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DESGRIPTICN PHOTOCURABLE RESI N LAM NATE AND METHOD FOR PRODUCI N RIJTED

Cl RCU T BOARD BY USE THEREOF Technical Field 5 The pre

“invention relatés to a photocurable resin | am nate. Morg oartlcuIéFVy? t he
present inven- tion relates to a novel photocurable re ' e suitable
for the production of a printed circuit board- having t} .*

smal | diameter, and al so 10 rel.ates to a nethod forp+~ad ed

circuit board by using this |am nate. Background Art In conven
printed circuit boards, through- hol es sgiatmiraizoan! y for maintaining
el ectric conduc- 15 tion between printed patterns on both sides of the
board, but al so f ®HOTOCURABIE-RESIN IRAMINATE AND METHOD GOR{PRADUCING
board, in which pins of the elenents are inserted into these through-hol es
and connect ed to tPRENTED GFRGUINTe BOARD @Y AISEVEHBERROF di ngl y, these 20

t hrough-hol es generally have a dianeter as large as several mllineters (2
to 6 mm, and the TRichH el 51@6ﬁhuctor | ayer portion formed around each of

t he
5 The present invention relates to a photocurable

resin laminate. More particularly, the present inven-
tion relates to a novel photocurable resin laminate
suitable for the production of a printed circuit board
having through-holes of a small diameter, énd also

10 relates to a method for producing a printed circuit
board by using this laminate. |
Background Art

In conventional printed circuit boards, through-:

holes serve not only for maintaining electric conduc~-

15 tion between printed patterns on both sides of the
board, but also for fixing eiectric and/or electronic
elements to the board, in which pins of the elements
are inserted into these through-holes and connected to
the through-holes by soldering.. Accordingly, these

20 th;ough-holes'generally have a diameter as large as
several millimeters (2 to 6 mm), and the width of a
conductor layer portion formed around each of the .
through-holes on the surface of the board, which con-
ductive layer poftion (hereinafter referred to as:

25 *land") is usually about 0.5 mm. As a method for
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t hreugh-hol es on the surface of the board, (which con- is ductive |ayer
portion/is hereinafter referred to as 25 "l'and") is usually about 0.5
mm As a nethod for 2 producing a printed circuit board having such

t hrough- holes, the so-called tenting nethod using a photocura- ble resin

| am nate is known (see Japanese Patent Publip cation No. 46-3746), and this
nmet hod has been widely 5 practiced. According to the tenting method,
printed circuit board is produced by |am nating a photocurable resin

| ami nate (conpri spiskdwcErp o priited EDEGOLY NFEH£d et indg a¢ech dt1sPOSER- 0N
one surface of the support) on both surfaces of a netal-clad insulating

base board 10

surfaces thereof but also the entire inner walls of through-holes thereof,

hdibas Ngthet s+ aal badhdeen t ireg | meehicd ous ing anplyobottra~

so that both surfliesredin hbaminate ciadknownl (s¢aglapancs® Patenhi Babbie

i ncl usi ve of bot

5

h term nal openi ngs of each through-hole, are

cation No. 46-3746), and this method has been widely

practiced. According to the tenting method, a printed

 circuit board is produced by laminating a photocurable

10

15

20

25

resin laminate (comprising a support and ; photocurable
resin layer diSposed on one surface of the support) on
both surfaces of a metal-clad insulating base board
having metallic conductive layers on not only both
surfaces thereof but also the entire inner wal;s of
through-holes thereof, so that both surfaces of the
metal-clad insulating base board, which are inclusive
of both terminal openings of each through-hole, are
covered with one surface of the photocurable resin
layer remote from the support, exposing the photocura-

ble resin Iayer on each surface of the metal-clad

"insulating base board to ultraviolet radiation through

a predetermined transmitting pattern to form a photo-
cured resin latent image covering the terminal opening
of each throﬁgh-hole, subjecting the exposed resin
layer to development with a liquid developer to form an
image of the photocured resin, and etching the metallic
conductive layer on each surface of the metal-clad

insulating base board in areas.other_than the image of

a



15 . _covered with one surface of the photocurable resin layer renote from
t he support, exposing the photocura- ble resin | ayer on each surface of the
nmetal -cl ad insul ati ng base board to ultraviolet radiation through a
predeterm ned transmtting pattern to forma photo- 20 cured resin

| at ent image covering the term nal opening o§ each through-hole, subjecting
the exposed resin |layer to devel opnent with a I'i quid devel oper to form an

i mge of the photocured resin, and etching the netallic conductive |layer on

each surface of tiige r@&@toeﬁfféﬂéesin 48Sxth 3t BRiRGSBefLEE U | Bnar 88ShOAYET
than the i mage of t he photocured resin as an etching resist. The

etching resist patéeistfpatedrhofoomed tbecoees theé ©ELmingl oppeheéng of
t hrough-hol e is secured by adhesion to the surface of the | and forned
around the througthdotlerosgh+halet he Securedtbii aghesioni bo thepserfated
fromintruding into the'through-hole. Recently, the nDEnting-on-surface
met hod has been ©of the land formed around the through-hole, so that the
5 etching solution is prevented from intruding into the
through-hole.

Recently, tﬁe mounting-on-surface method has been
widely adopted as a production technigue suitable for
increasing the density in printed circuit boards.

10 According to this mounting-on-surface method, an elec-
tric and/or electronic element to be mounted oﬁha board
is fixed, by soldering, to a conductive layer on the
surface of the board. 1In this case, through-holes are
only required to serve as a conductor for producing

15 electric conduction between the circuits on both sides
of the board, obviating insertion of pihs of elements
and, therefore, it has become-possible to design a high
density printed circuit board having through-holes of a
diameter smaller than in the conventional printed

20 circuit boards.

The through-holes having a small diameter.are
called small-diameter through-holes (or.minivia

- through-holes). The diameter of the small-diameter

through-holes is generally not greater than 0.5 mm, and

25 the land width is generally not greater than 100 um, '



wi dely adopted as a production technique suitable for increasing the
density in printed circuit boards. 10 According to this

nount i ng- on-surface nethod, an elec- tric and/or elreetrarm ! 0 be
nounted on a board is fixed, by soldering, to a co&h@ﬁ?‘éﬂ ‘\3;@@' [ he
surface of the board. In this case, through-hgles g4re onﬁ@P Hire o]
serve as a conductor for producing 15 el ectric Conduction between.the
circuits on both sides of the board, obviating insertion of pins of

el enents and, thergi@férably et bgeoatepothanl B0Ot@mdesi gn a high density
printed circuit board having through-holes of a dianeter smaller than in

t he conventional printeghé&) prodectiomtoboarpsinféd ¢cirouih-boird having a
smal | diameter are called snall-dianmeter through-holes (or mnivia

t hr ough- hol es) . Themaj]l hrdiametert threnghthaleseier triedugy- e econven-

generally not greater than 0.5 nm and_ 25 the land width is generally
not greater than 198°pa} tenting method, permeation of an etching solu-

5 tion into the small-diameter through-holes is likely to

occur, so that it is practically impossible to produce
a printed éircuit board. 1In the practical production
liné, by the thermal expansion and contraction of a
negative maék used in the light exposure of the photo-~

10 curable resin layer and/or by the occurrence of rela-
tive dislocation between both the opposite ter@inal
openings of each through-hole which is caused by the
formation of bent through-holes due to the vibration of
a drill which occurs when through-holes are formed in

15 the insulating base board by drilling, large positiohal
disagreement is caused between the land patterns on the
negative mask and the through-holes on the base board,
such that the magnitude of this agreement is larger
than the land width. This large positional disagree-

20 ment causes the outer circumferential edge of the
through-hole‘to partially lack a land, so that the
resist pattern is missing in this land-lacking portion,
causing permeation of an etching soluiibn into the
small-diameter through-hole.

25 In order to prevent the etching solution from
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preferably not greater than 50 [err]. Wen production of a printed circuit
board having smal | -di aneter through-holes is tried by the conven- tional
tenti:ng net hod, perneation of an etching solu- 5 tion into the

smal | =di ameter through-holes is likely to occur, so that it is practically
I npossi ble to produce a printed circuit board.sln the practical production
line, by the thermal expansion and contraction of a negative mask used in
the |ight exposure of ‘the photo- 10 curable resin | ayer and/or by the
occurrence of rel a-pérmeatiingoinatoobhbesmetb-dbainetbér thposghehoiesi nahe
openi ngs of each through-hole which is caused by the formation of bent

t hr ough- hol es due t®ot@eliedrpliugaing prdeees hascheencwidelyeadopted in

t hrough-hol es are forped in 15, the insul ating base board by drilling,
| arge positional di¥ByFReferesin cabied dcPhreaingGeinkndsphitdedsiBn the
negative mask and the through-hol es on the basg boar d gisa reenint,such
that the magnitude GREPHER-NPles and, then, 2LBPPLAGURRRLR T9Ri8 famjpate
posi ti onal digsagree; 2 og%er circunferential edge of

t he through-hol e tolﬁag??ﬁP?§g$;8§a§S$§ﬁ%?888 hat the

However, the plugging process is disadvéntageous
in that since not only is a step of filiing the plug-
ging ink, but also a step of reméving the plugging ink
.after the etching operation, is required to be added to

10 the conventional tenting method, and thus, the produc-
tivity is drastically reduced. _

In these situations, development of a photocurable
resin laminate suitable for producing a printed circuit
board having small-diameter through-holes, without

iS | suffering from permeation of an etching solution into
the small-diameter through-holes during the etching
step, with very high reliability of conduction of
through-holes, and development of a method for produc-
ing a printed circuit board by using this photocurable

20 resin laminate, have been strongly desired in the art.

It is tﬁerefore an object of the present invention
to provide a novel photocurable resin laminate suitable
for the production of a printed circuit board having
small-diameter through-holes.

25 Another object of the present invention is to



resist, pattern is mssing in this |and-1acking portion, .causing perneation
of an etching solution into the small-dianeter through-hole. 25 I n
order to prevent the etching solution from 5 perneating into the :
smak| -di amet er through-holes, the so-called pluggi ng process has been

w dely adopted in which a resin called a plygging ink is filled in

t hr ough- hol es and then, a photocurable resin lamnate 5 Is | am nated on
a base board. However, the plugging process is disadvantageous in that

- since not only i prowidp imdtidd Mbit rqdutfingiapritited Wivdwit bedwp of
renoving the plugging ink after the etching operation, is required to be
added to 10 thieer ioa \eowet )i vkl anfesret st nicharmetdiodho sl hyhussindethpi o dvel
tivity is drastically reduced. In these situations, devel opnent of a

phot ocur abl e r esiphatogurakle wesin dawimatieduci ng a printed circuit board

havi ng smal | -di aneter through-hol es, w thqut .
The foregoing and other objects, features and

5 advantages of the present invention will become appar-
ent from the following detailed description and append-
ed claims taken in connection with the.accompanying
draﬁing.

Disclosure of the Invention

10 : We have made extensive and intensive studies with
a view toward attaining the foregoing objects. As a
result, it has surprisingly been found that when a
novel photocurable resin laminate comprising a photo-
curable resin layer having a specific viscosity, a

.15 specific thickness and a specific ultraviolet ray
transmittance is laminated under pressure on both
surfaces of a metal-clad insulating base board having
small-diameter through-holes, the photocurable resin
layer of the photocurable resin laminate intrudes

20 locally into the inner side of the inner circumferen-
tial edge ofithe terminal opening of each of the
small-diameter through-holes, so that when the photo-
curable resin layer is subsequently exposed to actinic
radiation from both the front surface side and the back

25  surface side of the base board, a resist layer capable



15 . . suffering fromperneation of an etching solution into the

smal | -di anet er through-holes during the etching step, with very high
reliability of conduction of through-holes, and devel opnent of a nethod for
produc- ing a printed circuit board by using this photocurable 20 resin
| am nate, have been strongly desired in the-grt. It is therefore an object
of the present invention to provide a novel photocurable resin |amnate
suitable for the production of a printed circuit board having

smal | -di aneter thegugbmplkeely’preventing pegimbatioh et aaf etbhipgesent

I nvention is to 6 provide a nethod for producing a printed circuit board
havi ng snal | - di anepéntibnodghfbrined extesdiggt iromnthel cpronnéerapitdalesi n
| am nate. The foregoi ng and other objects, features and 5 advant ages of
the present inven?ggﬁ @if| papbcofiebagphaterminalr openiagsoprforprl) soadilied

description and append- ed clains taken in connection wth the acc%npa@ying
diameter through-hole along and over the inner wall o

5 the through-hole, thereby enabling the production of
desired small-diameter through-hole type printed cir-
cuit boards at a high productivity. We have now com-
pleted the present invention, based on this finding.

More specifically, in onelaspect of the present

10 invention, there is provided a photocurable resin
laminate comprising a support and a photocurabie resin
layer disposed on one surface of the support, the
photocurable resin layer having:

(a) a viscosity of from 10% to 5 x 103 poises as

15 measured at 90 °C;

(b) a thickness of from 30 to 150 um; and

(c¢) an ultraviolet ray transmittance of from 40
to 95 % with respect to ultraviolet rays
having a wavelength of 365 nm.

20 | In another aspect of the present invention, there
is provided a photocurable resin laminate fof use in
p;oduciﬁg a printed circuit board having a plurality of
conductive through-holes, comprising a support and af‘r
photocurable resin layer disposed on one surface of the

25 support, the photocurable resin layer having:



drawi ng. Disclosure of the Invention 10 W have nade extensive and
I ntensive studies with a view toward attaining the for | ] £ a
result, it has surprisingly been found that when a noﬂeTHlﬁlﬁj_ Ed E

P

sin
| ami nate conprising a photo- curable resin |layer having a sﬁEELAEED
viscosity, a 15 specific thickness and g specific wtrTaviolet ray
transmttance is | am nated under pressure on both surfaces of a netal -cl ad
i nsul ati ng base board having snall-di ameter through-holes, the photocurable
resin layer of the phqtacurasahitiasdesity | fivde 101 resles 20107 pdised lgsinto
the inner side of the inner circunferen- tial edge of the termnal opening
of each of the snmall-di anememasuyreslgdt B0 €C; so t hat when the photo-
curable resin layer is subsequently exposed to actinic radiation fromboth
the front surface sidelland a Hhiginess of from 3 ctaih ami endase board,

a resist layer capable 7 .
(c) an ultraviolet ray transmittance of from 40

5 to 95 % with respect to ultraviolet rays
having a wavelength of 365 nm,
the photocurable resin laminate adaptable to being
applied to both surfaces of a metal-clad insulating
base board having on both surfaces thereof a metallic

10 conductive layer and having a plurality of through-
'hales with their respective entire inner walls_covered
with a metallic conductive layer, so that both surfaces
of said metal-clad insulating base board, which are
inclusive of both terminal openings of each through-

15 hole, are each covered with one surface of the photo-
curable resin layer remote from said support, followed
by the steps of exposing the photocurable resin layer
on each surface of the metal-clad insulating base board
to ultraviolet radiation through a predetermined trans-

20 mitting pattern to form a photocured resin latent image
covering botﬁ terminal openings of each through-hole,
subjecting each exposed resin layer to development with
a developer to form an image of the photocured resin,
and etching the metallic conductive layer on each

25 - surface of the metal-clad insulating base board in

This Sheet Has BeenRTlaced




of conpletely preventing perneation of an etching solution is forned
extending fromthe circunferential edge of each of both term nal openings.
of each small- dianeter through-hole along and over the inner wall of 5

t he: t hrough- hol e, thereby enabling the production of desired small-dianeter
t hrough-hol e type printed cir- cuit boards aj a high productivity. W have
now com pleted the present invention, based on this finding. Mre
specifically, in one aspect of the present 10 i nvention, there is

provi ded a phot ocaireds cottlesar Nthan tid eimageroSi tige cplsotxpmitedntesin as
phot ocurabl e resin |ayer disposed on one surface of the support, the

phot ocur abl e resian |etyehinmgpvregista) a viscosity of from 104 to 5 x 105

poi ses as 15 measured at 90 [err]C;, (b) a thickness of from
30 to 150 [err]; and (BYe e¥pninahion|ef ¢xgssTeRc 9nahRhe¥onieRe40 to 95
%wth respect to ultravio

In anot her aspectdiPR%HA 2%%‘{?? fﬁgﬁg&foﬁrﬁéggg%%%’&gs gg} &°
phot ocur ablee 1 o514 A "Al fed Bptiifndd B CPHRL ARk fnd"LAL FhoLEGNELL PR ¢

resin laminate of the present invention under pressure
on both surfaces of a_metal-clad base board having
small-diameter through-holes and exposing the laminated
photocurable resin laminate to lighf from both the

10 front surface side and the back surface side of the
base board, followed by etching, shows that a Qhoto-
cured resin layer of the photocurable resin layer,
which is formed to cover both terminal openings of each
small-diameter through-hole, intrudes locally in the

15 " inner side of the entire inner circumferential edge of
both terminal openings of each small-diameter through-
hole and extends to a_predetermined depth from the
entire inner circumferential edge along and on the
inner wall of the through-hole, in a state such that

20 the résin layer adheres closely to the inner -wall
surface. Therefore, even in an area where the land for
the terminal opening is not substantially formed due to
a positional disagreement between the land pattern of

the negative mask and the terminal opening of the

25 through-hole, permeation of the etching solution into



conductive through-holes, conprising a support and a photocurable resin

| ayer di sposed on one surface of the 25 - support, the photocurable resin
| ayer havi ng: 8 (a) a viscosity of from104 to 5 x [err] poises as
measured at 90 [err]; (b) a thickness of from30 to 150 [err]; and (c) an
ultraviolet ray transmttance of from40 5 49 to 95 %w th

respect to ultraviolet rays having a wavel ength of 365 nm being the

phot ocurabl e ' resin | am nat e/ adaptable to being applied to both surfaces of
a netal -cl ad i nsuimd i tigrdRfe-Nsks cdmn\ba pxrevdmtdd oy fee scuded eoés in
metallic 10 conductive layer and having a plurality of through- holes
with their respectayexr ettieredingneiromlthse canvieies imndr cimtwhfexenoaducti ve
| ayer, so that both surfaces of said netal-clad insulating base board,

whi ch are incl usiedgefohdhe tterminal grening of therthyoughthole along

and on the inner wall of the through-hole, which cured
5 resin layer adheres closely to the inner wall surface

of the through-hole, thereby obviating troubles which
are frequently caused by the action of a permeated
etching solution on the conductive layer on the inner
wall of the through-hole. The mannér of formation of

10 such a resist for through-~holes in the method of the
piesent invention is fundamentally different f#om the
manner of formation of a resist for through-holes by
adhesion between the land on the surface of the base
board and the photocurable resin layer in the conven-

15 tional tenting method, and by this novel resist-forming
method of the present invention, conductive small-
diameter through-holes can be formed assuredly. The
photocurable resin laminate of the present invention
can also be used for producing a through-hole typé

20 printed circuit board by the conventional tenting
method. In éuch a case as well, printed circuit boards
can be broduced in a production yield comparable to or
“higher than the production yield attained by using the
conventional photocurable resin laminate.

