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L Specification
..© RESIN=-HAVING METAL FOIL FOR MULTILAYERED

iﬁIRING BOARD, PROCESS FOR PRODUCING THE SAME,
MULTILAYERED WIRING BOARD, AND ELECTRONIC DEVICE

This invention relates to metal foil having providad

'wneieid“fthereof a thermosetting rasin film which is for

;ﬁée;i a"multilayered wiring board, a process for producing

_-_.tha_”'relin-havmg metal £oil, a multilayered wiring board
aving the resin-having metal foil, and an electronic device

fhaving an electronic component electrically connected to the

5mu1tilayered wiring board. The multilayered wiring board

eaccozding to the present invention has practically the same
;distance between wiring layers irrespective of the in-plane

;positxens of the multilayered.wiring board, shcwing small

ariatia :in characteristic impedance. Therefore, it

xhibits:ve:y excellent characteristics as a wiring board for

*fultrahigh-speed digital circuits. The electzonic device

;according to the present invention has excellent stability of

: he- characterietie impedance and, with a digital
_--semiconductor mounted as an elactronic element, allows the
d:.qital semiconductor to operate at a higher speed and, with

- semiconductor having an analog portion mounted as an

f-:electrom.c element, can handle eignale of higher frequency



according to the present invention has practlcallﬁlthe same-di-st-ance
between wiring |ayers irrespective of the in- plane H&Qﬁéupf t he

-mul til ayereg: wiring board, show ng smali vari ati oz/ eed | ¢

. i npedance. Therefore, it exhlblts very-excel | ent’ ¢ as a
*wiring board for ultrahigh-speed digital circuits. The € I ¢ device
“according to the present invention has excellent stability of the

" characteristic inpedance and;- with a digital seniconductor nounted as an

" electronic el enent allows the digital sem conductor to operate at a higher

. speed and, with a sem conductor having an anal og portion nounted at an
; electronlc el-enment, can handle S|gnals of higher frequency

the electronic device according to the present invention have
very ‘high reliability Since a thermosetting resin having a

;frelative dielect:ic constant of not higher than 3.3 at a

nf:;egucncy ran o£ not 1owcr than 1 MEz before heat curing is

;;ﬁced, the mnri ayered wiring board of the present invention
Tin'Which suchr thermosatting resin is used as cured is

}excellant in: stability of ‘characteristic impedance, high-

- }speed aignalitransmicsicn properties, and low crosstalk

:Eprope:tiea. -Th Telectronic device using this multilayered

-;wiring board_allows a diqital semiconductor to operate at its

-;highest speed 'a semiconductcr dealing with analog signals

;to operate at: its highast frequancy.

S copperffoil with ‘an epoxy resin is known as metal

_ffoil having a? hermosetting resin film. However, when such a

; 5gconventiona1 metal foil With resin is applied to production

3jo£ a mnltilayer ?iring oard (sequentially multilayered

wiring hoard)ﬁby¢a;z lléd 1amination build-up process in

'which sheets of metal

Jflaminated, it a bee



because crosstal ks of the signals are reduced. Where a resin having a
glass transition tenperature of 180[err]C or higher--atter..heat curing is

used, the multil@ayered Wi r'i'ng~“board-and th %G ctronic devi ce
accord| ng to. the present invention have very hig H@J lace®i nce a
1

thernDsettlng resin having a relative dielectric t hlgher
than 3.3 at 'a:frequency range of not |ower than at rcuring is
used, the nultilayered wiring board of the present invention I'n MM|ch such
a thernnset;ing resin is used as cured is :

circnite, the dielectric characteristics end heat resistance
-of the thezmoeetting resin are inlufficient for such uses.
QIn the -conventional metal foil having an epoxy resin used in
the production of copper-clad laminates, the dielectric
constant of the resin is 3.6 to 3.9, and the glass transition
tamperature of the cured resin is as low as 120 to 150°C.

o In the field of electric wiring boards, it is a
meg£e=%o£ urgency to establish a lamination build-up process
thiﬁiwill form denser wiring than a through-hole plating
process. However, there has not been a suitable resin-having
metal foil for use in mnltileyered wiring board that can be
usgéiin high-speed digital circuits and high-frequency analog

:'eifénifs. It is an object of the present invention to
f provide a2 multilayered wiring board which can be used for
_high-epeed digital circuits and high-frequency analog .
c;neni;s:end an electronic device using the same, in which
[ | me;ei foil having provided on one side thereof a film of a
-tnen@OEe;ting resin is used, the thermosetting resin having a
_eéecific resin flow,_a specific relative dielectric constant,

and a specific glass transition temperature after curing.

: . As a result of extensive inveet;gation, the inventors
-of the present invention have reached diecovery of resin-
: having metal foil The present invention consists of the
.following 14 embodiments



excellent in stability of characteristic inpedance, high- speed signal
transm ssion properties, .and | ow crosstal k properties. The electronic

device using this mul ti | ay€red wring-board allows.a.digital-sem conductor ..

to operate at - its highest. speed or a‘semni conduct-or-dealing wth anal og

signal's to operate at its highest frequency. Baseheet lacshner foi
wth an epoxy:resin is known as netal foil havi f N ting resin

film However, when such a conventional netal nis applied
to production of a multilayered wiring board (sequentially nultllayered
W ring board) by a so-called Ian1nat|on bui |l d-up process in

Firstly, the present invention provides resin-having
metal foil for a multilayered wiring board which comprises
metal foil having provided on one side thereof a film of a

thermosetting resin having a relative dislectric constant of

not higher than 3.3 at a fr quenoy range of not lower than 1
MHz end heving a resin flow‘of 1 to 50%.

Secondly, the present invention provides resin-having
metal foil for armultileyergo wiring boaro_whroh comprises
metil foil having on one si§§ thereof a £ilm of a
ther@osetting resin havingji_relative dielectric constant of
notliiqher than 3.3 at a fféduency range of not lower than 1
MHz ‘and having a resin flow of 5 to 50%.

_ Thirdly, the present invention provides the resin-
having'motal foil for a mnltilayered wiring board according
to c;eim 1 or 2, wherein the{thermooetting resin contains ‘an
inorganic filler, R '

[ Z: Fourthly, the present invention provides the resin-

having metal foil for a multilayered wiring board according

to claim 1, 2 oz 3, whereipithe thermosetting resin has a

glass transition temperatﬁiﬁécf not lower than 180°C after it
cures. o o

Fifthly, the preeent ‘invention provides the resin-

heving metal foil for a mnl ilayered wiring board according
to claim 1, 2, 3 or 4, whﬁ' in the thermosetting resin is a

thermooettrnq polyphenylene ether resin.



whi ch sheets of netal foil with resin are sequentiallyly lamnated, it has
been.difficult to even the filmthickness of the thernbsetting resin, which

functions as an ®lectrical. insulator, all over bﬂ@ hn oard thereby to
make the characteristic ifipedance of the-wiring f e¢en range.
Further, asthe thernosetting resin is not |ntend d to

high-speed_C|rCU|ts or high-frequency anal og -2-
dielectric characteristics.and heat resistance

Sixthly, the present invention provides the resin-

-;péﬁ#nguﬁetal foil for a multilayered wiring board according

1§§;¢1&;@ 5, whe;étp the thermosetting resin is a

_gﬁgzmpﬁétting §§1§phenylane ether resin containing a styrene

- the present invention provides a process
.aféruproducing resin—having metal foil for a multilayered
_:jwiring board accordxng to claim 5 or 6, which comprises
 _coatinq metal fo with a resin varnish comprising a
1thermosatting po yphenylene ether resin and a solvent, and

;drying the coat  gifilm, wherein the drying is carried out

étion that the rate of evaporation of the

'solvent ba not higher than 0.10 g/an-min.

'i;ha present invention provides a process

._for producing resin-having metal foil for & multilayered
wiring board according to claim 5 or 6, which comprises

.ggating&metal £6

with a resin varnish comprising a
thermosetting phenylene ether resin and a solvent, and
ggy;ng ghe coatfqg film, wherein the drying is carried out
nﬁder such a cdﬁgicion that the rate of evaporation of the

solvent be not higher than 0.10 g/cm’smin until the residual

séléént’concentfﬁfion of the coating film is reduced to
200,000 ppm. |
Ninethxj';ﬁhéfgresant invention provides a process

zﬁg; prgducing_fégii-having metal foil for a multilayered

. wiring board agé@fﬁing to claim 5 or 6, which comprises melt-




of the thernosetting resin are insufficient for such uses. In the
conventional netal foil having an epoxy resin used in.-the-production of
copper - cl ad | anithat es, t he: di el'ectric’ constant of the resin | Sacad 6 10 3.9,
and the glass ‘t'ransi tion tenperature of the curéhls ow as 120 to
150[err] C. :I'n the field of ‘electric wring boards \iﬁf er of
urgency to'establish a | ami'nation buil d-up procesp rn1denser

Wi ring than a through-hol e plating process. However, there has not been a
sui tabl e resin-having netal foil for use in nultilayered Wi ring board that
can be used in high-speed digital circuits and high-frequency anal og

circuits.” It is an object 'of the present invention to
-extruding a thermosetting polyphenylene ether resin under a

fcondition that doos not substantially cause the resin to
:mdecompose. i

_  Tenthly, the present invention provides the resin-
.’having metal foil for a maltilayered wiring board according.
'-to any one of clatms 1 to 6, having an easily strippable

glhset for protecting the resin surface.

Ellventhly; the present invention provides a
g:~multilayered wirlng board which is produced by using resin-
.:having metal foil according to claim 1, 2, 3 or 4.
' Twelfthly, the present invention provides a
_ sequentially multilayered wiring board, wherein the wiring
;jlayers are formed by sequentiallyly laminating sheets of
-resin-heving metal foil according to claim 1, 2, 3 or 4.

Thirtaenthly, the present invention provides an

electronic devic'ffomprising a multilayered wiring boaxrd

! . :according to claim_ll or 12 and an electronic element

Nconnected thareﬁﬁ"ia & wiring means.

Fourteenthly, the present invention provides the

: electronic device ceording to ¢laim 13, comprising a

(sequentinlly) m :ilayered-wiring board gccording to claim
11 or 12 which achieves a spesd of elegtr;cal signal
'-transmilsion o_f 5 cm/nseéjoi higher an@jhas a heat
resistance of no ower thaé-180°c) and an electronic

element.



~provide a multilayered wiring board which can be used for high-speed
digital circuits and high-frequency analog circuits and an el ectronic

devi ce u5|n§ thetsane, in'‘whixch netal foil having-provided._on_one

t her eof a-f

I nvention As a result of extensive i nvestigation,
pr esent |nvent|on have reached di scovery of resin- haV|ng net a

si de

t he

oi | .

mof a thernosétting resin is used, the thernnsettlng resin
having ‘a specific flow, a specific relative di el ecTh %um lacadd a
specific glass transition tenperature after curlng ]i“the

The

pr esent

';f;;lese, from ths

|nvent|on consi sts of the foll ow ng 13 enbodi nents.

.a cross gsection showing the structure of
a__resin-having metal foil according to the

. Fig. 2 is a cross section showing an

S Xamg ltilayered wiring board according to the
llth or 12th embodiment of the present invention. Fig. 3 is

crOSS?sectione 'howing an example of the process for
oroduoing the: buwlt-up multilayered wiring board according to
. the 12th embodiment. Figs. 4 through 6 are each a cross

:eotion of an example of the electronic device according to

L the 13th embodiment of the present invention.

The préﬁent invention will be described in detail,

Any kindfof metal foil can be uaed in the presert

'ffﬁinvention. Examples of useful metal foils are copper foil,

'lgm;num foil}_ n foil and gold foil. For availability and

{aée:of etohlng? dopper foil and aluminum foil are preferred,

faggﬁithfcoppar foll being the most preferred. While not

~ ‘limiting, tha:ﬁétal 011 preferably has a thickness of 500 um
: for less, partioularly 200 ym or less, eepecially 105 um or

andpoint of ease in haqdling. The metal

£0il can have its side on which a therﬁosetting resin film is

-iﬁo-be provideﬂ- ughened and/or treated with a coupling agent

so:.as to have increased adhesion to the reain.

' ~ﬂmleotrodeposltadhand roughened copper foll produced and sold




- 3- Firstly, the present invention provides resin-having metal foil for

a sequentially nultilayered wring board, whiech-conprises netal
provi ded onxone side there '

rel ative di€électric constartof not higher tha % Beefnr)@/ﬁ

not lower than 1 MHz and having a resin flow of

i

i nvention prOV|des resin- haVIng metal foil for

foil having

a-filmof a ther ettlng resin~havi-ng a

cy range of
he present

nultllayered

l;for wiring board production can be utilized as such in the

f,wiring-board of

ﬁpresent invention. 1In the present

ﬂroduction of the resin-having copper foil for a multilayered

3},invention, the metal foil serves chiefly as a conductor of

I?the multilayered
N ﬁssipation. The.

iﬁ;Purpose of use. T?n
Fig. 1 isf”f

j!jthe thermosettin

;ﬁprenent inwantion

\zing board but may also be used for heat

etal foil is selected depending on the

cross section showing the structure of
ésin-having metal foil aécording to the

yherein numerals 1 and 2 indicate metal

{ffgil and a film 9?;3 thermosetting resin, respectively.

;fﬁf@;ent:inventiop;

;;éé@gzkable effect
 flow 18 5 to 504
.nlxs ‘less than 1!,
' {fembedded into th éain layer, making formation of a

Tfmultilayered wir

s the thermosetting resin used in the

é'internal circuit is not perfectly

a8 a resin flow of from 1% up to 50%,
as desired are sacured. A preferred resin

articularly 7 to 45%. If the resin flow

g board difficult. The larger the resin

fjf;qw, the e&sieg qnhgdding of the internal circuit into the

-_iesin'layer. Howav&r, if the raain flow exceeds 50%, the

'thickness of the insulating layer cannot be maintained even

. ;;all over the wirznghboard, failing to keep the characteristic

”'impedance of the ing constant.,
: _ " ow is detezmined as followa.
Ly A 10 cm.

.'__::-'(weiqht a).

0 cm aheet of metal foil is weighed



whi ch conprises netal foil having on one side thereof a filmof a
thernosetting resin having a relative dielectric constant of not hi gher
than 3.3 atya frequency range of not |ower than 1 MHz and having a resin’
flow of 5 to '50% Thirdly, the present invention-provides the resin-
having metal foil foil a sequentially nultlla &%héﬂdm lagdar d according

to claiml1l or 2, wherein the thernosetting n I norgani c
filler. Fourthly, the present invention prOV| having net a
foil for a sequentially nultil-ayered wring |ng toclaiml, 2

or 3, wherein the thernosetting resin has a glass transition tenperature of
not |ower than

(2) A 10 cm x 10 cm sheet of'resin-having metal foil is
_wgighed (weight k). |
(3i ' The resin-having metal foil is pressed at a
témperature of 170°C and a pressure of 22 kg/cm? for
1b-minutaa. After the part of the resin that is pressed out
.of the metal foil is removed, the residual resih-hav;ng metal
-'féil is again weighed (weight b’). | |
(4) A resin flow is obtained from equation:
" Resin flow (%) = [l-(b‘-a)/{b-a)] x 100
The thermosetting resins which can be used in the
presant invention include tharmosetting polyphenylene ethex
raaina, phenol reains, low~dielectric constant epoxy resins,
diallyl phthalate resins, divinylbenzene resins,
-pplyiunct;onal acryloyl resins, polyfunctional methacryloyl
'résins; polyfunctional maleimide resins, polyfunctional
cyanic ester resins, polyfunctional isocyanate resins,
¢ -1upsaturated polyester resins, polybutadiene resins, and
-c:dsslinking polymers of styrene-butadiene, styrene-
;bgtadiane-styrene, etc, These resins are not always used as
a;éingle compound but are used ﬁith various other substances
added thereto or some modification added in order to obtain
desired properties, as is of necessity in industrial
technology. The thermosetting resins can,ha used as blended
with thermoplastic‘resins. It {a essential in the present
ipvent;on that the relative dielectric constant of the

thermoaetﬁing resin be not higher than 3.3 and that the resin



180[err]C after it cures. Fifthly, the present invention provides the
resin- having netal foil for a sequentlally nultllayered W ring board
according te claim 1, 2, “3%ori.4; whérein the tﬁernvsettingmne5|n is a

t her nosetting polyphenylene ‘et her resin. ' $mxmﬂh as resent i nvention
provides the resin- having nmetal foil for a s F41ayered
W ring board according to cllaim5, wherein th ‘resinis a

t her noset ti ng pol yphenyl ene et her resin contal

flow of tha thermosattinguresin of the resin-having metal

foil for a mnltinoyered wiring board be within the range
speo;fied in olaims. |

Preferrad of the_thermosetting resins above descrzbad

are thormosetting polyphenyleno ether ros;ns, thermosetting
polyphenylene ether resins containing a styrene polymer,
-resin compositionl conta;n;ng polydivinylbenzene, resin
compolitions containing polybutadiano, and resin compositions
containing a polymer andlor a copolymer of triallyl cyanurate
| and/or triallyl isocyanurate.
The preferxad thermosetting resins will be described
in more detail, N
:Particulariynéroférred resins are thermosetting
polyphenylene ether resins which generally show a high glass
'tronsition temperature when cured, have a relative dielectrio

constant of 3.0 o: 1ower both before and after curing, and

have controllable5flow=characteristics. Such thermosetting

"unexamined published;Japon_ae patent application*), the

composition descrihed in. JP-A-? 166049, the composition

described in JapaneserrateanPublication No. 7-37567, and the’

composition descrzbed%in Japanese Patent Publication No. 7=

26013, A tharmogeﬁtin 'yphenylone ether resin composition

containing 1 to. 'z _,pyikeight,'based on the total
. composition, of tyren jpolymer exhibits favorable

-0 -



styrene pol yner. Seventhly, the present invention provides a process for
produci ng resin-having netal foil for a sequentially mul tilayered wiring
board according to claim5 or 6; which conprises coating-netat-foil with a

resin varni sh conprising a thernosetting polymhg@mkggng%QFPﬁr sin and a

solvent, and drying the coating film wherein t ri ed out
under such a condition that the rate of .evapora Jm | vent be not

hi gher than 0.10 g/cnferr].min. Eighthly, the p oh provi des a
process for producing resin-having netal foil for a sequentially
mul tilayered wiring board according to claim5 or 6, which

characteristics in terms of flatness and toughness of the
£ilm formed thereof.

The term-"styrené-polymer" as reférrad to above is
intended to mean a homnpolymer of styrens or an arbitrary
thermoplastic copolymer comprising at least 80% in number of
a styrene unit based on the total recurring units. It is
preferred for the styrene polymer to haﬁe a weight average
molecular weight of 10;000”or more.

The tarm-"polydivinylbenzene" as used herein means a
polymer obtained“by homo- or copolymerizing divinylbenzene
and/or a derivative thereof (divinylbenzene with its hydrogen
atom(s)'sﬁbstitufed with:&n:arbitrary atoﬁia group(s)) in
such a manner that only one of the two unsaturated double
bonds of the divinylbenzene and/or the derivative thereof is.
polymerized while leaving the other double bond intact. The
polymer disclosed'in Japhnese Patent Publication No. 4-1902
can be mentioned as an example of such a polymer. The
proportion of the recurring unit derived. from divinylbenzene
or a darivative_therao: in the total rxecurring units is
preferably_ﬁ% or more, still preferably 10% or more. A
preferred waightfaverage'ﬁciecular weight of the
polydivinylbenzena is 10 000 or more.

The polyfunctional cyanic estex. resins used in the
present invantion will_thgnibe described, A polyfunctional
cyanic ester forms a triggiﬁé ring thrdugh thermal

 trimerization ofithe qarpgn-nitiogan triple bond thereby to

- 11 -



conprises coating netal foil with a resin varnish conprising a

t hernosetting pol yphenyl ene ether resin and a solvent, and drying-the
coating film wherein the drying is carried out under—such a condlgfon t hat
the rate of evaporation of the solvent be not higher, _h%@;agaebﬁke?“

g/cnjerr].min until the residual solvent concentraffPi& “\\m\ ing film
' es a

is reduced to 200,000 ppm N nethly, the present |n‘;
mul tilayered wiring board according to claim5 or 6, which

process for producing resin-having netal foil for a $8¢

crosaslink and qugg,firbéﬁpglyfunctional cyanic ester is used
as a.polyfunctioﬁ;l5by;££cfester resin either in the form of
a monomer or aftar partially trimerized, i.e., in the form of
a prepolymer. In tha present invention, the prepolymer,
which is semi-sp;idégt.;go@ temperature, is preferred because
the resin is qu§[infthéf£drm of a film.
| The poi@ﬁ#@@#iehe;as referred to in the present

invention is knéﬁ@”pélyfi!S—butadiene); The number average
molecular weighﬁ*of;ghaﬁpéiybutadiepe is preferably 500 to
50,000, still p;éfegAblf;SbO to 10,000, particularly
pﬁefernbly 500_&6:5g900; fIf the number average molecular
weight is 1essat§an;500,f£he viscosity is too low. If it
exceeds 50,000,,§h&ivig¢§§1ty is too high.

Polyma§s5aﬁ§[o£%ééﬁolymers of triallyl cyanurate
and/ox triallyliiﬁbbiaqﬁ?ata are also suitable as a )
tharmosetting.rééinfbifthe'resin-having-metal foil of the

present inventidﬁ

ffThe polymers or copolymers are obtained

by heating allyl“cyanurata and/or triallyl isocyanurate in a

golvent, s. g.,?toluene"_ n the presence of a polymerization

initiator, e. g.,'anﬁorganic peroxide, to cause part of the

allyl groups to;:olymerize._ The molecular structure may be

eithex straight? hed. The weight average molecular

fera 'ooo___,__.':ﬁ_to 100,000, still preferably 2000
to 100,000. o |

In order. to 1mpart ‘desired performance properties to

the tharmosett;pg; ag;p¥in accordance with the use, fillers

e 12 -



conprises nelt-extruding a thernosetting pol yphenyl ene ether resin under a
condition that does not substantially cause the resin to deconpose. :
Tenthly, the present invention:grovides the ré§ThT“ﬁéVTﬁ§“hetar“foil for a
sequentially nmultilayered wiring board accordlm%&tg‘mgegnge Rlegclainms 1 to

6, having an easily strippabl e sheet for protec surface
El eventhly, the present invention provides a; se%ﬂum u,!m t| | ayer ed
Wi ring board, wherein the wiring | ayers are iallyly

| am nating sheets of resin-having netal f0|I'for a sequentially

mul til ayered

and additives can be*edded thereto in amounts that do not
:-impair the eaeential properties of the thermoeetting resin.
The fillers, which may be either fibroue or particulate,
Include silica, elumina, t;tanium oxide, barium titanate,
talc, mica, qlaee'begde, g}aee balloons, and aramid fiber.
The fillers are uaedfeigecéively for such purposes as
reduction of a eoeﬁfibianﬁlof thexmal expansion, control of a
dielectric constant,'end fhe like. Useful additives include
flame retardants,_antioxidante, heat stabilizers, antistatic
-agents, plasticizerl, pigmente, dyes, and coloring agents.
Addition of-inorganic fillers is preferred for the
marked effects obta;ned in heat resistance and electrical
characteristics of the- reein layer. Silica and glass
balloone are examplel ef the most preferred inorganic
iillere. ' _ _
_ The thickneeegpf the thermosetting resin film is not
particularly limited¥but is preferably 10 um or greater,
still preferably iQ'WMJ g

q:;g;eeter, particularly preferably

30 pm or greater.':if-ihe;film thickness is extremely small,
it is difficult to. effect a lamination build-up process.

