1PCT/ JP2011/ 059485 LAM NATE FOR FLEXI BLE W RI NG BOARD [ 0001] TECHNI CAL FI ELD
5The present invention relates to a lamnate for flexible wiring board in
whi ch copper plating is entirely or locally applied on a copper foil that
is cladded on an insulating resin substrate, and parti cRICAVIPZ0I b08948ni nat e
for flexible wiring board, which has high bendability and enabl es the
formation of fine patterns, nanely, high dense patterns of wiring. 10
BACKGROUND ART [ 0002] Wth the devel opnment of m niaturization and

i ntegration technol ogi dAMMNATE FQR FEXIBleE VEBRINGBOARDuch as

sem conduct or devices and various 15 electronic chip conmponents, further
fine patterning of wring and bendability of the |am nate have recently
been denmanded for a printed wiring board which is processed from|am nate
for fob@xible wiring board, on whiTECHNESAL FiElflice nount ed conponents are
mounted. [O0003] A printed wring board including an organic matter as a base
material is 20 roughly classified into a hard copper clad lam nate (rigid)

i ngl udi ng gl assTRY Prasenp fhvRARSH rdlaes % aauﬁmart@msleaﬁale:wnmg agrdtin whiokr i al s,
and a flexible copper clad Iam nate including a fy % e _or Cﬁf est er
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classified Int | ectrol g Ic Co a rolled copper

0
25dependi Wh lqumaaislgbrhe@dabill nﬁbelhaiales freotematien Qsﬁ%pﬁﬂ@iﬁw@“ﬁl ht%’d
circuit bggé%‘%@ Eywlﬁn ! d by lam nating a copper foil to a resin

substrate gration with an adhesive or by heating under
pi@ssure. A rolled copper foil is minly used as a copper foil which serves

as a conponent of FPC. 30 [OOOS]é: &Iﬁbﬁdﬂﬁ?ﬁ( fsed in a place where wiring
to novable portions is required's as a ea% portion of a printer, and a

driveoegction in a hard disk, and bending is repeated mllions of tines or

nmore. Wth the ss, of, nm.niaturj i d_j . 1N Vi ces
o Fecent year s Mol BeRenBih ot yhRBALIAE) hd ShESRioh tdchHBogks 6E1 1 |
2PCT/ J onggﬁw%Buﬁ@aO@bﬁtp@hnm tsuiehc @gpasenticondugtan dexi;cgenandnvamusof 100
to 500 |sma used as, a arolled co r foil. used
95 Poc. PTRlestoBe i cPRIongRise furs e atiesinacet g AR Csrdb L 81 ot °to
hot rol | i p@ninaed Habenrdcepayt béwh eRintarideld iferg aarpﬁnwmahm@goamu whicheis

t hi ckness reaches a predeterm ned thicknes e ﬁfter a surfage of

t he coppePracssseq yogulﬁnae@*@ofw H%‘B'&dﬁ'@ﬂg%@aﬁ# an W C&‘c} gse syrface, Payated

adhesi on E8nRoh&stsAre ) éde. After roughening plating, the copper foil is
cut and therr?%bondegi a resin substrate. [0007]1t is gosa bl e to enpl oy

a nmelhed in whi Arprmte@pweng theiard dnrluding jafs arganic gatter as a base material is
20 roughly classified into a hard copper clad laminate (rigid) including glass epoxy and

paper phenol substrates as constituent materials, and a flexible copper clad
laminate including a polyimide or polyester substrate as a constituent material, and
a copper foil is mainly used as a conductive material of the printed wiring board.
The copper foil is classified into an electrolytic copper foil and a rolled copper foil

25 depending on its production method.

[0004] The above flexible printed circuit board (FPC) is formed by laminating a
copper foil to a resin substrate, followed by integration with an adhesive or by
heating under pressure. A rolled copper foil is mainly used as a copper foil which
serves as a component of FPC.

30 [0005] FPC is widely used in a place where wiring to movable portions is required
such as a head portion of a printer, and a drive section in a hard disk, and bending
is repeated millions of times or more. With the progress of miniaturization and
increase in level of devices in recent years, requirements for bendability have

become more stringent.



resin are allowed to undergo therno-conpression bonding, and a resin | ayer
made 10 of a polyimde resin nay be fornmed on the copper foil. There is no
particular limtation on the neans; for exanple, it is possible to use, as
a raw material, a polyam c acid varni s (a m xture cont @CT/REOpoOFeRSc aci d
obt ai ned by addition polynerization of aromatic diamnes and an aronmatic
acid dianhydride in a state of a solution). 15 [0008] This polyamc acid
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sui ted f orebipngibagateppl i cati ons. Thus, sone proposal s have been nade so as
to inprove bendability, and they are descri bed bel ow. Pat ent
Literature 1 nentioned bel ow proposes that penetrating through-holes are
formed on a flexible substrate in which a netal |ayer is provided on both
surfaces of an insulating film and the periphery of through-holes is
etched thereby reducing the thickness to 1/2 of a nmetal foil (thinning) and
then a plating layer is formed on the through-hole portion and the thinned
portion of the netal foil 4PCT/JP2011./059485 thereby conducting netal



