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SPECIFICATION
PRINTED CIRCUIT BOARDS
TECHNICAL FIELD

This invention relates to a printed circuit board and
more particularly to a printed circuit board suitable for the
high densification of mounting parts using a solder bump and
for the improvements of cdnnection reliability and mount?ng-

reliability.

BACKGROUND ART

At the present, it is always demanded to render
electronic equipments into high performances. Lately, it
strongly tends to conduct super-miniaturization and reduction
of thickness and weight in fields of mobile and portable
electronic equipments. In the field of printed circuit
boards, therefore, it is proceeded to develop a technique
corresponding to the high densification of mounting electronic
parts (chips) onto a wiring substrate.

As the conventional technique suitable for the high
densification of mounting the part, there is known a flip chip
mounting method in which a solder bump is arranged on a
surface mounting pad formed in the wiring substrate and the
solder bump is joined to the chip.

Such a flip chip mounting is a technique in which a
conductor circuit including a mounting pad is formed on the
mounting surface of the wiring substrate and then a solder is
fed on the mounting pad through a solder resist to form a
solder bump in an opening portion of the resist and thereafter
the solder bump is subjected to a reflow treatment to conduct

an electrical connection between the solder bump and an



electronic part.

However, the flip chip mounting has the following many
problems.

(1) 1In the flip chip mounting, the opening portion of
the solder resist feeding the solder in the printed circuit
board is formed by exposing porﬁions other than the openings
to a light through a photomask film printed-with an opening
pattefn, dissolving and removing unexposed portions through
development treatment and then conducting thermosetting. The
thus formed opening portion of the solder resist has hitherto
been constituted by making the size smaller than the size of
the mounting pad and overlapping the edge of the opening
portion with the outer peripheral edge (outer periphery of the
pad) of the'mounting pad as shown in Fig. 1. That is, opening
edge of the solder resist locates on the surface of the pad.
Therefore, when light is exposed on positions other than the
opening of the solder resist, the difference in hardness
through light exposure between an upper layer portion and a
lowexr layer portion of the solder resist is caused due to
deflection of incident light and the like. Particularly, the
pad surface is easily subjected to an influence of light
scattering produced on the surface. For this end, the curing
through light exposure becomes insufficient at the boundary
between the lower layer of the solder resist and the pad’
surface in the formation of the opening portion of the solder
resist and hence the solder resist is eroded up to the
position other that the opening portion by the development
treatment. As a result, there is caused a problem that a gap
is created in the boundary between the opening edge of the
solder resist and the pad through the subsequent
thermosetting.

(2) Vvhen the solder bump is formed on the mounting pad



by feeding the solder to the opening portion of the solder
resist in the printed circuit board, it is necessary that the
surface of the mounting pad exposed in the opening portion of
the solder resist is previously subjected to Ni/Au plating.
In the conventional structure of the solder resist described
in the above item (1), therefore, a plating solution sinks
into the gap produced between the opening edge of the solder
resist and the pad in the Ni/Au plating treatment and the
precipitation of the plated film proceeds in this portion to
conduct the penetration between the solder resist and the pad.
As a result, there is caused a problem of causing the peeling
in the opening edge of the solder resist.

(3) vhen the solder bump is formed on the mounting pad
by feeding the solder into the opening portion of the solder
resist in the printed circuit board, in order to avoid the
drawbacks such as flowing of solder, solder bridge and the
like, it is necessary to arrange a step difference between the
mounting pad surface and the solder resist surface.

Therefore, it is desirable to make the thickness of the solder
resist thicker as far as possible. However, as the mounting
pad becomes small in accordance with the high densification of
mounting the part, it is very difficult to feed the solder to
the pad and even if the step difference is arranged, there is
caused a problem that the drawbacks such as solder flowing,
solder bridge and the like can not be avoided in the formation
of the solder bump on a small-size pad. Further, in the
conventional structure of the solder resist described in the
item (1), the solder contacts with the solder resist, so tha£
there is a problem that crack is created from the contact
point.

(4) There is a tendency that the area of the pad

becomes small accompanied with the high densification of



moﬁnting the part through the reductions of the weight,
thickness and length of the elctronic part. In order to cope
with this tendency, it is necessary to form fine opening
portion in the solder resist and attain the improvement of the
resolution of the solder resist. However, there is a problem
that sufficient resolution is not obtained in the conventional
structure of the solder resist described in the item (1)
subjected to an influence of light scattering produced on the
pad surface during the light exposure.

(5) 1In case of multilayering the wiring substrate into
multilayer, it is necessary that the viahole existing on the
mounting surface is completely clogged with the solder resist.
However, it is very difficult to realize the complete clogging
and hence there is a problem of leaving drawbacks such as
bubble, unfilled portion and the like. These drawbacks bring
about the occurrence of crack through thermal shock, burn out
and the like and hence the connection reliability lowers.

