DESCRI PTI ON NON- ADHESI VE FLEXI BLE LAM NATE TECHNI CAL HELD [ 0001]

The present invention relates to a non-adhesive flexible |am nate used as a
nounting material for electronic conponents such as flexible print
substrates, 10 TAB, and COP. BACKGROUND ART [0002] An FCCL (Flexible Copper
Cl ad Lam nate), in which netal conductor 15 layers primarily formed from
copper are |am nated on a polyirni i s broadly used as a circuit
board material in the electroni c@&ﬁgﬁéﬂp” Anong t he above, a non-adhesive
flexible lam nate (particularly a two-layer netalizing |am nate) that does
not include an adhesive |ayer between a polylmde filmand a netal |ayer is
a material that is attrabNONADHESIVE RUEXIBLE LAMINATEL he demands of fi ner
pitches of the circuit wiring width, [0003] As a met hod of

produci ng a non-adhesive flexible lam nate; in particular a non-adhesive
flexible ['am nate capabl e of aci.&:w&&gﬂl____@ne pitches, primrily
perfornmed is a so-called netall formng, in advance, a
tie-coat layer 25 configured froma material having favorabl e adhesion with
polyi mi de, and a netal seed |layer to work as a conductor of the

cat hode/ d@@G@1dnt in the subsequent el ectroplating process, on a poiyinde

filmby a drying_nethod such as sputtering, CVD, or vapor deposition; and
thereafter el ect 16 RIEFPY INeriepsrelatesita 8 nan-aghesivet fiaxibleyamingte usadhat

becones C : f circuit bqgard (refer.to Patent fOQ Docunent
T oogs e MULRAS i i3 bt SiREnHIE el oF (RHPlP T PHER et he
adhesipon Tiag, weacope netal |ayer and the polyimde film nodification is
carried out by perform ng plasma treatnment to the polyirnide filmsurface
in order to elimnate the contam nants on the surface and to i nprove the
surface roughness prior to form n&(the nmetal |ayer (refer to Patent
Docunent 2 and Patent Document BACKGROUND ART

[0002]

An FCCL (Flexible Copper Clad Laminate), in which metal conductor
15 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, a
non-adhesive flexible laminate (particularly a two-layer metalizing laminate) that
does not include an adhesive layer between a polyimide film and a metal layer is a
material that is attracting attention pursuant to the demands of finer pitches of the
20 circuit wiring width.
[0003]
As a method of producing a non-adhesive flexible laminate; in particular
a non-adhesive flexible laminate capable of accommodating fine pitches, primarily
performed is a so-called metalizing method of forming, in advance, a tie-coat layer
26 configured from a material having favorable adhesion with polyimide, and a metal
seed layer to work as a conductor of the cathode/current in the subsequent
electroplating process, on a polyimide film by a drying method such as sputtering,
CVD, or vapor deposition; and thereafter electroplating is performed to form a metal
layer film that becomes a conductor layer of the circuit board (refer to Patent

30  Document 1).



[ 0005] General ly speaking, in this nmetalizing nmethod, when
pre-fanning a netal layer on a polyimde filmby a dry plating nmethod such
as sputtering, the 10 i nprovenent of adhesion and etching properties is
bei ng sought through the selection of the interlayer material (refer to
Pat ent Docunent 4). However, further inprovenent is required fromthe
perspectiyve %f heat treatnment during circuit formation and | ong-1lentil
reliabilﬂ9904n t he usage environnent. Nevertheless, the current situation

is not sufficient,iypr not ument 1]
Japanese. Pat ent 1B SS SRR mafR Riel e E R adivel el o]
73511 [ Pahetal laecan® e Sdlyiftidy ﬁlﬁﬂ@ﬁbdlﬁd&ﬁﬁﬁ#cé'?ﬁé@%hﬁb%g@ﬁo@rﬁiné’gﬁsma

I nternational Publication No, 2003-519901 20 [ Pat ent cunment 4] Japanese
Lai d- QperireRimeiniciatthe polMomideidiini 20632 DI GIROSERMDIGRe THECONBNENENT 0B06]

Thus, an object of the present _invention is to jnprove the adhesi gn between
t he met a|surfag%ranart@1 "PW@BE)HP%/FW?}CGJOPQ'F'Fﬁséfpf'af %w?fﬁmségﬁwtﬁlﬁewdr e ami nat e

(parti cult61r|:Ja¥% gﬁs\%ﬂeﬁggéﬁg Iﬂﬁ%rﬂldo%hﬁﬁmk §i_n nate). [0007] In light of the

foregoi ng pro resent invention provides the 30foll ow ng.

