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1 SODER RESI ST COVPCSI Tl ON: AND PRI NTED CI RCUI T BOARDS BACKGROUND q§é§bﬁo!ﬂ
| NVENTI ON Fi | ed of the tnvention This invention relates to a sol der resisr
V. conpositron‘and & printed cikcuit board, and nore particularly to a sol der
resi st conposition capable of easily applying by neans of a roller coater
and having less lead mgration as well as a printed circuit board using
such a sol der resist conposition. Description of Related Art A sol der
resist layer is formed in an outernost surface |ayer portion of a printed

circuit board. Thigypek (s ifieiciupodt@toR ORNSE SPhrkr] WiRcudh BbaRbE! eCti N

a conductor circuit exposed at the sur yer portion and a function as
a dam for preventing solder flow ng and sol der bridge of a solder body (for

exanpl e, sol.der bunp) suppli eshoxtrounD’ bRCEBE i v SIOND be nounted with an

el ectron conppnent. Sﬁ‘a resin_ conposition for the formation of the sol der

resi st |ayerFited Rfdhe J8VERtEBRpositi on obtai ned by di ssol vi ng epoxy

acryl ate and ﬁn i mf A @noBhtDOn aEEIHtds) toelal eohiEe PESisE cconpdbsadjivgt i ng

~a viscosity thereof tq QO 1- 0.2 Pas nd the |ike are used. as discl qsed,
for oxanpl v, 7% & eninked Sisguis Banfopad Jore BATERERROTA o & solder

al kal i - devel pesist tompoxiltden capable of easily applying by means of a

roller coater and having less lead migration as well as a

printed circuit board using such a solder resist composition.

Description of Related Art

A solder resist layer is: formed in an outermost surface
layer portion of a printed circuit board. This solder resist
layer possesses a function of érotécting a conductor circuit
exposed at the surface léyer portion and a function as a dam
for preventing solder flowing and solder bridge of a solder
body (for example, solder bump) éupplied onto surfaces of pads
to be mounted with an elecﬁron'component.

As a resin composition for the formation of the solder
resist layer, a solder resist composition obtained by
dissolving epoxy acrylate and an imidazole curing agent in
cellosolve acetate and adjusting a viscosity thereof to 0.1-
0.2 Pa's, and the like are used as disclosed, for example, in
JP-A-63-286841 (USP 4,902,726).

- . - Furthermore, an alkali-developing type solder resist
composition is disclosed in JP-A-62-23036. .

However, when the resin composition disclosed in JP-A-
63-286841 is used as a solder resist layer, lead ion diffuses
from the solder body (solder bump or the like) formed on the
pad into the solder resist layer (this phenomenon is called as
lead migration) and hence there is a problem of causing
electrical conduction between the pads to form short-circuit.

Furthérmore, when the resin composition disclosed in JP-A-62-



conposition is disclosed in JP-A-62-23036. However, when the resin
conposition disclosed in JP-A- 63-286841 is used as a sol der resist |ayer,
| ead ion diffuses fromthe sol der body (solder bunp or the |like) forned on
the pad into the solder resist |layer (this phenonenon is called as |ead

m gration) and hence there is a problem of causing electrical conduction
between the pads to formshort-circuit. Furthernore, when the resin
conposi tion disclosed in JP-A-62- 2 230365 is used as a solder resist

layer, the appyss FERIEANAR bSsahaer ChasAaRt NQyed!, NthBOaboGé I Phédomdddnt he
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dissolved to bring about a problem of causing discoloration
called as so-called hallow phenomenon. o

wAnd also, when the above resin composition is used as
the solder resist layer, there is a problem of eaSily peeling
the solder resist layer due to heat cycle.

Moreover, a basic specification of the printed circuit
board is double-sided wiring board, so that the solder resist
composition should be applied onto both surfaces of the wiring
board. For this purpose, when a method of sandwiching the
ﬁiring substrate between a pair of rolls in a roll coater at a
verticaily standing state and applying the solder resist
composition to both surfaces of the substrate at the same time
is adopted as a best application form, the solder resist
composition of the conventional technique has a problem that
the dropping is caused because of low viscosity.

On the other hand, there has been known a £flip chip
mounting method wherein solder bumps are arranged on the pads
formed on the wiring substrate and connected to an IC chip as
a conventional technique suitable for the high densification
of mounting components.

‘This £flip chip mounting is a technique wherein
conductor circuits including pads are formed on the surface of
the printed wiring substrate to be mounted and a solder is fed
to resist-opening portions through the solder resist to form
solder bumps on the pads and then the solder bumps are |
subjected to a reflowing treatment to conduct electrical

connection between the solder bump and IC chip (electron



board is doubl e-sided wiring board, so that the solder resist conposition
shoul d be applied onto both surfaces of the wiring board. For this purpose,
when a nmethod of sandw ching the wiring substrate between a pair of rolls
in aroll coater at a verticaily standing state and applying the sol der
resi st conposition to both surfaces of the substrate at the sane tine is
adopted as a best application form the solder resist conposition of the
conventional technique has a problemthat tBe dropping is caused because of
| ow vi scosi ty, QQIQQ other hand, there has been known a flip chip nounting
met hod mherern nps are arranged on the pads formed on the wiring
substrate and conneEPUﬁV?bi arherC the flip ghiprmeyntinglist ephhiedetain abl e
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surface of tfRrmdmidneegondueter sehrauid ont anpinawlating sesia é-élYﬂEr is fed

to resist- ongiduHPQAr ?b%ﬁnéﬁ‘é OREy dehe t%@lr@eisrﬁsﬁﬁ;bfé?n P £aLIS61 QLTS

on the pads and then the sol bunps are su Lecte to a refl ow ng
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Moreover, the applicant has already proposed a printed
circuit board having an excellent adhesion property between
solder resist layer and metal pad as a technique capable of
preventing the peeling of the solder resist layer (see
Japanese Patent Application No. 7-68656). Such a proposed
technique is a method of forming_a solder body through
‘electroless plating wherein a surface of a metal pad is
roughened and a copper layer is formed thereon and then
substitution plating of copper with tin or tin unhomogeneous
plating and further substitution plating of lead are carried
out thereon.

However, this technique has problems-that it takes a
long time and a high cost and the mass productivity is poor.

Furthermore, the surface of the copper layer is liable
to be oxidized and it is difficult to maintain a pure metal
surface. If the surface is oxidized, the wettability to
solder is poor and hence it is difficult to form solder by a
method suitable for mass production such as solder
transferring method, solder printing method or the like.

SUMMARY OF THE INVENTION
It is, therefore, an object of the invention to solve
the aforementioned problems of the conventional technique and
to developr a solder resist composition capable of easily
applying by meaﬁs of a roll coater and having less lead

migration.



3 conponent). However, when the flip chip nmounting is applied to an
additive type printed circuit board obtained by directly formng a
conductor circuit on an insulating resin |ayer through a pernmanent resist,
there is a problemthat the solder bunp is apt to be peeled off fromthe
pad surface in the heat cycle. Mreover, the applicant has al ready proposed
a printed circuit board having an excel |l ent adhesi on property between

sol der resist layer and netal pad as a techai que capabl e of preventing the

peeling of the sol dgt §8Shiabthéy WVbjeRe ot2RABCIRVERE S5 A Priopdkkon No.
7-68656). Such a proposed technique is a nethod of form ng a sol der body
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and a copperpésditig ick tAeNBELEBLT P AN aydenaabebi £1é i At | Ng Of
copper with tin or tin unhonngeneous pl atiing and further substitution

pl ating of |BRRpOmM&noRy REAl Stle Rk ddif ver, this technique has
problens that it takesis tReJothe® obidkct BifgEheOoshventiddadpidpose a
productivity is poor. Furthernore, the surface_of the copper |ayer .is
i abl e to bePBRIAS SITAHAt; PorEd having A eFertinnt; Rourting saliapilitvace.
| f the surfaglkidls redldizzedthéhfoiRit il |df theOsolder body through solder
transferring method or solder printing method to ensure the
mass productivity of the printed circuit board and can
effectively prevent the peeling of the solder resist layer or
.the solder bump (solder body). |

The inventors have made various studies in order to
achieve the above objects and as a result the following
discoveries are obtained.

D The resin composition described in JP-A-63-286841
is low in the viscosity (0.1-0.2 Pa's) and has a gap between
molecular chains, so that even when it is dried and cured by
exposing to a light, the curing ratio is low and the gap still
remains. Therefore, it is considered that lead ion migrates
in the gap. '

@ 1In the resin composition described in JP-A-62-
23036, carboxylic acid is introduced into epoxy group, so that
molecular chain is chemically cut in the alkali development to
roughen the developed surface and.hence'it is considered -that
lead ion is diffused from the roughened surface. |

@ 1In the resin composition containing cellosolve
acetate as a solvent, -COOR is decomposed to form free oxygen
(0), which is considered to oxidize copper surface.

'é @ The resin composition described in JP-A-63-286841
is lacking in the flexibility because of a resin having a
rigid skeleton. Thereforz, when this resin composition is
used as a solder resist composition, it is considered that the

solder resist layer can not absorb the difference of thermal



solder is poor and hence it is difficult to formsolder by a nethod -
suitable for mass production such as solder transferring nethod, solder
printing nethod or the |like. SUMMARY OF THE INVENTION It is, therefore, an
object of the invention to solve the aforenmenti oned probl ens of the
conventional technique and to devel op a sol der resist conposition capable
of easily applying by neans of a roll coater and having | ess | ead

m grati on. 4 It is another object of thesinvention to propose a printed
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when such a printed circuit board is exposed to conditions of
high temperature, high humidity and high pressure, it is
considered that the resin as a main component is swollen by
absorbing water to peel off the solder resist layer from the
wiring substrate.

® The additive type printed circuit board is a
wiring substrate directly forming conductor circuit inclusive
of pads on the insulating resin layer, which is different from
a subtractive type multilayer printed circuit board using a
glass cloth. In such a printed circuit board, the thermal
expansion coefficient of the surface layer portion of the
wiring substrate‘provided with the solder body is dependent
upon the thermal expansion coefficient of the insulating resin
layer. Therefore, it is considered that the difference of
thermal expansion coefficient between the surface layer
portion of the wiring substrate provided with the solder body
and IC chip mounted through the solder body becomes very large
and the solder body is subjected to a large stress to peel
from the pad surface.

The invention is based on the above discoveries and
constructed as follows. '
(1) It is a solder resist composition comprising an
acrylate of novolac type epoxy resin and an imidazole curing
agent and having a viscosity of 0.5-10 Pa's at 25°C adjusted by
using a glycol ether type solvent. In the solder resist
composition, the imidazole curing agent is preferable to be
liquid at room temperature. Further, the solder resist

composition is preferable to contain a polymer of acrylic



The inventors have made various studies in.order to achieve the above
objects and as a result the follow ng discoveries are obtained. [err] The
resin conposition described in JP-A-63-286841 is lowin the viscosity
(0.1-0.2 Pas) and has a gap between nol ecul ar chains, so that even when it
Is dried and cured by exposing to a light, the curing ratio is | ow and the
gap still remains. Therefore, it is considered that lead ion mgrates in
the gap. [err] In the resin conposition deseribed in JP-A-62- 23036,
carboxylic agigdets introduced into epoxy group, so that nolecular chainis
chem cal ly cut in the al kali devel oppent to roughen the devel oped surface
and hence it (2} constdered W&PtﬁéaﬂlFﬁhl?stﬁ‘f‘gmrﬂﬁdﬁﬁt RewibiRmened
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absorb the dah8eagnigiddzdleiciling agent and having a viscosity of 0.5-10
Pa's at 25°C adjusted by using a glycol ether type solvent.
(3) It is a printed circuit board comprising a wiring
substrate provided with conductor circuits and a solder resist
layer formed on a surface of the substrate, in which a
roughening layer is formed on a surface of the conductor
circuit.

In the printed circuit board, the roughened layer is
preferable to have a thickness of 0.5-10 pym and to be an alloy
layer of copper-nickel-phosphorus. In the printed circuit
board, the solder resist layer is preferable to be made from a
composition coﬁprising a novolac type epoxy resin or an
acrylate of novolac type epoxy resin and an imidazole curing
agent, or to be formed by curing a solder resist composition
comprising an acrylate of novolac type epoxy resin and an
imidazole curing agent and having a viscosity at 25°C of 0.5-10
Pa's at 25°C adjusted by using a glycol ether type solvent, and
to have a thickness of 5-30 um. Further, the solder resist
composition is preferable to contain a polymer of acrylié
ester. 1In the printed circuit board, it is preferable that
the ﬁiring substrate is formed by forming a plating resist on
a roughened surface of an insulating resin layer and forming a
conductor circuit on a non-resist formed portion of the
plating resist. _

(4) It is a printed circuit board comprising a wiring
substrate provided with conductor circuité, a solder resist

layer formed on the surfacé of the substrate, and a solder



5 expansion coefficient to netal (conductor |ayer) due to heat cycle and

the peeling is caused. [err] The solder resist layer is forned on the

out ernost surface layer portion of the printed circuit board, so that it is

apt to be influenced by external atnosphere. Therefore, when such a printed

circuit ‘board is exposed to conditions of high tenperature, high humdity

and high pressure, it is considered that the resin as a main conponent is
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layer_formed on the surface of the substrate, and a solder

body fed onto a pad as a part of the conductor circuit exposed
from an opening portion formed in the solder resist layer, in
which the surface of the pad is rendered into an electrically
conduétive roughened layer, and a metal layer having a non-
oxidizing metal on at least a surface thereof is formed on a
surface of the pad exposed from the opening portion, and the
solder is supported on the pad through the metal layer.
(6) It is a printed circﬁit board compriéing a wiring
sﬁbstrate provided with conductor circuits, a solder resist
layer formed on the surface of the substrate, and a solder -
body fed onto a pad as a part of the conductor circuit exposed
from an opening portion formed in the solder resist layer, in
which the surface of the conductor circuit is rendered into an
electrically conductive roughened layer, and a metal layer
having a non-oxidizing metal on at least a surface thereof is
formed on a surface of the pad exposed from the opening
portion, and the solder is supported on the pad through the
metal layer.

In the printed circuit boards of the above items (4),
(5), (6), the solder resist layer is preferable to be formed
by curing a solder resist composition comprising an acrylate
of novolac type epoxy resin and an imidazole curing agent and
having a viscosity of 0.5-10 Pa's at 25°C adjusted by using a
glycol ether type solvent and to have a thickness of 5-30 um.

The solder resist composition is preferable to contain a



and the solder body is subjected to a large stress to peel fromthe pad
surface. The invention is based on the above di scoveries and constructed: as
follows. (1) It is a solder resist conposition conprising an acryl ate
of novol ac type epoxy resin and an i m dazole curing agent and having a
viscosity of 0.5-10 Pa.s at 25C adjusted by using a glycol ether type
solvent. In the solder resist conposition, the imidazole curing agent is
preferable to be liquid at- roomtenperaturg. Further, the solder resist

conposi tion p&1pidd YRRl yleccestar) Fnalndiorel, aerykigrefefadsd Shat(2)
It is a printed circuit board congr|5|ng a wring.substrate provided with

conduct or ci FRei fullyprfacs @f, thespad 15, /xPossdnds EheoReRING PoRticRe
substrate, igrWhipgdrd iE tWedeurEaseSéf | el pdd ifsOeRPEsOE LhIr tHE cpendnger
[eST St COMPOShLL i oMl Y, 2y acul A Sl QLo 26 L YR oo Tesin and
adj ust ed by uehpesed By ardlckellheayeypand doRtlayel), or oftcoppér Wdydrgd
cireuit boargigﬁg ri§¥é¥3§%dWEBE991ayer. Moreover, the electrically
conductive roughened layer is preferable to have a thickness
of 0.5-7 um and to be an alloy layer of copper-nickel-
phoshprus. In the printed circuit board, it is preferable
that the wiring substrate ié formed by forming a plating
resist on a roughened surface of an insulating resin layer and
forming'a conductor circuit on a non-resist formed portion of

the plating resist.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow chart showing production steps of an
embodiment of the printed circuit board according to the
invention;

Fig.2(a) is a diagrammatic view illustrating a step of
applying a solder resist composition according to the
invention;

Fig. 2(b) is a diagrammatic view showing a surface
structure of a roll used in the application step;

Fig. 3 is a partial section view illustrating a state
of forming a solder body in the printed circuit board
according to the invention, wherein (a) shows a case that a
full surface of a pad is exposed in an opening portion of the
solder resist layer, and (b) shows a case that a part of a
surface of a pad is exposed in an opening portion of the
solder resist layer;

Figs. 4-22 are flow charts showing production steps of
another embodiment of the printed circuit board according to

the invention;



substrate provided with conductor circuits and a solder resist |ayer forned
on a surface of the substrate, in which a roughening layer is forned on a
surface of the conductor circuit. In the printed circuit board, the
roughened layer is preferable to have a thickness of 0.5-10 pmand to be an
all oy layer of copper-nickel -phosphorus. In the printed circuit board, the
sol der resist layer is preferable to be made from a conposition conprising
a novol ac type epoxy resin or an acrylate ofg novol ac type epoxy resin and

an imdazol e curing gggnt 12305n&02?eazfé)rﬂm1@il§u'éh'iﬂrée&0&9@&16&%1%»5 of
conposi tion conprising an acrylate of novol ac type epdxy resin and

i m dazol e cuﬂ"hgp’aﬂb#ﬂd SiFcnati hgard vaeeerding 4o Xhpeipyention. 5- 10 Pa s at
25[ err] C adj gk .ng a glycol ether type solvent, and to have a
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preferable tBﬁtc&ﬁ#bﬂuﬁidubriih%hbﬁBEuéSr$&&ﬁ6ﬁb&ﬂddyﬂfﬂ ng a plating resist
on a roughened surface of i nsul ating resin | ayer, and formng a conductor
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conductor circuits, a solder resist layer fornmed on the surface of t%

substrate, akBeaingention;

Fig. 46 is a view showing FT-IR spectrum of a polymer
of acrylic ester prepared in Example 6;

Fig. 47 is a view showing 'H-NMR spectrum of a polymer
of acrylic ester prepared in Example 6; and

Fig. 48 is a view showing !’C-NMR spectrum of a polymer

of acrylic ester prepared in Example 6.

In these drawings, numeral 1 is a substrate, numeral 2
an interlaminar insulating resin layer (adhesive layer for
electroless plating), numeral 2a an insulating layer, numeral
2b an adhesive layer, numeral 3 a plating resist, numeral 4 an
innerlayer conductor circuit (innerlayer copper pattern),
numeral 5 an outerlayer conductor circuit (outerlayer copper
pattern), numeral 6 an opening for viahole, numeral 7 a
viahole (BVH), numeral 8 a copper foil, numeral 9 a through-
hole, numeral 10 a £filling resin (resin filler), numeral 11 a
roughened layer, numeral 12 an electroless copper plated film,
numeral 13 an electrolytic copper plated film, numeral 14 a
solder resist layer, numeral 15 a nickel plated layer, numeral
16 a gold plated layer, numerals 17, 170 solder bumps (solder
body), numeral 18, 180 solder pads.(conductor pads), numeral

20 a roll coater, numeral 21 a roll, and numeral 22 a doctor

bar.

DESCRIPTION dF PREFERRED EMBODIMENTS



7 body fed onto a pad as a part of the conductor circuit exposed from an
opening portion formed in the solder resist |layer, in which the sol der
resist layer is made froma conposition conprising an acrylate of novol ac
type epoxy resin and an im dazole curing agent. (5) It is a printed
circuit board conprising a wiring substrate provided with conduct or
circuits, a solder resist |layer forned on the surface of the substrate, and
a sol der body fed onto a pad as a part of t g conductor circuit exposed

from an opening por&h@”sBQ&SPdréikéé“%dﬂﬂd@%%x&ﬁShé&oé@ﬁ td enehi ch the
surface of the pad is rendered into an €lectrically conductive roughened
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portion, and the soltgrp@lg sﬁpported on thel pad thr ou hfé%e%e;atal Iayer
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resi st | ayertemperature of a solder (about 200°C) and is not decomposed by
a plating solution such as nickel plating solution or a gold
plating solution. Furthermore, the solder resist composition
is possible to be developed with a solvent, so that a
developed surface is not rough as in the case of alkali
developing.

" The solder resist composition according to the
invention lies in another point that the viscosity at 25°C is
adjusted to 0.5-10 Pa's, preferably 1-10 Pa's, more particularly
2-3 Pa's by using a glycol ether type solvent.

The solder resist layer obtained frém the solder resist
composition having a viscosity at 25°C adjusted to not less
than 0.5 Pa's is small in the gap between resin molechlar
chains and the diffusion of Pb moving in the gap (lead
migration) becomes small, and hence the short-circuit failure
of the printed circuit board is reduced. Further, wheﬁ the
viscosity of the solder resist composition is not less than
0.5 Pa's at 25°C, even if the composition is simultaneously
applied to both surfaces of the substrate at a vertically
standing state, the good application can be attained without
dropping down. However, when the viscosity at 25°C of the
solder resist composition exceeds 10 Pa's, the application by
means of the roll coater can not be conducted, so that the
upper limit is 10 Pa's.

As the acrylate of novolac type epoxy resin, there can
be used epoxy resin obtained by reacting glycidyl ether of

phenol novolac or cresol novolac with acrylic acid or



whi ch the surface of the conductor circuit is rendered into an electrically
conductive roughened | ayer, and a netal |ayer having a non-oxidizing netal
on at least a surface thereof is forned on a surface of the pad exposed
fromthe opening portion, and the solder is supported on the pad through
the metal layer. In the printed circuit boards of the above itens (4), (5),
(6), the solder resist layer is preferable to be forned by curing a sol der
resi st conposition conprising an acryl ate ofyjnovol ac type epoxy resin and

an |n1dazole n en n V|sc03|ty of 0.5-10 Pa.s at 25[err]C
adj ust ed by u5|ng€%f¥% ki aétﬁ %?%6P567vent and to have a thickness of
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llayer is prefgel aﬂk‘& tqoég% (&9 ?&0{) %& ayer and gold | ayer, or of

copper layer, nic ayer ayer reover, the electrically

conduct i ve rougheneds such aslpqeiéramittaaqidwmmgt AgeRtesese may be
made of l-benzyl-2-methyl imidazole (trade name: 1B2MZ), 1-
cyanoethyl-2-ethyl-4-methyl imidazole (trade name: 2E4MZ-CN),
and 4-methyl-2-ethyl imidazole (trade name: 2E4MZ).

The amount of the imidazole curing agent added is
desirable to be 1-10% by weight based on a total solid content
of the solder resist composition; When the addition amount is
within the above range, the uniform mixing is easily
conducted. '

In the solder resist composition, glycol ether type
solvent is used as a solvent, so that the solder resist layer
made from such a composition does not generate free oxygen nor
oxidize the surface of the copper pad. Further, it is less in
the harmful action to human body.

As the glycol ether type solvent, there are used at
least one solvent having the following structural formula,
particularly diethylene glycol dimethyl ether (DMDG) and
triethylene glycol dimethyl ether (DMTG). Because these
solvents can completely be dissolved in benzophenone or
Micheler’s ketone as a reaction initiator by warming at about
30-50°c.

CHs~ (CHzCH20).~CHs (n=1-5)

The amount of the glycol ether type solvent is
favorable to be 10-40% by weight per total weight of the
solder resist compbsition. '

The solder resist composition may be added with other
additives such as an antifoamer, a leveling agent, a

thermosetting resin for improving heat resistance and



of 0.5-7 [errJmand to be an alloy |ayer of copper-nickel- phoshprus. In
the printed circuit board, it is preferable that the wiring substrate is
formed by formng a plating resist on a roughened surface of an insulating
resin layer and formng a conductor circuit on a non-resist fornmed portion
of the plating resist. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a flow
chart show ng production steps of an enbodi nent of the printed circuit
board according to the invention; Fig.2(a) i1 a diagrammtic view

] ustrati NG igkeRcs! + APl Htha? 3PhOREnE O] k1O W QRoBBE0AE 0vd O

the invention; Fig. 2(b) is a diagrammatiC view showng a surface structure
of a rol| USOBOMATt FRT AHIRTQMGDFeSEAPtirngand §Q R partial section view

illustrating a statgypfnd:OF %1@ﬂﬁ%dﬂ£t£’9§>’add‘ d A gifen?! Ry Ché Caddedr0ar d
according to the i nvention, wherein shows a case that a ?ull surface of

a pad is exp@s&hei fobden skt ﬁﬂ“’PP&l’rtanth%"%‘b’r%lé’rherYeﬁaé‘t cpagefl kRl (b)

shows a casgithaly pabeéin Of rs nef %@.on.‘me Baded s, WAL desAraBlePESi NY
portion of the solder resist |ayer; 4-22 are flow charts show ng

product i on é‘tSGthSFaéﬂWmneerﬁf&ﬁnneNPrSPv?ﬁe Br i+ desdinadde; teoadd

accor di ng t Gnorganic particles made of materials such as silica, alumina
and the like and resin particles made of materials such as
epoxy resin, polyimide and the like into the solder resist
composition so as to lower thermal expansion coefficient.

As the thermosetting resin can be used bisphenol type
epoxy resin. As the bisphenol type epoxy resin, there are
bisphenol A-type epoxy resin and bisphenol F-type epoxy resin.
The former is desirable in case of attaching importance'to the
resistance to base, while the latter is desirahle in case of
requiring the decrease of the viscosity ( in case of attaching
importance to the application property).

As the photosensitive monomer can be used a polyvalent
acrylic monomer because the polyvalent acrylic monomer can
improve the resolution, For example, it is desirable to use
the polyvalent acrylic monomer having the following chemical
formulae 1 and 2. In this case, the chemical formula 1 is
DPE-6A made by Nippon Kayaku Co., Ltd. and the chemical
formula 2 is R-604 made by Kyoei Kagaku Co., Ltd.

{Chemical Formula 1)

HzC=HCOCOHz? CH: OCOCH=CH.
I
CHz=CHCOOCHz—?—CHzOCH2—?—CHzOCOCH=CHz
H. C=HCOCOH. C CH: OCOCH=CH:



the invention; 9 Figs. 23 and 24 are partially enlarged section views of
the printed circuit board according to the invention, respectively; Fig. 25
is a triangul ar diagram showi ng a conposition of copper-nickel -phosphorus
roughened | ayer; Figs. 26-45 are flow charts show ng production steps of

t he ot her enbodi ment of the printed circuit board according to the
invention; Fig. 46 is a view showing FT-1R spectrum of a polyner of acrylic
ester prepared in Exanple 6; Fig. 47 is a viiew show ng 1H NVR spectrum of a

pol ymer of §ster ep ed in Exanple 6; and Fig. 48 is a view
show ng [errﬁéy sp§EFF§%P ? a polyner of acrylic ester prepared in

Exanple 6. In these dramﬁngs neQ?% €$§u§§érate, nunmeral 2 an
interlam nar insulating resin Iayer he | r for electrol ess
pl ati ng), nun®Hal= 2&nao<1n§uL@L1@g | ay nuneral 2b an adhesi ve | ayer,

nuneral 3 a plating resist, nuneral 4/én\\pnerlayer conductor circuit
(i nnerl ayer copper pattern) CH.—OCH:-: CH: OCOCH=CH:

Further, it is desirable to add a polymer of acrylic
ester having a molecular weight of about 500-5000 to the
solder resist composition. This polymer is liquid at 25°C and
is compatible with acryiate of cresol novolac epoxy resin and
has leveling and anti-foaming actions. Therefore, the
resulting solder resist layer is excellént in the surface
smoothness and does not cause unevenness due to éissing and
bubbles.