25



hol e, are each covered with one surface of the photo- curable resin |ayer
renote from said support, followed by the steps of exposing the

phot ocurabl e resin | ayer on each surface of the netal-clad insulating base
board to ultraviolet radiation through a predeterm ned trans- 20

mtting pattern to forma photocured resin lgjent inmage covering both

term nal openings of each through-hole, subjecting each exposed resin |ayer
to devel opnent with a devel oper to forman i mage of the photocured resin,
and etching the metal ITke coficitictureEblayeésn bapér 26f the SphdBs€uphbliée
metal -cl ad insul ati ng base board in .9 areas other than the inage of the
phot ocured resin xesim haminage refi she fhesextnimeentionfskoold-bavei anal
phot om cro- graphs_and scanni ng glectron ghgtonicrographs of ab resi st
| ayer obtai ned bywigeeskty nef t he” pket dcxir 0T cPetaes, | preferably Bhe pPésent

I nventi on under presgure ofl both surfaces of a netal-clad base board having
to x 10 poises, as measured at 90 °C. As the vis-

5 cosity increases, the property for the photocurable
resin layer to intrude into the through-hole from the
inner circumferential edge of the small-diameter
thrbugh-hole onto.the inner wall of the through-hole is
decreased, and even if optimum lamihating conditions

10 are chosen, the superiority to the conventional tenting
method is reduced. If the viscosity exceeds thg upper
limit, no substéntial significant effect is exerted
over the conventional tenting method. On the other
hand, as the viscosity decreases, the photocurable

15 resin layer can easily intrude into the small-diameter
through-hole from the inner circumferential edge onto
the inner wall of the through-hole. 1In this case,
however, when the photoéurable resin laminate is stored
at‘room temperature, it is difficult for the photocura-

20 ble resin layer to stably ﬁaintain a predetermined
uniform thickness. “If ﬁhe viscosity is below the lower
limit, a mass of the oozing resin is likely to be
formed on both ends of a roll of the photocuréble resin
laminate wound in a roll form, so that it becomes

25 substantially impossible to laminate the photocurable



smal | -di anet er through-hol es and exposing the | am'nated photocurable resin
| ami nate to light fromboth the 10 front surface side and the back
surface side of the base board, followed by etching, shows that a photo-
cured resin |ayer of the photocurable resin layer, which is forned to cover
both term nal openings of each small -di anet ena2t hrough-hol e, intrudes
locally in the 15 - inner side of the entire inner circunferential edge
of both term nal openings of each small-dianeter through- hole and extends
to a predetern nededépt hamipatehetabiyr eni ther besec behedent Moreowgs ,alidng
and on the inner wall of the through-hole, in a state such that 20 t he
resin |ayer adher 8becvésepsity iRetPAndpWualthesthigkaesshefetbee Phekor in
an area where the land_for the term nal op enlnghis not subst%ntially f or med

due to a position§PraPiggresiBniagernweeveriag the threush-8rlese 18egati ve

g?zﬁiﬁgdsgrﬁt}gan}ﬁgglgpggo gLe%gg,zgo tha%h Qeggnela %&n%%&Egnqu the

5 has too small a thickness to maintain a sufficient film
strength, leéding to a coverage failure of the
through-hole, which causes permeation of an etching
solution into the through-hole.

The photocurable resin layer of the photocurable
10 resin laminate of the present invention should have a
thickness of 30 to 150 um, preferably 35 to 100 pm.
When the thickness is less than 30 um, not only is the
photocurable resin layer covering the terminal opening
of the through-~hole likely to be swollen or broken at
15 the time of development, but alsb the depth to which
the photocurable resin layer intrudés into the
through-~hole from the circumferential edge onto the
inner wall is not sufficient and the reliability as the
resist is decreased. When the thickness is more than
20 150 um, not only does it become difficult to manifest a
practical seﬁsitivity while maintaining an ultraviolet
ray transmittance of ultraviolet rays having a wave-
‘length of 365 nm (hereinafter frequently referred to as
"365 nm ultraviolet ray transmittance”) at a.level of

25 at least 40 %, but also the resolution is lowered.



t he t hrough-hole can be prevented by the cured resin | ayer extending from
the entire inner circunference edge of the term nal opening of the

t hrough- hol e al ong and on the inner wall of the through-hole, which cured 5
resin |layer adheres closely to the inner wall surface of the through-hole,

t her eby obviating troubles which are frequent#y caused by the action of a
per neat ed etching solution on the conductive layer on the inner wall of the
t hrough- hol e. The manner of formation of 10 such a resist for

t hrough-hol es in the mepHBEE e PEeHeId]éth\Viedy | fansnititklore sl the
different fromthe manner of formation of a resist for through-hol es by
adhesi on betweentphnﬁanutahierresinfknxexﬁoirmhénphptnnuxhbaniréﬁnn

phot ocurabl e resin layer in the conven- 15 tional tenting nethod, and
by this novel resikamingte mf e @resentcinvention ishamd e 4®reRcds vh,
smal | - di aneter through-hol es can be forned assuredléé The hotocurable

resin | am nate of R rabntd s ke ohe cdfhen sheed ¢hgray

t hrough- hol g type 2 r|nted ciycuit oard y, the co entl tenting -
met hod. In gsuch atc‘%{?és'%fs #R‘E%r i 4 b%ar%lsp%‘é ?)‘?a%fb%ed in a

producti on Y'6|d(§ﬂg¥géﬁ¥§%fé)f251n layer which has intruded into the

through~-hole from the inner circumferential edge of
both terminal opeﬁings of the through-hole onto the
inner wall is not sufficiently cured, so that coverage

10 failure is likely to occur with respect to the land-
lécking through-holes. The reason for this is presumed
to be as follows. When the photocurable resin layer on
each surface of the metal-clad insulating base board is
exposed to ultraviolet radiation through a predeter-

.15 mined transmitting pattetn, ultraviolet rays are trans-
mitted through a photocurable resin layer covering one
terminal opening of the through-hole and then reach
another photocurable resin layer which have intruded
into the through-hole from the inner circumferential

20 edge of the ppposite terminal opening of the through-
hole and onto the inner wall, so that both of the
photocutable resin layers which have intruded into the
through-hole from both the opposite terminal openings
thereof, are completely cured. Acéordingly, when the

25 365 nm ultraviolet ray transmittance is lower than



hi gher.than the production yield attained by using the conventional

phot ocurabl e resin | am nate. 25 The photocurable resin | ayer of the
phot ocurabl e resin |am nate of the present invention should have a
viscosity of [err] to 5 x [err] poises, preferably 5 x [err] to 2 x [err]
poi ses, as neasured at 90 [err]. As the vis:-1b cosity increases, the
property for the photocurable resin layer to intrude into the through-hole
fromthe inner circunferential edge of the small-dianeter through-hole onto
the i nner wall of40hg,ttheuihténsitysofietheasttiravidletenay$é veaching

| am nating conditions 10 are chosen, the superiority to the
conventional tentthg hnnﬁadsi%er@ﬁutbe.ome-sh@evtgsménﬂg erendng fremupper
limt, no substantial significant effect is exerted over the conventi onal

tenting method. ChhenePBehbtenside bRrpimaljqperiry heepwagecyeaknand,

phot ocur abl e 15 resin layer.,can geasily [ntrude into the snall:dianeter

Phrough. hol o frorfRRESFRREr GRFLEATef cht PAFELREoBeBeh photoarable

' 5 resin layer which has intruded into the through-hole
becomes insufficient. When the 365 nm ultraviolet ray
transmittance is more than 95 %, it becomeé impossible
to obtain a practical photocuring speed (that is, a
practical ultraviolet ray sensitivity).

10 : The photocurable resin compoéition used in the
ﬁresent invention comprises a binder composed of a
vinyl homopdlymer or a vinyl copolymer, a photopolymer-
izable monomer and a photopolymerization initiator as
indispensable components. The photocurable resin

15 composition can further comprise a dye, a coloring
agent, a plasticizer, a radical polymerization inhibi-
tor and the like, if desired.

As the vinyl compound used for the vinyl homopoly-
mer or vinyl copolymer binder, there can be mentioned

20 alkyl (meth)acrylates, such as methyl (meth)acrylate,
ethyl (heth)acrylate and propyl (meth)acrylate, and
benzyl tmeth)acrylate, styrene, a-methylstyrene and
acrylonitrile. When the development is carried out

with a weakly alkaline aqueous solution, it is pre-

25 ferred that another vinyl compound having an acid



the_inner wall of the through-hole. In this case, however, when the
photocurable resin lamnate is stored at roomtenperature, it is difficult
for. the photocura- 20 ble resin layer .to stably maintain a
predet erm ned uni formthickness. If the viscosity is belowthe lower limt,
a mass of the oozing resinis likely to be fggned on both ends of a roll of
the photocurable resin |lamnate wound in a roll form so that it becones 25
substantially inpossible to | am nate the photocurabl e 12 resin | am nate
stably on the basgrbaan,dsubhr asvar cairbokid girsapsi aysudifondcl awidt keroup

t hi ckness of the photo- curable resin | ayer covering the through-holes is
likely to be unevewm, asphosphoric aeddngirayp, per copblymsrizedhwd thoshenal |
a thickness to maintain a sufficient filmstrength, |eading to a coverage
failure of the thRBAYR-MEREioRpACcNiBydseompenndainog 5RtAR SUEH H§adothE on

[ h h h- hol Th h in | f th h I
'nto the through-Boig1eant Ropolimes has' an Acid SquivallntPof! 34on* 10D

5 to 600. A carboxyl group is preferably used as the
acid group. Examples of viﬁyl compounds having a
~carboxyl group include (meth)acrylic acid (including a
half ester), fumaric acid, maleic acid (including a
-half ester), cinnamic acid and itaconic acid.

10 : The weight -average molecular weight of the binder
éomposed of a vinyl homopolymer or vinyl copolYmer is
preferably 20,000 to 300,000. The weight average
molecular weight is determined, using a calibration
curve of standard polystyrene, by gel permeation

.15 chromatography (GPC). The content of the binder in the
photocurable resin layer is from 5 to 90 % by weight,
preferably from 30 to 70 % by weight. The photocurable
resin layer having a viscosity of 104 to 5 x_lO5 as
measuﬁed at 90 °C can be obtained by appropriatelf

20 selecting the molecular weight and amount of the binder
and/or using-as a binder, a copolymer having'a suitable
composifion.

The photocurable resin layer of the photocurable
resin laminate of the present invention is developed

25 with a liquid developer after the exposure to ultravio-



10 .- . resin lamnate of the present invention should have a thickness of
30 to 150 [err], preferably 35 to 100 [err]. When the thickness is |ess
than 30 [err], not only is the photocurable resin | ayer covering the

ter.mi nal opening of the through-hole likely to be swollen or broken at 15
the time of devel opnent, but also the depth jigp which the photocurable resin
| ayer intrudes into the through-hole fromthe circunferential edge onto the
inner wall is not sufficient and the reliability as the resist is
decreased. Wien tlet tayekneds iagyuemes tdeduti®dn of B30 glkalli, rmiclords/ does
it become difficult to manifest a practical sensitivity while maintaining
an ul traviol et r ®pdingmsenbomede ,ofoxulary PMgsindc rﬁgls’q’-\'&n mpch &/e- | engt h
of 365 nn1(here|nafter frequently referred to as "365 nmultraviolet ray
transnittance") étrla -dydichdorpgthaney qagpde aped afuithg JddTHE A&l uti on

s | owered. he 365 uIt aviolet ray transmtta
phot ocur abl e reS| E {5 Y qwﬁﬂq+ronmeﬂial p°£lutl°n'
5 it is preferred that the photocurable resin layer of

the photocurable laminate of the present invention be a
photocurable resin layer which is insoluble or non-
dispersible in an aqueous alkali solution so that it
can be developed with an aqueous alkali solution. From
10 this viewpoint, a vinyl copolymer comprising a vinyl
cbmpound.having an acid group as mentioned above and a
vinyl compound having no acid group is preferably used
as the binder.
With respect to the photopolymerizable monomer, an
15 unsaturated compound having at least one terminal
ethylenically unsaturated group is used. For example,
products obtained by an addition reaction between an
a,f-unsaturated carboxylic acid and a monohydric or
polyhydric alcohol can be used. As specific examples
20 thereof, there can be mentioned polyethylene  glycol
di(meth)acrylate (the number of recurring ethylene
oxide units is 2 to 14), polypropylene glycol
_di(meth)acrylate (the number of recurring propylene
oxide units is 2 to 14), trimethyloipropane

25 di (meth)acrylate, trimethylolpropane tri(meth)acrylate,



| ami ngte of the present invention should be 40 to 95 % preferably 45 to 90

% When the 365 nmultraviolet ray 5 transmttance is |ower than 40 %

a portion of the photocurable resin |ayer. which has intruded into the

t hrough-hole fromthe inner circunferential edge of both term nal openings

of the through-hole onto the inner wall is ggt sufficiently cured, so that

coverage 10 failure is likely-to occur with respect to the | and-

| acki ng t hrough-hol es. The reason for .this is presunmed to be as foll ows.

When t he phot ocutaitrameediylolmeehane trddmeth)aicaydatie,t e tmeive thytlad ~

I nsul ati ng base board is exposed to ultraviolet radiation through a

predeter- 15 meitheget tatai(meithy acatytlate, detrastiiydeneaylyodd trans-

mtted through a ghotocurable resin layer covering one termnal opening of
<

t he through-hol e ﬁanlhethe@adme&hdﬂmlﬁ#ﬁ.o dengsiglyiagleretiiiflch have
Intruded into the throu haole fromthe inner circunferential 20 edge
of the opposite F&%ﬁ?hd eﬁﬂéﬁpﬁyléFehh@'gh#Bﬁﬁﬁ hol e and onto the inner

o the i oughTREPE I AATHG BEREOR e 2+ @M HrA L CRAR (ORI ar e
conpl etely cured, AGEQI UL Y 2, W18 A methacry |
.loxytetraethoxyphenyljpropane and 2,2-bis(4-methacry-
1o#ypentaethoxyphenyl)propane. In addition, urethane
products of the reaction between polyvalent isocyanate
10 compounds, such -as hexamethylene diisocyanate and
tolylene diisocyanate, and hydroxy acrylate_compounds,
such as 2-hydroxypropyl (meth)acrylate, can be men-
tioned.
Other examples of photopolymerizable monomers,
15 include products obtained by an addition reaction
between an o,f-unsaturated carboxylic acid and a glyci-
dyl group-containing compound, such as bisphenol A
diglycidyl ether di(meth)acryalte and phenylglycidyl
ether (meth)acrylate. There can also be mentioned an
20 esterification product between a polycarboxylic acid,
such as succinic anhydride, and a compound having a
hydroxyi group and an ethylenically unsaturated group,
_such as PB-hydroxyethyl (meth)acrylate.
The content of the photopolymerizable monomer in

25 the photocurable resin layer is from 5 to 80 % by



25 365 nmultraviolet ray transmttance is |ower than 14 40 % the
intensity of the ultraviolet rays reaching the inner side of the one-side
term nal opening fromthe opposite-side term nal openi ng beconmes weak and,
therefore, curing of a portion of each photocurable 5 resin layer which
has intruded into the through-hole becones ingifficient. Wien the 365 nm
ultraviolet ray transmttance is nore than 95 % it becones inpossible to
obtain a practical photocuring speed (that is, a practical ultraviolet ray
sensitivity). 10 weight, phieefedHBIOE oM €20 & 5T dMwsivdigrhtusedy n t he
present invention conprises a binder conposed of a vinyl honmopol yner or a
vi nyl copol yner, appwmsmpic teisr -chicesilregy ndreongrpesndfa titeo tadpotemeen tionerh
initiator as indispensabl e conponents. The photocurable resin 15

conposi tion can f lirder conbrihee phatjapolynestigalie mpnaner anhalsd zer, a

radi cal polynerization inhibi- tor and the like, if desired. .
' ' choosing an appropriate ratio therebetween, the viscos-

5 ity at 90 °C can be adjusted to 104 to 5 x 10° poises.
The type of the initiator to be contained in the
photocurable resin layer is not particularly critical.

As preferable examples, there can be mentioned com-

{ ' pounds represented by the following formula (I):
10 '
R
I |
1
(L)
Ry

wherein R; and R, each independently represent a
15 hydrogen atom, a hydroxyl group, an alkyl group,
an alkoxy group or a phenoxy group, with the
proviso tﬁat R; and Ry simultaneously do not
represent a hydroxyl group,
such as benzyldimethyl ketal, benzyldiethyl ketal,
20 ' benzyldipropyl ketal, benzyldiphenyl ketal, benzoin
methyl ether, benzoin ethyl ether, benzoin propyl ether
and benzoin phenyl ether, and compounds represented by

the following formula (II):

25



As the.vinyl conmpound used for the vinyl honopoly- ner or vinyl copolyner
bi nder, there can be nentioned 20 al kyl (neth)acrylates such as nmet hyl

(neth)acrylate, ethyl (meth)acrylate and propyl (neth abk%éﬁgﬁg Mzyl
5",

(meth)acrylate, styrene, a-nethylstyrene and acryl onigr th
devel opnent is carried out with a weakly al kal9 ne aquéous FRRALE S
pre- 25 ferred that another .vinyl conpound having an aC|d 15 group
such as a carboxyl group, a sulfonic acid group or a phosphoric acid group,
be copol ynerized with the abov npound g a ratio such
that the resultant copol ymer has ay I Ma{ ent of from 100 5 to
600. A carboxyl group is pref Cid group. Exanpl es of

vi nyl conpounds havi ng a car boxyl llic acid
(including a half ester), fumarfc acid, Malebﬂia0|d (|ncluc ng a half
ester), cinnamc acid and itacqgni ¢ acid. The wagi ght aver&éé)

nnlecuiar meight of the binder [:j:] — 5
5

wherein the phenyl groups may be substituted,

»
)
(¢
)
B c
—
E
o

such as 2-(o-chlorophenyl)-4,5-diphenylimidazolyl
dimer, 2-(o-fluorophenyl)-4,5-diphenylimidazolyl dimer,
2,4-di (p-methoxyphenyl)-5~phenylimidazolyl dimer and
10 2,4,5-triphenylimidazolyl dimer. These dimers are
ihose of the 1,2’-bond. |
These compounds (I) and (II) can be used individu-
ally, but preferably in combination.
An initiator having high photoinitiation capacity,
15 such as.benzophenone, a‘Michler'é ketone oxr a thioxan-
thone, e.g., diethylthioxanthone, can be used in addi-
tion to the above-mentioned initiator. However, since
this type of initiator exhibits high absorption for
ultraviolet rays, this initiator, if used, should be
20 incorporated in a small amount so that the 365 nm
ultraviolet ray transmittance can be maintained at 40
to 95 %. The content of the initiator in the photo-
curable resin layer is generally from 0.1 to 10 % by
weight. However, with respect to the initiator exhib-

25 iting high absorption for ultraviolet rays, such as a

This Sheet Has Been Replaced
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conposed of a vinyl honopol yner or vinyl copolyner S preferably 20,000 to
300, 000. The wei ght average nol ecul ar weight is dete
calibration curve of standard pol ystyrene,- by gel pe
chremat ography (GPC). The content of the binder in

| ayer is from5 to 90 % by wei ght, preferabl 20from 30 to ; gight.
The photocurable resin | ayer having a viscosity of [err] to 5 x [err as
measured at 90 [err] can be obtained by appropriately 20 sel ecting the
mol ecul ar wei ght Mﬁéhéﬁﬁuﬁtkéﬁonﬁeog'ﬁd&hl&#éﬂﬁhoaéln@hGSCQHGﬁWGeﬂS a
copol ynmer having -a_suitabl e conposition hot ocu bIe resin | ayer of

t he photocurabl e PESERTRRAYNETEMoP pﬂetﬁrésgn Y; WedAhton i s devel oped 25

I TG AR AR R e e
solvent, such as in%o]rp*oﬁ:a%gho FO%! N3RFovidy Reetad ARt Beakiq4 ' Leia

| 5 storage stability of the photocurable resin layer.
Examples of initiators include p-methoxyphenol, hydro-
quinone, pyrogallol, naphthylamine, tert-butylcatechol,
cuprous chloride, 2,6-di-tert-butyl-p-cresol, 2,2’'-
methYlene-bis(4-ethyl-6-tert-butylphenol), and 2,2'-

10 methylene-bis(2-methyl-6-tert-butylphenol). When a
radical polymerization inhibitor is gdded,to tﬁe photo-
curable resin composition, it is preferred to incorpo-
rate an amount of 0.001 to 0.05 % by weight, based on
the weight of the composition.

