1PCT/ JP2010/ 052299 DESCRI PTI ON METAL- COATED POLYI M DE RESI N SUBSTRATE W TH
EXCELLENT THERMAL AG NG RESI STANCE PROPERTI ES TECHNI CAL FLELP, {18884k dhe
present invention relates to an adhesive-free flexible |amnate nateri al
for use as a nmounting material of electronic conponents such as 10 a
flexible print substrate, TAB and COF, and in particular relates to a

met al - coat ed pol yi nide resin subBESEBIM tNexcel | ent thernmal aging

resi stance properties. BACKGROUND ART 15 [0002] An FCCL (Fl exible Copper
Clad Lam nate), in which netal conductor layers primarily formed from
copper are | am nRIETAIC @APEIDY PO IAEMIDETRESINoS QBB TRATEIVWATHa circui t

board material in the electronics i t

adhesi ve-free ﬁ)&EBFENTaWMA(%%N&J%'?ﬁﬁ%ﬁgﬁgﬁﬂggbl e

| am nate) that does not conprise an adhesive |ayer between a polyimde film
and a netal layer is attracting attention pursuant to the demands of finer
pitches of the circuit wiring ViERHNICAOORIEAD a net hod of produci ng an
adhesive-free flexible lam nate, in particular an adhesive-free flexible

| am nat e capabl e of accommpbdating fine pitches; there is a so-called

nmet al jogd1g net hblde presaht aiventhar reletes dyean adhesisedetd Hgriblardamimateed on

a polyimde resin filmin advance by a, dr | ati net hod such as
sputtering,™ '%rfo\r/é'ﬁgra%@prgé’iupﬁaﬁ,mﬁr’ﬁf'%’{ cﬁg—ﬁgpﬁgggpe?opiplo&eggs SHgh as
cenduct or | ayRdxibhie Eﬂh@@_n}wﬂﬁdt&, AR EAEC O, ehectn Partibelapl ralateg. to3@l n
this nmetalizing method, in order to increase the adhesi on between the netal
| ayer and tRetgitaatedd@olyinifdepresn sybsbatg nyithhexest'ant | agemal sagingce

nodi ficati ESoReLT for the purpose of inproving the adhesiveness
with the ba?lﬂrérsiI e?Hrr%tngBE&és%bj ecting the polyimde resin filmsurface to

plasma treatnment (refer to Patent Docunent 1 and Patent Docunent 2).

2PCT/ JP2010/ 052299 [ 0004] Mor eoyer dis a nmethod of formng a
barrier layer and a seed | ayerégﬁg}%éMRplogg%?esi n filmin advance by

elsectrol ess plating, and subsequently depositing a netal |ayer as a
conductor |ayer by electrolyti | ating. . In this nmethod, prior to
For miAgoane. aotAn AESEHF IS e ePhenidIfE darsinat). st bRiacH) REng « he

pol yi mi de rlﬁzb& bl BrelUtrbAN cBpeEr afe M dtet®dla PYEIRIdIfIrh Nisor der
to inprove the adsorption of the catalyst to serve as the drive force of

the subsequeimrddy eesed| assa ptistdihgoordd nmateriabrioy dhe helesdineies dREYSti t h
the barri erAH%trfa tﬁéefaﬁ'bvéf) g)ﬁlt S8hesive-free flexible laminate (particularly a

20 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
particular an adhesive-free flexible laminate capable of accommodating

25 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 film as the conductor layer is subsequently deposited by
electrolytic plating.

