SPECI EI CATI ON  MULTI LAYER PRI NTED W RI NG BOARD AND | TS PRODUCTI ON PROCESS,

RES[N COVPCSI TI ON FOR FI LLI NG THROUGH HOLE Technical Field- - This
invention relates to a nultilayer printed wiring board used as a package
board for nmounting an I1C chip or the 1like and a process of producing the

same, and nore particularly to a rrultilayer printed wiring board capabl e
of providing a high density wri n% %ﬁof preventing the formation
of cracks or the like in through-haolés or Nt nei ghbor hood t hereof when

heat cycle gefdtEaviR’ pRYIRFBDEWIRING BORRDS ANDY erfd OPREDEErIGN aPRSCESS A
resi st conposition for filling through-hole of a nultilayer printed wiring

board, whi CRESINuUSEHPOSITEON (FOR FRLIING AHRDUGHHOTEr i ¢ connecti ons
bet ween vi ahol es and t hr ough-hol es even at high tenperature and high
hum dity coBafhrdaal oFiekder such conditions as to cause heat cycle.
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like and a process of producing the same, and more
particularly to a multilayer printed wiring board capable of
providing a high density wiring easily and of preventing the
formation of cracks or the like in through-holes or in the
neighborhood thereof when heat cycle occurs, for example.

This invention also relates to a resist composition
for filling through-hole of a multilayer printed wiring
board, which is used for ensuring satisfactory electric
connections between viaholes and through-holes even at high
temperature and high humidity conditions or under such
conditions as to cause heat cycle.
Background Art

In general, through-holes are formed for electrically
connecting the front surface to the back surface of a core
substrate (hereinafter simply referred to as "substrate") of
a both-sided multilayer printed wiring board. These through-
holes are, however, considered as dead spaces in deéigning
of a circuit, and hence become one of the factors which
prevent wiring from densifying.

For reducing such dead spaces, there have been
disclosed, for example, following technologies;
® Japanese Unexamined Patent Publication No. 9-8424
discloses a technique of filling though-holes with a resin

and roughening the resin on its surface and forming a mount

1



hol es* ar e,

For reducin
follow ng t
9-8424 dis
rougheni ng
roughened s

Unexam ned

however, considered as dead spaces in designing of a circuit,
and hence becone one of the factors which prevent wiring from densifying.

g such dead spaces, there have been disclosed, for exanple,
echnol ogi es; Japanese Unexami ned Patent Publication No.
cl oses a technique of filling though-holes with a resin and

h S fac d form ng a nount pad on the
?aé% £ﬂferr+&ﬁﬁépanese hexam ned Patent Publication No.

2-196494  digscl a6ondsd € ol da i pd £ 410k t BT 5 Widh a2-£688Yst

past e, and di'ssol ving and renovi ng an electrolytic plated film
coveri ng t hdbsghoses esat otéohnighandbessEihbimdn- hehesughtleslés Japhtiesea

Patent Publication No. 1-143292 discloses a technique

filling th@ggﬂuﬁ§¥@% vpastea capduct AespiEing anRRdbj cEEROER%e an

resultant s
paste. [er

Fe5ERe et le " AR ndf Tharies il ceabRBh PRies 4E D abes

di scl oses aléﬁ&f&é&”ﬁh&ﬁgﬁﬁﬁéﬂéHL for exanple, a copper

® Japanese Unexamined Patent Publication No. 1-143292
discloses a technique of £filling though-holes with a
conductive paste and subjecting the resultant substrate to a
copper plating to form a plated film covering the paste.
® Japanese Unexamined Patent Publication No. 4-92496
discloses a technique of forming, for example, a copper
plated film onto all over the surface of a substrate
inclusive of internal surfaces of through-holes by
electroless plating, filling the inside of the though-holes
with an electrically conductive material (conductive paste)
and then covering the substrate with a copper plated film so
as to encapsulate the electrically conductive material in
the through-holes.

The conventional techniques mentioned above, however,
have the following disadvantages..
® Such a both-sided multilayer printed wiring board as is
described in Japanese Unexamined -Patent Publication No. 9-
8424 requires a roughening treatment of the surface of a
resin in order to ensure adhesion between the resin filled

in through-holes and the mount pad. In addition, since

- coefficients of thermal expansion between a resin and a

metal are different, the conductor layer on the through-
holes may peel or form cracks due to heat cycle.

@ According to the technique described in Japanese
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plated filmonto all over the surface of a substrate inclusive of

I nt ernal surfaces of through-holes by electroless plating, filling
the inside of the though-holes wth an electrically conductive materi al
(conductive paste) and then covering the substrate with a copper plated
filmso as to encapsulate the electrically conductive material in the
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[err] Accordrng°?® %%lY%%ﬁﬁjé%gggﬂ Eé"(?%e -Japanese

2 G eraghRed P gﬁteauh}%k&zﬁﬁi BQa%B'_a%’ﬂ-g 6(?3540:1'%@{' Apesifdiesd OF

vi ahol es are formed just above the through-holes of an
Unexamined Patent Publication No. 1-143292, the conductive
paste is in direct contact with the internal surfaces of
through-holes of a resin substrate so that metal ions are
apt to disperse from the surfaces to the inside of the
substrate when it takes up moisture. The_ dispersion
(migration) of metal ions causes development of a short
circuit between the conductor layer and the through-holes.
@ In such a printed wiring board as is described in Japanese
Unexamined Patent Publication No. 4-92496, gaps or voids are
tend to form because of a poor adhesion between the
conductor layer and the electric conductive material in the
through-holes. The formation of wvoids between the electric
conductive material and a through-hole invites delamination
of the conductor layer or generation of cracks on the
through-hole in the use at high temperature and high
humidity conditions due to air or water accumulated in the
voids. _

Incidentally, there may be some demands to connect a
through-hole to a viahole formed on a substrate. In this
case, connection is generally made by forming a pad called
as land protruding on the periphery of the through-hole and
connecting the through-hole to wviahole through the
interposition of the pad. The pad is, however, frequently

obstructive because it is formed protruding on the outer
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interlamnar resin |ayer by |aser beam the conductive paste is exposed to
the openings and thereby a resin ingredient in the conductive paste is

al so eroded. [err] In such a printed wiring board as is described in
Japanese Unexam ned Patent Publication No. 1-143292, the conductive paste
Is in direct contact wwth the internal surfaces of through-holes of a

resin subst h al .l are. apt .tp disperse fromthe surfaces
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circuit between the conductor layer and the through-holes: err] In such a
printed wirPhbeboarThis becokssrabeimperimgainese adiibawd aeslidiat @aisity
Publ i cati on No, 4-92496, gaps or voids are tend to form because of a
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to connect a through-hole to a viahole fornmed on a substrate. 1In this

case, conne®iPekeses gehemuilitilangs hyrinted ngrixipml bshrdd obtained by
filling through-holes with a filler, forming a conductor

layer thereonto, and forming viaholes on the conductor layer,
and Japanese Unexamined Patent Publication No. 5-243728
discloses a process of f£filling through-holes with a
conductive paste and curing the paste, polishing a substrate
on its surface and then forming a conductor layer covering
the through-holes, and mounting a surface mount part on the
conductor layer.

According to these conventional techniques, a surface
mount part can be connected to through-holes so as to
provide high density wiring or through-holes, but they have
the following disadvantages.
® The multilayer printed wiring board as practically
exemplified in Japanese Unexamined Patent Publication No. 6-
275959 is obtained by filling throxigh—holes with a
photosensitive resin as the filler. In such a wiring board,
delamination between the filler and the conductor layer
occurs when exposed to high temperature and high humidity
conditions such as in Pressure Cooker Test, and a connection
reliability between wviaholes formed on the conductor layer
and through-holes cannot be obtained.

® The technique disclosed in Japanese Unexamined Patent
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the through-hole to viahole through the interposition of the pad. The
pad is, however, frequently obstructive because it is forned protrudi ng on
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a high density wiring function, Japanese Unexam ned Patent Publ i cati on
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filling through-holes with a filler, formng a conductor |ayer thereonto,
and for ni ngi%i §R8| Beitd-epaneiirtict or | ayer, and Japanese Unexami ned
Patent Publication,No. 5-243728 disclos rocess of _.f
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t hrough- hol es, and nounting a surface nount part on
techniques, and it is a main object of the invention to

provide a multilayer printed wiring board which can easily
ensure high density wiring and a production process thereof.

It is another object of the invention to provide a
construction of a multilayer printed wiring board which is
effective for preventing delamination between a filler for
though-hole and a conductor layer, for inhibiting
delamination and formation of cracks between a conductor
circuit and an interlaminar insulating resin layer, for
preventing metal ions in the filler from diffusing and for
protecting the filler from erosion by a laser beam.

A further object of the invention is to provide high
density through-hole intervals and wiring in a build-up
multilayer printed wiring board without reducing an electric
connection reliability between through-holes and wviaholes at
high temperature and high humidity conditions.

It is yet another object of the invention to provide a
construction of a multilayer printed wiring board for
ensuring a reliable electric connection between an internal
layer circuit inside a substrate and build-up multilayer
circuit layers on both surfaces of the substrate even when
the substrate is multilayered.

A yet further object of the invention is to provide a

construction of a resin composition used for filling
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conductor | ayer. According to these conventional techniques, a
surface nount part can be connected to through-holes so as to provide
high density wiring or through-holes, but they have the follow ng

di sadvantages. [err] The nultilayer printed wiring board as practically
exenplified in Japanese Unexani ned Patent Publication No. 6- 275959 is
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conditions such as in Pressure Cooker Test, and a connection reliability
bet ween vi abioseboswrensef drhe Havemtdeet or | ayer and through-hol es cannot be

obtained. [err] The technique disclosed in Japanese Unexam ned Pat ent
4 Publ i c&torPT@sent 2&9728titgnnc§’tr°é’1f’§§hrﬂ qEeLERLaYRRg R ofbed

g:‘“ 'ltﬂeuﬁl gh %%@f%o{%rﬁ;g% L%ctc?’%ﬁgggﬁgr%? he&ﬁ%’u&%bw I a‘ﬁyanéghtgg’wﬂ
through-holes, and a conductor c¢ircuit formed on
substrate through the interposition of an interlaminar
insulating resin layer, the through-holes being filled with
a filler, wherein the internal surfaces of the through-holes
are roughened.

The invention also provides a multilayer printed
wiring board being composed of a substrate provided with
through-holes, and a conductor circuit formed on the
substrate through the interposition of an interlaminar
insulating resin layer, the through-holes being filled with
a filler, wherein an exposed portion of the £filler in the
through-holes is covered with a through-hole-covering
conductor layer.

In addition, the present invention provides a
multilayer printed wiring board being composed of a
substrate provided with through-holes, and a conductor
circuit formed on the substrate through the interposition of
an interlaminar insulating resin 1aye£, the through-holes
being filled with a filler, wherein an exposed portion of
the filler in the through-holes is covered with a through-
hole-covering conductor layer, and the through-hole-covering
conductor layer is connected to a viahole formed just above
the conductor layer.

The present invention provides, in another aspect, a

process of producing a multilayer printed wiring board
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The present invention has been acconplished to solve the aforenentioned
probl ens inherent to the conventional techniques, and it is a main object
of the invention to provide a nmultilayer printed wiring board which can
easily ensure high density wiring and a production process thereof.

It is another object of the invention to provide a construction of a

multi | ayer pongkedsyr b1 o8t deh £011Swi RS e/ T 05 @reventing

del ami nati on between"a filler for though-hole "and a conductor | ayer,
for i nhi bi® iagstee! afi fatning aadcbrtdatbdnlaferank sa behneagheheDadost or
circuit and an interlamnar insulating resin layer, for preventing netal
ions in thethhIe$u¥$%ﬂ$%|Fﬁ%s?wmfﬂhﬁt#&#e bﬂbt%%ﬁ¢¢ﬁ?k6ﬁ§'fPﬂPé#n§n0n¢r

erosion by a_l.ase further object of the invention is to

provi de higﬁddagﬁgP?§§¥hP%u@%e7ﬁﬁ19%?ﬁ¥QQMﬂ s and wiring in a build-up
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reliability between and vi es a I gh tenperature and

hi gh hum di s\Mrgasdi bEothe through4ﬁolé yet another object of the invention
to provide a construction of a nultilayer printed wiring board for
ensuring a Rl Rabsbepl axfi r £é1Tbngecthen theowgbnhahei mmyvialed | ajéh ctheuit

I nside a substrate and buil d-u Iﬂ“thgﬁ%; circuit | ayers on both surfaces

of the subsFPH?Eeﬁﬁgn FHeh o t%nﬂﬂﬁ iSULHACE WiFBr 8gfiller, andy et
further obj @ftaogtégeokmé%%'iga 'ah t:&t%ﬂ’éng.%a% insulating resin layer

and then forming a conductor circuit by subjecting the
substrate to an electroless plating, or additionally to an
electroplating.

The invention provides, in yet another aspect, a
process of producing a multilayer printed wiring board
comprising at. least the following steps @ to @:
® a step of forming a conductor layer and a through-hole on
both surfaces of a substra’;:e by electroless plating, or
additionally by electroplating,

@ a step of filling the through-hole with a filler

® a step of subjecting an exposed portion of the filler on
the through-hole to an electroless plating, or additionally
to an electroplating to form a through-hole-covering
conductor layer, and

@® a step of forming an interlaminar insulating resin layer
and then forming a conductor circuit by electroless plating,
or additionally by electroplating.

The invention provides, in a yet further aspect, a

" process of producing a multilayer printed wiring board
comprising at least the following steps @ to ®:

® a step of forming a conductor layer and a through-hole on
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construction of a resin conposition used for filling , o
5 through-hol e of the aforenentioned multilayer printed wring
boards. Disclosure of Invention The present invention provides a
mul tilayer printed wring board being conposed of a substrate provided
wi th through-holes, and a conductor circuit formed on the substrate
through theyd ergREFalde@n 9F i b3, IS G esh D+l AYer o4 he
t hr ough- hol es bei ng faHeI edavvi ﬁ: sgfo%ﬁ:%?g% erég"l Lrgt?tﬁeré%ﬁt e?naF 1g%ffe?ces of
the throughadui esonaliley M@ IeRAGopaREikGs filler is conposed of netal
particles, and a thernpsetting resin or a thernoplastic resin. The
i nvention @®soaprasepiesfa fodningyer poighededwikaywr boar dthei nighizomadsed
of a substrate_provided with through-holes, and a conductor circuit
formed on SYHHECS téﬁﬁ(?qﬂﬁW9ﬁiﬁ°gﬁe i nterposition of an interlaninar
i nsul ating gesin er, =t he. {shr ough; hol bei.ng filled w.tth_ a filler,
wher ei n int%r n%l Asu aggshf(}futr}hne‘lyt r?%ugﬁiﬁ%ﬁ%% %Jll’ee Pgﬁb’ﬁgﬁg‘d,w *Ifﬁi '?céf
filler is coodmAsbDllaRRiralonPatsl §h@&rnal surface with a filler,

@ a step of subjecting an exposed portion of the filler on

the through-hole to an electroless plating, or additionally
to an electroplating to form a through-hole-covering
conductor layer,

® a step of forming an interlaminar insulating resin layer,
and

® a step of forming a viahole and a conductor circuit in the
interlaminar insulating resin layer located Jjust above the
through-hole, and connecting the viahole to the through-
hole-covering conductor layer.

In addition and advantageously, the invention provides
a resin composition for f£filling through-hole of a printed
wiring board, which comprises a particulate substance, a
resin and an ultrafine inorganic powder.

Brief Description of the Drawings

Fig. 1 is a cross section view illustrating an
embodiment of the multilayer . printed wiring board according
to the present invention.

Fig. 2 (a)-(f) is a diagram illustrating a part of
production steps of the multilayer printed wiring board
according to the invention.

Fig. 3 (a)-(e) is a diagram illustrating a part of
production steps of the multilayer printed wiring board

according to the invention.
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and a thernosetting resin or a thernoplastic resin, and an exposed portion
of the filler in the through-holes is covered with a through-hole-covering
conductor | ayer. In addition, the present invention provides a
nmul tilayer printed wring board being conposed of a substrate

provi ded with through-holes, and a conductor <circuit formed on the

substrate through gshe i pt qupagis i % 0 '%?Jr%e”%?@ré@cr\%ﬂel?lgn &t hﬁgtr LN

| ayer, the through-holes being fi terna

surfaces of ptbductivmugitdpl esfar ehéowrmm&yewdp&hataal |ﬁ£ri§ casgpsed of
metal part cles and a thernosetting resin or a thernoplastic re5|n and an

exposed por%?@@ﬁ%#nqrﬁpftheemnvamumm@ t hr ough-
6 hol es a through-hol e-covering conductor

| ayer, and the thﬁ&@ghcﬁvl(é ccﬁm iifg RoAFBSERR |LysstizatiagnrcpPagtt #f
vi ahol e forggd&é'éiofb% &tsheo.%ongﬁ'gt Q:[ul ¥Lear ‘er prlFtsi;lrodvﬂzgr:ﬁ%gen;board

i nvention provides, 1n andther aspect, a —process :
mul til ayer apsordinl o riHe) ibRntiosQnprising at | east the foll ow ng steps

[err] to [err]: [err] a step of form ng a conductor |ayer and a

t hrough-hole on Fig. 6 (a)-(e) is a diagram illustrating a part of
production steps of the multilayer printed wiring board
according to the invention.

Fig. 7 (a)-(d) is a diagram illustrating a part of
production steps of the multilayer printed wiring board
according to the invention.

Fig. 8 (a) and (b) is an enlarged cross section view
illustrating a part of the multilayer printed wiring board
according to the invention.

Best Mode for Carrying Out the Invention

The multilayer printed wiring board according to the
invention is characterized, as a first aspect, by fbr:ming a
roughened layer on an internal surface conductor of the
through-hole filled with a filler.

A second aspect of the printed wiring board according
to the present invention is that a through-hole-covering
conductor layer is formed for covering an exposed surface of
the filler filling the through-hole.

The multilayer printed wiring board according to the
invention is characterized, as a third aspect, by forming a
viahole just above the through-hole-covering conductor layer
which is formed Just above the through-hole and by
connecting the viahole to the conductor layer.

The present invention is characterized, as a fourth
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bot h surfaces of a substrate by electroless plating, or additionally by
electroplating, [err] a step of formng a roughened | ayer on the internal
surface of the through-hole, [err] a step of filling the through-hole
provided with the roughened |ayer on its internal surface with a filler
conposed of netal particles and a thernosetting resin or a thernoplastic
resin, and and.gur il Ler rr f n

nter] am nar ShEaaPa 8 rBEPROPEpY, | A0 eptl, pofpSattith | BOF DAiffing
by subj ecti parbligh-Egbst sat Qhéoa@Bréhéﬁl:ﬁ.ehéaSmﬁlLﬁilﬂﬁerOprﬂdfiecﬂI eDeihy to

an electroplating. The invention provides, in yet another aspect, a
process of ppeddcing a nmultil ayer prlnted W ring board conprising at |east
the follow ng steps [err] to [err [err] a step of formn nduct or

| ayer and a through® hdilhue oR1TEbt FFAkYER e O%0f thes BRaFSRE gﬁ“’@ ¢PPol 35

| BT ] RSB A Bt hicash 7t

r oughened Iaye Fernal “o&0rtace o [err]

step of fil lthBGub‘ﬁehBﬂémiQh BeherW t& adidd erthaom antorremtmate

particles a thernosetting resin or a thernoplastic resin, and

dryi ng and cunltagtt kethi ther through-hole via the roughened layer and to
avoid the formation of voids. If a void is formed between
the filler and the through-hole, a conductor layer formed
just thereabove by electroplating becomes bumpy or air in
the void expands by heat and causes cracks or delamination,
whereas moisture accumulated in the void causes migration or
cracks. The formation of a roughened layer can avoid such
defects.

When the through-hole-covering conductor layer is
formed on the filler filling the through-hole according to
the second aspect of the invention, wiring can be installed
just above the through-hole and a viahole can be connected
directly thereto, as described below. In addition, when an
opening for viahole is formed just above the through-hole in
the interlaminar inéulating resin layer by a laser beam, the
through-hole-covering conductor layer plays a role of
protecting a resin irigredient in the filler from erosion.

The viahole which is directly connected wvia the
through-hole-covering conductor layer formed just above the
through-hole according to the third aspect of the invention
precludes the formation of a land (internal layer pad) for
wiring around  the through-hole as in conventional
equivalents. In this case, the shape of the land of through-

hole can remain a perfect circle. Accordingly, intervals
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a step of subjecting an exposed portion of the filler on the through-hole
to an electroless plating, or additionally to an electroplating to
form a through-hol e-covering conductor layer, and [err] a step of
formng an interlamnar insulating resin |ayer and then formng a
conductor circuit by electroless plating, or additionally by

el ectropl at B@Qgeen throu f—hbﬁ&@”@o‘l&e@ gi’z{ dgs ’suibgtg'a%gt dadf ther -asnggk. 2

process-of producing a iTayer printed W ring boar conprising at Ieast

the foll ow 89 sd£psol Weddreadel edddd spgbebl and epn&fed &4 MR8 anfdRAUCHEr
| ayer and a through-hole on both surfaces of a substrate by el ectrol ess

pl ating, or thadughrbodésy byIrel etheoplwinds), thésr]ceonstimpttfor censugea
roughened | ayer on_the internal surface of the through-hole, [err]_a step
of filling tRESFNROBgRENAW AT deranahriHes rrghenad InarecvorRs t 400
internal surface with a filler conposed of netal particles and a
thermoset ti B PEstR®Bt a thernoplastic resin, and drying and curing the

filler, [err] a r SUl@fta NgoRBLeYEeseH BALLIEEE Qfinkle de |d ebalk the

t hrough-hole to an electroless plating, or additionally to an

el ect ropl at bngldtop wbrimgalaydr oof)hthel subsveategto coomnetortd ay efront
build-up wiring layer through a multitude of through-holes.
This means that wiring of the conductor circuit to the
periphery of the substrate can be installed in both the
front and back build-up layers. As described above, a
plurality of wiring from plural bumps on the back surface
are integrated and connected to bumps on the front surface
in a multilayer printed wiring board. When through-holes are
formed in high density, wiring can be integrated in front
and back build-up wiring layers in the same condition so
that the numbers of build-up wiring layers can be the same
between the front and back surfaces and, in addition, can be
reduced.

According to the present invention, the pitch between
through-holes may be set to equal to or less than 700 pm in
order' to obtain the aforementioned operations and advantages.
The pitch of equal to or less than 700 um increases the
number of through-holes and ensures connection from the
front to the back build-up layers.

(1) Re: Roughened Layer; '

A roughened layer is formed on the internal surfaces
of the through-holes and/or on the surface of the through-
hole-covering conductor layer which covers the filler

exposed from the through-hole. In particular, the latter
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[err] a step of formng an interlamnar insulating resin layer, and [err]

a step of formng a viahole and a conductor circuit in the interlam nar

insulating resin |ayer |ocated just above the through-hole, and connecting

the viahole to the through- hole-covering conductor |ayer. In
addi tion and advantageously, the invention provides _

8 2oh8fbHe80TBYR! LRBUREs! @ dildddtGdrtedinnQe Livamtidt £4
Wi ring board, which conprises a particulate substance a resin and an

ul trafine i tbegathroyghiesle-diverfiriges daiyplri oith thehDyhAw pgsiability Fi 9.

1 is a cross section, view illustrating an enbodinent of the
mul til ayer PPRAGEHERFLY ngevenr dhaftordedg att chidgh pempenatiineemndonhigh

o ) bl b, B SRRRRY. NSH"SABsr BAERoS! B b ALES
Fig 3 (3)-4R)al $ea 1008 Gl thhUpbEALA0RPHi18E. PP LA AR 01
yer printed wring boar according to the<inventi on.

achieved without reducing electric connection reliability
between the through-hole and viahole. In particular, when a
roughened layer is additionally formed on the side face of
the through-hole covering conductor layer, cracks in the
interlaminar insulating resin layer starting from a boundary
face between the side face of the through-hole-covering
conductor layer and the interlaminar insulating resin layer
can effectively be prevent froin forming, whereas such cracks
are to generate due to a poor adherence therebetween.

The thickness of the roughened layer formed on the
internal surface of through-holes or on the surface of the
conductor layer should preferably fall in the range from 0.1
to 10 um. This is because a thicker roughened layer causes a
short circuit between layers, whereas a thinner roughened
layer decreases adhesion of the roughened layer with respect
to an adherend.

These roughened layers may preferably be obtained by
subjecting the conductor on the internal surface of through-
holes or the surface of the through-hole-covering conductor
layer to an oxidation (graphitization)-reduction treatment
or a treatment with an aqueocus mixture of an organic acid
and a copper(II) complex, or a plating treatment with
needle-formed alloy of a copper-nickel-phosphorus.

In the process using the oxidation (graphitization)-

reduction treatment, NaOH (10 g/l), NaClO, (40 g/l) and Na,PO,
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8-1 Fig. 4 (a)-(d) is a diagramillustrating a part of
production steps of the multilayer printed wiring board according to the
I nventi on. Fig. 5 (a)-(f) is a diagramillustrating a part of

(6 g/1) as an oxidation bath (graphitization bath), and NaOH
g/l) and NaBH, (6 g/l) as a reduction bath are used.
In the treatment with an aqueous mixture of an organic acid-
copper (II) complex, the solution acts as follows in the
coexistence of oxygen such as in spraying or bubbling and
dissolves a metal foil such as copper as a conductor
circuit:
Cu + Cu(IT)A, - 2Cu(I)a,,
2Cu(I)a, , + (n[4) O, + nAH (aeration)

— 2Cu(II)A, + (n/2)H,0
wherein A is a complexing agent (acting as a chelating
agent) and n is a coordination number.

The copper(II) complex used in this treatment is
preferably a copper (II) complex of an azole. The copper (II)
complex of an azole acts as an oxidizing agent for oxidizing
a metallic copper or the like. The preferred azole includes
diazoles, triazoles and tetrazoles. Apong them, imidazole,
2-methylimidazole, 2-ethylimidazole, 2-ethyl-4-
methylimidazole, 2-phenylimidazole and 2-undecylimidazole
are preferred.

The content of the copper (Ii) complex of an azole
should preferably fall in the range from 1 to 15% by weight.
Within this range, satisfactory solubility and stability can
be obtained.

The organic acid is incorporated for dissolving a
copper oxide.

As practical examples, at least one organic acid
selected from formic acid, acetic acid, propionic acid,
butyric acid, wvaleric acid, caproic acid, acrylic acid,

crotonic acid, oxalic acid, malonic acid, succinic acid,
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production steps of the multilayer printed wiring board according to the

I nventi on. Fig. 6 (a)-(e) is a diagramillustrating a part of
production steps of the multilayer printed wiring board according to the
i nventi on. Fig. 7 (a)-(d) is a diagramillustrating a part of

production steps of the multilayer printed wiring board according to the

I nventi on. tarif! c:?% )r%al '&qlc( blcig, 2B %o@.rcgegcf 0S &. "0 Y LW

|IIustrat|n8apart 0 ayer printe cordlng fo

the inventigactiBeakbilihdRal 9k £aidVimd dditrdnias |dBi§1tﬂsoae51rableThe
mul tilayer printed wiring board according to the invention is

characteri zed, as Théicottersiperf ,tHey dmyaming azidr aaghprefierabéy Saldnin
i nt er nal surface conductor of the through-hole filled with a filler.

A second aspBet TmIefpPrntled k9 ﬁ@*bé’éﬁ d"RESRE di nY1thant it eSaRES,
I nvention is t t hr.ough; hol e- caveri nduct | ayer. f far
cover | ng an SRR AT TR | FERoFITEY n6! pe” o istined o epe?
The mul til aygh Bbi pheH+WihEQ0 board according to the invention is
characterized, as a third aspect, by formng a viahole just above the

t hr ough- hol e- coverThsy oudiiciedy kapper (Thi cdompsldzor nixd disksodlvede bire a

t hrough-hol e and by connecting the viahole to the conductor |ayer.
function of an acid and bonded with oxygen to. form a
copper (II) complex and thereby to contribute oxidation of
copper again. |

Halogen ions such as fluorine ions, chlorine ions,
bromine ions or the 1like may be added to the etchant
comprising the organic acid-copper (II) complex for
supplementing dissolution of copper or oxidation of an azole.
The halogen ion can be supplied by adding hydrochloric acid,
sodium chloride or the like to the solution.

The content of the halogen ion may preferably fall in
the range from 0.01 to 20% by weight. Within this range, the
formed roughened layer has a satisfactory adherence with
respect to the interlaminar insulating resin layer.

The etchant comprising an organic acid-copper (IT)
complex may be prepared by dissolving a copper(II) complex
of an azole and an organic acid (if necessary with halogen
ion) in water.

The plating treatment with a needle-formed alloy of
copper—nickel-phosphorus may preferably be conducted using a
plating bath containing 1 to 40 g/1 of copper sulfate, 0.1
to 6.0 g/l of nickel sulfate, 10 to 20 g/l of citric acid,
10 to 100 g/l of a phosphinate, 10 to 40 g/l of boric acid,
and 0.01 to 10 g/l of a surfactant.
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The present invention is characterized, as a fourth

9 feature, by proposing a resin conposition for filling

t hrough-hol e of the aforementioned nultilayer printed wiring board.

In the first feature of the present invention, a roughened |ayer is forned
on the internal surface of the through-hole in order to bring the filler
Into intinmat nt g h the through-hole via the roughened |ayer and to
avoi d the féshaggon ol%%#ﬁs If a void is forned betweeg t he firler and

the through-hole, fhgorduslorsiaver f@)jmegsedUsh t RS califiemtion should
el ectropl ati ng becones bunpy or air in the void expands by heat and causes

cracks or dprafiemablenbe wremsesedooft medadc @antliatleds i m t hkbeynogdethimes
m gration or cracks. The formation of a roughened | ayer can .avoid such
defects. resinywnapdtlfe CHLHBGh-BFRRECOVE | RE CBABRLT FathRdes sandyrfed

Che. i nvent | SRETRPPLAGELA TP That SRE025 U8t EDOVENE e hr SRonoRaEE ohd a
vi ahol e Cann@8e§939§9te@hen the surface of such a filler is polished,
the metal particles contained in the filler are exposed so
that the filler is integrated with a plating film formed
thereon through the interposition of the exposed metal
particles. Thus, delamination or peeling in a boundary face
with respect to the conductor layer is prevented even when
used at high temperature and high humidity conditions such
as in Pressure Cooker Test (PCT). In addition, since the
filler is charged in through-holes each provided with a
metal film on its surface, migration of metal ions can be
avoided. As the metal particles, there may be mentioned
particles of copper, gold, silver, aluminium, nickel,
titanium, chromium, tin/lead, palladium, platinum or others.
The particle size of the metal particles may preferably fall
in the range from 0.1 to 50 um. When the particle size is
less than 0.1 um, surfaces of the metal particles are
oxidized so as to reduce wettability of the filler with
respect to the resin, whereas when it exceeds 50 pm, the
print quality is deteriorated. The metal particles mnmay
preferably be incorporated in a ratio ranging from 30 to 90%
by weight with respect to the total weight. When the ratio
is less than 30% by weight, the adherence of the conductor
layer covering an exposed filler from through-hole 1is
deteriorated, whereas when it exceeds 90% by weight, the

print quality is worsened.
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directly thereto, as described below. In addition, when an opening for
viahole is forned just above the through-hole in the interlam nar
insulating resin layer by a | aser beam the through-hol e-covering
conductor |ayer plays a role of protecting a resin ingredient in the

filler from erosion. The viahole which is directly connected via the
t hr ough- hol e- coveging ¢a0duet Qi d 14 Of BB ddISEoaROVEERE t?&@gﬁﬁfgple
according to the thir aspectq%# ?%%gﬁnvent?%n p?e%?uggé tﬁé ornatﬁbn of

a |and (i ntegdials | PAyvipade frisiny,r igdly AT vordethyllBheudpTha) e andas

in conventional equivalents. In this case, the shape of the |and of

t hrough- hethex aflveredesingerpisnaleinide-thaaing n(BY) resiénsal FEP,

10 bet ween through-holes formed in .a substrate can be reduced so
as to decr &y dBRY spEles Bt | At PuseaTABIHuASSLRS  BHEOUgRERDY eEET | 1y
ot her word | struction ensures intervals of adjacent through-holes
to be as narrow as 700 [err] or |ess. Further, such a construction

ensures |ines of enbagetaluigad-tiRlws’ idah By etredtédewsRShr Fompliexsagnect

to a front

agent or a modifier on their surfaces for improving their
adherence with respect to the resin. For the thermosetting
resin, any of imidazole-series, phenol-series or amine-
series curing agents can be employed, and any of NMP (N-
methylpyrrolidone) , DMDG {(diethylene glyccl dimethyl ether),
glycerin, water, 1-, 2- or 3-cyclohexanol, cyclohexanone,
mefhyl cellosolve, methyl cellosolve acetate, methanol,
ethanol, butanol, propanol, bisphenol A type epoxy and other
solvents may be used.

The filler preferably has, as an optimum composition,
a combination of a mixture of Cu powder and bisphenol F type
solvent-free epoxy (manufactured by Yuka Shell Co., Ltd.,
trade name: E-807) in a weight ratio of 6:4 to 9:1 and a
curing agent, or a combination of Cu powder, PPS and NMP in
a weight ratio of 8:2:3.

As a second filler (B) used in the invention, there
may be mentioned following ones. To be more speéific, such a
filler (B) should be distinguished from the aforementioned
filler (B), and it is @essentially characterized by
comprising a particulate substance, a resin and an ultrafine
inorganic powder.

