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(57) ABSTRACT 

In manufacturing a double-layered or a multi-layered printed 
Correspondence Address; Wiring board, a layer of metamorphic substance, Which is 
ROSSI & ASSOCIATES created by transmuting a substrate material, is formed on an 
P 0 BOX 826 inner Wall of a hole during a perforation process of the 
ASHBURN, VA 201460826 substrate utilizing radiation energy. The layer of metamor 

phic substance prevents conductive materials constituting 
( * ) Notice: This is a publication of a continued pros- electrical connection means formed on the inner Wall of the 

ecution application (CPA) ?led under 37 hole from dispersing over a surface of the substrate or 
CFR 1.53(d). permeating into the substrate. 
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PRINTED WIRING BOARD 

FIELD OF THE INVENTION 

[0001] The present invention relates to a printed Wiring 
board for use in a various kinds of electronic equipments, 
and a method of and an apparatus for manufacturing the 
same. 

BACKGROUND OF THE INVENTION 

[0002] Double-layered printed Wiring boards and multi 
layered printed Wiring boards enabling a high-density 
mounting are being spread Widely for adoption in electronic 
equipments along With reduction in siZe and increase in 
density of the electronic equipments through the years. In 
manufacturing process of the double-layered printed Wiring 
boards and the multi-layered printed Wiring boards, in the 
past, drilling has been used to form through holes and blind 
holes in a substrate. In recent years, hoWever, a neW perfo 
ration method utiliZing a laser beam is emerging as a process 
capable of making ?ner holes at higher speed, as disclosed 
in Japanese Patent Laid-Open Publication, No. H09-107168. 

[0003] In the prior art perforation method utiliZing a laser 
beam, generally the Work has been performed according to 
a speci?cation for a total amount of radiation energy to be 
irradiated in a unit area of a substrate. HoWever, there have 
been cases that dispersion occurs in a result of the Work 
depending on a radiating apparatus, even though the total 
amount of radiation energy is maintained constant. 

[0004] Further, another perforation method of the prior art 
utiliZing a laser adopts a process in that a substrate material, 
as a Working object, is evaporated instantaneously in a 
shortest possible time by irradiating the laser beam With an 
enhanced peak energy on the substrate material, in order to 
reduce an effect of heat to a circumjacent area of the part 
being processed. HoWever, if the prior art method of laser 
processing is applied to a substrate having porous structure, 
there is a case that a cavity 1a leading to an interior of the 
substrate can develop in an inner Wall of the through hole, 
as shoWn in FIG. 15B. 

[0005] Since a purpose of making the through hole is to 
form an electric conductive means in the through hole by 
plating, or by using a conductive paste or the like material 
for making an electrical contact betWeen an upper and a 
loWer surfaces of the substrate, a development of the cavity 
1a leading to an interior of the substrate causes a problem of 
deteriorating an insulation property of the printed Wiring 
board around the through hole due to an entry of the plated 
membrane or the conductive paste, as shoWn in FIG. 16A. 
A further problem occurs that reliability of the printed 
Wiring board is impaired, if the cavity 1a is present near the 
surface of the substrate, because a material composing the 
electric conductive means spreads around the through hole 
on the surface of the printed Wiring board as shoWn in FIG. 
16B. 

[0006] For the above reasons, the present invention aims 
at providing a printed Wiring board having high density and 
high reliability, and also a method and an apparatus for 
manufacturing the printed Wiring board of high density and 
high reliability Without decreasing a speediness of the laser 
processing in the Work of perforating the printed Wiring 
board. 
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SUMMARY OF THE INVENTION 

[0007] The present invention relates to a double-layered 
and a multi-layered printed Wiring board provided With 
electrical connection means interconnecting a plurality of 
circuits through a through hole or a blind hole formed in a 
substrate material in order to connect the plurality of circuits 
constructed With a plurality of metal foils sandWiching an 
insulation substrate, and a method and an apparatus for 
manufacturing the same. In the manufacturing process of the 
printed Wiring board of the present invention, the printed 
Wiring board is provided With a preventive means on an 
inner Wall of the through hole or the blind hole for prevent 
ing conductive materials constituting the electrical connec 
tion means from spreading or permeating into or over the 
surface of the substrate material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a series of ?gures depicting a manufac 
turing process of a double-layered printed Wiring board of a 
?rst exemplary embodiment of the present invention; 