The thermosei ing resin film can be formed through.

any means. For exampl'; a:preferred method comprises coating
e vernish prepareda;; { ving or dispersing the resin in a
solvent, and drying;i e solvent is choeen in accordance
with the resin-selectéaQ 801ventlele melt film forming is

~ another preferred. method._

- 13 -



Wi ring board according to claim1, 2, 3, 4 or 5. Twelfthly, the present

i nvention provides an el ectronic deV|ce conprising a sequentially

mul tilayered wring board according to the above dESCfibed.llth enbodi nent
and an el-ectronic el ement connected thereto; wmasﬁg ng means.
Thirteenthly, the present invention prOV|des th deV|ce
according to the above described 12th enbodl a sequentially
mul tilayered wiring board according.to the; ab 1th enbodi nment
whi ch achi eves a speed of electrical signal transnlsS|on of 16.5 cm nsec or
hi gher and has a heat resistance of not |ower

| The manner for bringing the metal foil and the
lﬁhermnsetting resin film into intimate contact with each
cher is not at all restr;éted. The resin film can be formed
diractiy on the metal foilg;or a separately prepared £ilm of
the thermosetting resin caﬁ:be brought into contact with_the
petal foil by, for examplég hot pressing., It is also
‘possible to form a metalffilm on a resin film by known means
such as vacuum evaporation;'sputtering or chemical plating.
Where the tharmosﬁtting resin is a thermosetting
_polyphenylene ether resin ér'a therxrmosetting polyphenylene
ether resin containing a styrens polymer, and the resin film
is prepared from a resin-vgxnish of the thermosetting resin,
the spascial processes according to the 7th and 8th
‘embodiments can be applied to produce resin-having metal foil
~having satisfactory quality at high productivity which does
-not separate resin powdexrs Off the resin film and suffers no
cracks on the resin film surface due to drying.
The solvent which can be used in preparing varnish of
.a-polyphenylene ather rea;n_ineludes aromatic¢ hydrocarbons,
such as benzens, tbluene,_gnd Xylene; halogen solvents, such
as dichloromethane, chldtoszm, and trichloroethylena; and
THF. These solvents can be used either individually or as a
mixture thereof, The varniah comprising the thermosetting
- polyphenylene ether rasin and a solvent is applied by means
_of an aired coater, a blade coater, a rod coater, a knife

. coater, a gravure coatar, a reverse coater, a cast coaster,
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than 180[err]C, and an electronic elenment, -6- Brief Description the
Drawing Fig. 1 is a cross section showi ng the structure of the

t hernosettisng resin-having netal foil accor di ng to- ‘the-present invention.
Fig. 2 is a cross section showing an the sedmissﬁéegglf mul til ayered wiring

board according to the 11th enbodi nent of th Maed on. Fig. 3 is
cross sections show ng an exanple of the pro m |ng t he

ete. The coating film is dried by means of a hot air drier,
| a-roll heating drig?, an infrared drier, a far infrared
drier, etc. -In the practice, these ;ppa:atus can be used
| éither individually 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
-thé resin varnish cbmprising the thermosetting polyphenylene
- ether resin and a solvent. In the practice of the present
invention, the evapbration rate in drying the coatihg £ilm
can be controlled by, fér example, adjusting the temperature
and'flow rate of hot air for drying. The evaporation |
temperature can be controlled by adding a high-boiling
solvent to the ?arﬁiah. Such a high=boiling solvent includes
chlorobenzens, tetralin, and anisole. |
In the.proqess-according to the present invention, it
is essential that the evaporation rate of the solvent be not
ﬁigher than 0.10 g/cm’emin. A preferred avaporation rate is
from 0.001 to 0.10_g/cmﬁ-min. If it exceeds 0.10 g/cﬁﬁ-min,
cracks occur on thé;coating film by drying. 1If the
evaporation rate in drying the coating film is lower than
0.001 g/cm?emin, the productivity of the resin-having metal
foil tends to fall. | _
Where thé{tbermosetting reasin is a thermosetting
polyphenylene ether resin or a thermosetting polyphenylene

sther resin containing & styrene polymer, and the resin film
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sequentially hultilayered W ring board according to the 11th enbodi nent.
Figs. 4 through 6 are each a cross section of an exanple of the electronic

devi ce accor di:I
Mode for Carrying out the Invention The pre:ﬁ]engh i nve

in detail.

diing to the 12th enbodi ment ofthe- present--Lnvention. The Best
ntron wi || be described

Any kind of metal foil can be use i nventi on.
Exanpl es of useful netal foils are copper foru il, tinfoil and
For availability and ease of etc pi-I - and al um num

gol d foi

foil are preferred with copper foil being the nost preferred. Wile not

limting,

the metal oil preferably has a thickness of 500 [err]m

‘is formed by melt film forming of the resin, the special

i ;Sbess according to the 9th embodiment of the present

;Havxng satisfactory quality at high productivity which does
;ng;;separate resin powders off the resin layer or suffers no
}é#;eks on the resin surface.

| The process according to the 9th embodiment is

icharacterized by selection of a temperature for melting the.

:thermosattxng polyphenylene ether resin at which the resin
;gggaxgoes no substantial decomposition.

o The apparatus for melt extrusion and the temperature
:of melt extrusion are selected so that the thermosetting
fpolyphenylene ether resin can be melted and extruded without
;ppg?rgOLng subastantial decomposition. The melt extrusion
g;éﬁﬁeratura at which the thermosetting polyphenylene ether
;#g?in_can be melted and extruded without substantial
;geéémposition is selected from the range of from 50°C up to
300°c.

Melt extrusion can be carried out by using a single-

- screw or multi-screw extruder huving a T die at the head, a

siﬁgie—sg:ew or multi-screw extruder having a kneading zone
-aqgéa T die at the head, or a like apparatus.

' Tha manner of contrelling the resin flow within a
range of from 1 to 50%, preferably from 5 to 50%, still
rpgs§erably from 7 to 45%, is not limited. For example, the

_éqg@ral can be achieved through selection of the chemical
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or less, particularly 200 [err]mor less, especially 105 [err]mor less,
fromthe standpoint of ease in handling. The_netal foil can have its side
on which aithermosetting resin:filmis to be EmeIUEH -roughened and/ or
treated with .a coupling agent so as to have:i “9 adhesionr-to the
resin. El ectrodeposited nodul ar copper foil/ pr -

W ring board production can be .utilized as su m
resi n- having copper foil for a nult|layered .

for -7-

/,/ﬁ”c#. on of the

‘structure or the com§§§;£gqn of the resin. Also, it is an

_effective means for resin flow control that a thermosetting
resin showing too large a flow islsubjedted to partial cure
by a method suited tﬁgthg:particulaz fea1n, such as a heat

Z:reatmant or a photochémiﬁ&l treatment.

The the:mosetting resin film of the resin-having
metal foil for a mnltilayered wiring hoard according to the
present invention can_be-qpverad with an easily strippable

 protective sheet thé?@by'gb provide'a material for a
hnltilayerad wirihgfié#rthhat is extremely easy to handle

~ and useful in practigé.__azgomposite sheet in which a sheet
of metal foil, a thermasetting resin film, and an easily
.étrippable protectivg_éhaét_are intimatgry 1am;nated in this
Srder is the 10th.eﬁ56diment of the present invention. The
composxte shaet can be produced either by laminating a
_protective sheet on the resin-having metal foil by, e.g., hot
pressing or by laminating metal foil on the film of the
thermouetting resln 'revioualy formed on a protective sheet.

The ensily" *ippable sheet is preferably a resin

film. 1In particul 3 ”film of polyethylene, polypropylene,
polyethylene teraphthalate, etc. is praferred for its heat

resistance. Tha surface of the film can be treated with a

raleass agent such as“; silicone resin or a fluororesin.
The resin—havingﬁmetal foil for a multilayered wiring

board according to th lst to 6th emhodiments of the present

¢nvention is axtram useful in industry for the following
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Wi ring board of the present invention. |In the present invention, the netal
foil served chiefly as a conductor of the nultllayered W ring board but may
al so be used f.or: heat d|SS|pat|on The netal " f6iT TS select ed dependi ng on
the purpose of use. Fig. 1 is a cross section $MQMkagh§@@nnhﬂuature of the
t hernosetting resin-having metal foil according I nventi on,
wherein nunerals 1 and 2 indicate netal foil an’c"l“uﬂﬂnmm! her nosetti ng
resin, respectively. As long as the thernosetti n the present

invention has a flow of from1%up to 50% remar kabl e effects as deired
are secured. A preferred resin flowis 5

reason. In the multilayered wiring bcard produced by using
this, each insulating lcyer has practically the same
chickness at every position, and the multilayered wiring
board can be said to havefpractically the same characteristic
impedance at every poslticn and will therefore provide
electronic equipment, especially electronic devices, with
appreciably improved elect:ical characteristics. With the
variation of the thickness of the insulating layer, i.e., the
variation of the characteristic impedance falling within
ilO%, the characteristic lmpedance can be regarded as
constant in practical use, and such a small variation does
not give adverse influences to the electrical characteristics
of the multilayered wiring board and semiconductor devices,
Because the relative dielectric constant of the thermosetting
resin is not higher than 3.3, preferably 3.0 or lower, in a
frequency region of 1 MHz or higher, the resin after curing
! also has a small relative dielectric constant. A small
| ?elative dielectric cpnctgnt of an insulating layer makes it
pcssible to widen thc_wfﬁa;so that the variation in
characteristic impedéhcqfiq reduced even if wiring is formed
with the sama.procesaincw@argin. Further, a crosstalk is
diminished. It is not ﬁﬂtil these effects are manifested in
| combination that the multilayered wiring board and electronic -

devices according to the;preaent invant;cn exhibit markedly

excellent electrical cha_
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to 50% particularly 7 to 45% If the resin flowis less than 1% the

internal circuit is not perfectly enbedded into the resin |layer, naking
formation of a multilayerd wiring board difficult. The |arger_the resin
flow, the easier enbedding of the internal circuit into the resin |ayer.

However, if the resin flow exceeds 50% the t higkshea Hasteei Revlacesul at i ng

| ayer cannot be mmintained even all over the w il KRRt | ing to keep

the characteristic inpedance of the wiring consqmummmm‘v flowis

determ ned as follows. (A [err] x 10 cm x:10 eet of netal foil is

wei ghed e

| According to the 3rd to 6th embodiments of the
p:a;ent invention, it assures high rellabiiity of the
multilayered wiring board that the cured thermosetting resin
has a glass transition temperature of not lower than i80°c.
If the glass ﬁransition temperature of the thermally cured
resin is lower than 180°C, there is a possibility that long-

- term use of the device causes migration of the conductor,
which results in reduction of insulation resistance, or
functional disorders of the device due to deterloration of

- the resin. The glass transition temperature is still
pfeferably 200°C or highexr. The glass transition temperature
is measured with Rheovibron (an apparatus for measuring
dynamic viscoelasticity, manufactured by Orientec) at a rate
of temperature rise of 2°C/min and a frequency of 35 Hz.

According to the 11th, 12th, and 13th embodiments of

the present invention, it assures axéellént electrical
characteriatics of the multilayered wiring board and
semiconductor devices that fhe 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 is still preferably 3.0 or lower. If the

| relative dielectric constant exceeds 3.3;fﬁh§_delay time per
dnit length of the wiring becomes large é&-:éduce the fiming
margin in e high-speed digital cirgﬁit, ﬁﬁich makes it
-impossible to increase the clock frequendf. Further, the

. cbnduotor loss, which is proporﬁional to the square root of
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(2) A 10 cm x 10 cm sheet of resin-having netal foil is weighed (weight

b). (3) - The resin-having netal foil is pressed at a tenperature of
170[err] C and a pressure of 22 kg/cnferr] forMTO“ninutes —Af.ter _the part
of the resin.that is pressed out of the netal noved, the residua
resin-having netal foil is again weighed (melght "Rehwﬂre5|n flow
Is obtained fromequation: Resin flow (% = [1 H’I 100 The

t hernosetting resins which can be used in the

the relative dielectric constant, increases so that the
signal level margin in a high-frequency circuit is reduced to
narrow the effective frequency region. Furthermore, the
variation of the characteristic impedance and the crosstalk
incréase to give adverse infliuences to the cirxcuit operation
as previously stated.

“An example'of the structure of the multilayefed
wiring board accord;hg to the lith_and 12th embodiments is
shown in Fig. 2, whaiein numeral 3 indicates a c¢ured
thermosetting resin film; 4: a plate made of an arbitrary
electrically insulating material; 5: a via-hole; and 6: a
plated through~hole. |

In Fig. 3 is.ghpwn an example of the process for
producing the ﬁequentially multilayarad wiring_board-ot the
12th embodiment., . The example of the process will be
explained in order. |
(1) The productibn atarts with an electrically insulating

- plate B8 having on both sides thereof a conductor layer 7,
e.¢g., & douhle-sided copper—clad laminatae.
(2) The conductor 7 is processed by a known means, such
as etching, to form*q'circuit pattern 7'.
(3)  The thermbsétting resin-having metal foil according
to the present invention is laminated on each side by a known
means such as hot pressing. A conauctor layet 9 and a
thexrmally cured thermoaetting resin layer 10 are thus formed.

(4) Via-holes 11 are made.
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present invention include thernmosetting polyphenyl ene ether resins, phenol
resins, lowdielectric constant epoxy resins, ~HT“&LJyI pht hal at e resins,
di vi nyl benzene r%esins, pol yfuncti onal acryloylmge5|ns “p@lyfunctlonal

met hacryl oyl resins, polyfunctlonal mal ei m de. functronal cyani c
ester resins, polyfunctional isocyanate resins, yester
resins, polybutadiene resins, and crossllnking

st yrene- but adi ene, - styrene- but adi ene- styrene, etc osins are not

al ways used as a single conpound but are used with varlous her subst ances
added thereto or sone nodification added in order to obtain de5|red '
properties, as is of necessity in industrial

- (5) A conductor film 12 is formed by a known method, for
example, electroless plating followed by copper
electroplating, to obtain via connection, and a circuit
pattern is formed in the same manner as in (2).

(6) The thermoaotting resin-having metal foil of the
present invention is laminated to form another conductor
layer 13 and another thermally cured thermosetting resin
layer 12 in the uamo-manner as in (3).
(7) If necessary, through-holes 15 are pierced through :
 the whole laminate as is usual with conventional multilayered
wiring board.
(8) A conductor loyer 16 is formed by a known methed, for
example, electroless plating 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 FPig. 3 illustrates o 6-layered board, it is
obvious that a multilayered wiring board having.an arbitrary
number of circuit layers can be built up by using the
thermosetting resin;having metal folil of the present
invention and rapeating via-hole formation, via connection,
and circuit formation.

Examples of the electronio device according to the
13th embodiment of the preaent invention are shown in Figs. 4
through 6. The 13th: ambodimont is characterized in that the

multilayered wiring board of the present invention is used in
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technology. The thernobsetting resins can be used as blended with
thernoplastic resins. It is essential in the present invention that the
rel ative di<l ectric constant of ‘the thernopsetting resin bé not higher than
3.3 and that the resin fl ow of the therrmsettnﬂgSHe&ﬂas”BééﬁRﬁ

resin-having netal foil for a rrultllayered W ring "H M n the range

specified in clains. Preferred of the thernnsettl descri bed

are thernosetting pol yphenyl ene ether resins, ther

an electronic da§iéa q£ arbitrary strudtura to make the
electronic device¥m§nifest.excelient'electriaal
.charaéteristics. - The wiring means for connecting the
electronic element and the multilaysred wiring boaxd is
selected approp:iaﬁely;depending on the structure from among,
for example, wire bonding and flip chip bonding.

- In Figs. 4 to 6, numeral 17 indicates a multilayered
wiring board of the present invention; 18: a conductor; 19: a
-semiconductor chip; 20: an individual electronic element such
as a dielectric, a capacitor, an inductor, and/or a resistor;
21: a sealing means};ﬂ?: a éolder ball; 23: a heat
dissipating plate; 24: bonding wire; 25: a metallic pin; and
26: a silicon chip bonding means.

Of the alectrqnio'davices of the 13th embodiment, one
which is designed to achieve a rate of electrical signal
transmission of 16.5 cm/nsec or higher at every position and
in which the multilayered wiring board has a heat resistance

¢f not lower than 180'0 as a whole cor:eaponds to the l4th

embodiment of the'presint invention., |

While electronic devices includéfvarious structures,
relevant to the. present inventLOn are those essentially
comprising electronic alements, such" as a semiconductor chip

cut out of a semiccnductor wafer or ingot of silicon,

gallium-arsenic,. atc (or a aemiconductor in the form easier

to handle, for example, mounted on a carrier), a dielectric,

a capacitor, an-ipdggtgr and/or & resistor, and a
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pol yphenyl ene ether resins containing a styrene polyner, resin conpositions
cont ai ni ng pol ydi vi nyl benzene, resin conpositions containing pol ybutadiene,
and resin conpositions containing a polyner and/ or “a copolyner of triallyl

cyanurate and/or triallyl isocyanurate. *- &ﬂ@mﬁggk,hernnsettlng resins
wi |l be described in nore detail. Partlcul esins are

t hernosetti ng pol yphenyl ene et her reS|ns show a hi gh gl ass
transition tenperature when cured, have a re a ctric constant of

3.0 or | ower both before and after curing, and have controll able flow
characteristics. Such thernosetting

multilayered wiring board on which-theaa electronic elements-
are mounted. Where in using tha_alectronic device in which
signals are transmitted through the wiring formed inside and
outside the multilayered wiring'bgard at a speed of
16.5 cm/nsec or higher, not only is shortened the delay time
attributed to the electronic device, but also the disturbance
of the wave form at the rise and the drop of digital signals,
which is problematical in dealing with high-speed signals, is
ieasaned, thereby providing an extremely excellent electronic
device. This is one of the significént effects of the
present invention. 1In a pracﬁical multilayered wiring board,
since eledtric signala 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 pctential
conductor and the dielectric characteristics of the
insulating material occupying the space thersbetween should
be taken into consideration in designing. To the contrary,
the positional relationship between the ground potential
conductor and the power potential conductor and'tha
- dielectric characteristics of the insulating material
existing therebetween are not important. |
Another effect is produ;ed'ftom the heat resistance

of the multilayered wiring boi#d'ﬁg;ng 180°C or higher.
Electronic devices are requiréd té.exhibit extremsly stable

operating characteristics in a high-speed digital circuit or
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pol yphenyl ene ether resins include the conposition described in
JP-A-7-165846 (the term"JP-A" as used herein neans an "unexam ned

publ'i shed Yapanese patent application"), the conposition-desctibed in-

JP- A-7-166049, the conposition described in ﬂﬁnﬁ&%&%lggh%p Publ i cati on No.

7-37567, and the conposition described in Japi”ﬂ i 81 i cation No.
7- 26013. A thernosetting pol yphenyl ene et hef g,ﬂﬁmm Ition containing
1 to 20 parts by weight, based on the total c ! a styrene

pol ymer exhibits favorable - 10 -

a high-speed digital/analog mixed circuit. By setting the
heat resistance temperature of the multilayered wiring board
at 180°C or higher, the electronic device of the present
invention shows little variation of characteristica with
changes in tempernturé 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 high-
speed digital circuit and a high-speed digital/analog mixed -
eircuit. |

The terminology *heat resistance (temperature)" as
used herein means the temperature cléaest'to room temperature
of several temperatures abo#e room temperature at which a |
substance undergoes some noticeable changse, auéh 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 materials, the temperature which is the
closest to room tempé%ptﬁré is taken as a heat resistance of
the multilayered wiriﬁg boafd. In practice, it is needless
to say that a composiﬁe which iz made up of a mixture of a.
resin, ceramics, etc, and functions as a single material is
handled as a singlé c@@pénght.

In the produéiioﬁ é% the sequentially multilayered
'wiring board, the wi:éﬁgilafara Qequéntiallyly built up can

' be'electrically coﬁnééted to each other by conventional
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characteristics in terns of snoothness and toughness of the filmforned
thereof. The term"styrene polynmer" as referred to_above—+s—intended to
mean a honopol'yrer of styrene or an arbit+ary thernopl asti c, copol yner
conprising at |east 80%in nunber of a sty%%ﬁ@m&ﬁﬁ&ii %¢h the total

recurring units. It is preferred for the st to have a wei ght
aver age. nol ecul ar wei ght of- 10,000 or nore. m di vi nyl benzene”
as used herein nmeans a pol yner obtained by h L copol yneri zi ng
di vi nyl benzene and/or a derivative thereof (divinylbenzene with its

hydr ogen
" through-hole plating, but it is preferred for enabling high-
éenaity wiring to conduct electrical connection by making
?ia-holes for each wiring layer. A single multilayered
wiring board may have both th:ough-holes and via~holes.
Boring and electrical connectio# 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 expuse the thermosetting resin
_iayer, and the exposed resin portion is removed by laser beam
machining with an excimer laser, a carbonic acid gas laser,
#n YAG laser, etc., dry etching (such as ion beam etching or
plasma etching), or wet etching with a corrosive chemical to
gxpose the lower metal foil. The upper and lower metal
layers are then connected by depositing.a metal film on the
_iesin inner wall of the holes by plating, sputtering or a
;ika technique or £illing the holes with a conductive paste.
3oring through the metal féil and through the resin layer may
be carried out Separately as described above or
simnltaﬁeonsly by boring a hole with a drill to a depth.that
does not pierce the iower metal foil. |

While the multilayered wiring board according to the
present invention isgproducéd by a lamination build=-up
.process, some of the constituent 1a}era may be provided by
other processes, for example, laser beam machining of a

photosensitive insulating resin or a thermosetting resin and
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atonm(s) substituted with an arbitrary atonmic group(s)) in such a manner
that only one of the two unsaturated doubl e bonds of the divinylbenzene
and/ or the derivative thereof is polynerlzed—thIe leaving the other double
bond intact. The polynmer disclosed in Ja ne e Patent Publ i cati on No.

4-1902 can be nmentioned as an exanple of - s teplacedhe proportion of
the recurring unit derived from divinyl benz atlve thereof in
the total recurring units is preferably 5% preferably 10% or
nmore. A preferred weight average nol ecul ar melght of t he

pol ydi vi nyl benzene is 10,000 or nore. The. polyfunctional cyanic ester
resins used in the

conductor formation by an electroless thick plating
. technology.

The electronic devices according to the present
invention include those in which an electronic element is
mounted.on the multilayered wiring'board.of the pfesent
invention and those in which an electrénic element is mounted
on a separate plate, such as a metallic plate or a ceramic
plate which also serves as a heat diaﬁipation plate, and the

- multilayered wiring board of the present invention is
designad to have cavities surrounding the electronic element
and is bonded onto the plate., Since the multilayered wiring

- board of the present invention is prepared by a lamination
build-up process, multilevel wiring can be formed on an
arbitrary plate. The plate itself may be such that has a
heat dissipation function, a wiring function or a function
for realizing special electrical chazacfariatics, for
example, a metal plate, a metﬁl-co:e wiring plate, a ceramic
plate, a ceramic mulgxlayared wiring board, etc.