The afoiementioned resin composition for £illing
through-hole comprises an inorganic ultrafine powder having

an average particle size preferably ranging from 1 to 1,000
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build-up wiring | ayer through a nmultitude of through-holes. This neans
that wiring of the conductor circuit to the periphery of the substrate can
be installed in both the front and back build-up |ayers. As descri bed
above, a plurality of wiring fromplural bunps on the back surface are
I ntegrated and connected to bunps on the front surface in a multilayer
printed W rdmg ¢ d. u | gs e or | g ns{{V,s

W ring canﬂt£ |Eltg'aé:§r %%ﬂ%r:l%i% %Jggdgba&i bll?TOI dﬁgg w%r{angalllggerisél r'llst he
sane condi tddrged idathd henroudiensold, RlindgbiiooN rfoitheldnyd 2 Euhdisdme
same between the front and-back surfaces and, in addition, can be
reduced. of an Atmtexihokpawlathefqrass ol ﬂrﬁvsﬂtﬁ@fiﬁqﬁéqﬂmi@emr

t hrough-hol es may _be set to equal to or |ess than 700 [err er
obtain the %"facﬁserr*é‘ﬁ?l 8ﬁ§&18]&é1‘=‘§?| éﬁ?%ﬁ&%dxﬁﬁwt%ﬁe%" ﬁéfe%}’tt d?°§-fa

g(r)nlngztsi E)E %iﬁﬁ:’f o thegbgafq% ?%Fup %’g%/g%&ggehok%sﬁe%ﬁoug (ra(ra]Zd

Layer; Apaﬁaﬂ@@meel QMﬁgtéﬁcéObEBdw diigaddd eined sHef agamugdl- the
t hr ough- hoI es and/or on the surface of the through- hol e-covering
conduct or |tepley~ashveatingp argludierf ilayer aboyvesdthef fddlelre ashrou@ndigire. | n

particular, the latter ) _ ]
and in addition, crevices for anchoring can be formed by

dissclving and removing the particulate substance to
contribute to integration of the filler and the through-
hole-covering conductor layer effectively. In particular,
when the particulate substance is a metal particle, the
metal particle is protruded from the surface of the filler
so that the protruded metal particle and the through-hole-
covering conductor layer covering the same are integrated to
enhance the adherence therebetween.

Accordingly, delamination between the filler and the
through-hole conductor layer can be prevented, and hence
delamination between the filler and the conductor Ilayer
covering the filler can be prevénted even at Thigh
temperature and high humidity conditions.

As the particulate substance, at least one member
selected from metal particles, inorganic particles and resin
particles is preferred. As the metal particles, those used
in the filler (A) may be employed. The inorganic particles
include particles of silica, alumina, mullite, silicon
carbide and the 1like. To the surfaces of the organic
particles, a surface-modifier such as a silane coupling
agent can be added. As the resin particles, at least one

member selected from epoxy resins, benzoguanamine resins and
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roughened | ayer ensures a direct connection of a viahole to the

t hrough- hol e-covering layer wwth a high reliability. Consequently, even
when used at high tenperature and high humidity conditions, high density
wiring and through-holes in a build-up multilayer printed wiring board can
easily be achieved without reducing electric connection reliability

bet wveen t headiHOUSHs1¥0d €1 3NdavhakabBouklyPambioybadl, Wigle? rlsAaNenRL

| ayer is additionally formed on thé side face o t he through-hol e covering
conduct or |syEisfartaoks iadhidrendcent etithn paspessul 8bi Nthe esdond@artive
starting froma boundary face between the side face of the

t hr ough- hol %%y f e &Add&-or | ayer and the interlam nar insulating

resin layer can fectively b revent fromformn ereas such cracks
are to generate dg €t @%F?ﬁ%#%@ge?%%éa?ﬂ%r é’l’f&fﬁ@'ﬁly as anTRySYE%kness
of the rougﬂgggg%l Y, o] : ihter pal surface hrQugh-hql es or
on the surface ol{lh%{z%o%%ﬁg%gg a?énr d;hf(;ufgél Sr%ef%n?'abl§&?%l %Ri %‘vﬁ'ﬁ%‘% ange
from0.1 tpadfidieyr]sidd S éshdinesslScadhéPender woHghepagpbayer teautde a
short circuit between | ayers, whereas a thinner roughened |ayer decreases

adhesi on ofthinughnhfiercedveniog weonbuctepetayerocavernitherigml.£iller. These

r oughened Iﬁ_}/ers maey tpreferably be aqbtai ned by
e content of the particle substance may preferably fall in

the range from 30 to 90% by weight based upon the total
solid contents of the resin composition. Within this range,
satisfactory adherence and print quality can be obtained
simultaneously. |

The constitutive resin (which should be distinguished
from the aforementioned resin particle) of the =zresin
composition for filling through-hole includes thermosetting
resins and thermoplastic resins.

Preferred example of the thermosetting resin includes
at least one member selected from epoxy resins, polyimide
resins and phenolic resins.

As the thermoplastic resin, use may preferably made of
at least one member selected from polytetréfluoroethylene
(PTFE) , tetrafluorocethylene-hexafluoropropylene copolymers
(FEP) , tetrafluoroethylene-perfluorocalcoxy copolymers (PFA)
and other fluororesins, polyethylene tereph{:halates (PET) ,
polysulfones (PSF) , polyphenylene sulfides (PPS) ,
thermoplastic polyphenylene ethers (PPE), polyether sulfones
(PES) , polyether imides (PEI), polyphenylene sulfones (PPES),
polyethylene naphthalates (PEN), polyether ether ketones
(PEEK) , and polyolefin resins.

In particular, at least one member selected from
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subj ecting the conductor on the internal surface of through- holes or the
surface of the through-hol e-covering conductor |ayer to an oxidation
(graphitization)-reduction treatment or a treatnment with an aqueous

m xture of an organic acid and a copper(ll) conplex, or a plating
treatment with needle-forned alloy of a copper-nickel -phosphorus.

In the pro | i ()'FQQS;O PRt | : UGk t4 nt,
NaOH (10 gfﬁ??ép%%[tgﬁ}%e E%O /I?ea%égNa Eirr Ig}cc]%lem}czr]tﬁg PRy eaAP
12 cd® S4¥AnBSgEGuSY U5d i Osedadd {18 apdsin 7B ofi hnddy thesulsiNa OH
g/1) and NaBH err] (6 g/l) as a reduction bath are used. 1In the treatnent
wi th an aqueols. m Thereistosihtyr ginkcbasplencioffype EPOKYCGQFiEX Carhde
solution acts as follows in the coexistence of oxé%en sggh as in_s rgying

or bubbl i ngteFalatrdsBYy &81gcherdl IFER ASE¥ReasSEIffer Fad¥R S or
LI iRy SO el Bisle "G B % S Skt
(n/2) H20 Whgbeblad t9pd EHHRY eXbsilh AULNta (BLyh NGtPSntIchededd IenRgeddy and
n is a coordination numnber. The copper(l1l) conplex used in this
treat ment isesistance and chemical resistance and is not disintegrated
even in a strongly basic solution such as a plating solution
and not degraded by heat.

As the bisphenol type epoxy resin, use is preferably
made of at least one member selected from bisphenol A type
epoxy resins and bisphenol F type epoxy resins. Among them,
bisphenol F type epoxy resins can advantageously be employed
as they can be used at a low viscosity without any solvent.
At least one member selected from phenol noveolac type epoxy
resins and cresol novolac type epoxy resins may preferably
be employed as the novolac type epoxy resin.

When a combination of a novolac type epoxy resin and a
bisphenol type epoxy resin is used, the composition ratio
thereof should preferably fall in the range from 1/1 to
1/100 by weighﬁ. Within this range, excessive increase of
the viscosity can be prevented.

The preferred curing agent used in the resin’
composition includes imidazole-series curing agents, acid
anhydride-series curing agents and amine-series curing
agents, since these curing agents exhibit a2 small shrinkage
in curing. By preventing such shrinkage in curing,
integration between the filler and the conductor layer

covering the same can be enhanced and the adherence can be

improved.
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preferably a copper(11) conplex of an azole. The copper(ll) conplex of an
azol e acts as an oxidizing agent for oxidizing a netallic copper or the
I'i ke. The preferred azole includes diazoles, triazoles and tetrazoles.

Anong them imdazole, 2-nethylimdazole 2-ethyli m dazol e,
2-ethyl-4- nmethylimdazole, 2-phenylimdazole and 2- undecylinidazole are
preferred. THOCr £OH S miY s £ H¥rf i 13k 1608 &% +8f 228084808 as

shoul d preferably fall in the range fromZI to 15% by weight. Wthin this
range, sati skaessayysol ai |iHey soliverifpi théyecany e abdmtiiebd NMP (NThe
organic acid is incorporated for dissolving a copper oxide.

practi cal e%&#bvéﬁyrapl#éage)on@MBGgdﬂnethylanesqﬂﬁgpédd#mshh?brﬁtbeatud

acetic acid, i,oni ¢ aci d, buty ic acid, i c. acjd, ic acid,
oBF? welohXRaRt o CYCHERe

acrylic acu?l SPoni RERT d, - |ccﬁb|ﬂ PRRBOREY d,
13 i“ E:eigb (}E' e' ﬁe%ﬁ %2&&8 81@8' d,acglt¥€8' ' Cmé%hgnol
| actic aC|d I c acl sulfan1c aC|

ethanol, butanocl, propanol and the l:Lke.

Preferable ultrafine inorganic particle (which should be
distinguished from the aforementioned inorganic particle)
constituting the resin composition for filling through-hole
includes silica, alumina, silicon carbide and mullite, among
which silica is most desirable.

The wultrafine inorganic particle should have an
average particle size ranging from 1 to 1,000 nm and more
preferably from 2 to 100 nm. Within this range, the particle
size is fine and thus repletion of through-holes is not
deteriorated, and meshwork bonds, which are estimated as
hydrogen bonds, can be formed so as to trap the particulate
substance.

The content of the ultrafine inorganic particle should
preferably fall in the range from 0.1 to 5% by weight
relative to the total solid contents in the resin
composition. This is because precipitation of the metal
particle can be prevented without deteriorating repletioh
within this range.

The filler being composed of the resin composition as
mentioned above should be a nonconducting filler having a
specific resistance of equal to or more than 10° Q-cm and
more preferably equal to or more than 10° Q-cm. When the
filler is electroconductive, cuttings of the filler is

formed in polishing of the resin composition after curing,
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The content of the organic acid may preferably fall in the range from 0.1
to 30% by weight. Wthin this range, solubility and dissolution stability
of an oxidi zed copper can be maintai ned. The produced copper(1)
conplex is dissolved by a ‘function of an acid and bonded with oxygen to
forma copper(ll) conplex and thereby to contribute oxidation of copper
agai n. ?é(f’q;é o el I2@N ne

i ons or thearfcl1 @eﬁg%&gj e t(?qfk%eg% dﬁd%%ﬁ%?ng@%t ﬁa% Sboor%;ﬁac

aci d- copperd Idnort @AHe. for suppl enenting di ssolution of copper or

oxi dation of an azole. The hal ogen ion can be supplied by adding

hydrochl ori ¢ aci dIn sddibienhl boi tmpart tébetikic tepnductistidt e such 2 The

content of the hal ogen igon nmay preferablétall in_the range fro 0.%1to
20% by wei gFRSITW t asitdopang&her heomp ?ﬁ%ﬂ@ouﬂ?‘@% I%(%/erc a a3

sati sfactor rence.w respe [ eq‘ﬂ? r J4ns | esin
| ayer. Q’hﬁ%ﬁﬁ etc Jgnt gg%l?rprigsi %%r%%c% ganl acl -r%gpﬁeép(ﬁ’@ééc%#ﬁ’ex
may be prepsdBhinetdicrSolndiiteeh CopRer (FL1168MPhAd  @hean WA WHAMbIAF
organic acid (if necessary with halogen ion) in water. The plating

treat ment vedvenimeegineidfotoredagkrogovéringppke - fii tket -gdmepshor us may

preferably be conducted using a )
(3) Re: Interlaminar insulating resin layer;

The interlaminar insulating resin layer according to
the invention can be composed of an lower layer comprising a
resin having excellent insulation properties and an upper
layer comprising a resin having a satisfactory adherence,
using any of thermosetting resins, thermoplastic resins or
complexes of a thermosetting resin and a thermoplastic resin.

As the thermosetting resin, epoxy resins, polyimide
resins, phenolic resins, thermosettable polyphenylene ethers
(PPE) may be employed.

Examples of the thermoplastic ~ resin include
polytetrafluoroethylene (PTFE) and other fluororesins,
polyethylene  terephthalates (PET) , polysulfones (PSF) ,
polyphenylene sulfides (PPS), thermoplastic polyphenylene
ethers (PPE), polyether sulfones (PES), polyether imides
(PEI) , poljphenylene sulfones (PPES), tetrafluoroethylene-
hexafluoropropylene copolymers (FEP), tetrafluorocethylene-
perfluoroalkoxy copolymers (PFA), polyethylene naphthalates
(PEN) , polyether ether ketones (PEEK) and polyolefin resins.
The complex of a thermosetting resin and a thermoplastic
resin includes an epoxy resin-PES, an epoxy resin-PSF, an
epoxy resin-PPS, an epoxXy resin-PPES and the like.

In the presént invention, a glass cloth-impregnated
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pl ating bath containing 1 to 40 g/l of copper sulfate, 0.1 to 6.0 g/l of
ni ckel sulfate, 10 to 20 g/l of citric acid, 10 to 100 g/l of a
phosphinate, 10 to 40 g/l of boric acid, and 0.01 to 10 g/l of a
surfactant. 14 (2) Re: Filler;

The first filler (A) used in the invention should preferably be conposed

of metal papbkeheSompildier RICHd NdsebCHd 204 & JUAy '%@tin&éﬁ%’%ﬁg‘%t al

particles and a thernoplastic resin, whereas a solvent can be a

necessary. ¥YésinthkaperfaceTné syldes fdildtei-imprieghnathed, rebhf "Bimblex
particles contained in the filler are exposed so that the filler is

i ntegrated Wrehudep| & i g§ass| miarhrediprdgecmd t fpoxygh thegilassr pmgb:btr:j-on of
face with 1EEpeEEebes  BESTRIARAGA- FRARLTS, (7 CTOMPaSboER- HRFGRARRR o!
Teat (PCT). PoVEF acth el M St * ok Ol | SPRugriits
each provi difipiédiated PdR idideN=00 ithe J4fkkace, nigration of netal ions
can be avoided. As the netal particles, there may be mentioned

An adhesive for electroless plating can also be used
as the interlaminar insulating resin layer in the present
invention.

As the adhesive for electroless plating, an adhesive
formed by dispersing cured heat-resistant particles soluble
in an acid or an oxidizing agent into an uncured heat-
resistant resin hardly soluble in an acid or an oxidizing
agent through curing treatment is most desirable. The heat-
resistant resin particles are dissolved and removed by a
treatment with an acid or an oxidizing agent so as to form a
roughened layer composed of reverse-Q)-formed anchors on its
surface.

As the cured heat-resistant resin particles in the
adhesive for electroless plating, particularly preferred is
at least one member selected from @ heat-resistant resin
particles having an average particle size of equal to or
less than 10 pm, @ agglomerate particles obtained by
aggregating heat-resistant resin powder having an average
particle size of equal to or less than 2 pm, @ a mixture of
heat-resistant resin powder having an average particle size
ranging from 2 to 10 pm and heat-resistant resin powder
having an average particle size of equal to or less than 2
pm, ® quasi-particles obtained by adhering at least one of

heat-resistant resin powder or inorganic powder each having
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particles of copper, gold, silver, alum nium nickel, titanium chrom um
tin/lead, palladium platinumor others. The particle size of the netal
particles may preferably fall in the range fromO0.1 to 50 [err] Wen the
particle size is less than 0.1 [err] surfaces of the netal particles are
oxidized so as to reduce wettability of the filler with respect to the

resin wher ggs o Lt gxaseds S Lered Lhg., Pt SUALLLY .09 gl opst e

The netal parti Yy prefera corporated Th a ra i NQ

from30 to 9Q¥abysWeifghhedtifesospact tastihe doidr WVBhgihg WienatEgagati o
Is less than 30% by wei ght, the adherence of the conductor |ayer covering

an exposed particlérsizéhrangindofeomns2 det 20i amat &, a whitxease waEnhest-

exceeds 90% by weight, the print quality is worsened. . .
15 resistaph o fRein ofPAREY eiaVing | @dfe BYEXFIPesPAEEIph@NOPIES

{1 tor of coi nE=PBLSRaPERM: Belk ried . PETAR LIt Ha5o Cohta LR PRIESPES,

nylon, ar ani'lgvf.ﬁéi 2% f@%géa%tfge Qﬂgeom%s'than 0.8 uym and less
than 2 pm, and ® heat-resistant resin powder having an
average particle size ranging from 0.1 to 1.0 um. The use of
any of these particles provides more complicated anchors.

As the heat-resistant resin used in the adhesive for
electroless plating, the aforementioned thermosetting resins,
thermoplastic resins and complexes of a thermosetting resin
and a thermoplastic resin may be employed.

In the @present invention, the conductor circuit
(inclusive of the through-hole~covering conductor layer)
formed on the substrate and the conductor circuit formed on
the interlaminar insulating resin layer can be connected to
each other through a wviahole. The viahole may be filled with
a plated film or a filler.

(4) Re: Production process of multilayer printed wiring
board;

A process of producing the multilayer printed wiring
board through a semi-additive process will be described
below, whereas a full-additive process, a multilamination
process and a pin lamination process can also be employed in
.the production process of the multilayer printed wiring
board according to the invention.

{A) Formation of through-hole
®. Initially, a substrate is drilled to form holes, and the

surfaces of the holes and a copper foil are subjected to an
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The netal particles can be treated with a conplexing agent or a nodifier
on their surfaces for inproving their adherence with respect to the resin.
For the thernosetting resin, any of im dazol e-series, phenol-series or

am ne- series curing agents can be enployed, and any of NWP (N _
nethylpyrrolidone) DVDG (di et hyl ene gl ycol dinethyl ether), glycerin,

wat er, %leQEr318¥§'ﬁE§§$H8'egc¥&kﬁh@%§§§§$5haﬂ?thy' cell osol ve, nethyl

ceIIosoIve acetate ano propanol bi sphenol A type

epoxy and owher zmo! el S stB¥tREtESedglass-epo sfwdét%ﬂ%ef e{;@@&!ﬂé& as
an optimum conposition, a conbi nation of a mxture of Cu powder and

bi sphenol Fsupgératebvent - bueaaépmmydéﬁanméaimured bgsihka Skabktfates|td.,

trade nane: E-807) in a wei ratio of 6:4 to 9:1 and a curing agent, or
a conblnat|5&“8F°€85ﬁ8md%¢§%PF$e§n&“NNP°tHeraRﬂﬁ%ynsﬁhﬂﬁﬁﬁﬁﬁsB gopper-

As a second I e t he inventign ere be on

f ol I owi ng oﬁgéh Eméggﬁggeggp ???Cre%ﬁﬁﬁ§é¥sﬁﬁ4ﬁ%§” FﬁF%EHSUFHgﬁgrages'

di stingui shadehi ogbBerates eaﬁat enBed kbl Lbar be( Bhed.2Nn bbnsideration
essentially characterized by conprising a particulate substance, a resin
and an ul trefi the peamjanivippywden. particuldbe af boenesidededoppsticlad
conposition for filling through-hole conprises an inorganic ultrafine
powder haV|ﬁ6u°ﬁﬁra%éﬁag%uéﬁﬁta%¢e % z adyattagasusliyangmpg ovedm 1 tBhis 000

substrate is obtained by thermo-compression bonding of a
copper foil having a one-sided roughened 1layer to a
fluororesin substrate such as polytetrafluoroethylene.

b. A multilayer core substrate can also be used as the
substrate. The multilayer core substrate can be obtained by
laminating a conductor layer and a prepreg in alternating
order. By way of illustration, the core substrate is
obtained by laminating a prepreg and a copper fcil or a
circuit board in alternating order, and heating and pressing
the laminate to integrate, whereas the prepreg is prepared
by impregnating a cloth or nonwoven fabric composed of glass
fibers or aramid fibers with an epoxy resin, a polyimide
resin, a bismaleimide-triazine resin, a fluororesin (such as
polytetrafluorcethylene) or the like to form B-stage resin.
As the circuit substrate, a substrate provided with a copper
pattern obtained by forming an etching resist on both
surfaces of a both-sided copper-clad laminate and subjecting
it to etching can be employed.

c. As the electroless plating, a copper plating is preferred.
When the substrate is poor in wettability of plating such as
a fluororesin substrate, its surface should be modified by,

for example, a treatment with a pretreatment agent composed
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16 nm (nore preferably from2 to 100 nm, and when it is charged
in the through-hole, a nmeshwork f orned as a function of an internolecul ar
force of the ultrafine inorganic powder traps the particul ate substance so
as to prevent isolation and precipitation of the particul ate substance. As
aresult, the particulate substance can be engaged into the through-

hol e- covering g@g%g&%g&gh@é%%liggv%oaggmf i(hgggfgétgge&ng Olunkd8fai Ro .

addi tion, cravi oring can be forne rssofving and renovi ng

the particubake subghanssmbé? meitddtu)e b2 plheaaatireataénthe filler and
the through- hol e-covering conductor |ayer effectively. In particular,

when the pa@| cWette, sarbsébaceroplative als pactduttedtier phabinganpicld is
protruded fromthe surface of the filler so that the protruded netal
particl e angoppert Blatingnhds cdesitrale RS cBRIRIRFEIRIGEIEGeri ng t he same

o ot SN SR | PEpRERELET Sl S MBIy pR$EFELEARGLY

ngg:eventegia%gﬂgbegﬁeaqqggﬁgiBQEE?HngBﬂﬁﬁﬂoﬁh@oﬁf&iﬁin@“ﬂ.2h£ tendyst or
4.1 x 102 mol/l of copper ioms, 2.2 x 10 to 4.1 x 107 mol/l
of nickel ions and 0.20 to 0.25 mol/l of phosphinic acid
ions is preferably employed. Within this composition, the
crystal structure of a deposited film is in needle-form so
as to exhibit a satisfactory anchoring effect.

A complexing agent and/or a additive can be added to
the electroless plating aqueocus solution in addition to the
above compounds. Further, a surfactant may also be added to
the solution in a concentration ranging from 0.01 to 10 g/1.
Preferred surfactant includes, for example, acetylene-
containing polyoxyethylene surfactants such as Surfinol 440,
465 and 485 manufactured by Nisshin Kagaku Kogyo Co., Ltd.

In other words, when the roughened layer is formed by
electroless plating, an aqueous plating solution containing
1 to 40 g/l of copper sulfate, 0.1 to 6.0 g/l of nickel
sulfate, 10 to 20 g/l of citric acid, 10 to 100 g/l of a
phosphinate, 10 to 40 g/l of boric acid, and 0.01 to 10 g/l
of a surfactant is advantageously used.
®. Further, a roughened layer is formed by roughing the
internal surfaces of through-holes and the surface of the
electrolytic plated film. The roughened layers may be
obtained by a graphitization (oxidation)-reduction treatment,
by spray-treatment with an agqueous mixture of an organic

acid and a copper(II) complex, or by plating with a needle-
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covering the filler can be prevented even at high tenperature and
hi gh hum dity conditions. As the particul ate substance, at |east one

menber selected fromnetal particles, inorganic particles and resin
particles is preferred. As the netal particles, those used in the filler
(A) may be enpl oyed. The I norganic particles include particles of

silica, al#giiy aidy cog?eh:'—fﬁ@:keﬁ ﬁﬁbgﬁhof‘ﬁg the 1|ike. To the

surfaces of the organlc a surface-nodifier such as a

silane coupling Whgﬁnthéa&obghaﬂéadla&érbh%réeib&maafE&CEQSoﬁﬂdééﬁﬁi—One
menber sel ected from epoxy resins, benzoguanam ne resins and
17 Tedudiy-are strra trenty aat a geddalti cemidatte deodtreiei nge SNaOH h a2

tisfact dh th respect to the constitutive resin of the
filler /1y, %?ecri&ar L0 £ EBR e Hetin (4 5o Do BgiAb AR as Taiviste g BALD

nnances adie) caea i BT 2 1 947 naRe, NeBRynt 81 7L, BPR RenmreELs

| ayer coverdmgfldyie.fi I ler. The content of the particle substance may
preferably fall in the range from30 to 90% by wei ght based upon the total
When the roughened layers are formed through etching

with an aqueous solution of an organic acid and a copper (II)
complex, the surface of copper is roughened as a function of
oxidizing properties of divalent copper in the solution. A
typical example of the solution includes CZ8100 solution
manufactured by MEC Co., Ltd.

The roughened layer may be covered with a layer of a
metal or noble metal having an ionization tendency of more
than copper but less than titanium. Such a metal or noble
metal layer covering the roughened layer can prevent the
dissolution of the conductor circuit due to a local
electrode reaction created in the roughening of the
interlaminar insulating resin layer. The thickness of this
layer is preferably from 0.01 to 2 um.

As the metal, preferred is at least one metal selected
from titanium, aluminium, zinc, iron, indium, thallium,
cobalt, nickel, tin, lead and bismuth. The nocble metal
includes, for instance, gold, silver, platinum and palladium.
Among them, tin is desirable, because it can form a thin
layer through electroless substitution plating and can
advantageously be followed to the roughened layer. When tin
is employed, a solution of tin borofluoride-thiourea or tin
chloride-thiourea is used. In this case, Sn layer having a

thickness ranging from 0.01 toc 2 um is formed through Cu-Sn
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solid contents of the resin conposition. Wthin this range, satisfactory

adherence and print quality can be obtained sinultaneously. The
constitutive resin (which should be distinguished fromthe aforenentioned
resin particle) of the resin conposition for filling through-hol e includes
thernosetting resins and thernoplastic resins. Preferred exanpl e of
the.ther”‘)sg%kgﬂtﬁ%ﬁbﬂ ' B g‘é?ﬁn.at. | fASh 0Q€ GREAG’ SRIRLL edid r ogLeROXY
resins, polyrmde resins and phenolic resins. As the thernoplastic

resin, use gputResifgabh¥thBde Ofapdtit£esén Onfethserosel ité edlikxemis
pol ytetrafl uoroet hylene (PTFE), tetrafl uoroethyl ene-hexafl uoropropyl ene

copol yners efipEBYedt et r af | uor oet hyl ene- perfl uor oal coxy copol yners (PFA)
and ot her fluororesins, polyethylene terephthalates (PET), polysulfones
(PSF),  pol(gphEayléng o £itiedes (PPS), thernoplastic pol yphenyl ene

ety o “ARFe SRR RIS, s, BRI et e e

ether ketongs £;GREEK) . NGbdohyPsebbBciesbNSthe £illekN iRArsh&rded , ifto

| east one nenber selected from 18
the through-holes by applying it, through printing process,
onto the substrate on which a mask having openings according
to the through-hole portions is placed, and then dried and
cured.

According to the invention, a conductive paste can be
employed instead of the filler. The conductive paste is
composed of metal powder and a resin, whereas a solvent can
be added thereto as necessary. As the metal powder, powder
of Cu, Au, Ag, Al, Ni, Pd, Pt, Ti, Cr, Sn/Pb or the like may
be used. The metal powder should preferably have a particle
size ranging from 0.1 to 30 um. The resin includes, for
instance, epoxy resins, phenolic resins, polyimide resins,
polytetrafluoroethylene (PTFE) and other fluororesins,
bismaleimide-triazine (BT) resins, FEP, PFA, PPS, PEN, PES,
nylon, aramid resins, PEEK, PEKK and PET. As the solvent,
any of NMP (N-methylpyrrolidone), DMDG (diethylene glycol
dimethyl ether), glycerin, water, 1-, 2- or 3-cyclohexanol,
cyclohexanone, methyl cellosolve, methyl cellosolve acetate,
methanol, ethanol, butanol, propanol, bisphenol A type epoxy
and other solvents can be used.

In order to improve adherence between the metal powder
and the resin, a modifier £or metal surface such as a silane
coupling agent may be added to the filler. In addition,

other additives such as defoaming agents inclusive of
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bi sphenol, type epoxy resins and novol ac type epoxy resins can

advant ageously be used as the resin for filling through- hole. The
viscosity of a bisphenol type epoxy resin can be regulated by sel ecting
fromA-type resins, F-type resins or others suitably without the use of a
di | uent sol vent. A novol ac type epoxy resin has a high strength,

excellent h Si r=Tale Lcal Si angakSaRfhodi Sl rated
even in a s??o éf? bgé?ggéﬁﬁgtig S@E%h %éga %%g?§§% S%?E?IOH gangbﬁ%gg’
degraded bysheata, alumind tREDiERhesthetypacLEAX I EilllerdStdrS also
preferably made of at |east one nenber selected from bi sphenol A type
epoxy resi nbeapddedsphdigolthe t sypefapex yof eshas meAmdnpartdmle bias phehate F
type epoxy resins can advant ageously be enployed as they can be used at a
| ow vi scosi FURIHRS AT Waﬁ]ta.tt%hqdeast one menber sel ected from

phenol novol ac ty e resins_and cresol. no @i C_lype epoxy.resips my
preferably be errppll%oey%?f')&?sert He r%rvlorfq'a%é:ﬁ/!be e%oé ?%"é %CP cog&yl%'eng%r .
conbi nat i oneRims1 80Vl 8RatyPes EPPRintesign agd @onauéwfnqlsmrsreae Ynf €SI N

I s used, the conposition ratio her eof "shoul d preferably fall inthe range
from1l/1 t omadkify biatei gfit Tetiibhi meshi plategandex espiarme | spuesgs odf t he
vi scosity can be prevented.
45° in the condition of Cu paste viscosity: 120 Pa's,
squeegee rate: 13 mm/min, squeegee amount: 1 mm.
@. The filler protruded from the through-hole and the
surface of the electrolytic plated film on the substrate are
removed by polishing to smooth the surface of the substrate.
The polishing may preferably be carried out through belt
sander abrasion or buffing. A part of the metal particles
are exposed to the surface by the polishing and hence
adherence between the metal particles and the through-hole-
covering conductor layer is enhanced.
(3) Formation of conductor layer
®. cCatalyst nuclei are applied to the smoothed surface of
the substrate in the step (2), and then the surface is
subjected to an electroless piating and an electroplating to
form an electroless plated film having a thickness ranging
from 0.1 to 5 pm. Where necessary, the surface is further
subjected to an electroplating to form an electrolytic
plated film having a thickness ranging from 5 to 25 um.

Next, a photosensitive dry film is laminated onto the
surface of the plated film, a photomask film (preferably
made of glass) imaged with a pattern is placed thereon,
exposed to light and then developed with a developer to form

an etching resist. A portion where resist is not formed is
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The preferred curing agent used in the resin conposition includes

I m dazol e-series curing agents, acid anhydride-series curing agents and
am ne-series curing agents, since these curing agents exhibit a small
shrinkage in curing. By preventing such shrinkage in curing,

I ntegration between the filler and the conductor |ayer covering the sane

can be enhapggd %‘?ﬂ:ﬁé&ﬁ:&ﬁh%ﬁen%%cﬁiﬁgbetoi ng PﬁfeidT copductor circuit

19 resin conposition may be diluted wth a solvent as

necessary. phartitm sahdeat thirbegh-HeYebeot@pih@nednllBtodt layer portion

met hyl pyrrol i done), DMDG (diethylene glycol dinethyl ether), glycerin,

water, 1-, which chvers dfexfadllercyci ohexanone, nethyl cell osol ve,

met hyl ceIIosoIvSﬁ etate,_ nethanol, ethapol, butanol, propanol and the
| t

like. Preferable i?ﬁ?ﬁ?ﬁﬁ_ n?E°$§?FiCFEeFﬁhP@W'§Wbupﬂn5é°Ped an
S OBfbod, SR TEE | G0 RL0TOROLE MALIULE) oS Lt 0 1
silicon cardgioudnd gBldtileh aWN0a WBeeBxSkhifardS 58Sk d8S ' APnium
The ultrafine inorganic particle should have an
peroxodisulfate, sodium  percxodisulfate and potassium
peroxodisulfate, or an agueous solution of iron(II) chloride
or copper(IIl) chloride.
@. The etching resist is then peeled off to form an
independent conductor «circuit and through-hole-covering
conductor layer, and then a roughened layer is formed onto
the surfaces of the conductor circuit and the through-hole-
covering conductor layer.

When the roughened layer is formed on the surfaces of
the conductor circuit and the through-hole-covering
conductor 1layer, the conductors are excellent in adherence
with respect to the interlaminar insulating resin layer so
that cracks starting from a boundary face between the side
face of the conductor circuit and through-hole-covering
conductor layer which covers the filler and the insulating
resin layer can be prevented. On the other hand, the
through-hole—covérin«'g conductor 1layer covering the filler
can effectively contribute to improvement of adherence with
respect to viaholes which are electrically connected thereto.
The roughened layers may be formed according to any of the
processes mentioned above, such as a graphitization
(oxidation)-reduction treatment, a plating with a needle-
formed alloy or an etching process.