A non- adhesasje flexible | am nate conprising a polyinnide filmat |east one
surface of which has been plasma-treated, a tie-coat |ayer forned on the
pl asma-treat ed suddrecaly spedkiagnitthis roetaliziog ovettiedy avhehqredoming ateetali e- coat

it of Lieson pupulE i B SSeRatBRomel shRe' GeoTiisig R of 1 os
PP/ Pi1p> OmBrovement of adhesion and etching properties is being sought through the
selection of the interlayer material (refer to Patent Document 4). However, further
improvement is required from the perspective of heat treatment during circuit
formation and long-term reliability in the usage environment. Nevertheless, the
current situation is not sufficient improvement has not yet been made.
15
[Patent Document 1] Japanese Patent No. 3258296
[Patent Document 2] Japanese Patent No. 3173511
[Patent Document 3] Published Japanese Translations of PCT International
Publication No. 2003-519901
20  [Patent Document 4] Japanese Laid-Open Publication No. H6-120630

DISCLOSURE OF THE INVENTION

[0006]

25 Thus, an object of the present invention is to improve the adhesion
between the metal layer and the polyimide film of a non-adhesive flexible laminate
(particularly a two-layered metalizing laminate).

[0007]
In light of the foregoing problems, the present invention provides the

30 following.



[ 0008] Any one of nickel, chromum cobalt, a nickel alloy, a
chromum all oy, and a cobalt alloy can be used as the tie-coat |ayer. Any
of the above-nentioned materials can increase adhesi on between the
polyirnide filmlayer and the netal 10 conductor |ayer, and can be etched
when designing a circuit. These materials are useful when nanufacturing the
non- adhesi ve flexi ble | am nate, [0009] Nevert h Iess since the

focus of this indepdn- Bﬁ’hqsévetf@xi'%f%WBat&cﬂﬁ’@qu'éWgtﬂ/p?IWE}‘%% Imhat! % Ofgnsi ty of
e 1 o GARLed By Rhichfis ARIFAMER.Yod B £RELAG LDG FARLASH B2 GR.OF (Do

tie-coat Tayer and oes ependa’ upon € properties that
are speciyfeated @rfhc@ahﬁd aanhetalTéuh‘auciotr |e@bpfdrﬁheaemundQé%bapﬁyémﬂmes@h action of
materials other than those |isted above cannot be negat ed.

Copper oratp deﬂﬁra@ualcﬂpnsl%pbw theorktinal densitppt af thediadcoad yayer satisfiehe net al

conduct or Simlar|ly, in this case, selection of materials other than
20 t hose pP}PS?EoS &'15'(9‘\@0’869%6@')5@5‘@@&& t>[00%)10] What is nost
|rrportan the present invention is that the ratio Pp/Pt of the actual
density the theoretical density Pt of the tie-coat |ayer satisfies

pp/ pi > 0 6 and AT éhePbehRk@b khrov@tiing cbB&t, RPhitkePallby/ a ¢Hromiurh REsEby
possible to inprove the 25 adhesi on of the non-adhesive flexible |am nate.

[0011] Thedpr esteil alloyvantheoused as the te-copdayarr  &nf of theohbaxe-mgntidned t o

th h ft f th ivigmde fil dth t al
| ayer by Wﬁ%& 8GR Rofiane NS0 DVESH the POMTHEUcBHEh PSR B 2981 vi rni de
filmgagt Lg cgﬁnlgxgp Sba%ﬁn ¥ A0hd AN ABSIghRES At@RTR The SR hEtkriafk 4ke- coat

| ayer forne sna-treated
useful when manufacturing the non-adhesive flexible laminate.

[0009]
Nevertheless, since the focus of this invention is to improve adhesion by
increasing the density of the tie-coat layer and consequently increasing the contact
15  area of the tie-coat layer and polyimide, it does not depend upon the properties that
are specific to a material. Thus, it should be understood that selection of materials
other than those listed above cannot be negated.
Copper or a copper alloy can be used as the metal seed layer and the
metal conductor layer. Similarly, in this case, selection of materials other than
20 those listed above cannot be negated.
[0010]
What is most important in the present invention is that the ratio py/p: of
the actual density p, to the theoretical density p; of the tie-coat layer satisfies py/pt >
0.6, and more preferably satisfies py/p: > 0.7. It is thereby possible to improve the
25 adhesion of the non-adhesive flexible laminate.
[0011]
The present invention yields a superior effect of being able to improve
the adhesion after lamination of the polyimide film and the metal layer by providing
a non-adhesive flexible laminate comprising a polyimide film at least one surface of

