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W RI NG BOARD, AND FORM NG METHODS THEREFOR Technical Field The present

invention relates to a heat-resistant resin filn1mﬁth\ﬂ used
for ' i i ri : | l mﬂm W

heat-resistant resin filmwth the netal |ayer. Backgroung,

Heat - r esi st ant

Printed Crcuit Board),
and the like are generally known. Each of these mater\

manufacturing a flexible wring board, and a wr

ng t he

resin filnms are conventionally used in varlous fields by
maki ng use of properties peculiar to resins: For exa Fl exi b
a TAB (Tape Aut ofmt ed Bondln wm “ﬂﬂﬂ@@%\er tap

I ned by

DESCRI PTI ON HEAT RESI STANT RESIN FI LM W TH METAL LAYER

bondi ng a heat-resistant resin filmof polyimde, or the f6®R®; to a netal

foil

wi th an adhesive of an epoxyDE®SRIPTRONY!|ic resin, polyam de res

n

or

NBR (acrylonitrile-butadiene) type, or the like. At present, the properties

of the FPEEARJRESE SITANT RESTINIF TN HEPeMHTANONAYAR, pHIRANGABOARD,, t he

adhesi ve used, and the excellent heat resistance and other properties
possessed by the heatr eshSPaRORMENGN METHODS SHERERRK ficiently utilized.
Even when a polyimde filmis used, the FPC and filmcarrier tape -

Technical Field

The present invention relates to a heat-resistant resin
film with a metal layer used for manufacturing a flexible
wiring board, and a wiring board using the heat-resistant

resin film with the metal layer.

Background Art

Heat-resistant resin films are conventionally used in
various fields by making use of properties peculiar to
resins. For example, a FPC (Flexible Printed Circuit Board),
a TAB (Tape Automated Bonding) film carrier tape, and the
like are generally known. Each of these materials is
obtained by bonding a heat-resistant resin film of polyimide,
or the like, to a metal foil with an adhesive of an epoxy
resin, acrylic resin, polyamide resin, or NBR
(acrylonitrile-butadiene) type, or the like. At present,
the properties of the FPC and the film carrier tape depend
upon the performance of the adhesive used, and the excellent
heat resistance and other properties possessed by the heat-
resistant resin film are not sufficiently utilized. Even

when a polyimide film is used, the FPC and film carrier tape
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general ly have a soldering heat resistance of 300C or less in spite of the
heat resistance of polyimde of 350C or nore. A known nethod for solving
this problem conprises coating an organi c polar solvent solution of a
pol yi m de precursor or polyimde directly on a surface of a netal foil

wi t hout using an adhesive, renoving the solvent, and then imdizing the
coating. However, this nethod does not use the adhesive, and thus causes
i nsuf ficient adhesi on between the netal_foil and the polyimde, thereby
causi ng the problem of separating a wiring layer fromthe polyimde when
the metal layer is formed in a wiring pattern. Particularly, when fine
wring wwth a pitch of 50 ~mor less is formed, adhesion is absolutely

i nsuf f igeirental 1At Smven arstdiotening onedhgrashetancehpsi BAPEC oF desdhoxy
resin, acrylic resin, polyanmde resin, or NBR adhesive by a sputtering or
wet prdoesspitnd it Hare fheatheres bshange achepal YiByer B gIPA @4 s known.
However, the adhesive has no heat resistance, and thus the sol dering heat
resistarmoeed s 300C or | ess. Disclosure of Invention An object of the.
present invention is to solve the problemof insufficient heat resistance
and adhesi o kaewnpmebhes o Heate Vet bht s rREPRL M RPRPEASESet al | ayer,

- 3 which has high heat resistanci an hi?h adhesion, and .a wring board
obt ai Nt B HAIRIFFIRP T RPPRAL - FREVERANEOLBEARN ©f @ polyimide

precursor or polyimide directly on a surface of a metal foil
without using an adhesive, removing the solvent, and then
imidizing the coating. However, this method dces not use

the adhesive, and thus causes insufficient adhesion between
the metal foil and the polyimide, thereby causing the

problem of separating a wiring layer from the polyimide when
the meéal layer is formed in a wiring pattern. Particularly,
when fine wiring with a pitch of 50 pm or less is formed,
adhesion is absolutely insufficient.

Also, a method of forming a metal thin layer on an
epoxy resin, acrylic resin, polyamide resin, or NBR adhesive
by a sputtering or wet process, and then further forming a
metal layer by plating is known. However, the adhesive has
no heat resistance, and thus the soldering heat resistance

is 300°C or less.

' Disclosure of Invention
An object of the present invention is to solve the
problem of insufficient heat resistance and adhesion, and

provide a heat-resistant resin film with a metal layer,



filmwith the nmetal layer in a wiring pattern. The present invention
provides a heat-resistant resin filmwith a netal |ayer, conprising a

heat - resi stant adhesi ve conprising a polyimde resin coated on the
heatresistant resin film and at |east one netal |ayer provided on the
adhesive by sputtering, vacuum evaporation or plating. Al so, the present

i nvention provides a wiring board obtained by patterning the heat-resistant
resin filmwith the metal layer in a 4 cing pattern, and nethods of
produci ng the heat-resistant resin filmand the wiring board. In the
present invention, the heat-resistant adhesive conprising the polyimde
resin is conbined with at |east one netal |ayer provided by sputtering,

vacuum ERagdr hesohish pleati Agsisfanssy adchiidh r?dihrﬁiﬂ?ri”reétndr &i stance and
L et G ARl B L G gl
heat - resi st ant, adhesi ve cqQat.ed on .t he heat.-resi stant resin film and the
metal | &jeR Poitied én & (}ﬁ&qr\/é.n Phe' Hedtd _rpeas'tsetr_éh't resin filmmy be a
Dol IEr | LSRR EL TSR LARERACR! LISL Ao 1A 00 LrfSag a, rore, o
for al %qq_mp\euriit%d aOfmettiahie l%%/feirqe%o%f]ilsﬁn%%o%ieat—resistant

adhesive comprising a polyimide resin coated on the heat-

resistant resin film, and at least one metal layer provided

on the adhesive by sputtering, vacuum evaporation or plating.

Also, the present invention provides a wiring board obtained

by patterning the heat-resistant resin film with the metal

layer in a wiring pattern, and methods of producing the

heat-resistant resin film and the wiring board. 1In the

present invention, the heat-resistant adhesive comprising

the polyimide resin is combined with at least one metal

layer provided by sputtering, vacuum evaporation or plating,

thereby exhibiting high heat resistance and high adhesion.

Best Mode for Carrying Out the Invention

A heat-resistant resin film with a metal layer of the
present invention comprises a heat-resistant adhesive coated
on the heat-resistant resin film, and the metal layer formed
on the adhesive.

The heat-resistant resin film may be a polymeric resin
film satisfying either a melting point of 280°C or more, or

a maximum allowable temperature of 121°C or more in



Preferred exanples of the polynmeric resin filminclude filns of

pol yaryl ate, which is a condensation product of bisphenol and a

di carboxylic acid, polyallylsulfone such as pol yethersul fone or

pol ysul fone, a condensati on product of benzotetracarboxylic acid and
aromati c isocyanate, thernosetting polyimde obtained by reaction of

bi sphenol, aromatic diam ne and nitrophthalic acid, aromatic polyimde,
aromatic pol yam de, aromatic pol yet heranm de, pol yphenyl enesul fi de,

pol yal | yl et her ketone, polyam de-imde resins, aram d resins, polyethylene
napht hal ate resins, polyether ether ketone resins, and the likes liquid
crystal polyner filns and the like. Particularly, aromatic polyimde filns
and | i quahtcinysyas potyfer &i lasgaperpprdf efablipeudedinEdakyl €9 Sof
commerci al products include "Kapton" produced by Du Pont-Toray Co., Ltd.,
"Upi | ex'C4fttuced by Ube Industries, Ltd., "Apical" produced by Kaneka
Corporation, "Mctron" produced by Toray |ndustries, Inc., "Vectran"
produced by m@w@.exa&mlesahé Ehe PokEneBbEhresipnbisn iRelydefaces of
the heat-resistant resin filmis preferably treated by di scharge treatnment
such as TKorbha HiRehsrgrlatemybhehi éSpressnrfenspidrn Prosduménet

| ow-t enper at.ure ﬁlasna treatnent, _or the |ike_for iqpﬁgvin adhesi on.
Exanpl e ' IPRERChat e 8r daFRERPXYhEFUBE Hr sBRAYGE 1Y 1SUS FORRIEN e

at nospheric pressur i.e., atnos ric-pressure plasma treatnent,. corona
i sohar RO TYEHTTERE TEPbc RhpBP SV aPATRREe A FPDAERBALL oo B ERE o 0F. By

per f or myg, J Die. ) 2charge 1| gab et soadlieshan ean e bppraved. The

at nospheric-pressure prasna tréatnent neans a nmethod o i'schar ge treatnent
in an at E r i A0 L | j;um car bon
i oxi o, "EgPen et Clnd; ROFOLATAL BETHEN BY ARl R R ReraR e

treat ment, &o0C] L1 @DandlRRCRAURIBrLBR chaaLIBRL IPR2LAEYS LIsRlyikiiad,ype of
the treatment gas used, the flow rate, and the frequency of a power supply,

the optifpupeendi H6008meaR, PEraRREIR! bl Skt heehagied. The |ow tenperature
pl asma treatnent can be perfornmed under Tow pressure, and the nethod is not

lim ted-pﬂy@f@ﬂpienegunh@dgft pedyks 1g1ehRed kek ontel, CHhoa yeitiHe-alne ded be
treated is set in an internal electrode-type di scharge apparatus conpri sing

a count efe®igs) rodemeanpesihsg polyethelledkr adehandlate wealinsy of rod

el ectrodes, a DC or AC high voltage is applied between the el ectrodes for
di schar gsolwéthart eehtreketgas adsiased ana @h@l 1tike}0 1iaprid prefsdradbl y 0. 02
to 1 Torr, to produce plasma of the treatnent gas, and the surface of the
subst r atpol gmexrpbstust oanbdethkadiite . Al Placidicutllae lyonedironarts. cof t he

| ow-t enperature plasma treatnent depend upon the treatnent apparatus used,
t he typep@ivyinéder §almsnendad igqudd, cpvedalr ®olvmerf fddien@reof a power -
6 supply, etc., the optinum conditions can be appropriately selected. The
t r eat merRrgESraBlHotsedni t EfampaAgsacdosOMHerCdGdn PURSUClf 10w Bsie di oxi de,
carbon npnoxide, air, water vapor, ox¥gen, carbon tetrafl ugride, and the
li ke can'HePESBd BFREMFeEr PYnPR FRRETI@Tadh Gne dttiter ndRL1%™e corona

o schar ge LcaLent Gl Ll 8 | 1 FONSRLOD PLon D0 o Lept (han the
laninategagg%g_&8%&%&%@Eo%qhaﬁh%%ron" produced by Toray Industries,
Inc., "Vectran" produced by Kuraray Co., Ltd., and the like.
Both or one of the surfaces of the heat-resistant resin
film is preferably treated by discharge treatment such as
corona discharge, atmospheric—pressure plasma treatment,

low-temperature plasma treatment, or the like for improving

adhesion. Examples of discharge treatment include discharge



The heat-resistant resin filmpreferably has a thickness of 5 to 250 ~. m
and nore preferably 10 to 80 ~. m An excessively thin film causes a defect
in transfer, and an excessively thick filmcauses a difficulty in formng a
t hrough hole. Therefore, the thickness is preferably in the above range. In
the present invention, as the heat-resistant adhesive, a polyimde resinis
individually used, or m xed with another resin. Exanples of the resin m xed
i ncl ude epoxy resins, urethane resin§,SQpIyanide resins, polyetherimde
resins, polyamde-imde resins, and the |ike. Alternatively at |east two
types of polyimde resins may be m xed. The adhesive nmay contain organic or
inorganic fine particles, a filler, or the |like, and a nucl eating agent
descri bandeel owarPatmosyladic dresmsihe, vi eeppi atmospheat. cresiestsance,
pol yi m de resins conmposed of an aromatic tetracarboxylic acid and a