After roughening, a resin is applied and charged
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average particle size ranging from1 to 1,000 nmand nore preferably from

2 to 100 nm Wthin this range, the particle size is fine and thus .
repletion of through-holes is not deteriorated, and neshwork bonds, which

are estimated as hydrogen bonds, can be formed so as to trap the
particul ate substance. The content of the ultrafine inorganic

particle sh r I Qs a f : t Q5% by wej ght
relative t og'% klll:getegt g}l‘h%g g?(%rydd%%%‘%%n?:s“r%ﬁf%%egggm%ﬁ%ogn%%g?t rlgn.?r%lsfﬁ sjt?s
because pretefuta! | @fewénidies "REA +RAr thel CcidubEoP! AR d £¥rhRQUL on
deteriorating repletion wthin this range. The fi'ller being
conposed of sufaresiof ddwposubstarates. nEme i sneflaabowvE el redin ashould

nonconduct i n? filler having_a  specific resistance of equal to or nore than

10[err] [erP -eéﬁFﬁle_%rB°H%??‘?aﬁF9 %’ﬂgﬁth?‘é 89 F\?T’Ién Sﬁg?‘i??\???fli; .
TP VMEBOROE. e bAoA i 0 ) 2858 LU S
20 adBdspheNoBdACEPpOCEYERP +O8iKOMIHELRENE] MF UbYps OefiSiy OraiS ®
or other bisphenol type epoxy resin, an imidazole curing
agent and inorganic particles is desirable. Such a bisphenol
type epoxy resin has a low viscosity and a satisfactory
applicability. Among them, a bisphenocl F type epoxy resin
can be applied without solvent, and hence is advantagecus as
to prevent the formation of cracks or delamination caused by
volatilization of a solvent in heating and curing.
It is preferable that a roughed layer is formed on
surface of each of the conductors after polishing.
As the forming process of the conductor layer, the
following steps can be employed.
To be more specific, a plating resist is formed onto
the substrate after completion of the steps ® and @, and a
non-resist-formed portion is subjected to an electroplating
s0 as to form a conductor circuit and a through-hole-
coveriné conductor layer portion. A solder plated film is
then formed on these - conductors using a solder
electroplating solution composed of tin borofluoride, lead
borofluoride, hydroborofluoric acid and peptone. The plating
resist is then removed, and the electroless plating film and
copper foil located beneath the plating resist are removed
by etching, and then the solder plating film is dissolved
and removed with an aqueous solution of borofluoric acid to

form a conductor layer.
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a short circuit. In addition, to inpart electric conductivity to
such a resin conposition, the conposition should be cured and shrunk.

[f such a shrinkage by <curing is excessive, delamnation between
the filler and the through-hole- covering conductor |ayer covering the
filler occurs. (3) Re: Interlamnar insulating resin |ayer; The

i nterlam nagsj NSYaldtiG e8EN G AGRRA DshiPatihe ifean! | 0ByEaN Ll
conposed of an lower |ayer conprising a resin having excellent insulation

properti es engdadt-epeircdiyer conprising a resin having a satisfactory
adherence, using any of thernosetting resins, thernoplastic resins or
conpl exes of.a Bmerimieslamigaredinsuingingt Fesipplayerc isefiormed on the the

t hernosetting resin, epoxy resins, polyimd resi ns enolic resins,

t her noset t aB %d‘b%F%hJe%ﬁ%r%‘ i S%ng %stgrﬁﬁﬁtgged. Exanpl es
of t he t her mopl I C . LD s nal.NG f TFE).
and other fluor 2‘}522%"#3 ,:.nt%%ﬁ?.él% ﬁ??e%éggffgfggﬁl;ﬁ%%?eié%l?g%#ﬁm a.r(f )

pol ysul fonegs (ReEhosekehighaadions Sthdias (SN , rébengoplrastomplexes
pol yphenyl ene ethers (PPE), polyether sulfones (PES), polyether imdes

(PEl), pol ypfiery| thersosébimasy (BPRESR, arwlr af | themorbasdie resin. The
hexaf | uor opr opyl ene copol yners (FEP), tetrafl uoroet hxlagne- ggrfl uor%é koxy

Copol ynor 5 REFISmenE Gt AGhes HEhHE| Slectrotess plating oBR' arsd

used as a material for the interlaminar insulating resin.

The interlaminar insulating resin layer is formed by

applying an uncured solution of any of these resins with a
roll coater or a curtain coater, or laminating a resin film
through thermo-compression bonding. At this time, the
interlaminar insulating resin layer formed on the conductor
circuit of the substrate frequently has a state of causing
unevenness due to the fact that the thickness of the
interlaminar insulating resin layer on the conductor circuit
pattern is thin and the thickness of the interlaminar
insulating resin layer on the conductor circuit having a
large area is thick. Accordingly, it is desirable that the
surface of the interlaminar insulating resin layer is
smoothed by pressing a metal plate or a meﬁal roll onto the
interlaminar insulating resin layer of the uneven state
while heating.
@. Next, an opening is formed in the interlaminar
insulating resin layer to ensure an electric connection with
respect to a lower-layer conductor circuit covered by the
interlaminar insulating resin layer.

The opening is formed by 1light exposure and

development when the interlaminar insulating resin layer is
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(PEN), polyether ether ketones (PEEK) and polyolefin resins. The conpl ex
of a thernosetting resin and a thernoplastic resin includes an epoxy
resi n- PES, an epoxy resin-PSF, an epoxy resin-PPS, an epoxy resin-PPES and
the |ike. In the present invention, a glass cloth-inpregnated

21 resin conplex can be used as the interlamnar insulating resin

layer. ThecghpsSedCldH hal %@w?ér%ji%f\fes' Res£RTP! b Cl%dﬂ% 9! BSSm.

cl ot h-inpregnat ed epoxy, aglass cloth- inpregnhated bi3naleimde-triazine,

a gl ass cl oLhradpaefont een PIEEisa cmposed @ifh-d Niegisdart P, rés 1l o656

cloth- inpregnated polyimde and the I|ike. An adhesive for

el ect r ol essaplthammpri@stdicsoreeinsed Thes 1Laser nbeamanineliudes ulkat ¢agbersi n
' As the adhesive for electrol ess

RLET N UG BEEEoad YEHLLOT e e Ruble O L OF el eSLIBLES
sol ublie 1112062ChA40%nAN 190 2 LAY SOLAIAD bOCULEABCR o M oL ANt
y soluble in an acid or an oxidizing -~ agen rough cur1ng
treat ment ibesilStifesdiftich, ThendedubstratieSt ARy 'BEI NsBYEEELES B8 € a
di ssol ved and renoved by a
desmearing treatment. The desmearing treatment can be
conducted using an oxidizing agent composed of an agqueous
solution of chromic acid, a permanganate or the like, or by
a treatment with an oxygen plasma.
®. After forming the interlaminar insulating resin layer
provided with the opening, its surface is roughened as
necessary.
When the above-mentioned adhesive for electroless
plating is used as the interlaminar insulating resin layer,
the surface of the insulating 1layer is subjected to a
roughening treatment by selectively and removing only the
heat-resistant resin particles existing in the surface of
the insulating layer through dissolution or decomposition
with an acid or an oxidizing agent. As the acid, there may
be mentioned phosphoric acid, hydrochloric acid, sulfuric
acid, or organic acids including formic acid, acetic acid
and others. Particularly, the use of the organic acid is
desirable, because it hardly corrodes the metal conductor
layer exposed from the viahole in the roughening treatment.
As the oxidizing agent, it is desirable to use chromic
acid, or a permanganate (potassium permanganate or the like).
When a thermosetting resin or a thermoplastic resin is

employed as the insulating resin layer, a roughening

treatment on the surface of the layer using an oxidizing
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treatment with an acid or an oxidizing agent so as to forma
| ayer conposed of reverse-Oforned anchors on its surface. As the

cured heat-resistant resin particles in the adhesive for electroless
plating, particularly preferred is at |east one nenber selected from/[err]

heat-resistant resin particles having an average particle size of equal

r oughened

to

or less thagedd [&ideda rleA00 QRS PALhLELBASODLAT el A0UEGRL | ng

heat -resi stant resin po

avli ng ‘an average partic

e size of equal to or

| ess than Zpéetadgdrestds and XHe € ite HeakikeseSFastivesi n powder having an
average particle size ranging from2 to 10 [err] and heat-resistant resin

powder having anIaverzase ofir i dlncgionesih elprllytermflvegoethyiene [arr]
adhering at |east one of heat-resistant

[err] quasi

-particles obtained b ne o
resin pomde?g%ri?']ﬁ%)r g¥hieh pbﬁ/d89¥e5é’ﬁg}?§9?ﬁg by an oxidizing agent, the
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at -resi stant avl ng
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n-average- particle size

rangi ng froprdatderd [8£r] al erédeaalintt Urpi @k h@atract&Bi St@nt s RoWder
havi ng an average particle size ranging from0.1 to 0.8 [err] and
heat - r esi steaph tthesieng cuigpoundawangfactaredahe Jankosha Goze Imod o L han 0.8

[err] and léFS

Catalyst nuclei for electroless plating are applied to
the resin layer.

In general, palladium-tin coclloid is used as the
catalyst nuclei. The substrate is dipped in a solution of
the colloid, dried and then heated to fix the catalyst
nuclei on the surface of the resin. Alternatively, the
catalyst nuclei can be formed by driving metal nuclei onto
the surface of the resin through CVD, sputtering or plasma.

In this case, the metal nuclei are embedded on the
surface of the resin, and plating is deposited with the
metal nuclei as cores to form conductor circuits. Therefore,
even when a resin which is hardly roughened or a resin
having a poor adherence with respect to the conductor
circuit such as a fluororesin (polytetrafluorocethylene or
the like) is used, adherence can be ensured. As the metal
nuclei, at least one metal selected from palladf&m, silver,
gold, platinum, titanium, copper and nickel is preferred.

The amount of the metal nuclei should preferably be
equal to or less than 20 pg/cm’. When it exceeds this range,
removal of the metal nuclei is required.
®. An electroless plated film is formed on the full surface
of the interlaminar insulating resin layer by subjecting the

layer to an electroless plating. The electroless plated film
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than 2 [err] and [err] heat-resistant resin powder having an average
particle size ranging fromO0.1 to 1.0 [err] The use of any of these
particles provides nore conplicated anchors. As the heat-resistant
resin used in the adhesive for electroless plating, the aforenentioned
thernosetting resins, thernoplastic resins and conpl exes of a

thermsettismun@s?}ef@&%b@ vt Rekeor! aslknk@si RanBYnBeresR! 0Yedto 5 pm, IN
the present invenfion, the conductor circuit (inclusive of the

t hr ough- holamdc avetel pgeferdbliyofrbayery tdoBnem. on the substrate and the
conductor circuit formed on the interlamnar insulating resin |ayer can be

connected ®- ederPPRAEERTt ﬁ‘ﬁﬁagﬁ &%%%%d PRe V}%h%i%cﬁﬁ?l%%sfpiﬁéﬂdw th

| ated f || Pr oduct l
o nted wi A boafl® - PLatik Faseb’ois, SRR BR. & i nt ed
Wi ring Dol dddealuah i ves g3 80 iny P! AEESS1ULLL b1 gessai Q%Qaet%%li_ﬁ&’,

whereas a full-additive process, a nultilam nation process and a pin

| am nat i on teo arasildam tal s teioyedlight t beppsadacahdnderelepment, t he
mul tilayer printed wiring board according to the invention. (A) Formation
of throughaﬁoﬂentFQFﬁP PhPFPaIIy, a substrate is drilled to formholes, and

the surfacgs of the holss and 3 copper foil e sublecied 19,80, o1aes

plated film other than tl_'ae portion on which the plating
resist is formed to plate up the conductor circuit portion
(inclusive of the wvizhole portion). As the electroplating,
it is desirable to use an electrolytic copper plating, and
the thickness thereof is favorably from 5 to 30 pm.
®. After removing the plating resist, the electroless
plated film Dbeneath the plating resist is removed by
dissolving in an etchant to form independent conductor
circuits (including viaholes). |

As the etchant, an aqueous solution of a mixture of
sulfuric acid and hydrogen peroxide, an agqueocus soclution of
a persulfate such as ammonium persulfate, sodium persulfate
and potassium persulfate, an aqueous solution of iron
chloride, copper chloride or the like is advantageously used.

It is desirable that the viaholes are filled with an
electrolytic plated metal to form so-called filled viaholes
in order to ensure smoothness of the interlaminar insulating
resin layer.

Preferred embodiments of the multilayer printed wiring
board of the present invention will now be described with
reference to the drawings.

Fig. 1 1is a cross section wview illustrating a
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23 el ectroless plating to formthrough-holes. a. As the
substrate, glass-epoxy substrates, polyimde substrates,

bi smal ei mi de-tri azi ne resin substrates, fluororesin substrates and

ot her resin substrates, copper- clad |amnates of these resin substrates,
ceram c substrates, netal substrates and the like can be used. In :

consi derati gfh1t9hal8e RHiHEdd Vil Yind "bBALE GHRrdiAgPotd)- 8h dedncaRRenhtC! ad
fluororesin substiate  is advantageously enployed. This substrate is
obt ai ned by dfheti®- daweneéssnon Wil ngasf @ coenppeictdoh komppged - ai ded
roughened | ayer to a fluororesin substrate such as

pol yt et r af | fo¥S&ERFRend 00 b, angd mbhuildyar ceivirdibsiavers cahOidhkso BE1Bsed

3 nat i ng. EBRESAVERY BRmmehoh EREp APt G4 cPREE! MITRANE OF P%uay

of illust (rjasub%%ratleh]?molc.or Cradh DRk Al iaﬁi%j&.bﬁrf‘i ?Qge% !1%'&26“ | d¥0 24

prepreg and a copper foil or a circuit board i alternating order, an

heating and compssedd ofheahanimeéeldmindd il Satiiry ca%estiie PaYREFEJ103

prepared by inpregnating a cloth or nonwoven fabric conposed of gl ass

fibers or apaevddedbwithwet wiahodgolP2r asdna sgopdugiterdeircuit 103, and
an interlaminar insulating resin layer 204 provided with a
viahole 202 and a conductor circuit 203.

A solder bump 105 is formed on the front surface for
connecting to a bump of an IC chip (not shown), and a solder
bump 106 is formed on the back surface for connecting to a
bump of a mother board (not shown). In the multilayer
printed wiring board, a conductor circuit starting from the
solder bump 105 connecting to the IC chip is routed in the
peripheral direction of the substrate, and connected to the
solder bump 106 connecting to the mother board. The front
build-up layer 101A and the back build-up layer 101B are
connected to each other through through-holes 107 formed on
the substrate 100.

To be more specific, the through-holes 107 are filled
with a filler 108, and a through-hole-covering conductor
layer 109 is so formed as to cover an exposed surface of the
filler 108 from the through-holes 107. The upper-layer
viahole 102 is connected to the conductor layer 109, and,
the upper-layer viahole 202 is connected to the conductor
circuit 103 connecting to the wviahole 102. The solder bumps
105, 106 are formed on the viahole 202, or on the conductor
circuit 203 connecting to the viahole 202,

In the multilayer printed wiring board according to
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resin, a bismaleimde-triazine resin, a fluororesin (such as

pol ytetrafl uoroethylene) or the like to formB-stage resin. As the circuit
substrate, a substrate provided with a copper pattern obtained by form ng
an etching resist on both surfaces of a both-sided copper-clad | am nate
and subjecting it to etching can be enployed. <c¢. As the electroless

plating. 2 GaPPehvBLALLAY LWindhif! BRkChne YR LAE PUBALRAI SRR

. N4
wettability of plating such as a uororesin substrate, i

be nodi fi edcy, thiOlgleXedId-ovetiRAl didudtddh Bapset 100t NBBRtaBC Hbove
conposed 24 of an organic netallic

sodi um ( mantfeaciidrlext MO8 virk osien Qoroudhi-tholesr AdF dansSornbel raend)) andr
plasma treatnment. [err] Next, an electroplating is conducted for plating

up. A coppet® prEtHG iU repinecieq e rackdEr & dfishFonductor WayeX he
oyanencc LT B3, SORIBHLBIGELECLES e AL, o SRS TG
2.2 x [err]tid fhdovgh-Hdledid? c£h Bhskela i1 ¥l Qn20nt@rfa?S 19Q%H Of
phosphinic acid ions is preferably enployed. Wthin this conpositiodn, the
pad and hence the formation of a dead space can be avoided.
In addition, the wiring board does not require addition of
an internal layer pad for connecting from the through-holes
107 to the wviahole 102 as in conventional equivalents, the
land shape of the through-hole 107 can be set to round. As a
result, the number of through-holes can be increased by
densifying the through-holes 107 formed in the substrate 30.
Thus, routing for dispersing the conductor circuits to
the periphery of the substrate can be conducted on both the
front and back build-up layers 101a, 101B. In a multilayer
printed wiring board, a plurality of wiring from plural
front bumps are connected to back bumps while being
integrated, as described above. By forming the through-holes
in a high density, wiring can be integrated at the same pacé
between the front and back build-up wiring layers 1012, 101B.
Accordingly, the numbers of the layers of the front
and back build-up wiring layers 101A, 101B can be set to the
same and can be reduced.
EXAMPLES
(Example 1)
(1) As a starting material, was employed a copper-clad
laminate (manufactured by Matsushita Electric Works, Ltd.,
trade name: R4737) composed of a substrate 1 of a

polytetrafluorocethylene ' resin (hereinafter briefly referred
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crystal structure of a deposited filmis in needle-formso as to exhibit
a satisfactory anchoring effect. A conpl exi ng agent and/or a
additive can be added to the electroless plating aqueous solution in
addition to the above conpounds: Further, a surfactant nay al so be added
to the solution in a concentration ranging fromO0.01 to 10 g/l. Preferred
surfactant dchydasaded’ n&¥@P! GreAcahY! SRCD gCORE 2RI N RN eLRY! @ne
surfactants such as Surfinol 440, 465 and 485 nmanufactured by Ni sshin
Kagaku Kogysogger ledl 2 of |18other iwor dsickhesst heahongbededd agdie i S
formed by electroless plating, an aqueous plating solution containing 1
to 40 g/| cubsmase sul filie surfraep Binagnt do rhek siorpedl faid, 21 beaing20
g/l of citric acid,, 10 to 100 g/l_ of phosphinate, 10 to 40 g/l of boric
acid, and F¥Ehseeth dppe JH1% su?rfaf@'s‘ént iggét&\"réﬁxgeo’ﬁg?y “t?é&fr“’[l@rdr]
Further, ajr e 4 ' s I s of
t hr ough- hollgyg%% ﬁ'eésglur &g}%gotn%%la;%{ﬁ ;‘J’tg‘l‘%: peatlg%%lmwgf%%g
roughened Jdmyehe MldewadblitdieardddywitH aPMddiZaldON (manufactured by
(oxidation)-reduction treatnent, by spray-treatnment with an aqueous
m xt ure of Jaankgrsdeni@o. acktidand txadeppame:l ) TgaEahchlorctmpesed i of wint h a
25

needl e-
organic metallic sodium to improve the wettability of the

surface (see Fig. 2 (b)).

A palladium-tin colloid was then applied to substrate,
and the substrate was immersed in an electroless plating
solution having the following composition to form an
electroless plated film of 2 um in thickness all over the
surface of the substrate.

[Electroless plating solution]

EDTA 150 g/1
Copper sulfate 20 é/l
HCHO 30 m1/1
NaOH 40 g/1
a,0'-Bipyridyl 80 mg/1
PEG 0.1 g/1

[Electroless plating condition]
at a liquid temperature of 70°C for 30 minutes
Further, the substrate was subjected to an
electrolytic copper plating under the following conditions
to form an electrolytic copper plated film having a
thickness of 15 pum (see Fig. 2 (c)).
[Electrolytic plating solution]
Sulfuric acid 180 g/1

Copper sulfate 80 g/1
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formed al |l oy of copper-nickel - phosphorus. When t he roughened | ayers
are fornmed by an oxidation- reduction treatnent, an oxidation bath
containing NaCH (20 g/l), NaC derr] (g/l) and [err] (15.0 g/l) and a
reduction bath containing NaCH (2.7 g/l) and NaBH4 1.0 g/l) are preferably

enpl oyed. When the roughened |ayers are formed through etching
W th an aqueous SohdihiOve! @RnfS8NLedChy A REORARI ) trbdlPhite. L he
surface of copper is roughene uncti1on of oxi |ng properties of

di val ent coppealesitih@Lyol uti on. A typi cal exafp/® of t he sol ution

I ncl udes CzZ8100 sol uti on manufactured by MEC Co., Ltd. The
roughened | dféechaglysicopbatingi conditigrer of a netal or noble netal

havi ng an i oni zat '%? tende%n}/ of nore than copper, but |ess than titanium
Such a nmetal or qﬁiﬂér covering t ‘?Bughened | ayer can prevent
t he dissolution(glﬁ{e conductor circuit du ‘ﬁhi &al el ectrode
reaction created in the roughening of the interfamnar insulating resin

l'ayer. The thicknessmgdrdthizie |ayer is prefershh Vedmgupddde to 2 [err]
As the netal, preferred is at |east one netal selected fromtitanium
al umi ni um ZRhc, iThen, subsitoatet pablided wddhaldgndunitolsl |, (irdlysiveadofind
bi smuth. The nob] e net al
through-holes 3) composed of the electroless plated copper
film and electrolytic plated copper film was washed with
water and dried. The substrate was then subjected to an
oxidation-reduction treatment wusing an oxidation bath
(graphitization bath) containing NaOH (10 g/l1), NaClO, (40
g/1l) and Na,PO, (6 g/l), and a reduction bath containing NaOH
(10 g/1) and Na, or NaBH, (6 g/l) to form a roughed layer 4
all over the surfaces of the conductors inclusive of the
through-holes 3 (see Fig. 2 (d)).
(3) Next, the through-holes 3 were filled with a filler 5
composed of copper particles having an average particle size
of 10 pm, a bisphenol F type epoxy resin/an imidazole curing
agent = 70/25/5 (by weight) through screen printing, and
then dried and cured. The roughened layer 4 located above
the conductors and the filler 5 protruded from the through-
holes 3 were removed by belt sander abrasion using a #600
belt abrasive paper (manufactured by Sankyo Rikagaku Co.,
Ltd.), and the substrate was further subjected to buffing
for removing scratches caused by the belt sander abrasion to
smooth the surface of the substrate (see Fig. 2 (e)).
(4) A palladium catalyst (manufactured by Atotech) was
applied to the surface of the substrate smoothed in the

above step (3), and the substrate was then subjected to an
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I ncludes, for instance, gold, silver, platinumand palladium Anong them
tinis desirable, because it can forma thin |ayer through el ectroless
substitution plating and can advantageously be followed to the roughened
| ayer. When tin is enployed, a solution of tin borofluoride-thiourea or
tin chloride-thiourea is used. In this case, Sn |layer having a thickness

i f ' th -S :
537910 11 oBfBiol s [Eophet foutidy, hEMRDIg NI 1 conpentigpa

26 substitution me?al 'S

sputtering methed, t¥agerinZahni @ladmiradser el Eﬂ.ét”ed goyethavirny a
Filling of filler [err] The through-holes tornmed in the step (1) are
filled wththackneéserof To. Haumotsees Figg.f i, (f)Ne filler is charged into the

on whi'ch 8 REbk” haWi neP BRRHORE AR C FRFRRE {BLERRS: hESHBN Rol SH90RE o 1o
Conduct i vo. PROeRRgah BE" B, B0e1 SepBadratheo | Fher = BsHREER ML ve
paste Is electrolytic copper plating under the following conditions
to plate up portions to be conductor circuits and those to
be through-hole-covering conductor layer covering the filler
5 charged in the through-holes 3.
[Electrolytic plating solution]
Sulfuric acid 180 g/1
Copper sulfate 80 g/1

Additive (manufactured by Atotech Japan, trade name:

Capalacid GL) 1ml/1
[Electrolytic plating condition]
Current density 1 a/dm?
Time 30 minutes
Temperature room temperature
(6) A commercially available photosensitive dry film was

adhered to both surfaces of the substrate provided with
portions to be the conductor circuits and the through-hole-
covering conductor layer, and a mask was placed on the film.
The resultant substrate was then exposed to a light at 110
mJ/cm’, developed with a 0.8% sodium carbonate solution to
form an etching resist 8 having a thickness of 15 um (see
Fig. 3 (a)).

(7) The plated film in the portion where the etching
resist 8 was not formed was removed by dissolving the film
through etching with a mixture of sulfuric acid and hydrogen

peroxide, and the etching resist 8 was peeled off by a 5%
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conposed of netal powder and a resin, whereas a solvent can be added
thereto as necessary. As the netal powder, powder of Cu, Au, Ag, A, N,
Pd, Pt, Ti, C, Sn/Pb or the |like my be used. The netal powder should
preferably have a particle size ranging fromO0.1 to 30 [err] The resin
I ncl udes, for instance, epoxy resins, phenolic resins, polyimde resins,

polytetrafl%ﬁhp%%3¥k§g§8$%P}g | agnggsgbgék?n%Lé?ﬁ@éﬁ?kgég?rcui s 9

. L and .
bi smal ei mi de-triazine resins, nyl-on, aram d

resins, PEEl, REKSuaRInBEL-cédoetifySobdtMicto@NiRfeNVH0O covering the
(N-net hyl pyrrol i done), DVDG (diethylene glycol dinethyl ether), glycerin,
water, 1-, Zdilder3bcyskehBignoB, (brycl ohexanone, nethyl cell osolve, nethyl
cel l osol ve acetate, nethanol, ethanol, butanol, propanol, bisphenol A type

epoxy and dfer sbl vongheagd ptavged.ll of 2| fusMdeP talieyr dAviddherence
bet neen Lhe (Sl S oBoiiet A Lo Lesl o SdIPdLll e siEh el Su e, guch
other addi dop@hict8¥CRiraditdeb0amunhe2 38 ctighi-Rol Sk¥erthg conductor.
27 acrylic defoam ng agents and S|I|gbn def oam ng agents, silica,
al um na, tallayesd 10 hebvepdhgatine ffillBsF G3n @#Md0a Sn layer having a
thickness of 0.3 pm was formed on the surface of the
roughened layer 11 (see Fig. 3 (c), the Sn layer is not
shown) .
These layers were formed in the following manner: The
substrate was acidically degreased and soft-etched, followed
by a treatment with a catalyst solution of palladium
chloride and an organic acid to give a Pd catalyst. After
activating the catalyst, the substrate was immersed in an
electroless plating soclution of pH of 9 containing 8 g/l of
copper sulfate, 0.6 g/l of nickel sulfate, 15 g/l of citric
acid, 29 g/1 of sodium hypophosphite, 31 g/1 of boric acid
and 0.1 g/1 of a surfactant to form a roughened layer 11 of
a Cu-Ni-P alloy on the surfaces of the conductor circuits 8
and the through-hole-covering conductor layer 10 covering
the filler 5. The substrate was then subjected to a Cu-Sn
substitution reaction at a temperature of 50°C and pH of 1.2
using an aquecus solution containing 0.1 mol/l of tin
borofluoride and 1.0 mol/l of thiourea to form a Sn layer of
0.3 pm in thickness on the surface of the roughened layer 11
(the Sn layer is not shown). (9) Teflon sheets (manufactured
by Du Pont Company, trade name: Teflon® FEP) of 25 pm in
thickness were laminated respectively to both surfaces of

the substrate at a temperature of 200°C and a pressure of 20
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be added. To the surfaces of the nmetal particle, a silane coupling agent
may be attached. The filler is printed in the follow ng condition,
for exanple. That is, printing is conducted using a print nmasking plate
of Tetlon nesh plate and a square squeegee of 45[err] in the condition of
Cu paste viscosity: 120 Pa-s, squeegee rate: 13 mmim n, squeegee anount:

1 mm J[er The_fi.ller protruded fromthe through-hole tpe urface
of the el e?:%l/gfnyt i & I&?‘?ﬁ mag‘ﬁgt R tib ?’F%?reaéta _ee 7 m%@@ﬂl b€°p§?’f’é‘hi ng
to smooth Gheiswekagaiahrt D8s8URSIAG! fasid NEayRH 13N TR DI 8f qahl.y be
carried out through belt sander abrasion or buffing. A part of the netal
particles (40¢ eximmsegetinghd3sufdmacthédyfomapbodn s kbifngrizaileerttevringlher ence

between the nmetal particles and the through-hole- covering conductor |ayer
i s enhancediamePprFefn2i dim ofas ofeitradrin abbe insuvijting aTe¢Sionusksinare
applied to_the s thed surface of . the substrate in the step_(2), and then
the surfaced¥8T sdbj eb¥ed 3o é’_SrtEPE&PESFesé'a}fI aé‘?‘ﬁaranaganagréctz“&pl ati ng
to form a@va%i%h&%estsse@ 9@‘.&5‘. f Bl Md)gvi noe@r{ddLkNeRs LARFaRE dF OFKE 1 toO
5 [err] Were neCessary, the surface is further "~ subjected to an

el ectropl atinaglaeihgr MePlonl erigial yiayer plat edsl idotighawnedg 4y tdi pkasma

ranging from5 to 25 [err] Next, a photosensitive dry filmis
| ami nat ed &aegtmgat. s Fhe@lasma kretaeand Malsmcazrphet onkisREf fPth W and

(preferabl %. prassure of 500 mTorr for 10 minutes.
(11) A Pd nucleus was embedded into the surface of the
insulating Teflon resin layer 12 by sputtering with the use
of Pd as a target at an atmospheric pressure of 0.6 Pa, a
temperature of 100°C and a power of 200 W for 1 minute. At
this time, SV-4540 manufactured by Nihon Shinku Gijutstu K.K.
was used as a device for sputtering.
The amount of the sputtered Pd was set to equal to or less
than 20 pg/cm’. The Pd amount was determined by immersing
the substrate in a 6 N hydrochloric acid solution, measuring
the total amount of eluted Pd and dividing the total Pd by
the exposing area.
(12) The substrate after the treatment in the step (11l) was
subjected to the electroless plating in the step (1) to form
an electroless ﬁlated film 14 of 0.7 pm in thickness on the
surface of the insulating Teflon resin layer 12 (see Fig. 4
(a)).
(13) Commercially available photosensitive dry films were
separately laminated on both surfaces of the substrate
provided with the electroless plated f£ilm 14 in the step
(12), and photomask films were placed thereon, and the

substrate was exposed to a light at 100 mJ/cm® and developed
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made of glass) imged with a pattern is placed thereon, exposed to |ight
and then devel oped wth a developer to form an etching resist. A portion
where resist is not formed is 28

then subjected to etching to forma conductor circuit portion and a

t hr ough- hol e- coveri ng conductor |ayer portion which covers the filler.

As the prefqrred gt @y , sbAeHR MmN 5808 67 @U?.Bklﬁasa&)' B8 ngf

sul furic acid-hydrogen peroxide, an aqueous solution of

peroxosul f atresisttCh 6 haviagnmanthitkpesoxeli 55l ot ee FaG .UM (D)) .

per oxodi sul fate and potassi um peroxodi sul fate, or an aqueous sol ution
of iron(l1) @4loridR ebpctsppetic| plakedrifdén LSerhgving mhetbicknegsr ofi st
is then peg%ed off to forman_ independent conductor_circuit and

t hr ough- hol &2cod®t i MRS corRReDr ?%yeFPeanauPﬁEﬁéﬁerohgheﬁ&&°F§?€FaE§ng
formed ont 0qeklg:sull aceSed LgpCAMIUULpELLE Uib d%ﬁ%y%%iw#%g& ghe-

covering conductor |ayer. When t oug nmed on the

surfaces of conHacteenditicit Lidwdi to #RA1L thle portilcauhr hehe- ¢eXRb1EY
17 with a plating (see Fig. 4 (c)).
(15) Further, after peeling off the plating resist 16 with
a2 5% KOH solution, the electroless plated film 14 1located
beneath the plating resist 16 was removed by dissolving
through etching with the use of a mixture of sulfuric acid
and hydrogen peroxide to form conductor circuits 9°
(including filled wviaholes 17) of 16 um in thickness
composed of the electroless copper plated £film 14 and the
electrolytic copper plated film 15. Thus, a multilayer
printed wiring board was manufactured (see Fig. 4 (d)).
(Example 2) Multilayer core substrate
(1) A Dboth-sided copper-clad laminate 1' of 0.5 mm in
thickness was prepared, and provided with an etching resist
on both surfaces, and subjected to an etching treatment with
an aqueous solution of sulfuric acid and hydrogen peroxide
to obtain a substrate provided with conductor circuits. A
glass-epoxy prepfeg and a copper foil 2 were in turn
laminated onto both surfaces of the substrate, pressed at a
temperature raging from 165 to 170°C and a pressure of 20
kg/cw’® to give a multilayer core substrate 1' (see Fig. 5
(a)).
(2) The multilayer core substrate 1' was then drilled to
form through holes having a diameter of 300 um (see Fig. 5
(b)), applied with a palladium-tin coclloid and then immersed
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conductor |ayer, the conductors are excellent in adherence wth respect to
the interlamnar insulating resin layer so that cracks starting froma
boundary face between the side face of the conductor circuit and

t hr ough- hol e-coveri ng conductor |ayer which covers the filler and the
insulating resin layer can be prevented. On the other hand, the

thr ough- hol eacoygy i ngy ROMUELEL | BYSE:AGVErddiudids 11 hhfing Cart f eddarel y

contribute to inprovenent of adhefrence respect to viaholes which are

el ectrical | yofipBseei6f falkerit OExanpie r eughenLerh apar eleytird dsar nplated
according to any of the processes nentioned above, such as a
graphi ti zat £dhm 66X danhi m)thiszkressoalilr evtererthe supsaratg.with a needl e-

f or med allo¥ or an etching process. . Af t er roughe iQ%: aresinis
appl i ed and Bﬁalsg’@&trate was then subjected to amyFElectrolytic.:GeRRLT he

conduct or c#ggg#ééeﬁpdo ﬁggsgg%egohaéggggrééwﬁﬁeq%gﬁPigewpngﬁs§o ento

the conduc surftace of e substrate. e surface of

the resin sgoubdropyel&r abbyebephakibahed 13nMB SHRPit@dasanibihekle cronaBiCt or
is exposed. As the resin used ?or cl addi ng, a resin conposed of

pm (see Fig. 5 (e)).

