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SPECI FI CATI ON MULTI LAYER PRI NTED Cl RCU T BOARD, METHOD OF ﬂﬂ@ﬁﬁ&?ﬁé
MULTI LAYER PRI NTED Cl RCUI T, BOARD AND RESI N FI LLER TECHNI CAL FI ELD

Thi s invention relates to @ nultilayer printed circuit board, a method of
producing a mul til ayer pr|Qted circuit board and a resin flller and nore
partlcuiarly it proposes structures of a resin insulating |ayer suitable
for “the provision of a nultilayer printed circuit board having an inproved
interlam nar insulation property and a resin filler as well as a nethod of
produci ng the sare. BACKGROUND ART 1 As the multilayer printed
circuit board, there is a build-up nultilayer printed circuit board in
whi ch a conductor circuit and a resin insulating |layer are alternately

built-up and an inner circuit |ayer circuit layer are
el ectrically connected to each che P§E2835586%§holes or the like. This
buil d-up nultilayer printed circuit board is generally manufactured by a

met hod wher e Pril@¥R pRENEES cHQAAUCHBARS| Iitor D PRBBECHR @ POSi tion

closest to a_ substrate by a.subtractive process and then a plurality of
MULTILAYER PRINTED CIRCUIT AND RESIN FILLER

| TECHNICAL FIELD
This invention relégéé—td'é_multiiayer-ﬁfiﬁﬁed‘cissuit
board,. a methed of producing a'multilayer printed circuit
board and a resin filler, and more particularly it proposes
""" structures of a resin insulating layer suitable for the
provision of a multilayer printed circuit board having an
improved interlaminar insulation property and a resin filler

as well as a method of producing the same.

BACKGROUND ART _

As the multilayer printed circuit board, there is a
build-up multilayer printed circuit board in which a conductor
circuit and a resin insulating layer are alternately built-up
and an inner circuit layer and an outer circuit layer are
electrically connected to each other through viaholes or the
like. This build-up multilayer printed circuit board is
generally manufactured by a method wherein a layer of the
conductor circuit is formed in a position closest to a
substrate by a subtractive process and then a plurality of
conductor circuit layers are laminated on the conductor
circuit layer by an additive process.

The subtractive process is a method of forming the
conductor circuit by subjecting a surface of a copper lined
laminate to an etching treatment and can cheaply form the
‘conductor circuit layer having a high reliability.

The additive process is a method wherein an adhesive
for electroless plating is applied onto a substrate such as

glass epoxy or the like to form a resin insulating layer and
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conductor circuit layers are lamnated on the conductor «circuit |ayer by
an additive process. The subtractive process is a nmethod of

form ng the conductor circuit by subjecting a surface of a copper |ined
| ami nate to an etching treatnment and can cheaply formthe conductor
circuit layer having a high reliability. ~ The additive process is a
met hod wherein an adhesive for electroless plating is applied onto a .
substrate such as glass epoxy or the like to forma resin insulating |ayer
and REPLACED SHEETS SG '

2 then the resin insulating |layer is roughened and a plating resist is
formed on the roughened surface and then a netal for conductor circuit is
appl i ed thereién hihetlrash hol Rod1 N i3ld NAyepCEOr hitthdred! Bhd FBNdng! he
conductor circujt is forned on the roughened resin insulating |ayer through
the plating 5Pt 45 £ormed ¢mthe rovgkered ofsLafiR &N6h thed R Mgtal for

t her ebet weencosdic s eigduet ddginnea therets By kadustrdiass Wwrttiaghri nt ed
circuit boar ir1gwnch t he, condyct or ircuié hardgélpeels,fron1the resin
insul ating | rding to thig methad, {the,GRpducter Hrguitutt FRIMeE %Bhen the
i nner nost cotisklateargheinedurésin friiadiny Lages Uthroanh theppDeeaty oczoncave
portion is c etweep, t he_conductor circuits forsed by the etching
treat ment. ?f‘%éer e l%r’e\,é% l'e‘%gt%'ée resinrnsufa ??119‘)’? ffé’Pe T'g'g/’f %g?’r‘é%e&‘feﬁﬁ‘e

W ring substean dochansugethand dnomes therei can bee wea fialetuceddagdmimtsidr cui t s,
as

circuit board in which the conductor circuit hardly peels from

e

the resin insulating layer.

| In the multilayer printed circuit board, when the
innerﬁost conductor circuit is formed by the subtractive
process, concave portion is caused between the conductor
circuits formed by the etching treatment. Therefore, when the
resin insulating layer is formed on the wiring substrate
having the concave portion between the conductor circuits, as
shown in Fig. 4(a), the surface of the resin insulating laver
becomes uneven and hence there is caused a problem that the
viahole shape formed in the resin insulating layer and
junction pad are deformed to cause poor mounting.

Concretely, the resin insulating layer formed in a
large area portion of the conductor circuit becomes thicker as
compared with the resin insulating layer formed in a small
area portion of the conductor circuit. As a result, the
exposure and development conditions of the viahole vary in
accordance with the thickness of the resin inéulating layer,
so that
@. When the exposure and development conditions are
matched with the thin portion of the resin insulating layer, a
developing residue is created in the viahole formed in the
thick portion of the resin insulating layer to close the
opening of the viahole and hence the connection to a wiring

layer arranged on the upper layer becomes incomplete (see Fig.



shown in Fig. 4(a), the surface of the resin insulating | ayer becones
uneven and hence there is caused a problemthat the viahole shape fornmed in
the-resin insulating |ayer and junction pad are defornmed to cause poor
nount i ng. Concretely, the resin insulating layer forned in a | arge
area portion of the conductor circuit becomes thicker as conpared with the
resin insulating layer forned in a small area portion of the conductor
circuit. As a result, the exposure and devel oprment conditions of the
vi ahol e vary in accor dance with the thlgkness of the resin insulating
| ayer, so that [err] When t he exposture and devel opnent conditions are
mat ched with the thin portion of the resin insulating | ayer, a devel oping
residue is cagafrd in the viahole forned in the thick portion of the resin
insulating | gyer to _close the opening of the_viahole and hence t he
connection t a.vﬁriﬁ%? %re§P$) g“&ndﬁﬁﬁ LRt 1SRPE thER8 8 i nconpl et e
&;ee FLg. matched ﬁ;ﬁ? the thick norﬁ;on of the re51ﬁﬂfnsﬁﬂbk%ng£fﬁy%$, y

en the expgsure a evel opnent. condi ti.ons_are jmtc Wi, t thic
portion of tﬁé S TR AL E?Eﬁ 13h e PeslE |ﬁ§ﬁ‘f‘a€$‘?lv e Wa?% é"beel ed
fromthe vicvnahgdéﬁfdnmedvuahbhe trommpebritiohhef t the reewiin dnsolatiwg resin
insulating | @ B | e r e I g (c)) .
On the ot her- ‘g th?%r g‘g?ﬂh%%st %AA Q% élr‘gggili%&?ﬂ(es\(/e% %BF 4fféj)t)he above
~additive process |5;Q@e¢éﬁabtyetdham§i the resin insulating layer being

inevitable in the above additive process is generally formed

by simply applying one kind of the resin composition.
However, as the printed circuit board is recently used in
various fields, it is very difficult to form the resin
insulating layer so as to exhibit excellent application
adaptability in all fields. Lately, the resin insulating
layver constituting the printed circuit board tends to become
thinner in accordance with the high performance and high
densification of electric parts, which is difficult to ensure
the insulating property between the conductor layer and
another conductor layer and hence results in the lowering of
reliability in the multilayer printed circuit board.
_ Furthermore, the surface of the resin insulating layer
is roughened by using an acid or an oxidizing agent and
dissolving and removing particles of heat-resistant resin
soluble in the oxidizing agent or the like, which are

- dispersed in heat-resistant resin hardly soluble in the
oxidizing agent or the like. However, if aggregation or the’
like is caused in the heat-resistant resin particles to be
dissolved and removed, the depth of the roughened layer is not.

- constant. Particularly, when the reéin insulating'layer is
thin, the depth of the roughened layer may arrive at the
thickness of the resin insulating layet and hence the

interlaminar insulation px opertv naturally required in the

resin insulating layer considerably lowers.



by sinply applying one kind of the resin conposition. However, as the
printed circuit board is recently used in various fields, it is very
difficult to formthe resin insulating |layer so as to exhibit excellent
application adaptability in all fields. Lately, the resin insulating
| ayer constituting the printed circuit board tends to becone thinner in
accordance with the high performance and hi gh densification of electric
parts, which is difficult to ensure the insulating property between the
conductor | ayer and anot her conductor |ayer and hence results in the

|l owering of reliability in the nultilay8r printed circuit board.
Furthernore, the surface of the resin insulating |ayer is roughened by

usi ng an acid or anypx{ dizi a n l,ssql vi.ng; and P aptjcles
of hgat -resi stant régi ings%ln%gfleg.’lgﬁ&?ﬁeg%%% %nygggégﬁtt%ﬂwe". i_Ee{’étlhi ch
are di sper setFFUetHESt of & iRasim ipsulating diaver,caprblenof Hereksiiddngi Ag agent

or the |ikemii®iRu@er pFim@H RUAFMOE Bbatdhdvilky ah eRUEETedt) the
heat -resi stant resin particles to be dissolved and_renoved, the depth of

n
the roughendd*ieXyaFiPer SR EEIProPRFEY ofh thauf 1HeRi R cthe fest
i nsul ati ng |stiengtth ében,if thadaplibkAbss hef rnegghestd Layelatig aaikye at
t he thicknegﬁ;q%ithe resin insulating | ayer and hence the interl am nar
i nsul ati on prop rPy naturally required in the resin insulating |ayer
consi derably | owersIt is another object of the invention to providé a

It is a mai Qmﬁqgiqg&egf piméé“gigchg@ Lgagé %’A\g%ga a@xegxcellent
resolution capable of conducting exposure and development _

. treatments under same conditions without forming'uneVEnness on
the surface even if an innermost layer of conductor circuits
is formed by an etching treatment through the subtractive
process as weli as a method of producing the same.

It is .the other objéct of the invention to provide a
multilayer pr;nted circuit board having excellent resolution,
interlaminar insulation property and resistance to cool and
heat shocks.

It is a still further object to provide a resin filler

- for smoothening the surface of the substrate suitable for the
multilayer printed circuit board. ‘ '

DISCLOSURE OF THE INVENTION

The inventors have made various studies in order to
achieve the above objects. As a2 result, the inventors have
found that it is effective to achieve the above.main object
when the resin insulating layer is constructed with a
composite film comprising at least two layers of an adhesive
layer for electroless plating contributing to improve an
adhesion strength to conductor and an insulating layer
contributing to improve an interlaminar insulation property.

Furthermore, the inventors have found that it is
‘effective to achieve the above another object when a resin

smoothening a surféce of a substrate is filled between



structure of a resin insulating | ayer capable of providing a multilayer
printed circuit board having an excellent interlam nar insulation property
wi thout | owering the peel strength even if the thickness of the resin
insulating layer is thin. It is another object of the invention to
provide a multilayer printed circuit board having an excellent resol ution
capabl e of conducting exposure and devel opnent treatnents under sane
conditions w thout form ng unevenness on the surface even if an innernost

| ayer of conductor circuits is forned bg an etching treatnment through the
subtractive process as well as a method”of producing the sane. |t
i's .the other object of the invention to provide a multilayer printed

ci rcui tboar dohaykag: cxGRliea! £6ERGA W) the SLEEREEINE pldaULALhaN Property

and resi stance to cool and heat shock 'S a st| urt her
obj ect to pr&¥Pagctedcig @ Polishingy %ﬁnﬂﬂﬁ%éﬁ?ﬁg the surface of the

substrate suitable ffe tilefeibh! 8y Madtid Bhe@nesé OkhdwilRRed: ang Dl SCLOSURE
OF THE | NVENTI ON The |nventors have made vari ous ‘studies in order

to achi eve t Fe"ghbYEtebjacfe1ions: 4 result, the inventors have found that
it is effectitag to achmanﬂlhberaﬁﬁwﬁtéaﬂdir&bhECbo&Q&ﬂxh&&u%&ﬁgnaﬁrﬁ%ﬁéﬂﬂ ng

| ayer is constr# gd wth 3 osite f|In1con§r|S|n at | east two Iayers
of an adhesi V&% rf?ﬁ’?ﬂléc PEPEs @ phosTh FOBBREFPH (4 TR0 LPKEF ARA
adhesi on strength insuluuﬂmg¢1ayaade£éntﬂﬁﬂﬂhaylmgshnytinqxnaﬁhlhuélng to

mvent or o ha o EaBEF RRARY Tebdrs R SEsmazRr o THRS ABOUC RALE ner

obj ect when &nﬁeéahlsmokﬂmllﬁgcmméext@fofa aompbsiteltkay&r bphisﬁsltimg ween
of an insulating layer made from a2 heat-resistant resin hardly
soluble in acid or an oxidizing agent as a lower layer and an
adhesive layer for electroless plating made from a heat-

resistant resin as an upper layer.

2) In the invention described in the item (1), the
insulating layer is preferable tc contain a thermoplastic
resin. .

{3) In the invehtion described in the item (1), the

insulating laygr is preferable to be a heat-resistant resin
containing an organic resin filler hardly soluble in the acid
or oxidizing agent.

(4) ) In the invention described in fhe item (1), the
adhesive layer is preferable to be an adhesive formed by -
dispersing cured particles of a heat-resistant resin soluble
in the acid or oxidizing agent into a matrix of a heat-
resistant resin hardly soluble in the acid or oxidizing agent.
(5) In the invention described in the item (1), it is
preferable that the adhesive layer has a thickness of 10-50 um
and the insulating layer has a thickness of 10-100 pm.

(6) In the invention described in the item (3), it is
favorable that the organic resin filler is particles of a
heat-resistant resin hardly soluble in the acid or oxidizing

agent and has a maximum particle size corresponding to not



5 conductor circuits formed by the subtractive process and subjected to a
pol<i shing, if necessary., The invention is based on these

knowl edges and constructed as follows: (1) A multilayer printed circuit
board conprising an upper conductor circuit | ayer, a | ower conductor
circuit layer and a resin insulating layer electrically insulating both the
conductor circuit layers, characterized in that said resin insulating |ayer
is conprised of a conposite |ayer consisting of an insulating | ayer nade
froma heat-resistant resin hardly solulge in acid or an oxidizing agent as
a lower layer and an adhesive | ayer for el ectroless plating nade froma
heat- resistant resin as an upper Iayer (2) In the invention described

in the item @ﬁa £ r ab 0 [
t her nopl ast i %@rgs%ﬁgn( a°fl r&fehgxl AVent sloo%f ‘}é‘scrhﬁﬁagai&nﬂq ﬁlea@le?e?nn ﬁn t he |
i nsul ating | awerage pae#xnkﬂﬂsazeocberespnnnxnge$psnahtm¢esithaaonvaiqfng an

organi c resi Qfl hg&kg St?x' “ng iQtf% laa?hq or oxidizing agent. (4)

In the invention escr e "adhesi ve | ayer is
preferable tdMe an h@lh’é}ﬁ \A@erm:md desceridest dnngheuttem pEdt,i ditegsof a

heat -resi st arﬁavegabmesakwae #1115 0§ aﬁwneropw 65.-891199%51'&1%1@&&%' X
of a heat- resistant resin hardly Soluble in the acrd or oxidizing agent.

(5) I n t hdG9anPrERS das alvee Part RO m%S( by vplupe 9f diher RgRE-t hat

t he adheS|vez@§&gmahasr@gi¢nckness of 10-50 [err]mand the insulating |ayer
has a thickness of 10-100 [err]m, In the invention descrlbed in the
item (3), it §8 favorabthe tﬂﬁ‘éﬁe“ttﬁeno?ﬁﬁ?ﬁ"cb‘?"eé'l“n the) 1B Spalt dFes of a

heat - r esi st arBaviozableh8hidlt tid lothaaitnréden afiild ear lexmddélfhg:mg&nlleaed has

a HBX|nun1paQ§kFL%s§hZ§e égéafandln etékéﬁg consisting of epoxy resin,
benzoguanamine resin; styrene resin, d1v1nylbenzene resin and
polyimide resin.
(9) It is desirable that cured particles of a heat-
resistant‘resin soluble in.the acid or oxidizing agent and
having an average particle size of 0.1-1.0'um are dispersed
into the insulating layer as the lower'layer.
{10) A.muitilayer printed circuit board comprising an upper
conductor circuit layer, a lower conductor circuit layer and a
resin insulating léyer electrically insulating both the
conductor circuit layers, characterized in that said lower
conductor circuit layer is formed by etching a substrate
provided with a conductor léyer to remove a conductor useless
portion therefrom, and a resin is filled in a concave portion
formed by removing the conductor useless portion so that the_
surface of the resin is same as the surface of the lower
conductor circuit layer.
(11) In the invention described in the item (10), it is
preferable that the resin filled in the concave portion formed
by removing the conductor useless portion is a cured product
of non-solvent resin. .
(12) In the invention described in the item (10), it is

preferable that the resin filled in the concave portion formed



nore than 8/ 10 of the thickness of the insulating | ayer and an average
particle size corresponding to not nore than 1/2 of the thickness of the

insul ating |ayer. (7) In the invention described in the item(3), it is
‘favorable that a filling anount of the organic resin filler is 10-100 parts
by vol une per 100 parts by volune of the heat- resistant resin. (8) In

the invention described inthe item(3), it is favorable that the organic
resin filler is made fromat |east one resin selected fromthe group

consi sting of epoxy resin, benzoguanam pe resin, styrene resin,

- di vi nyl benzene resin and pol yi m de resi f. (9) It is desirable that cured
particles of a heat- resistant resin soluble in the acid or oxidizing agent
and having an average particle size of 0.1-1.0 pmare dispersed into the

i nsul ating | &YeFeuevide thausondlGEer ysghess RophieR| SHRLRINS APREIRM S U t
board conpri pamgiadbespper conductor circuit layer, a | ower conductor

circuit layer,_.and a resin..nsulating |ayer elecgrically insulating both the
conduct or i @Mt | ydrel LidRYER PEIRLad] ShretiE Eard FHRR: SIBAcRR (pPer
circuit | ayercondutesrbeityniti Aayag, aa SLdedy aiohdpeeur deiraniith 1aye s N t0r

filred in o GSRsa,ERBOITTO0 ABVREIbBoTH BN Yy PR B ARSP 5681 oss

portion so thk®ndubktosucimad toflaykesy esharactesdredasnt thats gafidc dowért he

| over Conduckg&dﬁhigyi&iééﬁ@ﬂ“layer is formed bv étching a substrate
provided with a conductor layer to remove a conductor uséless
portion therefrom, and a resin is filled in a conc#ve portion
formed by removing the conductor useless portion so that the
surface of the resin is same as the surface of the lower
conductor circuit layer, and said resin insulating layer is
comprised of a éomposite layer Eonsisting of an insulating
layer made from a heat-resistant resin hardly scluble in acid
or an oxidizing agent as a lower layer and an adhesive layei
for electroless plating made from a heat-resistant resin as an
upper layer, and said upper conductor circuit layer is formed
on said adhesive layer constituting the upper layer of said
resin insulating layer.
(14) In the invention described in the item (13), it is
preferable that the resin filled in the concave portion formed
by removing the conductor useless portion is a cured product
of non-solvent resin. ' )
(15) In the invention described in the item (13), it is
preferable that the resin filled in the concave portion formed
by removing the conductor useless portion contains inorganic
particles. : .
(16) It is desirable that cured particles of a heat-
resistant resin soluble in the acid or oxidizing agent and
having an average particle size of 0.1-1.0 pm areldispersed in
the insulating layer of the item (13).
{(17) A method of producing a multilayer printed circuit



(11) In the invention described in the item(10), it is preferable that
the resin filled in the concave portion forned by renmovi ng the conductor
usel’ess portion is a cured product of non-solvent resin. (12) In the

i nvention described in the item(10), it is preferable that the resin
filled in the concave portion fornmed

7 by renoving the conductor usel ess portion contains inorganic particles.
(13) A multilayer printed circuit board conprising an upper conductor
circuit layer, a lower conductor circuig layer and a resin insulating |ayer
electrically insulating both the conductor circuit l.ayers, .characterized in
that said | ower conductor circuit layer is formed by etching a substrate

provi ded w t g a gongdy |ayer to r conduct or .usel ess portion
t her ef rom aﬁa a re3|g;% i PT e PR c?ﬁaH@%?@ FHFEHon F¥EFed®b C¥¥hovi ng
t he conduct orcndedes gigcuitnlayer atd tahe‘esumf agguldtinge lagern i s sane as

the surface @fobhes Loy GOUNNELRL EIGEWE LBNBRor@ kiR ¢ E540pd nsul ating

| ayer is conprised of & conposite” |ayer consrs rng of an rnsu ng |ayer
made from a HBthrmléﬂs thei fiokkowiing stlepll éa) - ate)d or an oxi di zi ng

agent as a |over |ayg) andeap SENESLMGd 3uSh 19%ef! &fidy tssscﬂ £9 made

froma heat-resistant resin as an upper layer, and sal conduct or
circuit | ayeFa¥§erNrﬁ§Fh&ﬁgsalEUQﬁWREﬁQMPIPH?éﬁdCE#@h|%lﬂﬂnﬂgcthe laeer | ayer

of said resiRol p&hdwd iNGohakBEor useless portion therefrom;

' (b) a step of applving a resin to the substrate having
a concave portion formed by removing the conductor useless
portion and then curing the resin;

(c) a step of polishing the cured resin of the step (b)
till the lower conductor circuit layer is exposed;

| {d) a step of forming said resin iqsulating layer;

(e)la step of forming said upper conductor circuit
layer on said resin insulating layer.
{18) In the invention described in the item (17), it is
preferable that said resin insulating layer formed in the_step
(d) is a composite laver consisting of an insulating layer |
made from a2 heat-resistant resin hardly soluble in acid or an
oxidizing agent as a lower layer and an adhesive layer for
electroless plating made from a heat-resistant resin as an
upper layer. |
(19) It is desirable that cured particles of a heat-
resistant resin soluble in the acid or oxidizing agent and
having an average particle size of 0.1-1.0 pm are dispersed in
the insulating layer of the item (18).
{20) A resin filler of non-solvent filled in a concave
portion created on a surface of a wiring substrate or in a
through-hole formed in the substrate, in which bisphenol type
epoxy resin is used as a resin component and an imidazole
curing agent is a curing agent.

(21) A resin filler of non-scolvent filled in a concave



(14) In the invention described in the item(13), it is preferable that
the resin filled in the concave portion forned by renoving the conductor
useless portion is a cured product of non-solvent resin. (15) In the

i nvention described in the item (13), it is preferable that the resin
filled in the concave portion fornmed by renoving the conductor usel ess
portion contains inorganic particles. (16) It is desirable that cured
particles of a heat- resistant resin soluble in the acid or oxidizing agent
and having an average particle size of 0.1-1.0 pmare dispersed in the

I nsulating | ayer of the item (13). (17? A nmet hod of producing a

nul tilayer printed circuit 8

board conprising an upper conductor_circuit |ayer, a | ower conductor
circuit |ayer® trg?d’“a"r"&%Fﬁdi?%Lﬁ Aurtgceragra ofiging sRbefrrR A% G both t he

?o?ductor ci?nﬁﬂdgﬂaﬁbaésganﬁgthJCQmEéEﬁB§t££Eéi<¥A QPE&E Sifﬁﬁédbi)typée):

a) a step of formng said | oper conductor circuit |ayer by etching a
substrate pr%‘?fi”%(ﬁﬁﬁf‘hlﬁ 'c‘fﬁ%elfcﬁ & rI"“ﬁi@r"?'?P‘?%é‘“% EBnb‘E’c‘%fP el ess
portion theredriong agent is 4 IQurimyf agent apdlrcrpanicepapticldareubstrate

having a co orti forned by renpving the conductor usel ess portion
and then cupﬁﬁ%?f%%a%egaﬁ%gave c°i£°P8$ga step of polishing the cured resin

of the step (28) til Int bhel| vawin @ildect desctilmd tin aher iteme@msed; (21),

{d) a step Oitffﬁ"ﬂﬂg%e§ébﬂer€ﬁﬁé‘éh%?%k@&k&&oiEQQEé epoxy resin is
bisphenol F-type epoxy resin.
(23) In the resin filler described in the item (20) or (21),
it is favorable that a viscosity of the resin filler is
0.3x10°-1.0x10° cps (30-100 Pa-s), preferably 0.45x10?-0.65x10?
Pa-s at a temperature of 23+1°C.
' Moreover, the viscosity of the resin filler is
dependent upon the temperature measured as shown in Fig. 6.
This figure shows a relation between the viscosity measured at
6 rpm (revolution number per minute) by means of a rotational
viscometer and the measuring temperature.
(24) In the resin filler described in the item (20) or (21),
it is favorable that the inorganic particles have an average
particle size of 0.1-5.0 pm. |
(25) A build-up multilayer printed circuit board in which an
interlaminar insulating layer and a conductor layer are '
alternatgly laminated on a surface of a wiring substrate
having_a conductor circuit or a through-hole and the conductor
layers are electrically connected to each other through a
viahole formed in the interlaminar insulating layer,
characterized in that a resin filler of non-solvent comprising
a bisphenol type epoxy resin as a resin component and an
imidazole curing agent as a curing agent is filled in ﬁ
concave portion created on the surface of the wiring substrate
or in the through-hole formed in the substrate. '
(26) A build-up multilayer printed circuit board in which an



(e) a step of formng said upper conductor circuit |ayer on said resin

I nsul ating |ayer. (18) In the invention described in the item (17), it is
preferable that said resin insulating |ayer forned in the step (d) is a
conposite | ayer consisting of an insulating | ayer made from a

heat -resi stant resin hardly soluble in acid or an oxidizing agent as a

| ower | ayer and an adhesive |ayer for electroless plating made froma

heat -resi stant resin as an upper |ayer. (19) It is desirable that cured
particles of a heat- resistant resin sag@ble in the acid or oxidizing agent
and having an average particle size of 0.1-1.0 pmare dispersed in the
insul ating layer of the item (18). (20) A resin filler of non-solvent
filled in a conca orti.on ated, on suyface WiJing substrate or
8"t hr ough MErELFabRet TirinEinguatyat @ 2 Shrdhefot Frrh S50e epoxy
resin i s useclieraateby mmm&dnbnaﬂdstan‘facre dfzal eicimg ngmasgmatei s a
curing agent . resin f|| ey of SOl e t f||| | ave

9 portion crea&édgoﬁoa uscﬁ-'r 8’?‘1% o 2 3‘?&5 p‘ ‘?qﬁ‘e cf’ﬁ Bﬁ = hol e
formed i n t hdayebst aaeeeleﬁmmmybceqmed ttppeaepothe:esuhrmnuaed as a
resin componealaid 8Brddd 497 U GHELPOLAGEN! shdulatbind ghyent and

i norganic particles are use as an additive conponent. In the resin
filler descr|QHEEaPﬁth%e¢t¥nnt@3G)aoreﬁin)flller of non-solvent comprising

a bisphenol type epoxy resin as a resin component, an

imidazole curing agent as a curing agent and ceramic filler is
filled in a concave portion created on the surface of the '
wiring substrate or in the through-hole formed in the
substrate. |

(27) A build-up multilayer printed circuit board in the
item (25) or (26) a roughend layer is formed on a conductor
face of an inner-wall of the through-hole.

BRIEF DESCRIPTION OF THE DRAWINGS ‘

Fig. 1jis a schematically sectional view illustrating
an embodiment of the resin insulating layer in the multilayer
printed ciréuit board according to the invention. Fig. 2 is a2
schematically sectional view illustrating another embodiment
of the resin insulating layer in the multilayer printed |
circuit board according to the invention. Fig. 3 is a flow
chart showing the production of the multilayer printed circuit
board according to the invention in Example 10. Fig. 4 is a
partial section view illustrating a forming state of the resin
insulating layer, wherein (a) shows a case that the thickness
of the insulating layer becomes thick ‘as the conductor area
becocmes large, (b) shows a state of an opening for viahole
when the exposure and development conditions are matched with
a thin portion of the resin insulating layer, and (c) shows a
state of an opening for viahole when the éxposure and
development conditions are matched with a thick portion of the

resin insulating layer. ?ig. 5 is a diagrammatic view



it is preferable that the bisphenol type epoxy resin is bisphenol F-type
epoxy resin. (23) In the resin filler described in the item (20) or (21),
it -is favorable that a viscosity of the resin filler is
0.3x10[err]-1.0x10[err] cps (30-100 Pa s), preferably
0.45x10[ err]-0. 65x10[err] Pa s at a tenperature of 231[err]C.
‘Mor-eover, the viscosity of the resin filler is dependent upon the
tenperature neasured as shown in Fig. 6. This figure shows a rel ation
between the viscosity neasured at 6 rgqg (revol ution nunber per mnute) by
means of a rotational visconeter and the neasuring tenperature. (24) In
the resin filler described in the item (20) or (21), it is favorable that
the inorgani¢_parficles have an average particle sjze of 0.1-5.0 pm (25)
b Fihnsh
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10 films {conductor layer, conductor pattern), 5' and 6' plated
films requiring interlaminar insulation (conductor lé?er,
conductor pattern), 8 an opening for viahole, 9 a viahole
(BVH), 10 an organic resin filler, 11 a heat-resistant resin '
particle, 12 a copper foil, 13 a through-hole, and 14 a resin
filler.

BEST MODE FOR CARRYING OUT THE INVENTION

A first feature of the invention lies in a point that
the resin insulating layer is rendered into a composite of a
lower layer and an upper layer and the lower'layer is _
constructed with an unroughenable insulating layer made from a
heat-resistant resin hardly soluble in the acid or oxidizing
agent, preferably an insulating layver made from a heat-
resistant resin containing an organic resin filler hardly
soluble in the acid or oxidizing agent and the upper layer is
constructed with a roughenable adhesive layer for electroless
plating made from.é heat~resistant resin, preferably an
adhesive layer made from a heat-resistant resin containing
cured heat-resistant resin particles soluble in the acid or
oxidizing agent (see Fig. 1 and Fig. 2).