di ami nepd@spaéndmeadinenirefaardsly distchame et peatwenbl y lopol yi mi de resins
each obtained by imdizing a polyam c acid obtai ned by reaction of an

ar omat i & ePPerasarsoRlasiaadinkaiteo notd bhenbikeof Byl prafermigd di ami ne
are used. In the present invention, the heat-resistant adhesive preferably
has a glth€s dsshsitgicort Haatmant uradagopf canPeoinBOCYEesnd nore pref erabl y
a glass transjtion tenperature of 60C to 230C. Wth a glass transition
tenperature 6re| BSEOFRARTGECPIFSH TS &Ittt - iR B1¢RF Are&DFo2cause a

defect in high-te rature process_using a |ead-free solder. Wth a gl ass

transitpﬁﬁ%FQL%&fgéggiﬁﬁg%) e%ﬁ%ﬁftab%e%?oﬁtFBSP ETRePdl 3 ayer proviged

on the ta%aet - %sitst aanst S%dc esi Ve unézlesi riaglé det efli ?rat es. | % t he present

invention,at e Ned™r &s1t 4t Hdheyi VAt prefetan ? heE aff2&PR&t i ¢ modul us of

0.1 GPa g, 3 f) Goa alo-P00C a0k oL £ prigleLably, 8,3 £Ra ke 2,0.CPa at 200C
of 9 & arr3b

- Wth an élasti ¢ nmodul us €ss than 0. 0C, "heat” reésistance

undesi 1 aop ABKEHY A5 i el epdhe ABIULSAENOYE 3.t 200C

adhesion to the nmetal 1layer provided on the si stant adhesi ve

L At it e et o ErLRBRRRECERL KRN o, £, oo
t enper attyfi@ ,0fanlAe d & RQAfed Sy R £ £180k¥r 28QpPPY) theYoptimum
conditions can be appropriately selected.

The low-temperature plasma treatment can be performed
under low pressure, and the method is not limited. An
example of the method is a method in which a substrate to be
treated is set in an internal electrode-type discharge
apparatus comprising a counter electrode'comprising a drum
electrode and a plurality of rod electrodes, a DC or AC high
voltage is applied between the electrodes for discharge with
a treatment gas adjusted to 0.01 to 10 Torr, preferably 0.02
to 1 Torr, to produce plasma of the treatment gas, and the
surface of the substrate is exposed to the plasma. Although
the conditions of the low-temperature plasma treatment

depend upon the treatment apparatus used, the type of the

treatment gas used, pressure, the frequency of a power



or less, nore preferably 150 ppmor |ess, and nost preferably 100 ppm or

| ess. The ampunt of the gases generated at a heating tenperature of 100C to .
300C i s neasured by thernogravinmetry, mcro deconposition and gravinetry,
or mass spectronetry. For exanple, the tenperature is increased fromroom
tenperature at 5C/ mn to nmeasure the anmount of the gases generated at 100C
to 300C by nass spectronetry using TG MAS. In order to keep down the anount
of the gases generated, it is inportapt_that the adhesive does not contain
a | ow boi l'i ng-poi nt conpound as a conponent, does not have a site which is
easi |y deconposed, and has a structure which | ess absorbs water and carbon
di oxi de gas. By using the heat-resistant adhesive generating a suppressed
anount stpgagesetpeel thg optihemnepaditipas dee be wipproeyssatielel i m nated
to mai ntain high adhesion. In addition, the heat-resistant adhesive is

pref er abkyeatedhi nThe possibeatt gag degned dduditeg n@ndetderdVrati on in
adhesion. Wth an excessively thick adhesive, not only the properties of
the heabitzepspanbelévin FRERPBeddrRGARY e CAFRONAMOBHESndide of the
adhesive | ayer deteriorates to adversely affect the heat resjstance of the
entire Wetar Vaper wPKNIEBsi F2rPREr érbré Flued idg clemes SR Y &ftsive i s
0.01 dmto 10 tam preferably 0.01 Emto 5 dm and nore preferably 0.01 ~m
to 3 dnPeWERAaSERPLNN8Es1Hf & B4&t ey - g 0.01 dm adhesion

desi r abl teri tes. Ex f tic tet boxyl i id d
or a pol y! et pec Hoeb, obial HiRg P REPReAr SFBEFIPARE SABMEI Ve havi ng t he

bove-d .| bed [ |_ud ' 4! b I

i anydrrae3o,8 SRELLERS AREaRR dbrotuhd ERARCRE cfaro0 €
2,2',3,3.:-hi I ic.di i L4 iahhydri de,
33 5eReRREE PEARIR Ry BB O dF U RO
3. ¢ RenyP Pefrafartonytic di anhy 2,3

o anhydrPae o2 B Fe e e Lo,

bi (3, 4di carppxypbspylret beLndi apBYMr ikden Irg(f%ré@u%awagxxaohenyl ) sul fone
di anhydride, 1, 1-bis(2, 3di carboxyphenyl)ethane di anhydri de,

bi s(2, 3¢hgakhexypeny etk aMyddrée preferably 10 to 80 um. -

2, 3, 6, 7Tnapht hal enet et racar boxyl i ¢ di anhydri de,

1, 4, 5, 8paphikikalseisteatyr atamb @il calisshlrdefsct in transfer, and an

1, 2, 5, 6napht hal enet et racar boxyl i ¢ di anhydri de, §

1, 2, 3, 4ksazerdivellyadarilakx yfiilen deardeadrd di, £ 3 1 viOperfdemitgta acar boxyl i c
di anhydri de, 2, 3,6, 7ant hracenet et racarboxylic di anhydri de,

1, 2, 7, Sprthewayhh hedet.et Theardfmnd,i chl drithyakriary adrdferakbky hetke
carboxylic acids are used individually or in a mxture of at |east two
conpoun@ovk diamdene used for a polyimde resin for obtaining the - 10
heat -resi stant adhesi ve havi ng the above properties is preferably at | east
30 nol d or mBRetbe, PEESENSr ANSERFLPI40 afpltiheoheddraesistantoxane- t ype

di am ne. The sil oxane-type diam ne used in the present invention is

r epr eseBE By /h@ RAYBRIAE AT &5 JRIRSL R ND -8 005 DRFERI2 L R4

Re with another resin. Examples of the resin mixed include

epoxy resins, urethane resins, polyamide resins,
polyetherimide resins, polyamide-imide resins, and the like.
Alternatively at least two types of polyimide resins may be
mixed. The adhesive may contain organic or inorganic fine
particles, a filler, or the like, and a nucleating agent
described below. Particularly, from the viewpoint of heat

resistance, polyimide resins composed of an aromatic



(wherein n represents an integer of 1 or nore, Rl and R2 may be the same or

different and each represent a | ower al kyl ene group or a phenyl ene group,

and R3, R4, R5 and R6 may be the sanme or different and each represent a

| ower al kyl group, a phenyl ene group, or a phenoxy group.) Exanples of

si | oxane-type di am nes represented by fornula [1] include

1,1, 3, 3-tetranet hyl -1, 3- bi s(4am nophenyl ) di sil oxane,

, 3-tetraphenoxy- 1, 3- bi s(4am noet hyl ) di sil oxane,

, 5, 5- hexanet hyl - 1, 5- bi s(4am nophenyl ) trisil oxane,

-tetraphenyl -1, 3-(2am noet hyl ) di sil oxane,

-tetraphenyl - 1, 3-bi s(3am nopropyl ) disil oxane,

- tetraphehpky3 13- diotst layldl 25-ddiag(igieadommoremt )a e insid feaid,y

-tetraphenyl -3, 3 - 11 di net hoxy- 1, 5-bi s(4-am nobutyl)

xafed. 1, ¥ogespaefayiaddy, - o PPN S5 Ay Dldrd imgshét yl )

xane, 1, 1,3, 3-tetranethyl -1, 3-bi s(2-am noet hyl) disil oxane,

- tBLFaRd PRy B- PO YEIE(3 B5dch ORteied divsine@edien of an

-tetranethyl -1, 3-bi s(4-am nobutyl)_ disilaxane,

EROTaE1S. FRrEeRGEPOK YI-US SCALRShIh YOl 1icd Mo et

-teﬁraneth | - 3, 3-.di et hoxy-1, 5-bi s(2am noet hyl) trisil oxane,

, 5- C&LPERBERYIYPE S, Y5855 (4- ami nobutyl) trisil oxane,
-tetrapet hyl - 3, 3di net hoxy-1.5-bi s(5-am nopentyl) trisil oxane,

1133 5. shebBnbiRypraceBE, 18Vatagng Sha BELEORER: Lrbate sdheB1ORT 5 o

hexapr o L -am r |). 10,81 0 , he, . ke, E&ﬁf

sil oxaneg¥%gér§|b§bﬁs§§ss argr ?1%35%8){—11%%%]1%8& f‘c;a,e'ﬁlgareri%&%arlem (xrﬂt reOfof at” | east

two conpeyn ° i a0 e HUR t har, th i OXANGs j am ne,

4,4'-diaggnggprZn%P%g?%g%, 4,4'%3§2§%%52ﬁﬁh§h$? neté%%& ot

4, 4' - di agingdicphenyl If ongy i tpar: qﬁ?g 13 ' n be

used. Thglfmat hgd%gf zgt?[t’g ni ?&bg%lasgjr}l%?élaci asgrﬂal%grolt%mrﬁé}:aeﬁlr{eglﬁor by

reacti onieksafhanOmRic; HRIFAGHAPDENE Hdtd A HaAmde GAkd performed

according to a conventional known nethod. For exanple, substantially

st oi chi odefect afDENhS gbf- tRGipd reaeN oyt Hisdfde QEEPae My be

reacted at a tenperature of O to 80C in an organic solvent such as

N, N- di mesbydear. mamiide, aNg¥lad st sdeionritdepedatureldf over 250°C,

met hyl - 2- pyrrol i done, or the like. These solvents are used individually or

in a m xedhesdbnattd dast metalsdlayert proarididtenzente thaatenrss itsbarte,

cycl ohexane, tetrahydrofuran, nethyl ethyl ketone, or the |ike my be added

to the sekdhest vieo uadesitranl v aledieraratmsaci pitati on of polyanmc acid. The

concentration_of polyamc acid varnish is not |limted, but the

concentrationIPstgﬁePéﬁéﬁpy gnvenggonpy thei eret-xegisspatpedhesabey 10 to

40~ by wei ght. The resultant. polyam c acid varnish is coated on the

heat - r esPEFARE Py haS 3R edrdsdd.c Anduliven qfnilil &Pa & otf (Gha at

heat-res&ztant adhesi ve conprisin%bthe pol yim de resin on the

h
heat - r es?9Pafr PDS HOEY AT 9LPuaRd s @Pd hret-i%FFa ke RARIC ayer is
f d . h - i st dhesi ve. t h t hQd of f ) th t
ayor . abdbhe el AR s ot Ut eSSt (o] (et DI HRF et hod,
i I th f . " I ke 1R, th f. .bondi
copper 1 aEPstARas Sl (P s o de | I AR e R acuum

evaporal b3 QL Pl I U 1 @ANHEBIPYET LHUA 19, e hpflay esi stant

adhesi ve an& the netal 1ayer at t i nt er'f ace t her ebet ween, er eby

si gni i canbley RN AHINGR HeARinaan | AWRS S, heygiyxed |ayer
is formed, Tyladhesi ve strength 1s rfagie-}]t al ne%at?taer eﬁlle erret a ﬁ[lg)e/aeﬂrﬁﬂg(s
patternegti@ figRtaM ring pattern, and thus the mxed |ayer is

