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Spe.cif !cation 

.. _ RISU~·HAVING MITAL FOIL FOR MtJLTILAYERID 
· ..•. ,:WIRING BOARD, PROCESS FOR PRODQC~·llG THE SAME, 
MU'i;rILAYIRED WIRING SOARD, AND ELEC':RONIC DBVICE 

·.-:. ·.,-,'. . ' .... 

· .. · <:TeqhniclI. l'iald 
. . ·~-- .· . . 

'TJl·i• invention relates to metal foil having provided 

· :· on.one.Jiida.-thereof a thermosetting .reain film which is for 
· ... -.. .. . . :::·: .·· 

" \lae fh: i Jllultilayered wirinq board, a proeess for producing 
.<· .. ,·._; . '·.:-·/' ... 

. the res1n;,.havinq metal foil, a mul tila.yered wiring board 
. ·.:.-··,; 

·· .. ·. <lla'!i:r19. the reain-~aving metal foil, and an electronic device 
·: .. : ..... · .. ,, 

'having an': .eiectronic component electrically c~nnec:ted to the 

".multilayered wiring board. The mul tilayered wiring board 

: . a~co~di?lq:: t,Q the present invention has practically the same 
~· .·. ' .. : . ··: . ... 

··••di~t&rLce·.i:,e~waen wirinq layers irraspeotiva of· the in-plane 
·. :.:-.:. .. ·. ·: ~ 

.:. p9aition~>(,f · the mul tilayered wiring board, showin9 small 

· '\7~1.'i~t:ian·:· in characteristic impedance • Tha:c:~fore, it 

: e:diib1fa' ,,,,eey excellent characteristics as a wiring board for 

' '.::~i~r~bi:gh-.. peed digital circuits. The electronic device 
. -~·'·. . .. : : .. , 

/ac9.orc.t,ing :to the present invention has excellent stability of 

) ·.·/ ::t~e: c~ara~teristic impedance and, with a digital 
i 

semiconductor mounted as an electronic element, allows the 
. . . 

·. digital' semiconductor to operate at a higher speed and, with 

., , .··· . a · 15~iconduct;.or having· an analog portion :n,t.c:>Unted as an 

: < , ·. '.elect~cnic . elGent 1 can handle signals o~ -.h!ghe~ frequency 

.:, :< :J;>~cil'111a. croastalks of the signal• are reduced. Where a resin 

:iia:Y.i~g. a' glass transition temperature. of ia·o 0 c or hiqhe:r 

ait'.~#,.··h~'t. QUrinq is used, the multilayered wiring board and 
.· 

- 1 ... 
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l IU 1H 1 i }~ . ··.-:: 

the alactronic:f :d.vlcti :a~cordinq to the present invention have 
'· .' .· ·. ···· .. _·.·· · .. ·.·. '····· 

·.'.very .· high rf!!liabil,ii;.y •.. • :•:~inc a a thermos~tting res in having a 
... · .. ·. . ........ - . .:· ··:·· 

./relative diel•~t.tic con.t4Jlt of not higher than 3. 3 at a 
· ... · .. ·:·.· 

·: .· ~-:. : 

..... 'fre~flncy ran,g,Oof.· not :lC?.we:r: than 1 MHz before heat curing is 
··.···· ...... ·· 

: .. ~aed, the multi.iayerad w~ring board of the present invention 
. "• .. •., .. . . .. 

in which aucll.a•.:-;hermoa~tt.inq resin is used as cured is 
. -.. . . '·· ·,·.··. . ... 

;e~cellent. in ~t~llity•of>characteriatic impedance, high-
.. ···;:". 

-~peEid:algnal 1;.r.nll,mimai~n p:coperties, and low crosstalk 

. ··• ·p~opertiea, :').'.~~ . ~.leatr~riic device using this mul tilayered 

; ltiiring board :a11QWs a. d~gital semiconductor to operate at its 
.. '·..... ·. . . ·: ··: : · .. ·.··. . .. . . 

· .. hig~1est speed<()r· a semiconductor dealing with analog signals 
-. . 

. to operate at· .i.~• :highest frequency. 

. . -

Baqlsground. Art:·· 

copper ;fo~l with~:an epoxy resin is known as metal 
. .. ~ . 

' foil having a-·th~i:Pioaetting resin film. However, when such a 

: ~onventional. ~~tal •. foi,l .• ~ith resin is applied to production 
. .. . ,_., .. :·.: . . . 

• ·:e>f a multila;ye~~ct :.wirin~(<board (sequentially mult1layered 

wiring board.r: bii·i '~~:.:c;~l,led lamination build-up process in 

which sheets .of_ met;af .. :fc,,i.i with resin are sequentiallyly 
·~···· . : .... ·... .. .'. >.·: ::.:.:-:·· 

·.laminated, it.'has .. beeJJ.<alfticult to even the film thickness 

of the the~9~~·t~J.I)~ :r:~_ll'in, which functions as an electrical 

:: J.'naulator, . al~·:··.·t:>.ye;•·:_t~~:i·~iring board thereby to make the 

· 'characteris.t:l.~-:lmi>ed.an¢.9\of the wiring fall within a given 
·.: ·. . ... ·. . .: .. . ~·· :·:-+= ··>. 

··':·: 

· : .. range. ·Further,:_ .. al(,:~ti•', ;thermosetting res in is not intended 
:·-,.·.<·.·:· ,:::·;:.·'.·.:-, · .. ' ; . · .... ·.··. 

· t:·o be applied, ~~.; b.i.gh~'peed circuits or high-frequency analog 
;.:'· .· 

: ... ··;/· .. 

: . · ... 
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circuit:•, the dielectric characteristics and heat resistance 

of,\tbe thermosetting resin are insufficient for such . us ea. 

In: the ·.-conventional metal foil having an epoxy resin used in 

th~·-·pro~uction of copper-clad laminates, the dielectric 

co}'iatant of the resin is 3.6 to 3.9, and the glass transition 

't.einperature of the cured resin ia as low as 120 to 150°c. 

In the field of electric wiring boards, it ia a 

m~~te:r·of urgency to establish a lamination build-up process· 

thllt:· will form denser wiring than a through-hole plating 

process. However, there has not bean a suitable :resin-having 

metal foil for use in multilayered wiring board that can be 

u·sf!d.·_ in high-speed digital circuits and high-frequency analo9 

Qi~~uits-. It is an object of the present invention to 

pr~vide a multilaye:red wiring board.which can be used for 

higb~ape•d·digital circuit• and high-frequency analog .. . . 
~ 

circ~ita and an electronic device using the same, in which 

me~al foil havi;ng provided on one side thereof a film of a 

tharmcsa:tting resin is used, the thexmosetting re•in having a 

sp,ecific resin flow, a specific relative dielectric constant, 

and a specific glass transition temperature after curing. 

Qi•c;osura of the Inyentign 

As a result·of extensive investigation, the inv~ntors 

·of· the present invention hav,e reached.disqoveey of re11in­

hav~n9 meta.l foil. The present invention consists cf the 
. : 

. £oi1C:,wing 14 embodiments • 

.: .. ~ 



Firstly, the preaentinvantion provides resin-having 
... .; 

. . -

metal foil fo: ~· multilaye~.d wirinq board which comprises 

metal .foil having provided";(>.~ one side thereof a film of a 

thet'Jllosettinq resin having:~·relative dielectric constant of 

no~ hiqhar than·l.3 at a fl:'~~ency range of not lower than 1 

MHz and havinq a resin floW. 'of l to 50'. 

Secondly, the preseJit invention provides reain-havinq 
. · .. , 

metal foil for a:multilayel:'~d wiring board which comprises 

metal foil having on one si~e thereof a film of a 

thetjnoaettinq resin having : .. a relative dielectric constant of 

not higher than.3.3 at a f~~queney range of not lower than 1 

MHz ·and having ~ resin flo.•·_,e:,f S to 50'. 

Thi:dly1 the praseri~' invention provides the resin­

having metal foil for a mul;tilayared wiring board according 

to c.laim 1 or 2, wherein th •. thermos.atting resin contains ·an 

inorganic filler • 

.Fourthly, the presan~ invention provides the resin-
. . . . . 

. . 

having metal foil for a m~l..t;ilayered wiring board acco:ding 

to claim 1, 2 or 3, where.:tn\the thermosetting resin has a 

glass transition temperatur~of not lower than 180°c after it 

cures. 

Fifthly, . the prese#:t' 'invention provides the resin­

havinq metal foil for a mul~ilayered wiring board according 

to claim 1, 2, Jor 4, whlllr~in the the:cmol\lettinq resin is a 

the~oaattinq po·lyphenylen~··ether resin. 

- 4 -
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:sixthly1 .. :J:he present invention provides the re•in-
. : : . ~·::: . 

. . ·l'laiing metal f o,1;;l/· for a multi layered . wirinq board accordinq 

t~;. claim 5, whe~~~;ri the thermo&El!tting resin is a 
.,.· . . .. ·:.::·:·::.: 

thermo·satting polyPhenylene ether resin containing a atyrEl!ne 
:. : .. :. 

