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(57) ABSTRACT 

The present invention relates to a method of producing a 
circuit board, comprising: a film-forming step of forming a 
resin film on the Surface of an insulative Substrate; a circuit 
groove-forming step of forming circuit grooves having a 
depth equal to or greater than the thickness of the resin film on 
the external Surface of the resin film; a catalyst-depositing 
step of depositing a plating catalyst or the precursor thereof 
on the surface of the circuit grooves on the insulative substrate 
and the surface of the resin film; a film-removing step of 
removing the resin film; and a plating processing step of 
electroless-plating the insulative substrate after removal of 
the resin film, wherein a partial reinforcing structure is 
formed in a region of the circuit groove in the circuit groove 
forming step. 
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METHOD OF PRODUCING CIRCUIT BOARD 
BY ADDITIVE METHOD, AND CIRCUIT 

BOARD AND MULTILAYER CIRCUIT BOARD 
OBTANED BY THE METHOD 

RELATED APPLICATIONS 

0001. The present application is a Divisional of applica 
tion Ser. No. 12/431,950, filed Apr. 29, 2009, which is a 
Continuation-in-Part of application Ser. No. 12/326,169, filed 
Dec. 2, 2008. The disclosures of application Ser. Nos. 12/431, 
950 and 12/326,169 are expressly incorporated by reference 
herein in their entireties. 

TECHNICAL FIELD 

0002 The present invention relates to a method of produc 
ing a circuit board by additive method and a circuit board and 
a multilayer circuit board obtained by the method. 

BACKGROUND ART 

0003 Recently, there is a rapid increase in functionality of 
electrical apparatuses including portable information sys 
tems such as cellphone; computer and its peripheral devices; 
various home information appliances, and others. Along with 
the trend, there is also an increasing demand for improvement 
in density of the circuit on the circuit board used in these 
electrical apparatuses. For improvement in density of Such a 
circuit, needed is a method of producing circuits having nar 
rower line width and line interval accurately. There are prob 
lems, such as short circuiting and migration between wires, 
frequently found in high-density wiring circuit. In addition, 
narrow-width wiring leads to deterioration in mechanical 
strength of wiring, making the resulting circuits more Vulner 
able to circuit breakage, for example, by impact. 
0004 Subtractive and additive methods have been known 
as the methods of forming such a circuit on circuit board. The 
subtractive method is a method of forming a circuit by remov 
ing (Subtracting) the metal in the area on the Surface of a metal 
clad laminate, excluding that where the circuit is desirably 
formed. On the other hand, the additive method is a method of 
forming a circuit only in the region on the insulative substrate 
where a circuit is desirably formed by electroless plating. 
0005. The subtractive method is a method of leaving a 
metal only in the circuit-forming region, by etching of the 
thick-film metal foil. The metal in the region removed is only 
wasted by the method. In contrast, the additive method, by 
which the electrolessly plated film is formed only in the 
region where the metal wires are desirably formed, does not 
result in waste of the metal. From the point above, the additive 
method is more preferable as the circuit-forming method. 
0006 Full-additive method, one of typical conventional 
additive methods, will be described with reference to the 
schematic cross-sectional views of FIGS. 1A to 1E. 
0007 As shown in FIG. 1A, a plating catalyst 102 is 
deposited on the surface of an insulative substrate 100 having 
through-holes 101. The surface of the insulative substrate 100 
is previously roughened. As shown in FIG. 1B, a photoresist 
layer 103 is then formed thereon. Then as shown in FIG. 1C, 
the surface of the photoresist layer 103 is exposed to light via 
a photomask 110 having a particular patterned circuit. As 
shown in FIG. 1D, the circuit pattern is then developed. As 
shown in FIG. 1E, metal wires 104 are formed after electro 
less copper plating on the circuit pattern formed by develop 
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ment and on the internal wall surface of the through-holes 
101. A circuit is formed on an insulative substrate 100 by 
these steps. 
0008. In the conventional additive method described 
above, a plating catalyst 102 is deposited on the entire Surface 
of the insulative substrate 100. As a result, it caused the 
following problem. If the photoresist layer 103 is developed 
at high accuracy, a plated film can be formed only in the 
region unprotected with the photoresist. However, if the pho 
toresist layer 103 is not developed at high accuracy, an unde 
sirably plated region 105 may remain unremoved in the 
region where the plating is undesirable, as shown in FIG. 2. 
Such a trouble occurs, because the plating catalyst 102 is 
deposited on the entire surface of the insulative substrate 100. 
The undesirably plated region 105 causes short circuiting and 
migration between neighboring circuits. The short circuiting 
and the migration are found more frequently, when a circuit 
having narrower line width and line interval is formed. 
0009 JP-A No. 58-186994 (Patent Document 1) discloses 
the following method: 
0010 A protective film is first coated on an insulative 
Substrate (first step). Then, grooves and through-holes corre 
sponding to a wiring pattern are formed on the insulative 
substrate coated by the protective film by mechanical pro 
cessing or irradiation of laser beam (second step). An activa 
tion layer is then formed on the entire surface of the insulative 
substrate (third step). The activation layer is then left only on 
the internal wall surface of the grooves and through-holes, by 
separating the protective film and thus removing the activa 
tion layer on the insulative substrate (fourth step). Then, an 
electrically conductive layer is formed selectively only on the 
internal wall Surface of the activated grooves and through 
holes by plating on the insulative substrate without use of a 
plating protective film (fifth step). The method will be 
described with reference to schematic cross sectional views 
of FIGS. 3A to 3E explaining the steps of forming a metal 
wiring pattern. 
0011. As shown in FIG.3A, a protective film 201 is coated 
on the surface of an insulative substrate 200. Then as shown in 
FIG. 3B, grooves 202 and through-holes 203 in a desired 
wiring pattern are formed on the insulative substrate 200 
coated by the protective film 201. As shown in FIG. 3C, a 
plating catalyst 204 is then deposited on the surface of the 
grooves 202 and through-holes 203 and also on the surface of 
the protective film 201. As shown in FIG. 3D, the plating 
catalyst 204 is left only on the surface of the groove 202 and 
through-hole 203 after separation of the protective film 201. 
As shown in FIG. 3E, an electrolessly plated film is formed 
selectively only in the region having the residual plating 
catalyst 204, giving an electrically conductive layer 205 only 
on the internal wall surface of the through-holes 203 and 
grooves 202. 
0012 Patent Document 1 describes a method of coating 
and heat-curing a thermosetting resin on an insulative Sub 
strate as a protective film, machine-processing the protective 
film and the insulative Substrate according to a particular 
wiring pattern, and removing the thermosetting resin on the 
insulative substrate surface with a solvent (Patent Document 
1, p. 2, left bottom column, 1.16 to right bottom column, 
1.11). 
0013 The kind of the thermosetting resin used as the pro 
tective film in Patent Document 1 is not described specifi 
cally. Common thermosetting resins are higher in solvent 
resistance and thus, had a problem that the resins are hardly 
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removed simply with a solvent. Such a thermosetting resin is 
often excessively adhesive to the resinous Substrate, making it 
difficult to separate only the protective film reliably without 
leaving fragments of the protective film on the resinous Sub 
strate surface. If a strong solvent is used for Sufficient sepa 
ration or the Substrate is immersed in a solvent for a prolonged 
period of time, the plated catalyst on the substrate surface is 
removed together. In this case, no electrically conductive 
layer is formed in the region where the plating catalyst is 
removed. In addition, use of a strong solvent or immersion for 
a prolonged period of time occasionally resulted in fragmen 
tation of the protective film of thermosetting resin and redis 
persion of the plating catalyst of protective film into the 
Solvent. The plating catalyst redispersed in Solvent is rede 
posited on the resin Substrate Surface, possibly forming an 
undesirably plated film in the region. For that reason, it was 
difficult to form a circuit having an accurate pattern by the 
method disclosed in Patent Document 1. 

0014) Alternatively, JP-A No. 57-134996 (Patent Docu 
ment 2) discloses the following method as another additive 
method: A first photosensitive resin layer soluble in organic 
Solvent and a second photosensitive resin layer soluble in 
alkali solution are first formed on an insulative substrate. The 
first and second photosensitive resin layers are exposed to 
light via a photomask in a particular circuit pattern. The first 
and second photosensitive resin layers are then developed. A 
catalyst was then deposited by adsorption on the entire Sur 
face having dents formed after development, and only the 
undesired catalyst is removed, while the alkali-soluble sec 
ond photosensitive resin is dissolved with an alkaline solu 
tion. A circuit is then formed accurately only in the region 
having the plating catalyst. However, Such a method demands 
preparation of two kinds of photosensitive resin layer differ 
ent in solvent solubility, development thereof with two kinds 
of solvents, and solubilization of the second photosensitive 
resin with an alkaline Solution after adsorption of catalyst, 
and thus, the production process was very complicated. 
00.15 Preparation of an electrical circuit having narrow 
line width and line interval by using the circuit-forming 
method described above also caused the following problem: 
Specifically, decrease in line width and line interval of the 
circuit leads to deterioration in wire strength. The deteriora 
tion in wire strength in turn leads to deterioration in reliability 
of the resulting electronic devices. 
0016 Specifically, a problem that may occur in the circuit 
board, when used in portable information systems such as 
cellphones, will be described below as an example. Relatively 
large LSI (Large Scale Integration) circuit boards are used in 
portable information systems. Such LSIs are connected to the 
land regions formed on circuit board by solder bumping. 
Portable information systems are often exposed to impacts, 
while they are carried. Exposure to such an impact makes a 
physical force applied to the LSI mounted, possibly damag 
ing the metal wires constituting the land regions by breakage. 
Similarly, the LSIs may also be damaged by separation of the 
contact points between the LSIs and the substrate. Decrease 
in line width and line interval of the electrical circuit leads to 
increase in frequency of circuit damage. 
0017. To solve the problems above, the metal wires may be 
reinforced by increase of the line width of the circuit wire. 
However, such a method prohibits increase in circuit density. 
The thickness of the metal wires in the circuit obtained by the 
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subtractive method depends on the thickness of the copper 
foil used, and thus, it is also not possible to reinforce the metal 
wires by thickening the film. 
0018 Recently, a build-up method of forming each layer 
of circuit one by one and laminating the layers while forming 
interlayer-connecting Vias therein is known as the method of 
producing a high-density multilayer circuit board. The gen 
eral steps of the build-up method will be described with 
reference to the schematic cross-sectional vies of FIGS. 4A to 
4G. 
0019. In the build-up method, as shown in FIG. 4A, metal 
wires 301 are first formed on a first-layer insulative substrate 
300. Then as shown in FIG. 4B, an insulation resin layer 302 
is formed on the surface of the insulative substrate 300. The 
insulation resin layer 302 is formed, for example, by coating 
and hardening a liquid resin or bonding an insulator film 
thereto. Then as shown in FIG. 4C, viaholes (IVH)304 are 
formed in the insulation resin layer 302. IVHs 304 are formed 
by laser processing. As shown in FIG. 4D, a resinous residue 
smear (resin smear) 305 remains on the bottom of each IVH 
304 formed by laser processing. The metal wire 301 is a thin 
film. Accordingly, the metal wire 301 may be thinned or may 
have a hole, if the resin smear 305 is treated for complete 
removal by laser processing. For that reason, the laser irra 
diation should be terminated before complete removal of the 
insulation resin. 
0020. The resin smear 305 remaining on the bottom of 
IVH 304 may possibly cause conductivity troubles. Thus as 
shown in FIG. 4D, the resin Smear 305 should be removed. 
The resin smear 305 is removed by desmear treatment. The 
desmear treatment is a treatment of removing the resin Smear 
by solubilization, specifically by dissolving the resin Smear, 
for example, in permanganic acid solution. Then as shown in 
FIG. 4E, a photoresist layer 306 is formed on the surface of 
the insulation resin layer 302. As shown in FIG. 4F, the 
surface of the photoresist layer 306 is then exposed to light via 
a particular circuit-patterned photomask not shown in the 
Figure, and the resulting circuit pattern is developed. As 
shown in FIG. 4C; metal wires 307 are formed by electroless 
copper plating on the developed circuit patterned regions and 
through-holes. 

SUMMARY OF THE INVENTION 

0021. An object of an aspect of the present invention is to 
provide a method of producing a circuit board that allows 
highly accurate preservation of the circuit profile and gives a 
circuit having a desired depth in preparation of a fine circuit 
by additive method. 
0022. The method of producing a circuit board in an aspect 
of the present invention includes a film-forming step of form 
ing a swellable resin film on the surface of an insulative 
Substrate, a circuit groove-forming step of forming circuit 
grooves having a depth equal to or greater than the thickness 
of the Swellable resin film on the external surface of the 
Swellable resin film, a catalyst-depositing step of depositing a 
plating catalyst or the precursor thereof on the Surface of the 
circuit grooves and the surface of the swellable resin film, a 
film-separating step of swelling the swellable resin film with 
a particular liquid and then separating the Swollen resin film 
from the insulative Substrate Surface, and a plating processing 
step of forming an electrolessly plated film only in the region 
where the plating catalyst or the plating catalyst formed from 
the plating catalyst precursor remains unremoved after sepa 
ration of the swellable resin film. 
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0023 These and other objects, features and advantages of 
the present invention will become more apparent upon read 
ing of the following detailed description along with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIGS. 1A to 1E are schematic cross-sectional views 
respectively explaining the steps of forming metal wiring by 
a conventional full-additive method. 
0025 FIG. 2 is a drawing explaining the profile of the 
circuit formed by a conventional full-additive method. 
0026 FIGS. 3A to 3E are schematic cross-sectional views 
respectively explaining the steps of forming metal wiring by 
the additive method described in Patent Document 1. 
0027 FIGS. 4A to 4G are schematic cross-sectional views 
respectively explaining the steps of forming metal wiring by 
a conventional build-up method. 
0028 FIGS.5A to 5E are schematic cross-sectional views 
respectively explaining the steps of forming metal wiring by 
the method of producing an electrical circuit in the first 
embodiment. 
0029 FIG. 6 is a schematic cross-sectional view illustrat 
ing the shape of the electrical circuit formed by using circuit 
grooves prepared by machining an insulative Substrate to 
various depths. 
0030 FIGS. 7A to 7E are schematic cross-sectional views 
respectively explaining the steps in the method of producing 
a circuit board in the second embodiment. 
0031 FIG. 8A is as schematic top view explaining the 
partial reinforcing structure formed by the production method 
in second embodiment, and FIG. 8B is a schematic view 
showing the cross section, as seen along the line 8-8 in FIG. 
8A. 
0032 FIG. 9A a schematic top view explaining another 
partial reinforcing structure formed by the production method 
in the second embodiment, and FIG.9B is a schematic view 
showing the cross section, as seen along the line 9-9 in FIG. 
9A. 
0033 FIG. 10 is a schematic top view explaining yet 
another partial reinforcing structure prepared by the produc 
tion method in the second embodiment. 
0034 FIG. 11A to 11C are schematic cross-sectional 
views explaining the method of forming a partial reinforcing 
structure by embossing in the production method in the sec 
ond embodiment. 
0035 FIGS. 12A to 12E are schematic views explaining 
the method of producing a circuit board containing a capaci 
tor by the production method in the third embodiment. 
0036 FIG. 13 is a schematic expanded drawing illustrat 
ing the capacitor region in a circuit board formed by the 
production method in the third embodiment. 
0037 FIG. 14 is an explanatory drawing explaining appli 
cations of the circuit board containing capacitors formed by 
the production method in the third embodiment. 
0038 FIGS. 15A to 15E are schematic cross-sectional 
views respectively explaining the steps used when metal wir 
ing is formed by the additive method described in Patent 
Document 1, as it is applied to the build-up method. 
0039 FIGS. 16A to 16G are schematic cross-sectional 
views respectively explaining the steps in the method of pro 
ducing a multilayer wiring Substrate in the fourth embodi 
ment. 