10 are forned on a flexible substrate in which a netal layer is provided
on both surfaces of an insulating film and plating is applied only on an
i nner surface of through-holes and one surface of the netal |ayer, while
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case, since a new plating layer is formed only on one surface, it is
expected that an area of the plating layer is reduced to half, 15that is,
one @b1dj he tWO mrﬂaﬁtﬁenwﬁoefbetuidbblhtym‘rm ibsrefteotiVe toyemmanciel wendabilityt y

coen " heOhinuamer foi waich Bias B materil” | Boaf iy LU SO IEl ot o
the ot her aﬁﬁéélﬁr@elswn@rémpug@rmeefextmes mr‘eadm/emmﬂucm orderatoldﬂvgk)par ea,
wher eas, the other cop er conductihq;a?a ver a of . onl

partial 2the e texhae, IE\S@Afe&VQ feingssise giee CMW g\%‘@r‘n ajfinaf gl when

a gnoot h {niyekface the Grain ERE! ReanMshlingCiRithédial %fd@éeﬁhm | th
t hrough- hcwd th gre |gs."%an pr%bll en?that gllt beclgr%%g |m5055| lefq[](l)ng in the

el ectri caprqdu@bwm@tqceﬁ@onfamegﬁrfw@sexamaie Agolest eoPREs %‘l ectrically
SoPREl O he pf i ﬂg\pm bAGhted %ﬁﬁé Zb%%P@ti%Ptexbhgﬁ% Ahbfeeats aldRgBRIded at ent

Publ d Unexam ned I'i'cat1 on 3-188535 ent Literature 2;
Japanese fexibletprivted Mmmbwdxammdua spprudat layar semposed oba goBPesdaliAARY

OF THE 1 Ny, cﬁmgd% hﬁ%{%ﬁ)ﬂ%ﬁg qtf%nblﬁsﬁlg |r\{§‘fje§?|5{ of Iéepdlﬂ bP B])Iy[a%?%hgfl?atgr esent

i nvention has™b
an0obj ect antier dmiblé-sided flexibla plmntad I\Mlmgwbowdflowfﬁﬂea |con@u¢tprr iamgr lﬁéﬁm’fdﬁd n

35whi ch at t
o atted oARERih Buhddhah BUIRNEQ tesf coBBiad ofRyinide MR the L]
for bldo@flt ble w Wl{igtrboaﬂf\tzhfncéﬁ’@waﬂmc%ﬂsl%amkalexitrdmsdewga ddadblbidided; and
ena es rnma n n it
A T e R e e L
Iag(r)nvﬁat te hfﬁgﬂb]@ls\ﬁmhg:wa@@tsbm mraahuem@shugheieheé Ipattengof & fiexibleoprinted wiring

r exil

d h
| 33l Ty aBRPItbd BB S A deBPOPEISR A on QHD P e SErfPRt WY ot e
charact er hgge d Béiﬂ'inga abﬁﬁdéﬁoﬁs@s[@@%d{ ( lhllﬂe ’doﬁxB@éldéd (fRxfble *pr(rﬂfédl) 1] X

100, i.e. aratio of an area inten dlffr ction

of the copp#rg beard Nig h@@%(th%@h'@olﬂ%)r@ thﬁellhe@@e U§e¢ﬁ%r ¢'§ﬁ¥'%‘t@'\"&?
flexible Wi RgnARAEMIAEF PNt bk bOR aeaceslof ¥hSdIfhiidd #ésin, and metal

plating, mainly copper plating, is often applied on through-holes and a copper foil as

20 a conductor layer for connection of via holes (through-holes). Thereby, in the
double-sided flexible printed wiring board, a copper foil layer with copper plating is
formed as a conductor layer.

[0013] In a double-sided flexible printed wiring board including this copper foil layer
with copper plating, crystal grains of electrolytic copper plating are formed on the

25 copper foil in addition to mere increase in thickness of metal layers (copper foil layer
+ copper plating layer). This is causing a problem that bendability of metal layers
drastically deteriorates and the double-sided flexible printed wiring board is not
suited for bending applications. Thus, some proposals have been made so as to
improve bendability, and they are described below.

30 [0014] Patent Literature 1 mentioned below proposes that penetrating
through-holes are formed on a flexible substrate in which a metal layer is provided
on both surfaces of an insulating film, and the periphery of through-holes is etched
thereby reducing the thickness to 1/2 of a metal foil (thinning) and then a plating
layer is formed on the through-hole portion and the thinned portion of the metal foil



copper plating has a thickness of 3 pmor nore and 15 pmor |ess. 3.The

| am nate for flexible wiring board according to the above 1 or 2,

wherein a grain size in a cross section of the copper plating portion is 20
pmor 15nore. 4.The laminate for flexike wiring board RECTAPADhYOsWB8any one
of the above 1 to 3, wherein a grain size in a cross section of copper foi
portion of the lamnate for flexible wiring board is 30 pmor nore. 5.The
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m nutes i my8bwith smaleplatisg wseal and.shhal inathickaees sbeuld|exiasmedwi ThaPRSar d
accordi ng ,to any .one ,of. the above 1 . j Hhpid is a
rol | ed coffpuybackiis %mi%'ﬂna&?f‘aﬁmaﬁf‘?hb% gﬁ &ogﬁqﬁ)\mt:;&{ efrggssé 0 titg,a Bgﬁ 8%1%80

0. 05% by BRs@erdelyPiy: dnd the remai nder being Cu and 30i nevi table
inmpurities. [Effects of ]nventiaon 021] The pr j i <

i T picor - pr ovi AR WeTa arEeseHREg T pposeS HER beh ARG ABUIADARS | o\
coprer Pl gtd fsmicy BAL Al Rhablersubetate in favmtrln ed Irrteialalla@/epmse{prcbﬁded gﬁbb_aﬂmed on
an insulating resin substrate, and, particularly a lamnate i bt e
6PCF/ JP20surfaBs4ebani inswgting filrg, aﬂﬂ’miﬁﬁ'%a@ ?ﬁ’@%’db‘é’i’l}ﬁé’é\ ?Pt'QJ’%L%“'Jé%aébPLs t he
for mat i onypf, £ ASIRAAESRS suiiEbdthe thathl B9as avtilatpiatingsis ot pplieayon the