,Sevanth;J,y};: the present invention provides a process 

·for.producing r.;~fn-having metal foil for a multilayered 
·: .. :_ .. ;··. 

w.irinq board ac~oi:~ing to claim 5 or 6, which comprises 
:·, ·. ··- ·.:· .. 

C:.c;>~t.J.ng .metal foV( with a :resin va:rnish comprising a 

'thE9J:11\osetting pol:fphenylene ether resin and a. solvent, and 
.·:: .. :-"·.··= 

drying the coat.irtq: film, wherein the drying is carried out 

u~d~r such a condition that the rate of evaporation of the 

s9,lvent :ce not ~.l~her than O .10 q/cm2•JDin. 

:Eighthl~,>.t.he present invention provides a process 
· .. ' ~-

.. for pl:'oducinq. r~11!~-havi?J.9 metal foil for a m.ultilayered 

w-irinq board acC,.oi£ding to claim 5 or 6, which comprise& 

c:toating metal f6£i
0

"with a reain varnish comprising a 
.···' . . '"·.-::··.··. 

thermoae;tting p9.l.jphenylene ether resin and a solvent, and 

~dryi:nq t.he coat.~n~·: film, wherein the drying is carried out 

under s~ch a co~~l~ion that the rate of evaporation of the 
:- · .• :·· .;! .. 

solvent :be not .h.i~her than o .10 q/cm2 •min until the residual 
···._:· 

solvent 'concentration of the coating film is reduced to 
·.:_:·>>.>~:.'.· 

200,000 ppm. ; 

Ninethlyi.the present invention provides· a process 

for pr9ducin9 r~aiih-havinq metal toil for a multilayered 

. ~iring board acC:otding ta claim s or & , which comprises melt-

- 5 -
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extrudinq a therinC?••ttinq polyphanylene ether resin under a 

condition that do~.· not substantially cause the resin to 
···· . 

· de.ciompoae. 
... <·-: 

•Tenthly /.:-t;he present invention provides the resin-

.··#aving JD,etal fQil'·:for a mul.tilayared wirinq board according 

to any.one of cla!Jns 1 to·&, havinq an easily st:r:ippable 

a·hetet fc;>r protac:·~·.:i.nq the rea1n surface. 
·. '·: 

Eleventhlyl the present invention provides a 

multilayerad wiz:lhg board which is produced by usinq resin-
. . .. ·.- . 

. :having metal foiJ. •. according to claim 1, 2, 3 or 4. 

'rwelfthly.,. the present invention provides a 
: .· . 

•~quan"t:ially mul~ilayered wiring board, wherein the wirinq 

·~l~yers, .a.re fOJ:Jn•ct .:py sequentiallyly laminating sheets of 
. . 

. J:Q8in•h8Vinq mQ~'Al' fOil llCCCJrding tO Cl&ilft 11 2 I 3 0%° 4 • 
: .... ··. 

Thirteent~ly, the present invention provides an 

electJ;Onic devic~.:j::omprisinq a mul tilayered wiring board 

according to c1~ti·11 or 12 and an electronic element 
: . .. . 

co~riec:ted theret·c;.··yiCL a wirini meana • 
.. ··.··· ' ... , ·,, 

Fourteen~lliy, .the present invention provides the 
_::·_ ... _:· 

electronic device-~ccording to claim 13 1 comprising a 
. . . . : ... ::.: . 

(sequentially) m:dl~ilayeref,i wiring board according to claill! 

11 o:r: 12 which a,~,h~eves a speed of elect:r:.f.cal signal 

- 6 -
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... · . 

_paacript;,iP1' of tb@ prawing 

Fiq. l<A11 a cross section showing the structure of 

. .. ··_. 't;~• thermosettirtq resin-having metal foil according to the 

.. : ~;e-~nt inventtt.J~. Fig. 2 is a cross section showing an 

, ::, .. ·:~~ampl;e ·of the:·~~ltilayered wiring board· according to the 

.: .i}..th :or 12th . ~()diment of the present invention. Fiq. 3 is 

<.<· ~:tos• •sections,)l~0wing an example of the process for 
. . .., .. ,. 

' (p]:-oducinq the biill t-up mul tilayered wiring board according to 
·. ··:.·:· 

· · the l2'th embocU.in~nt. Figs. 4 through 6 are each a cross 
.· .. ··.· .. · 

·af!ctiqn of an :~~ample of the electronic device according to 

· ·· : the 13th embodJJlt~nt of the present invention. 
~ .. : : '; 

. ;_-' 

·.·. / ~h@ last· Mgda ~c)t ·qarg:ing out tha Invention 

The pr~sent invention will be described in detail. 
~· ' ..... :· ·. 

Any kind-of ~etal foil can be used in the present 

·. ·.·,._·.'invention. Examples of useful metal foils are copper foil, 
.. . ~:.·::~· 

For availability and . (_; ~luminum foil~· :~t~,li foil and gold foil. 

.: · :aiU•e 'of etchin~~/:':ccpper foil and aluminwn foil a:r:e prefer:r:ed, 
,.: . · .. : 

' ;:: lt'i th copper :f~il }>ainq the moat preferrE1d' While not 

limiting, the ~$~_al foil preferably has a thickness of 500 am 

·or less, partt~U.~arly 200 µ:m or less, especially 105 µ.m Qr 

. Je•s, ~from the., ~f·.andpoint of ease in handlinq. 'rhe :metal 
_:·.::-. :· 

-· •. 'f()i.l can have, it~:- side cm which a the.rmo•etting resin film is 
. ·:' .· 

.·_ ·':.to ·be provided\#~ughened and/or treated _with a coupling agent 

"'·' •} ·so;< as to have increased adhesion to the resin • 

.. ,~leotrodeposit;d.~nd roughened copper foil produced and sold 
. . I:·:· 

·.· ... 

._, .. .. 
. ,.,·. 
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---~------ -- -

1i11mu;~ 
: ~~r wiring board._::prqduction can he utilized as such in the 

·. ·.· .· . ·-.: ... -

.j;rc)duction of tb$·:;E1sin-having aopper foil for a multilayered 

.··wi~lng .·board . of .i~e : present. invention. · In the present 

.· ·. 1i'l~ention, the m•tal foil se:rVes chiefly as a conductor of 
·. •(".; ;~·.:.·· 

·t;he . mui tilayered W'i~inq board but ·may also be used for heat 
.. ·. ·;:. 

· .:d.i.s•ipation. Th~,:l\\etal foil is selected dependinq on the 

. • .. -~~rpoae of use. . "' .. 

Fiq. 1 iaa·crosa section showing the structure of 
• ;:·, :•< 

. . .;·-~ ...... 

the thermosetting'_resin-having metal foil accordinq to the 

•. · pJ:~sent inventio~,~:~_wherein numerals l and 2 indicate metal 
.. ·. 

·· foll and a film ·o·f .·a thermosetting resin, respectively. 

As long, as:;:-~he thermosetting resin used in the 
.~ ·: : ... '_ ;:·· 

· · pf.esent inventiof1)tf.ls a resin flow of from l• up to SO,, 
. . . . 

·-•... · iemarkable effece~··:~s desired are secured, A preferred resin 

· fl()W. is 5 to 50-•.,'\p'lrticularly 7 to 4St. If the resin flew 

. is_:·iesa than lt, )th~ internal circuit is· not perfectly 
. -~:.. . . . . ·: . . ..• : · .. 

. 'emp~ddt1d into th!::·x:,,sin layer, making formation of a 

·,·.-~l-cilayered w1%:.i~~:l:>oard difficult. The larger the resin 

··· .. flow, the easier'.·'·~~dding of the internal circuit into the 
·:,::--. 