(6) In case of multilayering the wiring substrate into
multilayer, it is generél to connect the wiring substrate to
the chip by newly wiring the mounting pad for the formation of
the solder bump from the viahole. Therefore, there is a
problem that the wiring length becomes longer to lower the
wiring density and hence it is difficult to mount the part in
a higher density.

It is an object of the invention to solve the
aforementioned problems in the part mounting using the solder
bump (flip chip mounting) and to provide a printed circuit
board suitable for the high densification of mounting the part
using the solder bump and for the improvements of the
connection reliability and mounting reliability.

For this purpose, a main object is to provide a printed

circuit board having a new structure that the solder bump for



mounting the part can surely be fed to the pad surface without
lowering the wiring density and the connection reliability.
Moreover, JP-A-4-337695 discloses a technique of
electrically connecting the wiring layers provided on both
sides of the insulating layer through the solder. On the
contrary, the invention is concerned with a new structure of
solder bump suitable for mounting electronic parts onto a
wiring substrate, which is clearly different from the
technique of JP-A-4-337695. Further, the technique disclosed
in JP-A-4-337695 lies in a point that the solder is contacted
with the insulating resin layer. Therefore, if this technique
is applied to the invention, there are caused new problems
that O lead diffuses into the resin of the insulating layer to
cause shortcircuit between the layers or between patterns, and
@ the solder having a poor wettability to the resin is apt to
be peeled off from the contact surface to the resin to drop
off the viahole made from the solder. From these facts, the
above conventional technique is impossible to realize the

object of the invention.

DISCLOSURE OF THE INVENTION

The inventors have made various studies in order to
achieve the above objects. As a result, the inventors have
found that it is effective to attain the main object by a
structure that the solder bump is located in the viahole
without wiring the pad for connecting the part.

The invention is based on the above knowledges and has
the essential feature and construction as mentioned later.
(1) A printed circuit board having a structure of
alternately a laminating conductor circuits and interlaminar
insulating layers, in which the interlaminar insulating layer
insulating between a surface layer of conductor circuit and an

inner layer of conductor circuit is provided with an opening



exposing the inner layer of conductor circuit and a viahole
made from a metal film electrically connecting the surface
layer of conductor circuit to the inner layer of conductor
circuit and a solder bump is filled and formed in the viahole.
(2) In the invention described in the item (1), it is
desirable that the solder bump is formed so as to £fill the
viahole on the mounting surface and cover a portion just above
the viahole.

(3) In the invention described in the item (1), it is
desirable that the viahole has a structure that the metal £film
for electrically connecting the inner conductor layer to the
outer conductor layer is formed in a concave opening formed in
the insulating layer provided on both surfaces with the
conductor layers so as to expose the inner conductor layer

from the surface of the insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial A-A section view illustrating an
opening shape of a solder resist in the conventional printed
circuit board. Fig. 2 is a partial section view illustrating
a forming state of a solder bump in the conventional printed
circuit board. Fig. 3 is a partial section view illustratiﬁg
a forming state of s older bump in the printed circuit board
according to the invention. Fig. 4 is a partial section view
illustrating production steps of an embodiment of forming a
solder bump on a mounting surface in the printed circuit board
according to the invention.

In the drawings, numeral 1 is a solder bump, numeral 2
a mounting pad, numeral 3 a conductor (conductor circuit),
numeral 4 a solder resist, numeral 5 a viahole, numeral 6 an
insulating layer, numeral 7 a plated resist (permanent

resist), symbol X an opening size of the solder resist, symbol



Y an opening size of the viahole, symbol Z a land size of the

viahole.

BEST MODE FOR CARRYING OUT THE INVENTION

The printed circuit board according to the invention
lies in a point that the viahole has a structure that an
opening portion is formed so as to pass through the
interlaminar insulating layer providing the insulation between
the surface layer of conductor circuit and the inner layer of
conductor circuit and covered with a metal coating
electrically connecting the inner conductor layer to the
surface conductor layer, and solder bump is filled and formed
in the viahole in the printed circuit board having a structure
of alternately laminating the conductor circuits and the
interlaminar insulating layers. That is, the solder bump is
located in the viahole as shown in Fig. 3.

In such a structure, it is not required to conduct the
new wiring of the pad for the formation of the solder bump
from the viahole, and hence the wiring length can be shortened
and the improvement of the wiring density can be attained.

