
Description

Title of Invention: ENTRY SHEET FOR DRILLING AND METHOD 

FOR DRILLING PROCESSING USING SAME

Technical Field

[0001]

The present invention relates to an entry sheet for 

drilling and a method for drilling processing using the 

same.

Background Art

[0002]

As a method for drilling processing of a laminated 

board or a multi-layer board used in a printed wiring 

board material, a method has been generally adopted 

including piling one or more laminated boards or multi-

layer boards, arranging, as an entry board, an aluminum 

foil alone or a sheet obtained by forming a resin 

composition layer on a surface of the aluminum foil 

(hereinafter, the "sheet" is referred to as "entry sheet 

for drilling") on the top of the laminated board or 

multi-layer board, and conducting hole boring processing.  

Although generally a "copper clad laminate" is often used 

as the laminated board, the laminated board may be a 

"laminated board that does not have copper foil on an 

outer layer".  In the present invention, the laminated 
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board refers to the "copper clad laminate" and/or the 

"laminated board that does not have copper foil on an 

outer layer" unless otherwise stated.

[0003]

In recent years, as the improvements in reliability 

are demanded for printed wiring boards, and the high 

densification of the printed wiring boards progresses, 

high-quality drilling processing including the 

improvements in hole position accuracy and the reduction 

in roughness of hole walls has been demanded for the 

drilling processing of a laminated board or a multi-layer 

board.

[0004]

To meet above-described demands such as the 

improvements in hole position accuracy and the reduction 

in roughness of hole walls, a method for hole boring 

processing using a sheet containing a water-soluble resin 

such as a polyethylene glycol is proposed in Patent 

Literature 1.  Moreover, a lubricant sheet for hole 

boring obtained by forming a water-soluble resin layer on 

a metallic foil is proposed in Patent Literature 2.  

Further, an entry sheet for hole boring obtained by 

forming a water-soluble resin layer on aluminum foil 

provided with a thin film of a thermosetting resin formed 

thereon is proposed in Patent Literature 3.  Furthermore, 

a lubricant sheet for hole boring in which a non-halogen 
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colorant is blended in a lubricating resin composition is 

proposed in Patent Literature 4.

[0005]

As one example of the entry sheet for drilling, an 

entry sheet is proposed comprising a metallic foil and a 

layer of a resin composition, the layer formed on at 

least one surface of the metallic foil.  However, the 

adhesion strength between the metallic foil and the layer 

of the resin composition is weak, and therefore the layer 

of the resin composition is peeled during drilling 

processing in the configuration of the entry sheet for 

drilling in which the metallic foil and the layer of the 

resin composition are in direct contact with each other, 

and the drill steps on the peeled layer of the resin 

composition, resulting in the deterioration of the hole 

position accuracy and the increase in the frequency of 

breakage of the drill in many cases.  Moreover, the entry 

sheet for drilling is usually used in hole boring 

processing in such a way that the entry sheet is arranged 

on both surfaces of a plurality of laminated boards or 

multi-layer boards to make a set with a tape for 

fixation; however, the tape for fixation may be peeled 

together with the layer of the resin composition and the 

position of the entry sheet may be shifted.  Therefore, 

the entry sheet for drilling practically used includes an 

adhesion layer (adhesion film) containing a urethane-

based compound, a vinyl acetate-based compound, a vinyl 
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chloride-based compound, a polyester-based compound, a 

copolymerized product thereof, an epoxy-based compound, a 

cyanate-based compound, or the like formed between the 

metallic foil and the layer of the resin composition in 

order to improve the adhesion strength between the 

metallic foil and the layer of the resin composition (see, 

for example, Patent Literature 5).

Citation List

Patent Literature

[0006]

Patent Literature 1

Japanese Patent Laid-Open No. H04-92494

Patent Literature 2

Japanese Patent Laid-Open No. H05-169400

Patent Literature 3

Japanese Patent Laid-Open No. 2003-136485

Patent Literature 4

Japanese Patent Laid-Open No. 2004-230470

Patent Literature 5

Japanese Patent Laid-Open No. 2011-183548

Summary of Invention

Technical Problem

[0007]

On the other hand, however, when the adhesion layer 

is provided between the metallic foil and the layer of 
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the resin composition, the lubricating effect of the 

resin composition is prevented by the adhesion layer, and 

therefore the hole position accuracy, which is an 

important property required for an entry sheet for 

drilling, may be deteriorated.  Thus, the development of 

an entry sheet for drilling having a strong adhesion 

strength between the metallic foil and the layer of the 

resin composition and having an excellent hole position 

accuracy without providing the adhesion layer between the 

metallic foil and the layer of the resin composition has 

been earnestly desired.

[0008]

In consideration of the present situation, an object 

of the present invention is to provide an entry sheet for 

drilling including a metallic foil and a layer of a resin 

composition, the layer formed on the metallic foil 

without interposing an adhesion layer, and which has a 

strong adhesion strength between the metallic foil and 

the layer of the resin composition and further has an 

excellent hole position accuracy during drilling 

processing; and to provide a method for drilling 

processing using the entry sheet for drilling.

Solution to Problem

[0009]

The present inventors have conducted various studies 

for the purpose of solving the problems and have found 
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that an entry sheet for drilling including a metallic 

foil and a layer of the resin composition, the layer 

formed on the metallic foil without interposing an 

adhesion layer, wherein the layer of the resin 

composition has a peak attributable to a carbon atom-

oxygen atom double bond appearing at 1700 to 1750 cm-1

and a peak attributable to a carbon atom-oxygen atom 

single bond appearing at 1080 to 1300 cm-1 in infrared 

spectroscopy and has an absorbance ratio (C) of the 

absorbance at the peak attributable to the carbon atom-

oxygen atom double bond appearing at 1700 to 1750 cm-1 to 

the absorbance at the peak attributable to the carbon 

atom-oxygen atom single bond appearing at 1080 to 1300 

cm-1 in a particular range, has a strong adhesion 

strength between the metallic foil and the layer of the 

resin composition, and further has an excellent hole 

position accuracy during drilling processing, thereby 

completed the present invention.

[0010]

That is, the present invention is as follows.

[1]

An entry sheet for drilling including:

a metallic foil; and

a layer of a resin composition, the layer formed on 

the metallic foil without interposing an adhesion layer, 

wherein
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the layer of the resin composition has a peak

attributable to a carbon atom-oxygen atom double bond 

appearing at 1700 to 1750 cm-1 and a peak attributable to 

a carbon atom-oxygen atom single bond appearing at 1080 

to 1300 cm-1 in infrared spectroscopy, and

when absorbance at the peak attributable to the 

carbon atom-oxygen atom double bond appearing at 1700 to 

1750 cm-1 is represented by Abs(C=O)L, and an absorbance 

at the peak of the carbon atom-oxygen atom single bond 

appearing at 1080 to 1300 cm-1 is represented by Abs(C-

O)L, the layer of the resin composition has an absorbance 

ratio (C) of 0.12 to 1.80, the absorbance ratio (C) 

represented by the following expression (1).

Absorbance ratio (C) = Abs(C=O)L/Abs(C-O)L

Expression (1)

[2]

The entry sheet for drilling according to [1], 

wherein the resin composition contains:

a water-insoluble resin (A) having the peak 

attributable to the carbon atom-oxygen atom double bond 

appearing at 1700 to 1750 cm-1 in the infrared 

spectroscopy; and

a water-soluble resin (B) having the peak 

attributable to the carbon atom-oxygen atom single bond 

appearing at 1080 to 1300 cm-1 in the infrared 

spectroscopy.

[3]
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The entry sheet for drilling according to [2], 

wherein the water-insoluble resin (A) is one or more 

selected from the group consisting of polyurethane resins, 

polyester resins, acrylic-based resins, and polyolefin-

based resins.

[4]

The entry sheet for drilling according to [2] or [3], 

wherein the water-soluble resin (B) is one or more 

selected from the group consisting of polyethylene oxide; 

polypropylene oxide; cellulose derivatives; 

polytetramethylene glycol; polyethylene glycol; 

polypropylene glycol; monoether compounds of 

polyoxyethylene; polyoxyethylene monostearate; 

polyoxyethylene sorbitan monostearate; polyglycerin 

monostearate compounds; and a polyoxyethylene-propylene 

copolymer.

[5]

The entry sheet for drilling according to [4], 

wherein the water-soluble resin (B) contains:

a high-molecular-weight water-soluble resin (b1) 

having a weight average molecular weight of 50,000 or 

higher and 1,000,000 or lower; and

a low-molecular-weight water-soluble resin (b2) 

having a weight average molecular weight of 1,000 or 

higher and 30,000 or lower, and

the high-molecular-weight water-soluble resin (b1) 

contains at least one selected from the group consisting 
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of polyethylene oxide, polypropylene oxide, and cellulose 

derivatives, and

the low-molecular-weight water-soluble resin (b2) 

contains at least one selected from the group consisting 

of polytetramethylene glycol; polyethylene glycol; 

polypropylene glycol; monoether compounds of 

polyoxyethylene; polyoxyethylene monostearate; 

polyoxyethylene sorbitan monostearate; polyglycerin 

monostearate compounds; and a polyoxyethylene-propylene 

copolymer.