As the polymer of acrylic ester, it is desirable to use
at least one polymerxr selected from pélymers of esters obtained
by reacting alcohol having a carbon number of about 1-10 with
acrylic acid or methacrylic acid, preferably 2-ethylhexyl
acrylate (2EHA), butyl acrylate (BA), ethyl acrylate (EA) and
hydroxyethyl acrylate (HEA). '

The amount of the polymer of acrylic ester added is
preferable to be 0.1-5 parts by weight per 100 parts by weight
of a photosensitive resin component.

Further, benzopheaone (BP) and Micheler’s ketone (MK)
may be added to the solder resist composition as an additional
component. They serve as an initiator or a reaction promoter.

It is desirable that BP and MK are uniformly mixed with
the other components by simultaneously dissolving them in the
glycol ether type solvent heated to 30-70°C because they can
completely be dissolved without dissolution residue.

Moreover, it is desirable to use a compound having the
following chemical formula 3 as an initiator and a compound

having the following chemical formula 4 as a photosensitizer.



nuneral 5 an outerlayer conductor circuit (outerlayer copper pattern),
nunmeral 6 an opening for viahole, nuneral 7 a viahole (BVH), nuneral 8 a
copper foil, .nuneral 9 a through- hole, nuneral 10 a filling resin (resin
filler), nunmeral 11 a roughened | ayer, nuneral 12 an el ectrol ess copper
plated film nuneral 13 an electrolytic copper plated film nuneral 14 a
sol der resist |layer, nuneral 15 a nickel plated |ayer, nuneral 16 a gold

pl ated | ayer, nunerals 17, 170 sol der bunpb4(sol der body), nuneral 18, 180
sol der pads Becandecthés@acinpound®atle 2@salychvaiDiips an@imeahigh anrol |,
and nuner al 2 aﬁg gto; 2h D[;iﬂ | PTI ON OF PREFERRED EMBODI MENTS 10 The
sol der resi §5¥1 FD g to the invention lies in a point that

‘It conpri se I olac type epoxy resin and an i m dazol e
icuring agen?C%% ggg! &gder resist layer fornmed by curing this

conp05|t|on S excellent in the heat resi stance and the resistance to

alkali, and is not degradeg -v-' nmelting tenperature of a sol der
(about 200[err]C) and i@,1 del nﬁ6§2% by a plating solution such as
ni ckel plating solution or 4o

(Chemical formula 4)

CHs

The printed circuit board according to the invention
lies in a printed circuit board having a solder resist layer
on a surface of a wiring substrate p:oﬁided with conductor
circuits, in which the solder resist layer is formed by curing
the aforementioned solder resist composition according to the
invention. That is, the solder resist layer is a cured
product of a composition comprising an acrylate of novolac
type epoxy resin and an imidazole curing agent.

" However, the éolder resist layer is constructed with a
resin héving a rigid skeleton, so that there is a fear of
causing the peeling through heat cycle. On the other hand,
even when using a solder resist composition other than the
above resin, the resulting solder resist layer has a problem
of causing the peeling from the wiring substrate under the
exposure to high temperature, high humidity and high pressure.

In this connection, the printed circuit board according to the



plating solution. Furthernore, the solder resist conposition is possible to
be devel oped with a solvent, so that a devel oped surface is not rough as in
the case of al kali devel opi ng. The sol der resist conposition according to
the invention lies in another point that the viscosity at 25[err]Cis
adjusted to 0.5-10 Pa.s, preferably 1-10 Pas, nore particularly 2-3 Pa.s by
using a glycol ether type solvent. The sold?§ resist |ayer obtained from

t he sol der resist conposition having a viscdSity at 25[err]C adjusted to
not | ess thaknvemstivn wans prexehti bhe hecgurdrateveodn thespeekinedy Formiagns

and the di £ ygé Ofbln & ol (! Bnt Bic SRR AR Y #ThALALLRML LB WS TR |

and hence the short=circu I'lure o e printed circurt | S
reduced. Further, wRhat is,vkbeoprinted circwidl doardeaccerdingpds tthen is

not |ess thag,Peme {h S1i@s f%.%cans\fﬁ ! ﬁoiﬁ? GRP RS !rgﬂﬁxénéa rﬂ:ﬂ(#&”%.@”' y

applied to both surfaces of the substrate at a vertically standing state,
t he good appfprmed ?n cde isarfacs agdthe t eenduchan Fiixguibwhocart ey anphen

the viscosit yupbrmcd® duifdle 1AGeSObLOVLIASE Wit AHOILLEEE PESEAIS AR S,

the application by neans of the rolT coater can not be conducted, soO that

the upper lint is Rhusy $hepgyopghened layer Foxmedorncthy psurtane afedhg,
there can be cUA8EC €M X1 RSt aeRs2h 8 en PinEReE i B tHongh ¢V haké he re vy

conductor circuit to the solder resist layer. Therefore, even
when a resin having a rigid skeleton such as novolac type
epoxy resin is used as a resin component of the solder resist
layer, the interlaminar peeling hardly occurs, so that any
resin in addition to the novolac type epoxy resin can be used.
In the invéntion, it is particularly desirable to use a
composition including novolac type epoxy resin or an acrylate
of novolac type epoxy resin and an imidazole curing agent ,
more preferably the solder resist composition defined in the
invention or a compositi&n comprising an acrylate of novolac
type epoxy resin and an imidazole curing agent and having a
viscosity at 25°C of 1-10 Pa's adjusted by using glycol ether
type solvent as a solder resist composition.

It is desirable that the roughened layer is a roughened
surface of copper formed by subjecting the surface of the
conductor circuit to an etching treatment, a polishing
.treatment, an oxidation treatment or a redox treatment, or a
roughened surface of a plated film formed by subjecting the
surface of the conductor circuit to a plating treatment.

" Among these treatments, the redox treatment is desirable to
use an oxidation bath (graphitization bath) of NaOH (10 g/l),
NaClO: (40 g/l) and Nai:POs (6 g/l) and a reducing bath of NaOH
(10 g/1) and NaBH« (6 g/1l), while the plating treatment is
desirable to use an electroless plating bath for copper-
nickel-phosphorus plating at pH=9 comprising 8 g/l of copper



phenol novol ac or cresol novolac with acrylic acid or 1 1 nmethacrylic
acid, and the like. As the im dazole curing agent, use may be nade of
avai l abl e ones, but they are desirable to be liquid at 25[err]C. In case of
powder, the uniformkneading is difficult, while the liquid can uniformy
be kneaded. As such a liquid imdazole curing agent, use may be nade of

1- benzyl - 2-nmet hyl i m dazole (trade nane: 1B2MZ), 1-

cyanoet hyl - 2- et hyl - 4-net hyl i m dazol e (tradéGnane 2E4MZ- CN), and

4- et hyl - 2- eshytate)] dAADIge 1( bmadEcmuM) 15Th¢1asBueitpic tdrid,mzdazol e

cur 100, 3900t FHOGE e BB R ok B AP A e BRE £ B i o
within the abgvae swngsctante unlforn1n1X|ng |s easily conducted. In the
A I TR R L ens (R A R e AT
generate f rephosp’bg:&mmqua(t)iindl is aheeedld-=xlmpeaid k:la-qseappmy@achnd:urst her, it
's less in tQ%chféﬁé”;fﬂgﬂ °Qah8s?8333r£§é¥Qy to the solder resist layer,

so that it is desired as a roughened layer. This alloy layer

is electrically conductive, so that the removal thereof is not

necessary even if the solder body is formed on the pad

surface. The composition of the alloy layer is desirable to

be 90-96 wt% of copper, 1-5 wt% of nickel and 0.5-2 wt? of

phosphorus because the needle-shaped structure is obtained in

this composition ratio.

On the other hand, the oxidation treatment of the
conductor circuit surface is desirable to be carried out by
using a solution of an oxidizing agent comprising sodium
chlorite, sodium hydroxide and sodium phosphate.

Furthermore, the redox treatment of the conductor
circuit surface is desirable to be carried out by immersing a
solution of sodium hydroxide and sodium borohydride after the
above oxidation treatment.

Moreover, the roughened layer is desirable to have a
thickness of 0.5-10 um, preferably 0.5-7 um. If the thickness
is too thick, the roughened layer itself is apt to be peeled,
while if it is too thin, the adhesion effect is insufficient.
In any case, the adhesion property to the solder resist layer
lowers.

Further, the printed circuit board according to the
invention lies in a point that when a part of the conductor
circuit exposed from the opening portion of the solder resist
layer is rendered into a pad and a soléer body is fed on the
pad, the éurface of the pad or conductor circuit is an

electrically conductive roughened layer and a metal layer



As the glycol ether type solvent, there are used at | east one sol vent
having the followi ng structural formula, particularly diethylene glycol

di ret hyl ether (DVMDG and triethylene glycol dinethyl ether (DMIG. Because
t hese sol vents can conpletely be dissolved in benzophenone or Mcheler's
ketone as a reaction initiator by warm ng at about 30-50C,
CHerr]-(CHerr]CHerr]OJ[err]-CHerr] (n=1-5) The anopunt of the glycol
ether type solvent is favorable to be 10-40% by wei ght per total weight of

t he sol der rasvsﬁgcarﬁmiammzﬁ&em&ehﬂeénrsﬁlﬁéawraowztfhee ¥R¥r&6f afgled
with other additives such as an antifoaner, a, leveling ent, a

t her noset t i n§oFBE{ rP? drh ?|ﬁ$ﬁ9$FH§aHé§t°?§§?§?%ﬁﬁx¥9ﬂﬂ?ene 13a¥eT; arsanRasd o

base and inpaat thg ﬁi&@d&iﬂd&e%ex@o%éﬂt @B6MSthé V@Worft(ibnl EREOYhE]
resol ution and éo on.  Further, Iorlng matter and a qﬁ nment may be added
to the sol deFOrEeF ko %ﬁp?)ﬁtt“é‘ﬁlﬂeeﬁﬂlge kreysh Jhe HETW ring
pattern. As the col org nigs reEififdculict tbScﬂ8§éIﬁtﬁ&hé:ﬁa the Bbllaakobydyidrko

green. Nbreo%ﬁg’rougﬂ§5é§¥¥4§§¥ %brme% on the pad surface by a
transferring method wherein a carrier film provided with a
solder pattern is laminated on the surface of the wiring
substrate coated with.a flux and then transferred thereto by
heating, or a-printing method wherein a solder cream is
printed on the surface of the wiring substrate in a pattern
because of the surface tension of the solder. According to
the above construction, the solder body is held by the
roughened layer through the metal layer of “nickel-gold”,
“copper-nickel-gold” or the like having a non-oxidizing metal
on at least a surface thereof, so that the solder body is
closely adhered to the mounting pad even when the formation of
the solder body is carried out by a method suitable for mass
production such as solder transferring method, solder printing
method or the like.

Even in case of conducting the flip chip mounting (the
.case of directly mounting IC chip), therefore, the solder body
is never peeled off from the pad by the difference of thermal
expansion coefficient between the surface layer portion of the
wiring substrate forming the solder body and the IC chip
mounted through the solder body.

Furthermore, the roughened layer is electrically
conductive, so that it is not necessary to remove this layer
even if the solder body is formed. Therefore, the process
becomes simple.

As the non-oxidizing metal in the above structure, it
is desirable to use a noble metal, for example, gold, silver,

platinum, palladium or the like because these metals are non-



i norgani c particles nmade of materials such as silica, alumna and the |ike
and resin particles nade of materials such as epoxy resin, polyimde and
the like into the solder resist conposition so as to | ower thernal

expansi on coefficient. As the thernosetting resin can be used bi sphenol
type epoxy resin. As the bisphenol type epoxy resin, there are bisphenol
A-type epoxy resin and bi sphenol F-type epoxy resin. The forner is
desirable in case of attaching inportance tojghe resistance to base, while
the latter ioxiddzingbhadi excebkend incqhier adbhes ben GexomEadsy do the ¥ordesity
( in case of a&tachi ng inportance to the application property). As the
photosensitﬁVbYHDnoner can be used a polyval ent acrylic nononer because the
pol yval ent acrylic spdoaksocathe metalelbferrkaeing ithe nemw-oxidiplisg it is
desirable to yse the_polyyval ent_acrylic,nmonopet having.t.he follow ng

chem cal formneﬂiag'e"f ggdigé‘% et ‘f%{a\é’ées%,hef ﬁggg emMcy bolrerrutloalbf I s DPE- 6A
made by N pporrafgedkunCordettalf “aidkehegabdhioxal‘coédppextmickeals-galdd4 nade by

Kyoei KagakLkégh %h%tgidgCQEQQQaéo[%ﬂgngsa.l)PLgéilularﬂ§i the metal layer
comprised of nickel layer and gold layer is desirable to have
a nickel layer thickness of 1-7 um and a gold layer thickness
of 0.01-0.06 um.

In the metal layer comprised of nickel layer and gold
layer, the nickel layer improves the adhesion property to
roughened layer (for example, needle-shaped copper-nickel-
phosphorus alloy layer) located at the side of the pad, while
the gold layer improves the adhesion property to the solder
body.

The reason why the thickness of the nickel layer is
limited to 1-7 um is due to the fact that the unevénness of
the needle-shaped structure of the roughened layer formed on
the side of the pad is mitigated to facilitate the formation
of the solder body, while the thickness of the gold layer is
controlled so as not to excessively mitigate the needle-shaped
structure of the roughened layer. '

In the above structure of the printed circuit board
according to the invention, it is necessary that the pad
holding the solder body is exposed from opening portion formed
in the solder resist layer. As the exposing degree, (D a part
of the surface of the pad may be exposed from the opening
portion, or @ a full surface of the pad may be exposed from
the opening portion.

In the form (D that a part of the pad surface is
exposed from the opening in the solder resist layer, the
remaining surface part of the pad is covered with the solder

resist layer. Therefore, the surface of the pad contacting



(Chemical formula 2) [err] Further, it is desirable to add a polynmer of
acrylic ester having a nol ecul ar wei ght of about 500-5000 to the sol der
resi st conposition. This polyner is liquid at 25[err]C and is conpatible
with acrylate of cresol novol ac epoxy resin and has | eveling and
anti-foam ng actions. Therefore, the resulting solder resist layer is
excellent in the surface snoot hness and doq not cause unevenness due to
ci ssing and bubbles. As the polymer of acrylic ester, it is desirable to

use at |eastwikle 4 Woldesckeslist ifaper pid yIHlﬂeOftoeBéeéS%M a;hilud Dy .

reacting al cohol havin carbon _nunber, pf aQout ,1-10 with acryl.ic acid or
net hacryl i c 27 Py é‘%ﬂgﬁl ?afgéf‘ﬁyfﬂ&'&’rmb n, £he SeERgce b%% V%eryl ate

(BA), ethyl expysed cfxfdmirthendpbuingxpeition ay Wudljectl@Ato dhgordrount of

t he pol yner 0£P€E§q1ic ester added is preferable to be 0.1-5 parts by

wei ght per 18 5 by wei ght of a photosensitive resin conmponent.
Furt her, benzophenomedoE@ingntdoMhéchkbove dmistractlilh, ntle bpadidadsll the t he

POl der 1ot ShoBPRRORLLAL 35ef"nRLLLBRELy PR o, TUEK SERE sl

uni fornly m kbel woughdresi dialyer,csopthaht theyadhenilonaproperyydbetwden rthe hem
In the solder resist layer and the pad is not lowered even in the
immersion in the above plating solution.

In the additive type printed circuit Board, the
conductor circuit including the pads is formed in non-resist
formed portion of the plating resist. Therefore, cracks are
liable to be created in an insulating resin layer (adhesive
layer for electroless plating) at a boundary portion between
the plating resist and the metal pad due to the difference of
thermal expansion coefficient therebetween.

In this case, according to the above form C), the
solder resist layer covers the boundary between the plating
resist and the metal pad and also the metal pad and the solder
resist layer are strongly adhered to each other through the
roughened layer, so that the occurrence of cracks can be
prevented in the vicinity of the boundary between the metal
pad and the plating resist.

In the form @ that the full surface of the pad is
exposed from the opeﬁing portion in the solder resist layer,
the opening portion is larger than the metal pad, and
particularly in case of the additive type printed circuit
board, not only the metal pad but also the surrounding thereof
are exposed from the opening portion. According £o the form
@, the resin as the plating resist and the solder resist layer
is not wetted to the solder body and repels the solder body,
so that the flowing out of the.solder can be prevented.

Further, the solder resist layer is usually formed by



gl ycol ether type solvent heated to 30-70[err] C because they can conpletely
be di ssol ved wi thout dissolution residue. Mrreover, it is desirable to use
a conpound having the following chemcal formula 3 as an initiator and a
conmpound having the follow ng chem cal formula 4 as a photosensitizer.

14 Because these conmpounds are easily available and are high in thetsafety
to human body. (Chem cal formula 3) [err] (Chemcal formula 4) [err] The
printed circuit board according to the inver#Gon lies in a printed circuit
board havi ng@pplydhdeand edrywing s/ gghorwsensitivecredig \placiggsabstrate

Formed by cHATROARHS 2FuN bEHdd aqd SikTHcl iy S ERabe BT g o
t he i nventi ctevelbpment, trémtmuitdor Acsostingyte the £ ), pthe wspeming
conposi ti on LOuPLyLSkd %&&F yéeaéi"sﬁ()flag%okécléé@& R the® id@.aﬁ?@e@”of
i m dazol e curing agent. wever, the solder resist layer is constructed
with a the metal pad, so that the metal pad is hardly covered with
the solder resist layer even if the position shifting of the
photomask film is caused.

Moreover, according to the form ®, the opening size in
the solder resist layer is larger than the diameter of the
metal pad, so that when the solder body is the solder bump,
the constricted portion is not caused in the solder bump
because the solder bump does not contact with the solder
resist layer. As a result, in the form (@, the cracks in the
solder bump due to the presence of the constricted portion in
the solder bump can be prevented.

The printed circuit board according to the invention is
a printed circuit board wherein a conductor circuit is formed
on an insulating layer and a roughened layer is formed on at
least a part of the surface of the conductor circuit and the
conductor circuit is covered with a solder resist layer
(hereinafter referred to as a wiring board A simply) or a
printed circuit board wherein a solder pad is formed on an
insulating layer and a roughened layer is formed on at least a
part of the surface of the solder pad and a solder body is
formed through the roughened layer (hereinafter referred to as
wiring board B simply) and lies in-a point that the conductor
circuit or the solder pad is comprised of an electroless
plated £film and an electrolytic plated film. 1In £his
structure, the electrolytic plated film is formed on the side
of an outer layer or the side of the solder resist layer or
the solder body, while the electroless plated film is formed
on the side of the insulating layer;

Thus, the roughened layer on the surface of the



resin having a rigid skeleton, so that there is a fear of causing the
peeling through heat cycle. On the other hand, even when using a sol der
resi st conposition other than the above resin, the resulting sol der resist
| ayer has a probl em of causing the peeling fromthe wring substrate under
t he exposure to high tenperature, high humdity and high pressure. In this
connection, the printed circuit board according to the 15 invention can
prevent the occurrence of the peeling by fornang the roughening | ayer on

the surface dndut@os0BEYELDE 6+ Edlider P entrohbBled! ks kHd Ifoliderboar d
according to the.invention ljies in_anqther point that the roughened |ayer

is formed oFSHS s dPYEECOLT the SR RWY &O AttRIRELTRE AFNES 10K o1 nost

surface | ayarusdihed, deden wheh hehé ddiRier aSsilst! Anger dhUShe ldlderupoaned
| ayer forned, on thed%grface of #he conductor, circuit acts as an anchor to
r

strongly aditt EXPRE9EEnA0cFRFUR iheqt, qicdego| HBECF RPRPTRLARR OF

Therefore, edwfingierhe s6Stnebeytrglytic Prhtiee/falan £6LIowHStBidM@ type

oPOxY 12511 dSkalRel 35, 2aboehtl AP BSnE! o Fueeiihek Shibed Foter b

novol ac typetlspmoldersbodgalisbrotiSedused by the heat cycle, water
absorption or drying.

Even when stress is applied to the solder body, it can
be mitigated by the soft electrolytic plated film, while a
relativély hard electroless plated film is formed on the side
of the insulating layer, so that the conductor circuit or the
solder pad is strongly adhered to the insulating layer (see
Figs. 23, 24). As a result, the conductor circuit or the
solder pad is not peeled off from the insulating layer. This
adhesion is particularly remarkable when the roughened surface
is formed on the surface of tie insulating reéin layer as
mentioned later. Because, a hard plated film encroaches into
the roughened surface and hence the breakage is hardly caused
at the metal side even when the peeling force is applied.

In the wiring board B, the solder body is formed on the
metal layer, for example a multi-metal layer arranged in order
of “nickel-gold”, “copper-nickel-gold” or the like from the
innerlayer side in whicﬁ the metal layer may be adhered to the
solder pad through the roughened layer (see Figs. 23, 24). It
is desirable that the thickness of nickel layer is 0.5-7 um
and the thickness of gold layer is 0.01-0.06 um.

Further, the solder pad may be a flat conductor such as
a conductor pad (numeral 18 in Fig. 20) or a viahole (numeral
180 in Fig. 20). 1In the latter case, the viahole is connected
to the innerlayer conductor circuit beneath the insulating
layer and the roughened layer is formed on the surface thereof

and the solder body is arranged on the roughened layer.



In the invention, it is particularly desirable to use a conposition

I ncl udi ng novol ac type epoxy resin or an acrylate of novol ac type epoxy
resin and an i m dazole curing agent , nore preferably the sol der resist
conposition defined in the invention or a conposition conprising an
acrylate of novolac type epoxy resin and an i m dazol e curing agent and
having a viscosity at 25[err]C of 1-10 Pa.s adjusted by using glycol ether
type solvent as a solder resist conpositior2 It is desirable that the
roughened | ayer i s aw ehgheieinguséaat Bf itopsedesdrakle byhat hjhecisbngethe

surface of the gonductor .circuit.to et ching treatnent ol.i shi,ng
reatmont. oFCHARAMST (PeSPAERE S he sibethesk TRFEE of Wi Hrpidhad
surface of aiplehixl daden fthenmedabyles dxptciolg g Bhesoddetrapad odar feiopanduct or
circuit to a tin reat nent. Aopng. these . treat e r X, treatnment
<" dosi rabl cePERYA D AdE PR Brpa Re e (10 MHERLETRESE IS 4IRS (D0
g/1), Nad J eesist Anaypd )(seedFhg3PZ3l) (& ¢ [forandfaexpdaing gtimtwhadfe NaCH

(1001)  2NOHRELES (ol g 1 LIS Blel4 i BTk ool e,
conpri sing 8fydm afsigteyface of]lghe conductor pad or the viahole toward
' the insulating resin layer can be prevented, while in the
later case, the allowable range of the position shifting of
the opening can be made large. e

In the wiring boards A, B'according to the invention,
various resins can be used as a solder resist composition. |
For example, there can be used resins obtained by curing
bisphenol A-type epoxy resin, acrylate of bisphenol A-type
epoxy resin, novolac type epoxy resin, or acrylate of novolac
type epoxy resin with an amine curing agent, an imidazole
curing agent or the like. Particularly, when an opening is
formed in the solder resist layer to form a solder bump, it is
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preferable to use a resin obtained by curing novolac type
epoxy resin or acrylate of novolac type epoxy resin with an
imidazole curing agent.”

In the printed circuit board according to the invention
as mentioned above, the wiring substrate is not particularly
;estricted, but it is desirable to be so-called additive type
printed circuit board or build-up type multilayer printed
circuit board in which a plating resist is formed on an
insulating resin layer having a foughened surface and a
conductor circuit including a pad is formed on a portion not
forming the plating resist. In case of the above wiring
boards A, B, a printed circuit board produced by a semi-
additive method is desirable.

In the printed circuit board according to the

invention, the solder resist layer is desirable to have a



sulfate, 0.6 g/l of nickel sulfate, 15 g/l of citric acid, 29 g/l of sodium
hypophosphite, 31 g/l of boric acid and 0.1 g/l of a surfactant.
Particularly, the alloy layer formed by copper-nickel - phosphorus plating

i s a needl e-shaped crystal layer and is excellent in the adhesion property
to the solder resist layer, so that it is desired as a roughened | ayer.

This alloy layer is electrically conductive, so that the renpval thereof is
not necessary even if the solder body is fotded on the pad surface. The

conposi ti on @i xR sal bQYSLﬁdeﬁml S fledneakh3ckaels 99- 6o WAL waepper, 1-5
wt % of nickel and 0.5-2 wt % of phosphorus because the needl e- shaped

structure i ok Re"dtPﬁ Fﬂ?‘@e’éc}?ﬂ%ﬁﬁ Gh demy Lgwers. (wRilR et add teRe

oxi dation traaldigntitofist AefEDOELE IS Sdndudt! ther aaeelbpxﬁkysztfe’ﬁﬂnfénth be

carried out by using a solution of an oxidizin ent corrprl Si sodi um
chlorite, sodium hy%PSxi“ﬂ%t At ARt AGES RGBS ﬁ?t?l’éﬁ' ‘t"]%é‘lf"'edox

treat ment ofpdditl GRRAHALAY €b! ke tikEdtdOR 1S destrableré oobea Gafinted out
by innersin a sqlu%P n of sodium hydroxi.de a g sodi um bor o $¥$r|de after
the above o ’(ﬁﬁ"{‘(fn REd; FRIPTLRARE R ST ing SHBFSRakePTaYEIed sviddsia apl e

to have a theordiradrolichit) ansopdef afedlilst Qaye? BoYmed oWea tdiirdatess is

too thick, thG faoNeneds g8hed Y dxposiHY o Ba2t BECLES conductor
circuit from an opening portion in the solder resist layer and
a solder body fed and held onto the pad as shown in Fig. 3; in
which the solder resist layer is formed by curing the solder
resist composition according to the iﬁvention and a roughened
layer is formed on the surface of the conductor circuit and a
metal layer having a non-oxidizing metal on at least a surface
thereof is formed on the pad portion constituting a part of
the conductor circuit exposed from the opening portion and the
solder body is held through the metal layer.

In the printed circuit board of such a structure, the
roughened layer formed on the surface of the conductor circuit
including the pad (portion mounting IC chip or electron
'component) serves as an anchor to strongly adhere the
conductor circuit to the solder resist layer. And also, the
adhesion property to the solder body held on the pad surface
is improved.

Particularly, the acrylate of novolac typg epoxy resin
is excellent in the heat resistance and resistancé to base,
but is poor in the flexibility because of the rigid skeleton,
so that the peeling is liable to be caused under conditions of
high temperature and high humidity. However, according to the
above structure of forming the roughened layer on the surface
of the conductor circuit, such a peeling can be prevented.