15 A coloring agent, such as a dye or a pigment, can
be incorporated in the photocurable resin layer used in
the present invention. Examples of coloring agents
include Fuchsine, Auramine base, Chalcoxide Green S,
Para Magenta, Crystal Violet, Methyl Orange, Nile Blue

20 2B, Victoria Blue, Malachite Green, Basic Blue 20 and
Diamond Green.

A color developer, for example, a luminous dye
capable of developing a color under irradiation with
light, can be incorporated into the photocurable resin

25 layer in order to distinguish photocured areas from

e

i



vel oper. In order to prevent environmental pollution, 5 it is preferred
that the photocurable resin | ayer of the photocurable |am nate of the
present invention be a photocurable resin-layer which is insoluble or non-
di spersible in an aqueous al kali solution so that it can be devel oped with
an aqueous al kali solution. From 10 ~ this2yiewoint, a vinyl copolyner
conprising a vinyl conpound having an acid group as nenti oned above and a
vi nyl conpound having no acid group is preferably used as the binder. Wth
respect to the phencwoegnereasbl eAncevhinatienist a lewsat d¥at @8dc8nmpound

having at | east one_term nal ethglenically unsaturated group is used., For
exanpl e, product shabPgeReaOBHOUR aﬂﬁi%?Bﬂnréﬁc?iBﬁPB%§ﬁEEﬁtgﬁe example

- t ted b Li i, d d dri hydr i I hol
ES:ane:EI'ZZ‘df”isesgéiéf%%@%zéw%f'eze% a8 BRRODERCO gk, PehERUTERE ReCono,
ol yet n | i h h !
Dot o i3 S RanthOARAL) BE Labeplbl LaugbiE fheheovioNas SpiLetee

of recurring propyheaen9kbderdBhlS A8 €nbOndfdgeh’ toRbOYHA, PERBEBECAR be
di (nmeth)acrylate, trinethylol propane tri(neth)acrylate,

mentioned amyl bromide, isoamyl bromide, isobutylene
bromide, ethylene bromide, diphenylmethyl bromide,
beﬁzal bromide, methylene bromide, tribromomethylphe-
nylsulfone, carbon tetrabromide, tris(2,3-dibromopro-

10 pyl)phosphate, trichloroacetamide, amyl iodide, isobu-
tYl iodide, 1,1,1-trichloro-2,2-bis(p-chlorophgnyl)
ethane and hexachloroethane. |

Additives, such as a plasticizer, can be incorpo-
rated in the photocurable resin composition, if de-

15 sired.

As wéll-known in the art, these coloring agents,
color developer and plasticizers are added in such
small amounts as will not spoil the desired properties
of the photocurable resin layer used in the present

20 invention.

As the éupport for the photocurable resin layer, a
transpafent support capable of transmitting ultraviolet
rays as actinic rays is preferably used. A support
incapable of transmitting ultraviolet rays can also be

25 used. However, this non-transmitting support should be



17 tetranethyl ol nethane tri (neth)acrylate, tetranethylol- methane
tetra(nmeth)acrylate, tetraethylene glycol phenyl ether (neth)acrylate,

di et hyl ene gl ycol ethyl ether (meth)acryl.ate, 2,2-bis(4- 5

met hacryl oxyphenyl ) propane, 2, 2-bi s(4-net hacryl oxyphe- nyl) propane,

2, 2-bi s(4-nethacry |oxytetraethoxyphenyl) pr@mne and 2, 2- bi s(4-net hacry-

| oxypent aet hoxyphenyl ) propane. .In-addition, urethane products of the
reacti on between pol yval ent isocyanate 10 conmpounds, such as

hexanet hyl ene di iremoraththefone ttdie/|stimp dif sldghihaxposunre hydroxy acryl ate
conpounds, such as 2- hydroxypropyl (meth)acryl ate, can be men- tioned.

O her exanpl es of phofdMAmAGtidrice TaMmRansmiftEing ﬁqRRQEﬁy[ﬁhﬁE%t%ﬁn

obtai ned by an addition reacfion an [err]-uns turat carboxyllc
acid and a gl yci PRWegr A Ct&t%&%f%g‘ycn'rﬁﬂﬁ) J%’tﬁh’

diglycidyl ether di(methacryalte and phenylolveidv (1o iae £iim, a

5 vinyl chloride copolymer film, a polyvinylidene chlo-
ride film, a vinylidene chloride copolymer fiim, a-
_poiymethyl methacrylate film, a methyl methacrylate
copolymer film, a polystyrene film, a polyacrylonitrile
film, a styrene copolymer £film, a §olyamide film and a

10 cellulose derivative film.

A protective film can be laminéted on a sgerCe of
the photosensitive resin layer, on a side remote from
lthe support, of the photocuraﬁlé resin laminate of the
present invention. When the photocurable resin lami-

15. nate is laminated on a metal-clad insﬁlating basé
board, this protective f£ilm should be removed by peel-
ing. Accordingly, the adherence of the protective
layer to the photocurable resin layer should be smaller
than the adherence of the support to the photocurable

20 resin layer so that the protective layer can:be easily
peeled. For example, a polyethylene film and a poly-
prdpylehe film can be used. A film having excellent
peelability, which is disclosed in Japanese Patent
Application Laid-Open Specification No. 59-202457, can

25 advantégeously be used.



ether ((meth)acrylate. There can al so be nentioned an 20 esterification
product between a pol ycarboxylic acid, such as succinic anhydride, and a
corpound havi ng a hydroxyl group and an ethyl enically unsaturated group,
such as [err]-hydroxyethyl (nmeth)acrylate. The content of the

phot opol yneri zabl e nmononer in 25 t he phgpcurable resin layer is from5
to 80 % by 18 weight, preferably from20 to 55 % by wei ght. By
appropriately choosing the types of the above-nentioned binder and the

.phot opol yneri zabl e noilEisrg drhee gisrtaxhomd ey xes iap pragpimatie obhitthe

t her ebet ween, the viscos- 5 ity at 90 [err] can be adjusted to 10

to 5 x [err] poi Resenfe ingantgion ha iprnimtad cixrwid kaard avingt he

L i A SHATH 5 SO 8 o
formula (1): 10 ¥¥gduced. That is, using an apparatus customarily used
5 in the conventional tenting method, the photocurable
resin laminate of the present invention is applied to
both surfaces of a_metal-clad insulating base board
ha#ing on both surfaces thereof a metallic conductive
layer and having a plurality of through-holes with
10 their respective entire inner walls covered with a
metallic conductive layer, so that both surfacés of
said metal-clad insulating base board, which are inclu-
sive of both terminal openings of each through-hole,
are each covered with one surface of the photocurable
15 resin layer remote from said support, and then subject-
ed to light exposure, development and etching, thereby
obtaining a printed circuit board having no breakage on
the conductor layer formed on the inner circumferential
edges and inner walls of the small-diameter through-
20 holes, at high efficiency.
Therefoie, iﬁ still another aspéct of the present
invéntién, there is provided a method for producing a
printed circuit.board, which comprises the steps of:
(1) providing a metal-ciad insulating base board

25 having on both surfaces thereof a metallic conductive



wherei.n [err] and [err] each independently represent a 15

hydr ogen atom a hydroxyl group, an al kyl group, an al koxy group or a
phenoxy group, with the proviso that [err] and [err] simnultaneously do not
benzyl di et hyl

represent a hydroxyl group, such as benzyl di net hyl ketal,
ketal , 20 benzyl di propyl ketal, benzyladi phenyl ketal,

benzoi n net hyl

et her, benzoin ethyl ether, benzoi'n propyl ether and benzoin phenyl ether,

and conpounds represented by the following forrmula (I1):

25

19 5 wherein

- the phenyl groupsayer aads destiingutae@lweditys of through-holes with

2- (o-chl orophenyl ) -4, 5-di phenyl i m dazol yl di ner,

2- (o- f 1 uor ophenybhed 35 raspeahivieriendige |inmiere walls covered with a
2, 4-di (p- met hoxyphenyl).- 5- phenyl i m dazol yl di ne nd 1 )
34 511 phenyl ) MEREIGILA, CRRANEE Lo, g e nAndh POy R e EoRtA LA .

ing at least one through-hole having a diameter of not

5 greater than 0.5 mm;

(2) applying to both surfaces of said metal-clad

insulating base board a photocurable resin laminate

comprising a support and a photocurable resin layer

disposed on one surface of said support, so that both

10 surfaces of said metal-clad insulating base board,

which are inclusive of both terminal openings of each

_ through-hole, are each covered with one surface of the

photocurable resin layer remote from said support,

said photocurable resin layer having:

15 _ (a) a viscosity of from 104 to 5 x 165 poises as

measured at 90 °C;

(b) a thickness of from 30 to 150 um; and

(c) an ultraviolet ray transmittance of from 40

to 95 % with respect to ultraviolet rays

20 having a wavelength of 365 nm,

wherein the application of said photocurable resin

laminate to both surfaces of the metal-clad insulating

“base board is conducted under pressure so that a por-

tion of said photocurable resin layer remote from said

25 support intrudes locally in the inner side of the inner

e
e

- mES
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These -conpounds (1) and (I1) can be used individu- ally, but preferably in
conbi nation. An initiator having high photoinitiation capacity, 15

such as benzophenone, a Mchler's ketone or a thioxan- thone, e.g.,

di et hyl t hi oxant hone, can be used in addi- tion to the above-nentioned
initiator. However, since this type of initiggor exhibits high absorption
for ultraviolet rays, this initiator, if used, should be 20

i ncorporated in a small amount so that the 365 nmultraviolet ray
transnittance caripsumfenartied adgl abthdth desuina llnpauingntobfeadh
initiator in the photo- curable resin layer is generally fromO0.1 to 10 %
by when an wei ghtthrqyghshale gndh extends thron fajdtigmes pircymferen~

PR S (AL TR RN bt SO
- inner wall of said through-hole-to a predetermined
5 depth;

(3) exposing the photocurable resin layer on each
surface of the metal-clad insulating base board to
ultfaviolet radiation through a predetermined trans-
mitting pattern to form a photocured resin latent image

10 covering both terminal openings of each through-hole;

(4) subjecting the exposed resin layer on each
surface of the metal-élad insulating base board to
development with a developer to form an image of the
photocured resin; and

15 (5) etching the ﬁetallic conductive layer on each
surface of the metal-clad insulating base board in
areas other than the image of the photocured resin as
an etching resist.

In the method of the present invention, the prepa-

20 ration of a metal-clad insulating base board -in step
(1), the 1igﬁt exposure in step !3), the development in
step (4j and the etching operation in step (5) can be '
performed according to processes known in the art.

With respect to these known processes, reference can be

25 made to, for example, the specification of U.S. Patent



initiator, its preferably from0.01 to 1 % by weight. A radical

pol ynmeri zation inhibitor is preferably incorporated for inproving the
thermal stability and 5 storage stability of the photocurable resin
| ayer. Exanples of initiators include p-nethoxyphenol, T

pyrogal | ol , napht hyl am ne, tert-butyl catechoR§ cuprous ﬂﬁgdﬁgﬁgﬁég)gﬁl\'
2,6-di-tert-butyl-p-cresol, 2,2'- °
met hyl ene- bi s(4-ethyl -6-tert-butyl phenol), and 2,2'- 10

met hyl ene- bi s( 2- "¥ehyf+860ePB2but yl phenol ). Wien a radical pol ynerization
inhibitor is added to the ghoto- curﬁble resin c osition, it is preferred

to incorpo- rate an andBnBt6P 62001thE BhEEOGIKS iﬁﬁﬁ?nbagﬁénéﬁetgé
ight of th ition, 15, . A | ot i, t,
ue ot o 1, coraeg! e pensicn 4 APRSEER, BOERH R ER ACIEY °
. . . v . A ;
resent e e BT B Ok BTICTA LTSS BUBE B T
Bl ue 20 B, Vigher Eapg%'ﬂﬁon'\/gkatﬁ'ét gn@%s_%ﬁraﬁqg;geﬁkuelage%@d rempend

2
G een. A co?or devel oper; for exanple, | um nous
from the support, is caused to intrude locally into the

inner side of the inner circumferential edge of both
terminal openings of eacn through-hole from the inner
circumferential edge of the terminal opening to a

10 predetermined depth. When the photocurable resin
laminate-covered base board is exposed to ultreviolet
radiation throngh a predetermined pattern from both
surfaces (simultaneously or independently), the portion
of the photocurable resin layer extending from the

15 inner circumferential edge of both terminal openings of
each through-hole along and on the inner wall thereof
is exposed to ultraviolet radiation from both sides, so
that the photocurable resin layer adheres closely to
the inner circumferential edge and inner wall of each

20 through-hole, thereby enabling the terminal openings of
the through—noles to be perfectly covered without
coverage failure.

In this step, it is preferred that the predeter-

mined depth to which the resin layer extends along and

25 on the inner wall of the through-hole from the inner

(L
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capabl e -of devel oping a color under irradiation with Iight, can be

I ncorporated into the photocurable resin 25 | ayer in order to

di sti-ngui sh photocured areas from 21 uncured areas. A conbination of a
| euco dye and a hal ogen conpound is known as a representative exanple of a
| umi nous dye. As the leuco dye, there can be n&htioned, for exanple, Leuco
Crystal Violet and Leuco 5 Mal achite Green. As the hal ogen conpound,
there can be nentioned a brom de, |soanyl brom de, |sobut Iene bron1de

et hyl ene broni de, dfbReMH %ﬁ%ﬁa%r?ﬁﬁ%e" RAch teFminak
Cr1 502, 3 di bromopr GRABEeE tidR 8 0 dRorE pntAan R mfdesmwr.mrae
o et 00105 g3 YA LB O8 g AR £ PRIV o LRI
in the phOtocurablQr&@fénofoﬂﬂgﬁdébfﬁhtéftﬁg*tﬂfﬁknesé'éf“hetallic conduc-
5 tive layer on each surface of the metal-clad insulating
base board. It is especially preferred that the depth
be not smaller than 1.1 in terms of the index n.
A larger depth of the resin layer in the through-
hole, expressed in terms of the index n, is preferable
10 becéusé coverage failure of the terminal opening is
more effectively preﬁented even if the degree éf the
positional disagreement between the land pattern of the
negative mask and a desired land portion for the termi-
nal opening of the through-hole (the magnitude of this
15 positional'disagreement is hereinafter frequently
referred to as "deviation width") is large. However,
when the depth is larger than 2 in terms of the index
n, not only is no further increase of the desired
effect obtained, but also the time required for péeling
20 the cured resin layer after etching becomes long so
that the pro&uctivity is lowered. 1If the depth ex-~
pressed'in terms of the index n is smaller than 0.3, no
.significant effect over the conventional tenting method
is exerted.

25 Fig. 1 is an enlarged cross-sectional diagrammatic



As wel{-known in the art, these coloring agents, color devel oper and

pl asticizers are added in such small anmounts as will not spoil the desired
properties of the photocurable resin |layer used in the present 20

i nvention. As the support for the photocurable resin |ayer, a transparent
support capable of transmitting ultraviolet 28ys as actinic rays is
preferably used. A support incapable of transmtting ultraviolet rays can
al so be 25 used. However, this non-transmtting support should be

22 rermpved bef or eviee silpsbratinttthepthypeghaBolf@eincvhirk the photo-

-1 1tti t, th b ' d | yeth
Loy epht hal ate 111 FIEASHRI §OPR)) LAEBNOPEFRARE SPBCRRORHGP EAPBR: 88 PPm o
5 inyl chlorjid | fi Lyyvi ' | pc 1 fil
Vinyl i dene. chi'or | HES cHRRTS B H Ph tu8 BRsHEbRTRORE Fxfh, Paociffer, 2
methyl et hacr yl ot e GQRELYIRE1L1! Big@ BP! ¥ALYEEPR1hbL bpAnPAkYERELLARL Il €

5 In Fig. 1, reference numeral 1 represents an insulating

base board, reference numeral 2 represents a conductor
layer having a thickness of t, which is formed on both
surfaces of the insulating base board, reference numer-
al 3 represents the through-hole, reference numeral 4
10 represents the photocurable resin layer laminated on
Both surfaces of the insulating base board, and charac~
ter d represents the depth of the photocurable resin
layer extending along and on the inner wall of the
through-hole from the inner circumferential edge of the
15 terminal opening thereof. The index n is represented
by the following formula:
n = d(pm)/t(pm)
When the depth of the resin lajer in the through-
hole is not smaller than 1.1 in terms of the index n,
20 perfect through-~holes for a printed tcircuit board can
be obtained ﬁith high reliability by conducting the
etching'ih step (5) for a beriod of time which is
~greater than a minimum time required for removing the
metallic conductive layer on each surface of the

25 metal-clad insulating base board in areas other than



film .a styrene copolyner film a polyamde filmand a 10 . cel I ul ose’

derivative film A protective filmcan be |lamnated on a surface of the

phot osensitive resin layer, on a side renote fromthe support, of the

phot ocurabl e resin | am nate -of the present invention. When the photocurable

resin lam- 15 nate is |lamnated on a m&%l -cl ad i nsul ati ng base board,

this protective filmshould be renoved by peel- ing. Accordingly, the

adherence of the protective |layer to the photocurable resin | ayer should be

snmal | er than the théhdmagse off thee phafmsured nesdpRgrbdg anal than esin

| ayer so that the protective |ayer can be easily peel ed. For exaqgle, a
&g

pol yet hyl ene fi | AMaftrf0IshIAlys Qfy 1S Mimimih e sthene M | Hhahs
excel Lent ool abld it et ol s, S R ) P i TRt oy SOty o0
23 Using the phOtiOsClgs%gceiJleﬂ rh.i!gﬁ'mvﬂ?éne @Ie tir}ﬁ'ler diameter of the

5 through-holes is smaller than 0.5 mm.

In order to cause the photocurabie resin layer 4
to intrude along and on the inner wall of the through-
hole from the inner circumferential edge of the termi-
nal opening of the through-hole as shown in Fig. 1, it

10 is necessary to use a hot roll laminator and choose the
roll temperature and pressure and the laminatién speed
of the laminator appropriately déﬁéhding on conditions,
such as the viscosity of the photocurable resin layer
and the thickneés of the insulating base board. In

15 general, the intrusion depth of the photocurable resin
layer can be effectively increased by elevating the
roll temperature and pressure and increasing the lami-
nation speed.