[6]

The entry sheet for drilling according to any one of 

[2] to [5], wherein the resin composition contains:

20 to 80 parts by mass of the water-insoluble resin 

(A); and

80 to 20 parts by mass of the water-soluble resin 

(B) each based on 100 parts by mass of a total amount of 

the water-insoluble resin (A) and the water-soluble resin 

(B).

[7]

The entry sheet for drilling according to any one of 

[2] to [6], wherein the layer of the resin composition is 

formed using: an aqueous dispersion of the water-

insoluble resin (A); and the water-soluble resin (B).

[8]
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The entry sheet for drilling according to any one of 

[1] to [7], wherein the layer of the resin composition 

has a thickness of 0.02 to 0.3 mm.

[9]

The entry sheet for drilling according to any one of 

[1] to [8], wherein the metallic foil has a thickness of 

0.05 to 0.5 mm.

[10]

A method for drilling processing comprising a hole 

formation step of forming a hole in a laminated board or 

a multi-layer board using the entry sheet for drilling 

according to any one of [1] to [9].

Advantageous Effects of Invention

[0011]

According to the present invention, an entry sheet 

for drilling having a strong adhesion strength between 

the metallic foil and the layer of the resin composition 

and having an excellent hole position accuracy during 

drilling processing even when an adhesion layer does not 

exist between the metallic foil and the layer of the 

resin composition, and a method for drilling processing 

using the entry sheet for drilling can be provided.  

Moreover, the entry sheet for drilling not having an 

adhesion layer is economical in terms of both the raw 

material and the production process of the entry sheet.
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Brief Description of Drawing

[0012]

[Figure 1] Figure 1 shows a graph showing the relation 

between an absorbance ratio (C) in a layer of a resin 

composition and adhesion force between the metallic foil 

and the layer of the resin composition.

Description of Embodiments

[0013]

Hereinafter, an embodiment for carrying out the 

present invention (hereinafter, referred to as "the 

present embodiment") will be described in detail; however, 

the present invention is not limited to the present 

embodiment, and various modifications can be made within 

a range not departing from the scope of the present 

invention.

[0014]

[I: Entry Sheet for Drilling]

An entry sheet for drilling according to the present 

embodiment includes a metallic foil and a layer of a 

resin composition, the layer formed on the metallic foil 

without interposing an adhesion layer, wherein the layer 

of the resin composition has a peak attributable to a 

carbon atom-oxygen atom double bond appearing at 1700 to 

1750 cm-1 and a peak attributable to a carbon atom-oxygen 

atom single bond appearing at 1080 to 1300 cm-1 in 

infrared spectroscopy, and when absorbance at the peak 
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attributable to the carbon atom-oxygen atom double bond 

appearing at 1700 to 1750 cm-1 is represented by 

Abs(C=O)L, and absorbance at the peak attributable to the 

carbon atom-oxygen atom single bond appearing at 1080 to 

1300 cm-1 is represented by Abs(C-O)L, the layer of the 

resin composition has an absorbance ratio (C) of 0.12 to 

1.80, the absorbance ratio (C) represented by the 

following expression (1).

Absorbance ratio (C) = Abs(C=O)L/Abs(C-O)L (1)

[0015]

The entry sheet for drilling according to the 

present embodiment comprises the metallic foil and the 

layer of the resin composition, the layer formed on the 

metallic foil without interposing an adhesion layer.  

That is, the entry sheet for drilling includes the 

metallic foil and the layer of the resin composition in 

direct contact with each other without having an adhesion 

layer (resin film) for adhering the metallic foil and the 

layer of the resin composition to each other.  This is 

because the above-described configuration has the 

adhesion strength that is practically sufficient without 

interposing an adhesion layer.  Since there is no need to 

form an adhesion layer in the entry sheet for drilling 

according to the present embodiment, the material cost 

and a step of forming the adhesion layer are unnecessary, 

so that the entry sheet for drilling according to the 

present embodiment is also more excellent in terms of 
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economy than the conventional entry sheets for drilling.  

The layer of the resin composition may be formed on the 

one surface of the metallic foil or on both surfaces of 

the metallic foil.  When the layer of the resin 

composition is formed on both surfaces of the metallic 

foil, the compositions of the resin composition for each 

layer may be the same or different.

[0016]

[II: Layer of Resin Composition]

The layer of the resin composition in the present 

embodiment, when analyzed by infrared spectroscopy, has a 

peak attributable to a carbon atom-oxygen atom double 

bond (hereinafter, also referred to as "peak attributable 

to the C=O double bond") appearing at 1700 to 1750 cm-1

and a peak attributable to a carbon atom-oxygen atom 

single bond (hereinafter, also referred to as "peak 

attributable to the C-O single bond") appearing at 1080 

to 1300 cm-1.  The peak attributable to the carbon atom-

oxygen atom double bond appearing at 1700 to 1750 cm-1

herein is a peak attributable to the stretching vibration 

of the C=O double bond, and the peak attributable to the 

carbon atom-oxygen atom single bond appearing at 1080 to 

1300 cm-1 is a peak attributable to the stretching 

vibration of the C-O single bond.  These peaks 

attributable to the C=O double bond and the C-O single 

bond are derived from the resin components that form the 

layer of the resin composition, as described below.
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[0017]

As described above, the layer of the resin 

composition in the present embodiment has a particular 

value of the ratio (C) of the absorbance at the peak 

attributable to the C=O double bond and the absorbance at 

the peak attributable to the C-O single bond.  That is, 

it is essential that the absorbance ratio (C) represented 

by the expression (1) described above in the layer of the 

resin composition be 0.12 to 1.80.  The absorbance ratio 

(C) is preferably 0.13 to 1.45, and particularly 

preferably 0.14 to 1.40.  When the absorbance ratio (C) 

is in a range from 0.12 to 1.80, the adhesion strength 

between the metallic foil and the layer of the resin 

composition is strong, and the machining property during 

drilling processing is satisfactory, so that the hole 

position accuracy during drilling processing is excellent.  

It is to be noted that the Abs(C=O)L in the expression 

(1) described above represents the absorbance at the peak 

attributable to the C=O double bond in the layer of the 

resin composition in infrared spectroscopy, and the 

Abs(C-O)L represents the absorbance at the peak 

attributable to the C-O single bond in the layer of the 

resin composition in infrared spectroscopy.  The 

Abs(C=O)L and the Abs(C-O)L each represent a value at the 

position where the absorbance becomes the largest in 1700 

to 1750 cm-1 and in 1080 to 1300 cm-1, respectively.  The 

absorbance ratio (C) can be adjusted according to the 
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type of resin used and can be controlled, for example, by 

adjusting the content of a water-insoluble resin (A) 

having the peak attributable to the C=O double bond and 

the content of a water-soluble resin (B) having the peak 

attributable to the C-O single bond described below, 

respectively.

[0018]

The peak position and the absorbance at the peak 

attributable to the C=O double bond, the peak position 

and the absorbance at the peak attributable to the C-O 

single bond, and the absorbance ratio (C) can be measured 

by analyzing the surface of the layer of the resin 

composition by infrared spectroscopy (IR).  As the 

measurement method, it is preferable to conduct the 

measurement by an attenuated total reflection method (ATR 

method) described below.

[0019]

Hereinafter, the specific measurement method will be 

described.  The measurement can be conducted using a 

general Fourier transformation infrared spectrophotometer 

(for example, manufactured by JASCO Corporation, type 

number: FT/IR-6100).  Firstly, the measurement of the 

background is conducted without setting a sample for 

measurement using a diamond ATR prism so that the 

influence from outside due to a light source and the 

influence due to carbon dioxide may not be reflected in 

infrared absorption spectra.  Subsequently, the surface 

- 15 -



of the layer of the resin composition is analyzed by 

infrared spectroscopy.  The measurement is conducted, for 

example, setting the cumulative number to 16 to obtain an 

infrared absorption spectrum in a range from 700 cm-1 to 

4000 cm-1 taking the absorbance as the vertical axis.  The 

obtained infrared absorption spectrum is processed in the 

following manner to work out the absorbance ratio (C).  

Firstly, the baseline correction is conducted so that the 

absorbance in a range from 2000 to 2100 cm-1 in the 

obtained infrared absorption spectrum becomes 0 (zero).  

Subsequently, the peak position attributable to the C=O 

double bond and the peak position attributable to the C-O 

single bond are determined in the infrared absorption 

spectrum after the correction to work out the absorbance 

ratio (C) from the absorbances, the Abs(C=O)L and the 

Abs(C-O)L.

