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.phiclPayEigg5 m may 1 FP06-203-PCT not be adequately
fl.exible. -

[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



[ 0005] .Furthernore, a polyimde filmmay not have sufficiently adhesive
properties. For inproving its adhesiveness, it undergoes surface processing
such as al kaline treatnment, corona treatnent, 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 %&é&hﬁ%r@éﬂﬂ%ﬁt‘zlf%g%g%)gé’.:%]rfﬂ&f‘g}f béilg QpddHA% fyr face

t r eat nent as enbossi ng,
improving adhesiveness, however, these methods require the use of an

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



met hods to reduce a surface friction coefficient by dispersing an inorganic
powder such as cal ci um phosphate (Patent docunent 1) and silica (Patent

docunment 2) in a polyimde filmto formmnute protrusions on the fj
surface. Alternatively, there has been proposed a nethod forﬁk%%ﬂaéfééﬁ]ri ng

a polyimde film by flow casting, froma solution of a polyamc acid
polynerized in a solvent in which a fine inorganic filler is dispersed
(Patent document 3). [0009] However, the first method of surface treatnent

has a dr amedBkdd batedlidiea 3RPRRE FRieEiodf cobbfcibht By Espdlsin® aBeinofPahiced due to
excessi ve roughness fornmed of the filmsurface. In the second nethod

wherei n apowher 98 s cRRWHRT Phﬁsﬁﬂ:ﬂ%@%éﬂt do&Phiht AN a8t HlipL(Pafm acid to
prepare a polyimde film it is difficult to disperse the inorganic powder

in the pojyaithenfg) th aSRIYRR ARARETHRAURIYutebldiPidioHS bA%HR SREC! al
di spersing device. Thus, 1n this nethod, undispersed inorgani c powder may

. | | . e
Cur Tace of CURET PERAA YRR, S ChRs AELRRORRY f MO TIRY s AlCTRRGR The

difficul tag)%l ﬁﬁ%?ﬁl%,%j il capﬁmgfé%,cf%ﬁte‘? s&]]%%{&ﬁgf & poR {c fggogeneously,

and the us an inorganic po wth a larger p e size may lead to

Ther of or cPOAAT Vb b Tant Ao REIPE A KMEeRER-RHeFE 80maiirent, o

appl i ed t@o&cgﬂfﬁf'dad lam nate for a COF requiring a fine pattern, a
protrusio o ernopl asti c polyimde surface may hinder the formation of
fine pi tcnﬁﬁjg]?’ FPO6- 203- PCT

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.



[ 0011], Li st of References Patent docunment 1: Japanese Lai d-open Patent’
Publ i cati on No. 1987- 68852; Patent docunent 2: Japanese Lai d-open Patent
Publ i cation No. 1987- 68853; Patent document 3: Japanese Lakg-ggﬁgpggient
Publ i cati on No. 1994- 145378. Disclosure of the Invention PfoB be
Sol ved by the Invention [0012] An objective of the present invention is to
provide a highly flexible copper-clad | am nate. Another objective of the
present invention is to provide a highly flexible copper-clad | am nate

exhi bi ti fgoiniproved slipping property and sliding property of a polyimde
filmsurface and having satisfactory appearance. Means for Solving the
Probl ems [ 0013listTHERBf288Ads | Nvention relates to the follow ngs. [0014]

[i] A copper-clad Tam nate prepared by lam nating a copper foil on one side
or both sides @%ﬁ@n@@b&ﬁﬁkﬁ@lfUh?hﬁMaiEﬁhﬁ@ﬁ@ﬂﬁ%&@ﬁtQQ&EEﬁﬂkﬂﬂNb.TQQTE'” the
polyimde filmhas a thickness of 5 to 20 m and 4 FP06-203-PCT the copper
foil has gggbt ckness of 1 to 18 m

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



[ P015],[2] The copper-clad |am nate as described in [1], wherein the
polyimde fil mconprises a heat-resistant polyimde |ayer and a

t hernopl astic polyimde |ayer; and the copper foil is lamn el} si de
or both sides of the heat- resistant polyimde |ayer via thz‘%@ggﬁgréﬁ%gsti C
polyi mi de | ayer by thernoconpression bonding. [0016] [3] The copper-clad

| am nate as described in [1], wherein the polyimde filmhas a thickness of
5to 15 m [0017] [4] The copper-clad |am nate as described in [1], wherein
the copper foitheicdpper @il Bds @opieknd®idf hayi8gm. t hi ckness of 8 to 18 m
[0018] [5] The copper-clad | am nate as described in [4], wherein the copper
foil is doovs] ed copper foil having a thickness of 10 to 18 m [0019] [ 6]

The copper-clad | am nate as described in [5], wherein the copper foil is a
rolled copper flg] | haHenébpperitiskiessndfe dddéseritedin (11063 re{’] The
copper-clad | am nate as described in [1], wherein the copper foil is a

roll'ed copper ftﬁbg)omﬁ\ﬁhirag ffnh @BEIPresesid ﬁ@ﬁlﬁ'i‘eéi@ifaq{t%dlgﬂlidékgz@&m aof 300
N nm2 or nore, and a ratio of tensile strength after heat treatnent at 180

Cfor 1 e ' iayd drohh@w ng equation (1) of 33 %or less: 5
C for 1 auin8plARld pogidiad iycioh

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.

[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:



Ratio of tensile strength after heat treatnent (% = [(tensile strength
after heat treatnent) / (tensile strength before heat treatnent)] X 100 (1)

[ 0021] [8] The copper-clad | am nate as described in [1], copper
foil is a copper foil with a carrier, in which the copper f‘g'ﬁjﬁbgp%‘ich

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 it with copper to

a thi ckness of Rdio ebpaesild @irbngfh bftee hWBamtrd40231t A0+ [[TbasitorpRimgthad
| am nate as described in [1], exhibiting MT folding endurance of about

2000 ti negterheatrgeatdead]/ ¢dddild bereagppdefaledibdtartaahend$ >dador i @ed in
[9], exhibiting MT folding endurance of about 2000 tines or nore. [0025]
[12] The [go@pEer-clad | am nate as described in [1], wherein the polyimde
filmis a thernmoconpression-bonding nultilayer polyimde film having a

t hermopl astic fg] yi Wmfééo?gﬁ& i 00R 184 B2 DB BIIEH, Fhedelipfhe resistant
polyim de layer. [0026] [13] The copper-clad | amnate as described in [12],

she o1 o g papbbed e iy dspmcr sl bopmabieigeopol 1 60
the 6 peeling off the carrier has a thickness 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] |

[101 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



Y, FP06; 203- PCT thernopl astic polyimde |ayer has polyimde particles with a
nmedi an size of 0.3 to 0.8 mand the maximumsize of 2 mor |ess dispersed
within at least a depth of 0.5 mfromits surface in a ratiqgog_fz ?g,cagi 0.5
to 10 % by weight relative to the polyimde in the polyim up ce | ayer,
and is substantially free froman inorganic powder, and the polyimde film
has a friction coefficient of 0.05 to 0.7. [0028] [15] The copper-cl ad

| am nate as described in [13], wherein the polyimde particles are prepared

from a pyhormbpldstiz pdyiimidnimnetasapelydmide pasiisiee veth aninedi o gixeneht .
[ 0029] [16] The copper-clad | am nate as described in [12], wherein the
pol yi m d@.§itb M8 paphhdaheanhRhmephaetdf@ poel o sdalikpeed writhireat hdgdtness of
1 to 6 mon both sides of a heat-resistant polyimde |ayer with a thickness

of 3 to B8dépth HOBB]uh ¥FdmTine saefpeennd Adtid afhbate0a s ¢ begeight| 12] ,
prepared by [|amnating the thernoconpression-bonding multilayer polyimde

fil mandreldigve PSS pbBiiAY ih RBE HRlWAPIde SirdiccboRer ih M eibtaasillye at a
tenperature of a glass transition tenperature of the thernoplastic

pol yi m depdofipRDak iRBEhhieGovadateanf0031] [18] The copper-clad lam nate as
described in [12], whefein the thernoconpression-bonding multilayer

polyi m de filmihs pfo®¢iRidetylm HasRORHQG0R chbEBIIRAAING. 68 b @17 bondi ng pol yi m de
| ayer on one side or both :
[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



sides pof a heat-resistant polyimde |layer and integrating themby 7

FPO6- 203- PCT coextrusion-flow casting nethod. [0032] [19] The copper cl ad
| am nate as described in [1] used for a whole polyimde hi 10@&? hg)g%?t] [ 20]
A copper-clad | am nate prepared by |am nating a copper foil £

t hi ckness of 18 mor |ess on a thernoconpression-bonding multilayer
polyimde filmwth a thickness of 5 to 25 m wherein the

t her noconpressi on-bonding nultilayer polyimde filmhas a thernoplastic

pol yi m decération-flowhéRimometibde particles are dispersed, on at |east
one side of a heat-resistant polyimde |layer. [0034] [21] A process for
conti nuojghgejmanuf acturing a copper-clad |am nate by |am nating a copper
foil with a thickness of 1 to 18 mon a polyimde filmwth a thickness of

5 to 20 m whi ¢hghas Thet KPPERRIAS 14 GinoR! 4 AbHLiBAYAT [1]MRAEfF 0@ hele bot h
sides of a heat-resistant polyimde |ayer, by thernoconpression bonding,

conpri si g,glyiﬁﬂ%i]ﬂﬁ%g_sl y feeding the polyimde filmand the copper foil into
a |am nati'ng nmachi ne such that the copper foil is disposed on the

t her nopl ggg44] pol yi mide layer of the polyinmde film and | am nating them by
t her noconpr essi on bondi ng under pressure at a tenperature of a gl ass

transition t errgg(?]at U pek8ad TeMTRR AStdpare @ Byiath H ity 4 WpFeP il

i nclusive. [00 _
with a thickness of 18 um 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.

[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.

[0035]
Herein, MIT folding endurance is determined in accordance with JIS-

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



Herein, MT folding endurance is determned in accordance with JIS C6471,
and is the nunber of folding tinmes when an electric resistance 8

FP06- 203- PCT increases by 20 %or nore froman initial val ﬁegp%gr%é,ﬁe
conditions of a curvature radius of 0.8 nm a load of 4.9 Fr s g
speed of 175 tinmes/mn and a right and left folding angle of 135 wusing a
copper-clad lam nate having a copper circuit formed on one side as defined
in the above test nmethod. [0036] A tensile strength of a copper foil is
det er m neghckdnREARF 9ANE Br WhérR frdSafBhkDal wilua WidgstHeeamhditiesd ofh 2 i min,
using a test piece prepared as defined in the test nethod. [0037] Aratio
of tensilanshieRgtddiakiof0.8ead, brieatrEnt o NJa A dasd spéal 61Dy tih8gnagauat i on
(1): [0038] Ratio of tensile strength after heat treatnment [(tensile

strengt h 48 heigheahd 1ERALIARE)aglé LENS5 cusihbanssdhhedlaieahahtd r eat ment)
x 100 (1) Effect of the Invention [0039] A copper-clad | am nate of the

present | YERG! LRopFerifRAE FhRYd ohANI@HeNE: defORPEE thOhbove t&sia thi ckness
of 1 to 18 mon one side or both sides of a polyimde filmwth a thickness

of 5to 2,99@&1 t her noconpr essi on bonding. A thickness of the polyimde
filmis prefterably 5 to 15 m The copper foil is preferably a rolled copper
foil wt ickness of 12 mor less, particularly 10 to 12 m By neking
the polyimde filmand

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



t he copper foil thinner as above, the very high flexibility may be achi eved.
For exanple, when a thickness of the polyimde filmwas reduced from25 9
FP06-203-PCT gmto 15 gm an MT fol ding endurance was apprﬁ&[’%%_eﬁlcy,r
doubled or nore in both MD and TD. When a thickness of the coppéefl T0OiIl was
reduced from 18 gmto 12 gmw thout changing a thickness of the polyimde
film an MT folding endurance was increased in both MD and TD. [ 0040]
Particularly, when a copper foil used is a rolled copper foil having a

t ensi | e simeandgtiubefar RIHEfl dingeat derincefw 30 ppitogith aielymdoablednsd morat i 0 of
tensile strength after heat treatnent at 180 C for 1 hour as defined by the
above equatbaeiih ¥MD aatl BD. %Whenl e slsickhbes 6f thd bigpdryfoitayabecdugydireth nor e
significantly by making the polyimde filmand the copper foil thinner.

[0041] A ®paeto tRadn lvaithoat ehohginpea ph&kents bivlenboBAmddefdhalyMIEFs an
M T fol ding endurance of about 2000 tinmes or nore in both MD and TD, and

the MT ffldingehduhesseaLiitrbgsddid bageM D ambPot 3000 times or nore,
about 3700 times or nore, about 4000 tines or nore, about 5000 tines or

mor e, andpbypl hernore about 7000 times or nore by sel ecting thicknesses of
the polyimde filmand the copper foil, and the type of the copper foil.