advant ageous in formng fine wiring. Al though copper,

Furthermore, in the present invention, the amount of
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the gases generated from the heat-resistant adhesive at a

heating temperature of 100°C to 300°C is preferably 250 ppm



- 13 nickel; chromum tin, zinc, lead, or the |like can be used as a netal

| ayer, the netal is not limted to nmetals nay be used individually or |east
two netals. When the netal layer is forned gold, rhodium palladium for
formng the netal these netals. These in a conbination of at by sputtering
or vacuum evaporation, the netal-is deposited to a proper thickness on the
heat - resi stant adhesi ve by sputtering or vacuum evaporation. As the
sputtering or vacuum evaporation method, a known nethod nay be used. Wen
the metal layer is formed by plating, pl8titng is not perfornmed directly on
t he adhesive, but plating is generally perforned after a netal thin film
serving as a nucleus is forned on the surface of the heat-resistant

adhesi ve. OEhd emst,hatbf 1 :0s Fé AgH 1 e get t Qi-n Lil.m as the nucleus is
divided into a wet procéis and a gryggr%%gsg% +%gsmeF%8r885§s is further

di vi ded i Bre fereddey iTDMimh dhelseal - resbshABLindReSLYE gantains a

catal ytic nucleus, and a case in which the heat-resistant adf&si ve does not
contain agéaﬁaﬁ%ﬁd:aﬁuﬁehﬂatiﬂgntémﬁEﬁﬁhﬁﬁévgfdggg°@0Eocgpbahni%he

catal ytic nucleus, palladium tin, nickel, or chromumis first "applied as
a cat al ysfeRSUERE Qv frdeermofg e tetat y o st 5t 8Ot dadbRsb¥ e 18R L T equired,
the applied catalyst is activated. Wen the adhesive contains the catalytic
nucl eus, PFaVefGitred, oth@ase dpesttmme ey surfageeRbmblie, hegk - 14

resi stant _adhesive is activated. In the dry process, chromum nickel, tin,
copper, paf'REFEMIrGolS, imcnsanad forom heodm keemse depasit gd 8Pcyhensykf ace
of the heﬂg-resisggnt adhesi ve by sputtering or vacuum evaporati on.

However, a netaf SGEn3FOURSpRdr they IS et rapnexepadi aedlby°spubt 8obrg or
vacuunlevg?Oég%gog QL 2 cgnbination of chrom um copper, nickel -copper, or
chromi um At cKer- iy °hE T aBEELY: 85 1B TRMMAS i nglbroxden uno eka@er dsion.

Al t hough the gﬁ%ﬁggegg gg the nmetal thin filmserving as the catalytic

nucl eus is not Timted, the 8RSk IESETaL §5hefldy abg yimpomtamt 1008t nthe and
nore prefgd o] 0 W th t hickness of over 1000 nm nuch time
is required@§%¥V§o?§%%gn§ﬁecﬁgkgﬁntﬁiﬂQWWQﬂl%Mﬂg??QGQW1mep@@mmess af |ess

than 1 nmeomp&eéeet r 0 e_plating, which w|ll be described
bel ow. The&ﬁpthe net§§8Fa§8% Fs%gggngﬁtﬁh Metsieasi v rdegamposed,

and has a structure which less absorbs water and carbon
dioxide gas. By using the heat-resistant adhesive
generating a suppressed amount of gases, peeling of the
metal layer due to the gases is eliminated to maintain high
adhesion.

In addition, the heat—resistant adhesive is preferably
as thin as possible to a degree causing no deterioration in
adhes;on. With an excessively thick adhesive, not only the
properties of the heat—reéistant resin film deteriorate, but
also the inside of the adhesive layer deteriorates to
adversely affect the heat resistance of the entire metal
layer with resin. Therefore, the thickness of the adhesive
is 0.01 pm to 10 um, preferably 0.01 pum to 5 pm, and more

preferably 0.01 um to 3 um. With a thickness of less than



by plating. The netal |ayer may be forned only by electroless plating, by a
conbi nation of electroless plating and el ectropl ating, or only by

el ectroplating. The el ectroless plating and el ectropl ati ng can be perfornmed
by known net hods. For exanple, in the, case of electroless plating of
copper, a conbination of copper sulfate and fornal dehyde is used. In the
case of electroplating of copper, a copper sulfate plating solution, a
copper cyani de plating solution, or _a gopper pyr ophosphat e plating solution
may be used. - 15 The thickness of the netal |ayer depends upon the way
of processing the heat-resistant resin filmwth the netal |ayer. Nanely,
when a wiring board is formed by an additive process (sem -additive or

ful | - add@i. Oilvempr edess)i ons ungletshier didat -detsé siamtessin filmwith the neta

| ayer, a netal is further lam nated on the netal |ayer by plating.

Theref ore, tBeamhileknefsavpmehédchdsttreasirianitl iesdqidivsedi fartade nmeta

| ayer is preferably in the range of 0.1 ~mto 18 Nm and nore preferably
0.1 ~m pelydmdee Tiesithifonmedsaimingsthadreat1repi s5anhdadheabVe because a
defect easily occurs. The thickness of over 18 ~mis also undesirable
becausePANERSt ithe iaPoveqdassr Hid IRMRRE R ah Bxetedeva: porfrdn—of the
netal |ayer after the wiring board is fornmed by th ditiye process, and

t he shap&REPPORENG: et 1R W¥ﬁﬁﬁr?ﬁﬁnQ%§9%¥%el ,gahén3¥ﬁe wi ring board

is fornmed_by subtractive process, using the heat-resista esin filmwth
Lhe et BPTRPHERSR Syl AR TP e AN SIS Thoret dr 8. ~PREPERYness
of the heat-resistant. resin.filmwth_the al.layer is.preferably in the
range oFe%q%%ﬁF qﬁ¥¥hﬁ i%ﬁ?qxﬁﬁ§%§@ﬁ%#%ﬁwg?glkh?t%liﬁhxﬁglﬁﬁé t hi ckness of
| ess than4 Em,,S i.[sa e A FLNG.s | k di,sg@nregt,ed duri ng
fornati%ﬁ? Tﬁé4tthEﬁgégth%}é§é€E563#4géa?%%ﬁ%ﬁgg%?¥ébFé§bé§é§se much
time ISy I.ad ] L sha hg_fornmed wiring is
inpaireggﬂﬁﬁgﬁ%ﬂ %§¥%ﬁg4%#%%#&ft e %@ggf%ggis?éﬁfb?%é?ﬁqfiIn1 - 16 with
the metg; d%ﬂﬁxyﬁﬂaﬁll S84 1 8529 yat £@s, H05-8X38Npl 8~ according to the
foll ow ?ligaproce ure. 3}Fis)(ri)ss",:td,eia a polyi m'%le filmas the Egat-resi stant resin
filmis direatRek WHdhd OWAPHeS s i gh pliasaa, Bexs, uhe pol yam c acid
varni sh obtai ned as the polyimde resin heat-resistant adhesive fromthe

si | oxanetildgd oy, 1 ) toat edli ohydeige) ybosds, ikl mtreated with

| ow-t enperature plasma. As the coating nmethod, a roll coater, a knife

coat er, dd csedloxpaiiaaiyl Jasclofvre copaehydaidect by 1bbade2f Beat coater, or the
| i ke can be used. After coating, the coating is generally dried at a

t enper atdirea nifo800 drgy 2D droe diamnwdeidandbibéh, Br di zed at a tenperature
of 200C to 350C. The drying tine is 1 mnute to 60 mnutes, and the

i m di zi sy aanhodyheny hnethare 30ianhydesdebu, Bhésé-tines are not |inited.
Then, a nickel-chrom um alloy (nickel 90%-chrom um 10~ alloy) is deposited
on the Hemhthaslienekstmaradierybicspiapbyirgdeand  thén8copper is deposited
by sputtering. Finally, electroplating copper is_performed by using the
sputt er ¢ enefRracarhrry bEEr d48NRYAFoF Ry t he?neat-resi stant resin

adhes! vERBHI SRS MAGHTYTRY Ui SSRREVEERBFned” an e e heatr eo stant
Cput ot P A SUAFOT bt F OB ARG HehaRi - oo st ant -adhes! ve
Conprigﬂ%&§f§%etetracarboxylic dianhydride, 2,3,6,7-
anthracenetetracarboxylic dianhydride, 1,2,7,8-
phenanthrenetetracarboxylic dianhydride, and the like.
These carboxylic acids are used individually or in a mixture
of at least two compounds,

A diamine used for a polyimide resin for obtaining the



- 17 polyimde resin, strong adhesion can be obtained, as conpared wth a
case in which the netal layer is fornmed directly on the heat-resistant
resin film Particularly, when the netal layer is etched in a predeterm ned
Wi ring pattern, good adhesion can be obtai ned, causing an advantage in
formng fine wiring. In the present invention, the adhesion is represented
by a val ue obtained by peeling a netal wiring pattern of 3 mMmw de at a
rate of 50 mmmn in the direction of ,180 degrees according to JIS C5016
Section 7.1. The value is preferably 49 cm or nore, and nore preferably 10
N cmor nore. Wth the heat-resistant resin filmwth the netal |ayer of
the present invention, a value of 10 NNcmor nore can easily be obtai ned.
Al so, theedheatesbstattanddleedhise vVieavingvehy &bove mndpehtiseshésadhesi ve has
t he advantage that the properties basically possessed by the heat-resistant
resin fiprebercalnby aketbeast ad@dnoThecohemoreeskstmarer psefiekebdywdOh t he
netal |ayer of the present invention is used for formng a wiring board by
t he addimeé¥® ¢rosese of/ seblerer¢veypeodeasinghe Shbt ﬁégPP‘i@éepltbf@éss
conprises formng a resist |ayer on the netal |ayer, patterning the resist
| ayer indbamindapecdoineEhponpregerb anveREAgRpatt ERRTBYCBLFEs kY e tARA

devel opnent, etching the netal |ayer through the patterned resist |ayer
used as EOHRRWiRG Formrthel iing pattern, and - 18 then renoving the
resist layer to obtain a wiring board. The sem -additive process conprises
formng a resist |layer on the netal |ayer, renoving the resist |ayer, by
exposure and devel opnent, froma portion where a wiring pattern is forned,
formng the wiring pattern ingshe portiongeithout the resist |ayer by

pl ati ng, renoving the resist rayer, and then renoving the netal |ayer from
a portion other than the Wirilng patfern to obtain a wring board. Each of

t he t husobt ai nggH\ + Ra i© ; glie- Reat N[[gsi stant [Esin filmand
the metal wiring, which ake sfrongly bhondgd together with the
heat - resi st ant adhesi ve provided therebetween, and exhi bits excell ent heat
resi stance. The heat-resistarRsresin filnRaith the netal |ayer of the
present invention has the netal |ayer provided on both or one of the sides
of the heat-resistant resin film and thus wiring is forned on the
heat-resistant resin filmby the additive or subtractive process to obtain
a singl e{ghdedinrndeupkresehdedani ihiggbeaod. 1Ther abees, Rihankdea?- masi st ant
resin filmcan be preferably used for flexible wiring boards. Exanpl es

Al t houghbthehpr earat orndéfifepenti bhdbeadbsceplhedenitt b leivererd&lene
exanpl es, the present invention is not limted to these exanples. In a
descri pt gonupebowa bheBydrpkegroupe and R3, R4, R5 and R6 may be the

same or different and each represent a lower alkyl group, a
phenylene group, or a phenoxy group.) |
Examples of siloxane-type diamines represented by

formula [l1] include 1,1,3,3-tetramethyl-1,3-bis (4~
aminophenyl) disiloxane, 1,1,3,3-tetraphenoxy-1,3-bis(4-
aminoethyl) disiloxane, 1,1,3,3,5,5—hexamethyl—l,5—bis(4—
aminophenyl) trisiloxane, 1,1,3,3-tetraphenyl-1,3-(2-
aminoethyl) disiloxane, 1,1,3,3-tetraphenyl-1,3-bis(3-
aminopropyl) disiloxane, 1,1,5,5-tetraphenyl-3,3-dimethyl-