0040 FIG. 17A is a schematic cross-sectional view illus 
trating a conductive bump with its head unexposed and 
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embedded in the insulation layer, while FIG. 17B is a sche 
matic cross-sectional view illustrating a conductive bump 
placed as it is penetrating in and sticking out of the insulation 
layer with its head exposed. 
0041 FIG. 18 is a schematic cross-sectional view explain 
ing the conductive bump in the fourth embodiment with its 
top region hollowed and removed. 
0042 FIG. 19 is a schematic top view illustrating the cir 
cuit-formed face of the Substrate, for explaining the inspec 
tion step of explaining the film remaining on the face after 
film-removing step in the fourth embodiment. 
0043 FIGS. 20A to 200 are schematic cross-sectional 
views explaining the method of producing a multilayer circuit 
board containing a radiator described in the fifth embodiment. 
0044 FIG.21 is a schematic cross-sectional view illustrat 
ing an example of the multilayer circuit board containing a 
radiator obtained by the production method described in the 
fifth embodiment. 
004.5 FIG.22 is a schematic cross-sectional view illustrat 
ing a multilayer circuit board containing a radiator when used 
as an IC Substrate. 
0046 FIG. 23 is a top-face view illustrating a multilayer 
circuit board, for explaining the location of the radiator. 
0047 FIGS. 24A to 24E are stepwise cross-sectional 
views explaining the method of producing a multilayer circuit 
board containing conductive rods in the sixth embodiment of 
the present invention. 
0048 FIGS. 25A to 25F are stepwise cross-sectional 
views explaining the first half steps in the method of produc 
ing a multilayer wiring Substrate in the seventh embodiment 
of the present invention. 
0049 FIGS. 26A to 26C are stepwise cross-sectional 
views explaining the last half steps in the method of produc 
ing a multilayer wiring Substrate in the seventh embodiment 
of the present invention. 
0050 FIGS. 27A to 27E are local cross-sectional views 
explaining the steps in the method of producing a wiring 
substrate in the eighth embodiment. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

First Embodiment 

Method of Producing a Circuit Board by Using 
Swellable Resin Film 

0051. The method of producing a circuit board in the 
present embodiment will be described with reference to dia 
grams. FIGS. 5A to 5E are schematic cross-sectional views 
explaining the steps in the method of producing a circuit 
board in the first embodiment. In FIGS.5A to 5E, 1 represents 
an insulative substrate; 2 represents a swellable resin film; 3 
represents a circuit groove; 4 represents a through-hole pen 
etrating through part of the circuit groove 3, 5 represents a 
plating catalyst; and 6 represents an electrolessly plated film. 
0052. In the production method of the present embodi 
ment, as shown in FIG. 5A, a Swellable resin film 2 is first 
formed on the surface of an insulative substrate 1. The 
swellable resin film means a resin film easily separated from 
the Substrate surface by Swelling with a particular liquid. 
0053 Various organic substrates used in production of 
circuitboards can be used as the insulative substrate 1 without 
particular restriction. Typical examples of the materials of the 
organic Substrates include those Such as of epoxy resin, 
acrylic resin, polycarbonate resin, polyimide resin, and 
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polyphenylene Sulfide resin. The Substrate shape is not par 
ticularly limited, and the substrate may be sheet, film, 
prepreg, three-dimensional molding, or the like. The thick 
ness of the insulative substrate 1 is not particularly limited. In 
the case of a sheet, film or prepreg, the thickness is preferably, 
for example, 10 to 200 um, more preferably about 20 to 100 
lm. 
0054 The method of forming the swellable resin film 2 is 
not particularly limited. Specifically, such a film is formed, 
for example, by a method of coating and drying a liquid resin 
material capable of forming a swellable resin film 2 on the 
main surface of the insulative substrate 1. Alternatively, a 
method of bonding a resin film of swellable resin film 2 on the 
main surface of the insulative substrate 1 may be used. 
0055. The material for the swellable resin film 2 is not 
particularly limited, if it is a resin mostly insoluble in the 
swelling solution described below and easily separated from 
the insulative substrate 1 surface when swollen. A resin hav 
ing a swelling degree of 50% or more, more preferably 100% 
or more, and 1000% or less in a particular liquid is used 
favorably. A resin having an excessively low Swelling degree 
often makes the swellable resin film less easily separated. 
Alternatively, a resin having an excessively high Swelling 
degree often gives a film with lower film strength, making it 
difficult to separate the film due to breakage. 
0056 Such a swellable resin film can be formed easily, for 
example, by a method of applying and drying an elastomer 
Suspension or emulsion on the Surface of an insulative Sub 
strate or by transferring a film previously formed by coating 
and drying an elastomer Suspension or emulsion on a Support 
substrate onto the surface of the insulative substrate surface. 
0057 Typical examples of the elastomers include, diene 
based elastomers such as styrene-butadiene-based copoly 
mers, acrylic elastomers such as acrylic ester-based copoly 
mers, polyester elastomers and the like. With such an 
elastomer, it is possible to form a swellable film having a 
desired Swelling degree easily by adjusting for example of the 
crosslinking degree or the gelation degree of the elastomer 
resin particles dispersed in the Suspension or emulsion. 
0058. A particularly preferable example of the swellable 
resin film is a film whose Swelling degree changes depending 
on pH of the swelling solution. Use of the film having the 
above property as the Swellable resin film 2 is advantageous in 
securely holding the Swellable resin film 2 on the insulative 
Substrate 1 in the pH range in a catalyst-depositing step, and 
easily separating the Swellable resin film 2 in the pH range in 
a film-separating step by setting a solution condition in the 
catalyst-depositing step and a solution condition in the film 
separating step, which will be described later, different from 
each other. 
0059 More specifically, for instance, in the case where the 
catalyst-depositing step to be described later may include a 
step of processing the Swellable resin film 2 in an acidic 
catalyst metal colloidal solution in the pH range of 1 to 3, and 
the film-separating step to be described later includes a step of 
swelling the Swellable resin film 2 in an alkaline solution in 
the pH range of 12 to 14, the swellable resin film 2 is prefer 
ably a film having a Swelling degree of 25% or less, and more 
preferably 10% or less with respect to the acidic catalyst 
metal colloidal solution, and a swelling degree of 50% or 
more, more preferably 100% or more, and furthermore pref 
erably 500% or more with respect to the alkaline solution. 
0060 Examples of the swellable resin film are a sheet 
made of an elastomer having a predetermined amount of 
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carboxyl groups, a sheet obtained by Subjecting a light-cur 
able alkali-developing type resist e.g. a dry film resist (here 
inafter, also called as DFR) for use in patterning a printed 
circuitboard, to an overall curing process, aheat-curable type 
sheet and alkali developing type sheet. 
0061 Examples of the elastomer having carboxyl groups 
are diene-based elastomers such as styrene-butadiene copoly 
mers, acrylic elastomers such as acrylic ester-based copoly 
mers; and polyester elastomers, having a carboxyl group in a 
molecule by containing a monomer unit having a carboxyl 
group as a copolymerizable component. Use of the elastomer 
is advantageous in forming a Swellable resin film having an 
intended Swelling degree in an alkaline Solution by adjusting 
the acid equivalent, the crosslinking degree, the gelation 
degree, or the like of a dispersed elastomer in the form of 
Suspension or emulsion. Carboxyl groups in the elastomer 
have a function of swelling the swellable resin film in an 
alkaline solution to separate the Swellable resin film from the 
surface of the insulative substrate. The acid equivalent corre 
sponds to the weight of a polymer per equivalent of carboxyl 
groups. 

0062) Examples of the monomer unit having a carboxyl 
group are (meth)acrylic acid, fumaric acid, cynamic acid, 
crotonic acid, itaconic acid, and maleic acid anhydride. 
0063. It is preferable to contain carboxylic groups of 100 
to 2000 acid equivalents, more preferably 100 to 800 acid 
equivalents in the elastomer containing carboxyl groups. If 
the amount of acid equivalent is too small, resistance to a 
plating solution or plating pretreatment solution may be low 
ered. If the amount of acid equivalent is too small, it may be 
difficult to separate the swellable resin film in the alkaline 
Solution. 

0064. The molecular weight of the elastomer is preferably 
from 20000 to 500000, and more preferably from 20000 to 
60000. If the molecular weight of the elastomer is too large, it 
may be difficult to separate the swellable resin film. On the 
other hand, if the molecular weight of the elastomer is too 
small, it may be difficult to uniformly maintain the thickness 
of the swellable resin film because the viscosity is decreased, 
and resistance to a plating solution or plating pretreatment 
solution may also be lowered. 
0065. As DFR, it is possible to use a sheet of a light curable 
resin composition which contains, as a resin component, 
acrylic resin, epoxy resin, styrene resin, phenol resin, ure 
thane resin, or a like resin having a predetermined amount of 
carboxyl groups, and which contains a photo polymerization 
initiator. Examples of the DFR are a sheet obtained by sub 
jecting a dry film of a light curable resin composition, as 
disclosed in JP-A No. 2000-231190, JP-A No. 2001-201851, 
and JP-A Hei No. 11-212262, to an overall curing process, 
and commercially available alkali developing type DFR such 
as UFG series of Asahi Kasei Kogyo K.K. 
0.066 Examples of the other swellable resin film are a 
resin (e.g. NAZDAR229 of Yoshikawa Chemical Co., Ltd.) 
containing rosin as a principal component, and a resin (e.g. 
104F of LEKTRACHEM) containing phenol as a principal 
component, both of which have carboxyl groups. 
0067. The swellable resin film can be easily formed by 
coating a resin in the form of Suspension or emulsion to a 
Surface of an insulative Substrate, using coating means such as 
a conventionally well-known spin coat process or bar coat 
process; followed by drying; or attaching DFR formed on a 
Support Substrate to a surface of an insulative Substrate using 
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a vacuum laminator or a like device, followed by Subjecting 
the DFR to an overall curing process. 
0068. The thickness of the swellable resin film 2 is pref 
erably 10um or less, more preferably 5 um or less and 0.1 um 
or more, more preferably 1 um or more. An excessively large 
thickness may lead to deterioration in accuracy during fine 
circuit patterning by laser processing. Alternatively, an exces 
sively low thickness may make it difficult to produce a uni 
form thickness film. 
0069. Then as shown in FIG. 5B, circuit grooves 3 having 
a depth equal to or larger than the thickness of the swellable 
resin film 2 are formed in a predetermined pattern on the 
external surface of the Swellable resin film 2 formed. The 
circuit grooves 3 are formed, for example, by laser process 
ing, machining or embossing. In addition, through-holes 4 for 
preparation of viaholes may be formed in part of the circuit 
grooves 3. In the step, the pattern and the depth of circuit and 
the diameter and the position of the viaholes are specified. In 
this case, if circuit grooves have a depth equal to the thickness 
of the Swellable resin film 2 are formed, a circuit is formed on 
the Surface of the insulative Substrate without any engraving 
of the insulative substrate, as shown in FIG.5E. Alternatively, 
if the circuit grooves are engraved to a depth larger than the 
thickness of the swellable resin film 2, the insulative substrate 
itself is engraved, giving a circuit engraved into the insulative 
substrate 1, as shown in FIG. 6. 
0070. The width of the circuit formed is not particularly 
limited. When laser processing is used, fine circuits having a 
line width of 20 um or less can be formed easily. 
0071. In addition in the present step, through-holes 4 may 
beformed for electrical communication between layered cir 
cuits. The through-holes 4 can be used as viaholes or inner 
viaholes in production of a multilayer circuit board having 
multiple circuit layers. The internal wall surface of the 
through-holes 4 is electrolessly-plated for interlayer electri 
cal communication in a later step. 
0072 The method of forming the circuit grooves is not 
particularly limited. Specifically, it is formed, for example, by 
laser processing, machining such as dicing, embossing, or the 
like. Laser processing is favorable for production of high 
accuracy fine circuits. It is possible to adjust the depth and 
others arbitrarily by modifying the laser power by laser pro 
cessing. For example, embossing processing by using a fine 
mold, Such as that used in the field of nanoimprint, is carried 
out favorably. 
0073. The circuit grooves 3 formed in a particular circuit 
pattern defines the region of electrical circuit formed after 
electrolessly plated film is provided. 
0074 Then as shown in FIG. 5C, a plating catalyst 5 is 
deposited on the entire Surface, including the Surface having 
the circuit grooves 3 formed and the Surface having no circuit 
groove formed (catalyst-depositing step). Then, if there are 
through-holes 4 formed, the plating catalyst 5 is also depos 
ited on the internal wall surface of the through-holes 4. 
0075. The plating catalyst 5 is a catalyst to form a plated 
film only in the region where an electrolessly plated film is 
desirably formed in the plating processing step described 
below. The plating catalyst for use is not particularly limited, 
if it is a catalyst of electroless plating. Alternatively, a precur 
sor of the plating catalyst may be first deposited and then the 
plating catalyst formed after separation of the swellable resin 
film. Typical examples of the plating catalysts include, for 
example, palladium (Pd), platinum (Pt), silver (Ag), the pre 
cursors thereof, and the like. 