In the above structure, the inside of the viahole is
completely filled with the solder bump. As a result, it is
not necessary to fill the solder resist or the like in the
viahole, so that there can be solved the problem of the -
conventional technique that the drawbacks such as bubble,
unfilled portion and the like remain in the £illing of the
solder resist. This is due to the fact that the solder is
uniformly and completely filled in the viahole through fusion.
Further, the printed circuit board having the above structure
according to the invention is also excellent in the electrical
connection reliability because the inside of the viahole is
completely filled.

According to the structure, the solder bump is filled



and formed in the concave portion of the viahole made from the
metal coating. As a result, the solder bump does not directly
contact with the resin of the insulating resin layer, so that
there is no breakage of the insulation between the layers or
between the patterns due to diffusion of lead even under high-
temperature and high-humidity conditions. Moreover, the
solder does not close to the resin, so that the peeling is
caused when the viahole is made from the solder. Imn this
connection, the solder bump according to the invention
contacts with only the metal coating constituting the vighole,
so that it is.excellent in the adhesion property to the metal
coating. And also, the solder bump is formed by filling in
the concave portion of the viahole, so that the amount of
solder used may be made large and it is possible to conduct
the accurate mounting of the part through self-alignment
effect based on surface tension. Further, it is desirable
that the metal coatings of nickel and gold are formed om the
surface of the viahole according to the invention from the
surface side of the viahole. Nickel is excellent in the
affinity with copper, while gold is excellent in the affinity
with nickel and solder.

In the printed circuit board according to the
invention, it is desirable that the opening size of the
viahole is 50-220 uym. When the opening size of the viahole 5
is less than 50 um, the size of the solder bump is restricted
to a small level and hence the electrical connection
reliability to the part is degraded and also the contact area
between the viahole and the conductor layer located
therebeneath becomes small to degrade the electrical
connection reliability to the inner circuit layer. On the
other hand, when the opening size of the viahole exceeds 220

pm, the solder bump is too large and the drawback such as



solder bridge or the like is apt to be caused on the side of
the part to be connected, and also it hardly copes with the
pitch of the flip chip so as not to obtain the effect of
improving the wiring density.

In the printed circuit board according to the
invention, it is desirable that the land diameter of the
viahole is 80-300 um. As the opening size of the viahole
becomes small, the amount of the solder fed may be decreased,
but when the land diameter is less than 80 um, the solder bump
can not completely be filled in the viahole and formed so as
to make higher than the solder resist. On the other hand,
when the land diameter exceeds 300 um, the solder bump is
inversely too large and hence the drawbacks such as solder
bridge and the like are apt to be caused on the side of the
part to be connected and the mounting density and wirihg
density lower. Moreover, the lowering of the mounting density
is caused due to the fact that the mounting area is decreased
by the increased portion of the solder bump though the
necessary mounting number is unchangeable.

A typical production method of an embodiment of the
printed circuit board according to the invention will be
described below. '

(1) At first, an inner layer of copper pattern is
formed on a substrate.

The formation of the copper pattern on the substrate is
carried out by etching a copper lined laminate, or by a method
wherein an adhesive layer for an electroless plating is formed
on a substrate such as glass epoxy substrate, polyimide
substrate, ceramic substrate, metal substrate or the like and
the surface of the adhesive layer is roughened and then
subjected to an electroless plating.

Particularly, it is desirable that when the copper
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pattern is formed by etching the copper lined laminate, a non-
solvent fesin (epoxy resin or polyimide resin) is applied,-
-cured, polished to expose the copper pattern to thereby
smoothen the surface of the substrate. Such a smoothening of
the substrate surface easily conduct the light exposure and
development because the thickness of the photosensitive
insulating resin layer formed on the substrate surface becomes
uniform.

| (2) Then, an interlaminar insulating layer is formed
on the inner layer of copper pattern formed in the item (1).

The interlaminar insulating layer is desirable to be
made from a thermosetting resin such as epoxy resin, polyimide
resin, bismaleimide triazine resin, phenolic resin or the
like; a photosensitive resin obtained by photosensitization of
these resins; a thermoplastic resin such as polyether sulphone
or the like; a composite of the thermoplastic resin and the
thermosetting resin; or a composite of the thermoplastic resin
and the photosensitive resin.

The surface of these resin layers may be subjected to a
roughening treatment with an oxidizing agent, an acid , an
alkali or the like. By such a roughening, the adhesion to the
- conductor circuit formed on the surface can be improved.

