RP06-203- PCT SPECI FI CATI ON COPPER CLAD LAM NATE Technical Field [0001] The
present invention relates to a highly flexible copper-clad |amnate wherein
a copper foil is lamnated onto a polyimde film Backgroug? @5&}¥%R02] A
polyimi de filmhas been used for a | am nated sheet, a flexi g
printed-circuit board and so forth, because of its excellent heat

resi stance, chem cal resistance, nmechanical strength, electric properties
and so on. [0003] For exanple, a conmonly used flexible printed circuit
board (FPC) is a copper-clad |SPRGIEIGHTEON a copper foil is |am nated on
one side or both sides of a polyimde film (Patent docunents 1-3). A
polyimde filmused generally has a thickness of about 25 mas the Exanpl es
in Patent docunments 1-3. [0004] At present, a copper-clad | am nate,
typi-cally a substrate for e@EPPEROLARTAMINGPEres excel l ent nmechani ca
properties and higher flexibility. In particular, when a copper-clad

lam nate is applied to a hinge, it is needed to be highly flexible.

However, a conventional copper-clad |amnate conprising a polyimde film
with a thicknegs.phiclPEigg5 m may 1 FP06-203-PCT not be adequately
flexible. [000

[0001]
The present invention relates to a highly flexible copper-clad

laminate wherein a copper foil is laminated onto a polyimide film.

Background Art

[0002]

A polyimide film has been used for a laminated sheet, a flexible
printed-circuit board and so forth, because of its excellent heat resistance,
chemical resistance, mechanical strength, electric properties and so on.
[0003]

For example, a commonly used flexible printed circuit board (FPC) is
a copper-clad laminate wherein a copper foil is laminated on one side or both
sides of a polyimide film (Patent documents 1-3). A polyimide film used
generally has a thickness of about 25 pm as the Examples in Patent
documents 1-3.

[0004]

At present, a copper-clad laminate, typically a substrate for
electronic parts, requires excellent mechanical properties and higher
flexibility. In particular, when a copper-clad laminate is applied to a hinge,
it is needed to be highly flexible. However, a conventional copper-clad

laminate comprising a polyimide film with a thickness of about 25 pm may



Furt her.nore, a polyimde filmmay not have sufficiently adhesive
properties. For inproving its adhesiveness, it undergoes surface processing
such as al kaline treatnment, corona treatnment, sandbl asting aﬁ@%{ﬁﬁ%P
tenperature plasma treatnment, for exanple. Although bei ng ef ¢Or

i nprovi ng adhesi veness, however, these nethods require the use of an
adhesi ve other than a polyimde, for exanple, an epoxy resin adhesive,

| eading to deterioration in heat resistance of the flexible substrate as a

whol e. [ 0886be Bddguatdlerfiodibk. been proposed, as a polyinmde film a

t her noconpr essi on-bonding nultilayer polyimde filmwherein thin | ayers of
a thernop|gogg]c polyimde are | am nated on both sides of a heat-resistant
pol yi mi de |layer. [0007] However, when this thernoconpression-bondi ng

mul tilayer pol Fhﬁ}f&@nﬁdﬂe%ﬁﬁﬁyﬁnﬁ@@m T B@@@lavbtsdiﬂﬁle@ltlﬁwﬁésﬁ;él ction
against a roll, for exarrpl e, during filmtormation in which the filmis

wi nded Onbfb@rﬂe@d'l?dmnﬁﬂo'wﬂé 1&%dﬁ&1b@t§@é§alﬂ @Hdéﬂgb’@s%u‘f%@%rof:@éémﬁcaus' ng
troubl es such as winkle forrratlon and tw sting around a rol

restrict %&%Q%lkal’f%ﬁ&?féjdtﬁﬂi% 8e flaletl%ﬁfm%ﬁgdssaﬁ&blb?%fslg\c‘;iﬁl& Rfy-surf ace

slipping property of a po 08]  Exanp a nmethod used for

| mpr ovi ”%e?ﬂé%%%ré %&&hﬁ%r@éﬂﬂgﬁt%ﬁ%g%a%ﬂ&' é}fﬂﬂg}{]b%rsﬂg‘té’f%dtﬂ?e fpr face

treat nent as ernpossl ng, 0 reduce a surface
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phosphat e ) an I'I'ca
adhesive other than a polyimide, for example, an epoxy resin adhesive,

leading to deterioration in heat resistance of the flexible substrate as a
whole.
[0006]

Thus, there has been proposed, as a polyimide film, a
thermocompression-bonding multilayer polyimide film wherein thin layers of
a thermoplastic polyimide are laminated on both sides of a heat-resistant
polyimide layer.

[0007]

However, when this thermocompression-bonding multilayer
polyimide film has a smooth surface, it has a larger friction against a roll,
for example, during film formation in which the film is winded onto a wind-
up roll or during lamination with a copper foil, causing troubles such as
wrinkle formation and twisting around a roll, which may restrict winding.
Accordingly, there are needs to 1mprove the surface slipping property of a
polyimide film.

[0008]
Examples of a method used for improving surface slipping property

of a polyimide film include surface treatment such as embossing, and



docunent 2) in a polyimde filmto formmnute protrusions on the film
surface. Alternatively, there has been proposed a nethod for manufacturing

a polyimde film by flow casting, froma solution of a polyam c acj
pol ynerized in a solvent in which a fine inorganic filler s%ﬁswtgﬁ
(Patent document 3). [0009] However, the first nmethod of surface treatnent
has a drawback that the appearance of the filmis apt to be inpaired due to
excessi ve roughness formed of the filmsurface. In the second net hod

wher ei N ametROA DB kEdudRONEatfacs ficKiod d@eEﬁbi@nﬁBbl&ibﬁéksﬁﬁ%anﬁﬁbYQﬂﬁ acid to
prepare a polyimde film it is difficult to disperse the inorganic powder

in the pohyRAbE s86h ds caMithl PRoSFNDGAPRREEL NochbROY) aldi diHca (PREGI R
di spersing device. Thus, in thi's nethod, undispersed inorgani c powder nay

remain asqgedmBhy 2R a JdISHERE ﬁhﬂﬁ:@%ﬂﬁﬁhiﬁﬂét%ﬂb%iﬂélpﬁ_@)bn%efﬂn‘fed on the
surface of the film obtained. In the third nmethod, simlarly, it is

i f11 cul oGt SREESRaAvbIShoRARKL SUbATRODASKORR SRR m ABTRARREAUS| Y.

and the use of an I norganic rger particle size may IFead to

the same Q&;\%@%&?gﬁ%ﬂ%&iﬂ@e}{ ﬁ%ﬁi@%ﬁ%h%ftg%&”a ES’I%tﬁﬁPQQ:IQ P@aﬁﬁi’c 24i010]

Ther ef or e, ese i norgani c S are added are
lied t ) > _ o .
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fine pi tc@%ﬁ{fléﬁ{ 6- 203-PCT [0011] List of References Patent docunment 1:

Japanese ‘Patent Publication No. 1987-
[0009]

However, the first method of surface treatment has a drawback that
the appearance of the film is apt to be impaired due to excessive roughness
formed of the film surface. In the second method wherein an inorganic
powder is mixed with a solution of a polyamic acid to prepare a polyimide
film, it is difficult to disperse the inorganic powder in the polyamic acid
solution homogeneously, without using a special dispersing device. Thus, in
this method, undispersed inorganic powder may remain as a lump, and
thereby a prominent protrusion may be formed on the surface of the film
obtained. In the third method, similarly, it is difficult to disperse a fine-
particulate inorganic powder homogeneously, and the use of an inorganic
powder with a larger particle size may lead to the same problem as that
encountered in the second method.

[0010]

Therefore, when these methods in which inorganic fillers are added
are applied to a copper-clad laminate for a COF requiring a fine pattern, a
protrusion on a thermoplastic polyimide surface may hinder the formation of

fine pitches.



68852;, Pat ent docunent 2: Japanese Lai d-open Patent Publication No. 1987-
68853; Patent docunment 3: Japanese Lai d-open Patent Publication No. 1994-
145378. Disclosure of the Invention Problens to be Sol ved biPhF_ {3 tion
[0012] An objective of the present invention is to provide gﬂ % | exi bl e
copper-clad | am nate. Anot her objective of the present invention is to
provide a highly flexible copper-clad |am nate exhibiting inproved slipping
property and sliding property of a polyimde filmsurface and havi ng

sat i sfactfopyilappear ance. Means for Solving the Problens [0013] The present
invention relates to the followings. [0014] [i] A copper-clad |am nate
prepared by | amigpéf Refcrctogper foil on one side or both sides of a

polyi m de fil mby thernoconpressi on bonding, wherein the polyimde film has
a thickness of phtbft anﬁﬁheﬁE‘q JQBEHQ& 29R1-Bpdn Fd’c@nﬁ%@fea‘%ﬁh‘ Nbasg9a7-
thickness of 1 to 18 m [2] The copper-clad | am nate as described in
[1], wherggiggot he pol yim de f| I m conpri ses a heat-resistant polyimde | ayer
and a thernoplastic polyimde |ayer; and

Patent document 2: Japanese Laid-open Patent Publication No. 1987-

68853;
Patent document 3: Japanese Laid-open Patent Publication No. 1994-

145378.

Disclosure of the Invention

Problems to be Solved by the Invention

[0012]

An objective of the present invention is to provide a highly flexible
copper-clad laminate. Another objective of the present invention is to
provide a highly flexible copper-clad laminate exhibiting improved slipping
property and sliding property of a polyimide film surface and having

satisfactory appearance.

Means for Solving the Problems

[0013]

The present invention relates to the followings.
[0014]

[1] A copper-clad laminate prepared by laminating a copper foil
on one side or both sides of a polyimide film by thermocompression bonding,
wherein

the polyimide film has a thickness of 5 to 20 pym, and



the copper foil is lam nated on one side or both sides of the heat-
resi stant polyimde |ayer via the thernoplastic polyimde |ayer by
t her noconpr essi on bonding. [0016] [3] The copper-clad | am n%%@ %ﬁ (%, ri bed
6-203
F501

in[1], wherein the polyimde filmhas a thickness of 5 to 7] [4]
The copper-clad | am nate as described in [1], wherein the copper foil is a
roll ed copper foil having a thickness of 8 to 18 m [0018] [5] The
copper-clad | anminate as described in [4], wherein the copper foil is a
rol | ed copper fhilcoppyt figl Bak hi thiclessssaff L6 16 (k8. m  [0019] [6] The
copper-clad | am nate as described in [5], wherein the copper foil is a

roll ed cqdppes] foil having a thickness of 10 to 12 m [0020] [7] The
copper-clad | am nate as described in [1], wherein the copper foil is a

rolled copper flg] | hatidpdetransd lemshsiened beheliyeihEdl wherent ment of 300
N nm2 or nore, and a ratio of tensile strength after heat treatnent at 180

C for 1 hour aghé§folyigsdayfilnh@ofries NBegftvadibRiht(JolyRhidShyér@ind gss: 5
FP06- 203-PCT Ratio of tensile strength after heat treatnment (% = [(tensile

strengt h 1gbi@bphgdic holgahi@Ntdyer; Ghgnsile strength before heat treatment)] X
100 (1) [0021fJ [ 8] The copper-clad | am nate as described in [1], wherein

the copper foitheidper RAPH Idmidatdliloh éné&ide! G bothsitiBh 6 thdhegerPer foil

after
resistant polyimide layer via the thermoplastic polyimide layer by

thermocompression bonding.
[0016] ‘

[3] The copper-clad laminate as described in [1], wherein the
polyimide film has a thickness of 5 to 15 pm.
[0017]

[4] The copper-clad laminate as described in [1], wherein the
copper foil is a rolled copper foil having a thickness of 8 to 18 um.
[0018]

[5] The copper-clad laminate as described in [4], wherein the
copper foil is a rolled copper foil having a thickness of 10 to 18 pm.
[0019]

(6] The copper-clad laminate as described in [5], wherein the
copper foil is a rolled copper foil having a thickness of 10 to 12 pm.,
[0020]

[7] The copper-clad laminate as described in [1], wherein the
copper foil is a rolled copper foil having a tensile strength before heat
treatment of 300 N/mm?Z or more, and a ratio of tensile strength after heat

treatment at 180 °C for 1 hour as defined by the following equation (1) of

33 % or less:



peeling off the carrier has a thickness of 1 to 5 gm [0022] [9] A
copper-clad | am nate prepared by peeling off the carrier fromthe

copper-clad | am nate as described in [8] and then plating i per to
a thickness of the copper foil of 5to 8 m [0023] [10] The%g%%ﬂ? P(ciﬁg

| ami nate as described in [1], exhibiting MT folding endurance of about
2000 tinmes or nore. [0024] [11] The copper-clad |am nate as described in
[9], exhibiting MT folding endurance of about 2000 tines or nore. [0025]

[ 12] The coppeRaiiqdf taisikasieeagtidafer head thenthddnt (hes ¢itentile stralgthm de
filmis a thernoconpression-bonding nmultilayer polyimde film having a

t her nopl agtdrch treatdent)ay@ensite strengtiddeforelioidt tsbgagent)] a< O -(1Wesi st ant
polyi mi de layer. [0026] [13] The copper-clad | am nate as described in [12],
wherein [poRy] m de particles are dispersed in the thernoplastic polyimde

| ayer. [0027] [14] The copper-clad | am nate as described in [13], wherein

the 6 Y FP06- 28B- PCThd hfjpteiilad lagiRfle/adidseriiein Dﬂsm@ruimp@ particles
with a nedian size of 0. to 0.8 mand the maxi num size of 2 mor |ess

e eBpLL s gl 0B AL Sy SO Sop i 121 o
surface Laughe APthé 3asOPhalll Mit¥ness of 1 to 5 pm.
[0022]

[9] A copper-clad laminate prepared by peeling off the carrier
from the copper-clad laminate as described in [8] and then plating it with
copper to a thickness of the copper foil of 5 to 8 um.

[0023] |

[10]  The copper-clad laminate as described in [1], exhibiting MIT
folding endurance of about 2000 times or more.
[0024]

[11]  The copper-clad laminate as described in [9], exhibiting MIT
folding endurance of about 2000 times or more. |
[0025]

[12]  The copper-clad laminate as described in [1], wherein the
polyimide film is a thermocompression-bonding mulﬁlayer. polyimide film
having a thermoplastic polyimide layer on one side or both sides of a heat-
resistant polyimide layer.

‘00261

[13]  The copper-clad laminate as described in [12], wherein

polyimide particles are dispersed in the thermoplastic polyimide layer.

[0027]

[14]  The copper-clad laminate as described in [13], wherein the



free froman inorganic powder, and the polyimde filmhas a friction
coefficient of 0.05 to O0.7. [0028] [15] The copper-clad | am nate as

described in [13], wherein the polyimde particles are preﬁgh&%o%_gﬁ a
pyromellitic acid conponent and a p-phenyl enedi am ne conpo ; 9] [16]
The copper-clad | am nate as described in [12], wherein the polyimde film
conprises a thernoplastic polyimde layer with a thickness of 1 to 6 mon
both sides of a heat-resistant polyimde layer with a thickness of 3 to 18
m [ 0030}thfdmppheicofpanidd bydrdmsnpileimsdapacticibeavith af hediapeseqeasfed by

| am nating the thernoconpression-bonding multilayer polyimde filmand the

copper f@.8 tby.8 hei Andaipraasinanbeirdiof@ wnder lesk eisprgeedtwidhin atpeist ure of
a glass transition tenperature of the thernoplastic polyinmde to 400 C both

i ncl usi ve, dé@®33 0.518h (Fhe opnefaceliad +aid oihboas 0dEELLD b@%?fitﬂe{g.h%] :
wherein the thernoconpression-bonding rmultilayer polyimde filmis forned

by di spesidiivetd fied PERRARAE $H itRB Podyichide Refydelager| AYEis SibaAatRIlEe or
both sides of a heat-resistant polyimde |ayer and integrating themby 7

::PO_G- 203fP£rfr0ﬁp§ﬁtiﬁH§éégﬂcme(ﬁ-§§ﬁﬂI’lg met hod. [0032] [19] The, copper-clad
am nate as described in [1] used for a whole polyimde hinge.

the polyimide film has a friction coefficient of (.05 to 0.7.

[0028]

[15]  The copper-clad laminate as described in [13], wherein the
polyimide particles are prepared from a pyromellitic acid component and a
p-phenylenediamine component.

[0029]

[16] The copper-clad laminate as described in [12], wherein the
polyimide film comprises a thermoplastic polyimide layer with a thickness of
1 to 6 pum on both sides of a heat-resistant polyimide layer with a thickness
of 3 to 18 pm.

[0030]

[17]  The copper-clad laminate as described in [12], prepared by
laminating the thermocompression-bonding multilayer polyimide film and
the copper foil by thermocompression bonding under pressure at a
temperature of a glass transition temperature of the thermoplastic
polyimide to 400 °C both inclusive.

[0031]

[18] The copper-clad laminate as described in [12], wherein the
thermocompression-bonding multilayer polyimide film is formed by
disposing a thermocompression-bonding polyimide layer on one side or both

sides of a heat-resistant polyimide layer and integrating them by



[ 0033].[20] A copper-clad | am nate prepared by |am nating a copper foil
with a thickness of 18 mor |ess on a thernoconpression-bonding multilayer
polyimde filmwth a thickness of 5to 25 m wherein the

t her noconpr essi on-bonding nultilayer polyimde filmhas a Fﬁgﬁﬁ%'lp%[‘ti C
pol yi m.de layer, in which polyimde particles are dispersed, on at |east
one side of a heat-resistant polyimde |layer. [0034] [21] A process for
continuously manufacturing a copper-clad |amnate by |am nating a copper

foil W tRkoextdrisimfls® @sting metBod On a polyimde filmw th a thickness of
5to 20 m which has a thernoplastic polyimde |layer on one side or both

si des of [gp#elat -resi stant polyimde |ayer, by thernoconpression bonding,
conprising: continuously feeding the polyimde filmand the copper foil into

a |amnating meghi ngRuUGppedalad T@mﬁ%eés Hé’édmbeﬂ i Fﬂ%@a R af Bole
t hernopl astic polyimde | ayer of the polyimde film and | am nating them by

thel’rTDCO?Mﬁ%ﬂdgr}nIﬁ%@dl ng under pressure at a tenperature of a glass
transition ‘tenperature of the thernoplastic polyimde to 400 C both

i ncl usi VGEOO{B 35] Herein, MT folding endurance is determ ned in accordance
with JIS 1, and is the nunber of foldi ng times when an electric

under ?Eéecﬁnﬁffﬁ%ﬁ? gonper il SREAa ¥ prheto B hy TRERAiAE B20bBpt I 17 L7
foldi ng $pegd fﬁlf:ﬂ'xggﬁst MBS (%18 lgéédor?a tthﬁlo@&i !t'géstl?f(l%o(ijlld gangl € Of. 135

usi ng a copper C am na avin per crrcul formed®on one side as

defined | 0 ftﬂ%ygxb Vﬁn R8b film with a thlckness of 5 to 25 ym, wherein

the thermocompression-bonding multilayer polyimide film has a
thermoplastic polyimide layer, in which polyimide particles are dispersed, on
at least one side of a heat-resistant polyimide layer.

[0034]

[21] A process for continuously manufacturing a copper-clad
laminate by laminating a copper foil with a thickness of 1 to 18 pm on a
polyimide film with a thickness of 5 to 20 pm, which has a thermoplastic
polyimide layer on one side or both sides of a heat-resistant polyimide layer,
by thermocompression bonding, comprising:

continuously feeding the polyimide film and the copper foil into a
laminating machine such that the copper foil is disposed on the
thermoplastic polyimide layer of the polyimide film; and

laminating them by thermocompression bonding under pressure at a
temperature of a glass transition temperature of the thermoplastic
polyimide to 400 °C both inclusive.