According to such a resin insulating layer, the lower
layer is the unroughenable insulatihg layer made from the
heat-resistant resin hardly soluble in the acid or oxidizing
agent, preferably the insulating layer made from the heat-

resistant resin containing an organic resin filler hardly



Interlam nar insulating |ayer and a conductor |ayer are alternately

| am nated on a surface of a wiring substrate having a conductor circuit or
a through-hol e and the conductor |ayers are electrically connected to each
other through a viahole formed in the interlam nar insulating |ayer,
characterized in that a resin filler of non-solvent conprising a bisphenol
typé epoxy resin as a resin conponent, an inidazole curing agent as a
curing agent and ceramic filler is filted in a concave portion created on
the surface of the wiring substrate or LB the through-hole formed in the
substrate. (27) A build-up nmultilayer printed circuit board in the item
(25) or (26) a roughend layer is formed on a conductor face of an inner

wal I of the ¢ h-ho Fig.
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heat-resistant resin particles socluble in the acid or
oxidizing agent, so that clear anchors are formed by
roughening and hence a high conductor adhesion density (peel
strength) can be obtained. _

Moreover, the cured heat-resistant resin particles
soluble in the acid or oxidizing agent constituting the
adhesive layer may take various shapes such as particulate
shape, hollow shape, broken piece and the like. Preferably,
they are selected from (D particles having an average particle
size of not more than 10 pm, @ aggregate partiéle having an
average particle size of 2-10 pm obtained by aggregating heat-
resistant resin powder having an average particle size of not
more than 2 pm, ® mixture of heat-resistant resin powder _
having an average particle size of 2-10 pm and heat-resistant
resin powder having an average particle size of not more than
2'um, and GD false particles obtained by adhering at least one
of heat-resistant resin powder having an average particle size
of not more than 2 pym and inorganic powder having an average
particle size of not more than 2 ym to surfaces of heat-
resistant resin powder having an average particle size of 2-10

 pm. When the average particle size exceeds 10 pm, the anchor

becomes deeper and hence so-called fine pattern of not more



illustrating a step of form ng the viahole when finer resin particles
soluble in an acid or oxidizing agent are dispersed in an insulating |ayer
as a lower layer. Fig. 6 is a diagrammtic view showing a relation . between
a viscosity of aresin filler and a neasuring tenperature. : Her e,
nuireral 1 is a substrate, 2 an insulating layer, 3 an adhesive |layer, 4 a
plating resist, 5, 6 and 7 plated filns (conductor |ayer, conductor
pattern), 5 and 6' plated filnms requiring interlam nar insulation
(conductor |ayer, conductor pattern), f%ean opening for viahole, 9 -a viahole
(BVH), 10 an organic resin filler, 11 heat-resistant resin particle, 12 a
copper foil, 13 a t hr ough- hol e, and 14 aresin f|IIer BEST MODE FOR

CARRYI NG OUT 4 | OWENTIQN o be oS! hERL YR il S IEI LA dies [
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soluble in the acid or oXidizing age prefterably an i yer made
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soluble in thgpaGhdl e Peledl ghggn@gent and the upper layer is constructed
wth a roughenable adhesSi ve layer for electroless plating made from a
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soluble in the_acid or oxidizing agent (see Fig. 1 and Fig

Accor di ng tosgﬁbﬂ %PW?EH?1°Fn§H?a¥??ﬁrqﬁiﬁ§ﬁanFhEe?{Rwﬁaq§%ﬁaP“l§ ekght
unr oughenabl eatdsul attidiy thay eetighterdtidilsh@ess than 5, the clear anchor

can not be formed, while when it exceeds 100, the kneading is
difficult and the amount of the heat-resistant resin matrix is
relatively decreased to lower the strength of the adhesive
layer. .
Moreover, the anchor recess foimed on the surface of
the adhesive layer is desirable to have an average depth of

not more-than 15 pm, whereby the conductor pattern can be
rendered into a fine pattern of not more than L/S = 50/50 pm.

On the other hand, in the resin insulating layer of the
above structure according to the invention, the insulating
layer of the lower layer is possible to be made from only the
heat-resistant_resin without using the organic resin filler.

In this case, the developing residue created in the
development can be suppressed and the rejectxon number can be
decreased.

And also, it is favorable to include the thermoplastic
resin in the insulating layer constituting the resin
insulating layer according to the invention because the
cracking hardly occurs in the adhesive layer or viahole
portion owing to the flexibility inherent to the thermoplastic
resin. ' :

The insulating layer containing the thermoplastic resin

ig particularly desirable to be made from a resin composite of



heat-resistant resin hardly soluble in the acid or oxidizing agent,
preferably the insulating |ayer made fromthe heat- resistant resin
containing an organic resin filler hardly

12 soluble in the acid or oxidizing agent, so that even when the

thi ckness of the resin insulating layer is thin, the roughening does not
arrive at the lower |ayer due to the pronotion thereof and hence the

i mprovenent of the interlam nar insulation property of the printed circuit
board can be inproved. On the other han84 in the resin insulating |ayer
according to the invention, the upper |ayer is the roughenabl e adhesive

| ayer for electroless plating nade fromthe heat-resistant resin,
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may be made of phenolic resin, amino resin such as melamine
resin or urea resin, epoxy resin, epoxy-modified polyimide
resin, unsaturated polyester resiq, polyimide resin, urethane
resin, diallylphthalate resin and the like. Particularly,
novolac type epoxy resin such as phenol novolac, cresol
novolac or the like is preferable as the epoxy resin because
it has a rigid skeleton through the arrangement of benzene
rings and is excellent in the resistance to oxidizing agent

. and the acid resistance. As the thermoplastic resin, use may
be made of polyether sulphone, polysulphone, phenoxy resin,
polyether imide, polystyrene,.polyethylene, polyarvliate,
polvamidoimide, polyphenylene sulfide, polyether ethef ketone,
polyoxybenzonate, polyvinyl chloride; polyvinyl acetate,
polyvacetal, polycarbonate and the like. Particularly,
polyether sulphone is favorable in view of toughness and
compatibility with epoxy resin. '

As mentioned above, the resin insulating layer
according to the invention is the structure of the layer
composite consisting of the adhesive layer as an upper layér
and the insulating layer as a lower layer, in which these
layers allot function of bearing the adhesion of conductor and
function of bearing the insulation between conductors to each,
so that even if the resin insulating layer is thin, there can

be stably provided printed circuit boards simultanecusly



havi ng an average particle size of 2-10 pm and heat-resistant resin powder
havi ng an average particle size of not nore than 2 pm and [err] false
particl es obtained by adhering at least one of heat-resistant resin powder
havi ng an average particle size of not nore than 2 pm and i norgani c powder
havi ng an average particle size of not nore than 2 pmto surfaces of heat-
resi stant resin powder having an average particle size of 2-10 pm Wen the
average particle size exceeds 10 pm the anchor becones deeper and hence
so-called fine pattern of not nore 5 '

13 than 100 pm can not be forned, while when the average particle size is
| ess than 2 pm clear anchor can not be forned. Anobng the above [err] the

resin parti ck£6idfying abk@eDBbht PHA [Strdagthalhe. iMAGAMHE nhbeyn&@h fidnM
conplicated anchors and inprove the peel strength. The conmpoundi ng

anount of t hB*RFEX heat-resistant resin particles is desirable to be 5-100
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wei ght ratio, Wen the weight ratiq.is less than 5, the clear anchor can
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insufficient, while when the thickness of the insulating laver
exceeds 100 pm, the resin insulating layer is formed at a
thickness larger than the required level and is uneconomical. -

. The adhesive layer as an upper layer is preferable to

have .a thickness of 10-50 pm. Because, the roughened surface
having a sufficient thickness can be formed when the thickness
of the adhesive layer is not less than 10 ﬁm, and the function
as the adhesive can effectively be ‘developed when the
thickness of the adhesng layer is within a range of 10-50 pm.

Furthermore, the amount of the organic resin filler
filled in the insulating layer as the lower layer is favorable .
to be 10-100 parts by volume based on 100 parts by volume of
the heat-resistant resin.- Because, when the amount is within
the above range, the viscosity in the application can be
maintained to a preferable range and the resin layer having a
uniform thickness can easily be formed.

The organic resin filler is heat-resistant resin
particles hardly soluble in the acidfor oxidizing agent, which
are preferable to have a maximum particle size'corresponding
to not more than 8/10 of the thickness of the insulating layer
and an average particle size corresponding to not more than
1/2 of the thickness of the insulating layer, and are more
favorable to have a maximum particle size correspoﬁding to not
- more than 1/2_of the thickness of the insulating layer and an

average particle size corresponding to not more than 1/3 of



rendered into a fine pattern of not nore than L/S = 50/50 pm On
the other hand, in the resin insulating |ayer of the above structure
according to the invention, the insulating |ayer of the |ower layer is
possi ble to be nade fromonly the heat-resistant resin w thout using the
organic resin filler. In this case, the devel oping residue created in the
devel opment can be suppressed and the rejection nunber can be decreased.
And also, it is favorable to include the thernoplastic resin in the
insulating | ayer constituting the resinie nsul ating |ayer according to the
I nventi on because the cracking hardly occurs in the adhesive |ayer or

vi ahol e portion owwng to the flexibility inherent to the thernoplastic

resin. | the Eﬂficgﬁé& aér{)’l%é 3%@;,1&9{%@:@ g t h%eEQx%éTPR*rPe%t hferesin is
particularly desirable to be nade Troma resin conposite o
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Because, the acid reSistance and the resistance to oxidi zing agént are
ensured by taRE togbkg skesedon of the thernpsetting resin and the toughness

i s ensured by the fhReh bild thea®trbBes ter NYidS bheti8bé hanhier eBYublier e can
be obtained a circuit board strqong to heat cycle or the like. As the
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phenol i ¢ r evartialienRaf@By scllitleaSnMEh@MdliRl, epoxy resin can be used

(the use of imidazole curing agent, acid anhydride cured
product or the like). 1In césg of heat-resistant resin
~particle hardly soluble in the oxidizing agent, there can be
used resin particles of benzoguanamine resin, styrene resin,
divinylbenzene resin, polvimide resin or the like.

Moreover, it is consideréd that inorganic filler is
used instegd of the organic resin filler. However, when the
inorganic filler is used, the reflection of the exposed light
may be diffused by the inorganic filler, so that there is
undesirably caused a new problem that the resolution of the
resin insulating layer is lowered in the formation of wviahole
(BVH) .

An important feature of the invention lies in a point
that when a certain acid or oxidizing agent is used, the lower
layer is formed by dispersing the heat-resistant resin
particles insoluble in the acid or oxidizing agent into the
hardly soluble heat-resistant resin and the upper layer is
formed by dispersing the heat-resistant resin particles
soluble in the acid or oxidizing agent into the hardly soluble
heat-resistant resin. Particularly, when the heat-resistant
resin particles filled in the lower layer and upper layer have
a thermal expansion coefficient lower than that of the heat-
resistant resin as a substrate, the resistance to cocoling-
heating shock in the printed circuit board can be improved.

In the invention, there is proposed the insulating



resin or urea resin, epoxy resin, epoxy-nodified polyimde resin,

unsat urat ed pol yester resin, polyinmde resin, urethane resin,

diallyl phthal ate resin and the like. Particularly, novolac type epoxy resin
such as phenol novol ac, cresol novolac or the like is preferable as the
epoxy resin because it has a rigid skeleton through the arrangenent of
benzene rings and is excellent in the resistance to oxidizing agent and the
acid resistance. As the thernoplastic resin, use nay be nade of polyether
sul phone, pol ysul phone, phenoxy resin, ppjyether inmde, polystyrene,

pol yet hyl ene, pol yaryl ate, pol yam doi m de, pol yphenyl ene sul fide, polyether
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and lower conductor circuit layer due to the excessive
: rqughening of the resin insulating layer.

According to such a structure, the cured fine resin
particles dispersed in the resin matrix and having an average
particle size of 0.1-1.0 pm do not communicate with each other
through the roughening treatment and also’poor insulation is
not cause§ even in the roughening. .Furthermore, the fine
resin particles having an average particle size of 0.1—0;6 pm
are less in the diffused reflection of the exposed light and
hence are excellent in the resolution. And also, when the
interlaminar insulat@ng layer (the adhesive layer and the
insulating layer) is subjected to a light exposure and |
developmept, there may be created the poor development
(development res;due) of the interlaminar insulating layer
resulted from poor adhesion of the developing solution (see
Fig. 5(a)). 1In this case, when fine resin particles
dissolving in the acid or oxidizing agent are existent in the
insulating layer, if the poor development is caused, these
fine resin particles are dissolved at the step of the
roughening treatment with the acid or oxidizing agent and
hence the resin matrix may be dissolved and broken to remove
the remaining resin (see Fig. 5(b)). On the thus formed side
wall of the opening for viahole are formed fine.anchors in
addition to the anchor on the adhesive layer of the upper

layer when the fine resin particles dissolving in the acid or



In the resin insulating | ayer according to the invention, it is preferable
“that the thickness of the insulating |ayer as the lower layer is 10-100 pm
When the thickness of the insulating layer is less than 10 pm the function
as the resin insulating layer is apt to be insufficient, while when the

t hi ckness of the insulating | ayer exceeds 100 pm the resin insulating

| ayer is formed at a thickness larger than the required level and is
uneconom cal . The adhesive | ayer as an upper layer is preferable to
have a thickness of 10-50 pm Because, fige roughened surface having a
sufficient thickness can be formed when the thickness of the adhesive |ayer
is not less than 10 pm and the function as the adhesive can effectively be
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nore than 1/
In the resin insulating layer according to the

invention, the heat-resistant resin used in the production of
the printed circuit board is constituted by properly
-compouhding a thermosetting resin, a thermosetting resin
paitly provided with a photosensitivity, a photosensitive
resin, a resin composite of thermosetting resin or
photosensitive resin and thermoplastic resin, a
‘photoinitiator, a photeoinitiator promoter, a curing agent and
the like and added with heat-resistant resin fine particles,
if necessary.

(1) As the thermosetting resin, there is preferably
used at least one resin selected from phenolic resin, amino
resin such as melamine resin or urea resin, epoxy resin,
epoxy-modified polyimide resin, unsaturated polyester resin,
polyimide reéin, urethane resin, diallylphthalate resin, allyl
resin and urea resin.

(2) As the thermosetting resin partly provided with a
photosensitivity, there is preférably used a partly acrylated
phenol novolac type epoxy resin or cresol novolac type epoxy
resin. Moreover, the acrylation is carried ocut by reacting
the epoxy resin with acrylic acid, methacrylic acid or the

like. The acrylation ratic means a percentage of a portion of



16 the thickness of the insulating |ayer. Because, when the maxi num
particle size exceeds 8/ 10 of the thickness of the insulating |ayer, the
cracks dividing the insulating |ayer are apt to be caused. When t he
heat -resi stant resin particle hardly soluble in the acid or oxidizing agent
s a heat-resistant resin particle hardly soluble in the acid, epoxy resin
camr be used (the use of imdazole curing agent, acid anhydride cured
product or the like).. In case of heat-resistant resin particle hardly
soluble in the oxidizing agent, there cd® be used resin particles of
benzoguanam ne resin, styrene resin, divinylbenzene resin, polyimde resin
or the I|ike. Moreover, it is considered that inorganic filler is
used instead of the organic resin filler. However, when the inorganic
filler i s ustie dduxy girbept rexctdd Miaheupeghbilc|agit ampebbadifiisedidy the
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poi nt that when a cdflai nsa B 8§Fﬂﬁ he F55dei & ﬁ§%oa,r? r?é'qfﬁ\fé*’ Yayer
is formed byuskdsphiesicogveted dretlyr kabwhasingm-rﬁumﬁbnalec.i nsol uble in the
acid or oxi dﬂ-tﬁél‘% %g%!l&n%i‘bé}ut%ese%%ﬁcé'&e L4 :ﬁzle até&%%t cesbsl Al Jesihn and

t he upper | ayer s ersing th Tesi St ARt resin par’tlcles
soluble in tmmleneoglmqli rcg.a@gwmatentbrimmpdl prepang| e

heat - r esi st d epn,. gi;pleaaée h [ ticles
filled in tﬁ?ll c\?’é‘h'glte’Z#’éﬁ&élcyig’ﬁ{)per tpgygr'{%a e a thgrgng%égé]b%rgezldgﬁ%ﬁ
coeffici ent ¢agviaten ehoxv cfemtatiecand thejkiket resin as a substrate,
‘the resistance to CQQ? EEE“HH&QmEBQQ§ti8 18 0" kRbed férﬁigéergﬁﬁ?d can

be i nproved. e Invention, there is proposed the ins I ng
used at least one resin selected from polyether sulphone,

polysulphone, phenoxy resin, polyether imide, polystyvrene,
polvethylene, polyarylate, polyamideimide, polyphenylene
sulfide, polyether ether ketone, polvoxybenzonate, polvvinvl
chloride, polyvinyl acetate, polvacetal and polycarbonate.

{5) As the resin composite of thermosetting resin or
rhotosensitive resin and thermoplastic resin, PES-modified
epoxy resin, PES-modified acrylic resin and tﬁe like are
preferably used.

(6) As the photoinitiator, there is preferably used at
least one of (D intramolecular bond cleavage type compound such
as benzoisobutyl ether, benzyldimethyl ketal,
d:.ethoxyacetephenone, acyloxym ester, chlorinated
acetophenone, hydroxyacetophenone or the like, and @
intermolecular hydrogen drawing type compound such as
benzophenone, Michlar ketone, dlbenzosuberone, 2-ethyl
anthraquinone or the like.

(7) As the photoinitiator promotor, there is
preferably used at least one of_triethanol amine,
methyldiethanol amine, triisopropanol amine, Michlar ketone,
4,4-diethylamino benzophenone, 2-dimethylamincethyl benzoic
acid, 4~dimethylamino'benzoic acid ester, (n-butoxy)ethyl 4-
dimethylamino benzoate, iscamyl 4-dimethylaminoc benzoate, 2-



17 | ayer as a | ower | ayer having such a structure that cured

heat -resi stant resin particles soluble in acid or oxidizing agent and
hawvi ng an average particle size of 0.1-1.0 preferably 0.1-0.6 pm nore
particularly 0.3-0.5 pmare dispersed into the heat-resistant resin hardly
soluble in the acid or oxidizing agent as another nethod of preventing

el €ctric conduction between the upper conductor circuit |ayer and.lower
conductor circuit |ayer due to the excessive roughening of the resin

i nsul ating | ayer. Accordi ng togguch a structure, the cured fine
resin particles dispersed in the resin matri x and havi ng an aver age
particle size of 0.1-1.0 pmdo not comunicate with each other through the
rougheni ng t&@afHRR1 2804 hes AR nbNBEh 64 G, igo1MRkrE PASRY QURAaED the
rougheni ng. Furthernnre the fine resin partlcles havi ng an aver age
particle si Zmidre @ng. ghe b‘h’f%rre less in the diffused reflection of the

exposed |ight and hqege Réetm%lﬂlaat agént NDIAS 0L h&Ncu ity agaat, when the

i nterlam nar ‘Hfulatln Iayer t he adhesi ve | ayer and the |nsulat|ng | ayer)
i s subj ect ecPES 2B, odfd SHEYRY a"f’héPE ke 3Fecreated the
poor devel OhWdrahiQ\/&héﬂnﬂiltcdﬁ lofuepoRy idein nRirRy Ligel pRotosumsiatizag | ayer

| ted f f th | opi I E I
thi's case VBRIt PREFHCBLITING 4E AP BBTUTY v PhECRET B Fies ng
agent are exastthd umadahelensutxng'ngehayas aiéolﬂdaqpo@endevdﬂmmn&he IS
caused, thesg,{id)§ IS gﬁpgﬁiaﬂoﬁs %h‘%lﬂlg digéﬁ’:?de:?cteehgeﬁt‘g& Ofple

roughenlng treatnent W e acl agent and erce e resin
matri x nmay beesfinds rog Gﬂde@rfmcérbepomeewbvetﬂ% méddenvhen ridsiys (less Fig.

5(b)). On thenddus Q" "efleSEdfing of the resin is insufficient and the
satisfactory resin strength is not obtained. As the curing

agent for the other thermosetting resin, there are used the
conventionally known ones.

As the heat-resistant resin used in the resin
insulating layer according to the invention, the resin
containing no solvent can be used as it is, but the resin
dissolved in the solvent can advantageously be used in case of
particularly producing the sheet-like resin insulating laver
because the adjustment of the viscosity is easy and the resin
particles can uniformly be dispersed and the application is
easy to the-base £film. _

As the solvent dissolving the heat-resistant resin,
mention may be made of usual solvents such as methylethyl
ketone, methylcellosolve, ethylcellosolve, butylcellosolve,
butylcellosolve acetate, butyl carbitol, butylcellulose,
tetraline, dimethylformamide, normalmethyl pyrolidone and the
like. |

Moreover, the heat-resistant resin may properly be
compounded with additives such as coloring matter {(pigment) ,
leveling agent, anti-foaming agent, ultraviolet ray absorbing

agent, flame retarder and the like, or other filler.

A second feature of the invention lies in a point that



wal | of the opening for viahole are fornmed fine anchors in addition to the
anchor on the adhesive | ayer of the upper |ayer when the fine resin
particles dissolving in the acid or

18 oxidizing agent are dispersed in the insulating |ayer of t he | ower

| ayer, so that the adhesion strength of the viahole is nore inproved (see
Fig. 5(c)). However, when the fine resin particles have an average particle
size of l'ess than 0.1 [err]m the anchor effect or the effect of renoving

t he devel opnent residue is not caused,,yphile when the average particle size
exceeds 1.0 [err]m the excessive roughening nay be created to cause the

el ectric conduction between the upper and | ower conductor circuit |ayers.

Therefore, ther@ysfage f&qaaaciﬁ §'&§1&fvet BErEEsh b Udnlitkbesy ssdifald abl e to
be 0.1-1.0 pm In the resin insulating |ayer according to the

i nvention, tRarhergngEasd §F8Ht the s¢opducteri firgel prasd @cdiryrrola¥er printed

circuit boar Eoified WP ldd-¢aeelY s ORI XreC BFBALES & dtchiiRgMRREI 11 Ng resin,
a thernosetting resin partly provided with a photosensitivity, a

phot osensi ti ¥ PEStR Brovdded beﬁ‘bo"stﬁ €°&F“Fﬁ%¥n’c'ﬁ}6ﬂ ity TRECYSR Hhe

phot osensi t | ¢vBndesStdr alxdlleler pRPt ast i the €28, 1avél GiDithket k@tPlice DF the
phot oi ni ti ator ter, uring agent and the |ike and added with

heat - r esi st afft"™ $ {g?fqﬁﬁfuﬁgrticles, i f necessary. (1) As the

t her nosetti ng reS|r1Addm&ﬂengstprEﬁéﬂsﬁﬁq¢tusedtnatI&hENCoodacteﬁiélﬁﬁﬂlected

ferpg;ny pnglc)lnl §s' ?érméd aarg 0 15%%%@ fa%?ehr at%xrougg rr1:h & r\?bstrac%lvgr Szaoéeess il

and the resin is filled in the concave portion ¢of the removed
conductor layer, the surface of the substrate provided with
the conductor circuit becomes smooth, and the resin insulating
layer having a uniform thickness can be formed on such a
substrate by the application. As a result, the thickness of
the resin insulating layer becomes uniform and the exposure -
and development conditions can be unified and hence the
peeling of the resin insulating layer by the poor development
or excessive development is not cieated. Therefore, when
plural conductor circuit layers are laminated thereon through
the additive process, each conductor layer becomes smooth and
the shape of the viahole is not distorfed and hence the
multilayer printed circuit board having excellent connection
reliability and mounting reliability can stably be provided.ﬂ

In such a structure according to the invention, the
resin filled in the concave portion of the conductor useless
vart removed is desirable to be a non-sclvent resin. Because,
the'durability is improved without causing the peeling from
the resin insulating layer by gradually evaporating solvent
through heat from an electronic part mounted.

Further, in the structure according to the invention,
the resin filled in the concave portion of the conductor

, useless part removed is desirable to contain inorganic

particles. Because, whed'it contains the inorganic particles,



epoxy-nodi fi ed polyi mde resin, unsaturated polyester resin, polyimde
resin, urethane resin, diallylphthalate resin, allyl resin and urea resin.
(2)- As the thernosetting resin partly provided with a photosensitivity,
there is preferably used a partly acryl ated phenol novol ac type epoxy resin
or cresol novol ac type epoxy resin. Mreover, the acrylation is carried out
by Teacting the epoxy resin with acrylic acid, methacrylic acid or the

| i ke. The acrylation ratio nmeans a percentage of a portion of

19 the epoxy group reacted with acryjpc acid or nethacrylic acid and may -
easily be changed, if necessary. (3) As the photosensitive resin
there are preferably used the conventionally known single-functional or

nul tifuncti ongle ROPLAGEASFinkeyd @8 Bfa Bl CAh A SLHRLC WakbEng €S Nchd lSuBsepytENE
gl ycol diacryl ate, hrlneth | ol propane triacryl ate, gentag%gthnltol

triacryl ate, ol yl eNeFJIsraered; khey Fhgamale soRRngery| SRt Gitdenrteifi ke.
(4) As the thmamphkadt the rassistanker €oi Bedt ahailabliy ifpHoddd) eMplredf@r| €Si N

T o e L S 00! 3 I S PRSI S84 B2 KL

pol yphenyl eneargliithied énspba tigirhgiropelrey &e¢ cimpraveldioxybenzonat e, pol yvi nyl

LT B, 566 Abfn MMMBLCLIL Y 0 AR50RGEEusn sccorashd)of°
the invention lies in a point that bisphenol type epoxy resin
(molecular weight: about 150-180) is used as a resin
component. The resin filler using such an epoxy resin is low
in the viscosity, so that the viscosity can be adjusted to a
given range without diluting with a solvent and hence it is
possible to sufficiently fill in the concave portion created
on the surface of the substrate (between conductor circuits or
viahole) or in fhe through-hole formed in the substrate.

In the resin filler according to the invention, it is
desirable that the viscosity is adjusted to a rangé of
0.3x10°cps - 1.0x105cps (0.3x10%Pa-s - 1.0x10%°Pa-s) at 2
temperature of 23+1°C. When the viscosity is too high, it is
difficult to conduct the filling operation of the resin
filler, while when it is too low, the resin filler is apt to
be flowed out and the sétisfactory filling can not be
attained. Moreover, the adjustment of the viscosity in the
resin filler is carried out by the amount of the curing agent
added or the average particle gize and amount of the inorganic
particles added. And also, the viscosity of the resin filler
can be adjustéd by the temperature in the filling operation.
When the bisphenol type epoxy resin is used as the

resin component, the epoxy resin after the curing through
polymerization is rich in the flexibility as compared with
novolac type epoxy resin having a rigid skeleton. Therefore,
the polishing operation of the substrate surface after the

filling and curing of the resin filler becomes easy and the



phot osensitive resin and thernoplastic resin, PES-nodified epoxy resin,
PES-nodi fied acrylic resin and the |like are preferably used. (6) As
the photoinitiator, there is preferably used at | east one of [err]

i ntranmol ecul ar bond cl eavage type conpound such as benzoi sobutyl ether,
benzyl di net hyl ketal, diethoxyacetophenone, acyl oxym ester, chlorinated
acet ophenone, hydroxyacet ophenone or the like, and [err] internolecul ar
hydr ogen draw ng type conpound such as benzophenone, M chl ar ket one,

di benzosuberone, 2-ethyl anthraqui none2gr the |ike. (7) As the
photoinitiator pronotor, there is preferably used at |east one of
triethanol am ne, nethyl di ethanol am ne, triisopropanol am ne, M chlar
ketone, 4, 4-diethylam no benzophenone, 2-dinmethylaninoethyl benzoic acid,

4- di net hyl ani rerabrifAgi s At 11§Satsed %M@N)tﬂhhﬁblﬂshﬂidmt hyl am no

lz)gnzogt ﬁyl Ihzgflllrrylél gl . nﬁ?}l%#ﬁ‘ﬁﬁ’gﬁ%ﬂ g'g\fci%t %ﬁ’&’?’nﬁfeﬁﬁbl%‘ﬁw&rﬁ ~E¥®%e and
the like. epoxy( 8esilts drke muphégohm@|eﬁ¥ma%§ﬁ Ciifd R@sd@aBle. acid
of epoxy st AALeeRHEHY hiaRRehe T E i ety BRPLR U ATSFerRbLp Fron
preferably toacyhenpeint I6E witstosh tyhadjuwsiendl.e Tnr thg bx;pHEnas R-8wbé d
content. \Wen Johe, caaL £t tRIdzioQ%n' L9850 &1 &Y ' A9nARCHL e RAGP GHiEng) W% the
groups instead of methyl group, so that the molecular chain is
easy in the motion and the fluidity is rich at an uncured
state and the flexibility is rich at a cured state.

In the resin filler according to the invention, an
imidazole curing agent is used as the curing agent. The epoxy
resin obtained by polYmerization-curing the epoxy resin as the
resin component of the resin filler (monomér or oligomer) with
the imidazole curing agent is excellent in the heat
resistance, resistance to chemicals and resistance to
oxidizing agent or base. As a result, the resin filler
according to the invention becomes excellent in the heat
resistance, resistance to chemicals and resistance to '
oxidizing agent and base at the cured state. Particularly,
the resin filler according to the invention is advantageous in
the production of the build-up multilayer when the surface of
the interlaminar insulating layer is roughened with the
oxidizing agent or the plating is carried out by immersing in
a strong base electroless plating solution. Because, the
epoxy resin cured by a2 curing agent other than the 1m1dazole
curing agent is decomposed by the above treatment.