1,5-bis(3-aminopropyl) trisiloxane, 1,1,5,5-tetraphenyl-3, 3-



15 and Conparative Exanples 1 to 3, adhesion was eval uated - 19 and
nmeasured by the follow ng nethods. 1. Adhesion: Adhesive strength was
nmeasured according to JI'S C6481 (180 peel). 2. Heat resistance: A wring
pattern of 2 mmw de was formed by the additive or subtractive process,
mai ntained in a hot-air oven of 150C for 240 hours, taken out of the oven,
and then evaluated with respect to adhesion. 3. Tin plating: Awring
pattern of 2 mm w de was fornmed by Eh? additive or subtractive process,
tinned by electroless plating, washed Wi Th water, dried, and then eval uated
W th respect to adhesion. The tinning conditions were as foll ows:
El ectroless tinning solution: TINPOSIT LT-34 (produced by Shipley Far East,
Ltd.) Watietethashi-lg $+es (£-aminibestal) 26€1 £f abkagef i 1p1, 5, -nutes at 70C
Drying: 30 minutes at 50C Exanple 1 1Z2.5 g of N, N-di net hyl acet am de was
pl aced iteta30Gknglfdus~dibckthidagkl wbthia (bhanimophentya)stirrer, a reflux
condenser, and a dry nitrogen gas inlet port, and 16.2 g (99 nolo) of
1, 1, 3, 3-urdtsidmetang - 11 3L b3 s Stabiaoptlopyt ), disl s 6RaawinndtbyDY g (1 nol d)
of p-phenyl enedi am ne were dissol ved under a nitrogen flow. Then, 21.22 g
(100 npldd)siloxane, 1,1,3,3-tetramethyl-1,3-bis(3-aminopropyl)

disiloxane, 1,1,3,3-tetramethyl-1,3-bis(4-aminobutyl)

disiloxane, 1,3-dimethyl-1,3-dimethoxy-1,3-bis(4-aminobutyl)

disiloxane, 1,1,5,5-tetramethyl-3,3-dimethoxy-1,5-bis(2-

aminoethyl) trisiloxane, 1,1,5,5-tetramethyl-3,3-dimethoxy-

1,5-bis(4-aminobutyl) trisiloxane, 1,1,5,5—tetramethyl—3,3—

dimethoxy-1, 5-bis (5~-aminopentyl) trisilbxane, 1,1,3,3,5,5-

hexamethyl-1, 5-bis (3-aminopropyl) trisiloxane, 1,1,3,3,5,5-

hexapropyl-1,5-bis(3-aminopropyl) trisiloxane, and the like.

These siloxane-type diamines are used individually or in a

mixture of at least two compounds.

As a diamine component other than the siloxane-type

diamine, 4,4'-diaminodiphenyl ether, 4,4'-diaminodiphenyl

methane, 4,4'-diaminodiphenyl sulfone, paraphenylenediamine,

or the like can be used. |

The method of obtaining polyamic acid as a polyimide

precursor by reaction of an aromatic tetracarboxylic acid

and diamine can be performed according to a conventional

known method. For example, substantially stoichiometric

amounts of acid component and diamine component may be

reacted at a temperature of 0 to 80°C in an organic solvent

such as N,N-dimethylformamide, N,N-dimethylacetamide, N-



- 20 of 3,3',4,4'-benzophenonetetracarboxylic di anhydride was added to the
resultant solution, and then stirred at 10C for 1 hour. Then, the m xture
was reacted by further stirring at 50C for 3 hours to obtain polyamc acid
varni sh. The thus-obtained varni sh was coated on one side of a polyimde
film("Kapton" 100EN produced by Du Pont-Toray Co., Ltd.), which was a
heat-resistant resin filmof 25 dun treated with |lowtenperature plasnma in
an argon atnosphere, by a bar coater that the thickness after drying was
3 Wn. Then, heat treatnent was perforned at 130C for 3 m nutes, 150C for 3
m nutes, and further 270C for 3 mnutes to dry and imdize the coated film
As a result, a heat-resistant adhesive conprising the polyimde resin was

f or ned mathone Sipter o lidendeadrr bestahe .r edie s |sal vERL glaes w9edsi ti on
tenperature (Tg) of the heat-resistant adhesive was 92C, the elastic

nodul usirediviohe Wey Or 4icPa, maKbiurBe O&madntl egfs &t Havayfsekveeher advd at 100
to 300C was 90 ppm Then, chrom um was deposited to_a thickness of 4 nmon
the hedRenzafiat drelueihesi bexppespGicdPhsgandnd CeFFEY IR Hedsi ted to a

t hi ckness of_ 200 nm by sputtering. After sputteripg,.electrolytjc copper

pl ati nd“Q/‘\HsYlpe?tFlbY%eﬁeFﬁnﬁ'tﬂFcEﬂ@s%lgﬂe §a¥m BLFQ:?% 9P p OL'IG‘F‘FE\te bat h
with a current 'densitg of 2 AldnR tq ogtg_.i.n thefshe t-resistant re Ii}n film
with a fRet3h FEYRRE Caussng BRaREFEIP RS WA B POt e T H Exanpfe 1 was
coated on one side of olyim.de _fi.l.mof 25 .N.mthi.ck (' Upilex 25S

pr oduceHy b a?hﬂﬁs??iggayﬁpaF)afﬁgapgﬁaﬁﬁﬂmﬁﬂzﬁﬁ%;%ﬁp%ﬁééké%%gnethod as
Exanpl S L hiekn fh dreyi =~ ri hen

i mi di z:td“l%y ?%Q&Ié%%%gﬁéghgg §§§E%tr‘?%|l¥d f’y &%’gfééﬁmbg’ ﬁ'qeea]?&-rrlfej'si%?%ﬂlﬁgg hesi ve
conpri si | yhnmide Si . heat | i i gl ass
transiﬁéon %%%%g a¥8?§g(%8$ %? ?%é Sét-?%g%g%%ﬁ%ﬁgﬁﬁégﬁggy%gﬁgga%?sthe

el asti c,pgiluis; at 20PCBR_Pnd HRat -l il 0fr i, d@sesagener at ed
at 100 to 300C was 90 ppm Then, nickel was deposited to a thickness of 10

nmon theqherénr enigtank adhesike the Hudt-eiddiGtand sappeivaas deposited
to a thickness of 100 nm by sputtering. After sputtering, copper plating

was peréefpedsifgathbi pngssidk Zesirbr thedieatreidwistsntxaeplin 1 to
obtain the heatresistant resin filmwth a netal |ayer. Exanple 3
film.

In the present invention, the metal layer is formed on
the heat-resistant adhesive. As the method of forming the
metal layer, a sputtering method, a vacuum evaporation
method, a plating method, or a combination thereof may be
used. Unlike in a method of bonding a copper foil, the
ﬁethod of forming the metal‘layer by sputtering, vacuum
evaporation or plating forms a mixed layer containing the
heat-resistant adhesive and the metal layef at the interface
therebetween, thereby significantly improving adhesion
between both layers. Once the mixed layer is formed,
adhesive strength is maintained after the metal layer is

patterned to form a wiring pattern, and thus the mixed layer

is advantageous in forming fine wiring. Although copper,



The varni sh obtained in Exanple 1 was coated on one side of a liquid
crystal polynmer filmof 25 ~mthick ("Biac" produced by Japan  Gore- Tex
Inc.) treated with plasma by the sane nethod as Exanple 1 so that the

t hi ckness after drying was 9 dm dried and then imdized by the same nethod
as Exanple 1 to forma heat-resistant adhesive conprising the - 22
polyimde resin on the heat-resistant resin film The glass transition
tenperature (Tg) of the heat-resistant adhesive was 92C, the elastic
nmodul us at 200C was 0.4 GPa, and the &Pount of the gases generated at 100
to 300C was 90 ppm Then, a nickel-chrom umalloy (nickel 95~-chrom um 5~)
was deposited to a thickness of 6 nmon the heat-resistant adhesive by
sputt er hAgkeand tQRRAMINMAS idEPASIHEd Léhd tdf&rdsnemo@fu@ﬁgo@m 8ium,
sputtering. After sputtering, copper plating was perfornmed to a thickness
of 15 ~grbyhkha iSemeafeodsas Bamiethl of@btfirnihe tieatmeesistant resin

filmwith a netal |layer. Exanple 4 112.5 g of N, N-di net hyl acet am de was
pl aced i1Aayar30@hd nfedidl- neckdt dsknMdd o tttessmdteals a sTheser, a refl ux
condenser, and a dry nitrogen gas inlet port, and 6.94 g (90 nold) of 1, 1,
3, 3-tetmearrtshylayl be3-uses] (Irddmiimbprlapy|gr dirsid oxameieantdidd. 9 gt (60 nol d)
of di am nodi phenyl ether were dissolved under a nitrogen flow Then, 21.32
g (100 ndelagt awo3@tad,s4' - benzophenonet etracar boxyl i ¢ di anhydri de was added
to the resultant solution, and then stirred at 10C for 1 hour. Then, the
m xture was Wbaot stiebpetadt Rayest il ifaymad 30C St R HAT O vaBtdEt n
pol yam c acid varni sh. The thus-obtai ned varni sh was coated on one side of
a pol yi V@O than/Kepiome tPJoEN ReRRIEEF Byt DA IFRRIBr Byl ekness onpg

the heat-resistant adhesive by sputtering or wvacuum

evaporation. As the sputtering or vacuum evaporation method,

a known method may be used.

When the metal layer is formed by plating, plating is

not performed directly on the adhesive, but plating is

generally performed after a metal thin film serving as a

nucleus is formed on the surface of the heat-resistant

adhesive. The method of forming the metal thin film as the

nucleus is divided into a wet process and a dry process.

The wet process is further divided into a case in which the

heat-resistant adhesive contains a catalytic nucleus, and a

case in which the heat-resistant adhesive does not contain a

catalytic nucleus. When the adhesive does not contain the

catalytic nucleus, palladium, tin, nickel, or chromium is

first applied as a catalyst to the surface of the heat-

resistant adhesive, and if required, the applied catalyst is

activated. When the adhesive contains the catalytic nucleus,

if required, the catalyst on the surface of the heat-



Ltd.), which was a heat-resistant resin filmof 25 dun treated with

| ow-t enperature plasma in an argon atnosphere, by a bar coater so that the
t hi ckness after drying was 3 dun. Then, heat treatnent was perforned at
130C for 3 mnutes, 150C for 3 mnutes, and further 270C for 3 mnutes to
dry and imdize the coated film As a result, a heat-resistant adhesive was
formed on one side of the heat-resistant resin film The glass transition
tenperature (Tg) of the heatresistant adhesive was 175C, the elastic
nodul us at 200C was 1.3 GPa, and the amunt- of the gases generated at 100
to 300C was 60 ppm Then, chrom um was deposited to a thickness of 4 nmon
the heat-resistant adhesive by sputtering, and copper was deposited to a

t hi ckness pfs28€ ut.Lecin ter .sputterjng, electrolytic copper
pl ating was %erf%ﬁgéga?%gg%%hﬁ%k%ggg%ggeg'~n&8y£b§iﬁéyapé659§§,sulfate bat h

with a cur¢lgndmoersi by 2 pgnp tajn,the. heat-resistant resin film
with a netal I%yer. Ex%gé%e ééqhecégP%?éhpgﬁgggﬁBH’iﬂogﬁanﬁﬂHmAHMES eoat ed

on one si dehofl kol yi drgssi| ' =Upi | ex" 25S produced by
Ube Industries, Ltd.) trga?e{c:iég\n]' tgﬁ %ﬁ%sEgrhai\Eégéhefsghﬁ ﬁ@?ﬁa’degésﬁi‘ﬁﬁpl e 4