(00351
Herein, MIT folding endurance is determined in accordance with JIS-

C6471, and is the number of folding times when an electric resistance



met hod, [0036] A tensile strength of a copper foil is determned in
accordance with JIS-C6515, at a cross-head speed of 2 mfmn, using a test
pi ece prepared as defined in the test nethod. [0037] A rat of t 5%
strength after heat treatnent (% is calculated by the equ QQQQF%? [ 0038]
Ratio of tensile strength after heat treatnent [(tensile strength after
heat treatnment) / (tensile strength before heat treatnent)] x 100 (1)

Ef fect of the Invention [0039] A copper-clad | am nate of the present

i nvent i oninicSedie8BF 20 9%DY¥r nhevd frain A idittapRdnchtideiHeconditibakaeas of 1 to
18 mon one side or both sides of a polyimde filmwth a thickness of 5 to

20 m by &heaiREOrAlias DO Mdlarﬂgad/%fuhﬂ)%%ﬂﬂdﬁi% glb@edoaf Y7 BiHRed/ndil | S
preferably 5 to 15 m The copper foil is preferab roll ed copper foil

Wi th a thigkaa§sht Qﬁdllgftrfommgedsﬁgm RAMBECULShkYa é&bﬁ& élladrlhrrﬁiiaf@k' ng the
polyinmde filmand the copper foll thinner as above, the very high

flexibi | ifyyinBYa BSRG iBMEE forifd @ HP4ide d@]fé'ﬁﬁeci m 9Ké‘§§§v9fte§the pol yi m de
filmwas reducedfrom259 FPO6-203-PCT gmto 15 gm an MT folding

endur ancem\@?ﬁ oBPproxi mately doubled or more in both MD and TD When a
t hi ckness of the copper foil was reduced from 18 gmto 12 gm wit hout
changi ng O%B!)ckness of the polyimde film an MT folding endurance was
i ncreased | oth MD and TD. [0040]

A tensile strength of a copper foil is determined in accordance with
JIS-C6515, at a cross-head speed of 2 mm/min, using a test piece prepared
as defined in the test method.

[0037]

A ratio of tensile strength after heat treatment (%) is calculated by

the équation (D):
[0038]
Ratio of tensile strength after heat treatment (%) = [(tensile strength

after heat treatment) / (tensile strength before heat treatment)] x 100 (1)

Effect of the Invention

[0039]

A copper-clad laminate of the present invention is prepared by
laminating a copper foil with a thickness of 1 to 18 um on one side or both
sides of a polyimide film with a thickness of 5 to 20 um by
thex_'mocompression bonding. A thickness of the polyimide film is preferably
5 to 15 pum. The copper foil is preferably a rolled copper foil with a thickness
of 12 um or less, particularly 10 to 12 um. By making the polyimide film and
the copper foil thinner as above, the very high flexibility may be -achi_eved.

For example, when a thickness of the polyimide film was reduced from 25



Particuylarly, when a copper foil used is a rolled copper foil having a
tensile strength before heat treatnent of 300 N im® or nore, and a ratio of
tensile strength after heat treatnment at 180 C for 1 hour as; r@fd&ggdcégy t he
above equation (1) of 33 %or less, the flexibility may be i'npro
significantly by making the polyimde filmand the copper foil thinner.

[ 0041] A copper-clad | am nate of the present invention preferably has an
M T fol di ng endurance of about 2000 tinmes or nore in both MD and TD, and
the MT fahdionth ghdurma NI foddinpeenduranseadat appbatiin30B0doublesl ar mope e,
about 3700 tines or nore, about 4000 tines or nore, about 5000 tinmes or

mor e, andnf bethEiDrand BEDoUVhéaaDthickresoof thy eopgpersfeileshs ngdhididckoasses of
the polyimde filmand the copper foil, and the type of the copper foil.

[0042] Ous8 hen 06 memrﬂaﬂdhomhehaﬁ@elgcwpmknb% bf elael pbli@maak Yilm, den MITM ar e
thinner, there may be formed winkles in a part contacting a roll er duri ng

the | am nldiag &idirahes wiehairbagddid Both dDPpeid Thad | am nate, leading to a
reduced yield due to defective appearance after lam nation. Particularly,

when usingoaopl hin polyinmde filmhaving a thickness of 25 gmor less, it is
difficult to continuously manufacture a copper-clad lamnate in the Iight of

feeding proper tpggicdIQPY3lHER £BQPpA0RBIPETed f 4 henEReapBEC il RAvRRNGI ng

mul tilayer polyimde fi m having a thernoplastic polyimde [ayer whi ch

pol yi m degpafibisth tﬁr%fg%é%é@%a@&eﬁ%@ AR/ B PR thosh g&?d %fl‘éaﬂo of

heat - resi stant po ayer be use as a polyrmd I'm to Inprove

sl ipping b%hgﬁgrsttyexf%thtm H&Q@&% V3 etntr‘!%tpﬁL "@11"8'191 Hddrrﬁsa@éhﬁgd Bylienat e

def ecti ve appear anc such wrinkles in the cop
above equation (1) of 33 % or less, the flexibility may be improved more

significantly by making the polyimide film and the copper foil thinner.
[0041] |

A copper-clad laminate of the present invention preferably has an
MIT folding endurance of about 2000 times or moré in both MD and TD, and
the MIT folding endurance can be increased to about 3000 times or more,
about 3700 times or more, about 4000 times or more, about 5000 times or
more, and furthermore about 7000 times or more by selecting thicknesses of
the polyimide film and the copper foil, and the type of the copper foil.

[0042]

On the other hand, when the copper foil and the polyimide film are
thinner, there may be formed wrinkles in a part contacting a roller during
the lamination step for preparing a long copper-clad laminate, leading to a
reduced yield due to defective appearance after lamination. Particularly,
when using a thin polyimide film having a thickness of 25 um or less, it is
difficult to continuously manufacture a copper-clad laminate in the light of
feeding properties.

[0043]

10



clLad | am nate obtained as checked over the whole length. Particularly, the
t hernopl astic polyimde |ayer preferably contains polyimde particles with a
medi an size of 0.3 to 0.8 mand the maxi num size of 2 gm or;iP%?_?og{?%?[ersed
within at least a depth of 0.5 m nore preferably 0.7 mfromi rflace in
aratio of about 0.5 to 10 % by weight relative to the polyimde in the
polyi m de surface | ayer, and does not contain an inorganic powder
substantially. When using this polyimde filmw th a thickness of 25 m or

1 ess, a copper -Ltlsmherinmpiessin-hondirgmmudelsatr polyappkafibndenviay de

obt ai ned. Brief Description of the Drawings [00441 FIG 1 shows the SEM
phot ogr aghieemob$atiap o9 ide« 2ORR)inok hidkepolstihi de padficleBarpaliypéisdd d | m
prepared in Exanple 1. FIG 2 shows the SEM phot ographi c observati ons
(x2000) @netdie 03 WotAGed& of HdecpOrpiiRtshet Holyimbde hafadnbl Rehereasa Exanpl e
2. Best Mbde for Carrying Qut the Invention [00451 1. Polvimde filmused
in a copRRilyiphfld fiBR] fAfepRfve 18 Hn et tVeMfHeofurfaRObY 118 P6lyihlige used in
t he presgﬁ{lyi nventi on hellgpa t hi Rﬂr?egziﬁ{gp 5@;/0 11 FPO6-203-P yf]ZO m A

thi ckness1ef ahl&oRMU hidA1deddtbéiive ﬁpﬁé&fﬁ_{@mdﬁh% Qrifkldl iTR68 coppBi-erably 5
to 15 m Using a thin polyimde filmhaving a thickness of 20 mor |ess,

prefer abldaé?alﬁ!iﬂétel SR2in@RLk IchEkREd YvdrtiB %3&@%@@‘?&&&11&?& thy of a

copper-clad amnate 1s significantly i nprove I's effect 1s “not limted

E 2.2 6far tEheHAH 18RV H Ay iRidd 4 er Yo fGABIP BoAGNhE Yol i WartROSY Wil i1 m
median size of 0.3 to 0.8 pm and the maximum size of 2 um or less dispersed
within at least a depth of 0.5 um, more preferably 0.7 um from its surface in
a ratio of about 0.5 to 10 % by weight relative to the polyimide in the
polyimide surface layer, and does not contain an inorganic powder
substantially. When using this polyimide film with a thickness of 25 pm or

less, a copper-clad laminate without any defect in appearance may be

obtained.

Brief Description of the Drawings

[0044]

FIG. 1 shows the SEM photographic observations (x2000) of the
surface of the polyimide film prepared in Example 1.

FIG. 2 shows the SEM photographic observations (x2000) of the

surface of the polyimide film prepared in Reference Example 2.

Best Mode for Carm' ing Out the Invention
[0045]

1. Polyimide film used in a copper-clad laminate of the present invention

A polyimide film used in the present invention has a thickness of 5 to
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Exanples of a polyimde filmmay include, but not limted to, polyimde
films used as a material for electronic parts such as a printed circuit

board, a flexible printed-circuit board and a TAB tape, and AR
prepared froman acid conponent and a di am ne conmponent in t@?%@?\}g@f

polyimde film or containing an acid conponent and a di am ne conponent in
the above polyimde film [0047] A polyimde filmused in the present
invention preferably has at |east one of the following properties. 1) A

gl ass tra@® ui.oA thétiessatafitheippIPRRide b his gheferaplyed €5 a8l ym33tbreC or
hi gher, and further preferably, a glass transition tenperature is

undet ect afleforadly A 1o 1% fin.eXang iaothiA gl fingidentilvh Having 20thihndMAf 26 cl ose
to a thernmal expansion coefficient of a netal foil such as a copper foil

| anmi nat ed,majt lebs PRifydaplfia s ior PRECHditElhvy Vhem osidg, eheopper foil as
a nmetal foil, a thermal expansion coefficient of the polyimde filmis

pr ef er abl fo@kPtyoof £ cogFertélnl 16 iaakEis 1041819 A aplrivEx 1 Tifis bffedPisl0- 6
cmcm C, further preferably 12x10-6 to 18x10-6 cnicm C. 3) Atensile

modul us (MR, 1iAE £88 PartivuBAOp MG AImTBLE canlt FEHEvedI:n %ﬁgf preferably
500 kg/ m® or nore, further preferably 700 kg/m® or nore. [00481

Pref erabl g jexaiml gfmof the polyimde filminclude polyimde filns
conprising a heat-resistant polyimde |ayer and a thernoplastic polyimde

| ayer, angoyer moconpr essi on-bonding multilayer polyinmde filnms having a

t her nopl asti c” polyi mde | ayer on one side or both sides of a heat-resistant

pol yi m de | ayergy [he146F FRBIAREE M ¥idY ARThay udh¥ehnftsytdace on which

polyimide films used as a material for electronic parts such as a printed
circuit board, a flexible printed-circuit board and a TAB tape, and poiyimides
prepared from an acid component and a diamine component in the above
polyimide film, or containing an acid component and a diamine component
in the above polyimide film.

[0047]

A polyimide filni used in the present invention preferably has at least
one of the following properties.

1) A glass transition temperature is 360 °C or higher, preferably 330
°C or higher, and further preferably, a glass transition temperature is
undetectable. w

2) A linear expansion coefficient (50 to 200 °C) (MD) is close to a
thermal expansion coefficient of a metal foil such as a copper foil laminated
on the polyimide film. Specifically, when using a copper foil as a metal foil, a
thermal expansion coefficient of the polyimide film is preferably 5x10 to
28x106 cm/em/°C, more preferably 9x10¢ to 20x10°¢ cm/ecm/°C, further
preferably 12x10% to 18x10¢ cm/cm/°C.

3) A tensile modulus (MD, ASTM-D882) is 300 kg/mm? or more,

12



a.copper foil is thernoconpression-bonded; and therefore, the polyimde film
used for a doubl e-sided copper-clad | am nate has a thernopl astic pol yi m de

| ayer on both sides of a heat-resistant polyimde |ayer, t yi m de
filmused for a single-sided copper-clad | am nate has a thef@ﬁl@gﬂﬁ

polyi mi de | ayer on one side of a heat-resistant polyimde |ayer. [00491 A
glass transition tenperature of the polyimde in the thernoplastic
polyim de layer is lower than that of the heat-resistant polyimnm de,

pr ef er ablgrefdra®ly 608 M:/MmPBf endie FertAbY Yraf@ably 280 kg/mped é1 forar | y
preferably 190 to 300 C. [00501 The heat-resistant polyimde |ayer

preferablipohgls a thickness of about 3 to 18 m and the thernoplastic
polyim de layer preferably has a thickness of about 1 to 6 m [00511 The

pol yi m de in tI@rdigaihls eshiidBs oPthy bblydmilla¥Rn Hatude oBEsiderfaAnsd tion
t enperature hi gher than that of the thernoplastic polyimde |ayer,

pr ef er ablgsn30q fg% hidh §BEEist 4Ry ﬁolﬁiﬁid‘é BBfer ﬁﬁpa@h@fm%pmio p&R&mide
parti cul arIy pre erably, it is a highly heat-resistant polyimde whose gl ass

13 FPO6- 39 gef’ Ghd 4 660&1%5%&@%@&&5&1% ﬂn%lﬁl‘&%fr%ﬁl?ﬁhﬁieaﬁlﬁé@lagnﬁé ahi gher.

[00521 As escrlbed ove, although a reduction in thickness of

pol yi m de ol 10,8 id 8871&?1115 Egy&:x&?bh idé bPPbHLEi&e&of'éh éﬁ‘?@&ﬁt" or e

defects in pp aranc i nc I'ng wWri n e copper-clad lam nate

oo e Bl B T B I RISk LS RO A
a copper foil is thermocompressmn'bonded; and therefore, the polyimide film
used for a double-sided copper-clad laminate has a thermoplastic polyimide
layer on both sides of a heat-resistant polyimide layer, while the polyimide
film used for a single-sided copper-clad laminate has a thermoplastic
polyimide layer on one side of a heat-resistant polyimide layer.

[0049]

A glass transition temperature of the polyimide in the thermoplastic
polyimide layer is lower than that of the heat-resistant polyimide, preferably
170 to 370 °C, more preferably 170 to 320 °C, particularly preferably 190 to
300°C.

[0050]

The heat-resistant polyimide layer preferably has a thickness of
about 3 to 18 um, and the thermoplastic polyimide layer preferably has a
thickness of about 1 to 6 pm.

[0051]

The polyimide in the heat-resistant polyimide layer has a glass

transition temperature higher than that of the thermoplastic polyimide layer,

preferably 300 °C or higher, more preferably 320 °C or higher, and

particularly preferably, it is a highly heat-resistant polyimide whose glass

13



preferable that polyimde particles are dispersed in the surface of the
polyimde filmor the thernoplastic polyimde |ayer. Particularly
preferably, polyinmde particles with a nedian size of 0.3 tﬁPQ § %ba?d t he
maxi num size of 2 pmor less are dispersed within at |east a dﬂep? of 0.5
m preferably 0.7 mfromthe surface of the polyimde filmor the

thernopl astic polyimde layer, in a ratio of about 0.5 to 10 % by wei ght
relative to the polyimde in the polyimde surface |ayer. The surface of

t he polyi mradsifibhtenyerhbherd iseumbgteatitile ap @50 16 de hligly@r. may contai n or be
substantially free froman inorganic powder. [00531 A

t her roconf@sAi on- bonding nul tilayer polyinide filmin which a

t her nopl astic polyimde |ayer contains polyimde particles can be prepared

by, for exanpl eAstdigcfibelailore, pltheagh.a FRdwdtioin elorekhessopthd | ow casti ng
met hod, on a support are flow casted a polyanm c acid solution conposition

cont ai ni NgoBiRANY HThEnAs! Tbaahiccih e ¥eSlear FaIbRY S th iy DOAY taikitsrehavi ng a
glass transition tenperature of 170 to 320 C and the polyim de particles

descri bedJaRRv€in apfedrfficy ddladacs & regklel] ONHOM R dEd daR@hy&M ¢ acid
whi ch gives a polyimde core |ayer nade of a heat-resistant polyimde (heat-

resi stant YAl i i 51 b [ 5to 20 m
L FPoG. 20 e P L o R T iy The

| - ' id j - t, d
se SUprﬁffa]'BQ alnld éﬂhéﬁ&iﬁig%g%giﬂb%‘éraﬁye Bﬁtﬁeew%ﬁieélga g%{ﬂyiﬁaw H@g o an

heated for solvent renovall and i'm dization to di Lyl m de Im A
cont e obsHAe AT Bl b0, B LG gL LD crameCE T o
Con e bl igBE B} 06 PRLELEHSBHIIDtufe LP L B oY
pol yam c %giﬁmiiﬁe tp%?'ticles with a median size of 0.3 to 0.8 um and the maximum

size of 2 pm or less are dispersed within at least a depth of 0.5 pm,

preferably 0.7 pm from the surface of the polyimide film or the thermoplastic

polyimide layer, in a ratio of about 0.5 to 10 % by weight relative to the

polyimide in the polyimide surface layer. The surface of the polyimide film

or the thermoplastic polyimide layer may contain or be substantially free

from an inorganic powder.

[0053]

A thermocompression-bonding multilayer polyimide film in which a

thermoplastic polyimide layer contains polyimide particles can be prepared

by, for example, the following process. First, by coextrusion-flow casting

method, on a support are flow-casted a polyamic acid solution composition

containing a polyamic acid which gives a thermoplastic polyimide having a

glass transition temperature of 170 to 320 °C and the polyimide particles

described above, and a polyamic acid solution containing a polyamic acid

which gives a polyimide core layer made of a heat-resistant polyimide (heat-

resistant polyimide layer), such that the total thickness may be 5 to 20 pm,

14



polyam c acid solution for the heat-resistant polyimde |ayer may be 16 to
22 % by weight. [0054] Alternatively, a thernoconpression-bondi ng

mul tilayer polyimde filmin which a thernoplastic polyim I r nt ai ns
polyi mi de particles may be prepared as follows. First, on ﬁgﬁ%gﬁ&?s

fl owcasted a polyamic acid solution which gives a polyimde core |ayer
made of a heat-resistant polyimde (heat-resistant polyimde |ayer), and
then it is dried to forma self- supporting film Its final thickness is

pr ef er ablah Bkt it3istdrid® tonforNedt selPBuppbrthea$lmoNEhs isdH-Afpdreinpefiliht i ng
self-supporting filmis applied a polyam c acid solution conposition for a

surface liayglobiaitiedl faydharoabyadiftorachd suplpoet) id/Bsated ferssbrimst i ¢
polyi mi de having a glass transition tenperature of 170 to 370 C and the

pol yi m de-chadvid] GlrRbiARES4{168d0 AV Q fdlyEnid filn OfA Ebrftent 8f $Re %ﬁnbyamm ght,
preferably 0.5 to 5 % by weight relative to the polyamc acid, such that

the thi ckpegsn 2ht Yol Ui HciiBbl REioARBM pokitb R FoPRE th@RfopllReR it is dried.
| f necessary, the polyamc acid solution conmposition for a surface |ayer is

applied t @ﬂﬂm%y%gg@fﬁesl% bhaj B&W@eitgmcwﬂ%sa @5151%&1'1: Sthkng may be

about 1 or nore. i's heated” for solvent renova and i mdi zation

et oo B e b TS O RY w ary PrELerab ) Byio D % by

ther rop! 358igheROlatS L AP LAY 08 AR AC0RBRDGPOLY eI RAILHShagecan be

prepar ed as=described ab excep he artircles are not
e 1 ey ROL AR e AL KR SRR s e 1o b BeD 1 @
22 % by weight.
[0054]
Alternatively, a thermocompression-bonding multilayer polyimide
film in which a thermoplastic polyimide layer contains polyimide particles
may be prepared as follows. First, on a support is flow-casted a polyamic
acid solution which gives a polyimide core layer made of a heat-resistant
polyimide (heat-resistant polyimide layer), and then it is dried to form a self-
supporting film. Its final thickness is preferably about 3 to 18 pm. Next, on
at least one side of thé resulting self-supporting film is applied a polyamic
acid solution composition for a surface layer containing a polyamic acid
which gives a thermoplastic polyimide having a glass transition temperature
of 170 to 370 °C and the polyimide particles described above in a ratio of 0.5
to 10 % by weight, preferably 0.5 to 5 % by weight relative to the polyamic
acid, such that the thickness after drying may be about 1 pm or more, and
then it is dried. If necessary, the polyamic acid solution composition for a
surface layer is applied to another surface such that the thickness after

drying may be about 1 um or more. Then, it is heated for solvent removal

and imidization to give a polyimide film.
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Exanpl es of a polyimde for a thernoplastic polyimde |ayer may include a
tape material for electronic parts such as a printed circuit board, a
flexible printed-circuit board, a TAB tape and a COF substralrggo %ﬂédp@'@y of
known pol yi m des capabl e of bond| ng a heat-resistant polyim § pper
foil by thermal conpression or by thermal conpression under pressure.

