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[0001]as | @i RAeseRht HVetionyrelates to a method o

DESCRI PTI ON  METHOD OF PRODUCI NG TWO- LAYERED

COPPER- CLAD LAM NATE, AND TWO LAYERED COPPER- CLAD

LAM NATE 5 TECHNI CAL FI ELD [ 0001] The present
invention relates to a nethod of producing a

two-| ayered copper-clad |lam nate in which a copper

| ayer is formed 10 geEsORIPTIONe fil mthrough
sputtering and plate processing and the folding
endurance of the lamnate is inproved, as well as to a
two-| ayered copper-clad | am nate obtained fromthe

meTH RS S5 dPagBbiile WS RRED dDREEEPE LaDAMINATE,

forming a thin interlayer in order to increase the
bond SANERJWO -4AY ERi |C‘sOEﬁEBc@LM)}-AMﬂE|PrT@ to as

a "two-layered copper-clad |am nate" of a polyimde
filmand a copper |layer. BACKGROUND ART 20 [0002]
Recently, two-layered copper-clad |amnate (CCL: Cu

Cad Lam nate) rrat-[eECﬂN,@AmkF@]_@ copper |ayer is
formed on a polyi mde I m has been used as circuit

material in driver IC for liquid crystal display and
other devices, for which fine pitch circuits are

uired. 25 Ambng the twolayered CCL material Spydc’c?ucmg a

two-layered copper-clad laminate in which a copper layer is formed
on a polyimide film through sputtering and plate processing and the
folding endurance of the laminate is improved, as well as to a
two-layered copper-clad laminate obtained from the foregoing
method.

Incidentally, the foregoing two-layered copper-clad laminate
covers cases of forming a thin interlayer in order to increase the
bond strength, and this is collectively referred to as a “two-layered

copper-clad laminate” of a polyimide film and a copper layer.

BACKGROUND ART

Recently, two-layered copper-clad laminate (CCL: Cu Clad
Laminate) material in which a copper layer is formed on a polyimide
film has been used as circuit material in driver 1C for liquid crystal
display and other devices, for which fine pitch circuits are required.

Among the two-layered CCL materials used as laminate materials for
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COF (Chip On Film, attention is particularly focused
on the two-layered CCL material manufactured by
sputtering and plate processing. The two-layered CCL
material is produced by formng a copper |ayer with a
subm cron-1 evel thickness on a polyimde film (Pl)

CyPUIBhPUIDET Fien NGt ESHohONET RArectrdIPr fbadsed on the
through copper-sulfate plating. The basic invention

rihe ngli,c W,
105y SRR o B BRI, Rtk ulet TRY? REERIAG Yand plate
tel evisions such as 10 LCD tel evisions and organic EL
PEPER$E"Gns, and since the outer lead part of the
circuit is used by being folded, the fol ding endurance
neddie twobkayergd Oklhdanateniakés pradugiedcbytfarniagwa diapper
becane narrow due to the advancenent in finer pitches
Gayer reitht 3, sabizronolelvemn triokeess dhad podfyintide film (Pl)
strength deteriorated. Consequently, a problem arose

[ h ' n i i
1308k, pulenagrinid ol e 5, Lapderatgyepninipuon

Dl SCLOSUR N/ 00041 Lo i : ,
ARAET S Tae eletige'y phnp it kot nibseligetin Patent
provi de a nethod of producing a two-|ayered

Qppemedtat 'Fglﬁfﬂﬁldeget@%o-l ayered CCL material) in

whi ch a copper layer is formed on a 25 polyimde film

[0003] t hrA 0 FshGhierOngFam) 8 atse grinckabipagelwedeglsiongesuch as
2

LCD televisions and organic EL televisions, and since the outer lead
part of the circuit is used by being folded, the folding endurance
needs to be high.

Nevertheless, the circuit line width became narrow due to the
advancement in finer pitches of circuits, and a problem arose in that
the strength deteriorated. Consequently, a problem arose in that a

disconnection of the outer lead part would occur.
[Patent Document 1] U.S. Patent No. 5685970
DISCLOSURE OF THE INVENTION
In light of the above, an object of the present invention is to
provide a method of producing a two-layered copper-clad laminate

(two-layered CCL material) in which a copper layer is formed on a

polyimide film through sputtering and plate processing, wherein the
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rupture of the outer lead part of a circuit can be
prevented due to the inprovenent in folding
endurance; and a two-|ayered copper-clad |am nate
obtained fromthe foregoing nethod. [0005] As a result
of intense study in order to solve the above issues,

