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DESCRIPTION
PHOTOCURABLE RESIN LAMINATE AND METHOD FOR PRODUCING

PRINTED CIRCUIT BOARD BY USE THEREOF

Technical Field

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
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~-
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
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:

*land") is usually about 0.5 mm. As a method for
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producing a printed circuit board héving such through-
holes; the so-called tenting method using a photocura-
ble resin laminate is known (see Japanese Patent Publi-
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

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



»

iy

10

15

20

25

3

the photocuréd resin as an etching resist. The etching
resist pattern formed to cover the terminal opening of
the through-hole is secured by adhesion to the surface
of the land formed around the through-hole, so that the
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.
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
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
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

the land width is generally not greater than 100 um,
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preferably not greater than 50 um.

wWhen production of a printed ciicuit board having
small-diameter through-holes is tried by the conven-
tional tenting method, permeation of an etching solu-
tion into the smali-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-~
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
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-
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.

In order to prevent the etching solution from

This Sheet Has Been Reﬂlaced
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pefmeating into the small-diameier through-holes, the
so-called plugging process has been widely adopted in
which a resin called a plugging'ink is filled in
throggh-holes and then, a photocurable resin laminate
is laminated on a base board.

Howéver, the plugging process is disadvéntageous
in that since not only is a step of filiing the plug-

ging ink, but also a step of removing the plugging ink

.after the etching operation, is required to be added to

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
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
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.

Another object of the present invention is to
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provide a method for producing a printed circuit board
having small-diameter through-hbles by using this novel
photocurable resin laﬁinate. |

The foregoing and other objects, features and
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

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
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
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

surface side of the base board, a resist layer capable
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of coﬁpletely preventing permeation of an etching
solution is formed extending from the circumferential

edge of each of both terminal openings of each small-

diameter through-hole along and over the inner wall of

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
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

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.

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

support, the photocurable resin layer having:
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(a) a viscosity of from 104 to 5 x 10° poises as
measured at 90 °C;
(b) é.thickness of from 30 to 150 pm; and
(c) an ultraviolet ray transmittance of from 40
to 95 % Qith 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

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
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 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-
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

- surface of the metal-clad insulating base board in

This Sheet Has BeenRTlaced
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areas ofher than the image of the photocured resin as .
an etching resist. |

The examination of cross-sectional photomicro-~
graphs and scanning electron photomicrographs of a
resist layer obtained by laminating the photocurable

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
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

"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
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

through-hole, permeation of the etching solution into
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.the through4hole can be prevented by the cured resin

layér extending from the entire inner circumference
edge of the terminal opehing of the through-hole along
and on the inner wall of the through-hole, which cured
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
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-
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
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.
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The photocurable resin layer of the photocurable
resin laminate of the present invention should have a
viscosity of 104 to 5 x 107 poises, preferably 5 x 104
to 2 x 105 poises, as ﬁeasured at 90 °C. As the vis-
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
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
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-
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 photocurable resin

laminate wound in a roll form, so that it becomes

substantially impossible to laminate the photocurable
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resin laminate stably on the base board. Moreover, if
the viscosity is too low, the thickness of the photo-_
curable resin layer covering the through-holes is
likely to be uneven, so that the resin layer partially
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
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
the time of development, but also 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
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

at least 40 %, but also the resolution is lowered.
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The 365 nm ultraviolet ray transmittance of the
photocurable resin layer of the photocurab;e resin
laminate of the present invention should be 40 to 95 %,
preferably 45 to 90 %. When the 365 nm ultraviolet ray
tranémittance is lower than 40 %, a portion of the
photocurable resin 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
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-
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
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

365 nm ultraviolet ray transmittance is lower than
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40 %, the intensity of the ultraviolet rays reaching
the inner side of the one-side terminal opening from
the opposite-side terminal opening becomes weak and,
therefore, curing of a portion of each photocurable
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).

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
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
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-

ferred that another vinyl compound having an acid
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group, such as a carboxyl group, a sulfonic acid group
or a phosphoric acid group, be copolymerized with the
above-mentioned vinyl compound in a ratio such that the
resultant copolymer has an acid equivalent of from 100
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.