[ 0057] A preferable polyimde for a thernoplastic polyimde | ayer nay be a

t her noconpr essi on- bondi ng pol yi m de which can be bonded to a copper foil at
a tenperafopiaslof a glass transition tenperature of the

t her noconpr essi on-bondi ng polyimde to 400 C both inclusive. [00581 A

pol yi m de for aAtthermpbapiressioahondife nhaltiaysRypobgmidedl fa dthicRrepar ed
from (1) an acid conponent conprising at |east one selected fromacid

di anhydri gesnséflls@s pdlyimide 14yebdpbenyt b@xwaaﬁgfobﬁﬁyidecpmme@ib@a@ edri de,
2, 3,3 ,4" -biphenyltetracarboxylic acid dianhydride, pyronellitic acid

di anhyd i Pfopated’ aédékcrﬂ%ﬂzmn eRed Rt flRGahRGolYikiRCH Srtdilag Byé node,
bi s(3, 4- di carboxyphenyl) ether dianhydride, "bis(3, 4-di carboxyphenyl)

sulfide Q&&éﬁ‘)ﬁ&'EhQ%olﬁixﬁf@atﬁd%@@ﬁ@ﬂ&ﬂiﬂ%@Ybﬁ&n%&' &%ﬁ@fa%qawfirdrfhea bi s(3, 4
16 FPO6-203-PCT di carboxyphenyl) nethane di anhy rid

2. 2 bi o( Seddpg o8 DA YRAEINd o BHARIGucloAY A i dﬂ'%d 1, 4- hydr oqui none

di benzoat e- 3,3 ,4,4" = tetracarboxylic ac preferably an acid
corrponent[ ri sing at least 70 nol % or nore, nore pref erably 80 nol % or
nore, fur preferably 90 nol % or nore of these acid ingredients, and (2)

er
3 L e, ComepSRErnt Lk diad 5 RBATkERL Ay thanaey sueh o
include a tape material for electronic parts such as a printed circuit board, a
flexible printed-circuit board, a TAB tape and a COF substrate, and any of
known polyimides capable of bonding a heat-resistant polyimide to a copper
foil by thermal compression or by thermal compression under pressure,
[0057]
A preferable polyimide for a thermoplastic polyimide layer may be a
thermocompression-bonding polyimide which can be bonded to a copper foil
at a temperature of a glass transition temperature of the
thermocompression-bonding polyimide to 400 °C both inclusive.
[0058]
A polyimide for a thermoplastic polyimide layer may be a polyimide
prepared from
(1) an acid component comprising at least one selected from acid
dianhydrides such as 3,3',4,4"-biphenyltetracarboxylic acid dianhydride,
2,3,3',4"-biphenyltetracarboxylic acid dianhydride, pyromellitic acid
dianhydride, 3,3',4,4"-benzophenonetetracarboxylic acid dianhydride, bis(3,4-
dicarboxyphenyl) ether dianhydride, bis(3,4-dicarboxyphenyl) sulfide

dianhydride, bis(3,4-dicarboxyphenyl) sulfone dianhydride, bis(3,4-
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benzene, 1, 4-Dbi s(4-am nophenoxy) benzene, 3, 3'-di am nobenzophenone, 4,4'-
bi s( 3- am nophenoxy) bi phenyl, 4, 4'-bis(4-am nophenoxy) biphenyl, bis[4-(3-
am nophenoxy) phenyl] ketone, bis[4-(4-am nophenoxy) phenyl] %58 g@%

bi s[ 4- ( 3- am nophenoxy) phenyl] sulfide, bis[4-(4-am nophenox’f; ‘%) %/)Pir
sul fide, bis[4-(3-am nophenoxy) phenyl] sul fone, bis[4-(4-am nophenoxy)
phenyl] sul fone, bis[4-(3-am nophenoxy) phenyl] ether, bis[4-(4-

am nophenoxy) phenyl] ether, 2,2-bis[4-(3-am nophenoxy) phenyl] propane,
and 2, 2- bdsdadbodyplhenyp hestboay)k dihahyblide; apzbes(3 pr-dicakbbkypleerdilam ne
conponent conprising at |least 70 nol % or nore, nore preferably 80 nol % or
nmore, furphesamy afaitehlrid®hnd i %-bydismEinohe Wiksezoditad, 8'e4,4ngr edi ent s.

[ 0059] An exanple of a conbination of an acid conponent and a di am ne

conponent tt@abhMxFliRAlcyd dishehydride, pRdsrafy ast hcidrehypdidr doygFfisimy be a
conbi nation of (1) an acid conponent conprising at |east one acid

di anhydri de les®! BERRAU 6:10Mode, Biord phefcRhBRESY nisls 9E M d@x hdtheaci d
di anhydride and 2, 3,3',4'- biphenyltetracarboxylic acid dianhydri de,

pref er abl yr&fa261yd06 AR MWEP nore YTRbb8é BGidafnégﬁéﬁatntg,oaﬂa’l % or nore, nore
preferably 80 nol'% or nore, further preferably 90 nol % or nore of these

aci d ingredi ent g @Hgaﬂn&&’&ﬁ-gaﬁénf’_ag?&&%}% AR LQUIBORAYoFOTPY | ST NG &L

| east one dianm ne selected froml1, 3 phenoxy enzene, _
1. 3. bi S( 34a0 ‘ R Lo h -
o1 o[ 4- (5 S RAAR ISR 1SRRI bbbt Bp AR TD SIS o B RS R o)
ther, 2,2-hisl4- ] : 1"
ethef _%?Q@éﬁe, 1(ﬁ%@g@@%ﬁ@%ﬁgg%ﬂzeny§%apgarrgg;ﬁ'c§,be§1zoglhenone 4,4

2,2-bis[4 am’ndphen ropane,’ pre amne conponent
oD R PRy AR P B B
aminophenoxy) phenyl] ketone, bis[4-(4-aminophenoxy) phenyl] ketone,
bis[4-(3-aminophenoxy) phenyl] sulfide, bis[4-(4-aminophenoxy) phenyl]
sulfide, bis[4-(3-aminophenoxy) phenyl] sulfone, bis[4-(4-aminophenoxy)
phenyl] sulfone, bis[4-(3-aminophenoxy) phenyl] ether, bis[4-(4-
aminophenoxy) phenyl] ether, 2,2-bis[4-(3-aminophenoxy) phenyl] propane,
and 2,2-bis[4-(4-aminophenoxy) phenyll propane, preferably a diamine
component comprising at least 70 mol% or more, more preferably 80 mol% or
more, further preferably 90 mol% or more of these diamine ingredients.
[0059]
An example of a combination of an acid component and a diamine
component to give a polyimide for a thermoplastic polyimide layer may be a
combination of
(1) an acid component comprising at least one acid dianhydride
selected from 3,3',4,4"-biphenyltetracarboxylic acid dianhydride and 2,3,3',4"-
biphenyltetracarboxylic acid dianhydride, preferably an acid component

comprising at least 70 mol% or more, more preferably 80 mol% or more,

further preferably 90 mol% or more of these acid ingredients, and
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i ngredients. [0060] As a diam ne conponent to give a polyimde for a
thernopl astic polyimde layer, in addition to the diam ne conponents

descri bed above, a diam ne conponent such as m phenyl enedi ag, 0€,n-.

3.4 - di ani nodi phenyl  ether, 3. 3" - di aninodi phenyl sul i de, TTO5208PCT

3,4' -di am nodi phenyl sulfide, 4,4 diam nodi phenyl sulfide, 3,

3' - di am nodi phenyl sul fone, 3,4'-diam nodi phenyl sulfone,

4, 4" -di am nodi phenyl sul fone, 3, 3'diam nobenzophenone, 4,4'-

di ami nobenzophe{@® redisdning eahponambemppkagatlesdt dne diamine selected

di am nodi phenyl net hane, 4, 4'-di am nodi phenyl met hane, 3, 4' -

di am nodi fibeny|3rbididnanivhphetiot) hennaph dngbis(Br apanep leorbx3) Dedizére,

am nophenyl) propane may be used, as long as the features of the present

i nvent i ondar-pig(Gtardéi@sticaoxyd BiphaBA ] bisbpdBidminophampkes phengllpeilfong, de for
a thernoplastic polyimde layer may include a thermal-adhesive polyimde
prepared bﬁé[@*ﬁwnymﬁhzemg%ﬂpﬁenpﬂ 2t Be M, 2ORSIAN@ i REFESNS:y) dHényl]

2,3,3 ,4" -bi phenyl tetracarboxylic acid dianhydride and

3,3, 4, 4 pRighirnyhd ot 2-aedu@axyhigopted ibxa) pRRWEH] sl plaReapidferSoly(dol ar rati o)
of 20/80 to 80/20, and a pgl yi m deﬂgér egglr gd bg p%?j;ll)lrrerl gi ng 18y|(:P06- 203- PCT
4, 4-di am &&Qhﬁ{beéﬁﬁxﬁ)éﬁ&%ﬂ’ ciffridink atledkt- 10 ﬂ%@%ﬁ&%ﬂ ﬁb%}@,%ﬁ?@?i‘éf&aﬁﬁ:‘ 80

di anhydride. [0062] In addition, specific exanples of a polyimde for a

t her MOP! agidigh oot hEnb Y Rlfe iy IS, G Rkl fesPUBRALRA DY
pol ynmerizing, or 1mdizing an arofmtic tetracarboxylic acid dianhydride
such as 3. 3..4:4:. benzophenonetetracarboxylic acid di anhydri de,
2, 2-bi s( SI,IEEYglé%:eglrtBbxyphenyl )

[0060]

As a diamine component to give a polyimide for a thermoplastic
polyimide layer, in addition to the diamine components described above, a
diamine component such as m-phenylenediamine, 3,4"-diaminodiphenyl
ether, 3,3"-diaminodiphenyl sulfide, 3,4"-diaminodiphenyl sulfide, 4,4'
diaminodiphenyl sulfide, 3,3'-diaminodiphenyl sulfone, 3,4'-diaminodiphenyl
sulfone, 4,4'-diaminodiphenyl sulfone, 3,3'-diaminobenzophenone, 4,4'"-
diaminobenzophenone, 3,4'-diaminobenzophenone, 3,3'
diaminodiphenylmethane, 4,4'-diaminodiphenylmethane, 3,4'
diaminodiphenylmethane, 2,2-di(3-aminophenyl) propane and 2,2-di(4-
aminophenyl) propane may be used, as long as the features of the present
invention are not deteriorated.

[0061]

Specific examples of a polyimide for a thermoplastic polyimide layer
may include a thermal-adhesive polyimide prepared by copolymerizing 1,3-
bis(4-aminophenoxy) benzene, and 2,3,3',4"-biphenyltetracarboxylic acid
dianhydride and 3,3',4,4"-biphenyltetracarboxylic acid dianhydride in a ratio

(molar ratio) of 20/80 to 80/20, and a polyimide prepared by polymerizing
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pr.opane di anhydri de, bis(3,4-dicarboxyphenyl) nethane di anhydride and

bi s( 3, 4-di car boxyphenyl ) ether dianhydride, and an aromati c di am ne such as
1, 3-bis(4-am nophenoxy) benzene and 1, 3-bis(3-aninophenox§%%g$ 9§§T

[ 0063] A polyimde for a thernoplastic polyinmde |ayer prefera @i% at

| east one of the follow ng properties. 1) A thernoconpression-bonding
polyimde (S2) is a polyimde having a peel strength between a netal foi
and the polyimde (S2) of 0.7 Nmmor nore, and the retention of a peel
strengt h 4itdimphieadiphestinnther aind 3,304 @' bighdGdtdreutsrinkydio Laér nore,
further 95 %or nore, particularly 100 %or nore. 2) A polyimde film of
this pol ydisindgditde.a tensile nmodulus of 100 to 700 Kg/m®2 by itself. 3) A
polyim de filmof this polyimde has a |inear expansion coefficient (50 to
200 O (Maoneel 13 to 30x10-6 cmcm C by itself. [0064] A preferable
polyimde for a heat-resistant polyimde |layer may be a heat-resistant

pol yi m de constif HangoR dppRefid é}léﬂnidli%dof%Félﬁﬁﬁ&e 5 §thatmbplast® ectronic
parts such as a printed circuit board, a flexible printed-circuit 19

FPO6- 203- Rl imb®afioran 2 #EnbRRR @P@hﬁnﬁ% p'ih'ﬁﬁérg?f pgi;ﬁlﬁéﬁ}znfg,ftﬁat -resi stant

polyim de for a heat-resistant polyimde [Nayer e a polyimde prepared

from (1) aRidigidh £OTPORGHIC GAEREBLAMIAhCIFARIRRIGELEA! &Y slaoms, 3 4,4 -
phenyl tetracarboxylic acid di anhydride, pyronellitic acid dianhydride and
1, 4- hydr ogah NIR ndhREAZ Q&SR y He obid did Sy ATAE PO 563, 2ith H 39 PUdhiBe.
propane dianhydride, bis(3,4-dicarboxyphenyl) methane dianhydride and
bis(3,4-dicarboxyphenyl) ether dianhydride, and an aromatic diamine such
as 1,3-bis(4-aminophenoxy) benzene and 1,3-bis(3-aminophenoxy) benzene.
[0063]
A polyimide for a thermoplastic polyimide layer preferably has at
least one of the following properties.
1) A thermocompression-bonding polyimide (S2) is a polyimide
having a peel strength between a metal foil and the polyimide (S2) of 0.7
N/mm or more, and the retention of a peel strength after heat treatment at
150 °C for 168 hours of 90 % or more, further 95 % or more, particularly
100 % or more.
2) A polyimide film of this polyimide has a tensile modulus of 100 to
700 Kg/mm? by itself.
3) A polyimide film of this polyimide has a linear expansion
coefficient (50 to 200 °C) (MD) of 13 to 30x106 ecm/em/°C by itself.
[0064]
A preferable polyimide for a heat-resistant polyimide layer may be a
heat-resistant polyimide constituting a base film used as a tape material for

electronic parts such as a printed circuit board, a flexible printed-circuit
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pr.ef erably an aci d conponent conprising at |east 70 nol % or nore, nore
preferably 80 nol % or nore, further preferably 90 nol % or nore of these

acid ingredients, and (2) a diam ne conponent conprising at S
sel ected from p- phenyl enedi am ne, 4, 4'-di am nodi phenyl et heﬁﬁ&ﬁ%%%&ai ne
and 4,4' - di am nobenzanilide, preferably a diam ne conponent conprising at

| east 70 nol % or nore, nore preferably 80 nol % or nore, further preferably
90 nol % or nore of these diam ne ingredients. [0066] Exanples of a

conbi nat | bea@l, adDABCiadheCcPACOF @ilshtPatd, am ne conponent to give a
heat -resi stant polyi mde may include conbi nations of 1)

3,3, 4, 4 flweshenyl tetracarboxylic acid di anhydride, and p phenyl enedi am ne,
or p-phenyl enedi am ne and 4, 4-di am nodi phenyl ether, 2)

3,3 ,4,4 -bi pheﬁmefaetxregmaﬁpismylﬁna@If@lr Q'l@'&*ﬂ%éis@@nﬂﬂ&yﬁﬁﬁ@@@%}éﬂ Iy acid
di anhydrl de, and p-phenyl enedi am ne, or p-phenyl enedi am ne and 4, 4-

di am nodi pheyliyBhIR predarBd sl | i tic acid dianhydride, and
p- phenyl enedi'am ne and 4, 4- di am nodi phenyl ether, and 4)

3.3 4, 4 - bi pheqylseh AR CooReh sl RNIEHL] 850 aRhobed HERDS- 293- PCT

phenyl enedi ani ne, as main conponents (50 mol%or nore in the total "of 100

mol 99 . Tf@g@@m{&%r%gyﬂé adid &.%mﬁs,iaglféoq) ffmleaatci@ Afad d;ﬁaﬂaggnas a

mat eri al ectroni c parts suc pri CI rcuit exi bl e

i nt ed- i bl
because f hH R G R o, TP o *’eﬁi&ea%ﬁ%tﬂ%%éﬁi B B per at ur e

range, pefaﬂquha%sm €3 m eo@ﬁegﬂfq,{]ngm A5 AL AL YS) S of N1 0N

heat - dec nposi ow hea rin dge ratio, a

| ow preferably 80 mol% or more, further preferably 90 mol% or more of these

acid ingredients, and

(2) a diamine component comprising at least one. selected from p-
phenylenediamine, 4,4'-diaminodipheny] ether, m-tolidine and 4,4'
diaminobenzanilide, preferably a diamine component comprising at least 70
mol% or more, more preferably 80 mol% or more, further preferably 90 mol%
or more of these diamine ingredients.
[0066]

Examples of a combination of an acid component and a diamine
component to give a heat-resistant polyimide may include combinations of

1) 3,3"4,4"-biphenyltetracarboxylic acid dianhydride, and p-
phenylenediamine, or p-phenylenediamine and 4,4-diaminodiphenyl ether,

2) 3,3',4,4"-biphenyltetracarboxylic acid dianhydride and pyromellitic
acid dianh;}dride, and p-phenylenediamine, or p-phenylenediamine and 4,4-
diaminodiphenyl ether,

3) pyromellitic acid dianhydride, and p-phenylenediamine and 4,4-
diaminodiphenyl ether, and

4) 3,3',4,4"-biphenyltetracarboxylic acid dianhydride and p-
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| { near , expansi on coefficient, and high flane resistance. [00671 As an acid
conponent to give a heat-resistant polyimde for a heat- resistant polyimde
| ayer, in addition to the acid conponents descri bed above, P%%G%ﬁ % T

di anhydri de conponent such as 2, 3, 3',4'-bi phenyltetracarboxyl'i'Cc "aci

di anhydride, 3,3 ,4, 4 benzophenonetetracarboxyl|c aci d di anhydri de,

bi s(3, 4- dicarboxyphenyl) et her di anhydride, bis(3,4-dicarboxyphenyl)

sul fide di anhydride, bis(3,4-dicarboxyphenyl) sulfone dianhydride, bis(3,4-
di car boxyyieménediaiiane adinainycim pene s X50i m 6 B4 41 dhosr hoklypheay lof 10pr opane
di anhydride, 2,2 -bis (3,4 - dicarboxyphenyl) - 1, 1, 1, 3,3,3 -

hexaf | uormapi%p aiife Godvihyidics geepack Rfrdnbik¢ aBovie domdihaynhanexypdpleny| |
propane di anhydride nay be used, as long as the features of the present

i nvent i omateridioforddé@rrbRicaiads shoRe8la peinded iciuich o an@atible gi ve a
heat -resi stant polyimde for a heat-resistant polyimde |layer, in addition

to the dipfhiel-coeRRMANE ardes TABedpabTtRse polliaiides seemefgablsuch as
m phenyl enedi am ne, 3,4'- di am nodi phenyl ether, 3, 3'-diam nodi phenyl

sul fide, pachusékBREY hadhRReEN Nt ﬁiéehhﬁﬁ)alﬁrégeﬁhmm phaBXbrperht e 3
3' - di am nodi phenyl sul fone, 3,4" 21 FP06-203-PCT diam nodi phenyl sulfone,

4, 4" - di 35nRad]FNem ht 9@@8’5&?&1& h‘i’gl@%ﬂ@ﬁﬁ%%ﬂ%%?ysm a high heat-

4, 4' - di am nobenzophenone, 3, 4" - di am nobenzophenone, 3,

3" -di am npd, hen&&?%lé‘iﬁ;ﬁmﬁltélmgegé%nﬁ%ﬂ léTF;l ratio, a(]jow

3, 4' -di am nodi p -’ am nophen propane an

2 2.0 RO o ORI g g oo (e features of the
[0067]

As an acid compohent to give a heat-resistant polyimide for a heat-
resistant polyimide layer, in addition to the acid components described above,
an acid dianhydride component such as 2,3,3',4"-biphenyltetracarboxylic acid
dianhydride, 3,3',4,4"-benzophenonetetracarboxylic acid dianhydride, bis(3,4-
dicarboxyphenyl) ether dianhydride, bis(3,4-dicarboxyphenyl) sulfide
dianhydride, bis(3,4-dicarboxyphenyl) sulfone dianhydride, bis(3,4-
dicarboxyphenyl) methane dianhydride, 2,2-bis(3,4-dicarboxyphenyl)
propane dianhydride, 2,2-bis(3,4-dicarboxyphenyl)-1,1,1,3,3,3-
hexafluoropropane dianhydride and 2,2-bis[(3,4-dicarboxyphenoxy) phenyll
propane dianhydride may be used, as long as the features of the present
invention are not deteriorated.