Hiisture OFf BfeBUtENYEAE Patt @f scOMeURGcARNde bhevéntat Qae to the
endurance can be considerably inproved by perform ng

gﬁg%%ﬁaetﬂep{mgw}gﬁrgré@ ] h%e'cé’t%“é!t%-léfgﬁfbad copper-clad

ducrng a material —in whi
opper. | ayer, i yim filmth h
CoEebia Fhined HRATER BBty Moffobion) baced o

t he foregoi ng di scover the present invention

[0005] pr dvs @gasulnprtMsma¥lbdy b edder tg solvadhesskeed issues, the

copper-clad lamnate with inproved fol di ng endurance,

phesent inventors | diseoeedredppeat chad foldimignarelurelnmienan be
ol ding endurance of 150 tinmes or nore nmeasured wth

gob.@'idjél_r%@ri%‘ﬁﬂﬁ@d tbf‘yzpe*?ﬂﬁ%ji n%nﬂé|a$ tF841rh e:ﬁl‘ under specific

ubjecting the 1 | am e I1n which a copper layer is

forned on a, pol yinide. fil t h eri an .
5PaPE S RoBR. B h i 4 el UL LB fpowhicn 2
of 100C or npre but not exceedi ng 175C, andzgi]) The |
REPREA 18 epr GdiRTMEdaonva- Palyiméde colpeironad samtitirg and
according to 1) above, wherein a NCr alloy is forned

prate podgéssig. 20 fil mthrough sputtering, and a Ni Cr
alloy layer is forned between the polyimde film and

[0006] t NEB&9OAVIN tBy ¢6re §ORY HisHwy driyesie@tpriereentinoantion provides:

[0007]

additionally provides: 3) A two-layered copper-clad

I am\natfe Y 08 FF FRIThE #fwblidPered copper-clad laminate with
improved folding endurance, wherein the two-layered copper-clad
laminate retains folding endurance of 150 times or more measured
with a folding endurance test based on JIS C6471 by subjecting the
laminate in which a copper layer is formed on a polyimide film
through sputtering and plate processing to heat treatment at a
temperature of 100°C or more but not exceeding 175°C; and

2) The method of producing a two-layered copper-clad laminate
according to 1) above, wherein a NiCr alloy is formed on a polyimide
film through sputtering, and a NiCr alloy layer is formed between the
polyimide film and the copper layer.

The present invention additionally provides:

3) A two-layered copper-clad laminate having a polyimide film
and a copper layer formed thereon, wherein the two-layered

copper-clad laminate retains folding endurance of 150 times or
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[0008]

and a copper layer fornmed thereon, wherein the
two-1 ayered 25 copper-clad |am nate retains fol ding
endurance of 150 times or 3 nore neasured with a
fol di ng endurance test based on JIS C6471; and 4) The
two-| ayered copper-clad | anmi nate according to 3)
aOVE menbared withM €51dthgoyntaygnce sebtmairid RmYISIaCiE471;
between the polyimde 5 tilmand the copper |ayer.

8] The two-layered copper-clad | am nate accordi ng
to the present invention yields a superior effect of
i mpr.oyi ng, t he fol di,ng enduran and effective
or A)ehNEYerlaYEISH FRPBF I alad Janan AteACEArdingy o, 3) above,
circuit. 10 BRI EF DESCRI PTI ON OF DRAW NGS [0009] [Fig. .
whemginex Ni&itaalbey layegiafdhes preyidepdatinasn tae ncgylmlde
used in the folding endurance test (JIS C6471). 15
BT abidDEh OB pPAaRREySE& OUT THE | NVENTI ON [ 0010] As for
the two-layered copper-clad | am nate according to the
prqsl?é‘tthlY@{ﬂéféH‘?c@éﬁéﬂ-cPacP%}ﬁﬂl\iWa@é aAttordingPtaane Ipgesent

a vacuum 20" chanber and the filmsurface iIis activate

BTy 41 By S BBl WP g to ) peBfivance
such netals, for instance, a NiCr |ayer (20%0%, 'S
and effectively preventing the rupture of the outer léad part of a

circuit.

BRIEF DESCRIPTION OF DRAWINGS

[0009] [Fig. 1] An explanatory diagram of a test specimen that is used in the

[0010]

folding endurance test (JIS C6471).