;eain ~ayer. Howa~~r, if th• resin flow exceeds 50,, the 

·thickness of the_}iris~lating layer cannot .be maintained eve~ 
' ' 

·. all. ov(!tr the w~J:'ing •hoard-, failing to keep the characteristic 

·iin~edanca of th~)w~~lng constant • 

. The reaJ.~iibw is deterinined as follows. 
~-~:··< :~ ...... ::·:.-:~ : 

. (.~) A 10 cm ·x<io cm sheet of metal foil is weighed 

, (Weight A) • ·.:::-.:· 

- 8 -



(2) A 10 cm x 10 cm 1heet of resin-having metal foil is 

weighed (weight ti,) • 

.(3) 'l'he raain-havinq metal foil is pressed at a 

t~peratura of 170°C and a pressure of 22 kg/cm1 for 

10 minutes. After the part of the resin that is pressed out 

. of the· metal foil is removed, the· residual res.in-having metal 

foil is again weighed (weight b')• 

(4) A resin flow is obtained from equa~ion: 

Raain flow (i) • [l-(b'-a)/(b-a)] x lOO 

The thermosetting resins which can be used in the 

present invention include thermosetting polyphenylene ether 

resins, phenol resins, low-dielectric constant epoxy resins, 

diallyl phthal~te resins, divinylbenzene :resins, 

pplyfunctional ac:ryloyl resins, polyfunc:tional methac:ryloyl 

resin•# poly~unctional maleimide resins, polyfunctional 

c-yanic ester resins, polyfunctional isocyanate resins, 

t urisaturated polyester resins, polybutadiene resins, ~nd 

crosslinking polymers of a·tyrene-butadiene, atyrane-

-b~tadiana-atyrene, ate. 'l'heae resins are not always used as 

a aingle compound but are used with various other substances 

added thereto or some modi~ication added in order to obtain 

desired properties, as is of necessity in industrial 

technology. 'rha thermosettinq resins can .be used as blended 

with thermoplastic resins. It is essential in the present 

invention that the r~lative dielectric constant of the 

thermosetting resin be not higher than 3.3 and that the resin 

- 9 -



flow of the therinoiilet~:~~g:,-;~&in of the resin-having metal 

foil for a multi.l.~yer~¢l::~;~ing board be within the range 
... : .·. 

specified in ala.in\~. 
:Preferred' ()f the. ::~h~rmosetting resins above described 

are themosetting 'po.l.~IJ.49nilene ether resins, thermosetting 

polyphe:riylene eth•t r-.a·in11 ·containing a styrene polymer, 

. resin comi>ositie>,nll::;oont:a.Lni11g polydivinylbenzene, resin 
.· . !'.": .. 

compositions cont~~ning p~l."~butadiene, and resin compositions 

containing a polJm.er -~d/~ra copolymer of triallyl c:yanurate 
·.·::. ·:'· 

and/or triallyl .l15:ocyanu~ate·, 
. ·~ . . ,. 

The prefe2#ed:tlte~o.etting resins will ba described 

in more detail. 

Particulaj:.~y preferred resins are thermosetting 
: -~ .. 

polyphenylene et}ler r~&1J..1is ·":'hich generally show A high glass 

transition tempa~~j:ur~.~hflin, cured, have a relative dielec~ric 
. . .. ··. . ; . .·· ... 

.. . . 

constant of 3.0 orlo"Wer ]:)9th before and after curing, and 

have controllable f;lo1~f ',Qb,ar,ctaristica. Such themosetting 

polyphenylene et.he~ -~eai~~ .· i.nclude the compoeition described 

in JP-A-7-165846-'{tbe' ~~?:It\- 11JP-A" as used herein means an 
... ·.·" .. · ·.- ......... . . 

"unexamined publ.i.~l'ied ·-J~P~l'l·$e patent application 11
) , the 

composition desa~ibe_d-in-d:P~A-7-166049, the composition 

described in Jap,a.n,~·se .. PA:t~##' Publication No. 7-37567, and the· 

composition desc~.i.~•ct :.111 J'~panese Pa.tent Publication No. 7-

26013. A the:cmo115e'~tl~g.·:~dlyphenylene ether resin composition 
··:···"·'' ::::."·:"··· 

containing 1 to 2,Q.'·P~.t~il,' ~y :weight, based on the total 

composition, of ·a.~;.~ttreri~ ,polymer exhibits favorable 
.·:·.:._:····'· ··.· 

- 10 
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charactaristica in terms of flatness and_touqhness of the 

film formed thereof. 
, 

The term 11 atyrene polymer" as referred to above is 

intended to meana homopoJ.ynter of styrene or an arbitrary 

thermoplastic copolymer comprising at least so• in n~~r of 
:··~·.:· 

a styrene unit based on the total recurrinq units~ It is 

pref erred for the sty:ene polymer to have a weight average 

molecular weight of 10,000 or more. 

The tern\ ·"polydivinylbenzene" as used herein means a 

polymer obtained by homo- or copolymerizing divinylbenzene 

and/or a derivative theret,lf (divinylbenzene with its hydroqen 

atom(•) substituted with .an arbitrary atomic group(s)) in 

such a manner that only one of the two unsaturated double 

bonds of the divinylbenzene and/or the derivative thereof is. 

P,olymerized while leaving the other double bond intaot. The 

polymer disclosed in Japanese Patent Publication No. 4-1902 

can be mentioned as an ex.ample of such a polymer. The 
.. · ·~-

proportion of tha·recUJ:ririg unit derived.from divinylbenzane 

or a derivative therao.f in the total recurring units is 

preferably 5' or more, still preferably lOt; or more. A 

pref erred weight average 1;no].ecular weight of the 

polydivinylbenzeirie is 10~000 or more. 

The poly.functioneq:: cyanic eater. rt11sins used in the 

present invention will.thE1n.be de11cribed. A polyfunctional 

cyanic ester fo~.s a triazine ring through thermal 

trimerization of the carp~n-nitrogen triple bond thereby to 

- ll -
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cross link and cur.,. ·. Tht!: P?lyfunctional cyanic ester is ua·ed 

as a polyfunctio11al·C:Y4'-nic ester resin either in the form of 

a monomer or af~aj!' pa.rti~l-ly trimeri1ed, i.e., in the form of 

a .prepolymar. ·In;th&i preefint invention, the prepolymer, 

which is semi-•<>lid 'at rcio~ temperature, is preferred because 

the resin is used in 'tha:'fom of a film. . . . .. . . . . 

'l!he polybuta~ieneail referred to in the present 

invention is km?\f:n.poly(t.,3-butadiene). The number average 

molecular weight of t.he'p~~ybutadiene is preferably 500 to 
. . 

~o,ooo, still pre~eJ:ably,500 to 10,000, particularly 

preferably 500. to' s., 000. . If the number average molecular 

waiqht is less:than 500,the viscosity is too low. If it 

e.xceeds 50, ooo, ihe vi•t:<>S.lty is too high. 

Polymer,s :anc1/or ·:c~polymars of triailyl cyanurate 

and/or triallyl .iaocy~nu:rate are also s~itable as a -· 
thermosetting resin:\of the resin-having metal foil of the 

present invention. · ~he polymers or copolymers are obtained 
.. ::·. . .. 

by heatinq allyl>:.c:Y'~urate and/or triallyl isocyanu:rate in a 

solvent, e.g., :··tdl.~~ne,:<in. the presence of a polymerization 
: ,, . . . . . . ,. . :. . . ..~ . 

initiator, e.g.,' ·•i\<i~rg~n;l.c peroxide, to cause part of the 

allyl groups to :P:olfmer;i.'•e. 
either straight·•. :o~f'· b~-n~h~d. 

.;·" <:.'· .. :'':· 

The molecular structure may ~ 

The weight average molecular 

weight is pr•~.erably';4pao· to 100, ooo, still preferably 2000 
,·: .. ,_:·. ' ' ... : ... '.·~ .· ·:.:: .-. 

to 100,000. : ....... . .. · .. · .... : · .. .;··· 

:· ·.= :- .·,· ·-. 

In orde;:to'tmpart.deaired performance properties to 

the thermosettin~·····rjS.ih in accordance with the use, fillers 
: ::.::·: ··:- .: ... ·.=: 

·. :.: ··.~ .· 
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and additives can be added.thereto in·amounta that do not 

·tmpair the essential;propertiea of the thermosetting- resin. 

The fillers, which may.be either fibrous or particulate, 

include silica, alumina, titanium oxide, barium titanate, 

talc, mica, glass ba~ds, glass balloons, and aramid fiber. 

The fillers are ~sed>ef tactively for such purposes as 

reduction of a coetflc:i~nt.of thermal expansion, control of a 

dielectric consta.nt, and the like. Useful additives include 

flame retardants, _an:tic:>xid.~nts, heat stabilizers, antistatic 

agents, plasticizersi pi~nta, dyes, and coloring agents. 

Addition.of inorganic fillers is preferred for the 

marked affects obt4iJ1ed in heat resistance and electrical 

characteristics of the.resin layer. Silica and glass 

balloons are example• o·f the most preferred inorganic 

.fillers. 

'l'he th1ckneaa9f 't.ha thermosetting resin film is not 

particularly limited'.l:>ut is preferably 10 µm or greater, 
. ..• .. . 

still preferably 2() .~· e>r.,gz:eater, particularly preferably 

30 µm or greater. . ~i: the:,;p~ilm thicknes• is extremely small, 

it is difficult to·effect>alamination build-up process. 

The thermo;.~:t.:ting: rl!lsin film can be formed throuqh _ 

any :means.. For exa.m,p.J;fl~ ;a:,preferred metbod comprises coating 

a varnish prepared])~' dis-~ivinq or dispersing the resin in a 
...... ·: · .... :: 

solvent, and drying. ~he.<llolvent is cho.aen in accordance 

:with the resin sel.:aeted •... ~olventle11s melt film forming is 

another preferred methdd. 
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The manner for bringing the metal foil and the 

thermosetting reain film into intimate contact with .each 

other 1• not at all restric;ted. The resin film can be formed 

directly on the metal foil1. or a separately prepared film of 

the thermosetting resin can be brought into contact with the 

inetal foil by, for example, hot pressing. It is also 

possible to form a metal film on a resin film by known means 

such as vacuum evaporation,' sputtering or chemical plating. 