In this case,”it I's possi ?e to provide a [aminate for flexible \#Prirnieg)g

board in wthestsudappef the mataldayer. pda Hisicasensiaee AdIEW REUINGHAYP IR
entirely refoj b ' ' ePissedateditochalfr
when apoi PR REQRP Sl itiS ehated 1o ArbrbR VR, plaing B5en © asent

i ngent i ontradtsis, ke bhehef tivec sudages| whish wilbirppiyet berdabiiy %%ﬁggib@&%i ded
thus. 1 npor SOMPGTLRAAL Pagp SrAtBiag PER ST P’ Ecom PT1 o b T
DRAWIYGS [ 0022] However, in this case, the probiem is that, when one surface is electrically
connected to the other surface via through-holes, one surface conducts in a large
area, whereas, the other copper layer conducts in a very small area of only a partial
20 sectional area of the copper layer. Moreover, in the case when a smooth interface
is not formed on a copper layer in forming through-holes, there is a problem that it
becomes impossible to electrically connect to through-holes, what is more, to
electrically connect to the other surface.
[0018]
25 Patent Literature 1: Japanese Patent Published Unexamined Application
No.2003-188535
Patent Literature 2: Japanese Patent Published Unexamined Application

No.2005-251926
30 SUMMARY OF THE INVENTION

[Problems to be solved by the Invention]

[0019] The present invention has been made in light of the above-mentioned
problems, and an object thereof is to provide a laminate for flexible wiring board in

35 which copper plating is entirely or locally applied on a copper foil cladded on an
insulating resin substrate, and particularly to a laminate for flexible wiring board



Fig. 1 is a diagramshow ng the evaluation results of an X-ray diffraction
intensity of each of Exanple 1, Conparative Exanple 1 and Conparative
Exanple 2. 15Fig. 2 is a diagramdescribing outline of a bending test of a
| aminate for flexible wiring board. 5 Fig. 3 is a RGHIRANIHGHMESY t he
results of a bending test of lamnates for flexible wiring board of Exanple
1(1), Conparative Exanple 1 (2) and Conparative Exanple 2 (3), and shows

t he nunbewhidh hasbighddndaibilityuand enébles the éoromtion ©f i@ pE@s,. BEMBBESORIPTI ON
OF THE | NVENTI O\&éOOZ?&X.. A lamnate for flexible wiring board is a

| ani nat e F§PS¢ PYSHFOTWIN%g board i n which copper plating is entirely or

| ocally applied on a copper foil cladded on an 25 insulating resin

bstrat it t tio A=[(200)/{(111 200
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plating surface is also influenced. copper |ayer. | e area i'ntensity
rati o of dealtyragpligdalonofa acanpesl fadoslasidedg osu@nadesulatings repla sbbsteate,

condi tion it |.S: i A ' Qe il (f Aok kb Vi t he
| am nat e F’ B‘lra'[atcr%%ig gﬁilﬂﬁ)\n&t% %%'Ob%rgfr@apgggz])m@gei— r(g?/a)di T(l}aﬁa(&]t i ggb’l %ﬁ_'g{]si ty
of the surdticef ah area iotgmsity gflanpealy in shevétsay diffractionagf heakeprer 1aiating 200) ,
(220) and 11). d it is necessary that a ratio of an area

iﬁ@ensi tyséﬁa% 'Siﬁ&%a/thﬁ@ "(200) to an area intensity in total of

7PCT/ JP2021/ 059786 latinate foedllesiblelwiting Hoz0d pec@raRig) toche abdvd )i, wheradn the han
90. Thereb a lamnate far flexihle wring bo havi,ng hi gh bendability
(f1exibil Pg%?efc%%"%h%?é'?' Kness 6r Hm OA"E)(HgﬁWi e”me%ril?lscgor pol yester resin
substrate3can b&hguiahftdty foseftbxisle aniringsbibardi agcdrdinigntcs s tabalve. 1 Tore2,

i nsul at i ngj resin suhstrate should not b bov.e-éﬁsanti oned

imted tqQ 5th
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they havepidexi bility (endurance in bending) and thernno-bondability to a
copper foil. [00251 (Method for Measurenment of X-Ray Diffractjon Intensity
of Lani nafle for Thedaminate {grrflexiplevaing baardhaccesding te ApNonss offheaboye 1

di ffracti gnai fhefeh Ebr&iﬁ Srd M BRYSS delfiorh bESHEBE? foN pbrien P &icliarhihgtd fbe
copper plated, of the present 1nvention can be conducted by
flexible wiring board is 30 um or more.
SN The laminate for flexible wiring board according to any one of the above 1
20 to 4, wherein a ratio A = [(200)/{(111) + (200) + (220) + (311)}] x 100, i.e. a ratio of
an area intensity of a peak in the X-ray diffraction of a copper foil after removing
copper plating of a laminate for flexible wiring board is 95 or more.
6. The laminate for flexible wiring board according to any one of the above 1
to 5, wherein a copper foil, in which a ratio A = [(200)/{(111) + (200) + (220) +
25 (311)}] x 100, i.e. a ratio of an area intensity of a peak in the X-ray diffraction after
annealing at 350°C for 30 minutes is 95 or more, is used.
7. The laminate for flexible wiring board according to any one of the above 1
to 6, wherein the copper foil is a rolled copper foil which contains 0.01 to 0.04% by
mass of Ag, 0.01 to 0.05% by mass of oxygen and the remainder being Cu and

30 inevitable impurities.