[0042] On the oppyaicdiapy, wMaana Eﬁ%)&oﬁ_@]?ﬁséd)ié a #0Hed %%’19‘% fdiﬁhgleiﬂg' hmare

thinner, there nay be formed wi es in a part contacting a roller during

the | am a8 SHaRhSeiEREA! BRatul SRGRRPRINGAAG hFLNAAE LARIbNG 1o

reduced yi e efective appearance after |lam nation. Particularly,

when usi ng,3ith WP ARWYA L Afielt L0RAE %t 00 HOE T hotr APAHROI bR 1T 1S
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



difficult to continuously manufacture a copper-clad lamnate in the |ight of
feeding properties. [0043] 10 FP06-203-PCT A thernoconpression-bondi ng

mul tilayer polyimde filmhaving a thernopl astic polyi m de Ig%g_rz é%“f“ ch
polyi m de particles are dispersed on one side or both side 4

heat-resi stant polyimde |layer nmay be used as a polyimde film to inprove
slipping property of the surface of the polyimde filmand to elimnate

def ective appearance such as winkles in the copper- clad | am nate obtai ned
as checked overA thermid@ingpteangimbodirig multidper pdigimidefimiadhiea pol yi mi de
| ayer preferably contains polyimde particles wth a nedian size of 0.3 to

0. 8 m andheh@optadtivpolyimed®iaydrdm whidlepslytini@e paetclewidrbidispérsedant a
depth of 0.5 m nore preferably 0.7 mfromits surface in a ratio of about

0.5 to 1n¥dide weilghh i@dadf ¥ behorbfigtpel yolFiteds Myidremp9 e vidleasur f ace
| ayer, and does not contain an inorganic powder substantially. Wen using

this pol WoR-aeidel filth Md thnprdtl Qkisisg WopdbtydOthe $18F8¢e 8f ﬂsuo% yzﬁﬂla@l
ri ef

| am nate wi t hout any defect in appearance may be obtai ned

Descri ptiffigy thttlaeel%ﬁ’{ﬁﬂ%&ﬁefe&t@@éﬁﬂ)pgéﬁnele s'i{b%V‘és %@ﬁmlﬁ%hﬂlﬁﬁ%%bﬁ@ﬁ“ ¢

observations (x2000) of the surface of the polyimde filmprepared in

Exanpl e Jc#a(f;ll ];7 | 1ﬁ<§t13a§%MePJEk91 8052 & Péféﬁ/g%h' mﬁa&ﬁ%&etm the

surface o mde filmprepared In Re erence Ex st Mode for
Carrying tgé}mto'ﬁ?aétw ﬁ@l%zﬁﬁ'i‘de i&%‘i‘%eferably contains polyimide particles with a

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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1., Polvimde filmused in a copper-clad | am nate of the present invention A
polyimde filmused in the present invention has a thickness of 5to 11
FP06- 203-PCT 20 m A thickness of the polyimde filmis prﬁta@r& IS);PéSTto 18
m nore preferably 5to 15 m Using a thin polyimde film |

thi ckness of 20 mor less, preferably 18 mor less, particularly 15 mor

|l ess, the flexibility of a copper-clad lamnate is significantly inproved.
This effect is not limted to a particular polyimde film but can be

achi eved 2huanyA thatktigssdd thi lpolyin@idéainoiappifesably B todRyim deorki | m may
include, but not limted to, polyimde filnms used as a material for

el ectroni prem@ralbs% Sughl Bpurd  Piding acthifigotyiinkideoind hadih extilitleness of 20
printed-circuit board and a TAB tape, and polyim des prepared froman acid

conponent @ lass e bip MBoN@r leBs ! fiertahONely 1 6F Uesf then or o
cont ai ning an acid conponent and a di am ne conponent in t he above pol yi m de

film [ O0dAlibAifRosH4 Bbsiser-elad 48R atd id SinRfiesel iptePed OTHE etREal) v has
at |least one of the follow ng properties. 1) A glass transition tenperature

i's 300 C o4t IaSRET to Rpiicallypd3bmide Almhbabehn mgcHiBvides spieferably, a
glass transition tenpérature i's undetectable. 2) A linear expansion

coeffici e;flfl {mfHd 1400 ©O) (MD) is close to a thermal expansion coefficient
of a neta ?oil such as a copper foil lamnated on the polyinmde film

Speci fi caﬂolom;;v\hen using a copper foil as a netal foil, a thernmal expansion
coefficient of the polyimde filmis preferably 5x10-6 to

Examples of a polyimide film may include, but not limited to,
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



28x10-6 cnmcm C, nore preferably 9x10-6 to 20x10-6 cmcm C, further
preferably 12x10-6 to 18x10-6 cnmicniC. 3) A tensile nodulus (MD, ASTM D882)

is 300 kg/ Mm®2 or nore, 12 FP06-203-PCT preferably 500 kg/ %%@rﬂ(ﬁft e

further preferably 700 kg/m®2 or nore. [00481 Preferable e

polyimde filminclude polyimde filns conprising a heat-resistant

polyi m de | ayer and a thernoplastic polyimde |ayer, and
t her noconpr essi on-bonding nultilayer polyimde filns having a

t her nopl astic

pol yi m deyrefdieihlPB00re:/gife 0P indi@f fusthde proferabReado kegmsizat mape!l yi m de

| ayer. The thernoplastic polyimde |ayer gives a surface on which a copper
foil is tfpeasgpconpressi on-bonded; and therefore, the polyimde film used
for a doubl e-si ded copper-clad | ami nate has a thernoplastic polyimde |ayer

on both sides Qirefeh?@ab e&ﬁﬁiﬁé@ﬂftl@@FMlﬁhﬁ&e ifaveincluwlb helfiReidediimdr de  film

used for a single-sided copper-clad

am nate has a thernoplastic polyimde

llayer on QngpHbide Lheat fi@@afstmsb@wmd@p@errarﬂﬁaltﬁ)é%opﬂa@é%wﬁol&lﬂﬁa@s

transition terrperature of the polyimde in the thernoplastic

pol yi m de

| ayer is Louery M%ﬂﬂ@éong@retsgﬁnhﬁ@ﬁdm%%%qﬁm AP ARhehakimky 170 Lo

370 C, nore preferably 17 320 C, particularly pr

erably 190 t©o 300 C.

00501 T }rgﬁq.ﬁ f
<[51bout 3 Pﬂgle? :%15 andﬁgﬁg ﬁ‘glrlérq%‘%]l ‘g‘g%’%‘?ég& 9?( %Bﬁieéﬁgéed?aash er aag Zsoa
thi Cknes%oqgrirﬁﬂféufay%r.t q‘h% merhﬂ)(fﬁ&gnc polyimide layer gives a surface on which

a copper foil is thermocompression-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



The polyimde in the heat-resistant polyimde |layer has a glass transition
tenperature higher than that of the thernoplastic polyimde |ayer,
preferably 300 C or higher, nore preferably 320 C or higher, lono.
particularly preferably, it is a highly heat-resistant polyiﬁfggz%%ggg gl ass
13 FP06-203-PCT transition tenperature is undetectable at 350 C or higher.
[ 00521 As descri bed above, although a reduction in thickness of the
polyimde filmmay lead to the excellent flexibility, it may lead to nore
def ect s | orappeanapameratcteudi wngdetectitilest 3G0 1her tapher - cl ad | am nat e
obtained. In view of inproving slipping property of the polyimde film
surface af@bazlhanci ng t he appearance of the copper-clad lamnate, it is
preferable that polyimde particles are dispersed in the surface of the

pol yi mi de film gk ddseribearabepkeasalthouphlyredweidmitethicRaets efitlas | y
preferably, polyimde particles with a nedian size of 0.3 to 0.8 mand the

maxi mum  pbBenflle £lRMy leddstodthR shcePens elkxibilityNitahal ¢6ed ténslat h of 0.5
m preferably 0.7 mfromthe surface of the polyimde filmor the

ther mopl agbfeets Mbﬁ?@&f&ﬁld@iﬁﬂudiﬁg rigkle, Of tHabifped-ad Qakindedy wei ght
relative to the polyimde in the polyimde surface |ayer. The surface of

the pol yi ghelnbll! Th Abw! SEIAPRFIRRLABDISS p%p@%gg%@wymmqﬂm ain or be

substantially free froman inorgani ¢ powder.

t her moconpyessh %]Ql-dbml{k?ng%hbig{&ﬁ%é%&aﬁ(% ¥f Eﬂéjs%ﬁéi'érf@lh& 1WA it is

t hernopl astic polyimde layer c alns polyim particles can be prepared

O ! PR  BA0EE e B ko P SRR OR o oo 1
polyimide film or the thermoplastic polyimide layer. Particularly preferably,
polyimide particles with a median éize 0of 0.3 to 0.8 pm 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



containing a polyam c acid which gives a thernoplastic polyimde having a
glass transition tenperature of 170 to 320 C and the polyi mde particles
descri bed above, and a polyam c acid solution containing a %gbﬁ %hﬁggg

whi ch gives a polyimde core |layer nade of a heat-resistant 3% (heat -
resi stant polyimde |ayer), such that the total thickness may be 5 to 20 m
14 FP0O6-203-PCT and then it is dried to forma self-supporting film The
sel f-supporting film thus obtai ned nay be renoved fromthe support, and
heat ed faindehereitis dieedv@lfomnd édlf-guppbitdng fidmgi Vhe aclfalugpdrtiang filan A
content of the polyamc acid in the polyamc acid solution conposition for

t he ther mRksaHthineddRlay b8 dembay@ framthbeubpott) addl Heded®irGolverthi | e a
content of the polyimde particles nay be 0.5 to 10 % by wei ght, preferably

0.51to05 r%xﬂmalwdgﬁﬁlméﬁbh\ts dife hf@l?ﬁhmimaq& EbntAn€ @R tBA pobfarhite

polyanm c acid in the polyam c acid solution for the heat-resistant

pol yi m dedi@yg "chg‘iﬁblﬁﬁn;@a&lﬂ ﬂugf%ﬁkoﬂﬁi&mmn f{)p%lhﬂrﬁ% %@hcve| y, a

t her noconpr essi on-bonding nul tilayer polyim de Imin

t her mopl Gfii-m R 14yBY day BYEIG 6025 8} B§ Wolghk! ”%vﬂ?lep@%ﬁﬂeh%%f tHEy be prepared

as foll ows. Flrst on a ‘support 1s flowcasted a polyamc acid sol UtIOI’l

R AL T

(heat - resi yi mde ayer) nit drie ormas

Suppor 1 g gh Beidie {4 084 phlYaGKDSRST 3 BEELET BPLYe FBRMmA 4841 ¢ NeXh on
at | east ON€& si e T es |ng se supportl ng plTe
Po1 Y ©  chekie B4 LN BATRPShE MALRALiRaRtIE] q&lggx%;eﬁ% Sz"’t&é“;té%

pol yamc FVes & tRer mopl ast aving“a gl ass
transitlgﬁa;e eratii{ of 170 to 370 C and the polyimde particles
descri be ratio of 0.5

[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 the 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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tq 10 % by weight, preferably 0.5 to 5 %by weight relative to the polyamc
acid, such that the thickness after drying nmay be about 1 mor nore, and

then it is dried. If necessary, the polyam c acid solution for a
surface layer is applied to another surface such that the tmg@b‘gﬁt

drying may be about 1 mor nore. Then, it is heated for solvent renoval and
imdization to give a polyimde film 15 FP06-203-PCT [0055] A

t her noconpr essi on-bonding nultilayer polyimde filmin which a

t her nopl af1055] pol yi mi de | ayer does not contain polyinde particles can be
prepared as descri bed above, except that the polyimde particles are not

added to the polAyxastmodcngresdivhibondiasmositilager polyimidufflactn kaiek a and a
content of the polyamc acid is adjusted as appropriate. [0056] Exanpl es of

a pol yi m ggernddplastib pol@iphidstlagePabyd ﬁbﬂ@oﬂl@‘iﬁ@oﬂ%ﬂeﬁfdﬂﬁ%@céﬁ% mat eri al
for electronic parts such as a printed circuit board, flexible

pri nt ed- chigiirbdRRadherbelAbJvDexad &a@%e%?iﬁﬁi@paﬁi@e@ﬁ)fe @bt known

pol yi m des capabl e of bonding a heat-resistant polyimde to a copper foil

by ther ”%d&é’d[f% ERS pBly hid¥cil e IBbN CORRYORPEHP E’oﬂJQ@.ﬁE‘fa{%q§§é¥ &md £0057] A
preferable polyimde for a thernoplastic polyimde | ayer may be a

t her oconpgash 601 RoBdMenROL L dRUlleAM CARpRphARAed Lo a copper foil at

a tenperature of ass transition tenperat
t her noco ml on- bond| ng polyimde to 400 C both inclusive. [00581 A
polyim de tor "a thernoplastic polyimde | ayer may be a polyi mde

Examples of a polyimide for a thermoplastic polyimide layer 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 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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prepared from (1) an acid conponent -conprising at |east one selected from
acid dianhydrides such as 3,3 ,4, 4'-biphenyltetracarboxylic acid

di anhydride, 2, 3,3',4'-biphenyltetracarboxylic acid dianhygf@%g PCT
pyronellitic acid dianhydride, 3,3',4,4" -benzophenonetetrac %?PS acid
di anhydri de, bis(3,4- dicarboxyphenyl) ether dianhydride,

bi s( 3, 4-di car boxyphenyl) sulfide dianhydride, bis(3,4-dicarboxyphenyl)

sul fone di anhydride, bis(3,4 16 FP06-203-PCT dicarboxyphenyl) nethane

di anhydr i décarBoRyphend) actheaehtinybhdmde) 212-bpddet-dicanbypldayland

1, 4- hydr oqui none di benzoate-3,3',4,4'- tetracarboxylic acid dianhydri de,

pr ef er abl yrepaee Hthriornede ind phiy drdtgiinahe ldéBsizoéQe 1MB%,A- nore, nore
preferably 80 nol%or nore, further preferably 90 nol%or nore of these

aci d i ngr estiraBishoxgid £c2d deathydiine, SRFPORH aCONEIdoshpishealit dod@siisize
selected from diam nes such as 1, 3-bis(4-am nophenoxy) benzene, 1,