so that tledhds Dkaass @bk efe st ¥hNGrWescRud & ' nd then inidized by
the same method as - 29 Exan%ler4 to f@r%?%? £%fg?§éisﬁaﬂ?vﬁﬁhe§ive on

t he heatr esdtalaductesas ééﬁmrTrh&,‘yg;b@s&ﬁ(ggps(ijélgggljrEgggﬁ{/%ﬁég%égg%gof t he

heat -resi st ant adhesi ve was 175C, the el ast1lc nbdu 3 GPa,
and the arffuria@fun hevayasest pemer et el @dmd00a t Dos09E g@foﬁguﬂp{;ga%ggggh o
atlhesi ve

ni ckel was deposited to a thickness of 10 nmon the heat-resis

by sput t eflifke larPrivgine ro mash dempiosh tetc kol anéyhi}.@é‘r't%ogité@obgm by
0

sputtering. After sputtering, copper plating was perforned t t hi ckness

of 2 ~m bR &g st Horbawm Reamd ea th do. o pilbidle feat f1esksiagd Lesin
filmwth metal |ayer. Exanple 6 The varnish obtalned in Exanple 4 was

coated on nStdd dihig 1§ i servyistalapdihereratfdalyeof Rocrwnd hi ¢k Bi ac”
pr oduced Qy J%%%? re-Tex Inc.) treated with plasma by the sanme nethod as
Exanpl e 4 $O4YAY (90 tihigdnass dis eirefienaig wds 90 By 00 @ chmncaidien

i mdized Ahe sgge t hod as EX%EEJG 4 to forma heat-resistant adhesive
on the hedtresPCaTadst if M ho dMass Witdng tihdickrenperat wed Tg) of

t he heat - Rgistant qpheﬁﬁye was 175C, the elastic nodulus at 200C was 1.3
GPa, and the ambinf ot tHE&dsed Sfitdes dPtattorming e etk 6hippm Then,

a ni ckel 'cftirlﬂm Wiﬁlel %t(l'{“acl%?}ic%(n;-s%hro%ml%QSS%:)han 1 nm, a defect

occurs to damage plating, which will be described below.
Then, the metal layef is formed on the metal thin film

by plating. The metal layer may be formed only by
electroless plating, by a combination of electrbless plating
and ele;troplating, or only by electroplating. The
electroless plating and electroplating can be pérformed by
known methods. For example, in the case of electroless
plating of copper, a combination of copper sulfate and
formaldehyde is used. 1In the case of electroplating of

copper, a copper sulfate plating solution, a copper cyanide

plating solution, or a copper pyrophosphate plating solution

may be used.



was deposited to a thickness of 6 nmon the heat-resistant - 25 adhesive
by sputtering, and copper was deposited to a thickness of 350 nm by _
sputtering. After sputtering, copper plating was performed to a thickness
of 15 ~m by the sanme nethod as Exanple 4 to obtain the heat-resistant resin
filmwith a netal |ayer. Exanple 7 140 g of N, N-di nethyl acet am de was
placed in a 300-m four-neck flask with a thernoneter, a stirrer, a reflux
condenser, and a dry nitrogen gas inl port, and 10.2 g (65 nold) of 1, 1,
3, 3-tetranmethyl-1, 3-bis (3-aninopFog§lf di sil oxane and 4.42 g (35 nol $)

of di am nodi phenyl ether were dissolved under a nitrogen flow. Then, 20.36
g (100 nold) of 3,3',4,4'-benzophenonetetracarboxylic dianhydride was added
to the resul rast thdlcknieas odHeherettl rrageatddféhdsrugohothe wagn, the

m xture was reacted by further stirring at 50C for 3 hours to obtain

pol yam o fagirdcearsnirsh. tHdhehddusrobi st aet vesnhsHiivaswidat §deomedad si de of
a polyimde film ("Kapton" 100EN produced by Du Pont-Toray Co., Ltd.),

whi ch wdsyerheatNanesl wt anttem exziwifinegn bbazd Em fosaeddbwi eh ke@ittdvser at ure
plasma in an argon atnosphere, by a bar coater so that the thickness after
dryi ng wec@aam ( serei; ade@btive eat nbnl lnaddpEiver rE@cass130eingr theni nut es,
150C for 3 mnutes, and further 270C for 3 mnutes to dry and im.dize the
coat ed fidah~u8s s rant| ¥esin hbbhlmrwitht fhe merajs laygiespvBokdd £ med on

one side of the heat-resistant resin fiinl Th glgsi.transi iogg;eqperature
(Tg) of GWEhfsatkaningited aynklevRehas 1856r OXe PRI L§d 4t 200C

T S i A he A BSRERAAE SR Al R HEOC v 7O
metal layer is preferably in the_range of 0.1 um to 18 pm,
and more preferably 0.1 pum to 10 pm. The thickness bf less
than 0.1 pm is undesirable because a defect easily occurs.
The thickness of over 18 um is also undesirable because much
time is required for removing an excessive portion of the
metal layer after the wiring board is formed by the additive
process, and the shape of the férmed wiring impaired.
Conversely, when the wiring board is formed by a subtractive
process using the heat-resistant resin film with the metal
layer, a metal foil is used as wiring. Therefore, the
thickness of the heat-resistant fesin film with the metal
layer is preferably in the range of 1 um to 40 um, and more
preferably 3 pum to 18 um. The thickness of less than 1 um
is undesirable because wiring is easily disconnected during
formation. The thickness of over 40 pum is also undesirable
because much time is required for forming wiring, and the
shape of the formed wiring is impaired.

The method of forming the heat-resistant resin film



t he heat-resistant adhesive by sputtering, and copper was deposited to a

t hi ckness of 200 nm by sputtering. After sputtering, electrolytic copper
plating was perforned to a thickness of 8 ~mby using a copper sulfate bath
with a current density of 2 AAdnR2 to obtain the heat-resistant resin film
with a netal |ayer. Exanple 8 The varnish obtained in Exanple 7 was coated
on one side of a polyimde filmof 25 dmthick ("Upilex" 25S produced by
Ube Industries, Ltd.) treated with plasma by the sane nmethod as Exanple 7
so that the thickness after drying'Va%GOTS ~m dried and then imdized by
the sane nethod as Exanple 7 to forma heat-resistant adhesive on the
heatresistant resin film The glass transition tenperature (Tg) of the
heat - r egi shaheafiBesiive ayas LoRpritdss & asdrtedruslil sisepd, 200€ was 0.9 GPa,
and the amount of the gases generated at 100 to 300C was 70 ppm Then,

ni ckel wRampgeppsktedrddng thi ckeessdfoWlihqmmredur®s Fhesheat-resi stant
adhesi ve by sputtering, and copper was deposited to a thickness of 100 nm
by sput peiiyhmidAf fedms pst tthei hga teopseirs fErat | mep wast pbn f bsntdeabed

t hi ckness of 2 ~m by the sanme nmethod as Exanple 7 to obtain the

heat r eswsthnf owesiempkiriatmuet plasmet.al Nexwter . thexgrpl yai dhacidr ni sh obt ai ned
in Exanple 7 was coated on one side of a liquid crystal polynmer filmof 25
dm t hi ckaghBsACObsrddeded sbyheapad Yagrkdeaxes bt heatereedstiprh pl asma by
the same nmethod as Exanple 7 so that the_thickness after drying was 9 Vm
dri ed apdhesénei fir@imz &dpepy itlioxas@mt YRe W%HEW@We@ooﬂoFgﬁa

heat - r esi st ant, adhesi ve on the heatresistant resin fiJ]m The gla
transi t PEAYEBEEEr &ldfe trrgtest Wid Heii— et it r adh %?Wé'magsligé, t he

el astic noduyl us at 200C was 0.9 GPa, and t{he_anount of the es ner at ed
2t 100 €535308 ESTRSpyin erherEoR 4T kel XBAEBMEARCERT of (T1EkeroRtors

e R R RO G 0 L B oL B b R gt
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heat_re%%%&%@éﬂﬁ?@'5giédndM€J]fbdnﬁéﬁoiayQ$inuté,2§nd then imidized
at a temperature of 200°C to 350°C. The drying time is 1
minute to 60 minutes, and the imidizing time is 5 minutes to
30 minutes, but these times are not limited. Then, a
nickel-chromium alloy (nickel 90%-chromium 10% alloy) is
deposited on the heat-resistant adhesive by sputtering, and
then copper is deposited by sputtering. Finally,
electroplating copper is performed by using the sputtered
copper layer as an electrode to form the'heatfresistant
resin film with the metal layer.

In the present invention, the heat-resistant adhesive
comprising the polyimide resiﬁ is formed on the heat-
resistant resin film, and then at least one metal layer is
formed on the adhesive by sputtering or vacuum evaporation.

By forming the heat-resistant adhesive comprising the



Exanpl e 10 140 g of N, N-di net hyl acetam de was placed in a 300-m four-neck
flask with a thernoneter, a stirrer, a reflux condenser, and a dry nitrogen
gas inlet port, and 13.1 g (95 nold) of 1, 1, 3, 3-tetranethyl-1, 3-bis
(3-am nopropyl) disiloxane and 1.86 g (15 nold) of diam nodi phenyl ether
wer e di ssolved under a nitrogen flow Then, 20.01 g (100 nold) of

3,3 ,4,4" -benzophenonet etracarboxyl i c di anhydri de was added to the

resul tant solution, and then stirred 10C for 1 hour. Then, the m xture
was reacted by further stirring at 50C for 3 hours to obtain polyamc acid
varni sh. The thus-obtained varni sh was coated on one side of a polyimde
film("Kapton” 100EN produced by Du Pont-Toray Co., Ltd.), which was a

heat - r epiodtydmti deegigs ifn, | mtaforks aehasicat ethmwilten dlgve reerberag ure plasma in
an argon atnosphere, by a bar coater so that the thickness after drying was
3 ~m Tlenmpakest wirtdatmemsends pevifady e aetrod gyvar 3igv frmesd 150C for 3
m nutes, and further 270C for 3 mnutes to dry and imdize the coated film
As a resiinectd yheax -thes ihaadmr efdifdsinte BRESLT oring: orf el G44RE bY/ t he
heat-resistant resin film The glass transition tenperatuggtéTq% of the
heat r es§Eanitthedmediate hage 1 3gc etk idstd PRS00 WS 0. 62 GPa,

and the ampunt of the ses, generated at_ 100 to 300C was 50 m, Then,

chr oni ui rﬂ’ep&ﬁotdet?qfrt?%} i%é’ses Og'ftatll orfaising an h%g‘g%rétfa-‘?%si st ant
adhesive by. s utteg#p , _and copper was deposited to a thickness of 200 nm
by sputﬁ@HQ%fﬂ%ﬁq é%nﬁ%ﬁﬁq?m, el ectrol ytic copper plating was performed

to a thi Ckne§§/ giﬁgspg@(%%%ﬁé:yih%n%i%%?f)%lesLé{dfh%tsq.o atfy }'ﬁﬁ%e\?\sn gﬂ:réc?nt

density of 2 i Nt he heat'-resi stant resin a nmeta

of 3 oot o3 1 WAL A A0 RPNy B oo one o ce
| ndust r inﬁéwilt%(ed.a)t t4 eraatif‘éj(ﬁ’{/fféb RLRARER bk the SeEe TRL o, &S] F¥anpl e 10 so

that the thickness after ing was 0.5 dun, dried and then imdized by the

same netfid-ass RABIE NP P Fof esoteaiedeshstan . adhesi veiea 19e
heatresi stant resin film The glass transition tenperature (Tg) of the

heat - r egrdatardnesivamasr e, 1416 edsd | SraPsitd by al 0 2006nves 0. 62 GPa,
and the ampunt of the gases generated at. 100 to 300C was 50 ppm Then,