(3) A roughened layer 4 was formed all over the surface of
the conductor 3 inclusive of through-holes in the same
manner as in Example 1 (see Fig. 5 (d4)).

(4) A filler 5 (a nonconducting copper paste for filling,
manufactured by Tatsuta Densen Co., Ltd., trade name: DD
Paste) containing copper particles having an average
particle size of 10 pm was charged into the through-hole 3,
and the surface of the substrate was smoothed (see Fig. 5
(e)).

(5) 2An electroless copper plated film 6 was then formed on
the surface of the substrate smoothed in the step (4) in a
similar manner to Example 1 (see Fig. 5 (f)).

(6) An electrolytic copper plated film 7 of 15 pm in
thickness was formed by subjecting the substrate to an
electrolytic copper plating according to the conditions of
the step (2) in a similar manner to Example 1 to form
portions to be a conductor circuits 9 and a through-hole-
covering conductor layer 10 (to be a round through-hole
land) .

(7) An etching resist 8 was formed on both surfaces of the
substrate provided with portions to be the conductor
circuits 9 and the conductor layer 10 in the same manner as

in Example 1 (see Fig. 6 (a)).
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a bi sphenol A type epoxy resin, bisphenol F type epoxy resin or other

bi sphenol type epoxy resin, an imdazole curing agent and inorganic
particles is desirable. Such a bisphenol type epoxy resin has a |ow
viscosity and a satisfactory applicability. Anong them a bisphenol F type
epoxy resin can be applied wi thout solvent, and hence is advantageous as

to prevent tge forff?éigviea%{eﬂ 26K Ofn AL BBELOBNCANREL Pithe etohyn

volatilization of a so eating ring. I't 1s pre e?able
that a rougkedik@yeasi foftoBtRthed wasl el dloffAcih 04 $hki TONGHAHRES Bbt er
pol i shi ng. As the form ng process of the conductor |ayer, the

fol | owi ng sExpspian lbetenficayedindependentyo chadugterspistdiids aSplamd ny
resist is forned onto. the substrate after conpletjon of the steps.[err]
hnd Lorr),  hoaoRTbALP o ERErol | Srdor T PEes (b CPBtFATE afne ELLELE

el ectropl at ikn o t a conductor circuit and a through-hol e-
covering co%dggte%rFﬁéyeg E}S’f ion. A solder plated filmis then forned

on these (ggondusiiisquertSivld a Poughdhdlel 1aPLLCHN ORag! iftgnd Wr Ofhe
conposed of tin borofluoride, |ead borofluoride, hydroborofluoric acid and
pept one. Theupfatesg ofr eshet coadubborr ennedt afdande tieecthobegh-hdlet ng
filmand copper foil |ocated beneath the plating resist _are rengved _ by

et chi ng, an8°VRABHNE hEXFUFEPTp| IaVey 1P FIemingofhed fidd®Tr Poved Wieh an

aqueous sol ggngnm&tmg]grg Ii@rﬁzganﬁ&ied {0
(10) An adhesive A for electroless plating and an
insulating agent B were prepared in the following manner.
A. Preparation of adhesive A for upper-layer electroless
plating
@®. To 35 parts by weight (solid content 80%) of a 25%
acrylated product of a cresol novolac type epoxy resin
(manufactured by Nippon Kayaku Co., Ltd., molecular weight:
2,500) were added 3.15 parts by weight of a photosensitive
monomer (manufactured by Toa Gosei Co., Ltd., Aronix M315),
0.5 part by weight of a defoaming agent (manufactured by
Sannopko, 8-65) and 3.6 parts by weight of NMP, and the
resultant mixture was admixed with stirring.
@. A mixture of 12 parts by weight of polyether sulfone
(PES), 7.2 parts by weight of epoxy resin particles
(manufactured by Sanyo Kasei Co., Ltd., Polymerpole) having
an average particle size of 1.0 pm, 3.09 parts by weight of
the epoxy resin particles having an average particle size of
0.5 pm was stirred. Subsequently, .30 parts by weight of NMP
was added to the mixture and stirred and admixed by a bead
mill.

®. A mixture of 2 parts by weight of an imidazole curing
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forma conductor |ayer. 30 (4)
Formation of interlamnar insulating resin |layer and conductor circuit
[err] An interlam nar insulating resin layer is formed on the conductor

| ayer on the substrate thus prepared. As the interlam nar insulating
resin layer is used any of thernpbsetting resins, thernoplastic resins or
conpl exes  Qarr t A TR dh 1Ak’ mHQJ astiwy r esigumz-ci)e 2

af orement i oned adhesive for el ectrol ess plating can al so ‘be” used as a
material fosatte bpt erdighitnast i as hdtidiniteisitar (manufddiented ebyard ke
insulating resin layer is formed b appl yi ng an uncured solution of any of
t hese resi M@eig¥h alrgscureoatEr®®f) a c@ri2ai nPadht e®Y or veaghtat i®§ aFesin

ot et | a ndk t“er"‘%‘%%s.SS'°€a??w“"¢m%yonNmmao%m ot ot ne
substrate fg Qasl%stﬁgp? u%gghfur@/em@sswgge d @i P F 3G

t hat thethlc ness the ating resin layer on the
conduct or cstmu-ing,pattern is thin and t he thickness of the interlam nar

An adhesive composition A for wupper-layer electroless
plating was prepared by mixing the above mixtures ® to O.

B. Preparation of insulating agent B for lower-layer
electroless plating

®. To 35 parts by weight (solid content: 80%) of a 25%
acrylated product of a cresol novolac type epoxy resin
(manufactured by Nippon Kayaku Co., Ltd., molecular weight:
2,500) were added 4 parts by weight of a photosensitive
monomer (manufactured by Toa Gosei Co., Ltd., Aronix M315),
0.5 part by weight of a defoaming agent (manufactured by
Sannopko, 8-65) and 3.6 parts by weight of NMP, and the
resultant mixture was stirred.

@. After admixing 12 parts by weight of polyether sulfone
(PES) and 14.49 parts by weight of an epoxy resin particles
(manufactured by Sanyo Kasei Co., Ltd., Polymerpole) having
an average particle size of 0.5 um, 20 parts by weight of
NMP was added to the mixture and the resultant mixture was
mixed while stirring by a bead mill.

®. A mixture of 2 parts by weight of an imidazole curing
agent (manufactured by Shikoku Kasei Co., Ltd., 2E4MZ-CN), 2
parts by weight of a photoinitiator (manufactured by Ciba
Geigy, Irgacure I-907), 0.2 part by weight of a
photosensitizer (manufactured by Nippon Kayaku Co., ILtd.,
DETX-S) and 1.5 parts by weight of NMP was admixed while
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insul ating resin layer on the conductor circuit having a large area is
thick. Accordingly, it is desirable that the surface of the interlam nar
insulating resin layer is snmoothed by pressing a metal plate or a netal
roll onto the interlamnar insulating resin |ayer of the uneven state

whil e heating. [err]. Next, an opening is formed in the
interlam nagesd ating resin layer to ensure an electric connection with
respect to a T'ovver-] ayer conductor circuit covered by the interlaminar

i nsul ati ng ARsiihshdy®ing agent TBe fapelbRegr-Layetoldledtridyeski gilating
exposure and devel opnent when the interlamnar insulating resin |ayer is
31 was pospared by Erniosiansithey @bovel mixsngeby Th tead®r beam

i rradiati ondljrjen it is conposed of a thernpsetting resin qQr

A a .
t her nopl ast {£1} esiThe H1atng e a?98RE | uBes ERTcartGFtTAlSES e BRI NG er |

an ultraviolet_ ray.laser, exciner _|aser_and the |ike .\Wen the opening
i s formed b)(lvﬁs?%%{:é{w' be]?ir%a ir??' 3& gﬂagﬁfe hé‘ns&g‘?t rsgcte@ rr@gp ’b(—‘-f' assub?%%fjgea&to a
desneari ng ocht&abBeA! surfadBs oFCSHRAl&MEstA1RAIHEER aC3B11bozterdugied

usi ng an oxi di zi ng agent conposed of an aqueous
allowed to stand in a horizontal position for 20 minutes,

and then dried at a temperature of 60°C for 30 minutes.
Subsequently, the adhesive A fbr electroless plating
(viscosity: 1.0 Pa-s) was applied to the substrate by a roll
coater, allowed to stand in a horizontal position for 20
minutes, and then dried at a temperature of 60°C for 30
minutes to form an adhesive layer 12 (two-layer structure)
having a thickness of 40 um (see Fig. 6 (d), the two-layer
structure of the adhesive layer, however, is omitted in the
view) .

(12) A photomask film depicted with a full circle (black
circle) of 85 um in diameter was attached to both surfaces
of the adhesive layers 12 formed on both. surfaces of the
substrate and exposed to a light irradiation at 500 mJ/cm® by
an ultra-high pressure mercury lamp. The exposed substrate
was developed by spraying a DMDG (diethylene glycol dimethyl
ether) solution to form openings for wviahole of 85 pm in
diameter on the adhesive layer. The substrate was further
exposed to a light irradiation at 3,000 mJ/cm® by an ultra-
high pressure mercury lamp and heated at 100°C for 1 hour and
subsequently at 150°C for 5 hours to form an interlaminar
insulating material layer (adhesive layer) 12 of 35 um in
thickness provided with openings (openings 13 for the

formation of viahole) having excellent dimensional precision
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solution of chromc acid, a permanganate or the like, or by a treatnent

with an oxygen plasma. [err]. After formng the interlam nar insulating
resin layer provided with the opening, its surface is roughened as
necessary. When t he above-nenti oned adhesive for el ectrol ess

plating is used as the interlam nar insulating resin |layer, the surface of

the insul alddigrdspariing Sl eehéd bRofomdSMINENNY (d&At T, DY Sele§GLively
and renmoving only the heat-resistant resin particles existing in the
surface of Indidentsdliygt i rthel ayer pllatedghagiersabst pbaptdy depospdsihi @he Wth
an acid or an oxidizing agent. As the acid, there nmay be nentioned
phosphori c W&P%?&Fog-ﬁﬁow-éhaéﬁd, sulfuric acid, or organic acids

i ncluding fgric id,_ acetic acid . others, Particuylarly, the use of
the or ga%i ca§§1| d 1e° 3@??’53%@, Pb'"é’é’_é%%g i r 2§ OBPPIRES tht HREalthe
conduct or - doici B4R v bAR NG AnherLla! e, OMINRIL NAChHeAIPNYg
As the oxidizing agent, it 1s desirable to use chronic amg, or a

per manganatd ntebatdl WIS GHMN fedvd Nend | &8dxy resin YheBidles on
thernosetting resin or a thernoplastic resinis enployed as the insulating

resin | ayeitheg swnfgnmi af thec@mdhasiven léyesur Whereby tthe |syefaesi of an
oxi di zi ng .
the adhesive layer 12 was roughened at a roughened depth of

R,, = 1-5 pm, and then immersed in a neutralizing solution
{(manufactured by Shipley) and washed with water.

(14) Catalyst nuclei were applied to the surfaces of the
adhesive layer 12 and the openings 13 for the formation of
viahole by giving a palladium catalyst (manufactured by
Atotech Co., Ltd.) to the substrate having the roughened
surface (roughened depth: 3.5 um) of the adhesive layer.

(15) The substrate was immersed in an electroless copper
plating bath having the same composition with the step (2)
to form an electroless copper plated film 14 of 0.6 pm in
thickness all over the roughened surface (see Fig. 7 (a)).
At this step, since the electroless copper plated film 14
was thin, convexoconcave following the roughened surface of
the adhesive layer 12 was observed on the surface of the
electroless cépper plated £ilm 14.

(16) A commercially availa.ﬁle photosensitive dry film was
adhered to the electroless copper plated film 14, and a mask
was placed onto the dry film, exposed to a light at 100
mJ/cm’ and developed with a 0.8% sodium carbonate solution to
form a plating resist 16 having a thickness of 15 um (see
Fig. 7 (b)).

(17) The substrate was then subjected to an electrolytic
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agent sel ected from aqueous solutions of chrom c acid, permanganates and
the like is also effective. In case of a fluororesin

(pol ytetrafl uoroethylene or the like) which is not roughened by an
oxi di zing agent, the surface of the layer is roughened by, for exanple, a
plasma treatnment or a treatnent with Tetraetch (a netallic

napht hal enecgep@0 ?ﬂaﬁ@ﬂ?f BAHEFCANRY sHMK OSSR {(Bion LA 4l- in the' deerCai ) yst

nuclei for electroless plfating are applied to the resin |ayer.

general, patbadiammtian celéotrfblptitsedopperheplatédl ywitlmudbei havihrg a
substrate is dipped in a solution of the colloid, dried and then heated to
fix the catbthycknessicbEi 16n pmhe sndf dberebyt Hw rmme up Altther reanduttor t he

t al yst clei ¢ n be farmed dr|V|n taI nyc onto the surface of

fﬁeargglnngﬁ+ﬁ éhﬁ Wﬁ%ﬁ%} %s &, tn this case, the netal

I dd I | ted
nuclei are ? %‘i't%'} R i%&ﬁgefa&ééeﬂe&ég p&&ted! 4 ri%]es:px%gi%

with the net nucl el as c res orn1conductor clrcuits.
even when aaI’G%l (KOWi §61utidey deliel @IgRkARA s HIAMd £OBNI 18 AdRfied

adherence with respect to the conductor circuit such as a fluororesin

(pol yt et r af bereaich hphenpletinghaesiilsd) lits waeddisshbvedcandamebovedsdned.

As the Metal ity Swith'a' 5836a%0810815h 28 Souturic”TRa Sad Yhasogen
peroxide to form conductor circuits (inclusive of viaholes)
each consisting of the electroless copper plated film 14 and
the electrolytic copper plated film 15 and having a
thickness of 16 um, and thereby a multilayer printed wiring
board having three layers on each side was obtained (see Fig.
7 (d)). Pd remained in the roughened surface of the adhesive
layer 12 was removed by immersing in chromic acid (800 g/l1)
for 1 to 10 minutes.

The multilayer printed wiring board prepared by the
above mentioned manner ensures through-holes each provided
with a perfectly circular land, and it can provide a land
pitch of about 600 pum and thereby through-holes can be
formed in a high density so as to densify through-holes
easily. In addition, since the number of through-holes in
the substrate can be increased, an electric connection with
respect to conductor circuits in the multilayer core
substrate can sufficiently be ensured through the through-
holes.

(Example 3)

A multilayer printed wiring board was manufactured in

the same manner as in Example 1, except that when through-

holes were filled with a copper paste, a through-hocle-
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gold, platinum titanium copper and nickel is preferred. The anount
of the nmetal nuclei should preferably be equal to or less than 20 [err]
When it exceeds this range, renoval of the nmetal nuclei is required.

[err] An electroless plated filmis formed on the full surface of the
Interlam nar insulating resin |ayer by subjecting the |ayer to an

el ectrol ess cBhathAg. cHMenRItet IolRss Phaked fddvlring an exposed copper
33 shoul d preferably have a thickness ranging fromO0.1 to [err]

and nore pr ehetablfrdn othd. Ehioughikslés asr not Agimdd ng Aesdsding tor ned
on the electroless plated film The plating resist is fornmed b

| ami nati ng tAispiRAEESSS tPies r a3ghtf Hem Herned begaudef ithe oFwrfans e@%i ng
the resultant lamnate to.a |ight_ex o%tge and devel ntioged

above. [errMPS RAPERE RSt N B _J1¥ | SSYY df’gﬁlél’efgg’g%_’r?ﬁ eS
Fo pl at e upPRe egRduet orh! e e ore st ot Beo e B e ghsto 28A°
portion). Asrkhaigakeehroplating, it is desirable to use an electrolytic
copper plating, and

(Example 4)

A multilayer printed wiring board was obtained in a
similar manner to Example 1, except that the following
composition was employed as the filler.

Bisphenol F type epoxy resin (manufactured by Yuka Shell Co.,
Ltd., E-807) 100 parts by weight
Imidazole curing agent (manufactured by Shikoku Kasei Co.,
Ltd., 2E4MZ-CN) 5 parts by weight
Copper powder having a particle size of 15 um or 1less
(manufactured by Fukuda Metal Foil and Powder Co., Ltd.,
SCR~Cu-15) 735 parts by weight
Aerosil (#200) _ 10 parts by weight
Defoaming agent (manufactured by Sannopko, Pernol S4)

0.5 part by weight
(Comparative Example 1)

The procedure of example 1 was repeated to produce a
multilayer printed wiring board, except that a bisphenql F
type epoxy resin containing no metal particle was used as
the filler for filling the through-hole.

(Comparative Example 2)

A multilayer printed wiring board was produced in a
similar manner to Example 1, except that through-holes were
filled with the epoxy resin and the surfaces of the epoxy

resin exposed from the through-holes were roughened with
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t he thickness thereof is favorably from5 to 30 [err] [err] After renoving
the plating resist, the electroless plated filmbeneath the plating resist
i's removed by dissolving in an etchant to formindependent conductor
circuits (including viaholes). As the etchant, an aqueous sol ution
of a mxture of sulfuric acid and hydrogen peroxide, an aqueous sol ution

of a per Sul:ﬁﬁ&i?.é“&@iésaﬂa”ﬁ%ﬂnégf .fé& fyAlg o5 lacg?%%réghg,%&e. and
pot assi um persulfate, an aqueous solution of iron chloride; copper
chloride or (tbgphikeive Bgy@piagepusly used. It is desirable that
the viaholes are filled with an electrolytic plated netal to form
so-called fill ed \A awwl Bslayer gpxtisnted wising vt hwees solofaited in the
interlam nar insulating resin_|ayer. Preferred enbodi nents_of the
nul til ayer FRPAt 8@TRRE 7§ HHFEREPLe hé, pPESERE ithedntd FPuFhensduiBEeT
described wth _ref ce, tot draw.ngs. Fi.9. S [QSS, section
view il l ust ‘rvéfi rz}zé:o?:aefro%e%. on Pge su%agé of the ﬁpt%rn]al cgnré.fc(ﬁ ra y 1;%
printed wiriRd bResEgRCROILENY to an embodi ment

(Results)

A heat cycle test of =-55°C x 15 min., ambient
temperature x 10 min. and 125°C x 15 min at 1,000 times was
conducted with respect to the multilayer printed wiring
boards according to the examples and comparative examples.

In addition, the presence or absence of migration of
copper between through-holes was observed by conducting a
PCT (pressure cooker test) under conditions of humidity of
100%, temperature of 121°C, and pressure of 2 atm for 200
hours.

As a result, viaholes could be formed just above the
through-holes according to the multilayer printed wiring
boards of Examples 1 to 4 of the present invention, and thus
high density through-holes could easily be obtained. In
addition, no peeling was observed between the filler and the
internal surface conductor of the through-hole, or between
the filler and the through-hole-covering conductor, and
neither crack nor migration was found in the heat cycle test
and PCT.

On the contrary, dispersion (migration) of copper was
observed along with the glass cloth in the Teflon substrate
in the multilayer printed wiring board of Comparative
Example 1. Peeling of the conductor layer covering around

the through-holes was observed in the multilayer printed
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of the invention, which has a construction conposed of a substrate 100,
and build-up wiring layers 101A, 101B respectively formed on the front and
back surfaces of the substrate 100. Each of the build-up |ayers |0IA,
101B is conposed of an interlam nar insulating resin |layer 104 provided
with a viahole 102 and a conductor circuit 103, and an interlam nar

i nsul ati Ng i8Singy B&é%rdsz% I@:b%b.‘i.lﬁ‘él%t BxampYé&h®l £,202, and a conduct or
circuit 203. sol der bunmp 105 is formed on the front surface for

connecti ng mxam;ﬂm;s)of an 1 C chip (not shown), and a solder bunp 106 is
formed on the back surface for connecting to a bunp of a nother board
(not shown)(1) | n2t REPREFtFlagetaninate cermmasady Wod BT ARismadedsdderrcuit

starting fromt sol der bu 05, connec to the | C.chi |s rou ed in
the peri pHér@® lﬂ’let’ecf?%’rf’oﬁggﬁ%rgﬁﬁst a?% 0y afld llEf'bn?l@ct 31D fer
bunmp 106 CQQE el bqar 0 er. A and
t he back bu g’ a:‘E/jC('a)r5 I%Diaé]eﬁmcg%ngu? ng}ésrseg{l: er t r £h ldgh

t hr ough- h0|zeﬁ1g1£éﬁéd)rsm¢m drite T dtde HO0the substia)t@emwae apedi fic,
t he through-holes 107 are filled wth a filler 108, and a

t hr ough- holae cav@tarfiogndtrterial afeee1@®id.s 20 (RIVned ERitbaklwer the
exposed surface of the _filler 108 fromthe grough hol es

Th
upper - | ayer°°Rﬂe§h(91€‘d10§aﬁn§nEBﬁne‘(ﬁ‘%d dr e cdRBGCctBITt ayer (%353 ’ aﬁﬂg t he
upper -l ayerygh i 6202 &S HOMRALAH 19 1861 LHWUCLAE subjected to an

electroless plating in the same composition and conditions
as in Example 1.

Subsequently, the substrate was subjected to an
electrolytic copper plating in the same conditions as in
Example 1 to form an electrolytic copper plated £ilm having
a thickness of 15 um (see Fig. 2 (c)).

(2) The substrate provided with conductors (inclusive of
through-holes) consisting of an electroless copper plated
film and an electrolytic copper plated film formed all over
its surface was subjected to an oxidation-reduction
treatment in the same conditions as in Example 1 to form a
roughened layer 4 over the full surfaces of the conductors
inclusive of through-holes 3 (see Fig. 2 (d))}.

[Preparation of resin composition for filling through-hole]

A resin composition (filler) 5 for £filling through-
hole was prepared by kneading, through three rolls, 3.5
parts by weight of a cresol novolac type epoxy resin
(manufactured by Yuka Shell Co., Ltd., Epikote 152), 14.1
parts by weight of a bisphenocl F +type epoxy resin
{manufactured by Yuka Shell Co., Ltd., Epikote 807); 1.0
part by weight of ultrafine silica particles (Aerosil R202)
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circuit 103 connecting to the viahole 102. The sol der bunps 105, 106 a

formed on the viahole 202, or on the conductor circuit 203 connecting
the vi ahol e 202. In the multilayer printed wiring board accordin
35 t he invention, which has the aforenenti oned constructi on,

t hr ough- hol e- coveri ng conductor |ayer 109 |ocated above the filler 108

the thr 0“9hh%fié§€0n Y 5§e§:€%€§&>a&°&ﬂﬁe agdget her Viighohe

directly to

102 4 spgepgecty

uct or 109. By connecting in f he ‘above manner

re
to
gto
t he

in
d

the areas jwWeigboye ahhemidd ool - Betisg 1Adfesn (Phmyf @ctited dsy ashiladlar nal

| ayer pad

and hence the formation of a dead space can be avoided. In

addi tion, tKeseirCag, bobdd, dBAMEAENY eapd r 0 dRRI D PYwiveight mererpPeRyer
pad for connecting fromthe through-holes 107 to the viahole 102 as
convent i onaPCuEeT v BRTHRG B IVATRSShapardicife FRFSugRfhol? 189 cfPde

densi Ty ng AL B4 Pad A TRl AOLQUET Y O o £ 0

routing fortgi%@@r§;ggagh§2£9qguctor circuits to the periphery of the

substrate can

e conducted on both the
(3) The prepared filler 5 was charged in the through-holes

3 by screen printing, dried and then heated at 80°C, 100°C
and 120°C for each 1 hour, and at 150°C for 1 hour to cure.
Subsequently, the surface of the substrate was
smoothed by removing the roughened surface positioned above
the through-holes and the filler 5 protruded from the
through-holes 3 by means of belt sander abrasion using a
#400 belt abrasive paper (manufactured by Sankyo Rikagaku
Co., Ltd.), and further buffing the substrate with alumina
abrasive grains or SiC abrasive grains for removing
scratches due to the belt sander abrasion (see Fig. 2 (e)).
(4) A palladium catalyst (manufactured by Atotech Co.,
Ltd.) was applied to the surface of the substrate smoothed
in the step (3), and the substrate was subjected to an
electroless copper plating in the same conditions as in
Example 1 to form an electroless copper plated film 6 having
a thickness of 0.6 um (see Fig. 2 (£)).
(3) An electrolytic copper plated film 7 of 15 um in
thickness was formed by subjecting the substrate to an
electrolytic copper plating according to the conditions of
the step (1) to plate up portions to be conductor circuits 9
and to form a portion to be a conductor layer (to be a round
through-hole land) 10 for covering the filler 5 charged in
the through-hole 3.
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front and back build-up layers I0lA 101B. In a nultilayer printed wring
board, a plurality of wiring fromplural front bunps are connected to back
bunmps while being integrated, as described above. By formng the
through-holes in a high density, wiring can be integrated at the sane pace
between the front and back build-up wring layers |0l A [|0lB.

Accor di ngl y@t he %H”’%g!gﬁga% ey S{:%éiﬁgeaf rt%'lg;knéﬁg %@k%éaggla%%

wiring | aye | Ol be Set” to ane and can be re

EXAVPLES (dfowaigd eoh) bbih Asrfaddsr idig that esibstries GHIVARM awith
copper-clad |amnate (manufactured by Matsushita Electric Wrks, Ltd.,
trade namportiRAiEGHe hspmroskttogf cixrcuddisstSr and al copflucgor layer 10
pol ytetrafl uoroet hylene resin (hereinafter briefly referred

36 ing & cTRERET COTEXRBR}S Of (898 FiA i’ t1R)dkness and a

o o) oy WrbeL b NG S IR S (1 (SISLESEE, dopl

Initially, pAdfdeRARICHAE etching resist 8 was dissolved and removed
by etching with a solution containing a mixture of sulfuric
acid and hydrogen peroxide, and the etching resist 8 was
peeled off by a 5% KOH solution to form independent
conductor circuits 9 and a though-hole-covering conductor
layer 10 covering the filler 5 (see Fig. 3 (b)). In addition,
the surfaces of the conductors inclusive of side surfaces
were roughened by an oxidation-reduction treatment in a
similar manner to the step (2).
[Preparation of resin filler]
®. A mixture was prepared by kneading 100 parts by weight
of a bisphenol F type epoxy mnmonomer (manufactured by Yuka
Shell Co., Ltd., molecular weight: 310, YL983U), 170 parts
by weight of spherical SiO, particles (manufactured by
Admatech Co., Ltd., CRS 1101-CE, where the maximum particle
size was set to below the thickness (15 pm) of an internal
layer copper pattern mentioned below) coated with a silane
coupling agent on their surfaces and having an average
particle size of 1.6 pm, and 1.5 parts by weight of a
leveling agent (manufactured by Sannopko, Pernol S4) through
three rolls and adjusting a wviscosity to the range from
45,000 to 49,000 cps at 23%1°C.
@. Imidazole curing agent (manufactured by Shikoku Kasei
Co., Ltd. , 2E4AMZ-CN) of 6.5 parts by weight.

An interlaminar insulating resin agent 12 was prepared by
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| am nate was drilled to forma hole and the internal surface of the hole
was treated with a nodifier (manufactured by Junkosha Co., Ltd., trade
nane: Tetraetch) conposed of an organic netallic sodiumto inprove the
wettability of the surface (see Fig. 2 (b)). A palladiumtin
colloid was then applied to substrate, and the substrate was inmmersed in

an el ectrol ?35:191 tthaga%;.s%%?&ge yhpg oh fdo@ OW ng conposition to form

an electro | at ed err|] int |ckness all over the surface
of the subst(sate. Th£I@&@@wuemsi&farxumiﬁAnnLﬁsﬁlatlng rEELA agent 12

150 g/| Copper sulfate 0 g/l

30 m /| was Ngt@-ﬂ:ged to gaps between tlp@ gjqnductor c{:.@qq:.ts 9 or of
80 rrg/l léJElectroless Iatlng
condition] ‘the thr&ugélﬂrﬁ%‘d’qvéﬁﬁé‘gaﬁﬂn@u&tqo erc YhroBoepPivtRg to
Further, t S t iCc er
pl ati ng undgr %t Ae %’ovaefngt%%n%u?;égﬁéség EH O&%la ect?ﬁ'é?#’%&éogggrga

pl ated fil mhavigeg Fort Bt kpgasey . 15s:[ﬁlralrnﬁyseecﬂa gres21r( C#iiler 12 was

[El ectrol ytic platlng sol uti on]
charged in gaps between the conductor circuits 2 or of the

conductor layer 10 on the other surface of the substrate,
dried at 70°C for 20 minutes. In other words, the
interlaminar insulating resin agent 12 was charged between
the internal layer copper patterns in this step.

(9) One surface of the substrate after the treatment of
the step (8) was polished by belt sander abrasion with the
use of a #400 belt abrasive paper (manufactured by Sankyo
Rikagaku Co., ILtd.) s0 as to avoid the interlaminar
insulating resin agent l12a from remaining on the surfaces of
the internal layer <copper ©pattermns 9 and 10, and
subsequently, buffed for removing scratches due to the belt
sander abrasion. The other surface of the substrate was also
subjected to a series of these polishing treatments.

Next, the interlaminar insulating resin agent 12 was
cured by heating at 100°C for 1 hour, at 120°C for 3 hours,
at 150°C for 1 hour and at 180°C for 7 hours.

Accordingly, both surfaces of the substrate were
smoothed by removing the surface areas of the interlaminar
insulating resin agent 12 charged in gaps of the conductor
circuits 9 or of the through-hole-covering conductor layer
10, and the roughened 1layer 11 positioned above the
conductor circuits 9 or the through-hole-covering layer 10

to give a substrate in which the interlaminar insulating
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Sul furic acid 180 g/| Copper sulfate 80 g/l

37 Addi tive (manufactured by Atotech Japan, trade nane:
Capal acid Q) 1 m/1 [Electrolytic plating condition]
Current density 1 Aldnferr] Ti me 30
m nut es Tenperature roomtenperature (2) The

substrate préyirlecgirdth Gondaed Orghd i Rehusic¥8rofcitMinEghohobes 3) fuosed
of the electroless plated copper filmand electrolytic plated copper film

was washed smtfacevad®r tize dthiroesh-ho ldreccudrsing tapndass tidre layaly) ddt etkzteo an
oxi dation-reduction treatnment using an oxidation bath (graphitization

bat h) cont af#FREY Nadhered ¢/q ) eashCotber] Eurugy | ¥handnRereesibiper qf (6
g/l), and a reducgi n_b hlcontai Q'&ng N&%rt (10 g/ﬁ1 andu é or I\%B%grr]
(6 g/l) to RF m=Y FAYEF 4%all ovEr t BE/surtPEceS BT The Ton ors
oL PRt g o Oackek e bl S8 cnn
havi ng an auttegtapaliyéet ecSppér patterns could be aligned in the same
plane by this step. 'In this step, the charged cured resin
had a Tg point (glass transition point) of 155.6°C and a
linear thermal expansion coefficient of 44.5 x 107°/°C.
(10) A roughened layer 11 of a Cu-Ni-P alloy having a
thickness of 2.5 pm was formed on the surfaces of the
conductor circuits 9 and the through-hole-covering conductor
layer 10 covering the filler 5, and a Sn layer having a
thickness of 0.3 um was formed on the surface of the
roughened layer 11 (see Fig. 3 (c), where the Sn layer is
not shown) .

These layers were formed in the following manner: The
substrate was acidically degreased and soft-etched, and then
treated with a catalyst solution containing palladium
chloride and an organic acid to apply a Pd catalyst. After
activating the catalyst, the sﬁ.‘bstrate was immersed in an
electroless plating solution of pH of 9 containing 8 g/l of
copper sulfate, 0.6 g/l of nickel sulfate, 15 g/l of citric
acid, 29 g/l of sodium hypophosphite, 31 g/l of boric acid
and 0.1 g/l of a surfactant to form a roughened layer 11 of
a Cu-Ni-P alloy having a thickness of 2.5 um on the surfaces
of the copper conductor circuits. The substrate was then
subjected to a Cu-Sn substitution reaction at a temperature
of 50°C and pH of 1.2 by immersing in an electroless tin

plating solution containing 0.1 mol/l of +tin borofluoride
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of 10 [err] a bisphenol F type epoxy resin/an imdazole curing agent =
70/ 25/5 (by weight) through screen printing, and then dried and cured. The
roughened | ayer 4 | ocated above the conductors and the filler 5 protruded
fromthe through- holes 3 were renoved by belt sander abrasion using a
#600 belt abrasive paper (manufactured by Sankyo R kagaku Co. Ltd.), and

the substr gL e osUbbasled.t @ty g FOY ESIRVLNG,Sargishes

caused by t bel? sander "abrasion ace~of "t NEXSUbsStT at e

(see Fig. 20(?)1)1.111 164)thiARaldRdbhMmepat alirHace( BAUERSE %ﬁghgxe&t qta%&) was

applied to the surface of the substrate snoothed in the ove step”(3),

and the subttheatSn deydrhds swlj ebbed)t.o an 38
electroless copper glatlng according to a conventional method to form an

el ectr ol ess(PdppePipraiuast i Am @ndaviBng foT t Itlaatasdess 0pdatdng (exe Fig.
2 (f)). el e ol copper lated film 7 having a

th§c%<¥1ess(c#r%ﬁ rr“']n \%7%‘ tfﬁg' °F'8‘Pﬁe§a'8‘ﬁ ?he substrate by an electrolytic
copper pl atag ng @Q‘@%Erhlﬁﬁoﬁ()ldfov‘&aﬂeé:?@é“ Wl OfSr LBpRkaigydP RAIJHIS LG e

conductor circuits and those t
plating

®. To 35 parts by weight of a 25% acrylated product of a
cresol novolac type epoxy resin (manufactured by Nippon
Kayaku Co., Ltd., molecular weight: 2,500) were added 3.15
parts by weight of a photosensitive monomer (manufactured by
Toa Gosei Co., Ltd., Aronix M315), 0.5 part by weight of a
defoaming agent (manufactured by Sannopko, S-65) and 3.6
parts by weight of NMP, and the resultant mixture was
admixed while stirring.