Moreover, the solder body may be layer-like or ball-

like or so-called “solder bump”.



while if it is too thin, the adhesion effect is insufficient. In any case,
t he adhesion property to the solder resist |ayer |lowers. Further, the
printed circuit board according to the invention lies i-n a point that when
a part of the conductor circuit exposed fromthe opening portion of the
sol der resist layer is rendered into a pad and a solder body is fed on the
pad, the surface of the pad or conductor circuit is an electrically
conductive roughened | ayer and a netal |ayejq 1 7 having a non-oxidizing
netal on at | east aasmethoéd oﬂeptnﬁudimgfmhaeﬂrbmtemectteniﬁihnmrhy

conductive rou ed |ay atranged on a r.f P9 ed fromthe
WIS LB She SERORREELP IC RCHCSUEL RS Bty

openi ng portlon an he soO rong gh” the neta
layer. It is(Xhffi cmhtfﬁustLosnhquayﬁr(cdﬁpersphﬂéerhsd@renﬂarmddeonoaghened
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surface of the wring substrate In
laminate or a method wherein an adhes:ve layer for electroless

plating is formed on a substrate such as glass epoxy
substrate, polyimide substrate, ceramic substrate, metal
substrate or the like and the surface of the adhesive layer is
roughened to form a roughened surface and then subjected to an
electroless plating.

If further necessary, an adhesive layer for electroless
plating is formed on the above printed wiring substrate and an
opening for viahole is formed in the adhesive layer and the
surface of the adhesive layer is roughened and an electroless
plating is carried out on the roughened surface to, form a
copper pattern and viahole, and then these steps are repeated
to form a multi-layer wiring substrate.

Moreover, through-holes may be formed in the core
substrate, so that the wiring layers located on front and rear
surfaces may be electrically connected to each other through
the through-holes.

(2) Then, an interlaminar xnsulatzng resin layer is formed
on the wiring substrate prepared in the step (1).

| Particularly, it is desirable that the adhesive for
electroless plating as mentioned above may be used as the
interlaminar insulating resin material in the invention. As
the adhesive for electroless plating, a product obtained by
dispersinqﬂcured heat-resistant resin particles soluble in
acid or oxidizing agent into an uncured heat-resistant resin
hardly soluble in acid or oxidizing agent is optimum.

In the adhesive for electroless plating, the cured



because of the surface tension of the solder. According to the above
construction, the solder body is held by the roughened | ayer through the
nmetal |ayer of "nickel-gold", "copper-nickel-gold" or the like having a
non-oxi di zing netal on at |east a surface thereof, -so that the sol der body
I's closely adhered to the nounting pad even when the formation of the

sol der body is carried out by a nethod suitable for nass productlon such as
sol der transferring method, solder printingsmethod or the |ike. Even in

case of condte%td%shaeaatieegm APLHE 1Y drichaesdsab0é €brstderdsreating 1C
chip), therefore, the sol der y i s never peeled, off fromthe pad by_the

di fference FrHEPnR ?aﬁm‘iﬂ?%ﬁmpeﬁﬁeﬁe?%b‘?ﬂt% avaregecPralirle

portion of tdygeniofi ABLtSHBEET 8h&n f D6 I, ®h3g§95ﬂﬁﬁe@%ﬁfﬁiéshgok§eahb9
nmount ed t hrough the sol der body, Furthernpr e roughened | ayer is

el ectri cal | PIBeIRtERGeheat-Tagistant Fefin POWeT, haviRg  BRANELAGSs | ayer

even if the Mt@.@leb%%el Sff R6¥Eford NEEA O Qm, L ® Qr@%&eb‘iﬁomﬁtﬁ' mpl e.
As the non-oxidizing netal in the above structure, desirable to use a

nobl e netal ,F§S PélngBPﬂde§|¥%¥&“9rﬂQHQWﬁﬁﬁgepBPFEHF%ﬁh?ﬁzqiﬂfI o
because thes;ﬂn R heatl@eBP8tant resin powder having an average particle

size of not more than 2 um, @ false particles formed by
adhering at least one of heat-resistant resin powder and
inorganic powder having.an average particle size of not more
than 2 ym onto surfaces of heat-resistant resin powder having
an average particle size of 2-10 um, and ® a mixture of heat-
resistant resin powder having an average particle'size of 0.1
-0.8 um and heat-resistant resin powder having an average
particle size of more than 0.8 um but less than 2 um because
they can form complicated anchor.

(3) " After the adhesive layer for electroless plating
formed in the step (2) is dried, if necessary, an openzng
portion for viahole is formed. The opening portion for
viahole is formed in the adhesive layer by light exposure,
development and thermosetting in case of the photosensitive
resin, or by thermosetting and laser working in case of the
thermosetting resin.

(4) Then, epoxy resin particles existing on the surface of
the cured adhesive layer is dissolved and removed bf an acid
or an oxidizing agent, whereby the surface of the adhesive
layer is roughened.

As the acid, there are phosphoric acid, hydrochloric
acid, sulfuric acid, or organic acids such as formic acid,
acetic acid and the like. . Particularly, the use of the
organic acids is desirable because when the roughening
treatment is carried out, the corrosion of the metal conductor

circuit exposed from the viahole hardly occurs.



18 oxi di zing and excellent in the adhesion property to the solder body. And
al so, the netal |ayer having the non-oxidizing netal on at |east a surface
thereof is desirable to be arranged in order of "nickel-gold" or
"copper-ni ckel -gold" fromthe side close to the pad. Particularly, the
metal |ayer conprised of nickel layer and gold layer is desirable to have a
ni ckel layer thickness of 1-7 [err]mand a gold | ayer thickness of
0.01-0.06 pm In the netal |ayer conprised #f nickel |layer and gold | ayer,

t he nickel l|ayer inmsothe bRédiadimgi ayent opdr tiy tlesivalhensyl vsey ehrombe

exanpl e, nee 3 S r- Nl - ..bho Bngr oy, .| rys. Qc d_at
t he side of gdb%nﬁgg‘%?ﬁqugﬁggf’é%ril rrprnﬁggk%héra%%s}l}loﬂne%p%%'gers y to
t he sol der body. The reason why the thickness of the nickel layer is
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pad is nitiganbdttitézinIﬂhis@ethheSﬁnfnesiQﬁ1Qﬂe @ﬁéegévgeisbtggahanﬂq.e.the
e et o Lo orih B aopRASROLER, LA Rl RuBIGRSE NPl m Lioare

desirable to use a noble metal ion, a noble metal colloid or

the like. In general, palladium chloride or palladium colloid

is used. Moreover, it is desirable to conduct a heating

treatment for fixing the catalyst nucleus. As the catalyst

nucleus, palladium is favorable.

(6) Then, a plating resist is formed on the wiring

substrate in which the catalyst nucleus is applied.

As the plating resist, it is desirable to use a
composition comprised of an imidazole curing agent and
acrylate of cresol novolac type epoxy resin, phenol novolac
type epoxy resin and the like, but use may be made of
commercially available products.

(7 Then, an electroless plating is conducted on the non-
resist formed portion to form a conductor circuit including a
pad and a viahole, whereby the printed circuit board is
produced.

As the electroless plating, it is desirable to use a
copper plating.

(8) Then, if necessary, a roughened layer is formed on the
surface of conductor circuit.

The formation of the roughened layer can be carried out
by etching treatment, polishing treatment, redox treatment,
and plating treatment.

Particularly, in the plating treatment, it is desirable
to form the roughened layer by depositing a copper-nickel-
phosphorus alloy layer through electroless plating.

As the eletroless plating of the alloy, it is desirable



In the above structure of the printed circuit board according to the
invention, it is necessary that the pad hol ding the solder body is exposed
fron1open|ng portion formed in the solder resist |layer. As the exposing
degree, [err] a part of the surface of the pad may be exposed fromthe
opening portion, or [err] a full surface of the pad may be exposed fromthe
opening portion. In the formJ[err] that a part of the pad surface is
exposed fromthe opening in the solder resigi |ayer, the remaining surface

part of the pathdé £PIUtARGWHRRRL nsvméoa{ dfidovs lsaxatiodNesmbed fuidihe
surface of the gad contacting 19 with the ,solder resist layer is |iable

to be er oded RSN SAPPEE &BHPEepI Lr49@dol Aickslnauehiahe: Qri-kd of

the exposed §rpméheraPediiad ROL-200g/1 5 Wd(ﬁfd?iutt%-awﬂhdopbﬁi} NBoric
Accor di ng toaég‘ﬁ apove copnstruction, the t he sol der resist |ayer
e

are strongly 4% Hdcang: surtarkatgh 911 ug{dned | ayer, so that the
adhesi on propejty betwagn & koldekdeesi o6 SompoyiticindccbedRad t6 €1

| ower ed evenllgeggaoﬂrggﬂégﬁixehnoggg ggggeéﬁéégééga Sok %Igglnted circuit
board treated in the step (8).

Particularly, in the'invention, when the solder resist
layer is applied onto both surfaces of the.printed circuit
-hoard, it is desirable to apply the solder resist composition
onto both surfaces of the substrate at the same time by means
of sandwiching the printed circuit board between a pair of
rolls in a roll coater at the veftically standing state and
carrying to the upper side from the under side as shown in
Fig. 2. Because basic specification of the present printed
circuit board is double-sided board and hence the solder
resist composition can not be applied onto both surfaces of
the substrate by means of a curtain coat method (a method of
flowing a resin from upward to downward as in waterfall and
passing the substrate through a “curtain” of the resin). The
solder resist composition according to the invention as
mentioned above may be used advantageously for the above
method which is applied onto both surfaces 6f the substrate at
the same time. The solder resist composition accordiﬁg to the
invention is a viscosity of 0.5-10 Pa's at 25°C, so that there
is caused no outflow and also the transferring is good even if
it is applied while vertically standing the substrate.

As shown in Fig. 2, a doctor bar contacting with each
roll is arranged at a side of an applying face in a roll
coater used in the invention. The doctor bar is provided with
a receiving portion storing a solder resist composition in a
space to the roll. The surface of the roll is made-from

rubber or a resin such as urethane or the like and many fine



In the additive type printed circuit board, the conductor circuit including
the pads is fornmed in non-resist fornmed portion of the plating resist.
Therefore, cracks are liable to be created in an insulating resin |ayer
(adhesive layer for electroless plating) at a boundary portion between the
plating resist and the netal pad due to the difference of thermal expansion
coefficient therebetween. In this case, according to the above formJ[err],
the sol der resist layer covers the boundarygbetween the plating resist and

the metal paloaRdsahsl (SEmd®icd A siRdabBCof URErdaH Shn A¥6EaR)

fr
strongly adhered to each other_through the roughened |ayer, so that The
occurrence GHreciirs efintkr yplkhentfd@reforfe Whes ks urllshargoratatgd,

bet ween the vt 3b1Rad 2884 CIMpditdonCststed ! fn e fUJBiMING] pbPeiont he
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sol der body, sq that_ the flow ng out qf the sol der . can be prevented.
Further, thddI der TPERs sth¢ ing J?&EIP? FB?n%RFé%F resist

composition is dried at 60-80°C for 5-60 minutes, and a
photomask film depicted with an opening portion is placed on
the dried £ilm, which is subjected to light exposure and
developing treatments to form an opening portion exposing a
pad portion in the conductor circuit. The film provided with
the opening portion is cured by subjecting to a heat treatment
at 80-150°C for 1-10 hours. Thus, the solder resist layer
having the opening portion is closely adhered to the roughened
layer formed on the surface of thé conductor circuié.

The opening size of the opening portion may be made
larger than the diameter of the pad to completely expose the
pad. In this case,-even if the photomask is shifted, the pad
is not covered with the solder resist and also the solder
resist is not contacted with the solder body, so that the
constricted portion is not caused in the solder body and the
cracks hardly occurs in the solder body. On the other hand,'
the opening size of the opening portion may be made smaller
than the diameter of the pad, and in this case the roughened
layer on the pad surface is closely adhered to the solder
resist.

(11) Then, when the solder body is fed and held onto the
pad exposed from the opening portion in the solder resist
layer, a metal layer having a non-oxidizing metal on at least
a surface thereof such as metal layer of “nickel-gold”, metal

layer of “copper-nickel-gold” or the like is formed on the pad



20 applying and drying a photosensitive resin, placing a photomask film

t hereon and subjecting |ight exposure and devel opnent treatnents. According
to the form[err], the opening size in the solder resist layer is |larger
than the dianmeter of the metal pad, so that the netal pad is hardly covered
with the solder resist layer even if the position shifting of the photomask
filmis caused. Moreover, according to the form[err], the opening size in
the sol der resist layer is larger than the x4 aneter of the netal pad, so

t hat when t%ﬁng%rgggg%i $rd etl?é)lcgﬁ{%i&%r: Q@gggonstri cted portion is

not caused i'n the so unp because er bunp does not contact with
the sol der resist |A§ethe/gopperniating: ancelerhrolesy prlatding aQEMSOMS t he

sol der bunp (Yi&¢@nt esmgasé&n&fc ot NEdufpfI e, 'k-sgsdrp%ﬁi O J1 150! der
bunp can be prevented. The printed circuit board according to the invention

is a printedmineeuredssing agertei Pl adinAldngr ageptuprdivatens fed on an
insul ating |A¥eapded acbAEPEEsEY, | fyeis idedidatid @8 dbe! SASd1ctdid syl the

surface of the conductor circuit and the conductor circuit is covered with

a sol der redtlkating, agqueous solution having a copper ion concentration of -
0.005-0.015 mol/1l using copper sulfate or the like as an ion
source, a concentration of pH adjusting agent such as sodium
hydroxide, potassium hydroxide or the like of 0.25-0.35 mol/l,
a concentration of reducing agent such as aldehyde,
hypophosphite, hydroborate, hydrazine or the like of 0.01-0.04
mol/l and a concentration of at least one trialkanol amine
selected from triethanol amine, triisopropanol amine and
tripropanol ammine of 0.1-0.8 mol/l.

As the nickel plating or gold plating, there can be
used various electroless plating aqueous solutions as |
described pages 13-64 and pages 84-87 of “NP Series
Electroless Plating” by T. Kanbe (published September 30,
1990).

For example, an electroless nickel plating bath

. containing 20-40 g/1 of nickel chloride, 5-20 g/l of sodium
hypophosphite, 40-60 g/l of sodium hydroxyacetate (or 5-20 g/1
of sodium citrate) and having pH adjusted to 4-6 at a
‘temperature of 90°C.can be used as the electroless nickel
plating.

Furthermore, an electroless gold plating bath
containing 1-3 g/1 of potassium gold cyanide, 70-80 g/l of
ammonium chloride, 40-60 9/1 of sodium citrate and 5-20 g/l of
sodium hypophosphite and havihg pR adjusted to 7-7.5 at a
temperature of 92-95°C can be used as the electroless gold
plating.

In the invention, when the roughened layer of copper-

nickel-phosphorus alloy having a thickness of 0.5-7 um is



(hereinafter referred to as a wiring board A sinply) or a printed circuit
board wherein a solder pad is formed on an insulating |ayer and a roughened
| ayer is formed on at |east a part of the surface of the solder pad and a
sol der body is formed through the roughened | ayer (hereinafter referred to
as wiring board B sinply) and lies in a point that the conductor circuit or
the solder pad is conprised of an electroless plated filmand an

el ectrolytic plated film In this structure3othe electrolytic plated film

R e R g B A G T g
t he side of 1J.s1e1+'nsmd,att|m rbaghened hlsyer hiss rsubghanedal byefiXied hdthur f ace
esi ot 1 ayertB THEChATRT, 50, RphS CHHS kaci S oaaREE, SHAE Furthd®. even
when t he soldlesuaslattuaa:yar goﬂ.dthlaas@d der1nb @cky 0|.slenpaedﬁ:d i HickhkesBy
Fol | ov to SHERESr St LaboshERes 1F J38 MME"8T LAESol dor resist
| ayer or the sol der Mpve:,nbt tausess ibl e h:@ Ifoxn aymétal vEdy®Er of 1-7
pum in thickness on the roughened layer of copper-nickel-
phosphorus alloy having a thickness of 0.5-7 um by
successively conducting the copper plating, nickel plating and
gold plating.
(12) Then, a solder body is fed onto the pad exposed from
the opening portion. '

As the method of feeding the solder bodf, use may be
made of solder transferring method and solder printing method.

The solder transferring method is a method wherein a
solder foil is attached to a prepreg and etched so as to leave
only a portion corresponding to the opening portion to render
into a solder carrier film having a solder pattern, and the
solder carrier film is laminated so as to contact the solder
pattern with the pad after a flux is applied to the opening
portion in the solder resist of the substrate and heated to
transfer the solder onto the pad. On the other hand, the
solder printing method is a method wherein a metal mask having
through-holes corresponding to the pads is placed onto the
substrate and a solder paste is printed and heated.

Another method of producing the printed circuit board
according to the invention will be described below.
(1) At first, a wiring substrate is prepared by forming an
innerlayer copper patternm on a surface of a core substrate.

The copper pattern is formed on the core substrate by a
method of etching a copper-clad laminate, or a method of
forming an adhesive layer for electroless plating on a

substrate such as glass epoxy substrate, polyimide substrate,



absorption or drying. Even when stress is applied to the solder body, it
can be mtigated by the soft electrolytic plated film while a relatively
hard el ectroless plated filmis forned on the side of the insulating |ayer,
so that the conductor circuit or the solder pad is strongly adhered to the
i nsul ating |ayer (see Figs. 23, 24). As a result, the conductor circuit or
the solder pad is not peeled off fromthe insulating |ayer. This adhesion
is particularly remarkabl e when the roughened surface is formed on the
surface of the insulating resin i oned | ater. Because, a hard

| ayer as
plated film %ﬁﬁ’b’a&@t"ﬁ%%h@%éigﬁ%ﬁ%‘iﬁ forc&hend ifenand: reugheridithe i s
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i nsul ating the electrolytic plated film and electroless plated film).

Further, a roughened layer of coppér—nickel-phosphorus
is formed on the innerlayer copper pattern surface of the
wiring substrate. '

The roughened layer is formed by the electroless
plating. The composition of the electroless plating aqueous
solution is desirable to have a copper ion concentration of
2.2x1072-4.1x10"2 mol/1l, a nickel ion concentration of 2.2x10-3-
'4.1x104 mol/l and a hypophosphorus acid ion concentration of
0.20-0.25 mol/1l.

The film deposited within the above range is needle in
the crystal structure and is excellent in the anchor effect.
The electroless plating bath may be added with a complexing
agent and additives in addition to the above compounds.

As the other method of forming the roughened layer,
there are oxidation-reduction treatment, a method of etching
copper surface along grain boundary to form a roughened layer
and the like.

Moreover, through-holes are formed in the core
substrate, and the front and back wiring layers may
electrically be connected to each other through the through-
holes.

And also, a resin may be filled in the through-holes
and between the conductor circuits of the core substrate to

ensure the smoothness thereof (see Figs. 4-7).



| ayer and the roughened layer is formed on the surface thereof and the

sol der body is arranged on the roughened | ayer. 22 In the wiring board
B, it is desirable that the solder resist layer is formed on the outernost

| ayer of the board. In this case, the viahole acting as a sol der pad can
adopt either a formof exposing a part thereof fromthe sol der resist |ayer
(see Fig. 23) or a formof exposing the whole thereof (see Fig. 24). In the
former case, the crack created froma side3Race of the conductor pad or the

vi ahol e towagxy the irasdl ahh”ﬂniﬁléhxn%)ﬁﬁ&nﬁamabﬂnﬁrﬁé’m% ethijlse eoPmble
| ater case, the allowable rangﬁ%of t he p05|t|on shifting o t he openlng can

be nmade | ard‘E‘ the printed; WirHRg tpbstrate, prePared 19 i sHePadddon,

vari ous resins can pardsedlasly, S de dbearahlsoewslﬁn@radué@rivexwpl e,
there can be used resins

tai ned ur| henol epoxy reS|n
acryl ate of ?}lesc&ﬁ«?ﬂ'&lssApll'?Bé“%pﬁy“ I&nﬁg c‘“?’f/p'ée ‘b%‘%?
acryl ate of inneﬁkamlhﬁﬁexﬂsﬂxatiﬁ§|fesmd:ha&araalnenCtmer&hﬁahﬂﬁbn qaee '
i m dazole c Jngéﬁgent or the like. Particularly, when an opening is forned
in the sold | ayer to forma solder bunp, it is
(3) After the adhesive layer for electroless plating

formed in the step (2) is dried, if necessary, an opening
portion for viahole is formed.

The opening portion for viahole is formed in the
adhesive layer by light exposure, development and
thermosetting in case of the photosensitive resin, or by
thermosetting and laser working in case of the thermosetting

! resin (see Fig. 9).
(4) Then, epoxy resin particles existing on the surface of
the cured adhesive layer is dissolved and removed with an acid
or an oxidizing agent, whereby the surface of the adhesive
layer is roughened (see Fig. 10).

As the acid, there are phosphoric acid, hydrodhloric
acid, sulfuric acid, or organic acids such as formic acid,
acetic acid and the like. Particularly, the use of the
organic acid is desirable because when the roughening
treatment is carried out, the corrosion of the metal conductor
circuit exposed from the viahole hardly occurs.

As the oxidizing agent, it is desirable to use chromic
acid, permanganate (potassiﬁm permanganate or the like) and so
on.

(5) Then, a catalyst nucleus is applied to the wiring
substrate in which the surface of the adhesive is roughened.

In the application of the catalyst nucleus, it is
desirable to use a noble metzl ion, a noble metal colloid or
the like. In general, palladium chloride or palladium colloid

is used. Moreover, it is desirable to conduct a heating



preferable to use " a resin obtained by curing novolac type epoxy resin or
acrylate of novol ac type epoxy resin with an im dazole curing agent." In
the printed circuit board according to the invention as nentioned above,
the wiring substrate is not particularly restricted, but it is desirable to
be so-called additive type printed circuit board or build-up type
multilayer printed circuit board in which a plating resist is formed on an
insulating resin |ayer having a roughened 3% face and a conductor circuit

ncluding a gadabied €' £B AlkidoPPhbl 8RRRYs{ Yl Mhd.NC AR BhbNGaLERSE - |0
case of the above W ring boar , B, a ptinted circuit board produced by a
senmi - addit i pucheshodPaklafdsiny dis| avprabke. printed circuit board according

to the invenigpn, theao! dle 'Sat'eakel B¥CLnt Sadfd il iGee Ba¥e @ 23

t hi ckness of '5-40 [err]m_1If the thickness is too thin,~ the effect of the
sol der body &deatmelesoiatinghiisesubjpeted to@n mlactroless platinglitoto

conduct the ggyRl 2RI Ofedd AR H1aE8Q FRSH SAl LD vhotld & Lhe i?éu'%ﬂéned
printed circuit board accordln%.to the invention is a structure of a
printed surface (see Fig. 11). 1In this case, the thickness of the

electroless plated film is 0.1-5 um, more particularly 0.5-3
pm.

Then, a plating resist is formed on the electroless
plated film (see Fig. 12). As the plating resist, it is
desirable to use a composition comprised of.an imidazole
curing agent and acrylate of cresol type epoxy resin, phenol
novolac type epoxy resin and the like, but use may be made of
commercially available products.

(7) Then, a portion not forming the plating resist is
subjected to an electrolytic plating to form conductor
circuits and viaholes (see Fig. 13). 1In this case, it is
desirable that the thickness of the electrolytic plated f£ilm
is 5-30 um.

As the elecfrolytie plating, it is desirable to use an
electrolytic copper plating. t
(8) After the plating resist is removed, the electroless
plated film beneath the plating resist is removed by |
dissolving in an etching solution such as a mixture of
sulfuric acid and hydrogen peroxide, sodium persulfate,
ammonium persulfate or the like to obtain independent
conductor circuit (see Fig. 14). Then, the surface of the
adhesive layer for electroless plating is etched with an
oxidizing agent such as chromic acid or the like to remove the
catalyst nucleus remaining thereon.

(9) Then, a roughened layer is formed on the surface of
the conductor circuit (see Fig. 15).

As the method of forming the roughened layer, there are



circuit board conprising a wiring substrate provided with a conductor
circuit, a solder resist layer formed on a surface thereof, a pad fornmed by
exposing a part of the conductor circuit froman opening portion in the

sol der resist |ayer and a sol der body fed and held onto the pad as shown in
Fig. 3, in which the solder resist layer is forned by curing the sol der
resi st conposition according to the inventiygn and a roughened | ayer is
formed on thetﬁgrface of, the conductor circ | ayer haV|ng a

t
non- oxi di zi n§EABtAY brFafmentasPoA1E f?%c%??%#ﬂgg%F ng?ﬁrﬁﬁ 1% &

portion consplatingotresmaentaf the conductor circuit exposed fron1the

openi ng portion and he sql der dy I s held through the tal,l.a In the
printed circuit boar SUER’a ?ru%§§1(%rﬁﬁ%§ePgu§ e%% %ﬁ&ﬁ'hpﬁrﬁea 9on

the surface ah bhﬁcbtntucatqneousr soltution|efliNapH héOpgdl.onﬂwxm wong/hy | C
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conduct or ci rcui resis ayer esi on
property to glid)sahdictaBiady6hel/t) on t he pad surface |s |rrproved

Particul arly, the agryldlG.Qken ¥Réa§o$a§§§é3“¥§ e&eaaae Qﬁﬁhﬁpfllg the

heat resistance and resistance’ oor
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under condlt&ggseggcgg5ﬁb§§ﬂpyy%§53re and high hum dity. However, according
to the

As the electroless alloy plating aqueous solution, it
is favorable to use a plating bath of aqueous solution
composition comprising copper sulfate: 1-40 g/1, nickel -
sulfate: 0.1-6.0g/1, citric acid: 10-20 g/1, hypophosphite:
10-100 g/1, boric acid: 10-40 g/l1 and surfactant: 0.01-10 g/1.
(10) An adhesive layer for electroless plating as an
interlaminar insulating resin layer is formed on the substrate
(see Fig. 16). '

(11) Then, an upperlayer conductor circuit is formed by
repeating the steps (3)-(8), whereby flat type conductor pad
and viahole functioning as a solder pad are formed (see Figs.
17-20). |
(12) A roughened layer is formed on the surfaces of the
conductor pad and viahole (see Fig. 21). The method of
forming the roughened layer is the same as in the step (9).
(13) Then, a solder resist composition according to the
invention is applied onto both surfaces of the printed circuit
board treated in the step (8).

When the solder resist layer is applied onto both
surfaces of the printed circuit board, it is desirable to
apply the solder resist composition onto both surfaces of the
substrate at the same time by means of sandwiching the printed
circuit board between a pair of rolls in a roll coater at the

vertically standing state and carrying to the upper side from



above structure of form ng the roughened | ayer on the surface of the
conductor circuit, such a peeling can be prevented. Moreover, the sol der

body may be |l ayer-like or ball- like or so-called "sol der bunp”. 24 A
met hod of producing the printed circuit board according to the invention
wi |l be described below (1) At first, innerlayer copper patterns are

formed on a surface of a core substrate to prepare a wiring substrate. The
formati on of the copper pattern on the corsssubstrate is carried out by a

met hod of ety rr\‘xgwd%rcgﬁﬁgr - Caéchd %e@xg‘gEQQﬂoX"”@f ﬂh ?}ﬁ%‘l@&s' ve

| ayer for elect ess plating 1s don’a substrate suc ass epoxy
substrat e, wﬁﬂddGISGbstth%rd Cles adﬂwblgﬂﬁsﬂpdt boanétand shenge att@ or the

li ke and thesileﬁixf;‘%s%tt gSmﬁ'S@féi éaﬁ:\’%re 'n%trQ BEEQ&d?ﬂﬁ”@cL ¢f @ roughened

surface and t ubjected to an ectro ess |ng necessary,
an adhesi ve $usfacesopfcthet substraty My mpans P(Sr ﬁesuéham«acmmqmdnt(ed

Wi ring substpahinfE #oRRAG #9rdSin \EUW pwatdl Rb"BOwhWatdCafdieSi Ve | ayer
and the surface of the adheSive [ayer is roughened and ap el ectrol ess
waterfall and passing the substrate through a “curtain” of the

resin). The solder resist composition according to the
invention as mentioned above may be used for the above method
which is applied onto both surfaces of the substrate at the
same time. That is, the éboﬁe solder resist composition is a
viscosity of 0.5-10 Pa's at 25°C, so that there is caused no
outflow and also transferring is good even if it is applied
while vertically standing the substrate.