30 which has been plasma-treated, a tie-coat layer formed on the plasma-treated



surface, and a netal conductor layer fornmed on the tie-coat |ayer, wherein
aratio Pp/Pt of actual density pp to theoretical density pl of the
tie-coat layer satisfies pp/Pt 0.6, BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON [ 0012] Speci fic exanples of the present invention are
now expl ai ned. The ensuing explanation is provided to facilitate the

understandi,ng of this invention, and the present invention shall in no way
be |1 mi ¢ SaraRer a2 plalEaoRE B toirict BE S B reont BV oMhaian A rrth

enbodi ne | u hidti i 1AV t of
cour se. %@igraélth%lqﬁgss F% bﬁ)ﬁl@gé@tl?@ﬁd@&@ﬁ?ﬁféﬁ%‘?@_@ é%tgtgy??fg?ﬁ%rﬁ @t} ’| east
one surfa@og of 15 the polyirnide film and additionaliy forma netal

conductor |ayer on the foregoing surface in order to prepare a non-adhesive
flexible lam nate. Here, the polyimde filmsurface is subject to plasm

treatnent in order (N ' urface and nodify
the surface. [ 0014] éEs‘f’ Mab&%@ﬂ@@ﬁﬁwmééﬁ@éﬁﬁf‘?@yer is formed on
the nodified polyimde surface, and a netal seed layer is additionally

formed thereon via sputtering. The netal |ayer to beconme a conductor |ayer
of the ci@@i@]t board is thereafter deposited via electroplating. Here, the
present inventors discovered that the ratio pp/pt of the actual density pp
to the theoretic&Peadinspynnks 6f thedresant dowantipaye W fexpRINgd. vaitieous™ 23

h in th tteri diti . d further di er.ed t.hat /pt i
PRt o A Tl
strengt hydf piReeiRRMMSEShall POASIvay be limited thdrebfl® 1hasthér WBIRL v&fodshe
actual density pp to the theoretical density pt of the tie-coat layer is 1,

t he ti e- oualifidatipes and bthebenfoodimeehté shall s gicludaddn tHeepresent! ihvdméiomaswaoi d at

all. Thus, the polyirnide and the tie-coat |layer will come in contact
across KSR FPYS8ur face thereof, and this will be the theoretical

cl osest @Rﬂ%ﬁlm ar ea, Meanwhile, if pp/pt ¢ 1, it nmeans that
there are"vords in the tie-coat layer, and if such voids are fornmed in an

area that cones TReQRicalocksd 13 toBriR @ Hé-Bbataa@r dhat ldast 6A&LukaEEHf T at her
than within the tie-coat |ayer, the effective contact area between the

ti e-déat theapelyinaidd fihe apdlagiditioallyafdrin al etedali corauietor @@ &Jn the foregoing Si nce

t he adhesign strength of the tie-coat |ayer and the polyimde is the
gt b SUPRGR ST do DIGRATS & oTEEaRESIYe ot TN otE: Dol BoPRRmIdY t he

contact ﬂfrﬁ@u%ébbmge%?ﬁf FiasfiatRatREntI BRI 90 e irRRIIHE chftsRndhddr
al though 1t "'I's obvi ou

the surface and modify the surface.
[0014]

20 Subsequently, a tie-coat layer is formed on the modified polyimide
surface, and a metal seed layer is additionally formed thereon via sputtering. The
metal layer to become a conductor layer of the circuit board is thereafter deposited
via electroplating. Here, the present inventors discovered that the ratio pp/p; of the
actual density p, to the theoretical density p; of the tie-coat layer differs by various

26 changes in the sputtering conditions, and further discovered that pp/p: is important in
terms of adhesion as a result of measuring the adhesion strength of these samples.
[0015]

If the ratio pp/p: of the actual density p, to the theoretical density p; of the
tie-coat layer is 1, the tie-coat layer will be formed flawlessly and there will be no

30 void at all. Thus, the polyimide and the tie-coat layer will come in contact across



10that pp/pi = 1 is the optimal tie-coat layer, it is difficult to realize

pap, =1 in light of the actual industrial sputtering technol ogy.
In addition, just because it is not pp/pt =1, it does not imediately |ead
to the deterioration of the effective contact area. [00171 The

first reason is just because not being pdpj = 1 does not necessarily mean
that all pf the vojds are forned at th oundar ace of the tie-coat |ayer
and t he ptﬁ?fpﬁﬁe ,ﬁa?ﬁpggg{)ﬁadnﬁg%yglrpq @eﬁﬂ%qreg‘i’%(?&’sﬁ%tl%‘?f‘mpa@ai s confi gured
f rom macr onol eculpgé ik d_it ingl IS ! m even
it voids are formed at Fh@paghﬁg’a?y faggéﬁag;fﬁ%r%gé?{aﬁgl_d%gzt ia@lé?étgér}'gp’t he