[0020]

The resin component that constitutes the layer of 

the resin composition is not particularly limited, and 

examples thereof include water-insoluble resins, water-

soluble resins, or mixtures thereof.  Among them, it is 

preferable to use the water-insoluble resin (A) having 

the peak attributable to the C=O double bond in infrared 

spectroscopy and the water-soluble resin (B) having the 

peak attributable to the C-O single bond in infrared 

spectroscopy together.  When the water-insoluble resin 

(A) and the water-soluble resin (B) are used together, 
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there is a tendency that the adhesion strength between 

the metallic foil and the layer of the resin composition 

is further improved and the hole position accuracy during 

drilling processing is excellent.  It is to be noted that 

the "water-solubility" in the present embodiment refers 

to a characteristic that a resin, when mixed with water, 

dissolves in the water, and that the "water-insolubility" 

refers to a characteristic that a resin, when mixed with 

water, does not dissolve in the water.

[0021]

The method for forming the layer of the resin 

composition will be described in detail below, but the 

layer of the resin composition is particularly preferably 

a layer formed using an aqueous dispersion of the water-

insoluble resin (A) having the peak attributable to the 

C=O double bond in infrared spectroscopy and the water-

soluble resin (B) having the peak attributable to the C-O 

single bond in infrared spectroscopy.  When the water-

insoluble resin (A) is used as the aqueous dispersion, 

there is a tendency that the compatibility between the 

water-insoluble resin (A) and the water-soluble resin (B) 

is further improved and the adhesion strength between the 

metallic foil and the layer of the resin composition is 

further improved.

[0022]

[III-1: Water-Insoluble Resin (A)]
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The absorbance ratio (D) represented by the 

following expression (2) in the water-insoluble resin (A) 

is preferably 0.7 or more, more preferably 0.7 to 4.5, 

and still more preferably 0.8 to 4.5.  When the 

absorbance ratio (D) is 0.7 or more, there is a tendency 

that the adhesion strength between the metallic foil and 

the layer of the resin composition is further improved 

and the peeling of the layer of the resin composition is 

harder to occur during drilling processing.  It is to be 

noted that the absorbance ratio (D) in the water-

insoluble resin (A) can be analyzed in the same manner as 

the absorbance ratio (C) in the layer of the resin 

composition.  Moreover, the absorbance ratio (D) in the 

water-insoluble resin (A) can be adjusted according to 

the type of resin used.

Absorbance ratio (D) = Abs(C=O)A/Abs(C-O)A

Expression (2)

(wherein, Abs(C=O)A represents the absorbance at the 

peak attributable to the C=O double bond in the water-

insoluble resin (A) in infrared spectroscopy, Abs(C-O)A

represents the absorbance at the peak attributable to the 

C-O single bond in the water-insoluble resin (A) in 

infrared spectroscopy, and Abs(C=O)A and Abs(C-O)A

represent a value at the position where the absorbance 

becomes the largest in 1700 to 1750 cm-1 and in 1080 to 

1300 cm-1, respectively.)

[0023]
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It is preferable that the content of the water-

insoluble resin (A) in the resin composition be 20 to 80 

parts by mass, more preferably 30 to 70 parts by mass, 

and still more preferably 45 to 70 parts by mass based on 

100 parts by mass of the total amount of the water-

insoluble resin (A) and the water-soluble resin (B).  

When the content of the water-insoluble resin (A) is 20 

parts by mass or more, there is a tendency that the 

adhesion strength between the metallic foil and the layer 

of the resin composition is further improved and the 

peeling of the layer of the resin composition is harder 

to occur during drilling processing.  On the other hand, 

when the content of the water-insoluble resin (A) is 80 

parts by mass or less, there is a tendency that the hole 

position accuracy during drilling processing is further 

excellent.

[0024]

The water-insoluble resin (A) is not particularly 

limited, and examples thereof include polyurethane resins, 

polyester resins, acrylic-based resins, polyolefin-based 

resins, and polycarbonate resins.  Among them, one or 

more selected from the group consisting of polyurethane 

resins, polyester resins, acrylic-based resins, and 

polyolefin-based resins are preferable.  When the water-

insoluble resin (A) is used, there is a tendency that the 

layer of the resin composition easily has an absorbance 

ratio (C) of 0.12 or more and 1.80 or less and the 
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adhesion strength between the metallic foil and the layer 

of the resin composition is further improved.  These 

resins may be used singly or in combinations of two or 

more.

[0025]

[III-2: Polyurethane Resin]

Examples of the polyurethane resin that can be used 

as the water-insoluble resin (A) in the present 

embodiment include resins obtained by reacting a 

polyisocyanate compound, a polyol compound, and, if 

necessary, with another compound.  Examples of the 

reaction for synthesizing the polyurethane resin include 

an acetone method, a prepolymer mixing method, a ketimine 

method, and a hot melt dispersion method.

[0026]

The polyisocyanate compound is not particularly 

limited, and examples thereof include organic 

polyisocyanate compounds that are used for producing a 

usual polyurethane resin and have two or more isocyanate 

groups in the molecule.  Specific examples thereof 

include: aliphatic diisocyanates such as 1,4-

tetramethylene diisocyanate, 1,6-hexamethylene 

diisocyanate (HDI), 3-isocyanatemethyl-3,5,5-

trimethylcyclohexyl isocyanate, methylcyclohexyl-2,4-

diisocyanate, methylcyclohexyl-2,6-diisocyanate, xylylene 

diisocyanate (XDI), tetramethylxylylene diisocyanate, and 

lysine diisocyanate; aromatic diisocyanates such as 1,5'-
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naphthene diisocyanate, tolidine diisocyanate, 

diphenylmethylmethane diisocyanate, 

tetraalkyldiphenylmethane diisocyanates, 4,4'-dibenzyl 

diisocyanate, and 1,3-phenylene diisocyanate; and

triisocyanates such as lysine ester triisocyanate, 

triphenylmethane triisocyanate, 1,6,11-undecane 

triisocyanate, 1,8-isocyanate-4,4-isocyanate methyl 

octane, 1,3,6-hexamethylene triisocyanate, bicyclo 

heptane triisocyanate, adducts of trimethylolpropane and 

toluylene diisocyanate, and adducts of trimethylolpropane 

and 1,6-hexamethylene diisocyanate. These compounds may 

be used singly or in combinations of two or more.

[0027]

The polyol compound is not particularly limited, and 

examples thereof include polyol compounds that are used 

for producing a usual polyurethane and have two or more 

hydroxy groups in the molecule.  Specific examples of the 

polyol compound include: polyhydric alcohols such as 

ethylene glycol, diethylene glycol, propylene glycol, 

1,4-butanediol, 1,6-hexanediol, neopentyl glycol, 

trimethylolpropane, and glycerin; polyether polyol 

compounds such as polyethylene glycol, polypropylene 

glycol, and polytetramethylene ether glycol; polyester 

polyol compounds obtained from a dicarboxylic acid such 

as adipic acid, sebacic acid, itaconic acid, maleic 

anhydride, terephthalic acid, isophthalic acid, fumaric 

acid, succinic acid, oxalic acid, malonic acid, glutaric 
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acid, pimelic acid, suberic acid, and azelaic acid and a 

polyhydric alcohol such as ethylene glycol, diethylene 

glycol, propylene glycol, 1,4-butanediol, 1,6-hexanediol, 

neopentyl glycol, 1,2-propanediol, 1,3-propanediol, 1,9-

nonanediol, 3-methyl-1,5-pentanediol, 1,3-propanediol, 

tripropylene glycol, trimethylolpropane, and glycerin;

polylactone-based polyester polyol compounds such as 

polycaprolactone polyols and poly -methyl--

valerolactone; and polybutadiene polyols or hydrogenated 

products thereof, polycarbonate polyols, polythioether 

polyols, and polyacrylate polyols.  These compounds may 

be used singly or in combinations of two or more.

[0028]

As described above, it is preferable that the 

polyurethane resin that is used as the water-insoluble 

resin (A) be used in a state of the aqueous dispersion to 

form the layer of the resin composition according to the 

present embodiment.  The solid content of the resin 

contained in the aqueous dispersion of the polyurethane 

resin is not particularly limited but is preferably 20 to 

50 % by mass from the viewpoint of the stability of the 

aqueous dispersion.  The method for producing the aqueous 

dispersion of the polyurethane resin is not particularly 

limited, and the aqueous dispersion of the polyurethane 

resin can be produced by a publicly known method.  Among 

others, it is preferable that the polyurethane resin 

synthesized from the above-described compounds and the 
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like have a hydrophilic group in the molecule from the 

viewpoint of the improvement in dispersibility of the 

polyurethane resin component in water.  As the 

hydrophilic group, anionic groups such as a sulfonyl 

group and a carboxyl group are preferable, and the 

carboxyl group is particularly preferable.

[0029]

When the hydrophilic group is the anionic group, it 

is preferable that the anionic group be neutralized with 

a neutralizing agent.  The neutralizing agent is not 

particularly limited, and examples thereof include: 

tertiary amine compounds such as triethylamine and 

triethanolamine; inorganic alkaline compounds such as 

sodium hydroxide; and ammonia.

[0030]

If necessary, a compound to be a chain extender may 

be used in producing the aqueous dispersion of the 

polyurethane resin.  The chain extender is not 

particularly limited, and examples thereof include: 

diamines such as ethylenediamine, 1,4-butanediamine, and 

1,6-hexanediamine; tertiary amino alcohols such as 

triethanolamine; and monoalcohols such as methanol, 

ethanol, and butanol.