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

35 Document 2).



10Docunent 3). [0005] The surface nodification treatnent of the polyimde
resin filmhas a major inpact on the adhesiveness betweeBs{he,P8lo¥sEhde
resin filmand the netal layer, and it is a particularly Inportant
treatment process in ternms of production. 15[0006] As the nechani cal
properties that are demanded in an adhesive-free flexible |am nate, the
i ni ti@bogeel stWergverantsa peopmsed ista emethbdaiftformingal karsier ddyer anhg

becon ng pattatEbanIS FRmsvTHE B8 FIT b Reke Mo BoRe s rRlbE Ay °
20Mor eover , suissdchieergadi ed sioingreehiatd| Riverhs b eogdueton lpget byteleogblytict he

|l ong-term peel. strength is generally eval uated based on peel neasurenent
after therRlPliBgi ng (at 150C for 168 hours), which is an accel erated

deferioration tigshis hRHEH! RBri?a8TorMedd the PGBPSRE SufFaBBlhedifRfatiphal ni ng
the polyimde resin filmthat was subject to nodification treatnment with a

si | ver nit rigtRerieieeddysnmersing bisseelimife resiorftss i ecsolotionheadefofunder
a transm SS%,Q?@@&‘] %?/g{&lﬁg‘%ﬁ%;rp%rﬂ %ro@%é&%ﬁégw@bﬁ gﬂ%é’f[c%{aﬁkseﬂ%e

strength an peel rengt ter rmal agin ccor
t hi ckness ofervbeagutthief dciati forckaykethd reafee quenPatlentroBssumatingl) an@0to

Nevert hel ess, in t act ual .surface difi cation of e polyimde resin
film accor'mq{ﬁv?oqﬁﬁe éf‘f?é?ﬁssco\ﬁgﬁt it%%s,%aér&%rst@ﬁiags (Eq:#e%a't? Oﬁ’gtent
nl ecul ar spoeGhienes)i ncl udi ng functional groups that contribute to the
adhesi veness are created. Thus, with the foregioi ng nethod, the surface
nodi f0B8R1i on | alle® surface; Roskifigatian Weatment wé thaiRQIinaidesresinfiliat s énl y
with a 35s i S . i I SnQff: if & i~Qn
yer i ot non B0 G A ehe s bet e e AR p S e, FRG R AR
was a probltem metahdayel fdret énédes wanlicularlysenpdttant headotemd! prosssst i of

peel stren e [ Pat ent Docunent 1] Japanese Patent No. 3173511
[ Pat ent Do%%ﬂ@%téftzﬁrol[gﬁ%l%%hed Japanese Transl ation No. 2003-519901 of PCT

Appl i ©addjon [ PaAetite RoschmiitaBprolartivedral aigldOpemdiat anan Rdldshad-free No

o e g ST W WS ol e B T

I nvention] |apse of a long period are important, and in recent years the long-term
peel strength is becoming particularly important as a requirement for high
reliability.

20 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.

[0007] In recent years, proposed is a method of staining the polyimide resin

25 film that was subject to modification treatment with a silver nitrate
aqueous 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 modification layer (refer to Patent Document 4).

30 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 surface
modification layer that is stained with silver nitrate is evaluated only with a

35 specific substance. Even if the thickness of the modification layer is the



15[ 0009] An object of this invention is to provide a netal -coated pol yi m de
resin substrate that does not deteriogate the initial adpgsjeshibetyeen the
netal -coated polyimde resin film andét he nmetal | ayer and has hi g% adhesi on
after aging at 150C for 168 hours. [Means for Solving the Probl ens]

20[ 0010] I n order to achieve the foregoing object, the present invention
provi des: l19amedhdhedoatguingodvyaloatieny twre wab st patbde minwtiiad Hd i e teanceiser

| ayer is fornmed by a d rocess after performng,surface nodification to
one surfaceWBF%oﬁﬁﬁeé’UWH@%?Cﬁfaﬁa{eBH%ioﬁip&g?lsﬁJ?in%t? :{T’?‘ﬁ by a dry process, a
seed layer is thereafter formed by a wet process or a dry process, and a
conductive filmis formed on a surface |ayer thereof by a wet process;

wher eiP98lat[RatenbBerrmperdut atapasiesenBatesidiet$ 163911 m 1 ayer side after the
et al - coat g REhY DELAR RN rsmgrl{o 9apansubl ehsidich Wb deguseogen (est,