[0068]

As a diamine component to give a heat-resistant polyimide for a
heat-resistant polyimide layer, in addition to the diamine components
described above, a diamine component such as m-phenylenediamine, 3,4'
diaminodiphenyl ether, 3,3'-diaminodiphenyl sulfide, 3,4"-diaminodiphenyl

sulfide, 4,4'-diaminodiphenyl sulfide, 3,3"-diaminodiphenyl sulfone, 3,4'-
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A,exampl e of a polyimde for a heat-resistant polyimde |ayer may be a
pol yi m de prepared from 3, 3',4,4'-bi phenyltetracarboxylic acid dianhydri de
(hereinafter, sonetines sinply referred to as "s-BPDA") and Pg[gdq-

phenyl enedi am ne (hereinafter, sonetimes sinply referred to 6'%qgf})'()vrand
optionally 4,4 -di am nodi phenyl ether (hereinafter, sonetines sinply
referred to as "DADE"). In this case, a ratio of PPD/DADE (nolar ratio) is
preferably 100/0 to 85/15. [0070] Another exanple of a polyinmde for a

heat - r esi giaaninodop Némy101EaMe M, 4"y ntig odigledngl Hudi® el @ ed from '
pyronellitic acid dianhydride (hereinafter, sonmetines sinply referred to as

" PMDA") , @Ian@frwmmgplﬁ@m%;af,@'edﬂahhi@lo@@hgodpmrmaiby@ci'des of 3,3, 4,
4' - bi phenyl tetracarboxylic acid dianhydride and pyronellitic acid

di anhydr i gigum AlttheaRoFhORRd, B, 9+ ditinliodusheBantaRa@Be4, 4H am ne and
bi phenyl di am ne. Preferabl e exanples of the aromatic diam ne may include

par a- phenyi-8R6edidas heMBt4'Fi SdhAAb & Haavi gt t9 o-Atg- PPD/ DADE in
00/ 10" o BB P, h oy A 2P oty a1 &

f bl Tl). [Ny f
Dot oo UpEhiPRate) ROt AR, Mo Rrad by b s 2,
¢ it . . . <" | L 4
4r2m gygﬁlisﬁlgjdéikeen%%tg{%er. ieﬁf)%%%?t(Qig{sr%,lugﬂ%g?ir%@%%%@ﬁggD is preferably
90/10 to @6%? [0072] A polyimde for a heat-resistant polyimde | ayer may
have at |ea one, or at least two [conbinations of 1) and 2), 1) and 3),

and 2) and 3)] ’A%rxarr%lle o?fa 13&%7112:1?(!1& Py Q%eg?%éﬁrs?ffnt polyimide layer may be
a polyimide prepared from 3,3',4,4"-biphenyltetracarboxylic acid dianhydride
(hereinafter, sometimes simply referred to as "s-BPDA") and para-
phenylenediamine (hereinafter, sometimes simply referred to as "PPD") and
optionally 4,4-diaminodiphenyl ether (hereinafter, sometimes simply
referred to as "DADE"). In this case, a ratio of PPD/DADE (molar ratio) is
preferably 100/0 to 85/15.
[0070]

Another example of a polyimide for a heat-resistant polyimide layer
may be a polyimide prepared from pyromellitic acid dianhydride (hereinafter,
sometimes simply referred to as "PMDA"), or aromatic tetracarboxylic acid
dianhydrides of 3,3',4,4"-biphenyltetracarboxylic acid dianhydride and
pyromellitic acid dianhydride, and an aromatic diamine such as benzene
diamine and biphenyldiamine. Preferable examples of the aromatic diamine
may include para-phenylenediamine, an aromatic diamine having a ratio of
PPD/DADE in 90/10 to 10/90, and meta-tolidine. In this case, a ratio of
BPDA/PMDA is preferably 0/100 to 90/10.

[0071]

Another example of a polyimide for a heat-resistant polyimide layer
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1) Apolyimde filmof this polyimde has a glass transition tenperature of
300 C or higher, preferably 330 C or higher, and further preferably, a

glass transition tenperature is undetectable. 2) A polyim dg, fi Izgé%fcét hi s
polyimi de preferably has a |inear expansion coefficient (5 PPE258 ) (VD)
close to a thermal expansion coefficient of a netal foil such as a copper
foil lamnated on the polyimde film Specifically, when using a copper

foil as a netal foil, a thermal expansion coefficient of a polyimde film

i s prefemfy heSxXpOAmiQe PEXPErA frof sHtdmelRiCadidediahtpdyiddx par- to 20x10-6
cmcm C, further pref era%fgy 12x10-6 to 18x10-6 cmcm C. 3) %\ polyimde film

of this petividsieliiasing 4R34 -AidBidiphel etPTNMOGRSasd, SpLtik@rMm2 or
nore, preferably 500 kg/ nm2 or nore, further preferably 700 kg/ nm®2 or nore.

[0073] ApRDEPIPD achebfepdplligam109oaioygn.a heat-resistant polyimde may be
prepared by polynerizing an aromatic diam ne and an aromatic
tetracar t[g?yﬂ c acid di anhydride which give a heat-resistant polyimde in an

organi ¢ polar solvent in accordance with the usual nethod. [0074] 23

207 T BT RSP ool Ay e 1

sol vents such as or mam de, I me ace

t hyl - 2- | I [ I i
hexanet hyThoL Bt Ao tdart i aiipdHoRRUD ARl 7], I I oY axkt o) PEAEL or
di et hyl t§i é@ff?&ﬁﬂ#@%ﬁg‘%!&%&%@ pyridi ne; and ethylene glycol. [00751 In the

above proce preterally a polyam c acid solution is flow
1) A polyimide film of this polyimide has a glass transition

temperature of 300 °C or higher, preferably 330 °C or higher, and further
preferably, a glass transition temperature is undetectable.

2) A polyimide film of this polyimide preferably has a linear
expansion coefficient (50 to 200 °C) (MD) close to a thermal expansion
coefficient of a metal foil such as a copper foil laminated on the polyimide
film. Specifically, when using a copper foil as a metal foil, a thermal
expansion coefficient of a polyimide film 1s preferably 5x106 to 28x106
cm/em/°C, more preferably 9x10¢ to 20><10'6 cm/cm/°C, further preferably
12x10°6 to 18x10% cm/cm/°C.

3) A polyimide film of this polyimide has a tensile modulus (MD,
ASTM-D882) of 300 kg/mm?2 or more, preferably 500 kg/mm2 or more, further
preferably 700 kg/mm?2 or more.

[0073]

A polyamic acid solution to give a heat-resistant polyimide may be
prepared by polymerizing an aromatic diamine and an aromatic
tetracarboxylic acid dianhydride which give a heat-resistant polyimide in an
organic polar solvent in accordance with the usual method.

[0074]
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casted and applied on a smooth support surface such as a stainless mrror
surface and a stainless belt surface, and then it is heated at 100 to 200 C
to a sem-cured state or a dried state before the sem -cur'gg,g -2b§-£%’1‘
flowcasted filmis treated at a tenperature higher than 2 ‘é:

adhesi veness tends to decrease in preparation of a thernoplastic polyimde
film The sem-cured state or the state before the sem -curing neans a

sel f-supporting state after heating and/or chemi cal imdization. [0076] A
pol yam ¢ aci d $Eddthplys cfewebsin begadiopolar selvgnaindledeephiiet type pol yi mi de

| ayer contains a polyam c acid solution which gives a thernoplastic

pol yi m deohaiitd gueh@saNsNidiansghylformaemder &, N-&iméthiQcétandde, NS, preferably
190 to 300 C, and polyimde particles. Aratio of the polyimde particles

to the pqhyﬁﬁilez-psshdﬂicﬁ;n@reﬁi&Mhiethsm’{agtr@lab@aﬁﬁ dymeehgihdulfoddes i cul arly 0.5
to 5 %by weight. A preferable polyimde particle is a wholly aromatic

pol yi m deycRditdihly®p leAptianhide; diRY¥tARidlfdieS tafiath SOFRANEEEIfaN a

p- phenyl enedi am ne conponent in 80 % or nore, and having a median size of

0.8 10 0-dinfihgRdriifeEILAURLELAE: HYridide; aind eilen0dRAbiTor Preparing a
whol Iy aromatic polyimde particle,”to the above™ 24 FP06-203-PCT organic
pol ar solggns] i s added an equi nolar mixture of an aromatic di am ne

conponent conprising at |east 80 % of p-phenyl enedi am ne, and an aromatic
tetracarboxyli i lﬁﬂ;gg&_% Y 80 gyl litic acid
di anhydri de, a(r%gqlﬁ]lfedahece Sar%g%s,?}gﬁ{sfgg;%gr@ﬁ%%%ﬁ?%c%n%o%?ﬁéﬁﬁ%éhe resul ting

m xture i 0 i i f. L4 I re. an inert
gas such c%g&ﬁf%ﬁ%g@ﬁ)l%‘aasc?ﬁ gngg ?0&}1 }["éh&é{b Oﬁi‘ég'gl Eé{(?r&gtslu{ahgd’ét%trsrp{%?lg urenﬁ{g)i:r about 2

to 5 hourg, rAnd, 608! &dinib8s BLMS B LU i HRaBOBE HB0NY Spothg! 1Y

a semi-cured state or a dried state before the semi-curing, If a flow-casted
film is treated at a temperature higher than 200 °C, adhesiveness tends to
decrease in preparation of a thermoplastic polyimide film. The semi-cured
state or the state before the semi-curing means a self-supporting state after
heating and/or chemical imidization.

[0076]

A polyamic acid solution composition for forming a thermoplastic
polyinﬁide layer contains a polyamic acid solution which gives a
thermoplastic polyimide having a glass transition temperature of 170 to 320
°(, preferably 190 to 300 °C, and polyimide particles. A ratio of the
polyimide particles to the polyamic acid is preferably 0.5 to 10 % by weight,
particularly 0.5 to 5 % by weight. A preferable polyimide particle is a wholly
aromatic polyimidé particle containing a pyromellitic acid component and a
p-phenylenediamine component in 80 % or more, and having a median size
of 0.3 to 0.8 uym and the maximum size of 2 um or less.

[0077]

For preparing a wholly aromatic polyimide particle, to the above
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aromatic polyimde particles. In general, the aromatic di am ne conponent

and the aromatic tetracarboxylic acid conponent may be added to a pol ar

sol vent such that the m xture contains a polyimde in 3 to ﬂﬁb&/&¥P&@ight'
As polyimde particles, the mxture solution thus obtained nmay be preferably
used without any treatnent, or used after renoving or adding the polar
solvent, if necessary. (00781 The wholly aromatic polyimde particles with a
medi an size of 0.3 to 0.8 mand the nmaxi mum size of 2 mor |ess may be

easi |y pogpatiegoldresolveat igadde daamaiuimodihnmireusoohan andmedigpdiashing at

| east 80 % of p- phenyl enedi am ne, and an aromatic tetracarboxylic acid
conponentom@onpht Sompriing aadéafBIC06! pyiemsldnddiandabdadd amhyebmaec Wen
using the polyimde particles having a particle size within the above

range, i tetirSc@ddXylicAcidEtsmPoAdhe cPmtridifi abdeast 80es sfipiangelftid heid
t hermopl astic polyimde |ayer, which is suitable for a copper-clad | am nate

requi r eddisniyaied@d id e ndRbieRNa di8PdRlind Aeehel 1hd PE6H 3he $baEltias used
herein neans a particle size corresponding to 50 % accurnul ative value in a

cumul at i ¥« 7l et @oHHoE - 1602%C WO s2@3mi2Gh ah GR8AkphBes 8f 2hanecthe

polyi m de particles may be spherical, or alternatively cylindrical,

dunbbel | 'gﬁ@@ﬁ@ﬂ a%rniﬁﬁgen bdd) @ d RivkReChe AR AR ttpErdtdrt B6r aBbROEL axi s of
about 2 to 10, particularlTy about 3 to 6. Wien they are cylindrical,

gﬁgbge lrrlafz’% ?qgﬁﬁgpé?ﬂ‘g%letdg tﬂ?éisﬁmﬁf %}%giﬁl sORMSo et PPlsiAY ke Wholfy 05 t0 0.5 m
aromatic polyimide particles. In general, the aromatic diamine component
and the aromatic tetracarboxylic acid component may be added to a polar
solvent such that the mixture contains a polyimide in 3 to 10 % by weight.
As polyimide particles, the mixture solution thus obtained may be preferably
used without any treatment, or used after removing or adding the polar
solvent, if necessary.

[0078]

The wholly aromatic polyimide particles with a median size of 0.3 to
0.8 um and the maximum size of 2 um or less may be easily prepared when
using an aromatic diamine component comprising at least 80 % of p-
phenylenediamine, and an aromatic tetracarboxylic acid component
comprising at least 80 % of pyromellitic acid dianhydride. When using the
polyimide particles having a particle size within the above range, it is easy
to form minute protrusions in the surface of the thermoplastic polyimide
layer, which is suitable for a copper-clad laminate required to have a fine
pattern.
[0079]

The term "median size" as used herein means a particle size

corresponding to 50 % accumulative value in a cumulative distribution curve.
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When a copper-clad | am nate does not need to have a fine pattern, wholly
aromatic polyimde particles with a nedian size of 0.3 to 10 mcan be used.

[ 0082] The above constitution can provide a thernoconpressi o&?@io&%nﬁg
mul tilayer polyimde filmhaving the inproved slipping prope X I
conprises a substantially inorganic powder-free polyimde surface |ayer

made of a thernoplastic polyimde having a glass transition tenperature of
170 to 320 C, particularly 190 to 300 C, and has a static friction

coeffici efogodnd a dynamic friction coefficient of 0.05 to 0.7, preferably
0.1 to 0.7; and does not have any prom nent protrusions formed on the film

surface. [0083] TRetdforsTatefulehnldpdaidesenapbé ithﬁﬂ%aRQerdlﬁéﬁfati\idlw used
in the present invention has at |east one thernal - adhesive side, and a

t hi cknessc@indficilo d2@nbbelByhaps®ioniorel] Wich Rolatidbithd iafdharisng #het hi ckness
of 5to 2 mw th a copper foil having a thickness of 18 mor |ess, there

can be prAKbAGHPOCHARAET2 b a0, hariipala®lyaNb o3 bW, WREn ftheyikel ity and
exhibiting MT folding endurance of about 2000 tinmes or nore, preferably in

both MD  anghdReal @u%&’@@él?@ﬁ?ﬁ%f or 0998 4h Y RS BravileMifor axis of

t her noconpr essi on- bondi ng nu ayer polyimde filmhas a thernoplastic

pol yi m deolg%ygoro q%}%adﬂu P%% é}ﬁ&)é’f@rpgo I%P{ﬂ'd es, the slipping property
I e

of the surface o e poly I''mis so nproved to give a |ong
copper - cl Rrﬁ%éﬁm. nate which can be readily winded onto a wind-up roll at a
rate of 1 mn or higher and which has no defect in appearance including

wrinkles as Cheﬁh?e% 8‘6851)&%‘-8151‘&‘941&1{&8%@5; n%(B 'heed to have a fine pattern,

wholly aromatic polyimide particles with a median size of 0.3 to 10 pm can
be used.
[0082]

The above constitution can provide a thermocompression-bonding
multilayer polyimide film having the improved slipping property; which
comprises a substantially inorganic powder-free polyimide surface layer
made of a thermoplastic polyimide having a glass transition temperature of
170 to 320 °C, particularly 190 to 300 °C; and has a static friction coefficient
and a dynamic friction coefficient of 0.05 to 0.7, preferably 0.1 to 0.7; and
does not have any prominent protrusions formed on the film surface.

[0083]

A thermocompression-bonding multilayer polyimide film used in the
present invention has at least one thermal-adhesive side, and a thickness of
5 to 20 um. By combining the polyimide film having a thickness of 5 to 20
um with a copper foil having a thickness of 18 pm or less, there can he
provided a copper-clad laminate having improved flexibility and exhibiting
MIT folding endurance of about 2000 times or more, preferably in both MD
and TD.
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obt ai ning a copper-clad | am nate having good appearance, it is effective to
use a thernoconpression-bonding multilayer polyimde filmhaving a

t her nopl astic polyimde |ayer containing the polyimde partlﬁ% ¥$%Eout
being restricted to a thickness of 20 mor |ess. [0085] ‘%ﬁ%@ used
in a copper-clad | am nate of the present invention A copper foil used in the
present invention has a thickness of 1 to 18 m particularly 3 to 18 m A

t hi ckness of the copper foil is preferably 12 mor |ess. [0086] A copper
foil may f&tjrol | ed copper foil, an electrolytic copper foil, or the Ilike,
and when using a rolled copper foil, a superior copper-clad |amnate my be
obt ai ned. Al t er Fatthehyorea wdpg théBhbeovhpledic@bbhding atulbRapsed. [0087] A
preferabl e range of a thickness of a copper foil depends on the type of the

copper fopblyimede RN has hihle@thopPited pdBimid@ 14t aming egidiahide 8 to
18 m nore preferably 10 to 18 m particularly preferably 10 to 12 m For

an el ect rﬁél‘l‘ttiélﬁs Cﬂ{éoﬁ’ipzéﬁg Iyro%ei‘ 6f<ﬂﬁ§§u1‘f§cé)6?ﬂ?é BBl mAidé BiklidRo MOr e
preferably 06- 20 [ 00881 A copper foil preferably has

an Rz, whjgh réxﬂéi'l f@%ﬁ% & Wil ﬂe‘%‘tﬂéﬂ@?éﬁma@ w@hé’ﬂ Phn 8SBadi Rilikf erably 2

morless particularly prete abyO When an Rz7is small, a

copper fopl;B¥yifg- Sglla:{tte?F?&%ff laﬁﬁmﬂcﬁallﬁfﬁl%% ar{cf)@fﬁ%h Eeme &stelf 11§“Ch a
copper forl may inc e a rolled copper f
appearance including wrinkles as checked over the whole length. For
obtaining a copper-clad laminate having good appearance, it is effective to
use a thermocompression-bonding multilayer polyimide film having a
thermoplastic polyimide layer containing the polyimide particles, without
being restricted to a thickness of 20 um or less.

[0085]

2. Copper foil used in a copper-clad laminate of the present invention

A copper foil used in the present invention has a thickness of 1 to 18
um, particularly 3 to 18 pm. A thickness of the copper foil 1s preferably 12
um or less.