@. A mixture of 12 parts by weight of polyether sulfone
" (PES), 7.2 parts by weight of epoxy resin particles
(manufactured by Sanyo Kasei Co., Ltd., Polymerpole) having
an average particle size of 1.0 um, 3.09 parts by weight of
the epoxy resin particles having an average particle size of
0.5 um was stirred. Subsequently, 30 parts by weight of NMP
was added to the mixture and stirred and admixed by a bead
mill,

@. A mixture of 2 parts by weight of an imidazole curing
agent (manufactured by Shikoku Kasei Co., Ltd., 2E4MZ-CN), 2
parts by weight of a photoinitiator (manufactured by Kanto
Kagaku Co., Ltd., benzophenone), 0.2 part by weight of a
photosensitizer (manufactured by Hodogaya Kagaku Co., Ltd.,
EAB) and 1.5 parts by weight of NMP was admixed by stirring.

An adhesive A for upper-layer electroless plating was
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be through-hol e-covering conductor |ayer covering the filler 5 charged in

the through-holes 3. [Electrolytic plating solution] Sul furic acid
180 g/l Copper sulfate 80 g/l Addi tive
(manuf actured by Atotech Japan, trade nane: Capalacid Q)

1 m/l [Electrolytic plating condition] Current density

1 AVdnferr] red Be B th m nut es

Tenper at ur e prepa ed by ixing the abﬁvteeﬁmﬁé{rtéltrure (%3?)@% comercially

avai | abl e phot oserspdtateish v ofi Immtweeadetsﬂvbotm Forf arewepfld
substrate provided with portions to be the conductor circuits and t

t hr ough- hol @lectagtespplarinat or | ayer, and a mask was pl aced on the f| | m
The resultapt substrate was then exposed to a light at 110 ml/cnferr],

devel oped Iﬁe??) o BBTFANPEaMBeAlte Mol tt Foh PETYEBERFARTOFERINGE & st

g o sk G Gty Sl s B

di ssol vi ng x&gakd | Mo .t,hroeah, ehehbhgl ¥t hv et Ur @ eboyulfdird Cagabd amd

hydrogen peroxide, and the etching resist was peeled off by a 5%

39 parts by weight of a photosensitive monomer (manufactured by
Toa Gosei Co., Ltd., Aronix M315), 0.5 part by weight of a
defoaming agent (manufactured by Sannopko, S-65) and 3.6
parts by weight of NMP, and the resultant mixture was
stirred.
@. After admixing 12 parts by weight of polyether sulfone
(PES) and 14.49 parts by weight of epoxy resin particles
(manufactured by Sanyo Kasei Co., Ltd., Polymerpole) having
an average particle size of 0.5 um, 20 parts by weight of
NMP was added to the mixture and the resultant mixture was
stirred and mixed by a bead mill.
®. A mixture of 2 parts by weight of an imidazole curing
agent (manufactured by Shikoku Kasei Co., Ltd., 2B4MZ-CN), 2
parts by weight of a photoinitiator (manufactured by Kanto
Ragaku Co., Ltd., benzophencne), 0.2 part by weight of a
photosensitizer (manufactured by Hodogaya Kagaku Co., Ltd.,
EAB) and 1.5 parts by weight of NMP was admixed while
stirring.

An adhesive B for lower-layer electroless plating was

prepared by admixing the above mixtures ® to .
(12) Initially, the insulative adhesive B for electroless
plating (viscosity: 1.5-3.2 Pa-s) and the adhesive A for
electroless plating (viscosity: 5-20 Pa-s) each prepared in

the step (11) were applied in turn to both surfaces of the
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KOH solution to form an i ndependent conductor circuits 9 and a

t hr ough- hol e-covering conductor |ayer 10 covering the filler 5 (see Fig. 3
(b)). (8) A roughened layer 11 of a Cu-Ni-P alloy having a thickness of
2.5 [err] was formed on the surfaces of the conductor circuits 9 and the

t hr ough- hol e- coveri ng conductor |ayer 10 covering the filler 5, and a Sn

llayer havi nguBsti@t&kNESEng Ofa Crchi [ Iddtal@s afiobwBd €8 &LbBgndsuihace of
the roughened |layer 11 (see Fig. 3 (c), the Sn layer is not shown).
These | ayerBoy&eéntéadr peditiont Ferf bl eubintdesnree) drietheat s6MI rifge 3@s
acidically degreased and soft-etched, followed by a treatnent with a

cat al yst soRLPEBEAS oftop Az dpn adhesivee lawgrad 2or feiit claus™ $BeFvere) Pd

catal yst. ter actiyating the catalyst, the substrat S i rsed in an
el ectrol esg‘?ﬁé’f‘gné s%?‘tﬁ‘? sof°“f)l—ia€f¥§‘ cBiRSi Frhy % dgﬂvgf E%%E@F' a

sul fate, O. | ke O/d;19f CipddicC ' 2 I

sodi um hypo%ﬁgg%ﬁﬁjééhgl ;‘f ?H%%%%gjr'?%éacié& l‘ilangd”%)s.r 1 3? 2'Jr‘(ii‘gda %S%oac?%]et to
forma rougasnesitayriydd Id thrdigiNa PridsirecBehBetivefl adhesbbet he

conductor circuits 9

(13) A photomask film printed with a full circle of 85 um
in diameter was closely adhered to the adhesive layer 12
formed on both surfaces of the substrate, and exposed to an
irradiation at 500 mJ/cm’® by an ultra-high pressure mercury
lamp. The exposed substrate was developed by spraying a DMDG
{diethylene glycol dimethyl ether) solution to form openings
for wviahole of 85 um iﬁ diameter on the adhesive layer. The
substrate was further exposed to an irradiation by an ultra-
high pressure mercury lamp at 3,000 mJ/cm® and heated at
100°C for 1 hour and sdbsequentiy at 150°C for 5 hours to
form an interlaminar insulating material 1layer (adhesive
layer) 12 of 35 um in thickness provided with openings
(openings 13 for the formation of wviahole) having an
excellent dimensional precision corresponding to the
éhotomask film (see Fig. 3 (e)). Incidentally, the tin
plated layer was partly exposed in the openings for viahole.
(14) The substrate provided with the openings 13 for the
formation of viahole was immersed in chromic acid for 19
minutes to dissolve and remove the epoxy resin particles on
the surface of the adhesive layer, whereby the surface of
the adhesive layer was roughened at a roughened depth of R,
= 1-5 um, and then immersed in a neutralizing solution
(manufactured by Shipley) and washed with water.

(15) Catalyst nuclei were applied to the surfaces of the
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and the through-hol e-covering conductor |ayer 10 covering the filler 5.
The substrate was then subjected to a Cu-Sn substitution reaction at a
tenperature of 50[err]C and pH of 1.2 using an agueous solution containing
0.1 nol/Il of tin borofluoride and 1.0 nol/l of thiourea to forma Sn |ayer
of 0.3 [err] in thickness on the surface of the roughened |layer 11 (the
Sn layer is daplesit@Mayer N2 T&fla%hah%%a NYWIACELY efhe D¥oLHaPOBh of
Conpany, trade name: Teflon[err] FEP) 25 [err] in thickness were

| am nat ed r esjphollieveby tgitiotd sur paddadaimm t batalgpstr amarﬁifaa:ﬁxmr BY/Ur e
of 200[err]C and a pressure of 20

kg/ crf err], 2datecherCanneditdd)atta ttéi#peﬁabat%at# boviiagr |the orpughensd

i nterlam nar sul atin esin layer ee F| 3 (d). (10) An opening
13 for the fi &F%E‘FFO ra’ﬁg%laﬁ& ge !ik}rng'3 d|°§ r aghesivecla¥erns for ned

in the insul@tghng Fgdl d&s ‘%Qg rn#%é y of

10.6 [err] in I)Wavell?%angt (see 3 q'glFurt%'g%b%lrﬁieé%r Eéég%f t he
i nsul ati ng Pakktangr esith IwngmtmsSaﬁagrwmpdsahanplwam tHd egta@ni1) The
pl asma treatment was carried out at 500 Wand a pressure of 500 mforr for

10 mi nutes. to( figrmAaRd ellettuslenas adprededplatedt hEilsur bficed 06 fime in

thickness all over the roughened surface (see Fig. 4 (a)).

At this step, since the electroless plated film was
thin, unevenness was observed on the surface of the
electroleés plated film,.

(17) A commercially available photosensitive resin film
(dry f£ilm) was adhered to the electroless copper plated film
14, and a mask was closely placed onto the dry film, exposed
to a light irradiation at 100 mJ/cm’® and developed with a
0.8% sodium carbonate solution to form a plating resist 16
having a thickness of 15 um (see Fig. 4 (b)).

(18) The substrate was then subjected to an electrolytic
copper plating under the same condition as the step (1) to
form an electrolytic copper plated £film 15 having a
thickness of 15 pm and thereby to plate up the conductor
circuit portions and viahole portions (see Fig. 4 (c¢)).

(19) After the plating resist 16 was peeled off through' a
5% KOH solution, the electroless plated f£film 15 located
beneath the plating resist 16 was dissolved and removed by
etching with a mixed solution of sulfuric acid and hydrogen
peroxide to form conductor circuits 9 (inclusive of wviaholes
17) consisting of the electroless copper plated film 14 and
the electrolytic copper plated film 15 and having a
thickness of 16 um (see Fig. 4 (d)).
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i nsulating Teflon resin |ayer 12 by sputtering wwth the use of Pd as a
target at an atnospheric pressure of 0.6 Pa, a tenperature of 100[err]C
and a power of 200 Wfor 1 mnute. At this tinme, SV-4540 nmanufactured by
Ni hon Shinku Gjutstu K K was used as a device for sputtering. The
anount of the sputtered Pd was set to equal to or less than 20 [err] The

Pd anmount wagoeget efid NednRY L o%deﬁh‘%vﬁ?xbstltﬂéitgoﬁ&@t N-hygdpoch! r' c

acid solution, measuring ﬁe tofal anount o ted Pd and dividing t

total Pd by (mlaﬂuemesufg xﬁraeﬁbles( 12) i?hembété;atmwteasthﬁmafeaarr&nt in
the step (11) was subjected to the electroless plating in the step (1) to
form an el @é&ﬁﬂ%%ﬁse¢ﬁaﬂlmgl$@lt@°i ecig rI]quft%Gmta%snm Bhg/1

f f | at Tef | Fi 1
Comrer ci 2u§9 S VAPRERF o SHgPRSench (§ vE/dr O | PAEkALT U LHiRat bhy 9/ ARl od
bot h b I
Fim1d in CRearop ihior? S o sPh FopBphdsblE: &, THL 41 Prib BT

ﬂd the subSW aind VASL eypDsS8f hO surifagithndt tH0CdLed rd a&égld@ﬂédiomagler
11 of copper-nickel-phosphorus having a thickness of 3 um on

the surface of the conductor circuits. In this case, the
roughened layer 11 contained 98% by mole of Cu, 1.5% by mole
of Ni and 0.5% by mole of P as analyzed by EPMA (electron
probe microanalysis; fluorescent X-ray analysis).

Further, the substrate was washed with water and
immersed in an electroless tin substitution plating bath
containing 0.1 mol/l of tin boroflucride and 1.0 mol/l of
thiourea at 50°C for 1 hour to form a tin substitution plated
layer of 0.05 pum in thickness on the surface of the
roughened layer 11 (where tin substituted layer is not
shown) .

(21) Further, each one layer of an upper interlaminar
insulating resin layer 12 and a conductor circuit 9
(inclusive of wviahole 17) was laminated by repeating the
steps (12) to (20) to obtain a multilayer circuit substrate
(see Fig. 8 (a)). In this step, a roughened layer 11
composed of copper-nickel-phosphorus was formed on the
surface of the conductor circuit, but a tin substitution
plated layer was not formed on the surface of the roughened
layer 11.

(22) On the other hand, a soclder resist composition was
prepared by mixing 46.67 parts by waeight of a

photosensitized oligomer (molecular weight: 4,000) obtained
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with a 0.8% sodi um carbonate solution to forma plating resist 16 having a
t hi ckness of 15 [err] (see Fig. 4 (b)). (14) An electrolytic plated fil
15 having a thickness of 15 [err] was forned on the substrate by

el ectroplating described in the step (1) to plate up the portions of the
conductor circuit 9 and to fill the portion of the viahole 17 with a
plating (sgg Hi i3 - 504 18F BRbkergradfdseloae! bPEseLl nbke1RbatyRe
resist 16 \%%t hé&?%ﬁ%%g—{ go uté%son,ks %‘ﬂggerl ectroless plated film 14 | ocated
beneat h 't hegdgt ifgsiresi(findfastsrednbyeilibpodi Kagakundo thrivtdh eaghirng
with the use of a mxture of sulfuric acid and hydrogen peroxide tg form
conduct or 0% tiyt Svedifairty | soXutidnudim PP | ed4 viZhoPatta 7pyoreighterE] & n

t hi ckness _conposed of the el ectrol ess goppe ated .fil 4 t

el ectrol yt RE-SEOSPOL By dves PPPWlS?SlnTﬁﬂgguéa%‘ﬁ?‘?a??@rfnu%ar i%{%& vre%r'i’ng
board was fa d Eg_g RhO: ( EXagpEBs2byMildiigh®y o 1%%48n
substrate T(%%j" %%%%hrgl ed %%é?%g%%%l)l a%nate 1[e?r] c:)L 0.5 Mmin
thickness was fMQRAN &slhy Ok PEstie ded. 8 pares By Chenghtesifsan dmibatiole
surfaces, and subjected to an etching treatnent with an aqueous sol ution

of sul furi cacing argemtdr dgenufacturdd by ofhikokw Hanay atle -prowitded with

conductor circuits. A | ass- epox repreg and _a co fail 2 were.i,n turn
2E4MZ-CN) , 1?5 parts ybyp wpeig%t of a pﬁ)ﬂyvacﬁl.ent acrylic

g
m

monomer (manufactured by Nippon Kayaku Co., Ltd., R604) as a
photosensitive monomer, 3.0 parts by weight of a polyvalent
acrylic monomer (manufactur.ed by Kyoeisha Chemical Co., Ltd.,
DPE6A), and 0.36 part by weight of a leveling agent
(manufactured by Kyoeisha Chemical Co., Ltd., Polyflow No.
75) composed of an acrylic ester polymer, adding 2.0 parts
by weight of benzophenone (manufactured by Kanto Kagaku Co.,
Ltd.) as a photoinitiator and 0.2 part by weight of EAB
(manufactured by Hodogaya Kagaku Co., Ltd.) as a
photosensitizer, and 1.0 part by weight of DMDE (diethylene
glycol dimethyl ether) to the mixture and adjusting a _
viscosity to 1.410.3 Pas at 25°C.

The +viscosity was measured by B-type viscometer
(manufactured by Tokyo Keiki Co., Ltd., model: DVL-B) using
'a rotor No. 4 at 60 rpm and a rotor No. 3 at 6 rpm.
(23) The above solder resist composition was applied to
both surfaces of the multilayer wiring substrate obtained in
the step (21) at a thickness of 20 um. Then it was dried at
70°C for 20 minutes and at 70°C for 30 minutes and thereafter
a soda-lime glass substrate of 5 mm in thickness depicted
with circle patterns (mask patterns) for solder resist

openings through chromium layer was closely placed on the
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| am nat ed onto both surfaces of the substrate, pressed at a tenperature

raging from 165 to 170[err]C and a pressure of 20 [err] to give a

mul tilayer core substrate 1l[err] (see Fig. 5 (a)). (2) The mul til ayer

core substrate 1[err] was then drilled to formthrough holes having a

di aneter of 300 [err] (see Fig. 5 (b)), applied with a palladiumtin

col loi d andsbhderi mesistd layer so as to face the chromidm layer siBe an

el ectroless plating solution having the sane conposition as in

Exanpl e 1 t §PPEPKPan &Pesedoltes arplektaviidleh ofay {eradidtiiarhi zkngseoal |
s then subjected to an el ectrolytic

over the sugﬁkrage. The s gstrape_ R RS
copper pl aft § n3PRedex E8ﬁdﬁﬁ BGn Suhpher. 25 MESmhaR £t
ol ect 1ol VU1 So%RRegt PAbSS, 14411 chRBA0 LIl eKIEeS e 180 [ PTa. (88,1 0
Conr ), (aSnSBUSS or of noli e pebepthEcrn bRt s S
for fillingl8 rn&hitknessed 20 [m) shawidnasnofeningt qopehingespage: 208
pm) in the solder pad.
(24) The substrate provided with the solder resist layer 18
was immersed for 20 minutes in an electroless nickel plating -
solution of pH of 5 containing 30 g/1 of nickel chloride, 10
g/l of sodium hypophosphite and 10 g/l of sodium citrate to
form a nickel plated layer 19 having a thickness of 5 pm in
the opening. The substrate was then immersed in an
electroless gold plating solution containing 2 g/l of
potassium gold cyanide, 75 g/l of ammonium chloride, 50 g/l
of sodium citrate and 10 g/l of sodium hypophosphite at 93°C
for 23 seconds to form a gold plated layer 20 of 0.03 um in
thickness on the nickel plated layer 19.
(25) A solder paste was printed on the opening of the
solder resist layer and reflowed at 200°C to form a solder
bump (solder body), thereby a multilayer printed wiring
board having solder bumps was obtained (see Fig. 8 (b)).
Incidentally, tin-silver, tin-indium, tin-zine, tin-
bismuth or other solders can be employed as the solder.
(Comparative Example 4) [Without the use of ultrafine silica
particles]
A multilayer printed wiring board was prodﬁced in a
similar manner to Example 1, except that the following
composition was used as the resin composition for filling

through-hole.
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Paste) containing copper particles having an average particle size of 10
[err] was charged into the through-hole 3, and the surface of the

substrate was snmoothed (see Fig. 5 (e)). (5 An electrol ess copper plated
film6 was then formed on the surface of the substrate snoothed in the
step (4) ina simlar manner to Exanple 1 (see Fig. 5 (f)). (6) An

el ectrol ytic copperopbat ewbrld |specidficld 4 efbdini BombOickiwsSeuas shonkmg by
subj ecting the substrate to an electrolytic copper plating according fo

t he conditi ddsouph-hhdestwas (Rreparadsiby | kneadingr throBganptlerde t cofldsm
portions to a conductor circuits 9 and a through-hole- covering

conduct or |§33r BRF % 0®Be PIHtindoF hPoUGFRTRE eNOVEHESF. tYPP) SPOKY( ERFAD
port tons 1o BEtRasraRelt el Ml Rhe, Oy TRER ondRARGES AR 101l he
Zgrre rrannerpgag)tsl ?r@g%ﬁjﬂﬁﬁﬁfi Eh?héﬁg%g% vaeretﬁee e?%?]}iqr!]g rﬁg%?st
was not forfednwdscpeebdd Wyf f Yukaa Stelil aConaniietd.t,0 Epikote 807), 1.2
parts by weight of an imidazole curing agent (manufactured
by Shikoku Kasei co., Ltd., 2E4MZ-CN) and 100 parts by
weight of copper powder having an average particle size of
15 um, and adjusting a viscosity to the range from 200 to
300 Pa-s at 22+1°C.
(Example 6) [Bisphenol type epoxy resin only]

The procedure of Example 1 was repeated to give a
multilayer printed wiring board, except that the following
resin composition was employed as the resin composition for
filling through-hole.

To be more specific, a resin composition for filling
through-hole was prepared by mixing 17.6 parts by weight of
a bisphenol F type epoxy resin (manufactured by Yuka Shell
Co., Ltd., Epikote 807), 1.0 part by weight of ultrafine
silica particles (Aerosil R202) having an average particle
size of 14 nm, 1.2 parts by weight of an imidazole curing
agent (Shikoku Kasei Co., Ltd., 2E4MZ-CN) and 100 parté by
weight of copper powder having an average particle size of
15 pm.

(Example 7) [Silica particle]

A multilayer printed wiring board was prepared in the
same manner as in Example 1, except that the following resin
composition was used as the resin composition for filling

through-hole.
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Exanple 1 to formindependent conductor circuits 9 and a

t hr ough- hol e-covering conductor |ayer 10 covering the filler 5 (see Fig. 6
(b)). (9) Subsequently, a roughened | ayer 11 was forned on the surfaces
of the conductor circuit 9 and the through-hole- covering conductor |ayer
10 covering the filler 5 in the sane manner as in Exanple 1. (10) An

adhesive A for el emid®lass | 2esng 88EpesitiAsUESEi FY1a0RE! tBryggR-RoEPar ed
in the followi ng manner. A. Preparation of adhesive A for upper-I|ayer

el ectrol esswapl prepgrefieby] knefdidy, pahirough Wiinglet rolssl i B .Corpartts 8999 of
a 25% acrylated product of a cresol novolac type epoxy resin
( manuf act ur BEL8YENPEpBnCREFak UREBOLlact BYPe nBPekYi| PSR (Rrnufactyrsd ey e

added 3. _15Cga£t %%1%'&ht %Sphﬁt oie;&ggpts\égy ! ggﬁérp’rgg V%Ctlﬁ dopy

Toa Cosei Aroni ‘x ng agent

(manuf actur@ﬂtbaflﬁéngﬂmkea §a§§lc§89 IaRBRLES R@ozwe'r&wu@f A Pava@pgyd he

resultant m xture was adm xed h stirring. [err] A mxture of 12 parts

by wei ght opaptigeéheizeubfona n@PESA I?p&qry%hytnei@huﬂufcﬁ Bpsplyetieli n
particles (manufactured by Sanyo Kasei Co., Ltd., Poly Eole having an
aver age parF|GWP%m€R9¥ﬁ qeelyeﬂmpnyfegtpae@shm/¥%#§hﬁhe# reﬁ6%§ resin

part i c1 oo NgYlfgean ofYSI A0p Lt oLe 2 7Ge0ne Ok LS iRt ' §fkung
agent (manufactured by Shikoku Kasei Co., Ltd., Z2E4MZ-CN)
and 100 parts by weight of silica particles  having an
average particle size of 10 um, and adjusting a viscosity to
the range from 200 to 300 Pa-s at 22+1°C.
(Example 8) [Epoxy resin particle]

A multilayer printed wiring board was produced in a
similar manner to Example 1, except that the following resin
composition for filling through-hole was used and that after
polishing the surface of the filler, the epoxy resin exposed
from the surface was removed by chromic acid.

To be more specific, a resin composition for filling
through-hole was prepared by kneading through three rolls
3.5 parts by weight of a cresol novolac type epoxy resin
(manufactured by Yuka Shell Co., Ltd., Epikote 152), 14.1
parts by weight of a bisphenocl F type epoxy resin
. {(manufactured by Yuka Shell Co., Ltd., Epikote 807), 1.0
part by weight of ultrafine silica particles (Aerosil R202)
having an average particle size of 14 nm, 1.2 parts by
weight of an imidazole curing agent (manufactured by Shikoku
Kasei Co., Ltd., 2E4MZ-CN) and 100 parts by weight of epoxy

resin particles (manufactured by Sanyo Kasei Co., Ltd.,

Polymerpole) having an average particle size of 1 um, and
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was added to the m xture and stirred and adm xed by a bead mll. J[err] A
m xture of 2 parts by weight of an i m dazole curing

44 agent (manufactured by Shikoku Kasei Co., Ltd., 2E4AMZ-CN), 2
parts by weight of a photoinitiator (manufactured by C ba Geigy, Irgacure
-907), 0.2 part by weight of a photosensitizer (manufactured by

Ni ppon Kaya&djGetingt the vDkddsHiyastl 4hé paktSrdyrdetidt raigdMr3RS200

adm xed by stirring. An adhesive conposition A for upper-|ayer

el ectrol esstopBO@i Pgswas pREPEC ed by mixing the above mixtures [err] to
aratjon _of insulat for lower-Ilayer

[err] B. re ing. agent B

el ectrol ess (g?ﬁg?ﬁﬁ iverFfamphe, 35 [ﬁﬁ‘rq?"?“gil PRETgIFLLRsel FubEERRERl: 809 of

oot ace e oy RLEOB6eRe8 (5% pRLECL R RASERE o e,

added 4 parislbylapefhprohtadPhAraseNIdd e SPAE' chaRNWhact #8ed by Joa

CGosei Co., Ltd., Aronix M315), 0.5 part by weight of a defoam ng age

(manuf act ureelsily composition was employed as the resin composition for
filling through-hole.

That is, a resin composition for filling tﬁfbugh—hole
containing 3.5 parts by weight of a cresol novolac type
epoxy resin (manufactured by Yuka Shell Co., Ltd., Epikote
152), 14.1 parts by weight of a bisphenol F type epoxy resin
(manufactured by Yuka. Shell Co., Ltd., Epikote 807), 1.2
parts by weight of an imidazole curing agent (manufactured
by Shikoku Kasei Co., Ltd., 2E4MZ-CN) and 1.0 part by weight
of a colloidal silica (Aerosil R202) having an average
particle size of 14 nm was prepared.

Whether a break between a through-hole and a wviahole
caused by peeling or the like was formed or not was
confirmed by conducting PCT (Pressure Cooker Test) in
conditions of relative humidity of 100%, temperature of 121°C
and pressure of 2 atm for 200 hours with respect to the
multilayer printed wiring boards of the examples and
comparative examples. After the completion of PCT, the
wiring boards were subjected to a heating test at 128°C for
48 hours.

(Results)

No peeling of the conductor layer covering the filler,
and no break caused by the peeling was observed in the
wiring boards according to Examples 5 to 8, whereas the

peeling, break and/or contact failure was observed in the
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Sannopko, S-65) and 3.6 parts by weight of NMP, and the resultant m xture
was stirred. [err] After adm xing 12 parts by weight of polyether sulfone
(PES) and 14.49 parts by wei ght of an epoxy resin particles (nmanufactured
by Sanyo Kasei Co., Ltd., Polynerpole) having an average particle size of
0.5 [err] 20 parts by weight of NWP was added to the m xture and the

resul tant nirxtie NErddliacibrtiide ol icompagakyva BRasiplek! 4 abers] A
m xture of 2 parts by weight of an im dazole curing agent (manufactured by

Shi koku Kasei Co. Tol o mciiNpeN)fic? iparithe bgn.mggmoa;fd &agumtdding ttcat or
(manuf actured by G ba Ceigy | rgacure _1-907), .2 part by weight of
a phot oserS?FR t’(‘fﬁan%’Fm:Lﬁ el BheRRpydFTRE}ARY seélcaLtR?rtl X-#STNnd

1.5 parts bﬁfow‘%\g&a OI'.h éfggg]wégggvg\%gcapf. d SO Fs to

45 T ng. I'ng PouaP- ayer Seetr oﬁheess

pl ating waﬁlpi&pawd% aﬁwlaga L EShARONE: M agdl SSod¥ilrg t&é ef:.rﬂlez( 11)
The insul ati ng agent for electroless plating™ (viscosi ty 1.

prepared i reridiethéegby 1@ dmsridppla aﬁlreamtbebﬁéénsméammm-helautmtd ate
with a roll coater and
viahole.

In addition, a part of the bisphenol F type epoxy
resin flowed out of the through-hole due to wviscosity £fall
in curing, and an indentation was formed on the surface of
the filler. Wwhen a conductor layer covering the filler was
formed above the indentation, a crevice was formed in the
center of the conductor layer. Thus, even when a resin was
applied and polished to smooth tl?e surface of the substrate,
the resin remained in the central crevice, and a connection
to the viahole could not be established.

In the wiring board according to Comparative Example 5,
the cured filler and the conductor layer covering the filler
were never adhered to each other so as to cause peeling and
hence a break between the through-hole and the conductoxr
layer.
No peeling was observed in the wiring boards according to
Examples 5 and 6, whereas a peeling was observed in the
wiring boards according to Examples 7 and 8. It is estimated
that peeling does not occur in the wiring boards of Examples
5 and 6 _because the copper powder was completely integrated
with the conductor layer.
Industrial Applicability

As described above, the printed wiring board according

to the invention is useful for a multilayer wiring board

66



allowed to stand in a horizontal position for 20 mnutes, and then dried
at a tenperature of 60[err]C for 30 mnutes. Subsequently, the adhesive
A for electroless plating (viscosity: 1.0 Pa-s) was applied to the
substrate by a roll coater, allowed to stand in a horizontal position for
20 mnutes, and then dried at a tenperature of 60[err]C for 30 mnutes to
forman adhﬁﬁh&ﬁ k@ygéeézaét&Dphéﬁﬁ§1ﬁérEEBHEEAtehﬁ&k”ﬂa&kiﬂgcf@eéﬁxﬁé 40
[err] (see Fig. 6 (d), the two-layer Structure of the adhesive | ayer,
however, |s;nnphtedcumathEOrvaemmltliéQérApphnt@@askrim§nbdepdcbbﬁaﬂmé& a
full C|rcle (black circle) of 85 [err] in dianmeter was attached to both
surfaces obYtWeWesﬁ%ﬂ%&eerwqqe#%r%daorﬁﬁdﬁ?m@espﬁcﬁ% In

substrate an osed to a i rradjation_at 0 nﬂ/cn{

Jltra- hi gh 538&3% n#*sursﬁﬁ%hp SR LR cACkaRLL Pl 60 1S (ERLFBHEGP by
spraying a byDG :]Lal Y| £t 06l Sl W OBntOriGhiBiar
openi ngs for vi oIe err %\ aneter on the adhesive | ayer
substrate wasshuaties r@g(msrayézp of |d PHintgdaeiiatingnbakrd. 000 mJ/ cnf er r]
by an ultra- high pressure nercury |anp and heated at 100[err]C for 1 hour
and subsequently at 150[err]C for 5 hours to forman interlam nar
insulating material |ayer (adhesive layer) 12 of 35 [err] in thickness

provi ded with openings (openings 13 for the formation of viahole) having
excel I ent dinmensional precision
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46 corresponding to the photomask film (see Fig. 6 (e)).
Incidentally, the tin plated | ayer was partly exposed in the opening for

the viahole. (13) The substrate provided with the op en| nﬁ 13 for the

formati on of viahole was imersed in chromc acid for Hmml muull””“’

di ssol ve and renove the epoxy resin particles on the surf
adhesi ve | agesrmshereby the surface of the adhesive | ayer {2 Wwas roug Kenéd
at a roughened depth of [err] = 1-5 [err] and then imersed in a
neutralizing solution (manufactured by Shipley) and washed with water.

(14) Catalyst nuclei were_applied to the surfaces of the adhesive |ayer
12 and the openi ngs- 13Af8PlFﬁ£aY8FnEFP6ﬁeéfW*ﬁﬁﬂ%ﬂh?ﬁﬁ?gﬁ%&?@ SCPRPFEdi um

catalvst (RRUCSLAL Y ST e AL AR UL N Sclithatet 1o
e S skt i Stastealto st ! shiptpdaldeuro
plated fil mah4 ioftetlsfmilpar |insuldtimknessial [layeer, tdwid otijhengh-kolésice
(see Fig. 7 (a)) At this step, since the el ectroless copper plated film
14 being filled with a filler, wherein
an internal surfaces of the through-holes are
roughened.
2, The multilayer printed wiring board according to
Claim 1, wherein the filler is composed of metal particles
and a thermosetting resin or a thermoplastic resin.
3. The multilayer printed wiring board according to
Claim 1, wherein the filler is composed of a particulate
substance, a resin and an ultrafine inorganic powder.
4. The multilayer printed wiring board according to
Claim 3, wherein the filler is a nonconducting composition
containing metal particles.
5. The multilayer printed wiring board according to
Claim 3, wherein the particulate substance is composed of at
least one member selected from metal particles, inorganic
particles and resin particles.
6. The multilayer printed wiring board according to
Claim 3, wherein the resin is composed of at least one
member selected from bisphenol type epoxy resins and novolac
type epoxy resins.
7. The multilayer printed wiring board according to
Claim 1, wherein the substrate is a multilayer core

substrate formed by laminating a conductor layer and a

Prepreg in alternating order.
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was thin, convexoconcave follow ng the roughened surface of the adhestve

| ayer 12 was observed on the surface of the electrol jﬂlnﬁmjmmmum’efl I m
14. (16) A commercially avail abl e photosensitive dr dto
the el ectrol ess copper plated film 14, and a nask was placed ohtcd the dry
film exposed to a light at 100 nﬂ/cn{err] and devel oped with a 0 8%)

sodi um carbonate sg| utiraa Tnﬂltfl% s”’.- A eSSy @oéﬁﬁ' QQc Kpgss
of 15 [err] (see Fig. 7 (b) The substrate was en s Jec to

an el ectrol @liadm 1, whereln the through -holes4 €ormed on ﬁﬂ@p%ﬁbﬁk&hk@g
under the sane condltlon as in the step (6) to forman electrolytic copper
pl ated fil mbByehgvpPA§ch l@heckabsgfoéquél[tnrQrzﬂEBslthambwowomm.ate up the

At ng resist 16 fas eBl B SEISERE SEARAG s RIS | ?Q#S{qa%“%o

el ectrol ess dilaahedsfi I dRedPCa8d q- “eawlkge PLplid0 dSHS LR

di ssol ved and renoved by efching with a m xed so I on o furlc aC|d

and hydrogesuriffacesi ef t ehéorgubatiaitel Ohaté I Gl SsdddiChusbye ff viagakss)
with each other and the wiring thereof is installed
dispersing to the periphery of the substrate.