As mentioned hereinbefore, the larger the depth of

20 intrusion of the photocurable resin layer into the
through—hole.on its inner wall, the larger the allowa-
ble deviation width. When this depth is too small, the
allowable deviation width is decreased and no substan-
tial effect over the conventional tenting method is

25  attained. However, if the depth becomes too large, the



present-invention, a printed circuit board having small-dianeter

t hr ough- hol es can advant ageously be produced. That is, using an apparatus
customarily used 5 in the conventional-tenting nmethod, the photocurable
resin lamnate of the present invention is applied to both surfaces of a
nmetal -clad insul ating base board having on bo3é surfaces thereof a netallic
conductive layer and having a plurality of through-holes with 10 their
respective entire inner wal|ls covered with a metallic conductive |layer, so
that both surfacestHte sep@ined| fF asgenesingt the beed beaist hecoheare

inclu- sive of both terninal opepings, of each through-hole, are each _
covered with one Ran$Qﬁr?%£ gﬂﬂgﬁﬁﬁgaﬁm% REeductigkty. | ayer renpte from

ctching.Cher eby obt ai AL SR e bters Eiive “SORTHEfond refolt eaidhesen

vl 15 0f the sl 1o i o IR e S LAEHIE6E Noltn L8 Con e PnbEy”

provi dod & et hod Tor proaie g S i Sd by T vhrEe e el dera-

the steps of: tion the width of the deviation between the land pat-
tern of the negative mask and a desired land for the
tefminal opening of the through-hole, which deviation
.occurs in the production line.

10 : Generally, the hot roll laminator is so construct-
ed that a pair of upper and lower heating roll% are
pressed against each other by the action of two air
cylinders disposed on both ends of the upper heating
roll, respectively. By rotating the heating rolls at a

15 predetermined speed, the photocurable resin laminate
can be laminated on both surfaces of the insulating
base board. The laminating pressure is adjusted by the
air pressure of the air cylinders.

For example, the intended lamination can be éccom-

20 plished by applying a resin laminate to a metal-clad
insulating based board under a pressure of at least
3 kg pei unit width (cm) of the surface of the base

~board by means of the hot roll laminator while main-
taining the roll temperature at 70 to 200 °C. Prefera-

25 bly, this pressing 6peration is carried out at least



(1) sproviding a netal -clad insul ating base board 25 havi ng on both
surfaces thereof a netallic conductive 24 | ayer and having a plurality
of through-holes with their respective entire inner walls covered with a
metallic conductive |ayer, said through-holes contain- ing at |east one

t hr ough- hol e having a diameter of not 5 Fleater than 0.5 mm (2)
applying to both surfaces of said netal -clad insulating base board a

phot ocurabl e resin | am nate conprising a support and a phot%FurabIe resin

| ayer di sposed on e tHdiaSace FOF “WEF PPLnatay, f aces

of said netal -cl ad nsulatln base boar " i ncl usi ve of, both
terni nal openi ngs &m Lol é’fdéﬁo\sﬂe Wercgd‘ e[ Hl 55 QF f ace

of the phot ocurabl %eés'd%n %er tdea m%rph q.n Qﬁ{[ dyet ocur abl e
resin layer having %ﬁgy VISCOS y of ron1 to 5 x [err]
poi ses as measur eq 54 nd} il 'Js accomplished by passing an assembly
5 through rolls repeatedly. Use of the two-stage lamina-
tor is especially preferable. The two-stagellaminator
is known {Japanese Patent Application Publication No.

63-7477) and has been widely used in the art. The

force of the press-lamination can be calculated by the

10 following equation:
' nr2 X P
F =
2

wherein r represents the inner diameter (cm) of
the air cylinder, P represents the air préssure
15 (kg/cmz; gauge préssure) applied to the air cylin-
der,  represents the width of the fed based
board, and F represents the force (kg/cm) of the
press-lamination.
At a lower lamination speed, the intrusion of the
20 resin layer is easier, but when the lamination speed is
too low, a problem arises with regard to the productiv~
ity. Aécordingly, an appropriate lamination speed must
‘be chosen, taking into account other conditions. 'The
lamination speed is preferably 0.5 to 2 m/min.

25 At a high lamination temperature, the intrusion of



(b): a-thickness of from30 to 150 [err]; and (c) an ultraviolet ray
transmttance of from40 to 95 %with respect to ultraviolet rays 20
havi ng a wavel ength of 365 [err], wherein the application of said

phot ocurabl e resin lam nate to both surfaces of the netal-clad insulating
base board is conducted under pressure so th¥# a por- tion of said
photocurable resin layer renote fromsaid 25 support intrudes locally
in the inner side _of the inner 25 circunferential edge of both term nal
openi ngs of each &hf oﬁﬁgﬁimd@’%d—%ﬁmﬁ rH: Ehen theerlaminabieren- tial

P ough- hol e o RRAABHTR (it &0 Tigfbp HndeetaRim GHMETHELTh B cur abl e
Ul tr avi of ot ?Qd.eiffbs 4 e ?%%%%?”'%%%‘?Z%”A YRt T e
forma photocuredy ‘?x%irhtj.éaitr?néhé r@tgtfctlon of the dry film. The lamina-

5 tion temperature is preferably 70 to 200 °C.

Since the laminating operation is carried out
under a higher pressﬁre and at a higher temperature
thah in the conventional method, the roll diameter,
length and material of-the laminator should be appro-

10 prlately selected.

The llght exposure is carried out using ultrav1o-
let radiation from a super-high pressure mercury lamp
or the like through a mask. In the mask, areas corre-
sponding to portions to be left as a circuit and a

15 portion to be left as a cover for the terminal opening
of the conductive through-hole are transparent and
highly light-~transmitting.

The development can generally be performed by
spraying an aqueous solution of sodium carbonate having

20 a concentration of about 1 % in the case of an alkali
development type dry film or spraying 1,1,l-trichloro-
ethane in the case of an organic solvent development
type dry film. The etching can be conducted directly
after the development. Alternatively, after the devel-

25 opment, irradiation with ultraviolet radiation can be



10 = - covering both term nal openings of each through-hole; (4) subjecting
t he exposed resin | ayer on each surface of the netal-clad insulating base
board to devel opnent with a devel oper to forman i mage of the photocured
resin; and 15 (5) etching the netallic conductive |layer on each
surface of the netal-clad insulating base bo#3d in areas other than the

I mge of the photocured resin as an etching resist. In the nethod of the
present invention, the prepa- 20 ration of a netal-clad insulating base
board-in step (1)Pexfrrmedpgaidpdrkerite steghir®. the devel opnent in step
(4) and the etching operation in step (5) can be performed accor iggiéo

processes known in thelBR tetehing (caspe rert Wﬁ)ivﬁgp?dﬁ%
eterence San be e eod e G PLuSEHB Coe dSo RS LB R Bl oty
the photocurableifﬁgﬂﬂhéﬁggrgﬁéeéﬁ alkali-etching method.

3 Removal of the photocured resin image after the
etching is performed by spraying an aqueous solution of
sodium hydroxide or potassium hydroxide-having a con-
centration higher than that of the developing solution,
for_example, a concentration of about 3 &, fdr.the

10 photocured resin layer of the alkali development type.
In the case of the photocured resin layer of tﬁe organ-
ic solvent development type, removal is performed using'
an organic sclvent having a larger dissolving force
than that of the liquid developer. Dichloromethane is

15 generally uséd.

Brief Descriﬁtion of the Drawing

Fig. 1 is an enlarged cross-sectional diagrammatic
view illustrating the through-hole in which the photo-
curable resin layer intrudes and extends along and on

20 the inner wall of the through-hole from the inner
circumferential edge of the terminal opening thereof.

Best Moég,for Carrving Out the Invention

The present invention will now be described in

detail with reference to the following examples that by

25 no means limit the scope of the invention.



the present invention is applied under pressure to both surfaces of the
netal -clad i nsul ati ng base board, so 5 that a portion of the
phot ocurabl e resin layer, renpte fromthe support, s _caused tn+ﬁ+1ude

locally into the inner side of the inner circunferpknHiSaSHERGHASBEENtIh and
extends term nal openings of each through-h3&e/from the RBPRACERI ong jand on
circunferential edge of the term nal opening/to a the—tnmer—warl of the

t hrough- hol e 10 predet erm ned_depth,  \Wen the photocurable resin

| ami nat e- cover ed baseI®obh® examBrlesSedald UPR¥h§ orEe P¥dwaigBk-t hrough a
predeterm ned pattern from both surfaces (sinultangously or independently),
the portion of the ph%?%cEF%B?€t+%§iaéﬁﬁyéPe@xiﬁnﬁhﬁge¥¥BHiFﬁew§§e i nner

' nf ial ed f_both 1 nal ' f h h- hol I
and on the | nner SERTRIRET TP EALRLBAERD Lot FaoERrcreFhatar: on 1rom both
si des, so that tggbphﬁégngé@éﬁir§flg%géggﬁtgdhereS'closely to the inner

circunferenti al e and 1 nner wa eac 0 t hr ough- hol e, thereby

e_n?EI i {19 the terninal yopegi A0B16% tE8LEHr puslebobPe-500b8oRAT h9CEhymaaver ed |
W ou

zu Corporation, Japan), the constant~rate temperature~
elevating test was carried out. Thelviscosity (VI) was
determined by the following formula: |
wrép
.+ VI = ——— (poises) .
10 . 8LQ -
wherein ? represents the applied pressure
(dyne/cﬁz), R represents the radius (mm) of the
die, L represents the-length (mm) of the die, and
Q represents the flow value (ml/sec).
15 (2) Measurement of 365 nm Ultraviolet Ray Transmiﬁ-
tance _
In a UV spectrometer (Model UV-240 sold by
Shiﬁadzu Corporation,lJapan), a laminate of a
polyethylene terephthalate film and a photosénsitive
20 layer was placed on the measurement side while a
polyethylenelterephthalate film was placed on the
reference side. The transmittance was continuously
méasured over the range of from 700 um to 300 um in the

T% mode, and the value at 365 nm was read from the

25 obtained chart.

I
heet Has Been Reﬁaced

"



~coverage failure. Inthis step, it is preferred that the predeter- m ned
depth to which the resin | ayer extends al ong and 25 on the inner wall
of. t he t hrough-hole fromthe inner 27 circunferential edge of each

term nal opening be not smaller than 0.3, nore advantageously not smaller
than 0.5, in terms of an index n, which is dg§ined as a ratio of the depth
to the thickness of netallic conduc- 5 tive |l ayer on-each surface of
the metal -clad insulating base board. It is especially preferred that the
depth be not snal[23) ,tEealdatiom ¢£r@eldfFlbe Charvacherpsticger depth of
the resin layer in the through- hole, expressed in terns of the index n, is
preferable 10 becabsé- 2otmragearai test BiefAcwadr arhaPubpERPEgai s nore
effectively prevented even |f the_degree of the positional disagggenent

between the | and BRPFeFRraPlenteslyatahinater aRd 3 BECFPEHIYEnEL Brti on
for the term - nal Opening; of ot Pe L 1" NgN 08} 8q( t NEnIREALE SEE LRLR
5 the protective film removed therefrom was held between
a pair of 10 cm-sguare polyethylene terephthalate films
at a center portion thereof, to which a force of 100 kg
was then applied for 5 minutes by means of a hydraulic
press heated at 40 °C. The width of a photocurable
10 resin composition portion protruded from the original
éize was measured in four directions and an average
value thereof was calculated. The cold flow character-
istics were evaluated according to the following crite-
ria.
15 | O: smaller than 0.5 mm
A: 0.5 to.0.8 mm
X: larger than 0.8 mm
Empirically, it has been found ﬁhat when the
laminate is stored in the form of a roll in an atmos-
20 phere maintained at 20 °C, the following relationships
are present between the above criteria of the cold flow
characteristics and the period of time until it becomes
substantially impossible to perform stable lamination
of the laminate on a base board by means of a laminator

25 due to the formation of a resin mass by solidification



15. =~ positional disagreenent is hereinafter frequently referred to as
"deviation width") is |large. However, when the depth is larger than 2 in
terns of the index n, not only is no further increase of the desired effect
obt-ai ned, but also the tine required for peeling 20 the cured resin

| ayer after etching becones |ong so that the3froductivity is |owered. |f
the depth ex- pressed in terns of the index nis smaller than 0.3, no
significant effect over the conventional tenting nethod is exerted. 25

Fig. 1is an enl affedh® F&8ilefloyiRg fudy ket ends @L,itdhe i19dst r ati ng
the through-hole in which the to- ,curable resin |ayer intrudes and
extends al ong and on t 17 iﬂﬁﬁ?y&&ﬁp éfmpwghﬁhrough-hole fromthe inner

circunferential edge of,th% H%E@ @@ 4Oﬁ@wt%% thereof. 5 In Fig. 1
reference nuneral 1 reﬁ?esents an 1 nsulating base board, reference nuneral

2 represents a conduct gf, | ayals RauiNg Fddpi ckness of t, which is formed on
bot h

5 (4) Measurement of Depth of Intrusion of Photosensi-
tive Layer on Inner Wall of Through-Hole from
Inner Circumferential Edge of Terminal Opening
Thereof (hereinafter frequently referred to as
"intrusion depth”)

llll 10 After the development, the board was embedded in
an epoxy resin and the epoxy resin was cured. The
cured product was cut by a diamond cutter and polished
until the through-holes appear. Depth'd in Fig. 1 was
measured using an optical microscope.

15 (5) Determination of Opening Coverage Retention Ratio
of Through-Hole
After the etching, the coverage of the terminal
opening of the through-hole was observed by an optical
€. microscope, and the presence or absence of breaks was
20 checked and the opening coverage retention ratio was
calculated by the foilowing formula:
number of holes free of
opening coverage coverage failure

retention ratio = x 100
number of observed holes

Example 1

A solution having a composition described below

25



surf<aces of the insulating base board, reference nuner- al 3 represents the
t hrough-hol e, reference nuneral 4 10 represents the photocurable resin
| ayer | am nated on both surfaces of the insulating base board, and charac-
ter 'd represents the depth of the photocurable resin |ayer extending al ong
and on the inner wall of the through-hole fr8mthe inner circunferential
edge of the 15 term nal opening thereof. The index n is represented by
the following fornula: [err] \Wen the depth of the resin |ayer in the

t hrough- hole is not smaller than 1.1 in ternms of the index n, 20

perfect through- hU?@sPFSPaﬁeBrlnted circuit board can be obtai ned with high

| i abi | b d h d
Which is greater than &4 REFSH D@ P8q PEARYY, oFBYdy KREORRe sRaPEERR,
conductive |ayer gp gapfysf gsg%hgkrg,&sta%ethagﬁ&a&-cc Lada/Asyudlying base
acrylate copolymer (weight ratio = 65/27/8) having a

> weight average molecular weight of 80,000, (B-1);

30 parts of a urethane product of the reaction
between hexamethylene diisocyanate and oligopropylene
glycol monomethacrylate (PP-1000 sold by Nippon Yushi,

10 Jépén): (M-1); _
10 parts of nonapropylene glycol diacrylate (M-2);
5 parts of benzyldimethylketal (I-1);
0.5 part of 2-(o-chlorophenyl)-4,5-diphenylimida-~
zolyl dimer (I 2);
15 0.1 part of Malachlte Green (D-1);

0.4 part of Leuco Crystal Violet (D-2);

0.4 part of tribromomethylphenylsulfone (D-3); and

8 parts of methyl ethyl ketone (MEK).

The solution having the above composition was

20 uniformly coated on a polyethylene terephtha;ate film
having a thickness of 25 pm by using a bar coater, and
the coated film was dried for 5 minutes in a drier |
maintained at 90 °C to form a photocurable resin layer.
The.thickness of the photocurable resin layer (herein-
after frequently referred to as "photosensitive layer")

25
was 50 um. The viscosity of the photosensitive layer



the-i mage of the photocured resin and is snaller than an n-fold val ue of
said mninmnumtine, where n has the sane neaning as defined for the index n.
Thi.s effect is especially high when the inner diameter of the 5

t hrough-holes is smaller than 0.5 mm In order to cause the photocurable
resin layer 4 to intrude along and on the in@8r wall of the through- hole
fromthe inner circunferential edge of the term- nal opening of the

t hrough-hole as shown in Fig. 1, it 10 i s necessary to use a hot rol

| am nat or and choose the roll ctenperature and pressure and the |ani nation
speed of the | ani Wa€ok-ApHr dPri RPEF§edafemarAYred abndPt *Bmsanduéheas t he

viscosity of the g tocurible [eiin | ayer and the thickness _of the
i nsul ati ng base bg gdmeH tgaviolgr, xp IFrPHEmFﬁFPagﬁoWaﬁegph%of t he

emperat ure and pr esoubePandeRYieas hLnbarahos 5 akngaleRe 28 I "o

A o Ty

larger the allovaiapes dembeel epoi ¢hl p¥hgathliendereRebhthdat@Ritl in he
to obtain a photocurable resin laminate.

The photosensitive layer of the photocurable resin
laminate was laminated at 120 °C on a copperfclad
laminate board by means of a hot roll laminator'(Model

0 Ai-?O sold by Aéahi Kasei Kogyo K.K., Japan) while
'peeling the polyethylene film from the photocufable
resin laminate. The formed laminate was pressed, uéing
an air cylinder having an inner diameter of 4 cm, under
15 a pressure.of 5 kg/cmz—gauge applied to the air cylin-
- der. The lamination speed was adjusted to 1.0 m/min.
As the copper-clad laminate board, those which respec-
tively have thicknesses of 1.6 mm and 0.8 mm were used.
The copper-clad laminate boards used were ones which
20 were each prepared by cladding a copper foil.having a
thickness of ‘50 um on both surfaces of a glass fiber-
reinforced epoxy substrate having a width 6f 30 cm and
a length of 20 cm, forming 1000 through-holes each |
‘having a diameter of 0.4 mm.in the copper-clad base
b5 board and depositing copper in a thickness of 20 pm on
the inner wall of the through-hole by plating to there-



al | owabl e deviation width is decreased and no substan- tial effect over .the
conventional tenting nmethod is 25 attai ned. However, if the depth
becomes too | arge, the 30 tinme required for renoving the used resi st
beconmes | ong, thereby | owering the productivity. Therefore, |am nation
condi tions should be chosen so that an approp®@i ate intrusion depth of the
photo- 5 curable resin layer is obtained, taking into considera- tion
the width of the deviation between the |and pat- tern of thé negative nmask
and a desired Iang for the term nal opening_of the through-hole, which
devi ati on occurs  f PP@a&POG&@FFGGCIFH@duEgl°n betweeEePgFQIFVrfPﬁéshSF
roll | am nator § cons ruc% t.hat a pair of upper and | ower heating
rolls are pressed ﬁaFﬁEP BPHEF "by the action of two air cylinders

di sposed on both ends Q'Exg Bﬁo‘éggggg?‘ﬁ%”ﬂ YRY %E‘%%g% Ly rgérié%’i%i ng

the heating rolls at a & ned Spee Rot 6cufa e Tesin
l'am nate of 100 mj/cm? using a super-high pressure mercury lamp

> (Model 201KB sold by Oak Seisakusho, Japan) through a
negative film. The negative film has 1000 circular
transmitting patterns each of a diameter of 0.45 mm,
which transmitting patterns have been formed so as to
be in registry with the through-holes. 1In this step of

ro light exposure,‘the photosensitive layer on one surface
of the board was light-exposed through the negative
film placed so that éach transmitting pattern (which
corresponds to a mask for covering each through-hole
and, is hereinafter freéuently referred to as "mask")
1 was stéggered from each through-hole by a deviation
width of 100 um or 20 um, whereas the photosensitive
layer on the other surface of the board through the
negative film placed so that each mésk is not staggered
20 from each through—hole. Wiﬁh respect to the.mask-
staggered surface, the magnitude of the deviation
between  the circumfefence of the circular transmitting
pattern of the negative film and the circumference of
the terminal opening (which is circular in cross-sec-~
tion) of the through-hole was measured on a line pass-

25
ing through the respective centers of the circular



can-be_| am nated on both surfaces. of the insulating base board. The
| am nating pressure is adjusted by the air pressure of the air cylinders.
For_exanpl e, the intended | am nation can be accom 20 pl i shed by
appfying a resin lamnate to a nmetal -clad insulating based board under a.
pressure of at least 3 kg per unit width (cnmygof the surface of the base

board by neans of the hot roll |am nator while main- taining the rol
tenperature at 70 to 200 [err]. Prefera- 25 bly, this pressing
operation is carried out at |east 31 two times. For this purpose, a

t wo- st age | am nat bransmpttinggpatoesnt andf thel tisgalassteamihalusedniagy
there can be adopted a nethod in which the press- lanmination is
acconpl i shed by pefsthg threwvghnhbbyesand onhtheghidel whereptheedbp- Use of
the two-stage lamna- tor is especially preferable. The two-stage_| am nator
i s known (JapanesbErapeBitting| pahtesn Phbrheanpegative E31lmapaytiadlias been

i dinth . T
widely used In gvgéiappegethe terninal opening of the through-hole.
5

The measured magnitude (width) of the deviation
isdesignated as "mask deviafion". Then, the polyethyl-
ene terephthalate film was peeled, and a 1% agueous
solution of sodium carbonate was sprayed for_about 70
1o seconds to remove an unexposed area by dissolution, to
thereby obtéin an excellent cured resin image. When
the sensitivity was measured using Kodak 2l-stage step
tablet, it was found that the cured resin film remained
to the 7th stage. The above-obtained board was sub-
15 jected to etching with a cgpric chloride etching solu-
tion. The required minimum etching time was 100 sec-
onds, and therefore, the etching time was adjusted to
120 seconds. The cured resin film used as the resist
was removed by spraying a 3 $ agueous solution of
20 sodium hydroxide at 50°C fof 120 seconds, anq the
conduction in the through-holes was examined using a
tester. . In the case where the 1.6 mm-thick copper~clad
base board was used and the light exposure was conduct-
‘ed through the negative film placed with the 100 um
mask deviation, through~hole conduction breakage was .

