PCT/ JP2010/ 052298 DESCRI PTI ON METAL- COATED PCLYI M DE RESI N SUBSTRATE W TH
EXCELLENT THERMAL AG NG RESI STANCE PRORERTI ES TECHNI CAL H&LRob AL dhe
present invention relates to an adhesive-free flexible |amnate nateri al

for use as a nounting material of electronic conmponents such o0 as a
flexible print substrate, TAB and COF, and in particular relates to a

met al - coat ed pol yi mi de resin subsPESRERWTHOWNxcel | ent thernmal aging

resi stance properties. BACKGROUND ART [ 0002] An FCCL (Fl exible Copper d ad
Lam nate), in which netal conductor layers primarily formed from copper are
| ami nat ed on a pMIETAL-dZOATED AGLYHIHIE \RESEd AIBSTRATHI\WVIPHard mat eri al

in the electromd I t | ve-f exi ble 20
| am nate (part %@5#‘% ﬁmlr A&?@&?ﬁé&%ﬁ%?%ﬁﬁéﬁ@é not

conpri se an adhesive | ayer between a polyimde filmand a netal |ayer is
attracting attention pursuant tg the demands of finer pitches of the
circuit wiring wdth. [0003]As JE%HM@%Fkﬁldauci ng an adhesive-free
flexible lam nate, in particular an adhesive-free flexible | am nate capabl e
of accommodating fine pitches; there is a so-called netalizing nethod, in
whi ch[CQ0bhrri er Thg@reagat mverdidr egletesate ahordivesiva-fae@dleyiliedanrisaten fil m

i n advance . i : . spyttering, CVD or vapor
deposi tion, %ﬁ%”gf ﬁ%’?gsglég&nﬁg@ﬂﬁ”ﬁ;ﬁg%%?@j q%aﬁjgp{rpglgﬁgmqﬁtgysuch _
deposi t ed bas:ﬁoﬂbemueqirjéﬁimmte%tiemgAB and CAM altr’rcf :n lpiéfrﬁbl?jlélrﬂgla‘[@% hed dl n
order to increase the adhesio etween the netal |ayer and the polyimde
film prior ”1936?8%{1% Qﬁe‘é'rﬂgealrelsﬁi/e?r‘{b (Rifaddt G5 leat; H]?rm;'pégfrlﬂ med
for the purposstaifced pRIguttieg, t he adhesiveness with the barrier netal by

subj ecting the polyimde resin 35filmsurface to plasma treatnment (refer to
Pat ent Docunent 1 and Patent 2PCT/JP2010/052298 Docunent 2).

BACKGROUND ART
15
[0002] An FCCL (Flexible Copper Clad Laminate), in which metal
conductor layers primarily formed from copper are laminated on a
polyimide film, is broadly used as a circuit board material in the
electronics industry. Among the above, an adhesive-free flexible
20 laminate (particularly a two-layer flexible laminate) that does not
comprise an adhesive layer between a polyimide film and a metal layer is
attracting attention pursuant to the demands of finer pitches of the circuit
wiring width.
[0003] As a method of producing an adhesive-free flexible laminate, in
25 particular an adhesive-free flexible laminate capable of accommodating
fine pitches; there is a so-called metalizing method, in which a barrier
layer and a seed layer are formed on a polyimide resin film in advance by
a dry plating method such as sputtering, CVD or vapor deposition, and a
metal layer as a conductor layer is subsequently deposited by
30 electrolytic plating.

In this metalizing method, in order to increase the adhesion
between the metal layer and the polyimide film, prior to forming the metal
layer, surface modification is performed for the purpose of improving the
adhesiveness with the barrier metal by subjecting the polyimide resin

35 film surface to plasma treatment (refer to Patent Document 1 and Patent



[ 0004] Mor eover, al so proposed is a nethod of formng a barrier Iayer and a
seed layer on a polyimde resin filmin advance by el ect rFQJTz and
subsequent|y depositing a metal |ayer as a conductor |ayer by e ectro ytic
pl ati ng. In this nmethod, prior to formng the netal |ayer, surface
nodi fication is performed by i mersing the polyimde resin filmin a

sol uti on maocofnemtka)l.i nmetal hydroxide in order to inprove the adsorption
of th al yst to serve as the driye forc subsequent OeI ect oI ess
ol at 9%had s o MREFEIAT ko Rinestedinedhimdd of SSulng EPaaes e ah