[0031]

The solvent in producing the aqueous dispersion of 

the polyurethane resin is usually an aqueous solvent, and, 

further, an organic solvent that does not have an 
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isocyanate group can be used together.  For example, 

ethyl acetate, acetone, methyl ethyl ketone, isopropyl 

alcohol, methanol, ethanol, and the like can be used.  

The amount of the organic solvents to be added is 

generally 1 to 100 parts by mass based on 100 parts by 

mass of the water content in the aqueous dispersion of 

the polyurethane resin.

[0032]

As the aqueous dispersion of the polyurethane resin, 

a commercially available product may be used as it is.  

Examples of the commercially available aqueous dispersion 

of the polyurethane resin include SUPERFLEX 210, 

SUPERFLEX 820, and SUPERFLEX 860, all manufactured by DKS 

Co. Ltd., and HYDRAN AP 10, HYDRAN AP 201, and HYDRAN AP 

30F, all manufactured by DIC Corporation.  When the 

aqueous dispersions of the water-insoluble resin (A) are 

used, there is a tendency that the adhesion strength 

between the metallic foil and the layer of the resin 

composition is further improved.

[0033]

[III-3: Polyester Resin]

Examples of the polyester resin that can be used as 

the water-insoluble resin (A) in the present embodiment 

include polyester resins obtained by subjecting a raw 

material containing a polyol compound having two or more 

hydroxyl groups and a polybasic carboxylic acid having 
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two or more carboxyl groups to condensation 

polymerization.

[0034]

The polyol compound is not particularly limited as 

long as the polyol compound has two or more hydroxyl 

groups, and examples thereof include ethylene glycol, 

diethylene glycol, 1,3-propane diol, 1,2-propanediol, 

triethylene glycol, 2-methyl-1,3-propanediol, 2,2-

dimethyl-1,3-propanediol, 2-butyl-2-ethyl-1,3-propanediol, 

1,4-butanediol, 2-methyl-1,4-butanediol, 2-methyl-3-

methyl-1,4-butanediol, 3-methyl-1,5-pentanediol, 1,5-

pentanediol, 3-methyl-1,5-pentanediol, and 1,6-hexanediol.  

Moreover, examples of the polyol compound include 

ethylene oxide adducts of bisphenol A and propylene oxide 

adducts of bisphenol A as a glycol having a divalent 

aromatic structure, sorbitol, hexane-1,2,3,6-tetrol, 1,4-

sorbitan, pentaerythritol, dipentaerythritol, 

tripentaerythritol, 1,2,4-butanetriol, 1,2,5-pentanetriol, 

glycerol, 2-methylpropanetriol, 2-methyl-1,2,4-

butanetriol, trimethylolethane, trimethylolpropane, and 

1,3,5-trihydroxymethylbenzene.  These compounds may be 

used singly or in combinations of two or more.

[0035]

The polybasic carboxylic acid is not particularly 

limited as long as the polybasic carboxylic acid has two 

or more carboxyl groups, and examples thereof include 

terephthalic acid, isophthalic acid, orthophthalic acid, 
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2,6-naphthalenedicarboxylic acid, 1,2-

cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic 

acid, 1,4-cyclohexanedicarboxylic acid, 1,2,4-

benzenetricarboxylic acid, 2,5,7-naphthalenetricarboxylic 

acid, 1,2,4-naphthalenetricarboxylic acid, 1,2,4-

butanetricarboxylic acid, 1,2,5-hexanetricarboxylic acid, 

1,3-dicarboxyl-2-methyl-2-methylenecarboxyl propane,

1,2,4-cyclohexanetricarboxylic acid, 

tetra(methylenecarboxyl)methane, 1,2,7,8-

octanetetracarboxylic acid, and pyromellitic acid.  These 

compounds may be used singly or in combinations of two or 

more.

[0036]

As described above, it is preferable that the 

polyester resin that is used as the water-insoluble resin 

(A) be used in a state of the aqueous dispersion to form 

the layer of the resin composition according to the 

present embodiment.  The solid content of the resin 

contained in the aqueous dispersion of the polyester 

resin is not particularly limited but is preferably 20 to 

50% by mass from the viewpoint of the stability of the 

aqueous dispersion.  The method for producing the aqueous 

dispersion of the polyester resin is not particularly 

limited, and the aqueous dispersion of the polyester 

resin can be produced by a publicly known method.  It is 

to be noted that the aqueous dispersion of the polyester 

resin herein means a dispersion in which the polyester 
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resin having hydrophobic moieties and hydrophilic 

moieties in the molecule thereof is dispersed stably in 

water in such a form that the hydrophilic moieties 

surround the hydrophobic moieties.

[0037]

The polyester resin may be a resin in which a 

component having a hydrophilic group such as a carboxyl 

group or a sulfonic acid group is further copolymerized 

for the purpose of improving the dispersibility of the 

polyester resin to water.  As the component having a 

hydrophilic group, for example, trimellitic acid, 

pyromellitic acid, and trimesic acid can be used, and the 

polyester resin obtained by neutralizing the obtained 

copolymer with an amine compound or an inorganic alkaline 

compound such as ammonia or sodium hydroxide can be used.

[0038]

As the aqueous dispersion of the polyester resin, a 

commercially available product may be used it is.  

Examples of the commercially available aqueous dispersion 

of the polyester resins include Vylonal MD 1100, Vylonal 

MD 1480, and Vylonal MD 1985, all manufactured by Toyobo 

Co., Ltd.  These aqueous dispersions are particularly 

preferable as the aqueous dispersion of the water-

insoluble resin (A) that can be used in forming the layer 

of the resin composition according to the present 

embodiment.  This is because the adhesion strength 
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between the metallic foil and the layer of the resin 

composition can be made particularly strong.

[0039]

[III-4: Acrylic-Based Resin]

The acrylic-based resin that can be used as the 

water-insoluble resin (A) in the present embodiment is 

not particularly limited as long as the acrylic-based 

resin is a copolymer using an unsaturated carboxylic acid 

compound as a main constituent.  The unsaturated 

carboxylic acid compound is not particularly limited, and 

examples thereof include: ,-unsaturated carboxylates 

(also referred to as ethylenically unsaturated 

carboxylates) such as methyl (meth)acrylate, ethyl 

(meth)acrylate, n-propyl (meth)acrylate, isopropyl 

(meth)acrylate, n-butyl (meth)acrylate, isobutyl 

(meth)acrylate, t-butyl (meth)acrylate, n-octyl 

(meth)acrylate, isononyl (meth)acrylate, cyclohexyl 

(meth)acrylate, methylcyclohexyl (meth)acrylate, t-

butylcyclohexyl (meth)acrylate, cyclododecyl 

(meth)acrylate, isobornyl (meth)acrylate, 2-hydroxyethyl 

(meth)acrylate, 3-hydroxypropyl (meth)acrylate, 4-

hydroxybutyl (meth)acrylate, glycidyl (meth)acrylate, 

polyethylene glycol (meth)acrylate, polypropylene glycol 

(meth)acrylate, and polyethylene-polypropylene glycol 

mono(meth)acrylate; monoalkyl esters of an unsaturated 

dicarboxylic acid, such as monoethyl itaconate and 

monobutyl fumarate; ,-unsaturated carboxylic acids 
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(also referred to as ethylenically unsaturated carboxylic 

acids) and unsaturated dicarboxylic acids such as 

(meth)acrylic acid, itaconic acid, maleic acid, and 

fumaric acid; ,-unsaturated carboxylic acid amides 

(also referred to as ethylenically unsaturated carboxylic 

acid amides) and N-substituted compounds thereof such as 

acrylamide, N-methylolacrylamide, N-methoxy methyl 

acrylamide, N-methoxy butyl acrylamide, and diacetone 

acrylamide; unsaturated alcohols such as allyl alcohol; 

,-unsaturated nitriles (also referred to as 

ethylenically unsaturated nitriles) such as

(meth)acrylonitrile; and vinyl acetate.  These compounds 

may be used singly or in combinations of two or more.

[0040]

As described above, it is preferable that the 

acrylic-based resin that is used as the water-insoluble 

resin (A) be used in a state of the aqueous dispersion to 

form the layer of the resin composition according to the 

present embodiment.  The solid content of the resin 

contained in the aqueous dispersion of the acrylic-based 

resin is not particularly limited but is preferably 20 to 

50% by mass from the viewpoint of the stability of the 

aqueous dispersion.  The method for producing the aqueous 

dispersion of the acrylic-based resin is not particularly 

limited, and the aqueous dispersion of the acrylic-based 

resin can be produced by a publicly known method.  

Specific examples include: a method in which acrylic 
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compounds are co-polymerized in an organic solvent such 

as methyl ethyl ketone, acetone, or ethyl acetate, the 

organic solvent is then evaporated, and thereafter 

carboxyl groups are neutralized with an amine compound or 

an inorganic alkaline compound such as ammonia or sodium 

hydroxide in an aqueous solvent to disperse the 

copolymerized product; a method in which an acrylic 

compound and an emulsifying agent having an anionic 

hydrophilic group such as a carboxyl group or a sulfonic 

acid group, or an acrylic compound and a compound having 

a nonionic hydrophilic group, such as a monoether 

compound or a monoester compound including a polyethylene 

glycol or a polypropylene glycol, are mixed in an aqueous 

solvent, and the resultant mixture is subjected to 

emulsion polymerization; and, further, a method in which 

a component having hydrophilicity such as a carboxyl 

group or a sulfonic acid group and an acrylic compound 

are co-polymerized for self-emulsification.