Nov. 22, 2012 

0076 An example of the method of depositing the plating 
catalyst 5 is a method including treating in an acidic Pd Sn 
colloidal solution of pH 1 to 3, followed by treating in an 
acidic solution. Specifically, the following is an example of 
the method. 

0077 First, an insulative substrate 1 having the circuit 
grooves 3 and the through-holes 4 formed is washed as 
immersed in a hot Surfactant solution (cleaner-conditioner) 
for a predetermined time for removal of oils and other stains 
on the surface. The insulative substrate 1 is then subjected to 
a soft etching process with a sodium persulfate-Sulfuric acid 
type soft etching Solution, as necessary. The insulative Sub 
strate 1 is then washed as immersed in an acidic solution Such 
as an aqueous Sulfuric acid solution oran aqueous hydrochlo 
ric acid solution of pH 1 to 2. Then, the insulative substrate 1 
is immersed in a predip Solution containing an aqueous stan 
nous chloride Solution at a concentration of approximately 
0.1%, as a principal component, for adsorption of chloride 
ions on the surface of the insulative substrate 1. Thereafter, 
the insulative Substrate 1 is immersed in an acidic catalyst 
metal colloidal solution such as acidic Pd Sn colloids of pH 
1 to 3, containing Stannous chloride and palladium chloride, 
for coagulation and adsorption of Pd and Sn. The Stannous 
chloride and palladium chloride adsorbed react with each 
other in the following oxidation-reduction reaction: 

thereby, leaving metal palladium precipitated as the plating 
catalyst. 
0078. A well-known acidic Pd—Sn colloidal catalyst 
Solution or a like solution may be used as the acidic catalyst 
metal colloidal Solution, and a commercially available plating 
setup using the acidic catalyst metal colloidal Solution may be 
used. The plating setup is sold by e.g. Rohm and Haas Elec 
tronic Materials K.K. 
0079. By the catalyst-depositing treatment, as shown in 
FIG. 5C, the plating catalyst 5 is deposited on the surface of 
circuit groove 3, the internal wall surface of the through-holes 
4, and the surface of the swellable resin film 2. 
0080. Then as shown in FIG. 5D, the swellable resin film 
2 is removed from the surface of the insulative substrate 1, as 
it is Swollen with a particular liquid (film-separating step). In 
the step, the plating catalyst 5 remains deposited on the Sur 
face of the insulative substrate 1 where the circuit grooves 3 
and the through-holes 4 are formed. On the other hand, the 
plating catalyst 5 coated on the surface of the swellable resin 
film 2 is removed, as it is held on the swollen resin film 2. 
I0081. The liquidswelling the swellable resin film 2 for use 
is not particularly limited, if it is a liquid Swelling the 
Swellable resin film 2 to the degree allowing easily separation 
without mostly decomposing or dissolving the insulative Sub 
strate 1, the swellable resin film 2, and the plating catalyst 5. 
Such a Swelling Solution is selected properly according to the 
kind of the swellable resin film 2. Specifically, for example, 
an aqueous alkaline solution Such as an aqueous Sodium 
hydroxide solution at a concentration of about 1 to 10% is 
used favorably, when the Swellable resin film is made of an 
elastomer Such as diene-based elastomer, acrylic elastomer, 
or polyester elastomer. 
I0082 In the case where the plating processing in the afore 
mentioned acidic condition is used in the catalyst-depositing 
step, preferably, the swellable resin film 2 may be made of an 
elastomer Such as diene-based elastomer, acrylic elastomer, 
and polyester elastomer, which has a swelling degree of 10% 
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or less in the acidic condition, and a swelling degree of 50% 
or more in the alkaline condition. The swellable resin film is 
easily swollen for separation in an alkaline solution of pH 12 
to 14 e.g. an aqueous sodium hydroxide solution at a concen 
tration of about 1 to 10%. Alternatively, the swellable resin 
film may be subjected to ultrasonification as immersed to 
more easily separate the swellable resin film. Further alterna 
tively, a small force may be exerted to separate the swellable 
resin film, as necessary. 
0083. The swellable resin film 2 is swollen, for example, 
by a method of immersing the insulative substrate 1 coated 
with a swellable resin film 2 in a swelling solution for a 
particular period of time. The substrate is preferably ultra 
Sonicated during immersion, for improvement in separation 
efficiency. If the film is not separable only by swelling, it may 
be peeled off as needed with small force. 
0084. Then as shown in FIG. 5E, an electrolessly plated 
film 6 is formed only in the region where the plating catalyst 
5 remains deposited (plating processing step). In the step, the 
electrolessly plated film is deposited in the region having the 
circuit grooves 3 and through-holes 4 formed. 
0085. The electroless plating treatment is carried out, for 
example, by a method of immersing the insulative Substrate 1 
locally carrying a plating catalyst 5 in an electroless plating 
Solution and thus depositing an electrolessly plated film only 
in the region having the plating catalyst 5 coated. 
I0086 Examples of the metals for use in the electroless 
plating include copper (Cu), nickel (Ni), cobalt (Co), alumi 
num (Al) and the like. In particular, plating with metals con 
taining Cu as the principal component is preferable from the 
point of conductivity. Use of a plating Solution containing Ni 
is also favorable for production of the film Superior in corro 
sion resistance and adhesiveness to Solder. 

0087. The thickness of the electrolessly plated film 6 is not 
particularly limited. Specifically, it is preferably, for example, 
0.1 to 10 um, more preferably about 1 to 5um. 
0088. In the plating processing step, an electrolessly 
plated film is deposited only in the region of the insulative 
substrate 1 surface where there is the plating catalyst 5 
remaining. It is thus possible to form an electrically conduc 
tive layer accurately only in the region where the circuit 
grooves are formed. On the other hand, it is possible to pre 
vent deposition of the electrolessly plated film in the region 
where there is no circuit groove formed. Therefore, there is no 
undesirable plated film remaining in the region between 
neighboring circuits, even when multiple fine circuits having 
a small line width are formed at a narrow pitch interval. It is 
thus possible to prevent generation of short circuiting and 
migration. 
I0089. The circuitboard 10 shown in FIG.5E is formed by 
the procedure above. In the production method described in 
the present embodiment, it is possible to control the film 
thickness and the depth of the circuit arbitrarily by adjusting 
the depth of the circuit groove. As shown in FIG. 6, it is thus 
possible to form, for example, a circuit 6a in the region deep 
in the insulative Substrate 1 and multiple circuits at positions 
mutually different from each other (e.g., 6a and 6b in FIG. 6). 
Also as shown by 6c and 6d in FIG. 6, it is also possible to 
form thick circuits by forming deep circuit grooves. The thick 
circuit has greater sectional area and thus, larger strength and 
electric capacity. 
0090 Hereinafter, the production method in the present 
embodiment will be described more specifically with refer 
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ence to an Example. It should be understood that the scope of 
the present invention is not restricted at all by the following 
Example. 

Example 1 
0091. A styrene-butadiene copolymer (SBR) film of 2 um 
in thickness was formed on the Surface of an epoxy resin 
substrate having a thickness of 100 um (R1766, manufactured 
by Panasonic Electric Works Co., Ltd.). The film was formed 
by coating a styrene-butadiene copolymer (SBR) suspension 
in methylethylketone (MEK) (manufactured by Zeon Corpo 
ration, acid equivalents: 600, particle diameter: 200 nm, solid 
matter: 15%) on the main face of the epoxy resin substrate and 
drying the resulting coating film at 80° C. for 30 minutes. 
0092 Grooves having an almost rectangular cross section 
having a width of 20 Lum and a depth of 30 um and a particular 
pattern were formed on the epoxy resin Substrate carrying the 
formed film by laser processing. MODEL 5330 manufac 
tured by ESI equipped with a UV-YAG laser was used in the 
laser processing. 
0093. The laser-processed epoxy resin substrate was then 
immersed in a cleaner conditioner (Surfactant solution of 
pH-1, C/N3320, manufactured by Rohm and Haas Electronic 
Materials K.K.) and then washed with water. Then, the sub 
strate was subjected to a soft etching process with a sodium 
persulfate-sulfuric acid type soft etching solution of pH-1. It 
was further pre-dipped in PD404 (pH~1:manufactured by 
Rohm and Haas Electronic Materials K.K.). It was further 
immersed in an acidic Pd—Sn colloidal solution of pH 1 
containing Stannous chloride and palladium chloride 
(CAT44, manufactured by Rohm and Haas Electronic Mate 
rials K.K.), for deposition of palladium, the nuclei in electro 
less copperplating, in the state of tin-palladium colloid on the 
epoxy resin Substrate. 
0094. It is then immersed in Accelerator Solution of pH-1, 
(ACC19E, manufactured by Rohm and Haas Electronic 
Materials K.K.) for generation of palladium nuclei. Next, the 
epoxy resin Substrate was immersed in 5% aqueous sodium 
hydroxide solution of pH 14, under ultrasonication for 10 
minutes. As a result, the SBR film on surface was swollen and 
separated. There was then no fragment of the SBR film 
remaining on the Surface of the epoxy resin Substrate. Then, 
the epoxy resin Substrate was immersed in an electroless 
plating solution (CP-251, Rohm and Haas Electronic Mate 
rials K.K.) for electroless copper plating. 
0.095 The electroless copper plating resulted in deposition 
of an electroless copperplated film having a thickness of from 
3 to 5 um. Observation of the surface of the epoxy resin 
substrate after electroless copper plating under SEM (scan 
ning electron microscope) showed that an electrolessly plated 
film was formed accurately only in the region of the laser 
processed region. 
0096. The Swelling degree of the swellable resin film was 
determined in the following manner: 
(0097. The SBR suspension for preparation of swellable 
resin film was coated on release paper and dried at 80°C. for 
30 minutes, to give a resin film having a thickness of 2 um. A 
sample was obtained by removing the formed film forcefully. 
0098. About 0.02 g of the sample obtained was weighed 
accurately. The sample weight then was designated as the 
weight before swelling mob). The weighed sample was 
immersed in 10 ml of 5% aqueous sodium hydroxide solution 
at 20+2° C. for 15 minutes. Then, another sample was 
immersed in 10 ml of 5% aqueous hydrochloric acid solution 
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at 20+2°C. for 15 minutes in the similar manner as described 
above. The mixture was centrifuged in a centrifuge at 1000G 
for 10 minutes, for removal of water absorbed on the sample. 
The weight of the swollen sample after centrifugation was 
designated as the weight after Swelling m(a). The Swelling 
degree was calculated from the weight before swelling mob) 
and the weight after Swelling m(a) thus obtained, according to 
the following Formula: “Swelling degree SW=(m(a)-m(b))/ 
m(b)x100(%). Other conditions were the same as those 
described in JIS L1015 8.27 (method for measuring alkali 
Swelling degree). 
0099. The swelling degree with respect to the 5% aqueous 
sodium hydroxide solution of pH 14 was 750%. On the other 
hand, the Swelling degree with respect to the 5% aqueous 
hydrochloric acid solution of pH 1 was 3%. 
0100. As described above, it is possible by using the pro 
duction method in the present embodiment to deposit a plat 
ing catalyst only in the region of the Substrate Surface where 
the circuit is desirably formed, by removing the swellable 
resin film. Thus, an electrolessly plated film is formed accu 
rately only in the region where the plating catalyst is depos 
ited. In addition, because the Swellable resin film can be 
removed easily under the Swelling action, the separation step 
is also carried out easily and accurately. 

Second Embodiment 

Method of Forming a Partial Reinforcing Structure 
in Fine Wiring 

0101. It is possible to form a partial reinforcing structure 
for partial reinforcement of the circuit as will be described 
below by applying the method of producing a circuit board 
described in the first embodiment. 
0102 The method of producing a circuit board in the 
present embodiment will be described specifically with ref 
erence to drawings. Items common to those in the description 
of the first embodiment are described only briefly for preven 
tion of duplication. 
(0103 FIGS. 7A to 7E are schematic cross-sectional views 
respectively explaining the steps in the method of producing 
a circuit board in the second embodiment. 
0104. In the production method of the present embodi 
ment, first as shown in FIG. 7A, a resin film 12 is formed on 
the surface of an insulative substrate 1. 

0105 Various organic substrates similar to those 
described in the first embodiment may be used as the insula 
tive substrate 1. The resin film 12 is formed by coating and 
drying a liquid resin material on the main Surface of the 
insulative substrate 1 or bonding a resin film previously 
formed to the main surface of the insulative substrate 1. 