Pat ent Docugesded)aydrOd9% Eba/uthé 26€inTIgh fih cRivia@R et I Pl d@tRde@k BlBEing,
polyimde resin filmhas a i npact on the adhesi veness between the

pol yi ni de r@§anSPP§%HﬂB“Yh@ePr%'é'Ingl ayeretajlayet as & griAvEar daygr by

i mpor t ant tépeegtf@?{,c 18668S i n terns of production. [0006] As the nechani cal
properties that emanded in an adhesive-free flexible | am nate, the
initial peel strlengthis amaethosl, paelorstioenigrmiagt éhet eetaipsayef, asurd’mmﬁ

eriod are n C n I t h i's
becon ng. palbaPby R Bsi RSy, HRisY dhendobErRPgRSIEITEM Y
:\/br eover, asoltdtmrewabdetiotfn amthOﬁeléltHﬂyinrldxﬂtgeE&T ngml tstﬁmmwe the
on term e stren i s gener eval uat e as on asur enment
L o Met gfta Bhihe e Heca S ThE i forsaal i s Baatiugnt
dejeriorati @Radtﬁtﬁéss bﬂ@h@ﬂér‘iﬁ rt%ﬁﬁ‘érd&@rtﬁe IPAGEHcES WitABIHO® ffier
staining the p e resin filmthat was subject to nodification

t r eat nent mmqtab{§ﬁ¢ﬂxm PaitertaPecssenti dn, observing the cross section
_th_er_eg{ Hgger a £au EWa%%' rﬂ%d‘#l&ftfc;rppe%‘trﬁ%?ﬁ%??ﬁe% iy m?r}gsﬂ?ﬁfnq'hrég

initi strengt t he pee rength after 't agl ng accordi ng
to the th| ckregesimmpathen3enddhesiveiness| gtere g m@poﬂwnﬁdegeslrm{mrmm 4).

Fim  accor Mg el At 58 bt 5 aaneviant” I BReRh: et Bt Prorss T "
nod ecul ar  starued Uf esodineficili ng functional groups that contribute to the

adhesi veness are created. Thus, with the fore&m ng met hod the surface
modi f 1%98F1 on | ay®$ tthet MeceicrRld Marersiesyetnali (3t e desiandgdiatied an
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the nodification layer Is the same in or egol ng eva uat 1 on,
probl em i n shangth faftarettvedappalef arliosg perindt aee aopwatantesanid $n cﬂecpeél

Ly not o ek SRRl FORENesDREMIRE Rt RATRG R o BBAT 3R

20 requirement for high reliability.

Moreover, as the evaluation method of the long-term peel strength,
the long-term peel strength is generally evaluated based on peel
measurement after thermal aging (at 150°C for 168 hours), which is an
accelerated deterioration test.

25 [0007] In recent years, proposed is a method of staining the polyimide
resin film that was subject to modification treatment with a silver nitrate
solution, observing the cross section thereof under a transmission
electron microscope (TEM), and deciding the initial peel strength and the
peel strength after thermal aging according to the thickness of the

30 modification layer (refer to Patent Document 4).

Nevertheless, in the actual surface modification of the polyimide
resin film, according to the treatment conditions, substances of various
molecular structures including functional groups that contribute to the
adhesiveness are created. Thus, with the foregoing method, the

35 surface modification layer that is stained with silver nitrate is evaluated



Pat ent Docunent 3: Japanese 2005- 154895 Patent Docunent 4: Japanese 2007 -3
18177 SUMVARY OF | NVENTI ON 15[ Probl e to be Sol ved by t L

[ 0009] An object of this invention is '[% provi de a netal -c@fjgggﬁ%qsg?ﬁ de
resin substrate that does not deteriorate the initial adhesion between the
nmet al -coated polyimde resin filmand the netal |ayer and has hi gh adhesion
af ter agi ngoaty WEb@ &pecif@Bs hiostasce? O[Bveam ¥ therth&dnassgot the fAoalii catidn

[0010] I n order_ to,achieve.the foregoing object he present inventipn

br ovi tes:  1f3Keris 4FE Samed [ joinciing A&l e Ma Grehmga RRb,
layer is fodfrstehred WelIdPaASESHitiRth&achesl RistiltRdboBpeépsee AR fdsgation to
one surface or both surfaces of a polyimde resin filmby a wet process or

a dry process or a conbination thereof, a seed |ayer is thereafter forned
bys a rp r ductt- filmis formed on a
su')rfa@bﬁgyer%??ﬁte?gggnﬂé;lmapmgﬁﬁiﬁ%%ggétéaﬁg&é@,jgﬁ1t he peeling surface on
t he conduct Patert Dochaent i Bablithed ddmamageanlTraoatadbrpdioi 2008-5E3901 : 3 0