' (14) Then, the coating film of the solder resist
composition is dried at 60-80°C for 5-60 minutes, and a
photomask film depicted with-an opening portion is placed on
the dried film;-which is subjected to light exposure and
developing treatments to form an opening portion exposing a
pad portion in the conductor circuit. The film provided with
the opening portion is cured by subjecting to a heat treatment
at 80-150°C for 1-10 hours. Thus, the solder resist layer
having the opening portion is closely adhered to the roughened
layer formed on the surface of the conductor circuit.

The opening size of the opening portion may be made
larger than the diameter of the pad to completely expose the
pad. In this case, even if the photomask is shifted, the pad
is not covered with the solder resist and also the solder
resist is not contacted with the solder body, so that the
constricted portion is not caused in the solder body and the
cracks hardly occurs in the solder body.

On the other hand, the opening size of the opening
portion may be made smaller than the diameter of the pad so as

to cover the peripheral edge of the pad with the solder



plating is carried out on the roughened surface to forma copper pattern
and vi ahol e, and then these steps are repeated to forma nmulti-layer wiring
substrate. Moreover, through-holes may be forned in the core substrate, so
that the wiring |layers |located on front and rear surfaces may be
electrically connected to each other through the through-holes. (2)

Then, an interlamnar insulating resin layer is formed on the wiring
substrate prepared in the step (1). Particulgarly, it is desirable that the

adhesi ve forr&danl.rolgstnpkathsg, aghdBithigheaddahayer NSy Qﬁ‘e YRt st £hbe

interlam nar insul ating resin material in the i,nventi on. t he adhesive

for el ectrol &s‘:]pﬂ%YnthSrﬁFoHﬂth%tﬁ%q‘?é'd rﬁy"lﬂFs pé?sﬂ‘éf' cthe@ad can

heat-resi st ¢ féiiraidRd byl LheSHHLEE® vdbidtl EoOpreveit ZEK piiing Big0 an
uncur ed heat-re3|stant resin hardlg soluble in acid, or oxidizing agent is

opti num e BaftresiThd St SETUFELES ot Advantagegus: {1 €3FepEf adppting
heat - r esi st g -d£1ed m&t-ahasaa&e pisddsidithattothe aepentéeel dneom [err]

heat - resi stant resi owder ng an average p rt|cI si ze, of, not, nore
than 10°[or rigHeRanad Laarein, the padtesives Hhg, Rlgopoleds Fiatiagis
shallower (1-3 um) and the pad is liable to be peeled due to
the absence of the plating resist.
(15) Then, a metal layer of “nickel-gold” is formed on the
pad portion exposed from the opening portion.
(16) Then, a solder body is fed onto the pad exposed from
the opening portion (see Fig. 22).

As the method of feeding the solder body, use may be
made of solder transferring method and solder printing method.

The solder transferring method is a method wherein a
solder foil is attached to a prepreg and etched so as to leave
only a portion correspondihg to the opening portion to render
into a solder carrier film having a solder pattern, and the
solder carrier film is laminated so as to contact the solder
pattern with the pad after a flux is applied to he opening
portion in the solder resist of the substrate and heated to
transfer the solder onto the pad. On the other hand, the
solder printing method is a method wherein a metal mask having
through-holes corresponding to the pads is placed onto the
substrate and a solder paste is printed and heated.

The following examples are given in illustration of the
invention and are not intended as limitations thereof.
Example 1
(1) As a starting material, there.is used a copper-clad

" laminate obtained by laminating copper foil 8 of 18 um on both
surfaces of a substrate 1 made from glass epoxy resin or BT
(bismaleimide triazine) resin having a thickness of 1 mm or

0.6 mm (see Fig. 1l(a)). The copper foil 8 of the copper-clad



aggregating heat-resistant resin powder having an average particle size of
not nore than 2 [err]m [err] a mxture of heat- resistant resin powder
havi ng an average particle size of 2-10 [err]m and heat-resistant resin
powder having an average particle size of not nore than 2 pm [err] false
~particles formed by adhering at | east one of heat-resistant resin powder
and i norgani c powder having an average particle size of not nore than 2 pm
onto surfaces of heat-resistant resi n powdes7 having an average particle
size of 2-101paihhee D8defctdd ih @ glivea phtbéni -ad@stdingtco agualpowder

having a0 AVeLARRePR KShE Sas Olvel opfed POV EAEHY Pt RRLH HkeeSEhD
pm because t logy thenstbstraesl | @aiecianCceb) ) ( 3) After the adhesive
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an electroless plating aqueous solution comprising 8 g/l of
copper sulfate, 0.6 g/l of nickel sulfate, 15 g/l of citric
acid, 29 g/l of sodium bypophosphite, 31 g/l of boric acid and
0.1 g/1 of surfactant and having pH=9 to form a roughened '
layer (uneven layer) of Cu-Ni-P alloy having a thickness of
2.5 um on the full surface of copper conductor circuit 4.
Further, the substrate is washed with water and
immersed in an electroless tin-substitution plating bath
comprising 0.1_mol)l of tin boron fluoride and 1.0 mol/l of
thiourea at 50°C for 1 hour to form a tin-substitution plated
layer having a thickness of 0.3 um on the surface of the Cu-
Ni-P alloy roughened layer.
(3) A photosensitive adhesive solution (interlaminar resin
insulating agent) is prepared by mixing 76'parts by weight of
25% acrylated product of cresol novolac type epoxy resin (made
by Nippon Kayaku Co., Ltd. molecular weight: 2500) dissolved
in DMDG (diethylene glycol dimethyl ether), 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 (made by Kanto Kagaku Co., Ltd.) as
a photoinitiator, 0.5 parts by weight of Micheler’'s ketone

(made by Kanto Kagaku Co., Ltd.) as a photosensitizer, 35



As the acid, there are phosphoric acid, hydrochloric acid, sulfuric acid,
or organic aC|ds such as formc acid, acetic acid and the |ike.

Particularly, the use of the organic acids is desirable because when the
roughening treatnent is carried out, the corrosion of the netal conductor

circuit exposed fromthe viahole hardly occurs. 26 As the oxidizing
agent, it is desirable to use chromc acid, pernmanganate (potassium
per nanganate or the like) and so on. (5) 8Then, a catal yst nucleus is

appli.ed to t hpawtsi bg webght aite 5.5 W oh hhersgmfama Diparits bgheeiyet i st
roughened. In _the application of t he catalgst nuc) eus, it |s desirable to
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formed on theréillsng substrate in mhlch the catal yst nucleus is applied.

the plating r%iBSt’ i&hésp£§§2£é¥¥1 zve aﬁﬁe51ve solution obtained in the
step (3) is applied onto both surfaces of the substrate
treated in the step (2) by means of a roll coater and le££ to
stand at a horizontal state for 20 minutes and dried at 60°C
for 30 minutes to form an adhesive layer 2 héving a thickness
of 60 um.
(5) A photomask film depicted with viaholes is adhered
onto each surface of the substrate provided with the adhesive
layer 2 in the step (4) and exposed by irradiation of
ultraviolet ray. |
(6) The substrate exposed in the step (5) is developed by
spraying DMTG (triethylene glycol dlmethylether) solution to
form openings for viaholes of 100 uym¢ in the adhesive layer 2.
Further, the substrate is exposed to a superhigh pressure
mercury laﬁp at 3000 mJ/cm? and then heated at 100°C for 1 hour
and at 150°C for 5 hours to form an adhesive layer 2 of 50 um
in thickness having the openings (opening 6 for the formation
of viahole) with an excellent size accuracy corresponding to
the photomask film. Moreover, the tin plated layer is
partially exposed in the opening 6 for the viahole.
(7) The substrate provided with the openings 6 for the
viaholes in the steps (5), (6) is immersed in chromic acid for
1 minute to dissolve and remove epoxy resin particles from the
surface of the adhesive layer, whereby the surface of the
adhesive layer is roughened. Thereafter, it is immersed in a
neutral solution (made by Shipley) and washed with water.
(8) A palladium catalyst (made by Atotec Co., Ltd.) is

applied to the substrate subjected to a roughening treatment



conposition conprised of an im dazole curing agent and acrylate of creso
novol ac type epoxy resin, phenol novolac type epoxy resin and the |ike, but
‘use may be made of conmercially avail able products. (7) Then, an

el ectroless plating is conducted on the non- resist formed portion to form
a conductor circuit including a pad and a vi ahol e, whereby the printed
circuit board is produced. As the electroless plating, it is desirable to

use a copper plating. (8) Then, if necé8sary, a roughened |ayer is
formed on thersuy n{eaﬁagohegeﬂduséoﬁmplmwﬂe ste® f(99Mebi givefatdsedpughened
| ayer can be carried out

et chi treat nent, polishing treatnment, redox
treat nent, aMFIAUR ity tPPeﬁt’FrEﬁFe ‘Fﬁr‘il?%lﬁdéﬁsy‘-"ei dayRE gl and nEhe (RRANNG |

it is desira@lfbg(}ﬂga&qhhbgeroughened [ ayer by depositing a copper-nlckel
phosphorus alloy |ayer through electro]ess platin the el etrol ess

plating of tf® allof migkedssglution @ is Ra(felfsgya“‘bl"é{‘ﬁnﬁﬁ bt 18 & ithg an
aqueous sol UphStogetidiizeldOBligomer (molecular weight: 4000) obtained by

acrylating 50% of epoxy group in 60% by weight of cresol
novolac type epoxy resin (made by Nippon Kajaku Co., Ltd.)
dissolved in DMDG, 15.0 g of 80% by weight of bisphenol A-type
epoxy resin (made by Yuka Shell Co., Ltd. trade name: Epikote
1001) dissolved in methyl ethyl ketone, 1.6 g of an imidazole
curing agent (made by Shikoku Kasei Co.,.Ltd. trade name:
2E4MZ-CN), 3 g of a polyvalent acrylic monomer (made by Nippon
Kayaku Co., Ltd. trade name: R604) and 1.5 g of a polyvalent
acrylic monomer (made by Kyoeishé Kagaku Co., Ltd. <trade
name: DPE6A) as a photosensitive monomer.

A mixed solution B is prepared by dissolving 2 g of
benzophenone (made by Kanto Kaéaku Co., Ltd.) as a
photoinitiator and 0.2 g of Micheler’s ketone (made by Kanto
Kagaku Co., Ltd.) as a photosensitizer in 3 g of DMDG heated
at 40°cC.

A liquid resist composition is obtained by mixing and
agitating the mixed‘solution A with the mixed solution B.

(10) The liquid resist is appiied onto both surfaces of the
substrate treated in the step (8) by means of a roll coater
and dried at 60°C for 30 minutes to form a resist layer having
a thickness of 30 um. _

(11) A mask depicted with a pattern is laminated onto the
resist layer and exposed by irradiation of ultraviolet ray.
(12) The resist layer exposed in the step (11) is dissolved
and developed with DMDG to form a plating resist 3 removing '
the conductor circuit pattern on the substrate, which is
further exposed to a superhigh pressure mercuryllamp at 6000

mJ/cm?*. Further, the plating resist 3 is heated at 100°C for 1



conprising copper sulfate: 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: 10-40 g/l and
surfactant: 0.01-10 g/l. (9) Then, a solder resist conposition
according to the invention is applied onto both surfaces of the printed
circuit board treated in the step (8). Particularly, in the invention, when
the solder resist layer is applied onto both surfaces of the printed
circuit board, it is desirable to apply theggol der resi st conposition onto
bot h surfacetoafr tha atbri0oa cEcat 3t houraneot foEm by pEamentt sasist chidcy t he
printed circyit bﬁ rd.between ?pair of rolls in a roll coater at the
vertically stRTdi §e§i‘é?e WRF arrying.to the upper side fromthe under

' side as showq13n Fi gThe. skestatsie [proividefewith celie pemdaricdnte pesistit3 pis nt ed

circuit board is.double-sided bpard _and hence the sal der, resi st copposition
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that there deposited on the no-resist formed portion to form an
outerlayer copper pattern 5 and viahole 7. Tha£ is, conductor
layer is formed through the additive process (see Fig. 1(d)).
(14) Then, the substrate provided with the conductor layer
is immersed in an electroless plating solution comprising 8
g/l of copper sulfate, 0.6 g/1 of nickel sulfate, 15 g/l of
citric acid, 29 g/l of sodium hypophosphite, 31 g/l of boric
acid and 0.1 g/l of surfactant and having pH=9 to form a
roughened layer 11 of copper-nickel-phosphorus on the surface
of the conductor 1ayef'(see Fig. 1l(e)).
(15) On the other hand, a solder resist composition is
prepared by mixing 46.67 g of a photosensitized oligomer
(molecular weight: 4000) obtained'by acrylating 50% of epoxy
group in 60% by weight of cresol novolac type epoxy.resin
(made by Nippon Kayaku Co., Ltd.) dissolved in DMDG, 15.0 g of
80% by weight of bisphenol A-type epoxy resin (made by Yuka
Shell Co., Ltd. trade name: Epikote 1001) dissolved in methyl
ethyl ketone, 1.6 g of an imidazole curing agent (made by
Shikoku Kasei Co., Ltd. trade name: 2E4MZ-CN), 3 g of a
polyvalent acrylic monomer (made by Nippon Kayaku Co., Ltd.
trade name: R604), 1.5 g of a polyvalent acrylic monomer (made
by Kyoeisha Kagaku Co., Ltd. frade name: DPE6A) as a
photosensitive monomer, 0.71 g of a dispersion type defoaming
agent (made by Sannopuko Co., Ltd. trade name: S-65), 2 g of
benzophenone (made by Kanto Kagaku Co., Ltd.) as a



I's caused no outflow and also the transferring is good even if it is
applied while vertically standing the substrate. As shown in Fig. 2, a
doctor bar contacting with each roll is arranged at a side of an applying
face in a roll coater used in the invention. The doctor bar is provided
wWith a receiving portion storing a solder resist conposition in a space to
the roll. The surface of the roll is nade fromrubber or a resin such as
urethane or the |like and many fine 28 gunooves are forned on the surface.

of the resipHdtoAnieidtbblafld!@Cl iPHOMilRARIERNE. kdEOKET Mfle WyCRablE Ol |'s
are rotated, the solder_resist conposition stored in the receiving portion
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cont act ed wi¢isddaatyuket abepalst ats25rensferred onto the side of the
substrate, whereby the aegllcgwﬁon of the sol der resjst conpasition,is
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exposing a rotor No. 3 in case of 6 rpm.

(16) . The substrate obtained in the steps (1)-(14) is
sandwiched between a pair of coating roll 21 of the roll
coater 20 shown in Fig. 2 at a vertically standing state, and
the solder resist composition obtained in the step (15) is
applied onto the surface of the substrate two times to form a
resin layer having a thickness of 20 um. In this case, the
solder resist composition is dried at 75°C for 20 minutes in
the first application and at 75°C for 30 minutes in the second
application. )
(17) After the resin lajer is formed on the surface of the
substrate, it is exposed to ultraviolet ray and developed with
DMDG. '

Further, the resin layer is heated at 80°C for 1 hour,
at 100°C for 1 hour, at 120°C for 1 hour and at 150°C for 3
hours to form a solder resist layer 14 (thickness: 20 um)
having openings (opening size: 200 uym) in the pad portions
(see Fig. 1(f)).
(18) Then, the substrate provided with the solder resist
layer 14 is immersed in an electroless nickel plating aqueous
solution comprising 30 g/l of nickel chloride, 10 g/1 of
sodium hypophosphite and 10 g/1 of sodium citrate and having
pH=5 for 20 minutes to form a nickel plated layer 15 having a
thickness of 5 um on the opening portion. Then, the substrate
is immersed in an elctroless gold plating aqueous solution
comprising 2 g/l of potassium gold cyanide, 75 g/l of ammonium

chloride, 50 g/1 of sodium citrate and 10 g/l of sodium



pad portion in the conductor circuit. The filmprovided with the opening
portion i's cured by subjecting to a heat treatnment at 80-150[err]C for 1-10
hours. Thus, the solder resist |ayer having the opening portion is closely
adhered to the roughened | ayer fornmed on the surface of the conductor
circuit. The opening size of the opening portion nmay be nade | arger than
the dianmeter of the pad to conpletely expose the pad. In this case, even if
t he photomask is shifted, the pad is not cgyered with the sol der resist and
al so the sol Hgpoplesspitities atoB3CanEact 23l mirdtesheos dbdar abgdyd pnaﬁémt t he
constricted portion i.s not caused in the_s er body, and the crack ardly
occurs in th %%’Fd£§ Ryhra Gnléf' gkgefgoh 92(9% °8p§ﬁ?n§ g*‘?g ‘g]f er#;

openi ng port Lagersls bsewddgsmil(gey .t han the di amater of the pad, and in
this case thglg ugheﬂled Iaer\*ﬁn t he ad surfaq: cI oselﬁ adhered to the
sol der resis fll) S &h SORAER Pﬁﬁ R ot H RS rf@ﬁ @ held onto the
pad exposed i:ransfdﬂa-ememnnghpobpenhng npdsi-momldiemhees::iaekayes:,sta Isyied

| ayer havi ng, Zi b O Ieast ur uch as

netal |ayer o? Y c’f<e odn%tn%paf: P?ay%rm(‘)f 'S°§pds|§gri’ﬁf“§ky t he

li ke is formbtbeoe i#mpqnﬁﬁced a printed circuit board having the solder
bumps 17 (Fig. 1(h)).

' Comparative Example 1

The steps (1)-(16) are repeated in the same manner as
in Example 1 except that 14 g of DMDG is added to the
composition in the step (15) of Example 1 and the viscosity is
adjusted to 0.2 Pa's as the solder resist composition.

However, the above SOLder resist composition is too low
in the viscosity and is easily dropped down, so that it can
not simultaneously be applied onto both surfaces of the wiring
‘substrate at the vertically standing state. For this end,
such a solder resist composition is applied to the wiring
substrate at a horizontal state through a curtain coat method,
whereby the printed circuit board having the solder bumps is
produced likewise Example 1.

Comparative Example 2

A printed ci;cuit board having solder bumps is produced
in the same manner as in Example 1 except that cresol novolac
type epoxy resin having a solid content of 70% is used in the
solder resist composition of the step (15) of Example 1 and
the viscosity is adjusted to 15 Pa's.

In Comparative Example 2, the viscosity of the solder
resist composition is too high, so that unevenness is created
on the surface of the solder resist layer.

Comparativ xample
The steps (1)-(16) are repeated in the same manner as

in Example 1 except that a compositibn described in Run No. 1-



29 portion exposed fromthe opening portion. As the copper plating, an

el ectrol ess plating aqueous sol ution conposed of, for exanple, copper -ion,
trial kanol am ne, reducing agent, pH adjusting agent and water is suitable.
Concretely, it is desirable to use an el ectrol ess plating agueous sol ution
havi ng a copper ion concentration of 0.005-0.015 nol/| using copper sulfate
or the like as an ion source, a concentratign of pH adjusting agent such as
sodi um hydroxi de, potassi um hydroxi de or tH like of 0.25-0.35 nol /1, a
concentrati ah «of aaamaangsagemt(smmﬂemﬁreﬂnﬁ&hpdmpoh;pbohos¢ﬂﬂdxn1ng

hydr ob d of i
of ‘ot Teast St Rorodfe nkite Ratin Tt FRatRablre e, 0"

tr||sopropaﬁbénzuphanomndahﬂlpiopehet sirketumenfand ha@;ﬁgn@l#iscdhiﬁ@hefnlckel
atcous. sol (i1 5Bl Tt Ear gelies s Bh SHRE TN of - Re ser e
Electroless Platlng"nbyeverKaube 4¢nﬂ§isdﬁdtrSepSéghgcoﬁ@osﬂﬂihn isF@oo
cxarml e, 20 Sh7ChH YR ALeESoPLa 19 DR BRI AogH 6o dilasuy ok
hydr oxyacet atcan (tmt mlghheoﬁstndbemmlx@d e:)nmdbomv'sngfmeaebﬂﬁtmd to
4-6 at a wiring substrate at the vertically standing state. For this

end, such a solder resist composition is applied to the

surface of the wiring substrate through a curtain coat method

described on JP-A-63-286841, and then the printed circuit

board having the solder bumps is produced in the same manner

as in Example 1.

Comparative Example 4

A printed circuit board having solder bumps is produced

in the same manner as in Example 1 except that a composition

described in JP-A-62-23036 is used as a solder resist

composition and a solder resist layer is developed with an

alkali.

With respect to the thus obtained printed circuit
boards, HAST test (high acceleration stress test)'is conducted
to measure the presence or absence of short-circuit between
the solder bumps by means of a checker. Moreover, test
conditions are temperature of 135°C, humidity of 85%, voltage
of 3.3 V and 48 hours.

Further, the presence or absence of hallow phenomenon
is visually confirmed and also heat cycle test of 1000 times
is conducted at -55°C ~ 125°C to measure the presence or
absence of the peeling of the solder resist layer by means of
an optical microscope.

The results are shown in Table 1.



tenperature of 90[err]C can be used as the el ectrol ess nickel plating.
Furthernore, an electroless gold plating bath containing 1-3 g/l of

pot assi um gol d cyani de, 70-80 g/l of anmonium chl oride, 40-60 g/l of sodium
citrate and 5-20 g/l of sodi um hypophosphite and having pH adjusted to
7-7.5 at a tenperature of 92-95[err]C can. be used as the electrol ess gold
plating. In the invention, when the roughgned | ayer of copper-

ni ckel - phosphorus all oy having a thickness of 0.5-7 [errJmis 30

subj ect ed Tablsi dkel plating, if the thickness of nickel layer is 1-7 pm

t he roughgned—LayeL_L%_subsLanLLagLy_LLLLed—uLLhthe_nLckeL,Iavpr to ke
the surfage thereof fl AppllicatsofesuAsbdl edthat a geh_g;lo‘pl at ed HddtMQlele

¢
0.01-0.06lpmin thicknpess is.formgd on the fl at 6face of the ni ckel
| ayer. Moteover. it igP5888FbFe to forma netal |BYEPOBERAR 7%&§% 1 min

t hi ckness gga{npgerpugr% ed | ayer of zgopper-ni ckel zophosphor us, &L‘Je@% havj ng
opper p

a thicknes¢s of 7 [lerr] m by succeSS|ver condycting the C ating,
ni ckel plating and golld pl ati ng. short-circuit
Comparative | impossi- short-circuit | none no peel

Example 1 bility

Comparative | uneven of none none no peel
Example 2 surface | short-circuit
Comparative | impossi- short-circuit | presence peel

Example 3 bility

Comparative | good short-circuit | none no peel’

Example 4

In Example 1 accoxrding to the invention, when the
solder resist composition is applied to the wiring substrate
at a vertically standing state by means of a roll coater, the
application property is good. On the other hand, the
application property of the solder resist composition is poor
in Comparative Example 1 having a too low viscosity and
Comparative Example 2 having a too high viscosity.

In Example 1, the lead migration is not confirmed and
the occurrence of short-circuit due to the lead migration is
not confirmed after the HAST test. On the contrary, in
Comparative Examples 2 and 4 using the same solder resist
composition as in Example 1, the lead migration is confirmed
and the occurrence of the short-circuit is confirmed after the
HAST test due to the low viscosity.

Since Qlycol ether type solvent is used in Example 1,
there are not observed the oxidation of the conductor circuit,
the hallow phenomenon and the peeling of the solder resist’

layer due to heat cycle. On the contrary, the hallow



(12) Then, a solder body is fed onto the pad exposed fromthe opening
portion. As the nethod of feeding the sol der body, use nay be made of

sol der transferring nmethod and sol der printing nethod. The sol der
transferring nmethod is a method wherein a solder foil is attached to a
prepreg and etched so as to |leave only a portion corresponding to the
opening portion to render into a solder carrier filmhaving a sol der
pattern, and the solder carrier filmis |afPnated so as to contact the

sol der patt @henomehohhan@athalgesling ldue 6 Rpati éfele ih@bseeredgiporti on
in the sol dg’: resi ﬁt of _the jzul;sstrate ang hea]&ed to tt_ransfer t he sol der
onto the pad®"BRTPRAVE: FEF™ Ehd YHE % SPAEPSBIT Rt PR et hod is a net hod

wherei n a mExampdes2 havi ng t hrough-hol es corresponding to the pads is

pl aced onto the subitrage a dc.acsuolltd% Qgsée 'is pr(i)j;& ed %nd hegt ed. .Anot her
met hod of produci ng™t RE*BFTh T Wit FPRTHoaF 2% 3t Fy RUTPEn &S| REGAYFS
W [l be descim lbhet lsalmevwmagi¢r as Ain fExasiplealwexcapt stiost ratmughepedpar ed by

form ng an ijnnerl ayer. c patte n rfac _core bstrate. The
copper patt elrn"°‘r¥e|rs:L orf'r'r’etﬁggﬁﬂ’f h% %eo({rogx g:tfbe;%t"’?%?;é I'o'§ g{"?re *hecéi %]?ﬂet"ghi ng a
copper - cl ad Bxasiplzt 4. In thisthedboftfeatmend ,athedbecare aused/em f or

el ectrol ess gl ahjgnO8qResHD L5 Al ' Ut FaoH 395 §PEYY R, b6 gPP) Vi M de

substrate,
and Na;PO: (6 g/1l) and a reducing aqueous solution of NaOH (10

g/l) and NaBH: (6 g/l).
Comparative Example 5

.A printed circuit board having solder bumps is produced
in the same manner as in Example 1 except that the step (14)
of Example 1 (formation of roughened layer) is not carried out
and the step (18) of Example 1 is the same condition as in
Example 2.

A heat cycle test of 1000 cycles at -55°C ~ 125°C is
carried out with respect to the printed circuit boards of
Examples 1 and 2 and Comparative Example 5 to measure the
presence or absence of the peeling of solder resist layer by
means of an optical microscope. Further, a PCT test (pressure
cooker test) leaving under conditions that a temperature is
121°C, a humidity is 100%, a pressure is 2 atmospheric pressure
and a timé is 200 hours is carried out to visually measure the
presence or absence of the peeling of solder resist layer.

The results are shown in Table 2. As seen from Table
2, the peeling of the solder resist layer in the heat cycle
test or PCT test can be prevented in the printed circuit board

according to the invention.