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
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
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

with a liquid developer after the exposure to ultravio-
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let rays. An aéueous solution of an alkali, such as
sodium carbonate, or an organic solvent, such as
1,1,1-trichloroethane, can be used as the liquid de-‘
veloper. 1In order to prevent environmental pollution,
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
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
unsaturated compound having at least one terminal
ethylenically unsaturated group is used. For example,
products obtained by an addition reaction between an
o, B-unsaturated carboxylic acid and a monohydric or
polyhydric alcohol can be used. As specific examples
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), trimethylolpropane

di (meth)acrylate, trimethylolpropane tri(meth)acrylate,
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tetramethylolmethane fri(meth)acrylate, tetramethylol-
methane tetra(meth)acrylate, tetraethylene glycol
phenYl ether (meth)acrylate, diethyiene glycol ethyl
ether (meth)acrylate, 2,2-bis(4-

methacryloxyphenyl )propane, 2,2-bis(4-methacryldxyphe-
nyl)propane, 2,2-bis(4-methacry | '
.loxytetraethoxyphenyljpropane and 2,2-bis(4-methacry-
1o#ypentaethoxyphenyl)propane. In addition, urethane
products of the reaction between polyvalent isocyanate
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,
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
esterification product between a polycarboxylic acid,
such as succinic anhydride, and a compound having a

hydroxyi group and an ethylenically unsaturated group,

‘such as p-hydroxyethyl (meth)acrylate.

The content of the photopolymerizable monomer in

the photocurable resin layer is from 5 to 80 % by
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weight, preferably from 20 to 55 % by weight. By
appropriately choosing thé types of the above-mentioned
binder_and the photopolymerizable monomer and also
choosing an apprépriate ratio therebetween, the viscos-
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):

O R
1
]
R, (1)

wherein R; and R, each independently represent a
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,
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):
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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
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,
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
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-

iting high absorption for ultraviolet rays, such as a

This Sheet Has Been Re‘ilaced
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Michler’s ketone or a thioxanthone, the content is

"breferably'from 0.01 to 1 % by weight.

A radical polymerization inhibitor is preferably
incorporated for improving the thermal stability and
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'-
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.

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
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

layer in order to distinguish photocured areas from

e

i
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uncured areas. A combination of a leuco dye and a
halogen compound is known as a representative example
of a luminous dye. As the leuco dye, there can be
mentioned, for example, Leuco Crystal Violet and Leuco
Malachite Green. As the halogen compound, there can be
mentioned amyl bromide, isocamyl bromide, isobutylene
bromide, ethylene bromide, diphenylmethyl bromide,
beﬁzal bromide, methylene bromide, tribromomethylphe-
nylsulfone, carbon tetrabromide, tris(2,3-dibromopro-
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-
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
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

used. However, this non-transmitting support should be
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removed before the step of light exposure.

As the actinic ray-transmitting support, there can
be mentioned a polyethylene terephthalate film, a
polyvinyl alcohol fiim, a polyvinyl chloride film, a
vinyl chloride copolymer film, a polyvinylidene chlo-

ride film, a vinylidene chloride copolymer film, a

_polymethyl methacrylate film, a methyl methacrylate

copolymer film, a polystyrene film, a polyacrylonitrile
film, a styrene copolymer film, a polyamide film and a
cellulose derivative film.

A protective film can be laminated on a surface of

the photosensitive resin layer, on a side remote from

the support, of the photocuraﬁlé resin laminate of the
present invention. When the photocurable resin lami-
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
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

advantégeously be used.
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Using the photocurable resin laminate of the
present invention, a printed circuit board having
small-diameter through-holes can advantageously be
produced. That is, using an apparatus customarily used
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
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
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-
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

having on both surfaces thereof a metallic conductive
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layer and having a plurality of through-holes with
their respective entire inner walls govered with a
metallic conductive layer, said through-holes contain-
ing at least one through-hole having a diameter of not
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
surfaces of said metal-clad insulating base board,

which are inclusive of both terminal openings qf each

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

photocurable resin layer remote from said support,
said photocurable resin layer having:
(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 rayé
having a wavelength of 365 nm,
wherein the épplication 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

support intrudes locally in the inner side of the inner

e
e

P
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circumferential edge of both terminal openings of each
through~hole and extends from said inner circumferen-
tial edge of the terminal opehing along and on the
inner wall of said through-hole-to a predetermined
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
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

(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-
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

made to, for example, the specification of U.S. Patent
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No. 4,360,582.

In step (2), the photocurable resin laminate of

‘the present invention is applied under pressure to both

surfaces of the metal-clad insulating base board, 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
terminal openings of eacn through-hole from the inner
circumferential edge of the terminal opening to a
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
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—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

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

This Sheet Has Been R laced
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circumferential edge of each terminal opening be not
smaller than 0.3, more advantageously not smaller than
0.5, in terms of an index n, which is defined as a
ratio of the depth to the thickness of metallic conduc-
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
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
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
the cured resin layer after etching becomes long so

that the productivity is lowered. If 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.

Fig. 1 is an enlarged cross-sectional diagrammatic
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view illustrating the through-hole in WEich the photo-
curable resin layer intrudes and extends along and on
the inner wall of the through-hole frbm the inner
circumferential edge of the terminal opening thereof.
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
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
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,
perfect through-~holes for a printed tcircuit board can
be obtained ﬁith high reliability by conducting the

etching'ih step (5) 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
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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. This effect

is especially high when the inner diameter of the
through-holes is smaller than 0.5 mm.