[0009] FIG. 2 depicts a rough ?gure of a Waveform of 
laser pulse used for the prior art laser processing, and a cross 
sectional vieW of a substrate after the processing; 

[0010] FIG. 3 depicts a rough ?gure of a Waveform of the 
laser pulse, of Which peak energy is reduced and an irradi 
ating duration is prolonged in the prior art laser processing, 
and a cross sectional vieW of a substrate after the processing; 

[0011] FIG. 4 depicts a rough ?gure of a Waveform of the 
laser pulse used in a second exemplary embodiment of the 
present invention, and a cross sectional vieW of a substrate 
after the processing; 

[0012] FIG. 5 is a series of ?gures depicting a manufac 
turing process of a double-layered printed Wiring board of a 
third exemplary embodiment of the present invention; 

[0013] FIG. 6 is a rough structural draWing depicting a 
manufacturing apparatus of a printed Wiring board of a 
fourth exemplary embodiment of the present invention; 

[0014] FIG. 7 depicts a ?gure shoWing an energy distri 
bution of the laser used in the prior art laser processing, and 
a cross sectional vieW of the processed portion; 

[0015] FIG. 8 depicts a ?gure shoWing an energy distri 
bution of the laser used in the fourth exemplary embodiment 
of the present invention, and a cross sectional vieW of the 
processed portion; 
[0016] FIG. 9 depicts a ?gure shoWing an energy distri 
bution of the laser, When the laser beam is excessively 
choked in the fourth exemplary embodiment of the present 
invention, and a cross sectional vieW of the processed 
portion; 
[0017] FIG. 10 is a series of ?gures depicting a manufac 
turing process of a multi-layered printed Wiring board of a 
?fth exemplary embodiment of the present invention; 

[0018] FIG. 11 is a series of ?gures depicting an inter 
mediate manufacturing process of a printed Wiring board of 
a sixth exemplary embodiment of the present invention; 

[0019] FIG. 12 is a series of ?gures depicting an inter 
mediate manufacturing process of a printed Wiring board of 
a seventh exemplary embodiment of the present invention; 
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[0020] FIG. 13 is a rough structural drawing depicting a 
manufacturing apparatus of a printed Wiring board of an 
eighth exemplary embodiment of the present invention; 

[0021] FIG. 14 is a perspective vieW depicting a laser 
oscillator for the manufacturing apparatus of a printed 
Wiring board of a ninth exemplary embodiment of the 
present invention; 

[0022] FIG. 15 is a series of ?gures depicting an inter 
mediate manufacturing process of a printed Wiring board of 
the prior art; 

[0023] FIG. 16 depicts cross sectional vieWs of double 
layered printed Wiring boards of the prior art; and 

[0024] FIG. 17 depicts a cross sectional vieW of a double 
layered printed Wiring board of the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] Referring noW to FIG. 1 through FIG. 14, pre 
ferred embodiments of the present invention Will be 
described hereinafter With an example using a substrate 
material made of a composite of aromatic polyamide ?ber 
(i.e., aramid ?ber) and thermosetting resin. 