3- bi s( 3- agt MORRETONOL% heneeBemote $rbfeza P80 RAFIVE B XYOreh ERABRE,
3, 3' -di am nobenzophenone, 4, 4' - b s(3-am nophenoxy) bi phenyl, 4,

4" - bi s(4- BaL@ORPRON Wolbl BPEMEL: oftthsbd b isptbaRaitenary) phenyl] ket one,
bi s[ 4- (4- am nophénoxy) phenyl] ketone bi s[ 4- (3- am nophenoxy) phenyl ]

sulfide. bi [ 4- (4 ABLAPKEOOKKbnpheOY m@.ﬁ%fmfa B0 Ao e gphenoxy)

phenyl] sul f one, phenoxy

b'sL - ppsabenm, e AL o P B oy
pheryi 1" pRaRang, PURIEabL:A a0 %e CATDORSAL CHRSLSL M ohhesst. 70 ol

nore, nore pre era more, furt era 'nol™% or

m)r e of 1 E?ﬁg a%?ﬂﬂp’h%ﬂo@:% S%}?eq{ﬁ, 4,4{ Q)?S?%lammophenoxy) biphenyl, bis[4-(3-

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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An exanpl e of a conbination of an acid conponent and a diam ne conponent to
give a polyimde for a thernoplastic polyimde |ayer nmay be a conbination

of (1) an acid conponent conprising at |east one acid di anhygside. .. ected
from3, 3 ,4,4" -bi phenyltetracarboxylic acid di anhydride andlglgdf’i’jﬁ‘o\?a ﬁg&

bi phenyl tetracarboxylic acid di anhydride, preferably an acid conponent
conprising at least 70 nol % or nore, nore preferably 80 nol % or nore,
further preferably 90 nol % or nore of these acid ingredients, and 17
FP06- 203- PCT (@) aadiiminienempopeneaimprispig st kgisatoneatiamiopasectaaine
selected from 1, 3- bi s(4-am nophenoxy) benzene, 1, 3-bi s(3-am nophenoxy)

benzene, frémi1; %bﬁ{(@mn@ﬂi&mﬁﬂbemmmﬂa bléiﬂséxﬁm@mmfbemam), phenyl ]
sul fone, bi s[4 (3am nophenoxy) phenyl] ether, 2, 2-bis[4-(3an nophenoxy)

phenyl ] ppohas(8-@nthchioxs) biHerar bibidBaninaphenyky) phopglesulfvref er abl y

a diam ne conponent conprising at |least 70 nol % or nore, nore preferably 80

nol % or  nMpisf4-(8wih hl@h@i:?) phényR @ theE %, 24bisar @-ohihbshendiyd Pyl

i ngredi ents. [0060] di am ne conponent to give a polyimde for a

t her mopl agtdganePhd 2N @@s[ha(neammcsplﬁé}ﬂw) %E&eh?l]tﬁl%pﬁh@nbﬂ@f‘eﬁmem S

descri bed above, a diam ne conponent such as’ m phenyl enedi am ne

3,4 -di a@ih@ﬂi@c%ﬂ#on&iﬁ"@dmpﬁsu% a1 3B ORI DA mDké fl‘n@?e preferably 80
3,4' -di am nodi phenyl sulfid 4, di am nodi phenyl sulfid

3" - di am nggl %Wor? L‘f‘lﬁ'@ﬂ@r pl?eféralﬂbfaéﬁ RfihheRYke of ‘t'héé%n&lamme

4, 4" -di am nodi phenyl” sulfone, 3, 3"di am nobenzophenone, 4,
dh an nobeiaguRARRc, 3 ¢ 0 am nobenzophenane, 5.5 4.
[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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di,am nQdi phenyl net hane, 2, 2-di (3-am nophenyl) propane and 2, 2

- di (4-

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

invention are not deteriorated. [0061] Specific exanpl es of ol i i
SR

a thernoplastic polyimde layer may include a thermal-adhe
prepared by copol ynerizing 1, 3- bis(4-am nophenoxy) benzene,
2,3,3 ,4" -bi phenyl tetracarboxylic acid dianhydride and

3,3 ,4,4" -bi phenyltetracarboxylic acid dianhydride in a ratio

and

(ol ar

e for
1 de

ratio)

of 20/ 80 4.a-&Rm2ihodapllersylnghyi rindes, Bt ¢ pirbish &yy petryo®rtoxiyiig s8d FP06- 203- PCT

4, 4-di am nodi phenyl ether and 3,3',4, 4'-biphenyltetracarboxylic acid

di anhydri gienhyld@h2] I n addition, specific exanples of a polyimde for a

thernoplastic polyimde |ayer may include a polyi mde prepar

ed by

pol yreri zjgng2]or imdizing an aromatic tetracarboxylic acid dianhydride

such as 3,3',4,4' - benzophenonetetracarboxylic acid di anhydri

2, 2-bi s(3,4-di cyy Q&&Mm}ﬁfkgﬂe):iﬁdoéﬂﬂﬁﬁﬁasddf%ﬁmhﬂ&e 6 §(t§eﬁm@h
nmet hane di anhydri de and i s(3,4-dicarboxyphenyl) ether dian

aromati c Gh13HnNGe SR mas iﬁclu%l‘eba% %glégﬁﬁﬂ@%ﬁ@ﬁﬂ%ﬁy ?%Wlﬁ@ﬁiz

3- bi s(3-am nophenoXy) benzene. ] A polyimde

de,

taithoxyphenyl )

ydri de,

el o

or a thernopl astic

and an

POV YL eIk Fingh LELARIK: AT BlibokfRS hoRN by diRId Shlipus B pLgper ] es. 1)

A t her noconpr essi on-bon IS a po

yimde having a peel

St engt N Bt RERBES Bhod Moy AR D R AR 862, HTALOL- b M BERASDTOT

and the retention of a pee rengt hedt ’treat rent

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)
[0063]
A polyimide for a thermoplastic polyimide layer preferably

least one of the following properties.

benzene.

has at

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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130 C for 168 hours of 90 % or nore, further 95 %or nore, particularly 100
% or nore. 2) A polyimde filmof this polyimde has a tensile nodul us of

100 to 700 Kg/m®2 by itself. 3) A polyimde filmof this p . de s a
| i near expansion coefficient (50 to 200 C) (MD) of 13 to B%WM’@MC by

itself. [0064] A preferable polyimde for a heat-resistant polyimde |ayer
may be a heat-resistant polyimde constituting a base filmused as a tape
“material for electronic parts such as a printed circuit board, a flexible

pri nt ed- chégud, ta TABRRQYR- 2B aRTDF fhdateatea TAB tape and a COF substrate.

[ 0065] A heat-resistant polyimde for a heat-resistant polyimde | ayer may
be a pol yjoue#¢ prepared from (1) an acid conponent conprising at |east one
selected from3,3',4,4' - biphenyltetracarboxylic acid dianhydri de,

pyromellitic aCAqle@*t%ms%hﬁigogﬂﬂndé for BHUQGdEROARE polylmlde layer may
di benzoate-3,3',4,4" -tetracarboxylic acid dianhydride, preferably an acid

corrponentb@gwyﬁhm @feﬂa%gatfrglg mol % or nore, nmore preferably 80 nol % or
nore, further preferably 90 nol % or nore of these acid ingredients, and (2)

a di ani ne corrpoae}ratn s d@a&lﬁt &ﬁﬁﬁéufg:ﬁ E%'s%h@ iéc%'a Ela)m 3,3',4,4"

phenyl enedi am ne, nodi enyI m tol i | ne an
6 b e g (RO O o TR R U g 5 T
or more Oi,4tH§&ﬁ)dHiﬁ8}1@ﬁlﬁé}%o%% %%‘?4,4' tetracarboxylic 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
(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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[ 0066] , Exanpl es of a conbination of an acid conponent and a di am ne
conponent to give a heat-resistant polyimde may include conbinations of 1)
3,3 ,4,4" -bi phenyl tetracarboxylic acid dianhydride, and p p@%%gu%g%thnine,
or p-phenyl enedi am ne and 4, 4-di am nodi phenyl ether, 2)

3,3 ,4,4" -bi phenyltetracarboxylic acid dianhydride and pyronellitic acid
di anhydri de, and p-phenyl enedi am ne, or p-phenyl enedi am ne and 4, 4-

di am nodi phenyl ether, 3) pyronellitic acid dianhydride, and

p- pheny! griediydohéadaanites ad mdinacimpoin sl rmblPéor mark @) the total of 100

3,3 ,4,4" -bi phenyl tetracarboxylic acid dianhydride and p- 20 FP06-203- PCT
phenyl enadoBa). n€he golyimides pappacst foadOharabdve combirationt bee tetdlasad 100
nol %9 . The pol yi m des prepared fromthe above conbi nations are used as a

mat eri al rhaterehlefl redddteopiripzH-tS 40bh a$ DpPmited ethcait eekid, BoAsgibla fl exi bl e
printed-circuit board and a TAB tape. These polyim des are preferable,

because tigytddviecEdk iRalrg Hnd B AW itsps. MHRRE ol Eisnidwerarad piefig abidyper at ur e
range, |ong-term heat resistance, high resistance to hydrolysis, a high

heat - deqRASE they halk lxabllont HRFRGhla) PRopartidVoNaad willk itBkAG@at@td 0. a
| ow |inear expansion coefficient, and high flanme resistance. [00671 As an

aci d conyameR! 1dy-erke hdab eadistH8deS hash rPSk¥d Aicd® hdrdydi824 hisEHedkant
polyimide Iayer, 1n addition to the acid conponents described above, an

0, RS SSSShgB ek ik SRS sk o
g'uf ]S e 1 & APIRIGIELIRIAAT aflARBRAL S8 reBisthredt - di car boxyphenyl)
[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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di,anhydri de, bis(3,4-dicarboxyphenyl) sul fone dianhydride, bis(3,4-

di car boxyphenyl ) net hane di anhydri de, 2, 2-bis(3, 4-dicarboxyphenyl) propane
di anhydride, 2,2 -bis (3,4 - dicarboxyphenyl) - 1, 1, 1, 3, -
hexaf | uor opr opane di anhydri de and 2,2-bis[(3,4-dicarboxypheﬁgivymﬁﬁ%qyl]
propane di anhydri de nmay be used, as long as the features of the present

i nvention are not deteriorated. [00681 As a di am ne conponent to give a
heat -resi stant polyim de for a heat-resistant polyimde |ayer, in addition

to the di @EntodopREMENE forttesIca' diaehiabaishersy] dudfsnRe sgnponent such as
m phenyl enedi am ne, 3,4'- di am nodi phenyl ether, 3, 3'-diam nodi phenyl

sul fi de, @iehhiniban,oPRb RN, 4'- Gk indBendoghertdirrisngdi phenyl sul fide, 3,
3' -di am nodi phenyl sul fone, 3,4" 21 FP06-203-PCT di am nodi phenyl sul fone,

4, 4'-di a@iamﬂio%ﬁeaf)h@ﬁﬁﬁ@@zgh&g_%airﬁﬂm&%ﬂﬁf&%h@!‘@%

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

3' - di ami n&ﬂ{%ﬁﬂﬂ%ﬂ@ﬁﬁmhaﬁe‘lB'4‘ﬁi?fﬂiﬁ9@ip@fé%§hh@?ﬁ@ﬁé}ez,2-d:i(8-

3, 4' -di am nodi phenyl ret hane, . 2, 2-di (3- am nophenyl ) priopane and

o E'sé“nﬁ 4 aaamen i’?ﬁ%@%@?ﬁ%}ﬁﬁéﬁ.ﬁﬁﬁBB%%Tng‘%Bﬁ%F Py fb%"".%%?? Pai de for
2 heal - ol A0 PRLALP U6t LY edkRY  AFondoR Gyl U BEERAERC [ om

3,3 ,4,4"- ny rboxytic aci an ereinafter, sonmetines
si mply re&ﬁm@ d to as "s-BPDA") and para- phenyl enedi am ne (hereinafter,
soneti nmes S|ngly referred to as "PPD') and optionally 4,4'-diam nodi phenyl

ether. (et el nat Ao SOSIIES IR Yor 4 BEGE:Eel ueolyBARE layd bl case
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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preferably 100/0 to 85/15. [0070] Another exanple of a polyimde for a

heat -resi stant polyimde |ayer nmay be a polyimde prepared from
pyromellitic acid dianhydride (hereinafter, sonetines sinp%¥)r§g§rQﬁg to as
"PMDA"), or aromatic tetracarboxylic acid dianhydrides of ,QB,QJP