ni ckel wascglepanitlettied Hed i rdstesisarf | +és 1vin Dl h hei tieathe emésahnt adhesi ve
by sputtering, and copper was deposited to a thickness of 100 nm by
sput t er ilngyeAfd ertispuptesemty, ircoppeionp) & i vaglwasoHel d difed 6o mothi ckness
of 2 ~mby the same nmethod as Exanple 10 to obtain the heatresistant resin
filmwitdera estialy |lsgyyevbtained. Also, the heat-resistant adhesive
is every thin, and thus the adhesive has the advantage that
the properties basically possessed by the heat-resistant
resin film are not deteriorated.
The heat-resistant resin film with the metal layer of
the present invention is used for forming a wiring board by
the additive process or subtractive process. The
subtractive process comprises forming a resist layer on the
_metal layer, patterning the resist layer into a shape
corresponding to a wiring pattern by exposure and

development, etching the metal layer through the patterned

resist layer used as a mask to form the wiring pattern, and



- 30 Exanple 12 The varni sh obtained in Exanple 10 was coated on one side
of aliquid crystal polyner filmof 25 ~mthick ("Biac" produced by Japan
Gore-Tex Inc..) treated with plasma by the same nethod as Exanple 10 so
that the thickness after drying was 9 ~m dried and then imdized by the
same nethod as Exanple 10 to form a heat-resistant adhesive on the
heatresistant resin film The glass transition tenperature (Tg) of the

heat - resi'stant adhesive was 130C, the elastic nodulus at 200C was 0.62 GPa,
and the amount of the gases generated8at 100 to 300C was 50 ppm Then, a

ni ckel -chrom um al l oy (nickel 95~-chrom um 5~) was deposited to a thickness
of 6 nmon the heat-resistant adhesive by sputtering, and copper was

deposi t,ed gorpegn}cgﬂrﬁéé“@éé 9L P20 novbY £RULBERLATa A LERqOBULLELI N, copper

platin ormed to a I ckn 15 dm by the sane nethod as Exanpl e

10 to(¥§éﬂg%ﬂfué&@?%iggzgg%gg%sr8§ﬁﬂri55§1fbkﬁiﬂg”ﬁt@bsﬁ@fe&aygka”p|e 13

The sane procedure as was repeated except that chrom um was

deposi tad 419, améﬁéka@?érPfrémBﬂﬁbj YREUWBL@¥aPORGELONbyNskeaguet bei ng
deposited to a thicknesSs of 4 nmby sputtering, to obtain a heat-resistant

resin filmyiddn SoiEhel FayRra port3dén wxamel @ k4rlhg pameepnodedure as
Exanpl e 2 was repeated except tﬁat ni ckel was deposited to a thickness of
10 nm by MRAEAUUMForming the wiring pattern in the portion without

the resist layer by plating, removing the resist layer, and

then removing the metal layer from a portion other than the

wiring pattern to obtain a wiring board. Each of the thus-

obtained wiring boards comprises the heat-resistant resin

film and the metal wiring, which are strongly bonded

together with the heat-resistant adhesive provided

therebetween, and exhibits excellent heat resistance.

The heat-resistant resin film with the metal layer of

the present invention has the metal layer provided on both

or one of the sides of the heat-resistant resin film, and

thus Wiring is formed on the heat-resistant resin film by

the additive or subtractive process to obtain a single-sided

or double-sided wiring béard. Therefore, the heat-resistant

resin film can be preferably used for flexible wiring boards.

Examples

Alﬁhough the present invention will be described with
reference to examples, the present invention is not liﬁited
to these examples. In a description below, in Examples 1 to

15 and Comparative Examples 1 to 3, adhesion was evaluated



evaporation instead of being deposited to a thickness of 10 nm by
sputtering, to obtain a heat-resistant resin filmwth a netal |ayer.
Exanpl e 15 The sanme procedure as Exanple 3 was repeated except that a

ni ckel -chrom um al l oy (ni ckel 95%-chrom um 5~) was deposited to a thickness
of 6 nm by vacuum evaporation instead of being deposited to a thickness of
6 nmby sputtering, to obtain a heat-resistant resin filmwth a netal

| ayer. Conparative Exanple 1 Chrom um was deposited to a thickness of 4 nm
on one side of a polyimde film("Kapt8n* 100EN produced by Du Pont - Tor ay
Co., Ltd.), which was a heat-resistant resin filmof 25 ~mtreated with

| ow-tenperature plasma in an argon at nosphere, by sputtering in the sane

manner gﬁdEﬁ%%Bk?ﬁg_§¥¥£ﬁ4“¥bf¥HW$ﬁg“ﬁétﬁ@89$ited to a thickness of 200 nm

by sputtering. uttering, electrolytic copper plating was perforned

to a thicknegs ofg8-dyRnbY ASId v GAPRAIgth -wad2 medbhate hatbraihl a
current density of 2 A/dn2 to obtain the heat-resistant resin filmwth a

met al | qyeryr sComaayiat { v Expdgl e. 2 Nickel was deposited to a thickness of
10 nm on one

2. Heat resistance: A wiring pattern of 2 mm wide was
formed by the additive or subtractive process, maintained in
a hot-air oven of 150°C for 240 hours, taken out of the oven,
and then evaluated with respect to adhesion.

3. Tin plating: A wiring pattern of 2 mm wide was
formed by the additive or subtractive process, tinned by
electroless plating, washed with water, dried, and then’
evaluated with respect to adhesion. The tinning conditions

~were as follows:

Electroless tinning solution: - TINPOSIT LT-34

(produced by Shipley Far East, Ltd.)

Water-washing time: 2 minutes at 25°C

Plating time: 5 minutes at 70°C

Drying: 30 minutes at 50°C

Example 1

112.5 g of N,N-dimethylacetamide was placed in a 300-ml
four-neck flask with a thermometer, a stirrer, a reflux
condenser, and a dry nitrogen gas inlet port, and 16.2 g (99
mol%) of 1,1,3,3-tetramethyl-1,3-bis(3-aminopropyl)
disiloxane and 0.07 g (1 mol%) of p-phenylenediamine were

dissolved under a nitrogen flow. Then, 21.22 g (100 mol?%)



side of a polyimde filmof 25 ~mthick ("Upilex" 25S produced by Ube

I ndustries, Ltd.) treated with | owtenperature plasma in an argon

at nosphere, by sputtering in the same nmanner as Exanple 2, and then copper
was deposited to a thickness of 100 nm by sputtering. After sputtering,
copper plating was perforned to a thickness of 2 ~mby the sanme nethod as
Exanple 2 to obtain a heat-resistant resin filmwth a netal |ayer.
Conpar ati ve Exanple 3 A nickel-chromumalloy (nickel 95~-chrom um 5%) was
deposited to a thickness of 6 nmon-oA® side of a liquid crystal polyner
filmof 25 ).gymthick ("BlIAC' produced by Japan Core-Tex Inc..) treated
with | owtenperature plasma in an argon atnosphere by sputtering in the

sane magger as BXambe 3. uhdhat GRS L NRPL HeRPsa ke 0a8 Whkckness of

350 nm by sputtering. Aftéer sputtering, copper plating was perforned to a

t hi ckneggigely 15 tHDYLdNA tsae Jethoibis &x@nphen st Orpbdiaks a0°C
heat-resistant resin filmwith a netal |ayer. - 33 Exanple 16

Phot or egicgt 1Wasugaat athedy) tthe: met-afuté@yeds ofeddieediclay festheant resin film
with the netal |ayer obtained in Exanple 1 so that the dry filmthickness
was 5 dgmr,irdrined,atargb tihefopastroned hy ekpasor podiydndey e aptreverihsbugh a
mask corresponding to a wiring pattern having a line wwdth of 5 to 100 ~m
to obtain a Taei $hugabbéaineayivegrtiteh mamiguatedran mene ayedepaftarn. Then
the metal layer in the portion in which the resist was renoved was etched
with a $efviimdnlecHidm de&"Kapreon’$S $0PEN| pnodanddf bivt Bay RardirelP XY CQa- 20~
potassium ferricyani de aqueous sol ution containing 5~ of sodi um hydroxi de.

. g
Then, tRAddhot eidgitstwamsa regwivedesbsbbthi reaini Ajle-efdéd Wying board. In
the thus-obtained wiring board, thin wiring of 5 Emin thickness, and
rel ati véiseatfd ikl i kR vicmpor &t e PhRERALR #RraTYPRoAGIYSPORIEA wi t hout

a defect in the wiring pattern, anpl e 17 Photgresi st was coated on the
netal | Berd GG 1ROHEK ?Qﬁﬁ%@%ﬂ%g?gg?h°%??ﬁ?m??ﬁefh T¥ebd) ey er Mot ai ned

0 XTI S e e LR BE SRR RSB B iR
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and imidize the coated film. As a result, a heat-resistant
adhesive comprising the polyimide resin was formed on one
side of the heat-resistant resin film. The glass transition
temperature (Tg) of the heat-resistant adhesive was 92°C,
the elastic modulus at 200°C was 0.4 GPa, and the amount of
the gases generated at 100 to 300°C was 90 ppm.

Then, chromium was deposited to a thickness of 4 nm on
the heat-resistant adhesive by sputtering, and copper was
deposited to a thickness of 200 nm by sputtering. After
sputtering, electrolytic copper plating was performed to a
thickness of 8 um by using a copper sulfate bath with a

current density of 2 A/dm? to obtain the heat-resistant

resin film with a metal layer.



wiring |layer pattern was renoved. Then, in the portion in which the resist
was renoved, electroless copper plating was perfornmed to a thickness of 0.5
umon the nmetal |ayer, and el ectrolytic copper plating was perfornmed to a

t hi ckness of 3.5 ~m Then, electrolytic nickel plating was perforned to a
thi ckness of 0.5 ~m and then electrolytic gold plating was perforned to a
t hi ckness of 3.5 ~mso that the final thickness was 5 Emthe sane as the
resist layer. After plating, the resist was renoved, and the netal |ayer
was renoved fromthe portion other tHadnthe wiring pattern by soft etching
with a 5~ iron chloride aqueous solution to obtain a single-sided wiring

. board. In the thus-obtained wiring board, thin wiring of 5 ~min thickness,

and relﬁ&éﬁﬁég bhick wiring of 100 ~min thickness were strongly bonded
Wi thout a defect in the wiring pattern. The results of Exanples 1 to 15 and

Conpar ati ve fxanph£8idnt 8bB8a #héd SuAMBkampelei D Wabl eodted en3bneTable 1
Adhesive Strength*l (N cm AfterAfterlnitial heat | oadtinni ngExanpl e

11099Exagke 2109961 31pliae3 FR2AExENISe w1 B89 ExartUp 13 269925&npl e
61099Exanpl e 7877Exanpl e 8888Exanpl e 9888Exanpl e 10989Exanpl e 11999Exanpl e
12989Exprphiacéas byEvaep leadiét 71Esanite . 1587260, wibtamplle sl Xobrfe Exanpl e
2211Conp. Exanple 3211 *1 The practical |evel of adhesive strength is 5
N cm or sameemethod3Gs [Enxcogilel &l sApphiatalfible) tthickness after drying
was 0.5 pm, dried and then imidized by the same method as
Example 1 to form a heat-resistant adhesive comprising the
polyimide resin on the heat-resistant resin film. The glass
transition temperature (Tg) of the heat-resistant adhesive
was 92°C, the elastic modulus at 200°C was 0.4 GPa, and the
amount of the gases generated at 100 to 300°C was 90 ppm.
Then, nickel was deposited to a thickness of 10 nm on
the heat-resistant adhesive by sputtering, and copper was
deposited to a thickness of 100 nm by sputtering. After
sputtering, copper plating was performed to a thickness of 2

pum by the same method as Example 1 to obtain the heat-

resistant resin film with a metal layer.