. $)
t he thickness of a m_xedﬁl a!yer 0 ol yi e residue and barrier netal |ayer
30 residueofa@CdrApplicaton n-depth profiling with a tine-of-flight secondary

ion mass s t t TOR;.SI is. 0.7Q. I S .Sk sp er
rate convefﬁ%%ﬁpﬁﬁghﬂte&g:%]t r‘%%)gatmessreet l‘%t'clpo@rpo éar} t géétgﬁ?ag'iglﬁgﬁ%agjﬁéatﬁ é’SOC
for 168 howz@0gpealgost rength after aging at 150C for 168 hours/initial peel
strength) is 50% or higher, 35[0011] The p ent inventio di.tionglly
provi des: %W?JBPQE ’USﬂZQngaﬂe;?neiﬁé‘i'ng%at e%iteﬁ'&)l y'?Hgg‘éat}c&i .
sypstrate i1@g7t70 1) above, wherein the seed | ayer and the conductive
1 agGOe7 -H118q

filmare copper and the barrier layer is nickel or chromumor an alloy
thereof; and 3) The netal -coated polyimde resin substrate according to 1)

or 2) above, wherein the SU%&R@RAN@?%FQWQ@T%M he polyimde resin film
ase

by a dry process is perforne on plasma treatnent. EFFECT OF
| NVENTI ON 10[ 0012] The present invention is a nmetal-coated polyimde resin

substrate i [ ch arnier s formed by a dry process after

per form ng @’JW&J@S%% éeg\’tq(ioﬁ‘y/ﬁéedméegtﬁ&ﬁace or both surfaces of a

PQl yi moos resi mﬁiétg'ebt/oa iy iPVOSESS . is aos pashitlaygrmesaltdiertedf pelyirhilered by
a wet process _or a dr rocess, and a conductive filmis forned on

surface | ay&@sin ﬁé’PéHﬁ¥%§hﬁt dges\aat qntgEesate Wirdintid) ALN_YipBIYIEE B s of

e TPt SR ABSERBR pEAF AT R, Hlh Shnadcling aldolychepss pegt o e

| ami nat i on. adReEPNBESTRAGTIOCN THO TRAVY NGS hewirs.
[Means for Solving the Problems]

20  [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 dry process after performing surface modification to one
surface or both surfaces of a polyimide resin film by a dry process, a seed

25 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 substrate is subject to a 90-degree peel test,
the thickness of a mixed layer of polyimide residue and barrier metal layer

30 residue according to in-depth profiling with a time-of-flight secondary ion
mass spectrometer (TOF-SIMS) is 0.70 nm or less based on Si sputter
rate conversion, and peel strength retention after an aging test at 150°C
for 168 hours (peel strength after aging at 150°C for 168 hours/initial peel
strength) is 50% or higher.

35  [0011] The present invention additionally provides:



[0013] [Fig. 1] This is a diagram show ng the exam nation results on the
thi ckness of a m xed layer of the polyimde residue (C bc%ﬁzd@%s%@“ er
metal (Ni) |ayer residue according to in-depth profiling w

time-of-flight secondary ion nmass spectroneter (TCE-SIMS). 25[Fig. 2] This
is a diagramshowing the relationship of the peel strength retention (/0)
relative tot heThétlmkm-s&a(tedjlmﬂyemslenredmamdasbrat& acoordergsitor)) alboee,m xed

| ayer of the barri net DESCRI PTI C]\l ODI VENTS
[ 0014] Gener‘ﬁh?ﬂﬁ'@ﬁgﬁ er?éja,aé/etrr&“é:‘ th% u‘f)tb‘{%/f i gL, nReT t}eg/Egrrl%r

produced byafeF g Hg:kellaarcwremumy@raﬁfau@s/ tAeFésn mingg surface nodification
to one surfacCe or both surfaces of yimde resin filmby a wet process

or a dry pr%)ces-Ehef@??ﬁ'r@%e%@@'wr&jﬁ@ r@ﬁ'”t ﬁé‘bﬁH?E%cﬁCr@rBtﬂgr ter) 8Ye#), and
addi tional | d n GleRES $ilrRAb t&e
spcr/ p2010188 o8 BLAngEEEHELE EUTICAREng] T peRlnliok TERRE TR ™Y
process sucdrya;sros:ptsstiem'etmrnmmbasdd\mpptasm@ématmﬁmtnay be used for
formng the barrier layer on the polyimde resin film An
adhesive-free flexible lam nate (particularly a two-layer flexible