[0041]

As the aqueous dispersion of the acrylic-based resin, 

a commercially available product may be used as it is.  

Examples of the commercially available aqueous dispersion 

of the acrylic-based resin include VONCOAT AK 3090, 

VONCOAT AN 678AE, and VONCOAT MAT 200E, all manufactured 

by DIC Corporation.  These aqueous dispersions are 

particularly preferable as the aqueous dispersion of the 

water-insoluble resin (A) that can be used in forming the 
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layer of the resin composition according to the present 

embodiment.  This is because the adhesion strength 

between the metallic foil and the layer of the resin 

composition can be made particularly strong.

[0042]

[III-5: Polyolefin-Based Resin]

Examples of the polyolefin-based resin that can be 

used as the water-insoluble resin (A) in the present 

embodiment include resins using an olefin such as 

ethylene or propylene as a main constituent.  Examples of 

the resins include copolymers of an olefin and an 

unsaturated carboxylic acid (hereinafter, also referred 

to as "olefin-unsaturated carboxylic acid copolymers").  

The olefin is not particularly limited, but ethylene, 

propylene, and butylene are preferable, and ethylene is 

particularly preferable among them.  The unsaturated 

carboxylic acid is not particularly limited, but 

(meth)acrylic acid (namely, acrylic acid or methacrylic 

acid), maleic acid, itaconic acid, and fumaric acid are 

preferable, and (meth)acrylic acid is more preferable 

among others.  As the olefin- unsaturated carboxylic acid 

copolymer, copolymers of ethylene and (meth)acrylic acid 

and copolymers of propylene and (meth)acrylic acid are 

particularly preferable.

[0043]

As describe above, it is preferable that the 

polyolefin-based resin that is used as the water-
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insoluble resin (A) be used in a state of the aqueous 

dispersion to form the layer of the resin composition 

according to the present embodiment.  The solid content 

of the resin contained in the aqueous dispersion of the 

polyolefin-based resin is not particularly limited but is 

preferably 20 to 50% by mass from the viewpoint of the 

stability of the aqueous dispersion.  The method for 

producing the aqueous dispersion of the polyolefin-based 

resin is not particularly limited, and the aqueous 

dispersion of the polyolefin-based resin can be produced 

by a publicly known method.  Examples of the method 

include a method in which the above-described olefin-

unsaturated carboxylic acid copolymer, an aqueous solvent, 

and, if necessary, an additional component such as a base 

or an emulsifying agent are stirred using a solid-liquid 

stirring apparatus or the like.

[0044]

Examples of the base that is used for producing the

aqueous dispersion of the polyolefin-based resin include: 

ammonia; amine compounds such as diethylamine, 

triethylamine, monoethanolamine, dimethylethanolamine, 

and diethylethanolamine; and sodium hydroxide.

[0045]

As the aqueous dispersion of the polyolefin-based 

resin, a commercially available product may be used as it 

is.  Examples of the commercially available aqueous 

dispersion of the polyolefin-based resin include 
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ZAIKTHENE AC manufactured by Sumitomo Seika Chemicals 

Company Limited.  ZAIKTHENE AC is particularly preferable 

as the aqueous dispersion of the water-insoluble resin 

(A) that can be used in forming the layer of the resin 

composition according to the present embodiment.  This is 

because the adhesion strength between the metallic foil 

and the layer of the resin composition can be made 

particularly strong.

[0046]

[IV: Water-Soluble Resin (B)]

The water-soluble resin (B) is not particularly 

limited as long as the water-soluble resin (B) is a resin 

having water-solubility; it is preferable to use a high-

molecular-weight water-soluble resin (b1) and a low-

molecular-weight water-soluble resin (b2) together.  

Among others, it is preferable to use the high-molecular-

weight water-soluble resin (b1) having the peak 

attributable to the C-O single bond in infrared 

spectroscopy and a low-molecular-weight water-soluble 

resin (b2) having the peak attributable to the C-O single 

bond in infrared spectroscopy together.

[0047]

It is preferable that the content of the water-

soluble resin (B) in the resin composition be 20 to 80 

parts by mass, more preferably 30 to 70 parts by mass, 

and still more preferably 30 to 65 parts by mass based on 

100 parts by mass of the total amount of the water-
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insoluble resin (A) and the water-soluble resin (B).  

When the content of the water-soluble resin (B) is 20 

parts by mass or more, there is a tendency that a further 

uniform layer of the resin composition can be formed.  On 

the other hand, when the content of the water-soluble 

resin (B) is 80 parts by mass or less, there is a 

tendency that the hole position accuracy is further 

excellent during drilling processing.

[0048]

The high-molecular-weight water-soluble resin (b1) 

is not particularly limited and preferably contains one 

or more selected from the group consisting of 

polyethylene oxide, polypropylene oxide, and cellulose 

derivatives.  These compounds are resin components each 

having the peak attributable to the C-O single bond at 

1080 to 1300 cm-1 in infrared spectroscopy.  These 

compounds may be used singly or in combinations of two or 

more.  It is preferable that the high-molecular-weight

water-soluble resin (b1) have a weight average molecular 

weight of 50,000 or higher and 1,000,000 or lower from 

the viewpoint of improving the film forming property of 

the layer of the resin composition.

[0049]

The low-molecular-weight water-soluble resin (b2) is 

not particularly limited and examples thereof include: 

glycol compounds such as polyethylene glycol, 

polypropylene glycol, and polytetramethylene glycol;
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monoether compounds of polyoxyethylene such as 

polyoxyethylene oleyl ether, polyoxyethylene cetyl ether, 

polyoxyethylene stearyl ether, polyoxyethylene lauryl 

ether, polyoxyethylene nonylphenyl ether, and 

polyoxyethylene octylphenyl ether; and polyoxyethylene 

monostearate, polyoxyethylene sorbitan monostearate, 

polyglycerin monostearate compounds, and a 

polyoxyethylene-propylene copolymer.  Among these, it is 

preferable that the low-molecular-weight water-soluble 

resin (b2) contain at least one selected from the group 

consisting of polytetramethylene glycol, polyethylene 

glycol, polypropylene glycol, monoether compounds of 

polyoxyethylene, polyoxyethylene monostearate, 

polyoxyethylene sorbitan monostearate, polyglycerin 

monostearate compounds, and a polyoxyethylene-propylene 

copolymer.  These compounds are resin components each 

having the peak attributable to the C-O single bond at 

1080 to 1300 cm-1 in infrared spectroscopy.  These 

compounds and copolymers may be used singly or in 

combinations of two or more.  It is preferable that the 

low-molecular-weight water-soluble resin (b2) have a 

weight average molecular weight of 1,000 or higher and 

30,000 or lower from the viewpoint of improving the 

lubricating property during drilling processing.

[0050]

Among the above-described water-soluble resins, it 

is preferable to use as the water-soluble resin (B), one 
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or more selected from the group consisting of 

polyethylene oxide, polypropylene oxide, cellulose 

derivatives, polytetramethylene glycol, polyethylene 

glycol, polypropylene glycol, monoether compounds of 

polyoxyethylene, polyoxyethylene monostearate, 

polyoxyethylene sorbitan monostearate, polyglycerin 

monostearate compounds, and a polyoxyethylene-propylene 

copolymer.  When such a water-soluble resin (B) is used, 

there is a tendency that the film forming property of the 

layer of the resin composition and the hole position 

accuracy are further improved.

[0051]

Moreover, particularly in the case where the water-

soluble resin (B) contains the high-molecular-weight

water-soluble resin (b1) having a weight average 

molecular weight of 50,000 or higher and 1,000,000 or 

lower and the low-molecular-weight water-soluble resin 

(b2) having a weight average molecular weight of 1,000 or 

higher and 30,000 or lower, it is preferable that the 

high-molecular-weight water-soluble resin (b1) contain at 

least one selected from the group consisting of 

polyethylene oxide, polypropylene oxide, and cellulose 

derivatives, and the low-molecular-weight water-soluble 

resin (b2) contain at least one selected from the group 

consisting of polytetramethylene glycol, polyethylene 

glycol, polypropylene glycol, monoether compounds of 

polyoxyethylene, polyoxyethylene monostearate, 
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polyoxyethylene sorbitan monostearate, polyglycerin 

monostearate compounds, and a polyoxyethylene-propylene 

copolymer.  When such a water-soluble resin (B) is used, 

there is a tendency that the film forming property of the 

layer of the resin composition and the hole position 

accuracy are further improved.