Where the thermosetting resin is a thermoaetting 

polyphenylena ether resin ~r a the:rmoaettinq polyphanylene 

ether resin containinq a styrene polymer, and the resin film 

ia prepared from a resin varnish of the thermosetting resin, 

the special processes acco:cdinq to the 7th and 8th 

embodiments can be applied· to produce resin-having metal foil 

havinq satisfactory quality at high productivity which do·es 
. .. . 

not separate resin powders off the resin film and suffers no 

cracks on the reain film ,surface due to drying. 

The solvent which c•n he used in preparin9 varnish of 

a·polyphenylene ether resin includes aromatic hydroca:tbons, 

such as benzene, toluene, .• nd xylene1 halogen solvents, such 

as dichloromethane, chloroform, and trichloroethylene1 and_ 

THF.. These solvents can :b~ used either individuafly or as a 
.. ~ :. ' ·'· 

mixture thereof. The varnish comprlsinq the thermosettinq 

polyphenylene ether resi:rf.and a aolvent is applied by means 

o.f an aired· coater, a blade coater, a rod coater, a knife 

cos.tar, a gravure coater,. a reverse coater, a cast coaster, 
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etc. The coating tilm is dried by means of a hot air drier, 

a·:i:oll heating dri~r, an infrared drier, a far infrared 

drier, etc. In the practice, these apparatus can be u1ed 

either individual~y or as a combination of two or more 

thereof. 

A detailed explanation is now given for the rate of 

evaporation in drying the coating film after application of 

the resin varnish comprising the thermosetting polyphenylene 

ether resin and a solvent. In the practice of the present 

invention, the evaporation rate in dryi_nq the coating film 

can De controlled by, for example, adjusting the temperature 

and flow rate of hot air for drying. The evaporation 

t~perature can be· ·eontrolled by adding a hiqh-boiling 

solvent to the varnish. Such a high-boilinqsolvent includes 

chlorobenzene, tetralin, and aniaole. 

In the. process according to the present invention, it 

i~ essential that the evaporation rate of the solvent be not 
higher than 0.10 q/cm2•min. A preferred •vaporation rate is 

from O. 001 to 0 .10 q/cm2•min. If it exceeds O .10 g/cm2 •min, 

cracks occur on the coating film by drying. If the 

evaporation rate in drying the coating film is lower than . 

0.001 g/cm2•min, the productivity of the resin-having metal 

foil tends to fall. 

Where the thermosetting resin is a thermosetting 

polyphenylene eth(:J~resin or a thermosetting polyphenylene 

ether resin c:ontain;ing a styrene polymer, and the resin ·tilm 
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;is <formed by melt film, fo,rminq of the resin, the special 

p~eess according to the 9th embodiment o:f the present ... =.·: 

.;ih;~ntion can he applied to produce resin-having metal foil 

lu&".'ing satisfactory quality at high productivity which does 

not, separate resin powders off the :resin layer or suf:fers: no 

cracks on the resin surface. 
·: .. : ··. 

The process according to the 9th embodiment is 

·characterized by selection of a temperature for mel tinq the . 

. ]~}l~rmoeetting polyphenylene ether resin at which the resin 

::µriciarqoes no substantial decomposition. 

The apparatus :for melt extrusion and the temperature 

o~:. melt extrusion are selected so that the thermosetting 

polyphenylene ether resin can he melted and extruded without 

u~~ergoinq. substantial decomposition. The melt extrusion 

'temperature at which the thermosetting polyphenylene ethe~ 

re1in can be malted and extruded without substantial 

deC,ompoaition is selected from the range of from 50°C up to 
30·0:0 c. 

Melt extrusion can be carried out by usinq a single­

. sc~ew or multi-screw extruder having a T die at the head, a 

single-screw or multi-screw extruder having a kneading •one 

a~,~ a 'l' die at the he.ad, or a like apparatus. 

The manner of controlling the resin flow within a 

ra~qa of from 1 to sot, preferably from s to so•, still 

.prefer@ly froni 7 to 45,, is not limited. For example, the ... · .. ·,. 

C:otl~rol can be achieved through selection of the chemical 
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structure or the compc>sition of the resin. Also, it is an 
,effective means f~r resin flow contrQl that a thermosett!nq 

~esin ahowinq too large a· flow is s11bjected to partial cure 
by a method suited to the. particular rei1n, such as a heat . .·. 

~reatment or a photo~hemi~al treatment. 

The thermosetting resin film of the resin-having 

metal foil for a inultila,.yfitred wiring board ac:cordin9 to the ... :'· 

present invention c._n be covered with an easily strippable 

prqtec:tive sheet tb~J:eby ~o provide a material for a 
' . 

multilayered wiring board that ia extremely easy to handle 

and useful in practi¢e. A composite sheet in which a sheet 

~f metal foil, a thE!lrmosetting resin film, and an easily 
1'trippable protective sheet are intimately laminated in this . . 

order is the 10th ~Odilnent of the present invention. The 
composite sheet c:an beprocluced either l>y laminating a 

protective sheet on the r•ain-havinq metal foil by, e.g., hot 
pressing or by lmninating metal foil on the film of the 

' ' 

thermosetting reainpl:~ioualy formed on a protective sheet. . ·"_': .. _.;. ;· . ... .. 

The easily e¥r~ppa~le sheet ia preferably a resin .. · .:.".·:.-_'':.. . ..... ·· .. 

film. In partioul:a#<> '!·a l*lm of polyethylene, polypropylene, 
polyethylene terepht~alate, etc. is preferred for its heat. 

resistanae• The 11urfaC::e of the film can ·be ·treated with a ·.·.-"·::--.· .. .-:··. 

release agent suah a~ ,,~· ,;~:ilicone resin or a fluo:roresin. 

The resin-hav,,j,~g ~·tal foil for ~.· multilayered wiring ; .· .. : : .. :::< . . : 
.... -: ;--i: . : .. 

board according t(J t;:tl,E;t lat:· to 6th enibodinients of the present 
. ~ .:_: :: .. :: . 

invention ia extr9211ely,ucseful in industry for the following 
·.>_/\:. 
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reason. In the multilanrad wiring bo.ard produced hy using 

thia, each insulating layer has practically the same 

thickness at every position, and t.he multilayered wiring 

boa.rd can be said to have.practically the same characteristic 

impedance at every position and will thexefora provide 

electronic equipment, especially electro.nic devices, with 

appreciably improved elect:i;-ical characteristics. With the 

variation of the thickness of the insulating layer, i.e., the 

variation of the characteristic impedance falling within 

±lot, the characteristic ~pedanca can be reqardad as 

constant in practical use, and such· a small variation does 

not give adverse influenc~s to the electrical characteristics 

pf the multilayered wiring board and aamiconductor devices. 

Because the relative di•leC:tric constant of the thermosetting 

resin is not higher than 3~3, preferably 3.0 or lower, in a 

frequency region of 1 MHz er higher, the resin after curinq 

also has a small relative·dielectric constant. A small 

relative dielectric constcp'lt of an 1msulating layer makes .it 

possible to widen the wire.so that the variation in 

charac~eristic impedance '':i.a reduced aven if wirinq ia formed 

with the same. processing .~argin. Further., a crosstalk is 

diminished. It is not Un;1:,il these affects are manifested in 

combination that the·mul-~:i.layered wiring hoard and electronic 
. . ": .·: ~ ::: . . 

devices according to ;the.present invention exhibit markedly 
~ ;~·:: : 

excellent electrical charicteriatics. 
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According to the 3rd to 6th embodiments of the 

present invention, it assures hiqh reliability of the 

multilayered wiring board that the cu%-ed thermosetting resin 

has a glass transition temperature of not lower than 180°c. 

If the qlasa transition temperature of the thermally cured 

resin is lower than 180°C, there is a possibility that long­

term use of the device causes m.i.graticn of the conductor, 

which results in reduction of insulation resistance, or 

functional disorders of the device due to deterioration of 

the resin. The glass transition temperature is still 

preferably 200°C or higher. The glass transition temperature 

is measured with Rheovibron (an apparatus for measurinq 

dynamic viscoelasticity, manufactured by Orientec) at a rate 

of temperature rise of 2°C/~in and a frequency of 35 Hz. 

According to the 11th, 12th, and 13th embodimenta.·of. 

the present invention, it assures excellent electrical 

characteristics of the multilayered wiring board and 

semiconductor devices that the thermally cured resin has a 

relative dielectric constant of not.more.than 3,3 at a 

frequency range of not lower than 1 MHz~ The relative 

dielectric constant ia still preferably 3.0 or lower. If the 

relative dielectric constant exceeds 3. 3,·. :the delay time per 

unit length of the wiring becomes large to reduce the timing 
. . 

margin in a high-speed digital circuit, which makes it 

impossible to !~crease the clock frequency. Further, the 

conductor loaa, which is proportional to the square root of 
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the relative dielectric constant, incr•aaea ao that the 

signal level margin in a hi.gh-fraquancy circuit is ·reduced to 

narrow the affective frequency region. Furthermore, the 

variation of the ch•racteristic impedance and the crosstalk 

increase to give adverse influences to the circuit operation 

as _previously stated. 