substrate i j t9g..a 90-degree peel test, the thickness of a m xed
| ayer of poﬁg/?’%g‘%}%’g%ﬁ@ and barrier netal |ayer residue according to

i n-dept h prphténtnQovuhterst 3. d@pahedd i ghdidsependaPatean nRES|iSHpEsH r oNet er
(TOF- SI V) ?é 5@% or less based on Si sputter rate conversion, and peel
strength re Qer er an aging test at 150C for 168 hours (peel strength

afd er agi ngpatedSB6clifferk®® Davasésdi i fld-0pRh SHABLN)PLBIIGATBN  No.
4PCT/ JP2010/ 052298 or_ higher. [0011] The present invention additionally
provi des: 290Th&!§kf4l - coat ed pol yimide resin substrate according to 1)
above, wherein the seed |ayer and the conductive filmare copper and the
barrier layer is nickel or an alloy thereof; and 3) The netal -coated

pol yi m de resin substrate ac8oMMARY OA)NMERTI@Nove, wherein the surface
nodi fication of the polyimde resin filmis perfornmed based on plasm, UV,
i mrersion treatnment using an al kali netal hydroxide solution, or a

corbi nat i on[bi&esetodhd SdTel Wyothd MaATRIH] using a strong acid sol ution.
EFFECTS OF | NVENTI ON o , . , o
[0009] An object of this invention is to provide a metal-coated polyimide

resin substrate that does not deteriorate the initial adhesion between the
metal-coated polyimide resin film and the metal layer and has high
adhesion after aging at 150°C for 168 hours.

20 [Means for Solving the Problems]

[0010] In order to achieve the foregoing object, the present invention

provides:
1) A metal-coated polyimide resin substrate in which a barrier layer is
formed by a wet process after performing surface modification to one

25 surface or both surfaces of a polyimide resin film by a wet process or a
dry process or a combination thereof, a seed layer is thereafter formed
by a wet process or a dry process, and a conductive film is formed on a
surface layer thereof by a wet process; wherein, at the peeling surface
on the conductive film layer side after the metal-coated polyimide resin

30 substrate is subject to a 90-degree peel test, the thickness of a mixed
layer of polyimide residue and barrier metal layer residue according to
in-depth profiling with a time-of-flight secondary ion mass spectrometer
(TOF-SIMS) is 2.60 nm or less based on Si sputter rate conversion, and
peel strength retention after an aging test at 150°C for 168 hours (peel

35 strength after aging at 150°C for 168 hours/initial peel strength) is 50%



[ 0012] The netal -coated polyimde resin substrate of the present 15
invention yields superior effects in the formation of fi T‘?ﬁzt)ﬁf/%%ﬁss a
result of being able to increase the adhesion after aging W|t
deteriorating the initial adhesion between the polyimde film and t he et al
| ayer after |am nation. 20BRI EF DESCRI PTI ON OF DRAW NGS [0013] [Fig. 1]
This is a doadpiginerschematical |y showing the exanination results on the

t hi ck of a ed | ayer.of the eresr ue and the barrier netal
(5 TSR et aLBSTroB¥El plartih B KoRaTE PERASSE, a1 ayer abui de
according t)in- v@@tnhlemafddteagadwmde rtesn@"s@fbstﬁdtémcc%%mgdﬁfy bBBVEBSS
spectroneter (TOF SIMS). 2] This is a di agram show ng

rel ati onshi Yhseeiedhet ﬁ%e@ ht%ﬂ@rﬁe@@d o?hep(ﬂ%mldMC@'é‘enf'k'@daf%y‘é}p%ﬁtdaﬂﬁe”}%el
stgength r ebgﬂt,é,o eﬁﬂﬁgl Q\%ﬁ]@ rg/g}\l‘l’éld 0014] General |y speaking, a
met al - coat ed pol de resin substrate is produced by formng a
barrier |ay8) af raee rpeta‘lmoﬁtﬁg salyfraide mesdinf subsirete tascondingutd d¢eoro?) bot h

