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Specification

..© RESIN=-HAVING METAL FOIL FOR MULTILAYERED
WIRING BOARD, PROCESS FOR PRODUCING THE SAME,
nuw:munno WIRING BOARD, AND n:.zc'rnomc DEVICE

This invention relates to metal foil having provided

'wneisid“fthereof a thermosetting resin film which is for

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

,tha relin-havxng metal £oil, a mnltilayered wiring board
eving the resin-having metal foil, and an electronic device
fhaéing an eleetronic component electricelly connected to the
5mu1tilayered wiring board. The multilayered wiring board
1aceozding to the present invention has practically the same
idistance between wiring layers irrespective of the in-plane
;positxens of the multilayered.wiring board, shcwing small

ariatia :in characteristic impedance. Therefore, it

xﬁibitsfve:y excellent characteristics ae a wiring board for
*ultiehigh-speed digital circuits. The alaetronie device
5accordihg to the present invention has excellent stability of
: he characterietic impedance and, with a digital
;semiconductor mounted as an elactronic element, allews the
d:.qital semiconductor to operate at a higher speed and, with

- semiconductor having an analog portion mounted as an

relectron;c element, can handle eignals of higher frequency
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:the electronic device according to the present invention have

;jvery high reliability

{Mince a thermosetting resin having a
;;relative dielect:ic constant of not higher than 3.3 at a

f;not lowcr than 1 MHz before heat curing is

'-;?ffff?eis'z_ﬁency rar
;iuaed, the mnlt ayered wiring board of the present invention
hermosatting resin is used as cured is

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

- }speed signal crn:cmicsicn ‘properties, and low crosstalk
:fprope:tiea. Tha electrcnic device using this multilayered

-;wiring board . allows a diqital semiconductor to operate at its

-;highest spead, rﬂa semiconductcr dealing with analog signals

fto operate at: its highast frequancy.

':iﬁhﬁkﬂxﬂﬂnd—ﬁIﬁfi'j. |
i COpper foil with ‘an epoxy resin is known as metal

_ffoil having a_thermocetting resin film, However, when such a

5;conventiona1;metal,fcil_With resin is applied to preoduction

3jo£ a mnitilaycred irin'ﬁboard (aequenticlly multilayered

wiring board):byTa '8 called lamination build-up process in

'which sheetsfof metalifoii'with resin are sequentiallyly

»;laminated,_i_’hac$bgan ﬁgicult to even the film thickness

;' the ting n, which functions as an electrical
iring board thereby to make the

fof the wiring £fall within a given
uﬂhermosetting resin is not intended

f?to be applic] i hi_ _%écad circuits or high-frequency analog
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ci;gﬁ;té, the dielectric characteristics énd heat resistance
-ofgﬁhe;thezmosetiing 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
tampnrature of the cured resin is as low as 120 to 150°C.

In the field of electric wiring boards, it is a
mgtfén%of urgency to establish a lamination build-up process
th?é;will form denser wiring than a through-hole plating
ﬁr&éésé. However, there has not been a suitable resin-having
metal foil for use in mnltilayarad wiring board that can be

sed in high-speed digital circuits and high-frequency analog
:'circuxts. It is an object of the present invention to
provide a2 multilayered wiring board which can be used for
_high-sp-ed digital circuits and high-frequency analog .
c;gepi;s:and an electronic device using the same, in which
| ma;;i foil having provided on one side thereof a film of a
-thé?@oée;ting resin is used, the thermosetting resin having a
_aﬁécific resin flow,_a specific relative dielectric constant,

add a specific glass transition temperature after curing..

: . As a result of extensive invest;gation, the inventors
-of the present invention have reached diacovery of resin-
: having metal foil The present invention consists of the
.following 14 ambodiments
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Firstly, the present invention provides resin-heving

metal foil for a multileyered wiring board which comprises
metel foil having provided on one side thereof a film of a

thermosetting resin having a relative dislectric constant of

not higher then 3.3 at a frequency range of not lower than 1
MHz end heving a resin flaw‘of 1 to 50%.