10. A multilayer printed wiring board being composed
of a substrate provided with through-holes, and a conductor
circuit formed on the substrate through the interposition of
an interlaminar insulating resin layer, said through-holes
being filled with a filler, wherein

an exposed portion of the filler in the through-holes
is covered with a through-hole-covering conductor layer.

11. The multilayer printed wiring board according to
Claim 10, wherein the internal surfaces of the through-holes
are roughened.

12. The multilayer printed wiring board according to
Claim 10, wherein a roughened la&er is formed on the surface
of the through-hole-covering conductor layer.

13. The multilayer printed wiring board according to
Claim 10, wherein the filler is composed of metal particles,
and a thermosetting resin or a thermoplastic resin.

14. The multilayer printed wiring board according to
Claim 10, wherein the filler is composed of a particulate
substance, a resin and an ultrafine inorganic powder.

15. The multilayer printed wiring board according to
Claim 14, wherein the filler is a nonconducting composition

containing metal particles.

[
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each consisting of the electroless copper plated film 14 and the

el ectrolytic copper plated film 15 anﬂlmﬂmnﬂm M‘HMMness of 16 [err] and
thereby a nultilayer printed wiring e layers on each side
was obtained (see Fig. 7 (d)). Pd remdinéd in"hé rbughened surface of the
adhesive layer 12 was renoved by imersing in chromc acid (800 g/l) for

1 to 10 nminutes. 1. Th’éhwaﬂh&éyzeEr&hktaaeduwlhbn%o&%r %&ﬁﬁn@d ty the
above nentioned manner ensures through-holes each provided wth a

perfectly cClzimald| amtieraid itthecopeptimilicen sulisitampdd chbsofcomposedtMF
[err] and thereby through-holes can be formed in a high density so as to
densify thr%ﬁg%e%%te%neé%%mbﬁf $¢ﬂ%ﬁﬁﬁ4|fﬂpmf#¢ﬁ§#tEﬁF?&RﬂRﬁ ginorganic

t hrough-hol es_in bstrate c e increased, an electric connection

with respetrree %%%aﬁft‘#]d"res&nr é’&:tg' $5the nultilayer core substrate can
sufficiently be e'ﬁure‘ihbhh%‘igﬁlk ang %-l%d Wi ll?l% boﬁ%a%c%z@mgr o i'rA;

mul tilayer printed wiring board acture the sanme mann
Exanpl e 1, eXciapt 1dhatwidrsid htheghresiinl €8 snpdddd edf Widdh Be&8PPhe
paste, a through-hol e- 48
member selected from bisphenocl type epoxy resins and novolac
type epoxy resins.

18. The multilayer printed wiring board according to
Claim 10, wherein the substrate is a multilayer core
substrate .formed by laminating a conductor layer and a
pPrepare in alternating order.

19. The multilayer printed wiring board according to
Claim 10, whereiﬁ the through-holes formed on the substrate
have a pitch interval of equal to or less than 700 um.

20. The multilayer printed wiring board according to
Claim 10, wherein build-up wiring layers formed on both
surfaces of the substrate have the same number of layers
with each other and the wiring thereof is installed
dispersing to the periphery of the substrate.

21. A multilayer printed wiring board being composed
of a substrate provided with through-holes, and a conductor
circuit formed on the substrate through the interposition of
an interlaminar insulating resin layer, said through-holes
being filled with a filler, wherein

an exposed surface of the filler in the through-holes
is covered with a through-hole-covering conductor layer, and
a viahole formed just above the conductor layer is connected
to the through-hole-covering conductor layer.

22, The multilayer printed wiring board according to
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covering conductor |ayer 10 for coverifag—anexposed copper paste fromthe
t hr ough- hol es was not formed. Accordinp pits m ght be
formed because the surface of the co;mmﬁmg;mmMﬂmequently renmoved in
the formation of openings on an insulating Fedinslayer by a | aser beam

i rradiation. (Exanple 4) A multilayer printed wiring board was

obt ai ned | it1dkinSidM | FhdFEIREMtHS intiTNal lsurPaepi dfhathd hthdmidloliales
conposition was enployed as the filler. Bisphenol F type epoxy resin
(manuf act uraack Iypoughlemeghel | Co., Ltd., E-807) 100 parts by wei ght

| m dazol e curing agent (manufactured b Shi koku Kasel Ltd... 2E4NMZ-
5 parts by weight 2 gCop"ﬁ%? PohgeLaHaTi Hﬁlatﬁar f’F‘EF‘Egs#’?@r&f apgorging |SS\I)S

( manuf actur@_iﬂy {'uku erOStaI g%#&h%qlquq_\g}%r QQ eddufhs oSk Pace

735 parts Db 10 parts by wei ght
Def oani ng agening @{B&@@M&b@@ Eﬁv@éﬁﬁ@pEQndﬁé’éBﬂ 18¢er.

0.5 part by wei ght (Conparative Exanple 1) The procedure of exanple
1 was repeated to2groduhe maultilayer printed wiring board according to

Claim 21, wherein the filler is composed of metal particles,
and a thermosetting resin or a thermoplastic resin.

25. The multilayer printed wiring board according to
Claim 21, wherein the filler is composed of a particulate
substance, a resin and an ultrafine inorganic powder.

26. The multilayer printed wiring board according to
Claim 25, wherein the filler is a nonconducting composition
containing metal particles.

27. The multilayer printed wiring board according to
Claim 25, wherein the particulate substance is composed of
at least one member selected from metal particles, inorganic
particles and resin particles.

28. The multilayer printed wiring board according to
Claim 25, wherein the resin is composed of at least one
member selected from bisphenol type epoxy resins and novolac
type epoxy resins.

29. The multilayer printed wiring board according to
Claim 21, wherein the substrate is a multilayer core
substrate formed by laminéting a conductor layer and a
prepare in alternating order.

30. The multilayer printed wiring board according to
Claim 21, wherein the through-holes formed on the substrate
have a pitch interval of equal to or less than 700 um.

31. The multilayer printed wiring board according to
-

s Sheet Has Been Replaced 71

T e

l RLPLACL*D




multilayer printed wiring board,—except that a bi sphenol F type epoxy
resin containing no netal par 'm wﬂ the filler for filling the
t hrough-hole. (Conparative EH ﬂ “"Lﬂmﬂl“FA mul tilayer printed wring
board was produced in a simlar frafnef td Bxanple 1, except that

t hrough-holes were filled with the epoxy resin and the surfaces of the

epoxy resigiirosed, f nBAdia: t Buotahupol @erivy € 169daeenesriédh on both

49 chromi c acid and then covered with a conductor | ayer.

(Conmpar at i vesurfarelse &f the substrdiid | Agee [mhentssinev nunbeloarl Wayers
obtained in the sane manner as in Exanple 1, except that a roughened | ayer
was not for Wédhon qamh snthae And hethet e‘l’h’é?-n%oan%?%‘PfonlsthénStalled

t hr ough- hol es. Resul t s) . A heat | e test,_of -55[err]C x 15 mn.,
anmbi ent te;‘iﬁ'@?&&ﬁf‘@gxgcfot}}?n?eﬁﬁé‘?ﬁ%[%‘ﬁ/% f‘%ast_rﬁ%teat [1 00]0 times was
conducted with resggct tg t daldd i I&Yegrga{lgggg \llghl’l d’tiﬁ%?éis ﬁg.gﬂq;gang

to the exanpl es and conparative exanple addition, the presence
or absence @firing’ Vdr Ofomprising at least the following steps @ to

@:

® a step of forming a conductor layer and through-
holes on both surfaces of a substrate by electroless plating,
or additionally electroplating,

@ a step of forming a roughened layer on the surfaces
of the through-holes,

@ a step of filling the through-holes each having the
roughened layer on its internal surface with a filler,

@ a step of forming an interlaminar insulating resin
layer and then forming a conductor circuit by subjecting to
an electroless plating, or additionally to an electroplating.

33. The process according to Claim 32, wherein the
internal surfaces of the through-holes are roughened by any
process selected from an oxidation-reduction treatment, a
treatment with an aqueous mixed solution of an organic acid
and a copper(II) complex, and a plating with a needle
ternary alloy of copper-nickel-phosphorus.

34. The process according to Claim 32, wherein the
step of filling the through-holes with a filler is conducted
by f£illing the through-holes with a filler composed of metal
pafticles, and a thermosetting resin or a thermoplastic
resin, and drying and curing the filler.

35. 'The process according to Claim 32, wherein the

step of filling the through-holes with a filler is conducted
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copper between through-hol es was observed by conducting a PCT (pressure
cooker test) under condl t |’MHHM"HI”’HI)H)HII 100% tenperature of
121[err] C, and pressure of hour s. As a result,

vi ahol es coul d be forned jUSt ‘above” t He *t hr ough- hol es according to the
mul tilayer printed wiring boards of Exanples 1 to 4 of the present

a9d £ilmindi ¢hedefttdugH-HOEN- ROLES aC OfH Th £AS cbipB8e@bicd ngd.
In addition, no peeling was observed between the filler and the i nt er nal
surface con@@@ttelcuéfatehesuhmygie,hohe remirbeaméemn thktfafires andrgéeic
t hrough- hol e-covering conductor, and neither_crack nor mgration was found
in the heat POYERE  t 88¢ daninecnd curing chhe Heild@frary, di spersi on

i nventi on,

(m gration) of copggr
Tefl on substrate Th'th

h_ th . I h h
i, BERERFE, G F0 ng B8 3%t A e

Example 1. Beepi B¢ ¢hithe CQﬂ@u‘EhQBuPﬂ)‘ﬁBl@QV@E.EHgaaEQEﬂgr E.Qeconducted

t hr ough- hol es was observed in the nmu

50

l'ayer printed
bwi rfiiglivgar the ofthEengph-ticles Exatpl as £5 et 3composed of a

nonconducting composition containing metal particles, and
drying and curing the filler.

37. The process according to Claim 35, wherein the
particulate substance is composed of at least one member
selected from metal particles, inorganic particles and resin
particles.

38. The process according to Claim 35, wherein the
resin is composed of at least one member selected from
bisphenol type epoxy resins and novolac type epoxy resins.

39. A process of preducing a multilayer printed
wiring board comprising at least the following steps @ to
@: -

® a step of forming a conductor layer and through-
holes on both surfaces of a substrate by electroless plating,
or additionally by electroplating,

@ a step of filling the through-holes with a filler,

@ a step of forming a through—hole-covering' conductor
layer by subjecting an exposed portion of the filer on the
through-holes to an electroless plating, or additionally to
an electroplating, and

@® a step of forming an interlaminar insulating resin
layer and then forming a conductor circuit by electroless
plating, or additionally by electroplating.

40.. The process according to Claim 39, wherein the
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(Exampl e 5)

A co er-cl ad | am nate conposed of a BT (bisnal ei m de-
triazine) ﬂﬁm ﬂm ‘LH of 0.8 mMmmin thickness and a copper foil 2 of
18 [err] g a single-sided roughened surface and _
| am nated on the & substrate 1 was used as a starting naterial (see Fig. 2
(a)). Initially, the copper-clad lamnate was drilled (see Fig. 2 (b)),

and appl i ecthaicuiyhahpdlelsadidira tb@e&%kevﬂdean@ﬁﬁbJae%&ngﬁéhé& 12&&9 gl ess
plating in the same conposition and conditions as in Exanple 1.
Subsequent | ythet Hateripadr augfwaessuhpeecﬁd to an electrolytic copper

plating in the same_conditions as in nple 1 to forman electrolytic
copper plated fil gﬁnaw rge é”f"rﬁ%ﬁ?ne%%c%?%[‘é?r]uéé@e 4ﬂrg Wl'ze{%}l} thep)

h b : | t
Const st ng. AP ErAEIS S OREL Sl Bt B AT i SeLBRRR: Y £ 2B pper
plated fil morofceRd atd1ovEdd ickdm Sakf %&@.da‘@%n—r@ﬂgheﬁgﬁd tltliaatrf%het' 1B

oxi dation-reduction treatnent in the sane conditions as in
forma rougireadtheniy enith mraqdubﬁwlm:&ﬂfmstﬁn tde £ONIHEEAIE acid

i nclusive of through-holes 3 (see Fig. 2 éd [ Preparation of resin
conposi ti on3Pgr #i FPPE&rt(ﬁFbqu%eéq, a /plating ctmpatinendn wiftH : Ier) 5
1;0r5 filli ngntee ug.ub.o emgryr e]r:) é}? doP ycgp%ee%:d-lnr}.%’ketlrl&a%u%g %%(ge rovts

42, The process according to Claim 39, wherein the
filling step of a filler is conducted by £filling the
through-holes with a filler composed of metal particles and
a thermosetting resin or a thermoplastic resin, and drying
and curing the filler.

43. The process according to Claim 39, wherein the
filling step of a filler is conducted by filling the
through-holes with a filler composed of a particulate
substance, a resin and an ultrafine inorganic powder, and
drying and curing the filler.

44. The process according to Claim 43, wherein the
filling step of a filler is conducted by f£illing the
through-holes with a filler composed of a nonconducting
composition having a specific resistance of equal to or more
than 1x10° Q-c’® and containing metal particles, and drying
and curing the filler.

45. The process according to Claim 43, wherein the
particulate substance is at least one member selected from
metal particles, inorganic particles and resin particles.

46. The process according to Claim 43, wherein the
resin is composed of at least one member selected from

bisphenol type epoxy resins and novolac type epoxy resins.
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par
Shel |
type
1.0
51

Co

: Ltd Ep| \..t
epoxy resin

rts by weight of a cresol novol ac tﬁE epoxy resin (manufactured by Yuka

Il

of an i mdazole cum.ng BEeNbrosBEYf ackvradngy tohidtudn Ke5eiwhededinl tithe
2EAMZ-CN) and 100 parts by weight of copper powder having an average

particl e sigeepfofisffmming atite au;usghfﬂgolérecmm tgorgiuctiosr niaganr 6 s o
the range from 200 to 300 Pa-s at 221[err]C % The prepared filler 5
was char ged°PREEeE P UBRPEBIRS °3t5§/Y§Er§Eﬁlﬁ+| Pi

frge &PF &cﬁnﬁﬁﬂﬁﬁ?

heated at 8 10Q[err] C _and .120] rr]C ch 1
150[err]C f%‘%b %qﬁr t & Cut previ %glg'sequezﬁgf‘?/%&t he sur ace the

substrate Vashs£PDEL Ned v ré.@&‘dz‘lﬂésl%e
the through-holes and the filler 5 protruded fTom t he t hr ough-

means of bedlestrsieYatairigsi thensifugmaing?48h letichiabr asssdstipapast above

(rmanuf actured by Sankyo Ri kagaku Co., Ltd.), and further buffing the
substrate wike® gapgh-holes and a portion to be a conductor circuit,

removing the plating layer in a portion where the etching
resist is not formed, and further peeling off the etching
resist on the through-hole-covering conductor layer and the
conductor circuit portion.

48. The process according to Claim 39, wherein the
step of forming the through-hole-covering conductor layer is
conducted by forming a plating resist in a given position on
the surface of the substrate being previously smoothed and
then subjecting a portion where the resist is not formed to
an electroplating to form a through-hole-covering conductor
layer and a conductor circuit, and removing the plating
resist with the plating f£ilm located beneath the resist by
etching. .

49. The process according to Claim 39, wherein the
step of forming a through-hole-covering conductor layer
comprisés a step of roughening the surface of the through-
hole-covering conductor layer by any process selected from
an oxidation-reduction treatment, a treatment with an
aqueous mixed solution of an organic acid and a copper (II)
complex and a plating treatment with a needle-formed ternary
alloy of copper-nickel-phosphorus.

50. A process of producing a multilayer printed

wiring board comprising at least the following steps @ to
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abrasive grains or SiC abrasive grains for renoving scratches due to the
belt sander abrasion (sea = <- 2 (e)) (4) A palladium catal yst

(manuf actured by Atot ech applied to the surface of the
substrate snoothed in th Miuﬂm u t he substrate was subjected to an
el ectrol ess copper plating+ne ditions as in Exanple 1 to form
an el ectrol s copper plated film®6 having a thickness of 0.6 [err] (see
Fig. 2 (f)). (5 An electrolytic copper plated film?7 of 15 [err] in

thi ckness was forn®d dystepj et i figeniirey sabsiondiietbe dayed eand oklirbaghepper
plating according to the conditions of the step (1) to plate up _portions
to be condulPdPScPRCRPER surfages of i iFboratio Py elrctradeassupiatingyer

E}]g Pﬁrgugﬁund gdg;cgggal{ly Sy Qfggtrop{atl coveri ng the fill er(g) ch%‘ged in

etching resist 8 hgviing+a.t fol Qroed Q 1
surfaces of the S[:%Sthl’ at %pprgg\cn%gggivﬁt 5'.0{1 %%%ﬁga?ay%e g%n %tor{:%lnrl%w ts
9 and a conduefacebayfrtid thiowdgls+ibles, nanner to Exanple 1 (see Fig. 3

(a)).

® a step of filling the through-holes provided with a
roughened layer with a filler,

@ a step of forming a through-hole-covering conductor
layer on an exposed portion of the filler on the through-
holes by electroless plating, or additionally by
electroplating,

® a step of forming an interlaminar insulating resin
layer, and

® a step of forming a viahole and a conductor circuit
in the interlaminar insulating resin layer located Jjust.
above the through-holes, and connecting the viahole to the
through-hole-covering conductor layer.

51. The process according to Claim 50, wherein the
internal surfaces of the through-holes are roughened by any
process selected from an oxidation-reduction treatment, a
treatment with an aqueous mixed solution of an organic acid
and a copper(II) complex, or a plating treatment with a
needle-formed ternary alloy of copper-nickel-phosphorus.

52. The process according to Claim 50, whefein the
filling step of a filler is conducted by filling the
through-holes with a filler composed of metal particles and
a thermosetting resin or a thermoplastic resin, and drying
and curing the filler.

53. The process according to Claim 50, wherein the
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(7) Next, the plating filmp05| tioned in a portion not provided with the
etching resist 8 was dissolved ih

mm)mm"wm tching with a sol ution
containing a m xture of sulfuri gen per oxi de, and the

etching resist 8 was peel ed of f y ~a” 5% solution to form

I ndependent conductor circuits 9 and a though- hole covering conductor
layer 10 cogelinggthetdp! s % ($8aiRl. i3 (f&bhdubeeaddiﬁ% f‘:.JBl}.xl;? syd aces
of the conductors inclusive of side surfaces were roughened

oxi dat i on- r thveeghrholest meith i ra a £51hét ar compoesd t of hea Stﬁ@rfféulate
[Preparatlon of resin filler] [err]. A mxture was prepared by kneadi ng
100 parts b§uRgtyREe. of Fefidpherdl ap tyberafing inodgani¢npewtect uran by
Yuka Shell Lt d nol ec l.ar ht: 310, YL983U), 170 parts by wei ght
of spherica ié%‘r&eaxﬁ PartE ('%rga'r%ractur ed by Admatech Co., Ltd., CRS
1101- CE, wher e th%4ﬁﬁx'fﬂ&nﬁ.@6&é§éeac%bﬁﬂ’§5 SPlelapebon \ig g.Lhi C ess
(15 pm of an internal layer copper patte nment 1 oned efo coa Wth a
silane coufllhinggestteron diheia Filfliegesiandchbadtsged@n BYrHULI i MR tﬂlfé e
size of 1.6 [err] and 1.5 parts by weight of a |eveling agent

( manuf act ur BiFpIctshmiask o wikhr nal Sl lehr mogposedr eefr ok | sncarmbmd:l;aisrnmg a

viscosity to the range fro 45,000 to 49 000 cps at 231[er [err]
| ni dazol e cCRARRFP tg‘éﬂ} ?PJ;%?{J&BF{? 1shiRadiF tes J&M}ng 2 BAAZ- CN)
of 6.5 paft&ﬂh&‘wtﬁnax.

55. The process according to Claim 53, wherein the

particulate substance is at least one member selected from
metal particles, inorganic particles and resin particles.

56. The process according to Claim 53, wherein the
resin is composed of at least one member selected from
bisphenol type epoxy resins and novolac type epoxy resins.

57. The process according to Claim 50, wherein the
step of forming a through-hole-covering conductor layer is
conducted by applying catalyst nuclei to the surface of the
substrate being previously smoothed, subjecting the
substrate to an electroless plating to form a plated layer,
or additionally to an electroplating, then forming an
etching resist just above the through-holes and a portion
where the conductor circuit is formed, removing the plated
layer in a portion where the etching resist is not formed,
and further peeling off the etching resist on the through-
hole-covering conductor layer and the conductor circuit.

58. The process according to Claim 50, wherein the
step of forming a through-hole-covering conductor layer is
conducted by foz_'ming a plating resist in a given position on

the surface of the substrate being pPreviously smoothed and
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An interlam nar insulating resin agent 12 was prepared by

53 m xi ng the above ingredients [err] and [err] 'm, "]m
prepared interlam nar insulating resin agent 12 was char u' #"l"u"
bet ween the conductor circuits 9 or of the through-hol e-covéri hg tonduct or

| ayer 10 by applying to one surface of the substrate through screen

printing, d%ﬂ&@ @ .gé V%]e% %ﬁitggn”hﬂai—ssth@ Bk 5 st %e%ﬁé‘alé@r 12

was charged in gaps e conductor circuits 9 or of the conductor

| ayer 10 onard heletbespsatingetofl fioit wbshiddgh-halld-efbvedting’ feridddtod or
20 mnutes. In other words, the interlam nar insulating resin agent

12 was charlpyebhetandena té¢rndugtgmalcifrgydit,coppdr pemovdngs thet Iplating.

(9) One surface of the_substrate after the treatnent of was
bol i shed byPPRITE s fbr i ARGl ¢ fiifle 10GBLEH abRMOR el oo ST iAr

paper (nan ¢% %Hh kyo Ri kagaku Co., Ltd.) so as to avoid the
i nterlam nar 1msula ' Ag T'esin agent 12a fron1renaining on the surfaces of

the internal |ayer oRRPEHrodasscabsordingatd dihimasd, smesequerine/,

buffed for renmoving scratches due to the be?
step of forming a through-hole-covering conductor layer
comprises a step of roughening the surfacé of the through-
hole-covering conductor layer by any process selected from
an oxidation-reduction treatment, a treatment with an
aqueous mixed soclution of an organic acid and a copper (II)
complex or a plating treatment with a needle-formed ternary
alloy of copper-nickel-phosphorus.

60. The process according to Claim 50, wherein a
viahecle is formed Just above the through-hole-covering
conductor layer through the interposition of an interlaminar
insulating resin layer by roughening the interlaminar
insulating resin layer provided with an opening for viahole,
or applying catalyst nuclei directly to the resin layer
without roughening, then subjecting the resin layer to an
electroless plating or additionally to an electroplating,
and etching the plated layer so as to remain a viahole and a
conductor c¢ircuit portion.

61.. A resin composition for filling through-hole of a
printed wiring board being composed of a particulate
substance, a resin and an ultrafine inorganic powder.

62. The resin composition according to Claim- 61,
which is a nonconducting composition containing metal
particles.

63. The resin composition according to Claim 61,
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sander abrasion. The other surface of the—sﬂbstfa%e—was—also subj ected to
a series of these polishing treatnents. I nterl am nar

i nsulating resin agent 12 was cured by uluugnﬂ H'ﬁrr]c for 1 hour, at
120[err]C for 3 hours, at 150[err]C for *1 lhout an 80[err]C for 7

hour s. Accordi ngly, both surfaces of the substrate were snoot hed by

renmovi ng th?vhék‘éiﬁcedﬁ_r egarf{chetd Nkebkeghaar id néé&;%ééw besidt ageast 12

charged in gaps of the conductor <circuits 9 or of

t hr ough- hol eneov aiidnilfer ondutbetelay efrom 0, mandlt hepmigﬁemed | amergdtic
posi ti oned above the conductor circuits 9 or the through-hol e-covering
| ayer 10 tpagtielassahdtrasinipamkieleshe interl ani nar insulating

54 resin ent and t he conductor circuit 9 or

§ sgiface
of the through- hoI cov r@éﬁﬂuc‘f‘?ﬁp‘?%’y@r"nloaﬁ@?ﬁ f’?rrﬁ%/ &ﬁ‘é?ned
each other {ALOUGN g?ﬁ '”i-&é:?z?s':{% oééb? dJeougheneda st ayghe 1ﬂaembe§.rhat

Is, the surrtace t he nt er Insulating resin agent
those of thgelbBteanatrdmysr &@W@hoﬂattﬁﬁéis epotiyd Mesial | gned a nnbhelaane

pl ane by this step. In this step, the charged cured resin had a Tg point
(gl ass transypeoeppeynegsih. 155. 6[err] C and a

65. The resin composition according to Claim 64,
wherein the bisphenol type epoxy resin is composed of at
least one member selected from bisphenol F type epoxy resins
and bisphenol 2 type epoxy resins.

66. The resin composition according to Claim 64,
wherein the novolac type epoxy resin is composed of at least
one member selected from phenol novolac type epoxy resins
and cresol novolac type epoxy resins.

67. The resin composition according to Claim 64,
wherein the composition ratic of the novolac type epoxy

resin to the bisphenol type epoxy resin ranges from 1/1 to

1/100 by weight.
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|l i near thermal expansion coefficient of 44.5 x [err] (10) A roughened

| ayer 11 of a Cu-Ni-P alloy having a thickness of 2.5 [err] was forned
on the surfaces of the conductor circuits 9 and the through-hol e-covering
conductor |ayer 10 covering the filler 5 and a Sn |ayer having a
thickness of 0.3 [err] was formed on the surface of the roughened
| ayer 11 (see Fig. 3 (c), Wggerkier Ir | € pider.dreshown) . These
| ayers were forned in the follow ng manner: The substrate was acidically
degreased and soft-etched, and then treated with a catalyst solution
contai ning palladium chloride and an organic acid to apply a Pd catal yst.
After activating® heukbikayan printedbstizing eeardmidssezbupeagd of a

el ectrol ess Iaig_:i:n sol uti8n of pH of. 9 contai i ng /1 of , copp

, 8 :
sulfate, 0 e PrRuided) it “iBrgiehcholedy | anda@ qwisdng) bogrd

sodi um hyp %%Qi . g/ j C [0 P . -a:SUrfaetant to
forma rougﬁene Itgglerégl‘? O%ﬂag%ﬂj{é'\ﬁ Fggg#%yn%é‘%i %gxfyg&?%%é%ﬁé}sis %f %9)5
[err] on thenteriacefar Of iAHCLLONNRET £680KWCt Qayei! CUithe througibdidlialse was
then subjected to a Cu-Sn substitution reaction at a tenperature of

50[ err] C arkayphhofa lroughenedeintegnah anrfhcet antebeingnfipliedi mgtholauti on

containing 0.1 nol/1 of tin borofluoride ) ) 55
filler, an exposed part of the filler in the through-holes

being covered with a through-hole-covering conductor layer,
and a viahole formed Jjust thereabove being connected to ﬁhe
through-hole-covering conductor layer.

Without peeling between the through-holes and the
filler, this wiring board has a satisfactory connection
reliability between the through-holes and the internal layer

circuit and provides a high density wiring.
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and 1.0 nol /|

shown) .
the foll ow ng nmanner.

of thiourea for
t hi ckness on the surface of the roughened | ayer
(11) Adhesives A and B for electroless plating were

1 hour to forma Sn | ayer of
(the Sn | ayer

0. 3 [err] in
I S not

prepared in

A.- Preparation of adhesive A for upper-I|ayer

el ectrol ess, g%ating [err]. To 35 parts by weight of a 25% acryl ated
product of - resol novohag tyHe gpoXy T es (QuzinoLn red by Ni ppon
Kayaku Co., Ltd. = L. 2,%00) wexie fgegeed 15 parts by wei ght
of a photosensitive nono ( m@nuf- ' d., Aronix
MB15), 0.5 part by w& .1dbf\pam nghage f4r ed by Sannopko,
S-65) and 3.6 parts by ht _ﬁf, , and % het) 1 mxture was
adm xed while stirringd | ] SN hixt e of | , yEirght of pol yet her
sul fone (PES), 7.2 pa&dts i ght of oXy mesi a | es, (manuf actured
by Sanyo Kasei Co.« Ltd., | ypetpQl e) hawingl:® avepn Eﬁticle si ze of
1.0 [err] 3.09 parZs—by t¢ o1 e epo €50 P | es "havi ng an
average particle srize of y 5. BE S stir . ; pueRt |y, 30 parts by
wei ght of NWVP was agded 1S i aditi xed by a bead
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mll. [err] Amxture of 2 parts by weight of an im dazole curing agent
(manuf actured by Shi koku Kasei Co., Ltd., 2E4MZ-CN), 2 parts by weight of
a photoinitiator (manufactured by Kanto Kagaku Co., Ltd., benzophenone),
0.2 part by weight of a photosensitizer (manufactured by Hodogaya Kagaku
Co., Ltd. MAB) and 1.5 parts by weight of NWP was adm xed by stirring.

An adheS|vglﬁ‘$or upper -l ayer el ectrol ess plating was

56 prepared by m xing the above m xtures [err] to [err] B.
Preparation of insulative adhesive B for |ower-layer electroless plating
[err] To 35 parts by weight of a 2596acry|ated proauct of a cresol novolac °

type epoxy resin (manufa \ ‘ , , mol ecul ar

wei ght : 2,500) were added 4 4 "ghz off a photfosensi tive nononer
(manuf act ured by Teg Cosei & 5 /Arm*lx/NBff)//O E;ang by wei ght of
a. def oam ng agent (nanufacﬁur;@ by §#ﬁnohko k 4 parts by

wei ght of NVP, and the sdsubtantoribeutem s deatribeed 3

(c)

N
b
—




[err] After admixing 12 parts by wei ght of polyether sulfone (PES) and
14. 49 parts by wei ght of epoxy resin particles (manufactured by Sanyo
Kasei Co., Ltd., Polynerpole) having an average particle size of 0.5 [err]
20 parts by weight of NW was added to the mi xture and the resultant

m xture was stirred and m xed by a bead mlIl. [err]. A mxture of 2 parts
by wei ght ofFa®.Bm dazole curing agent (manufactured by Shi koku Kasei Co.,
Ltd., 2E4MZ-CN), 2 parts by weight of a photoinitiator (nmanufactured by
Kanto Kagaku Co., Ltd., benzophenone), 0.2 part by meight of a

phot osensi ti zer (manufactured by Hodogaya Kagaku Co., Ltd. EAB) .and 1.5
parts by weight of NMP was adm xed while. stirring. a An adhesi ve B
for lower-layer electroless plating was (prepared by adnfklng t he above
mxtures [err] to [err]. (1}2—kpitiaklythe iasulaiile adhesive B for

el ectroless plating (viscqo$® 'ﬁ¥+‘%**“f?*“ﬁﬁfL*"“"*ﬁvﬂwwwh@e|ve A for

el ectrol ess plating (Mkscoéyiy;' ’ E: f i gl the step (11)
were applied in turn o botth f

57 /
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substrate using a roll coater, allowed to stand in a horizontal position
for 20 mnutes and dried at 60[err]C for 30 mnutes to form an adhesive

| ayer 12 (two-layer structure) having a thickness of 40 [err] (see Fig. 3
(d)). Further, a polyethylene terephthalate filmwas applied onto the
adhesive layer 12 through a pressure-sensitive adhesive. (13) A photonask
filmprinted mntg a full circle of 85 [err] in dianeter was cl osely
adhered to t hesive layer 12 forned on both surfaces of the substrate,
and exposed to an irradiation at 500 [err] by an ultra-high pressure
mercury |anp. The exposed substrate was devel oped by spraying a DVDG
(diethylene glycol dimethyl ether) solution to formopenings for viahole
of 85 [err] in dianmeter on the adhesive |ayer. Tﬁe substrate~was further
exposed to an irradiation byj%n ultra- hlgh pr sure ne D\ a3, 000
[err] and heated at loqggg@wuwpuumawu\r Z
5 hours to forman Intqguﬂn ROy
| ayer) 12 of 35 [err] 73 2= "f"*? 't”.~ﬁ§15 $openags 13
for the formation of vj # i R £ i 4 i oRal.~Pr eci si on
correspondi ng {3) t h f 175 5 4 I nci dental ly,
the tin plated |ayer wad y 302 t?e ¢pe Fnds for viahole. (14)
The substrate provi ded ZREEF ;~.J ' = iy Tormati on of viahole
was inmmersed in chr onj&—aeraforta F &5 to-gsyerve and renove the
epoxy resin particl es~om— m— ;
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the surface of the adhesive | ayer, whereby the surface of the
| ayer was roughened at a roughened depth of [err] = 1-5 [err]
imMmersed in a neutralizing solution (mnufactured by Shipley)
with water. (15) Catalyst nuclei were applied to the surfaces

adhesi ve
and t hen
and washed
of the

58 adhesive layer 12 and the openings 13 for the formation of
vi ahol e by 9@%@E9§a pal | adi um cat al yst (manufactured by Atotech Co.,

Ltd.) to the su

strate having the roughened surface (roughened. depth: 3

[err] of the adhesive layer. (16) The substrate was inmersed in an
el ectrol ess copper plating bath having the same conposition with the step

(1) to forman electroless copper plated filmof 0.6 [err] in thickness
all over the roughened surface (see Fig. 4 (a)). 2 At this step, since
the el ectrol ess plated flln1mas t hi enne NG bserved on the

surface of the electroless,
phot osensitive resin; £1In1
plated film 14, and a nmas -v";

sow — s = |.l
2
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(b AN RN
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3
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L
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3 |y avail abl e
ct'r ol ess copper
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to alight irradiation at 100 [err] and devel oped with a 0.8% sodi um
carbonate solution to forma plating resist 16 having a thickness of 15
[err] (see Fig. 4 (b)). (18) The substrate was then subjected to an

el ectrolytic copper plating under the sanme condition as the step (1) to
forman electrolytic copper plated film15 having a thickness of 15 [err]
and thereby tq Jﬁfkéte up the conductor «circuit portions and vi ahol e
portions (see g. 4 (c)). (19) After the plating resist 16 was peel ed off
through a 5% KOH solution, the electroless plated film 15 | ocated beneath
the plating resist 16 was dissolved and renoved by etching with a m xed
solution of sulfuric acid and hydrogen peroxide to forgm conductor circuits
9 (inclusive of viaholes 17) conslstlmg of t he eIecpr6 ess copper plated

film14 and the electroly t hi ckness
of 16 [err] (see Fig. 4 (45

(20) The substrate provide (i nclusive of

vi ahol es 17) in thdastep (19 al ess plating
solution of pH of 9 cont4g of nicke

sul fate, 15 g/l of
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citric acid, 29 g/l of sodium hypophosphite, 31 g/l of boric acid and 0.1
g/l of a surfactant to forma roughened | ayer 11 of

copper - ni ckel - phosphorus having a thickness of 3 [err] on the surface of

t he conductor circuits. 1In this case, the roughened |ayer 11 contai ned
98% by nole of Cu, 1.5%by nole of Ni and 0.5% by nole of P as anal yzed by
EPVA (el ectren robe m croanal ysis; fluorescent X-ray analysis).