In order to cause the photocurable 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
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
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
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

attained. However, if the depth becomes too large, the
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time required for removing the used resist becomes
long, thereby lowering the productivity.

Therefore, lamination conditions should be chosen
so that an appropriate intrusion depth of the photo-
curable resin layer is obtained, taking into considera-

tion the width of the deviation between the land pat-

tern of the negative mask and a desired land for the

terminal opening of the through-hole, which deviation

occurs in the production line.

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
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-
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-

bly, this pressing 6peration is carried out at least
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two times. For this purpose, a two-stage laminator
comprising two sets of roll systéms'can be used; or
there can be adopted a method in which the press-
lamination is accomplished by passing an assembly
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
following equation:

' nr2 X P

2

F =

wherein r represents the inner diameter (cm) of
the air cylinder, P represents the air préssure
(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
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.

At a high lamination temperature, the intrusion of
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the resin layer is easier, but when the lamination
temperature is too high, undesirable generation of
vapors is.likely to take place, so that it is difficult
to maintain the function of the dry film. The lamina-
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-
priately selected.

. The light exposure is carried out using u;travio-
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
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
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-

opment, irradiation with ultraviolet radiation can be
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performed again prior to etching.

The etching can be performed using a méthod suit-
able for the dry film used, for example, an acid-etch-
ing method and an alkali-etching method.

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
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
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
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

no means limit the scope of the invention.
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In the examples, all "parts" are by weight.

The properties described in the examples were
determinéd according to the following methods.

(1) Measurement of Viscosity

Using a flow tester (Model CFT-500 sold by Shimad-
zu Corporation, Japan), the constant~rate temperature~
elevating test was carried out. Thelviscosity (VI) was
determined by the following formula: |

wrép

VI = ——— (poises) -

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).

(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
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

obtained chart.

-
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(3), Evaluation of Cold Flow Characteristics
A 2.5 cm-square test piece was cut out from a

photocurable resin laminate, and a protective film

(polyethylene film) was peeled. The test piece with

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
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.

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-
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

due to the formation of a resin mass by solidification
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of the resin flowing out of both ends of the roll:

O: more than 4 months

A: 1 week to 4 months

x: less than 1 week
(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”)

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.

(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
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
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was prepared.

140 parts of a 35 % methyl ethyl ketone solution
of a methyl methacrylate/methacrylic acid/n-butyl
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,
Japan}), (M-1);

o 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);

0.1 part-of Malachite 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
uniformly coated on a polyethylene terephthalate 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")

was 50 um. The viscosity of the photosensitive layer
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was 1.5 x 107 poises as measured at 90 °C, and the
365 nm ultraviolet ray transmittance was 68 %.

A polyethylene film having a thickness of 35 um
was laminated on the surface of the photosensitive
layer remote from the polyethylene terephthalate film
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

AL-70 sold by Asahi Kasei Kogyo K.K., Japan) while

'peeling the polyethylene film from the photocurable

resin laminate. The formed laminate was pressed, using
an air cylinder having an inner diameter of 4 cm, under

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
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

board and depositing copper in a thickness of 20 pm on

the inner wall of the through-hole by plating to there-
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by obtain electric conduction between both surfaces of
the resultant board.

The photosensitive layer was exposed to radiation
of 100 mj/cm2 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
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")
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
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-

ing through the respective centers of the circular
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transmitting pattern and the circular termiﬁal opening
of the through-hole and on the side where the non-
transmitting pattern of the negative film partially
overlapped the terminal opening of the through-hole.
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
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-
jected to etching with a cupric chloride etching solu-
tion. The required minimuﬁ 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
sodium hydroxide at 50°C fof 120 seconds, and 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 .

caused at 10 through-holes (1.0 %), whereas in the case
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‘where the mask deviation was 20 pm, no through-hole

conduction breakage was caused at any through-hole
(0.0 %). 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
g_ )

| 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.

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

Kagaku, Japan) represented by the following formula:
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I B
C——O——CHchO—-—C—-—CH==CH2

Of

ﬁ4—o-—CH2fHCH

OH

3

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.