Secondly, the present invention provides resin-having
metal foil for ermultileyerge wiring board_wh;ch comprises
metil foil heving-on one siae thereof a film of a
thermoletting reein having e 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 mnltileyered wiring board according
to c;eim 1 or 2, wherein the{thermoeetting resin contains ‘an
inorganic filler, R '

Fourthly, the present invention prov;des the resin-
having metal foil for a multilayered wiring board according

to claim 1, 2 or 3, where;nEthe thermosetting resin has a

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

Fifthly, the preeent ‘invention providee the resin-

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

thermoeettlng polyphenylene ether resin.
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.afé;qproducing resin-having metal foil for a multilayered

-;ﬁwiring.board aééogqing to claim 5 or 6, which comprises
 _coatinq metal fo fiwith a resin varnish comprising a
1thermosatting po yphenylene ether resin and a solvent, and

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

qggar such a co; étion that the rate of evaporation of the

zééiventibe not5§;§her than 0.10 g/cm?emin.

-'i;he 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 the coatﬁgg film, wherein the drying is carried out
nﬁder sﬁch a cdﬁgicion that the rats of evaporation of the

sdlventgbe notJhiéyer than 0,10 g/cm?smin until the residual

séléént’concentfﬁfion of the coating £ilm is reduced to
200,000 ppm. |
Ninethly ;the present invention providaa a process

'.for producing reai;-having metal foil for a multilayered

.w%rxng;hoard a¢¢9p¢1ng to ¢laim 5 or 6, which comprises melt=-
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:extruding a thermosetting polyphenylene ether resin under a

fcondition that doos not substantially cause the resin to

1mdecompose. : .
_g 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
;lhﬂﬂt 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.
L Twelfthly, the present invention provides a

_ sequentially multilayered wiring board, wherein the wiring
;jlayersaare 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 devicg“comprising a multilayered wiring boaxrd

:according to claiﬁ{ll or 12 and an electronic element

Nconnected there:"’:ia a wiring means.

Fourteenthly, the present invention provides the

: electronic device according to claim 13, comprising a
(sequentinlly) multilayered wiring board according to claim
11 or 12 which echJeves a speed of electrical signal

5 cm/nsec or higher and has a heat

reaistance of no' lower then 180°C, and an electronic

.alement.
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3 a cross gsection showing the structure of

| g_resin—having metal foil according to the

}prelent 1nventi Fig. 2 is a cross section showing an

_xample of the%iultilayered wiring board according to the
-llth or 1l2th embodiment of the present invention. PFig. 3 is

:ross=section : howing an example of the process for

_ ”reducing the: bﬁilt-up multilayered wiring board according to

'vffthe 12th embodiment. Figs. 4 through 6 are each a cross
eetion of an example of the electronic device according to

{ -ﬁpe 13th embod*ment of the present invention.

The present invention will be described in detail,
Any kin____ff

£ metal foil can be used in the presert

;g?ﬁinvention. Examples of useful metal foils are copper foil,

lgm;num foil, ‘tin foil and gold foil. PFor availability and
age opper foil and aluminum foil are preferred,
55_1with copper foil being the most preferred. While not

- ﬁ-l,imiung. the m _'__'a1 foil preferably has a thickness of 500 um

- for less, partie

larly 200 um or less, especially 105 um or
'-f;;less, from th -stendpoint of ease in handling. The metal

oil ‘can have i {‘side on which a thermoeetting resin film is
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for f igduc;ion can be utilized as such in the
-production of the

resin-having copper foil for a multilayered

V?ﬁiring*board of the present. invention. In the present

Z;Qinvention, the mi_gl foil serves chiefly as a conductor of
ffthe multilayeradi ﬁing board but may also be used for heat

”ssipation. Th metal foil is selected depending on the

?;pnrpose of use.;fj 

PFig. 1 isr"fcrcas section showing the structure of

l{]the thermosetting res;n-having metal foil according to the
;;present inwantiol vherein numerals 1 and 2 indicate metal
_jffoil and a film c_ga thermosetting resin, respectively.
o as he thermosetting resin used in the
‘pre A8 a resin flow of from 1% up to 50%,
;;éé@gzkable effec: 18 desired are secured. A preferred resin
- flow 18 5 to 50%, particularly 7 to 45%. If the resin flow
. ?18 leas than 1!,5

hé'internal circuit. is not perfectly
' {fembedded into th

resin layer, making formation of a
5f¢ﬁit11dyered wiring board difficult. The larger the resin