4' - bi phenyl tetracarboxylic acid dianhydride and pyronellitic acid

di anhydri de, and an aromatic di am ne such as benzene diam ne and

bi phenyl di am ne. Preferabl e exanples of the aromatic diam ne nay include

par a- phenithehed poi ﬁhid@@@ﬁﬁ@f&lﬁ@ﬂﬂbﬁfﬁtﬂ@llh@dh&iﬂ @iahdldeidef, paPDl DADE in
90/ 10 to 10/90, and neta-tolidine. Inthis case, a ratio of BPDA PMDA is

pr ef er ablgh eyl dianfife Hhd ﬁ@ﬂﬁmﬂ?&ﬁ%ﬁén Kathdre 19f tiis Raky, ATrdi8ofo@r a
heat -resi stant polyimde |layer 22 FP0b-203-PCT may be a polyi m de prepared

from pyr QuEDIE/PPD achebekAPYO/10¢0 109G~ Phenyl enedi ani ne and
4, 4" -di am nodi phenyl " ether. In this case, a ratio of DADE/PPD is preferably

90/ 10 toa@7gp- [0072] A polyimde for a heat-resistant polyi mde |ayer may
have at least one, or at |least two [conbinations of 1) and 2), 1) and 3),

and 2) and 3)] ’%gély%ﬂlg'{ie o £m%ai&béﬁ%ﬂﬂg%%ﬁ%y%%méggﬂéwoé‘é ﬁa?lgs%i | m of

this polyimde ass transitiron t atur er,

pref e 2Dl 330 €108 Fom AR THELRSD ol 9 A 3BLY') g 2P5AIDSh 1 00

tenperature’ s un thi's pol'yl mde

pr ef erablayi1 P&eafolﬂo%%r feﬁﬁﬁ’xae%Si on coefficient (50 to 200 C) (MD) close to a
t her mal expansion & ’

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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coefficient of a metal foil such as a copper foil |lamnated on the polyimde
film Specifically, when using a copper foil as a netal foil, a thernal
expansion coefficient of a polyimde filmis preferably 5x1%-1,? -?83- 0-6
cmcm C, nore preferably 9x10-6 to 20x10-6 cmicmi C, further™p g erabl’y
12x10-6 to 18x10-6 cmcm C. 3) A polyimde filmof this polyimde has a
tensile nodulus (MD, ASTM D882) of 300 kg/mR or nore, preferably 500

kg/ M2 or nore, further preferably 700 kg/mMm®2 or nore. [0073] A polyamc
aci d sol uti on Exghyksaoiherb-aesrgidotpobat yolrede imdyudbe miziectygieed by

pol ynerizing an aromatic diam ne and an aromatic tetracarboxylic acid

di anhydr isgbreitti GlchiaseNaN hadethgBosianiidep N/ NrildeetlylacetaiidanNe pol ar
solvent in accordance wth the usual nmethod. [0074] 23 FP06-203- PCT

Exanpl es 1pétiuehpafrdiddaei &@N-ﬂetﬁﬁldﬂ@@bldeﬁ&hﬂd@m@ﬁh}ﬂpsﬁ]!'@ﬁdép| vents such
as N, N-di ret hyl f ormam de, N, N-di net hyl acetam de, N nethyl-2-pyrrolidone and

N- et hy| qrRaer ah#ihoshhmRhinde; 8uthbepf1dRilforlte %aeml begphete; di met hyl
sul fone; tetranethyl ene sul fone; dinethyltetranethylene sul fone; pyridine;

and et hylcﬁﬂﬁatﬁ&n@%méﬂgﬁé&e LO1bhE; FPAYE I RIESthylPhELBFRP! Y a pol yami ¢ acid
solution is flow casted and applied on a snooth support surface such as a

stai nl esqpgygyor surface and a stainless belt surface, and then it is
heated at 100 to 200 Cto a sem-cured state or a dried state before the

Zggi 'C?U;ijﬂg-si Lgll’llggl%l %@?ﬁioggss,fﬂrbf@r%h; GRS aBid SITRALALY WM gher than
casted and applied on a smooth support surface such as a stainless mirror
surface and a stainless belt surface, and then it is heated at 100 to 200 °C to
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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decrease in preparation of a thernoplastic polyimde film The sem -cured
state or the state before the sem -curing neans a self-supporting state
after heating and/or chenmical imdization. [0076] A pol ya”i‘fo@%adpé‘ﬂ' ution
conposition for formng a thernoplastic polyimde |ayer contalins a polyamc
acid solution which gives a thernoplastic polyimde having a gl ass
transition tenperature of 170 to 320 C, preferably 190 to 300 C, and

polyim de particles. Aratio of the polyinmde particles to the polyamc
acid i s prefraeablyr &lschdisl@ddedynvejighiclar paiktueubBdan Yromaticodiantrezy

wei ght. A preferable polyimde particle is a wholly aromatic polyimde
particl ecoxapbabni domprizyneaelléidti 80 scotlp pirmpyhandidiandna, apd pheaydmeatdi am ne
conponent in 80 % or nore, and having a nedian size of 0.3 to 0.8 gm and

t he maxi fatimedbox9lic Acid 06mipessnt cORPFsifigat1e£fRa80 PYobpWIhENitid asidt i C
polyim de particle, to the above 24 FP06-203-PCT organic polar solvent is

added andeailiyiids, K ifkicefban) aaligpaitdifig digafit,end CRERORE REsEIRMY | Si ng at
| east 80 % of p-phenyl enedi am ne, and an aronatic tetracarboxylic acid

conponenty QAR isShdttedltol BR%: 1B %0 WitRutRPRId il 4k aARIphdtabhydringgs and if
necessary, a dispersing agent, and then the resulting mxture is heated to

about 16Q,Lswbh '&ssriiitfdgieﬁ%dé’,‘ oMl ARTRSPRES @04t Bk {d1Bpbratdde fSMGHo@S2NI LT ogen
gas, and further heated at the tenperature for about™ 2 to 5 hours, and

cool ed, {05GNMfs2allEbbIeR, 36 g&k‘é Q!}nfxgﬁi’é s&1dtShrt Bém &Eﬁ%ﬁ}a@?ﬁgﬁg ¢ polyim de

I
particles. In general, the aromatic di am ne conmponent omatic

LT e RASHALE A SRS TN 0P 3y B0 o o (1
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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As, polyim de particles, the mxture solution thus obtained may be preferably
used without any treatnent, or used after renoving or adding the polar
solvent, if necessary. (00781 The wholly aromatic polyi m de f@§%5§% 3 with a
medi an size of 0.3 to 0.8 mand the nmaxi mum size of 2 m or § De
easily prepared when wusing an aromatic di am ne conponent conprising at

| east 80 % of p- phenyl enedi am ne, and an aronmatic tetracarboxylic acid
conponent conprising at |east 80 % of pyronellitic acid dianhydride. Wen
usi ng t hefoqealjyi m de particles having a particle size within the above
range, it is easy to formmnute protrusions in the surface of the

t her mopl asti ¢ pThytdtbee theaydyimidd drticdes widyabb epherical, eepflesreitaelyam nat e
required to have a fine pattern. [0079] The term "nedi an size" as used

herei n megAsn @ribdl, dueh bl -2Bape@ b @¥ADRAL NG #:2iPOf theasor hals téetheal ue in a
cumul ative distribution curve. 25 FP06-203-PCT [0080] Therefore, the

pol yi m deyfabt h&lLsf Moutb® t&R0Ephr@éulaly dbdef Bab i@!WMen%ﬁb% pgei cal,
dunbbel | -shaped or oval with a ratio of the major axis to the mnor axis of

about 2 tgﬁ;lgdl(}@ﬂc Hhﬁ%l?élh-béhai%]@&tor%v%g;l t@eg%%@efa%?y havE a ﬁﬁhpf"a%d%@f 1

dunbbel | - shaped or oval, they preferably have a mnor axis o 5t00.5m

and a nmgj .@5?;;';/@.531??&?(1 hq?%jo‘; E{Qis\ﬁkﬁgﬁ]w W}gﬁgla copper-clad | am nate does

not need to ne pattern, y aromatic polyimde particles with a
medi an Sif(ﬁ)éif] 0.3 to 10 mcan

When a copper-clad laminate does not need 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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be used. [0082] The above constitution can provide a

t her noconpr essi on-bonding nmultilayer polyimde filmhaving the inproved
slipping property; which conprises a substantially inorgankgvﬁﬁéﬂ%ﬁ &ree
polyi mi de surface |ayer nade of a thernoplastic polyimde 8 ass
transition tenperature of 170 to 320 C, particularly 190 to 300 C, and has
a static friction coefficient and a dynamc friction coefficient of 0.05 to
0.7, preferably 0.1 to 0.7; and does not have any prom nent protrusions
fornmed on[gd®t]fil msurface. [0083] A thernoconpression-bonding nultilayer
polyimde filmused in the present invention has at |east one thernal-
adhesi ve side, Hodtleridirekadish 2fihebmbeordBrevsi@y-beadbidnndtilligepol yi mi de
filmhaving a thickness of 5to 20 mwth a copper foil having a thickness

of 18 m opolyemide FIBY Bas athRem dplauti¢lpalydmedd PeferClord al dimicntep d1ith ik
i mproved ?I exibility and exhi blo?l ng ﬁ/l f ol d% endur angg of epabgut 2000

times or ﬁth“i‘eleQrﬁfeeéli%mg propeity Mhesde ik o?ﬁm&ﬁ@ﬁnﬁﬁée ?ﬂ?&l id §084]

Furthernore, when a thernoconpression-bonding nultilayer polyinide film has

a ther Moplaatd PR Yl dlfod PYGpor WA AT LA KRG caBBE ARt he

sl i pping property of the surf ce of the polyimde filmis so” inproved to

gi ve 2 OB PRRARH: b 3811 AN ROt DoiGan: BRreatld YMUNARE noliRefiypd nd- P

roll at arate o mn or as no ect In appear ance

| ncl udi ngaug LR ﬁﬁ]hlfdiﬁgwng 18! ad BRI Sk o et Fohi N0 2

copper - cl am nat e "havi fig good appearance, It Is effectrve to
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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use a thernoconpression-bonding nultilayer polyimde filmhaving a

t her nopl astic polyimde |ayer containing the polyimde particles, wthout
being restricted to a thickness of 20 mor |ess. [0085] 2'F%§8%8%§%§i| used
in a copper-clad | am nate of the present invention A copper I €d 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 be a rolled copper foil, an electrolytic copper foil, or the like,
and when [0688lg a rol |l ed copper foil, a superior copper-clad | aminate may be
obtained. Alternatively, a copper foil with a carrier can be used. [0087] A

pref erabl e rangeoppes féihipeéfeesblyohagaadppeshiok Indlepeadsiréicet fomdhypess, of the
copper foil used. For a rolled copper foil, a thickness is preferably 8 to

18 m o 3nief @b ymbbe hoeftBably @E’m.bﬁu@@c pYirfeelalppkyfetbly00.524om  For
an electrolytic copper foil, a thickness is preferably 7 to 12 m nore

pr ef er abliys §nt 0 WReManZRz F£8RralD 3r fpber(fB188ay AeCpitidesfibPhlirflcef er ably has

an Rz, which indicates surface roughness, of 3 mor less, nore preferably 2
m or | essgrofp@hdacul arly preferably 0.5 to 1.5 m Wen an Rz is small, a
copper foil may be used after surface treatnent. [00891 Exanples of such a
copper fgphgopy include a rolled copper foil

Examples of such a copper foil may include a rolled copper foil
(Microhard Corporation, VSBK, 18 um), a rolled copper foil (Microhard
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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(Mcrohard 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 oBHYI3H T,
18 m), a rolled copper foil (Nikko Materials Co., Ltd., Bwﬁgﬁﬁ?w@zm} 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 Mahelidal srélted copsbr, foBHWZRB-MAterizlsnfo., dnde BHYF I8HtHA) aopper f oi |
(N ppon Denkai, Ltd., HLB, 12 n), an electrolytic copper foil (N ppon

Denkai, kbHed cbbfer RiliN#ikh Ratetiads Col,\ittidc, BEPPR2BFAA). (Ni ppon Denkai ,

Ltd., HLS, 9 n). [00901 A preferable rolled copper foil has a tensile
strength|bgdépre heat treatnent of 300 NNm® or nore, and a ratio of tensile
strength after heat treatnment at 180 C for 1 hour as defined by the above

equation (1) ofA gifdealsle di&isely¥eddppst Higil Heh fedld SdeREAPBEIrOHeata
highly flexible copper-clad |am nate may be obtained, and the marked effect

of the piESAMedtYRIO0 BImMBYr B¢ AhBEFatib BRtehSle siteABINAfRE 1R aR0! yi M de
and a copper foil may nore remarkably inprove flexibility. Exanples of such

a rolledg nif &1 18078 029 FR062 2ASARET byl {1 MBI Pe A6 (£PBPGO o4 O |

(Ni kko wateritals Co., Ltd., BHY-13H-HA) and a rolled copper foil (N kko
Materi al §,.4Q. Ltd., BHY-22B-HA). [00911 A preferable electrolytic copper
foil has a tensile strength before heat treatnent of 300 N2 or nore, and
aratio géo?%nsi |l e strength after heat treatnent at 180 C for 1 hour as
defi ned by e above equation (1) of 60 %

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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or less. [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
nmetallic or ceramc carrier with a heat-resistant bonding‘Eﬂ%j%o_gﬁ exanpl e
of the carrier may be a copper foil having a thickness of abou 35LTo 35
gm particularly 12 to 18 gm A specific exanple of the ultrathin copper
foil with a carrier nmay be an electrolytic copper foil with a carrier