[Effects of Invention]
[0021] The present invention has an effect of providing a laminate for flexible
wiring board in which copper plating is entirely or locally applied on a copper foil
35 cladded on an insulating resin substrate, and particularly a laminate for flexible



the foll ow ng procedure. A copper foil and an insulating polyimde resin
with an adhesive (Cl SV1215, manufactured by N kkan Industries Co., Ltd.)
are bonded each other by a hot press 15 (at 180C for 60 mnutes) to
produce a copper clad |ami nate. Next, a6copper foil surP{EEIR2P1HE§Y485
surface) of this copper clad lamnate is subjected to surface washing
(pickling) and then is copper plated. Thereby, a |lamnate for flexible

W ring boairthg boadudhioh Raschighdentiabilityaricheratpes theploanation bbfime datiéraseon,

i s produced. 20 [00261A | g nat jece for flexible wiring board in a size
of 1 cm Saag}eiv,ihigqb%qnsaﬁa%ﬂpfwfg@gr am nate sanpl e sheet for flexible
wiring board. AnftHidieasamt rapsssiblets providé beaiminate ibr fleagbleosiridg ibeardimt ed

X- di ff t onet RI.NT2000, fact . by Rigaku Co., Ltd ),
and  hen' Hich GogPeEPRIPaE PORSIDR(B AGHEL 456 Vioerk bied eriesty o pasner Tor
I n§ensi ty cRiddeaoh 4H inBamRkiAg rddid subst?Ate) or WRER hppRed 1083y on d@?éﬁpiiﬁdy s
copper, an X-ra raction intensity ratio A =[(200)/{(111) + (200) +

di ff
(220) + (MQ¥$'1¥'9|3§00 is derived. [00271 (Adjustnent of Thickness and X- Ray

Diffraction |nt ?H?}ﬁr&séﬁt iRPORRIN Sls8tH0teS effetitl 2phbBlel 6f agﬂ)I?hﬁbgtbeeiWerr@ge

board) 30X-ray diffraction intensity nay sonetines vary depending on th
t hi ckness singlecsiggd fleyibler winggdioasd paaidesble-sided fiexkiemrinted wirlng hasad and

Ther ef or ey |t d by o£:heyabove X-ray diffraction intensity ratio
A = [(200}'7'{5('[17{@?\”&5?gg%mﬁ?%%'mg)'(311)}] x 100 is neasured relative to
"m@xi mum t hi ckness of copper plating". In this case, it is desired that a
Cross section is observ } Ft?éa ing is applied on a
copper foil, and a maxi %u%&%%éﬁlﬁgm%ﬁ@g roﬁﬁ@@ 8PCT/ JP2011/ 059485
neasyooErents at arbitrary 10 points assum ng that a depth direction froma
pl ating surface_is a. thickness, and then an X-ra i f tyon. g (fy at
the point of t hg'grréxpn%rﬂ?%?%srﬂ%w'ﬂgégﬁreé@ruat'on Resditd bf 86 X O@%v‘#&fé?@ﬁf a
portion Olir}téﬂiﬁtykﬁréaﬁr.foﬁ EB(mepfé £ Cdrhparative BrarhplericandsCémparative Ekamplelf. ck
structurally, the value t he portion be reqgarded a naxi.nym.val ue.
[#028] The reasbi9-vh{p %dﬁ%@?%ﬁgs?@'?ﬂﬂgﬁ%ﬁr‘?f 3 g’gnfjWQ tteﬁfeﬁﬁelgg“'?:ﬁ € 8hper
pl ating Ofleﬂblea\mriﬁg%afd?r flexible wring board and the X-ray diffraction
intensity is as _follows: fromthe viewooint of bgédgbi | tK P t.he Ia*m' nat e
for flexible wiFithg Scadipgrameshawing the resuis of 3 dengingnteghel [RFIDAIGS 1P5 ¢ hi n
and has beaggfel i BM&@F‘ t ESabdple¥(13,.008mbhRitive EXaMRE 1 QR) bAd [Euitisdtative ¥
the | am nate for LY]Pexi g W ??ﬂr?g J'tg(oz:;'rd i‘so al so inf e@_i 03 |)n bendabi ity due
to an i nf Exemple 213} Aedishpws the number of bending timegduntil fragtHee @eRUER: porti on of
thg lam nate for flexible wiring board neets the condition of the present
i hvention, a copper plating portion having a snaller thickness inevitably
meets the condition of DERAILERDERCRIRTAON QF THE INVVRNAI@Nsi red form of the
| am %53? for flexible wiring board is that the copper
[
A laminate for flexible wiring board is a laminate for flexible wiring board in
which copper plating is entirely or locally applied on a copper foil cladded on an
25 insulating resin substrate, and meets the condition that a ratio A = [(200)/{(111) +
(200) + (220) + (311)}] * 100, i.e. a ratio of an area intensity of a peak in the X-ray
diffraction of the copper plating surface is more than 90. This ratio of an area
intensity of a peak in the X-ray diffraction of the copper plating surface is also
influenced by a copper layer. If the area intensity ratio of an X-ray peak of a final
30 plating surface meets the above condition, it is possible to improve high bendability
(flexibility) of the laminate for flexible wiring board.
[0024] When X-ray diffraction intensity of the surface of the copper plating is
measured, X-ray peaks (111), (200), (220) and (311) appear, and it is necessary

that a ratio of an area intensity of an X-ray peak (200) to an area intensity in total of