pol yi m deandiif sgeimvdids bredfeemed it Batarédthaetbretiiv eostadt with try glyiwidd oot
deteriorate if such voids are smaller than a nolecular chain in the

pol yi nmi ddhe [tigecogt layer rather thagn avithis the tiefcorhiaygsethg ¢ffagtive sgntapiearesl at i on
of pp/pt and adhesi on he present i.nventors discovered that the adhesion
det eri’or aeé\ﬁe%nphsﬁﬁfcdgt&yg_r gm&ﬁ}e{.&ol@@l %W@d&t?ﬂfrﬁtgse, it was confirmed that
voi ds at [?ﬁ%l s being influential in the adhesion were formed at the
boundary tTace of the tie-coat |layer and the polyirnide. The di scovery of
this relation is Sindectefzibesionistrehfit alaive Bélcoa laydri and the @olyviride is the

The adhesi on between the Eol yimde filmand the netal |ayer of a
nonadhesisiiéngihesdi igindingaatithecentachsitehk cantact feac dagrepss by tharnentachares

conduct or,_ . er are 30forned gn a plasma-treated surface of. a polyimde
Frrm ©ar vl e fiiedeh PR adesRels Bah. S rdadis AiRef n & 8Ridis™ “anc
this peelnhatd Aat N id He' ARt teieRt RPeR!it - Erfiedi PP oL 1inlightof !T

t he peel str%ﬁgth i’s suffici elntly S rgrgg, %fe“g'l‘fng ﬁlféggé'cur Ilnnlgpd% t he

pol yi r ni diee adthakindsstdarsputibling teeheslogg t o as cohesion failure. This occurs

because the adhesion of the netal i_g_ol yi m de boundary face is stronger than
the strength of {Mhadgibessiiusiibgeaisesivisnot pyananili it does notimenedizieldeachioea of

the tie- : th | yi mi.de decreases, since the non-contact area
easily pg@?éetlgﬁx%ﬁgﬁ%gmet%W%‘éfmagtrife?'ace) , the peeling (interface
failure) J(DG"I?‘] he vicinity of the nmetalipolyimde 10boundary face and the

peeling (cohesion failure) inside the polyirnide wll coexist, and nornal
peel ilag wi | | det &hedirgttreason is just because not being py/pt = 1 does not necessarily

mean that all of the voids are formed at the boundary face of the tie-coat layer and
the polyimide. The second reason is that since polyimide is configured from
macromolecular chains and its single molecule is several ten nm, even if voids are
formed at the boundary face of the tie-coat layer and the polyimide, it can be
20  deemed that the effective contact area will not deteriorate if such voids are smaller
than a molecular chain in the polyimide.
[0018]
As a result of intensely studying the relation of py/p: and adhesion, the
present inventors discovered that the adhesion deteriorated at py/p: < 0.6. In the
25  foregoing case, it was confirmed that voids at levels being influential in the adhesion
were formed at the boundary face of the tie-coat layer and the polyimide. The
discovery of this relation is a key factor in the devisal of this invention.
The adhesion between the polyimide film and the metal layer of a non-
adhesive flexible laminate, in which a tie-coat layer and a metal conductor layer are

30 formed on a plasma-treated surface of a polyimide film, after the lamination is



[ 0020] The present invention resolves the foregoing probl ens by
provi di ng a non-adhesive flexible | am nate conprising a polyimde filrn at

| east one surface of 15 which has been plasma-treated, a tie-coat |ayer
formed on the plasma-treated surface, and a netal conductor |ayer formed on
the ti e- cgemerallyyreeasurbe ei“‘ped st@ngth, pridpthiopeelctreathdacreases wheh @g/p;
theoretical density pt of the tie-coat |ayer satisfies pp/pt > 0.6. 10021]
It is welT0€RIRC€hat the Ar pressure and substrate tenperature affect the
density qgo.}é)e filmformed by sputtering! In addition, the filmdensity is
affected 'y Various conditions and interactions in the manufacturing

process such as tijhend e@ckr&iiPes sOMeRhtNStrBRE PSRNy OliIaRRuP indMdA R
di scharge, periodicity, strength of nagnetic Tield and its distribution

profi l%e caelyimide hdhipistgemerally rpfeoedds .as cohesion failufie Thie seatrsibeceuntd on
sel ected favorabl e conditions an”_on_gq the foregoing conditions in order to
i

achi eve ph® adsegop of i metameolyirpidgi RausAary: fage i alronger daan the steangtfeal out by