BEST MODE FOR CARRYING OUT THE INVENTION

As for the two-layered copper-clad laminate according to the
present invention; after a polyimide film is placed in a vacuum
chamber and the film surface is activated by plasma treatment, a
single metal layer of Ni, Co or Cr, or an alloy layer formed from 2 or
more types of such metals, for instance, a NiCr layer (20% Cr), is
deposited 10 to 30nm thick through sputtering, and thereafter a
copper layer of a submicron level thickness is formed through

sputtering.
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[0011]

deposited 10 to 30nmthick through sputtering, and
thereafter a copper |layer of a submcron |evel

thi ckness is formed through 25 sputtering. 4 The
copper layer forned as descri bed above is referred to
as a copper seed layer, since it is used as a seed

f orTiseiRsAENdyer fOrMfibadas e sdwsea0hoVE isORTRITed to as a
| ayer. Subsequently, plate processing is perforned

itk N PARGEr, 17680, Y SUsed s Ph 8ol AECSHAB quently

f ormed per s or the
As a.res f adj stln the current denS|ty and
épé'@t”f'gltg‘teeef%%iryi’t%%gﬂﬁf?ﬁéefhe pl ating, the
plating thickness can be adjusted to an arbltrar¥
t hiSkbesguentiynopladgepeecesppar 1¢| perforaachatsngs the copper
polyimde filmand a copper |ayer can thereby be 10

Al Neger. FOT hiehpidtleap ro qasxiagsisngerfiormed atitmgopper sulfate
solution (refer to WD 2006/080148) that was

s¥|'n§u§a¥hsqn@é opad eretshu@t GIPI%Jd]GQﬂh ﬂ‘fé’cgﬁrérﬁe@ensny and

ce roughness of the plated surface was

S i o LT i, et s con

noncont act type (Veeco 15 products), 011 Bef or e
fost Adigsted t@oﬂﬁeﬁ"h"&ﬁw Hhickngssubnf cerlpygeed copper clad

thi ckness by sputtering, it is possible to forma

tlamioade dhyerpolgimidé MnCraod at hepperf Eyerotanhéhereby be
polyimde filmby sputtering. The plasma treatnent of
tdmapebli NMEer thenpRitel pescagsing)etid @lanay kantiomr@efer to
WO 2006/080148) that was previously developed by the Applicant
may be used. The surface roughness of the plated surface was Ra
0.01-0.04, Rt 0.14-1.0, and Rz 0.1-0.90 as a result of measurement
with a surface roughness meter of noncontact type (Veeco
products).

Before forming the copper layer with a submicron-level thickness
by sputtering, it is possible to form a tie-coat layer made of NiCr on
the surface of the polyimide film by sputtering. The plasma
treatment of the polyimide film surface and the tie-coat layer are
effective means for improving adhesive property. The present
invention includes these treatments.

As described above, the foregoing two-layered copper-clad
laminate covers cases of forming a thin interlayer, namely a tie-coat

layer formed of NiCr, in order to increase the bond strength, and this

is collectively referred to as a “two-layered copper-clad laminate” of
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[001 2]

[0013]

[0014]

20 effective neans for inproving adhesive property.
The present invention includes these treatnents. As
descri bed above, the foregoing two-|ayered copper-clad
| am nate covers cases of formng a thin interlayer,
namely a tie-coat layer formed of NNCr, in order to

NBBAARAEIMA o EEpRGR lagegl this 25 1

co I ectively referred 1o as a "two-1layered copper-cl ad

SRSt hod LIPS TR i
B 98 L o M ES s

achi eved, preferably, a polyimde filmof is BPDA-PPD
syaretmms asved.berh@chievedy emsefewpyr - @ agollwmits efilm  of
in which a copper layer was formed on a polyimde

BRDAtPPOUghssomt tscubed. and plate processing is
subject to heat treatnent at a tenperature of 100C or

MOFE, DU (R:/Y@agésig?\fcgm na@ellﬁgd I-Q?ﬁﬁé”@ LAYRh&Sh a copper layer

copper - eis there y able to retaln

f Id f 150

(9481 B EBEART o8 BondBR T SineoRIE THORUAfb RO e
tenperature is |l ess than 100C or exceeds 175C, whi o

iRy Os@ESIRGS 19 IS6Ibieehto featireaknent ad# HIRPeBHH& pgﬂgo Cor

of the present invention; in each case, the
tmoré¢ apet edot oppeeedirmg HaGi°Rat e Tlse 1\80uh@e/@redt copper-clad
retain fol ding endurance of 150 tinmes or nore. Thus,

?gﬁuhﬁ?é értﬁé?gﬁgtam%eﬂﬁréfhihefoH)@Frfgoéﬁﬂ@rahc@ of 150 times or
nmper at ur e of
more measured with a folding endurance test based on JIS C6471.