plating has a thickness of 3 pmor nore and 15 pmor less. Also in this
case, since the thickness of copper plating of a lamnate for flexible
Wi ring board nay sonetinmes vary, preferred condition of this desired form
is that the thickest portion of copper-plating is set tpc3/Jpponr0osdse and
15 pmor |ess. The present invention ngr ovides a lamnate for flexible
W ring board, which neets this preferred condition. The thi ckness
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The present inventi onﬁgr ovi des such a lamnate for flexible wiring board.
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copper 1S TR GBickid)CEndithén 68 dopbensplatadol Tharelsyr ay laseiarteoforclpize 10
pl ati ng i VS 3 Eo I nfluenced by ? c_%_gper f Ol II @g}]%ﬁﬂg&rmb%ﬁislt
can be saiwirihgaboarefieckiding, 2a coapPeb Tl oVth FORPEL RAYERSTTY of a peak in
the X-ray %:ohg(r:% tion of a copper foil is set to 95 or nore which is higher
t han t hat pper plating. The present inventi.on SQ i h a
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di ffracti ofyafisabledWies] ibgrdt is35@bnted G0 a0 nkTay FiEragioBeteh\EN ' §Phce the
| am nate for flexible wring baard . 0 e difradtin @densitydist i on
of the copmnufaﬁtwreﬂsthé‘Qagur 4} g'tgﬁb Qnﬁ’ge?legﬂi %t z%]ysi t; of a peak of
copper foi | dggufy.or nore which is higher than that of copper plating. The

reason is the sane as descrjbed 20aboye. Fh esent | n{2zm ahéq311)
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copper foi Ich contains 0.01 to 0.04% by mass of Ag, 0.01 to 0.05% by
mass of oxy220) +a@d 10he 10aideH¥ed-bei ng Cu and inevitable inpurities. TPe 25
material is RYGORRSH: SOThickiassash@ N -Tesly IDiffrextien IIetensitye ofi&kspper Platige 0
copper[°°?7di I( ga! ng hi gh bendability may also be a rolled copper foil
cont ai ni ng Lanfifatetfor BlegibENNGBRAJdf Sn and the remai nder being Cu and
| newi tabl e i mpur bl g5 0RH itefshy hidyn@sfiohes vannipendog on thauthidgessr
uséVas hi gh densi‘ty rrng 1s pref er abl_r¥ é8 rpm % l%fé iﬁgﬁ’\eEBés%
pr ef er abl y ¥ coppé2plating b adaminate ferdfsyiie Mafing B0 at PERT O "t RE'C5F eaent
rvention ek En% app! i ed v Lok ANMehsl Faid An= {(00JH(+kNes<200) + (220) +

(311)}] x 100 is measured relative to “maximum thickness of copper plating”. In

this case, it is desired that a cross section is observed in a state where copper

35 plating is applied on a copper foil, and a maximum value is determined from the



and applied to an ultra-thin foil or thick copper foil simlarly. It
is also possible to apply a roughening treatnent, and ot her surface
treatments such as a chrom um based netal, zinc-based netal and organic
rust-proof treatnents as needed. A coup8ing treatnent ofPEl/IR20&1/66948%e |i ke
is al so 35possible. 10PCT/JP2011/ 059485 These treatnents are
appropriately selected according to applications of a copper foil of a
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or m nut es. i Xt r,was..formed in a thickness of 10 pm
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15 [0029] A desired form of the laminate for flexible wiring board is that the copper
plating has a thickness of 3 um or more and 15 ym or less. Also in this case, since
the thickness of copper plating of a laminate for flexible wiring board may
sometimes vary, preferred condition of this desired form is that the thickest portion
of copper plating is set to 3 um or more and 15 pm or less. The present invention

20 provides a laminate for flexible wiring board, which meets this preferred condition.

The thickness of copper plating can be easily calculated by respectively
subtracting known thicknesses of a resin film and a copper foil from the thickness of
the entire laminate for flexible wiring board (total thickness).

[0030] A desired form is that a grain size in a cross section of the copper plating

25 portion is 20 um or more. The crystal grain has a form of such as spherical, oval
or rectangular. In this case, the above numerical value means a major diameter.
The larger the grain size is, the richer bendability (flexibility) a laminate for flexible
wiring board has. The present invention provides such a laminate for flexible
wiring board.

30 [0031] While copper plating has been described above, bendability (flexibility) is
also influenced by properties of a copper foil cladded on one or both surfaces of the
laminate for flexible wiring board. In particular, a grain size in a cross-section of
copper foil portion is 30 um or more, preferably. The crystal grain has a form of
such as spherical, oval or rectangular, and in this case, the above numerical value

35 means a major diameter. The larger the grain size is, the richer bendability



t hi ckness). [0039] A |lami nate piece for flexible wiring board in a size of 1
cm square was cut out fromthe obtained | am nate sanpl e sheet for
flexible wiring board of Exanple 1. The | am nate piece for flexible wring
board was mounted on an X-ray diffractanneter 35(RI NT200CT/Jranul/as4ssed by
Rigaku Co., Ltd.), and then an X-ray diffraction 11PCT/J132011/059485
intensity was neasured. Froma peak intensity of each of peaks (111),
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which is higher than that of copper plating. The reason is the same as described

20 above. The present invention also provides such a laminate for flexible wiring
board.

[0034] As a most preferred material of the copper foil, recommended to use is a
rolled copper foil which contains 0.01 to 0.04% by mass of Ag, 0.01 to 0.05% by
mass of oxygen and the remainder being Cu and inevitable impurities. The

25 material is a copper foil characterized by excellent bendability. The copper foil
having high bendability may also be a rolled copper foil containing 0.001 to 0.009%
by mass of Sn and the remainder being Cu and inevitable impurities.