Formng a s Payde &l (' Purtess ROl TofE p2linifecibiR2840 55 2208
addi ti onal | peffornmlerdgbasednducplia\sméi U, errtrheasrghvaeatrhenkWIsg aim tdhleal
f or egoi ng see adhesi ve- free 1 exi

te
(par trcu'ar Pl diglpxids salulpBi & 2RSS atih; of G556 ADE CBMATIAN an
afthesi ve | aptehatiehte@ihg Iaesﬂp@%dﬁ,@l%oﬂuﬂ,m produced as described above and a
metal layer, is known as an F | exi bl e Copper C ad Lam nate) which is
broadly used as a circuit board material in the electronics industry; but
greater adhesi on between the olyimde filmis being
demanded pursuant to the de Eﬁi@b-ﬁ p%relr@grét@ng)sl@of the circuit wiring
wi dt h in 10recent years. [00l1As the eval uation nethod thereof t he nor nal
peel gthr( nitial, peel .stren t he pe ren after t her mal
agi ng grng at I%%Cr? tva?fé@tﬁgur ylgildph eg&%eﬁgf’g{fgg hSraR?éﬁ est
ars gener al Invemgi@suyieds superids effesed iibeteakrweatiom dfeﬁr%ltpat@’fn% h8e
| ong-term peel strength is becom ng particularly inportant as a requirenent

for high rel858} 16k PeingdabiRr o dnérersmnine rathesieneadiengaghyg peehout
strength reasfarr&atmbt he 3RjtRA1 BEhESRIN ¥etdelh Ctﬁ@rpé@ﬁnfb%'ﬁﬁm( glaerrr?é peel

strengt h/ nor nal strength) as nuch as possible er to

i ncrease t hegiak ay@trraeft&jtllarmetaennl on, it is known that surface nodification
treatnent based on a wet process or a dry process is preferably perforned
on the surface of the polyimde resin film but it is not sufficiently
wder st ood by what sort BRIBROESCRIPIIOphOfoDEINIBS peel strength
increases, and there is a problemin that the nodification treatnent is
being inplenmented through trial and error and it is difficult to maintain a

gi venouedj f iR '“1!)” Trayels &08iadrbi ! S%m@trcbh? ahewsng t fite PERS®Mation
i nventors con ed intense study regarding the structure of the peeling

surface on &R We@ertheéwﬂ(_nﬁsaé)framlhedd@mrhotjtheeeelydnmtmé@slﬂne and the
met al - coat eg ped VB4 Nﬁg?geﬁr@éﬁ[rét:ﬁt Se/ée'ﬁ)ﬂtﬁ%hrfacbbeggnqﬁ rﬁgtmsng It

was di scover eﬁ t hereby a mxed |la arrier [ayer (nickel
gtbits all oyrdleayecderogn@diratdeextht;bmfmurgf acth aotnfa-o&fligimt seeandmnt iand t he

pol yi m de. epend on the nodification treatnent of

the polyim Wgsrsess[f%c”%rﬁ%e‘?} H@F\A%LM§()1 if the nodification treatnent is

excessive, [Fig. Rpcorier & i an dvdgidme fShbWiﬁ!g ki € Fe lamionls higt BetWigedotyd m de
thickness of polyimide mixed layer and the peel strength retention.

30 DESCRIPTION OF EMBODIMENTS

[0014] Generally speaking, a metal-coated polyimide resin substrate is
produced by forming a barrier layer after performing surface modification
to one surface or both surfaces of a polyimide resin film by a wet process

35 or a dry process, forming a seed layer on the foregoing barrier layer, and



6PCT/ JP2010/ 052298 nodi fication |layer will increase, and the m xed | ayer of
the barrier layer netal and polyi m de ts thicker. [001
additional ly discovered that the deter i%(oar ation in the peée};;lldﬁthP\rﬁ@ﬁ)é 5 2%1 ter
t hermal agi ng was caused by the thickness of the m xed |ayer of polyimde
and barrier |layer nmetal at the initial peeling surface on the netal |ayer
si de. adtiticrtdigr fovomitsy a tcomaisictivecfilrar witht bagjveas thivkneissednl theer of
pol yi m de aﬂ?d barrier Ig\éer nmetal beconmes thicker, the copper with a

catal ytic oX'690ihSEPHYEl's nore easily dispersed in the polyinide |ayer

10t hrough the mxgddRysVe-fAsE flekth 1888 MiBATeS (184 M cUed By la0fdd -esydrfidXiBle
t hermal agi ng. Accordingly, by adjusting the thickness of the m xed

| ayer of polanifiade) amdnieiet dpeat NohLoseriishigarupfiesiven layrRs kRetweenaig side

in the initgaly: PR L bl Moe=t ' r
tHor mal - agi Pg 7R fil it RRAELR FecchiogH) RbBL drtfaRhEla I EN T dBUE

t he peel staeragt RCAL ¢Flendialet Goppal Cdgdrigrinate) idhichiis bneadlyofisehasm xed