_ As the interlaminar insulating material, it is
particularly desirable to use an adhesive for electroless
plating. The adhesive for electroless plating is optimum to
be obtained by dispersing heat-resistant resin particles
soluble in acid or oxidizing agent into heat-resistant resin
hardly soluble in acid or oxidizing agent. This is due to the
fact that the heat-resistant resin particles soluble in acid
or oxidizing agent are roughened and removed, whereby octopus
trap-shaped anchors can be formed on the surface to improve

the adhesion property to the conductor circuit.
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In the adhesive, it is desirable that a photosensitized
thermosetting resin or a composite of a photosensitized
thermosetting resin and a thermoplastic resin is used as the
heat-resistant resin hardly soluble in acid or oxidizing
agent. Because, the viahole can easily be formed by light
exposure and development owing to the photosensitization..
Furthermore, the toughness can be improved by compositing with
the thermoplastic resin, whereby the improvement of peel
strength in the conductor circuit and the prevention of the
occurrence of cracks in the viahole portion by heat cycle can
be attained. '

Concretely, there are an epoxy acrylate obtained by
reacting the epoxy resin with acrylic acid, methacrylic acid
or the like, and a composite of epoxy acrylate and polyether
sulphone. As the epoxy acrylate, it is desirable to react 20-
80% of total epoxy group with acrylic acid, methacrylic acid
or the like. '

In the above adhesive, the heat-resistant resin
particles is desirable to be selected from (D heat-resistant
resin powder having an average particle size of not more than
10 um, @Qagglomerate particles having an average particle size
larger by 3 times or more than that of powder and obtained by
agglomerating heat-resistant resin powder having an average
‘particle size of not more than 2 um, @ a mixture of heat-
resistant resin powder having an average particle size of not
more than 10 ym and heat-resistant resin powder having an
average particle size of not more than 1/5 of the particle
size of the above powder but not more than 2 uym, and @ false
particles obtained by adhering at least one of heat-resistant
resin powder having an average particle size of not more than
2 um and inorganic powder to surfaces of heat-resistant resin

powder having an average particle size of 2 uym - 10 uym. They
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can form complicated anchors. As the heat-resistant resin,
epoxy resin, amino resin (melamine resin, urea resin,
guanamine resin) are favorable. Particularly, the solubility
of the epoxy resin to acid or oxidizing agent can be changed
by varying the kind of oligomer, kind of curing agent and
crosslinking density. For example, the resin obtained by
treating bisphenol A-type epoxy resin oligomer with an amine
type curing agent is easily dissolved in the oxidizing agent.
However, the resin obtained by treating novolac epoxy resin
oligomer with an imidazole type curing agent is hardly
dissolved in the oxidizing agent.

As the acid used in the invention, there are phosphoric
acid, hydrochloric acid, sulfuric acid, and organic acids such
as formic acid, acetic acid and so on. Particularly, the
organic acid is preferable. Because, when it is subjected to
the roughening treatment, it hardly corrodes the metal
conductor layer exposed from the viahole. As the oxidizing
agent, it is preferable to use chromic acid, permanganate
(potassium permanganate or the like). Especially, when the
amino resin is dissolved and removed, it is desirable to
alternately conduct the roughening treatment with acid and
oxidizing agent.

In the printed circuit board according to the
invention, a plurality of interlaminar insulating layers may
be used. For instance, there are the following forms in case
of using the plural layers.

@ The interlaminar insulating layer of two-layer
structure arranged between the upper layer of conductor
circuit and lower layer of conductor circuit in which the side
near to the upper layer of conductor circuit is an adhesive

- for electroless plating formed by dispersing heat-resistant

resin particles soluble in acid or oxidizing agent into heat-
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resistant resin hardly soluble in acid or oxidizing agent and
the side near to the lower layer of conductor circuit.

In this structure, there is caused no shortcircuit
between the layers when the adhesive layer for electroless
plating is too roughened by the roughening treatment.

@ The interlaminar insulating layer of three -layer
structure arranged between the upper layer of conductor
circuit and the lower layer of conductor circuit in which a
filling resin is embedded between the lower layers of
conductor circuit so as to render the lower layer of the.
conductor circuit and the filling resin into the same plane, a
heat-resistant layer hardly soluble in acid or oxidizing agent
is formed thereon and an adhesive for electroless plating is
formed thereon by dispersing heat-resistant resin particles
soluble in acid or oxidizing agent into heat-resistant resin
hardly soluble in acid or oxidizing agent.

"In this struéture, the filled resin is filled between
the lower layers of conductor circuit, so that the surface of
the substrate becomes smooth and there is no poor phenomenon
of causing the scattering of the thickness. Further,
inorganic particles such as silica or the like is included in
the filling resin, whereby the shrinkage through curing can be
reduced to prevent the warping of the substrate. Moreover,
the non-solvent resin is desirable as the filling resin, and
particularly non-solvent epoxy resin is optimum. When using
the solvent, the remaining solvent is evaporated by heating to
cause the interlaminar peeling.