[0052]

The content of the high-molecular-weight water-

soluble resin (b1) is preferably 1 to 15 parts by mass, 

more preferably 2.5 to 10 parts by mass, and still more 

preferably 5 to 8 parts by mass based on 100 parts by 

mass of the total amount of the water-insoluble resin (A) 

and the water-soluble resin (B).  When the content of the 

high-molecular-weight water-soluble resin (b1) is in the 

range, there is a tendency that the film forming property 

of the layer of the resin composition and the hole 

position accuracy are further improved.

[0053]

The content of the low-molecular-weight water-

soluble resin (b2) is preferably 30 to 75 parts by mass, 

more preferably 40 to 75 parts by mass, and still more 

preferably 45 to 72 parts by mass based on 100 parts by 

mass of the total amount of the water-insoluble resin (A) 

and the water-soluble resin (B).  When the content of the 

low-molecular-weight water-soluble resin (b2) is in the 

range, there is a tendency that the film forming property 
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of the layer of the resin composition and the hole 

position accuracy are further improved.

[0054]

[V: Other Components]

If necessary, the layer of the resin composition may 

contain an additive.  The type of additive is not 

particularly limited, and examples thereof include a 

surface conditioner, a leveling agent, an antistatic 

agent, an emulsifying agent, an antifoaming agent, a wax 

additive, a coupling agent, a rheology control agent, an 

antiseptic agent, an antifungal agent, an antioxidant, a 

light stabilizer, a nucleating agent such as Na formate, 

a solid lubricant such as graphite, an organic filler, an 

inorganic filler, a heat stabilizer, and a coloring agent.

[0055]

The thickness of the layer of the resin composition 

in the present embodiment is appropriately selected 

according to the diameter of the drill bit that is used 

in conducting drilling processing, the constitution of 

the object of hole boring to which processing is 

conducted (for example, printed wiring board material 

such as laminated board or multi-layer board), and the 

like.  Among others, it is preferable that the layer of 

the resin composition have a thickness in a range from 

0.02 to 0.3 mm, more preferably in a range from 0.02 to 

0.2 mm, and still more preferably in a range from 0.02 to 

0.1 mm. When the layer of the resin composition has a 
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thickness of 0.02 mm or more, a further sufficient 

lubricating effect can be obtained to reduce the load to 

the drill bit, so that there is a tendency that the 

breakage of the drill bit can be further suppressed.  

Moreover, when the resin composition layer has a 

thickness of 0.3 mm or less, there is a tendency that 

winding of the resin composition to the drill bit can be 

suppressed.

[0056]

[VI: Metallic Foil]

The metallic foil that is used for the entry sheet 

for drilling in the present embodiment is not 

particularly limited but is preferably a metallic 

material that has high adhesion with the resin 

composition layer and can endure the shock by the drill 

bit.  Examples of the kind of metal of the metallic foil 

include aluminum from the viewpoint of availability, cost, 

and processability.  It is preferable that the material 

quality of aluminum foil be aluminum having a purity of 

95% or more. Examples of such aluminum foil include 5052, 

3004, 3003, 1N30, 1N99, 1050, 1070, 1085, and 8021 

specified in JIS-H4160.  By using aluminum foil having an 

aluminum purity of 95% or more as the metallic foil, the 

shock by the drill bit is lessened, the biting property 

with the tip of the drill bit is improved, and these are 

coupled with the lubricating effect to the drill bit by 
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the resin composition to enable the hole position 

accuracy of processed holes to be enhanced further.

[0057]

The metallic foil preferably has a thickness of 0.05 

to 0.5 mm, more preferably 0.05 to 0.3 mm, and still more 

preferably 0.05 to 0.2 mm.  When the metallic foil has a 

thickness of 0.05 mm or more, there is a tendency that 

the generation of burrs from the object of hole boring 

(for example, laminated board) during drilling processing 

can be suppressed further.  Moreover, when the metallic 

foil has a thickness of 0.5 mm or less, there is a 

tendency that the discharge of chips generated during 

drilling processing becomes easier.

[0058]

The thickness of each layer that constitutes the 

entry sheet for drilling according to the present 

embodiment is measured in the following manner.  Firstly, 

the entry sheet is cut in the lamination direction of 

each layer using a cross-section polisher (manufactured 

by JEOL Ltd., trade name "CROSS-SECTION POLISHER SM-

09010") or an ultramicrotome (manufactured by Leica, item 

number "EM UC7").  Thereafter, the cross section appeared 

by cutting is observed from a vertical direction relative 

to the cross section to measure the thicknesses of each 

constituent layer, such as, for example, the metallic 

foil and the layer of the resin composition, using a SEM 

(Scanning Electron Microscope, manufactured by KEYENCE 
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CORPORATION, item number "VE-7800").  The thicknesses at 

5 points to 1 view are measured, and the mean is 

determined to be the thickness of each layer.

[0059]

[VII: Method for Producing Entry Sheet for Drilling]

The method for producing the entry sheet for 

drilling according to the present embodiment is not 

particularly limited, and the entry sheet for drilling 

according to the present embodiment can be produced, for 

example, in the following manner.  The entry sheet for 

drilling according to the present embodiment is produced 

in such a way that the layer of the resin composition is 

formed on at least one surface of the metallic foil.  The 

method for forming the layer of the resin composition is 

not particularly limited, and publicly known methods can 

be used.  Examples of the methods include a method in 

which a solution of the resin composition, which is 

obtained by dissolving or dispersing the aqueous 

dispersion of the water-insoluble resin (A); and the 

water-soluble resin (B) in a solvent, is applied on the 

metallic foil by a coating method or the like, and then 

the applied solution is further dried and/or cooled to be

solidified.

[0060]

In the case where the layer of the resin composition 

is formed by applying the solution of the resin 

composition on the metallic foil by a coating method or 
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the like and then drying the applied solution, it is 

preferable that the solvent that is used in the solution 

of the resin composition be a mixed solution containing 

water and a solvent having a boiling point that is lower 

than the boiling point of water.  The use of the mixed 

solution containing water and the solvent having a 

boiling point that is lower than the boiling point of 

water contributes to the reduction of residual bubbles in 

the layer of the resin composition.  The type of solvent 

having a boiling point that is lower than the boiling 

point of water is not particularly limited, but examples 

thereof include alcoholic compounds such as ethanol, 

methanol, and isopropyl alcohol, and a low boiling point 

solvent such as methyl ethyl ketone and acetone can also 

be used.  As another solvent, a solvent obtained by 

mixing tetrahydrofuran or acetonitrile, which has a high 

compatibility with the resin composition, in water or the 

alcoholic compound can be used.

[0061]

[VIII: Method for Drilling Processing]

The method for drilling processing according to the 

present embodiment includes a hole formation step of 

forming a hole in a laminated board or a multi-layer 

board using the entry sheet for drilling.  Moreover, when 

the drilling processing is conducted with a drill bit 

having a diameter (drill bit diameter) of 0.30 mm or 

less, the object of the present embodiment can be 
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achieved further efficiently and surely.  Particularly, 

the drilling processing, when used for the drill bits 

having a small diameter, as small as a diameter of 0.05 

mm or more and 0.30 mm or less, further, as small as a 

diameter of 0.05 mm or more and 0.20 mm or less where 

the hole position accuracy matters, is suitable in that 

the hole position accuracy and the life of the drills are 

greatly improved.  It is to be noted that the drill bit 

diameter of 0.05 mm is the lower limit of the diameter 

for available drill bits, and if a drill bit having a 

diameter smaller than that becomes available, the above-

described range becomes different.  Moreover, there is no 

problem even when the entry sheet for drilling according 

to the present embodiment is adopted for drilling 

processing in which a drill bit having a diameter 

exceeding 0.30 mm is used.

[0062]

The entry sheet for drilling according to the 

present embodiment can be used suitably in conducting 

drilling processing for, for example, a printed wiring 

board material, more specifically, a laminated board or a 

multi-layer board.  Specifically, the drilling processing 

can be conducted from the upper surface (layer side of 

resin composition) of the entry sheet for drilling by 

arranging the entry sheet on at least the top surface of 

a laminated board or a multi-layer board or a plurality 

of piled laminated boards or piled multi-layer boards (a 
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printed wiring board material) so that the metallic foil 

side can be in contact with the printed wiring board 

material.

Examples

[0063]

Hereinafter, the effects of Examples according to 

the present invention will be described comparing with 

Comparative Examples that are out of the range of the 

present invention.  It is to be noted that "polyethylene 

glycol" is sometimes abbreviated as "PEG", "polyethylene 

oxide" as "PEO", "aqueous dispersion of polyurethane 

resin" as "polyurethane resin", "aqueous dispersion of 

polyester resin" as "polyester resin", "aqueous

dispersion of acrylic-based resin" as "acrylic-based 

resin", and "aqueous dispersion of polyolefin-based 

resin" as "polyolefin-based resin".

[0064]

Hereinafter, the infrared spectroscopy, the method 

for measuring the adhesion force, and the method for 

measuring the hole position accuracy will be described.