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

_ Example 1

A sheet of régih-having copper foil for a
multilayered wiring hégrd was prepéred by using, as a
thermosetting resin, a thermosetting polyphenylene ether

:éain having a ralat?ﬁé dielectric constant of 2.7 at 1 MHz



present invention will then be described. A polyfunctional cyanic ester
forms a triazine ring through thermal trinerization of the carbon-nitrogen

triple bond“thereby to crosslink and cure. The polyfunctlggal cyani c
ester is used as a pol yfunctional cyanic ester 7T&sSii either in the form of
a mononer or after partially trinerized, i.e. mgmwgmggagm@yaida prepol yner .

d at room
ormof a film

In the present invention, the prepolyner, whic
tenperature, is preferred because the resin is

and, as metal foil, 12 km-thick electrodeposited copper foil
. for a printed wiring board. The thickness of the resin film
was 60 um. The resin flow was 3%. 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 220°C and 2.8 (at a
frequency of 1 MHz), respectively. A 0.3 mm-thick double-
slded copper-clad thermosetting polyphan&lene ether laminate
having 18 um-thick copper foil on each side thereof was
piocessed to form an internal circuit on each side thereof,
and the ahove;described thermosetting polyphenylene ether
resin-having copper foil was laminated on each side. The
copper foll on each side was processed to form an outer
circuit to obtain a 4-layered ﬁizing board having a size of
330 nm x 400 mm. On ﬁeasurement, 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 210%., Part of the 4-layered wiring board
was embedded in an epoxy resin, and the cut area was polished
and observed under ah.opticallmicroscope. It was found that
the internal circuit was completely embedded in the
thermosetting polyphéhylene ether resin with no voids.
Example 2 |
A sheet of r§91n~having copper foil for a
'.multilgyerad wiringxéoard was prepared by using, as a

thermosetting resin;;a thermosetting polyphenylene ether



The pol ybut adi ene as referred to in the present invention is known

. poly(1, 3-butadiene). The nunber average nol ecul ar wei ght of the

. pol ybut adi ene is spreferably 500 to 50,000,_still. _preferably-500 to 10, 000,
~particularly preferably 500 to 5,000. |If the nunber -aver age nol ecul ar

- weight is |ess than 500, the viscosity is ﬁbeﬁh Was Baep Replacgdly ceeds 50, 000,

‘ the viscosity is too high. Polymers and/ of Eil riallyl cyanurate
~and/or triallyl isocyanurate are also suita I settlng resin of
~the resin-having netal foil of the present |nvent|on The pol yners or

copol yners are obtai ned by heating allyl cyanurate and/or triallyl

- isocyanurate in a

resin having a relative dielectric constant of 2.8 at 1 MHz2
and, as metal foil, 12 um-thick electrocdeposited c;pper foil
for a printed wiring board. The thickness of the resin film
ﬁas 60 um. The resin flow was 39%. 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-
gided copper-clad thermosetting polyphenylene ether laminate
hafing 18 um-thick éopper foil on each side thereof was
processed to form an internal circuit on each side thexwof,
and the above-described thermosetting polyphénylene ather

| resin-having metal 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 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 atahlé all over the area, only showing
variation within il§§. Separately, a 4—layered.wiring board
having a size of BEthfx 35 mm was prepared by using the same
resin-having coppé:_foil for a multilayered wiring board and
the same double-sidédicdpper-dléd laminate, and a digital |
semiconductor waa,mépﬁ;ed thereon to make a semiconductor
device. The semicdégﬁétor d§vi§e.wag mounted on a test |
circuit having a vg;i;bie clbckﬂgéneraﬁor, and the working

range of clock frééﬁén@y was measured. As a result, the
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solvent, e.g., toluene, in the presence of a polynerization initiator,
e.g., an organic peroxide, to cause part of the allyl groups to polynerize.
The nol eculwar st¥ ucture may be-either stralght or branched. The wei ght
average nol ecul'ar weight is preferabty”1000 To 100, 000, still preferably

2000 to 100,000. In order to inpart deg @ﬁgﬂm@B&mmmﬁﬁﬁe properties to the

t hernosetting resin in accordance vmth Hml‘nm““m rs - 12 -

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 observad{ Bo influence on the
behavior was observed until the treating time reached

3000 hours. When the semiconductbx'dsviée was subjected toc a
thermal shock test between =65°C and 125°C, no influence on
the behavior was displayed up to 1000 cycleé.

W. e
Four parts by weight of polystyrene having a weight

average molecular weight of 500,000'were added to 100 parts
by weight of the thermosetting polyphenylene ether resin of
Example 2. The resulting thermosstting 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 multilayered wiring board was prepared by using
the thermosetting pelyphenylene ether resin containing
polystyrene and 12 um-thick electrodeposited copper foil for
a printed ﬁiring board. A 60 um-thick resin film having a
smooth and gloesy surface was formed easily. The regin flow
was 40%. When the thermoaettinq polyphenylens ether resin
was heat cured, the glass trans;tian tamperature and the
relative dielectric constant of the cured resin were found to
be 210°C and 2.9 (at a frequency of 1 MHz), respactively. A
0.3 mm~thick double-sided cOpper-q;gd tpermosetting
polyphenylene ether 1aminatefha§ ﬁ& 18 um~thick copper foil

on each side therebf;was processed to form an internal



and additives can be added thereto in amunts that do not inpair the
essential properties of the thernosetting resin.. The fillers, which may be
ei ther fibrous or particulate, include S|I|ca alun1na tltaniun1oxide
bariumtitanate, talc, mca, glass bead& .and aram d fi ber.
The fillers are used effectlvely for suc “ reductlon of a

coefficient of thermal expansion, contro ric constant, and the
| i ke. Useful additives include flane retarders, ant|OX|dants heat
stabilizers, antistatic agents, plasticizers, pignments, dyes, and coloring
agents. Addition of inorganic fillers is preferred for the marked effects
obtai ned in heat resistance and el ectrical -

circuit on each side thereof, and the above-described

thermosetting polyphenylene ether resin-having metal foil was
laminated on each side. The copper foil 6n each side was
processed to form an ocuter circult £§ Sbtain a4 4-layered
wiring board having a size of. 330 ‘mm x 400 mm. On
measurement, the characteristic impedance of the wiring of
the 4-layered wiring poard was revealed to be stable all over
the area, only showing variﬁtiodfwithin $10%. Separately, a
4-layered wiring board for a sem;conductpr device having a
size of 35 mm x 35 mm was prepaiéd_by using the same resin-
having copper foil for a multilayeréd-wixing board and the
same double-sided copper-clad laminate, and a digital
semiconductor was mounted theréqn_to make é'semiéondnctor-
device. The semiconductor device was mounted on a test
circuit having a variable clockigénérator, and the working
range of clock frequency was measured. As a result, the
device worked up to 100 MHz. The semiconductor device was
treated in a preasure'éooker at_;:l;é under 2 atm., and the.
behavior at 100 MHz_Wéa othrvedf,.No influence on the
bshavior was obsatvediuntil thaftreating time reached

3000 hours. When the Bemiconductor device was subjected to a
thermal shock test between -65°ct"nd 125°C, no influence on

the behavior was q;sp;ayed up to; Ogo_cycles.

Ninety parts by weight of poly(paradivinylbenzene)

having a molecular'wq{ght of 50,000 and 10 parts by weight of



characteristics of the resin layer. Silica and gl ass ball oons are exanpl es
of the nost preferred inorganic fillers. The thickness of the thernpsetting
resin filmis not particularly Iimted but_is preferably 10 [err]mor
greater, still preferably 20 [err]mor greater, partlcularly preferably 30
[err]mor greater. |[If the filmthickness set Hasret maRbl , it is
difficult to effect a lamnation build-up p ernnsettlng resin
filmcan be forned through any neans. For ferred met hod
conprises applying a varni sh prepared by dISSO|VIng or drspersing the resin
in a solvent and drying. The solvent is chosen in

a bismaleimide compound having formula 1 shown below were

mixed to prepaxe a thermosetting resin. The dielectric

constant of the resulting thermosetting resin at 1 MHz was

2071_

.. | | | é«@cw-@-,&' | Formula 1
' o . | o _

A sheet of resin-having copper foil for a
multilayered wiring board was prepared by using the
thermosetting resin containing polydivinylbenzene and 12 um-
thick electrodeposited copper foil for a printed wiring
board., The thickness of ths resin film was 66 pm. The resin
flow was 15%. When the thermosetting polydivinylbenzene
resin was heat cured, the'glass transitioh temperature and
the relative dielectric constant of the cured resin were

. found to be 460°C and 2.8 (at a frequency of 1 MHz),
respectively. A 0.3 mmethick double-sided copper-clad
thermosetting polyphenylene athar'laminate having 18 um~-thick
copper foil on sach side thereof was processed to form an

- internal circuit on eﬁch side thereof, and the above-
described polydivinylbenzéne resin-having metal foil was
laminated on each side. The coppar foil on each side was
processed to form an outerx circuit to obtain a 4-layered

wiring boafd having g-aize of 330 mm x 400 mm, On



accordance with the resin selected. Solventless nmelt coating is another

preferred nethod. - 13 - The manner for bringing the netal .foil and the
thernosetting resin filminto inti mate contact--wi-t-h-each_other is not at
all restricted. The resin filmcan be forneqhdiﬁectl on the netal foil, or

a separately .prepared filmof the thernDsettiH

cegs Be liwed br ought into
contact with the netal foil by, for exanple, ”' m ,"It Is-al so

measurement, the characteristic impédance of the wiring of
the 4-1ayerad wiring board was revealed to be stable all over
the area, only showing variation within *10%. Separately, a
‘4-layered wiring board for a semiconductor device having a
‘8ize 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-sided copper-clad laminate, and a digital
gsemiconductor was mounted thereon to make a semiconductor
device. The semiconductor device was mounted on a test
circuit having a variable clock generator, and the working
range of clock frequency was mea;ured. As é 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
thermal shock test between -65°C and 125°C, no influence on
the behavior was obsexved up to 1000 cycles.
Example 5

A bifunctional cyanic estar.having formula 2 shown
below was polymerigzed partially to prepare a prepolymexr
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 weight of cobalt octate were mixed to prepare a

polyfunctional cyanic ester resin. The dielectric constant
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possible to forma nmetal filmon a resin filmby known neans such as vacuum
evaporation, sputtering or chemcal plating. Were the thernpbsetting resin
is a thernmobsetting pol yphenyl ene et her resin of a thernosetting

pol yphenyl ene ether resin containing a styr@m@mggkﬂpgé and the resin film
I's prepared froma resin varnish of the ther 4 fd t he speci al
processes according to the 7th and 8th enbodmmmml pplied to
produce resin-having nmetal foil having satis at high
productivity which does not separate resin particles off the resin |ayer

and suffers no cracks on the resin surface due to drying. The sol vent which.
can be used in preparing varnish of

of the resulting thermosetting resin at 1 MHz was found to be

2.9,
Ha
NEC-O‘Q?—QO—CEN Formula 2

CHs

A sheet of resin-having copper foil for a
multilayered wiring board was prepared by using the
polyfunctional cyanic ester resin and 12 um-thick
electrodeposited copper foil for a printed wiring board. The
thickness of the resin £ilm was 60 um. The resin flow was
41%, When the polyfunctional cyanic ester resin was heat
cured, the glass transition temperature and the relative
dielectric constant of the cured resin wexe found to be 2§0°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 ﬂmchiCk copper foil on aach side

thereof was processed to form an internal circuit on each
side thereof, and the above-described polyfunétional cyanic
ester resin-having metal foil was laminated on each side.,
The copper foil on each Qide was processed to form an outer
circulit to obtain a 4Ql§yared wirlng boaxrd having a size of
330 mm x 400 mm. On_measuremsht, the characteristic
impedance of thelwiring of the;4-layered wiring board was

revealed to be stable all over the area, only showing
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a pol yphenyl ene ether resin includes aromati c hydrocarbons, such as
benzene, toluene, and xyl ene; hal ogen sol vents, such as dichl oronet hane,
chl orof orm* and *tri chl oroet hyl ene; and THF ~Thesé solvents can be used

either individually or as a mxture theqgodhee e RRIPasdd CONPri sing the
t hernosetti ng pol.yphenyl ene ether resin s applied by neans
of an air doctor coater, a bl ade coater,elmugummqﬂlf“ a knl fe coater, a
gravure coater, a reverse coater, a cast

variation within $10%. Separately, a é-layered wiring board
for a semiconductor device having a size of 35.mm x 35 mm was
prepazéd by using the same re;ithaving copper foil for a
multilayered wiring board and the same double~sided copper=
clad laminate, and a digital semiconductor was mounted
therson to make a semiconductor device. The semiconductor
device was mounted on a test ciécuit 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 thermal shock test between -65°C and 125°C, no
influence on the behavior was observed up to 1000 cycles.

Exampla 6

A hundred parts by weight of polybutadiene having a |
number average molecular weight of 3,100 and 2 parts by
weight of dicumyl peroxide weie-mixed to prepare a
thermosetting resin. The d;alactric constant of the
resulting thermosetting resin at 1 MHz was 2.4.

A sheet of resin-having copper foil for a
multilayered wiring boaxrd was prepared by using the
polybutadiene~based tharmosetting resin and 12 um~-thick
elegtrodeposited-coppér foil for a printed wiring board. The

thickness of tha.raqin film was sc.um. The resin flow was
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coaster, etc. The coating filmis dried by neans of a hot air drier, a

roll heatlng drier, an infrared drier, a far infrared drier, etc. 1In the
practi ce, these*apparatus can be used~erther‘|nd|V|duaIIy or as a
conmbi nation of two or nore thereof. A qgg JeBifhs B¥Ragi@ed on i s now gi ven for

er appllcatlon of the
neyether resin and a

the rate of evaporation in drying the co
resin varnish conprising the thernnsettlﬂ
solvent. In the practice of the present e evaporation rate in

drying the coating filmcan be controlled by, for exanple adj usting the
tenperature and flow rate of drying hot air. The evaporation tenperature

43%. When the polybutadiene-based thexrmosetting resin was
heat cured, the glass tranéition*temperature and the relative
dielectric constant of the cured resin were found to be 150°C
and 2.5 (at a frequency of 1 HHz), raspectivély. A 0.3 mm-
thick double-sided copper-clad thermosetting polyphenylene
ether laminate having 18 ume~thick copper foil on each side
thexreof was processéd to form an internal c¢ircuit on each
side therecf, and the ahove-daécrihed metal foil having the
polybutadiene-based thermcsettiﬁg resin film was laminated on
each side. The 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 maasuramént,\the
characteristic impedance of the wiring of the 4-layered
wiring board was ravealed to be stable all over the area,
only showing 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
copﬁar foil for a multilayered wiring board and the same
doﬁble-aided copper-clad laminitg, and a digital
semiconductor was mounted thereon to make a sem;conductor
device. The semiconductor device was mounted on a test
circuit having a variable élo¢k;§anarator,'and the working
range of clock frequency was measured. As a result, the

device operated up to 100 MHz.

- 35



can be controlled by adding a high-boiling solvent to the varnish. Such a
hi gh-boi I i ng sol vent i ncl udes chl orobenzene,. tetralln and anisole. In the

process accordinfg to the present invention, is essential that the
evaporation rate of the solvent be not hig Sh@dn&asﬂaerﬂm: éeﬂn{ err].
preferred evaporation rate I's fromO0. 001 t .mn. If |t
exceeds 0.10 g/cnferr]. cracks devel op filn1by dryi ng.
If the evaporation rate |n drying the coatlng n1|s omer t han 0. 001

g/cnerr].mn, the productivity of the resin- haV|ng nmetal foil tends to
fall. Were the t hernosetting resin is a thernosetting

Example 7
Triallyl isocyanurate was heated in toluene together
with a peroxide to obtain poly(triallyl isocyanurate) having
a weight average molecular weight of 3,000. Ninety parts by
weight of the poly(triallyl isocyanurate), 10 parts ﬁy weight.
of triallyl isocyanaurate (monomer), and 3 parts by weight of
2,5-dimethyl=-2,5-di(t-butylperoxy)hexyn-3 were mixed to
prepare a thermosetting poly(triallyl isocyanurate) resin.
The dielectric constant of the resulting thermosetting resin
at 1 Miz was 3.1.
A sheet of resin-having copper foil for a
‘multilayered wiring board was prepared by using the
thermosgtting resin containing poly(triallyl isocyanurate)
and 12 um~-thick electrodeposited copper foil for a printed
wiring board. The thickness of the resin film was 60 um..
The resin flow was 25%. When the thermosetting poly(triallyl
isocyanurate) resin was heat cured, the glass transition
temperature and the relative dielectric constant of the cured
reain were found to be 350°C and 3.3 (at a frequency of
1 MHz), respectively. A 0.3 mme-thick double-sided copper-
clad thermosetting polyphenylene ether laminate having 18 um-
thick copper foil on each side théreof was processed to form
an internal circuit on each aide_ﬁhereof; and the above=-
described metal poly(triallyl isoéyanurate) resin-having
metal foil was laminated on each side. The copper foil on

each side waa processed to form an outer circuit to obtain a
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pol yphenyl ene ether resin or a thernosetting pol yphenyl ene ether resin
containing a styrene polyner, and the resin film Is fornmed by nelt
coating of the resin, the special process-accarding.to the 9th enbodi ment
of the present invention can be applied tq%produce resin-havi ng netal foi
havi ng satisfactory quality at high produc HaslBéalRegpeg NOt separate
resin particles off the resin |ayer or suff | on the resin
surface. The process according to the 9th i I’ﬂgﬁ” -

4-layered 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 :10%. Separately, a
4-1ayered 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 ﬁiring 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 c¢lock generator, and the working
range of clock frequency was measured. As a ragﬁlt, the
device worked up to 100 MHz. The samicondﬁctor 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 between -65°C and 125°C, no influence on the
behavior was displayed up to 1000 cycles.

A sheet of resin-having copper foil was prepared in
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 cured



characterized by selection of a tenperature for nelting the thernosetting
pol yphenyl ene ether resin at which the resin undergoes no substanti al
deconpositidn. The apparatus for nelt extrusion and-the-tenperature of nelt
extrusion are selected so that the therrmseﬁi;sﬂagggpﬂ;%pﬁﬁa\éel ene ether resin

can be nelted and-extruded w t hout undergoi , ﬂeconposition.
The nelt extrusion tenperature at which the %
ether resin can be nelted and extruded wth g { -decanposition is

pol yphenyl ene
sel ected fromthe range of from50[err]C up to 300[err]C. Melt extrusion
can be carried out by using a single- . '

resin were found to be 150°C and 3.8 (at a frequency of
1 MHz), respectively. A 4-layeréd wiring board was prepared
in the sane manner as in Example 1, and the characteristic
impedance was measured. The éhafactaristic impedance showed
variation of +16%. A semicondﬁcto:'devicé having mounted
thereon a digital semiconductor. was 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 semiconductor device came to a failure of operation
at 80 MHz in 1000 hours. Further, when subjectad_to a
thermal shock test between ~65°C and 125°C, the device came
to a failure of operation at the 300th cycle.
Exampleg 8 fo 10

A resin varnish prepared from the thermosetting
polyphenylene ether resin of Example 2 and toluene as a .
solvent was applied to a side of 12 pm-thick electrodeposited
copper foil for printed wiring board and dried to form a
resin film having a thickness of 50 um. The drying was
carried out by means of a hot air drier while controlling the
temperature and flow rate of.hot air so that the solvent
might evaporate at a rate of 0.005 g/cm’emin (Example 8), ..
0.01 g/cm’+min (Example 9) or 0.05 g/cm’emin (Example 10)
until the residual solveht concantiation of the'coating £film
was decreased to 200,000 ppm. 'ﬁhe:regulting resin-having
sheet had no cracks by drying on the coated surface., No

fall-off of reain particles occurred in machining (8.9,
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screw or multi-screw extruder having a T die at the head, a single-screw or
mul ti-screw extruder having a kneading zone and a T die at the head, or a
|'i ke apparatus. :The manner of controllimng—the-resin- Flew/wdthin a range of

from1l to 50% preferably from5 to S0% 1158 dreds é;fea from7 to 45% is
not limted. For exanple, the control ca ough sel ection of
the chemcal - 16 - structure or the c ﬂ he resin. Also, it

is an '

cutting) the resin-having foil or handling in the production
of a multilayeted wiring board by sequential lamination, and
a multilayered wiring board havihg high reliability was
produced. |
Comparative Example 2
Resin-having moetal 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 adjusat the
evaporation rate of the solvent at 0.2 g/cm’scm. The
resulting sheet suffered cracks due to diying on the coated
surface thereof. Fall-off of resin particles was observed in
machining, for example, qutting5of-the sheet and in handling
in the production of a multilayered wirihg board by
sequential lamination. The cut area of the multilayered .
wiring board thus obtainad was observed to £ind insufficient
embedding of the circuit in the resin layer.
Examples 1] to 13
The thermosetting polyphenylene ether resin of

Example 2 was melt extruded onto a side of 12 um-thick
electrodeposited copper foil for a printed wiring board to .a
dry thickness of 50 um to form ;;iesin_film on the copper
foil., A twin-screw extruder haQihQ'a'T die at the head was
used for melt extrusion. The melt extrusion temperature was
set at 80°C (Example 11), 120°c:'(Example 12) or 250°C
(Example 13), The resulting':esin—thing metal foll had a
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effective nmeans for resin flow control that a thernosetting resin show ng
too large a flowis subjected to partial cure by a nethod suited to the
particular stesim such as a heat treatnent or_a photochem-cal treatnent.
The thernosetting resin filmof the resin- "havi ng net al f0|I for a

mul tilayered wiring board according to thq*hmsmemsBFW n can be covered

with an easily strippable protective sheet vide a materia
for a nultilayered wiring board that is ext handl e and usefu
in practice. A conposite sheet in which a s metal foil, a
thermosetting resin film and an easily strlppable protective sheet are

intimately lamnated in this
smooth surface. No fall-off of resin particles occurred in

machining, e.g., cutting, or handling of the resin-having
foll in the production of a multilayered wiring board by
sequential lamination, and a multilayered wiring board having
high reliability was produced. ' '

Comparative Example J

Resin-having metal foil was prepared in the same
manner as in Examples 11 to 13, except that the melt-extruded
£ilm of the fhermosetting polyphenylene ether resin of
Example 2 was formed at a melt extrusion temperature of
350°cC, ﬁhe surface of the resulting resin-having metal foil

' was not smooth., Although théra was observed no fall-off of
resin paiticles in machining, e.g., cutting, of the resin-
having foil or in handling of the resin-having foil in the
production of a multilayered wiring board by sequential
lamination, the cut arsa of the multilayered wiring board
thus produced showed insufficient embedding of the circuit in

- the resin.

A 10 um-thick polyethylene £ilm was adhered to the
resin surface of the thermosetting polyphenylene ether resin-
having metal foll prepared in%Exqmpla'z by means of a hot
réll_heated'at 100°C to provide the resin film with a
protecﬁive sheet. The resin-having metal foil as protected
.by the protective sheet was wbund afound a cylinder having a

diameter of 10 cm and stored at.23°d'£or-l weak. After the
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order is the 10th enbodi ment of the present invention. The conposite sheet
can be produced either by bringing a protective sheet into contact with the
resin-having retal foil by, e.g., hot pressing or by bringi-ng netal foil
into contact with a filmof the thernoset tih h@talsastme@,q@, sly formed on a
protective sheet. The easily strippable sh e@ aresin film
In particular, a filmof polyethylene, pol gl § yet hyl ene
terephthal ate, etc. is preferred for its heat resistd ! ‘The surface of
the filmcan be treated with a rel ease agent such as a silicone resin or a
fluororesin. The resin-having nmetal foil for a nultilayered wiring

storage, the surface of the metal foil wae found non-stained

with the thermosetting polyphenylene ether resin. The

polyethylene film could be easily paeléd off by rubbing the
edge with a finger. ' '
Example 13
A multilayered wiring board comprising 6§ wiring
layers was prepared using a thermosetting polyphenylene ether
resin having a heat resistance of 200°C as ah insulating
resin., The heat resistance of the multilayered wiring board

was 200°C. The speed of electrical signal transmission of

the multilayered wiring board wﬁs found'to be 17.5 cm/nsec or
higher at every position as measured by TDR (time domain
reflection method). On the mulfilayered 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 digital circuit board was
treated at 60°C and at a ralative humidity of 90% for
1000 hcurs, it operated again without any problem.
: ive Examole 4

A multilayered wiring board which was prepared by

using a general epoxy resin foﬁiﬁfgopper-clad laminate as an

insulating resin was used in:pI;céfof the multilayered wiring

board of Exaﬁple 15. It was revealed that the speed of

electrical iignal transmission as measured by TDR was
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board according to the Ist to 6th enbodi rents of the present - 17 -
invention is extrenmely useful in industry-foer_the follow ng reason. In the

mul tilayered wirtng board produced by using.this, each” rnsuLatlng | ayer has
practically the sane thickness at every po m&mg, l.tilayered
W ring board can be said to have practicall cteristic
" inpedance at every position and wll theref ectronlc
equi pnent, especially electronic devices, mnth

15.0 cm/nsec at the highest. An elactronic device was
produced by using the same elemeﬁts 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 cléck raduced to 70 MHz. When the
d;gital circuit board was treated at 60°C and at a relative
“humidity of 90% for 1000 hours, it did not operated normally

any more.