| ayer of polyim.de an tal at the jnitial peeling. surface,on_the metal
ayer o db.ctemidiedty nateriay g b3 eltutardialiaury: BlbEEeha B shihat i on
results on pbevédhchiteshietl maysrxadd! gyerpalfirhive Fony i skeingededndadl t he
barrier 20 netal (N) layer residue at the peel iﬂ surface on the netal
layer side BHEDHNNY theitrmepds ot dneriritehas vfd f%i %CB'F-“I"Irin@nW'gt&Uhdary
i pn mess Speedd RIS (TOR- SIMB) . As shown in Fig. 1, the polyimde
resi due (C—%éreac es its peak in the vicinity of 2 nmas the sputter depth
based[@n55i convas shergvalnationengthobineiesd, the alormmal pasd sdrengtnt@nipebk in

e Vi cini . , -
nter ot at BophaleRoML AT N8 8 ¢ ad FoReb RSN aLaging AlEH HoMs0-Te
As evident foromaghehdixaphes thedaCosleantdd vdeteximmrption desicrarbedehataily it

was found that this m xed | ayer causes the peel 30strength retention to
det eri or at eM§FOBE6fAccordi ngly, based on a great deal of research, the

prgsent i nvent orgs desepiveidedbbhal in hecdifte)esbripRolohg-firfnbeenseehgth
aging test at 150C for 168 hours (thermal” peel streggt %nor mal
@ri

/ . 1l peel
strength) wEFoMid ddticitasly tMBottaNt Rses seauirgmant grebabiigy.yand de

Secordi ng 1 LTEsEs HeahaBlssBE R cadastHie MertrRaTeGincRY Bltef &
nmor | ess bgbedtest 8t PG dor red& roanseftbeomal Ipeeal edréngigodrmgat ase) it

. ; . o :
\[AaEiaﬁglszlsial gtrte%gﬁm hégvngzugﬁ%ls Sésrselggé[h retention of 50% or higher.

20  [0016] In order to increase the peel strength retention, it is known that
surface modification treatment based on a wet process or a dry process
is preferably performed on the surface of the polyimide resin film, but it is
not sufficiently understood by what sort of mechanism or phenomenon
the peel strength increases, and there is a problem in that the

25 modification treatment is being implemented through trial and error and it
is difficult to maintain a given modification level.

[0017] In light of the above, the present inventors conducted intense study
regarding the structure of the peeling surface on the metal layer side in
the depth direction when the metal-coated polyimide resin substrate was

30 subject to 90-degree peeling. It was discovered thereby there is a
mixed layer of the barrier layer (nickel or its alloy layer) formed after the
surface modification treatment and the polyimide.

Although this will depend on the modification treatment of the
polyimide resin, generally speaking, if the modification treatment is

35 excessive, the incorporation of the barrier layer metal into the polyimide



[ 0021] The Exanpl es and Conparative Exanples of the present invention are

now expl ai ned. These Exanples are nmerelgy illustrative, a%jﬁgo{w®§%’g
invention shall in no way be imted thereby. In other words, various

nodi fi cati ons and ot her enbodi nents based on the technical 10spirit cl ai ned
in the clains shall be included in the present invention as a matter of
course. [o0o0aridi{iextomplleyd) will increaset lmndptiie/ inmixdd Iagsr f fthérbarkKeptioaped 50EN

manuf act ur ed Du ,Pont. was used., .The polyimde resin filmwas inmersed in
a pot assi un{rf‘g_ﬁ&/af‘Sﬂ(gg'@'&seug?gsnthé%quhe surface nodification process, and

washegowst h dei aniggd ye@digionausenrentlyd taattihe datediysitiorddn nhespepl the
foregoing polyimde resin filmwas imersed in a solution in _which a silane

coupl i ng_ ag@HEngBhEiati thgrmal arinaonas s wivtenBiaknesh @l dgecapas 1ity
was m xed Ora)fe‘?%ﬁt;ﬁﬂy%%tét §n8%rﬁ?g$ée)gér_ GTPoANGhe AN IFMATNLAuMER on

dei oni zed water. ter the oing treatnent, as the electroless
pl ati ng stefhe aretel xtarsides ni ckel - bor on-based pl ating sol uti on was used

to forma nickel,l 15..p t Qi d wi t.h_dei.onj,z r,
heat treatnent V\Iéls%ﬁéerr &g?%esr 56\?1}3& ﬁie%%‘?‘i@g@hﬂqo ort&ea%r{?gﬁera%eﬁ?éf of
0.05 pm thpslywasdevesitedbarrieh ldgeonztd betemnesattdckeni ihieecoppgerwitm a
total anount of