Further, the epoxy resin polymerization-cured by the
imidazole curing agent is hydrophobic and hardly absorbs
water. Therefore, the insulation resistance between the
conductor circuits formed on the wiring substrate never lowers
due to the water absorption by the cured resin filler.

As the imidazole curing agent, mention may be made of



resin is too cured and becones brittle, while when it is less than 2 w %
the curing of the resin is insufficient and the satisfactory resin strength
i s not obtained. As the curing agent for the other thernosetting resin,
there are used the conventionally known ones. As the heat-resistant
resin used in the resin insulating |ayer according to the invention, the
resin containing no solvent can be used as it is, but the resin dissol ved
in the sol vent can advant ageously be used in case of particularly producing
the sheet-like resin insulating |ayer ?gcause t he -adj ust nent of the
viscosity is easy and the resin particles can uniformy be dispersed and
the application is easy to the base film AG t he sol vent dissol ving

t he heat -resi esrhﬂji pi 3By, of u such as
et hyl et hyl kzs_ett“%%ie'1 vl écgeil% o@% VE, gf(‘%yl ce )I oso Y%% ﬁ%ﬁl osol ve,
but yl cel | osolimicazel at. étrétﬁﬁ ylamear BE4MZ) , [RrtphenalL| mh&dezoltaet(rt&'hdaepame:
Che hoat - Lea At AUﬁéEﬂi@Men )ir thﬁ@oﬁpq%ﬁggdhé\#%h za%%ut i Vel\/breover, ’

the heat-resistant resin may s such as

col ori ng nat thanzydrgnpathyl Ilé\}é!aizﬁéeagémde aeme:f ABAMAY, RArethylul travi ol et
ray absorbi ngrad@@dbiel (88%ad %deésas\d éiﬁddﬂs%yloimpai%lé [ dehrgBe

A second feature of _the |nvent|on lies in a point that
21 name: 2IZ), l-cyanoethyl-2-methyl imidazole (trade name: 2MZ-

CN) , l-cycancethyl-2-ethyl-4-methyl imidazole (trade name:
2E4MZ-CN), l-cyanocethyl-2-undecyl imidazole (trade name: CnZ-
CN) and the like.

Particularly, it is desirable to use a liquid imidazole
curing agent at 25°C, wbich includes, for example, l-benzyl-~2-
methyl imidazole (trade name: 1B2MZ), l-cyvanoethyl-2-ethyl-4-
methyl imidazole (trade name: 2E4MZ-CN) and 4-methyl-2-ethyl
imidazole_(trade name: 2E4{MZ). 'In the inventiocn, the resin
component containing no sclvent is used, so that it is
difficult to uhiform knead the resin component with powdery
imidazole curing agent, while the uniform kneading of the
resin component with the liquid imidazole curing agent is
easy.

It is desirable that the amount of the imidazole c¢uring
agent is 1-10% by weight in the resin filler because when the
amount ié within the above range, the viscosity of the resin
filler is easily adjuéted.

.In the resin filler according to the invention, it is
desirable that 60-80% of all monomer is reacted in the curing
treatment after the filling. When the reaction rate is
adjusted to the above range, the resin hardness enough to
easily conduct the polishing is obtained.

The resin filler according to the invention is mainly
composed of the above resin component and the imidazole curing
agent and further contains inorganic particles as an additive

component. In this case, the shrinkage by the curing of the



aresinis filled in a concave portion of conductor useless part renoved
fromthe conductor circuit as a |l ower |ayer forned by so-called subtractive
process of etching the substrate provided with the conductor |ayer to
remove the conductor useless part at the sanme | evel as the surface of the
conductor circuit. According to the structure that the conductor
circuit is forned as a | owest |ayer through the subtractive process and the
resinis filled in the concave portion of the renoved conductor |ayer, the
surface of the substrate provided w thsthe conductor circuit becones
snooth, and the resin insulating |ayer having a uniformthickness can be
formed on such a substrate by the application. As a result, the thickness
of the resin insulating |ayer beconmes uniformand the exposure and

devel opnent &esdnt Fohkerdis Besgnand ctheiwhdpingeof hth@anihstgage isenotesin

insulating | augtely tﬁw%qrdrg YELOPLE Yo i %fii§§:y§ 481! QRMERL 1S not

created. Therefore, when conductor circulrt layers are |amnated
t hereon t hr oddReprFethermal wxppnsien scoefficicotdandoextedlenthépobbe snoot h

and the shapeegfsthfcdiehdldat eyRPb. di storted and hence the nultilayer
printed circuit board having excellent connection reljability and nounting

reliability can stabfBe RPPNo¥raLy obtained by,relwperizaticargrsing céheli ng

to the i nventiephehSE € @5 Rpjokdy 8dsin idLYPNGAVERE0ES1NhiRG hHE sp&duct or
usel ess part re veg i s. desirable to be a non-solvent resin. Because, the
durability i fPPobEFWRIIHSN 28a6rPREeh & e EPRGPPYAAS H¥PreSPRAXY

i nsul ati ng | agetnbliagingualdigidvapaleteng i \that shhiskie RFderl tRe an

el ectronic Pas s IRUD urt her ucture according to the

. . n .aggd' e 1l e Fn é 'th% %t C %.
i nvention, t e t8g APFi PIYRFatn SERENEIIR SREI5HTE8 THe "EF8uct OF usel ess
part renoved thdsdesnnedtior,0 whent fha imorgrariicc ppaticlée ardBaddedeas vdren it
contains theahﬁgEgggigoégggéﬂg %2 the resin filler, problems due to the
shrinkage after the curing and the thermal expansion
coefficient can be compensated and hence the resin filler
containing inorganic particles becomes optimum in the build-up
multilayer printed circuit board. Since the inorganic
particles do not absorb water, the water absorption of the
resin filler can be reduced and hence the lowering of the
insulation resistance between the conductor circuits due to
the wﬁter absorption of the resin filler can be prevented.

As the inorganic particle, mention maf be made of
ceramic fillers such as silica, alumina, mullite, zirconia and
the like.

The inorganic particles are fawvorable to have an
average particle size of 0.1-5.0 ym. In case of the ceramic
filler, the average particle size is about 0.5-2.0 pm. When
the particle size is too fine, the viscosity of the resin
filler is too high and the filling operation is difficult,

" while when it is too rough, the smoothness of the surface is
lost.

The amount of the inorganic particles compounded is
desirable to be about 1.0-2.0 times to the amount of the

bisphenol type epoxy resin. When the amount of the inorganic



22 the curing shrinkage is small and the warping of the substrate is
snall. Furthernore, the thermal expansion coefficient is snmall and the
resi stance to heat cycle is inproved. Mreover, the water absorbing ratio
is small and the resistance to base and the insulation property are
| mproved. The resin filler used as the filling resin according to
the invention lies in a point that bisphenol type epoxy resin (nolecular
wei ght: about 150-180) is used as a resin conponent. The resin filler using
such an epoxy resin is lowin the viscoggty, so that the viscosity can be
adjusted to a given range without diluting with a solvent and hence it is
possible to sufficiently fill in the concave portion created on the surface
.of the substr 5 u r Rl ' or Jyia [
t hr ough- hol e %&#&gg%\r’l@tghmel suq‘bstct.trh%t ggb{'&%éﬂsge’l r?yxlghggrggés’?ﬁ&f icﬁ tetslgaccor di ng
to the invent¥efir fillerdesiganily eHavsted to $oG10) ¢ms adjludxde’ tawsa range
of 0.3x10[ err{eg] 2 Qf gr Qesx10[ S - 1.0x10[err]Pa s) at a
tenperature o %%Ferlﬁa]p)él V\%égktgﬁﬁg{\?l g?oé?t%ﬂse?oo high, it is difficult
to conduct the fillifigedpr¥aempeddmenticof dien mulitidpyenhiageconddngi toi the oo
low, the resiihdddtioh i§ &Rultd13gek! Okﬁﬁgpﬂgir@n@pﬁgﬁ §ﬁ&'§c§x€@zt QG¥ebk! i ng
e

can not be attained. Mreover, the adjustpent of th viscos;ﬂy in"the resin
filler is car?j &PPGULEEY sireuifo@nd 8f refh dRsHgtigentavem ki sstrirally
average par ti m@mﬁa?aaﬂewf,l F:Hsr'é@ﬂé:%@hlﬂd(lj _iﬂalthgﬁ Ibwe ﬁéisﬂﬂictéﬂd

al so, the viscosity o e yesin filler can be adjuste t he t erature
inthe filli n‘élréﬁ’é%'aPFo%lQe lower laypznif h€°’5?95‘13i?é)n(§r‘i°??ﬁ*é¥’é%cﬁ<f“§’gg?ﬁt?s
used as the rnessvidednpOiRni ,cditicto@XYayesi to afl @tchiAgCUrédigndny aoegh
polynerizatiqgm&§“{ich°f$ tge flééibilit¥ as coqgﬁred wi_th novagl.ac type
epoxy resin having & rrgr o e U0 STReY &t e 21hE FOPPRYT P P& ati on of
t he substrat efomedaby &héerendwmlf idfl ithg eombduetammpseleshd pastiorf ilsl er
becores easy fﬁyiébh%ith a resin so as to be the same plane as the surface

of the conductor circuit, and the resin insulating layer is

constituted with a composite layer comprised of an insulating
lgyer made from a heat-resistant resin hardly soluble in acid
or oxidizing agent as a lower layer and an adhesive layer for
electroless plating made from a heat-resistant resin as an
upper layer, and the conductor circuit of the upper layer is
formed on the adhesive layer constituting the upper laver of
the resin insuiating layer.

On the conductor circuit.formed on the substrate
through the subtractive process are successively formed the
insulating layer and the adhesive layer to form a the resin
insulating layer of the two layers, which is simultaneously
cured (exposure treatment) and developed for the formation of
an opening for viahole. Therefore, if the surface of the
substrate provided with the conductor circuit of the lower
layer is not smooth, there is caused an unevenness at the
boundary face between the insulating layer as the lower layer
and the adhesive layer as the upper layer. In this case,
there is caused no problem under the usual service condition,

but when the is used under conditions of high temperature,



23 cracking is hardly caused through the polishing. As the

bi sphenol type epoxy resin, bisphenol A-type epoxy resin and bi sphenol
F-type epoxy resin are desirable. Particularly, bisphenol F-type epoxy
resin is preferable froma viewpoint of viscosity adjustnent. In.the

bi sphenol F-type epoxy resin, hydrogen is bonded to carbon between phenyl
gr-oups instead of nethyl group, so that the nolecular chain is easy in the
notion and the fluidity is rich at an uncured state and the flexibility is
rich at a cured state. In the,hesin filler according to the

I nvention, an imdazole curing agent i s used as the curing agent. The epoxy
resin obtained by polynerization-curing the epoxy resin as the resin
conponent of the resin filler (nonomer or oligonmer) with the im dazole
curing agent highchumidbty and tthe Rdke,r the steqice absorbstvatar o ekpandsl S

and resi st anagdsagR hadbe! dkl Hte Qtrl2s CoorfiferftraRIbh mad S IGREal LL! 7

according to the invention becones exc ent In the heat” resistance,,
resi stance tFhehbRPREREY ofrFe bsitsesncthe clinsulditiingg layentasirihebdowent t he

cured state. 1R3idd GHEAEAY adHMBiveShyEE! £6F kA dhBEs! S1dtihd REERRLON 1S
advant ageous in the production of the build-up nmultilayer when the surface

of the inter |“ARSFataVRELFAIGHRFYSaFBe PR} RBhened with the oxi di zi ng agent

or the plating is cathi€sk ui1tilalyBHEr 6 Nghd AbdVE! EPEcHASE RIBEHLAY CES
pl ating sol utj.on., Becguse, t he epox§BreS|n cureq,gﬁga curing agent  other
t

than the im d&%or-8VERFTRY vers §BeoMERRRE IRF gBB%E 3 Ry fed

with the conductor circuit of the lower layer is smoothened by
the filling resin, so that the peeling of the insulating layer
and the adhesive layer throughlthe heat expansion or water
absorption as mentioned above can completely be prevented.

Further, in the multilaver printed circuit board of the
above structure according to the invention, the insulating
layer as the lower layer can be rendered into a structure that
cured heat-resistant resin particles soluble in acid or
oxidizing agent and having an average particle size of 0.1-0.6
pm are dispersed in the héat-resistant resin hardly socluble in
acid or oxidizing agent. According to this structure, the
fine resin particles dispersed in the resin matiix and having
an average particle size of 0.1-0.6 um do not comhnnicate with
each other through the roughening treatment as previously
mentioned or do not cause the poor insglation even if they are
roughened. Furthermore, the development residue can be
removed without lowering the resoclution of the resin
insulating layer and hence the adhesion property to the
viahole can be improved. :

In the multilayer printed circuit board according to
the invention, it is desirable that the roughened layer is
formed in the conductor surface on the iﬁner wall of the
through-hole filled with the resin filler, whereby the
adhes;on property between the conductor in the inner wall of

the through-hole and the resin filler is improved. As a



Further, the epoxy resin polynerization-cured by the i mdazole curing agent
I s hydrophobi c and hardly absorbs water. Therefore, the insulation

resi stance between the conductor circuits formed on the wiring substrate
never .l owers due to the water absorption by the cured resin filler. '
As the imdazole curing agent, nention nmay be made of

24~ 2-nethyl imdazole (trade name: 2MZ), 4-nethyl-2-ethyl imdazole
(trade nane: 2E4MZ), 2-phenyl im dazole (trade nane: 2PZ),

4- et hyl - 2- phenyl imdazole (trade nagg 2P4AMZ), 1- benzyl -2-nethyl

i m dazol e (trade name: 1B2MZ), 2-ethyl inmidazole (trade narne: 2EZ),
2-isopropyl imdazole (trade nane: 21Z), 1-cyanoethyl-2-nmethyl im dazole
(trade nane: 2MZ- CN), 1-cycanoethyl-2-ethyl-4-netnyl im dazolé (trade
nane: 2E4AMZ- GMsult, c(@rideidey lcad- badecgventieni theobecirtreamie nineradfedueZ-

CN) and the |iX&pe expan 1%?%4&%&% wﬁa%%t h‘le%ii‘ O:?l %%%Fc shbfWd

i m dazol e curing agent a udes
1- benzyl - 2-  readdyhenf dmgbibe(-(ﬁf’r d® d@ﬁc)as‘g@ for- c;?ahe’eqrtgel £2- et hyl - 4-

methyl i mi dazéﬂl%e@ﬁﬁad?xﬂﬁ%@sxogﬁ%t% ﬂé*cé‘ BBt bd - P&t hkha! @ d320L8s

(trade nane: 2E4M7) I'nt I nvention resin conponent conta|n| g no
sol vent is ustd theobpHREAFY hatweens the| F°lt1‘351f£ﬁﬂlf dnntRActRReh&aldsph the

conponent Wi ttl.fhm%ewlémwzalee ﬁu&wglam crtitk@ {Retii by fykneadi ng

of the resin conponent wth liquid imdazole curing agent is easy.
It is desiratfwimkage; a€ %Lﬁﬁs%‘h BRe that (s mengkrafgon of the plating

solution or the like can be controlled.

Moreover, the roughehed layer is also formed on the
conductor surface other than the inner wall of the through-
hole, so that the adhesion property between the conductor as
the lower layer and the insulating layer or solder resist can
be improved when the insulating layer is formed for the
multilayer formation or when the solder resist is formed to
supply the sélder. )

As the roughened layer formed on the conductor surface
in the inner wall of the through-hole, there are needle-like
alloy layer cobtained by electroless éopper-nickel-phosphorus
vrlating or the like, blackened layer obtained by oxidation
treatment of copper, blﬁckened reduced layer obtained by
oxidation and reduction treatments of copper, blown reduced
layer, and physical roughened layer obtained by physical
method such as sand blast, shot blast, buff polishing, '
wrapping or.the like.

Among them , the needle-like alloy layer obtained by
electroless copper-nickel-phosphorus plating or thellike is
desirable. Such an alloy layer is needle-like, so that the
adhesion property to the resin filler is excellent and also it
is strong in the toughness and is hard and hardly cracks and
ig excellent in the heat cycle property. In this case, it is
desirable that the amounts of copper, nickel and phosphorus in
the copper-nickel-phosphorus alloy layer are about 90-96%, 1-



agent is 1-10% by weight in the resin filler because when the amount is’
w t-hin the above range, the viscosity of the resin filler is easily

adj ust ed. In the resin filler according to the invention, it is
desirabl e that 60-80% of all nononer is reacted in the curing treatnent
aftfer the filling, Wien the reaction rate is adjusted to the above range,

the resin hardness enough to easily conduct the polishing is obtained.

The resin filler according to the invention is mainly conposed of the above
resin conponent and the i m dazole curi9 agent and further contains

I norgani c particles as an additive conponent. In this case, the shrinkage
by the curing of the 25 resin

filler is |egg wd.fsezwaf;lei,pﬁe%a{ﬁewbst "hén | thelPlhreahsellin Ryld her, the

cured resin filler is sma e |1 near thermal expansion coefficient and
excel | ent i nabpee reafigesanébet pregiqitafedefilm has a pesddgogfreedine @pdai ned

by polyneri zali &bsUWdn?d ihhendi StiRII0lesleRE . €POXY resin is easy in the
polishing and rich in the flexibility as conpared with the novol ac type
epoxy resin having Ihe GPEPSREHADH L the ehectrrlensapdasing rbathe fox the and
t hermal expapsiaaticieidt guent a hesQR1akaealidy tliercaBnaeki pab1ai@n the

I norgani c paLticIes are agded as_ an additive conponent to the resjn filler,

probl ems dueP®Be FRPRSF SHkSgtear1 40 afd cntrkgt fate:t Retifit© nsi on

citric acid: 10-20 g/l1, hypophosphite: 10-100 g/1l, boric acid:
10-20 g/1 and surfactant: 0.01-10 g/l. In order to form the
needle-like alloy layer, the presence of the surfacetant is
required and must satisfy the above range. When the amount is
outside the above range, the plated £film constituting the
precipitated roughened layer is not dense and the heat cycle
property considerably lowers.

As the electroless plating conditions, it is desirable
that a temperature of a plating bath is 60-80°C, pH is a strong
base of about 8.5-10, a bath ratioc is 0.01-1.0 dm®*/1, a
precipitating rate is 1-3 um/lolminutes and a plating time is
5-20 minutes. '

The thus obtained needle-like roughened copper-nickel-
phosphorus alloy 1aye£ is favorable to have a thickness.of

. 0.5-7.0 pm, preferably 1.0-5.0 pm, more particularly 1.5-3.0
pm. When the thickness of the roughened laver is thicker than
7.0 pm, the long plating time is taken and hence there is
caused a fear of increasing the production cost and the
material cost and also the needle-like film itself becomes
brittle and the space to the resin filler is easily created.
While, when it is thinner than 0.5 pm, the anchor effect is
insufficient and the space to the resin filler is easily
created. Moreover, the thickness of the roughened layer
(copper—nickel;phosphorus alloy layer) means a distance from
the smooth conductor surface in the inner wall of the through-
hole to the top of the needle-like alloy. |



coefficient can be conpensated and hence the resin filler containing

I norgani c particles beconmes optinmumin the build-up nultilayer printed
circuit board. Since the inorganic particles do not absorb water, the water
absorption of the resin filler can be reduced and hence the | owering of the
i.nsul ation resi stance between the conductor circuits due to the water

absorption of the resin filler can be prevented. As the inorganic
particle, nmention nay be nade of ceramic fillers such as silica, alumna,
mullite, zirconia and the I|ike. 30 The inorganic particles are

favorable to have an average particle.size of 0.1-5.0 [err]m In case of
the ceramc filler, the average particle size is about 0.5-2.0 [err]m Wen
the particle size is too fine, the viscosity of the resin filler is too
hi gh and the fillingIspthatimorentiodi f #henl the witugbenkdnlayer Loxrmedr dugh,

Lhe, STt Mneseuol e SILAGE Uik | iSbpgniot 19T Jhy PlbLeSlodd SibhgEOeN

particles conpoun eslr tines tot anount
of the bi sphembtkelphosphayus adedlenhdket ablaydiaveroprt bhei hikeyarditcis

26 particle 'fﬁ?ﬂ ' h =24 e y, §ﬁ£§' f iL,n filler
I's easily adj ?J?séte tltc?hl(t):agﬁl %rr é‘ﬁg‘aa j:‘Lafl%%"iol[éerr]_ lcet%e?ow%}go .g:rir Pa-s -
1.0x10[ err] Pha¥9Tr at Begapsey|the allov plahed pkayeXiSoaPhehe ke olved

mul tilayer aceRr&liig dr0oki8itieHdedt hAdn&hidd ity o sSBIRELS) HhatRBer and
lower |ayers is prevented to maintain the roughened layver. Further, the
tin layer prevents the oxidation of the roughenedilayer to
improve the wettability between the roughened layer and the
resin filler and also prevents the occurrence of the space
between the roughéned layer and the resin filler to improve
the adhesion property and further may control the occurrence
of cracking or the like when being applied to heat cycle or
the like.

Furthermore, tin is a metal being industrially cheap
and less in the toxicity and does not cause color change
through acid or oxidizing agent and can maintain the gloss.
And also, tin is a metal precipitated by the substitution
reaction with copper and can cover the copper-nickel-
phosphorus heedle—like alloy layer without bfeaking this
layer. _

Since tin is precipitated by the substitution reaction
with copper, once it is substituted with copper in the surface
layer, the substitution reaction is completed to form a very
thin film layer covering the needle~like alloy of the '
roughened layer. Therefore, the needle-~like alloy of the
roughened layer is maintained at its sharp form and the
adhesion property between the roughened layer and the tin
plated layer is excellent. '

The method of producing the multilayer printed circuit
board according to the invention is characterized by -

compiiéing the following steps (a) - (e) in the production of



of conductor circuit and a resin insulating |ayer electrically insulating
t her ebet ween, characterized in that the conductor circuit of the | ower

| ayer is forned by subjecting a substrate provided with a conductor |ayer
to an etching treatnent to renove a conductor usel ess portion, and a
concave portion fornmed by the renoval of the conductor usel essd portion is
filled wwth a resin so as to be the sane. plane as the surface of the
conductor circuit, and the resin insulating layer is constituted with a
conposite layer conprised of an insul a4ing |ayer made froma heat-resistant.
resin hardly soluble in acid or oxidizing agent as a | ower |ayer and an
adhesi ve layer for electroless plating nmade froma heat-resistant resin as
an upper layer, and the conductor circuit of the upper layer is forned on

the adhesive dhay muleoDayert PrittetiNoi HOREE BT eQbctbEci BB} Nnstidkahyng
| ayer . 84! tgg?gondu.ct or..circguit fornmed on éhe substrate_ through the

subtractive prSc&st O% [BFEMitePy FRT HRPShENANLaYeF i Iy essy &hraraht he

adhesi ve | ayeshet rebdnnmimsulastingsilayesnsul ating | ayer of the two |ayers,

which is sinultaneously cured (exposure treatnent) and, devel oped for the
formation of an open?zﬁg 1R P%h%g’é'.u'ﬁe% (ﬁ"g",auf: Frat EH%e g?‘et{'l%wer
substrat e prowivesdbyi ebhchireg didwedsobstrate @urdviaied: Reéthoviss dangaectbs not

snoot h, ther qa!y%rC@BSﬁ%“%mlgi‘ Vggqﬁﬁét%t%%&ae %gglg\%g?xtlgce bet ween t he

insulating |ayer as t ayer an ayer as the upper
layer. In this case, (Phesten ©fcappivimm prmsiiomtontbe $disstusial haeingce

ggndi tion, buneMiBRchiE bortitil fMIBH QNN IADVEL BEIthd RRLALEES:

useless portion and thereafter curing the resin.

(c) step of polishing the resin cured in the step of
the item (b) until the condudtor circuit of the lower laver is
exposed.

(d) step of forming the resin insulating layer.

(e) step of forming the conductor circuit of the upper
layer on the resin insulating layer.

An embodiment of the production method of the
multilayer printed circuit board according to the -invention
will conicretely be described below.

(1) At first, the conductor circuit of the lower layer
is formed on the substrate by subjecting the substrate
provided with the conductor layer to an etching treatment
according to the step (a).

The etching treatment of the substrate is carried out,
for example, by subjecting a copper lined laminate to light
exposure and development to form a photosensitive etching
resist and immersing in an etching solution such as copper
chloride to remove the useless portion of the conductor layer
and leave only a necessary conductor circuit portion.

(2) The resin is applied to the substrate having the
concave portion through the removal of the conductor useless
portion obtained in the step (a) and cured to fill the resin

in the concave portion, and further the surface of the filling



hi gh hum dity and the like, the resin absorbs water or expands through heat
and hence stress concentration may be caused at the boundary face between
the insulating | ayer as the |lower |ayer and the adhesive |ayer for

el ectrol ess plating as the upper layer to create the peeling. In
the mul tilayer of the above structure according to the invention, however,
the surface of the substrate provided with the conductor circuit of the

| ower |ayer is snoothened by the filling resin, so that the peeling of the
i nsulating | ayer and the adhesive | ayegat hrough the heat expansi on or water
absorption as nentioned above can conpletely be prevented. Furt her

inthe nmultilayer printed circuit board of the above structure according to
the invention, the insulating |layer as the |ower |ayer can be rendered into
a structure FREINCIF RPLiShedr 82 as tn beedhe paveiRlane o6l tbeesurfaas ¢for

oxi di zi ng ageRL SBKLEANNG:iBuY G AHd koh8ustdf Sfrddil: BrbuN Rr
di spersed in_the heat-resistant resin hardly soluble in acid or oxidizing

agent. Accor dPHET ttheinding: Lapd pertiqfe of fber threnghnhole s wiahrdsds in

the resin nMikkb¥séd bdised wAln AvIed AGA 13Nt ek en Sid adter@dl L8 Endm do not
conmmuni cate w tQﬂeach ot her, through the ro%ghem ng treatnment as previously

menti oned or SGBIRGECT fIFS e FBBrPIIE BLESIACRY cFORGuUGHOp 3Fccvifshened.

Furthernore, the dewa aprerbsifSEIL Al nbeheesdbvetraVigoi@tibnl overidg the
resol ution of, the r n insulgti ng Iea}%/er .and hence the .adhesion property to
e aror

Si
t he vi ahol e gﬁﬁlﬁ%bf?‘rp'?%\}’é& t SptiReeuFeFta i'nted circuit
board according to tthe ipoléshing,of tthes fdddingbresimals daeirabDhetethe ayer

{11 ed with CREHSET MY 8 ERRE ol had SonRgkelf! coitnd the BREUEN (e’
conduct or i nThat isncthevfiillongt hesimricugleshichblantb thee quaednatidler is
inproved. ASp@)jshable state (60-80% of all functional groups is cured)
but at a state of being not completely cured because it is
soft and easy in the polishing.
- Moreover, the polishing of the filling resin can be
carried out by a‘belt sander method, a buff polishing method
or the like. ' '
. '{3) The resin insulating layer is formed on the
surface of the substrate filling the resin in the concave -
portion between the conductor circuits {see the step (d)).
Since the resin insulating layer is formed on the
surface of the substrate treated through the steps (a) - (c),
the thickness is.unifbrm,and hence an opening for viahole can
be formed with a high dimensional accuracy. As a result, the
poor insulation due to the overetching, poor shape or the like
is not caused in the viahole to be formed through the additive
process, and also the surface of the upper conductor circuit
layer becomes smooth and the connection reliability and
mounting reliability are excellent.
In the invention, the resin insulating layer is
preferable to be a composite layer comprised of an insulating
layer made from a heat-reéistant resin hardly scluble in acid

or oxidizing agent as a lower iayer and an adhesive layer for



28 result, [err] there can be prevented the occurrence of cracks due to
t he expansion and shrinkage in the reliability test such as cool -heat cycle
(-65[err]C [err] 125[err]C), test for resistance to soldering (inmersion
test at 230[err]C) or the like, and [err] the gap at the boundary between
tre conductor in the inner wall of the through-hole and the filler is not
created in the curing shrinkage of the resin, so that the penetration of
the plating solution or the |ike can be controll ed. Mor eover, the
roughened layer is also formed on the ppnductor surface other than the

i nner wall of the through- hole, so that the adhesion property between the
conductor as the lower layer and the insulating |ayer or solder resist can
be i nproved when the insulating layer is forned for the nultilayer
formati on or edestrohessoptriing fiogrmefdsby odispkrsinguppsin thrrticilder .

As the roushepagrhaysh Lolamik aslde:gn £y tABCnbLL Ls AgRE val | of

the through-hole, there are needle-l1ke alloy | ayer obtalnea by electroless
copper - ni ckel *Yids PREFUS Rrzdlh@odublaeiniseid mracxédegingagentorsi aed by
oxi dati on trQig@nla@brCOPAeIthill 2akaNeths CAMGRR LY Bhe CRSI'G0sBY ating

oxi dation and reduction treatnments of cop€er,_blomn reduced | ayer, an
physi cal rou&?@r‘?&‘d fPzping ctheiimaring Ry sthalvipbotgdisuerrsieds ovg byast
shot bl ast, heifrfultahesisng, coiaRPithe Phstigtind thaterial and\@Hag them, the

needl e-1i ke al loy.l ayer_obtai ned by el ectro] ess copper-ni ckel - phosphor us
pl ating or ttﬂéﬁ%&%@ers ﬁ%s?qﬁﬁﬂaglnéucﬁcﬁﬂréhqﬁnfq égsrnge?ﬁﬁﬁﬂ'e;Per, so

that the adhesixfacer efethy ldwdreoh@atboti&imtuiits 1axeel i &nimodtthenlb80birt 1S

the heat cycl BeDiaRing Bt ind TeRuSts P tenultoty  uhtren ¢ Brsiee o

copper, nickedf e phdbepive Ukayer and the insulating layer in the cure-
shrinking can be prevented. Here, the heat-resistant resin
constituting the resin insulating layer is constructed by
properly compounding a thermosetting resin, a thermosetting
resin partly imparting the photosensitivity, a photosensitive
resin, a resin composite of_thermosétting resin or
vhotosensitive resin and thermoplastic resin, a
photoinitiator, a photoinitiator promoter, a curing agent and
the like, and if necessary, adding heat-resistant'resin .
particles.