31 ceram c substrate, netal substrate. or the |like and roughening the
surface.of the adhesive |ayer and subjecting the roughened surface to an

el ectrol ess plating, or so-called sem -additive process (the whole of the
roughened surface is subjected to an electroless plating and then a plating
resist is fornmed thereon and a portion not formng the plating resist is
subjected to an electrolytic plating and thg plating resist is renoved and
etched to forma conductor circuit conprised of the electrolytic plated

fi-l mand el e®abdeeds plated film. Further, a roughened | ayer of

copper - ni ckel - phosphorus is formed on the innerlayer copper pattern surface

of the wiring—substrate The roughened layer is formed by the el ectrol ess
pl ati ng. The| conmposition @Eelhﬁgebgcgégﬂégﬁ%dgjaﬂ ngyagueous solution is
desirabl e tol have a copper—tofr coRtent+35 tIUII of—2- L)\]_G'E rr]-4. 1X10[ err]
mol /1, a nickel ion concg¢nt Beetoayole 2. 4x10[ePEF 4.1x1p[err] mol /1l and a
hypophosphorfis aC|ﬂ on ¢oncentratron off 0.20-0.25 nol/]. The film
deposi ted wi bove ranB8®fs peedle jn™PRE crystpl structure and is
excellent in EQ&mQHQQPr gf fect ,odhe el e¢trol eggpR! ating} bath may be added
W th a conpl px+g

Comparative presence presence

Example 5

Example 3

A printed circuit board.having solder bumps is produced
in the same manner as in Example 1 except that a copper layer
having a thickness of 3 um is formed by the electroless copper
plating of the step (13) after the roughening treatment- at the
step (14) of Example 1 and then nickel layer and gold léyer
are successively formed thereon and thereafter solder bumps
are formed Ey solder transferring method. |

Moreover, the solder transferring method is a method
wherein a solder foil is attached to a preprég by heating
under preséure and etched with borofluoric écid to form a
solder pattern and then laminated on a substrate coated with
flux so as to contact a pad with the solder pattern and heated
at 200°C.

Comparative Example 6

A printed circuit board having solder bumps is produced
in the same manner as in Example 1 except that the roughening =
treatment in the step (14) is not conducted.

Comparative Example 7

The same procedure as in Example 4 is repeated except
that copper layer is formed on the copper-nickel-phosphorus
roughened layer and then solder bumps are formed thereon
through solder transferring method without forming the nickel

layer and gold layer.



agent and additives in addition to the above conpounds. As the other nethod
of form ng the roughened | ayer, there are oxidation-reduction treatnent, a
nmet hod of etching copper surface along grain boundary to forma roughened

| ayer and the |ike. Mreover, through-holes are forned in the core
substrate, and the front and back wiring |layers may el ectrically be
connected to each other through the through- holes. And also, a resin may
be filled in the through-hol es and between f{e conductor circuits of the

core substrate to emeekhexﬁmi.hﬂﬁﬁ@dm;@@f ekafplE} 06xide BHilm is32 (2)
Then, an int rIargpnar i.nsul atlng & Si.n Ia ?Hfor d on cEhe printed

Wi ring subst ed) 1 My SPrERf e 1‘5 ]’{yb°ﬁ1 i1Rg rabl e
t hat the adhesyg@ fiof adlreabr degeade! the rtgeasaﬁmri.tﬂyomedthbowldw basuzed as
t he |nterlan1nar nsyl at i resin materjal in t|on . 8).
(3 ™t oFoRt fothel asddek RpR GG bS afkAets o BHE ' POPREE Sav e b ep
(2) is driedbetémersamatigalapnophai syrface of the copper layer, which is
easily dropped off by washing and hence the solder body can
not be formed.

" With respect to the printed circuit boards of Examples
1 and 3 and Comparative Example 6, the heat cycle test of 1000
cycles at -55°C ~ 125°C is carried out to measure the presence
or absence of the peeling of solder resist layer by means of
an optical microscope.

Further, the heat cycle test of 1000 cycles at ~65°C ~
125°C after the mounting of an IC chip consisting of Ga-As is
carried out to measure the présence or absence of the peeling
of solder bump. In general, after the mounting of the IC-
chip, the connecting portion between the IC chip and the
printed circuit board is sealed with a silicon resin, but in
order to remarkably confirm the effect of the invention, the
resin sealing is not carried out.

' The results are shown in Table 3. As seen from Table
3, the peeling of the solder resist layer and the peeling of
the solder bump in the heat cycle test can be prevented in the
printed circuit board according to the invention.



portion for viahole is fornmed. The opening portion for viahole is fornmed in
t he adhesive | ayer by |light exposure, devel opnent and thernosetting in case
of the photosensitive resin, or by thernopsetting and | aser working in case
of the thernosetting resin (see Fig. 9). (4) Then, epoxy resin
particles existing on the surface of the cured adhesive |ayer is dissolved
and renmoved with an acid or an oxidizing aget, whereby the surface of the
adhesive layer is roughened (see Fig. 10). As the acid, there are
phosphori c ada#lehgdrochl oric aci'd, sulfuric acid, or. organic acids such as
formc acid, _acetic acid and the like Particularly the nse of the organic
acid is desifable becausg pdeiidd @£ a8ghesi geblgagnaptsdgaégabﬁhgd out, the
corrosion of [the nmetal cognductor circuit exposed fromthe viahole hardly
occurs. As the oxidizing [kRHtSt i48YPE desirable to use chronic acild,

per manganat e} Lpot assium per manggpate or theflike) ang so on. (5) Then
E § gl' I & . I hich tl

a catal yst n| surface
of the adhes|ggamplé ®ighgned. | mdnee. appliction of Adwe catal yst nucl eus,
it is desiraptetouse—amobte—netat iTI1, arobternetat—cottotd—oet{ t he
li ke. I n gengFfarpayrtivelijum ciiraseaseor pal | adi um RPeesence

Example 6 '

Example 4

(1) As a starting material, there is used a copper-clad

laminate obtained by laminating a copper foil 8 of 18 um on
each surface of a substrate 1 made from a glass epoxy resin or
BT (bismaleimide triazine) resin having a thickness of 0.6 mm
(see Fig. 4). The copper foil 8 of the copper-clad laminate
is etched in a pattern according to the usual manner, which is
pierced and subjected to an electroless plating to form
innerlayer conddctér circuits 4 and through-holes 9 on both
surfaces of the substrate (see Fig. 5).

Further, bisphenol F-type epoxy resin is filled between
the innerlayer conductor circuits 4 and in the through-holes 9
(see Fig. 6).
(2) The substrate provided with the innerlayer copper
paﬁtern 4 in the step (1) is washed with water, dried,
acidically degreased and soft-etched. Then, the substrate is
treated with a catalyst solution comprising palladium chloride
and organic acid to give a Pd catalyst, which is activated and
subjected to a plating in an electroless plating bath
comprising 8 g/1 of copper sulfate, 0.6 g/1 of nickel sulfate,
15 g/1 of citric acid, 29 g/l of sodium hypophosphite, 31 g/l
of boric acid and 0.1 g/l of surfactant and having pH=9 to
form a roughened layer 11 (uneven layer) of Cu-Ni-P alloy
having a thickness ‘of 2.5 um on the surface of the copper

conductor circuits (see Fig. 7).



I's used. Moreover, it is desirable to conduct a heating . 33 treatnent for
fixing the catal yst nucleus. As the catal yst nucleus, palladiumis :
favorabl-e. (6) Then, the surface of the adhesive |ayer for electroless
plating is subjected to an electroless plating to forman el ectrol ess
plated fil mon the whole of the roughened surface (see Fig. 11). In this
case, the thickness of the electrol ess plated filmis 0.1-5 [err]m nore
particularly 0.5-3 [err]m Then, a platlng Pesist is forned on the

el ectrol ess pspted fﬁ|phd£b@%ngﬁg1vé2&dhé¥h¢éKSdﬂu&hbhg(&ﬁﬁéﬁlamiﬁafﬁresin

acryl ate of PRCHITDEAERE), 1P BTRPARRA VOIS FREtBpbly 0 Lah Y

the |ike, bunsusscfgmaﬁnalpmwauet oﬁnaeé§¢ruﬂg~dm§nItqbbeepbaﬁueésln(7ﬂade
T 0 T T T O I
In this caseinidMDG (kistilglllenet lgadycdhedihechyle ssthefr )t,h@0epaetsobytweighat ed
filmis 5_300Ee££1§gther-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
of benzophenone (made by Kanto Kagaku Co., Ltd.) As a
photoinitiator, 0.5 parts by weight of Micheler’s ketone (méde
by Kanto Kagaku Co., Ltd.) As a photosensitizer and 35 parts
by weight at 5.5 um on average and 5 parts by weight at 0.5 um
on average of epoxy resin particles, adding NMP (normal methyl
pyrolidone), adjusting a viscosity to 12 Pa's in a homodisper
agitating machine and kneading them through three rolls.
(4) The photosensitive adhesive solution obtained in the
step (3) is applied onto both surfaces of the substrate
treated in the step (2) by means of a roll coater and left to
stand at a horizontal state for 20 minutes and dried at 60°C
for 30 minutes to form an adhesive layer 2 having a thickness
of 60 ym (see Fig. 8).
(5) A photomask film depicted with viaholes is adhered
onto each surface of the substrate provided with the adhesive
layer 2 in the step (4) and exposed by irradiation of
ultraviolet ray.
(6) The substrate exposed in the step (5) is developed by
spraying DMTG (triethylene glycol dimethylether) solution to
form openings for viaholes of 100 um¢@ in the adhesive layer 2.
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 150°C for 5 hours to form an adhesive layer 2 of 50 um



As the electrolytic plating, it
plating. (8) After the plating resist
filmbeneath the plating resist

persul f at e,
circuit (see Fig. 14). Then, the surface of
el ectroless plating is etched with an oxi di Z

I's desirable to use an electrolytic copper
I's renoved,
is removed by dissolving in an etching
solution such as a m xture of sulfuric acid and hydrogen peroxi de,

the el ectrol ess pl ated

sodi um

amoni um persul fate or the |like to obtain i ndependent conductor

he adhesive | ayer for
ng agent such as chromic acid

or the like ta tnﬂauﬁeéémhauﬂnglyab apehsmgsr@upduﬁnggstheteane famatiobhen,

S for

Phekh B

a roughened I?yer ce, of

Fig. 15). h&‘

SWhFﬁﬁe 8“ 0 ﬁ%enefﬁ%&f@rcofﬁefgp

t he conduct.or uit (see

é%?g to3y

et chi ng treathenphopahasiifidnt r(eaenehy, sndommrewtelrenthantlxplplam

oxi dat  on” aqUBGGE 451 RO Srehefdoth the

*a%gtrsreié ?ybﬂg/Y Hake naspos

(6 g/1) and d7peduct T sathﬂnaet&@lrotmdadomﬁ\la(ﬂhe( bpegihysadfdiaBifeerr] (6

g/l). viaholes in the steps (5),

(6) is immersed in chromic acid for

1 minute to dissolve and remove epoxy resin particles from the

surface of the adhesive iayer,'whereby the surface of the

adhesive layer is roughened.

Thereafter, it is immersed in a

neutral solution (made by Shipley) and washed with water (see

Fig.
(8)

10).

A palladium catalyst (made by Atotec Co., Ltd.) is

applied to the substrate subjected to a roughening treatment

(roughening depth: 5 um) in the step (7) to_give a catalyst

nucleus to the surface of the adhesive layer 2 and the opening

6 for the viahole.

(9)

The substrate is immersed in an electroless copper

plating bath having the following composition to form an

electroless copper plated film 12 having a thickness of 3'pm

on the full roughened surface (see Fig.

11).

[Electroless plating aqueous solution]

EDTA

Copper sulfate
HCHO

NaOH
o,0-bipyridyl
PEG

[Electroléss plating condition]

150 g/1
20 g/1
30 m1/1
40 g/1

80 mg/1
0.1 g/1

liquid temperature of 70°C, 30 minutes

(10)

A commercially available photosensitive dry f£ilm is

attached to the electroless copper plated film 12 formed in

the step (9) and a photomask film is placed on the dry f£film,

which is exposed to a light at 100 mJ/cm? and developed with a



‘Furthernore, the roughened | ayer nmade from copper- nickel -phosphorus all oy
| ayer is formed through deposition by the electroless plating. As the

el ectrol ess alloy plating aqueous solution, it is favorable to use a

pl ati ng bath of aqueous sol ution conposition conprising copper sulfate:
1-40 g/l, nickel sulfate: 0.1-6.Qg/l, citric acid: 10-20 g/l,
hypophosphite: 10-100 g/l, boric acid: 10-4§,9/1 and surfactant: 0.01-10
g/l. (10) An adhesive | ayer for electroless plating as an interlam nar

i nsul ating resivtioly@f 0S 880568 IuANcdFvorfdds itoatfermsacpafing GesistlB
Then, an upperl ayer conductor ci rfuit Is forned Il}ré repeating the steps
(3)-(8), whebdAg 1 thackaessnbclyrmpaPesmFig-atéPe functioning as a

sol der pad ayg1y or nehelnSeehki g6n-tds 26N . fdrming pohtiotghenssbiautd ite
formed on the s faces]_r of, the, condugt of J)ad ndr%‘i agokﬁ ‘gsee Fig,. 21). The
method of 1 o SFGHIRiSnERBAST apLetiRg (HRles e 01 FOVFRS cfamlitdpns 13)
Then, a sol de¢ fem n @lEReTbliyelicacoppett ldted F4lmn18nhaving Sa appl i ed
onto both surfaces of &Pe printed citcuif_ board treated in the step (8).
Wien the sol FRICHRRESF dpepm (S8 TSy ‘0 both surfaces of the printed

circuit boar gelédtrclyiEs pllkéngoagpedys tdedlitdlodgr resi st conposition onto
both surfaces of the

sulfuric aid 180 g/1
copper sulfate _ 80 g/1
additive (made by Adotech Japan J 1 ml/1

Co., Ltd. trade name: Kaparashido-GL)
[Electrolytic plating condition]

current density i A/dm?

time 30 minutes

temperature room temperature
(12)  After the plating resist 3 is peeled and removed with

5% KOH, the electroless plated film 12 beneath the plating
resist 3 is dissolved and removed by etching with a mixed
solution of sulfuric acid and hydrogen peroxide to form
conductor circuits 5 (including viaholes 7) of 18 um in
thickness comprised of the electroless copper plated film 12
and the electrolytic copper plated f£ilm 13 (see Fig. 14).

(13) The substrate provided with the conductor circuits 5
is immersed in an electroleés plating aqueous solution
comprising 8 g/1 of copper sulfate, 0.6 g/l of nickel sulfate,
15 g/l of citric acid, 29 g/l of sodium hypophosphite, 31 g/1
of boric acid and 0.1 g/1 of surfactant and having pH=9 to
form a roughened layer 11 of copper-nickel-phosphorus having a
thickness of 3 um on the surface of the conductor cifcuit 5
(see Fig. 15). When the roughened layer 11 is analyzed by
EPMA (electro probe microanalysis), it shows a composition'
ratio of Cu: 98 mol%, Ni: 1.5 mol% and P: 0.5 mol%.

(14) The steps (4)-(13) are repeated to form a plate-shaped



Substrate at the sane tinme by means of sandw ching the printed circuit
board between a pair of rolls in aroll coater at the vertically standing
state and carrying to the upper side from 35 the under side. Because
basi c specification of the present printed circuit board is doubl e-sided
board and hence the solder resist conposition can be not applied onto both
surfaces of the substrate by neans of a curéﬁjn coat nmethod (a nethod of
flowwng a resin fromupward to downward as wat erfall and passing the
substrat e thcondictor @ad di8nandf at hibahake )80 Fesviobgdes aesobiex gadosnt i on
according to LoV | : t] e S r ve
mot hod whi chereeaet leAayat, SRR LEDFTE AR o ERGuBRElrPlye 1l i T
tinme. That isurfacesitkhereod| deeer Bigst tforiddosition is a viscosity of 0.5-10
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: h .
I s good even is applie e vertic standi ng e substrate. (14)
Then, the conRrepareéd by gfixing 46} 6¢rpaxks iy weqsdsi pfoA Phothsensittized
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and of epoxy group in cresol novolac type epoxy resin (made by
Nippon Kayaku Co., Ltd.), 14.121 parts by weight of bisphenol
A-type epoxy resin (made by Yuka Shell Co., Ltd. trade name:
Epikote 1001), 1.6 parts by weight of an imidazole curing
agent (made by Shikoku Kasei Co., Ltd. trade name: 2E4MZ-CN),
1.5 parts by weight of a polyvalent acrylic monomer (made by
Nippon Kayaku Co., Ltd. trade name: R604) as a photosensitive
monomer, 3.0 parts by weight of a polyvalent acrylic monomer
(made by Kyoeisha Kagaku Co., Ltd. trade name: DPE6A), 0.36
part by weight of a leveling agent (made by Kyoeisha Kagaku
Co., Ltd. trade name: Polyflow No. 75), 2.0 parts by weight
of Irgaquar I-907 (trade name, made by Ciba Geigey) as a
photoinitiator, 0.2 part by weight of DETX-S (trade name, made
by Nippon Kayaku Co., Ltd.) as a photosensitizer and 1.0 part
by weight of DMDG (diethylene glycol dimethyl ether) and
adjusting a Qiscosity to 1.4%#0.3 Pa's at 25°C. .

Moreover, the measurement of the viscosity is-carried
out by means of a B-type viscometer (made by Tokyo Keiki Co.,
Ltd. DVL-B model) with é rotor No. 4 in case of 60 rpm or a
rotor No. 3 in case of 6 rpm.

(16) The above solder resist composition is applied onto

the wiring substrate obtained in the step (14) at a thickness
of 20 um. Then, the substrate is dried at 70°C for 20 minutes
and at 70°C for 30 minutes and a photomask film is placed
thereon and then exposed to an ultraviolet ray at 1000 mJ/cm?
and developéd with DMTG. Further, it is heated at 80°C for 1
hour, at 100°C for 1 hour, at 120°C for 1 hour and at 150?c for



devel oping treatnments to form an opening portion exposing a pad portion in
the conductor circuit. The filmprovided with the opening portion is cured
by subjecting to a heat treatnment at 80-150[err]C for 1-10 hours. Thus, the
sol der resist |ayer having the opening portion is closely adhered to the
roughened | ayer fornmed on the surface of the conductor circuit. The opening
size of the opening portion nmay be nade | argger than the dianeter of the pad
to conpletely expose the pad. In this case, even if the photonmask is

shifted, the pmﬁrisswotoeaverwlla&ﬁ rdgists ahger es'(smamlesﬁﬁaa g)sol der
resist is not contacte t he sol der baqdy, t he constricted

o)
portion is rﬂﬂe'{e §é‘dtgﬁ PR% BOFHAS" JORPIRY fﬁéeCrgéQs’"ﬁh’r dly occurs in

t he sol der bgaidy. C)n'rhlaesabbefahar}fhmhl&d)pﬂmhnghel semért:hesmaenjmrpont ion
may be nmade snal | er an_the dj anetgé as to, cover

{,
peri pher al e’tfgé‘“ﬁ"fertsﬁg bﬁdaW? SRS é’t""?‘eq'a J'Pgé?gt“}‘ht’t"rﬁ e c&’ge t he
roughened | a:;mpmmlge3pag/lsuof am:lacksl cdlﬂs:e.hyleadtlergﬂltaftémdﬂm der resist,
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plated 1ayer 15 havxng a thickness of 5 ym in the opening
portion. Further, the substrate is immersed in an electroless
gold plating solution comprising 2 g/1 of potassium gold
cyanide, 75 g/l of ammonium chloride, 50 g/l of sodium citrate
and 10 g/i of sodium hypophosphite at 93°C for 23 seconds to
form a gold plated layer 16 having a thickness of 0.03 um on
the nickel plated layer 15.

(18) A solder paste is printed on the opening portion of
the solder resist layer 14 and reflowed at 200°C to form solder
bumps (solder body) 17, 170, whereby there is produced a
printed circuit board having solder bumps (see Fig. 22).
Example 5

A printed circuit board having solder bumps is produced
in the same manner as in Example 4 except that the roughening
of the conductor circuit is carried out by etching. 1In this
case, an etching solution of Durabond (trade name, made by
Meck Co., Ltd.) is used.
Eigmg;e 6
A. Preparation of an adhesive composition for electroless
plating
@®. 35 parts by weight of a resin solution obtained.by
dissolving 25% acrylated product of cresol novolac type epoxy
resin (made by Nippon Kayaku Co., Ltd. moleculér weight:
2500) in DMDG at a concentration of 80 wt% is mixed with 3.15
parts by weight of a photosensitive monomer (made by Toa Gosei
Co., Ltd. trade name: Aronix M315), 0.5 part by weight of a

defoaming agent (made by Sannopuko Co., Ltd. trade name: S-



so-call ed sem -additive process that the depth of the roughened |ayer in

t he adhesive for electroless plating is shallower (1-3 [err]m and the pad
is liable to be peeled due to the absence of the plating resist. (15)

Then, a netal |ayer of "nickel-gold" is fornmed on the pad portion exposed
from the opening portion. (16) Then, a solder body is fed onto the pad
exposed fromthe opening portion (see Fig. 22). As the nmethod of feeding
the sol der body, use may be nmade of sol der Bfansferring nethod and sol der
printing net baqi aﬂ'dne3 sa)lpkadtst bynwkeght NGE rtmm@d.tihs seimretihgd wherein a

sol der foil j che e hed S S to Ve on

or t1on cor r Clportd RIAES PRo“BHERE e B AISReEo FLRRERS R BD: Aes Pk
carrier fil nwheni ng2 spatigidiy mﬁt_;atnatandotme caoladveﬁ.-agar anar3{909 rpdarks

| ami nated 'so_as to contact the sol der atte nwth the p adg fr aflux is

appli ed to hBYoB&ishY Ford+iom™ 91 A% ﬁe‘? r B4t T5FHPhR3S Stadey
heated to trbysé&ﬁybfuhéﬁﬂ(tﬁ;,omta t herpdel. ndoe it IPolgineepolhandand EurHeter
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is printed andtheatedn@e foI | ow ng exanples are given in illustration of
the inventiogsand, are 10h ' REEIHE %A% ' {Hid0185 chPEh§ hged® M2 by
' ' Shikoku Kasei Co., Ltd. trade name: 2E-4MZ-CN) is mixed with
2 parts by weight of a photoinitiator (made by Ciba Geigey,
trade name: Irgaquar I-907), 0.2 part by weight of a
photosensitizer (made by Nippon Kayaku Co., Ltd. trade name:
DETX-S) and 1.5 parts by weight of NMP with stirring.
These mixtures are mixed to prepare an adhesive
composition for electroless plating. '
B. Preparation of an underlayer interlaminar insulating resin
material )
®. 35 parts by weigh£ of a resin solution obtained by
dissolving 25% acrylated product of creasol novolac type epoxy
resin (made by Nippon Kayaku Co., Ltd. molecular weight:
2500) in DMDG at a concentration of 80 wt% is mixed with 4
parts by weight of a photosensitive monomer (made by Toa Gosei
Co., Ltd. trade name: Aronix M315), 0.5 part by weight of a
defoaming agent (made by Sannopuko Co., Ltd. trade name: S-
65) and 3.6 parts by weight of NMP with stirring.
@. 12 parts by weight of polyether sulphone (PES) is mixed
with 14.49 parts by weight at 0.5 uym on average of epoxy résin
particles (made by Sanyo Kasei Co., Ltd. trade name:
Polymerpole) and further added with 30 parts by weight of NMP
and mixed in a beads mill with stirring.
®. 2 parts by weight of an imidazole curing agent (made by
Shikoku Kasei Co., Ltd. trade name: 2E-4MZ-CN) is mixed with
2 parts by weight of a photoinitiator (made by Ciba Geigey,



(1) As a starting material, there is used a copper-clad | am nate

obt ai ned by | am nating copper foil 8 of 18 [err]mon both surfaces of a
substrate 1 nade from gl ass epoxy resin or BT (bismaleimde triazine) resin
having a thickness of 1 nmor 0.6 nmm (see Fig. 1(a)). The copper foil 8 of

t he copper-cl ad 37 lamnate is etched in a given pattern according to
usual manner to forminnerl ayer copper patterns 4 on both surfaces of the
substrate 1 (see Fig. 1(b)). (2) The subStrate provided with the

i nnerl ayer carpde painéersgaqudr Th909Y¢Po(4)past 1Bshedghet B£vater, dried
o 2L ool ke BERRATE L ene . Bioter RSaiet MRy EEan Brade B S0
catal yst and DEPRFSAt and ahdbs [Heattesd bynwetight ecf rNNE s thl stipgiAglieous
ool UL on, oML S1 00 Shld OB LS D s PSS oldti g’
and 0.1 g/| efsedurbasnamdearkayeayisidepinSulatimy Mayerocghspituthygrenaineven
| YEn) o O alcaPu kbt AR KR e of LAk el e
with water afd Preparation of a resin filler ‘
®. 100 parts by weight of bisphenol F-type epoxy monomer
(made by Yuka Shell Co., Ltd. trade name: YL983U, molecular
weight: 310), 170 parts by weight of SiO. spherical particles
having an average particle size of 1.6 um and coated on its
surface with a silane coupling agent (made by Adomatic Co.,
Ltd. trade name: CRS 1101-CE, the maximum size of the
particles is not more than the thickness (15 um) of inmerlayer
copper battern as menﬁioned below) and 1.5 parts by weight of
a leveling agent (ﬁade by Sannopuko Co., Ltd. trade name:
Perenol S4) are kneaded through three rolls and a viscosity
thereof is adjusted to 45,000-49,000 cps at 23+1°C.
®@. 6.5 parts by weight of an imidazole curing agent (made by
Shikoku Kasei Co., Ltd. trade name: 2E4MZ-CN)
They are mixed to prepare a resin filler 10.
D. Production Example 1 for polymer of acrylic ester
In xylene solvent, 2-ethylhexyl acrylate and butyl
acrylate are mixed at a weight ratio of 53:47 and
copolymerized in a usual manner by heating at 50°C with the use
of dimethylaniline (tertiary amine) as an initiator.
Similarly, each of ethylacrylate and hydroxy ethylacrylate is
homopolymerized.
Then, copolymer of 2-ethylhexyl acrylate and butyl
acrylate, homopolymer of ethylacrylate and homopolymer of
hydroxy ethylacrylate are mixed at a weight ratio of 2-
ethylhexyl acrylate:butyl acrylate:ethylacrylate:hydroxyethyl

acrylate = 49:42:6:3 and then xylene is removed by heating.



i mersed in an el ectroless tin-substitution plating bath conprising 0.1
nmol /1 of tin boron fluoride and 1.0 nol/| of thiourea at 50[err]C for 1
hour to forma tin-substitution plated | ayer having a thickness of 0.3
[err]mon the surface of the Cu- Ni-P alloy roughened |ayer. (3) A
phot osensi ti ve adhesive solution (interlamnar resin insulating agent) is
prepared by m xing 70 parts by wei ght of 25% acryl ated product of cresol
novol ac type epoxy resin (nmade by N ppon Kayaku Co Ltd. nol ecul ar wei ght:

2500) dissolved in (d dng gl,_%ggél ;E)y e eett%?&) oh@Q;ﬁé&ts by

wei ght of polyether su hone an 1 mdazol e
curing agentcompegatign M@ﬂ&}!ﬂm’é-el pedymert s W‘aoﬂﬁﬁfdrﬂﬁ 2apdVEECGAF, 10

parts by Welp&i&u%acmela%%ﬂawﬂaa-e@e&ahe(afrm Bdoo-3eepanur ate (rmade
by Toa Gosei Co., . trade name: Aroni x"M325) as a photosensitive

nmononmer, 5 parts byW%\b'Fg'FESRﬁC“oél?szﬁeﬁbﬂEe(WW%t FTxABaRBeCkTUM, t (. )

as a phot0| NEL AR O e&r’i:@%’iﬁs 13 el 9B cfun &i@'ﬁasﬁr@@t QB%SE@E‘& by
Kant o Kagaku Co._, g as a, photosensitizer, parts b ght at

5.5 [err]m d??sé'\}é"rsaaé ahm i Rigsyy fei 47t 2ad 635 [%‘?9“] kben datar 8§e of
epoxy resin gise TREAnd MR "EpddNTd,NAt"Als supported that the synthesized

product is a polymer of acrylic ester.
" [Measuring device and measuring conditions]
@ Fr-IR
device:. Perkin Elmer 1650
measuring method: transmitting process (KRS-5)
@ NMr
device: EX-400 made by Nippon Denshi Co., Ltd.
Observation range: 'H .... 400MHz, pulse width:45°
3¢ ... 100MHz, pulse width:45°
chemical shift reference:CDCls;, 'H 7.25ppm, 3C 77.05ppm
The measurement is carried out at room temperature
after a sample is dissolved in bichloroform and added with 5
droplets of pyridine d5.
E. Production of printed circuit board
(1) . As a starting material, there is used a copper-clad
laminate formed by laminating a copper foil 8 of 18 um in
thickness onto each surface of a substrate 1 made from glass
epoxy resin or BT (bismaleimide triazine) resin and having a
thickness of 1 mm (see Fig. 26). At first, the copper-clad
laminate is drilled and a plating resist is formed thereon,
which is subjected to an electroless plating treatment to form
through-holes 9 and further the copper foil 8 is etched in a
pattern according to the usual manner to form innerlayer
copper patterns 4 on both surfaces of the substrate 1.
(2) The substrate provided with the innerlayer copper

pattern 4 and through-hole 9 is washed with water, dried and



met hyl pyrol i done), adjusting a viscosity to 12 Pas in a honDdispef

agi tating nachi
phot osensi tive

ne and kneadi ng themthrough three rolls. (4) The
adhesive solution obtained in the step (3) is applied onto

both surfaces of the substrate treated in the step (2) by neans of a rol
coater and left to stand at a horizontal state for 20 m nutes and dried at
60[err]C for 30 mnutes to forman adhesive |ayer 2 having a thickness of

60 [err]m (5)

A photomask fil m depicte@&7with viaholes is adhered onto

each surfacegabibbeedUbstd Ao’ t v do
step (4) andsexjoseﬁ b |rrad|at?ghgg?eﬂ$t€%%?gngQﬁguxgth gﬁu&y#P

substrate exﬁB%léHlPﬁ ehNaQHf1059/13 , dgﬁ%ééobg/ébrw psPANA 6 g/1)

(triethyl ene aghy&0okedhént ﬁ:@&@) SQhUiéerbedeH pgrLig ahgl es
of 100 [err]ﬁ[grrL ?n théba eS|vesIa er 2. Furth eﬁugtggi2u§géféﬁ%?|ge

exposed to a9

Mr%meﬁsﬁcawer aHo on thRBurfRERFePE|thad t hen

heat ed at 10@.hﬁéfl€yéﬁl’c<ﬂpﬂiﬁu ‘pattdral 41804 ckKd EHrYugh-RBUESI! PsdOTFAHN

- adhesi ve | ay
for the fornépl

2 of 50 [err]min thickness having the openings (opening 6
)on of viahole) with an excellent size accuracy correspondi ng

to the photonagk filThe =gy dilleeldi s phppEibd Bo bhePailé abhyesedosed

in the openlng
openlngs 6 f O

7 T substrate provided with the
?Hfor gsé&é@éi(¥ %eags)of a rgTi coater to %111 between the

conductor circuits 4 and in the through-holes 9 and dried at

70°

C for 20 minutes. Similarly, the resin filler 10 is filled

between the conductor circuits 4 and in the through-hole 9 on

the other-side surface and then dried by heating at 70°C for 20

minutes (see Fig. 28).