(Ni ppon Denkai, Ltd., YSNAP-3B, thin copper foil thickness: 3 gm carrier
copper f ghickhBsLkNB$6 20L8m0Mth 4 CH9Ph Bickppiers 4 ehickwekof1aar1d gm,i s used
after peeling off the carrier from the copper-clad | am nate obtained, and
then thi gkaeide bOerearpara éspertilad lagingts hevelg tHeoim | Reibiloty8 gm by
el ectrolytic plating. [00941 3. Copper-clad |amnate of the present

i nvent i ognarshimiu{ash MIT oI AE eedurbhies 6f §hovt 200PeImeEs afl k@i nate of the
present invention is prepared by lamnating a copper foil with a thickness

of 1 to JRMEMKY iANthi M ahakbpbh sides of a polyimde filmwth a

t hi ckness of 5 to 20 gm descri bed above by thernoconpression bonding. By

conbi ni ngdgrg pol yi mde filmhaving a 29 FP06-203-PCT thickness of 5 to 20

mw th a copper foil having a thickness of 1 to 18 m there can be provided

a copper-cl ad ' . | LA Lyl | biting an
%&rﬁgﬁg{e %l%ﬂagbxg%%&tgg%&ﬁ@ﬁ\ég&ﬁ IRERidd %%’eef?ﬁeﬂﬂg‘}iﬁﬁ ey

MT folding en 0 ti'mes or nore, erably 1 n both MD
and TD. £o%g?ﬁlickness of 51 um or less, particularly preferably 39 pm or less for a

double-sided copper-clad laminate. It is preferably 33 um or less,
particularly preferably 27 um or less for a single-sided 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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A copper-clad |lamnate of the present invention preferably has a total

t hi ckness of 51 gmor less, particularly preferably 39 mor less for a
doubl e- si ded copper-clad lanm nate. It is preferably 33 mor E@E% POT
particularly preferably 27 pmor less for a single-sided cos‘ _8?533

| am nate. [0096] A copper-clad |lamnate of the present invention can be
prepared by lamnating a copper foil on one side or both sides of a

t her noconpressi on- bonding multilayer polyimde film by thernmoconpression
bondi ng damihhenhgonaohiressucntimndiergreonl pragsiondsondingds ¢onducteidng a
continuous |am nating machine such as a lamnating rolls and a doubl e-belt
press, fammedinplyeaftePPsd-hehtings Rriefads@ptrefetablprie-glasé agprotective

t her noconpr essi on-bonding nultilayer polyimde film alone, or

al t er nat indgtefialdbd tkeeiiDE ORPFB6S B PraXish - b@ndmgi* bidlmﬁﬁelpﬁé]ﬁm@@fﬂﬂ m and a
copper foil at about 150 to 250 C, particularly at a tenperature higher

than 150 a@lcﬁ&dal%bﬁé\f il akdfOheRRRY rdlldi0ddiBgI8eminAtionnNeld fhBdyay,el Y before

i ntroducing into continuous |am nating nachine. Pre-heating can be

conduct e%ﬂ?éf‘ﬂnﬁc@ﬁ %ehﬁﬁh%’été&'%ﬁ atd8adt HRE sRld oftd AWRE-rafidiak i nfrared
heating uni The term™in l'ine” means an apparatus arrangenent that a

Uher mocomgrSaastagts S BBt o BRIE slbn Dot s FRNARNRS J30Bede sizey

t her nocorprressi on- bondi ng unit | n am nati ng

machi ne %Hgﬁe Blaatd fa*ﬁ?{g%&%% BS& 89&% &IQ g)ﬂo%lu%%g?%&?&cé A jhg! y after

pr e- heat era eto rotective erla bet ween a

t her moco gﬁ%ﬁin%qmmag L 1y dﬁ&%ﬁﬁ%&%l%'tﬁﬂﬁﬁ il +p8ghets) 2 copper foil

and a beI am nat i on
[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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copper foil can be lam nated on at | east one side of a heat-resistant
polyi m de | ayer via a thernoconpression-bonding polyimde |ayer, to give a

copper-clad lanm nate w thout any defect in product- appear ang,(f) iv)\g g?, s
hi gh di nensional stability (dinensional stability is 0.1 % Op'ed [ 0098]

The above-descri bed doubl e-belt press is a |am nating ITB.ChI ne capabl e of
conducting hi gh-tenperature heating-cooling under pressure, and a
hydraul i c-press type using a heat nmediumis preferable. [0099] In-line

pr e- heat iwigil@ bl tewspraedenin arhaaltieg dadrceagareksion-Pomiivetzonealfd rélle to
defects in appearance of a | am nate caused by foam ng by water absorbed

from t he 1@ifinh fror2d A 1% HiB1l grédet BrhihBT BHIMPC c@mbRARYaWlgss | Mersed in
a solder bath for form ng an electronic circuit. Athough it mght be

cont enpl g} kital tetnydi@lBrd aﬂh&ﬁbrﬁgcém@bémomo@m@ggolﬁnﬁdef(m PRee, it is
i mpractical because it is substantially limted to a coripact |am nating

machi ne, a*b%@g'n@ﬁlt’il‘éyb?%o[ﬁﬁhﬂb%lh?Wh%'b&l?ﬁnfc’[@ﬁ?tﬁg tE&%fﬂ - C' ad

| am nate out-1ihe pre-heating my be conduct ed, a poly absorb

wat er i;])% ﬁnhﬂ@lﬁgég%d LERRY Q80T gﬁ%r %@gfs? BP% Fgfb%ﬁ%mk%% €

caused b oam ng reduction in $ I st'ance.

copper - clifd A0 34505, thi REEARR BSIEM 008 1 RIS S Rared by
{ £ i Reeuhd 3 ptasBsits

conducti ng rnDconpre si on bondi ng under pfessur
L ke L AT R 00
transi ti Qo {2WRRIA l%m%rGJy QOEWJJ‘B%?Q% &%&u‘iaﬂ?f&:ﬁ&?’ B80S PS! Motk %Eaﬁ' {he' e
| glass transition temperature 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
prptective 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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above nultilayer polyimde film the polyimde in the thernoplastic
polyi m de | ayer) and below 400 C, particularly higher by 30 C or nore than
the glass transition tenperature and bel ow 400 C, and then,ﬂﬁﬁ ths. e of a
doubl e-belt press, cooling the product under pressure in a cooPing ZzOne to a
tenperature |l ower 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 polyimde film
[0101] When a Bytheimosompadssghrebsnded:-caiper untladpkessuratugili@w ng a netal
foil on one side of a polyimde film a protective material can be used,

and a pr aieadilebelinpiasitallammyiabenl, amipaatiedlsonpidfershigea diawheg pate/tam de film
wi t hout a thernoconpression-bondi ng polyimde | ayer and a copper foil, and

after | arBndth@iin 6hethdreOhedtthufe oaih dei@lovityd Heorieamdedidd epperaladnm nat e
and rolled up, or alternatively the product nmay be rolled up together with

the prot dghiinatdhaoingh whilthbfiahou® MNeshnk F ¥hErel pRrtie B aboat 580
protective material used may include an easily peel able and hi ghly heat -

resi st antmbd bfimd1@! agydBher WO MEnBER (90 ePesl 3f¥enkthd W NinahofRz of | ess

than 2 m and a nmetal foil. The preferable protective materials may include
a highly Iﬁsﬁé,'ﬂsﬁ%icﬁllﬂl% T Rgint b I &) Gh BSuch BOY hpp&frdicdeMhaikor  exanpl e,
Ube Industries, Ltd., UPILEX-S) and a fluororesin film and a netal foil

such as j [ i d ith
e SRAARPIREEA L MR Y HRPR AcoS YLD SSB

ConS 15 b4, KRB SERME TR 1ASHS iphemnat on
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

33



be 1 mMmn or nore, and there can be provided a | ong and w de copper-cl ad

| am nate having a width of about 400 mmor nore, particularly about 500 nm
or nore, and high adhesive strength (90 peel strength: O. 751%1/5]9%[ crfror €,
particularly 1 NNmmor nore) and such good appearance that 19 R tP ly no
wrinkles are observed in the netal foil surface. When using a double-belt

press, a copper-clad | am nate obtai ned has the inproved uniformty of

di mensi onal change, and preferably, a percentage of dinensional-change is

0.1 % or doppér-alad Ranidsep€rlas thtal (hrkakys & §ito @8 @b of dudlé-8ifedand 150 C
(heating after etching) in both MD and TD as an average of L, Cand Rin

the wi dt eogpepelddnrhiigek €fie Ritdl thittneedniL1l 8nd6t)ie) id mgtith enébpper
respectively, in the direction that the filmis wound off). [01031 In an

aspect offoil 4 €ERMNekHVEBLHOOIB pi RRE W Polfemidd MlaAndyer BRBREthickAbss are
separately fed into a roll |amnator or double-belt press as a rolled

sheet, angd peCoOReN -witdda haatRakidtd:st PHlyani@s adhedivedthRENEEEES to 181041 A
copper-clad | am nate provided by the present invention can be used as a

substratquﬁpr el ectronic parts after various processings such as rolling
up, etchi'ng and optionally uncurling, and subsequently cutting into a given
si ze. Foqoqgggple, it may be suitably used as a substrate for an FPC, a

mul til ayer and a flex-rigid substrate. In particular, a nultilayer

substrate neetiQgoplie-feAuLLANER b Ao DLARSK iMEBhHbALSANCR koY, vat er

absor ption, l'ectric consta Improved electric properties can
0 P ing¥ RSUFLAE A b P ALy APt BURER o 1
8 to 38 M QEndRPIGS iR thate.
[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 1s 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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copper-clad lam nates (the total thickness is 11 to 56 m in which a copper
foil has a thickness of 3 to 18 mand a polyimde filmlayer has a thickness
of 5to 20 m with a heat-resistant polyi m de adhesive (thi ©SSia. o 12
m. [0105] A copper-clad |lamnate of the present invention m?‘t@é Igcrf

| am nate obtained by cutting a long one into a given size (reducing a wdth
or length) as well as a long lam nate. [0106] A copper-clad | am nate of the
present invention nay be prepared by a known nethod other than the above

| ami nat i ofesiethinodolFietideXappr & flow-cazted be appeiedredoltioanyf #f the fol | owi ng

met hods. (1) On a copper foil is flowcasted or applied a solution of a
pol yam c thaghtbpdsstic pelyihiitderpéesdrsoid thed, if hetesddryngdesiiddd/ antllori s dri ed
and/or imdized and then, if necessary, heated. (2) On a copper foil is

f | ow castiegidereRRitBEenaifSdddk Y, Beafed.t her nopl asti c pol yi m de precursor,
and then, if necessary, it is dried and/or imdized, and subsequently, on

the ther nopl astj£qa@@itidrldeodiR¥ellad ahlifite FAJ0Ed Yy RRPhbLThBISAINEon of a
heat -resi stant polyimde precursor, and then "it is imdized and then, if

necessar Yoo dp@atesd onl e he-8ideORREM 04 polFintideviica shesinet BPAld §Hoge SOl ution
of a thernoplastic polyimde precursor, and then, If necessary, It is dried

and/ or iﬂ‘eﬁh&@sdél)%%?‘bﬁﬁfg‘lﬁﬁﬁh&te Ppeaﬁéggdtﬁseraﬂaﬁ{ﬁﬁﬁwp%m Ldgel ayer is

flow casted or applied a solution o at -resi stant polylr mde precursor,

and 1 hen, 1o ing68 §oRARYde! i Sobifida BIHR! ab Vet Bhloadlld souBRAGpENt 1y, on
example (1) and (2), (1) and (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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resistant polyimde layer is flowcasted or applied a solution of a

t hernopl astic polyimde precursor, and then, if necessary, it is dried
and/or imdized and then, if necessary, heated. In additioE 0@ @ggagr cl ad
| am nate prepared by further lamnating a copper foil ont B A

| am nat ed polyimde fil mobtained by the above nethods (1) to (3), and a

| am nate prepared by |lamnating two of one-side |amnated polyimde filns
obt ai ned by the above nmethods (1) to (3), for exanple (1) and (2), (1) and
(1), andnuZybenef fo2dingcimebavhisedn ¢104627d rddistalics iapaGisbs ®3t2®M o friction
coefficient of a polyimde film which indicates slipping property, is
eval uat egh@® firolnl MSnithA:R e luhReadedandétivhs bf hheirietinedr 4Has ofiDe’l i n
ASTM D 1894, a friction coefficient is determ ned by a dynamc slip tester