In the production method of the multilayer printed
circuit board according to the invention, the insulating layer
as the lower layer can be rendéred into a structure that heat-
resistant resin particles solubie in acid or oxidizing agenf '
and having an average particle size of 0.1-1.0 pm, preferably
0.1-0.6 pym, more particularly 0.3-0.5 pm are dispersed in ﬁhe
heat-resistant resin hardly soluble in acid or oxidizing
agent. According to this structure, the fine resin particles
dispersed in the resin matrix and having an average particle
size of 0.1-1.0 pm do not communicate with each other through
the roughening treatment as previously mentioned or do not
cause the poor insulation even if they are roughened.

Furthermore, when the fine resin particles having an average



t he copper-ni ckel - phosphorus alloy | ayer are about 90-96% 1-

29 5%and 0.5-2 wt% respectively. Wien they are within the above ranges,
the precipitated filmhas a needle structure and is excellent in the anchor
effect. The conposition of the electroless plating bath for the
formati on of such a needle-like alloy |layer is desirable to have copper
sul'fate: 1-40 g/l, nickel sulfate: 0.1-6.0 g/l, citric acid: 10-20 g/l
hypophosphite: 10-100 g/l, boric acid: 10-20 g/I and surfactant: 0.01-10
g/l. In order to formthe needl e-1ike34l 10y |layer, the presence of the
surfacetant is required and nust satisfy the above range. Wen the anount
IS outside the above range, the plated filmconstituting the precipitated

r oughened Iayer s _not .dens nd the heat cycle property_considerab
| owers. ar Jﬁs"‘]ﬁéléﬁeeg @i’es%‘ S PR W8Pl tThshSevRioprerfe sy t hat

abt e[rpgr gt li(r) ecat tse Pletiovag WRtRoutS 1%&@1 s ﬁ[ gl thé&, réazkl‘ftﬁnsaf?e?e b&iséin?f
abou a | e ecipitating rate i's
1-3 [err]m 10>BFALR %%?géhayﬁrpT%S(ﬁﬁf ﬁg |§d%;§&PWn §§t3 the' The thus
obt ai ned needveaholeaaamugbehnﬂnm&aper-n|ckel phosphorus alloy layer is
favorable to have a f w2 F abI 1.0-5 nor e
particularly 1.5-3. Ogéﬁﬁg\ﬁg%ﬂ&{eq[‘ﬁ "“‘gg}' or? a4ag 7%5/&3391

t hi cker than Vighglg imhé&heongsin airiswdatting layerakewnwwmenteyéﬂern&des
caused a fearg QE:m'tEH' ?ﬁﬂ%ltﬂgeﬁé‘ﬁﬁ{)e@%%Ek;oge&??{ax?@%s'l% FRt gLl f e, and

al so the needle tse
for example, by the following method.

(. The insulating material is applied onto the
substrate provided with the conductor circuit by means of a
roll coater or the like, dried, exposed and developed to
obtain the insulating layer provided with the opening forlthe
viahole (BHV). Then, the adhesive for electroless plating is
applied onto the insulating layer by means of a roll coater or
the like, dried, exposed and developed to obtaiﬁ the adhesive
layer provided with the smaller size opening for BVH at the
same position as the opening for BVH in the insulating layer.
Next, these layers are simultaneously photocured and thezmbset
to form the opening for the viahole in the resin insulating
layer constituted with the composite layer consisting of the
insulating ‘layer and the adhesive laver. ;

@. The insulating material is applied onto the
substrate provided with the conductor circuit by means of a
roll coater and dried to obtain the insulating layer at B-
gtage state. Then, the adhesive for electroless plating is
applied onto the insulating layer by means of a rbll coater
and dried to obtain the adhesive layer at B-stage state.
Thereafter, these layers are simultaneously exposed and
developed to form the opening for the viahole.

As the method of forming the resin insulating layer on
the substrate, a method of sticking a resin film formed by

rendering the material for the layer ingo a film shape or a



brittle and the space to the resin filler is easily created. Wile, when it
I s-thinner than 0.5 pm the anchor effect is insufficient and the space to
the resin filler is easily created. Moreover, the thickness of the
roughened | ayer (copper-nickel -phosphorus alloy |ayer) means a distance -
fromthe snooth conductor surface in the inner wall of the through- hole to
the top of the needle-1ike alloy. 30
In the invention, when the roughened |ayer fornmed in the inner wall of the
t hrough-hole is the el ectrol ess copperggni ckel - phosphorus needl e-1ike all oy
| ayer or the like, it is desirable that the roughened | ayer is protected
with a tin |ayer. Because, the alloy plated layer is apt to be dissolved in

acid or oxi d'p@eﬁﬁeégﬁgﬁnﬂ'wg%%eﬁngtﬁ SﬁJeUhh%QrierE&E iy E&g&@f‘{&d to

mai ntai n the roughened | ayer. Furt e tin layer prevents the oxidation
of the roughdi®8TFa§ar Be) adaptedeinhaddiiomito thehabawr mamidcasighened
llayer and thenetdeun filler and al so prevents the occurrence of the space

bet ween t he roughened | ayer and_the resin filler to inprove the adhesion
property and further (day TR r Shet fertrqa ofetbe Sein insylabisg 1averi ke

when hei ng afadrimed if H@éltal:@o@ gten (He id %ughened ac&bk"d:."i@' HBrfsudin is a
met al being industriall ess in t I cit nd dges not cause
col or change "Fhr&ﬁgﬂsh%%/oa%‘lf Sﬁ?hﬁl%é’rﬁe’%na“ afi vt ienaPpl g

and fixed to the roughened surface of the resin insulating

layer. Next, if necessary, a resist printed into a given

pattern is formed, and the catalyst is activated by an acid

treatment and thereafter the electroless plating is conducted

to form the conductor circuit of the upper layer. Further,

the insulating material, adhesive and the like are applied

onto the upper conductor circuit layer to gradually build up a

subsequent layer, whereby the desired multilayer printed

circuit board is obtained. .

The roughening of the resin insulating layer can be
carried out by immersing the substrate provided with the resin
insulating layer in a solution of the oxidizing agent or the
like, or by spraying the solution of the oxidizing agent or
the like onto the surface of the resin insulating layer.

Aslthe acid roughening the resin insulating layer, use
may be made of hydrochloric acid, sulfuric acid and organic
acids, while the oxidizing agent may include chromic acid,
chromate, permanganate, ozone and the like.

As the plating resist, use may be made of commercially
available ones, which includes, for example, an acrylated
product of a novolac type epoxy resin such as phenol novolac,
cresol novolac or the like.

As the method of electroless plating, mention may be
made of electrocless copper plating, electroless nickel
plating, electroless tin plating, electroless gold plating,
electroless silver plating and the like. Among them, at least



And also, tinis a netal precipitated by the substitution reaction with
copper and can cover the copper-nickel - phosphorus needle-like alloy |ayer
wi t-hout breaking this |ayer. Since tinis precipitated by the
substitution reaction with copper, once it is substituted with copper in
the surface layer, the substitution reaction is conpleted to forma very
thi'n filmlayer. covering the needle-like alloy of the roughened | ayer.
Therefore, the needle-like alloy of the roughened | ayer is maintained at
its sharp formand the adhesi on proper3 between the roughened | ayer and
"the tin plated |layer is excellent. The met hod of producing the
multilayer printed circuit board according to the invention is

charact er i zednky oE08P&EEFdIRslsh @bl Ol 6 % ,CRIebBroled£ ) nildkell NBIREDMHICE i ON
of e multilayer grlnted
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(b) step of applyingim tlesiimveatibs, stlistswifackast nthéd hssiondavelpeirg on

formed by 1 NaabRUPY8! shlodlic SORANE! Phe R G32R0DE! B b 4G caL1SE
formed by applying the liquid plating resist is uniform and
the resolution thereof is improved. Therefore, after the
formation of the upper conductor circuit layer, the surface of
this layer is further polished so as to render the surfaces of
the plating resist and the upper conductor circuit layer into
the same plane. Thus, the surface of the multi;ayer printed
circuit board can be always smoothened even if the building-up
of the conductor circuit layer through the additive process is
repeated. In the building-up of the conductor circuit layer,
therefore, it is possible to prevent the accumulation of
unevenness. As a result, even if a fine part is attached to
the multilayer printed circuit board, since the surface of the
board is smooth, the terminals of the part can adequately be
connected without floating and hence the mounting reliability
can be improved. However, the smoothening through polishing
is carried out only to the conductor circuit layer built up by
the subtractive process but is not applied to the conductor
circuit layer built up by the subsequent additive process,
which is effective to reduce the production cost for the
multilayer printed circuit board.

(Example 1)

(1) 70 parts by weight of a 50% acrylated product of cresol
novolac type epoxy resin (made by Nippon Kayaku Co., Ltd.), 30
parts by weight of bisphenol A-type epoxy resin (made by Yuka
Shell Co., Ltd.), 5 parts by weight of benzophenone, 0.5 part
by weight of ﬁichlar ketone, 60 parts by weight of



(c) step of polishing the resin cured in the step of the item (b) until the
conductor circuit of the |ower |ayer is exposed. (d) step of

form ng the resin insulating |ayer. (e) step of forming the
conductor circuit of the upper layer on the resin insulating |ayer.

An- enbodi nent of the production nethod of the nmultilayer printed circuit
board according to the invention will concretely be described bel ow.

(1) At first, the conductor'circuit of the lower |ayer is formed on the
substrate by subjecting the substrate 3% ovided with the conductor |ayer to
an etching treatnment according to the step (a). The et ching
treatnent of the substrate is carri.ed out, for exanple, by subjecting a

copper |ined béiiditafanné | H¥tiRNROMESe A 1PHIORABRABAL ¢Hr,Mad. ,
phot osensitive etching resist and i mmersing in an etching solution such as

copper chl or i tedde "PERHVEPPHEL TS & -8s Bmhors | Fh FUapRE EeRtRCEidlearay8r and

| eave only a MARRSSREYuBLEULS!A iGiHaUble NAidig agent and d:Adibiggresin is
applied to the sybstrate having the concave portion through the renoval of

h
the conduct or® &8 Bored APbRdereli Fh PHelgeddopg) ve Reekatey too fi |
the resin in dadiustnRCYLEcHHLty Ao 3@NPat yrikes HddiepbacagDiatimg filling

32 resin I QAHSNEHi 3R 8% 'Rt RnSSHE PTG RS ehlSe SRS ¢

obtain an insulating material.

(2) 70 parts by weight of a 50% acrylated product of cresol
novolac type epoxy resin (made by Nippon Kayaku Co., Ltd.), 30
"parts by weight of bisphenocl A-type epoxy resin (made by Yuka
Shell Co., Ltd.), 5 parts by weight of benzophenone, 0.5 part
by weight of Michlar ketone, 20 parts by weight at 5.5 pm and
.10 §arts by weight at 0.5 pym of epoxy resin particle (epo#y
resin particle using an amine curing agent)'as a heat-
resistant resin particle 11 scluble in an imidazole curing
agent and oxidizing agent are mixed and added with
butylcellosolve acetate to adjust a viscosity to 30 pa‘s in a
homodisper agitating machine, which are further kneaded
through three rolls to obtain an adhesive.

(3) The insulating material obtained in the above item (1)
is applied onto a substrafe 1 provided with a copper pattern
formed by etching at a thickness of 40 pm by means of a roll .
coater, dried, exposed and developed to obtain an insulating
lﬁyer 2 provided with an opening for blind viahole (BVH).

(4) The adhesive obtained in the above item (2) is applied
onto the insulating layer 2 obtained in the above item (3) at
a thickness of 20 pm by means of a roll coater, dried, exposed
and developed to cbtain an adhesive layer 3 provided with an
opening for BVH having a size smaller than that of the opening
for BVH of the ihsulating layer 'in the same position as the
opening for BVH of the insulating layer. Then, the insulating

layer 2 and the adhesive layer 3 are photocured and thermoset



the conductor circuit until the conductor circuit of the |ower |ayer

I nel udi ng I and portion of the through-hole or viahole is exposed because
when the filling resin is adhered to the conductor circuit, the poor

el ectrical conduction is caused. As the resin filling in the concave
portion, it is desirable to use the aforenentioned resin filler.

Thé polishing of the filling resin is desirable to be carried out at a
state of not conpletely curing the resin. That is, the filling resinis
desirable to be cured at a polishable 3gate (60-80% of all functional
groups is cured) but at a state of being not conpletely cured because it is
soft and easy in the polishing. Mor eover, the polishing of the

filling resi ppEsfodfried:’ Bed/aw, RBureikg! tsendel R&LIOd.109°0uk f1 pRIJrSHI Ng
met hod or the Ié%ﬁ? (%%BJEe resin |nsulat|ng | ayer is fornmed on the
surface of the!®Ubsts 4t BOVFIT| hE }2Mpas] £ReoREAUA F85R on bet ween
the conduct oinsul#tiirncs 16§68 phAevEdRP With) an opening & FoR BUR h&&iny a
insulating | gyer js fa d on the surface of the substrate treated through
the steps (a?xémffﬁf qFLg%tHF@kness i s uni formand hence an opening for

vi ahol e can WB) f or nemheni,t Bhe shpfadl ENThenpbsht tslyutiAg Bayesuld , the
poor insulation due&o t he overﬁégpiin , _poor shape or the like is nat

§% F5BERSr oTGRPERVERA (A% & PF3ELRE 3IGRF al so

caused in th5°3?%16
t he surface shdttiexgafitterc 8ddoatalyst ricuiappll dgdrolisr dihes renghékedind t he

connect i on rELLEEéé 4 .&&drﬁyﬂtiﬁ&x{aﬁlﬂ@b&%&}‘ e B GE h&Ok-treateq !N
the invention, the resin insulating layer i s préferanl e to be & conposite
| ayer. conpri $edfe% arcatadwisst hnglewger nmade from a heat-resistant resin

Pg;g'ry]c 3?' ublegy i N aGiedtOr tRY! ShBd b AIRY pREndat N o l6d€ 2l S F1atdhgS Ve
resist 4 (dry film resist) is heat-pressed thereonto at 100°C,
which is then exposed, developed, UV-cured and heat-treated in
the usual manner to form a resist 4 printed with a given
pattern. Moreover, 1,1,l1-trichlorcethane is used as a
developing solution.
(7) After the catalyst is activated by an acid treatment,
electroless plating is carried out by immersing in an '
electroless copper plating solution having a composition shown
in Table 1 according to usual manner to form necessary
conductor patterns §, 6, 5', 6' and viahole (BVH) 9 (see Fig.
‘1(a)). Further, the steps on and after the above item (3) are
repeated 2 times to produce a multilayer printed circuit board
having 4 conductor layers.
.In this example, the formations of the openings for BVH
in the lower layer and the upper layer are carried out
separate;y, but these formations may simultaneocusly be made.

The latter case is as shown in Fig. 1(b).



33 el ectroless plating forned by dispersing resin particles soluble in
acid or oxidizing agent into the heat-resistant resin matrix hardly sol uble
in-acid or oxidizing agent as an upper layer. In this case, the curing of
the resin insulating |layer form ng the opening for the viahole is carried
out by simultaneously curing the-insulating material and the adhesive. In
thi's point, according to the invention, the surface of the | ower conductor
circuit layer is snoothened by the filling resin as previously nmentioned,
whereby the peeling. of the adhesive 13yer and the insulating |ayer in the
cure- shrinking can be prevented. Here, the heat-resistant resin
constituting the resininsulating layer is constructed by properly
conpoundi ng a thernosetting resin, a thgijasetting resin partly inparting
t he photosensiti vi ty- 4 A i site of

PRS0 EBsEALPti ve resin and theereLd

t her nosetting resi icresin, a
photoinitiator, a phedianiithi ageg) pronoter, a curigmaegiziand the |ike, and
i f necessary, addi gkheat-resistant resin particles, In the
producti on nethod $FSYHIMNUVEFPXIER printed circl? 3D A 4ccording to the
invention, the insylggeang | ayer as the | ower |ayep.3mmddgirjendered into a
structure that heaf- i.stant resin particles solfbl in gcid or oxidizing
agent and having a 1§%§T J& particle size of 0.1-3-3Pm prleferably 0.1-0.6
pm nore particul aflBLakihg0 tbmparatwrali sper sed i n7¢+HE2°Geat -|r esi stant resin
hardly soluble in chg or oxidizing agent. Accordifglto thi|s structure, the
fine resin particl dispersed in the resin matrjiX and havilng an average
particle size of 0.°1-1.0 pmdo not communi cate with each other through the
r ougheni ng tqg§5ﬂ§p£ #s previously nentioned or do not cause the poor

ni

i nsul ati on eve t hey :are roughened. Furthernore, when the fine resin
particles having an.%vgpé&éayer printed circuit board is produced in the

same manner as in Example 1 except that 50 parts by weight of
styrene particle (made by Sumitomo Chemical Co.,.Ltd. trade
name: Finepearl, 3 pm) is used as the organié resin filler 10
constituting the insulating layer and insoluble in the
oxidizing agent'and the thicknéss of the insulating layer 2 is
60 pm and the thickness of the adhesive layer is 20 pm.
(Example 3) |

A multilayver printed circuit board is produced in the
same manner as in Example 1 except that 80 parts by weight of

| divinylbenzene particle (madé by Sekisui Fine Chemical Co.,

Ltd. trade name: Micropearl, 1.0 pm) is used as the organic
resin filler 10 constituting the insulating layer and
insoluble in the oxidizing agent and the thickness of the
insulating layer 2 is 70 pm and the thickness of the adhesive
layer is 10 pm.
(Comparative Example 1)

A multilayer printed circuit board is produced in the
same manner as in Example 1 except that the insulating

material is not applied.

The interlaminar insulation resistance at a temperature



34 particle size of 0.1-0.6 [err]mare used, the devel opment residue can
be- renoved without |owering the resolution of the resin insulating | ayer
and hence the adhesion property to the viahole can be invroved. _
Particularly, the formation of the opening for the viahole in the resin
i nsul ati.ng | ayer (conposite |layer) nmade fromthe photosensitized
hedt-resistant resin is carried out, for exanple, by the foll ow ng nethod.
[err]. The insulating nmaterial is applied onto the substrate provided with
the conductor circuit by means of a rggl coater or the like, dried, exposed
and devel oped to obtain the insulating |ayer provided wth the opening for
~ the viahole (BHV). Then, the adhesive for electroless plating is applied
- onto the insytaddeB9ah3YE i JIRY 30854, 1 Q3 rob g A i ed,
exposed and d'eve% opaéfé t% %‘%ﬁal n t%g a'aﬁ'e vel %aye?‘gggo?/%d%dé‘%/mé%%%e?%e

smal | er si zepbpkad g lmodaghesion wrepsaty) pasd thent avalieepopearig ator- BVH in
the insul atiggrd §yeh- mddeites LNASBCAY % F r%tawkﬁéf@wféev,tehe S &R and
thernoset to formthe opening for the via ae Inthe resin insulating Tayer
constitut ed #eFkh Frecpapsured widjeresprstste nghofthusepraduredi ng | ayer and
the adhesi vemhBi@layer printé&€éideulitevbasdbatl i fige RiRA1tAl akd SRRI g9 onto
t he substratg provided with the conductor circuit by nmeans of a roll coater
and dried t O"YPtRi4T t he insul ating layer at B- stage state. Then, the
adhesi ve for el ectr alseggen! Sdn kHeS ragilltedopNtsdbiN@ i ASULAS ivker ayer by
means of 2 1 e Rl tndl% ] 'SF & GRITiTabds SRR S RIS Bl RSt A0°

according to the invention exhibit excellent properties as

compared with the comparative example in which the resin

insulating layer is not constituted with the insulating layer

2 and adhesive layer 3 having different properties.

Table 2
Interlaminar insulation |Peel strength |Heat cycle
resistance (Q)*1 . (kg/cm) - property’
(cycle) *2-
Example
11 2.5x10% 1.8 1000 OK
2 5.4x104 1.8 1000 OK
3 6.1x10%¢ - 1.8 ' 1000 OK
Compar- -
ative
Example
' 1 4.8x10¢ 1.8 1000 OK

«*¥1l: Interlaminar insulation resistance ,
The insulation resistance is measured after a wvoltage
of 24V is applied at a temperature of 85°C and a humidity of
85% for 1000 hours.
*2: Heat cycle property ]
A test of -65°C x 10 minutes © 125°C x 10 minutes is
carried out to evaluate a durability level based on the

presence or absence of cracking or the like.



Thereafter, these layers are sinultaneously exposed and devel oped to form

t he opening for the viahole. ~ As the nmethod of forming the resin

i nsul ating | ayer on the substrate, a nethod of sticking a resin filmformed
by rendering the material for the layer into a filmshape or a

35 prepreg forned by inpregnating the nmaterial for the layer in fibers
can be adopted in addition to the above application nethod. (4)
Then, the surface of the rein insulating |ayer forned in the above item (3)
i s roughened according to usual manne4lusing acid or oxidizing agent and a
catalyst is applied and fixed to the roughened surface of the resin

I nsulating |layer. Next, if necessary, a resist printed into a given pattern
is formed, agPxamsisaf)al yst is activated by an acid treatnent and

t hereafteéer th)electroless plating is conducted to formthe conductor

circuit of tHK&upper’® BPEES RYirteight efiedi 25hiaa5vigted: Bredrct sfheseseland
the |ike arenepplaccypel @pbRe +edial ERBAUSY OftiSpdt Kalyakayes. | o gduakl y

build up a subsgqquamhgxgr, wher eby t he 9e5|red nul tilayer printed circuit
board is obt BFheq. Y ?ﬂep?%ﬁﬁﬁgﬁﬂ fgiBroneclmady Ry MitFut iTRf8S%¥yer can
be carried oGb.byLtdner 4i pgrticoy uhsighat ef pbevidsidtbnsne) dhe p£st by
praying The eeit o BRERE Befine, M Ahchfs A= rRESoRTEHt iR ur fave.
“of the resinmixned|and mgldedywith normalmethyl pyrolidone (NMP) to adjust a
viscosity to 30 pa;s in a homodisper agitating machine, which
are further kneaded through three rolls to obtain an
insulating material.
{(2) 70 parts by weight of a 25% acrylated product of cresol
novolac type epoxy resin (made by Nippon Kayaku Co., Ltd.), 25
parts by weight of polyether sulphone (made by Mitsui Toatsu
Co}, Ltd.), 4 parts by weight of benzophenone, 0.4 part by
weight of Michlar ketone, an imidazole curing agent, 60 parts
by weight at 5.0 pm and 15 parts by weight at 1.0 um of.
melamine resin particle (made by Ibiden Co., Ltd.) as a heat-
resistant resin particle 11 soluble in an acid . and oxidizing
agent are mixed apd added with normalmethyl pvrolidone (NMP)
to adjust a viscosity to 30 pa-s in a homodisper agitating
machine, which are further kneaded‘through three rolls to
obtain an adhesive.
(3) The insulating material obtained in the above item (1)
is applied onto a substridte 1 provided with a copper pattern
formed by etching at a thickness of 30 pm by means of a roll
~coater and dried, and thereafter the adhesive obtained in the
above item (2) is applied thereonto at a thickness of 20 um by
means of a roll coater, dried, exposed, developed, photocuréd
and thermoset to obtain a resin insulating layer provided with'
_an opening 8 for BVH.
(4) Then, the surface of the resin insulating layer is

roughened according to usual manner using permanganic acid-



As the acid roughening the resin insulating |layer, use may be nade of
hydrochl oric acid, sulfuric acid and organic acids, while the oxidizing
agent may include chrom c acid, chromate, permanganate, ozone and the |ike.
As the plating resist, use may be nmade of commercially avail abl e ones,

whi ch includes, for exanple, an acrylated product of a novol ac type epoxy
resin such as phenol novol ac, cresol novolac or the like. As the
met hod of el ectroless plating, nention nmay be nade of el ectrol ess copper

pl ati ng, electroless nickel plating, edectroless tin plating, electroless
gold plating, electroless silver plating and the Iike. Anmong them at | east
36 one of el ectrol ess copper plating, electroless nickel plating and

el ectrol ess GbdpHirald BeidSakd ftRiralireer bl t St idi GBI LEH AItRCithel ess
plating or electrolytic glatln or soldering may be applied tq the above

el ectrol ess pPughsped pprrace of the,regin; inewtagng dR¥eSy YRA 65 the resin
i nsul ati ng | Reet-tireatd@otd, £50 4 altaiPett Ruskeess of the plating resist
formed by ap ing the liqujd plating.resist, is uniformand resol ution
‘thereof is i oved%eﬁ‘ﬁer%fjo’r‘ﬂ?“gﬁlé 1pger et Hiat’i% P8 "F%earff% “conduct or
circuit | ayeexpddwi,sdeletoped, tptictdenyed asdfthidhmyseioltbsetn S0 msils@
render the s rfé%ﬁ%%dg&iﬁﬂeaplfgéﬂ‘ A sLst and t he upper conductor circuit

| ayer into t sane plane. THUSS e -§Gf'race of the mul tilayer printed
circuit boar@éxan béafikwaybe scatlysitedsezehivdtadidybanl deid- tyeadimenite

conduct or Ciéfé%éréfaﬂirpEQEQHSFEé*E%é?i@htLMQ Egc¥égﬁ;dééessary conductor
patterns 5, 6, 5', 6' and viahole (BVH) 9 (see Fig. 2(b)).
Further, the steps on and after the above item (3) are
repeated 2 times to produce a multilayer printed circuit board
having 4 conductor layers. A

Moreover, Fig. 2(a) is a case that the insulating layer
and the adhesive laver are separately pierced to form openings
8 for BVH.

{(Example 5)

A multilayer printed circuit board is produced in the
same manner as in Example 4 except that 20 parts by weight at
5.5 pm and 10 parts by weight at 0.5 pm of epoxy resin filler
are mixed as a heat-resistant resin particle 11 constituting
the adhesive and soluble in an acid and oxidizing agent.
(Example 6) |

A multilayer printed circuit board is producéd in the
same manner as in Example 4 except that the thickness of the
insulating material applied to-the substrate is 29 ym.
{(Comparative Example 2)

A multilayer printed circuit board is produced in the
same manner as in Example 4 except that the insulating layer
is not formed.

(Comparapive Example 3)
A multilayer printed circuit board is produced in the

same manner as in Example 4 except that silica filler (made by



repeated. In the building-up of the conductor circuit |layer, therefore, it

IS possible to prevent the accunul ati on of unevenness. As a result, even if
a fine part is attached to the multilayer printed circuit board, since the
surface of the board is snooth, the termnals of the part can adequately be
connected wi thout floating and hence the nounting reliability can be

| nproved. However, the snpothening through polishing is carried out only to
the conductor circuit layer built up by the subtractive process but is not

applied to the conductor circuit |layer gguilt up by the subsequent additive
process, which is effective to reduce the production cost for the

mul til ayer prﬁdmaé:éxci,r@u$tunboa'lsdmixe(iEw'aﬂpltﬁxel)in@ix)ating“&zmaiﬂ:‘.&lby ¥ei ght

of a 50% acr e f esQ Iac d resi.;n (nma by

Ni ppon Kayakéj'%tg. @aE% ?ﬁé é@' nﬁg‘{ %ﬁ gﬁtz %%ﬁ Sp ﬁ%fm}]teyé@ ggﬁxy
resin (nmade m&s\inkénShbétu@ la,yelrt ds) 70 axqo.arms: ltyxeweigéﬁamf deBvHpPhSNone,
0.5 part by welLaht g0 chI 3 0 art of . .

37 benzoguanamg%g [%3 i cl'lg’l (J:rg% aﬁy 1%’bn %ﬁ%&ﬁ% e [ S%¥Roging; Hight
name: Eposteris ¢usnedrbéngatis the maghnthraughlthbluhﬁfuséﬁkneﬂﬂq¢tschu@fe in
an i m dazol e 1G\hitNgy gt s ANG0%: 6k 2N agent are m xed and added with

butyl cel | osol vé acetfate to adjust a viscosity to 30 pa s in a honodi sper
agi t ati ng machi ne, mﬁh%rinﬂe?lhmPDHEr1m§ukﬁky9m:Wﬁgagham¢#e§§|aotbmpenature

of 85°C and a humidity of 85%, peel strength of electroless
rlated film (adhesion property) and BVH resolution of resin
insulating layer are measured with respect to the thus
produced multilayer printed wiring boards. The results are
shown in Table 3.