(4)

The one-side surface of the substrate treated in the

step (3) is polished by a belt sander polishing using #600
belt polishing paper (made by Sankyo Rikagaku Co., Ltd.) in

such a manner that the resin filler is not left on the surface

of

the innerlayer copper pattern 4 or the land surface of thé

through-hole 9, and then buff-polished so as to remove

scratches formed by the belt sander polishing. Such a series

of

polishings is applied to the other surface of the

substrate.

Then, the substrate is heated at 100°C for 1 hour, at

120°C for 3 hours, at 150°C for 1 hour and at 180°C for 7 hours

to

cure the resin filler 10 (see Fig. 29).

Thus, the roughened layer 11 formed on the surface

layer portion of the resin filler 10 filled in the through-
"hole 9 and the like and on the upper surface of the innerlayer
conductor circuits 4 is removed to smoothen both surfaces of
the substrate, whereby there is obtained a wiring substrate
wherein the resin filler 10 is strongly adhered to the side
surface of the innerlayer conductor circuit 4 through the

roughened layer 11 and the inner wall surface of the through-



~viaholes in the steps (5), (6) is imersed in chromc acid for 1 mnute to
di ssol ve and renove epoxy resin particles fromthe surface of the adhesive
| ayer, whereby the surface of the adhesive |ayer is roughened. Thereafter,
it is imrersed in a neutral solution (mde by Shipley) and washed with

water. (8) A pal | adium catal yst (made by Atotec Co., Ltd.) is applied
to the substrate subjected to a roughening treatnent 39 (rougheni ng
depth: 20 [err]m in the step (7) to give atal yst nucleus to the surface

ol ut on A rs S XFcafpies MR B9 RupCredi L o, hkopaporke
(ol ecul ar weughenedodayenblhi ndthaty isGr yhet sugf &0&oaf tglmxpsg.nougtlér 60%
(o d ssolSed i BpLerfcg 0F (G el bbet BoGpel AlaRh TAAR0 58 00y
resin (nmade S#prevaRanshén| titss stapd. tImadtbiaaqefseEpElk@t@rlimmreglin%ﬁ! \léggul n
Kasol Co. . Lid i Ras and BOUN AIHE-E G ALAEE ol Kb ehe o
(made by N [96ffksiart €b 448 &k k&Y €C.name: R604) and 1.5 g of a
pol yval ent (5) A roughened layer (uneven layer) 11 of Cu-Ni-P alloy
having a thickness of 2.5 um is formed on the exposed surfaces
of the innerlayer conductor circuit 4 and the land of the
through-hole 9 in the step (4) and further a Sn layer having a
thickness of 0.3 um is formed on the surface of the roughened
layer 11 (see Fig. 30, provided that the Sn layer is not
shown). |
The formation method is as follows. That is, the
substrate is acidically degréased and soft-etched and treated
with a catalyst solution of palladium chloride and organic
acid to give Pd catalyst, which is activated and subjected to.
a plating in an electroless plating bath of pH=9 comprising 8
g/l of copper sulfate, 0.6 g/1 of nickel sulfate, 15 g/l of
citric acid, 29 g/l of sodium hypophosphite, 31 g/l of boric
acid, 0.1 g/1 of surfactant and waier to form the roughened
'layer 11 of Cu-Ni-P alloy on the upper surfaces of the copper
conductor circuit 4 and land of through-hole 9. Then, Cu-Sn
substitution reaction is carried out by immersing in a
solution containing 0.1 mol/l of tin borofluoride and 1.0
mol/l of thiourea at a temperature of 50°C and pH=1.2 to form
the Sn layer of 0.3 um on the surface of the roughened layer
11 (Sn layer is not shown). |
(6) The interlaminar insulating resin material of the item
B (viscosity: 1.5 Pa's) is applied onto both surfaces of the
substrate treated in the step (5) by means of a roll coater
and left to stand at a horizontal state for 20 minutes and

dried at 60°C for 30 minutes (pre-baking) to form an insulating



acrylic nononer (made by Kyoei sha Kagaku Co., Ltd. trade nane: DPE6A) as a
phot osensitive nononer. A m xed solution B is prepared by dissolving 2 g of
benzophenone (nmade by Kanto Kagaku Co., Ltd.) as a photoinitiator and 0.2 g
of Mcheler's ketone (nmade by Kanto Kagaku Co., Ltd.) as a photosensitizer

in 3 g of DVMDG heated at 40[err]C. A liquid resist conposition is obtained

by m xing and agitating the m xed solution Agwith the m xed sol ution B.

(10) The liquid resist is applied onto both surfaces of the substrate
treated in tRgyetepa(8) by neans of a roll coater and dried at 60[err] C for
30 mnutes to forma resist |ayer having a thickness of 30 pm (11) A

mask depicted with aFpethern the adhenivedfontelaedtaolesssplatimg afdhexposed
by irradiati gRegf aul | . d vl 2 resist Y. Qsed.in the
em A (953(‘!6%11?6 P¥a éd)lv@\llst hapgéggd §§#—.§ 't:lLé?1 J%{Saut i&%d.ng e%f\g?rB

step (11) is dissolved an vel ope t orm a
renovi ng t he Z2oR¥uBeLdRrs cof clinoldacoataroand hteftHm staad whi ahhosidanttaler

exposed 10 a stuRer Fboh28! SRS %HCHFXeha%Q 86° S Y GThGELS - S Ner

the plating resist 3 is heated at 100[err]C for 1
baking) to form an adhesive layer 2b (see Fig. 31).
(7) A photomask film depicted witﬁ black circles of 85 um
in diameter is closely adhered onto both surfaces of the
substrate provided with the insulating layer 2a and the
adhesive layer 2b in the step (6) and exposed to a superhigh
pressure mercury lamp at 500 mJ/cm®’. It is developed by
spraying DMTG solution and further exposed to a superhigh
pressure mercury 1émp at 3000 md/cm? and heated at 100°C for 1
hour and at 150°C for 5 hours (post baking) to form an
interlaminar insulating resin layer (two-layer structure) of
35 pm in thickness having openings of 85 um in diameter
(openings 6 for the formation of viaholes) with an excellent
size accuracy corresponding to the photomask film (see Fig.
32). Moreover, the tin plated layer is partially exposed in
the opening for viahole.
(8) The substrate provided with the opening is immersed in
800 g/1 of chromic acid at 70°C for 19 minutes to dissolve and
remove the epoxy resin particles existing on the surface of
the adhesive layer 2b in the interlaminar insulating resin
layer 2, whereby the surface of the interlaminar insulating
resin layer 2 is roughened (depth: 3 um) and thereaftef the
substrate is immersed in a neutral solution (made by Shipley)
and washed with water (see Fig. 33).

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 resin layer 2 and the inner wall surface of the
opening 6 for viahole. |
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hour and at 150[err]C for 3 hours to forma permanent resist 3 on the
adhesi ve layer 2. (13) The substrate provided with the pernanent resist
3 is previously subjected to a preplating treatnent (concretely treatnent
with sulfuric acid or the |ike and activation of catal yst nucl eus) and
thereafter subjected to an el ectrol ess copper plating iin an el ectrol ess
copper plating bath, whereby electroless plated filmhaving a thickness of
15 [err]mis deposited on the no-resi st f%%qed portion to form an

outerl ayer per ab tad r S

f or med throggﬁ thepg%%?gt‘{bv%r%r%%c\égsg%gg %‘?gﬁﬁ%%l.&?%gy%g ?ﬁé%&[t he
substrate ppdatded bath hawingrdectfollowing ¢omposidiond tonfanmedrct rol ess

pl ati ng sol uhi I S / f gg0Dp " Lk<O hC

Ul ate, - 15SaPRRzpRase bt pilasof FROMPES SRV B chibidlebsCoe 4L Rm
boric acid @mdtbelfyll xgughenedcsurfagad(aeeiRtgpHH to form a roughened
layer 11 of  gapReLsbsk AP AuueNsbige ok | ace of the conductor [ayer
(see Fig. 1(3?). %15) On tHe other hand, a sol der resist conmposition is
prepared by m xing B®¥%7 g of a photosensitized® igfdmer (nol ecul ar wei ght:
4000) obtai ned by agsypért idia £a@Y of epoxy group 3g HA% by wei ght of cresol
novol ac type epoxy resin (made by N ppon Nayaku Co.", Ltd.) dissolved in
DVDG, 15.0 g of 80%H®¥O wei ght of bisphenol A-typ® dddy resin (made by Yuka

NaOH 40 g/1
a,a’-bipyridyl 80 mg/1
PEG 0.1 g/1

[Electroless plating condition]

liquid temperature of 70°C, 30 minutes
(10) A commercially available photosensitive dry film is
adhered to the electroless copper plated film 12 formed in the
step (9) and a mask is placed thereon and exposed to a light
at 100 mJ/cm? and developed with 0.8% of sodium carbonate to
form a plating resist 3 having a thickness of 15 um (see Fig.
35).
(11) Then, the non-resist forming portion is subjected to
an electrolytic copper plating under the following conditions
to form an electroiytic copper plated film 13 having a
thickness of 15 um (see Fig. 36).
[Electrolytic plating aqueous solution]

Sulfuric acid 180 g/l

Copper sulfate 80 g/1

Additive (made by Atotec Japan,

trade name: Capalacid GL) 1 ml/1l

[Electrolytic plating cohdition]

current density 1 A/dm?
time 30 minutes
temperature Room temperature

(12) After the plating resist 3 is peeled off with 5% KOH,



Shell Co., Ltd. trade name: Epi kote 1001) dissolved in nethyl ethyl ketone,
1.6 g of an imdazole curing agent (nmade by Shi koku Kasei Co., Ltd. trade
nane: 2E4MZ-CN), 3 g of a polyvalent acrylic nonomer (made by N ppon Kayaku
Co., Ltd. trade nane: R604), 1.5 g of a polyvalent acrylic nononmer (made by
Kyoei sha Kagaku Co., Ltd. trade nanme: DPE6A) as a photosensitive nonomner,
0.71 g of a dispersion type defoam ng agent &nade by Sannopuko Co., Ltd.
trade nane: S-65), 2 g of benzophenone (nad by Kanto Kagaku Co., Ltd.) as

a 41" phot Q;'h@' %@I:Q{'of@gs cbl?at%dog yhcgf | SinSadiELANE (lg%qsgbge%i?%% Kagaku

Co., Lt d as ot osensitizer sting a VviSsco
25[err] C. mmﬁeive@h@mm gtchhegwst}usa tmyd Hesl csalntednomf by

means of a BgliRGrYESEOI®tSlq (Hga%gtax gekx&&@'%% ohducb¥t: @tmi’fé)

with a rotor No. 4 in case of rpmofr a rotor in case of
(16) The Sudncindingtviahale)nofhd8spmpin (thi¢kndss copprdsedhefl m ween

a pair of CO%tlbﬁﬁerQElsszéoﬁgext fiﬁhn;%h' fxﬂt £5 201 SR e Ebd tg? %p}(]er

vertically standing state, e so resi st conp05|t|on 0
the step (15plp§ed £ilm 13. Further, 1t 1s immersed in 800 g/l of chromic

acid at 70°C for 3 minutes to etch the surface of the adhesive
layer for electroless plating between conductor circuits
located at the portion not forming the conductor circuit by 1-°
2 pm to thereby remove the palladium catalyst remaining on the
surface (see Fig. 37).

(13) The substrate provided with the conductor circuits 5
is immersed in an electroless plating aqueous solution of pH=9
comprising 8 g/l of copper sulfate, 0.6 g/l of nickel sulfate,
15 g/1 of citric acid, 29 g/l of sodium hypophosphite, 31 g/1
of boric acid and 0.1 g/1 of surfactant to form a roughened
layer 11 of copper-nickel-phosphorus having a thickness of 3
um on the surface of the conductor circuit 5 (see Fig. 38).

In this case, the resulting roughened layer 11 has a
composition ratio of Cu: 98 mol%, Ni: 1.5 mol% and P: 0.5 mol$
as analyzed by EPMA (electro probe microanalysis).

Further, Cu-Sn substitution reaction is carried out by
immersing in a solution of 0.1 mol/l of tin borofluoride and
1.0 mol/l of thiou:ea at a temperature of 50°C and pH=1.2 to
form a Sn layer having a thickness of 0.3 um on the surface of
the roughened layer 11 (the Sn layer is not shown).

(14) The steps (6)-(13) are repeated to further form an
upper layer of conductor circuits to thereby produce a
multilayer wiring substrate. However, Sn substitution is not
conducted (see Figs. 39-44).

(15) On the other hand, a solder resist composition is
prepared by mixing 46.67 parts by weight of a photosensitized
oligomer (molecular weight: 4000) obtained by acrylating 50%



applied onto the surface of the substrate two tines to forma resin |ayer
havi ng a thickness of 20 pm In this case, the solder resist conposition is
dried at 75[err]C for 20 minutes in the first application and at 75[err]C
for 30 mnutes in the second application. (17) After the resin layer is
formed on the surface of the substrate, it is exposed to ultraviolet ray
and devel oped with DVDG Further, the resin layer is heated at 80C for 1
hour, at 100[err]C for 1 hour, at 120[err] @2for 1 hour and at 150[err]C for

3 hours to fQr @ggﬁl%oé?‘?j‘%;ﬁ?'CS'{%”alygra"Ma{’tbégnﬁé’%%%saﬂ f(??gl ng openi ngs

(openi ng si zé:
Then, the stlippeat BapakwiCed, Wtid )t,hd4sdReparesiby wehoht of bSSthL:ed in

an el ectrol | §LyBECkBLxpl ALLN0 AURONS. S0k ERBLECIP!. i Q:8ak Bhndl oke

chl ori de, |um ite an sodiumcitrate and
havi ng pH=5 Hpekoze amm esl {6) na;m émwskehtpvﬁtw inidazole euving a

thi ckness of g%nmmémgg&hﬁw&& A0 TR . ! D ihiel! Splial ERF! oo

in an elctréﬂess ting aqueous sol ufion co rising 2 g
pot assi um gdi-@ @?émﬁdby TSight of anpedyvakeeh aerykic ownpmerof(madei bwn

citrate and §iQpdhl k@FaRR0Ed'M Ltd. trade name: R604) as a photosensitive
monomer, 3.0 parts by weight of a polyvalent acrylic monomer
(made by Kyoeisha Kagaku Co., Ltd. trade name: DPE6A), 0.36
part by weight of a polymer of acrylic ester, 2.0 parts by
weight of Irgaquar I-907 (trade name, made by Ciba Geigey) as
a photoinitiator, 0.2 part by weight of DETX-S (trade name,
made by Nippon Kayaku Co., Ltd.) as a photosensitizer and 1.0
part by weight of DMDG (diethylene glycol dimethyl ether) and
adjusting a viscosity to 1.4*0.3 Pa's at 25°C.

Moreover, the measurement of the viscosity is carried
out by means of a B-type viscometer (made by Tokyo Keiki Co.,
Ltd. DVL-B model) with a rotor No. 4 in case of 60 rpm or a
rotor No. 3 in case of 6 rpm.

(16) The above solder resist composiﬁion is applied onto
both surfaces of the multilayer wiring substrate obtained in
the step (14) at a thickness of 20 pym. Then, the substrate is
dried at 70°C for 20 minutes and at 70°C for 30 minutes and a
photomask film of 5 mm in thickness depicted with circle
pattern (mask pattern) is placed thereon and then exposed to
an ultraviolet ray at 1000 mJ/cm? and developed with DMTG.
Further, it is heated at 80°C for 1 hour, at 100°C for 1 hour,
at 120°C for 1 hour and at 150°C for 3 hoﬁrs to form a solder
resist layer 14 (thickness: 20 um) opened in the pad portion
(including viahole and its land portion, opening size: 200
pym) .

(17) The substrate provided with the solder resist layer 14

is immersed in an electroless nickel plating aqueous solution



42 hypophosphite at 93[err]C for 23 mnutes to forma gold plated | ayer 16
having a thickness of 0.03 [err]mon the nickel plated |layer 15 (see Fig.
1(9)). (19 Then, a solder paste is printed (or may be transferred) on

t he opening portion of the solder resist |layer 14 and reflowed at 200[err]C
to forma solder bunp 17, whereby there is produced a printed circuit board
havi ng the sol der bunmps 17 (Fig. 1(h)). Conparative Exanple 1 The steps
(1)-(16) are repeated in the same manner asggn Exanple 1 except that 14 g

of DMDG is adged,d ghﬁ egggeg 30 YY1l B b.qcfzgspcﬂé}iﬁ, Efbagv!lep% adiide
VI scosity IS adj ust e tg . a.S as the so er_re5| st ‘conpadsition.
However, the hirophosphdse ardi 1@ gUnmfsisodium sitpate ke ifeormhe piskelity
and is easil y, Ay yy t, Iy s t o5l .applied
onto both surgiajlice_s g‘%’?ﬁ\g@% ??‘F}g@u s{{hrlﬁe%% .?ge%l&??g_a y)bs?tggﬁ Pn
state. For tipertian. sfunthespl the subitnateodsoimmersed sim@An 'ﬁéscmgogﬁ%s

Wiring substraira 1a2i86" hgRBbaE SORHE I COMPRiBiRY M 8L P poTREEEm

whereby the printed cirCuit_board having the sol def bunps i|s produced
li kewi se Exar§f¥d rYanddgar 25| 961 & mwmonium chloride, 50 g/1 of sodium

citrate and 10 g/1 of sodium hypophosphite at 93°C for 23
seconds to form a gold plated layer 16 having a thickness of
0.03 um on the nickel plated layer 15.

(18) A solder pasie is printed on the opening portion of

the solder resist layer 14 and reflowed at 200°C to form solder
bumps (solder body) 17, whereby there is produced a printed
circuit board having solder bumps (see Fig. 45).

Comparative Example 8

A printed circuit board having solder bumps is produced
in the same manner as in Example 1 except that the flat-type
conductor pad 18 and viahole 180 are formed on the upper layer
by repeating the steps (6)-(12) in the step (14) of Example 1
without forming the roughened layer 11 on the surface thereof.

After IC chip is mounted onto each of the printed
circuit boards of Examples 4, 5 and 6 and cOmpérative Example
8, heat cycle tests of 1000 cycles and 2000 cycles under
conditions of -555c for 15 minutes, room temperature for 10
minutes and 125°C for 15 minutes are carried out. _

Further, PCT test (pressure cooker test) is carried out
under conditions of a humidity of 100%, a temperature of 121°C
and a 2 atmospheric pressure for 200 hours.

The evaluation of these tests are carried out by the
presence or absence of occurrences of thé peeling of solder
resist layer and solder body as confirmed by a microscope.

The results are shown in Table 4. .

When the solder resist layer of Example 6 is compared

with the solder resist layer of Example 1, air-bubble is



A printed circuit board having sol der bunps is produced in the same nmanner
as in Exanple 1 except t-hat cresol novolac type epoxy resin having a solid
content of 70%is used in the solder resist conposition of the step (15) of
Exanple 1 and the viscosity is adjusted to 15 Pa.s. In Conparative Exanple
2, the viscosity of the solder resist conposition is too high, so that
unevenness is created on the surface of the solder resist |ayer.
Cowparative Exanpl e 3 The steps (1)-(16) euga repeated in the sane manner as
in Exanple 1.exce sition r| bed 43 1 of
JP- A- 63- 286é’ffe % é‘f‘ x%m%fmc)fc))’rrpog’l 1 n con alﬁlﬁ%@oﬁ Ng'cr(jassoinnﬁovol ac
type epoxy radsion, tbel soddéveresiitatlayercnfoBramphe 6nds Migleligr 'theket one
and havi ng MipsC eqd.a osi tion.
Covever . the- bt Besabadiol Sd Aedry iP a0 8c0e IORIRY SR TR0 1y
and i s easi |compagegdewitibnkhe sspldert resisgnlapersofiuExamplrisly be applied
onto both surfaces of the wiring substrate at the vertically standing

state. For t#§p3ecdd, such a solder resist conmposition is applied to the

Peeling of solder body Peeling of solder
1000 cycles | 2000 cycles | resist layer

Example 4 none none none

Example 5 none none none

Example 6 none ‘none none

Comparative presence presence presence

Example 8 -

As seen from the results of Table 4, according to the
invention, the peeling between the conductor circuit and the
solder resist layer hardly occurs in the heat cycle or under
conditions of high temperature, high humidity and high
pressure, and also the peeling of the solder bump (solder
body) from the solder pad is not caused even in case of
mounting the IC‘chip or the like.

As mentioned above, it is possible to simultaneously
apply the solder resist composition according to the invention’
onto both surfaces of the substrate by means of a roll coater
and the lead migration is not caused. Further, oxide film is
not formed on the surface of the conductor pad, so that there
is caused no hallow phenomenon and péeling of solder resist
layer due to heat cycle.

In the printed circuit board according to the
invention, the peeling of the solder resist layer can
effectively be prevented in the heat cycle or under conditiomns

of high temperature, high humidity and high pressure.



surface of the wiring substrate through a curtain coat nethod described on
JP- A-63-286841, and then the printed circuit board having the sol der bunps
is produced in the same manner as in Exanple 1. Conparative Exanple 4 A
printed circuit board having sol der bunps is produced in the sanme nmanner as
in Exanple 1 except that a conposition described in JP-A-62-23036 is used
as a solder resist conposition and a solder resist |layer is devel oped with
an alkali. Wth respect to the thus obtaine 5pri nted circuit boards, EAST
test (high accel eratg e U } ur h resence
or absence of short-cﬁ?ﬁ%t bet'wggﬁé’fﬁgnéo dﬁ%&#}%’sng&gﬁéaﬁgéofo%ac &xer .
Moreover, te&f EBRdFPIEPK bedy caspbeareabized lgps[saldeg, thransfetrying 85%
vol tage of 3utkodndr 4golwey privtinlChethbf B8 SHEAGS Phethagnce OF hallow
cycle

phenomenon is visually confirnmed and al so heat test of 1000 tines is

conduct ed at PXSSPEFLYELY an Xt thecprintedseixcuife haardepod the apeelking of

the peeling of sbedes| #6sideaYer A¥A" pOY1 {KG St Yo1¥eOBLIGaLa CT OSCOPE.
The results are shown |anabIe 1. :
effectively be prevented in the heat cycle without damaging

the mass productivity.



44 Table 1 Application HAST test Hal | ow Heat cycle property
phenomenon test Exanple 1 good none none no

pee nparative inpossi- short-circuit none '
m@!lun![lmm“l bili ty Conpar ative uneven of none none
no peel c e s2 surface short-circuit Conparative inpossi-
short-circuit presence peel Exanple 3 bility Conparative good
short-circuit none no peel Exanpl e®® |n Exanple 1 according to the

i nvention, VW§§¥tt% %Iﬁgr $ISt conposition is applied to the wiring
substrate at' & vertica sfandlng state by nmeans of a roll coater, the .

application property-lsAgsoﬂﬁefhr¢$m§tndump034mdonthemnxmﬁlnzﬂanORCENQpbety

of the sol deggr LY e apgng a
00 |ow vi SO ing” ETRaSPRPRY s dind ol AMARZLLYTe Eﬁﬁgﬁ b B0 7
Exanpl e 1, tkevinmd migcesity p§ o3~ -‘dbrﬂa snetl 2 addustedr benusing a
short - CIrCUIélquité{hkﬂet&ﬁgdsglgéaélOn S

2. A solder resist composition according to claim 1,

wherein the imidazole curing agent is liquid at room
temperature. '

3. A solder resist composition according to'claim 1,
wherein the solder resist composition contains a polymer of
acrylic ester. _ .