0.20.pm.was .fornmed. Subsequeptl an. el ectrol.es opper
tocd | aver 6alivi: cxldioR Rdent ok dnofgas T ditpdis el b peduTiigs eV et
pl@ting sol tHer@h tﬁ@%&é‘cppag@r, QﬁﬂdHétd@ells@béQfgtﬁfdeﬁeﬂméﬂ%% ihhﬁéﬁtﬁéhﬁbl
formed by el ectroplating. 30[0023] The strength on 90-degree peeling was

measured reddiil-ng the netal -coated polyimde resin substrate formed as

descri bed above, g‘%q, - t hick ; i Y, i m a
barrier |ayer rre/t\a gw@l){ék%}ge?@%%t@ér?Q%eméé%éesang éﬁél Qﬁléér'{a g}%rwgg
nmeasur ed acpohdinnde ttod medebathtim peelingguifade bhehei melalflaf/er ghte setondary

on s SORPBSLASEE AT A [ haimat L BT b TR AT e i e g

15 at a high level, and additionally possible to estimate the peel strength
after the thermal aging from the thickness of the mixed layer of polyimide
and metal at the initial peeling surface on the metal layer side.

[0019] Fig. 1 is a diagram schematically showing the examination results
on the thickness of a mixed layer of the polyimide residue and the barrier

20 metal (Ni) layer residue at the peeling surface on the metal layer side
according to in-depth profiling with a time-of-flight secondary ion mass
spectrometer (TOF-SIMS).

As shown in Fig. 1, the polyimide residue (C-C) reaches its peak in
the vicinity of 2 nm as the sputter depth based on Si conversion, and the

25 barrier metal (Ni) reaches its peak in the vicinity of 4.5 nm as the sputter
depth based on Si conversion. The intermediate thereof is the mixed
layer of polyimide and metal.

As evident from the Examples and Comparative Examples
described later, it was found that this mixed layer causes the peel

30 strength retention to deteriorate.

[0020] Accordingly, based on a great deal of research, the present
inventors discovered that the peel strength retention after an aging test
at 150°C for 168 hours (thermal peel strength/normal peel strength) will
increase when the thickness of a mixed layer of polyimide and barrier

35 metal layer at the peeling surface on the metal layer side according to



[0024] [Table 1] Trefmi! Paul Pee: Strength Maci Lcaver of Fsdyi m de
and Barrier iW'al Strengt, (13'3rl1lli Strength ,..kkki | N (3
1. Equliaient nnml 1EL7.-anp:e 3,56 0:45 82 0 51 PoTiPL5 s 25be

in-depth profiling with TOF-SIMS is 2.60 nm or less based on Si sputter
rate conversion. In the foregoing case, it was possible to achieve peel
strength retention of 50% or higher.

S

[Examples]

[0021] 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

10 spirit claimed in the claims shall be included in the present invention as a
matter of course.

[0022] (Example 1)

As the polyimide resin film, Kapton 150EN manufactured by Du
Pont was used. The polyimide resin film was immersed in a potassium

15 hydroxide solution as the surface modification process, and washed with
deionized water. Subsequently, as the catalyst-adding step, the
foregoing polyimide resin film was immersed in a solution in which a
silane coupling agent containing a functional group with metal binding
capability was mixed or reacted with a noble metal compound, and

20 washed with deionized water.

After the foregoing treatment, as the electroless plating step, an
electroless nickel-boron-based plating solution was used to form a nickel
layer of 0.15 um, this was washed with deionized water, heat treatment
was thereafter performed at 150°C to form a nickel layer of 0.05 ym, this

25 was washed with deionized water, and a nickel layer in a total amount of
0.20 ym was formed. Subsequently, an electroless copper seed layer
was formed on the nickel layer with an electroless copper plating
solution, and a copper conductor layer of 8 ym was thereafter formed by
electroplating.

30  [0023] The strength on 90-degree peeling was measured regarding the
metal-coated polyimide resin substrate formed as described above, and
the thickness of the mixed layer of polyimide and barrier layer metal at
the peeling surface on the metal layer side was measured according to
in-depth profiling with the time-of-flight secondary ion mass

315 spectrometer (TOF-SIMS).