First Exemplary Embodiment 

[0026] FIGS. 1A through 1F are cross sectional vieWs of 
an area around a through hole, depicting a manufacturing 
process of a printed Wiring board of a ?rst exemplary 
embodiment of the present invention. In FIG. 1, a substrate 
material 11 constituting a base material of the printed Wiring 
board is a composite material composed of epoxy resin 12, 
Which is a kind of thermosetting resin, and aramid ?ber 13. 
These materials are normally used in a state that the epoxy 
resin is partially polymeriZed, Which is usually called 
“B-stage” in the printed Wiring board manufacturing indus 
try. A composite of polymeric resin and ?ber in a state of the 
B-stage is commonly called a “prepreg”, Which is commer 
cially available. The prepreg is generally a porous substance 
containing numerous pores in it. The aramid ?ber can be 
either in a Woven form or non-Woven form for use in the 

prepreg. Although aramid ?ber is used for the ?ber material 
in the prepreg of the described embodiment, other organic 
?ber materials such as various kinds of polyester ?ber, 
aliphatic polyamide ?ber, phenolic ?ber, etc. or any inor 
ganic ?ber material typi?ed by glass ?ber can also be used. 

[0027] A through hole 15 is formed next by irradiating a 
laser beam 14 to the substrate material 11 as shoWn in FIG. 
1B. When the laser is irradiated, the epoxy resin and the 
aramid ?ber in the substrate material are dispersed into the 
surrounding by evaporation and sublimation. If a condition 
of the laser irradiation is optimiZed in a manner as to be 
described in a succeeding second exemplary embodiment, 
the aramid ?ber 13 around a sideWall of the hole is melted 
to form a layer of metamorphic substance 16 on the sideWall 
of the hole. Although molten matter of the aramid ?ber 
constitutes a major constituent of the metamorphic sub 
stance layer 16, as described above, the epoxy resin 12 can 
also be a part of the constituent elements. 

[0028] Although the metamorphic substance layer 16 is 
formed as a relatively dense membrane over the inner Wall 
of the through hole 15, it does not necessarily cover the 
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entire Wall surface uniformly. In other Words, it has been 
revealed as a result of an experiment conducted by the 
inventors of this patent that, resin materials contained in 
conductive paste 17, Which is rubbed into the through hole 
15 in the next process, are permeated into an interior of the 
substrate material 11 via the metamorphic layer 16 of the 
through hole 15 during the subsequent hot-pressing process. 
On the other hand, conductive particles having diameter of 
1 to 5 pm contained in the conductive paste 17 are not 
penetrated into the substrate material 11, thereby increasing 
a density of the conductive materials Within the through hole 
15 after the hot-pressing. 

[0029] The phenomenon that the density of the conductive 
materials Within the through hole increase after the hot 
pressing, exerts its effect especially When manufacturing a 
printed Wiring board having through holes of a small diam 
eter. That is, it requires conductive paste of loW viscosity by 
increasing an amount of resin content contained in the 
conductive paste, When the conductive paste is being rubbed 
into the through hole of small diameter. HoWever, if the resin 
content in the conductive paste is increased, reliability in 
electrical contact through the conductive paste decreases. In 
this respect, the metamorphic substance layer formed 
according to the present invention improves reliability in the 
electrical contact, since the density of the conductive mate 
rials Within the through hole increases after the hot-pressing, 
due to permeation of the resin component in the conductive 
paste into the substrate material during the hot pressing 
process as aforecited. In a Word, the metamorphic substance 
layer for the purpose of preventing permeation of the 
conductive materials, as described in this invention, needs 
not be an absolutely perfect layer, but it serves the purpose 
if it can prevent the conductive materials composing the 
electric connection means from permeating and dispersing 
into the substrate material or the surfaces surrounding the 
through hole. 

[0030] Subsequently, the conductive paste 17 as connec 
tion means composed mainly of conductive particles and 
epoxy resin is ?lled in the through hole 15, as shoWn in FIG. 
1C, by printing or the similar means. Further, the substrate 
material 11 is sandWiched With tWo metal foils 18 on both 
surfaces, as shoWn in FIG. 1D, and hot-pressed, so that the 
substrate material 11 is compression-molded in a direction 
of thickness. And, as a result, the metal foils 18 on both sides 
of the substrate material 11 are electrically connected With 
the conductive particles in the conductive paste 17 as 
depicted in FIG. 1E. 

[0031] After the foregoing steps, the metal foils 18 on both 
sides of the substrate material 11 are etched to form a circuit 
19 by an ordinary etching process, and a printed Wiring 
board is completed as shoWn in FIG. 1F. 