As seen from the results of this table, it has been
confirmed that the multilayer printed wiring boards according
to the invention, in which the resin insulating layer is
constituted with the insulating laver 2 and the adhesive laver
3 having different properties, exhibit excellent properties as
compared with the comparative example using one-layver
structure as the resin insulating layer. Further, in the
structure of the resin insulating layer according to the
invention, even if the.thickness of the resin insulating layer
is thin, the multilayer printed wiring board having an
excellent interlaminar insulation resistance can be provided

without lowering the peel strength.



obtain an insulating material. (2) 70 parts by weight of a 50% acryl ated
product of cresol novolac type epoxy resin (made by N ppon Kayaku Co.,
Lte.), 30 parts by wei ght of bisphenol A-type epoxy resin (nade by Yuka
Shell Co., Ltd.), 5 parts by weight of benzophenone, 0.5 part by wei ght of
M-chl ar ketone, 20 parts by weight at 5.5 pmand 10 parts by weight at 0.5
pm of epoxy.resin particle (epoxy resin particle using an amine curing
agent) as a heat- resistant resin paﬂﬂfﬂe 11 soluble in an i mdazole
curing agent and oxidi zi ng agent are A:xed and added with butylcell osol ve
acetate to adjust a viscosity to 30 R@ﬁﬁF%g a honodi sper agitating nmachi ne,
whi ch are further kneaded through thr "l s to obtain an adhesive. (3)

The insul at [Tg T e i e ARMARAEU L hBula e G | Peell @RrEdAgth Haseduenta |a

substrate 1] providef with a copper patternjformed by etching at a thickness
of 40 pm by| neans ofres¥sfanceodfd*l dried, |ex& S and dp{@r®bER t o obtlai n

an insul ati pg.Lawes| 2 provided wth an opeing for blind|viahole (EVH).| (4)
The adhesi ve obtainpd in the above item (2) is applied opto the insulatfing

| ayer 2 obtpined4in{the 3P item (3) at & tH<kness of| 20 [&%r] m by neans
of a roll cpaters dfi ek.mnpssed and devel ppec tio obt ai nj an nahesi ve | gyer

3 provided ith - n;Ppen.rﬁﬂﬁﬁf BVH having @ si.ze, smaller|than, that of tle
-opening for BVH Of the 17 ating layer injtheé 'sane posilion as _the opgning
for BVH of | lcembasdl|ating |ayer. Then, thelinsulating |ayer 2 and the
adhesi ve | ayakigear ¢ photocured and thernosget
38

Example . )
2 1.3x10° 2.0 140
3 7.9x1012 1.9 70 tapered

*1: Intgrlaminar insulation resistance

The insulation resistance is measured after a voltage
of 24V is applied at a temperature of 85°C and a humidity of
85% for 1000 hours. o |
*2: BVH resolution .

A minimum opening size for BVH formable in the resin
insulating layer is measured.
{Example 7)

A multilayer printed wiring board is produced in the

same manner as in Example 4 except that an insulating material
formed by mixing 70 parts by weight of a 25% acrylated product
of cresol novolac type epoxy resin (made by Nippon Kayaku Co.,
Ltd.), 5 parts by weight of benzophenone, 0.5 part by weight
of Michlar ketone and an imidazole curing agent and adding
normalmethyl pyrolidone'(NMP) to adjust a viscosity to 30 Pa-a
in a homodisper agitating machine and kneading through three
rolls is used as the insulating material constituting the
lower layer (insulating layer 2) of the resin insulating layer
hgving.a two-layer structure.
(Example 8)

A multilayer printed wiring board is produced in the



(photocuring: 3 J/cnferr], setting: 80[err]C x 1 hour + 100[err]C x 1 hour
+ 120[err]C x 1 hour + 150[err]C x 15 hours) to obtain a resin insulating

| ayer provided with an opening 8 for BVH having a dianmeter of 70
[err]inferr]. (5) Then, the surface of the resin insulating layer is
roughened accordi ng to usual manner using an oxidi zing agent and thereafter
Pd ‘catal yst is applied onto the roughened surface of the resin insulating

| ayer, which is heat-treated to fix a catal yst nucl eus. (6) Next, the
substrate is preheated to 80[err]C and4a plating resist 4 (dry filmresist)
I's heat-pressed thereonto at 100[err]C, which is then exposed, devel oped,:
WV-cured and heat-treated in the usual manner to forma resist 4 printed

wWith a gi venspaé tiinherMase ot eExanplle U leidceplotret fﬁﬂ&ds&lﬁ&ﬂﬂgaﬁa&r al
dovel 9P1n9 SBhub e (lkang, 2Bl Tl BRaHE o Hit SEhBly Bt
el ectrol ess oﬁp:p&sqil alovodasotybhé GpdIaN iregif (adPe Livt mppshonayakn Tl € 1 .
and vi anol o FHH” P SaEee By SIS Rl atp et h R Skt o che
above item ( 3Inade oy ahkat SHell tCoes Ltal. pr,o&uperes ey tweligher oprinted circuit
board havi ngy, ng g haSe%Qrt ?y Welgh o% é§gynq So ghg fornatlons of
t he openi ngs In‘thé | ower Tayer ~and the Upper 1ayer are Thrried out
separately, bmdﬁtmﬂs% duaingt agent mnd siddihganeomalnethylnpygolidiend at t er
case is as Shuup) i b Fdfust( ) viscosity to 30 Pa-s in a homodisper

agitating machine and kneading through three rolls is used as

the insulating material constituting the lower laver

{(insulating layer 2) of the resin insulating layer having a

two-layer structure.

{Example 9)

A multilaver printed wiring board is produced in' the

same manner as in Example 4 except that an insulating material

formed by mixing 70 parts by weight of a 25% acrylated product

of cresol novolac type epoxy resin (made by Nippon Kayaku Co.,

Ltd.), 30 parts by weight of phenol novolac tvpe epoxy resin

(made by Yuka Shell Co., Ltd.), 5 parts by weight of

benzophenone, 0.5 part by weight of Michlar ketone and an

imidazole curing agent and adding normalmethyl pyrolidone

(NMP) to adjust a viscosity to 30 Pa-s.in a homodisper

agitating machine and kneading through three rolls is used as

the insulating material constituting the lower layer

(insulating layer 2) of the resin insulating layer having a

two-layer structure.

The BVH resolution and interlaminar insulation

resistance are measured with respect to the thus obtained

printed wiring boards. As a result, the board of Example 7

has an interlaminar insulation resistance of 3.1x102 Q and BVH

resolution of 80 pm, and the board of Example 8 has an

interlaminar i'nsulatipn resistance of 3.0x10* Q and BVH



39 Table 1 | Copper sulfate

0.06 nol /1 = Formalin (37% 0.30 nol /1 Sodi um
hydroxi de 0.35 nol /| EDTA

0. 35 nol /| Additive sl i ght Pl ating
tenperature 70-72[err] C pH

12.4 (Exanpl e 2) A multilayer printed circuit board is produced I n

the sane manner as in Exanple 1 except that 50 parts by weight of styrene
particle (made by Sumitono Chenical Co46. Ltd. trade nane: Finepearl, 3 pm
is used as the organic resin filler 10 constituting the insulating |ayer
and insoluble in the oxidizing agent and the thickness of the insulating

layer 2 is 6feddlaAidnt B 86igkNesR ¢he! BSaAdNES I MQMEA%ED hes Zh PM  (Exanpl e

3) A nultilayer prlnted circuit board is produced in the same
manner as i MESQEHFEnarekpeptation regighange WL \ilgR0* R andi BYE benzene
particle (nmeggesdae3e sei gfiag. Chemical Co., Ltd. trade name: M cropearl,
1.0 pm .is used as the organic resin filler 10 constituting the |nsulat|ng
| ayer and insol ubl eAsnsefa oxawiithess agewttandlilh&oenisketfxagblese?, 8

i nsul ating | ay@ro ares ekBepibmttid el BuAkpEsS1WEidhaindNESE VEnd Bakdl S 10
[err]m (qugﬁratlve Exanpl e 1) A nmultilayer printed circuit board

i s produced hﬁﬁﬁ‘é?e dhe RrERBLG| Eein Tt hat "ehdniedest i ng
material is nottpEnsedating materialle HBWEVEAT W itA8Uh8AL ABydIRSbgt ance

at a temper a&w 10 minutes & 125°C x 10 minutes is measured, as seen
from the results shown in Table 4, the cracking is not caused
in the board of Example 4 until 2000 cycles, while the
cracking is caused at 1200 cycles in the board of Example 7,
at 1200 cYcles in the board of Example 8 and at 1200 cycles in
the board of Example 9. This is considered to be due to the
following facts: that is, in the board of Example 1, polyether
sulphone (PES) as a2 thermoplastic resin is included in the
insulating layer, so that the cracking hardly occurs due to
the flexibility of the insulating layer. Particularly, the
insulating layer of Example 4 is constituted with the resin
composite of thermosetting resin and thermopiastic resin, so
that it is excellent in the resistance to the oxidizing agent
and the acid resistance. That is, the form of tﬁe board in

" Example 4 is excellent in all of BVH resolution, interlaminar
insulation resistance and resistance to ﬁeat cycle (resistance
to cocl-heat shock).
(Example 10)
(1) A copper lined laminate plate formed by laminating
copper foil 12 of 18'umnih thickness on both surfaces of a
substrate 1 made from glass epoxy resin or BT (bismaleimide
triazine) resin having a thickness of 1 mm is used as a
statting material (see Fig. 3(a)). After the copper lined
laminate plate is drilled and a plating resist is formed

thereon, electroless plating is carried out to form a through-



40 of 85[err]C and a humdity of 85% peel strength of el ectroless plated
fil m (adhesi on property) and heat cycle property at - 65 err]C x 10 m nutes
- 425[err]C x 10 mnutes (resistance to cool -heat shock) are neasured with
respect to the thus produced nultilayer printed circuit boards. The results
are shown in Table 2. As seen fromthe results of Table 2, it has
beén confirmed that all of the nultilayer printed circuit boards according
to the invention exhibit excellent properties as conpared with the
conparative exanple in which the resi n4¥nsul ating layer is not constituted
with the insulating | ayer 2 and adhesive |layer 3 having different
properties. Table 2 I nt erl am nar

i nsul ati on Pbelesl3 engt [fudthércyshductor uselessi pditicns( be the *dopper

kg/ c opgrt . .
EC?CI?) %9 Efﬁﬂ PS5 are efched ”ﬁ%?&'b[oéﬁ pattern to E%J.nnerlayer 1000

oK 2 conﬁenxgiﬂuanﬁh 5, 5' on bothl s@rfaces of thl)@Ubekrate 1 3(see

6. 1x10[ err] Fig. 3(b)) 1.8 1000 OK Conpar- ative Exanple 1
4.8x10[ err] 1.8 1000 OK *1: Interlam nar insulation
resi stance (2} 10¢e Pamtal by i wrighds ioft baisphesohirdypedepbkerrasivol t age

of 24V is aprkhad B} Ar-LEREIRIELE, e LORBRELG 2P T 9hbY ffage

name: E-807) is mixed with 6 parts by weight of an imidazole
curing agent (made by Shikoku Kasei Co., Ltd. trade name:
2E4MZ-CN) and further the resulting mixture is mixed with 170
parts bv weight of Si0O; particles having an average particle
size of 1.6 um (the maximum size of the particulate is not
more than thickness (15 pm) of the following innerlayer copper
pattern) and kneaded through three rolls to obtain a resin for
the smodthening of the substrate having a viscosity of 100,000
cps (hereinafter referred to as a filling resin 14 simply).
(3) The filling resin 14 is printed at a thickness of 20 pm
on one~-side surface of the substrate piovided with the
inne:layer copper patterns 5, 5' in the above item (1) bv
means of a screen printing machine and the resulting resin
layer is cured by subjecting to a heat treatment at 150°C for
30 minutes. The same resin layer is formed on the other side
surface in the same manner as described above (see Fig. 3(c)).
Moreover, the printing is carried out under conditions that a
. . printing speed is 0.2 m/s and a printing pressure is 50 kg/cm?
by using a screen printing plate of 200 mesh. If the filling
resin 14 is heated at 150°C for 3 hours, it is substantially
completely cured to be a high hardness. In this step,
however, the resin is cured to a level capable'of conducting
belt sander polishing or buff ﬁolishing in order to facilitate
the polishing operation of the filling resin.
(4) The one-side surface of the substrate provided with the
resin layer in the above item (3) is polished with a belt



85% for 1000 hours. *2: Heat cycle property A test.of -65[err]C x
10 mnutes [err] 125[err]C x 10 mnutes is <carried out to evaluate a
durability |l evel based on the presence or absence of cracking or the liKke.
41 (Exanple 4) (1) 70 parts by weight of a 25% acryl ated product of
cresol novol ac type epoxy resin (made by N ppon Kayaku Co., Ltd.); 25 parts
by “wei ght of pol yet her sul phone (nmade by Mtsui Toatsu Co., Ltd.), 4 parts
by wei ght of benzophenone, 0.4 part by weight of Mchlar ketone and an

i m dazol e curing agent are m xed and a#8led wi th normal met hyl pyrolidone
(NMP) to adjust a viscosity to 30 pa[err]s in a honodi sper agitating

machi ne, which are further kneaded through three rolls to obtain an

i nsul ating npehméta]ng paber of 460U t(maldle WEi ShikywS ﬁk&%%kﬁcd‘:dl Ated . pr educt

of cresol noy c t epoxy_resin de by p Ka aku , Ltd.), 25
parts by weiJ c§é¥ﬁ %? §tﬁ8ra§Lﬂ?ﬁuﬁ$ﬂ§€ﬁﬁﬁet%? #;ilﬁﬁ fSﬁf%LPQthe Ltd.), 4
parés bY me|§mtfaﬂelmihthphﬁﬂnétiajbr4cp@pﬁrb#aﬁﬁ???ﬂi abegmigﬁfm' ket one, anh
i m dazole c a t at n melg t
at 1.0 [err]uér{’f%ﬂ%gtéﬁ %%rg’éy P part clgsmf%'b% sn‘ﬁ/al '&n° ‘{3’ ¥'h

heat - resisthett rsasimrparSuchea lslers(elsjblfepoh:.mm dtrandanxmﬁ ziuty oagent

are m xed anghaciaghelide000 B IS ULEBLCOLL SPNE NP pLOSBIIL R

viscosity to 30 palerr onodi sper_agr t'ati ng Tach
further kneaBeepi Hiheufhllhngeresin 94t filled in the through -holes 13 is

completely crosslinked by heating at 150°C for 3 hours to
obtain the substrate smoothened on both surfaces By the
filling resin 14 (see Fig. 3(d)). Moreover, there can be
adopted a method of carrying out belt sander polishing and
subsequent buff polishing or a method of carrying out only the
buff polishing so as to slightly leave the filling resin 14 on
‘the surface of the innerlayer copper pattern.

(5) On the other hand, the insulating material is obtained
by mixing 70 parts by weight of a 25% acrylated product of
.cresol novolac type epoxy resin (made by Nippon Kayaku Co.,
Ltd.), 25 parts by weight of polyether sulphone (made by
Mitsui Toatsu Co., Ltd.), 4 parts by weight of benzopheﬁone,
0.4 part by weight of Michlar ketone and an imidazole curing
agent and adding normalmethyl pyrolidone (NMP) to adjust a
viscosity to 30 Pa*s in a homodisper agitating machine and -
kneading them through three rolls.

(6) 70 parts by weight of a 25% acrylated product of cresol
novolac type epoxy resin (made by Nippon Kayaku Co., Ltd.
molecular wéight: 2500). 30 parts by weight of polyether
sulphone (made by Mitsui Toatsu Co., Ltd.), 5 parts by weight
of benzophenone (made by Kanto Kagaku Co., Ltd.) as a
photoinitiator, 0.4 part by weight of Michlar ketone as a
photoinitiator, 4 parts by weight of an imidazole curing agent
(made by Shikoku Kasei Co., Ltd. trade name: 2E4MZ-CN), 10
parts by weight of caprolactone-modified



obtain an adhesive. (3) The insulating material obtained in the above
item (1) is applied onto a substrate 1 provided with a copper pattern
~fornmed by etching at a thickness of 30 pmby neans of a roll coater and
dried, and thereafter the adhesive obtained in the above item(2) is
applied thereonto at a thickness of 20 pm by neans of a roll coater, dried,
exposed, devel oped, photocured and thernoset to obtain a resin insulating

| ayer provided with an opening 8 for BVH (4) Then, the surface of the
resin insulating layer is roughened a@@ording to usual manner using
per mangani ¢ aci d- 42 phosphoric

acid and tkereafter Pd catalyst is applied onto the roughened surface of

the resin i nes alddidvein) iEnkeabERlidde %P dohOcbbds 62! los!

nucl eus. (5) |Tquid plating resist i's applied and t hen "exposed,
devel oped, phrﬂ%maé\s aﬁﬁ°’?ﬁér‘ﬁ3§ét apoaf PhoFesaneditdeqmproTRad 38 PRTESI ven

pattern. (6) weﬁfgt}ﬁr akhs. §3;h@|a¥§1t sl §a§‘e‘§'%tv€é§.d@% at @Cs%r&‘ﬂeﬁ%&& :
el ectrol ess geatln iis carried out to formnecessary conductor pattéerns 5,
6, 5, 6 an 1derpigde ks JorpygCoo( pyyd- Iﬁfﬁ@éef‘am?he'r%‘t%réh and

after the absyea iHeB-rdhidtent HRANCHaZtibl®@S1T GALOALCEen dadil tdd ayer
printed circuit board haV|Q%T4 conduct qQr Mor eover, Fig.

| ayers.
2(a) is a ca¥FNFEPG REPhsIT QMG ﬁvgra‘é‘%%j tHF BRERATRE Yy are
separ at el y pperalidicne -(SMP) operidigstSal 0is&dsity to 12 Pa:s in a .

homodisper agitating machine and further kneaded through three

rolls to obtain a photosensitive adhesive. The photosensitive
adhesive is formed by dispersing the heat-resistant resin
particles 11 soluble in a roughening solution such as chromic
acid, phosphoric acid or the like into the resin matrix hafdly
soluble in the roughening solution. '
{(7) The insulating material obtained in the item (5) is
applied onto both surfaces of the substrate smoothened in the
item (4) by means of a roll coater and left at a horizontal
state for 20 miﬁutes and dried at 60°C (prebaked) to form an
insulating layer 2 (see Fig. 3(e)).
Further, the photosensitive adhesive obtained in the

. item (6) is applied onto the insulating layer 2 by means of a
roll coater, 1eft at a2 horizontal state for 20 minutes and
dried at 60°C (prebaked) to form an adhesive layer 3 (see Fig.
3(H)).
(8) A polyethylene terephthalaté (PET) film provided on a
back surface with a tackifier is stuck on both surfaces of the
substrate provided with the insulating layer 2 and the
adhesive layer 3 in the item (7) to shut off contacting with
oxygen obstructing the polymerization reaction. Then, a
photomask film printed with wviaholes is placed thereonto,
which is exposed to a light from a superhigh pressure mercury
lamp of 400 mJ/cm?. After the photomask film is taken out, the

substrate is exposed to a light from a superhigh pressure



o

(Exanpl e 5) A nultilayer printed circuit board is produced in the
saime manner as in Exanple 4 except that 20 parts by weight at 5.5 pmand 10
parts by weight at 0.5 pmof epoxy resin filler are m xed as a '
heat-resistant resin particle 11 constituting the adhesive and soluble in
arm acid and oxi di zi ng agent. (Exanple 6) A multilayer printed
cifcuit board is produced in the sane manner as in Exanple 4 except that
the thickness of the insulating naterial applied to the substrate is 20 pm

(Conpar ati ve Exanpl e 2) A rrultif*@yer printed circuit board is
produced in the sane manner as in Exanple 4 except that the insulating
| ayer is not fornmed. (Conparative Exanple 3) - A nmultilayer printed

circuit boar fhersupy aiiiecdfi Abblie SCOE niHRe! FSFidr FERaNpbel ing drethet hat
silica fille Admat ext ,

0.5 pm 15 nPRSCERITh % RESFAER e ARVEISRAS FHER HFOLhNAS e LYAR mum
openi ng si zedimethiteframubiac) 0 t Tiereiter, Nhehat trgatmitty isScdbriwd but
exposi ng |1 gREC Bt G PBEn et heterask=kRrbLEh T & FPALRd TR on
of l'ight by Gbhgesi [twarYaydrestructure) cEh@0i piepravd ded ﬁﬂthu?atbﬁé?ing '
trengin of GPRehFEPEE Wi BorpRribh lor WinRighCh bavil 28 BbePFERRS ut i on
of resin insglizei agclpey corvespandingl tw tther pbptonaslo filim t(see Fig.

3(g)).

{9) The surface of the resin insulating layer is roughened

by using a roughening solution such as chromic acid, potassium

permanganate or the like according to usual manner.

Concretely, the substrate provided with the resin insulating

layer is immersed in chromic acid at 70°C for 20 minutes to

dissolve and remove the heat-resistant resin particles

dispersed in the surface of the adhesive layer constituting

the resin insulating layer, whereby thé roughened surface

provided with many fine anchors is formed on the surface of

the adhesive layer. o

(10) A catalyst nucleus required for initial precipitation

of electroless plating metal is éiven to the surface of the

resin insulating layer roughened in the item (9) by treating

in a solution of PACl:-2H.0: 0.2 g/l, SnCl.-2H:0: 15 g/l, HCl: 30

g/1, and then a commercially available liquid photoresist is

applied to the surface of the resin insulating 1ayer at a

thickness of 60 pym, dried and subjected to light exposure and

development to form a plating resist 4 (line width 50 pm).

(11) After the catalyst nucleus is activate& by treating

with an aqueous solution of 100 g/l sulfuric acid, a primary

plating is carried out by using an electroless copper-nickel

alloy plating bath having the following composition to form a

copper—-nickel -phosphorus plated thin film having a thickness

of about 1.7 pym on the non-resist formed portion. 1In this’



produced nultilayer printed wiring boards. The results are shown in Table
3.- As seen fromthe results of this table, it has been confirned
that the multilayer printed wiring boards according to the invention, in
which the resin insulating |ayer is constituted with the insul ating Iayer 2
and the adhesive layer 3 having different properties, exhibit excellent
properties as conpared with the conparative exanpl e using one-|ayer
structure as the resin insulating layer. Further, in the structure of the
resin insulating layer according to ti3d invention, even if the thickness of
the resin insulating layer is thin, the multilayer printed wiring board
havi ng an excellent interlam nar insulation resistance can be provided

wi t hout | ower faget thepdwimperatuge lf the plating bath is 60°C and the

44 . ; dabl.e I nterlam nar insulation
Peel strengt hph?/ﬁ?geslo trlséﬁn el £ §e5| Sfance ([err])*1 (kg/cm
([err]nferr])*2 Exanpfedal salit .... TuS0i§HOr | : 6.0 mM (1 8.6/1)

80 5 2.4x10[ err] ... NiSO

8. 0x10[ err] 2.0 182&!’78 Comp ar atlve%x ﬁl 2
1.3x10[ err] Complexipg agent ... NaigHsO7 30 23 M 89 03 k) |

1.9 70 t3RkRIng agent .... NaPH:0:-H.0 : 0.18 M (20 g/1)

PH adjusting agent .... NaOH : 0.75 M (pH = 9.5)

Stabilizer .... lead nitrate : 0.2 mM (80 ppm)

Surfactant : 0.05 g/1

Precipitation rate : 1.7 pm/hr
(12) The substrate subjected to the primary plating
treatment is taken out from the plating bath and washed with
water to remove the plating solution remained on the surface
‘thereof, which is treated with an acidic solution to remove
oxide film from the surface layer of the copper-nickel-
phosphorus thin film. Thereafter, the copper-nickel-
phosphorus plated thin film is subjected to a secondary
plating by using an electroless copper plating bath having the
following composition without conducting Pd substitution,
whereby necessary conductor patterns 6, 6' and viahole (BVH) 9
are formed (see Fig. 3(h)). In this case, the temperature of
the plating bath is 50°C-70°C  and the plating immersion time is
90 minutes-360 minutes.

Metal salt .... CuSO4-5H20 : 8.6 mM
Complexing agent .... TEA : 0.15 M
Reducing agent .... HCEO : 0.02 M

Others .... stabilizer (bipyridyl, potassium
ferrocyanide and the like): small
Precipitation rate : 6 pym/hr
(13) Both surfaces of the substrate provided with the
conductor patterns 6, 6' and viahole (BVH) 9 in the items (11)
(12) are polished with a #600 belt polishing pater in a belt



*1: Interlam nar insulation resistance The insulation resistance is
neasured after a voltage of 24V is applied at a tenperature of 85[err]C and

a-humdity of 85%for 1000 hours. *2: BVH resol ution A m ni mum
opening size for BVH formable in the resin insulating | ayer is neasured.
(Exanple 7) A multilayer printed wring board is produced in the

sanme manner as in Exanple 4 except that an insulating material formed by

m xing 70 parts by weight of a 25@6aCQ¥Iated product of cresol novolac type
epoxy resin (made by N ppon Kayaku Co.32 Ltd.), 5 parts by wei ght of
benzophenone, 0.5 part by weight of M chlar ketone and an i m dazol e curing
agent and addi ng nor mal net hyl gﬁﬁolldone (NMP) to adjust a viscosity to 30
Pa ain a homg?b'e?“‘égf‘%za‘ﬂ%?g Ehradighetl kndadthiyst mreugithehpedishing is

used as the iiRSbatisd S@ &d als eaNaiidVtiHy sbeabVeF Ly Yiakhifgul ating
llayer 2) of the resin jnsulating |ayer having a two-layer structure.

(Exanpl e 8) ¥esist 4wifh ttmedféﬁrfﬁf—‘?n?%otm [GORGUBERF L 3¥eH GdBledti #he he
45 sane nakame piahd. Exanple 4 except that an insulating nmaterial forned
by m xing 70 rts b t of 25@6acry|ated roduct of cresol novol ac
type epoxy ré@»ﬁ (ma tﬁﬁ%ﬁspﬁgn% EEF P are repeated to produce

a multilayer printed circuit board having 6 layers on each
surface (see Fig. 3(i)).

The interlaminar insulation resistance, BVH resclution
and heat cycle property are evaluated under the conditions as
mentioned above with respect to the thus obtained multilayer
printed circuit board. As a result, the interiaminar
insulation resistance is 3.1x102 Q, and the BVE resolution is
80 ym, and the cracking is not created until 2000 times in the
heat cvcle test.

Further, when PCT (pressure cooker test) test is
carried out together with the multilayer printed circuit board
obtained in Example 4 as a comparative material, the peeling
between the adhesive layer and the insulating layer is not

' observed in the board of this example. However, in the board
of Example 1, there is observed a slight peeling (swelling)
batween the adhesive layer and the insulating layer. Although
the reason is not clear, it is presumed that the board of
Example 4 not filled with the filling resin in the concave
portion between the conductor circuits has no problem under
usual use conditions but when it is placed under conditions of
high temperature and high humidity as in the PCT test, since
the boundary between the adhesive layer and the insulating
layer is uneven, the resin expands due to thermal expansion
and water absorption and hence stress concentrates in the
uneven portion to cause the peeling.

. Moreover, the PCT test is carried out by leaving the

specimen to stand under conditions of 2 atmospheric pressure,



Ltd.), 30 parts by weight of bisphenol A-type epoxy resin (nmade by Yuka
Shell Co., Ltd.), 5 parts by wei ght of benzophenone, 0.5 part by wei ght of
M chl ar ketone and an imdazole curing agent and addi ng nornal met hyl
pyrolidone (NMP) to adjust a viscosity to 30 Pa[err]s in a honodi-sper
agitating machine and kneading through three rolls is used as the

I nsulating material constituting the |lower |ayer (insulating |ayer 2) of
the resin insulating |ayer having a two-layer structure. (Exanple 9)

A nultilayer printed wiring board is ggoduced in the sane manner as in
Exanpl e 4 except that an insulating material formed by m xing 70 parts by
wei ght of a 25% acryl ated product of cresol novol ac type epoxy resin (mde
by Ni ppon Kaesmkerfbure Ldfl.1p1°ClaphHummildy tyebghioo¥ 200 RewesAC type
epoxy resin &pa 1by Yuka Shell Co., Ltd.), 5 parts by weight of
benzophenone by wei ght of M chlar ketone and an i m dazole curing
agent and addi ng noImmlihetiltyehl [05) obf dxaenp1VED , t BO golprtsd by w'esgnsids:;/ to 30
Paferr]s in i tati hi and kne g th h three rolls
Is used as t nsu%§€ﬁ%d§%h erlgﬁaggﬁa qfr?yhg fhgg#% rnsulatlng
| ayer 2) of Ttdmpeaslh hamsuigatanngvéaq@e pentiind easive- éﬂ;as.rs m acéure

The BVH res Hdé& a%gﬁi i::ﬂ?#”n%tt'e%gaiegg Sé\satpea%—%lé% red wth
respect to t us ob alne printe % oards e board
of Exanple resnaspantlﬁ%rﬂlaﬁpﬂ;ublensrulamdmrr exidiaing adend.1x| 0[ err]

[err] and B AR8@! UEhOuAf1d dtqu&%_ I. ﬁéinaas an
interlaminar insulation resis nce o 3.0x10 |err
material (adhesive and insulating materlal) 1s carrled out by

adopting a method of spraying to a vertlcally stood substrate
(which means that normal vector of the substrate is
_perpendicular to vector of gravity). Thus, the multilayer
printed circuit board is pfoduced'in the same manner a in
Example 10.

The interlaminar insulation resistance, BVH resolution
and heat cycle property are measured with respect to the thus
obtained multilayer printed circuit board. As a result, the
interlaminar insulation resistance is 3.221012 Q, and the BVH
resolution is 90 pm, and Fhe cracking is not created until -
2000 times in the heat cycle test. Further, the peeling is
not cbserved when the PCT test is carried out.in the same
manner as in Example 9.

In Example 11, the development reéidue is not observed
though the spray development method is adopted while
vertically standing the substrate.