0106 The resin film 12 for use is a resin film easily 
removed from the surface of the insulative substrate 1 by 
Swelling or solubilization with a particular liquid. Typical 
examples thereof include resin films easily soluble or 
Swellable in organic solvent or alkaline solution. Among 
them, a swellable resin film is particularly preferable for 
accurate and easy removal. 
0107 Then as shown in FIG. 7B, circuit grooves 3 having 
a depth greater than a thickness of the resin film 12 and as 
needed through-hole 4 are formed from the outermost surface 
of the resin film 12. If circuit grooves having a depth identical 
with the thickness, a circuit is formed on the surface of the 
insulative substrate 1. 
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0108. The circuit grooves 3 are formed with a particular 
circuit pattern. Then as shown in FIG.8B, a partial reinforc 
ing structure 3a for example having an irregular Surface (an 
asperity surface) is formed at least on part of the surface of the 
circuit grooves 3 (Circuit pattern-forming step). 
0109 Then as shown in FIG.7C, a plating catalyst 5 or the 
precursor thereof is coated on the surface of the insulative 
substrate 1 and the resin film 12 (catalyst-depositing step). By 
Such plating catalyst-depositing treatment, a plating catalyst 
5 is deposited on the surface of the circuit grooves 3 and 
through-hole 4 and on the surface of the resin film 12, as 
shown in FIG. 7C. 
0110. Then as shown in FIG. 7D, the resin film 12 is 
removed, as it is swollen or dissolved with a particular liquid 
(film-removing step). Removal of the resin film 12 leaves the 
plating catalyst 5 remaining only on the Surface where the 
circuit is desirably formed and on the inner surface of the 
through-hole 4. 
0111. In the film-removing step, the resin film 12 may be 
removed, for example, by a method of dissolving the resin 
film 12 by immersion thereof for a particular period or sepa 
rating the resin film 12 after swelling. The alkaline solution 
for use is, for example, an aqueous alkaline Solution Such as 
aqueous sodium hydroxide solution at a concentration of 
about 1 to 10%. The substrate is preferably ultrasonicated 
during immersion for improvement in removal efficiency. If 
the film is separated by swelling, it may be peeled off as 
needed under application of light force. 
0112. Then as shown in FIG. 7E, the film-removed insu 
lative substrate 1 is Subjected to electroless plating (plating 
processing step). In the step, an electroless plating film 6 is 
deposited on the surface of the circuit grooves 3 and the inner 
surface of through-hole 4. 
0113 For example, in production of circuits having land 
regions for Surface mounting of electronic parts Such as LSIs 
and circuit wiring regions integrated with the land regions, the 
land regions where electronic parts are mounted are appar 
ently more Vulnerable to breakage and separation by impact. 
In Such a case, it is possible to improve the mounting strength 
when electronic parts are mounted further, by forming a par 
tial reinforcing structure described above in the land regions 
that are vulnerable to impact. 
0114. An example of the partial reinforcing structure will 
be described with reference to drawings. 
0115 FIGS. 8A and 8B are drawings explaining a partial 
reinforcing structure in the irregular shape 40 formed for 
exhibition of an anchoring effect. FIG. 8A is a schematic top 
view illustrating a circuit 18 having a land region 18a and a 
circuit wiring region 18b. FIG. 8B is a schematic cross 
sectional view as seen along the line 8-8 in FIG. 8A. It is 
possible to improve the adhesiveness of the circuit by anchor 
ing effect, by forming Such an irregular shape 40 in prepara 
tion of the circuit grooves on insulative Substrate 1. 
0116. The irregular shape 40 shown in FIG.8B preferably 
has a ten-point average roughness (RZ), for example of 0.1 to 
20 um, more preferably approximately 1 to 10 Jum. Such an 
irregular shape formed in the region where the circuit is 
desirably reinforced leads to partial reinforcement of weakly 
wired regions. 
0117 FIGS. 9A and 9B are drawings illustrating a circuit 
having a region containing a thick plated film formed therein 
by expanding the groove depth in the region desirably rein 
forced. FIG. 9A is a schematic top view illustrating a circuit 
having a land region 18a and a circuit wiring region 18b. FIG. 
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9B is a schematic cross-sectional view as seen along the line 
9-9" in FIG.9A. It is possible to thicken the plated film only in 
the region desirably reinforced, by forming the grooves 
deeper in the region desirably reinforced, in preparation of the 
circuit grooves on the insulative Substrate. It is thus possible 
to reinforce only the weakly wired regions. 
0118. In the structure shown in FIGS. 9A and 9B, the 
plating in the region desirably reinforced is preferably 
adjusted to a thickness of 1 to 10 times, preferably 2 to 5 
times, larger than that of the plating in the region not rein 
forced. 
0119 FIG. 10 is a schematic top view illustrating a circuit 
having a land region 18a and a circuit wiring region 18b. The 
land region 18a has projections 18c formed at positions on its 
periphery. The projections 18c reinforce the land region 18a. 
0120 All of the reinforcement structures described above 
can be formed by means of laser processing, machining, or 
embossing during preparation of the circuit grooves. Specifi 
cally, if the partial reinforcing structure shown in FIGS. 8A 
and 8B is formed by laser processing, it is possible to form the 
irregular shape 40 by irradiating laser intermittently while the 
laser irradiation site is altered only on the region of Substrate 
surface where the land region 18a is formed after the circuit 
patterned region 18 having the land region 18a and the circuit 
wiring region 18b is formed. Alternatively if embossing is 
used, it is possible to forman irregular shape 40 similar to that 
shown in FIG. 11C, by embossing the resin film 12 in the 
direction from the outermost surface toward the insulative 
substrate 1 by using a mold 50 for forming a circuit pattern 
having an irregular shape in the surface-region, as shown in 
FIGS. 11A and 11B. 
0121. As for the partial reinforcing structure similar to that 
shown in FIGS. 9A and 9B, the deep groove can be formed 
locally by raising the power of laser locally during laser 
processing. Alternatively, if embossing is used, it is possible 
to form deep grooves locally by using a mold forming deep 
grooves in the reinforcement region. 
0122) A partial reinforcing structure similar to that shown 
in FIG. 10 can also be formed by engraving projections on the 
periphery of the circuit during laser processing. If embossing 
is used, it is possible to form the projections by using a mold 
having projections on the periphery. 
0123. It is possible to obtain wirings partially reinforced, 
by forming Such a partial reinforcing structure. 
0.124. It is possible, by the method of producing a circuit 
board described above, to reinforce the metal wiring only in 
the damage-Vulnerable region even though an electrical cir 
cuit having smaller line width and smaller line interval is 
formed. The circuit formed is higher in dimensional accuracy, 
because the plating catalyst is formed as it is deposited only in 
the region where the metal wiring is desirably formed. It is 
possible, by using Such a production method for circuit, to 
produce circuit boards for example in single-sided, double 
sided, and multilayer types, for applications, such as IC Sub 
strates, printed wiring boards for cellphone, and three-dimen 
sional circuit boards, wherein the wire width and the wire 
interval of the circuit used are smaller and the circuit used 
often has local regions Vulnerable to damage. 

Third Embodiment 

Method of Producing a Capacitor-Containing Circuit 
Board Having a Three-Dimensional Capacitor Struc 

ture Therein 

0.125. As will be described below, it is also possible to 
form a capacitor-containing circuit board having a three 
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dimensional capacitor structure therein, by applying the 
method of producing a circuit board described in the first and 
second embodiments. 
0.126 FIGS. 12A to 12E are schematic views respectively 
explaining the steps in the method of producing a circuit 
board having a three-dimensional capacitor structure in the 
third embodiment. 
I0127. In the production method in the present embodi 
ment, as shown in FIG. 12A, a resin film 12 is first formed on 
the surface of an insulative substrate 1. 
I0128. As shown in FIG. 12B, capacitor-forming grooves 
80 are then formed on the insulative substrate 1, by laser 
processing from the outermost Surface of the resin film 12. 
Each capacitor-forming groove 80 has two electrode units 
80a and 80b facing each other. The two electrode units 80a 
and 80b are placed at positions facing each other via the 
material for the insulative substrate 1 as dielectric layer. 
I0129. Then as shown in FIG. 12C, a plating catalyst 5 or 
the precursor thereof is deposited on the surface of the insu 
lative Substrate 1 carrying the capacitor-forming groove 80 
formed and on the surface of the resin film 12 (catalyst 
depositing step). 
0.130. Then as shown in FIG. 12D, the resin film 12 is 
removed (film-removing step). Removal of the resin film 12 
leaves the plating catalyst 5 remaining on the Surface of the 
capacitor-forming grooves 80 formed on the insulative Sub 
strate 1. 
0131 Then as shown in FIG. 12E, the film-removed insu 
lative substrate 1 is subjected to electroless plating (plating 
processing step). In the step, the electroless plating 6 is depos 
ited only in the region of the insulative substrate 1 where the 
capacitor-forming grooves 80 are formed, giving a three 
dimensional capacitor 85 formed on the insulative substrate 1 
of circuit board. FIG. 13 is a schematic view illustrating the 
capacitor 85 formed. 
0.132. A three-dimensionally capacitor is formed in the 
insulation layer of the circuit board by the production method 
in the present embodiment, and thus, the capacitor can be 
formed as it is placed in the Z-axis direction to the main face 
of the circuitboard, thus eliminating the need for the space for 
mounting capacitor elements that is demanded on the Surface 
of conventional circuit boards. Internal capacitors by using 
two wiring layers facing each other via the insulative layer of 
multilayer wiring plate as electrodes and the insulative layer 
as condenser layer have been known. However, such a con 
ventional internal capacitor, which is formed on the X-y face 
of the multilayer wiring plate, demanded a certain amount of 
space. It is possible with the capacitor obtained in the present 
embodiment to use the space directed for mounting of capaci 
tors as the space for circuit formation or for mounting other 
elements. It is possible to produce high-density circuit boards 
by using Such a production method. 
0.133 FIG. 14 is a schematic view illustrating a IC sub 
strate 140 (circuit board) containing such a three-dimension 
ally capacitor 85. In FIG. 14, the IC chip 31 is mounted on the 
IC substrate 140 and bonded to the circuit (electroless plating 
6) through wires 33. 142 represents soldering balls used for 
Surface mounting. 

Fourth Embodiment 

Production of Multilayer Wiring Circuit 

0134. The additive method described in FIG. 3A to FIG. 
3E, if it is applied to the build-up method, causes the prob 
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lems, as will be described below. The steps in the additive 
method described with reference to FIGS. 3A to 3E, if it is 
applied to the build-up method, will be described with refer 
ence to the schematic cross-sectional views of FIGS. 15A to 
1SE. 