[0032] The present embodiment is especially effective if 
the substrate material 11 is in a state of prepreg having 
numerous pores, and this invention is also useful for the 
printed Wiring board utiliZing a porous material, Which is 
easy to process With the compression-molding, for the 
substrate material 11. 

[0033] Although the embodiment as described above is a 
structure of the double-layered printed Wiring board, it needs 
no mentioning that a multi-layered printed Wiring board can 
be formed by superposing and hot-pressing a plurality of 
double-layered printed Wiring boards produced by the fore 
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going manufacturing method With another substrate material 
?lled With the conductive paste in the through hole shoWn in 
FIG. 1C. 

Second Exemplary Embodiment 

[0034] An experiment Was conducted using a carbon diox 
ide gas laser (“CO2 laser”) as a source of the laser beam in 
the ?rst exemplary embodiment, With various conditions of 
the laser beam irradiated on the substrate material. 

[0035] First, a substrate material 11 in a thickness of 
approximately 200 pm Was irradiated With a laser having a 
high peak energy, Which is the same condition as used for the 
conventional laser process, for a comparison purpose. A 
sheared cross sectional surface of the aramid ?bers in a cross 
section of the through hole remained intact, and no effect of 
the heat Was seen in the epoxy resin around the through hole, 
as shoWn in FIG. 2B. It Was assumed from the above results 
that the substrate material has evaporated instantaneously. 
The same kind of results Were observed When rise and fall 
times of the laser pulse Were 20 us or less, and peak energy 
of the laser beam Was 1000 W or greater. Besides, a laser 
pulse Width needed for making the through hole in a 
diameter of about 150 pm in the substrate material 11 of 
about 200 pm thick Was approximately 50 us. 

[0036] For a further comparison, another experiment Was 
conducted With the laser beam of reduced peak energy. Since 
the laser beam had loW peak energy, it needed to lengthen a 
half-value Width of the irradiating pulse as Well as a fall time 
of the laser beam energy, as shoWn in FIG. 3A, in order to 
create the hole having a required diameter. In this compara 
tive example, an inner Wall of the through hole 15 became 
a rough surface due to formation of a carboniZed layer 29 on 
the inner Wall of the through hole 15 by carboniZation of the 
aramid ?ber 13 and the epoxy resin 12, as shoWn in FIG. 3B. 
The same kind of results Were also observed When rise and 
fall times of the laser pulse Were 1 ms or longer, and peak 
energy of the laser beam Was 100 W or smaller. 

[0037] When a laser irradiation Was applied in the next 
step With a condition intermediate betWeen the tWo preced 
ing comparative examples, as shoWn in FIG. 4A, a mem 
brane-like metamorphic substance layer 16 Was formed on 
an inner Wall of the through hole 15 by molten constituent 
of the aramid ?ber 13, as shoWn in FIG. 4B. Also, When the 
substrate material 11 Was irradiated With the laser in the 
above condition, there Was not a case Where a cavity 11a 
contained Within the substrate material of prepreg exposes 
through the inner Wall of the through hole. In addition, the 
metamorphic substance layer 16 Was ef?ciently formed, 
When aramid ?bers Which start shrinking at the temperature 
of from 150° C. to 300° C. Were used, because shrinkage of 
the ?bers occurred due to the effect of heat by the laser 
irradiation. 

