circuit, and
formﬁﬂéﬁ@@ 5{?/@9 oFrthgssrient RhEANS 1GMBh#ANGRS: ladummmﬂlthg current of
bh
zond STFRE i APl bt i B B ot e same

shapd wasglls&owedaﬂl subdtitGie@fftoe narmamnms inizoae 1tdved zone 2.
| atin

e L B b COTIC s LK S o oo
1 an@%ﬁ@@qn aﬁ'ait%nc \'rP@%II%e&I% gla?t?é dé?ér%alsymﬁt fBﬁﬁHHtln 9%ne 5 and

performng chem cal pol |s
zond @yer for 15 seconds in an aqueous sol ution of NH3

Conge?q{?en'_f% a co&po/er Ig{/]eer was PoIanSé |F1ezo‘?1g Y zione 4, gnd In zone 7 + zone 8.

The results are shown in Table 3. As shown in Table 3, a copper plated layer of

4.25um was formed in zone 3 + zone 4, and that of 4.25um in zone 7 + zone 8 as well.

By way of reference, it was Oum in zone 1 and zone 2 and Oum in zone 5 and zone 6.
[0044]

[Table 3]
Zone 1 2 3+4 5 6 7+ 8
Thickness 0.00 0.00 425 0.00 0.00 4.25

Thickness: Plating thickness (um) per zone

[0045]
The cross section of the copper layer obtained as described above is shown in Fig. 6,
which is a result of performing chemical polishing of dipping the copper 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



[0047] As shown in Fig. 7, no Kirkendall voids were
observed at the boundary section of the respective
| ayers (two |layers), at the |ower part (boundary

section with the netal seed layer), or imediately

tin pREtMGE bhIRE of HIPST1 InddiRitactlfed B eNIkﬂSrWIlﬁlﬁt?t& N&taR’ 8680(C for 3

invention is far superl or to the conventTonal

minutes: Xitdrabe ésregbipwgetint pratingnibercopped iyed ands dindetedlat §20°C x 12
voids that arise in the ten copper layers (at |east at

hours hand thea erasssestion east evsaregdrB)is icrossosegitioprisisinilarlygh result of

et By bR R . A8y SOBb Pl e RS i ar

a uedmcwmuormtmwg 2086, 12504: "% cnmau%rsuné akeghd @ &f FRES.
reduced. [0048] As in Exanple 1, the copper boundary

[0047]) section was observed based on DSI M5 anal ysi s.

o SBRRGFLET b SR O ERTBRN o b Sy sbien of e

respééhveﬂb@elﬁe(ﬂko Ryetd)e athieaener Ehﬂdb@mdar? Be6fiors With the metal seed
urities was observed at the center portion but was

layermrdmmwa@m\@ the qQORPEHAYET. s evw@n@ Hadthe piasent mvention is
far §%rfo?sfbe% Bhél' ‘?éclir{bltwﬁ e b@yﬁﬁmber of abundant

udi n oun ary sec ecreased,
Kirkeindah areldsethat ansé i ﬂmjtehl”caipptah dayeesi (mtleam atfthe reterface of the ten

Iayerkw ty @tgha a&&ﬁgﬁé@r&%%%nhg%gae%E o It?]e number of
Klrkern@lﬁﬂcifo'ld%nd@éregg@d‘ eveh Gfﬁrthé‘r §ihee R aRon |ﬁ%ﬁi%&gmo Y copper

copper | ayer decreases the generation o
plateddaylRy, wastedticadequent | y pl ays an inportant role in
[0048] effectively inhibiting the peeling fromthe interface
of the copper layer and the tin plating, and

As in @(eﬁmeng thiee capihérs botinddr) Odéttion Evasdsseeddssed 2on D-SIMS

drum based one bath-type electropl ating a%arat us was

analm?edC@ﬁaeQUWkVpethepaddwe|@g{@pomsmfr fed Qvi Bh Ghiapnd H were
conc@ﬁ‘ﬁn%t‘eérﬁlg' ggﬁt‘éﬂssté}gp%dwrf@m '112 t@ef- g%gﬁ%&&ﬁ?égﬁ%ﬁraﬂgf portion

of suchmmpunh@e/was obzesved alem@cmmér parvien bumvatsosngndm Example 3.In
The results are shown in Table 4. As shown in

ne.
add't'% the total areeupat the sesrectivg dnpeities indhemcraBer lgyaeiciuding the
r t { C
bounggy, S8on hatl st dRERerRER od tflag e AR Ee WA e requction of
the impuaity e utant(ﬁnqmlné adedrease lire rthe adjensyhatismiofgKivkendall voids are
di ppi ng the copper layer for 15 seconds in an aqueous
fe'at%‘{n ution of NH3: 29% H202: 1% [0050] [Table 4]