[0065]

<Infrared Spectroscopy>

The measurement of the peak position in IR of the 

layer of the resin composition, the absorbance ratio (C) 

in the layer of the resin composition, and the absorbance 

ratio (D) in the water-insoluble resin (A) in Examples 
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and Comparative Examples was conducted using a Fourier 

transformation infrared spectrophotometer (manufactured 

by JASCO Corporation, type number: FT/IR-6100).  Firstly, 

the measurement of the background was conducted without 

setting a sample for measurement using a diamond ATR 

prism so that the influence from outside due to a light 

source and the influence due to carbon dioxide might not 

be reflected in infrared absorption spectra.  

Subsequently, the surface of the layer of the resin 

composition was analyzed by infrared spectroscopy. In 

that case, the measurement was conducted setting the 

cumulative number to 16 to obtain an infrared absorption 

spectrum taking a wavelength range from 700 cm-1 to 4000 

cm-1 as the horizontal axis and the absorbance (Abs) as 

the vertical axis.  The baseline correction was conducted 

so that the absorbance in a range from 2000 to 2100 cm-1

in the obtained infrared absorption spectrum became 0 

(zero).  Subsequently, the peak position attributable to 

the C=O double bond and the peak position attributable to 

the C-O single bond were determined in the infrared 

absorption spectrum after the correction to work out the 

absorbance ratio (C) from the absorbances, the Abs(C=O)L

and the Abs(C-O)L. It is to be noted that the absorbance 

at the peak attributable to the C=O double bond, the 

"Abs(C=O)L", was determined as a value at the position 

where the absorbance became the largest in a range from 

1700 to 1750 cm-1 in the analysis of the layer of the 
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resin composition by infrared spectroscopy.  Moreover, 

the absorbance at the peak attributable to the C-O single 

bond, the "Abs(C-O)L," was determined as a value at the 

position where the absorbance became the largest in a 

range from 1080 to 1300 cm-1 in the analysis of the layer 

of the resin composition by infrared spectroscopy.

[0066]

The peak position attributable to the C=O double 

bond, the peak position attributable to the C-O single 

bond, and the absorbance ratio (D) in the water-insoluble 

resin (A), and the peak position of the C-O single bond 

in the water-soluble resin (B) were measured in the same 

manner as described above.  Specifically, a layer 

consisting of only the water-insoluble resin (A) or the 

water-soluble resin (B) was made, and the analysis of the 

surface of the layer by infrared spectroscopy was 

conducted in the same manner as described above.  It is 

to be noted that the absorbance at the peak attributable 

to the C=O double bond, the "Abs(C=O)A", was determined 

as a value at the position where the absorbance became 

the largest in a range from 1700 to 1750 cm-1 in the 

analysis of the water-insoluble resin (A) by infrared 

spectroscopy.  Moreover, the absorbance at the peak 

attributable to the C-O single bond, the "Abs(C-O)A," was 

determined as a value at the position where the 

absorbance became the largest in a range from 1080 to 
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1300 cm-1 in the analysis of the water-insoluble resin 

(A) by infrared spectroscopy.

[0067]

<Method for Measuring Adhesion Force>

The adhesion force was measured in the following 

manner.  Firstly, three samples were each prepared by 

cutting each entry sheet for drilling made in Examples 

and Comparative Examples in a width of 3 mm and a length 

of 100 mm.  Subsequently, a double-sided tape was stuck 

to the whole surface of the layer of the resin 

composition on each sample.  Thereafter, one edge of the 

samples, to which the double-sided tape was stuck, was 

peeled in a length of 10 mm, and a jig for attaching a 

spring scale was attached to the metallic foil portion in 

the peeled samples.  The spring scale (manufactured by 

Sanko Seikohjyo Co. Ltd., maximum measurable value of 

1000 gf) was attached to the jig, and was pulled at a 

speed of 1 cm/sec to read the numerical value shown by 

the spring scale.  The measurement was conducted for the 

three samples, and the mean of the three numerical values 

was determined as the numerical value of the adhesion 

force.  When the metallic foil and the layer of the resin 

composition were not peeled, the result was denoted as "> 

1000".

[0068]

<Measurement of Hole Position Accuracy>
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The hole position accuracy was measured in the 

following manner.  Each entry sheet for drilling made in 

Examples and Comparative Examples was arranged, with the 

side of the layer of the resin composition on the upper 

side, on the upper surface of a copper clad laminate

obtained by piling 5 copper clad laminates (trade name: 

HL 832, thickness of copper foil of 12 m, double-sided 

board, manufactured by Mitsubishi Gas Chemical Company, 

Inc.) each having a thickness of 0.2 mm, and an entry 

board (paper phenolic laminated board, manufactured by 

RISHO KOGYO CO., LTD.) having a thickness of 1.5 mm was 

arranged at the back surface (lower surface) of the 

lowest board of the piled copper clad laminates.  

Drilling processing of 6,000 holes in total was conducted 

under the conditions of the number of rotations: 200,000 

rpm, the feeding speed: 2.6 m/min, and the number of 

holes bored: 3,000 holes per one drill bit with 0.2 mm

drill bits (trade name: C-CFU020S manufactured by 

Tungaloy Corporation).

[0069]

The shift of the hole position at the back surface 

(lower surface) of the lowest board of the piled copper 

clad laminates from the designated coordinate was 

measured for the 3,000th hole (first drill bit) and the 

6,000th hole (second drill bit) using a hole analyzer 

(type number: HA-1AM, manufactured by Hitachi Via 

Mechanics, Ltd.).  The mean and the standard deviation 
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() of the obtained shifts were calculated to work out 

the "mean + 3" for each drill bit.  Thereafter, as the 

hole position accuracy of the whole drilling processing, 

the mean of the "mean + 3" for each drill bit was worked 

out for two drill bits used.  The expression used for 

working out the hole position accuracy is as represented 

by follows.

[0070]

(3)

(In the expression, n represents the number of drills 

used.)

[0071]

The water-insoluble resins (A), the water-soluble 

resins (B), the additives, the solvents, and the 

specification of the metallic foil, which were used for 

producing the entry sheets for drilling of Examples and 

Comparative Examples, are shown in Table 1.  The solid 

content of the resin in the water-insoluble resin (A) in 

Table 1 represents the amount (% by mass) of the solid 

content of the resin in the aqueous dispersion of the 

water-insoluble resin (A).  The polyethylene oxide and 

the polyethylene glycol used as the water-soluble resin 

(B) do not have a carbon atom-oxygen atom double bond and 

therefore are denoted as "-".

[0072]

Hole position accuracy of whole 
drilling processing (m)

"mean + 3"i of drill bit
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[0073]

Hereinafter, the method for producing the entry 

sheets for drilling of Examples and Comparative Examples 

will be described.

<Example 1>

In a water/methanol mixed solvent (mass ratio of 

50/50), 100 parts by mass (30 parts by mass in terms of 

solid content of resin) of an aqueous dispersion of a 

polyurethane resin (trade name: SUPERFLEX 820, 

manufactured by DKS Co. Ltd.), 7 parts by mass of a 

polyethylene oxide (trade name: ALKOX E-45, manufactured 

by Meisei Chemical Works, Ltd., weight average molecular 

weight of 560,000) as the high-molecular-weight water-

soluble resin (b1), and 63 parts by mass of a 

polyethylene glycol (trade name: PEG 4000S, manufactured 

by Sanyo Chemical Industries, Ltd., weight average 

molecular weight of 3,300) as the low-molecular-weight

water-soluble resin (b2) were dissolved to prepare a 

solution having a solid concentration of a resin 

composition of 30% by mass.  Based on 100 parts by mass 

of the solid content of the resin composition in the 

solution, 1.2 parts by mass of a surface conditioner (BYK 

349, manufactured by BYK JAPAN KK) were added to the 

solution, and, further, 0.25 parts by mass of sodium 

formate (manufactured by Mitsubishi Gas Chemical Company, 

Inc.) were added to the solution based on 100 parts by 

mass of the solid content of the resin composition in the 
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solution.  The resulting mixture was uniformly dispersed 

to obtain a solution of the resin composition for forming 

a layer of the resin composition.  The obtained solution 

of the resin composition was applied on aluminum foil 

(aluminum foil used: JIS-A1100 H1.80, thickness of 0.1 mm, 

manufactured by Mitsubishi Aluminum Company, Ltd.) using 

a bar coater so that the layer of the resin composition 

after drying and solidification had a thickness of 0.05 

mm.  Subsequently, the applied solution was dried at 

120C for 3 minutes using a dryer, and then cooled and 

solidified to make an entry sheet for drilling.  The 

surface of the layer of the resin composition on the 

entry sheet for drilling was analyzed by infrared 

spectroscopy in the manner as described above, and the 

Abs(C-O)L and the Abs(C=O)L were determined from the 

obtained infrared absorption spectrum to work out the 

absorbance ratio (C).  Moreover, the adhesion force 

between the metallic foil and the layer of the resin 

composition in the entry sheet for drilling was measured 

3 times to determine the mean.  These results are shown 

in Table 2.