[0038] Although it Was assumed Without doubt that com 
ponent of the epoxy resin 12 is partly mixed in the meta 
morphic substance layer 16, it did not in?uence the effect of 
the metamorphic substance layer 16 to prevent penetration 
of the conductive materials. There Were also cases that, 
When other kinds of thermosetting resin, including epoxy 
resin, are used for the substrate material 11, the thermoset 
ting resin supplements voids developed in the metamorphic 
substance layer 16 formed by the molten aramid ?bers, and 
exerts a good in?uence to the penetration preventive effect. 
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[0039] According to the foregoing results, it Was found 
that a condition of the laser irradiation suitable for the 
present invention lies betWeen 100 W and 1000 W in peak 
energy of the laser beam, 50 us and 1 ms in half-value Width 
of the irradiating laser pulse, and 20 us and 1 ms in fall time 
of the laser beam. Also, an optimum irradiating condition for 
the aramid—epoxy substrate in a thickness of 200 pm Was 
500 W in peak energy of the laser beam, 250 us in half-value 
Width of the irradiating laser pulse, and 50 us in fall time of 
the laser beam, With Which a favorable metamorphic sub 
stance layer 16 Was produced. The satisfactory metamorphic 
substance layer Was obtained in the substrate not only With 
the aforecited single condition, but also With a condition of 
400 W in peak energy of the laser beam, 500 us in half-value 
Width of the irradiating laser pulse, and 300 ps in fall time 
of the laser beam, indicating that the satisfactory metamor 
phic substance layer is obtainable in a Wide range of 
irradiating condition. Incidentally, the aforecited fall time is 
de?ned as a time required for the laser energy to decrease to 
1/e2 (approximately 13.5%, Where “e” is the base of the 
natural logarithms). 

[0040] It is desirable to determine a minimum energy that 
does not produce a carboniZed layer on the inner Wall of the 
through hole by examining peak poWer of the laser beam and 
time of the irradiating pulse in advance for the substrate 
material to be used, since the optimum processing condition 
varies, as has been described, depending on material and 
thickness of the substrate material. A desirable metamorphic 
substance layer is attained by adjusting the fall time of the 
laser energy Within a range of approximately 50% to 200% 
of the half-value Width of the irradiating pulse, on top of the 
above. 

[0041] Since there are often cases Wherein adjusting 
ranges for the peak poWer and the irradiating pulse time are 
limited by a structure of the laser generation source, it is 
effectual to use a mask or the like means in a path of the laser 
beam in order to adjust a magnitude of energy, as Will be 
described later. 

Third Exemplary Embodiment 

[0042] FIGS. 5A through 5F depict cross sectional vieWs 
shoWing a manufacturing process of a printed Wiring board 
of a third exemplary embodiment of the present invention. 
This exemplary embodiment differs from the ?rst exemplary 
embodiment in that the substrate material 11 is composed 
solely of the thermosetting resin 12 in a state of the B-stage, 
Without including ?ber material for reinforcement. In a 
material of this kind, there are instances Where conductive 
materials in a through hole disperse into the substrate 
material 11 nearby the through hole, as the thermosetting 
resin melts by heat. This dispersion of the conductive 
materials can be prevented, in the same manner as the ?rst 
exemplary embodiment, by forming the metamorphic sub 
stance layer 16 on the inner Wall of the through hole. While 
it can be assumed that the metamorphic substance layer 16 
in the present embodiment is composed of substance pro 
duced through a progression of hardening of the thermoset 
ting resin, the similar effect can be exerted With certain 
thermoplastic resins in some instances. 

Fourth Exemplary Embodiment 

[0043] FIG. 6 is a brief structural draWing depicting a 
manufacturing apparatus for a printed Wiring board of the 
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present invention. In FIG. 6, a laser beam 14 emitted by a 
laser beam oscillator 20 is adjusted to a required beam 
diameter by introducing to a mask 21 via a total re?ection 
miller 22, etc, and irradiated on a substrate material 11 by a 
condensing lens 24 after passing through a scanner means 23 
for scanning the laser beam. A galvanomiller is generally 
used for the scanner means 23. The substrate material 11 is 
moved by an X-Y stage or the like means (not shoWn in the 
?gure) so that a targeted position for irradiation is irradiated 
With the laser. 

[0044] With reference to FIG. 7 through FIG. 9, an 
irradiating condition, etc. of the laser beam Will be described 
hereinafter. 