[0035] The thickness of a copper foil required for use as high density wiring is
preferably 18 um or less, and more preferably 3 to 12 pm. However, a copper foil

30 treatment in the present invention can be applied without any limitation in thickness
and applied to an ultra-thin foil or thick copper foil similarly.

It is also possible to apply a roughening treatment, and other surface

treatments such as a chromium-based metal, zinc-based metal and organic

rust-proof treatments as needed. A coupling treatment of silane or the like is also

35 possible.



XRD (11 1) (20 0) (220) (311) (331) Total Value A Exanple 1 62
365 36 1 95 55 115 37 530 97 ) (33 " o2
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These treatments are appropriately selected according to applications of a
copper foil of a printed wiring board, and the present invention includes all of them.

[Examples]
5 [0036] Copper plating conditions used in these Examples and Comparative
Examples are shown below.
Plating liquid
Copper: 18 to 25 g/L
Sulfuric acid: 150 to 200 g/L
10 COPPER GLEAM CLX-A, B, manufactured by Rohm & Hass Co.: 5 to 10 mL/L
Temperature: 25°C
Under air agitation
[0037]
The present invention is explained by way of Examples. These Examples
15 illustrate preferred examples and the present invention is not limited to these
Examples. Accordingly, variations, other Examples or aspects included in
technical ideas of the present invention are entirely included.
For comparison with the present invention, Comparative Examples were shown.
[0038]
20 (Example 1)

A polyimide resin with a 27.5 pm thick adhesive was used, and as a copper
foil a 18 pm thick rolled copper foil containing 0.02% by mass of Ag, 0.02% by mass
of oxygen and the remainder being Cu and inevitable impurities was used. A
rolled copper foil was arranged on one surface of the polyimide resin, followed by

25 thermo-compression bonding at 180°C for 60 minutes.

Next, copper was formed in a thickness of 10 um on a rolled copper foil,
bonded on one surface of the polyimide resin, at a current density of 1 A/dm? under
the above copper plating conditions. The thickness of this plating layer was
calculated by respectively subtracting known thicknesses of a resin film and a

30 copper foil from the thickness of the entire laminate for flexible wiring board (total
thickness).

[0039] A laminate piece for flexible wiring board in a size of 1 cm square was cut

out from the obtained laminate sample sheet for flexible wiring board of Example 1.

The laminate piece for flexible wiring board was mounted on an X-ray diffractometer

35 (RINT2000, manufactured by Rigaku Co., Ltd.), and then an X-ray diffraction
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intensity was measured. From a peak intensity of each of peaks (111), (200),
(220) and (311) identified as copper, an X-ray diffraction intensity ratio A =
[(200)/{(111) + (200) + (220) + (311)}] x 100 was derived.
The results are shown in Fig. 1 (1). Each of the peak intensity, the total,
5 and the value A are shown in Table 1. As shown in Fig. 1 (1), one peak (200) of
XRD is clear. As shown in Table 1, a peak area intensity of (200) of XRD reached
36,536 and reached 97% (value A) of the total 37,530 of other peak area intensities.
[0040] Next, a circuit in a common printed wiring board was formed on the
laminate for flexible wiring board which was copper plated thereon in Example 1.
10 That is, a circuit was formed by the procedures of compression bonding of a resist
film, exposure, etching and removal. Here, the circuit had line/space of 300 um/300
pm.
With a circuit board that was produced using the laminate for flexible wiring
board, a bending test was carried out. A schematic diagram of a bending tester is
15 shown in Fig. 2. Using a slide bending tester shown in Fig. 2, a sample of the
circuit board on which the circuit has been formed was attached to the slide bending
tester, with a polyimide resin surface faces outside and a circuit surface faces
inside.
[0041] Then, bending evaluation was carried out under the conditions of a bend
20 radius of 2.0 mm, a stroke of 50 mm and a bending speed of 30 times/minute.
Here, the bend radius was set to one half of a distance between the two (upper and
lower) boards, and the number of bending was set to the number of reciprocations
of a board at movable portion within 1 minute. Upon bending evaluation, electric
resistance of the circuit was simultaneously measured and the number of cycles at
25 a point of time when a rate of increase in electric resistance becomes 20% or more
was regarded as the number of cycles to fracture. The results are shown in Fig. 3.
And, the number of bending until fracture occurs exceeded 2,500 times.
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[po42] Table 1
XRD peak intensity
(111) (200) (220) (311) (331) Total | ValueA
Example 1 629 36536 195 55 115 37530 97
Example 2 382 47101 43 22 52 47601 99
Comparetia 1036 613 126 178 100 2053 30
Example 1
Comparative 163 2800 125 89 158 3336 84
Example 2
Comparative 1127 602 203 202 96 2230 27
Example 3
[0043]
(Example 2)
5 A polyimide resin with a 27.5 pm thick adhesive was used as an insulating