| ami nate), which does not comRABETaDFdNMENVEONayer between the pol yi m de
filmproduced as descri bed above and a netal |ayer, is known as an FCCL
(Fl exi bl e Copper O ad Lam nate) which is broadly used as a circuit board
MRE erjgghoji N thered ?ﬁééé’ﬁ‘t Frﬁ/e'n't‘i%lrhStsré(m@tlé‘I 88 §o dﬁﬁﬂ@é'r@@wﬁ@ubﬁ\@t@‘é‘té ine

nmet al Iayer and the polylmde | mis being deman 10pursuant to the
demands of Whigdragiarcieedayer tShf@rmadctha d/nr Precesdefier rwerrtézfehﬂg;ﬁéﬁf@e

[0015] As the %Yf?ééd?clrl]{)dﬂ'?ﬁg fa&ehg BBEh SEQ?HB% cfef‘;% pBﬁﬁllm&; FESA Al bg'at' al

peel strengt pee stren rength arter aging at
150C for lwryhpw&)ssasa tbeddayet er Hierdafter dorroedthyon We‘sprmﬁsgenar aiyl y

b h I
Strength | SPIRGESH RGCPAKATIICAIRY oGS A0 & SLTRAT Bt PO TP LR

rel iabilitywepot88s: eaaae Redaniperior efeteast rmem@eameeto sidreagehthe
retention after an a? test at 150C for 168 hours (thermal peel
st r engt h/ noAdeesipaaf esrtagsﬁgtw)th%t Heleniosating ke prigal ﬁdb%{]omnb%w%%n the

i ncrease t Iggﬁ‘desﬁlrn‘?régltdhtﬂeeﬁ%@él' I‘é?ergrfte'rsrarlﬁ%ﬁ hat surface nodification

treat ment bas on a wet process or rocess is preferably perforned
on the surface of the polylmde resin fllrn but it is not sufficiently

under st ood by what sort J peel strength
i ncreases, and there |sB§ %ﬁ?@ﬁ@?ﬁ?ﬁ%@%ﬁﬁgu on treatnent is
be ng |rrpl enented through trial and error and it is difficult to maintain a

iven nodifjcation_|evel 0Q17]1n 1 jght of, the above,. the sent
?nven&OBF%] cdﬁﬁ@u& eajh"?tt '§n§t[e Hag bgwwsmgthenee@mtm@mﬁe f8§U§%e°Bemq ng

surface on ffedEiabf la%‘l%(eoslé%%r'df B pbRRRPISIHUEQT- C()rhﬁtf‘@rﬁle Rerier

net al - coated polyi mde resin substrate was subject to 90-degree peeling. It

was di scovemedalh (i} yertresicdue gceordingdo linndeptbirofidnearith ar lme;nirfllght ckel ,
chrom um or %ﬁqﬁ'}]@a{r&q%ﬂnlr%gs)spfe@tmet%f t(eth geMs%rface nodi fi cation

treatment an t hough this will depend on
tdte nodi fi cfatigoB] t rléas nera dafgrahe sBbpohyithedelatesship gentbeapeg! svealimg, if
the rmdlflCraetter?{]orttr?o?sn?gl%\tlve to the thickness (thickness nm based on Si

conversion) of a mixed layer of the barrier metal and Pl (polyimide).