(3) After the interlaminar insulating layer formed in the
item (2) is dried, an opening portion for viahole is formed by
light exposure and development in case of the photosensitive
resin, or by thermosetting and laser work in case of the

thermosetting resin.
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(4) The surface of the interlaminar insulating layer is

- roughened and a catalyst nucleus is applied thereto. The
catalyst nucleus is desirable to be noble metal ion, colloid
or the like, and palladium chloride or palladium colloid is
generally used. Moreover, it is desirable to conduct the
heating treatment for fixing the catalyst nucleus.

(5) After the application of the catalyst nucleus in the
item (4), the plated resist is formed. As the plated resist,
use may be made of commercially available product, or a’
composition comprising epoxy acrylate obtained by reacting
epoxy resin with acrylic acid, methacrylic acid or the like
and an imidazole type curing agent, and a composition
comprising epoxy acrylate, polyether sulphone and an imidazole
type curing agent.

In this case, a ratio of epoxy acrylate and polyether
sulphone is desirable to be about 50/50-80/20. When the epoxy
acrylate is too large, the flexibility lowers, while when it
is too small, the photosensitivity, resistance to base,
resistance to acid and resistance to oxidizing agent lower.

As the epoxy acrylate, 20-80% of total epoxy groups are
desirable to be reacted with acrylic acid, methacrylic acid or
the like. When the acrylation ratio is too high, the
hydrophilic property through OH group becomes high and the
moisture absorption rises, while when the acrylation ratio is
too low, the resolution is degraded.

As the epoxy resin being a fundamental skeleton resin,
novolac type epoxy resin is desirable. Because, it is high in
the crosslinking density, and can adjust its water absorption
after the curing to not more than 0.1%, and is excellent in
the resistance to base. As the novolac type epoxy resin,
there are cresol novolac type and phenol novolac type.

(6) A portion not forming the plated resist in the
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treatment of the item (5) is subjected to a primary plating.
In this case, not only the copper pattern but also the viahole
are formed.

As the primary‘plating, it is desirable to be an alloy
plating using at least two metal ions selected from copper,
nickel, cobalt and phosphorus. Because, these alloys are high
in the strength and can improve the peel strength.

In the electroless platin§ solution for the primary
plating, it is desirable that a reducing agent reducing a
metal ion to a metal element is at least one selected from
aldehyde, hypophosphate (called as phosphinate), boron hydride
and hydrazine. These reducing agents are soluble in water and
excellent in the reducing force. Particularly, hypophosphate
is desirable in view of the precipitation of nickel.

In the electroless plating solution for the primary
plating, it is desirable to use at least one basic compound
selected from sodium hydroxide, potassium hydroxide and
calcium hydroxide as a pH adjusting agent for the adjustment
to basic conditions. Under the basic conditions,
hydroxycarboxylic acid forms a complex with nickel ion or the
like. As the hydroxycarboxylic acid, succinic acid, malic
acid, tartaric acid and the like are desirable. They easily
form a complex with nickel, cobalt and copper. The
concentration of the hydroxycarboxylic acid is desirable to be
0.1-0.8M. When it is less than 0.1M, the complex cam not
sufficiently be formed and abnormal precipitation and
decomposition of the solution create, while when it exceeds
0.8M, there are cauéed inconveniences that the precipitation
rate becomes slow and the occurrence of hydrogen is frequent.

The electroless plating solution for the primary
plating is desirable to contain bipyridyl. Because, bipyridyl

can control the occurrence of metal oxide in the plating bath
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to suppress the occurrence of nodule.

Moreover, copper ion, nickel ion and cobalt ion are
supplied by dissolving compounds of copper, nickel and cobalt
such as copper sulfate, nickel sulfate, cobalt sulfate, copper
chloride, nickel chloride, cobalt chloride and the like.

The primary plated £ilm made from the electroless
plating solution is excellent in the followability to the
roughened surface of the adhesive layer for electroless
plating and traces the form of the roughened as it is.
Therefore, the primary plated £ilm has the same anchor as the
roughened surface. Therefore, the secondary plated film
formed on the primary plated film ensures the adhesion
property owing to the anchor. Thus, the primary plated film
is desirable that the strength precipitated by the
aforementioned electroless plating solution is high for
controlling the peel strength. Since the secondary plated
film is desirable to be high in the electrical conductivity
and fast in the precipitation rate, it is favorable to be a
plated film precipitating fro, a simple copper plating
solution rather than a composite plating.

(7) The primary plated film formed in the item (6) is

subjected to a secondary plating to form conductor circuit
including viahole. The plated £film through the secondary

plating is desirable to be a copper plated film.