0135 First as shown in FIG. 15A, a metal wiring 301 is 
formed on the surface of an insulative substrate 300. Then as 
shown in FIG.15B, an insulation resin layer 200 is formed on 
the surface of the insulative substrate 300. As shown in FIG. 
15C, a protective film 201 is then coated on the surface of the 
insulation resin layer 200. As shown in FIG. 15D, circuit 
grooves 202 and through-hole 203 corresponding to a wiring 
pattern are formed by laser processing on the insulation resin 
layer 200 carrying the protective film 201 coated. There is a 
resin smear 305 remaining then on the bottom of the through 
hole 203 formed by laser processing. The resin smear 305, 
which may cause conductivity troubles, should be removed. 
However, as shown in FIG. 15E, desmear treatment after 
formation of the protective film 201 caused a problem that the 
protective film 201 is also swollen or dissolved together with 
the resin smear 305. Alternatively, desmear treatment after 
deposition of the plating catalyst caused a problem that the 
plating catalyst deposited in the region where the metal wir 
ing is desirably formed is liberated. Therefore, it was not 
possible to form high-accuracy metal wiring by the method 
described with reference to FIGS. 15A to 15E. 
0136. Hereinafter, the method of producing a multilayer 
circuit board in the present embodiment will be described 
with reference to drawings. Description similar to that in the 
previous embodiment will be omitted. 
0137 FIGS. 16A to 16G are schematic cross-sectional 
views respectively explaining the steps in the method of pro 
ducing a multilayer circuitboard in the fourth embodiment. In 
FIGS. 16A to 16G, 1 and 11 each representan insulation layer 
(insulative substrate); 
11a represents a first electrical circuit; 12 represents a resin 
film;3 represents circuit grooves, 5 represents a plating cata 
lyst, and 6 represents an electrolessly plated film. In addition, 
anconical conductive bump (conductive rod) 11b is formed at 
a particular position on the surface of the first electrical circuit 
11a. In the present specification, the “conductive rod' is a 
conductive protrusion having a thickness Sufficiently larger 
than the metal foil forming the electrical circuit that sticks out 
in the almost vertical direction on the surface of a electrical 
circuit, and the shape is not particularly limited. Thus, the 
shape includes columnar shapes such as cylinder and prism 
and also conical shapes such as so-called conductive bump. 
0.138. In the production method of the present embodi 
ment, as shown in FIG.16A, an insulative substrate 1 is first 
laminated on the surface of an insulative substrate 11, for 
enclosure of the conductive bump 11b formed protruded at 
predetermined position of the first electrical circuit 11a, with 
the insulative substrate 1. Thus, as shown in FIG. 16B, a 
circuit board 9 containing the conductive rod 11b formed on 
the first electrical circuit 11a surface as it is protruded out of 
the insulation layer is formed. 
0139 Various organic substrates similar to the insulative 
substrates described in the first embodiment may be used as 
the insulative substrates 1 and 11. 
0140. The insulation layer 1 may beformed by coating and 
hardening a resin Solution on the Surface of the insulation 
layer 11. Resin Solutions commonly used in production of 
multilayer circuit boards, such as Solutions of epoxy resin, 
polyphenylene ether resin, acrylic resin, polyimide resin or 
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the like, may be used as the resin solution for use in the 
method without particular restriction. 
0141 Alternatively, it may be formed, for example, by 
placing an insulative Substrate 1 over the Surface of the insu 
lation layer 11 and bonding it thereto under pressure and heat. 
If a prepreg is used as the insulative substrate 1, the hardening 
under pressure and heat is preferable. 
0142. In the present embodiment, the first electrical circuit 
11a is formed on the surface of the insulative substrate 11. In 
addition, a conductive bump 11b is formed, as it protrudes at 
aparticular position on the surface of the first electrical circuit 
11a. The first electrical circuit 11a is formed by a traditionally 
known circuit-forming method such as Subtractive method or 
additive method. 
0143. The conductive bump 11b may beformed by screen 
printing a conductive paste on the Surface of the first electrical 
circuit 11a. Specifically, for example, a conductive paste Such 
as silver paste is applied at a particular position on the Surface 
of the first electrical circuit 11a by screen printing. If desired 
thickness is not obtained by single printing, the thickness of 
the conductive paste may be increased by repeated applica 
tion by Screen printing. And, the conductive bump is formed 
by application of a conductive paste at a particular position, 
molding thereof in the half-hardened state, for example, into 
a conical shape and Subsequent hardening of the shaped 
molding. Alternatively, the conductive paste may be formed 
at a particular position, hardened and then molded into a 
particular shape for example by etching process, instead of 
the molding in the half-hardened state. Yet alternatively, the 
conductive bump may beformed by etching a relatively thick 
metal foil by photoresist method. Yet alternatively, the con 
ductive bump may be formed on a metal foil surface by 
plating process. 
0144. The shape, size, interval and others of the conduc 
tive bumps 11b are not particularly limited. Specifically, the 
bump may be, for example, in an almost conical shape having 
a height of approximately 5 to 200 um and a bottom face 
diameter of approximately 10 to 500 um. 
0145 The shape of the embedded conductive bump 11b is 
not particularly limited, and, for example, the head of the 
conductive bump 11b may be embedded completely in the 
insulative Substrate 1 without external exposure, as shown in 
FIG. 17A, or the conductive bump 11b may be inserted into 
the insulative substrate 1, leaving only the head of the con 
ductive bump 11b exposed, as shown in FIG. 17B. 
0146. As shown in FIG.16C, a resin film 12 is the formed 
on the main surface of the circuit board 9 containing the 
conductive rod (on the Surface of the insulation layer 1 facing 
the protruding conductive bump 11b) (film-forming step). 
0147 The resin film 12 formed is a film similar to that 
described in the first or second embodiment. 
0.148. Then as shown in FIG.16D, circuit grooves 3 having 
a depth larger than the thickness of the resin film 12 are 
formed on the external surface of the resin film 12 by laser 
processing (circuit groove-forming step). 
0149. As shown in FIG. 16D, the conductive bump 11b is 
exposed by laser processing from the outermost Surface side 
of the resin film 12 (conductive rod-exposing step). The con 
ductive bump 11b is preferably exposed by removing the top 
region and leaving the bottom digged region of the conductive 
bump 11b remaining exposed, for sufficient removal of the 
surface Smear, as shown in FIG. 18. The conductive bump 11b 
has a thickness sufficiently larger than that of the first electri 
cal circuit 11a. Accordingly, even if the conductive bump 11b 
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is processed with laser at high strength, the first electrical 
circuit 11a itself remains undamaged. It is thus possible to 
remove the smear on the surface of the conductive bump 11b 
completely by exposing the conductive bump 11b in Such a 
manner. Therefore, it is possible, by laser processing and the 
plating treatment described below after exposure of the con 
ductive bump 11b, to connect the exposed conductive bump 
11b and the newly formed second electrical circuit 8 to each 
other by interlayer connection with the plated film without 
desmear treatment. 
0150. Then as shown in FIG.16E, a plating catalyst 5 or 
the precursor thereof is deposited on the entire outer surface 
of the conductive bump 11b exposed by laser processing, the 
circuit groove 3 and the resin film 12 (catalyst-depositing 
step). 
0151. The plating catalyst 5 for use is a catalyst similar to 
that described in the first embodiment, and the deposition 
method for use is also similar to that described there. 
0152. As shown in FIG. 16E, the plating catalyst 5 is 
deposited by the catalyst-depositing treatment on the entire 
Surface both of the laser-processed region and non-laser 
processed resin film 12. Then as shown in FIG.16F, the resin 
film 12 is removed, as it is swollen or dissolved with a par 
ticular liquid (film-removing step). The step leaves the plating 
catalyst 5 remaining only on the Surface of the circuit groove 
3 formed by laser processing and the exposed conductive 
bump 11b. On the other hand, the plating catalyst 5 deposited 
in the other region (surface of resin film 12) is removed. 
0153. The film-removing step is carried out by a method 
similar to that described in the second embodiment. Then as 
shown in FIG.16G, an electrolessly plated film is formed in 
the region carrying the residual plating catalyst 5 after the 
film-removing step (plating processing step). It is possible in 
the step to deposit an electrolessly plated film only in the 
region where the second electrical circuit 8 is desirably 
formed. Also in the step, the newly formed higher-layer sec 
ond electrical circuit 8 and the lower-layer first electrical 
circuit 11a are connected to each other via the conductive 
bump 11b and the electrolessly plated film 6 by interlayer 
connection. 
0154 The electrolessly plated film may be formed, for 
example, by a method of immersing the conductive rod 
containing circuit board 9 after the film-removing step in an 
electroless plating Solution and thus, allowing deposition of 
an electrolessly plated film 6 only in the region where the 
plating catalyst 5 is deposited. 
0155 The metal for use in the electroless plating is a metal 
similar to that described in the first embodiment. 
0156. In the plating processing step, the electrolessly 
plated film 6 can be deposited only in the region on the surface 
of the laser-processed insulation layer1. In this way, a second 
electrical circuit 8 is formed on the insulation layer 1 surface, 
and the formed second electrical circuit 8 and the first elec 
trical circuit 11a are connected to each other via the conduc 
tive bump 11b by interlayer connection. 
(O157. A multilayer circuit board 20 shown in FIG. 16G 
having the second electrical circuit 8 on the surface of the 
insulation layer 1 is formed in the steps above. In the multi 
layer circuit board 20, the higher-layer second electrical cir 
cuit 8 is electrically connected via the conductive bump 11b 
and the electrolessly plated film 6 to the lower-layer first 
electrical circuit 11a. 
0158. In the method of producing a circuit board, it is 
possible to determine film-removing failures by adding a 
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fluorescent Substance to the resin film and examining emis 
sion of the fluorescent substance after the film-removing step 
described above by irradiating UV light or near-ultraviolet 
light onto the test face. It is possible by the method of pro 
ducing a circuit board in the present embodiment to form 
metal wires having an extremely small wire width and wire 
interval. In Such a case, there is a concern, for example, about 
the resin film between neighboring metal wires remaining 
incompletely removed, as shown as the resin film residue 13 
in the expanded top view of circuit 8 in FIG. 19. The resin film 
remaining between the metal wires, which allows formation 
of a plated film in the region, may possibly lead to troubles 
Such as migration and short circuiting. In such a case, it is 
possible to examine the presence and the position of the 
film-removing failures by adding a fluorescent Substance to 
the resin film 12, irradiating the film-removed face with light 
from a particular light source after the film-removing step, 
and thus, allowing light emission by the fluorescent Substance 
only in the film-remaining region. 
0159. The fluorescent substance added to resin film for use 
in the inspection step is not particularly limited, if it emits 
light by irradiation of light from a particular light source. 
Typical examples thereof include fluorescence, eosine, 
pyroxene G and the like. 
0160 The region where the emission of the fluorescent 
Substance is observed in the inspection step is the region 
having the residual resin film 13. Accordingly, it is possible to 
prevent formation of a plated film in the region by removing 
the emission-detected region, thus, prohibiting troubles such 
as migration and short circuiting in advance. 
0.161. By the method of producing a multilayer circuit 
board described above, it is possible, by forming an electro 
lessly plated film by subjecting the conductive bump formed 
on the lower-layer first electrical circuit to laser processing in 
production of a multilayer circuit board by laminating elec 
trical circuits by build-up method, to connect the newly 
formed higher-layer second electrical circuit to the previ 
ously-formed lower-layer first electrical circuit easily by 
interlayer connection. In addition, the newly-formed second 
electrical circuit, which is formed by deposition of a plating 
catalyst only in the region where the metal wires are desirably 
formed, is an electrical circuit higher in dimensional accu 
racy. It is thus possible to provide a multilayer circuit board 
carrying a electrical circuit higher in dimensional accuracy. It 
is possible by using Such a method of producing a multilayer 
circuit board to produce multilayer circuit boards for use in 
applications such as IC Substrates having Small wire width 
and wire interval and printed wiring boards for cellphone and 
3D circuit board. 
0162 Hereinafter, the production method in the present 
embodiment will be described more specifically with refer 
ence to an Example. It should be understood that the scope of 
the present invention is not restricted at all by the following 
Example. 

Example 2 

0163 A circuit board carrying a metal wiring (thickness 
18 um) formed on the Surface is placed over a prepreg having 
a thickness 100 um. A conical conductive bump having a 
height of 50 Lum and a bottom face diameter of 200 um is 
formed at a particular position on the metal wiring Surface. 
The conductive bump is a bump formed with a conductive 
paste. A laminated film of the laminated and integrated com 
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posite is obtained by press-molding the composite under heat 
in the state that the conductive bump Sticks into the prepreg. 
0164. Then, a suspension of styrene-butadiene copolymer 
(SBR) in methylethylketone (MEK) (manufactured by Zeon 
Corp., acid equivalents: 600, particle diameter: 200 nm, solid 
matter: 15%) was coated on the prepreg-sided surface of the 
obtained laminated film by spin coating and dried at 80°C. for 
30 minutes, to form a resin film having a thickness of 2 um. 
0.165 Grooves having the almost rectangular cross section 
having a width of 20 Lum and a depth of 30 Jum, a particular 
pattern are formed by laser processing at particular positions 
of the laminate film carrying the resin film formed. In addi 
tion, hole is formed in Such a manner that the conductive 
bump is exposed as it is dug toward the region where the 
conductive bump is formed. A UV-YAG laser of 
MODEL5330 manufactured by ESI is used in laser process 
1ng. 
0166 The laser-processed laminated film is then 
immersed in a cleaner conditioner (C/N3320) and washed 
with water. Then, the laminated film is subjected to a soft 
etching process with a sodium persulfate-Sulfuric acid type 
soft etching solution of pH-1. It is further treated in a predip 
step by using PD404 (pH~1: manufactured by Shipley Far 
East Ltd.). Then, it is immersed in an acidic Pd Sn colloidal 
Solution of pH 1 containing Stannous chloride and palladium 
chloride (CAT44, manufactured by Shipley Far East Ltd.), for 
deposition of palladium, nuclei in electroless copper plating, 
in the state of tin-palladium colloid on the epoxy resin Sub 
Strate. 

0167. The laminate is then immersed in an accelerator 
solution of pH-1 (ACC19E, manufactured by Shipley Far 
East Ltd.), to generate palladium nuclei. The laminate is 
immersed in 5% aqueous sodium hydroxide solution of pH 14 
under ultrasonication for ten minutes, allowing Swelling of 
the surface SBR film and separation of the resin film. 
0168 Ultraviolet light is then irradiated onto the laminate 
surface. There is local fluorescent emission observed by ultra 
violet irradiation. The region of fluorescent emission is 
removed by rubbing with cloth. 
0169. The laminate is subjected to electroless copper plat 
ing as it is immersed in an electroless plating Solution 
(CM328A, CM328L, CM328C, manufactured by Shipley Far 
East Ltd.), to give a deposited electroless copper plated film 
having a thickness of 5um. Observation of the surface of the 
laminated film electrolessly plated as described above under 
SEM (scanning electron microscope) shows that metal wires 
formed by the electrolessly plated film are formed at high 
accuracy in the laser-processed groove regions and the Sur 
face of the conductive bump and the groove region are elec 
trically connected to each other via the electrolessly plated 
film. 
0170 The swelling degree of the swellable resin film is 
determined in a similar manner to the method described in the 
first embodiment. 

Fifth Embodiment 

Preparation of Multilayer Wiring Circuit Containing 
Radiators 

0171 The method of producing a circuit board in the 
present embodiment relates to a method of producing a radia 
tor penetrating the multilayer circuit, while the method of 
producing a multilayer circuit board in the fourth embodi 
ment is applied. 
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0172 Hereinafter, the method of producing a multilayer 
circuit board having penetrating radiators in the present 
embodiment will be described with reference to drawings. 
Description similar to that in the fourth embodiment will be 
omitted. 

(0173 FIGS. 20A to 20G are schematic cross-sectional 
views respectively explaining the steps in the method of pro 
ducing a multilayer circuitboard having radiators penetrating 
through multiple layers in the fifth embodiment. The regions 
in the fifth embodiment with the same numerals as those in the 
first to fourth embodiments are similar to each other, and thus, 
the detailed description thereof is omitted. 
0.174. The production method of the present embodiment 

is different from the production method described in the 
fourth embodiment in that conductive film for heat radiations 
16a electrically disconnected from the first electrical circuit 
11a are formed additionally on the face where the first elec 
trical circuit is formed. Also at predetermined positions of the 
conductive film for heat radiation 16a, conductive rods 16b 
are formed as they are protruding in the shape similar to the 
conductive rods 11b placed protruding on the surface of the 
first electrical circuit 11a. 

0.175. Also in the production method of the present 
embodiment, as shown in FIG. 20A, an insulative substrate 1 
is first laminated on the surface of an insulative substrate 11. 
Then as shown in FIG. 20B, the conductive bumps 11b and 
the conductive bumps 16b are embedded in the insulative 
substrate 1. 

(0176). As shown in FIG.20C, a resin film 12 is then formed 
on the main face of the circuit board 19 having conductive 
rods (film-forming step). 
(0177. Then as shown in FIG. 20D, a circuit groove 3 
having a depth equal to or greater than the thickness of the 
resin film 12 are formed by laser processing from the external 
Surface of the resin film 12 (circuit groove-forming step). 
Further as shown in FIG.20D, the conductive bumps 11b and 
the conductive bumps 16b are exposed by laser processing 
from the external surface of the resin film 12 (conductive 
rod-exposing step). 
0.178 Then as shown in FIG. 20E, a plating catalyst 5 or 
the precursor thereof is deposited over the entire surface of the 
conductive bumps 11b and 16b exposed by laser processing, 
the circuit groove 3 and the resin film 12 (catalyst-depositing 
step). By the catalyst-depositing treatment, the plating cata 
lyst 5 is deposited on the entire surface, including the surface 
of the laser-processed region and also of the non-laser-pro 
cessed resin film 12. 