Furt her, the sgbstrate was washed with water and inmrersed in an

el ectroless tin substitution plating bath containing 0. 1 nol/l of tin
borofluoride and 1. O nol/|l of thiourea at 50[err]C for 1 hour to forma

tin substitution plated layer of 0.05 [err] injthickness surface of
the roughened | ayer 11 mhere tin substltuted ha er~s n show)l4  (21)
Further, each one | ay@> ™ anm opPpR ”__“;J T ~R NEY e gy esin

| ayer 12 and a conducto \~_rcu -u--q(g osmnnico VIPare tah eV );f -/ am nat ed
by repeating the stepg/ ] ) BN y olrc 12
substrate (see Fkg 81 o _ fﬁ:' T ned r 11
conposed of coppér-nlc : 5 :.f surface of the
conductor circuit, but .o L Utaso R 2hnls 4 was not formed on
the surface of the ro e (- oaet. T Baseaet 1) o heiﬂther hand, a sol der
resi st conposition i AN Ao ;t&“i“A*




prepared by m Xi ng 46. 67 parts by wei ght of a photosensitized
ol i goner (nol ecul ar weight: 4,000) obtained

60 by acrylating 50% of epoxy groups of a cresol novolac type
epoxy resin (manufactured by N ppon Kayaku Co., Ltd.) as a 60% by wei ght
solution in DVDG 14.121 parts by weight of a bisphenol A type epoxy resin
(manuf act ur edigy8Yuka Shell Co., Ltd. trade name: Epikote 1001) as a 80%
by wei ght solution in nethyl ethyl ketone, 1.6 parts by weight of an

i m dazol e curing agent (manufactured by Shi koku Kasei Co., Ltd.,

2EAMZ-CN), 1.5 parts by weight of a polyvalent acrylic nononer

(manuf actured by N ppon Kayaku Co., Ltd., R604) as a ¢hotosensitive
nononer, 3.0 parts by weight of a polyvalent acrylic_:mononmer (manufactured
by Kyoei sha Chemi cal Co., Ltd. DPE6A), and 0. 36 paft wei ght of a

| evel i ng agent (manufactured by Kyoei sha Cheni cal { Co., Ltd., Polyflow No.

75) conposed of an acrylic egyer pol ymer, addi ,' S by wei ght of
benzophenone (nmanufactured bleanto Kagaku Co. 7 /LK F¥ass/a, phot oi niti ator
and 0.2 part by wei ght..Qf. 5REB77EaR0) Y e '4 Kagaku Co.,
Ltd.) as a 3=c34}-_ ;{j$fﬁhﬁﬁiﬁﬁ;y?ﬁﬁiﬁtgﬁgfl 17 12
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phot osensitizer, and 1.0 part by wei ght of DVDG (diethylene glycol

di met hyl ether) to the m xture and adjusting a viscosity to [err] Pa-s at
25[err] C The viscosity was neasured by B-type visconeter
(rmanuf actured by Tokyo Kei ki Co., Ltd., nodel: DVL-B) using a rotor No. 4
at 60 rpmand a rotor No. 3 at 6 rpm (23) The above sol der resi st

conposition p dt urfac aye

substrate oftar H@g *‘ﬁs §$‘ éfﬁmﬁfl °?ﬁ?c?ﬁ%gy5'5¥e§Opf%;rlz\dFTdTﬁ'eﬁ‘?‘? was
dried at 78L,8kpkLC for 20 m nutes and at 70[err]C for 30 mi nutes and
thereafter a soda-l i me glass substrate of 5 mMmin thickness depicted wth

circle pattpiselpsask patisvestidwr sol der resist openings through
chromium | ayer was cl osely placed on the 61
sol der resist | ayé!'h%opa'sseatf dwem:éouhrmw:désayer milgd layiesr epointegosed

to an ultravi oI et é}lrradl ation at 1,000 erréﬁand devel oped with DMIG
Further, it¥add nﬁeaﬁ 4t eﬁB?eﬁﬂ“@W 19h0& , sUpstoREer PRCVAESLd) WhER , at

L0t | ShrbellBthottd  Ahad OB oickhod [ Yllcpeler gl

size: 200 EgbstrhfBet hensohge’ £8€. interposition of an interlaminar
insulating' resin layer, the through-holes being filled with
a filler, wherein the internal surfaces of the through-holes
are roughened, and the filler is composed of metal particles,
and a thermosetting resi;'z or a thermoplastic resin.

The invention also provides a multilayer printed

wiring board beilng composed of a substrate provided with
through-holes, and a conductor circuit formed on the
substrate through the interposition of an interlaminar
insulating resin layer, the through-holes being fiiled with
a fillexr, wherein internal surfaces of the through-holes
are roughened, and the filler is composed of metal particles
and a thermosetting resin or a thermoplastic resin, and an
exposed portion of the £filler in the through-holes is
covered with a through-hole-covering conductor layer.

In addition, the ©present invention provides a
maltilayer printed wiring .board being ccmposed' of a
substrate provided with through-holes, and a conductor
circuit formed on the substrate through the interposition of
an interlaminar insulating resin layer, the through-holes
being filled with a filler, whersin internal surfaces of the-
through-holes are roughened, and the filler is composed of
metal particles and a thermcsetting resin or a thermcplastic

resin, and an exposed portion of the filler in the through-

6



(24) The substrate provided with the solder resist |ayer 18 was i mersed
for 20 mnutes in an electroless nickel plating solution of pH of 5
containing 30 g/l of nickel chloride, 10 g/l of sodi um hypophosphite and
10 g/ of sodiumcitrate to forma nickel plated | ayer 19 having a
thickness of 5 [err] in the opening. The substrate was then

ot ass! um gBP% €ya§% de&’"_‘%?“s‘? S, o B e - S8R B "o dadlioie
citrate andidfeg/| Sfasogh Wlé—%&tezg%ber ebfaubebr231 2p6ondsg t 0

forma gold p ated layer 20 of 0 [err] in thi'ckness on the nickel

pl at ed | ayeesdRecté@5)o Ao sHidinsl P EdrnatB 3 uyd Ribetreothhecngaotog Diyéhe
sol der resist layer and reflowed at 200[err]C to forma solder bunp
(sol der body), th&hshpzesant |iamt:]mn npyqvwiw nginbemedhesyiagpessl,da

bunps was obt ai ned (see Fi I ncidentally, tjn-silver,

ti nrrpl ndi umP‘F‘?‘ﬁe% n( Ft |31’°gd"£ﬁ )) oF‘u&ttﬁ&PY%I dBFSREE moy}?ﬁf% t he
sol der. t afine silica
particl es] CQ&Q@{EQJKY%%%T ayer A%rél n °l W #%%% gjwas %r oduced in a
simlar manger t&@%ﬂ'&ﬁi@(@%oﬁ&ﬁtdhqgﬁi WA SRR IHAR &S

used as the resin conposition for filling through-hole.
62 both surfaces of a substrate by electroless plating, or

additionally by electroplating,

@ a step of forming a roughened layer on the intermal
surface of the through-hole,

@ a step of filling the through-hole provided with the
roughened layer on its internal surface with a filler
compesed of metal particles and a thermosetting resin or a
thermoplastic resin, and drying and curing the filler,

@ a step of forming an interlaminar insulating resin layer
and then forming a conductor circuit by subjecting the
substrate to an electroless plating, or additionally to an
el ectropl ating.

The invention provides, in yet another aspect, a
process of producing a multilayer printed wiring board
comprising at least the following steps @ to ®:
® a step of forming a conducfor layer and a through-hole on
both surfaces of a substrate by electroless plating, or
additionally by electroplating,

@ a stsp of forming a roughened layer on the internal
surface of the through-hole,

® a step of £illing the through-hole with a filler composed
of metal particles and a thermcsetting zresin or a

thermeplastic resin, and drying and curing the filler,

g
i



To be nore specific, a resin conposition for filling through-hole was
prepared by kneading through three rolls 3.5 parts by weight of a cresol
novol ac type epoxy resin (mnufactured by Yuka Shell Co., Ltd., Epikote
152), 14.1 parts by weight of a bisphenol F type epoxy resin

(manuf actured by Yuka Shell ., Ltd., Epikote 807), 1.2 parts by weight

Co

of an imdagple curin ent. nuf actured by Shikoku Kasei caq..,Ltd.

SEAND- CN) 2l SoBEER PF FFEARTTE 3R Rl MR TP hothn 234 She on
particle sizgg0fin by c&%d?éjj t bDofryt S£9SHiN+iRst hE LT + h200 to
300 Pa-s até[gr rt]h (Exanmpl e 6 [ﬁs%ﬂgﬁgf type poxyﬂ?’esgﬁ %%a?/] 1684 9 The
procedure ofoExadp| eeledtSobbRtihgd %@ Jifer Ul tuhrevgh-Rolet-edveringd
board, except that the following resin conposition was enpl oyed as the
resi n conposendorthyr lagerl i agdt hr ough- hol e. To be nore specific,

resin conmpogition for fillin t hr ough- hol e was prepared by m xing_17.6
parts by welhh® 8tepaod ﬁﬂ@%{ﬂg PR yFREIPANLINAS | FRFREAEARE t HPRHR h}a¥ERa

Shel | Co., ah&d 'theﬁpkb%gnéop ’co;:dgcggfrt c@éc%jtggl] 35e3£&£i‘££§eplating,

or additionally by electroplating. '
The invention provides, in a yet further aspect, a

process of producing a multilayer printed wiring boazrd
comprising at least the following steps @ to ®:
® a step of forming a conductor layer and a through-hole on
both surfaces of a substrate by electroless plating, or
additionally by electroplating,
@ a step of forming a roughened layer on the internal
surface of the through-hole,
® a step of filling the through-hole provided with the
roughened layer on its intermal surface with a filler
composed of metal particles and a thermosetting resin or a
thermoplastic resin, and drying and curing the filler,
@ a step of subjecting an exposed portion of the filler omn
the through-hole to an electroless plating, or additionally
to an electroplating to form a through-hole—-covering
conductor layer, |
® a step of forming an interlaminar insulating resin layer,
and
® a step of forming a viahole and a conductor circuit in the
interlaminar insulating resin layer located just above the
through-hole, and connecting the viahole to the through-
hole-covering conductor layer.

In addition and advantagecusly, the invention provides



silica particles (Aerosil R202) having an average particle size of 14 nm
1.2 parts by weight of an imdazole curing agent (Shikoku Kasei Co., Ltd.,
2EAMZ- CN) and 100 parts by weight of copper powder having an average
particle size of 15 [err] (Exanple 7) [Silica particle] A

mul tilayer printed wiring board was prepared in the sane manner as in

Exanpl e 1, except that the follow ng p iih _C osi.tion was.used as th
resin conpodi GRS ocf°'¥5i’?§'4’r‘r1§g°nt%d?’6 Jiﬁ‘&P@. thistign-nele' sz 2" printed

ugtr=
63 v i S, si&u%mgt'o 3 Jdilldgng = hol
was prepar eﬂ JE):'S/n%nea frrtlig' ?ﬁjr'%ﬁgh three rol %srb%‘%éﬁgﬁ gbgwﬁg#g te’ofaea

cresol novor8§ih YRE: e YL tafihe Thotbanter pdwler. Yuka Shel | Co., Ltd.,
Epi kote 152), 1.0 part by weight of wultrafine silica particles (Aerosil

R202) havi rgrief Nescriptipm taft|thesDrewdtg®4 nm 14.1 parts by weight of a
bi sphenol F type _epoxy resin (manufactured by Yuka Shell Co., Ltd.,
Epi kote 807), 1.2E38-tslbyiftei ght CEPSAN PRAFHAIR| eV i nylludferating an

(manuf act ur&&g&m%ﬂé(ogf @36‘1:111%%11&'}%9' prgg%gg_ %ing Poard according
to the present invention.

Fig. 2 (a)-(f) is a diagram illustrating a part of
production steps of the multilayer printed wiring board
according to the invention.

Fig. 3 (a)-(e) is a diagram illustrating a part of
production steps of the mmltilayer printed wiring board

according to the invention.



and 100 pa.rts by wei ght of silica particles having an average particle
size of 10 [err] and adjusting a viscosity - to the range from 200 to 300

Pa-s at-[err] (Exanple 8) [Epoxy resin pa ltilayer
printed wiring board was produced in a si l! II m ug anpl e 1, except
that the followng resin conposition for f | e was used and
that after I?é% é&é&the surface of the filler, the epoxy resin exposed
fromthe surtace was renoved by chrom c acid. To be nore specific, a

resin conposition for fﬁ'ﬂuki‘ﬂlléigzo UpPihere Y2siBECRRhed BU1EReUldsod
through three rolls 3.5 parts we cre novo ype poxy
resin (manuwics usabsbyadel kprShﬁHédCQitth&rouﬁﬂl-haiﬁs15@1& 4. chnd@tley DY
wei ght of a bisphenol F type epoxy resin (manufactured by Yuka Shell Co.,
Ltd., Epi kot%mt fO]!I'n@d pay tthey aubisirats thiough mhesiintexpesditichesf
(Aer05|l n average fB‘artlcle size of 14 nm_ 1. 2 parts by

wei ght of aH n?‘ﬂ’é? T ngREYed i{‘ﬁarﬁﬁséé'{ utBERHy Sﬁﬁ-ﬂolf-'@rms@eh%t&s

Ltd., 2E4MZ s_b ht QXy resin particles
(manuf actur e%@agﬂ %Kg’ger#l ¥:ﬂ§Fg WB ggﬁer pol e) having an average
particle size of 1afzer ht¥hal surfaces of the throuélff—holes are

roughened, and said filler is composed of metal particles
and a thermosetting resin or a thermoplastic resin.

2. (cancelled)

3. The multilayer printed wiring board according to
Claim 1, wherein the filler is composed of a particulate
substance, a resin and an ultrafine inorganic powder.

4. The multilayer printed wiring board according to
Ciaim 3, wherein the filler is a nonconducting composition
containing metal particles.

S. The multilayer printed wiring beoard according to
Claim 3, wherein the particulate substance is composed of at
least one member selected from metal particles, inorganic
particles and resin particles.

6. The multilayer printed wiring board according to
Claim 3, wherein the resin is composed of at least one
member selected from bisphenoi type epoxy resins and novolac
type epoxy resins. '

7. The multilayer printed wiring board according to.
Claim 1, wherein the substrate is a multilayer core
substrate formed by 1laminating a conductor layer and a
pPrepreg in alternating order.

8. The multilayer printed wiring board according to

Claim 1, wherein the through-holes formed on the substrate

-7
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adj usting the viscosity of the mXture—te—the range from200 to 300 Pas at

[err] (Conparative Exanple 5) [W e | at e subst ance] The
procedure of Exanple 1 was repeat ec“mmaﬂﬁg!% w'i | ayer printed wiring
board, except that the following résin co was enpl-oyed as the
resin conposition for filling through-hole. That is, a resin

conposition for filling through-hole containing 3.5 parts by weight of a
cresol novol3&’® fpé’ité%o%? B PhofGRad: P e®* biesekehamel4C am. Lt d.

Epi kote 152), 14. a [ of ..a. hi e Lesin
(Iror:anuf act ureél by ngg g?%l ?}‘J&gﬂll%g ,p%'ﬁﬁk%fgg %‘; £§Q§d %g)é%ggd%é‘lgw&?ght
f I m daggladmcunl, in (BRI RGH i Shj Keseh on L
(2)E4zl\i/E-|CIn\l1) an 1. Oupgp?wnt;gge\e?éht of ar ?g-lrllt;hi&dalmhyg%‘lgi ca (eAcgr)ggi I b%2'%2)

having an ®wafages pf t ithee silytxHtalhawewdhepr eame ethumber of aybes a
break betwee t hr ough- haol e and a viahol e caused by peeling or the |ike

was formed B'B'tﬁot SRy T nerhy EmdudiTheg pCHhepreSsuie Cdorsalled:)
pressure o eeBesiBa’b e PREipYery capcthe SRRl ayer printed
wiring boards ofiplhea RXBHEPISPer 39L1ntQAP ALhY CrEXPEPhESng EblSbseliN®
conpl etion of PCT, the ,
of a substrats provided with through-holes, and a conductor
circuit formed on the substrate through the interposition of
an interlaminar insulating resin layer, said through-holes
being filled with a filler, wherein
internal surfaces of the through-holes are roughened,
and said filler is composed of metal particles and a
thermosetting resin or a thérmoplastic resin, and an exposed
portion of the filler in the through-holes is covered with a
through-hole—-covering conductor layer.
11. (canceled)
12. The multilayer printed wiring board according to
Claim 10, wherein a roughened layer is formed on the surface
of the through-hole-covering conductor layer.
13. (canceled)
14. The multilayer printed wiring board according to
Claim 10, wherein the filler is composed of a particulate
substance, a resin and an ultrafine inorganic powder.
15. The multilayer printed wiring board according to.
Claim 14, wherein the filler is a noncoanducting composition
containing metal particles.
16. The multilayer printed wiring bocard according to
Claim 14, wherein the particulate substance is composed cf

at least one member selectsed from metal particles, inorganic
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W ri hg boards were subjected to a heating test at 128[err]C for 48 hours.
(Resul ts) No peeling of the conductor |ayer coverin

and no break caused by the peeling was observed in the“um
according to Exanples 5 to 8, whereas the peeling, mmu ﬂt Bﬁct
failure was observed in the

Wi ring boards ac d| n arati Exanpl es 4 and 5. To be nor e
specific, i np?ﬁE r?ngn‘%oﬁ?ﬁ{g ﬁge Corrpar ative Exanpl e 4 wher e

ultrafine silica paricl ‘gﬁq}%m d
So as to cause theaifl I I%?e \t,@igte:é ﬁ conduct ayer over| n tafﬁg
filler, andcih&neby  oyha¥bis a-_nlyef«ksmna@encmeoséuowh -d0l e a8t one
vi ahol e. In addition, a part of the bisphenol F type epoxy resin
fl owed out oﬁehherthebagheﬁofeoxdub:t;phmﬂsbd@wq épodxy Tesinsg iamd noviolac

i ndentation was forned on the surface of the filler. Wen a conductor
| ayer coveri REPEhEPPXY| E88iR®- formed above the indentation, a crevice was

formed in the 18. “The multilayer printed wiring board according to
Claim 10, wherein the substrate 1is a multilayer core
substrate formed by laminating a conductor layer and a
prepare in alternating order.

15. The multilayer printed wiring board according to
Claim 10, wherein the through-hcles formed on the substrate
have a pitch interval of equal to or less than 700 um.

20. The multilayer printed wiring board according to
Claim 10, wherein build-up wiring 1layers formed on both
gurfaces of the substrate have the same number of layers
with each other and the wiring therecf is installed
dispersing to the periphery of the substrate.

21. A multilayer printeﬁ.‘ wiring board being composed
of a substrate provided with through-holes, and a conductor
circuit formed on the substrate through the interposition of
an interlaminar insulating resin layer, said through-holes
being filled with a filler, wherein

internai surfaces of tﬁe through—holes are roughened,
and said filler is composed of metal particles and a
thermosetting resin or a thermoplastic resin, and an exposed
surface of the filler in the through-holes is covered with a
through-hecle-covering conductor layer, and a viahole formed
just above the conductor layer is connected to the through-

hole-covering conductor layer.

]
22. (canceled) This Sheet Has Been Replaced
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center of the conductor—tayer—Thus, even when a resin was applied and

polished to snooth the bstrate, the resin remained in the
central crevice, and a !‘mamlmu"m”me vi ahol e could not be established.
In the wiring board accor«di ng to 'Corfparati ve Exanple 5, the cured filler
and the conductor |ayer covering the filler were never adhered to each

h i h h h- hol
o T he canduct on 25 D ofhd Mp B o heR R R a1 B B R L DR RS 12
according t @1aE%2%R! eyneraid & rwta aaadalaga'rl P ¥BsmeBSShVedel Bublice

wiring boards according to Exanples /7 and 8 Is estimated that peeling
does not ocedr the thecuth-hglesasdsrdig Eﬂﬁﬁﬂﬁéﬁbx k.6 because the copper
powder was conpletely integrated mﬁth t he conductor layer. Industrial
Applicability 24. feangsledlbed above, the printed mﬁring boar d accor di ng
to the invention is useful for a multila er W r board

66 uh oh 38+ ucBiP ALt DAY LSRR | THTIRT JPORER KRSRPTERS Be,

in particul g b@r A MUALLSYET RE Hi8d W rwgcmgageab%%' Flparticulate

substance, a resin and an ultrafine inorganic powder.

26. The multilayer printed wiring board according to
Claim 25, wherein the filler is a nonconducting composition
-containing metal particles.

27. The multilayer printed wiring board according to
Claim 25, wherein the particulate substance is composed of
at least one member selected from metal particles, inorganic
particles and resin particles.

28. The multilayer printed wiring board according to
Claim 25, wherein the resin is composed of at least omne
meniber selected from bisphenol type epoxy resins and novolac
type epoxy resins.

29. The multilayer printed wiring board according to
Claim 21, wherein the substrate 1is a multilayer core
substrate formed by laminating a conductor layer and a
prepare in alternmating order.

30. The multilayer printed wiring board according to
Claim 21, wherein the through-holes formed on the substrate
have a pitch interval of egqual to or less than 700 um.

31. The multilayer printed wiring board according to
Claim 2i, wherein build-up wiring layers formed on both
surfaces of the substrate have the same number of layers
with each other and the wiring thersof is dinstallsed

dispersing to the periphery of the substrate.
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by a- sem -additive process or a full-additiveprocess——In addition, the
resin conposition according to the invepk i % lLigfbl € as
through-holes, as well as an interlam nH“I"ﬂHHmHﬂﬂﬂgHm&l n |ayer of a
printed wring board. * ¢ L W s =
32. A process c¢f producing a multilayer printed
wiring board comprising at least the following steps @ to
®. _ . _
B ® a step of forming a conductor layer and through-
holes on both surfaces of a substrate by electroless plating,
or additionally electroplating,

@ a step of forming a roughened layer on the surfaces
of the through-holes,

@ a step of filling the through-holes each having the
roughened layer -on its internal surface with a filler
composed of metal particles, and a thermosetting resin or a
thermoplastic resin, and drying and curing the filler,

® a step of forming an interlaminar insulating resin
layer and ther foxming a conductor circuit by subjecting to
an electroless plating, or additionally to an electroplating.

33. The process according to Claim 32, wherein the
internal surfaces of the through-holes are roughened by any
process selected from an oxidation-reducticn treatment, a
treatment with an agqueous mixed solutiom of an organic acid
and a copper(II) complex, and a plating with a needle
ternary allecy of copper-nickel-phosphorus.

34. (canceled)

35. The process accoz."ding to Claim 32, wherein the

step of filling the through-holes with a filler is conducted
by £filling the through-holes with a filler composed of a
'particulate substance, a resin and an ultrafine inorganic
powder, and drying and curing the filler.

36. The process according to Claim 35, wherein the
gtep of £illing the thrcugh-hcles with a £filler is conducted

by £filling the through-holes with a filler composed of a
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67 CLAING.. T ATuftil ayer printed wiring board being
conposed of a su m mllﬂu vmth t hr ough- hol es, and a conduct or
circuit formed on rough the interposition of an

i nterl am nar |nsulat|ng redin *layer, said through-holes being filled with
afiller, mhereln an internal surfaces of the through-holes

are rough The I t| | ayer ed wrij boar ccording to
3 aim 1. AhBPBFARERELEPR] (foRRS LGopRatgias Bl Beredes, end

t her noset ti r I resin. 3. The multil ayer
printed w rlagb'&ggar aag%g%g? %ofﬁdé;azf'm 1, wherein the filler is conposed

of a particulate sw.bstméepr%ceeal &c@&a@@lﬁé atiaemi 3GM,JaMrdiVIehe
4. The multilayer printed wiring board according to Caim3, wherein the

filler is apavhionllatei mpbedaEnes tion compesadni of @t alepst t icnlee snembexr
selected frem metal particles, lncrganic particles and resin
particles.

38. The process according to Claim 35, wherein the
resin is composed of at least one member selected from
bisphenol type epoxy resins and novelac type epoxy resins.

39. A process of producing a multilayer printed
wiring board comprising at least the following steps @ to ®:

® a step of forming a conductor layer and through-
holes on both surfaces of a substrate by electroless plating,
or additionally by electrbplating,

@ a step of forming a roughened layer on the surfaces
of the through-holes,

@ a stesp of filling the through-holes with a filler
composed of metal particles, and a thermosetting resin or a
thermoplastic resin, and drying and curing the filler,

@ a step of forming a through-hole-covering conductor
layer by subjecting an exposed portion of the filer on the
through-holes to an electroless plating, or additionally to
an electroplating, and |

®a step of forming an interlaminar insulating resin
layer and then forming a conductor circuit by electroless.
plating, or additionally by electroplating.

40. (canceled)

41. The prccess according to Claim 40, wherein the

internal surfaces c¢f the through-holes ares roughed by any

orocess selacted from an oxidation—reduction +treatment, a
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5. The multilayer printed wiring board according to C-arm3,—whierein the
particul ate substance is conposed of at |east one nenbefmy __

netal particles, inorganic particles and resin particl Svkmmm[ﬂ H Ejﬂw

nul tilayer printed wiring board according to Caim 3, ered n ( i s

conposed of at |east one nenber selected from bi sphenol type epoxy resins
r.esins. - 7. The nultilayer printed wirin

and novol ac . type epoxy. . )
boar d accord??%pwnptﬂ‘é% B2 \RHHGYS (P pp1aE+0R sOF ABI OFPaPpeF asd
substrate fqQed_.b ' kN uctqr, lay nd a__prepreq in

al ternat | ng%orde?. %oﬁw%) gcrﬁmci)éy, %Sd a Ei%‘g:mg ftx%a%?nen%q%% a

1 A nmultil sigia-irdreddvicbicA8rPoat opebh Ie SOIPRSE ke O - te

provi ded with through-hol es, aﬁg a co%ductor’ circul téaf (?r}xne on the _
substrate through #2e(camtesdad) tion of an interlamnar insulating resin
| ayer, said through-holes being filled with a filler, wherein _

I nternal surfaces #%-th&RehRARFES0 accerding obghfiedm H/ sehelrdin | thei s

composed of Agh3hPALLLEI 8 o filler is conducted by £i1ling the
through-holes with & filler composed of a particulate
substance, a resin and an ultrafine inorganic powder, and
drying and curing the filler.

44. The process according to Claim 43, wherein the
filling step of a filler is conducted by £filling the
through-holes with a filler composed of a nonconducting
composition having a specific resistance of equal to or more
than 1x10° Q-cm’ and containing metal particles, and drying
and curing the filler.

45. The process according to Claim 43, wherein the
particulate substance is at least one member selected from
metal particles, inorganic particles and resin particles.

46. The process according to Claim 43, wherein the
resin is composed of at least one member selected from
bisphenol type epoxy resins and novolac type epoxy resins.

47. The process according to Claim 39, wherein the
step of forming the through—héle-covering conductor layer is
conducted by applying catalyst nuclei to the surface of the
sﬁbstrate being previously smoothed, subjecting the
substrate to an electroless plating, or additionally to an
electroplating, then forming an etching resist Jjust above
the through-holes and a portion to be a conductor circuit,
removing the plating layer in a portion where the etching

resist is not formed, and further peeling off the etching
R
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and a thernosetting resin or a thernoplastic resin. 2. The
mul tilayer printed wiring board accordi ng to Cdaiml, wherein the filler

is conposed of a particulate substance, umn ﬂmuﬁmlm afi ne inorganic
powder . 3. The multilayer printed rding to Caim

2, wherein the filler is a nonconducting com’ios ti'on™ cont ai ni ng met aI
partlcles 4. The rrultllali prlnted W rin oard CCOI’dI

Caim2, wheF8PASENSMAAS CHIERPRSRRYSIRAYSSEAS T doﬁ%e

menber sel ected fr i norganic particles and reS| n
particles. ccnducggrﬁgc%?ﬁg#’%/%?npr| nted wiring board according to

Caim2, wherein thggresifel $:cRHIASUbHrdiind €8St C2BEM fwmeﬁhéféﬁctﬁﬂe
from bi sphenol type epoxy reSins and novol ac = type epoxy resins. .
The nul til aystepr bifit €drningngheoahtoaghehdlegcbverihgi conductohelayer i$|e
substrate is a nultilayer core substrate fornmed by |am nating a
conduct or | agencuntied bpr Epragnunaaplerhngi AgSdFletn 2 given posikion on
mul til ayer nted rin 0 dac ordin t
through}/holg ‘FOISFPE ?q£ st ts1ératg 1-ben.m_:; prev]iouvwl%r eslxl{]octr}led and
then subjecting a portion whers the resist is not formed to

an electroplating to form a through-hcle-covering conductor
layer and a conductor circuit, and rasmoving the plating
resist with the plating film located beneath the resist by
etching.

49. The process according to Claim 39, wherein the
step of forming a through-hole-covering conductor layer
comprises a step of roughening the surface of the through-
hole-covering conductor layer by any process selected from
an oxidation-reduction treatment, a treatment with an
aqueous mixed solution of an organic acid and a copper(II)
complex and a pla-ting treatment with a needle-formed ternary
alloy of copper-nickel-phosphorus.

50. A process of producing a multilayer printed
wiring board comprising at least the following steps @ to
®:

® a step of forming' a conductor layer and through-
holes on both surfaces of a substrate by electroless plating,
or additionally by electroplating,

® a step of forming a roughened layer in the internal
surfaces of the thrcugh-holes,

® a step of £illing the through-holes provided with a
roughened laver with a filler composed of metal particles,
and a thermosetting resin or a thermoplastic resin, and

———
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have a pitch interval of equal to or Jlessthan 700 [err] 8, The

mul tilayer printed wiring board accordi p=TMae wherei n buil d-up
wiring layers fornmed on both surfaceslﬂgliw”u&gﬁﬁm have the sane
nunber of layers wth each other and t J€ f is installed
di spersing to the periphery of the substrate. 9. Anultilayer

printed wiri Q.oard ei ng conposed._of a substrate provided with

t hr ough- hol eXY4R% ap &Hﬂ%ﬁ%ﬂ%ifﬁ'&&ﬁ'forned on the substrate through the
i nt er posi tion of [ N amkngL i nsul at resin Jayer. .said

t hr ough- hol es  bei ?; %l%féeéi %thé%ﬁéjlgr%ﬁiﬁnclea ccv"r‘%ﬁ Spguctor
surfaces of Idied hé@UER- helRsed SodPuUeNed, thandeSaidd foh | ehel SHeR@sed
of netal particles and a thernosetting resin or a thernoplastic resi'n, and
an exposed lpdmsi onbyf thelddtdzdodresisn t ipdatimaygh- leal es adeitdvanadyw t bya

t hr ough- hol e-covering conductor | ayer. :10. The multilayer printed
Wi ri ng boar RleEESCBLAFIRE, Caim 9, wherein a roughened layer is formed on

the surface of thg through-hgl e-coyerin ondugt or. | ayer. 1.
The multilayer pri %t e%l-ﬁ% nﬁgbgﬁm’\{ﬁ‘éc dﬁ'ﬁéjefgamé‘?ﬁ?nﬁngfllﬁﬁé?@ FFeF:FLr@
filler is cq\rﬁgge’daga a particulate substance, a resin and an ultrafine
| nor gani ¢ powder.