If the temperature is less than 100°C or exceeds 175°C, which is
outside the scope of the heat treatment conditions of the present
invention; in each case, the two-layered copper-clad laminate is
unable to retain folding endurance of 150 times or more. Thus, the
heat treatment needs to be performed at a temperature of 100°C or
more but not exceeding 175°C.

The test conditions of the folding endurance test based on JIS
C6471 were as follows:
R=0.38, test load: 5004gf, folding angle: 135°+5°, 175cpm (folding at
a ratio of 175 times per minute), used specimen for folding
endurance test: L/S=1mm.

And the number of times up to the rupture was defined as the

folding endurance.

Upon preparing the test specimen, a dry film was
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nore but not exceeding 175C. [0013] The test

condi tions of the folding endurance test based on JIS
C6471 were as follows: 20 R=0.38, test |oad: 500gf,
fol ding angle: 1355, 175cpm (folding at a ratio of
175 times per mnute), used specinmen for folding

?F@é’élﬂ@ﬁoh*%féd ol fd tWH-14yerdd oppEres|ef 1dmiRsteibhat was

o the rupture was defined as the ol di ng endur ance.

O t t e r Il
Sured Gt PP RAmAR, i e %%%@%9%%3039%{ g pattern
| ami nate that was ect to the heat tr and
fRAsther suBiRdqtq oe@gﬁﬂgapb%@%%?wg AR dot qgusjlgef‘ate the
to etching processing in order to elimnate the
unwaitted partss obfceppeer . FRaldy. the tdiy Gilp wasmeliaginated to
elimnated to forma circuit on the polyimde film

fldven tesircapesh TR polgpaied fim. dFHe idxtdspdoivieemayepared as
used in the test. This nethod of formng circuit is a

HFEEH@etohgbo‘v \wagaééu iHS®% te@tnd ot her methods may

be a an etc ng solutlon for copper
Ia r., etch solutlon f the foll.ow ng solution
&optrol EhBmeI bk fesRoe BIACIS RO used.

rgosn t| on) Copper chloride sol ution Cu 2), _Rper )
G @tb%@ethyéﬁo@myoﬁiioé%ﬁéqmﬁﬁ 3 SoaRpfiqhing solution
(adjusted within the range of
for copper layer, the etching solution of the following solution
composition is normally used.

(Solution Composition)

Copper chloride solution (CuCl,), Copper oxide (CuO)

Hydrochloric acid (HCI): 3.50 mol/L (adjusted within the range of
0 to 6 mol/L)

Hydrogen peroxide (H207): 30.0 Cap (adjusted within the range

of 0 to 99.9 Cap)

[Examples]

[0015]

[0016]

Characteristics of the present invention will be specifically
explained based on Examples and Comparative Examples.
Incidentally, the following explanation is given in order to facilitate
understanding of the invention, and the invention will not be limited
by this explanation. In other words, this invention includes
variations, embodiments, and other examples based on the
technical ideas of this invention.

(Example 1)
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[0017]

O to 6 nol/L) 15 Hydrogen peroxide (H202): 30.0 Cap
(adjusted within the range of 0 to 99.9 Cap)

[ Exanpl es] [0015] Characteristics of the present
invention will be specifically explained based on
Exanpl es and Conparative Exanples. 20 Incidentally,

t heA fpdIvawid@ fekpl Qe éNSGA ghuanfacturedebyt @be Industries,
facilitate wunderstanding of the invention, and the

iol_t"t}@phia%h@ﬂé 'ttnméné%es lolf 4 %C\Péatelgééd eXPNRORLL9Br (2B %Cr)

wor ds, IS Invention'in varl ati ons;

enbodj nent. d oth ex I based on the

errang o e 306gpor A rTBRE PO ISE Suiefinge angpecopper
1) 7 Apolyimde film(Upilex SGA manufactured by Ube
lavashavdag a thieknass PhGLN tWiR s KRERS bih iy gimsadtering and
used, a NN Cr layer (20%r) was deposited thereon 25nm
tthatk phooegkimput t Ehiengweahayerexbppeppelreglad Hawmingta was
t hi ckness of 8pmwas forned through sputtering and 5

RAj8cPtOIRSH 1atiitmhtt H0100YE RSt S MBS GhRfG bardddtm heat
was ~ subject to heat treatnent at 100C for 2 hours

' eat treatnent furnace. A dry filmwas
ﬁg‘%ﬂgégg?gﬁy%g two-| ayered copper-clad | am nate
that was, subject to the foregojing heat treatnent his.
v SEpJUBL Wa A At QR BEA: |3y Rae Hrid RAGEIa] [2minate

parts of copper were elim nated
that was subject to the foregoing heat treatment, this was exposed

to form a pattern, and the unwanted parts of copper were eliminated
by etching processing using the foregoing etching solution in order
to form a circuit of L/S=1mm.