[0045] For a comparison purpose, FIG. 7 depicts a meta 
morphic substance layer, Which is formed When an ordinary 
unprocessed laser beam is used. The ordinary laser beam has 
energy distribution as shoWn in FIG. 7A in that the energy 
decreases gradually toWard a radial direction, With a center 
being the highest. When the laser beam as shoWn here is 
irradiated on the substrate material 11, a through hole 15 as 
Well as a metamorphic substance layer 16 in vicinity of the 
through hole 15 are formed in the substrate material 11 due 
to a thermal effect of the laser beam. HoWever, since the 
energy is small around the perimeter of the laser beam, the 
substrate material 11 can not be eliminated by evaporation, 
thereby leaving a thick metamorphic substance layer on the 
surface area of the substrate material 11 surrounding the 
through hole 15. 

[0046] The thick metamorphic substance layer existing in 
the substrate material 11 impedes a hot pressing process, and 
a resultant insuf?ciency of compression in the through hole 
area reduces reliability of the electrical contact of the 
electrical connection means formed in the through hole 15. 
Adoption of the mask 21 is effective in solving this problem, 
as it cuts off the loW energy area of the laser beam, as shoWn 
in FIG. 6. 

[0047] As shoWn in FIG. 8A, properly cutting off the part 
of loW energy around the perimeter of the laser beam With 
the mask can realiZe formation of a thin and uniform 
metamorphic substance layer 16 around the inner Wall of the 
through hole 15. Furthermore, a result is shoWn in FIG. 9, 
in Which the laser beam is excessively cut off. As shoWn in 
FIG. 9B, the substrate material 11 does not develop a 
metamorphic substance layer, When it is irradiated With only 
a part of high energy in the center of the laser beam shoWn 
in FIG. 9A. Consequently, conductive materials composing 
the electrical connection means disperse or permeate into the 
substrate material 11 in vicinity of the through hole 15. 

[0048] According to an experiment conducted by the 
inventors, the unsatisfactory phenomenon as shoWn in FIG. 
9 Was observed When 98% or more of the laser beam around 
the perimeter Was cut off. It Was also observed, hoWever, 
When an irradiating time of the laser Was prolonged, the hole 
diameter increased gradually due to the effect of heat from 
the laser beam 14, and the metamorphic substance layer 16 
of the present invention Was eventually formed on the inner 
Wall, even if perimeter of the laser beam Was cut off by 98% 
or more. 

[0049] From a result of the experiment, it Was found that 
a good metamorphic substance layer is formed on the inner 
Wall of the through hole 15, if the laser beam is irradiated on 
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the substrate material 11 for a duration that produces a 
diameter of the through hole 15 in a range of 110% to 300% 
of a diameter of the laser beam. In other Words, a favorable 
metamorphic substance layer can be formed With an irra 
diation of a laser of only the high energy portion, if the laser 
beam in a diameter of approximately 30% to 90% of the 
designed hole diameter is irradiated. 

[0050] Although the embodiment as described above is a 
case that the laser beam is adjusted With the mask 21 as 
shoWn in FIG. 6, the mask 21 may not be needed in certain 
instances Where quality of the laser beam oscillator is 
exceedingly Well. This is because the part carrying a small 
energy around perimeter of the laser beam has an amount of 
energy suitable for the formation of metamorphic substance 
layer, in these instances. 

[0051] As has been described in the foregoing exemplary 
embodiments, a magnitude of the laser irradiation required 
for producing the favorable metamorphic substance layer is 
the sum of a minimum energy necessary to form a through 
hole or a blind hole, and an energy to form the metamorphic 
substance layer. It is effective, as concrete means for apply 
ing the energy to form the metamorphic substance layer, to 
either prolong the irradiation time or a fall time of the laser 
pulse, or utiliZe an energy density distribution of the laser 
beam. 