The method of spraying the developing solution while
vertically standing the substrate is very efficient in the
production of both-side multilayer printed circuit board, and
alsc the product is not affected by gravity and there is
caused no difference in the properties between the front and
back surfaces. Inversely, there may be slightly caused the

occurrence of development residue in accordance with the



46 resolution of 80 pm and the board of Exanple 9 has an interlam nar

i nsul ation resistance of 3.1x10[err] and BVH resolution of 80 [err]m
As-seen fromthese results, all boards of Exanples 7, 8 and 9 are excellent
in the BVH resolution |ikew se the board of Exanple 4 because the organic
resin filler is not included in the insulating material. However, when the
heat cycle of - 65[err]C x 10 mnutes [err] 125[err]C x 10 mnutes is
nmeasured, as seen fromthe results shown in Table 4, the cracking is not
caused in the board of Exanple 4 untilg5£000 cycles, while the cracking is
caused at° 1200 cycles in the board of Exanple 7, at 1200 cycles in the
board of Exanple 8 and at 1200 cycles in the board of Exanple 9. This is

consi dered t onbéndlity o the SPLAPIM ArEEhe: hiB8ind Sof ithe! REvEPSSthef _
Exanpl e 1, polyether ig’}phone (PES). as a ther m)f'l astic resin isincluded in

the insul ati AR, thatst fRrEdaTech §hakr 8 jobe davelgpment ¥ofidue
flexibility svihe detfoved h80thayedugHddihigCekap! ¥n e dubsekate ngr | ayer of
Exanple 4 is consfiég;ted with the resin conposite of thernpsetting resin
and t her mopl 3RS ddin, so that it is excellent in the resistance to the’
oxi di zing agent and the acid resistance. That is, the formof the board in
Exanple 4 is excellent in all of BVH.Iragﬁ%I ytion, interlamnar insulation
resi stance and resistance to heat cycle (resistance to cool-heat shock).

(Exanpl e Okxddple A qopper Jlined 1 4mnae pf ate fdrmewoby |jaminati ngf
copper foip—tZot—iB8—terrirrrthickrye T surff g O bStrate 1
made from|gR83% B | 29P8 oﬁr Bb?bi s;%déjl i deatori 42??12? resi%r?%ﬁavi ngda -
t hi ckness jof 1 mMmis ugadmas [a simesi|ngimdser) dimegge FHmes 3(jdPimesAfter the
copper lired | am nate plg&g ifs géééied pk&gkgg reﬁkst i Is Jkor med
t hereon, dlectroless pllaffingli s tarriled gut—to—+ofra—thRrotgh
BVH 80 pm| 80 pm| 80 pm | 80 pm| 80 -pm SO pm
resolution '
Interlaminari. )
insulation 3.2 3.1 | 3.0 - 3.1 3.1 3.2
resistance
{x 102 Q)
PCT test peel C- - - no peel| no peel
(Example 12) (bisphencl F-type + silica)
(1) - As a starting material, there is used a copper lined

laminate plate obtained by laminating copper foil of 18 pm on
both usrfaces of a substrate made from glass epoxy resin or BT
(bismaleimide triazine) resin having a thickness of 1 mm. At
first, the copper lined laminate plate is drilled and a
plating resist is formed thereonto, which is subjected to an '
electroless plating treatment to form through-holes and .
furthei the copper foil is etched in a given pattern according
-to usual manner to form innerlayer copper patterns on both
.surfaces of the substrate.

(2) 100 parts by weight of bisphenol F-type epoxy resin
{(made by Yuka Shell Co., Ltd. molecular weight: 310, tfade
name: E-807) is mixed with 6 parts by weight of an imidazole
curing agent (made by Shikoku Kasei Co., Ltd. trade name:



47 . hole 13 and further conductor usel ess portions of the copper foil 12
are etched in formof a pattern to forminnerlayer copper patterns 5, 5" on
both surfaces of the substrate 1 (see Fig. 3(b)). (2) 100 parts by

wei ght of bi sphenol F-type epoxy resin (made by Yuka Shell Co., Ltd.

nol ecul ar weight: 172, trade name: E-807) is nmixed with 6 parts by wei ght
of “"an i m dazol e curing agent (made by Shi koku Kasei Co., Ltd. trade nane: -
2E4AMZ-CN) and further the resulting mxture is mxed with 170 parts by
-weight of SiJerr] particles having ansaverage particle size of 1.6 pm (the
maxi mum si ze of the particulate is not nore than thickness (15 pm of the
fol l owi ng innerlayer copper pattern) and kneaded through three rolls to
obtain a res|2m4£aa|=cnhaxsdrmﬁx{taarrnghefrémﬁubsmaterhays rng:adese@sﬂcy of

100, 000 cps &) rel afé,e{ 1§ft50 as..a |II|€ resi nv14 Si rrp %
The filling &SR 18 TS % e& PO SR M eBRT i 6390?1% 298ur f ace
of the subst partiplevsikssl o/ﬂ tth 6t hm (ﬂmrnhaagimmcsmperopamemcScuﬁate n the

above item (1) by, neans reen printi h| ne nd t resul ting
resin |ayer i'§ cé?"‘eﬂ"f) @lﬁﬂ é%? ﬁg n%s%eé't% a?ﬁe FBfr]C for 30
m nut es. The inapzlaper ncd»pgee:r pastéonrexhd rkridagiedt hbroagtdet*melef aokls ntd he

same. manner 45.495CL Dl MG LCoR8: FLle cthiontE oY Stne WNBRLLDL I 10 1o

carried out Under con ons'that a printing spe
printing predayingi 3 Bisdqidy elfr]l5b90Qrs491g)0& spseah PITHE mgommceme 200

mesh. |1t he ridhlobiad 1eSigkié, | Sebealafl ! ﬁﬂg%e&]ﬁ& Olg §ﬁ“8&£éuré& at>

substantially conpletely cured to be dness I s st
however, the & &&valptiey rmugwheyr gf év@mdamlﬁa@swrcénm@#w bel t sander

pol i shing or Jawkbmaebiphing in order to facilitate

The rein filler contains no solvent. 1If the resin
filler contains a solvent, when an interlaminar material is
applied and dried by heating at subsequent steps, the solvent
evapeorates from the resin filler layer to cause the peeling
between the resin filler layer and the interlaminar material
layer. '

(3) The resin filler obtained in the item (2) is applied
onte both surfaces of the substrate by means of a roll coater

~ to fill between the conductor circuits or in the through-hole
and then cured by subjecting to a heat treatment at 150°C for
30 minutes. That is, the resin filler is filled between the
innerlaver copper patterns or in the through-hole at this
step.

Moreover, the resin filler is subétantially and
completely crosslinked by heating at 150°C for 3 hours and
rendered into a resin having a high hardness. 1In this step,
therefore, the resin filler is cured to a2 range capable of
conducting belt sander polishing or 5uff polishing in order to
facilitate the polishing operation of the resin filler.

(4) The one-side surface of the substrate treated in the
item (3) is polished by belt sander polishing using #600 belt
polishing paper (made by Sankyo Rikagaku Co., Ltd.) in such a



t he polishing operation of the filling resin. (4) The one-side surface
of- the substrate provided with the resin layer in the above item (3) is

potished with a belt 48 pol i shi ng
paper of #600 (made by Sankyo R kagaku Co., Ltd.) in a belt sander so as
not to |leave the filling resin on the surface of the innerlayer copper

pattern. Then, buff polishing is carried out for renobving scratches created
by the belt sander. Such a series of polishings are carried out on the
other surface of the substrate |ikew s26the above case. Then, the filling
resin 14 filled in the through-holes 13 is conpletely crosslinked by
heating at 150[err]C for 3 hours to obtain the substrate snoothened on both

surfaces by mimnéﬁIddamgthesfésﬂdlﬁﬁm&erFiQ-né%CDéft War eRY esurfir @eCanebe
adopted a nethod of carr ? out. belt sander polishing and subse%yent buf f

pol i shing or *HHRAASE 8? REF rRATEOULToRPS 131 SOFE2FEI P nFhRy DFCNS o -
slightly | eahelé.hearfd IthEﬁgbmﬁs-iﬁle:A;héﬁ sbeas wd acmotk *sbeatcﬂ{w lsay-REedcopper

Pk ng 70, pabt ) HedRoRpad POSaNIRR)| nOUH A FRIRETOPE PR IA%RorAe 1y pe
epoxy resin émkﬁeeda;td\lrtppoqtmaurfece ottuhé s%tpra:tés b;!hame,l ginle of
pol yet her subghane(0Tadeebys M LSHicnlORh 8y Rencld &) cyd PALLS Py wei ght of

benzophenone, 0.4 part by melg ' She andan |n1§hzole curing
agent and adePrrRietslynlcreshyinksd @ﬂnddgnee'él\lhf’)hetatladj att 150 foosBty to 30

Paferr]s in Rodymd) $RehiAILAS i eTaCh I @tk RRAsl BE-EREDR tdY Qugh three

rolls.
substrate are smoothened with the resin filler. That is, the

surface of the resin filler and the surface of the innerlaver
copper pattern are made to the same plane.

At this step, there can be adopted a method in which
the belt sander polishing and subsequent buff polishing are
carried out, or a method of conducting only the buff polishing
in order to siightly leave the resin filler on the surface of
the innerlayer copper pattern or the land surface of the
through-hole. In the resin filler containing Si0O: spherical
particles, the shrinkage through curing is small and the
warping of the substrate is not caused. And also, such a2
resin filler is less in the thermal expansién coefficient at
the cured state and is excellent in the resistance to heat
cycle.

(5) A photosensitive adhesive solutiqn is obtained by
mixing 70 parts by weight of a 25% acrylated product of cresol
novolac type epoxy resin (made by Nippon Kayaku Co., Ltd.
molecular weight: 2500) dissolved in DMDG (dimethyl glycol
dimethylether), 30 parts by weight of polyether sulphone
(PES), 4 parts by weight of an imidazole curing agent ( made
by Shikoku Kasei Co., Ltd. trade name: 2E4MZ-CN), 10 parts by
. weight of caprolacton-~modified tris(acroxyethyl) isocyanurate
(made by Toa Gosei Co., Ltd. trade name: Aronix M325) as a

photosensitive monomer, 5 parts by weight of benzophenone



(6) 70 parts by weight of a 25% acryl ated product of cresol novol ac type
epoxy resin (nmade by N ppon Kayaku Co., Ltd. nol ecul ar weight: 2500). 30
parts by.wei ght of polyether sul phone (nmade by Mtsui Toatsu Co., Ltd.), 5
parts by wei ght of benzophenone (nmade by Kanto Kagaku Co., Ltd.) as a
photoinitiator, 0.4 part by weight of Mchlar ketone as a photoinitiator, 4
parts by weight of an im dazole curing agent (nmade by Shi koku Kasei Co.
Ltd. trade nane: 2E4MZ-CN), 10 parts by wei ght of caprol actone-nodified
49 tris(acroxvethyl)isocyanurate (nmagg by Toa Gosei Co., Ltd. trade nane:
Aroni x M325) as a photosensitive nononer, 35 parts by weight at 5.5 pm and
5 parts by weight at 0.5 [err]mof epoxy resin filler (made by Toray Co.,

Ltd. trade nagRde BV 926! kagskd R0l 1k8S) SAEN grdinBRibtSEE dls SOl ubl e
in acid or OXIdIZHg? agent are m xed and added wi th nornal met hyl pyrolidone

(NWP) to adj 88Ft% ghtyof Huchlpy ketpae fmadedibdesber KagrkhuiGhg
machi ne and fuatneds @@a@ggsgmmztlhpge?gg{:g ?%@a%i Btas Péet Qrensi tive
or y

adhesi ve. The photosensitive adhesive is ne di'spersing the
heat - r esi st afitY°F28§ 05t PRFES By waliohl ati f-3 woRfheroMy §8%iRi on such as

chlrom c aci dpaﬁﬂi&ﬁﬁ@,l’ iaada?ﬁi;fhm ﬁ&%d;i)ulée é%ﬂsé&ﬁt‘i@e%nlﬁabéié_ihﬁradLy e
sol uble in the rougheni ng solution. . e insulating naterial obtaine
in the item (8} ’sﬂﬁfpﬁgg&aﬁﬁ?% WW%PP%’@?%?H{%&%%?PF&?@ sthRfehened
in the item gd4)1dy nmeans of a roll coater and left at a horizontal state
for 20 m nuteg, and diled ALe O IfelPLBRAKEN1dQdOWP He item (4 is

.washed with water, dried, acidically degreased and further

soft-etched. Then,'the substrate is immersed in a catalyst
solution of palladium chloride and organic acid to give a Pd
catalyst and activated and plated in an electroless plating
bath having the followiﬁg composition to form an uneven layer
(roughened layer) of Cu-Ni-P alloy having a thickness of 2.8
pm on the surfaces of copper conductor and viahole pad.
Further, the substrate is washed with water and immersed in an
electroless tin plating bath of tin borofluoride-thiocurea at
50°C for 1 hour to form a tin-substituted plated layer having a
thickness of 0.3 pm on the surface of the roughened layer.

(7 The photosensitive adhesive solution ébtained in the
item (5) is applied onto both surfaces of the substrate
treated in the item (6) by means of a roll cocater and lest to
stand at a horizontal state for 20 minutes and dried at 60°C
for 30 minutes to form an adhesiﬁe layer 2 having a thickness
of 60 pm.

In addition to the structure that the photosensitive
adhesive layer is directly formed on the resin filler layer,
there can be adopted a structure that the insulating layer is
formed on the resin filler layer and the photosensitive
adhesive laver is formed on the insulating layer. That is,
there can be formed the interlaminar insulating layer

comprised of the insulating layer and the adhesive layer. In



Insulating |ayer 2 (see Fig. 3(e)). Further, the photosensitive
adhesi ve obtained in the item (6) is applied onto the insulating | ayer 2 by
means of a roll coater, left at a horizontal state for 20 m nutes and dried
at 60[err]C (prebaked) to forman adhesive |layer 3 (see Fig. 3(f)). (8)
A-pol yet hyl ene terephthal ate (PET) film provided on a back surface with a
tackifier is stuck on both surfaces of the substrate provided with the
insulating |ayer 2 and the adhesive layer 3 in the item (7) to shut off
contacting with oxygen obstructing the5pol ynerization reaction. Then, a
photomask filmprinted with viaholes is placed thereonto, which is exposed
‘to a light froma superhigh pressure nercury |anp of 400 mJ/cnferr]. After

the photonasknis|dases, tiheCAnguiatif® 1St h8t 8btSi P eLhikong To®y froma
. of “abouFeSBNh # AR PEFYARERS RARGECPFrGrRRCY MEVERRCr FRHY (o
substrate i srdsuel ek Wyt Nipportkayane aal.ycatdd) reasy gt el gh OMIS) .
Thereatiory BSRnbast Mitheks, 15hds i Wlhos ARRLSE A e "Mt 50 o
provi ded w t Redghbpehibepzopbenong, f@r4% iy Weightiof Mifchlaxhbbtdnd, md ng an
Xa). (9 SR AEA ShR3RNEhED ddhund nBRR ARG BB EES T by
using a rough¥MPhgte ddinisdn theckissosityticc 3QcPd; s piot &s diomedisper
agitating machine and kneading through three rolls.
(8) A photomask film printed with black circles of 100 um¢
is adhered onto both surfaces of the substrate provided with
the adhesive layer in the item (7) and exposed to a superhigh
pPressure mercury lamp at 560 mJ/cm®. It is developed by
spraving DMDG solution'to form openings for viaholes of 100
pmd in the adhesive layer. Further, the substrate is exposed
to a superhigh pressure mercury lamp at 3000 mJ/cm® and then
heated at 100°C for 1 hour and at 15'0°C for 5 hours to form an
interlaminar insulating layer (adhesive layer) of 50 pm in
thickness having the openings (openings for the formation of
viaholes) with an excellent size accuracy corresponding to the
photomask film. Moreover, the tin plated layer is partially
exposed in the opening for the viahole.
(9) The substrate treated in the item (8) is immersed in
chromic acid for 1 minute to dissolve and remove epoxy resin
particles from the surface of the interlaminar insulating
layer, whereby the surface of the interlaminar insulating
layer is roughened. Thereafter, it is immersed in a neutral
solution (made by Shipley) and washed with water. Further, a
palladium catalyst (made by Atotec Co., Ltd.) is applied to
the roughened surface of the substrate to give a catalyst
nucleus to the surface of the interlaminar insulating layer
and the inner wall face of the opening for the wviahole.

(10) A liquid resist is obtained by mixing a photosensitized



per manganate or the |ike according to usual manner. Concretely, the
substrate provided with the resin insulating layer is imersed in chromc
acrd at 70[err]C for 20 m nutes to dissolve and renove the heat-resistant
resin particles dispersed in the surface of the adhesive |layer constituting
the resin insulating |ayer, whereby the roughened surface provided with -
many fine anchors is forned on the surface of the adhesive layer. (10) A
catal yst nucleus required for initial precipitation of electroless plating
metal is given to the surface of the r&dn insul ati ng | ayer roughened in
the item (9) by treating in a solution of PdC[err] 2Herr]0: 0.2 g/l,
SnC[err]2H err]O 15 g/lI, HA: 30 g/l, and then a comercially avail abl e

| i qui d phot opdigsher s(rigledudert getdiet Sdt@)e iaf whieh rzss fl epokat gighd ayer

at a. thickne ried and subjected to Light exposute and
devel opnent ?g’ ?%‘regngla pvé’tq'lar?g Yggi?,?c”ﬁ} 5e \&mﬁ?ﬁg%%bgl . n( ﬁff}'gﬂ‘,ﬁ?'ér t he
catal yst nuclh&ds trade triamst:cBOLN-1038) idigselviedann ddpMEd s serulaved of 100

g/l sulfuri cagc'F 1d§chLré .r@@igg![ %&%gg i ag)v;c gﬂﬁgg{m bya disi g, ang gkectrol ess

copper - ni ckel all oy plating avi hg ) ow ng conposifionto forma
copper - ni ckeltrpAespreg ULPHHEEZCEH) ¢ ham Fervhilsadispgvanate clmasies byf Tedout 1.7

pmon the nogokesi €. f Alved tpalki Afine! MddHi%k M215) as a photosensitiv
51 case, the tenperature of the plating bath is 60[err]C anﬁ t he p?

i mrersi on ti FEPPReY. RRRZoPhenone (Rade by Manto Kagekik§urr LtgH) eps |

?Zg m/V: §1- 5 ghbroinitiator, and Michlar -ketdwes%ﬁaé]bgﬁfﬁﬁftrd ®Ragaku'cdd, 1 MM
g

ating

Ltd.') with NMP according to the following composition,
adjusting the viscosity to 3000 cps in a homodisper agitating
machine and then kneading through three rolls.

Resin composition: photosensitive epoxy/M215/BP/MK/

imidazole = 100/10/5/0.5/5

{11) The liquid resist is applied onto both surfaces of the
substrate treated in the item (9) bv means of a roll coater
and dried at 60°C for 30 minutes to form a resist layer having
a thic]éness of 30 pm. Then, a mask film pictured with a
conductor circuit pattern of L/S (ratio of line to space) =
- 50/50 is adhered and exposed to a superhigh pressure mercury
lamp at 1000 mJ/cm? and developed by sprayving DMDG to form a
plating resist removing the conducﬁor circuit pattern on the
substrate, which is further exposed to a superhigh pressure
mercury lamp at 1000 mJ/cm® and heated at 100°C for 1 hour and
at 150°C for 3 hours to form a permanent resist on the
interlaminar insulating layer.

(12) The substrate provided with the permanent resist is
immersed in an aqueous solution of 100 g/l of sulfuric acid to
activate the catalyst nucleus and thereafter a primary plating
is carried out by using an electroless copper-:iickel alloy
plating bath having the following composition to form a
copper-nickel -phosphorus plated thin film of about 1.7 pm in

thickness on the resist non-formed portion. In this case, the



Conmpl exing agent ... NaJerr](err]Herr]derr] : 0.23 M (60 g/l)

Reducing agent .... NaPHerr]Jerr] Herr]O : 0.19 M (20 g/l) pH
adjusting agent .... NaOH : 0.75 M(pH = 9.5) Stabilizer .... |ead
nitrate : 0.2 nmM (80 ppm Sur f act ant . 0.05
o/l Precipitation rate 1.7 [err]m hr (12) The

substrate subjected to the primary plating treatnent is taken out fromthe
pl ati ng bath and washed with water to renove the plating solution remai ned
on the surface thereof, which is treat®@ with an acidic solution to renove
oxide filmfromthe surface | ayer of the copper-nickel- phosphorus thin
film Thereafter, the copper-nickel- phosphorus plated thin filmis

subj ect ed t 0tempecandsy ystIta"eiﬁgamth&s'ajtg 28 eb€rtahal ers snpRelg pl ating
bat h havi ng t‘% Q IO\(;ES% ngo]?ltlon wi t hout conducting Pd substitution,
wher eby neceSsary condu off p t?*®s 6, 6' and viahol e (BVH) 9 are forrred
(see Fig. 3(h)). InMdtad sates the qusopesmdure of thes.jol aMi QY. DagiLyi s

50[err] C-70[err]C and the plating rs t|rm|s n m nut es.
Metal salt .... CuSQerr] 5H[err]OwT§B é!988 6 nmM ®.7 %o%éiﬁr\g agent

TEA . 0.Cempilexing agerReduci NgsGijeht . .: . 0HHE (60 g/1): 0.02 M

dhérs.... stabill RLRY po
ferrocyani de and the “(R: ?Q 5%%?{* Eﬁi’ﬁzc’ér ecl pi t at | on rat %20 9/1} :
6 [err]m hr (13) BotRR &dipgting digante -sub¥a@lt e pro@.d&dMwWIRE = e 5¢onduct or

patterns 6. 6 and \WeahaheLBVH). Gdu bie-hte™ (Llb.elgk 46 Gl shed with

a #600 belt polishing pater in a

52 _ urfactant : 0.05 g/1

Precipitation rate : 1.7 pm/hr

(13) The substrate subjected to the primarv plating in the
item (12) is taken out from the plating bath and washed with
water to remove the plating solution adhered to the surface
thereof and further treated with an acidic solution to remove
oxide film from the surface of the copper-nickel-phosphorus
plated thin film layer. Thereafter, the copper-nickel-~
phosphorus plated thin film is subjected to a secondary
plating using an electroless copper plating bath having the
following composition without Pd substitution to form
overlayer conductor pattern and viahole (BVH) required as a
conductor layer through additive process. In this case, the
temperature of the plating bath is 50-70°C and the plating’
immersion time is 90-360 minutes.

Metal salt ... CuSO«-5H:0 : 8.6 mM
Complexing agent ... TEA : 0.15 M
Reducing agent ... HCHO : 0.02 M
Others ... stabilizer (bipyridyl, potassium
ferrccyanide) ' : small
Precipitation rate : 6 um/hr

(14) After the conductor layer is formed through the
additive process, the one-side surface of the substrate is

polished by the belt sander polishing using the #600 belt



sander and further buff-polished. In this case, the polishing is carried
out so as to align the surface of the plating resist 4 wwth the surface of
t he conductor layer 6, 6' at the sanme plane. (14) The steps of the itens
(7)-(13) are repeated to produce a multilayer printed circuit board having
6 [ayers on each surface (see Fig. 3(i)). The interlam nar

I nsul ation resistance, BVH resol ution and heat cycle property are eval uated
under the conditions as nmentioned above with respect to the thus obtained
mul tilayer printed circuit board. As atesult, the interlamnar insulation
resistance is 3.1x10[err], and the BVH resolution is 80 [err]m and the
cracking is not created until 2000 times in the heat cycle test.

Furt her, whepoF(shir @apef €l fleiifle RSt stbBSE | €hL Alteme{aPUbo tngaider with
the nul til aye{.gri.q%ed ClLr cuin]E boar 8 tained i n Exampl g 4. as %corrpar ative
material, thd pEeITTy SHEERERN WRE LhEEPVRSTIRRS PSS FAERI RS ng | ayer

i S not observempeimpstheubfacd of tHd oppapple. thddweiatiolei.n Stiesdprintl1of,
Exanmple 1, t ' rved a. slight. _peelpn swel li.n et wee he

adhesi ve | ayglﬁ‘\égbn“1 t ei?ﬁéﬁﬁq%ﬁsng ayer. °3\+:t€%%gxf1e“f%vemg)e§§8ns?§a% ®%c| ear,
it is presunedeated bvhé&hbobelt cfangSeanibaly bive Huffl gebliishiinghmay idd i ng
resin in the por ty t C rs £i i :h no probl em
under usual ﬁgg congefioﬁgggﬁgphﬁgﬁpfkhgg %Fgﬁg%gdﬁgé%ﬁgghg?tg%ns of high

t enper at ur e BARtIANGY Rpevei £ty Eorm @ pPrénPet viring siuksdralie hawinmmbpth

bet ween t he gdhesi WWidsaygt_ and the insulating layer is uneven, the resin
expands due to thernal expansion and water absorption and hence stress

concent r at es (1™ t he ThReFERTFERR Higed, sEaRS c2¥Perqraatisfg to form a fygtdever
the PCT testohs &cHducGrOUhydY H1ghd thBCadBEEi V& bridtessdNiheRElsy
conditions of 2 atnospheric pressure, . . . ]
. there is produced a multilayer printed circuit board having 6
built-up wiring layers.
(Example 13) (Bisphenol F-type)
(1) A resin filler having a viscosity of 35,000 cps at
23+1°C is obtained by mixing 100 parts by weight of bisphenol
F-type epoxy monomer and 6 parts by weight of an imidazole
curing agent (made by Shikoku Kasei Co., Ltd. trade name:
2E4MZ~CN) and kneading through three rolls. This resin filler
is a non-solvent resin filler.
(2) A printed circuit board is produced in the same manner
as in Example 12.
{Example 14) )

A multilayer printed circuit board is produced in the
same manner as in Example 12 except that the roughened layer
having a thickness of 1.5-3.0 pm is formed on the inner wall
of the through-hole by using an oxidizing bath (NaOH 10g/1,
NaCLO: 40g/l, NaiPO: 6g/l) and a reducing ba.th (NaOH 10g/1,
NaBH,) .

(Comparative Example 4) (Bisphenol A-type + solvent)

(1) A resin filler having a viscosity of 50,000 cps at
231+1°C is obtained by mixing 100 parts by weight of bi_sphenol
A-type epoxy monomer (made by Yuka Shell Co., Ltd.) and 6



53 tenperature of 121[err]C and humdity of 100% for 200 hours. (Exanple
11) In the item (5) of Exanple 10, 30 parts by wei ght of epoxy
resin particles (made by Toray Co., Ltd. trade nane: Torepearl) having an
average particle size of 0.3 pmare conpounded into the insulating materi al
as a heat-resistant resin particle 11 soluble in acid or oxidizing agent.
Further, the devel opment of the interlam nar insulating material (adhesive
and insulating material) is carried out by adopting a nethod of spraying to
a vertically stood substrate (which nmgans that normal vector of the
substrate is perpendicular to vector of gravity). Thus, the nultilayer
printed circuit board is produced in the sane manner a in Exanple 10.

The i nterl anpazksi bg Uraighi ofeahs iRidezo R/ durengl HEeRE GRANSH SEYELE: g
I ayer printead.

property are asured wth respect to the thus obtained nul )
circuit board: AS é??éghF?,tfﬁgeiﬂ?@$1 PEFAsahde 'Fbé%?tBﬁEEsi%¥
3.2x10[ err] weagdttdf S0 spsetritdlopairtiffepnhavin tFhe aCepadé NEat S 1@t
created until_.2000_tj nes_i he heat cycle t Further, the peeling is
not observed s\f\'%gngf hie‘n%(‘l‘f“ Ré: F@Q‘&Wise’cfeoﬁ%s}thetﬁ%rg’aﬁ?@ rEnReF BRT¢n
Exanpl e 9. than 15|um Bx@ree thickhéss (e cihep Followbsg dlithdriagar ebssdved
t hough the s vel o t. method s a t ed . whi vertical ly standing
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bet ween t he fliComPaEREi YR dxarpieabls (Phenadr swivplacher soknwgntde slightly

caused the oqayrrence Qfsideyeh REBRL IS 48 skBs2EF U A 308 EBstLE
23+1°C is obtained by mixing 100 parts by weight of phenocl
novolac type epoxy resin oligomer and 6 parts by weight of an
imidazole curing agent (made by Shikoku Kasei Co., Ltd. trade
name: 2E4MZ-CN) and adding 170 parts by weight of SiO:
spherical particles having an average particle size of 1.6 pm
{(the maximum size of the particle is not more than 15 pm of
the thickness of the following innerlayer copper pattern)
together with NMP and kneading through three rolls.
{2) A printed circuit board is produced in the same manner
as in Example 12. | _
(Comparative Example 6) (Phenol novolac + solvent + no
inorganic particle)
(1) A resin filler having a viscosity of 50,000 cps at
23+1°C is cbtained by mixing 100 parts by weight of phenol
novolac type epoxy resin oligomer and 6 parts by weight cof an
imidazole curing agent (made by Shikoku Kasei Co., Ltd. trade
name: 2E4MZ-CN) with NMP and kneading through three rolls.
{(2) A printed circuit board is producied in the same manner
as in'Example 12, '

In the above Examples 12, 13 and Comparative Examples

4-6, the filling property of the resin filler, polishability

of the resin filler, presence or absence of shrinkage through



54 intensity of the spraying and the hitting of the devel opi ng
solution, but it is considered that slight devel opnent residue nay be
renoved at the roughening step in the substrate of Exanple 11.

Table 4 Exanple 4 -7 8 -9 10 11 Heat
cycl e 2000 1200 1200 1200 2000 2000 times
times tinmes tinmes tinmes tinmes XK crack crack
crack XK K BVH 80 [err]m [errfm[err]m 80
[err]m80 [errJm 80 [err]m 90 [errpBrresolution Interlam nar insulation
3.2 3.1 3.0 3.1 3.1 3.2 resistance (x 10[err]) PCT
t est peel no peel no peel (Exanmpl e 12)

(bi sphenol Fcuypeg+oSitheaksih) fillds amcs‘q:a-étsengenai-&tbséncet bere is used a
copper I ned shERLTkfufl UR.0RL8 el 100 TR BRAOREE LY hagl 10 Lol
(bi smal ei m d@rtl-r'i:aczlcmgcmes boalrdvand) ﬂntﬁherklthesreé:.étanne Ab cool-heat
shock and water absorption are measured with respect to the
resulting printed circuit boards. The results are shown in
Table 5. . :
In the above Example 14, the cracking is not created

until 2000 times in the heat cycle test.