Industzial Applicability

The thermosetting resin-having metal foil for a
multilayered wiring board according to the present invention
makes it practicable to produce a high-performance
multilayered wiring board exhibiting a stable characteristic
impedance by a lamination build up procaaa.-_The production
procesa according to the present invention provides
polyphenylene ether resin-having-metal foil having excellent
guality. To the :asin-having metal foil aécoxding to the
present invention can be adhered by pressing an inexpenaive
sheet for protecting the resin éurface to provide resin-
having metal foil suited for 3t§rage-and handling. Since the
multilayered wiring board of the present invention exhibits a
stable characteristic impedancefand excallent electrical J
characteristics, it pr0videé'hi§h-speed digital circuits and
high-frequency ¢ircuits having hlgh performance not

heretofore attained. The electronic device according to the
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appreciably inproved electrical characteristics. Wth the variation of the
thi ckness of the insulating layer, i.e., the variation of the

characteri stic tnpedance falling within [err]10% the characteristic

i npedance can be regarded as constant in practical use, and such a snal

vari ati on does not give adverse influences to the electrical

characteristics of the nultilayered wiring board and sem conductor devi ces.
Because the relative dielectric constant of the thernobsetting resin is not
hi gher than 3.3, preferably 3.0 or lower, in a frequency region of 1 MHz or
hi gher, the resin after curing also has a small relative dielectric
constant. A small relative dielectric constant of an insulating | ayer nakes

it present invention exhibits excellent performance not
heretofore attained in high-speed operation and high-

fraquency operation.

eet Has Been Reﬂlaced

o T
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possible to widen the wire so that the variation in characteristic
| npedance is reduced even if wiring is forned with the sane processing

margin. Further? a crosstalk is dimnished. It is not until these effects

are manifested in conbiﬁéfTbﬁ“Fﬁﬁr“thE“ﬁﬂTTiIayered wiring board and
~ el ectronic devices accor i nventi on-exhi-hit_markedly
excel l ent el ectrical char mn{ "] #ﬂ'ﬁm CCOI’dI ng tq.ht he 3rd to 6th"

enbodi ments of the present* I mvention,s '+ assure m‘mlﬁ””ifﬂice& he

CLAIMS

1. Resin-having metal foil for a multilayered wiring
board which comprises metal foil having provided 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 MH2z and having a resin flow of 1 to
50%. | | | _

2, Resin-having metal foil for a multilayered wiring
board which comprises metal foil having on one side thereof a
£ilm of a thermosetting reéin having a relative dielectric
conatant of not higher than 3.3 at a frequency range of noﬁ
lower than 1 MHz and having a resin flow of 5 to 50%.

3., The resin-having metal foil for a multilayar#d
wizring board according to claim 1 or 2, wherein said
thermosetting resin contains an inorganic filler.

( 4. The resin-having metal foil for a multilayered
- wiring board according to claim 1, 2 or 3, wherein said 
thermésetting resin has a glass transition temperature of not
lower than 180°C after it cures. '

5. The rasin-having metal foil for a multilayered
wiring board according to claim 1, 2, 3 or 4, wherein said
thermosetting resin is a thermosetting polyphenylene ether
resin. |

6. The resin—having-metal foll for a multilayered

wiring board according to claim 5, wherein said thermcsetting
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mul tilayered wiring board that the cured thernosetting resin has a gléss
transition tenperature of not lower than 180[err]C. If the glass transition
tenperature of .t'he thermal |y cured Tesin-is_lower than-180[err]C, there is

a possibility t hat l ong- term us mj@f devi ce causes i, rat|on of ~the--..
oe

conductor, which results in red ’ zmu on res Aausgg
functi onal di sorders of the devi ” Hml)rat i on nRe’""‘*FF’ue

glass transition tenperature is still pre?erably 200[err The
glass transition tenperature is neasured w th Rheovi.-bi:on (an ap for
measuring dynam c viscoel asticity, manufactured by Orientec) at a rate of
tenpergturgagkieigf 2k%;;Lg;gkgiggdpglgéigggggiapztiirHielin containin
g
a styrene polymer.
' 7. A process for producing resin-having metal foil
for a multilayered wiring board according to claim 5 or 6,
which comprises coating metal foil with a resin varnish
comprising a thermosetting polyphenylene ether resin and a
soclvent and drying the coating film; wherein the drying is
ccrried out under such a condition thdt the rate of
evaporation of the solvent be not higher than 0.10 g/cm’«min,
8. A process for producing cgsdn-having netal foil
for a multilayered wiring board according'to claim 5 or 6,
which comprises coating metal £foil with a resin varnish
comprising a thermosetting polyphenylene ether resin and a
sclvent and drying the coating £ilm, whe:éin the drying is
carried out under such a condition that the rate of o
evaporation cf the solvent be not higher than 0.10 g/cm?«min
until the residual solvent concentration of the coating £ilm
is reduced to 200,000 ppm. |
9. A process for producing relzn-having metal foil
for a multilayered wiring board according to claim 5 or 6,
which comprises malt-extruding a_tharmcsc;ting polyphenylene
ether resin under a conditicn_thaﬁ 4éa§.ﬁ§t substantially"
causa the resin to decompose. =.f- |
10. The reain-haging;mqta;gfoil;fcr.a multilayered
wiring board according tofanyfcdc Qf cici@c 1 to 6, having an

easily_strippcble sheet for protecting sdid resin surfacc.

as o



According to the 11th and 12th enbodi nents of the present invention, it
assures excell ent el'ectrical characteristics of the multilayered wiring
board and sé&ni'‘cohductor devices that the thermally cured resin has a -
relative dielectric constant of not nore than-3-3 at a frequency range of
not lower than 1 MHz. The relative dielectric constant is still preferably

3.0 or lower. |If the relative ﬂm mumﬂﬁ nt exceeds 3.3, the delay

time per unit length of the wr ‘m‘l to reduce the timng
~margin in a high-speed digital crrcuit; Whi&h makes it inpossible to

I ncrease the clock frequency. Further, the conductor |loss, which is

proportional to the square root of.
11, A.multilayared wirinq board which is produced by

using the resin-having metal £6il for a multilayered wiring
board according to claim 1, 2, 3 or 4.

12. A sequentially multilayered wiring board wherein
the wiring layers are formed by saquantiﬁllyly 1aminating
sheets of resin-having metal foil according to claim 1, 2, 3
or 4.

13. An electronic devica comprising a multilayered
wiring board according to ciaim'll or 12 and an electronic
element connected thereto with a wiring means. |

14. The electronic device according to claim 13,

comprising a (sequentiallf) multilayered wiring board
-acéording to claim 11 or 12 which achieves a speed of
elsectrical signal transmission of 16.5 cm/nsec or higher and
has a heat resistance of not ldﬁer than 180°C and an

electronic element.
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- 19 - the relative dielectric constant, increases so that the signal

| evel nargln in ,a hi gh-frequency circuit is reduced to narrow the effective
f requency reglon Furthernore, the variation of the characteristic

I npedance and the crosstal k increase to give adverse influences to the
circuit operation as previously stated. An exanple of the structure of the
multilayered wiring board according to the 11th enbodinent is shown in

N ABSTRACT

“The invention provides resin-having metal foil for a
multilayered wiring board which comprises metal foil having
provided on one sida'ﬁhereof a film of a thermosatting resin
having a relative dielectric constant of not higher than 3.3
at a fregquency rangea of not lower than 1 MHz and having a
resin flow of from 1 to 50% or from 5 to 50%, and a process
for producing the same. The invention also pro@i&és a
(sequentially) multilayered wiring board produced by using
the resin-having metal fbil and an electronic device
comprising the multilayered wiring board and an electronic

element connected therete with a wiring means.
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Fig. 2, wherein nuneral 3 indicates a cured thernosetting resin film 4: a
pl ate made of an arbitrary electrically insulating material; 5: a via-hole;
and 6: a plataed through- hole. In Fig. 3 is shown an exanple of the process
for producing the sequentially nmultilayered wiring board of the 11th

enbodi ment. The exanple of the'process will be explained in order. (1)

The production starts with an electrically insulating plate 8 having on
both sides t eof a gonductor layer 7,-e.g., a double-sided copper-clad

| am nate. (2)L-\ The %onductor 7 is processed by a known nmeans, such

This Sheet Has B
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as etching,
resi n- havi ng

to forma circuit pattern 7. (3) The thernosetting

metal foil according to the present

invention is.|am nated on

each sidg RQy @ known neans such as hot pressing. A conductor layer 9 and a

thermal Iy cured thernosetting resin |ayer

Vi a-holes 11

known met hod,

are made. -

8

for exanple,

20

~~—
/w
, .
TSN
> /7 "7"’
9\\\f=ﬁ=;=======;=========
< e——————
i

; —_—l—
12 \ TN \
T =
13\ . |

10 are thus formed.

(4)

(5) A conductor film1l2 is forned by a
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glectroless plating followed by copper

(1)

(2)

(3)

(4)

(5)

(7)

(8)

e
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el ectroplating, to obtain via connection, and a circuit pattern is forned
in the sang manner as in (2). (6) The thernosetting resin-having netal

foil of tHﬁTbr§bent invention is lamnated to form another conductor | ayer
13 and another thermally cured thernosetting resin layer 12 in the sane

manner as in (3). (7} If necessary, through-holes 15 are pierced through
the whol e | aminate as \s usual with conwentional nultilayered wiring board.
(8) A conduct 020 | ayer 16 is formed by a known st hod, Por exanpl e,

el ectrol ess platiny fol howed by copper/electroplaﬁing, O obtain via

“connection and thragygh-hygle / / / ;}
DR / // .
) R e /) IS \ 18
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connecti on,

Wil e Fig.

mul til ayer
be built u
present- in
circuit fo
enbodi nment
12t h enbodi
t he presen

h]

and a circuit patternis forned in the sa

3illustrates a 6-1ayered board, it is obv S

ed wiring board having an arbltrary nunber  bf circuit s
p by using the thernosetting resin-having netalnﬁ%PTP59
vention and repeating via-hole formation, vjal connection, anc

rmation. Exanples of the electronic device according to the 1]

jf s}mé@ -

jcan

of the present invention are shown in Figstwd4d-through 6 _Thg

iment is characterized in that the nultilayered mnrlng board
( Lynvent The desnx&@tuon from page 3, line 22 to page 6, last

line of the spec;flcatlon are amended as follows.

- =—= As a result of éxtensive investigation, the
inventors of the present invention have reached discovery of
resin—having-meﬁal foil. The present inventibn consists of
the following 13 émbodiments. o

Firstly, ﬁhé”present invention provides resin-having

metal foil for a-sequehtially'multilayered wiring board

having interlayer connection by via-holes, which comprises

metal foil haviﬁéaprovided on one side thereof a film of a

thermosetting resin having a relative dielectric constant of

3th

of

not higher than 3.3 at a frequency range of not lower than 1

MHz and having_é resin flow of 1 to 50%.

Secondly;_the present invention provides resin-having

metal foil for a sequentially multilayered wiring board
having interlaYerzconneCtion'by via-holes, which compriseé
metal foil,hayihg on one side thereof a film of a

thermosetting'réSin having a relative dielectric constant of

not higher than 3;3{§t a frequency range of not lower than 1

MHz and having ajgegin flow of 5 to 50%.

Thirdly, -th present ‘invention provides the resin-

having metal foLw,fﬁifa seqdéntially mulfilayered wiring

board having interlayer conﬁéction by via-holes according to

claim 1 or 2, wh'feiq,the thermosetting resin contains an

inorganic filler.

L \\\\\\\\\\\\\\\\\\\\\‘ﬁ”
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- 21 - an. el ectronic device of arbitrary s gEFLA@Ehﬂﬂﬂrdﬁﬁﬁfﬁhe

el ectronic device mani fest excellent electric ctraracterTstTicy.  The

Wi ring nmeans for connecting the electronic elg 3nb;9@ﬁ | t}i | ayer ed

W ring board is selected appropriately dependjn ture from
among., for exanple, wire bonding and flip ch|plbonding ln igs. 4 to 6,
nuneral 17 indicates a nultilayered wiring bofrd of t he present I nventi on;

18: a conductor; 19: a

Fourthly, the preseﬁt invention provides the resin-
having metal foil for a sequentially multilayered wiring
board having interlayer connéction by via-holes according to
claim 1, 2 or 3, wherein the thermosetting resin has a glass
transifion temperature of not lower than 180°b after it
cures.

Fifthly, the presenfjinééntion provides the resin-
having metal foil for a sequentially multilayered wiring
board having interlayer connection by via-holes according to
claim 1, 2, 3 or 4, wherein the'thermosetting resin is a
thermosetting polyphenylene ether resin.

Sixthly, the present1in§ention provides the resin-
having metal foil for a sequentially multiiayered wiring
board having interlayer connection by via-holes according to
claim 5, wherein the thermosetting resin is a thermosetting
polyphenylené ether resin confaining a styrene polymer.

Seventhly, the preseﬁt invention provides a process
for producing resin-having metal foil for a sequentially
multilayered wiring board having interlayer connection by.
via-holes according to claim}S or 6, which comprises coating
metal foil with a ﬁesin varnish éomprising a thermosetting
polyphenylene ether resin and a solvent, and dryingethe g
coating film, wherein the drying is carried out under such a
condition that the rate of.eééporation of the solvent be not

higher than 0.10 g/cm?emin.

This Sheet Has Been- Rer
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sem conductor chip; 20: an indi vidual el ectronic

dielectric, a capacitor, an inductor, and/or a r galli ng
nmeans; 22: a solder ball; 23: a heat dissipating ﬂpgmhnc W re;
25: a netallic pin; and 26: a silicon chi p bondi C] the elfectronic

devices of the 12th enbodi nent, one-which is desi ajrate of
el ectrical signal. transnlsS|on of 16.5 cm nsec hlgher at every position
and in which the multilayered -wiring board has a not

| ower than 180[err]C as a whol e corresponds to the 13th enbodi nment of the

present invention. Bighthltleathopresat chsventcioneprovides stprotesss,

for producing resin-having metal fbil for a sequentially
multilayered wiring'board having interlayer connection by
via-holes according to claim 5 or 6, which comprises coating
metal foil with a resin varnish comprising a ihermosetting
polyphenylene ether resin and a solvent and drying the
coating film, wherein the dfyind is carried out under such a
condition that the rate of evaporation of the solvent be not

- higher than 0.10 g/cnﬁ-min until the residual solvent
concentration of the coating film is.reduced to 200,000 ppm.

Ninethly, the present invention provides a process

for producing resin-having metai foil for a sequentially
multilayered wiring board.héving interlayer connection by
via~-holes according to claim 5 or 6, which compfises-melté
extruding a thermosetting polyphenylene ether resin under a
condition that does not-substantially cause the resin'to '
decompose.

i Tenthly, the present invention provides the resin-
Having metal foil for a sequentially multilayered wiring
board having interlayer connection by via-holes according to
-any one of claims 1 to 6, having an easily strippable sheet
for protecting the resin surface.

Eleventhly,:the present invention provides a
sequentially multilé&ered wifing board having interlayer
connection by via-hbles, wherein the wiring leyers are formed

by sequentiallyly laminating sheets of resin-having metal

. 3 : " This Sheet Has Been Reﬁace




rel evant to.the present invention are those essentiall J .NWPSHEFT
el ectronic elenents, such as a sem conductor chip cut jou Wil
sem conductor wafer or ingot of silicon, galliumarserni(, 5 }géor a
sem conductor in the formeasier to handle, for exanplie, n@ ﬁl 198 a
carrier), a dielectric, a capacitor, an inductor and/@r resistor, apd
22 - mul tilayered wiring board on which these el ec§ronic el enents ar
nounted. Whiere in using the electronic device in whith

(D

foil for a sequentially multilayered wiring board having
interlayer connection by via-holes according to claim 1, 2,
3, 4 oxr 5.
Twélfthly, the present invention provides an

electronic device comprising a sequentially ﬁﬁltilayered

" wiring board according to the above described 11th embodiment
and an electronic element cénneéted thereto via a wiring
means.

Thirteenthly, the present invention provides the

. electronic device according to the above described 12th
embodiment, comprising a sequentially multilayered wiring
board according to ;he above deécribed 11th embodiment which
achieves a speed of electrical signal transmission of

'16.5 cm/nsec or higher and has a heat resistance of not lower
than 180°C, and an electronic element.---
(2) The description "Fig. 2 is ...... 13th embodiment of
the present invention" on page 7, lines 4-11 are amended to:
-— Fig. 2 is a cross section showing the sequentially
multiléyered wiring board according to the 11lth embodiment of
the présent invention. Fig. 3 is cross sections showing an
example of the process for producing the sequentially
multilayered wiring board according to the 1lth embodiment.
Figs. 4 thrbugh_s are each a cross section of an example of
the electronic device according to the 12th embodiment of the

present invention.---
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signalé'are.transnitted through the wiring forned if <zngE@ft

\

M

multilayered wiring board at a speed of 16.5 cm nse
shortened the delay tine attributed to the electronjc devi ce, but

t he

nly is

| 9o t he

di sturbance of the wave format the rise and the drpp oﬂﬁjﬁﬁf‘tﬁ? sﬂgral s,

which is problematical in dealing with high-speed sjghal.s, is | essqne

t hereby providing an extrenely excellent el ectronic] device. ThT S
the significant effects of the present invention. lk.a practical

I'S

d,

lone of

mul tilayered wiring board, since electric signals are transmtted by the
vi brations (afy the qir@:tfrdlqameigd deRicragt idrs i i@ alnskrtedntddie “The

correspondi ng ground potential surface, the positional

present invention will be described in detail." appearing on

page 7, line 13.

~-- The term “multilayered wiring board" or "sequentially

multilayered wiring board" as used hereinafter is intended to

mean a multilayered wiring board or sequentially multilayered

wiring board having interlayer connection by via-holes.

(4) Amend “According to the 11th, 12th, and 13th

embodiments of the present 1nventlon" on page 19, lines 15-16

to --- According to the 1llth and 12th embodiments of the

present invention ---.

(5) Amend "according.to-the 11th and 12th embodiments” on
page 20, line 8 to --- according to the 1llth embodimeﬁt ——-
(6) Amend “"the 12th embodiment" on page 20, lines 14-15
to --- the 1lth embodiment ---.

(7) Amend "Examples of the electronic device according to

the 13th embodiment of the present invention are shown

23-25 to:

in

--- Examples of the electronic device according to

the 12th embodiment of the present_invention are shown

Figs. 4 through 6. The 12th embodiment is ---.

in

Figs. 4 through 6. The 13th embodiment is" on page 21, lines

(8) Amend "the 13th embodiment" on page 22, line 14 to --

- the 12th embodiment ---.

(9) Amend "the 14th embodiment" on page 22, lines 18-19

to --- the 13th embodiment -~-. e
This Sheet Has Been
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rel ati onshi p.between the signal wire and the ground p REP&A@ENE@MU&&EET and
the dielectric characteristics of the insulating matejgi ﬂe

space therebetween should be taken into considerationji
contrary, the positional relationship between the gro§n

conductor and the power potential conductor and the djelectric
characteristics of the insulating'naterial exi sting therebetween are no
i nportant. Another effect is produced fromthe heat r
multilayered wiring board being 180[err] C or higher. Electronic devices are
required to(2@hi bi tAmendefrthg 34abl embpdimenty ohnapageei2idst ildqe 7 &0 ---

hi gh-speed digital circuit or
. the 13th embodiment ---.

(11) Amend "herein" on page 24, line 11 to --- in the 13th
embodiment ---.

(12) In claim 1, lines 1-2, amend "Résin-ﬁéving metal foil
for a multilayered wir%ng board" to --- Resin-having metgl

foil for a sequentially mulﬁilaéered wiring board having
interlayer connection by via-holes ---.

v | (13) In claim 2, lines 1-2, amend "Resin-having metal foil
for a multilayered wiring board" to --- Resin—héving metal
foil for a sequentially multilayered wiring board havingi
interlayer connection by via-hoies —-—

(14) In claim 3, lines 1-2, amend "The resin-having metai
foil for a multilayered wiring board" to — The resin-having
metal foil for a sequéntially multilayered wiring board

' having interlayer connectioﬁ by via-holes —

(15) In claim 4, lines 1-2, amend "The resin-having metal
foil Eor a multilayered wiring board" to --- The resin-having
metal foil for a sequentially multilayered wiring board
having interlayer connection by via-holes ---.

(16) In claim 5, lines 1-2, amend "The resin-having metal
foil for a multilayered wiring board" to --- The resin-having
metal foil for a sequentially multilayered wiring board

having interlayet connection by via-holes ---.

(17) In claim 6, lines 1-2, amend "The resin-having metal
foil for a multilayered wiring board" to --- The resin—having
This Sheet Has Been Replaced
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- 23 - a hi gh-speed digital/anal og mixed circuit, EEPE&@ENE&H&SHEEEat
resi stance tenperature of the multilayered wring boa ~480TerTTC brf -
hi gher, the electronic device of the present inventio h niirt 4908

variation of characteristics with changes in tenperat{r gﬂ% humdity] {The
above-descri bed two remarkabl e effects are conbined t ohi c
device of the 13th enbodinent truly useful as a conponent of a hi gh- spged
digital circuit and a high-peed digital/anal og nm xed

metal foil for a sequentially multilayered wiring board
haVing interlayer connection by via-holes ---.

(18) In claim 7, lines 1-2, amend "resin-having metal foil
for a multilayered wiring board" to --- resin-having metal
foil for a sequentially multilayered wiring.béard having
1nterlayer connection by v1a-holes ———

(19) In claim 8, lines 1-2, aﬁend "resin-having metal foil
for a multilayered wiring board" to --- resin-having metal
foil for a sequentially multilayered wiring board having
interlayer connection by via-holes ---.

(20) In claim 9, lines 1-2, amend "resin-having metal foil
for a multilayered wiring board; to --- resin-having metal
foil for a sequentially multilayered wiring board having
interlayer connection by via-holes ---.

(21) In claim 10, lines 1-2, amend "The resin-having metal
foil for a multilayered wiring board" to --- The resin-haﬁing
metal_foil for a sequentially multilayered wiring board
having interlayer connection by via-holes ---.

(225 Cancel claim 11.

(23) In claim 12, lines 3-4, amend "resin-having metal
foil according to claim 1, 2, 3 or 4" to --- resin-having
metal foil for a sequentially multilayered wiring board -
having interlayer connection by via-holes according to claim

i, 2, 3, 4 or 5 ---.
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circuit. The termi nology "heat resistance (tenperature)" §s used in the
13t h enbodi ment neans the tenperature closest to roomte rature of
several tenperatures above roomtenperature at which a subgt ance under goes
sonme noticeabl e change, such as thermal deconposition i tion
tenperature and a phase transition point. The nultilayegéggm ring board of
the present invention in actual use is of hecessity a c osite of various
materials. O the respective heat resistance tenperatures of the materials,
the tenperature which is the closest to roomtenperature is taken as a heat
resi stance(d#)t he fnl clbameldd hineaglbdar dmentn "pr awilitddayered wiring

board aCCofding to claim 11 or 12" to --- a sequentially
multilayered wiring board according to claim 12 ---,

(25) In claim 14, lines 2-3, amend "a (sequentially)
multilayeréd wiring board according to claim 11 or 12" to ---
a sequentially mﬁltilayered wiring board accofding to claim

12 —--.

7. List of Attached Documents
(1) Amended shéets of Specificaﬁion providing new pages 3-7,
19-22 and 24.

(2) Amended sheets of Claims providing new pages 44-46.