Ifjf;bw, the easier embedding of the internal circuit into the

~ resin layer. Hoﬁé r, if the resin flow exceeds 50%, the
'thickness of the N

sulating layer cannot be maintained even

. ;;all over the wi’;n ;board, failing to keep the characteristic
 'impedance of th 1ing constant.

o low is dé;ezmined as follows.,

'?q;(l) A 10 cm j cm ahééi of metal fail is weighed

.'__::-'(weiqht 3).
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(2) - A 10 cm x 10 cm sheet of'resin-having metal foil is
.waighed (weight R).
(3) . 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

present invention include thermosetting polyphenylene ether
r}qina, phenol reainé, low-dieléctric constant epoxy resins,
di&llyl phthalate resins, divinylbenzene resins,
-pbigiunctional acryloyl resins, polyfunctional methacryloyl
'résins; polyfunctional maleimide resins, polyfunctional
cyanic ester resins, polyfunctional isocyanate resins,
-1upsatuxated 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
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flow of tha thermosattingQresln of the resin-having metal

foil for a mnltilayeredjwiiing board be within the range
speo;fied in olaims. _
| Preferrad of the thermosetting resins above descrzbad
are thormosetting polyphenyleno ethar ros;ns, thermosetting
polyphenylene ether resins containing a styrene polymer,
-resin compositionl conta;n;ng polydivinylbenzene, resin
compolitions oonf;ining polybutadlano, and resin compositions
containing a polyﬁer andlor a copolymer of triallyl cyanurate
| and/or triallyl isocyanurate.
The preferxad thermosetting resins will be described
in more detail, S
:Particularlyoéroférred resins are thermosetting
polyphenylene ether res"ns: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 controllable flof' haracteristics. Such thermosetting

polyphenylene ather resina:inolude the composition described

in JP=-A~7- 165845 the: term "JP-A“ as used herein means an

"unexamined publlﬁﬁe&ftoi se patent application”), the

composition descrihedi;n-JP-A-? 166049, the composition

described in Ja.panese tent Publication No. 7-37567, and the

compoaition deacr’be

5.;§panese Patent Publication No. 7-

26013, A tharmosettlng yphenylene ether resin composition

containing 1 tolz

rt ;by?keight,'based on the total

polymer exhibits favorable

. composition, of a styre

T-10 -
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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 have 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 withi&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 then be described. A polyfunctional
cyanic ester forms a triazine ring through thermal

 trimerization of the carbon-nitrogan tripla bond thereby to

- 11 -
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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 kndﬁh pélyci-a—butadiene)' The number average
molecular weight of- the polybutadiene is preferably 500 to
50 000, still praferably 500 to 10,000, particularly
prefexably 500_tp:5?900.~,1f 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/or triallylhisbéianﬁrate are also suitable as a
thermosetting resin oi ‘the resin-having metal foil of the

present anention

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

The molecular structure may be

allyl groups to;:olymerize._

to 100,000, -

In order. to 1mpart ‘desired performance properties to

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

e 12 -



. This Sheet Has Been Repl

HIIII IIIIM 110

and additives can be*ﬁdded thereto in amounts that do not
:-impair the easential properties of the thermoaetting resin.
The fillers, which may be either fibrous or particulate,
include silica, alumina, titanium oxide, barium titanate,
talc, mica, qlaBS'baads, glass balloons, and aramid fiber.
The fillers are uaed effectively for such purposes as
reduction of a coefficient of thermal expansion, control of a
dielectric constant, and the like. Useful additives include
flame retardants,_antioxidanta, heat stabilizers, antistatic
-agents, plasticizarl, pigmants, dyes, and coloring agents.
Addition.of-;ncrganic fillers is preferred for the
'marked effects obtaiﬁed iﬁ heat resistance and electrical
characteristics of the- resin layer. Silica and glass
balloons are examplel of the most preferred inorganic
iillera. ' _
_ The thickness:of the thermosetting resin film is not
particularly l1mxted but 13 preferably 10 um or greater,
still preferably 20 um orggr-atar, particularly preferably
30 pm or greater."xf hemfilm thickness is extremely small,
it is difficult to. effact a lamination build-up process.

The thermosetting rasin film can be formed through.

any means. For examﬁi” a~preferred method comprises coating

a varnish preparnd:by 1 lving or disperling the xesin in a

solvent, and drying;;g ﬁolvent is choaen in accordance

with the reain-salgqﬁea; _sﬁlventlesa melt £ilm forming is

dnother preferred method.