Fifth Exemplary Embodiment 

[0052] FIGS. 10A through 10D depict cross sectional 
vieWs of an area around a blind hole shoWing a manufac 
turing process of a multi-layered printed Wiring board of a 
?fth exemplary embodiment of the present invention. In this 
exemplary embodiment, a material constructed of a double 
layered printed Wiring board pre-formed With an electric 
circuit 25 superposed by an insulation layer 12 composed of 
aramid ?ber and thermosetting resin, as shoWn in FIG. 10A, 
is used for the substrate material 11. Next, a blind hole 26 is 
formed by irradiating a laser beam (not shoWn) on the 
insulation material in an area over the electric circuit in the 
substrate material 11, as shoWn in FIG. 10B. Ametamorphic 
substance layer 16 can be produced on an inner Wall of the 
blind hole 26 by properly setting an irradiating condition of 
the laser during this process. 

[0053] Since metal foil has loW absorption coef?cient for 
the ordinary laser beam, the laser beam is able to form the 
blind hole only in the insulation material 12 Without impair 
ing the metal foil in the perforating process. Avariety of gas 
lasers typi?ed by the CO2 laser, solid-state lasers represented 
by the YAG laser, a variety of excimer lasers, and the like 
can be utiliZed for a laser source in the present embodiment. 

[0054] A metal layer 27 for an outer layer circuit con 
nected With the inner layer circuit 25 is formed by the knoWn 
methods of electroless plating and electroplating on a sur 
face of the substrate material 11 formed With the metamor 
phic substance layer 16, as shoWn in FIG. 10C. And further, 
the outer layer circuit is formed With a patterning process so 
as to complete a four-layered printed Wiring board as shoWn 
in FIG. 10D. 

[0055] The metamorphic substance layer 16 of the present 
invention effectively prevents plating solution from perme 
ating into the substrate material during the plating process. 
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Sixth Exemplary Embodiment 

[0056] FIGS. 11A through 11D depict cross sectional 
vieWs of an area around a through hole showing a manu 
facturing process of a multi-layered printed Wiring board of 
a sixth exemplary embodiment of the present invention. In 
this exemplary embodiment, a substrate material 11 in a 
board-form is made of thermosetting resin 12, Which is 
laminated on both surfaces With resin ?lms 31 such as 
polyethylene terephthalate as shoWn in FIG. 11A. Next, a 
through hole 15 is formed as shoWn in FIG. 11B, by a laser 
beam 14. 

[0057] A resin layer 32 is then formed by either dipping or 
spraying methods on the surface of the substrate material 11 
and inner Wall of the through hole 15 as shoWn in FIG. 11C. 
Thermosetting resin or the like material diluted by solvent is 
suitable for a material of the resin layer 32. It is desirable to 
increase a hardness of the resin layer 32 by removing the 
solvent in a drying furnace after the substrate material 11 is 
coated With the resin solution. The substrate material 11 
formed With the resin layer 32 on only the inner Wall of the 
through hole 15 is thus obtained by removing the resin ?lm 
31 as shoWn in FIG. 11D. 

[0058] The resin layer 32 as is formed in this manner has 
the same function as the metamorphic substance layer 16 
described in the third exemplary embodiment of the present 
invention, Which is capable of preventing the conductive 
materials composing an electrical connection means from 
dispersing in vicinity of the through hole 15 in the succeed 
ing processes. Although the described embodiment utilizes 
a resin ?lm for preventing dispersion of the conductive 
materials composing the electrical connection means, this 
does not limit to resin ?lm as the material having this nature 
of function, and the same effect is attainable With a mem 
brane formed on the inner Wall of the through hole by 
spattering or the like method. 

Seventh Exemplary Embodiment 

[0059] FIGS. 12A through 12C depict cross sectional 
vieWs of an area around a through hole shoWing a manu 
facturing process for a multi-layered printed Wiring board of 
a seventh exemplary embodiment of the present invention. 
In this exemplary embodiment, a substrate material 11 in a 
board-form is made of thermosetting resin 12 in a state of the 
B-stage. A through hole 15 is formed in the substrate 
material 11 using a laser beam 14 as shoWn in FIG. 12B. 
Then, conductive paste 17 is ?lled in the through hole 15 as 
shoWn in FIG. 12C. 