Finally, the dry film was eliminated to prepare a test specimen
having a size of 15mm x 130mm. Although the circuit on the
polyimide film is configured from a single continuous circuit line, it
has a structure that the circuit line is folded back in a longitudinal
direction of the polyimide film so that 6 alignments of the circuit line
are arranged in parallel. The explanatory diagram of the test
specimen is shown in Fig. 1.

This test specimen was used to perform a folding endurance test
based on JIS C6471. The test machine manufactured by Tester
Sangyo Co., Ltd. was used. The test was conducted under the
conditions of R=0.38, test load: 500gf, folding angle: 135 degrees,
and 175cpm (folding at a ratio of 175 times per minute). Including

the Examples and Comparative Examples described later, the
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by et ching processing using the foregoing etching
solution in order to forma circuit of L/S=1 mm
Finally, the dry filmwas elimnated to prepare a test
speci men having a size of 15mm x 130mm Al t hough the
circuit on the 15 polyimde filmis configured froma

Pe IS LreNEhBWQUR Tableliit. 1ine, it has a structure
that the circuit line is folded back in a | ongitudinal

di rﬁﬁtéﬁgw‘ﬁf ihN¢aBRd Y Mide ffb'dThgoeHa"i.‘fraﬁc%“ ﬁ”h% to the

e circuit I'rne  are arrange arall el

expl anat or ram of _the t iS S '
PR WAS 18 HTRER, s ThiS s iadh DS VB nlgCidfaned of 150
performa folding endurance test based on JI'S C6471.
THeeseek MchRAEORAMT tR thedr ase ntdsventiothngyo Co.
Ltd. was used. The test was conducted under the

[0018] {Tenliet 1 pns of R=0.38, test |oad: 500gf, folding angle:
135 degrees, and 175cpm (folding at a ratio of 175
tinmes _per mnute) lncluding 25 the Exanples—and

Exampigoamar gl q it |
Camrenanch Sk IR FaARBTERIRA | il bonfel oty
Exampigdur ance (M T) up to the ruptlure was 1b4 tines.

Heattrea@hdnsfi ed the fol dj ng endurance of 150 tines or rmre
tempes@®r di ngot g t1es pressmnt |i mzent|i on. —> [ 0D18] 7% Tablje 1200
(S R R S R R TR T

Folding ~~1- "~~~ --- Expnples|and Exanpl e Exahpl e Exanple
enduta@P| € 1G@nnar glgl VB GBfTpar afspve Conparat | ve 13g 138

(MIT)

Folding endurance: MIT (Number of times the test specimen is folded until the rupture), —: No heat treatment

[0019] (Example 2)

The two-layered copper-clad laminate used in Example 1 above
was subject to heat treatment at 125°C for 2 hours using a vacuum
heat treatment furnace.

As with Example 1, a dry film was laminated on the two-layered
copper-clad laminate that was subject to the foregoing heat
treatment, this was exposed to form a pattern, and the unwanted
parts of copper were eliminated by etching processing in order to
form a circuit having a width of 1Tmm.

As with Example 1, a folding endurance test based on JIS C6471
was conducted. As shown in Table 1, the folding endurance (MIT)
up to the rupture was 178 times. This satisfied the folding
endurance of 150 times or more according to the present invention.

In addition, the folding endurance (MIT) improved even more than
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[0020]

[0021]

Conparative 1 2 3 4 Exanple 1 Exanple 2 Exanple 3
Exanpl es Heat treatnent tenperature 100 125 150 175 75
200 Fol di ng endurance 154 178 161 150 124 136 139 10
i (MT) Folding endurance: MT (Nunber of tines the
test specinmen is folded until the rupture), -: No heat
tEeatnpiatt. [0019] (Exanple 2) The two-|ayered
copper-clad | anmi nate used in Exanple 1 above was

sut(JEgéétmg[:ﬁwgzat treatment at 125C for 2 hours using a
vacuum t treatnment furnace. As with Exanple 1, a

o D LR eI LB i TR Phoove

treatment this was exposed to _forma Eattern and the
mm@uecbawse%tftr@@émmm 450" Cnidra o s HEHM @gvacuum

processing in order to 20 forma circuit having a
wWetthtreftrment fAsnaiceh Exanple 1, a fol di ng endurance
test based on JIS C6471 was conducted. As shown in