[0074]

<Examples 2 to 39 and Comparative Examples 1 to 39>

In accordance with Example 1, the solutions of the 

resin compositions were prepared according to the types 

and content ratios of materials as shown in Tables 2 to 5 

to make entry sheets for drilling each having a thickness 
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of the layer of the resin composition after drying and 

solidification of 0.05 mm.  The peak position in IR, the 

absorbance ratio (C) in the layer of the resin 

composition, and the adhesion force between the metallic 

foil and the layer of the resin composition were measured 

for the obtained entry sheets for drilling.  These 

results are shown in Tables 2 to 5 together with the 

absorbance ratios (D) in the water-insoluble resins (A).

[0075]

The decision criteria for the adhesion force shown 

in Tables 2 to 5 are as follows.  When the adhesion force 

between the metallic foil and the layer of the resin 

composition is weak, the layer of the resin composition 

is peeled because the load at the time of processing is 

applied to the entry sheet during drilling processing.  

As a result of diligent studies conducted by the present 

inventors, it has become clear that when the adhesion 

force is 200 gf or more, the layer of the resin 

composition is not peeled during drilling processing, so 

that the decision criteria have been determined such that 

the adhesion force of 200 gf or more was rated as "○", 

and the adhesion force of less than 200 gf was rated as "

×".

[0076]
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[0080]

Table 6 is a table that shows the relation among the 

absorbance ratio (C) in the layer of the resin 

composition, the adhesion force, and the hole position 

accuracy.  The decision criteria for the hole position 

accuracy are as follows.  When the hole position accuracy 

worked out by method of the expression (3) is 20 m or 

less, the hole position accuracy is denoted as "○" 

meaning that the property is excellent, and when the hole 

position accuracy is more than 20 m, the hole position 

accuracy is denoted as "×".  Moreover, when both the 

decision of the hole position accuracy and the decision 

of the adhesion force are "○", the comprehensive 

decision is denoted as "○" because the adhesion strength 

between the metallic foil and the layer of the resin 

composition is strong and the hole position accuracy is 

excellent, and when at least one of the decision of the 

hole position accuracy and the decision of the adhesion 

force is "×", the comprehensive decision is denoted as "

×".
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[0082]

In Figure 1, the relation between the absorbance 

ratio (C) in the layer of the resin composition and the 

adhesion force between the metallic foil and the layer of 

the resin composition in Examples and Comparative 

Examples are plotted.  It is understood from Figure 1 

that when the absorbance ratio (C) in the layer of the 

resin composition is from 0.12 to 1.80 or less, the 

adhesion force is satisfactory.

[0083]

It is understood from Table 6 that the adhesion 

force between the metallic foil and the layer of the 

resin composition is strong, and the hole position 

accuracy is satisfactory for the entry sheets for 

drilling of Example 4, Example 22, Example 26, and 

Example 38 in which the layer of the resin composition 

has an absorbance ratio (C) of 0.12 to 1.80 or less.  On 

the other hand, the adhesion force between the metallic 

foil and the layer of the resin composition was weak for 

the entry sheets for drilling of Comparative Example 1, 

Comparative Example 4, Comparative Example 28, and 

Comparative Example 39 in which the absorbance ratio (C) 

was less than 0.12, so that the peeling of the layer of 

the resin composition occurred during drilling processing, 

and the hole position accuracy was poor.  Moreover, the 

adhesion force between the metallic foil and the layer of 

the resin composition was strong for the entry sheets for 
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drilling of Comparative Example 30 and Comparative 

Example 31 in which the absorbance ratio (C) exceeded 

1.80, but the chip discharging property was poor because 

of a poor lubricating property, so that the hole position 

accuracy was poor.

[0084]

That is, it is understood from the results in Tables 

2 to 6 that when the layer of the resin composition has 

an absorbance ratio (C) of less than 0.12, the adhesion 

strength between the layer of the resin composition and 

the metallic foil is weak and the layer of the resin 

composition is peeled during drilling processing, so that 

the hole position accuracy is deteriorated.  On the other 

hand, it is understood that when the layer of the resin 

composition has an absorbance ratio (C) exceeding 1.80, 

the adhesion strength between the layer of the resin 

composition and the metallic foil is sufficient, but 

instead, the lubricating property becomes poor and the 

chips are not discharged smoothly, so that the hole 

position accuracy is deteriorated.

[0085]

The present application claims priority based on 

Japanese Patent Application (Japanese Patent Application 

No. 2015-056155) filed with Japan Patent Office on Mar. 

19, 2015, the contents of which are hereby incorporated 

with reference.
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Industrial Applicability

[0086]

The present invention has industrial applicability 

as an entry sheet for drilling that is used during 

drilling processing or the like of a laminated board or a 

multi-layer board.  Particularly, the present invention 

can provide an entry sheet for drilling that makes the 

hole position accuracy more excellent, that makes the 

breakage of a drill due to peeling of a layer of a resin 

composition from metallic foil less frequent, and that is 

more excellent in economy because an adhesion layer, 

which has been necessary so far, is unnecessary than 

conventional entry sheets for drilling.
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Claims

[Claim 1]

An entry sheet for drilling comprising:

a metallic foil; and

a layer of a resin composition, the layer formed on 

the metallic foil without interposing an adhesion layer, 

wherein

the layer of the resin composition has a peak 

attributable to a carbon atom-oxygen atom double bond 

appearing at 1700 to 1750 cm-1 and a peak attributable to 

a carbon atom-oxygen atom single bond appearing at 1080 

to 1300 cm-1 in an infrared spectroscopy, and

when an absorbance at the peak attributable to the 

carbon atom-oxygen atom double bond appearing at 1700 to 

1750 cm-1 is represented by Abs(C=O)L, and an absorbance 

at the peak of the carbon atom-oxygen atom single bond 

appearing at 1080 to 1300 cm-1 is represented by Abs(C-

O)L, the layer of the resin composition has an absorbance 

ratio (C) of 0.12 to 1.80, the absorbance ratio (C) 

represented by expression (1):

Absorbance ratio (C) = Abs(C=O)L/Abs(C-O)L

Expression (1).

[Claim 2]

The entry sheet for drilling according to claim 1, 

wherein the resin composition comprises:
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a water-insoluble resin (A) having the peak 

attributable to the carbon atom-oxygen atom double bond 

appearing at 1700 to 1750 cm-1 in the infrared 

spectroscopy; and

a water-soluble resin (B) having the peak 

attributable to the carbon atom-oxygen atom single bond 

appearing at 1080 to 1300 cm-1 in the infrared 

spectroscopy.

[Claim 3]

The entry sheet for drilling according to claim 2, 

wherein the water-insoluble resin (A) is one or more 

selected from the group consisting of polyurethane resins, 

polyester resins, acrylic-based resins, and polyolefin-

based resins.

[Claim 4]

The entry sheet for drilling according to claim 2 or

3, wherein the water-soluble resin (B) is one or more 

selected from the group consisting of polyethylene oxide; 

polypropylene oxide; cellulose derivatives; 

polytetramethylene glycol; polyethylene glycol; 

polypropylene glycol; monoether compounds of 

polyoxyethylene; polyoxyethylene monostearate; 

polyoxyethylene sorbitan monostearate; polyglycerin 

monostearate compounds; and a polyoxyethylene-propylene 

copolymer.

[Claim 5]
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The entry sheet for drilling according to claim 4, 

wherein

the water-soluble resin (B) comprises:

a high-molecular-weight water-soluble resin (b1) 

having a weight average molecular weight of 50,000 or 

higher and 1,000,000 or lower; and

a low-molecular-weight water-soluble resin (b2) 

having a weight average molecular weight of 1,000 or 

higher and 30,000 or lower, and

the high-molecular-weight water-soluble resin (b1) 

comprises at least one selected from the group consisting 

of polyethylene oxide, polypropylene oxide, and cellulose 

derivatives, and

the low-molecular-weight water-soluble resin (b2) 

comprises at least one selected from the group consisting 

of polytetramethylene glycol; polyethylene glycol; 

polypropylene glycol; monoether compounds of 

polyoxyethylene; polyoxyethylene monostearate; 

polyoxyethylene sorbitan monostearate; polyglycerin 

monostearate compounds; and a polyoxyethylene-propylene 

copolymer.

[Claim 6]

The entry sheet for drilling according to any one of 

claims 2 to 5, wherein the resin composition comprises:

20 to 80 parts by mass of the water-insoluble resin 

(A); and
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80 to 20 parts by mass of the water-soluble resin 

(B) each based on 100 parts by mass of a total amount of 

the water-insoluble resin (A) and the water-soluble resin 

(B).

[Claim 7]

The entry sheet for drilling according to any one of 

claims 2 to 6, wherein the layer of the resin composition 

is formed using: an aqueous dispersion of the water-

insoluble resin (A); and the water-soluble resin (B).

[Claim 8]

The entry sheet for drilling according to any one of 

claims 1 to 7, wherein the layer of the resin composition 

has a thickness of 0.02 to 0.3 mm.

[Claim 9]

The entry sheet for drilling according to any one of 

claims 1 to 8, wherein the metallic foil has a thickness 

of 0.05 to 0.5 mm.

[Claim 10]

A method for drilling processing, the method 

comprising a hole formation step of forming a hole in a 

laminated board or a multi-layer board using the entry 

sheet for drilling according to any one of claims 1 to 9.
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