As the electroless plating solution for the secondary
plating, it is desirable to use an electroless copper plating
solution comprising copper ion, trialkanol amine, reducing
agent and pH adjusting agent that the concentration of the
copper ion is 0.005-0.015 mol/l, the concentration of the pH
adjusting agent is 0.25-0.35 mol/l and the concentration of
the reducing agent is 0.01-0.04 mol/l/ This plating solution

is stable in the bath and less in the occurrence of nodule or
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the like.

In the electroless plating solution for the secondary
plating, it is desirable that the concentration of trialkanol
amine is 0.1-0.8M. The plating precipitation reaction is most
proceeding within this range. The trialkanol amine is
desirable to be at least one selected from triethanol amine,
triisopanol amine, trimethanol amine and tripropanol amine.
They are soluble in water.

In the electroless plating solution for the secdndary
plating, the reducing agent is desirable to be at least one
selected from aldehyde, hypophosphate, boron hydride and
hydrazine. It is soluble in water and has a reducing force
under basic conditions. The pH adjusting agent is desirable
to be at least one selected from sodium hydroxide, potassium
hydroxide and calcium hydroxide.

(8) If necessary, the steps of the items (2)-(8) are
repeated, whereby a multilayer printed circuit board
comprising conductor circuits inclusive of viaholes on the
mounting surface is produced through a given method. 1In this
case, pads for the formation of solder bump as in the
conventional technique are not wired on the conductor circuit
in the mounting surface of the printed circuit board. Fig) 5
is a partial section view illustrating production steps of an
embodiment for forming the solder bump on the mounting surface
of the printed circuit board. The followings are described
with reference with this figure.

(9) The conductor circuit 3 inclusive of viahole 5 on the
mounting surface of the printed circuit board produced in the
items (1)-(8) is subjected to Ni plating and Au plating in
this order and then the solder resist 4 opening the viahole
portion is formed by light exposure, development and the like

so as to match a solder bump forming portion provided with an
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opening portion having a size X larger than an opening size Y
of the viahole 5 with the viahole portion (see Fig. 4(2)).
(10) ‘Then, a solder ball is fed to the inside of the viahole
5 and subjected to a reflow treatment, whereby the solder bump
1 is formed so as to completely fill the fused solder in the
viahole 5 and to thereby produce the multilayer printed
circuit board comprising the solder bump formed on the
mounting surface (see Fig. 4(3)).

An example on the forming state of the solder bump
constituting the printed circuit board according to the
invention will be described with reference to Fig. 3.

(Example 1)

(1) An insulating resin is applied onto a substrate
provided with an inner layer of conductor circuit by a given
method and exposed to light and developed and cured to form an
insulating layer 6 provided with a non-through hole for the
formation of a viahole 5.

(2) Then, the surface of the insulating layer 6 is
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plated resist 7
inclusive of a viahole 5 and a land portion thereof, which is
then subjected to an electroless copper plating of 15 um. 1In
this case, an opening size Y of the viahole 5 is 120 uym, and a
diameter Z of a land portion of the viahole 5 is 190 um.

(3) Next, the conductor circuit 3 including the
viahole 5 is subjected to Ni plating and Au plating in this
order and thereafter a solder resist 4 opening the viahole §
portion is formed through light exposure, development and the
like. In this case, the solder resist 4 has a film thickness
of 20 ym and an opening size of 250 um.

(4) Further, a cream solder is printed through a metal

mask by a doctor bar and the metal mask is removed.
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Thereafter, a solder bump 1 is formed by a printing method in
which the solder is supplied through reflow to produce a
printed circuit board.

(Example 2)

(1) An insulating resin is applied onto a substrate
provided with an inner layer of conductor circuit by a given
method and cured to form an insulating layer 6. Then, a non-
through hole for the formation of a viahole 5 having an
opening size Y of 100 ym is formed in the insulating layer 6
through a laser.

(2) Then, the surface of the insulating layer 6 is
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plated resist 7
inclusive of a viahole 5 and a land portion thereof, which is
then subjected to an electroless copper plating of 15 ym. 1In
this case, a diameter Z of a land portion of the viahole 5 is
150 um.

(3) Next, the conductor circuit 3 including the
viahole 5 is subjected to Ni plating and Au plating in this
order and thereafter a solder resist 4 opening the viahole 5
portion is formed through light exposure, development and the
like. 1In this case, the solder resist 4 has a film thickness
of 20 ym and an opening size of 200 um. Further, a clearance
created between the opening edge of the solder resist 4 and
the outer peripheral edge of the land portion of the viahole §
is within a range of 25-30 um.