- 13 -
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| The manner for bringing the metal foil and the
fhermnsetting 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 ether 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 rasinf nd 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,

- =14 -
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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
| either 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 evap§ration 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 varﬁiah. Such a high=boiling solvent includes
chlorobenzens, éetralin, and aniscle. |

In the.proqess-according to the present invention, it
is essential that.tha 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/cm?smin. If it exceeds 0.10 g/em?+min,
ciacks 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

ether resin containing & styrene polymer, and the resin £ilm

- 15 -
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;isnformed by melt film forming of the resin, the special

;p icess according to the 9th embodiment of the present

;gntion can be applied to produce resin-having metal foil

fﬁgﬁing satisfactory quality at high productivity which.does
:néﬁ;separate resin powders off the resin layer or suffers no
}@fggks on the resin surface.

: The process according to the 9th embodiment is

Qcharacterized by selection of a temperature for melting the.

fthermosatt;ng polyphenylene ether resin at which the resin
:gggexgoes 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
;undergo;ng subatantial decomposition., The melt extrusion
;temperature at which the thermosetting polyphenylene ether
;;qgin_can be melted and extruded without substantial
;ﬂéé?mposition is selected from the range of from 50°C up to
Sdfbf?'c .
.' Melt extrusion_can be carried out by using a single-
- screw or multi-screw extruder huvin§ 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
ﬂprefarably from 7 to 45%, is not limited. For example, the

_control can be achieved through selection of the chemical

- 16 -
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‘structure or the com§§§i£iqn of the resin. Also, it is an
_effective means for resin flow control that a thermosetting
}reain showing too large a flow is.subjected to partial cure
‘by a method suited to the particular reain, such as a heat
.treatmant or a photochemical treatment.

The the:mosettipg;resin film of the resin-having
metal foil for a mnltilgfﬁ?ed wiring board according to the

present invention can'be‘dbverad with an easily strippable

l-protective sheet thereby to prov;de a material for a

mnltilayerod wiring hoard that is extremely easy to handle
~ and useful in pr&ctlga.._A:QOmpOSLte sheet in which a sheet
§f metal foil, a thermosetting resin £ilm, and an easily
.étrippable protectivg_éhaét_are intimatgly laminated in this
S:der is the 10th,eﬁh6dimgnt of the present invention. The
composite sheet canjbgiprpduced'either by laminating a
_frotective sheet onfthe.rasin-having metal foil by, e.g., hot
pressing or by laminating metal foil on the film of the
thermouetting resin 'revioualy formed on a protective sheet.
The ensily" *ippable sheet is preferably a resin

£ilm. In particul_

_“film of polyethylene, polypropylene,
polyethylene teraphthalﬁte, 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

invention is axtram useful in industry for the following

.._-17_
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reason. In the multilayered wiring board produced by using

this, each insulating lcyér has practically the asame
chickness at every position, and the multilayered wiring
board can be said to have practically the same characteristic
impedance at every positicn and will therefore provide
electronic equipment, especiaily 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 impedance 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_

- - 18 - -
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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 180°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 deterioration 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.
Accoxding to the 11th, 12th, and 13th embodimsntajoﬂ
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 conatant 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

- 19 =
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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 accordihg to the lith_and 12th embodiments is
shown in Fig. 2, whéiein 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 shown 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.¢., a double-sided copper-clad laminate.

(2) The conducts#ﬁ7 is processed by a known means, such
as etching, to form-a 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 conﬁucto: 1ayet 9 and a
thexrmally cured thegmpaettihg resih layer 10 are thus formed.

(4) Via-holes lliare made,
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(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 thermoaétting 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 uama-manner as in (3).

(7) If necessary, through-holes 15 are pierced thrbugh :
 the whole laminate as is usual with conventional multilayered
wiring board.

(8) A conductor l#yer 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 # 6-layered hogrd, it ie
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 rapeatihg via-hole formation, via connection,
and circuit formation.