Tale vﬂithtéﬂﬁafr\?léi ﬂ,gae!i%ﬁﬂﬁﬁw&d\/lé%malféd @rf fife two-layered

rupture was 178 tines is satisfied the folding

gtﬁée\nﬁfadjfl%rﬁpnéfém ge s‘i‘ﬁﬁ@#ﬁ:ﬂ ﬁ?ottﬁe“?Sregomg heat

I nven n |t|on
?rdu{rﬁgﬁ { stlvalsn%&%\G%%de\fSnforF%e tpaa%pern and the unwanted

parts of copper were eliminated by etching processing in order to
form a circuit having a width of 1Tmm.

As with Example 1, a folding endurance test based on JIS C6471
was conducted. As shown in Table 1, the folding endurance (MIT)
up to the rupture was 161 times. This satisfied the folding
endurance of 150 times or more according to the present invention.
In addition, the folding endurance (MIT) improved even more than
Example 1.

(Example 4)

The two-layered copper-clad laminate used in Example 1 above
was subject to heat treatment at 175°C for 2 hours using a vacuum
heat treatment furnace.

As with Example 1, a dry film was laminated on the two-layered
copper-clad laminate that was subject to the foregoing heat
treatment, this was exposed to form a pattern, and the unwanted
parts of copper were eliminated by etching processing in order to

form a circuit having a width of 1mm.

10
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[0022] ;

[0023]

Exanple 1. [0020] (Exanple 3) The two-I|ayered
copper-clad |l am nate used in Exanple 1 above was
subject to heat treatnent at 150C for 2 hours using a
vacuum heat treatnment furnace. As with Exanple 1, a
dry filmwas | am nated on the two-|ayered copper-clad

| amiatieh Ehaimpes 1subferdingoehderdrcegosndalseat on JIS C6471
treatment, this was exposed to forma pattern, and the

W‘@'&to?fbud’t.@'dt.s gg &?@Wﬁﬁ&"‘?&ﬁl@'ﬂ %B%leﬁ%eﬂdﬂ?a%e (MIT)

processing in order to orma clrcuit ving a

w dt As wth ol din ce .
e By ol GRS W, PRI BRuucrote aatsfiiih i Solaing
Table 1, the folding endurance (MT) up to the
retikﬂlifraé‘qmg 160 times ortRPse AGaditg tPhUﬂq oresagt invention,
endurance of 150 tines or nore according to the

frndswas liovwenthamn.thes5fdidimg dndwanaehéMid) difngxamples 2 and
endurance (MT) inproved even nore than Exanple 1.

[0021] (Exanple 4) The two-|ayered copper-clad

| am nate used in Exanple 1 above was subject to heat

t {Zgéé,!’;r’rﬁinﬁ[yr,ﬂ;gﬁgsfggeﬁ.c{bg@naaitﬂ%ﬁmgwfﬁq BAdfigahce can
Animatsvedn LtBt he ot tr B AT el Ogﬁd‘?ﬁggp ??peg,m 30t The folding

this was exposed to forma pattern, and the unwant ed o
endurance does not improve so much in the vicinity of the lower limit

or in the vicinity of the upper limit.

In light of the above, it could be said that the conditions of
Example 2 and Example 3 are more favorable conditions.
Although the heat treatment is performed for 2 hours in the
Examples, since the heat treatment is performed at a relatively low
temperature, even if heat treatment is performed for a long time in
excess of 2 hours, there is hardly any change in the folding
endurance. Since prolonged heat treatment will deteriorate the
productivity, the heat treatment is desirably performed within the
range of approximately 1 to 5 hours.

(Comparative Example 1)

The two-layered copper-clad laminate used in Example 1 above
was used as a test specimen without being subject to heat treatment.
As with Example 1, a dry film was laminated on the two-layered
copper-clad laminate that was subject to the foregoing heat

treatment, this was exposed to form a pattern, and the unwanted

11
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[0024]

parts of copper were elimnated by etching processing
in order to 25 forma circuit having a width of 1 nmm
10 As with Exanple 1, a folding endurance test based
on JIS C6471 was conducted. As shown in Table 1, the
fol ding endurance (MT) wup to the rupture was 150

tpares.ofTboppeatwete eslimeafed diynetcieimdpaoeessind 3R order to
times or nore according to the present invention, but

ot 2'GFouli3miRg 4 WnGeRftance (M D o Exanpl es

ingly, 1t has been confl r med

Lt il et i 478 'ﬁgﬁé‘ﬁw@% PR Basks Panile co471

does not inprove so nmuch in_the vicinity of t he | ower
IWa$ ccomdHued. n ABesReWNnin yabte tihehgpisdding wndunance (MIT)
light of the above, it could be said that the

aqndotihensuptureExeapli2 L tandsExanipised® arct satisfy the folding
favorabl e conditions. Although the heat treatnent is