4. A printed circuit board comprising a wiring
substrate provided with conductor circuits and a solder resist
layer formed on a surface of the substrate, in which the
solder resist layer is formed by curing a solder resist
composition comprising an acrylate of novolac type epoxy resin
and an imidazole curing agent and having a viscosity of 0.5-10
Pa's at 25°C adjusted by using a glycol ether type solvent.

5. A printed circuit board according to claim 4,
wherein the solder resist composition contains a polymer of
acrylic ester.

6. A printed circuit board comprising a wiring
substrate provided with conductor circuits and a solder resist
layer formed on a surface of the substrate, in which a
roughened layer is formed on a surface of the conductor
circuit.

7. A printed circuit board according to claim 6,
wherein the roughened layer has a thickness of 0.5-10 um.

8. A printed circuit board according to claim 6,
wherein the roughened layer is a copper-nickel-phosphorus
alloy layer.

9. A printed circuit board according to claim 6,

wherein the solder resist layer is made from a solder resist

-

i e




not confirmed after the HAST test. On the contrary, in Conparative Exanples
2 and 4 using the sane sol der resist conposition as in Exanple 1, the | ead

m grati oi, ﬂmnmmnm““ the occurrence of the short-circuit is confirned
after théls the |l ow viscosity. Since glycol ether type

solvent is used in" Bxampl e 1, there are not observed the oxidation of the
conductor circuit, the hall ow phenonenon and the peeling of the sol der
resist |layer due to heat cycle. On the contrégry, the hall ow 45 _

phenomenon angd the.peelina due.to heat.cycle is served in mpar.at. ye
Branpl o3 ue tmpag PESY) ebeinibihl, RORRARY tiod R ER s, Pr BT Rt
havi ng sol deofbuoapelas typslepexky weshe asadreamuimictazade guEkagplgernt except

that a roughened | VE ;(%t Tp%‘?i'é@db&?ﬁ&f@%éédeaa %ihgi %S'ecféﬁp ¢ 14) of

Exanple 1. In this red eat nment , ere are used an o ation agueous
sol ution of Ma%eé-notyls)qldmrqse'st] lager gis ) famed\byPonring gi | Joldet a
reduci ng aq“%‘éisléobgﬁb&ﬁﬁod\'%gﬁlpﬂgigé' an kMR O hotB19¢! dype

Conpar ati ve Exanple
: epoxy resin and an imidazole curing agent and having a

viscosity of 0.5-10 Pa's at 25°C adjusted by using a glycol
ether type solvent.

11. A printed circuit board according to claim 9 or
10, wherein the solder resist composition contains a polymer

- of acrylic ester. _

12. A printed circuit board according to claim 6,
wherein the solder resist layer has a thickness of 5-30 um.

13. A printed circuit board according to claim 6,
wherein the wiring substrate is formed by forming a plating
resist on a roughened surface of an insulating resin léyer and
then forming a conductor circuit on a non-resist forming
portion of the plating resist.

14. A érinted circuit board comprising a wiring
substrate provided with conductor circuits, a solder resist
layer formed on the surface of the substrate,_and a solder
body fed onto a pad as a part of the conductor circuit exposed
from an opening portion formed in the solder resist layer, in
which the solder resist layer is made from a composition
comprising an acrylate of novolac type epoxy resin and an
imidazole curing agent.

15. A printed circuit board comprising a wiring
substrate provided with cbnductor circuits, a éolder resist
layef formed on the surface of the substrate, and a solder
body'fed onto a pad as a part of the conductor circuit exposed
from an opening portion formed in the solder resist layer, in
which the surface of the pad is rendered into an electrically

conductive roughened layer, and a metal layer having a non-

[
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A printed_QLLEHll_Egg;Efggying sol der bunps is produced in the sane manner
as in Exanple 1 exce the step (14) of Exanple 1 (formation of
roughetﬂﬁ“ﬂﬂﬂ carried out and the step (18) of Exanple 1 is the
sanme c m, H"ﬂ*f anple 2. A heat cycle test of 1000 cycl es at
-55[errC ¢ 125[%errs| C«l's carried out with respect to the printed circuit

boards of Exanples 1 and 2 and Conparative Exanple 5 to neasure the
presence or absence of the peeling of sold§é reS|st | ayer by neans of an
ac

opLi cal 1 CRSaIng L Ton APChakRSh (HEDSSU! EnOARKET: B8ichoh R 89

under conditions t enperature is
pressure is surfagesphethe prdssposedndramt the ¢Bem lreptsong eadrthe out

to visual ly JEgeu ¢st BEpPE L& Gh %eagaaneﬁreagﬁh&m&lam 1%2, esQl der resi st
| ayer. The results are shown in Table 2. As seen from Tabl e t he peeling

of the sol der resisi6tayrPrintade %&P%yb?ér@e%‘?mllﬁlﬁ%’ﬁ PeWiring be
prevent ed i nsdﬂ!ﬁ:rﬁ'i:b”%?@vfdé&Lﬂitpo:%rn@u%‘ESQr dipguies) e do1edH ir@Bist 46

Table 2 Peellng of resi st |ayer

layer formed on the surface of the substrate, and a solder
body fed onto a pad as a part of the conductor circuit exposed
from an opening portion formed in the solder resist:layer, in
which the surface of.the conductor circuit is rendered into an
electrically conductive roughened layer, and a metal layer
having a non-oxidizing metal on at least a surface thereof is
formed on a surface of the pad exposed from the opening
portion, and the solder is supported on tﬁe pad through the
metal layer.

17. A printed circuit board according to claim 15 or
16, wherein full surface of the pad is exposed in the opening
portion.

18. A printed circuit board according to claim 15 or
16, wherein a part of the surface of the pad is exposed in the
opening portion. '

19. A printed circuit board according to claim 15 or
16, wherein the metal layer is comprised of nickel layer and
gold layer.

20. A printed circuit board according to claim 15 or
16, wherein the metal layer is comprised of copper layer,
nickel layer and gold layer.

21. A printed circuit board according to claim 15 or
16, wherein the electrically conductive roughened layer has a
thickness of 0.5-10 um.

22. A printed circuit board according to claim 15 or
16, wherein the electrically conductive roughened layer is
copper-nickel-phosphorus alloy layer.

23. A printed circuit board according to any one of

-_—
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Heat cycle PU Exarrpl e 1 none none Example 2
presence presence Exarrpl e 5

M‘l HI“!II"VHII‘ CUIt board havi ng sol der bunps is produced in the
sarre |l e 1 except that a copper |ayer having a thickness
of 3 meS orrred by the el ectroless copper plating of the step (13) after

the roughening treatnent at the step (14) of Exanple 1 and then nickel
| ayer and gold | ayer are successively fornmed2hereon and thereafter sol der

bunps are fororedmay uollderwlhézaélﬁf hlel WiriRG NoshsMRIROUR folheaspy der
transferring fmatho LS ila wherein a solder foirl is attached to a

prepreg by heatingufla® ‘é%ﬁﬁ%‘sénﬂ"ef‘cﬁ%ﬂg%‘ﬁfl sordecgoPEcatcid to form

a sol der pat tmsmmdngheesimmdﬁxednantﬁeﬁub&hﬁﬁige & GEnAd ctbthe L&k 5 GRS
to contact a d wW_th, t e sol.deré{)attern eg ed at 20Q err]C

nd h
Conpar ati ve % 'regli pFPTRAE Hordiop BgaF'be TP Fegdsthunps i s
produced in the san”eZQanrmrpmuem cizepie Bo&xd eficoridingt 86 ﬁ@*ﬂg&t%“d}g

treatment in g8t 3R-181whsrd 12 98508 SRITA A L® 15X 30R0Sa by
curing a solder resist composition comprzszng an acrylate of
novolac type epoxy resin and an imidazole curing agent and
having a viscosity of 0.5-10 Pa's at 25°C adjusted by using a
glycol ether type solvent.

25. A printed circuit board according to claim 24,
wherein the solder resist composition contains a polymer of
acrylic ester.

26. A printed circuit board according to any one of
claims 14-16, wherein the solder resist layer has a thickness
of 5-30 pm.

27. A printed circuit board comprising an insulating
layer, a conductor circuit formed thereon, a roughened layer
formed on at least a part of the surface of the conductor
circuit and a solder resist layer covering the conductor
circuit, in which the conductor circuit is comprised of an
electroless plated £ilm and an electrolytic plated film.

28. A printed circuit board comprising an insulating
1aYer, a solder pad formed thereon, a roughened layer formed
on at least a part of the surface of the pad and a solder body
formed on the solder pad through the roughened layer, in which
the solder pad is comprised of an electroless plated film and
an electrolytic plated £ilm.
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The sane procedure as in Exanple 4 is repeated except that copper layer is
formed on the copper-nickel - phosphorus roughened Iayer and then sol der
bunps are formed thereon through sol der transferrlng met hod wi t hout form ng
t he nickel |ayer and gold | ayer. 47 However, in this conparative
exanple, oxide filmis fornmed on the surface of the copper | ayer by bonding

Wi th oxygen in air to degrade the wet t abl to the sol der result,
the sol der fed oﬁ?hmf%é‘%(w EQMB?SFHEDI?:J}%#‘II&?EP 5&’5‘6‘}%"3 Bsoéﬁlggl cal on

t he surfaceAgngﬂeTc@ppﬂ; nﬁ%@tospﬁhCh is easily dropped off by washing and
hence the sol der body can not be med. Wth respect to the printed

circuit boards of BEkxaifider regigt3canpoTtiny AFPEiERENPRcatrYIate nfat

cycle test qbyvd280 € ?J.-eépcﬁ@y verlif hh& an l&R{dd-01€AthrEdgOlgerO dMAHYL he
presence or absence 0 peeling of solder resist |ayer by neans of an

optical m cPo¥dspesityrehd: 511We P adipstedt Eé?ho‘llﬂ‘m)‘e eiheredvre

-65[err] C - sbaqkatl] G ajtAledd @ iFRdAti BHafd £ fdenield B CQQih?té@axCﬁ Ga- As

is carried out to neasure the presence or absence of t e peeli ng
solder resist composition.

NO SUITABLE FIGURE
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of solder bunp. In general, after the nmounting of the I1C chip, the
connecting portion between the IC chip and the printed circuit board is
sealed with a silicon resin, but in order to remarkably confirmthe effect
of the invention, the resin sealing is not carried out. The results are
shown in Table 3. As seen from Table 3, the peeling of the sol der resist

| ayer and the peeling of the solder bunp in the heat cycle test can be

prevented in the printed circuit board according to the invention. 48
Tabl e 3 Peeling of solder Peeling of solder bunp resist |ayer Exanple 1
none none Example 3 1/21 none none
Conparative Fig. W esence presence .Exanple 6 Exanple 4 (1)

As a starting material, there is used a copper-clad | anm nate obtai ned by
| am nating a copper- foil 8 of 18 [err]mon each surface of a substrate 1
made from a gl ass epoxy resin or b

(a) ///// /// [T

po—

(b) 444[///"// 11

& 2 6 4
(3
N A AN SCRIOAT Knrre it ‘ _
4 72 3
3 2 3 7 N 4
1 -
(e) //' 2% s oo o - ......................... ’P’-‘i
i 4 7 2 5 3
1‘:‘\?\‘\\\?\‘3}'“ 7 11 5 11*‘
) i i / ==
e T |
14 4 N7 2 85 311
“ ] 2 31|1g7 M 1
(g) .-..‘*.‘.-.--1.-.-.-...- for lnie .:; .

CAMEPAS VI 1AW WY { ~, =5
N 1 874 oy

(h)




BT (bismaleimde triazine) resin having a thickness of 0.6 nmm (see Fig. 4).
The copper foil 8 of the copper-clad lamnate is etched in a pattern
according to the usual nmanner, which is pierced and subjected to an

el ectroless plating to forminnerlayer conductor circuits 4 and

t hr ough-hol es 9 on both surfaces of the substrate (see Fig. 5). Further,

bi sphenol F-type epoxy resin is filled between the innerlayer conductor
circuits 4 and in the through-holes 9 (see Fig. 6). (2) The substrate
provided with the innerlayer copper pattéf#l4 in the step (1) is washed
with water, dried, acidically degreased and soft-etched. Then, the
substrateigs 2reated with a catal yst solution conprising palladiumchloride
and organic acid to give a Pd catalyst, which is activated and subjected to
a plating in-an electroless plating bath conprising 8 g/l of copper

sulfate, 0.6 g/l of nickel sulfate, 15 g/l of citric acid, 29 g/l of sodium
hypophosphite, 31 g/l of boric acid 0.1 g/l of surfactant and having
pH=9 to forma roughened | ayer 11 (uneven layer) of Cu-N-P alloy having a
t hi ckness of 2.5 pmon the surface of the copper conductr circuits (see

Fig.. 7). ﬁ
Solder resist

composition 19 19 solder resist composition




49 (3) A photosensitive adhesive solution (interlam nar resin insulating
agent) is prepared by mxing 70 parts by weight of 25% acryl ated product of
cresol novol ac type epoxy resin (made by N ppon Kayaku Co., Ltd. nol ecul ar
wei ght: 2500) dissolved in DVDG (diethylene glycol dinmethyl ether), 30
parts by weight of polyether sul phone (PES), 4 parts by weight of an

i m dazol e curing agent (made by Shi koku Kasei Co., Ltd. trade nane:
2EAMZ-CN), 10 parts by weight of caprol ad/8hk-nodified tris(acroxyethyl)

i socyanurate (made by Toa Gosei Co., Ltd. trade name: Aronix M325) as a
phot osensi tHige Aononer, 5 parts of benzophenone (made by Kanto Kagaku Co.,
Ltd.) As a photoinitiator, 0.5 parts by weight of Mcheler's ketone (nmade
by Kanto Kagaku Co., Ltd.) As a photosensitizer and 35 parts by weight at
5.5 [err]mon average and 5 parts by weight at 0.5 [err] mon average of
epoxy resin particles, adding NMP (normal nethyl pyrolidone), adjusting a
viscosity to 12 Pa.s in a honodisper ag{ipting nmachine and kneadi ng them

through three rolls. (4) The photosensitive adhesive sol ution obtai ned
in the step (3) is applied onto both surfaces_of the s at g treated in
the step (2) by nmeans of ‘a roll coate el € to stand at Korizontal

state for 20 m nutes and dried at
adhesive layer 2 having a thicﬁ%es

ol err] CPQr 30 nutes t orm an
of 60 [erN]m (gee Fig. 8).
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(5) A photomask fil mdepicted with viaholes is adhered onto each surface
of the substrate provided with the adhesive layer 2 in the step (4) and
exposed by irradiation of ultraviolet ray. (6) The substrate exposed in
the step (5) is devel oped by spraying DMIG (tri et hyl ene gl ycol

di et hyl ether) solution to form openings for viaholes of 100 [err]nferr] in
t he adhesive layer 2. Further, the substrate is exposed to a superhigh
pressure nercury lanp at 3000 mJ/cnferr] and then heated at 100[err]C for 1
hour and at 150[err]C for 5 hours to forrqé? adhesive layer 2 of 50 [err]m
50 in thickness having the openings (open 3 6 for the formation of

vi ahole) with an excellent si ze accuracy corresponding to the photomask
film (see Flﬁ‘gg) Moreover, the tin plated layer is partially exposed in
the opening 6 for the viahole. (7) The substrate provided with the
openings 6 for the viaholes in the steps (5), (6) is imersed in chromc
acid for 1 mnute to dissolve and renove epoxy resgn particles fromthe
surface of the adhesive Iayer wher eby t he surface of the adhesive layer is
roughened. Thereafter, S WIRT WL 5

Shi pl ey) and washed w
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Fig. 10). (8) A pal | adi um cat al yst (made by Atotec Co., Ltd.) is
applied to the substrate subjected to a roughening treatnent (roughening
depth: 5 [err]n) in the step (7) to give a catal yst nucleus to the surface
of the adhesive layer 2 and the opening 6 for the viahole. (9) The
substrate i.s imersed in an el ectrol ess copper plating bath having the
follow ng conposition to forman el ectrol ess copper plated film 12 having a
t hi ckness of 3 pmon the full roughened surface (see Fig. 11). [El ectroless

pl ati ng aqueous sol uti on] EDTA 150 g/ | Copper
sulfate 20 g/ ECHO 30 m /| NaCH
40 g/l [err]-bipyridyl o/l PEG

0.1 g/l [Electroless plating conditiion] Tiquid tenperature of 70[err]C, 30
m nutes (10) ... /%connercially avai |l abl e photosensitive dry filmis
attached to Fh& efectrol ess copper plated film212 forned in the step (9)
and a photomask filmis placed on the dry film which is exposed to a light"
at 100 m)/cnjerr] and devel oped with a
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51 solution of 0.8% sodium carbonate to forma plating resist 3 having a

t hi ckness of 15 pm (see Fig. 12). (11) Then, the non-resist formng
portion is subjected to an electrolytic copper plating under the foll ow ng
conditions to forman electrolytic copper plated film13 having a thickness
of 15 pm (see Fig. 13). [Electrolytic plating aqueous solution] sulfuric
aid 180 g/l copper sulfate

80 g/l additive (made by Adotech Japan 1 m/l Co., Ltd. trade
nane: Kaparashido Q) [Electrolytlc plating condition] current density

1 Aldnferr] tine 6/21 30 minutes tenperature
roomtenperature (12) After the plating resist 3 is peeled and renoved
with 5% KOH, #{e electroless plated film 12 beneath the plating resist 3 is
di ssol ved and renoved by etching with a m xed solution of sulfuric acid and
hydrogen peroxide to form conductor circuits 5 (inegluding viaholes 7) of 18
[err]min thickness conprised of the el ectrol ess cppper plated film212
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and the electrolytic copper plated film13 (see Fig. 14). (13) - The

substrate provided with the conductor circuits 5 is imersed in an

el ectrol ess plating aqueous solution conprising 8 g/l of copper sulfate,

0.6 g/l of nickel sulfate, 15 g/l of citric acid, 29 g/l of sodium

hypophosphite, 31 g/l of boric acid and 0.1 g/l of surfactant and havi ng

pH=9 to form a roughened | ayer 11 of copper-nickel -phosphorus having a

t hi ckness of 3 pmon the surface of the conductor circuit 5 (see Fig. 15).

When the roughened | ayer 11 is analyzed by EPVA (el ectro probe

m croanal ysis), it shows a conposition ratio of Cu: 98 nol% N : 1.5 nol %

and P: 0.5 nmol % (14) The steps (4)-(13) are repeated to forma

pl at e- shaped 52 conductor pad 18 and & AZlahole 180 serving as a sol der

pad on furth?r upperl ayer and also form a roughened | ayer 11 on the

surfaces thef®f (kee Figs. 16-21). (15). On the other hand, a sol der

resi st conposition is prepared by mxing 46.67 parts by weight of a

phot osensiti zed ol i goner g;flecular wei ght: 4000) obtained by acrylating
ol

50% of epoxy group in créd ﬁbvold- tyhe epokd reliniZ nelde by2 Ni ppon
GELSbY \E ROgNOl -

Kayaku Co., Ltd.), 14.121
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A-type epoxy resin (nmade by Yuka Shell Co., Ltd. trade nane: Epi kote 1001),
1.6 parts by weight of an inidazole curing agent (nade by Shi koku Kasei

Co., Ltd. trade nane: 2E4MZ-CN), 1.5 parts by wei ght of a polyval ent
acrylic nononer (made by Ni ppon Kayaku Co., Ltd. trade nane: R604) as a
phot osensitive nononer, 3.0 parts by weight of a polyvalent acrylic nononer
(made by Kyoei sha Kagaku Co., Ltd. trade nane: DPE6A), 0.36 part by weight
of a leveling agent (nade by Kyoei sha Kagaku Co., Ltd. trade nane: Pol yfl ow
No. 75), 2.0 parts by weight of Irgaquar 1-907 (trade nane, made by C ba
CGeigey) as a photoinitiator, 0.2 part by*VEﬂght of DETX-S (trade nane, nade
by N ppon Ka*gku f?., Ltd.) as a photosensitizer and 1.0 part by wei ght of
DVDG (di et hy ene gl ycol dinmethyl ether) and adjusting a viscosity to 1.40.3
Pa.s at 25C. Moreover, the neasurenent of the viscosity is carried out by
means of a B-type visconeter (made by Tokyo Kei ki Co., Ltd. DVL-B nodel)
wth a rotor No. 4 in case of 60 rpmor a rotor No. 3 in case of 6 rpm

(16) The above sol d¢r™¥ o]y CTELTS ) , i ng
substrate obtained in SFERA A e M e RAE SR B ARy 4 t he
substrate is dried at S > : > -arocHeR>38 utes and
a photomask filmis pIFc t re d tHen £xp Qd:to n travi phet ray
at 1000 mi/cnferr] and{devetop i h FuftQery ¥t 15 heat t 80C
for 1 ATV ARG .  S—a— . (. \ Y S NN
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hour, at 100[err]C for 1 hour, at 120[err]C for 1 hour and at 150[err]C for
53 3 hours to forma solder resist |layer 14 (thickness: 20 pm opened in
the pad portion (opening size: 200 [err]m. (17) The substrate provi ded
with the solder resist layer 14 is imersed in an el ectrol ess nickel

pl ati ng solution of pH=5 conprising 30 g/I of nickel chloride, 10 g/l of
sodi um hypophosphite and 10 g/| of sodiumcitrate to forma nickel plated
I'ayer 15 having a thickness of 5 pmin tRBé2bpening portion. Further, the
substrate is imersed in an electroless gold plating solution conprising 2
g/l of potassi &wmggot@ cyanide, 75 g/1 of ammonium chloride, 50 g/l of
sodiumcitrate and 10 g/| of sodium hypophosphite at 93[err]C for 23
seconds to forma gold plated | ayer & having dethickneﬁfoof 0.03 [err] mon
the nickel plated |ayer 15. (18) A sol der paéte is prAnted on the
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in the sane manner as in Exanple 4 except that the roughening of the
conductor circuit is carried out by etching. In this case, an etching

sol ution of Durabond (trade nanme, nade by Meck Co., Ltd.) is used. Exanple
6 A Preparation of an adhesive conposition for electroless plating [err].
35 parts by weight of a resin solution obtained by dissolving 25% acryl at ed
product of cresol novolac type epoxy resin (rmade by Ni ppon Kayaku Co., Ltd.
nol ecul ar wei ght: 2500) in DVDG at a concentration of 80 w%is mxed with
3.15 parts by weight of a photosensitive ngoer (made by Toa CGosei Co.,
Ltd. trade nane: Aronix M315), 0.5 part bgB%g?ght of a defoam ng agent
(made by Sannopuko Co., Ltd. trade nane: S- 54 65) and 3.6 parts by

wei ght of NMP with stirring. [err]. 12 parts by wei ght of polyether

sul phone (PES) i§.ni§Zd with 7.2 parts by weight at 1.0 [err] mon average

and 3.09 parts byl%ei t at 0.5 [err] mon average of epoxy resin particles

(made by Sanyo Kasei Co., Ltd. trade name: Pol ynerpole) and further added
with 30 parts by weight of NMP and nnéed in a beads m |

17
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with stirring. [err]. 2 parts by weight of an im dazole curing agent (nade
by Shi koku Kasei Co., Ltd. trade nane: 2E-4MZ-CN) is mxed with 2 parts by
wei ght of a photoinitiator (rmade by Ci.ba Ceigey, trade nane: |rgaquar
[-907), 0.2 part by weight of a photosensitizer (rmade by Ni ppon Kayaku Co.,
Ltd. trade nanme: DETX-S) and 1.5 parts by weight of NWP with stirring.
These m xtures are m xed to prepare an adhesive conposition for electroless
plating. B. Preparation of an underlayer interlamnar insulating resin
material [err]. 35 parts by weight of a resin solution obtained by

di ssol ving 25% acryl ated product of cr eaddt’ 2hovol ac type epoxy resin (nmade
by N ppon Kayaku Co., Ltd. nolecular weight: 2500) in DVDG at a
concentration éy: 895m¢@6is mxed with 4 parts by weight of a photosensitive
nononer (nmade ‘Toa Gosei Co., Ltd. trade nanme: Aronix M315), 0.5 part by
wei ght of a defoam ng agent (made by Sannopuko Co., Ltd. trade nane: S 65)
and 3.6 parts by weight of NMP. with stirring. [err]. 12 parts by wei ght of
pol yet her sul phone (PES) is mxed with 14.49 parts by weight at 0.5 [err]m
on average of epoxy resin particles (mde by Sanyo Kasei Co., Ltd. trade
nanme: Pol ynmerpole) and further added mﬁth(§9 parts by wei ght of NWP and
mxed in a beads mll with stirring.

(Cu,Ni) =(390,10) (Cu,P)=(90,10)
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[err]. 2 parts by weight of an im dazole curing agent (nmade by Shi koku
Kasei Co., Ltd. trade nane: 2E-4MZ-CN) is mxed with 2 parts by weight of a
photoi nitiator (nade by C ba Geigey, 55 trade name: Irgaquar 1-907), 0.2
part by weight of a photosensitizer (made by N ppon Kayaku Co., Ltd. trade
ndme: DETX-S) and 1.5 parts by weight of NVP with stirring. These m xtures
are mxed to prepare a resin conposition used as an underl ayer side
insulating |ayer constituting the interlam nar insulating resin |ayer of
two-| ayer structure. C. Preparation of a resin filler [err]. 100 parts by
wei ght of bi sphenol F-type epoxy nononer (nmade by Yuka Shell Co., Ltd.
trade name: YL983U, nol ecul ar wei ght: 310§?/€W0 parts by wei ght of SiQ2
spherical particles having an average particle size of 1.6 pmand coated on
its surface wigh 26 silane coupling agent (nmade by Adomatic Co., Ltd. trade
nanme: CRS 1101-CE, the nmaximum size of the particles is not nore than the

t hi ckness (15 pm) of innerlayer copper pattern as nentioned below) and 1.5
parts by weight of a |eveling agent (nade by Sannopuko Co., Ltd. trade
name: Perenol S4) are kneaded through three rolls afd a viscosity
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t her eof

nane: 2E4MZ-CN) They are m xed to prepa
Exanple 1 for polynmer of acrylic ester

is adjusted to 45,000-49,000 cps at 23+1[err]C |
wei ght of an im dazole curing agent (made by Shi koku Kasei. Co.,

re aresin filler
I n xyl ene sol vent,

err]. 6.5 parts by
Ltd. trade
10. D. Production

2- et hyl hexyl

acrylate and butyl

acrylate are m xed at a wei ght

ratio of 53:47 and

copol yneri zed in a usual

manner

by heating at 50[err]C with the use of

dinmethylaniline (tertiary anmine) as an initiator.

Simlarly,

each of

et hyl acryl ate and hydroxy ethylacrylate is honopol yneri zed. Then,

of

and honopol yner of hydroxy ethyl acryl atelarealm xed at a wei ght

2- et hyl hexyl

acrylate and butyl

acryl ate,

copol yner
honmopol ymer of ethyl acryl ate
rati o of 2-

et hyl hexyl

acryl ate: butyl

acryl ate: et hyl'acryl at e: hydr oxyet hyl

acrylate =

49:42:6: 3 and then xylene is renoved by heating.