REPLACEMENT SHEET |
05 DEC 1998
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3

I's needless to say that a conposite which is nmade fIE=of a
resin, ceramcs, etc. and functions as a single ﬁgﬂﬁwﬁ%mgsgﬁﬁgtas a
S|ngle conponent. In the production of the sequentially nultilayefef wi
board, the wiring |ayers sequentiallyly built up qah I@Sercect®Bcall}
connected to each ot her by conventional - 24 - through-hol e pl 4t | ng,
it is preferred for enabling high- density wiringit Cirical
connection by making

(1) The description from page 3, line 22 to page 6, last

line of the_specification are amended as follows.

--- As a result of extensive investigation, .the
inventors of the present invention have reached discovery of
resin-having metal foil. The present inventibn consists of
the following 13 embodiments.

Firstly, the preéenﬁ inféntion provides resin-having
metal foil for a sequentially multilayered wiring board,
which comprises metal foil having provided on one side
thereof a film of a thermosettiﬁg resin having a relative
dielectric constant of'not higher than 3.3 at a frequéncy
range of not lower than 1 MHz aﬁd having a resin flow of 1 to
50%. |

Secondly, the present invention provides resin-having
metal foil for a sequentially multilayered wiring board,
which comprises metal foil having on one side thereof a £ilm
of a Fhermosetting 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 5 to 50%.

Thirdly, the present invention provides the resin-
having metal foil for a sequentially multilayered wiring
board according to claim 1 or 2, wherein the thermosetting -
resin contains an inorganic filler.

Fourthly, the present invention provides the resin-

having metal foil for a sequentially multilayered wiring

board according to claim 1, 2 or 3, wherein the thermosettlng

This Sheet Has Been Reﬂlaced
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via-holes for each wiring layer. A single nmultilayere
have both through-hol es and vi a-holes. Boring and el eEt;
bet ween | ayers can be carried out by any arbitrary nefhpd V\hllgéot
intended to limt, an exanple of the procedure for fo}m n@ﬁlpﬁfﬁl?

a

e

-

.ﬁ.
&
®
3
D

)ﬁ
O

descri bed below. Holes are bored into the surface ne foil by, for
exanpl e, etching to expose the thernpsetting resin |ay r and the exposjed
resin portion is renoved by | aser beam nmachi ning with a
carbonic acid gas |laser, an YAG |aser, etc., dry etching (such as ion beam
et ching or péa$nahascbigghssotraﬁﬁieiﬁhiﬂempekht&rQObEO&btel@b@ﬁi&&hnto
expose the lower netal foil. The upper and | ower netal

180°C after it cures.

Fifthly, the present invention provides the resin-
having metal foil for a sequentially multilayered wiring
board according to claim 1, 2, 3 or 4, whereih the
thermosetting resin is a thermosetting polyphenylene ether
resin. | )

Sixthly, the present invention provides the resin-
having metal foil for a sequentially multilayered wiring
board according .to claim 5, wherein the thermosetting resin
is a thermosetting polyphenylene ether resin containing a
styrene polymer. | -

Seventhly, the present invention provides a process
for producing resin-having metal foil for a sequentially
multilayered wiring board according to claim 5 or 6, which
comprises coating metal foil with a resin varnish comprising
a the;mosetting 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/cm?emin.

Eighthly, the present invention provides a process
for producing resin-having metal foil for a sequentially

‘multilayered wiring board according to claim 5 or 6, which
.comprises 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

This Sheet Has Been Re epla
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wal |

| ayers are then connected by depositing a netal filmon REELA@ENE%”WSHEEX

of the holes by plating, sputtering or a |like tech1| ue or_ i
holes with a conductive paste. Boring through the netal|fpipsnent aﬁyugh
the resin layer may be carried out separately as descriqu above or

si mul t aneously by boring a hole with a drill to a depth thet—eees—nat__|
pierce the lower nmetal foil. Wiile the nultilayered w rfi ng board accordi fig
to the present invention is produced by a | am nation buil'd-Up process—sdne

of the constituent |ayers may be provi ded by ot her processes, for exanple,
| aser beam magleimisusivfa eqstbitdeundihdtychastatr iof eeaporation of the
t hernosetting resin. and

solvent be not higher than 0.10 g/cm?emin until the residual
solvent concentration of the coating film is reduced to
200,000 ppm. |

Ninethly, the present invention provideS'a process
for producing resin-having metal foil for a sequentially
multilayered wiring board aecoréing to cléim 5 or 6, which
comprises melt-extruding a thermosetting polyphenylene ether
resin under a condition that does not substantially cause the
resin to decompose. .

Tenthly, the present invention provides the resin-
having metal foil for a sequentially multilayered wiring
board according to any one of claims 1 to 6, haviﬁg an easily
strippable sheet for protecting the resin surface.

Eleventhly, thelpresent invention provides a
sequentially multilayered wiring board, wherein the wiriné
layegs are formed by sequentiallyly laminating sheets of
resin-having metal foil for a sequentially multilayered
wiring board according to claim 1, 2, 3, 4 or 5.

Twelfthly, the present invention provides an

electronic device comprising a sequentially multilayered

wiring board according to the above described 11lth embodimeént
and an electronic element connected thereto via a wiring

means.

Thirteenthly, the present invention provides the

electronic device according to the above described 12th

et Has Been RTISQ“‘
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The el ectronic devices according to the present inventl
which an electronic elenment is nounted on the nultila
the present invention and those in which an el ectronic| ef eGSDECI99¥ur]
on a separate plate, such as a netallic plate or a cer
serves as a heat dissipation plate, and the

conductor formation by an el ectrol ess thick 1A£2%@ﬁifﬁﬁﬁﬁg'

ried wiring boarld

f—t-
.

mc plate mhicr 3

embodiment, comprising a sequentially multilayered wiring
board according to the aBove-described 11th embodiment which

achieves a speed of electrical signal transmission of

. 16.5 cm/nsec or higher and has a heat resistance of not lower

than 180°C, and.an electronic element.---
(2) The description "Fig. 2 is ...... 13th embodiment of

the present invention" on page 7, lines 4-11 are amended to:

--- Fig. 2 is a cross section showing the sequentially

; multilayered wiring board according to the 1lth embodiment of

the present invention. Fig. 3 is cross sections showing an

é example of the process for producing the sequentially

é multilayered wiring board accor&ing to the 11th embodiment.

2 Figs. 4 through 6 are each a cross section of an example of

; the electronic device according to the 12th embodiment of the
; present invention.---

i (3) Anend "According to the 11lth, 12th, and 13th

2 embod}ments of the present invention” on page 19, lines 15-16
f to --- According to the 11th and 12th embodiments of the

- present invention ---.

.5(4) Amend "according to thell;th and 12th embodiments" on-

- page 20, line 8 to --- according to the 1llth embodiment ---.
(5) Amend "the 12th embodiment® on page 20, lines 14-15

~ to --- the 1llth embodiment ---.

2(6) Amend "Examples of the electronic deviée according to

‘thée 13th embodiment of the present invention are shown in

eet Has Been Reﬁaued
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mul tilayered wiring board of the present invention is
cavities surrounding the electronic elenent and i s born .
Since the multilayered wiring board of the present |nvert|on IS Rqrepare
a lam nation build-up process, nmultilevel wiring can Qe }f

arbitrary plate. The plate itself may be such that hag 3 heat d|$$|paﬂi
function,
characteristics, for exanple, a netal plate, a netal-

EALATENEN R

ol

ﬁ

a wring function or a function for reaI|Z|ng special electri

ceram c . plate, a ceramic nultilayered wring board, etc The present

i nvention Widgsnoy bRroagr 6l carre bytwa;smbbdanéﬁpl ¢s" but pahe Eranlinesare

not intended tolimt the

23-25 to:
~-~ Examples of the_electronic device according to

the 12th embodiment of the present invention are shown in

Figs. 4 through 6. The 12th embodiment is ---.
(7) Amend "the 13th embodiment" on page 22, line 14 to --
- the 12th embodiment ---. | -
(8) Amend "the 14th embodiment" on page.22, lines 18-19
" to --- the 13th embodiment ---.
(9) Amend "the 14th embodiment" on page 24, line 7 to ---

the 13th embodimenﬁ -———

(10) Amend "herein" on page 24, line 11 to ~-- in the 13th
- embodiment ---.
(11) In claim 1, lines 1-2, amend "Resin-having metal foil

for a multilayered wiring board" to --- Resin-having metal

foil for a sequentially multilayered wiring board ---.

_(12)‘ In claim 2, lines 1-2, amend "Resin-having metal foil
for a multilayered wiring board" to --- Resin-having ﬁetal
foil for a sequentlally multllayered wiring board ---.

(13) In claim 3 llnes l 2, amend "The resin-having metal
foil for a multllayered wiring board" to --- The resin-having

metal foil for a seguentially multilayered wifing board ---.
(14) In claim'4,-1ines 1-2, amend "The resin-having metal
foil for a multilayered wiring board" to --- The résin—having

metal foil for a squgntia;ly mﬁltilayered.wiring board ---.

This Sheet Has Been Re ﬂ
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scope of the present invention. A sheet of resin-having BERE&C 013
:PLACEMENT

mul tilayered wiring board was prepared by using, as a tf

yil

Eh

a thernosetting pol yphenyl ene ether resin having a rel atijve dielectrrc

constant of 2.7 at 1 MHz - 26 - and, as netal foil, 12|[ @%pmctigogk

el ectrodeposited copper foil for a printed wiring board The thi ckness| of

the resin filmwas 60 [err]m The resin flow was 3% Wg¢n™t Lihg
(15) In claim 5,-lines 1-2, amend "The resin-having metal

foil for a multilayered wiring board" to --- The resin-having
metal foil for a séquentially multilayered wiring board ---.
(16) In claim 6, lines 1-2, amend "The resin-having metal
foil for a multilayered wiring board" to --- &he resin-having
metal foil for a sequentially multilayered wiring board =
(17) In claim 7, lines 1;2, Aﬁend "resin-having metal foil
for a multilayered.wiring board" to --- resin—having metal
' foil for a sequentially multilayered wiring board ---.
(18) In claim 8, lines 1-2, amend "resin-having metal foil
for a multiiayered wiring board" to --- resin-having metal
foil for a sequentially multila&eréd wiring board ---.
(19) In claim 9, lines 1-2, amend "resin-having metal foil
for a multilaYefed.wiring board" to --- resin-having metal
foil for a sequentially multilayered wiring board ---.
(20). In claim 10, lines 1-2, amend "The resin-having metal
fpil for a multilayered wiring board" to --- The resin-having
metal foil for a sequentially multilayered wiring board ---.
(21) Cancel claim 11.
(22) In claim 12, lines 3-4, amend "resin-having metal
foil according to claim 1, 2, 3 or 4" to --- resin-having
metal foil for a sequentially multilayered wiring board
according to claim 1, 2, 3, 4 or 5 ---.
(23) In claim 13, lines 1-2, amend “a multilayered wiring
board according to claim 11 or 12" to -—- a sequentially

' “multilayéred wiring board according to claim 12 ---,

-6 - :  This Sheet Has Been Re[ilaced

(A




pol yphenyi ene ether resin was heat cured, the glass tranﬂmpmcﬁyﬁﬁ@rﬁqm

ne Idﬁhgt @b% av

b e spd o forma

and the relative dielectric constant of the cured resin

220C and 2.8 (at a frequency of 1 MHz), respectively. -A
doubl e- sided copper-clad thernosetting pol yphenyl ene et
18 [err]mthick copper foil on each side thereof was pro

internal circuit on each side thereof, and the above-desg¢

t her nosetting pol yphenyl ene et her resin-having copper fof

each side. The copper foil on each side was processed to forman outer
circuit to(@hfai n Andclajer d4,wilineg Redrdamanidnd ad (SiegmentizdAy)m x 400

mm On neasurenent, the characteristic

multllayered w1r1ng board according to claim 11 or 12" tO —~=

a sequentially multllayered wiring board.accordlng to claim

12 -~=.

7. List of Attached Documents

(1) Amended sheets. of Spec1f1catlon providing new pages 3-7,

19-22 and 24.

. This Sheet Has Been Re

AN

(2) Amended sheets: of Claims providing new pages 44-46.
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dance-of the wirin [ gt Wi ring hoard was revealeﬁ to be

| I'e‘all over the ar ggﬂju mw g Mar i at i on{wi t REPLAGEMENG'SHERR { &G
€4 Lgyered wiring bpafd was enbedddd |in an ep)XEHM%Mﬁxbﬁﬂﬁbniguﬁﬂt' g

- -nas ;pot i shed and obserlefl QSRFCAMIBt)i dal i cr o cONCiaim(s} AQUNdotNaly

the internal circuit was| conpl etely erfoddded in {hg phaguBiseidLay ;ﬁh -----
polyphenylene ether resin wth no vorads.| Exanpl e aﬂ@u%h;g? ‘"4ﬁ%¥§ag '''''

;cgpper “foil for a nultblayered wiring bdard was prepared by 1
thernosettin h i
AT I g resin, at erqnsettlng polyphenylejenﬁhﬁFbF 2

Specification S - /_

RESIN-HAVING METAL FOIL FOR MULTIIJE:RHD
WIRING BOARD, PROCESB FOR PRODUCINGTHS -SAME,
MULTILAYERED WIRING BOARD, AND ELECTxdx-v DEVICE

: Iashnisgl_zigld
| ' This invention relates to. metal foil having provided

on one side thereof a thermosetting resin £i:w which is for
use in a multilayered wiring board, a procesz for px oduc;ng
the resin-having metal foil, a multilayered wiring board
having the resin-having metal foil, and an el=zctzonic device
having an electronic component electrically connected to the
multilayered wiring board. The multilayered wiring boazd
according to the present invention has practlcally tha same
Adistance between wiring layers irrespective of :the in-plane
positions of the multilayered wiring board, showing small
variation in characteristic impedance. Thereicrs, Lt ‘
exhibits very excellent char&é%gristics as a w.ring boazd for
ultrahigh-speed digitéinéifcuits. The elesctronls device
according to the present invention has excelisn: stability of
the characteristic impedance and, with a digizal
semiconductor mounted as an electronic elam %, allows the
digital semiconductor to operate at a-higher spead and, with
a semiconductor having an analog pOftionfMOVﬁtﬁi as an

electronic element, c¢an handle signals of h1~::: froquency

. bacause crosstalks of the signals K-t} reducg-”"“Whara'a rasin

having a glass transition. ﬁ;ﬁperature of 186 oz highe:

after heat curinq is used, the multilayered w».::ing boar. and

-1 -



REPLACEMENT SHEET resin having a rel at.REPBAQEMENT | §HBET$t ant of 2.8 at 1

. :MHz" and, as netal foil, 12 [err]mthic ectr pdf copper foil for a

“:printed wiring board. The thickness of |t egs ®¢@ 995 pap 60 [err]m The
- resin flow was 39% \Wen the thernosefting pol'yphéenyl gnp ether resin was
heat cured, the glass transition tenpefa elptive dielectric
const ant of the cured resin were foundjto be 210[err]C gnd 2.9 (at a

. frequenhcy of 1 MHz), respectively. A 0.3 nmrrhitkdotie

the electronic device. according to thé present invention have
..yery high relisbility. Since a thermosetting resin having a
relative dielectric constant of not higher than 3.3 at a
"freqﬁénéy range of not lower than 1 MHz before heat ;uring is
used, the multiiayered wiring board.of the preéent invention
in which such a thermosetting reain is used as cured is
excellent in stability of;charactazistic-1mpedanca, ﬁigh-
speed signal transmission properties, and low crosstalk
properties. The eIE&tronic device using this multilayered
mmﬁig;ggmpgg;d allows a digital semiconductor to operate at its
highest speed or a semiconductor dealing with analog signals

to operate at its highest frequency.,

Copper foil with an epoxy resin is known as metal

foil having a thermosetting ﬁ;ain-film. However, when such a

-~ conventional metal foil with resin is applied to production

| Hq£ q”ﬁﬁlti1ay§red wiring boaxd (saqueﬁtially maltilayered
wiring board) by a so-called lamination build-up process in

. _which sheets of metal foil with resin are sequentiallyly
laminated, it has been difficult to even the film thickness
of the thermosetting resin, which functions as an electrical

insulatbr, all over the wiring board thereby to make the

characteristic impedanca of the wiring fall within a given

rangea sy Further, as the thermosetting resin is not intended

to be applied to high-spead circuits or high-fraquency analog

-2 -



ed;:copper-cl ad thernosetting pol yphenyl ene ef Aﬁ;ﬁﬁ hu' ng 18

“hi ck copper foil on each side thereof ' E&E m an
s nal circuit on each side thereof, and the pb ve-descrlbed
“thekroset t | ng pol yphenyl ene et her resin-having fref aDSpEE 1988 |[ani nated on
_each side. The copper foil on each side was profcessed to forn1’n out er
circui;t' to obtain a 4-layered wiring board havijng a stze-of~33 x 400
mm On.neasurenent, the characteristic i npedan of the wiring off the
A= Iayered W ring board was reveal ed to be stable aII over the area, onIy

‘showi ng. vard@idred) NG desTddiihe SRR el et ds | S R £ 4R O0RLS

=hav'ng a size of mm x 35 nmm was prepare y usl ng e same
: ~of the thermosetting resin are insufficisnt for such uses.

In the conventiopal-metal foil having an epoxy resin ueed in
the production of cqppereclad laminates, the dielect;ic
constant of the resin is 3.6 to 3.9, and the glass transition
temperature of the cured resin is as low as 120 to 150°C,

In the field of electric wiring boards, it ié a
matter of urgancy-to establizh a lamination build-up process
that will form denser wiring then a through-hole plating
process. Howaver, there has not beén a suitable resin-having
metal foil for use in multilayered wiring board that can be
used in high-speed digital circuits and high-frequency analeg
circuits. It is an object of the presant invention to
provide a multilayered wiring board which. can be used for
high-spead digital circuits and - high-frequency analog
circuits and an electronic dé;ige using tha same, in which
metal foil having provided on one side thercof a film of a

thermosetting resin is used, the thermosetting resin having a

spe;ific flow, a specific relative dielectric constant, and a

spacific glass transition temperature after curing. .

a8 a result of extensive 1nvemtigation, the inventors
- of the preaant ‘invention have reached discovery of resin-

navlng mﬁtal foil. The present inventiecn consists of the

following 13 ambodiments.



resi n- havi ng copper foi

doubl e- si ded copper-clad | am nat e,

t hereon to nake a sem conductor device. The s¢ni 8 c
mounted on a test circuit having a variable cljo¢k %gg Fﬁ@g an
wor ki ng range of clock frequency was neasured] s _a result. thej
devi ce_operated up to 100 MHz.

matal
which comprises metal foil having providesd on cna

thereof a film of a thermosstting resin having =

for a nult;Lgy:rgggrﬁREPEAGBNﬁNU?SHEEP

I (=AM EACAvVARAC R A vy ayv)

The 'sem condudt or device was tr
pressure cooker at 121[err]C under 2 atm, and-the

P sane

vas nount ed
P was

H t he
_28_
pated in a

Firastly, the present invention providses resin-having

foil for a seguantially nultilajere* #iring

board,
sida

ralative

dieiectric constant of not higher than 3,3 at 2 frequency

ransga of not lowezr than 1 Mz and having a rs3in flow of 1 to

50%

Sacondly, the pressent inventlon provides rssin-having

thermosetting resin having -a rslative dis

foil for a sequentially multilayersd wiring board,
h comprises metal foil having on one gide thersof a film

lectric

censtant of not higher than 3.3 at & frecuency renge of not

lowe= than 1 MH2 and having 3 resin f£low of 5 to 0%,

board

Xasi

nav

-

~3 -
J.

Thirdly, thes present invention provides tha

ia c¢ontains an inoxgan

nic £illsz

naving metal foil for a seguentially multilaysred wizing

according to clainm 1 or 2, wherein tha thermosetting

. Fourthly, the pr=s=nt invention nrovidos ths resine

3 wmetal foil for a seguantially multilavared wiring

‘board according to claim 1, 2 o:-a, wherain the ~harmosetting

r2alin has a glass transition temparatura of not lowar than

180

having z22tal £0il for a s

o

-

2 afisr it curas,

4

Fifthly, ths pressat invention provides =n =

-

gquantially multilaysred vizing

~3

+ -

cozzd eczoxding to claim i, 2, 3 or 4, wharasin unaz

" \ o .
thavmosotting solyphenyisne 2ther rasin.



or at 100 Mz was observed. No influence ofREp @ENE&HbSHEEﬁ

d until the treating tinme reached 3000 houys, cpnduct or
Atevi'ce ‘was subjected to a thermal shock test betwden (ﬁgbﬁ?gg

'125[err]C no influence on the behavior was displ dyed 0 ¢y¢l es.
- Four ‘parts by weight of polystyrene having a wei git | &r
wei ght;.of 500,000 were added to 100 parts by weight of the thernosetting
pol yphenyl ene ether resin of Exanple 2. The resul
pol yphenyl ene ether resin containing polystyrene had a relative dielectric

~C?Q§1ant of 2.8 agiigkfﬁa tﬁgsgﬁggaﬁgdiﬁéeagﬁﬁé Bgcggaggrt50'%es Rt

i:tayered wiring par
- having metal foil for a sequentially multilayered wiring

" board according to claim 5, wherein the thermosstting resin
- is a thermosetting polyphenylene ether resin containi;g a
| styrene polymer.

_ Seventhly, the present invention provides a procass
| for producing resin-having metal foil for a sequentially
L"'?ﬂ; multilayexsd wiring board according to claim 5 or 6, which
comprises coating métal foil with a resin varnish comprising

" a thermosetting polyphenylene ether resin and a solvent, and

.nf  drying the coating film, wherain the drying is carried out
| :' under such a condition that the rate of evéporation of the
':{35,sclvent be not higher than 0.10 g/em?smin.

Eighthly, the present invention provides a process
i for producing resin-having metal foil for a sequsntially
fg multilayered wiring boazd accordlng to claim 5 oz &, which
o ;; comprises coating metal foil with a resin varnish comprising
':'%€4 & thermousetting polyphenylene ether resin and-ﬁ sbivant,'éﬁd_
;? drying the coating'fikm, wherain the drying is carried out
- under such a condition that the rate of evaporation of the = .
 solvent be not higher than 0,10 g/cm’smin until the residual
il solvent concantration-of.tha coating film is reduced to

{+ 200,000 ppm.

 for producing resin-having metal foil for a sequantially -

“multilayered wirlngwboazd according to claim 5 oz §, which

-5 -
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thesthernosetting pol yphenyl ene ether resin cont i3

'éa3|ly

resi.n was heat cured, the glass transition tenpef
diel ectric constant of the cured resin were foung | :
frequency of 1 MHz), respectively. A 0.3 nn}thlgg double si ded cgpper -cl ad
hermosetting polyphenylene ether lam nate having 18 [err]mthi ck copper

on ea%?nps.:li%e d TR exXtruding @ S‘ﬁfie:.ln?ogeotrtqr?gn p'o ty%hne%tyienag ether

Imthick el ectrodeposited copper foil for a i A - d A 60
rfmthick resin filmhaving a snooth and gl ospy|surface was florjred
The resin flow was 40% Wen the thernog tthﬁoggryﬁwe llene et her

resin under a condition that does not substantig};ymgauae.tha

resin to decompose.

Tenthly, the present invention provides the resine’ -
having metal foil for a sequentially multilayered wiring
board according to any one of claims 1 to 6, having an sasily
strippable sheet for protecting the resin surface. |

Eleventhly, the present invention provides a
sequentially multilayezad;wiring board, wherein the wiring
layers are formed by sequentiallyly laminating sheets of
resin-having metal foil for a sequentially multilayered
wiring board accozding to claim 1, 2, 3, 4 or 5.