a person ilhed.in i I e

vent 1 o SMeCetSofingsdiie, § 1R oBntalt HREELENR NS oS RISCER e 1 ve
Exanpl es iyt Be62a8ss | SMBEtheeH-SortayY &y @-hﬁi@dPeEIQeﬁte sk e are
nmerely illustrative, and t he present invention shall in no way be limted

t her eby. (bounxtang facepritie, peeding gnterfasdifailurelt incthe vinimtyodfitee neetbifpblyienides based
on the technical, spirit clained in the clains shall be included in the
present i Qﬁ?'iyofﬁcgéng hatResiing lcgnsgionatailyrgy sgide the polyimidg, wilk coaxigio

parti cul ! Yo Bl ; rial to be used as the polyimde film For
i nst ancegngpdq@%%n%ﬂlﬁpg@g EP%&'HE%‘/EUbe | ndustries, Ltd., Kapton manufactured
by DuPontjpdeay Co., Ltd., Apical manufactured by Kaneka 10 Corporation, and
ot her products are comercially available, and the present invention can be
applied to any oréeofresérisimveation resdesitherdoreghimgpprebents bynpeonidiop d s not
limted to these specifi

B A L T
1|‘O ?: ?1/1| 1r\/5\1255q‘f:)}]iéaﬂcia i%eﬂarp\%%gjnu%%%%g'lr gt ﬂes-cg%tdl,ay% tf%rr"F ég/gﬂﬁg‘%’i %Itﬁ,gﬁta ﬁga)p{)éoqﬂy??ni de
filmwas safhg@cdnd a métaboanducestiapsrtfotfiéd @naky gercoat layer, wherein a ratio

po/pt of actual density p, to theoretical density p; of the tie-coat layer satisfies py/p; >

0.6.

[0021]

20 It is well known that the Ar pressure and substrate temperature affect the
density of the film formed by sputtering. In addition, the film density is affected by
various conditions and interactions in the manufacturing process such as the target
shape, mounting method, voltage of plasma discharge, periodicity, strength of
magnetic field and its distribution profile during the sputtering process.

25 The present invention selected favorable conditions among the foregoing
conditions in order to achieve py/p; > 0.6. These are conditions that can be easily
carried out by a person skilled in the art who is able to understand the present
invention.

[Examples]

30 [0022]



Subsequently, a tie-coat |ayer and a netal seed |ayer were forned by 20
sputtering. The tie-coat |ayer was forned as N -20wt % C equivalent to a
t heoretical density of 25nm and the netal seed | ayer was forned as Cu of
300nm The sputtering for the tie-coat |ayer was perforned under
the follow ng conditions; nanely, DC magnetron nethod with a

target-sputterin i of 0.95W c and Ar gas
pressure of O, 24?’\2.g %ﬁgﬁ%s?ﬁd %maraﬂ)gg%ﬁse@g;ehnv pr%sgablpygrﬁ@peade

netal i zi ngw explaiedcd: VERespIEBRARSE B merdl) MsPatBl ahd GRSHESEAY inlehfiBh
(thickness of 8i.im made of copper on the foregoing netal seed |ayer by
el ect r opSagli tgno way be limited therebjie kddtbsi wardsf varteeissaogifiesioob bad mewkr as
descri bed bﬁve was 30, neasured by J/S C 6471 t&}a met hod for testing
copper-cl‘agﬁo %‘?’H%?é%edf%@ techmird spEiticliaad i the Haims sapl S\ inalusleddV er

after set ¢l fYsbAS ,;é?]“ Iyl prepared two-|ayered netali zing

| am néte as&tghe s?arrp (BaﬁgF ﬁ?@%roc{fﬁén%reéa was accurately neasured, the

ti e-coat [0028er was etched and nelted, and the solution was subject to wet
analysis to determne the quantity of the tie-coat |ayer and cal culate the

t hi ckness 4 in t heereaise nef pattiedaetimitationeinsineymaldd@pap be used as the

Sub tly.. .l te wh t of th d two-| d

motal i 21 Agviine A "F&' e el b RUERCR HBe Jofuties id.nKahlemai nder
Leh ! I et he=t :

was etc ﬁﬁnUfEc’(t)dr%_(ﬂ‘éBg DIPSnEPSRY elce. Y 184! %ﬁ@éﬂ?h@ﬁl@#@ﬁﬁﬁfﬂgﬁ!}{%ﬁﬂ? surtace

was exposed, 1 rotective Tilmwas t he _ _ the
r emailhi nGorpapaten, | @yt rothérs proaiiptsetaed Yoobhraichaly esvaiabry Y ehé Niregengol uti on
of nitric acid series. A sanpl e was prepared in which only the

ti e- coatNVERiaN canebenplied teeannianeanédhese thoyipoeyfimsie The mresepar ed as
by measul VA hd® ot Bitdae o th b GRe oneRise; peokiste: 1 BT aper EYGeloGnaghd t he.
Bon 1 o e R A PB e, e oy
as the polyimide film.
15 [0024]

(Example 1)

Foremost, the polyimide film was placed in a vacuum apparatus and,
after evacuation, the polyimide film was subject to plasma treatment using oxygen.