Example 3

The varnish obtained in Ekample 1 was coated on one
side of a liquid crystal polymer film of 25 pm thick ("Biac"
produced by Japan Gore-Tex Inc.) treated with plasma by the
same method as Example 1 so that the thickness after drying
was 9 pum, dried and then imidized by the same method as

Example 1 to form a heat-resistant adhesive comprising the



In the present invention, a heat-resistant resin filmwith a netal |ayer
conprises a netal layer fornmed on the heat-resistant resin filmby
sputtering, vacuum evaporation or plating using a heat-resistant adhesive
conprising a polyimde resin. Therefore, the physical properties possessed
by the heat-resistant resin filmcan be sufficiently utilized, and the ‘
netal |ayer is strongly bonded to the heat-resistant resin film A wring
board obtai ned by using the heat-resi %ant resin filmwth the netal |ayer
has | ess defect in a wiring pattern; 2 dthe like, and thus has excellent
properti es. 1. A heat-resistant resin filmwth a nmetal |ayer conprising
a heat-resistant adhesive coated on at |east one side of the heat-resistant

resin fpbmyikheemsicalid atereheings provs tletdant rbeiheafimesi Shanygladbesive,
wherein thé heatresistant adhesive conprises a polyimde resin, and is

provi ded rhy satt ilcpaterpier HuspulTgy i 0F, tachartevapbshbntnadhrdipkati ng. 2.
A nethod of formng a heat-resistant resin filmwith a netal |ayer

accor di past ®2C@i rate ¢ les et hoodebupr asi B§086awkaAgOadhEde- r e8PsthRt
adhesive on at |east one side of the heat-resistant resin film and then
provi di mgoiune net aihd ayasedpygenectrebed ahel8P puBPBr FnyasyROuiki-
evaporation, and plating. 3. A heat-resistant resin filmwith a al layer
accor di ng toT@am,nﬁlphﬂkﬁkﬁQhﬁqmﬁuﬁn%ﬂ1¢$yé@l?5?hE%S%VCQFOWéHQtggiuttering
or vacuum evaporation has a thickness of 2 nmto 400 nm_ and.the %ptal

| ayer fommddnomited nge hasthicknerfeed 6f N o1 fheohegtopesiptar
heat-resistant resin filmw th . a ngtal |ayer according to,Claim1, wherein
t he heatadhssiistaly atplestoElRgs angl SSBPE aH?FtP&R°Fé%ﬁ@r§PUPe (Tg) of 60C

2 ' - . Ah - resi resin fil i th .
to 500thick§§2550f 358aﬁm gilgégggergib. %f@@yiépdigg¥fﬂgji@63ber
piating was performed to a thickness of 15 pm by the same

method as Example 1 to obtain the heat-resistant resin film

with a metal layer.

Example 4

112.5 g of N,N-dimethylacetamide was placed in a 300-ml
four-neck flask with a thermometer, a stirrer, a reflux
condenser, and a dry nitrogen gas inlet port, and 6.94 g (40
mol%) of 1,1,3,3-tetramethyl—1,3-bis(3—aminopropyl)'
disiloxane and 11.73 g (60 mol%) of diaminodiphenyl ether
were dissolved under a nitrogen flow. Then, 21.32 g (100
mol%) of 3,3',4,4‘—benzophenonetetrécarboxylic dianhydride
was added to the resultant solution, and then stirred at
10°C for 1 hour. Then, the mixture was reacted by further
stirring at 50°C for 3 hours to obtain polyamic acid varnish.

The thus-obtained varnish was coated on one side of a

polyimide film ("Kapton" 100EN produced by Du Pont-Toray Co.,



rding to Caim1, wherein the heat-resistant adhesive has a glass
' ??;gs?tign tenperature (Tg) of 60C to 230C. 6. A heat-resistant resin film
with a metal l|ayer according to Claim1, wherein the anount of the gases
generated fromthe heat-resistant adhesive at 100C to 300C is 250 ppm or
less. 7. A heat-resistant resin filmwth a nmetal layer according to Caim
1, wherein the heat-resistant adhesive has an elastic nmodulus of 0.1 GPa to
3 GPa at 200C. 8. A heat-resistant resin filmwith a nmetal |ayer according
to Caim1, wherein the heat-resistant &8hesive has a thickness of 0.01 ~m
to 10 ~m 9. A heat-resistant resin filmwith a netal l|ayer according to
Claiml, wherein the polyimde resin conprises an aromatic tetracarboxylic

gianhydr i dedand amdicamiie Ankdier &4 aae: | 22131 FOXANSS! yRe g am ne. 10.

A wiring board conprising a heat-resistant resin fifmw y

accor di ng treaCleal Milth Wey-aidhdd@ t®t @l plasma in an argon atmosphere,
by a bar coater so that the thickness after drying was 3 pm.
Then, heat treatment was performed at 130°C for 3 minutes,
150°C for 3 minutes, and further 270°C for 3 minutes to dry
and imidize the coated film. As a result, a heat-resistant
adhesive was formed on one side of the heat-resistant resin
film. The glass transition temperature (Tg) of the heat-
resistant adhesive was 175°C, the elastic modulus at 200°C
was 1.3 GPa, and the amount of the gases generated at 100 to
300°C was 60 ppm.

Then, chromium was deposited to a thickness of 4 nm on
the heat-resistant adhesive by sputtering, and copper was
deposited to a thickness of 200 nm by sputtering. After
sputtering, electrolytic copperlplating was performed to a
thickness of 8 um by using a copper sulfate bath with a
current density of 2 A/dm? to obtain the heat-resistant

resin film with a metal layer.

Example 5

The varnish obtained in Example 4 was coated on one
side of a polyimide film of 25 pum thick ("Upilex"™ 258
produced by Ube Industries, Ltd}) treated with plasma by the
same method as Example 4 so that the thickness after drying

was 0.5 pum, dried and then imidized by the same method as



- 39 layer is formed in a wiring pattern. 11. A nethod of producing a

W ring board conprising patterning a netal |ayer of a heat-resistant resin
filmwith a netal |layer according to CCaiml to forma wiring pattern. 12.
A heat-resistant resin filmwith a netal |ayer according to Claima1,
wherein the nmetal |ayer conprises at |est one netal selected fromthe group
consisting of chromum nickel, lead, zinc, tin, gold, silver, palladium
and copper. 13. A wring board conprising a heat-resistant resin filmwth
a metal layer according to Claim1,-whferein the netal layer is formed in a
wiring pattern by formng a resist |layer on the netal |ayer, patterning the
resist layer in a shape corresponding to the wiring pattern by exposure and

devel Opj'ﬁ‘z%‘in%%t ghig 18 TRhAlad-a3%eyi Baitsiduhd v dadd efmechagsi st | ayer as

an etching sk to formthe wiring pattern, and then renoving the resist
layer. 14.iAcWnit 3% DA 1GPNPITHY N & Nedtar €isi Sdrantempst atdié MngLh a

nmetal |ayer according to Caim1l, erein the netal layer is formed in a
Wiring pat treyd Hae H-0fdl i s f esitid s ilvay era N 197 netled ébyeticrenovi ng, by
exposure and - 40 developnent, the resist layer froma portion where the

W ring paidans iax faoporfed wdormngraie and itige patdentn dF phatgagesn the
portion in which the resist layer is renoved, and then renoving the resist

| ayer t qemarated ket mettltd B3r°d om d@arpmon other than the wiring
pattern. .As9,. AfR AYy. A; ?. A, . A?. A&u?. As. A; 2. AN A A@R A A . A
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resistant resin film. The glass transition temperature (Tg)

of the heat-resistant adhesive was 175°C, the elastic
modulus ét 200°C was 1.3 GPa, and the amount of the gases
generated at 100 to 300°C was 60 ppm.

Then, a nickel-chromium alloy (nickel 95%-chromium 5%)

was deposited to a thickness of 6 nm on the heat-resistant
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adhesive by sputtering, and copper was deposited to a
thickness of 350 nm by sputtering. After sputtering, copper
plating was performed to a thickness of 15 um by the same
method as Example 4 to obtain the heat-resistant resin film

with a metal layer.

Example 7
140 g of N,N-dimethylacetamide was placed in a 300-ml
four-neck flask with a thermometer, a stirrer, a reflux
condenser, and a dry nitrogen gas inlet port, and 10.2 g (65
mol%) of 1,1,3,3-tetramethyl-1,3-bis{3-aminopropyl)
disiloxane and 4.42 g (35 mol%) of diaminodiphenyl ether
were dissolved under a nitrogen flow. Then, 20.36 g (100
mol%) of 3,3',4,4'-benzophenonetetracarboxylic dianhydride
was added to the resultant solution, and then stirred at
10°C for 1 hour. Then, the mixture was reacted by further
stirring at 50°C for 3 hours to obtain polyamic acid varnish.
The thus-obtained varnish was coated on one side of a
polyimide film ("Kapton" 100EN produced by Du Pont-Toray Co.,
Ltd.), which was a heat-resistant resin film of 25 pm
treated with low-temperature plasma in an argon atmosphére,
by a bar coater so that the thickness after drying was 3 pm.
Then, heat treatment was performed at 130°C for 3 minutes,
150°C for 3 minutes, and further 270°C for 3 minutes to dry

and imidize the coated film. As a result, a heat-resistant
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adhesive was formed on one side of the heat-resistant resin
film. The glass transition temperature (Tg) of the heat-
resistant adhesive was 160°C, the elastic modulus at 200°C
was 0.9 GPa, and the amount of the gases generated at 100'to
300°C was 70 ppm.

Then, chromium was deposited to a thickness of 4 nm on
the heat-resistant adhesive by sputtering, and copper was
deposited to a thickness of 200 nm by sputtering. After
sputtering, electrolytic copper plating was performed to a
thickness of 8 um by using a copper sulfate bath with a
current density of 2 A/dm? to obtain the heat-resistant

resin film with a metal layer.

Example 8

The varnish obtained in Example 7 was coated on one
side of a polyimide film of 25 pm thick ("Upilex" 258
produced by Ube Industries, Ltd.) treated with plasma by the
same method as Example 7 so that the thickﬁess after drying
was 0.5 um, dried and then imidized by the same method as
Example 7 to form a heat-resistant adhesive on the heat-
resistant resin film. The glass transition temperature (Tg)
of the heat-resistant adhesive was 160°C, the elastic
modulus at 200°C was 0.9 GPa, and the amount of the gases
generated at 100 to 300°C was .70 ppm.

Then, nickel was deposited to a thickness of 10 nm on
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the heat-resistant adhesive by sputtering, and copper was
deposited to a thickness of 100 nm by sputtering. After
sputtering, copper plating was performed to a thickness of 2
pm by the same method as Example 7 to obtain the heat-

resistant resin film with a metal layer.

Example 9

The varnish obtained in Example 7 was coated on one
side of a liquid crystal ﬁolymer film of 25 pm thick ("BIAC"
produced by Japan Gore-Tex Inc.) treated with plasma by the
same method as Example 7 so that the thickness after drying
was 9 pm, dried and then imidized by the same method as
Example 7 to form a heat-resistant adhesive on the heat-
resistant resin film. The glass transition temperatufe (Tg)
of the heat-resistant adhesive was 160°C, the elastic
modulus at 200°C was 0.9 GPa, and the amount of the gases
generafed at 100 to 300°C was 70 ppm.