56 If

it

is tried to

reprecipitate the thus obtained conposition in nethanol,
settled, and it
Wth respecgid 0 ddhe above conposition, FT-1R spectrum

pol ymer is not

is presuned that the nol ecul ar wei ght of about 2000-3000.
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[err]H- NVR spectrumand [err] C-NMP spectrum are neasured to obtain results
as shown in Figs. 46, 47 and 48. Fromthe data of these IR and NVWR spectra,
it is.-supported that the synthesized product is a polymer of acrylic ester.
[ Measuring device and nmeasuring conditions) [err] FT-1R device: Perkin

El mer 1650 neasuring nmethod: transmtting process (KRS-5) NWVR devi ce:

EX-400 nmade by Ni ppon Denshi Co., Ltd. Cbservat lon range: 1H .... 400MHz,
pul se width:45[err] [err]C ... 100Miz, py ?: gywidth:45[err] chemical shift
reference:CDC [err], [err]H 7. 25ppm [err] 77.05ppm The measurenent is

carried out Bitg.r8dm tenperature after a sanple is dissolved in bichloroform
and added with 5 droplets of pyridine d5. E. Production of printed circuit

board (1) As a starting material, there is used a copper-clad | am nate
fornmed by | am nating a copper f,0il pf 18gerr] mgin thicfness, onto each
surface of a substzgte 1 made f:rom gfass epoxy re9| n_or BY (b| sma:l ei m de

triazine) resin an? YA T ét, the
e

copper-clad | ani na S— = v -"1 \'"_{.:,g o :-"/ x ﬁeon
which is subjected to]|af el trcﬂ tr O3 t o/ f or |
\'.‘-.'- / .
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Ll

t hrough-holes 9 and further the copper foil 8 is etched in a pattern
according to the usual manner to forminnerlayer copper patterns 4 on both
surfaces of the substrate 1. (2) The substrate provided with the

i nnerl ayer copper pattern 4 and through-hole 9 is washed with water, dried
and 57 subjected to a redox treatnment using an oxidizing aqueous
solution of NaOH (10 g/l), NaC gerr] (#y2/1) and Na3PO4 (6 g/l) and a
reduci ng aqueous sol ution of NaOH (10 g/l) and NaBH4 (6 g/l) to forma
roughened Fager341 on the surfaces of the innerlayer copper pattern 4 and
the through-hole 9 (see Fig. 27). (3) . The resin filler 10 is applied
onto one-side surface of the substrate by neans of ‘a roll coater to fil
between the conductor circuits 4 and in the through-holes 9 and dried at -
70[err]C for 20 nlnutes Slﬁ1|aﬁh the resin filler 10,is fil]ed between
t he conduct or C|rCU|ts‘4 and n tre througﬁ hol e 9 on thé other'8|de
surface and then pi&a ; _ p

(4) The one- s2aéf
polished by a belt s
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belt polishing paper (made by Sankyo R kagaku Co., Ltd.) in such a manner
that the resin filler is not |left on the surface of the innerlayer copper
pattern 4 or the |l and surface of the through-hole 9, and then buff-polished
so as to renove scratches fornmed by the belt sander polishing. Such a
series of polishings is applied to the qy/?r surface of the substrate.

Then, the substrate is heated at 100C for hour, at 120[err]C for 3 hours,
at 150[err]€i&pnrﬂ hour and at 180[err]C for 7 hours to cure the resin
filler 10 (see Fig. 29). Thus, the roughened | ayer 11 forned on the surface
| ayer portion of the resin filler 10 filled in the through- hole 9 and the
| i ke and on the upper surface of the innerlayer conductor circuits 4 is
renoved to snoot hen both-surfaces of the substrate, mhereby there,is
obtained a wiring substnate WMeréln t he kesxp fl?lee 10 i'd st onéiy adher ed

to the side surfacebaf j CcQ. Ct0$=CEQQHLEEEEEQLQQEEE§he _
roughened | ayer 112 HPP-ﬂLAt - dle 9
is strongly adhered t &in |I1 th ou@ﬁ; roug en hyer 11.
That is, the surface esi/n Iey o / —T~1
/ /
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10 and the surface of the innerlayer copper pattern 4 are the sane plane in
this step. In this case, the curing resin filled has a Tg point of
155.6[err]C and a linear thermal expansion coefficient of 44.5 x
10[err]/[err]C (5) A roughened | ayer (uneven |ayer) 11 of Cu-N -P
all oy having a thickness of 2.5 [err]mis formed on the exposed surfaces of
the i nnerlayer conductor circuit 4 and the Iand of the through-hole 9 in
the step (4) and further a Sn |ayer haviijagaa thickness of 0.3 [err]mis
formed on the surface of the roughened | ayer 11 (see Fig. 30, provided that
the Sn | aygigi ggiot shown). The formation nmethod is as follows. That is,
the substrate is acidically degreased and soft-etched and treated with a
catal yst solution of palladium chloride_ and, @rga acid o give Pd

catal yst, which is activated and*subjec¥ed t BI ing i an eIagLLquss
plating bath of pH=D e, QreBemlboai gi ckel

sul fate, 15 g/l ofticMLi g deres 20 TNt 5o ity ha Shosehiis A of
boric acid, 0.1 g/l o e :"_ RO efonehenesdl ayer 11
of Cu-Ni-P alloy on th fa S chf r fonddctorfcirfcuit 4
and | and of through-h e , ;yz¢ s t|tu§£ readtion/i s gartii ed
out by immersing in a .1 mm;& of ¥in r of lupri,de and
1.0 nol /I of thiouQea - S T EbebvetioninO L5
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the Sn layer of 0.3 [err]mon the surface of the roughened |ayer 11 (Sn
| ayer is not shown). (6) The interlamnar insulating resin materi al
the itemB (viscosity: 1.5 Pa.s) is applied onto both surfaces of the
substrate treated in the step (5) by neans of a roll coater and left to
stand at a horizontal state for 20 mnutes and dried at 60[err]C for 30
m nutes (pre-baking) to forman insulatinggy2159 |ayer 2a. Further, the
adhesive for electroless plating of the itemA (viscosity: 7 Pas) is

appl i ed ontmig.hesi nsul ating | ayer 2a by neans of a roll coater and left to

'stand at a horizontal state for 20 mnutes and dried at 60[err]C for 30
m nutes (pre- baking) to farman adhesive |ayer 2b (see Fig. 31). (7)

phot omask fil m depicted with black circles wf 85 pm%n diaeter is cIoser

adhered onto both sycf ares ‘ﬂurathe’suhstratel ' ded‘ =& |nsuLaPLng
| ayer 2a and the adpgsiis fo' Sl IV s A Ao
super hi gh pressure ﬁerc - s et et A e e Ty hyz
sprayi ng DMIG sol uti on at “b,cﬂﬂb"se : ¥E 5 TAR % TR & Srericur y
| anp at 3000 mid/cni err]/z atjéy;?ey/éf r& / B
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hour and at 150[err]C for 5 hours (post baking) to forman interlan nar
insulating resin layer (two-layer structure) of 35 pmin thickness having
openings of 85 Jerr]min dianmeter (openings 6 for the formation of

vi ahol es) with an excellent size accuracy corresponding to the photonask
film(see Fig. 32). Mireover, the tin plated layer is partially exposed in
t he openi ng for viahole. (8) The substrate provided with the opening is
i mersed in 800 g/l of chronmic acid at 70C for 19 minutes to dissolve and
renove the epoxy resin particles exisy$ppg on the surface of the adhesive
layer 2b in thgd ngerlam nar insulating resin layer 2, whereby the surface

of the interlamnar insulating resin layer 2 is roughened (depth: 3 pm) and
thereafter the substrate is imMmersed in a neutral solution (made by

Shipley) and washed with water (see Fig. 33). 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 €he_ nterlam nar

4000

insulating resin layer 2 and the inner wall surface of t.heZpening 6 for
vi ahol e. 60 - s
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(9) The substrate is imersed in an el ectrol ess copper plating bath

"having the follow ng conposition to forman el ectrol ess copper plated film
12 having a thickness of 0.6 [err]mon the ful

roughened surface (see Fig.
34). [Electroless plating aqueous sol ution] EDTA
150 g/1 Copper sulfate 20 g/ HCHO
30 mM /1 NaOH 40 g/l [err]'-bipyridyl
80 ny/l PEG 0.1 g/l [Electroless plating
condi tion]

liquid tenperature of 70[errher2130 mi nutes (10) A

commerci ally avail abl e photosensitive dry filmis adhered to the
el-ectrol ess copee. plrated film 12 fornmed in the step (9) and a nmask is

pl aced thereon and exposed to a light at 100 mJ/cn2 and devel oped with 0.8%
of sodium carbonate to forma plating resist 3 having a thickness of 15

[err]m (see Fig. 35). §il). Then,: £ he non-¥ esi st fo;nlng portion is
‘'subjected to an eIettrgéztrc-gogpen_plaflng

anger the-igkEowi ng conditions
to forman el ectroldsiBigopper Bl -ated frFl mglsg hagi ng“*a\thlckne$s of 15
[err]m (see Fig. 3®§:[ [Electrol ytic pféating aguegysg sol ution]
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Sul furic acid 180 g/| Copper sulfate
80 g/l Additive (made by Atotec Japan, trade nane: Capalacid G.) 1 nm/I
[El ectrolytic plating condition] current density 1
Aldnerr] time 30 minutes tenperature

Room tenperature (12) After the plating resist 3 is peeled off with 5%
KOH, 61 the electroless plated film 12 beneath the plating resist 3 is

di ssol ved and renoved by etching with a m xed solution of sulfuric acid and
hydr ogen peroxide to form conductor circuit 5 (including viahole) of 18 pm
in thickness conprised of the electrol ess copper plated film 12 and the

el ectrolytic copper plated film213. Further, it is inmersed in 800 g/l of
chromc acid at 70[err]C for 3 mnuteg, Lo etch the surface of the adhesive
| ayer for electroless plating between conductor circuits |ocated at the
portion not farig.ngsthe conductor circuit by 1- 2 pmto thereby renove the
pal | adi um cat al yst remai ning on the surface (see Fig. 37).
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(13" _The substrate provided with the conductor circuits 5 is i migP34d #mb
an el ectrol ess plating agueous sol ution of pH=9 comprising 8 g/l of cdpmgrwpyl

sulfa”m hckel sulfate, 15 g/l of citric acid, 29 g/l of sodium
hypop mum l]"' /’m f boric acid and 0.1 g/l of surfactant to forma
r oughered ¢l ayer ®11s of* copper - ni ckel - phosphorus having a thickness of 3 pm
on the surface of the conductor circuit 5 deee Fig. 38). In this case, the
resul ting roughened | ayer 11 has a conposition ratio of Cu: 98 nol % N :

1.5 mol % and P: 0.5 nol % as anal yzed by EPMA (el ectro probe m croanal ysis).
Further, Cu-Sn substitution reaction is carried out by imersing in a

sol uti on olhdt. is ehinedafs:t i n borof l uori-de and 1.0 nol/|l of thiourea at a
tenperature of 50[err]C and pH=1..2 to forma Sn_layer having a thi cknefs of
0.3 pmon the surface of thefrsnldarxesist spmpopition cemprisingan aerylate o

shown) . ( Jn‘&)vglac Ep6xy resi 454 enldhidiz01é eaPMgtsldrt 4nd hAQing ar m an upper

| ayer of conductor circuits to thereby produce a nmultilayer wring
subst r at e viséosityeof, 0.5r16 Post 3 at 2508 adjusted dyrusingaaiglycod ethers. 39- 44) .
(15) On the ,other hand, a solder resist conposition is prepared by
m xi ng 46.58 ‘i?afrts by wei ght of a photosensitized oligonmer (nolecular

; . : : .
wei ght: 4000) obt %I ned by ackyéofi (Iarnges?(s)t/?:omposition according to claim 1,

wherein the imidazole curing agent is liquid at room temperature.

3. A solder resist composition according to claim 1,
W, [wherein the solder resist composition contains] fuxrther comprising a
polymer of acrylic ester.

4. A printed circuit board comprising a wiring
substrate provided with conductor circuits and a solder resist layer formed
on a surface of the wiring substrate and the conductor circuits, in which
the solder resist layer is formed by curing a solder resist composition
coniprising an acrylate of novolac [type] epoxy resin and an imidazole
curing agent and baving a viscosity of 0.5-10 Pa - s at 25°C adjust;ad by

using a glycol ether solvent.

5. A printed circuit board according to claim 4, wherein
the solder resist layer further comprises a polymer of acrylic ester.

6. A printed circuit board comprising a wiring
substrate provided with conductor circuits and a solder resist layer formed ‘
on a surface of the wiring substrate, in which a roughened layer is formed
on a surface of at least one of the conductor circuits, wherein a portion of
the roughened layer is exposed from an opening formed in the solder resist

. layer, and wherein the conductor circuits contact the substrate and an
insulating layer which is on and covers at least a portion of the substrate

and the conductor circuits.
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62 of epoxy group in cresol novolac type époxy resit
Co. , Lth—)_FJ_Ah_lA_w wei ght of bi sphenol A-t

Yuka Shel | Ltd. trade nane: Epi kote 1001), 1.6

i m dazol e mHmnﬂ de by Shi koku Kasei Co.,
2EAMZ- CN) { MHIM| ght of a polyvalent acry]i
Ni ppon Kayaku "Lt 8. trade name: R604B7as a phot

parts by wei ght of a pol yval ent acrylic nononer (ma
Co., Ltd. trade nane: DPE6A), 0.36 part by weight o
ester, 2.0 parts by weight of Irgaquar 1-907 (trade name, made by G ba

Cei gey) as a phofoinit | at oA pfinted eircuityboardoac cartling-tchiifr 6 aarbheneincthenade

by Ni ppon Kayaku Co hot o | |zer and 1.0 part by weight of
DMVDG ( di et HEgughe S\aﬁéﬁlﬁ*g P?%ET 04 Myst i ng a viscosity to 1.40.3

Pa.s at 25[err]C I\/breover t he measurement of the viscosity is carried out
by neans of a B-type vi scorreter (made by Tokyo Kei ki Co., Ltd. DVL-B nodel)
with a rotor No.84 in caseAgrirtedrgincuit boardt-\ccordingsta claims$; wiierein tive
(16) The abqve der .resi st co S a onto both surfaces
of the nul thuoﬂjlﬁ“%O‘ﬁyﬁﬁ '§Glﬁ~99poﬁre“nBBFLPh hﬂ"ﬁgh?y AYeh4) at a thickness

of 20 [err]m Then, the substrate is

9. A printed circuit board according to claim 6, wherein the
solder resist layer is made from a solder resist composition comprising
novolac epoxy resin or an acrylate of novolac epoxy resin and an imidazole
curing agent. |

10. A printed circuit'board according to claim 6, wherein the
solder resist layer is formed by curing a solder resist composition
comprising an acrylate of novolac epoxy resin and an imidazole curing
agent and having a viscosity of 0.5-10 Pa - s at 25°C adjusted by using a
glycol ether solvent.

11. A printed circuit board according to claim 9 or 10,
wherein the solder resist composition contains a polymer of acrylic ester.

12. A printed circuit board according to claim 6, wherein the
- solder resist layer has a thickness of 5-30 y m.

13. A printed circuit board according to claim 6, wherein the
wiring substance is formed by forming a plating resist on a roughened
surface of the insulating layer, and then forming at least a portion of the
conductor circuits on a non-resist forming portion of the plating resist.

14. A printed circuit board comprising a wiring substrate
provided with conductor circuits, a solder resist layer formed after the
conductor circuits and on a surface of the wiring substrate, the solder
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driked a‘th es"and at 70[err]C oﬁE%cﬁWM «§§|E5T1d a
photorra)sk filmof | -hi ckness depicted withjc{rcle pattern sk
pattern ﬂm m 0y and then exposed to anjult [ ay| af 1000
mJ/cn{errM u ﬂ”ﬂﬂmﬁh DMIG. Further, it i$ 16%‘%3@152838[%’ r{C for 1
hour, at fOO[‘errL] Chfos I1x hour, at 120[err]C for 1}ht efr]C for
3 hours to forma solder resist |ayer 1468t hicknegs: 20 [err]m opeped in
the pad portion (including viahole and its |and porfron, opening size: 200
[errIm. (17) The substrate provided with the solder resist layer 14 is
| mrer sed i nresistlayer havings aniaperiing iportion, aqasban thelcandictor cyguits pH-=5

71 Pot *sod Wi padiis SxpoRsALing cRaningshrtion B $SHRE PRRRE BRI Snfdc, "
of 5 [err] ngiiierBodPER thE pad, Witeir thd S6lderireSistilyér istmade frowed sed in

an el ectrol ess gol d”plating aqueous solution conprising 2 g/l of potassium
gol d cyani deomposition conprisingan acrylateief novolgd epoxy sesinfAnd 8hat e and 10

o1 at 00 | ay clERZRIR FHGRE AGRT VRRESin t5 cihadclor RiAETAR donfadt e wifind

layer 15. gybstrate, wherein an insulating resin layer is on and covers at leasta

portion of the wiring substrate and the conductor circuits, and wherein the
pad contacts the conductor circuits through an opening in the insulating

resin layer.

15. A printed circuit board comprising a wiring substrate
provided with conductor circuits, a solder resist layer formed after the
conductor circuits and on a surface of the wiring substrate, the solder
resist layer having an opening portion, a pad on the conductor circuits
which pad is exposed at the opening portion in the solder resist layer, and a
solder body on the pad, wherein a surface of the pad exposed at the
opening portion is rendered into an electrically conductive roughened
layer, and a metal layer including é non-oxidizing metal on at least a
surface of the metal layer, the metal layer being on the surface of the pad
exposed at the opening portion, and the solder is supported on the pad

(_ through the metal layer, wherein the conductor circuits contact the wiring
substrate and an insulating resin layer which is on and covers at least a
portion of the wiring substrate and the conductor circuits.

16. A printed circuit board comprising a wiring substrate
provided with conductor circuits, a solder resist layer formed after the
conductor circuits and on a surface of the wiring substrate, the solder
resist layer having an opening portion, a pad on the conductor circuits
which pad is exposed at the opening portion in the solder resist layer, and a
solder body on the pad, wherein a surface of at least one of the conductor

circuits exposed at the opening portion is rendered into an electrically
[ _
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(18) ~ A solder paste is pri nted on the openi ng r-tomr—of—tire—sui der
resist tayer—tZa—and refTowed at 200[err]C to forth BEPIASEMENISHEEL of der
body) 17, produced a printed cinfcyit board haV|1g sol der
burrps (se m lmﬁm rative Exarrple8Apr|rte>df bogpeat dhavi ng
sol der buhps ¢S praduced*in the sane nmanner as in Bx n%l eARL exce pt |t hat t he
flat-type conductor pad 18 and vi ahol e 189 are fqrrred—en—the—tpper || ayer by

repeating the steps (6)-(12) in the step (14) of |Exanple 1 w thout |form ng
t he roughened | ayer 11 on the surface thereof. AfTEer rC chip rs nounted

Cégt 0 ea;: h C&oElidlﬁ:tllve Iﬁy@ﬂ, and amletdldayeislmrludingrm hon-axidizing meétad on at
arative Exanpl e 8, heat t est

ander  cond! ?aﬁhgpsw'fa%?feﬁ?\q defaliayer themet! 1auss Haing il the surtags Ofdhe
m nut es a”gpii g)aft‘?ﬁeg%r“ b%?tlﬁhe hd'thé Id’éitlséihﬁ ortéd o?ﬁﬁetﬁéd

(pressure out un er conditions of a hum dit
100% a t ermfoagh rthecmethl layer; whexein theoconduetoraireuits contacs the MIIEIOG

h Th | uat f
Mbsence of Sitrale AN Spinsiatngresin ieyersBhitt & 88 ol cdyRrsdIAREES o
body as_coniiriBifopthewifing Subiiute B m&ﬁéu@tb?c‘im 'n Table 4. Vhen

t he sol der Tesi st ayer Exarrpl e 6 is conpared with the sol der resist
| ayer of Exanple 1, air- bubbl eis

17. A printed circuit board according to claim 15 or 16,
wherein full surface of the pad is exposed in the opening portion.

18. A printed circuit board according to claim 16 or 16,
wherein a part of the surface of the pad is exposed in the opening portion.

19. A printed circuit board according to claim 15 or 16,
wherein the metal layer is comprised of nickel layer on the pad and gold

layer on the nickel layer.

20. A printed circuit board according to claim 15 or 16,
wherein the metal layer is comprised of copper layer on the pad, nickel
layer on the copper layer, and gold layer on the nickel layer.

21. A printed circuit board according to claim 15 or 16,
- wherein the electrically roughened layer has a thickness of 0.5-10 y m.

22, A printed circuit board according to claim 15 or 16,
wherein the electrically roughened layer is copper-nickel-phosphorus alloy
layer.

23. A printed circuit board according to any one of claims

14-16, wherein the wiring substrate is formed by forming a plating resist on
a roughened surface of the insulating resin layer and then forming at least a

This Sheet Has Been Re; m, THIS SHEET HAS BEEN

LT LA



64.observed—rﬁ—Exaﬁﬁ%e—é——buL—not observed in Exa he
sol der resis e 6 is highin the |i l
excel l ent i nm ")ﬂlﬁ@ brty as conpared with | ayer
of Exanple 1. of sol der body Pd D00
cycl es 2000 cycles resi st |ayer Exanple 4 f

none Exanple 5 none none 70 none Exanple 6

none none none Conpar at ive fresence p+egence

‘presence Exanple 8 As seen fromthe results of Table 4, accor di ng to the

i nventi on, portiqreef theyconductor cireuits ooua non-resistiforming portionfdbe r esi st
| ayer: hardl I .Ccurs in the heat cycle or under conditions of high

t enper at ur dlty and high pressure, and also the peeling of the

sol der burrp (sol der body) fromthe solder pad is not caused even in case of

nmounting the ICchip or the |ike. As nentioned above, it is possible to
si mul taneously 24. A printed circuit board according to any one of claims 14-16,

wherein the solder resist layer is formed by curing a solder resist
composition comprising an acrylate of novolac epoxy resin and an
imidazole curing agent and having a viscosity of 0.5-10 Pa - s at 25°C
adjusted by using a glycol ether solvent.

g 4- 25. A printed circuit board according to claim 24, wherein
the solder resist composition contains a polymer of acrylic ester.

. 26. A printed circuit board according to any one of claims
14-16, wherein the solder resist layer has a thickness of 5-30 gy m.

27. A printed circuit board comprising an insulating layer, a
conductor circuit formed thereon, the conductor circuit comprising an
electrolytic film on an electroless plated film, a roughened layer formed on
at least a part of a surface of the electrolytic film and a solder resist layer
covering at least a portion of the conductor circuit, the solder resist layer

L " having an opening portion, the conductor circuit contacting a solder pad
comprising a gold layer on a nickel layer, the solder pad being in the
opening portion of the solder resist layer.

28. A printed circuit board comprising an insulating layer, a
solder pad formed thereon, the solder pad comprising a gold layer on a
nickel layer on an electrolytic film on an electroless plated film, a
roughened layer formed at least a part of a surface of the electrolytic film
and a solder body formed on the solder pad through the roughened layer.
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apply % he sol der resist conposition according to the invention onto both
surfaces of the substrate by means. of' a roll coater and the | ead m gration
is not caused. Further, oxide filmis not fornmed on the surface of the
conductor pad, so that there is caused no hall ow phenonenon and peeling of
sol der resist |ayer due to heat cycle. Iz the printed circuit board
according to the invention, the peeling % the solder resist |ayer can

ef fectivel y be pseysik ks fsst ROMPOBLTEYS! NG PRINIGID @@REtkFOBOARSS hi gh
tenperature, high humdity and high pressure. 65 Furthernore, according
to the i nve ABSBRACTHOF f THENISULOSURENhe sol der body can be realized by

sol der transferring, nefhad. |, d é¥¥g n Ss
productivity on_of tgé pri nt&re(fi%tr %&l PB%%%%%Q &ﬁﬁ ee:)sg I %ggrgflgggl%gr

resi st | ayemoxndagetyp@gepdxy oteiin [smdp apaamidazele \@uixing: ageatcanddhas t he

heat cycle W thaubsdegagt ng. 4.0 Bs KAAMUEd Wilth glycol ether type
solvent. A printed circuit board is formed by using such a

solder resist composition.

NO SUITABLE FIGURE
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66 What is clained is: 1. A sol der resist conposition corrprl'?m%\?m’ b
an acryl ate of novol ac epoxy resintand-an im dazol e curing agent and ha\Hﬂhg CDM

a vi{'scbsity of 0.5-10 Pa.s at 25[err]C adj ust ed by usi MI_MFIL
sol vent. 2. A sol der resist conposition according to claim
wherein the imdazole curing agent is liquid at room te ’m

A sol der resist conposition according to &baim 1, [where m,!m"ﬁ M
resi st conposition contains] further conprising a polyner *of€ adrylm cses

4. A printed circuit board conprising a wiring substrate provided
W th condghftéor circuits and a solder resist |layer forned on a surface of

the wirin PRI t he conductor circui ts, in which the sol der resist
layer is formed Ry curing aﬁ%ﬁr& FEE6LoBPORRAI COMpPISRY B 38rfAte of
acrylate of novolac [type] oxy reS| n and .an |mdazol curing agent and
havi ng a BowlaeiaRpXyfresin dazoly @ring agent Png a gl ycol
et her sol I QBHE | o claim 4,
wherein the ‘;s%fyggfor%gps ar :'?y;gé; ?urt @?Sg‘%ﬁn%ﬂ sesg aa% f/,?m?rlag% acrylic
ester.  sdivent.

2. - A solder resist composition according to claim 1,

wherein the imidazole curing agent is liquid at room temperature.

3. A solder resist composition according to claim 1,
[wherein the solder resist composition contains] further comprising a
polymer of acrylic ester.

4. A printed circuit board comprising a wiring
substrate provided with conductor circuits and a solder resist layer formed
on a surface of the wiring substrate axd the conductor ci;cuits, in which
the solder resist layer is formed by curing a solder resist composiiion
conmiprising an acrylate of novolac [type] epoxy. resm and an mdazole

‘curing agent and having a viscosity of 0.5-10 Pa - 5 at 25°C adjusted by

using a glycol ether solvent.

5. A printed circuit board according to claim 4, wherein
the solder resist layer further comprises a polymer of acrylic ester.
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SOLDER RESI ST COVPCSI TI ON AND PRI NTED Cl RCUI T BOARDS ABSTRACT OF THE

DI SCLOSURE A sol der resist conposiii'tl ‘¢dftprisses an acryl ate of novol ac
type apoxy resin and an im dazole curing agent and has a viscosity of
0.5-10 Ps.s adjusted with glycol et here.gype- solvent. A printed circuit

board is fornmed by using such a sol der fesist conposition. NO SU TABLE
FI GURE

SOLDER RESIST COMPOSITION AND PRINTED CIRCUIT BOARDS
ABSTRACT OF THE DISCLOSURE
A solder resist composition comprises an acrylate of
novolac type epoxy resin and an imidazole curing agent and has
a viscosity of 0.5-10 Ps's adjusted with glycol ether type

solvent. A printed circuit board is formed by using such a
solder resist composition.

NO SUITABLE FIGURE
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