[0060] The present embodiment is peculiariZed by a hard 
ening agent for the thermosetting resin, Which constitutes 
the substrate material 11, added to the conductive paste 17. 
The hardening agent for the thermosetting resin causes a 
reaction With the thermosetting resin 12 in a state of the 
B-stage to form a hardened resin layer 33 in vicinity of an 
inner Wall of the through hole 15. The hardened resin layer 
33 can be formed on the inner Wall of the through hole 15 
before the substrate material hardens, by adding into the 
conductive paste 17 the hardening agent that has a higher 
reactivity than a hardening agent in the thermosetting resin 
12 in a state of the B-stage. The hardened resin layer 33 
exerts a good effect to prevent dispersion of the conductive 
materials in the conductive paste to an interior of the 
substrate material. 
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Eighth Exemplary Embodiment 

[0061] FIG. 13 is a brief structural draWing depicting a 
manufacturing apparatus for a printed Wiring board of an 
eighth exemplary embodiment of the present invention. A 
laser beam 14 induced by a laser beam oscillator 20 enters 
into a shutter 34 via a total re?ection miller 22, etc, and is 
irradiated on a substrate material 11 by a condensing lens 24 
after passing through a scanner means 23. A pulse Width of 
the laser beam 14 to be irradiated on the substrate material 
11 is adjustable to a desired value by opening and closing the 
shutter 34. The scanner means 23, the substrate, etc. shoWn 
in FIG. 13 move in the same manner as in the case of the 
fourth exemplary embodiment. 

[0062] With regard to controlling an irradiation time of the 
laser beam, although it is feasible to adjust a pulse Width of 
the laser beam 14 by varying a pulse Width of an oscillation 
dictating signal to be input to the laser beam oscillator 20, 
the shutter 34 gives a higher degree of freedom in adjusting 
the pulse Width. It is even more preferable to control the 
laser beam 14 by dictating tWo parameters, ie the pulse 
Width of the oscillation-dictating signal, and opening and 
closing times of the shutter 34. 

[0063] A through hole having a metamorphic substance 
layer suitable for the purpose of this invention Was attained, 
When a laser beam Was irradiated for the time necessary to 
obtain the through hole in diameter of 110% to 300% of the 
laser beam diameter, in addition to the time needed to 
eliminate the substrate material 11 irradiated With the laser 
beam 14 using the manufacturing apparatus for printed 
Wiring boards of the present embodiment. 

[0064] Furthermore, a through hole having a metamorphic 
substance layer suitable for the purpose of this invention Was 
also attained, When a pulse Width of the laser beam irradiated 
on the substrate material 11 Was set Within 50 us and 1 ms 
in half-value Width. 

Ninth Exemplary Embodiment 

[0065] FIG. 14 is a perspective vieW depicting a laser 
oscillator of a manufacturing apparatus for a printed Wiring 
board of an ninth exemplary embodiment of the present 
invention. In the laser oscillator, a voltage is applied 
betWeen an upper and a loWer discharge electrodes 35, and 
laser medium gas ?oWs at a constant velocity in a direction 
of the gas How 38. A laser beam is generated from gas 
molecules 36 excited betWeen the electrodes, emitted as a 
laser beam 37 after ampli?ed in an aperture 39. For this 
reason, an oscillation of the laser beam continues until the 
excited gas molecules are expelled by the gas ?oW from the 
aperture space, even after the discharge voltage is turned off. 
The fall time can be controlled by taking advantage of this 
principle. An experiment yielded a favorable metamorphic 
substance layer around a through hole perforated by the 
laser, since the fall time of the laser beam became 300 us, 
When the discharge electrodes Were 50 mm in Width, the 
aperture Was positioned in the center of the electrodes, and 
a velocity of the gas Was set for 80 m/s. 

What is claimed is: 
1. Aprinted Wiring board comprising a plurality of metal 

foils and a substrate composed of either single or a plurality 
of materials, said printed Wiring board having an electrical 
connection means for electrically connecting among a plu 