Exam p,gth 2 0.51 0.55 9D 0 13 Exampre 3 0.55 0.39 70 1,60

Oonpar-31. Hp: ? Examo0l.7 1 0.33 0.33 44 2.6? [0025] As stymn I 1,
the normal peel strength was 0.55 kN m‘é the thermal peel S{erg%gozzﬁ%\gss 0. 45
kNm and the peel strength retention

The foregoing measurement results are shown in Table 1.
[0024] [Table 1]

Normal Peel Thermal Peel Peel Strength Mixed Layer of Polyimide and Barrier Metal
Strength (kN/m) Strength (kN/m) Retention (%) (Si Equivalent nm)
Exam_ple 1 0.55 0.45 _ 82 0.51
Example 2 0.61 0.55 20 0.13
Example 3 0.56 0.39 70 1.60
Comparative Example 1 0.63 0.28 44 2.87
[0025] As shown in Table 1, the normal peel strength was 0.55 kN/m, the
5 thermal peel strength was 0.45 kN/m, and the peel strength retention

(thermal peel strength/normal peel strength) was 82%. The mixed layer
of Ni and polyimide measured by TOF-SIMS was 0.51 nm.
The thickness of this mixed layer of Ni and polyimide was small
and satisfied the conditions of the present invention, and the peel
10 strength retention consequently showed favorable properties at 82%.
[0026] (Example 2)
As the polyimide resin film, Kapton 150EN manufactured by Du
Pont was used. The polyimide resin film was subject to UV irradiation
and thereafter immersed in sulfuric acid as the surface modification
15 process, and this was subsequently washed with deionized water.
Subsequently, as the catalyst-adding step, the foregoing polyimide resin
film was immersed in a solution in which a silane coupling agent
containing a functional group with metal binding capability was mixed or
reacted with a noble metal compound, and washed with deionized water.
20 After the foregoing treatment, as the electroless plating step, an
electroless nickel-boron-based plating solution was used to form a nickel
layer of 0.2 um, this was washed with deionized water. Subsequently,
an electroless copper seed layer was formed on the nickel layer with an
electroless copper plating solution, and a copper conductor layer of 8 ym
25 was thereafter formed by electroplating.

[0027] The strength on 90-degree peeling was measured regarding the
metal-coated polyimide resin substrate formed as described above, and
the thickness of the mixed layer of polyimide and barrier layer metal at
the peeling surface on the metal layer side was measured according to

30 in-depth  profiling with the time-of-flight secondary ion mass
spectrometer (TOF-SIMS).
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secondary irgl)Hdr’rﬁ1sesreafter immersed in nitric acid as the surface modification

process, and this was subsequently washed with deionized water.

Subsequently, as the catalyst-adding step, the foregoing polyimide resin

15 film was immersed in a solution in which a silane coupling agent

containing a functional group with metal binding capability was mixed or

reacted with a noble metal compound, and washed with deionized water.

After the foregoing treatment, as the electroless plating step, an

electroless nickel-boron-based plating solution was used to form a nickel

20 layer of 0.15 ym, this was washed with deionized water, heat treatment

was thereafter performed at 150°C to form a nickel layer of 0.05 pm, this

was washed with deionized water, and a nickel layer in a total amount of

0.20 ym was formed. Subsequently, an electroless copper seed layer

was formed on the nickel layer with an electroless copper plating

25 solution, and a copper conductor layer of 8 ym was thereafter formed by
electroplating.

[0030] The strength on 90-degree peeling was measured regarding the
metal-coated polyimide resin substrate formed as described above, and
the thickness of the mixed layer of polyimide and barrier layer metal at

30 the peeling surface on the metal layer side was measured according to
in-depth  profiling with the time-of-flight secondary ion mass
spectrometer (TOF-SIMS).

The foregoing measurement results are shown in Table 1.

[0031] As shown in Table 1, the normal peel strength was 0.56 kN/m, the

35 thermal peel strength at 150°C for 168 hours was 0.39 kN/m, and the



spectronmeter (TOF-SIMS). 9PCT/JP2010/052298 The foregoi ng neasur enment
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net al - coat ed #ﬁ tylmdeﬁe ﬁubstratqiiformed as descri bed aﬁg and t he
t hi ckness of SHe!A ARG e?is ANGAgHRIING23RAt FAPIAIRING afEpPCcHaRal 9tuPso
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electroless nickel-boron-based platlng solution was used to form a nickel
layer of 0.2 pm, and this was washed with deionized water.

20 Subsequently, an electroless copper seed layer was formed on the nickel
layer with an electroless copper plating solution, and a copper conductor
layer of 8 um was thereafter formed by electroplating.

[0033] The strength on 90-degree peeling was measured regarding the
metal-coated polyimide resin substrate formed as described above, and

25 the thickness of the mixed layer of polyimide and barrier layer metal at
the peeling surface on the metal layer side was measured according to
in-depth  profiling with the time-of-flight secondary ion mass
spectrometer (TOF-SIMS).