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-
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
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Table 1 (to be continued)
Example |Example |Example |Example |Example
1 2 3 4 5
B-1(140)[B-2(155)|B~-1(140)|B-2(155)|B-1(148)
M-1(30) |M-1(30) [M-1(30) [M-1(30) {M-1(24)
M-2(10) |M-2(10) IM-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)
IMEK(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 (um) 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 Re

[T




THIS SHEET HAS BEEN

REPLACED
44
Table 1 (continued)
Compara-|Compara-|Compara-|Compara-|Compara-
tive Ex-~-ltive Ex-|tive Ex-jtive Ex-|tive Ex-
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)|I-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-2T0.%) [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)
MEK(8) |[MEK(8) |[MEK(8) |{MEK(8) |[MEK(8)
W, 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) '
Sensiiivity
7 7 7 0 10
(100m3Icm2. Kodak
2l-stage step tablet)
Intrusion Depth 10 5 37 30 35
(d) (pm)
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 | 20pm
Opening coverage
retention ratio (2) 10 0 0 0 50
(board thickness=
l.6mm,
mask deviation=20um
Cold flow <:> (:)
characteristics (:) <:) ) (:)
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Table 1 (continued)
Compara-}Compara-|Compara-
tive Ex-~|tive Ex-|tive Ex-
ample 6 jample 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){D~-3(0.4){D-3(0.4)
MEK(8) [MEK(8)
Viscosity (poises), [1.5x10° [1.7x10° {sx103
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) (um)
Board {Mask
Through- | thick-|devia- 52 9 5
hole ness, |tion,
conduc- j1l.6mm j100pm
tion
‘|'breakage 20pm 5 0.4 1
ratio
(Z) Board {Mask
thick-|{devia- - - 12
ness, jtiomn,
0.8mm 20um
Opening coverage
retention ratio (2) 40 50 70
(board thickness=
1.6mm,
mask deviation=20pm
Cold flow
characteristics (:) ' (:> :X:
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Comparative Example 9

A solution having a composition described below
was prepared.

35.5 parts of a styrene/monobutyl maleate copoly-
mer (having a weight average molecular weight 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);

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;

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

~ 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

as described in Example 1. The following evaluations'
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were made in the same manner as described in Example 1
(where the thickness of the base board was 1.6 mm).
The sensitivity wés evaluated as the 7th step by the
test using Kodak 2l-stage step tablet, and the
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.

| 50 parts of a methyl methacrylate/methyl acrylate
cbpolyme: (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
acrylate;

13 parts of triméthylolpropane triacrylate;

13 parts of tetraethylene glycol diacrylate;

5 parts of I-1;

0.5 part of I-2;

‘0.1 part of 5-1;

0.4 part of D-2;

0.5 part of D-3;

6 parts of p-toluenesulfonamide; and

140 parts of methyl ethyl ketone.

A photosensitive layer was prepared in the same
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manner as described in Example 1 by using a solution

"having the above-mentioned composition. The thickness

of the photosensitive layer was 50 um and the viscosity
was 1.3 x 10° poises as measured at 90 °C, and the
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
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
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
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;

8 parts of triethylene glycol diaéetate;
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0.5 part of p—methoxjphenol; and

100 parts of MEK.

A photosensitive layer was prepared in the same
manner as described in Exampie 1 by using a solution
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
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

(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.
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

by using these solutions A and B. The thickness of the
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photosensitive layer 6f each laminate was 50 pm.

The performance evaluation test was carried out in
the same manner as described in Examplé 1 by using a
two-stage laminator (Model AL-700 sold by Asahi Kasei
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.
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-Table 2
Example|Example | Example}Compara-|Compara~{Compara-
7 8 9 tive Ex-{tive Ex-|tive 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)120/140}120/140 120 120/140
Press-laminating
force (kg) per cm 6.0 4.5 5.5 5.5 2.0 2.0
of width of base
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 1.8 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 *]

mask deviation = 100 pm

*2: required minimum etching time = 100 .seconds




10

15

20

25

52

Industrial Applicability

When the novel photocurable resin laminate of the
present invention is laminated under pressure on both
surfaces of a metal-clad insulting base board having

small-diameter through-holes and the ultraviolet radia-

‘tion exposure and the subsequent development with a

liquid developer are carried out, a phdtocurable resin
layer adhering closely to the inner wall of each
small-diameter through-hole from the inner circumferen-
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
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—
tageously be utilized for the production of printed
circuit boards having small-diameter through-~holes, the

demand for which is now increasing.
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CLAIMS

1. A photocurable resin laminate comprising a support
and a photocurable resin layer disposed on one surface_
of said suppdrt, 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

Sheet Has Been Reil|
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curable resin layer disposed on one surface of said
support, said photocurable resin layer having:
(a) a viscosity of from 104 to 5 x 10° poises As
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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etching the metallic conductive layer on each surface
of the metal-clad insulating board in areas other than

the image of the photocured resin as an etching resist.

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.

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.

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.

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

metallic conductive layer, said through-holes contain-

This Sheet Has Been
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ing at least one through-hole having a diameter of not
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
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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inner wall of said throﬁgh-hole to a predetermined
depth;

(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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10. The method according to claim 9, wherein 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.