ReTd W ©8r150 heHES dnfd1e aEééFﬂPi'n%sto $h8°§ré§tﬂ1thﬁﬂ¢entlon

treatnent is perfornmed at a relatively low 1

lagg'gﬂr Al ’Iosn §\£2%6riv€$ﬁénéf qﬁfﬁ&%@d pc%p?ééﬁ‘ﬁﬁaéolfn?mate
PR BUAAOT S Rl FEL20ERE BB i

treat ment is desirably perforned within the range of

AHAUREFENRINPW due B hbaradvac¢merd]in(oepapitahas of circuits

Exanpl e 1)

and the strength deteriorates, and it is much expected that an

accident happens with the outer lead part disconnecting.

(Comparative Example 2)

The two-layered copper-clad laminate used in Example 1 above
was subject to heat treatment at 75°C for 2 hours using a vacuum
heat treatment furnace.

As with Example 1, a dry film was laminated on the two-layered
copper-clad laminate that was subject to the foregoing heat
treatment, this was exposed to form a pattern, and the unwanted
parts of copper were eliminated by etching processing in order to
form a circuit having a width of 1mm.

As with Example 1, a folding endurance test based on JIS C6471
was conducted. As shown in Table 1, the folding endurance (MIT)
up to the rupture was 136 times. This did not satisfy the folding

endurance of 150 times or more according to the present invention.

[t was thereby confirmed that this is a result of the heat treatment

12
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The two-| ayered copper-clad | am nate used in Exanple 1
above was used as a test specinen w thout being
subject to heat treatnent. As with Exanple 1, a dry
filmwas |am nated on the two-|layered copper-clad

| am nate that was subject to the foregoing heat 25

bR dRMUre tBB iR NS LEKRAS®d to forma pattern, and the
unwanted 11 parts of copper were elimnated by

[0025] :t &@dq}ﬁp%?gﬁﬁ%%&gn{\mg% er to forma circuit having

h™Exanpl e 1, a fol ding endurance
te bgased, on JI S C6471 was,conducted. own in
TabihS TR TRV PR R R TaGIth e A g Uspd,fn TReReIE 1 above
rupture was 124 times. This did not satisfy the
MoRsliswpiestide dreat beateEnt #2086 Chinre2drebrsduging @ vacuum
the present invention at all. This is a conventional

themtl rgated ofupaacel ad | ami nate. That offers no
solution to the problemthat the circuit line width

beqodRgitRar kM plder [ @ §RE AR AELBRinafed I0th el fvid\$8yered
of circuits 10 and the strength deteriorates, and it

SRS R DB A G i PRE ‘%?B%SE?DF%MEFF%Q%Q heat

Exagjﬁe 2) The two-I|ayered copper-clad | am nate used

itFe BpEethisap@s expesed bpe@rm A madtei.eabfelfte atnwanted
75C for 2 hours using a vacuum 15 heat treatnent

foarbacaf. copper tweE agtphéndied byr gt¢hing waeceasin@tindorder to
on the two-layered copper-clad [amnate that was
subineatciteuit avingeq aviagh hefal mm.

As with Example 1, a folding endurance test based on JIS C6471
was conducted. As shown in Table 1, the folding endurance (MIT)
up to the rupture was 138 times. This did not satisfy the folding
endurance of 150 times or more according to the present invention.
It was thereby confirmed that this is a result of the heat treatment

temperature being too high.
INDUSTRIAL APPLICABILITY

The two-layered copper-clad laminate according to the present
invention yields a superior effect of improving the folding endurance
and effectively preventing the rupture of the outer lead part of a
circuit. Thus, the two-layered copper-clad laminate according to
the present invention is ideal as circuit material in driver IC for liquid