25
caused at 10 through-holes (1.0 %), whereas in the case



force of the press-lam nation can be cal cul ated by the 10 fol |l ow ng
equation: [err] wherein r represents the inner dianeter (cm of the air

cyljnder, P represents the air pressure 15 [err] gauge pressure)
applied to the air cylin- der, represents the width of the fed based
board, and F represents the force (kg/cm ofggihe press-lamnation. At a

| ower | am nation speed, the intrusion of the 20 resin | ayer is easier,

but when the lam nation speed is too low, a problemarises with regard to
t he productiv- ity. Accordingly, an appropriate |am nation speed nust be
chosen, taking i nvserecthatmaskedevbationomss ITheuhamaathovoughebdlées
preferably 0.5 to 2 mmn. 25 At a high | am nation tenperature,
the intrusion of condgcthenrkreakagsecvasscaugeerat hamy vwkkroegbh-hakenati on

tenperature is too high, undesirabl e generation of
(0.07%}. When the board thickness was 1.6 mm and the

mask deviation was 20 ‘um, the retention ratio of the
coverage of the opening of the through-hole (hereinaf-
ter frequently referred to simply as "opening
coverage”) was 100 %, and coverage failure was not
found at all.

Examples 2 through 5 and Comparative Examples 1 through
8

10

| Substantially the same procedure as in Example i
was repeated except that compositions indicated in
Table 1 were individually used. The obtained results
are shown in Table 1.
1 The abbreviations indicated in Table 1 are the
same'as in Example 1 or as describe below.
M-3: A reaction product between a half-ester of
phthalic anhydride with 2-hydroxypropyl acylate and
propylene oxide, (OE-A200 sdld by Nippon Shokubai

20
Kagaku, Japan) represented by the following formula:

25



vapors is likely to take place, so that it is difficult to maintain the
function of the dry film The lamna- 5 tion tenperature is preferably
70 to 200 [err]. Since the lanm nating operation is carried out -under a

hi gher pressure and at a higher tenperature than in the conventional

met hod, the roll dianeter, length and material,of the | am nator should be
appro- 10 priately selected. The |ight exposure is carried out using
ultravio- let radiation froma super-high pressure nercury |lanp or the |like
through a mask. In the nmask, areas corre- sponding to portions to be |eft
as a circuit and a 15 portion to be left as a cover for the term nal
openi ng of the conductive through-hQl e are tCHgsparent and highly
light-transmtting. The developnent"can genefa?ly"be-perforned by spraying
an aqueous sol ution of sodi umear hoGet+@—hal] 0gOROC—CcHE=gRncentrati on of
about 1 %in the case of an 4 I devel opnent type dry fifm or sprayi ng
1,1,1-trichloro- ethane in the_cagse of an organic sol vent devel opnent type
dry film The etching can be conducﬁeﬂodfﬁﬁgfﬂgHgfter t he devel opnent. '

Alternatively, after the devel -
5 0 OH

B-2: A.35 % methyl ethyl ketone solution of a methyl
methacrylate/methacrylic acid/n-butyl acrylate/styrene
copolymer (40/25/10/25 weight ratio) having a weight
average molecular weight of 70,000.

10 B~3: A 30 % methyl ethyl ketone solution of a copoly-

- mer having a same monomer composition as that of B-1
but having a weight average molecular weight of
125,000.
B-4: A 40 % methyl ethyl ketone solution of a copoly-
15 mer having the same monomer composition\as that of B-1

but having a weight average molecular weight of 25,000.
I-3:. Benzophenone

I-4: Michler’s ketone



25 opment ,

irradiation with ultraviol et

radi ati on can be-

33

perfornmed again prior to etching. The etching can be perforned using a

met hod suit- able for the dry filmused,

met-hod and an al kal i -etching method. 5

resin imge after the etching is performed by
pot assi um hydr oxi de havi ng a con-

than that of the devel oping soluti f or. l e,
phot ocur ed res§$g¥§§é7%§?p?ﬁ% é?ﬁ%%%%

In the case of the_photocured resin | ayer

of sodi um hydr oxi de or

3% for the 10

devel opnent type,
| ar ger di ssol ving
is 15 gener al
enl arged cross-sec

P

of _the organ-

f | e, <
> exa&‘énﬁvaﬁﬁfis éf’i Bodi
%Braying an_ag ol utibn

tration

ic solvent

centration higher

of about

vel opnent type.

removal is performegughng [3Ramga E:Ean&ﬁ?&‘é%mﬁ?é" Blample
force than that of {heiliquid gleveloper. chlor orfet hgine
v used  Brief Description.gf the 1 1 i
tional diagranmmatic{B-1(140){B-2(155)|B-1(140)|B-2(155)|B-1(148)
M-1(30) |M-1(30) |M-1(30) [IM-1(30) |M-1(24)
M-2{(10) |M-2(10) }M-2(10) [M-2(10) [M-2(10)
Composition I-1(5) I-1(5) 1-1(3) I-1(5) M-3(8)
(parenthesized value |I-2(0.5)]I1-2(0.5)]I-2(0.5)]|1-2(0.5)]I-1{4)
. indicates parts by |D-1(0.1)|D-1(0.1){D-1(0.1)|D-1(0.1)]|I-2(0.5)
welght) D-2(0.4)(D-2(0.4)|D-2(0.4)[D-2(0.4)|D-1(0.1)
D-3(0.4){D-3(0.4){D-3(0.4)|D-3(0.4)(D-2(0.4)
{MEK(8) |[MEK(8) MEK(8) {MEK(8) [D-3(0.4)
MEK(8)
Viscosity (poises), |1.5x10° |7.0x10% |1.0x10° |8.5x10* |1.5x10°
90°C -
Film thickness (pm) 50 50 80 80 50
UV Transmittance 68 60 48 45 70
(365nm)
Sensitivity
- 7 7 7 8 7
(100m31cm2. Kodak
21-stage step tablet)
Intrusion Depth . 35 . 40 45 45 40
(d) (pm)
" |Board [Mask
Through~ | thick-|{devia- 1.0 0.4 1.0 1.2 0.7
hole ness, |[tiom,
conduc~ }1.6mm }100um
tion
breakage 20um 0 0 0 0.2 0
ratio
(%) Board-|Mask
thick-{devia- 0 - - - -
ness, |[tion,
0.8mm 20pm
Opening coverage
retention ratio (Z) 100 100 100 100 100
(board thickness=
1.6mm,
mask deviation=20um
Cold flow :
characteristics (:) Zﬁk (:) ZC& (:)

This Sheet Has Been Rerlaced
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vicew il lustrating the through-hole in which the photo- curable resin |ayer

i ntrudes and extends al ong and on 20

fromthe inner cir

descri bed in detai

no neans |limt the scope of the invention.

are by weight. The
according to the f
Using a flow test

the constant-rate
viscosity (VI) wag
represents the apy

t he i nner ++—+H=“EEﬁg‘r ,H%E hol e
cunferential edge of the terninalmﬁﬁﬁﬂs - Bgst
Mode for Carrying Qut the Invention The preseqh i nverfti on REPLA be
| with reference to the foll'ow ng eXanples that by 25
In the exanples, all "parts"
properties descrng#D%Q 1hﬁcgﬁ@ﬂyb§§%mere det erm ned
ol  owi ng net hods. ( i scosity 5
r (Mbdel CFT-500 sold by Shimad- zu Corporation, Japan)
temperat ure- el evat(icBgpd:QS{c ré rdohxﬁéjrao-"j EompH& - |Compara-
determ ned by the lfeglbé Qpi-NgiveO kL] tAve [ B} kidd pab i RienER
| i ed pressure ample 1 {ample 2 [ample 3 |ample 4 |ample 5
B-3(167){B-3(190)(B~1(140)|B-1(140)|B-1(140)
M-1(30) |M-1(25) |[M-1(30) |M-1(30) |M-1(30)"
M-2(10) |M-2(5) M-2(10) {M-2(10) (M-2(10)
Composition I-1(5) I-1(5) I-3(4) I-1(0.5)|T-1(7)
(parenthesized value [I-2(0.5)|I-2(0.5)[I-4(0.1) I-2(3.5)
indicates parts by |D-1(0.1)}D-1{(0.1)}|D-1¢(0.1)|D-1(0.1)}D-1(0.1)
weight) D-2(0.4){D-2(0.4)|D-270-%) |D-2(0.4)|D-2(0.4)
D-3(0.4)|D-3(0.4)|D-3(0.4)|D-3(0.4)|D~3(0.4)
MEX(8) MEK(8) MEK(8) MEK(8) MEKR(8)
" MEK(8)
Viscosity (poises), |6x10° [s5x10® [1.s5x10% {1.7x10° |1.3x10°
90°C
Film thickness (um) 50 ~ 50 50 40 50
UV Transmittance 70 70 6 96 35
(365nm) '
Sensitivity
7 7 7 0 10
(100m3Icm2. Kodak
2l-stage step tablet)
Intrusion Depth 10 5 37 30 35
(d) (pum)
Board [Mask ]
Through-|thick-|devia- 8 15 26 100 13
hole ness, |tion,
conduc- |l1.6mm {100mm
tion
breakage 20um 3 5 4 90 2
ratio
(%) Board {Mask
thick-]devia- 2 - - - -
ness, |tion,
0.8mm | 20pum
Opening coverage
retention ratio (2) 10 0 0 0 50
(board thickness=
1l.6mm,
mask deviation=20um
Cold flow
characteristics (:) <:) <:> (:) . (:)

This Sheet Has Been Reﬂlaced
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[err],
(nm of the die,

Measurenent of 365 nm U traviolet Ray Transmit- tance
UV- 240 sol d by Shimadzu Corporation,
pol yet hyl ene terephthalate filmand a photosensitive

( Nodel

R represents the radius (my of the die,

and Q represents the flow value (m/sec).

Jgpan) ,

L represents the length

15 (2)

a

e

rlgr%@ 8! BEENP

[ er

pl aced on the neasurenent side while a polyethyl ene terephthalate f|In1mas

pl aced on the ref

erence si de.

measured over the range of from?7

Tds1d ran

00 to 300 i

At afeed

s continuously nm
In the T% node,

and the val ue

at 365 nm was regd—rem-t-he—25 opt-a-hedrehari- 35—+3), Evaluation of
Col d Fl ow Charactjeristics A 2.5 cm s{fomper#-gSommirae (CORPSIE out froma
phot ocur abl e resijn | anm nate, and a p[ttvecE¥~|&i¥e [Epm-|tive Ex-
ample 6 {ample 7 |jample 8
B~1(140)[B-1(140)|B-4(143)
M-1(30) }M-1(30) [M-1(25)
M~2(10) {M-2(10) {M-2(8)
Composition I-1(5) I1-1(2) I1-1(5)
(parenthesized value |I1-2(0.5)]I-2(0.5)|I-2(0.5)}
indicates parts by |D-1(0.1}|D-1(0.1)|D-1(0.1)
weight) D-2(0.4)}D-2(0.4)|D-2(0.4)
D~3(0.4){DP-3(0.4)|D~-3(0.4)
MEK(8) MEK(8)
¢ Viscosity (poises), |1.5x10° [1.7x10° {5x10>
) 90°C
Film thickness (um) 25 170 50
UV Transmittance -80 50 70
(365nm)
Sensitivity .
7 2 5
(100m>/cm?, Kodak
2l-stage step tablet)
Intrusion Depth 15 45 10
(d) (pm)
Board {Mask
Through- | thick-|devia- 52 9 5
L hole ness, |tion,
(. conduc- |1.6mm |100pm
” tion
‘|'breakage 20pm 5 0.4 1
ratio
() Board {Mask
thick-|devia- - - 12
ness, ftion,
0.8mm 20um
Opening coverage
retention ratio (2) 40 50 70
(board thickness=
1.6mm,
mask deviation=20pm
Cold flow
characteristics (:) ' (:> :X:

Sheet Has Been
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(pel yethylene film was peeled. The test piece with 5 the protective
filmrenoved therefromwas held between a pair of 10 cm square pol yet hyl ene
terephthalate filns at a center portion thereof, to which a force of 100 kg
was then applied for 5 mnutes by nmeans of a hydraulic press heated at 40
[err]. The width of a photocurable 10 "4€€sin conposition portion
protruded fromthe original size was neasured in four directions and an
average val ue thereof was calculated. The cold flow character- istics were
eval uat ed accor di pemp@rébevé obkanmpng grite- ria. 15 0: smaller
than 0.5 Mm A: 0.5 to 0.8 nm X: larger than 0.8 mmEnpirically, it has been
found that when the | ani saletienshavingi a tbmpbdésitiof desoribed bhelatwnos-

20 phere maintained at 20 [err], the following relationships are
present between twesapvepaxrediteri-a of the cold flow characteristics and the
period of time until it_becones substantiall npossi ble to perform stable

| ami nation of the |ani#ate BA¥ESpaec2nBEYHED H@%ﬂguﬁylamPéﬁFﬁgtSPPQ§Y"

due to the format]on ofad:h§Sh witsht dvaRhid! [b8ELR0r weignt of 20,000

and an acid value of 180):
25.5 parts of a styrene/acrylic acid copolymer
(75/25 weight fatio) (having a weight average molecular
weight of 7,000);
10 : 28.0 parts of trimethylolpropane triacrylate;
- 3.0 parts of tetraethylene glycol diacrylate;
7.5 parts of benzoin methyl ether;
2.0 parts of I-2;
0.4 part of benzotriazole;
15 0.4 part of D-2;
0.1 part of D-1; and
100 parts of MEK.
A photosensitive layer was prepared in the same
manner as described in Example 1 by using a solution
20 "~ having the above-mentioned composition. The thickness
of the phbtosensitive layer was 50 um, and the viscosi-
ty was i X 105 poises as measured at 90 °C, and the
365 nm ultraviolet ray transmittance was 60%. A photo-
curable resin laminate was prepared in the same manner

25 as described in Example 1. The following evaluations'



36 of the resin flow ng out of both ends of the roll: O nore than 4 nonths
[err]: 1 week to 4 nonths x: less than 1 week 5 (4) Measurenent of
Depth of Intrusion of Photosensi- tive Layer on Inner Wall of Through-Hol e
fromlnner GCrcunferential Edge of Term nal Opening Thereof (hereinafter
frequently referred to as "intrusion depth“j410 After the
devel opnent, the board was enbedded in an epoxy resin and the epoxy resin
was cured. The cured product was cut by a dianmond cutter and polished until
t he t hrough- hol ese@peade DRpthe dsame Fhgnndr a8 dessSHibed ushnPxainpdet Lcal
m croscope. 15 (5) Determnation of Opening Coverage Retention
Rati o of Throught{winéxe Atherthihekressi of, théebase choaed ovas ht. 6 emmi) nal
openi ng of the through-hole was observed by an opti cal
The sensitivity was evaluated as the 7th step by the
test using Kodak 2l-stage step tablet, and the
3 through-~hole conduction breakage ratio was 8 % (where
the mask deviation was 100 um).
Example 6
A solution having a composition described below
was prepared.
10 . 50 parts of a methyl methacrylate/methyl acrylate
cbpolymer (98/2 weight ratio) having a weight ;verage
molecular weight of 200,000;
13 parts of a urethane product of the reaction
between hexamethylene diisocyanate and 2-hydr6xypropyl
15 - acrylate;
13 parts of triméthylolpropane triacrylate;
13 parts of tetraethylene glycol diacrylate;
5 parts of I-1;
0.5 part of I-2;
20 0.1 part of D-1;
0.4 part of D-2;
0.5 part of D-3;
6 parts of p-toluenesulfonamide; and

140 parts of methyl ethyl ketone.

25 A photosensitive layer was prepared in the same |



m-crgscope, and the presence or absence of breaks was 20 checked and
t he, openi ng coverage retention ratio was cal cul ated by the foll ow ng
faormul a: nunmber of holes free of opening. coverage coverage failure
rétention ratio = x 100 nunber of observed
hol es Exanple 1 25 A solution having a conpggition described bel ow 37
was prepared. 140 parts of a 35 % nethyl ethyl ketone solution of a nethyl
met hacryl at e/ met hacrylic acid/ n-butyl acrylate copol ynmer (weight ratio =

65/ 27/ 8) havi ng narrighis avsy@icbe®| B¢ WadmpEe dhtbwfusithd ), sq Bation 30
parts of a urethane product of the reaction between hexanet hyl ene
dii socyanate an chaotiirg prhop yd lsowee -gherctol omexdh o yiart € | (e Hclowdsis by
N ppon Yushi, of the photosensitive layer was 50 um and the viscosity
was 1.3 x 10° poises as measured at 90 °C, and the
3 365 nm ultraviolet ray transmittance was 67%.