resin substrate, and a 18 um thick rolled copper foil containing 0.02% by mass of
Ag, 0.02% by mass of oxygen and the remainder being Cu and inevitable impurities
was used as a copper foil. A rolled copper foil was arranged on one surface of the
polyimide resin, followed by thermo-compression bonding at 180°C for 60 minutes.
10 Next, copper was formed in a thickness of 10 um on a rolled copper foil,
bonded on one surface of the polyimide resin, at a current density of 4 A/dm? under
the above copper plating conditions. The thickness of this plating layer was
calculated by respectively subtracting known thicknesses of a resin film and a
copper foil from the thickness of the entire laminate for flexible wiring board (total
15 thickness).
[0044] A laminate piece for flexible wiring board in a size of 1 cm square was cut
out from the obtained laminate sample sheet for flexible wiring board of Example 2.
The laminate piece for flexible wiring board was mounted on an X-ray diffractometer
(RINT2000, manufactured by Rigaku Co., Ltd.), and then an X-ray diffraction
20 intensity was measured. From a peak intensity of each peak (111), (200), (220)
and (311) identified as copper, an X-ray diffraction intensity ratio A = [(200)/{(111) +
(200) + (220) + (311)}] x 100 was derived.
Each of the peak intensity, the total, and the value A are shown in Table 1.
As shown, a peak area intensity of (200) of XRD reached 47,101 and reached 99%
25 (value A) of the total 47,601 of other peak area intensities.
[0045] Next, a circuit in a common printed wiring board was formed on the
laminate for flexible wiring board which was copper plated in Example 2. That s, a
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lower) boards, and the number of bending was set to the number of reciprocations
of a board at movable portion within 1 minute. Upon bending evaluation, electric
resistance of the circuit was simultaneously measured and the number of cycles at
15 a point of time when a rate of increase in electric resistance becomes 20% or more
was regarded as the number of cycles to fracture. The results are shown in Fig. 3.
And, the number of bending until fracture occurs exceeded 2,500 times.
[0047]
(Comparative Example 1)
20 In Comparative Example 1, as an insulating resin substrate a polyimide
resin with a 27.5 pm thick adhesive was used as with Example 1. And as a copper
foil, a 18 um thick rolled copper foil containing 0.02% by mass of Ag, 0.02% by
mass of oxygen and the remainder being Cu and inevitable impurities was used.
A rolled copper foil was arranged on one surface of the polyimide resin, followed by
25 thermo-compression bonding at 180°C for 60 minutes.
Next, copper was formed in a thickness of 10 pm on a rolled copper foil,
bonded on one surface of the polyimide resin, at a current density of 6 A/dm? under
the above copper plating conditions. The thickness of this plating layer was
calculated by respectively subtracting known thicknesses of a resin film and a
30 copper foil from the thickness of the entire laminate for flexible wiring board (total
thickness).
[0048] A laminate piece for flexible wiring board in a size of 1 cm square was cut
out from the obtained laminate sample sheet for flexible wiring board of Comparative
Example 1. The laminate piece for flexible wiring board was mounted on an X-ray

35 diffractometer (RINT2000, manufactured by Rigaku Co., Ltd.), and then an X-ray



[ 0045] Next, a circuit in a common printed wiring board was forned on the
| am nate for flexible wiring board which was copper plated in Exanple 2.
That is, a 13PCT/JP2011/059485 circuit was fornmed by the procedures of

conpression bonding of a resist film g posure et chi ngpairdpheNmyH485 Her e,
the circuit had |ine/space of 300 pm 3 E respect to a

circuit board produced using this |am nate for fl exi bIe W ring board, a
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W ring bo 3t& thi ckness). [0048] A | am nate |retﬁe for,.flexi bls M\&rl ng
boar dods) @ Si ze Tmnlbenﬁmglmt%lmg was carried gwk undes e ongilienr e PENY nat e

sanpl e sheet for exi bl e ORI 's getci3y @mbs/mineate.
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25 was regarded as the number of cycles to fracture. The results are shown in Fig. 3.
And, the number of bending until fracture occurs was about 1,500 times.

[0051]

(Comparative Example 2) |
In Comparative Example 2, as with Example 1, a polyimide resin with a 27.5

30 pum thick adhesive was used as an insulating resin substrate, and a 18 ym thick

rolled tough pitch copper foil was used as a copper foil.

A rolled copper foil was arranged on one surface of the polyimide resin,
followed by thermo-compression bonding at 180°C for 60 minutes. Next, copper
was formed in a thickness of 10 um on a rolled copper foil, bonded on one surface

35 of the polyimide resin, at a current density of 1 A/dm? under the above same copper



(value A) of the total 2053 of other peak area intensities. [0049] Next, a
circuit in a common printed wiring board was fornmed on the | am nat e
for flexible wiring board which was copper plated of Conparative Exanple 1.
That is, acircuit was forned by the pigcedures of conppeggipe01HosElgsy of a
10resist film exposure, etching and renoval. Here, the circuit had

| i ne/ space of 300 pm 300 pm Wth respect to a circuit board
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With respect to a circuit board produced using this laminate for flexible
wiring board, a bending test was carried out using the same bending tester as in
25 Example 1. A sample of the circuit board on which the circuit has been formed
was attached to the slide bending tester such that a polyimide resin surface faces

outside and a circuit surface faces inside.
[0054] Then, bending evaluation was carried out under the conditions of a bend
radius of 2.0 mm, a stroke of 50 mm and a bending speed of 30 times/minute.
30 Here, the bend radius was set to one half of a distance between two (upper and
lower) boards, and the number of bending was set to the number reciprocations of
a board at movable portion within 1 minute. Upon bending evaluation, electric
resistance of the circuit was simultaneously measured and the number of cycles at
a point of time when a rate of increase in electric resistance becomes 20% or more
35 was regarded as the number of cycles to fracture. The results are shown in Fig.