(4) A multilayer printed circuit board is produced by
forming a solder bump 1 through a solder transfer method in
which a solder sheet having a respective pattern is used and
positioned and reflowed to supply the solder. 1In this case,
the solder sheet has a film thickness of 35 um and a pattern

diameter of 120 um, and the reflow of the solder is carried
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out at 245°C.
(Comparative Example 1)

(1) An insulating resin is applied onto a substrate
provided with an inner layer of conductor circuit by a given
method and exposed to light and developed and cured to form an
insulating layer 6 provided with a non-through hole for the
formation of a viahole 5 and an opening for a flat mounting
pad.

(2) Then, the surface of the insulating layer 6 is
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plated resist 7
inclusive of a mounting pad 2, which is then subjected to an
electroless copper plating of 15 um. In this case, a size of
the pad is 200 um.

(3) A solder resist 4 is formed by opening a portion
of the mounting pad in the same manner as in Example 1 and the
feeding of solder is carried out by the printing method to
form a solder bump 1, whereby a printed circuit board is
produced.

(Comparative Example 2)

(1) An insulating resin is applied onto a substrate
provided with an inner layer of conductor circuit by a given
method and exposed to light and developed and cured to form an
insulating layer 6 provided with a non-through hole for the
formation of a viahole 5.

(2) Then, the surface of the insulating layer 6 is
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plated resist 7
inclusive of a viahole 5 and a land portion thereof, which is
‘then subjected to an electroless copper plating of 15 ym. 1In
this case, an opening size Y of the viahole § is 100 ym and a

diameter Z of the land portion of the viahole 5 is 330 um.
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(3) A solder resist 4 is formed by opening a portion
of the mounting pad in the same manner as in Example 1 and the
feeding of solder is carried out by the pfinting method to
form a solder bump 1, whereby a printed circuit board is
produced.

(Comparative Example 3)

(1) An insulating resin is applied onto a substrate
provided with an inner layer of conductor circuit by a given
method and exposed to light and developed and cured to form an
insulating layer 6 provided with a non-through hole for the
formation of a viahole 5. .

(2) Then, the surface of the insulating layer 6 is
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plated resist 7
inclusive of a viahole 5 and a land portion thereof, which is
then subjected to an electroless copper plating of 15 um. 1In
this case, an opening size Y of the viahole 5 is 50 uym and a
diameter Z of the land poftion of the viahole 5 is 70 um.

(3) A solder resist 4 is formed by opening a portion
of the mounting pad in the same manner as in Example 1 and the
feeding of solder is carried out by the printing method to
form a solder bump 1, whereby a printed circuit board is
produced.

(Comparétive Example 4)

(1) An insulating resin is applied onto a substrate
provided with an inner layer of conductor circuit by a given
method and exposed to light and developed and cured to form an
insulating layer 6 provided with a non-through hole for the
formation of a viahole 5.

(2) Then, the surface of the insulating layer 6 is
roughened by treating with chromic acid and a catalyst is

applied to form a conductor portion opening plated resist 7
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inclusive of a viahole 5 and a land portion thereof, which is
then subjected to an electroless copper plating of 15 ym. In
this case, an opening size Y of the viahole 5 is 250 ym and a
diameter Z of the land portion of the viahole 5 is 300 um.

(3) A solder resist 4 is formed by opening a portion
of the mounting pad in the same manner as in Example 1 and the
feeding of solder is carried out by the printing method to
form a solder.bump 1, whereby a printed circuit board is
produced. |
(Comparative Example 5) .

(1) An insulating resin is applied onto a substrate
provided with an inner layer of conductor circuit by a given
method and exposed to light and developed and cured to form an
insulating layer 6 provided with a non-through hole for the
formation of a viahole 5.

(2) Then, the surface of the insulating layer 6 is
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plated resist 7
inclusive of a viahole 5 and a land portion thereof, which is
then subjected to an electroless copper plating of 15 pm. In
this case, an opening size Y of the viahole 5 is 30 uym and a
diameter Z of the land portion of the viahole 5 is 80 um.

(3) A solder resist 4 is formed by opening a portion
of the mounting pad in the 'same manner as in Example 1 and the
feeding of solder is carried out by the printing method to
form a solder bump 1, whereby a printed circuit board is
produced.