An example of the structure of the multilayered 

wiring board according to the 11th and 12th embodiments is 

shown in Fig. 2, wherein numeral 3 indicates a cured 

thermosetting resin film; 41 a plate made of an arbitrary 

electrically insulating material; 51 a via-hole1 and 61 a 

plated through-hole. 

In Fig. 3 is shown an example of the process for 

producing the sequentially multilayered wiring_ board of the 

12th embodiment. The example of the process will be 

explained in order. 

(l) The production starts with an electrically insulating 

plate 8 having on bot~ aides thereof a conductor layer 7, 

e.g. , a double-sided, "copper-clad laminate. 

(2) The conductor 7 is processed by a known means, such 

as etching, to form a circuit pattern 7'. 

(3) 'l'he thermost1tting resin-having metal foi-l according 

to the present invention is l~inated on each side by a known 

means such as hot p~essing. A conductor layer 9 and a 

thermally cured theJ:11loSetting resin layer 10 are thus formed. 

( 4) Via-holes 11 are made. 
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(5) A conductor film 12 ia formed by a known method, for 

example, electroless platinq followed l:>y copper 

eleotroplatinq, to obtain via connection, and a circuit 

pattern is formed in the same manna~ as in (2). 

(6) The thermosetting resin-having metal foil of the 

present invention is laminated to form another conductor 

layer 13 and another thermally cured thermosettinq resin 

layer 12 in the same .manner as in (3). 

(7) If necessary, thrcuqh-holes. 15 are pierced through 

the whole laminate as is usual with conventional multil~yered 
wi:r:ing board. · 

(8) A conductor layer 16 is fOJ:med by a known method, for 

example, electrolese platinq followed by copper 

electroplating, to obtain via connection and through-hole 

connection, and a circuit pattern is formed in the same 

manner as in (5). 

While Fiq. 3 illustrates a &-layered board, it is 
obvious that a multilayered wiring board havinq an arbitrary 

number of circuit layers can be built up by using the 
thermosetting resin-h11.ving metal foil of the present 

invention and repeating via-hole formation, via connection,_ 

and·circuit fo.rmation. 

Examples of the electronic device according to the 

13th embodiment of the present inve~tion are ahown in Figs. 4 

through 6. The 13th embodiment is characterized in that the 

multilayered wiring board .of the present invention is used in 
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an electronic device of arbitrary structure to make the 

electronic device. ·manifest excellent el.ectrical 

charaateristica. The wiring means for connecting the 

electronic: element and the multilayered wiring board ia 

selected appropriately.depending on the structure from among, 

for example, wire bonding and flip chip bonding. 

In rigs. 4 to 6 I :numeral 17 indicates a mul tilayered 

wiring board of the present invention1 181 a conductor; 191 a 

semiconductor chipJ 201 an individual electronic el~ment such 
as a dielectric:, a capacitor, an inductor, and/or a resistor1 

211 a sealing ineans;.221 a solder ballJ 231 a heat 

dissipating plate; 24a b~nding wire; 251 a metallic pin; and 

261 a silicon chip bonding means. 

Of the electronic devices of the 13th embodiment, one 

which ia designed to achieve a rate of electrical signal 

transmission of 16.S cm/nsec or higher at every position and 
in whic.h the multilayered wirinq board has a heat resistance 
of not lower th~n 1B0°C as a whole cor:esponda to the 14th 

·"'·'· . ' 

embodiment of tha<p¥~a,~nt .. invention. 

While electre)nic .devices include: various structures, 

relevant to the pre:sen~ invention are tt,t.ose essentially 

compriainq electroni~. elements, such· $8 .. a semiconductor chip 
'~: 

cut- out of a aemic~mdil:c:tor wafer or ingc;,t of silicon, 

gallium-arsenic, etc{/:.;-(or"·:a semic:onduptcit in the form easier 
."' :; . ' . . .· 

to handle I for exB.11\P,~Et ~. mdunted on a carrier) , a dielectric, 

a aapacitor, an 1ndli~tor and/or a resistor, and a 
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multilayered wiring board on which these electronic elements 

are mounted. Where in usinq the electronic device in which 

signals are transmitted through the wiring fo:med inside and 

outside the multilayered wiring hoard at a speed of 

16.5 cm/nsec or higher, not only is shortened the delay t~me 

attributed to the electronic device, but also the disturbance 

of the wave forln at the rise ~d the drop of digital signals, 

which is problematical in dealing with high-speed signals, is 

lessened, thereby providing an extremely excellent electronic 

device. ~his is one of the significant effects of th~ 

present invention. In a practical multilayered wiring hoard, 

aince electric signals are transmitted by the vibrations of 

the electric field between a signal wire and the 

·corresponding ground potential surface, the positional 

relationship between the signal wire and the ground poten~ial 

conductor and the dielectric characteristics of the 

insulating material occupying the space therebetween should 

ca taken into consideration in designing. To the aontraz:y, 

the positional relationship between the ground potential 

conductor and the power potential conductor and the 

dielectric characteristics of the inaulatin9 material 

_existing therebetween are not im~ortant. 

Another effect is produced from the heat resistance 

of the multila,ared wiring board ~eing l80°C or higher. 

Electronic device~ are require'd to exhibit extremely stable 

operating· charac::teristics in a high-speed digital c·ircuit or 
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a high-speed digital/analog mixed c::ircuit. By aettinq the 

heat resistance temperature.· of the mul tilayered wiring b~ard 

at 180°C or hiqhar, the electronic device of the present 

invention shows little variation of characteristics with 

changes in temperature and humidity, The above-described two 

remarkable effects are combined to make the electronic device 

of the 14th embodiment truly useful as a component of a hiqh­

speed digital circuit and a high-speed digital/analog mixed · 

circuit. 

The terminology 0 heat resistance (temperature)" as 

used herein means the temperature closest to room temperature 

of several temperatures above room temperature at which a 

substance undergoes some noticeable chanqe, suc::h as thermal 

decomposition· initiation·temperature and a phase transition 

point. The multilayered wiring board of the present 

invention in actual use is of necessity a composite of 

various materials. Of the respective heat resistance 

temperatures of the m11.terials, the temperature whJ.ch ia the 

closest to room temp~~~ture is taken as a heat resistance of 

the multilayered wi:rinq board. In practice, it is needless 

to say that a composite which is made up of a mixture of a . 

resin, ceramics, etc.:and functions as a sinqle material is 

handled as a single c9mp~n~nt. 

In the produc~ion o:f the :sequentially mul tilayered 
. ~ wiring board, tha wir,+nq layers sequentiallyly built up can 

be electrically connec;ed to each other by conventional 
._: .. : 
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through-hole plating, but it is preferred for enabling high­

denaity wiring to conduct electrical connection by making 

via-holes for each wiring layer. A single multilayered 

wiring board may have both through-holes and via-holes. 

Soring and electrical connection between layers can be 

carried out by any arbitrary method. While not intended to 

limit, an example of the procedure for forming via-holes is 

described below. Holes are bored into the surface metal foil 

by, for example, etching to expose the thermosetting resin 

layer, and the exposed resin portion is removed by laser beam 

machining with an excimer laser, a carbonic acid gas laser, 

an YAG laser, etc., d:ty etching (such as ion beam etchi~g or 

plasma etching), or wet etching with a corrosive chemical to 

~xpose the lower metal foil. The upper and lower metal 

layers are then connected by depositing a metal film on t~e 

resin inner wall of the holes by plating, sputtering or a 

like technique or filling the holes with a conductive paste. 

Boring through the metal foil a~d through the resin layer may 

be carried out separately as described _above or 

simultaneously by boring a hole with a drill to a depth that 

does not pierce the lower metal foil. 

While the multilayered wiring board according to the 

present invention is produced by a lamination build-up 

process, some of the :constituent layers may be provided by 

o,ther processes, for example, laser beam machining of a 

photosensitive insulating resin or a thermosetting resin and 

- 25 -



--- - ------- -- - - - -- ·-- ···-·-·-·-··- --·-· 

conductor formation by an electrolesa thick plating 

technology. 

The electronic devices according to the present 

invention include those in which an eiectronic element is 

mounted on the multilayered wiring board of the present 

invention and those in which an electronic element is mounted 

on a separate plate, such as a metallic plate or a ceramic 

plate which also serves as a heat dissipation plate, and the 

multilayered wiring board of the present invention is 

deaigned to have cavities surrounding the electronic element 

and ia bonded onto the plate. Since the multilayered wirinq 

· ~card of the present invention is prepared by a lamination 

build-up process, multilevel wiring can be formed on an 

arbitraxy plate, The plate itself may be such that has a 

heat dissipation function, a wiring f~nction or a function 

for realizing special electrical characteristics, for 

example, a metal plate, a metal-core wiring plate, a ceramic 
plate, a ceramic multilayered wirinq board, eta. 