Twalfthly, the present invention provides an
electronic device comprising a sequentially multilayered
wiring board according to the above described 1lith '
smbodiment, and an alectzonicn;lgment connected thereto via a
wiring means. o

Thizteenthly, the present invention provides the
electronic device acdording to the above described 12th
embodiment, comprising a sequentially multilayered wiring .. .
board according to the above described 11th embodimént which
achieves a speed of elsctrical signal transmission of

16.5 cm/nsec or higher and has a heat resistance of not lower

than 180°C, and an electronic element, =




‘circutt on each side thereof, and the above-described thernosetting

sspol yphenyl ene ether resin-having netal foil was liappn _ G bl de.

~+The copper foil on each side was processed to fof 3PER€EQE$HLSHEPT. to
‘obtain a 4-layered wring board having a size of |30 mmx 400 mmj [|-On
measurenent, the characteristic inpedance of the mirﬁH@DEC'WH& 4t | pyer ed
W Ting board was reveal ed to be stable all over {h¢ area, only sho ng
variation within 10% Separately, a 4-layered Wr

‘ng board TOr a

~'senmi conductor device having a _

Fig, 1 1= a cross section showing the structure of

the thermosetting resin-having metal foil accordlng to the

present invention. Fig. 2 is a cross- eection ahowing an the
sequentially multilnyered wiring board according to the 1ith
embodiment of the present invention. Pig. 3 is cross
gsections showing an example of the process fox produding ths
sequentially multilayered wiring board according to the 1ith
embodiment. Figs{ 4 through 6 are each a croes saction of an

example of the elsctronic _dex;s.ﬁ__...ﬁss.e;éipé._ to the 12th

embodiment of the present invention.,

The present invention will be described in detail.

Any kind of matal foil can be used in the present
invention. Examples of useful metal foils are coppexr foil,
aluminum foil, tin fOll and gold foil. For availlability and
ease of etching, copper foil and aluminum Foil ars preferred,
with copper foil being the most preferred. Whila not
limiting, the metal oil preferably“ﬁas.a.ﬁhickness of 500 um
or less, particularly 200 um ofwlesn,'espéoially 105 pm or
less, from the standpoint of ease in handfing. The matal
foil can have its side on which a thermosetting resin film is

to be provided roughened ‘and/or treated with a Ccupllng agent

gso as to have lncreased adheeion to ithe- resin.

Electrodeposlted nodular copper foil produced and sold for
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lnflupnre on t he

shock test between -65[err]C and 125[err1C

or was displayed up to 1000 cycl es. Exaqag
/( par adi vi nyl benzene) having a nol ecul af

7 OF Ly
‘par'tsi’by weight of - 30 - "a bismal ei m de cp

DO

s by wei ght
04 and 10

ngﬁ% V%gg florjrul a 1 shown
‘bel gw were mxed to prepare a thernosetting res|n e | gctjri c const ant

of the resultlng thernosetting resin at 1 MHz

technology.

therﬁosetting resin be no

(2) A 10 cm x 10 cm sheet of
__weighed (weight b).

(3) The resin-having metal £oi

The thermosetting x

“temperature of "170°C and a prassure of 22 kg/cm' fox

10 minutes. After the part cf the resin thaz

resins, polyfunctional-maleimida resiag, polyfu

unsaturated polyester resins, polybutadiene

- erosslinking polymers of styrana-butadiens,
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desired propertias, as is ofFf nevesaxitys in i
The thermoseicinyg scsins van be
with tharmopiﬁﬁfié‘fééiﬂﬁr'-Et iz szzautlial

“invention that the relativs dielsuivic congT,

o Ty sy bR omen Y2
- “‘l,_‘\._ (SRR £ T S
. .
- -~
o

of the metal foil is removad, ths resldual rosi

foil is again weighed (weight b"}.
(4) A resin flow is obtaiasc from eguatlion:
Resin flow (%) = t;4{b'—a;,f(;f>-a,\._s".s__c 03

used Iian the

present invention include thermosstting pelyphenylene ether
rasins, phenol resins, low-diclectric constant egpoxy resins,
diallyl phthalate resins, divinrlbenzens resins,

polyfunctional acryloyl resins, poiyfunctional methacryloyl

cyanic ester resins, polyiunctlconal isocyanate roginsg,



2.7, [err]

- board was

- -pol ydi vi ny
printed w

A sheet of resin-having copper foil for IA@EWENTqyﬂgffing

prepared by using the thernosetting resinjcerta
| benzenne and 12 [err]m thick el ectrodeposite for a
ring board. The thickness of the resin fi n1mgggggpe@?é The

resin flow was 15% \Wen the thernosetting pol ydivin Ibenzene resin has

i heat cured
constant o
of 1 WVHz),

the glass transition tenperature and the relative dielect
f the cured resin were found to be 460C a

respectively. A 0.3 mmthick doubl e-sided copper clad-
flow of the thermqagtting resin of the resin-having metal

. foil for a mnltiigjarad-wizing-hga:d-bé within the range

specified in clqims.

Preferréd,df the thermosetting resins above déacribed
are tharmcsetting,polyphenyiehe ether resina, thermosetting
polyphenylene ethér resins containing a styrene polymer,
resin compositioné,gontaining polydivinylbenzene,*feain :
compogitions ccﬁthgning-polybutadiene, aﬁd resin compositions
containing a polymér and/or a copolymer of triallYl,cyanurata
and/or triallyl ihécyannrate., |

The preferred thermosetting resins will be described
in more detail. |

Particulgrly,preferred resins are thermosetting
polyphenylene:sther resins which generally show a high glass
transition tempe;g;ura when cured, have a relative dielecgric
constant of 3.0 or lower bothjbgfpre and after curing, and
have controllable'flow characteristics. Such thermosetting
polyphenylene e:pgt resins include the composition described
in JP-A-7-165848i(§he term "JP-A" as used herein means an
"unexaminad publi@?ed Japanese patent application"), the
composition deicfibed in JP-p-7-166049, the.composition

" described in Japanesa Patent Publication No. 7-37567, and the

compesition dascﬁibed in Japanese Patent Publication No. 7-

ébﬁiéiiiing 1 to 20, parts by weight, based on the total

composition, of a styrene polymer exhibits favorable.

- 10 -
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thernmsettlng pol yphenyl ene et her | am nate havi aek| copper
B ‘on each side thereof was processed to forn1§£rﬁﬁtﬁwﬂﬂvrs APE t on each
iside thereof, and the above- described polydivifyllbenzene re |n-h$ving
‘ret-al foil was |anm nated on each side. The coppdr {f b D&EL $i fle was
processed to forman outer circuit to obtain a 4-ljayered wi ring|bdard
having.a size of 330 mnmmx 400 mm On - 31 - asurenent, the

characteristic inpedance of the wiring of

characteristics in terms of smoothness and toughness of the
film formed thereof.

The term "styrens polymer" as refarﬁé&:to above is
intended to mean a homopolymer of styrene or an arbiérary
-thermoplastic copolymer comprising at least 80% in number of
a styrene unit based on the total recurring units. It is
preferred for the styrene polymer to have a weight aéerage.
molecular weight of 10,000 or more. |

The term "polydivinylbenzene" as used herein means a
polymer obtained by homo- or copolymerizing divinylbenzene
and/or a derivative thersof (divinylbenzens with its hydrogen
atom(s) substituted with an arbitrary atomic group(s)) in
such a manner that only one of the two unsaturated doubié‘
bonds of the divinylbenzene and/or the'derivativa thereof is
polymerized while leaving the other double bond intact. The
polymer disclosed in Japanesétpgtant Publication No. 4-1502
can be mentioned as an example of such a polymer. The
proportion of the recurring unit derived from divinylbenzene
or a derivative thereof in the total recurring units is -
‘preferably 5% or more, still preferably 10% or more. A
preferred weight'average molecular weight of the
polydivinylbenzene is 10,000 or more.

The polyfunctional cyenic ester resins used in the
present invention will then be described. A polyfunctional
cyanic ester forms a triazine rzng through thermal )

trimarization of the carbon-nitrogan triple bond thereby to .

- 11 -



the:-4+|:ayered wiring board was revealed to be stg ﬁgﬁt_wﬁmﬂlggg$rarea,
0 ~showi ng variation within [err]10% Separ at el MYing
=:boar,d for a sem conductor device having a size of 35 nm x 3 Na>

prepared by using the same resin- having copper floi}l GSrDE£ {ayered

Wi ring board and the sanme doubl e-si ded copper-cl 4d}{l am nate, an aldigital
sen copduct or was nounted thereon to nake a semi dortductor devi ce. The

sem conduct or device was nounted on a test circuilt having a vas-abbe cl ock
generator, and the working range of clock frequency was neasured. As a
‘resul-t, thgrgde a p 1 ' WC lqC

treated |neg p?gggﬁfgﬁ?ogﬁgfuat@%gl Cnﬁﬁ S”bﬁﬁﬂﬂﬂ EgEe%els %E%ﬁf

: as a polyfunctional cyanic ester resin either in the form of

a monomer or after partially trimerized, i.e.,, in the form of

a prepolymer. -In the present invention, the prepolymer;,w..m;;;;;

which is semi-solid at room temperature, is preferred because:
the resin is used in the form of a film.

The polybutadiene as referred to in the prasént
invention ig known poly{1l,3-butadiene)., The number average
molecular welght of the _polybutadiene is preferably 500 to
50,000, still preferably 500 to 10 000, particularly
preferably 500 to 5,000. If the number average molecuiaimwmm
weight iz less than 500, the viscosity is too low. If it

- exceeds 50,000, the viscosity is too high. |

Polymers and/or copolymers of triallyl cyanurate
and/or triallyl isocyanurate are also suitable as a
thermosetting reéin of the ré;in-having metal foil of the
present invention. The polymers or copolymers are cbtained

'_ by heating allyl cyanurate and/or triallyl iaocyanurate in a
solvent, e.g., toluene, in the presence of a polymerization o
initiator, e.g., an organic peroxide, to cause part of the

allyl groups to polymerize. The molecular structure may ba - -
either straight or branchad The'weight average molecular

weight is preferably 1000 to 100,000, still preferably 2000

to 100,000.

In order to impart desired performance properties €9

the thermosetting resin in accordance with the use, fillers



behavror at 100 MHz was observed. No influence o HEE observed
suntidathe treating time reached 3000 hours. Wen f@tﬁﬂﬁﬂiﬂs r {devi ce

B s'subjected to a thermal shock test between -65C jand 12%&%&# 0.

i nf{uence on the behavior was observed up to 1000| clycO&hHE nctji ona
cyanic ester having formula 2 shown bel ow was pol ynerized partialjlyy to
preparge a prepol ynmer having a nunber average nol egpurar wei ght of 540 and a
wei ght average nol ecul ar wei ght of 1310. A hundre arts by weightJdof the
pr epol yner, part by wei ght of nonyl phenol, and 0.25 part by meight of
Cobal L 00t al gn o4 I K5él | af” BE*4848d PEhUEHES | 2 Bho fHHY €8S SSEI M

'The drelectrrc cons

impair the essential pxopertiel of the thermosetting resin, |

The fillers, which may be either fibroue or particulate,
include silica, alumina, titanium oxlde, barium titanate,
talc, mica, glass beads, glass bal;opns, and aramid fiber.
The fillers are used effectivelyrfereeueh purposes ag
reduction of a coefficient of thermal expansion, control of a
dielectzic constant, and the like. Useful additives include
flame retarders, antioxidants, heat stabilizers, ahtistatic
agents, plasticizers, pigments, dyes, and coloring agents.

Addition of inorganic fillers is preferrsd for the
marked effects obtained in heat resistance and electrical
characteristics of the resin layer. Silica and glass
balloons are examples of the most preferred inorganic.
Ifillere.

The thickness of the thermosetting resin £ilm i8 not
particularly limited but is preferebly 10 ym or greater,
still preferably 20 ym or gzeater, particularly preferably
30 ym or greate:. If the film thickness is extremely small,
it is difficult to effect a lamination build-up process.

 The thermosetting resin film can be formed through
any means. For sxample, a preferred'method comprises

applying a varnish prepared by disgolving or diepezsing the

resin in a solvent and’ drying. The solvent ig chosan in~

accordance with the resin selected. -Solventless melt coating

is another_preferred method.

- 13 -



H to be

of the resulting thernosetting resin

o’ ,nQ;e}r] A sheet of resin-having copper foil 0 Wi ring
g'-board was prepared by using the pol yfunctional si1 and 12
[err]mthick el ectrodeposited copper foil for bpard. The

thickness of the resin filmwas 60 [err]m Th

The manner for bringing the motal foil ahd_the
thermbsetting resin film into intimate contact with each
other is not at all restricted. The resin film can be formed
directly on the metal foil, or a separately prepared film of
the thermosetting resin can be brought into contact with the
metal foil by, for example, hot pressing. It is also
possible to form a mstal'filﬁ on a resin film by known means
such as vacuum evaporation, sputtering or chemical plating.

whare the thermosetting resin is a thermosetting
polyphenylane ether resxn or a thermosatting polyphenylene
sther resin containz;é a styrane polymar, and the resin £ilm
is prepared from a resin varnish of the thermosetting resin,
the special processes according to the 7th and 8th
embodiments cén be applied to produce resin-having metal foil
having satisfactory quality at high productivity which does
not geparats resin particleé”éff the resin layer and suffers
no cracke on the resin surface dus to drying.

The solvent which can be used in p:eparing varnish of
a polyphenylene ether resin includas aromatic hydrocarbons,
such as benzeng,”;p;pe93!m§n§“xylana, halogen solvents, such
aS'dichloromethane, chlcroform, and trichloroethylene; and
THF. These solvents can be used either individually or as a
mixture thereof, The varnish comprising the thermosetting

=~ - polyphenylene-ether-resin-and-a-solvent is applied by means

" of an air doctor coater, a blade ¢oate¥, a rod coater, a

knife coater; a gravure coater, a reverse coater, a cast

- 14 -



41% - When the pol yfunctional cyanic ester resin Pkkﬁﬁhﬂﬂﬂf EI gl ass
transition tenperature and the relative dielectrfc COHbLahL of cured
tesin were found to be 280[err]C and 3.0 (at a ffe M ﬂﬁ %%Nit)
respectively. A 0.3 mm thick doubl e-sided coppgr} 3 ? gt tfi ng

pol yphenyl ene ether |am nate having 18 [err]mthjc ﬂnppnr fojil for] each
side thereof was processed to forman internal cjrcuit on each side
thereof, and the above-described pol yfunctional Tyamc—ester—~esiA-having
metal . foil was |am nated on each side. The copper foil on each side was

processed Eaahewéa%t%ut eiphel eewutingg £A1hi13 aﬂahaxs?; pdats’ 029 ab haied

haV|ng a size of 330 nmm x 400 nmm nmeasur enent characteristic
‘ air drier, a roll heating drier, an infrared drier, a far

infrared drier, etc. In the practice, these apparatus can be
used eifhér"individually or as a combinction of two or mors
thereof.

A detaiied_explanation is now given for the rate of
evaporation in dxjing the coating film after applicacion of
the resin varnish comprising the thermosstting polyphenylene
ether resin and & solvent, In the practice of the present
invention, the evaporation rate in drying the coating film
can be controlled by, for example, adjusting the temperature
and flow rate of drying hot air. The evaporation temperature
can be controlled by adding a high-boiling solvent to the
varnish. Such:a high-boiling solvent includes chloxobenzene,
tetralin, and anisole. _ _

In the process according to the present invention, it
is eaaential that the evaporation rate of the solvent be not

-a:_;nigharupnan_o.lo g/cm’smin. A preferred evaporation rate is
.froz'n 0,001 to 0.10 g/cm*smin., If it exceeds 0.10 g/cmismin,
- cracks- develop on:the coating £ilm by drying. If.the
‘evaporation rate in drying the coating film is lower than
0.001 g/cm?smin, the productivity of the resin-having metal

foil tends to fall.

Where tha thermosetting redin is a thermosetting

"“polyphenylane ether rasin or a thermosetting ‘polyphenylene

ether resin containing a styrene polymer, and the resin film

- 15 =~



i npedance
stable: al |

of the wiring of the 4-layered wiring BRmC &Lﬂ'@ﬁc to be

e

[err]

L 1

over the area, only showing - 33 -

A

Separately, a 4-layered wiring board for a senicpn uct or devi ce |hdvi ng

size.of. 35 mm x 35 mm was prepared by using the saheOSDEQ-9i rlg |copper

: foif for a nultilayered wiring board and the sanf |doubl e-si ded dogper -

| ani‘nate,

sem:conduct or devi ce. The seni conduct or

and a digital sem conductor was nounted Thereon to neke {a

is formed by melt coating of the resin, the special process
ggqqrq;ggwgphquiggh embodiment of the present invention can
be applied to produce resin-having metal foil having
satisfactory quality at high productivity which doassnot
separate resin particles off the resin layer or suffers no
cracks on the resin surface.

The proceés according to the 9th embodiment is
characterized by selection of a temperature for melting the
thermosetting polyphenylene ether resin at which the'resin
undergoes no substantial decomposition.

The apparatus for melt extrusion and the temperature
of melt extrusion are selected so that the thermosetting
polyphenylene ether resin can be melted an& extruded without
undergoing substantial decomposition. The melt extrusion

temperature at which the thermosetting polyphenylene ether

. resin can be meltadland extrd&eq without substantial

decomposition is seiected from the range of from 50°C up to
300°C. :

Melt extrusion can be carried out by using a single-
screw or multi-screw extruder having a T die at the head, a
single-screw oz mﬁltifscraw extruder having a kneading zone
and a T die at the head, or a like apparatus.

The mannexr of controlling the resin flow within a

- range of from 1l to 50%, preferably from 5 to 50%, still
preferably ffgﬁwi1£6'45%, ik:not-limited. For example, the

control can be achieved through selection of the chemical

- 16 -

10%
a

cl ad



DA LA IR L ulililed ]

device was nounted on a test circuit having a vafi 4bl e clocgﬁa nerptor, and
o = Wor.ki ng range of clock frequency was neasured. t he device
~operated up to 100 MHz. The semi conductor device|wgs treated |n_a Dr essur e
~cooker at 121[err]C under 2 atm, and the behavi ¢r at 100 MHz was pbserved.
‘No influence on the behavior was observed until # Log.  eached
--3000 hpurs. Wien the seniconductor device was subjected to a thermal shock
“test between -65[err]C and 125C, no influence on the behavi or was observed
-up to 1000 cycles. A hundred parts by wei ght of pol ybutadi ene having a
‘nunber avestagctmbe oot athewcghipomi t forl 0P atle réwins Wiew) Gé 0f &hcunyl
}perOX|de were mxed to prepare a

b ~effective means for resin flow control that a thermosett;ng

resin showing too large a flow is subjected to partial cure
by a method suited to the particular resin, such as a heat
treatment or a photochemical treatment.

The thermosetting resin f£ilm of the resin-having
metal foil for a multilayered wiring board according to the
present invention can be covered with an easily strippable
protective sheet thereby to piovide a material for é
multilayered wiring board that is extremely easy to handle
and useful in practice. A composite sheet in which a sheét
of metal foil, a thermosetting resin film, and an easily
strippable protective sheet are intimately laminated in this
order is the loﬁh embodiment of the present invehtion; The
composite sheet can be produced either by bringing a
protective sheet into contact”%i;h the resin-having metal
foil by, e.g., hot pressing or by bringing metal foil into
contact with a £ilm of the thsrmosegting resin previcnsly
formed on a protective sheet. |

The easily strippable sheet is preferably a resin

£ilm. 1In particular, a film of polyethylens, polypropylene,
polysthylene terephthalate, etc. is preferred for its heat
resistance. The surface of the film can be treated with a

“”release agent luch as a silicone resin or a fluororesin,

- The reain-having metal foil for a multilayered wiring B
board according to the 1st to 6th embodiments of the present

- 17 -



thernosetting resin. The dielectric constant of th*UHY'EEmﬂﬂPLSHEE setting

resin at 1 Miz was 2.4. A sheet of resin-having cgppeF

mul tilayered wiring board was prepared by using tfhe |p buta%@ ne{bdsed

thernosetting resin and 12 [err] mthick electrodepoclt

Di for a

printed wiring board. The thickness of the resinifillmwas 60 [er ] The
resin flow was - 34 - 43% \Wen the pol ybut adijene- based t hernosgtting

resi n was

invention is eitremely useful in industzy for the following
reason. In the multilayered wiring board produced by using
this, each insulating layer has practically the same
thickness at every position, and the multilayered wiring
board can be said to have practically the same characteristic
impedance at every position and will therefore provide
electronic equipment, especially electronic deviceg,.with
appreciably improvaed electrical characteristics. With the
variation of the thickness of the insulating layer, i.e., the
variation of the characteristic impedance_falling within
$10%, the characteristic impedance can be regarded as
constant in pradt;cal use, and such a small variation does
not give adverse influences to the electrical characteristics
of the-multila?ered wiring board_and semiconductor devices. ..
Because the relative dielectric constant of the thermosetting
resin is not higher than 3}3;:p;a£erably 3,0 or lower, in a
fraquency region of 1 MHz or higher, the resin aftex curing
also has a small relative dielectric comstant. A small
relative dielectric constant of an insulating layer makes it
possible to widen the wire so that the variation in
charadteriatic impedance is reduced’even if wiring is formed
with the same processing margin. Further, a crosstalk is

diminished. Iﬁ is not until these effects are manifested in

combination that the multilayered wiring board and electronicfww~wmw

devices according to the present invention exhibit maikéaiffmmmw;mmm

excellent electrical charactqristics.

- 18 -



heat ..cured, the glass transition tenperature and the—relative dielectric

- constant of the cured resin were found to be 150[er
"~ frequency of 1 MHz), respectively, A 0.3 mm thick 5EPQN@E@E T SHEET
LB hEE 78,

copper-cl ad thernosetting pol yphenyl ene ether |am nt

[err]mthick copper foil on each side thereof was pfo

Internal -circuit on each side thereof, and the above-tdescribed et
havi ng t he pol ybut adi ene-based thernosetting resin ' '
each side. The copper foiI on each side was proces

circuit to obtain ﬂcécﬁ eéo“tﬁé”ﬂ goesdsggggﬁgog}ﬁ%ﬁgsm§f3 mm x 400

mnm - On nmeasur enent aracterls I'C I npée ®of the
4- Iayered present invention, it assures high reliability of the

multilayered wiring board that the cured tharmosetting resin
has a glass transition tempexature of not lower than 180°c.
If the glass transition temperatuzre of the thermally cured .
resin is lower than.180°c, there is a possibility that long-
term use of the device causes migration of the conducnor,
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:pr-higher. The glass transition temperature
is measured with,nhaovibron (an apparatus for measuring
dynamic viscoelasticity, manufactured by Orientec) at a rate
of temperature ri#e‘of 2°C/min and a freqnency of 35 Hz.
According to the 11th and 12th embodiments of the
present invant;on, it nasures excellent eleatrical
characteristics of the multilayered wiring board and
semiconductor d9?¥¢33 that the thermally cured resin has a
relative dielectric constant of not mora_ihan 3.3 at a
frequency range of not lower than 1 MHz, The relative
dielectric constant is still preferably 3.0 or lower. If the
relative dielectri¢ constant exceeds 3.3, the delay time per.
unit length of théiwiring becomes large to reduce the timing
margin in a highfapeed digital circuit, which makes it
impossible to increase the clock frequency.. Further,'fné o

conductox loss, which is proportional to tne square root of

- 19 -
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area, only

Rk dogeo0r |2

i
nm Was" pf epar eq
»
i

Wi ring board was revealed to be stable all over
variation wwthin 10% Separately, a 4-layered
sem conduct or device having a size of. 35 mmx 3
t he sane resin-having copper foil for a nmultilay
sanme doubl e-si ded copper-clad | am nate, and a difital sen1conduct r was
nount ed thereon to nmake a sem conductor device. ctor device
was nolnted on a test circuit having a variable clock generator, and the
wor ki ng range of clock frequency was neasured. As a result, the device

operated ugnbOr498eMe dieidctric constant, increases so that the

hew ng

y using
'd tand t he

signal level margin in a high-frequency circuit is reduced to

narrow the effective frequency region. Furthermore, the

¥

variation of the characteristic impedance and the crosstalk - - -

increase to give adverse influences to the circuit operation.
as previously sﬁated.