[0086]

A copper foil may be a rolled copper foil, an electrolytic copper foil, or
the like, and when using a rolled copper foil, a superior copper-clad laminate
may be obtained. Alternatively, a copper foil with a carrier can be used.
[0087] |

A preferable range of a thickness of a copper foil depends on the type
of the copper foil used. For a rolled copper foil, a thickness is preferably 8 to
18 um, more preferably 10 to 18 pm, particularly preferably 10 to 12 pm.
For an electrolytic copper foil, a thickness is preferably 7 to 12 um, more

preferably 9 to 12 pm.
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(M crohard Corporation, VSBK, 18 m), a rolled copper foil (Mcrohard
Corporation, VSRD, 12 n), a rolled copper foil (H tachi Cable, Ltd., HPF-

ST12-E, 12 m), a rolled copper foil (N kko Materials Co., . L oBHYA3H T,
18 m), a rolled copper foil (Nikko Materials Co., Ltd., Bwi’gﬁﬁ-z?ﬁfésm a

rolled copper foil (Fukuda Metal Foil & Powder Co., Ltd., RCF-T4X, 12 m, a
roll ed copper foil (H tachi Cable, Ltd., HPF-ST10-E, 10 m, a rolled copper
foil (Nikko Materials Co., Ltd., BHY-13HHA, 18 n), a rolled copper foil

(Ni kko Mioesglhls Co., Ltd., BHY-22B-HA, 12 m), an electrolytic copper foil
(N ppon Denkai, Ltd., HLB, 12 n), an electrolytic copper foil (N ppon

Denkai, Ltd., AlcBpp8r fijil pcferabBl kes nal Bt i whivbphrlicdtes!surfh@pougberisa)
Ltd., HLS, 9 n). [00901 A preferable rolled copper foil has a tensile

st rengt h Jfef pheorieas, mbre pirefpALBT 2 30 oNI®aE paititnlely pheferabBl 06 tof tensile
strength after heat treatnent at 180 C for 1 hour as defined by the above

equat i on 1(4 )un®f VBBeanORz i€ 8mallVieoppeirTBilSHED ba iRld fHeronPRcefoil, a
highly flexible copper-clad |am nate may be obtained, and the marked effect

of the presgmehtavention may be achieved, that is, thinning of a polyimde
and a copper foil may nore remarkably inprove flexibility. Exanples of such
a rolled[gopger foil may 28 FP06-203-PCT include a rolled copper foil

(Ni kko Materials Co., Ltd., BHY-13H-HA) and a rolled copper foil (N kko

Materials CO.. ihishnpldddf 2R 4 Bondi0BAhad BERIRS AhbRegLBEhEOkYI | c copper

foil has a tensi rength b heat reatment o m® or nore, and
Ger 108 S BRSO, YK, 180 o Ry ek P 25
Corporation, VSRD, 12 um), a rolled copper foil (Hitachi Cable, Ltd., HPF-
ST12-E, 12 um), a rolled copper foil (Nikko Materials Co., Ltd., BHY-13H-T,
18 um), a rolled copper foil (Nikko Materials Co., Ltd., BHY-22B-T, 12 um), a
rolled copper foil (Fﬁkuda Metal Foil & Powder Co., Ltd., RCF-T4X, 12 um),
a rolled copper foil (Hitachi Cable, Ltd., HPF-ST10-E, 10 pm), a rolled
copper foil (Nikko Materials Co., Ltd., BHY-13H-HA, 18 pum), a rolled copper
foil (Nikko Materials Co., Ltd., BHY-22B-HA, 12 um), an electrolytic copper
foil (Nippon Denkai, Ltd., HLB, 12 um), an electrolytic copper foil (Nippon
Denkai, Ltd., HLB, 9 um) and an electrolytic copper foil (Nippon Denkai,
Ltd., HLS, 9 um).
{0090]

A preferable rolled copper foil has a tensile strength before heat
treatment of 300 N/mm?2 or more, and a ratio of tensile strength after heat
treatment at 180 °C for 1 hour as defined by the above equation (1) of 33 %
or less. When using such a rolled copper foil, a highly flexible copper-clad
laminate may be obtained, and the marked effect of the present invention
may be achieved, that is, thinning of a polyimide and a copper foil may more

remarkably improve flexibility. Examples of such a rolled copper foil may
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[00921 A preferable copper foil with a carrier is that prepared by bonding
an ultrathin copper foil having a thickness of 1 to 5 gmto a netallic or

ceramic carrier with a heat-resistant bonding agent. An exgugp}g% @’Sﬁe
carrier may be a copper foil having a thickness of about 1 %

particularly 12 to 18 gm A specific exanple of the ultrathin copper foil
wth a carrier may be an electrolytic copper foil with a carrier (N ppon
Denkai, Ltd., YSNAP-3B, thin copper foil thickness: 3 gm carrier copper

foil thi ¢hdesle:a #@lghtopddd0PIUMkkodyiatefiols Cov, Thdg BHENF13H-Ha) useda af t er
peeling off the carrier from the copper-clad | am nate obtai ned, and then

t hi ckeni rgllbeoppepiyil (Niitkd Maaerigiy €0.,|Tevde] BHG22BXEMpl e 5 to 8 gm by

el ectrolytic plating. [00941 3. Copper-clad | am nate of the present

i nvent i ofip@gg] manuf acturi ng process therefor A copper-clad |am nate of the
present invention is prepared by lamnating a copper foil with a thickness

of 1 to 18 gm enpRiTeraildR1sdtrok iéco%ap@ﬁm@fha@ PEKITE St®ehitb¥fdrd Ikat
t hi ckness of 5 to 20 gm descri ove by thernoconpression bonding. By

conbi ni Ngrddtendied M FOE N /Arirh PP AYdrRY a8 d 20r 4RO 6f 283si R ItrehBtIe kRSt 5 to 20
mw th a copper foil having a thickness of 1 to 18 m there can be provided

a copper 1 Athd AN AEE ° 0Bk N0hdliead ABFIAKE by {1RXAKbV éc}’uaﬁé‘ﬂ (Xt 6 b4 N9 fl\i/g

M T foldi ng endurance of about 2000 tinmes or nore, preferably in both
and TD. ?@ A copper-clad | am nate of the present invention preferably
has a total thickness of 51 gmor less, particularly preferably 39 mor

| ess for [8092]

A preferable copper foil with a carrier is that prepared by bonding an
ultrathin copper foil having a thickness of 1 to b pm to a metallic or ceramic
carrier with a heat-resistant bonding agent. An example of the carrier may
be a copper foil having a thickness of about 12 to 35 um, particularly 12 to
18 um. A specific example of the ultrathin copp.er foil with a carrier may be
an electrolytic copper foil with a carrier (Nippon Denkai, Ltd., YSNAP-3B,

' thin copper foil thickness: 3 um, carrier copper foil thickness: 18 um).
[0093]

A copper foil with a carrier is used after peeling off the carrier from
the copper-clad laminate obtained, and then thickening the copper foil to a
given level, for example 5 to 8 pm, by electrolytic plating.

[0094]
3. Copper-clad laminate of the present invention and manufacturing process
therefor

A copper-clad laminate of the present invention is prepared by
laminating a copper foil with a thickness of 1 to 18 um on one side or both
sides of a polyimide film with a thickness of 5 to 20 um described above by

thermocompression bonding. By combining the polyimide film having a
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doubl e-si ded copper-clad lam nate. It is preferably 33 mor |ess,
particularly preferably 27 pmor less for a single-sided copper-clad

| am nate. [0096] A copper-clad |am nate of the present iny€@%%&g¥§§@ be
prepared by Ilamnating a copper foil on one side or both sit

t her noconpressi on- bonding multilayer polyimde film by thernoconpression
bondi ng or thernoconpressi on bondi ng-cooling under pressure, using a
continuous |am nating nmachine such as a lamnating rolls and a doubl e-belt

press, fghickAXe1df B to PO0SA]with 4 Soppaf RikEhAeing0a PhRkAeas ofil1 to 18 um,
t her noconpr essi on-bonding nultilayer polyimde film alone, or

al t er nat {gkYoandbé b@éﬁ@@é@éc%ﬁﬁr%a@@@ﬂﬂiﬁ@te R ingd eheermprivedéebilityn and a
copper foil at about 150 to 250 C, particularly at a tenperature higher

t han 150aﬁd%&ﬂil@i@ir@hﬁ5\@1@f&ﬂﬁn?léﬁdhrgné@oﬂagoﬁﬁgod)@tiﬂl@@of mM&di atel y before

introducing into a continuous am nating nmachine. Pre-heating can be

conduct egrdfgtdilyanBRhTe® ghdspgh as a hot-air bl ower and an infrared
heating unit. The term"in line" neans an apparatus arrangenent that a

pre-heat gjogs3 pl aced between a feeder of a raw material and a
t her noconpressi on-bonding unit in a continuous 30 FP06-203-PCT |am nating

machi ne Such t gt} BECIRE OIRLERS I ATRBQALEAR, i EoNAHGHAtrallIgTIEd gtel v af ter

pre-heating. It so preferable to place a protective bet ween a
R e e 3 Y
et gk SRhm AR it RETLPRARLRSIAS wRPRRRTS, | 2 Y 2
wi t hout Sgytiglﬁfa%ﬁ; p]irer}'eparbqgir% Eu%p SR GF amslrf}lgl%'sqa%d copper-clad laminate.
[0096]
A copper-clad laminate of the present invention can be prepared by
laminating a copper foil on one side or both sides of a thermocompression-
bonding multilayer polyimide film by thermocompression bonding or
thermocompression bonding-cooling under pressure, using a continuous
laminating machine such as a laminating rolls and a double-belt press, for
example.
[0097]
It is preferable to pre-heat a thermocompression-bonding multilayer
polyimide film alone, or alternatively, a thermocompression-bonding
multilayer polyimide film and a copper foil at about 150 to 250 °C,
particularly at a temperature higher than 150 °C and below 250 °C for about
2 to 120 sec in line immediately before introducing into a continuous
laminating machine. Pre-heating can be conducted using a pre-heater such
as a hot-air blower and an infrared heating unit. The term "in line" means

an apparatus arrangement that a pre-heater is placed between a feeder of a

raw material and a thermocompression-bonding unit in a continuous
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hi gh dj nensional stability (dinensional stability is 0.1 %or |ess). [0098]
The above-descri bed doubl e-belt press is a |lamnating machi ne capabl e of
conducti ng hi gh-tenperature heating-cooling under pressure,gg QQ 8.pc
hydraul i c- press type using a heat nmediumis preferable. [00 ? IR-Iiﬁé
pre-heating allows prevention of a decrease in a product yield due to
defects in appearance of a |lam nate caused by foam ng by water absorbed
fromthe air into a polyimde after |am nation, or foam ng when imrersed in
a sol der lhaifihatiog hachimgswh ghecthermozonipredsion Wridiagdh cohdusiedht be
contenplated that a whole |lam nating machine is placed in a furnace, it is

i npr act i dalmbéeacBeaftbr pse-tehsingntitaklalsd préfeesblecosplacapaniotedtavd nat i ng
machi ne, leading to the restriction on the shape of the copper- clad

| ani nat e mhfer@All bdtwtnPd €hémabédigp rasidie beaathic hadtilay Aopolyiintide My absor b
wat er before |am nation, |eading to defective appearance of a |amnate

caused by rideuh _’E‘:gp?@fj fdiPdHatd BEltidy £ 010 dREAL-1EaHNSERNC Ein TGPy, A
copper-clad | am nate of the present invention may be preferably prepared by

conduct i ngyhBefdileAAPeAaRI 83 PBnRANELEgoNEdRTe & £ BoYESesidladt’06. 203- PCT
while a tenmperature in a heating and conpression-bonding zone of a roll

| am nat or, . = | | Ha 07 S
rans: t1 GO iER Yayop Sid pREEHRA-omprinion Bondin® poly TS 1h08R 18 GOS0,

e .
e 9L S AGRISHI § BIY% Hoelk 1 e caoe o 2
[0098]
The above-described double-belt press is a laminating machine
capable of conducting high-temperature heating-cooling under pressure, and
a hydraulic-press type using a heat medium is preferable.
[0099]
In-line pre-heating allows prevention of a decrease in a product yield
due to defects in appearance of a laminate caused by foaming by water
absorbed from the air into a polyimide after lamination, or foaming when
immersed in a solder bath for forming an electronic circuit. Although it
might be contemplated that a whole laminating machine is placed in a
furnace, it is impractical because it is substantially limited to a compact
laminating machine, leading to the restriction on the shape of the copper-
clad laminate. If out-line pre-heating may be conducted, a polyimide may
absorb water before lamination, leading to defective appearance of a
laminate caused by foaming and reduction in solder heat-resistance.
[0100]

A copper-clad laminate of the present invention may be preferably

prepared by conducting the thermocompression bonding under pressure
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tenperature lower by 20 C or nore, particularly by 30 C or nore than the
glass transition tenperature of the thernoconpression-bonding polyimde, to

| am nate the copper foil on one side or both sides of the p | m
[0101] When a product is a single-sided copper-clad | am nat gkﬁggbgg’é&ﬂ nmet al

foil on one side of a polyimde film a protective material can be used,
and a protective material may be lam nated on the side of the polyimde film
wi t hout a thernoconpressi on-bondi ng polyimde | ayer and a copper foil, and

af ter | aryinidé haempdrat@roiieatliceginmaad icoinpreysioa -Berndinedoheahd fsll | am nat e
and rolled up, or alternatively the product may be rolled up together with

the prot egiliMgtdreseddele HHle Préds iseitened bhefmre owsﬁoreEme[fpbeeﬁa@é a
protective material used may include an easily peel able and highly heat-

resi st anttrfiﬁélmonft%ﬁeemﬁf@ofathbgﬂbyoﬂgaésﬁ@@b%haﬁlﬁg bbly e f(u@ﬂh& of |ess

than 2 m and a net The preferable protective materials may include

a highly Jaggb nﬂﬁ&il%%r@f‘golﬁﬁhﬁefﬂlkﬂn HHGEh1 8 5m flPR M&é‘ﬂ?@rnﬁéﬁl&bﬁ%or exanpl e,

Ube I ndustries EX-S) and a fluororesin film and a netal foil

such as .1l &d 19‘8%’%& Bb{ov@%?})“%){p@?&gﬁ%@%%ﬁé&r H A3 oG PP dVaaIZAM th

m ni mal surface ro ness By~ t her noconpr essi on

bondi ng- gaaldQ H@t % tnﬁlﬁ %%ﬁg.%?aﬂﬁ’er‘%xfbgﬁ%?hﬁob@h%nﬁrﬁﬁ% 5R th@rﬁ'aggto#her el can

partlcul ar, era W ng rate can mn or nore

Zgop?r?nvbﬁa%%?%58“%@?%&%%&“&%”{?% %Sqlnde??f@%%‘?fg%vé pftnh bR Bia, OO
and sach e ARG BYEIY 20 Ot o Pl AR BT R EO 2R 'é%s% BB "t he.
metal f O'g ass’ rfa%m 101\1/vltgﬁ11peratqtc]fe of the thermocompression-bonding polyimide,

to laminate the copper foil on one side or both sides of the polyimide film.

[0101]

When a product is a single-sided copper-clad laminate having a

metal foil on one side of a polyimide film, a protective material can be used,

and a protective material may be laminated on the side of the polyimide film

without a thermocompression-bonding polyimide layer and a copper foil, and

after lamination, the protective material may be removed from the laminate

and rolled up, or alternatively the product may be rolled up together with

the protective material which is removed before use. Examples of a

protective material used may include an easily peelable and highly heat-

resistant film, for example, a highly heat-resistant film with an Rz of less

than 2 pm, and a metal foil. The preferable protective materials may

include a highly heat-resistant resin film such as a polyimide film (for

example, Ube Industries, Ltd., UPILEX-S) and a fluororesin film, and a

metal foil such as a rolled copper foil having the improved surface

smoothness with minimal surface roughness.

[0102]
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a.doubl e-belt press, a copper-clad |am nate obtained has the inproved

uni formty of dinensional change, and preferably, a percentage of

di mensi onal -change is 0.1 %or |less at roomtenperature (mrﬁoé_#@ii&g
after etching) and 150 C (heating after etching) in both MD an as an
average of L, Cand Rin the width direction (the left end, the center and
the right end, respectively, in the direction that the filmis wound off).
[01031 In an aspect of the present invention, a polyimde filmand a copper
foil are separ @eklefradcompresiowbbniany-catllirg ondeopbtsulpehdsipg @ass as a
rolled sheet, and a copper-clad |lam nate is obtained as a rolled sheet.

[ 01041 A dmfidetbelt pebdsanilaaiiaapiony in@drtiyutdreppsfessbily 4 dyewih®natasaibe used
as a substrate for electronic parts after various processings such as

rolling Bl whehi oOnrd, aplithead byn baguokidigl a askls audseiiltesdpgperadladi ng i nto
a given size. For exanple, it may be suitably used as a substrate for an

FPC, a mMdhiinkdy daviicaaitidth Jfl outi W00men b toh Gk palrticRBY aBbat 500
mul tilayer substrate neeting the requirenents of "hi gher heat resistance,

| over watyin O@Mephhamigh%es%@bﬁ@hrgm (SOPYeRNEtr@Rgth MPrONAHnebeCct i C
properties can be provided, by bonding a plurality of (for exanple, 2 to 10

| ayers) %aﬂé,gsaﬁigﬁggaﬁg TFROG™? O3 TR67E) SRPHRH é&&ﬂflbﬁ@&fh%{,c%%h@the t ot al

t hi ckness is or doubl e-sided copper-clad |am nates (the total

t hi ckness, 'bgt&&ggﬂ?x% iﬁmem&@%b@e%%rthef ﬂlie?af‘ﬁﬁl Qultfa&&.kgﬁ%l glfsin?gto 18

mand a polyim II'mlayer has at ness of 5to 20 m

Rt RN e e
uniformity of dimensional change, and preferably, a percentage of
dimensional-change is 0.1 % or less at room temperature (merely drying
after etching) and 150 °C (heating after etching) in both MD and TD as an
average of L, C and R in the width direction (the left end, the center and the
right end, respectively, in the direction that the film is wound off).

[0103]

In an aspect of the present invention, a polyimide film and a copper
foil are separately fed into a roll laminator or double-belt press as a rolled
sheet, and a copper-clad laminate is obtained as a rolled sheet.

[0104]

A copper-clad laminate provided by the present invention can be used
as a substrate for electronic parts after various processings such as rolling
up, etching and optionally uncurling, and subsequently cutting into a given
gize. For example, it may be suitably used as a substrate for an FPC, a
multilayer FPC and a flex-rigid substrate. In particular, a multilayer
substrate meeting the requirements of higher heat resistance, lower water

absorption, lower dielectric constant and improved electric properties can be

provided, by bonding a plurality of (for example, 2 to 10 layers) single-sided
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obtained by cutting a long one into a given size (reducing a width or
|l ength) as well as a long |am nate. [0106] A copper-clad |am nate of the

present invention nay be prepared by a known nethod ot her Egﬁ%@ﬁ@g&(ﬁ?ove
0

| am nation nmethod. For exanple, it can be prepared by any oW ng
met hods. (1) On a copper foil is flowcasted or applied a solution of a
polyam c acid as a polyimde precursor, and then, if necessary, it is dried
and/or imdized and then, if necessary, heated. (2) On a copper foil is

f | ow cast@gper-chibldethsites ¢ toral ohicknes &y 80pI3@Sjimd op Aoyiblid -eRlddr ecur sor,
and then, 1f necessary, it is dried and/or imdized, and subsequently, on

t he ther rappastiLal Rahitidtedétheapral thickhews iCaBted6qimapphiladha &qlpéri on of a
heat -resi stant polyimde precursor, and then it is imdized and then, if

necessar Yoillgaf £dhickdlesOaf 8 t60IPEM 4Rl la pSlylhede GdstledephadRPthieRnass$ol ution
of a thernoplastic polyimde precursor, and then, if necessary, it is dried

and/ or  igfighzed pndngithud HRaveBkisYanOpolyi@idd e AESvasthickpeky: atslgal ayer is
flow casted or applied a solution of a heat-resistant polyimde precursor,
and then, ;m}f necessary, it is dried and/or imdized, and subsequently, on
t he heat ‘34 FP06-203-PCT resistant polyimde layer is flow casted or
applied a[0§95}1ti on of a thernoplastic polyimde precursor, and then, if
necessary, It is dried and/or imdized and then, if necessary, heated. In