® a step of forming a viahole and a conductor circuit
in the interlaminar insulating resin 1layer located Jjust
above the through-holes, and connecting the friahole to the
through-hole-covering conductor layer.

51. The process according to Claim 50, wherein the
internal surfaces of the through-holes are roughened by any
process selected from an oxidation-reduction treatment, a
treatment with an agqueous mixed solution of an organic acid
and a copper(II) complex, or a plating treatment with a
needle-formed ternary alloy of copper-nickel-phosphorus.

52. {canceled)

53. The process according to Claim 50, wherein the
filling step of a filler 1is conducted by filling the
through-holes with a filler composed of a particulate
substance, a resin and an ultrafine inorganic powder, and
‘drying and curing the filler.

54. The process according to Claim 50, wherein the
filling step of a filler is conducted by filling the.
through-holes with a filler composed of a nonconducting
composition containing metal particles, and drying and
curing the filler. '

55. The process according to Claim 523, wherein the

particulate substance is at least one member selected from
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12. The multilayer printed W ri ng board according to Caimll. wherein
the filler l ! ﬁw“i,muumn g conposition containing metal particles.

13." The mJI ring board according to Claim11l, wherein the
particul ate substance i 3 conposed of at |east one nenber selected from
nmetal particles, i norgam C part icles and resin particles.

14. The rrultllae rin ard accardin Gaim1l, wherein
the resin i % &ﬁp ‘5 eﬁtvﬁ g %e’rﬁ?{eﬁs sag}éed’teg&nf Fﬁ‘ﬁ]t%f"g'ﬁﬁenol type
epoxy resins and ngyol agng LHHY 0 + 1 &r
printed wring boargd accoredl‘ng%te%g gal m 3&; V\%eFJéa:rL\m §I§é trate is

a nultilayeesifiores wSdagosakie berneg edsan saki nﬂe:a:é:xondégte@teaaysfoﬂnd a

prepare in
board accor

substrate
17. The nul
buil d-up w

sane nunber

al ternating order. 16. The multilayer printed wring
bisphencl Ctypen €poxyheesins tdnsd muvlgie Hypes eborpedesinsghe
have a pitch _interval of equal_to or | ess than 700 [err]

tilayer®prinfRa® WPF#@%W% % gCEaim B mwheareim ckl® n
rggﬂl ayeefosnii%geg QB -BRER-n3YLL 8568 0ot NBnaHRELEALG JIVE L e

conducted by applying catalyst nuclei to the surface of the
substrate Dbeing previcusly  smocthed, subjecting the
substrate to an electroless plating to form a plated layer,
or additionally to an electroplating, then forming an
etching resist just above the through-hcles and a portion
where the conductor circuit is formed, removing the plated
layer in a portion where the etching resist is not formed,
and further peeling off the etching resist on the through-
heole~covering conductor layer and the conductor circuit.

58. The process according to Claim 50, wherein the
step of forming a through-hole-covering conductor layer is
conducfed by forming a plating resist in a given position on
the surface of the substrate being previously smoothed and
then subjecting a portion where the resist is not formed to
an electroplating to form a through-hole-covering conductor
layer and a conductor circuit, and removing the plating
resist and the plated f£film located beneath the resist
through etching.

59. The process according to Claim 50, wherein the
step of forming a through-hole-covering conductor layer
comprises a step of roughening the surface of the through-
hole—-covering conductor layer by any procass selected from
an oxidation-raduction treatment, a2 treatment with an

aqueous mixed solution ¢f an organic acid and a copper (II)
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w th each other and thewring—thereof-is installed dispersing to the

peri phery of the substr A multilayer printed wiring board
bei'ng conposed of a stm, uua'"ﬂwﬂgm wi t h through-hol es, and a conduct or
circuit formed on the substrate s the interposition of an

interlam nar insulating resin |ayer, said through-holes being filled with
a filler, wherejn i.nternal surfaces of .the through-holes are

roughened, © 82 877 A PIRTIRC: FRIGAPS Wt 2 pRPFLE e TARE teTnary

t hernosetti ng, [es] s | astic.resin, and an exposed surface of
the filler Igﬁléﬁe&fh(?%# ﬁgégs)&? %%gg@é}oe Rith a t hrough- hol e- coveri ng
conductor layer, pd a %@h%fcéﬁémg_ccbﬁakngb%@ cheiRONHICt Ghek8YRN d S
connected to the through- hol e-covering conductor |ayer. 19
The mul ti | aykahqie ntesl WEotmed bojusic acebodéngthe €hacugi-Shol evunvnimy
roughened |ayer is fornmed on the surface of the through-hole-covering
conduct or |egRguctor layemothrgnrohnithe | iRerpesitian iF iany ezlamiaanli ng

to C:Iaimé? erein the filler is gconmposed.of .a particul ate _substance,
a resin an _Wﬁ#’r’%ﬁi-n’é&?%rg AYBT poRfer Foughening; ‘#’rﬁe AR ST ar
printed W riQg, DoAY AL NG d:0 provided with an opening for viahole,

or applying catalyst nuclei directly to the rassin layerx

without rouchening, then subjecting the resin layer to an
electroless plating or additionally to an electroplating,
and etching the plated layer so as to remain a viahole and a
conductor circuit portion.

61. A resin composition for £illing through-hole cf a
printed wiring board being composed of a particulate
substance, a resin and an ultrafine inorganic powder.

62. The resin composition according to Claim 61,
which is a nonconducting composition containing metal
particles.

63. The zrxesin compositién according to Claim 61,
wherein the particulate substance is composed of at least
one member selected from metal particles, inoxrganic
particles and resin particles .

64. The resin composition according to Claim 61,
wherein the resin 4is composed of at least one member
selected from a bisphencl type epoxy resin and a novolac
type epoxy resin.

65. The resin composition according to Claim &4,
wherein the bisphencl type epoxf resin is composed of at
lsast one member selscted from bisphencl F type epoxy resins

and bisphencl A type epoxy resins.
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Caim2.0, wherein the filler is a nonconducting conmposition containing

metal particles. 22. The mul ti l'mum]ﬂ ] g Nng board accordi ng
to-Caim20 . wherein the particul at B Immonposed of at |east
one nenber selected fromnetal particlés, %i nbrganisc *particles and resin

particles. 23. The nmultilayer printed wiring board according to
Claim20 , wherein the resin is conposed of at |east one nenber selected

from bi sphenol t yR® epoxiPts eSPAIRartPRRRFIHOD t REEOEHIRG &R fdaim 64, o4

substrate YEerELRUHES bkolde 0RE BRGRL CHESH Che RIS ot TRE Lt ™
conductor | gyer maRled JULRHE& | Proh! INInG§éiPic type epcky FEfins

mul tilayer printed wring board according to C aim 18] wherein the

t hr ough- hol eadf ers®el afovditacs ubgid appzyhaesimspi tch interval of equal to or
| ess than 700 [erréi 26. The multilayer printed wiring board
according to d ai@h.18 Thgheresimbdampagd tign | agepagéng o nEdasdm bt h
surfaces of the subé%l‘reate have e sane nhunber of |ayer wi th each ot her

t
and the wi r¥RgTERr €0 igwg?y:g‘éﬁ RS SFngtE® ¢ phEP§ oTPHe
substrate. resin to the bisphencl type Jg?oxy resin ranges from 1/1 to

1/100 by weight.

I
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W ring board conprising

%[err] a EPORroR ST ng a

27. A process of producing

at least the followng steps [ernj '

conductor | ayer and through- holmumm!uﬂ!k”mm ces of a substrate by

el ectroless plating, or additionally eat replati ng, B pom H-F%éiluaf step
of form ng acf.%ﬁ?ﬁ‘e”w | ayer on the surfaces of the throuéfﬁ-ﬁo ,
[err] a step O I'1ing the through-hol es each having the roughened |ayer
on its internalisuriamaiwit Byarf bldi@tedC ¥IRASEI BfarBlSli AR LbipESeaand a
t hernosetting resin or a thernoplastic resin, and drying and curing the
filler, of a subsdmdtea potoapided fvortii Nchughtherlleany reaid | @asabadwator esi n
| ayer and then form ng a conductor circuit by subjecting to an electroless
pl ati ng, CbFcadli fromas| gnt shansebetrabpl khregeh the intgrpgpitipmcess

according_tQq ai.m 27, wherein t.he internal surfaces, of.the r opygh- hol es
are roug%énéL FLER A, olc%ss%fas%l%’ct’éﬁs??o%agﬁ%xisc?&[qo ¥ RYE %’%ﬁgg

treat neileiRg E{eaLaepitmvd hef SQUERHS dTinxed sol ution of an organic acid
and a copper(l1) conplex, and a plating wwth a needle ternary alloy of

copper - ni ckel - phospilateasnal surfaces of the through-holes are

roughened, and said filler is composed of metal particles

and a thermosetting resin or a thermoplastic resin.

2 The multilayer printed wiring board according to
Claim 1, wherein the filler is composed of a particulate
substance, a resin and an ultrafine inorganic powder.

.3.- The multilayer printéd wiring board according to
Claim 2, wherein the filler is a nonconducting composition
containing metal particles.

4. The multilayer printed wiring board according to
Claim.2 , wherein the particulate substance is composed of at
least one member selected from metal particles, inorganic
particles and resin particles.

5. The multilayer printed wiring board according to
Claim 2, wherein +the resin is composed of at least one
member selected from bisphenocl type epoxy resins and novolac
type epoxy resins.

6. The multilayer printed wiring board according to
Claim 1, wherein the substrate is é multilayer core
substrate formed by __ J.amix_latj_.x_lg a conductor layer and a
prepreg in alternating order.

7. The multilayer printed wiring beoard according to

Claim 1, wherein the through-holes formed on the substrate
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29 . The proce aim2.7. wherein the step of filling the
t hr ough-+hol es Eﬂum il{ﬁ | !ﬂj onducted by filling the through-holes with
a filler conmpo ul ate substance, a resin and an ultrafine

i norgani c powder, and drying and curing the filler. 30. The
process accordin m 29, wherein the step of filling the

t hr ough- hoT €% ?\Agﬁ%‘éhf?‘?lt%?v?% ebneEdbdto 9F 1839 dame dhiBugh- hol es with

a filler conposegd ofTRe multila rinted wiri bdard ce
nonconducti ng cofposi tion cont a?nl ng net ael Jart n(ﬁ es, anda d° Jrfbgaﬁa

curing theldim| er, wherein 3builkieupr OﬁﬂiinQCCDéfJéf@ £l mo%9 pdRgrein
the particulate substance I s conposed of at |east one nenber selected

from et a¥uptrese| of, ﬂh@rgmsczrpa;et ides &heé remner npabeircloss. 13ye;_—332-
The process accordj to Claim?29, wherein the resin is conposed of at
| east one"Hehbef? §ié BFg‘Srf r Gid bl%eﬁﬂmt‘ﬁ)e EpR%§oF estns dnatabledac

rQ r.od |ng a nultilayer
:)?/Pﬁt :Sox‘y grﬁllénfgl%l%rtcﬁ conprr? r% ax_tpy Ioe?;ét?’et REESERS ‘'ng steps [err] to
[err] [ ery] a sﬁxﬂrt:@‘ayfélr Briithtied AP hd2YE b &N T BERYGLaa

of a substrate provided with through-holes, and a conductor

circuit formed on the substrate through the interposition of
an interlaminar insulating resin layer, said through-holes
being filled with a filler, wherein

internal surfaces of the through-holes are roﬁghened,
and said filler is composed of metal particles and a
thermosetting resin or a thermoplastic resin, and an exposed
portion of the filler in the through-holes is covered with a

through-hole-covering conductor layer.

‘10. The multilayer printed wiring board according to
Claim "9, wherein a roughened layer is formed on the surface
of the through-hole-covering conductor layer.

11, The multilayer printed wiring board according to
Claim 9 wherein the filler is composed of a particulate
substance, a resin and an ultrafine inorganic powder.

12. The multilayer printed wiring board according to
Claim 11, wherein the filler is a nonconducting composition
.contalnz.ng metal particles. ) _

13. The multilayer printed wiring board according to
Claim 11 , wherein the particulate substance is composad of

at least one member selected from metal particles, inorganic
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hol es on both surfaces of a substrate by el ectrol ess pl at+-hg,—_0r
additional l'y by el ectropl ating, [err] a step of fqrgm, a roughermed
| ayer on the surfaces of the through-hol es, [err]c]!’gi E@, ”’[LJH"I
filling the through-holes with a filler conposed of netal b ' a

thernDsetbgggiegfgp?ﬁaagg?%geégpgigfééc resin, and drying and curidg the*

filler, ormng a through-hol e-covering conduct or

layer by subjectifig ammexpesesl et i 9Pidfed heitihe" nORrl g chbPEoHghERO! s
to an electroless plating, or additionally to an electroplating,”an
[err]a stEpadm fblni wheapinntthe amenin iinsukaipogedesim ataysfasandohen
formng a conductor circuit by electroless plating, or additionally by
el ect r opl BEPREr selected fzypm’ bigphepelck¥PacepPyyngessng anth nggolaher ei n

the inte Cc the through-hol es are roughed by any process
sel ected ?£§%1%ﬁg%gigé?gé%ireduction treatnent, a treatnment with an

aqueous m xed so] 4t i Ofh D @t Of HANY G AGIhg %ﬁf%@ﬂ#'ééc&%ﬂ&&oa”d a
plating treatment with a needle-forned ternary alloy o
copper - nickaimphdsphowherein the substrate is a multilayer core
substrate formed by laminating a conductor layer and a
prepare in alternating order.
16, The multilayer printed wiring board according to
.Claim_-Q, wherein the through-holes formed on the substrate
have a pitch interval of equal to or less than 700 pm.

1%. The multilayer printed wiring board according to
Claim 9, wherein build-up wiring layers formed on both
surfacéé of the substrate have the same number of layers
with each other and the wiring thereof is installed
dispersing to the periphery of the substrate.

k&. A multilayer printe@ wiring board being composed
of a substrate provided with through-holes, and a conductor
circuit formed on the substrate through the interposition of
an interlaminar insulating resin layer, said through-holes
being filled with a filler, wherein

internai surfaces of the through—holes_are roughened,
and said filler is composed of metal particles and a
thermosetting resin or a thermoplastic resin, and _-an exposed
surface of the filler in the through-holes is covered with a
through-hole-covering conductor layer, and a viahole formed
just above the conductor layer is connected to the through-

hole-covering conductor layer.
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35. The process according to Caim 33, wherei e filli ep of a
filler is conducted by filling the through-ho H"ll}:“ Jl’ﬂﬂllg conposed of

a particulate substance, a resin and an ultra wder, and
drying and curing the filler. 36. The process according to Oaim
35, wherein the fillj ted f||||ng
the through- holﬁ% wf?% ﬂpigg}%¥eﬁoﬂﬁbgéﬁd Vlﬁlﬁgn§835 09&1 58 tion

having a spggfie ! $8e3kance QLugfiuabd! 9agere £dliaR [o«ar rt]he[ %'ixrﬂfa%%d

cont ai ni ng~ ne particles, rying and curing the fil

The proceggs @agOLHIrBAGhOhEL 8+ B8bIErinGecendudber x&yérsulate substance |s at
| east one nenber selected from netal particles, inorganic particles and

resin particles. - - 38. The process according to Claim35 , wherein the
resin is conposed of at |east one menber sglected from bis hegpl

epoxy resins andﬁ%ovo?%& PYHELEPERY PELTHES wiring gardTRE &§§s¥%

accordi ng el f ot p; of t+iculat
t hr ough- hg#% coverlng eon uckgr ﬁ%fg%gfslgcon %g'by a%p aﬁhécgéféfyst

nucl ei toghhgraHEbacg ebsihcanUbstubifafies nmorcjﬁﬂ/d Pisdder snoot hed,
subj ecti ng the .substrate to an el ectrol ess platlng, or addltlonally to

an electroplating, tties doltilgyen ptihted wésisyg posrdaboverding to
t hrough-hol es and -a portion to be a conductor circuit,
‘Claim 20 , wherein the filler is a nonconducting composition
containing metal particles.

:21. The multilayer printed wiring board according to
Claim.éofjﬁwherein the particulate substance is composed of
at least one member selected from metal particles, inorganic
particles and resin particles.

| 23. The multilayer printed wiring board according to
Claim 20 . wherein the resin is composed of at least one
member selected from bisphenol type epoxy resins and novolac
type epoxy resins. '

:24. The multilayer printed wiring board according to
Claim 18 , wherein the substrate is . a multilayer core
substrate formed by laminating a conductor layer and a
prepare in alternating order.

25. The multilayer printed wiring board according to
Claim 18, wherein the through-holes formed on the substrate
have a pitch interval of equal to or less than 700 um.

| 26. The multilayer prlnted wiring board according to
Cléim:iﬁd} whereln. bulldrup wirlng layers formed on both
surfaces of the substrate have the same number of layers

with each other and the wiring thereof is installed

dispersing to the periphery of the substrate.
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renoving the plating layer in a portion where the etching resist is not

formed, .and further peeling off the e““mrﬁllu“luuu(umrm st on the
t hr ough- hol e- coveri ng conductor | ayer ' ¥ or circuit portion
40. The process according to Caim33* whereifl the “step of formng the

t hr ough- hol e-coveri ng ¢onductor layer is_. conducted hy formng a_ plating
resist in a giveh’positi & oY hé’yfgupf‘:aégcﬂ)f‘gt He ﬂ]’gﬁ’#ﬁ‘[y@rbepﬁégt"’d
previ us! y;2Rgl RN doddliyHIP) 261 100,23 RAL | O RAIE [DELES ! phs not
formed to an Electroplati'ng to Torma tﬁroug - hol e-covetri ng ‘conductor

| ayer and@s conductor circuit, and renoving the plating resist with the
plating film| ocated beneath the resist by etching. 41. The
process accordi n§ tao €tep meF3 fombdereia chedustep dfayesr ramd shrough-

t hr ough- hol ihcoveri ng. conductor |ayer _conprises a step of rougheni ng the

surface oROLR@ PRrBOGH-SURbRCet Rerd RPRTFRKG &Y 1ehpstosyegdyPhrséags
sel ected L£Oghd§?i§§£ff%ié’fé£ A’@ﬁa%reat ment, a treatnent with an
solution of an or i

agueous m Xxe _ ani ¢ d and a copper(ll) conplex and a
plating treatnend w kitep BEcbemingmadrbagnankd 8hL8¥ 6h the surfaces
copper - ni ckel - phosphor us.

of the through-holes,

® a step of filling the through-holes each having the
roughened layer on its internal surface with a filler
composed of metal particles, and a thermosetting resin or a
thermeoplastic resin, and drying and curing the filler,

@ a step of forming an interlaminar insulating resin
layer and then forming a conductor circuit by subjecting to
an elec}:roless plating, or additionally to an electroplating.

28 . The process according to Claim 27, wherein the
internél surfaces of the through-holes are roughened by any
process selected from an oxidation-reduction treatment, a
treatment with an aqueous mixed solution of an organic acid
and a copper{II) complex, and a plating with a mneedle
ternary alloy of copper—-nickel-phosphorus.

29 . The Process according to Claim 27, wherein the
step of filling the through-holes with a filler is conducted
by filling the through-holes with a filler composed of a
particulate substance, a resin and an ultrafine inorganic
powé}éi, and dryiilg and curing ﬂ;e filler. -

30 . The process according to Claim 29; wherein the
step of filling the through-holes with a filler is conducted
by filling the through-holes with a filler composed of a
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42. A process of producing a nultiTayer pri nEed ]WI rltng bo?r?l conpri si ng
at | east- thefollovmng SH E m“u err] a step of forming a
conductor layer and thro g' l” Mﬁ”mnth surfaces of a substrate by

el ectrol ess plating, or addi‘t | na"llys by el ectropl ati ng, [err] a

step of formn oughened | ayer in the internal surfaces of the _
thrgugh HOT RS °‘9du°tm CoRASAFiom { FPRERGPERE (AP ERYh BT ECifsovi @ad wit h

a rou he&ffl] &Y f osed of netal particles, and a _
t her m)gettl ngljlr e%lacrll\/\%épﬁ %Ang{o lglg%@c resin, and drying and curing
the filler, . [erné protepsofadyrding acd heoueh- hol O ERVELi N4 he
conduct or Iayer on an exposed portion of the filler on the through- holes
by el e@avtesslatyl subsganceoris atdipbisedal of aty lehstt raap ahbiBer
[err] a step of formng an interlamnar insulating resin |ayer, and
[err] a st %*Fe‘#o?ﬁ%gmat%} PRTELEHeS @ LopEgRRYF Rerticlesiandheesin
i nterl am %atl ng resin |ayer |ocated just above the through-holes,

| ng e

and conn vi ahole to the '
- 32. The process according to Claim 29, wherein the

resin is composed of at least one member selected from
bisphenol type epoxy resins and novolac type epoxy resins.

33. A process of producing a multilayer printed
wiring board comprising at least the following steps ® to ®:

@® a step of forming a conductor layer and through-
holes on both surfaces of a substrate by electroless plating,
or additionally by electroplating,

@ a step of forming a roughened layer on the surfaces
of the through-holes, |

® a step of filling the through-holes with a filler
composed of metal particles, and a thermosetting resin or a
thermoplastic resin, and drying and curing the filler,

@ a step of forming a through-hole-covering conductor
layer by subjecting an exposed portion of the filer on the
through—holes to an electroless plating, or additionally to
an electroplatiné, and -

®a step of forming an interlaminar insulating resin
layer and then forming a conductor circuit by electroless
plating, or additionally by electroplating.

34. The process according to Claim 33, wherein the
internal surfaces of the through-holes are roughed by any

process selescted from an oxidation-reduction treatment, a

74 ‘5 i;"iﬂ




t hr ough- hol ductor | ayer. 43. The process according to
C aim 42, \Aﬁmﬁmﬁ"!ﬂ E@%}Hi)nal surfaces of the through-holes are roughened
by any process sel m an oxi dation-reduction treatnent, a

treatment with an aqueous m xed solution of an organic acid and a

copper (11 needl e-formed ternary

co Iex ating treatnment with a
al |l oy of %5 cR’éIthprﬂg%p?fB?‘?E’s mixed 3934“ 1%e°{)r%’ée§§gaﬁé‘éraph§ to

ClaimA42, er | S cte

filling atehrgé’&g%r es K P, ﬁq %ls:’g‘%g oft's‘ea%“ LCJcJFa
substanceneadﬂesfaraad aarﬁ&yaém@ylcs@r &ﬁ%ﬁ&@ tpm@ @&Wsng and
curing the filler. 45.  The process accordl ng aim42., wherein
the filling step of a filler is conducted by filling the

through-holes with a filler conposed of a nonconduct i ng conposi tion
cont aining netals- pa'FP?c[Pé’é’ceséncPC%’iﬂW BdCladm r?g'irt Hehgieiner the

Th a di m 44 ., wherejn.t | at e subst ance
|s at I:agifgﬁéénen%eé s% ec?e%ﬁ?loen"{ is “co glel‘}pap %%gf G or F8%i ¢
particl estﬁﬂguﬁﬁshal@@r thetRS - a filler47colP8sBEOCEES éccﬁégfﬂ&:igtg ai m

e

44 |, wherein t
substance, a resin and an ultrafine inorganic powder, and

drying and curing the filler,

36. The process according to Claim 35 wherein the
filling step of a filler is conducted by filling the
through-holes with a filler composed of a nonconducting
composition having a specific resistance of equal to or more
than 1x10° Q-cm’* and containing metal particles, and drying
and curing the filler.

37-. The process according to Claim 35, wherein the
particulate substance is at least one member selected from
metal particles, inorganic particles and resin particles.

38. The process according to Claim 35 , wherein the
resin is composed of at least one member selected from
bisphen_ol type epoxy resins and novolac type epoxy resins.

| 39 The process according to Claim 33., wherein the
step o:f forming the through-hole-covering conductor layer is
conducted by applying catalyst nuclei to the surface of the
substrate being previously smoothed, subjecting the

substrate toc an electroless platlng, or additionally to an

electroplatlng,_ the.n forming an etch:x.ng res:.st just above
the through-holes and a portion to be a conductor circuit,
removing the plating layer in a portion where the etching

resist is not formed, and further peeling off the etching

i & Qn? a5 b, Lj‘;i btf..
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resin is conposed of at |east one nenber selected from b

epoxy resins and novol ac type epoxy resins. 48. I@ﬂﬁﬁ]@b“‘gﬁﬁlu “J
according to Claim42, wherein the step of formng a thr T . 2 (0]
conductor layer is conducted by applying catalyst nuclei to the surface of
the substrate bein reviously snoothed, subjectin the substrate
to an el eCEPEPELHIBG n F%uglelh"PJae'rﬁ%i‘t%q%y‘é?‘?du‘%ﬁf’%dg@lf?ﬁnaMiytfﬂ@ an
el ectropl at H&% ék}e%ﬂgr g\d_ng %\‘ﬁi etching resist just above the
through-hoPes and a porPl nFWieP8  t he conductor circuit is formed,
renoving the pla%ﬁd AKE oAt e POREEQUMPLT €01 B8 28HCHM NT §RSESIn | $niROT
formed, and further peeling off the etching resist on the through-

hol e- covesitegp eddorming apher thrdughehotrduevaringr eédhtluctor layé®2. isThe
process according to Claim42, wherein the step of formng a

t hr ough- hepadueted by fommiBgor Papsingsregdptiuéned by vEDr PPRGtiopl ani ng
resist in give osition, on Eb%% surface of the substrate beiqg
previouslﬁggmﬁﬂ S Hhens jE@FFn%Q&ﬁ&nﬁﬁ?ﬁ? % #RReRef sanfs not
formed t0rn@l ShBGledlhgl b1l Miidoh O Y R BI£GLRANC S

| ayer and a conduCtor crrcuit, and renoving the plating resist and the

pl ated fibaf lelctitatbpiareagh dhefsani 8t thibhghghoBéstb?ering condu2@orThe

process according to Caim42, wherein the step of formng a
t hr ough- hdegetovardn@ condducter| gdgrcuit, and removing the plating

resist with the plating film located beneath the resist by
etchinq.

'41‘. The process according to Claim 33 , wherein the
step of forming a through-hole-covering conductor layer
comprises a step of roughening the surface of the through-
hole-covering conductor layer by any process selected from
an oxidation~reduction treatment, a treatment with an
aqueocus mixed solution of an organic acid and a copper(II)
complex and a plating treatment with a needle-—-formed ternary
alloy of copper-nickel-phosphorus.

"42. A process of producing a multilayer printed
wiring boaz_:d comprising at least the following steps @ to
®:

® a step of forming a conductor layer and through-
holes on both surfaces of a substrate by electroless plating,
or additionally by electroplating,

@ a step of forming a roughened layer in the intermal
sq.a-:face_; o:é {:he through—h__oles,_ _ -

® a step of filling the through-holes provided with a
roughened layer with a filler composed of metal particles,

and a thermosetting resin or a thermoplastic resin, and
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conprises a step of roughening, the surface of the t hrough-  hol e-coveri ng
conductar |ayer by any process selected fro OX|dat|on reducti on

treatment, a treatnent with an aqueous m xed Hu 'JIM ﬂmm gani c
acid and a copper(11) conplex or a pl ! th a
needl e-forned ter al | oy, of er-ni ckel - phosphorus 51. The
process &CoPG & %f8&6¥§9h¥£? fﬁﬁgESVn a viahole is formed just above the
through hol e- coyer C e 3 i £ n

i nterlam nar i n?ﬁla{a??t%p;]‘gglﬁ %y{:‘ﬁ%gggﬁe}h{)%g % %%%r%%%%ogl

i nsul ati N@ykeSidn | anerex@fds\éddqsbmﬂh aBf aprni plier whahwlee, trafowyip! yi Ng
catalyst nuclei directly to the resin layer w thout roughening, then

subj ect i hglelse réx n |shaatnadesgn elpd@tioidss pPat i Advtipfditlyonaldy to an
electroplatlng, and , etching the plated |layer so as to remain a viahole and
a conductdectToPdE e or t i on. 52. A resin conposition for fiIIing

Lhr ough- hol e of g pr LB dor WeblRInROAL] 6L GATRGS a1 3 HAY LG AL €
substance, a resin an u I'e T norgani c powder X3 nposi1tion
bei ng a napeendugld ng conposition containing metal

® a step of forming a viahole and a conductor circuit
in the interlaminar insulating resin layer located Jjust
above the through-holes, and connecting the viahole to the
through-hole-covering conductor layer.

43. The process according to Claim 42, wherein the
internal surfaces of the through-holes are roughened by any
process sSelected from an oxidation-reduction treatment, a
treatment with an aqueous mixed solution of an organic acid
and a copper(IlI) complex, or a plating treatment with a
needle-formed ternary alloy of copper—nickel-phosphorus.

44, The process according to Claim 42, wherein the
filling step of a filler is conducted by £filling the
through-holes with a filler composed of a particulate
substance, a resin and an ultrafine inorganic powder, and
‘drying and curing the filler.

45-'. The process according to Claim 42., wherein the
filling step of a filler is conducted by filling the
through-holes with a filler composed of a nonconducting

| composrt:.on conta:.nlng metal partlcles, and dry:.ng and
curing the filler. _
46 . The process according to Claim 44 , Wherein the

particulate substance is at least one member selected from
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particles. 53. The resin conpas |t on according to Claimb52, wherein
the particulate substance is corrp ﬂl"jl!”l"ﬂ!ﬂ’"ﬁne nenber sel ect ed
frommetal particles, inorganic pa particles. 54.
The resin conposition according to d ai ‘m 52, wherein the resin is conposed
of at |east one nmenber selected froma bi sphenol type epoxy resin and a
novol ac tw‘eabpre&ytie‘seﬁ. inorgaml: pRiR:idsisn agwhesiin paradededi.ng to

Cl ai m 54 wherein the i sphenol type epoxy resin_.is cC osed of at |east
one nember sel eéfed "F?‘Bm€’5|°§ﬁﬁ§ncﬂ°q9 HOxG1ReR; %@aﬁ&f‘%‘?@p‘heﬁ%ﬁ A

type EDO%(V%{IQSI{QS co oseriaco{‘.y at 5§.easIheo£gS'x£]enﬁJOépo§l e%Q: %tccfég!gtng to

Cl aim54 erei'n che hovo pe epoxy resin is corrpose of a one
nmenber sedesdesndl W%xylmlafs taHe RROVAJ @FpeS epalty [8EHRhsnovol ac
type epoxy resins. . The resin conposition according to C aim54

wherein the corrpéwaltl'merarpoesfs Ereordiogacts ygeabpoky , ndsireiro the
bi sphenol type epoxy resin ranges from1l/1 to  1/100 by wei ght.
tép of forming a through-hole-covering conductor layer is
conducted by applying catalyst nuclei to the surface of the
substrate Dbeing previocusly smoothed, subjecting the
substrate to an electroless plating to form a plated layer,
or additionally to an electroplating, then forming an
etching resist just above the through-holes and a portion
where the conductor circuit is formed, removing the plated
layer in a portion where the etching resist is not formed,
and further peeling off the etching resist on the through-
hole—-covering conductor layer and the conductor circuit.

49 . The process according to Claim 42, wherein the
step of forming a through-hole-covering conductor layer is
conducted by forming a plating resist in a given positicn on
the surface of the substrate being previously smoothed and
then subjecting a portion where the resist is not formed to
an electroplating to form a through-hole—-covering conductor
layer and a conductor circuit, and removing the plating
resist and the plated £ilm located beneath the resist
througl_i etching.

50. The process according to Claim 42, wherein the
step of forming a t’nrough—hole—covering conductor layer
comprises a step  of roughening theme—t-:rfacem _Of t_l;e through—
hole—-covering conductor layer by any process selected from
an oxidation-reduction treatment, a <treatment with an

aqueous mixed solution of an organic acid and a copper (II)

o ™
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complex or a plating treatment with a needle-formed ternary alloy of
copper-nickel-phosphorus.

51. The process according to Claim 42, wherein a viahole is
formed just above the through-hole-covering conductor layer through
the interposition of an interlaminar insulating zresin layer by
roughening the interlaminar insulating resin layer provided with an
opening for viahole, or applying catalyst nuclei directly to the
resin layer without roughening, then subjecting the resin layer to
an electroless plating or additionally to an electroplating, and
etching the plated layer so as to remain a viahole and a conductor
c¢ircuit portion.

52. A resin composition for filling through-hole of a printed
wiring board being composed of a particulate substance, a resin and
an ultrafine inorganic powder said
composition being a nonconducting composition containing metal
particles.

53. The resin composition according to Claim 52, wherein the
particulate substance is composed of at least one member selected
from metal particles, inorganic particles and resin particles.

54. The resin composition according to Claim 52, wherein the
resin is composed of at least one member selected from a bisphenol
type epoxy resin and a novolac type epoxy resin.

55. The resin composition according to Claim 54 wherein the
bisphenol type epoxy resin is composed of at least one member

selected from bisphenol F type epoxy resins and bisphenol A type

epoxy resins.
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56. The resin composition according to Claim 54 ,
wherein che novolac type epoxy resin is composed of at least
one member selected from phenol novolac type epoxy resins
and cre<nl novolac type epoxy resins.

57. The resin composition according to Claim 54 ,
wherein the composition ratio of the novolac type epoxy

resin to the bisphenol type epoxy resin ranges from 1/1 to

1/100 by weight.
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