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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Zonel23 + 4 Thi ckness0000. 008. 50 Thi ckness: Pl ating
t hi ckness (pn) per zone [0051] Subsequently, this
copper |ayer was etched to forma circuit, and a tin
pl ated | ayer of approximtely 0.3pmwas additionally
formed an the copper circuit, by dipping it into atin, _
The grags; %%gﬁsapﬁﬁzﬂ CobPEs daysraRiaingd @ﬁéf?%sy o§ RRevaVis-sheyrin Fig. 8,
which1s 8 fostit  Perlchiy PhOwIcer poftR o el §32RSdryRger for 15
secomdg s anzaqiiephe solubion of dH4: @8%ydd,Mbdes.ved. This cross
section is simlarly a result of perform ng chem cal
[0050] pol i shing of dipping the copper layer for 15 seconds
[Tableyjan aqueous sol ution of NH3: 29% H202: 1% The
results are shown in Fig. 9. shown in Fig. 9, only
opgngmal|l Kyrkendapl void (KV)|wag copfigned at,thg g

ower—part—(boyndary gection wth thel netal |seed

Thikeeds (araoo her ed.oeer ¢ nae.56i r kendabl Vop.ds inmeds atielo/oo
above—ttre—copper—tayer—H—t+s—evi-dent—that—the—present
ThitkeeYst PRtihG tHickhesd! iR 26 the conventi onal
t echnol ogi e% wher e ?ﬁfe”%urrber of abundant Kirkendal l
[0051] voids that arise in the ten copper |ayers (at |east at

the ipnterface of the ten |ayers) is consjderably high.
Sub3eqUga P FORPRT KRS AR IRNE LI PGSVt A AVLRIATES layer o
2pPr K0 ¥ i b clBoh A ERA o8 T e EobDEF pEGICEY 4¥Ping itinto a
tin pradidgcleath §DBAIH01 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%, H>0s: 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 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.

[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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As with Exanple 1, the copper boundary section as the
| ocati on where the Kirkendall voids were generated was
observed based on D SI M5 anal ysis. Consequently, the
additive components of C, 0, S, C and H were

gens I ng |§* kﬁk%ﬁ’dqu}ﬁdggr%qleﬁa?t?&re shown in Fig. 15. Not a

e concentrated portion of such

Accardqmgtyl ltmeesedwmlonbm‘elnmmltles ifotheotindaryl sectibe bﬂhtbfe cégper layer
|n‘pur|t|es int

decr%%?ﬁeF“%"ﬁ%éf@“ﬂ@|Qgce!ﬂﬁ§%5§ o @é\dycw@ﬂusnﬂm&ﬁya ap important
role ﬁl\eéﬁéatﬁﬁgﬁ/ mﬁl&‘ﬂwg thrﬁrgﬁar hf 9 rfrd%ﬁrflflé 'iﬁTEHg&%‘ﬂf tr?‘e er layer and the

reduct i cont ent
tin platieg, @ehimceedsing thfe ddhdstordal | voi ds are rel at ed
Accordingly, the reduction of inpurities in the
[0053] boundary section of the copper |ayer decreases the

CongisHiativd EQA rkendal | voids, and consequently plays
( an |%taﬁﬁr§e in effectlvely i nhibiting the

Nextp@e poolyimideo filn heas reoatinvauslyfintroduceshjrdo  ¢anventiamal teme copper

patr b8 Jen BAeeE0 3 PGB e b B A gotvimice fim
in mg:@@t AB W}SE)Yamﬁlerp e 88sérbfiors BMMHRMKiHEMall R/SIdsCeﬁB RBbwn. In the
pl ati ng bat hs, nd ten copper layers were fornmed on

foregoing eave.dbe ayerageetnmryelsa of eaef layen was sApgragmaraly @aum, and a

consEf BB e BB B Bmbla S8 ke A

The cmes lseyidn vhtheapppexiayst 6bwlrib05ﬁldes<ﬁmféd8amlén§éhbwmrﬁ Fig. 10,
approxi mately 50pmwas forned as the ten coppe