Subsequently, a tie-coat layer and a metal seed layer were formed by

20  sputtering. The tie-coat layer was formed as Ni-20wt% Cr equivalent to a
theoretical density of 25nm, and the metal seed layer was formed as Cu of 300nm.

The sputtering for the tie-coat layer was performed under the following
conditions; namely, DC magnetron method with a target-sputtering distance of
80mm, power density of 0.95W/cm?, and Ar gas pressure of 0.24Pa.

25 [0025]

Subsequently, a two-layered metalizing laminate was prepared by
forming a metal conductor layer (thickness of 8um) made of copper on the foregoing
metal seed layer by electroplating.

The adhesion of the samples obtained as described above was

30 measured by JIS C 6471 (a method for testing copper-clad laminates for flexible



SHI MADZU CORPORATI ON Condi ti ons: Dynam ¢ node Scanni ng range: 100pm x 100pm
Nunmber of pixels: 512 k 512 [0028] The ratio tp/4 of the actual thickness
fp of the tie-coat |ayer obtained as 25 described above to the thickness 4
in the theoretical density sought with wet analysis is equal to the ratio
pp/ pt of the act ual density pp to the theoretical density pi of the

tie-coat 6’ girout t%char MotaRle? &'ﬂesrhéﬁ@ﬁin tIﬁ'e eﬁéi'_lﬁg?ra&dth% r\%\gél%ﬁed op/ pi

and the ren "t he sanpl €. Specl |caI

relati ons\honadvmmanm laih@tepsd e s&aplet dfewnieh Uhd iled sidsyaddnrdtelyt he
t heoretical densit i of the tie-coat layer, and the peel strength.

Not e t hatmeawredaéhﬁm c@@tllammsqtch@dsamhmeue@ta@d the setutioewaesgbiegt tof each
o e R a o, b i T T g ©
gen;rlt)p/)t Qﬁ@&%"g’%’%‘?&@%&ﬁ st renﬁgﬁ \lljvzgdb. 76kN nn i nASExZ?rg}AQ I1n ?ﬁ:gl ©
peel stréougsp | nproved considerably. [00291 [Table 1] 1 a
Subsequently, in a state where a part of the prepared two-layered
metalizing laminate is protected from the etching solution, the remainder was etched
until metal was completely eliminated and the polyimide surface was exposed.
10 The protective film was thereafter eliminated, and the remaining copper layer was
completely eliminated using an etching solution of nitric acid series.
A sample was prepared in which only the tie-coat layer remains at a
certain area on the polyimide film prepared as described, and the actual thickness &,
of the tie-coat layer was measured by measuring the difference between the tie-coat
15 layer portion and the polyimide portion.
[0027]
Measurement was performed under the following conditions.
Device:  Scanning probe microscope SPM-9600 manufactured by
SHIMADZU CORPORATION
20 Conditions: Dynamic mode
Scanning range: 100um x 100um
Number of pixels: 512 x 512
[0028]
The ratio t/t; of the actual thickness t, of the tie-coat layer obtained as
25 described above to the thickness t in the theoretical density sought with wet
analysis is equal to the ratio py/p; of the actual density p, to the theoretical density p;
of the tie-coat layer.
Table 1 shows the measured and calculated p,/p: and the peel strength
of the sample. Specifically, Table 1 shows the relationship between the ratio py/p:

30 of the actual density p, to the theoretical density p; of the tie-coat layer, and the peel



Pp Pt Peel Strength kNirr3 Exanple 1 0.73 0.76 Exanple 2 0.80 0.74 Exanpl es
0.90 0.76 Conparative Exanpl e

strength.

Note that the theoretical density was calculated from the density of each
of the component elements configuring the tie-coat layer and the ratio of the
respective component elements, and Ni density (8.9mg/m® x 0.8 + Cr density

(7.2mg/m®) x 0.2 = 8.56mg/m® was used.

(=g

As shown in Table 1, pp/p: was 0.73 and the peel strength was 0.76kN/m

in Example 1. The peel strength improved considerably.