(load: 2@0mya 15hi dfmgo NatLfold ;?@ﬂcm){nﬂt') Ushégmidsared aubsht ahe lefene side of
a noi sture-controlled poI yi m | m mai ntained at 23 C and 60 % RH for 24

hours, Wil A6Aglabt ﬁ%ecﬁsaﬂg a &b?@r%ﬁédilalﬁﬁle&@ Ka¥ing™ et dif@litt he sane

side nay be joined together. A va when a chart begins to fluctuate is a

static fhhGhé@Bn cﬁféeélﬁbcdse({léfmémm %@aﬁ%&%%@t%&h% teiREQFES Stable is a

dynamic friction coefficient. [O In this specification, unless
copper - oragT R A0k o ke PRRAT SrorR the “‘”?%l’f'l"gﬁd‘*ﬁh%‘éé?%?ﬂeﬁ X
e g B LA ﬁﬁﬁﬁﬁfem%d gl e
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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FP06-203- PCT nunber of folding tines when an electric resistance increases
by 20 %or nore froman initial value under the conditions of a curvature

radius of 0.8 mm a load of 4.9 N, a folding speed of 175 tjues/jmn.and a

right and left folding angle of 135 using a copper-clad I%Wgéﬁﬁgw ng a
copper circuit forned on one side as defined in the above test nethod. In

terms of sanpling, 10 test pieces are prepared fromthe whole width, and an
average of the neasured values for these is determned to be an MT folding
endur ancA. sIiifdlddlutivacedsanidd it yhé preyvalasiiredf the vastuallacdpelyiatidensf or the
formation of a winkle in a feeding |ine between a feeder and a press when

a pol yi msglgjectdd 0 didpbedoatbysat allgragbnit ¢ieaner faargD hiia. desgnce and the
presence of winkles are expressed as o and x, respectively. [0112] An

appear anffea@firémeappeel-is pdgeddaidigdedsich ﬁéahmt &6 viyichhlis €hwh R@dedusi ng a CCD
canera, the presence of winkles over the whole |length of a 1ong

copper - Ciash n?@rﬂﬁttﬁe\ﬁlgm@eé@l@r@ WlitlodFof dilut{@Nsouh Ll tt aneter of an
axle is 15°c at arate 2 mmn, and the absence and t he presence of

def ects tﬁﬁ@ﬁ@ﬁ@%%ﬂ%sépbwﬁmﬂﬁnﬁﬁ i8hs 8 %Ssﬁﬂd%ﬁeﬁ and x,
respectively. [0113] size of a particulate polyinide is determ ned as

foll ous. deﬂe@ﬁﬁﬁhﬁ#&ﬂ 1@%0HdN‘CEEdT‘B§ YA RGSL ﬁi@cﬂ%e@ﬁnﬁa@hf&%ﬁt on medi um

polyim de particles are dispersed for 60 mn by ultrasonic agitation, and a

o o capbibyu ol P L e YR L RS gl T o 002 1
measur engnG sHEEARAL device (model: LA-910, HORIBA, Litd.);

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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36 FPO6-203-PCT A slurry solution obtained in the preparation of the
particulate polyimde is subjected to dispersion by an ultrasonic cleaner
for 60 min. In a neasurenent cell is placed a dispersion m$%? Oggr)r,(\é)fgi ch is
then added drop by drop the dispersed slurry solution for di t4 t hat
the transm ssion of the |laser beamlanmp is 95 to 75 % And then, the
determ nation is conducted by manual batch cell neasurenment. Apparatus: a

| aser diffraction/scattering particle-size distribution neasurenent device
(nodel :  LAr&ktheddORpd3A: HO thry/miMasur enent node: nanual batch cell
measurenent. [0115] A shape of a particulate polyimde is determ ned by SEM

observation of-TeheilpaiddlusatetcpalivbiitencedrdartleasEhpPASTRI- NS Groddie ot her
properties of a polyimde filmare evaluated as follows. 1) dass transition

t enper at Wighd dfed5 np@hid)M de film determined froma peak tan 6 val ue by
a dynam c viscoelasticity nethod (tensile nmethod; frequency: 6.28 rad/sec;

tenperature ri S)NIITFHRIing@nduFaite (FolylhRAfilaX Prastdmineafihi cient (50 to
200 C) of a polyimde film an average |inear expansion coefficient at 20

to 200 C 4opeiflcvi@drin: os4Thspa@tibely, (it 88 $h SuRbAOSE fASHRSHAY & i Si ng
rate: 5 Cmn). 3) Volune resistance of 'a polyimde film determned in

accor dan j ; I r i LI ilm
Hrens! 1o aie ipkfire o the ol infil HREN ARG the ORI RS Sl PRut BlRE
speed: S%fmg"rﬂ)n', 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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-El ongati on percentage: determ ned in accordance with ASTM D882 37

FPO6- 203- PCT (cross-head speed: 50 nmmn). -Tensile nodulus: determned in
accordance with ASTM D882 (cross- head speed: 5 minin). 5) %Té@éging
endurance (polyimde film is determned in accordance w tE - 1;
specifically, it is the nunber of folding tinmes at the rupture of the
polyimde fil munder the conditions of a curvature radius of 0.38 nm a

| oad of 9.8 N, a folding speed of 175 tines/mn and a right and |eft

fol di ng andlse Dteshidd thesmedimn betwps 6cephayhndghs disdibuidtn Fangewdd ch i s
cut fromthe filmover the whole wdth. EXAMPLES [0117] The present

i nventi o0.Méd 1 e Mrehspacid, ithaldhapdadfachehedtivldte paibhehc®alko t he
fol |l owi ng Exanpl es and Conparative Exanples. However, the present invention

i's not | Hsidrefineq HyhSBA Bhasmiation, [(HLS] a Behit; enhee worampliadriddl epar ati on
exanple of a particulate polyimde A particul ate polyimde used was prepared

by di ssopyitidlePwikhenydteneflhanhjie B8 toW @iRdd hkisofartglgdi anhydride in N N -
di mret hyl acet am de, addi ng a di spersing agent (dispersant: 0.5 % by wei ght
rel ative[dggdihe nononers), and then gradually heating the resulting mxture
to 160 Cin a nitrogen atnosphere with stirring (40 rpm, and after

reachi ngrLRGhe o8 stirring the mxture for 3 hours. The

particl e=sirze Istripution of the particul ate polyimde obtained was

det erm ned by ?reparation example of a thermocompression-bonding multilayer

polyimide film having improved slipping property

To N-methyl-2-pyrrolidone were added 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) 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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| aser diffraction/scattering particle-size distribution nmeasurenent device,
38 FP06-203-PCT and as a result, the median size was 0.3 mand the
distribution range was 0.1 to 1 m Furthernore, the shape

particul ate polyi m de was determ ned by SEM observati on, g‘flﬁgé}%‘égpgérul t,
they were cylindrical particles with a ratio of a major aX|s to a mnor
axis of 3 to 6. [01191 Reference Exanple 2 Preparation exanple of a

t her noconpr essi on-bonding nultilayer polvimde film having inproved

sl i ppi ng vArPRAY & thidkn¥soRf kb tBray [dydi Sapesivlrdie adedhpanaiphenyl enedi am ne
(PPD) and 3,3',4,4'-biphenyltetracarboxylic acid dianhydride (s-BPDA) in a

ol ar r%bhﬂn@ﬂ‘ouéﬁﬂ@n@&&ﬁd&ﬂﬂm& & TINO0OEL RRACRRLIAIfiOD iies The % (Dby
wei ght, the sane shall apply hereinafter), and then the m xture was reacted

at 50 C st)ﬁaﬁ@ealﬁ%svva&g)egléae()ﬁfmhm@sqlp%w il gﬁadﬁhlﬁa‘ﬁbﬁﬂe@f&% ution
viscosity of about 1500 poise at 25 C (a dope for a heat-resistant

pol yi m dehyg @P@B%ebhbeat}%a ﬂ%fd}ﬂacg oY 561%&199@&10‘0’51 &n@ddfdization,

3- bi s(4- am nophenoxy) nzene and , 4" -bi phenyl tetracarboxylic

aci d di a%@g@[ﬂedf‘esﬁgleﬁg(?&g rée- IR et 20804 dg&gﬁﬂﬂﬁe Jfﬁﬂ{)w%%%ﬁ{]@; ofigdTononer

concentration was rtther was a tri phenyl phosp ein01%

by wei gh V. o dat 5C
for one tﬁ‘oﬁrrﬁwﬁ% IeOl%eTPFeets{glff%@ % o) };%..ﬁlagd nhﬁﬁu¥ ion Q%a%% (Stl on

Vi scosi t fe i se at 25 C was added the particul ate polyimde
obt ai ned){:l% Eﬁ?‘g ?gggﬁ%%pl elin 4.0 %by weight relative to a nononer

concentr%i to give a dope (a dope for a thernoplastic polyimde in a
surface ayeﬁ) The dopes for a heat-resi stant polyimde and a

ther mopl ast e ﬁ%@éhrgcg)lenﬁr%%gio% §& 1%% ﬁAllleﬂtﬂayer 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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flowcasted on a netal support, using a filmformng equi pment provided

with a three-layer extrusion nolding die (nulti-manifold type die) with 39
FPO6- 203- PCT varying a thickness of the three-|ayer extrustgﬁ_géf gnd t hen
it is continuously dried under hot air at 140 C, to forma § Fg film
The solidified filmwas peeled off fromthe support, and gradually heated
from 200 Cto 320 Cin a heating furnace for solvent renoval and

i mdization, and the resulting long three-layer extruded polyimde filmwas
w nded oRlefereicwiHihripla ®l | . The three-layer extruded polyimde filmthus
prepared had the follow ng properties. [01201 Thernoconpressi on- bonding

nul tilayer pol Prépgheatidnd Bkampld bf 6 hess opainp@sskion-bonAiAg In tit{lhobal , -

Static friction coefficient: 0.37, - Tg of the thernoplastic arorratlc
pol yi m dgplZRAJEfMIgynam ¢ Vi scoel asticity method, tan 5 peak val ue, the
sane shall apply hereinafter), - Tg of the heat-resistant polyimde in the

core |ayer: 34@ IQn%rtthé%ﬂﬁén extrhﬂ@@%blﬁéﬁﬂ@%ﬂ%‘“%evaiﬂcfé@aﬁtc{ 2%ihd- 200 O):
18 ppm C (TMA nethod), Tensile strength, elongation percentage: 460 MPa, 90

‘é/on <(:| G\rslm: 3981%21) as dsagib&d ﬂPﬁlék‘ét%ncé MR 4, Egb%ﬁgé no pMiyinkidledi N9
: ptures unti| 100, 000 tines, ol ume resistance: 4x1016 O0-cm
(ASTM szigftlclbgjv@éi% added 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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FIG 2 shows the SEM observation (x2000) of the surface of the polyimde
filmobtained. [01221 40 FPO6-203-PCT Reference Exanple 3 Preparation

exanpl e of a thernoconpression-bonding multilayer polyim dﬁ (Ir))é_#%@rﬁbiong
t hree-1 ayer extruded polyimde filmwas w nded onto a w nd- E S
described in Reference Exanple 2, except that no polyimde particles were
added to a dope for a thernoplastic polyimde in a polyimde surface |ayer.
The three-layer extruded polyinmde filmobtained had the follow ng

propert i Bamif£b2bkaihat ancasisldéssson- bonding nmul tilayer polyimde film -
Thi ckness pattern: 3 ml9 mi3 m(total 15 nm), - Static friction coefficient:
1.00 or porxs] [01241 Exanple 1 A set of two rolled-up rolled copper foils
(tough pitch copper, M crohard Corporation, VSBK, thickness: 18 m and the

t her noconpr essi MFbdintgeidhiddcay MDPOD aRde/2B0bm (t hi ckness: 15 m)
obtained in Reference Exanple 2, which was pre-heated by hot air at 200 C

for 30 sec in | PpecdsauBilitgt el y before a doubl e-belt press, were |am nated by
cont i nuous thernoconpressi on bondi ng-cooling under the conditions of a

heating zone t eppglatikiFhddraacdi ghest heating tenperature): 330 C, a
cooling zone tenperature (the |l owest cooling tenperature): 180 C, a

[0126] 5

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

t her noconpr essi on-bonding tinme: 2 mn; and the copper-clad |am nate as a

rol | ed-up doubl e-si ded copper-clad |am nate (w dth: 540 mm hen t h: ,1,000 m
was Wi nded onto a wind-up roll. The evaluation results for PR %Bg -cl ad
41 FP06-203-PCT | am nate obtained are as follows. [0125] - MT folding
endurance: MY TD = 2210/ 2500, - Processability: o, - Product appearance: o.
[0126] FIG 1 shows the SEM observation (x2000) of the surface of the

pol yi m dgp¥3gdlm obt ai ned. [0127] Exanple 2 A rolled-up doubl e-sided
copper-clad | am nate was winded onto a w nd-up roll as described in Exanple

1, except that- ¥Hefol@ing ¥@dtdcedMID/TDhet Bedosepper foils (tough pitch
copper, M crohard Corporation, VSRD, thickness: 12 m were used. The

eval uation resubtgeds@abilifig: eopper-clad |aninate obtained are as foll ows.
[0128] - MT folding endurance: MY TD = 3100/3220, - Processability: o, -

Pr od u.ct appear ap¢gdu: apﬂe%gg]:e Exanpl e 3
[0131]
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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A rol |l ed-up -doubl e-si ded copper-clad | am nate was wi nded onto a w nd-up
described in Exanple 1, except that a set of two rolled-up rolled

copper foils (tough pitch copper, Htachi Cable, Ltd., HPF- 0-
ERYpa B

roll as

t hi ckness: 10 m) were used. The evaluation results for the

| am nate obtained are as follows. 42 FP06-203- PCT
MD/ TD = 3210/ 3250, - Processability: o, - Product appearance:
[0131] Exanple 4 A rolled-up doubl e-sided copper-clad | am nate was w nded

onto a w nd- upMIa foldmglesdtiiind: MDERrPRE2d/2180cept that a set of two
rolled-up electrolytic copper foils (N ppon Denkal, Ltd., HLB, thickness:

endur ance:

m were
are as

Processabi |l i ty: PesductPs hné@pearance: o.