An example of the structure of the multilayeréd
wiring board according to the 1lth embodiment is shown in
Fig. 2, wherein numeral 3 indicates a cured thermosetting
resin film; 4: a plate made of an grb;ﬁrary electrically
insulating material; 5: a viﬁehola; and 6: a plated through-
hola., |

In Fig. 3 is shown an ax&mple of the process for
producing the sequentially multilayered wiring board of the
1ith embodiment. The example of the process will be

" explained in order. -

(1) The production starts with an electrically insulating. ..

plate 8 having on both sides thereof a conductor layer 7,

. @Gy 8 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) The thermosetting resin-~having metal foll according
to the present invention is laminated on each side by a known

means such as hot pressing, A conductor layer 9 and &

‘thermally cured thermosatting'rééigwi;féf iouéééwiiﬁa.for@edlh_mwm_mm

(4) Via-holes 11 are made.

- 20 -~



Triallyl

obtain poly(triallyl

of 3, 000.

| socyanurate was heated in tol uene together ELAQE%’DQ&$HEE

| socyanur ate) having a wei ght aye 2Hinnlecular I ght

Ni nety -parts by weight of the poly(trialdl DEARPIB )] [10.

parts by weight of triallyl isocyanaurate (nmononer),}aphd 3 parts by i ght
of 2, 5-dinethyl-2,5-di(t-butyl peroxy)hexyn-3 were nj xed TO prepare a

thernnsettlng poly(trlallyl |socyanurate) resin. Theldielectric constgnt of

the resulting thernpsetting resin at 1 MHz was 3.1.

(5) A conductor £ilm 12 is formed by a known method, for

example, elsctroless plating followed by copper

electroplating; to obtain via connection;, and a'circuit
pattern is formed in the same_manner-as“iﬁ*(z)}";¥5M5f“- 
(6) ‘The thermosetting resin-having metal foll of the
present inventxon is laminated to form anothar conductor
layer 13 and another thermally cured thermosetting resin
layer 12 in the same manner as in (3).

(7) If necessary, through-holeé 15 are pierced through
the whole laminate.és is usual with conventional multilayered
wiring board. | :

(8) A conductor layer 16 is formed by a known method, for
example, elactroless plating followed by copper
electroplating, to obtain via connection and through~hole-

connection, and a'circuit pattern is formed in the same

‘mannexr as in (5).

While Fig. 3 illustrates a §-laysred bééfd,-it is
obvious that a mﬁltilayaradwwiﬁiﬁg_ﬁ9§§§;g§fi§ggqq'g;bitrazy
number of circuit layersfcan be built up-by using the
thermosetting resin-having metal foil of the present
inventien'andlrépéatingfvithdla.formatich,'éia connection,
and circuit formation. '

Examplas-of the glectronic devicexaccording to the

through 6. Tha 12th embodiment is chazacterized in that the T

multilayezed wizring board of the present invention is used in

- 21 =



A sheet of resin-having copper foil for a multilayereq=w+ing-hoard was
prepared by using the thernosetting resin containing REPLACEHH%WISHEET

~isocyanurate) and 12 [err]mthick el ectrodeposited coppgr—fort—tor
printed wiring board. The thickness of the resin fil soggw[,e{g m The
resin flow was 25% \Wen the thernosetting poly(trialll Yl 1Socyarnuratg)

resin was heat cured, the glass transition tenperatur _ /e
dieleCtric constant of the cured resin were found to the 350[err]C and 3
(at a frequency of 1 MHz), respectively. A 0.3 mmthi '

ok copBlh <PAREERAS bR SRR [ 5 PR 1 (I

electronic device menifeet_excellent electrical _

characteristics. The wiring means for connecting the o
electronic elementfand"the'multileyered.wi:;ng board ie
selected appropriately depending on_the,gtxucture'frem among, -
for example, wire bonding and flip chip boading.

In Fige.-4.te:$,'numera1.17 indicates a mnltiiayered
wiring board of the present invention; ;nga.cenducter; 19: a
semiconductor chip; 20: an individual electronic element such

. as a dielectric,,ejcapecitgilmégmiHQuctﬁFvwﬁndIQ? a resistor;
21; a sealing means; 22: a solder ball; 23} a heat -
dissipating plate; 241 bonding wire; 25: a metallic pin; and
26: a exlicen chxp bonding means.

Of the: electronic devices of the 12th embodiment, one
which is designed te achieve a rate of electrical signal
transmission of 16_5.cm/nsec-;£ higher at every position and

o in which the multilayered wiring board has a heat resistance

| ef not 1ewer than 180‘0 as a whele corresponds to the 13th
embodiment of the preeent invention. |

While electrohic devices include verioue structures,

 relevant to the preeent inventien are those essentially
comprising electrenic elements, such as a semiconductor chip

cut out of a eemicenductcr water or ingot of silicon,

“"'gallium-arnenic,'atco (or a semiconductor in ‘the form-easier

to handle, for example, ‘mounted-on a carrier), e dielectric,

a capacitor, an inductor and/or a resistor, and a
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_ o _ REPLACEMENT St
an internal circuit on each side thereof, and the|a
poly(triallyl isocyanurate) resin-having netal foLI

[EE
net al
Ug dn each

side. The copper foil on each side was processed]t circuit
to_obtain a - 36 - 4-1 ayered wiring bodard havihg mm x 400
mm On neasurenent, the characteristic inpedancef of the wiring of }the

4-layered wiring board was reveal ed to be stabl e atrt—over—ttre—are=z only
showi ng variation wthin [err]10% Separately, a

multilayered wiring bbard:on which these electronic elemants:'

. are mountad,"wWhere in using the electronic device in which
signals are transmitted through the wiring formed insido and
outside the multilayered w;ring board at a speed of
'16.5‘cm/nsac oxr higher,.not'onlyais shortened the delay time.

' attribﬂted to the electronic device, but also the dis;urbance
of the wave form at the rise and the drop of digital signals,
which is problematical in dealing with high-speed signals, is
lessenad, thereby providihg an extremely excellent electronic
device...This is.one of the significant effects of the
present invention. 'In a practical multilayered wiring board,
since electric signals are transmitted by the vibrations of
the elsctric fiald Betwaan a signal wire and the
corresponding:ground potential surface, the positional
relationsh;p between the signal wire and the ground potential
conductor and tha dielectric characteriatics of the
insulating material_occupying the space therebetween should
be taken intoc considsration in designing. To the contrary,
the positional relationship between the ground potential
conductor-and the power potential conductor and the
dielectric chara#teristics of the'insulatiag material
existing therebetﬁeén are not important.

Anothexr effect is produced £rom the heat resistance

ofuihé_mul:ilaye;éafﬁi}iﬁéabéafd'Eéihénié°°c or higher.

- Electrénic devices are required to exhibit extremely stable

aﬁerating chéracteristics in a high-speed digital circuit or

- 23 -




4-| ayered wring board for a sem conductor device N

35 . mm was prepared by using the sane resin- having ccggcgﬁwﬁﬂﬁ?S
q

HEEib mm x

“mul tilayered witing board and'the same doubl e-si ded gfgr C'ﬁ@ 1ate,
and a-digital sem conductor was nounted thereon to {ngk Bnd or
device. The sem conductor device was nounted on aj|tgst circuit ha |1g a

vari abl e cl ock generator, and the working range of Jcl ock frequency whs

measured. As a result, the device worked up to 100!

device was treated in a pressure cooker at 121[err] C under 2 atm,

Huct or
and t he

peha o BSRED ARG, B WS W Wi o

.heat resistance temperature of the multilayered wiring boaxd

at 180°C or higher, the_electronig 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 13th embodiment truly ﬁsefhl as a component of a high-
speed digital eircuit and a high-apeed digital/analog mixed
cirzecuit.

The terminology "heat resistance (temperature)" as
used in fha 13th embodiment means the temperature closest to
room temperature of several temperatures above room

temperature at which a substance undergoes some noticeable

change, such as thermal decomposition initiation temperature

and a phase transition point._ The multilayefed wiring board
of the pressent invention in actual use is of necessity a
composite of various mata:iala. 0f . the reapective heat
reaistance tampe;atu:ea of the méterials, the temperaturs
which is the closest_to room temperature is taken es a heat
resistance of the multilayered wiring board. In practice, it
is needless to say that a composite which is made up of a

mixture of a resin, ceramxcs, etc. and functions as a single

material is handled as a single component.

' In the production ‘of the sequentially multxlayered

wiring board, the wiring layers sequentiallyly built up can

be slectrically connected to each other by conventional
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VWhen .t he sem conductor device was subjected to a ther ween
_-6.5[err]C and 125[err]C, no influence on the behavi 3§Hﬁﬁl to
- 1000 cycles. Conparative Exanple 1 A sheet of resin-having copper foifl |was
prepared in the sane . manner as in Exanpl-e 2 except f
t her nosetting pol yphenyl ene ether resin with an epox
copper-clad lamnate. The resin flow was 65% \Wen
heat cured, the glass transition tenperature and the eJative dielectrifc
constant of the cured - 37 -

through-hole plating, but it is preferred for enabling high—

density wiring to conduct electrical conngctxon by making
via-holes for each wiring layer. A ainglé{multilayerad
wiring board may have both through~-holes and via-hole;.
Boring and electrical connection hetwéen_layers can be
carried out by any arbitrary method. Whilé not intended te
limit, an example of the procedure for forming via-hnies 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., dry etching (such as ion beam etching or
plasma etching), or wet etching with a corrosive chemical to
expose the lower metal foil. The upper and lower metal
. layers are then connected by depositing a metal f£ilm on the
resin inner wall of the holeéjby pla:ing,_sputtering ox a
like technique or filling the holes with a conductive paste.
Boring through the metal foil and 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 foll.
While the multilayéred wiring board according to the
present invention is produced by a lamination build—gp'
'lfp#ocess, gsome of the conqtitﬁant layers méy be provided by -
other processes, for example, laser beam m@;hining of a

photosensitive insulating resin or a thermosetting resin and
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resin were found to be 150[err]C and 3.8 (at a frequency_of .1 WHz),

respectively. A 4-layered wiring board was prepared in REPL&E@NHHTPQﬁﬂﬂ?F

in Exanple 1, and the characteristic inpedance was neasuje
characteristic inpedance showed variation of [err]16% A 51 ondql%@ %HZ
devi ce having nounted thereon a digital sem conductor wap ﬁg h

cl ock frequency at which the sem conductor device could 3p=rate was 80 :
When treated in a pressure cooker at 121[err]C under 2 afm, the

senmi conductor device cane to a failure of operation at 8S8=ezmi-A—100Q

hours. Further, when subj ected to a
: conductor forma i by an electroless thick plating

technology.

The elect#@ﬁie devices according fo_the present
invention include those in which an electronic element is
mounted on the mnltilayered wiring boazd 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 Berves as a heat dissipation plate, and the

| multilayered wiring'boardlof the present invention is
designed to have éaviﬁies surrounding the electronic element
and is bonded onto the plate. Since the multilayered wiring
board of the preaaht invention is prepared by a lamination
build-up process, multilevel wiring can be formed on an .
arbitrary plate. The plate itself may be such that has a
heat dissipation fﬁhction, a g}ring function or a function
for realizing spéq;al electrical characteristics, for
example, a metal-pihta, a metal-core wiring plate, a ceramic
plate, a ceramic-mﬁltilayezad wiring board, ;£§; | ““

The preseﬁt~invéntion-will now be made clearer by way
of Examples, but the Examples are not intended to limit the
scopa of the present invention. - '

ESxample 1

A sheet of resin-having copper foil for a
multilayered wiring board was prepared by using, as a
thermose;ting reaih,:; thermosetting polyﬁhenylane éthéflwumm

resin having a relative dielectric constant of 2.7 at 1 MHz



t her ngl

shock test between -65[err}C and 125C, the devifp riqudr e
of operation at the 300th cycle. Exanples 8 to 10 A resﬁﬁm“ gN.g[$ ‘TeJ_d

fromthe thernosetting pol yphenyl ene ether resin of “Exajip|e 2 and tol udne
as @ solvent was applied to a side of 12 [err]mthick e|eft BGRPESHMA
copper foil for printed wiring board and dried to formhp fesin film havi g

= |

a thickness of 50 [err]m The drying was carried out by neans of a hot gir

drier while controlling the tenperature and flow rate ot._hot air so thaf

. the sol vent night evaporate at a rate of 0.005 g/cnferr].mn (Exanple 8),
© 0.01 g/cnferr].

and, as mgtaingogl lgrum-tgig/Cn&%@%koggpogiéegpcopier foil

for a printed wiring board, The thickne&s of the resin film

"was 60 um. The resin flow was 3%. When the tharmosetting

polyphenylene ether rasin was heat cured, the glass
transition temparature~and the relative d;alectric constant
of the cured resin were found to be 220°c'and 2.8 (at a
frequency of 1 Mﬁ#j, ie:peatively. A 0.3 mm-thick double-
sided coPper-clad=ihérmesetting polyphenylene ether laminate
having 18'um~thick*C§PPaz.foil on each side thereof was
processed to form an internal circuit on each side thereof,
and the above-descxibed thermosetting polyphenylene ether
resin-having copper foil was laminated on each side. The
copper foil on egchliida was processed to form an outer
¢ircuit to obtain a 4-layered wiring board having a size of
330 mm x 400 mm. On measurement, the characteristic
impedanca of ths'wiringlof thé 4~-layered wiring board ﬁas
revealed to be stable all over the area, only show;ng
variation within thﬁ. Part of the 4-1ayerad w;xing board
was embedded in aﬁ.épbxy resin, and the cut area was polished
and observed undgr an optical microscope.- It was found.that .
the internal ciréﬁii}ﬁés'édmplatély'embéaded'in'the
thermosetting polyphenylene ether resin with no voids.
Example 2

A Bhaet of resin_having e opper fO il for a S

'multxlayered wiring board was preparad by using, 8B &

thermosetting reg;n, a thermosetting polyphenylane ether
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unti |

| .the residual solvent concentration of the coati ngyt C
to 200,000 ppm -The resulting resin-having sheet had nﬂhﬁﬁdﬂﬁ@qg§fdg
on the coated surface. No fall-off of resin particles pcfurred in
maechining (e.g., - 38 - cutting) the resin-having fo
t he production of a nultilayered wiring board by sequen

00 S$erd P98 in

| | am nation,

a nultilayered wiring board having high reliability was| ptrocuoced:

resin having a relative dielectric constant of 2.8 at 1 MHz

for a printed wiring board. The thickness of the resin film
was 60 ym. The resin flow was 39%. When-the thermosetting

polyphenylene ether resin was heat cured, the glass.

transition tempggnﬁure-and the relative dielectric constant
of the cured rahgn.ﬁera found to be-2105c and 2.9,(a£ a
frequency of 1 Mﬂi);-respectively. A 0.3 mm-thick double-
sided copper-ciad*thsrmosetting polyphenylene ether laminate
having 18 ym-thick copper foll on each side thereof was
processed to form an internal circuit on each side thereof,
and the above-déseribed thermoaetting-poljphenylene ether
regin-having metal'foil was laminated on each side. The

copper foil on each side was processed to form an outer

ceircuit to obtaihla 4-1nyared wiring board having a size of

330 mmm x 400 mm. On meaaurement, the characteriatzc
impedanca of tha wiring of the 4-1ayered w;ring board was
ravealed to be stahle all over the axea, only showing
variation within_iLO%. Separately, a 4-layered wiring bonrd
having a size of-BS‘mm % 35 mm. was. p:epared by using the same
resin-having copper ‘foil for a mult;layersd wiring board and
the same double-sided copper-clad leminate, and a digital

semiconductor was mounted thereon to make a semiconductor

device}' Tha aemiconductor “device was founted om a  test

circuit having a variable clock genexator, and the working

range of clock t;qguency was measured. As a result, the .

- 28 -
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Conparative Exanple 2 Resin-having net al foil was pregar
manner as in Exanples 8 to 10, except that the dryi ng]jof
of Exanple 2 was carried out while controlling the tel
ratte of hot air to adjust the evaporation rate of the|s
g/cnferr].cm
coated surface thereof. Fall-off of resin particles-
machi ni'ng,

éﬂﬁdé Ehe8?,

vept at 0.2
to drying on t

The resulting sheet suffered cracks du

for exanple, cutting of the sheet and in handling in the

production of a nultllayered wiring board by sequential |amnation. The cut

area of heohikll bRehEda"up 19 00 k"o o' SeRLoHRRCRBEC LU c” e

‘treated in a pressure cocker at 121°C under 2 atm., and the
behavior at 1oo'hg§iw59 observed,  No influence on the
behavior was obiaf@?&;qnﬁil the treating ﬁime reachadj
3000 hours. When'fheféamiconductor device. waa subjected to a
thermal shock test between -65°C and 125°c, ne 1nf1uenaa on
the behavxor was displayed up to 1000 cyclas.
| | Example 3 |

Four parts by weight of polystyrene having & weight
a#erage molecular-§eight of 500,000 were added to 100 parts
by weight of the thermosetting polyphenylene ether resin of
Example 2, The resulting thermosetting polyphenylene ather
resin containing polystyrene had a relative dielaectric
constant of 2.8 atxl MHz. A sheet of resin-having copper
foil for a multilafexéd wiring board was prepared by using

the tharmosattiﬂq*pdlyphenylaﬂé=ethar resin containing

polystyrane and 12ipm;th1ck electrodaposited copper foil for

a printed wiring boarpg_hA 60 pm~thick resin £ilm having a

smooth and glossy_ urface was'formed easily. The résin flow

was 40%. When themtharmcsetting polyphenylane ether resin

was heat dured{fﬁharglgsg transition tempergture and the
relative dielactricféqpstant of the,curadireéin were found to
be 210°C and 2,93(atW£ffraquency of 1 MHé), raspectively.' A
0.3 am-thick dou |

le sided ccpper-clad thermosettan

.polyphenylane ether lamznate having 18 um—thick copper foil

on each side theraof was processed to farm an internal
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enbeddi ng of the circuit in the resin | ayer. Exanpl eg

t Rer nosetti ng pol yphenyl ene ether resin of Exanple 2
a si-de of 12 [err]mthick el ectrodeposited copper fo
board to a dry thickness of 50 [errJmto forma resi
foil. Atwin-screw extruder having a T die at the he
extrusion. The nelt extrusion -tenperature was set 3

11 to 13 The

q
ad

[ N=)

TS

mﬁ§

t

80[err]C (Ex

h1on the ccp er

L

11), 120[err]C (Exanple 12) or 250[err] C (Exanple 13
resin-having netal foil had a - 39 -

) -

The resulti

g

circuit on each c;dg-ghsreof, and the above-described

onto
i ri.ng

| t
| e

thermosetting poljphaqylenewa;hggusggiﬂzhé!ins_mPFP%MieéémV?ﬁ_

laminated on eachTQidé. The copper foil on each side was

processed to forq%a#;¢Qter cifcuit“icéchtéih a 4-layered

wiring board having a size of 330 mm x 400 xm. On

measurement, the characteristic impedance of the wiring of

the 4-layexred wit;ng board was revecled,tozba stable all over

the area, only shcwing variation ﬁith;n #10%.

Separately, a

4-layered wiring bccrd'foi a semiconductor. device having a

size of 35 mm x 3§ ﬁmuwas prepared by using the same resin-

having copperﬂfoil ioxfﬂ multilayezred wi:ing board and the

same double-sided;ccpper-clad laminate, and a digital

semiconductor was mounted thereon to make a semiconductor

device. The semiconductor device was mounted on a. test

cireuit having a‘ﬁariébla ¢lock generator, and the working

range of clock fﬁcqﬁency was meaaured._ As a result, the

daVica ﬁorked up-to“ldn MHz. The samiconductor device was

treated in a preasure cooker at 121°c undez 2 atm., and the

behavior at 100 MHz was obssrved. No 1nf1nenca on the

bshavior was obsarved until the treat;ng time reached

3000 houra. When ths sem;conductor device was subjected to a

thermal shock test betwaen -65°c and 125°c, no influence on

the behavzor was dlsplayed up to 1000 cyclas.

Exémnlc_i

Ninety parts by weight of- poly(paradzvinylbenzene)

having a molacular weight of 50 1000 and 10 parts by weight of
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snmoot h surface. No fall-off of resin particles occurr - e .? g.
cutti'ng, or handling of the resin-having foil in the BLA:‘ N S
mul tilayered wiring board by sequential {1amnation, arjd]|a nultila ereg

Q)

Wi.ri ng board having high reliability was produced. Co r a@ B\NF. I

Lol
T ad

Resi n-having netal foil was prepared in the same manndr jas i n Exanpl e
to 13, except that the nelt-extruded film'of the thernpsettTmyg
pol yphenyl ene ether resin of Exanple 2 was formed at melt extrusion
tenperature of . ) _ o
a bismaleimide compound having formula 1 shown below were -
mixed to"prepaze;a;:hermoséttingmreﬂinlm;?he.dialectric
constant of the resulting thermosetting resin at 1 MHz was
2.7, o .
Formula 1

S0

- A sheet—of resin-having copper foil for a
multilayered wiring board was p:epared by using the
thermosetting fesin containing ;olydivinylbenzane and 12 um-
thick elactrodepositéd copper foil for a printed wiring
board, The thickness of the resin f£ilm was 60 um. The resin
flow was 153, . When the thermosetting polydivinylbenzene -
resin was heat cured, the glass transition temperature and
.the.r§iﬁtivé diélectric constant of the cured resin were
found to be 460°C’and 2.8 (at a frequency of 1 MHz),
regpectively. A 0.3 mm-thick double-sided copper-clad
thermosetting polyphenylene ether laminate having 18 um-thick
copper foil on each side thareaf”WAS processed to form an
internal circuit.on each side therecf, and the above~

_described polydivinylbenzene resin-having metal foil was

-wlaminatedwenwéaah¢aidémeThemcoppermfail;onmeach 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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350[err] C. The surface of the resulting resin-having netal foillmas_not

srmoot’h. Al t hough there was observed no fall-off of resi T —
machi ning, e.g., cutting, of the resin- having foiI:or-kﬁpﬁéw S bbﬁe
resin-having foil in the production of a multilayered Wirling board by

sequential lanmination, the cut area of the nmultilayered Wi rQBDOAGEMB t hus
produced showed insufficient enbedding of the circuit ijnjthe resin. A 10
[err]mthick polyethylene filmwas adhered to the resin s
t hernosetting pol yphenyl ene ether resin- having netal floil prepared in

Exampl e 2 by neans of a hot roll heated atHIOQJerr]CIto provide the resin
fil mwithmeasurement, 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

4-1&yered 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-sided copper-clad laminate, aﬁd a digital
semiconductor was mounted therson to make a semiconductor

device; The semiconductor device was mounted on a test

--eircuit 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 p&e treating time reached

3000 hours. When the semiconductor devicé was-aubjecteé to a

thermal shock test between -65°C and 125°C, no influence on

-the behavior was cbserved up to 1000 cycles.