10each of peaks (111), (200), (220) and (311) identified as copper, an
X-ray diffraction intensity ratio A =1[(200)/{(111) + (200) + (220) +
(311))] x 100 was derived. The results are shown in Fig. 1 (2). Each
of the peak intensity, the total, and tibe val ue A are sP@HIJR201TABP4B51L. As
shown in Fig. 1 (2), peaks other than the 15 peak (200) of XRD existed. As
shown in Table 1, a peak area intensity of (200) of XRD was 2,800 and was

84% (val ug()) ahd! {he Auhisdr & ba3inef uritll hractupe skcwrs elid hot @sietli 16800 finkes,
deviated fromthe condition of the present invention. [0053] Next, a circuit

in a conmBd slighttyeaxcredesg0BdMES was fornmed on the | ami nate for
flexi[ogéf,ﬁe wi ring board which was copper plated in Conparative Exanple 202.
That "is, a circuit was fornmed by the procedures of conpression bonding of a
resi st fi(GomprisdivaExampleB)ng and removal . Here, the circuit had
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The results are shown in Fig. 1 (3). Each of the peak intensity, the total,

25 and the value A are shown in Table 1. As shown in Fig. 1(3), a lot of other peaks
other than the peak (200) of XRD existed. As shown in Table 1, a peak area
intensity of (200) of XRD was 602 and was 27% (value A) of the total 2,230 of other
peak area intensities. This drastically deviated from the condition of the present
invention.

30 [0057] Next, a circuit in a common printed wiring board was formed on the
laminate for flexible wiring board which was copper plated of Comparative Example
3. That is, a circuit was formed by the procedures of compression bonding of a
resist film, exposure, etching and removal. Here, the circuit had line/space of 300

um/300 pm.



[0056] A laminate piece for flexible wiring board in a size of 1 cmsquare
was cut out fromthe obtained | am nate sanple sheet for flexible wiring
board of Conparative Exanple 3. The |lanmi nate piece for flexible wiring
board was nounted on an X-ray diffractepeter (R NT2000, PGEARRALYOF%ES by

Ri gaku Co., Ltd.), 20 and then an X-ray diffraction intensity was
measured. Froma peak intensity of each of peaks (111), (200), (220) and
(311) identifigg, r5yard] d QRirig" e Srminataforofigxisle
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was regarded as the nunber of cycles to fracture. The results are shown in
Fig. 3(2). And, the nunber of | unb !(; e occurs did not exceed
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patterns ofiebieiviting bbBRCHF #ie2 ekt Bwdbtion is extremely Useful B8 2 laminate for

flexible wiring board since it can be applied to either a single- -sided flexible wiring

30 board or a double-sided flexible printed wiring board, and has high bendability and
enables the formation of fine patterns, namely, high dense patterns of wiring.



CLAIM5 1. Alamnate for flexible wiring board in which copper plating is
entirely or locally applied on a copper foil cladded on an insulating resin
substrate, 5 characterized in that aratio A =1[(200)/{(111) + (200) +
(220) + (311)}] x 100, i.e. a ratio of &8 area intensityPOI/JB201a4I69485 t he
X-ray diffraction of the copper plating surface is nore than 90. 2. The

| am nate for flexible wiring board according to claim1l, wherein the copper
pl ati ng has a thickness of 3 pmor nglAIM8 15 pmor |ess. 103. The | am nate
for flexible wiring board according to claiml or 2, wherein a grain size
in a cross section of the copper plating portion is 20 pmor nore. 4.The

lami nate for fl eXidphiRatdd for xR iy ©8RFH 0 whichRBYpsdteplafing lisiefirely bp 3,
wherein a grain size in a cross section of copper foil _portl_onas'?llfO t he
| ani nat e fesally| arpliade Al ra nePRRSAr BPlli Slastdedmady atpriasulating Tesin sypakete. f or
f1gxible phgi 0 iong 2 10f20ph ai t(31y] »heveid &

ratgi o0 A= E%#%?l‘ﬁ%@??%%’? +R%G;(§4)§§ﬂi‘l§ 3210)02 (?E%(J)r (gi .)6}3]. a ratio of an
area i nt endlia pf @n arepetensily e Realayjn dhe Prxay idiffragion RE theopprpert RIATING t er
removi ng . | a lamnate for flexible wiring board is 95 or
nore. 6. %f.’lﬁé&% gﬁnhﬁgétfg’gp?;o'f | exi ble wiring board according to any one of
claims 1 20 5, ZJTbatleminatedfocdippibte fndiing boardvaccdrding t claim £ whewd) the 111)

ek 1 h 1 RECRNRTS Y AunBiriShiora n o e b ]S BRGS0 Y eq 1 € o

ononore, i3s used@he lamirEte foraflexitzé avifing bbhek abtardingrto rgaibodot Zacdwmreinrgy t o

Yo" e iiph dBsbsalig eSS HARE H5kbn 20 bRl oB0eT f o

oxygen and.the Tagsamitete friflegiblaiwiring bowrd idcadbiding topany dmesf claims 1 to 3,
wherein a grain size in a cross section of copper foil portion of the laminate for
flexible wiring board is 30 um or more.

15 5. The laminate for flexible wiring board according to any one of claims 1 to 4,
wherein a ratio A = [(200)/{(111) + (200) + (220) + (311)}] x 100, i.e. a ratio of an
area intensity of a peak in the X-ray diffraction of the copper foil after removing
copper plating of a laminate for flexible wiring board is 95 or more.

6. The laminate for flexible wiring board according to any one of claims 1 to 5,

20 wherein a copper foil, in which a ratio A = [(200)/{(111) + (200) + (220) + (311)}] x
100, i.e. a ratio of an area intensity of a peak in the X-ray diffraction after annealing
at 350°C for 30 minutes is 95 or more, is used.

7. The laminate for flexible wiring board according to any one of claims 1 to 6,
wherein the copper foil is a rolled copper foil which contains 0.01 to 0.04% by mass

25 of Ag, 0.01 to 0.05% by mass of oxygen and the remainder being Cu and inevitable
impurities.