P2 RSB IR PR Y UG08 o o

foil on the one-si'de | amnate _ ( above nethods
(301 by B PSP o W 00 Ry 5w o et et o
as well as a long laminate.
[0106]
A copper-clad laminate of the present invention may be prepared by
a known method other than the above lamination method. For example, it
can be prepared by any of the following methods.
(1) On a copper foil is flow-casted or applied a solution of a polyamic
acid as a polyimide precursor, and then, if necessary, it is dried and/or
imidized and then, if necessary, heated.
(2) On a copper foil is flow-casted or applied a solution of a
thermoplastic polyimide precursor, and then, if necessary, it is dried and/or
imidized, and subsequently, on the thermoplastic polyimide layer is flow-
casted or applied a solution of a heat-resistant polyimide precursor, and then
it 1s imidized and then, if necessary, heated.
(3) On a copper foil is flow-casted or applied a solution of a
thermoplastic polyimide precursor, and then, if necessary, it is dried and/or
imidized, and subsequently, on the thermoplastic polyimide layer is flow-
casted or applied a solution of a heat-resistant polyimide precursor, and then,

if necessary, it is dried and/or imidized, and subsequently, on the heat-
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exanple (1) and (2), (1) and (1), and (2) and (2), can be used. [0107] In
this specification, a friction coefficient of a polyimde film which

i ndi cates slipping property, is evaluated as foll ows. [0108] _AGC ance
with the nethod described in ASTM D 1894, a friction coefftiédgin%aO%icjgérP

determ ned by a dynamc slip tester (load: 200 g, sliding rate: 150
mmmn), using, as a substrate, one side of a noisture-controlled polyimde
filmmintained at 23 C and 60 % RH for 24 hours, which are attached to a

sl ed et ates(Gaampolantide 1aviehid fiaw-ddeecd amappilidd Bylutidyg of #ed together. A
val ue when a chart begins to fluctuate is a static friction coefficient,

whil e a vilewenoplastia pohidniidbggeo®sos! &id ehés, i rdyBairg, ftrikdrichand/or
coefficient. [0109] In this specification, unless otherwise stated, MT

fol di ng emgidiad 8ndthen, HOhateRbAke, hehtadnd a copper-clad |anminate is
eval uated as foll ows. [0110] Unl ess otherw se stated, M T fol ding endurance

(a copper-cl ad Ty 38ARMEL)a tHRtBANNARIAT BEGRFEANSCIUM RS HRiddiddd a
specifically, it is the 357FP06-203-PCT nunber of folding tines en an

el ectric (33 aNGh INCEHEOSRR %ﬁﬁt%/ﬂ;ifogriﬁmrd% AP Bpfdinkli By e ¥Bbwe under
the conditions of a curvature radius o .8 mm a load of 4.9 N, a folding

speed of EBn4AE/gi(3) Ath # 15hRhiABEbi Bkl by LAINGiARUS lonk3deusi ng a

copper-clad lam nate having a copper circuit or e one side as defined

11 RN Ry d S o TN IS SSE R o pr e
determ ne&atrﬁpfée(lé}%ﬂ\d @)T ehAfP(1), and (2) and (2), can be used.
(01071
In this specification, a friction coefficient of a polyimide film, which
indicates slipping property, is evaluated as follows.
[0108]
In accordance with the method described in ASTM-D 1894, a friction
coefficient is determined by a dynamic slip tester (load: 200 g, sliding rate:
150 mm/min), using, as a substrate, one side of a moisture-controlled
i)olyimide film maintained at 23 °C and 60 % RH for 24 hours, which are
attached to a sled metal (6 cm x 6 cm) such that the same side may be joined
together. A value when a chart begins to fluctuate is a static friction
coefficient, while a value when a chart becomes stable is a dynamic friction
coefficient.
[0109]
In this specification, unless otherwise stated, MIT folding endurance
of a polyimide film and a copper-clad laminate is evaluated as follows.
[0110]

Unless otherwise stated, MIT folding endurance (a copper-clad

laminate) is determined in accordance with JIS C6471; specifically, it is the
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endurance. [0111] Processability is evaluated by visual observation for the
formation of a winkle in a feeding Iine between a feeder and a press when
a polyimde filmis fed at a rate of 2 mimn, and the abse ﬁg_g@% Qe
presence of winkles are expressed as o and X, respectivelg. ? BF n
appearance of a copper-clad |lam nate is eval uated by observing, using a CCD
canera, the presence of winkles over the whole length of a |ong
copper-clad | am nate wi nded onto a wind-up roll (an outer dianmeter of an
axl e i s bunghdr &ft foddimat imek whewh sinfeleaiiic Fdstabeenaeranrds bye2peesence of
defects in appearance due to winkles are expressed as o and X,

respect i wedpg. froin0dd $hithalsi @ e ain derfidiet dodudli €ibas O h\uivEeuteSrdhe bfon®d as
follows. [0114] Using N, N-di nmet hyl acetam de as a di spersion nedi um

pol yi m denmparibhéloFst. ane LfsRSeseddst 605 timedininl dddaanslt agitlafti on, and a
particle size by volunme is determ ned over a nmeasurenent range of 0.02 to

1000 gm pydih@aakldef i?&@gtds?lg%%fcgg?éficﬂﬂi Rahid Hen A8 Ldeifdriitdan

measur enent net hod. 36 FPO6 A slurry solution obtained in the

prepar at ki od ohhePatb ié%tﬂé’iﬁe&ﬁi Yh&ThBEvé SestSHBHIRS. Ofh tOnAb BPET ST ON by an

ul trasonic cleaner for In a neasurenent cell 1s placed a dispersion

m n.
medi um Eslgglﬁ{mslgé]tlihostetslﬂﬁv@e&‘é%‘g it @QPeJP!'rcﬁ_ﬁt@ﬁg‘vfﬂ?ol@v?@%%ﬁﬂd%ﬂ‘é{z& lution

for dilu at the tran sion o aser anp 1s 95 to 75 %
And t hen i I i ] measur enent .
Appar at U e PSR s b e o R LR B BBk o
endurance.
[0111]

Processability is evaluated by visual observation for the formation of
a wrinkle in a feeding line between a feeder and a press when a polyimide
film is fed at a rate of 2 m/min, and the absence and the presence of wrinkles
are expressed as ¢ and x, respectively.
[0112]

An appearance of a copper-clad laminate is evaluated by observing,
using a CCD camera, the presence of wrinkles over the whole length of a
long copper-clad laminate winded onto a wind-up roll (an outer diameter of
an axle is 15 cm) at a rate of 2 m/min, and the absence and the presence of
defects in appearance due to wrinkles are expressed as o and x, respectively.
[0113]

Asize of a particulai_:e polyimide is determined as follows.
[0114]

Using N,N-dimethylacetamide as a dispersion medium, polyimide
particles are dispersed for 60 min by ultrasonic agitation, and a particle size
by volume is determined over a measurement range of 0.02 to 1000 um by

laser diffraction/scattering particle-size distribution measurement method.
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measur enment device (nodel: LA-910, HORIBA, Ltd.); Measurenent node: nanual
batch cell neasurenent. [0115] A shape of a particulate polyimde is

determ ned by SEM observation of the particulate polyimd _ S
plate. [0116] The other properties of a polyimde filmar ee%]g(g?l %Oe#%@’fas

follows. 1) Gass transition tenperature (Tg) of a polyimde film
determned froma peak tan 6 value by a dynam c viscoelasticity nethod
(tensile nethod; frequency: 6.28 rad/sec; tenperature rising rate: 10

C/ mn). A)slutmessluevpasigadmednethe prepdratit d0t1R0paicdbat@ppbliniidede film
an average |linear expansion coefficient at 20 to 200 Cis determned by a

TVA et galsiecteent digporiibady 4@ mdaaabhicecleaséntbrrél &iind I/ & n) . 3) Vol une
resi stance of a polyimde film determned in accordance wth ASTM D257. 4)

Mechani caleaRuie@@eht @s1196 g&acﬁ@! ¥ idagplasfdd MedI@ms ith evisicha8ghbn deledr M ned in
accordance with ASTM D882 (cross- head speed: 50 i i n). -Elongation

per cent adfip Hﬁtd@wtnadhslsbﬁ@a%mﬁ@%mm 165 AvhPEIPso Ba RS- 203- PCT

(cross-head speed: n). -Tensile nodulus: determ ned in accordance

with ASTMa%%%%séﬁhO&Stheh%@Qr peLeantp THHIR)75 %). Ahd thehdimg endurance
(polyimide film is determned in accordance with JI'S-Cs471; specifically,

e | oA ALANG TP byl et glubheneol V9o T
fol ding apsedsQfs: L1astt BB tRerih 8 ParBR -size distribution

measurement device (model: LA-910, HORIBA, Ltd.);

Measurement mode: manual batch cell measurement.

[0115]

A shape of a particulate polyimide is determined by SEM observation
of the particulate polyimide on a glass plate.
[0116]

The other properties of a polyimide film are evaluated as follows.

1) Glass transition temperature (Tg) of a polyimide film: determined
from a peak tan § value by a dynamic viscoelasticity method (tensile method;
frequency: 6.28 rad/sec; temperature rising rate: 10 °C/min).

2) Linear expansion coefficient (50 to 200 °C) of a polyimide film: an -
average linear expansion coefficient at 20 to 200 °C is determined by a TMA
method (tensile method; temperature rising rate: 5 °C/min).

3) Volume resistance of a polyimide film: determined in accordance
with ASTM-D257.

4) Mechanical properties of a polyimide film

-Tensile strength: determined in accordance with ASTM-D882 (cross-
head speed: 50 mm/min).

-Elongation percentage: determined in accordance with ASTM-D882
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| eft folding angle of 135 wusing a test piece having a wdth of 15 nmm which
is cut fromthe filmover the whole wdth. EXAMPLES [0117] The present

invention will be nore specifically described with referen I

foll owi ng Exanpl es and Conparati ve Exanpl es. However, the &%@é&ﬁ%%enti on
is not limted to these Exanples. [0118] Reference Exanple | Preparation
exanpl e of a particulate polyimde A particulate polyimde used was prepared
by di ssol ving p- phenyl enedi ami ne and pyronellitic acid dianhydride in N, N -
di net hyl desisarhaiel spetdi: 59 aningipdr si ng agent (di spersant: 0.5 % by wei ght
relative to the nononers), and then gradually heating the resulting m xture

to 160 Cin a nibhedein@lulasphetedminth iatddeoidihdeMRithPAB TMIDBSH (@bss-
reaching the tenperature, stirring the mxture for 3 hours. The

parti cl e-lsdabspslds 7 inbithigf). of the particul ate polyim de obtained was
determned by a laser diffraction/scattering particle-size distribution

measur enent dewd)qgIT 38R end3aRed (p(ﬂgﬁni’cfe AlhP s Hbterbli®eddd an si ze was
0.3 mand the distribution range was to 1 m Furthernore, the shape of

the partigidhsdghdRobWhIEe Cwas 16 @f)é‘(ﬁfib&ﬁﬁ' i Ys SEMRREREY @E f0PMin 2f1th RSa 2
result, they were cylindrical particles with a ratio of a major axis to a

m nor axi 1 of a
t her mcon%ﬁéi k€ of th RANLyidRTLRL SR0Er e TR itford SRS LA A E AR,
sli pping &*@@grnﬁ%, a load of 9.8 N, a folding speed of 175 times/min and a right and

left folding angle of 135° using a test piece having a width of 15 mm which

is cut from the film over the whole width.

EXAMPLES
[0117]

The present invention will be more specifically described with
reference to the following Examples and Comparative Examples. However,
the present invention is not limited to these Examples.

[0118]

Reference Example 1

Preparation example of a particulate polyimide

A particulate polyimide used was prepared by dissolving p-
phenylenediamine and pyromellitjc acid dianhydride in N,N"'-
dimethylacetamide, adding a dispersing agent (dispersant: 0.5 % by weight
relative to the monomers), and then gradually heating the resulting mixture
to 160 °C in a nitrogen atmosphere with stirring (40 rpm), and after
reaching the temperature, stirring the mixture for 3 hours. The particle-size
distribution of the particulate polyimide obtained was determined by a

laser diffraction/scattering particle-size distribution measurement device,
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To N-met hyl -2-pyrrolidone were added para-phenyl enedi am ne (PPD) and

3,3, 4,4 -bi phenyl tetracarboxylic acid di anhydride (s-BPDA) in a nol ar

rati o of 1000: 998 such that a nononmer concentration was 18 ]@/@)% SV\Ebg

the sanme shall apply hereinafter), and then the m xture vvas% 9 t 50 C
for 3 hours, to give a polyamc acid solution having a solution viscosity of
about 1500 poise at 25 C (a dope for a heat-resistant polyimde).
Separately, to N-nethyl-2-pyrrolidone were added 1, 3-bi s(4-anm nophenoxy)
benzene atdRs-Rredatid, the3m3dish shicphasyl3 pivn andrtbhexdikirdbadon rdingohyal i de
(a-BPDA) in a nolar ratio of 1000: 1000 such that a nononmer concentrati on was
22 %  aod foit pher Fiasheddett, tthe phemyl of phegplisicalate ol idtdywasi ght rel ative
to the nononers, and then the mxture was reacted at 5 C for one hour. To

t he resuﬂéw}mm@ﬂmEM@bdemwn amday hngsalts ehey Wi \Cyligdsiday of about
2000 poise at 25 C was added the particul ate polyimde obtained in

Ref er encgarfiXeswi¢hh ta{hd’roﬁa%lb*rvéﬁhg 6 ar@hidér ¥Listd¥ tgrenomer concentrati on,
to give a dope (a dope for a thernoplastic polyinmde in a surface |ayer).
The dopefpfi®@] a heat-resistant polyinmde and a thernoplastic polyimde thus
obt ai ned were flow casted on a netal support, using a filmformng

equi prenRcRIRKLd Sk ahichw @ three-1ayer extrusion nolding die (nulti-nanifold
type di e?R_'E I‘%‘FI%TOS PCT wvarying a thickness of the three-Ilayer
extrusion di e paighyLiieh btah 16 8PA HANANSLYN 0ol ALGN O @fladby 140 C to

forma solidiftTed rrrm The peefed oft fromthe
suppor t, andy gadiial |y fieate IJVreargh@aaﬁg%xroseﬁ%o i a heati ng furnace for
sol vent Tempbvar and rmarzatron, ana tne resarting long three-|ayer

X 20 S AR O i A en B R,
and 3,3',4,4-biphenyltetracarboxylic acid dianhydride (s-BPDA) in a molar
ratio of 1000:998 such that a monomer concentration was 18 % (by weight,
the same shall apply hereinafter), and then the mixture was reacted at 50 °C
for 3 hours, to give a polyamic acid solution having a solution viscosity of
about 1500 poise at 25 °C (a dope for a heat-resistant polyimide). Separately,
to N-methyl-2-pyrrolidone were added 1,3-bis(4-aminophenoxy) benzene
(TPE-R) and 2,3,3',4"-biphenyltetracarboxylic acid dianhydride (a-BPDA) in
a molar ratio of 1000:1000 such that a monomer concentration was 22 %,
and further was added triphenyl phosphate in 0.1 % by weight relative to
the monomers, and then the mixture was reacted at 5 °C for one hour. To
the resulting polyamic acid solution having a solution viscosity of about 2000
poise at 25 °C was added the particulate polyimide obtained in Reference
Example 1 in 4.0 % by weight relative to a monomer concentration, to give a
dope (a dope for a thermoplastic polyimide in a surface layer). The dopes for
a heat-resistant polyimide and a thermoplastic polyimide thus obtained were
flow-casted on a metal support, using a film-forming equipment provided

with a three-layer extrusion molding die (multi-manifold type die) with
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Ther moconpr essi on-bondi ng nmultilayer polyimde film - Thickness pattern: 3
mo nm 3 m(total 15 n), - Static friction coefficient: 0.37, - Tg of the

t hernopl astic aromatic polyimde; 260 C (dynam c Vi scoel as lpﬂ,[hod
tan 5 peak value, the sane shall apply hereinafter), kk)gbhé:s
heat-resi stant polyimde in the core layer: 340 C or hi gher - Linear
expansi on coefficient (50 to 200 C): 18 ppmiC (TMA nethod), Tensile
strength, elongation percentage: 460 MPa, 90 % (ASTM D882), Tensile

modul us: vARSthdirah{chnbivk B88Re thrdd-Tayeel ckitPgsioAdlE 286& theR if upt ures unti |
100, 000 ti mes, Vol.unme resi stance: 4x1016 O-cm (ASTM D257). [01211 FIG 2

shows th%oﬁEiMu@hg%r daietdQih der20R0irQft 14Te°GUd Reth Afsolidefie@@illi. nTHe film
obtained. [01221 40 FP06-203-PCT Reference Exanple 3 Preparation exanple of

a ther mGENHIRSE Fdm- wag@e@yem@ftﬁdxawe sUpRIoY, rarﬂfgfadﬁalﬁz hented Aoee- | ayer
extruded polyimde fil mwas wi nded onto a wind- up roll as described in

Ref er encefpxanph 828 °CeﬁP§HIeattﬁ?gt fdl‘ha@@ 1) Ei?l%nt Péblal BRAYRIiGiARURE 1o a

dope for ‘a thernoplastic polyimide in a polyimde surface layer. The

three-laygly @ FEHEEnRIbKE Thike-14)dP SBERASE BoliAthitBFiIn] YWt PERET L1 €s.

a wind-up roll. The three-layer extruded polyimide film thus prepared had
the following properties.
[0120]

Thermocompression-bonding multilayer polyimide film:

- Thickness pattern: 3 um/9 pm/3 um (total 15 pm),

- Static friction coefficient: 0.37,

- Tg of the thermoplastic aromatic polyimide: 260 °C (dynamic
viscoelasticity method, tan § peak value, the same shall apply hereinafter),

- Tg of the heat-resistant polyimide in the core layer: 340 °C or
higher,

- Linear expansion coefficient (50 to 200 °C): 18 ppm/°C (TMA
method),

- Tensile strength, elongation percentage: 460 MPa, 90 % (ASTM
D882),

- Tensile modulus: 7080 MPa (ASTM D882),

- MIT folding endurance: no ruptures until 100,000 times,

- Volume resistance’ 4x1016 Q-cm (ASTM D257).
[0121]

FIG. 2 shows the SEM observation (x2000) of the surface of the
polyimide film obtained.
l0122]
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[01231 Ther noconpressi on-bonding nultilayer polyimde film - Thickness
pattern: 3 M9 mM3 m(total 15 n), - Static friction coefficient: 1.00 or
nore. [01241 Exanple 1 A set of two rolled-up rolled coppe P@%%&% é&ough
pitch copper, Mcrohard Corporation, VSBK, thickness: 18 nf R

t her roconpr essi on-bonding nmultilayer polyimde film (thickness: 15 m
obtained in Reference Exanple 2, which was pre-heated by hot air at 200 C
for 30 sec in line imedi ately before a doubl e-belt press, were | am nated by
cont i nuoiRefédrdeacedbaimprsli on bondi ng-cool i ng under the conditions of a
heati ng zone tenperature (the highest heating tenperature): 330 C, a

cool i ng zone t PipefaitisicetidMelé 618 ThetBOLHMGré&iDebndiey mdBdaGer a

t her nroconpr essi on-bondi ng pressure: 40 kg/cn2 (3.9 MPa) and a

t her nocogpleasHeFlRpnding time: 2 mn; and the copper-clad |lamnate as a
rol | ed-up doubl e-sided copper-clad |am nate (wdth: 540 mm |ength: 1000 m

was w nded ont @ janwithdeéHay dxtrhBed PHH MG T @l Winddd ohftPa GARRET - ¢l ad
41 FP06-203-PCT | am nate obtained are as follows. [0125] - MT folding

endur ancgy Ml dPdEs N AP R ferencEHBEAIFRDL | ddkpt Phat nBREMGigRPPEAr ance: 0.
[0126] FI 1 shows the SEM observation (x2000) of the surface of the

pol yi m dg,{ibids QP43 A¥dhd to a dope for a thermoplastic polyimide in a polyimide

surface layer. The three-layer extruded polyimide film obtained had the
following properties.
[0123]

Thermocompression-bonding multilayer polyimide film:

- Thickness pattern: 3 um/9 pm/3 um (total 15 pum),

- Static friction coefficient: 1.00 or more.
[0124]
Example 1

A set of two rolled-up rolled copper foils (tough pitch copper,
Microhard Corporation, VSBK, thickness: 18 um) and the
thermocompression-honding multilayer polyimide film (thickness: 15 um)
obtained in Reference Example 2, which was pre-heated by hot air at 200 °C
for 30 sec in line immediately before a double-belt press, were laminated by
continuous thermocompression bonding-cooling under the conditions of a
heating zone temperature (the highest heating temperature): 330 °C, a
cooling zone temperature (the lowest cooling temperature): 180 °C, a
thermocompression-bonding pressure: 40 kg/cm?2 (3.9 MPa) and a
thermocompression-bonding time: 2 min; and the copper-clad laminate as a
rolled-up double-sided copper-clad laminate (width: 540 mm, length: 1000 m)

was winded onto a wind-up roll. The evaluation results for the copper-clad
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[0127],
onto a

rol | ed-

VSRD,

copper -
endur ance:

onto a

rol |l ed-
HPF- ST10{(8.25]t hi ckness:

Exanple 2 A rolled-up doubl e-si ded copper-clad | am nate was w nded

wi nd-up roll as described in Exanple 1, except that a set of two

up rolled copper foils (tough pitch copper, M crohagfoﬁ%‘ng%ti on,

t hi ckness: 12 m) were used. The evaluation results f

clad |amnate obtained are as follows. [0128] - MT folding

MD/ TD = 3100/ 3220, - Processability: o, - Product appearance:
[0129] Exanple 3 A rolled-up doubl e-sided copper-clad | am nate was w nded
Wimnihate oabinabasess folbessi n Exanpl e 1, except that a set of two

up rolled copper foils (tough pitch copper, H tachi Cable,

Ltd.,

10 m) were used. The evaluation results for the

copper-clad |am nate obtained are as follows. 42 FP06-203-PCT [0130] -
f ol di ng endur andgIT MM endaidB3ic32MD/TD Ppetessabi | ity: o, - Product
appearance: o. [0131] Exanple 4 A rolled-up doubl e-si ded copper-clad
| am nate was W Pggebseabiitg: o nd-up roll as described in Exanple 1, except

that a

set of two rolled-up
- Product appearance: o.