A bifunctionax'cyanic estef_havinqafozmula 2 shown -
baelow was polymerized partially to prepare a prapolymer

having a number average molecular weight of 560 and a weight

average molecular weight qf:1310. A hundrgd parts by weight

of the pregolymer, 1 part by welght of nonylphenol, end

0,25 part by weight of cobalt octate were mixed to prepars a

polyfunctional cyanic ester resin. The dialactric constant
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protective sheet. The resin-having netal foil as protectep—Hythe

protective sheet was wound around a cylinder having a di ang MLAEEMEN&SM
stored at 23[err]C for 1 week. After the - 40 - storagg, [The surrace,
"the netal foil was found non-stained with the thernosettinp pop wggye
ether resin. The pol yethyl ene filmcould be easily peeled of f g@ﬁggb I ng
the edge with a finger. Exanple 15

of the resulting?@he;mdsqtting resin at 1 MHz was found to be

2.9,

  e l | ?H: | | |
NEC"O O ?‘@"O"CEN Formula 2

CHa

A sheet éﬁp@ésin—having copper foil for a
multilayered wiriﬁgfboatd was prepared by using the
polyfunctional cyanic ester rasin and 12 um=-thick
elactrodeposited copper foil for a printed wiring board.. The
thickness of the resin £film was 60 um., The resin flow was -
41%. When the polyfunctional cyanic ester resin was heat
cured, the glaas.;;ansition temperature and the relative -
dielectric constant of the cured resin were found to be 280°C
and 3.0 (at a freéﬁency of 1 MHz), respectively. A 0.3 mm-
thick double-aid?é}coppar-clad thermosetting polyphenylene
ether‘laminata ﬁ&ﬁipg_la um~thick copper foll on each side
thereof was'proeéEQEd?to form an internal circuit on each
side thereof, and the above-described polyfunctional cyanic
estexr resin-having metal foil was laminated on each side,

The copper foil on each 'side was processed to form an outer

circuit to obtainva 4-layered 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 stahla=all over the area, only showing
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A nultllayered W ring board conprising 6 wiring | ayers{
t her Moset ti ng pol yphenyl ene ether resin having a heat
200[err]C as an insulating resin. The heat resistance ¢f jthe nmultilayefe
wiiring board was 200[err] C. The speed of el ectrical signal 0% pEEN998i 0
the mul tilayered wiring board was found to be 17.5 cnf ipséc or higher a
every position as neasured by TDR (tinme domain reflectio -
nultilayered wiring board were nmounded a field programyabl e gate array
chip, a danping resistor, and a capacitor and sealed with a resin to make -

an el ectronic, deyi ce.  Mounted on. a digital circuit board whose standard
clock was Vaoiakgon withinc£10%; c 5E9¢€§t%b¥ra@eﬁ‘laYered wiring board

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

REPLAGEMENG, SHEE

prepared by using.the samé'resin—having copper foil for a
multilayered wiring ho;rd and the same double-sided éopper-
clad laminate, and a digital semiconductor was mounted
thereon to make a semiconductor device. The semiconﬂuctor.
device was mountéd on a test circuit having a variable clock
generator, and the working ranée of ¢lock frequency was
measured. As a iésult, the device operated up to 100 MHz,
The semic#nductoi device was treated in a pressure cooksr 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
subjaected to a thermal shock ﬁeat between -65°C and 125°C, no
influence on theiﬁehavior wa;ﬁobservad up to 1000 cyclas.f
Example § |

A hundred'pa:ta by weight of polybutadiene having a
numbax hva:age_mqlaculqr welght of 3,100 and 2 part§ hf
weight of dicumyl peroxide were mixed to prepare a
thermosetting ?esin.  The dielectric constant of the
resulting thermosetting resin at 1 MHz was 2.4.

A sheet of resin-haviﬁg copper foil for a
multilayeréd-wiring board was prepared by using the
polybutadiane-based thermosetting resin and 12 um—thick
‘electrodeposited: copper foil for a printad wiring board. The

thickness of the resin film was 60 um., The resin flow was
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wi t hout any problem Wen the digital circuit board was 10) =
and 4t a relative humdity of 90% for 1000 .hours, it ope QEELXQEﬁﬁﬂwha il
any problem Conparative Exanple 4.A multilayered wring|bgard whi ch was
prepared by using a general epoxy resin for a copper-cla | 2@ S BFEe 1998 an
|nsulat|ng resin was used in place of the nultilayered wjr{ng board of
Exanple 15. It was reveal ed that the speed of el ectrical {signa
transn155|on as neasured by TDR was - 41 - _

43%. When the:pelybutadiene-based thermosetting resin was

heat cured, theiéiess tranaiﬁion temperature and the relative

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

and 2.5 (at a frequency of 1 MHz), respectively, A 0.3 mm- R

thick double-sided copper-clad thermosetting polyphenylene
ethex leminate?§e§ing 18 um-thick copper foil on eaeh side
thereof was‘prébééiéd to form an internal circuit on each
side thereof, and ‘the above-described metal folil having the

' polybutadiene—based thermosetting resin film was laminated on
each side. The;eqpper foll on each side was processed to... .
form an outer e;#éﬁit to obtain a 4-layered wiring board
having a size ot;SSO mm X 400 mm. On meaeﬁrement, the
characteristic'i@peddnce of the wiring of the 4-layered
wiring board waserevealed toc be stable all over the area,
only ehow;ng variation within 110%. Separately, a 4-layered
wiring board for a sem;ccnductor devzce having a size of

35 mm x 35 mm wae prepared by using the same resin—having
copper foil fo:;a;mult;layered-w;ring-boerd and the game
double~sided coppér-cl'ad laminate, and a digital
semiconductor wes mounted thereon to make a ssmiconductor

device. The eemxconductor device was mounted on a test

circuit heving%a variable ‘clock generator, and the working

range of clock“frequehcy was meaeu:ed. As a result, the

device operated up to 100 MHa.
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15.0 cninsec at the highest. An electronic device was produced by using the

"same el ements as in Exanple 15. Wen subjected to a perforoance test aL'aj
standard cl ock of 100 MHz, the electronic device did not qﬁg)?“ﬁﬁﬁ@ﬂﬁhﬂHEET
I'ty operated at a standard clock reduced to 70 Miz. \Wen > u.u.xa.

CIrCUIt board was treated at 60[err]C and at a relative hunjd b Ek flor
1000 hours, it did not operated nornally any nore. Industfi A%B ca Tky
The thernosetting resin-having netal foil for a nultilaye ed_MLLLng_hnaLd
according to the present invention '

Triailyl 1aocyanuri%e5was heated in toluene together

with a peroxide to obtain poly(triallyl isocyannrata) having
a weight average molecular weight of 3, 000. Ninety parts by
weight of the poly(triallyl isccyanurate), 10 parts by weight
of triallyl Lsocyanaurata (monomar), and 3 parts by weight of
2,5-dimethyl-2, 5-d1(t-butylperoxy)hexyn-s were mixed to
prepare a thermosetting poly(triallyl isocyanurate) resin.
The dielectric constant oflphguzggulting thermosetting resin
at 1 MHz was 3.1.. . . . |

A sheet of resin-havihg-copper foil for a
multilayered wiring board waa ‘prepared by using the
thermosetting resin containing poly(triallyl isocyanurate)
and 12 um-thick electrodeposited-copper foil for a printed
wiring board. The thickness of the resin film was 60 um.
The resin flow was 25%. When the thermesetting poly(triallyl
isocyanurate) resin was heat cured the glass transition
temperature and the relative dielectric constant of the cured
resin were found to be 350°C and 3 3 (at a frequency of

1 MHz), raapectivaly. A 0 3 mm-thick double~gided copper-

clad thezmosetting polyphenyline ‘ather. laminate having 18 pm-

thick copper foil on aach side theraof was processed to form

an internal circuit on eachﬁ?i tharaof, and the above-

described metal poly(triallyl is cyanurata) resin-hav;ng e

metal foll was laminated .c

each side was processed ;pffb:m.ah outer circuit to obtain a

- 36 -
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makes_ it practicable to produce a high-performance nul tif; T CTTT
board exhibiting a stable.characteristic inpedance by a ﬂgﬁﬁﬁgjﬂﬁﬁNtdﬁﬁﬁﬂHp
process. The production process according to the present Jinvention

. provi des pol yphenyl ene ether: resin-having nmetal foil havj ng %t 4928
quality. To the resin-having netal foil according to t present I nvent
can be_adhered by pressing an i nexpensive sheet for protjectimgtieresrn
surface to provi de resin- having netal foil suited for orage and
handl i ng. Since the nultilayered wiring board of the present i1nvention:

char act or | &7 ed N EEhE S G SREEH oF Fds UF M1 M G 00 AR, o

measurement, the charactaristic _impedance of the wiring of

én

the 4-layered w;ring board was revealed to be stable all over
the area, only,showing v;:;ation within $10%. Saparately,
4-layered wiring poard_fér"a'sémiconductor device having a
size-of-as ﬁm X 35,mm was p:épa;ed by using the same resin-
having copper foil for a ﬁﬁltilayared wiring board aﬁd the
same dauhle—sidsdfcoppé:-élad laminate, and a digital
semiconductor waé;ﬁountedltheraon to make a semiconductor

device., The semiconductor device was mounted on a test

circuit having a variable clock generatozf and - the working
range of clock frequency waé-measured. As a result, the
device worked up to 100 MHz. The semiconductor device was
treated in a preSsure cookér.at 121°C undex 2 atm., and the
behavior at 100 MHz was observed. No influence on the
bshavior appeared until thg”;;egting time reached 3000 hours.
~When the éemicondﬁctor de#ice was subjected to a tharmal
‘shock teat betweééi:ﬁ?fc_pﬁdw125“c, no influence on the
behavior was displayed up to 1000 cycles.
A sheet éf-iééiﬁﬁhaﬁing"copper foll was prepared in .
the same manner as inLEkam§le 2 except for replacing the
thermogetting pa;yphsnylghe ether,resin’with an epoxy resin

'_for a éaépéiléiéﬁ“isﬁiﬂsié.j The resin ‘flow was 65%. When

the epoxy resin was ‘heat- curad, the ‘glass transition

temperature and the relative dielectric constant of the cured
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hi gh-frequency circuits having high perfornmance not her
- The el ectronic device according to the - 42 - present“
excel | ent perfornmance not: heretofore attained in high-spge
hi gh- -frequency operatlon -43 - '

v)

resin were found'tq be 150?C_and 3.8 {at a frequency of

1 MHz), respectively. A 4-layored wiring board was prepared @~

in the same manner as in Example 1,_and.the'character}stic
impedance was measured. The'characteriét1e7impedance showed.
variation of tlﬁ%. A aemiconducter device having mounted
thereon a digital aemiconductor was prepared. The clock
frequency at which the semdconductor device could operate was
80 MHz. When treated in a p;eésure cooker at 121°C under 2
atm., the sem;condgctor device came to a failure of operation
at 80 MHz in.lD@Q!hou:s. Further, when subjected to a _
thermal shock test between -65°C and 125°C, the device came
to a failure oficperation at the 300th cycle.
Exampleg 8 %o 10
A resinfvafnish pfepared-from the thermosetting.
polyphenylene ether resin of Example 2 and toluene as a _
' solvent was applied to a side of 12 um-thick electrodeposited
copper foil ior printed wiring board and dried to form a
resin £ilm having a thickness of 50 um, The drying was
carrisd out by’ means of a hot air drier while controlling the
temperature and flow ratewof hot ‘air so that the solvent
might efeéeiatefe;fa-refefef 0.005 g/cm?emin (Example 8),
.01 g/cm?emin (Example S)vor 0,05 g/cm?smin (Example 10)

until the reaidual solvent concentration of the coating film

was decreased to 200 00

sheet had no cracka by drying on"the coated " surface. No

fall-off of rasin:pa:tiqles occurred in machining (e.g.,

- 38 ~
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CLAIM5 1. Resin-having nmetal foil for a sequentially nultilayered mnrlng

‘board which conprises netal foil having provided on one \iar=y s
of a thernosetting resin having a relative dielectric cofts MN&ME
hi gher than 3.3 at a frequency range of not |ower than-1 and having |a

resin flow of 1 to 50% 2. Resin-havi ng metal foil for aj seqO&DESI1998
mul tilayered wiring board which conprises netal foil havjng on one side
thereof a filmof a thernosetting resin having a rel ative giretectri—c
constant of not higher than 3.3 at a

cutting) the resiﬁ-having-foil or handling in the p?bductibn'
of a mnltilayered.wiring board. by sequential laminat;on, and
a mnltilayered wiring board having high reliability was
produced. I
o : 1o 2
Resin-having metai fcil 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/cm?=em. The
resulting sheet suffexed cracks due to drying on the coated
 purface thereof. Fall-off of resin particles was cbserved in
machinihg, for example, cutting of the sheet and in handling
in the production of a multilayered wiring board by
. sequential lamination. The cut area of the multilayered
wiring board thus obtained was observed to f£ind insufficient
embedding of the circuit in the resin layer.
Examples 11 to 13
The thermdaetting'polyphenylane ether resin of
Example 2 was melt extruded onto a side of 12 um-thick
'eledtrcdepoaitad‘copﬁér foil for a printed wiring board to a
dry thickness of 50 um to forﬁ'a resin £ilm on the copéer

folil, A twin-screw extruder having a T die at the head was

_used for melt extrusion. The_Hgigmggggygigqn}gpperature was

set at 80°C (Example 11y, '120°C (Bxample 12) or 250°C
(Example 13). The resulting resin-havihg metal foil had a
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frequency range of not |lower than 1 Mz and having a r

3. The resin-having netal foil for a sequentially
board according to claiml or 2, wherein said thernosetjti
an inorganic filler. 4. The resin-having netal foil for
mul tilayered wiring board.according to claim1l1, 2 or 3,

50%

180[err] C after it cures. 5. . The resin-having nmetal f

ng_resin cont
BODREG 1998 vy

lherein said

sequentially rmultilayered mnrlng board according to claim1, 2, 3 or 4,

wherein saigh JNS Mifddd'd o' fhifdes BF Twid 'girticles occurred in

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

foil in the production of a multilayered wiring board by
éeqﬁéﬁtial lamination, and a multilayered wiring board having
high reliability was produced.

Resin-having metal foil wao prepared in the same

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

-£ilm of the thermosetting polyphenylene ether resin of

_Example 2 was formed at a melt extrusion temperature of

350°C, The surface of the resulting resin-having metal foil
was not smooth. Although there was observed no fall-off of
resin part;cles in machining, e.g., cutting, of the resin-
having foil or in handling of the resin-having foil in the
production of a multilnyared wiring board by sequential.

lamination, the cut area of éﬁe,mnltilayerad_wiring board

“thus produced showed insufficient embedding of the circuit in

. the resin.

-A 10 pm-thick polyethylene.film was adhered to the

‘resin surface of the thermosetting polyphenylens ether resin-

having metal foil prepared in Example 2 by means of a hot
roll heated at 100°C,to_provide.the resin £ilm with a

protective aheet. The rasin-having metal foil as protected

by the- protectlve sheet was wound around a cylinder having a

diaméter of 10 ¢m and atored at 23°C for 1 week. After the
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pol yphenyl ene ether resin. - 44 - 6. The resin-having netal foil for a
sequentlally mul tilayered wiring board according to cl aj Fﬁ&ﬂ* Qﬁ‘ﬁ 'y
thernosetting resin‘is a thernosetting pol yphenyl ene ot : ARG Bk ang
a styrene polymer. 7. A process for producing resin-hav %? nmetal foil flo a

sequential ly nultilayered wiring board according to claj i 508rDEC 1998 ch
conpri ses coating netal fg{] wWth a resin

storage, the surface of the metal foil was found non-stained
with the tharﬁ@;eﬁting polyphenylene ether resin. The
polyethylene fiim~could be sasily peseled off by rubPing the
edge with a fiqéer.
Example 15
A multilayered wiiing_board comprisging 6 wiring
layers was pregé:ed using a thermosetting polyphenylene ether
resin having a heat resistance of 200°C as an insulating
resin. The hé@t iesistahce of the multilayered wiring board
was 200°C. The speed oflelectribal gsignal transmisslon of
the multilaye:ed'wiring board was found to be 17.5 cm/nsec or
higher at every poesition as measursed by TDR (time domain
reflection method). On the multilayered wiring board.waxe
mounded a field programmable gate array chip, a damping.
zaa;star, and a capacitor and sealed with a resin to make an
electronic device. . Mounted on a digital circuit board whose
‘standard cloci;yas 100 MHz, the electronic device opsrated
without any p:éblgm. When the digital circuit board was
treated at 605q @nd at a relative humidity of 90% for
1000 hours, it%gpgrated again without any procblem.
A.multi;ajerad wiring board which was prepared by
‘using a generai epoxy resin for a copper—clad laminate as an
-m:iinsulatlng rasin was ussed in place of the multilayered w;rxng
‘board of Example 15. It was revealed that the speed of

electrical signal transmission as measured by TDR was
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varni sh conprising a thernosetting pol yphenyl ene et her reﬂuﬂﬂﬁﬂﬁm&ai A

~amd drying the coating film wherein the drying is carrie

I SHEF

&

condition that the rate of evaporation of the solvent be highef

a" sequential ly mul tilayered wiring board according to cldim5 or 6,

n
.0,10-g/cnferr].mn. 8. A process for producing resin-havijng n@6DECE 4998 f ¢
i
in

t han

-

whi ch

conprises coating netal foil with a resin varnish conprls ng—a

t her mdset ti ng pol yphenyl ene ether resin. and a sol vent ard_drying the

coating film wherein the drying is carried out under such a condition tha

the rate of evaporation of the solvent be not higher than 0.10

g/ cnferr] X840 oninsahat eShﬁd&ingentMMJFfmi%rﬂﬁﬁiQﬁé’%at ing film

produced by using tha same elements as in Example 15. When

subjected to a pa:fqrmance-teaﬁ at a standard clock of
100 MHz, the electronic device.did not operate normally.

operated at a standgrd clock reduced to 70 MHz. Whan_the

- It

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

humidity of Sotltor_looo"houra, it did not operated normally

any more.

“The ther@ésétting resin-having metal foil for a

multilayered wiring board according to the present invention

makes it practiggﬁie to produce a high-performance

maltilayered wi:ing”board exhibiting a stable characteristic

'impadance by a lamination build up process. The production

process according;to the present invention provides

polyphenylene eaﬁe; resin-having metal foil having excellent

quality. To.theﬁrésin-having metal foil accprding to the

present invention can be adhered by pressing an inexpensive

- sheet for protact;ng the resin surface to provide resin-

having metal foil 7uited for storage and handling. Since the

multilayered wiring ‘board of the present invention exhibits a

stable charactaz;ggic impedance and excellent electrical

characteristics,;it'proﬁidas nigh-speed digital circuits and _.f

high-frequsncy d#:@uits'hnving'high performance not

heretofore atta;hgg, The electronic device according to the
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i s reduced to 200,000 ppm 9. A process for producing resin- haV|ng netal

foil-for a sequentially multilayered wiring board accordli&.IP cl-at-m-5—oF
LACEMENT Sﬁﬁﬁﬂm

6, which conprises nelt-extruding a thernosetting pol yphe

-%45 - 10. The resin-having netal foil for a sequenti gl
Wi ring board according to.any one of clainms 1 to

under a condition that.does not substantially cause-the fedin to geconp
4 esin-havin | Ity o8lpEd 999 ©

present invention exhibits excellent performanée not

heretofore attaihgd_in high;speed operation and high-

frequency operation.
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6, having an easily strippable sheet for protecting said resin surface. 12.

~ ATsequentially multilayered wi.ring board wherein the wiring |layers are

. formed by sequentiallyly Ianlnapkﬂg”§heets of resin-having netal foil for a .

- :sequential |y nultllayeréﬂ mnrln accordi ng- t o cl ai f-l—2,—3,4_Qr
13. An el ectronic devi W“sequent ially multi IM};@NT@{EET
board according to cl %&“ *

; ectronic elenent ¢ n
"with a Wi ring means.

Fhe electronlc devi ce accordin
. conprising a sequentially nultilayered wiring board acc r g to cIa|n112
; mhlch achi eves a speed of electrical skgpal

1, Rﬁsin-having.métii £oil.£cr-ccé§quentially'
multilayered wiring boazd whi§h ccmprisesfcétalffoiiVQaQing
provided on one aide thereof.c"film of a Eﬁbzmosetting resin
having a relative dielectric constant of not highex than 3.3

at a frequency. range of not lower than 1 MHz and having a
resin flow of 1 to 50%, _

2. Rasin—having=metai-£oil for-ajséquantially
multilayered wiring bcacd;which comprises metal foil having
on one side thereof a film'ofga thermosetting resin having a
relative dielectric conatant"éf not higher than 3.3'at a
frequency range of not lowerfihan 1 MHz gﬁd having a resin
flow of § to 508, '

3. The resin-having matal foil for a sequentially
multilayered W1r1ng board according to claim l ox 2, wherein
said thermosetting resin contains an inorganic filler,

4, The resin-having_metal foil far a sequentially__

multilayered wiring board ac:;rding to claim 1, 2 or 3,

wherein said thermosetting resin has a glass transition .

temperature of not lower tha?;180°c after it cures.

5. The reain-having etal foil for a sequentially
multilayered wi:ing board acfcrding to claim 1, 2, 3 or 4,

wherein said thermosetting resin is a thermosetting

polyphenylene ether resin. @
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transm ssion of 16.5 cm nsec or higher and has a heat resis
Iomer t han. 180[err]C, aﬁd—aﬂ~elecLLQnLQ__ienent - 46- f REPLAEE&&@H’SHEET\

(N HIII - || osocc o

6. The rosin-having metal foll for a sequentially

" multilayered wiring boar "oording to claim 5, wherein said

thermosetting resin is a thermosetting polyphenylene ether
resin containing a ltyrene polymor. _
7. A process for producing resin-having metal foil
for a aequentially-mnltilayored wiring boaxrd according to
- ¢laim 5 or 6§, which oomprises coating metal foil with a resin
varnish comprising a thermosetting polyphenylene ether resin
and a solvent and drying tho coating £ilm, wherein the drying
is oarried out under auoh a condition that the rate of
'evaporation of the solvent be not higher than 0.10 g/om’-min.
8. A_prooass_for\p;oduping resin-having metal foil
for a sequentially mnltilqyg:ad wiring board accozding to
claim 5 or 6, which comprioos'ooating metal foil with a resin
varnish comprising a théinooetting polyphenylene ether resin.
"and a solvent and drying tho ooating £ilm, wherein the drying
- is oarried out unde: suoh a condition that the rate of
“evaporation of the aolvent he not highe: than 0.10 g/cm?emin
until the residual solvent,oonoentration of the coating £film

is reduced to 200,000 ppm""

5. A process f*_“_rodﬁoing resin-having metal foil

for a ssquentially mul:il?iefédfﬁiring boa:d according to

claim 5 or 6, which compf_gEEWmeit-axtruding a thermosetting

 §9ig§haay1ené”ézﬁéi“iéafn ;_der a conditich that does mot™ =

substantially cause thei ¥ nfto decompose.
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10. The resin-having metal foil for a sequentially
multilayered wiiing boar&?according to any one of claims 1 to
6, having an aasily strippabla ‘'sheet for protecting said
‘resin surface. - | '

12. A saguentially_multilayered wiring board wherein
the wiring layers are £orﬁad by sequentiallyly laminating
sheets of resin-having méial ﬁbil for a sequentially -
multilayered wiring board accérding to claim 1, 2, 3, 4 or 5.

13, An electronic device comprising a sequentially
multilayered wiring board according to claim 12 and an
electronic element connected thereto with a wiring means.

'14. The electronic device according to claim 13,
comprising a seguentially mnltilayered wiring board according
te claim 12 whidh'aéhiaves a speed of electrical signal
transmissien of 16.5 cm/nsec cr higher and has a heat
resistancs oi not lower than 180°C, and an electronic

element.
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ABSTRACT
..TheuLniéﬁ#ion;ﬁ;oyﬁdas-resinéhaving metal foil for a

multilayered w#iiﬁé.ﬁpérd which comprises metal foil having-

~ provided on onéfilde #heréof a film of a thermosetting resin

having a relativg*dieléctric constant of not higher than 3.3

at a frequency-gépge;qf'not lower than 1 MHz and having a

 resin flow of from 1 to 50% or from 5 to 50%, and a process

for producing fheﬁpame, The invention also provides a

(sequentially):mhlti;ayeréd ﬁiring board produced by using

--tha-resin—havinéﬁﬁetalfﬂoil and an electronic device

comprising the ﬁ#1ti1ayared wiring board and an electronic

element connected thereto with a wiring means.
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