crystal display and other devices, for which fine pitch circuits are

13



treatnment, this was exposed to forma pattern, and the
unwanted parts of copper were elimnated by etching
processing in order to 20 forma circuit having a
width of 1mm As with Exanple 1 , a folding endurance
test based on JIS C6471 was conducted. As shown in
Teéplred. the folding endurance (MT) up to the
rupture was 136 tines. This did not satisfy the
folding endurance of 150 tinmes or nore according to
the present invention. 25 It was thereby confirned
that this is a result of the heat treatnent 12
tenperature being insufficient. [0025] (Conparative
Exanpl e 3) The two-|ayered copper-clad | am nate used
in Exanple 1 above was subject to heat treatnent at
200C for 2 hours using a vacuum 5 heat treatnent
furnace. As with Exanple 1, a dry filmwas | am nated
on the two-layered copper-clad |anm nate that was
subject to the foregoing heat treatnment, this was
exposed to forma pattern, and the unwanted parts of
copper were elimnated by etching processing in order
to 10 forma circuit having a width of 1 mMm As wth
Exanple 1, a folding endurance test based on JIS C6471
was conducted. As shown in Table 1, the folding
endurance (MT) wup to the rupture was 138 tines. This
did not satisfy the folding endurance of 150 tinmes or
nore according to the present invention.
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2.

15 It was thereby confirmed that this is a result of
the heat treatnent tenperature being too high.

| NDUSTRI AL APPLI CABI LI TY 2C! [0026] The two-1|ayered
copper-clad | am nate according to the present
invention yields a superior effect of inproving the
fol di ng endurance and €ifgmEvel y preventing the
rupture of the outer lead part of a «circuit. Thus,
the two-layered copper-clad | anm nate according to the
present invention is ideal as circuit material in

driyver Cfor id. 2 cr sta and the

de A daetho 818t pr 8HUF e 5, Rbrla e Bl BErREE-4 3 laminate with
required. 14 CLAIMS 1 A net hod of producing

titRnoxmest daldipgpendeiranceaiareinath @ hwmlwebeql AR pgr-clad
endur ance, wherein the two-layered copper-clad a

llaminate meaams$oldihdi evgd erahc @arofel 50 tIH@st onesory measured
nore neasured wth a folding endurance test based on

Wh@45iRYy ShBLeshédebhBasedHAATIS CBaM B §\iject|ng the
copper layer with a surface roughness (Rz) of

3%@?\&?8 Byt Wﬁ?{w e% %;%3)311&2 ba&q%gwrﬂg ) a%g F%]%at ggu ah ness (Rz) of

praocessi ng to heat treatnent a 10t erature of
DAEB MRS RUTRPT EXCE 'Hg 979}6“ ol ?@r}[‘ﬁB PRod Rplyimide

produci ng a two-| ayered copper-clad | am nate

dtlovitbreiggh s putie nng, awﬁep&ta Rrafgergingnist heatdyeatrpent at a
Ni, Co or Cr, or

temperature of 100°C or more but not exceeding 175°C.

The method of producing a two-layered copper-clad laminate
according to claim 1, wherein a single metal layer of Ni, Co or Cr, or
an alloy layer formed from 2 or more types of such metals is formed
on a polyimide film through sputtering, and a copper layer with a
surface roughness (Rz) of 0.1um or more but not exceeding 0.9um
is further formed thereon through sputtering and plate processing.

A two-layered copper-clad laminate having a polyimide film and a
copper layer formed thereon, wherein the surface roughness (Rz) of
the copper layer is 0.1um or more but not exceeding 0.9um, and the
two-layered copper-clad laminate retains folding endurance of 150
times or more measured with a folding endurance test based on JIS
C6471.

The two-layered copper-clad laminate according to claim 3,

wherein a single metal layer of Ni, Co or Cr, or an alloy layer formed

from 2 or more types of such metals is further provided between the

15



an alloy layer forned from2 or nore types of such
nmetals is formed on a polyimde filmthrough
sputtering, and a copper layer with a 15 surface
roughness (Rz) of 0.l1lppmor nore but not exceeding
0.9prm is further fornmed thereon through sputtering
pulyphide finpaessineg copperAalyee- | ayered copper -cl ad
am nate having a polyimde filmand a copper |ayer
formed thereon, wherein the surface roughness (Rz) of
the copper layer is 0.1ptmor nore but not exceeding
0.9pm and the 20 two-|ayered copper-clad | am nate
retai ns folding endurance of 150 tines or nore
nmeasured with a fol di ng endurance test based on JIS
C6471. 4. The two-layered copper-clad | am nate
according to claim3, wherein a single netal |ayer of
Ni, Coor Cr, or an alloy layer forned 25 from2 or
nore types of such nmetals is further provided between
the 15 pclyimde filmand the copper |ayer. 16
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