[0126] |

FIG. 1 shows the SEM observation (x2000) of the surface of the
polyimide film obtained.
[0127]
Example 2

A rolled-up double-sided copper-clad laminate was winded onto a
wind-up roll as described in Example 1, except that a set of two rolled-up
rolled copper foils (tough pitch copper, Microhard Corporation, VSRD,
thickness: 12 um) were used. The evaluation results for the copper-clad
laminate obtained are as follows.
[0128]

- MIT folding endurance: MD/TD = 3100/3220,

- Processability: o,

- Product appearance: o,
[0129]
Example 3

A rolled-up double-sided copper-clad laminate was winded onto a
wind-up roll as described in Example 1, except that a set of two rolled-up
rolled copper foils (tough pitch copper, Hitachi Cable, Ltd., HPF-ST10-E,
thickness: 10 um) were used. The evaluation results for the copper-clad

laminate obtained are as follows.
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el ectrolytic copper foils (N ppon Denkai, Ltd., HLB, thickness: 9 m were
used. The evaluation results for the copper - cl ad Iam nat e obtai ned are as
follows. [0132] - MT folding endurance: MY TD = 3210/ 3250,

Processability: o, - Product appearance: o. [0133] Exanpl ngO@AZ‘??b?pgd up
doubl e- si ded copper-clad | am nate was wi nded onto a w nd-up roll as
described in Exanple 1, except that a set of two rolled-up electrolytic
copper foils with a carrier copper foil (N ppon Denkai, Ltd., YSNAP-3B,
carrier fommogr foil thickness: 18 m thin copper foil thickness: 3 m were
used. The evaluation results for the copper-clad | am nate obtained are as

follows. MT fohMilThiplenthsademnas MIBYEDE pRU0MBos0a test piece prepared by
peeling off the carrier copper foil and then el ect ropI ating it wwth copper

to a thickness. p}oéé@gagﬂﬁg} gopper foil of 8 m [0134] 43 FP06-203-PCT - MT
fol di ng endurance: MY TD = 2120/ 2160, - Processabili ty: o, - Product

appear ance: 0. - ko4&l affpBihge 6o A rol I ed-up doubl e-sided copper-cl ad

| am nate was wi nded onto a wnd-up roll as described in Exanple 1, except
that thejg tgelr]rmcorrpr ession- bonding nmultilayer polyimde filmobtained in
Ref erence Exarrpl e 3, in

Example 4
| A rolled-up double-sided copper-clad laminate was winded onto a

wind-up roll as described in Example 1, except that a set of two rolled-up
electrolytic copper foils (Nippon Denkai, Ltd., HLB, thickness: 9 pm) were
used. The evaluation results for the copper-clad laminate obtained are as
follows.
[0132]

- MIT folding endurance: MD/TD = 3210/3250,

- Processability: o,

- Product appearance: o.
[0133]
Example 5

A rolled-up double-sided copper-clad laminate was winded onto a
wind-up roll as described in Example 1, except that a set of two rolled-up
electrolytic copper foils with a carrier copper foil (Nippon Denkai, Ltd.,
YSNAP-3B, carrier copper foil thickness: 18 um, thin copper foil thickness: 3
um) were used. The evaluation results for the copper-clad laminate obtained
are as follows. MIT folding endurance was determined for a test piece
prepared by peeling off the carrier copper foil and then electroplating it with
copper to a thickness of the thin copper foil of 8 um.
[0134]
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whi ch the thernoplastic polyimde |ayer contains no polyinde particles
(thickness: 15 m was used, and the feeding rate was reduced by half. The
copper-clad | am nate obtai ned had an MT fol di ng endurance Eg(g‘g% a?b to
that in Exanple 1, and the evaluation results for its proce g and
product appearance were as follows. [0136] Processability: x, Product
appearance: x. [0137] Exanple 7 Fromthe copper-clad | am nate obtained in
Exanple 4 was prepared a 90 pmpitch hinge nenber. The hinge nenber

obt ai ned was bonHAUfd]@ird ec@YRIMRY MDOIBI-nDUR0/2awer t hickness: 25 m
adhesive |l ayer thickness: 25 m, and an MT folding endurance test was

conduct ed. The- pPegetskabafyV® TD = 5000/ 4000, denonstrating that it had
satisfactory properties as a hinge nenber. Furthernore, the hinge nenber
obt ai ned had expghdeitafifithnge: @bility, and therefore was suitable for
accordi on-fol di ng nmounting. [0138] 44 FP06-203-PCT The MT folding

endur ancg determ ned in accordance with JIS C6471; specifically, it was
det erm ned under the conditions of a curvature radius of 0.38 mm a |oad of

4.9 N, aﬂkg%@g@&speed of 175 times/mn and a right and left folding angle
of 135 . Ref erence Exanple 4 The polyimde filns used in Exanples 8

to 14 and Comparabjeye,p FEaRR-Efled doBplr MR F1ALERRALSHa8%ihabA W0 a

wind-up roll as described in Example 1, except that the thermocompression-
bonding multilayer polyimide film cbtained in Reference Example 3, in
which the thermoplastic polyimide layer contains no polyimide particles
(thickness: 15 um) was used, and the feeding rate was reduced by half. The
copper-clad laminate obtained had an MIT folding endurance comparable to
that in Example 1, and the evaluation results for its processability and
product appearance were as follows.
[0136]

- Processability: X,

- Product appearance: x.
[0137]
Example 7

From the copper-clad laminate obtained in Example 4 was prepared
a 90 pm-pitch hinge member. The hinge member obtained was bonded to a
coverlay (polyimide layer thickness: 25 pm, adhesive layer thickness: 25 pm),
and an MIT folding endurance test was conducted. The result was MD/TD =
5000/4000, demonstrating that it had satisfactory properties as a hinge
member. Furthermore, the hinge member obtained had excellent holding

ability, and therefore was suitable for accordion-folding mounting.

[0138]
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[0140] To N-nethyl-2-pyrrolidone were added para-phenyl enedi am ne (PPD) and
3,3 ,4,4" -bi phenyl tetracarboxylic acid dianhydride (s-BPDA) in a nolar

rati o of 1000: 998 such that a nononmer concentration was 18 F(éé)% g\ﬁbg

the sanme shall apply hereinafter), and then the m xture was % ¢ t 50 C
for 3 hours, to give a polyamc acid solution having a solution viscosity of
about 1500 poise at 25 C (a dope for a heat-resistant polyimde).

Separately, to N-nethyl-2-pyrrolidone were added 1, 3-bi s(4-anm nophenoxy)
benzene ( TPE- Rhe MI'B,f3lding enldiuphaty kit deteamined in @cediddndt anhldiliSde
(a-BPDA) and 3,3',4,4' -biphenyltetracarboxylic acid dianhydride (s-BPDA) in
a nol ar Cau7e; spécifiodly, 20 B00e teatintb Aainderrtbeyubditions ehhratrvatuas 18 %
and further was added triphenyl phosphate in 0.5 % by weight relative to

t he nonog@ditis of 088 they) at lea dripd. 9N, adsldieaspest af 178 tfmboinid Hedhs. The
polyam ¢ acid solution thus prepared had a solution viscosity of about 1680

poi se at yightG@nd Mglf(;mg{g ahBR $R134 eul ate pol yi m de obtained in Reference
Exanple 1 was added in 4.0 % by wei ght relative to a nononer concentration,
to give fpgpne (a dope for a thernoplastic polyimde in a surface |ayer).
The dopes for a heat-resistant polyimde and a thernoplastic polyimde thus

obt ai nedppelende IERpRO8- PCT  flow casted on a metal support, using a
filmformng equi pnent provided with a three-| ayer extrusion nolding die

g;rg'rbls;gﬁnhlfg' @hgﬁo%q%ﬂﬁ@emﬁeusgarwm]ﬁptégﬁle Sarfil CoftfoBERRS | ayer

en it cont i nuous alr at 140 C, to
forma s |Imvvas peeled off fromthe
support, Elxlagiﬁglrbg t}i%%ggﬁegﬁfr%%éf%lg%v to 320 Cin a heating furnace for
sol vent [ and imdization, and the resulting |long three-I|ayer
ext ruded jiﬁjl mde filmwas w nded onto a wind-up roll. The three-|ayer

extruded pol yi ’T“o %—meéh%@pyn%ﬁﬁ%angevger%agdded para-phenylenediamine (PPD)

and 3,3',4,4"-biphenyltetracarboxylic acid dianhydride (s-BPDA) in a molar
ratio of 1000:998 such that a monomer concentration was 18 % (by weight,
the same shall apply hereinafter), and then the mixture was reacted at 50 °C
for 3 hours, to give a polyamic acid solution having a solution viscosity of
about 1500 poise at 25 °C (a dope for a heat-resistant polyimide). Separately,
to N-methyl-2-pyrrolidone were added 1,3-bis{4-aminophenoxy) benzene
(TPE-R), 2,3,3',4"-biphenyltetracarboxylic acid dianhydride (a-BPDA) and
3,3',4,4-biphenyltetracarboxylic acid dianhydride (s-BPDA) in a molar ratio
of 1000:200:800 such that a monomer concentration was 18 %, and further
was added triphenyl phosphate in 0.5 % by weight relative to the monomers,
and then the mixture was reacted at 40 °C for 3 hours. The polyamic acid
solution thus prepared had a solution viscosity of about 1680 poise at 25 °C.
And then, the particulate polyimide obtained in Reference Example 1 was
added in 4.0 % by weight relative to a monomer concentration, to give a dope
(a dope for a thermoplastic polyimide in a surface layer). The dopes for a

heat-resistant polyimide and a thermoplastic polyimide thus obtained were
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the follow ng properties. [01411 Thernoconpression-bonding nmultilayer
polyimde film (15 nm): - Thickness pattern: 3 M9 mi3 m(total 15 m, -

Static friction coefficient: 0.37, - Tg of the thernoplasti Jolng:- 1
pol yi m de: 240 C (dynamic viscoelasticity nmethod, tan 8 pegﬁaégﬁgkéft he

sane shall apply hereinafter), - Tg of the heat-resistant polyimde in the
core layer: 340 C or higher, - Linear expansion coefficient (50 to 200 O):
19 ppm C (TMA nethod), - Tensile strength, elongation percentage: 460 Ma,

90 % ( ASTMw-EBS2N, on a Teekillippodt) wiihg 608 NbamiAS eyuB8ant prowdedf ol di ng
endurance: no ruptures until 100,000 tinmes, - Volunme resistance: 4x1016

Q CM ( ASTMitR25ihrec 1042 dx Tifteid IR es &ic0fin Bt irah agi foldl fyipleadie) wach yi mi de film
(20 m: 46 FP06-203-PCT - Thickness pattern: 3.5 ml13 mM3.5 m(total 20

M, - St3arfidd 4 ehikhes8of thekBMe-18e2GxtrusionQfie &ed ther #PR astic aromatic
polyimde: 240 C, - Tg of the heat-resistant polyimde in the core |ayer:

340 C or cohtighilisly-dfiga uftdd st 40 30RId ¢C) ®Morfol sbBd#HH Blm. 1Bhepnt C (TMA
nmet hod), Tensile strength, elongation percentage: 510 MPa, 100 % (ASTM

solidified film was peeled fo from the support, and gradually heated from
200 °C to 320 °C in a heating furnace for sclvent removal and imidization,
and the resulting long three-layer extruded polyimide film was winded onto
a wind-up roll. The fhree-layer extruded polyimide film thus prepared had
the following properties.
[0141]

Thermocompression-bonding multilayer polyimide film (15 pm):

- Thickness pattern: 8 um/9 pm/3 um (total 15 um),

- Static friction coefficient: 0.37,

- Tg of the thermoplastic aromatic polyimide: 240 °C (dynamic
viscoelasticity method, tan § peak value, the same shall apply hereinafter),

- Tg of the heat-resistant polyimide in the core layer: 340 °C or
higher,

- Linear expansion coefficient (50 to 200 °C): 19 ppm/°C (TMA
method),

- Tensile strength, elongation percentage: 460 MPa, 90 % (ASTM
D882),

- Tensile modulus: 7080 MPa (ASTM D882),

- MIT folding endurance: no ruptures until 100,000 times,

- Volume resistance: 4x1016 Q-cm (ASTM D257).
[0142]

Thermocompression-bonding multilayer polyimide film (20 pm):
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D882), , Tensile nodul us: 7140 MPa (ASTM D882),- MT fol ding endurance: no
ruptures until 100,000 tinmes, - Volune resistance: 3X1016 cm (ASTM D257) .
[ 01431 Ther noconpressi on-bonding nultilayer polyimde film (ﬁ%ﬁ% o

Thi ckness pattern: 4 ml17 mM4 m(total 25 m, - Static frict 5t¢T ci ent
0.39, - Tg of the thernoplastic aromatic polyimde: 240 C, - Tg of the
heat -resi stant polyimde in the core layer: 340 C or higher, - Linear
expansion coefficient (50 to 200 C: 18 ppmiC (TMA nethod), - Tensile
strength, el ongaThiiknges padtcages. Bt/ MPam/B05 e (BENM0 BBB2), - Tensile
nmodul us: 7200 MPa (ASTM D882), - MT folding endurance: no ruptures until
100, 000 times, - Sta¥dd fridticesoaftiafiar: 0861016 Q CM (ASTM D257). 47

FPO6- 203- PCT [0144] Exanple 8 A copper-clad | am nate was prepared by

| ami nating the ppgyF Bhél€hedrhbpldii ienda fid bekAgSde 0240 5CM obt ai ned in
Ref erence Exanple 4 and a set of two rolled copper foils (Ni kko Materials

Co., Ltd., BHY-. 1@%%&}1@ E&bﬁﬁ@@&%tantlﬁolﬁﬂm@d’e hbeh@egfmm;@%ss@@o@%dl ng as
descri bed bel ow. [0145 he polyimde film which was pre-heated by hot air
at 200 C f@he30
- Linear expansion coefficient (50 to 200 °C): 18 ppm/°C (TMA
method),

- Tensile strength, elongation percentage: 510 MPa, 100 % (ASTM

D882), 7

- Tensile modulus: 7140 MPa (ASTM D882),

- MIT folding endurance: no ruptures until 100,000 fimes,

- Volume resistance: 3x1016 Q-cm (ASTM D257).
[0143]

Thermocompression-bonding multilayer polyimide film (25 um):

- Thickness pattern: 4 pm/17 um/4 um (total 25 um),

- Static frietion coefficient: 0.39,

- Tg of the thermoplastic aromatic polyimide: 240 °C,

- Tg of the heat-resistant polyimide in the core layer: 340 °C or
higher,

- Linear expansion coefficient (50 to 200 °C): 18 ppm/°C (TMA
method), |

- Tensile strength, elongation percentage: 520 MPa, 105 % (ASTM
D882),

- Tensile modulus: 7200 MPa (ASTM D882),
- MIT folding endurance: no ruptures until 100,000 times,
- Volume resistance: 4x1016 Q-cm (ASTM D257).
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sec in line imediately before a double-belt press, and the rolled-up copper
foils were | am nated by conti nuous thernoconpression bondi ng-cooling under
the conditions of a heating zone tenperature (the highest hﬁ%@%?&ﬁ oT
tenperature): 330 C, a cooling zone tenperature (the | owest 8
tenperature): 180 C, a thernoconpression-bonding pressure: 3.9 MPa, and a

t her nroconpr essi on-bonding tinme: 2 mn; and the copper-clad |amnate as a
rol | ed-up doubl e-si ded copper-clad |am nate (width: 540 mm |ength: 1000 m
was wi ndéelifptito a wind-up roll. [0146] For the copper-clad | am nate thus
obtained, its MT folding endurance was determ ned. [0147] MT folding
endur anc @xiasnslet®r m ned in accordance with JI'S C6471; specifically, it is

t he nunber of folding tinmes when an electric resistance increases by 100 %

froman initialg de-clit Bimiherecoad E'é}%!@d% Parfitih ¥ihb tBe inkigleof 0.8 mm
a load of 4.9 N,d%lpfol di ng speed of ?7 ti rres3/rm' n and g riﬁg;jdri:jtiii and | eft

fol ding apgl Eaﬂﬁa 1@5hick%b§§oﬁl,5%ﬂ%’bt&ﬂr@ﬁ ih%fé%ﬁcé’@&h%l@ 4 §RQRELeCI rcui t
formed on one side as defined in the above test nethod. I'n 48 FP06-203- PCT

terms of oBaRRblEd cBpbradil PIeIED MaBeRLRPEHET tH! WHYEIMIP! thivkilldy: and an

average of the neasured values for these Is determned to be an M T fol ding

d : | : il t th bef
i L s R Ek i IR

tensile [G;f{ﬁngth after heat treatnment at 180 C for 1 hour as defined by the
above equatiron (1) of 43 %in MD and 40 %in TD.

The polyimide film, which was pre-heated by hot air at 200 °C for 30
sec in line immediately before a double-belt press, and the rolled-up copper
foils were laminated by continuous thermocompression bonding-cooling
under the conditions of a heating zone temperature (the highést heating
temperature): 330 °C, a cooling ione temperature (the lowest cooling
temperature): 180 °C, a thermocompression-bonding pressure: 3.9 MPa, and
a thermocompression-bonding time: 2 min; and the copper-clad laminate as
a rolled-up double-sided copper-clad laminate (width: 540 mm, length: 1000
m) was winded onto a wind-up roll.

[0146]

For the copper-clad laminate thus obtained, its MIT folding
endurance was determined.
[0147]

MIT folding endurance is determined in accordance with JIS C6471;
specifically, it is the number of folding times when an electric resistance
increases by 100 % from an initial value under the conditions of a curvature
radius of 0.8 mm, a load of 4.9 N, a folding speed of 175 times/min aﬁd a
right and left folding angle of 135 ° using a copper-clad laminate having a

copper circuit formed on one side as defined in the above test method. In
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[0149] A tensile strength of a copper foil is determned in accordance with
JI'S 6515, at a cross-head speed of 2 nmmin, using a test piece prepared

as defined in the test nmethod. An average of the neasured v S, f ¢ t est
pieces is to be a tensile strength. Aratio of tensile streﬁg@ﬁigéggpgheat
treatment (9% was cal cul ated according to the equation (1): Ratio of tensile
strength after heat treatnent (%9 = [(tensile strength after heat
treatment) / (tensile strength before heat treatnent)] x 100 (1) [0150] The

resul ts aeemshdwanmplidgabl ®tdst pibOdbdile Svmpatdtfrom theashbk Width; ep@esincl ad
| am nate was prepared and its MT folding endurance was determ ned as

descri beGveafx af phe nthastired Malidafortthesp o Metdraeinkd! o baigaMIMdoRinbi ckness
of 25 m The results are shown in Table 1. [0152] Exanple 9 A copper-clad

| am nat e s¢Riirahepared and its MT fol ding endurance 49 FP06-203-PCT was
determ ned as described in Exanple 8, except that a set of two rolled
copper fdphgs( N kko Materials Co., Ltd., BHY-13H HA, thickness: 18 n) were
used. The results are shown in Table 1. [0153] The rolled copper foil used

had a tensile styepaldy B&fRrSolleded hi§altdaRile QhrdisthdTike hBa D and 437
Nm®2 in TD, and a ratio of tensile strength after heat treatnent at 180 C

fT%r 1 hoype n 881 b0250 W/d e iR RPHEan £943INARmETh PH, 484 % +ANYDr BMkiRD %1 n
strength after heat treatment at 180 °C for 1 hour as defined by the above
equation (1) of 43 % in MD and 40 % in TD.