The foregoing measurement results are shown in Table 1.
30  [0034] As shown in Table 1, the normal peel strength was 0.63 kN/m, the
thermal peel strength was 0.28 kN/m, and the peel strength retention
(thermal peel strength/normal peel strength) was 44%. The mixed layer
of Ni and polyimide measured by TOF-SIMS was 2.87 nm.
The thickness of this mixed layer of Ni and polyimide was large and
35 did not satisfy the conditions of the present invention, and the peel
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pol yi m de amtiebgth iretentmyeof flalordtighte peeling surface on the netal |ayer
si de was neasured according to in-depth profiling with the tinme-of-flight
secondary ion nmass spectroneter (TORSIMS). The foregoi ng neasurenent

results are shown in Tabl e INDUSTRMSAPRASCABMITYN Table 1, the nornal
peel strength was 0.63 kNNm the thermal peel strength was 0.28 kNNm and
the peel strength retention (thermal peel strength/nornal peel strength)

wes 4ffeseThe m xpie | giea¥er@f ilVlerAitth RRbYIdESIR MRAGIRMEY FOIyimidd MR 2. 87
nm The thickness of this mxed |layer of NI and polyim de was | arge
and di d not sgbsirate inhwhiehd thaierofayeieispfegead byvenwvedrprosesst Aepeel

LT P20 QSRR SR Tnp BTN ueend AR O pUS B Ty

rel ati onshi ckness of polyim ayer an

st rengt h r epehtimathe oésinhBInf dregovafpEx@egd es aadd) Compessabi \aec dxdimdtéon s
shown in Fig. 2. As evident fromFig. 2, as the thickness of the

i xod | ayer AR, Angepll PR o GG HPEd OBy CROBY SN AL GRESST 2 Ge Y t he
peel strengphodeiseriidn ddrilidtile ARRlis FbrABATEY BOSUFACHES)estHABBE B), 4 ends
to deteriorate, and it was confirnmed that the thickness of a m xed layer of

pol yi ni de r W&l BIBCAFR WARFPISr atdbaipactyer syidaraen Hieagnductee Silmoanaf or
side after the metal-coated polyimide resin substrate is subject to a
90-degree peel test, the thickness of a mixed layer of polyimide residue
and barrier metal layer residue according to in-depth profiling with a

25 time-of-flight secondary ion mass spectrometer (TOF-SIMS) is 2.60 nm
or less based on Si sputter rate conversion, and peel strength retention
after an aging test at 150°C for 168 hours (thermal peel strength/normal
peel strength) is 50% or higher. In particular, the present invention
yields superior effects in the formation of fine patterns as a result of

30 increasing the adhesion after aging without deteriorating the initial
adhesion between the polyimide film and the metal layer after lamination,
and is therefore useful as an adhesive-free flexible laminate material for
use as a mounting material of electronic components such as a flexible
print substrate, TAB and COF, and in particular as a metal-coated

35 polyimide resin substrate with excellent peel strength retention.



10l ess based on Si sputter rate conversion in order to achi eve peel
strength retention of 50% or higher. | STRI AL APPLI CABIFHTT\%?,%/%%&; The
present invention provides a netal-coated polyimde resin su‘{)s rate’in
which a barrier layer is fornmed by a wet process after perform ng surface
nodi fication to one surface or both surfaces of a polyimde resin filmby a
wet process or a dry process or a co@bAh&tS on thereof, a seed layer is
thereafter formed by a wet process or a dry process, and a conductive film
is formed on a surface |ayer thereof by a wet process; wherein, at the

peel i ng sprfaage1pn theacpBedicddatedt pdinrhrieresihdrirtife ihhehitat alba¢at ed
polyirnide resin substrate is subject to a 90-degree peel test, the
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hi gher. [d ai m 2] The_net al -coa]t ed polyimde resin substrate according to
claim1, wherein ?T’F‘ef%ré‘é%d Pyyeleckieshelatdtiuct i ve filmare 20copper, the
barrier |gy@imi® ni ckeThernpitapbboied pRigtlideanssihhesssRate fa%rcEF%‘inByto

el ectroless plating, [Claim3]The netal -coated polyimde resin subStrate
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polyimde resin f | e r ased ma H)Qggqio
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tdese and i mrer siionmere@nnEettaenhgising tamoatkadicmetslohytifaxide solution, or
a combination of these and immersion treatment using a strong

acid solution.