0179 Then as shown in FIG. 20F, the resin film 12 is 
removed, as it is swollen or dissolved with a particular liquid 
(film-removing step). 
0180. As shown in FIG.20C, electrolessly plated films are 
then formed on the regions where the plating catalyst 5 
remains unremoved (plating processing step). In the step, the 
electrolessly plated film 6 is deposited only in the region 
where the plating catalyst 5 remains unremoved. The newly 
formed higher-layer second electrical circuit 8 and the lower 
layer first electrical circuit 11a are connected to each other via 
the conductive bumps 11b and the electrolessly plated films 6 
by interlayer connection. In addition, a new conductive films 
for heat radiation 16a thermally connected to the lower-layer 
conductive film for heat radiation 16a are formed on the face 
carrying the newly formed higher-layer second electrical cir 
cuit 8. 
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0181. After such steps, formed is a multilayer circuitboard 
30 having a second electrical circuit 8 and newly formed 
conductive films for heat radiation 16a on the surface of the 
insulation layer 1 shown in FIG.20C. In the multilayer circuit 
board 30, the higher-layer second electrical circuit 8 is elec 
trically connected to the lower-layer the first electrical circuit 
11a via the conductive bumps 11b and the electrolessly plated 
films 6. The higher-layer conductive film for heat radiation 
16a is thermally connected via the conductive bumps 16b and 
the electrolessly plated films 6 to the lower-layer conductive 
film for heat radiation 16a. 
0182 Conductive bumps 16b are formed additionally in 
the newly formed higher-layer conductive film for heat radia 
tion 16a shown in FIG.20C, and conductive bumps 11b are 
additionally formed at predetermined positions of the second 
electrical circuit 8. A multilayer circuit board having a radia 
torpenetrating multiple layers therein is obtained, by repeat 
ing the steps explained in FIGS. 20A to 20G for a particular 
times. FIG. 21 shows, as an example, a schematic cross 
sectional view of a five-layered multilayer circuit board 35 
prepared by repeating the steps shown in FIGS. 20A to 20G 
four times. 
0183 Radiators 16 penetrating the insulative substrate 11 
and the five-layered insulation layer are formed in the five 
layered multilayer circuit board 35 shown in FIG. 21. The 
radiators 16, which penetrate the multilayer circuit board 35, 
transfer the heat on top surface to the bottom surface effi 
ciently. Thus, the multilayer circuit board containing the 
radiators can be used favorably, for example, as an IC Sub 
strate for mounting IC chips that release a great amount of 
heat and a LED substrate carrying Leeds of which the lumi 
nous efficiency is affected by heat generation. 
0184. Use of a multilayer circuit board 35 containing 
radiators 16 as IC substrate will be described with reference to 
FIGS. 22 and 23. FIG.22 is a schematic cross-sectional view 
illustrating a multilayer circuit board 35 carrying an IC chip 
31 mounted thereon. FIG. 23 is a top view illustrating the 
multilayer circuit board 35 shown in FIG.22 carrying a chip 
31 mounted thereon. 
0185. In FIG. 22, the multilayer circuit board 35 is con 
nected via the electrode bumps 31 on the rear face to the 
electrode land regions 41 on the Surface of the printed wiring 
board 40 by soldering. Radiator bumps 32 thermally con 
nected to the radiators 16 are formed on the rear face of the 
multilayer circuit board 35. The radiator bumps 32 are con 
nected to metal layers 42 for heat release formed on the 
printed wiring board 40 by soldering. The metal layers for 
heat release 42 are formed, electrically insulated from the 
circuit formed on the surface of the printed wiring board 40. 
0186 The IC chip 31 mounted on the multilayer circuit 
board 35 generates heat if power is supplied to the IC chip 31 
through wires 33 for wire bonding. The multilayer circuit 
board 35 can transfer the heat released from the IC chip 31 via 
the radiators 16 to the metal layers 42 formed on the surface 
of the printed wiring board 40. Accordingly, the heat released 
from the IC chip 31 is radiated efficiently through the metal 
layers 42 formed on the surface of the printed wiring board 
40, thus, preventing deterioration in operation efficiency of 
the IC chips 31. 
0187. The shape, pattern and others of the radiators 
formed on the multilayer circuit board are not particularly 
limited, if the radiators are formed, as they are electrically 
insulated from the circuit formed in the multilayer circuit 
board. It is possible to make the radiator function as a rein 
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forcement structure for prevention of thermal deformation of 
the multilayer circuit board, by properly selecting the shape 
and pattern of the radiator. If the insulation layer of the mul 
tilayer circuit board is made of an organic material, the layer 
may be thermally deformed by the heat during soldering. In 
Such a case, for example, if a radiator 16 in the frame-shaped 
pattern shown in FIG. 23 is formed along the external surface 
of the multilayer circuit board 30, the radiator 16 of a metal 
material having a linear thermal expansion coefficient lower 
than that of the resin material functions as a reinforcement 
structure, preventing deformation of the entire multilayer 
circuit board 30. 

Sixth Embodiment 

Another Method of Producing Multilayer Wiring 
Circuit 

0188 In the sixth embodiment, another method of produc 
ing a circuit board containing conductive rods will be 
described. The steps except those for production of a circuit 
board containing conductive rods are the same as the steps 
described in the fourth and fifth embodiments, and the 
detailed description thereof is eliminated. 
0189 The method of producing a multilayer circuit board 
having conductive rods in the sixth embodiment will be 
described with reference to FIGS. 24A to 24E. 
(0190. In FIGS. 24A to 24E, 1 and 21 each represent an 
insulation layer (insulative Substrate); 21a represents a first 
electrical circuit; 24 represents a hole formed by laser pro 
cessing: 25 represents a Smear, and 27 represents a conduc 
tive rod. 
0191 In the production method of the present embodi 
ment, as shown in FIGS. 24A and 24B, an insulation layer 1 
is first laminated on the surface of an insulation layer 21 
carrying a first electrical circuit 21a formed. As shown in FIG. 
24C, the surface of the first electrical circuit 21a is exposed by 
laser processing of the insulation layer 1. A resinous residue 
smear 25 remains deposited on the surface of the first electri 
cal circuit 21a exposed by laser processing, as shown in FIG. 
24C. The smear 25 may cause conductivity troubles. For that 
reason, the smear 25 is preferably removed by desmear treat 
ment, as shown in FIG.24D. A known method of removing 
the smear 25 by solubilization by means of immersion for 
example in permanganic acid solution can be used without 
any restriction as the desmear treatment. 
0.192 After desmear treatment, a plate layer is grown from 
the surface of the exposed first electrical circuit 21a by elec 
trolytic or electroless plating. As a result, as shown in FIG. 
24E, a conductive rod 27 is formed as it protrudes on the 
surface of the first electrical circuit 21a. The first electrical 
circuit 21a functions as an electrode when electrolytic plating 
is performed, while the surface of the first electrical circuit 
21a functions as plating nucleus, when electroless plating is 
performed. 
0193 A multilayer circuit board is obtained in steps simi 
lar to those described in the fourth or fifth embodiment, 
except that a circuitboard containing conductive rods 19 Such 
as that described above is used, replacing the circuit board 
containing conductive rods 9. Specifically, a resin film 12 is 
formed on the Surface of a circuit board containing conduc 
tive rods 19 (film-forming step). Circuit grooves 3 having a 
depth equal to or greater than the thickness of the resin film 12 
are formed by laser processing from the external Surface of 
the resin film 12 (circuit groove-forming step). The conduc 
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tive rod 27 is exposed by laser processing from the external 
Surface of the resin film 12 (conductive rod-exposing step). A 
plating catalyst 5 or the precursor thereof is deposited over the 
entire surface of the exposed conductive rod 27 and circuit 
groove 3, and the resin film 12 (catalyst-depositing step). The 
resin film 12 is then removed (film-removing step). After the 
film-removing step, an electrolessly plated film 6 is formed in 
the region where the plating catalyst 5 remains unremoved 
(plating processing step). A multilayer circuit board having a 
second electrical circuit 8 on the surface of an insulation layer 
1 is formed after these steps. In the multilayer circuit board, 
the higher-layer second electrical circuit 8 is electrically con 
nected via the conductive rods 27 and the electrolessly plated 
films 6 to the lower-layer the first electrical circuit 21a. 
0194 In such a method, the surface of the first electrical 
circuit may be subjected to desmear treatment before prepa 
ration of the resin film, and then, the conductive rod for 
interlayer connection formed by electrolytic plating or elec 
troless plating. Thus, there is no concern, for example, about 
generation of the resin film by desmear treatment. It is also 
possible to form a conductive rod more efficiently, if the 
plated film is grown by electrolytic plating by using the 
exposed first electrical circuit as electrode. If power applica 
tion to the first electrical circuit is difficult, the plated film 
may be grown by electroless plating by using the exposed 
electrical circuit Surface as plating nucleus. 

Seventh Embodiment 

Another Method of Producing Multilayer Wiring 
Circuit 

0195 In the seventh embodiment, a method of an inter 
layer connection after separation of the resin film 12 and 
formation of the second electrical circuit, instead of using 
conductive rods formed before preparation of the resin film 
12 described in the fourth to sixth embodiments. Detailed 
description the steps similar to those described in the fourth to 
sixth embodiments will be omitted. 
0196. In the production method of the present embodi 
ment, as shown in FIG. 25A, an insulation layer 1 is first 
laminated on the surface of an insulative substrate 21 In this 
way, the first electrical circuit 21a is embedded in the insula 
tion layer 1. 
0197) Then as shown in FIG. 25B, a resin film 12 is formed 
on the Surface of the insulation layer 1 (film-forming step). As 
shown in FIG. 25C, circuit grooves 3 having a depth of equal 
to or greater than the thickness of the resin film 12 are formed 
on the external surface of the resin film 12 by laser processing 
(circuit groove-forming step). 
0198 Then as shown in FIG. 25D, a plating catalyst 5 is 
deposited over the external surface of the formed circuit 
groove 3 and the resin film 12 (catalyst-depositing step). By 
Such a catalyst-depositing treatment, a plating catalyst 5 is 
deposited on the entire Surface, including the Surfaces of the 
circuit grooves 3 and non-laser-processed resin film 12. 
(0199. As shown in FIG. 25E, the resin film 12 is removed, 
as it is swollen or dissolved with a particular liquid (film 
removing step). Processing in the step leaves the plating 
catalyst 5 remaining on the Surface of the circuit grooves 3 
formed by laser processing and removes the plating catalyst 5 
deposited on the surface of the other resin film 12. 
(0200. As shown in FIG.25F, an electrolessly plated film 6 
is formed in the region where the plating catalyst 5 remains 
unremoved (plating processing step). The step makes an elec 
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trolessly plated film 6 deposited on the regions where the 
second electrical circuit 8 is desirably formed. 
0201 Then as shown in FIG. 26A, the surface of the first 
electrical circuit 21a is exposed by laser processing from 
above the region where the interlayer connection to the sec 
ond electrical circuit 8 is desirably formed. A smear 25 
remains then on the surface of the first electrical circuit 21a 
exposed by laser processing. The smear 25 is removed by 
desmear treatment, as shown in FIG. 26B. 
0202 A plated film is grown by electrolytic or electroless 
plating on the surface of the first electrical circuit 21a exposed 
after desmear treatment, forming a conductive rod 37, as 
shown in FIG. 26C. The first electrical circuit 21a functions 
as electrode if electrolytic plating is carried out, while the first 
electrical circuit 21 a functions as the Surface plating nucleus 
if electroless plating is carried out. 
0203. It is possible by such a method to form an interlayer 
connection 37 after separation of the resin film 12 and forma 
tion of the second electrical circuit 8. As a result, a second 
electrical circuit resistant to short circuiting and migration 
even when that having small wire width and wire interval is 
laminated by the build-up method. 

Eighth Embodiment 
Preparation of by Using Swellable Resin Film 

Three-Dimensional Circuit Board 

0204 The method of producing a circuit board in the 
present embodiment will be described with reference to 
drawings. 
0205 FIGS. 27A to 27E are schematic cross-sectional 
views respectively explaining the steps in the method of pro 
ducing a three-dimensional circuit Substrate in the eighth 
embodiment. 
0206. In the production method of the present embodi 
ment, as shown in FIG. 27A, a resin film 12 is formed on the 
surface of an three-dimensional insulative substrate 51 hav 
ing step-shaped regions. 
0207 Various traditional resin moldings used in produc 
tion of three-dimensional circuit boards can be used without 
any restriction for the three-dimensional insulative substrate 
51. Such a molding is preferably prepared by injection mold 
ing from the point of productivity. Typical examples of the 
resin materials for resin molding include polycarbonate res 
ins, polyamide resins, various polyester resins, polyimide 
resins, polyphenylene Sulfide resins and the like. 
0208. The method of producing the resin film 12 is not 
particularly limited. Specifically, it may be prepared for 
example by coating and drying a liquid resin material on the 
step face of a three-dimensional insulative substrate 51 where 
a resin film 12 is desirably formed. The coating method is not 
particularly limited. Specifically, a known method Such as 
spin coating, bar coating, or spray coating can be used without 
particular restriction. 
0209. As shown in FIG. 27B, a circuit groove 3 in a par 
ticular pattern is then formed by removing the resin film only 
in particular regions from the external Surface of the resin film 
12 formed. The method of forming the circuit grooves is not 
particularly limited. Specifically, it is formed, for example, by 
laser processing, machining such as dicing, embossing, or the 
like. Laser processing is favorable for production of high 
accuracy fine circuits. It is possible to adjust the machining 
depth and others arbitrarily by modifying the laser power by 
laser processing. For example, embossing processing by 
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using a fine resin mold, such as that used in the field of 
nanoimprint, is carried out favorably. 
0210. The circuit grooves 3 formed in a particular circuit 
pattern defines the region of electrical circuit formed after 
electrolessly plated film is provided. 
0211. Then as shown in FIG. 27C, a plating catalyst 5 is 
deposited both on the Surface carrying the circuit groove 3 
formed and the Surface carrying no circuit groove formed 
(catalyst-depositing step). As shown in FIG. 27C, it is pos 
sible to deposita plating catalyst 5 on the surface of the circuit 
groove 3 and on the surface of the resin film 2 by the catalyst 
depositing treatment. 
0212. As shown in FIG. 27D, the resin film 12 is then 
removed from the surface of the three-dimensional insulative 
substrate 51, as it is swollen with a particular liquid (film 
separating step). The step leave the plating catalyst 5 only in 
the regions of the step face of the three-dimensional insulative 
substrate 51 where the circuit is desirably formed. 
0213. As shown in FIG. 27E, an electrolessly plated film 6 