DESCRIPTION OF EMBODIMENTS
30
[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
or a dry process, forming a seed layer on the foregoing barrier layer, and
35 additionally forming a conductive film having a given thickness on the



6PCT/ JP20101052299 excessive, the incorporation of the barrier |ayer netal
into the polyimde nodification |ayergw |l increase, andp&lp,gpm%;@gzjﬁgyer of
the barrier layer nmetal and polyimde will increase. Mreover, as the
sputter energy in formng the barrier layer increases, the inplantation of
the barrier nmetal 5into the polyimde layer will increase, and the m xed

| ayer of bdiorégoingayeed rayat. aimdtipolpyesente imgetrdiarhi @ kdyy . process| susmsis

addi ti onal | [ scove that the deterioration in th . strhen .after
Fher " agi SR SO0 0T ARl oI Py B o el s B it BBt oo
and barri er|a?,gy@h thet b yrhideh&dinifiilal peel ing surface on 10 the netal

| ayer side. [n other words, it was discovered that: as the m eg{ﬁl%ler of

. X
pol yi ni de and b?a’i‘ rqcﬂ?eQ'&?'éFe_%k%l'blﬁe@&fﬂ@tQ _Hpegtg}qlalfl_y,ea c!WBp'é‘tyeﬁ_ ¥y Ca
catalytic %hﬂﬁétdéan fhi#Ctdd Wtegeﬁgids)é dHrsRediagdvé NialRe pelwien dael ayer

t hrough t he m xed ‘[ ayer; and therefore, the deterioration in the nolecul ar
structure ofolyheideofil mraducedias despribedtaddvenand e niriel laysyt FeKHOWD

. Ceri = . . .
2 et ng. 14 SPHFERTBUEI 0 s Y el R o GEERIRNP Yt &Y 2 e
peel i ng surdiemét Goardemagdéddl irmytee sledéonicd edustry; aut ggebten adhespossi bl e
t intain th t th aft th | .aqgi Aat i gh | |, d
2ddi 11 onal 135 Be” (TS 8L AKAE S Thel et STRERGIN 2Butine  fEminefiia

agi ng fromgheyaht akngss deimangs rafxglet aytehesf oP®hyididlat anNEAngelalthain t he

initial peeling surface on the netal |ayer side. [0018] Fig. 1is a
di agr am scH@®&nt ¥8Prs: showi ng the examination results on the thickness of a

m xedobser of ALGnBOLYAINLHBH' FRiAuE theiddr A0E AbfnARPELPSERGE (i | aver
residue at the peeling surface on e netal |layer side accordi'ng to
i n-dept h prpdeéll strengiih kerad therthefmall pedit stsecotidéraelidrengibsafigreagingnat er

(TS5t 2 BN e e AP, 08 A b

conver si on,maadutde barrier nmetal (Ni) reaches its peak in the vicinity of
4.5 nmas the S%Jtter sodept h based on Si conver?i on. The internedjate
i I

thereof is the A$AasarRpsy aBpvRolyirareRt ¥parsthauiong-term Reel$iieneth Som t he
anpl es an@emg’g¥tg®lt§ﬁ?§mﬁt&ﬁsgé DRk lipd@ent ifbr ‘ﬁﬁen fr@lﬁ’éﬂ&f[)ﬁaatnd e

increase int n xed | ayer causes the peel stren
retention dfese arsedeatands dor encegatieg BS] peed|shegtai rieptionaglier am a

great deal . researgh, in 7 PCTh J

di scovered "f%u'g f%sg %Qe1|§d;'t%:r gégﬁﬁ%@ﬁ gtogxg?@ﬁég??le ggrll %Egl @ﬁﬁﬁﬁ%t pf%bc for
88 hours (sthemgthl) gzeeluchtaepgsbibier mal peel strength) will increase when
the thickness of a m xed | ayer of, polyimde and barrjer layer netal,6at the
peel i[tq@1@urface|noﬂrqq’lre %P&Ye?%ﬁ/épgspé%még’@&g&rﬂ nrg'f??'ag'?'ﬁ’- &eé‘t tll(nﬁly‘(ﬂ‘ ith?ﬁg

W th TOF- Sl dRfase hodifibaioh It drIRE N0 Pa Wt pi®fedRbLa RP\RHEESHis | N
the foregoing case, it was possible to achi eve peel strength retention of
50% or hi ghrér,e_fen[qglmqﬁrgg]ned on the surface of the polyimide resin film, but it is

not sufficiently understood by what sort of mechanism or phenomenon the
25 peel strength increases, and there is a problem in that the 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
30 the depth direction when the metal-coated polyimide resin substrate was
subject to 90-degree peeling. It was discovered thereby there is a mixed
layer of the barrier layer (nickel, chromium or its alloy layer) formed after