The present invention will now be made clearer by way 
of Examples, but the Examples are not intended to limit the 

scope of the present .invention. 

Example 1 

A sheet of r•ain-having copper foil for a 

multilayered wirinq :bc:iard was prepared by uiing, as a 

thermosetting resin, ,a thermosetting polyphenylene ether 

raain having a relat;l.ve dielectric constant of 2.7 at l MHz 
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and, aa met·a1 foil, 12 µm-thick alect:r:odeposited copper foil 

far a printed wirinq board. The thickness of the resin film 

was 60 µm. The resin flow was 3t. When the thermosettinq 

polyphenylane ether resin was heat c·ured, the qlass 

transition temperature and the relative dielectric cons~ant 

of the cured resin ware found to be 220°C and 2.8 (at a 

frequency of 1 MHz), respectively. A 0.3 mm·thick dauble­

aided copper-clad the:cmo1etting polyphenylene ether laminate 

having 18 )ltft•thick copper foil on each aide thereof was 

processed to form an internal circuit on each side thereof, 

and the above-described thermosetting polyphenylene ether 

resin-havinq copper foil was laminated on each side, The 

copper foil on each side was processed to form an outer 

circuit to obtain a 4-layered wiring boar~ having a size of 

330 mm x 400 mm. on measurement, the characteristic 

impedance of the wirinq of the 4-layered wiring board was 

revealed ta be stable all over the area, only showing 

variation within %10t. Part of the 4-layered wiring board 

was embedded in an &)iJoxy res_in, and the aut area was polished 

and observed under an optical microscope. It was found that 

the internal circuit:was completely embedded.in the 

thermosettinq polyphenylene ether resin with no voids. 

J:xompla 2 

A sheet of resin-having copp!!!r fail for a 

multilayered wiring J:>.oard was prepared by using, as a 

thermosetting resin,.a thermosetting polyphenylene ether 
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resin havinq a relative dielectric constant of 2.8 at 1 MHz 

and, a• metal foil, 12 µm-thick electrodeposited copper foil 

for a printed wiring board. The thickness of the resin film 

was 60 µm. The resin flow was 39i. When the thermosetting 

polyphenylene ether resin was heat· cured, the glass 

transition temperature and the relative dielectric constant 

of the cured resin were found to be 210°C and 2.9 (at a 

frequency of 1 MHz), respectively. A 0.3 mm-thick double­

sided coppe:r:-clad thet'moaetting polyphenylene ether laminate 

having 18 µm-thi:ck copper foil on each side thereof wa• 

processed to form an internal circuit on each side thereof, 

and the above-described thermosetting polyphenylene ether 

resin-having metal foil was laminated on each aide, The 

copper foil on each side was processed to form an outer 

circuit to obtain a 4-~ayered wiring hoard having a size ~f 

330 mm x 400 mm. on measurement, the characteristic 

impedance of the wiring of the 4-layered wiring board was 

revealed to be stable all over the area, only showing 

variation within ±10,,. 
: ::_: .:~ 

Separately, a 4•layered wiring bo&%d 

having a size of as·aun ·x 35 mm was prepared by using the same 

resin-having copper foil for a multilayered wiring board and 

the-same dout>le-aid1td'eopper-c:lad laminate, and a digital 

semiconductor was mounted thereon to make a •emioonductor 

device. The semicortc.tuctor device. was mounted on a test 

circuit having a vaJ:iable clock generator, and the working 

range.of clock freq\lenc:y was measured. A8 a result, the 
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device operated up to 100 MHz. The semiconductor device was 

treated in a pressure cook.er at 1a1•c under 2 atm., and the 

behavior at 100 MBs was observed. No influence on the 

behavior waa observed until the treating time reached 

3000 hours. Whan the semiconductor d~vice was subjected to a 

theJ:lllal shock test between -65"C and i2s 0:c, no influence on 

the behavior was displayed.up to 1000 cycles. 

Example .l 

Four parts by weight of polyatyr~ne having a weight 

ave.rage molecular weight of 500, 000 were added to 100 parts 

by weight of the thermosetting polyphenylene ether resin of 

Example 2. The resulting thermosetting polyphenylene ether 

resin containing polystyrene had a relative dielectric 

constant of 2.8 at 1 MHz. A sheet of resin-having copper 

foil for a multilayarad wiring board was prepared by using 

the thermosetting polyphenylena·ather resin containing 

polystyrene and 12 f.Ul\-thick electrodeposited copper foil for 

a printed wiring board. A 60 a.un-thick resin f1lm having a 

smooth and glossy surface was formed easily. The resin flow 

was 40t. When the thermosetting _polyphenylene ether resin 

was heat cured, the glass transition temperature and the 

relative dielectric· conatant .of; _the cured resin ware found to 

be 210"C and 2.9 (at a frequency of.1 MHz}, respectively. A 

O. 3 mm-thick double-·sided coppei~<=·~•d t}iermoaetting 

polyphenylene ether laminate h~~ih~ 18 µm-thick copper foil 

on each side thereof was processed to form an internal 
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circuit on each aide thereof, and, the above-described 

thermosetting polyphenylene ethfi)J: .resin-having ll\etal. :foil was 

laminated on each side. The copper foil on each side was 

processed to form an outer ci~cu.it to obtain a 4-layered 

wiring board having a· size of. 33_0 inm x 400 mm. ·On 

measurement, the characteristic impedance of the wiring of 

the 4·layered wiring board was r~vealed to be stable all over 

the area, only showin9 variation within ±lot. Separately, a 

4-layered wiring board for a aem~conductor device having a 

size of 35 mm x 35 mm was prepared by using the same resin­

havinq _copper foil for a multilayered wiring board and the 

same double-sided copper-clad lamin•te, and a digital 

semiconductor was mounted thereon to make a semiconductor . 

device. The semiconductor devic:19.w~s mounted on a test 

circuit having a v_ariable clock generator, and the working 

range of clock frequency was me~sured. As a result, the 

device worked up to 100 MHz. The semiconductor device was 

treated in a pressure cooker at l~l~C under 2 atm., and the 

behavior at 100 MHz was observed• . No influence on the 
":·· ·•· . :: . 

behavior was observed until the ,tre~ting time reached 

3000 hours. When the semiconduo.1:or device was subjected tq a 

thermal shock test betW&en -65°C and 12S°C, no influence on 

the behavior was 4isplayed up to::iooo cycles • 
. - , . E·xgg1\,: '4; 

. . . ·, , ... :· 
' ... ; ,,;•.··,: 

Ninety parts ):)y weight ·ar·' poly(paradivinylbenzene) 

having a molecular· w~i,'ght of 50, 000 and 10 parts by weight of 
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a bismalaimide compound having formula 1 shown below were 

mixed to prepare a thermosetting resin. The dielectric 

constant of the reaultinq the:rmosetting resin at 1 MHz was 

Formula l 

A sheet of resin-havinq copper foil for a 

multilarered wiring board was prepared by using the 

thermosetting resin containing polydivinylbenzene and 12 ).Un• 

thic:k electrodeposited copper foil for a printed wiring 

board. The thickness cf the resin film was 60 p.m. The resin 

flow was 15t. When the thermosetting polydivinyl))enzene .· 

resin was heat cured, the glass transition temperature and 

the relative dielectric constant of the cured resin were 

. found to be 460°C and_2.B (at a frequency of l MHz), 

respectively. A 0.3_mm ... thick double-sided copper-clad 

thermosetting polyphenylene ether laininate having_lB µm-thi~k 

copper foil on each aide thereof was processed to form an 

internal circuit on each side thereof, and the abcve­

described polydivinylbenzene resin-havinq metal foil was 

laminated on each side, 'rhe copper foil on.each side was 

processed to form an outer circuit to obtain a 4-layered 

wiring board having a size of 330 mm x 400 mm. On 
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measurement, the characteristic impedance of the wiring of 

the 4-layerad wiring board was revealed to be stable all over 

the area, only showinq variation within ±lOt. Separately, a 

4-layered wiring board for a semiconductor device having a 

size of 35 mm x 35 mm was prepared by using the same resin­

having copper foil for a multilayered wirinq board and the 

same double-sided copper-clad laminate, and a digital 

semiconductor was mounted thereon to make a 1emiconductor 

device. Tha semiconductor device was mounted on a test 

circuit having a variable clock generator, and the working 

range of clock frequency was measured. As a result, the 

device operated up to 100 MHz. The semiconductor device was 

treated in a pressure cooker at 121°C under 2 atm., and the 

behavior at 100 MHz was observed. No influence on the 

behavior was observed until the treating time reached 

3000 hours. When the semiconductor device waa subjected to a 

thermal shock test between -65°C and 12S 0 c, no influence on 

the behavior was observed up to 1000 cyclea. 