is then formed only in the regions where the plating catalyst 5 
remains unremoved (plating processing step). The step leads 
to deposition of an electrolessly plated film only in the region 
where the circuit groove 3 is formed. 
0214. The plating processing step leads to deposition of 
the electrolessly plated film only in the regions on the surface 
of the three-dimensional insulative substrate 51 where the 
plating catalyst 5 remains unremoved, thus, forming a con 
ductive film accurately in the regions where the circuit is 
desirably formed. It is also possible to prevent deposition of 
the electrolessly plated film in the regions where circuit for 
mation is undesirable. As a result, there is no unneeded plat 
ing film remaining between neighboring circuits, even when 
multiple fine circuits having narrow pitch interval and line 
width are formed. It is thus possible to prevent short circuiting 
and migration. 
0215. The three-dimensional circuit board 60 shown in 
FIG. 27E is formed in these steps. As described above, it is 
possible by the method of forming a circuit in the present 
embodiment to form a circuit accurately and easily, for 
example, on the step-shaped regions of three-dimensional 
circuit board. 
0216. The method of producing a circuit board described 
above in an aspect of the present invention includes a film 
forming step of forming a Swellable resin film on the Surface 
of an insulative Substrate, a circuit groove-forming step of 
forming circuit grooves having a depth equal to or greater 
than the thickness of the Swellable resin film on the external 
Surface of the Swellable resin film, a catalyst-depositing step 
of depositing a plating catalyst or the precursor thereof both 
on the surface of the circuit grooves of the insulative substrate 
and the swellable resin film where there is no circuit groove 
formed, a film-separating step of making the Swellable resin 
film Swollen with a particular liquid and removing the Swol 
len resin film from the insulative substrate surface, and a 
plating processing step of forming an electrolessly plated film 
only in the region where the plating catalyst or the plating 
catalyst formed from the plating catalyst precursor remains 
unremoved after removal of the Swellable resin film. It is 
possible by Such a production method to remove the undes 
ired plating catalyst easily by separating the protective film 
after swelling. It is thus possible to forman electroless plated 
film only in the region defined by the residual plating catalyst. 
It is thus possible to keep the resulting circuit profile highly 
accurate. As a result, for example even when multiple circuit 
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wires are drawn at a particular interval, there is no fragment 
for example of the electrolessly plated film between the cir 
cuit wires, eliminating concern about short circuiting and 
migration. It is also possible to form a circuit having a desired 
depth. 
0217. The swelling degree of the swellable resin film 
when processed with the liquid is preferably 50% or more. By 
using a Swellable resin film having Such a Swelling degree it 
is possible to remove the swellable resin film easily from the 
insulative Substrate Surface. 
0218. In the above production method, preferably, the 
catalyst-depositing step includes a step of immersing the 
swellable resin film in an acidic catalyst metal colloidal solu 
tion, the film-separating step includes a step of Swelling the 
swellable resin film in an alkaline solution, and the Swellable 
resin film is a resin film incapable of Swelling in the acidic 
catalyst metal colloidal Solution and capable of Swelling in 
the alkaline solution. According to the above production 
method, the swellable resin film is not separated in the cata 
lyst-depositing step, wherein the swellable resin film is 
treated in the acidic condition, and is selectively separated in 
the film-separating step, wherein the swellable resin film is 
treated in the alkaline solution, following the catalyst-depos 
iting step. Accordingly, a portion not subjected to plating is 
accurately protected in the catalyst-depositing step, and the 
swellable resin film can be separated after the plating catalyst 
has been deposited. This enables to fabricate a circuit more 
accurately. In this arrangement, preferably, the Swellable 
resin film has a swelling degree of 10% or less with respect to 
the acidic catalyst metal colloidal Solution, and a Swelling 
degree of 50% or more with respect to the alkaline solution. 
0219. Examples of the swellable resin film to be selec 
tively separated in the alkaline condition are resin films to be 
formed by coating an elastomer in the form of Suspension or 
emulsion, such as diene-based elastomers, acrylic elas 
tomers, and polyester elastomers, having carboxyl groups, 
followed by drying. Use of the elastomer is advantageous in 
easily forming a Swellable resin film having an intended 
Swelling degree by adjusting the crosslinking degree or the 
gelation degree. Among the elastomers, diene-based elas 
tomers containing a styrene-butadiene copolymer and having 
carboxyl groups are particularly preferable. 
0220. The swellable resin film preferably contains, as a 
principal component, a resin including an acrylic resin having 
carboxyl groups of 100 to 800 acid equivalents. 
0221) The swellable resin film is preferably a film pre 
pared by coating and drying an elastomer Suspension or emul 
sion on the surface of the insulative substrate surface. It is 
possible to form a swellable resin film easily on the surface of 
the insulative substrate by such a method. 
0222 Alternatively, the swellable resin film is preferably 
formed by transferring a resin film previously prepared by 
coating and drying an elastomer Suspension or emulsion on a 
support substrate onto the surface of the insulative substrate. 
Such a method is preferable, as it is advantageous in mass 
productivity, because it is possible to prepare multiple 
swellable resin films in advance. 

0223) The thickness of the swellable resin film is prefer 
ably 10 um or less, for preparation of the fine circuit at high 
accuracy. 
0224. The width of the region to be partially removed by 
circuit pattern formation above is preferably 20 Lim or less, for 
production of products demanding fine processing Such as 
antenna circuits. 
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0225. It is also advantageous, because, if circuit grooves 
are formed by laser processing in the circuit groove-forming 
step, it is possible to form a fine circuit at high accuracy and 
control for example the machining depth easily by adjusting 
the laser power. It is also possible by using laser processing, 
to form through-holes for interlayer connection and install 
capacitors in the insulative Substrate. 
0226. The method of producing a circuit board in another 
aspect of the present invention includes a film-forming step of 
forming a resin film on the Surface of the insulative Substrate, 
a circuit groove-forming step of forming circuit grooves hav 
ing a depth equal to or greater than the thickness of the resin 
film on the external surface of the resin film, a catalyst 
depositing step of depositing a plating catalyst or the precur 
sor thereof on the surface of the circuit grooves and the 
Surface of the resin film, a film-removing step of removing the 
resin film, and a plating processing step of electroless-plating 
the insulative substrate after removal of the resin film, 
wherein, in the circuit groove-forming step, a local reinforce 
ment structure is formed in a region of the circuit groove. It is 
possible by Such a production method to form a circuit pat 
terned region having a desired depth and shape, for example 
by laser processing, on the external Surface of the resin film 
formed on the insulative Substrate. Deposition of a plating 
catalyst over the entire surface of the insulative substrate 
carrying the circuit-patterned resin film and Subsequent sepa 
ration of the resin film leaves the plating catalyst only on the 
Surface of the circuit patterned region. Electroless plating on 
the insulative substrate leaves a plated film formed only on the 
Surface of the circuit patterned region. In this case, it is pos 
sible to improve the mechanical strength and the adhesion 
strength of the region of electrical circuit that is easily dam 
aged, by forming a three-dimensional reinforcing structure, 
specifically by forming an irregular shape having anchoring 
action on the Surface of the circuit patterned region or a 
partially thick plated film by engraving the groove deeper in 
the region desirably reinforced. 
0227. In the production method for an electrical circuit, 
the circuit patterned region preferably has at least one land 
region for Surface mounting of electronic parts and circuit 
wiring regions formed integrally with the land regions, 
wherein the irregular shape is formed on the surface of the 
land regions. Land regions for mounting electronic parts Such 
as LSIs are regions particularly fragile and easily separated by 
impact. Installation of an irregular shape on the Surface of 
Such an impact-Vulnerable land region leads to improvement 
in adhesive strength of the metal wiring in the land region and 
thus in the mounting strength of the LSIs and others mounted 
thereon. 

0228 Preferably in the method of producing an electrical 
circuit described above, the circuit patterned region has at 
least one land region for Surface mounting of electronic parts 
and circuit wiring regions formed integrally with the land 
regions, and the partial reinforcing structure is formed in Such 
a manner that the land region has a groove depth equal to or 
greater than that in the circuit wiring region. When the elec 
trical circuit board is exposed to impact in the State carrying 
electronic parts mounted thereon, in the circuit pattern having 
land regions and the circuit wiring regions integrally formed 
with the land regions, the regions close to the connection area 
between the land regions and the circuit wiring regions are 
often cleaved. In Such a case, it is possible to make the plated 
film formed in the land region thicker than the plated film 
formed in the circuit wiring region, by forming a partial 
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reinforcing structure by making the groove depth in the land 
region greater than the groove depth of the circuit wiring 
region. It is possible in this way to reinforce the connection 
area between the land region and the circuit wiring region. 
0229. Also preferably in the method of producing an elec 

trical circuit, the circuit patterned region has at least one land 
region for Surface mounting of electronic parts and circuit 
wiring regions formed integrally with the land regions, and 
the partial reinforcing structure is a protrusion formed on the 
periphery of the grooves in the land region. The protrusions 
formed on the periphery of the grooves in the land region 
further improve the mounting strength when LSIs and others 
are mounted. 

0230. The method of producing a multilayer circuit board 
in yet another aspect of the present invention includes a film 
forming step of forming a resin film on the Surface of an 
insulation layer formed on a circuit board that embeds con 
ductive rods extruding at predetermined positions of a first 
electrical circuit, a circuit groove-forming step of forming 
circuit grooves having a depth equal to or greater than the 
thickness of the resin film by laser processing on the external 
Surface of the resin film, a conductive rod-exposing step of 
exposing the conductive rods by laser processing from the 
external Surface of the resin film, a catalyst-depositing step of 
depositing a plating catalyst or the precursor thereof on the 
Surface of the exposed conductive rods, circuit grooves in the 
insulation layer, the internal wall of the pores formed in the 
insulation layer by exposure of the conductive rod, and the 
surface of the resin film, a film-removing step of removing the 
resin film, and a plating processing step of forming a second 
electrical circuit by forming an electrolessly plated film in the 
region where the plating catalyst remains unremoved after the 
film-removing step and connecting the first and the second 
electrical circuits to each other with the conductive rods by 
interlayer connection. It is possible in the configuration to 
deposit a plating catalyst only on the Surface of circuit 
grooves by forming circuit grooves by removing the resin film 
formed on the insulation layer surface of the conductive rod 
containing circuit board partially by laser processing, depos 
iting a plating catalyst on the Surface of the circuit grooves 
and the entire surface of the unremoved resin film, and then, 
removing the resin film. Thus, an electrolessly plated film is 
formed only in the region defined by the region carrying the 
deposited plating catalyst. It is possible in this way to forman 
electrical circuit having a high-definition profile by deposit 
ing a plating catalyst only in the region where the electrical 
circuit is desirably formed. In addition, because the electro 
lessly plated film is formed after exposure of the conductive 
rod by laser processing from the external Surface of the resin 
film, the first electrical circuit previously formed and the 
second electrical circuit newly formed on the insulation layer 
may be interlayer-connoted to each other with the conductive 
rods. In this case, the lower-layer first electrical circuit, which 
has a conductive rods formed therein, remains undamaged, 
even if the conductive rods are exposed, as they are dug 
deeper. Thus, the Smear on the conductive rod Surface can be 
removed completely by high-energy laser processing. For 
that reason, the first and second electrical circuits can be 
connected to each other sufficiently via the conductive rod by 
interlayer connection without desmear treatment. Because 
the interlayer connection is possible without need for des 
mear treatment by the present method, it is possible to prevent 
separation or solubilization by desmear treatment of the resin 
film for use in preparation of the second electrical circuit. 
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0231 Preferably, the circuit board carrying the embedded 
conductive rod preferably has a conductive film for heat 
radiation containing conductive rods formed as electrically 
insulated from the first electrical circuit additionally on the 
surface having the first electrical circuit formed; the conduc 
tive rods in the conductive film for heat radiation are prefer 
ably embedded in the insulation layer together with the con 
ductive rods protruding in the first electrical circuit; the 
conductive rod-exposing step has an additional step of expos 
ing the conductive rods formed protruding in the conductive 
film for heat radiation by laser processing from the external 
Surface of the resin film; in the catalyst-depositing step, a 
plating catalyst or the precursor thereof is deposited addition 
ally on the surface of the conductive rods exposed in the 
conductive film for heat radiation and the internal wall of the 
hole formed in the insulative layer by exposure of the con 
ductive rod; and the secondary radiator connected to the first 
radiator by interlayer connection is formed in the plating 
processing step. The circuit board thus formed is Superior in 
heat radiation efficiency. 
0232 For exposure of the conductive rods, part of the top 
region of the conductive rod may be removed by laser pro 
cessing. The conductive rod has a height Sufficiently large, 
compared with the thickness of the metal foil for the first 
electrical circuit. Therefore, even if high-strength laser is 
irradiated on the conductive rod, the metal foil for the first 
electrical circuit remains undamaged. It is thus possible with 
out desmear treatment to remove the Smear remaining on the 
conductive rod Surface Sufficiently by laser processing to a 
degree that the top region of the conductive rod is removed 
locally. 
0233. The method of producing a multilayer circuit board 
described above preferably includes an additional inspection 
step of examining film-removing failure by adding a fluores 
cent Substance to the resin film and monitoring emission from 
the fluorescent substance after the film-removing step. In the 
above-mentioned method of producing a multilayer circuit 
board, there is a concern that the film in the region between 
neighboring wirings where the film should be removed may 
remain in a small amount without complete removal when the 
wire width and the wire interval are extremely small. There is 
also a concern that the fragments of the resin film removed by 
laser processing migrate into and remain in the circuit 
grooves formed. If the resin film remains between wiring, the 
plated film is formed in the region inevitably, possibly caus 
ing migration and short circuiting. In addition, the fragments 
of the resin film, if they remain in the circuit groove formed, 
may cause heat resistance defects and propagation loss of the 
electrical circuit obtained. In such a case, as described above, 
it is possible to examine the presence of film-removing fail 
ures and the positions of the film-removing failures, by add 
ing a fluorescent Substance to the resin film, irradiating the 
light from a particular light source onto the film-removed 
face, and thus allowing emission of the fluorescent Substance 
in the region where the film remains after the film-removing 
step. 
0234. The resin film is preferably a swellable resin film 
that can be separated from the insulation layer Surface as it is 
Swollen with a particular liquid, and specifically, it is prefer 
ably a swellable resin film having a swelling degree of 50% or 
more to the liquid. It is possible by using such a Swellable 
resin film to separate the resin film easily from the insulation 
layer Surface. 
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0235. The conductive rod-containing circuit board is pref 
erably is a Substrate having an insulation layer laminated 
integrally on the Surface carrying conductive rods previously 
formed therein protruding at predetermined positions in the 
first electrical circuit, because it is easier to embed the con 
ductive rod in the insulation layer and thus to produce the 
circuit board. 