Wh'°'bI'Sa?erésylé)?éP@”OW'H@S]C(FQ%B'C@EE?'FWQ)N timragaﬁweeowwéayer for 15
secoRdd ﬁﬁdacﬁ)% ?.Sédlut of"h?lveﬁé%, /n 'ﬁ'ﬁeg oth]e? coditoRs were

IS ares per rmngc poI

the sdimepas Examplebpper | ayer for 15 seconds i n an aqueous
solution of NH3: 29% H202: 1% The other conditions

[0054] were the same as Exanple 1. [0054] Subsequently, this

Subs%aﬂe 'tﬁ‘l%%ro g@ﬁ IagIOIr Eed dten @fd‘?o"%mc.’a rcfrla’bﬁ Qtlﬁ a:f iaféd layer of

p at e ayer oxl mat e pm was a I on
appraxémaitely OB eva@cqutonallydmnmemgn mq;pmprgarlcircumby dipmng it into tin

e T LM Uy B S B e
After ;}ﬁo%trf@{egomtght% BRRRG the?sperdsy Wshifedbd 22355 %105 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%, 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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and the cross section was observed. This cross section
is simlarly a result of performng chem cal polishing
of di pping the copper layer for 15 seconds in an
aqueous sol ution of NH3: 29% H202: 1% The results

Witharesspelob v the pBak .of he oéﬁcéﬁl@a!édlﬂbrﬁd)rﬁl .of Blich ﬂhﬂﬂiﬁhﬂ% as evident
spal | Kirkendall voids (KV) were confirnmed at the

ffonru'fﬂseﬂm Wedecatian ofdhe deregaingdmmuiities epincigeg with theslocation where

e KPLSHAR B VBRSBTS ot e

genérayien of Kirkeha@albvoids. t he i nterface of the ten | ayers)
is so high that peeling occurred between the copper
[0056] | ayer and the tin plated layer. [0055] As with Exanple
h u h I ;
T R e R e GhbBae Ak o BYRE holuding the
bouridaxy wection Cad stspiimcréased: donsididablyyvand irip @vigens thedt thi increase
C ncquéhat ed be ween the ten or

re
of infyies g 3% Boliptsiy sl @ 4hf cOPRFLIaVRb e Peses e Ganeration of
KirkeMddn vaapesid ‘aféoﬁh@re%ég tied uhpﬁ?t?%?éﬁtr ﬁttﬁg O%Féll' &bper layer.
of such inpurities, as eviden om Fi g.
Conseguantlynit & ewdentrtbatatjm lngreaspmfumpestlwcausejaetheme:elhng from the

interlle 038 roBBnaFb add B ARG Bfd peldtle e Adhesian

pronote the generation of Kirkendall voids. [0056] The
total amount of the respective inpurities in the
copper |ayer incl [NPH %lél-lﬁ&!ﬂi-dﬁl‘\ﬁﬂdé'ﬁ(tl on had al so
[0057] i ncreased considerably, and it is evident that the
increase of inpurities in the boundary section of the
The mqﬂalacot/a}eelr polgiTnidesesmpdisitey anethaidi oh peddusind &msl@bmposite and
and al so increases the inmpurity content in_the

appaé%ﬁsafqr R9EEINg| meefelecwﬁ%augm ppard tof jBenreseRt inveation can
effecftlgtél Iré}gge 3 é?lh H@Jﬁéﬁ bﬁgegl?éyﬁglbgc%‘%n‘ﬁﬁﬁte% {%pﬁgﬁgﬂl Gvo-layer
flexinletleminatey, eparhcllﬂady auan eﬂfMﬂSél?l mlhlbthPBeverme‘thei (iéface of a