A photocu:able resin laminate was prepared in the
same manner as described in Example 1. The following
evaluations were made (where the thickness of the base
board was 1.6 mm) in the same manner as described in

10 Example 1 except that 1,1,l-trichloroethane was sprayed
fbr 100 seconds for the dissolution of the unexposed
area. The sensitivity was evaluated as the 7th step by
the test using Kodak 2l1-stage step tablet and the
through-hole conduction breakage ratio (where the mask

15 deviation was 100 um) was 0.8%. |
Comparative Example 10

A solution having a composition as described below
was prepared. |

65 parts of polymethyl methacrylate (having a

20 weight average molecular weight of 100,000); -

20 parts of M-3;

5 éarts of benzoin methyl ether;

0.2 part of D-2;

0.5 part of D-3;

25 | 8 parts of triethylene glycol diacetate;



Japan), (M1); 10 10 parts of nonapropyl ene glycol diacrylate (M2); 5
parts of benzyl di nethyl ketal (1-1); 0.5 part of

2- ((0o-chl orophenyl ) - 4, 5-di phenyl i mi da- zolyl diner (1-2); 0.1 part of
Mal"achite Green (D-1); 0.4 part of Leuco Crystal Violet (D-2); 0.4 part of
tri brononet hyl phenyl sul fone (D-3); and 8 par4g of nethyl ethyl ketone
(MEK). The sol ution having the above conposition was uniformy coated on a
pol yet hyl ene terephthalate fil mhaving a thickness of 25 [err] by using a
bar coater, and the co@t®dpartnofiop-methdxyphesokli ngnds in a drier

mai ntained at 90 [err] to forma photocurable resin |ayer. The thickness of
t he photocurabl e resinlﬁﬁyﬂﬁrkﬁe¢giMEKafter frequently referred to as

"phot osensitive layer"). 25 was 50 rr The viscosity of the
pﬁotosensitive Iaygr X 2h 'éfve]layer was prepgred En the same

otosensi
manner as described in Exampie 1 by using a solution
5 having the above-mentioned composition. The thickness
of the photosensitive layer was 50 um and the viscosity
was 1 x 107 poises as measured at 90 °C, and the 365 nm
ultraviolet ray transmittance was 60%.
A photocurable resin laminate was prepared in the
10 same manner as described'in Example 1, and the follow-
ing evaluations were made in the same manner as de-
scribed in Example 6. The sensitivity was evaluated as
the 6th step by the test using Kodak 2l-stage step
tablet, and the through-hole conduction breakage ratio
15 (where the.mask deviation was 100 um) was 37%.
Examples 7 through 9 and Comparative Example 11 through
13
The following solutions A and B were prepared.
Solution A: the same composition as in Exampie 1.
20 Solution B: 0.06 part of Diamond Green ‘was used
instead of D-1 in the solution of-Comparative Example
2.
Photocurable resin laminates were individually
prepared in the same manner as described in Example 1

25 by using these solutions A and B. The thickness of the



38 was 1.5 x 105 poises as neasured at 90 [err], and the 365 nmultraviol et
ray transmttance was 68 % A polyethylene filmhaving a thickness of 35
[err] was |ami nated on the surface of the photosensitive 5 | ayer renote
fromthe polyethylene terephthalate filmto obtain a photocurable resin

| am nate. The photosensitive |ayer of the @wtocurable resin | am nate was

| am nated at 120 [err] on a copper-clad | am nate board by neans of a hot
roll lam nator (Moddel 10 AL-70 sold by Asahi Kasei Kogyo K K., Japan) while
peel i ng the pol ypidgtdasarsitive fXayer hf pratlocamiiiate s Qimat e. The
formed | am nate was pressed, using an air cylinder having an inner dianeter
of 4 cm under a presthg eenfEnanes ekt iQipl test twag rarried oy -injer
The | am nation speed was adjusted to 1.0 nimn. As the copper-c]ad | am nate

board, those whitdlf R annek 38 (IRECTiRek ids Joxanple b o usithr®. 8 mm
ver e vsed, T SRR LARARES JRRSP ARSI ESLS XhLeD HEhgs oo
' 5 Kogyo K.K., Japan). The lamination speed was adjusted
to 0.5 m/min. The press-laminating force applied per
unit width (cm) of the surface of the base board was
changed by changing the pressure. The test results are
shown in Table 2.

10

15

20

25



20.thi ckness of 50 [err] on both surfaces of a glass fiber- reinforced
epoxy substrate having a wwdth of 30 cmand a length of 20 cm form ng 1000
through- hol es each having a dianmeter of 0.4 mmin the copper-clad base
board and depositing copper in a thickness of 2@j[err] on 25 the inner wall
of the through-hole by plating to there- -39 by obtain electric
conduction between both surfaces of the resultant board. The photosensitive
| ayer was exposed to radiation of 100 [err] Tadileg2a super-high pressure
mercury lanp 5 (Mbdel 201KB sold by Oak Sei sakusho, Japan) through a

negative film The as—1Ho09—et+retar—t+apsH-ttHRg—pattefns
each of a dianeter| of 0.45 mm whi[@xample|Srinrlenbxapal ¢ Komgafr Sobpens -1 Sompete-
so as to be in regjstry with the thro#éigh-jhol®s. || n % hi gtiyeepxqfive Ex-jtive Ex-

ample lljample 12|ample 13

Solution A A A B A A
Lamination method, |one- two- two- two-~ one- two-~
Temperature (°C) stage stage -|stage stage stage stage
(former stage/ method, [method, {method, |method, {method, {method,
latter stage) 120 120/140/120/1401120/140 120 120/140
Press-laminating
force (kg) per cm 6.0 4.5 5.5 5.5 2.0 2.0
_ of width of base ' :
Y board '
Intrusion depth 60 80 92 86 10 22
(d) (um)
Opening coverage '
retention ratio 56 95 -100 0 0 5
(%)
n 1.2 1.6 i.8 1.7 0.2 0.4
Etching time/ ‘
minimum etching 1.1 1.2 1.2 1.2 1.2 1.2
time*2

Note *1: mask deviation = 100 pm

*2: required minimum etching time = 100 .seconds



.10 li.ght exposure, the photosensitive |ayer on one surface of the board was
| i ght - exposed through the negative filmplaced so that each transmtting
pattern (which corresponds to a mask for- covering each through-hole and, is
hérei nafter frequently referred to as "mask") 15 was staggered from each

t hrough-hol e by a deviation width of 100 [€2] or 20 [err], whereas the
phot osensitive | ayer on the other surface of the board through the negative
filmplaced so that each mask is not staogered fron1each t hr ough- hol e.

Wth respect to the mask- stagg: BHSS i ddt¥ude of the deviation

b h f the cjrcul ar t tti t f 1
negative f11m and  nORET A dHSHL. IR mrﬁﬁéﬁgef?wle%ﬁ'ﬁf’% e
e 08 | no b %Leﬁ&ﬁséﬂaﬁ%?%%cf S EReSE S Both"®

surfaces of a metal-clad insulting base board having

5 small-diameter through-holes and the ultraviolet radia-
‘tion exposure and the subsequent development with a
liquid developer are carried out, a phOtocurable resin
layer adhering closely to the inner wall of each
small-diameter through-hole from the inner circumferen-

10 tial edge of both terminal openings of the through-hole
is formed in each through-hole, thereby obtaining
sufficient coverage of each terminal opéning of the
through-hole without occurrence of coverage failure.
The danger of permeation of an etching solution into

15 the through-holes in the subsequent etching step can be
completely eliminated. Accordingly, excellent electric
conduction can be obtained between both surfaces of the
printéd circuit board, with high reliability. - There-
fore, this novel photocurable resin laminate can aavan—

20 tageously be utilized for the production of printed
circuit boards having small-diameter through-~holes, the

demand for which is now increasing.

25



40 transm tting

pattern and the circul ar termnal opening of the

t hrough-hol e and on the side where the non- transmtting pattern of the

negative filmpartially overl apped the term nal opening of the
t hrough-hol e. 5 The neasured nagni tude (w dth) of ] |

| sdesi gnated as

filmwas peel ed, . e—Y
for about 70 seconds to renpbve an unexposed area by dissol ution,

"mask deviation". Then, thespol yet hiilS 2 R | at e
and a 1% aqueous sol ution of sodi ym carbmiate—v

o 10

t hereby obtain an excellent cured resin iGkgMS Wen the sensitivity was
measur ed usi ng Kodak 21-stage step tablet, it was found that the cured
resin filmremained to the 7th stage. The above-obtai ned board was sub-

jected to etching with cugéic cfloride eichlng solu- 15 tion. The _
required mnim etch%nsh?F urakleogpesin. PR CAnGOPRE! 81 BFe? FHBP8FEh|ng
i vas ac ust othd 0n 1oRoBGERREST e ThEs ! BlyEEShIbbLEN U5RT0AS bRELREE o'

was renoved by sprayi

5

10

15

20

25

o aqueous sol u

of said support, said photocurable resin layer havingé
(a) a viscosity of from 104 to 5 x 105
poises as measured at 90 °C;
(b) a thickness of from 30 to 150 um; and
(c) an ultraviolet ray transmittance of from 40
to 95°% with respect to ultraviolet rays

having a wavelength of 365 nm.

2. The photocurable resin laminate according to claim
1, wherein said photocurable resin layer is insoluble
or non-dispersible in water and soluble or dispersible °

in an aqueous alkali solution.

3. The photocurable resin laminate according to claim
2, wherein said photocurable resin iayer comprises a
vinyl copolymer, a photopolymerizable monomer and a

phdtopolymerization initiator.

4, A photocurable resin laminate for use in producing
a printed circuit board having a plurality of conduc-

tive through-holes, comprising a support and a photoQ

LT
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sodi um hydroxi de at [err] for 120 seconds, and the 20 conduction in the
t hr ough- hol es was exam ned using a tester. In the case where the 1.6

mmt-hi ck copper-clad base board was used and the |ighj
conduct- ed through the negative filmplaced with the Iﬁg PHEET Hég BEEN lmask
devi ation, through-hole conduction breakage ks causell at REPLAGBRigh- hdl es

(1.0 %9, whereas in the case 41 where the mask deviatton was 20 [err],
no through-hol e conduction breakage was caused at any through-hole, (0.0 @6
Wien the board t IFE%GRES GRein IAYex LERPPREG Rk RQ | SHTHACLHRE 222141 (],
the retention ratio of the 5, coverage of. fhe openi of the. through- hol e

(hereinaf- ter friRROEYy 2L PRQEQUER ?yr%.ln fhdh %%H%gage") was 100
“% and coverage falIurﬁ?ﬁadﬁnﬁ{séggfgyagfa£ om FE4PLESs % féQQQQléegngs

Conpar ati ve Exanples 1

measured.at 90 °C;
5 (b) a thickness of from 30 to 150 um; and
(c¢) an ultraviolet ray transmittance of from
40 to 95 % with respect to ultraviolet rays
having a wavelength of 365 nm,
said photocurable resin laminate adaptable to
10 being applied to both surfaces of a metal-clad insulat-
ihg board having on both surfaces thereof a me;allic
conductive layer and having a plurality of through-
holes with their respective entire inner walls covered
with a metallic conductive layer, so that both surfaces
15 of said metal-clad insulating board, which are inclu-
sive of both terminal openings of each through-hole,
are each covered with one surface of the phbtocurable 
resin layer remote from said support, followed by the
steps of exposing the photocurable resin layer on‘each
20 surface of the metal-clad insulating board to ultravio-
let radiation through a predetermined trénsmitting
pattern'to form a photocured resin latent image cover-
'ing the terminal opening of each through-hole, subject-
ing the exposed resin layer to development with a

25 developer to form an image of the photocured resin, and

[
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16 Substantially the same procedure as in Exanple 1 was repeated except
that conpositions indicated in Table 1 were indivi The obt ai ned

results are shown in Table 1. 15 The abbrevi ations i Sé&ﬁﬁrﬁgs 1 are
the sane as in Exanple 1 or as describe bel ow. M 3{ A reRERjispgnPr t
between a hal f-ester of phthalic anhydride $$th 2-hydro te and

propyl ene oxi de, (OE-A200 sold by N ppon Shokubai Kagaku, Japan)
represented by the followi ng formula: 25 42 [err] B-2: A 35 % net hyl
et hyl ket one solek¢ingfthe metslliet¢erdysties nayex ronieacki sunfacey|
acryl ate/ styrene copol yner {40/25/;0/25 wei ght ratio) having a wei ght
aver age nol ecul HE v@?@ﬁ?e?ﬁ M%mnsulatlng board in areas other than

the image of the photocured resin as an etching resist.

5 5. The photocurable resin laminate according to claim
4, wherein said through-holes contain at least one
through-hole having a diameter of not greater than
0.5 mm.

10 6. The photocurable resin laminate according to claim
4; wherein said.photocurable resin layer is insoluble

or non-dispersible in water and soluble or dispersible

in an aqueous alkali solution.

15 7. The photocurable resin laminate according to claim
6,'wherein said photocurable resin layer comprises a
vinyl copolymer, a photopolymerizable monomer and a

photopolymerization initiator.

20 8. A method for producing.a printed circuit board,
which comprises the steps of:

(1) providing a metal-clad insulating base board
having on both surfaces thereof a metallic conductive
‘layer and having a plurality of through-holes with
their respective entire inner walls covered with a

25
metallic conductive layer, said through-holes contain-

i

(TS [
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10 -

a same nononer conposition as that of B-1 but havi
mol.ecul ar wei ght of 125,000. B-4: A 40 % nethyl et

B-3: A 30 % nethyl ethyl ketone solution of a copoly- ner having
wei ght average

THIS<sty

copoly- 15 mer having the same nononer conppsiti BEENT] B- 1
but having a wei ght average nol ecul ar wei ght 56f 25} ; enzophenone
1-4: Mchler's ketone Substitute sheet - 21/7/98 Table 1 (to

continued) Exanple Exanple Exanple Exanple Exanple ; . 30 3
4 5 B—1(14 155) B-1(140) B-2(155) B-1(148) M1

M 1(30) M 1(30) 1‘(‘54§e'ﬂ/§£(%? t é‘(‘%)'{j iﬁz{‘iﬁ}agl\fz‘?&e‘}ﬁcg%gf%
Conposi tion ) (5) 1-1(3) 1-1(5 .
(parent hesi zed va reat?r %ég 0f52 -2(0.5) 1-2(0.5) 1-1(4) indicates

parts by

D-1(0.1) D‘}é? 13p£ﬁ§i9g1%otbééﬂ'gﬁrfégég'éf said metal-clad

insulating base board a photocurable resin laminate
comprising a support and a photocurable resin layer
disposed on one surface of said support, so that both
surfaces of said metal-clad insulating base board,
which are inclusive of both terﬁinal openings of each
through-~hole, are each covered with one surface of the
0 photocurable resin layer remote from said support,
said photocurable resin layer having:
(a) a viscosity of from 104 to 5 x 103 poises as
measured at 90 °C;
(b) a thickness of from 30 to 150 um, and
1 (c) an ultraviolet ray transmittance of from 40
to 95 % with respect to ultraviolef rays
having a wavelength of 365 nm,
wherein the application of said photocurable resin
20 laminate to both surfaces of the metal-clad ;nsulating
base board is conducted under pressure so that a por-
tion of said photocurable resin layer remote from said
support intrudes locally in the inner side of the inner
circumferential edge of both terminal openings of each
th:ough-hole and extends from said inner circumferen-.

25
tial edge of the terminal opening along and on the

* [ L M s *
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wet ght ) D-2(0.4) D-2(0.4) D-2(0.4) D-2(0.4) D 1(0.1)
D-3(0.4) D-3(0.4) D-3(0.4) D-3(0.4) D-2(0.4) MEK(8) MEK(8)  MEK(8)

MEK(8) = D-3(0.4) MEK(8) Vi t 1. o
8[55(1)04 [erE] [)err] (Fi?mtﬁfgihegs(FgLf]es)_57 Wsﬁﬁfg@s%ﬁ N g0

80 50 UV Transmittance 68 REPL&@ﬁﬂ 45

70 (365nm Sensitivity 100 [err] 7 7 8

7 [err] Kodak 21-stage step tablet) I nt rusi on Depth 35

40 45 45 Boa Vask Throu t hi ck- devi a-
1.0 0.4 inner yadl of sa&gztkroug h?lﬁoFQ %B? termingd  conduc-
1.6nm J[err] tio b%quage [err] 0 0

0.2 - 0 ratfgP%?

(3) exposing the photocurable resin layer on each
surface of the metal-clad insulating base board to
ultraviolet radiation through a predetermined transmit-
ting pattern to form a photocured resin latent image
covering both terminal openings of each through-hole;

(4) subjecting the exposed resin layer_on each

10 sgrface of the qetal-clad insulating base board t6
development with a developer to form an image of the
photocured resin; and

(5) etching the metallic conductive layer on each
surface of the metal-claq insulating base board in
areas other than the image of the photocured resin as

15
an etching resist.

9. The method according to claim 8, wherein said
depth to which the photocurable layer extends from the
inner circumferential edge of the terminal opening of
20 said through-hole along and on the inner wall of said
through-hole is not smaller than 0.3 in terms of an
index n; which is defined as a ratio of said depth to
‘the thickness of the metallic conductive layer on each

surface of the metal-clad insulating base board.
25
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(9 Boar d- ‘Mask thi ck- devi a- 0 ness, tion, 0.8mMm [err]
Openi ng coverage retention ratio (2) 100 100 100

100 100 (board thickness- 1.6mm nmask deviation-20 [err] Cold flow

A characteristics 44 Substitute sh &H1s SREET HA ﬂ-EEN e 1
(conti nued) Conpara- Conpara- Conpara- Conp&Ba- araigpuﬂﬁE ve Ex-
tive Ex- tive Ex- tive Ex- anple 1 anple 2 anp Ie 3 aane 5

B-3(167) B-3(190) B-1(140) B. 1(140) B-1(140) M1(30) M 1(25) M 1(30)

M 1( 30)

10

15

20

25

_/’/.
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M 1( 30)

Ri2( 189 RPshos ackprdiog ter otady Ou vhegpin said

depth is not smaller than 0.5 in terms of the index n.

11. The method according to claim 10, wherein said

- depth is not smaller than 1.1 in terms of the index n

and wherein the etching in step (5) is conducted for a
period of time which is greater than a minimum time
reQuired for removing the metallic conductive layer on
each surface of the metal-clad insulating base board in
areas other than the image of the photocured resin and
is smaller than an n-fold value of said minimum time,
where n has the same meaning as defined for the index

n.

12. The method according to any one of claims 8 to 10,
wherein said photocurable resin layer is insoluble or
non-dispersible in water and soluble or dispersible in

an aqueous alkali solution.

13. The method according to claim 12, wherein said
photocurable resin layer comprises a vinyl copolymer, a
photopoiymerizable monomer and a photopolymerization

initiator.