Examples of #he eleétrcnic device accbrding ﬁo the
13th embodiment of thé-préaent inveﬁtian are shown in Figs. 4
through 6. The 13th¢éﬁbodiment is characterized in that the

multilayered wiring QOard.of the present invention is used in
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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 sem;cgnductor wafer or ingot of silicon,

'gallium-arsenic,-étd' (or a aemiconductor in the form easier

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

a capacitor, an-ipdggtpr and/or a resistor, and a
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multilayered wiring board on which-theaa electronic elements-
are mounted. Where in using tha_aléctronic 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, théraby 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 betwéen 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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a high-speed digiﬁal/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 tamperature which ie the
closest to room temparature is taken as a heat resistance of
the multilayered wiring board. 1In practice, it is needless
to say that a composiﬁe which is made up of a mixture of a.
resin, ceramics, atc;ﬁand functions as a single material is
handled as a single component.

In the production of the quuentially multilayered
'wiring board, the wi:}ng 1ayara ﬂequantiallyly built up can

' be'electrically coﬁnééted to each other by conventional
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through-hole plating, but it is preferred for enabling high-
@enaity wiring to conduct electrical connection by making
&ia-holes for each wiring layer. A single multilayered
wiring board mﬁy 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
expose 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
like technique or filling the holes with a conductive paste.

- 3oring through the metal foil and through the resin layer may

be carried out separately as described above or
sxmnltaneonsly by boring a hole with a drill to a depth that
does not pierce the lower metal foil.

While the multilayered wiring board according to the
present invention 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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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 multilayared wiring board, etoc.

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

_ Example 1

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

resin having a ralat?ﬁé dielectric constant of 2.7 at 1 MHz
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and, as metal foil, 12 um-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 reuin-having copper foil for a

'.multilayerad wiring board was prepared by using, as a

thermosetting resin,;a thermosetting polyphenylene ether
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resin having a relative dielectric constant of 2.8 at 1 MHz2

z

and, as metal foil, 12 um-thick electrocdeposited copper foil
for a printed wiring board. The thickness of the resin film
ﬁao 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 copper foil on each side thereof was
processed to form an internal circuit on each side thexwof,
and the above-described thermosetting polyphcnylene 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 otablé 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-sidédicopper-clod laminate, and a digital |
semiconductor was mouﬁted thereon to make a semiconductor
device. The semiconductor dovice was mounted on a test |
circuit having a voriable clock generator, and the working

range of clock frquangy was measured. As a result, the
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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 thermosetting polyphenylene ether
resin containing polystyrene had a relative dielectzic
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 coppg;“ Lgd thexrmosetting

polyphenylene ether 1aminate'habin§ 18 um-thick copper foil

on each side therebf;was processed to form an internal
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circuit on each aide thereof, and the abové-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 board 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 tharvedf,.No influence on the
bshavior was obsafve&iﬁntil thaftreating time reached

3000 hours. When the Bemiconductor device was subjected to a

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

the behavior was q;sp;ayed up tqulogo_cycles!

Ninety parts by weight of poly(paradivinylbenzene)
having a molecular'wq{ght of 50,000 and 10 parts by weight of
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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

@@mr@-;&' | Formula 1
o | o |

A sheet of resin-having copper foil for a

2071_

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



This Sheet Has Been

Hllllﬂ Illlll ﬂll Il! ﬁll

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

2.9,
N=E C‘O‘@"? @‘ —C=N Eonﬁula 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 were 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 thazmésetting polyphenylene

ether laminate having i8 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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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 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 £ilm was 60 um. The resin flow was
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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;§;narator,'and the working
range of clock frequency was measured. As a result, the

device operated up éo 100 MHz;
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Example 7

Triallyl isocyanurate was heated in toluene together
with a peroiide 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 by 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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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
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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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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.

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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| 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°C. The 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 maéns 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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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.

A multilayered wiring board which was prepared by
using a general epoxy resin fofrﬁﬁcopper-clad laminate as an

insulating resin was used in place{of the multilayered wiring

board of Example 15. It was ‘revealed that the speed of

electrical iignal transmission as measured by TDR was
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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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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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rasin is a thermosetting polyphenylene ether resin containing

e

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 tharmcsetting polyphenylene
ether resin under a conditicn_that doqg_nct substantially
causa the resin to decompose. -

10. The reain-having metal foil fcr a multilayered -

wiring board according to any ‘one of claima 1l to 6, having an

easily_strippcble sheet for protecting said resin surface.
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11. A multilayered wiring board which is produced by
using the resin-having métal £641 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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