I
coppgF e, 4 EReEbiposnd el SHPETan eéatcht isava-ge adhesion

strerigh® 'ﬁ{d%.ciﬁé’ﬂﬂe%eﬁt thHht‘iorpi%EUs‘éflﬂfasté‘ﬁorﬁ’ ra%ﬁﬁggﬁ 'fI’éXi‘BTE laffinate that

can effectively prevent peeling in a non-adhesiv
is ugedess B éncplmﬁngatr@tquﬁcelamrgma CaOPOBSES SUohxabIaefleXIbIe print
icularly can effectively inhibit
S”“F@@W%’P%ﬁ%e interface of a copper layer and tin
plating, and yield a superior effect of inproving the
adhesi on strength. Thus, the present invention is
useful as a non-adhesive flexible lamnate that is

used as a nmounting material of electronic conponents
such as a flexible print substrate, TAB and COF.
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PCT/ JP2008/ 066645 Anendnent under Article 34 CLAI M5
[1] (Anended) A netal covered polyimde conposite

obt ai ned by feeding a polyimde filmconprisi
tie-coat |ayer and a netal seed |ayer forned %%1‘?{?;008/066645

AmesgimentubderAetitledd4ss pl ati ng or a drying net hod
around a plating drum and Eddi tionally formng an
el ectropl ated copper | ayep BtMe| ect ropl ati ng copper
[1] all oy layer on the netal seed |ayer, wherein the
copper plated | ayer or copper alloy plated |ayer
(Am )i A esetah ceeeriedyrulgintide tosmn pasier sbtainddby deging aOpolyimide

. copper. allqy layer, incl.udin concentrated portlon

rim GORBAGGB. 4 Mhet e Bobmhded oSSR, Bes S fsoRurtace by
I I inalr \ YA it -

clecElb oYy ol nTHBUTY 8oy £k saiopgly oming

an elegireplated capperpgennvatpctiopkating cippaETialloy laydradrt the metal seed

e B AR 05 SESPAb ] Wl s e

layer6 AGERE Byefs BB tHE GopbeP o HHpped a?loﬁﬁta?ér,‘mé’lﬁaﬁ a concentrated
_pol gg m de conposite, wherein after " formng a tie-coat
portigry b impuiies atdhalboswdany ef/itve ecopper oncoaper alioyalayer.
2] polyimde filmby electroless plating or a drying
nmet hod, and further feeding the polyimde film around

The metdladdvieged pamimidy eempa¥Re adcording th a&h$ 10TvhdRein the tie-coat
el ectropl ated | ayer of copper or copper alloy are
layersig QReqtyss amengreicke! savamivme cobalheniekel allynelranue alloy, and
r (A ] centrated
CObag%?te' ,oanﬁ’c{)%lfeloiﬁ%ﬁl istg!eégg‘g%rq%(%8%%%5%%&'@2 copper or
[3] copper alloy layer. [4] (Anmended) The nethod of

produci ng a nmetal covered polyi m de conposite _ .
(Am%@@gm thes ef Rrodusingyemetal caveesd polyimistg eompesitmawherein

| ayer on .a surface pof a I .
after KGHha 2 PodtibRor 3REE rBIA Se80 Bvent Brstuise it agpotyimide fir
by eleefrbleds platig] @ttd epyinbemeterad fGARGEfedding AR Holyimide film

acLI 0}/ iI's formed by dividing an el ectroplating zone
arouna,@ piatifg arym: direeayars tohwn layessphan etestioplatediayer of copper or
| teh o l..S ayer far,
coppd bk 3 foined Un W Rieial et rero SR Y fimed' °8 copper or
coppe alboy @yeainahgdinger ebncerjtidted Twetioridfiospafities attes beurdary of
th net al covered &ogi m de conposite according to claim3
€ CQRPE! i GAPRer GHRY %St he el ectroplating is performed

[4] using one or two baths.

(Amended) 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 two 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]

The method of producing a metal covered polyimide composite according to claim 3

or claim 4, wherein the electroplating is performed using ane or two baths.
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PCT/ P20081066645 [ 6] A nethod of produci ng an
el ectronic circuit board, wherein after formng a

copper circuit or copper alloy circuit by way P
etching using the netal covered polyi mde cong(gip?%mw%““

[6] according to claim1 or claim2, tin plating to the

A methad of p%él?c%é an el%%ﬁ%ﬁ{c 3lrc|:-u?ty bg:iarrd(,: l#/\i/l%erlaish gf?érf f%rrmiendg a copper
circuit or copper alloy circuit by way of etching using the metal covered polyimide
composite according to claim 1 or claim 2, tin plating to the copper circuit or copper

alloy eircuit is performed.

24