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



10[ 0020] The Exanpl es and Conparative Exanples of the present invention are
now expl ai ned. These Exanples are nmergly illustrative, apgrfpsyBfogsRat
invention shall in no way be limted ?hereby. I n other words, various

nodi fi cati ons and ot her enbodi nents based on the technical spirit clainmed
in the clains shall be included in the present invention as a 15matter of
course. [ 00dedshxanplecinkorporatioks of hiee ﬂ:(dryi'en‘ilaiyberr estal fritd theKapyonide50EN

manuf act ur ed t was. used. This d t ot
ol asmat redimaficatiaeyasavil B pager SeBipbs Bt iaveiel R R oy vas
formed by Zﬁéwtéﬁﬂf&yhﬁld@cmlﬁ\lﬁc@ds@ cknessowdr, A thenputter energy in
Subsequent | a seed copper |ayer was forned bY sputterlth(? Bnd a ﬁﬁgg

conduct or éy@vn@)ﬂhg tiﬁﬁrkﬁééaflgf iReregyes| e ippiantaHgn s 85t

neasurl ng t t a fel I
Char act ori ST poHinBE NI HlorcBs S ARUANR NG R e e dapee
25t her mal pmeltalgmcépgiyinﬁde(ge?oﬁtlklmkm was obt ai ned. Wth respect to

i ckneas of trb WeRoaor il UeRE . hag B cuAREEA60N B 18R PBel "
peel i ng surétaeegidnattee thetmla| |a@y'r$g wasleausethpy rthenﬂilclpteesls whthevadwded
mecs Spodt el o RoHepR ey bartcP e b e A Al R Y "
(Rihat i onshi meoﬁetté‘IQagé%ld%t r epgbihet Sf Akl RMvASUigR\Rre Yy eha0 dhdel hib@dess

i ckness nm based Si conversion) of a m xed |layer of barrier netal and
Pl (polyi m aypr Aspelybwide mre garner {auer medahbssontesathicked thgyepreer

e et "= Pyl BUATR N, BRe0: 53 AR BRsin dRpsaRienal e and
st rengt h/ nopmimpmlay:etrltlenglght)tmdmmd faaﬁemr abtdhemfare, shatdedsoioratien in
foregoing nﬁfieSlrJnro ecultar sﬁ?ﬁjclzth?e E%)rf(_:‘thsehgmlm|de r83|en s prcgmggezd a Eame p%lal

15 strength consequently deteriorates in the thermal aging.

Accordingly, by adjusting the thickness of the mixed layer of
polyimide and metal at the peeling surface on the metal layer side in the
initial peel, it is possible to maintain the peel strength after thermal aging
at a high level, and additionally possible to estimate the peel strength

20 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.

[0018] Fig. 1 is a diagram schematically showing the examination results on
the thickness of a mixed layer of the polyimide residue (C-C) and the
barrier metal (Ni) layer residue at the peeling surface on the metal layer

25 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
barrier metal (Ni) reaches its peak in the vicinity of 4.5 nm as the sputter

30 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 the increase in thickness of this mixed layer causes
the peel strength retention after thermal to deteriorate.

35 [0019] Accordingly, based on a great deal of research, the present inventors
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[0020]

[0021]

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 layer metal at the
peeling surface on the metal layer side according to in-depth profiling with
TOF-SIMS is 0.70 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.

[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.

(Example 1)

As the polyimide resin film, Kapton 150EN manufactured by Du Pont
was used. This polyimide resin film was subject to plasma treatment,
and a barrier layer composed of nickel chromium alloy was formed by
sputtering to achieve a thickness of 25.0 nm.

Subsequently, a seed copper layer was formed by sputtering and a
copper conductor layer of 8 ym was formed by electroplating. As a result
of measuring the peel strength thereof, a sample having the following peel
characteristics; namely, a normal peel strength of 0.66 kN/m and a
thermal peel strength of 0.36 kN/m, was obtained.