Table 5
Example Comparative Example
12 i3 4 5 6

Filling property of O O o O O
resin filler
Polishability of O O O X X
resin fillexr ,
Shrinkage through none slight presence
curing of resin
filler
Intgrlaminar peel none none presence
Resistance to cool- O X O O X
heat shock.
Water absorption O X O O X

[Filling property of resin filler] _
It is judged whether or not the resin filler is surely
filled between the conductor circuits or in the through-hcle
by means of a roll coater.
{Polishability of resin filler]
In the polishing of the cured resin filler, it is
judged whether or not notch or crack is created.
[Shrinkage through curing of resin filler]
' It is judged whether or not the space is existent when

the section of the through-hole portion formed in the



first, the copper lined lamnate plate is drilled and a plating resist is
fornmed thereonto, which i's subjected to an electroless plating treatnent to
form t hrough-hol es and further the copper foil is etched in a given pattern
according to usual. manner to forminnerlayer copper patterns on both
surfaces of the substrate. (2) 100 parts by weight of bisphenol F-type
epoxy resin (made by Yuka Shell Co., Ltd. nolecular weight: 310, trade
nane: E-807) is mxed with 6 parts by weight of an im dazole curing agent
(made by Shi koku Kasei Co., Ltd. tradé@4nane:

55 2EAMZ-CN) and further the resulting mxture is mxed wwth 170 parts by
wei ght of Siderr] spherical particles having an average particle size of

1.6 [err] m (dub@ cB¥E MY SHZB~R I LAt @i i n the
t hi ckness (15 pr?) of tine&i‘ ol | ov%i %%ﬁ%l%e@ gggﬁe:?‘?p%ltr%ueo%r?%%nd kneaded

through t hr dP*e§PRESt @7 ARSANFea of ednherianicat grethe snoot hening of the
substrate having a vhéGadiled @tate, 20hidtbddashSbetweaehl [thiel kestA00, 000 cps

measured at l151[err]C, see results shown in Fig. 6 as neasured_ at a

revol ution &r bLaver i3nd frenadhesiye davarnorn§hei SRopdtdmp, laver is Tpe
rein filler cowfidn8d BY S¥ettiing khel Scts Bif ichbesusOntaid syameghyent ,
when an inter] am nar. erial is applied and dried by heating at subsequent
steps, the §31ﬁﬂangﬁgﬁinQﬂ?§9sFP8ﬁTthe resin filler layer to cause the

peel i ng bet wrezikskhentestd dddl-deakayreciend the interlam nar material |ayer.
It is judged bv the presence or absence of cracks
created in fhe conductor circuit or the resin filler layer
after the heat.cycle of ~-65°C 4> 125°C is repeated 1000 times.
[Water absorption]
It is judged by the presence or absence of crack or
peel created in the through-hole portion when the wiring board

is immersed in a boiling water for 1 hour.

In Example 12, the bisphenol F-type epoxy resin
containing no solvent and being relatively soft is used as the
resin component of the resin filler, so that the viscosity of
the resin filler is low and 45-49 Pa-s at 23%1°C even if it is
mixed with silica particles.

As seen from the results of Table 5,

@ the resin filler is excellent in the'filling property and
the polishing property because the polishing can be conducted
without causing the crack,or n&tch,

® the reéin filler has no shrinkage due to the evaporation of
the solvent and has an action of preventing the shrinkage
through silica particles and hence there is no'shrinkage in
the curing,

® the resin filler is made from a non-solvent resin, so that
there is caused no interlaminar peel due to the evaporgtion of
the solvent,

@ silica particles make the thermal expansion coefficient of

the resin filler small, so that the resin filler is excellent



(3) ‘The resin filler obtained in the item(2) is applied onto both
surfaces of the substrate by neans of a roll coater to fill between the
conductor circuits or in the through-hole and then cured by subjecting to a
heat treatnent at 150[err]C for 30 mnutes. That is, the resin filler is
filled between the innerlayer copper patterns or in the through-hole at
this step. Moreover, the resin filler is substantially and

conpl etely crosslinked by heating at 150[err]C for 3 hours and rendered
into a resin having a high hardness. 169 this step, therefore, the resin
filler is cured to a range capable of conducting belt sander polishing or
buff polishing in order to facilitate the polishing operation of the resin
filler. (4) in tHee reBestafice Stv et elclépe sbstrate treated in the item

(3) is polished by belt sander polishing usiing #600 belt poli shing paper
(made by San@&hﬁi Eﬁﬁhﬁkuﬁs‘g}ﬁr Egﬂ. preye c‘?S?ea ceutrence of Gracks Snd

56 manner thieatlifkdec dnestd watdrerabsorpeioh dbécaisd thesusta@r eam¥oriptton

i nnerl ayer c r patternp. t he | surface of e through- hole, and
then butt - port ooy 2802 e Hiael2 ol hd Sorinend e B PG prtteficns

pol i shing. Se€ithe sélies piripintlieshinagsabsozipirig atiter.t he ot her surface of
the substrate. Theng_t resdin, fdshl Elded e - [

like is conpletely g?oggfiﬁ%e%' é'rjl"&lgl%rég %y e%t flrt% %?élggi‘et{rgﬂog ?‘(r)r&gg
hours to obterery resdabsertaining wie shlverh and thedeg selanvelibsofst ésare
smoot hened Waidy tHie cheSirasih : LSitponEAd! oESthd Neesi 'e3G2e Pl ahdl L TR | er

and the surface of the i1nnerlayer

particles are not included therein, so that the viscosity of
the resin filler is low and is 35 Pa-s at 23#1°C.
As seen from thé results of Tablé 5,

® the resin filler is excellent in the filling property and
the polishing property because the pélishing can be conducted
without causing the crack or notch, '
@ the shrinkage of the resin filler in the curing is less
because there is no shrinkage due to the evaporation of the
solvent. 1In Example 13, however, the action of preventing the
shrinkage through the silica particles can not be expected, so
that there may be observed a case that a space is slightly
caused in the through-hole by the shrinkage of the resin
itself through the curingL

@ the resin filler is made from a non-solvent resin, so that
there is caused no interlaminar peel due to the evaporation of
the solvent, and -

@ the resin filler contains no inorganic particles, sc that
the resistance to heat cycle and the water absorption are
slightly poor as compared with the results of Example 12.

In case of containing no inorganic particles as in

Example 13, it is desirable that bisphenol A-type epoxy resin
ﬁaving a viscosity higher than that of the bisphenol F-type
epoxv resin is used in view of the filling property.

In Comparative Example 4, the resin filler uses the



copper pattern are nade to the sane pl ane. At this step, there can
be adopted a nethod in which the belt sander polishing and subsequent buff
polishing are carried out, or a nethod of conducting only the buff
polishing in order to slightly leave the resin filler on the surface of the
| Aner | ayer copper pattern or the land surface of the through-hole. In the
resin filler containing Sierr] spherical particles, the shrinkage through
curing is small and the warping of the ggibstrate is not caused. And al so,
such a resin filler is less in the thermal expansion coefficient at the
cured state and is excellent in the resistance to heat cycle. (5) A

phot osensi tive. Y _§§| tion s _obtained,by nmxing 70 parts hy weight
of a 25% acry%étgg g%éb?hc “o%f b ?’ecgo  ToiVES) sag:ht yp sé%o%m:?%‘gelnﬁ fﬁgde by

Ni ppon Kayakuceptains dsikigdae palir&iches ghie t12E00)}hdi ssetasity [isDhDGh (aitdret hyl
gl ycol dinethylgthesy, i SR80 b | f yelhe nho (B 4
parts by wei ght of a%] }%1 f%%dcﬁ?y\%%&%e%tl‘%g#agé' b%/n%ﬁ‘}%g&gﬁa‘égﬁa?,
Ltd. trade nal®oPeER¥F-CN), 10 parts by wei ght of caprol acton-nodified

tris(acroxyethyl) isogyaugndleeoh™iE suldd G2Sehniy 5, Ltd. trade nane:
Aroni x M325) a photosensitive nononer, 5 parts by wei ght of benzophenone

57 (made byRat® resjaxfitder it eycaldentphbt bheiRqldshabidity fhecansey

wei ght of M chhar bkeprarol PRASPRY ef3RYy OrdAdAKlE GQed, Ltd.) as a
phot osensi ti z n1Far_ts b¥ wei ght at 5.5pm on average and_5 parts by

. 3D \ ]
wei ght at 0.5%e Q? §ﬁ1nbsﬁx§efeg?qpa1ns the inorganic particles, so that
the resistance to heat cycle and water absorption are

excellent, but

@ the solvent is evaporated in the curing, so that the
shrinkage and the interlaminar peel are caused though the
resin filler contains the inorganic particles.

In Comparative Example 5, the resin filler uses novolac
type epoxy resin having a rigid skeleton as the resin
component and contains silica particles, so that the viscosity
is high and hence it is required to add a solvent for ensuring
the filling property.

As seen from the results of Table 5,

@ the resin filler contains the inorganic particles, so that
thé'resistance to heat cycle and water absorption are
excellent, but

@ the resin filler contains the novoiac type epoxy resin being
hard and brittle, so that the notch and cracks are caused by
polishing and

@ the solvent is evaporated in the curing, so that the
shrinkage and the interlaminar peel are caused though the
resin filler contains the inorganic particles.

In Comparative Example 6, the resin filler uses novolac
type epoxyv resin having a rigid skeleton as the resin
component, so that the viscosity is high even if silica

particles are not included, and hence it is required to add a



e
particles, adding NWP to adjust a viscosity to 12 PaJerr]s in a honodi sper
agi tating nmachi ne and kneadi ng them through three rolls. (6) The
Substrate after the conpletion of the item(4) is washed with water, dried,
dcidically degreased and further soft-etched. Then, the substrate is
i mersed in a catal yst solution of palladiumchloride and organic acid to
give a Pd catalyst and activated and plated in an €electroless plating bath
having the followi ng conposition to forman uneven | ayer (roughened | ayer)
of ‘Cu-Ni P alloy having a thickness o®72.5 pmon the surfaces of copper
conductor and vi ahol e pad. Further, the substrate is washed with water and
i mrersed in an electroless tin plating bath of tin borofluoride-thiourea at
50[ err] C f orsdivemfr for fosurind ithesfidlingtprogrttyad | ayer having a

thi ckness of 0.3 pmpgngcthe éH&JQ§£%9LSBPSSF%Ht edgl ayer. (7) The
i

phot osensi tiye adhesive sol ution obtalne ei1tem (5) is applied onto
bot h surfacdd ¢het ResinbSi¥lare consaing the timvalaentype enontaesiof beingl |

coater and |egla lahd bR9ELE, SO UHAOUR nSEAY Calddoraicl DL Sl ) od at

60[err]C for 30 mnutes to forman adhesive | ayer 2 having a t s of
60 [err]m Polishing; addition to the structure that the photosensitive

adhesive | ay@ the dbioehtYid Wvibratelingnr@sd edrihlher sbavedy dridere can be
adopted a structure that the insulating layer is formed on the resin filler

|l ayer and t hEPTAHURESREF: e tRtRad neLy BRet sa¥ e 5adtPesn thARSR Hhf at i ng

llayer. That résid [finQetaBohtains Nk tihorgahee! partidlds)sahating | ayer
compri sed of g NGl 2R9EGLATY deiSer209at%n S ARG 8L bl ene

resistance to heat cvcle and water absorption are poor.

INDUSTRIAL APPLICABILITY

As mentioned above, according to the invention, even
when the innermost layer of the.conductor circuit is formed bv
the etching treatment through the subtractive process, there
is no unevenness on the surface, and also even if the
thickness of the resin insulating layer is thin, the peel
strength is not lowered, whereby there can stably be provided
the multilayer printed circuit boards having excellent
resolution, interlaminar insulation property and resistance to
cool-heat shock.

Therefore, the mulgilayer printed circuit board
according to the invention exhibits excellent adaptability in

. many fields requiring high performance and densification of
. electronic parts. '

The resin filler according to the invention can surely
smoothen the surface of the substrate by filling in the
concave portion created in the surface of the substréte or in
the through-holes formed in the substrate, and has various
merits that the resistance to chemicals and water absorption
are excellent and the interlaminar peel is noﬁ caused and the
occurrence of crack and peel due to cocl-heat shock is

prevented. Further, when the surface of the substrate is



this case, the insulating |layer is obtained by mxing 70% by wei ght of a
25% acryl ated product of cresol novol ac epoxy resin (rmade by Ni ppon Kayaku
Co., Ltd.), 25% by weight of polyether sul phone (nade by Mtsui Toatsu Co.,
Ltd.), 4% by wei ght of benzophenone, 0.4% by weight of M chlar ketone, and
an i mdazol e curing agent, adding nornmal met hyl pyrolidone (NWP) to adjust
the viscosity to 30 Pa[err]s in a honodi sper agitating machi ne and kneadi ng
through three rolls. (8) A photonasg filmprinted with black circles of
100 [err]nferr] is adhered onto both s Ptaces of the substrate provi ded
with the adhesive layer in the item(7) and exposed to a superhigh pressure.
~nmercury lanp at 500 mJ/cnferr]. It is devel oped by sprayi ng DVDG sol ution

to form openﬁﬁggmwe@l%msrﬁlqcﬁ}lﬂ@m ]BFFFQWL'}DQ rta lrheadifven vieor aytdve.
Further, the tﬁEEﬁﬁé@é Q)f* %h%xﬁ?ﬂﬁsglénﬁr%xs'iﬂgﬁfﬂ% ;g&%%,%uf GaffBEEUrY |anmp at
3000 nﬂ/cn{errl and then heated at 100[err hour and at 150[err]C
for 5 hours PBlFBF!H%ﬁfiq e thaki Hhe qqmﬂnapgnanqiagmr chgréssvECT &) of 50
[err]min thigkRese HevHdd chiige@peni ngs (openings for the formation of :
vi ahol es) with an excellent size accuracy corresponding to the photonask
film Mreover, the tin plated layer is partially exposed in the opening
for the viahole. (9) The substrate treated in the item(8) is imrersed
in chromc acid for 1 mnute to dissolve and renobve epoxy resin particles
fromthe surface of the interlam nar insulating | ayer, whereby the surface’
of the interlam nar insulating |ayer is roughened. Thereafter, it is
imrersed in a neutral solution (rmade by Shipley) and washed with water.
Further, a palladiumcatal yst (nade by Atotec Co., Ltd.) is applied to the
roughened surface of the substrate to give a catalyst nucleus to the
surface of the interlamnar insulating [ayer and the inner wall face of the
opening for the viahole. (10) Aliquid resist is obtained by mxing a
phot osensi ti zed



59 oligonmer (nolecular weight: 4000) in which_25% of epoxy group in
cresol novol ac type epoxy resin (made by N ppon Kayaku ade

nane: EOCN 103S) dissolved in DVDG i s acrylated ng agent
(made by Shi koku Kasei Co., Ltd. trade name: 2P m,ﬂ mﬂim;
i socyanate (made by Toa Gosei Co., Ltd. trade naneg: AroRl X«

phot osensi ti ve nononer, benzophenone (rmade by Kanto Kagaku Cb Ltd. ) as a
photoinitiator, and Mchlar ketone (na by Kant o Kagaku Co. Ltd.) W th
NMP according to the foll ow.ng conposi adj usting the vi scosi ty to 3000
cps in a honodi sper agitating nachine and then kneadi ng t hrough three
rolls. Resin conposition: photosensitive epoxy/ M15/ BP/ MK/

i m dazol e = CBBIMY/5/0.5/5 (11) The liquid resist is applied onto both

surfaces of the substrahenhiesififhd Bdile ﬁgtgglé@t tgbaq@aggmg; gu{c_plgn coat er

and dried at 60[err]C for 30 mnutes to rma resist |layer havin
t hi ckness of UBReH FONANSHOrachE §  1a¥esi, c Bul eveyi ¢ndncterd G reriti Tt

pattern of Lé§d(£aééélrpfm'shﬂ§tix‘?gs eieé%ﬁ@aiﬁy qd&wleelaadb@e@pozs@ to a

superhi gh pressure nercury at nLerr and devel qped
sprayi ng DIVD8°P6“‘F'ER’fn°&'ﬁi"éﬁ ﬁﬁl’?’é%'l s"(halr@ﬁﬁﬁf' omdlch c‘iﬂ?&ué?b?ﬂ E‘P?k"hl t

.pattern on thﬁsﬁmﬂ@u&yewhiehcmﬁwédﬂef axponsssite dayepeebhgistimpsur e
mercury |anp_at 1000 egﬁ% and he%t ed at 1OQlerr for 1 hour and at
150[ err] C f oP*3*hotft ™ BsPER L ORI AR EPFAR FRRSTY

insul ating | agkuble Jﬂ-) aclahersahséxﬂiﬂwgougéed as td Itd\&:peayanemc reasi st

is imersed in, an. qu,eousr sgl.ution, of; 190 g{altm% 'ﬁgégly & &ckd, fo activate
t he catal yst "nuc eus And t her eaTTer a pri ry'p Ing 'S carriea out by

usi ng an el ecesbbeant csier an| akethpmr daverat i ng bath having the foll ow ng
conposition to forma c Rﬁitﬂi%f&t 351“ %QBO §cn9ié‘t1§‘d¥éc{"a%cﬁ>&:ém8ft@b0m

1.7 pmin thickness on e resi orme portion. In this case, the
claim 1, whereln the 1nsulat1ng layer contains a thermoplastzc

resin.

. 3. A multilayer printed circuit board according to
claim 1, wherein the insulating layer is a heat-resistant
resin containing.an organic resin filler hardly soluble.in the
acid or oxidizing agent. _

4. A multilayer printed circuit board according to.
claim 1, wherein the adhesive layer is an adhesive fofmed by
dispersing cured particles of a heat-resistant resin soluble
in the acid or oxidizing agent into a matrix of a heat-
resistant resin hardly soluble in the acid or oxidizing agent.

5. A multilayer printed circuit board according to
claim 1, wherein the adhesive layer has a thickness of 10-50
pm and the insulating layer has a thickness of 10-100 pm.

6. A multllayer printed circuit board according to
claim 3, wherein the organic resin filler is particles of a
heat-resistant resin hardly soluble in the acid or oxidizing
agent and has a maximum particle size corresponding to not
more than 8/10 of the thickness of the iﬁsulating layer and an
average pa:ticle size corresponding to not more than 1/2 of
the thickness of the insulating layer.

__7_,_,_’———————""_"".
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60 tenperature of the plating bath is'60[err]C and the plating i mrersion
time is 1 hour. Metal salts ... QuSq erri—5Her+O© 6.0 nM

(1.5 g/l) _ ... NSOerr] 6 - 95,1 mM (25
g/ 1) Conpl exing agent ... Na[err]Clerr] ” ’wmum 0.23 M (60
ol l) Reducing agent .. . NaPH err]Qerr] »- sU- M (20 g/l)
pH adj usting agent ... NaCH 0.75 M (pH = 9.5) Stabilizer ...

lead nitrate. 0.2 mM (80 ppm Sur f act ant

0.05 g/l Precipitation rate 70 1.7 pm hr (13) The
substrate subjected to the primary plating in the item (12) is taken out
fromthe plating bath and washed with water to renove the plating solution
adhered to the surfate Phawdsilayer frrimted eirgebl keand aFCERAURE %l ution

to renove oXicd@ihi M dh&pRinhenhaUE{ BCehPlanldiftC8BPEhe NbxdelicPR@SPROr US
plated thin filmla Thereafter, copper - ni_ ckel - %hos%orus | at ed

. er. t he
thin filmis%ddbpEctedtddY? PRESARY WHURS RETuLPAPEFER R VPIFRE sPLopper
pl ati ng bat h thavhagtthesifsdan®wiragigonposi ti on without Pd substitution to
form overlayer condugtor, pattern and vighal e.(BVH) .requjred ag.a_conductor
| ayer Lhrough addi t18e. d BRREELAyRF ipatrted £ bEY doll ARCoR8ga Rl
- plating bat halaim0370¢lesrdi® ahe bdbhgamiatresin Hidlerois tnade if3of0aB60
m nut es.

least one resin selected from the group consisting of epoxy
resin, benzoguanamine resin, styrene resin, divinvlbenzene
resin and polyimide resin.

9. A multilayer printed circuit board according to
claim 1, wherein cured particles of a heat-resistant resin
soluble in the acid or oxidizing agent and having an average
particle size of 0.1-1.0 pm are dispersed into the insulating
layer as the lower layer.

10. A multilayer printed circuit board comprisiﬂg an
upper conductor éircuit layer, a lower conductor circuit layer
and a resin insulating layer electrically insulating both the
conductor circuit layers, characterized in that said lower
conductor circuit layer is formed by etching a substrate
provided with a conductor iayer to remove a conductor useless
portion therefrom, and a resin is filled in a concave portion
formed by removing the conductor useless portion so that the
surface of the resin is same as the surface of the lower
conductor circuit layer.

11. A multilayer printed circuit board according to
claim 10, wherein the resin filled in the concave portion
formed by removing the conductor disused portion is a cured
product of non-solvent resin.

12. A multilayer printed circuit board according to
claim 10, wherein the resin filled in the concave portion
formed by removing the conductor disused portion contains

inorganic particles.

- This Sheet Has Been Replaced
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Metal salt ... CUSOerr] - 5Herr]O 8.6 MM Conpl exi ng agent
... TEA . 0.15 M Reduci ng agent ... HCHO 0.02
M Qhers ... stabilizer (bipyridyl, potasgﬁgﬂl__________——f—*’
ferrocyani de) > smal | Precipitation rate

6-[err]m hr (14) After the conductor layer is for “‘mm\)mmm!\ﬂ!!\ddltlve
process, the one-side surface of the substrate-is p&“

sander polishing - using the #600 belt

61 pol i shing paper |ikew se the step?df the |tem(4) so as to align the

surface | ayer of the permanent resist with the uppernost surface of the
copper in the viahole. Subsequently, the buff polishing is carried out for

removing the scratches. creahAdiikybRepPal e 31901 EOBbYrd ReniHhikingl 4 hi ng
‘may be conduct ed) Further, the qQther surface is polished as nentioned

above to for rH“é’epr CRREBCERT i s LRYERE rm\A‘%'r{fIb&Pﬁ UGERR PRt &ctavey 15)
The af or ementdmnad r&bmsméxﬂarﬁp@auagefOeiﬁﬁm&anuyt basuDaei P BOtRL ehe | ayer

bri nted ol rodPsEPE FaorRCE dBaERe. SheRTS T e&?i?igﬂ?% yoits"
(Bi sphenol F-dorpieetol) circui t dsiverf ikl Ecnh@d/lbyg exchiingosi sybstfrale, 000 cps
Sz er1Caal D6ty S RoICTaar! o, Replf! calablell SRl Es  VPe
_ - portion therefrom, and a resin is filled in a concave portion
formed by removing the conductor useless portion so that the
surface of the resin is same as the surface of the lower
concductor circuit.layer, and said resin insulgting layer is
comprised of a composite layer consisting of an insulating
layer made from a2 heat-resistant resin hardly soluble in acid
" or an oxidizing agent as a lower layer and an adhesive layer
for electroless plating made from a heat-resistant resin as an
upper laver, and said upper conductor circuit layer is formed
on said adhesive layer constituting the upper layer of said
resin insulating layer.

14. A.multilayer printed circuit board according to
claim 13, wherein the resin filled in the concave portion
formed by removing the conductor useless porticn is a cured
product of non~solvent resin.

15. A multilayer printed circuit board according to
claim 13, wherein the resin filled in the concave portion
formed bv removing the conductor useless portion contains
inorganic particles. :

16. A multilayer printed circuit board according to
claim 13, wherein cured particles of a heat-resistant resin
soluble in the acid or oxidizing agent and having an average
particle size of 0.1-1.0 pm are dispersed in the insulating
layver made from the heat-resistant resin hardly socluble in
acid or oxidizing agent.

17. A method of producing a multilayer printed circuit

i is Sheet Has Been Replaced
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curing agent (made by Shi koku Kasei Co., Ltd. trade nane: 2E4MZ-CN) and
kneadi ng through three rolls. This resin filler ansi n
fitler. (2) - Aprinted circuit board is produc I'n the sa ner as in
Exanpl e 12. (Exanple 14) A multilayer pri mm‘“lmwmm is
produced in the sane manner as in Exanple 12 exce t ened

| ayer having a thickness of 1.5-3.0 pmis formed on*tHe i‘nner wall of the

t hrough- hol e by using an oxi di zi ng bat? (NaOH 10g/1, NaCLg err] 40g9/1,
Na[err]PJerr] 6g/1) and a reducing ba A (NaCH 10g/I, NaBH4) . (Conparative
Exampl e 4) (Bi sphenol A-type + solvent) (1) Aresin filler having a

viscosity of 50,000 cps at 231[err]C is obtained by mxing 100 parts by
wei ght of bi psesisocomPriping Fox wpreroserdycfmte ddyrcikal@mst | aCdowertd. ) and

6 conductor circuit layer and a r&én B@ﬁ&ﬁtgﬂévfﬁégg of- an
I m dazol e curing agent (nmade by “Shi koku Kaser Co., trade nane:

2EAMZ- CN) ancPlRflTR§21¥y psulatipanbpiht the canausftpr §-bﬁ@-?3'r€d-|aY§5§trl cles

- having an avesgh RamprCsés St 1 1bwend es#dpn ((ahe-mpgj rum si ze of the
particle is not nore %Ean 15 pm of_ the thickpess of the follow ng

i nner| ayer copper pat r%)s"t%&fhgf’%?% st &r?HeEnE%B‘F‘I‘FQt‘t‘hF&n&H"Fhree
rolls. (2) 1dyver byt edching W tsubBakd te SpPseiePeriith aheors&im:dmmagéras in
Exanpl e 12. (quggkgglgeconégg%or'%Le&ggghggrégggﬂt erefggLyent)

(b) a step of applying a resin to the substrate having
a concave portion formed by removing the conductor useless
portion and then curihg the resin;

(c) a step of polishing the cured resin of the step (b)
till the lower conductor circuit layer is exposed;

(d) 2 step of forming said resin insulating layer:;

(e) a step of forming said upper conductor circuit
layer on said resin insulating layer.

18. A method of producing a multilayer printed circuit
board according to claim 17, wherein said resin insulating
layer formed in the step (d) is a composite layer consisting
of an insu;ating layer made from a heat-resistant resin hardly
soluble in acid or an oxidizing agent as a lower layer and an
adhesive layer for electroless plating made from a2 heat-
resistant resin as an upper layer. .

19. A method of producing a multilayer printed circuit
board according to claim 18, wherein cured particles of a
heat-resistant resin soluble in the.acid or oxidizing agent

.and having an average particle size of 0.1-1.0 pm are
dispersed in the insulating layer made from the heat-resistant
resin hardly soluble in acid or oxidizing agent.

20. A resin filler of non-solvent filled in a concave
portion created on a surface of a wiring substrate or in a
through-hole formed in the substrate, in which bisphenol type

epoxy resin is used as a resin component and an imidazole

Tlus Sheet Has Been Re ﬂ
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(1) Aresin filler having a viscosity of 50,000 cps at 231[err]Cis

obt ai ned by m xing 100 parts by weight of phenol novol ac type epoxy resin
ol goner and 6 parts by wei ght "of an i m dazole curing agent (nade by

Shi koku Kasei Co., Ltd. trade nane: 2E4MZ-CN) and adding 170 parts by

wei ght of SiJerr] spherical particles having an average particle size of
1.6 [err]m (the maxi mum si ze of the particle is not nore than 15 pm of the
t hi ckness of the follow ng innerlayer copper pattern) together with NMP and

kneadi ng through three rolls. (2) AJrinted circuit board is produced in
the sanme manner as in Exanple 12. (Conparative Exanple 6) (Phenol novolac +
solvent + no inorganic particle) (1) Aresin filler having a viscosity

of 50,000 cpsuain®3idemtr L€ ascubimy raerknry ni xi ng 100 parts by wei ght of
phenol novol ac type ,g8pox | n olj.gQnmer. and 6 rts h i ght_of an

I m dazol e curing ag(azﬁ“t' (%{r‘aégg%';‘/ ’S’hllll%grkr%fKagxéi S%g‘??"ﬁ_tfg?il\té?ia & Hangicave
2E4MZ- CN) wi Partign mgreatedadinng surfaaeh dfheewirphd ssufsitirate arpinrd ed
circuit boarghiSud¥- Y edrhnlat NE SE as; b NabEXa s In
t he above Exanpl eésM 12, 13 gﬁ%aOorrpar at |%Q§§%I%é 4-6, th%??lla?ﬁ nig:j‘vPe
property of PReXY 851N iiis| uped s I3 REAYN cpmppnent andian ipidazoleresence

or absence ogugidid HAGR 4GB QU8Bring agent and inorganic particles are - 63
curing of the resin filler and presence or absence of interlam nar peel are

measur ed in BAgd RO AR ECGH thyet famponent.

22, A resin filler according to claim 20 or 21,
wherein the biéphenol type epoxy resin is a bisphenol F-type
epoxy resin. '

23. A #esin filler according to claim 20 or 21,
wherein the resin filler has a viscosity of 0.3x10°-1.0x10° cps
(30-100 Pa-s) at a temperature of 23:1°C.

24. A resin filler according to claim 20 or 21,
wherein the inorganic particles have an average particle size
of 0.1-5.0 pm. - |

25. A build-up multilayer printed circuit board in
which an interlaminar insulating layver and a conductor laver
are alternately laminated on a surface of a wiring éubstrate
having a conductor circuit or a through-hole and the conductor
layers are electrically connected to each other through =
viahole formed in the interlaminar insulating layer,
characterized in that a resin filler of non-solvent comprising
a bisphenol type epoxy resin as a resin component and an
imidazole curing agent as a curing agent is filled in a
concave portion created on the surface of the wiring substrate
or in the through-hole formed in the substrate.