Cofrposi ti on 1-1(S) | -1(5) 1-3(4)  1-1(0.5) 1-1(7)
(parent hesi zed value 1-2(0.5) 1-2(0.5) 1-4(0.1) 1-2(3.5)

i ndi cates parts. by D-1(0.1) D1(0.1) D1(0.1) D1(0.1) D 1(0.1) weight)
D2(0.4) D-2(0.4) D-2(0.4) D-2(0.4) D-2(0.4) D-3(0.4) D3(0.4) D 3(0.4)
D 3(0.4) D 3(0.4) MEK(8) VEK( 8) MEK(8)  MEK(8) MEK(8) MEK( 8)

Vi scosity (poises), [err] [err] [err] [err] [J[err] [err] Film

t hi ckness [err] 50 50 50 40 50 W
Transmi ttance 70 70 6 96 35 (365nm
Sensitivity 100 [err] 7 7 7 0 10 Kodak
21-stage step tablet) Intrusion Depth 10 ' 5 37

30 35 [err] Board Mask Through- thick- devia- 8 15

26 100 13 hole ness, tion, conduc- 1.6mm [err]

< - FIG. 1

I _
. g A ‘ t



ti-on .breakage

rati‘'o (2)
- mess,
0~

tion,

.0

[err] 3 5 4 90

Board WMask thick- devia- 2
0.8nmm [err] Opening coverage retent1 10
: 0 50 (board thickness- 1
devi ati on=20[err] Cold flow characteristics59 Subs 21/ 7/ 98

Table 1 (continued) Conpara- Conpara- Conpara- tive Ex- tive Ex- tive Ex-
anple 6 anple 7 anple 8 _

10

15

20

25

Abstract of the Disclosure

A photocurable resin lamihate comprising a support
and a photocurable resin layer disposed on one surface
of said support, said.photocurable resin layer having:

(a) a viscosity of from 10%4 to 5 x 105.poises as

measufed at 90 °C;

(b) a thickness of from 30 to 150 um; and

(c) an ultraviolet ray transmittance of from 40

to 95 % with reépect to ultraviolet réys

haviné a wavelength of 365 nm.
When this photocurable resin laminate is laminated
under pressure on both surfaces of a metal-clad insult-
ing base board having through-holes of an inner diame-
ter smaller than 0.5 mm so that both surfaces of the
metal-clad insulating base board are covered with the
photocurable layer of the photocurable resin laminate,
the photocurable resin layer intrudes locally in the
inner side of the inner circumferential edge of both
terminal openiﬁgs of each tﬁrough-hole and egtends from
the inner circumferential edge along and on the_inner
wall of . the through-hole to a predetermined depth. By

the light exposure of such a laminate structure and the

- subsequent development, both terminal openings of each

through-hole can be completely covered with a photo-

cured resin layer without occurrence of coverage fail-
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B-4(140) B-1(140) B-4(143) M 1(30) M1(30) M1(25) M2(10) M 2(10)

M 2(8) Conposition I -1(5) 1-1(2) I-1(5) (parenthesized
value 1-2(0.5) 1-2(0.5) 1-2(0.5) indicates parts 0.1)
D-1(0.1) weight) D-2(0.4) D2(0.4) D2 BEGY
D-3(0.4) D-3(0.4) MEK(8) MEK(8) Viscosity (pmises)k tHACEDer 1 [[err]
[err] Filmthickness [err] 25 170 50 UV TransmTt ance
80 50 70 (365nm Sensitivity 2 100 [err] 7
2 5 Kodak 21-stage step tablet) Intrusion Depth 15

45 10 [ er ryr@BoRerein @ photegured xasineclayer adligring to theg

5

inner wall of the through-hole is formed in the
through-hole from the inner circumferential edge of the

terminal opening thereof along and on the inner wall of

5
the through-hole. Accordingly, when the subsequent
etching with an etching solution is performed to remov-
ing unnecessary conductive layers in areas other than
the desired circuit portions, a printed circuit board

10 having small-diameter through-holes can be obtained in
which the electric conduction between both surfaces of
the board which is established through the through-
holes has high reliability.

15 -Ffjww; 1.
20
25
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: 1.6mm 100pm tion breakage [err]
5 By 0. ' Board = Mask thick- devia- = -
-7 124ness [err] .Openi ng coverage retention ratio (2)
40 5@ Date :...>720.°(boar ..t hi ckness- 1. 6nnsu5§ﬁﬁnégmeatangagﬁquberld
fl ow characte . arative Exanple9—A-sotutTomtaving = _
conposi ti.on described bel ow ABSTRACT )

PHOTOCURABLE RESIN LAMINATE AND METHOD FOR
PRODUCING PRINTED CIRCUIT BOARD BY USE THERECEF

A photocurable resin-laminate comprising a support
ahd a photocurable resin layer disposed on one surface
of the support, the photocurable resin layer having:

(a) a viscosity of from 104 to 5 x 105 poises as

measured at 90 °C;

(b) a thickness 6f from 30 to 150 pm; and’ _

(c) an ultraviolet ray tiansmittance of from 40 .

to 95 % with respect to ultraviolet rays
having a wavelength'of'365 nm.
This photocurable resin laminate ig useful for produc-
ing a printed circuit board having small-diamefer
through-holes in which the elecfric conduction between
both surfaces of the board which is established through
the through-holes has high reliability. '

(Figure 1)



was prepared. 35.5; parts .of ~a styrene/ nonobutyl mal eate copoly- 5 . ner
(‘Havi ng a- wei-g Ar wei ght of 20,000 and an acid val ue of
180): 25.5 par cilyl i c aci.d copolyner (75/25 weight ratio) .
(havi ng a wei g ar wei ght of 7, 0&bstitdte sheet - 242H/Q6part s
of trinethyl ol e T Vate;, 3.0 parts4of tetraet hyl ene glycol
diacrylate; 7.5 parts of ben20|n nmet hyl ether; 2.0 parts of 1-2; 0.4 part

of benzotriazole; 15 0.4 part of D-2; 0.1 part of D-1; and 100
parts of MEK. A phot oskndihe \examplers wad lprgaatsd iare y seightanner as
described in Exanple 1 by using a solution 20 havi ng t he

above- nenti oned conposthe @¥opertd eshidelsmaidesk ith &heh @XAFEIAS WAL ayer was
50 [err], and the viscosi-_ty was 2 x 105 poises as neasured at 90 [err],
and the 365 nm uldetRAWINAd BEFAGHRSHITS Fiee Gl R Aleamd@ curabl e

resin lamn r Y
©s a ate vvasl)p eqarseud::enpent he P scos:.q:y

5 Using a flow tester (Model CFT-500 sold by Shimad-
zu Corporation, Japan), the constant-rate temperature-
' elevating test was carried out. The viscosity (VI) was
determined by the following formula:
nRép
VI = — (poises)
10 : 8LQ
wherein P represents the applied pressure
'(dyne/cmz)q R represents the radius (mm) of the
die, L represents the length (mm) of the die, and
Q represents the flow value (ml/sec). '
15 (2) Measurement of 365 nm Ultraviolet Ray Transmit-
tance
In a UV spectrometer (Model UV-240 sold by
Shimadzﬁ Corporation, Japan), a laminate of a
polyethylene terephth&late film and a photosensitive
20 layer was placed on the measurement side while a
polyethylene terephthalate film was placed on the
reference side. The transmittance was continuously
measured over the range of from 700'ﬁg:to 300 :ﬁ in the

- T% mode, and the value at 365 nm was read from the

. 25 obtained chart.’



25 . as described in Exanple 1. The follow ng eval uations 47 were

made i h the sa ‘Eﬁnner=as=¥k§nﬁﬂﬂa d in Exanple 1 (where the thickness of
t he base board Ef?écﬁﬁﬁNTYhEE$e sitivity was evaluated as the 7th step

by the test usi Kodak. 21-stgge sfiep tablet, and tg t hr ough-_hql.e
ter‘é&ﬂ]wﬂ % |(where the mask stiadi2o817) r].

conduction brea
Exanpl e 6 A sol ution having sition described bel ow was prepared. 10
50 parts of a nethyl nethacryl ate/ nethyl acryl ate copol yner (98/2 wei ght
rati o) having a wei ght average nol ecupggcrepghdnof 200, 000; 13 parts of a
uret hane product of the reaction between hexanet hyl ene diisocyanate and
2- hydr oxypr opy| PHGTOCURABLY| RESIN1BAMENATE OANDr MEEHOR| BORr PRODUCING
triacrylate; 13 parts of tetraethyl ene glycol diacrylate;

PRINTED CIRCUIT BOARD BY USE THEREOF

-Technical Field
5 The present invention relates to a photocurable
resin laminate. More particularly, the present inven-
tion relates to a novel photocurable resin laminate
suitable for the production of a printed circuit board
having through-hocles of a smali diameter, and also
10 - relates toha method for producing a printed circuit
board by using.this laminate.
Background Art
In conventional printed circuit boaxrds, throughj
holes serve not only for maintaining electric conduc-
15 tion between printed patterns on both sides of the
board, but also for fixing electric and/or electronic
elements to the board, in which pins of the elements
are inserted into these through-holes and connected to
the through-holes by soldering. Accordingly, these
20 through-holes generally have a diamefer as large as
several millimeters (2 to 6 mm); and the width of a
conductor layer portion formed around each of the
through-holes on the surface of the board,(which con-
ductive layer portionli%éreinafter referred to as

25 "land”) is usually about 0.5 mm. As a method for



5 parts of I1-1; 0.5 part of 1-2; 20 0.1 part of D-1; 0.4 part of
D-2; 0:5 part of [fB=3— <=0t pj|t ol uenesul fonam de; and 140 parts of
met hyl ethyl ket |pREPLAGEMENT SHEETA|Ipbhot osensitive | ayer was prepared in the

sane 48 manne anple 1 by using,a solution having the
. T 8
above- nenti oned |t &S : |cknes§(ﬁ_the—g&&ﬂﬁ%ﬁhﬂﬁﬁ&;Zlgﬁg_mas
50 [err] and the™v ‘ "3 X [err]® poises as neasured at 90 [err],
and the 5 365 nmultraviolet ray transmttance was 67% A photocrra?le
resin | am nate giese &b gg%} r,fs described in Exanple 1.
The foll ow ng éval t%a?%?s wer? ma ﬁ?ﬁlﬁ%&nﬁhl ckness of the base board

was 1.6 mm) in the saeh ProdictiorEd R rided GircuifX BB hexeapt that
1,1, 1-trichl oroethane was sprayed
small-diameter through-holes is tried by the conven-
tional tenting method, permeation of an etching solu-
5 tion into the small-diameter thrqugh-holes is likely to

occur, so that it is practically impossible to produce
a printed circuit board. In the practical production
line, by the thermal expansion and contraction of a
negative mask used in the light exposure of the photo-

10 curable reéan layer and/or by the occurrence of rela-
tive dislocation between both'the opposite terminal
openings of each through-hole which is caused by the
formation of bent through-holes due to the vibration of
a drill which occurs when through-holes are formed in

15 the insulating base board by drilling, large positional
disagreement is caused between the land patterns on the
negative mask and the through-holes on the base boafd,

' disagreement

such that the magnitude of thisfagfeemen% is larger
than the land width. This laréé positional disagree-

20 ment causes the outer circumferential edge of the
through—hole-to partially lack a land, so that the
resist pattern is missing in this land-lacking portion,
causing permeation of an etching solution into the

small-diameter through-hole.

25 In order to prevent the etching solution from



for 100 seconds for the dissolution_of the unexposed area. The sensitivity

was ‘eval uated as T STER- Y, test using Kodak 21-stage step tabl et
and t he through-hfl q&ﬂ%ﬁﬁéﬁhﬁﬁ%ﬁ% age ratio (where the mask 15

devi ation was 100|{[err] ovmsiN. 388 arative Example 10 A sol yti i ng
a conposition as e‘ga&? [-Zﬁ-- lg’l"ﬁix, """ pr epay ed. 65%&31‘&&.%@3}.@&&2}@5_
nmet hacryl ate (having a 20 wei ght average nol ecul ar wei ght of 100, 000);
20 parts of M3; 5 parts of benzoin nethyl ether; 0.2 part of D-2; 0.5 part
of D-3; 25 @ ypard srifeddits) e efveom! 1% toli et BO?; poisdd £s5 part
of p-nethoxyphenol; and 100 parts of MEK A photosensitive |ayer was
prepared in the sane measured at 90 °C;

(b) a thickness of from 30 to 150 pum; and
(c) an ultraviolet ray transmittance of from 40
5 to 95 % with respect to ultraviolet rays’
having a wévelength of 365 nm,
the photocurable resin laminat£§§g%ptable to being
applied to both surfaces of a metal-clad insulating
base board having on both surfaces thereof a metallic

10 conductiveﬁlayer and having a plurality of through-
holes with their respective entire inner walls_covered
with a metallic conductive layer, so that both surfaces
of said metal-clad insulating base board, which are
inclusive of both terminal openings of each through-

15 hole, are each covered with one surface of the photo-
curable resin layer remote from said support, followed
by the steps of expoéing the photocurable resin layer
on each surface of the metal-clad insulating base board
to ultraviolet radiation through a predetermined trans-

20 mitting pattern to form a photocured resin latent image

| covering both terminal openings of each through-hole,
subjecting each exposed resin layef to development with
a developer to form an image of the photocured resin,
and etching the metallic conductive layer on each

25 surface of the metal-clad insulating base board in



manner as described in Exanple 1 by using a solution 5

havi ng t he

above-nmenti oned conpos_qun ________ IheuLthkness of the photosensitive |ayer was
50 [err] and the v qﬁgﬁ_ éﬁﬁiﬂ 7 poi ses as nmeasured at 90 [err], and
ra tra

the 365 nm ul travi

i ce was 60% hot ocuy abl e_r
i nate s prepaliogs @ Bndl0%8 | Shie tgner  acsubuaulshist. 21l .,

and the follow ing_gua

de in the sane nanner as de- scri bed

in Exanple 6. The sensitivity was evaluated as the 6th step by the test

usi ng Kodak 21-stage step taplet, and the th
ratio 15 (where the maskjde \ONn was
t hrough 9 and Conparative Expnp \thou
and B were prepared. Solutioph A e Ssos=

i ndi vidual l'y prepared in the|same manner described in

by u5|ng t hese solutions A and B. ness of the

37% Exanples 7

gh-hol e conduction breakage
H@g! err] was
. The fol Ipwing solutions A
onmposition as

Solution B: 0.06 part of Dignond G eefi wasNused instead
sol ution of Conparative Exanple 2. PhoNee@fabl e resin | a

in Exanple 1. 20
of D1 in the
i nat es wdrigt)

?mmﬂelZS

wherein the phenyl groups may be substituted,

such as 2-(o~-chlorophenyl)-4,5-diphenylimidazolyl

dimer, 2-(o-fluorophenyl)-4,5-diphenylimidazolyl dimer,

2,4-di (p-methoxyphenyl )-5-phenylimidazolyl dimer and

10 2,4,5-triphenylimidazolyl dimer. These dimers are

those of the 1,2’-bond.
These compounds (I) and (II) can be

ally, but preferably in combination.

used individu-

An initiator having high photoinitiation capacity,

15 such as benzophenone, a Michler'é ketone
thone, e.g., diethylthioxanthone, can be

tion to the above-mentioned initiator.

or a thioxan-

used in addi-

However, since

this type of initiator exhibits high absorption for

ultraviolet rays, this initiator, if used, should be

20 incorporated in a small amount so that the 365 nm

ultraviolet ray transmittance can be maintained at 40

total

to 95 %. The/content of &he initiator in the photo-

curable resin layer is-genexally from 0.1 to 10 % by

when an

weight. However, w*%h—*esgeet—:o—:he‘lnltlator exhib-

25 iting high absorption for ultraviolet rays, such as a



so photosensitive layer of each lanminate was 50 [err]. The performance

eval uation test was

cartied-—out-—in.t he same nmanner as descri bed in Exanple

1 by using a two-st goREPlaGEMENNT sibPAel AL-700 sold by Asahi Kasei 5

Kogyo K. K.
press-1am nating fof/cata
base board was chan

Japan).

Thepzané@ﬁtjgga sgeed was adj u§t dto 0.5 mmn, Thg

~peLunift width (cm
=rg—thel preddure. The test results are shown

P

in Table 2. 10 15 20 25 51 Table 2

10

15

20

25

is used as an additional
Michler’s ketone or a thioxanthone, /&he- content is
initiator, its -
preferaﬁiy from 0.01 to 1 % by weight.

A radical polymerization inhibitor is preferably
incorporated for impro#ing the thermal stability and
storage stability of the photocurable resin layer.
Examples of initiators include p-metho#yphendl, hydro-
quinone, pyrogallel, naphthylamine, tert-butylcatechol,
cuprous chloride, 2,6-di-tert-butyl-p-cresol, 2,2'~
methylene-bis(4-ethyl-6-tert-butylphenol), and 2,2'-
methylene-gis(2-methyl-G-tert-butylphenol); When a
radical polymerization inhibitor is added to the photo-
curable resin composition, it is preferred t§ incorpo-
rate an amount of 0.001 to 0.05 % by weight, based on
the weight of the composition.

A coloring agent, such as a dye or a pigment, can
be incorpo;ated in the photocurable resin layer used in
the present invention. Examples of coloring agents.i
include Fuchsine, Auramine base, Chalcoxide Greeﬁ s,
Para Magenta, Crystal Violet, Methyl Orange, Nile Blue
2B, Victoria Blue, Malachite Green, Basic Blue 20 and
Diamond Greeﬁ.

A color developer, for example, a luminous dye
capable of developing a color under irradiation with
light, can be incorporated into the photocurable resin

layer in order to distinguish photocured areas from



Exanpl e Exarrpl e Exanpl e Conpara- Conpara- Conpara- 7 8 9

tive Ex- tive Ex- tlve—tXT*anEtgfﬁx;
A’ A A || REPLACEMENT SHEE

t wo- t wo-
stage stage

met hod, net hod,

le 12 anple 13 Sol ution
A Lam nati on nethod, one-

t wo- e4998 || two- Tenperature [err] st age
staceDGWZSQQQe """ stagk (fgegmer stég&ﬁﬂﬁ!iliﬂéﬁhaéﬂugéﬂﬁod,

nmethod,  nethod, latter stage) 120 120/ 140

120/ 140 120/ 140 120 120/ 140 Press- | am nating force (kg) per cm

6.0 4.5

No. &,3%60,582.5.5 2.0 2.0 of width of base board

I ntrusi on depth 60 80 92 86 10 22
[err] Openi ng covera@@ $t@2nt2bn thg|photocurabsg resznggamlnatfogf 0

5 (%

1.

0.4 Etchi hg ti rihe r@mme%ﬁ?%wn is ampiled “under presgize to both,

1.2 1.2 tinet2 Not
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surfaces of the.metai-cg %hgg Ex%gobL rLoard, so

that a portion of the photocurable resin layer, remote
from the support, is caused to intrude locally into the

inner side of the inner circumferential edge of both
and extends
terminal openings of each through-hole/from the inner

along and on
c;rcumferentlal edge of the terminal opening/toc a '
the inner wall of the through-hole

predetermined depth. When the photocurable resin

laminate-covered base board is exposed to ultravioclet
radiation through a predetermined pattern from both
surfaces (simultaneously or independently), the poxtion
of the photocurable resin layer extending from the
inner circumferential edge of both terminal openings of
each through-hole along and on the inner wall thereof
is exposed to ultraviolet radiation from both sides; so
that the photocurable resin layer adheres closely to
the inner circumferential edge and inner wall of each
through-hole, thereby enabling the terminal openings of
the through-holes to be perfectly covered without
coveragé failure.