[0130] - MT folding

0.

used. - Phgcap¥ablalt on results for the copper-clad | am nate obtained

follows. [0132] - M T fol di ng endurance: MY TD = 3210/ 3250,

doubl e- si ded copper-clad | am nate was wi nded onto a w nd-up roll as

descri beﬁq’gs]Exarrpl e 1, except that a set of two rolled-up electrolytic
copper foils

with a carrier copper foil (N ppon Denkai, Ltd.,
Example 6

A rolled-up double-sided copper-clad laminate was winded onto 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

[0133] Exanple 5 A rolled-up

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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YSNAP-3B, carrier copper foil thickness: 18 m thin copper foil thickness: 3
m were used. The evaluation results for the copper-clad | am nate obtai ned
are as follows. MT folding endurance was determ ned for a %E‘?‘% E@?
prepared by peeling off the carrier copper foil and then el %‘gﬁl ing it
with copper to a thickness of the thin copper foil of 8 m [0134] 43

FPO6- 203-PCT - MT folding endurance: MY TD = 2120/ 2160, - Processability:
0, - Product appearance: o. [0135] Exanple 6 A rolled-up doubl e-sided
copper - cl ad | affheaVET fekling raddrant® wars détoeimiped Oh lacesrddese itRdIISN Exanpl e
1, except that the thernoconpression- bonding nultilayer polyimde film

obt ai nedCiea 7RefpedfiegllqampledSeriminedMurclertihe dohditions afhictirpatyieri de | ayer
contains no polyimde particles (thickness: 15 n) was used, and the feeding

rate wasrididiecdd.Bg vl fa. lohdef £0Med fsldate kpsedaf e7okimbsetinhaddan M T
fol di ng endurance conparable to that in Exanple 1, and the eval uation

resul ts {htidrd RFPERAGEEPLhEIYofI8E °product appearance were as fol | ows.
[0136] Processability: X, Product appearance: x. [0137] Exanple 7 From

the coppfyrgdjad | am nate obtained in Exanple 4 was prepared

Reference Example 4

The polyimide films used in Examples 8 to 14 and Comparative
Examples 1 to 6 were prepared as follows.

[0140]

To N-methyl-2-pyrrolidone were added 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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a, 90 pmpitch hinge nenber. The hinge nenber obtained was bonded to a
coverlay (polyimde |ayer thickness: 25 m adhesive |ayer thickness: 25 m,
and an M T fol ding endurance test was conducted. The result %@E@Eﬁ =
5000/ 4000, denonstrating that it had satisfactory properti eg i ge
menber. Furthernore, the hinge nmenber obtained had excel |l ent hol di ng
ability, and therefore was suitable for accordion-fol ding nounting. [0138]
44 FP06-203-PCT The M T fol ding endurance was deternmined in accordance wth
JI' S G647 flowspested nhnetdltsuppodrt]aighgianBiin tiha@ing bquanndht pessidefl a
curvature radius of 0.38 mm a load of 4.9 N, a folding speed of 175

times/ m Ryigh@ threbtlghtr arerusedd nfiilicndicatighkti-ohadi¥sld typ21&81 wiflef er ence
Exanple 4 The polyimde filns used in Exanples 8 to 14 and Conparative

Exanpl es yhriihgba WRiknRss RELRE tBfed R je@Wktrd A4 Gie TOndtABA By s 2- pyrrol i done
wer e added par a- phenyl enedi am ne (PPD) and

3,3, 4, 4cohRtiRRexly etieaGA RPN LiraG Kot @NYERThH8 SoBidBRER ilIM) BheOl ar
rati o of 1000: 998 "such that a nmononmer concentration was 18 % (by wei ght,

the sane sghaifie ARPNYWAEDRERA §%Tom 3RE &ﬁ?ﬂrﬁ,%d@i‘édﬁﬁlﬂéaﬁ&?ﬂ%ﬁ? at 50 C

for 3 hours, to give a polyamc acid solution having a solution viscosity of

about 150Roa 85 320 E0in( RaIANCRINACE HEBIVERBLSHBIA] _aglhx%ﬂh?fa)t-on

Separately, to N net hyl -2- pyrrolidone were a i bis(4-am ho_p’henoxy)
penene agiEuldeshyfy o (adl BASRAAEH BTN TaF kB o,
a ol ar ra%h?d-up roll. The three-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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of 1000: 200: 800 such that a nononer concentration was 18 % and further was
added tri phenyl phosphate in 0.5 % by weight relative to the nononers, and
then the m xture was reacted at 40 C for 3 hours. The pol yam i

solution thus prepared had a solution viscosity of about 16%0&%@%%1 25 C
And then, the particulate polyimde obtained in Reference Exanple 1 was
added in 4.0 % by weight relative to a nononer concentration, to give a dope
(a dope for a thernoplastic polyimde in a surface |ayer). The dopes for a
heat - r esi st ant -pDhidkiiege patidra: Bliepnwps asi/3c5 pel (ovaldz0 iWas obt ai ned were 45
FP06- 203- PCT flowcasted on a netal support, using a filmform ng equi pnment
provi ded w th -aStdiiehidtioretosthicidi®r 0860l ding die (multi-manifold type die)
with varying a thickness of the three-layer extrusion die, and then it is

conti nuously dr"Pgo%ﬁ@lth@ﬂho?larstﬁtarbﬂ@at% pbBifRae 24¢eCi dified film The
solidified filmwas peeled off fromthe support, and gradual ly heated from

200 Cto 320 C lmg@fliaﬁ@hleagrtasa@ﬂ@&tepcﬁ ?inﬁ&é i&?E‘he E@f@lé@'erﬁﬁgop@di‘ zati on,
and the resulting long three-layer extruded polyinde filmwas w nded onto
a W nd- Uphiolel- The three-layer extruded polyinmide filmthus prepared had
the followng properties. [01411 Ther noconpr essi on-bonding mul til ayer

polyimde film.g 5‘5535 t(ka, A 15 M), -
Static friction gﬁole?% G gﬁ%ﬂiﬂ:- , E{emg(sgftgt%?% dT% rmlgqlg}gg gfaromatl c

pol yi m de?iegﬁg )C (dynam c viscoelasticity nethod, tan 8 peak val ue, the
sanme shal app Yy hereinafter), - Tg of the heat-resi stant polyimde in the

core layer: 340 o, &rgﬂgfh, 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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- Linear expansion coefficient (50 to 200 C): 19 ppmiC (TVA nethod), -
Tensil e strength, elongation percentage: 460 MPa, 90 % (ASTM D882), -

Tensil e nodul us: 7080 MPa (ASTM D882), - MT folding enduraﬁ)[g% )ph pt ur es
until 100,000 tines, - Volune resistance: 4x1016 Q CM ( AST %6/%) FL01421
Ther noconpr essi on-bonding nultilayer polyimde film(20 m: 46 FP06-203-PCT
- Thickness pattern: 3.5 mM13 mM3.5 m(total 20 m, - Static friction
coefficient: 0.36, - Tg of the thernoplastic aromatic polyimde: 240 C, - Tg
of the hé@ts4lesi stant polyimde in the core layer: 340 C or higher, Linear
expansion coefficient (50 to 200 C): 18 ppmiC (TMA nethod), Tensile
strengt hEx@h@slgag i on percentage: 510 MPa, 100 % (ASTM D882), Tensile

nodul us: 7140 MPa (ASTM D882), MT folding endurance: no ruptures until

Ther moconpr s ! oneberc g ol 11 ayer polyi m e T m (35 ry PR ness
pattern: fitmMhadvin¥ £ tHickheb@bf 25 [ obtaiPledlinCREFIrEAEOTxGAHIIBI £ARA sdt: 39,
of two rolled copper foils (Nikko Materials Co., Ltd., BHY-13H-T, thickness:
18 um) by thermocompression bonding as described below.
[0145]

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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- Tg of the thernoplastic aromatic polyinmde: 240 C, - Tg of the
heat - r ési st ant polyimde in the core |ayer: 340 C or higher, - Linear
expansion coefficient (50 to 200 C: 18 ppm C (TMA net hod) POG%@?(%H?
strength, elongation percentage: 520 MPa, 105 % ( ASTM D882F e
nmodul us: 7200 MPa (ASTM D882), - MT folding endurance: no ruptures until
100,000 tinmes, - Volune resistance: 4x1016 Q CM (ASTM D257). 47

FP06- 203- PCT [0144] Exanple 8 A copper-clad | am nate was prepared by

| am nat i ngrinkefpamplihgel tédtpibeed @ prpared feea thle Wwholw whdid, aed an
Ref erence Exanple 4 and a set of two rolled copper foils (N kko Materials

Co., Ltd.aveBhte $Bthd mddvuekdestues ¥ thesdys HbarimeRdvasshaMPD Eﬂld@ﬁ%
descri bed bel ow. [0145] The polyimde film which was pre-heated by hot air

at 200 Cduy@rird8cesec in line imrediately before a doubl e-belt press, and the
rolled-up copper foils were |am nated by continuous thernoconpression

bondi ng- qoekgng under the conditions of a heating zone tenperature (the

hi ghest heating tenperature): 330 C, a cooling zone tenperature (the |owest

cooling tenpergidfslled diber fodl ﬁééﬂ%@&%%h%ﬂé's@fb RdidTgrPhESEUr €1 3.9 MPa,
and a thernoconpression-bonding tine: m n; and the copper-clad | am nate

a0 Ol¢h €8O COH 56 NFnHRY 1§ WP i f |49§ NARaher YL 49 oFRndienat h:
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

49



m was, winded onto a wind-up roll. [0146] For the copper-clad | am nate thus
obtained, its MT folding endurance was determ ned. [0147] MT folding
endurance is determined in accordance with JI'S C6471; spec%&jggﬁé&, it is
t he nunber of folding tines when an electric resistance in d8<d 6§F100 %
froman initial value under the conditions of a curvature radius of 0.8 mm
aload of 4.9 N, a folding speed of 175 tinmes/mn and a right and | eft
folding angle of 135 wusing a copper-clad |am nate having a copper circuit
formed orwandesiréeined diedigveibddnint Aramh0y 8, brsdptntiatadset of o FRIGE 203- PCT
terms of sanpling, 10 test pieces are prepared fromthe whole wdth, and an
aver age Q:fopFBE foibatlas VRelteasld 06., tThels eB HY- UsHeHMW, rhckiesbe18pnM T f ol di ng
endurance. [ 0148] The rolled copper foil used had a tensile strength before
heat treapépidef TREQ@eMIRERArE RHVRARAT4BR N MR in TD, and a ratio of
tensile strength after heat treatnment at 180 C for 1 hour as defined by the
above edpasgpn (1) of 43 %in MD and 40 %in TD. [0149] A tensile strength
of a copper foil is determned in accordance with JIS C6515, at a

cross-head speeghofo1fedRghdt foliShdidl Ha&%%n@ﬂ@%%réﬂ%lﬁ%&gre asaglefined in the
test method. An average of the neasured val ues for test pieces is to be a

tensile stronglh oﬂéﬁ‘N/ﬁ:Hﬁﬁ ih M d:5d ?%W%@&ﬁﬂlz%tﬂ’), BRata rdtiG3F Wil 9 was
cal cul ated according to the equation (1):

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 descﬁbed 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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Ratio of tensile strength after heat treatnment (% = [(tensile strength
after heat treatnent) / (tensile strength before heat treatnent)] x 100 (1)
[0150] The results are shown in Table 1. [0151] Conparati VE, Eé%%?rl A
copper-clad | am nate was prepared and its MT fol ding endur B

determ ned as described in Exanple 8, except that the polyimde film used
had a thickness of 25 m The results are shown in Table 1. [0152] Exanple 9
A copper-clad | am nate was prepared and its MT fol ding endurance 49

FP06- 203- PCT vasopieiredlad heshiastcteas propard dafd dtpVH Tefol dteepidubaicea set of
two rolled copper foils (N kko Materials Co., Ltd., BHY-13H HA, thickness:

18 M wevss dsRdéminbé asefdsctibedria Biowplé n0Tabdeptkhak b Iolyhheidedilned copper
foil used had a tensile strength before heat treatnment of 421 NNmm2 in M

and 437 Nsedthdda TRickaiReds af 1263119. Ofhd essiltearsEhenatin Biieri.heat treat ment
at 180 C for 1 hour as defined by the above equation (1) of 22 %in MD and

20 % in TPi540154] Conparative Exanple 2 A copper-clad | am nate was
prepared and its MT folding endurance was deternm ned as described in

Exanpl e %}Xsﬁﬁggohthat the polyimde film used had a thickness of 25 m The
results are shown in Table 1.