The observation of section of viahole 5, test for the
resistance to cold-heat shock, evaluation of mounting numbers
and evaluation of connection reliability are carried out with
respect to the thus produced printed circuit boards to obtain

results as shown in Table 1.
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| Table 1
via/land. Test for SEM Mounting | Connection
*] resistance |obser- number*3 relia-
to cold- vation bility
heat shock |viahole *4
*2 section
Exam-
ple 1 | 120/190 | more than no 10 3.5x10?
1000 cycles| bubble _
2 | 100/150 | more than no 11 3.4x10°
1000 cycles| bubble
Com-
para-
tive
Exam-
ple pad 500 cycles presence 5 3.1x10?
mount- of
ing bubbles
100/330 | more than no 1 3.5x10*
1000 cycles | bubble
50/70 more than no 14 5.2x10!
1000 cycles | bubble
250/300 | more than no 1 1.3x10%
1000 cycles | bubble
30/80 more than no 13 7.4x10%
1000 cycles | bubble

*1 wvia/land; opening size of viahole (um)/diameter of land

(pm)

*2 test for the resistance to cold-heat shock; time of

creating cracks of viahole portion in cycle test of -65°C<—>

125°C
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+*3 mounting number; number of mountable bumps per unit area
relative to bumb shape (size), provided that a distance
between bumps is constant and number in Example 1 is 10.

*4 connection reliability; value of resistande (Q) in
mounting portion as measured after 300 cycles of -65°C<—> 125°C
(test for the resistance to cold-heat shock)

As seen from tbe results of Table 1, in the printed
circuit boards according to the invention, the mounting is
possible in a higher density, and no occurrence of bubble is
caused in the viahole, and the resistance to cold-heat shock
and the connection reliability are excellent.

As shown in Comparative Example 1, in the conventional
printed circuit board forming the solder bump 1 by wiring the
‘mounting pad 2 from the viahole 5, bubbles are existent in the
resin filled in the viahole 5, so that cracks are apt to be
caused in the test for the resistance to cold-heat shock to
bring about the degradation of the connection reliability to
the part. Further, the wiring density is lowered as compared
with Examples 1 and 2 due to the wiring of the mounting pad 2
and hence the formation of higher mounting density (high
mounting number) is not attained.

As shown in Comparative Examples 2-4, in the printed
circuit boards having a structure that the opening size Y of
the viahole 5 or the land diameter Z is outside the preferable
range of the invention, it has been confirmed that at least
one of the mounting density (mounting number) and the
connection reliability to the part is poor as compared with
the wiring boards of Examples 1 and 2. That is, when the
opening size Y of the viahole 5 or the land diameter Z is
larger as in Comparative Example 2 or 4, the wiring density is

low and the solder bump 1 to be formed is large, so that the
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formation of higher mounting density (mounting number) is not
attained. On the other hand, when the opening size Y of the
viahole 5 or the land diameter Z is small as in Comparative
Example 3 or'5, the bump 1 filled in the viahole 5 can not be
formed so as to make higher than the solder resist 4, so that
the electrical connection reliability to the part can not be
ensured. Moreover, when the opening size Y of the viahole 5
is small, the electrical connection reliability between the
viahole 5 and the conductor 3 located therebeneath is also

poor.

INDUSTRIAL APPLICABILITY

As mentioned above, according to the invention, there
can stably be provided printed circuit boards suitable for
high densification of mounting parts using a solder bump and
the improvements of connection reliability and mounting
reliability.

Therefore, the printed circuit board according to the
invention can easily cope with reductions of weight, thickness
and length of substrate and exhibits an excellent adaptability.
in many fields requiring high performances and high

densification of electronic parts.
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CLAIMS

_ 1. A printed circuit board having a structure of
alternately a laminating conductor circuits and interlaminar
insulating layers, in which the interlaminar insulating layer
insulating between a surface layer of conductor circuit and an
inner layer of conductor circuit is provided with an opening
exposing the inner layer of conductor circuit and a wviahole
made from a metal film electrically connecting the surface
layer of conductor circuit to the inner layer of conductbr
circuit and a solder bump is filled and formed in the viahole.

2. A printed circuit board according to claim 1,
wherein the solder bump is formed so as to £ill the viahole on
the mounting surface and cover a portion just above the
viahole.

3. A printed circuit board according to claim 1,
wherein the viahole has a structure that the metal film for
electrically connecting the inner conductor layer to the outer
conductor layer is formed in a concave opening formed in the
insulating layer provided on both surfaces with the conductor
layers so as to expose the inner conductor layer from the

surface of the insulating layer.

AR O
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PRINTED CIRCUIT BOARDS

ABSTRACT |

This invention is to provide a printed circuit board
suitable for the high demsification of moﬁnting parts using a
solder bump and for the improvements of connection reliability
and mounting reliability, and proposes a printed circuit board
having a structure of alternately a laminating conductor
circuits and interlaminar insulating layersprinted circuit
board, characterized in that the interlaminar insulating layer
insulating between a surface layer of conductor circuit and an
inner layer of conductor circuit is provided with an opening
exposing the inner layer of conductor circuit and a viahole
made from a metal film électrically connecting the surface ‘
layer of conductor circuit to the inner layer of conductor

circuit and a solder bump is filled and formed in the viahole.

Figure 3
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