Exampla 5 

A bifunctional cyanic ester having formula 2 shown 

below was polymerized partially to prepare a prepolymer 

having.a number average molecular weight of 560 and a weight 

average molecular weight of 1310. A hundred parts by weight 

of the prepolymer, 1 part by weight of nonylphenol, and 

0.25 part by weiqht of cobalt octate were mixed to prepare a 

polyfunctional cyanic ester resin. The dielectric constant 
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of the resultinq thermosett.ing resin at 1 MHz was ·found to be 

2.9. 

Formula 2 

A sheet of resin·having copper foil for a 

multilayered wiring board was prepared by using the 

polyfunctional cyanic eater resin and 12 ~-thick 

electrodeposited copper foil for a printed wiring board. The 

thickness.of the resin film wa• 60 µm. The resin flow was 

4lt. When the polyfunctional cyanic ester resin was heat 

cured, the glass transition temperature and the relative 

dielectric constant of the cured resin were found to be 2B0°C 

and 3.0 (at a frequency of 1 MHz), respectively. A 0.3 mm­

thick double-sided copper~clad thermosetting polyphenylene 

ether laminate having 18 follll~thick copper foi1. on aach aide 

thereof was processed to form an internal circuit on each 

side thereof, and the above-described polyfunctional cyanic 

ester resin-having metal foil was laminated on each .side •.. 

The copper foil on each aide was processed to form an outer 

circuit ta obt·ain a 4-layered wirinq board having a size of 

330 mm x 400 mm. On measurement, the charac·teriatic 

impedance of the wiring of the 4-layered wirinq board was 

revealed to be stable all over the area, only showing 
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variation within ±10,. Separately, a 4-layered wiring board 

for a semiconductor device having a size of 35 mm x 35 mm was 

prepared by using the same resin-having copper foil for a 

multilayered wiring board and ·the same double-•ided copper­

clad laminate, and a digital semiconductor was mounted 

thereon to make a. semicol)ductor device. The semiconductor 

device was mounted on a test circuit having a variable clock 

generator, and the working range of clock frequency was 

measured. As a result, the device operated up to 100 MHz. 

The semiconductor device was treated in a pressure cooker at 

121°C under 2 atm., and the behavior at 100 MHz was observed. 

No influence on the behavior was observed until the treating 

time reached 3000 hours. When the semiconductor device was 

subjected to a the%JU.l shock test between -&sac and 125°C, no 

influence on the ~~havior was o'.bserved up to 1000 cycles._· 

ExggJ,a 6 

A hundred parts by weight of polybutadiene havinq a 

number average molecular weight of 3,100 and 2 parts by 

weight of dicumyl peroxide were mixed to prepare a 

thermosetting resin. 'rhe dielectric constant of the 

resulting thermosettinq resin at l MHz was 2.4. 

A sheet of resin-having copper foil for a 

multilayared wiring hoard was prepared by using the 

polybutadiene-based thermosetting resin and 12 µm-thick 

electrodeposited copper foil for a printed wiring board. The 

thickness of the resin film was 60 J.U'll• The resin flow wa1 
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43•. When the polybutadiene-based thermosetting resin was 

heat cured, the glass transition temperature and the relative 

dielectric constant of the cured resin were found to be 150°C 

and 2.5 (at a frequency af l MHz), respectively. A 0.3 mm­

thick double-sided copper-clad tba%'%ll0settinq polyphenylene 

ether laminate having 18 JUD-thick copper foil on each aide 

thereof was processed to form an internal circuit on each 

side thereof, and the above-described metal foil having the 

polyDutadiene-based thermosetting resin film was laminated on 

each side. The copper fail on each side was processed to 

form an outer circuit to obtain a 4-layered wiring board 

having a size of 330 mm x 400 nun. On measurement,, the 

characteristic impedance of the wiring of the 4-layered 

wiring board was revealed to be stable all over the area, 

only ahowing variation within :10•. Separately, a 4-laye~ed 

wiring board for a semiconductor device having a size of 

35 mm x 35 mm was prepared by using the same resin-having 

copper foil for a m~ltilayered wiring board and the same 

double-aided copper.:.clad laminat'9, and a digital 

sem~conductor was mounted thereon_ to make a semiconductor 

device. The semiconductor device was mounted en a teat 

circuit having a variable c:loc:k. -generator, and the working 

range of clock frequency was mea1'ured. As a result, the 

device operated up to 100 MHz. 
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IJComgla 7 

Triallyl isocyanurate was heated in toluene together 

with a peroxide to obtain poly(triallyl iaocyanurate) having 

a weight average molecular weight of 3,000. Ninety parts by 

weight of the poly(triallyl isocyanurate), 10 parts by weight 

of triallyl isocyanaurate (monomer), and 3 parts by weight of 

2,5-dimethyl-2,!-di(t-butylperoxy)hexyn .. 3 were mixed to 

prepare a thermosetting poly(triallyl isocyanurate) resin. 

The dielectric. constant of the resulting theJ:Jnosettinq resin 

at 1 MHz was 3.1. 

A sheet of resin-having copper foil for a 

multila~ered wiring board was prepared by using the 

thermosetting resin containing poly(triallyl iaocyanurate) 

and 12 pm-thick electrodeposited copper foil for a printed 

wiring board. The 1;hiclcness of the resin film was 60 µm. : 

The resin flow was 25t. When the the.rmosetting poly(triallyl 

isocyanurate) resin was heat cured, the glass transition 

temperature and the relative dielectri~ conatan~ of the cured 

resin were found to be 350°c and 3.3 (at a freque~cy of 

1 MHz), respectively. A 0.3 mm-thick double-sided copper­

clad thel:lnosetting polyphenylene ether laminate having 18 µm­

thick copper foil on each side t~$reof was processed to form 

an internal circuit on each side thereof, and the a.bove­

described metal poly(triallyl isocyanurate) resin-having 

metal foil was laminated on each aide. The copper foil on 

each side waa processed to form an outer circuit to obtain a 
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4-layared wiring board having a size of 330 mm x 400 mm. on 
measurement, the characteristic impedance of the wiring of 

the 4-layered wiring board was revealed to be stable all over 

the area, only showing.variation within ±lot. Separately, a 

4-layered wiring board for a semiconductor device having a 

siae of 35 l1IDl X· 35 mm was prepared by using the same resin· 

having copper foil for· a multilayered wiring board and the 

.same double-sided copper-clad laminate, and a digital 

semiconductor was mounted thereon to make a semiconductor 

device. The semiconductor device was mounted on a test 

circuit having a variable alack generator, and the working 

range of clock frequency was measured. AB a result, the 

device worked up to 100 MHz. The semiconductor device was 

treated in a pressure cooker at 121°C under 2 atm., and the 

behavior at 100 MHz was observed. No influence on the 

behavior appeared until .the treating time reached 3000 hours. 

When the semiconductor device was subjected to a thermal 

shock test ~etween ~65°C and 125°c, no influence on the 

behavior was displayed up to 1000 cycles. 

Cgmp1rotiye Example l 

A sheet of resin-having copper foil was prepared ~n 

the same-manner as in Example 2 except for replacing the 

thermosetting polyphenylene ether resin with an epoxy resin 

for a copper-clad laminate. The resin flow was 65•. When 

the epoxy resin was heat cured, the glass transition· 

temperature and the relative dielectric constant of the oured 
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resin were found to be 1so•c and 3.8 (at a frequency of 

1 MHz), respectively. A 4-layered wiring board was prepared 

in the same manner as in Example 1, and the characteristic 

impedance was meaeU%'ed. The characteristic impedance showed 

variation of tl&•. A semiconductor device having mounted 

thereon a digital eemiconductor.waa prepared. The clock 

frequency at which the semiconductor device could operate was 

80 MHz. When treated in a pressure cooker at 121°C under 2 

atm., the SeJlliconductor device came to a failure of operation 

at 80 MHz in 1000 hours. Further, when subjected to a 

thermal shock test between -&s•c and 125°C, the device came 

to a failure of operation at the 300th cycle. 