Then, a nickel-chromium alloy (nickel 95%-chromium 5%)
was deposited to a thickness of 6 nm on the heat-resistant
adhesive by spﬁttering, and copper was deposited to a
thickness of 350 nm by sputtering. After sputtering, copper
plating was performed to a thickness of 15 pm by the same
method as Example 7 to obtain the heat-resistant resin film

with a metal layer.
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Example 10
140 g of N,N-dimethylacetamide was placed in a 300-ml
four-neck flask with a thermometer, a stirrer, a reflux
condenser, and a dry nitrogen gas inlet port, and 13.1 g (95
mol%) of 1,1,3,3-tetramethyl-1,3-bis(3-aminopropyl)
disiloxane and 1.86 g (15 mol%) of diaminodiphenyl ether
were dissolved under a nitrogen flow. Then, 20.01 g (100
mol%) of 3,3',4,4'-benzophencnetetracarboxylic dianhydride
was added to the resultant solution, and then stirred at
10°C for 1 hour. Then, the mixture was reacted by further
stirring at 50°C for 3 hours to obtain polyamic acid varnish.
The thus-obtained varnish was coated on one side of a

polyimide film ("Kapton" 100EN produced by Du Pont-Toray Co.,
Ltd.), which was a heat-resistant resin film of 25 pm
treated with low-temperature plasma in an argon atmosphere,
by a bar coater so that the thickness after drying was 3 um.
Then, heat treatment was performed at 130°C for 3 minutes,
150°C for 3 minutes, and further 270°C for 3 minutes to dry
and imidize the coated film. As a result, a heat-resistant
adhesive was formed on one side of the heat-resistant resin
film. The glass transition temperature (Tg) of the heat-
resistant adhesive was 130°C, the elastic modulus at 200°C
was 0.62 GPa, and the amount of the gases generated at 100
~to 300°C was 50 ppm.

Then, chromium was deposited to a thickness of 4 nm on
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the heat-resistant adhesive by sputtering, and copper was
deposited to a thickness of 200 nm by sputtering. After
sputtering, electrolytic copper plating was performed to a
thickness of 8 um by using a copper sulfate bath with a
current density of 2 A/dm? to obtain the heat-resistant

resin film with a metal layer.

Example 11:

The varnish obtained in Example 10 was coated on one
side of a polyimide film of 25 um thick ("Upilex" 25S
produced by Ube Industries, Ltd.) treated with plasma by the
same method as Example 10 so that the thickness after drying
was 0.5 pum, dried and then imidized by the same method as
Example 10 to form a heat-resistant adhesive on the heat-
resistant resin film. The glass transition femperature (Tg)
of the heat-resistant adhesive was 130°C, the elastic
modulus at 200°C was 0.62 GPa, and the amount of the gases
generated at 100 to 300°C was 50 ppm.

Then, nickel was deposited to a thickness of 10 nm on
the heat-resistant adhesive by sputtering, and copper was
deposited to a thickness of 100 nm by sputtering. After
sputtering, copper plating was performed to a thickness of 2
pm by the same method as Example 10 to obtain the heat-

resistant resin film with a metal layer.
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Example 12

10CC 10CC

The varnish obtained in Example 10 was coated on one

side of a liquid crystal polymer film of 25 pm thick ("Biac"
produced by Japan Gore-Tex Inc..) treated with plasma by the

same method as Example 10 so that the thickness after drying

was 9 pm, dried and then imidized by the same method as

Example 10 to form a heat-resistant adhesive on the heat-

resistant resin film. The glass transition temperature (Tg)

of the heat-resistant adhesive was 130°C, the elastic

modulus at 200°C was 0.62 GPa, and the amount of the gases

generated at 100 to 300°C was 50 ppm.

Then, a nickel-chromium alloy (nickel 95%-chromium 5%)

was deposited to a thickness of 6 nm on the heat-resistant

adhesive by sputtering, and copper was deposited to a

thickness of 350 nm by sputtering. After sputtering,

copper

plating was performed to a thickness of 15 pum by the same

method as Example 10 to obtain the heat-resistant resin film

with a metal layer.

Example 13

The same procedure as Example 1 was repeated except

that chromium was deposited to a thickness of 4 nm by vacuum

evaporation instead of being deposited to a thickness

of 4

nm by sputtering, to obtain a heat-resistant resin film with

a metal layer.
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Example 14

The same procedure as Example 2. was repeated except
that nickel was deposited to a thickness of 10 nm by vacuum
evéporation instead of being deposited to a thickness of 10
nm by sputtering, to obtain a heat-resistant resin film with

a metal layer.

Example 15

The same procedure as Example 3 was repeated except
that a nickel-chromium alloy (nickel 95%-chromium 5%) was
deposited to a thickness of 6 nm by vacuum evaporation
instead of being deposited to a thickness of 6 nm by
sputtering, to obtain a heat-resistant resin film with a

metal layer.

Comparative Example 1

Chromium was deposited to a thickness of 4 nm on one
side of a polyimide film ("Kapton" 100EN produced by Du
Pont-Toray Co., Ltd.), which was a heat—resiétant resin film
of 25 um treated with low-temperature plasma in an argon
atmosphere, by sputtering in the same manner as Example 1,
and then copper was deposited to a thickness of 200 nm by
sputtering. After sputtering, electrolytic copper plating

was performed to a thickness of 8 pum by using a copper
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sulfate bath with a current density of 2 A/dm? to obtain the

heat-resistant resin film with a metal layer.

Comparative Example 2

Nickel was deposited to a thickness of 10 nm on one
side of a polyimide film of 25 pm thick ("Upilex" 258
produced by Ube Industries, Ltd.) treated with low-
temperature plasma in an argon atmosphere, by sputtering in
the same manner as Example 2, and then copper was deposited
to a thickness of 100 nm by sputtering. After sputtering,
copper plating was performed to a thickness of 2 um by the
same method as Example 2 to obtain a heat—resistaﬁt resin

film with a metal layer.

Comparative Example 3

A nickel-chromium alloy (nickel 95%-chromium 5%) was
deposited to a thickness of 6 nm on one side of a liquid
crystal polymer film of 25 um thick ("BIAC" produced by
Japan Gore-Tex Inc..) treated with low-temperature plasma in
an argon atmosphere by sputtering in the same manner as
Example 3, and then copper was deposited to a thickness of
350 nm by sputtering. After sputtering, copper plating was
performed to a thickness of 15 um by the séme method as

Example 3 to obtain a heat-resistant resin film with a metal

layer.
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Example 16

Photoresist was coated on the metal layer of the heat-
resistant resin film with the metal layer obtained in
Example 1 so that the dry film thickness was 5 um, dried,
and then patterned by exposure ahd.development through a
mask corresponding to a wiring pattern having a line width
of 5 to 100 um, to obtain a resist pattern having the
remaining wiring layer pattern. Then, the metal layer in
the portion in which the resist was removed was etched with
a 10% iron chloride aqueous solution, and further etched
with a 20% potassium ferricyanide aqueous solution
containing 5% of sodium hydroxide. Then, the photoresist
was removed to obtain a single-sided wiring board. In the
thus-obtained wiring board, thin wiring of 5 pum in thickness,
and relatively thick wiring of 100 pum in thickness were

strongly bonded without a defect in the wiring pattern.

Example 17

Photoresist was coated on the metal layer of the heat-
resistant resin film with the metal layer obtained in
Example 2 so that the dry film thickness was 5 pum, dried,
and then patterned by exposure and development through a
mask corresponding to a wiring pattern having a line width

of 5 to 100 pum, to obtain a resist pattern in which the
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wiring layer pattern was removed. Then, in the portion in
which the resist was removed, electroless copper plating was
performed to a thickness of 0.5 pm on the metal layer, and
electrolytic copper plating was performed to a thickness of
3.5 ym. Then, electrolytic nickel plating was performed to
a thickness of 0.5 um, aﬁd then electrolytic gold plating
was performed to a thickness of 3.5 um so that the final
thickness was 5 um the same as the resist layer. After
plating, the resist was removed; and the metal layer was
removed from the portion other than the wiring pattern by
soft etching with a 5% iron chloride aqueous solution to
obtain a single-sided wiring board. In the thus-obtained
wiring board, thin wiring of 5 um in thickness, and
relatively thick wiring of 100 pm in thickness were strongly
bonded without a defect in the wiring pattern.

The results of Examples 1 to 15 and Comparative

Examples 1 to 3 are summarized in Table 1.
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Table 1
Adhesive Strength' (N/cm)
After After
Initial
heat load| tinning
Example 1 10 9 9
Example 2 10 9 9
Example 3 10 9 9
Example 4 10 ° 9
Example 5 10 9 S
Example 6 10 9 9
Example 7 8 7 7
Example 8 8 8 8
Example 9 8 8 8
Example 10 9 8 9
Example 11 S 9 9
Example 12 9 8 9
Example 13. 8 7 7
Example 14 8 7 7
Example 15 8 7 7
Comp. Example 1 4 1 2
Comp. ExXample 2 2 1 1
Comp. Example 3 2 1 1

*]1 The practical level of adhesive strength is 5 N/cm or

more.
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Industrial Applicability

In the present invention, a heat-resistant resin film
with a metal iayer comprises a metal layer formed on the
heat-resistant resin film by sputtering, vacuum evaporation
or plating using a heat-resistant adhesive comprising a
polyimide resin. Therefore, the physical properties
possessed by the heat-resistant resin film can be
sufficiently utilized, and the metal layer is strongly
bonded to the heat-resistant resin film. A wiring board
obtained by using the heat-resistant resin film with the
metal layer has less defect in a wiring pattern, and the

like, and thus has excellent properties.
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CLAIMS
1. A heat-resistant resin film with a metal layer
comprising a heat-resistant adhesive coated on at least one
side of the heat-resistant resin film, the metal layer being
provided on the heat-resistant adhesive, wherein the heat-
resistant adhesive comprises a polyimiae resin, and is
provided by at least one of sputtering, vacuum evaporation,

and plating.

2. A method of forming a heat-resistant resin film with a.
metal layer according to Claim 1, the method comprising
coating a heat-resistant adhesive on at least one side of
the heat-resistant resin film, and then providing the metal
layer by at least one of sputtering, vacuum evaporation, and

plating.

3. A heat-resistant resin film with a metal layer
according to Claim 1, wherein the metal layer formed by at
least sputtering or vacuum evaporation has a thickness of 2
nm to 400 nm, and the metal layer formed by plating has a

thickness of 0.1 pm to 18 um.

4. A heat-resistant resin film with a metal layer
according to Claim 1, wherein the heat-resistant adhesive

has a glass transition temperature (Tg) of 60°C to 250°C.
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6. A heat-resistant resin film with a metal layer
according to Claim 1, wherein the amount of the gases
generated from the heat-resistant adhesive at 100°C to 300°C

is 250 ppm or less.

7. A heat-resistant resin film with a metal layer
according to Claim 1, wherein the heat-resistant adhesive

has an elastic modulus of 0.1 GPa to 3 GPa at 200°C.

8. A heat-resistant resin film with a metal layer
" according to Claim 1, wherein the heat-resistant adhesive

has a thickness of 0.01 pm to 10 um.

9., A heat-resistant resin film with a metal layer
according to Claim 1, wherein the polyimide resin comprises
an aromatic tetracarboxylic dianhydride and a diamine, and

the diamine is a siloxane-type diamine.

10. A wiring board comprising a heat-resistant resin film

with a metal layer according to Claim 1, wherein the metal
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lest one metal selected from the group consisting of
chromium, nickel, lead, zinc, tin, gold, silver, palladium,

and copper.

13. A wiring board comprising a heat-resistant resin film
with a metal layer according to Claim 1, wherein the metal
layer is formed in a wiring pattern by forming a resist
layer on the metal layer, patterning the resist layer in a
shape corresponding to the wiring pattern by exposure and
development, etching the metal layer by using the patterned
resist layer as an etching mask to form the wiring pattern,

and then removing the resist layer.

14. A wiring board comprising a heat-resistant resin film
with a metal layer according to Claim 1, wherein the metal
layer is formed in a wiring pattern by forming a resist

layer on the metal layer, removing, by exposure and
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development, the resist layer from a portion where the
wiring pattern is formed, forming the wiring pattern by
plating in the portion in which the resist layer is removed,
and then removing the resist layer to remove the metal layer

from a portion other than the wiring pattern.