[0029]
[Table 1]
10 Peel Strength
pp/p! kN/m
Example 1 0.73 0.76
Example 2 0.80 0.74
Example 3 0.90 0.76
Comparative

Example 0.55 0.69

15 [Example 2]
[0030]

A two-layered metalizing laminate was prepared as a sample with the
same method as Example 1 other than changing the power density of sputtering the
tie-coat layer to 1.9W/cm?. The pe/pt and the peel strength of the obtained sample

20  were measured with the same method as Example 1. The results are also shown
in Table 1.

As shown in Table 1, the py/p; was 0.80 and the peel strength was
0.74kN/m in Example 2. The peel strength improved considerably.
[Example 3]

26 [0031]

A two-layered metalizing laminate was prepared as a sample with the
same method as Example 1 other than changing the power density of sputtering the
tie-coat layer to 2.9W/cm?.  The py/p: and the peel strength of the obtained sample
were measured with the same method as Example 1. The results are also shown

30  inTable 1.



0.55 0.69 15[ Exanple 2] [0030] A two-l ayered netalizing | am nate
was prepared as a sanple with the sane nethod as Exanple 1 other than
changi ng the power density of sputtering the tie-coat |layer to 1.9Wcn2.
The pript and the peel strength of the obtained sanple were nmeasured with
the sane nethod as Exanple 1. The results are also shown in Table 1.

As shown in Tabl 1 DI r t AKNimin
Exanpl e 2. The pg\esl Shsc%v?gh'g:r%b!@rrgr ngezgp@gﬂrg%tgggb 9 t:}"[QeE@zEﬁerp reéﬁg?\ ?’&%31]

A two- | ayereidi/meh &Examipleg3.! afienpéet svaagthri@proved caasidermblypl e with the sane
nmet hod as Exanple 1 other than changing the power density of sputtering the
tie-coat [(@3Pdr to 2.9WcnR. The pp.rip and the peel strength of the

obt ai ned ,sanpl e .were neasured with the sane nethod as Exanple 1, The
results é@g@ﬁ&lvgmpgi n Table 1 , As shown in Table 1, the

Pp/ Pt was 0,90 aprgrddisstPeR! B%ihﬁf%tﬁhnvlw% o@a@@&'ﬂﬁ ] i/ébtﬁﬁ?‘%?!é?aﬁ:s dhe peel

strength i nproved consi dera 032 npar ati ve Exanp
For enost aftehevamlayion,nthd @ofyirhidevive whssdsjedtrto plasntatreatampauaingoxegeh. af t er
evacuation, the polyimde filmwas subject to plasma treatnent using
oxygen. SWHSRRHASHY| § liesoailayerad 3 mpial saedllayenwets fosaed by sputieringr e f or med
by sputtering. The tie-coat layer was formed as Ni-20wt% Cr of 25nm, and the metal
seed layer was formed as Cu of 300nm. The sputtering for the tie-coat layer was
10 performed under the following conditions; namely, DC magnetron method with a
target-sputtering distance of 50mm, power density of 2.3W/cm? and Ar gas
pressure of 0.24Pa.
[0033]
Subsequently, a two-layered metalizing laminate was prepared by
15  forming a metal conductor layer (thickness of 8um) made of copper on the foregoing
metal seed layer by electroplating.

The py/pt and the peel strength of the obtained sample were measured
with the same method as Example 1. The results are also shown in Table 1.

The py/pr was 0.55 and the peel strength was 0.69kN/m in Comparative

20 Example 1. The peel strength was inferior in comparison to Examples 1 to 3.
[0034]

As described above, the peel strength improved at py/pt > 0.6, and it was
possible to achieve a peel strength of 0.70kN/m or more. In addition, as shown in
Table 1, in cases of pp/p: > 0.7, the peel strength exceeds 0.70kN/m, and a stable

25 peel strength has been confirmed.

Accordingly, it can be understood that the improvement of the density of
the tie-coat layer is a key factor in improving the peel strength. Specifically, by
measuring the density of the tie-coat layer (p,), obtaining the ratio to the theoretical
density (pi), and adopting the py/p: as the index; the peel strength can be improved

30  reliably.

10



The tie-coat |ayer was fornmed as N -20wt % C of 25nm and the netal seed

| ayer was forned as Cu of 300nrn. The sputtering for the tie-coat |ayer was
performed under the follow ng conditions; nanely, DC nagnetron nethod with
a target-sputtering distance of 50nm power density of 2.3WcnR2, and Ar gas
pressure of 0, 24Pa, [0033] Subsequently, a two-I|ayered

metal i zing | am N3t @ Waked) SRAIRE t&¥ndnuPacked MonsdHRERE RIBALENIRateayer
(thickness of aprn) nade of copper on the foregoing netal seed |ayer by

el ect r oplveth lnigh p@alesti@piiP, and dbtairesymbed nen-adnegive fidxibladanobatai ned sanpl e were
measured with the sane nethod as Exanple 1. The results are also shown in
Table 1, [Q(Pig’]pp/ pt was 0.55 and the peel strength was 0,69kNimin