In this step, it is preferred that the predeter-
mined depth to which the resin layer extends along and

on the inner wall of the through-hole from the inner



*2: required mninmumetching tine - 100 seconds 52 I ndustri al
Applicability W 9— Clirabl e resin | am nate of the present
i ivention is | am gﬁ‘ﬁfgﬁﬁ %bég H]e on both surfaces of a netal -cl ad
i nsul ting base bd haQ/BngUE ral | -di aneter thr ough- hol es and the
i #Be subsequentuRabiyteshest -4 1/1/98

d
ul traviol et radig b feon
| i qui d devel oper are carri.ed out, a photocurable resin |ayer adhering
closely to the inner wall of each smal | - di anet er t hrough-hol e fromthe
i nner circunferen- 10 Zable JyddpbeyRantidvadhl openings of the
t hrough-hole is fornmed in each through-hole, thereby obtaining sufficient
coverage pf each term nal op¢p] E Ugn-nofe w T rence of
coverage failure. The danger |6 E “%é nL"léf’ B]I[’f g" L,"l@t ‘fﬁ‘fé‘@i %ﬁf'%' nto 15
the through-holes in the sub<equent et chi ng st €p cah be con ely
elimnatefd. Accordingly, excebleibof|®siiss|8oPAUSY | 238 f%‘ilf’f% 3{ ned
between bpth surfaces of thelmM-1¢30) |M-1(¢30) [M-1(30) |M-1(30) M-1(24)
M-2(10) [M-2(10) |M-2(10) [M-2(10) |M-2(10)
Compasition I-1(5) |[I-1¢(5) |[I-1(3) |I-1(S) |M-3(8)
(parenthesized value |[I-2(0.5)|I-2(0.5){I-2¢(0.5)}I-2(0.5) I-1(4)
indicates parts by D-1(0.1}|D-1(0.1)|D-1(0.1)|D-1(0.1)}|I-2(0.5)
weight) D-2(0.4)|D-2(0.4){D-2(0.4)|D-2(0.4)|D-1(0.1)
D-3(0.4)|D-3(0.4)|D-3(0.4)|D-3(0.4)|D-2¢0.4)
MEK(8) |MEK(8) /MEK(8) |[MEK(8) |D~3(0.4)

MEK(8)
Viscosity (poises), [1.5x107 {7.0x10% |1.0x10° |s.sx10% |1.5x10°
90°C ; i
Film thickness (um) 50 50 80 80 50
UV Transmittance 68 60 48 45 70
(365nm)
Sensitiviqr ., 2
00 mj/cm 7 7 7 8 7
(300m3fem?, Rodak .
21-stage step tablet)
Intrusion Depth . 35 40 45 45 40
(d) (pm) . :
Board (Mask
Through-{thick-|devia- 1.0 0.4 1.0 1.2 0.7
hole ness, jtiom, '
conduc- [1.6mm |100pm
tion —
breakage 20um 0 ] ] 0.2 0
ratio
(2) Board-|Mask
thick-|devia- 0 . - - - -
ness, |tion,
0.8mm 20um

Opening coverage :
retention ratio () 100 100 100 100 100
(board thickness=
1l.6mm,

mask deviation=20pm

Cold flow
characteristics ' (:) ZC& (:> Zﬁ& (:)




printed circuit board, with high reliability.
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Ther e-

fore,

ynmer havi

this novel
tageously be utilized for the
s having snal | -di anet er through-hol es,

1. A_phot ocurab] e_resin
curabl e pe§22£m§¥5£%€&;:§hé§6§§d
d photocurable resin |ayer

’ Lohs o1 2ot ubegapo

(4)

ng a wei ght
and an aci d equi val ent
fopolvoerizabl e

nononer ha
fromO.1t
sai d phot o¢

ing at |east one telicghpita-pédihpashl KtnpX rdl|Eahps -4 Bokkia@y )
10 % by wei ght of |aip@GixQPeide ERE[didet ££U] ciibe tEal@ive \BRE
urable resin | ayer |ahpldlaS{ample 2 |ample 3 |ample & |ample $
B-3(167)|B-3(190){B~1(140){B-1(140){B-1(140)
M-1(30) |M-1(25) |M-1(30) [M-1(30) |[M-1(30)
M-2(10) |{M-2(S5) M-2(10) |M-2(10) {M-2(10)
Composition I-1(S) I-1(5) I-3(4) I-1(0.5)|X-1(7)
(parenthesized value [I-2(0.5)|I-2(0.5)|I-4(0.1) I-2(3.5)
indicates parts by |[D-1(0.1)|D-1(0.1)|D-1¢0.1)|D=1(0.1)|D-1(0.1)
weight) D-2{0.4)|D=-2(0.4) D-2{0.4)|D-2(0.4){D-2(0.4)
D-3(0.4)|D-3¢0.4)|D-3(0.4)|D-3(0.4)|D-3(0.4)
MEX(8) |MEX(8) MEX(8) MEX(8) MEX(8)
MEX(8)
Viscosity (poises), |6x10° |sx10% |1.s5x10% |1.7x10° |1.3x103
9Q9°C
Film thickness (um) 50 50 S0 40 50
UV Transmittance. 70 7Q 6 96 35
(365nm)
Sensitiviﬁy ., 2 -
100 mj/cm 7 7 7 0 10
¢200m> fem?, Kodak
2l-stage step tablet)
Intrusion Depth 10 5 a7 30 as
(d) (um) .
Board |[Mask
Through-|thick-ldevia- 8 15 26 100 13
hole ness, |{tiom,
conduc- |1.6mm |100um
tion
breakage 20pm 3 5 4 80 2
ratio
(2) Board |Mask
thick-|devia- 2 - - - -
ness, |tion,
0.8mm | 20pm
Opening coverage
retention ratio (I) 10 Q 0 0 s5Q
(board thickness= '
1l.6mm,
mask deviation=20um
Cold flow
characteristics (:) C:) (:) (:) (:)

rein



(a) a viscosity

of..fromferr]

to 5 x

(b) &
transmttance of
wavel engt h of 36
t he constant-rat

a thi cknessy

tester,

radius (m) of the die,

represents the fl
bei ng deter- m ne
a pol yet hyl ene t4

and the viscosity (VI)

ow val ue (m/sec),

[err]

out,,

poi ses as neasured at 90 [err];

T Ojlpm and (c) an ultraviolet
Hﬁgghgng%Et? lth respect to ultraviol et
y being determ
ting test 4% carrie
Is.determ ned by the follow ng formul a:
4 [err] wherein P represents the applied pressure [err],

L repﬁ5¥§H£SL$iEQR¥$%R$E%

said ul traviol et

ray
rays having a
AB&HIOF 17 gahi ch
usin ow
5

R represents the
mm) of the die,

and Q

ray transmttance

d by a method In wh J;}lpapaacto%}(p&%‘f P dnpaEs S
repht halate film an e Ex-ltive Ex-|tive Ex-
ample 6 {ample 7 |ample 8
B-1(140)|B-1(140)|B-4(143)
M-1(30) IM-1(30) [M-1(25)
M-2(10) [M-2(10) |M-2(8)
Composition I-1(5) {I-1(2) |I-1(S)
(parenthesized wvalue |I-2(0.5)}I-2(0.5) I-2(0.5)
indicates parts by D-1(0.1)|D-1(0.1)|D-1(0.1)
weight) D-2(0.4)]D-2(0.4)|D-2(0.4)
D-3(0.4)|D-3(0.4)|D-3(0.4)
MEK(8) MEK(8)
Viscosity (poises), l.5x105 1.7::105 5x103
90°C
Film thickness (um) 25 170 50
UV. Transmittance 80 50 70
{(365nm)
Senslt1v1tﬁ0 /
m] Cm 7 2 5
(100m§$cap. Kodak °
2l-stage step tablet)
Intrusion Depth 15 45 10
(d) (um)
Board |Mask
Through- [ thick-|devia- 52 9 S
hole ness, |tion,
conduc- [1l.6mm |100um
tion
breakage| 20um 5 0.4 1
ratio
(Z) Board [Mask
thick-|devia- - - 12
ness, {tion,
0.8mm | 2omum
Opening coverage '
retention ratio (X) 40 S0 70
(board thickness=
l.6mm,
mask deviation=20um
Cold flow
characteristics <:> <:) )K:

a | am nate of



phot osensitive |layer is placed on the nmeasurenent side while a polyethylene
terephthalate filmis placed on the reference side, and the transmttance
I S continu- ously ellrange of from 700 nmto 300 nmin the
T% node, and the uﬁéxégﬁggégégﬁ read fromthe &pbstingd sHuett--2%/7/98 The
phot ocur abl e re5|1DE9n1 g to claim1, wherein said photocurable
resin |ayer (4) ils ERSAL s BEE = ornin- di s sible in water and sol ubl e or
di spers- ible in an aqueous al kali solution. 3. A nmet hod for producing a
printed circuit board, which conprises the steps of: (1) providing a
metal -cl ad insulating base board (1) having on both surfaces thereof a-
nmetal lic conduc- tive layer (2) and having a plurality of through-holes
(3) with their respective entire inner walls covered with a netallic
conductive | ayeL.(2)A phototlifabld-rdoiwslamina0at eomprysbhgl @astppoet
t hrough-hole (3) having a dianeter of not greater than 0.5 mm

and a photocurable resin layer (4) disposed on one

surface of said support,
said photocurable resin layer (4) coﬁprising from
5 to 90 % by weight of a vinyl copolymer ﬁaving a
weight average molecular weight of from 20,000 to
300,000 and an acid equivalent of from 100 to 600; from -
5 to 80 % ﬁy weight of a photopolymerizable monomer
having at least one terminal ethylenically unsaturated
group; and from 0.1 to 10 % by weight of a photopoly-
merization initiator,
wherein said photocurable resin layer (4) has:
(a) a viscosity of from 104 to 5 x 10°
poises as measured at 90 °C;
(b) a thicknéss of from 30 to 150 um; and
(c) an ultraviolet ray transmittance of from 40
to 95 § with respect to ultraviolet rays
having a wavelength of 365 nm,
said viscosity being determined by a method in
which the constant-rate temperature-elevating tesf is
carried out, using a flow tester, and the viscosity

(VI) is determined by the following formula:

(o



(2) applying to both.surfaces of said nmetal-clad insulating base board (1)
a photrocur abl e re&#n—LanFﬂﬂFP—FﬁﬁﬂﬁﬁSIng a support and a photocurable resin

| ayer (4) disposegl papLacevBITISKEETOfl sai d support, so that both surfaces of
said netal -clad i SU|at23?\ﬂﬁoﬂ§Epa ? (%) whi ch a; eblmclus %e of1b

t erm nal openi ngs|| Gatea hgle (3), are e

surface ofpthe gh =ayer é’ renote fromsaid support, said
phot ocurabl e resin layer (4) conprising fron15 to 90 * by weight of a vinyl
copol ymer having a wei ght age nol ecul ar wei ght of from 20,000 to

300, 000 and an acid UIV @gﬁ! Qf f.rom,100 to 600; from5 to 80 % by wei ght
of a photopol yneri zab e zﬁﬁﬁﬁf)at | east one termnal ethylenically
unsaturated group; and fro O 1 to 10 % by wei ght of a photopol y-
merization |n|t|atorwhé9_téq_rrplyﬂl§?g AR I Ir},ell Kired 4) has: (a) a

viscosity of from[err] to 5 err| pol ses as nmeasu at 90 [err];
(dyne/cm“), R represents the radius (mm) of

the die, L represents the length (mm) of the

die, and Q represents the flow value (ml/sec),

said ultraviolet ray transmittance being deter-
mined by a method in which in a UV spectrometer, a
laminate of a polyethylene terephthalate film and a
photosensifﬁ&e layer is placed on the measurement side
while a polyethylene terephthalate film is placed on
the reference side, and the transmittance is continu-
ously measured over the range of from 700 nm to 300 nm
in the T% mode, and the value at 365 nm'is read from

the obtained chart. ¢

2. The photocurable resin laminate according to claim
1, wherein said photocurable resin layer (4) is insolu-
ble or non-dispersible in water and soluble or dispers-

ible in an aqueous alkali solution.

3. A method for producing a printed circuit board,
which comprises the steps of:
(1) providing a metal-clad insulating base board

(1) having on both surfaces thereof a metallic conduc-~

_—
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56 (b) a thickness_of from30 to 150 pm and (c) an ultraviolet ray
transmttance of {|r 20" TO—95“*=w+n respect to ultraviolet rays having a
wavel engt h of 365|ﬁﬁ£ e EENT EMBER Pl i cati on of said phot ocur abl e resin

| ani nate to both igSfapd§3QUU{HBQ&et | - cl ad insuIaELEg.base boarﬂ,{;) is
conducted under p X re-So-that—a gorti on of sai ' - ayer

(4) renote fromsaid support tmtrudes |loc&Sy in the inner side of the
inner circunferential edge of both term nal open- ings of each through-hole
(3) and extends fromsaid jinner circunferential edge of the term nal

openi ng al ong ARVHNLAFRF | %bra%lkl‘a‘b*“%]aﬁ* Peraldy blh?ﬁ et’%B?“?’é‘BOl?j)

] : ' t ayer on
ach surface of Thertidh it ForRertiye eRbbeshier (13 ETs Srvdiedol o
radi ation thr _()Lwﬂ:@ grﬁg@éﬂ%{lﬁg?%‘;%%g%t Elln%rgg.%s ersrla{é) éﬁ%&%%a}é hot ocur ed

resin | atent image coverring bf~each - hole
(3); holes (3) containing at least one through-hole (3)

having a diameter of not greater than 0.5 mm;

(2) applying to both surfaces of said metal-clad
insulating base board (1) a photocurable resin laminate
comprising a support and a photocurable resin layer (4)
disposed on one surface of said éupport, so that both
surfaces oé said metal-clad insulating base board (1),
which are inclusive of both terminél openings of each

- through-hole (3), are each covered with one surface of
the photocurable resin layer (4) remote from said
support,

said photocurable'resin layer (4) comprising from
5 to 90 % by weight of a vinyl copolymer having a
weight average molecular weight of from 20,000 to
306,000 and an acid equivalent of from 100 to 600; from
5 to 80 % by weight of a photopolymerizable monomer
having at least one terminal ethylenically unsaturated
group; and from 0.1 to 10 % by weight of a photopoly-
‘merization initiator,

wherein said photocurable resin layer (4) has:

(a) a viscosity of from 104 to_5 x 109 poises as

measured at 90 °C:;

L



(4) subjecting the exposed resin | ayer on each surface of the netal -

cl ad

I nsul ating base bgard L;) _to developnent with a devel oper to form an inmage

of’ t he phot ocur edfr
on 11111111 11111
met al - cl ad insulal

HERLACEM
phot ocured resin e‘tcr‘lmrf %

d.lIU

o

QHEET

(1)

&t 9

met hod i n which the constant-ratc

ing the nmetallic conductive |ayer (2)

PLACEMENT SHEET, 57 each surfac g t he
in areas otheE—Qﬁ%ﬂﬂiﬁQ—ﬁﬁaéa—gLii

, sd@ viscosity being deternined by a
nper at ur e- eIevating test is carried

i's _determ ned by the

n he viscosity
?E r]awﬁgggkﬁeﬁsr96r§§eﬂt Otﬁe &80 PR3 pPSssure
189" b1 k28181 LT kad' cLafli Srabich®BEREUS 4

an ultrav rom 40
to 95 % with respect to ultraviolet rays

out, using a flowt
foll owi ng fornul a:

(dyne/cn2), R repre
l ength (mMm) of the

having a wavelength of 365 nm,
'wherein the application of said photocurable resin
laminate to both surfaces of the metal-clad insulating
base board (1) is conducted under pressure so that a
portion of said photocurable resin layer (4) remote
from said ggpport intrudes.locally in the inner side of
the inner circumferential edge of both terminal open-
ings of each through-hole (3) and extends from said
inner circuhferential edge of the terminal opening
along and on the inner wall of said through-hole (3) to
a predetermined depth (d):

(3) exposing the photocurable resin layer (4) on
each surface of the metal-clad insulating base board“
(1) to ultraviolet radiation through a predetermined
transmitting pattern to form a photocured resin latent
image covering both terminal openings of each through-
hole (3);

(4) subjecting the exposed resin layer on each
surface of the metal-clad insulating base board (1) to
development’ with a developer to form an image of the

photocured resin;

(5)

and

etching the metallic conductive layer (2) on

* [ L L} S *



di e, and Q represent g-the=fl-ow—ae=<H) / sec), said ultraviolet ray
transnittance being ?eﬂEﬂLAQﬁMENi thod in which in a UV spectroneter,
a’lam nate of a pol ygthyl efe tjﬂka aI te filmand a photocurable resin

| ayer is placed on t'amneasurenent ~si-dgl whil e a po th |.en tere hshalate
filmis placed on th stae, and the tra

uously neasured over the range of from'ﬂMﬁanto 300 nn1|n the T% node, and
t he val ue at 365 nn1|s read fromthe obtained chart. 4. The met hod

d | " the. phot b
Facin | ayer (4S8 TR658 191 "6hS paealrotha’ ToglaCHinachRRg BAREY nner

circunferenti al o] p of sai.d hro h- hol e .(3) al ong
and on the inne?fgaf? £¥ésalé€§%%ougﬁn gﬁ ?? ?soﬁo H?&PcPﬁgﬁ 0.3 1in
terns of an i ndgxg{m g@lgﬁ éﬁcﬁfﬁbnfgsgéta rati o of sald depth (d) to the

t hi ckness of the petal -

said viscosity being determined by a method in

which the constant-rate temperature-elevating test is
carried out, using a flow tester, and the viscosity
(VI) is determined by the following formula:
nR4P
VI = ———— (poises)
8LQ
wherein P represents the applied pressure

(dyne/cm?),

R represents the radius (mm) of

the die, L represents the length (mm) of the

die, and Q represents the flow wvalue (ml/sec),

said ultraviolet ray transmittance being deter-
mined_by a method in which in a UV ‘spectrometer, a
laminate of a polyethylene terephthalate film and a
photocurable resin layer is placed on the measurement
side while a polyethylene terephthalate film is placed
on the reference side, and the transmittance is contin-

uously measured over the range of from 700 nm to 300 nm

in the T% mode, and the value at 365 nm is read from

the obtained chart.

’

4. The method according to claim 3, wherein said

depth (d) to which the photocurable resin layer (4)

* [+ L M S *



lic conductive | aye

board.(1). 5. The| nﬁyﬁg@m@ﬁﬁﬂr ) o claim4, wherein said depth (d)
not smaller than 0. in terns cﬁéﬁé§§i ndex n. 6. The nmethod according to
claim5, wherein s | EBBnoi smal l er tha .1 in terns

i ndex n and wher ei g 08t dp (5) is con te shegt 5

time which is greater than a mninmumtinmesgequired for renoving the
metal lic conductive |ayer (2) on each surface of the netal -clad insulating
in areas other than the image of the photocured resin and is

base board (1)

smal | er than arextdrs frmnehe iswiar incenmferentiakhadge gfisthee sane

on_each surface of the netal- clad insulating base

S

meani ng as defined for the index n. 7. The method according to any one of
‘clains 3 to 6, termgial eueninm @als chikayghthgle () 3longpdP
or non-di spersible in water. _and sol uble or di [

the inner wall of said throughfﬁgiélggfais not smaller
than 0.3 in terms of an index n, which is defined as a
ratio of said depth (d) to the thickness of the metal-
lic conductive layer (2) on each surface of the metal-

clad insulating base board (1).

5. The method according to claim 4, wherein said
depth (d) is not smaller than 0.5 in terms of the index

n.

6. The method acéording to claim S, wherein said depth
(d) is not smaller than 1.1 in terms of the index n and
wherein the etching 'in step (5) is‘conducteé for a
period of time which is greater than a minimum time
required for removing the metallic conductive layer (2)
on each surface of the metal-clad insulating base board
(1) in areas other than the image of the photocured
resin and is smaller than an n-fold value of said
minimum time, where n has the same meaning as defined

for the index n.

7. The method according to any one of claims 3 to 6,

wherein said photocurable resin layer (4) is insoluble

e
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i n an aqueous al kali _sol ution,
. N i )
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or non-dispersible in water and soluble or dispersible

in an aqueous alkali solution.
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