Examples B to 10 

A resin varnish prepared from the thermosetting 

polyphenyl~ne ether resin of Example 2 and toluene as a 

solvent was applied to a side of 12 µm-thiek electrodeposited 

copper foil for printed wiring board and dried to form a 

resin film having a thickness of 50 µm. The drying was 

carried out by means of a hot air d.rier while controlling the 

temperature and flow rate of hot air so that .the solvent 

might evapo.rate at a rate of 0.005 g/cm3•min (Example 8), 

0. 01 g/c:m2•:min (Example 9) or O. O! g/cm1 •min (Example 10) 

until the residual solvent concentration of the coating film 

was decreased to 200, 000 ppm. T-he resulting resin-having 

sheet had no cracks by drying on the coated surface. No 

fall-off of resin particles occurred in inachininq (e.q,, 
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cutting) the resin-having foil or handling in the production 

of a multilayered wirinq board by sequential lamination, and 

a multilayered wiring board having high reliability was 

produced. 

comparatiye Example 2 

Resin-having metal foil was prepared in the same 

manner as in Examples 8 to 10, except, that the drying of the 

coating film of Example 2 was carried out while controlling 

the temperature and flow rate of hot air to adjust the 

evaporation rate of the solvent at 0.2 g/cm2•cm. The 

resulting sheet suffered cracks due to drying on the coated 

surface thereof. Pall-off of resin pa~ticlea was observed iri 

machining, for example, cutting·of the sheet and in handling 

in the production of a multilayered wiring board by 

sequential lamination. ~he cut area _of the multilayered _ 

wiring board thus obtained was observed to find insufficient 

embedding of the circuit in the resin layer~ 

Examples ll_to 13 

The th:ermosetting polyphenylene ether resin of 

Example 2 was melt e~truded onto a aide of 12 J.llll-thick 

electrodeposited copper foil for a printed wiring board to .a 

dry thickness of 50 pm to fa:r:in a resin film an the copper 

foil. A twin-sc:r~w extruder hav.ing a T die at the head was 

uaed for melt extrusion. The m~lt extrusion temperature was 

set at 80°C (Example 11), 120°C (Example 12) or 2S0°C 

(Example 13.). The resulting rasin-havin9 metal foil had a 
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smooth surface. No fall-off of resin particles occurred in 

machining, e.g.,- cutting, or handling of the resin-having 

foil in the production of a mult!layared wiring board by 

sequential lamination, and a multilayered wiring board having 

high reliability was produced. 

com;aratiye 1xom;11 3 

Resin-having metal foil was prepared in the same 

manner as in Examples 11 to 13, except that the melt-extruded 

film of the thermosetting polyphanylene ether resin of 

Example 2 was formed at a melt extrusion temperature of 

350°C. ~he surface of the resulting resin-having metal foil 

was not smooth. Although there was observed no fall-off of 

resin particles in machining, e.g., cutting, of the resin­

havinq foil or in handling of the resin-having foil in the 

produ~~ion of a multilayered wiring board by sequential 

lamination, the cut area of the multilayered wiring board 

thus produced showed insufficient embedding of the circuit in 

·the resin. 

Ex-ls _14 · 

A 10 µin-thick polyethylene film was adhered to the 

resin surf ace of the thermosetting polyphenylene ether resin• 

having metal foil prepared in'. Exan\ple.2 by means of a hot 

roll heated at 100°C to provide the resin ,film with a 

protective sheet. The resin-having metal foil as protected 

by the protective sheet waa wound around a cylinder having a 
!'~ . 

diameter of 10 cm and stared at 23°C for 1 week. After the 
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atorage, the surface of the mat~l foil was found non-stained 

with the thermosetting polyphenylene ether resin. The 

polyethylene film could be easily peeled off by rubbing the 

edge with a finger. 

A multilayered wiring board comprising 6 wiring 

layer• was prepared using a thermosetting polyphanylene ether 

resin having a heat resistance of 200°C as an insulating 

resin. The heat resistance of the multilayerad wiring board 

was 200°C. The speed of electrical signal ·tranamia·sion of 

the multilayered wiring board was found to be 17.5 cm/nsec or 

higher at every position as measured by TDR (time domain 

reflection method). on the multilayered wiring board were 

mounded a field programmable gate array chip, a damping 

resistor, and a capacitor and sealed with a resin to make~an 

electronic device. Mounted on a·digital circuit board whose 

standard clock was 100 MHz, the electronic device operated 

without any problem. When the d.igital circuit board was 

treated at 60°C and at a relatiira ·humidity of 90• for 

1000 hours, it operated again wi~hout any problem. 

A multilayered wiring boarq which was prepared by 

using a general epoxy resin for. a: ~opper-clad laminate a1 an 

insulating resin was uaed in.Pl~~· of the multilayered wiring 
;:·;·_= ... 

. board of Example 15. It was re;.,e~led that the speed of 

electrical aignal tranami1sion as measured by 'rDR was 
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15.0 cm/nsec at the hiqhest. An electronic device was 

produc.ed by using the same elements as in Example 15·, When 

subjected to a performance test at a standard clock of 

100 MHz, the electronic device did not operate normally. It 

operated at a standard clock reduced to 70 MHz, When the 

digital circuit board was treated at 60°C and at a relative 

humidity of 90• for 1000 hours, it did not operated normally 

any more. 

IDguatriol Amzligabilitx 

The thermosetting resin-having metal foil for a 

multilayered wiring board according to the present invention 

makea it practicable to produce a high-performance 

multilayered wiring board exhibiting a stable characteristic 

impeda~ce by a lamination build up process •. The production 

process according to the present invention provides 

polyphenylene ether resin-having metal foil having excellent 

quality. TQ the raain•havinq metal fo~l according to the 

present invention can be adhered by pressing an inexpensive 

sheet for protecting the resin surface to provide resin­

having metal foil suited for storage and handling. S~nce the 

multilayered wiring board of the present invention exhibits a 

stable characteristic impedanca·and excellent electrical 

ch•racteristics, it provides hig~-speed digital circuits and 
.. 

high-frequency circuits having high performance not 

heretofore attained. The electronic device according to the 
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present invention exhibits excellent performance not 

heretofore attained in high-speed operation and high­

frequency ope%ation. 

··-----'·-----·--··-..! ·---····---·-------- . -- -
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CLAIMS 

1. Resin-having metal foil for a multilayered wiring 

board which comprises metal foil having provided on one ·aide 

thereof a film of a thermosettinq resin having a relative 

dielectric constant of not higher than 3.3 at a frequency 

range of not lower than 1 MHz and having a resin flow of 1 to 

SQ•. 

2. Resin-having metal foil for a multilayered wiring 

board which comprises metal foil having on one side thereof a 

film of a thermosetting resin having a relative dielectric 

constant of not higher than 3.3 at a frequency range of not 

lower than 1 MHz and having a resin flow af S to sot. 
3. ~he resin-having metal foil for a multilayered 

wir~ng board according to claim 1 or 2, wherein said 

thermosetting resin contains an inorganic filler. 

4. The reain-having metal foil for a multilayered 

wiring board according to claim 1, 2 or 3 1 wherein said 

thermosetting resin has a glass transition temperature of not 

lower than lBO~C after it cures. 

S. The r••in-havirig metal foil for a multilayered . 

wirinq board according to claim 1, 2, 3 or 4, wherein said 

thermosetting resin is a thermosetting polyphenylene ether 

resin. 

&. The resin-havinq metal foil for a multilayered 

wiring board according to claim 5, wherein said thermosetting 
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resin 18 a thermosett!nq polyphenylene ether resin containing 

a styrene polymer. 

7. A process for producing resin-having metal foil 

for a .mul tilayared wirinq board accordinq to cl·aim 5 or 6, 

which comprises coating metal foil with a resin varnish 

compriainq a thermosetting polyphenylene ether resin and a 

aolvent and drying the coating film, wherein the drying is 
carried out under such a condition that the rate of . . 

evaporation of the solvent be not higher than 0.10 q/cm2•min. 

8. A procea·a for producinq rf(!ts,in-havinq metal foil 

for a multilayerad wiring board according to claim 5 or 6, 

which compri1ea coating metal foil with a resin varnish 

comprising a thermosetting polyphenylene ether resin and a 

solvent and drying the coating film, wherein the drying is 

carried out under such a condition that the rate of 

evaporation of the solvent be not higher than 0.10 g/cm2•min 
until the residual solvent concentration of the coating film 
is rea11ced to 200,000 ppm_. 

9. A process for produc::J.ng resin:-::tiaving metal foil 

for a multilayered wiring board.acc()rdiz;ig-:"to claim 5 or 6, 

which comprises melt-extruding a thermas~:t:tin; polyphenylene 

ether resin under a ·condition that does n.ot substantially 
· ... 

cause the reain to decompose. 

10. The resin-having :me'tl!ll , foil. ;f_or a multilayered 
. . . 

wiring board according to .any one of ciaJ.ms 1 to 6, having an 

easily strippable sheet :for protecting said.resin aurface • 
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11. A mul~ilayered wiring board which is produced by 

using the resin-having metal fbil for a multilaye%'8d wiring 

board according to claim 1,_2, 3 or 4. 

12. A sequentially mult:Llayeredwiring board wherein 

the wiring layera are formed by sequentiallyly laminating 

sheets of resin-having metal foil according to claim l, 2, 3 

or 4. 

13. An electronic device comprisinq a multilayared 

wiring board according to claim 11 or 12 and an electronic 

element connected thereto with a wiring means. 

14. The elactronia device according to claim 13, 

comprisin9 a (sequentially) multilayered wiring board 

·according to claim 11 or 12 which achieves a speed of 

electrical signal transmission of 16.5 cm/naec or higher and 

~as a heat resistance of not lower than 180°C and an 

electronic element. 
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