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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[0155]

Exanpl e 10 A copper-clad |lam nate was prepared and its MT folding

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 wused. The results are shown in Table 1. [0156] The rolled copper
foil used had a tensile strength before heat treatnment of 417 Nmm®2 in M

and 420 NNmm®2 in TD, and a ratio of tensile

at 380 C for 1 hour

as defined by the above

strength after

heat treat ment

equation (1) of 44 %in MD and

37 %in TD. [01p7] [Conmparalive Exanpie 3750 FPOGF203- PCT A copper-cl ad
| amighat e was prepared gegd ifs T fel di-hg |@ndukance s determ ned as
desé& i bed in Exanpl £ 10 exgeptiot hab ti§e pdl yiii dgsfilm used had a
thi gkness of 25| gm The"feﬁ;ultsmarp“sh&/m ™ Tabl E'1.| [0158] Exanple 11 A
copger-cl ad | an] Aabe—wasprepate its MTifolding endurance was
determ ned as def,gcg bed i n|Exanppl e 8, excé%tYihat a set of two rolled
copper foils (NIRkgdvat|&ials 5., |Etd5 BEY- %3B- HA, [thickness: 12 gm) were
used. The resul1§*gr% sEbwnie n|&abi® 15[ 0T59]IThERrdl | ed copper foil used
had a tensile s{®efgth lbefgre heat| trleatment|of W61 [N mR2 in MD and 443
Nm® in TD, and_a fatijo off tensilTl
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strength after heat treatnment at 180 C for 1 hour as defined by the above
equation (1) of 21 %in MD and 19 %in TD. [0160] Conparative Exanple 4 A

copper-clad | am nate was prepared and its MT fol ding endur W
determ ned as described in Exanple 11, except that the pol y?ﬂ&g@ﬁ\??% used

had a thickness of 25 gm The results are shown in Table 1. 51 H U CCw(
ad GdJ d Uh Ng Nmooo CCCv U co o Hti co.ti N,-at-d o040 U U
ONOCOc 01 WMcoNoO ~ rI CJ.-i d .-1LCC FNI 00CoO00ccd N

.CI (|_3|| g Ut EI nAdtscdh febml0able L cépper-da@ilamiblatd hevinda @ROIHNAQ @' "
- )with a thickness of 15 um had much more improved MIT folding endurance
than that of a copper-clad laminate having a polyimide film with a thickness
of 256 um. Furthermore, a copper-clad laminate having a thinner copper foil
with a thickness of 12 um had more improved MIT folding endurance.
[0162]

Very 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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[0166]
Comparative Example 5

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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As seen from Table 1, a copper-clad |am nate having a polyimde filmwth a
t hi ckness of 15 m had nuch nore inproved MT folding endurance than that of
a copper-clad |lam nate having a polyimde filmwith a thickness of 25 m
Furthernore, a copper-clad |am nate having a thinner copper foil wth a

t hi ckness of 12 m had nore inproved MT folding endurance. [0162] Very
excellent MT folding endurance was observed in the copper- clad | am nates
obt ghned in Exanples 9 and 11, which have a rolled copper foil having a
tenst| e strength before heat treatnent of 300 Nm®2 or nore, and a ratio of
tenspl e strength after heat treatnent at 180 C for 1 hour as defined by the
equaﬂ%i on (1) of 33 %or less. [0163] Exanple 12 A copper-clad | am nate was
predgdred and its MT folding endurance was determ ned as described in
Exarf)l e 8, except that a set of two electrolytic copper foils (N ppon
Denkai, Ltd., HLB, thickness: 12 n) were used. The results are shown in
Table 2. [0164] The electrolytic copper foil used had a tensile strength
before heat treatnent of 504 NNm® in MD and 512 NNm® in TD, and a ratio
of tensile strength after heat treatnent at 180 C for 1 hour as defined by
t he above equation (1) of 50 %in MD and 49 %in TD. [0165] Exanple 13 A
copper-clad |lam nate was prepared and its MT fol ding endurance was

determ ned as described in Exanple 12, except that the polyimde film 53
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FP0O6- 203- PCT used had a thickness of 20 m The results are shown in Table
2" [01661 Conparative Exanple 5 A copper-clad | am nate was prepared and its
M T folding endurance was determ ned as described in Exanp&& é%p [ pt
that the polyimde film used had a thickness of 25 m The iR e shown
in Table 2. [01671 Exanple 14 A copper-clad |am nate was prepared and its
M T fol ding endurance was determ ned as described in Exanple 8, except that
a set of two electrolytic copper foils (N ppon Denkai, Ltd., HLB,

t hi cknes40169Jm were used. The results are shown in Table 2. [01681
Conparative Exanple 6 A copper-clad |am nate was prepared and its MT

fol di ng endur angeseetefrodteTabld Ped cagpeaiesiadi laadniae Bxaimpt a thdnnexcept that
the polyimde film used had a thickness of 25 m The results are shown in

Tabl e 2. pyimideUiln®Bad more ifprbed MIT fol@idg en@urance. Furthermore, a
copper-clad laminate having a thinner copper foil with a thickness of 9 ym

had more improved MIT folding endurance.
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CLAIMS

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 pm, and

the copper foil has a thickness of 1 to 18 pm,

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

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 5 to 15 pm.

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

foil is a rolled copper foil having a thickness of 8 to 18 um.

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

foil is a rolled copper foil having a thickness of 10 to 18 um.

6. The copper-clad laminate as claimed in Claim 5, wherein the copper

foil is a rolled copper foil having a thickness of 10 to 12 um.
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FP06- 203- PCT [01691 As seen from Table 2, a copper-clad | am nate having a
thinner polyinmide filmhad nore inproved M T folding endurance.

Furthernore, a copper-clad | am nate having a thinner coppeé B@%%ng‘h a

t hi ckness of 9 m had nore inproved MT folding endurance. B - -
CLAIMS 1. A copper-clad | am nate prepared by |l am nating a copper foil on one
side or both sides of a polyimde film by thernoconpressi on bondi ng,

wherein the polyimde filmhas a thickness of 5 to 20 m and the copper
foil has a thickness of 1 to 18 m 2. The copper-clad lamnate as clained in
Claim1, wherein the polyimde filmconprises a heat-resistant polyimde

layer ang.a tekrdepbasitlal Rohindatedss daaed iarCiaimel cRBPLSinf thiel coppekam nat ed
on one side or both sides of the heat- resistant polyimde |ayer via the

ther mopl g6l i€ a REIIHFofBet ﬁMPhabihg Iah;@ﬁ@ﬂ@ QBRI B Ko ROREU e aBmehb O f
copper-clad lamnate as claimed in Caim1l, wherein the polyimde film has

a thi ckngpp WMt hérdNadi amemc&nﬁ%ﬂelsﬁpeﬂg%m A86:Chast GleakARAtiR O aim 1,

wherein the copper foil is a rolled copper foil having a thickness of 8 to
18 m 5. 1§b®(‘99ﬁ1pﬁhoﬁ1« ad de@i’ﬂeﬂ%ﬁtﬁ@fﬁltﬁbﬁ%de 1@'(%06%33"%‘6?!&& he copper
foil is arolled copper foil having a thic n 10 to 18 m 6. The

copper-cl ad | apRff 6 t%%sﬂ'eaét{’@ﬁjgt'hnaﬁ%ﬂh%ﬁtre‘é(@ﬁfeﬂtr(%)h—e[(%&E?ﬁ% strength

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

8. The copper-clad laminate as claimed in Claim 1, wherein the copper
foil is a copper foil with a carrier, in which the copper foil after peeling off

the carrier has a thickness of 1 to 5 um.

9, A copper-clad laminate prepared by peeling off the carrier from the
copper-clad laminate as claimed in Claim 8 and then plating it with copper

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

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

folding endurance of about 2000 times or more.

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

folding endurance of about 2000 times or more.

12. 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.

58



foil is a rolled copper foil having a thickness of 10 to 12 m 57
FP06- 203-PCT 7. The copper-clad lamnate as clainmed in Caim31, wherein the

copper foil is a rolled copper foil having a tensile strengﬁ ?@%?F@ heat
treatment of 300 NNm®2 or nore, and a ratio of tensile str 8 r heat

treatment at 180 C for 1 hour as defined by the follow ng equation (1) of
33 %or less: Ratio of tensile strength after heat treatnent (%9 = [(tensile
strength after heat treatnment) / (tensile strength before heat treatnent)]
x 100 (1) 8. The copper-clad lamnate as clainmed in Caim1l, wherein the
copper foil is a copper foil with a carrier, in which the copper foil after

peeling aBf tTheceppeecldibhmindteciendadned id Claim 12, Whetiagpideimilead
| am nate prepared by peeling off the carrier fromthe copper-clad |amnate

as cl ai npdriitle&laak MiSpanrddtihahethatinogladtionpdied@pdiver 0 a thi ckness of the
copper foil of 5to 8 m 10. The copper-clad lam nate as clainmed in Caim1l,
exhibiting MT folding endurance of about 2000 tines or nore. 11. The
copper-clad lanmnate as claimed in aim9, exhibiting MT folding

endur ance40f alphdtcopBOF clddREmRiateLelaimed THCIGPRPES -whasbihaMenat e as
claimed in Claim1, wherein the polyimde filmis a

t her noCopRL8aSHIARLR YN G dEUlay bl UG HPPInIdB sertidlbdiyite i Medad Bee P! astic
pol yi mi de | ayer on one side of both sides of a heat- resistant polyimde

| ayer. 5 6 - Inadi oaReLrel draa 3 fined, 4 aim12,
wherein gbﬁrg?rﬁ_%gé %ﬁf P%I e% 12(?%&[&%1 sfg)gr sé’gﬂ i rllfal tghga{lﬁ)eer ?r%(g:“g‘élﬁlcaﬁp%a% m de
layer. 4 depth of 0.5 pm from its surface in a ratio of about 0.5 to 10 % by weight

relative to the polyimide in the polyimide surface layer, and is substantially

free from an inorganic powder, and

the polyimide film has a friction coefficient of 0.05 to 0.7.

15. The copper-clad laminate as claimed in Claim 13, wherein the
polyimide particles are prepared from a pyromellitic acid component and a

p-phenylenediamine component.

16. The copper-clad laminate as claimed in Claim 12, 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 310 18 um.

17. The copper-clad laminate as claimed in Claim 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.

b9



14. The copper-clad lam nate as clainmed in Caim13, wherein the

ther nopl astic polyimde | ayer has polyimnide particles with a nedian size of
0.3 to 0.8 mand the maxi mum size of 2 mor |ess dispersed ﬁ%@gbé‘ _gg;Tl east

a depth of 0.5 mfromits surface in a ratio of about 0.5 t )3 wei ght
relative to the polyimde in the polyimde surface |layer, and is
substantially free froman inorganic powder, and the polyimde filmhas a
friction coefficient of 0.05 to 0.7. 15. The copper-clad | am nate as cl ai ned
in Caim13, wherein the polyimde particles are prepared froma
pyronellitic acid conponent and a p-phenyl enedi am ne conponent. 16. The

copper-cfigd | afIih@aa‘oPpaﬁcrd@imﬂldt@ #d @hitmdd inWhaisi 12, tWBerdifl thieni de film
conprises a thernoplastic polyimde |ayer with a thickness of 1 to 6 mon

both_si delehoMisRlssidisbshanlg mlﬁn@aep%ﬁﬁ{%wﬂ]h i8 fhihelingss of 3 to 18

m 17. The copper-clad lam nate as clainmed in aim 12, prepared by

| ami nat | Akgind RYLEPSOEDHS284a0n ALY pBYbikiRN8 e POh Vvl dgc birlyrgnd ¢ he

copper foil" by thernoconpreéession bondi ng unider pressure at a tenperature of

I jptd : j iy d 400 C both
2 52, R B SR e i Bl {0 400 C b

i ncl usi ve. .203-PCT 718. per - ate as clainmed in Caim

12, W“er86&(}&&&0&1%6%%9@?%&1%&%ndi ng nmultilayer polyimde filmis

formed by isposing at conpressi on-bondi ng pol yi m de | ayer on one side
or both sides of a heat-resistant polyimde |layer and integrating them by
coextrusion-flow casting nethod. 19. The copper-clad lamnate as clained in

Caiml yged f Q‘ﬁlee&o%g{"%lad laminate as claimed in Claim 1 used for a whole

polyimide hinge.

20. A copper-clad laminate prepared by laminating a copper foil with a
thicknéss of 18 pm 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.

21. A process for continuously manufacturing a copper-clad laminate by
laminating a copper foil with a thickness of 1 to 18 pm on é polyimide film
with a thickness of 5 to 20 um, 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
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pol yi m de hinge. 20. A copper-clad | anm nate prepared by |am nating a copper
foil with a thickness of 18 gmor |ess on a thernoconpression-bondi ng
multilayer polyimde filmwith a thickness of 5 to 25 gn]j%ﬂﬁiﬁ%ﬁ?gﬁe

t her noconpr essi on-bonding nultilayer polyimde filmhas a er mop tic
polyi mde layer, in which polyimde particles are dispersed, on at |east
one side of a heat-resistant polyimde layer. 21. A process for continuously
manuf acturing a copper-clad lamnate by I|amnating a copper foil with a

t hi cknesteperhtite b8 agithen temotivh kedperbture of fhe thdrhicglaegs of 5 to 20 gm
whi ch has a thernoplastic polyimde |ayer on one side or both sides of a
heat - r espslyamtidded MO0I°debdidyRicludive. t her noconpr essi on bondi ng, conpri sing:
continuously feeding the polyimde filmand the copper foil into a

| am nating nmachi ne such that the copper foil is disposed on the

t her mopl astic polyimde |ayer of the polyimde film and | am nating them by
t her noconpr essi on bondi ng under pressure at a 60 FP06-203-PCT tenperature
of a glass transition tenperature of the thernoplastic polyimde to 400 C
both inclusive. 61
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