With respect to the metal-coated polyimide resin substrate formed as
described above, the thickness of the mixed layer of polyimide and seed
layer metal at the peeling surface on the metal layer side in the normal
peel was measured according to the in-depth profiling with the
time-of-flight secondary ion mass spectrometer (TOF-SIMS).

Fig. 2 is a diagram showing the relationship of the peel strength
retention (%) relative to the thickness (thickness nm based on Si
conversion) of a mixed layer of barrier metal and Pl (polyimide). As
shown in Fig. 2, the thickness of a mixed layer of barrier metal (Ni) and
polyimide was 0.53 nm based on Si conversion, and the peel strength
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retention (thermal peel strength/normal peel strength) showed favorable

results at 55%.

The foregoing measurement results are shown in Table 1.

[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)

Example 1 0.66 0.36 55 0.53

Example 2 0.80 0.48 60 0.41
Comparative Example 1 0.79 0.38 48 0.77
Comparative Example 2 0.77 0.31 40 0.97
(Example 2)

As the polyimide resin film, Kapton 150EN manufactured by Du Pont
was used. This polyimide resin film was subject to plasma treatment,
and a barrier layer composed of nickel chromium alloy was formed by
sputtering to achieve a thickness of 25.0 nm.

Next,

a copper conductor layer of 8 um was formed by electroplating, and the

Subsequently, a seed copper layer was formed by sputtering.
peel strength was measured. Consequently, a sample having the
following peel characteristics; namely, a normal peel strength of 0.80
kN/m and a thermal peel strength of 0.48 kKN/m, was obtained.

With respect to the metal-coated polyimide resin substrate formed as
described above, the thickness of the mixed layer of polyimide and seed
layer metal at the peeling surface on the metal layer side in the normal
peel was measured according to the in-depth profiling with the
time-of-flight secondary ion mass spectrometer (TOF-SIMS).

As shown in Fig. 2, the thickness of a mixed layer of the barrier metal
(Ni) and polyimide was 0.41 nm based on Si conversion, and the peel
strength retention (thermal peel strength/normal peel strength) showed
favorable results at 55%.

The foregoing measurement results are shown in Table 1.
(Comparative Example 1)

As the polyimide resin film, Kapton 150EN manufactured by Du Pont
was used. This polyimide resin film was subject to plasma treatment,
and a barrier layer composed of nickel chromium alloy was formed by
sputtering to achieve a thickness of 25.0 nm.

Subsequently, a seed copper layer was formed by sputtering. Next,
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15 [0025] (Comparative Example 2)

As the polyimide resin film, Kapton 150EN manufactured by Du Pont
was used. This polyimide resin film was subject to plasma treatment,
and a barrier layer composed of nickel chromium alloy was formed by
sputtering to achieve a thickness of 25.0 nm.

20 Subsequently, a seed copper layer was formed by sputtering. Next,
a copper conductor layer of 8 um was formed by electroplating, and the
peel strength was measured. Consequently, a sample having the
following peel characteristics; namely, a normal peel strength of 0.77
kN/m and a thermal peel strength of 0.31 kN/m, was obtained.

25 With respect to the metal-coated polyimide resin substrate formed as
described above, the thickness of the mixed layer of polyimide and seed
layer metal at the peeling surface on the metal layer side in the normal
peel was measured according to the in-depth profiling with the
time-of-flight secondary ion mass spectrometer (TOF-SIMS).

30 Consequently, as shown in Fig. 2, the thickness of a mixed layer of
the barrier metal (Ni) and polyimide was 0.97 nm based on Si conversion,
and the peel strength retention (thermal peel strength/normal peel
strength) was inferior at 40%.

The foregoing measurement results are shown in Table 1.

35  [0026] Accordingly, as the thickness of the mixed layer of Ni and polyimide
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25 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 polyimide resin substrate having excellent peel strength

30 retention.
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20 [Claim 3] The metal-coated polyimide resin substrate according to
claim 1 or claim 2, wherein the surface modification of the polyimide

resin film by a dry process is performed based on plasma treatment.