0236. The conductive rod-containing circuit board is pref 
erably a Substrate obtained by coating a resin Solution on the 
Surface having conductive rods previously formed as they 
protrude at predetermined positions in the first electrical cir 
cuit and hardening it into an insulation layer, because it is 
possible to adjust the thickness of the insulation layer easily. 
0237. The conductive rod-containing circuit board is pref 
erably a substrate obtained by first forming an insulation layer 
on the Surface of an electrical circuit, exposing the electrical 
circuit by drilling from the surface opposite to the surface 
carrying the first electrical circuit of the insulation layer, and 
forming conductive rods in the drilled regions by growing a 
plated film from the exposed first electrical circuit surface. In 
this case, the step of growing a plated film in the drilled region 
is more preferably a step of growing a plated film by electro 
lytic plating by using the first electrical circuit exposed after 
desmear treatment after drilling as electrode. It is possible by 
the method, to desmear the surface of the first electrical cir 
cuit before preparation of the resin film and then, form con 
ductive rods for interlayer connection by electrolytic plating. 
Thus, there is no concern about the resin film being swollen or 
dissolved by desmear treatment in preparation of the circuit. 
It is possible in this case to form conductive rods easily, 
because the plated film is grown by electrolytic plating of 
using the exposed first electrical circuit as electrode. If power 
application to the first electrical circuit is difficult, the plated 
film may be grown by electroless plating by using the exposed 
electrical circuit Surface as plating nucleus. 
0238 Yet another method of producing a multilayer cir 
cuit board according to the present invention includes an 
insulation layer-forming step of forming an insulation layer 
on the Surface of a Substrate carrying a first electrical circuit 
formed thereon, a film-forming step of forming a resin film on 
the insulation layer Surface, a circuit groove-forming step of 
forming circuit grooves having a depth equal to or greater 
than the thickness of the resin film by laser processing on the 
external Surface of the resin film, a catalyst-depositing step of 
depositing a plating catalyst or the precursor thereof both on 
the surface of the circuit grooves and the surface of the resin 
film, a film-removing step of removing the resin film, a plat 
ing processing step of forming a second electrical circuit by 
forming an electrolessly plated film in the region where the 
plating catalyst remains unremoved after the film-removing 
step, a laser processing step of exposing the first electrical 
circuit in a particular region of the second electrical circuit by 
laser processing, and an interlayer connection-forming step 
of connecting the first and second electrical circuits to each 
other by the interlayer connection by growing a plated film on 
the surface of the exposed first electrical circuit. In the con 
figuration above, an interlayer connection region with the first 
electrical circuit can beformed at a desired region after prepa 
ration of the second electrical circuit. Because an interlayer 
connection between the first and second electrical circuits are 
formed by drilling the second electrical circuit after prepara 
tion and growing a plated film thereon, production of the 
second electrical circuit is not affected even when the first 
electrical circuit surface is desmear-treated for removal of 
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Smear. As a result, even when a second electrical circuit 
having small wire width and wire interval is laminated by the 
build-up method, a second electrical circuit resistant to short 
circuiting and migration is formed. It is possible in this case to 
form the interlayer connection easily, because it is possible to 
grow the plated film by electrolytic plating by using the 
exposed first electrical circuit as electrode. If power applica 
tion to the first electrical circuit is difficult, the plated film 
may be grown by electroless plating by using the exposed 
electrical circuit Surface as plating nucleus. 
0239 Preferably, the substrate has a first conductive film 
for heat radiation formed as electrically insulated from the 
first electrical circuit additionally on the surface having the 
first electrical circuit formed; and the circuit groove-forming 
step has an additional step of forming a second conductive 
film forming groove for heat radiation isolated from the cir 
cuit groove equal to or greater than the thickness of the resin 
film by laser processing from above the first conductive film; 
and in the catalyst-depositing step, depositing a plating cata 
lyst or the precursor thereof additionally on the surface of the 
second conductive film forming groove; and in a plating 
processing step, forming a second conductive film for heat 
radiation by forming an electrolessly plated film on the Sur 
face of the second conductive film forming groove; and the 
laser processing step exposing the first electrical circuit has an 
additional step of exposing the first conductive film for heat 
radiation by laser processing from above the first conductive 
film; and in the interlayer connection-forming step, connect 
ing the first and the second conductive films to each other by 
interlayer connection by growing a plated film on the Surface 
of the exposed first conductive film, additionally. 
0240 According to this configuration, in the image form 
ing apparatus, the determination that the document image is 
color or monochromatic is performed, and the image data for 
use in the image forming can be compressed in a compression 
format which is Suitable for the document image. Accord 
ingly, it becomes easy to reduce the capacity of the storage 
section. This application is based on Japanese Patent appli 
cation serial Nos. 2008-118818, 2008-193931, 2008-217091, 
2008-246431 and 2009-104086 filed in Japan Patent Office 
on Apr. 30, 2008, Jul. 28, 2008, Aug. 26, 2008, Sep. 25, 2008 
and Apr. 22, 2009, and based on U.S. patent application Ser. 
No. 12/326,169 filed on Dec. 2, 2008, the contents of which 
are hereby incorporated by reference. 
0241 Although the present invention has been fully 
described by way of example with reference to the accompa 
nying drawings, it is to be understood that various changes 
and modifications will be apparent to those skilled in the art. 
Therefore, unless otherwise Such changes and modifications 
depart from the scope of the present invention hereinafter 
defined, they should be construed as being included therein. 

What is claimed is: 
1. A method of producing a circuit board, comprising: 
a film-forming step of forming a resin film on the Surface of 

an insulative substrate; 
a circuit groove-forming step of forming circuit grooves 

having a depth equal to or greater than the thickness of 
the resin film on the external surface of the resin film; 

a catalyst-depositing step of depositing a plating catalyst or 
the precursor thereof on the surface of the circuit 
grooves on the insulative substrate and the surface of the 
resin film; 

a film-removing step of removing the resin film; and 
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a plating processing step of electroless-plating the insula 
tive substrate after removal of the resin film, wherein 

a partial reinforcing structure is formed in a region of the 
circuit groove in the circuit groove-forming step. 

2. The method of producing a circuit board according to 
claim 1, wherein the partial reinforcing structure is an irregu 
lar shape formed on predetermined region of the Surface of 
the circuit groove. 

3. The method of producing a circuit board according to 
claim 2, wherein the circuit groove has a circuit pattern con 
sisting of land regions for Surface mounting of electronic 
parts and circuit wiring regions formed integrally with the 
land regions, and the irregular shape is formed on the groove 
Surface in the land regions. 

4. The method of producing a multilayer circuit board 
according to claim 1, wherein the circuit groove has a circuit 
pattern consisting of land regions for Surface mounting of 
electronic parts and circuit wiring regions formed integrally 
with the land regions, and the partial reinforcing structure has 
a groove shape having the groove depth in the land region 
larger than that of the circuit wiring region and forming a 
plated film having thickness in the land region thicker than 
that of the circuit wiring region. 

5. The method of producing a circuit board according to 
claim 1, wherein the circuit groove has a circuit pattern con 
sisting of land regions for Surface mounting of electronic 
parts and circuit wiring regions formed integrally with the 
land regions, and the partial reinforcing structure is formed by 
forming at least one protrusion on the periphery of the groove 
in the land region. 

6. A method of producing a multilayer circuit board, com 
prising: 

a film-forming step of forming a resin film on the Surface of 
an insulation layer formed on a circuitboard that embeds 
a conductive rod protruding at predetermined positions 
of a first electrical circuit; 

a circuit groove-forming step of forming circuit grooves 
having a depth equal to or greater than the thickness of 
the resin film by laser processing on the external Surface 
of the resin film; 

a conductive rod-exposing step of exposing the conductive 
rod by laser processing from the external surface of the 
resin film; 

a catalyst-depositing step of depositing a plating catalyst or 
the precursor thereof on the surface of the exposed con 
ductive rod, circuit grooves in the insulation layer, the 
internal wall of the pores formed in the insulation layer 
by exposure of the conductive rod, and the surface of the 
resin film; 

a film-removing step of removing the resin film; and 
a plating processing step of forming a second electrical 

circuit by forming an electrolessly plated film in the 
region where the plating catalyst remains unremoved 
after the film-removing step and connecting the first and 
the second electrical circuits to each other with the con 
ductive rod by interlayer connection. 

7. The method of producing a multilayer circuit board 
according to claim 6, wherein the circuit board carrying the 
embedded conductive rod has a conductive film for heat 
radiation containing a conductive rod formed as electrically 
insulated from the first electrical circuit additionally on the 
Surface having the first electrical circuit formed; and the con 
ductive rod in the conductive film for heat radiation are 
embedded in the insulation layer together with the conductive 
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rod protruding in the first electrical circuit; the conductive 
rod-exposing step has an additional step of exposing the 
conductive rod formed protruding in the conductive film for 
heat radiation by laser processing from the external Surface of 
the resin film; wherein, in the catalyst-depositing step, a plat 
ing catalyst or the precursor thereof is deposited additionally 
on the surface of the conductive rod exposed in the conductive 
film for heat radiation and the internal wall of the hole formed 
in the insulative layer by exposure of the conductive rod; and 
the secondary radiator connected to the first radiator by inter 
layer connection is formed in the plating processing step. 

8. The method of producing a multilayer circuit board 
according to claim 6, wherein the laser processing for expo 
sure of the conductive rod removes part of the top region of 
the conductive rod. 

9. The method of producing a multilayer circuit board 
according to claim 6, wherein the resin film is a swellable 
resin film separated from the insulation layer Surface as it is 
Swollen with a particular liquid. 

10. The method of producing a multilayer circuit board 
according to claim 6, wherein the conductive rod-containing 
circuit board is a Substrate obtained by laminating an insula 
tion layer integrally on the Surface having a conductive rod 
previously formed as it protrudes at a predetermined position 
in the first electrical circuit. 

11. The method of producing a multilayer circuit board 
according to claim 6, wherein the conductive rod-containing 
circuitboard is a Substrate obtained by coating a resin Solution 
on the Surface having a conductive rod previously formed as 
it protrudes at a predetermined position in the first electrical 
circuit and hardening it into an insulation layer. 

12. The method of producing a multilayer circuit board 
according to claim 6, wherein the circuitboard that embedded 
conductive rod is a Substrate obtained by forming an insula 
tion layer on the Surface of the first electrical circuit, exposing 
the first electrical circuit by laser processing from the surface 
of the insulation layer, and forming a conductive rod on the 
surface of the first electrical circuit by growing a plated film 
from the exposed first electrical circuit. 

13. The method of producing a multilayer circuit board 
according to claim 12, wherein the step of growing a plated 
film is a step of growing a plated film by electrolytic plating 
by using the first electrical circuit exposed after desmear 
treatment of the laser-processed region as electrode. 

14. The method of producing a multilayer circuit board 
according to claim 12, wherein the step of growing a plated 
film is a step of growing a plated film by electroless plating by 
using the first electrical circuit exposed after desmear treat 
ment of the laser-processed region as plating nucleus. 

15. A multilayer circuit board obtained by the production 
method according to claim 7, comprising heat radiation struc 
tures penetrating the internal layers. 

16. A method of producing a multilayer circuit board, 
comprising: 

an insulation layer-forming step of forming an insulation 
layer on the Surface of a Substrate carrying a first elec 
trical circuit formed thereon; 

a film-forming step of forming a resin film on the insulation 
layer Surface; 
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a circuit groove-forming step of forming circuit grooves 
having a depth equal to or greater than the thickness of 
the resin film by laser processing on the external Surface 
of the resin film; 

a catalyst-depositing step of depositing a plating catalyst or 
the precursor thereof both on the surface of the circuit 
grooves formed on the insulation layer and the Surface of 
the resin film; 

a film-removing step of removing the resin film; 
a plating processing step of forming a second electrical 

circuit by forming an electrolessly plated film in the 
region where the plating catalyst remains unremoved 
after the film-removing step; 

a laser processing step of exposing the first electrical circuit 
by laser processing in a particular region of the second 
electrical circuit; and 

an interlayer connection-forming step of connecting the 
first and second electrical circuits to each other by inter 
layer connection by growing a plated film on the Surface 
of the exposed first electrical circuit. 

17. The method of producing a multilayer circuit board 
according to claim 16, wherein the interlayer connection 
forming step is a step of growing the plated film by electro 
lytic plating by using the first electrical circuit exposed after 
desmear treatment of the laser-processed region, as electrode. 

18. The method of producing a multilayer circuit board 
according to claim 16, wherein the interlayer connection 
forming step is a step of growing the plated film by electroless 
plating by using the Surface of the first electrical circuit 
exposed after desmear treatment of the laser-processed 
region, as plating nucleus. 

19. The method of producing a multilayer circuit board 
according to claim 16, 

wherein the substrate has a first conductive film for heat 
radiation formed as electrically insulated from the first 
electrical circuit additionally on the Surface having the 
first electrical circuit formed; 

and the circuit groove-forming step has an additional step 
of forming a second conductive film forming groove for 
heat radiation isolated from the circuit groove equal to or 
greater than the thickness of the resin film by laser pro 
cessing from above the first conductive film; 

and in the catalyst-depositing step, depositing a plating 
catalyst or the precursor thereof additionally on the sur 
face of the second conductive film forming groove; 

and in a plating processing step, forming a second conduc 
tive film for heat radiation by forming an electrolessly 
plated film on the surface of the second conductive film 
forming groove; 

and the laser processing step exposing the first electrical 
circuit has an additional step of exposing the first con 
ductive film for heat radiation by laser processing from 
above the first conductive film; 

and in the interlayer connection-forming step, connecting 
the first and the second conductive films to each other by 
interlayer connection by growing a plated film on the 
surface of the exposed first conductive film, additionally. 
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