[0149]

A tensile strength of a copper foil is determined in accordance with
JIS C6515, at a cross-head speed of 2 mm/min, using a test piece prepared
as defined in the test method. An average of the measured values for 5 test
pieces is to be a tensile strength. A ratio of tensile strength after heat
treatment (%) was calculated according to the equation (1):

Ratio of tensile strength after heat treatment (%) = [(tensile strength
after heat treatment) / (tensile strength before heat treatment)] x 100 (1)
[0150]

The results are shown in Table 1.

[0151]

Comparative Example 1

A copper-clad laminate was prepared and its MIT folding endurance
was determined as described in Example 8, except that the polyimide film
used had a thickness of 25 um. The results are shown in Table 1.

[0152]

Example 9

A copper-clad laminate was prepared and its MIT folding endurance
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[0154] Conparative Exanple 2 A copper-clad |am nate was prepared and its
M T fol di ng endurance was determnined as described in Exanple 9, except that
the polyimde film used had a thickness of 25 m The resul re.s in
Table 1. [0155] Exanple 10 A copper-clad |am nate was pr epﬁé)g@ﬁm

fol ding endurance was determ ned as described in Exanple 8, except that a
set of two rolled copper foils (N kko Materials Co., Ltd., BHY-22B-T,
thickness: 12 m) were used. The results are shown in Table 1. [0156] The
rol |l ed coppedefadinineded dadribddeimsEkemillé Sngktedisiiane baadf twd esllagent of 417
N2 in MD and 420 Nmm®2 in TD, and a ratio of tensile strength after heat

t r eat menteopped B NNkolMR@YFiabs Cog Tivde dB Y- | BH- HQhickem4at 18mng)l) of 44 %
in MD and 37 %in TD. [0157] Conparative Exanple 3 50 FP06- 20§L PCT A

copper - clyagre @s8d1aTRe WaSuRE @R sbdwanth ThbleM T fol di ng endurance was
determ ned as described in Exanple 10, except that the polyimde film used

had a thi[gtmgrs of 25 gm The results are shown in Table 1. [0158] Exanple
11 A copper-clad | am nate was prepared and its MT fol ding endurance was

det erm ned as dﬁ?&félﬂﬁﬂcéﬂbe@%ﬂnﬁs%dgha&é%&%ﬂb@%I’el_r'%tﬁ%efﬁfe hege rol led
copper foils (N kko Material . t hi ckness: 12 gm
treatment of 421 N/mm?2 in MD and 437 N/mm? in TD, and a ratio of tensile
strength after heat treatment at 180 °C for 1 hour as defined by the above
equation (1) of 22 % in MD and 20 % in TD.
[0154]

Comparative Example 2

A copper-clad laminate was prepared and its MIT folding endurance
was determined as described in Example 9, except that the polyimide film

used had a thickness of 25 um. The results are shown in Table 1.
[0155]
Example 10

A copper-clad laminate was prepared and its MIT folding endurance
was determined as described in Example 8, except that a set of two rolled
copper foils (Nikko Materials Co., Ltd., BHY-22B-T, thickness: 12 um) were
used. The results are shown in Table 1.

[0156]

The rolled copper foil used had a tensile strength before heat
treatment of 417 N/mm?2 in MD and 420 N/mm2 in TD, and a ratio of tensile
strength after heat treatment at 180 °C for 1 hour as defined by the above
equation (1) of 44 % in MD and 37 % in TD.

[0157]

Comparative Example 3
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were used. The results are shown in Table 1.
used had a tensile strength before heat

[0159] The rolled copper foil
treatnent of 461 Nmm®R in MD and

443 NNmm®2 in TD, and a ratio of tensile strength after hea
180 C for 1 hour as defined by the above equation (1) of thPbé%ﬁéWand 19
%in TD.

and its MT fol ding endurance

[0160] Conparative Exanple 4 A copper-clad | am nate was prepared
was determ ned as described in Exanple 11,
except that the polyimde film used had a thickness of 25 gm The results

are shown in Tabéspkr-ddd thmbihafeGrts @refphrdd dnlitdNIN fH1dNnP @eduE@ce v Ut co

o Hti

co .ti N,-at- C o040 U U ONOCOc 01 WMco No -~

rl

clJ

-i d -vﬂasl-d&ﬁrn:ﬁnbﬂ lasQlksepibed mcEﬂmﬁsil@lOClaxce@tlﬂhat Bhéfpolindde@lph N Un

~ Nd

Nti d 0 00 00 00 00
used had a thickness of 25 pm. The results are shown in Table 1.

[0158]
Example 11

A copper-clad laminate was prepared and its MIT folding endurance
was determined as described in Example 8, except that a set of two rolled
copper foils (Nikko Materials Co., Ltd., BHY-22B-HA, thickness: 12 pm)
were used. The results are shown in Table 1.

[0159]

The rolled copper foil used had a tensile strength before heat
treatment of 461 N/mm?2 in MD and 443 N/mm? in TD, and a ratio of tensile
strength after heat treatment at 180 °C for 1 hour as defined by the above
equation (1) of 21 % in MD and 19 % in TD.

[0160]

Comparative Example 4

A copper-clad laminate was prepared and its MIT folding endurance
was determined as described in Example 11, except that the polyimide film

used had a thickness of 25 pm. The results are shown in Table 1.
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O H FP06-203-PCT As seen from Table 1, a copper-clad |am nate having a
polyimde filmw th a thickness of 15 m had nuch nore inproved M T fol di ng
endurance than that of a copper-clad | am nate having a pol ﬁb%gs _Ei mw th
a thickness of 25 m Furthernore, a copper-clad lamnate h HPCHi nner
copper foil wth a thickness of 12 mhad nore inproved MT fol ding
endurance. [0162] Very excellent MT fol ding endurance was observed in the
copper- clad | am nates obtained in Exanples 9 and 11, which have a rolled

copper foil hawigenarbenTible Btd engidt-defldaminasd hhvRat apelyi@hid3Q@lfV m2 or
nore, and a ratio of tensile strength after heat treatnent at 180 C for 1

hour as vweeh angdclbiedss FRIUAL hed rhddh Hord3npive1OAIT fDRtASlendmranB e 12 A

copper-clad | am nate was prepared and its MT folding endurance was

determ ”%Haﬁ%hﬂ?%ﬁ'éicl@:%gef-@_lﬁﬁiﬁh&t&ha@iﬁ RE pblRahide Sigh RitH ¥MOhighRGekrol ytic
copper foils (N ppon nkai, Ltd., HLB, thickness: 12 n) were wused. The

results i j i ed had a
gf r@gﬁgﬁ"‘mdﬂh&ﬂb?e,% c&;ﬁi‘e@ﬂdlalhﬁnﬁhﬁg% hﬁ}r%&itﬁﬁ%%@x; %J e 43

tensile th before heat treatnment of b5 512 NNmm® in
TD, and iRkl ;i i RELL 1 t BRIH 0 Cfor 1
hour as %é??%e%l%n%%{a@ a %eﬁhéguat%&oﬁﬁ%%‘mo?ﬁgg fg%ﬁlﬁh NDdé'%% n% "% in TD.

[ 0165] F@ml e 13 A copper-clad lam nate was prepared and its MT folding
endurance ~was determ ned as described in Exanple 12, except that the

pol yi mi de fil "Wery excellent MIT folding endurance was observed in the copper-
clad laminates obtained in Examples 9 and 11, which have a rolled copper
foil having a tensile strength before heat treatment of 300 N/mm?2 or more,
and a ratio of tensile strength after heat treatment at 180 °C for 1 hour as
defined by the equation (1) of 33 % or less.
[0163]
Example 12

A copper-clad laminate was prepared and its MIT folding endurance
was determined as described in Example 8, except that a set of two
electrolytic copper foils (Nippon Denkai, Ltd., HLB, thickness: 12 um) were
used. The results are shown in Table 2.

[0164]

The electrolytic copper foil used had a tensile strength before heat
treatment of 504 N/mm?2 in MD and 512 N/mm?2 in TD, and a ratio of tensile
strength after heat treatment at 180 °C for 1 hour as defined by the above
equation (1) of 50 % in MD and 49 % in TD.

[0165]
Example 13
A copper-clad laminate was prepared and its MIT folding endurance

was determined as described in Example 12, except that the polyimide film
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53 FP06-203-PCT wused had a thickness of 20 m The results are shown in
Table 2. [01661 Conparative Exanple 5 A copper-clad | ami nate was prepared
and its MT folding endurance was determ ned as descri bed HBO%@%I? 12,
except that the polyimde film used had a thickness of 25 duits
are shown in Table 2. [01671 Exanple 14 A copper-clad | am nate was prepared
and its MT folding endurance was determ ned as described in Exanple 8,
except that a set of two electrolytic copper foils (N ppon Denkai, Ltd.,

HLB, thi elsaagfd 9 tRIckRES of 28q¢n. The: Fasiltd sraikkowhawTdlle Tabl e 2. [01681
Conparative Exanple 6 A copper-clad | am nate was prepared and its MT

fol di ng ¢pgeglance was determ ned as described in Exanple 14, except that
the polyimde film used had a thickness of 25 m The results are shown in

Tabl e 2. (ifmpamitile Beatple’s 0 U-~" crl or-~o

A copper-clad laminate was prepared and its MIT folding endurance
was determined as described in Example 12, except that the polyimide film
used had a thickness of 25 pum. The results are shown in Table 2.
[0167]
Example 14

A copper-clad laminate was prepared and its MIT folding endurance
was determined as described in Example 8, except that a set of two
electrolytic copper foils (Nippon Denkai, Ltd., HLB, thickness: 9 pm) were
used. The results are shown in Table 2.
[0168]

Comparative Example 6

A copper-clad laminate was prepared and its MIT folding endurance
was determined as described in Example 14, except that the polyimide film

used had a thickness of 25 pm. The results are shown in Table 2.
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[01691 As seen from Table 2, a copper-clad |am nate having a thinner
polyimde filmhad nore inproved MT fol ding endurance. Furthernore, a
copper-clad | am nate having a thinner copper foil with a thi §B§§$ ?T 9 m
had nore i nproved MT fol di ng endurance. 56 CLAIMS 1. A COE% - 5

| am nate prepared by |am nating a copper foil on one side or both sides of
a polyimde film by thernoconpression bonding, wherein the polyimde film
has a thickness of 5 to 20 pm the copper foil has a thickness of 1 to 18 m
and the dopeer foil is a rolled copper foil having a tensile strength before
heat treatnment of 300 NNmm2 or nore, and a ratio of tensile strength after

heat treatment Afsee80fronf Table Doaukopseddhidiachipyté heviwd haMingeequation (1)
of 33 %or less: Ratio of tensile strength after heat treatnment [(tensile

strengt h podfingidehfiiah HadeRbi® Mnprovdd BMIT fddiid enghfaefl oFerthedindreeat ment ) ]

x 100 (1) 2. The copper-clad lamnate as clained in daim1, wherein the

pol yi m deohhb L@ R Bfte qldwﬁgarﬁﬁhﬁbﬁe&p@ B h ANk rRRE of 9 um

t hernopl astic polyimde |ayer and has the thernoplastic polyimde |ayer on
one side 1pId ARED 1836 Se PMITGIRER ch88Esh@Nt polyi m de | ayer; and the copper
foil is Iarﬂ nateél g))(rill o%e si de of[?%gth sides of the heat- resistant polyimde
| ayer via the thernoplastic polyinide |ayer by thernoconpressi on bonding.

3. The copper-clad lam nate as claimed in Claim1, wherein the polyimde
filmhas a thickness of 5 to 15 pm 4. The copper-clad | am nate as clai ned
in Cdaim1l, wherein the copper
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foil is arolled copper foil having a thickness of 8 to 18 pm 5. The
copper-clad lamnate as clained in Caim4, wherein the copper 57 foil is
a rolled copper foil having a thickness of 10 to 18 pm 6. The copper-clad
|am nate as claimed in Caim5, wherein the copper foil is a rolled copper
foil having a thickness of 10 to 12 m 7 The copper-clad | am nate as
claimed in daiml, wherein the copper foil is a copper foil with a
carrier, in which the copper foil B&]\Zg peeling off the carrier has a
thickness of 1 to 5 pm 8 A coppe(;- | am nate prepared by peeling off
the carrier fromthe copper-clad lamnate as clained in Caim7 and then
plating it.w tA epppecladtlaminathiprspareddydaminesingapeeppef &il ooong to 8 m 9.

The copper-clad l.amnate as clajmed in Caiml, exhibiting MT folding
endur ance Sidf %aB6th s19 %P%@@%@t@momp@éﬂ%%@eﬂ@% | ani nate as
clainmed i %, Q_%m 8, exhibiting MT folding endurance of about 2000 tines
or nore. fl e copper-clad lamnate as clainmed in Claim1l, wherein the

pol yi m de fil mHepayintiae fdediBRahrkAessIdon® pil til ayer polyimde film
having a thernoplastic polyimde |ayer on one side or both sides of a heat-
resi stant pol ytheiadppenatpelrhas k2thickinessoafplpter L&chmcandani nate as clainmed in Caim
11, wherein palyimde_ particles are ?i spersed in . the thernoplastic

pol yi mi de | ayethe copger fonlds agpPed cepnea foikprvinga tarsile siicpsth beforg aj m 12,

wherein the . thernopl i obyimde |ayer..has, polyimde particles with a
e an'si 263t ERORR 00 R it ek ezt AT ATSI TS AL 1 oo™
di sper sedpAittfiafinght at1889C ﬁrqq{?}upaﬁ’ﬁe@neﬁit??{Heqmlb\'évﬁqfé{{Jaﬁ%(U’ a ratio of
about 0.5 to 10 % by weight relative to tHe polyimde In the polyimde
surface | ayd3 % antksk:s

Ratio of tensile strength after heat treatment (%) = [(tensile strength

after heat treatment) / (tensile strength before heat treatment)] x 100 (1)

2. The copper-clad laminate as claimed in Claim 1, wherein

the polyimide film comprises a heat-resistant polyimide layer and a
thermoplastic polyimide layer and has the thermoplastic polyimide layer on
one side or both sides of the heat-resistant polyimide layer; and

the copper foil is laminated on one side or both sides of the heat-
resistant polyimide layer via the thermoplastic polyimide layer by

thermocompression bonding.

3. The copper-clad laminate as claimed in Claim 1, wherein the

polyimide film has a thickness of 5to 15 pum.

4. The copper-clad laminate as claimed in Claim 1, wherein the copper

foil is a rolled copper foil having a thickness of § to 18 um.

5. The copper-clad laminate as claimed in Claim 4, wherein the copper
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substantially free froman inorganic powder, and the polyimde filmhas a
friction coefficient of 0.05 to 0.7. 14. The copper-clad | am nate as
claimed in Caim112, wherein the polyimde particles are prepared froma
pyronellitic acid conponent and a p-phenyl enedi am ne conponent. 15. The
copper-clad lam nate as claimed in Caim1l, wherein the polyimde film
conprises a thernoplastic polyimde layer with a thickness of 1 to 6 mon
both sides of a heat-resistant polyimde layer with a thickness of 3 to 18
m 16. The copper-clad lamnate as claimed in C aim1l, prepared by

| ani nat i niPit e noled sepRsdPE hav g Hbidngss il @ fo B/BM. pol yinide filmand the
copper foil by thernoconpression bondi ng under pressure at a tenperature
of a glass transition tenperature of the thernoplastic polyimde to 400 C

17. The cgpper Tt ddppeblatPlatniaste Gk ldiRd i) CHiAl SDv&HercWXﬁé%hgpérhe _ _
t her noconpr essi on-bonding nultilayer polyimde filmis forned by disposing

a t her nocésipiseswiled-coppeh fog Haoing ahicknesyef 10010 hemsi de or  both sides of a
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di spersed, on at |east one side of a heat-resistant polyimde |ayer.
8 A copper-clad laminate prepared by peeling off the carrier from the
copper-clad laminate as claimed in Claim 7 and then plating it with copper

to a thickness of the copper foil of 5 to 8 um.

9. The copper-clad laminate as claimed in Claim 1, exhibiting MIT

folding endurance of about 2000 times or more.

10.  The copper-clad laminate as claimed in Claim 8, exhibiting MIT

folding endurance of about 2000 times or more.

11.  The copper-clad laminate as claimed in Claim 1, wherein the
polyimide film is a thermocompression-bonding multilayer polyimide film
having a thermoplastic polyimide layer on one side or both sides of a heat-

resistant polyimide layer.

12.  The copper-clad laminate as claimed in Claim 11, wherein

polyimide particles are dispersed in the thermoplastic polyimide layer.

13.  The copper-clad laminate as claimed in Claim 12, wherein the

thermoplastic polyimide layer has polyimide particles with a median size of
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20. A process for continuously manufacturing a copper-clad | am nate by

| am nating a copper foil with a thickness of 1 to 18 mon a polyimde film
with a thickness of 5 to 20 m which has a thernoplastic polyimde |ayer
on one side or both sides of a heat-resistant polyimde | ayer, by

t her noconpr essi on bondi ng, conprising: continuously feeding the polyimde
filmand the copper foil into a |am nating nmachine such that the copper
foil is disposed on the thernoplastic polyinide |ayer of the polyimnde

film and_|am nating fhem by thernocqQnpression bondi ng under pressure at a
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pol yi m de ere he. co al,l.ed copper foil
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e polyimide film has a friction coefticient of 0.05 to 0.7.

14.  The copper-clad laminate as claimed in Claim 12, wherein the
polyimide particles are prepared from a pyromellitic acid component and a

p-phenylenediamine component.

15.  The copper-clad laminate as claimed in Claim 11, wherein the
polyimide film comprises a thermoplastic polyimide layer with a thickness
of 1 to 6 um on both sides of a heat-resistant polyimide layer with a

thickness of 3 to 18 pm.

16.  The copper-clad laminate as claimed in Claim 11, prepared by
laminating the thermocompression-bonding multilayer polyimide film and
the copper foil by thermocompression bonding under pressure at a
temperature of a glass transition temperature of the thermoplastic polyimide

to 400 °C.

17.  The copper-clad laminate as claimed in Claim 11, wherein the
thermocompression-bonding multilayer polyimide film is formed by
disposing a thermocompression-bonding polyimide layer on one side or
both sides of a heat-resistant polyimide layer and integrating them by

coextrusion- flow casting method.

18.  The copper-clad laminate as claimed in Claim 1 used for a whole

polyimide hinge.
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19. A copper-clad laminate prepared by laminating a copper foil with a
thickness of 18 gm or less on a thermocompression-bonding multilayer
polyimide film with a thickness of 5 to 25 um, wherein

the thermocompression-bonding multilayer polyimide film has a
thermoplastic polyimide layer, in which polyimide particles are dispersed,

on at least one side of a heat-resistant polyimide layer.

20. A process for continuously manufacturing a copper-clad laminate by
laminating a copper foil with a thickness of 1 to 18 pm on a polyimide film
with a thickness of 5 to 20 pm, which has a thermoplastic polyimide layer
on one side or both sides of a heat-resistant polyimide layer, by
thermocompression bonding, comprising:

continuously feeding the polyimide film and the copper foil into a
laminating machine such that the copper foil is disposed on the
thermoplastic polyimide layer of the polyimide film; and

laminating them by thermocompression bonding under pressure at a
temperature of a glass transition temperature of the thermoplastic polyimide
to 400 °C, and
wherein

the copper foil is a rolled copper foil having a tensile strength before
heat treatment of 300 N/mm? or more, and a ratio of tensile strength after
heat treatment at 180 °C for 1 hour as defined by the following equation (1)
of 33 % or less:

Ratio of tensile strength after heat treatment (%) = [(tensile strength

after heat treatment) / (tensile strength before heat treatment)] x 100 (1)
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