26. A build-~up multilayer printed circuit board in
which an interlaminar insulating layer and a conductor layer
are alternately laminated on a surface of a wiring substrate
having a conductor circuit or a through-hole and the conductor

layers are electrically connected to each other through a

: .
i: This Sheet Has Been Reflaced '
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printed circuit board and further the resistance to cool -heat shock and

wat er absorption are measured with respect to the resulting printed circuit
boards. The results are shown in Table 5. . 14,
the cracking is not created until 2000 tines in the

,,mn est.
el e e et o AN
@) O X X

O Oresin filler Polishability of O

-resin filler Shrinkage through no#é slight presence curing of

resin filler Interlam nar peel none none "presence Resistance
to cool - @) X @) @) X heat shock. Water absorption

o) X viahole Jormed in|[ Ehélimgeyleopeatryindulasing fiaiveey | It

s ] udged whelher, Qe Nilod B8 ERSEM IddiG! £h$1 81" Sk Yndid ldoigeRE UGEN {16
conductor “circurts or 1nmathne rough-ehcﬁe 5y means O a roll ~coater.
[ Pol i shabilit$ bispkenal fiyvibeeepoxy resin pg ahvepin i cdmipegent, t&® cured resin

filler, it is-;n'ygggghgvi}g#lg t W cg%{l&i r %Eﬁg rinkage
t hrough curi nl. of resin fi F;Perg?eﬂe a%‘% qEJI&'E'QHBESY j£U ged—ﬁn\ﬁecf[a er Sr:{r%é't ﬁ%
space i s exi sgeﬁ%e%"éh 3 [fonsavei perbion Ifrepkedugh- the sYrdrcroaf fhered in

t he wiring substrate or in the through-hole formed in the

substrate.

27. A build-up multilayer printed circuit board
according to claim 25 or 26, a roughened layer is formed on =z

condutor face of an inner wall of the through-hole.

\\\\\\\\\\\\\\\\\\\\\v\\\\



64 substrate is observed by neans of an optical mcroscope. [Presence or
absence of interlam nar peel] The peel ed state at he boundary
between the resin filler |layer and the adhesive |ayer or the insulating

| ayer is confirmed by observing the section of the substrate by neans of an
optical mcroscope. [Resistance to cool -heat shock] It is judged by
t he presence or absence of cracks created in-the conductor circuit or the
“resin filler layer after the heat cycle of -65[err]C [err] 125[err]Cis
repeated 1000 tines. [Water absorption] It is judged by the
presence or absence of crack or peel cr ed in the through-hole portion
when the wiring board is imersed in a boiling water for 1 hour.

In Exanple 12, the bi sphenol F-type epoxy.resin containing no solvent and
bei ng. r oI MUHTLIATER MRINTER, CFREY 1), BOARD, numh%ereﬁtv%@wﬂw ST AR,
so that the viscBRINFEBf CIREUITSBOARD |AND RESING FILIEFR15. 49 paferr]s at

231[err]Ceven if it is mxed with silica particles. As seen from
the results of Table 5, [err] the resj] iller is excellent inthe filling
property and the polishing property t he polishing can be conducted

Wi t hout causi ng theltristitooprevidda meltildvesr pesnbedi éimruitaboasnd shri nkage
due to the gL IRAKAELOM nd et DS 26 hEQD i.ng the
shri nkage througE siIicargaggféﬁggggﬁdgﬁgﬁce_tqg?e'%ggﬁ%e%ﬁf%%%§§%b¥n t he
curing, [er % REsigtaney ito epolchentdshprbnvithent SOrping yneyepness t hat

there is causedhaosurffdd ANdNB6wPERlg el SridiRytdyanahals ophedf the sol vent,
[err] silicqjgg&ticles ke th | expansi on C%gELiCi§ﬂ2: of the resin

th
filler smallC S8 PRELCT eré”?i"ﬁ“f’rﬁa*?r tiagdavey

invention proposes a multilayer printed circuit board
comprising an upper condqctor circuit layer, a lower concductor
circuit layer and a resin insulating layer electriczlly
insulating both the conductor circuit layers, in which the
resin insulating-layer is a composite laver comprised of an
layer made from a heat-resistant resin hardly soluble in acid
or oxidizing agent as a lower layer and an adhesive layer for
eiectroless plating made from a heat-resistant resin as an
upper laver, and if necessary, a resin is filled in a concave
portion created between conductor insulating circuits éf the
lower layer so as to render the surface into the same plane as
the surface of the conductor circuit.

Figure 1



65 . in the resistance to heat cycle, and the resin filler can prevent
the, occurrence of cracks and the |like due to water absorption because the
wat er absorption of the resin filler itself can be controlled by the
-presence of the silica particles not absorbing water. In the resin
filler of Exanple 13, the bisphenol F- LyRe epoxy resin containing no

sol vent and being relatively soft is usé as the resin conponent of the _
resin filler and the silica particles are not included therein, so that the
viscosity of the resin filler is lowand is 35 Pa[err]s at 23[err]C

As seen fromthe results of Table 5, [err] the resin filler is excellent in
the filling property and the polishing property because the polishing can
be conducted wi thout causing the crack or notch, [err] the shrinkage of the
resin filler in thelguring is | ess because there is no shrinkage due to the
evaporation of the solvent. In Exanple 13, however, the action of
preventing the shrinkage through the silica particles can not be expected,
so that there nay be observed a case that a space is slightly caused in the
t hrough-hol e by the shrinkage of the resin itself through the curing, [err]
the resin filler is made froma non-solvent resin, so that there is caused
no interlamnar peel due to the evaporation of the solvent, and [err] the
resin filler contains no inorganic particles, so that the resistance to

heat cycle and the water absérpti oaredslightly [goor ag co ed.wth the
results of Exanple 12. - In dFse gf containifng no |no?§$Li02§%fQicles
as in 3 ,

. [

....-....:0.. %2 * .:'°:.-
HORA AL stunannnvnnwny AL P




Exanmple 13, it is desirable that bisphenol A-type epoxy resin having a

vi scosity higher than that of the bisphenol F-type epoxy resin is used in
view of the filling property. : In Conparative Exanple 4, the resin
filler uses the 66 bi spheno
A-type epoxy resin as the resin conponent and contains silica particles, so
that the viscosity is high and hence it246& required to add a sol vent for
ensuring the filling property. As seen fromthe results of Table 5,
[err] the resin filler is excellent in the polishability because the

bi sphenol A-type epoxy resin is used, [err] the resin filler contains the
inorganic particles, so that the resistance to heat cycle and water
absorption are excellent, but [err] the solvent is evaporated in the
curing, so that theFsgriakage and the interlam nar peel are caused though
the resin filler contains the inorganic particles. I n Conparative

- Exanple 5, the resin filler uses novolac type epoxy resin having a rigid
skel eton as the resin conponent and contains silica particles, so that the
viscosity is high and hence it is required to add a.solvent for ensuring
the filling property. As seen fromthe results of Table 5, [err]
the resin filler contains the inorganic particles, so that the resistance
to ‘heat cycle and water absorption are excellent, but

4 %’ ll; 3 6 4 1 4
| s
3R T e L2 oot
i, - -.',: .::..-...:‘ :....-: : < i.. !..-..:?.-:'?,3_‘.',’2.' G050 0.0 Pl ok 3
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[err] the resin filler contains the novol ac type epoxy resin being hard and

brittle, so that the notch and cracks are caused by polishing and [err] the

salvent is evaporated in the curing, so that the shrinkage and the

i nterl am nar peel are caused though the resin filler contains the inorganic

particles. In Conparative Exanple 6, the resin filler uses novol ac

type epoxy resin having a rigid skeleton as the resin conponent, .so that

the viscosity is high even if silica Pd®ticles are not included, and hence

it is required tdigld a 67

solvent for ensuring the filling property. As seen fromthe results

of Table 5, [err] the resin filler contains the novol ac type epoxy resin

being hard and brittle, so that the notch and cracks are caused by

polishing, [err] the solvent is evaporatg®l in the curing, so that the

shri nkage and the interl anm nar precFoegrseoyrtiropgrgee resin filler

cont ai ng_t he inorgani c pdra) cl MMWJ iparticles are not

i ncluded, so that the resistance to heat cycle and water absorption are

poor . | NDUSTRI AL APPLI CABI LI TY 1 As -ntioﬁbd bove, according to
o=

the invention, even when the i gieictor circuit is

P T T~
formed by the etching trdahent _@J 'm\ jocess, there
5 _
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(h)
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IS no unevenness on the surface, and also even if the thickness of the
resin insulating layer is thin, the peel strength is not |owered, whereby
there can stably be provided the nmultilayer printed circuit boards having
excellent resolution, interlamnar insulation property and resistance to
coot - heat shock. Therefore, the nultilayer printed circuit board
according to the invention exhibits excellent adaptability in many fields
requiring high performance and densifi % on of electronic parts.

The resin filler according to the invention can surely snoothen the
surface of the substrate by filling in the concave portion created in the
surface of the subdgrase or in the through-holes formed in the substrate,
and has various nerits that the resistance to chem cals and water
absorption are excellent and the interlam nar peel is not caused and the
occurrence of crack and peel due-to cool -heat shock is prevented.

Furt her, when the surface of the substraie i's

68 snoot hened by the resin filler acéé ding to the invention, the

t hi ckness of the inteﬂ%ﬂﬁﬂm&ném}uﬁgﬁbngagg¥er can be uniform zed, so that
t he unopeni ng and po L. hapi ng f@r the viahole is not caused.
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*» C LM S * 69 CLAI M5 1. A mltilayer
printed circuit board conprising an upper conductor circuit layer (6), a
| ower conductor circuit | ayer (5) and a resin insulating |ayer (2,3)
electrically i nsul ati ng both the conductor circuit layers (5,6), the

upper and | ower conductor circuit | ayers being electrically

connected to each other through viah gs (9) forned in the resin
-insulating layer (2,3), characterlz in that said resin insulating

| ayer (2,3) is conprised-of a conposite | ayer consisting of an insulating

| ayer (2) made from a heat - resistant resin (10) hardly soluble in acid

or an oxidi zing agent as a lower |ayer and an adhesive |ayer (3) for

el ectrol ess plat|%§9naae forma heat-resistant resin (11) as an upper

| ayer. 2. Anmultilayer printed circuit board according to cl ai.m

1, wherein the I nsul ati ng | ayer contains a thernoplastic resin.

3. A multilayer printed circuit board according to claim1, wherein the

insulating |ayer is a heat-resistant resin containing an organic resin

filler hardly soluble in t he acid or |d|2|ngé$gent . A

mul tilayer printed cir,jr;°baa?d.ag ording to en

adhesive layer is an #Be c_n-y Ay dig |l es of a

heat -resi stant resin o [ - & 0 a matrix

of a heat- resistant\restrrer gy i ng

agent . (D) A}nul, & WY ETHE




claim1, wherein the adhesive |ayer has a thickness of 10-50 [err] mand
the_insulating |ayer has a thickness of 10-100 [err]m 6. A '

mul tilayer printed circuit board according to claim 3, wherein the
organic resin filler is particles of a

70 « heat-resistant resin hardly soluble in the acid or oxidizing agent and
has a maxi mum particle size correspondi gget o not nore than 8/ 10 of the

t hi ckness of the insulating |ayer and an average particle size
corresponding. to not nore than 1/2 of the thickness of the insulating

| ayer. 7. A multilayer printed circuit board according to ctaim 3,
wherein the fiIIingpggDu pt of the organic resin filler is 10-100 parts by
vol une per 100 parts Dy volune of the heat-resistant resin. 8. A

mul tilayer printed circuit board accordlng to claim3, wherein the organic
resin filler is made fromat |east one resin selected fromthe group
consi sting of epoxy r . zaguanan ne resin, styrene resin,

di vi nyl benzene re5|5 nd-polyim'de fesin. ! 9 A ﬁUI[FnyEP—ﬁFFﬁLGf
circuit board accordPrg to claim1l1, wherein cured particles of a

heat -resi stant resin qoluble_in the acid or oxidizing agent and havi ng -fn
average particle sizeof 0.141.0 [err]mare dispersed into the insulatipg

|l ayer as the |ower ggyjer. 10. Amultilayer printed circuit board

conprising an upper cg¢nducto c;:cuit | ayer (6) , a |ower conductor ci r_#:uit
h

| ayer (5)- and a resinfinsulating | &er (2,3) electrically insulating bo
t he conductor(ﬂrgﬁit | ayers (5, 6), the

; -

]

o 40k
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Fa 20l £-807:100g
Resin flller 5'03 11709 | -
4MZ‘CN 6.5¢g
ol 65:1.5g

Me i i |
asuring Conditions Revolution number 6 rpm
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21 22 - 23 24 25 26 27
Resin filler temperature(%)




. . . L G ' . 5({{(&4‘””
upper and | ower conductor circuit layers bei-ng -el ectrically connect ed"to
each other through viaholes (9) formed in the resin insulating |ayer (2,3),
char aet er+zed—n—that—sard| ower conductor circuit layer (D) is forned by

et ¢hi ng on the substrate (1){to READANECEMENINSHEETS SG
usel ess amgi@“ﬂgmm’in% and a resin filler {(14)Dt®rpiidd ephged ..a. wopagade...
portion, " c nouct or usel ess pggtion i S,W'em@)i spagaa..&‘}otofmgedaf.
surface at a sane |evel as the surface of the | open Gandyr! figedi.l.Clol pagedy.er
(5). . 11. A multilayer printed circuit boalfdracsQfdt Ng gigeﬁk.@.it@ééged ,,,,,
wherein the ¢esiNgfilled in the concave portio

71 formed by renoving the conductor disused porti ' cured pgmduct  of
non-sol vent resin. 12, A nultilayer prin ebﬂ@dﬁﬁ%‘m, CACEEEEIY
to claim10, wherein the resin filled in the concave portion formed by
renovi ng the conductor _disuse ortion caontains.ingrganic particles.

13. A nultilayer gri ntédmb‘!fﬂFt‘:ﬂ?fero&ﬁ’d’tc?gnpcrlirﬁuﬁb g’ﬁgﬁgp&”%@%ﬁ’cﬁﬁ of®
circuit | ayetppdd ,canduawetr eDhcict Arayeirr A6)t halewef S¢omditbtor edirpuit

insul ating layer_( ) _el.ectrically.insulating both conductqQr _circuit
ayer o (506 B4R Sabertdng TEfa eaRiRdRr AR 4 S ka1

el ectri cal : yinsuleting db?ghge'amé] qniridach tbhroingd!ud it dagees (5),)6|)f',ortrh3dupper he
resin insulating Layer characterize at ' nduct or
circuit | aye?n%S) !L?se]? or%%r%filﬁ}:ogt c%lﬁguéécoﬁég%’%%r }fézl%{eérj oér)llv‘%{%ggﬁggh ate
to renove a comukattedr tsedeads qidreli dhrobghefniehplesd(®) r éermed i iheth€14) i s

f'd_bed regin insulating layer (2,3), characterized in that said

resin insulating layer (2,3) is comprised of a composite
layer consisting of an insulating layer (2) made from a heat-
registant resin (10) hardly soluble in acid or an oxidizing
agent as a lower layer and an adhesive layer (3) for
electroless plating made form a heat-resistant resin. (11) as
an upper layer.

2. A multilayer printed circuit board according to
claim 1, wherein the insulating layer  contains a
thermoplastic resin.

3. A multilayer prinﬁed circuit board according to
claim 1, wherein the insulating layer is a heat-resistant

U ' resin containing an organic resin filler hardly soluble in
the acid or oxidizing agent.

4. A multilayer printed circuit board according to
claim'l, wherein the adhesive layer is an adhesive formed by
dispersing cured particles of a heat-resistant resin soluble
in the acid or oxidizing agent into a matrix of a heat-
resistant resin hardly soluble in - the acid or oxidizing
agent.

5. A multilayer printed circuit board according to
claim 1, wherein the adhesive layer has a thickness of 10-50
gm and the insulating layer has a thickness of 10-100 um. '

6. A multilayer printed circuit board according to

claim 3, wherein the organic resin filler is particles of a

REPLACEMENT SHEET
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ortion is reaned SO

Sanduct or
mc’ ‘gvﬁg‘@ nposite
of m a - r edi 4t ant
ai‘geﬁt() Swdr |l ayer
npde form a '

in a concave_por.tion, where the conductor usel ess
as t.o forma surface at a sane |l evel as the surfa

cir.cui't |ayer insulating | ayer is
| ayer consi st““ﬂllcmm]"ﬂ"mﬂllml ng layer (2) nade
resin (10) hardly séluBle®in acid or an oxidi zi ng
and an adhesi ve Iayer (3) for electrol esg plating .
heat -resistant resin as an upper |ayer, and an upper conductor CTrquit
layer (5) is formed onm said adhesive |ayer (3) co _ Lhe. upper |ayer
of said resi heatisudsilstage! 2¥€in hardlyldolubl8Ubhi LRy sy idY &kiGizGHi!
board according to q%o m 13, wherein the resin filled in the concave
portion for r‘r@%g% PR b’f‘%gat H‘QXE'BWHUE?B‘F“E}S%I%’S@ prgEesronding cbe eBOBr oduct
~ of non- solvembréeshan 8/10 dEStheAﬂHﬂckhéa?E?prth£ﬁ%¥1dﬂi§gt1Q9g£d?nd
according to cIa|n113 mh n the resin fi in the concave_portion
72 ?orne% BY T35 8 56ﬁ8u8?5¥e§3994é§§ 58r BPENTOBRt AR 1/2
i norgani c paofltdiees:hlckness oﬂ&heAlﬁsthadlaxgena?étnt fed CIhI‘CUIt boa{d t
according to clLaim 13, ein cured rticles o eat-resjstant resin
soluble in the ac%d orAOX|§hiﬁﬁ§F5gBﬁfn% ﬁéﬁ$$@:ah°%9%r3§%°r inchrtPcl e
size of 0.1-41&in eBy | mhareidli shersﬁadllmgt hafmdunsuloﬁlfuge org;a;y_eé a:ggg?from
t he heat -resj Ie rdI so] ub] a | Zi n en
17. A net hodko ﬂgocfuélldqn&rag ¥Fls| Jer® lf"ﬁ‘%tped: 0 c@ﬁafts g@a?’&%‘&%p??& ng
an upper COnd@%ﬂ@ﬁtCIBSU$mmﬂayeslﬂ6 7), a | ower conductor circuit |ayer
(% aresin |nsugat| ng Im@lxgg.layer printed circuit board according to

claim 3, wherein the organic resin filler is made from at

least one resin selected from the group consisting of epoxy
resin, benzoguanamine resin, styrene resin, divinylbenzene
resin and polyimide resin.

9. A multilayer printed circuit board according to
claim 1, wherein cured particies of a heat-resistant resin
soluble in the acid or oxidizing agent and having an average
particle size of 0.1-1.0 um are dispersed into the insulating
layer as the lower layer.

- 10. A multilayer printed circuit board comprising an
upper conductor circuit layer (6), a lower conductor circuit
U layer (5) and a resin insulating layer (2,3) electrically
insulating both the conductor circuit layers (5,6), the
upper and lower conductor circuit layers being electrically
connected to each other through viaholes (9) formed in the
resin insulating layer (2,3), characterized in that said
lower conductor circuit layer (5) is formed by etching a
cohductor layer on the substrate (1) to remove a conductor
useless portion thereffom, and a resin filler (14) is filled
in a concave portion, where said conductor useless portion is
removed, so as to form a surface at a same level as the

surface of the lower conductor circuit layer (5).
11. A multilayer printed circui; board according to

claim 10, wherein the resin filled in the concave portion



(2,3) electrically insulating both the upper ar
| ayers, the upper and | ower conductor C|rCU|i“h
etectrically connected to each ot her through

r.circuit
g
d in the

resin i nsu“m“ mlullllﬂmmm characterized il is
conpri sed follomnng steps (a) H) a step
5 conduct or

of formng %ai I'ower &onductor circuit 71 | ayer
| ayer on the substrate to renmpve a conductor {useless _DortiQn . tierefrom
(b) a step of applying a resin filler (14) to a concave portion of the

substrate mwmaaebyo@amsirmg usfl efshduckBt! B9Busss IEdMed, ianG thgRacuring
the resin filler; i a step _of polishing the cured resin of the
)¢

step (b) tﬂrPfiu‘EFlequWQrse RRIct&®iBircuit |ayer (5) is exposed;
(d) a step of forning spaltﬁhnﬂs_uagyetns;wla&eag dl&want bodrd) aMdosBihg to

conpri sed of conposi t onsi stin an insulating |ayer (2) nade
fr(r)nr%a heat - Fg?[‘-%‘t e r“g’é"‘lrﬁX ?‘e nesig 151&F9b|1é1 i TR cF PG g’ea FEIPzi ng

agent as a | @oemed aysr retﬂﬁﬁingn tithegbi@udtder dishseldo ptta&n Ot@RsiRlsat i Ny
made froma , heat- reS|stani resin (11) as an upper |ayer; and (e)
a step of forfPREPSET PaFhPEF®Ronductor circuit (6) |layer on said resin
insulating layer. 13. A mul£llayer printdd. cframithasbaaid Mcﬁd‘!’iiﬁisﬂ.ggaan

mul til ayer prlnted C t board accordjng to.claim17, wherein cyred
bar {1 clae of gBeF | afhdialidr, c4Rpot S PRreh (e & MRy semdroh e iditng
agent and Rayeng (an anﬂiagerpatﬁithuBéﬁﬁqpf1£Merliﬂ jler el everically

haﬁ%ﬁ;f& Lgllgélgulé@isryl tﬁg)t%#xayc%grhg %eef t';:gg‘cal %raétrs (Srg)SI Stgl'?'ent reSI n
and Jlower «conductor circuit layers Dbeing electrlcally
comnected to each other through wviaholes (9) formed in the
resin insulating layer (2,3), characterized in that said
lower conductor circuit 1layer (5) is formed by etching a
conductor layer on the substrate to remove a conductor
useless portion therefrom, and a resin filler (14) is filled
in a concave portion, where the conductor useless portion is
removed, so as to form a surface at a same level as the
surface of the lower conductor circuit layer (5), said resin
insulating léyer is comprised of a composite layer consisting
of an insulating layer (2) made form a heat-resistant resin

\_ (10) hardly soluble in acid or an oxidizing agent as a lower
layer and an adhesive layer (3) for electroless plating made
form a heat-resistant resin as an upper layer, and an upper
conductor circuit layer (5) is formed on said adhesive layer
(3) constituting the upper layer of said resin insulating
layer.

14. A multilayer printed circuit board according to
claim 13, wherein the resin filled in the concave portion
formed by removing the conductor useless portion is a cured
product of non-solvent resin.

15. A multilayer printed circuit board according to

claim 13, wherein the resin filled in the concave portion



19. A solvent-free resin filler (14) filled in a concave portion formed
on a surface of a wiring substrate (1) or in through-holes (13) formed in
the substrate (1), characterized in that said resin filler (14) is

conprise ' e epoxy resin and i m dazole curing agent.

20.rrpA so?“mn”lumﬂ""ﬁtﬂ)m,} ?/IOI erp( 1%) filled in a concave portion forned
on a surfdce®ofla ®iring substrate or 4 t hrough-holes (13) fornmed in
the substrate (1), characterized in that said resin filler (14) is
conpri sed of bi sphenol type epoxy resin, inidazole curing agent and

i norgani ¢ parfiorekeds.by removidh the egbfidii¢ddrer uSSTENe PrtdrC! dbiRaihs0r 20,
wherein the hisphenol type Roxy resin is a bisphenol F-type epoxy resin.
22. A resin fﬁﬁ%?nh‘é&ﬁ%lﬁg Bo claim19 or 20, wherein the resin filler
has a viscosity ofied. 3:al Oeltrilayedx I ieteh Cl@:‘l&ﬁ'f l'li(:B(i:tha E_ﬁ{@frﬁ]iﬁé;l alo a19
tenperature of, _231Lerr]C. _ . 23. A resin filler according to claim

or rr12)0, wher A hg’i ]ﬁ"g?lgﬁ%m cc‘bﬁ??i%ﬂré:&cﬁrﬁ%%n aa\}’(?raggjﬁef)h? I &GP of
0.1-0.5 [err]smluble in e &rillidrdoxpdireihd | ayeit [amidnhgdiﬁgi;r&u:ivén@reg i6n7)
whi ch an interlam har _insul at| | ayer (2,3)..and _a conduct or er, , 6,
are alternat g’\%%/c?%msjﬁ%t e%éoélpg'ls'?r/f"gbt(?fgf 44 SpGFPe glguf)%%tiﬁ?‘?“ttf)“ havi ng
a | ower conddever oiadeuiftrofib)ther hehlirpegistwmitesrdalin) mndlyhesciabdectiar

| ayers (5,6, 7).:8r ‘?’l .Lca connected to each other through viahol es
formed in th;)eCllan er alereril(iﬁlzg#lg'i‘J=l é/u ating layer (2,3), characterized in that
a solvent-free redi’n f N meth¢d49f qumplucdnggabimsphidayler printed cifkuit

U board comprising an upper conductor circuit layer (6,7), a

lower conductor circuit layer (5), a resin insulating layer
(2,3) electrically imnsulating both the upper and lower
conductor circuit layers, the upper and lower conductor
circuit layers (5,6) being electrically connected to each
other through wviaholes (9) formed in the resin insulating
layer (2,3), characterized in that said method is comprised
of at least the following steps (a) ~ (e):

(a) a step of forming said lower conductor circuit
layer (5) by etching a conductor layer on the substrate to
remove a conductor useless portion therefrom;

(b) a step of applying a resin filler (14) to a

'L/ concave portion of the substrate where the conductor useless
portion is removed, and then curing the resin filler;

(c) a step of polishing the cured resin of the step
(b) till the lower conductor circuit layer (5) is exposed;

(d) a step of forming said resin insulating layer
(2,3) which is comprised of a composite layer consisting of
an insulating layer (2) made from a heat-resistant resin (10)
hardly soluble in acid or an oxidizing agent as a lower 1ayer'
and an adhesive layer (3) for electroless plating made from a

heat-resistant resin (11) as an upper layer; and

(e) a step of forming said upper conductor circuit (6)
layer on said resin insulating layer. - -
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type"epoxy resin as a resin conponent and i mi|Gainhe

in a concave portion fornmed on the surface of“..u' F-otoat flate (1) or
in the through-holes (13) fornmed in the subst #54 A built-up
mul til ayer mﬂm”m‘ board in which an | uI ating |ayer
(2,3) and Ll“mn iU (5,6,7) are alter ively | am natjeq on a
surface of & wWiritng"substfate (1) havingya | conductor cirguit (5) or

t hrough-hol es (13) and the conductor |ayers ( Le. el cal l'y _
connected to each other through viaholes (9) formed in. the interlam nar
insulating |ater 18. (2,A’3)n,ethbdraf:tﬂ‘dd1min'gnat falt fl Belkverinte@ecinaiit

| dazol & CUFCABIaGSHE At Eir FAG Boddt  RG-BEPaGiEoRi FREFLFLeT | PFed I n a
concave port hgatf-nesrmj:am tdeginusbaoklef it hehei achy snbskidi £irgl)agemti n t he
o ou ol e kil TR, Mg SRR (b of 5,370, L P
roughened | afiéepéssddr ned thea twsuiedtiog f dgpenf -wwlel nfieomwathe ofhetalte
throth'hmeresistant resin hardly soluble in acid or oxidizing agent.

19. A solvent-free resin filler (14) filled in a
concave portion formed on a surface of a wiring substrate (1)
or in through-holes (13) formed in the substrate (1),
W, characterized in that said resin filler (14) is comprised of

bisphenol type epoxy resin and imidazole curing agent.

20. A solvent-free resin filler (14) filled in a
concave portion formed on a surface of a wiring substrate or
in through-holes (13) formed in the substrate (1),
characterized in that said resin filler (14) is comprised of

| bisphenol type epoxy resin, imidazole curing agent and
inorganic particles.

21. A resin filler according to claim 19 or 20,

| wherein the bisphenol type epoxy resin is a bisphenol F-type
epoxy resin.

22. A resin filler according to claim 19 or 20,

de - wherein the resin filler has a viscosity of 0.3x10°-1.0x10°
cps (30-100 Pa-s) at a temperature of 23:+1°C.

23. A resin filler according to claim 19 or 20,
wherein the inorganic particles have an average particle size
of 0.1-0.5 um.

24. A build-up multilayer printed circuit board in
which an interlaminar insulating layer (2,3) and a conductor
layer (5,6,7) are alternatively laminated on a surface of a
wiring subastrate (1) having a lower conductor circuit (5) or
through-holes (13) and the conductor layers (5,6,7) are
electrically connected to each other through viaholes formed
in the interlaminar insulating layer (2,3), characterized in

that a solvent-free resin filler (14) comprising bisphenol
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type epoxy resin as a resin component and imidazole curing
agent is filled in a concave portion formed on the.surface of
the wiring substrate (1) or in the through-holes (13) formed
in the substrate (1).

25. A built-up multilayer printed circuit board in
which an interlaminar insulating layer (2,3) and a conductor
layer (5,6,7) are alternatively laminated on a surface of a
wiring substrate (1) having a lower conductor circuit (5) of
through-holes (13) and the conductor 1layers (5,6,7) are
electrically connected to each other through viaholes (9)
formed iﬁ the interlaminar insulating later (2,3),
characterized in that a solvent-free resin filler (14)
comprising bisphenol type epoxy resin as a resin component,
imidazole curing agent as a curing agent and ceramic filler
is filled in a concave portion formed on the surface of the
wiring substrate (1) or in the through-holes (13) formed in
the substrate (1). _

26. A Dbuild-up multilayer printed circuit board
according to claim 24 or 25, a roughened layer is formed on a

conductor face of- an inner wall of the through-hole.
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