Co ti 20 . , L nferi; ' . [ t
Examl os 1 to . 1G0useiIMIRuBT EraBbhid fhbrolRang Bufbudt el RFMBEea o
PP/ pt 5> Qebwed thel folyiRfdePRmSa ﬁﬁetrﬁetﬁplﬁ'\@r\/@y Bra¥Rfthg 8 noREAhBsiAE fIExigRKNr m or
nore. In addition, as shown in Table 1,” in cases of ppliot .> 01, the
peel st r darginateecaregriinda polyirhidenfilraatieastdrahéefa2® qiewlichdtasdreghipldsnsa-been
confirmed. . Accordingly, it can be understood that the inprovenent
of the ddieafqd, dfliq-gratt W%éﬁ*’t’“?day’@r thes Plaseesrtreaiedopuifars idod Aigtalt he peel
t th. . fi i j t i€ .
Copy . Jobcaraay RE totine8 brRE g R shar: BEelt oo A I RuBEEEY Thg (e

pp/ pt  as ol he thatiencal EErsit) @bt fHertRNEIHN 1820 shfsfieBR, Ny .8 Urel dvahl oy/p, >

It is thereby possible to manufacture a non-adhesive flexible l'amnate with
hi gh |peel0.5t ramyjtthe edfedtivareas rof she hpresardrinatiiioni can bé exntiimeed tiomntee.

[ 0035] . The present invention enables to inprove the adhesion
after | aff'REPNGFXBID the poiyinmde filmand the netal |ayer by

provi di ng a non-adhesive flexible lam nate conprising a polyimtie film at

| east one surface of which has been plasnma-treated, a tie-coat |ayer forned

on the plasma-treated surfagepusmndls ApbalcAmInduct or | ayer formed on the
tie-coat layer, wherein a ratio pp/fat of actual density pp to theoretical

density pt of the tie-coat |ayer satisfies Net > 0.6, and even ppiPi >

15 [0036]

Since the present invention yields a superior effect of being able to

improve the adhesion by providing a non-adhesive flexible laminate comprising a

polyimide film at least one surface of which has been plasma-treated, a tie-coat

layer formed on the plasma-treated surface, and a metal conductor layer formed on

20 the tie-coat layer, wherein a ratio py/p: of actual density p, to theoretical density p; of

the tie-coat layer satisfies py,/pt > 0.6; it is effective as a non-adhesive flexible

laminate to be used as a mounting material for electronic components such as a

flexible print substrate, TAB and COF.

11



| DO.7. And, the effectiveness of the present invention can be confirned
fromthe foregoing explanation. | NDUSTRI AL APPLI CABI LI TY 5[ 0036]

Since the present invention yields a superior effect of being able to

i nprove the adhesion by providing a non-adhesive flexible | am nate
conprising a polyimde filmat |east one surface of which has been

pl asma-treated, a tie-coat |layer fornmed on the plasma-treated surface, and
a netal conductor |ayer forned on 2CLMMS: i e-coat | ayer, wherein a ratio
ppept of actual density pi, to theoretical density pt of the tie-coat |ayer
satisfies pp/rot > 0.6; it is effective as a non-adhesive flexible | am nate
to be us as a i i j i a

flexi bl ohint subaPr araeshgeRls (e EpEhs «TTRAREHR ke FRe ¥, o

f1 exi bl e durfaceadfeviicivhas deeg maged-yreaiede aftid-coaatlayer dsimednen e plas@aof whi ch
has been plasnma-treated, a tie-coat |ayer fornmed on the plasma-treated

surf ace, Upaied Auriseedal mptal Jasdnisyeniformes onetheota-coalyleyer, and a metahl

duct I f th t al d wher ei n. tio N p;, of
ot ual - AROELGIop IBHED PRBEY Y L MR SARy Moo WASHE #9540 8 8PUBL s f s
0. 90a: pr 4. PANE - | j v ' di t
ci ai m 1, PR o e B e R e P OO B o

ni ckel , d@y om umTheohed-adhasikidxisie layinateOactording totiaint Oywhereth thehial t
al l oy, 131The non-adhesive flexible |am nate according to claiml or claim
2, wher ei9at lRyemia epnfigueay frafycany-0ne amenadickel, cbritme coball eickgl alloy,

cont g e S 20y, 3G cBbaf QRRST 1 copper alloy. (5

[3] The non-adhesive flexible laminate according to claim 1 or claim 2,
wherein the metal seed layer and the metal conductor layer are configured from any

one of copper or copper alloy.

15
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